
ORNL-HUD-17 OAK NATIONAL LABORATORY LIBWRIES 

lllllllllll~illlw~~~~~~llil11$111 UC-38-Engineering a n d  Equipment 

3 4456 0599537 b ? 1 2  
TUNN~LING:  A N  ANNOTATED 

BIBLIOGRAPHY WITH PERMUTED-TITLE 
AND KEY-WORD INDEX 

C. B. Brooks 

G. A. Cristy 



F 

Trivial W o r d  List  

A 
ABOUT 
ABOVE 
ACCOMPANYING 
ACCORDING 
ACROSS 
ACT 
ACT I NG 
ACTION 
ACT IONS 
ADD I T  I O N  
ADD1 T I O N A L  
ADEQUATE 
ADMINISTRATION 
AFFECT 
AFFECTED 
AFFECT I NG 
AFFECTS 
AFTER 
AGAINST 
AGENT 
AGENTS 
AGO 
A I  D 
AIMED 
A IRES 
A L L  
ALLOWED 
ALLOWING 
ALONE 
ALONG 
ALSO 
AMONG 
AMOUNT 
AMOUNTS 
AN 
AND 
ANOTHER 
ANSWER 
ANSWERS 
ANY 
ANYWAY 
APPEARING 
APPEARS 
A P P L I C A T I O N  
APPLICATIONS 
A P P L I E D  
APPLY 
APPLY I NG 
APPROACH 
APPROXIMATE 
ARBITRARY 
ARE 
A R I S I N G  
AROUND 
AS 
ASPECTS 
ASS I STANCE 
ASSOCIATED 
ASTONISHING 
AT 
ATTEMPT 
ATTEMPTS 
AUTHOR 
AV E 
AWAITS 
B. 
BACKS 
BARS 
BAS ED 
BAS1 S 
BE 
BEATS 
BEEN 
BEFORE 
BEGIN 
BEGINS 
BEGUN 
BEHIND 
B E I N G  
BELOW 
BETTER 
BET W  E EN 
BEYOND 
BOTH 
BROS 
BURY 
BUT 
BUTTER 
BY 
CALCULATION 
CALCULATIONS 
CALLS 
CAN 
CAPABLE 
C A P A B I L I T Y  
CAP AC I T Y  
CARVE 
CARVES 
CASE 

CAUSE 
CAUSED 
CAUSES 
CERTAIN 
CHANGE 
CHANGES 
CHANGING 
CHARACTERISTIC  
CHARACTER! S T I C S  
CHECK 
CHEW 
C I T E S  
CLOSE 
co. 
c o t  
COMBINATION 
COMB I NED 
COMES 
COMING 
COMMENTS 
COMPANY 
COMPARATIVE 
COMPARED 
CO MP AR I SON 
COMPARISONS 
COM P L  E T €  
COMPLETED 
COMPLETELY 
COMPRIS ING 
CONCENTRATED 
CONCERN1 NG 
C O N D I T I O N  
CONDIT IONS 
CONS EQUE NC ES 
CONSIDERATION 
CONS I DER AT 10 N S 
CONSIDERED 
CONS I S T I  NG 
CONTACT 
CONTAIN 
CONT A I NE D 
CONTAIN I NG 
CONTENT 
CONTRIBUTION 
COOL 
CORNER 
CORRELATION 
CORRESPONDING 
COUSSE 
CY C L  E 
0. 
DATA 
DE 
DEGREE 
DEMON STRATION 
DEPENDENCE 
DEPEND I NG 
DERIVED 
DESCRIPTION 
D E T A I L E D  
D E T A I L S  
DETERMINATION 
DETERMINING 
DEVELOPMENT 
DEVELOPMENTS 
DI 
D I E  
D IFFERENT 
D I F F I C U L T  
D I  RECT 
DI SCUSS I O N  
D I S T R I B U T I O N  
D I V I S I O N  
DO 
DOWN 
DROP 
DUE 
DURING 
EACH 
EAST 
EASY 
EFFECT 
EFFECTS 
E F F I C I E N C I E S  
E F F I C I E N C Y  
E I GHT 
E ITHER 
EL EM ENT 
E L  E MENT S 
EMPLOY 
EMPLOYING 
ENDING , 

ENDS 
ESSENTIAL  
E S T A B L I S H  
ESTABL I SHED 
EST ABL I S  H I  NG 
EVALUATING 
EVALUATION 
EV I DENC E 

EXAMINAT I O N  
EXAMPLE 
EXAMPLES 
EXCHANGE 
EXPERIMENT 
EXPER I MENTAL 
EX P ER I M ENTS 
EXPLANAT I O N  
EXTREMELY 
F. 
FAC I L I TY 
F A C I L I T I E S  
FACTOR 
FACTORS 
FAR 
FEATURE 
FEATURES 
FEW 
F I N D  
F I N D I N G  
F I R S T  
F I V E  
FOLLOW1 NG 
FOR 
FORM AT I ON 
FORMERLY 
FOUND 
FOUR 
FRANCISCO 
FROM 
FU RN I SHED 
FURTHER 
G A I N  
GENERAL 
GET 
GETS 
G I V E  
G I V E N  
G I V E S  
G I V I N G  
GO 
GO€ S 
GOOD 
GROUP 
GROUPS 
HANDLING 
HAS 
HAVE 
HAVING 
HELD 
HEXA 
HIGHLY 
H I T  
H I T S  
HOW 
I 
I DENT I F  I CAT I ON 
I 1  
111 
IMPORTANCE 
IMPORTANT 
IMPROVED 
IMPROVEMENT 
IMPROVEMENTS 
I M PROV I NG 
I N  
I N C L U D I N G  
INCOMPLETE 
INCORPORATING 
INCORPORATION 
INCREASE 
INCREASED 
INCREASES 
I N C  RE AS I NG 
I N D I C A T I N G  
INDUCED 
INFLUENCE 
INFLUENCED 
INFLUENCING 
I N S I D E  
INTEREST 
I N T E R I M  
INTERMEDIATE 
INTERPRETATION 
I N T O  
I N TR 0 DU C ED 
INTRODUCTION 
I N V E S T I G A T I O N  
INVEST I GAT I O N S  
INVOLVED 
I N V O L V I N G  
IS 
I SOLATED 
I SOLATION 
I T  
I T S  
I V  
I X  
K 
L AB 0 4 AT 0 RY 

LARGE 
LESS 
LEVEL 
L I K E  
L I S T  
LOWER 
MADE 
M A I N T A I N E D  
MAJOR 
MAKE 
MAKES 
MAKING 
MANY 
MATER1 AL  
MATERIALS 
MAY 
MEANS 
MEA SURE MENT 
MEASUREMENTS 
MEDIUM 
METHOD 
METHODS 
MOD I F  I C A T  I ON 
MODI F I C  AT1  ONS 
MODI F I E D  
MONO 
MORE 
N 
NEAR 
NECESSARY 
NEW 
N I N E  
NO. 
NOT 
NOT E 
NUMBER 
OBSERVABLE 
OBSERVATION 
OBSERVATIONS 
OBSERVED 
O B T A I N  
OBT A I NED 
O B T A I N I N G  
OC C URR E N CE 
OCCU RR I N G 
OF 
OF : 
OFF 
OLD 
ON 
ONE 
ONLY 
OPERATION 
OR 
OTHER 
OUT 
OVER 
OWN 
PART 
P A R T I A L  
P A R T I A L L Y  
PARTICULAR 
PARTS 
PER 
PERCENT 
PERFORMANCE 
PERIOD 
PLACED 
PLANT 
POINT 
POSSESS I NG 
POSSIBLE 
P O S S I B I L I T Y  
PRACTICAL 
PREPARATION 
PREPARED 
PRESENCE 
PRES ENT 
P R I N C I P A L  
P R I N C I P L E  
P R I N C I P L E S  
PR OB A B L  E 
PROCEDURE 
PROCEDURES 
PROCESS 
PROC E SSE S 
PROCESSING 
PRODUCE 
PRODUCED 
PRODUC I NG 
PRODUCT 
PRODUCT I O N  
PROGRAM 
PROPERTIES 
PROPOSED 
Q U A N T I 1  I E S  
QUANT I T Y  
QUICK 
R. 
RACES 

RANGE 
R A T I O  
RECENT 
RECOVERY 
REFERENCE 
REGARD 
REGARD I N  G 
RELATED 
RELATING 
R E L A T I O N  
RELAT I ON S 
RELATIONSHIP  
R E L A T I V E  
REMARKS 
REMOVAL 
REPORT 
REPORTS 
REQUIRE 
REQUIRED 
REQUIREMENT 
REQUIREMENTS 
R E Q U I R I N G  
RESPECT 
RESULT 
R E SULT I NG 
RESULTS 
REVISED 
ROLE 
ROUTINE 
SAME 
SAMPLES 
SECOND 
SECT I O N  
SECTIONS 
SEE 
SEEN 
SEVEN 
SEVERAL 
SHAPE 
SHORT 
SHOW 
SHOWN 
S I GN I F IC ANCE 
S I M I L A R  
S I M P L E  
S I M P L I F I E D  
S I N C F  
SI x 
S I Z E  
SLOW 
SLOWLY 
SMALL 
SNAG 
so 
SOLE 
SOME 
SPEC I AL 
S P E C I F I C  
S P E C I F I C I T Y  
STANDPOINT 
STARTING 
STATE 
STATES 
STUDIED 
STUD I E S 
STUDY 
STUDY I NG 
SUBJECTED 
SUBMITTED 
SUBS EQUE NT 
SUGGEST I NG 
SUGGESTIONS 
S U I T A B L E  
SUPPLEMENT 
SUPPLEMENTAL 
SYSTEM 
SYSTEMS 
TAKE 
T A K I N G  
TECHNIQUE 
TECHNIQUES 
TEN 
TETRA 
THAN 
THAT 
THE 
T H E I R  
THEM 
T H I S  
THOSE 
THREE 
THROUGH 
T I E D  
T I M E S  
TO 
TOGETHER 
TOPS 
TOTAL 
TOWARD 
TOWARDS 

TRANSFER 
TRAPS 
TREATED 
TREATMENT 
TR I 
T R I A L  
T R I A L S  
TRIMS 
TWO 
TYPE 
TYPES 
TY P I  CAL 
UNDER 
UP 
UPON 
USAGE 
USE 
USED 
us ES 
U S I N G  
U T I  L I ZAT I O N  
UT I L  I Z  I N G  
V 
V A R I A T I O N  
VAR I AT I O N S  
VAR I OUS 
VARYING 
VERY 
VERSUS 
V I  
V I A  
V I C I N I T Y  
V I  I 
V I 1 1  
vs 
WAR 
WAY 
WAYS 
WE 
WELL 
WHAT 
WHEN 
WHERE 
WHICH 
WHILE 
WIDE 
WIDER 
WILL 
W I N  
WINS 
WITH 
W I T H I N  
W  I THOUT 
X 
X I  
X I  I 
X I 1 1  
X I  v 
xv  
xx  
YEAR 
YOU 
YOUR 
0 
1 
10 
10. 
2 
2. 
3 
3 .  
4 
4. 
5 
5. 
6 
6. 
7 
7. 
B 
0. 
9 
9. 

F 

F 

m 

F 

F 

cn 



ORNL-HUD-17 
UC-38 -Engineering and Equipment 

Contract No. W-7405-eng-26 

DIRECTOR’S DIVISION 

Civil Defense Research Project 

TUNNELING: AN ANNOTATED BIBLIOGRAPHY 

WITH PERMUTED-TITLE AND KEY-WORD INDEX 

G. A. Cristy and C. B. Brooks 

Work supported by the Department of Housing and Urban 
Development and the U.S. Atomic Energy Commission under 
Interagency Agreement No. I A A - H - ~ - ~ ~  AEC 40-155A-68 

DECEMBER 1970 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPORATION 

for the 
U.S. ATOMIC ENERGY COMMISSION 



Printed in the United States of America. Available f rom 
National Technical Information Service 

U.S. Department of Commerce, Springfield, Virginia 221 51 
Price: Printed Copy $3.00; Microfiche $0.65 

~~~~~ 

’ This report was prepared as an account o f  work sponsored by the United 
States Government. Neither the United States nor the Uniaed States Atomic 
Energy Commission, nor any of  their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal l iabil i ty or responsibility for  the accuracy, completeness or 
usefulness of any information, apparatus, product or process disclosed, or 
represents that’ i t s  use would not infringe privately owned rights, 

U r- : 

:: 



iii 

CONTENTS 

Introduction e . . . . . . e . . . . . . . . . . . . . . . . . . v 

Bibliography Section . . . . . . . . . . . . . . . . e . . . e . . vii 



i: 



r )  
J 

'-1 
! ]  - 

V 

TUNNELING: AN ANNOTATED BIBLIOGRAPHY 

WITH PEBMUTED-TITLJ3 AND KEX-WORD INDEX 

In t roduct ion  

The Oak Ridge Nat ional  Laboratory undertook a s tudy of tunnel ing 

problems wi th  t h e  goa l  of determining t h e  research  and development 

required t o  be performed i n  the  near f u t u r e  t o  assure t h a t  t h e  U.S. 

Department of Housing and Urban Development could meet i t s  goals  f o r  

rap id  and economical underground i n s t a l l a t i o n  of u t i l i t i e s  i n  t h e  

urban areas without d i s tu rb ing  t h e  sur face  users .  

study a review of t h e  l i terature on tunnel ing was performed. 

A s  p a r t  of tha t  

This Bibliography includes approximately 1200 a r t i c l e s  and a 

dozen books, most of which were published between 1955 and e a r l y  1970. 

A few older  a r t i c l e s  and books wi th  s p e c i a l  s ign i f i cance  t o  t he  sub jec t  

were included. 

s p e c i f i c a l l y  f o r  t h i s  bibliography. 

E s s e n t i a l l y  a l l  of t h e  a b s t r a c t s  included were w r i t t e n  

The coverage i n  t he  a b s t r a c t s  r e f l e c t s  an emphasis on small diameter 

tunnels  i n  urban areas .  Many a r t i c l e s  are included which are only 

i n d i r e c t l y  r e l a t e d  t o  tunneling, but  are connected t o  subsystems involved 

i n  tunnel  cons t ruc t ion  and u t i l i z a t i o n .  

are included, because of s p e c i a l  areas of i n t e r e s t .  

on hydraul ic  coa l  mining i n  Russia  are included because of t h e  recent  

i n t e r e s t  

rock. 

s h i p  t o  the determining of rock p rope r t i e s  and t h e  d i r e c t  bear ing t h e  

A number of fore ign  a r t i c l e s  

For example, a r t i c l e s  

a t  ORNL on the high-pressure hydraul ic  j e t  method of c u t t i n g  

Some d r i l l i n g  re ferences  a r e  included because of the i r  r e l a t i o n -  



vi 

d r i l l i n g  indus t ry  has on tunneling; p a r t i c u l a r l y  i n  t h e  f i e l d  of blast 

hole  d r i l l i n g  and t h e  design of c u t t e r s  f o r  mechanical tunneling machines. 

Copies of most of t he  a r t i c l e s  and books referenced are on f i l e  i n  

the  Oak Ridge National Laboratory. While copies cannot always be fw- 

nished i n  answer t o  requests,  help i n  obtaining them w i l l  be  provided. 

p: 
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Bibliography Sec t ion  

The re ferences  i n  t h i s  s ec t ion  are grouped i n t o  nine major f i e lds  

which are i d e n t i f i e d  by the f i r s t  d i g i t  of t he  acqu i s i t i on  number: 

0. 

1. 

2. 

3. 

4. 

5- 
6. 

7. 

8. 

General I n t e r e s t  and H i s t o r i c a l  

Geology and Rock Mechanics 

Rock Dis in tegra t ion  Methods 

Ground Control  and Linings 

Mater ia l s  Handling 

Environmental Control  and Sa fe ty  

Cost Estimates and Tunneling Records 

Mechanical Tunneling Devices 

Miscellaneous 

Methods of publ ica t ion  are grouped i n t o  e i g h t  minor f i e lds  which 

are i d e n t i f i e d  by 

1. 

2. 

4. 

6. 

7.  

8. 

the  second d i g i t  of t h e  acqu i s i t i on  number: 

Commercially published book 

Proceedings of symposia 

Bound r epor t  published by or f o r  a branch 
of government 

Ar t ic les  published i n  a t echn ica l  j ou rna l  
w i t h  author  i d e n t i f i e d  

News a r t i c l e s  and e d i t o r i a l s  

Company brochures 

Correspondence 

Pa ten ts  

The n ine  d i g i t  acqu i s i t i on  number i s  divided i n t o  three p a r t s  

The f i r s t  por t ion  i s  a separated by hyphens as shown i n  Figure 1. 
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F I E L D  YEAR MONTH ACQUlSTlON CORPORATE KEY WORDS 

I 7 

Q OMORROW I EXCAVATION SYSTEMS O R I L L S  MUCKING BLASTING 

A GENERAL D ISCUSSION OF ALL  ASPECTS TUNNEL AN0 SHAFT CONFERENCEt UNIVERSITY OF MINNESOTA, 16 PAGES, MAY 15, 1968.  
OF TUNNELING, INCLUDING DIS INTEGRATION OF R 3 C K V  PERCUSSION D R I L L S ,  BLASTING, TUNNELING MACHINES, AND MUCK HANDLING. 
NEW TECHNIQUES I N  THE ART OF TUNNELLING SUCH AS THE MAGIC CARPET METHOD ARE DESCRIBED. TUNNEL SMALLER THAN 11 OR 12 
FT. I N  DIAMETER RESTRICT TRE S I Z E S  OF EQUIPMENT T O  THE EXTENT THAT U N I T  OPERATING COSTS ARE GREATLY INCREASED. THE 
U N I T  OPERATING COST TEND TO DROP WITH THE IYCREASING LENGTH OF TUNNFL. 

two d i g i t  number which represents  t h e  major f i e l d  and the type of 

publ ica t ion  w i t h  t he  d i g i t s  having t h e  s ign i f i cance  ind ica ted  above. 

The second por t ion  i s  a two d i g i t  number which i s  the  same as t h e  

l as t  two d i g i t s  i n  the  year of publ ica t ion .  The t h i r d  po r t ion  i s  a 

f i v e  d i g i t  f i e l d ,  t h e  f i r s t  two of which represent  t h e  month of t h e  

date of publ ica t ion  (e.g. January = 01, February = 02, e t c . ) .  

l as t  three d i g i t s  are s e r i a l  numbers assigned ( a r b i t r a r i l y )  t o  each 

document 

The 

The assignment of documents t o  major f i e l d s  was done a t  t h e  

d i s c r e t i o n  of t h e  authors .  I n  many cases  more than one f i e l d  was 

indica ted .  

document t o  t he  f i e l d  where i t  was most appl icable  and t o  inc lude  

key words which would ass is t  i n  r e t r i e v a l  from the o the r  p e r t i n e n t  

f ie lds .  Because of the overlapping of f i e lds  and the inc lus ion  of 

When t h i s  happened an at tempt  was made t o  ass ign  the 

material i n  a r t i c l e s  from s e v e r a l  f ie lds ,  it i s  recommended t h a t  t h e  

key word index be used as t h e  major approach t o  l o c a t i n g  data fo r  

s p e c i f i c  f ie lds .  

Bibl iographic  information includes the t i t l e ,  key words, authors,  

corporate  a f f i l i a t i o n  of t h e  p r i n c i p a l  author,  reference,  and t h e  

a b s t r a c t .  The key words added t o  t h e  t i t l e  by t h e  au thors  are enclosed 

i n  parentheses  t o  i n d i c a t e  t h a t  they are not  p a r t  of t h e  t i t l e .  
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TIJNNFL S U Q V E Y I Y G ?  THF STRANGE STOQY DF E X P L O S I V E S ,  ROCK D R I L L I N G  MACHINES, TOOLS FOP A NEW AGE AND UNDERGROUND POWER 
AQF QISCIISSED. I N  THE IJ .S.  AS COMPARED TO EUROPE SPEED I S  A T  A PREMIUM OVER COST. THE U.S. USES MORE MEN AND 
YACHIYERY AT T H E  FACE, HAS A POORER POWDER FACTOR AND P U L L S  L E S S  W I T H  EACH SHOT WHICH G I V E S  A H I G H E R  COST PEP FOOT BUT 
THFY 4nVANCE ALMOST THRFF T I M E S  AS F A S T .  

Ql-64-OOQQl F X C A V A T I P N  S C I E N T I F I C  AN0 T E C H N I C A L  A P P L I C A T I O N S  FORECAST - 1964 

nCF1C.F OF THE C H I F F  f lF 9ESEARCH AND DEVELOPMENT D E P T  OF THE ARMY? WASH D.C. 1964. 
HUGHFS TODL TO HOUSTON TFX 

A STUDY BY HUGHES TOOL CO. q F  
T H E  P S F S F N T  STATE OF T q E  ART OF THE F X C A V A T I 3 N  F I E L D ,  4 FrJRECAST OF NEW T E C H N I C A L  A P P L I C A T I O N S  AND A P L A N  OF RESEARCH 
T P  F I I L F I L L  THF FORFCAST. I N D I V I D U A L  CHAPTERS 4 P E  ABSTRACTED I N  E N T R I E S  03-64-00001 THRU 03-64-00008. 

Q1=45=QQQQl STANDARr) METHOP OF TEST FOR COMPRFSSIVF STRENGTH O F  NATUR4L B U I L D I N G  STONE 
ASTM STAMDAPDS, AMERICAN S O C I E T Y  FOP T E S T I N G  M A T E P I A L S  1965 EO. THE MFTHOD COVCRS THE SAMPLING,  P R E P A R A T I O Y  DF 
S P F T I Y F Y S ,  AND PROCEDURF FOR D E T E R Y I N I N G  THE COMPRESSIVE STRENGTH OF Y 4 T U R A L  B U I L D I Y G  STONE. 

Ql-hZ=QQQQl THF ART OF T U V N C L L I N G  ( THFORY D E S I G N  CONSTRUCTION 1 
SZECHY, K. & T F C H  U N I V  FNGR - BUDAPEST 

‘ I K 4 D E Y I A I  K I A D f l  SUD4PESTy l”67. T H I S  B 0 9 K  G I V F S  COMPREHENSIVE COVERAGE OF T U N N E L I N G  THEO9Yq D E S I G N  AN0 E X F C U T I O U  
Q d S F n  ON A C R I T I C A L  C O M P I L A T I O N  OF RECENT L I T E R A T U R E .  S I G N I F I C A N C E  DF T U N N E L I N G  I N  TRANSPORTATION AND ECONOMY I S  VEPY 
GREAT A V D  SHPWS A TENDFNCY Tfl IQCREAYE. TOgAY TUNNELS APF CONCERNED M A I N L Y  W I T H  HIGHWAY, UNDERGROUND P A I L W A Y ,  
WbTcR-SUPPLY, HYDROELECTQ IC PRESSURF OR DIVERSION AND P U B L I C  U T I L I T I E S .  L A T E S T  UNDERGROUND STRUCTURES O F  EVER GROdING 
I V P r l R T 4 V C F  AQE STORFS? GARAGES, P A R K I N G  F A C I L I T I F S  AND V A R I O U S  TYPFS DF SUBWAYS, UNDERPASSES AND EXPRESSWAYS. A 
D E T 4 I L L D  P R E S F N T 4 T I O h l  I S  G I V E N  r lF P R E L I M I Y A R Y  S T U D I F S  AND GENERAL D E S I G N  C O Y S I D E R A T I O N S ;  A N A L Y S I S  OF L O A D S  ON TUNNELS 
AND UYr)ERGQ’lUYD STRUCTJPES;  D E S I G N  O r  TUNYFL S E C T I O N S  Ah30 CONSTRUCTICIN AND D E S I G N  OF TUNNELS. T H I S  T E X T  CLOSES W I T H  A 
CYADTFR n N  SFQVICF,  O P C P A T I O N  4ND MAINTENANCF CIF TUNNELS. S H I E L D  TUYYEL I N G  I S  G I V F Y  C X T E N S I V E  TREATMENT. D E S I G N  DATA 
ON 11 “QEMAPK48LE TUNNFLS”  ARF TABULATFD.  CTST DATA ARE TABULATED FOR 19 OF THESE. 882 PAGES. 

01-70-00001 R A P I D  E X C A V A T I P N  - PRORLFMS AND PRqGQESS - PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  
M4Y 15-17? 1068. 
Y4ROLEYv ‘3. He & U N I V  M I N Y  M I N N E A P O L I S  M I N N  

S O C I E T Y  3 F  Y I N I Y G  ENGRS O F  AIMM E. PE h’CW Y’JRK 1970. T H I S  BOOK CONTAINS A R T I C L E S  PRESENTEL) AT THE TUNNEL AND SHAFT 
CDNFERFYCF I J N I V  YINYFSOTP MAY 15-17? 1968. FO9 I N D I V I D U A L  A R T I C L E S  ( C H 4 P T E R S )  SEE: 02-70-00001 TO 02-70-00009 ; 
12-70-00001 TO 12-70-00004 22-70-00001 ; 32-70-00001 TO 32-70-00004 42-70-00001 TO 52-70-00003 ; 72-70-00001 TO 
72-70-00013. 

F I F L r )  O ?  SYMPOSIA 

Q Z d k Q 2 Q Q L  S n V E  VIEWS 41\10 TRFNDS I N  M I N I N G  RESEARCH ( D R I L L I N G  ROCK-SPEAKAGE ) 

QUARTFRLY OF T H E  C 9 L U  SCHCOL OF MINES F I Q S T  SYMP ON ROCK MECHANICS, (51) N 3 1  13-18, J U L Y  1956. 4 M I Q I Y G  RESEARCH 

E X P L Q I E N C E  O F  THE O P F R A T I Y G  DEPARTMENTS AND ALSO TO DELVE I N T O  THE AREAS BEYOND THE REALM OF E X P E R I E N C E  I N  ORDER TO 
D C V c L l P  F N T I P E L Y  NEW P ? I I U C I P L E S  AND MFTHOOS OF OPFRATION.  THE RESEARCH PROJECTS A C T I V E  AT PRESENT ARE: FUNDAMENTAL 

RFFD, J. J. & ST. JOSEPH L E A D  CO 

V F P T  S H I U L D  DFVELOP A Q U A N T I T A T I V E  KNrlWLFnGE nF T H E  FUQDAMENTALS OF THE M I V I N G  D P E P A T I O N S  W I T H  WHICH TO SUPPLEMENT THE 

RrJCK W E A K A G E  WTTH E Y P H A S I S  O N  I N C R E A S I N G  THF E F F I C I E N C Y  OF PRIMARY ROCK R R E A K I N G  I V  A L L  PHASES OF M I Y I N G  OPERATIONS:  

I S  PLAYNED:  R O r K  MECHANICS I Y S T R U M E N T 4 T I O N  TO DEVELOP S U I T A B L E  INSTRUMENTS FOR ANY MEASUREMENTS WHICH MUST BE MADF. 
RDCK YFCHPNICS S T U D I F S  f l C  S P E C I F I C  AREAS OF P R 7 G R E S S I V E L Y  C A V I N G  GR@UIUD, OR AREAS WHERE P I L L A R  RECOVESY OR REPLACFYEQT 

C M P H 4 S I S  I S  OY INSTRUMFNTS W P  STRESS r ) R  S T R A I Y  YEASUREMENT I Y  THE R’JCK OR CONCRETE STRUCTURE OF T H E  M I N E S  SUCH AS A 
RECFYT STRESS METFR @FVFLOPEO SY PROF. POTTS I Y  ENGLAND 4qD A S T R A I N  METER DEVELOPED BY C A N A D I A N  DEPT O F  M I N F S  AND 
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T E C H N I C A L  SURVEYS; CONCRETE P I L L A R  PRE-LOADING TO DEVELOP A MEANS TO LOAD CONCRETE P I L L A R S  I N  T H E  M I N E S  TO A LARGE 
PROPORTION OF T H E I R  U L T I M A T E  C A P A C I T Y  AS SOON AS THE CONCRETE I S  PROPERLY CURED, ROTARY-PERCUSSION D R I L L I N G  T O  DEVELOP 
FASTER MORE E F F I C I E N T  MEANS OF D R I L L I N G .  A GERMAN D R I L L  1s B E I N G  IMPORTED TO TEST THE P R A C T I C A L I T I E S  AND ADVANTAGES OF 
ROTARY-PERCUSSION D R I L L I N G .  FUTURE PROJECTS MAY I N C L U D E  IMPROVED P I L L A R  WRAPPING9 P I L L A R  RECOVERYT F I L L I N G  S T U D I E S 9  
AND H Y D R A U L I C  H O I S T I N G .  

92z59=.QIQQ1 T U N N E L I N G  I N  THE U.S.A. ( HARD-ROCK M E C H A N I Z A T I O N  LABOR-COSTS D R I L L I N G  E X P L O S I V E S  MANAGEMENT 
M I  N ING-ORG AN 1 2  AT I O N  I 
K I M B A L L 9  S. & PENRY J. K A I S E R  CO OAKLAND 

I N S T  OF M I N I N G  ENGRS PROC OF THE SYMP ON SHAFT S I N K I N G  AND T U N N E L I N G  PAPER? N 189 253-2631 J U L Y  169 1959. HARD 
ROCK T U N N E L I N G  METHOOS USED BY AMERICAN ENGRS ARE DISCUSSED H I T H  P A R T I C U L A R  REFERENCE T O  T H E  P O L I C I E S  O F  M E C H A N I Z A T I O N  
TO OFFSET H I G H  LABOR COSTS. STANDARD T U N N E L I N G  P R A C T I C E S  ARE DISCUSSED.  SOME OF THE MAJOR I T E M S  O F  EQUIPMENT D E S C R I B E D  
AS WELL AS E X P L O S I V E S  USFD AND V E N T I L A T I O N  SYSTEMS ADOPTED. TUNNEL TRANSPORT SYSTEMS AND EQUIPMENT ARE D I S C U S S E D -  
REFERENCE I S  MADE T O  THE IMPORTANCE 9 F  MANAGEMFNT TO THE P H Y S I C A L  AND ECONOMIC SUCCESS OF T U N N E L I N G .  T H E  ADVANTAGE OF 
CflRRECT M I N I N G  O R G A N I Z A T I O N  IS STRESSED. SOME OF T H E  M A I N  AMERICAN T U N N E L I N G  ACHIEVEMENTS ARE B R I E F L Y  PRESENTED. 

97-59-070u T U N N E L I N G  I N  THE U N I T E D  STATES OF AMERICA ( HARD-ROCK V E N T I L A T I O N  MUCKING D R I L L I N G  E X P L O S I V E S  JUMBO 

PROCEEDINGS OF THE SYMPOSIUM OY SHAFT S I N K I N G  AND TUNNELING9 253-2639 JULY7 1959 ( T H E  I N S T I T U T I O N  O F  M I N I N G  ENGINEERS9 
K I M B A L L 9  5 .  & HENRY J. K A I S E R  CO OAKLAND 

lS60 I. THE HARD ROCK T U N N E L I N G  METHODS OF AMERICAN ENGINEERS ARE D I S C U S S E D  W I T H  REFERENCE TO M E C H A N I Z A T I O N  
P O L I C I E S  TO OFFSET H I G H  LABOR COSTS. M A I N  D R I L L I N G  OPERSTIONS ARE D E S C R I B E D  AND MAJOR I T E M S  O F  E Q U I P M E N T  SUCH AS THE 
MOVABLE D R I L L  PLATFORM “JUMBO” ARE EXAMINED.  D E S C R I P T I O N S  OF METHODS OF B L A S T I N G 9  V E N T I L A T I O N t  AND MJCK TRANSPORT ARE 
ALSO G I V E N .  T H E  IMPORTANCE OF F I R S T - C L A S S  MANAGEMENT AND CORRECT M I N I N G  O R G A N I Z A T I O N  I S  STPESSED. SUCH M A I N  AMERICAN 
TIJNNEL ACHIEVEMENTS AS THE CLEAR CREEK TUNNEL I N  NORTHERN C A L I F O R N I A  ARE SURVEYED. A B R I E F  D I S C U S S I O N  AND A 
D I A G R A M M A T I C  ORAWING nF A JUMBO D R I L L  ARF I N C L U D E D  AT THE END OF THE PAPER. 

Q2-59-QIQQa T U V N E L I N G  I N  THE COAL MINES OF WESTEQN GERMANY ( E X C A V A T I D Y  STONE-DRIFTS SYSTEPS METHODS 3 P I L L I N G  
B L A S T I N G  V F N T I L A T I O N  MUCKING GROUND-SUPPORT M E C H A N I Z A T I O N  
MIDDENDORF, H. & MATHIAS S T I N N E S  A.G. 

PROCEEDINGS OF THE SYMPOSIUM ON SHAFT S I N K I N G  AND TUNNELING9 264-3009 J U L Y 9  1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  E N G I N E E R S T  
1060). DI SCUSSION O F  ALL ASPECTS OF T U N N E L I N G  METHODS9 I N C L U D I N G  D R I L L I N G 9  S H O T F I R I N G 9  GROUND SUPPORT9 AND 
V F N T T L 4 T I O N  FOUIPMENT. THE IMPORTANCE OF MECHANIZED L O A D I N G  I S  STRESSED. F U L L Y  MECHANIZED O P E R A T I O N S  WOULD MAKE 

E lul PYAS I ZED. 

07-59-07004 TUPlNELING I N  CANADA ( JUMSO B L A S T I N G  SUPPORTS MUCKING V F N T I L A T I O N  OUST 

PsOCEEDIYGS @F THE SYMPOSIUM ON SHAFT S I N K I N G  4ND TUNNELING,  332-3491 JULY, 1959 (THE I N S T I T U T I O N  OF M I N I N G  E Y G I N E E R S T  

P n s s I w E  A D V A N C E S  OF O V E R  zoo Y P E R  YONTH. THE YECESSITY FOR THOROUGH ORGANIZATION I N  TUNNELING OPERATIONS IS 

TWIDALE,  M. A. + I G N A T I E F F t  A. & CANADA DEPT M I N E S  OTTAWA CANADA 

1960). C A N A D I A N  T U N N E L I N G  OPERATTONS ENCOUNTER A WIDE RANGE OF M I N E R A L  D E P O S I T S  AND ROCK TYPES.  THREE W I D E L Y  
n I F F E R E Y T  T U V N E L I N G  PROJECTS ARE DESCRIBED:  THE 3445-FT P R I N C F S S  C O L L I E R Y  TUNNEL9 D R I V E N  THROUGH STRUCTURALLY WEAK AND 
WATEQ-@EARING SEDIMENTS;  THE KFMANO HYDRO-ELECTRIC TUNNEL? WHICH I S  40 F T  WIDE9 1550 F T  LCtNGq AND SEME 317 F T  ABOVE 
BF@Rr lCKT D R I V E N  THROUGH IGNEOUS ROCK AND RATED AS THE T H I R D  H I G H E S T  OF I T S  TYPE I N  THE WORLD; AND T Y E  GECO COPPER Z I N C  
MIPIE DEVELOPYENTt  OF M F D I U Y  S I Z E ?  AT SHALLOW D E P T H  I N  COMPETENT ROCK. 

97-59-07QQ5 METHOD STUDY A P P L I F D  TO S H 4 F T  S I N K I N G  AND T U N N E L I N G  I N  COAL M I N E S  I N  GREAT B R I T A I N  ( RESEAPCH-STUDIES 
SYSTEMS I 
BOOTH, J. ‘4. + WATT, R. G. & N A T I D N A L  COAL BOARD ENGLAND 

PROCFEDINGS OF THE SYMPOSIUM QN SHAFT S I N K I N G  AYD TUNNELING9 350-3689 JULY, 1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  ENGINEERS,  
ls60I. THF A P P L I C A T I O N  OF METHOD STUDY TO SHAFT S I N K I N G  AND T U N N E L I N G  I N  T H E  RECONSTRUCTION PROGRAM DF THE 
N 4 T I r ) Y A L  CCAL BOARD I S  O U T L I N E D .  THE DEVELOPYENT OF METHOD STUDY AND O P E R A T I O N A L  RESEARCH W I T H I N  THE O R G A N I Z A T I O N  OF 
T F F  RC!AQn I S  OISCUSSED 4ND T H F I Q  COMPLEMENTARY F I E L D S  OF O P E R A T I O N  ARF I N D I C A T E D .  EXAMPLES ARF G I V E N  O F  ACTUAL S T U D I E S  
I V D I C 4 T I N G  THE F A C I L I T Y  W I T H  M H I C H  METHOD STUDY TECHNIQUES SHOW U P  FACTOPS WHICH L I M I T  PERFORMANCE EVEN I N  CASES OF 
APP49EYTLY E F F I C I E N T  OPERATIONS.  

QZ=>_s=Q1QQ& T U N N E L I Y G  I N  B R I T I S H  COAL M I N E S  f EXCAVATION-METHODS SYSTEMS 

PROCEEDINGS OF THE SYYPOSIUM @N SHAFT S I N K I N G  AND TUNNELING9 183-200y JULY9 1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  ENGINEERS9 
!ShO). THPrlUGH THE N A T I O Y A L  COAL BOAPD’S F S T A B L I S H Y F N T  OF A N A T I O N A L  DEMONSTRATION TUNNEL A N 0  T R A I N I N G  PROGRAM9 I T  
HAS RFEN SHOWY T H A T  W I T H  E X I S T I N G  EQUIPMEYT AND A H I G H  STAYDARD OF O R G A N I Z A T I O N  10 TO 1 2  YDS O F  T U N N E L I N G  PER DAY CAN 
R C  Y A I N T A I N E D  OVER LONG PERIODS.  GENERAL D I S C U S S I O N  OF ALL ASPECTS O F  T U N N F L I N G  METHODS B E I N G  USED I Y  NCB T U N N E L S T  
1NCLUT)ING PERCUSSIVE-ROTARY D R I L L I N G  R L A S T I N G t  SUPPORT AN9 L I N I N G S 9  AND YUCK HANDLING.  METHOD STUDY IS EMPHASIZED AS 

LANSDOWNT R. F .  + HCCLUNIE,  W. A. & N A T I O N A L  COAL BOARD ENGLAND 

THE GREATCST CONTRIBUTOR T O  H I G H E R  E F F I C I E N C Y  4ND SPEED. 

92-60-01QQ1 EFFORTS TO DEVELOP IMPROVED O I L W E L L  D R I L L I N G  MFTHDDS ( COST PERCUSSORS BIT-ROTARY-SPEED ROCK-ATTACK 
AUTCMATIC-RIGS I 
LFDGFRWOCD, L. W . 9  JR. & JERSEY PROD RES CORP 

PFTROLEUM TRANSACTIONS,  A I M E  F I R S T  A P I  D R I L L I Y G  RESEARCH SYMP B I L O X I  Y I S S T  (2191 61-749 J A N  13-14, 1960. T H I S  
PAPEQ P E V I F W S  PAST 4ND PRESENT DEVELOPYEYT EFFORTS ON ROC< ATTACK METHODS A N 0  D R I L L  S T R I N G  TRAVEL IMPROVEMENTS W I T H  
CQSTS F S T I M A T E O  I N  TFYS OF M I L L I O N S  OF DOLLARS. EFFORTS ARE A I M E D  AT I M P R O V I N G  D R I L L I N G  TOOLS A N 0  METHODS THAT W I L L  
QFDUCE D R I L L I N G  COSTS. MANY U N I Q U E  AND UYCONVEYTIONAL RnCK ATTACK METHODS ARE D I S C U S S E D  AND COMPARED W I T H  DATA 
PRESENTFO I N  7 2  T A B L F S  OF D A T A  AND INFORMATION.  SKETCHES OF TOOL TYPFS AVO O P E R A T I Y G  CONCEPTS I L L U S T R A T E  THE I T E M S  
DESCRIBED.  B A S I C  ROCK ATTACK SCHEMES 4RF D E S C R I B E D  I N C L U D I N G  P E R C U S S I V E t  ROTARY-BIT9 P E L L E T 9  A B R A S I V E 9  CHEMICAL9 
FLAME, F L F C T R I  C ARC, E L F C T R I C ?  MAGNET I C 9  E X P L O S I V E  AND ROCKET EXHAUST. THE PAPER CFFERS RECOMMENDATIOY OF D I P E C T I O Y  
T P 4 T  i iFSEARCH AND DEVELOPMENT SHOULD PURSUE. 7 3  REFS. 

Q 2 = $ - 1 - @ 0 @ O l  ROTbRY D R I L L I N G  CIF LARGE D I A Y F T E ?  V E Q T I C A L  HOLES ( HOLLOW-DRILL-STEM ROLLER-CUTTER C I R C U L A T I N G - F L U I D  
D R I L L - S T Q I N G  C A S I N G  1 
SAWCOM, J. W .  & NORTH AMERICAY D R I L L I N G  COMPAYY 

TH€ YORTtiFRN O H I O  GECLOGICAL SOCIFTY,  SYYPOSIUM ON SALT PROCEEnINGS,  1961. T H I S  PAPER D E S C R I B E S  T H E  B A S I C  
D D I Y C I P L E S  c)F ROTARY D R I L L I N G  AND THE PROBLEMS THAT ARE I ‘ \ IV@LVED I N  U T I L I Z I N G  THESE P R I N C I P L E S  TO D R I L L  LARGE D I A M E T E R  

STUDY Oc D R I L L I Y G  P R A C T I C E S  IS G I V E N  W I T H  EMPHASIS ON HOW VARIOUS FACTORS AFFECT THE SPEFD AND E F F I C I E N C Y .  S P E C I F I C  
QFTOrf lYEYDATIOhlS ARE MADE FOR THE S E L F C T I O N  c)F TECHNIQUES T H A T  SHOULD B E  USED TO RESULT I N  THE LOWEST D R I L L I N G  COST. 
PFFFQENCES ARE MADF TO P A R T I C U L A R  P R n J F C T S  WHERE SHAFTS WERF D R I L L E D  U S I N G  EQUIPMENT AND P R A C T I C E S  THAT Y I E L D E D  

SYAFT L I N I N G S  ARE MENTIONED AND I N S T A L L A T I O N  PROCEDURES DFSCRIRED.  R E M E D I A L  MEASURES ARE OFFERED FOR V A R I O U S  D Q I L L I Y G  
PQrlQLEMS. THE ADVANTbGES OF ROTAPY D R I L L I N G  METHOD OF SHAFT CONSTRUCTION ARE SUMMARIZED. 

HOLES. T H E  D R I L L I N G  PLAlr‘T THE CUNCTI ’3NS AVO FACTORS I N F L U E Y C I N G  THE D E S I G N  OF I T S  COMPONENT PARTS 6s‘ DISCUSSFD.  A 

S A T I S C 4 S T O R Y  RESULTS. THF F U N C T I O N S  OF THE D R I L L I N G  F L U I D S  ARE “UTLINEI?. THE C O N D I T I O N S  TO B E  C O N S I D F Q E D  I N  3 F S I G N T U G  
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0?-4,1=QQQQ2 DFVFLOPMEYT OF CONTINUOUS SORING YACHINES FOR S A L T  AYD PC!TASH UNDERGROUND M I N I N G  ( K E R F S  C U T T E R - B I T S  
CORES THRUST P E N F T P A T i D N  I 
MCWHORTFR, C. E. & GOODYAY MANUFACTURING COMPANY 

THE Y7PTHERN O H I O  G E O L r G I C A L  SOCIETY,  SYMPOSIUM ON SALT PRQCEEDINGSV 1961. T H I S  PAPER IS AN I L L U S T R b T E O  
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D E S C R I P T I O N  OF THE METHODS USED I N  DEVELOPMENT OF F U L L  F A C E  CONTINUOUS M I N I N G  AND L O A D I N G  MACHINES.  DEVFLOPMENT 
STARTED W I T H  THE USE OF SMALL SCALE LABORATORY T E S T  APPARATUS TO PRODUCE T H E  DATA NEEDED FOR B U I L D I N G  AN UNDERGROUND 
PORTABLE F I E L D  TEST M A C H I N E  WHICH PROVED OUT THE T E S T  DATA AND F U R N I S H E D  A D D I T I O N A L  KNOWLEDGE FOR CCNSTRUCTING T H F  
U L T I M A T E  S O  TONI 5 0 0  H. P. PRODUCTION MACHINE UNDERGROUND. A P P L I C A T I O N S  O F  THE MACHINE ARE DESCRIBED.  

WkUQQ1 D E S I G N  AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL ( UNLINED-TUNNELS 1 

PROCFEDINGS OF THF AMERICAN S O C I E T Y  OF C I V I L  E N G I N E E R S  JOURNAL OF T H E  POWER D I V I S I O N ,  9-43, SEPT 1963. E N G I N E E R I N G  
C O N S I D E R A T I O N S  AND D E S I G N  C R I T E R I A  USED I N  THE L O C A T I O N  AND D E S I G N  OF THE 7 1/2 M I L F  HYDROELECTRIC MAMMOTH POOL POUER 

LAVERTY,  B. R. + LUDWIG, K .  R. E S O  CAL E D I S O N  60 CAL 

T( fNYEL I N  MADFSA C@. C A L F  PERFORMANCE OF THE U N L I N E D  PRESSURE TUNNEL I S  REVIEWED.  

D7-64-02QQl D I  SCUSSIUN OF PAPER " D E S I G N  AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL" 
LAVERTY,  6. R e  + LUDWIG, K. R. E S O  CAL E D I S O N  CO CAL 

PROCFFDINGS OF THE AMERICAN S O C I E T Y  OF C I V I L  E N G I N E E R S  JOURNAL OF T H E  POWER D I V I S I O N ,  (90) 97-105, MARCH 1964. 

I Y V E R T ,  RUCK COVER C R I T E R I A .  (REF.  02-63-08001) 

Q2z6ftIQSQQl SUBWAY TUNNEL CONSTRUCTION I N  NEW YORK C I T Y  ( ROCK-BOLTS D R I L L - A N D - B L A S T  ROCK-FALLS 1 

PRDCEEDIYGS OF THE AMERICAN S O C I E T Y  OF C I V I L  E N G I N E E R S  JOURNAL OF THE CONSTRUCTION D I V I S I O N ,  190) N 2, PAPER 4032 ,  

QUFSTIOYS AN@ ANSWERS ABOUT SUBJECT TUNNEL ON P R O F I L E  OF I N V E R T ,  ECONOMIC DIAMETER,  SURGE CHAMBER AND ROCK TRAPS, PAVFO 

K N I G H T ,  G. 6. & DRAKE AND P I P E R  NYC 

15-36, SEPT 1964. C H O I C E  OF EQUIPMENT TYPE AND I T S  USES FOR SUBWAY TUNNEL CONSTRUCTION I N  NYC ARE CONSIDERED I N  
D E T A I L .  P L A S T I N G  WAS L I M I T E D  BY NUMBER OF POUNDS PER DELAY TO PREVENT DAMAGE TO B U I L D I N G S .  LOW POWDER COSTS 1 2  1/4 
LB. PER CU. YD.) WERE OFFSET TO I N C R F A S E D  MUCKING COSTS BY NOT BREAKIrUG LARGF SLABS PROPERLY. B L A S T I N G  WAS NOT ALLOWED 
DURING RUSH SUBWAY HOURS. SUPPORTS I N C L U D E D  ROCK BOLTS, TEMPORARY S T E E L  SUPPORTS, TEMPORARY T I M B E R  POSTS, PERMANENT 
STEEL SUPPORTS. 

UAft1&JQQ_L S'3FT-GROUND TUNNELING:  D E S I G N  AND CONSTRUCTION f VEHICULAR MOLES S H I E L D S  COSTS 1 

C A N A n I A Y  GOOD ROADS ASSN. 9 GOLDEN J U B I L E E  CONVENTION, 139-1539 OCT 1964. TODAY T H E  GREATHEAD S H I E L D  NORMALLY 
C D N S I S T S  OF 4 S T E F L  C Y L I N D E R  E X T E N D I Y G  FROM THE C U T T I N G  E3GE AT THE FRONT TO A T A I L  O V E R L A P P I N G  THE TUNNEL L I N I N G  AT 

S H I E L D S .  T H E S F  ARE E X D E N S I V E  ($150,1)00 TO $200,000);  SPEED IS T H E I R  ASSET. MECHANICAL T U N N E L I N G  MACHINES HAVE BEEN 
OEVFLnPFD FOR T U N V E L I N G  THROUGH SOFT OR MEDIUM ROCK. COMPRESSED A I R  H A S  BEEN USED I N  WATER-BEARING GROUND AND FOR 
UYOERWATEP C R 3 S S I N G S .  THE M A I N  HAZAROS I N V O L V E D  HERE ARE S I C K N E S S  OF M I N E R S  AND P O S S I B L E  F A I L U R E  OF 4 1 9  SUPPLY. THESE 
Y A V F  s E E N  GRFATLY REDUCED BY F L E C T R I C A L L Y  D R I V E N  COMPRFSSORS. GRCIUND TRFATMENT HAS BEEN DEVELOPED T O  DECREASE THE 

NOSKIEWICZ,  T. M. + RAMSEY, J. A. E W .  S. A T H I N S  AND A S S 0  TORONTO 

THE PFAR. I N  BAD GROUWD, T H I S  I S  S T I L L  THE BEST METHOD. CONSIDERABLY GREATER SPEEDS ARE P O S S I B L E  WITH ROTARY DIGGER 

P E R M E A B I L I T Y  q F  THF S O I L .  CHEMICALS, CLAY, AYD CEPFNT ARE I N J E C T E D  IWTO TYE S O I L .  PRECAST CONCRETE L I N I N G S  AND 
F L F X I B L c  J O I Y T F D  TUNNEL L I N I N G S  HAVE B E E N  USED SUCCESSFULLY, THE L A T T E R  FOR T H F  LONDON UNDERGSOUND. T H E  SUNKEN-TUBE 
YFTHPO Y I G H T  S E  RULFD OUT SY SUCH T H I N G S  AS S W I F T  CURRENTS OR UNSTABLF S O I L ,  BUT UNDER C E R T A I N  C O N D I T I O N S  IS T H F  ONLY 
RFASDNARLF SOLUTION.  

97-64-1QQQZ U Y L I N F O  TUNNELS O f  THE SOUTHERN C A L I F O R N I A  E D I S O N  CO. ( GEOLOGY ROCK MECHANICS 1 
SPFNCFP, Q .  W. + LAVERTY, 6. Re + BARBER, D. A. E SO CAL E D I S O N  CO GAL 

PROCFE9IYGS OF THF APFPICAW S O C I F T Y  OF C I V I L  E N G I N E E R S  JOURNAL OF THE POWER D I V I S I O N ,  (90) N 3 7  105-32, OCT. 1964. 
THE OFSIGW C'JVSTRUCTION AN@ OPERATING E X P E R I E N C E  O F  ELEVEN U N L I N E D  POWER TUNNELS I N  THE S I E R R A  NEVADA RANGE ARE 
SUMY4RIZED.  T H F  TUNNELS VARY I N  AGE FROM LESS THAN 5 YEARS TO MORE THAN 50 YEARS AND FROM 7 FT. TO 24 FT.  I N  DIAMETER.  
TCITAL L E N G T H  = 42 M I L E S .  UNDER FAVORABLE GEDLOGIC C O N n I T I O N ,  U N L I N E D  TUNNELS ARE P R A C T I C A L  TO B U I L D  AND V A I N T A I N .  

Q2-64-UQQ3 CONTRACTnR'S VIEW O F  U Y L I N E D  TUNNELS ( GEOLOGY COST COPPETFNT-ROCK B L A S T I N G  1 

PQDCFEDINGS nF THF AMERICAY S O C I F T Y  D F  C I V I L  F V G I N E E R S  JOURNAL OF THE POWER D I V I S I O N ,  190) N 3, PAPER NO. 4086, 91-104, 
OCT 1964. COMPETEYT ROCK I S  B A S I C  N E C E S S I T Y  FOR U N L I N E D  TUNNELS. G I V E N  T H I S ,  S I Z E ,  SHAPE, THE A T T I T U D E  OF BEDDING 
3 R  JnINTIF . IG,  D F P T H  BFLnW SURFACE, I N T E N D E D  USE AND H Y D R A U L I C  C O N S I D E R A T I O N S  CAN BE RESOLVED. T H E S E  I T E M S  AND COST< ARF 
D I S C U S S F D  I N  S P E C I F I C  EXAMPLES OF TUNNELS RUTLT BY M-K. ( S E E  ALSO 02-66-01001 FOR CnMPENTS D U R I N G  PRESENTATION '!JF T H I S  
P4PFQ AT T H F  U Q L I N E D  TUNNEL S Y M P O S I U Y I  

07-66-QlQQl CONTPACTVR'S VIEW ON U N L I N E D  TUYNELS-CLOSURE B Y  AUTHOP ( COST SWFDISH-TUNNELS 1 

PQOC OF T H E  A Y F P I C A N  S O r I E T Y  OF C I V I L  ENGR JOYRYAL OF THE POWEQ D I V ,  131-1327 J A N  1a66. D I S C U S S I O N  OF THE PAPER 

OF WATFQ RFSOURCES METHOD. ROCK BOLTS INCREASE SOUNDNESS OF ROCK. CONTRACTORS ARE RFCOMING WARY OF MAXIMUM LUMP SUH 
CO\'TRACTS. 

0?-66-09QQl FCCYOMIC C'lNSTDERATIONS I N  THE D F S I G N  OF NPRTHUMBERLAND S T R A I T  CROSSING ( HIGHWAY-TUNNEL RA I L - T U N N E L  COST 

PFTROFSKY, A. M. E MORRISON-KNUDSON C O  I N C  

PETROFSKY, A. M. E MORRISON-KNUDSEN CO I N C  

( S F C  REF 02-64-10001) AFTFR P R E S E N T A T I O N  AT TYF U N L I N E D  TUYNEL SYPP. M-K COSTS CC'MPARED W I T H  E S T I M A T F S  RY C A L I F  OEPT 

1 
CLARKF,  G. T. + GORDON, F. L e  M. E. P U B L  WORKS OF CANADA OTTAWA CAN 

DQDC. CAYAC. GPOD RDS. ASSN. 6-99 217-2287 F E 9  1966. THE NORTHUMBERLAND S T R A I T  CROSSIVG WILL CARRY A TWO-LAQE 
YIGYWAY WHICH W I L L  LATER BE CONVERTED TO FOUR LANES,  AND A S I N G L E  TRACK R A I L R O A D .  FOUR LANES WILL BE R E Q U I R E D  I N  2 0  
YQS. THE LEYGTHS OF THF B R I D G E  AND CAUSEWAY E L E Y F N T S  WFRE SELECTED ON THE B A S I S  OF H Y D R A U L I C  AND ECCNOMIC REQUIPEMENTS;  
T Y F  L F Y G T H  OF THE TUNNEL WAS GOVERNED BY N A V I G A T I O N  D P E N I N G  AND R A I L W A Y  G R A D I E N T  REQUIREMENTS. T H E  S E V E s E  C L I M A T I C  
C ' INOITIONS P L 4 Y E O  A YAJOR PART I N  DESIGN.  THE TUNNEL WAS D F S I G N F D  AS A FOUR-L4NE STRUCTURE, I N S T E A D  OF A TWO-LPNF 
C q R  ECOYOMIC REOS'INS. THF LC3CATION CLOSE TO THF SHORE PRESENTED THF LOWEST C A P I T A L  COSTS-  ALSO, T O  LOWER COSTS, YUCH 
CF THE TUNNFL SECTION I S  BEING FLOATFD m. 
02-6*-O' ;QQ1 TUNNEL AN0 SHAFT SYSTEYS TO9AY AN0 T@MORROW ( E X C A V A T I O N  SYSTEMS D R I L L S  MUCKING B L A S T I N G  I 

TUNNFL AND SHAFT CONFEPENCE, U N I V  M I Y N ,  16 PAGES, MAY 15-17, 1968. A GENERAL D I S C U S S I O N  OF A L L  ASPECTS OF 

TECHNIQUES j h l  THE bRT P F  T U N N E L L I N G  SUCH AS THE M A G I C  CARPET METHOD ARE DEqCRIBED.  TUNNFLS SMALLER THAY 1 1  OR 12 F T .  
I N  D I A M E T F R  R E S T R I C T  TYE S I Z E S  OF F Q U I P Y E N T  T 7  THE EXTENT THAT U N I T  OPERATING COSTS ARE GREATLY INCREASED.  THE U N I T  
flPFRATIYG COST TFNCl TCl DPOP W I T H  THF I Y C R F 4 S I N G  L E N G T H  OF TUNNEL. 

QZ&B=QLQQ2 TEHACHAPI  MOUNTAINS CQOSSING OF THE C A L I F O R N I A  AQUEDUCT ( H I S T 3 R Y  GEOLOGIC-COYDITIONS CONSTRUCTION D E S I G N  

JACOBS, J. D. E JACCBS ASSOCIATFS 

TIJF'NFLIVC, I N C L U D I N G  D I S I N T E G R A T I 7 N  f"F ROCK, PERCUSSION D R I L L S ,  B L A S T I N G ,  T U N N E L I N G  MACHINES, AND MUCK HANDLIYG.  NEW 

1 
WINFLAYD,  J .  A. + O ' N E I L ,  A. L.  + ARNOLD, A. 6 -  

TUNNFL 4Yn SHAFT COYFEQFNCF, U N I V  Y I N V ,  26 P4GESq YAY 15-17, 1968. THE C A L I F O R N I A  STATE WATEQ PROJECT W I L L  
TRANSPO'?T WATER 44L P I L F S  FROM NORTHFQV TO SCIUTYFRN C A L I F O R N I A .  FOUR TUNNELS ARE USED. S T E E L  L I N E D  COMBINED L E N b T H  OF 

i n c K  D R Y  MIX FVITCRETING I S  BEING USFD. THE AVERAGE RATE OF ADVANCE U S I N G  SHOTCRETE I S  ASOUT 49 F F F T / D A Y  COYPARED 
T P  ?7 F F E T / D A Y  RY CONVENTIONAL METHODS. 

QZAB=QZQU OUTLOOK FOR FASTER T U N N E L I N G  U.S. BUQ MINES WASH D.C. 

TUNNFL 4ND SHAFT COYFEPENCE, U N I V  M I N Y r  MAY 15-17, 1966. A LARGE AMOUNT OF TECHNOLOGY I S  NEEDED I N  THE F I E L D .  THE 

I ~ , O O O  F = F T  AND R A N G E  F R O M  12.5 T O  14 FEFT IN DIAMETER. T Y F S F  A R E  LOW P R E S S U R E  TUNNELS. FOR PEINFORCEWYT DF W F ~ K  

HIWARD, T e  F. 



4 

'CONTRACTDRS MUST B E  WILLING T O  INVEST IN RESEARCH ON ALL ASPECTS OF THE ART. A BETTER DEFINITION OF THE PROBLEM I S  
NEEDED. T H E  N A T I O N A L  ACADEMY O F  E N G I N E E R I N G  N A T I O N A L  RESEARCH C O U N C I L  COMMITTEE WILL P U B L I S H  A STUDY O N  T H E  PRESENT 
STATE-OF-THE-ART O F  T U N N E L I N G  I N  THE NEXT FEW MONTHS. 

a A B = l Q Q U  OVERVIEW - NAE/NRC STUDY ON R A P I D  E X C A V A T I O N  ( E X C A V A T I O N  SYSTEMS S T U D I E S  S U B S I D Y  RESEARCH 
P F L E I D E R ,  E. P. & U N I V  Y I N N  M I N N E A P O L I S  M I N N  

T H E  COMMITTEE ON R A P I D  PROCEEDINGS OF THE SYMPOSIUM ON R/D I N  R A P I D  E X C A V A T I O N ?  1 - ' 1 / 1 - 1 0 9  OCT. 2 8  AND 29, 1 9 6 8 0  
E X C A V A T I O N  DETERMINED T H A T  SURFACE-EXCAVATION TECHNOLOGY I S MARKEDLY I N  ADVANCE OF UNDERGROUND-EXCAVATION TEcHNCILOGY- 
BY COMPARISON, UNDERGROUND M I N I N G  I S  ABOUT ONE-TENTH AS E F F I C I E N T  AS SURFACE M I N I N G .  DUE T O  MASS T R A N S P O R T A T I O N  NEEDS, 
CONSERVATION TO PRESERVF THE EARTH'S SURFACE, WATER SUPPLY 9 AND DEFENSE NEEDS, UNDERGRDUND E X C A V A T I O N  I S  EMPHASIZED.  
THE COMMITTEE RECOMMENDED A $ 2 0 0 - M I L L  I O N  F E D E R A L L Y  FUNDED RESEARCH PROGRAM. SUCH RESEARCH COULD CUT UNDERGROUND 
E X C A V A T I O N  COST 30% AND I N C R E A S E  ADVANCE RATES 200 TO 300%.  

Q2--68=1QQu THE GROWTH OF DEMAND AND TECHNOLOGY I N  R A P I D  E X C A V A T I O N  ( E X C A V A T I O N  RESEARCH S U B S I D Y  S T U D I E S  ! 
NEWCOMB, R. T. & PENN S T A T E  U N I V  

EXPEND I TUR E S ON E X C A V A T I O N  PROCEEDINGS OF THE SYMPDSIUM CIN R/D I N  R A P I D  EXCAVATION,  2 - 1 / 2 - 7 9  OCT. 2 8  AND 2 9 7  1 9 6 8 .  
OE A L L  TYPES I S  E S T I M A T F D  TO EXCEED $ 5 0 0  B I L L I O N  OVER THE NEXT 20 YEARS. COMMENTS ARE MADE ON T H E  N A T I O N A L  ACADEMY OF 
S C I E N C E ' S  PANEL WORK ON E X C A V A T I N G  REQUIREMENTS. D I S C U S S I O N  CENTERS ON THE ACCURACY OF THE P A N E L ' S  P R E D I C T I O N S ,  THE 
P R O F I T S  ASSOCIATED WITH RESEARCH AND DEVELOPMENT I N  C E R T A I N  AREAS OF E X C A V A T I O N  TECHNOLOGY, AYD T H E  IMPORTANT R E L A T I O N  
BETWEEN DEMAND GROWTH AND P R I V A T E  RESEARCH MECHANISMS. 

Q Z d & l Q Q Q 3  USF OF TUNNELS I N  U T I L I Z I N G  R E G I O Y A L  WATER RESOURCES I AQUEDUCTS WATER-TUNNELS E X C A V A T I O N  MOLES I 

PROCEEDINGS OF THE SYMPf lS IUM ON R / D  I N  R A P I D  EXCAVATION,  3-P/3-17, OCT-  2 8  AND 2 9 ,  1 9 6 8 .  THE BUREAU OF R E C L A M A T I O N  
HAS 159 M I L E S  OF COMPLETED TUNNELS AND 5 1  M I L E S  OF UNCOMPLETED TUNNELS. D R I L L I N G  BY R O B B I N S  B O R I N G  MACHINES ON THE 
8 .6-YILE B L A N C 0  AND 5 - M I L E  O S 0  TUNNELS I N  COLORADO SET WORLD RECORDS I N  E X C A V A T I O N  RATES. A NEW SINGLE-DAY RECORD FOR 
F X C A V A T I O N  ADVANCE WAS S F T  BY THE O S 0  TUNNEL YOLE CREWS 403 FT. B E S I D E S  BETTER TUNYEL DESIGN.  E X C A V A T I O N ,  AND 
CONSTRUCTION, OTHER AREAS OF RESEARCH I N C L U D E  WEATHER M O D I F I C A T I O N  AND D E S A L T A T I O N  OF SEA WATER AND B R A C K I S H  I N L A N D  
WATERS. 

92-68-1QQQA COLORADO M F T P O P l l L I T A N  WATER SUPPLY TUNNELS ( AQUEDUCTS MOUNTAINS ) 

PROCEFDINGS OF THE SYMPOSIUM ON R / D  I N  R A P I D  E X C A V A T I O N ,  4 - 1 / 4 - 8 9  OCT. 2 8  AND 2 9 ,  1 9 6 8 .  T H E  DENVER WATER DEPT. 
CURQFNTLY OPERATES 39 M I L E S  OF TUNNELS 4s AN I N T E G R A L  PART OF I T S  SUPPLY SYSTEM, I N C L U D I N G  THE 2 3 . 3 - M I L E  HAROLD D. 
9ORERTS TUNNEL. FUTURE PROJECTS CALL FOR 4 5 - 5 0  M I L E S  OF TUNNELS W I T H  6 - 1 2  F T  D I A .  BECAUSE OF THE COMPLEX GEOLOGIC 
f O N D I T I J N S  I N  Y O U h T A I M  AREAS THE NEED FOR MORE V E R S A T I L E  T U N N E L I N G  METHODS I S  EMPHASIZED.  

a=a&J,.QQQ5 THE CHICAGO TUNNEL PROJECT - A S O L U T I O N  FOR THE COMBINED SEWER PROBLEMS OF AN URBAN AREP ( D I S P O S A L  COST 

RELLPORT, E. P. & U.S. RUR RECL DENVER COLO 

BARBER, M. E. & DENVER BOARD OF WATER COMM 

SEWERS 1 
DATTON, F. F .  + BACON, W. V. & METRO SAN D I S T  CHICAGO 

D'DCFEDIYGS OF THE SYMPOSIUM ON R / D  I N  R A P I D  EXCAVATION,  5 - 1 / 5 - 3 8 ,  OCT. 2 8  AND 29,  1 9 6 8 .  D I S C U S S I O N  OF A DEEP 
TIJ'dNFL PROJFCT WHICH W I L L  PROVIDE IMPROVED OUTLETS FOR OLD AND NEW SEWERS AND INTERCEPTORS,  INTERCEPT,  CONVEY, AN0 
STORE SFWER OVERFLOW, AND F I N A L L Y  RELEASE T H F  STORED WATERS AT A REDUCED RATE. 3 5  CONTROL STRUCTURES AND 3 8  V E R T I C A L  
SHAFTS, 5 - 1 5  F T  D I A  W I L L  BE NEEDFD. 3 1  M I L E S  OF CONCRETE L I N E D  TUNNELS, 6 - 2 7  F T  D I A  W I L L  CONVEY THE WATEQ FLOW TO 
STOR4GF C4VERNS 3 5  F T  X 7 0  FT, 185  F T  APART, W I T H  VOLUMES OF 6 6 0 0  ACRE-FT. BECAUSE OF THE SUCCESS CN PAST PROJECTS, 
BORING Y A C H I Y E S  MAY PEPLACE THE OLD D R I L L  ANQ B L A S T  METHOD OF TUNNEL EXCAVATION.  

Q2-68-lCQQa TURNFLS TO T'lMORROW ( T R A N S P 0 R T A T I O N  RFSEARCH COST 

P R n C F E O I N G S  flF THE SYMPOSIUP ON R / D  I N  R A P I D  E X C A V A T I O N 9  6 - 1 / 6 - 1 2 ,  OCT. 2 8  AND 29, 1 9 6 8 .  NEW AND IMPROVED METHODS 
SHEPHARr), R. J. & S.F. B A Y  AREA R A P I D  TRAY D I S T  

'lF T U Y N E L I N G  C A N  PLAY 4 V I T A L ,  P O S I T I V E  AND B E Y E F I C I A L  ROLE I N  THE FUTURE OF URBAN MASS TRANSPORTATION.  UNDERGROUND 
T R A N S I T  SYSTEMS APE NOT ONLY OUT OF S I G H T  BUT ALSO OUT OF HEARING,  AND L E A V E  V @  PFFMANENT B A R R I E R ,  E I T H E R  P H Y S I C A L  OR 
"SYCHOLOGICAL. RAPICl T R A N S I T  CAN BE OPERATED F Q U A L L Y  F E A S I B L Y  UNDERGROUND, I N  OPEN CUT, ABOVE THE GROUND ON A E R I A L  
STRUCTUQES, OR AT GRADE. HOWEVER, THE UNDERGROUND METHOD, ALTHOUGH THE MOST E X P E N S I V E ,  I S  F A V O P A B L E  BECAUSE OF I T S  
L E A S T  DISbDVANTAGES.  A T Y P I C A L  SYSTFM WOULD COST FROM $ 7 , 6 5 0 , 0 0 0  PER M I L E  FOR CUT-AND-COVER TO $ 6 7 ~ 7 0 0 ~ 0 0 0  FOR 
S H I E L D - D R I V E N  TUNNELS. 

UAklQQQ12 USF OF R A P I D  E X C A V A T I 3 N  TECHNOLOGY I N  M I N I N G  A P P L I C A T I O N S  [ MARKET M I N I N G  1 

PQOCFFDINGS OF T H F  SYMPOSIUM R / D  I N  R A P I D  EXCAVATIOY,  7 - 1 / 7 - 1 3 ,  OCT. 2 8  AND 29, 1968. I T  I S  PROJFCTED THAT FROY 

DOMESTIC Y I Y I N G  E X C A V A T I O N  I N  1 9 6 5  ALONG W I T H  P R O J E C T I O N S  OF FUTURE Y I E L D S .  

Q2ABz1QQQ8 E X C A V A T I ON F 0 R UN DE R GR OUN D 
M I N I N G  1 
S M I T H 7  W -  D.9 JR. E U.S. ATOMIC ENERGY COYM 

STEWART, R .  M e  & ANACONDA CO BUTTE MONT 

1°65-19RF; M I N I N G  F X C A V P T I O N  W I L L  FQUAL 319 8 I L L I r l N  TOWS. 4CCOMPANYPNG T A B L E S  G I V E  C L A S S I F I C A T I O N  AND A N A L Y S I S  OF 

NUC L EAR E X P L 0 S I ON S ( J ET- OR I L L I N G NUT L E A R- W  F A P 0 N- D E TON A T I ON B I G- H OL E- DR I L L I N G 

P Q P C F F D I Y G S  @F THE S Y Y P q S I U M  3 N  R / D  I N  R 4 P I r )  EXCAVATION,  S4CRAMEWTO S T A T E  COLLEGE, SACRAYENTO, CALIF . ,  R-1/8-5,  OCT 29  
4ND 39 ,  1 9 6 5 .  ARDUT 9 5 %  '3F TODAY'S RIG-HOLE D R I L L I Y G  I S  ACCOMPLISHED UNDER ATOMIC ENERGY C O M M I S S I O N  PROGRAMS. A 
N F W  H I G H  PRFSSURE J E T  SYSTEM SUCCESSFULLY P E R Y I T T E D  D R I L L I N G  A 1 2 0  I N .  D I A M E T E R  HOLE AT 6 F T .  PER HOUR I N  CENTRAL 

SYSTFM V l I L L  DEQUIRF R E D E S I G N I N G  OF THE C I R C U L 4 T I N G  SYSTEM'S PARTS. PRESENT METHODS OF CONTINUOUS D R I L L I N G  Y I E L D  
P F N E T R A T I O N  RATES OF 6 0 - 7 5  FT.  PER DAY. E X T E N S I V E  RESEARCH I S  NEFDED TO REDUCF T I M E  AND COST I N  B A S I C  D R I L L I N G  

GENERAL EXCAVATION.  

VFVADA-  HOWEVER, THF C I P C U L A T I N G  SYSTEMS' PARTS BROKF DOWN UNDER THE PRESSURE. FURTHER U T I L I Z A T I O N  OF SUCH E JET 

"'OJECTS. THE PLOW-SH4RE PROGPAF" D E A L S  WITH THE USE OF NUCLEAR E X P L O S I V E S  FOR O I L  AND GAS PRODUCTION, M I N I N G ,  AN@ 

QZ=&?j=lQQQ2 THE READ AHEAD FOR HIGHWAY TUNNFLS ( DEEP-TUNNELING RESEARCH S U B S I D Y  1 
WASHINGTON, J e  D. & U.S. DEPT OF TRANS 

P ' ? O t E E D I Y G S  OF THE SYMPOSIUM ON R / D  I N  R A P I D  F X C A V A T I O N ,  SACRAMENTI? STATE COLLEGF, SACRAMENTO, C 4 L I F . r  0-1/9-7, OCT 2 8  

"F UNDFPGRCUND U T I L I T I E S ,  PRESERVATION OF REAL E S T A T E  AND REMOVAL OF P R I C E L E S S  OR I R R E P L A C E A B L E  AREAS, MAKES T H E  NEED 
4hlD 3 9 ,  1 9 6 8 .  THE MANY DISADVANTAGES OF THE PRESENT CUT-AND-CnVER METHOD P F  HIGHWAY T U N N E L I N G  SUCH AS R E L O C A T I O N  

FGP DFEPEQ TUYNELS E V I D F N T .  EMPHASIS I S  PLACED ON RESFARCH TO REDUCE COSTS OF DEEPER HIGHWAY TUNNELING.  

O7-6S-lOQlQ TUCNFLS FOR I N T F R - C I T Y  TRAVEL TFANSPORTATION SYSTEMS COST 1 
LUCKE, W .  N. & U.S. DEPT OF TRANS 

P R n C E E D I P G S  '?F THE SYMPOSIUP ON R / D  I N  R A P I D  EXCAVATION,  SACRAMENTO STATE COLLEGF, SACRAMENTO, C A L I F . ,  1 0 - 1 / 1 0 - 8 ,  CICT 
1 9 6 9 .  A V A R I E T Y  OF ADVANCED CGNCEPT H I G Y  SPEED GROUND TRANSPORTATION SYSTEMS ARE CURREWTLY UNDER C O N S I D E R A T I n N  FnP 
U S E  BFTWEFN 'd4SHIYGTpN,  D.C. AND BOSTON. TUBE SYSTEMS UNDERGROUND WOULD COST I N  EXCESS OF $5 B I L L I O N .  PROBLEYS 
FNCOUYTERFO WnULD I N C L U D E  GROUND WATER LEAKAGE, YUCK HAULAGE, THAFTING,  AND SAFETY D F V I C E S .  THESE TUYNELS MAY A L S n  
SFSVF AS C I V I L  DEFFNSE SHELTERS. COMPUTERS ARE B E I N G  USED T O  ANALYZE V A R I @ U S  COSTS. D R I L L I Y G  METHODS UNDER 
C O N S I D E Q A T I O N  I N C L U D E  VOLES, LASERS, AYD H I G H  V E L O C I T Y  F L U I D  JFTS. 

Q2d9=lQQll  T U N N F L L I N G  ON A SMALL SCALE: PROBLEM9 PROSPECTS, AND PAY-OFF ( U T I L I T I E S  ) 
Y I C H A F L S ,  R .  Y .  & U.S. D E P T  OF HUD 
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PQOCEEDINGS OF THE SYMPOSIUM ON R / D  I N  R A P I D  EXCAVATION,  SACRAMENTO S T A T E  COLLEGE, SACRAMENTO, C A L I F . ,  11-1/11-8, OCT 

ANOTHER 100,000 E S T I M A T E D  TO BE NEEDED BY 1 9 7 2 .  E Q U I V A L E N T  M I L E A G E  WILL BE R E Q U I R E D  BY OTHER U T I L I T I E S  SUCH AS GAS, 
2 8  AND 2 9 ,  1968.  THERE ARE OVER 1 M I L L I O N  M I L E S  OF WATER AND SEWER L I N E S  I N  THE U.S. I N  SUBSURFACE TUNNELS W I T H  

E L E C T R I C I T Y ,  AND TELFPHONE L I N E S .  THESE SYSTEMS ARE OF TREMENDOUS COSTS. IN ORDER TO DEVELOP T R U L Y  E F F E C T I V E  AND 
ECONnMIC T U N N E L L I N G  TECHNOLOGY THE HUD HAS STARTED A PROGRAM TO D E F I N E  THE COMPLETE SYSTEMS NEEDED FOR E F F I C I E N T  
P R O V I S I O N  OF U T I L I T Y  D I S T R I B U T I O N  I N  URBAN ARFAS. THE ELEMENTS TO B E  CONSIDERED ARE AN A N A L Y S I S  OF A L T E R N A T I V F  DESIGNS 

T A P P I N G  I N T O  M A I N  L I N E S  FROM THE U L T I M A T E  USER. 

QZ=4B=lQQl.Z A P P L I C A T I O N  FOR R A P I D  E X C A V A T I O N  I N  T H E  CORPS OF ENGINEERS ( CONSTRUCTION F X C A V A T I O N  

FOR U T I L I T Y  TUNNFLS, A METHOD OF P R O V I D I N G  A C O N D U I T  FOR THE M A T E R I A L S  OR ENERGY TO B E  TRANSPORTED, AND A METHOD FOR 

REVNEP, Re L. E U.S. CORPS O F  ENGRS 
PQOCFEDINGS OF THF SYMPOSIUM ON R / D  I N  R A P I D  EXCAVATION,  SACRAMENTO STATE COLLEGE, SACRAMENTO, C A L I F .  1 2 - 1 / 1 2 - 9 ,  OCT 
28 AND 2 9 ,  1 9 6 8 .  THE U.S. ARMY H A S  A THREE-FOLD M I S S I O N  A S S O C I A T E D  W I T H  CONSTRUCTION AND CONSTRUCTION METHODS, 
EQUIPMENT AND TECHNIQUFS WHICH INVrJLVE E X C A V A T I O N  PROCESSES. THOSE ARE SUPPORT OF THE F I E L D  ARMY, S T R A T E G I C A L  F A C I L I T Y  
CONSTRUCTION,  AND C I V I L  WORK PROJECTS. M I L I T A R Y  A P P L I C A T I O N S  I N V O L V E  E X C A V A T I O N  FOR DEEP UNDERGROUND F A C I L I T I E S  SUCH 
AS WEAPONS SYSTEMS AND COMMAND AN0 CONTROL CFNTERS. THE NORAD PROJFCT I S  I N  T H I S  COUNTRY. E X C A V A T I O N  PROJECTS 
OrCUR IY SUCH M A T E R I A L  AS HARD ROCK, PERMAFROST AND FROZEN GROUND. 

.Q&$&1QQ1_l A R F V I E W  AND A CHALLENGE ( WATER-CONTROL PUMPING POWER-PLANTS AQUEDUCTS 1 
G I A Y E L L I ,  W .  P. & CAL WATER RESOURCES DEPT 

PROCEEOINGS OF THF SYMPOSIUM ON R/D I N  R A P I D  EXCAVATION,  SACRAMENTO STATE COLLEGE, SACRAMENTO, C A L I F . ,  1 4 - 1 / 1 4 - 1 3 ,  OCT 
28 AYD 2 9 ,  1 9 6 8 .  THE C A L I F O R N I A  WATER PLAN I S  A COMPREHENSIVE MASTFR P L A N  FOR T H E  CONTROL, PROTECTION, 
CONSERVATICN,  D I S T R I R U T I O N ,  AND U T I L I Z A T I O N  OF C A L I F O R N I A N  WATERS TO MEET PRESENT AND FUTURE NEEDS. T H E  STATE WATEP 
P R P J F C T  I N C L U Q E S  20 DAMS, 2 1  PUMPING PLANTS,  9 POWER PLANTS, AND NEARLY 700 M I L E S  OF AQUEDUCTS. THE K E Y  WATER 
CONS'YVATInN RESFPVOIR OF THE SYSTEM I S  O R O V I L L E  DAM, THE H I G H E S T  DAM I N  THE U S .  THE POWER P L A N T  FOR O R r J V I L L E  I S  
HnUSFD I N  A CAVEPN CARVED FROM S O L I D  ROCK 5 5 0 X 6 q X 1 2 0  FEET.  FUTURE PFOJECTS I N C L U D E  35 M I L E S  OF TUNNELS W I T H  I .D. 'S U p  
T!, 1 5  F F F T ,  8 5 0  M I L E S  OF CANALS R E Q U I P I N G  1 8 0  M I L L I O N  CU. YDS. OF EXCAVATION,  AND DAM EMSANKMENTS W I T H  PLACEMENTS I N  
FXCESS OF 150 M I L L I O N  CU. YDS. 

Q7-69-1QQg1 A SYSTEMS APPROACH TO E X C A V A T I O N  ( MODELS COST COMPUTERS SPEED CONTROL 
RLFDSOE, J. D. & GEONAUTICS I N C  

SYSTFMS HAVE REFN SACRAYENT'l S T A T E  COLLEGF, CAL.  SFCOND SYMP. ON R A P I D  EXCAVATION,  12-1/12-21, OCT. 1 6 ,  1969. 
YODFLFO V A T H E V A T I C A L L Y  AND RUN ON AN E L E C T P O Y I t  COMPUTER. W I T H  THF P O S S I B L E  E X C E P T I O N  OF HETEROGENFOUS GFOLOGIC 
C O N O I T I n N S  A CCMPLFTE T U V N E L I N G  SYSTFM CAY BF PROGRAMMED AND THE S Y N T H E S I S  OF A MATCHED EQUIPMFNT ENSEMBLE CAN 
+IUPCFULLY RQIYG THE TFRM " R A P I D "  I N T O  EXCAVATIOY.  A MATHEMATICAL MODEL IMPOSES A REQUIREMENT TO UNDEYSTAhD THE SYSTEY 

C l S T S .  

Q7-6a-14492 PROG9'SS TOWARD GOALS I N  R A P I D  E X C A V A T I O N  ( OFCD RESEARCH DEVELOPMENT L I N I N G S  MUCKING SUPPORT 

AN@ 1 T S  CDMPONFNTq I Y  4 P R F C I S E  AND RIGOROUS YANNER. T H I S  SHOULD P F S U L T  I N  MORE R E F I N E D  C I D D I N G  ANC YECUCED E X C A V A T I ~ N  

HV ORAlJL IC-FRAGMENTAT I O N  TOMPUTFQ-P? OGRAM 1 
HOWARQ, T. F.  & U.S. BU'? M I N E S  

T H E  SnGL I S  AN n Q n E q L y  SACQAYFVTC S T A T F  COLLEGE, CAL.  SEC@Y3 SYMP. n N  Q A P I D  EXCAVATION,  1 & - ! / 1 5 - 6 ,  OCT. 1 6 ,  1 9 6 9 .  
U P G F A q I Y G  n F  AN E M T I P E  F I F L D  OF TECHNOLOGY TO YAKF P O S S I B L E  ASSEMBLY OF AN UNDERGROUND E X C A V A T I O Y  SYSTFY PEYFORMI[\IG 
S I G Y I F I C A N T L Y  B E T T F Q  THAN ANY SYSTEM WE CAN PUT TOGETHER TODAY. I N  A YFAQ'S T I M E  A COMPREHFNSIVE COQRDINATED T U ~ V E L I Y G  

Y = W  S ~ F T  GPnuND TJNNFLING CONCEPTS,  C O Y P U T E Y  PROGPAMMING, H E A T  ASSI STFD BOQING, HYDRAULIC FRAGMENTATION AND GRQIJNO 
DQOGRAY H A S  h10T Y F T  PEEN I Y I T I A T E D  BUT MUCH YESEARCH I S  I Y  PROGRESS. TUNNEL AND SHAFT L I N I Y G S t  RAPTD YUCK HANDLING,  

SlJPPnqT AND S T A R I L  I Z A T I O N  ARE B E I N G  I N V E S T I G A T E D .  THE O R G A N I Z A T I P N  FOR FCONOMIC COOPERATION AYD OEVELOPMEYT I S  

TUb'NEL I Y G .  
P L A Y N I Y S  A JUNE 1970  Y C E T I N G  I N  WASHINGTOY, D. C. TO ASSESS THE APT (1F T U N N E L I N G  AND RECOMPEMD A C T I C Y  T O  S T I M U L A T F  

Q2-69-1OQQz SDVF C"MPL I C P T I O N S  I N  THF FUTURE IMPQOVEMENT OF T U N N F L I N G  TECHNIQUES ( GEOLOGY SYSTEYS MAINTEYANCE 
RF SEARCH AUTOMAT1 ON S E  I SM I C S ELECTRON I C  S RqCK-MECHANICS 
YATHFNS, A. A .  & A. A. YATHEWS I N C  

SITRAMFYT!, S T 4 T F  f "L1FGEy CAL SEC'3ND SYMP ON R 4 P I D  EXCAVATION,  1 4 - 1 / 1 4 - 1 2 ,  OCT 16, 1 9 6 s .  TUNNEL FXCAVATIOY w r n s  
I Y P Q q V c Y F Y T .  FCDFRAL GOVCRNMENT, I N S T I T U T I O Y S  OF H I G H F S  L F A R N I N G  AND OTHERS ARE C n N T R I B U T I F ' G  THF!R STUDY, R c S F A R r H ,  
3EVCLOD"EVT AVP D I S C l J S S I O N  TO IMPROVE0 TUNNELIYG.  G E O L n G I C  I Y F O R M A T I O N  I S  V I T A L  TO P L A N N E n  C O N S T Q U C T I O N  AYD S E I S h ^ I C ,  
E L E r T R T l r \ l I c  n F  r lTYFP METHODS SHOULD BE DEVELOPED T O  G I V F  CClNDITIONS SEVERAL HUNDRED F E E T  I Y  FRONT OF A HEADING. A 
QFTTGR UMDFRSTAYOIVJPV I S  NEEDED OF THE MOnE OC QOCK STRESS Y E L I F F  AND THF METHOD QF TUNNEL SUPDORT. YUCK Y A Y D L I N G  
SYSTEYS A R C  V I T A L  AYP 4PE VERY D I V E R S E .  A C O Y P L E T F L Y  AUTDMATED T U N N E L I N G  SYSTFM COULD BE DFVCCOPED RUT HAS I T S  
U A I N T C Y S N C F  PRrlRLCVY. THF I N T I M A T E  I N T E R R E L A T T O Y S H I P  OF T U N N F L I N G  ASDFCTS I S  RFCOGNIZEO, AN P P E N M I Y D G D  AOPROACH d I L L  
ASSIST I N  SnLvIh i lG ALL P P O R L F Y S .  

Q 2 S Q z Q Q Q Q l  OUTLOOK F C Q  FASTER T U N N E L I N G  ( RESFARCH ) 
HIWAPQ, T. F .  & U.S. BUS M I N E S  WASH D.C. 

R A P 1 3  E X C A V A T I O N  - PPORCFMS AND PROGqESS. PRDCFEDINGS O F  THE TUNNEL O Y D  SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968.  
C 3 C .  4 I U I V G  F V G R S  1970. CHAPTFR 1 A B Q I F F  SJMYARY OF PROJECTED NFFOS FOR T U N N F L I V G  BY M I Y E R A L  PR9QUCESv WATFY 
SIJPPLY AND P I S D P S A L ,  TQANSPORTATI?N,  AND POWER D I S T R I B U T I O N S .  NEW TETHNIQUES ARE MENTIONFD AS WELL AS THE PROBLEMS OF 
Y b K I Y S  THF NFW METHODS COVMERCIALLY P R A C T I C A L .  SUGGESTS THAT PROFFSSIONAL S O C I F T I E S  DEVELOP AND PUBL1SF.I THE TECHNTCAC 
".FED5 F I R  4 3 V 4 N C I N G  THC APT. P E R I O D I C A L L Y  P U B L I S H E D  REVIFWS TC C n N T I N U E  REFINEMENT O F  THE FUTURE REQUIREMENTS OF 
T Y F  F I E L D  I S  SUGGFSTcO. 

Q2=1_0=QQQQz TUFNEL AND SHAFT SYSTCMS TOD4Y AND TOMORROW ( E X C A V A T I n N  D R I L L S  MUCKING B L A S T I N G  

Q 4 P I  0 G X C A V A T I C N  - PQClRLEMS AND PROGQESS. PROCEFDINGS 7 F  THE TUNYFL AND SHAFT CONFERENCE P I N N E A P O L I S ,  YAY 1 5 - 1 7 ,  ! 96c .  
SOC. Y I Y I N I G  FVGPS 1970. CYAPTFR 6. SFE 0 ? - 6 8 - 0 5 0 0 1  FQR AQSTQACT. 

92-70-0QQQl I Y C F N T I V E  4PPROACHES TO TUNNEL COYTqACTS I 4 - L I V E  P - L I V E  S L A S T I N G  MOLE ) 

Q 4 P T r )  FXCAVATIf'N - PPnPLEMS AYT, PROGRESS. PROCEEDINGS OF THF TUNNEL AYD SHAFT CONFEQENCE M I Y N F A P O L I S ,  MAY 1 5 - 1 7 ,  1 9 6 P .  

JACC!BS, J .  D. t JACOBS SSSOCIATES 

W r L F ,  h .  H. + L I P P O L D ,  F. H. & U.S. BUR R F C L  DENVEP C D L n  

S'1C. Y I Y I h i C ,  FVGRS 1 0 7 0 .  CHAPTFR 7. THE METHOD OF PAYYEYT F@R 4 L L  TUYNFLS II\! 11.5. BUREAU CIF R E C L A M A T I O N  CONTRACTS 
HAS S E F Y  S T A Y n A R D I Z F O  INSOFAR AS THE r ' A "  AND I l?" L I N G S  AQE CONCERNFD. I N  B L A S T E D  UNSUPPORTED TUNNELS T H E  D I S T A N C E  
SFTW'FY " A "  AYD "R" L I V F S  I S  10 INCHES.  A SMALLER D I S T A N C F  WAS E S T A S L I S H E D  FOR MACHINE-B@RE'Y TUNNELS. T Y F  NEW METHOD O F  
DAYVFYT IS I N T E N D F D  TO CNCOUPAGF CONTPACTOQS T q  B I D  E I T H F R  WAY, D E P E Y D I Y G  ON T H E I R  JUDGMEYT AS T O  THF MORE ECOYCMICAL 
MKTHOI). 

Qz=1Q--QQQh CDNTQACTCP-CL I F N T  LEGAL PRORLFMS I N  UNPFRGQOUND CONSTRUCTION ( C L A I M S  CHANGED-CONDITIONS B I D S  

? A P I ' )  F X C A V A T I F h !  - PROPLFYS ANO PYOGRFSS. PR@CFFDINGS OF THE TUNNEL AVO SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 1 5 - 1 7 ,  1 9 6 8 .  
CARLSEN, C .  F. & CARLSEN GREINFR AND LAW-MIMN 

SOC. ' 4 I Y I V G  El\iGRS 1970. CHAPTCR 8. U N D E Q G R W N D  CONSTRUCTION HAS A L L  THE LEGAL PROPLEHS COMMON TO T b E  CONSTRUCTIPY 
1"USTRY PLUS CCYF UNTOUF ONES OF ITS OWN. I T  I S  THE MOST YAZARDOUq OF A L L  CONTRACT O P E R A T I n N S  BECAUSF YO ONE CAN 
F ~ R F S C F  A L L  THF r q b n i T I n h l s  THAT WILL B E  MET UYDERGROUND. A NEW CHANGED CONDITION C L A U S E  H A S  B E E N  P U T  IUTO E F F E C T  ON A L L  
G'IVERYMFYT COh'TPACTS TO CORRFCT THE I N E Q U I T I F S  - TC) THF CONTRACTflP - OF THE OLDFR CLAUSE. L F G A L  CONSEQUENCES TO F;PTH 
CONTQACTnQ ANP CWNFQ AQF EXPLORED. 
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a = I Q = Q Q w  SE I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGICAL-SURVEY VOLCANIC-ROCK CONCRETE-SPRAY BORING-MACHINE MOLE 

R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ?  MAY 1 5 - 1 7 ,  1 9 6 8 .  
SOC. M I N I N G  ENGRS 1970. CHAPTER 10. SEE 0 2 - 6 8 - 0 4 0 0 1  FOR ABSTRACT. 

Q2=1Q=QQQQ& HORIZONTAL HOLES FOR UNDERGROUND POWER L I N E S  ( D R I L L S  S O I L - M E C H A N I C S  COSTS MOLE 

YOKOYAMA, A. & J A P A N  RWY CONSTR CORP TOKYO 

PACNE, J. + BRUCE, W. E. + MORRELL, R. J. & U.S. BUR M I N E S  T W I N  C I T I E S  
R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S I  MAY 1 5 - 1 7 9  1 9 6 8 -  
SOC. M I N I N G  ENGRS 1970. CHAPTER 9. A P A R T I A L  SUMMARY OF USBM I N F O R M A T I O N  C I R C U L A R - 8 3 9 2 , S E P T  1 9 6 8 .  SEE 7 3 - 6 8 - 0 9 0 0 1  
FOR ABSTRACT. 

QZ=I&QQQQJ THE PH METHOD OF T U N N E L I N G  THROUGH ROCK ( MOLE B L A S T  COMBINATION-METHOD HIGH-SPEED 1 
VAN WALSUM? E. & PER HALL ASSOCIATES MONTREAL 

R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCFEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M T N N E A P O L I S ?  MAY 1 5 - 1 7 ,  1 9 6 8 .  
SOC. M I N I N G  EYGRS 1970. CHAPTER 11. SEE 7 6 - 6 8 - 1 0 0 0 2  FOR ABSTRACT. 

D7-70-0QQQa TEHACHAPI  MOUNTAINS CROSSING OF THE C A L I F O R N I A  AQUEDUCT ( SHOT-CRETE S H I E L D  F A U L T S  

R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 1 5 - 1 7 ?  1 9 6 8 .  
SOC. M I N I N G  FNGRS 1970. CHAPTER 13. SEE 0 2 - 6 8 - 0 5 0 0 2  FOR ABSTRACT. 

m Q = Q Q Q Q 9  H I G H  SPEED SHAFT S I N K I N G  I N  SOUTH A F R I C A  ( PREGROUTING D R I L L I N G  1 

WINELAND, J. A. + O ' N E I L ,  A. L. + ARNOLD? A. B. & CAL WATER RESOURCES DEPT 

LAMBERT, R. N. & SHAFT S I N K E R S  L T D  JOHANNESBURG 
R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S v  MAY 1 5 - 1 7 ,  1 9 6 8 .  
SOC. M I N I N G  FNGRS 1970. CHAPTER 15.  A D I S C U S S I O N  OF THE E V O L U T I O N  OF HIGH-SPEED SHAFT S I N K I N G  I N  T H E  GOLD F I E L D S .  
C I R C U L A R  SHAFTS HAVE REPLACED THE POPULAR SQUARE SHAFTS. SPEED OF ADVANCEMENT HAS I N C R E A S E D  FROM 5 0 0  FT/MONTH I N  1 9 5 1  
TO N F 4 R L Y  1300 FT/MO I N  1 9 6 1 .  EACH S T E P  OF THE SHAFT S I N K I N G  PROCESS IS D E S C R I B E D  I N  D E T A I L .  TO O B T A I N  SUCH H I G H  RATES 
CREWS MUST BE H I G H L Y  T R A I N E D  AND I N S T I L L E D  WITH A TEAM S P I R I T .  

0 7 7 7 0 - 0 a Q l  CONFERENCE RECOMMENDATIONS I OECD TUNNEL-DEMAND S O C I A L - B E N E F I T  COST 1 
P R G A N I Z A T I C N  FOR ECONOMIC COOPERATION AND DEVELOPMENT9 JUNE 2 5 ,  1970. A PRECONFERENCE SUPVEY PRODUCED AN E S T 1  MATE 

D U R I Y G  THE @€CAD€ 1 9 6 0 - 6 9  AT A COST OF $ 1 0 0 0  M I L L I O N .  I T  WAS E S T I M A T E D  T H A T  THESE F I G U Q E S  WOULD DOUBLE DURING THE NFXT 
DECADE. T H F  GROWING DEMAND STEMS FROM INCREASED A C T I V I T I E S  I N  A L L  THE CURRENT A C T I V I T I E S  P L U S  A N T I C I P A T E D  NEW AND 
S P E C I A L  NEEDS OF T H E  URBAN AREAS. THE CONFERENCE WAS USED TO FOCUS A T T E N T I O N  ON THE S O C I A L  REQUIREMENTS AND B E N E F I T S  
OF UYDERGROUND ALTEQNATES TO TODAY CONGESTED C I T I E S .  CONSIDERABLE PROGRESS HAS B E E N  MPDE I N  T U N N E L I N G  TECHNOLOGY 

I Y P R O V E Y F N T  I S  S T I L L  REQUIRED. GOVERNMENT A C T I O N  IS CONSIDERED D E S I R A B L E  TO HASTEN THE R A T E  OF ADVANCF I N  THE 
TECHYOLqGY AM9 I S  ABSOLUTELY NECESSARY FOR THE R F D U C T I O N  OF I N S T I T U T I O N A L  I N H I B I T I O N S  TO PROGRESS AND FOR AN ADEQUATE 
R E C O G N I T I O N  OF THE M E R I T S  OF THE UNDERGROUND. THE CONFERENCE RECOMMENDED THAT EACH COUNTRY E S T A B L I S H  C)R D E S I G N A T E  AN 
F X I S T I Y G  Y A T I O N A L  AGFNCY T O  SERVE AS T H E  FOCAL P O I N T  FOR T U N N E L I N G  A C T I V I T Y  OF T H A T  COUNTRY. T H I S  AGENCY SHOULD (1) 

OF AT L E A S T  1 3 ~ 0 0 0  KM OF TUNNELS? E X C L U D I N G  M I N I N G ?  W I T H  AN ACCUMMULATED VOLUME OF 300 M I L L I O N  CU M WERE CONSTRUCTED 

S I N C E  1 9 6 0 r  I Y  SOYE S P E C I P L  CASES, COSTS AND CONSTRUCTION T I M E S  HAVE B E E N  REDUCED AS MUCH AS 50%.  BUT CONSIDERABLE 

COLLFCT Ah'D DTSSEMINATE T E C H N I C A L  T U N N E L I N G  DATA, ( 2 )  CONTINUE T O  ASSESS T H E  ART T O  I D E N T I F Y  NEEDS FOR RESEARCH, ( 3 )  
PERFORM P E R I O D I C  REVIEWS D F  DEMAND, ( 4 )  COMPILE GEOLOGIC DATA,  ( 5 )  R E V I E H  L E G A L  R E S T R A I N T S  AND T R A C I T I O N A L  STANDARDS, 
(6) STUDY COVTRACTING PRACTICES,  ( 7 )  T A K E  A C T I O N  T O  IMPROVE P U B L I C  UNDERSTANDING OF B E N E F I T S  OF SUBSURFACE USE, ( 8 )  
RFVIEW A D E Q U A r Y  OF T R A I N I N G  O F  ENGINEERS I N  THE F I E L D ,  AND ( 9 1  TO P A R T I C I P A T E  I N  I N T E R N A T I O N A L  A C T I V I T I E S .  THF 
CnNFERENCE RECOMMENDFD T H A T  EACH URBAN AREA SHOULD HAVE A S I N G L E  AGENCY REQUIRED TO M A I N T A I N  RECORDS OF PRESENT USE OF 
THF SUBSURFAC' AND PREPARE A MASTER P L A N  FOR COOROINATION.  T H E  CONFERENCE RECOMMFNDED T H A T  I N  THE F V A L U A T I O N I  
C O M P 4 R I S n N  AN0 CHOICF O F  P U B L I C  INVESTMENT? ACCOUNT B E  TAKEN OF THF I N D I R E C T  AS WELL AS THE D I R E C T  COSTS AND B E N E F I T S  
'IF SURFACF AND SURSUQFACE ALTERNATES. THE COQFEPENCE RECOMMENDED THAT EACH COUNTRY SHOULD T A K E  I M M E D I A T E  A C T I O N  TO 
PROMCITE A MORE R A P I D ,  F F F E C T I V E  AND WIDESPRFAO USE OF T E C H N I C A L  ADVANCFS I N  T H E  F I E L D  OF TUNNELING.  THE CONFEREYCF 
SECOM'-IENDFCI T Y A T  CLOSE WORKING T I E S  B E  E S T A B L I S H E D  BETWEEN N A T I O N A L  FOCAL A G E N C I E S  SO T H A T  I N T E R N A T I O N A L  EFF@RTS COULD 
B E  D I T E C T E D  T13WAQD RETTFR COORDINATION AND D I S S E M I N A T I O N  OF I N F O R M A T I C N  AND FOR DEVELOPMEYT OF I N T E R N A T I O Y P L  STANDAROS. 

F I E L r )  03 GCIVERYMENT REPORTS 

~ - 6 O - ~ Q Q  SOURCES OF I N F O R M A T I O N  OY ROCK - PART I 1  SYMPOSIA ON ROCK B E H A V I O R  ( B I B L I O G R A P H Y  1 

CnCf l  SCHOOL OF MINES RES FOUND INC-PROJECT NO. 3 9 1 0 1 7  PREPARED FOR LAWRENCE R A D I A T I O N  LAB,  T I D - 1 2 3 2 1 - P T - 2 ,  AUG 12,  
1960. A D E S C R I P T I O N  OF 2 1  SYMPOSIA HELD I N  EUROPE AND THE U.S. OY ( 1 )  ROCK PRESSURE? ( 2 )  GROUND Mf lVEMENTt  ( 3 )  ROCK 
MECHANICS M I N I N G  RFSFADCH, ( 4 )  D R I L L I N G  AND B L A S T I N G ?  AND ( 4 )  WAVE PROPAGATION. SPONSORS? L O C A T I O N S ?  AUTHORS OF PAPERS 
ARE L I S T E P .  A B R I E F  ABSTRACT OF EACH PAPER IS GIVEN.  1 2 6  PAGES. 

@URGINy L .  & COLO SCHOOL OF M I N E S  GOLDEN COLO 

Ol=akUQQl. SnURCES OF I N F O R M A T I O N  ON ROCK P H Y S I C S  - PART 111 I B I B L I O G R A P H Y  P H Y S I C A L - P R O P F R T I E S  HAVE-PROPAG4TIL lN 
ROCK-MFCFANICE ) 
QURGIN,  L G COLO SCHOOL O F  MINES GOLDFN COLO 

C O L O  SCHOOL OF M I Y E S  PES FOUND INC-PROJECT Q'3- 3 9 1 0 1 7  PREPARED FOR LAWRENCE R A D I A T I O N  L A B ,  T I D - 1 2 3 2 1 - P T - 3 ,  J A N  20, 
1 9 6 1 .  A L I S T  ( B Y  AUTHORS NAME) OF REFERENCES ON ( 1 )  P H Y S I C A L - P R O P E R T I E S  OF ROCK ( 2 )  WAVE-PROPAGATION ( 3 )  
ROCK-YECHANICS AND S F L A T E D  SUBJECTS T A K E N  FROY P U B L I C A T I O N S  A P P E A R I N G  S EPT-DEC l Q 6 0  P L U S  A FEW OLDER A R T I C L E S  BECOMING 
A V A I L A B L E  ONLY AT THAT T I M E .  S'JME ARE AeSTRACTEDt  MOST ARE NOT. 447 RFFS.  

-- 03Zfil=Q3QQJ SOUPCFS PF I N F O R M A T I O N  ON RDCK P Y Y S I C S  - PART I V  CURRENT L I T E R A T U R E  J A N  1961 ( B I B L I O G R A P H Y  
R U Q G I Y ,  L .  E COLO SCHOOL OF M I N E S  GOLDEN COLO 

CPLO SCY'3OL OF M I N F S  RFS FOUND INC-PROJECT QO. 3 9 1 0 1 7  PREPARED FflR LAWRENCE R A D I A T I O N  L A B ,  T I O - 1 2 3 3 2 1 - P T - 4 ,  F F B  28, 
1961. AN AUTHUQ I N D E X  OF SOMF 800 TO 900 P R T I C L E S  WHICH R E L A T F  TO P H Y S I C A L  PROPERTIES OF ROCK, R l C K  YECHAYICS,  
W P V E  P R ~ P A G A T I C N  F P W  DEC 1 9 6 0  AND JAN 1961 JOURNALS AND INDEXES P L U S  FOREIGN E X C H A Y G E  LITERATURE RECEIVED R Y  c o L n  

SCHOOL OF MINES.  

O l - S k Q I Q Q l .  D c F P  EXCAVAT 10% TECHNIQUFS FOR SHFLTERS I N  URBAN AREAS ( TUNNFLS TFCHNIQUES EQUIPMENT P L A Y N I b G  

OELEUW CATYER AN!J Cr) r C M S U L T I V G  ENGINEERS PRFP4RED UNDER CONTRACT W I T 4  THE C H I E F  OF ENGRS U.S. ARMY FOR THE O F F I C E  OF 
C I V I L  q E F F Y S F  U.S. DFPT CF DEFENSE CONTRACT N D4-49-129-ENG-507,  J U L Y  1 9 6 3 .  A D I S C U S S I D N  OF SUBSURFACE 

r f lST-FACTORS GEOLOGICAL-CONDITIONS MATER-CONTROL 1 

C O N D I T I O N S ?  FXCAVbTTNG T F C H N I Q U E S  AND COST F O S  F X C A V A T I P N  I N  OPEY CUT 4ND TUNNELS I N  EARTH AND ROCK. PRESENTED A 9 E  
F I N Q I N G S ,  F V A L U A T I T N c  AND ANALYSES DEVELOPED ER?M E N G I N E E R I N G  S T U D I E S  7 F  DEEP E X C A V A T I O N  TECHNIQUES S U I T A B L E  FOR 
SHFLTCRS I N  UDFAr\l 4PFAS. THE S T U D I C S  BROADLY I L L U S T R A T F  A P P L I C A T I O N  OF APPROPRIATE TECHNIQUES O F  EXCAVATICIN TO GFNERAL 
SURSURF4CF C V ' D I T I C  NS WHICH OCCUR I N  T H E  C O N T I N E Y T A L  U.S. S P E C I F I C  SUBSURFACE C O N O I T 1 r ) h S  FOR OPEN CUT EXCAVATIONS 
4 Y @  GEYFQAL PARAMFTEQS FOR TUNNEL EXCAVATIONS ARF F S T A B L I S H E D  TO P R O V I D E  A P R A C T I C A S L E  RANGF OF STULlY RFSULTS.  THESF 
C P Y D I T I n N S  fiRF ANALYZED I N D I V I D U A L L Y  FOR THE TYPF AND GEOMETRY OF THF E X C A V A T I O N  FOR E V A L U A T I O N  OF AY F F F E C T I V E  AND 

F4CTT)RS AND FUPTYER A N A L Y S I S  IS PRESENTED. THE RESULTS OF REVIEW V F  THE GENERAL F I E L D  OF E X C A V A T I O N  4 R F  4LSO 
FCONOYICAL TECHNIQUE 4ND FROM THAT EVALUATIOV,  THF D F T E R M I N A T I O N  n F  Q F L A T E D  COST FACTORS. SUMMATICN O F  THESE COST 

PqESEYTEO. THFSF I N C L U D E  O E S C R I P T I O N  AND E V A L U A T I r l N  OF M A T E R I A L S  AND EQUIPMENT THAT ARE I N  C'3MMON USE, GFYEPAL WAYS 
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THAT HAVE PROVFD TO EE OF ECONOMIC VALUES T E C H N I Q U E S  UNDER DEVELOPMENT, AND SOME UNDEVELOPED T E C H N I f f U E S  WHICH ARE 
P R O M I S I N G  AN0 APPROPRIATE FOR C O N S I D E R A T I O N  FOP EXCAVATION.  44 SKETCHES, PHOTOGRAPHS, T A B L E S  AND GRAPHS. 

D - 6 3 - Q a Q Q d .  URBAN UNDERGROUND HIGHWAYS AND P A R K I N G  F A C I L I T I E S  ( TUNNELS COSTS V E N T I L A T I N G  ROCK-REMOVAL L I N I N G S  
ROADWAYS ) 
HOFFMAN, G. A. E RAND DEV CORP C L E V E L A N D  

THE RAND CORPORATION MEMORANDUM RM-3680,  CLEARINGHOUSE FOR FEDFRAL S C I E N T I F I C  AND T E C H N I C A L  I N F O R M A T I O N ,  A D - 6 0 1 7 8 2 9  AUG 
1 9 6 3 .  AN E X A M I N A T I O N  OF THE POSSIBILITIES FOR HIGH-VOLUME AUTOMOTIVE TRANSPORTATION I N  THE CENTRAL C I T Y  BY DEEP 
UNDFQGROUNO T U b N F L S  AND P A R K I N G  AREAS. COSTS OF CONVENTIONAL URBAN HIGHWAYS B U I L T  NEAR DENSELY POPULATED AREAS ARE 
D F S C R I B F D  I N  TFRMS OF CONSTRUCTION, RIGHT-OF-WAY A C Q U I S I T I O N ,  AND SOME SELECTED OPERATING COSTS. CONSTRUCTION AND 
V E N T I L A T I N G  COSTS FOR V E H I C U L A R  TUNNELS ARE PRESENTED TO P F R M I T  A COMPARISON H I T H  THE HIGHWAY COSTS. I F  E X I S T I N G  
TRENDS CCNTINUE,  I T  M I G H T  BE CHEAPER BEFORE THE TURN OF THE CENTURY TO MOVE AND PARK PASSENGER CARS UNDERGROUND. 

ARE NEXT CONSIDERED7 I N C L U D I N G  T U N N E L L I N G  YACHINEST ROCK RFMOVAL, P R E F A B R I C A T E D  L I N I N G S  AND ROADWAYS, P R O V I S I O N S  FOR 
MASS T R A N S I T  V E H I C L E S ,  L A N D  RECLAMATION,  EXCAVATED M A T E R I A L S 9  T R A F F I C  PATROL AND S U R V E I L L A N C E  AND OSSTACLE REMOVAL. 
EXAMPLES ARF G I V E N  OF WHAT MAY BE NEEDED I F  A L L  MASS-TRANSIT R I D E R S  TRANSFERRED TO PASSENGER CARS I N  L O S  A N G E L E S t  
CHICAGO, AND YANHATTAN W I T H  SUGGESTIONS FOR FUTURE STUDY AND T E C H N I C A L  DEVELOPMENT OF THE UNDERGROUND-HIGHWAY CONCEPT. 

ASSUMING T H I S  ADVANTAGE CF VEHICULAR TUNNELS, SOME D E S I G N  AND O P E R A T I N G  FEATURES OF UNDERGROUND CONSTRUCTION AND T R A V F L  

46 PAGES. 

Q3-64-QGQQ1 GEOLOGICAL C O N S I D E R A T I O N S  I N  E X C A V A T I O N  ( ROCK-TYPES RFSFARCH-STUDIES 
WOOD, L.  F .  & ARMY RESEARCH O F F I C E  

S C I E N T I F I C  6 T F C H N I C A L  A P P L I C A T I O N S  FOPECAST ON E X C A V A T I O N  - 1964, 1.1-1 - 1.1.8; 2.1.1 - 2.1.3; 3.1.1 - 3.1.5, 
1 9 6 4 .  S T A T E  OF THE ART - A D I S C U S S I O N  OF THE ARTS THREE T Y P E S  OF ROCK; IGNEOUS, SEDIMENTARY,  AND METAMORPHIC I S  
PRESENTED. F M P H A S I S  I S  PLACED ON FACTORS WHICH MAY HAVF A B E A R I N G  ON THE C H O I C E  OF S I T E  OR TYPE O F  EQUIPMENT T O  BE 
USFO I N  T H F  FXCAVATION.  KNOWLEDGF OF THE P H Y S I C A L  AND MECHANICAL C H A R A C T F R I S T I C S  OF THE ROCK I S  ALSO NECESSARY. OF 

DYNAMIC FORCE FACTORS ARE NOT WELL KNOWN. A GREAT PROBLFM IS A P P L Y I N G  TEST R E S U L T S  OF LABORATORY SAMPLES I N T O  LARGF 
S I Z E  S I T E  OPERATIONS. TECHNOLOGICAL FORECAST W I T H I N  TWENTY YEARS OF NORMAL PROGRESS OR 5 YEARS W I T H  AN ACCELERATED 
RESEARCH PRflGPAM, WE SHOULD BE ABLE TO MAKE TUYNFL D R I V I N G  MACHINE PERFORMANCE FORECASTS W I T H  8 5 %  R E L I A B I L I T Y ,  TO MAKE 
USEFUL P R F D I C T I O N S  ON DPTIMUM MACHINE FCR ROCK BORING @ASFD ON KNOWLFDGE OF HOW ROCK BREAKS AND TO D E V I S E  METHODS OF 
ENVIPCINMFYTAL C@NTPOL TO REDUCE SUCH HAZARDS 4 5  QOOF F A I L U R E S ,  FLOODING AND F X C E S S I V E  DUST. RESEARCH P L A N  - 
RESEARCH I S  NFEDED TO D F T E R M I N E  ROCK F A I L U R E  P R I N C I P L E S  AND T H E I R  E F F E C T  ON TOOL PERFORMANCE WHEN A T T A C K I N G  ROCK FACES 
T Y  L A Q G F  EXCAVATIONS.  THF IMPROVEMENT I N  CUTTERS EY T H F  PRESENCE OF OTHER CUTTERS WORKING AT THE SAMF T I M E  NEEDS TO BE 
S T U D I E D .  M U L T I P L E  FLAME JETS MAY ALSO SHOW S I M I L A R  IMPROVEMENT. AN E X P F N D I T U R E  OF $1 M I L L I O N  OVER A 3 TO 5 YEAR 
D F Q I n D  SHOULD MAKE THE TWENTY YEAR IMPROVEYENTS A V A I L A B L E  I N  T E N  YEARS. ( R E F .  01-64-000011 

Q3-64-QQQQ2 RnTPRY D R I L L I N G  ( METHODS D E V I C F S  MACHINES P I T S  RESEARCH 

P R I Y A R Y  IMPORTANCF I N  S T A T I C  RESPONSE ARE U L T I M A T E  STRENGTH, D E N S I T Y ,  P F R M E A B I L I T Y ,  AND E L A S T I C  V I S C O - E L A S T I C  MODULE. 

MORLAN, F. A. & HUGHFS TOOL CO HOUSTON TEX 
STATF OF S C I E b l T I F I C  t TFCHWICAL A P P L I C A T I O N  FORECAST ON E X C A V A T I O N - 1 9 6 4 ,  1.2.1-1 -2 -44; 2.2.1; 3 - 2  - 1 - 3 - 3 - 2 9  1 9 6 4 .  

THF 4RT - VARIOUS S E C T I O N S  COVER SEPAPATELY Q q L L T N G  CUTTER, ROCK B I T S ,  DIAM'YND S I T S ,  DRAG E I T S T  AUGERS, TURBO D R I L L S ,  
AND FLECTRO-DP I L L S ,  W I T H  A N A L Y S I S  OF C A P A B I L I T I E S  AND L I M I T A T I O N S  I Y C L U D I N G  PERFORMANCE E S T I M A T I N G  PROCEDURES. I N  ANY 
OF THE VARIOUS ROTARY D R I L L I N G  MFTHODS, ENOUGH LOAD MUST BE A P P L I E D  TO CAUSE THE C U T T I N G  STRUCTURE TO PENETRATE THE 
F q R M A T I O N  AND Y U F F I C I E Y T  TORQUE MUST B E  A V A I L A B L E  TO ROTATE THE B I T .  T E C H N I C A L  F n R E C A S T  - F N G I N E F R I N G  AND RESFARCH 
SHOULD G I V F  A 2 0 %  IYPROVFMENT TO PENETRATION RATE AN0 TOOL L I F E  BECAUSE O F  THF H I G H L Y  C O M P F T I T I V E  MARKET. I N  2 0  YFARS 

'OR O I R F C T I O N A L  CONTROL T H A T  DOES NOT P E N A L I Z E  PERFORMANCE, KNOWLEDGE FROM ROCK MECHANICS CN E F F E C T S  @ F  
E N V I R q Y Y F N T .  RESFARCH P L A N  THE AMOUNT 9 F  Y O Y E Y  SPENT FOR ROTARY D P I L L I N G  AND THE MANUFACTURE OF T r O L S  FOR I T  
E X C E C D S  CNF B I L L I O N  DOLLARS PER YEAR. T H I S  PROVIOES S U F F I C I E N T  I N C F N T I V E  T(? COMMIT M I L L I O N S  OF DOLLARS FOR RESEARCH 
A N 0  E Y G I N F C R I N G  FACH YCAR ALYOST E N T I R E L Y  W I T Y I N  T H E  PETROLEUM INDUSTRY.  NO GOVERNMENT S U P S I D Y  I S  NEEDED I N  T H I S  
AQFA. HOWEVER, THE CONSTRUCTION I N D U S T P Y  SHOULD DO MORF RFSEARCH I N  SUPPORT OF I T S  P A P T I C U L A Q  NEEDS. (REF.  
01 - 6 4 - 0 0 0 0  1) 

Q1-64-0QQQ3 PERCUSSION D R I L L I N G  ( DRILLING-METHODS EQUIPMFNT NEW-METHODS RFSEARCH 1 

S C  I F N T  I F  I C  & T FCHNT CAL APPL I C A T I O N  FORECAST ON E X C A V A T I  f l N - 1 9 6 4  T 1 3.1-1.3.42; 2.3.1-2 -3.3 ; 3 - 3 0  1 - 3 - 3 . 2 1  1 9 6 4 .  
YTATF flF T H F  ART - CHARACTERIZED EY T H F  REPEATED A P P L I C A T I O N S  OF H I G H  I N T E N S I T Y ,  SHCRT D U R A T I O N  FORCES ( P U L S E S )  TO 
FRACTURF r R  CPUSH THF F f l P P B T I O Y ,  P E Q C U S S I O N  D R I L L I N G  EMPLOYS THREE Y F C H A N I C A L  D P I L L I N G  SYSTEMS; THE CHURN D R I L L  OP 
r A E L F  TQ'lL, THF HAFilYEQ D P I L L ,  AND THE V I B R A T n R Y  D R I L L .  THE F I R S T  TWP SYSTEYS HAVE BEFN USED COMMERCIALLY FOR MANY 
Y'AQS. T H F  L A S T  IS S T I L L  E S S F N T I A L L Y  I N  THF RFSEARCH STAGE. COMPLETF D E S C R I P T I n N  CF EACH O F  THESE SYSTEMS I S  G I V F N  

~ F S F A R C H  w I L L  PDOVIDE FETTER MATERIALS, NEW ANTIFRICTION BFARING CCINCFPTS, NEW MEANS OF SEATING BEARIUGS? 'VEW METHODS 

K F L L Y ?  J. La ,  JR. & HUGHES TOOL C O  HOUSTON TEX 

UIITY SPFC I F I C A T I O N S  AN9 C P E R A T I N G  PRACTICES.  D E T A I L E D  DIAGRAMS AND PHOTOGsAPHS ARE INCLUDED.  T E C H N I C A L  FORECAST - 
P E R c u S Y 1 n k i  PRILLING I S  ONE OF THE Y O S T  A D V A N C F D  TECHNOLOGIFS IN DRILLING. IMPROVEMEYTS WILL B E  S L O W  AND GRADUAL. 
rH1lQN D R I L L S  W I L L  PRPRABLY DISAPPEAR COMPLETELY FROM A L L  LARGE SCALE D R I L L I N G  JOBS. SURFACE HAMMERS W I L L  R F M A I N  THE 
S T A Y n A R n  FPR 3" AND SMALLFQ HOLES AND W I L L  I N C R F A S F  I N  P R O D U C T I V I T Y  SY AT L E A S T  100% IN THF Y F X T  TWEYTY YEARS. 
9FSEARCH - THE INDUSTRY U S I N G  THESF TOOLS HAS AY ANNUAL INCOVE OF MORE TYAN $100 M I L L I @ N .  RFSEARCH WILL 3 E  MOST 
P p f l F I T A Q L E  T V  THF 4RFA.S O F :  BETTER UNDEPSTANDIYG OF ROCK S R F A K I N G  PHENDMFNA; NEW MECHANICAL D F R C U S S I V F  D E V I C E S  T f l  G I V E  
Y W F  PG'AFP T 3  THF TOOL; USF OF HIGHEP A I R  OR GAS PPESSURF; RESFARCY I N  M A T E R I A L S .  (REF.  0 1 - 6 4 - 0 0 9 0 1 1  

Q2-6L-OCQQA LARGC HDLE D P I L L I N G  ( DRILLING-METHODS S H A F T r S I N K I N G  T lJNNELIYG RESEARCH 1 

S C I E N T I F I C  AND TECHNICAL A P P L I C A T I n N S  FqRECASTS ON E X C A V A T I O N - 1 9 6 4 ,  1.4.1-1.4.79; ? .4 .1 -2 .4 -6 ;  3.4.1-3.4.6, 1 9 6 4 .  
STPTF OF THF ART - LARGF HOLE D R I L L I N G  I S  O I S C U S S E @  UNDEP SHAFT S I N K I N G ,  T U N Y E L I N G T  AND R A I S F  D R I V I N G .  FOR THF MAJOR 
DART S H 4 c T S  AQF USEO A S  P I N F  ESCAPEWAY, M I N E  O P E R A T I N G  OR V E N T I L A T I O N  SHAFTS, TUNNFL ACCFSS SHAFTS, OR F f l U N D A T I D N  P I E 9  
YnLFS.  n F P F N r ) I N G  U P n Y  I J L T I Y A T E  USE f l R  C n N V F N I E N C E  OURIYG CONSTRUCTIOY,  SHAFTS MAY 8 E  MADE W I T H  SQUhRF, RECTANGULAR, 

RPFDTH4UFP, P. 0.  E. HUGHES TOOL C O  HOUSTON TEX 

r I R C I J L A R  n P  C L L I P T I C A L  C R O S S  SECTIONS.  THF Rf lTAPY METHOD OF D R I L L I N G  I S  D I S C U S S E D  ALONG W I T H  SHAFT SINKIF!?  9Y THE 
S I N K I Y G  STAtGF VFTY17D. T IJNNFLING METHODS F A L L  I N T O  TWO S A S I C  CATEGORIFS,  D R I L L  AN0 SLAST,  AND MECHANICAL Y O L E S  OR 
T U Y Y E L I Y G  YACHINFS.  V A P I n l J S  TYPES ANC MODELS OF ROTPRY Y A C H I N E S  ARE D E S C R I E F O  ALONG W I T H  A D I S C U S S I O Y  OF Q A I S E  D P I V I N G  
"OCFnc lQFSt  W I T H  b 'FCH@VITAL PLATFORMS AVD BOQIYG YACHINES.  TECHNOL'lGICAL FOQFCAST - IYPROVEMENTS I N  LARGF HDLE 
9r lT4RY SHAFT D P I L L I Y G  W I L L  GRPDUALCY G A I N  WInFR ACCEPTANCE SHAFT S I N K I N G  DPERATIONS.  SHAFT S I N K I N G  SPFED SHOULD 
I Y C Q C A S F  FRPY 7 TO 5 F F E T  PER HOUR T q  10 TO 20 F F E T  PFR HOUR IY 2 0  YEARS. OTHCR YFTHODS '1F SHAFT S I N K I N G  MAY EMERGE 

T U N V F L I V G  PY D R I L L  Ah'n P l A S T  C4N R E  IYPROVEO 100% I N  20 YE4RS. RATF CIF DEVELOPMFb!T W I L L  RE PASFD ON QESEAQCH EFFOQT 
A P P L I E n .  TUh!\!YFLIPlG QY Q I T A R Y  Y A C H I Y E  YETHOD MAY RE ABLE T O  CUT HAR@ER ROCK AND MOVE FASTER @ E P E N D I N G  UPCR HOW MUCH 
DFVFLnPYFMT F F F O 9 T  I S  I N V F C T F P .  9ESEARCY P L A N  - A D E T A I L F D  L I S T  OF RESEARCH S U S J F C T S  I S  PRESENTFn. 7 8  REFC. 
(REF.  01-64-OOOOI  1 

Q3=$+QQQQ2 V U C  L EA 9 F X r  4VA T I O  Y ( Q OCK-nR I LL I NG-MET H DD ROCK-D I S I NT E GQ AT I3N-M ETHODS RES E ARCH 1 

S C I F Y T I F I C  AVJD T F C H Y I C A L  A P P L I C A T I O N  FORFCAST '3N E X C A V A T I f l N - 1 9 6 4 ,  1 - 5 . 1  - 1 - 5 - 2 0 ;  2.5.1 - 2.5.2; 3.5.1 - 3 - 5 - 2 7  
1 9 6 4 .  S T 4 T F  OF T Y F  ART - NUCLFP? F X P L Q S I O Q S  CAN RF IJSED TO PRODUCF L A Y G F  CRATFRS AND UNDERG90UND C A V I T I E S  I h  THE 
CARTH. O A T 4  I Y  PQFSFYTED FRCM THF "PLOWSHARE" PROGRAM P F  THE A T O Y I C  ENERGY CCPMISSION.  COPPARISONS ARF MADE BETWEFN 
C H E Y I C A L  F X P L P S I V F S  b V D  NUCLFAR EXPLOSIOYS.  THUS FAR NUCLFAR WORK HAS BEEY DONE I N  F I V E  ROCK T Y P F S ,  A L L U V I U M ,  TUFF,  
GRfANOnI?lRITF, RAS4LTy AND SALT, V A R Y I N G  IY CDYPRESSIVE STRENGTH FROM L E S S  T H A N  5,000 P S I  FOR S A L T  AND ALLUVIUW, TO 
SCTWFFN 5 , 0 0 0  - 10,000 P S I  FOP TUFF,  4 Y D  T n  3 0 , 0 0 0  P S I  FOQ THF GQANODI 'JRITE AND B A S A L T  AT THF NEVADA T F S T  S I T E .  THF 

FPO" THF LAPCPATORY ( J E T  D R I L L I N G  THFRMO-ELECTRIC BREAKING,  J E T  PLASYA P'ETHODS AND FLAME J E T  P I E R C I N G  APE C A N D I D A T E S ) .  

W I L L I 4 M S O Y ,  T .  h. t HUGHFS TOOL CCI YOUSTflN T F X  
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VOLUME OF M A T E R I A L  REMOVED I N  A NUCLEAR E X P L O S I O N  V A R I E S  ONLY ABOUT 2 0 %  FROM WEAKEST TO STPONGEST ROCK. THE S I Z E  OF 
NUCLEAR FORMED C A V I T I E S  CAN BE E S T I M A T E D  W I T H I N  AN ACCURACY OF 10% I F  ROCK M A T E R I A L 9  S I Z E  E X P L O S I V E ,  AND DEPTH OF 
PLACEMENT ARE KNOWN. S P E C I F I C  H E A T  AND MOISTURE CONTENT CAN AFFECT THE RESULTS OF A NUCLEAR EXPLOSION.  VARIOUS 
CHARACTER1 S T I C S  OF UNDERGROUND NUCLEAR FORMED C A V I T I E S  ARE DISCUSSED.  P A R T I C U L A R  TEST S I T E S  I N V E S T I G A T E D  I N V O L V E  THE 
R A N I E R  SHOT, PROJECT HARDHAT, AND PROJECT GNOME. A B R I E F  D E S C R I P T I O N  I S  G I V E N  OF THE HAZARDS OF NUCLEAR E X P L O S I V E S -  
DIAGRAMS AND PHOTOGRAPHS ARF INCLUDED. FURTHER S E C T I O N S  D I S C U S S  FORECASTS O F  NEW T E C H N I C A L  A P P L I C A T I O N S  6ASED UPON 
KNOWN PHENOMENA AND PLANS FOR RESEARCH WHICH MUST BE CONDUCTED TO F U L F I L L  THE FORECAST. 41 REFS. (REF. 0 1 - 6 4 - 0 0 0 0 1 1  .* 
03-64-QQQQ6 THERMAL ROCK REMOVAL ( ROCK-DIS INTEGRATIONS-METHOD RESEARCHTDEVELOPMENT 1 

S C I E N T I F I C  AND T E C H N I C A L  A P P L I C A T I O N  FORECAST ON E X C A V A T I O N - 1 9 6 4 ,  1.6.1 - 1 - 6 - 5 3 :  2.6.1 - 2.6.8; 3.6.1 - 3 - 6 - 8 1  
SCALES, S .  R. & HUGHES TOOL CO HOUSTON T E X  

1964. STATE OF THE APT - FRACTURING,  MELTING,  AND V A P O R I Z I N G  ARE THE.THREE MECHANISMS USED TO REMOVE ROCK B Y  THE 
FOLLOWING THERCAL MEANS: CHEMICAL,  E L E C T R I C A L ,  R A D I A N T ,  NUCLEAR, F R I C T I O N A L ,  AND USE OF A L I Q U I D  HEAT C L R R I E R -  
J E T - P I E R C I N G ,  CHEMICAL H E A T I N G ,  OXIDANT-FUEL,  COMBUSTION TORCH METHOD, ARE THE COMMFRCIALLY SUCCESSFUL MEANS OF PRIMARY 
THERMAL RUCK REMOVAL. A TORCH W I T H  A H I G H E R  TEMPERATURE "FLAME" THAN THE O X I D A N T - F U E L  J E T - P I E R C E R  M I G H T  B E  CAPABLE OF 
THERYAkLY REMOVING A WIDER V A R I E T Y  OF ROCKS. SUCH METHODS AS HYDROGEN PLASMA AND HIGH-FREQUENCY E L F C T R I C A L  CONTACT 
R E S I S T A N C E  H E 4 T I N G  MAY BE A T T R A C T I V E  FOR MAJOR RFSEARCH FOR UNDERGROUND EXCAVATION.  THERMAL REMOVAL OF ROCK BY 
ELECTRON BEAMS AND LASER BEAMS I S  NOT A T T R A C T I V E  FOR RESEARCH BECAUSE OF T H E I R  L I M I T A T I O N  T O  VFRY S V A L L  HOLES. THERMAL 

SHOULD RE I N C L U D E D  I N  FUTURE I C E  REMOVAL RESEARCH PROGRAMS. V A R I O U S  PHOTOGRAPHS AND DIAGRAMS ACCOMPANY T H E  A R T I C L E .  
FnRECASTS OF NEW T E C H N I C A L  A P P L I C A T I O N  ARE GIVEN,  BASED UPON KNOWN PHENOMENA- PLANS FOR RESEARCH WHICH MUST BE 

METHPOS LOOK VERY A T T R A C T I V E  FOR UNDERGROUND E X C A V A T I O N  I N  I C E .  AN OXIDANT-FUEL TORCH OP A NUCLEAR H E A T I N G  D E V I C E  

CnNDUCTED TO F U L F I L L  THE FORECAST. 6 1  REFS. (REF.  0 1 - 6 4 - 0 0 0 0 1 )  

D 3 - 6 4 - 0 0 p Q I  OTI-ER D R I L L I N G  D E V I C E S  ( NEW-DRILLING-METHODS MACHINES RESEARCH 
K E L L Y ?  J. L.9 JR. E HUGHES TOOL CD HOUSTON TEX 

S C I E N T I F I C  AND T E C H N I C A L  A P P L I C A T I O N S  FORECAST ON E X C A V A T I O N - 1 9 6 4 ,  1.7.1 1.7.4; 2.7.1 - 2.7.2; 3.7.1~ 1964. 
D R I L L I N G  D E V I C E S  WHICH HAVE NEVFR BEEN DEVELOPED T O  A P R A C T I C A B L E  S T A T E  OR TO THE EXTENT T H A T  T H E Y  ARE C O M P E T I T I V E  W I T H  
CONVENTIONPL METHODS FOR EXCAVATION.  ONLY B R I E F  D E S C R I P T I O N S  AND AN UNANNOTATED B I B L I O G R A P H Y  ARE PRESENTED. MOST OF 
THE M A T E R I A L  I S  FROM LEDGEWOODS A R T I C L E  ( 2 4 - 6 0 - 1 2 0 0 1 1 .  THE RESEARCH D E V I C E S  ARE A P E L L E T  I M P A C T  D R I L L  W H I C H  I M P A C T S  ON 
THE ROCK TO CAUSE F A I L U R E ,  A SHOCK WAVE D R I L L  WHICH I N V O L V E S  SHOCK WAVES WHICH TRAVEL THROUGH L I Q U I D  TO FRACTURE ROCK, 
AN E X P L O S I V E  D R I L L  EMPLOYING SHAPED E X P L O S I V E  CHARGES TO D I S I N T E G R A T E  THE ROCK, AND A H Y D R A U L I C  I M P I N G E M E N T  D R I L L  
U T I L I Z I N G  H I G H  V E L O C I T Y  WATFR JFTS. EXPERIMENTS I N  COAL B Y  THE U.S. BUREAU OF M I N E S  HAVE BEEN ENCOURAGING FOR THE 
H Y D R A U L I C  IMPINGEMENT D R I L L  METHODS, SOME RESULTS ARE G I V E N .  FORECASTS OF NEW T E C H N I C A L  A P P L I C A T I O N  B A S E D  UPON KNOWN 
PYENOMENA ARE G I V E N  AS WELL AS PLANS FOR RESEARCH WHICH MUST BE CONDUCTED T O  F U L F I L L  THE T H E  FORECAST. (REF.  
0 1 - 6 4 - 0 0 0 0 1 1  

Q7-65-J.QQa B I B L I O G R A P H Y  OF EXPERIMENTAL ROCK DEFORMATION SECUND E D I T I O N  

A I R  FORCE CAMBRIDGE RFS L A B S  L. G. HANSCON F I E L D  BEDFORD MASS, A F C R L - 6 5 - 7 4 0  AD 627 002, OCT 1965. A B I B L I O G R A P H Y  
7Jc OVER 1000 ROCK DEFORMATION RFSEARCH A R T I C L E S  P U B L I S H E D  I N  S C I E N T I F I C  JOURNALS AND BDOKS I S  PRESENTED WITH BOTH 

R I E C K E R t  9 .  F e  + C n o K y  H. L. + PENDLETON, D. L. 

SUBJECT AND AUTHOR E N T R I E S .  THE CROSS-REFERENCE SUBJECT L I S T I N G S  I N C L U D E  THE FOLLOWING MAJOR CATEGORIES:  APPARATUS, 
B R  I T T L  E B E H A V I  OR C AL C I T E  T C A L  I BRAT I ON CONDUCT I V  I T Y  7 CREEP T D I SL O C A T I  ON S , DOLOY I T  E DUCT1 L E B EHAV I OR, E L A S T 1  C BEHAVIOR 
AYD E L A S T I C  CONSTANTS, F A B R I C ,  F P I C T I O N ~  GENERAL, I C E ,  MARBLE, O L I V I N E ?  PHASE STUDIES,  QUARTZ, R E C R Y S T A L L I Z A T I O N ,  
R E S I S T A N C E ,  SAFETY, SEDIMENTARY ROCUS, S E I S M I C  V E L O C I T I E S ,  SHEAR, SHUCK, S T R A I N  RATE, SURVEYS, V I S C O S I T Y ,  X-RAY. 

0 2 - 6 7 - Q 4 Q Q 1  TUNYEL MECHANICS ( ROCK-MECHANICS SUPPORTS I N E L A S T I C - C O N T R O L S  ELASTIC-RESPONSE GEOLOGY BOREHOLE ) 
ABEL,  J. F.7 JR.  E U N I V  A R I Z  

Q U A Q T E Q L Y  OF T H E  COLO SCHOOL OF MINES BASED ON DOCTORAL T H E S I S  S U B M I T T E D  I N  1 9 6 6 ,  P R I N T E D  I N  APR 1 9 6 7 .  T H I S  T H E S I S  
IS S A S E 0  ON OATA ACCUMULATED AT THE S T R A I G H T  CREEK TUNNEL P I L O T  BORE OF THE COLO DEPT OF HIGHWAYS NEAR GOLDEN. THE 
STUDY FMPLOYS NEW TECHNIQUES AND CONCEPTS T O  F X P L A I N  THE MECHANICS OF TUNNELING.  THE T H E S I S  DEMONSTRATES THAT THF 

OF TYE I N E L A S T I C  GEOLOGIC PARAMETERS PRESENT I N  ANY ROCK MASS MAKE I T  P O S S I Q L E  TO D E S C R I B E  AND TO P R E D I C T  T U N N E L I Y G  
YFASUREMENTS 0 F  RflCK L 3 A D S  AND S T R A I N S ,  MEASUREMENT OF CONSTRUCTION V A R I A B L E S ,  AND THE D E T E R M I N A T I O N  AND Q U A N T I F I C 4 T I O N  

C'3NDITIClNS. T H I S  D E S C R I P T I C N  OF ANY T U N N E L I N G  C O N D I T I O N  I S  I N  THE FDFM OF A S T A T I S T I C A L  MODEL. T H I S  MODEL DESCRIBES 
THE C O N D I T I O N  I N  TERMS OF THE C O N T R O L L I N G  GEOLOGIC AND CONSTPUCTION FACTORS-  S T A T I S T I C A L  MODELS FOR TWO TUNNEL 
C C N O I T I O N S  WERE CONSTRUCTED FROM DATA D B T A I N E D  AT S T R A I G H T  CREEK. ONE D E S C R I B E S  THE S T E E L  TUNNEL SUPPORT REQUIREYFNTS 

D F T F R M I N E  THE ELAPSED T I M E  BETWEEN E X C A V A T I O N  OF A TUNNEL S E C T I O N  A N 0  I N I T I A L  S T A B I L I Z A T I O N  OF T H E  ROCK MASS AT THAT 
I N  Q E L A T I O N  TO GEOLOGIC AND CONSTRUCTION FACTORS. T H E  OTHER D E S C R I B E S  S T A T I S T I C A L L Y  THE VARIOUS FACTORS WHICH 

SCCTIPN.  88  PAGES, 34 FIGURES,  PHOTOGRAPHS AND CURVES, 1 5  TABLES. 

Q3-67-09QQJ PRflJECTI@N OF A P P L I C A T I O N S  AND N A T I O V A L  B E N E F I T S  OF A NEW R A P I D  E X C A V A T I O N  TECHNOLOGY ( COSTS 
SY STEMS-APPROACH SUBSURFACE TRANSPORTATION M I N I N G  TUNNFLS 1 
LAGO, A. + W I L L I A M S ,  P. D. + N I S S E L S O N ,  H. & KUSHMERt He D. & O P E R A T I O V S  RESEARCH I N C  

CIPFPATIONS RESFARCH, I Y C - T  TR NO. 4 4 6 ,  PREPARED UNDER CCNTRACY 14-00-0070-399 FOR THE BUREAU OF MINES,  U.S. DEPT. OF 
I N T E R 1 0 9 1  SEPT 8, 1 9 6 7 .  T H I S  REPORT PRESENTS THE RESULTS OF A STUDY OF R A P I D  E X C A V A T I O N  TECHNOLOGY PAST, PRESENT, 
42'1) CONTEMPLATED W I T H  P R O J E C T I O N S  OF REQUIREYENTS FOR E X C A V A T I O N  OVER THE YEARS 1 9 6 8 - 1 9 6 9  AND E S T I V A T E S  OF BENEF I T S  
CXPECTED FROM E X C A V A T I O N  TECHNOLOGY DEVELOPED TO MEET THOSE REQUIREMENTS. THE STUDY USED I N F O R M A T I C N  FROM A SURVEY OF 
l o  AGENCIES I N  8 DEPARTMENTS OF THE FEDERAL GOVERNMENT I N  17 TYPES C F  A P P L I C A T I O N S .  COST DATA WAS TAKEN FROM AGENCY 
D F P L I E S  AND P U B L I S H E D  REPORTS OF I N D I V I D U A L  PFOJECTS. A SYSTEMS APPROACH I S  DEVELOPED AND USED TO I D E N T I F Y  RELEVANT 
COMPONFNTS OF COSTS. E X C A V A T I O N  SYSTEMS COST REDUCTIONS ARE BASED ON THE SOURCE I N F O R M A T I O N  AND CN PROJECTIONS BY THE 
RUPEAU nF M I N E S  OF THE MAGNITUDE ANC DATA O F  A V A I L A B I L I T Y  OF COST REDUCTIONS A C H I E V E D  B Y  A R A P I D  E X C A V A T I O N  TECHNOLOGY 
R E D PROGRAV. MOST MODES OF E X C A V A T I O N  AND T H E I R  COMPDNENT F U N C T I O N S  ARE DISCUSSED.  TECHNOLOGY I S  T H E  PRIMARY 
ELEMEYT FOR COMPARISON. B E N E F I T S  ARE I N  4 CATFGORIES:  D I R E C T  COST SAVINGS,  PRFSERVED SURFACE LAND VALUES, REDUCED 
SURFACE A C T I V I T Y  D I S R U P T I O N  COSTS, AND A E S T H E T I C  B E N E F I T S  TO THE SURFACE ENVIRONMENT. COST B E N E F I T S  E S T I M A T E D  ON THE 
P R n J E C T I f l N  OF URBAN TRANSPORTATION,  I N T E R C I T Y  TRANSPORT, WATER-GAS-OIL SUPPLY, AN3 M I V I N G  AMOUNT T O  $ 2 3 5  B I L L I O N  P.Y 
1990. 185-PAGES1 9 F I G U R E S  AND 5 3  TABLES. 

Q?Z$I=l.2Q!ll M I N I N G  METHODS AND EQUIPMFNT I L L U S T R A T E D  ( TECHNIQUES OR€ WASTES STOPES SHAFTS C A V I N G  D R I L L I N G  B L A S T I N G  1 

S T A T E  OF MONT BUR O F  M I N E S  AND GEOLOGY BULL., N 6 3 ,  DEC 1967. T H I S  REPORT PROVIDES AN I L L U S T R A t E D  D I S C U S S I O N  OF 

EFFFCTS.  THE F I R S T  PART D E S C R I B E S  MAP AND SKETCH R E A D I N G  USED TO D E S C R I B E  T H E  M I N I N G  TECHNIQUES.  THE SECOND PART 
I L L U S T P A T F S  AND DESCPIRES THE SHAPE AND TYPE OF ORE B O D I E S  WHICH I V F L U E N C E  THE M I N I N G  METHODS CHOSEN. P I C T U R E S  OF M I N E  
YFTHDOS ARE USED THROUGHOUT I N  CONJUNCTION W I T H  SKETCHES T O  ENHANCE THE 3 - D I M E N S I O N A L  FFFECTS.  THE T P I P D  PART 
nTSCUSSES AND OESCRIeES OPERATIONS I N  Y I N I N G  AND SOME OF THE VARIOUS TECHNIQUES USED I N  THESE OPERATIONS.  T H F  FOURTH 

STOUT, K. S. E MONT COL M I N E R A L  S C I  AND TECH 

Y I N T N G  YETHODS AN@ EQUIPMENT USED I Y  MONT. SKETCHFS AhlD S P E C I A L  TECHNIQUES ARE USED TO I L L U S T R A T F  THREE-DIMENSIONAL 

!'ART D I S C U S S E S  D E V E L n P Y F N T t  THE WORK T H A T  PREPARES THE ORE FOR M I N I N G .  S I N C E  M I N I N G  I S  L O G I C A L L Y  D I V I D E D  I N T O  SURFACE 
MFTHODS AND UNDERGROUND MFTHODS, THE F T F T H  P A Q T  D E S C R I S E S  SURFACE METHODS I N C L U D I N G  PLACER, OPEN P I T  AND S H I P P I N G ;  AND 
T Y E  S I X T H  PART DESCRIRFS UNDERGROUND METHODS. THE REPC'RT I S  OF VALUE TO THOSE WHO ARE U N F A M I L I A R  W I T H  M I N I N G  OPERATIONS 
AND WISH TO BECOME F A M I L I A R  W I T H  THE METHODS I N  GENERAL. 

Q k b S - O O O O l ,  T U N N F L I N G  TECHNOLOGY - I T S  PAST AND PRESENT 

9UREAU 3 F  M I N F S t  U .  S .  DEPT. OF THE I N T E R I O R ,  I N F O R M A T I O N  C I R C U L A R  8 3 7 5 ,  1 9 6 8 .  T H I S  REPORT B R I E F L Y  D E S C R I B E S  THE 
PRESENT S T A T E  OF T H E  ART AND THE TECdNOLOGICAL H I G H L I G H T S  OF T U N N E L l N G  FROM I T S  I N C E P T I O N  T O  T H E  PRESENT. THE 

NASIATKAY T. M. & U.S. BUP M I N E S  WASH D.C. 
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D I S C U S S I r l N  f S  CCNCFRNED P R I M A R I L Y  W I T H  TUNNELS D R I V E N  THROUGH R E L A T I V E L Y  COMPETENT ROCK FOR M I N E  DEVELOPMENT AND 
V A R I n U S  C I V I L  PURPOSES. I N  A D D I T I O N  T O  P I N P O I N T I N G  THE MAJOR TECHNOLOGICAL BREAK-THROUGHS I N  T U N N E L I Y G  T H I S  REPORT 
I N D I C Q T E S  T H E I R  GFNFRbL E F F E C T  ON THF SPFFD OF TUNNELING.  THE T U N N E L I N G  SPEEDS ARF BASED UPON DATA FROM APPROXIMATELY 
80 TUNNELS L I S T E D  I N  THE APPENDIX.  THESE DATA I N C L U D E  LENGTH, CROSS S E C T I O N  SHAPE AND D I M E N S I O N t  TYPE O F  ROCK, 
T U Y N E L I Y G  MFTHnD, METHOD OF BRFAKING,  LOADING,  AND TRANSPORTING THE ROCK, AVERAGE L I N E A R  PROGRESS RATE, AND COST I N  
VALUES D U R I N G  THE P E R I O D  OF CONSTRUCTION. MOST OF THE TUNNELS D E S C R I B E D  HAVE DIAMETERS OF 1 5  TO 3 0  FEET.  7 5  REFS. 10 
PAGF S .  

Q3-68-Q.lQQ1 T U N N F L I N G  THE STATE OF THE ART ( COSTS MOLES S H I E L D S  ROCK-TUNNELS 1 

U-S.  DFPT. n F  HOUSING ANP URBAN DEVELOPMENT, 263 PAGES, J A N  1968 .  A REVIEW AND E V A L U A T I O N  O F  THE S T A T E  OF THE ART 

J A P h Y .  RFPORT ALSO C O N T A I N S  THE RESULTS OF A L I T E R A T U R F  SEARCH O F  E N G I N E E R I N G  P U B L I C A T I O N S .  CHAPTER 3 COMPARES ROCK 
T U N N F L I Y G  W I T H  MFCHANICAL EXCAVATORS W I T H  CONVENTIONAL D R I L L  & BLAST.  COMPARATIVE COST REPORTS BASED ON C A L I F O R N I A  
STATE DFPT @F WATER RFSnURCES B U L L E T I N  NO 7 8  HAVE BEEN ESCALATED TO 1967  P R I C E  INDEX.  SOFT GQOUND AND SUBAQUEOUS 
T U N N E L I N G  I S  F X T E N S I V E L Y  COVERED AND T H E  RANGE OF COST AS A F U N C T I O N  O F  METHOD OF ATTACK AND S O I L  C O N D I T I O N  I S  

M a y o ,  R. s. c ROBERT s. M A Y O  ASSOCIATES 

O F  TCIkNFL ING.  RECENT DEVELOPMENTS ARE REPORTED FROM PERSONAL I N S P E C T I O N  OF TUNNEL PROJECTS I N  U.S. *CANADA, EUROPF, C 

FXTFYS I V E L Y  I L L U S T R A T E D .  RECOMMENDATIONS FOR S P E C I F I C  RESEARCH, DEVELOPMENT AND DEMONSTRATION PROJECTS ARE GIVEN.  

m-4B=UQQl H I G H  SPEFD GROUND T P A N S P O R T A T I O N  TUNNEL D E S I G N  AND COST DATA ( UNDERGROUND-TRANSPORTATION-SYSTEMS 1 

YARZA F Y G I N F F R I N G  CO. FOR THE O F F I C E S  OF H I G H  SPEED GROUND TRANSPORTATION,  MARCH 1968 .  T H I S  RESEARCH DEVELOPS 

U Y E  BY 4 H I G H  SPEED GRrJUND TRANSPORTATION SYSTEM I N  THE NORTHEAST CORRIDOR. F I V E  IMPORTANT COMPONENTS O F  COSTS OF 

HPRZA fNGR CD TRW GROUP 

F A S I C  F Y G I N F E R I N G  DATA AND COST FACTOQS FOR VARIOUS TUNNEL SYSTEM CONFIGURATIONSI  ALIGNMEYTS,  AND DEPTHS, FOR P O S S I B L E  

TUNNEL ING,  S H 4 F T I N G I  AND T F R M I N A L  CONSTRUCTION WERE I D E N T I F I E D  AS, EXCAVATION;  MUCK LOADING,  T R A N S P O R T A T I O N  AND 

THQEF GRnUPS OF T H F  GEOLOGIC S I T E  C O V D I T I O N S  T H A T  M A T E R I A L L Y  AFFECT TOTAL COSTS WERE I D E N T I F I E D  AS, TUNNEL AND SHAFT 
? I S P n S A L ;  TUNNEL SUPPORTS; TUNNEL L I N I N G ;  AND I N T E R F A C E  LOAD SUPPORTS. F I V E  C H A R A C T E R I S T I C S  D F  T H E  HSGT SYSTEY AND 

DTA; T F Q M I N A L  S I Z E ;  DEPTH; SHAFT SPACING;  I N T F R F A C E  LOADS; AND ROCK TYPES GROUPED ACCORDING TO T H F I R  E X C A V A T I O N ,  
S L J P P I R T I ~ ! T , ,  AYD WATER T R A N S M I S S I O N  C H A R A C T E R I S T I C S .  A STUDY OF THE U N I T  COSTS O F  WORK WAS MADE FOR EACH COST 
r r Y P C Y F Y T ,  BEASED O Y  B I D  P R I C E S  OF S I M I L A R  COMPONENTS I N  RECENT C O N S T R U C T I q N  PROJECTS AND ON S Y N T H E T I C  C A L C U L A T I O N S  OF 
r n S T  '3c WqRK FORCFS C A P A B L F  OF ACCOMPLISHING THE WORK. THE COST DATA WAS A P P L I E D  TO DETERMINE THE COST OF AN A R B I T R A R Y  
TUNYFL SYSTEY, BY USF F F  COST CURVES. I T  HAS FOUND THAT THE T O T A L  COST OF THE ARBITRARY 413 M I L E  SYST'M W4S YEARLY 
61.6 S I L L I V N ,  W I T H  THE TUNNELS C O M P R I S I N G  OVER 95% OF THE TOTAL COST. FPR THE A R B I T R A S Y  EXAMPLE TOTAL COSTS RANGED 
FRqM $700 Tfl $4500 PFR L I N E A R  F T .  

,334-06QQl T H F  S E I K A N  UNDERSEA TUNNEL ( R 4 I L W A Y  GEOLOGICAL-SURVEY VOLCANIC-ROCK WATER-LAKES CONCRETE-SPRAY I N G  
B7RIYG-MACHINE MOLE ) 
YOKCYCMA, A. C J A P A N  RWY COYSTR CORP TOKYO 

J4PAPJ R F I L W A Y  CONSTSUCTION P U B L I C  CORPORATION, A P R I L  1068. T H I S  REPORT G I V E S  AY ACCOUNT OF I N V E S T I G A T I V E  S T U T I F S  
VADF IN P Q E P 4 4 A T I O N  FOR D R I V I N G  THE S E I K A N  R A I L W A Y  TUNNEL UNDER THE TSUGARU S T R A I T  BETWEEN CAPE T A P P I  C N  THE I S L A Y D  OF 
HONSHU 4 Y n  YPSHICJKA O h  HAKKAIDO.  A NEW RAILWAY ROUTE I N C L U D I N G  THE TUYNFL WILL START NFAR M I U M A Y A t  THF ENDPOINT OF T H F  
TSUGAQU L I Y F ,  GO TNT@ THF SEA-BFD AT CAPE T A P P I ,  CQOSS THE S T R A I T ,  EMERGE AND CONNFCT T 3  THF YATSUMAE L I N E  NE4R 
FUKlJTHIW4. THE TOTAL L F N G T H  OF THE TUNNEL WILL RF ASOUT 36.4 KM W I T H  2 2  KM ABOUT 240 M BELOW THE SEA LEVEL.  WHEY 

P F  R U I L T .  T P P I L ' T I C A L  AND GEOLOGICAL SURVEYS OF T H F  ROUTE WERE I N I T I A T E D  IY 1 9 4 6  AND CONTINUED T O  1462.  DATA FRCY 
THFS? q(JPVEYS 4RF G I V F N  I N  T A B L E S  AND CROSS-SECTIONAL SKETCHES. THF SEA-BED C O N S I S T S  OF V O L C A N I C  AND Y I O C E N E  ROCKS AYD 
G"WT4IYS "ANY F b U L T S  AND F I S S U R E S .  T H E  I N V E S T I G A T I O N  S T I L L  CONTINUIWG INCLUDED THF D R I V I N G  OF I N C L I N E D  SHAFTS AT S g T H  

OF C X r A V A T I P N S  TO EXCLUDE WATFR LEAKAGE WHEN DETECTED BY P I L O T  HOLES D R I L L E D  AHEAD C)F T H F  ADVANCES. SPPAYFD CClNCRETE 
L I M I Y G  Y 4 S  R F F N  TESTE0 AND A P P P E C I A T I O Y  TFCHNIQUES DEVELOPED FOR USE IY BOTH THE I N V E S T I G A T I V E  TUNNELS AND TYF M A I N  

7 F S C R I D T I V E  DATA MAPS, AND SKETCHFS I N  T H I S  3 2  PAGE PEPORT. 

1 V V F S T I G A T I " N S  YAVF R 5 E N  COMPLFTED I T  WILL BE DETERMINED rJHETHER 2 S I Y G L E  TRACK TUNNELS OR ON' DOUBLF TRACK TUYYFL WILL 

ENDS 3 F  T H E  TlJhlVFL 41\19 B 0 9 I Y G  OF A P ILCIT TUNNEL P A R A L L E L  TO THE M A I N  TUNNEL. CHEMICAL AND CFYENT GROUTS ARE USED 4HFAD 

TUYYFL. Q O r K  P R n P E R T I F S ,  dATER ENCOUNTERED, GQOUT AND CONCRETE PRflPERTIES 4RE A L L  TARULATED AND I N C L U D E D  W I T H  OTHER 

97-48-09QQl HPQIZONTAL B@P,ING TECHNOLOGY - A STATF-OF-THE-ART STUDY ( T R E N C H I N G  AUGERING EARTH-REAMER J A C K I Y G  
VFCHAYICAL-VOLE V I B R A T I N G - D R I L L  ROLLING-CUTTER DRAG-BIT P E R C U S S I V E - D R I L L I N G  D I R E C T I O Y 4 L - D R I L L I N G  I 
P I U N E ,  J. t PRUCE, W e  E. + MORRELL, 9 .  J. & U.S. BUR M I N E S  T W I N  C I T I E S  

U.S. RUQFAU OF MINES I N F D R M A T I O N  CIRCULAR 9392, SEPT 1968. T H I S  PAPER D E S C R I B E S  THE D I F F E R E N T  MACHINES AND METHODS 
USED I N  AUG'RING, I M P A C T I N G ,  PUSHING, D Q I L L I N G ,  AND M A C H I N F  T U Y N F L I N G  Y O R I Z O Y T A L  HOLES THROUGH S O I L  AYD ROCK. A REVICW 
0' THE P n Q F H O L F  SUPVEY ANP GUID4NCE TOOLS AND TECHNIQUES A P P L I C A S L E  TO THFSE MFTHODS I S  ALSO G I V E N .  YONBORING YETHODS 
U S F ~  FOQ F M P L A C E Y F Y T  CIF P W E R  DISTRIBUTION A Y D  TRANSMISSION LINES A Q E  BRIFFLY nr s c u s s ~ ~ .  OBSTACLE DETECTION A W  
GUIDANCF SYST'YS F O P  D I R E C T I N G  BCREHPLES TO S P E C I F I E D  T4RGETS NEED MAJOR IMPROVFMENTS TO MEET T H E  REQUISEYENTS OF THE 
'J?WER IYDUSTRY FnQ UNDERGROUND B U R I A L  OF D I S T 9 I R U T I O N  AND T R A N S M I S S I O N  L I N E S .  

Q3d2--BQQ) R A P I D  EXCAVATION,  S I G N I F I C A N C E ,  YEEDS, O D P O Q T U N I T I E S  ( H I S T O R Y  C O S T  SESEARCH YFW-YETH'3DS 1 

Y 4 T ' L  4CAD GF S C I  P U R L I C A T I O Y  1690, 1-48, SFPT 1968. E M P H A S I S  I S  ON THF NEFO T C  REDUCE THF R E A L  C O S T  OF 
UY0CRGRc)UND E Y C A V B T I C N  AND INCRFASC T H F  RATES '3F ADVANrE.  THE M I N I M U M  YAQKET FOR UNDERGROUND EXCAVAT13N W I L L  BE $ 6 9  
P I L L I ' J N  I N  THF P E Q I O q  1970-1990. PF T H I S  YARKFT $35 S I L L I O N  W I L L  BE COYSTRUCTION-ORIENTED I N  THE PUBLIC-WOQKS SECTOR, 
4YD $34 R I L L I C J Y  W I L L  RF M I Y I Y G - O R I F N T E D .  THF CURRFNT RATE OF IMPPOVEYEYT I N  UNDERGROUND TECHYOLOGY I S  CONSTRAINED PY 
I Y 4 n E Q U A T F  T F C H N I C 4 L  KNOWLFDGE AN@ I N S U F F I C I E Y T  I N D U S T R I A L  I N C E N T I V E  Tc) CHANGE CURRFNT P P A C T I C F  4 4 D I C 4 L L Y .  R A P I D  
C'XCAVATION I S  YEFnFD RECAUSE @F U R B A Y I Z A T I O N  4 Y D  YATURAL RFSOURCF CONSERVATION. THF TECHNOLOGY DEVELOPMEYT NEEDED TO 

C '3NMITTFE ON D A P I D  E X C A V A T I O N  & N A T I O N A L  QFS C O U Y C I L  

4 r C ? M o L I S P  V W c  Q A P I ?  F X C A V A T I O Y  I S  D I V I D E D  I N T O :  ( 1 )  D E T E P M I N A T I O N  '3F GEOLOGIC4L C n N D I T I C Y S  AY\IT, RCCK PROPERTIES;  ( 2 1  
D I S I Y T F G R A T I O Y  OF I N  S I T U  M A T E Q I A L ;  ( 3 1  T4AYSPOQTATION OF D I S I N T E G Q A T E D  M A T E R I A L  FROM T H F  E X C A V A T I O N ;  ( 4 1  SUPPOYT 4NU 
L I N I Y G  'IF THF FXCAVATIOV;  (5) P R O V I S I O N  OF A SAFF WORKING FMVIRONMENT AN@ I N  OVER-ALL S Y N C H R O N I Z A T I C N  OF THE P9C'CFSSCS; 
( 6 )  YAYY n P P O P T U N I T T F S  F X I S T  F O R  R A P I D  E X C A V A T I O N  OF I N C U S T R I E S  WILL SUPPORT VAQIDUS PROJECTS. 

03-45-09QQJ C O Y Y I T T F E  QFPORT ON F X t A V A T I O N  RFQUIQEMENTS ( RFSEARCH-STUDIES I Y D U S T R Y - A P P L I C A T I O N S  1 

DbYFL QCPDRTS @F T H E  CCMMITTEE ON R A ' J I D  F X C 4 V 4 T I O N  RFPORT TO THE SUREAiJ O F  MINES,  U.S. DEPT @F T H E  I N T E R I O Q ,  1-38, 
YFPT. 1964.  THF COMMITTKF I S  COYCERNED W I T H  TW'I QUFSTIOYS,  WH4T Y I G H T  BE THE MARKET F C Q  JWOERGRXJND EXCAVATTON 

MCNFE, R. & U N I V  C I Y Y  C I N N  @HI0  

T'=CYbl l lL l lGY IN THF YEAPS 1970 TO 1990 AYD WHAT Y I G H T  B E  THF e E N E F I T S  FRnM A RESEARCH PR@GPAM WHOSE O R J F C T I V F  I S  T I  
S I G N I F I C 4 C l T L Y  ACCELERPTE THE DEVELOPMEYT OF SUCH TECHNOLOGY. SUCH 4SPECTS 4 s  U R B A N I Z A T I D N ,  C 9 N S E R V A T I C Y  n F  PESOUQr'S, 
F V V I S O N Y F Y T  Q U A L I T Y  9 AF!D E C O N t ~ Y I C - S O C I n L O G I C 4 L  CONSTRAINTS,  ARE D E S C Q I B E D  AND REVIEWED. V O S I O U S  CHARTS G I V E  E S T I " 4 T E S  
0' CQYSTRUCTION DFMA'dDy M I N F R A L  I Y D U S T R Y  DEMAYD, UNDERGROUND E X C A V A T I P Y  DFMAND AND OISCOUNTEO S A V I N G S  FRCM PROPOS'O 
QESFARCY PRflGn APS. THE E S T I M A T F D  CUMULATIVE UNDERGQOUND EXCAVATIOY FOR 1970-79 I S  $13 S I L L I O N  FOR C C N S T R U C T I I Y  
I ~ I F N T ~ n  dND $ 1 6  R I L L I r F I  FOR M I N I N G  n R I F Y T F D .  FOR THE DFC4DE 1980-89 THE E S T I M A T E  I S  $ 2 2  B I L L I O N  FOP CONSTRUCTION, $19  
B I L L I O N  Ff lR M I Y I Y G .  A V  IYVFSTMENT OF $ 2 0 0  M I L L I O N  FOR QFSEARCH OVER 10 YEARS SHOULD PRODUCE S A V I Y G S  OF MORE T H A h  12 
T I M F S  I T S  COST IY THF r f l N S T P U C T I @ Y  F I F L D  ALONG. ASSUMING THF PROGRAM I S  GOVERNMENT F I N A N C F D  NO C R E D I T  WAS TAKEN =TlP 
SPTYC!FF S A V I N G S  ACCRUIYG TO THF Y I N I V G  INDUSTRY. CONCLUSIONS I Y C L U D E :  THE R A T E  OF T E C H N I C A L  CHANGE IN O I L  @RILLI " .G,  
C O A L  M I V J I Y G  AND SURFbCF E X C A V A T I O N  ARE ADEQUPTE; THE RATE '3F ADVANCE OF TECHNOLOGY FGR UNDERGROUND EXCAVATION 
E S P F C I 4 L L Y  F f X  P U B L I r  WORKS T U Y N F L I N G  I S  IYADEQIJATE.  A T F N  YEAR $ 2 0 0  Y I L L I C l N  UNDERGROUND F X C A V A T I O N  R AYD D PROGPAP 
W I L L  P A Y  OFF VFRY WFLL; FURTHFR STUOY I S  YFEDED TO F I N D  WHY PRTVATF RESEARCH AND CONSTRUCTION F A I L S  TO TAKE THE 
NECFSSARV STEPS TO REAP T H F S E  R E N F F I T S .  OTHFR YFMBFRS OF THE C O Y M I T T E E  WEPE R. T. NEWCOMS - PENN STATE AND E. P. 
DCLETDFQ - U N I V F R S I T Y  MIKbJFSnTA. 
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Q3-68-QqQQft COCMITTEE REPORT ON GEOLOGY ( ROCK-GEOLOGY COSTS R E S E A R C H - S T U D I E S  1 

PANFL REPORTS OF T H E  COMMITTEE ON R A P I D  E X C A V A T I O N ,  39-43? SEPT 1968. 
UNDERWOOD, L.  Be & U.S. CORPS O F  ENGRS 

GEOLOGICAL C O N D I T I O N S  D E T E R M I N E  T H E  OEGREE 
OF D I F F I C U L T Y  AND COSTS OF E X C A V A T I N G  AND S U P P 3 R T I N G  UNDERGROUND OPENINGS. GEOLOGICAL RESEARCH REQUIREMENTS FOR 
IYPQOVED E X C A V A T I O N  TECHNOLOGY WERE S T U D I E D .  CURRENT EXPLORATORY TECHNIQUES ARE TOO I M P R E C I S E  FOR E N G I N E E R I N G  

?EMOTE S F N S I N G ,  CORE-BORING, GEOPHYSICAL MEASUREMENT? E X P L O R I N G  AHEAD OF THE TUNNEL FACE (PROBES)  9 D E T E R M I N I N G  OR 
P Q E D I C T I N G  GROUNDWATER C O N D I T I O N S .  A STANDARDIZED E N G I N E E R I N G  C L A S S I F I C A T I O N  FOR ROCK AND ROCK MASSES NEEDS TO BE 
OFVELOPED AND ADOPTED T O  IMPROVE COMMUNICATION BETWEEN OWNER, GEOLOGISTI  E N G I N E E R ?  CONTRACTOR? M I N E R  AND EQUIPMENT 
MANUFACTURER, OTHER MEMBERS OF T H E  PANEL HERE D. V. DEERE - U N I V .  OF ILL., W. C. MAURER - FSSO PROD* R E S *  AND L *  OBEPT 
- U. S. BU. MINFS.  

Q3-68-QPQQ5 COMMITTEE REPORT ON ROCK MECHANICS ( STRENGTHS STRESSES RESEARCH 1 

PANEL REPORTS OF T H F  COMMITTEE ON R A P I D  EXCAVATION,  4 5 - 5 7 ?  SEPT 1 9 6 8 .  ROCK MECHANICS P R O V I D E S  THE Q U A N T I T A T I V E  
9 A S I S  FOP A O P P A I S I N G  THF VARIOUS ASPECTS OF THE E X C A V A T I O N  PROCESS. PROCEDURES FOR MEASURING ROCK STREYGTHSt  E L A S T I C  
PROPERTIFS,  CREEP R A T E S ?  AND STRESS F I E L D S  AND CONCENTRATIONS ARE REVIEWED. FURTHER RESEARCH I S  NEEDED FOR MEASURING 
THE MECHANICAL PROPERTIES OF ROCK MASSES, THE D E T E R M I N A T I O N  OF SUBSURFACE STATE-OF-STRESS, A C Q U I S I T I O N  OF MECHANICAL 
PROPERTY DATA FOR ROCK MASSES, DEVELOPMENT OF METHODS FOR D E T E R M I N I N G  STATES-OF-STRESS, C O R R E L A T I O N  OF I N T A C T  ROCK 
MFCHANICAL D A T A ?  AND DEVELOPMENT OR REFINEMENT OF T E S T  PROCEDURES FOR D E T E R M I N I N G  THE MECHANICAL THERMAL OR E L E C T R I C A L  
P R U P F R T I E S  OF ROCK. OTHER MEMBERS OF THE P A N E L  WERE D. V. DEERE - U N I V .  O F  ILL., W. C. MAURER - ESSO PROD. RES.? 
AN0 L. B. UNDERWOCID - USCE. 

Q 3 - 6 8 - m Q Q 6  COPWITTEE REPORT ON ROCK D I S I N T E G R A T I O N  ( RESEARCH COSTS S I G N I F I C A N C E  1 

PANFL REPDRTS OF T H E  COMMITTEE ON R A P I D  EXCAVATION,  5 1 - 5 6 ,  SEPT 1 9 6 8 .  ROCK D I S I N T E G R A T I O N  I S  T H E  K E Y  ELFMENT I N  
F X C A V A T I O N  AN0 DFTERMINES THE REQUIREMENTS OF A L L  OTHER SUBSYSTEMS. M A T E R I A L  IMPROVEMENT I N  COST AND P R n D U C T I V I T Y  I N  
T I J N N F L I N G  FOCUSES ON T H E  ROCK D I S I N T E G R A T I O N  PROCESS. RESEARCH NEEDS TO EMBRACE TWO IMPORTANT ELEMENTS: T H E  MODE AND 

RESFARCH 4QF PRESENTED I N  T A B L E  FORM. THE H I G H E S T  P R I O R I T I E S  WERE A S S I G N E D  TO SOME S P E C I A L I Z E D  IMPROVEMENTS I N  THE 

YECHANICAL F R O S I O N  AND PLASMA JET. T H E  COMMITTEE RECOMMENDED THE E S T A B L I S H M E N T  OF A F I E L D  T E S T I N G  S T A T I O N  W I T H  AN 
ACCOMPANYING LABORATORY. THE T E S T  S T A T I O N  WOULD H A V E  A V A I L A B L E  I N  S I T U  V A R I O U S  ROCK T Y P E S  T O  BE USED FOR T E S T I N G  OF 
D E V I C E S  AND YETHODS OF ROCK BREAKING.  F A C I L I T I E S  SHOULD B E  PROVIDED FOR F U L L  SCALE DEMONSTRATIONS @ F  NEW T U N N E L I N G  

PURPOSES? I N V O L V E  E X P E N S I V E  AND T I M E  CONSUMING PROCESSES. RESEARCH I S  NEEDED TO P R O V I D E  NEW OR IMPROVED T E C H N I Q U E S  FOR 

OBFRT, L. & U.S. BUR M I N E S  CONSULTANT 

WILLIAMSCIN, T. Ne & JACOBS A S S O C I A T E S  

TECHNOLOGY P F  BREAKING T H E  ROCK, AND T H E  MACHINE OR TOOLS FOR A C C O M P L I S H I N G  I T .  P R I O R I T I E S  FOR ROCK D I S I N T E G R A T I O N  

PQESENT D R I L L  AND BLAST METHODS, TO IMPROVEMENT OF PERFORMANCE OF PRESENT MOLES AND TO DEVELOPMENT OF TWO NEW METHODS -. 

YACHIYES.  L O G I S T I C A L  AND E N G I N F E R I N G  SUPPORT WOULD BE A V A I L A B L E  FOR CONTRACTORS, INVENTORS,  MANUFACTURFRS AS REQUIRED. 
OTHER YEMRERS n F  T H E  PANEL WERE: T. F.  ADAMS - BROWN AND ROOT? AND W. C. MAURER - ESSO PROD. RES. 

0 3 - 6 8 - 0 9 Q Q Z  C O V M I T T E F  RFPORT ON M A T E R I A L S  H4ND1 I N G  ( MUCK-HANDLING TRANSPORTATION O B J E C T I V E S  COST RESEAQCH-STUDIFS 1 

P4NEL R'PPRT @ F  THE CCMMITTEE ON R A P I D  E X C A V A T I O N ?  5 7 - 6 4 ?  SEPT 1 9 6 8 .  M A T E R I A L S  H A N D L I N G  MUST P R O V I D E  T H F  H A N D L I Y G  
ADAMST T. F. & RROWN AND ROOT C O  I N C  

I F  MUCK PRODUCTIr lN  AT PEAK E X C A V A T I O N  RATES? M I N I  MUM SPACE OCCUPATION, O P E R A T I O N  AROUYD CORNERS OR CURVES? S I M P L I C I T Y ?  
FASY O P F Q A T I O N  T FREFPOY FROM CONTAMINATING FUMES? AND AMENABLE TO AUTOMATION. RESEARCH O B J E C T I V E S  PRE RECOMMENDED F@R 
M P T F R I A L  H A N D L I N G  L O G I S T I C S ,  CONVEYOR SYSTEMS, P I P E L I N E  S T U D I E S ,  MORE E F F I C I E N T  MUCK TRANSPORTATION,  AND GENFPAL 
E X P L O R A T I O N  W R  NEW AND RETTER METHODS OF M A T E R I A L  HANDLING.  OTHER MEMBERS OF T H E  COMMITTEE WERE: E. JONES - ST. 
JOSEPH L E A D  C'7 AND W. C. MAURER - ESSO PROD. RES. CO. 

0 ? - 6 P A 0 9 Q Q 3  COMMITTEF REP@RT ON GROUND CONTROL ( UNDERGROUND E X C A V A T I O N  RESEARCH 1 

PANFL REPORTS n F  T H E  COMMITTEE ON R A P I D  EXCAVATION,  6 5 - 7 4 ?  SEPT 1 9 6 8 .  PRESFNT SUPPORT SYSTEMS WERE DEVELOPFD FOP 
TIJNNFLS PROGRESSING AT QATES O f  1 5  TO 6 0  F T  PER DAY. MOLES O P E R A T I N G  AT T W I C E  T O  4 T I M E S  THAT S P E E D  n V E R L O A D  E X I S T I N G  
TECHNqLOGY OF I N S T A L L I N G  SUPPORTS. T H E  PROJECTED ADVANCE RATES I)F 10 T I M E S  PRESENT ONES WILL NOT RE P P S S I B L F  W I T d O U T  

LAN€,  K. S a  C U.S. CORPS O F  ENGRS MO R I V  D I V  

'4AJQR IYPROVEVFNTS.  T H E  MOST URGENT RFSEARCH NEEDS I N  T H I S  F I E L D  ARF: ( 1 1  DEVFLOPMENT OF MOTE QATICINAL D E S I G N  MFTHODS 
FOP TEMPOQAPY AND PEPMANENT L I N I N G S ?  ( 2 )  DEVELOPMENT OF NEW SYSTEMS OF SUPPORT AND L I N I N G  SYSTEMS CAPABLE CIF FASTFR 
T N S T A L L ~ T I O N T  (31  DEVFLOPMENT OF METHODS Fr lR D E S I G N I N G  ROCK SLOPES I N  SURFACE E X C A V A T I O N  ( 4 )  DEVELOPMENT TJF TECHNIQUES 
q' SOUND-WALL '3LASTINGT AND ( 5 1  IMPROVE METHODS OF S O L I D I F Y I N G  GROUND. OTHER MFMSEPS OF THE P A N E L  WERE: K. COX - DRAVO 
CORPS? D. V. DEERE - U N I V  OF ILL .?  L e  OBERT - U.S. BU MINES.  

Q3=68=WQQP CQMMITTEE PEPORT ON ENVIRONMENTAL CONTROL AND SAFETY ( SURFACE-EXCAVATION UNDERGROUND-EXCAVATION 
RESFARCH-AND- DEVELOPMENT 1 
HARTMAN? H. L .  & SACRAMENTO STATE COLLEGE 

PAF!EL REPORTS OF T H E  C D M P I T T E E  ON R A P I D  E X C A V A T I O N ?  7 5 - 6 4 ?  SEPT 1 9 6 8 .  T H I S  S E C T I O N  ASSESSES T H E  YATUQE AND EXTENT 
OF THE ENVIQOYMENTAL HAZAQDS AND CONTROL P R A C T I C E S  ENCOUNTERED I N  E X C A V A T I O N S  TODAY AND TO FXTRAPOLATE THESE TO THE 
R A P 1  D F X C A V A T I O N  TFCHNnLCGY A N T I C I P A T E D  TOMORROW. BOTH SURFACE AND UNOEQGROUND E X C A V A T I O N  4RE C O N S I D E R E D t  BUT THE 
F M P H A S I S  I S  ON UNDERGROUND EXCAVATION-PARTICULARLY I N  THE HARDER ROCKS. PRESENT L E V E L S  OF PESEARCP AYD DEVELCPMENT AQE 
DFEMFD INADFQUATE.  RESFARCH EFFORTS I N  THE NEAR FUTURF SHOULD CONCENTRATE 3 N  I M P R O V I N G  PRESENT TECHNIQUES.  FOR THE 
LONGFR RANGF I M A G I N A T I V F  EFFORTS SHOULD BE LAUNCHED TO D E V I S E  NEW AND SETTER METHODS OF ENVIQONMENTAL CCNTROL, W I T H  A 
S D E C I 4 L  F M P H A S I S  ON S U P P l l R T I N G  NEW METHODS. OTHFR MEMBERS OF THE PANFL WERE: J. D. J A C D e S  - J A C O B S  ASSOCIATES AND T. 
N. W I L L I A M S O N  - JACOSS ASSOCIATES.  

Q25kQBQ19 COI*IM I T T E E  R FPORT ON SYSTEMS E V A L U A T I O N  ( LOG1 ST I CS ROCK-DI S I N T E G R A T I O N  UNDFRGR OUND-EXCAVAT I P N  
GR flUND-CONTP@L 
BLEOSOET J. 0. E BROWN AND ROOT CO I N C  

P 4 N F L  REPORTS OF T H E  C n M M I T T E E  ON R A P I D  E X C A V A T I n N ,  8 5 - 9 2 ?  SEPT 1 9 6 9 .  THE PURPOSE OF T H I S  OVERVIEW WAS TO B R I N G  TO 
L I G H T  O E F I C I F N C I E S ?  SHOPTCOMINGSt  L I M I T A T I O N S  T H A T  HAD A S I G N I F I C A M T  EFFECT ON THE SYSTEM C@ST OR P R O D U C T I V I T Y  AND 
T Y D I C A T F  WHERF AND HOW RESEARCH MAY BE D I R E C T E D  YOST P R O F I T A B L Y  I N  SUCH AREAS AS D I F F E R F N T I A T E D  FR@M QESEARCY ON 
PRC'CESS ELEMENTS THEMSELVES. T H E  FOUR MAJOR COMPONENTS @ F  T H E  UNDERGROUND E X C A V A T I O N  PR@CEES ARE DFSCP I B E D ;  ROCK 
31SINTCGPATIC 'N,  L O G I S T I C S  OF MUCK AND SUPPLY TRANSPORT, GROUND CONTROL AND E X C A V A T I O N  L I N I N G ?  AND GEOLOGICAL 

( 1 )  PRCICFSS AN0 EQUIPMENT FOR D I S I N T E G R A T I O N  OF STRONG A B R A S I V E  ROCK? ( 2 )  MUCK AND M A T E R I A L S  TRANSFFQ TECHNOLOGY F O R  
L n N G  T U N N E L S T  ( 3 )  D E T A I L E D  GEOLOGICAL 4ND/OR GEOPHYSICAL P R E D I C T I O N S  FOR LONG, DFEP, H O R I Z O N T A L  M I N E  D R I F T S  AN@ 
T U N Y ~ L S T  (4) GPCUYP CONTROL TECHNIQUES FOR LONG TUNNELS I N  WET CRUSHED rlR UNCONSOLIDATED M A T E R I A L  ( 5 )  SYSTEM D E S I G N S  
C T M B I N I N G  F U N C T I O Y S  OF ONE OR YORE SUBSYSTEMS? ( 6 )  ENVIRONMENTAL CONTROL FOR LONG TUNNELS. A S P E C I A L  RECOMMENDATIO~I  
WAS YAQE T O  D F S I G W T  B U I L D ,  AND USE FCIR F U L L  RESEARCH AN E X P E R I M E N T 4 L  SYSTEM TO GATHER DATA AND IMPROVE PERF3RYAYCF AN9 
R F L I A B I L I T Y  q F  TUNNEL B O R I N G  MACHINES. OTHER MEMBERS OF THE PANEL WERE 3. P. BELLPORT - EU R E C t  K COX - DQAVO COPP, J. 
3. J A C @ B S  T J4CORS ASSOCIATES.  

P Q E D I C T I O N .  T H F  DEVELOPMENT OF SYSTEMS E V A L U A T I O N  M A T R I C F S  I S  DISCUSSED.  I N  DESCFNDIMG ORDER @F P R I O R I T Y  ARE: 

a&kQ22Ql P U B L I S H E D  REPORTS ( B I B L I O G R A P H Y  1 
' I F F I C E  OF H I G H  SPEED GROUND TRANSPORTATION ANI) NORTHEAST CORRIDOR T R A N S P n R T A T I O N  PROJECT D E P T  OF TRANSPORTATION,  MARCH 
1 4 6 9 .  T H I S  S I R L I O G R A P H Y  L I S T S  AND ABSTRACTS 134 MAJOR RESEARCH REPORTS P U B L I S H E D  RY OPSGT AND NFCTP N H I C H  PRFSENT 
R F S U L T S  OF CONTRACTED RFSEARCH AND DEVELOPMENT SYSTEMS E N G I N E E R I N G ?  TRANSPORTATION SURVEYS, AYD MODFL PFVELOPMFNT. 
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Q&5Q=QQQl TUNNFL RFCnRDS RROKFN AT OWENS R I V E R  GORGE ( P N E U M A T I C - D R I L L  JUMBO MUCKING ) 

C I V I L  F N G I N F F R I N G ,  (201 N 4, 22-24, APR 1950. OWENS R I V E R  GORGE TUNNELS ARE 10 FT. I D  TUNNELS FOR LOS ANGELES 
MASON, W. C. & LOS ANGELES CAL 

DEPT. flF WATER AND POWFR. THFRE ARE THREE TU"JELS, ONE TO POWER HOUSE NO. 1, T H E  OTHER TWO CONNECT THE T A I L  RACE OF 
POWFR H n U S F  1 AN @ F  2 W I T H  THE PENSTOCKS OF POWERHOUSES 2 AND 3 RESPECTFULLY B O R I N G  AND L I N I N G  11.85 M I  CF PRESSUPE AND 
OFNSTOCK TUNNELS AND CONSTRUCTING THREE SURGE CHAMBERS AT THE GOERGE WAS $8 1947,520. T U N N E L I N G  THROUGH T H Y O L I T E  T U F F  
A N D  HARD R H Y O L I T E  A RECORD ADVANCE OF 2,332 F T  I N  31 DAYS I N  R H Y O L I T E  T U F F  WAS SET BETWEEN OCT. 24 AND DEC. 2, WORKING 
3 8-HR S H I F T S  A DAY. TRACK MOUNTED JUMBO HAS F I V E  I-R DA 35 PNEUMATIC D R I F T E R  D R I L L S  OF 3-1/2 I N .  BORE, WET S T Y L E  
L l D D I C O A T  TYROW-AWAY R I T S  ARE USED. MUCKING I S  DONE W I T H  MUCKING MACHINE, TWO E L E C T R I C  LOCOMOTIVES AND S I D E  DUMP 
CARS. DOURLF TRACK SECTIONS,  200 F T  LONG ARE I N S T A L L E D  AT H A L F - M I L E  I N T E R V A L S .  D E T A I L E D  ACCOUNT I S  G I V E N  OF AN 8-HR 
S H I F T  AN@ FOR THF CAR P A S S I N G  PROCFDURE. P R E V I O U S  RECORD ON S I M I L A R  D I A M  WAS 1,879 F T  I N  31 DAYS ON CARLTON TUNNEL, 
CRIPPLF CRFFK, coLn. IN 1940. 

Q4-58-llQQJ D R I V I N G  THE CLEAR CREEK TUNNEL ( JUMBO MUCKING E X P L O S I V E S  SUPPORTS TUNNELING-RATE ) 
REHME, Re L .  & L O S  ANGELES C A L  

THE F X P L O S I V E S  FNGR, 173-1787 N@V-DEC, 1958. CLEAR CREEK TUNNEL WILL B E  20 F T  I N  D I A M  AND 11 M I  LONG. I T  WAS 
O R l V E N  FROM F I T H E R  END AND FROM TWO A D I T S  2-1/2 M I  FROM EACH END. I T  WILL HAVE A M I Y I M A L  9 I N .  CONCRETE L I N I N G  AND 
CONVEYS WATER FOR POWER AND I R R I G A T I O N .  GEOLOGICAL SURVEYS WERE UNABLE TO ACCURATELY FORECAST EXACT TUNNEL 
C O N D I T I O N S .  I N  SOME RAD ROCK A TOP H F A D I N G  4ND S O L I D  SPEAST BOARDING WAS REQUIRED. A GANTRY JUMBO ON S P E C I A L  R A I L S  
F(3UIPDED W I T H  CHERRY P I C K E R S  AND SEVFN GARDNER-DENVER MODEL 93 WATERLINERS W I T H  H Y D R A U L I C  J I B S  U S I N G  FOG 1-1/4 IN. 
QflUYD D R I L L  S T F E L  AND 1-3/4 OR 1-7/8 I N .  DETACHARLE CORYANT B I T S  D R I L L S  HOLES AT 4 TO 8 F T  DEPTHS ON 2 F T  CENTERS. AN 
F X P L f l S I V E  CAR CHARGES THE 60 PERCFNT G E L A T I N  D Y N A M I T E  AND G E L A M I T E  2 W I T H  60 PERCENT G E L A T I N  FOR PRIMERS.  THREE POUNOS 
OF E X P L O S I V E  I S  USED PFR CU. YD. T H I S  SYSTFM P U L V E R I Z F S  ROCK S U F F I C I E N T L Y  FOR I M M E D I A T E  MUCKING W I T H  A CDNWAY MUCKEP 
ANn 4 L I N F  n F  10 Y D  DUMP CARS. THE JUMBO L I F T S  F I L L E D  CARS SO T H E  D I E S E L  E N G I N E  CAN PUSH THE NEXT EMPTY CAR TO THE 

R A T F  I F  32 F T  PER DAY. T I G H T L Y  SPACED SUPPORTS D N  2 OR 3 F T  CENTERS WEPE NEEDED I N  A BADLY F A U L T E D  400 F T  SECTION.  
r L E A R  CRFEK T U h N E L  W I L L  A I D  I N  C O N V E Y I Y G  WATER FROM NORTHERN C A L I F O R N I A  TO I R R I G A T I g N  L A N D  SOUTH OF SACRAYENTO. 

MUCKF". NEW R A I L S  4QF L A I D  BFFORF THF JUMBO CAN RETURN TO THE HEADING. WORK I S  THREE S H I F T S  A DAY, S I X  DAYS A WEEK AT A 

Q4-60-02QQ1 UNDERGP OUND M I  N I  NG DEVELOPMENTS ( SHAFT-S I N K  I NG RA I S I N G  COMPRESS ED-A Iq DR ILL-AND-BLA S T  TUNNEL-DR I '/I NG 1 

Y I N J N G  CONGRFSS JOURNAL, 5 2 ,  FER 1960. A NOTED M I N E S  RESEARCH ENGINEER,  NOW CONSULTANT, R E V I E W S  RECENT 
OFVELOPYENTS, AROUYD THE WORLD, I N  SHAFT S I N K I N G  AND R A I S I N G  AND TUNNEL D R I V I N G .  W Y I L E  DEVELOPMENTS T C C L S t  EQUIPMENT 

PORCHERDT. E .  4. & BORCHERDT AND S M I T H  

AND Y F T Y O n S  ARF TRFATED I N  GENERAL NEWS I T E M  S T Y L E ,  MORE D E S C R I P T I O N  I S  G I V E N  TO A RFCORD S H A F T - S I N K I N G  I N  SOUTH A F R I C A  
q f  1000 F T  26 F T  D I A  SHAFT I N  ONE CALENDAR MDNTH AND TO THE A L I M A K  S H A F T - R A I S I N G  SYSTEM AND I T S  A P P L I C A T I O N  TO R A I S F  UP 
TO 400 F T  t R  YCIRF. 

Q $ 3 1 = Q l Q Q 1  C O N S T P U c T I N S  A SOFT-GROUYD TUNNEL UNDER ROSTON HARBOR ( SHIELD-METHOD CUTTING-EDGE E X C A V A T I L N  L I N I N G  
Cf lMPRESSFD-AIR 
RICHARDSf?M~ C. A. h P E R I N I  CORP S P R I N G  L A K E  N J  

C I V I L  F Y G I N F F D I N G ,  J A Y  1961. FROM A PAPFR P9ESENTED AT THE ASCE BOSTON CONVENTION S E S S I O N  OF T H E  CONSTRUCTION 
9 I V I  s I OY. THE LT.  W I L L I A M  F. C A L L 4 H A Y t  JP. TUNNEL UNDFR BOSTON HARBOP I S  B E I N G  CONSTRUCTED FOR THF MAFS. T U R N P I K E  
4UTH'lRITY T'l CONN'CT QOSTQN TO FAST POSTON. THE TUNNEL I S  SCHEDULED TO OPEN I N  NOVEMBER 1961. CONSTRUCTION I S  BY 
YFAYS OF THE S H I F L D  HFTHOD W I T H  A S H I E L D  19 F F F T  6 I N C H E S  LONG BY 31 F E E T  4 INCHES O U T S I D E  D I A M E T E R  AYD W I T H  A TPILSKIN 
nF 70 F E E T  10 I Y C H E S  I N q I D E  DIAMFTER.  PROGRESS 3 F  THE WORK7 METHODS, AND F Q U I P Y E N T  U T I L I Z E D  AND J O B  C O N D I T I O N S  ARE 
9 F q C Q I S E q  I N  THF WflRK TO D4TF.  

Q&&L=Q&QQl NFW TUNNFLS NFAP POTTERS BAR I N  EASTERN REGION OF B R I T I S H  R A I L W A Y S  ( S H I E L D  I 

PDDCCFDTVG OF I N S T I T I J T I O N  C I V I L  ENGPS, (18) PAPER 6511, 289-3047 APR.1961.  @RY J O I N T S  BETWEEY PRECAST CONCPETE 
RLf 'CKS W I T H  NO BRFAKq I N  THE J O I N T S  4 R E  R F I N G  USED TO L I N F  THF 3 S H I E L D  D R I V C N  TUYYELS I N  LONDOW C L A Y  NEAR POTTERS 
@4F. THE SLf lCKS WFRF YAhlUFACTURED I N  A S P F C I A L  U N I T  LOCATFD OVFR TOP OF ONE O f  THF TUNNELS. 

T E R R I S ,  A -  Y. + MORGAN, H .  0.  

-- 04-61-0eQQl DFVFLOPMFNT IN LA'IGE BOR'HOLE D R I L L  I V G  ( V E N T I L A T I O N  ACCESS SHAFTS CHURN-DRILL CALYX-METHOD 
R O T A R Y - 3 R I L L I N G  I 
MAUCK, L.  F.  + RIDENOUQ,  D. C. & FREEMAN COAL M I N I N G  CORP 

Y I Y I Y G  CDVGRFSS J Q U Q " A L r  61, AUG 1961. THE A R T I C L E  O U T L I N E S  EXPERIENCF I N  D E V E L O P I N G  LARGE SOREHOLE D R I L L I N G  

'?COYOMICS ASF OUTLIZI'T) FCR CHUPY D R I L L ,  CALYX METHOD AND ROTARY D R I L L .  

Q4-67-Q9QQ1 SUBWAY CONSTQUCTIOY IN THE S O V I E T  U N I O N  

9 A U T F C H N I K v  (19) Yr)  Q 799-3069 SFPT 1962. T H E  9EPOPT O F  A D E L E G A T l O N  SENT TO L E N I Y G R A D  & MOSCCW P Y  HAMBURG C I T Y  
3 F F I C I P L S  TO STUDY S n V I F T  SUBWAY PROJECTS. 

T E r H Y I Q U F S  FCIR V E N T I L P T I O N  AYD ACCESS SHAFTS T n  C O A L  M I N E S  OF T H F  OLGA COAL COS O E S C P I P T I O N  3 F  T'1OLSy YFTYODS AND 

K R U P I N S K I ,  He J. + WAGNFR, H. h HAMBUSG W. GFRMANY 

-_-- ort-hl=l~p~l THF R O C K  - N D R A D  rnc ( BLASTING C A V E R N  GRANITE EXCAVATION DRILL-RIGS ROCK-POLTY JUMPOS ) 
Y n R V F L L ,  J. P. & M I L I T A Q Y  ENGINFER 

T H C  Y I L I T A P Y  E N G I N F E P t  ( E 5 )  YO. 367, SEPT-OCT 1963. THE A R T I C L F  D F S C R I R F S  THF VEW NORTH A P F R I C A N  A I R  DEFENSE 
r f l M Y A Y 9  (NORAD)  COMBAT O P F R P T I O N P L  CCNTFR ( C O C I  S F I N G  B U I L T  DEEP W I T H I N  A COLORADO MOUNTAIN. APPROXIMATELY 450qOOO 
TYPIC Y A R n S  OF R O C K ,  YOSTLY G R A N I T E  H A S  BE'Y * € M O V E 0  AND THE B A S I C  E X C A V A T I O N  WAS CCYPLETED I N  DECEMPFR 1962. 
E X C A V A T I P Y  WL?S M A I N L Y  3Y D R I L L I N G ,  B L A S T I Y G  AYD S L A B B I N G .  ROCK B O L T S  UP TO 2 0  F F E T  L@NG ON A 4 FQCT SQUARF PATT'PN 
R F I N F O R C F  WALLS AYD THF POMF SHAPED C E I L I N G S .  THE CENTFR C O N S I S T S  OF A NFTWORK OF I Y T E R S E C T I Y G  CYAMBERS 32 AWD a5 FFFT 
WIDF APln U P  T I  6 0  F E F T  H I G H  FORYING 4 PATTFRY 300 F E F T  9 Y  120 FEET.  CHAMBFRS ARE SEPARPTFD F)Y BUFFER S E C T I O N S  OF 
SY4 ' I ITF.  SFLECTFD P I C T U P E S  AND O U T L I N F  DQAWIYGS I L L U S T R A T E  THE PROJFCT. 

0 4 - 6 3 - 1 2 Q Q l  TIJFVNELLING I N  G I B R A L T A R  ( M A T C R I A L - H A N D L I N G  S H A F T - R A I S I N G  V F N T I L A T I O N  
LAUDEP, J. G. & ROYAL ENGRS 1 S T  CDRTRESS SQUAD 

Q f ' Y 4 L  CYGGIYFFRS, (77) NP. 4, 339-3691 DEC 1963. ON T H F  G I B R A L T A P  TUNNEL PROJECT FROM L I T T L E  @ A Y  TO FURnPA S I X  315  
C C M  C @ M p Q F S S n S S  WERE I Y S T A L L E D  W I T H  4 N  I Y I T I 4 L  PLANNED MAXIMUM LOAD n F  1000 CU. FT. OF F R F F  A I R  PER Y I N U T E .  THE Q A S I C  
TcC!4YInU '  I N  YAPD-ROCK T U M N F L L I N G  I S  T Y F  YODFRN D R I L L  AND 9 L 4 S T  MFTHDD. THE ROCK I S  LOADED I Y T O  D F C A U V I I - L E  WAGON<, OR 

CLAY, CnYGLnMFRATE AND F R I A R L F  ROCK WHICH CAUSFD ROCK D R I L L S  TO JAM; S 9 F T  GROUND MACHINEPY CAYYOT B E  U S E 0  P,FCAJSF O F  

9 F  WITHODANY nR WHEN WITHQRAWh', THE HOLE W I L L  COLLAPSF.  THERE WAS YUCKING OUT PROBLEM AT G I R R A L T A P  SFCAUSF THE 
L 3 C O Y f l T I V F S  C n l l L D  YOT Y F G O T I A T F  THE STEEP GRADIFNT.  T Y I S  L E D  TO A CPUDE S O L U T I O N  BY MEAVS OF 4 RAMP, O F  "CHINAM4N"  
'WHICY W A ?  SATISFACTOPY FOR THE P I L O T  H F 4 D I Y G .  T H I S  1320 flF 14 FT.  H E A P I N G  WAS CnMPLETED I N  50 WFEKS C)F TUNNFLLING,  4N 
AVFRAGC 76.4 FT. PFR 4 1 / 2  DAY WFFK. THE FYLARGEYENT OF THE P I L O T  H E A D I N G  TO THE R E Q U I P E D  2 6  CT. N E C F S S I T P T E D  THF 

S K I P S ,  4 N n  TnNFD OUT RY LOCOMOTIVE. PROGRFSS WAS L I M I T E D  BECAUSE T H F  PORTAL WAS E S T A B L I S H E D  O N  A F A U L T  F I L L E D  N I T H  

THF H A Q D  P n C K  EMSEDDED. VHEN A HQLF HAS BEEhJ D R I L L E D  I Y  CONGLOMFRATE AND F R I A B L E  ROCK, THE D R I L L  STE'L P P 0 9 A B L Y  CANhC!T 

MCICKIYG n U T  n F  20 ,000  CU. YDS. C'F S P O I L ,  C A U S I N G  THE DEVELOPMENT OF A M O B I L E  S P O I L  ELEVATOR AND TRACKLFSS M I N I Y G .  T H I S  
F L E V A T n 4 ,  SFRVING AS A G I A N T  CHINAMAY, WAS LOADED AND THEY L I F T E D  THF S P O I L  H I G H  ENOUGH TO D E P O S I T  I T  I N  THE DUKPCRS. 
ALL T Y F  O Q I L L I N C  AND R L P S T I Y G  WAS DOVF I N  I Y F  QPCRATION, AND THE S P O I L  L E F T  I Y  S I T U  FOR F I V E  MONTHS. I N  S I X  W N T H S ,  
IJSIYG T q A r K L F S S  M I N I N G ,  THE 20,000 CU. YDS. OF S P O I L  WERF YUCKED OUT AT ABOUT 2 0 0 - 2 5 0  CU. YDS. PER DAY (2 S H I F T S ) .  AY 
9-FT. P I L C I T  WAS W S I G N F D  FOR THF SECOND TUNNEL FROM CAMP RAY T O  NORTH GFORGF S I N C E  I T  WENT THROUGH SEVERELY F A U L T F D  
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GROUND OF BROKEN CLAY AND ROCK. A T I M B E R  L I N I N G  WAS USED AND I N S E R T E D  AS SOON AS P O S S I B L E .  T H E  ENLARGEMENT PROCESS 
REQUIRED T H A T  THE POOR GROUND BE L I N E D  W I T H  S T E E L  SETS AS THE WORK PROCEEDS T O  PREVENT T H E  C O L L A P S E  OF THE E N T I R E  
ROOF. S T E E L  " B O L I N G  BOARDS" COULD BE USED TO HOLD THE RODE STEADY SO T H A T  WORK COULD C O N T I N U E  S A F E L Y  UNDERNEATH* 
DAMAGE TO THE S T E E L  SETS FROM B L A S T I N G  WOULD NOT B E  GREAT, AND T H E  C A V I T Y  CUT FOR THE P O L L I N G  BOARDS REDUCES THE 
T R A N S M I S S I O N  OF SHOCK WAVES TO THE ROOF. 

Q&=&kQQQQl CONSTRUCTION OF TUNNELS OF NEW T O K A I D O  L I N E  ( GENERAL 1 

PERMANENT WAY SOCIETY,  7 ,  1-22,  1964. THERE ARE 67 TUNNELS OF WIDTH OF 9.6 METERS AND H E I G H T  7.8 METERS ON T H E  NEW 
T O K A I D D  L I N E .  MOST OF T H E  GROUND WAS SOFT ROCK W I T H  MANY F A U L T S  AND MUCH TUNNEL WATER. S T E E L  ARCH SUPPORTS WERE U S E D -  
THE H BEAMS HAVE B R E A K I N G  LOADS OF 145 TONS TO 618 TONS. MOST OF THE TUNNEL WAS L I N E D  W I T H  50-70 CM T H I C K N E S S  OF 
CONCRETE. GROUTING COST CAN BE LOWERED BY U S I N G  A SMALLER PROPORTION OF CEMENT. I N  GROUND WHERE UNEXPECTED TUNNFL 
WATER M I G H T  A R I S E  AND T H E  GEOLOGY I S  V A R I E D  BOTTOM HEADING METHOD I S  PREFERRED. D I F F E R E N T  METHODS OF WORKING WERE 
PERFORMED ACCORDING TO GROUND C O N D I T I O N S .  I N  THE OBORA TUNNEL GPOUND C O N D I T I O N S  WERE S O  BAD T H A T  A " WELL P O I N T  'I 

SAKAMOTQ, S .  E JAPANESE N A T I O N A L  R A I L W A Y S  

PROCESS WAS ADOPTED. T H E  TANNA TUNNEL TOOK 53 MONTHS AND COST 525 YEN PER METER. 

04-64-QlQQ1 S I N K I N G  V E R T I C A L  MINE-SHAFT AT RATE O F  290.5 METERS PER MONTH 

GORNYI ZHURNAL, N 1 ,  40-44,  J A N  1964. S I N K I N G  OF NOVOBUTOVKA SHAFT I N  DONETS B A S I N  U S I N G  S I N K I N G  E Q U I P M E N T  W I T H  
REMOTE CONTROL OF 1 CU-M CACTUS GRAB AND F A C I L I T I E S  FOR I N S T A L L I N G  L I N I N G .  GENEPAL C H A R A C T E R I S T I C  OF E Q U I P M E N T  AND 
O R G A N I Z A T I C N  O F  @PERATIONS.  ( I N  R U S S I A N )  

Z O R I r  A. S .  

&2ftrbft=QZQQ1. THE D R I V I N G  OF THE MONT B L A N C  TUNNEL 

THE M I N I N G  FNGINEER,  PAPER NO. 4 0 0 3 ,  281-2931 F E B  1964. T H E  H I S T O R Y  OF T H E  I D E A  FOR A MONT BLANC TUNNEL I S  
REVIEWED. THE AGREEMENT BETWEEN FRENCH AND I T A L I A N  GOVERNMENT WAS REACHED I N  1958 .  THE TUNNFL WAS BORED FROM THE 

WIDEGREN, G. C A T L A S  COPCO I T A L I A  

NORTH BY T H E  FRENCH, FROM THE SOUTH BY THE I T A L I A N S .  THE TUNNEL I S  HORSESHOE SHAPED W I T H  A H E I G H T  OF 3 1  FT. AND A 
SHOULDER WIDTH OF 29  FT.  D R I L L I N G  AND B L A S T I N G  WAS USED. SEVERAL BAD POCK F A L L S  D E L A Y E D  THE I T A L I A N  CONSTRUCTION. 
MFTHODS O F  OVERCOMING T H E  D I F F I C U L T I E S  4RE DESCRIBED.  BREAKTHROUGH WAS A C H I E V E D  ON 1 4  AUGUST 1 9 6 2 .  T H E  TUNNEL WAS 
EXPECTED TO BE OPEN TO T R A F F I C  BY END OF 1964.  

04-6+=QQl T H E  D R I V I N G  OF 10 M I L E  LONG CANYON POWER TUNNEL I N  T H E  U.S.A. ( WATER-TUNNEL ANFO F A S T - T U N N E L I N G  1 

C I V I L  E N G I N F F R I N G  AND P U B L I C  WORKS RFVIEW, 325-3319 MARCH 1964 .  T H E  POWER TUNNEL CONTRACT WAS AWARDED TO CLANCY 
q1DEL.L CONSTRUCTION Cc). FOR $11,169,895 I N  JANUARY 1962. THE TUNNEL I S  THROUGH G R A N I T E  AND I S  U N L I N E D  FXCEPT I N  BAD 
GROUND. H@RSESHOE SHAPED 1 4  FT.  X 1 4  1/2 F T .  AN 1 1  FT. ROUND I S  USED D R I L L I N G  12 F T .  Y@LES. THE D R I L L  JUMBO C A R R I E S  A 

MACKINTOSH, I. 6. E TAYLOR WOODROW OVERSEAS L T D  

S I G  D Q I F T E R  WHICH D R I L L S  TWO 5 IN. D I A  BURN HOLES, P L U S  S I X  HYDRA BOOM D R I L L S .  A CONWAY 101  E L E C T R I C  LOADER LOADS 10 
CU. YD. GRANRY-TYPE CARS. A F E R T I L I Z E R  GRADE AMMONIUM N I T R A T E  I S  M I X E D  W I T H  F U E L  O I L  AND LOAOED PNEUMATICALLY.  
AVER4GE PROGRFSS 60 TO 7 6  FT/DAY.  CYCLE T I M E  AVERAGES 3 HRS 4 0  M I N .  

QL-64-04QQl D R I V I N G  T H E  HCIMESTAKE TUNNEL ( WATER-TUNNEL DRILL-AND-BLAST 1 
WESTERN CONSTRUCTION, 55-69,  A P R I L  1964.  A 5 1 / 2  M I L E  TUNNEL, F I R S T  PHASE OF A 125  M I L E  L O N G  S E P I F S  OF TUNNELS, 

COLORADO I S  B E I N G  D R I V E N  AT A RATE OF 4 4  F T / D A Y  B Y  QUAD CONSTRUCTION, INC.  AND W. A. S M I T H  CONTRACTING CC'. J O I N T  
LAKFS, RESERVOIRS AND P I P E L I N F S  FOR B R I N G I N G  WATER ACROSS THE C O N T I N E N T A L  D I V I D E  T O  COLORADO S P P I N G S  AND AURORA 

VFNTUP E. THREE MORE HOMESTAKE PqOJECTS WILL B E  B I D  I N  A P R I L  1964.  

Q4-64-04QQZ TUANEL WORK D U R I N G  E L E C T R I F I C A T I O N  OF RAILROAO L I N E S  I L I N I N G  SPRAYED-MOPTAR P L A S T I C - S E P L E R S  
G L A S S - F I B E R - L I N I N G S  D R A I N S  ) 
SPANG, Je E FFDERAL R A I L W A Y  M U Y I C H  GER 

D I E  3 4 U T E C H Y I K ,  ( 4 1  4 1 , 1 8 - 1 2 & ,  A P R I L  1964 .  A SUMMARY OF THE RENOVATION OF THE 57 GERMAN F E D E R A L  R A I L W A Y  SYSTEM 
TUYNELS I N  CONNECTION W I T H  THE E L E C T R I F I C A T I O N  OF THE SYSTEM. PROBLEMS M A I N L Y  WERE I N  CONNECTION W I T H  L I N I N G  AND 
DRAIN4GF.  NEW CONSTRUCT I O N  M A T E R I A L S  REDUCED OVERALL COST. SPRAYED MORTAR 4ND SPRAYED CONCRETF WAS P R A C T I C A L  I N  MANY 
C4SES. USE OF SULFATE P E S I S T A N T  CEMENT REDUCED NEED FOR S P E C I A L  S E A L I N G  M A T E R I A L S .  MANY NFW P L A S T I C  SEALERS ARE 
A V A I L A B L E .  

94-64-QIQQJ. S P E C I A L  CETHCDS I N  CANAL CPNSTRUCTION ( P I P E - D R I V I N G  SEWERS 1 

G4S - UND WASSERFACH, ( 1 0 5 )  NO- 209 533-5399 YAY 1 5 ,  1964.  THE D R I V I N G  OF SEWER P I P E S  CAN RE CCNSIDERED ONE OF T H E  
Y9ST IMPORTANT AND E X T E N S I V E L Y  DEVELOPED PROCESSES FOR THE UNDERGROUND C O V S T Q U C T I 7 N  OF SEWER SYSTEMS. O R I V I N G  I S  DONE 

E L A S T I C I T Y  Clc THF P I P E .  SHORT BYPASSES ARE NOT P O S S I B L E .  T H E  L E V E L  OF GROUND WATFR I S  ALSO I Y P 0 9 T A N T ;  A L L  
C' lYST9UCTION ELEMENTS SH@ULD HAVE THE SAME L I F E .  CONCRETF AND S T E E L  P I P E S  HAVE THE D I S A D V A N T A G F  T H A T  I T  I S  D I F F I C U L T  
T q  PRClTECT THEM FROM CORPOSION. D I F F I C U L T I E S  ARE ALSO ENCOUNTERED I N  THE F O R M A T I O N  OF WELDING SEAMS. D R I V I N G  OF 

KUNTZE, E. 

QYLY WHcN ANY OPEN E X C A V A T I O N  METHOD I S  ECONOMICALLY OR T E C H N I C A L L Y  I M P O S S I B L E .  A P E C U L I A R I T Y  OF T P E  PROCESS I S  THE 

C'JNCPETE P I D F S  APDEARS TO BE MORE S U I T 4 B L E .  DURING PASSAGE THROUGH H I G H L Y  U N F I X E D  S O I L ?  THE I N S T A L L A T I O N  OF 
Y O R I I O N T A L  OR S L I G H T L Y  T I L T E D  BAFFLES I N  THF CUTTER SLEEVE WAS FOUND ADVANTAGEOUS. I T  I S  OF ADVANTAGE T U  I N S T A L L  THEM 
Q I G I D L Y .  FOR THE T R I N S P O R T  OF S O I L  W I T H I N  THE D R I V E  P T P E L I N F ,  THE USE D F  YONORAIL R A I L R O A D S  W I T H  A L A T F Q A L  GUIDANCE 9 Y  
D N E U Y A T I C A L L Y  T I R E D  R O L L E R S  WAS FOUND ADVANTAGEOUS. WHEN THE POSS I P I L I T Y  OF AN FNCOUNTER W I T H  QUICKSAP'D F X I S T S ,  THE 
D q S S I S I L I T Y  OF THE I N S T A L L A T I O N  OF A PRESSURF CHAMBER MUST BE PROVIDED I M M E D I A T E L Y  D U R I N G  THF COYSTRUCTICY OF T H E  
CUTTEQ SLEEVFS. 

Qft16Ld!bQQl T H E  SCHOnL OF M I N E S  AT WEST V I R G I N I A  U N I V  ( RESEARCH EDUCATION 1 

Y I N I N G  CONGQFSS JOURNALv ( 5 0 1  N 61 36-40,  JUNE 1964.  M I N E R A L  E N G I N E E R I N G  EDUCATION AND RESEARCH I N  W. VA. ARE 
CENTERED I N  T'E SCHOOL OF M I N E S  AT W. VA. U N I V .  I N  MORGANTOWN. THE SCHOOL OFFERS TWO UKDFRGRADUATE CURRICULA:  M I N I N G  
= N G I N F E R I N G  AND PETROLEUM ENGINEERING.  RESE4RCH I S  D I R E C T E D  TOWARD: 1 )  COAL U T I L I Z A T I O N  RESEARCH, 2 )  M I N I N G  
QFSFARCH, ANn 7 )  PETRDLFUM AND NATURAL GAS PRODUCTION AYD RECOVERY RESEARCH. THE BUREAU OF R E S F 4 R C H  IS M A I N L Y  
CONCFSNFD WITH LOOKIC'C. TOWARDS NEW MARKETS AND NEW USES FOR W e  VA. COAL. PETROLEUM PPODUCTION RESFARCH HAS ALSO BEEN 
FEATURED. COUPSES OFFERED I N  THE SCHOOL E X T E N S I O N  INCLUDE:  M I N E  GASES, M I N E  V E N T I L A T I O N ,  M I N E  F I R E S  AND 

S E I Y G  PEVFLOPED I N  SEVERAL M I N E R A L  AREAS, SUCH AS B E N E F I C I A T I O N ,  GFOPHYSICS,  AND F U E L  TECHNOLOGY. 

HOLLAND, C .  T. C U N I V  WEST VA 

FXPLOSIONS,  HAULAGF, DRAINAGE,  EXPLOSIVES,  AND OTHERS. E X P A N S I O N  OF T H E  SCHOOL'S PROGRAM I S  NEEDED. CURRICULA ARC 

E4-64-QZQQJ QOTARY AND PERCUSSION D R I L L S  ( B L A S T 1  NG-EQUIPMENT ) 

UESTFQN C O N S T R U C T I r Y ,  bh-69,  J U L Y  1964.  A CONCISE COMPARISON BETWEEN THE TWO TYPES OF D R I L L S .  P E Q C U S S I O N  D R I L L S  
4 9 F  Y'3RE OFTFY U S E 0  FDR SURFACE D R I L L S .  ROTARY D R I L L S  AQE MORE OFTEN USED FOR DEEP WELL D R I L L I N G .  

&26&=119QQl. A Z T E A  TUNNEL D R I V I N G  B E G I N S  ( MOLE WATEQ TUNNELS GEOLOGIC-EXPLORATION 1 

WESTF9N CONSTRUCTION, 64-66, AUG 1964. A 12.7 M I  WATER TUNNEL I N  NOQTHERN NEW M E X I C O  WILL RE BORED @Y A T U N N E L I N G  
RELLPORT,  B. P. E U.S. BUQ P F C L  DFNVER COLO 

Y 4 C H I N E  TO BF PURCHASE@ BY THE CONTRACTING J O I U T  VENTURE F I R M  OF GIBBONS AND REED CO, BOYLES BROS. D R I L L I N G  CO, AND 
DUG4N GQAHAY CO. THE TUNNEL W I L L  BE C I R C U L A R  I N  S E C T I O N  W I T H  F I N I S H E D  D I A M E T E R  OF 10 FT.  1 1  IY. L I N E D  W I T H  9 I N .  OF 
CONCRETE. THE BUREAU UNDERTOOK AN E X T E N S I V E  GEOLOGIC E X P L O R A T I O N  PROGRAM-*CONVENTIONAL CORE D R I L L I N G ,  A IRBORNE 
MAGYFTDMETES SURVEYS, GROUYO MAGNETOMETER, AND GRAVIMETER SURVEYS, S E I S M I C  R E F L E C T I C N  AND R E F R A C T I O N  

IT 
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D E T E R M I N A T I O N S  B I D D E R S  WERE ALLOWED O P T I O N  OF B I D D I N G  ON C I R C U L A R  OR HORSESHOE SECTIONS.  WHERE ROCK BOLTS ARE 
REQUIRED TI-EY MUST BE I N S T A L L E D  W I T H I N  8 HRS. AFTER B L A S T I N G  (OR C U T T I N G )  OF THE HEADING.  

Q&=bft=Q&QQZ COLLEGE @F M I N E R A L  I N D U S T R I E S  PENN S T A T E  U N I V :  M I N I N G  E N G I N E E R I N G  ( EDUCATION RESEARCH 1 

M I N I N G  CONGRFSS JOURNAL, (501 N 8 ,  86-91, AUG 1964. W I T H I N  A R A D I U S  D F  1 2 5  M I  OF THE U N I V E R S I T Y ,  M I N E S  ARE LOCATED 
WHICH REPRESENT VARIOUS TYPES OF M I N I N G .  NO S P E C I A L I Z A T I O N  I S  ATTEMPTED AT THE UNDERGRADUATE L E V E L .  APPROXIMATELY 
ONF-THIRD OF T H E  GRADUATE STUDENTS WORK I N  T H E  OPERATIONS RESEARCH AREA. P L A N S  ARE UNDERWAY TO DEVELOP A GRADUATE U N I T  
DEVOTED T O  M I N E  MANAGEMENT AND ECfINOMICS. TODAY, ONLY F I V E  OF T H E  70 STUDENTS ENROLLED ARE REGULAR FOUR-YEAR STUDENTS, 
T H E  REST CHOOSING T H E  "CO-OP" PROGRAM. BEQEF I T S  OF THE "CO-OP" PROGRAM INCLUDE:  1)  P R A C T I C A L  EXPER I E N C E  ( T O T A L I N G  
TWO Y E A R S ) ,  2 1  ALTERNATE WORK AND SCHOOL QUARTERS, 31 E A R N I N G  OF MONEY, 4 )  CHANCES W I T H  C E R T A I N  COMPANY AFTER 
GRADUATION. PRESENT RESEARCH CONTRACTS INCLUDE:  1) I N V E S T I G A T I O N  OF E F F E C T I V E  MEASURES TO COMBAT M I N E  D I S A S T E R S ,  
2 )  O P T I M I Z A T I O N  OF COAL C I N E  SYSTEMS FOR LOW-COST M I N I N G ,  3 )  I N V E S T I G A T I O N  OF THE T E C H N I C A L  ASPECTS I N  THE CONTROL AND 
D I S P O S A L  O F  M I N E  WATFR T O  M I N I M I Z E  STREAM P O L L U T I O N ,  4 )  IMPROVEMENTS OF B L A S T I N G  T E C H N I Q U F S  I N  SURFACE M I N I N G ,  5 )  
UNDFRGROUND STRESS INSTRUMENTATION,  6 )  S T R I P  M I N E  L A N D  RECLAMATION,  7 )  I N V E S T I G A T I O N  OF F A I L U R E  PHENOMENA D U R I N G  

STEFANKO, R. G PENN STATE U N I V  

D R I L L I N G .  

Qft=4k.Q8QQ2 COLLEGE DF M I N E R A L  I N D U S T R I E S  PENN S T A T E  U N I V :  M I N I N G  PREPARATION ( RESEARCH E D U C A T I O N  1 

M I N I N G  CONGRESS JOURNAL1 ( 5 0 )  N 9, 89-92, AUG. 1964. T H E  RESEARCH PROGRAM I S  ONE OF T H E  L A R G E S T  ACADEMIC 
E N T E R P R I S E S  OF I T S  NATURE I N  THE COUNTRY. THE O B J E C T I V E  OF THE CURRICULUM HAS BEEN T O  F U R N I S H  THE STU9ENT W I T H  A 
S O L I D  B A S 1  S OF THE SCIENCES,  THE COMMUNICATION MEDIA,  T H E  E N G I N E E R I N G  FUNDAMENTALS1 AND T H E  D E S I R A B L E  E N G I N E E R I N G  
S D E C I A L T I E S  UPCIN WHICH TO DEVELOP A B A S I C  P H I L O S O P H Y  AND TECHNIQUE.  T H E  CURRICULUM I N C L U D F S  COMPUTER PROGRAMMING AND 
IPISTRUYENTAL A N A L Y S I S .  THE COURSES I N  MINERAL PREPARATION E N G I N E E R I N G  I N C L U D E  LABQRATORY TECHNIQUES,  U N I T  OPERATIONSp 
COAL PREPARATION,  FLOW SHEETS AND F I E L D  T R I P S .  THE CURRENT RESEARCH PROGRAM I N C L U D E S  NUMEROUS COAL-ORIENTED 

E L E C T R O K I N E T I C  S T U D I E S .  

L O V E L L ,  H. L. C PENN S T A T E  U N I V  

S T U D I E S  I W C L U D I N G  PRCIBLFMS ASSOCIATED W I T H  THE CULM REFUSE BANKS, F I N E  COAL. CLEANING,  COAL G R I N D A B I L I T Y  9 AND 

Q4-64-08QQ4 COLLEGE OF M I N E R A L  I N D U S T R I E S  PENN S T A T E  U N I V :  M I N E R A L  ECONOMICS ( EDUCATION RESEARCH 1 

MTNING CONGRFSS JOURNAL, ( 5 0 )  N 8, 59-94. AUG. 1964. THE UNDERGRADUATE CURRICULUM ILI M I N E R A L  ECONOMICS AT PENN 
S T A T E  I S  DESIGNFD T O  T R A I N  STUDENTS TO GO I N T 3  THE MANAGEMENT PHASE OF THE M I N E R A L  I N D U S T R I E S .  I T  COMBINES THE STUDY 
r)F THE FUNDAMCNTALS D F  T H E  VARIOUS F I F L D S  THAT MAKE IJP THE MINERAL. SCIENCES AND TECHNOLOGIES W I T H  ECGNOMICS AND 
Y4NAGEMEYT. DURING THE SENIOR Y E A R 1  A S F M I N A R  AND A M I N I N G  F I E L D  T R I P  ARE OFFERED TO THE STUDENT. RES EAP C H  

I S  THE A P P L I C A T I C N  OF OPEPATIONS RESEARCH T E C H N I Q U E S  TO PROBLEMS OF MINERAL SOURCE DEVELOPMENT. 

04-64-11QQl D R I V I N G  1245 M OF D R I F T  PER MONTH U S I N G  PK-3 T U N N E L I N G  MACHINE 

UGOL Y 11, 24-27, 1964. D 4 T A  ON PERFORM4NCE O F  T U N N E L I N G  MACHINE PK-3 I N  POLYSAEVSKAYA 2 COAL V I N E  I N  KUZNFTSK 

RIDGE,  J. D. 

PROJECTS VARY WIDELY;  FOR FXAMPLE, WORK IS B E I N G  DONE I N  I N V E S T I G A T I N G  THE NONFUEL USES OF CARBON. ALSO I N V E S T I G A T F D  

ARRAMOV, A. N. + KOLOMIN, G. A. 

S A S I N .  LAYOUT OF EQUIPMENT AND O R G A Y I Z A T I O N  OF LASOR DESCRIBED.  ( I P !  R U S S I A N )  

Q 4 ~ 6 + l a Q J  P L A N N I N G  AND REPL I Z A T I O N  O F  LARGF CROSS-SECTION TUNNEL CONSTPUCTIONS I HIGHWAY-TUNNELS RAILROAD-TUNNELS 
B L A S T I N G  C@?T-COMP4RISON SWITZERLAND SWEDEN L I N I N G S  ) 
HFRRYANN, H. V. C L O S I N G E R  CO BERN 

S S H V F I Z E R I S C H E  R A U Z F I T U N G  ( S W I S S  B U I L D I N G  JOURNAL) ( 8 2 )  N 5 0 1  873-881, DEC. 10, 1964. L E C T U R E  G I V E N  D U R I N G  
? L A S T I N G  COURSE FCIQ E N G I N F E P S  I N  OCTOBER 1963. SWEDISH E X P E R I E N C E  I N  TUNNFL CONSTRUCTION FOR F O R T I F I C A T I O N  AND POWER 

~ r P Y O M I C A L  WHERF GEOLOGY P F P C I T S  USE. QOMOGRAPHS SHOW R F L A T I O N S H I P  OF COSTS. M E C H A N I Z A T I O N  AND A U T O Y A T I O N  ARE 
YFCESSARY BFCAUSF OF SHCIRTAGE OF L A B 0 9  AND H I G H  I N V E S T Y F N T  CCJST OF MACHINES. T A B L E S  SHOW IMPROVEMENT I N  P R O D U C T I V I T Y  
"UE TO I N f R F A S I N G  DFPTH DF PQUND UP TO 5 METFRS. D E T A I L E D  T R A I N I N G  OF M I N E R S  BECOMES NECESSARY BECAUSF OF D I V I S I O N  OF 
L A 8 0 4  NEEDED I'd LARGF RflRES. COMPAPISClN YA9E PF T Y P F S  OF CUTS. D I S C U S S E S  PROBLEMS OF FAULTY SHOT POLF D R I L L I Y G .  

Q4-64-EQQ2 CCMcTRUCTIf?N OF R A I L R O A D  TUNNCLS I N  THEORY A Y n  P Q A C T I C E  f GFPMAN-METHOD 1 

P L P N T S  AGREFS W I T H  CONCLUSIOYS FROM S W I S S  WORK. E X C A V A T I O N  OF F U L L  S E C T I O N  ON TUNNELS 7F T O  130 SQ. YETERS I S  MOST 

OnTTHAST H. E DORMUND GFRMAYY 
T I F F S A U ,  ( 6 1  Y 12,  1003-10119 lS64. THE AUTHOR D I S C U S S F S  THE CONSTRUCTION OF R A I L R O A D  TUNNELS I Y  TWC PARTS: P A R T  I 
IS P u B L I s H E n  HFRF.  THE AUTHOR G I V F S  AN OVEQALL V I F W  CIF TODAY'S S T A T E  OF TECHNOLOGY I N  TUYNEL CCNSTPUCTION. T Y F  
IMPCIRTANCF O F  A GFOLCGICAL E V A U A T I O N  OF THF M O U Y T A I N  RANGE AND THE SURVEY I S  STRESSED. THE CONSTRUCTT7N METHODS 
I;USTr)MA'?Y I N  GFR'JPN RAILPOAC!  TUNNFL CONSTRUCTICIY AS WELL AS THE TEMPqRARY AND F I N A L  L I N I N G  PROCESSES APE D I S C U S S E n  IN 
n F T A  IL .  T H F  IMPORTAYCF 3F D Q A I N A S F T  V F N T I L A T I f l N t  AND SAFETY N I C H E S  IS STRESS€@. 

D4-64-13QQZ R A P I P  n R I V T N G  OF I N C L I N E  RY PK-3Y T U P N E L I N G  MACHINE ( ' i H 4 F T - S I N K I N G  ) 

I J G O L t  N I n ,  11-13, DFC 1964- D U R I N G  A 31 D A Y  P E R I n D  1205.6 OF I V C L I N E S  WEPE D R I L L E D  I N  NO. 27 COAL M I N E  "F 
VnRKUTA. THF ANGLF n F  THF I Y C L I N F S  WAS 9 DEGRFES TO 9 DEGREES. F S U I P Y E N T  USER ANn O R G A N I Z A T I O N  OF MANPOWER I S  
nFSCQIRFO. ( I N  R U S S I A Y )  

Q4=14-17QQ3 TlJNNEL D P I V I l r ' G  MCTHflnS ( S H I E L D S  L I N I N G S  P R F F A S R I C A T E D - S E C T I @ N S  1 

C U G I Y E E 9 I Y G  AYD CONTPACT RETIRO,  49-57, DFC 1964.  GREATHEAP S H I E L D S  ARF NORMALCY USEP ON A L L  T U Y Y E L S  I Y  SCIFT 
I;RrlU'dO. ROTA'JY nTGGFP S H I F L n S  ARF FA' jTEQ BUT UNECONOMICAL OY SHORT TUNNELS. PRFSSURE W C R K  (COMPRESSED A I R )  F n R  
I lVnFQWATEP CROSSINGS HAS RFCOYF SPFFR AND FASTFQ.  CUNCRETF AND CAST I R O N  L I N I Y G S  4RF THE MOST POPULAR. QECFNT T F S T S  
I N D I C A T E  THAT CAST I R P N  L I N I Y G S  I N  L I N n n N  ARF AS STRVNG TODAY AS THEY WERF WHEY PLACED R O  YEARS AGO. P R E F A B P I C A T E D  
S T F c L  OR CONC9ETE TUb!NFL S F C T I f l N S  WHICH CAN 9E F L O A T E D  TO THE J O B  AYP SUVK I N T O  P O S I T I O N  A P F  ! N C Q E A S I N G L Y  POPULAR FOP 
UYPFQW4TER T U Y N E L I Y G .  S P S T  COMPAPISOY RETWEFY S H I F L D S  AND SUNKEhl TURFS I S  D I F F I C U L T .  

RYLYYKA,  G -  K. + 3 A R U L I N v  V. T. 

N ~ 2 K ~ F W I c Z ~  T. M. + RAMSAY, J. A .  E W e  S .  A T H I N S  AND A S S 0  TORONTO 

Q4-55-QLQQl TYE C"N'iTRUCT1ON CF R A I L R 0 4 D  TUQNFLS I Y  THF7RY AYD P R A C T I C E  ( L I N I N G S  POWER-EQUIPMFNT MUCKING-YACHINFPY 
SPRAY-CONCQFTE B L A S T I N G  AIR-DUCTS S E A L I N G  WATE9-DRAINAGE 1 
PC'TTHAST, Y. 

T I F F R A U ,  ( 7 )  37-40, J A Y  1964.  P4RT I 1  THE 4UTHOR G I V F S  A FFW P R A C T I C A L  FXAMPLFS OF PODERN TUNYFL CTh'ST9UCTI@FI.  
THF THRFF T U N Y E I S  D I S C U S S F D  RECAME NECFSSARY R Y  THF NEW LCJCATION OF THE R A I L R O A D  I N  T H E  AREA CJF THE O I G G F  DAM 
( S A U F R L A N D )  UYDFR CONSTRUCTI@Y.  WORK I N  T H E  E P R S C H E I D  TUYNEL OF ABFUT 1000 Y LENGTH I S  OESCRIBEO I N  P A Q T I C U L A Q  

4 5  THE SHAoF I F  T H F  PORTALS. DATA ON THF M A T E R I A L  CnNSUMPTION AND C A P A C I T I E S .  ( I N  GFPMANI .  

Q5=45-@3OU CLYDE TULINFL: CONSTRUCTICNAL PROSLFMS ( SUPAQUEOUS 1 

T V q T .  PF C I V I L  ENGINFFRS,  323-3461 M4RCH l Q 6 5 .  THF CLYDE TUNNEL I S  29  F E E T  6 I N C H E S  I N  I N T E R N A L  D I A M E T E L .  T h E  

3 F T A T L :  D P I V I Y G  OF THF TUNNELS, F X C A V A T I O N  n F  THE E N T I Q F  TUNNFL P R O F I L F ,  CONCRETE WORK1 S E A L I N G  AND D R A I N A G F ,  AS WrLL 

k"nXTOL\I, & e  F. + WHYTF, H. F .  E C H 4 S  ORAND AND SON L T D  
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PROGRESS O F  T H E  WORK WAS HURT B Y  THE V A R I A B L E  S T R A T A  ENCOUNTERED WHICH N E C E S S I T A T E D  ADVANCE GROUND TREATMENT. THE 
TUNNEL WAS DUG U S I N G  S H I E L D S  AND COMPRESSED-AIR WORKING C O N D I T I O N S .  THE REQUIREMENT FOR LOW-PRESSURE A I R  WAS M I N I M U M  
C A P A C I T Y  D F  24,000 C U B I C  F T / M I N  OF F R E E  A I R  W I T H  AN INDEPENDENTLY-POWERED STANDBY OF 5,000 C U B I C  F T / M I N *  THE S H I E L D S  
WERE 32 F E E T  4 INCHES I N  EXTERNAL DIAMETER,  14 F E E T  4 I N C H E S  LONG A T  THE S O F F I T  AND 11 F E E T  4 I N C H E S  L O N G  AT I N V E R T -  
WHEN THEY KNEW THAT THE S H I E L D  WOULD RUN OUT OF A F U L L  FACE OF ROCK THE PLUG AND FEATHER METHOD WAS USED. THE SUCCESS 
OF T H I S  METHOD I S  THE R E S U L T  OF B E I N G  ABLE T O  M I N E  E A S I L Y  I N T O  THE TOP OF T H E  FACE SO T H A T  THE LOWER L A Y E R S  COULD B E  
BROKEN O F F  FROM ABOVE BY HAND QUARRYING. 

Q~IS=Q~QQ~ HIGHWAY TUNNELS ( COST ROCK-BREAKING GEOLOGIC-EXPLORATION L I G H T I N G  V E N T I L A T I O N  1 

T E K N I S K  UKEBLAD,  ( 2 5 )  212, 533-40, JUNE 24, 1965. D E S I G N  AND CONSTRUCTION OF HIGHWAY TUNNELS W I T H  S P E C I A L  
REFERENCE TO NORWEGIAV C O N D I T I O N S .  TUNNEL CONSTRUCTION HAS I N C R E A S E D  CONSIDERABLY D U R I N G  RECENT YEARS DUE TO A HIGHER 
DEMAND FOR BETTER ROAD CURVATURE AND S A F E  ALL-YEAR ROADS I N  THE MOUNTAINS. GREAT PROGRESS I N  ROCK B L A S T I N G  TECHNIQUES 
HAS C O N T R I B U T E D  FURTHER TO T H I S  DEVELOPYENT. THE MECHANICAL P R O P E R T I E S  OF THE ROCK I N  T H E  I N T E R I O R  OF THE MOUNTAINS 
MAY S T I L L  BE REGARDED AS T H E  MOST D U B I O U S  FACTOR I N V O L V E D  I N  TUNNEL CONSTRUCTION. HOWEVER, IMPROVED METHODS O F  
GEOLOGICAL I N V E S T I G A T I O N  HAVE TO A LARGE EXTENT REDUCED THE R I S K  OF M E E T I N G  UNEXPECTED WORKING C O N D I T I O N S .  L I G H T I N G  

FOSSHEIM,  S. J .  E. M I N I S T E R  OF TUNNELS NORHAY 

AN@ V E Y T I L A T I N G  PROBLEMS ARE D E A L T  W I T H  AT LENGTH. ( I N  NORWEGIAN) 

94-65-QzQQl HIGHWAY TUNNELS I DRAINAGE SUPPORTS GROUND-WATER S E A L I N G  COSTS 1 

T E K N I S K  UKEBLAD,  (261 1127 561-65, J U L Y  11 1965. I N  A P R E C E D I N G  A R T I C L E  THE AUTHOR D I S C U S S E D  GENERAL P R I N C I P L E S  OF 
TUNNEL DES I G N  AND CONSTRUCTION. T H I S  A R T I C L E  D I S C U S S E S  MORE D E T A I L E D  T E C H N I C A L  PROBLEMS I N  TUNNEL CONSTRUCTION 
TNCLUDING D R A I N I N G  AND S E A L I N G  PROBLEMS. I T E M I Z E D  UP-TO-DATE COST DATA ARE G I V E N  FOR TUNNELS I N  NORWAY AND--FOR 

NO RWEG I 4 R  1 

FOSSHEIM,  S. J. G M I N I S T E R  OF TUNNELS NORWAY 

CnMPARISON- -CORRESPONDING DATA FROM SWITZERLAND WHICH, Q U I T E  NATURALLY,  I S  A L E A D I N G  COUNTRY I N  TUNNEL TECHNIQUES.  I I N  

04-65=aQQJ HIGH-SPEED TUBE TRANSPORTATION ( NORTHEAST CORRIDOR 1 

S C I E N T I F I C  AMERICAN, 30-40, AUG 1965. THE PAPER D I S C U S S E S  T H E  P O S S I B I L I T Y  O F  H A V I N G  A T U B E  T R A I N  FRDM BOSTON TO 
WASHINGTON. T H E  PAPER D I S C U S S E S  THE ADVANTAGES OF SUCH A SYSTEM. TECHNOLOGY I S  PRESENT TODAY FOR I T S  CONSTRUCTION. 

EDWARDS, L. K. 

I T  WOULD WCRK CN T H E  P R I N C I P L E  O F  P N E U Y A T I C  PRESSURE. WHAT I S  NEEDED I S  A FASTER MEANS OF TUNNELING.  

Q&S=Q9QQl MODERN L I G H T I N G  SYSTEM D E S I G N  FOR THE HOLLAND TUNNEL 

I E E '  T P 4 N S A C T I O N  ON I N D U S T R Y  AND GENERAL A P P L I C A T I O N S ,  ( I G A - 1 )  N 5, 339-3429 SEPT 1965. I N  1927 T H F  L I G H T I N G  
SYSTEM C n N S I S T E D  OF INCANDESCENT LAMP. I N  1960 I T  WAS D E C I D E D  TO MClDERNIZE T H I S  SYSTEM. T H I S  PAPER D E S C R I B E S  T H E  
DEVELOPMENT OF T H I S  PROJECT FROM I T S  I N C E P T I O N  TO I T S  COMPLETION. 

F ISHMAN,  I. 

04-65-LlQQ1 THE " S I L F N T "  D R I L L S  WHERE THEY STAND NOW ( N O I S E  SAFETY 1 

ROCK PPQDUCTS9 (6r)) 62-63, NOV 1965. D E S I G N  CHANGES HAVE E L I M I N A T E D  T H E  E F F I C I E N C Y  L O S S  OF T H E  E A R L I E R  S I L E N C E D  
DALY, J. J. 

D R I L L S ,  AND FUTURE YODELS MAY EVEN SURPASS CONVENTIONAL U N S I L E N C E D  MACHINES. 

D4-66-09QQl THE SEERTHRUST SYSTEM ( P I P E - J A C K I N G  PEDESTRIAN-TUNNELS 1 

THF A U S T R A L A S I A N  ENGR., 43-44, SEPT. 1966. A P I P E - J A C K I N G  SYSTEM DEVELOPED I N  B R I T A I N  ALLOWS F U L L  S I Z E  RECTANGULAQ 
S E C T I O N  PFDESTRTAN TUNNELS TO BE CONSTRUCTED WITHOUT U S I N G  CUT AND COVER METHODS. P I P F S  UP TD 7 F T  X 8 F T  CAN RE USED. 
LFNGTHS UP TO 1000 F T  HAVE REEN COMPLETED BY U S I N G  I N T E R M E D I A T E  J A C K I N G  S T A T I O N S .  

04-46-12QQl BART TRANS-BAY TUBE ( UNDERWATER-TUNNEL 1 

C I V  ENG ( N Y ) ,  (36) N 18, 51-51 DEC. 1966. UVDERWATER S E C T I O N  (3.6 M I )  OF SAN F R A N C I S C O  SAY AREA R A P I D  T R A N S I T  

STEWAPT, J .  & WM F RFES (CONSTR)  SURREY ENGL 

YURPHY, G. J. + TANNER, D. Ne 

SYSTFM I S  NOW S E I N G  I N S T A L L E D  AS 57 BINOCULAR-SHAPED TUBES EACH 273 TO 366 F T  LONG, 47 F T  WIPE AND 24 F T  H I G H  S E C T I O N S  
4PE F A B R I C A T E D  AND LAUNCHED ON S L I D I N G  WAYS BY BETHLEHEM STEEL,  THEN O U T F I T T F D ,  TOWED T O  P @ S I T I O N  AND SUNK TO ABOUT 125 
F T  DFPTH UNOER SAN FRANCISCO BAY: S P E C I A L  P R O V I S I O N  I S  MADE TO ACCOMMODATE D I S P L A C E M E N T S  DUE TO EARTHQUAKES; S P E C I A L L Y  
'IFVELOPED RURREP J O I N T  PROVIDES FOR 7 I N .  V E R T I C A L  AND 4 I N .  H O R I Z O N T A L  OR L O N G I T U D I N A L  MOVEMENT OF TUSE AT F I X E D  
V E N T I L A T I O N  SU I L D I N G S .  

Q4-67-Q3QQ1 WHERE D R I L L I N G  RESEARCH STANDS TODAY ( RIG-AUTOMATION D I P E C T I O N A L - D R I L L I N G  C E M E N T I N G  1 
HUTCHISON, S .  0. & STANDARD O I L  CO C A L  

THE O I L  AND GAS JOURNAL, (65) 84, MAP 27, 1967. THE SURVEY REPORT MADE B Y  THE STANDARD O I L  COMPANY CIF C A L I F O R N I A  
C)F C!RILLING RESEARCH WAS ADAPTED FROM A PAPER PRESENTED 17 FEBRUARY 1967 A T  THE AAODC ROTAPY O R I L L I Y G  CONFERENCE I N  

P P F S F N T  DATA ON EXPENDITURES AND BUDGETS RELATED T O  D R I L L I N G  RESEARCH. 

Q$&z=EQOJ A N A L Y S I S  OF P E D E S T R I A N  C I R C U L 4 T I O N  THROUGH TUNNEL NETWORK I CANADA ) 

T R 4 F E I C  QUARTERLY, (81) N 8, 229-35, APR 1967. CARLETON U N I V E R I T Y ,  OTTAWA, ONT. STARTED CONSTRCCTING P E D E S T R I A N  
TUNNFLS BFTWEEN A L L  MAJDP B U I L D I V G S  AND P A R K I Y G  L O T S  A 3 3 U T  7 YR AGO; O R I G I N A L L Y ,  STANDARD D E S I G N  WAS U S E D  AND SFVEN 
B U I L D I N G S  AYD ONE LARGE P A R K I N G  LOT HAVE SEEN CONSTRUCTED; R A P I D L Y  I N C R E A S I N G  ENQOLLYENT AND U N I V E R S I T Y  E X P A N S I O N  HAVE 
L E D  T q  CONGESTION PROBLEMS I N  SEVERAL PORTIONS OF SYSTEM; STUOY FOR D E S I G N  OF TUNNEL SYSTEM AND B U I L D I Y G  A D D I T I O N S  
CDNSIDERTNG BOTH P E D E S T R I A N  C I R C U L A T I O Y  PATTERNS AND TUNNEL C A P A C I T Y ,  W I T H  ADDEO C O N S T R A I N T  OF I O - M I N  INTERCHANGE T I M E  

YCIUSTCN E N T I T L E D  "PRFSENT STATUS OF D R I L L I N G  RESEARCH." THE REPORT SUMMARIZES THE S T A T E  OF TYE ART. TWC T A B L E S  

HAAS, G. + MORRALL, J e  F. 

S F T d E E N  ANY TWO P O I N T S ;  T A B L E S  AND CHARTS SHOW RESULTS @ F  STUDY. 

Q4-67-QhQQl THE WATERPROOF S L I D I N G  REIYFORCED CONCRETE R I N G  L I N I N G  OF THE FROZEN AUGUSTE V I C T O R I A  8 SHAFT ( 
S H A F T - S I N K I N G  QUICK-SAND F R E E Z I N G - S O I L  1 
LUTGFNDORF, H. 0. 

GLUECKAUF, (103) 1 2 ,  553-5609 J U N E  1967. S I N C E  1901, THE S H 4 F T S  OF THE AUGUSTE V I C T O R I A  BTTUMINOUS COAL M I N E S  WERE 
4 L L  SUYK THROUGH A QUICKSAND-BEARING OVERBURDFN RY A F R E E Z I N G  MFTHOD. THE F R E E Z I Y G  DEPTHS VARY FRCM 121 M TI? 227 Y ANU 
T Y E  T Y I C K N E S S  OF THE FROZEN L I N I N G  I N C R E 4 S F S  PROpORTION4TELY.  SHAFT NO. 8 PROBLFMS AND D E S I G N  D E S C R I B E D  I N  D E T A I L .  

Q4-67-06QQ2 STATE OF UNDERGROUND AUTOMATION I N  THE GERMAN COAL M I N I N G  I N D U S T R Y  ( AUTOMATIC-MINES CONVEYORS t 

GLUFCKAUF, ( 1 0 3 )  13, 631-6357 J U N E  1967. AUTOMATION OF THE GERMAY COAL Y I N F S  WAS UNDERTAKEN T O  REDUCE THE NUMBER 
OF PERSCINS I N  THE M I N E S T  HANDLE JOBS WHICH OVE9TAXFD T H E  P Y Y S I C A L  AND Y E N T 4 L  RESOURCES F F  THE WORKER, AND TO M A I N T A I N  
T H E  SPEED OF T H E  FAST TUNNELING-MACHINFS.  SAFFTY OF PFRSOVNEL S T I L L  W I T H I N  T H E  M I N E S  HAS REEN GREATLY I M p 9 0 V E O .  

OLAF, J. 

afr=4E&QQ3 M I V F  SYSTEMS DESIGN:  THE NEXT EFFORT W I L L  FOCUS ON T U N N E L I N G  ( MOLES R O C K - D I S I N T E G R A T I C N  GROUND-CONTROL 
YATERIALS-CONTROL ENVIRONMFNTAL-CONTROL GEOLOGY 1 
HPWAPD, T.  E. C U.S. BUR M I N E S  WASH D.C. 

E N G I N E E R I N G  AND M I N I N G  JOURNAL, 158-1637 JUNE 1967. T U N N E L I N G  NEEDS OF THE N A T I O N  FOR E S S E N T I A L L Y  C C Y V E N T I O N A L  
PURPOSES W I L L  GROW AT A R A P I D  RATE BUT THF TECHNOLOGY OF T U N N E L I N G  I S  NOT ADVANCING R A P I D L Y  ENOUGH TO K E E P  PACE. 
RFSE4RCH AND DEVELCPMENT MUST R E  UNDERTAKEN TO SPEED UP T U N N E L I N G  TECHNOLOGY. T H E  PROBLEMS ARE I N T E R D I S C I P L I N A R Y  AND 
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MUST I N V O L V E  MANY TYPES O F  ENGINEERS, S C I E N T I S T S ,  MANUFACTURERS AND CONTRACTORS TO F I N D  NEW AND FASTER, ECONOMICAL WAYS 
OF BREAK1 NG ROCK, TRANSPORTING M A T E R I A L S ,  CONTROL THE GROUND AND THE ENVIRONMENT. 

Q431=Q1QQl  P R A C T I C A L  A P P L I C A T I O N  OF OPERATIONS RESEARCH I N  M I N E  P L A N N I N G  ( SYSTEMS-ANALYSIS 

GLUECKAUF, ( 1 0 3 1  1 4 ,  663-669,  JULY 1907 .  THE NATURE AND L I M I T A T I O N S  OF O P E R A T I O N S  RESEARCH ARE G I V E N  FOLLOWED BY 
TWO EXAMPLES: P L A N N I N G  O F  A NEW H O R I Z O N  I N C L U D I N G  V E N T I L A T I O N ,  TUNNEL SHAPE A N 0  V E R T I C A L  H O I S T I N G  AND T H A T  O F  A M A I N  

D O R S T E W I T Z t  G. 

HAULAGE ROAD I N  T H E  FWALD-KOHL AG. ON THE B A S I S  OF THE TWO EXAMPLES, USEFULNESS OF OPERATIONS RESEARCH WAS 
DFMOYSTRATED. MAJOR AnVANTAGES DUE T O  R E L I A B L E  COST DATA FOR MANAGEMENT D E C I S I O N .  

&-4fi121092 T H E  M I N I N G  SUPPLY INDUSTRY AT THE HANOVER F A I R  I N  1967 ( TUNNELING-MACHINE T R U C K I N G  D R I L L I N G  FORMS L I N I N G  
CONVEYORS ) 
BACHSTROFM, R. H. 

GLUFCKAUF 713-731 9 JULY 1967 T H E  OUTSTANDING E Q U I P M E N T  P E R T A I N I N G  TO M I N I N G  E X H I B I T E D  AT T H E  M I N I N G  SUPPLY 
I N D U S T R Y  F A I R  AT HANOVERT GERMANY WERE T U N N E L I N G  MACHINES ONE WEIGHING 33 TONS W I T H  A TOOTHED ROLLER B I T ,  D R I L L I N G  1.98 
TP 2.30  METER DIAMETFR HOLF A T  1 5  METERS PER TWO S H I F T  DAY I N  800 TO 2000 KG PER SQ. CM L I M E S T O N E  H A V I N G  220 K V  POWER 
AND 4NOTHER W I T H  30 C A R B I D E  T I P P E D  TOOLS ON A ROTATABLE AND D I S P L A C E A B L E  ROCKING SHAFT H A V I N G  50  T O  90 KW POWER, CUTS 
11 TO 17 SQ METER CROSS S E C T I O N S  AT 7.5 METERS PER S H I F T  I N  ROCK V A R Y I N G  FROM 350 TO 600 K P  PER SQ. CM; A NEW 
C A T E P P I L L A R  TRFAD CUTTER AND LOADER INCREASED OUTPU? 6 0  PERCENT OVER D R I V I N G  W I T H  B L A S T I N G ;  A S I D E  DUMPING LOADER 
H A V I N G  COMPRES'iED A I R  P I S T O N  MOTOR D R I V E S  ON EACH C A T E R P I L L A R  TREAD AND A H Y D R A U L I C  SHOVEL; A NEW L I N E  O F  D I E S E L  A I R  

4 CONCRFTF SPRAYING 4ND I N J E C T I O N  U N I T  OPERATING AT 5 TO 60 KG PER SQ. CMT S I M P L E  AND E A S I L Y  A L I G N E D  ALUMINUM FORMS FOR 
STOPES AND TUNNELS; A ONE METER DIAMETER CORE D R I L L  W I T H  6-TOOTHED ROLLER D R I L L S  A T  1.5 M/H I N  S L A T E  AND 0.4 M/H I N  

< m L E n  S H n v E L s ,  TRUCKS AND PASSENGER VEHICLES FOR SALT OR POTASH MINES A S  T R A C K L E S S  VEHICLES ARE BECOMING MORE POPULAR; 

C I M P A C T  GRAYWACKE; A HAMMFR P R I L L  W I T H  E L E C T R I C  F E E D  AND R O T A T I O N  AND P N E U M A T I C  HAMMERING D R I L L S  1 5  M/H I N  MODERATELY 
YARD 9 0 C K  10 M/HR I N  HAPD ROCK; C3NE SHAPED ROLLER B I T S  I N  7 5  MM TO 3.7 METER S I Z E S  HAVE I N C R E A S E D  D R I L L I N G  SPUDS; A 
LOW SPEFD H Y D R A U L I C  MOTDP HPS 5600 KPM TORQUF AT 0-40 RPM, 2600 RPM A T  0-80 RPM. 
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E A L = E Q Q l  OEEP-SEA D R I L L I N G  PROJECT - J O I N T  OCEANOGRAPHIC I N S T I T U T I O N S  DEEP EARTH S A M P L I N G  - J O I D E S  ( SEDIMENTS 

T H E  4 M E 9 I C A Y  A S S O C I A T I n N  OF PETROLEUM GEOLOGIST B U L L E T I N ,  [ 5 1 )  1787-1802,  S F P T  1967.  J O I D E S  ( J C I N T  OCEANOGRAPHIC 
I Y S T I T U T I O N  D F F P  FARTH S A M P L I N G )  WAS FORMED BY FQUR DF THE MAJOR OCEAN@GRAPHIC I N S T I T U T I O N S  TO FOSTER DEEP-SEA D R I L L I N G  
PQOJECTS. THF B L A K F  P L A T E A U  PROJECT WAS SUCCESSFULLY CQMPLETFD I N  1065.  T H I S  CONSISTED OF THE D R I L L I N G  OF S I X  HOLES 
F Y O W  25 TO 1,032 M I N  9 E P T H  W I T H  AN AVFRAGF CORE RECOVERY OF 36 PERCENT. LAMONT GEOLOGICAL OBSERVATORY CONDUCTED 
T Y F  r jPFQATIf lN5 UNDFR A GPANT FROM THE V A T I O N A L  S C I E N C E  FOUNDATION. S C R I P P S  I N S T I T U T I O N  OF OCEANOGRAPHY WAS AWARDFD A 
CqNT9ACT S Y  THF N A T I O N 4 L  SCIENCE FOUNDATION FOR MORE E X T E N S I V E  D R I L L I N G  n P E R A T I O N S  I N  THE A T L A N T I C  AND P A C I F I C  OCEANS: 
SFA OPERATIONS WERE FXPFCTED T@ B E G I Y  L A T E  I N  1968 .  P R E L I M I N A R Y  D P I L L I N G  S I T E S  HAVE P E E N  RECOMMENCED BY THE A T L A N T I C  
A\ I@ P A C I F I C  APVISOQY P A N E L S  ( P A N E L S  WHICH WERE FORMED BY THE RECOMMENDATION OF J O I P E S ) .  THESE P L A N S  ARE SURJFCT TO 
Q F V I S I O N  UNTTL ACTUAL 3 P I L L I N G  B F G I N S  AS MORE D A T A  BECOMES A V A I L A B L E .  THE PRIMPRY O B J E C T I V E S  OF T H E  DEEP SEA D R I L L I N G  

4 Y D  P A C I F I C  PANFL RECOYMFNDATIONS ARE SUMYARIZED W I T H  T H E I R  REASONS FOR THE CHOICES MADE. 

WELL-LOGGIYG I 

4QF THF D E T E R M I N A T I O N  OF AGE AND THE PROCESSES OF DEVELOPMENT OF THE OCEAN B A S I N S .  THE PRESENT STATUS OF THE A T L A N T I C  

_- OL-47-1QQQl UNDERSEA D Q I L L I N G  AN@ PRODUCTION S I T E S  FOR PETROLEUM ( TUNNEL MACHINE-B'JRING S H A F T - D R I L L I N G  SEDROCK ) 

JnUPNAL OF PFTROLFUM TFCHNOLOGY OF THE SOCIETY OF PETR@LEUM ENGINEERS,  1709-1316,  OCT. 1967 .  
A t I S T I N ,  C. F. & NAV WPNS CTR - C H I Y A  L A K E  C A L I F  

PROPOSAL T O  E S T A B L I S H  
PEPYANFNT MANYED I N S T A L L A T I O N S  W I T H I N  T H E  SEA FLCI@P FOR U S E  I N  WELL D R I L L I N G  AND I N I T I A L  PETROLFUM F L U I D  PROCESSING. 
PAST A N 9  PRESFVT PERMANENT IN-THF-SEA-FLOOR M I N I N G  INDUSTRY I S  REVIEWFD. METHODS NOW P R A C T I C A L  FOR D I R E C T  ACCESS T O  
4"D FROM PERMANENT IY-THE-SEA-FLOOR D R I L L I N G  AND PRODUCTION S I T E S  ARE O U T L I V E D .  SUCH AN OPERATING S I T E  IS PRESENTLY 
C S T I Y A T E D  TO C f S T  A P P R n X I M A T E L Y  $50 M I L L I O N .  

Q4-67-1QQQ2 SCHFME F I R S T  PLANNED 30 YEARS AGO NEAR COMPLETION ( TYNE-TUNNEL 1 
CONSULTING FNGR ( L O N P I T  ( 3 1 1  N 101 46-77 49-53,  5 5 ,  571 OCT. 1967 .  D E S I G N  P A R T I C U L A R S  AND CONSTRUCTION TECHNIQUES 

145 31 F T  7 IN. IO AND I S  5500 F T  LONG DESCENDING A T  G R A D I E N T  OF ONF I N  20  TO MAKIMUM DEPTH 100 F T  BENEATH R I V E R  A V D  
ALWflST I M M E D I A T E L Y  Q I S I N G  AGAIY AT SAME GRADIENT; TUNNEL IS L I N E D  W I T H  CAST I R O N  SEGMENTS BOLTED TOGETHER AND CALKED 

V F N T I L A T I N G  E Q U I P Y E Y T  I S  USF OF MOVASLE FAYS;  S E R V I C E  AND STANDBY FANSARE MClUNTED ON R A I L S .  

nF TUYNEL U V n F Y  R I V F R  TYNE, GREAT R R I T A I N ,  WHICH I S  F U P T H F S T  DOWNSTREAM AND F I R S T  TUYNFL F @ R  V E H I C U L A R  USE; ROAD TUNF!EL 

d I T Y  S T R I P  CAPABLE OF K E F P I N G  n U T  WATER AT 45 P S I ;  V E N T I L A T I O N  I S  ON SYSTEM OF UPWARD SFMITPANSVERSE;  FEATURF OF 

QL-67-1QQQZ CIRPVILLE nAM D I V F R S I O N  TUNNEL SY4PE L I V I N G  

D 9 O C .  ASCF POWER D I V  J Pfl 2 PAPER 55047 51-4EI~ OCT. 1968 .  NO CONSTRUCTION D E T A I L S  FOR THF TWO 3 5  F T  D I A M  Q P C V I L L F  
LANNING,  C. C. & CAL WATFR QESOURCES OEPT 

7 f i M  ' I I V F R S I 3 N  TUYNELS NOPTH OF SACRAYENTO, CAL. LIRF GIVEN.  T H F I R  H Y D R A U L I C  FLOW C O N D I T I O N S  AND O P E R 4 T I O N  DUPIFJG A 
F L W D  ARF DISCUSSED.  A C I R C U L A R  SHAPF RATHER THAN HORSESHOE WAS SELECTED FOR STRUCTURAL b N D  CONSTRUCTION 9EAS'INS. THF 
C n Y c R E T E  L I N I Y G  THIITYh!F5S WAS DETFRMINCD BY C O M R I N I N G  I N T F R I O R  TUNNEL FLOW PRESSURE COKPUTFD FROM MAXIMUM H Y D R A U L I C  
SPADE L I N F S  W I T H  FXTFPICIF LOADS BASED T)hl GROUND WATE9 AND TUNNEL OVEDRURDEN. 

Q $ d k 1 J . Q Q 1  R A P I D  FXCAVATICIN ( CONTINUOUS TUNNELLERS MflLES 1 

S C I G ' N T T F I C  A M E P I C A N T  7 4 - 8 5 ,  NOV 7.967. A GREAT DFAL OF E X C A V 4 T I O N  TECHNOLOGY I S  YEEDED. SUCH AS I N  UNDERGPOUND 

F I S S U R E S ,  F X P L f l S I V F  GPS AND H I G H  Q W K  TFMPERATURE MUST YE SOLVED. V F R T I C A L  AN@ I N C L I N E D  SHAFTS T 9  PQ'3VIDE ACCESS WAYS 
YIJST B E  DRIVF 'V AND H C L F S  MIJST SE D S I L L E D  FOR V E N T I L A T I O N  AND FOR POWFR CARLES. THE TECHNOLOGY FOR THESC PRORLFMS MUST 
nc  REVFL'IPEO. T H F Q F  AQE FClUR STEPS I N  EARTH E X C A V A T I O N  (1) THE ROCK MUST BE BROKEN ( 2 1  TYE BYOKEN ROTK MUST FIF RFVOVFT) 
( 7 )  THE L I N I Y G  OF T Y F  TUNNELS MUST S T 4 Y  I N T A C T  ( 4 )  THE E N V I R O N Y E V T  W I T H I N  THE HOLE MUST B E  CONTROLLED. T H F  TECHNOLOGY 
Y A Y  CriAYGFD L I T T L F  S I N C E  D R I L L I N G  ANn 8 L A S T I N G  W I T H  GUNPDWDER WAS INTRODUCED EARLY I N  THE ? 7 T H  CENTURY. GRFAT 

AFFEfTEr )  I N  THF PAST 3 0 0  YEARS. I N  SMALL TUNYFLS AND I N  SO'4E LARGF ONES THE MUCK MUST SE COMPLETELY RFMOVED. SEVFRAL 
DQQBLCYS A Q I S C  FROM H 4 U L I N G  THF BQ0KEN POCK. T H F  S I Z E  OF THF R A I L C A R S  OQ TRUCKS I S  L I M I T E D .  I N  LOVG TUNYELS CARS MUST 
BF 4 5 L F  TO PA'iS O V C  ANOTHER. THE GAYTRY D R I L L  JUMBO I S  A NEW TECHNIQUE WHICH ALLOWS AT L E A S T  P A R T I A L L Y  CONCURQFVT 
D Q I C L I N G  AN9 MUCKING flR C A P  CHANGFRS OR YOVABLF DOUBLE-CRDSSOVFR WPICY P E R M I T S  Q U I C K  EXCHANGF OF AN FMPTY R A I L C A R  FflR A 
L I A n F D  qMF. THF OQG. R A T F  FOR R X K  T U N N E L I N G  W I T H  A D R I L L - B L A S T  SYSTEW HAS INCREASED TENFOLD I N  T H F  100 YEARS S I N C E  
Y F C Y A Y I I A L  DOCK n Q I L L 5  WkPE INTRODUCED. THE CONTINUOUS TUYNEL SORER HAS HAD P E N F T R A T I O N  RATES OF UP TO 20 F T / H R  FOP 
SHnQT OcR I n n S  C F T I  MF. 

04-67-11QQJ YOLF A C H I F V F P S  AROUND THF WORLD 
C N G I N F F 9 I " G  YFWS-RECORni ( 1 7 5 )  25,  NOV 2 ,  1967.  ANNOUNCEMFNT OF P R E S E N T A T I O N  OF 1q48 MOLES AWARD FOR O U T 5 T A N D I h G  
4 C H I F V F Y F N T  I N  COYSTQUCTION AT THE 7 8 T H  ANNUAL 4WAPD D I N N E R  ON JANUAPY 24 .  

HOWARDt T. F .  & U.5. BUR V I N E S  WASH D.C. 

YAULAGF? V F Y T I L A T I N G ?  P R F V E N T I Y G  OR REMOVING THE INFLOW OF WATER ANn GAS. THE PPORLEM OF D R I L L I N G  THROUGH WATFR-FILLED 

I " P R 7 V E V F N T  HAS OCCURRFLl I N  TVE H I G H  F X P L O S I V E S  AN@ COMPRFSSFD-AIR TECHMIQUES, BUT THF 5FOIJENCE OF BCTS PAS @ F F N  L I T T L C  

Q&=$&-Q~QQI R F VO L U T  I CN 
WARD, F. J .  + L U C K E ?  W. V .  & U.S. D E P T  OF TRAYS 

I N TUY NE L I NG T EC HN I QU ES ( UNDER GR OU N D-TR AN SPOP T A T  I ON ROC K-F P AC T U 9  E 1 

VTNING fONGQESS J C U Q Y A L T  46-49, J A N  1968 .  UNDERGROUND MASS T P A N S P O R T A T I @ N  REQUIRES DEVFLOPMENT OF NEW T U N N E L I N G  
TEIYN1'J:JFS. 7 O N T l V U P U S  FXCAV4TIflN MIJ5T 9 E  PFVELOPED RFFORF S I G N I F I C A N T  ADVANCFMEYT CAN RF MAnE I N  ROCK TUNNELING. 
f L A P F  JET, CHFMICAL SURFACTANTS, AND HIGH-PRESSURE F L U I D S  ARE EXPERIMENTAL METHODS OF F A S T  ROCK FRACTURE. 
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Q4-4&Q2QU E F F I C I E N C Y  AND SPEED - THE KEYS TO M I N I N G  TECHNOLOGY - UNDERGROUND M I N I N G  I BORING-MACHINES D R I L L I N G - A N D  
B L A S T I N G  NUCLEAR-EXPERIMENTS GROUW-SUPPORT MATERIALS-HANDL I N G  SURVEYING BASIC-RESEARCH 1 
SCOTT, J. J. E U N I V  MO R O L L A  MO 

Y I N I N G  E N G I N E E R I N G ,  S O C I E T Y  OF M I N I N G  ENGINEER, 7 7 - 8 0 ,  F E B  1 9 6 8 .  SUMMARY OF ADVANCES I N  T U N N E L I N G  TECHNOLOGY 
D U R I N G  1967. 

Q!tAB=QZQQz THE P R O D U C T I V I T Y  CHALLENGE I N  M I N I N G  ( ROCK-MECHANICS E X P L O S I V E S  1 

THE C A N A D I A N  M I N I N G  AND M E T A L L U R G I C A L  B U L L E T I N ,  2 0 2 - 2 0 8 1  F E B  1 9 6 8 .  A NEW I D E A  I N  M I N I N G  TECHNOLOGY IS T H E  B O R I N G  
BRESSENDFN, W. G. E NORANDO M I N E S  L T D  TORONTO 

OF LARGF-  DIAMETER HOLES, UP TO 8 FEET I N  DIAMETER,  FOR S H A F T - S I N K I N G 9  T U N N E L L I N G ,  AND R A I S E  D R I V I N G .  T H I S  E L I M I N A T E S  
T H E  D R I L L I N G ,  BLASTING,  AND L O A D I N G  CYCLES OF THESE O P E R A T I O N S ?  I N  SOME T R I A L  CASES I T  HAS BEEN CHEAPER. SUPPORT 
PQ0BLEMS ARE REDUCED, I T  I S  SAFER AND MAY BE FASTER, AND I T  OFFERS A CONTINUOUS METHOD WHICH MAY B E  ADAPTABLE T O  
P R P D U C T I O N  M I N I N G .  AY ATTEMPT I S  B E I N G  MADE TO I N C R E A S E  P R O D U C T I V I T Y  O F  LOADING-OUT O P E R A T I O N S  I N  CUT-AND-FILL  STOPES 
9 Y  U S I N G  H I G H  PRODUCTION LOAD-HAUL U Y I T S  WHERE STOPES CAN BE INTERCONNECTED AND AN ADEQUATE NUMBER OF FACES P R O V I D E D  TO 
KEEP EQUIPMENT BUSY. I N C R E A S E D  P R O D U C T I V I T Y  I N  T H E  LOADING-OUT C Y C L E  L E A D S  TO I N C R E A S E D  P R O D U C T I V I T Y  I N  THE 
D R I L L I N G - B L A S T I N G  CYCLE AND L E A D S  TO LOWER COSTS ELSEWHERE. OTHER DEVELOPMENTS I N C L U D E  R A I S I N G  BY LONG-HOLE D R I L L I N G ,  
MORF H I G H L Y  MECHANIZED D R I L L I N G  U N I T S ,  AND THE MORE FREQUENT USE OF TRACKLESS EQUIPMENT AND /OR CONVEYORS FOR 
UNDERGROUND HAULAGE. I N  O P E N - P I T  M I N I N G  E X P L O S I V E S 7  SLURRY M I X  TRUCKS9 WHICH PREPARE THE PROPER M I X T U R E  FROM THE RAW 
M A T E R I A L S  AS T H E  E X P L O S I V E  IS CHARGED I N T O  THE BORE HOLES, ARE B E I N G  USED AND WILL L E A D  TO I N C R E A S E D  U S E  O F  S L U R R I E S  AS 
OPPOSED TO AN-FO. 

Q & d B = Q 2 U  NEW TOOLS, TECHNIQUES USED I N  ALASKA B I G  HOLES ( A B R A S I V E - D R I L L I N G  1 
STEWART, C. Re + KEMNITZ,  G. E. E PARCO I N C  L A S  VEGAS 

IJQRLD O I L 7  6 6 - 6 6 ,  FER 1, 1 9 6 8 .  ONE CONVENTIONAL AND THREE BIG-HOLE T Y P E  D R I L L I N G  R I G S  ARE B E I N G  USED TO D R I L L  
6 0 - I Y  AND 9 0 - I N  D I A  HOLFS TO DEPTHS UP TO 6 9 2 0 0  F T  ON AMCHITKA I S L A N D .  TWO BIG-HOLE R I G S  ARE E Q U I P P E D  W I T H  3,000 HP 
DRAWWORKS AN0 1,370,000 L B  GROSS NOMINAL C A P A C I T Y  DERRICK. D R I L L I N G  I S  DONE W I T H  1 0 8 - I N  AND 9 0 - I N  OD M U L T I P L E - C U T T E R  
B I T S .  R I T  WFIGHTS UP T O  80,000 LRS WERE USED. AN A I R - A S S I S T E D  REVERSED C I R C U L A T I O N  SYSTEM I S  USED FOR BETTER C L E A N I N G  
OF C U T T I V G S  FROM T H E  WELL BORE. 

Q4=6&QZQQd TYNE TUNNEL-1  7 2 [ G R E A T - B R I T A I N  ROAD-TUNNEL 1 

I N S T N  C I V  ENGRS 4 PROC. ( 3 9 )  1 9 3 - 2 3 4 1  PT. 1 7  FEB. 1 9 6 8 .  PART OF ROAD SYSTEM A T  NEWCASTLE, GREAT B R I T A I N ,  
T'lNSTQUCTFD RETWEEN 1961 AND 1967, COMPRISES TUNNEL OVER M I L E  LONG BETWEEN PORTALS AND P R O V I D I N G  2 4  F T  WIDE ROADWAY, 
FYTRANCE WORKS I N  URBAN AREAS BORDERING R I V E R ,  AND APPROACH ROADS W I T H  DUAL 2 4  F T  WIDE ROADWAYS E X T E N D I N G  3 M I  
SOUTHWARD AND 1 1 / 2  M I  NORTHWARD FROM ENTRANCE WORKS; PAPER O U T L I N E S  NATURE AND GEOLOGY OF S I T E  AND P L A N N I N G  AND 
DEVFLOPYENT OF WORKST D E A L S  W I T H  D E S I G N  OF ROAD TUNNEL AND I T S  I M M E D I A T E  APPROACHES AND T H E I R  EQUIPMENT AND SERVICES,  
AND G I V E S  ACCOUNT GF ARRANGEMENT AND CONSTRUCTION O F  APPROACH ROADS. P T  2. CAST- IRON L I N E D  T U N N E L  CF 3 1  F T  3 I N .  
TNTFQYAL DIAMV 4 P P R O X I Y A T E L Y  5 4 0 0  F T  I N  LENGTH, WAS CONSTRUCTED I N  G L A C I A L  D E P O S I T S  AND COAL MEASURED ROCKS U S I N G  HAND 
n R I V I Y G  AND S H I F L D  D P I V I N G  METHODS; WORK N E C F S S I T A T E D  CONSTRUCTION OF P I L O T  TUNNELS AND U T I L I Z A T I O N  OF VARIOUS GROUND 
1 N J E C T I r ) N  PROCESSES; T U N N E L I N G  OPERATIONS WERE C A R R I E D  OUT I N  WATER-BEARING SANDS AND GRAVELS AND I h  CLOSE P R O X I P I T Y  TO 
9 I V F R  S I L T S  4NP R F Q U I R F D  E X T E N S I V E  USE OF COMPRESSED A I R  I N  WORKING CHAMBERS; WORK I N C L U D E D  CONSTRUCTION OF REINFORCED 
C'INCRETE S H I E L C  F R E C T I O N  P I T S .  

PROSSER, J. R. + GRANT7 P. A. + F A L K I N E R t  R. He E TOUGH, S .  G. 

Q&r6&QlQQl TWO SOPTS OF T U N N E L I N G  ( S H I E L D S  TUNNELING-MACHINES UNDER-WATER-TUNNEL 1 

NEW S C I E N T I S T T  MAR. 1 9 6 8 .  TWO METHODS OF M A K I N G  UNDERWATER TUNNELS - T U N N E L I N G  THROUGH T H E  EARTH AND S I N K I N G  
THROUSH T H F  WATER. A P I G  HELP I N  TUNNFL D E S I G N  IS T H E  USE OF THE COMPUTER. ONE OF T H F  LARGEST M A C H I Y F S  FOR T U N N E L I N G  
I S  AT WnRK ON THE YERSFY TUNNEL, C U T T I N G  THROUGH ROCK W I T H  COMPRESSIVF STRENGTHS U P  TO 45,000 L B  FT/SQ.  IN. I T  I S  
I F T F Y  NECESSARY TO S T I F F E N  THE GROUND AT THE TUNNEL FACE. MOST ECONOMIC I S  THE USE OF COMPRESSED A I R .  FOR L I N I N G S  
SURJECTED TO H I G H  STRESS R I N G S  OF R A B R I C A T E D  S T E L L  SEGMENTS ARE USED. GROUND TRFATMENT HAS REDUCED COST BY U S I N G  SUCH 

nF THF WATER PROBLEP. 

MU197 A. M. + PEQUIGNOT, C .  A. 

Y A T E Q I A L S  AS T H I X O T Q 0 P I C  MUDS, CEMENT GROUTS7 I N O R G A N I C  AND ORGANIC CHEMICALS.  F R E E Z I N G  CAN ALSO RE USED FOR S @ L U T I O N  

Q4-6Q-EQQ2 R A I S E  P O Q I N G  ( COST WHIPSTOCKING REAMING 1 
STEVENS, V. L. + HENDRICKS,  R. S. + FARRELL,  P. F. E BOYLES BROS D R I L L  CO S A L T  L A K E  

M I N I Y G  CONGRFSS J v u R h l 4 L ~  4 8 - 5 6 ,  MAR 1 9 6 8 .  THE ADVANTAGES OF R A I S E  BORING ARE: E L I M I N A T I O N  OF HAZARDS MINERS 
FNCI3UNTERED I N  CONVENTIONAL R A I S E  D R I V I N G ,  SMOOTH WALLS? T I M E  I APPROX. 4 F T  OF ADVANCEMENT PER M A N S H I F T ) ,  SMALL 
O P F R 4 T I Y G  SPACE ( U S U A L L Y  12 X 1 2  X 12 F T 1 ,  LESS OVERALL COST. S E C U R I T Y  ENGINEERING,  JAMES S. ROBINSON C @  AND LAWRENCE 

R A I S F S  T H A T  RAKGE FROM 4 TO 8 F T  I N  D I A  AND FROM 300 TO 1 2 0 0  F T  I N  LENGTH. THE BEST R E S U L T S  WERE O B T A I N E D  BY T H E  D R I L L  
!MANUFACTURING ARE THE THREE COMPANIES T H A T  PRODUCE A TRUE UNDERGROUND R A I S E  BORER. THE MACHINES T H A T  A R E  USED D R I L L  

m w N  R E A M  UP METHOD. RAISES SUCCESSFULLY BORED A T  ANGLES OF 3 1  TO 84  DEG FQOM THE HORIZONTAL D E M O N S T R A T E  THEIR 
V E R S A T I L I T Y .  T P F  AVERAGF F I X E D  COST FOR THE R A I S E  D R I L L  ( F I X E D  COST I N C L U D F S  S I T E  P R E P A R A T I O N  AND BETWFFN-HOLE 
T R A N S P n R T 4 T I O N )  I S  8 2 8 0 0 .  CUTTER COST,  THE MOST E X P E N S I V F  S I N G L E  I T F M  I N  R A I S E  BORING EQUIPMFNT,  AND O P E R A T I N G  LABOR 
MAKF UP T H F  D I R E C T  COST PEQ F T ;  THEREFORF, TOTAL COST = $ 2 8 2 5  + $ 2 3 . 8 3  ( L E N G T H  OF HOLE) .  T H I S  DOES NflT I N C L U D E  
EXPFNSCS SUCH AS POWER, COMPRESSED A I R ,  E N G I N E E R I N G  AND MACHINE WRITE-OFF. I T  I S  F S T I M A T E D  T H A T  D R I L L E D  R A I S E S  CAN RE 
CPYPLETED I Y  1 / 3  T H F  T I M E  AND 5 0  PERCENT OF T H F  COST OF CONVENTIONALLY D R I V E N  R A I S E .  

Q f t - 6 8 - 0 8 O Q l  THE DEVELOPMENT OF MECHAVICAL M I N I N G  AT GASPE COPPER M I N E S  LTD. ( COMPUTERS AUTZIMATIOY P A T F R I A L S - H A N D L I N G  
1 
WHITE, J. C. E GASPE COPPER M I N E S  QUEBEC CAN 

C A N A D I A N  I N S T I T U T E  OF M I N I N G  AND METALLURGY B U L L E T I N T  939-9497 AUG 1 9 6 8 .  THE DEVELOPMENT OF TRACKLESS M I N I N G  AT 
GASOF I S  D E S C Q I B E D T  SHnWING CHANGE I N  Y I N I N G  METHOD AND THE PART PLAYED BY T H E  M O B I L E  EQUIPMENT I N  T H I S  H I G H L Y  
Y F C H A N I Z E D  ' lPEPATICN.  COMPARISON OF L O A D I N G  AND H A U L I N G  MACHINES I S  GIVEN.  P R E D I C T I O N S  ARE MADF ON FUTURF DEVELOPMENTS. 

04-68-J.QQQl SOUTH COVE TUNNEL PROJECT, BOSTON MASS ( SUBWAY 1 
STACHO, Z -  A. 

JOURNAL DF THF ROSTON S O C I E T Y  OF C I V I L  ENGINEERS, 1 5 5 )  NO 41 2 5 3 - 8 3 ,  OCT. 1 9 6 8 .  D E S I G N  F F A T U R F S  OF THF NFW SUBWAY 
S T R U t T U R F  I N  DOWNTOWN SOSTON ARE DESCRIBED. METHODS OF CONSTRUCTION TO BE EMPLOYED ARE DISCUSSED.  

aft=a=lQQQ& SUBMERGED TUNNEL I N  ANTWERP ( B E L G I U M  HIGHWAY 1 
I N D I A N  CONCRETFt  ( 4 2 1  NO 101 4 2 8 - 2 9 7  OCT. 1 9 6 8 .  A SUBMERGED T U B E  TUNNEL IS B E I N G  R U I L T  ACROSS THE SCHELDE R I V E R  I b !  
ANTWERP BELGIUM.  
TRACKS. 

THF TUNNEL HAS 2 THREE L A N E  HIGHWAYS, A 1 3  F T  WIDE BICYCLE-MOTORCYCLF L A N E  AND 2 E L E C T R I C  R A I L R O A D  

D 4 - 6 e - 1 Z Q Q 1  UYDERGRClUND PAILWAY-TUNNEL WORKS AT NEW S C H I P H O L  A I R P O R T  ( NETHERLANDS DIAPHRAGM-NALLS 1 
D E N I E ,  F. C. 

I N G E Y I F U R ,  ( 8 0 )  N 57, Q T  5 1 - 6 4 ,  DEC. 2 7 ,  1 9 6 8 .  E X P L O R A T I O N  OF T F R R A I N  AND PREPARATION OF P L A N S  FCIR B U I L D I N G  
R A I L N A Y  L I N E  T D  CONNFCT SCHIPHOL AIRPCIRT D I R E C T L Y  W I T H  AMSTFRDAM AND THE HAGUE; S O I L  C O N D I T I O N S ;  TUNNEL D E S I G N  
QEQUIQEMENTS; ADVANTAGES OF DIAPHRAGM SYSTEM EMPLOYED FOR M A K I N G  TUNNEL WALLS; AS COMPROMISE SOLUTICN,  T h o  CONSTRUCTION 
YETHOClS F n R  BOTTOY-SLAP, SO-CPLLED 'OPEN'  AND 'CLOSED'  ONFSI HERE USED; T H E I R  ADVANTAGES AND DISADVANTAGES;  D E T A I L S  ARE 
G I V E N  n F  3 3 0 - M  TUNNEL S F C T I C N  CONSTRUCTED BY OPEN METHOD AND 1 9 0 - M  TUNNEL S E C T I O N  B U I L T  BY CLOSED METHPD. 
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& d - y Q Q Q Q I  R A P I D  E X C A V A T I O N  S I G N I F I C A N C E  NEEDS O P P O R T U N I T I E S  A T E C H N I C A L  REPORT A N A L Y S I S  ( T U N N E L I N G  
RESEARCH-PROGRAMS MOLES BLAST-SHELTERS TRANSPORTATION 1 , -7, 

'3 
S F L F t  M. W. C S U R V I V E  MAGAZINE 

SURVIVF,  (2) N. 1, 1 4 - 1 5 ,  JAN-FEB 1 9 6 9 .  A S O L U T I O N  TO THE URBAN E X P A N S I O N  PROBLEM I S  V E R T I C A L  EXPANSION. 
SUB-SURFACE E X C A V A T I O N  HAS BEEN IGNORED. D E S P I T E  THE FACT THAT I T  COSTS MORE PER CU-YD, THE S O C I A L  COSTS AND B E N E F I T S  
COULD OUTWEIGH T H I S  FACTOR. I T  HAS BEEN CONCLUDED THAT PRESENT E X C A V A T I O N  I S  I N S U F F I C I E N T  AND A TEN-YEAR, $200 
Y I L L I O N ,  FEDERALLY FUNDED RESEARCH PROGRAM HAS BEEN PROPOSED. I N  EXPERIMENTAL E X C A V A T I O N S T  A MECHANICAL MOLE I S  

WITH 6 4 , 0 0 0  F T  OF 1 8 - F T  D I A  SOFT GROUND TUNNELS. TUNNEL V E N T I L A T I O N  WILL BE PROVIDED BY THE P I S T O N  A C T I O N  OF T R A I N S  
MOVING. A I R  ESCAPE SHAFTS ARE B E I N G  B U I L T  AT EACH END AND A T  1 , 5 0 0  TO 2 . 5 0 0  F T  INTERVALS.  I N  NEVADA, A MECHANICAL 
YOLE I S  R E I N G  USFD TO D R I V E  1 2  F T  O I A  HARD-ROCK TUNNELS. STEEL D I S C S  CUTTERS ARE B F I N G  USED TO BORE THROUGH IGNEOUS 
FORMATIONS. C I V I L  DEFENSE COULD ALSO B E N E F I T  BY B E I N G  CONSIDERED I N  EARLY P L A N N I N G  OF SUCH PROJECTS. 

Q&A&QlQQJ, STRAIGHT CREEK TUNNEL ( HIGHWAY DENVER COLORADO ) 

rOMPRESSED A I R  YAG., ( 7 4 )  NO 1, 6-10, JAN. 1 9 6 9 .  COMPRESSED A I R  MAG., ( 7 4 1  NO 2, 1 2 - 1 6 ,  FEB. 19690 THE S T R A I G H T  
C Q F F K  TUNNFL 6 0  M I L E S  WEST OF DENVER ON U.S. 6 I N  THE ROCKY MOUNTAINS HAS A 42 F T  D I A M F T E R  BClRE AND I S  1 1 ~ 0 0 0  F T  ABOVE 

DFCKS 4RE R A I S E D  AND LOWERED BY PNEUMATIC HOISTS.  

Qft=b2=mQu BART SUBWAY CONSTRUCTION - PLANNING AND COST ( CUT-AND COVER 1 

r T V I L  E N G I N E E R I N G  ( N Y ) ,  ( 3 9 )  NO 3 9  6 0 - 6 5 ,  MAR. 1 9 6 9 .  SAN FRANCISCO BAY AREA R A P I D  T R A N S I T  COSTS ARE L I S T E D  FOR 

R F I N G  EMPLOYED AT ONE S I T E  I Y  T H E  SAN FRANCISCO B A Y  AREA. ABOUT 20 M I L E S  OF THE 7 5 - M I L E  SYSTEM WILL BE UNDERGROUND 

S C H I L L I N G ,  K. J. 

SFA L E V E L .  CCINTRACTOR I S  U S I N G  A 2 DECK 14  D R I L L  JUMBO ON R A I L S  SPACED 30 F T  APART FOR D R I L L I N G  T P E  WEST TOP HEADING. 

KUESELY T. R. 

C U T 7 4 N 9  C O V t R  TUhNELS. PROJECT MANAGEMENT CONTROLS ARE DESCRISED. 

Q+h9-Q3)9Z CONSTRUCTION ADVANCES R A P I D L Y  ON MELBOURNE TRUNK SEWER ( 4 U S T R A L I A  MOLES SHAFTS R O B B I N S  1 

A U S T Q A L I A N  C I V  ENGRt (10) NO 3, 3 0 - 3 3 1  MAR. 1 9 6 9 .  A REPORT ON PROGRESS ON SHAFT CONSTRUCTION A h 0  TUNNEL D R I V I N G  ON 
THE S IUTH-EASTEPN TRUNK SEWFR FOR MELBOURNE METROPOLITAN BOARD OF WDSKS, 11 SHAFTS HAVE BEEN B U I L T  I N  THE 10 1 / 2  M I L F  
ROCK TUNNEL SECTION.  A R O B B I N S  MOLF W I T H  A 1 2  F T  8 I N  D I A  HEAD WAS USED TO BORE THREE D I F F E R E N T  DIPMETERS UP TO 14 F T  
5 I N .  STFCL SIJPPOQTS H I T H  4 x 3  STEEL Q I B S  ON 3 1 / 2  FT CENTERS AND WELDED MESH L A G G I N G  WAS USED. R I E S  EXPANDED I N T O  
93CK C'IYTACT RY 20 TON JACKS. 

Q 4 - 6 9 - 0 4 Q Q l  THE CHICAGf l  AREA OEEP TUNNEL PRClJECT ( COST SEWAGE-TUNNELS 

JPOQYAL WATFQ P O L L U T I O N  C I N T R O L  FEDER4TIONv  515-5347 APR. 1 9 6 9 .  CHICAGO YUST IMPROVE HER SEWAGE SYSTEM R A D I C A L L Y  
Tn STOP P P L L U T I @ Y  OF L A K E  MICHIGAN.  A H ISTORY OF THE OEVELOPMENT OF TYE PROBLEM AND FOUR P O S S I P L E  SOLUTIONS ARE 
p"ESFNTEr l .  SEPAQATION OF THE DUAL SYSTEM BY B U I L D I N G  A COMPLETELY NEW STORN SEWFR OR A NEW S A N I T A R Y  SFHER SYSTEM WAS 
RULE3 ClUT BECAUSE I T  W 4 S  TOO COSTLY AND ONLY qO% E F F E C T I V E .  STORAGE I N  H O L D I N G  TANKS WAS P COMPLETE S O L U T I O N  BUT MUCH 
M n P F  F X D F N S I V F  THAW THE OEEP TUNNFL SYSTEM. T H F  UNDERFLOW SYSTEM I S  ONLY P A R T I A L L Y  F F F E C T I V E  BUT CAN B E  USED AS AN 

NEYLAND, A. J. E MELBOURNE METRO BOARD OF WORKS 

KOFLZFR,  V. A. + BAUER, W. J. + DALTON, F.  E. & HARZA ENG4 C O  CHICAGO 

! Y I T I A L  S T F P  I N  'MPL3YING THE CHEAPEST COMPLETF SOLUTION,  THE DEEP TUNNEL PLAN. A NETWORK OF 3 1  M I L E S  OF TUNNELS FROM 
6 F T  TO 2 2  F T  D I A  WILL CARRY FLOW TO T H F  Y I N F D  STORAGE AREA. TUNNELS WILL BE I N  DOLOMITE OR SHALE. I F  BORED, NO 
L I N I ' V G  REQUIRED. M I Y E D  RESERVOIR W I L L  BE A G R I D  OF G A L L E R I E S  2 5  FT WIDE X 70 F T  H I G H  W I T H  1 8 5  F T  SEPARATION, LOCATED 
Q 2 0  FT BFLOW GROUND. THF SYSTEY WILL HAVE A PUMPED STORAGE GENERATING C A P A B I L I T Y .  

Q4-bQ-QbQQZ KI E t F F R G  TUNNEL AT WUPPERTIL -ELBERFELD ( GESMANY BELGIAN-METHOD 1 
DERGER, H. 

SAUTFCHYIK ,  ( 6 . 6 )  N r  4, 109-191 APR. 1 9 6 9 .  BAUTECHNIK ,  ( 4 6 )  NO 5 1  1 6 6 - 7 4 ,  MAY 1 9 6 9 .  PAUTECHNIK ,  ( 4 6 )  NO 6 1  191-971 JUh'F 
1 9 6 9 .  000  tJ LONG TUNNFL WAS D R I V E N  W I T H  TWO ONE WAY BORES, ONE ASOVE THE OTHER. LOWER L E V F L  HAS RECTANGULAP C R P S S  
SCCTTC!N, UPPER L F V E L  I S  VAULTED. THE P E L G I A Y  METHOD WAS USED FOR CONSTRUCTION. D E T A I L S  OF V E N T I L A T I O N ,  L I G H T I N G I  
J P 9 " d A Y  ARE GTVFN. ( I N  GERMAN) 

Qft=&2=Q3QQ3 P L A N N I Y G  4YD CONSTRUCTION OF ENAY4MA TUNNEL I J A P A N  HIGHWAY 1 

JPLI "Y4L OF JAPANFSE S O C I E T Y  C I V I L  FNGRSt ( 5 4 )  NO 4 9  2-99 APR 1 9 6 9 .  CONSTRUCTION HAS STARTEO ON THE P U X I L I A R Y  
TUYNGL T'3 RF USFD F I P  V F N T I L A T I N G  THE 9.5 KM FNAYAMA TUNNEL FOR THF CHUO EXPRESSWAY TO CROSS THE K I S ' J  YOUNTAIN SYSTEM. 
CDNSTRUCTICY IS SCHEOULFD TO START SnOY ON TYE M A I N  TUNNFL. PROPLFMS CAUSED BY BAD GROUND PND NFED FOR LARGE SCALE 
V F N T I L A T I O N  FOR THF Q O P D  T S A F F I C  ARE OISCUSSFD. ( IP!  J A P A N E S E )  

Q 4 - 6 9 - Q z Q Q l  S F L F C T I V F  B I S L I O G S A o H Y  C)N IMYERSED TUBES 

TUNUcLS AND T U t ' Y F L L I Y G ,  ( 1 )  NO. 7 1  7 4 - 7 6 ,  JULY 1 9 6 9 .  IMMFPSED TUBE T U N N E L I N G  PROVIDFS A F E A S I B L F  DRY WATER 
C Q " 5 S I Y G  W Y F R F  F I T H E Q  RRIDGE OR TUNNEL HAS BEEY T f l 0  COSTLY RFC4USF OF GROUND CONDIT IONS.  A B I B L I D G R A D H I C  INDEX OF 6 3  
QFFcQFNCCS SFLFCTFP Tfl 5HqW EVERY K I N D  OF IMMERSED TUBF TIJNNEL STAPTFD OR COMPtETED 4NO OF EVERY TECHNIQUE EMPLOYED. 

F Z A K I ,  K. + NAGATOM07 Ne 

PEr3IGN'lTt C. A. E R ICHARD COSTAIY  L T D  LONQfIN 

94 -bq -ZQQQ2 YFCHAYIZFD D R I F T I N G  RY FULL-FACE YETHOD ( MOLFS S H A F T - S I N K I N G  S Y I E L D S  1 

T'JYYFLS AVD T ~ J W Y F C L I N G T  ( 1 )  Y O  2,  8 9 - 9 3 ,  JULY-AUG 1 9 6 9 ;  NO 3, 1 4 1 - 4 1  SFPT-OCT 1 9 6 9 .  SHAFT S I N K I N G  AND R C I S F  

Y l C Y I N E S  4NO I N  F U L L  FACE RCIRING I N  ROCK ARE E X A M I N E n .  ADVANTAGFS AND DISADVANTAGES OF FULL-FACG TUNYELING ARE 
QISCIJSSED. 

SAQFYDSFh,  P. C ATLAS COPCO A9 STOCKHOLY 

ORIVING R Y  RPRING TECHNIQUES ARF RFVIFWFD. TECHNIQUF~ ANT, TOOLS FC!R DRIVING TUNNELS IN SCIL AND L a r s =  R O C K  WITH SHIELP 

D 4 - 7 0 - U Q Q J  THE n R A Y G F - F I S H  TUNNFL, SOUTH A F Q I C 4  - A RCVIFW OF PROGRESS ( D R I L L - B L A S T  

T U W F L S  ANC TUhNELTNG, ( 2 )  NO I, 31-75, JAN. 1 9 7 0 .  THE 5 1  M I L F  LO'IG, 2 0  F T  9 I A  ORANGE-FISH TUNNEL I S  UNDER 
Cnl'PER? W .  H. E SIR WM HALCROW C PSTNRS LONDON 

C W S T R U C T I O N  I Y  THE C4PF PQClVINCF OF T H E  R E P U B L I C  OF SOUTH AFRICA.  THRFE T U N N E L I N G  CONTRACTS TOTAL 32 M I L L I C Y  POUNDS. 
,d"PKIYG SHAFTS 4RF 4rJPPnX 7 Y I L F S  4P4RT.  THE REST WFEK T n  DATE I S  4 3 5  F T .  ALL CONSTRUCTICN I S  9Y CqNVENTIONPL D R I L L  
4Vn SLAST S I X €  THE L4PGE NUMBER OF 3 O L F R I T E  S T L L S  AND DYYFS KVOWN TD I N T E R S F C T  THE TUNNFL DISCOUPAGEO ALL SUCCESSFUL 
S I D n E Q S  FRCM U S I N S  A TUNNFL RORIYG M4CHIYF.  

--- OL-IQ=QlQQz TUh 'NFLING nN H-F PQWFR DL4NT E L  N I H U I L  NO. -A I N  ARGFYTINA ( D R I L L - B L A S T  1 

TlJNNFLS 4 Y D  TUF'NELIYG, (2) NO 1, 3 7 - 2 8 ,  JAN.  1 9 7 0 .  C O Y E V I A L  5 4 .  I S  CONSTRUCTING A 4.7 KM (2.92 M I )  HCIQSCSHOE 
S 4 A P c 9  TUNNEL c1F 4.9 M ( 1 5 . a  F T )  D I A  AN0 A PRESSURE TUNYEL L I N F D  WJTH S T c F L  P I P E  OF 4.7 M ( 1 5  F T  6 I N )  D 1 4  AND 1 5 5  Y 
( 5 0 4  F T )  LOYG.  THF GPf'UYD IS @F VOLCANIC O R I G I N  A N 0  I N  GENFRAL I S  VFOY RAD W I T H  M I X F D  4ND F I S S U R E D  ROCKS AND SUP*JECT TO 
I N F L U X  PF GQflU\iDWATFQ. D F S C R I P T I O h  OF FQUIPMCNT USED AND P SUMMARY n F  Q U A N T I T I E S  C F  RgCK YOVEO ARF GIVFM.  

P F I R A N f l ,  C. C C O N F V I 4 L  SA. AQGFNTINA 

--- 04-7Q=QlQQZ CONST?UCTIPN CIF THF LA IONG TUNYFL I N  M A L A Y S I A  ( D Q I L L - R L A 5 T  CnSTS SUPPPPTS 1 
GClSSCHPLK? F -  M. + POSTON, A. G. C S I R  WM HALCROW C P 4 r l T Y  LONDON 

TUYIVcLS AND T U Y Y F L I N G ,  ( 3 )  Y Q  1, 4 1 - 4 4 ?  JAY. 1970. A D I S C R I P T I O N  OF T H F  METHODS C!F SURVEY, DESIGN AND CC'!ST9UC.TTl7'! 
n F  THF 4 1/P M I L E  1 5  FT D I A  YORSESHOF SHAPED WATEP TUNNFL FOR MALAYSIA .  4 D I S C U C S I n N  OF YETHODS U S E 0  I Y  TRAVFRSIYG 
T ) I F F I C U L T  STRATA 4ND C l P I N G  W I T H  HEAVY WATER INFLOWS AYD DATA FOR REFEQENCE, I N C L U @ I N G  COSTS, ARE GIVEN.  
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U-70-Q3QQ.l P L A N N I N G  6 3  ST. EAST R I V E R  TUNNEL FOR NEW YORK ( SUBWAY TRENCH B I D S  SUBAQUEOUS 
MAEVIS ,  A. C. & NYC T R A N S I T  AUTHORITY 

TUNNFLS AND TUWNELING, ( 2 1  NO 29 7 3 - 7 7 ,  MAR. 1 9 7 0 .  THE 6 3 R O  ST. TUNNEL IS THE F I R S T  STEP OF A 61.3 
OF SUBWAY IMPROVEMENT B E I N G  UNDERTAKEN BY THE METROPOLITAN TRANSP. AUTH. AND NYC T R A N S I T  AUTH. T O  P R O V I  
SPEED ROUTES FROM THE BRONX, QUEENS, AND BROOKLYN TO OOWNTOWN MANHATTAN. THE TUNNEL WILL HAVE TWO UPPER 
SUBWAY T R A I N S  AND TWO LOWER L E V E L  TRACKS FOR LONG I S L A N D  R.R. TRAINS.  THE JOB WAS B I D  I N  1 9 6 5  BASED TW 
TUBES U S I N G  S H I E L D S  AND COMPRESSED A I R .  T H E  S I N G L E  B I D  WAS TOO H I G H  SO THE TUNNEL WAS REDESIGNED AND R 

VENTURE OF PETER K I E W I T  SONS COT SLATTERY ASSOC. AND MORRISON-KNUDSEN CO. CONTRACT WAS AWARDED OCT 24, 
CONTRACT T I M E  OF 3 9  MONTHS. 

E I T H F R  COMPRESSED A I R  OR TRENCH TO BE B I D .  THE LOW B I D  WAS $ 6 9 9 4 8 0 9 9 2 0  FOR A TRENCH METHOD S U B M I T T E D  B 

B I L L  I O N  PROGRAM 
DE NEW H I G H  

TRACKS FOR 
IN S I N G L E  TRACK 

Y A J O I N T  
1 9 6 9  W I T H  A 

E B I D ,  ALLOWING 

&=IQ=UQQ2 PRECONTRACT P L A N N I N G  FOR THE L I V E R P O O L  - WALLASEY ROAD TUNNEL ( MERSEY-TUNNEL ENGLAND 

TUMNFLS AND TUNNELING,  (21 NO 2, 7 9 - 6 5 ,  MAR. 1 9 7 0 .  T H I S  A R T I C L E  D E S C R I B E S  T H E  PRE-CONTRACT P L A N N I N G  L E A D I N G  UP TO 
THE CONSTRUCTION OF THE SECOND MERSEY TUNNEL. T H E  NEED FOR AN A D D I T I O N A L  CROSSING, THE S E L E C T I O N  OF T H E  L O C A T I O N  FOR 
THE TUNNFLS ( A N D  CHOICE OF TUNNELS OVER B R I D G E ) ,  S I T E  I N V E S T I G A T I O N ,  SCHEDULING9 CONSTRUCTION OF A P I L O T  TUNNEL BY 
CONVENTIONAL BLASTING,  D E C I S I O N S  FOR CHOICE OF TUNNEL L I N I N G S  AN0 THE TYPE OF V E N T I L A T I O N  SELECTED ARE ALL REVIEWED.  
I N  A P R I L  1 9 6 7  A CONTRACT WAS L E T  TO A CONSORTIUM OF N U T T A L L  A T K I N S O N  E CO FOR THE TUNNEL AND S I R  ALFRED MCALPINE & co 
FClR THF WALLASEY APPROACH ROAD. THE EXCAVATED SOCK FROM THE TUNNEL WAS USED FOR THE APPROACH. 

Q&=U=OQU TUNNEL CONSTRUCTION AND MAINTENANCE ON THE A U S T R I A N  FEDERAL R A I L W A Y  SYSTEM PART I ( SHOTCRETE 

TORPEY, K. W. & MOTT HAY AND ANDERSON 

AUSTRIAN-METHOD 1 
ZIEQMANNI R. & A U S T R I A N  F E D  RWS V I E N N A  

TUNNELS AND TUNNELING,  ( 2 )  NO 2, 8 7 - 9 1 ,  MAR. 1 9 7 0 .  P R I O R  TO WORLD WAR I A TREMENDOUS NUMBER OF R A I L R O A D  TUNNELS 

THE P E R I O D  AFTER W W  I T '  BPOUGHT A RESURGENCE I N  T U N N E L I N G  FOR HYDROELECTRIC PLANTS AND L E D  TO A TRANSFORMATION OF THE 
APT. THE HISTClRY OF T H I S  DEVELOPMENT I S  R E C I T E D  AND D E T A I L S  OF THE METHOD ARE GIVEN. F I R S T  PART OF A 2 PART A R T I C L E  
( S E E  0 4 7 0 0 5 0 1 ) .  

Q5-70-QZQQz BR I T A I N S  MAJOR ROAD TUNNELS: A REVIEW ( CLYDE DARTFORO MERSEY TYNE BLACKWALL-AND-ROTHERHITHE ) 

TUNNELS AND T U P N E L I N G T  ( 2 )  NO 3 7  1 5 7 - 1 6 5 7  MAY 1 9 7 0 .  DATA ON THE MAJOR ROAD TUNNELS I N  B R I T A I N  TO I N C L U D E  A 

AND MAINTENANCE. 

D4-70-L25QQ3 TUNNELS ON F R A N C E ' S  RESEAU EXPRESS REGIONAL ( MOLES R O B B I N S  1 

TfJNNELS AND TUNNELING,  ( 2 )  NO 39 1 6 5 - 1 6 9 9  MAY 1 9 7 0 .  THE L I N E  FROM ST GERMAIN-EN-LAYE TO BOISSY-ST-LEGES WILL BE 4 6  

WERE S U I L T  FOR RAILQOADS I N  THE MOUNTAINS OF A U S T R I A .  DURING T H I S  P E R I O D  THE S O  C A L L E D  A U S T R I A N  METHOD WAS DEVELOPED. 

F E R R I E R ,  F .  G. + M I L L N S I  F a  L e  + JONES, ST. E ALLENBY,  H. 

D I S C R I P T T O N  OF THE F A C I L I T I E S ,  COST OF O R I G I N A L  TUNNEL AND METHOD OF D R I V I N G ,  V E N T I L A T I O N ,  L I G H T I N G  T R A F F I C  S U P E R V I S I O N  

FIOIS, A. E R E G I E  AUTO DES TRANSP P A R I S I E N S  

KM LONG AND YAVE 1 5  KM OF VARIOUS TYPES OF UNDERGROUND L I N E  FROM OPEN CUT TO DEEP TUNNELING.  

4 4 - 7 0 - 0 5 0 0 4  FXPFQIENCES GATHERED I N  @ R I L L I N G  AN I N C L I N E D  GALLERY THROUGH HARD ROCK ( WIRTH MOLE 1 

TUNNELS AND TUNNELING,  ( 2 1  Nr? 3 ,  1 7 1 - 1 7 6 7  MAY 1 9 7 0 .  A W I R T H  D R I L L I N G  MACHINE WAS USED TO D R I L L  A 3 M O I A  1140 M 

4nV4NCE R A T E  W A q  1 5 . 7 5  M/DAY. 

HAMRACH, P. E. BAUUNTERNEHMUNG MURER AG 

LOVG GALLERY AT A 33 DEGREE I N C L I N E  THROUGH G R A N I T E  H A V I N G  A COMPRESSIVE STRENGTH OF 2 4 0 0  KG/CU CM. T H E  MAXIMUM 

Q$-70-QLQQ5 TUNNFL C@k 'STRUCTION GN THE AUSTRIAN FEDERAL P A I L W A Y  SYSTEM PART 2 ( SHOTCRETE 1 

TUNYELS ANC TUNNELING,  ( 2 )  NO 2, 1 7 9 - 1 9 1 ,  YAY 1970. A D E S C R I P T I O N  OF I N D I V I D U A L  TUNNELS I N  AUSTRIA ,  SOME U S I N G  THE 
OLDEQ R E L G I A N  METHCID, SPVE THE NEW AUSTRIAN METHOD. P A R T  2 OF A TWO PART A R T I C L E  ( S E E  0 4 - 7 0 - 0 3 0 0 3 ) .  

ZIERMANN, P o  E. AUSTRIAN FED RWS V I E N N A  

F I F L q  0 5  Y F k S  I T F M S  

E S l S l Q Q l  THE WASHRUPN TUNNFL9 TEXAS ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TURES EULKHEADS CONCRETE 1 
THE F N G I Y E E R ,  390, YARCH 23, 1 9 5 1 .  THE O P E N I N G  TO T R A F F I C  @ F  THE WASHBURN TUNNEL UNDER THE HOUSTON S H I P  CHANNEL AT 
PAqADcN4,  TEXAS IS ANNOUNCED. THF TRENCH-TYPE TUNNEL AND I T S  CONSTRUCTION ARE DESCRIBED I N  SOME D E T A I L .  THE TUNNEL IS 
2 7 9 1  F F E T  IY OVEQALL LENGTH AND PROVIDES I N  THE TUBE I N T E R I O R  A QOADWAY WIDTH OF 2 2  F T  FOR TWO L A N E S  OF T R A F F I C 9  A 
WALKWAY AND A FRFSH A I Q  D E L I V E R Y  DUCT UNDERNEATH THE ROADWAY. PREFABRICATED TUBES WFRE FLOATED I N T O  P O S I T I O N  OVER THF 
3RFDGE CHANVFL ANT, SUYK I N  PLACE. F I N 4 L  PLACEMENT OF CrJNCQETE WAS POURED RY TREMIE .  THE ENCASED TUNNEL WAS COVERED BY 
HY9P AUL I C BACK F I L L .  

05=55=Q9QQ1 SWEOES MAKF ROCK TUNNEL H I S T O R Y  ( GEOLCGY D P I L L - B I T  JUMBO B L A S T I N G  ADVANCE S I Z E  MUCKING 1 

FhIGTN=FRING YEWS-*ECORD, (155) N 91 3 4 - 3 6 1  4 0 - 4 4 1  SEPT. 1, 1 9 5 5  TUNNELS ARE I N  GRANITE.  D P I L L S  ARF PNEUMATIC,  
DUSHER-YOUNTFD L I G H T - W E I G H T  ONF-MAN. B I T S  ARF 7 / B  I N .  ALLOY STEEL TUNGSTEN C A P B I D F  C H I S E L  T I P P E D 1  6 3  I N .  INCREMENTS. 
THEY D R I L L  HOLFS FOR 2 0  TO 2 4  F T  ADVANCE I N  EACH OF 3 S H I F T S  PER DAY. TANDEM JUNBOS ARE C A R R I E D  T C  FACE OF HEADING ON 
T 4 U r K S .  F X P L n S I V F  CCNSUMPTION IS 1 .56  LBS9  5 0  PERCENT N I T 9 0  G L Y C E R I N E  PER CU-YD. AVERAGE S H I F T  TAKES THESE HOURLY 
T I M F S .  SET-UP 1 - 5 9  D R I L L I N G  3.5, CHARGING 1 - 5 1  V E N T I L A T I O N  0.5,  MOVING SHOVEL I N  0.5.  THREE LARGE TUNNELS HAVE BEEN 
Tf'VSTQUCTFD RY T H I S  METHOD: HARRESELE HYDROELECTRIC 2,691-SQ.-FT S E C T I O N  W I T H  1,410-SQ.-FT-TDP HEADING AND TWO BENCHES 
I N  THE 59 -FT .  HEIGHT,  4Q-FT .  WIDTH. STORNORRFORS HYDROELECTRIC 3,@75-SQ.-FT S E C T I O N  W I T H  l r 7 4 0 - S Q . - F T  TOP HEADING AND 
TWO SEYCHFS I N  THF 77-FT HEIGHT,  53 -FT  MIDTH.  STOCKHOLM UNDERGROUND P A R K I N G  F A C I L I T Y  TO SERVE ALSO AS A I R  R A I D  SHELTER 
3'-'T H K I G H T t  4 2 - F T  WIPTH.  A L L  PROJECTS HAVE LARGE UNOERGROUND EXCAVATIONS F O R  T U R B I N E S  AND GENERPTORS I N  
H Y D Q q E L F C T R I C  T N S T 4 L L A T I D N S  AND WATER RESERVOIRS9 S A N I T A T I O N ,  K ITCHEN,  V E N T I L A T I O N ,  AND EMFRGENCY POWFR I V  STOCKHOLM 

PnWMANt W. G. 

PPOJFCT. 

05-ShAO@JQ1 C A N A D I A N  TUNNELERS C L A I M  RECORD ( BORE D R I L L - C A R R I A G F  BLASTED-MATE!?IAL HEADING 1 

S F T T I Y G  A R F C I R n  FOR H E A R I N G  ADVANCE OF 3 9 7  F T  I N  6 DAYS FOP AN 1 P  X 1 8  F T  TUNNFL. THE 6 .7  M I  TUNNEL I S  ON TYE 
Cf"YPRFS5ED A I 9  MAGAZIVF ,  1 7 4 ,  JUWE 1 9 5 6 .  THE A R T I C L E  D E S C R I B E S  THE PROJECT, T U N N E L I N G  METHOD AND ECUIPMENT USE@ I N  

r H F A K A Y U S  R I V F P  PQOJFCT 5 0  M I  NORTH OF VANCOUVFR. I T  I S  B F I N G  D R I V E N  BY THE D R I L L ,  BLAST AND YUCK METHOD. 

Q5-58-QlQQL TUWNELING W I T H  ROTARY D R I L L S  AND Y I L L I S E C O N D  DELAY B L A S T I N G  ( GEOLOGY D P I L L I N G  B L A S T I N G  JUVBO MUCKING 
CONCRFTE 1 
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'LASrNGAMFy P. + LAW, W. P.  & GQAFE-TECON-MITTRY-DRAKE CHICAGO 
C I V I L  C N G I N F E Q I N G ,  ( 2 R )  N 3 1  5 4 - 5 7 ,  YAR. 1 9 5 8 .  FOUR COMPANIES OPERATING AS GRAFE-TECCIN-MI TTRY-DRAKE CONSTRUCTED A 

1 5 / r j  I N .  H n L C T  AQF Q R I L L F D  11 F T  DEFP ON A 5 8  TO 6 4  HOLE PATTERN U S I N G  FOUR HYDRAULIC  ROTARY POCK D R I L L S  EACH POWERED 
WTTH 4 20 HP PUMP. CENTFR BURN IS 1 5  I N .  WITH KA-MO D R I L L .  JUMBO IS STEEL FRAME PnUNTED ON R A I L S  10.5 F T  CENTEP TO 
CCNTER1 T H F  O U T S I D F  P A T L S  rJF TWn 3.5 F T  GAGE TRACKS. POWDER FACTOR IS 4 L B  PER CU-YD W I T H  P R I M E S  AVMONIA G E L A T I Y .  
G I A Y T  G E L P T I N  I N  1 1 /4  X 8 I N .  CARTRIDGFS AYD B A S I C  POWDER SEMI -GELATIN ,  ATLAS GELODYN NO. 1 I N  1 1 / 4  X 1 6  I N .  
CARTSTDSFS. M I L L I S F C D N D  DELAY P L A S T I N G  WITH AN E N T I S F  S E R I E S  OF DELAYS G I V E S  6 ADVANTAGFS OVFR STANDARD DFLAY:  LOOSFR 

1 7 - F T  WIDF,  1A-FT  H IGH,  HQRSESHQF-SH4PcD WATFR-SUPPLY TUNNEL I N  DOLOMITE L IMESTONE,  2 5 0  F T  BELOW CHICAGO'S  GnLD COAST. 
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YUCK P I L E ,  BETTER FRAGMENTATION, FEWER NDXIOUS FUMES, CLEANER CUT, LOWER POWDER FACTOR, FEWER V I B R A T I O N  COMPLAINTS. 
V E N T I L A T I O N  I S  W I T H  A 24 I N .  S U C T I O N  L I N E  AT 20,000 CFM. MUCKING IS W I T H  A CONWAY 100-1 L O A D I N G  2 2  CARS OF 10 CU-YD 
C A P A C I T Y .  MUCK CARS ARE S H I F T F D  WITH A CHERRY PICKER.  MUCK IS S K I P P E D  TO THE SURFACE I N  12 CU-YD S K I P  ON 5 113 M I N  
9r)UND-TRIP SCHEDULE. 2 CYCLES OF D R I L L I N G ,  B L A S T I N G ,  AND MUCKING ARE DONE ON EACH OF 3 S H I F T S .  CONCRETING Is W I T H  
QEADY M I X E D  CONCRETE HAULED I N  7 1/2 CU-YD AGITATOR CARS FOR T H E  CURB AND PUMPED I N  BACK O F  A 3 5 0 - F T  T E L E S C O P I N G  FORM 
FOR THE ARCH. 32,000 F T  OF T U N N E L I N G  IS B E I N G  DONE UNDER A $12,700,000 CONTRACT. 

Q5d&Q&QQl ORGAN1 ZED SPFED KEY TO SUCCESSFUL TUNNEL RESULTS ( GEOLOGY D R I L L I N G  JUMBO CHARGING V E N T I L A T I O N  MUCKING 
SUPPORT 1 
ADAMST T. F .  + MORSE, D. P. & SLUE R I V  CONSTR D I L L O N  COLO 

Y I Y I Y G  E N G I N E F P I N G ,  110) N 41 473-4751 APR 1958. BLUE R I V E R  CONSTR ARE D I G G I N G  THE 23 M I  HAROLD 0. ROBERTS TUNNEL 
FROM 4 H E A D I N G S  FOR $45 M I L L I C N  FOR THE C I T Y  AND COUNTY OF DENVER. ADVANCE GEOLOGICAL STUDY IS U S E D  BUT EXPERIENCE AYD 
P R F n I C T I O N  ARE MORE IMPORTANT AS CLASS AND I N T E N S I T Y  OF ROCK DEFECTS ARF V I T A L .  P U L L  I S  11 F T  I N  G@OD FORMATION 3 F T  
IY RAD AS FnOTAGF ADVANCE I S  REDUCED TO PREVFNT OVERBREAK. D R I L L  JUMBO I S  P L A C E D  B Y  H Y D R A U L I C  J I B S  AND HAS A F O L D  UP 

1/4 I N  HflCL9W CARBON D R I L L  STEFL WITH 1 5 / 8  IN C A R B I D E  B I T .  BURN CUT I S  MADE I N  UNIFORM ROCK. V E N T I L A T I O N  IS REVERSED 
PLATFOPH F O P  4 D R I L L S .  MACHINES ARE 3 1/2 I N  W I T H  5 F T  SHELLS. F E E L E R  HOLES DETECT WATER AHEAD OF FACE. B I T S  ARE 1 

FOR B L A S T I N G .  CHARGES ARE 1 1/4 X 8 AND 1 1/4 X 16. E L E C T R I C  B L A S T I N G  CAPS W I T H  1 TO 10 D E L A Y S  ARE USED. MUCKING IS 
W I T H  1" CARS W I T H  5 CU-YD C A P A C I T Y .  C A L I F  S W I T C H I N G  SHUNTS EMPTY CARS TO THE H E A D I N G  AND REMOVES LOADEO* S T E E L  
SUfJPOFTS W I T H  WODD R L O C K I N G  ARE U S U A L L Y  A T  4 F T  I N T E R V A L S .  VARIOUS OPERATIONS ARE D R I L L I N G  1 HR L O A D I N G  20 M I N  MUCKING 

N F I T H F R  T I M F  NOR F I N b N C E S  FOR R AND D WORK. 

QS5B=QhQQ1 TWO CONTRACTORS PROVED OUT NEW HARD ROCK T U N N E L I N G  METHOD ( WORLD-TUNNELING-RECORD BURNCUT 

F N G I N E F R I N G  NFWS-RECORD, (160) 2 8 ,  JUNF 261 1958. A D A I L Y  ADVANCE RECORD OF 83 F T  AVERAGE OVER A WEEK HAS BEEN SET 
RY ONF CONTRAfTOR AND T H E  WORLD RECORD EQUALED BY ANOTHFR AT 80 F T  PFR DAY ON THE N.Y. C I T Y  44 M I  WEST DELAWARE 
TUNNEL. TYE TUNNFL 17 1 / 2  F T  I N  D I A  I S  B E I N G  RORED FROM BOTH E N T R I E S  AND 7 SHAFTS THROUGH C A T S K I L L  MOUNTAIN GREY 
SANDSTONF AN@ SHALE. THE BURN CUT METHOD OF D R I L L I N G  FOR B L A S T I N G  AND M I N I N G  TECHNIQUES OF T H E  CONTRACTOR COMBINES A q E  

1 1/7 HRS. H F A D I N G  CREW IS 25 EACH OF 3 S H I F T S  UNDERGROUND. 18 SURFACE WORKERS, 12 SUPERVISORS. CONTRACTORS HAVE 

D R I L L I N G - P A T T E R N  B L A S T I N G  JUMBO ) 

DFSCRIRED.  THF TUYNEL I S  B E I N G  CONCRETE L I N E D  TO AN 11 F T  4 I N  F I N I S H E D  D I A -  

Q5-59-19441 TUklNELIYG 2 3  M I L E S  THROUGH ROCKIES ( HARD-ROCK D R I L L  BLAST MUCK JUMBO H E A D I N G  V E N T I L A T I O N  C O N C R E T € - L I N I N G  

!=NGIYCFQING NFWS-RECORD, (163) 3 2 ,  OCT 29, 1959. A S I X  COMPANY COMBINE I S  P I E R C I N G  T H E  C O N T I N E N T A L  D I V I D E  UNDER 
GROUT 1 

THE R ' 2 C K I F S  W I T H  A 73 M I  TUNNEL TO B P I N G  WESTEQN SLOPE WATFR T O  PENVER. ABOUT 2.5 M I  OF 13 F T  X 13 F T  HORSESHDE TUNNEL 
R F Y A I N S  T o  BE D R I V E N .  FOUR HEADINGS ARE USED I N  D R I V I N G  THE TUNYEL; ONE AT FACH END AND TWO FROM A 926 F T  DEFP ACCESS 
SHPFT q V I  CAST OF D I L L O N .  THE TUNNEL W I L L  BE CONCRETE L I N E D  TO A 10 F T  3 I N  1.D. A TWO-DECK JUMBO IS USFD AT F 4 C H  
F 4 C F  F O 9  D R I L L I N G  42 TO 52 HOLES 7 F T  DEEP FOR SLASTING.  TYE A R T I C L F  O U T L I N E S  T H E  OVERALL WATER PROJECT T U N N E L I N G  
COUIPMFYT,  M4TFR I A L S ,  TECHNIQUES AND PROGRESS OF THE T U N N E L I N G  WORK. 

Q5-50-1ZQQL 4USTQ4L I A N S  USE BURN CUT FOR RFCO9D ( JUMBOS R I O T I T E - G R A N I T E  TUNNELS ROCIF-BOLTS D Y N A M I T E  
I L L  I NG-EQU IPMENT 1 

! = N G f V F e F I N G  AND M I N I N G  JOURNAL, 100, DEC 1959. A T U N N E L I N G  QECOPD ONLY MONTHS AFTER S T A R T I N G  W I T H  A GREEN CREW HAS 
q C F N  SFT B Y  4 Y  A U S T R A L I A N  F I R M  I N  COYSTRUCTION OF THF 9 M I L E  TOOMA-TUMUT WATER D I V E R S I O N  TUNNFL I N  THE SNOWY MOUNT4IV 
PRDJECT. I N  h DAYS THF 12.5 X 12.5  F E E T ?  HORSESHOE SHAPED TUNNEL WAS ADVANCED 526 F E E T  AT AN AVERAGE SPEED OF 87.7 
F F F T  P F Q  DAY. THF A 9 T I C L E  O U T L I N E S  T H E  C O M P I N A T I O N  POWFR-WATER D I V E R S I O N  PROJFCT AND I T S  PROGRESS AND DESCRIBES THE 
F b U I O Y E N T  USFO. A P P L I C A T I O N  CIF THE RURN-CUT MFTHOD I S  D E S C R I B E D  IK ICLUDING THC D R I L L I N G  PATTERN DEVELOPED FOR EACH 
R L A S T I Y G  ROUN9. 

QS=fJ.=Q3QQl TUP N F L I N G  TN LPNDCN C L A Y  I S H I F L D  V I C T O R I A - L I N E  EXPFRIMFNT L I N I N G S  1 
~ ~ ~ G I Y C F Q T  (211) NO 54867 422-25, MAR. 17, 1951. F N G I N E E Q I N G ,  (1Q11 NO 49531 414-15, MAP. 24, 1961. D R I V I Y G  THE 1 
" I L F  LOYC TWIY TtJNNFLS FOR LCNDCN TRANSPOPT AT F I N S B U R Y  PARK IS A F U L L  SCALE T R I A L  OF THE METHODS OF C 9 Y S T R U C T I O N  
YCLECTE3 F n Q  T H F  PROP3SEn V I C T O R I A  UNDFRGROUND L I N E .  DIGGER S H I F L D S  ARE R E I Y G  USED I N  BOTH TUNNELS AND THE L I N I N G S  ARC 
'=ITHE'? UNROLTFP CAST I p D N  OR BOLTED PRECAST CONCRFTE SECTIONS.  

Qz=fJ=Q$ftP1- T U P Y E L I N G  UNDFR THAMES ( LONDON ) 
I R O Y  AND COAL TRADFS REVIEW, ( 1 9 2 )  NO 4839, 799-8011 APR. 14, 1961. CONSTRUCTION OF THE 28 F T  9 1 4  TUNNEL UNDER THF 

P I L O T  TUNNFLS. SECOND PHPSE W I L L  BE D Q I V I N G  F U L L  SIZF TUNNEL. 

Dq-hl-QqQQl PQrlGRFSS Q T  THE GREAT ST. BERNHARD TUNNEL ( V F N T I L A T I N G - S H A F T S  BRITTLE-POCK QUARTZ C A R B I D E - T  I P P E D - D R I L L S  

T Y l M F S  R I V E R  I N  EAST LONDON WILL PE COMPLETFD IY 2 STAGES. F I R S T  PHASE I S  S I N K I N G  ACCESS SHAFTS, O R I V I V G  2 7 F T  9 I A  

E X P L O S I V E  
T Y F  EYGINEER,  7R3r SEPT 1961. THF 5.9 K I L O M E T E R  G 9 E A T  ST. BERNHARD TUNNEL HAS BEEN D R I V E N  F U L L  S E C T I C N  FOP 2500  M 
AS O F  AUG OY T H F  S N I S S  S I D E  W H I L E  THE I T A L I A N S  HAVE HAD D I F F I C U L T I E S  W I T H  THF ROCK AND HAVE ADVANCFD ONLY 1700 M. TWO 
V F N T I L 4 T I N G  SYAFTS ARF ON THE SWISS S I [ ) € .  TYE EXCAVATION,  GFOLOGICAL FORYATIONS ENCDUNTEPFDv EXCAVATII 'N YETHODS, 
TUNYFL L I Y I Y G  AND FQUIPMENT USED ARE OUTLINED.  

9531=Q9442 MPNT C F Y I S  TUMNFL ( MACHINE COMPRESSED-AIR D R I L L S  WORKING-FACE 

S O Y M F L I E Q ' S  APPATATUS FOR D R I V I N G  THF MONT C F N I S  TUNNFL. THF A R T I C L E  D E S C R I B E S  THE H Y D R A U L I C  COMPRFSSI f lN  OF A I R  AND 
USF @F T Y Q T  A I 9  TD OPFQATE PERCUSSION D R I L L S  ON ROTH F 4 C E S  I N  D R I V I h ! G  THF TUNYEL.  n P E R A T I O N  OF 8 D R I L L S  I S  DESCRIBED 
4 5  T W Y  ADVANCC 3 F T  I N  DFPTH AND FROM 8 TO 11 HOLES I N  6 HRS. 

Q 5 3 k Q l Q Q 1  FASTFR M I N I Y G  METHODS FOQ A U S T F A L I A  ( TUNNCL D Q I L L I N G  B L A S T I N G  C A G E - R I S I N G  1 
CNGI ' IFFRING COYSTRUCTTPN, S F C T I O N  101 J A N  5 ,  1962. A METHOD O F  D R I V I N G  A CONNECTING SHAFT UPWARO FPCM A LOWER 

A Y r  QEDtJCFS T I M F  SPENT I N  T R A V E L I N G  AND H A U L I N G  ?EAR. I T  C O N S I S T S  OF A TWO-DFCK CAGE H O I S T E D  UP OR DOWN THE SHAFT AS 
q L A S T I V 5  PRCICCFDFS THROUGH A P R E D R I L L E D  CABLE HOLE OY THE SHAFT C E V T E 9 L I ' V E  FROY WHICH THE M I N E P S  WORK. 

Q5&2=QlQQ2 Y U L T I P L F  HYDRO-ELFCTRIC POWER PROJFCTS I N  SWEDEN ( ROCK-FXCAVATION PENSTOCKS T A I L R A C E  TUNYEL D I V E R S I O N  
C h G T Y E F R I N G  COYSTRUCTION, S E C T I O N  10, J A N  5, 1962. THE A R T I C L E  O U T L I N F S  T H F  SWEDISH POWEP PROJFCT P F  FOUR POWER 
S T A T I O Y S  AT MFSSAUPFT POTS19 L A X I O E ,  AND L E T S 1  ON THF R I V E R  LULE. W@RK I N C L U D E S  ROCK E X C A V A T I O N  OF 2941000 CM FOR 
T A I L R A C F  AND D I V F R T I P N  TUYNELS.  

T H F  C " r l I N C F P ,  5 0 5 1  SEPT 2 0 9  1961- a QEPSINT O F  AN QRTICLE PQINTED ORIGINALLY IN S E P T  1861 DESCRISING USF OF M. 

TUNYFL Tfl A  YIGHER ClhlE, C A L L E D  CAGE R I S I N G ,  HAS REEN O E V I S E D  I N  A U S T R A L I A .  THE MFTHOD E L I M I N A T E S  THE V F E D  FOP TIMBER 

Q5-67-Q5_041 YONT PLANT: - ONF TUNNFL, TWO JOBS ( GEOLDGY FRANCE I T A L Y  ) 
EYGR WFWS-RFCCRO ( 1 6 8 )  56-63, MAY 31, 1962. THE GEOLOGY OF MONT BLANC PI)SES F A R  C I F F E P E N T  PQr3eLEMS FOR I T A L I A N  AND 
F9FNCH MI'VFRS. THC FQKNCH HEADINGS A R F  R F L A T I V E L Y  DRY RUT HOT. THE I T A L I A Y S  GET FLOOOFD F Q E Q U E Y T L Y  BUT HAVE SFMF 
LOWFP TEYPFQATUQES.  TOST HAS R I S E N  FROM $ 3 0  T n  $40 M I L L I O N .  13 L I V F S  HAVE BEEN LOST. 

Q5&3zQ5QQ1 HAPPRflCK TUNNEL SAVES 50% ON F X P L O S I V E S  ( AY-FO SAY-FRAYCISCO WATFR-SUPPLY 1 
F N W  NEWS-PKCIIPD, (170) 50-55, V ~ Y  2 3 1  1963. CLANCY O ' D E L L  COhlSTR CO P R E S I D E Q T  SAYS T H A T  AN-FO IS CFEAPEP AN0 
PFTTFR THAN W N A Y I T E  FDR TUNNFL D R I V I N G .  H I S  COYPANY IS S A V I N G  50% 9F TYE COST q F  E X P L O S I V F S  FOR THE CANYON TUNYCL P F  
T H F  HFTCH VFTCHY WATF9 SUPPLY PROJECT FOR SAN FRANCISCO.  O E T A I L S  @ F  THE B L A S T I N G  PROCEDURFS ARE GIVEN.  
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QkbkQ2QQL TWO C I T I E S  TUNNEL THROUGH T H E  C O N T I N E N T A L  D I V I D E  FOR WATEQ 
E N G I N E E Q I N G  NEWS-RECORD1 34-357 F E B  277 1 9 6 4 .  COLORADO SPRINGS AND AURORA AWARDED A $ 4  M I L L I O N  CONTRACT I N  JULY 
1 9 6 3  FOR CONSTRUCTION OF A 5.5 M I L E  TUNNEL TO B R I N G  WATER FROM HOMESTAKES DAM WEST OF THE D I V I D E .  THE 9 . 5  F T .  U N L I N E D  
HOR5ESHOE SHAPED TUNNEL IS B E I N G  CONSTRUCTED BY W. A. S M I T H  CO. AND THE QUAD CONSTRUCTION CO. AS A J O I N T  VENTURE-  
CCJNSTRUCTION STARTED I N  J U L Y  1 9 6 3  SCHEDULED FOR COMPLETION I N  J U N E  1 9 6 6 .  

Q5-64-QIQQ1 HUGE SEWER MAKES EXCAVATION HEADACHE ( CUT-AND-COVER 1 
HALMOS, E. E. 

E X C A V A T I N G  ENGINEER,  ( 5 8 )  N 3 7  16-197 MAR 1964 .  THE 43 M I L E ,  $ 2 8  M I L L I O N  INTERCEPTOR SEWFR I N V O L V E D  5 MAJOR 
TUNNELS UP TO 1 3 ~ 0 0 0  FT.  LONG, TWO OPEN CUT TRENCHES ACROSS THE BED OF THE POTOMAC R I V E R .  

05-64-03QSl.2 O P E N I N G  OF GREAT ST. BERNHARD ROAD TUNNEL 
THE F N G I N E E R T  586-5919 MARCH 2 7 ,  1 9 6 4 .  THE 5.85 KM HIGHWAY TUNNEL UNDER THE GREAT ST. BERNHARD PASS WAS OPENED TO 

KM ON T H E  SOUTH ALLOW YEAR ROUND USE OF THE TUNNEL. 

Qkf&=12@1 CONTRACTOR GOES THROUGH SAND FOR M I N N E A P O L I S  STORM D R A I N  TUNNEL ( COSTS 1 

AWARDED A $ 9 4 5 r 8 0 7  CONTRACT FOR A M I N N E A P O L I S  STORM SEWER PROJECT. THE JOB I N C L U D E S  2 / 5  M I L E  OF R E I N F O R C E D  CONCRETE 
P I P E  1 0 2  I N C H E S  I N  D I A M E T E R  2 2  TO 3 0  FEET DEEPT 1 / 5  M I L E  OF 1 0 2  I N C H  D I A M E T E R  M O N O L I T H I C  STORM SEWER 20  TO 3 8  F E E T  

BREAKDOWN OF B I D  GIVEN.  

T R A F F I C  MARCH 197 1 9 6 4 .  TUNNEL WORK BEGAN I N  1 9 5 9 .  U S E  OF COVEQED APPROACH ROADS OF 5.5 KM ON T H E  NORTH S I D E  AND 10.3 

E N G I N E E R I N G  NEWS-RECORD, ( 1 7 3 )  687 DEC 1 0 ,  1964 .  ASHBACH CONSTRUCTION COMPANY OF ST.  PAUL7 M I N N E A P O L I S 7  WAS 

DFFP, AND 4 4 3  FEET OF 7 2  I N C H  DIAMETER P I P E  10 F E E T  DEEP. THE TUNNEL CONSTRUCTION WAS B I D  AT $ 2 7 2  PER FOOT. D E T A I L E D  

Q5=65=12QQZ P I L O T  BORE HOLED THROUGH R O C K I E S  ( HIGHWAY-TUNNEL 
F N G I N F F R I N G  NEWS-RECORD, ( 1 7 3 )  DEC 177 1 9 6 4 .  A P I L O T  HOLE 11  F E E T  4 I N C H E S  WIDE AND 10  F E E T  8 I N C H E S  H I G H  AND 2 6 2  
F E E T  L W G  WAS D R I L L E D  I N  THE ROCKY MOUNTAINS NEAR LOVELAND PASS I N  COLORADO AT A COST OF $1.3 M I L L I O N S .  THE P I L O T  
H C L E ' S  PURPnSE IS T O  G A I N  MORE I N F O R M A T I g N  F9R D E S I G N I N G  THE L I N I N G  AND SUPPORTS OF THE V E H I C U L A R  TUNNELS. A $ 5 5 , 0 0 0  
CONTRACT PROVIDED I N S T R U M E N T A T I O N  TO STUDY EFFECTS ON SURROUNDING ROCK OF A B L A S T  I N  THE TUNNEL, HOW L O A D S  VARY I N  
P E L A T I O Y  TO T H E  HEADING. 

UAftz12QQ2 ROAD TUNNFL TO P I E R C E  PYRENEES 

LONG, 27 FT. WIDE, 14 F T .  H I G H  THROUGH HARD QUARTZ AND GRANITE.  

Q 5 3 5 = Q Z Q Q l  TUNNEL B I D S  HAVE $ 1 7  M I L L I O N  SPREA0 ( SUBAQUEOUS-TUNNEL 
= V G I N E E R I N G  NEWS-RECORD, ( 1 7 4 )  FEB 47 1 9 6 5 .  THE LOW R I D  WAS $ 3 1  M I L L I O N  TO CONSTRUCT A T W I N  TUNNEL ON 100 FT. 

HORSESHOF SHAPFD TUYNEL WILL BE 20 F E E T  I N  D I A M E T F R ,  AND THE F I N I S H E D  D I A M E T E R  WILL BE 17 1 / 2  F E E T .  T H I S  TUNNEL W I L L  
CARRY HIGH-SPEED CAPS ?N A 5 1 / 2  FEET WIDE TRACK FOR THE B A Y  AREA R A P I D  T R A N S I T  D I S T R I C T  ( P A R T D ) .  TYE CONTRACTORS WILL 
ENCOUYTFR YANY S O I L  AND ROCK FORMATIONS, I N C L U D I N G  A MAJOR S E I S M I C  D I S L O C A T I O N .  AS L I M I T E D  AMOUNTS OF GAS AND WATER ARE 
EXPFCTFD TO BE FOUND. 

Q 5 3 2 Q f t Q Q 1  HIGHWAY B R I D G E  MEN B U I L D  A TUNNEL - FOR WATER ( STORM-DRAIN CONSTRUCTION D R I L L - P A T T E R N S  MUCKING 1 
E N G I N F F R I N G  NEWS-RECORD, ( 1 7 4 1  347 A P Q I L  157 1 9 6 5 .  THE LONGEST BORED TUNNEL I N  NEW YORK - 4.29 V I L E S T  IS B E I N G  
s U I L T  FOR A TRUNK STORM D R A I N  FOR I N T E Q S T A T E  POUT€ 2 8 0 ,  ON EAST-WEST FREEWAY T H A T  I S  OEPRESSED T H R U  THE C I T I E S  OF 
NEWARK, E A S T  ORANGE PND ORANGE. I T  I S  COSTING $2 M I L L I O N  MORE THAN T W I C E  THE N A T I O N A L  AVERAGE FOR THE COST OF A M I L E  
OF C'lMPLETED I N T E R S T A T E  HIGHWAY. THE TUNNEL IS 8 F E E T  I N  DIAMETER W I T H  WALLS OF 1 FOOT T H I C K  CAST- IN-PLACE CONCRETE 
4ND I S  S E I N G  DUG FROP SEVEN SHAFTS 2 9 4 0  F E E T  TO 3 9 7 0  F E E T  APART AND A L L  ABOUT 1 4  F E E T  DIAMETER.  E X C A V A T I O N  OF THE 
R'ICKT SANDSTONE AND JERSFY SHALE IS BY THE D ? I L L ,  SHOOT AND MUCK METHOD. THE A R T I C L E  D E S C R I B E S  T H E  PROJECT, WORK 
CflND I T  I O Y S  AND WORK PET HODS. 

E Y G I N E E R I N G  NEWS-RECORD, ( 1 7 3 )  307 DEC 1 0 ,  1 9 6 4 .  P L A N S  ARE B E I N G  MADE FOR A TUNNEL UNDFR T H E  PYRENEES, 8 7 8 4 0  F T .  

CENTEQS AND 3.2 M I L E S  LONG BENEATH THE BAY BETWEEN SAN F R A N C I S C O  AND OAKLAND7 C A L I F O R N I A .  THE ROUGH B A S E  OF T H E  

05-65-07QQJ SNAKE R I V F R  D I V E R S I O N  TUYNEL D R I E S  S I T E  FOR H E L L S  CANYON D A P  ( L I N I N G  
E N G I N E E Q I N G  NFWS-RECORD, ( 1 7 5  I 26-87 J U L Y  1 9 6 5 .  CONCRETE L I N E D  TUNNEL 1 8 0 0  F T  LONG 4 0 - F T  H I G H  HORSESHOE SHAPED. 
Y F E W I T  SPNS CO. OF OMAHAT NEB. DROVE T H E  TUNNEL UNDER A $4.9 M I L L I O N  CONTRACT WHICH I N C L U D E D  E X C A V 4 T I D Y  FOR THE DAM 

TRUCK FOR THE TOP HALF. THE BOTTOM H A L F  WAS FXCAVATED U S I N G  FOUR WAGON D R I L L S .  I T  WAS L I N E D  U S I N G  A 5 0  F T  R A I L  
ARUTYENTS, B U I L D I N G  TEMPORARY F I S H  TRAPS AhiD A PERMANENT ACCESS ROAD. A D R I L L - J U M B O  WAS USED ON A 22-TOh' END DUMP 

YnUNTED F@RM. THE FCRM I S  C O L L A P S I B L E  AND MADE OF TWO 2 5 - F T  SECTIONS. 

QS=b%UQQL SOLE TUNNEL R I D  TOPS E S T I M A T E  B Y  101 PERCENT ( COST ) 

F N G I N F F R I N G  NEWS-RFCORDT ( 1 7 5 )  487 AUG l S 6 5 .  NEW YORY C I T Y  WANTS TO B U I L D  A SUBWAY TUNNEL, BUT THE ONLY B I D  WPS 
101  "FRCFNT AS@VE 28.1 M I L L I O N  PROJECTED COST. 

Q ~ ~ ~ Z I Q Q Q ~  NAVAJO I N D I A N  I R Q I G A T I C N  TUNNEL ( UNIT-COSTS I 
ENGR NEWS-RECORD7 1175) 1 9 5 ,  OCT. 1 4 ,  1 9 6 5 .  A J O I N T  VENTURE OF J.F. SHEA CO HENRY J. K A I S E R  CO AND MACCO CORP 
S U B u I T T F D  THE $8.6 M I L L I O N  LOW B I D  FOR CONSTQUCTING T H E  5 M I L E  N4VAJO TUNNEL NO 2 FOR THE U.S. BUREAU O F  RECLAMATICIN. 
lJh!IT P Q r C F  R I D  WAS $ 2 4 0 / L I N  F T  BY THE CONVENTIONAL D R I L L  AYD B L A S T  METHOD. 

Qz=$Z=lZQQl GREENBRIAR J O I N T  M E E T I N G  - W. VA. COAL M I N I N G  I N S T I T U T E  AND CENTRAL A P P A L A C H I A N  S E C T I C N  A I M E  ( 

COAL AGE7 115-116 ,  DEC 1 9 6 5 .  J O I N T  M E E T I Y G  AT THE GREENBRIAR,  WHITE SULFUR SPRIYGS W. VA. ON NOVEMBER 5-69 19657 
DISCUSSED CONTINUOUS F A C E  HAULAGE? UNDERGROUND M4INTENANCE9 CONVENTIONAL M I N I N G  W I T H  COMPUTERS, M A T F R I A L S  H A N D L I N G  W I T H  
TQ4CTQQ T R A I L E R S ,  R E C Q U I T I N G  MEN FOR Y I N I N G  BARRIER,  P I L L A R  D E S I G N 7  AND COAL STORAGE I N  B I N S .  

MAINTENANCE COMPUTERS M A T E R I A L S - H A N D L I N G  RESEARCH 

Q Y = 4 k U Q Q Z  MOYT BLANC ROAD TUNNEL IS WORLD'S LONGEST ( SUBTERRANEAN-YIGHWAY G R A N I T E  CONSTRUCTION S A V I N G S  BORING 
T H E  QAK R I D G F R ,  DEC 2 7 ,  1 9 6 5 .  NEWS I T E M  ON THE OPENING OF THE WORLDS LONGEST SUBTERRANEAN TUNNEL 7 4 0 0  F E E T  URDER 
T H F  PEAK O F  MONT BLANC BETWEEN CHAMONIX, FRANCE AND COURMAYEURT I T A L Y .  THE TUNNEL7 7 .2  M I L E S  LONG, WAS OPENED I N  J U L Y  
l S 5 5  4NQ TOOK 6 YFARST 17 L I V E S  AND $ 7 0  M I L L I Q N  TO B U I L D ,  OUT W I L L  CUT AS MUCH AS 20 HOURS WINTER D R I V I N G  T I M E  BETWEEN 

AT A Q A T E  OF 5 8 0 0  F T  PFR SECOND W I L L  PFMOVE CARBON MONOXIDE. MOTORING F A C I L I T I E S  I N  THE TUNNEL AND D I F F I C U L T I E S  O U R I N S  
Q0MF AND P A R I S .  T H E  TUNNEL WILL HANDLE UP TCI 600 V E H I C L E S  AN HOUR D U R I N G  PEAK PERIODS.  FRESH A I R  FQRCEC THROUGH DUCTS 

C ' l M S T Q U t T I O N  4 R E  ALSO OUTLINED.  

Q k b k Q Z Q Q l  NORAD ( TUNNFLS S O L I D - G R A N I T E  B L A S T I N G  MUCK-WAGONS CRAWLER-LBADER E X C A V A T I G N  ROCK-BOLTS ) 
F N G I N E E Q I N G  O P P ~ R T U N I T I F S T  1 9 ,  F E B  1 9 6 6 .  T H I S  I L L U S T R A T E D  A R T I C L E  G I V F S  A CONCISE H I S T q R Y  OF THE NORAD, NORTH 
4 u E R I C A N  P I R  n F F E N S E  CnMMANDS COMMAND OPERATIONS CENTER (COC)  T FROM CONCEPTION T O  ACCEPTANCE L A S T  MCNTH. T H E  CENTER IS 
c Q I I I V A L F N T  TO A C I T Y  L @ C A T E D  I N  VAST C A T H E D R A L - L I K E  CHAMBERS B L A S T F D  OUT OF THE S O L I D  G R A N I T E  1 2 0 0  TO 1 4 0 0  F F E T  DEEP I N  
CYEYEYNF MOUNTAIN NEAR COLO. SPRINGS AND P I K E ' S  PEAK. THREE HORSESHOE SHAPED TUNNELS P R O V I D E  ACCESS FOR TRANSPORT7 
P E O E S T R I A N S T  A I R  SUPPLY AND A I R  EXHAUST. THE NORTH TUNNEL I S  1416  F E E T  LONG, 2 9  F F E T  WIDE AND 22.5 FT HIGH.  T H E  SOUTH 
TUNNFL I S  2 ~ 6 h a  F F F T  LONG, 15 F E E T  WIDE AND 17.5 F E E T  HIGH.  T H E  CEVTQAL TUNNEL I S  591  F E F T  LONG7 4 5  F E E T  WIDE AND 25 
F F E T  YIGH.  THF M L I Y  EXCAVATICIN C O N S I S T S  OF 3 CHAMREQS 4 5  F T  W I @ E T  60.5 F E E T  H I G H  AND 585  FEET LONG, CROSSED PY 3 
r lTHEP CHAMBERS 3 2  FEFT WIDE, 56 F F E T  H I G H  AYD 3 3 5  F E E T  LONG- E X C A V A T I O N  WAS BY B L A S T I N G  W I T H  T H F  BROKEY GRAhIITE L 3 A D E D  
CYTQ YUCK WAG3NS BY CRAWLER LOADERS AND THEN DUMPED I N  A CANYON TO FORM A P A R K I N G  LOT.  ROCK B O L T S  REINFORCED C F I L I N G S  
OF THE CHAMBERS I N  A F n U R  FOOT SQUARE PATTERN. WIRE MESH WAS I N S T A L L E D  ON WALLS AND CROWNS TO STOP F A L L I N G  LOOSE 
R N K .  THE CENTER I S  HOUSEQ I N  11 A L L  STEFL B U I L D I N G S  -- STEEL P L A T E  S H E L L S  AND S T E E L  STRUCTUREST T O  ATTENUATE 
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FLFCTROMAGNETIC PULSES CAUSED BY NUCLEAR BLASTS.  A L L  B U I L D I N G S  ARE MOUNTED ON 47 I N C H  H I G H  3 I N C H  DIAMETER WIRE WOUND 

BLAST DOORS AND WALLS ARE PROVIDED AT THE PORTALS. 

0 5 - 6 6 - 0 2 Q Q Z  AROUND THE WORLD - GRAND SCHEME [ PLANS R A I L - S Y S T E M  R A P I D - T R A N S I T  1 
F N G I N F F R I N G  NEWS-RECORD? ( 1 7 6 1  19, FFB 24, 1 9 6 6 .  WEST BAY R A P I D  T R A N S I T  AUTHORITY OF SAN M A T E 0  ORDERED PREPARATION 
OF A VASTER P L A N  FOR I N T E G R A T I O N  OF E X I S T I N G  BUS F A C I L I T I E S  AND MAY RECOMMEND A R A I L  SYSTEM TO J O I N  THE BARTD NETWORK. 

u - 6 6 - 0 Q Q l  UNDERGROUND ROADS COST PLENTY ( TUNNEL URBAN-HIGHWAY UNDERPINNING ELEVATED-STRUCTURES 

Q R  F L F V A T E D  FXPRESSWAYS I N  URBAN AREAS AND THE NEED TO CONSIDER TUNNFL COSTS C I T E D  BY JOSEPH BARNETT O F  THE BUREAU OF 
9OADS. 

Qk&4=42QQ3 T R A I N  COMING CLOSE T H E  DOOR ( RAILROAD-TUNNEL V E N T I L A T I O N  CONSTRUCTION 
E N G I N E E R I N G  NEWS-RECORD? ( 1 7 6 )  2 3 ,  MAY 12,  1966. THE SECOND Lf lNGEST R A I L R O A D  TUNNEL I N  THE U.S., T H E  7 M I L E  BORE 
SOON TO R E  D R I V E N  THROUGH ELK MOUNTAIN NEAR L I B B Y  MONT. W I L L  HAVE NO V E N T I L A T I O N  SHAFTS BUT A GREAT S T E E L  DOOR AT I T S  
UPPFR END. THE TUNNEL IS PART OF THE RAILWAY RELOCATION TO ALLOW CONSTRUCTION OF L I B B Y  DAM. THE TUNNEL WILL BF 
STRAIGHT W I T H  A 0 .5% GRADE. TO PREVENT THE A I R  WHICH S U P P L I E S  OXYGEN FOR E N G I N E  COMBUSTION FROM B E I N G  D R I V E N  AHEAD AND 
OUT THE END OF THF TUNNFL A S T E E L  DOOR AT THE H I G H E R  END W I L L  BE I N S T A L L E D  TO R E M A I N  CLOSED U N T I L  THE T R A I N  APPROACHES 
THEN B E  OPENED BY ELECTRONIC S IGNALS.  E X I T  OF THE T R A I N  ACTUATES A SYSTEM OF FANS THAT F L U S H  A I R  THROUGH THE TUNNEL I N  
1 5  MINUTES.  DOWNHILL T R A I N S  WITH I D L I N G  ENGINES W I L L  NOT R E Q U I R E  T H I S  ARRANGEMENT, S O  NO OOOR I S  PLANNED FOR THE LOWER 
END. 

I Y T O  SPRINGS T O  PROTECT D E L I C A T E  EQUIPMENT I N  THE B U I L D I N G S  FROM SHOCK OF EARTHQUAKE OR NEARBY THERMONUCLEAR BLAST.  

F N G I N E E Q I N G  NEWS-RECORD? ( 1 7 6 )  287 A P R I L  1 9 6 6 .  E D I T O R I A L  ON CHOOSING UNDERGROUND HIGHWAYS OVER DEPRESSED, AT-GRADE 

Q5=f&=Q6QQ1 C A L I F O P N I A  VOTES HUGE WATER BOND I S S U E  ( TUNNELS FEEDER-CONSTRUCTION 1 
E N G I N E E R I N G  NEWS-RECnRD? ( 1 7 6 )  7 3 7  JUNE 1 6 9  1 9 6 6 .  AN $ 8 5 0  M I L L I O N  BOND I S S U E  WAS VOTED? ADVANCING C A L I F O R N I A ' S  
CONSTRUCTION I N  I T S  MWD $2 B I L L I O N  WATER PROJECT. THE CONSTRUCTION PROGRAM FEATURES 4 MAJOR FEEDERS - F O O T H I L L ?  
SEPULVE'IA, I N L A N D  AN@ SECOND LOWER FFEDER. F O O T H I L L  RUNNING 94 M I L E S  C O N S I S T S  MAINLY OF TUNNELS, SOME 2 0  1 / 2  F E E T  
3 I A M E T E R  AND SGMF MORF THAN 7 M I L E S  LONG. THE GLENDORA TUNNEL I S  A 1 5  1 / 2  FOOT DIAMETER CONCRETE L I N E D  SECTION 6  1/2 
M I L E S  LONG. A 3 1/? M I L F  TUNNFL NEAR YEWHALL I S  2 0  1 / 2  F E E T  DIAMETER. 

0 5 - 6 6 - 0 6 Q Q 2  SHAFT S I N K I N G  ( MUCKING WINZE SKIP-BUCKET JUMBO GALLOWAY-STAGE T U B B I N G  GROUTING F R E E Z I N G  H O I S T I N G  1 
F N G I Y E F Q I N G  AND M I N I N G  JOURNAL, 4 3 7 - 4 4 1 1  JUNE 1 9 6 6 .  A F I E L D  SURVEY OF SHAFT S I N K I N G  METHODS WAS MADE. AN AVERAGE 
RATE OF NEARLY 1 FOOT PFR HOUR FOR SHAFT S I N K I N G  WAS ACHIEVED BY USING A MULTI -DECK "GALLOWAY" STAGE W I T H  A CPYDEriMAN 
HYDRAULIC  MUCKING MACHINF HANGING FROM THF DECK. CONCRETE IS POURED RY THE STAGE CREW W H I L E  THE CREW ON THE ROTTOM 
MUCKS OR D R I L L S .  A COMBINATION OF F R E E Z I N G ?  T U B B I N G ,  AND GROUTING WAS SUCCESSFULLY USED TO COMPLETE A SNAFT WHICH 

PRnGRFSS I N  A "HARD-POCK" M I N E  SHAFT. A  C IRCULAR CROSS S E C T I O N  SHAFT WAS SUNK WHICH I S  A GoOD E X A V p L F  OF E F F I C I F ' I I C Y  
COMPAQED TO OVAL AND RFCTAYGULAR SECTIONS. 

RESISTED nLL ATTEMPTS T O  GROUT AND FREEZE IN THE NORMAL FASHION. A 3 SHAFT JUMBO W A S  USFD T n  INCREASE T H E  R A T E  OF 

Q5-66-QzQQl CHANNFL GETS GREEN L I G H T  ( F INANCE 
E N G I N E E R I N G  YEWS-PECURn, ( 1 7 7 )  97 J U L Y  14, 1 9 6 6 .  CONSTRUCTION WEEK COLUMN REP@RTS APPROVAL BY @ R I T  I S H  AND FRFh!CP 
GOVEQNMEYTS T n  CONSTRUCT THE 2 1  M I L E  RAILWAY TUNNEL BENEATH THE E N G L I S H  CHANNEL, B U T  NO AGREEMENT HAS PEEN YEACtiFD flY 
F I N A N C I Y G  THE PROJECT. 

O F j - h h - Q ~ Q 1  TUNNEL UNDER CANAL I S  B U I L T  I N  THE DRY [ CUT-AND-COVER TWO-TUBE-VEHICULAR-TUNNEL 1 
F N G I Y F E Q I h l G  YFWS-RFCPR"? ( 1 7 7 )  9 7 T  AUG 11, 1966. CONSTRUCTION OF POQTIONS OF A TWO-TUPE, CUT AND COVER TUUYEL 
IJNQER TYF WELLAND C4YAL AT THORALD, 'INT., W I L L  TAKE PLACE D U R I N G  WINTER MONTHS W H I L E  THE CANAL I S  CLOSED 4YD DEWATERFO 
FOR YAINTFNANCE.  THF PROJECT AND CONSTRUCTION STEPS ARE DESCRIBED.  

2 5 - 6 6 - m Q Q 2  SECURITY I S  A R I G  HEADACHE ON A TUNNEL D E M O L I T I O N  JOB 
e N G I N E E R I N G  NEWS-RFC@Rn? (177) S 4 r  AUG 111 1 9 6 6 .  D E M O L I T I O N  OF A 4 TRACK 400 FOOT LONG R A I L W A Y  TUNNFL UNDFk  THE 
I;POUYOS DF S I Y G  S I Y G  P Q I S O N  WAS AN E X P F N S I V F  PART OF THE QEW YORK CENTRAL R A I L R O A D  PROGRAM OF INCrZEASING OVFRHFA9 
CI-FARANCES ON I T S  HUDSC:N P I V E R  L I N E  qETWEEY TARRYTOWN AND ALBANY. UNUSUAL SECURITY REQUIREMENTS MADE I T  COMPLICATED 

' 

4YT,  EXPENSIVE.  THF A R T I C L F  OESCRIBES THF PROJECT? PROBLEMS AND CONSTRUCTION YETHODS USED. 

05-66-QBQQZ TUNNEL FOR T H I R S T Y  C I T Y  WATER-FFEDER-TUNNEL t 

FOR A T Y I R D  FEFDEQ TI INNFL FROM YONKFRS I N T O  MANHATTAN AND QUEENS. 
F Y G I N E E R I Y G  YFWS-REC"RD? ( 1 7 7 )  7 7  AUG 41 1 9 6 6 .  CONSTRUCTION WEEK I T E M  ON NEW YDRK C I T Y  B n A R D  OF dATER SUPPLY P L ~ N S  

Q5=f&=Q&QQ4 PFRC'UCAS TUNNEL I N  R I O  YEARS COMDLFTION AFTER YEARS DELAY [ L I G H T I N G  VENT1 L A T I O N  E X C A V A T I O N  OPFN-CUT 

F V G I Y E E R I N G  NFWS-PECnRD, ( 1 7 7 1  2 8 ,  AUG 41 1 9 6 6 .  THE REBOUCAS TUNNEL A FOUR LANF T W I N  TUBE 1 1 / 2  M I L E  ROCK TUNNEL 
SrHFOlJLED F(3Q C O b l P L € T I n M  IY 1965 W I L L  OPFV Tn H A L F  C A P A C I T Y  L A T E  1 9 6 6  AFTFR S E I N G  PLAGUED WITH CONSTRUCTI?N AFIQ 
F I N A N C T P L  TQOURLE. THF TWfl TUBES RUN THROUGH TWO ROCK S P I N E S  THAT D I V I D E  R I O  - C U T T I N G  A 3 6  M I N U T E  D Q I V E  TO 6  
q I N U T E S .  P r l I ' V C I P A C  F A C T O R  I N  DECAY I S  THE PR3JECTED $ 8  M I L L I O Y  COST OF L I G H T I N G  4ND V E N T I L A T I O N .  OVFRBURDEN I N  
SHORTER S F C T I P N S  FOQCFD PFMOVAL OF A L4PGER V3LUMF I Y  PPFN CUT EXCAVATION THAN FR@M THF TUNNEL I T S E L F .  UYSr3UND R O C Y  
AN" FFLOSPAR RURRLF I'\I CRACKS AND C R F V I C F S  C Q E A T F D  D R I L L I N G  HAZARDS. S I X T E F Y  6 0  POUl\!r) A I R  D R I L L S  WITH 7 / 5  I N C H  
D I A V E T E Q  D R I L L S  WFRE OPFPATED FPOM A THREE PL4TFORM JUMBO. 

------- 0 5 - 6 6 - 0 9 Q Q 1  T R 4 F F I C  GOFS UP AS TUNNEL GOFS DqWN ( CUT-AND-COVER EXP9ESSWAY I 
E V G I Y E E R I N G  NEWS-RFCrRDT ( 1 7 7 )  437 DEC 22,  1 9 6 6 .  WORK HAS STAPTED ON A 3 1 3 5  LONG CUT AND COVER H I G H h A Y  TUYNEL, 
PART nF THE 14 M I L K  P P R I S  R I G H T  RANK EXPRFSSWAY. THE EXPRESSWAY AND TUNNEL W I L L  CARPY ONE-W4Y EAST-BOUNP THRU T R A F F I C  
TYAT NOW HELPS TO CLOG LOCAL STRFFTS I V  THE AQEA. 

QZ55klQQQl H A L F  A CFYTURY OF D R I L L I N G  AYD B L A S T I N G  ( MATERTAL HANDLIWG PEOCFSS-EQUIPMENT 1 
P I T  AND QUARRY, 228-311 OCT 1 9 6 0 .  I N  AN I N T E R V I E W  G. T. E Q R I C K S n N  I M P L I E S  THAT THF GRCWTH I N  THF T U h N F L I N G  

d A S  NOT U N T I L  1 9 4 5  THAT M I L L I S F C O N D - D F L A Y  E L F C T R I C  B L A S T I N G  CAPS WFRE INTRODUCED. ANFO WOULL? P'OT HAVE B E E N  USED I F  THF 
CnST n F  T U N N F L I N G  HAD NOT DFCREASED. 

45=&=144Q2 F I V E  17TF I N  SWISS TUNNFL BLAST 
F N G I Y ' F R I N G  NEWS-RECPRD, (177) 18, OCT 2 7 ,  1 9 6 6 .  F I V F  TUYNEL WORKERS D I F D  I N  A METYANE GAS E X P L O S I O N  AT THF 
HUNJGRIY OAY S I T F  ON THE EASTERN T I P  OF SWITZFQLANDS L A K E  GFNFVA. THF E X P L O S I O N  OCCUQRED I N  A 7 FOOT OIAMETER 1.2 V I L E  
LCNG WATEP D I V E R S I O N  TUUNFL. 

--i--- 0 5 - 6 6 - l l Q Q J  TROUBLE H I T S  JAPANFSE TUYQFLFRS; K I L L S  S'VEY ( DRILL ING-CREWS GAYTRY-TYPE-JUWSO BURN-CUT-MFTI'CD 1 
F Y G I N F F R I V G  NEWS-PECPRni ( 1 7 7 )  881 NnV 1 7 9  1 9 6 6 .  THREE D R I L L I N G  SPEWS WORKING FOUR HEADINGS ON THF 8.4 M I L E  LONG 
SHIMTZIJ RAILWAY TUNNEL I N  JAPAN HAVE RUN HEAD-7Y I Y T O  A PACK OF TROUBLE- TYEY HAVE R F F N  SCALDED SY HOT SPRINGS, H I T  F(Y 
S P A L L I N G  Q n r K ,  D R I V E N  PACK BY 215 P S I  WATER J E T S  AND I Y T T M I D A T F D  BY E L F C T R I C I T Y  L E A K I N G  I N T O  THE TUNNEL ALL AT A COST 

WcPE FYCOUNTERFD. 

35-56-LlQQz V A R I E T Y  n F  MFTHODS DOUBLF RAQREL P F N N S Y L V A N I A  T U R N P I K F  TUNNELS 
' Y G 9  ' VFYS-EEC9RO~ ( 1 7 7 )  7 8 - 7 9 ,  NOV. 17, 1 9 6 6 .  2 COYTRACTORS ARE B U I L D I N G  3 TUNNFLS FROM 4 HFADINGS h I T H  A V A P I E T Y  

JUMRO 

IYQUSTRY I S  UYFQUALLFD. A DETERGENT I S  uscn T O  CONTROL THF OUST. ANFO AND SLURRIES M A K F  TUNNELING A L n T  SAFER. IT 

"F SEVFN L I V F S .  T H F  A 4 T I C L F  DESCRIBFS THF PRr)JFT,T? H I S T O R Y ,  TUNNELING MFTHODS, MACHINES USED AND TI-E TROU3LFS THAT 
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OF T E C H N I Q U E S  T O  E L I M I N A T E  T H E  L A S T  OF THE TWO WAY T R A F F I C  TUNNELS WHICH BOTTLENECK T H E  PENN T U R N P I K E .  PETER K I E H I T  I S  
TOP H E A D I N G  A 5000 F T  BORE THROUGH TUSCURORA M O U N T A I N  FROM BOTH S I D E S  U S I N G  RUBBER T I R E D  JUMBOS, SIDE-DUVP LOADERS FOR 
MUCKING AND RUBBER-TIRED REAR-DUMP TRUCKS FOR H A U L I N G  AN-FO FOR BLASTING.  C. J. LANGENFELDER IS WORKING TWO TUNNELS 
SIMULTANEOUSLY F U L L  FACE I N  K I T T A T I N N Y  MOUNTAIN AND B L U E  MOUNTAIN - BUT ONLY FROM ONE END. LANGENFELOER Is U S I N G  
D Y N A M I T E  AND C A R R I E S  THE D R I L L S  ON R A I L  MOUNTED JUMBOS. ON K I T T A T I N N Y  HE I S  MUCKING W I T H  BUCKET CONVEYORS AND H A U L I N G  
ON R A I L  MOUNTED N I N E  CARS. A T  BLUE B O U N T A I N  HE I S  U S I N G  TRACK MOUNTED SIDE-LOADERS AND H A U L I N G  W I T H  RUBBER T I R E D  REAR 
DUMPS. 

Q5%6=12pQl JOBS ABROAD ( TUNNELS I 
E N G I N E E R I N G  NEWS-RECORD, PULSE, DEC 1 5 ,  1966. MEXICO - ANNOUNCEMENT OF P R E Q U A L I F Y I N G  FOR CONSTRUCTION O F  MAJOR 
SEWAGE PROJECT TO REPLACE THE GRAND CANAL I N  M E X I C O  C I T Y .  PROJECT I N C L U D E S  3 MAJOR TUNNELS 50-KM LaNG AND 2 
I N T E R C E P T I N G  TUNNELS OF 20-KM EACH. 

05-56-12QQ2 D I G  WE MUST ( TUNNEL F E A S I B I L I T Y - S T U D Y  I 
F N G I N F E R I N G  NEWS-RECORD, (177) 57, DEC 15, 1966. THE NEW YORK GOVERNOR REQUESTED T H A T  THE T R I S T A T E  TRANSPORTATION 
C O M M I S S I f l N  CONSIDER A TUNNEL CONNECTION ALONG W I T H  SEVERAL B R I D G E  PROPOSALS FOR J O I N I N G  LONG I S L A N O  W I T H  HESTCHESTER 
COUNTY, N. Y. OR CONNECTICUT.  

05-66-LZQQZ A R C H I T E C T S  PROTEST TUNNEL PLANS ( CUT-AND-FILL  1 
F Y G I N E E R I N G  NEWS-RFCORD, (1771 62, DEC 15 ,  1966. A P L A N  FOR A CUT AND F ILL  E I G H T  L A N E  TUNNEL APPROACH TO A 
F L O A T I N G  B R I D G F  FOR I N T F R S T A T E  90 AC?OSS LAKE WASHINGTON FROM S E A T T L E  T O  MERCER I S L A N D  WAS PROTESTED B Y  LOCAL 
ARCHITECTS.  T H E  PROTFST CHARGES THAT T H E  R E S I D E N T I A L  D I S T R I C T  OF MOUNT BAKER WOULD BE WIPED OUT ANC I T  WOULD NEVER 
GQCIW BACK. THE STATE HIGHWAY DIRECTOR E S T I M A T E D  T H E  METHOD WOULD COST 533 M I L L I O N  L E S S  THAN B O R I N G  WHICH WOULD R U I N  
T H E  PROPFRTY ABOVE THE TUNNEL ANYWAY. 

Q535-12QQ5 S I X  M I L E  TUNNEL JOB RENEGOTIATED I POWERHOUSE-TAILRACE 1 
E N G I N E E R I N G  NEWS-RECOQD, (177) DEC 15, 1966. THE CONTRACT FOR CONSTRUCTING THE 6 M I L E  NEW ZEALPND M A N I P O U R I  
T 4 I L R A C E  TUNNEL HAS BFEN CHANGE0 FROM F I X E D  P R I C E  T O  COST P L U S  A V A R I A B L E  F E E  BASED ON WHETHER ACTUAL COSTS ARE L E S S  OR 

UNDES H I G H  PRESSURFS. 
FXCEED A TARGET ESTIMATE.  UNEXPECTED C O N D I T I O N S  I N C L U D E D  BADLY FRACTURED ROCK THAT P E R M I T T E D  E X C E S S I V E  , I N F L O W S  OF WATER 

45=5kl2QQ5 C A L I F O R N I A  AWARDS CONTRACTS FOR S T A T €  WATER TUNNELS ( COSTS I 
C I V I L  EWGINFERING,  8 3 7  DEC 1966. THE SEVEN M I L E  ANGLES TUNNEL CONTRACT FOR 895,039,650 HAS AWARDED TO A J O I N T  
VENTUQE--SHFA, KAISER,  LOCKWOOD, HEALY 

Q5-66-12QQ4 FFRRY R I Q E Y ' S  M I S E R Y  L E A D S  TO E N G L I S H  TUNNEL ATTEMPT ( S I Z E  COST F I N A N C I N G  1 

WASHIYGTON POST, K-1, DEC 18, 1966. T E C H N I C A L  S T U D I E S  I N C  IS AN O R G A N I Z A T I O N  P L A N N I N G  T O  F I N A N C E  T W I N  2 1  F T  TUBES 
F O R  T R A I N S  TO CARRY PFOPLE, CARS, AND F R E I G H T  44 M I  FROM FOLKSTONE, B R I T A I N  TO C A L A I S ,  FRANCE. A L L  T R A F F I C  P R O J E C T I O N S  
SFEM AOEQUATE TO SUPPORT THE $600 M I L L I O Y - P L U S  TUNNEL. UNDER THE F I N A N C I N G  P L A N  2 0  TO 2 5  PERCENT WILL BE R A I S E D  FROM 
P Q I V A T E  C A P I T A L  AND THE REMAINDER BONOS GUARANTEED BY FRANCE AND B R I T A I N .  PRESENT BOAT T O L L S  C A N  BE REDUCED 5 PERCENT 

EDWARDS, P. 

FnR PASSEYGERS, 30 P E R r F N T  FOR CARS AND 50 PEQCENT FOR F R E I G H T .  

Q5-67-01QQl TURNEL TRANSPORTATION 

YECH4NTCAL E N G I N E F R I V G ,  56-57, APR 1967. THE A R T I C L E  D I S C U S S E S  THE F E A S I B I L I T Y  OF A HIGH-SPEED UNDERGROUND T R A N S I T  
SYSTEM. TECHVOLOGY I S  L A G G I N G  I N  THF AREA OF TUNNELING.  ALSO IMPROVEMENTS ARE NEEDED I N  GEOPHYSICAL T E S T I N G  

LUCKF, W. N. E O F F I C E  OF HSGT 

TFCHNIQUFS.  T H E  ECONQMICS OF T H E  SYSTEM COULD BETTER B E  CONTROLLED THROUGH M U L T I P L E  USE OF THE PROGRAM. 

05-67-03OQl TUNNEL TO UNSNARL R I O  T R A F F I C  ( TWO-STAGE-TUNNEL I 
THE WASHIYGTON POST, MAR 22 ,  1967. A TWO-STAGE TUNNEL I S  B E I N G  COMPLETED I N  R I O  D E  J A N E I R O  I N  AN EFFORT T O  UNSNARL 
T R A F F I C  I N  T H I S  C I T Y  R Y  THF BAY. EXPECTED COST O F  THE TUNNEL I S  TO RE ABOUT 5 1 8  M I L L I O N .  THF L I G H T ,  V F N T I L A T I O N ,  AN@ 
T R A F F I C  COYTROL SYSTEMS AS WELL AS PART OF THE PAVEMENT AQE L A C K I N G .  U R B A N I Z A T I O N  WORK I S  B E I N G  C A R R I E D  OUT I N  FRONT 
"F THE T U N N E L ' S  FOUR MOUTHS. 

QS-AI=Q&QQ1 THE SCHELDT TUNNEL AT ANTWERP ( HIGHWAY-RAILWAY-TUNNEL IMMERSED-TUBE 1 
THE FYGINEER,  604-1506, APR 1967. AN IYMERSED-TUBE TUNNEL 500 YETERS I N  LENGTH I S  B E I N G  CONSTRUCTED TO PROVIDE R@AD 
AND Q A I L  CROSSINGS OF T H E  SCHELDT R I V E R  AT ANTWERP. THE CROSSING WILL C O N S I S T  OF F I V E  F L O A T I Y G  ELEPENTS,  EACH ABOUT 
100 MFTFQS I N  LENGTH. 5 0  METERS I N  W I D T H  AND 10 METERS I N  DEPTH, AND EACM W E I G H I N G  ABOUT 47,000 TONS. T H E S E  ELEMEYTS 
ARF TCI 9 F  SUNK I N T O  A SUB-AQUEOUS TRFNCH ABOUT 30 METERS BELOW H I G H  T I D E  I N  THE ESTUASY. THE FLEMENTS ARE B E I N G  
PQEPARFD,  P Q I O R  TO F L O A T I Y G  A N 0  S I N K I Y G ,  I N  A L A R G E  DEEP DOCK ARFA. 

05-67-04402 WHAT TO DD W I T H  SEWAGE WHFN I T  R A I N S  HARD ( DEFP-TUNNEL-SYSTEM COMBINED-SEWERS 1 
E N G I N F E S I N G  NFWS-RECORD, (178) 31, A P R I L  2 0 ,  1967. A RESUME OF A C T I V I T Y  REGARDING STOPM WATER PROBLEMS ON COMBINED 
SEWE9 SYSTEMS SPARKED BY FEDERAL WATFR P O L L U T I O N  CONTROL A D M I N I  S T R A T I O N  (FWPCA)  GRANTS. FEATLlRED I S  T H E  CHICAGO DEEP 
TUNNEL OVFRFLCIW H C L D I N G  SYSTEM AND AN O U T L I N E  OF T H E  AREAS TO BE S T U D I E D  UNDER FWPCA GRANTS. 

Q k b 7 - 0 5 Q Q 1  TEST F X C A V A T I O N  FOR S E I K A N  UNDERSEA TUNNEL ( JAPANESE-RAILWAYS ) 

CONSULTING ENGR ( L C N O ) ,  (31) 57-80, MAY 1967. DESIGN AND CONSTRUCTION PROBLEMS OF UNDERSEA TUNKEL, TO BE B U I L T  FOR 
J A P A Y E S F  N A T I O N A L  RAILWAYS,  TO CONNECT I S L A N D  OF HONSHU, ARE I N D I C A T E D  BY I N I T I A L  RESULTS' FROM T E S T  EXCAVATIONS 
UNDERT4KEN D U R I N G  CONSTRUCTION O F  P I L O T  TUNNEL; TUNNFL SUPPORT IS 125x125 MM H-SHAPED STEEL AND CONCPETE SPRAYED TO 
?EPTH 9 F  10 CY; UNSTABLE S E C T I O N S  ARE PREHARDENED BY CEMENT GROUTING; I N  MOST SECTIONS D I S P L A C E M E N T  OF CROWN HEADS I S  
1.5 MM AFTER 1 5 0  D4YS n F  EXCAVATION,  AND LOAD, WHICH ACTS ON TENSIOMETER,  I S  ABOUT 3 TONS/SQ M; GROUNDWATER TOGETMER 
W I T H  D R T L L I N G  WATER I S  PUMPED UP AT S I T E S  100 M APART. 

Q5-67-02QQz TUFuNFLIYG THROUGH GARLOCK FAULT ( C A L I F O R N I A  WATER-TUNNEL I 
WESTERN COYSTRUCTICN,  (42) N 59 54-60, MAY 1967. TWO S H I E L D S  WEPE USED I N  D R I V I N G  5 M I  L 3 N G  WATER SUPPLY TUNNEL 
THROUGH T E H A C H A P I  MOUYTAINS I N  SOUTHERN C A L I F O R N I A ;  LASER SEAM WAS USED FOR TUNNEL ALIGNMENT;  2 4 - F T  4 Ih l .  O I A M  S T F E L  
S H I E L D S  A P E  FOQCED FCRWARD W I T H  R I N G  OF H Y D R A U L I C  JACKS MOUNTED A T  T H E I R  REAR ENDS; EACH ONE HAS THRUST OF 2 5 0  TOVS FOR 
T O T A L  OF 11,500,000 LP. 

05-67-O$QQl CHANNEL MTNFY FROM THE U.S.A. ( ENGLISH-CHANNEL TUNNEL F I Y A Y C I N G  I 
E Y G I N E E Q I Y G  YEWS-RFCORO, CONSTRUCTION WEEK, (178) 71 JUNE 1, 1967. THREE I N T E R N A T I O N A L  F I N A N C I N G  TEAYS V I F  F?R 
UWOER-WQI T I Y G  BUS1 NFSS ON THE E N G L I S H  CHANNFL TUNNEL. 

Q S Z h I Z U Z  MANAPOUQI: WHERE NEW ZEALAND I S  M I M I N G  FOR 700,000 KW ( TUNNEL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES 

REFFRS T O  E N G I N E E R I N G  NEWS-RECORD A R T I C L E ,  MARCH 31 1967. 

P F N S T O r K S  JUMBOS 1 
ROWMAN, W- G .  E FNGR NEWS-RFCORD NEW YORK 

F N G I Y E E Q I N G  YEWS-RECPRP, (178) 26, J U N E  1967. AX UNDERGROUND 700,000 KW POWER P L A N T  I S  B E I N G  CONSTRUCTED AT L A K E  
MAYAPOURI NcW ZEALAYD F.00 F E F T  BELOW T H E  LAKE. SEVEN T U R B I N E S  WILL DISCHARGE 5 1 5  F E E T  NET HEAD THROUGH A 30 FOOT 
HDRSESMOF S F C T I O Y  L I N E D  T 4 I L R A C E  TUNNFL I N T O  DOUBTFUL SOUND OF THE LASMAN SEA. EQUIPMENT USED I N C L U D E D  A LARGE 
HORSCSHOE S F C T I C N  D R I V E N  F U L L  FACE, A 3 T I E R  D R I L L I N G  JUMBO, TWO MUCK LOADERS AND AN E X T E N S I V E  MUCK-CAR R A I L  SYSTEM 
T E Q Y I Y A T I N G  I N  A JACOBS S L I D I N G  FLOOR 4T T H E  F A C E -  THE MOUNTAINS THE TUNNEL PENETRATES ARE L A R G E L Y  G N E I S S  AND 
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Q U A R T Z I T E  EXCELLENT FOR T U N N E L I N G  BUT F A U L T  CRACKS DISCHARGED HUGE Q U A N T I T I E S  OF HATER R E Q U I R I N G  PUMPING9 GROUTING, 
SHORING AND R@CK BOLTING.  EXCAVATION INCLUDED THE 364 F E E T  B Y  5 9  F E E T  BY 1 2 7 . 5  F E E T  DEEP MACHINE H A L L ,  A  3 6  F E E T  
H I G H  BY 3 3  F E E T  WIDE SURGE CHAMBER FOR A LENGTH OVER 3 8 0 0  FEET, 7 PENSTOCK SHAFTS 5 7 0  F E E T  DEEP AND NUMEROUS ACCESS 
ADITS,  DRAFT TUBES AND DRAFT MANIFOLD. 

Q5rbEphQQ3 AEC D I G S  DEEP FOR B I G  BLAST ( UNDERGROUND NUCLEAR-EXPLOSIVES I 
BUSINESS WEEK, 140, SFPT 16, 1967. AEC I S  SPENDING $27.2 M I L L I O N  TO B U I L D  A NEW DEEP UNDERGROUND NUCLEAR WEAPONS 
T E S T I N G  F A C I L I T Y  ON AMCHITKA I S L A N D  I N  THE A L E U T I A N  CHAIN.  A  6000 FOOT DEEP L-SHAPE HOLE IS B E I N G  PUNCHED I N T O  THE 
F L I N T - L I K E  POCK. THE CONTRACTOR HOLDS A CONTRACT TO CUT 3  IMPLACEMENT HOLES TO LESS THAN 6 0 0 0  F E E T  AND 5  EXPLORATORY 
HOLES DOWN TO 8000 FEET. 

Q2=61=Q1.Q91 TUKNELFRS MAY SWARM ANYWAY ( P R E Q U A L I F I C A T I O N  COST B I D S  1 
E N G I N E E R I N G  NEWS-RECORD, 91 J U L Y  27, 1 9 6 7 .  ON 1.7 M I L E  S T R A I G H T  CREEK HIGHWAY TUNNEL THE HIGHWAY DEPARTMENT SET UP 
S T I F F  P R F Q U A C I F I C A T I O N  REQUIREMENTS. B I D D E R S  MUST HAVE HAD AT L E A S T  5 YEARS TUNNELING EXPERIENCE,  COMPLETED A CONTRACT 
OF AT L E A S T  10 M I L L I C W  DOLLARS AND B U I L T  AT L E A S T  10,000 F E E T  OF TUNNEL. UNDAUNTED 23 CONTRACTORS HAD BOUGHT PLANS ON 
THE 35 Y I L L I O N  DOLLAR PROJECT. 

Q l i A E Q B Q Q 1  CUSTOM R I G S  SPEED 1 ,500-FT-LONG TUNNEL TO COMPLETION ( JUMBO GROUTING-RIG 1 
CnNSTRUCTION METHODS, 9 2 - 9 4 ,  AUG 1967. F E N I X  AND SCISSON I N C  OF TULSA OKLA CONTRACTED A TUNNEL JOB I N  KY FOR $2 .7  
M I L L I O N .  THEY F A B R I C A T E D  A NUMBER OF UNIQUE R I G S .  THE R I G S  I N C L U D E  A D R I L L I N G  JUMBO MOUNTED ON AN OLD EUC TRUCK 
C H A S S I S  W I T H  4 N  UPPER DECK THAT CAN BE R A I S E D  OR LOWERED TO MEET THE REQUIREMENTS OF D I F F E R E N T  TUNNEL D I A ,  A  HOME MADE 
GROUTING R I G ,  A S P E C I A L  J I G  FOR ASSEMBLING AND WELDING CONTINUOUS REBAR RINGS,  AND A CONCRETE BUCKET G I V E N  LONGER LEGS 
Ti, M4KE R C O M  FOR AN ELEPHANT-TRUNK TUNNEL BENEATH THE DISCHARGE SPOUT. A  600 F T  LONG 17 F T  D I A  SECTION I S  USED ONLY 

FOR 5 6 7  F T  AND CONCRFTE L I N E D  FOR THE R E M A I N I Y G  3 3 3  F T .  MOST OF THE CONCRETE WAS PLACED W I T H  A 2 0 0  DOUBLE REX 
FnR D I V E R S I O N ,  THE R E M A I N I N G  900 F T ,  19 FT D I A  WILL L A T E R  BE USED AS A POWER TUNNEL. T H E  POWER TUNNEL I S  STEEL L I N E D  

PUMD-C4ETF U N I T .  SOMF 2 3 , 0 0 0  YO OF SHALE AND SANDSTONE WAS EXCAVATED BY B L A S T I N G  ON THE 19 F T  D I A  HDLF. 

9 5 - 6 7 - P q Q Q Z  R E P A I R S  TO R F G I N  ON SEAWAYS EISENHOWER LOCK ( HIGHWAY TUNNEL CONCRETE D E T E R I O R A T I O N  ) 
F N G I N F F R I N G  NFWS-RECORD, ( 1 7 9 )  42 ,  AUG 1 9 6 7 .  AWAPD OF THE F I R S T  CONTRACTS IS PLANNED FOR R E P A I R S  TO THE ST. 
LAWRENCE SEAWAY EISENHOWER LOCK THAT COULD BE A F I V E  YEAR $ 1 1 - M I L L I O N  PROJECT. MANY S T U D I E S  WERE MADE BUT CAUSES FOQ 
THE E X T E N S I V E  D E T E R I n R A T I O N  OF CONCRETE SURFACES HAVE NOT BEEN I D E N T I F I E D .  A TWO-LANE VEHICULAR TUNNEL FOR A HIGHWhY 
UNClEQ THE LOCK WILL HAVF A S T E F L  FRAME AND PLATE L I N E R  I N S T A L L E D .  

Q I - 6 7 - l Q Q Q l  WORK BEGUN ON $200 M I L L I O N  MEXICO C I T Y  SUBWAY ( EARTHQUAKE SUBSIDENCE 
THE WASHINGTON P'3ST, 4 7 ,  OCT 24 ,  1967. A SUBWAY TUNNEL I S  GOING TO RF B U I L T  UNDER MEXICO C I T Y  WHICH WILL 
EVENTUALLY RE ABLE TC! ACCOMMODATE 1,000,000 PASSENGERS. THEY ARE E X P E R I E N C I N G  PROBLEMS W I T H  EARTHQUAKES AN0 
SUBS IOENCE. 

Q5=$I=llQQJ STRAIGHT CPFEK TUNNFL AWARD ( B I D  E S T I M A T E  V E N T I L A T I O N  t 
E N G I N E E R I N G  NFWS-QECPRD, 5 5 ,  NOV 9 ,  1 9 6 7 .  D E L E T I N G  FANS AND MClTOPS FOR THE V E N T I L A T I N G  SYSTEM LOPPED 5 M I L L I O N  
O O L L 4 4 5  F 9 0 M  THE 49.5 M I L L I O N  DOLLAR CqNTRACT FOR THE 1.7 M I L E  STRAIGHT CREEK HIGHWAY TUNNEL BUT T H I S  WAS S T I L L  2 5  
PERCENT ABCVF TPE FNGTYEFR'S  E S T I V A T E .  

QJ=-7=1J,QQZ SI X-LANF TUNNFL S I T S  ON SACKS OF GROUT ( SUNKEN-TUBE SUBAQUEOUS-TUNNEL WOODPILES GRDUTCUSHICh  1 

SUYKCN-TUPE YFTHOO Ih' GOTHENBUQG, SWFDEN. I T  C O J L D  R E  THE WORLD'S F I R S T  DOUBLED-BARRELED SUBAQUEOUS TUNNEL BOASTING 
THRFF-LANE: ROADWAYS. T H F  O P I G I N 4 L  I N T E N T  WAS TO F L O A T  THE TUNNEL ON THF DEEP CLAY OF T H E  R I V E R  BOTTOM, BUT S I L T  ON TOP 
OF TYE C L A Y  WAS FOUYD TOO UNSTAQLE, THEREFORE P I L E S  HAD TO BE DRIVEN.  TO TRANSFER THE TUNKEL LOADS TO THE P I L E S ,  THE 

F N G I N E E R I N C  NFWS-RFCaSQi ( 1 7 9 )  1 0 4 - 1 0 5 ,  NOV 91 1 9 6 7 .  THE T I N G S T A D  TUNNEL I S  TO PE B U I L T  I N  F I V E  SECTIONS BY THE 

GROUT CUSHION McTH@n WAS PATENTFD. GRPUT CUSHI@NS ARE HUGE NYLON SACKS PUMPED F U L L  OF GROUT TO A F O R X - F I T  BETWEFN THE 

CVSHIOY I Q E A  I S  A N W  CnF!CFPT. 

O J = $ k 1 1 Q u  I T A L Y  EXPOQTS I T S  S U I L D I N G  KNOWHOW 
RUSINESS WEFK, a 2 - Q 4 ?  Y O V  18, 1 9 6 7 .  I T A L I A N  COMPANIFS ARE BORING TUNNELS I N  NEW ZEALAND, AND THEY ALSO HAVE B U I L T  
1 9  R q I D G F S  OR TUWNFLS PN A 56- '41LE STRETCH OF ONF HIGHWAY PROJECT. 

fi=$Izl2QQ1 ANCCRRA EXPECTS TUNNFL B E N E F I T S  ( TOIJPISM WEATHES ) 

TUNNEL 9f lTTOM A Y D  T Y F  T D P S  OF THE P I L E S .  THE COMPLETED TUYNEL J O I Y T  I S  MUCH L I K E  OTHER TUNNEL J O I N T S ,  BUT T H I S  GROUT 

L c l W F L L t  G .  
THE WASHINGTGY POST, DFC ! 3 ,  1 9 6 7 .  ANDORRA, S P A I N  W I L L  B U I L D  A TUNNEL UNDER THE PYRENEES MOUNTAINS WHICH W I L L  L I N K  
THEY W I T H  FRANCF YEAP RnU'V3. 

Q 5 - 6 7 - 1 2 Q u  YUPA Q I V F Q  JOB RACES THE R A I N S  I WINTER-PAINS S P O I L - D I S P O S A L  1 
F Y G I Y F F R I N G  NEWS-RECD"O, 31, 34 ,  DEC 79 1 9 6 7 .  THF YUBA R I V E R  B A S I N  DEVELOPMENT PROJECT I Y  NORTHERN C A L I F O R N I R  
C f l N S I S T l h l G  nc THE CONSTRUCTION OF SEVERAL TUNNELS, DAMS, AND POWER PLANTS I S  CONFRONTED W I T H  THE PROBLEM OF HEAVY R A I N S  
AKn  r(F S P O I L  DT5POS4L .  CONTRaCTOR HAP TO C C I W L E T F  ENOUGH OF THE 1 2 0 - F E E T - H I G H  I N T A K E  STRUCTURE FOR THE P 4 f l J E C T s S  YEW 
" A R R V S  POWER TUNNEL TO PERMIT  GATE I N S T A L L A T I O N  BEFORE THE WINTER R A I N S  SET I N ,  OTHERWISE TUNNEL COMPLETION WOULD HAVE 
qFCN I M P O S S I B L F  THAT WINTER. S P O I L  D I S D O S A L  PROBLEM WAS EYCOUNTERFD I N  THE CONSTRUCTION OF ONE OF THE OTHER TUYNELS 
I N V O L V E D  I N  THE PROJECT. THE S P O I L  HA@ TO BE C A R R I E D  ACROSS OREGON CREEK AND THROUGH THE CAMPTONVILLE TUNNEL AND 
PUYPEr) I N  A FUTURE RFSFRVOIR ARFA. T H I S  E X C A V A T I O N  PROCFDUPE CAUSFD A DELAY ON THE COMPLETION OF THE C A M P T O N V I L L F  
TUNNFL. 

Q 5 3 k Q L Q Q 1  WORLD'S LARGEST SEAPQRT GETS SMALLFST "MFTRO' TURF ( COST 1 

THE W U Y I N G T O N  POST, J A N  2 0 ,  1 9 6 8 .  A TUNNEL B U I L T  FOP A SUPWAY WHICH I S  AT A DEPTH OF 5 3  F E E T  UNDER THF R IVER,  20 

T Q  ACK. 

Q S - 6 9 - 0 l Q Q 2  FQANCF EYDS TUNNEL PQOJECT 
T t i F  W~SHTFIGTOW D O S T ,  J 4 Y  1 6 ,  1 9 6 8 .  B R I T I S H  TRANSPORT Y I N I S T F R  ANNOUNCED B R I T A I N ' S  WITHDRAWAL FROM THE ANGLO-FRENCH 
F Y G L I S Y  CHANVFL TUYNFL. 

QI JKER J 

FFET Q F L O h  THE R I V F R  BED. MAAS TUNNEL TOOK SEVEN YEARS Tfl R U I L D  AT A COST OF $56 M I L L I O N .  I T  I S  A 3.75 Y I L F  T W I N  

Q5=--3=.Q1Q_02 WHAT SHOULD RF THE LCNG-RANGE RESEARCH M I S S I O N  FOR THE MINERALS I N D U S T R I E S  ( GEOLOGY RESEARCI' COMPUTERS 
M I N I N G  1 

M I N I Y G  F N G I N F F R I N G ,  ( 2 0 )  N 1, 5 4 - 6 6 ?  J A N  1 9 6 8 .  M I N I N G  SHOWS HEAVY R E L I A N C E  ON OTHER I N D U S T R I E S  RESEARCH. M I N I N G  
3 F F I T I A L C  ARF aWAPF THPT INTRA-YFTALS AYD I N T E R 7 M A T E S I A L S  C O Y P E T I T I O N  W I L L  REQUIRE RESEARCH. 9  M I N I N G  MEN PROPOSF 
I Q E R S  ON "WHAT SHnULr) BE THE LONG-RANGF RESEARCH M I S S I O N  FOP THE M I N E R A L S  INDUSTRY.  THE 9 A R T I C L E S  ARE RFFERENCFD 
SFDA9ATFL Y. SE F 05-6P-01004,  0 5 - 6 8 - 0 1 0 0 5  0 5 - 6 8 - 0 1  0 0 6  0 5 - h R - 0 1 0 0 7  0 5 - 6 8 - 0  1008, 0 5 - 6 8 - 0 1 0 0 9 ?  0 5 - 6 8 - 0 1 0 1  0, 0 5 - 6  8-01 01 1 
0 5 - h R - 0 1 0 1 2 .  

05-6S-Q1QQf! C t r A ~ l G I N G  TOOLS FOR T H F  GFOLOGIST ( ' PHOTOGEOLOGY PETROGRAPHICS 1 
WORTHINGTON, J. E .  C CYPRUS M I N F S  CORP 

Y I N I N S  F N G I Y E F P I N G y  ( 2 0 )  N 1, 5 4 - 5 6 ,  J A N  1 9 6 8 .  ADVANCFS IY PH3TOGCOLCGY USING COLOR F I L M ,  INFRARED AND PADAR 
IMAGFRY, MORF 5 O P H I S T I C A T E D  AND S E N S I T I V F  F I L M  TYPES AND O P T I C A L  PETSOGRAPHIC ORSERVATIONS OF OUTCROPS W I L L  A S S I S T  I N  
n F T E Q V I N I N G  STPUCTUQE 4T THE TUNNEL L E V E L .  
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Q5A&QlQB GEOPHYSICS T O  B E N E F I T  FROM SPACE TECHNOLOGY ( SPACEvDATA F O R C E - F I E L D S  

M I N I N G  E N G I N E E R I N G ,  ( 2 0 )  N 1, 56-57,  J A N  1 9 6 8 .  GEOPHYSICAL EARTH E X P L O R A T I O N  FROM SPACE AND IMPROVED D I R E C T  
MEASUREMENTS OF INDUCED AND NATURAL FORCE F I E L D S  WILL MAKE MORE ACCURATE FUTURE D E T E R M I N A T I O N S  O F  EARTH STRUCTURE- 

Q5AkQJ.QQ6 M I N I N G  HOLDS P R O M I S I N G  AREAS FOR R. AND 0. ( FRAGMENTATION A I R - C O N D I T I O N I N G  REMOTE-CONTROL COMPUTERS ) 

M I N I N G  F N G I N E E R I N G ,  ( 2 0 )  N 1, 57-58.  J A N  1 9 6 8 .  M I N I N G  SHOULD DEVELOP METHODS OF CONTINUOUS FRAGMENT AT I O N  RATHER 

A N A L Y S I S  AND E X C A V A T I O N  SEQUENCES S E L E C T I O N  BY PROGRAMMING AND STRUCTURAL S T A B I L I T Y  D E T E R M I N A T I O N  B Y  ANALOG AND D I G I T A L  

SCHARQN? L. C WASH U N I V  ST. L O U I S  MO 

FAIRHURST,  C.  C U N I V  M I N N  M I N N E A P O L I S  M I N N  

THAN THE C Y C L I C A L ,  I N D I V I D U A L  A I R  C O N D I T I O N E D  ENVIRONMENTS RATHER THAN AREAS, T O T A L  REMOTE CONTROL OPERATION, SYSTEMS 

COMPUTER MODELLING.  A L L  THESE DEVELOPMENTS CAN B E  B E N E F I C I A L  TO TUNNELING.  

OS-h&plQpI ENERGY AND T I M E  FACTORS MAY CHANGE FOR M I N I N G  ( F R A C T U R I N G  M E L T I N G  D I S S O L V I N G  MOLECULAR-CRACKING ) 
BEEN, W. & M I C H  TECH U N I V  

M I N I N G  E N G I N E E R I N G ,  ( 2 0 )  N 1, 5 8 - 5 9 ,  J A N  1 9 6 8 .  M I N I N G  MAY BE F E A S I B L E  B Y  D I R E C T  THERMAL SHOCK FRACTURING,  D I R E C T  
YELT, H I G H  TEMPERATURE SOLVFNTS, OR MOLECULAR CRACKING. THE H A R V E S T I N G  OF M I N E R A L S  CONCENTRATED BY ORGANISMS MAY 
BE A P O S S I B I L I T Y .  

Q5-68-Q1QQ$ F I N D I N G  NEW WAYS TO W I N  METALS I L E A C H I N G  E L E C T R O S T A T I C  PHYSICAL-FORM 

M I N I N G  E N G I N E E R I N G ,  ( 2 0 1  N 1 q  5 9 - 6 0 ,  J A N  1 9 6 8 .  STANDARD B E N E F I C I A T I O N  P R A C T I C E S  CAN BE IMPROVED H I T H  S U L F I D E  
D E P D S I T  L E A C H I N G ,  E L E C T R O S T A T I C  AND H I G H  T E N S I O N  S F P A R A T I O N  TECHNIQUES AND E V A L U A T I N G  P H Y S I C A L  FORM TO D E T E R M I N E  
PQOCESS ING. 

Q 5 9 & Q l Q Q 9  M U L T I F O L D  P O S S I B I L I T I E S  F A C E  B E N E F I C I A T I O N  ENGR ( COMPUTERS ENVIRONMENT GEOLOGY L A S E R  HIGH-PRESSURE-WATER 

BROWN, J. H. E QUEEN'S U N I V  ONT CAN 

HARRIS,  C. C. & COLUMBIA U N I V  
M I N I N G  E N G I N E E R I N G ,  ( 2 0 )  N 1, 6 0 - 6 3 9  J A N  1 9 6 8 .  POLYMERS MAY B E  THE FUTURE CONSTRUCTION M A T E R I A L S  B U T  THERE W I L L  B E  

GFOPHYSICAL,  GEOCHEMICAL AND GEOBOTANICAL SURVEYS WILL EVENTUALLY P R E D I C T  OREBODY GRADE BEFORE M I N I N G .  DATA FROM L A S E R  
FNORMOUS MARKETS FOR METALS I N  T H E I R  PRESENT FORM AND AS NEW A L L O Y S ?  POWDERS, F I B E R  D I S P E R S I O N S  A N 0  COVPOSITES.  

B E A M  OR HIGH PRESSURE W A T E R  BORING WILL ACCURATELY DETERMINE GEOLOGY. COMPUTER CONTROL MAY BE USED TO INTERPRET 
O N - L I N E  INFORMATICIN THROUGH F E E D  FORWARD AND F E E D  BACK LOOPS I N T O  A P P R O P R I A T E  CONTROL D E V I C E S .  UNDERSEA M I N I N G  MUST 
NOT I N T E R F E R E  W I T H  SEA F P R M I N G  R E Q U I R I N G  THAT D E P O S I T S  MAY BE M I N E D  BY TUNNELING.  ENGINEERS,  S C I E N T I S T S ,  AND 
ADMIYISTRATCIRS WILL BECOME I N C R E A S I N G L Y  AWARE OF ENVIRONMENTq OUR E F F E C T  ON I T  AN0 I T S  E F F E C T  ON US. 

Q5-68-QJJLQ CRUSHIYG AND G R I N D I N G  - THERE SHOULO BE A BETTER WAY FRACTURE MOLECULAR-ACTIVATION 1 

Y I N I N G  F N G I N E E R I N G ,  ( 2 0 )  N 1, 6 3 - 6 4 ,  J A N  1 9 6 8 .  T H E  OLD METHOD OF A P P L I C A T I O N  OF PRESSURE T O  CRUSH M A T E R I A L S  IS 

DT SCYARGE, I N D U C T I O N  H E A T I N G  OR P E N E T R A T I O N  BY S U F F I C I E N T L Y  HARD M A T E R I A L .  ANY PROCESS WHICH COULD S E L E C T I V E L Y  
A C T I V A T C  THE I N T E R N A L  CONTACT ATflMS HOLDS PROMISE O F  R E S U L T I N G  I N  ROCK D I S I N T E G R A T I O N .  

Qz.z6&EQQ1 H I S T O R I C  O P E N I N G  OF TUNNEL I S  RECREATE@ 
PASSEYGFP TRANSPORT, MARCH 4 7  1 9 6 8 .  I N  1 9 1 8  MAYOR ROLPH OPENED THE T W I N  PEAKS TUNNEL WHICH CONNECTED DOWNTOWN 
q U S I N E S S  I N  SAN FRANCISCO TO 4000 ACRES OF D E S I R A B L E  HOME S I T E S .  

QI=h&Q1QQ1 TUNNEL AND SHAFT CONFERENCE SPf lTL  I G H T S  WIDER ACCEPTANCE OF BORING METHODS ( M@LES ROCK-BOLTS DUST-CONTROL 

BONDq F. C .  & ALLIS-CHALYERS MFG CO 

I N E F F I C I F N T .  T H I S  SHOULD BE REPLACED BY PQOCESSES SUCH AS C E N T R I F U G A L  FORCE, INDUCED V I B R A T I O N ,  H I G H  VOLTAGE 

STATE-OF-THE-ART SYSTEMS S Y A F T - S I N K I Y G  GEOLOGY M A T E R I A L S - H A N D L I N G  ) 
BEALL,  J -  V. 

M I N I N G  E N G I N E E R I N G ,  1 3 9 - 1 4 3 9  J U L Y  1 9 6 8 .  A T O T A L  OF 5 0 0  PERSONS ATTENDED T H E  TUNNEL AND SHAFT CONFERENCE AT THE 
U Y I V F R S I T Y  OF M I Y N .  PPY 15-177 1 9 6 8 .  T H E  CONFERENCE COVERED: CONVENTIONAL AND BORED SHAFTS AND TUNNELS, R A I S E  B O R I N G ?  
AND GQClUNn SUPPORT. S T A T E  OF T H E  ART OF T U N N E L I Y G  WAS REVIEWED. NEW METHODS AND TECHNIQUES WERE MENTIONED I N  SEVERAL 
QFP3RTS.  GEOLOGIr  F X P L D P A T I O N  WAS STRESSED. 

E d & = Q & Q U  B O L I D E N  L I K E S  B I G  HOLE R A I S F  BORING BUT QUESTIONS COST AS " I N E X P E N S I V E "  B SWEDEN D R I L L I N G  
ANDnq S. 

WORLD M I N ,  1 4 )  N 9, 2 0 - 1 ,  AUG 1 9 6 8 .  RESULTS OF E X P E R I M E N T A L  D R I V I N G  BY BORING METHOD OF F I V E  4 8  I N .  10, T O T A L I N G  
6 5 0  F T  R A I S E S  I N  M I N E S  OF B O L I D E N  CO. I N  SWEDEN SHOW T H A T  D R I L L I Y G  RATE AND COST ARE I N F L U E N C E D  BY COMPRESSIVE STR€NGTH 
r)F D R I L L F Q  RE'CKS; TEST DATA I N C C U S I V F  OF TOTAL COST OF D R I L L E D  R A I S E S  IS TABULATED.  

QS=6kQ&Xlp2 NFW R A I S E  D R I L L I N G  T@@L TESTED I N  CANADA 
CAN M I N  J@URNAL,  ( 8 9 1  N. 8 ,  6 1 ,  BUG 1 9 6 8 .  D E S C R I P T I O N  OF R A I S E  D R I L L I N G  R I G ,  DEVELOPED BY S E C U R I T Y  D I V .  OF DRESSEP 
I N D U S T R I F S ,  I Y C ,  P E I N G  TESTED I N  CANADA; MODEL 4 8 0  R A I S E  D R I L L  IS CAPABLE O F  D R I L L I N G  4 TO 6 F T  OPENINGS TO DEPTHS OF 
750 TO 1000 F T  AT I N C L I N E S  OF 90 TO 45 DFGREES FROM V E R T I C A L ,  THROUGH MOST D I F F I C U L T  TYPE OF GROUND; AT CUPRA M I N E S  I N  
QUFsFC Y A C H I N E  D R I L L E D  S I X  4-FT R A I S E S  I N  5 3  DAYS, I N C L U D I N G  M O V I N G ?  P I L O T  HDLE D R I L L I N G  AND R E A M I N G  AT AVERAGE OUTPUT 
OF 10 F T  OEQ THPEE-SHIFT WORKING DAY; I T  I S  H Y D R A U L I C A L L Y  OPERATED AND R F Q U I R E S  TWO-MAN CREW; I T S  CGMPONENTS CAN BE 
YOVED I Y  C4GES NO LAQGER THAN 4 3 x 3 6  IN. ,  LONGEST SEGMENT MEASURING 10 FT; AREA 0 F T  WIDE AND 1 8  F T  H I G H  I S  REQUIRED FOR 
ODF4 AT I O N .  

Qk6fkQ2QQl SAY RRIDGE, TUNNEL PACTS S I G N E D  I Y  MARYLAND 
HOMAN, R.  

TVE WASYINGTON POST, BZ, SEPT 13, 1 9 6 8 .  A SECOND B A L T I M O R E  HARBOR TUNNEL AND A P A R A L L F L  CHESAPEAKE BAY B R I D G F  
TUNYEL WEPE APPROVED B Y  MARYLAND O F F I C I A L S .  

oS-SB=lQQQl HFATHROW A I R P O P T  - LONDON CARGO TRANSPORT L I N K  ( S H I E L D  C O N C R E T E - L I N I N G  ) 

I N D I A Y  CONCRFTE JC!UR'lAL, ( 4 2 )  N 10, 4 1 6 - 8 ,  OCT. 1 9 6 8 .  D E S I G N  PYD CONSTRUCTION D E T A I L S  ARE G I V E N  FOR H A L F - M I L F  
UNDERGROUND S F C T I n N  OF CARGO TRANSPORT L I N K  BETWFEN CENTRAL T E R M I Y A L  AREA AND WEW CARGO COMPLEX I N  SOUTHWEST CORNEP OF 
HEATHROW A I R P O R T  I N  LnNDON; TUNNEL WAS S H I F L 9  D R I V E N  I N  SOFT GROUND; H I G H  P R E C I S I O N  CONCRETE L I N I N G  ,SEGMENTS WERE 
ERECTED I N  R I Y G S  WITHOUT ATTACHMENT BETWEEY U N I T S ,  AND STRESSED D I R E C T L Y  A G A I N S T  GROUND I M M E D I A T E L Y  B E H I N D  TUNNEL 
S H I F L D ;  D F S I G N  COMBINFS ECONOMY W I T H  M I N I M U M  GROUND MOVEMENT ABOVE AND AROUND TUNNEL. 

Q5r69=LQPQZ YALABAR H I L L  TUNNEL I N  BOMSAY ( FRFEWAY-TUNNEL STRUCTURAL-DESIGN ) 
ANDHARE, N. M. + BORKAR, A. G. 

I I ' D I A Y  CONCRETE JOURN4L, ( 4 8 )  N 10, 4 1 3 - 1 7 ,  OCT. 1 9 6 8 .  FEATURES OF PROPOSFD MALABAR H I L L  TUNNEL I N  BOMBAY, I h ' D I P  
WHICH FORMS PART OF WEST I S L A N D  FREEW4Y CONNECTING SOUTHERN END OF B U S I N F S S  D I S T R I C T  OF C I T Y  W I T H  NORTHERN SUBURBS; 
GEOLOGICAL I N V E S T I G A T I r N S  CONDUCTED AND STRUCTURAL D E S I G N  OF TUNNELS ARE DISCUSSED.  

QkbikUQQ1 SUBWAY, BUT NOT FOR T R A I N S  1 WATER-TUNNEL ) 
F N G I N E E Q I N G  NEWS-RECClRD, 2 3 7  OCT 17, 1 9 6 8 .  NEW YORK C I T Y  HAS ANNOUNCED THE START OF CONSTRUCTICN C N  A 1 5 - M I  WATER 
TUYYFL. THE 2 0  TO 2 7  F T  D I A  BORE W I L L  RUN FROM A RESERVOIR I N  YONKERS UNDER THE BOROUGHS OF T H E  BRONX AND MANHATTAN, 
U L T I Y A T E L Y  TO THE SOROUGH OF QUEENS. E S T I M A T E D  COST - $ 2 3 8  M I L L I O N .  I T  IS THE B E G I N N I N G  OF A PROPOSED 6 3 - M I  TUNNEL 
WTW0RK.  
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Q5=&3=lQQQA NEW SPUR FOR M I N I N G  ( RESEARCH 1 
I N D U S T R I A L  RESFARCH, 25, OCT 1968. NEW TECHNOLOGY I S  NEEDED ( 1 )  I N C R E A S I N G  U R B A N I Z A T I O N  R E Q U I R E S  BETTER ( A N D  
CHEAPER) TECHNIQUES FOR B U I L D I N G  SUBWAYS, SEWERS, AND OTHER UNDERGROUND S E R V I C E  F A C I L I T I E S .  (2) D E P L E T I O N  OF U.S. 
M I N F R A L  RESOURCES J F O P A R D I Z E S  N A T I O N A L  SECURITY AND THE BALANCE OF PAYMENTS AND MAKES I T  D I F F I C U L T  TO HOLD DOWN F O R E I G N  
P R I C F  L E V E L S .  A 10-YE4R $200 M I L L I O N  FEDERAL R AND D PROGRAM A I M E D  AT I M P R O V I N G  E X C A V A T I O N  E F F I C I E N C Y  BY 300 PERCENT 
AND C U T T I N G  THF COST BY 30 TO 5 0  PERCENT HAS BEEN PROPOSED. 

E r h ! k l Q Q Q T  REPORT C A L L S  FOR R E V O L U T I O N  I N  METHODS OF UNDERGROUND E X C A V A T I O N  RESEARCH 

QECOMYENDFD BY THE N A T I O N A L  ACADEMIES OF S C I E N C E  AND E N G I N E E R I N G  WOULD A I M  AT MAKING UNDERGROUND E X C A V A T I O N  THREE T I M E S  
FASTFR AND 70  PERCENT CHEAPER THAN I T  I S  TODAY. 

F N G I N E E Q I N G  M I N I N G  JOURNAL, 109,  OCT 1968. NEEDED RESEARCH I N  UNDERGROUND EXCAVATION.  A TEN-YEAR RESEARCH EFFORT 

Q5-68-JJQQJ WHEELS OF GOVERNMENT ( SAFETY-STANDARDS H E A L T H - R I S K S  ENVIRONMENT 

M I N I N G  CONGQFSS JOURNAL, ( 5 4 )  N 11, 94-100, NOV 1968. PROPOSED STANDARDS UNDER T H E  FEDERAL METAL AND N O N M E T A L L I C  
DWORSHAK, H. 

M I N E  SAFETY ACT ARE EXPECTED T O  BE P U B L I S H E D  SEFORE DECEMBER 31, 1968. H. N. DOYLE OF HEW HAS B E E N  A S S I G N E D  T H E  TASK 
flF A S S I S T I N G  B U  MINES EXPAND I T S  H E A L T H  PROGRAM. F I R S T  TASK R E L A T E S  TO PNEUMOCONIOSIS-  PROF. LEDBETTER OF U. OF 
T F X A S  RFPDRTS THAT A RECENT SURVEY SHOWED THAT ALTHOUGH MOST PEOPLF WANT A I R  P O L L U T I O N  STOPPED, T H E Y  ARE NOT W I L L I N G  TO 
DAY 4 s  L I T T L E  AS $ 1 5 / Y E 4 R  T O  CLEAN I T  UP. A M I N E  ENVIRONMENT SHORT COURSE I S  OFFERED A T  U N I V .  OF M I S S O U R I  AT 
BOLLA,  4 P R I L  16-18, 1969. 

Q5-69-01QQJ. TWELVE-DRILL JUMBO SPEEDS T U N N E L I N G  C Y C L E  ( D R I L L - B L A S T  RECORD 
CGNSTQUCTION METHODS E EQUIPMENT (511 Ne 1, 56-62, J A N  1969. HOU M I N E R S  PUNCHED B I G  HORSESHOE TUNNEL THROUGH M I L E  
AYD 4 H A L F  OF S O L I D  MOUNTAIN I N  COLORADO R O C K I E S  60 M I  WEST OF DENVER; FOUR D R I L L S  WORKED ON TOP AND BOTTOM DECKS AND 
4 D D I T I C Y A L  FOUR S I D E  MOUNTED ON JUMBO R I D I N G  R A I L S  I N T O  8148 F T  LONG TUNNEL; TOP R I B  SECTIONS,  W E I G H I N G  211 L B / F T  WERE 
SET W I T H  H Y D R A U L I C  EQUIPMENT. 

Q5-6q-QlQu F I R S T  S F C T I O N  OF BUDAPEST UNDERGROUND NOW N E A R I N G  COMPLETION ( HUNGARY DANUBE 
R A I L W A Y  GAZFLTE,  ( 1 2 5 )  NO 1, 19-24, J A Y .  7 ,  1969. AFTER TWENTY YEARS T U N N E L I Y G  IS COMPLETE ON THE EAST-WEST L I N E  
OF BIJDAPFSTS SUBWAY L I N F .  PETHODS OF CONSTRUCTION US€ ARE DESCRIBED.  F I V E  O V E R L A P P I N G  TUBES ARE I N V O L V E D  FOR BUSY 
STATIONS.  

Q5=62=_02_0_0J M I N I N G  ANO E X P L O R A T I O N  TFCHYOLOGY - I N N O V A T I O N  SETS PACE I N  1968 
M r N I Y G  FNGINEER,  ( ? ? I  hI 29 63-73, FEB. 1969. P E V I F W  AND METHODS AND EQUIPMENT DEVELOPED I N  1968 I N  ARFAS CF OPEN 

CTMPUTFQS I S  REPORTFD. 33 PEFS. 

QId2=Q?QQ1 M F X I C P ' S  MFTRO-CONSTRUCTION Y I Q A C L E .  ( SUBWAY 
WOPLD COYSTRUCTTON, ( 2 2 )  NO 3 ,  27-29, MAR. 1969. CONSTRUCTION PROBLEMS ENCOUNTERED I N  D R I V I N G  THE 3 5  KM MEXICO 
C I T Y  SURWAY NETWORK I N  THE OLD L A K F  B E D  ARE DESCRIBED.  T H F  SYSTEM HAS 3 L I N E S  WHICH I N T E R S E C T  I N  T H E  C I T Y  CENTER. THE 
STPAT4 I S  A SOFT, S K G Y  C L A Y  WHICH IS 558 WATFR. 

QZ~L~=Q?QQJ.  Fr)UR R A W E L  TUNNEL S F T  FOR B I O S  ( NYC-SUBWAY L I P 4  S H I E L D  SUNKEN-TUBE 1 

P I T - ,  UblnFRG93UND-1 AND S O L U T I O N - M I N I N G ;  I N C Q E A S I N G  PART P L A Y F D  I N  M I N I N G  INDUSTRY B Y  f lPFRATI '3NS RESEARCH AND U S E  OF 

'VGR.  N'WS-QECPPOi ( 1 8 2 )  5 2 ,  MAY 227 1969. T H E  N.Y. METROPOLITAN TRANSPORTATION A U T H O R I T Y  W I L L  TAKE RIDS O N  TWO 
N T F Q M A T E  M F T H ~ Q S  PF CONSTRUCTION FOR THE FOUR LANE n o u B L E  DECK TRANSIT TUNNEL UNDER THE E A S T  RIVER. THE ESTIMATED $ 7 5  
v I L L I " N  TUYNFL W I L L  CAQRY TGiO LANES OF THE L I N G  I S L A N D  RQ OY THE LOWER DECK, TWO SURWAY TRACKS O N  THE UPPFR OECK. THE 
C I N T R A C T I R S  Y4Y B I D  F I T H E R  A BORED TUBF UNDEQ THE R I V E R  OQ A PRFCAST SUNKEN TUBE I N  THE R I V E R  RED. 

Q7-6q-QwQ2 LPW R I D  ON TUNNEL UNDER WELLAND CANAL R E A L L Y  LOW ( ST-LAWRENCE-SEAWAY 1 
' Y G 9 .  NFWq-QCCnRD, ( l S 2 l  56,  MAY 22,  1969. S I M A R D  REAUDRY I N C .  WAS APPARENT LOW B I D D E R  W I T H  $26.6 R I D  FOR THE 
'JYSTQUCTTON O F  A C O P S I N A T I D N  HIGHWAY-RAILWAY TUhSNEL UNDFR A S E C T I D N  O F  THE WELLAND CANAL .@T WELLAND OYT. 

fiSa=EQQz SIG D I X I F  TUBE ( M O B I L E - R I V E R  SUYKEY-TUBE ) 
'VIC-R. V'WS-QEC@QD, ( I P 7 l  79 YAY 2 0 ,  1969. ALASAMA HAS C A L L E D  FOR B I D S  J U L Y  29 FOR THE 3000 F T  FOUR L 4 N E  
SI!FJYCY-TIJRE TUYNFL UNDFR THF M O B I L E  D I V E R  WHICH I S  E S T I Y A T E D  AT $34 M I L L I O N  TO $38 YILLIC 'N.  

-- 05=t!-?Q5QQS S A U T ' S  G I A N T  C A I S S O N  ( TRANS-BAY-TUNNEL 

I S  4 177 = T  Lr lNG hR F T  W I D F  AND 108 1 / 2  F T  H I G H  CAISSON.  MFTHOD OF CONSTRUCTION AND I N S T A L L A T I O N  ARE G I V F N .  

QZ&.9=QZQQIi F!EW MEDICAL CENTER FOR SAND HOGS ( COMPRESSED-AIR BARTD-SUBWAY ) 
d 'STF9N C n Y S T R U C T I Q Y ,  64-69, MAY 1968. THREE S P E C I A L L Y  D E S I G N E D  DOUBLE M E D I C A L  LOCKS AND SUPPORT SYSTFY 4ND AN 
490UVQ-THE-CLDCK M E D I T A L  S T A F F  @ F  THF' YEW CrlYPRFSSED A I R  M E D I C A L  F A C I L I T Y  I N  SAN F P A N C I S C O  BACK-UP SAND WIGS ON A L L  
bI4RT SIJSNAY TUFNELS R F I Y G  D R I V E Y  UNDF9 COYPQFSSFD AIS.  

WFSTERN C?NSTRUCTIPN,  57-69, MAY 1968. THE V E N T I L A T I O N  STRUCTURE FOR THE SAN F R A N C I S C O  END OF PART'S TRANSBAY T u e F  

- 35+2=Q5€Q4 S T A T E  CIFFERS TWO TUYNECS FOR ONE ( V I R G I N I A  HIGHWAY HAMPTON-ROADS ) 
c U G R .  YFWS-QECORD, ( 1 8 7 )  1 5 7  MAY 81 ' 9 6 9 -  THF V I P G I N I A  HIGHWAY DEPT OFFERS Ah ALTFRNATE P L A N  FCR T H F  I N T E Q S T A T E  
I-64 L I Y K  AT YORFOLK AND HAMPTOY qOA9S.  THE S T A T E  WfJULD PAY T O T A L  CPST FqQ T H F  11.3 M I L F  LAND CONNECTIOY I F  THE 
I N T E Q S T 4 T E  SYSTEM WOULD B U I L D  THE TW? TUNNFLS. 

Q5-63-0sQQI WYICY D E S I G N  FOP RECORD ROAD TUNNEL UNDER S W I T Z F R L A N D ' S  ST. GOTTHARD PASS? ( HIGHWAY 1 
C V G R .  NCW%-QECORD, ( 1 8 2 1  30-339 MAY 81 1969. TWO E Y G I N E E R I Y G  CONSULTING F I P M S  H A V F  PROPOSED ALTFRF!@TE CESIGNS FClR 
T-IF Wr3QLnS CONGEST HIGHWAY TUNYEL TO B E  RUTLT UNDER THE ST. GOTTHARO P4SS.  THE SWISS GOVEFYYCNT MUST n F C I D E  SOOY 
RFT'JFFN T H F  MnTOW COLUMRUS PR@POS4L FOR TWO V F N T I L A T I N G  SYAFTS P L U S  A V E N T I L A T I N G  T U N N F L  P A R a L L E L  T P  T H €  I'IGHkAY, 4ND 
T P E  ELFCTRC-WATT PPOPOS4L TO USE FOUR V F N T I L A T I Y G  SHAFTS, WHICH HAS BFEM B I D  AT $38  M I L L I O Y ,  64 M I L L I O N  LESS THAN 
YnTnR-COLUMRUS 

05-69-05QQ9 GUATFRNAL4 D I G S  ' I N S T A N T  HEAD' ( H Y D Q C h E L E C T R I C  1 
Ch!GP.  YFNS-RECORD, (la?) 76-77, MAY 22,  1969. A TR4YSMOUNTAIM R I V E 9  D I V E R S I O N  I N  GUATAMALA U S I N G  A TUNNFL WYICH I S  
AS UIJCH AS 450 F T  PELOW T H F  CREST ClF IYTFRV!=VTYG H I L L S  I S  C R F A T I N G  2343 F T  DF USASLE H E A @ -  T H I S  ADOS 60,000 K.W. TO 
T+F r \ lATICNAL F L E C T P I F I f A T I O N  SYSTEM AND USES 100% OF THE FLOW OF THF 910 M I C Y A T n Y A .  

1 5 - h o - 0 4 ~ ~ 1  cw I S S  TUYNFL A W A R P S  ( ST.-KITTHARD HIGHWAY 1 
FK'G4. YEWS-RECPRD, ( 1 8 3 )  671 J U Y F  IS, 1969. T H E  SWISS GOVERNMFNT APPPOVED TUNNFL CONSTRUCT1 ON CONTRACTS T O T A L I N G  
s3q.S V I L L I O N  FOP THF 10 l / e  M I L E  ST. GOTTHARD HIGHWAY TUNNEL. THF TLJYNFL W I L L  HAVc FCIUR SHAFTS FOR V E N T I L A T I O N .  

Q ~ Z ~ S ~ Q Q ~  CHUYNFL S T I L L  CHUGGING ( EYGLISH-CHANNEL ) 
CNGR. YCW'j-QFCPRD, (1831 7 7  J U L Y  3 ,  1969-  THE B R I T I S H  M I N I S T R Y  OF TRANSPORT S A I D  THAT WORK ON A CHANYEL TUNNEL 
rr lCIL7 START 4s SCHEPIILFD I N  1971 AN0 F I N I S H  BY 1976. 

Q5-69-QIQQZ HPNG KONG TUNNEL ( SUYKEY-TURE 
C ' J G O .  NFWS-PECDRD, (187) 71 J U L Y  3, 1069. A CONSOQTIUM I N C L U D I N G  RAYMOND I N T E R N A T I O N A L  S I G N E D  A $15 Y I L L I I N  
CnYTRACT TP R U I L D  A TJNF M I L F  TUNJ'VFL BFTWEEY HONG KONG I S L A Y D  AND KOWLOON. WORK B E G I N S  OY THE FOUR-LANF DUAL SUNKFN 
T I J Q C  f R r l q q  I V G  I N  SEPTFMRFR. 
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Q B Z Q I Q Q 9  A SUBWAY FOR FLANDERS ( B E L G I U M  1 

THREE L E V E L  S T A T I O N  WILL COORDINATE SUBWAY AND V E H I C U L A R  TUNNEL. WORK WILL START ON TWO OTHER S T A T I O N S  AND 314 M I L E  OF 
ENGR NEWS-RECORD, ( 1 8 3 )  13, JULY 10, 1969. ANTWERP WILL START A $ 2 0  M I L L I O N  R A I L  T R A N S I T  SYSTEM T H I S  F A L L .  A 

SUBWAY N E X T  YEAR. 

u-k9=aMft T W I N  BORE HIGHWAY TUNNEL WILL L I N K  TWO V I R G I N I A S  

I Y C .  AND S. A. HEALY CO. TO B U I L D  THE 5 6 6 1  F T  LONG T W I N  TUBES ON 1-77 UNDER EAST R I V E R  MOUNTAIN TO CONNECT BLAND COT VA 
ENGR. NEWS-RECORD, ( 1 8 3 )  28, JULY 10, 1 9 6 9 .  A  $23 .7  CONTRACT WAS AWARDED TO THE J O I N T  VENTURE CF GORDON H. B A L L  

WITH MERCER CO. W-VA. COMPLETION IS SCHEDULED FOR J U L Y  1973. 

05 -69=QZQQ5 ROCKY TUNNEL IS WORLD’S H I G H E S T  ( HIGHWAY COLORADO STRAIGHT-CREEK S H I E L D  

CARRY 1-70 THROUGH THF C O N T I N E N T A L  D I V I D E  AT AN E L E V A T I O N  OF 11000 F T  WILL B E  THE LONGEST HIGHWAY TUNYEL I N  NORTH 
AMERICA AND THE HIGHEST ONE I N  THE WORLD. A FOUR COMPANY VENTURE-STRAIGHT-CREEK CONTRACTORS - C O N S I S T I N G  OF AL JOHNSON 
CONSTR COY GIBBONS E REED CO, KEMPER CONSTR CD AND WESTERN P A V I N G  CO, BEGAN D R I V I N G  THE WEST P O R T A L  I N  MARCH 1 9 6 8 .  
COMPLETION IS SCHEDULED FOR DEC 1 9 7 0 .  A S P E C I A L  2 5  F T  LONG 450 TON S H I E L D  WAS ASSEMBLED I N  T H E  M I D D L E  O F  THE MOUNTAIN 
TO B E  USED I N  A 1000 F T  STRETCH OF BADLY FAULTED ROCK. 

FNGR. NEWS-RECORD, ( 1 8 3 1  3 9 - 4 1 ,  JULY 10, 1 9 6 9 .  THE 8 1 4 8  F T  TUNNEL, THE F I R S T  BORE OF A P A I R  OF TUNNELS WHICH W I L L  

Q5149=91QQ6 LOW B I D  C A L L E D  BACK ( WELLAND-CANAL RAIL -ROAD-TUNNEL)  
FNGR NFWS-RECORD, ( 1 8 3 )  17, 1 9 6 9 .  THE LOW B I D D E R  ON THE WELLAND CANAL ROAD-RAIL  TUNNEL ASKED AND R E C E I V E D  
P E R M I S S I O N  TO WITHDRAW T H E I R  LOW B I D  BECAUSE OF A SERIOUS ERROR I N  CALCULATION.  THE SEAWAY AUTHORITY WILL R E B I D  ON AN 
FNLAQGFO SCOPE JOB. 

05 -69 -OZQQz U T I L I T Y  TRENCH AT SEA-TAC A IRPORT ( SEATTLE 1 
WFSTERN CONSTRUCTION, ( 4 4 )  NO. 7 9  6 0 - 6 2 ,  J U L Y  1969. A 1 5 0 0  F T  U T I L I T Y  TUNNEL I S  B E I N G  B U I L T  AS PART OF THE 
E X P A N S I O N  OF THE SEATTLE TACOMA AIRPORT. EXCAVATION AND CONSTRUCTION TFCHNIQUES ARE DESCRIBED.  

Q.5.tir62Q8QQ1 VIENNA TO D I G  2 4 - M I L E  SUBWAY ( A U S T R I A  1 
ENGR NEWS-RECflRD, ( 1 8 3 )  49, 4UG 7 ,  1 9 6 9 .  V I E N N A  WILL START A $ 1 9 5  M I L L I O N  SUBWAY SYSTFM T H I S  FALL .  FOUR L I N E S  W I T H  
2 4  M I L F S  WILL BE B U I L T .  ONE L I N E  W I L L  BE S H I E L D  S H I E L D  DRIVEN,  ONE WILL USE SLURRY TRENCH, ONE AN E X I S T I N G  TUNNEL. 

Q.!j.+p8QQZ OHIO S A N I T A R Y  INTFRCEPTOR SEWER I T U N N E L I N G  OPEN-CUT COSTS 1 
F N G I Y E E R I N G  NFWS-RECORD, ( 1 8 7 )  N. 8, 41,  7 2 ,  AUG 2 1 ,  1969. CONSTRUCTION OF 4 2  AND 4 8  I N  P I P E  L I N E S  WAS 2 2  TO 4 6  
PERCFNT L F S S  B Y  OPEN CUT THAN BY TUNNELING. B L A S T I N G  FOR OPEN CUTS CREATES A PROBLEM BECAUSE OF I T S  UNDETERMINED 
EFFECT C)N HIGH-TENS I O N  E L E C T R I C A L  L I V E S  P A S S I N G  THROUGH THE AREA. 

Q5=6ZQEQQZ B L A S T  PULLS THE PLUG I N  ALASKA LAKE ( HYDRO-PROJECT 
FNGR NEWS-RECORD, ( 1 8 3 )  1 6 ,  AUG. 14, 1 9 6 9 .  DRAVO CORP AND S.S. MULLEN DROVE A 1 2  F T  U N L I N E D  TUNNEL THROUGH 800 F T  

WATER L E V E L  WILL RE LOWERED 1 1 5  F T  I N  3 MONTHS. THEN THE CORP OF FNGRS W I L L  L E T  A CONTRACT TO B U I L C  A 1 1 2  F T  H I G H  
q F  ROCK TO A P O I N T  NEAR THE BOTTOM OF ALASKA’S LONG LAKE. THE F I N A L  9 F T  T H I C K  PLUG WAS REMOVED B Y  A S I N G L E  BLAST.  T Y F  

CnNCRETE GRAVLTY DAM ON TOP OF T H F  NATURAL ROCK DAM. A POWER TUNNEL 8 2 0 0  F T  LONG W I L L  BE ADDED LATER. 

05-69-0BQQft THE HONG YONG CROSS-HARBOUR TUNNEL ( SUB-AQUEOUS 1 
w m s  A Y D  R O A D  CONSTRUCTION, (47) NO. 560, 246 -50 ,  AUG. 1 0 6 9 .  A SUBMERGED T W I N  TUBE TUNNEL 6 0 8 5  F T  LONG W I L L  9E 
q U I L T  UVDER HONG KONG HARBOR. THE TUBES W I L L  BE 34 F T  I N  D IAMETER AND PROVIDE 2 2  F T  OF ROADWAY - P R O V I D I N G  TWO LANES 
OF T P 4 F F I C  I N  EACH D I R E C T I O N .  

Gtir69=99QQ1. ROCKFALLS I N  SNOWY MOUNTAIN TUNNEL ( A U S T R A L I A  1 
FNGR. NEWS-RECORD, ( 1 R f )  9 9  SEPT. 41 1 9 6 9 .  ROCKFALLS I N  THE 1 4 8  M I L E  SNOWY-EUCUMBENE TUNNEL HAVE R E S T R I C T E D  FLOWS 
SY 207.  

Qk=4992QQZ NORTHFIELD MCIUNTAIN GOES UNDERGROUND TO SHAPE UP 
ENGQ YEWS-RECDRD (183) .  3 4 - 4 2 ,  SEPT. 4 ,  1 9 6 9 .  THF $ 8 5  M I L L I O N  N O R T H F I F L D  MOUNTAIN 1 M I L L I O N  KW PUMPED STORAGE 
I N S T A L L A T I O N  H A S  A UNIQUE DESIGN.  I T  HAS AN UNDERGROUND POWERHOUSE AND SURGE SHAFT COMPLEX. I N V E S T M E N T  W I L L  B E  $ 8 5  
PFR Kd .  

Q5d9=Q9QQ3 TUWNEL B I D S  HAVE A $ 4 0 - M I L L I O N  SPREAD ( NYC T R A N S I T  TRENCH-TUNNEL I 
CVG4 NFWS-RECORD, ( 1 8 3 )  90, SEPT. 18, 1 9 6 9 .  A J O I N T  VENTURE OF PETER K I F W I T  SON’S CO MORRISON-KNUDSCN CO AND 
SL4TTERY ASSOCIATES I S  APPARENT LOW RIDDER ON THE FOUR TRACK 3140 F T  T R A N S I T  TUNNEL A T  6 9 T H  ST UNDER NEW YORK 

SCCTICIN WILL BE SUNK I N  TRENCHES. 

I N C  
CITY‘S E A S T  RIVER. THE LOW RID W A S  $ 6 0 . 5  MILLION, $10 MILLION LESS T H A N  THE SECOND LOW BID. P R E C A S T  TUBES 3 8  SQ FT  I r j  

QZA?=Q9QOft PYRENEES TUNNELERS D R I V E  HOME ( S P A I N  FRANCE ) 
EhlGR NEWS-RECORD, ( 1 8 3 )  92, SEPT. 18, 1 9 6 9 .  FRENCH AND S P A N I S H  WORKERS HAVE ALMOST COMPLETED T H F  9900 F T  LONG 
TUYNFL I N  THE PYRENESE MOUNTAINS PETWEEN FRANCE AND S P A I N .  O P E N I N G  DATE I S  EXPECTFD TO SE I N  S P R I N G  1971. 

QS-AkQ9QQ2 ARGENTINA EXPANDS HYDRO PROJECT 
FYGR YFWS-RECORO, ( 1 8 7 )  9 3 ,  SEPT. 1 8 ,  1 9 6 9 .  ARGENTINA MOVED I N T O  THE SECOND PHASE OF I T S  1.6 M I L L I O h  KW 
CrIDCQN-7FRROS CQLORADOS HYDRO COMPLEX W I T H  THE O P F N I N G  OF B I D S  ON THE PORTEZUELO GRANDF PROJECT. 

fid9=QSQQ& THE COMING R E V O L U T I O N  I N  TRANSPORTATION ( FLAME WATER-JFT CHEMICALS LASER GAS-GUN MOLE ) 
APPEL, F. C. 

V A T I O Y A L  GEOGRAPHIC, ( 1 3 6 1  N 3 ,  3 0 1 - 3 4 1 7  SEPT 1 9 6 9 .  THE TRANSPORTATION REVOLUTION IS O Y  I T S  WAY. SOCIETY CAN NO 
L”NGER TOLERATE T R A F F I C  AS I T  IS: I T S  H I G H  DEATH TOLL, I T S  C O N T R I B U T I O N  TO A I R  POLLUTION,  I T S  N O I S E ,  I T S  
FRUSTRATIONS.  T E C H W L O G Y  HAS PRODUCED AND W I L L  IMPROVE MORE V E R S A T I L E  HYDPAFOILS,  A I P  CUSHION BOATS AND T R A I N S ,  
C@M”PCSSED A I R  TURF T R P I N S ,  AUTOMATED CARS, V /STOL A IRCRAFT,  SUPERSONIC TRANSPORTS, JUMBO J E T S  AND L I N E A R  I N D U C T I O N  AND 
CAPSULE TRANSPnPT. HOWEVER, THESE INNOVATIONS W I L L  HAVE TO BE SUPERIYPOSED ON AN ALREADY E X I S T I Y G  SYSTEM. ALL THESE 
YFW SYSTEPS ARE DISCUSSFD.  STOCKHOLM IS TAKEY AS AN EXAMPLE OF THE FUTURE C I T Y .  HERE THE GROUND L E V E L  I S  ALREADY A 
FOUhlTAIY DDTTED PLAZA AS ALL T R A F F I C  I S  BENEATH I T  I N  TUNNELS. COST I S  ALL THAT PREVENTS C I T Y  T R A F F I C  FR’IM GOING 
UNDERGROUND NOW. THF YFW T U N N E L I N G  METHODS: J E T S  OF FLAME, H Y P E 9 V E L O C I T Y  J E T S  OF WATER9 CHEMICALS,  LASER BEAMS, 
D L A S T I C  ENC4SED WATER P E L L E T S  F I R E D  FROM POWERFUL GAS GUNS AND IHPROVED MOLES, APE REDUCING T H I S  T U N N F L I N G  COST WHILE 
LAND COSTS C L I M S .  WHEN CARS ARE AUTOM4TED AND HIGHWAYS ARE COMPUTER CONTPOLLED THE RECKLESS D R I V E R  AND T R A F F I C  JAMS 
W I L L  SE F L I M I N A T E D .  THE NEW SYSTEMS WILL BE E F F I C I E N T ,  ECONOMICAL AND SAFE WAYS TO TRAVEL. 

Q k d ~ 2 3 2 Q Q L  D A L L A S  PLAN SEPARATES T R A F F I C ,  PEOPLE ( TRUCK-TUNNEL PEDESTRIAN TUNNELS 1 
ENGR NEWS-RFCflQD, ( 1 9 7 )  2 1 ,  OCT. 2, 1 9 6 s .  MONTREAL CONSULTANTS PUNTE-TRAVEQS A S S O C I A T E S  H A V E  COMPLETE AN 1 8  YONTH 
8178,000 STIJDY FflR DALLAS CENTRAL B U S I N E S S  D I S T R I C T .  I T  RECOMMENDS A CONTINUOUS NETWORK OF P E D E S T R I A N  TUNNELS, A 
C O N S @ L I O A T I O N  OF SOME OF THE DOWNTOWN BLOCKS, A M A I N  STREET TRUCK TUNNEL, AND A REGIONAL R A P I D  T R A N S I T  PLAN. 

85-3.2=.lQQQ2 T H I R S T  QUENCHER ( WATER-TUNNEL NYC 1 
FYGR NFWS-RECPPD, ( 1 8 3 )  OCT. 2 3 7  1 9 6 9 .  NEW YORK C I T Y  LAUNCHED A 20 YEAR B E  B I L L I O N  WATER SUPPLY T U h N F L  PROJECT BY 

I N T q  QUFFNS. 
I Y V I T I N G  ‘3135 ON THE $360,000 F I R S T  STAGE - A 2 0  F T  TO 77 F T  TUNVEL 1 5  M I L E S  LONG FROM YONKERS I N T O  MANHATTAY AND E A S T  

c 
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95-69-19943 FEDERAL H E L P  H I N T E D  FOR R A P I D  E X C A V A T I O N  RESEARCH 
ENGR NFWS-RECORD, ( 1 8 3 )  24-25, OCT. 2 3 ,  1969. H I N T S  OF F E D E R A L  S U B S I D Y  FOR DEVELOPMENT OF R A P I D  E X C A V A T I O N  

RECENT CONSTRUCTION PROJECTS INCLUDED THE WHITE P I N E  COPPER CO DEVELOPMENT E F F O R T S T  HECLA M I N I N G  CO'S SPRAY-ON 
CONCRETE. 

9332llQQ1 FQUIPMENT MAINTENANCE ( MACHINES M A T E R I A L S  LABOR-RATES I 

CONSTRUCTION METHODS AND EQUIPMENT, ( 5 1 )  NO. 11, 499 NOV 1969. BECAUSE O F  H I G H  LABOR RATES AND E X P E N S I V E  MACHINERY 
PRODFR YAINTFNANCE CAN MAKE T H E  D I F F E R F N C E  BETWEEN P R O F I T  AND LOSS. CONSTRUCTION IS A B U S I N E S S  OF MEN? MACHINES, 
Y A T F R I A L S ,  MONEY, METHODS, MANAGEMENT AND MAINTENANCE. 

T F C H Y I Q U E S  WERE N O T I C E A B L E  AT T H E  SECOND SYMPOSIUM ON R A P I D  E X C A V A T I O N  HELD AT SACREMENTO STATE COLLEGE. ACCOUNTS OF 

PEREZ, He T. 

95-69-11QQ2 M A I N T A I N  D R I L L  S T R I N G S  ( B I T S  HANDLING-COSTS RECOMMENDED-PRACTICE 1 

CQNSTRUCTIOY METHOnS & EQUIPMENT, ( 5 1 1  Ne 11, 50-54, NOV 1969. ROCK B I T S  AND D R I L L  RODS LOOK RUGGED BUT THEY S T I L L  

MAINTFNANCF OF ROCK B I T S  AND D R I L L  S T E E L  I S N ' T  COMPLICATED OR D I F F I C U L T .  I T  DOES REQUIRE A NUMBER OF STEPS WHICH MUST 
Q F  C A R R I E 3  OUT ROUTINELY.  SLACKEN OFF AND THE P E N A L T I E S  ARE SEVERE. FOLLOW RECOMMFNDED P R A C T I C E S  AND YOU B U I L D  A 

PEREZ, H. T. 

R F Q U I R E  TARF.  HANDLF THEM L I K E  THE HIGH-GRAOE TOOLS THEY ARE. DON'T L E T  S T E E L  L I E  I N  UNDERGROUND WATER. SUCCESSFUL 

STQONG S H I E L D  AGAINST LOW D R I L L I N G  PRODUCTION AND H I G H  COSTS. 

Q5-69-12QQl TUFINELFD TRACK ( J A P A N  RAILWAY 1 
FNGR YFWS-RFCORD, ( 1 8 3 )  91 DEC. 49 1969. JAPAN N A T I O N A L  R A I L W A Y  WILL CONSTRUCT A 238 M I L E  HIGH-SPEED EXPRESS R A I L  
L I N G  SETWEEY OKAYAMA AND HAKATA THAT W I L L  I N C L U D E  MORE THAN 100 Y I L E S  OF TUNNEL AND AN 1 1  M I L E  BORE UNDER THE KANMON 
S T R A I T .  THF $1.3 B I L L I O N  L I N E  IS SCHEOULED FOR COMPLETION I N  1975- 

Q5-69-uQQ2 SFAWAY WEIGHS TUNNEL LOW B I D  ( WELLAND ROAD-RAIL  I 
EVGR NEWS-RFC3PD, ( 1 8 3 )  21 ,  DEC. 41 1969. A J O I N T  VENTURE OF C. A. P I T T S  CONSTR CO OF TORONTO AND DON M I L L S  OF 
9 N T A R I n  I S  APPARENT L'IW B I D D E R  FOR THE C O M B I N A T I O N  HIGHWAY - R A I L R O A D  TUNNEL UNDER THE RELOCATED S E C T I O N  OF WELLAND 
CANAL. T t ' E I P  4 I D  CF $ ? l e t 3  WAS ONLY $200,000 L E S S  THAN THE P R E V I O U S  LOW B I D D E R  SIMARD BEAUDRY. 

95-69-12~~2 e .c .  S U R W A Y  S T A P T S  AFTER 20 Y E A R S  
FYGP YEWS-RECOQD, (187) 24, DEC. 11, 1969. T H E  WASHINGTON METROPOLITAN AREA T R A N S I T  A U T H O R I T Y  W I L L  CONDUCT A 

L E T  FOP S E C T I O N S  O F  THE SUBWAY. THE F I R S T  6 M I L E S  IS EXPECTED TO OPEN THREE YEARS AFTFR START OF CCNSTRUCTION. 

05-69-12QQ2 PUMPED STORAGE HAS NO PUMPS ( C A L I F O s N I A  1 

CnRP UYDEQ A $15.9 M I L L I O N  CONTRACT. T H F  TUNNEL IS D E S I G N E D  T O  CARRY WATER I N  E I T H F R  D I R E C T I O N .  T H I S  WILL DOUBLE THF 

GRDUYD 8 9 E A K I N G  CEREHnNY A T  THF S I T E  OF ONF OF THE S T A T I O N S  OF WASHINGTON D.C.'S M E T 4 0  SYSTFM. TWO CONTRACTS HAVE BFFI\] 

FVGR NEdS-QFCORII, ( 1 R 3 1  60, DEC. 18, 1969. A 4300 F T  L q N G  14 F T  TUNNEL AND BRUSH CREEK DAM IS €!EING B U I L T  BY D R A V O  

C A P A C I T Y  O F  SACHAMFNTO M U N I C I P A L  U T I L I T Y  D I S T R I C T ' S  CAMINO HYDRO S T A T I @ N *  

Q5-69-LZQQs TUF'NEL ROOF COLLAPSE BLOCKS ROCKIES T R A F F I C  ( ROOF-BOLTS 1 
FNGP YEWS-QECORD, ( 1 R 3 )  6 5 ,  DEC. 18, 1969. MOISTURE C O L L E C T I N G  UNDER THE ROOF SEALANT OF A HIGHWAY TUNNEL ON U.S. 
Y IGHNAY 6 ,  1 2  M I L E S  FROM DENVER, CAUSED A ROCK F A L L  WHICH R E Q U I R E D  C L O S I N G  THF TUNNEL FOR SEVFPAL WEEK WWILE R E P A I R  
CREWS I N S T A L L F D  QOOF 8 O L T S  TO PREVENT FURTHES F A L L S .  

Q6-70-010Ql R I V F R Y I D F  POAD TUNNEL PROPOSED FOR S I T E  N E X T  TO PALACE OF WESTMINSTFR 
T U V V F L S  AND TU"YFLTNG9 ( 2 )  NO 1, 11, JAN. 1970. THE M I N I S T R Y  OF P U B L I C  B U I L D I N G S  AYD bJODKS, GREATER LONDON PLANS 
TC 9 E D E V E L C P  Tt 'F  WHITEHALL AREA W I T H  A RIVERSIC)€  ROAD TUNNEL FROM NORTH OF HUNGEPFORO B R I D G E  TO SOUTH O F  LAMBETH 
9RIDC'.  T H F  S I X  L A N E  ROAD TUNNEL WCULD COST 16 M I L L I O N  POUNDS. 

Q5-7O-QLQQz EnINBURGH C I T Y  "ITORWAY I N C L U D E S  T W I N  TUNNELS 
Tt INYCLS A N 0  TUNNELING,  ( 7 )  RCi 1, 11, JAN. 1970. D E S I G N  HAS STAQTED ON A 10 M I L L I O N  POUNCI P R n J E C T  T @  P 9 0 V I D E  NEW 
9 U b L  THREE L A N F  URPAY MOTOPWAY THROUGH EDINBURGH. I T  W I L L  PASS THQC'UGH COTTON H I L L  I N  TWIM POCK TUNNELS EACH 1 4  METERS 
WInF 4ND 150 NETEPS LChlG. 

QL-JQ=UQQZ 16?P4 M LONG ROAD TUNNEL THROUGH MT. ST. GOTTHARD W I L L  RE 4 KM LONGER THAN MT. BLANC 
TIJNYFLS ANC T U F N E L I N G ,  ( P I  NO 1, 1 1 ,  JAN.  1970. CONSTRUCTION STARTS SDON ON A ROAD TUNNEL FROM GOESCHENEN TO 
A I P ' l L n  WHICH W I L L  R F  ONE OF THF WORLJS LOYGEST TUNNELS. THE TWO H F P D I Y G S  AD.€ S I T U A T E D  ABI?UT 1100 Y 4 n 3 V E  SEA L E V E L .  

fi-70-0lQQ4 TUFNELS AND SUBWAYS n N  THE S.F. BART SYSTEM ( MOLES COST 1 

TLINUELS AY'3 T U N N F L I N G ,  ( 2 1  NO 1, 13-17, JAN. 1970. THE C O M M U N I T I E S  AROUND T H E  SAN F R A N C I S C O  BAY ARE L I N K E D  BY LOYG 
S J S P c N S I n N  SPANS OF THE OAKLAND BAY BRIDGE.  T R A Y S I T  BETWEEN THE C O Y M U N I T I F S  I S  E Y T I Q E L Y  BY QOAD. PAQT I S  T H F  ONLY 
C Y T T Q C L Y  MFW SYSTFM TO B F  B U I L T  I N  A U.S. C I T Y  I N  3 0  YEARS. 20 M I L E S  OF T H E  75  U I L F  SYSTEM A Q F  UNDERGQOUND. 4 Y I L E S  
'3c T H I S  4 P F  I N  A SUBYE9GED TUBE ACROSS THE BAY. 4 M I L E S  ARE I N  MEDIUM SOFT ROCK. 6 Y I L E S  ARE I N  SOFT GRCUND. 6 M I L E S  

$1 '?5r ) /FT D F  S I N G L F  TRACK TUNNFL. THE QERKELEY H I L L S  TUNNEL I N  ROCK COST $ 9 4 0 / F T  4Nr) A SHC!RTER TUNNEL I N  P?CK C q S T  
$1 '00 /FT.  CUT AND CPVFR COST .%t.BO/FT. 

Q5=zQ=QlQQz TUbNFL UNCI39KS HIGHWAY BOTTLFNECKS ( CUT-AND-COVER M I N N E A P O L I S  I 
FVG?.  YEWS-QECnQD, (154) 19-19, JAN.  29, 1970. YINNESOTA HIGHWAY 9 E P T  I S  Q U I L D I N G  AN INTERCHANGE W I T H  A 1500 F T  
TUV.J"JcL AN@ ANOTHFP IUTFRCHANGE CCMPLFX ON P I L F S  T D  R E L I E V E  THE BOTTLENECKS I N  OflWNTnWN M I N N E A P O L I S .  A J C i I N T  VENTURE OF 
W T E Q  PE3FRSOY AND FCLFY PROS. HAVE A $7.3 M I L L I O N  CONTRACT TO B U I L D  THE TUNNEL AND T H E  SUPERSTQUCTURES nVFR I T .  

OK-70-Q1@& TUhNEL GnES FDR RECORD $222.6 M I L L I O N  ( B L A S T I N G  MOLES COST SCHEDULE S I Z F  WATEQ I 
CVGTV' fFQING NFWS-QFCPRD, (184) 13-14, JAN. 15, 1970. STAGE 1 WATER D I S T R I B U T I O N  SYSTEM F l l R  NEW YORK C I T Y  I N C L U D E S  
J M I L F S  r)F 2 1  FOqT D I A M E T E R  TUNNEL, 5 M I L E S  OF 70 FOQT DIAMETER TUNNCL AND 3 UNDERGROUND CHAMSEYS FOR CONTRQL VALVES 
A V n  YFTCRS, 1 5  SUPPLY Q I S E P S  AND F I T H F Q  3 OR 4 CONSTRUCTION SHAFTS FOR THF LOW B I D  SUM OF 223.6 M I L L I O N  COLLARS. T h F  
%QI? QPCK, MAIPILY GNEISS 4ND MAMHATTAN S C H I S T  WAS PLANNFQ TO BE BLASTED BUT O F F I C I A L S  ARF NOW C O N S I D F R I N G  THE P ' 3 S S I P L F  
UYF r)F TUl ' !NFLING YACHINFZ.  SCHEDULED CONSTRUCTIDN T I M E  FOR THE E N T I R E  PROJECT I S  60 W N T Y S .  P R E V I C U S L Y  A MOLF WAS 
T 9 I E Q  AUO F I N 4 L L Y  PULLFO OUT O F  ANOTHER OEEP TUNNFL UNDER NFW YORK 9AY. T H E  TOUGH MANHATTPhj S C H I S T ,  P I D D L F D  W I T H  
PFGru)bTITFS STQFPFD A U N I T  SUPPOSEDLY D F S I G Y E D  TO HANDLE SUCH HAP@ ROCK. 

TYC'V, J. G. + AMOS, M. J. & BECHTEL CORP SAN FRANCISCO 

B P F  CUT-AYD-CnVER CCINSTSUCTION. D E T A I L S  OF THE E X C A V A T I O N  ARE G I V E N .  AVERAGE COST OF SOFT GROUND TUNVELS HAS BEFY 

- 05-70-01QQZ ---- PUVPKD STORAGE P R 0 J E C T  I S  A 9 A D  ROCK NIGHTMARE B E L G I U M  1 
F'IGR. NFW'i-RECnRDt (144) 2 9 ,  JAN. 1, 1970. M I S T  MOUNTAIN W I T H  THE AMBLEVE R I V E R  AT I T S  FOOT LOOKFD L I K E  A PERFECT 
S I T F  Tr)P S E L G I U M ' S  NEW PUMPED STORAGE PROJECT BUT BAD ROCK IS C A U S I N G  P Q 0 9 L E Y S .  R O r K  S L I O E S  THQEATFNED WORKER< 
r O N S T 4 V T L v  IN THE WATFR TUYNEL O F S P I T E  UTE OF S T F E L  AND CONCRETE R E I N F O R C I N G  ARCHES AND AN R I N  T H I C K  P P E L I N I N G .  

05-70-01m2 CnYTRACTnR L I C K S  TOUGh TUNNFL JOB ( V I R G I N I A  BIG-WALKER HIGHWAY I 
FVGQ. YFdS-RFC"RD, ( 1 R L )  30-31, J9N.  1, 1970. THE CONTRACTOR - C.J. LAYGENFELDEP E. SONS - HAS HOLFO T H R O U W  THE 
S F C I V D  R q Q F  TYF R I G  WALKER MOUNTAIN HIGHWAY TUNNEL. MUCH OF THE T I Y E  THF TWO TUNNFLS WERF C Q I V E N  F U L L  FACE AND 
PRTGQF-SS Y P S  G n - 9  - SOMFTIMFS A S  H I G H  AS 60 F T  I N  A 70 HR DAY. F A 0  ROCK SHOWED UP I N  THE EAST BOQF ON DEC. 23, 1968. 
AFTFQ E M3NTHC OELAY THF WnRK WAS STARTFD A G A I N  I N  THE E A S T  RORE W I T H  CAPEFUL F U L L  FACE OPERATIONS B Y 0  DOUBLING THF 
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AYOUNT OF S T E E L  SETS AND PUMPING GROUT TO F I L L  T H E  VOIDS. GOOD ROCK WAS FOUND SOON AND THE E A S T  BORE WAS COMPLETED 
QUICKLY.  THE WEST BORE WAS MUCH WORSE. WHEN THE E A S T  JUJBO F I N I S H E D  I T  STARTED BACK ON T H E  WEST BORE FROM THE NORTH 
END AS FAR AS THE GOOD ROCK WOULD ALLOW. THE 200 F T  OF BAD ROCK WAS TUNNELED BY TOP HEADING,  F O R E P O L I N G  A L L  THE WAY- 
THE HIGHWAY D E P T  HOPES T O  HAVE T R A F F I C  THROUGH B I G  WALKER BY T H E  END OF THE YEAR. 

Q ~ ~ U ~ Z Q ~ Q Q ~  TUNNEL GOES FOR RECORD $222.6 M I L L I O N  ( NYC WATER-SUPPLY 1 
ENGR NEWS-RECORD, (1841 13, JAN. 151 1970. NEW YORK C I T Y ' S  BOARD Of WATER SUPPLY AWARDED THREE CONTRACTS FOR A 
S I N G L E  PROJECT T O T A L I N G  $222.6 M I L L I O N  TO A J O I N T  VENTURE OF WALSH CONSTRUCTION CO, DRAVO CORP, S. J. GROVES C SONS, 
ARUNDEL CORP, L e  E. D I X O N  C b  AND OSTRANDER CONSTR. THE 5 YEAR CONTRACT I N V O L V E S  9 M I L E S  OF 24 F T  D I A  T U N N E L ?  5 M I L E S  
OF 20 F T  P I A  TUNNEL A L L  CONCRETE L I N E D ,  THREE UNDERGROUND CHAMBERS FOR CONTROL V A L V E S  AND METERS, 15 SUPPLY R I S E R S ,  AND 
THREE CONSTRUCTION SHAFTS. 

45=1Q=Ql$lQ SEAWAY TUNNEL START ( WELL AND-CANAL ROAD-RAIL  1 
ENGR NEWS-RECORD, (184) 31 JAN.  29, 1970. THE ST LAWRENCE SEAWAY A U T H O R I T Y  AWARDED A 531.8 CONTRACT FOR T H E  
CONSTRUCTION OF A THREE T U B E  ROAD-RAIL  TUNNEL UNDER THE RELOCATED WELLAND C A N A L  TO A C A N A D I A N  J O I N T - V E N T U R E  OF c. A. 
P I T T S  CONSTR EASTERN AND MCNAMARA CONSTRUCTION WESTERN. 

Q5?=Z4=UQl1. LONGEST S. A F R I C A  ROAD TUNNEL ( B L A S T I N G  1 
TUNNELS AND TUNNELING,  (2) NO 1, 3 5 1  JAN. 1970. THE 1880 F T  DANVILLE-CLAREMONT ROAD TUNNEL I S  THE LONGEST I N  SOUTH 
A F R I C A .  WORK STARTED I N  MARCH 1969 BY B A S I L  READ & GMF ( E D M S )  BPK. M U L T I P L E  B L A S T S  WERE P E R M I T T E D  AFTER S P E C I A L  T E S T  
WERE MADE. 

05-70-07QQl BYPASS RUSHED AFTER ROCKFALLS PLUG TUNNEL ( TURKEY D I V E R S I O N - T U N N E L  1 
EYGR. NEWS RECORD, (184) 13, FEB. 12, 1970. T U R K I S H  TUNNELERS ARE D R I V I N G  A $1.5 M I L L I O N  B Y P A S S  TUNNEL AT THE 
GOKCEKAYA DAM S I T E  BECAUSE REPEATED ROCKFALLS F I N A L L Y  PLUGGED THE 30 F T  D I A  D I V E R S I O N  TUNNEL.  

Q5-70-07QQ2 P A R I S  PREPARES TO START T I C K L I S H  SUBWAY L I N E  
ENGR. NEWS-RECORD, ( 1 8 4 1  14, FEB. 261 1970. CONSTRUCTION O F  T H E  CENTRAL 3 - M I L E  SEGMENT OF T H E  WESTERN BRANCH OF 
P A R I S  R E G I O N A L  R A I L  T R A N S I T  EXPRESS L I N E  W I L L  START NEXT YEAR. I T  POSES SOME EXTREMELY D I F F I C U L T  E N G I N E E R I N G  
PROBLEYS. PART OF I T  WILL PASS BENEATH P A R I S  OLD C I T Y  H A L L  WHOSE FOUNDATION EXTENDS 66 F T  BELOW GROUND. 

Q5-70-07QQS SNOWY TUNNEL RUBBLE TROUBLE ALMOST CLEARED. ( A U S T R A L I A  1 
ENGR. NEWS-RECORD, (104) 15, FEB 26, 1970. T H E  13 M I L E  L A K E  EUCUMBENE SNOWY TUNNEL I N  A U S T R A L I A S  SNOWY MOUNTAIN BY 
D P O E L E C T P I C  SCHEME WILL B E  BACK I N  S E R V I C E  I N  E A R L Y  A P R I L .  R E P A I R S  WERE DELAYED B Y  T H E  NEED T O  U S E  THE TUNNELS TO 
CARRY SOME OF THE S P R I N G  RUNOFF. 

Q5-70-QlQQ1. I MAGI  N I NG T H  I NGS ( 0 ECD-TUNNEL I NG-C ONF E RE NCE ) 
TUNNFLS AND TUWNELING, ( 2 1  NO 2 7  65, MAR. 1970. AN E D I T O R I A L  D I S C U S S I O N  OF THE R E L A T I O N  BETWEEN T H E  GOALS OF THE 
ClFCD T U N N F L I N G  CONFERFNCE SCHEDULED FOR JUNE 22-26, 1970 I N  WASHINGTON D.C. AND THE NEEDS FOR ALTERNATE PLANS FOR URBAN 
AREAS TO REPLACE T H E  PRESENT SURFACE HIGHWAY SYSTEM I N  E X I S T A N C E  AND PLANNED. 

05-70-QlQQZ OFCD ADVISORY CONFERENCE ON T U N N E L I N G  ( URBAN-PLANN I N G  1 
ORSKI ,  C. K. & S C I E N T I F I C  DIRECTORATE OECD 

TUNNFLS A N 0  TUNNELING,  ( 2 )  NO 2 9  69-72, MAR. 1970. T H E  ADVISORY CONFERENCE ON T U N N E L I N G  ORGANIZED B Y  THE 

THE P R I M A R Y  O B J E C T I V E  IS P O L I C Y  GUIDANCE TO GOVERNMENTS P A R T I C U L A R L Y  I N  THE R E L A T I O N S H I P  BETWEEN I M P R O V I N G  T U N N E L I N G  
f lRGAYIZATION F O R  ECONOMIC COOPFRATION AND DEVELOPMENT W I L L  BE H E L D  I N  WASHINGTON D.C. D U R I N G  T H E  WEEK J U N E  22-26 1970. 

TECHN3Lr lGY AND LONG RANGE P L A N N I N G  FOR THE WORLDS URBAN AREAS. 

05-70-03QQ2 T H I R D  MERSEY TUNNEL STARTFD ( ENGLAND 1 
TUYYELS AND TUh'NELING, (21 NO 2, 85, MAR. 1970. A T H I R D  ROAD TUNNEL UNDER THE MERSEY R I V E R  FROM L I V E R P O O L  TO 
WALLASFY HAS J U S T  STARTFD. CONSULTING ENGRS ARE MOTT, HAY & ANDERSnN c1F LONDON. A 2202 Y D  P I L O T  TUNNEL 1 1  F T  I N  D I A  
WILL @ E  A MACHINE D R I V E N  BORE, FOLLOWED BY A SECOND MACHINE WHICH WILL ENLARGE TO 31 F T  7 I N  I D .  A 3 YR 5.17 M I L L I O N  
D'lUNP CDNTRACT WAS PLACED W I T H  EDMUND NUTTALL SONS & CO AND GUY F. A T K I N S O N  CO WPD ARE NOW WORKING ON MERSEY NO 2. 

Q5-70-01QQ4 PERU CARVFS A SESERVOIR I N  MOUNTAIN ( ( R A I L - T U N N E L  1 

Q5-J-kg3QQ5 SEVEN RESCUED I N  NEW ZEALAND TUNNEL COLLAPSE. 

Q5-70-EQQZ AUTO TUNNEL S K I M S  TOPS OFF SUBWAYS ( P A R I S  
ENGR. NEWS-RECPQD, ( 1 8 4 )  36-37. MAY 7, 1970. CONTRACTORS ARE F I N I S H I N G  A T R I C K Y  TUNNEL PROJECT TO R E L I E V E  T R A F F I C  

U T I L I T Y  L I N F S  AND P E D F S T P I A N  WALKWAYS UNDER PLACE DE L '  E T O I L E .  TO CUT THROUGH T H F  SUBWAY ARCHES WITHOUT D I S T U R B I N G  
T R A F F I C  CREWS H4D TO WORK BETWEEN 1 AND 5 A.M. 

Q2.r24-05003 S H I F T I N G  ROCK SQUEEZES CnLORADO ROAD TUNNEL ( STRAIGHT-CREEK SUPPORTS 1 
FNGR. NEWS-RECORD, ( 1 8 4 )  11, MAY 14, 1970. SOCK S H I F T S  I N  THE S T R A I G H T  CREEK TUNNEL R F Q U I R E  ABOUT 85 M I L L I O N  OF 
CORRECTIVE WORK TO STRFNGTHEN T H E  SUPPORT SYSTFM. THREE OF THE S H I F T S  WERE MINOR MOVEMENTS OF A FEW I N C H E S  OUT ONE 

c y  A CIQCLE THAT HANDLFS 200,000 VEHICLES P E S  DAY.  THE 114 MILE UNDERPASS SNUGGLES THROUGH A M A Z E  OF SUBWAY TUNNELS, 

Y A J O R  ONF IYVOLVES MOVFMENTS OF 1.4 FT ON E A C H  SIDE OF THE TUNNEL. ON THE MINOR SHIFTS, REPAIR CONSISTS OF INSTALLING 
ROCK BOLTS.  T H F  MAJOR S H I F T  IS 5 0  F T  LONG AN0 REQUIRES REPLACEMENT OF THE L I N E R .  ON T H E  EAST END THE TOP H E A D I N G  HAD 
ADVANCED 2100 F T  'WHEN ROCK MOVEMENT CAUSED THE CROWN AREA TO BUCKLE AND PUNCH THROUGH THE WALL PLATES.  NEARLY 1000 F T  
MUST B E  REEXCAVATED TO REPLACE T H E  S T E E L  SUPPDQT SYSTEM. THE TUNNEL WORK IS A YEAR B E H I N D  SCYEDULE. 

Q5-70-QSQQA GUATEMALA d I L L  TAP H I G H  MOUNTAIN LAKE FOR POWER 
ENGR. NEWS QFCCRD, ( 1 9 4 1  459 MAY 21, 1970. GUATEMALA WILL DEVELOP A MAJOR HYDROELECTRIC P R O J E C T  BASED ON A D F E P  

HAS Y O  OUTFLOW EXCEPT SFEPAGE TO R I V E R S  AT LCJWER E L E V A T I O N S .  P L A N S  C A L L  FOR TUNNELS AND TWO POWERPLANTS T A P P I N G  T H E  
LAKE Q I R E C T L Y .  LATER FOUR R I V E R S  W I L L  BE D I V E R T F D  THROUGH TUNNELS TO AUGMENT THE FLOW. COST OF THE PROJECT $90 
M I L L  I 3 N .  

E3Q=_05QQq LnNGER THAN LONGEST ( J A P A Y  RAILWAY S F I K A N - T U N N E L  1 
ENGR. NEWS-RFCORD, (184) 3, MAY 28, 1970. THE J A P 4 N  R A I L W A Y  CONSTRUCTION P U B L I C  CORPORATION HAS R E D E S I G N E D  T H E  23 
M I L c  S E I K A N  TUNNEL UNDFR THE TSAGARU S T Q A I T  AS A 32.5 M I L E  BORE AND S U B Y I T T E D  THE $555 M I L L I O N C P R O P O S A L  TO T H E  M I N I S T E R  
OF CONSTRUCTION. 

V O L C A U I C  L 4 K E  YFAR GUATEMALA C I T Y .  L A K E  A T I T L A N  AT EL. 5123 F T  HAS A SURFACE El0 SQ. M I L F S  W I T H  P DEPTH OF 1312 F T  BUT 

QSsQ=QSQQfi C Y U R C H I L L  F I L L S  HYDROFLECTRIC PROJECT ( LABRADOR ) 

TUNNELS A P D  TUNNELING, ( 2 1  bin 3, 152-155, M A Y  1970. WHEN COMPLETFD THE C H U R C H I L L  F A L L S  H Y D R O E L E C T R I C  PROJECT I N  

W I T H  A N C I L L A R Y  TIJNNFLS REQUIRED MOVING 2 1 1 2  M I L L I O N  CU YDS O F  ROCK. DATA ON THE E N T I R E  PROJECT INCLUDED.  

05-70-050QI TUNNEL FOR THAMESMFAD ( ENGLAND ) 

TUNYFLS P N D  TUNNELING,  ( 2 )  NO 3, 155, MAY 1970. PLANS FOR A 29 P I L L I O N  POUND TUNNEL UNDER THE THAMFS BETWEEN 
S A R Y I N G  A N 0  THAMESMEAO WXLL RE 011 YASO LQNG W I T H  APPROACH ROADS. I T  WILL B E  I N  4 SECTIONS EACH C A R R Y I N G  A DUAL 
C4PR TAGEWAY. 

LABOPADOR W I L L  BE T F  LARGEST OF I T S  T Y P E  I N  THF WESTERN WORLD. THE POWERHOUSE I S  1000 F T  BELDW GR(3UNO. THE POWERHOUSE 
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05-70-fiQQ1, TUNNEL U T I L I T I E S  W I T H  SURWAYS 
FNGR. NEWSTRECORD, (184)  3, APR. 2, 1970. SECRETARY OF I N T E R I O R  H I C K E L  SUGGESTED T H A T  THE WASH. D C METRO SYSTEM 
P R O V I D E  FOR I N S T A L L A T I O N  OF U T I L I T Y  L I N E S  DURING CONSTRUCTION OF R A I L  TUNNELS. THE COST COULD BE RECOVERED BY L E A S I N G  
THE SPACE T n  USERS. 

&?-7O-Q5_0Qz MINERS D R A I N  MOUNTAIN FOR R A I L  TUNNEL ( J A P A N  N A T I O N A L  R A I L W A Y  1 
ENGR. NEWS-RECORD1 (1P41 221 APR. 27 1970. J A P A N  N A T I O N A L  R A I L W A Y ' S  E N G I N E E R S  HAD THF CONTRACTCRS FOR T H E  NEW 
SAN-YO L I N E  DEVELOP 1 / 4  M I L E  OF BRANCH TUNNELS AND D R I L L  5 M I L E S  OF 5 I N  HOLES TO D R A I N  WATER FROM THE BADLY F A U L T E D  
G R A N I T E  TO ADVANCF ONF OF THE 11 H E A D I N G S  ONLY 1 / 4  M I L E .  

Q5-7O-BQQ2 UP, UP AND AWAY ( P H I L A D E L P H I A  SUBWAY 1 
FNGR. NEWS-RECORD1 ( 1 8 4 1  31 APR. 16,  1970. P H I L A D E L P H I A  REJECTED A L L  THREE B I D S  FOR T H F  2 M I L E  S E C T I O N  OF 
NORTHEATT E X T E N S I O N  T O  THE C I T Y ' S  M A I N  NORTH-SOUTH SUBWAY L I N E  WHEN THE LOWEST WAS 68% ABOVE E N G I N E E R S  E S T I M A T E .  

Q S = ~ Q = Q ~ ~ Q Q A  B i n s  CALLED ON HAMPTON R O A D S  TWIN CROSSING ( VIRGINIA SUNKEN-TUBE 
FNGR. NEWS-RECPRD, (184)  14,  APR 16, 1970. V I R G I N I A  WILL C A L L  FOR B I D S  ON THE F I R S T  MAJOR CONTRACT FOR THE SECOND 
TUBE O F  THE 3 1 / 2  M I L E  HAMPTON ROADS BQIDGE-TUNNEL U H I C H  WILL DOUBLE THE TWO L A N E  CROSSING BETWEEN Nf lRFOLK AND 
HAMPTqN. T H E  JClR I N C L U D E S  7270 F T  OF SUNKEN TUBE TUNNEL. B I D S  ARE DUE I N  JUNE AND T H E  CONTRACT SHOULD BE AWARDED BY 
YIIn JULY. 

Q 2 3 Q = Q Z Q Q l  TUhNEL TO P E  SUNK I N  B A L T I M O R E  OUTER HARBOR 
chlGR. NEWS-RECORD, (1841  32, MAY 7, 1970. MARYLAND HIGHWAY D E P T  WILL A D V E R T I S E  FOR B I D S  ON T H E  M A I N  CONTRACT FOR 
THE 6200 F T  BALTIMORE HARBOP OUTER TUNNEL WHICH WILL BE P R E F A B R I C A T E D  I N  300 F T  LONG S T E E L  L I N E D  CONCRETE SECTIONS AND 
SUNK I N T n  A DREDGED TRENCH ON THE HARBOR FLOOR. THE JOB W I L L  COST ABOUT $ 8 1  M I L L I O N .  

Q!jrZQ=QbQQ2 AMSTERDAM SUBWAY L I N E  
F N G R -  NEWS-QFrORDv ( 1 9 4 )  31 J U N €  41 1970. THE C I T Y  OF AMSTERDAM W I L L  STAND CONSTRUCTION ON T H E  F I R S T  1 2  M I L E  R A I L  
TQ4YSTT L I N E  I N  I T S  PLANNED 5 5  M I L E  NETWORK. THE $113 M I L L I O N  L I N E  I S  EXPECTED TO BE COMPLETE I N  1976. 

Q5-70-aQQ3 I N  S H I F T I Y G  GROUND ( J A P A N  S E I K A N  R A I L - T U N N E L  1 
'YGP. YEWS-RFCORD, ( 1 9 4 )  39 J U N E  25, 1970. A PROFESSOR AT OSAKA U N I V  WARNS THAT THE S E I K A N  R A I L - T U N N E L  UNDER 
TSUGARU S T R A I T  I S  P O T F N T I A L L Y  DANGEROUS DO Tr) E A R T H  S H I F T S .  TUNNFL SUQVEYORS SAY THE S H I F T  IS M I N U T E  AND THE 
F Y G I N E F R I N G  P L A N S  HAVF P P O V I D E D  TOLER4NCES. 

QZ=lQ=QZQQ1, C A V E - I N  ADDS TO T U N N E L ' S  HEADACHES I NYC INTERCEPTOR-SFWER 1 
FYGR. ~~EWS-QECORDT ( 1 P 5 )  31 J U L Y  2, 1970. A S E C T I O N  OF TUNNEL O N  NYC NORTH R I V E R  P O L L U T I O N  CONTROL PROJECT CAVED 
I h '  L A S T  WEEK, MAKING 4 7 0 x 3 0  HOLE AT T H E  SURFACE. NO ONE WAS INJURFCI. 

Q.k.I!J=QIQQz T U N N F L I N G  FXPERTS MEET TO ASSESS TECHNOLOGY I OECD URBAN-NEEDS 1 
'NFR. YEWS-RECORD, (185) 14-151 J U L Y  2, 1970. THE 1 S T  I N T E R N A T I O N A L  A D V I S O R Y  CONFERENCE WAS H E L D  I N  WASH D.C. L A S T  
NECY. SFE ALSO 0~-70-06001 E M P H A S I S  WAS ON NEFDS T O  REDUCE D I R E C T  ANT, I N D I R E C T  ( I F  S O C I A L )  COSTS I N  ORDER TO G A I N  
S O C I A L  S F N E F I T S  I N  UR3AN AREAS OF THE WORLD. 

Q5-70-QZQQ2 R I V F R  PUT A S I D E  TO B U I L D  SUBWAY S T A T I O N S  ( CANADA L I N E R S  VOLE I 
'NGR. NEWS-RECORD, (155) 26-27. J U L Y  251 1970. A C A N A D I A N  CONTRACTOR - H.J. O'CONNELL OF MONTREAL - HAD TO T U R h  
qACK 4 Q I V E R  T O  CONSTRUCT THF SUBWAY S E C T I O N  THAT PASSES UNDER THE WFST €!RANCH O F  THE DON R I V E R  I N  NORTH TOTONTO. THE 
S T 4 T I p N  IS PART OF THE 5 M I L E  E X T E N S I O N  T O  TORONTO'S SUBWAY. MOST OF THE E X T E N S I O N  IS BORED T W I N  TUNNELS L I N E D  W I T H  
D Q F C 4 S T  C r N C R F T F  SFGMFhlTS. WHERF THE TUNNELS A 9 E  SELOW THF WATER T A B L E  CAST I R O N  SEGMENTS ARE USED. 

---_- 05-7G-QIQQ3 BUQY THE QQOPLEM ( SAN-FRAYCISCO FREEWAY 
ENGQ. YFWS-REC'lRD, (145) 31 J U L Y  23, 1970. THE ASSN OF BAY APEA GOVTS IS C O N S I D E R I N G  b 4 M I L E  TUNF!FL TO L I N K  THE 
S A V  3 R I 3 G E  AND THC GOLnEN GATE BRIDGE.  ALSO WOULD DEMOLISH THE P A P T I A L L Y  R U I L T  EMRARCADFRn FPEEWAY. 

05-70-QZQQz SURER CHUYNEL PACKAGE E N G L I  SH-CHANNEL 1 
Fr;lGR. NFWS-QECDRn, (185)  ? T  J U L Y  231  1970. T H E  P R I T I S H  AND FRFNCH GqVERNMENTS P F C E I V E D  NEW PROPOSALS FOR F I N A N C I N G  
THE 2 1  V I L E  F N L L I S H  C i A N N E L  TUNNEL FROM AY I N T F R N A T I O N A L  COMBINE WHICH I N C L U D E S  B R I T I S H  FQENCH AND U.S. INTERESTS.  
DPCIJFCT COST EST.  $ 6 2 5  M I L L I O N ,  TAKES TWO TO THREF YEARS STUDY AN0 4 TO 5 YEARS TO B U I L D .  

05-70-0QQQJ TYREF M E T H V I S  C O Y P I N E  I N  2 - M I L E  HAMBURG TUNNEL I ELBE-PIVER YOLFS S H I E L D S  I 
'NGR YFdS-QFCnRD,  I l E q l  28-29, AUG. 131 1970. 11 CONTRACTORS FORMED 3 DESIGN-CONSTRUCT VENTURES AND ARE U S I N G  3 
SCPAQ4TF METHORS D F  P t J r L D I N G  THE TWO-MILE CROSSING UNDER THE E L B F  R I V F P .  THF S I X  LANE TUNNEL WILL CRCJSS THE DEEP 
CHANNEL Ihl  SUNKEN TURF SEGMFNTS, RO9E TYROUGH A H I G H  BANK I N  TUBES ROPED BY 770 TON S H I E L D S  THEN PASS THROUGH A 
r l lT -ANq-CqVER SECTION. THF T O T A L  COST WAS E S T I M A T E D  AT $104 M I L L I O N  I Y  1968. 

F I F L 3  07 L E T T F R S  

97-b7-03QQl F X C A V A T I n N  AND TUNNECIYG ( R A P I D - E X C A V A T I O Y - T F C H N I Q U F S  LOW-COST 

' J .  S .  GnVERNMFNT YEMnRAYDUM, J U L Y  1967. Y E M O  I M P L E M E N T I N G  THE P R E S I D E N T ' S  D I R E C T I V E  TO THE SECRETARY OF THE 
I V T C Q I f l R  TO I V I T I A T F  4 COOPERATIVF RFSEARCH PRnGQAM W I T H  INDUSTRY TO F I N D  S D L U T I O N S  TQ T E C H N I C A L  PRORLECS OF P.APID 
T U N N E L I V G  4VP TO F I N n  WAYS TO REDUCE COSTS OF P L A C I N G  U T I L I T Y  C I N E S  UNQEPGROUND. 

HAMEURGER, R e  & U.S. DFPT OF I N T  

F I F L D  OR PATENTS 

Q a 3 5 = L 2 Q Q 1  MFTHO? OF OR I V I N G  TUNNELS I N  ROCK NEW-INVENTIONS NEW-TUNYELLING-MFTHODS GROUND-CONTROL-METHODS 
@QANb'?FnPS, q. H. E AB SKANSKA CEMENTGJUTFRIFT SW 

U. 5. P b T F N T  Y O .  32242041 DFC 71, 1966. THIS I s  A METHO'? OF DQIVIQG TUYNELS IN R O C K  PY SLASTINC SALVCIS, WHICH A R F  
Q F p E 4 T F O  AFTFR THF YUCK HAS RFEN REMOVED. P A Q T I C U L A R L Y  USEFUL I N  UYSTAQLE GROUND C'3NDITIONS,  T H E  I N V E V T I O N  PROVIDES 
SrlCY A MFTHOT, n F  REINFnQCFMENT THAT T H E  D R I V I N G  CIF THE TUNNFL CAV Q F  F c F E C T C D  MORE Q U I C K L Y  W H I L E  S A V I N G  T I M E  AND 
Y A T E Q I 4 C .  RASFD OY THF D F A L I Z A T I O N  T H A T  ACTUAL F A L L  OF M A T E R I A L  AFTER S L A S T I N G  OOES NOT OCCUR U N T I L  SEVERAL HOURS 
RFTEQ THF I Y I T I A L  PLAST,  THE IYVFI \ IT I r )Y  INTRODUCES A T U N N F L L I N G  METHOD 5 Y  WHICH THE ARCHED ROOF I Y  T P E  ROCK WHICH IS 
FORYFD 4FTER A SALVO AND WHICH IS SPACED FR@M THE MUCK I S  S T A B I L I Z F Q  B Y  B E I N G  C 0 4 T E D  W I T H  CONCRETE BEFORE MUCK IS 
TFYOVED. 
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FIELd 1 GEOLOGY AND ROCK MECHANICS 

F I E L D  11 BOOKS 

U-69-02QQJ FUNDAMENTALS OF ROCK MECHANICS ( S O I L - M E C H A N I C S  I 

YETHUEN E CO L T D  LONDON, F F B  1969. ROCK MECHANICS I S  F A S T  BECOMING RECOGNISED AS A S I G N I F I C A N T  E N G I N E E R I N G  
SCIENCE.  THE RESULTS OF RESEARCH ARE SCATTERED AMONG A GREAT NUMBER OF PAPERS I N  VARIOUS S C I E N T I F I C  AND E N G I N E E R I N G  
JOURNALS AND CONFERENCE PROCEEDINGS. JAEGER AND COOK HAVE PREPARED AN OVERALL ASSESSMENT AND C P I T I C A L  E V A L U A T I O N  OF 
THE WORK, AND THE RESULT I S  A BOOK WHICH I S  L I K E L Y  TO BE A USEFUL REFERENCE ON THE SUBJECT FOR MANY YEARS, BOTH I N  
RFSEARCH A N 0  DESIGN.  T H I S  BOOK S E T S  OUT THE MATHEMATICAL AND E X P E R I M E N T A L  B A S I S  OF THE MECHANICAL BEHAVIOUR OF 
ROCK. I T  DOES NOT ATTEMPT TO D E S C R I B E  P R A C T I C A L  SOLUTIONS TO E N G I N E E R I N G  PROBLEMS OF ROCK MECHANICS, M A I N L Y  BECAUSE 
T H F  AUTHOR'S F E E L  THAT MUCH OF THE KNOWLEDGE I N  ROCK MECHANICS I S  SO RECENT THAT THERE I S  AS Y E T  L I T T L E  E X P E R I E N C E  OF 
I T S  A P P L I C A T I O N  TO THE S O L U T I O N  OF SUCH PROBLEMS. LABORATORY S T U D I E S  OF THE MECHANICAL PROPERTIES OF ROCK AND THE 
MECHANISM OF, AND C R I T E R I A  FOR, I T S  F A I L U R E  ARE D E S C R I B E D  I N  D E T A I L .  ON T H E  MORE P R A C T I C A L  S I D E ,  THE P R I N C I P L E S  OF THE 
YFTHOOS FQR MEASURING STRESS AND ROCK P R O P E R T I E S  I N  THE F I E L O  ARE DESCRIBED.  T H E  E S T I M A T I O N  O F  STRESSES AND 
O I S P L A C F M E N T S  AROUNO EXCAVATIONS I S  DISCUSSED,  TOGETHER W I T H  THE P R I N C I P L E S  I N V O L V E 0  I N  A NUMBER O F  E N G I N E E R I N G  AND 
M I N I N G  PROBLEMS. R E A L I S T I C  SOLUTIONS TO ROCK MECHANICS PROBLEMS MUST I N V O L V E  A C O M B I N A T I O N  OF GENERAL P R I N C I P L E S  

JAEGER, J. C. + COOK, N. G. W. 

THE BOOK I S  WELL I L L U S T R A T E D .  OF MECHANICS W I T H  A MATURE P H Y S I C A L  I N S I G H T  DEVELOPED THROUGH I N T E L L I G E N T  THE F I E L D -  

F I E L D  1 2  SYMPOSIA 

17-43-QIQQ1 C L A S S I F I C A T I O N  AN0 I D E N T I F I C A T I O N  O F  S O I L S  ( G R A I N - S I Z E  I 
CASAGRANDE, A. & HARVARO U N I V  CAMBRIDGE MASS 

A REVIEW AND COMPARISON OF E X I S T I N G  S O I L  AMERICAN SOC. C I V I L  ENGRS. TRANS. PAPER 2352, 11131 901-99, JAN. 1943. 
C L A S S I F I C A T I O N S .  A NFW S O I L  GROUPING WAS PROPOSED. 
U S I N G  G R A I N - S I Z E .  THE I N A D E Q U A C I E S  OF T H I S  C R I T E R I O N  WERE DUE TO THE D I F F E R E N C E  I N  P H Y S I C A L  C H A R A C T E R I S T I C S -  THE NEW 

C I E L D - I D E N T I F I C A T I @ N  I N C L U D E :  S H A K I N G  TEST, E X A M I N A T I O N  O F  P L A S T I C I T Y ,  E X A M I N A T I O N  OF DRY STrlENGTHv AND OBSERVATION OF 

T H E  F I R S T  S O I L  C L A S S I F I C A T I O N S  WERE T E X T U R A L  C L A S S I F I C A T I O N S  

GROUPING APPEARED MORE ORDERLY AND TOOK P H Y S I C A L  PROPERTIES AND ENVIRONMENT I N T O  C O N S I D E R A T I O N .  PROCEDURES FOR 

CPLOR AND ODOR. T H E  AUTH@R D I S T I N G U I S H F D  BETWEEN THE COARSE-GRAINED AND F I N E - G R A I N E D  S O I L  GROUPS. SANDS AND GRAVELS 
COMPRISE T H E  F I R S T  GROUP, S I L T S  AND CLAYS,  THE LATTER.  

LL=S-J-QftQQT R E H A V I O R  OF M A T F R I A L S  AND THEORIES OF F A I L U R E  t ROCK-MECHANICS ELASTIC-DEFORMATION FRACTURE 1 

QUARTERLY OF T H E  CCLO SCHOOL OF MINES SECOND SYMP ON ROCK MECHANICS, ( 5 2 )  3-18, APR 1957. 
q E H A V I O R  WHICH ARE ENCOUNTEREO I N  U N I A X I A L  TESTS ON ROCK SPECIMENS; THE E L A S T I C ,  R E V E R S I B L E 9  B E H A V I O R  L I M I T E D  TO VERY 

FRACTURE RANGE. VARIOUS T H E O R I E S  DESCRIBED ARF: MAXIMUM STRESS, MAXIMUM S T R A I N ,  MAXIMUM SHEAR, MAXIMUM OCTORHEDRAL 

SILVERMAN,  I .  K. & U.S. BUR RECL DENVER COLO 
THERE ARE THREE T Y P E S  OF 

SMALL RANGE OF STRAINS;  A Y I E L D I N G  RANGE I N  WHICH DEF@RYATIONS ARE MANY T I M E S  THOSE OF THE E L A S T I C  RANGE; AND T H E  

STRESS, YAXIMUM ENERGY OF D I S T O R T I O N ,  AND MOHR'S GENERAL THEORY OF F A I L U R E .  

17-57-QSQQz THFORETICAL AND E X P E R I M E N T A L  STRESS A N A L Y S I S  ( ROCK-MECHAYICS ROCK-FAILURE 1 

QUARTEPLY OF T H E  COLr) SCHOOL OF M I N E 5  SECOND SYYP ON ROCK MECHANICS, ( 5 2 )  NO 3, 19-34, APR 1959. 
SOMF OF T H E  MORF COMMFh! METHODS OF STRESS A N A L Y S I S  I S  G I V E N ,  W I T H  EXAMPLFS OF E X P E R I M E N T A L  RESULTS,  AN ELEMENTARY 
C O N S I D E R A T I O N  CIF T H E  P E R T I N F N T  P H Y S I C A L  P R O P E R T I E S  OF ROCKS AND THE S I G N I F I C A N C E  OF C O N D I T I O N S  WHICH SUQQOUND THEM, AND 
A D I S C U S S I O N  O F  THE L I V I T A T I O N S  OF THE A N A L Y T I C A L  APPROACH. THE ACCURACY OF STRUCTURAL A N A L Y S I S  WILL B E  AFFECTED BY 
THE P H Y S I C A L  P R O P F R T I F S  OF POCKS? CHANGES OF THESE ROCK PROPERTIES,  OTHER I N T E R N A L  CHANGES, AND T H E  C O M P L E X I T Y  OF ROCK 
FORCES. 2 1  REFS. 

12-57-04493 POCK P P O P F R T I E S  AND THE MECHANICS OF SUBSIDFNCE ( ROCK-MECHANICS S E I S M I C - A N A L Y S I S  ANGLE-OF-BREAK I 

QUARTFRLY OF T H E  COLO SCH@?L OF MINES SECOND SYMP ON ROCK MECHANICS, ( 5 2 1  NO 3 ,  35-44. APR 1957. T H E  BEHAVIOR OF 

F I G U P F S  ARE G I V E N  WHICH REPRESENT THE CHANGFS OF ANGLE OF BREAK I N  D I F F E R E N T  O V E R L Y I N G  LAYERS; T H I S  ANGLE I S  ABOUT 

n o  GASES THERE I S  NO ANGLE OF BREAK 4 T  ALL;  I F  THERE I S  WATER AT THE SURFACE WE HAVE A VERY FAR R E A C H I N G  I N F L U E N C E  OF 
SUSSIOFYCE. T H E  YAGNITUDF OF THE ANGLE OF BREAK DEPENDS M A I N L Y  ON THE E L A S T I C  P R O P E R T I E S  @F THE L A Y E R S  AND ON THE 
V4LUF OF THE F L A S T I C  MDDULUS, WHICH CAN BE DETERMINED BY EXPERIMENT I N  THE LABORATORY AN0 ALSO D I S E C T L Y  BY MEASURING 

P H I L I P P E ,  R. R .  + MELLINGEQ,  F. N. E U.S. ARMY CE WASH D.C. 
AN O U T L I N E  OF 

RELLENSM&NNt  0 .  E M I N I N G  U N I V  OF CLAUSTHAL GER 

STRATA SUBJECTED TO S T A T I C  L O A D I N G  WAS EXAYINEO # I T H  E M P H A S I S  ON THE ANGLE OF BREAK OF T H E  STRATA LAYERS.  V A R I @ U S  

90-90 DFG I N  ROCKY STQATA, ABOUT 6 0 4 0  DEG I N  P L A S T I C  STRATA, AND A@OUT 40-60 OEG I N  UNCONSOLIOATED STRATA. I N  L I Q U I D S  

THE S E I S M I C  V E L O C I T Y  OF L O N G I T U D I N A L  WAVES. THE V E L O C I T Y  I S  ABOUT 4500-6000 M/SEC I N  ROCKY LAYERS,  300-4500 M/SEC I N  
P L A S T I C  LAYERS,  AND ABOUT 1000 TO 3000 M/SEC I N  UNCONSOLIDATED LAYERS. THE DEPTH AND V E L O C I T Y  OF T F E  D I F F E R E N T  LAYERS 
CAN RF n E T F Q M I N E D  RY S F I S M I C  R E F R A C T I O N  SHOOTING. 

L Z ~ I Z Q ~ Q Q ' .  UNDERGROUNP I N S T R U M E N T A T I O N  

OUARTEQLY OF COLD SChPOL OF M I N E S  SETOYD SYMP. ON ROCK M E r H A N I C S ,  ( 5 2 )  NO 3, 132-182, APR 1957. DEVELOPMENT OF 
I Y S T Q U V E N T A T I O N  FOR UWFRGROUND RESEARCH I N T O  PROBLEMS OF STRATA CnNTROL HAS BEEN A MAJOR O B J E C T I V E  AT T H E  STRATA 
CONTROL RESFARCH LASORATORY A T  K I N G ' S  COLLEGE. THE P R I N C I P A L  O S J E C T I V E  OF T H E  RESEARCH I S  TO PGODUCE T H E  OVERALL 
P I C T U R F  QF PRFSSURE f'R LOAD D I S T R I B U T I O N  FROM THF S O L I D  COAL I N  AOVAYCE, TO THE CONSOLIDATED WASTE B E H I N D  THE LONGWALL 
FACE. B R I T I S H  COAL M I N I N G  DEVELOPMENT I N  FACE M E C H A N I Z A T I O N  I N  LUNGWALL M I N I V G  HAS I Y V O L V E D  T H E  U S E  OF SUPPORTS H A V I N G  
CONT9OLLED L O A D - Y I E L Q  C H A R A C T E R I S T I C S .  ASSOCIATED W I T H  THF H Y D R A U L I C  O R  Y I E L D I N G  T Y P E  F U N C T I O N  PROPS, A R T I C U L A T E D ,  
C 4 N T I L E V E R  ROOF BARS ARE I V  USE ON PROP F I L L  FRONT FACES. THE N E E 0  FOR SYSTEMATIC SURVEYS OF PROP LOADS I N  VARIOUS 

r'IAL AYD T H E  S@FTER Cf lAL MEASUR' ROCKS AN0 FOR H I G H  PRESSURE MEASUREYENTS I N  HARD ROCK. T H E  USE O F  STRESSMETERS I N  
AOVANCE OF LONGWALL FACES HAS P R O V I D E D  A CLEAR P I C T U R E  OF THE PRESSURE D I S T R I B U T I O N  I N  THE FRONT ABUTYENT AQEA, AND THE 
I N F L U E N C E  OF F A C E  OPERPTIONS GN THE TRANSFERQED L O A D  C O N D I T I O N S .  THE STRESSMETER D E S I G N E D  FOR H I G H  PRESSURES HAS 
SUCCFSSFULLY RECORDED T H E  GEYERAL D I S T R I B U T I D Y  OF THE TRANSFERRED LOAD, I N  FRONT OF A STOPE F A C E  I N  THE CHAMPION REEFS 
M I h ' F t  ROLAC G'3LD F I E L O T  SOUTH I N D I A ,  AT A DEPTH OF OVCR 9,000 FT.  A DEVELOPMENT WHICH I T  IS HOPED WILL PROVIDE A 

POTTS, F. L. J. & K I Y G ' S  COLLEGE DURHAM ENG 

7 P F Q A T I O N A L  C O N D I T I O N S  HAS L E D  TO THE DEVELOPMENT OF THE PROP LOAD CFLL.  STRESSMETERS HAVE BEEN D E S I G N E D  FOR USE I N  

TORR'YBORATIVE EVIDENCE OF THE RESULTS OF THE STQESSMETER SURVEYS I N  ADVANCE OF THE COAL F A C E  I S  T H E  USE OF SONICS.  T H E  
E F F E C T I V E  USE OF ROOF B O L T I N G  TECHNIQUES I S  B E I N G  S T U D I E D  U S I N G  ROOF BOLT L O A D  C E L L S  W I T H  WHICH LOADS C A N  BE 
I N D I V I D U A L L Y  I N O I C A T F D  OR RECORDED OVER A PERIOD. 

U-5WpZ MEASUREYFYT OF R E S I D U A L  STRESS BY THE S T R A I N  R E L I E F  METHOD ( ROCK-MECHANICS I N S T R U M E N T A T I O N  I 

QUAQTERLY CF COLOe SCH. OF MINES,  SECOND SYMP. ON ROCK MFCHANICS, ( 5 2 )  NO 3, 183-2047 1957. THE TECI-NIQUE USED I N  
9 E T E Q Y I N I N G  STRESSES I N  ROCK FOPMATION OR I N  STRUCTURES I S  C A L L E D  THE S T R A I N  R E L I E F  MFTHOO WHICH C O N S I S T S  OF CHOOSING 

OLSEN, n. J .  E U.S. e u R  RECL DFNVER COLO 

R F P R E S E N T A T I V F  LOCATIONS,  PREPARING THF SURFACF, ATTACHING AND WATERPROOFING S U I T A B L F  GAGES, T A K I N G  TWO SETS OF S T R A I N  
' F A D I N G S t  I N I T I A L  AN0 F I N A L ,  CORE D R I L L I N G  AQOUND THE GAGFS BETWEEN R E A D I N G S  T O  R E L I E V F  S T R A I N ,  AND MEASURING T H E  
STRFSS-STRAIN R A T I O  flF THE M A T E R I A L  FROM T H F  C Q R F S  THUS D R I L L E D .  SP.4 F L E C T R I C  R E S I S T A N C E  GAGE ROSETTES h E R F  USED TO 
YEASURE T H F  S T R A I Y  ON THF WALLS OF THE PROSPECT MOUNTAIN TUNNEL, A CCIYCRETE L I N E D  PRESSURE TUNNEL ON T H E  COLORADO - P I G  
THOYPSON PROJFCT. THE M A I N  KEY TO SOCCESS I Y  THE USE OF SR-4 GAGES I S  E F F E C T I V E  WATERPROOFING. ALTHOUGH THE ROCK 
STRESSES, WHICH WERF OF THE ORDER OF MAGNITUDE OF SEVERAL THOUSAND P S I ,  COULD NOT BE ACCOUNTED FOR F N T I R E L Y  BY DEPTH OF 
OVEQQUROEN, T H E  S T R A I N S  WERF COVSIDEPEO R F L I A B L F .  STANDARD E R R O P  WAS REDUCED FROM 535 P S I  FOR T H E  F I R S T  TUNNEL T q  240 
P S I  F(?Q T H E  SECONO TUNNEL, AND F I N A L L Y  TO ABOUT 30 P S I  FOR THE DAM. 
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U=2I=QftQQ6 I N S T R U M E N T A T I O N  E X P E R I M E N T S  I N  M I N E S  ( ROCK-MECHANICS ROOF-SUPPORT ) 

QUARTERLY O F  T H F  COLO SCHOOL OF M I N E S  SECOND SYMP ON ROCK MECHANICS, ( 5 2 )  NO 37 204-224, APR 1957- I N S T R U M E N T A T I O N  
4ND I N S T R U M E N T A T I O N  E X P F R I M E N T S  HAVE BEEN CONDUCTED A T  THE I N T E R M O U N T A I N  CHEM CO M I N E  LOCATED I N  T H E  SOUTHWESTERN 
SCCTION OF THE S T A T E  OF WYO. LARGE D E P O S I T S  OF TRONA, A RARE NON-METALLIC M I N E R A L ,  MAKE T H I S  M I N E  P A R T I C U L A R L Y  
I Y T F R F S T I N G  FOR I N V E S T I G A T I O N  AND EXPERIMENTS.  E X P E R I M E N T S  HAVE P R I M A R I L Y  BEEN FOR THE PURPOSE OF P R O V I D I N G  THE MINER 
W I T H  P R A C T I C A L  MFANS OF S O L V I N G  M I N I N G  PROBLEMS, SUCH AS ROOF SUPPORTING. VARIOUS PHOTOGRAPHS ARE I N C L U D E D *  

l Z 3 e Z Q f i Q Q 1  GEOLOGICAL TOOLS AND TECHNIQUES ( SUBSURFACE HYDROLOGICAL GEOCHEMICAL GEOPHYSICAL BORE-HOLES 1 

JPURNAL OF THE S O I L  MECHANICS AND FOUNDATION D I V  PROC OF T H E  ASCE SYMP ON GEOLOGICAL FACTORS I N  TUNNEL CCNSTRUCTION 
( P A P E R  N 164811 ( 8 4 )  N S.M.2, MAY 8, 1958. THE T Y P E S  OF GEOLOGICAL I N V E S T I G A T I O N S  E S S E N T I A L  T O  DEL I N E A T I N G  
P O T F N T I  4 L  TUNNEL PRORLEMS ARE: P R I N C I P L E  CATEGORIES:  ( A )  L I B R A R Y  RESEARCH FOR L I T E R A T U R E  AND MAPS, ( 6 )  F I E L D  
QFCCIYNAlSANCF, SURFACE AND SUBSURFACE E X P L O R A T I O N S  AND I C )  LABORATORY S T U D I E S .  NEW CORE B O R I N G  A I D S  SUCH AS THE BORE 
HOLE CAMERA AND THE TROTTER-PAJARI  COMPASS; GEOCHEMICAL TECHNIQUES,  CLAY TECHNOLOGICAL AND PETROGRAPHIC METHODS AQE 
rJUTLINED. 

1 , 2 2 ? = = Q Q l  I N F L U F N C E  OF STRESS R A T E  AND OTHER FACTORS ON T H E  STRENGTH AND E L A S T I C  P R O P E R T I E S  OF ROCKS ( 

B E R N A T I S 1  T. S I  & I N T E R M O U N T A I N  RES AND ENGR CO 

CLEAVES,  A. 6. & WASH U N I V  ST. L O U I S  MO 

ROCK-MECHANICS STRESS-PROPERTIES RESEARCH I 
WUERKER, 9. G. & U N I V  I L L I N O I S  

QUARTFRLY OF T H E  COLO SCHOOL OF MINES T H I R D  SYMP ON ROCK MECHANICS, (54) 3-32, JULY 1959. I N  T H E  " S T A N D A R D I Z E D  
TCSTS FOR D E T F R M I N I N G  THE P H Y S I C A L  PROPERTIES O F  M I N E  ROCK" PROPOSED B Y  THE U.S. BUR OF MINES,  THE FACTORS C O N D I T I O N I N G  
THE P H Y S I C A L  PROPERTIES @F ROCK ARE D I S C U S S E D  AND S P E C I F I C A T I O N S  FOR EACH P A R T I C U L A R  T E S T  ARE G I V E N .  A STRESS R A T E  OF 
1 0 0  P S I / S E C  FOR THE ZTANDARD COMPRESSION TEST I S  PRESCRIBED.  DATA FROM T E S T T  W I T H  GREATER SPEED OF L O A D I N G  SUCH AS 
I Y P 4 C T  AND S O N I C  T F S T  I N D I C A T E  THAT STRENGTH AND MOOULUS O F  E L A S T I C I T Y  M I G H T  INCREASE B Y  A FACTOR OF TWO. COMPLETE 
DATA HAS S E E N  P U B L I S H E D  ON CONCRETE. CINE SAMPLE H A 0  A COMPRESSIVE STRENGTH OF 2500 P S I  ANOTHER 6500 P S I .  RATES OF 
STRFSSING RANGFD FRCM 1 T O  100 M I L L I O N  P S I / S E C ,  RATES OF S T R A I N I N G  FROM 0 TO 10 I N / I N  PER SEC. A B I L I T Y  TO ABSORB 
S T R A I N  FNERGY ALSO INCREASED W I T H  THE RATE OF A P P L I C A T I O N  OF LOAD. THE S I G N I F I C A N C E  OF COMPRESSION, I M P A C T  AND SONIC 
T F S T S  I S  L I M I T F D  BY THE FACT THAT ROCKS I N  M I N E R A L  E N G I N F E R I N G  ARE ALMOST NEVFR SUBJECTED TCI A S I N G L E  T Y P E  OF STRESS. 
F4CTC)RST SUCH AS C O M B I Y F D  STRESSES AND CONFINEMENT WILL B E  D I S C U S S F D  RY U S I N G  AN E X P A N S I O N  OF MOHR'S THFCIRY FOR A Q4NGF 
W I T H I Y  WYICH THE S T R A I G H T  L I N E  E X P A N S I O Y  FUR MOHR'S ENVELOPE IS V A L I D .  INCREASE O F  COMPRESSIVE STRENGTH DUE T O  
Cf lNFINI 'VG PRESSURE I S  MANY T I M E S  HIGHER THAN THE ONE DUE TO I N C R E A S E D  STRESS RATE. 

12-59-07007 T I  M F  DEPENDENT DEFORMATION AVO F A I L U R E  OF GEOLOGIC M A T E R I A L S  ( ROCK-MECHANICS ROCK-FAILURE ROCK-STUDIES ) 
FARDY, H. R ,  JR.  & DEPT O F  Y I N E S  AND TECH SUR CAN 

I N V E S T I G A T I C I N  C;F THE Q U A Q T F Q L Y  OF THE r o L P  SCHOOL OF MINES, THIRD S Y M P  ON R O C K  MECHANICS, (54) 135-176, JULY 1959. 
BEHAVIOR O F  GEPLOGIC M A T F R I A L S  WAS CONDUCTED B Y  THE ROCK MECHANICS GROUP OF THE M I N I N G  RESEARCH S E C T I O N  OF T V E  F U E L S  
Q I V T S I ? N ,  M I N E S  PPANCHt DEPT OF MINES AND TECH SUR? OTTAWA, CANADA. THE TIME-DEPENDENT B E H A V I O R  OF GEOLCGIC M A T E R I A L S  
UYDFQ C n V O I T I n N S  OF LOW AND H I G H  U N I 4 X I A L  STRESS I S  IMPORTANT I N  T H E  STUDY OF C O M M l N U T I O N  AYD UNDERGROUND F A I L U R E .  
IJVDEQ LClW VALUFS O F  A P P L I E D  STRESS I T  I S  P'YSTULATED THAT TIME-DEPENDENT DEFORMATION MAY BE D E S C R I B E D  APPROXIMATELY BY 
V I S C O F L 4 S T I C  YCDEL. I N  T Y E  CASE OF H I G H E R  VALUFS OF A P P L I E D  STRESS, I T  I S  POSTULATED T H A T  TIME-DEPENDENT DEFORYATION 
A N D  F 4 I L U Q F  V 4 Y  BF DESCRIREO RY THE C O M B I N A T I O N  OF A V I S C O E L A S T I C  MODEL AND A MICROFRACTURE MFCHANISH. A CCIMPQEHENSIVF 
R F V I E W  OF RFCFNT AND PAST RFSFARCH I N  T H I S  F I E L D  I S  GIVEN.  THE D E S I G Y  AN0 C 4 L I B R 4 T I C N  OF LABORATCRY APPARATUS TI! STUDY 
THESE P R n P F R T I F ?  I S  D E S C R I B E D ,  TOGETHER W I T H  F X P F R I M E N T A L  RESULTS. 

12-59-Q1QQ2 T Y F  FCFECT OF PORE AND C O N F I N I N G  PRFSSURF ON THE F A I L U R E  PROCFSS I N  SEDIMENTARY ROCK ( ROCK-CECHANICS 
R?CK-FAILURE RESEARCH I 
PLlPINSONt  C. H., JR. & HUYBLC O I L  AND R F F  HOUSTON 

I N  E I T H E Q  QUARTCRLY O F  T H F  CVLO SCHOOL OF M I N E 5  T H I R D  SYYP ON ROCK MFCHANICS,  (54) 177-2001 J U L Y  19'jC. 
C n N S n L I D 4 T F O  C Q  UNCONSOLIDATE9 M 4 T E R I A L S y  THE STRESS BETWFEN T H E  G R A I N S  CONTROLS T H E  F A I L U F E  P R O P F R T I E S .  RFSEAQCH WAS 
tJYDEDTIIKKY TO (7RTAIN Q U A N T I T A T I V E  DATA O Y  THE Y I E L D  STRENGTH AND MODE OF F A I L U R E  OF L IMEST@"lE,  SANDSTONE, AND S Y A L F  
7 3 R J F C T F n  TP V A R I V U S  C O N F I N I N G  AN@ PORE PRFSSURES. RFSULTS SHOW T H A T  COMMON SEDIMENTARY R O r K S  WILL UNDFRGO E I T H E P  
M 4 L L c I S L F  gS Y P I T T L F  F A I L U 9 E 1  PEPENDING UPON C O N F I N I Y G  PRESSURE AND I N T E R N A L  PORF PRFSSUPE. ALTHOUGH SHALES, 
LTMESTONES T AND SAhDSTf-lNES HAVE I N H E R E N T L Y  D I F F F R E N T  STRENGTHS, B R I T T L E  F A I L U R E  OCCURS WHFN THE C O N F I Y I N G  AND PCRE 
OQF5SUQF 4RE FQUALI AND THE MODE OF F A I L U R E  CHANGFS GPADUALLY FROM B R I T T L E  TO MALLEABLE AS THF D I F F F R E N T I A L  BFTWEFY TYE 
CC:NcIYIYG AND POQF PPESSURF INCRFASES THF T R A Y S I T I O N  PRESSURE DEPENDING ON THE NATURE OF T H E  ROCK AND T I - €  PRFSSUSE 
LCVFL.  T H F  Y I E L D  STRENGTHS flF POCK INCREASE ONLY S L I G H T L Y  AS THE C O N F I N I N G  PRESSURE I N C R E A S E S  I F  THE C C N F I N I N G  AND 
2 C P F  PRFSSUPFS 4RF M A I N T A I N E D  FQUAL. 21 RFFS. 

17--59-07QQ4 ENFRGY RFLEASED Ih  ROCKBURSTS ( POCK-MFCHANICS ROCK-FAILURE ENERGY S T U D I F S  RESFPRCH ) 

QlJ4RTFQLY OF T P F  C n L n  SCHOOL OF Y I Y E S ,  THIRT) SYMP ON POCK MECHANICS, 1 5 1 )  201-206, J U L Y  1959.  
Y F C Y f l Y I S M S  FOrl  STOQIh'G AN@ P F L E A S I N G  T H E  M A N I F E S T  EVERGY OCCURRING @ U 9 I N G  ROCKRURSTS. THF MFTHOD OF CALCULATIFIT  U N I T  
9 T Q A I N  ENERGY S T f l 9 F D  I h  RClCKS IS DESCRIBFO.  YORF ATTEMPTS ARE NEEDED TO DETERMINE THE I C T U A L  4MOUNT OF EYERGY RELFASED 
BY A S P F C I F I C  ROCKRUPST. 4 REFS. 

13=!j-%g1QQ> T Y F  A T T F N U A T I O N  O F  SHOCK WEVFS I N  S O L I D  M A T E R I A L S  W I T H  S F I S M I C  A P P L I C A T I O N S  ( FOCK-MFCH4NIC 5 ROCK-FAILURF 

C O P T E S t  n. F.  C CARLET@N U N I V  OTTAWA CANADA 
D I S C U S S I O N  OF THE 

F 5 E AP C H-ST U D I ES 1 
GQIWIET '3. R. + FOWLES, G. 9. & STPNFORD RES I N S T  POULTEP L A B  

3 U A R T E Q L Y  O C  THF CFL? SCHOOL OF M I N F S t  T H I R D  SYYP n N  RPCK MECHANICS, ( 5 4 )  253-2681 J U L Y  1959. SHOCK WAVES I N  
S O L l O S  4 Q F  ATTENU4TEPr  I N  GENFRAL, BY SFVERAL YECHANISMS.  THOSE COMMON TO A T T E N U A T I O N  I N  F L U I D S  I N C L U D F  THE O V F R T A K I Y G  
I F  THF SHOCK Q Y  A P A R F F A C T I O N  W4VEv GEOMFTRICAL D I V F R G F Y C F t  AND H F A T I N G  DUE TO I Q P F V E R S I S L E  PROCESSES OCCUPRIYG W I T H I N  
THE SYflCK FRONT. YFCHANISMS P E C U L I A R  T n  S O L I D S  I N C L U D E  ABSORPTION OF ENERGY I N  P L A S T I C  D E F O R Y A T I O N  AND FRACTURE. 
4 P P L T t A T I O N  OF F X I S T I N G  THEOPY FOR F L U I D S  TO S O L I D S  PEQUIR'S KNOWLEDGE OC THF F Q U A T I O N  OF S T 4 T E  OF THE SOLIO. THF 
T H E 7 Q Y  MUST T Y F N  B F  M O D I F I E D  TO Ib!CLUDF P L A S T I C  DEFORMATION AVD FRACTURE. 9ECENT E X P E R I P E N T S  TO D E T E R M I N E  EQUATIGMS OF 
STATE OF Q O C K S t  AP!Q OTHFP EXDFRIMENTS TO D E T F R M I Y E  DYN4MIC Y I E L D  STRENGTHS AND FRACTURF E N F F G I E S  ARE DESCRIRED.  
~PPLICATIOK ~7 THF PROBLEM of ENERGY TPANSFFQ r N  A SHOT HOLE A R E  DISCUSSED. 

12-5a-Q1QQg M F r H P N I C A L  P R O P E R T I E S  OF I C E  ( ROCK-GEOLOGY ROCK-MFCHANICS RESEARCH S T U D I F S  1 
RUTKOWIKT T. P .  E U.S. 4 R q Y  S I P R E  

QtJPQTEpCY n F  THF CELO SCHODL OF M I N E S  T H I R n  SYYP ON ROCK PECHANICS,  ( 5 4 )  351-3591 J U L Y  1959. I C F  SPCWS BOTH 
D L I S T I C  AND F L A S T I C  S F H A V I O R  WHEV SUBJECTED T n  STRESSES OF VARIOUS K I N D S .  EFFECTS OF THE P L A S T I C - E L A S T I C  P E H A V I O Q  ARE 
CI ISCI ISSED 4ND V4LUCS OF Y F C H A N I C A L  CONSTANTS SUCH AS YOUNG'S MODULUS A'VD V I S C O S I T Y  C O E F F I C I E N T S ,  I N C L U D I  hG RFSULTS OF 
L4ROR4TClQY AN9 F I E L D  STUI'IEST APK PRFSEYTFQ F O R  V A R I O U S  TYPES CIF I C F .  THE MECHANISM U N D E P L Y I V G  T H E  DEFCIRYATI'YN OF I C E  
IJYnER V A D I D U S  C C N O I T I P N S  I C  INDICATET) .  THE NFCD FOR S T A N D A R D I Z A T I O N  O F  T E S T I N G  TECHNIQUES I S  STRESSEO. U L T I M A T E  
STRFYGTY, MVDULUS O F  E L A S T I C 1  TY 4 Y D  V I S C O S I T Y  C O F F F I C I F N T S  4S F U N C T I O Y S  OF TFMPERATURE, STPUCTUREt  f l R I E N T 4 T I O N  AND 
I M P U Q I T I F S  APF REVIEWFn.  

ll=61=QlQQl MOVFMFNTS OF THF ROOF ANn FLOOR I N  90ADWAYS ( M I N I N G  MFASURFMENTS SUPPORTS 1 

THF PA. S T 4 T F  UNIV.,  R U L L F T I N  M I N F Q A L  I N D U S T 9 I F S  EXPERIMEYT S T A T I C N ,  PROC. OF FOURTH SYMP. ON ROCK CECHANICSv 1-10, 
SCHWARTZ, R e  & SCH OF M I N E S  YANCY F Q A N C F  

YAR. 3 0 ,  31, 4PR. 1, 1961. THE STUOY I Y V E S T I G A T F D  THE FACTORS WHICH M A I Y L Y  I N F L U E M C F  THF MOVEMENT OF THE PPCK AND 
4 T T F Y P T S  T(? D E F I N F  THFSE I Y F L U E N C E S  M O 9 E  ACCURATCLY. RESULTS ARE B A S E D  ON MEASUREMENTS OF THE MOVEMENTS OF PLUGS SET 
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I N T O  ROOFS AND FLOORS AND I N T O  S O L I D  ROCK WHICH ARE ABSOLUTE W I T H  RESPECT T O  THE F I X E D  BASES OR R E L A T I V E  FROM ONE PLUG 
TO ANOTHER W I T H  P A R T I C U L A R  REFERENCE TO CONVERGENCE. CONVERGENCE IS T H E  APPROACH O F  2 PLUGS F I X E D  I N  T H E  ROOF AND 

FACTORS SUCH AS: T H E  NATURE OF THE ROCK; THE D E N S I T Y  OF T H E  SUPPORTS; THE R A T E  OF ADVANCE OF THE WORKINGS AND 
BRUSHING. 14  TABLES.  

.&&L=Q1QQ2 T H F O R E T I C A L  ASPECTS OF ROCK B E H A V I O R  UNDER STRESS ( E L A S T I C  DEFORMATION FRACTURE STRESSES FORCES SHEAR 

FLOOR R E S P E C T I V E L Y ,  P E R P E N D I C U L A R  TO T H E  S T R A T I F I C A T I O N .  THE STUDY P E R M I T S  A N A L Y S I S  OF T H E  I N F L U E N C E  O F  NUMEROUS 

T E N S I O N  COMPRESSION 1 
PONCELET, E. F. & S R I  MENLO PARK CAL 

T H E  PA. S T A T E  UNIV.,  B U L L E T I N  OF M I N E R A L  I N D U S T R I E S p  E X P E R I M E N T  S T A T I O N ,  PROC. OF FOURTH SYMP. ON RCCK MECHANICS, 
65-73, MAR. 30, 31, APR. 1, 1 9 6 1 .  THE S I M P L I F I E D  THEORY FOR FRACTURE CONCLUDES T H A T  WHEN T H E  MAJOR P R I N C I P A L  
STRESS EXCEFDS THE C O H E S I V E  STRENGTH O F  THE BOND BETWEEN TWO ATOMS I N  L I N E  W I T H  I T ,  THESE SEPARATE, THROhING THE L O A D  
r N  THE N E I G H B O R I N G  BONDS C A U S I N G  FURTHER S E P A R A T I O N  OF ATOM P A I R S  AND THUS A FRACTURE DEVELOPS. T H E  SAME T H I N K I N G  I s  
ADVANCED FOR T R I A X I A L  STRESSES. T H E  U S E  OF T H I S  APPROACH IS D I S C U S S E D  FOR A P P L I C A T I O N  TO ROCKS AND ALSO I N  A P P L I C A T I O N  
TO E X P L O S I V E  CHARGES I N  BORE HOLES. 

17-61-QZQQ2 T R A N S I T I O N  FROM E L A S T I C  TO P L A S T I C  STATES OF ROCK UNDER T R I A X I A L  COMPRESSION ( UNDERGROUND STRESSES 
AN ALY S I S EXP ER I ME NT AL-RE SUL TS THEORY 1 
SERATA, S. & M I C H  STATE U N I V  

THF PA. STATE UNIV. ,  B U L L E T I N  OF M I N E R A L  I N D U S T R I E S ,  EXPERIMENT S T A T I O N ,  PROC. O F  FOURTH SYMP. ON ROCK MECHANICS, 
7 3 - 8 2 ,  MAR. 30, 31, APR. 1, 1 9 6 1 .  T H I S  PAPER INTRODUCES A THEORY D E S C R I B I N G  T H E  B E H A V I O R  OF ROCKS I N  UNDERGROUND 
FORM4TIONS FOR THE PURPOSE O F  A N A L Y Z I N G  UNDERGROUND STRESS C O N D I T I O N S .  A PHENOMENON OF AN ABRUPT T R A N S I T I O N  FROM 
E L 4 S T I C  TO P L A S T I C  STATES OF ROCK UNDER T R I A X I A L  COMPRESSION IS A N T I C I P A T E D  FROM THE THEORY. LABORATORY EXPERIMENTS 
WERE CONDUCTED THAT S I M U L A T E D  C O N D I T I O N S  AND R E S U L T S  ARE G I V E N  TO V E R I F Y  T H E  THEORY. A METHOD FOR D E T E R M I N A T I O N  OF THE 
UNDERGROUND STRESS F I E L D  IS PROPOSED, BASED ON THE THEORY AND THE E X P E R I M E N T A L  RESULTS. THE E X I S T E N C E  O F  THE P L A S T I C  
S T A T F  4ND THE BOUNDARY OF T R A N S I T I O N  I N  UNDERGROUND FORMATIONS ARE PREDICTED.  E I G H T  DIAGRAMS. 

l k 6 1 ; 1 p 2 Q Q A  THE EFFECTS OF S T R A I N  RATE AND TEMPERATURE ON THE BEHAVIOR OF ROCKS SUBJECTED T O  T R I A X I A L  COMPRESSION ( 
T E S T S  STRENGTH-CHARACTERISTICS STRESS PRESSURE DEFORMATION FLOW FRACTURE 1 
SERDENGECTI,  S. + BOOZER, G. D. & C A L  RES CORP L A  HABRA C A L  

THE PA. S T A T €  UNIV.,  B U L L E T I N  OF M I N E R A L  I N D U S T R I E S ,  EXPERIMENT S T A T I O N ,  PROC. OF FOURTH SYMP. ON ROCK MECHANICS, 

THE STRFNGTH C H A R A C T F R I S T I C S  OF BEREA SANDSTONE, SOLENHOFEN L IMESTONE,  AND P A L A  GABBRO ROCKS T H A T  WERE SUBJECTED TO 
CPNTQO1 L F D  STRESS, S T R A I N  RATE AND TEMPERATURE C O N D I T I O N S .  CONTPOL O F  THE STRESS WAS E S T A B L I S H E D  B Y  V A R Y I N G  L I Q U I D  
PRESSURES W I T H I N  AYD AROUND A RUBBER-JACKETED C Y L I N D R I C A L  ROCK SPECIMEN. L I Q U I D  PRESSURFS WERE V A R I E D  FROM ATMOSPHFRIC 
Tfl 7 O t O O O  P S I .  TEMPERATURES WERE V A R I E D  FROM ROOM TEMPERATURE TO 300 DEGREES F AND A X I A L  S T R A I N  R A T E  FRCM 1 0  T O  T H E  
N I N U S  3 TO 100 PFPCENT PER SECOND. OATA O B T A I N E D  SHOWS T H A T  FOR A G I V E N  STATE OF STRESS AND TEMPERATURE, THE A X I A L  

83-98, MAR. 30, 31, APR 1, 1961. T H I S  PAPER D E S C R I B E S  DYNAMIC T R I A X I A L  COMPRESSION T E S T S  PERFORMED TO D E T E R M I N E  

C O M P Q E S S I V E  STRESS REQUIRED TO FRACTURE THE ROCK SPECIMEN I N C R E A S E S  AS THE S T R A I N  R A T E  I S  I N C R E A S E D  AND THE T Y P E  O F  
F A I L U R E  DBSFRVFD CHANGES FROM D U C T I L E  TO B R I T T L E .  W I T H I N  T H E  ABOVE TEMPERATURE AND S T R A I N  R A T E  RANGES I T  APPEARS THAT 
cnR 4 G I V F N  STATE OF STRESS THE EFFECTS OF CHANGING S T R A I N  R A T E  MAY BE O B T A I N E D  RY MERELY CHANGING THE T E S T  
TE MPCQATURE. A MECHANICAL E Q U A T I O N  OF STATE I S  PROPOSED FOR SOLENHOFEN L I M E S T O N E  THAT P R E D I C T S  COCPRESSIVF 
STR'NGTH FOR G I V E N  STRFSS, S T R A I N  RATE, AND TEMPERATURE C O N D I T I O N S .  

12-61-02QQ5 DEPENDENCE OF FRACTURE STRENGTH OF ROCKS ON G R A I N  S I Z E  ( B R I T T L E - F R A C T U R E  FLAWS G R I F F I T H - C R A C K S  STRESS 
COMPRESSIVE-STRENGTH GRAIN-BOUNDARY INDENTATION-HARDNESS I 
B'ACF, W. F. & HARVARD U N I V  

THE PA. S T A T F  U N I V . 1  B U L L E T I N  OF Y I N E R 4 L  I N D U S T R I E S ,  E X P E R I M E N T  S T A T I O N ,  PROC. OF FOURTH SYMP. ON ROCK MECHANICS, 
99-104, MAR. 307 31, APR. 1, 1 9 6 1 .  T H I S  PAPEP D I S C U S S E S  THE G R I F F I T H  THEORY AS THE B A S I S  FOR ANALYSES OF B R I T T L E  
F A I L U R F .  ACCORDING TO THE THEORY, MICROSCOPIC FRACTURES START AT P R E - E X I S T I N G  FLAWS ( A T  SO-CALLED G R I F F I T H  CRACKS)  
WHICH FNLARGE 4YD SPREAD UNDER T H E  I N F L U E N C E  OF A P P L I E D  STRESS. W I T H  T H I S  MODEL THF B R I T T L E  STRENGTH O F  A M A T E R I A L  CAN 
R E  CALCULATFD FOR ANY SYSTEM OF L O A D I N G  U S I N G  C E R T A I N  KNOWN VALUES SUCH AS M A T E R I A L  CONSTANTS, AND THE SHAPE AND S I Z E  
c)F G R I F F I T H  CRACKS. SOME P R E L I M I N A R Y  RESULTS OF A STUDY OF THE E A R L Y  ST4GES OF ROCK FRACTURE ARE PRESENTED. THEORY IS 
r ) F S C R I p E @  AND R F L A T I O N S H I P  OF G R I F F I T H  CRACKS AND G R A I N  BOUNDARIES I S  DESCRIBED.  A COMPARISON I S  MADE C!F CALCULATED 
ANI) MFASUQED VALUES @F S P E C I F I C  SURFACE E N F R G I F S  OF VARIOUS ROCK MATERIALS.  R E P R E S E N T A T I V E  ROCK P R O P E R T I E S  ARE USED TO 
r A L C U L 4 T F  G Q T F F I T H  CRACK LENGTHS WHICH ARE CrlYPARED TO V 4 L U E S  E X P E R I M E N T A L L Y  DETERMINED RY OTHERS AND R E L A T I O N  OF CRACK 
L F Y G T Y S  T C  G R A I N  S I Z E  E S T A B L I S H E D .  SPECIMENS O F  R E P R E S E N T A T I V E  L I M E S T O N E ,  DOLOMITE,  Q U A R T Z I T E ,  AND B A S A L T  WERE 
HARDNFSS T F S T E O  AND POCK HARDNESS, COMPRESSIVE STRENGTH, AND MAXIMUM G R A I N  S I Z E  R E L A T I O N S  ARE D I S C U S S E D  AND 
I L L U S T Q A T F O .  S T U @ I E S  I N D I C A T E  THAT T H F  LENGTH OF G R I F F I T H  CRACKS I S  OF THE ORDER OF MAXIMUM G R A I N  S I Z E  AND T H A T  
G P I F F I T H  CRACKS MUST L I E  W I T H I N  G R A I N S  CR AT G R A I N  BOUNDARIES. 

1 3 - 6 1 - O l m  LAROQATORY MEASURFMENTS P F  SOME P H Y S I C A L  PROPERTIES OF ROCK ( STRENGTH T E N S I L E  COMPPESSIVE S T A T I C  STRESS 
DY NAMI  C FL A S T I  C ITY-MODULU S MEASUREMENTS TESTS SPEC I MENS 1 
FAIRHURST,  C. E U N I V  M I N N  M I N N E A P O L I S  M I N N  

0 4 .  S T 4 T c  U Y I V . ,  S U L L E T I N  OF M I N E R A L  I N D U S T R I E S ,  F X P E R I M E N T  S T A T I O N ,  PROC. OF THE FOURTH SYMP. ON ROCK MECHANICS, 
105118, PAR. 3 0 ,  31, APR 1 1 9 6 1 .  T H I S  PAPEQ OISCUSSES THE C O N D I T I O N S  OF ROCK T E S T I N G  AND O I V I D F S  ROCK MECHANICS 
PROBLEYS I N T O  TWO CLASSFS:  THOSF I N V O L V I N G  S T A T I C  OR VERY SLOWLY A P P L I E D  STRESSES AND I N V O L V I N G  DYNAMIC @R VERY R A P I D L Y  
4 P P L I E @  STQFSSFS.  D F T F P M I N A T I O N  OF STRESS C O N D I T I O N S  AROUND UNDERGROUND OPENINGS I S  AN EXAMPLE OF THE FORMER AND 
IJNDERSTPVDIY6 THF MFCHANICS OF ROCK FPAGMENTATION I N  B L A S T I N G  I S  AN EXAMPLE OF THE LATTER.  

1 2 - 4 1 - 0 l Q Q I  PROPAGATION V E L O C I T Y  OF L O N G I T U D I Y A L  WAVES I N  POCK ( STRESS-WAVES STRESS-LEVEL RESONANCE-FREQUENCY P U L S E  
DETFCTPR MFASUREMENTS MODULUS CRACKS P O R O S I T Y  1 
PINFHADT? J. s. + FDRTIN, J. P. + RURGIN, L. E. C O L O  SCHOOL OF MINES GOLDEN coco 

THF P 4 .  STATE UNTV., R U L L E T I N  OF THE M I N E R A L  I N D U S T R I E S  E X P F R I Y E N T  S T A T I O N  PROC. OF FOURTH SYMP. CN ROCK MECHANICS, 

T Y F  STATF OF STRESS, STRESS L E V E L  OF T H E  WAVF, WATFR CONTENT, POQOSITY, TEMPERATURF, D I R E C T I O N  OF PROPAGATTON W I T Y  

S T U D I F 9  YANY T I M F S t  RTHFRS, SUCH AS T H E  STSESS L E V E L  OF THE WAVE, HAVE NOT BEEN I N V E S T I G A T E D .  T H I S  PAPEP REVIEWS AND 

1 1 9 - 1 7 6 9  PAR. 30, 31, APR 1, 1 9 6 1 .  PROPAGATION OF L P N G I T U D I Y A L  STRESS WAVFS I N  ROCKS DEPENDS ON SEVFRAL FACTORS: 

RFSPECT TI3 S T Q 4 T I F I C A T I O N  OF THF ROCK AND TEXTURE OF THE DOCK. W H I L F  SOME OF THESE FACTORS H 4 V E  BEEY T H O R W G H L Y  

SIJMMAQIZFS E X I S T I N G  DATA ON PROPAGATION V F L O C I T Y  OF L O N G I T U D I N A L  STRESS WAVES W I T H  THE V I E W  TO G E N E R A L I Z E  THE RESULTS 
AND I N D I C A T E  AREAS OF WFAKNESS AND GAPS I N  OUR KNOWLEDGE. 

12-41212249$ E X C A V A T I O N  OF CONTAINED T N T  FXPLC)SIOYS I N  TUFF ( BEDDED-VOLCANIC-TUFF ROCK-FRPCTURE SHOT-CHAPBER 
FXCPVPTED-VOLUMF C A V I T Y  V O I D  1 
SHnRT, N. M .  E. L R L  L IVERMORE CAL 

THF "A. S T A T E  UNIV. ,  B U L L E T I N  OF M I N F Q A L  I N D U S T R I E S  E X P F P I M E N T  S T A T I O Y ,  PROC. OF THE FOURTH SYMP. CN ROCK YECHANICS,  
1 7 1 - 1 7 5 1  MAR. 3 0 ,  31, 4PR 1, 1 9 6 1 .  T H I S  PAPER D E S C R I B E S  THE F P A C T U R I N G  AND P F L A T E O  PHFNOMENA PRODUCED BY TWO 
E X P L I S I O N S  I N  REDDED VClLCANIC T U F F  W I T H I N  THE R A Y I E R  MESA AT THE ATOMIC FNEQGY C O M M I S S I O N ' S  NEVADA TEST S I T E .  THE 
PAPFR I S  BASFI l  ON A STUOY OF TWO M. F. EXPERIMENTAL T E S T  FXPLOSIONS,  YO.  11 AND 14A,  OF PROJECT HOBO, A FOLLOW-ON STUDY 
I Y I T I A T E ' l  I N  PPOJECT PLOWBOY AT W I K N F I F L D ,  L O U I S I A N A  WHERE E X P L O S I O N S  I N  S A L T  WERE I N V F S T I G A T E D .  S T U D I E S  I N  D E T A I L  
W'RF CqNDUCTFD BY M I N I N G  D I P E C T L Y  I N T @  DETONATION CHAMBERS AN0 SURROUNDING ROCK ABOUT EACH E X P L O S I C N .  THF TWO 
FXPLnSICINS RED0RTEn I N  T H I S  P A P F Q  TOOK PLACE I N  A SEQUENCE OF T U F F  BEDS I N  U Y I T  3 OF THE OAK S P R I N G S  F O R M A T I O N  I N  A 

F I p S T  PY D R I L L I N G  A P I L O T  HOLE BEYOND THE D E S I R E 0  DEPTH OF F X P L O S I O N  THEY R E A M I N G  A SEGMENT TO HOLD TYE 
D R I F T  IY THE TUNNEL COMPLEX A S S O C I A T F D  W I T H  THF BLANCA NUCLEAR EVENT. BOTH SHOTS WERE DET@\'ATED I N  CYAMBFRS FORMED 

GRAYULAQ T N T  ( P E L L E T n L l  CALCULATED TO PRODUCE A P A R T I C U L A R  Y I E L D .  RESULTS I N C L U D F  MEASURECENTS OF C A V I T Y ,  ROCK RURBLF,  
AMOUNT OF 
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POROSITY, AND F X T E N T  OF FRACTURES I N  SURROUNDING ROCK WALLS. R E S U L T S  ARE D I S C U S S E D  I N  R E L A T I O N  TO E A R L I E R  EXPERIMENTAL 
SHOTS 4ND TO F F F F C T S  OF NUCLEAR EXPLOSIONS.  

12&l=QSQQS LA BQR AT OR Y R L A S T I NG W I T H  MODEL S ( I NC L I NED-B L A S 1-HOL E S EX P E R I ME NT E X P L  0 SI V E P L  E X I GL AS- M C DEL S BOR F HO L E S 
RURDEN THROW 1 
K O ~ H A N O W S K Y ,  R .  J. + PINTO, J., JR. E PENN S T A T E  UNIV 

THF PA. S T A T E  UNIV.7  B U L L E T I N  OF M I N E R A L  I N D U S T R I E S ,  E X P E R I M E N T  S T A T I O N ,  PROC. OF THE FOURTH SYMP. E N  ROCK MECHANICS, 
179-1801 MAR. 30, 31, APR. 1, 1961. MODEL T E S T  E X P L O S I O N S  U S I N G  P L E X I G L A S  MODELS DEMONSTRATED THE D I F F E R E N C E  I N  
4 C T I D N  OF V F R T I C A L  AND I N C L I N E D  BLAST HOLES. T E S T S  WERE CONDUCTED I N  THE ROCK MECHANICS LABORATORY AT PA. S T A T E  FOR 
P 4 R T I t I P A N T S  OF THF SYMPOSIUM. THE I N C L I N E D  HOLE PRODUCED A FAR BETTER B L A S T I N G  EFFECT AND MUCH LARGER THROW. 
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12-&LQ2QlQ MFTHODS FOR D E T E R M I N I N G  ROCK PRESSURE ( MEASUREMENT STRESSES DEFORMATION ROCK-MODULUS 1 
PANEK, L. A. E U.S. BUR M I N E S  

T H F  PA. S T A T F  UNIV.,  B U L L E T I N  OF THE M I N E R A L  I N D U S T R I E S ,  EXPERIMENT S T A T I O N ,  PROC. OF T H F  FOURTH SYMP. CN ROCK 
M'CHANICS, 1 8 1 - 1 8 4 ,  MAR. 3 0 ,  31, APR. 1, 1961. AN O U T L I N E  OF PROGRESS I N  MEASUREMENT OF STRESSFS I N  ROCK AND 
YETHOnS OF E M P L O Y I N G  S E N S I N G  D E V I C E S  H A V I N G  V A R I O U S  LOAD-DEFORMATION RESPONSE C H A R A C T E R I S T I C S  TO DETECT CHANGES I N  
STRFSS OR 'OFFDRMATION I N  ROCKS. EXAMPLES OF MANY S E N S I N G  ELEMENTS, METHODS O F  USE AND D E T E R M I N A T I O N  W H I C H  CAN BE MADE 
APE PSESFNTFn.  NO S I N G L E  METHOD OR D E V I C E  W I L L  B E  BEST I N  A L L  OR EVEN I N  MOST S I T U A T I O N S  BECAUSE O F  T H F  LARGE NUMBER 
OF C O M R I N A T I O N S  OF FACTDRS SUCH AS: I N T E N S I T Y  OF ROCK STRESS, ROCK STRESS-STRAIN C H A R A C T E R I S T I C S ,  S E N S I N G  D E V I C E ,  
RFMOTFNESS FQ@M OBSERVFR. T I M E  T O  O B T A I N  I N I T I A L  MEASUREMENTSq S T A B I L I T Y  OF INSTRUMENTS? T I M E  T O  O B T A I N  AND REDUCE 
RCADINGS I l F  MEASURFMFNTS REPEATED OVER A P E R I O D  OF T I M E .  

12=01=Q3Qll A LABqRATORY I N V F S T I G A T I O N  OF A H I G H  MODULUS BOREHOLE PLUG GAGE FOR THE MEASURES O F  ROCK STRESS ( 
F X C A V A T I O N  UNDFRGROUND S T A B I L I T Y  S T R A T A  STRAIN-GAGES E L A S T I C I T Y  E X P E R I M E N T  
WILSON, 4 .  H. E N A T I O N A L  COAL BOARD ENGLAND 

THF PA. S T A T F  UYIV. ,  B U L L E T I N  O F  T H E  M I N E R A L  I N D U S T R I E S  E X P E R I M E N T  S T A T I O N  PROC OF THE FOURTH SYMP CN ROCK MECHANICS, 

STRESS I N  ROCKS. PLUGS OF R E L A T I V E L Y  H I G H  MODULUS OF E L A S T I C I T Y  COMPARED T O  ROCK ARE DEVEL@PED C O N T A I N I N G  S T R A I N  GAGES 

T H F  RqCK I S  NOT NFEDED. TAPERED PLUGS WERE F I T T E D  I N T O  REAMED BOREHOLES I N  ROCK BLOCKS WHICH WERE LOADFD I N  A PRESS 
F@R T F S T I N G .  T H F  PLUGS C C N T A I N E D  CLOSELY F I T T F D  S T R A I N  GAGES AND COMPENSATION FOR TEMPERATURE PROVIDED.  HALVES OF 
PLUGS ARE CFMFNTED TOGETHFR W I T H  EPOXY R E S I N  AND S I M I L A R L Y  CEMENTED I N T O  THE BOREHOLE FROM WHICH R E S I S T A N C F  
YFASURFYFNTS WERF MADE D U R I N G  LOADING. BOTH BRASS AND STONE PLUGS WERE USED. RESULTS WERE FOUND TO DE SATISFACTORY 
4 N P  R F P P 3 n U C I R L F .  STRFSS I N  THE PLUGS I S  R E L A T E D  TO STRESS I N  THE SURROUNDING ROCK BY FCIRMULAE D E R I V E D  FROY THE WORK OF 
A. C O U T I N H n .  

lP5-196, MAR. 3 0 ,  71,  A P R I L  1, 1 9 6 1 .  F X P E R I M E N T A L  METHODS, INSTRUMENTS AND RESULTS FOR MEASUREMENT OF CHANGES I N  

THAT YC4SURF S T R A I N  I N  THE INSTRUMENT RATHER THAN THE SURROUNDING ROCK, SO THAT ACCURATE KNOWLEDGE OF T H E  E L A S T I C I T Y  OF 

1 2 d l = Q 3 Q l z  T Y F  NATURAL ARCH, T H E  FR4CTURF PATTFRN AND THE SEQUENCE OF F A I L U R E  I N  M A S S I V E  ROCK SURROUNDING AN 
UNDEOGROUND O P F N I N G  ( GEULOGIC-P?OCESSES DEFORMATION STRESS E L A S T I C  P L A S T I C  REBOUND 1 
LIVINGSTOPI ,  C. W. E BARODYN I Y C  GFOQGFTOWN COLLFGE 

T Y F  P 4 .  STATE UNIV. ,  P U L L E T I N  OF T H F  M I N E R A L  I N D U S T R I E S  EXPERIMENT S T A T I O N ,  PROC OF THF FOURTH SYMP ON RCCK MECHANICS, 
107-7'74, MAS. 10, 3 2 7  A P P T L  1 q  1 0 6 1 .  THROUGHOUT GEOLOGIC T I Y E ,  MOUNTAIN B U I L D I N G  HAS @EEN FOLLOWED 9 Y  F P n S I O l l  AhD 
S U P S I D F Y C F .  R!nCKS OF T H F  EARTH'S CRUST WERE LOADED, THEN UNL04DED. DURING LOADING,  ROCKS ARF DEFORMED BY FLOWAGE OR 
9 Y  FRACTURE. S I M I L A R L Y  D U R I N G  UNLOADINGS,  DFFORMATION BY E L A S T I C  REBOUND W I T H I N  THE E L 4 S T I C  L I M I T  FRACTURE 
rlrruw. T k E  S C I F N T I F I C  P P I Y C I P L F S  APPLY TO T H F  BEHAVIOR OF ROCK SUBJECT T O  E I T H E R  THF FORCES OF NATURE nR TO 
CJ9CCS O C r U P Q I N G  AS 4 RESULT n F  MAN-MADE EXCAVATIONS.  FRACTURES W I T H I N  A ROCK MASS ARE C L A S S I F I E D  E I T H E R  AS OCCURRING 
9L lQIYS L O A q I N G  OP D U P I N G  UYLOADING AVD THE A T T I T U D E  OF THE FRACTURF IS R E L A T F D  T O  THE O R I E N T A T I O N  OF THE P R I N C I P A L  
S T R A I Y  AXFS. T b F  SHAPFS OF NATURAL ARCHEC PRODUCED 9 Y  S T A T I C  L O A D I N G  AND U N L O A D I N G  OF SANDSTONE AS I N  NATURE AND AS A 
RCSULT r lF  THF OYNAUIC L O A D I N G  OF A C I R C U L A R  O P F Y I N G  I N  SANDSTONF A 9 F  I L L U S T R A T E D .  THE SEQUFNCE I N  WHICH FRACTURFS ARF 
F V Y = D  n R O u V n  THC ~PFNING I S  DESCRIBED AND THE CRIENTATION OF THE FRACTURES I S  COMPARED WITH THEORETICAL ~RIEYTATION OF 
L n A D I Y G  4 N 9  U N L O 4 D I N G  FRACTURES R E L A T I V E  TO THE P R I N C I P A L  AXES OF STRAINS.  

1 3 = h 1 = a u 3  S I B  CC\ 'TRnL OF BEDDED ROOF STRESSES ( BEAM-THEORY A N A L Y S I S  ABUTMENT-LOADS E L A S T I C - F O U N O A T I C N  1 

TYF PA. S T A T F  UNIV.9  R U L L E T I N  OF T H E  M I N E R A L  I N D U S T R I E S  E X P E R I M E N T  S T A T I O N ,  PROC OF THE FOURTH SYMP CN RCCK M F C H A N I C S I  
A9LER7 L. & M I C H  COLLEGF 

205-210,  MAR. 30, 71, A P R I L  1, 1961. THE 4 Y A L Y S I S  OF STRFSSES SURROUNDING AN UNDERGROUVD O P E N I N G  I Y  BEOPFD R9CK 
Q F L I F S  P R I M A R I L Y  ON RFAM THEORY W I T H  I T S  S I M P L I F Y I N G  ASSUMPTICNS.  C E R T A I N  ASSUMPTIONS P E R M I T  D E A L I N G  W I T H  A 
S U F F I C I F Y T L Y  S I V P L F  STRUCTURE T Y A T  E Y P H A S I Z F  T H I S  PEPARTURE FROM CONVENTIONAL ANALYSIS.  THE S I M P L I F I E D  STRUCTURE 
C n N S I S T C  QF T Y F  M A I Y  ROOF L 0 4 D E D  QYLY BY I T S  OWN WEIGHT AND T H E  RI3. STRUCTURAL AND FOUNDATION E N G I N F F R I N G  ARF 
ClNFRCINTFn W I T H  THF SAMF PROBLFM OF U N C E R T A I N  SUPPORT C n N D I T I O N S  ANC EACH HAS DEVELOPED USEFUL APPROACHES T O  HANDLE 
I T .  THF A N 4 L Y S I S  P R O W q E D  HFRE ECPLOYS THF THEnRY OF "RFAMS ON E L A S T I C  FOUNDATIONS". THE SUPPORT CR FOUNCJATION I S  
ASSUYFD T P  ClFFLFCT AN AMCIJNT PROPOSTIONAL TO I T S  LOCAL LOAD TERMED THE FOUNDATION P'ODULUS. T H I S  ASSUMES A FOUNDATION 
CnMP'ISFD Qc ADJACENT' YET IVDEPENDENT,  D I F F F R E N T I A L  E L A S T I C  PRISMSS,  O R I E N T E D  W I T H  T H E I R  F I N I T E  A X I S  NORMAL T r l  THF REAMS 

SPRIYGS.  ACVAYTAGES AND DISADVAVTAGFS CIF THE MFTYOD ARE L I S T E D  AYD RFCOMMENDATIONS ARE MADE FOR A COMPREkENSIVF PROGRAM 
'1' EXPCRIMEUTAL VER I F I C A T I O N  AND CORRELATION. 

12-41=Q3Q1, F L 4 T  JACKS PPE-LOAD M A S S I V F  M I N E  SUPPORTS ( UNDERGROUND CONCPETE MEASUREMENT P I L L A R S  PRE-LOADING-FORCE 

L Q N G I T U O I N 4 L  A X I S .  P H Y S I C A L L Y  T H I S  I S  LIKEN'Q TO SUPPORTING A BFAM ON A B F D  OF CLOSELY SPACED, ALTHOUGH SEPARATED 

GEflUTTYG SLOPF-DIVFSGENCE 1 
RFFD, J. J. + MANN, C. D. & COLO SCHOOL OF Y I N F S  GOLDEN COLO 

TYC P A .  S T A T F  UVIV. ,  R U L L E T I N  OF THE M I N E R A L  I Y 3 U S T P I F S  CXPEPIMENT S T 4 T I O N  PROC OF THE FOURTH SYMP ON ROCK YFCHANICS,  
7 1 1 - 7 2 0 ,  MAR. 3 0 ,  31, A P P I L  1, 1 0 6 1 .  P 4 S T  E X P F R I F N C E  SUBSTANTIATED SY 2 0  YEARS OF COMPRESSION MEASUREMENTS ON 
D!LLARS R U I L T  I N  1 Q ? R  HAS DEMONSTRATED THAT COYCRcTE P I L L A P S  WHICH ARE NOT PRE-L@ADCD W I L L  NFVER CARRY A P P P F C I A B L E  
WG'IGHT 9Y NATUPAL L O A D I Y G  U h T I L  THE ROOF ROCKS 4ND ADJACENT ROCK P I L L A R S  ARE ALREADY F A I L I h r G .  FARLY E F F Q 9 T S  AT 
PRC-LOAQIUG USFO ? C R E W  J P C K S  @ETWEFY P I L L 4 9  TOPS AND P.OflF BUT THE WEIGHT C A R R I E D  WAS L I T T L E  M3RE THAN T h E  P I L L A R  
I T S F L F .  A MUCH MORE PqWFPFUL PRE-LOA9ING FOQCE WAS CLEARLY REQUIRED. EARLY E X P F R I M E N T A L  WORK AND KNOWLFDGE OF THF USE 
OF F L 4 T  JACKS I N  FRANCF L E D  T O  THE S n L U T I O Y  DESCQIRED.  T F S T S  ON A S F R I E S  C)F T E N  P I L L A R S ,  7 OF PRE-CAST CONCRETF 4YO 3 
CAST I Y  PLACF,  4Rl- OESCRIPED.  ME4SURFMENTS OF H Y D R A U L I C  J A C K I N G  PRESSURES, J A C K  OPENINGS,  STRENGTH OF CDNCRFTE, YOUNGS 
YnEULUSy 4Nr3 AVFPAGE STOPF DIVFRGENCF ARE TARULATFD.  D E S C R I P T I O Y S  ARE G I V E N  OF P I L L A R  CONSTRUCTION, F L A T  JACKS, 
U Y ' I Q A U L I r  PUMPIYG PROC'DURE, GROUTING, AND S T R A I N  MEASUSEYENT. THESF METYODS PROVIDE A CONTROLLABLE FORCE FOR GRCUND 
5UPPqRT d H I C H  APPROACHFS TYE FClRCF WHICH MUST R E  WITHSTOOD. 

1 7 - 6 1 - Q 3 4 1 1  H Y P O T H F S I S  FnR THE VECHANISM OF ROCK F A I L U R E  UNDER IMPACT ( D R I L L I N G  C F I S E L - E D G E  P E N E T R A T I @ N  STRAIN-GAGFS 
A Y P L Y S I S  WAVF-ACTI r lN  1 
5I"ICHV Ma '4- + HARTMAN, ti. L. & GULF RES AND DEV G O  P I T T S B U R G H  

T Y F  P A .  S T 4 T F  UYIV. ,  B U L L E T I N  OF THE M I N E R A L  I Y D U S T R I E S  F X P F R I Y E N T  STATIClNt  PROC OF THE F q U R T H  SYMP ON ROCK MFCHANICSV 
2 2 1 - 7 3 P ,  MAR. 3 0 ,  31, A P F I L  1, 1 0 6 1 -  VAQIOIJS T H E O R I F S  ON THE MECHANISM OF ROCK FRACTURE AND F A R L I F R  S T U n I E S  OF 
W I L L I N G  L E A D I Y G  TO Ah1 U N D F R S T A Y n I N G  OF THE YOOF5 n F  F A I L U R E  ARE RFVIEWED. THE PAPER R F D O P T S  R E S U L T S  O F  EXPERIMENTAL 
STUDY nF STNGLF,  I S n L 4 T F D  RLOWS OF A C Y I S F L  r lY ROCK TO PROVIDF A L O G I C A L  B F G I N N I N G  FOR I N V E S T I G A T I O N S  L E A D I N G  T O  AY 
UNDERST4NDING @F TFC PHEb!CYENnN OF ROCK F A I L U R F  UNDER IMPACT.  T E S T S  WFPF PERFORMED ON A S P E C I A L  S Y Y T H E T I C  ROCK 
PQFPARFD I h  T Y F  MANNEQ i l F  CDNCRETF TO QEDUCE THE E F F E C T S  q F  I N H O M O G E N E I T I E S .  A FEW CONFIRV'ATIOYAL TESTS WERE CC!r\lDUCTF3 
PY YATUDAL PPCK ( 9 b R F E  G P A Y I T E  AND SOLENHOFEN L I M E S T O N F I  4ND ON P L F X I G L A S .  ;TRAIN GAGES WFRE ATTACHED TO THF ROCK 
APOUND THE L I N G  OF R I T  CONTACT. T R A N S I E N T - S T Q A I V  PULSES WFRE RECORDFD W I T H  OSCILLOSCOPES AND ANALYZED. A T H F O R E T I C A L  
A V A L Y S I S  OF W4VF A C T I O N  I S  n F S C R I B E D  AND I L L U S T R A T E D  W I T H  OSCILLOSCOPE TRACE PHOTOS. A H Y P O T H E S I S  OF F A I L U R E  I S  
DRnPOSEi) FROM THF FXPERIWENTAL RESULTS AND L I M I T A T I O N S  OF THF H Y P O T H E S I S  ARE INCLUDED.  
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17-~1-03Pl~ R A T E  OF LLJADING E F F E C T S  I N  C H I S E L  I M P A C T  ( ROLLER-CONE-BITS P E R C U S S I V E - D R I L L  I N G  PENETRATION-TIME A N A L Y S I  s 
FREQUENCY 
APPEL, F a  C. + GATLEY, W. S. E. KANSAS STATE U MANHATTAN KANSAS 

THE PA. S T A T E  UNIV.,  B U L L E T I N  OF T H E  M I N E R A L  I N D U S T R I E S  E X P E R I M E N T  S T A T I O N ,  PROC OF THE FOURTH SYMP ON POCK MECHANICS, 
2 2 9 - 7 3 6 1  MAR. 30, 31, AND A P R I L  1, 1961. T H I S  PAPER PRESENTS A COMBINED A N A L Y T I C A L  AND E X P E R I M E N T A L  STUDY OF 
C H I S F L  P E N E T R A T I O N  VS. T I M E  D U R I N G  C H I S E L  I M P A C T  ON ROCK, A PROBLEM OF FUNDAMENTAL IMPORTANCE I N  I M P R O V I N G  PERFORMANCE 

AN E Q U I V A L E N T  LUMPED SYSTEM, OR AN E Q U I V A L E N T  MASS, SPRING,  DASHPOT SYSTEM. AN A N A L Y T I C A L  S O L U T I O N  I S  D E S C R I B E D  FOR 
C H I S E L  P E N E T R A T I O N  VS. T I M E  DUE TO A S I N U S O I D A L  L O A D  BETWEEN C H I S E L  AND ROCK. CURVES ARE DRAWN OF MAXIMUM DEPTH 
P E N E T R A T I O N  VS. FREQUENCY OF S I N U S O I D A L  L O A D I N G  AND ENERGY TRANSFER VS. FREQUENCY. R E S U L T S  OF THE A N A L Y S I S  WERE USED 
TO P R E D I C T  P E N E T R A T I O N  R A T E  OF ROTARY S I T S  VS. ROTARY SPEED. T O  V E R I F Y  T H I S  A N A L Y S I S  E X P E R I M E N T A L  APPARATUS HERE 
CONSTRUCTED AND T E S T S  WERE RUN W I T H  A S I N U S O I D A L  LOADED C H I S E L  IMPACT.  S T R A I N  AND V E L O C I T Y  WERE MEASURED AND RECORDED 
RY PYOTOGRAPHS OF O S C I L L O S C O P E  TRACES SIMULTANEOUSLY.  GOOD AGREEMENT WAS O B T A I N E D  W I T H I N  THE FREQUENCY RANGE OF T H E  
E X P E R I M E N T S  B U T  THE SMALL I N E R T I A  EFFECT ( P E A K  P E N E T R A T I O N )  OCCURRED A T  A FREQUENCY MUCH H I G H E R  THAN COULD BE O B T A I N E D -  
THUS A RATE-OF-LOADING E F F E C T  I S  I N D I C A T E D  T H E O R E T I C A L L Y  BUT HAS NOT BEEN V E R I F I E D  AS YET. 

UAikQ3u1 PHOTOGRAPHIC STUDY OF ROCK F A I L U R E  I N  DRAG B I T  D R I L L I N G  ( SEDIMENTARY-ROCK ROCK-SAMPLES C U T T I N G  TOOL 

3 F  ROLLER CONE B I T S  OR PERCUSSIVE-TYPE D R I L L I N G  APPARATUS. THE ROCK BEHAVIOR T O  I M P A C T  WAS S I M U L A T E D  A P P R O X I M A T E L Y  B Y  

RAKE-ANGLE CUTTING-SPEED STRAIN-GAGE FORCE-SIGNAL M O V I E S  
GRAY7 K. E. + G A T L I N T  C. E U N I V  T E X A S  A U S T I N  TEX 

THE PA. S T A T E  UhI1V.r B U L L E T I N  OF T H E  M I N E R A L  I N D U S T R I E S  EXPERIMENT S T A T I O N 7  PROC OF THE FOURTH SYMP ON ROCK MECHANICS 
2 3 7 - 2 4 2 7  MAR. 30, 31, A P R I L  1, 1961. P R E L I M 1  NARY E X P E R I M E N T A L  RESULTS ARE PRESENTED FOR TWO D I M E N S I O N A L  C U T T I N G  OF 
SEOIMFNTARY ROCKS BY A F I X E D  BLADE. A L L  CUTS WERE HORIZONTAL;  HENCE THE TRUE H E L I C A L  P A T H  OF AN ACTUAL D R I L L  B I T  WAS 
NOT SIMULATED.  ROCK SAMPLES WERE MOUNTED ON A CONVENTIONAL STEP-TOE SHAPER RAM AND THE C U T T I N G  TOOL ASSEMBLY WAS H E L D  
R I G I D L Y  I N  THE V I S E  ON THE SHAPER BED. MOVIES OF THE C U T T I N G  PROCESS WERE O B T A I N E D  AT CAMERA SPEEES OF 5 0 0 0  TO 8000 
FRAMES PER SECOND W I T H  M A G N I F I C A T I O N  O F  4 ONTO T H E  F I L M .  S T R A I N  GAGES ON T H E  HEAD O f  T H F  C U T T I N G  T@OL ASSEMBLY 
PROVIDED BOTH HORIZONTAL 4ND V E R T I C A L  FORCE S I G N A L S  T O  A M P L I F I E R S  THEN TO A RECORDER. T E S T  V A R I A B L E S  I N C L U D E D  C U T T I N G  
T I P  RAKE A'UGLE, C U T T I N G  SPEED, AND CUT DEPTHS. CURVE PLOTS ARE P R O V I D E D  TO SHOW R E L A T I O N S H I P  AND A F I L M  SEQUENCE SHOWS 
THE C U T T I N G  ACTION. R E L A T I V E L Y  SMALL I N C R E A S E S  I N  TOOL FORCES ARE REQUIRED TO I N C R E A S E  CUT D E P T H  I N  THE C H I P P I N G  
REGION. T P O L  FORCFS I N C R E A S E  AT AN I N C R E A S I N G  RATE AS RAKE ANGLE INCREASES.  HIGHER C U T T I N G  SPFEDS R E Q U I R E  

HCJRI ZONTAL. ACTUAL CONTACT AREA BETWEEN C U T T I N G  T I P  AND ROCK WAS L I T T L E  AFFECTED B Y  CUT D E P T H  CR TCOTH GEOMETRY 
S U B S T A N T I A L L Y  HIGHER FORCES AT A G I V E N  CUT DEPTH. HOWEVER, THE V E R T I C A L  FORCE COMPONENT I N C R E A S E S  MORE THAN THE 

ONCE THE C H I P P I N G  PHASF WAS REACHED. THE CONTACT H E I G H T  WAS MUCH L E S S  THAN THE CUT DEPTH. 

u;r61=au8 STRATA MOVEMENT FROM UNDERGROUND OPENINGS ( SUBSIDENCE P I L L A R S  EXTRACTION-RATE SURFACE-CAYAGE F I L L I N G  

THE P4.  S T A T E  UNIV. ,  B U L L E T I N  OF THE M I N E R A L  I N D U S T R I E S  E X P E R I M E N T  S T A T I O N ,  PROC OF THE FOURTH SYMP ON ROCK MECHANICS, 
2 4 3 - 7 4 6 7  MAR. 10, 311 A P R I L  1, 1 9 6 1 .  A SUMMARY OF THE BUZZ SFSSION (GROUP D I S C U S S I O N )  ON T I T L E  SUBJECT. T H E  
EFFECTS OF SURFACE SWEREDENCE WAS D I S C U S S E D  AND V A R I O U S  FORMS OF CONTROL L E G I S L A T I O N  I N  V A R I O U S  STATES ARE O U T L I N E D .  
MFTHODS OF CONTROL AND EFFECTS OF LACK OF CnNTROL ARE I L L U S T R A T E D  BY E X P E R I E N C E S  I N  VARIOUS M I N I N G  AREAS-  T H E  US€ OF 
P I L L A R S  TO M I N I M I Z E  SURFACE SUBSIDENCE AND R E S U L T I N G  F I R E  HAZARDS AND STREAM P O L L U T I O N  ARE CONSIDERED. P R A C T I C E S  I N  

F A L K I E ,  T .  V. E PENN S T A T E  U N I V  

FUROPE ARF COMPARFD TO THOSE I N  THE U N I T E D  STATES. LEGAL L I A B I L I T Y  I S  D I S C U S S E D  ALONG W I T H  EUROPEAN METHODS USED TO 
EVALUATE DAMAGES DUE TO SUBSIDENCE AND ASSESS PAYMENTS BY M I N E S .  D I S P O S A L  AND H A N D L I N G  OF GAS L I B E R A T F D  DURING COAL 
M I Y I Y G  WAS ALSO DISCUSSED.  L A T F R A L  MOVEMENTS I N  OPEN CUTS A N 0  Q U A R R I E S  DUE T O  LARGE H O R I Z O N T A L  FORCES WERE D I S C U S S E D  
W I T H  CONCENTRATION ON CAUSE AND EFFECT. 

12AkQ3Q19 S F H A V I O R  OF ROCK UNDER S T A T I C  L O A D I N G  ( GROUND-PRFSSURE TECTONIC-PRESSURE FRACTURE-STRENGTH FLOW 
CR ACK-PROPAGAT I O N  
T A ~ D A N A N D T  S .  

THF PA. S T A T E  UNIV.,  B U L L E T I N  OF THE M I N E R A L  I N D U S T R I E S  E X P F R I M E N T  S T A T I O N ,  PROC OF THE FOURTH SYMP OY ROCK MECHANICS 
2 4 7 - 2 4 8 7  MAR. 3 0 ,  31, A P R I L  1, 1961. A SUMMARY OF THE BUZZ S F S S I O N  (GROUP D I S C U S S I O N )  ON T H E  T I T L E  SUBJECT. THE 
D I S C U S S I C N  CEYTERED ON THE QUESTIONS O F  T H E  B E H A V I O R  OF ROCK UNDER T R I A X I A L  COMPRESSION AND ON FLOW AN@ FRACTURE I N  
ROCKS. 

12&l,-Q1Q2Q BFHAVIOR OF ROCK UNDER DYNAMIC L O A D I N G  I SOURCE-ZONE TRANSITION-ZONE S E I S M I C - Z O N E  ROCK COMPRESSIVE-STRESS 
PULSE E L A S T I C  ABSORPTION SCABBING ) 
P INTO,  J.7 J P .  

N 4 T L  GYYPSUM CO S E L L E F  PA THE PA. S T A T E  UNIV.,  B U L L E T I N  OF THE MINERAL I N D U S T R I E S  E X P E R I M E N T  S T A T I O N ,  PR@C OF T H E  

D I S C U S S I C N )  ON THF T I T L E  SUBJECT.  THREE ZONES OF I N T E R E S T  WERE D I S C U S S E D  (1) THE SOURCE ZONE, ( 2 )  THE T R A N S I T I O N  ZONE, 
FOUPTH SYMP ON RCCK MECHANICS, 2 4 9 - 2 5 0 1  MAR. 30, 31, A P R I L  1 7  1 9 6 1 .  A SUMMARY OF THE BUZZ S E S S I O N  (GROUP 

PND 131 T H E  S E I S M I C  ZONE. THE SOURCE ZONE IS CONCERNED W I T H  THE O R I G I N  OF THE DYNAMIC LOAD DUE TO SUODEN RELEASE OF 
STPRFD C L A S T I C  S T R A I Y  ENERGY SUCH AS E X P L O S I V E S .  THE T R A N S I T I O N  ZONE SURROUNDS THE SOURCE ZONE. EQUATIONS OF S T A T E  

THERE I S  NO S A T I S F A C T O R Y  THEORY TO ACCOUNT FOR THE VARIOUS PHENOMENA THAT OCCUR I N  THE T R A N S I T I O Y  Z@NE OR TO P R E D I C T  
THE S I Z F  nF T H I S  P F G I O N  FRrJM A KNOWLEDGE OF ROCK PROPERTIES AND SOURCE PROPERTIES.  THE STRONG COMPRESSIVE STRESS P U L S E  

S F I S Y I C  ZONF SURRnUNDS THE T R A Y S I T I O Y  ZONE AND PROPAGATION OF THE STRESS PULSE I S  NEARLY E L A S T I C .  S C A B B I N G  IS ALSO 
D I S C U S S E D  AN@ P R E V E N T I V E  METHODS ARE SUGGESTED. 

12=61=mQ21 STRESS MFASUPEMENT AND GROUND CONTROL ( STRESS-RELIEF CRACK ELASTIC-MODULUS FRACTURED-ROCK 1 

THE PA. S T A T €  U N I V . T  B U L L E T I N  OF THE Y I N E R A L  I N D U S T R I E S  EXPERIMENT STATION,  PROC OF THE FOURTH SYYP C!N P@CK MECHANICS 
251 ,  Y A R .  30, 31, A P R I L  1 7  1 9 6 1 .  A SUMMARY OF THE BUZZ S E S S I O N  (GROUP D I S C U S S I O N )  ON THE T I T L E  SUBJECT.  TWO MAJOR 

FOP ROCKS ARE YEFDEO BEYOND THE E L A S T I C  L I M I T  T O  DEVELOP T H E O R I E S  TO D F S C R I B E  THE E F F E C T S  I N  THE SOURCE ZONE. TO DATE 

R A D I A T E D  OUTWARD FPOM THE T R A N S I T I O N  ZONE I S  D I S C U S S E D  I N  R E L A T I O N  TO I N T E N S I T Y  OF SOURCE AND PROPE'TIES OF ROCK. THE 

JACKSON, I .  G PENN STAT€ U N I V  

I T F Y S  WFRF DISCUSSED.  @NE WAS THE STRESS R E L I F F  METHOD AND THE OTHER OF MEASURING A M I N E  O P E N I N G  EY I N D U C I N G  A CRACK 
T".I THE WALL. TRANSPVSING OF S T R A I N  T O  STRESS BY U S E  OF THE F L A S T I C  MODULUS OF ROCK MET W I T H  R E S E R V A T I O N S  E S P E C I A L L Y  I N  
R I C K S  THAT SHOW P L A S T I C  DEFORMATION. I N  STRESS R E L I E F  ONLY E L A S T I C  REBOUND IS MEASURED S O  THAT T H E  F I G U R E S  A R R I V E D  A T  
4 Q E  LOW. LOW MODULUS S T R A I Y  GAGES ARE ADVISED OVER H I G H  YODULUS GAGES S I N C E  ERRORS ARE SMALLER AND H I G H  S T R A I N  L E V E L S  

THE C U T T I Y G  OF A NARROW SLOT I N  THE S I D E  O F  THE q P E N I N G .  H Y D R A U L I C  PRESSURES A P P L I E D  TO T H E  S L O T  CAUSE A CRACK TO FORM 
WHICY C L O S E 5  WHFN H Y D R A U L I C  PRESSURE I S  RELEASFD. WHEN H Y D R A U L I C  PRESSURF I S  R E A P P L I E D  I T  I S  THOUGHT T H A T  THF PRESSURE 
Q F O U I R F D  T O  FORCE THE CRACK OPEN IS F Q U A L  TO THE ROCK STRESS PFRPENDICULAR TO T H E  CRACK. A FORMULA IS  PROPOSED BASED 
"Y PRESSURE, STRESS7 AND ROCK PROPERTIES.  THE CONSENSUS OF THE GROUP WAS T H A T  SUCH A TECHNIQUE WAS WORTH 
I PI VF ST I GAT I NG. 

Ekh2-0!EQe;l I Y V F S T I G A T I O N  OF DYNAMIC F A I L U R E  BY HIGH-SPFED PHOTOGRAPHY ( DEFORMATION D R I L L I N G  I M P A C T  P H O T O E L A S T I C  1 

M I Y N  U N I V  F I F T H  SYYP ON ROCK MECHANICST 1-32 ,  MAY 1 9 6 2 .  I M P A C T  TESTS WERE MADE ON THE EDGE OF X 8 X 1 / 2  I N C H  
P L F X I G L 4 S  AND GLASS P L A T E S  W I T H  A 90 DEGREE C H I S E L  EDGF ASSEMBLY WEIGHING 8 . 5  LBS. DROPPFD FROM A T k O  F O @ T  H E I G H T  

CAN SE H E L D  FOQ CONSIDERABLE PERIODS. A METHOD OF MEASURING STRESS AROUNn A M I N E  O P E N I N G  WAS SUGGESTED C O N S I S T I N G  OF 

TANOANANOt S .  + HARTMAY, H. L. E PENN STATE U N I V  

( I M P A C T  V F L D C I T Y  11 F T  PER SEC) .  PHOTOELASTIC A N A L Y S I S  WAS MADE BY T A K I N G  P I C T U R E S  AT 6.5 M I L L I O N T H S  OF A SECOND 
I Y T F R V A L S .  THE SEQUEYCF OF FRACTURE EVENTS I S  B E L I E V E D  TO BE AS FOLLOWS: A ZONE OF P L A S T I C  DEFORMATION I S  PRODUCED, 
THE Y4JOR V E R T I C A L  CRACK FORMS, MINOR CRACKS FORM ALONG SHEAR TRAJECTORIES,  R E D I S T R I B U T I O N  OF I M P U L S I V E  FORCE 
PQOP4GATFS Q A D I A L  FRACTURES, P9OCESS RESEMBLES S T A T I C  F A I L U R E  MORE THAN F A I L U R E  UNDER I M P U L S I V E  FORCFS O F  EXTREMELY 
SHORT D U R A T I O N  SUCH AS DETONATED E X P L O S I V F S .  T H I S  I N V E S T I G A T I O N  HAS SHED SOME L I G H T  ON THE FRACTURE OF B R I T T L E  
Y 4 T F R I A L S  WHICH MAY HAVE A P P L I C A T I n N  I N  ROCK P F N E T R A T I O N  AND D R I L L I N G  PROCESSES. 
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lz~z=Q~QQZ DY N A M I C  RnCK P E N F T R A T I O N  T E S T S  AT ATMOSPHERIC PRESSURE ( CRATER I M P A C T  P E N E T R A T I O N  ENERGY 1 

M I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 61-91, MAY 1 9 6 2 .  PENETRATORS O F  V A R I O U S  WEIGHTS H A V E  BEEN I M P E L L E D  AT 
V E L O C I T I F S  OF U P  T O  2 0 0 0  F T  PER SEC I N T O  CEMENT AND MARBLE. THE CRATER DEPTHS AND VOLUMES I N  EACH TARGET M A T E R I A L  WERE 

L I N F A R L Y  R F L A T F D  TO THE I N I T I A L L Y  A V A I L A B L E  ENERGY, WHEREAS THE VOLUME OF ROCK DFSTROYED WAS GREATER T H A N  L I N E A R L Y  
PROPORTIPNAL T O  T H F  ENERGY. THE P R O P O R T I O N A L I T Y  BETWEEN P E N E T R A T I O N  AND ENERGY APPEARS T O  BE D F T E R C I N F D  BY THE ROCK 

VANZANT, B. W .  E S H E L L  DEV CO HOUSTON 

E S S E N T I A L L Y  THE SAME FOR CONSTANT I M P A C T  ENERGY? REGARDLESS OF B U L L E T  MASS OR V E L O C I T Y .  P E N E T R A T I O N  WAS L E S S  THAN 

ALONF. THESE RESULTS MAY D I F F E R  FROM DYNAMIC T E S T S  W I T H  TARGETS UNDER PRFSSURE-  

1 7 - 6 7 - E Q Q l  E S T I M A T I N G  D R I L L A B I L I T Y  I N  THE LABORATORY ( B I T - M A T E R I A L - L I F E  P E N E T R A T I O N  ROTARY-BITS M I C R O B I T  1 

M I N N  U N I V  F I F T H  SYMP CN ROCK MECHANICS, 939 MAY 1 9 6 2 .  P E N E T R A T I O N  AND WEAR DATA FROM A M I C R O B I T  MADE FROM A S I Z E  0 
FYERY WHEEL DRFSSER (1 1 / 4  I N C H  D I A M E T E R )  REVOLVED AT 5 5  RPM UNDER A 200 L B  LOAD ON A SAMPLE H A V E  BEEN USED T O  
S A T l S F A C T C l R I L Y  DETERMINE THE T Y P E  M A T E R I A L  FOR 4 1 / 4  TO 1 2  1 /4  I N C H  D I A M E T E R  ROTARY B I T S  AND T H E  P R E D I C T E D  L I F E  AND 

ROLLOW, A. G. E HUGHES TOOL CO HOUSTON TEX 

PFNETRATION.  ROTH BORE HOLE AND BLAST-HOLE P E N F T R A T I O N  P R E D I C T I O N S  CAW BE MADE. 

12=62=Q5QQA MFCHANICAL P R O P E R T I F S  AND D R I L L A B I L I T Y  OF ROCKS ( HARDNESS P L A S T I C I T Y  A B R A S I V I T Y  PNEUMATIC ROTARY 
PROTODY AKONOV-STRENGTH-COEFFIC I E N T  1 
PROTODYAKANOVT M. M. E USSR M I N I N G  I N S T  MOSCOW 

Y I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 103-118, MAY 1 9 6 2 .  I N  ORDER TO C H A R A C T E R I Z E  T H E  MECHANICAL PROPERTIES OF 
QPCKS I Y  D R I L L I N G  T H E I R  HARDNESS, P L A S T I C I T Y  AND A B R A S I V I T Y  ARE E S S E N T I A L .  F O R  P E R C U S S I V E  D R I L L I N G ,  HARDNESS AND 
D L A S T I C I T Y  ARF R E L E V A N T ?  FOR ROTARY D R I L L I N G  HARDNESS AND A B R A S I V I T Y  MATTER THE MOST. D E T E R M I N I N G  THE PROTODYAKONOV 
QOCK STRENGTH C f l E F F I C I F N T  AND T H E  ROCK HARDNESS AND A B R A S I V I T Y  B Y  THE PTA T E C H N I Q U E  ARE D E S C R I B E D -  C R I T I C A L  IMPACT AND 
A X I A L  FORCES F X I S T  FOR D I F F E R E N T  TYPES O F  D R I L L I N G  AT WHICH D R I L L I N G  SPEED I N C R E A S E S  SHARPLY. AN E M P I R I C A L  FORMULA I S  
G l V F N  F f l Q  D E T E R M I N I N G  O P T I M A L  D R I L L I N G .  T H I S  DEPENDS ON THE PROTODYAKONOV ROCK STRENGTH C O E F F I C I E N T T  T H E  HOLE DIAMETER 
4ND THE PNEUMATIC D R I L L  C A P A C I T Y .  I F  ACTUAL D R I L L I N G  I S  NOT I N  THE RANGE G I V E N  BY THE E M P I R I C A L  FORMULA CHECK FOR 
49N0RMAL O P E R A T I N G  C C N D I T I O N S .  I T  IS  PROPOSED T H A T  A ROCK D R I L L A B I L I T Y  C L A S S I F I C A T I O N  BE C O M P I L E D  FROM PE9FORMANCE OF 
A GRADUATFC PNEUMATIC Q R I L L  OPERATING I N  STANDARD C O N D I T I O N S .  

12=h2=05005 D R I L L I N G  STRESSES ON DRY B I T  C U T T I N G  EDGES ( D I A M O N D - B I T  D R A G - B I T  ROLLFR-CONE-BIT ROTARY-PERCUSSION-BIT  
CUTTING-EDGE-STRESS 1 
4PPEL, F. C. + ROWLEY, D. S .  E KANSAS STATE U MANHATTAN KANSAS 

MTNN l lh lTV F I F T H  SYMP ON RflCK MECHANICS,  1 1 9 - 1 3 6 1  MAY 1 9 6 2 .  ROTARY-PERCUSSION, DIAMOND AND ROLLER CCNE B I T S  HAVE 
SUPPLAWTFD DRAG B I T S  I N  M I N I N G  BUT I N  O I L W E L L S  DRAG B I T S  S T I L L  ARE USED WHERE P O L L E R  CONES OR DIAMOND D R I L L S  ARE NOT 

4T T H F  RLADE C U T T I N G  FDGE RANGED UP TO 3 2 O T 0 O 0  P S I  FOR AN EXTREME DRAG B I T  D R I L L I N G  S I T U A T I O N  I N  A HARD FORMATION. 
9 E S U L T S  SHOWFD STRESSES APPROACHING S I N T E Q E D  TUNGSTEN C A R B I D E  STRENGTH WERE P O S S I B L E  I N  HARD FORMATIONS W I T H  S L I G H T L Y  

YrlRE IYP ' lQTANT FCR LclW D R I L L I N G  RATE AND HARDER FORMATIONS. 

Y ~ P E  F r n N f l M I C A L .  DRAG P I T  D R I L L I N G  STRESSES HAVE BEEN DETERMINED A N A L Y T I C A L L Y .  CALCULATED MAXIMUM OR1 L L I N G  STRESSES 

9rlUNI)FD R L 4 V E  F@GF. LOWFST D R I L L I N G  STRESSES WERE W I T H  THE SHARPEST L E A D I N G  EDGES. SHARPNESS E F F E C T  WAS FOUND TO BE 

17-67-Q5QQ6 FNFRGY R < I Z E  D I S T R I B U T I O N  ASPECTS OF S I N G L E  P A R T I C L E  CRUSHING ( FLAWS 1 
RFQGSTQOM, R .  H e  E ALLIS-CHALMERS MFG CO 

Y I N N  U N I V  F I F T H  SYCP O h  POCK MECHANICS, 1 5 5 - 1 7 2 9  MAY 1 9 6 2 .  WHEN A S I N G L E  CRUSHING EVENT I S  CONSIDERED THE 
T I R C U Y S T A V T F S  Y C C F S S A R I L Y  APPROXIMATE THOSE OF S I N G L E  P A R T I C L E  CRUSHING. C O R R E L A T I O N  OF COMMERCIAL DATA Y I E L D  

T 9 U S Y I Y G  MUST 9E UNnFRSTOOD. F R A C T U R I N G  OF S P H E R I C A L  OR ROUNDED SPECIMENS DEPENDS ON T H F  AVERAGE S P A C I N G  OF A C T I V A T E D  
E0C-E FL4WS. 

1 2 " k E Q Q l  F L  FCTR I C P L  D I S I N T E G R A T I N G  DR I L L I N G  ( CURRENT-DENS1 TY EL ECTRIC-ARC THERMAL-STRESS 1 

S A T 1  SFArTORY F D U A T I O N S  FOR D E S I G N  PURPOSES BUT TO DEVELOP A COMPLETELY U N I F I E D  CRUSHING THEORY? S I N G L E  P A R T I C L E  

S4QAPU11, F. E ELECTROFRAC CORP KC MO 
YTNN U N I V  F I F T H  SYYP D'd F f lCK MECHANICS, 1 7 3 - 1 8 3 1  MAY 1 9 6 2 .  E L E C T R I C  POWER HAS BEEN RECOMMENDEC AND USFD I N  SFVERAL 
F ' l R Y S  '1F n Q I L L I N G  QFFORE T H I S  NEW APPRrlACH I N  d H I C H  A H I G H  CURRENT D E N S I T Y  GENERATES STRONG E L E C T R I C  STRESS 
CClYCFVT?ATIQN AT T H F  FOGFS AND P O I N T S  OF THE E L E C T R I C  D R I L L  B I T .  THE H I G H  TEMPERATURE CREATED BY E L E C T R I C  CURRENT FLOW 
c O M R I N F 3  W I T H  r H F M  I C C L  n F C O M P O S I T I O N  AND P H Y S I C A L  FRACTURING OF M I N E R A L  AGGREGATES D I S I N T E G R A T E S  TI'E ROCK UNDER THE 
U S I L L  R I T .  THCQMAL STR'SSES ARE INCREASED BY T H F  C O O L I N G  E F F E C T  O F  THE D R I L L  C O O L I N G  A I R .  TEST RESULTS SHOW THAT 
P E M E T R b T I O Y  Q A T E S  A Q F  GRFATLY INCREASED BY THE PROPER A P P L I C A T I O N  OF E L E C T R I C I T Y  TO A D R I L L  B I T .  

L 7 - 6 7 - 0 5 Q Q B  THF SCCONDARY B R E A K I N G  EFFECT OF HIGH-FREQUENCY E L E C T R I C  ENERGY A P P L I F I !  TO ROCK FRAGYENTS I CONDENSERS 
FD ATTURING S H I  F L D I N G  1 
Y(1UYGt F. q. E MONTANA SCHOOL OF M I N E S  

Y I N N  U N I V  F I F T H  SYMP ON Q n C K  MECHANICS, 1 8 5 - 2 0 4 ,  MAY 1 9 6 2 .  MECHANICAL FRACTURING Cc D I E L E C T R I C  ROCK Y A T E R I A L  
D A R T I C U L A Q L Y  LIW-GPAVE D I S S E M I N A T E D  COPPER ORE AND ASSOCIATED WASTE M A T E R I A L S  CAN P E  ACCOMPLISHED B Y  U S I N G  H I G H  
FRFQiJEUCY FLFCTRLC FNEPGY. I T  WAS FOUND THAT FREQUENCIES BETWEEN 2 5 0  KC PER S AND 27 MC PED S CAUSED MECHANICAL 
C b I L U 4 F .  U T I L I Z A T I (  Y CF PULSE POWFR FRGM CAPACITOR BANKS WAS UNSUCCFSSFUL. T I M F  FOR SWITCH-OVER FROM H I G Y  FRFQUENCY 

45LC T f l  D R I V E  CURRENT THROUGH T H E  ROCK. S H I E L D I N G  METHODS AND SAFE WORKING PROCEDUQES W I L L  HAVF TO RF FOQMULATED WHEN 
A WOQKING U N I T  I S  U T I L I Z E D .  

1 2 - 6 7 - 0 5 Q Q 9  F F A S I e I L I T Y  DF MODEL S T U D I E S  I N  B L A S T I N G  RESEARCH ( CPATEQ-SLASTING-CAPS CHARGE 1 

V I N N  U N I V  F I F T H  SYPP ClN PnCK MECHANICS, 263-2719 MAY 1 9 6 2 .  LABORATORY C R A T E R I N G  EXPERIMENTS W I T H  A NO. 6 CAP HAVE 
q F E h l  C'lYPAQFn W I T H  F I E L D  RESULTS U T I L I Z I N G  CHAQGES W E I G H I N G  FROM ONE TO 3 2  L'3S. HIGH-SPEED M O V I E S  HAVF PFEN USEFUL I N  
n F M O N S T Q A T I Y G  THE S I M I L A R I T Y  @F THE F s A C T U R I N G  AND FRAGMENT MOTION I N  LARGE AND SMALL SCALE B L A S T I N G .  

~~~~~Q F X P L O S I V F  PEPFFRMANCE AS RELATED TO S L A S T I N G  ( C O U P L I N G  D E V S I T Y - E X P L O S I V E  D E T O N A T I O N - V E L O C I T Y  I M P U L S F  

PULSE P?WFR WAS S U F F I C I F N T L Y  LONG S O  THAT THF R E S I S T A N C E  OF THE ROCK ROSE T O  A L E V E L  THAT T H E  VOLTAGF A V A I L 4 R L F  W A S  NOT 

JOHNSON? J.  R .  E U.S. BUR M I N E S  

THRUST 1 
SADWIYT La 0. + OKUBO? S .  + KENNEOY? J. E. E ARMOUR FOUNDATION I L L  TECH 

Y I N Y  U N I V  F I F T H  SYMP GN P9CK MECHANICS, 3 0 7 - 3 1 2 7  MAY 1 9 6 2 .  PERFORMANCE PARAMETFRS APE G I V E N  FOR DRFSSURF AND 

ANP T I V F .  A C I R C U M F E R F N T I A L  A I R  GAP BFTWEFN E X P L O S I V E  AND BORE HOLF KNOWN AS PO@R C O U P L I N G  WILL CONSIDERABLY REDUCE 
5 T R h I ' U  I V  TFRMS OF D I S T A N C E  FROM THF FXPLCJSIVE CHARGE, E X P L O S I V E  CHARGE WEIGHT AND I N I T I A L  D E N S I T Y ,  D F T f N A T I O N  V F C g C I T Y  

THF F F F I C I F N C Y  O F  T H F  STPFSS TRANSMISSION.  UPWARDS OF 5 0  PERCENT OF THE E X P L O S I V F  ENERGY I S  E X P F Y n F D  I N  THRUST WHILE 
r w y  1 5  P F Q C F Y T  I S  I'\I THE FORM OF SHWK OR STRAIN ENERGY. FURTHER INVESTIGATIONS A R E  W A R R A N T E D  TO U N O F R S T ~ N D  THE 
IYFLUC'dCE f'c I M P U L S E  AND THRUST ENERGY IN ROCK RREAKAGF. 

,l2-h1=Q5Q11 FFFCCT OF DECOUPLING ON EXPLOSIOY-GENERATED S T R A I N  PULSES I N  ROCK I C O U P L I N G  DYNAMIC-FPILUR E 1 

'4lNPu U'IIIV F I F T H  SYMP CN RDCK MECHANICS? 3 1 3 - 3 2 9 ,  MAY 1 9 6 2 .  SMALL C Y L I N n R I C A L  H I G H - V E L O C I T Y  G E L I T I N  DYNAMITE 
CHARGFS OF SFVERAL DIAMETERS WERE DETONATED I N  V A R I O U S L Y  S I Z E D  HOLES I N  G R A N I T E  ROCK AND THE R E S U L T I N G  S T R A I N  PULSES 
W C R F  RFCnRDFD AT D I S T A N C F S  RANGING F?flM 5 TO 100 FEET. THE A M P L I T U D E  4ND P F R I n D  OF THE STRAIW PULSES WERE S T U D I E D  A S  
F U N C T I O V q  OF T H E  D E C f l U P L I N G  WHICH I S  THE HOLE TO CHARGE D I A M E T F P  R A T I O .  ROCK S T R A I N  PULSE A M P L I T U D E  AND P E R I O D  
DFCRFArF AS DFCf lUPLING INCREASES.  DYNAMIC F A I L U R E  STRENGTH I S  SEVERAL T I M E S  THE LABORATORY S T A T I C  F A I L U R E  STRFNGTH. A 
SAT1 SFACT'JPY F X P L A N A T I C N  OF THE EXPERIMENTAL R E S U L T S  I S  D E R I V E 3  FROM S I M P L E  T H E O R E T I C A L  CONSIDERATIONS.  

ATCHISON, T.  C. + DUVALL, W .  I. h U.S. BUR M I N E S  WASH D.C. 
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l?-h7-05Q12 EFFECT OF C H A R A C T E R I S T I C  IMPEDANCE ON EXPLOSION-GENERATED S T R A I N  PULSES I N  ROCK ( ACOUSTIC SHOCK j 
NICHOLS,  H. Re + DUVALLV W -  I .  & U.S. BUR M I N E S  WASH D.C. 

THE E F F E C T  OF T H E  R A T I O  OF C H A R A C T E R I S T I C  IMPEDANCE ON M I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS? 331-3467 MAY 1962. 
EXPLOSION-GENERATED S T R A I N  AMPLITUDES AND S T R A I N  E N E R G I E S  HAS BEEN I N V E S T I G A T E D  T H E O R E T I C A L L Y  AND E X P E R I M E N T A L L Y -  
4LTYOUGH THE THEORY POSTULATED I S  FOR PLANE WAVES, OBSERVED DATA AGREE W I T H  P R E D I C T I O N S  BASED ON SHOCK WAVE THEORY. 
T H E  E F F E C T  OF C H A R A C T E R I S T I C  IMPEDANCE WAS SHOWN TO B E  MUCH GREATER THAN A C O U S T I C  THEORY P R E D I C T I O N S *  T H E  M E D I U M  
STRESS CAN BE EXPRESSFD I N  TERMS OF SOME CONSTANT, THE R A T I O  OF C H A R A C T E R I S T I C  IMPEDANCE OF E X P L O S I V E  T O  ROCK AND T H E  
D E T O N A T I O N  PRESSURE. T A B L E S  FOR PROPERTIES AND CONSTANTS O F  H I G H  V E L O C I T Y  G E L A T I N ,  S E M I - G E L A T I N 1  T N T  AND AMMONIUM 
D Y N A M I T E  ARE G I V E N .  

12-67-02913 S Y N T H F S I S  OF SHOCK HUGONIOTS FOR ROCK M A T E R I A L  ( COMPRESSION D E N S I T Y  PRESSURE P R O P A G A T I C N  SHOCK 1 

M I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 347-3667 MAY 1962. THE HUGONIOT E Q U A T I O N  I S  A U N I Q U E  R E L A T I C N S H I P  @€TWEEN 
PRESSURE 4ND D E N S I T Y  FOR ANY G I V E N  MEDIUM. I T  REPRESENTS THE LOCUS OF THOSE THERMODYNAMIC STATES WHICH MAY BE A T T A I N E D  
I N  T H E  MEDIUM @Y MEANS OF SHOCK WAVES? S T A R T I N G  W I T H  THE MEDIUM I N  SOME I N I T I A L  STATE. METHODS WERE PRESENTED FOR 
O B T A I N I N G  E S T 1  MATES OF THE HUGONIOT E Q U A T I O N  OF S T A T E  OF GEOLOGIC M A T E R I A L S .  FOR NONPOROUS MULTICOMPONENT S O L I D S ,  THE 
ASSUMPTI@N I S  MADE THAT THE SHOCK PRESSURE I N  THE S O L I D  I S  E Q U A L  TO THE SUM OF T H E  P A R T I A L  SHOCK PRESSURES O F  T H E  
S O L I D S  CONSTITUENTS.  I N  MANY I N S T A N C E S  GOOD A P P R O X I M A T I O N S  ARE OBTAINED.  FOR POROUS MULTICOMPONENT S O L I D S ,  HUGONIOT 
S Y N T H E S I S  WAS PEQFORMED BY THE METHOD OF LYAKHOV I N  WHICH A SUMMATION OF COMPRESSIONS I S  PERFORMED. D E S P I T E  THE 
CRUDFNESS OF T H E  YETHODS, USEFUL RESULTS ARE O B T A I N E D  FOR STUDY P F  THE PROBLEM OF SHOCK WAVES PROPAGATING FROM B U R I E D  
EXPLOSIONS.  

1252=Q2Ql4 CUPRENT S T A T E  OF KNOWLEDGE ON ANGLE D R I L L I N G  I N  SURFACE OPERATIONS ( BENCP-HEIGHT BURDEN POWDER-FACTOR 

M I N N  U N I V  F I F T H  SYMP 3 N  ROCK MECHANIZS, 367-3751 MAY 1962. ANGLE D R I L L I N G  U P  TO 45 DEGREE I N C L I N A T I O N  WILL PRODUCE 
COST S A V I N G S  O F  ONE PERCENT FOR EACH I N C L I N A T I O N .  W I T H  ANGLE D R I L L I N G  BENCH H E I G H T S  CAN BE INCREASED,  THERE Is GREATER 
SAFETY, P!JWDER FACTOR I S  IMPROVED AND BETTER FRAGMENTATION I S  OBTAINED.  I N  B L A S T I N G  I N  V E R T I C A L  BORE HOLES A GREAT 

C H A B A I ,  A. J .  & S A N D I A  CORP 

KOCHANOWSKY, Be J .  & PENN STATE U N I V  

AMOUNT OF F x P L n s w E s  ENERGY GOES UNDERNEATH THE QUARRY LEVEL CAUSING THE LOSS OF EXPLOSIVE ENERGY. IT A L S O  BREAKS COAL 
I N  COAL S T R I P P I N G  OR FRACTURES ROCK I N  QUARRIES SO THAT I T  I S  LATER D I F F I C U L T  TO D R I L L .  

12&2QzQ15 THE MOOSE M O U N T A I N  D R I L L I N G  AND B L A S T I N G  PROGRAM ( BLAST-HOLES D R I L L - B I T S  E X P L O S I V E S  1 

M I N N  U N I V  F I F T H  SYMP O N  ROCK MECHANICS, 377-383, MAY 1962. T H I S  I R O N  ORE W I T H  A BOND WORK I N D E X  OF 25 I S  ONE OF 
WFRER, K. J. & MOOSE MTN M I N E  

THE H4RDEST ORES B E I N G  MINED.  9 7/8 I N C H  ROTARY TUNGSTFN C A R B I D E  B I T S  AVERAGED 5/8 F E F T  AND COST 1550 DOLLARS EACH. 
F I V E  TYPES OF D R I L L S ,  F I V E  S I Z E S  OF B I T S  AND F I V E  D I F F E R E N T  MAKES OF ROTARY B I T S  HAVE BEEN TESTED. ECONOMICS COULD NOT 
BF E F F E C T E D  o r  INCREASING BIT LIFE so THE APPROACH W A S  TO INCREASE YIELD P E R  HOLE. CRATER T E S T S  WEQE M A D E  AND 
L I V I N G S T O N ' S  THFORY A P P L I E D .  T H I S  INCREASED THE B L A S T  PATTERN TO 19 X 23 F E E T  AND THE Y I E L D  FROM 296 T O  437 C U B I C  
YARDS. CONVENTIONAL E X P L O S I V E S  AND B L A S T I N G  AGENTS WERE USED U N T I L  THE AMMONIUM N I T R A T E  PRODUCTS BECAME POPULAR. 
RFVIEW S T U D I E S  LED TO I N C R E A S E D  PATTERN SPACING AND A GREATER V E L O C I T Y  AND D E N S I T Y  SLURRY. NEW E X P L O S I V E S  ARE 
I N I T I A T I N G  ANPTHEP S F R I E S  OF TESTS. 

12r421Q5414 UNDERGROUND B L A S T I N G  I N  SMALL HOLES W I T H  AMMONIUM N I T R A T E  ( CHARGING COST E X P L O S I V E S  FUMES ) 

Y I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 385-3919 MAY 1962. T H E  PNEUMATIC LOADER D E V I S E D  B Y  OPEN P I T  OPERATORS FOR 
L q A D I N G  H O R I Z E N T A L  TOF HOLES WAS SOON ADAPTED FOR UNDERGROUND USE. I F  T H E  AMMONIUM Y I T R A T E  AVD F U E L  O I L  ARE PROPERLY 
Y I X E D  AND DETONATED, THE FUME C H A R A C T E R I S T I C S  ARE AS GOOD OR BETTER T Y A N  COMPARABLE STRENGTH D Y N A M I T E .  THREE CHARGING 
MECHAYISMS ARE DESCRIBED A N 0  THE D R I L L  HOLE LAYOUT AND B L A S T I N G  SEQUENCE G I V E N .  I T  I S  E S T I M A T E D  T H A T  8 CENTS OF THE 18 
CENTS D Y N A M I T E  COST PFR TON OF ORE M I N E D  WILL B E  SAVED WHEN CONVERSION TO AN-FO I S  COMPLETE. lr480r000 POUNDS OF 
D Y N A Y I T F  WERE CONSUMFO I N  1961. 

12-62=Q,5911 DEVELOPYENT AND A P P L I C A T I O N  OF AMMONIUM N I T R A T E  - F U E L  O I L  B L A S T I N G  AGFNTS TO UNDERGROUNO M I N I N G  ( 

CAMPBELL, W. C. & HOMESTAKE M I N I N G  CO 

CHARGING FUYES COST E X P L O S I V E S  S T A T I C - E L F C T R I C I T Y  1 
COOLEY, C .  Me & SPSNCER CHEMICAL CO 

Y I N N  U Y I V  F I F T H  SYMP ON ROCK MECHANICS, 393-3981 MAY 1962. AN-FO SHOULD BE MECHANICALLY M I X E D  TO ASSURE A U N I F O R Y  
4YD ACCURATE MIXTURE.  GUARD A G A I N S T  S T A T I C  E L E C T R I C I T Y  DISCHARGES E S P E C I A L L Y  I T E M S  OF S I Z A B L E  C A P A C I T A Y C E  L I K E  THE 
HUMAN BODY. A L L  F X P L D S I V E S  HAVE T O X I C  FUMES AND CARF SHOULD RE EXERCISED.  SPENCER C H E Y I C P L  CO HAS BEEN I N V O L V E D  I h l  
A N - F I  DEVELOPMENT AND T H E I R  A D V I C E  CAN BE O B T A I N E D  ON EQUIPMENT,  METHOOS AND TECHNIQUES.  P R I M E R S  SHOULD BE 60 PERCENT 
@ Y N A Y I T E .  D'lN'T J E O P A Q D I Z E  THE AN-FO E F F E C T I V E N E S S  BY POOR P R I M I N G .  

~Zz&Z=!EOlB QFCENT DFVELOPMENTS OF SLURRY E X P L O S I V E S  UNDERGROUND I S L A S T I N G  DBA L O A D I N G  1 
B A I L E Y ,  D. T. + CLAY7 R. B. + COOK, M. A. E. PACK, D. H- + YRECKENRIDGE, R. N. + G R E I G L E Y ,  J .  Ha 
C I N T E R Y O U N T A I N  RES AND ENGR CC! 

M I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 399-4057 MAY 1962. DENSE B L A S T I N G  AGENTS DBA-3 PRESENTED PROBLEMS I N  
P N E U M Q T I C A L L Y  PUMPING I N T O  BOREHOLES. TO A L L F V I A T E  THESE PROBLEMS A NEW C A R T R I D G E  T Y P E  SLURRY D B A - 1 2  H A S  9 E E N  PRODUCED 
I N  CC'YVENTIOMAL S T I C K  D Y N A M I T E  S I Z E  H A V I N G  THE D E S I R A B L E  P H Y S I C A L  C H A R A C T F R I S T I C S  OF D Y N A M I T F  AND I S  LOADED AND TAMPED 
I N T c )  THF SOREHOLES I N  T H E  NORMAL MANNEQ. ANnTHER SLURRY DBA-6 HAS BEEN USFD UNDERGROUND FOR SECONDARY B L A S T I N G .  I T  
DEVELOPS S U F F I C I E N T  R R I S A N C E  TO BREAK MOST TYPES OF BOULDFRS WITHOUT D R I L L I N G  OR MUD PACKING.  

DEfONATIClN OF AMMONIUM N I T R A T E  I N  SMALL 
P R I L L S  WATER 

DRILL HOLES ( AMMONIUM-NITRATE DIATOMACEOUS-EARTH FUEL-OIL GELEX 

YAUREP, W. C. + RINEHART,  J .  S. & COLO SCHOOL OF M I N E S  GQLDEN CC'LO 
M I N N  U N I V  F I F T H  SYMPflSIIlFn ON ROCK MECHANICS, 407-4189 MAY 1962. BY U S I Y G  SMALL POROUS P R I L L S ,  H I G H  DETONATION 
V E L O C I T I E S  CAN BE O B T A I N E D  FRCM AN-FO MIXTURES I N  SMALL HOLES. ADEQUATE P R I M E R S  AND PREVENTIWG AN-FO M I X T U R E S  FROM 
APS'l9BIYG WATER MAKE VERY R E L I A B L E  AND E F F E C T I V E  E X P L O S I V E S  FOR USE I N  SMALL HOLES, B E I N G  S I M I L A R  I N  STREYGTH T O  5 0  OR 
60 PERCFNT DYNAMITE.  T E S T S  WSRF MADE AND F I G U R E S  DRAWN R E L A T I N G  THE D E T O N A T I O N  V E L O C I T Y  TO: PERCENT F U E L  O I L ,  PERCENT 
MOISTUQE AND PERCFNT DIATOMACEOUS EARTH. AMMONIUM N I T R A T E  P R I L L S  ARE COATEO W I T H  DIATOMACEOUS E A R T H  TO PREVENT C A K I N G  
4ND TO I N S U R F  A FREE-FLOWING PRODUCT. SEVERAL T Y P E S  OF COMMERCIAL AND P I L O T  P L A N T  AMMONIUM N I T R A T E  PRODLCTS WERE 
T E S T E 0  U S I N G  6 PEPCFNT F U E L  O I L  MIXTURES.  THE V E L O C I T I E S  OF T H E  D I F F E R E N T  PRODUCTS V A R I E D  FROM 147300 F T / S E C  FOR THE 
Y I C R O P R I L L S  TO F A I L U P E  F@R T H E  DENSE P R I L L S  PND GRAINS.  

l Z d Z = Q 5 Q 2 Q  SHFAP WAVE V F L O C I T Y  MEASUREMENTS D F  SEDIMENTARY ROCK SAMPLES UNDER COMPRESSION ( E L A S T I C - C O N S T A N T  
SFDIMFNTAPY-POCK SHEAR-VELOCITY 1 
GREGORY, 4. R .  E GULF RES AND DEV CO P I T T S B U R G H  

Y I N N  U N I V  F I F T H  SYMP Oh! ROCK MFCHANICS, 439-4717 MAY 1962. EX4MPLES ARE G I V E N  I N D I C A T I N G  T H E  Q U Q L I T Y  O F  SHEAR 
(S-WAVE) V E L O C I T Y  DATA T n  BE EXPECTED FROM C F R T A I N  ULTRASONIC PULSE TECHNIQUES WHEN 4 P P L I E D  TC! SAMPLES OF SEDIMENTARY 
RnCKS UNDER S P F C I F I E D  LABORPTORY C O N D I T I g N S .  THE R E L A T I O N S H I P  OF THE DYNAMIC AND S T A T I C  E L A S T I C  CONSTANTS OF DRY AND 

ALT? DISCUSTED.  
L I Q U I D - S A T U R A T E D  S E O I Y F N T 4 R Y  ROCKS WAS I N V E S T I G A T E D .  A B S O R P T I O N  LOSSES OF E L A S T I C  WAVES PROPAGATED I N  POROUS M F D I A  ARE 

125kGQ21 SnME D Y Y A Y I C  AND S T A T I C  P R O P E R T I F S  OF ROCK ( COMPRESSIVE-STRFNGTH DEFORMATION R I G I D I T Y  1 

M I N N  U N I V  F I F T H  SYMP P N  P7CK MECHANICS, 473-4917 MAY 1962. ROCK P R O P E R T I E S  OF MOST VALUE I N  A P P L Y I N G  E L A S T I C  
SUTHFQLAND? P .  P. & WITWATERSRAND U N I V  SOUTH A F R I C A  

TYEflRY ARF THF MODULUS O F  DEFORYATION, THE MODULUS OF R I G I D I T Y ,  P O I S S O N ' S  R A T I O  AND COMPRESSIVE STRENGTH. THESE 
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EXPERIMENTS SHOW THAT T H E  MODULUS OF DEFORMATION AND MODULUS OF R I G I D I T Y  MAY BE DETERMINED E I T H E R  S C N I C A L L Y  OR 
S T A T I C A L L Y  RUT P O I S S O N ' S  R A T I O  A N 0  THE COMPRESSIVE STRENGTH SHOULD ONLY B F  DETERMINED S T A T I C A L L Y .  

ud2=QfiQ22 THE S E I S M I C  L O C A T I O N  OF ROCKBURSTS 
COOK, N. G. W. & WITWATFRSRAND U N I V  SOUTH A F R I C A  

Y I N N  U N I V  F I F T H  SYYP ON ROCK MECHANICS, 4 9 3 - 5 1 6 9  MAY 1962. I N  11,000 F T  D E E P  M I N E S  STRESS CONCENTRATIONS 
S U F F I C I E N T  TO CAUSE F A I L U R E  A R I S E  I N  T H E  ROCK SURROUNDING THE M I N I N G  EXCAVATION.  A D D I T I O N A L  KNOWLEDGE SEEMED NECESSARY 
TO E V A L U A T E  METHODS OF REOUCING THE HAZARDS OF ROCKBURSTS. I F  THE MODEL IS CORRECT, I T  IS NOT P O S S I B L E  TO STOP 
QOCKBURSTS. BUT I T  MAY BE P O S S I B L E  TO MAKE THEM OCCUR D U R I N G  B L A S T I N G  B Y  R E L A T I N G  THE F A C E  ADVANCE PER B L A S T  AND T H E  
I Y T F R V A L  BFTWEEN RLASTS TO THE C O N D I T I O N S  I N  THE STOPE. THERE APPEARS TO B E  N U  D I F F E R E N C E  I N  ENERGY OR L O C A T I O N  
BFTWEEN MAJOR F A I L U R E S  WHICH CAUSF DAMAGE TO THE STOPE AND THOSE WHICH DO NOT. I T  I S  SUGGESTED T H A T  T H E  ROCK 
COND I T I q N S  I Y M E D I A T E L Y  AROUND T H E  STOPE MAY DETERMINE DAMAGE CAUSED BY F A I L U R E .  

12-63-Q!lQU DYNAMIC I Y V E S T I G A T I O N  OF FOUNDATIOY ROCKS I N - S I T U  ( GROUTING YOUNGS-MODULUS SOUNDNESS STRESS 1 

MIYN UNIV FIFTH SYMP nv R O C K  MECHAYICS, 517-5137, M A Y  1 9 6 2 .  UNDERSTANDING T H E  RESPONSE OF ROCK TO A P P L I E D  STRESSES 
15 IMPORTANT.  THE I N S I T U  ROCK P R O P E R T I E S  ARE MORE IMPDRTANT THAN THOSE FROM S A M P L f S  BUT BY USE OF BOTH ROCK SOUNDNESS 
CAN BE DETERMINED.  ROCKS ARE C L A S S I F I E D  BY T H E I R  CRACK C O E F F I C I E N T  WHICH I S  T H E  R E L A T I O N S H I P  OF T H E  F I E L D  DETERMINED 
D Y N A Y I C  MODULUS AND THE LABORATORY DFTERMINED E L A S T I C  MODULUS. T H I S  C L A S S I F I C A T I O N  CAN BE USED TO JUDGE THE NEED FOR 
AND T H E  E F F I C I  EYCY OF C O N S O L I D A T I O N  GROUTING. 

ONODERA, T. F. & I N T  C H R I S T I A N  U N I V  TOKYO J A P A N  

xAkQjQ24  T H F  D E S I G N  OF UNDERGROUND I N S T A L L A T I O N S  T O  R E S I S T  GROUND SHOCK FROM NUCLEAR BLASTS ( STRESS STRUCTURES ) 

Y I N N  U N I V  F I F T H  SYMP ON ROCK MECHANICS, 5 3 5 - 5 6 2 7  MAY 1 9 6 2 .  METHODS OF COMPUTING MAXIMUM T E N S I L E  AND COMPRESSIVE 
STRFSSES ON UYDERGROUYP STRUCTURES FSOM A I R  OR GROUND ATOMIC B L A S T S  ARE G I V E N .  THERF W I L L  B E  AN I N D E F I N I T E  ROCK 
STRFNGTH INCREMENT Tfl  T H F  DYNAMIC LOAD. WHERE A S E R I E S  OF OPENINGS E X I S T  S I D E  B Y  S I D E  THE S T A B I L I T Y  OF THE P I L L A R S  
M I G H T  RE IMPORTANT. TNT TEST RESULTS SHOULD NOT R E  USED FOR E X T R A P O L A T I O N  DUE T O  R A D I C A L  STRESS PULSE D I F F E P E Y C E  TCI 

D F S I G N I N G  UNDFRGDOUND OPENINGS TO R E S I S T  DYNAMIC STRFSS SHOULD BE USFD FOR ACCESS AND S E R V I C E  OPENINGS. 

COATES, 0. F.  t ENGINEER OTTAWA 

A T f l Y I C  BLASTS.  ROCK B C L T I N G  IS THE B E S T  WAY TO STRENGTHEN AN UNDERGROUND STRUCTURE. ROCK MECHANICS ASPECTS OF 

U&2=BQz'j R R I T T L E  FPACTURE OF ROCKS AND CONCRETE UNDER T R I A X I A L  STRESS ( G R I F F I T H - C R A C K S  PORE-PRESSURE 1 
MURRELL, S. A. F. E. U N I V  S H E F F I E L D  ENGLAND 

M I N N  U N I V  F I F T H  SYPP @ Y  ROCK MECHANICS, 5 6 3 - 5 7 7 9  YAY 1 9 6 2 .  I N T E R N A L  STRESSES A S S O C I A T E D  W I T H  CRYSTAL I M P E R F E C T I O Y S  
? U I L T ,  UP D U R I Y G  DEFOPMATICN T O  L E V E L S  S U F F I C I E Y T  TO RUPTURE ATOMIC B@NDS AND FORM CRACKS. I N  C R Y S T A L L I N E  GEOLC!GIC 
Y4TFPIAL.S AND CONCRETE THERF WILL BE I N C R F A S I Y G  P L A S T I C  S T R A I N  BEFORF FRACTURE I F  THFRE I S  C O N F I N I N G  PRFSSURE. B R I T T L E  
ERACTURF C R I T F R I A  D E R I V E D  BY G R I F F I T H  HAVF RFEN FXTENDED TO T R I  A X I A L  STRESS C O N D I T I @ N S  AND HYDROSTATIC PRESSURE. BRD4D 
AGRE'MFNT F X I S T S  RETWEFN THE NFW C R I T F R I O N  AND F X P E R I M E N T A L  DATA FOQ ROCKS A N 0  CONCRETE. 

17-63-05Q28 EFFECT DF POP€ F L U I D S  ON T H E  D E F 3 R M A T I O N  B F H A V I O R  OF ROCK SUBJECT T O  T R I A X I A L  COMPRFSSICN ( 
CnNFINING-PRESSURE D U C T I L I T Y  STRFSS S T R A I N - R A T E  
BOOZFR, G .  D. + H I L L E R ,  K. H. + SERDENGECTI ,  S .  & CAL RES CORP L A  HABRA CAL 

YTNN U N I V  F I F T H  SYMP ON ROCK MECHANICS, 5 7 9 - 6 2 5 7  MAY 1 9 6 2 .  T R I A X I A L  COMPRESSION TESTS WERE MADE ON NAVAJO 
C4NDSTONF PND I N D I A N A  L I M E S T O N E  W I T H  O L E I C  ACICI, OLEYLAMINE,  D I S T I L L E D  WATER, N-HEXADECANE AND C A L C I U M  CARBONATE 
S@LIJTIOY W I T H  VARIOUS S T R A I N  P A T E S ?  C O N F I N I N G  PRFSSURES AND TEMPERITURES.  EFFECTS OF SURFACE-ACTIVE F L U I D S  CANNOT B E  

qYDRr)C,CU RONDING. E F F F C T S  OF SUQFACE-ACTIVE F L U I D S  C4NNOT BE E X P L A I N E D  '3Y ONE S I M P L E  THEORY, T H E  ONLY COMMON F A C T  I S  
THFY LOWFP THE F R F F  SURFACF ENERGY. LOWER S T R A I N  RATES, H I G H E R  TEMPERATURES AND C O N F I N I N G  PSESSURES AWD S A T U R A T I q N  
F L U I D S  I N C R F A S E  THF D U C T I L I T Y  O F  I N 0  L I M E S T O N E  AVD NAVAJO SANDSTONF. 

E X P L 4 I N F D  RY CNE S I M P L E  THEORY. AnSORPTION OF L I Q U I D S  ON C A L C I T E  SURFACE I S  BY I O N I C  BONDING W H I L E  FUR QUARTZ I T  I S  

1Z=hZ==QZI! RE S F Q V O I R  ROCK BEHAVIOR UNDER MODFS4TE C ' I N F I N I Y G  PRESSURE ( COMPRFSS I B I L I T Y  COKFIYING-PRESSURE LITHCLCIGY 
P E P M F A B I L I T Y  POROSITY 1 
KYUTSnW, D. F. + ROHOR, B. F a  E C O N T I N E N T A L  O I L  CO PONCA C I T Y  

Y T W  ~JNIV FIFTH S Y M P  c'v PCCK MECHANICS, 6 2 7 - 6 5 9 ,  M A Y  1 9 6 2 .  F I F T F E N  D I F F E R E N T  ROCKS WERE T E S T E D  I N  A 90YE O F V I C F  
FClR r 9 M P P F S S I S I L I T Y ,  P O R C S I T Y ,  P E R M E A B I L I T Y  AND PERCENT Q F T A I N E D  P E P M E A B I L I T Y  UNDER V A R I O U S  C O N F I N I N G  PRFSSURES. I T  
UQS SHCIW'J THAT FROM L I T H O L O G Y  THE P E R M E A B I L I T Y ,  P O R O S I T Y  AND C O M P R E S S I B I L I T Y  OF PESFRVOIR POCK C A N  SE F S T I Y A T E D .  D A T 4  
I S  EVAL114TED PY T H c  4MYXy BASS AND W H I T I N G  SCHEME. 

1 2 - 6 2 - 0 5 Q 2 1  LAPnRPTCIRY PFYONSTRATIONS OF THE F A I L U R E  OF M A T E R I A L S  UNDER UNIFORM LOADS ( J O I N T I N G  F O L D I N G  1 

4 I Y Y  U".IV F I F T H  SYMP ON R@CK MECHANICS, 6 6 1 - 6 7 6 7  YAY 1 9 6 2 .  FOUQ TYPES OF T E S T S  WERE MADE W I T H  THF O P J E C T I V E  OF 
Q'TTFP UYOERSTAYDING V4RI r3US ASPECTS O F  THE F O L D I N G  AND J O I N T I N G  OF SEDIMENTARY STRATA. BOUNDARY C O N D I T I O N S  AYD 
A Y I S n T P n P T F S  ARE OF PPIWPRY IMPORTANCF I N  F A I L U R E  PATTERN CONTROL AND CANNOT RE EXTRAPOLATED FROM STANDARD TESTS C Y  
37CK.  

12-64-04QQl S T Q F S S F S  AT TUNNEL I N T E R S E C T I O N S  ( MODFLS T F N S I O N  COMPRESSION P H O T O E L E C T R I C I T Y  1 

PROC. AMFPICAM S C r .  C I V I L  FIVGRS.1 (901 N EM29 1 6 7 - 1 7 9 7  APR. 1 9 6 4 .  AN F X P E R I M E N T A L  PROGRAM ON TPREF C3MMON TYPES OF 

T"UMP9 R. P. + PATNODE, H. W. & GULF RFS AND DEV C O  P I T T S B U R G H  

R I L E Y ,  W. F. & I I T  RES I N S T  CHICAGO I L L  

r Y L I V n R I C A L  TUbNEL I N T E Q S E C T I D Y S ,  TEF,  CROSS AYD R I G H T  ANGLE WFRE CONDUCT'D TO D E T F P M I N E  STRESS D I S T R I B U T I O N S .  
S T Q F S S F S  WFRE DETGQMTYFn U S I N G  MODFLS MACHINED FROM EPOXY R E S I N ,  LC'ADED W I T H  A I P  PRESSURE, STRESS FROZFN, S L I C F D  PND 
F X A M I N F n  I N  A n I F F U S F D  L I G H T  P ' ILAPISCOPF.  STUDY R E S U L T S  I N D I C A T E  THAT MAXIMUM T F N S I L E  STRESSES I N  THE R F G I O Y  O F  T H E  
I Y T F R S F C T I C Y S  APE FQUAL TCl CR S L I G H T L Y  L E S S  THAN THOSE I N  THE TUNNFL AWAY FPOM TYF I N T E R S E C T I O N .  MAXIMUM COMPRESSIVF 
STPCSSFS AT 1 N T E Q S F C T I " Y  CORNER ARE 60 PFRCENT GREATER THAN AWAY FROM I T .  W I T H I N  A D I S T A N C E  O F  ONE D I A  T H I S  H I G H  
STRESS Q F G I O N  PFCOYES WPPMAL. MAXIMIJM COMPRFSSIVF WALL STRFSS O P P O S I T E  THE COQNER QF T E F S  @R R I G H T  ANGLES I S  YOT 
STGNTFTCAMTLY IYFLUFNCFr)  P Y  THF I N T E R S F C T I O Y .  

=&ft=lQClQl A T T E Y U A T I P ~ l  vFQSUREMENTS '3V RgCKS I N  THE FREQUENCY RANGE 1 2  K C / S  T O  5 1  K C / S  AND I N  T H E  TEMPERAlURF PANGE 
1 0 0  DCGPFFS I( TO 1 1 5 0  DEGPEES K ( M A G N E T O S T R I C T I O N  A Y E L A S T I C - P R O P E R T I F S  V I B R A T I O N S  P U L S E  RESCNAVCF 
I V T  FRN 4L-FR T C T  Inhl RETARDAT I O N  1 
ATTFWFLL,  P .  R. + BPENTNFLL, n. c UNIV SHFFFIFLD FNGLAYD 

I J N I V  YO 4 T  Q f l l C A  PRnC " F  T H F  S I X T H  SYMP '3Y ROCK MECHANICS, 3 3 0 - 3 5 7 7  @CT 1 9 6 4 .  A GENERAL RESEARCH PROGRAM I S  UYDES 
UAY I IV  WHICH Tt-F P N F L A S T I C  PPOPFPTIES n F  SELFCTET, ROCKS ARE 'XAMINED OVER A RROAO FREQUENCY BAND QAhGIWG FROM A FE'd 
CYCLES PFR SFCCND TO S F V F R 4 L  PFGACYCLES PER SFCOND. A STUDY OF A T T E Y U A T I O N  W I T H  FREQUENCY AND TEMPFRATURF I S  R F A L L Y  A 
STUDY OF I Y T E R N A L  F R I C T I f N  AN@ I T  I S  H-leqF THAT ROCK TAKES I T S  R I G H T F U L  PLACE AS A M A T E R I A L  TO BE ASSESSFD ON THE SASTS 
'3F THF SAMF P H Y S I C A L  C R I T F S I A  AS HAVF REEY ALRFADY A P P L I E D  TO MFTALS 4 Y D  POLYMFPS. THE V T B R A T I O N A L  REYAVIOR OF S I X  

YFT4MnRPYIC,  A N n  TWQ I G N F P ' J S  ROCKS WF9E EX4MINFD.  U S I Y G  YAGYETOSTQ I C T I V F  METHODS THF SAMPLES WERE S T U D I F D  AT 

THE SPECIMEVS WERF CClMFIh;EO W I T H I P I  A NARROW H?RE E L E C T R I C  P F S I S T A N C F  FURNACE WHILE AT LOW TEMPERATURES COOLING P R 7 V I D F 7  
9Y L I Q U I D  NITPf lGFN.  QnOP TEMPFRATURE ATTFYUATIOY INCREASES L I N E A R L Y  V I T H  FREQUENCY BUT A PLOT @F A T T F N U A T I O Y  VS 

Y 4 T U R 4 L  POCK TYPES T H O S F > ,  CIF' THF S P S I  S OF P 4 R T I C U L A R  PETROLOGICAL C H b Q A C T E R I S T I C S  I S  DISCUSSED.  T H P F F  SFDIMENTARY,  O h l C  

C s E Q U F N C I E S  flF 12 ,  1 7 9  2 6  ah13 c 1  KC/S AT TFYPFRATURES R 4 N G I N G  FROM 100 TO ! 1 5 0  DEGRFES K. IN H I G H  TEYPFRATURF TFSTS,  

TEMPFRATUPC I V n I C A T c S  SFVCRCL WELL DFFTYED 4 T T c N U A T I O N  PEAKS. 



12rh4=1QQQZ I N - S I T U  PEASUREMENT OF THE E L A S T I C  PROPERTIES OF ROCK ( BOREHOLE COMPRESSIONAL-WAVE SHEAR-WAVE 
WELL-LOGGING MAGNETOSTRICTION PULSE AMPLITUDE TUBE-WAVE STONELY-WAVE 1 
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LAWRENCE, H. W. E SEISMOGRAPH S E R V I C E  CORP 
EXPERTS DO NOT AGREE AS T O  WHERE AND U N I V  MO A T  R O L L A  PROC OF THE S I X T H  SYMP ON ROCK MECHANICS, 381-3909 OCT 1964. 

WHFN D Y N A M I C A L L Y  AS nPPOSED TO S T A T I C A L L Y  DETERMINED E L A S T I C  CONSTANTS OF ROCKS SHOULD BE A P P L I E D .  
DETERMINED DYNAMIC CONSTANTS ARE IMPROVING I N  R E L I A B I L I T Y ,  THEY ARE S T I L L  SUBJECT TO I N A C C U R A C I E S .  R E C O G N I Z I N G  T H E  
SHOQTCOMINGS O F  LABORATORY RESULTS, T H E  PROBLEM BECOMES ONE OF B E T T E P I N G  THEM B Y  I N  S I T U  MEASUREMENTS. THE NEED AS 
SEEN BY T H E  B I N D W E L L  D I V I S I O N  OF SEISMOGRAPH S E R V I C E  CORP WAS FOR A METHOD OF GENERATING AND RECOROING COMPRESSIONAL 
AND SHFAR WAVES SIMULTANEOUSLY AND CONTINUOUSLY. TO DO T H I S  THE ACOUSTIC-TYPE WELL L O G G I N G  TOOL WAS USEE. T H I S  TOOL 
MEASURFS THF T R A N S M I S S I O N  T I M E  OF COMPRESSIONAL WAVES GENERATED BY S O N I C  I M P U L S E  I N  THE M E D I A  SURROUNDING A BOREHOLE. 
I T  WAS S I G N A L  A R R I V A L S  OTHER THAN T H E  COMPRESSIONAL WAVE BUT THERE WAS 
NO MEANS O F  RECORDING THEM AT THAT T I M E .  T H I S  PAPER D E S C R I B E S  LOGGING SYSTEMS USED TO RECORD T H E  COMPONENTS SEPARATELY 
BOTH W I T H  R E G 4 4 0  T O  T R A N S M I S S I O N  AMPLITUDE AND V E L O C I T Y .  THE C H A I N  OF EVENTS FROM I M P U L S E  E M I S S I O N  THROUGH V A R I O U S  
MODES OF FNEQGY A R R I V A L  AT T H E  R E C E I V E R  WERE P I C T U R E D  ON AN OSCILLOSCOPE.  BY M O D I F Y I N G  T H E  S I G N A L  TRACE OF EACH S I G N A L  
F M I S S I O N  TO A V A R I A B L E  D E N S I T Y  A M P L I T U D E  D I S P L A Y  A RECORD COULD BE MADE ON PHOTOGRAPHIC F I L M .  THE PAPER D I S C U S S E S  THE 
R E L A T I O N S H I P  WHICH E X I S T S  W I T H  RESPECT TO THE ROCK PROPERTIES AND USE OF COMPUTER A N A L Y S I S  I N  C A L C U L A T I N G  E L A S T I C  

W H I L E  LABORATORY 

E V I D E N T  EARLY I N  T H E  DEVELOPMENT THAT THERE WERE 

MODULI  W I T H  RESULTS T A B U L A T E D  OR SHOWN I N  ANALOG FORM. 

12-64-10QQ3 D F T E R M I N A T I O N  OF THE MODULUS OF R I G I D I T Y  OF ROCK BY E X P A N D I N G  A C Y L I N D R I C A L  PRESSURE C F L L  I N  A O R I L L H O L E  
( C A L I B R A T I O N  ELASTIC-THEORY HYDROSTATIC-PRESSURE L I M E S T O N E  ) 
PANCKv L. A. + HARNSEY, E. E. + L A P P I ,  R. L. E U.S. BUR M I N E S  COLLEGE PARK MD 

U N I V  MO AT ROLLA PROC OF THE S I X T H  SYMP ON ROCK MECHANIC, 427-449,  OCT 1 9 6 4 .  THE MODULUS OF R I G I D I T Y  OF ROCK CAN 
BE D E T E R M I N E D  BY A F A I R L Y  S I M P L E  PROCEDURE I N  WHICH A C Y L I N D R I C A L  PRESSURE C E L L  I S  F I R S T  C A L I B R A T E D  BY E X P A N D I N G  I T  
I N S I D E  TWO METAL TEST C Y L I N D E R S  AND T H E N  I N S I D E  A D R I L L H O L E  I N  ROCK. THE TWO TEST C Y L I N D E R S  H A D  D I F F E R E N T  E X P A N S I O N  
C H A R A C T F R I S T I C S  ( D I F F E R E N T  M A T E R I A L ,  AND/OR D I F F E R E N T  WALL T H I C K N E S S )  WHICH P E R M I T S  D E T E R M I N A T I O N  OF TWO C A L I B R A T I O N  
CONSTANTS. CHANGE OF D I A  OF THE PRESSURE CELL TS DETERMINED FROM THE VOLUME OF F L U I D  PUMP€@ I N T O  I T  AT PRESSURES UP T O  

THE O B J E C T I V E  WAS T O  DEVELOP A CONVENIENT APPARATUS AND TECHNIQUF FOR M A K I N G  R O U T I N E  F I E L D  D E T E R Y I N A T I O N  OF G I N  M I N E  

VOLUME-YETERING F L U I D  PUMP, AND TWO T E S T  CYLINDERS.  THE R E S U L T S  OF BOREHOLE TESTS ARE FURTHER COMPARED TO THOSE 
D E T E R M I Y F O  @Y USE O F  OTHER PETHODS TO SHOW THE CLOSE S I M I L I A R I T Y .  

12=45=1QQQft ROCK MECHANIC C O N S I D E R A T I  ON5 I N  D E S I G N  AND CONSTRUCTION ( GEOLOGIC-CONDITIONS I N - S I T U  RCCK-PELAXATI  ON 

10,000 P S I .  R F S U L T S  WERE INTERPRETED BY MEANS OF THE C L A S S I C A L  T H I C K - W A L L E D  C Y L I N D E R  E Q U A T I O N S  FOR AN E L A S T I C  BODY. 

AND TUNNCL ROCKS. THE E S S E N T I A L  APPARATUS C O N S I S T E D  OF A C Y L I N D R I C A L  PRESSURE C E L L ,  A BOURDON PRESSURE GAGE, A 

ROCK-STRESSES E L A S T I C - A N A L Y S I S  LOAD DEFORMATION-CREEP ARCH-ACTION G R A V I T Y - E F F E C T  ) 
LANG, T. A. E BECHTEL CORP SAN F R A N C I S C O  

U N I V  MO 4T ROLLA PROC OF THE S I X T H  SYMP ON ROCK MECHANICS, 561-6059 OCT 1964 .  THE A P P L I C A T I O N  OF UP-TO-DATE 
DEVELOPYENTS I N  ROCK MECHANICS AND I N  S I T U  T E S T I N G  TO CONSTRUCTION PROJECTS CONDUCTED I N  ROCK. D A T A  FRCM 32 REFEQENCES 
ARE U S E n  I N  C I U T L I N I N G  THE MEASUREMENT AND A N A L Y S I S  TECHNIQUES T H A T  CAN BE U T I L I Z E D  I N  P L A N N I N G  OR M C N I T O R I N G  THE 
C7NSTRI lCTION.  THE EMPHASIS I S  PLACED ON GENERAL C O N S I D E R A T I O N S  AND FUNDAMENTAL P R I N C I P L E S  RATHER TPAN D E T A I L E D  

r l B T A I Y E n  AS THE WORK PROCEEDS. I N V E S T I G A T I O N S  BEFORE S T A R T I N G  A JOB I N C L U D E  GEOLOGICAL C O N D I T I O N S  AT T F E  S I T E ,  
CAB0QATDRY AND I N  S I T U  T E S T I N G .  THE D E T E R M I N A T I ' I N  OF ROCK STRESSES I S  D I S C U S S E D  W I T H  RESPECT T O  V A R I A T I O N S  THPrJUGHOUT 
THE S I T F .  USE OF MODELS I N  D F T E R P I N I N G  THE BEST ARRANGFMENT AN0 O R I E N T A T I O N  OF THE WORKS I S  ADVOCATEg. E L A S T I C  
A N A L Y S I S  CAN B E  S I M P L I F I E D  BY ADOPTING ASSUMDTIONS THAT P E R M I T  REDUCING T R I A X I A L  A N A L Y S I S  T O  B I A X I A L  A N A L Y S I S ,  PUT T H I S  
MUST q E  R F V I E W E D  W I T H  THREE D I M E N S I O N A L  PERCEPTION.  LOAD AND T I M E  DEFORMATION CURVES I L L U S T R A T E  T H E  C O N S I D E R A T I O Y S  OF 
D E F 0 9 M A T I O N  C H A R A C T E R I S T I C S  BOTH S T A R L F  AND UNSTABLE.  A D E T A I L E D  TREATYENT I S  G I V E N  TO STRENGTH C R I T F Q I  A AND F R I C T I O N  

PQOCFDURES. HOWEVER, O U R I N G  CGQSTRUCTION CARE MUST B E  TAKEN TO RECORD AND U T I L I Z E  I N F O R M A T I O N  AND DATA THAT CAN RE 

AND SHE4R AT J n I N T S  D E S I G N  PUST COYSIDER C 3 N D I T I O N S  AROUND ROCK E X C A V A T I O N S  I N C L U D I N G  GEOLOGICAL FEATURES, ARCH 
A C T I O V t  G R A V I T Y  EFFECTS, P A G N I T U D E  OF O P E Y I N G  S I Z E ,  T R I A X I A L  C O N D I T I O N S  AND THE CONSTRUCTION SEQUENCE AND METHODS 
USED. OSSERVATIONS AND MEASUREMENTS ARE RECOMMENDED FOR M O N I T O R I N G  CONSTRUCTION AS I T  PROCEEDS. 

12=9-4=14QQZ T R I P X I A L  T E S T I N G  FOR STRFNGTH OF ROCK J O I N T S  ( ROCK-YASS I N - S I T U  F A U L T S  SHE&R T E N S I C Y  CCMPRESSION 
NO RAD-GRAN I T €  JP I NTEP-ROCK-MA S S YDHR' S-ENVELOP E 1 
L A N F ,  K .  S.  + HECK7 W .  J. E U.S. ARMY CORPS O F  ENGR 

Uh ' IV  Y C  RCCLA PROC ?F THF S I X T H  SYMP O V  9 0 C K  YECYANICS,  98-108,  OCT 1964 .  A REPOPT OF EARLY R E S U L T S  OF LABORATORY 

GFOLPGIC SFPARATION.  T F S T S  I N C L U D F  AN E V A L U 4 T I O N  OF G R A N I T E  FROM THE YORAD UNDERGROUND PR@JECT P L U S  YTS I M P R W E M E N T  BY 
3ON3 GR'3UTIYG WITW EPOXY. SKETCHFS SHOW O R I E N T A T I O N  OF SPECIMENS 4ND P R I N C I P L E S  OF T E S T  OPEQATI I3N.  RESULTS ARE 
SHOWY I Y  THE FPRY OF A STRESS-STRAIN CIJRVE AYD SHEAR STRENGTH - NORMAL STRESS CURVES. THE AUTHOR5 D I S C U S S  T H E  T E S T  
I h l F 0 9 Y A T I n N  AS I T  RELATES TO STRENGTHENING I lF  ROCK MASSES BY P R E S T R E S S I N G  W I T H  ROCK B O L T I N G  AND SUGGEST FURTHER AVENUES 
OF I N V F S T I G A T I O N  RY T P I A X I A L  TFSTING.  

13-65-01441 S T A T I C  ARD D Y N 4 M I C  F A I L U R E  OF Q f l C K  UNDER C H I S E L  LOADS ( C R A T E R I N G  ENFRGY I M P A C T  S T A T I C - L C A D I N G  1 

U Y I V .  '1F TEX,  SECflND CPNF. ON D R I L L I V G  E. RflCK YECHANICS,  N O *  SPE 10471 49-53,  JAN. 1965.  F A I L U R E  MFCHANISM UNDEP A 
' ) P I L L  R I T  I S  S T I L L  IMPROPERLY UNDERSTOCID. THE C R A T E R I N G  PROCESS UNDER S T A T I C  L O A D I N G  I S  REGARDED A S  S E I N G  S I M I L A R  TO 
TYAT FR7M DYYAMICALLY A P P L I F D  IMPACT. ALTHOUGH THE SEQUENCE OF EVENTS I N  THE TWO CASES APPEAR I D E N T I C A L  AT L F A S T  SOME 
n I S S I M I L A P I T I E S  E X I S T .  CRATER C H A R A C T E R I S T I C S ,  SUCH AS WIDTH TO DEPTH R A T I O  VARY TO SOME EXTENT.  FYERGY CONSUMED PER 
U Y I T  VOLUYF r)F P@CK I S  ALSO OBSERVED TO B E  UNEQUBL. THE ENERGY ASPECT MAY BE E X P L A I N E D  PY REGARDING ROCK AS A 

P L A S T I C  COMPONFNT SHCULr) PROVIDE BETTER S I M U L A T I O N .  GENERATION OF T E Y S I L E  FRACTURES BENEATH THE B I T  MAY ALSO C O N T R I B U T E  

COMPACTFD ROCK WEDGE B E I N G  FORMEC! BELOW THE P I T  DUE TO I N T E N S E  SHEAPING RATHEP THAN CRUSHING I S  SUGCESTEC. 

T Q I A X I A L  TESTS FqR D F T E R M I N I N G  THE SHEAR STREYGTH OF A ROCK J O I N T ,  B E D D I N G  PLANE OR F A U L T  AND T H E  P B T E R I A L  F I L L I N G  SUCH 

SINEH,  M. Y .  + JOHNSON, 4 .  M. E PFNY STATE U N I V  

V I S T ' 3 E L 4 S T I C  SUBSTANCE. E S T I M A T I 7 N S  B4SED OY MAXWELL AND K E L V I N - V O I G T  MODELS HAVE -BEEN MADE BUT BUPGER'S MODEL N I T H  4 

TDWARDS I U P U T  FNFRGY D I V F R S I T Y .  S9Mc EVENTS THAT OCCUR D U R I Y G  CRATER FORMATION ARE DISCUSSED.  P O S S I B I L I T Y  OF A 

17-65-QlQQZ 4Y F X P E R I Y F N T A L  STUDY OF S I N G L E  SIT-TOOTH P E N E T R A T I O N  I Y T 7  DRY R n C K  AT C O N F I N I N G  PRFSSURES 3 F  0 T 3  5,000 
P S I  [ S T A T I C - L O A D  CONFINEMFNT D U C T I L E  B R I T T L E  ) 
CHFATHAY, J. 9 . 7  JR.  + G N I Q K T  P. F. 

U Y I V .  'IF TFX,  SFCDN3 CPVF.  ON D R I L L I N G  AND ROCK MECHANICS, 7 7 - 9 2 ,  JAN. 1965 .  S I N G L E  B I T - T O O T H  P E Y E T R A T I O Y  

WFC'SF-SHAPED T C F T H  WITY I N C L U D E 0  ANGLFS RAYGIYG FROM 3 0  TO 120  DEG. T H F  FORCE--DISPLACEMENT CURVES F3R A L L  ROCKS 
E X H I S I T  AV I N C R E A S I N G L Y  N C N L I N E A R  4ND D I S C O N T I N U D U S  BEHAVIOR WITH DECREASIYG C O N F I N I N G  PRESSURE. CGNFIFUIVG PRESSURE A T  
' W I C Y  ROCK F X Y I e I T S  MACROSCOPIC T R 4 N S I T I O Y  FROY PREDQMINANTLY D U C T I L E  TO PREDOMINANTLY B R I T T L E  REHAVIOR D U R I N G  
D C N F T 9 A T I O N  V A R I E S  F P n M  ABOUT 5 0 0  TO 1 ~ 0 0 0  P S I  FOR THE L IMESTONES T O  GRE4TER THAN 59000  P S I  FOR T H E  D O L n M I T F .  
C n P R c L A T I O N  RETWEEN CALCIJLATED VALUES OF FORCE PER U N I T  P E N E T R A T I O N  PASED @ Y  P L A S T I C I T Y  THEORY AND F X P E R I M F N T A L  VALUES 
I q  Q U I T '  E N C r l J K A G I Y G  E V F N  AT C O N F I N I N G  PRESSURFS AS LOW AS 1 , 0 0 0  P S I .  A Q U A L I T A T I V E  C O R R E L A T I O N  BETWEFN VOLUMF CF 
FRASqEYTEr)  ROCK PER U N I T  ENFRGY I N P U T  FOR A S I N G L E  BIT-TOOTH AND D R I L L I N G  R A T E  FOR M I C R O - B I T S  APPEPRS T O  E X I S T  OVE9 A 
C'F 'F IYIYG PRCSSURE RANGF I l F  0 TO 5 ,000  P S I .  

12=hk.91QQ3 A V  E X P E P I P E N T A L  STUDY OF DRAG-BIT D R I L L I N G  U S I N G  @ I M E N S I C V A L  A N A L Y S I S  ( ROTARY-SPEED B I T - W E I G H T  

C X P E Q I M ' N T S  WIOER S T A T I C  LOAD HAVE BFEN MADE rIlY S I X  ROCKS AT C O N F I N I Y G  PRFSSURES OF 0 TO 5,000 P S I  U S I Y G  SHARP 

OT STAhICE-PR I L L E D  E I T - C L  EAR4YCE-ANGLE C I R C U L A T I O N - R A T E  WEAR TEMPERATURE P E N E T R A T I O N - Q A T €  1 
K I M ,  Y. S .  + HAPTMAN, H. L .  E PENN S T A T E  U N I V  

U h I V .  'IF T E X -  SECnND CONF. ON D R I L L I N G  AYD ROCK MECHANICS, NO. SPE 1053, 93-104 ,  JAN. 1965 .  T H I S  SECOND RESEARCH 
I V V F S T I G A T I n N  AT P E F N  S T A T E  ON DRAG-RIT D R I L L I Y G  USED A LABORATORY D R I L L  PRESS9 A DRAG B I T  W I T H  ONF-HALF I N .  C U T T I N G  
FQGE ON P E N N S Y L V I Y I  4 SLATE.  DIMEYSICINLESS PARAYETERS WERE DEVELOPE@ WHICH P E R M I T T E D  T H E  E F F E C T  AND THE I N T E R A C T I O N  OF 
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RflTARY SPEED, B I T  WEIGHT, D I S T A N C E  D R I L L E D ,  F I T  CLEARANCE ANGLE, C I R C U L A T I O N  RATE, B I T  HEAR, B I T  TEPPERATURE AND 
P F N E T R A T I O N  R A T E  T O  BE ANALYZED. EXPERIMENTS HERE CONCERNED W I T H  B I T  CLEARANCE ANGLES FROM 5 T O  25  DEG AND F L U I D  
C I R C U L A T I O N  RATE. P E N F T R A T I O N  R A T E  V A R I E S  D I R E C T L Y  W I T H  B I T  CLEARANCE ANGLE AND THRUST AND B I T  WEAR MEASURED B Y  WEIGHT 
L O S S  V A R I F S  D I R E C T L Y  W I T H  CLEARANCE ANGLE AND I N V E R S E L Y  W I T H  W I D T H  OF FLAT.  B I T  TEMPERATURE I N C R E A S E S  AS FLOW R A T E  
DECREASES WITH AN I N C R E A S E  I N  B I T  WEAR AND DECREASE I N  P E N E T R A T I O N  RATE. T H I S  COULD NOT B E  CORRELATED W I T H  THE 
PHYSICO-THERMAL P R O P F R T I E S  OF THE B I T S .  FOR A G I V E N  C I R C U L A T I O N  R A T E  THE TEMPERATURE GRADIENT ACROSS T H E  C U T T I N G  EDGE 
'7F A DRAG @ I T  INCREASFS W I T H  P E N E T R A T I O N  RATE. OBSERVATIONS ARE ALSO REPORTED ON THE NATURE OF C U T T I N G  ACTION, ROCK 
F A I L U R F  AND B I T  WFAR I N  DRAG-BIT D R I L L I N G .  

U = h k U Q U  SHEAR F A I L U R E  OF ROCK UNDER NORMAL STRESS [ F R I C T I O N - S U R F A C E S  COMPRESSION B R I T T L E - F R A C T U R E  
DUCTILE-FRACTURE 1 
MAURFR, W. C. & JERSEY PROD RES CORP 

U N I V .  OF TEX. SFCOND CONF. ON D R I L L I N G  AND ROCK MECHANICS, NO. SPE 1 0 5 4 9  1 0 5 - 1 1 6 ,  JAN. 1 9 6 5 .  A STUDY OF ROCK SHEAR 
F A I L U R F  MECHANICS UNDFR PRESSURE HAS BEEN MADE. T R A N S I T I O N  FROM B R I T T L E  TO D U C T I L E  F A I L U R E  OCCURS kHEN F R I C T I O N  ALONG 
THF FR4CTURE SURFACES EXCEEDS T H E  ROCK SHEAR STRENGTH. A MACHINE WAS DEVELOPED FOR MEASURING BOTH THE ROCK SHEAR 
STRENGTH AND F R I C T I O N  ALONG FRACTURE SURFACES. I N  T H I S  SHEAR MACHINE, FRACTURES ARE FORCED ALONG D E F I N I T E  PLANES S O  
ROCK IS STRONGER THAN I N  COMPRESSION T E S T S  WHERE FRACTURES CHOOSE THE WEAKEST PATHS THROUGH THE SPECIMENS. F R I C T I O N  I S  
CPWPOSFD OF: FORCES TO S L I D E  I R R E G U L A R I T I E S  ON SURFACES OVER EACH OTHER, FORCES TO SHEAR SOME O F  THESE I R R E G U L A R I T I E S ,  
Y'lLECUL4P 4TTRACTIONS ACROSS FRACTURES, AND FORCES REQUIRED TO BREAK BONDS R E S U L T I N G  FROM M E L T I N G  AND W F L D I N G  A T  T I P S  
OF SURFACE I R R E G U L A R I T I E S .  F R I C T I O N  ALONG ROCK FRACTURE SURFACES I S  NOT PROPORTIONAL TO CONTACT PRESSURE AS U S U A L L Y  
ASSUMED BUT IYCREASES AS THE 0.4 TO 0.8 POWER OF CONTACT PRESSURE. 

J,..2ALUQQZ Q F D U C T I O N  OF FRACTURE PRESSURES OF ROCKS B Y  I N T E N S I V F  BOREHOLE H E A T I N G  ( V E R T I C A L - F R A C T U R I N G  1 

U N I V .  OF T F X .  SFCOND CONF. ON D R I L L I N G  AND ROCK MECHANICS, NO. SPE 1055, 1 1 7 - 1 2 1 ,  JAN. 1 9 6 5 .  TO I N C R E A S E  WELL 
P R O D U C T I V I T Y  RY FRACTURING A V E R T I C A L  FRACTURE IS PREFERRED TO A HORIZONTAL.  V E R T I C A L  FRACTURE PRESSURE V A R I E S  AS 
T W I C E  THE R A D I A L  STQFSS PLUS THE MEDIUM'S T E N S I L E  STRENGTH. H O R I Z O N T A L  FRACTURES OCCUR I N  PLANES CIF WEAKNESS AT 
PQFSSURES E Q U A L L I N G  OR F X C E E D I N G  E F F E C T I V F  OVERBURDEN STRESS. THEREFORE, BY R E D U C I N G  T H E  R@CK STRENGTH V E R T I C P L  
F R A C T U R I Y G  W I L L  RF INDUCED. THREE GROUPS OF SAMPLES WERE TESTED A T  C O N D I T I O N S  S I M U L A T I N G  A DEPTH C F  5 , 0 0 0  FT. ONF SET 
WAS FURNACE HFATFD TO 600 C, THE OTHFR TWO WERE SOREHOLE HEATED TO 625  C AND 7 9 2  C. A L L  WERE COOLED AND TESTED. I T  

CLPRK, K. K. + SOMERTON, W. H. E U N I V  CAL BERKELEY CAL 

W45 C1NCLUDED THAT FRACTUQE PRESSURES MAY BE REDUCED B Y  2 0  TO 5 0  PERCENT BY I N T E N S I V E  BOREHOLE H E A T I N G  BEFORE 
FRACTURING . 
12=95=QlQQ4 I N  THF D F T E R M I N A T I D N  OF T H E  STATE OF STRESS I N  ROCK MASSES [ BOREHOLE-STRAIN GAUGES F L A T - J A C K S  

HY ORAULIC-FRACTUR I N G  INSITU-ROCK-STRESS 1 
F 4 I R H U R S T y  C .  & U N I V  M I N N  M I N N E A P O L I S  M I N N  

ACCURATE I N F O R M A T I O N  U N I V .  OF TEX. SECOND CC'NF. ON D R I L L I N G  AND ROCK MECHANICS, NO. SPE 1062, 1 3 3 - 1 4 5 ,  JAN. 1 9 6 5 .  
Oh! I N S I T U  ROCK STPESS I S  E S S E N T I A L  TO THE S O L U T I O N  OF MANY ROCK MECHANICS PROBLEMS. F L A T - J A C K S  G I V E  GCVD I N F O R M A T I O N  
?UT CAY CNLY R F  A P P L I E D  TO AN E X C A V A T I C N  WALL. T H E  V A R I O U S  BOREHOLE n E V I C E S  ARE DISCUSSED.  NO ONE IYSTRUMEYT 09 
TFCHYIQIJF SHOUL@ BE EXPFCTEO TO RE A P P L I C A B L E  TO EVERY S I T U A T I O N .  THEY CAN PROVIDE USEFUL I N F O R M A T I E N  WHEN A P P L I E D  

YEAS JREMFNT. 

1 2 - 6 5 - 0 6 0 0 4  CEMFYTED TUNGSTEN CARBIDE REARINGLESS ROTARY ROCK D R I L L  B I T S  I HARDNESS STRENGTH 1 

PENY S T 4 T E  U N I V  V I 1  SYUP ON ROCK YECHAYICS,  ( 2 )  2 0 9 - 2 1 7 7  J U N E  14, la65. TUNGSTEN C A R S I D E  B I T S  PRE I L L U S T R A T E D  FCR 

I N T ' L L I G E W T L Y .  HYDRf iULIC FRACTURING PPPEARS T'l B E  WORTHY OF FURTHER A T T E N T I O N  AS A P O S I T I V F  METHOD OF STQESS 

FhIGLEv E. + GOODFFLLOW, 4. D. & KENNAMETAL I N C  

WFLL 9 9 I L L I N G .  R L A S T  HOLF O R I L L I N G ,  QDOF D R I L L I N G ,  AND BORING MACHINE A P P L I C A T I O N S .  CEMENTED TUYGSTFY CARRIDE: H 4 5  
LARGELY Q F P L 4 C F r )  S T F F L  R I T S .  MUCH O F  THE Y F C H A N I C A L  EQUIPMENT FOP M I N I N G  AND D R I L L I N G  WOULD B E  U Y E C F Y q P I C A L  TODAY IF 
C A Q R I D E  C U T T I Y G  CDGE WFPF YOT A V A I L A B L E .  P H Y S I C A L  PROPERTIES OF F I V E  GRADES OF KENNAMETAL OF TUNGSTFY CARRIOE AVD 
C n R A L T  4 Q E  G I V F N .  

1 2 - 6 5 - 0 6 Q Q 2  W I L L I N G  & R L A S T I N G  AT SMALLWT)OI) M I N E  ( J F T - D R I L L  ROTARY-DRILL SLURRY GRINDING-FACTOR-INDEX 1 
BAUEQ, 4. + CARP, H. He + CPLDFR, P. + F A R R I S ,  G- R. C I R O N  ORE CO CANADA 

PTNN S T 4 T c  U W I V  SEVENTH SYMP. ON ROCK MECHANICS, 1 2 )  2 1 8 - 2 4 1 7  JUNE 14, 1 9 6 5 .  R O T A P Y  AND J E T  PIFRCING  PILLS ~ R F  

PHYSICAL P R O P F Q T Y  d n u L n  TIF IN WELL WITH PIERCEABILITY. THE B E S T  ROTARY GROUND W A S  THE W O R S T  JET GROUND AND VICF 
V F R S A .  a DISCUSSI~N I S  P R E S E N T E D  ON FUEL O X Y G E N  RATIOS FOR JET PIERCING AND ON SITE G A S  SAMPLING AND ANALYSIS. FUEL 

USFn. T H F I Q  O R I L L I N G  2 4 T F  COQRELATES WELL W I T H  T H E  G R I N D I N G  FACTOR I N D E X ,  BIJT I T  WAS O I S A P P O I N T I Y G  THAT YO B A S I C  

HAS 9 F F " I  CUT-SACK Sf' THAT S T O I C H I O M E T R I C  CONDIT I O N S  E X I S T ,  CARBON MONOXIDE I S  D R A S T I C A L L Y  PFDUCED AND POP-UP HOLES 
F L T Y I N A T F O .  R L A S T I N G  PRQCEDURE AND RESULTS AT THE OPEN P I T  I R O N  ORE O P E R A T I O N  U S I N G  SLURRY PUMP-MIX TRUCK I S  
O E S C Q I q E n .  AFTFR T E q T  D P I L L I N G  W I T H  ROTARY, JET AND PERCUSSION D R I L L S  FOUR JPM-4 J E T  P I E R C F R S  WERF n R T A I N F D  F?F T V E  

HCILFC, 4 D E  CFNFQALLY D R I L L E D .  

12-65-Q64_03 THEQMLL FRAGMFNTATION OF ROCK I BURNERS THEQMAL-CONDUCTIVITY THERMAL-ENERGY THERMAL-SHOCK 

R11LK i3F PR0'3UCTIC'N D R I L L I N G .  TWCi 50-4, ONE 60-R AND ONF 40-R MACHINES ARE ALSO USED. RENCHFS ARE 4 5  F T  H I G Y  AYP 5 0  F T  

CO F F F I  C IFNT-PF-F XP Ar\r S I O V  T F N S I  LE-STRE NGTH YOUNG' S-MODULUS 1 
MARCVELLI ,  P .  L. + CHEM, T .  + V E I T H ,  K. F .  & U.S. BUR M I N E S  

PENV S T A T =  U N I V  SFVFNTH SYYP. ON R K K  YFCHAYICS,  ( 2 )  2 5 3 - 2 8 0 1  JUNE 14-19, 1965. THFRMAL ENFRGY WAS USED FOR 
PRIMAQY ROCK RFMflVdL 9FFr )RE R L A S T I Y G  POWDERS WEQE I N V F N T E D .  GASEOUS OXYGEN - O I L  BURNERS G A I Y E D  ACCFPTANCE F@R 
9 I C F I C U L T  B L A S T  H P L F  D R I L L I N G  AYD SOME QUARRY OPFRATIONS.  AT PRESENT, THERF I S  RENFWED I N T E R E S T  I N  COMPRESSEn P I R  - 
P F P I P Y F Q A L  THEPMAL SHOCK AT V A R I O U S  RATES OF HEAT TRAYSFER. THE PPDBLFM IS OF IMPORTPNCF I N  P R E D I C T I Y G  THERMAL SHOCK 
QFSPOYSF O F  A R n t K  BGDY OF F I N I T E  S I Z E .  T H E O Q E T I C A L  A N A L Y S I S  I S  BASED ON R A D I A L  H E 4 T  FLOW BY CONDUCTION I Y  THE @ I S K  bFID 
q F 4 T  EXCHANGE RY CPNVECTION BETWEFN D I S K  AND SURQnUYDIYGS.  THF CASE OF CONSTANT PROPERTIES AND PCAYF S T 9 E S S  I S  
TPFATCD. SOLUTIONS nF THE STRESS D I S T R I B U T I D N  A Q F  PRESFNTFD FOR Pf lTH C O O L I N G  AND H E A T I N G  SHOCKS AhC AN PVERAGF STRESS 
THFRRY I S  FORMULATFD. P R E L I M I N A R Y  EYPFRIMFNTAL V E R I F I C 4 T I O N  WAS O R T A I Y E D  FROM SHOCK TEST R F S U L T S  ON T H I N  9 0 C K  D I S K S  
I N S U L A T E D  CN POTH F L A T  END FACES S O  T H A T  HEAT FXCHANGE TOCK P L A C F  THRnUGH THE EXPOSFD P F R I P H E R P L  SURFACE. P H Y S I C A L  

T P F P Y P L  COYDUCTTVITY.  P L O T S  OF THESF PRCIPERTIES ARE PRESEYTED. 

12-bS-Q5QQfL QECENT ADVANCES I N  FLAME J F T  WORKING OF M I N F R A L S  ( TFMPERATUQE-GRADIEYT S P A L C I N G  F U S I D N  A S R A S I V E  1 

PFNN S T A T F  U W I V  SEVENTH SYYP ON ROCK MFCHNICS, ( 2 )  2 8 1 - 3 1 3 9  JUNE 14, 1 9 6 5 .  FLAMF J E T  C P E P A T I C N  TYFORY AND 
R F P R F S F Y T P T I V F  MIWFRALS C U T T I N G  PATES AQE GIVFN.  THE NFW F L A M E  J F T  W I T H  A B R A S I V E  SUSPENSIOY C U T T I N G  I S  C F S C Q I F F 3  AVD 
F L A Y c  J F T  WRRKIVG f'lF OERMAFROST AVD I C E  I S  MFRITIONED. t n Y P 4 R I S O N S  OF ROCK S P A L L A B I L I T Y  AN@ D R I L L P S I L I T Y  BRE 
TARULATED. P Q A C T I C A L  A P P L I C A T I 3 N S  PF FLPME JFT FOR D P I L L I N G ,  CHANNELING,  AND WORKING OF V A P I D U S  Y I N E R A L S  4RE 
DQESFMTC'3. E A Q L I F R  F L A Y C  J E T S  N E R E  PR9D(JCED 9 Y  COMBUSTION OF PURF CXYGEY AND F U F L .  I T  H 4 S  BEEN FOUN? THAT T H I S  FLAME 

TFMPEQATlJRFS B Y  A9DIh 'G A I R  TO THE OXY-FUEL MIXTURF.  A TEMPERATURE GRADIENT S U F F I C I E N T  TO I N D U C E  S P P L L I Y G  I S  R E C U I R E @  
Q B T H F Q  THAW O V F  L F A O I N G  TI? FUSING.  S O Y F  M I Y E R A L S  ARF CUT AT MAXIMUM SPFEDS U S I N G  AIR-FIJEL F L 4 M E  J E T S  W I T H  NO PURF 
OXYGFPJ YECFSS4QY.  F n R  S L A T E  AN FVEN FURTHER R F D U C T I O N  I Y  FLAME TEMPETATURF IS QEQUIRED.  

1 2 - 4 5 ~ 0 6 0 0 ! j  FLFCTP I C A L  F R A C T U P I N G  AND CRUSHINS OF T A C O N I T F  ( THERM4L-STRFSS MICROFRACTURFS ELFCTROOFS 1 

n I L  R U P V E R  DFSIGNS. A Y  AYALYTICAL STUDY I S  M A D E  OF T H E R Y A L  S T R E S S  DISTRIBUTION IN A THIN CIRCULAR DISK SURJECTFD TO A 

P R n P F Q T I E S  V I T A L  T O  THE A N A L Y S I S  ARE Y'3UNG'S MODULUS7 T F Y S I L '  STRENGTH, C O F F F I C I F N T  OF L I N E a Q  THFRMAL F X P P N S I D ~ I  A b ' @  

P90WNINGr  J. A, + HORTON, W. 8. + HARTMAN7 H. L.  & BROWNING FNG CO 

IN M O S T  C A S K S  I S  MUCH TQP HOT. FOR GPANITFS 4 v n  TACOYITFS I M P R O V ~ D  Q F V O V A L  R A T F S  A R E  OSTAINFD A T  LOME? FLAME 

SRP4PIJUq F. & U N I V  A P I Z  
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PFNN STATE U N I V  SEVENTH SYMP ON ROCK MECHANICS, ( 2 )  314-3241 J U N E  141 1965 .  F R A C T U R I N G  OF T A C O N I T E  BY E L E C T R I C A L  
CONDUCTION AND E L E C T R I C A L L Y  GENERATED THERMAL STRESSES HAS B E E N  DEMONSTRATED. ENERGY TRANSFER I N  ROCK F R A C T U R I N G  WAS 

I N  P O I N T  ELECTRODES VERSUS LARGE D I A M E T E R  ELECTRODES I S  D I S C U S S E D  AND E X P E R I M E N T S  DESCRIBED.  P O S S I B L E  LARGE SCALE USE 
OF E L E C T R I C 4 L  FRACTURING W I T H  T A C O N I T E  ORE I S  B A S E D  ON LABORATORY EXPERIMENTS,  AND I S  A P P L I C A B L E  T O  SECONDARY B R E A K I N G  
AND COARSE CRUSHING. ALSO MICROFRACTURES ARE PRODUCED WHICH A I D  I N  CRUSHING. 

12%=QbQQ6 A P O T E N T I A L  METHOD FOR E V A L U A T I N G  T H E  ENERGY RELEASED FROM NON-IDEAL E X P L O S I V E  R E A C T I O N S  ( 

ACCOMPLISHED B Y  MULTI -CONTACT ELECTRODES AT COMPARATIVELY LOW VOLTAGE U S I N G  6 0  C Y C L E  A L T E R N A T I N G  CURRENT D I F F E R E N C E  

I N  I T I A T I O N - T I M E - O E L A Y  P R I M E R  ) 
ASHI R. L. + RYDLUNDV P. H e  + Y A N C I K t  J. J. & U N I V  MO R O L L A  MO 

PENN S T A T F  U N I V  SEVENTH SYMP. ON ROCK MECHANICS, ( 2 1  325-3341 J U N E  14,  1965 .  TESTS ON ANFO M I X T U R E S  BY THE 
R E S I S T A N C F  WIRE TECHNIQUE SHOWED THAT MANY OF T H E  SAME P H Y S I C A L  PARAMETERS WHICH A F F E C T  I T S  R E A C T I O N  V F L C C I T I E S  WERE 
R E L A T E D  T O  THE I N I T I A T I O N  T I M E  DELAY. THE I N I T I A T I O N  T I M E  DELAY I S  THE T I M E  I N T E R V A L  BETWEEN T H E  A R R I V A L  OF THE 
P R I M E R ' S  D E T O N A T I O N  SHOCK WAVE AT THE PRIMER TO ANFO CHARGE I N T E R F A C E  A N 0  F O R M A T I O N  OF D E T O N A T I O N  SPOCK WAVE I N  T H E  

CONFINEMENT AND CHARGE D E N S I T Y .  

12-65-060QI THE MECHANICS O F  E X P L O S I V E  C A V I T Y  FORMATION AND ENERGY D I S S I P A T I O N  I N  A S O L I D  EARTH ( MOHR-CCULOMB 

4NFO Y I X T U R F .  P H Y S I C A L  PARAMETERS WERE STRENGTH OF P R I M E R 1  R A T I O  O F  P R I M E R  TO CHARGE D I A M E T E R 1  CHARGF D I A M E T E R  

DYNAYIC-PRESSURE COUPLING 1 
G N I R K t  P. F. + F A I R H U R S T t  C. C S.D. SCHOOL OF M I N E S  

PENN S T A T F  U N I V  SFVENTH SYMP ON ROCK MECHANICST ( 2 )  382-4069 JUNE 141 1965. MECHANICS OF S P H E R I C A L L Y - S Y M M E T R I C  AND 
C Y L I Y D R I C A L L Y - S Y Y M E T Q I C  E X P L O S I V E  C A V I T Y  FORMATION, V A L I D  FOR LARGE E L A S T I C - P L A S T I C  DEFORMATIONS I N  AN I N F I N I T E  S O L I D  
EARTH1 ARE A N A L Y T I C A L L Y  DEVELOPED FOR THE CASE I N  WHICH PRESSURE A P P L I C A T I O N  ON THE C A V I T Y  WALL I S  OF A DYNAMIC 
YATURE. PRFSSURE I S  A P P L I E D  UNIFORMLY TO C A V I T Y  SURFACE AND I S  A KNOWN F U N C T I O N  OF CURRENT C A V I T Y  R A D I U S  THROUGHOUT 
THF E X P A N S I O N  PROCFSS AND EARTH M A T E R I A L  I S  E L A S T I C - P E R F E C T L Y - P L A S T I C  AND I N C O M P R E S S I B L E  AND OBEYS THE MOHR-COULOYB 
Y I E L O  C R I T E R I O N .  I T  I S  ASSUMED THAT M n T I O N  OF THE C A V I T Y  CEASES COMPLETELY A T  END OF I N I T I A L  E X P A N S I O N  PHASE-  
FORYULATED RESULTS P E R M I T  C A V I T Y  R A D I U S  C A L C U L A T I O N  AND ENERGY P A R T I T I O N  A T  I N I T I A L  WALL Y I E L D I N G  AND A T  E X P A N S I O N  
T F R M I N A T I O N .  Q U A N T I T A T I V E  AGREFMENT W I T H  A V A I L A B L E  DATA FOR C O N T A I N F D  FULLY-COUPLED E X P L O S I O N S  I N  SALT I S  Q U I T E  
EYCOURAGING I N  VIEW OF T H E  NUMEROUS AND R E S T R I C T I V E  ASSUMPTIONS EMPLOYED THROUGHOUT THE A N A L Y S I S .  

12A%QhQQJ DYNAMIC STRESSES INDUCED W I T H I N  ROCK I N  CASE O F  B L A S T I N G  W I T H  ONE FREE F A C E  ( E L A S T I C - T H F O R Y  
PART I C L  E-V EL OC I T Y  R A D I A L -  D I SPL ACE ME NT CRACKS T E N  S I  LE-  STRESS 1 
SUSSAT K. + L T O t  I .  & KYOTO U N I V  JAPAN 

PFNN ST4T '  U N I V  SEVFNTH SYMP ON ROCK MECHAYICS, ( 2 )  407-4379 JUNE 1 4 1  1965 .  D Y N A M I C  P R I N C I P A L  STRESS BEHAVIOR 
IYDUCFC) W I T H I N  ROCK RY AN E X P L O S I O N  UNDER C O N F I N E D  C O N D I T I O N  WAS ANALYZED FOR B L A S T I N G  W I T H  ONE F R E E  F A C E  SY A P P L Y I N G  

STRFSSFS WERF ALSO CALCULATED FROM S T R A I N  MEASURED B Y  WIRE S T R A I N  GAUGES A F F I X E D  ON T H E  F R E E  FACE.  RESULTS SHOWED: 

T E N S I L E  STRESS FROM THE I N C I D E N T  STRESS WAVE W I T H I N  THE RANGE R E L A T E D  TO T H E  B L A S T I N G  BREAKAGE; MAXIMUM COMPRESSIVE 

T E N S I L F  STRFNGTH I N  P H I  D I R E C T I O N  WAS LARGER THAN THOSE I N  GAMMA THETA PLANE ON AND NEAR T H F  F R E E  FACE; T E N S I L F  STRESS 
C4USFD 9Y THE HPPKINSC'N E F F E C T  APPEARED ONLY NFAR THE BURDEN; R A D I A L  CRACKS W I L L  BF PRODUCED I N  T H E  ROCK MASS NEAR AN 
E X P L O S I C N  P O I N T  5 U T  W I T H  T H E  APPROACH OF THE FREF FACE CRACK D I R E C T I O N S  WILL BE CURVED TO ONES P A R A L L E L  TO T H E  F R F E  

MFASVRCD R A D I A L  D I  SPLACFMENT V A L U E S T  P A R T I C L E  V E L O C I T Y  TC) EQUATIONS D E R I V F D  FROM E L A S T I C I T Y  THEORY. F R E E  FACE DYNAMIC 

M A X I Y U P  F R E E  F A C F  STRESS WAS AT FREE F A C E  AND BURDEN I N T E R S E C T I O N ;  I T S  MAGNITUDE WAS TWICE THAT OF THE T A N G E N T I A L  

STRFSS YFAR THE FREE FACE WAS DECREASED DUE TO T H E  FREE FACE WHILE T E N S I L E  STRESS WAS INCREASFD;  MAXIMUM VALUE OF 

c 4 C F ;  ADPFARANCF OF BREAKAGE DEDUCED AGREES F A I R L Y  WELL W I T H  P R A C T I C A L  OBSERVATIONS.  

12dkQhQQZ BEHAVIOR OF ROCK DURING B L A S T I N G  ( QOCK-PROPERTIES SHOCK-FQONT ENERGY-DI S T P I B U T I O N  E X P L C S I D N  L O A D I N G  
A L U M I N I Z E D - S L U R R Y  1 
COOKT Me A. + COOKT V. 0. + KFYEST R. T. & U D Y t  L. L. + C L A Y ?  R. 6. E. I N T E R M O U N T A I N  R F S  AND ENGR C O  

BASED ON C U M P R E S S I R I L I T Y  AND SHOCK PFYN STPTE U N I V  SEVENTH SYMP ON ROCK MECHAYICS, ( 2 )  438-4611 JUNE 1 4 1  1965-  
V F L n C I T Y  I N  ROC K t  I N I T I A L  E X P L O S I V E  L 0 4 D I N G  C O Y D I T I O N S 1  E X P L O S I V E  THERMOCHEMISTRY AN0 D E S C R I P T I O N  O F  PRESSURE-DISTANCE 
Q F L 4 T I O Y S  SFHIK!D T H E  SHOCK FRONT, T H E  ENERGY D I S T R I B U T I O N  BETWEEN D E T O N A T I O N  PRODUCTS AND BURDEN ARE E S T I M A T E D  AS A 
FUNCTTOY OF T I  ME FOR V A R I O U S  L O A D I N G  C O N D I T I Q N S  I N C L U D I N G  ''POWDER F A C T O R T "  L O A D I N G  D E N S I T Y  AND THE F X P L O S I V E  I T S E L F .  
q F L E A S E  WAVF F R A C T U R I Y G T  SHEAR WAVE F R A C T U R I N G T  RELEASE OF LOAD F R A C T U R I N G  ARE DISCUSSED I N  TERMS OF T H F S E  F I N D I N G S .  
Q F L E A S F  '1F L O A D  FRACTURING,  ROCK B U R S T I N G T  I S  CONSIDEPFD TO SE THE MOST IMPORTANT MEANS @F ROCK FRACTUPIWG I N  
B L A S T I N G .  YEANS FOR M A X I M I Z I N G  I T  ARE CONSIDERED. MAXIMUM E F F I C I E N C Y  I S  A T T A I N E D  B Y  U S I N G  H I G H  D E N S I T Y  E X P L O S I V E S  AT 
4 LDADTYG DENS I T Y  O F  U N I T Y .  WAYS FOR A C H I E V I Y G  T H I S  C O N D I T I O N  ARE DISCUSSED.  BULK-HANDLE0 A L U M I N I Z E D  SLURRY B L A S T I N G  
AGENTS ARE D E S C R I B E D  AND SHOWN T O  HAVE THE D E S I R E D  PROPERTIES FOR A C H I E V I N G  OPTIMUM C O N D I T I O N S  FOR H I G H  @ L A S T I N G  
F F F I C I E N C Y .  

13-65-06Q1Q D Q I L L I N G  BY E X P L O S I V E S  ( CAPSULES SHAPED-CHARGE GAUGING-CHARGE D R I L L I N G  REAMER 1 - 
PFNY S T A T F  U N I V  SEVENTH SYMP ON ROCK MECHANICS, ( 2 1  462-4891 JUNE 141 1965 .  E X P L O S I V E  D R I L L I N G  WAS PROBABLY F I P S T  
U T I L I Z F l  BY QUARRY OPERATOR< TO S P R I Y G  A HOLE. T H E  R U S S I A N S  HAVE D R I L L E D  OVER 7 6 0 0  F T  OF HOLE I N  D I F F E R E N T  FORMATIONS 
W I T H  C4DSULES WHICH RESULTED I N  A ROCK REMOVAL E F F I C I E N C Y  OF 20 CC OF ROCK PER GRAM OF E X P L C S I V F .  THE HUMBLF T F C H N I Q U E  
V I S U A L I Z F S  ALTERNATELY PUMPING 4 TO 5 F T  LONG P L A S T I C  C 4 P S U L E S  C O N T A I N I N G  SHAPED AND GAUGING CHARGES DOWN TO T H E  BOTTOM 
"F A D R I L L  P I P E  AND D E T O N A T I N G  THEM. THE ONLY CHANGES I N  CURRENT RCJTARY D R I L L I N G  EQUIPMENT WOULD B E  E L I P I N A T I O N  OF A 
' )R ILL  B I T  AND SOME D R I L L  CClLLAR5 AND A D D I T I O N  OF A CAPSULE A D D I Y G  MFCHANISM AND T H E  S P F C I A L  D R I L L I N G - R E A M I Y G  HEAC. 
I Y T E R A C T I O W  OF SHAPED AYD GAUGING CHARGES W I T H  RDCK 4RE GIVEN.  I T  I S  CONCLUDED THAT S E Q U E N T I A L  F I R I N G  OF SHAPED AND 
GAUGIYG CHARGFS CAN FnRM HOLES AT AN A T T R A C T I V F  CHARGE TO ROCK-REMOVAL R A T I O ;  INCREASED PRESSURE I N C K E A S E S  GAUGING 
CHARGE RflCK RFMOVAL E F F I C I E N C Y 1  
EXPAYD SHAPFD-CHARGED HOLES MORE F F F E C T I V E L Y  THAY THEY DO D R I L L E D  HOLES. SEE ALSO 22-65-01001. 

12-65-06Q11 W I L D C A T T I N G  ON THE MOON ( VACUUM L U B R I C A T I O N  F R I C T I O N  ADHESION I M P R E G N A T I O N  1 

PENN S T 4 T F  U N I V  SEVEYTH SYMP ON ROCK MECHANICS, ( 2 )  4$0-5171 JUNE 141 1965 .  P R E L I M I N A R Y  F X P F R  I M F N T 4 L  F V  I D C N C F  
SFEMS TO PRECLUDF THE U S E  OF U N L U B R I C A T E D  YECHANICAL-FORCE D R I L L S  ON THE MOOM. MEASURFD VALUES OF T H F  C O E F F I C I E N T S  OF 
F Q I C T I D Y  AND ADHESIOY RETWFEY M E T A L L I C  AYD NCINMETALLJC S O L I D S  HAVE BFEN SHOWN TO I N C R E A S E  I N  AN U L T R A H I G H  VACUUM 

QOBINSON, L -  H.1  JR. h E S S O  PROD RES CO HOUSTON T E X  

TEMPERATURE H 4 S  O N L Y  A S L I G H T  E F F E C T  ON ROCK REMOVAL EFF1,CIENCYV ANC GAUGING CHARGES 

P E P N T  S. Ha E. GRUPMAN A I R C q A F T  E N G I N E E R I N G  CO 

FYVIRONMENT.  THF P A U C I T Y  @F R E A L  KNOWLEDGE AND I N F L U E N C E  OF A HARD LUNAR VACUUM UPON I N T E R A C T I N G  S C L I D  SURFACES, 
Q F L F G A T E S  CURRENT PROPOSAL5 T O  SAMPLE THE YOOY W I T H  A MECHANICAL FORCE D P I L L t  TO THE E Q U I V A L F N T  OF W I L D C A T T I N G  @N 
E4RTH. I T  I S  PECOMMEYDED THAT IMPREGNATED D Q I L L  B I T S  BE DEVELOPED FOR LUNAR USE. 

12=65+Ql.Z E X T P A T F R R F 5 T R I A L  M I N I N G  ( OXYGEN WATER M I N E R A L S  PERSONNEL-SHELTER TUNNELING-MACHIYF 1 

PEN\' S T A T F  U N I V  V T I  SYMP ON ROCK MECHANICST ( 2 )  518-5341 528-5311 JUNE 1 4 ,  1965 .  EXTRATEQ RESTR I AL M I V I N G  WILL 
P Q O V I O E  PERSONAL SHELTFR OXYGEN FROM M I N E R A L S t  WATER F 9 0 M  HYDROUS ROCK, S U I L D I N G  M A T E R I  4 L S  FOP STRUCTURES AND RECOVERY 
OF YEW Y I N E Q A L S .  THF L 4 C K  OF A I R  AND WATER ON T Y E  MOON AND I T S  LOWER G R A V I T Y  WILL F A C I L I T A T E  T U N N E L I N G  MACHINE 
I P E R A T I I N .  SUCH A MACHINF WOULD E I T H E R  BE CONSTRUCTED I Y  SPACE OR HAVE I T S  COMPONENTS ASSEMBLED ON THE MOON. WHAT 
N I L L  B F  OUR FUTURE RFQUIREMENTS? I T  I S  NOT TOO SnON TO SPECULATE. 

W I L L I A M S O N t  T. Ne C HUGHES TOOL CD HOUSTON T E X  

12AkQ_SQ_Ol Wf I T T L E  FRACTURF OF ROCKS ( B R A Z I L 1  AN-TEST G R I F F I T H - C R I T E R  I O N  MOHR-ENVELOPE ROCK-STR ENGTH ) 

U Y I V .  OF MINN.1 F I G H T H  SYMP ON ROCK MECHANICS1 3-57, SEPT 1966 .  A H I S T O R Y  OF THE B R I T T L E  FRACTURE @ F  ROCK I S  
GIVEN.  D R 4 r T I C A L  ROCK MFCHANICS E N T A I L S  A N A L Y Z I N G  H I G H L Y  INHOMOGENEOUS STRESSES. THE I N T F R N A L  F R I C T I O N  APPROACH IS THE 

JAEGER, J. C. & A U S T R A L I A N  N A T I O N A L  U N I V  
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S I M P L E S T  C R I T E R I O N .  AN A N A L Y S I S  INVOLVING THIS AND THE MOHR ENVELOPE I S  G I V E N  M O D I F I E D  BY THE G R I F F I T H  C R I T E R I O N  FOR 
TWO-DIMENSION AND T H R F E - D I Y E N S I O N  THEORY. PROBLEMS ARE PRESENTED I N  UNCONFINED COMPRESSIONI U N I A X I A L  TENSION,  B I A X I A L  
TENSION,  THE T R I A X I A L  TEST, HOLLOW C Y L I N D E R S  W I T H  I N T E R N A L  OR EXTERNAL PRESSURE AND A X I A L  LOAD, T H E  B R A Z I L I A N  T E S T  
H H I C H  Is L O A D I N G  C Y L I N D E R S  I N  A D I A M E T R A L  PLANE, B E N D I Y G  AND OTHER SYSTEMS TESTS. SEVERAL MATHEMATICAL APPROACHES T O  
STRESSES AND D I S P L A C E M E N T S  AROUND A CRACK ARE G I V E N .  MATHEMATICAL S T U D I E S  FOR CRACK PROPAGATION ARE FNUMERATED. 1 8 5  
REFS. 

12=*ma RECENT EXPERIMENTAL S T U D I E S  OF B R I T T L E  FRACTURE OF ROCKS ( COMPRESSION F P I C T I O N  E F F E C T I V E - S T R E S S  VOLUME 
CHANGE G R I F F I T H - T H E O R Y  1 
BRACE, W. F a  + BYERLEE, J. D. E M.I.T. CAMBRIDGE MASS 

U Y I V .  M I Y N .  E I G H T H  SYMP. ON ROCK MECHANICS, 5 8 - 8 1 ,  SEPT. 1 9 6 6 .  NEH EXPERIMENTAL S T U D I E S  CONCERN VOLUME CHANGES 
WHICH 4CCOMPANY B R I T T L E  FRACTURE, PROPAGATION OF CRACKS I N  COMPRESSION, F R I C T I O N A L  C H A R A C T E R I S T I C S  OF POCKS AND 
Y I N E R A L S  A T  H I G H  PRESSURE, AND T H E  LAW OF E F F E C T I V E  STRESS FOR C R Y S T A L L I N E  ROCK. OBSERVATIONS O F  THESE EXPERIMENTS ARE 
G I V E N  AND A D I S C U S S I O N  OF THE PROCESS OF B R I T T L E  FRACTURE OF ROCKS I N  COMPRESSION AND THE A P P L I C A B I L I T Y  OF G R I F F I T H  
THEORY TO FRACTURE OF ROCK. 

12-66-Q9QQz T H E  I N F L U E N C E  O F  ENVIRONMFNT OY THE B R I T T L E  FRACTURE OF ROCKS ( F L U I D - P R E S S U R E  LOADING-DUYATION 
TECFERATURE 1 
HEARD, H. C .  & L R L  L IVERMORE CAL 

U Y I V .  MINN.  F I G H T H  SYMP. ON ROCK MECHANICS, 8 2 - 9 3 ?  SEPT. 1 9 6 6 .  THE E F F E C T  OF THE SUPEPPOSFD STRFSS F I F L D  UPON THE 
L I T H O S T A T I C  AND I Y T E R S T I T I A L  F L U I D  PRESSURE, T H E  TEMPERATURE AND D U R A T I O N  O F  THE L O A D I N G  UPON THE F A I L U R E  OF ROCKS 
FTTHER RY FQACTURF OR FLOW IS EXAMINED W I T H  SMALL HOMOGENEOUS SAMPLES. EACH PARAMETER IS E X A M I N F D  S I N G L Y  WITH A L L  
OTHER5 H E L D  CONSTANT. THE DATA DO NOT SEEM TO F I T  THE COULOMB-MOHRT VON M I S E S t  OR G R I F F I T H  C R I T E R I A  AT PRESENT I N  
FAVOF. 

J ? - 6 6 - 0 9 0 4 3  A P H C T O E L A S T I C  T E C H N I Q U E  FOR THE D E T E R M I N A T I O N  OF P O T F N T I A L  FRACTURE ZONES I N  ROCK STRUCTURES 

U N I V .  M I N N .  FTGHTH SYMP. CN ROCK Y E C H A N I C S t  9 4 - 1 1 2 %  SE.PT. 1966. A P H O T O E L A S T I C  TECHNIQUE FOR D F T E R V I N A T I O N  OF 

D Y O T O E L A S T I C  I S @ C H R O P A T I C  PATTFRNS DO NOT C O N T A I N  S U F F I C I E N T  I N F O R M A T I O N  FOR ROCK FRACTURE P R E D I C T I C N  B U T  BY 
SUPFRIMPOS I N G  AN I S O P A C H I C  PATTERN BOUNDARIES OF P O T E N T I A L  FRACTURE ZONES CAY BE DETERMINED.  THE T E C H N I Q l i E  F@R 

LAYOUT Cf iN RE ORTAINFT).  

HOFKT E. & I M P E R I A L  COL LONDON EYG 

P n T E N T I A L  FRACTUTE ZONES I S  DESCRIBED.  A P R A C T I C A L  EXAMPLE, D E S I G F I N G  A DEEP-LEVEL M I N E  E X C A V A T I O N  LAYOUT, I S  GIVEN.  

7 C T A I Y I N G  THE TSOPACHS BY ME4NS OF THE E L F C T R I C A L  ANALOG I S  DESCRIPED.  FROM SUCH S T U D I E S  THE B E S T  P I N F  EXCAVATION 

12=4kmQfi I& I T I A L  AYD SURSEOUFNT FRACTURF CURVES FOP B I A X I A L  COMPRESSION OF B R I T T L E  M A T E R I A L S  ( F A I L U R E  FLOW 
COULOMP-MnHR G R I F F I T H - T H E O R Y  VON-YISES 1 
PAUL, e .  + GANGAL, M. & INGERSOLL-RAND C O  

IJQIV. P I Y N .  E I G H T H  SYMP. f'Y ROCK MECHANICS, 1 1 3 - 1 4 1 ,  SEPT. 1 9 6 6 .  S I N C E  ROCK D F I L L I N G  CIEPFNPS ON MFCHfiF' ICAL ROCK 
LOAOIYG,  A C R I T F Q I O N  I S  NECESS4RY WHICH D I S T I N G U I S H E S  STRESS C O M B I N A T I O N 5  WHICH CAUSE MACROSCPPIC ROCK F A I L U R E  FPOM 
TYOSF WHICH DO NPT. THE O R I G I N A L  G R I F F I T H  THEORY P R E D I C T S  CRACK I N I T I A T I O N  AT A MICPOSCOPIC L E V E L  AYD NOT ' lASSIVE OR 
V P C R O S C I P I C  F A I L U R E .  M O D I F I E D  COULOMP-MOHR THEORY WHICH ALLOWS FOR A R B I T R A R Y  T E N S I O N  T @  COPPRESSION R A T I O S  IS S U P E R I O R  
T 3  TYE I Y I T I A L  G P I F F I T H  THEORY SUT THE EXTENDFD G R I F F I T H  THEORY G I V E N  HERE BFTTEP F X P L A I N S  PY FRACTURE Y A R 3 E N I P G  THE 
FXPEQ I M F N T A L  RFSIJLTS CPNCERYING GROWTY AND FORY f l F  SLOWLY PROPAGATING CRACKS AND MODE OF C P M P R F S S I C N  F A I L U R E .  
G Q I F C I T H ' Y  O R I G I N A L  THFCIRY I S  ANALOGOUS TO TRESCA AND VON MISES P L A S T I C  THFORY WHERE I N I T I A L  Y I F L D  C U Q V F S  IVCI ICATE ONLY 
P L A S T I C  FLOW OYSFT P4TYEP THAN GROSS MACROSCOPIC F A I L U R E .  

UdkQSQQh D I S C U S S  IVY OF B P I T T L E  FRACTURE OF ROCK ( B R A Z I L I A N - T E S T  COMPRESSION T E N S I O N  REBOUND ) 
MCWILLIAMST J. P. + PARISFALIT W. G. & HARDY, He R.7 JR. + WAWERSIK, W. R. + PAUL, 8 .  & GAh!GAL. M. 
+ HUDSON, J. A. 

UF.IIV. YIYN. E I G Y T H  SYYP. ROCK MFCHANICS, 1 4 2 - 1 6 4 7  SEPT. 1 9 6 6 .  N R I T T E N  D I S C U S S I O N S  WERE C O N T R I B U T F D  PY SEVEN 
I V V F S T I G P T P R S .  M C W I L L I A Y S  9Y P O I N T  L 3 A D  TESTS AND B R A Z I L I A N  TESTS SHOWS T H A T  T E N S I L E  STQENGTH V A R I E S  I N V E R S E L Y  WITH 
ClFQUFNCY OF DFFFCT STRUCTURE OCCURqFhICE. P A R I  SEAU B Y  FOCUSING A T T F N T I O N  OW FRACTURE P H Y S I C 4 L  FEATURES C B T A I N S  
T Y E P Q E T I C A L L Y  THROUGH F X P L O I T A T I O N  OF A MINIMUM ENERGY POSTULATE A L L  MAJOQ FEATURES OF F A I L U R E .  HAROY PY U S I N G  P 

PFPFCCTLY CONTPOLLFD T F S T  M A C H I Y E  E L A S T I C  REBOUND BY INCORPORATING A H Y D R A U L I C  L O A D I N G  SYSTEM I N  P A R A L L E L  W I T H  THF RCCK 

Y q Y E L f i S T I C  DEFClQYAT I O N  AN@ NONELASTIC COMPRESSIOY. PAUL AND GANGAL RFEMPHASIZED TI'€ CONCLUSIONS I N  T H E I R  A R T I C L E  

T F F L n V  WAFEP IY A CUP H 4 S  O R T A I Y E D  U N I F O R Y  EN0 L O A D I N G  FOR COMPRESSIVF TESTS OF C Y L I N D R I C A L  SPECIMENS.  WAWERSIK 

S P E C I Y F Y .  I N  COYPRESSIVF TESTS C Y L I Y D Q I C 9 L  S P F C I M E N S  GO THROUGH E L A S T I C  CDMPRESSIONt  N O N E L A S T I C  CCWPQFSSION, 

1 2 - 6 6 - 0 q 0 0 5 .  HUDS@h4 G I V E S  THE RESULTS OF 48 CENTRALLY LQADFD BEAM TESTS AND SHOWS THE GOOD F I T  OF THF W F I B U L L  
D I S T R I P U T I O N  CUQVE. F @ R  A G O O @  ROCKT T E N S I L F  STRENGTH D I S T R I B U T I O N  CAN B E  PREDICTED.  

1 2 - 6 6 - 0 9 O Q I  T H F  D E S I G N  OF UNDERGRWND EXCAVATION5 ( AN4LOGUES ENERGY E X C A V A T I O N S  STRESS-ANALYSIS 1 
C'lrKT N. G. W. E JOHAPNESBUQG SOUTH A F R I C A  

U Y I V .  OF MINN.  F I G H T H  SYFnP. ON ROCK MECHANICS, 1 6 7 - 1 9 3 1  SEPT 1966. T O T A L  FORCE R E S U L T I N G  FPOM STQFSSES ACROSS ANY 
PLAYF YUST 9 F  THE S A M E  BEFORE AN@ AFTER MAKING E X C A V A T I O N  AND ENFRGY MUST B F  RELEASED B Y  UNDERGROUND EXCAVATION.  
YFTHODS OF F V A L U A T I N G  S T R A I N  EYFRGY ACCUMULATION APJD EXCESS ENERGY RELEASE W H I C H  RESULT FRCM UNDERGROUND E X C A V A T I O N  ARE 
DISCUSSED.  S P L U T I O Y S  n F  DISPLACEMENTS APl'D STRESS CONCENTRATIONS CAN 9 E  FOUND B Y  A P P L Y I N G  P P P R O P R I A T E  BOUNDARY 
C'3hlT)ITTC)NS TO ANALCGUES P R O V I D E 0  RY F L E C T R I C A L  CONDUCTION. THESE METHODS APE USED TO SHOW HOW F X C A V A T I O N S  CAN P E  
PLAYNED TO Y I Y I Y I Z E  FQFRGIES.  DROPERTIES OF F A I L E D  ROCK AND I N T E R 4 t T I O N  BETWEEN F A I L E D  R O C K  AND TP'E STRESSES A P P L I E D  

A V O I O I N G  V I O L E N T  F A I L U R F S .  
T O  I T  BY THE QCICK MAYS AND SUPPORT M E D I A  ARE EXAMINED,  P A R T I C U L A R L Y  W I T H  A V IEW TO CONTROLLING FOCK F A I L U R E  AVD 

17-56-0qQQB TUP R E L A T I O N S H I P  E?ETNEEN ENERGY R E L F A S E  RATE,  DAMAGFt  AND S E I S M I C I T Y  I N  DEEP M I N E S  ( AYPLOGUE-AYALYSIS 
SEISMIC-RFCORDINGS ROCK-BURST 1 
HODGSOhI, K. + J O H G H I N t  N. C. E J3HAVNESBUQG SOUTH A F R I C A  

U N I V .  M I Y N .  E I G H T H  SYMP CN ROCK VECHANICS, 1 9 4 - 2 0 3 9  SEPT. 1 9 6 6 .  ENERGY RELEASE PATE WAS DETERMINED BY MEANS OF THF 
FLFCTRTCAL RES I S T A N C c  ANALOGUE. T H I S  4SSUMFS E L A S T I C  ROCK B E H A V I O R  AN9 D E V I A T I O N  FROM E L A S T I C  B E H A V I n R  RESULTS IN 

TME nTHER 4T 5,000 F T  Q F P T H  CNASLES THE AMOUNT OF K I Y E T I C  ENERGY R F L F 4 S E D  SY V I O L E N T  ROCK F A I L U P F S  PFR U N I T  AREA V I Y F O  
TO @ E  DETERMINED.  IN T H I S  M I N I N G  SYSTEM AN ENERGY RELFPSE RATE OF L F S S  T H 4 V  100 M I L L I O N  F T  L B S  PER $QUARE FATHOM 

H I G H F 9  ENCRGY R F L F P S F  RATES. A S E I S M I C  RFCORDING NETWORK I N  EACH n F  THE TWO SOUTH A F R I C A N  M I N E S  ONF AT 9 ~ 0 0 0  F T  qEPTH9 

QEOUtES ROCK F A I L U P E  PROBLFMS TO E A S I L Y  MANAGEABLE PROPORTIONS. 

=.=6&Q2Q45 T H E  EFFECT n F  Y O N E L A S T I C  9 F H A V I O R  OF ROCKS ( C R F F P - S T R E I N  DEFORMATION-GAGES STRESSMETERS PR ESSURE-CELLS 
SALT-MINF 
M C C L A I h ' t  W. C. & ORYL @4K R I D G E  TEYN 

I fVTV. M I N N .  F I G H T H  SYYP. ROCK YFCHANICS,  2 0 4 - 2 1 6 ,  SEPT. 1 9 6 6 .  R K K  MECHANICS PROBLEMS PAVF BEEF! 4 N A L Y Z F D  RY T H F  
THEORY @ F  F L A S T I C I T Y  B U T  I N  SALT,  POTASHT AND TRONA CRFEP S T R A I N  CAN BE SEVERAL ORDERS OF P A G N I T U D F  GPFATER T H 4 N  

KANS4S 4\10 THC I N V E S T I G A T I C I N ' S  O Q J E C T I V E  WAS TO PRODUCE 4NY S P E C I F I E D  CLOSURE AT ANY S P E C I F I E D  T I M E .  FOUR ROOM5 WEPE 
IYSTANTANEOUS S T R A I N  AYD D F S I G N  MUST INCORPORATE PROVISIC lN FOR T H I S .  T H I S  PROJECT WAS IF.] THE CAREY S A L T  M I N E  AT LYOYS,  

M I N F O  AND THF RESULTS FRPM QOFEHOLF 3EFORMATION GAGES, BOREHOLE STRFSSMETERS AND PRESSURE C F L L S  ARE GIVEN.  FROM A 
LABORAT3RY TEST ON A PODEL P I L L A R  OF S 4 L T  AN E Y P I R I C 4 L  FORMULA WAS GEYERATED R E L A T I N G  STRESS, T I M E ,  S T R A I N  AND 
TEMPERATURE. I N  THE ACTUAL WORKINGS R O O F  DEFORMATIOY I Y C R E A S E D  SO R A P I D L Y  UPON H E A T I N G  THPT THE E N T I Q E  EXPER I M E N T A L  
AQEA WAS ROOF POLTFD. RY 9 T I L I Z I N G  C Q F E P  S T R A I N  PROPERTIES A BETTER CONTROL OF THE WORKINGS I S  PCISS!RLF. A L L  ROCK HAS 
A C F R T 4 I F I  N O N F L A S T I C I T Y  PND A Y A L Y S I S  S I M I L A Q  T'3 T H I S  CAY BE USEFUL. 



42 

Urh6=p9QlQ SUMMARY OF STRESS D E T E R M I N A T I O N S  MADE I N  THE P R O X I M I T Y  OF UNDERGROUND OPENINGS ( OVERCORING R I B - P I L L A R  
ROCK-STRESS 1 
OBERTt  L. C U.S. BUR M I N E S  

U N I V -  MINN.  E I G H T H  SYMP. ON ROCK MECHANICS, 2 1 7 - 2 2 3 7  SEPT. 1 9 6 6 .  DATA FROM OVERCORING AND OTHER STRESS-MEASURING 
TECHNIQUES ARE DISCUSSED A N 0  I T  IS STATED THAT ALTHOUGH THESE D A T A  ARE MEAGER, THEY SHOULD S T I M U L A T E  S P E C U L A T I O N  
REGARDING EARTH'S CRUST STRESS. 

12z66rQ9QJJ UNDERGROUND E X C A V A T I O N  AND SUPPORT ( ROCK-BOLTS GROUTING SURFACE-COATING PRELOADED-SUPPORTS 
I N S T R U M E N T A T I O N  
REED, J. J. & COLO SCHOOL OF M I N E S  GOLDEN COLO 

U N I V .  M I N N .  E I G H T H  SYMP. ROCK MECHANICS, 2 2 4 - 2 3 1 ,  SEPT. 1 9 6 6 .  T H I S  I S  A SUPPLEMENT TO A R T I C L E  1 2 - 6 6 - 0 9 0 0 7 ,  " D E S I G N  
OF UNDERGROUND EXCAVATIONS" .  FOR H I G H E S T  Q U A L I T Y  E X C A V A T I O N s  CONTROLLED B L A S T I N G  MUST BE C A R E F U L L Y  DES I GNED P L U S  GoOD 
S U P E R V I S I O N  AND A T T E N T I O N  TO D E T A I L .  ROCK REINFORCEMENT W I T H  BOLTS OR OTHER MEANS I S  SUPERIOR T O  ROCK SUPPORT- ROCK 
ROLT I N G  THEORY T GROUTING, SURFACE COATINGS, PRELOADED SUPPORTS, O P E N I N G  O R I E N T A T I O N ,  AND I N S T R U M E N T P T I O N  FOR E X C A V A T I O N  
CONTROL H A V E  CHANGED UNDERGROUND E X C A V A T I O N  FROM AN ART TO AN E N G I N E E R I N G  SCIENCE.  

1 2 d k Q 2 u  D I S C U S S I O N  OF D E S I G N  OF UNDERGROUND E X C A V A T I O N S  I N  ROCK ( ANALOG ELASTIC-THEORY ROCK-BOLTS ROCK-STRENGTH 
F I E L D - S T U D I E S  1 
PARKER, J. + FAIRHURST,  C. + S T A R F I E L D ,  A. M. & OBERT, L. + REED, J. J. + SALAMON, Me 0. G. 
C COOK, N. G. W. 

U N I V .  MINN.  E I G F T H  SYMP ON ROCK MECHANICS, 2 3 2 - 2 3 4 1  SEPT. 1966. PARKER ( W H I T E  P I N E  COPPER CO.) STATES THAT FOR 

SUPPORT G R A V I T Y  LOADED BEAMS BUT ALSO TO PREVENT B U C K L I N G  DUE TO L A T E R A L  PRESSURE. NO ONE HAS I N V E S T I G A T E D  THE 
REDUCTION OF ROCK STRENGTH FROM MOISTURE. F A I R H U R S T  ( U N I V .  M1NN.I S A I D  T H A T  THE ANALOG CAN BE M O D I F I E @  TO ENABLE I T S  
USE FOR ROCK W I T H  N O N L I N E A R  DEFORMATION BEHAVIOR. S T A R F I E L D  ( U N I V .  MINN.  MENTIONS THE IMPORTANCE OF G U I D I N G  F I F L D  
MEASUREMENTS B Y  THFOPY. OBERT (U. S. BUR. MINES,  DENVER) E M P H A S I Z E S  THE F A C T  THAT CURRENT T H E O R I E S  OF P L A S T I C I T Y  AND 

S T U D I E S  WE SHOULD ATTEMPT TO SOLVE THE PRESSING P R A C T I C A L  PROBLEMS. REED (COLO. SCH. OF M I N E S )  SUGGESTS T H A T  T H E  NEED 
F n R  F I E L D  I N V E S T I G A T I O N S  CAN BEST BE MET BY I N D U S T R I A L  O R G A N I Z A T I O N S  C R E A T I N G  T H E I R  OWN " IN-HOUSE"  ROCK MECHANICS 
C A P A B I L I T Y .  SALAMON (CHAMBER OF MINES, JOHANNESBURG) P O I N T S  OUT THAT ROCK MECHANICS RESEARCH I N  SOUTH A F R I C A  H A S  B E E Y  
RASED ON F L A S T I C  THEORY BUT ONLY AFTER F I E L D  E V I D E N C E  PSOVED I T S  V A L I D I T Y  FOR T H E I R  M I N I N G  C O N D I T I O N S .  THE ANALOG HAS 
BEEN H E L P F U L  I N  COAL M I N E S  AS WELL AS GOLD M I N E S  WHICH ARE SEVERAL HUNDREDS OF F E E T  DEEPER. COOK (CHAMBER OF MINES,  
JOHANNFSBURG) FOUND THAT THE ANALOG RESULTS WHEN I N T E R P R E T E D  I N  TERMS O F  ENERGY CONCEPTS WERE U S E F U L  I N  P L A N N I N G  M I N E  
L AY OUT S . 
12=&&=QyQ13 THE STATF OF ROCK MECHANICS KNOWLEDGF I N  O R I L L I N G  ( D R I L L I N G - R A T E  E X O T I C - D R I L L I N G  P E R C U S S I O N - D R I L L I N G  

RnOF SPANS, ASSUMING ROCK TO BEHAVE AS A G R A V I T Y  LOADED BEAM I S  OFTEN U N R E A L I S T I C .  ROOF BOLTS MAY ACT NOT ONLY TO 

V I S C O F L A S T I C I T Y  ARE H I G H L Y  I D E A L I Z E D  AND OF L I M I T E D  V A L U E  I N  ROCK MECHANICS U N T I L  C O N S I D E R A B L Y  IMPROVED. BY F I E L D  

ROT ARY-DRI L L  I N G  ROT ARY-PER CUSS I VE-DRI LL I N G  ROCK-MECHANIC S I 
MAURERt W. C. & ESSO PROD RES CO HOUSTON T E X  

U N I V .  M I N N .  E I G H T H  SYMP. ON ROCK MECHANICS, 3 5 5 - 3 9 5 7  SEPT. 1966. SEVERAL MODELS PROPOSED T O  E X P L A I N  V A R I O U S  
ASPECTS D F  PERCUSSION AND ROTARY D R I L L I N G  ARE REVIEWED.  D R I L L I N G  R A T E  E Q U A T I O N S  APE G I V E N  FOR PERCUSSION,  DRAG B I T ,  
ROLLER B I T  AND DIAMOND R I T  D R I L L I N G .  UNDER E X O T I C  D R I L L I N G  METHODS, E I G H T  MECHANICAL,  S I X  THERMAL S P A L L I N G t  S I X  F U S I O N  
4 Y C  V A P O R I Z A T I O N  AND ONE C H E M I C A L  ARE L I S T E D .  ALTHOUGH MANY E X O T I C  D R I L L S  HAVE ONLY L I M I T E D  P O T E N T I A L  AT T H I S  T I M E T  
THFY SHOULD BE SEEVALUATED AS NEW TECHNOLOGY AND IMPROVED EQUIPMENT BECOME A V A I L A B L E .  

3 7 - 6 6 - 0 9 0 1 4  ROCK MECHANICS AND THE E V A L U A T I O Y  3 F  IMPROVED ROCK C U T T I N G  METHODS ( D R I L L I N G  E X O T I C - D R I L L I N G  1 

U Y I V .  MINN.  E I G H T H  SYMP. DN ROCK MECHANICS, 3 9 6 - 4 0 9 ,  SEPT. 1966. I N  ROCK C U T T I N G  THEORY A MODEL'S E F F E C T I V E N E S S  IS 
YFASURED I N  FORCF C!R WORK OONF PER VCLUME OF ROCK REMOVED. TO MAKE IMPROVEMENTS THE STRESS S T A T E  AT OR CLOSE T O  T H E  
T?OL CONTACT APEA SHOULD BE UNDERSTOOD, KNOWLEDGE CONCERNING FRACTUPE I N I T I A T I O N  SHOULD BE A V A I L A B L E  AND THE F A C T  THAT 
THE B I T  IS WORKING ON SOCK DAMAGED BY P R F V I O U S  PASSES I S  IMPORTANT.  THE MODELS HAVE A T  B E S T  A VERY TFNUOUS CONNECTION 
W I T H  T C I E N T I F I C  KYOWLEDGE OF ROCK F A I L U R E  BUT SUCH KNOWLEDGE SHOULD P O I N T  T O  MORE MEANINGFUL MODELS. I Y T E L L I G F N C E  IS 
SHOWN TO RE IMPORTANT I N  I C E  DISENGAGEMENT. DEVELOPMENT OF THE I N T E L L I G E N T  ROCK REMOVAL CONCEPT SHCULD PRODUCE 

B A I L E Y ,  J. J. + DEAN, R. C.9 JR. & CREARE I N C  HANOVER N.H. 

SUPEQIOR MACHINES. ALSO E X O T I C  METHODS D I R E C T E D  TOWARD V A S T L Y  INCREASED POWER I N P U T  MAY BE E F F E C T I V E .  

lZ=l&=Q2Qla THE MFCHANICS OF ROCK F A I L U R E  A S S O C I A T E D  W I T H  D R I L L I N G  AT DEPTH ( DRAG-BIT R O L L E R - B I T  CONFINING-PRESSURE 
FLUID-PRESSURE LOAD-RATE B IT-PENETRAT I O N  PLASTIC-THEORY ) 
CHEATHAM, J o  6.9 JR. + G N I R K ,  P. F. E R I C E  U N I V  HOUSTON 

U N I V -  MIIUN. E I G H T H  SYMP ON ROCK MECHANICS7 410-4391 SEPT. 1 9 6 6 .  A REVIEW OF FUNDAMENTAL YECHANICS CIF ROCK TO 
SIT-TOOTH I N T F R A C T I O N  UNDER DOWNHOLE C O N D I T I O N S .  VARIOUS V A R I A B L E S  ARE F L U I D  PRESSURES WHICH S I M U L A T E  BOREHOLE 
TCINDITIONS,  YECHAVIICAL ROCK PROPERTIES,  B IT-TOOTH SHAPE AND ANGLE OF ATTACK, AND B I T - T O O T H  L O A D  A P P L I C A T I O N  RATE. I N  
A D P I T I O N ,  EFFECTS OF D I S T A N C E  FR@M AUD GEOMETRICAL SHAPE OF ADJACENT P E N E T R A T I O N  CRATERS ON M U L T I P L E  B I T - T O O T H  
P E N F T R A T I O Y  I S  G I V F N .  E X P E R I M E N T A L  SESULTS AND I D E A L I Z E D  T H E O R E T I C A L  MODELS FOR S I N G L F  R I  T-TOOTH P E N E T R A T I O N  ARF 
PRESENTED. A P P L I C A S I L I T Y  OF P L A S T I C  THEORY TO D R I L L I N G  PHENOMENA AT DEPTH, RESULTS OF RECENT DRAG-BIT S T U D I E S  AND 
SEVERAL G F N E o A L  T H E O R I E S  OF R O L L E R - B I T  D R I L L I N G  ARE DISCUSSED.  

12=68=0-941$ POCK FRAGMENTATION BY CONCENTRATED L O A D I N G  ( CRACK-PROPAGATION DEFORMATION D R I L L I N G  t 

U N I V .  M I Y Y .  E I G H T H  SYMP. ON ROCK MECHAYICS, 4 4 0 - 4 5 4 ,  SEPT. 1966. T H E O R E T I C A L  DEVELOPMENTS AND EXPERIMENTAL 
F I N D I N G S  SHQW THAT ALL MECHANICAL METHODS OF ROCK D R I L L I N G  COMPRISE A SEQUENCE OF INDEXED,  CONCENTRATED L O A D I N G S  ON THE 
HOLE 'OTTOC. A CONSIDERABLE P O R T I O N  OF ROCK MECHANIC S T U D I E S  I N  D R I L L I N G  H A S  I N V O L V E D  CONCENTRATEC L O I D I N G S .  STRESS 
D I S T R I B U T I O N  I N  THE P O R T I C N  OF THE VOLUME OF A MEOIUM I N  THE V I C I N I T Y  O F  THE CONTACT SURFACE OF A CCYCENTRATED L O A D I N G  
IS EXTREMFLY NONUNIFORM AND C R I T I C A L L Y  DEPENDEYT UPON AMOUNTS OF V A R I O U S  P O S S I B L E  DEFORMATION AND F A I L U R E  MODES 

S I V C N ,  R. E B A T T E L L E  MEMOR I N S T  COLUMBUS 

PRODUCED B Y  T H E  L O A D I N G  I T S E L F  AND BY PREVIOUS LOADINGS.  A COMPLEX I N T E R A C T I O N  OCCURS AS TOOL PENETRATES ROCK BETWEEN 
CHANGING YONUNTFORM STRESS D I S T R I B U T I O N  AND V A R I O U S  MODES OF F A I L U R E  T H A T  RESULT,  EACH M O D I F Y I N G  T H E  OTHER. 
P S Q P A G A T I @ Y  OF CR4CKS THROUGH REGIONS OF H I G H  STRESS GRADIENTS I S  A MAJOS C O M P L I C A T I N G  FACTOR. G R I F F I T H  THEORY CAN 
E X P L A T N  CRACK FORMATICIN AND MOHR-COULOMB TRAJECTORY G I V E  I T S  PROPAGATION. B A S I C  MECHANISMS OF D R I L L I N G  ARE NOT YET 

L I M I T E r )  A S I L I T Y  TO APPLY THESE P R I N C I P L E S  TO THE COMPLEX S I T U A T I O N  I N V O L V E D  I N  CONCENTRATED L O A D I N G .  1 5  REFS. 
WFLL UNDERSTOOD7 NOT BECAUSE OF OUR L A C K  OF KNOWLEDGE OF ROCK F A I L U R E ' S  B A S I C  P R I N C I P L E S ,  BUT DUE TO OUR EXTREMELY 

lZ-Q%Ul @ I  SCIJSSIQN OF ROCK D R I L L I N G  ( D R I L L I N G - E N E R G Y  D R I L L I N G s R A T E  F X O T I C - D R I L L I N G  P E R C U S S I O N - C R I L L I N G  
ROTARY-DR I LL I NG ROCK-FAILURE I 
T ~ N D A N A N D T  S. + MAURERt W. C. + SIMON, Re E F A I R H U R S T t  C. + HARTMAN, He L.  + B A I L E Y ,  J. J. 
E @FAN, R. C . 7  JR. 

U N I V .  M I N N .  FTGHTH SYMP. ON ROCK MECHANICS, 4 5 5 - 4 6 0 1  SEPT. 1 9 6 6 .  TANDANAND (U. S. BUR. M I N E S ,  MINN.) D E S C R I B E S  THE 
U. S .  BUR. OF MINFS WORK I N  D E T E R M I N I N G  THE MECHANISV OF ROCK F A I L U R E  FROM A B I T ,  THE D R I L L I N G  ENERGY VERSUS VOLUME OF 
QOCK RFYOVEPT AND D R I L L  P F N E T R A T I O N  RATE. MAURER (ESSO PROD. RES., HOUSTON) SAYS DON'T P U L E  OUT E X O T I C  C R I L L I N G  J U S T  
RFCAUSE I T  T A K E S  A L n T  CIF FNERGY. PClWFR COST I S  I N S I G Y I F I C A N T  I N  PETROLEUM D R I L L I N G  AND Q U I T E  N E G L I G I E L E  I N  MOST 
Y I N I N G  Q R I L L I N G .  THF J E T  P I E R C E R  D R I L L  HAS A HUNDRED T I M E S  AS MUCH POWES AS A ROTARY D R I L L  AND REQUIRES TEN T I M E S  THE 
FYE'GY FOR D R I L L I N G  BUT WILL O R I L L  T c N  T I M E S  AS FAST. S IMON (B.M.1.) B R I N G S  OUT THE F A C T  THAT H A V I N G  A MACHINE T n  
SURVEY THE ROTTOV O F  A HOLE AND COMPUTE HOW B E S T  TO D R I L L  I T  WOULD G I V E  A MUCH HIGHER D R I L L I N G  R A T E  BUT THE COST OF THE 
* A C H I Y F  M I G H T  MAKE I T  UNECONCIMICAL BASED ON THE COST PER F T  OF D R I L L E D  HOLE. F A I R H U R S T  ( U N I V .  MINN. )  SAYS THAT FOR 
I Y T E L L I G E N T  ROCK REMQVAL I T  MPY BE NFCESSARY TO D E S I G N  A MACHINE CAPABLE OF L O C A T I N G  R@CK WEAKNESSES. HARTMAN ( P E N N  
S T A T E )  I N D I C A T E S  THAT GQEATER IMPROVEMENT I N  D R I L L I N G  MAY COME FROM S U P P L Y I N G  MORE POWER T O  MORE E F F I C I E N T  B I T S  RATHER 
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THAN ROCK MECHANICS A N A L Y S I S .  B A I L E Y  AND DEAN (CREARE INC.9 HANOVER, N. H e )  P O I N T  OUT T H A T  CONVENTIONAL L I M I T S  I N  
D R I L L I N G  SYSTEMS' S P E C I F I C  ENERGY CAN B E  VASTLY IMPROVED. T O  A C H I E V E  THESE IMPROVEMENTS WILL R E Q U I R E  NEW D R I L L I N G  
SY STFMS 

1 7 - 6 6 - 0 9 Q l B  B L A S T I N G  AND DYNAMIC ROCK MECHANICS ( ROCK-BREAKAGE STRESS-WAVES ELASTIC-THEORY S O L I D - F R I C T I C N  C R A T E R I N G  

CLARK, G. R. & U N I V  MO R O L L A  MO 
NO S U I T A B L E  MATHEMATICAL MODEL H A S  BEFN DEVELOPED U N I V .  M I Y N .  E I G H T H  SYMP. ON ROCK MECHANICS, 463-499, SEPT. 1 9 6 6 .  

AND I S  B E I N G  MADE I N  D E V E L O P I N G  THEORY ON P A R T I T I O N I N G  OF ENERGY OF E X P L O S I V E S  I N  A L L  T Y P E S  OF B L A S T I N G .  MODELING 
WHICH WILL D E S C R I B E  THE STRESS WAVES I N  ROCK WHICH ARE R E S P O N S I P L E  FOR ROCK BREAKAGE. S I G N I F I C A N T  PROGRESS HAS REEN 

F L A S T I C  AND N O N E L A S T I C  WAVES BY ELAST I C ,  S O L I D - F R I C T I O N ,  MAXWELL, VOIGT,  S P R I N G  V O I G T  AND BERGER ARE E X P L A I N E D .  T H F  
I N V E R S I O N  OF THESE MODELS I N T O  THE R E A L  T I M E  P L A N E  THEN PROVIDES T H E  F I N A L  S O L U T I O N  FOR E V A L U A T I O N ,  U S U A L L Y  B Y  COMPUTER 
TFCHNIQUES.  C O L L I N S  PRESENTS 4 N  A N A L Y S I S  OF THE PLANE E Q U A T I O N  FOR THE V O I G T  MODEL. T H E  V O I G T  SPI -ERICAL WAVE E Q U A T I O N  
AND THE M O D I F I E D  V O I G T  MODEL ARE PRESENTED. T H E  S O L I D  F R I C T I O N  MODEL I S  G I V E N  AND THE V O I G T  MODEL S O L U T I O N  DISCUSSED.  
TRUE CRATERING D A T 4  I N  T E N  D I F F E R E N T  ROCKS ARE ANALYZED. G R A V I T Y  S C A L I N G  I S  E X P L A I N E D .  

17-66-09019 E M P I R I C A L  APPROACH T O  PROBLEMS I N  B L A S T I N G  RESEARCH ( E X P L O S I V E S  P U L S E  FREQUENCY D I S P L A C E M E N T  ) 

U N I V .  MINN.  E I G H T H  SYMP. ON POCK MECHANICS, 5 0 0 - 5 2 3 9  SEPT. 1 9 6 6 .  NONE OF T H E  T H E O R E T I C A L  SOLUTIONS FOR T H E  
GFNERATION OF STrlFSS WAVES BY A P P L I E D  PRESSURES TO I N T E R I O R  BOUNDARIES OF S P Y E R I C A L  OR C Y L I N D R I C A L  C A V I T I E S  APPEAR TO 
BE C f l Y P L E T F L Y  SATISFACTORY TO E X P L A I N  E X P E R I M E N T A L  DATA. T H I S  DOES NOT MEAN T H A T  THE T H E O R E T I C A L  WORK I S  I N  ERROR RUT 
THAT THE ADPROPRIATE DYNAMIC P R @ P E R T I E S  OF ROCK H A V E  NOT B E E N  TAKEN I N T f l  ACCOUNT I N  THE PRESENT T H E O R E T I C A L  
O E V I A T I Q N S .  AN E M P I R I C A L  APPROACH IS USED TO E S T A B L I S H  T H E  DAMAGE C R I T E R I O N  FOR QUARRY B L A S T I N G .  EXPERIMENTAL RESULTS 
FROM E I G H T  F X P L O S I V E S  SHOW THAT T H E I R  R E L A T I V E  S T R A I N  PRODUCING A B I L I T I E S  AND THUS T H E I R  CRATER B R E A K I N G  A B I L I T I E S  CAN 
RE P R F D I C T E D  FRDM @ € T O N A T I O N  PRESSURFS AND IMPEDANCE R A T I O S .  THE T Y P I C A L  S T R A I N  PULSES GENERATED B Y  D E T C N A T I N G  

S U P E R P O S I T I O N  f l F  INCRFMENTAL PULSES DOES APPEAR P R O M I S I N G  AND MAY PROVE VALUABLE I N  UNDERSTANDING THE MECHAYISM QF 
RREAKAGF. 2 3  REFS. 

12=44rQ9Qp29 COMPUTER C A L C U L A T I O N S  OF EXPLOSION-PRODUCED CRATFRS 

U N I V .  V I N N .  F I G H T H  SYMP. ON ROCK MECHANICS, 5 2 4 - 5 2 7 9  SEPT. 1 9 6 6 .  A T E C H N I Q U E  IS PRESENTED TO CALCULATE ADEQUATELY 

PRESHOT T E S T I Y G  PRDGPAM DETERMINES CONSOLIDATED AND CRACKED F Q U A T I O N S  OF STATE. F I E L D  LOGGING M U S 1  D F T E P M I N E  D E N S I T Y  

DUVALL,  W. I .  + ATCHISON, T. C. + FOGELSON, D. E. & U.S. RUR M I N E S  DENVER COLO 

C Y L I N D P I C A L  CHARGFS IS G I V E N  TOGETHER W I T H  SOYF A N A L Y S I S  OF THE DATA. THE S I M U L A T I O N  OF LONG C Y L I N C R I C A L  CHARGES !3Y 

CHFRRYt  J. T. & L R L  L IVERMORE CAL 

FROM F I R S T  P R I N C I P L E C ,  T H E  MOUND AND C 4 V I T Y  GRDWTH THAT OCCURS DURING NUCLFAR AND H I G H - E X P L O S I V E  C R A T E R I N G  EVENTS. 4 

AND C O M P R F S S I n N 4 L  AYP SHEAR VELOCITY.  LABORATORY TESTS DETERMINE HYDROSTATIC C P M P R F S S I S I L I T Y ,  T R A N S A X I  AL DATA, T E V S I L F  
STRENGTH, HUGONIOT E L A S T I C  L I M I T ,  AND HIGH-PRESSURE HUGONIOT DATA FOR THE ROCK NEAR THE P O I N T  O F  DETONATIOY.  THE 
C 4 L C U L A T E @  C R I T F R  P A D I U S  ANP E J E C T A  R E G I O N  AGREE Q U I T E  WELL W I T H  THOSE OSSERVED POSTSHOT. 1 REF. 

LZr6h=UQ2I P U L S F  PRnPAGATION I N  ROCKS ( WAVES MATHEMATICAL-ANALYSI  S 

IJNIV. M I N N -  E I G Y T H  SYPP. ON ROCK MECHANICS, 5 2 8 - 5 3 7 9  SEPT. 1 9 6 6 .  D F T A I L E O  MATHEMATICAL A N A L Y S I S  OF S P H E R I C A L  WAVF 
GOLDSMITH, W. E U N I V  CAL BERKELEY CAL 

P R n p 4 S A T I O N  IY AN E L A S T I C  SUBSTANCE. A VOIGT,  A M O D I F I E D  V O I G T  AND 4 S f l L I D  F R I C T I O N  MODEL WERE S T U C I E D -  PULSE I l vPUTS 
r O N S I O E 9 F D  COMPRISFD F X P f l N F N T I A L  DECAY, A U N I T  STEP AND STEADY-STATE S I N U S O I D A L  F X C I T A T I O N .  I N  4 N A L Y Z I N G  WAVE 
P 9 n P A G A T I C N  IV R O C K ,  M A T F R I A L  B E H A V I 9 R  IS E S S E N T I A L .  SUCH I N F O R M A T I O N  IS O B T A I N E D  BY F I E L D  OBSERVATIONS AND LABORATORY 
TESTS RUT BOTH ARE d F S F T  W I T H  D I F F I C U L T I E S  AND SUBJECT TO V A L I D  C R I T I C I S Y .  G R I N E S '  I N V E S T I G A T I O N  OF ROCK POROSITY AND 
A T T F Y U A T I O N  I S  DISCUSSEn.  THE RESULTS OF HOPKINSON BAR TESTS I N  WHICH A 4 5  I Y .  D I A .  BARS ARF L O N G I T U D I N A L L Y  IMPACT€ ' )  
4 I T H  A ONE-PALF I N .  n I 4 .  P A L L  AT 1 6 0 0  TO 6400 I N / S E C  V E L O C I T Y  ARE ANALYZED. S O L I D  F R I C T I O N  MODELS CORRESPOND VORE TO 
F X P E R I M E N T A L  R E T U L T S  THAN VISCOUS REPRESFNTATION.  A MORE CAREFUL P E P R E S F N T A T I O N  OF CLEAVAGE 4NP OTHER I R S F V F R S I B L E  OR 
TIMF-DEPENDENT MECHANISMS DF THF MICROSCOPIC PROCESSFS I N V O L V F D  I N  ROCKS D U R I N G  T H F  PASSAGE OF P U L S E S  OF S I Z A B L E  
A M P L I T U D E  I S  NFEDED. 19 R E F S .  

~ ~ A ~ z Q ~ Q Z Z  S T R A I N  WAVF THECRY XN B L A S T I N G  ( C R A T E R I N G  E X P L O S I V E S  STRAIN-AMPLITUDE C O N F I G U R A T I O N  
S T A Q F I F L P ,  A .  V .  E U N I V  M I N N  M I Y Y E A P O L I S  M I N N  

U Y I V .  Y I N N  E I G P T H  SYVP. TN POCK MECHANICST 5 3 6 - 5 4 6 9  SEPT. 1 9 6 6 .  A KNOWLEDGE OF S T R A I N  WAVE BEHAVIOR ENABLES OYE T O  
" Q F D I C T  3 P T I Y U Y  qUF-PENS F n R  D I F F E R E N T  WEIGHTS AND CONFIGURATIONS OF THE SAME EXPLCISIVE SUT M A K I N G  P R E D I C T I O N S  FOR ONF 

A PEAK S T R P I Y  H Y P O T H F S I S  r X o L n S I V E  FROM A C R 4 T F P I h G  TEST k I T H  ANDTHFR E X P L O S I V E  I N  S I M I L A R  ROCK IS  NOT R E L I A B L E .  
I C  PPESENTED WHICH 4 L L l W S  ONE TO EXTRAPOLATF FROM A CRATERING E X P E R I M E N T  TO A F U L L  SCALF BLAST.  S T R A I N  WAVF 

4tLnW COMOUTFR S I M U L A T I O N  FOR ANY B L A S T I N G  DESIGN.  1 8  REFS. 

17-64-QsQ23 PI S r U C S I W l  OF ROCK P L A S T I N G  ( A T T E N U A T I O N  C O M P R E S S I B I L I T Y  P R E S P L I T T I N G  SHOCK-DAMAGE S T R A I N  
V I  SCnFLASTIC-MODFLS 
CULVER, R. + FOGFLSON, 9. F. + DRURY, F .  & F A V R E A U t  R. + S T A R F I E L D ,  A. M. + LANF,  K. S .  
E G7LnSMITM,  W .  + CYFRRYt  J. T. + DR4KEv J. & CLARK, G. e. + FAIRHURST,  C. 

YFASUREYEUTS SHQULD P Q n V I D F  THE A T T F N U 4 T I O Y  LAW AND WAVF SHAPE FOR A CONCENTRATED CHARGF. C O Y R I N A T I O N  OF THFSE WILL 

UWIV.  M I ' h l Y .  F I G H T H  SYMF. ON ROCK MECH4NICS.  5 4 9 - 5 5 3 .  SEPT. 1 9 6 6 .  CULVER (COLO. SCHOOL "F M I N F S )  qCPORTS ON R;ICK 
P R F S P L I T T I h i G .  A S A T I S F 4 C T O R Y  P R F S P L I T T I N G  THEORY HAS NEVER BEFN OBTAINED,  B U T  A T E N T A T I V E  E X P L A N A T I C N  H A S  EVOLVED. PY 

IYCREASEO 09 AMCUNT V F  F X P L O S I V E  DECqE4SED THUS R E D U C I Y G  DAMAGE TO APJACENT STRUCTURES. FOGELSON P C I N T S  OUT THAT 
' 3 t I I L D I N G  DAsJAGF WAY C P R P E L 4 T g  R F T T E 9  W I T H  K I H C T I C  ENERGY O F  B U I L D I N G  V I B R P T I O N  RATHFR THAY P A R T I C L E  V F L O C I T Y  MFASURFD 
I N  THC SRPUNP. PQUQY (HFRCULES POulOER) M E h T I O N E 3  T H A T  BY I N C R E A S I N G  THF NUMBER OF ROOSTFRS TYE E X P L O S I V E  9OCK B R E 4 K I N G  

r n N S I D E P A T I 3 N  IN YOVIYG THF BURDEN FOQ WHICH V F R T I C A L  S T R A I N  I5 NEEDED. S T A R F I E L D  ( U Y I V .  MINY.  1 ENCOUPAGFS + H F  
D Q A C T I C A L  e L 4 S T I N G  Y P N  TG T F L L  THF T H F O R F T I C I A N  EXACTLY WYAT HE WANTS TO DO THEN D E S I G N  TECHNIQUES ANC CCYPUTEP 
P L A Y N I N G  M d Y  HFLP.  L A N F  (U.S. CPRPS EYGR. OMAHA) WOULO L I K F  T O  KNOW R A T E  CF WAVE A T T E N U A T I O N  CORRELATFO W I T H  ROCK 
SATURATION.  GCLDSMITH ( U N I V .  CAL,  BERKELEY)  SPFCULATES THAT SATURATING ROCK W I L L  DECREASE A M P L I T U D E  MOPE R A P I D L Y .  

PQOPFR L O A F I N G  APJQ PIJFFFP C O Y F I G U R A T I D Y  Fr lACTU9ES MAY B E  FORCED THROUGH ADVERSE STRFSS C O N D I T I O N S ,  HOLE S P 4 C I N G  VAY SE 

! R I L I T Y  W4S FYHAhlCFQ. FAVRFAU (RPYAL M I L  C r l L L E G E t  MONTRFALl  SAYS THAT M A X I M I Z I N G  THE H O R I Z O N T A L  S T R A I N  I S  N@T THC 

SHERQY ( U N I V .  CPL.7 R F R K F L F Y )  F X P L A I N S  THAT IN H I S  C A L C U L A T I O N S - T H F  A T T F N U A T I O N  F A L L S  OUT AS I T  I S  COVFRED BY THF 90tK 
' D P P R E S S I B I L I T Y .  DRAKE (CQAST MFG. AYD SUPPLY, L I V E P M O R E )  SAYS THAT COMPUTER T I M E  ON LARGE NUCLEAR EXPLOSIONS MAY BE 
40 YRS T r l  YEFP TRACK flF THE P b R T I C L E C .  CLARK'S ( U N I V .  MD.1 APPROACH HAS B F F N  TO ANALYZE V I S C O E L A S T I C  AND 5 I M I L A P  

OFVELCIPEO I Y  ROCK MAY F X P L 4 I Y  I T S  R E L C T I O N  TC) F X P L O S I V E S .  

17-66-Q9Q24 R E S I D U A L  STRFSSES I N  POCK YASSES I V S T R U M E N T A T I O N  1 

D 9 0 C  I N T  S9C r?F POCK YECHANICS 1 S T  CONGRESS, L I S S O N ,  ( 3 )  311-383, SEPT 25-PCT 1, 1 9 6 7 .  STATE-CF-ART I Y V E S T  I G A T  IOYS 

MO@FLS TO SEE I F  THFY HPVE ELFMEhTS A P P L I C A B L E  TO ROCK YASSES. F A I R H U R S T  ( U N I V .  MINN.) M E N T I O N S  THAT P F A K  S T R A I N  

DFYKHAUS, H. 

OF R E S I D U A L  ( L A T E N T )  C T Q F S S E S  I N  ROCY YASCES A I T H  P A R T I C U L A R  F M P H A S I S  ON STRFSS MFASURING TECHNIQUES,  C T P F q S  
O I S T ' ? I B U T I O h !  AND T H E I R  R E L A T I C N S  WITH TFCTONICS,  DISCUSSED I N  10 PAPERS, S U B M I T T E D  TO AeCVE CONGRESS AND AUTHORS CWPI 
4 Y A L Y S I S ;  W R I T T F N  AND ORAL C O N T R I B U T I O N S  9 Y  C9NGPFSS MFMBFSS ARE: INCLUDE!?. 1 P  REFS. 

121$kQ9Q23 NATURAL AVD EXCPVATEn SLOPFS 

DRClC I N T  S O C  r )F RflCK METHANICS I S T  COYGRFSS, L I S q O N ,  ( 3 )  4 2 5 - 4 7 5 9  SEPT 25-OCT 1, 1 9 6 7 .  STATE-OF-AFT I W F  ST I G A T I C N  
'3F NATURAL &NO EXCAVATED SLOPES W I T H  F Y P H A S I S  O Y  STRFSS D I S T R I B U T I f i N S t  S T A e I L I T Y  AS WELL AS S T A R I L I Z A T I C N  OF SLOPES, 
AND ORSFRVATIOYS O F  T H E I R  BEHAVIOR,  D I S C U S S E n  TN 1 6  PAPERS SUBMITTED TO ABOVF CCNGRFSS AND AUTHORS' OWN A N A L Y S I S ;  
UdQITTEN AYD ORAL C O N T R I R U T I O N S  BY CONGRESS MEYREQS ARE INCLUDED.  

TFR-STEPANTAN, G. 
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12=66=J,QQQ1 PROCEEDINGS OF F I R S T  CONGRESS OF I N T  SOC OF ROCK MECHANICS 
L A B O R A T O R I O  N A T I O N A L  DE ENGENHARIA C I V I L ,  L I S B O N ,  PORTUGAL, ( 2 )  1-679, OCT 1966.  GROUP OF PAPERS BY 187 AUTHORS ON 
R E S 1  DUAL STRESSES I N  ROCKS, F A I L U R E  OF ROCKS, S T A B I L I T Y  OF SLOPES, UNDERGROUND E X C A V A T I O N S  AND D E E P  BOREHOLESt  AND 
BEHAVIOR O F  ROCKS AS FOUNDATIONS.  SOME I N D I V I D U A L  PAPERS ARE I N D E X E D  SEPARATELY.  SEE 22-66-10002. 

12d46zlQQ92 FUNDAMENTAL STUDY ON ROCK STRESS MEASUREMENT B Y  BOREHOLE DEFORMATION METHOD 

PROC I N T  S n C  O F  ROCK MECHANICS 1ST CONGRESS, L I S B O N ,  ( 2 )  35-9, OCT. 1966.  MEASUREMENT OF D E F O R M A T I C N  OF BOREHOLE 
I N  ROCK SUBJECTED T O  CHANGE I N  A P P L I E D  STRESS, MAKES I T  P O S S I B L E  TO CALCULATE MAGNITUDE AND D I R E C T I O N  OF A P P L I E D  
STRESS, AS DEFORMATION - A P P L I E D  STRESS R E L A T I O N S H I P  E X I S T S ;  H O N I N G  D E V I C E S  WERE USED T O  GET GOOD POUNDNESS AND 
SMOOTHNESS OF BOREHOLE; 
W I T H  E L E C T R I C  MICROMETER, A I R  MICROMETER AND BOREHOLE GAGE D E S I G N E D  BY AUTHOR WERE USED. 

S U Z U K I ,  K. 

T O  MEASURE DEFORMATION OF BOREHOLE I N  ROCK SUBJECTED TO KNOWN A P P L I E D  STRESS, C Y L I N D E R  GAGE 

L7-66-J.QQQ3 C O N T R I B U T I O N  TO T H E  PROBLEM OF ROCK BURSTS 
K I E S E R ,  A. 

C O N T R I B U T I O N  T O  PROBLEM OF ROCK BURSTS PROC I N T  SOC O F  ROCK MECHANICS 1 S T  CONGRESS, L I S B O N ,  ( 2 )  221-5, OCT. 1 9 6 6 .  
I N  EXCAVATIONS;  ROCK BURSTS O U R I N G  CONSTRUCTION O F  TUNNELS AND G A L L E R I E S ;  A N A L Y S I S  I S  G I V E N  OF D E F O R M A T I C N  PROCESSES I N  
H A L L S  OF TUNNELS 4NO G A L L F R I E S  AND OF SUBSEQUENT ROCK BURSTS; ROCK BURSTS ARE C L A S S I F I E D  ACCORDING TO CAUSE AND EFFECT,  
4ND F I N 4 L L Y  I N F L U E N C E  OF DECREASING ROCK TEMPERATURE. ( I N  GERMAN) 

17-66-1QQa ON D I S T R I B U T I O N  OF STRESSES AROUND C I R C U L A R  TUNNELS I N  NONHOMOGENEOUS ROCKS 

PROC I N T  SOC O F  RPCK MECHANICS 1 S T  CONGRESS, L I S B O N ,  ( 2 )  249-55, OCT. 1966.  E F F E C T  OF CONSTRUCTING TUNNELS I N  
LAYERED RClCKS AS OPPOSED TO HOMOGENEDUS ROCKS; RESULTS REPRESENT SOLUTIONS TO P L A N E  S T R A I N  BOUNDARY V A L U E  PROBLEMS 
U S I N G  F I N I T E  ELEMFNT A N A L Y S I S ;  WHEN C I R C U L A R  TUNNEL I S  EXCAVATED ALONG V E R T I C A L  CONTACT BETWEEN TWO ROCK TYPES W I T H  
D I F F E R E N T  E L A S T I C  MODULI ,  STRESSES ARE FOUND TO I N C R E A S E  I N  HARDER M A T E R I A L  W H I L E  SOFTER ROCK I S  R E L A T I V E L Y  DESTRESSED;  
RESULTS SHOW CHANGES I N  STRESS D I S T R I B U T I O N  AS TUNNEL I S  CONSTRUCTED AT V A R Y I N G  D I S T A N C E S  FROM CONTACT BETWEEN ROCK 

GOODMAN, R -  E. 

TYPES; EFFECT OF D I F F E R I N G  O R I E N T A T I O N S  OF B E D D I Y G  AND ASSUMPTIONS OF I N I T I A L  ROCK STRESS HAVE ALSO BEEN EXPLORED. 

12&43QQQ!5 UNDFRGROUND EXCAVATIONS AND DEEP B O R I  NGS ( ROCK-MECHANICS TECHNIQUES STRESS S T R A I N  

PR@C I N T  SOC O F  ROCK MECHANICS, 1 S T  CONGRESS L I S B O N ,  ( 3 )  477-5357 OCT. 1966.  STATE-OF-ART OF UNDERGROUNO 
E X C A V A T I O N S  AND DEEP B O R I N G  TECHNIQUES WITH P A R T I C U L A R  EMPHASIS ON I N V E S T I G A T I O N  OF STRESS AWD S T R A I N  D I S T R I B U T I O N ;  
S T A B I L I T Y  CF F X C A V A T I f l N S  AND BOREHOLES; L I N I N G S ;  STRENGTHENING;  SUPPORT AND SUBSIDENCE,  D I S C U S S E D  I N  42 PAPERS 
S U P Y I T T F D  TO ABOVE CONGRESS AND AUTHORS nWN A N A L Y S I S ;  W R I T T E N  AND ORAL C O N T R I B U T I O N S  B Y  CONGRESS MEMBERS ARE INCLUDED.  
16 QEFS.  

12AbzUQQ1 CURVED BEAM AN4LOG FOR TUNNEL D E S I G N  I N  M A S S I V E  ROCK I TUNNEL D E S I G N  1 

4 M  SOC. C I V I L  FNG. PROCEEDINGS, ( 9 2 )  169-2091 NOV 1966.  THE CURVE0 BEAM ANALOG CORRELATES WILL W I T H  THE ACCEPT€@ 
HOLE- IN-A-PLATF A N A L Y S I S .  BECAUSE THF CURVED SEAM METHOD I S  E A S I E R  T O  L E A R N  AND USE I T  I S  PROPOSED AS A S U B S I T U T E  FOR 
T H E  WJRE RIGf lROUS METHOD. THE SUGGESTED METHOD H A S  GREATER P O S S I B I L I T I E S  FOR E S T I M A T I N G  T H E  E F F E C T S  O F  A WIDE RANGE OF 

TRCLLOPE, D. 

ADLER, L.  C VA POLY I N S T  SLACKSBURG VA 

PR3BARLE F I E L D  C O N P I T I O N  AND THEREFORE COULD P R O V I D E  GREATER V E R S A T I L I T Y  I N  D E S I G N  PRACTICE.  

12-67-04QQ1 STATUS OF QOCK MECHANICS A S  A P P L I E D  T O  M I N I N G  ( RESEARCH THEORY 1 

c n L o  SCHOOL OF MINFS NINTH S Y M P  ON R O C K  MECHANICS, 5-27. A P R  1 9 6 7 .  FORMERLY ROCK MECHANICS RESEARCH WAS PURELY 

SOME TFCHNIQUF OR GADGFT. DUE TO T H I S  AND THE POOR RETURN WHICH CClULD BE SHOWN ON RESEARCH I N V E S T M E N T  THE M I N I N G  
I Y D U S T P Y  D I D  L I T T L F  RESFARCH I N T O  I T S  B A S I C  SCIENCES.  NOW ROCK MFCHANICS ART IS AT T H E  P O I N T  WHERE I T  CAN TACKLE 
P R 4 C T I C A L  PSOBLFMS P R q F I T A R L Y .  RDCK MECHANICS I S  WHAT HAPPENS NOT WHAT THEORY T H I N K S  OUGHT TO HAPPEN AND SHOULO 
P R E D I C T  B E M A V I n R  AROUND F X C A V A T I O N S  W I T H  ACCURACY. THE FLEYENTAL FORCES WHICH ACT WHEN A N C I F N T  E Q U I L I S P  I U M  1 s  
D I S T U R B F O  RY M I N I N G  F X C A V A T I O N S  MUST B F  UNDERSTOOD BEFORE R E A L  PROGRFSS I N  ROCK MECHANICS A P P L I C A T I C N  T O  M I N E  D E S I G N  

4 M F Y 4 8 L F  TCI STUDY AND FOUR FXAMPLES OF THE A P P L I C A T I O N  OF ROCK MFCHANICS T E C H N I Q U E  ARE PRESFNTED. THE T I M E  WHEN YOU 

MUST L I V F  WITH CUR PPORLEMS AND ENGINFER THE BEST SOLUTIONS P O S S I B L E .  

U=hl=Q4QP2 STATUS O F  ROCK MECHANICS AS A P P L I E D  TO C I V I L  E N G I N E E R I N G  ( D E S I G N  ECONOMY 1 

COLO SCHqOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS1 28-41, APR 1967.  ROCK MECHANICS THRU S P E C I F I C  G R A V I T Y ,  
POROSITY,  ARSqPPTION,  r O M P P E S S I V E  AND T E N S I L F  STRENGTH, MODULUS OF E L A S T I C I T Y ,  P O I S S O N ’ S  R A T I O  AND T R I A X I A L  AND @ I R E C T  
SHFAQ STRENGTH COPBINET, W I T H  GEOLOGIC I N V E S T I G A T I O N  RESULTS I N  S A F E  AND ECONOMICAL UNDERGROUND STRUCTURF DESIGN.  T F S T  
DATA MUST B F  PROPFRLY FV4LUATED.  IMPROVEMENT CAN COME FROM BETTER AND MORE ECONOMICAL T E S T  METHODS 4 N O  S T A N D A R D I Z A T I O N  
n F  T E S T  PROCEDURES AND REPORTING METHODS AYr) PERSONAL EXCHANGE OF IDEAS.  

BLACK, R. A -  L .  + HOCK, E. & ROYAL SCHOOL OF M I N E S  LONDON 

T H E O R F T r C 4 L ,  ALSO SOMF CONSULTAYTS AND RESEARCHERS GAVE ROCK MECHANICS A BAD NAME B Y  EXTRAVAGANT C L A I M S  OR BY P L U G G I N G  

C 4 N  9 E  MADE. ROCK MFCHANICS TOOLS WHICH AQE A V A I L A B L E  TO ATTACK P R A C T I C A L  M I N I N G  PROBLEMS, M I N I N G  PRORLEMS WHICH ARF 

COIJLD SYUT UP SHOP AND L f lOK FOR A R I C H E R  ORE BODY I F  BRUTE FORCE AND CASH WOULD NOT SOLVE THE PROBLEY IS PAST. NOW WE 

MCCLURF, C. R .  & BECHTEL CORP SAN FRANCISCO 

1216EQ49Q3 A N A L Y S I S  OF ACCURACY I N  T Y E  D E T E R M I N A T I O N  OF THE GROUND-STRESS-TENSOR BY MEANS QF BOREHOLE D E V I C E S  ( 
CnMPUTER-SOLUTIONS LEAST-SQUARES STRESS-FORMULAS TENSORS TEST-HOLE-ORIENTATION 1 
GRAY, W .  M. + TflFWS, Ne A. & DEPT M I N E S  OTTOWA CAN 

Cl’LO SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHAVICS, 45-76? APR 1 9 6 7 .  FORMULAS BASED ON THE A P P L I C A T I D N  OF T H E  L F A S T  
SQUARES TO S O L U T I O N  OF E Q U A T I O N S  FOR STRESS TENSOR COMPnNENTS ARF GIVEN.  S T R A I N S  OR DEFORMATION DEPENDS ONLY ON 

MFASURFYFNT D I R E C T I O N S  AND COORDINATE AXES. I T  I S  P O S S I B L E  TO COMPUTE THE M U L T I P L Y I N G  FACTORS FOR BNY PPOPOSED 

SYSTEMS AND THE RCSULTS TARULATED. AN ANGLE SMALLER THAN 45 DEGRFFS BETWEEN P A I R S  OF BOREHClLES SHOULD NOT BE USED AND 
WORK SUGGESTS THAT 60 DEGRFES MAY 5 E  OPTIMUM. FDUR MEASUREMENT D I R E C T I O N S  FOR BOREHOLE ARE R E Q U I R E D  FOR GREATEST AND 
MClST U N I F O R M  P R F C I S I Q N  I N  STRESS C0MPr)NENT D E T E P M I N A T I O Y .  

12-67-04905 S F Y S I T I V I T Y  A N A L Y S I S  OF BOREHOLE DEFORMATION MEASUREMFNTS OF I N  S I T U  STRESS D E T F R M I N A T I C N  WkEN AFFECTED 

C’RTAIN PARAMETFRSt  ON THE NUMBER OF YEASUREMFNT D I R E C T I O N S  4ND ON T H E  GEOMETRICAL R E L A T I O N S H I P S  BETWEEN BOREHOLE AND 

YEASUREMENT SYSTEM, Q U I T E  INDEPENDENTLY OF THE MFASUREMENTS. T H I S  HAS B E F N  DONF BY E L E C T R O N I C  COMPUTER FOR TWELV‘ 

RY BORFHqLF E C C E N T R I C I T Y  ( ROCK-STRESS 1 
AGARWALt Q. & COLUMBIA U N I V  

?@LO SCHOOL OF M I N F S  N I N T H  SYMP ON R9CK HECHAYICS,  79-83, APR 1967. MEASURING I N  S I T U  STRESSES I N  ROCK MASSES HAS 
BECPYE IMPORTANT I F ’  UYDFRGROUND STRUCTURE DESIGN. STRESS R E L I E F  TFCHNIQUES HAVE THE WIDEST PCCEPTANCE. DURING 
POPEHOLE D R I L L  I N G  FOR DEFORMATION ME4SURING D E V I C E  PLACEMENT BOREHOLE E C C E N T R I C I T Y  CAN NOT BE R U L E D  OUT. T H E O R E T I C A L  

Y I C R r ) - I N  D I S P L A C E M F N T  AND M O D I F I C A T I O N  OF T H E O R E T I C A L  FORMULA DUF TO E L L I P T I C I T Y  CREATED D U R I N G  BOREHOLE D R I L L I N G  DOES 
R”CK STQESS FORMUL4 W I L L  BE M O D I F I E D  BY HOLE E C C E N T R I C I T Y .  HOWEVER, PRESENT P R A C T I C E  I S  B A S E 0  ON A FEW THOUSANDTHS OF 

NOT APPFAR TO BE J U S T I F I E D  I F  THE MEASURING D E V I C E  HAS A P R E C I S I O N  OF PLUS OR MINUS 50 MICRO-INS.  

1zs6ko4QQ5 F S T I  MATED ROCK STRESSES AT MORROW P O I N T  UNDFRGROUND POWER P L A N T  FROM EARTHQUAKES AND UNDERGRCUND B L A S T S  
C A Y P B F L L t  9 .  R .  + DODD, J. S. & U.S. BUR RECL DENVES COLU 
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COLD SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 84-114, A P R . 1 9 6 7 .  ROCK STRESSES ARE A N A L Y Z E D  WHICH ARE INDUCED 
BY NATURAL EARTHQUAKES, NUCLEAR BLASTS OR CONSTRUCTION B L A S T I N G .  THE ALLOWABLE T E N S I L E  STRENGTH OF 3 3 5  P S I  WILL BE 
EXCEEDED I N  A R E G I O N  I N  T H E  ROCK ARCH LESS THAN 10 F T  I N  D E P T H  BY AN EARTHQUAKE WAVE STRESS SUPERIMPOSED UPON T H E  
S T A T I C  STRESS BUT T H I S  WILL B E  ADEQUATELY TAKEN CARE O F  BY THE ROCK B O L T I N G  SO THAT THE UNDFRGROUND MORROW P O I N T  POWER 
PLANT WILL EXPERIENCE NO DAMAGE FROM NATURAL S E I S M I C  DISTURBANCES.  

UfiJrQ4QQ4 I N D I C E S  RELATED TO T H E  MECHANICAL P R O P E R T I E S  OF J O I N T E D  ROCK ( J O I N T - B R F A K A G E - I N D E X  
J O I N T - D I S P E R S I O N - I N D E X  ROCK STRENGTH 1 
MCMAHON, B. K. E COLO SCHOOL OF M I N E S  GOLDEN COLO 

COLD SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 117-1331 APR 1967. THE J O I N T  BREAKAGE I N D E X  AND THE J O I N T  
D I S P E R S T n N  I N D E X  A R F  USED TO DETERMINE THE I N  S I T U  ROCK STRENGTH FROM LABORATORY ROCK CORE TESTS.  THE J O I N T  BREAKAGE 
I W F X  Is  THE PERCFNTAGE OF T O T A L  EXPOSED SURFACE AREA THAT I S  COMPOSED OF J O I N T  FACES. I T  P R O V I D E S  A F I R S T  S T E P  FOR 
E S T I M A T I O N  OF LOAD-DFFDRMATION CURVES AND FRACTURE ENVELOPES FOR ANY D I R E C T I O N  I N  THE ROCK MASS. T H E  J O I N T  D I S P E R S I O N  
I N D E X  IS D E F I N E D  AS T H F  AREA ENCLOSED BY A G I V E N  CONCENTRATION CONTOUR ON AN EQUAL AREA P R D J E C T I O N  OF A J O I N T  PATTERV 
EXPRESSED AS A PFRCENTAGE OF THE AREA COVERED BY T H E  SAME CONTOUR O F  A RANDOM SAMPLE FROM A U N I F O R M  D I S T R I B U T I O N  O F  THE 
SAME NUMBER OF P O I N T S ,  CONTOURED BY T H E  SAME METHOD. J O I N T  MEANS A L L  N A T U R A L L Y  OCCURRING POCK FRACTURES W I T H  L E S S  THAN 
OYE QUARTER I N  OF CLAY OR OTHER SOFT C O A T I N G  M A T E R I A L .  D I S C O N T I N U I T I F S  LARGER THAN J O I N T S  MUST B E  G I V E N  S P E C I A L  
TR EA TMENT. 

1 ? - 6 7 - & Q Q I  P O I N T  L O A D  T E S T I N G  OF B R I T T L E  M A T E R I A L S  T O  DETERMINE T E N S I L E  STRENGTH AND R E L A T I V E  B R I T T L E N E S S  ( 
SHAPE-FACTOR 1 
RICHMUTH, 0. R. & MONTANA STATE U N I V  BOZEMAN MONT 

C @ L D  SCHOOL @F Y I N F S  N I N T H  SYMP ON R3CK MECHANICS, 1 3 4 - 1 6 0 ,  APR 1 9 6 7 .  AS T E N S I L E  T E S T S  OF ROCK ARE D I F F I C U L T  OR 
C q S T L Y  TO MAKF, T H F  T E N S I L F  STRENGTH CAN SE O B T A I N E D  BY P O I N T  L O A D I N G  THRU A S P H E R I C A L L Y  ENDED 3 / 8  I N  D I P  ROD. THE 
T F N S I L F  STRFNGTH EQUQLS THE A D P L I E D  COMPRESSIVE L O A D  A T  F A I L U R E  M U L T I P L I E D  BY T H E  SHAPE FACTOR AND D I V I D E D  BY THE 
SQUARE OF THE D I S T A N C E  BETWEEN L O A D  P O I N T S  PLUS T H E  R E L A T I V E  B R I T T L E N E S S  I N D E X  OF THE M A T E R I A L  M U L T I P L I E D  BY T H E  SAME 
A P P L I E D  L O A D  A T  F A I L U R E .  TABLES ARE G I V E N  FOR THE SHAPE FACTOR AND T H E  B R I T T L E N E S S  INDEX.  I N V E S T I G A T O R S  HAVE NOT 
E X P E R I E N C E D  ANY GREAT D I F F I C U L T Y  I N  MASTERING THE TECHNIQUE OR O B T A I N I N G  REPRODUCIBLE RESULTS. F A I L U R E  MECHANTSM 
QSTUMFS AN ECHELON CRACK FORMATION, T H E I R  S U C C F S S I V E  TRANSFORMATION I N T O  S L I P  C I N E S  BENEATH THE LOAC AND F I N A L L Y  
SPONTANEOUS CRACK PROPAGATION C L E A V I N G  THE SAMPLE. 

1 2 - 6 7 - 0 4 0 0 8  A S T A T I S T I C A L  STUDY O f  R E L A T I O N S H I P S  BETWEFN ROCK P R O P F R T I E S  
MUTMANSKY, J. M. + SINGH,  M. Ma t PENN STATE U N I V  

COLD SCHOnL OF M I N F S  N I N T H  SYMP ON ROCK MECHANICS, 1 6 1 - 1 7 7 7  APR 1 9 6 7 .  FRDM A FEW P R O P E R T I E S  I N V O L V I N G  M I N I M A L  COST 

REGQFSSION MODELS. I N D U S T R Y  EAGERLY A W A I T S  STANDARDIZED PROCEDURES FOR T H E  SYSTEMATIC D E T E R M I N A T I O N  OF ROCK 
C H A R A C T E R I S T I C S .  THREE SETS P F  DATA ON VARIOUS ROCK C L A S S E S  G I V E  THE V A R I A T I O N  T H A T  MAY BE O B T A I N E D  I N  T E N  PROPErlTY 
VQLUFS. ROCK PROPERTIES ARE G I V E N  FOR FORTY-ONE D I F F E R E N T  TYPES OF M A T E R I A L .  

17-67-Q&QQ2 MFCH4NICPL P R O P E R T I E S  AND I N  S I T U  BEHAVIOR OF THE " C H I N O  L I M F S T O N E "  CRESTMORE M I N E  R I V E R S I D E  C A L I F  ( 

AND R E A D I L Y  OPERARLE APPARATUS T H E  OTHER ROCK P R 3 P E R T I E S  CAN BE CALCULATFD. THESE METHODS ALSO A I D  IN I N T E R P R E T A T I O N  O F  

F L  FXURF LARDRATORY-TESTS 1 
HEUZFT F, F. + GOODMAN, R. E. E U N I V  C A L  BFRKELEY CAL 

COLD SCHflflL n F  MIblFS N I N T H  SYMP ON RnCK MECHANICS, 1 8 1 - 2 0 2 9  APR 1 9 6 7 .  I N  S I T U  T E S T S  U S I N G  F L A T  JACKS, P L A T E  
S E A R I N G ?  OVER CORING, S F I S Y I C  V E L O C I T Y  AND ROREHDLF J A C K I N G  METHODS WERE CONDUCTED '3N A P I L L 4 R  I N  THE 130 F T  L E V E L  OF 
C H I N O  L I M F S T O N E  M I N E  WHICH I S  NOW O P F R A T I N G  4 T  7 5 0  FT. E X H A U S T I V E  LABORATORY T E S T S  WERE YADE ON CORES D R I L L E D  I N  FOUR 
O I R E C T I O N S  F R n M  THF M I N E  S I T E .  PRIMARY CONCFRN WAS ROOF S T A B I L I T Y .  NO B E H A V I O R A L  S I M U L A T I O N  HAS PROVED S 4 T I S F A C T O R Y  
UYLESS FURTHFQ I N  S I T U  I N V E S T I G A T I O N ,  AS BOREHOLE CAMERA E X A M I N A T I O N  TO LOCATE P O S S I B L E  D I S C O N T I N U I T I E S  T AND STRESS AYD 
D F F n r l M A T I O N  MFASURFMFYTS, CAN BE PERFORMED. F L E X U R E  I S  AN APPROPRIATE TEST FOR UNSUPPORTED M I N E  ROOF D E S I G N  
S P E C I F I C A T I O N S .  

1 ? - 6 7 - 0 4 0 l Q  THE A P P L I C A T I f N  O F  SARODYNAMIC PHOTOSTRESS TFCHNIQUES TO T f f F  STUDY OF THE BEHAVIOR OF ROCK BEAMS LOADED 
BY T H F I R  OWN WEIGHT ( PHOTOTYPES B E Y D I N G  1 
WANGt C. + BOSHKOWt S .  H. + WANF? M. T. E COLUMBIA U N I V  

COLD SCHOOL nF M I N E S  N I N T H  SYMP ON RClCK MECHANICS, 2 0 3 - 7 2 1 ,  APR 1967. BARODYNAYIC PHOTOSTRESS TECHNIQUE I S  COATING 
OPQQUF SEAM M 4 T E R I A L  W I T H  TRANSPARENT B I R E F R I N G E Y T  P L A S T I C ,  S U B J E C T I N G  TO L O A D I N G  AYD OBSERVING SURFACE S T R A I N S  
DFVEL3PED I N  T H F  MODFL T R A N S M I T T E D  TO THE P L A S T I C  BY SHEAR FORCES DEVELOPED AT THE INTERFACE.  PURE SENDING THFOPY DOFZ 
N?T OCCUQ I N  T F S T S  AS T H E  NEUTRAL A X I S  APPEARS AT THE TOP EDGE OF THE BEAM AND S H I F T S  DOWNWARD W I T H  I N C R E A S I N G  LOAD 
S T A B I L I Z I h l G  W I T H I N  THC UPPEQ H A L F  T H I C K N E S S .  NEUTRAL SURFACF R A D I U S  OF CUPVATLIRE C A N  PF EVALUATED BY A S I Y P L E  

S O L T I N G  OR SUPPORTING I S  NECESSARY. 'JHOTOGRAPHS SHOW MAJOR T E N S I L E  STRESS C O N C F N T R I T I O N S  ARE W I T H I N  A S M A L L  CENTRAL 
YFGION.  CONTRARY T 9  C L A S S I C A L  BEAY THEORY, STRESS I N T F N S I T Y  I N  T H E  I M M E D I A T E  ROOF SUPPORT V t C I N I T Y  I S  S I G N I F I C A N T L Y  

W A P I - I I C A L  MCTHDD. 9 4 S F D  O Y  PHOTOTYPF SPAY-THICKNESS P E L A T I O N S H I P S t  M I N E  OPENINGS CAN RE S A F E L Y  DESIGNED SO NO ROOF 

LOWE9 THAN QT T H F  CEFJTFR. TWEYTY-THRFE BEAM TESTS WERE YADE. 

J,2=hI=Q3Qll FRACTUPING APrtUND A DOCK B E L T  ANCHOR ( P H O T O E L A S T I C - P L 4 S T I C  ROCK-BLOCKS 1 
CULVEP? R. 5 .  + JORCTAD, T .  E C'3LO SCHOOL O f  M I N E S  GOLDEN COLO 

Cf lLO SCHnOL OF P I Y F S  V I N T H  SYMP DN R?CK MECY4NICSy 2 2 2 - 2 3 4 ,  APR 1 9 6 7 .  H I G H  STPFSSFS I N  THF ROCK 9 O L T  ANCHflR R E G I O N  
4 o F  CAPABL F OF GENFRATTNG ROCK FRACTUrlFS. P H 9 T O E L A S T I C  P L A S T I C  TESTS AND T E S T  n F  STANDAPD NEDGE-TYPE F X P A Y S I O N  SHELLS 
ANCHnQFD I N  Y U L F  YARBLE BLOCK TESTS WEQE M4DF TD O E T F P Y I N E  ROCK BOLT ANCHOP STRESSES. WHERE R O O F  FRACTURFS M A Y  OCCUR 

PQnDIJCES S H Q C K  LOADS F A 9  IY EXCESS OF D E S I G N  V Q L U F .  I N  V E R T I C A L L Y  J O I N T E D  ROCK F L Q T  WEDGE-TYPE ANCI'ORS SHOULD BE 
flQIFVTFn T O  Y I N I Y I Z F  THF CHANCE OF WEDGING 4 C T I O Y  WHICH WqULD OPEN NEW OR F X I S T I N G  FRACTURES. 

I T  I S  SUGGESTEn THAT ROLT LFNGTHS 5 E  STAGGFQEO, ROLTT SHOULD BF T E N S I O N E 9  ONLY T O  MAKF GOOD CONT4CT AS B L A S T I N G  

1 3 - 6 7 - 0 4 0 1 2  THF STATUS OF ROCK MFCHPNIC S I N  q L A S T I N G  ( A N G L E - D R I L L I N G  CONTROL-BLASTING C R A T E R I N G  D R I L L - H C L F S  
E X P L O S I V F 5  ) 
RAUER, A. E QUEEY'S U Y I V  CINT CAN 

C n L D  SCHOOL OF M I N F S  N I Y T H  SYMP ON RnCK MECHAYICS, 2 4 9 - 2 6 2 r  APR 1 9 6 7 .  S L A S T I N G  ECONOMY SHOULD CONS I D F R  D R I L L I N G  

Y I L F S  OY THF 1 2  1 / 4  PATTERN SHOULD BE EVEN MORE ECONOMICAL BY U S I N G  CHEAPER LOWER ENERGY PER L B  SLURRY. ANGLF D R I L L I N G  

CONSUMPTION. Ibl RAT!NG F X P L O S I V F S  RnCK THROW AND MOVEYENT AFFFCT T H F  TOTAL ENERGY AS WELL AS THF STRFSS WAVE 
MEATUREYFYTS. U S I Y G  CRATEQING 4 5  AN E X P L O S I V F  R A T I N G  I S  NOT ONLY COSTLY BUT SUBJECT T O  ERRC'RS FROC ROCK 
91 S C O N T I N U I T I E S .  E X P L C S I V F  TESTS I N  W4TER G I V F  RESULTS AGREFING WELL W I T H  T H E @ R E T I C A L  ENERGY. CONTROL B L A S T I N G  HAS 
YOT SEEN USED I N  P I T S  AS L I T T L F  IS TO B F  cONTQOLLED EXCEPT WATER AND SMALL BLASTHOLF SPACINGS ARE NOT ECONOMICALLY 

COST, E X P L O S I V F S  COST AND YUCK S I Z E .  A 1 2  1 /4  I N  D I A  D R I L L  HOLE HAS PROVED MORF ECONOMIC4L THAN A 10 I N ,  4ND 1 5  I N  D I A  

H A S  YOT R F F N  USED BECAUSF OF REOUCED P I T  L I F F ?  REDUCED P E Y E T R A T I O N  RATE AND NO APPARENT DECREASF I N  E X P L C T I V E  

r O M P E T I T I V E  W I T H  L A Q G c  HOLFS. 

12=$7-04Q12 THE R O L E  flF STRESS WAVE AN0 GAS PRESSURE I N  P R E S P L I T T I N G  ( LUCITF-MODFLS EXPLOSION-WAVF GAS-STRESS 1 

COLD SCHOOL PF M I N E S  Y I N T H  SYMP ON ROCK YFCHAYICS,  2 6 5 - 2 3 4 7  APR 1 9 6 7 .  WHEN AN E X P L O S I V E  CHARGE I S  DFTONATFD I N  A 
SnREt r f lLF  P R E S P L I T T I V C  MAY BE CAUSED B Y  E I T H F P  09 BOTH THE E X P L O S I O N  WAVE AND T H E  EXPANDING GAS. A S E R I E S  OF T F S T S  WERE 
PUN n N  HOLES I Y  L U C I T F  P L A T E S  W I T H  THE STRESS WAVE GENERATED BY AN UNDERWATER SPARK DISCHARGE AND T I E  PRESSURE 
S I M U L A T E D  RY P R F S S U P I Z E D  O I L .  AN E X P L T S I O Y  I'd ONE HOLE MAY CAUSE CRACKING I k l  AN ADJACE'VT POLE AND SIYULTANEOUS OR 
SHnQT D F L A Y  W T n N A T I C N  TI\: M U L T I P L E  HOLES I N C R F A S E S  THE CRACK PROPAGATION. I N  F I E L D  C O N D I T I O N S  T H E  S T 4 T I C  F I E L D  STRESS 
YAY CAUSE E X C F S S I V F  WALL DAMAGE OR R F Q U I R E  UYECOYOMICALLY NARROW HOLF SPACING.  

KUTTFR, H. K .  + FAIRHURST,  C- I M P E R I A L  COL LONDON FNG 
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l z ~ k ~ ~ ~ l ~  PRESSURE-TIME MEASUREMENTS I N  ROCK ( CHARGE-GEOMETRY CHARGE-WEIGHT D E T O N A T I O N - V E L O C I T Y  SEISMIC-WAVE 

COLO SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 2 6 5 - 2 9 6 ,  APR 1967. E F F E C T  O F  E X P L O S I V E S  H A S  BEEN S T U D I E D  BY 
S T R A I N  MEASUREMENTS FROM GAGES CEMENTED I N  BOREHOLES. THESE MEASUREMENTS D I D  NOT G I V E  T H E  EFFECT O F  E X P L O S I V E S  I N  THE 

THAT WILL NOT R E T A I N  WATER I N D I C A T E  FRACTURED ROCK AND ARE NOT USED. B A R I U M  T I T A N A T E  GAGES WERE DEVELOPED FOR THE 

NORENT C. H. E. E. I. DUPONT DENEMOURS 

ZONE WHERE FRACTURE M I G H T  OCCUR. T H I S  STUDY ADOPTED A SYSTEM OF PRESSURE GAGES I N  WATER F I L L E D  BOREHOLES. GAGE HOLES 

PROGRAM. NOW PURCHASED TOURMALINE PRESSURE GAGES ARE USED. PRESSURE PULSE I N  ROCK, I N T E N S I T Y  AND SHAPE ARE DEPENDENT 
ON CHARGE WEIGHT, CHARGE GEOMETRY, DETONATION V E L O C I T Y  AND S E I S M I C  WAVE V E L O C I T Y .  FOR N E A R - S P H E R I C A L  CHARGES GOOD 
P R E D I C T I O N S  CAN BE MADE O F  PULSE SHAPE AND PEAK PRESSURE I N  ROCK. T H E  V A R I A B L E S  MENTIONED ABOVE AFFECT THE I N T E N S I T Y  
AND SHAPE FOR COLUMNAR CHARGES. ONLY ONE ROCK MEDIUM WAS I N V E S T I G A T E D .  A D D I T I O N A L  T E S T I N G  I S  REQUIRED BEFORE A F U L L  
UNDERSTANDING OF ROCK BRFAKAGE MECHANISM CAN B E  OBTAINED.  

17-67-Q5QLz MECHANISY r)F ROCK F A I L U R E  UNDER THE A C T I O N  OF E X P L O S I V E S  ( LOW-EXPLOSIVES PHOTOGRAPHY MECHANICAL-TESTS 1 
SALUJA,  S. S. E BANARAS H I N D U  U N I V  

A COMPREHENSIVE R E V I E W  OF WORK ON THE COLD SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 2 9 7 - 3 2 0 9  APR 1 9 6 7 0  
MECHANISM OF ROCK F A I L U R E  UNDER THE A C T I O N  OF AN E X P L O S I V E  CHARGE IS GIVEN.  I N  1909 THE DAWS BROTHERS P U B L I S H E D  A 
T R E A T I S E  ON ROCK B L A S T I N G  WHICH HELPED IMPROVE B L A S T I N G .  T H E  DAWS FORMULA HAS BEEN USED I N  P R A C T I C E  Q U I T E  
SUCCESSFULLY FOR A LONG TIME.  T E S T S  WERE MADE W I T H  SMOKELESS GUNPOWDER AS A LOW E X P L O S I V E  AND PENTAETHYRITETETRANITRATE 
W I T H  L E A D  A Z I D E  AS I N I T I A T O R  AND B U I L T  I N  ALUMINUM SHELLS W I T H  A BOTTOM CHARGE OF PETN AND A TOP CHARGE OF L E A D  A Z I D E  
AS H I G H  E X P L O S I V E S .  MECHANICAL TESTS I N  HOLES D R I L L E D  I N  BLOCKS WERE MADE T O  COMPARE W I T H  E X P L O S I V E  TESTS.  T E S T S  WERE 
S T U D I E D  W I T H  H I G H  SPEED PHOTOGRAPHY. FOR LOW E X P L O S I V E S  A L L  THE WORK OF F R A C T U R I N G  I S  DONE BY E X P A N D I N G  GASEOUS 
PRODUCTS. I N  H I G H  E X P L O S I V E S  CRUSHING AND S C A B B I N G  IS CAUSED BY T H E  COMPRESSIVE WAVE AND F A I L U R E  OCCURS AS T H E  GASEOUS 
PRODUCTS A S S I S T  T H I S  WAVE. A NEW E M P I R I C A L  E Q U A T I O N  I S  G I V E N  T O  REPLACE T H E  DAWS EQUATION.  

U d J - B Q l k  ON THE C O R R E L A T I O N  BETWEEN E X P L O S I V E  CRATER FORMATION AND ROCK P R O P E R T I E S  ( P H Y S I C A L - C H A R A C T E R I S T I C S  1 

COLD SCHOOL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 321-3461 APR 1967. THIRTY-THREE C R A T E R I N G  E X P E R I M E N T S  I N  F I V E  
T A C O Y I T E  ROCK LOCATIONS I N  THE EASTERN MESABI  D I S T R I C T  OF M I N N  WERE MADE U S I N G  E I G H T E E N  L B  C Y L I N D E R  SHAPED CHARGES OF 
GELEX 2 E X P L O S I V E  AT V A R I O U S  DEPTHS. FROM S I X  OR MORE T E S T S  THE UNCONFINED T E N S I L E  AND U N C O N F I N E D  COMPRESSIVE 

FOUR TO F I V E  F T  BUT BEST FRAGMENTATION WAS AT 7 5  T O  80 PERCENT OF T H I S .  NONUNIFORM CRATER VOLUME B E H A V I O R  I s  PROBABLY 

GNIRK,  P. F. + P F L E I O E R ,  E. P. E S.D.  SCHOOL OF M I N E S  

STRENGTH, THE MODULUS OF E L A S T I C I T Y ,  L O N G I T U D I N A L  WAVE V E L O C I T Y  AND D E N S I T Y  WERE ORTAINED.  OPTIMUM CHARGE DEPTH WAS 

DUE T O  P H Y S I C A L  C H A R A C T E R I S T I C S  RATHER THAN MECHANICAL PROPERTIES.  THEREFORE, E M P I R I C A L  R E L A T I O N S H I P  BETWEEN OPTIMUM 
CRATER D I M E N S I O N S  AND YECHANICAL AND P H Y S I C A L  ROCK PROPERTIES MUST A W A I T  A D D I T I O N A L  C R A T E R I N G  EXPERIMENTS.  

17-67-0&Ql1 D R I L L I N G  AND B L A S T I N G  T E C H N I Q U E S  FOR MORROW P O I N T  POWER P L A N T  ( D R I L L - P A T T E R N  CHARGE E X P L O S I V E  
ROCK-PROPEPTIES 1 
HANSEN, D. W .  & U.S. BUR RECL DENVER COLO 

CVLO SCHOOL OF M I N F S  N I N T H  SYMP ON ROCK MECHANICS, 347-360, APR 1 9 6 7 .  D E T A I L S  OF P L A N N I N G 9  D R I L L I N G ,  CHARGE 
CCIMPUTATION, F X P L O S I V E  PROPFRTIES,  AND I N F L U E N C E  O F  ROCK STRUCTURE AND P R O P E R T I E S  ARE G I V E N  FOR BOTH BENCH T Y P E  AND 
APCH F X C A V A T I P N S .  MORROW P O I N T  POWER P L A N T  WAS RECLAMATIONS'  F I R S T  UNDERGROUND POWER P L A N T  AND S I T E  I N V E S T I G A T I O N ,  
SAMPLING,  T E S T I N G  AND D E L I B E R A T I O N  PRECEDED CONSTRUCTION. P R I N C I P L E S  AND E Q U A T I O N S  G I V E N  I N  LANGEFORS AND K I H L S T R O M ' S  
"THF MODFRN T F C H N I Q U E  OF ROCK B L A S T I N G "  WERE A P P L I E D .  F I V E  TYPES OF ROCK W I T H  C O Y P R E S S I V E  STRENGTHS FROM 3,170 P S I  TO 
7RvRZO WERE FNCOUNTERED. THE METHODS USED FOR S T A B I L I Z A T I O N  ARE NOT G I V E N  BUT CAN BE O B T A I N E D  FROM THE P E C L A M A T I O N  
BUREAU. THE CHAMBER I S  206 F T  LONG 57  F T  WIDE W I T H  A ROOF ARCH R I S E  OF 16 FT. H E I G H T  FROM F O U N D A T I O N  TO RO@F S P R I N G  
L I Y F  I S  5 1  F T  I N  T H E  S E R V I C E  BAY AND 120 F T  I N  THE CONTROL BAY. 

1 2 - 6 7 - 0 4 Q l B  ON A S O L I D  F R I C T I O N  ATTENUATION SCHEME FOR DPY B R I T T L E  ROCK ( QUALITY-FACTOR 1 

C n L O  SCYOClL OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 361-3731 APR 1967. T A B L E S  OF Q U A L I T Y  FACTORS ARE G I V E N  FOR 

Q U A S I - L I N E A R  AND A S O L I @  F R I C T I O N  SCHEME CAN E X P L A I N  MANY OBSERVABLE C H A R A C T E R I S T I C S  GOVERNING LOW AMPLITUDE WAVE 
PRClPAGAT ION.  

12=fiJ=QftQ1_9 ON THF PFRFORMANCE O F  PERCUSSIVE D R I L L S  ( D R I L L I N G - S P E E D  PISTON-GEOMETRY B I T - L I F E  1 

r O L r )  SCHqDL DF P I N F S  N I N T H  SYMP ON ROCK MECHANICS, 377-4009 APR 1 9 6 7 .  A BROAD E X A M I N A T I O N  OF CONVENTIONAL 
D F R C U S S I V E  D R I L L I N G  SYSTEMS I S  GIVEN.  A LARGE NUMBER OF PARAMETERS CAN BE VARIED.  BECAUSE UNFAVORABLE STRESSES CAN 

BRADY, R. T. E COLO SCHOOL OF M I N E S  GOLDEN COLO 

V A 9 I O U S  M A T E R I A L 5  AND G R A N I T E ,  L IMESTONE,  SANDSTONE, AND SHALE.  FOR LARGE Q U A L I T Y  FACTORS, A B R I T T L E  ROCK IS 

R A I L E Y t  J. J .  & INGERSOLL-RAND CO 

OCCUP FROM TYE UNHAPPY C O I N C I D E N C E S  O F  STRESS WAVES, SMALL CHANGES CAN R E S U L T  I N  LARGE PERFORMANCE V A R I A T I O N S .  P I S T O Y  
L I F F  AN0 S I T  L I F F  ARF C O N S I D E R A T I O N S  I N  M A X I M I Z I N G  D R I L L I N G  SPEED. STRESS WAVE SOLUTION,  ROCK C H A R A C T E R I S T I C S  AND 
C L A S S I C  FORMULA ARF COMBINED I N T O  A FORM C O M P A T I B L E  W I T H  THE COMPUTER. R A S I C  HAMMER AND B I T  P R O P O R T I O N S  ARE O P T I M I Z E D  
FOR H I G H E S T  PERFORMANCF AND LOWEST STRESS LEVELS.  A REGULAR 9 I N .  DOWY-HOLE O P E R A T I O N  WAS CONSIDERED. A T A B L E  OF 
P n T E Y T I A L  I M W n V E M E N T  I N  D R I L L I N G  SPEED W I T H  CHANGES I N  P I S T O N  GEOMETRY I S  GIVEN.  WE MAY BE P A Y I Y G  A HFAVY P R I C E  FOR 
OUR UNCERTAINTY AS TO WHICH SYSTEM STRESSES ARE L I M I T I N G .  

12167=QftQ2g SOMF ROCK P F C H A N I C S  ASPECTS OF PETROLEUM E N G I N F E R I N G  ( COMPPESSIVE-STRENGTH MODULUS-OF-ELASTICITY 
WAV E-PR OP AGA T I ON M I  CROB I T I MPAC T DR AG- B I  T 1 
GRAY, K. F a  E U N I V  TEXAS A U S T I N  T E X  

CULO SCHOOL OF Y I N F S  N I N T H  SYMP ON ROCK MECHANICS, 4 0 5 - 4 3 3 7  APR 1967. ROCK MECHANICS S T U D I F S  O F  I N T E R E S T  T O  
PETROLEUM ENGINEEPS APF D I S C U S S E D  FOR WELL BORES, RESERVOIR D E S C R I P T I O N  AND BEHAVIOR AND D R I L L I N G  IVPROVEMENT THRU 
Y I C R O R I T  S T U D I F S ,  B I T  TOOTH I N D E N T A T I O N  TESTS AND DRAG B I T  STUDIES.  QOCK MECHANICS I S  B A S I C  T O  THE PFTROLEUM I N D U S T R Y  
AND S O L V I N G  RDCK MECHANICS PROBLEMS H A S  TREMENDOUS ECONOMIC I M P L I C A T I O N S .  F S T  D E S C R I P T I O N S  AND RESULTS ARE G I V E N  FOR 
VARIOUS EXTERNAL C O N F I N I N G  AYD PORE PRESSURE. T E S T S  FOR COMPRESSIVE LOAD, MV@ULUS OF E L A S T I C I T Y  AND WAVE PROPAGATION, 
F'3R M I C 9 0 P I T  TFSTS,  FOR I M P A C T  TESTS AT S I M U L A T E D  WELL BORE STRESS STATE, ARE SUMMARIZED. 

1 7 - 6 7 - Q & Q L L  A LABORATOQY STUC)Y OF THE FRACTURING OF ROCKS BY H Y D R A U L I C  PRESSURE ( PHOTOELASTIC-STUDY 
PR EFERP ED-SHEAR-PLANE 1 
"FGLEP, A. V. E QUEEN'S U N I V  ONT CAN 

lrnLn SCHOOL OF MINES NINTH S Y M P  ON ROCK MECHANICS, 437-460,  APR 1967. SAMPLES WERE TRIMMED FROM CORES O B T A I N E D  
W I T Y  A 6 I N  D I A  T H I N - W A L L E 9  DIAMOND D R I L L  B I T  ON A 3 F T  CORE BARREL THE FOUR S I D E S  WERE V E R T I C A L L Y  ORIENTED.  FPESHLY 
CUT F L A T  P L A N F S  WFQE INSTRUMENTED WITY PHOTOELASTIC M A T E R I A L  U S I N G  AN EPOXY BONDING CEMENT C O N T A I N I N G  A R E F L F C T I V E  

P Q I N C I P A L  S T R A I N  DIRFCTICIFIS AND PLANES OF PREFERRED SHEAR WERE I D E N T I F I A B L E .  LOAClING WAS H Y D R O S T A T I C  THROUGH 

PQOP4G4TED WAS RECORDED. USUALLY FRACTUR I N G  OCCURRED CLOSE TO PREFRACTURE D F T E R M I N A T I O N S  OF PREFERRED SPEAR PLANES OR 
CLOSE TO S T R I K E S  OF A COMPLEX OF SHEAR PLANES. 
d c P F  TFSTED.  P R E D I C T I N G  PLANES OF P O T F N T I A L  FRACTURE I S  D I R E C T L Y  PROPORTIONAL T O  T H E  M A G N I T U q E S  OF SHEAR S T R A I N  
DETERMINED I N  R E L A X A T I P N .  SHFAR PLANES MUST S E  T A K E N  I N T O  ACCOUNT WHEN M A K I N G  A CONVENTIONAL M I N I N G  D E S I G N  OR I N  
n E T E Q M I N I N G  CORRECT H Y D R D U L I C  FRACTURE PROPAGATION. 

123kQ4Q22 O R I E N T A T I O N  @F H Y D P A U L I C A L L Y  INDUCED FRACTURES ( FRACTURE-ORIENTATION MOHR-DIAGRAM 1 

C I L O  SCHPC'L OF M I N E S  N I N T H  SYMP ON ROCK MECHANICS, 4 6 1 - 4 8 9 9  APR 1067. 
SUSJFCTED TO H Y D R A U L I C  PPESSURE AS A T H I C K  WALLED HOLLOW C Y L I N D E R  AN E L A S T I C  S O L U T I O N  D F  THE STRESS STATE CAN SE 

'4EC)IIJY. AS ENERGY R E L A X A T I O N  OCCURRED S T R 4 I Y S  WERE PRODUCED I N  THE P H O T O E L A S T I C  M A T E R I A L  I N  SlJCH A PATTERN T H A T  

PFRFCJRATIONS I Y  A S T F F L  C A S I N G  BONDED I N  A HOLE I N  THE SAMPLE. UPON L O A D I N G  SAMPLES T H E  A Z I M U T H  I N  WHICH S T R A I N  

T E N  SAVPLES OF POTSDAM SANDSTONE AND N I N E  SAMPLES OF LYNDHUQST MARRLE 

PAULDING,  6 .  W e ,  JR .  E COLO SCHOOL OF M I N E S  GOLDEN COLO 
BY C O N S I D E R I N G  THE ROCK FORMPTION WHICH IS 
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'OBTAINED. IF THE MATERIAL IS PERMEABLE ALONG ANY HORIZONTAL PLANE AN INCREASE IN PORE PRESSURE WILL DECREASE THE AXIAL 
AND R A D I A L  E F F E C T I V E  STRESSES. THERE ARE TWO CASES ONE I N  WHICH T H F  H O R I Z O N T A L  P R I N C I P A L  STRESS I S  L E S S  THAN H A L F  THE 

WHFN THE STRESS BECOMES T E N S I L E .  O R I E N T A T I O N  OF FRACTURE P L A N E S  R E L A T I V E  TO THE WELL BORE ARE G I V E N  FOR THESE TNO 
C n S E S  AND ANALYZED BY MOHR DIAGRAMS. I T  I S  CONCLUDED THAT H Y D R A U L I C A L L Y  INDUCED FRACTURES ARE NOT N E C E S S A R I L Y  

PRESSURE MAGNITUDE AT F A I L U R E  AND NO U N I Q U E  R E L A T I O N S H I P  E X I S T S  BETWEEN I N  S I T U  STRESS S T A T E  AND F L U I D  PRESSURE AT 

V F R T I C A L  P R I N C I P A L  STRFSS AND THE OTHER WHERE I T  I S  GREATER THAN T H E  V E R T I C A L  P R I N C I P A L  STRESS. FRACTURE WILL OCCUR 

PERPENDICULAR TO T H E  L A S T  COMPRESSIONAL STRESS, NO U N I Q U E  R E L A T I O N S H I P  E X I S T S  BETWEEN FRACTURE OR1 E N T A T I O N  AND F L U I D  

F A I L U R E  WHICH SUGGESTS T H A T  I N  S I T U  STRESS S T A T E  CANNOT BE DETERMINED FROM H Y D R A U L I C  F R A C T U R I N G  DATA. 

U3kQQ.QQ.J. TUNNEL S I T F  I N V E S T I G A T I O N S  - A REVIEW ( GEOLOGY CORE-BORING SURVFYS INSTRUMENTS 1 

R A P I D  E X C A V A T I O N  - PRPBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 1 5 - 1 7 ,  1 9 6 8 .  
SnC. M I N I N G  FNGRS 1970. CHAPTER 2 .  S I T E  I N V E S T I G A T I O N  MUST DETERMINE GEOLOGIC C O N D I T I O N S  A F F E C T I N G  CONSTRUCTION 
YETHODS ANI) EQUIPMENT, THE Q U A N T I T I E S  OF WATER AND GAS TO B E  ENCOUNTERED, AND T H E  STRENGTH AND S T A B I L I T Y  OF THE 
F N V I R O N Y F N T  @F THE PROPCISED TUNNEL. D A T A  I S  O B T A I N E D  FROM MAPS, GEOLOGICAL SURVEYS, A E R I A L  PHOTOS, CORE BORINGS, GEO 
P H Y S I C A L  SURVEYS, G E O L I G I C A L  MAPPING, MAGNFTOMETER SURVEYS P I L O T  TUNNELS AND TRENCHES, PETROGRAPHIC A N A L Y S I S ,  ROCK 

GARDNER, W. I .  & U.S. BUR RECL DENVER COCO 

D R I L L A R I L I T Y  TESTS. ACCURACY AND EXTENT OF KNOWLEDGE IS U S U A L L Y  SEVERELY L I M I T E D  BECAUSE O F  SHORTAGE O F  T I M E  AND 
FUNDS. 

17-70-0QQQz FUTUPE NEEDS I N  S I T F  STUDY ( REMOTE-SENSING R O C K - C L A S S I F I C A T I O N  GOPHER 1 
UNDERWODD, L .  R .  E U.S. C'3RPS OF ENGR 

R A P I D  F X C A V 4 T I C N  - PRORLFMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFFRENCE M I N N E A P O L I S ,  MAY 15-17,  1 9 6 8 .  
snc. MIYING FNGRS 1970. C H A P T E R  3. A E R I A L  RECONNAISSANCE BY REMOTE S E N S I N G  D F V I C E S  SHOULD B E  IMPROVED M A T E R I A L L Y  
AYD USED TC SUPPLFMEYT THE PRESENT METHODS OF S I T E  EXPLORATION.  NEW R A P I D - C U T T I N G  ACCURATELY CONTR@LLED D R I L L I N G  

GFOPHYSICAL MEASURING T E C H N I Q U E S  P A R T I C U L A R L Y  S U I T E D  T O  D E T E R M I N E  LOCATION,  EXTENT AND CHARACTER O F  D I S C O N T I N U I T E S  I N  
QCICY. A S T A N D 4 R D I Z E D  F N G I N F E R I N G  C L A S S I F I C A T I O N  FOR ROCK I S  NEEDED. BETTER METHODS DF E X P L O R I N G  AHEAD OF T H E  F A C F  MUST 
9 E  FQUND. 

12-JQ=QQQQl I N D E X I N G  ROCK FOR MACHINF T U N Y E L I N G  ( MOLE HARDNESS RQD-INDEX 1 

Q A P I D  F X C A V A T I O N  - PRlFILFMS AND PPOGRFSS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17,  1 9 6 8 .  

DFVELnPED TO G I V E  A UNIFORM C L A S S I F I C A T I O N  OF Q U A L I T Y  OF T H E  ROCK MASS. RQD OF 2 5 %  OR L F S S  IS VERY POOR; 254: TO 5 0 $  1s 

E V A L U A T I N G  ROCK HARDNFSS E X I S T ,  N9NE ARE U Y I V E R S A L L Y  ACCEPTABLE, RESEAPCH I S  C O N T I N U I N G  TO TRY TO DFVELOP CNE THAT WILL 

F Q U I P M F N T  IS NEEDED F"R EXPLORATORY D R I L L I N G ,  H O R I Z O N T A L L Y  AS WELL AS V E R T I C A L L Y .  WE NEED TO @ € V E L @ ?  BETTER 

DEER€, D. U. & U N I V  I L L I N O I S  

SqC. Q I N I N G  ENGRS 1970. CHAPTER 4.  A SYSTEM QF M O D I F I E D  CORE RECOVERY C A L L E D  RQD (ROCK Q U A L I T Y  D E S I G N A T I O N )  WAS 

POOR; 50%: TO 7 5 %  IS F A I R ;  75 TO 90% IS GOOD; 90% TC! 100% EXCELLEYT.  A NUMBER O F  D I F F E R E N T  METHODS OF MEPSURING AND 

9F USEFUL FOR C L A C S I F Y I N G  ROCK FOR MACHINE TUYNELING.  

12-7O-QQQQ3 AhPLYS IS f l F  HARD-ROCK C U T T A B I L I T Y  FOR MACHINES ( MOLES SOUTH-AFRICA P R O F I L E - C U T T I N G  1 

? A P T @  F X C A V A T I O N  - PROBLEMS AND PROGRESS. P R 3 C F E D I N G S  OF THF TUNNFL AYD SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 1 5 - 1 7 ,  1 9 6 8 .  
COOK, N. G. W .  E S O  A F R I C A  CHAMBER O F  M I N E S  

S Y .  M I N I N G  ENGQS 1970. CHAPTEP 5 .  T H I S  PAPER PRESENTS A S I M P L I F I F D  A N A L Y S I S  OF POCK-EREAKING BY MFCHANICAL 
C' lAnlYG ( T H I S F L  B I T S ) .  FROM T H I S  A N A L Y S I S  C P I T F R I A  ARE O R T A I N E D  FOR THF D E S I G N  AND PERFORMANCE OF HAW-ROCK T U Y N F L I N G  
YACHIYFS.  SOMF PEPFOPMANCE C H A R A C T E R I S T I C S  O F  F X I S T I N G  MOL€S ARE SUMM4RIZED T n  COYPAQE W I T H  THE A N A L Y S I S .  THE CONCEPT 
F I P  A TUNNEL P R O F I L F  C U T T I N G  MACHINE I S  O U T L I V E D .  TO CUT P P R O F I L E  FOR A 6 FT. D I A  TUNNEL AT 5 F T / H Q  A FORCF OF 40 TONS 
I ?  Q F Q U I R F D .  T H I S  T A h  R F  PRODUCFD BY 5 0  HQRSEPOWFR U N I T .  

F I F L Q  13 GrlVFRNMFNT REPORTS 

12=55=Q1_0_01 C L A S S I F I C A T I O N  OF ROCKS ( IGNEOUS SEDIMENTARY MFTAMORPHIC TEXTURF STRUCTURF M I N F Q A L O G Y  1 

r n i - o P m O  SCHOIL n F  M I Y F S ,  QUAPTFQLY,  ( 5 0 )  NO. I ,  JAN 1955. T H I S  QUARTERLY PPFSENTS T Y  COMPACT FORY THE GFNERALLY 
4CCFPTED CGNVEhTIONS F n R  NAMING ROCKS ON T H E  B A S 1  S OF MINERALOGY AND TEXTURF. NOYENCLATURF E S P F C I P L L Y  I h  SEDIMENTARY 
Q n C K S  I C  I N  YFFD OF S T 4 Y D A R D I Z A T I O Y  A N 0  I T  WAS HOPED TO EXERT I N F L U E V C E  I N  THAT D I R F C T I O N  BY T H I S  REPORT. THF 
C f N V F Y T I C N S  AND TFRMS PRFSFNTED ARF THOSE RECOMMENDED PY A M A J O R I T Y  OF A U T H O R I T I E S  AS @ETERMINED BY GEOLOGICAL 
L I T F R A T U R F  RFSFAFCV. A P F T P n G P A P H I C  B 4 S I S  I S  USED RATHFR THAN G E N E S I S  EXCFPT FOR THE USE P F  A PRIMARY G E Y F T I C  D I V I S I n h l  
HUT THEQEPFTFR THF P K I N C I P L F  I S  FOLLOWFD OF NAMING ROCKS ON THF P A S I S  OF V I S I B L E  FEATURES AYD NOT ON A P A S I S  OF 
IhlFFQFhlCF. T H E  P R I Y 4 R Y  P I V I S I O Y  OF C L A S S I F I C A T I O N  C0NSI I )EQS POCK AS IGNEOUS, SEDIMFNTARY OR MFTAMORPHIC. O E S C R I P T I O Y S  
n F  C A C H  AND V A R I A T I O N S  THEREFROM ARE PROVIDEI).  A FOLD-OUT C L A S S I F I C A T I O N  CHART I S  PROVIClED FOR EACH OF THE THREE 
r L A S S c S  6 h l D  I L L U S T R h T I n N S  I N C L U Q F  FOUR SKETCHES, 4 5  PHOTO P L A T E S T  AYD 2 0  PHOTOMICRnGRAPHS TO D E P I C T  THE MFTHnD OF 
CI. ASS I F IC AT I q N  

TRAVIS, P .  e. c CPLO SCHOOL OF MINES GOLDEN c o L n  

ADVDCAT F D . 
13-64-QQQQl GEPLOGIC RF'FARCH AT T H F  S T R A I G H T  CQFEK TUYYEL S I T E  CC'LCRAOO I CQRE-HOLES R F S I S T I V I T Y  R A O I O A C T I V I T Y  

DF Y S  I T Y  SF I S  M I  C-PROF I C E S  FUTUR F-HQLES COYSOL I D  A T I O N  1 
ROBIYS3Y,  C. S .  + LEF,  F.  T.  E J.S. GEOL SURVEY DENVER 

N A T I P V P L  ? € S F A R C H  C r l U U C I L r  HIGHWAY RESEAQCH BOARD, RESF4RCH RECORD, NO. 5 7 ,  18-34? 1964. P R EC C N ST P U CT I CM G F 7 L  3 G I r , 
G c P D H Y C I C 4 L  AND LABOc4TORY I Y V E S T I G A T I O Y S  THAT WERE MADE 4ND E Y G I Y E E R I V G  I Y T E R P Q F T A T I D M  AN@ P R E D I C T I C Y  C F  RFSULTS 4RF 
n f s c s I a F n .  GF'ILOGIC INVFSTIGATIONS C o Y s I s T E n  O F  GEOLOGIC MAPPING OF SIX SQUARE MILES IN THE TUNNEL SITE'S VICIWITY AND 
G c n L i G I r  LOGGIN(; 3~ TWP c o R F  POLES. GF~PHYSICAL INVFSTIGATION CONSISTED OF RESISTIVITY, RADIOACTIVITY, A V D  G A Y M A - R A Y  
DEPIFITY L O G G I N G  P F  D R I L L  YOLFS AND S F I S M I C  P R 3 F I L E S  AT THF SURFACF AUQ AT Q I G H T  ANGLFS T F  THE PROPOSED TUNNEL L I N F .  
VFW I V S T R U Y F Y T S  AYD T F r H N T Q U F S  FOP D E T F R M I Y I N G  ROCK E N G I h F E Q I N G  P R 3 P E R T I E S  I N  S I T U  AVO O R T A I N I N G  S U P P L F C E N T d L  QATA FOP 
GFDLflGIC I N T E F  PPFTATIOFJS MFRF USED. L A R P R A T n 9 Y  I N V E S T I G A T I O N S  WERF MADF ON SURFACE AND D R I L L - C O R E  SAYPLFS W I T H  THE 
HqPF THAT C n Q Q c L A T I P N  OF GFOLOGIC ANACYSFS W I T H  P H Y S I C A L  AND E N G I N E E P I N G  P R O P E R T I E S  W I L L  I N  THE FUTURF CLLCW 
TP A N S L A T I O N  OF L A B n R A T O q Y  DATA TO F I G L O  C O Y D I T I O N S  AND CORRFLATIOW OF LAROP4TORY RESULTS k I T H  IN-S I T J  YEASUQEMFNTS. 

4 L O V G  THF PQOPnSFD TkJNKFL L I Y F .  LOCATIONS AHFRF ROCK WAS EXPFCTFD T n  R E  BADLY BROKEN OR CRUSHFD AN[! F I L L E D  WITH WATFR 
dFPC SHOWN AUD FFFLFR HQLFS WERF n R I L L F D  I N  THkEE L O C A T I O Y S  T @  D E T E Q Y I N F  THE N E C E S S I T Y  OF S € A L I N G  F F F  TI-E WATER 3$ 
C O N q O C l O A T I N G  THF R Y K .  

0 4 T 4  V M P I  L E P  FRnM THF GFOLOGIC, GFOPHYSICAL AND LABORATORY I N V F C T I G A T I O N S  WERF USFD TO CnNSTRUCT A P 9 F D I C T E D  SFCTIObl  

lj=5_h=QZQQJ DYVAMIC P P O P E P T I F S  rJF POCKS ( YUGCJYIOT T R A N S I T I O N  SHOCK-INDUCED 1 
AHQFNS, T.  J. + QOSENBERG, J .  T. + RUDRMAN, Y. He E STAYFORD RES I Y S T  

9FFCYSE 4 T C M I C  S U P P P T  AGFVCY, n A S A  18613, SEDT. 1 9 6 6 .  HUGONIOT F Q U A T I P N  @ F  STATE MFASUPEMFNTS C S I Y G  STQE4K CAMERA 
T r C H V l 3 U E S  WFQF PERFOPYEP ON S I X  M I Y C P 4 L S  WHICH ARE C O N S T I T U F N T S  OF COYYON CRYSTAL ROCK. AT PPESSURES AR?VF THE 
H U G ~ V I n T  F L A S T I r  L I M I T 5  THE Y I N E R A L S  I N D I C A T E D  F I T H E R  RY CUSPS OR BY 4YOMALOUSLY H I G H  COMPRFSSIQN FOLLOWED BY A MARKFD 
T I \ I C Q C 4 S F  IY I Y C O V P ~ F < S I P I L I T Y  THAT ONE O 9  YORF SMOCK-INDUCED T R A N S I T I O Y S  T O  H I G H  PPFSSURE PC'LYMORPHOUS FORMS OCCUR. 
R F l c 4 5 C  A n I t R A T S  OF P O L Y C R Y S T A L L I N F  OUARTZ AND ANORTHCISITE DFSCENDING F Q P V  VARIOUS S T A T F S  @N T H E I R  H U G r N I r l T S  AT 
PRFC5UOcS UP TCI 3R0 AND L 2 0  K BAR R E S P F C T I V E L Y  WFRF MFASUQF? BY TWO NEW TFCHNIQUES. STRESS R F L A X A T I C N  n F  F L A S T I C  SHOCK 
WAVF: I Y  P n L Y C P Y S T A L L I Y F  QUAQT.7 ROCK WAS I Y V F S T I G A T E D  F X P F F I M E N T A L L Y  AND THEORFTICALCY.  A F F L A T I O Y  WAC D E R I V E n  9ETWFFN 

Y n D l C I C A T I r l N  n F  G R I F F I T H  THFORY. R E L A T I O N S H I P  BCTWEFN F P E F  SUQF4CF V E L O C I T Y  AFID PDSTSH'ICK ZERO PRFSSUPF VOLUMF WcPE 
n 1 S C : J F S ~ O .  C L A S T I C  WAVF P P O P A G A T I 3 N  I N  PYROXFYF r R Y S T A L S  WAS D I S C U C S F D  AND EClUATIOhlS WFRF D E R I V E D  I N D I C A T I N G  THE 

'WAVFS M A Y  TRAVFL P F Q P C Y D I C U L A R  TCJ THF U Y I Q U F  A X I S  I N  THFSE CRYSTALS. 

S T A T I T ,  SR I T T L F  F A I L U R F  STRFNGTH? MATER I A L C  P O I S S q N  Q A T I I ,  AND HUGCIYIOT E L A S T I C  L I M I T  BY APPLYI 'VG BRACE-MCCLINTDCK 

CX1STENT.C OF, 4ND G I V I Y G  THE D I Q F C T I O N  COSINFS F3R,  PRDPAG4TION DIRECTI f lNS FOR WHICH PURE L O N G I T U D I N A L  AND TRANSVFQSE 
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U - 6 7 - Q Q Q p 1  RESULTS OF GEOLOGIC RESEARCH A T  THE S T R A I G H T  CREEK TUNNEL P I L O T  BORE, COLORADO ( ROCK-MECHANICS 
GEOPHYSICS P R E D I C T  I O N S  H I  GHW AY-TUNN E L  GROUND-W ATER I N  STRUME NTAT I O N  1 
ROBINSON, C. S. + LEE,  F. T. & U e S .  GEOL SURVEY DENVER 

U. S. GEOL. SURVEY, N A T I O N A L  RESEARCH COUNCIL - HIGHWAY RESEARCH BOARD - RESEARCH RECORD7 ( 1 )  NO. 1 8 5 ,  9-19, 1967. 
COOPERATING W I T H  COLORADO DEPT. OF HIGHWAYS, CONDUCTED A RESEARCH PROJECT I N  E N G I N E E R I N G  GEOLOGY A T  THE S T R A I G H T  CREEK 
TUNNEL S I T E ,  COLORADO, FROM 1 9 6 2  TO 1 9 6 6 .  A T A B L E  I S  G I V E N  COMPARING P R E D I C T I O N S  MADE FROM T H E  GEOLOGIC 
!4EASUREMENTS D U R I N G  THE P I L O T  BORE AND THE F I N D I N G S  MADE D U R I N G  ACTUAL CONSTRUCTION OF THE 4 2 - F T  D I A M E T E R  8 3 0 0 - F T  LONG 
T W I N  BORES. 

n - 6 7 - p S Q Q z  NONUNIFORM R A D I A L  LOADS A P P L I E D  TO BOUNDARY OF C I R C U L A R  HOLE I N  I N F I N I T E  P L A T E  ( MOLE 
TUNNEL ING-MACHI  NE-STRESS 1 
DUVALL, W. 1. + BLAKE, W. 

U. S -  BUR M I N E S  REPT I N V E S T I G A T I O N S  7030, 1-16, 1967. T H E O R E T I C A L  S O L U T I O N  IS PRESENTED F O R  STRESSES AND 
D I S P L A C E M E N T S  I N  I N F I N I T E  E L A S T I C  P L A T E  C O N T A I N I N G  CIRCULAR HOLE W I T H  BOUNDARY LOADED B Y  A P P L I E D  R A D I A L  STRESSES OVER 
FOUR SEPARATED ARCS; PROBLEM SOLVED IS TWO-DIMENSIONAL A P P R O X I M A T I O N  OF STRESSES A N 0  D I S P L A C E M E N T S  DEVELOPED B y  LARGE 
TUNNFL-RORING MACHI NE ANCHORED I N  C I R C U L A R  TUNNEL; A N A L Y S I S  OF S O L U T I O N  SHOWS THAT T A N G E N T I A L  T E N S I L E  STRESSES INDUCED 
O Y  BOUNDARY OF C I R C U L A R  OPENING CAN BE M I N I M I Z E D  I N  ROOF AND M A X I M I Z E D  I N  FLOOR OF O P E N I N G  BY PROPER S P A C I N G  AND 
L O A D I N G  OF FOUR ARCS. SEE ALSO 1 3 - 6 8 - 1 1 0 0 1 .  

1 3 - 6 7 - Q Q Q Q I  RESULTS OF GEOLOGIC RESEARCH A T  THE S T R A I G H T  CREEK P I L O T  BORE, COLORADO ( P R E D I C T I O N S  E S T I M A T E S  COST 
F A U L T  F O L I A T I O N  FRACTURE WATER SUPPORT FEELER-HOLE 1 
ROBINSON, C. S. + LEE,  F. T. & U.S. GEOL SURVEY DENVER 

I N  S T R A I G H T  CREEK TUNNEL 
P I L O T  BORE RESEARCH PROJECT A S T A T I S T I C A L  STUDY O F  SURFACE AND D R I L L  HOLE FEATURES GAVE GOOD P R E D I C T I O N S  OF K I N D S  O F  
C O N D I T I O N S  AND T H E I R  EXTENT,  BUT NOT T H E I R  E X A C T  LOCATION,  T H A T  COULD B E  EXPECTED AT TUNNEL L E V E L .  SUCCESSFUL 

F 0 L I A T I r ) Y  AND FRACTURES, I N C L U D I N G  F A U L T S  AN0 JOINTS.  P R E D I C T E D  ROCK LOADS AND F I N A L  SWELL PRESSURES I N  GANGUE AND 

N A T I O N A L  RESEARCH COUNCIL,  HIGHWAY RESEARCH BOARD RESEARCH RECORD, NO 1 8 5 ,  9-191 1967. 

P R E D I C T I O N S  WERE MADE REGARDING PERCENTAGES OF ROCK TYPES, L I N E A R  F E E T  OF F A U L T E D  AND SHEARED ROCK AND A T T I T U D E S  O F  

ALTERED ROCK AGREED WELL W I T H  ACTUAL MEASUREMENTS. GROUNDWATER FLOWS OCCURRED I N  EXPECTED AMOUNTS, @UT C R I T E R I A  FOR 
E S T I V A T I O N S  PROVED UNSOUND. E S T I M A T E S  OF AMOUNT OF TEMPORARY SUPPORT, FOOTAGE CIF F E E L E R  HOLES, AND AMOUNT OF GRCUTING 
P R O V I D E D  F N G I N F F R S  WITH A SOUND B A S I S  FOR E S T I M A T E S  OF TUNNEL COSTS. 

U - 6 7 - Q I Q Q l  MECHANICAL PROPERTIES OF ROCKS AT H I G H  TEMPFRATURES A N 0  PRESSURES ( DATA P R O P E R T I F S  T E S T I N G  EXCAVATED 
M I N I N G  D R I L L I N G  T E C T O N I C  GEOLOGY W A L L - S T A B I L I T Y  1 
B A I D Y U K 7  R. V. & I N S T  OF GEOLOGY MOSCOW 

CONSULTANTS BUREAU - TRANSLATED FROM 1963 PUB OF T H E  I N S T  OF GEOLOGY AND D E V  OF M I N F R A L  RESOURCES9 661 J U L Y  127 
1 9 6 7 .  T H I S  BOOK P R O V I D E S  A SUMMATION OF C R I T I C A L  DATA ON ROCK PROPERTIES AND I N C L U D E S  A COMPREHENSIVE B I B L I O G R A P H Y  
ON ROCK PROPERTIES7 ROCK T E S T I N G  AND R E L A T E D  F I E L D S  I N  R U S S I A N  AND OTHER LANGUAGES. I T S  I N T E N T  I S  TO P R O V I D E  MEANS TO 
BETTER UNDERSTAND CRUSTAL REHAVIOR D U R I N G  O P E R A T I O N  OF T E C T O N I C  STRESSES AND A S  AN A I D  I N  P R E D I C T I N G  S E H A V I O R  OF ROCKS 
TN MASS WHFN THEY ARE R E I N G  EXCAVATED DURING M I N I N G  OR DEEP D R I L L I N G .  THE BOOK F U R N I S H E S  DATA ON RECENTLY USED 
YETHr3DS O F  T E S T I N G  ROCK FOR MECHANICAL PSOPERTIES AT H I G H  TEMPERATURE AND PRESSURES. D E S C R I B E D  ARE T E S T S  ON ROCKS 

PPESSURFS AT D I F F E R E N T  DURATIOYS AND L O A D I N G  RATES.  T E S T  EQUIPMENT IS D E S C R I B E D  I N  D E T A I L  AND RESULTS AQE G I V E N  I N  
UNDER C n N D I T I O N S  r)F SHEAR C U T T I N G ,  BENDING,  TORSION,  T E N S I O N  AND COMPRESSION W I T H  BOTH D I R E C T E D  AND 3 - D I M E N S I O N A L  

NUMFROUS SKFTCHES, OIAGRAMS, T A B L E S  AND CURVES. D I S C U S S I O N S  COVER MARBLE, L IMESTONE,  D C L O M I T E ,  ROCK S A L T ,  ANHYDRITE,  
CLAY, SANDSTONE, AND S I L T S T O N E .  T E C H N I Q U E S  ARE COMPARED AND RECOMMENDATIONS MADE CONCERNING B E H A V I O R  O F  THE D I F F E R E N T  
9 f lCK TYPES UNDER D I F F E R I N G  CONDIT’INS. THE DATA IS REVIEWED FOR A P P L I C A B I L I T Y  TO ACTUAL GEOLOGIC PROBLEMS. THEY 
A P E  C O N S I D E R F n  I Y  R E L A T I @ N  TO LARGE AND SMALL S C A L E  STRUCTURES THAT DEVELOP D U R I Y G  T E C T O N I C  MOVEMENTS AND THE 
R F L A T I O N S H I P  BFTWFEN STRUCTURE AND MOVEMEYTS I S  CONSIDERED. S I G N I F I C A N C E  O F  T H E  DATA FOR DEEP D R I L L I N G  AND WALL 
S T A B I L I T Y  IS D I S C U S S F D  AT LENGTH. 

1 9 - 6 e - Q Q Q Q l  S O L I D - I N C L U S I O Y  BOREHOLE PROBE TO DETERMINE THREE-DIMENSIONAL STRESS CHANGES A T  P O I N T  I N  ROCK MASS ( 
STRAIN-GAUGE 1 
NICHOLS,  T .  C.7 JR. + ABEL, J. c.9 JR.  + L E E 9  F. T.  

U. S. G’”L SU9VFY - PUL 1 2 5 8 - C q  1-28 ,  1 9 6 8 .  I N  ORDER TO R E L A T E  CHANGING STRESS C O N D I T I O N S  W I T H I Y  ROCK MASSES T O -  
GEOLOGIC FACT‘lPS, WELDED HIGH-MODULUS S O L I D - I N C L U S I O N  B0REHOLE PROBE TC) D E T E Q M I N E  T H R E E - D I M E N S I O N A L  STRESS CHANGES AT 
P O I N T  IY Q O C K  YASS WPS DEVELOPED AND TESTED;  PROBE CONSISTS O F  1 I N .  D I A M  CHROME ALLOY S T E E L  B A L L ,  MOUNTED W I T H  THREF 
STRAIN-GAGF ROSFTTES, AND IS ENCAPSULATED I N  F I L L E D  WATERPROOF EPOXY; R E L I A B I L I T Y  OF PROBE WAS E S T A B L I S H E D  BY 
COYDUCTING ? E R I E S  OF T E S T S  I N  WHICH PROBE WAS SUBJECTED TO CHANGING H Y D R O S T A T I C  AND T R I A X I A L  STRESS F I E L D S ;  I N  ALL 
THESE T C S T S  PP’IPE RESPCNDED AS P R E D I C T E D  BY E L A S T I C  THEORY. 

2 . 3 - 6 8 ~ 0 1 Q Q l  P I F Z n E L F C T R I C  P U L S I N G  EQUIPMENT FC)R SHEAR WAVF V E L O C I T Y  MEASUREMENTS I N  QOCK SAMPLES 

U. S .  RUR. Y I Y E S  REPOPT I N V E S T I G A T I O N S  7 0 6 5 ,  2 5 1  JAN. 1 9 6 8 .  EQUIPMENT AND TECHNIQUES WERE DEVELOPED FOR 
TANNADAY, Fa X. 

VFASUSEYFNT I N  LABORATORY OF S O N I C  SHEAR WAVE V E L O C I T Y .  V A R I O U S L Y  SHAPED ROCK SPECIMENS I N  WIDE RANGE O F  S I Z E S ;  V A 9 I E T Y  
DF POCK T Y P E S  WEPE TESTEL?; SHEAR WAVE FRONT WAS PRODUCED RY E L E C T R O N I C A L L Y  E X C I T E D ,  P I E Z O E L E C T R I C  C E R A V I C ,  DISK-SHAPED 
TRANSDIJCERS; T P A N S M I T T E R  AND R E C F I V E R  ARE INTERCHANGEABLE;  EQUIPMENT P E R M I T S  Q U I C K  MEASUREMENT O F  SPEAP WAVE V F L O C I T Y  
r )N  V A S I O U S L Y  SHAPFD S P F C I M F N S  W I T H  M I N I Y U M  OF SPECIMEN PREPARATION.  

1 3 A k Q 1 Q Q 1 .  n Y N A M I C  P R O P E P T I E S  OF ROCKS ( SHOCK-WAVE-TECHNIQUES ROCK-MECHANICS GEOLOGY 1 

F I N A L  PEPORT FOR OEFFNSE ATOMIC SUPPORT AGENCY WASH D.C.9 1 - 7 5 ,  J U L Y  1 9 6 8 .  H I G H  S T R A I N  R A T F  R E L E 4 S E  A D I A B A T S  AND 
THF P R I ’ V C I P A L  HUGONIOTS OF WATER-SATURATED TUFF AND OF FUSED QUARTZ WERE MEASURED A T  STRESSES BELOW 5 0 0  KBAR I N  
OVE-OIMFNSIONAL SHOCK-WAVE EXPERIMENTS U S I N G  E X P L O S I V E L Y  ACCELERATED F L Y F R  PLATES.  R E S U L T S  SUGGEST T H A T  BOTH M A T E R I A L S  
UYDFRGn SHOCK-INDUCED TRANSFORMATIONS WHICH ARE A T  L E A S T  P I R T I A L L Y  I R R E V E R S I S L E  ON THE T I C E  S C A L E  OF T H E  
EXPER ICCIVTS. A THERMODYNAMIC D I S C U S S I O N  C)F T H E  K I N E T I C  C O N D I T I O N S  FOR WHICH A TWO-PHASE R E A C T I N G  SYSTEM MAY 
R F L F A S E  I S E N T S O P I C A L L Y  FROM A SHOCK S T A T E  I S  PRESENTED AND R E L A T E D  TO PRESENT SATURATED T U F F  E X P E R I Y E Y T S  TO EXPLORE THE 
V A L I D I T Y  OF A P P L Y I N G  T H E  R I E M A N N  I N T E G R A L  TO THE PRESENT DATA. 

llr6&AX!QQl EFFECT OF FND C O N D I T I C N S  ON D E T E S M I N I N G  COMPRESSIVE STREYGTH OF ROCK SAMPLES 

U. S .  SUR MINES REPORT I N V E S T I G A T I O N S  717, 2 2 1  AUG 1 9 6 8 .  REPORT ON I N V E S T I G A T I O N  TO MORE E X A C T L Y  D E F I N E  I N F L U E N C E  
OF SOMF END CONDITIOWS ON LABORATORY-DETERMINED U N I A X I A L  COMPRFSSIVE STQENGTH (3F ROCK SAMPLES; FOUR V A R I P B L E S  WERE 
S T U D I F D  - N O N P A R A L L F L I S M  AND SURFACE TEXTURE OF SPECIMEN ENDS WERE SPECIMEN V A R I A B L E S ,  E N 0  P L A T E N  S I Z E  ANZ) A D J U S T A B L E  
q4 S P H E R I C A L  HEAD F R I C T I P N  WERE MACHINE V A R I A B L E S ;  MEASURED COMPRESSIVE STRENGTH OF SPECIMFNS PPEPARED W I T H  TOLERANCES, 

RCSENBERG, J. T .  + AHRENS, T e  J. + PETERSON, C .  F. & STAYFORD RES I N S T -  

H @ S K I N S q  J. R. + HORINO, F a  G. 

WILL QE S T P T T S T I C A L L Y  SAME W I T H  ANY D I A  OR T H I C K N E S S  OF P L A T E N  AND ANY DEGREE OF HEAD F R I C T I O N .  2 2  REFS.  

U - 6 F 0 9 O Q 1  MODELING A J C I N T E D  9 0 C K  MASS ( ROCK-MECHANICS ROCK-BREAKING 1 

Y.1.T- QESEARCH REPrlRT, R 6 8 - 7 0 ,  DSR 7 6 1 1 2 7  PREPARED FOR U.S. DEPT. OF TRANSPOPTATION,  SEPT. 1 9 6 8 .  AN OVERALL 

CRUCTAL P A R T  O F  HARD-ROCK TUNNEL D E S I G N  OF THE TYPE T H A T  M I G H T  BE REQUIRED FOR UNDERGROUND HIGH-SPEED TRANSPORT 

DIATqMACEOUS EARTt’? I N  THE R A T I O  1*4:32:1. A U N I V E R S A L  MOLD WAS D E S I G N E D  FOR MANUFACTURING S P E C I M E N S  H A V I N G  
D I F F E R E N T  J O I N T  SPACINGS AND O R I E N T A T I O N S .  STRENGTH T’STS WERE PERFORMED ON THE MODELS I N  A T R I A X I A L  C E L L .  T H E  

‘IFLSOI\I, Re A. + H I R S C H F E L D ,  R. C. & M.1.T. CAMBRIDGE MASS 

STUDY IS S E I N G  MADE OF J O I N T E D  ROCK T O  PROVIDE FUNDAMEYTAL UNDERSTANDING OF THE MECHANICS O F  J O I N T E D  ROCK, WHICH I S  A 

SYSTEMS. THE JOINTED-ROCK Y O D E L I N G  M A T E R I A L  WAS A Y I X T U R E  OF HYDR3CAL 8-11 ( A  V A R I E T Y  OF GYPSUM), WATER7 AND 
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FOLLOWING. CONCLUSIONS H A V E  BEEN REACHED TO DATF: ( 1 )  THE MOHR ENVELOPE FOR RUPTURE THROUGH THE I N T A C T  MODEL M A T E R I A L  I s  
CURVED AND BECOMES ALMOST H O R I Z O N T A L  A T  H I G H  NORMAL STRESS; ( 2 )  THE S L I D I N G  F R I C T I O N  ENVELOPE, D E R I V E D  FROM BOTH D I R E C T  
SHEAR T E S T S  AND FROM T R I A X I A L  T E S T S  ON J O I N T E D  SPECIMENS, WAS L I N E A R  OVER THE RANGE OF STRESSES TESTED; AND (3) THE 
MOHR ENVELOPE FOR RUPTURE-THROUGH-INTACT-MATERIAL O F  A S P E C I M E N  W I T H  M U L T I P L E  J O I N T I N G  P E R P E N D I C U L A R  TO THE MAJOR 
P R I N C I P A L  D I R E C T I O N  F E L L  BELOW THE ENVELOPE FOR AN U N J O I N T E D  SAMPLE. 

13dBzllQQl STRESSES AND DISPLACEMENTS INDUCED I N  ROCK BY TUNNEL BORING MACHINE PROPS 

U. S. BUR P I N E S  REPORT I N V E S T I G A T I O N S  7 2 0 0 ,  297 NOV. 1968. BUREAU OF M I N E S  PRESENTS T H E O R E T I C P L  S O L U T I O N  FOR 
STRFSSFS AND D I S P L A C E M E N T S  I N  I N F I N I T E  E L A S T I C  P L A T E  C O N T A I N I N G  CIRCULAR HOLE WHOSE BOUNDARY IS SUBJECTED TO A P P L I E D  
SHEAR LOADS OVER FOUR SEPARATED ARCS; A N A L Y S I S  OF V A R I O U S  SOLUTIONS SHOWS T H A T  T A N G E N T I A L  T E N S I L E  STRESSES INDUCED ON 
BOUNDARY TUNNEL BY A P P L I E D  R A D I A L  LOAOS C4N BE M I N I M I Z E D  I N  ROOF AND FLOOR OF TUNNEL B Y  A P P L I C A T I O N  OF APPROPRIATE 
SHEAR LOADS TO EACH OF FOUR PROPS. 4 REFS. 

DUVALL, W. I .  + BLAKE,  W. 

11*2=WQQ1. RnCK MECHANICS--A B I B L I O G R A P H Y  ( GEOLOGY STRUCTURAL-PROPERTIES FRACTURE D R I L L I N G  D E F O R M A T I O N  I 

GFNFRAL MnTORS T E C H N I C A L  CENTER, WARREN M I C H I G A N ,  MATER1 ALS AND STRUCTURES JOB REPORT NO. MSL-68-48, 1 4 5 r  FEB. 
1Q69. A B I B L I O G R A P H Y  ON ROCK MECHANICS OVER T H E  1957 TO 1966 P E R I O D  C O N T A I N S  OVER 1 2 0 0  REFERENCES TO BOOKS, 
A Q T I C L E S  4ND PFPORTS. RFFERENCES ARE A L P H A B E T I C A L L Y  RY AUTHOR I N  EACH OF T H E  THREE CATEGORIES.  

12&9-07042 NFAR SURFACE HORIZONTAL STRESSES I N C L U D I N G  E F F E C T S  OF ROCK A N I  SOTROPY I ROCK-MECHANICS 

@ U R T t  C. R. & GENERAL MOTORS WARREN M I C H I G A N  

COMPUTER-TECHNIQUES 1 
HtlnKER, V. E. + JOHNSON, C. F.  & U.S. BUR M I N E S  

U.S. SUR M I Y E S  REPORT I N V E S T I G A T I O N S  7 2 2 4 ,  29,  F E E  1969.  I N  S I T U  STRESSES, BASED ON I S O T R O P I C  R E L A T I O N S ,  WERE 
FVALUATED U S I N G  COMPUTER TECHNIQUES FROM OVERCORING DATA O B T A I N E D  I N  D I M E N S I O N  STONE QUARRIES ALONG A P P 4 L A C H I A N v  
PIFDMONT,  OZARK U P L I F T ?  AND O U A C H I T A  TECTONIC B E L T ;  STP.ESSES I N  H O R I Z O N T A L  PLANE NEAR SURFPCE ARE COMPRESSIVE AND RANGF 
FROM 100  TO 4500 P S I ;  D I R E C T I O N  OF MAXIMUM COMPRESSIVE STRESS SEEMS TO BE A L I G N E D  W I T H  GENERAL T E C T O N I C  STRUCTURE FOR 
YnST O F  D F T F R M I N A T I O N ;  COMPUTER PROGRAM USED FOR I S O T R O P I C  C A L C U L A T I O N  OF STRESSES I S  INCLUDED.  9 REFS. 

F I E L D  1 4  A R T I C L E S  

lft=32=QQQQJ, EARTH PRFSSURE ON TUNNFLS ( PRESSURE-RESEARCH-STUDIES 1 

ASCF TR4NS.9 1 1 0 8 )  1037-58,  1943 .  GOLDBECK PRESSURE C E L L S  WERE I N S T A L L E D  I N  TUNNELS, SHAFTS AKD R E T P I N I N G  WALLS I N  
HOLISEL, W .  S. E U.S.N. NORFOLK V 4  

D F T R O I T ?  MICH., I N  1930 TO DETFRMINE EARTH PRESSURF ON TUNNELS. I Y  T H I S  I N V E S T I G A T I O N  T H E  S O I L  I N V O L V E D  WAS ASSUME@ TC) 
R E  A PUPELY C O H E S I V E  M A T E R I A L  [ P L A S T I C  C L A Y ) .  THE RESULTS OF THE 10-YEAR T E S T  P E R I O D  SHOWED T H A T  F I N A L  E Q U I L I B R I U M  WAS 
ACHIEVFO 5 YFARS AFTEQ TUNNEL CONSTRUCTION. PRESSURE DECREASES FOR 3 MONTHS, THEN I N C R E A S E S  U N T I L  E Q U I L I B R I U M  I S  
RFACHED. AT F I N A L  E Q U I L I P R I U M  V E R T I C A L  PRESSURES WERE ABOUT EQUAL TO THE S T A T I C  HEAD. L A T E R A L  PRESSURE V A R I E D  L I T T L E  
4ND W4S S U B S T A N T I A L L Y  L E S S  THAN THE S T A T I C  HEAD. A METHOD OF COMPUTING THE EARTH PRESSURE WAS C'EVISED. 

14-54-03QQl  A P H Y S I C A L  E X P L A N A T I O N  OF THE E M P I R I C A L  LAWS OF COMMINUTIONS ( G R I N D I N G - C H A R A C T E R I S T I C S  1 

MIFUIYS F N G I N F F P I N G ?  69 313-3207 MARCH 1954.  THE E M P I R I C A L  LAWS OF COMMINUTION ARE MORF CORRECTLY BASED ON P A q T I C L F  
S I Z E  THAN THF SURFPCE AREA. THE TENDENCY OF B R I T T L E  M A T E R I A L S  TO FOLLOW THE SAME ENERGY LAWS AS MACHINE G R I N D I N G  'IF 
MLTALS I N D I C 4 T E S  THAT C O M M I N U T I O N  OF B Q I T T L E  Y A T E Q I A L S  I S  S I M I L A R  T'I MACHINE G R I N D I N G  OF METALS. A P P R E C I b B L E  P L A S T I C  

P R E C I S F  METHOD F O P  F V A L U A T I N G  THE G R I N D I N G  C H 4 R A C T E R I S T I C S  OF V A R I O U S  Y A T E R I A L S .  

1 4 - 5 7 - 0 l Q u  EXPEP I M E N T A L  DEFORMATION OF SFDIMENTARY ROCKS UNDER C O N F I N I N G  PRESSURES: T E S T S  AT ROOM TEMPERbTURE O Y  

W ~ L K E R T  I?. 4. + SHAW, M. C. & M.I.T. CAMBRIDGE MASS 

OEFClQMATION I S  ASSOCIATED W I T H  T H E  G R I N D I N G  OF O R D I N A R I L Y  B R I T T L E  M A T E s I A L S ,  THUS THE MACHINE G R I N O I N G  TECHNIQUE IS A 

DRY SAMPLFS ( ROCK-MECHANICS S T U D I F S  RESEARCH 
HANDIN,  J .  + HAGER, R. V., JR. & S H E L L  DEV CO HOUSTON 

R U L L € T I N  ? F  T H E  AYERICAN A S S O C I A T I O N  OF PETROLFUY GEOLOGISTS? 1-50,  J A Y  1 9 5 7 .  THE M E C H 4 N I C A L  PROPFRTTES OF V 4 R I O U S  
S F D I Y F Y T A P Y  ROCKS WERE S T U D I E D  I N  A S I M U L A T E D  NATURAL ENVIRONMENT OF H I G H  PRESSURE TEMP, A N 9  HYDROTHERMAL SOLUTIOYS.  
q C S U L T S  A Q E  RECORDED OF T R I A X I A L  COMPRESSION T E S T S  ON 23 DRY ROCKS AT ROOM TEMP, AND AT VARIOUS C O N F I Y I Y G  PRESSURES 
FROM 0-2000 4TM. STRESS-STRAIN CURVFS AND CURVES FOR U L T I M 4 T E  STRENGTH AND D U C T I L I T Y  AS F U N C T I O Y S  CF C O N F I N I N G  
'JRFSSURF ARF G I V E N  FOR FACH ROCK TYPE I N V E S T I G A T E D :  S I L T S T O N E ,  SHALE, SANDSTONE, L IMESTONE,  D O L O Y I T E  ROCK, AND 
4VHYDQITF.  MARKED I N C P F A S E S  I N  STRENGTH AN0 A B I L I T Y  TO DEFORM PERMANENTLY WITHOUT F R A C T U R I N G  WFRE FOUND. AN E X T E N S I V E  
QFF€RENCF L I S T  I S  G I V F N .  

14=59=1ZQQl EXPFR I M E h T A L  DEFORMATION O F  S E D I M E N T 4 Q Y  ROCKS UNDER C O N F I Y I N G  PRESSURE: T E S T S  AT H I G H  TEMPERATURF ( 
QC'CK-MECHAF'ICS S T U D I E S  RESEARCH 1 
H 4 Y D I ~ l y  J. + HAGER, R. V a t  JR. & S H E L L  DEV CO HOUSTON 

3ULCcTIY nF T Y F  AMERICAN A S S O C I A T I O N  OF PETRQLFUM GEOLOGISTS? 2892-2934, DEC 1958.  SHORT T I  YF T R I  AX 1 4 L  COMPRESS Ilh; 
T F S T S  OF DRY A N H Y D Q I T C T  DC'LOMITE ROCK, L IMESTONE,  SANDSTONE, S H A L F T  S I L T S T O N E ?  SLATF,  AND H A L I T E  CRYSTALS UNDER 
DQFSSURC-TEYP C O V D I T I C Y S  S I M U L A T I N G  DEPTHS DOWN TO 301000 F T  REVEAL:  4N I N C R E A S E  OF PRESSURE AT CONSTANT TFMP 
ThlCQFASES Y I F L O  'TRESS? PUT AN TNCREAqE OF TEMP A T  CONSTANT PRESSURES REDUCES I T .  I Y C R E A S E D  PRESSURE AT CCYSTANT TEMP 
c'IHAr\lCCS U L T I M A T E  STRENGTH; HOWEVER? H F A T I N G  AT CONSTANT PRESSURE MAY R A I S E  STRENGTH RY I N C R E A S I N G  THE D U C T I L I T Y  CF ' 
WORK-HA?DENING R O C K S .  H E A T I N G  USUALLY LOWERS STRENGTH BY E L I M I N 4 T I N G  WORK-HARDENING. EXCEPT FOR F - P L I T F ,  U L T I M A T E  
STPFYGTY A T  PNY SIWULATFD DEPTH EXCEFDS THE CRUSHING STREVGTH AT ATMOSPHERIC C O N D I T I O N S .  THE STRENGTH OF L I M F S T O N F ,  

l T H E R  M 4 T F R I A L S  TESTFD I S  SCALL. WORK IY PR7CESS W I L L  MORF R E A L I S T I C A L L Y  S I M U L A T E  THE NATURAL FNVIRONMENT OF D E E P L Y  
B U Q I F D  QflCKS RY USE @F AN I W E P E N D E N T L Y  COYTROLLED F L U I D  PORE PRESSURE. 

SHALFT AND S I L T S T O N E  AT PCOM TFMP EXCEEDS THAT AT 300 DFG C BY ABOUT 50x7 A N 0  OF H A L I T E  NEPRLY 7 T I M E S ?  THE F F F E C T  CPI 

1L-62-03QQl I N  S I T U  n E T ' P P I N A T I O N  OF STRESS I N  ROCK ( POCK-MECHANICS RESEARCH S T U D I E S  1 
OREPT, L. F U.S. BUR M I Y E S  APL PHYS RES L A B  

Y I Y I Y G  CNGINFCQING,  ( I S )  1\10. P T  5 1 - 5 P ~  AUG. 1962 .  TO DETERMINE TME ABSOLUTE STRFSS I N  9OCKS I T  W 4 S  NECFSSARY TO 
YE4SlJRC T H E  n F F O R M A T I D N  OF A BOREHOLE REFORE AYD AFTER THE ROCK WAS S T s E S S r R E L I F V E D .  A L L  MEASUREMENTS WERE MADE W I T H  A 
U S R Y  qr )PFHCLF OEFORMATION GAUGE. OV'RCORIYG A 1-1/7-IN D I 4 M  GAUGE HOLE W I T H  A + I N  O.D. B I T  ALLOWED S T R F S S - R E L I E F  
YFASUPEVENTS T f l  BF MADF AT DFPTHS UP TO 20 FT. FOPMULAS FOR C A L C U L A T I O N  OF MAXIMUM AND MIN1:'lUM STRESSES WERE G I V E V .  
STRCS5 DFTERMINATTONS n F  G R A N I T E ?  TRONA? L I M E S T O N E  AND T U F F  WFRE PRESEYTED I N  D E T A I L .  THESE Q E T E Q P I N A T I O N S  WERE 
S U F F I C I F Y T L Y  ACCtJRATF FflP F N G I Y E E R I N G  PURPCISFS; YOWEVER THE STRESS D E T E R M I N A T I O N  FOR S A L T  WAS NOT. 

14-64-01QQ1 G F n L O G I C  RFSFARCH 4 T  THE S T R A I G H T  CREEK TUYNEL S I T E ,  COLORADR ( GEOLOGY GEOPHYSICS S T A T I S T I C A L - M O D E L  
COVSTP U r T I  GY-PROCEDURE 1 
ROF3Ir\l7CY, C. 5 .  + L E E ,  F. T. E U.S. GEOL SUPVEY DENVER 

N A T I O Y A L  P E S E A Q C H  COUNCIL - HIGHW4Y RFS. BOARD? RES. RECORD 571 18-34, J A N  1964.  A RFSEAPCH PPOJECT AT S T R A I G Y T  
C Q F E Y  TUNVEL SITF C N  1-70 I S  TO APPLY AND E V A L U A T F  IDFAS I N  THE U S E  OF GEOLOGY AND GEOPHYSICS FOR PRFDICTION OF 
G F T L D G I C  C O N D I T I O N S  T "  RFDUCF CONSTRUCTIClN COST. SURFACE OUTCROPS I Y  THE TU'lNEL V I C I N I T Y  WERE MAPPED I N  D E T A I L .  TWO 
COPF H O L F S  WFPE D R I L L F D  AYD LOGGFD. T Y I S  WAS SUPPORTED BY GEOPHYSICAL L O G G I N G  OF THE D R I L L  HOLES. S E I S C I C  P R O F I L F S  
WFRF SUN P A R b L L E L  AND AT AYGLES TO THE TUNNEL. LABOPATDRY MEASUREMENT5 WERF MADE OF P H Y S I C A L  AND E N G I N € E R I N G  
PRC'PERTIES OF SAMPLFS? A S T A T I S T I C A L  YODEL OF TUYNEL GFOLDGY WAS CONSTRUCTED AND T U N N E L I N G  PROCEDURE DETERb'INED. 
CONSTQUCTIOV H A S  S T A Q T F D  AND P R E D I C T I O N S  ARE B F I Y G  CHECKED I N  THF HOPE THAT EVEN BETTER GEC'LOGY FORFCASTS CAN BE VADF 
F-P F U T U Q F  TUVNELS. 
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l&trh!td!ZQQI FUNDAMENTAL QUESTIONS I N  T H E  F I E L D  OF GEOMECHANICS f ROCK-MECHANICS 1 

M I N E  AND QUARRY ENGINEERING,  (301 NO. 21 75-77, FEB.  1964.  AN IMPORTANT P A R T  I S  P L A Y E D  BY J O I N T  F A U L T S  AND 
S T R A T I G R A P H I C A L  L I N E S  OF WEAKNESS WHEN ROCKS ARE SUBJECTED TO STRESS. THE SHEAR STRENGTH OF THE ROCK MASS COULD THEN 

CONSIDERED I N C L U D E  CLAY AND PEAT. WHEN E X P E R I M E N T I N G  I N  LARGE ROCK MASSES W I T H  I N D I V I D U A L L Y  T H I C K  STRATA AND 

DEFORMATION. WHEN E X P E R I M E N T I N G  I N  C L O S E L Y  S T R A T I F I E D  AND BADLY BROKEN ROCK MASSES I T  WAS FOUND T H A T  LARGE NUMBERS OF 
T E S T S  ARE REQUIRED TO B R I N G  OUT T H E  EFFECTS OF LOCAL D I S C O N T I N U I T I E S ;  THE S T A T I S T I C A L L Y  D E T E R M I N E D  VALUES FOR T H E  
M O D U L I  MAY HAVE SUCH H I G H  D E V I A T I O N S  T H A T  RESULTS MAY BE ALMOST USELESS.  T H E  USE OF A TRANSVERSELY I S O T R O P I C  
E L A S T I C  MODEL FOR A N A L Y Z I N G  ROCK MOVEMENTS DUE TO M I N I N G  WAS INTRODUCED. T H E  P R E D I C T I O N S  OF S T R A I N  AND D I S P L A C E M E N T  
WERE SHOWN TO B E  C O M P A T I B L E  W I T H  MEASURED DATA. T H E  F I E L D  OF T H E O R E T I C A L  S T U D I E S  I S  NOW ADVANCING TO THE STAGE 

HACKETT, P. 

BE BASED UPON T H E  SHEAR STRENGTH OF T H E  J O I N T  SYSTEM AND NOT ON THE STRENGTH O F  T H E  S O L I D  ROCK MATRIX.  TYPES O F  J O I N T S  

L I T T L E  T E C T O N I C  D I S L O C A T I O N ,  A FEW RESULTS OF FLAT-JACK TESTS OFTEN G I V E  A F A I R L Y  GOOD I N D I C A T I O N  OF THE MODULUS OF 

WHEN FORECASTS OF B E H A V I O R  OF T H E  M A I N  ROCK MASS MAY B E  MADE. 

1 , 4 d h = Q Q Q Q 1  EQUIPMENT FOR MEASURING PORE PRESSURE I N  ROCK SPECIMENS UNDER T R I A X I A L  LOAD ( ROCK-MECHANICS 1 
NEFF, T .  L. E. U.S. CORPS O F  ENGRS 

T H I S  PAPER D E A L S  W I T H  T E S T I N G  T E C H N I Q U E S  FOR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SOCe T E S T I N G  MATS., 3-18, 1966-  
EQUIPMENT DEVELOPMENT, PROCEDURAL D E T A I L S ,  AND P I L O T  T E S T S  OF LARGER SPECIMENS OF I N T E R M E D I A T E  Q U A L I T Y  ROCKT AND ROCK 
C O N T A I N I N G  J O I N T  SYSTEMS AND WEAKNESS PLANES. T H E  EFFECT O F  PORE-PRESSURE B U I L D U P  D U R I N G  L O A D I N G  AND I T S  G R A P H I C A L  
REPRESENTATION,  T H A T  IS, THE VECTOR CURVE AS EMPLOYED I N  S O I L  MECHANICS, IS CONSIDERED-  WORK TO D A T E  I N D I C A T E S  T H A T  I N  
AN U N D R A I N E D  T R I A X I A L  T E S T  THE PORE PRESSURE R I S E S  TO A PEAK VALUE AT " Y I E L D I N G "  OF T H E  S P E C I M E N  ANC T H E N  F A L L S  OFF TO 
SOME LOWER VALUE AT F A I L U R E .  PEAK VALUES AND F I N A L  VALUES VARY W I D E L Y  FOR D I F F E R E N T  ROCK TYPES. T H E  VECTOR CURVE 
D E P I C T S  Q U I T E  CLEARLY THE RESULTS OF THE UNDRAINED T R I A X I A L  TEST. 

14-66-0QQQ2 PLATE-LOAD T E S T I N G  ON ROCK FOR DEFORMATION AND STRENGTH P R O P E R T I E S  ( ROCK-MECHANICS SHEAR-STRENGTH 
S P E C I F I C A T I O N S  1 
COATES, D. F. + GYENGE, M. E DEPT Y I N E S  OTTAWA CAN 

PLATE-LOAD TESTS WERE T E S T I N G  TECHNIQUES FOR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SOC. T E S T I N G  MATS., 1 9 - 4 0 ,  1966.  
CnNDUCTFD UNDERGROUND OM ROCK TO DETERMINE I N  S I T U  STRENGTH AND DEFORMATION PROPERTIES.  T H E  PLATE-LOAD TEST P R O V I D E S  
I N F O R M A T I O N  ON THE ROCK MASS PROPERTIES AS OPPOSED TO THE STRENGTH OF THE ROCK SUBSTANCE. WHEN A P L A T E  I s  PLACED ON T H E  
SURFACE OF THE M A T E R I A L  TO BE T E S T E D  AND T H E  CONTACT PRESSURE INCREASED,  THE P L A T E  D E F L E C T S  AS T H E  M A T E R I A L  DEFORMS, 
AND SHEA9 F A I L U R E  OF THE M A T E R I A L  U L T I M A T E L Y  OCCURS. T E S T S  WERE CONDUCTED ON THREE D I F F E R E N T  MATERIALS:  I R O N  ORE, 
P A I N T  RnCK,  AND ASH ROCK. T H E  RESULTS WERE COMPAREDt I N  OTHER CASES, W I T H  THE RESULTS OF A N A L Y Z I N G  F A I L U R E S  OF THE 
ROCK MASS. MODERATELY GGOD AGREEMENT WAS O B T A I N E D  BETWEEN THESE INDEPENDENT METHODS O F  D E T E R M I N I N G  THE M A T E R I A L  
PROPERTIES.  HOWEVER, T H E  P R I N C I P A L  ASPECT THAT EMERGES IS THE D I S P E R S I O N  OF STRENGTH V A L U E S  T H A T  MUST B E  EXPECTED I N  
T E S T I N G  GEOLOG I CAL MATER I ALS . SUGGESTED S P E C I F I C A T I O N S  ARE G I V E Y  FOR PLATE-LOAD T E S T I N G ,  C O N V E N T I O N A L  U N I A X I A L  
COMPRESSION T E S T I N G ,  AND C L A S S I F I C A T I O N  U N I A X I A L  COMPRESSION T E S T I N G .  

u*6=QQQQz A T R I A X I A L  PRESSURE APPARATUS FOR T E S T I N G  OF CONSOLIDATED OR UNCONSOLIDATED M A T E R I A L S  SUBJECTED T O  PORE 
PRESSURE ( ROCK-MECHANICS COMPACTION CREEP-TEST 1 
DONATH, F. A .  C COLUMBIA U N I V  

T F S T I N G  TECHNIQUES FOR ROCK MECHANICS, ASTM STP 4029 AM. SOC. T E S T I N G  MATS., 41-51,  1966.  TO DETERMINE T H E  EFFECTS 
OF D I F F E R F N T  STRESS S T A T F S  AND PORE PRESSURE cJN T H E  COMPACTION OF S E D I M E N T  AND ON T H E  DEFORMATIONAL S E H A V I O R  OF RQCK, A 
T R I A X I A L  APPARATUS WAS DEVELOPED THAT P E R M I T S  CONTROL OF PORE PRESSURE DURING T R I A X I A L  T E S T I N G  OF M A T E P I A L S  UNDER H I G H  
C O N F I V I Y G  PRESSURE. THE APPARATUS I S  DESIGNED FOR USE W I T H  1- IN.  DIAMETER B Y  2-IN. L E N G T H  S P E C I M E N S  SUBJECTED T O  
C O N F I N I N G  PRESSURES AND PORE PRESSURES UP TO 3 0 , 0 0 0  P S I  AND A X I A L  STRESS UP T O  1 3 0 ~ 0 0 0  P S I .  T H E  A X I A L  L O A D  CAN BE HELD 
CDNSTAYT OR V A R I E D  CPNTINUOUSLY DURING T E S T I N G .  T H E  COMPACT NATURE OF THE APPARATUS P E R M I T S  M O B I L I T Y  T H A T  MAKES T H E  
APPARATUS P A R T I C U L A R L Y  D E S I R A B L E  WHERE F I E L D  T E S T I N G  I S  NECESSARY 

14-6h-QQQQf? MEASUREMENT AND A N A L Y S I S  OF ROCK P H Y S I C A L  P R O P E R T I E S  ON THE D E 2  PROJECT, I R A N  ( CONGLOMERATE-POCKS 
ROCK-MECHANICS 1 
DOODSt 9. K. C FOUNDATION S C I  C O  A S T O R I A  ORE 

T F S T I Y G  TECHNIQUES FOR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SOC. T E S T I N G  MATS., 52-72, 1966.  THE FOUNDATION ROCK FOR 
T H F  DEZ PROJECT I S  A P L I O C E N F  LIMESTONE-COBBLE CONGLOMERATE. T H E  CONSTRUCTION O F  A T H I N - A R C H  DAM ON T H I S  YOUNG, 
'4FTEQnGENEOUS M A T E R I A L  REQUIRED A THOROUGH UNDERSTANDING OF I T S  P H Y S I C A L  PROPERTIES.  THE T E S T I N G  PPOGRAP INCLUDED:  
257 PLATE B E A R I N G  TESTS,  8 5  I N  S I T U  MEASUREMENTS OF R E S I D U A L  STRESS U S I N G  THE F L A T  J A C K  METHOD, 2 LARGE HYDROSTATIC 
PRFSSURF CYAMBERS, AND LABORATORY TESTS ON 887 S I X - I N - - D I A M E T E R  ROCK CORES- THE A P P L I C A T I O N  O F  T H E  P R I N C I P L E S  OF ROCK 
MECHANICS RESULTEO I N  C C N S I D E R A B L E  S A V I N G S  I N  T I M E  AND MONEY ON THE DE2 PROJECT. 

1 L t d k Q Q Q Q 5  TECHYIQUES USED I N  S T U D Y I N G  T H E  FRACTURE MECHANICS OF ROCK ( CRACK-PROPAGATION COMPRESSIOY T E S T S  1 

T E S T I N G  TECHNIQUES FOR ROCK MECHANICS, ASTM S T P  4 0 2 ,  AM. SOC. T E S T I N G  MATS., 73-86,  1966.  P A R T I A L L Y  BROKEN 
Y A T F R I A L  WAS O B T A I N E D  TO STUDY THE G;IOWTH OF CRACKS DURING B R I T T L E  FRACTURE. I N  U N I A X I A L  COMPRESSION T H I S  WAS 
ACCOMPLISHED B Y  P L A C I N G  A S I M P L Y  SUPPORTED BEAM I N  P A R A L L E L  W I T H  THE ROCK SPECIMEN TO L I Y I T  THE ADVPNCE CF THE RAM WHEN 

AVOIDED BY U S I N G  C Y L I M D F R S  W I T H  A REDUCED CENTRAL SECTION. VOLUMETRIC S T R A I N  WAS COMPUTED FROM TWO PERPENDICULAR 

PLOTS OF VOLUMETRIC S T Q A I N  VERSUS STRESS. MEASUREMENTS OF L I N E A R  C O M P R E S S I B I L I T Y  I N D I C A T E D  T H E  PREDOMINANT D I R E C T I O N  
C F  CRACK GROWTH AND T H F  INCREASE I N  POROSITY.  

143&zQ.QQQ& C A P A B I L I T I E S  OF P H O T O E L A S T I C  COATINGS FOR THE STUDY O F  S T R A I N  I N  ROCKS ( ROCK-MECHANICS P H O T C E L A S T I C I T Y  1 

T E S T I V G  TECHVIQUES FOR ROCK MECHANICST ASTM STP 4 0 2 ,  AM. SOC. T E S T I N G  MATS., 87-105,  1966 .  ROCK S T R A I N  CAN BE 
S T U D I E D  U T I L I Z I N G  CONTINUOUSLY AND P E R I P H E R A L L Y  CEMENTED P H O T O E L A S T I C  SHEETS AND FROZEN-STRESS R I N G  P H O T C E L A S T I C  GAGES 
I N  I N T E G R A T I N G  MOUNTS. STANDARD EQ(10RS OF E S T I M A T E  OF S T R A I N  DIFFERENCES,  AS CALCULATED FROM NORMAL I N C I D E N C E ,  RANGE 
UP TO 20 M I C R O I N C H / I N .  STANDARD EFRORS OF E S T I M A T E  OF P R I N C I P A L  S T R A I Y S  TAKEN SEPARATELY RANGE UP TO ABOUT 30 
Y I C R O I N C H / I Y .  S T R A I N  L E V E L S  AS LOW AS SEVERAL TENS OF M I C R O I N C H / I N  CAN BE MEASURED W I T H  CONFIDENCE.  S T R A I N  L E V E L S  
CALCULATED FROM P H O T O F L A S T I C  CBSERVATIONS 4ND E L A S T I C I T Y  THEORY T Y P I C A L L Y  D I F F E P  F R n Y  F A C H  OTHER B Y  10 PER CENT. 
RESULTS ARE CONSISTENT AMONG CONTINUOUSLY BONDED AND I N T E G R A T I N G  MOUNTS, RECTANGULAR AND C I R C U L A R  SHEETS, D I F F E R E N T  
L O A D I Y G  SCHEMES, AND D I F F E R E N T  L I G H T I N G  AND V I E W I N G  ARRANGEMENTS. FROZEN R I N G  P H O T O E L A S T I C  GAGES ARE R E L A T I V E L Y  E A S I L Y  

PAULDING,  8 .  W.9 J R .  E I I T  RES I N S T  CHICAGO I L L  

T Y F  LOAD-CARRYING A B I L I T Y  OF THE SPECIMEN DECREASED. U N C E R T A I N T I E S  ASSOCIATED W I T H  S T R A I G H T  C Y L I N D R I C A L  SPECIMENS WERE 

S T R A I Y  GAGES. THE ONSET OF CRACK GROWTH AND T H E  WORK EXPENDED A G A I N S T  C O N F I N I N G  PRESSURE WERE FOUND W I T H  THE A I D  OF 

PINCUS,  H. J. & O H I O  S T A T E  U N I V  

READ AND I N D I C A T E  D I R E C T I O N S  OF P P I N C I P A L  STRAINS.  WORK W I T 4  ROCK SPECIMENS G I V E S  RESULTS I N  ACCORD W I T H  THOSE 
O B T A I V E D  FROM WORK W I T H  ALUMINUM BARS. P H O T O E L A S T I C  COATINGS ARE VERY S E N S I T I V E  I N D I C A T O R S  OF FRACTURES AND OTHER 
T Y P E S  OF ANISDTROPHY. T H I S  METHOD I S  A P P L I C A B L E  T O  MANY TYPES OF I N V E S T I G A T I O N .  

1kMkQQQPI  C A L C U L A T I O N  OF THE AVERAGE GROUND-STRESS COMPONENTS FROM MEASUREMENTS C!F T H E  D I A M E T R A L  DEFORMATION OF A 
D R I L L  HOLE ( ROCK-MECHANICS CORE-TFST 1 
PANEKT L. A,  & U.S. BUR M I N E S  COLLEGE PARK MD 

T E S T I N G  TECHNIQUES FCR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SDC. T E S T I N G  MATS., 106-1329 1966 .  D E T E R M I N I N G  T H E  CHANGE 
f2F STRESS I N  ROCK BASFD ON MEASUREMENTS OF THE DEFORMATION OF A D R I L L  HOLE I S  A PROCEDURE T H A T  IS I Y C R E A S I N G  I N  
P O P U L A R I T Y .  A CLOSFLY R E L A T E 0  PROCEDURE I N V O L V E S  THE A P P L I C A T I O N  O F  T H I S  P R I N C I P L E  T O  D E T F R Y I N E  T k E  E X I S T I N G  ST9ESSES 
I N  A ROCK MFDIUM BY C U T T I N G  FREE ( COQE D R I L L I N G  1 AN ANNULUS C O N T A I N I N G  THE D R I L L  HOLE. I N  T H I S  REPORT, 

E X I S T I N G  THREE-DIMENSIONAL STRESS F I E L D ,  AS THE CASE MAY RE. STUDY OF THESE EQUATIONS SHOdS THAT T P E  STRESS COMPONENTS 
EXPRESSIONS ARE D F R I V E D  FROM WHICH ONE CAY C A L C U L A T E  THE STRESS E L L I P S O I D - T H E  THREE-DIMENSIONAL CHANGE O F  STRESS OR THE 
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IN THREE DIMENSIONS C A N  BE DETERMINED BY MEASUREMENTS IN ONLY TWO DRILL HOLES AND YIELDS GENERAL PRINCIPLES THAT A R E '  
USEFUL I N  P L A N N I N G  AN E F F I C I E N T  PROGRAM O F  D R I L L I N G  AND MEASUREMENT. T H E  N E F D  FOR SOME METHOD O F  AVERAGING THE 
MEASUREMENTS A R I S E S  F V E N  I N  THE S I M P L E S T  S I T U A T I O N ,  BECAUSE ONE U S U A L L Y  HAS A V A I L A B L E  SEVERAL SETS OF MEASUREMENTS AND 
WISHES TO COMRINE THEM I N T O  A S I N G L E  S E T  O F  AVERAGE STRESS COMPONENTS. PROCEDURES, THEREFORE, ARE G I V E N  FOR 
C A L C U L A T I N G  T H E  L E A S T  SQUARES E S T I M A T E S  OF THE STRESS COMPONENTS AND T H E I R  STANDARD ERRORS, AND FOR E V A L U A T I N G  OR 
COMPARING CALCULATFD VALUES BY MEANS OF STANDARD S T A T I S T I C A L  INFERENCES.  

15AkQQQQB n E F O R M A T I O N  M O D U L I  OF ROCKS ( ROCK-MECHANICS 1 

T E S T I N G  T E C H N I Q U E S  FCR ROCK MECHANICS, ASTM S T P  402, AM. SOC. T E S T I N G  MATS., 133-1741 1966- THERE I S  A R E A L  NEED 
FOR YORE P R E C I S E  D E F I N I T I O N S  OF P H Y S I C A L  P R O P E R T I E S  O F  ROCKS, P A R T I C U L A R L Y  T H E  DEFORMATION MODULI  OF B O T H  LABORATORY 
SPECIMENS AND ROCK MASSFS I N  S I T U .  A V I T A L  I N I T I A L  STEP I N  E S T A B L I S H I N G  STANDARDS I S  T O  R E C O G N I Z E  E X I S T I N G  PROBLEMS O F  
F N G I N E E R I N G  A P P L I C A T I O N S .  ONE OF THE P R I M E  PURPOSES O F  T H I S  PAPER I S  T O  F U R N I S H  BACKGROUND I N F O R M A T I O N  ON DEFORMATION 

'MODULI SO THAT FURTHER STEPS I N  S E T T I N G  UP STANDARDS CAN B E  TAKEN. MORE B A S I C  AND A P P L I E D  RESEARCH W I L L  BE R E Q U I R E D  
SEFORF S A T I S F A C T O R Y  STANDARDS CAN BE E S T A B L I S H E D .  

lk6kQQQQ9 THF ROLE OF MICROSTRUCTURE I N  THE P H Y S I C A L  PROPERTIES OF ROCK ( ROCK-MECHANICS 1 

T F S T I N G  TECHNIQUES FOR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SOC. T E S T I N G  MATS., 175-1899 1966. T H E  PAPER D E S C R I B E S  AN 

CLARK, G. 8 -  & U N I V  MO R O L L A  MO 

MCWILLIAMS,  J. R. b U.S. BUR M I N E S  

APPROACH T O  UUDERSTANDING ROCK P R O P E Y T I E S  THROUGH STUDY OF T H E I R  R E L A T I O N  T O  T H F  MICROSTRUCTURE OF THE ROCK. 
PETR@FAORIC ANALYSES OF R0CK SPECIMENS 9 SUBJECTED T O  V A R I O U S  P H Y S I C A L  PROPERTY TESTS, H A V E  SHOWN A STRONG C O R R E L A T I O N  
4MONG S F V F R A L  P R O P F R T I E S  AND SOME OF T H E  MICROSTRUCTURAL FEATURES. THE EQUIPMENT AND TECHNIQUES B E I N G  USED I N  THESE 
POCK P H Y S I C S  S T U O I E S  ARF DISCUSSED.  AS AN EXAMPLE OF T H I S  WORK9 THE RESULTS OF AN E X P E R I M E N T A L  STUDY O F  
4 N I S q T R q P I S M  I N  SALISRURY G R A N I T E  ARE GIVEN.  O R I E N T E D  D R I L L  CORES WERE CUT I N  THRFE MUTUALLY P E R P E N D I C U L A R  D I R E C T I O N S  
FR@M L A R G E  RLOCKS OF THF R O C K .  A X I A L  AND D I A M E T R I C  P U L S E  V E L O C I T Y  MEASUREMENTS WERE MADE ON T H E  CORES TO D E T E R M I N E  THE 
D I R E C T I O N  AND MAGNITUnE OF E L A S T I C  ANISOTROPISM.  THE CORES WERE C U T  I N T O  D I S K S  A N 0  SUBJECTFD TO A X I A L  ( P O I N T - L O A 0  j 
AND D I A Y F T R I C  ( L I N E - L O A D  ) T F N S I O N  T E S T S  T O  D F T F R M I N E  D I R E C T I O N  AND N A G N I T U D E  O F  STRENGTH ANISOTROPISM.  THE BROKEN 
SPFCIMENS WFRE RECONSTRUCTED, SUT I N T O  THEN SECTIONS,  AND E X A M I N E D  PETROGRAPHICALLY.  THERE WAS A STRONG CORRELATION 
AYONG T H F  D I R F C T I O N  n F  MAXIMUM AND M I N I M U M  S O N I C  V E L O C I T Y ,  PREFERRED D I R E C T I O N  OF F A I L U R E ,  AND A NUCBER OF 
YICQOSTRUCTURAL FFATURFS,  SUCH A S  D E F F C T  STRUCTURES AND G R A I N  O R I E N T A T I O N .  

1 4 - 6 6 - Q Q U Q  TNFLUENCF OF ROCK ANISOTROPY AND T I  ME-DEPENDENT DEFORMATION ON THE S T R E S S - R E L I E F  AND HIEH-MODULUS 
T N C L U S I O N  TFCHNIQUES @ F  I N  S I T U  STRESS D E T E 9 M I N A T I O N  
EFRRY, D. S. + FAIRHURST,  C. & U N I V  M I N N  M I N N E A P O L I S  M I N N  

T E S T I N G  TECHNIQUES FOR ROCK MECH4NICS,  ASTM S T p  4 0 2 ,  AM. SOC. T E S T I N G  MATS., 1 9 0 - 2 0 6 9  1966. TWO OF THE MOST 
POPULAR T F C H N I Q U F S  USED I N  THE D E T E R M I N A T I O N  OF I N  S I T U  ROCK STRFSSES A Q F  T H E  S T P E S S - R E L I E F  AND HIGH-MODULUS I N C L U S I O N  
YFTHODS. DEFCIRMATIONS AF:D S T P A I N S  OBSERVED I N  THE MEASURING INSTRUMENTS ARE U S U A L L Y  I N T E R P R E T E D  ON THE ASSUMPTION THAT 

CORRFCT I N  SCMF P R A C T I C A L  CASES. T H I S  PAPER PRESENTS A T H E O R E T I C A L  A N A L Y S I S  OF T H E  I N F L U E N C E  OF: ( A I  ROCK 
4NISOTR?PY,  OF THE TRANSVERSELY I S O T R O P I C  K I N D ,  3 N  THE ACCURACY O F  VALUES OF I N  S I T U  STRFSSES D E T E R M I N E D  FROM THE USUAL 
I S O T 9 0 P I C  A N A L Y S I S  ANT? ( P )  TIME-DEPENDENT ROCK DFFORMATION, REPRESFNTED AS L I N E A R ,  I S O T ~ O P I C I  V I S C V E L A S T I C  CREEP, ON 
THF S T Q E S S F S  DEVELOPFCI I h l  HIGH-YODULUS PLUGS. I T  I S  SHOWN T H A T  S I G N I F I C A N T  ERRORS I OVER 5 0  PER CENT FOR ONE 
S T R E S S - R E L I E F  EXAMPLF CHCSFN "IY BE INTRODUCED BY N E G L E C T I N G  THESE FACTORS. 

THE R@CK REHAVES AS HOMOGFNEOUS, I S O T R O P I C ,  L I N E A R L Y  E L A S T I C  MEDIUM, A S I T U A T I O N  WHICH I S  NOT EVEY APPRCIXIMATELY 

t3=s$=QQQlJ LAPORATORY T F S T I N G  O F  ROCK STRENGTH 

TFST' IYG TECHNIQUFS FOR ROCK MECHANICS, ASTM STP 4 0 2 ,  AM. SOC. T E S T I N G  VATS., 207-2311 1 9 6 6 .  NEW EQUIPMENT ANT? 
TFSTTYG TECHNIQUES HAVE P F F N  DEVELOPE0 TO I N V E S T I G A T E  THE B A S I C  STQENGTH OF ROCK. THE F F F F C T  OF V b P Y I N G  THE 
I Y T F R Y F D I A T E  P R I N C I P A L  STRESS E N  THE STRENGTH 4PPEARS A P P R E C I A B L E  I N  T H E  CASE OF C R Y S T A L L I N E  ROCKS SUCH A S  GPANITE.  
F A I L U R E  OF HOLLOW C Y L I N D E R S  OF ROCK UNDER C O N D I T I O N S  OF H I G H  R A T I O S  O F  THE I N T E R M E D I A T E  TO THE M 4 J O Q  P R I N C I P A L  STRESS 
4PPE4RS TO 9 E  I N I T I A T E D  AS A " S P A L L I N G "  F A I L U R E .  ALTHOUGH S I M P L E  TESTS COR THE D E T E R M I N A T I O N  OF T H E  STREYGTH OF I N T A C T  

MAZANTI ,  B. P .  + SOWERS, G. F. & GA I N S T  TECH ATLANTA 

Q'lCK CAN F U V V I S H  R E L I A B L E  DATA FOR C E R T A I N  D E S I G N  S I T U A T I O N S ,  T H E  BEHAVIOR q F  D I S C O N T I N U O U S  RQCK YASSES MUST 9E 
FVALUATCD PY k'FANT CF S U I T A B L E  MODEL T T U D I F S  AND A N A L Y T I C A L  PROCEDURES. W H I L E  THE RESULTS 'WILL S T I L L  R E  ONLY 
APPROXIMATIONS OF THF MASS PROPFRTIES,  THERE ARE D E F I N I T E  B E N E F I T S  I N  T E l M S  OF P L A N N I N G  AND I N T E R P R E T I N G  F I E L D  TESTS. 

1&=h_h=QOag  A L O A D I N G  SYSTFM F@R THE I N V E S T I G A T I O N  OF THF I N E L A S T I C  P R O P F R T I E S  O F  GEOLOGIC M A T E R I A L S  I ROCK-MECH4NICS 
1 
HARDY, H. p . 9  JR. & PFNY STATE U N I V  

T F S T I N G  TECHWIQUFS F n 9  ROCK MECHANICS, ASTY STP 4 0 2 ,  AM. SOC. T E S T I N G  VATS. 9 232-271 t 1 9 6 6 .  T H I S  PAPER D F S C P I B F S  
THF THEQRY 4N7 DEVFLnPMFNT @F A L O A D I N G  SYSTFY FOR THF LAPORATORY I N V E S T I G A T I O N  OF THE I N F I A S T I C  P R O P E R T I E S  OF SMALL 

R 4 T E  OF L n A n I h l G .  THF A P P L I C A T I O N  OF B A S I C  FEEDBACK CONTRDL THEORY TO THE D F S I G N  OF TYE CONTROL SYSTFY IS OUTCINEP,  
4LONC W I T H  D E T A I L S  OF THF CONSTRUCTION AND T E S T I N G  OF THF COMPLFTED SYSTEM. THE PROBLEY C)F ' ISTAINING U N I F O R M  L O A D I N G  

DFVELOPFD FOR T H I S  PIJPPOSF ARE DESCRIRED.  

13=&6=QQQJ,J F n U N D A T I f l N  T E S T I N G  TECHNIQUES FOR ARCH DAMS AND UNDERGROUND POWERPLANTS 

T F S T I N G  TFCHNIQUES FOR RCCK YECHANICS,  ASTM STP 4 0 2 ,  AY. SOC. T E S T I N G  Y4TS.1 2 7 2 ,  1 0 6 6 .  T @  ENSURE THAT F n U N D A T I O N  

ROCK AN3 Y I N E R P L  SPECIMENS UNDER A V 4 R I E T Y  OF L O A D I N G  M q D E S t  I N C L U D I N G  CONSTANT LOAD, I N C R E Y E N T A L  L 3 A D I V G r  AWD cCbISTAYT 

7 F  C Y L I Y D R I C A L  TEST SPECIMENS UNDFR COMPRESSIVE L O A D  IS D I S C U S S E D t  AND D E T A I L S  OF A T P E C I A L  S P E C I Y E N  L O A D I N G  J I G  

WALLACE, G. P. + CLSEN, 0 .  J .  & U.S. QUR RECL DENVER COLO 

TFSTS ARF PFRFORMED nhl P F P R E S F N T A T I V F  SPECIMENS AND F I F L D  SITE.Sr GEOLOGISTS T A K E  ADVANTAGE OF R F G I C N A L  SURVFYS, 
V I C I V I T Y  SURFACE M A P P I h G ,  AND SUBSURFACE C O N D I T I O N S  AT THE S I T E  AS REVEALED FROM BORINGS AND ROREHCLF CAPERA STU'3 IFS.  
F I L L O W I N G  T Y I S ,  THF P H Y S I C A L  P R D P F R T I F S  OF TYF RQCK ARE DETERMINED FQOM D R I L L  CORES. D F F O R Y A T I O N  OF THE ROCK, F V ?  
C G M P U T P T I I N  OF 4RCH R E A C T I n N S  AND D E F L E C T I O Y S ,  I S  DETERMIVED BY YUPEQOUS L 4 9 0 9 A T O R Y  T E S T S  OF SOUND ROCK SPECIMENS AVO 
RY J A C K I N G  AVO S F I C V I C  T F S T S  IY T H E  F I E L D  THAT SHOW THE I N F L U E N C E  OF C g 4 C K S  AND OTHFP I N H E R E N T  WFAKNESSFS. T Y E  SHFAR 
STRFNGT'i 0' THE R n r K  1 5  DET!=QVIhIFD T R I A X I A L L Y  I N  THF LABORATORY W I T H  SPFCIMFNS FROM HOLES O R I F N T E D  AT V A R I n U S  ANGLES TO 
T t i F  F O L I A T I I N  PLANF.  I V  T H F  F I E L D ,  LARGE BLOCKS OF ROCK ARE TESTFD TO O B T A I N  THE I N F L U E N C F  OF J O I N T  SYSTFMS ON SHEAP 
STQE%GTY ANO R F S I T T A Y C F  TI) S L I D I N G  UNDER VARIOUS NORMAL LOADS. S T R A I N  R E L I F F  TECHNIQUES A P F  USf iD T r  O P T P I Y  I Y  S I T U  
STRFSScS ON THF WALLS 4ND ROOF OF AN EXPLORATORY TUNNEL AYD W I T H I N  THE ROCK MASS BY MEAYS '1F DEEP D R I L L  PCILES. ROCK 
QEFORYATION CAUSFD BY F X C A V A T I n N  OF A MACHINE H A L L  CHAMBFR I S  MEASUQED 3 Y  THE USE OF M U L T I P L E  E'OQEHCLE EXTFNSOMFTERS 
4'JCI CONVERGFNCF GACE P P I V T S .  WHEN J O I Y T E D  ROCK I S  BOLTED TOGETHFP AN0 USED AS A STRUCTURAL M A T F R I A L ,  TESTS APE MADE T 3  
q F T F Q Y I Y F  TYF T' IROIJFTTEYSION R E L A T I O N S H I P  FOP BOLTS TO RE SURE THAT THE ANCHORS WILL HOLD AVD NOT RELAX T H E I R  G R I P  H I T H  
T I M E .  AS 4 SPFFTY YFASURF AND T O  CHFCK D E S I G N  ASSUMPTIONS, DEFORMATION PETERS ARE I N S T 4 L L E D  BETWEFN THE PASF OF THE 
DAY A V D  T H F  F q I J N n A T I O N  RCCK A T  VARICIUS DEPTHS RELOW THE STRUCTUPE. 

1 4 - 6 6 - Q L Q Q l  R'lCK YECHAF'ICS STUDY D E T F R Y I N F S  CICS I G N  ( L I N I N G  SUPPORTS I N S T R U M E N T A T I f l N  1 

C I V I L  CNGIYFFQ I N G t  6 0 - 6 7 ,  FER 1 9 6 6 .  THF R E D I S T R I B U T I O N  OF LOAD TO ADJACENT ROCK T A K F S  T I Y E .  I T  U S U A L L Y  I N V J L V F S  A 
GPAOUAL ADJUSTMFNT I N  T h F  J O I V T  OP BFOOING SYSTEYS Y F A 9  THE WALL AREA. THF I N I T I A L  SUPPORT SYSTFM GENEPALLY CCIYSISTS 

DEIYFOQCEMENT.  T P r  SUPPPPT SYSTEM SHnULD 8F STRONG ENOUGH TO R E S I S T  4 P P R F C I A B L E  DAMAGE Y F T  F L E X I B L F  ENOUGY TO Y I F L O  
S L I G H T L Y  I Y  ClQOFR TC I N I T I A T E  D I S T R I R U T I O N  ADJUSTMENTS D U R I N G  P E R I O D S  O F  PEAK LOADS. THE F I N A L  SUPPORT SYSTEM SHOULD 
SLJPPQPT THC L I Y I T I N S  Q O f K  LOAD. FOUR T E S T I N G  S T A T I O N S  P O I N T F D  OUT THAT A CONTINUOUS I N I T I A L  SUPPORT TO MEET STRUCTURAL 
R F O U I D F Y E V T T  Ahln TO P R n V I D E  P R O T E C T I O N  FROM QOCK F A L L S  WAS NEFDED U N T I L  THE TUNNEL WAS L I N E D .  I N T E R I M  YESULTS RFDLJCFD 
TYF ' IVF?ALL CT'ST n F  T t i r  I N I T I A L  SUPPORT SYSTEM BY 24.7 PFRCENT. 

n lJTrO,  H. n. & TFRRAMETRICS GOLDEN COLO 

9 F  STEEL P I 4  SUPPCIQTS ANC WOOD OP S T F E L  LAGGING. THF F I N A L  SUPPORT SYSTEP IS FORMED CONCRETE, E I T P E R  W I T H  OR WITHCIUT 
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C E R T A I N  I N V E R S E  PROBLEM I N  THEORY O F  E L A S T I C I T Y  ( ROCK-MECHANICS 1 
CHEREPANOV, G. P. 
ZHURNAL, N 3 1  119-1229 MAY-JUNE 1966. TWO D I M E N S I O N A L  PROBLEM 
TUNNEL D R I V E S  I N  HALF-SPACE ASSUMED T O  HAVE P R O P E R T I E S  O F  UNIFORM, 

OF EQUAL STRENGTH P R O F I L E S  I S  C O N S I D E R E D  
I S O T R O P I C ,  E L A S T I C  BODY. TUNNEL A X I S  I S  
NORMAL LOAD, AND T A N G E N T I A L  L O A D  EQUAL 

~ ~ SURFACE OF HALF-SPACE, AVD WALL OF TUNNEL IS SUBJECTED TO CONSTANT 
T O  ZERO. SOLUTIGNS TO BOUNDARY VALUE PROBLEMS ARE FOUND TO B E  F A M I L Y  O F  S I M I L A R  E L L I P S E S .  ( I N  R U S S I A N )  

14=6&llQp1 CURVED BEAM ANALOG FOR TUNNEL D E S I G N  I N  M A S S I V E  ROCK ( ROCK-MECHANICS 1 

PQOC.  AM. SOC. OF C I V I L  ENGINEERS;  JOURNAL OF S O I L  MECHANICS AND FOUNDATIONS DIV.1  18972097 NOV. 1966. I N S T E A D  OF 
U S I N G  THE THEORY O F  E L A S T I C I T Y  OR O F  AN E X P E R I M E N T A L  STRESS A N A L Y S I S  TECHNIQUE I N  D E S I G N I N G  TUNNELS,  T H E  CURVED BEAM 
ANALOG I S  B E I N G  USED. T H E  THEORY'S A B I L I T Y  TO S Y N T H E S I Z E  AND LUMP I N T O  A S I M P L E  MECHANISM THE ACTUALLY-OCCURRING 
STRESS I N T E R A C T I O N S  G I V E S  I T  AN IMPORTANT ADVANTAGE FOR E S T I M A T I N G  T H E  E F F E C T S  O F  A WIDE RANGE OF PROBABLE F I E L D  
COND I T  I O N S  . BEAM THEORY REQUIRES A DOMINANT MOMENT ON TRANSVERSE PLANES AND THE NONWARPING R O T A T I O N A L  RESPONSES OF 
THESE PLANES. I F  S I M P L E  REAM THEORY IS TO BE AT L E A S T  10 PERCENT ACCURATE, A SPAN-TO-DEPTH R A T I O  OF GREATER T H A N  2 Is  
REQUIRED FOR S T R A I G H T  BEAMS. STRESS MAPS ARE D E L I N E A T E D  B Y  O B T A I N I N G  THE C R I T I C A L  P R O F I L E  ALONG T P E  I N N E R  BOUNDARY, 
THEN BY L O C A T I N G  T H E  ZERO STRESS P O I N T  ALONG T H E  V E R T I C A L  A X I S  OF SYMMETRY. I N  P L O T T I N G  THE S T R E S S  T R A J E C T O R I E S t  
L O C A T I O Y  O F  THE SINGULAP P O I N T  IS C R I T I C A L .  R E C O G N I T I O N  OF BEAM A C T I O N  HAS L E D  TO T H E  RECENT FORMULATION OF A 
GENERAL S T A B I L I T Y  C R I T E R I O N  FOR UNDERGROUND OPENINGS.  I T  I S  ALSO P O S S I B L E  T O  EXTEND CURVED BEAM ANALOG TO OTHER 
PHASES. 

ADLER, L. & VA POLY I N S T  BLACKSBURG VA 

J,.4-66-12QQl F I R S T  I N T E R N A T I O N A L  CONGRESS ON ROCK MECHANICS ( E X P L O R A T I O N  DESCRIPTION-OF-ROCK-MASSES 
PROPERTIES-OF-ROCK RESIDUAL-STRESS-IN-ROCK-MASSES C O M M I N U T I O N  EXCAVATED SLOPES TUNNELS 1 
F E L D t  J. 

C I V I L  ENGINEERING,  ASCE, 58-60? DEC 1966. THE F I R S T  I N T E R N A T I O N A L  CONFERENCE ON ROCK MECHANICS WAS H E L D  I N  L I S B O N ,  
PORTUGAL. ABOUT 850 PERSONS ATTENDED. 241 PAPERS WERE DRESENTED FROM 31 COUNTRIES.  SEE 12-66-10001. 

14-67-000m D E T E R M I N A T I O N  OF STRESS I N  ROCK STATE-OF-ART REPORT 
OBERTT L. C U.S. BUR M I N E S  DENVER COLO 

ASTM, PHTLAC)ELPHIA, PA. S P E C I A L  TECH P U B L  429, 5 6 ,  1967. PAPER BEFORE SYMPOSIUM ON ROCK MECHANICS ( A T L A N T I C  C I T Y ,  
19661 REVIEWS VARIOUS METHODS THAT HAVE BEEN REPORTED, I N C L U D I N G  A P P R O P R I A T E  THEORY AND SOME E X P E R I M E Y T A L  CHECKS USED 
TO E S T A B L I S H  T H E I R  V A L I D I T Y  AND ACCURACY; RESULTS FROM F I E L D  I N V E S T I G A T I O N S  I N D I C A T E  Q U A L I T Y  O F  D A T P  T H A T  CAN B E  
ORTAINED;  THEY ALSO SHED SOME L I G H T  ON NATURE OF STRESS I N  ROCK AND STRESS D I S T R I B U T I O N S  T H A T  OCCUR AROUND UNDERGROUND 
OPENINGS; I T  I S  SUGGESTED T H A T  RECOMMENDATIONS BE MADE GOVERNING S P E C I F I C A T I O N S  AND C A L I B R A T I O N  OF T H I S  CLASS OF 
EQUIPMEVT AND METHODS ARE NOTED. 

14-67-QlQQl GEOLOGY OF T H E  HAROLD D. ROBERTS TUNNEL, COLORADO; S T A T I O N  468 + 49 TO EAST PORTAL ( WATER-DIVERSION 
WARNER, L. A. + ROBINSON, C. S. & U N I V  COLORADO BOULDER COLO 

GEOLOGICAL S O C I E T Y  OF AMERICA B U L L E T I N ,  ( 7 8 1  57-120, JAN. 1967. THE HAROLD D. ROBERTS T U N N E L  I S  A 23.3 M I L E  WATER 
D I V E R S I O N  TUNNEL THAT EXTENDS THROUGH THE WFSTERN PART OF THE FRONT RANGE BETWEEN GRANT AND D I L L O N  COLORADO. T H I S  
REPORT CONCERNS THE GEOLOGY OF T H E  SOUTHEASTERN SEGMENT OF THE TUNNEL WHICH I S  PARTLY I N  MONTEGUMA STOCK-A L A R A M I D E  
QUARTZ M V N Z O N I T E  PLUTON-BUT IS M A I N L Y  I N  PRECAMBRIAN BASEMENT ROCKS. 1 3  F I G U R E S ,  2 PLATES,  5 0  R E F E R E Y C E S -  

l&*J=QlQQ2 COST AND VALUE OF D R I L L  HOLE I N F O R M A T I O N  ( WELL-LOGGING C O R E - D R I L L I N G  ) 

M I N I Y G  CONGRESS, ( 5 3 )  N 1, 56-59, J A N  1967. NEW METHODS OF O R T A I Y I N G  A D D I T I O N A L  I N F O R M A T I O N  AND U T I L I Z A T I O N  O F  NON 
C@RE P R I L L I N G  I N C R F A S E S  ACCURACY O F  GEOLOGIC EXPLORATIONS.  WIDER USE OF HOLE SURVEYING I S  RECOMMENDED. NORMAL COSTS 

PETERS, W. C. G U N I V  A R I Z  M I N  AND GEOL ENGR 

RUN ABOUT $15/FOOT FOR HOLES L E S S  THAN 3000 F E E T  DEEP ADVANCES R A P I D L Y  TO ABOUT $ 2 5 / F O O T  A T  5000 FT.  

1$=$LQlQQ2 SURFACE & UNDERGROUND GEOPHYSICAL S T U D I E S  AT S T R A I G H T  CREEK TUNNEL S I T E ,  COLORADO ( R E S I S T 1  V I T Y  
SE I S M I C - V E L O C I T Y  ROCK-QUAL I T Y  GEOPHONES 1 
SCOTT J. H. + CARROLL, R. D. & U.S. GEOL SURVEY DENVEQ 

N A T I O N A L  RESEARCH COUNCIL - HIGHWAY RESEARCH BOARD, RES. RECORD, (1)  N 185, 20-35, 1967. S T R A I G H T  CREEK TUNNFL 

R E Q U I R E 0  FOR F F F I C I E N T  CONSTRUCTION OF A T W I Y  BORE HIGHWAY TUNNEL TO BE PART OF 1-70. P R E D I C T I O N S  WERE ACCURATELY MAD€ 
BASFD OY G E q P H Y S I C A L  MFASUREMENTS MADE ON THF SURFACE ABOVE THE TUNNEL AND BY PROBES C O N T A I N I N G  GEOPHONES LOWERED I N T O  
AND FASTFNED T O  THE WALLS OF D R I L L  HOLES AT DEPTHS OF 712 AND 526 F T  NHEN D E T O N A T I N G  25 AND 50 L B S  DYNAMITE CHARGES. 
GEOPHYSICAL MEASUREMENTS MADE I N  LONG FEELER HOLES D R I L L E D  AHEAD OF THE WORKING FACE COULD BE USED TO P R E D I C T  
E N G I N F E S I N G  AND ECCNOMIC PARAMETERS AHEAD OF CDYSTRUCTION B U T  I N S T R U M E N T A T I O N  FOR SUCH MEASUREMENTS NEEDS IMPROVEMENT 
I F  THEY ARE TT, BE TAKEN I N  A R O U T I N E  MANNER. R E S I S T I V I T Y  AND S E I S M I C  V E L O C I T Y  RESULTS TAKEN I N  THE TUNNEL WALL 
CnRRELATF WELL W I T H  ROCK Q U A L I T Y  BUT WOULD YOT RE A P P L I C A B L E  TO A TUNNEL D R I V E N  I N  A D I F F E R E N T  ENVIRONMENT OR TO C)VE O F  
A D I F F E R E N T  S I Z E  O P I V E N  I N  THE SAME ENVIRONMENT. 

14rh&QQQQl S I M P L E  T R I A X I A L  C E L L  FOR F I E L D  OR LABORATORY T E S T I N G  OF ROCK 

P I L O T  RqRE WAS A 13 F T  D I A  TUNNEL 8 , 3 0 0  F T  LONG EXCAVATED BY B L A S T I N G  TO O B T A I N  GEOLOGIC A N 0  E N G I N E E R I N G  INFORMATICIN 

HOEK, E. + F R A N K L I N ,  J. A. 
I Y S T I T U T I O N  M I N  t MET TRANS, (77) S E C T I O N  A 2 2  - A 26,  1968. ONE OF MOST IMPORTANT C H A R A C T E R I S T I C S  CF ROCK, FROM 
D E S I G N  F N G I N E E R ' S  P O I N T  OF VIEW, IS S I G N I F I C A N T  INCREASE I N  STRENGTH W I T H  I N C R E A S I N G  C O N F I N I N G  PRFSSURE; ADEQUATE 
D E S C R I P T I O N  OF T H I S  STRENGTH BEHAVIOR REQUIRES NUMBER OF T R I A X I A L  T E S T S  OVER RANGE OF C O N F I N I N G  PRESSURES; S I M P L E  AND 
I N E X P E N S I V E  T R I A X I A L  C E L L  FOR T E S T I N G  ROCK CORE SPECIMENS AT C O N F I N I N G  PRESSURES UP- TO 10,000 L B - F T / S Q  I N .  I S  
DESCRIBED;  C E L L  WEIGHS ONLY 10 L B  AND EMPLOYS S E L F - S E A L I N G  RUBBER SLEEVE; T R I A X I A L  T E S T I N G  I S  R A P I D  AND CONVENIENT 
S I N C E  WEITHER D R A I N I N G  OF H Y D R A U L I C  F L U I D  NOR O I S M A N T L I N G  OF C E L L  BETWEEN T E S T S  I S  NECESSARY. 

L4-68-UQQl DEVELOPMEYT OF A PETROFABRIC-PHOTOFLASTIC TECHNIQUE I N  ROCK ?nECHANICS ( GE@LOGICAL STRUCTURE SUPPORTS 
S T R A I N  R E L I E F  1 
RANA, D. H. + BULLOCK7 W. D. & QUEEN'S U N I V  ONT CAN 

CAN M I Y  h MET BULL,  6!, e 9 - 9 2 ~  J A N  1968. ANY METHOD F O R  D E T E R Y I N I Y G  THE STATE OF STRESS E X I S T I N G  I N  ANY G I V E N  ROCK 
MASS HAS C E R T A I N  DRAWBACKS. P H O T O E L A S T I C I T Y  I S  NOT E X P E N S I V F  TO USE RUT P E S U L T S  SO FAR HAVE NOT BEEN GOOD. 
P F T S O F A B R I C S  CAN COMPLETELY D E F I N E  THE STRESS E L L I P S O I D  I N  Q U A L I T A T I V E  TERMS. THE A N A L Y S I S  OF P E T R O F A B R I C  DATA IS TO 

A T T I T U D F S  OF F X I S T I N G  J O I N T  SETS WITH PREFERRED PLANES OF SHEAR. 

lLir48=Q2M1 DEVELOPMFNTS I N  REMOTE S E N S I Y G  A P P L I C A B L E  TO AIRBORNE E N G I N E E R I N G  SURVEYS OF S O I L S  AND ROCKS ( 

OEVFLOP A TECHNIQUE WHICH WILL BE D I R E C T L Y  A P P L I C A B L E  TO F I E L D  USE I N  THE D E S I G N  OF STABLE STRUCTURES, T C  COMPARE THE 

ROCK-YFCHANICS GEOLOGY INFRARED MICROWAVE-SENSORS RADIn-SENSORS L A S E R  1 
PARKER, D. C. & U N I V  M I C H I G A N  

Y A T F R I A L S  RESEARCH AND STANDARDS, ( 8 )  Vr) 21  22-30? FEB 1968. USES OF V A R I O U S  AIRBORNE SENSORS I N  E Y G I N E E R I N G  
SURVFYS OF S O I L S  AND R@CKS. THE SENSORS I N C L U D E  CAMERAS, INFRARED AND P A S S I V E  MICROWAVE MAPPERS, RADAR, SPECTROMETERS, 

4YD L O C A T I N G  S P I L  AND ROCK M A T E R I A L S  S I J I T A B L E  FOR E N G I N E E R I N G  PURPOSES. THE DATA ALSO P R O V I D E  ANSWERS ABOUT SURFPCE 

FOUNDATI I lN ,  O q  F I L L  M A T E R I A L S .  MANY P 3 T E N T I A L L Y  VALUABLE SENSORS ARE NOT B E I N G  E X P L O I T E D  OR CONSIDERED.  A Q I G  
PROBLEY R E L A T I N G  T O  T Y F I R  E X P L O I T A T I O N  

C A P A S T L I T Y  CnULD 9 E  ADVANCED BY S O L V I N G  PROBLEMS THAT OVERSHADOW I T - T H E  M n S T  IMPORTANT O F  WHICH IS L E A R N I N G  T O  
ATCUDATFLY AND R O U T I N E L Y  I N T E R P R E T  THE DATA I N  TERMS OF E Y G I N E E R I N G  PARAMETERS. 

LASER, R A D I O  FREQUENCY, AND I N D U C T I O N  DEVICES.  THE A P P L I C A T I O N S  I N C L U D E  I D E N T I F Y I N G  AND D E L I M I T I N G  S O I L  AND ROCK U N I T S  

AND SUBSURFACF C O N D I T I O N S  THAT WOULD AFFECT EASE OF EXCAVATION,  SLOPE S T A B I L I T Y ,  OR S U I T A B I L I T Y  FOR SUBGRADE, 

I N  E N G I N E E R I N G  SURVEYS I S  T H A T  '3F ECONOMICALLY CfJNVERTING DEVELOPMENTS I N  SENSOR 
TECYNCILOGY AN9 DATA T N T F R P R E T A T I O N  I N T O  R O U T I N E  E N G I N E E R I N G  P R A C T I C E .  ALTHOUGH SENSOR TECHYOLCGY IMPOSES L I M I T S ,  
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l $A&&QQl  SHAFT AND TUNNEL BREAK-THROUGH - B A S 1  C F U N C T I O N S  AND MODERN S U R V E Y I N G  TECHNIQUES 

CAN MTN C MET B U L L ,  5 4 4 - 5 5 2 9  A P R I L  1 9 6 8 .  P R E C I S I O N  SURVEYS AND ADEQUATE C A L C U L A T I O N  PROCEDURES ARE REQUIRED FOR A 

A GYRO-THEODOLITE FOR O R I E N T I N G  BASE L I N E S  AND A TELLUROMETER OR GEODIMETER FOR D I S T A N C E  MEASUREMENT I S  RECOMMENDED. 

1 4 - 6  8-QSQQl S W E L L I N G  CHARACTER1 S T I C S  OF ROCK ( ROCK-MECHANICS WATER-ABSORPTION 1 

WATER POWER1 ( 2 0 )  N I T  85-92,  MAY 1968. PROBLEM OF S W E L L I N G  I N  ROCK MASSES TO WHICH WATER HAS HAD ACCESS AND 
R E L A T I O N S H I P  BETWEEN ROCK P R O P E R T I E S  A F F E C T I N G  S W E L L A B I L I T Y  ARE DISCUSSED. E F F E C T S  OF WATER ON ROCK M A T E R I A L S  AND 
STRESS Y I S T O R Y  OF SEDIMENTARY ROCKS; T E S T S  TO D E T E R M I N E  EXTENT TO WHICH V A R I O U S  ROCK M A T E R I A L S  D I L A T E D  W H I L E  ABSORBING 
WATER; S W E L L I N G  WAS MEASURED I N  D I R E C T I O N  NORMAL T O  B E D D I N G  OR MAJOR J O I N T  SYSTEM. 

14-6R-D6QQ1 THEORY OF I N - S I T U  ROCK T E S T S  FOR UNDERGROUND WORKS 

FALTER,  A. 

P Q E C I S E  SHAFT OR TUNNFL BREAKTHROUGH. SURVEYING UNDERGROUND 1s D I F F I C U L T  AND THE UTMOST CARE MUST B E  E X E R C I S E D .  U S E  OF 

DUNCAN, N. + DUNNET Me H. + PETTY, S. 

~ ~- 
TANDON, G. N. + VARSHNEYi  Re S. 

I N D I A N  J POWER E R I V E R  V A L L E Y  DEVELOPMENT, ( 1 8 )  N 69 240-5, J U N E  6, 1 9 6 8 .  A T H E O R E T I C A L  P R E S E N T A T I O N  O F  I N S I T U D  
ROCK T F S T S  TO DETERMINE C O H E S I O N  AND SHEAR R E S I S T A N C E  OF ROCK DEFORMATION MODULUS1 MODULUS O F  E L A S T I C I T Y  AND P O I S S O N ' S  
RATIT),  I N I T I A L  STRESS F I E L D  I N  D I F F E R E N T  D I R E C T I O N S ,  ROCK P E R M E A B I L I T Y  AND DEFORMATIONS W I T H  S P E C I A L  REFERENCE TO F L A T  
JACK T E S T S  METHOD, P L A T E  B E A R I N G  METHOD, TUNNEL D E F O R M A T I O N i  AND I N S I T U  SHEAR TESTS. 

14-A&QIQQ1 D F T E R Y I N A T I O N  OF STRESS I N  ROCK UNAFFECTED BY BOREHOLES OR D R I F T S  FROM MEASURED S T R A I N  OR DEFORMATION [ 
DESIGN-DATA ROCK-MECHANICS 1 
H I R A M A T S U i  Y. + O K A i  Y. 

I N T  J ROCK MECHANICS G M I N  SCIENCES,  ( 5 )  N 4, 3 3 7 - 5 3 9  J U L Y  1 9 6 8 .  PROBLEMS RFGARDING DETERMINATIC 'Y OF STRESSES I N  

ROTTOM 'JR WALL SURFACE O F  BOREHOLES AND S T R A I N S  ON WALL SURFACE O F  B@REHOLES AND S T R A I N S  ON WALL SURFACE OF D R I F T S  OR 
SHAFTS ARE CONSIDERED AS PARAMETERS. P R A C T I C A L  FORMULAS FOR D E T E R M I N A T I O N  OF STRESSFS I N  ROCK FROM MEASUREMENTS ARE 

9 0 C K  UNAFFECTED BY BOREHOLES OR D R I F T S  FROM MEASUREMENTS MADE I N  THEM ARE DISCUSSED.  DIAMETER OF B C R E H O L E l  S T R A I N S  ON 

PRFSFVTEO AND T H F I R  A P P L I C A T I O N S  ARE DISCUSSED.  10 REFS. 

14=@=pZQQ2 SOME ASPECTS OF QOCK PRESSURE MODELLING ON E Q U I V A L E N T  M A T E R I A L S  ( RUCK-MECHANICS 1 

I N T  J ROCK VECHANICS C M I N  SCIENCES,  ( 5 )  N 4, 3 5 5 - 6 9 1  J U L Y  1968. FUNDAMENTALS OF THEORY O F  ROCK PRESSURE M O D E L I N G  

F M P H A S I S  H A V I N G  BFEN L A I D  ON T I M F  SCALE FACTOR. CORRECTION FACTOR HAS BEEN INTRODUCED I N  MODULUS OF E L A S T I C I T Y  OF 
E Q U I V A L E N T  M A T E R I A L S  @ F  PLANE MOClELS TO S I M U L A T E  T R I A X I A L  L O A D I N G  C O N D I T I O N S  E X I S T I N G  I N  MINE.  FOR MODELING DEEPER 
D F P O S I T S  NEY TECHNIQUE W I T H  COMPENSATED L O A D  IS SUGGESTED. 8 REFS. 

THAKURt  0. N. 

3 Y  E Q U I V A L F Y T  M A T E R I A L S  ARE DISCUSSED.  SCALE FACTORS HAVE BEEN D E R I V E D  U S I N G  THEORY OF D I M F N S I O N A L  ANALYSIS,  S P E C I A L  

l f tzh&Q@QQl S O I L  MVCHANICS, ROCK MECHANICS AND M I N I N G  

M I N I N G  E N G I N E E R I N G 7  N 95, 6 2 1 - 3 1 7  AUG. 1 9 6 8 .  REVIEW OF P R I N C I P L E S  AND SCOPE OF S O I L 1  AND ROCK MECHANICS AND 
r)! S C U S S I O N  OF T H E I R  A P P L I C A T I O N S  TO Y I N I N G  TECHNOLOGY. F I R S T  S E C T I O N  OF PAPER D E A L S  W I T H  CONVENTIONAL S O I L  MECHANICS 
PROBLEMS SUCH AS CCNSTRUCTION OF WASTE P I L E S ,  S T A B I L I T Y  OF EARTH SLOPES, FLOW OF B U L K  S O L I D S  I N  BLOCK C A V I N G  AND 
SYRINKAGE SLOPING,  09F PASSES AND V A R I O U S  TRAWSPORT SYSTEMS. SECOND S E C T I O N  O F  PAPER D I S C U S S E S  ROCK MECHANICS AS 
4 P P L I E D  T O  STRATA CONTROL, ROOF SUPPORTS1 D R I L L I N G  AND B L A S T I N G  TECHNIQUES1 SUBSIDFNCE ROCK AND GAS BURSTS. 5 6  REFS. 

l&Ae=Q9QQ3. D E S I G N  AND CONSTRUCTION OF T R I A X I A L  AND P O L Y A X I A L  C E L L  FOR T E S T I N G  ROCK SPECIMENS 

SOUTH A F R I C A  MECH. ENGR.1 ( 1 8 )  N 2 1  57-61,  SEPT. 1 9 6 8 .  STRENGTH OF ROCK AND MANY OTHER B R I T T L F  M A T E R I A L S  IS 
YARKEDLY AFFECTED BY SYSTEM STRESSES TO WHICH THEY ARE SUBJECTED. D E S I G N  OF S I M P 4 F  T R I A X I A L  C E L L  FOR SUCH EXPERIMENTS 
I S  D E S C R I B E D .  FEW I N V E S T I G A T I O N S  OF P O L Y A X I A L  STRENGTH HAVE BEEN YADE BECAUSE O F  EXPERIMENTAL D I F F I C U L T I E S  OF 
A C H I F V T N G  C O N D I T I O N S  OF TRUE HOMOGENEOUS P O L Y A X I A L  STRESS. PAPER D E S C R I B E S  P O L Y A X I A L  C E L L  I N  W H I C H  V I R T U A L L Y  
HOMOGENEOUS STRESSFS ARE A P P L I E D  TO O P P O S I T E  S I D E S  OF RECTANGULAR P R I S M A T I C  S P E C I M F N  BY T H I N  COPPER FLAT-JACKS, AND 

ROBERTS7 A. F.  

H O J E M i  J .  P. Ma + COOK, N. G. W. 

4 X I A L  q T R E 5 S  I S  A P P L I E D  BY S T E E L  END-PIECES AS I Y  T Y P I C A L  T R I A X I A L  TEST. 7 REFS. 

-8zDQQ2 PFRFORATFD BEAM T E S T  FOR D E T E R Y I N I N G  T E N S I L E  STRENGTH OF ROCK 

J OF MpTLS,  ( 3 )  N. 37 4 8 3 - 4 9 5 9  SEPT. 1 9 6 R .  FOUR-POINT B E N D I N G  T E S T S  TO FRACTURE WERF C A R R I E D  OUT W I T H  L I M E S T O N E  
RCAMS HAVIWG SAME OVERALL D I M E N S I O Y S  RUT W I T H  CEYTRAL TRANSVERSE HOLES OF V A R Y I N G  DIAMETER.  R E S U L T S  ARE I N T E R P R E T E D  BY 

T Y I S  TYPE OF T F S T  HAS C F P T A I N  ADVANTAGES OVER OTHER I N D I R E C T  METHODS BUT I T  CANNOT PROVIDE U N I Q U E  I N F O R M A T I O N  ON 
T C N S I L F  STPENGTH O F  ROCK WITHOUT D E T A I L E D  KNOWLEDGE ON STRESS-STRAIN B E H A V I O R  OF M A T E R I A L  U P  T O  FSACTURE. 73 P F F C .  

L A D A N Y I T  n .  + NGUYENt D. 

TAKTYG INTC! ACCOUNT <TRESS CONCENTRATION EFFECTS AS FOUND BY THEORY AND P H O T O E L A S T I C  A N A L Y S I S .  I T  I S  CONCLUDED T H A T  

1 4 - 6 8 - Q 9 Q Q 3  UNIQUE D F S C R I P T I O N  OF F A I L U R E  OF B R I T T L E  M A T F R I A L  
CHEPRY, J. T. + L A R S O N l  D. B. + RADP, E. G. 

I V T  J ROCK '4ECHANICS & M I N  SCIENCES,  ( 5 )  N 5 1  455-63, SEPT. 1468- F A I L U R E  LAW IS PRESFNTFD WHICH COMRINES ROTH 
'SHFAR'  AND ' T E N S I O N '  F A I L U R E  I N T O  S I N G L E  I N V A R I A N T  E X P R E S S I O N t  AND EXPRESSED I Y  MATHEMATICAL FORMULA. T H I S  EXPRFSSION 
IS ABLE T n  D E S C R I B E  CGNS I S T E N T L Y  M A T E R I A L  F A I L U R E  PRODUCED BY COMPRESSIOU, E X T E N S I O N  AND HOLLOW TOPSIOW LABORATORY 
T'STS. E X T E N S I O N  OF F A I L U R F  SURFACE BACK TO ZERO MEAN STRESS I S  NOW P O S S I B L E .  F A I L U R F  L A W  HAS B E E N  USFD TO CALCULATE 
EXTEQT LlF CRACKING FROM THREE NUCLEAR EXPERIMENTS.  P R E L I M I N A R Y  OBSERVATION SUGGESTS T H A T  CHIMNEY WEIGHT I S  R F L A T F D  TO 
CPACK R A D I U S .  5 RFFS. 

L+@=Q-sQQ4 ON P E N E T R A T I O N  OF ROCK BY THREE-DIMENSIONAL INDENTORS 

I Y T  J ROCK MECHANICS & M I N  S C I E N C E S 1  ( 5 )  N 51 3 7 5 - 9 8 1  SEPT 51 1 9 6 8 .  F X P F R I Y E N T A L  AVO T H E O R E T I C A L  I N V E S T I G A T I O N  WAS 
M I L L F R ,  M. Ha + S I K A R S K I E ,  D. L.  

UUDF'7TAKEN OF POCK-PENETRATING C H A R A C T E R I S T I C S  OF F I V E  S T A T I C A L L Y  L O A D F D t  THREE-DIMFNSIONAL INDENTORS;  T W I  CONES, TWO 
SPHERES AND PYRAMID;  TWO ROCK TYPES WFRE USED I N  STUDY, BARR€ G R A N I T E  AND I N D I A N A  L I M E S T O N E ;  INDENTORS ARE COMPARED @N 
R 4 S I S  CIF FORCES NFCESSARY TO PEYETRATE TO G I V E N  D I S T A N C E  B Y  CRUSHING, STRESS R E Q U I R F D  TO CAUSE C H I P P I N G 1  AYD AMOUNT OF 

O R T A I Y E n  IJQDFR I D E N T I C A L  C O N D I T I O N S .  5 REFS. 

13AS=Q9QQ5 STRENGTH OF R O C K - L I K E  M A T F R I A L S  

I N T  J ROCK MECHPNICS E M I N  S C I E N C E 1  ( 5 1  N 5 1  4 2 7 - 5 4 1  SEPT 1 9 6 8 .  PAPER D E A L S  W I T H  STRFNGTH OF POCK-LIKF P A T E R I A L S  

FVERGY R F Q U I R F D  TO F R t C T U R E  U N I T  VOLUME OF ROCK; I N  A D D I T I O N  INDENTOR RESULTS APF COMPARED T O  SOME WEDGE RESULTS 

LUNDBORG, N -  

UYOEQ T Q I A X I A L  STRESC C O N D I T I O N S ;  MOYT COMMON T H E O R I E S  OF B R I T T L E  FPACTURF A9E REVIEWED;  SCIMF METHOOS D F  T Q I A X I A L  

S I Z E  OF T E S T  SPYPLE I S  DESCRIBED;  SOME STANDARD T E S T S  ARE SUGGESTFD; YFTYOO F 7 R  O F T E R M I Y I N G  SHEAQ STREWGTH A T  H I G H  
STRENGTH D E T E P M I N 4 T I O N  ARE D E S C R I B E D  AND RESULTS COMPARED; STRENGTH DFPFNDENCE OF L A T E R A L  PRESSURE, DOFF PRESSURE AND 

NORMAL PRESSUPE PAS P F F N  USFD AS MEASURE OF STRENGTH OF NUMBER OF SWEDISH ROCKS AND ORFS. 11 REFS. 

14-68-02QQfi T F S T  OF C A W  O F  E F F E C T I V E  STQESS FCIP C R Y S T A L L I N E  ROCKS CF LOW P O R O S I T Y  
BRACE, w. F. + MARTIN,  R. J. 

I N T  J ROCK MFCHANICS & P I N  S C I E N C F i  ( 5 )  N 5 7  4 1 5 - 2 6 1  SEPT 1 9 6 8 .  V A R I E T Y  OF C R Y S T A L L I N E  S I L I C A T E  ROCK5 CF LOW 
POQOSITY (0.001-0.03) WFRE FRACTURED I N  T R I A X I A L  FXPERIMENTS AT S T R A I Y  RATES FROM ABOUT 10-3 TO 10-0; COMPAPISnY flF 
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FRACTURE STRENGTHS AT D I F F E R E N T  PORE PRESSURES PROVIDED T E S T  OF LAW O F  E F F E C T I V E  STRESS FOR T H E S E  B R I T T L E  ROCKS- T E S T  
REVEALED T H A T  LAW HELD FOR THESE ROCKS ONLY WHEN L O A D I N G  R A T E  WAS L E S S  THAN SOME C R I T I C A L  VALUE WHICH DEPENDED ON 
P E R M E A B I L I T Y  O F  ROCK, V I S C O S I T Y  OF PORE F L U I D  AND SAMPLE GEOMETRY. 18 REFS. 

1ftrfrBrlQQQL A RECOMMENDED ROCK C L A S S 1  F I C A T I O N  FOR ROCK MECHANICS PURPOSES ( GEOLOGY E X P L O R A T I O N  PHYSICAL-PROPERTY 

C A N  M I N  C MET BULL, 1 1 9 5 - 1 1 9 7 ,  OCT. 1 9 6 8 .  THE SUBCOMMITTEE ON ROCK C L A S S I F I C A T I O N ,  C A N A D I A N  A C V I S O R Y  COMMITTEE ON 
ROCK MECHANICS HAS DEVFLOPED A USEFUL SYSTEM OF C L A S S I F I C A T I O N  OF ROCKS. T H I S  C L A S S I F I C A T I O N  I S  I N  2 STAGES AND 
C O N T A I N S  5 CATEGORIES. I .  ROCK SUBSTANCE ( 1 )  THE G E O L O G I C A L  NAME OF T H E  ROCK. ( 2 )  (A.1 STRENGTH DRY BASED ON 
U N I A X I A L  COMPRESSIVE L O A D I N G  TO F A I L U R E  OF A C Y L I N D E R  W I T H  A L / D  R A T I O  OF A P P R O X I M A T E L Y  2. THE RANGES ARE: VERY H I G H  

- F L A S T I C  I F  T H E  R E L A T I V E  PERMANENT S T R A I N  AT THE U L T I M A T E  COMPRESSIVE L E V E L  I S  L E S S  THAN 25% OR I F  ROCK SHOWS A 
CREEP-RATE OF L E S S  THAN 2 MICRO INCHES PER I N C H  PER HOUR WHEN LOADED TO H A L F  O F  THE U L T I M A T E  STRENGTH; I F  THESE VALUES 
ARE EXCFEDED, THE ROCK IS C L A S S I F I E D  Y I E L D I N G .  11. ROCK MASS: ( 4 )  GROSS HOMOGENEITY, M A S S I V E  OR LAYERED.  ( 5 1  
C O N T I N U I T Y  O F  FORMATION: ( A )  S O L I D  I F  J O I N T  S P A C I N G  GREATER THAN 6 FT;  SLABBY I F  3 - I N .  T O  6 F T .  BUT CLOSER I N  ONE 

POTCHING, T.  He + COATES, De  E. & U N I V  ALBERTA 

(32,000 P S I ) ,  H I G H  (16-32,OOO P S I ) ,  MEDIUM (8-16 ,OOO P S I ) ,  LOW (4-89000 P S I )  AND VERY LOW (4,000 P S I ) .  ( 3 )  DEFORMATION 

D I A M E T F R  THAN ANOTHER; BROKEN I F  CLOSER THAN 3 I N S .  ( 8 )  LOOSE OR T I G H T .  

1 4 - 6 8 7 l Q Q Q 2  NEW METHOD FOR S A M P L I N G  D I A M O N D - D R I L L  CORE - F I L L E T - C U T T I N G  

T A N  M I N  E MET PULI ( 6 1 )  N 6 7 8 ,  1 2 0 7 - 1 0 ,  OCT 1968. METHOD AND D E V I C E  ARE D E S C R I B E D  FOR S A M P L I N G  D I A M O N D - O R I L L  CORE 
BY C U T T I N G  C?NTINUOUS F I L L E T  OF CONSTANT CROSS S E C T I O N  FROM C Y L I N D R I C A L  SURFACE OF CORE THROUGHOUT A P P R O P R I A T E  SAMPLE 
LcNGTHS;  APPARATUS EMPLOYS TAPERED, ABRASIVE-SET,  C U T T I N G  WHEFL, C O N I C A L  C U T T I N G  SURFACE O F  WHICH PROJECTS S L I G H T L Y  
I N T O  RECTANGULAR CORE-GUIDING TROUGH S E T  P A R A L L E L  TO A X I S  OF R O T A T I O N ;  C U T T I N G S  WHICH FORM SAMPLE ARE NORMALLY 
COLLECTED I N  TRAY BELOW C U T T I N G  WHEEL AND APPEAR AT ABOUT 80% - LOO MESH; THEY REQUIRE L I T T L E  OR NO FURTHER TREATMENT 
OR C 7 Y M I N U T I O N  BEFORF A N A L Y S I S .  

l f t&B=aQQu RECCWMENDED C L A S S I F I C A T I O N  FOR ROCK MECHANICS PURPOSES 

CAN M I N  & MFT RUL, ( 6 1 )  N. 6 7 8 ,  1 1 9 5 - 1 1 9 7 ,  OCT. 1 9 6 8 .  SUB-COMMITTEE ON ROCK C L A S S I F I C A T I O N ,  C A N A D I A N  ADVISORY 
r O M Y I T T E E  ON ROCK MECHANICS, HAS EVOLVED C L A S S I F I C A T I O N  OF ROCK MECHANICS;  CONSIDERED I N  TWO STAGES,  ACTUAL ROCK 
SUBSTANCE AND ROCK MASS, F I V E - P O I N T  C L A S S I F I C A T I O N  I N V O L V E S  GEOLOGICAL NAME OF ROCKp ROCK STRENGTH AND RCCK 
DEFORMATION, AND, I N  SECOND STAGE, GROSS HOMOGENEITY OF RUCK MASS AND F O R M A T I O N  C O N T I N U I T Y .  10  REFS. 

BONSALL,  E. + GRAHAM, A. R. + BRUMMER, J. J. 

PATCHING,  T. H. + COATES, D. F. 

14-68-1QQ.Qd D E T F R M I N A T I O N  OF PRESSURE A C T I N G  ON F L E X I B L E  SUPPORT OF ROCK E X C A V A T I O N S  

P R I K L A D N A Y A  MEKHANIKA,  I & )  N 10, 1 1 3 - 2 0 ,  OCT. 1 9 6 8 .  PROBLEM I S  E X A M I N E D  F-OR CASE OF C I R C U L A R  F L F X I B L E  SUPPCRT W I T H  
NUDNYI ,  I. P e  

SFVFRAL F L F X I B L F  J O I N T  CONNECTIONS, W I T H  ALLOWANCE FOR CREEP OF OVERBURDEN. STRESS S T A T E  OF P L A N E  W I T H  REINFORCED 
O P E N I N G  I S  DETERMINED, P L A N E  B E I N G  ACTED UPON B Y  B I A X I A L  COMPRESSION AND H A V I N G  P R O P E R T I E S  OF E L A S T C V I S C C U S  MEDIUM. 
4CTU4L SUPPORT I S  S I M U L A T E D  B Y  R I N G  SEGMENTS J O I N E D  BY SPRTNGS OF G I V E N  R I G I D I T Y .  T H I S  MODEL ALLOWS ACCOUNTING FOR 
EFFECT OF YUTUAL R I G I D  DISPLACEMENT O F  SEGMENTS ON MAGNITUDE OF PRESSURE T A K E N  UP BY SUPPORT. ( I N  R U S S I A N )  

fi-&8=lMQZ REVIEW OF ROCK MECHANICS A P P L I C A T I O N S  I N  C A N A D I A N  BEDDED D E P O S I T S  ( GROUND-CONTROL ) 

CAN M I N  & MET RUL, ( 6 1 1  N 6 7 8 ,  1180-4, OCT. 1 9 6 8 .  P R A C T I C A L  P I C T U R E  OF E F F E C T S  OF STRESS AND O F  STRUCTURAL 
I G N A T I E F F ,  A. 

ENVIRONMEMT I N  F X T R A C T I O N  AREA I N  BEDDED D E P O S I T  I S  DESCRIBED9 AND M A I N  FACTORS OF GROUND CDNTROL WHERE P R I N C I P L E S  OF 
RnCK YECHANICS CAN BE A P P L I E D  ARE DISCUSSED;  MANY OF BEDDED D E P O S I T S 1  SUCH AS COALS AND E V A P O R I T E S ,  HAVE PRONOUNCED 
3 E F O R Y A T I C N  PROPERTIES,  AND THERE ARE L I M I T A T I O N S  I N  M A K I N G  STRESS ME4SUREMENTS W I T H I N  SHORT D I S T A N C E S  OF M I N E  OPENINGS 
09 E X T R A C T I O N  ARFAS; ON OTHER H4ND, MEASUREMENT OF MOVEMENT OF H A N G I N G  WALL (ROOF)  AND FOOTWALL ( F L O O R )  OF ROADWAYS AND 
E X T R A C T I r l N  FACFS AS WFLL AS S I D E S  OF P I L L A R S ,  P R O V I D E S  MOST U S E F U L  TOOL I N  A S S E S S I N G  GROUND S T A B I L I T Y .  2 2  REFS. 

lftr$B=UQQJ S T Q A I N  ROSETTE R E L I E F  MEASUREMENTS I N  H E M I S P H F R I C A L L Y  ENDED BOPFHOLES 

I N T  J ROCK MECHANICS G M I N  SCIENCES,  ( 5 )  N 69 5 5 1 - 9 ,  NOV 1 9 6 8 .  F U L L - S C A L E  LABORATORY E X P E R I M E N T S  H A V E  BEEN 
PFRFOQMED T I l  9 F T F R M I N E  E F F E C T I V E N E S S  n F  S T R A I N  ROSETTE R E L I E F  TECHNIQUES IY H E M I S P H E R I C A L L Y  ENDED BOREHOLES; S T R A I N S  
YFASURF? D V R I N G  THESE T F S T S  AGREE W I T H  THOSE I N F F R R F D  FROM WELL-KNOWN S O L U T I O N  FOR STRESSES SURROUNCING S P H E R I C A L  

HOSKINS,  E. R. 

C A V I T Y  I N  E L A S T I C  MFDIUM; UNDER S P E C I F I C  C O N D I T I O N S ,  D I S C U S S E D  I N  PAPER, S T R A I N  R E L I E F  I N  H F M I S P H E R I C A L L Y  ENDED 
SPFEHOLES APPFARS TO B F  P R O M I S I N G  TECHNIQUE FOR MEASURING ROCK STRESS. 16 REFS. 

1 4 - 6 8 - ~ Q Q l  ENFRGY C R I T E R I O N  FOR STRENGTH OF ROCK I N  P O L Y A X I A L  COMPRESSION ( ROCK-MECHANICS 
WIFBOLS,  G. A. + COOK, N. G. W. 

I h ' T  J ROCK MECHANICS AND M I N  SCIENCE, ( 5 1  N 67  5 2 9 - 5 4 9 ~  NOV 1968. I T  I S  GENERALLY ACCEPTED T H A T  STREYGTH OF ROCK 

COYCEPTS F A I L  TO D E S C R I B E  ADEQUATELY STRENGTH OF ROCK UNDER GENERAL SYSTEM OF P O L Y A X I A L  COMPRESSIVE STRESSES; Ifl T H I S  
PAPER A NEW C R I T E R I O N  I S  PROPOSED, BASED ON A D D I T I O N A L  ENERGY STORED AROUND G R I F F I T H  CRACKS 3UE TO S L I D I N G  OF CRACK 
SURFACES OVE9 FACH CTHER; P R E D I C T I O N S  OF STRENGTH BASED ON T H I S  CONCEPT ARE I N  GENERAL AGREEYENT W I T H  KNCWN B E H A V I O R  OF 
ROCK UNDER U N I A X I A L  AND T R I A X I A L  STRESS. 14  REFS. 

15=~$&12QQ2 B R I T T L E  ROCK F A I L U R E  UNDER T R I A X I A L  STRESS 

ASMF - PAPER h8-WA/PT-3 ,  4 7  DEC. 1-57 1 9 6 8 .  E X P E R I M E N T A L L Y  DETERMINED F A I L U R E  DATA ARF G I V E N  FPR NORYAL AND FOR 
YODFRATELY AND SEVERFLY PRESHOCKED G R A N I T I C  ROCK UNDER T R I A X I 4 L  COMPRESSIVE STRESS. AT OR NEAR ATMOSPHERIC C O N F I N I N G  
PRESSURE MCDE OF F A I L U R E  RANGED FROM B R I T T L E  SHEAR FOR NORMAL ROCK TO CRUMBLING FOR SEVERELY PRESHOCKED M A T E R I A L .  
UYDFR C O N F I N I N G  PRESSURE, F A I L U R E S  T Y P I C A L L Y  WERE BY S I N G L E  SHEAR SURFACE I N C L I N E D  ABOUT 30 DEGREES TO L O N G I T U D I h A L  
A X I S  OF C Y L I N D R I C A L  TEST SPECIMEN.  NO I N D I C A T I O N  OF P L A S T I C  DEFORMATION WAS OBSERVED. S L I P  MODE OF F A I L U R E  WAS FOUND 
TO P E R S I S T  AS LONG AS T O T A L  BULK COULOMB STRFVGTH OF STRESSED M A T E R I A L  REMAINED L E S S  THAN I T S  COULOCB FUNDAMENTAL 
COHESIVE STRENGTH. 7 PEFS.  

L4-69-OLQQ MICROSTRUCTURAL TECHNIQUES I N  STUDY OF P H Y S I C A L  P R O P E R T I E S  DF ROCK I P@CK-MECHANICS 

I N T  J ROCK MECHANICS G M I N  SCTFNCES, ( 6 )  N 1, 1 - 1 2 ,  J A N  1 9 6 9 .  TECHNIQUES HAVE B F F N  DEVELOPFD TC FUPTHER 
UNDEQSTANDING OF ROCK S F H A V I O R  I N  TERMS OF I T S  MICROSTRUCTURE; T F C H N I Q U F S  MEASURE C E R T A I N  FARR I C  PARAMETERS ON ROCK 
D I S K S  AND I N  T H I N  S F C T I O N S  W I T H  PETROGRAPYIC MICRCSCOPF FOR CORRELATION W I T H  P H Y S I C A L  PROPERTY LABORATORY TESTS. THEY 

T S  OETERMINFD B Y  PRESENCE OF FLAWS, USUALLY KNOWN A S  GRIFFITH CRACKS;  HOWEVER, VARIOUS CRITERIA B A S E D  r N  THIS AND OTHFR 

G I A R D I N I ,  A. A. 

W I L L A P D ,  R. J. + MCWILLIAMS,  J. R. 

I N C L U D E  D I A M E T R I C  M I N E R A L O G I C A L  A N A L Y S I S ,  DEFECT A N A L Y S I S ,  G R A I N  ELONGATION A N A L Y S I S ,  MACRO-GRID A N A L Y S I S .  
TRAYSGRANULAR-INTERGRANULAR A N A L Y S I S .  PULSE V E L O C I T I F S  AND B R E A K I N G  STRENGTHS I N  SAMPLES OF G R A N I T E  AND L I M F S T O N E  ARF 
COMPARED W I T H  T H E I R  F A B R I C  P R O P E R T I E S  O B T A I N E D  THROUGH THESE TECHNIQUES. 2 1  REFS. 

l5zb9=QLQ42 S T A T I S T I C A L  THEORY O F  B R I T T L E  FRACTURE FOR ROCK M A T E R I A L S  

I N T  J ROCK MECHANICS & M I N  SCIENCES,  ( 6 )  N 1, 2 1 - 4 2 ,  JAN.  1 9 6 9 .  B Q I T T L E  F A I L U R E  UNDER HOMOGENEOUS A X I S Y M M E T R I C  
STATES OF STRFSS; C R I T E R I O N  OF B R I T T L E  FRACTURE I S  FORMULATED FOR ROCK M A T E R I A L S  D I S P L A Y I N G  T I G H T  P C W  STRUCTURE; I T  I S  
ASSUYED T H A T  T O T A L  FRACTURE OCCURS WHEN AVERAGE VALUE OF T O T A L  V O L U Y F T R I C  MICROCRACK S T R A I w  A T T A I V S  C R I T I C A L  VALUE;  

BRADY, R .  T .  

R F S U L T S  AND CONCLUSIONS OF A N A L Y S I S  ARE COMPARED W I T H  E X I S T I N G  T H E O R I E S  OF B R I T T L E  FRACTURE. 20 REFS. 
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l $ = a = Q l Q U  N n N L I N E A R  STRESS-STRAIN R E L A T I O N S  FOR HOMOGENEOUS SANDSTONE ( P O R O S I T Y  WETTING 1 

I N T  J ROCK MECHANICS & M I N  S C I E N C E  ( 6 1  N 2, 1 2 7 - 1 4 2 9  MAR 2, 1969. T R I A X I A L  COMPRESSION T E S T S  HPVE BEEN C A R R I E D  OUT 
MORGENSTERN, N. R. + TAMULY PHUKAN, A. L. 

ON S P E C I M E N S  O F  BUNTER SANDSTONE AT C O N F I N I N G  PRESSURES OF 0, 150, AND 500 P S I ;  AS I S  COMMONLY FOUND W I T H  POROUS AND 
CRACKED ROCK WkEN LOADED AT STRESS L E V E L S  OF I N T E R E S T  I N  C I V I L  F N G I N E E R I N G ,  SPECIMENS DEFORMED I N  N C N L I N E A R  MANNER AND 
D I S P L A Y E D  H Y S T E R E S I S  ON C Y C L I C  L O A D I N G  AND IRRECOVERABLE S T R A I N  ON COMPLETE UNLOADING;  THESE F E A T U R E S  WERE I N C R E A S E D  BY 
I N C R E A S E  I N  POROSITY AND BY WETTING. 15 REFS. 

1 4 - 6 F Q 3 Q Q Z  F L A S T I C  B E H A V I O R  OF SOME I N D I A N  ROCKS UNDER C O N F I N E D  PRESSURE 

I N T  J ROCK MECHANICS & M I N  SCIENCES,  ( 6 )  1 9 1 - 2 0 1 ,  MAR 2, 1 9 6 9 .  EXPERIMENT WAS CONDUCTED I N  WHICH H Y C R O S T A T I C  
P9ESSURES OF ORDER OF 2 KBARS WERE FOR F I R S T  T I M E  A T T A I N E D  I N  I N D I A  AND U L T R A S O N I C  WAVE V E L O C I T Y  AND A T T E N U A T I O N  

RAMANA, Y. V. 

MEASURFMENTS WERE MADE A T  D I F F E R E N T  PRESSURES S T A R T I N G  FROM ROOM C O N D I T I O N S ,  I N  STUDY O F  F I V E  I N D I A N  ROCK TYPES;  
SAMPLES I N V E S T I G A T E D  I N C L U D E D  SHALE, GRANITE,  Q U A R T Z I T E ,  S E R P E N T I N I T E  AND SANDSTONE; I N V E S T I G A T I O N S  COVERED STUDY OF 
E F F E C T  OF C Y C L I C A L  L O A D I N G  ALSO. 

14-69-Q.3QQ3 NONLINEAR MECHANICAL BEHAVIOR OF B R I T T L E  ROCK-1 

I N T  J ROCK MECHANICS & Y I N  SCIENCES, ( 6 )  N 2, 2 1 1 - 2 5 ,  MAR 1969. RESULTS OF T H E O R E T I C A L  STUDY O E S C R I e I N G  L O A D I N G  
AND U N L O A D I N G  S T Q E S S - S T R A I N  B E H A V I O R  D U R I N G  R E G I O N S  I AND I 1  OF HOMOGENEOUS B R I T T L E  9 0 C K  MATER1 ALS D I S P L A Y I N G  T I G H T  
PORE STRUCTURE ARE PRESENTED; I T  I S  ASSUMFD THAT POCK C A N  B E  MODELED BY E L A S T I C ,  I S O T R O P I C  CONTINUUM C C N T A I N I N G  LARGE 
NUYSER OF F L L I P S O I O A L  CRACKS WHICH ARE C O L L E C T I V E L Y  CHARACTERIZED B Y  D I S T R I B U T I O N  F U N C T I O N  P ( C r  BETA, P H I )  (C EQUALS 
CRACK HALF-LFNGTH, BFTA EQUALS I N C L I N A T I O N  OF MAJOR A X I S  T O  D I R E C T I O N  OF MAXIMUM P R I N C I P A L  STRESS, AND P H I  EQUALS ANGLE 

BRADY, R. T. 

BCTWFEN PROJECTED CRACK NORMAL AND X2 A X I S ) ;  CRACK I N T E R A C T I O N  EFFECTS ARE NEGLECTED I N  T H I S  STUDY. 20  REFS. 

l f t S Q = Q l Q Q f .  THE I N F L U E N C E  OF ROCK C H A R A C T E R I S T I C S  ON THE S T A B I L I T Y  OF ROCK C A V I T I E S  P A R T  1 I ROCK-MECHANICS I 

TUNNELS ANC TUNNELING,  ( 2 )  NO 1, 1 9 - 2 2 ,  JAN. 1970. THE F I R S T  O F  TWO PART A R T I C L E  WHICH ATTEMPTS TO PRESFNT A 
LOMBARD19 G. & M I N U S I O ,  SWITZERLAND 

9FPORT ON THF PQESENT S T A T E  OF KNOWLEDGE I N  THE NEW SCIENCE,  ROCK MECHANICS. SEE 14-70-03001. 

15-7QIQQl C n M P Q E S $ I V E  STRENGTH OF CEYENTED C A R P I D E  - F A I L U R E  MECHANICS & T E S T I N G  METHODS I END-EFFFCTS 1 

4STM M A T F R I A L S  RESEARCH & STANDARDS, (10) NO. 2, 23-28, FER 1970. STUDY OF FA I LURE MECHAN I C s  OF CY L INDR I C A L  
CFMFNTED C A R B I D E  SPECIMFNS LOADED I N  COYPRESSI I IN I N D I C A T E D  THAT F A I L U R E  O R I G I N A T E S  I N  SPECIMEN END REGIONS DUE T O  END 
F Q I C T I O Y A L  I N T E R A C T I O Y S  W I T H  L O A D I N G  PLATES.  NATURE OF END EFFECTS PND T H E I R  D E T R I M E N T A L  I N F L U E N C E  UPON VEASURED 
l J L T I Y 4 T F  CC'MPFESSION STRENGTH WERE DETERMINED. R E S U L T S  OF T E S T S  ON SEVEN D I F F E R E N T  GRADES OF CARBOLOY ARE GIVEN.  I T  
I S  SHOWY T H A T  A TRUER U L T I M A T F  COMPRESSIVE STRENGTH CAN BE O B T A I N E D  BY I N T E R P O S I N G  T H I N  S H I M S  OF S T E E L  BETWEEN CEMENTED 
C A R R I D F  SP E C I Y E N  AND CFMENTED CARRIDE L O P D I N G  PLATFS.  

LUETH, 4. C. E HALE, T. E. & GENERAL E L E C T R I C  CO 

1$=IQ=Q?QQJ, T H F  I N F L U E Y C E  OF ROCK C H A R A C T E R I S T I C S  ON THE S T A B I L I T Y  OF ROCK C A V I T I E S  PART 2 ( ROCK-VECHANICS 
LOMRARDI,  G. & M I N U S I O ,  SWITZFRLAND 

TUNNELS 4 N D  TUNNELING,  ( 2 )  NO 2, 104-109, MAR. 1970. THE FORMATION PRFSSURE EXFRTFD ON A TUNNEL L I N I N G  IS A 
F U N C T I O Y  OF T b F  F X I S T I Y G  STRESS C O N D I T I O N  I N  T H E  FORMATION, OF ROCK PROPERTIES,  OF CONSTRUCTION YETPODS, AND OF THE ' 
TYPE OF L I N I Y G .  I N  DRClER TO OETERYINE THE F O R M A T I O N  PRESSURE I\ KNOWLEDGE OF THESE VALUES IS E S S E N T I A L :  ( 1 )  
E X P E 9 I Y C N T A L  D E T F R V I N A T I O N  OF STRESS C O N D I T  I O N S  BEFORE CONSTRUCTION B E G I Y S ,  ESP H O R I Z O N T A L  AND V E R T I C A L  COYPONENTS; ( 2 )  
3 F T F 9 Y T Q A T I O N  n F  T H F  STRENGTH OF THE F I S S U R E  SYSTEM, ESP. COHESION AND F R I C T I O N ;  ( 3 )  VOLUMF I N C R E A S E  DUE TO F A I L U R E .  
A L L  CASES CaN RE ANALYZFD I F  THE B A S I C  PARAMETERS ARE E S T A B L I S H E D  AND A MATHEMATICAL FORMULATION I S  KNOWN. PART I I S  
1 4 - 7 0 - 0 1 0 O l  

1 5 - 6 4 - O a Q Q l  P I L O T  BORE I q  LABOPATORY FOR T W I N  ROAD TUNVELS ( I N S T R U M E N T A T I 2 N  ROCK-MECHAYICS STRUCTURAL-SUPPORT ) 

4 P I L D T  TUNNEL RENEATH LCVELAND PASS T O  AYSWER A NUMBER OF D E S I G N  QUESTIONS.  M I D  V A L L F Y  INC.  OF HOUSTI)N, TEXAS IS 
q F I V I N G  4 $1.1 P I L L I O h !  8 ,282  FT. L@NG 11 F T .  4 I N .  WIDE RY 10 FT. 8 I N .  H I G H  P I L O T  TUNNEL. T E P R A M E T R I C S  D I V I S I O N  OF 
P 4 T R I C Y  H4RRISClNy I N C .  n F  GflLDEN COLnRADO IS D'IIYG $55,000 WORTH OF I Y S T P U Y E Y T A T I O N .  

15-65-01QQl POCK MECHANICS ( STR ENGTHFNING STRESSES TUNNEL BOREHOLE B O L T I N G  GROUTING C U T T I N G S  ROCYFPLL 1 
C I V I L  F N G I N E E R I N G  ANl l  P U B L I C  WORKS PFVTEW, J4YUARY 1 9 6 5  D 4 T A  SHEETS, REFERFNCE NO. 0 6 . 0 3  THRU 0 6 - 1 6 ,  J U L Y  1 9 6 5 .  
h A Y D  Q l T E n  DATA SYEFTS C D N T A I N  TEST METHODS, SOYE C A L C U L A T I O N  METHOCS, SOME DATA AND D I S C U S S I O N S  C O V F R I N G  THE FOLLOWING 
SIJPJCCT F Q F A 5 :  GFYFPAL P n C K  YECHANICS 9 ROCK STRENGTHENING, MEASUREMENT OF "IN S I T U "  ROCK STRESSFS, ROCK P E R Y E A B I L I T Y P  
PRFSSU9F TUNNFLS I N  POCK, RnCK C U T T I N G S ,  AND ROCK EMBANKMENTS. 

15&5=Q4QQl COPE PORIYG Ff lR A SUBWAY TUNNFL ( GEOLCIGY NFW-YORK-CITY ! 
E Y G I N F E Y I N G  NFWS-PFCOR'7, ( 1 7 4 )  29,  JUNF 10, 1 9 6 5 .  RAYMOND CONCRETE P I L E  D I V I S I O N  O F  RAYMOND I N T E R N A T I O M A L  W I L L  
Y4KE 2 2  C n R E  R f l R I N G 5  50 TO 100 F T .  APART ALDVG THE T R I C F  OF A PLANYED 2 / 3  M I L E S  SUPWAY TUYNEL FROM MI9TOWN M A N H A T T I N  TO 
31JFFVS 'JNDFQ T H C  E 4 S T  F I V E R .  THF TUNNFL WILL TAKE S I X  YEARS TO B U I L D .  

F Y G I N F F R I N G  NFWS-RECDRn, ( 1 7 3 )  38-39, AUG 13, 1 9 6 4 .  T H F  COLORADO DEPT. n F  HIGHWAYS I S  I N V E S T I N G  CVER $1 M I L L I O N  Ibi 

1 5 3 6 - 0 5 0 0 1  R O C K  MECHANICS I N  M I N E  D E S I G N  THEME OF W.V.U. SYMP ( SUPPORT-LOADS STRESSFS F R I C T I O N  E X C A V A T I O N  
C Q A L - P I L L A R S  ) 

COAL AGE, 100-101, M A Y  1 0 6 6 .  ROCK YECHAYICS A P P L I C A T I O N S  I N  COAL MIME WAS THE THEME OF A SYMP AT M3RGANTOWN, W .  VC 
4PR 14-1C.r  19hh UNDFR T H F  SPONSPRSHIP OF THE MON3NGAYELA V A L L E Y  COAL Y I N I N G  I V S T I T U T F  I N  COOPERATION W I T H  W. VA U N I V  
SCYrlnL OF M I N F S .  v4JOR T P P I C S  D I S C U S S F n  WFRE MEASUREMENT OF SUPPORT LOADS, D E T F R M I N A T I O N  OF STRESSES I N  QOCK1 AROUND 
fJoFN1NGS AYD FACTVRS A F F F C T I N G  STREYGTH AND D E S I G N  OF Cf lAL M I N E  P I L L A R S .  T H I S  A R T I C L E  O U T L I N E S  GENER4LLY THE Y A T F R I A C  
CPVFQFD B Y  DIqCUS' IONS.  

lS-67-JJQQf. RnCY MFCHANICS ( B L A S T I N G  ROCK-FAILURE ROCK-STRFSS 1 

4 P P L I F D  M F C H A Y I C S  REVIFWS,  ( 2 0 1  N 10, 9 2 3 - 9 2 7 9  OCT. 1 9 6 7 .  UNDERST4NDING ROCK MECHANICS IS I M P D Q T A N T  I N  P r i E V E N T I N G  
PRFYATURF C n L L  APSF OF UYnERGROUYD EXCAVATION.  CUQRFNTLY NO R E L I A B L E  T H E n R F T I C A L  METHOD FOR P R E D I C T I N G  POCK STRESSFS I S  
4 V A I L 4 Q L F .  4N C S T I M 4 T F  C!F ROCK STRESSFS CAN 9E O P T A I N E D  BY BOREHOLE GAG€ MEASURFYENTS OF A SMALL P I L O T  HCLE R E L I F V E D  
QY OVERCOPING n R  A SL?T MAY RF CUT I N T O  A ROTK SURFACE AND THE H Y D R A U L I C  PQESSUQE ON A F L A T  JACK MEASURED WHEN THE POCK 
AROUND THE S L n T  VAS RFFY FORCED TO RFTURN TO I T S  O R I G I N A L  P O S I T I O N .  VERY SHORT D U R A T I n N S  OF I N T F N S E  L O A D I N G  K C U R  I N  

THEORETTCAL MGTHOO? FOP P R E D I C T I N G  B L A S T I N G  RESULTS. M I C R O S E I S M I C  D E T E C T I O N  METHODS CAN P R E D I C T  ROCK BURSTS BUT HAVF 
T Y C  91 SPDVANT4GE OF P Q F n I C T I N G  OURSTS THAT DO NOT ACTUALLY OCCUR. F U T U Q E  IYPROVEMENTS IY POCK MECHANICS PROPLEMS 
4 N A L Y S I S  MUST RF SUPPLEMENTED BY IMP9OVED LASrJQATORY AND F I E L D  MEASUREMENTS. 

CHFBTHAM, J. B.,  JR. & R I C E  U N I V  HOUSTON 

9"CK S U Q R n U Y D I Y G  C Y F Y I C A L  OF NUCLEAR FXPLOSI'lN. RFSFARCH EFFOQTS ARE R E I N G  O I R E C T E D  TDWARDS D E V I S I N G  A P P R D P R I A T F  

L2=6B=QftQQl S B N D I A  CORP DFVELC'PS P R O J F C T I L E  FflP U S E  I N  SUB-SURFACE E X P L O R A T I O N  ( GEOLPGY M I N I N G  TERRADYNPMICS 
F Y G I N E F D I N G  ANP M I N I N G  JPURNAL, 1 0 2 1  I O o ,  A P R I L  1 9 6 8 .  A H I G H  SP€ED P R O J E C T I L E  DROPPED FROM A I R C R A F T  OR PROPFCLED 
9Y ROCKETS I S  U S F D  T n  EnEISUPE P E N E T R A T I O N  R E S I S T 4 N C F  OF S O I L  AND RPCK TO G I V F  GEOLCGIC DATA. T H E  DECELERATIOQ P R O F I L F  
I S  MF4SURFC) PY INSTQUMFNTS LOCATFD I N  THF YEAQ OF THE P R O J F C T I L E .  THE Y I S S I L E S  I Y P A C T  AT 800 MPH AND HAVE PENETRATED 
YOQF TYAY 200 FT.  
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lL5-7!kQlQQl CONTRACTOR L I C K S  TOUGH TUNNEL J O B  ( ADVANCE JUMBO E X P L O S I V E  COST BAD-GROUND 1 
E N G I N E E R I N G  NEWS-RECORD, (184) 30-31, J A N  1 ,  1970. T U N N E L L I N G  THROUGH B I G  WALKER MOUNTAIN ON 1-37 BAD GROUND WAS 
UNEXPECTEDLY ENCOUNTERED. BECAUSE OF V E N T I L L A T I O N  THE WEST TUNNEL HAS 2 F T  5 I N  F L A T T E R  ARCH OVER THE 3 6  F T  SPAN THAN 
T H E  E A S T  TUNNEL.  T H I S  R E Q U I R E D  A TOP H E A D I N G  TO T H E  S P R I N G  L I N E ,  S E T T I N G  T H E  ARCH R I N G S  AND THEN REMOVING ENOUGH 
M A T E R I A L  T O  SET T H E  PLUMB POSTS ONE A T  A T IME.  THE TUNNELS ARE 4,229 F T  LONG AND T H E  BAD GROUND WAS ENCOUNTERED AFTER 
2,500 F T  O F  ADVANCE I N  T H E  EAST TUNNEL WHICH WAS 8 0  F T  AHEAD OF WEST TUNNEL ADVANCE. THESE TUNNELS WERE D R I V E N  W I T H  
JUMBOS EACH MOUNTING 9 D R I F T E R S .  TUNNELERS WERE V C U T T I N G  12 FT. ROUNDS ON A F U L L  FACE AND U S I N G  U P  TO 950 L B  OF 40 
PERCENT G E L  PER ROUND. ADVANCE WAS AS GOOD AS 60 FT. A DAY W I T H  TWO 10 HOUR S H I F T S  AND AVERAGE WAS B E T T E R  THAN 30  FT.  
I T  TOOK 5 MONTHS DELAY FOR T H E  CONTRACTOR? HIGHWAY DEPARTMENT AND TUNNEL D E S I G N E R  TO EVOLVE A B A D  GROUND PROCEDURE. 
THE EAST TUNNEL WAS F I R S T  D R I V E N  THRU THE BAD GROUND BEFORE WORK ON THE WEST TUNNEL WAS RESTARTED. THE EAST T U N N E L I N G  
T Y E N  PROCEEDED TO THE NORTH PORTAL, TURNED AROUND, AND RETURNED T O  THE WEST TUNNEL BAD GROUND BEFORE T H E  WEST T U N N E L  
ADVANCED T H R U  I T S  BAD GROUND. $22.6 M I L L I O N  HAS T H E  CONTRACT FOR T H E  TWO TUNNELS BUT THE RAD GROUND WILL I N C R E A S E  T H I S .  

F I E L D  16 COMPANY BROCHURES 

16-64-QZQQl NORAD COMBAT OPERATIONS CENTER 1 NUCLEAR-WEAPON D E T O N A T I O N  L-SHAPED-TUNNEL MAJOR-JOINT-SYSTEM 
PARSONS, RRINKERHOFF, QUADE AND DOUGLAS, (12) N 2, 1-77 1963-64. A D I S C U S S I O N  OF T H E  D E S I G N  AND CONSTRUCTION OF 
THE NORAD COMBAT OPERATIONS CENTER AT COLORADO SPRINGS,  COLORADO. MANY PROBLEMS I N V O L V I N G  UNORTHOCOX D E S I G N  AND 
CONSTRUCTION METHODS WERE ENCOUNTERED. THE I N S T A L L A T I O N  WAS B U I L T  T O  PROTECT I T  A G A I N S T  A L L  E F F E C T S  OF A C L O S E - I N  
NUCLEAR WEAPON DETONATION. THE C@MMAND CENTER I S  TO BE B U I L T  I N  EXCAVATED CHAMBERS W I T H  AN L-SHAPED T U N N E L  AS A MEANS 
nF ACCESS TO T H E  SURFACE. MANY D E S I G N  PROBLEMS WERE CAUSED B Y  UNEXPECTED AND U N P R E D I C T A B L E  ROCK C O N D I T I O N S  ENCOUNTERED 
DURING EXCAVATION.  ONE SUCH PROBLEM AROSE WHEN I T  WAS OBSERVED T H A T  CHAMBER E X C A V A T I O N  WAS G O I N G  TO R U N  P A R A L L E L  TO A 
Y4JOR J O I N T  SYSTEM. A VERY E X P E N S I V E  STRUCTURAL COVERIVG HAD TO B E  USED AT ONE OF THE TUNNEL I N T E R S E C T I O N S  DUE TO 
VFRY POOR ROCK C O N D I T I O N S .  THE B U I L D I N G S  HAD T O  BE SHOCK MOUNTED W I T H  A NEWLY DFVELOPED S P R I N G  SYSTEM T @  WITHSTAND THE 
EXPECTED NUCLEAR B L A S T  EFFECTS.  SOME OF THE E L E C T R O N I C  EQUIPMENT HAD T O  BE I N S U L A T E D  T O  PROTECT I T  FROM THE 
ELECTROMAGNETIC F I E L D  CAUSED BY A NUCLEAR BLAST.  THE ENVIRONMENT TO WHICH THE NORAD C.O.C. M I G H T  BE SUBJECTED D U R I N G  A 

4TTACK AND PROPERLY F U N C T I O N  THEREAFTER. 
VUCLEAR ATTACK, REQUIRED CAREFUL STUDY OF MANY CONSTRUCTION FEATURES TO ASSURE T H A T  THE F A C I L I T Y  WOULD S U R V I V E  AN 

F I E L D  19 D I  SSERTATION 

19-67-OQQQl O B L I Q U E  I N C I D E N C E  OF PLANE STRESS WAVES ON A C I R C U L A R  TUNNEL ( ROCK-MECHANICS NUMER I C A L - S O L U T I O N S  1 
A K e A R I A N ?  Ma A. E U N I V  I L L I N O I S  

Q I S S F R T P T I O N  FOR PH.D. AT U N I V  I L L I N O I S ,  1967. A METHOD I S  PRESENTED FOR COMPUTING STRESSES AND D I S P L A C E M E N T S  I N  
THE V I C I N I T Y  OF A LONG C Y L I N D R I C A L  C A V I T Y  I N  AN I N F I N I T E  E L A S T I C  MEDIUM SUBJECTED TO A P L A N E  D I L A T A T I O N A L  WAVE 
T R A V E L I N G  O B L I Q U E L Y  W I T H  RESPECT TO T H E  A X I S  OF T H E  TUNNEL. HOOP, L O N G I T U D I N A L  AND SHEAR STRESSES DUE T C  A P L A N E  S T F P  
HAVE OF D I L A T A T I O N  ARE COMPUTED ON THE BOUNDARY OF THE OPENING. THE E F F E C T S  OF VARIOUS PARAMETERS I N V O L V E D  ARE S T U D I E D  
FOR A STEP WAVE. F I N A L L Y ,  A DUHAMEL I N T E G R A L  I S  USED TO F I N D  STRESSES DUE TO A R E A L I S T I C  TYPE OF WAVE FORM. T H E  
PROBLEM I S  TREATED AS A STEADY-STATE CASE. T H E  STEADY-STATE ASSUMPTION R E S T R I C T S  THE I N V E S T I G A T I O N  TO LONG TUNNELS AND 
I N C I D ' Y T  D I L A T A T I O N A L  WAVES. I N C I D E N T  SHEAR WAVES MAY ALSO B E  TREATED F @ R  A R E S T R I C T E D  RANGE OF ANGLE O F  
I Y C I D E N C E .  THE PETHOD OF S O L U T I O N  I N V O L V E S  E X P A N S I O N  OF THE STRESS F I E L D  I N  F O U R I E R  S E R I E S  AROUND T H E  C A V I T Y ,  
WHICH L E A D S  TO SEPARATE EQUATIONS FOR EACH TERM O F  THE S E R I E S .  FOR EACH TERM? T H E  H Y P E R B O L I C  P A R T I A L  D I F F E R E N T I A L  

FUNCTIONS.  NUMERICAL VALUES OF THE UNKNOWN F U N C T I O N S  ARE C A L C U L A T E D  AND F I N A L L Y  THE VALUES OF STRESSES AT P O I N T S  ON 
EQUATIONS WITH TWO INDEPENDENT V A R I A B L E S  ARE SOLVED B Y  S E T T I N G  UP I N T E G R A L  EQUATIONS FOR T H E  UNKNOWR P O T E N T I A L  

THE 5OUNDARY OR I N  THE MEDIUM ARE O B T A I N E D  THE NUMERICAL S O L U T I O N S  ARE CHECKED I N  THE FAR F I E L D  W I T H  S T A T I C  VALUES. 
THEY ALSO AGRFE W I T H  S E R I E S  EXPANSION OF THE P O T E N T I A L  F U N C T I O N S  A T  P O I N T S  CLOSE B E H I N D  THE WAVE FRCNT. 

FIELD 2 ROCK DISINTEGRATION METHODS 

F I E L D  2 1  POOKS 

21AQ=QQQQl DEEP HOLE D R I L L I N G  W I T H  E X P L O S I V E S  ( ROLLER-CUTTERS DIAMONDS 1 

CnNSULTANTS BUREAU E N T F R P R I S E S  I N C  T R A N S L A T I O N  FROM O R I G I N A L  P U B L I S H E D  I N  MOSCOW, 1960. D R I L L I N G  D E E P  HOLES I S  A 

TREND I N  WORLDWIDE A P P L I C A T I O N  O F  E X P O L S I V E S  I N  TECHNOLOGY AND THE N A T I O N A L  ECONOMY ARE DISCUSSED.  EXPERIMENTAL DATA ON 
THE E F F E C T  r)F EXPLOSIONS I N  SCILID M E D I A  ARE PRESENTED. MANY PHENOMENA D I S C U S S E D  S T I L L  A W A I T  E X P L A N A T I O N  BUT THE F A C T  
THAT T H E S E  PYFNOMENA HAVE BEEN SUBJECTFD TO E X P E R I M E N T A L  STUDY ADDS TO OUR KNOWLEDGE OF A MOST MEAGERLY I N V E S T I G A T E D  
AREA, T H A T  OF THE S H A T T F R I N G  EFFECT O F  EXPLOSIONS ON S O L I D  MEDIA.  D U R I N G  E X P L O S I V E  D R I L L I N G ,  CHARGES O F  L I Q U I D  
E X P L O S I V E  MIXTURE ARE PREPARED AUTOMATICALLY I M M E D I A T E L Y  NEXT T O  T H E  HOLE ROTTOM FROM C H E M I C A L  COMPONENTS THAT ARE NOT 
E X P L O S I V E  I N  T H E I R  I N I T I A L  STATE.  THE SHATTERED ROCK I S  REMOVED FROM THE HOLE RY F L U S H I N G .  D U R I N G  E X P L O S I V E  D R I L L I N G  
THE HOLE D I A M E T E R  MAY BE REGULATED W I T H I N  BROAD L I M I T S  P E R M I T T I N G  D R I L L I N G  DEEP O I L  AND GAS WELLS OF T H E  M I N I M U M  
DIAMETER P F R M I S S I B L F .  F$OLLER CUTTER B I T S ,  DIAMOND B I T S  AND E X P L O S I V E S  ARE NOT MUTUALLY E X C L U S I V E  MEANS OF D R I L L I N G  AND 
A CORRECT C O M B I N A T I O N  MAY L E A D  T O  MORE E F F E C T I V E  D R I L L I N G .  

21-67-QaQQJ THE MODERN TECHNIQUE OF ROCK B L A S T I N G  ( BURDEN HOLE S P A C I N G  CRATERPNG I G N I T I d N  FRAGMENTATION 1 

O S T R O V S K I I ,  A .  P. 

COMPLEX PROSLFY AND MAY BE MOST ECONOMICALLY ACCOMPLISHED RY T H I S  NEW E X P L O S I V E  METHOD OF S H A T T E R I N G  ROCK. THE NEW 

LANGE'ORS, U s  + KIHLSTROM, B. E STOCKHOLM 
JOHN W I L E Y  E SONS, I N C . ?  MAR 1967. W I T H I N  SOME THOUSANDTHS OF A SECOND AFTER E X P L O S I V E  I N I T I A T I O N ,  THE E X P L O S I V E  
CHEMICAL ENFRGY I S  L I B E R A T E D  AND CAN EXCEED 100,000 ATMOSPHERES. THERE I S  AN OUTGOING SHOCK WAVE W P I C H  G I V E S  A L A T E R A L  
P O S I T I V E  PRESSURE WHEN THE SHOCK WAVE ARRIVES AND THEN F A L L S  R A P I D L Y  TO N E G A T I V E  VALUES. CRACK F O R M A T I O N  I N  B L A S T I N G  
ONE ROW O R  MORE OF D R I L L  HOLES W I L L  DEPEND UPON R E L A T I O N  BETWEEN BURDEN AND D I S T A N C E  BETWEEN H O L E S  AND ALSO I F  I G N I T I O N  
I S  S I Y U L T A N F O U S  OR DFLAYED.  W I T H  DELAYED I G N I T I O N  THROW I S  REDUCED BUT FRAGMENTATION IMPROVED. CONTROL TESTS SHOULD BE 
MADE ON A F U L L  S C A L E  BEFORE D E C I D I N G  T H E  F I N A L  R L A S T I N G  PATTERN. THERE MAY S T I L L  BE A P O S S I B I L I T Y  OF D E V E L O P I N G  MORE 
E F F F C T I V E  P L 4 S T I N G  YFTHODS. 

admal NOVEL D R I L L I N G  TECHNIQUES ROCK-BREAKING WATER-JETS THERMAL-METHODS CHEMICAL-METHODS ELECTRICAL-METHODS 
P L  ASMA ELECTRON-BEAM E X P L O S I  VE-CAP SUL E S 1 
MAURER, W .  C. h ESS'! PROD RES CO HOUSTON TEX 

PFRGAMON PRESS, NEW YnRK, NY, 114, 1 9 6 8 .  A N A L Y S I S  O F  B A S I C  ROCK D E S T R U C T I O N  MECHANISMS BY MECHANICALLY,  AND 
TYFQMALLY INDUCED STRESSFS, F U S I O N  AND V A P O R I Z A T I O N  OR C H E M I C A L  R E A C T I O N S  I S  MADE AND T H E O R E T I C A L  C O N S I D E R A T I O N S  ARE 
PRESENT€@; D F S C R I P T I O N  nF A L L  KNOWN TYPES OF ROCK D R I L L S ,  BASED ON ABOVE C A T E G O R I E S  OF A C T I O N ,  I S  MADE AND T H E I R  
CYAQACTFQ I S T I C S  AS WELL AS L I M I T A T I O N S  OF T H E I R  A P P L I C A T I O N  4RE DISCUSSED.  
AND TOTAL ENFRGY CONSUMPTION ARF TABULATED. 111 REFS. 

D R I L L I N G  PERFORMANCE D A T A  I N  VARIOUS ROCKS 

F I E L D  22 SYMPOSIB 
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2236-89QQ1 FUNDAMENTAL CONCEPTS OF ROCK F A I L U R E  ( ROCK-LOADS STRESS ROCK-MECHANICS f 
L I V I N G S T C N ,  C e  W .  E COLO SCHOOL OF M I N E S  GOLDEN COLO 
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QUARTERLY O F  T H E  COLO SCHOOL OF MINES F I R S T  SYMP ON ROCK MECHANICS, ( 5 1 1  N 3, 1-11, J U L Y  1 9 5 6 .  AN H Y P O T H E S I S  I S  
ADVANCED T H A T  F A I L U R E  I l F  S O L I D S  I S  DEPENDENT UPON ENERGY TRANSFER, AND THAT FUNDAMENTALS OF ENERGY TRANSFER DO NOT 
D I F F E R  GREATLY FOR S O L I D S ,  L I Q U I D S  AND GASES. I T  I S  PROPOSED T H A T  F A I L U R E  C R I T E R I A  SHOULD BE I N T E R P R E T E D  R E L A T I V E  TO 
MASS, ENFRGY, AND T I M E  OF UNKNOWN P R I N C I P L E S  OF ENERGY. EXPERIMENTS R E V E A L  THAT I N  B L A S T I N G ,  T H E  ENERGY OF AN E X P L O S I V E  
I S  PROPPRTIONAL TO THE WFIGHT OF THE E X P L O S I V E .  A S  THE D E P T H  OF A CHARGE I S  DECREASED AT CONSTANT WEIGHT OR AS THE 
WFIGHT OF CHARGE I S  I N C R E A S E D  AT CONSTANT DEPTH, RANGES OF BEHAVIOR OF S O L I D S  I N V O L V E ;  THE S T R A I N  ENERGY RANGE 
RFPRESENTFD BY THE S T R A I N  ENERGY EQUATION, THE SHOCK RANGE, T H E  FRAGMENTATION RANGE, AND THE A I R  B L A S T  RANGE. 

77-56-04QQ2 A NOTE CONCERNING T H E  MECHANISM OF A R T I F I C I A L  AND NATURAL H Y D R A U L I C  FRACTURE SYSTEMS ( HYDROFRAC D R I L L I N G  
CRACK-ORIENTATION ) 
ODE, H. & S H E L L  DEV CO HOUSTON 

QUARTEQLY OF T H E  COLO SCHOOL OF MINES F I R S T  SYMP ON ROCK MECHANICS, ( 5 1 1  N 31 21-29,  J U L Y  1 9 5 6 -  A D I S C U S S I O N  OF 
T H F  O R I E N T A T I O N  OF THE CRACKS I N  THE FORMATION DUE TO H Y D R A U L I C  PRESSURE. WHAT HAPPENS AROUND A WELL BORE MAY 8 E  
D U P L I C A T E D  ON A MUCH LARGER SCALE AROUND VQCCANIC PLUGS. MEASUREMENTS OF PRESSURE WHICH SHOW T H A T  T t E  PRESSURE AT WHICH 
THE F L U I D  D I S A P P E A R S  I N T O  THE FORMATION IS I N  MANY CASES LOWER THAN THE OVERBURDEN PRESSURE, WERE MADE I N  THE STUDY OF 
THREE PHENOMENA KNOWN BFFORE THE ADVENT OF THE VARIOUS FRACTURE TECHNIQUES:  PRESSURE BREAKTHROUGH, L O S T  C I R C U L A T I O N ,  
AND SQUEFZE-CEMENTING. THERE ARE TWO WAYS I N  W H I C H  A S E P A R A T I O N  I N T O  TWO OR MORE PARTS OF A M A T E R I A L  C A N  BE ACHIEVED, 
BY CLEAVAGE OR BY SHEAR. MECHANISMS O F  EACH ARE DISCUSSED. 

Z.Z-AkQ$QQl HOPIZONTAL SUPPORT O F  M I N E  OPENINGS ( ROCK-MECHANICS STRESS-PATTERNS 1 

IMPORTANCE OF QUARTERLY O F  T H E  COLO SCHC'9L OF M I N E S  F I R S T  SYMP ON ROCK MECHANICS, ( 5 1 1  N. 3, 1 0 1 - 1 2 2 9  J U L Y  1 9 5 6 .  
H P ? I Z O N T A L  SUPPnRT OF M I N E  OPENINGS I S  EMPHASIZED.  T H I S  WAS THE CONCLUSION OF A P H O T O E L A S T I C  I N V E S T I G A T I O N ,  WHICH WAS 
PFRFnRMED AT T P E  COLI3 SCHOOL OF M I N E S  DURING 1 9 5 4 - 1 9 5 5 .  T H E  PRIMARY PURPOSE OF T H E  P H O T O E L A S T I C  I N V E S T I G A T I O N  WAS TO 
D E T E R Y I N E  THE R E L A T I O N  BETWEEN STRESSES AROUND UNDERGROUND M I N E  OPENINGS AND THE F A I L U R E  R E S U L T I N G  THEREFROM. MODELS 
WESF YAQE OF 1 / 4  I N  P L A T E S  OF COLUMBIA R E S I N  CR-39. T H E  OPENINGS S T U D I E D  WERE: A RECTANGULAR, H O Q I Z O N T A L  O P E N I N G  W I T H  

V A N  POOLLFNt  H. K. & COLO SCHOOL O F  M I N E S  GOLDEN COLO 

SHARP CORNERS; A CIRCULAR OPENING;  AND A TRIANGULAR OPENING. FROM THE STRESS PATTFRNS O B T A I N E D ,  T H E  EXTENT OF F A I L U R E  
WAS CALCULATED F n R  FOUR D I F F E R E N T  M A T E R I A L  C O N D I T I O N S :  CASE I - ZERO T E N S I L E  STRENGTH AND I N F I N I T E  SHEAR STRENGTH, 
r A S F  1 1  - ZFRC T E N S I L E  STRENGTH AND 1600 P S I  SHEAR STRENGTH, CASE 111 - ZERO T E N S I L E  STRENGTH AND 1 2 0 0  P S I  SHEAR 
STRENGTH, AYD CASE I V  - ZERO T E N S I L E  STRENGTH AND 800 P S I  SHEAR STRENGTH. EACH MODEL WAS S U B J E C T E C  TO A V E R T I C A L  LOAD, 
AF'D THF STRFSS PATTERN RECORDED. FROM THE STRESS PATTERN THE C R I T I C A L  STRESSES WERE OBTAINED.  T H I S  PROCEDURE WAS 
9 F P E 4 T E D  FOR A S E R I E S  OF MODELS THUS I N D I C A T I N G  T H E  EXTENT OF F A I L U R E .  I T  WAS THUS CONCLUDED T H A T  H O R I Z O N T A L  SUPPORT 
I S  AS I Y P O R T A N T  OR MORE IMPORTANT THAN, V E R T I C A L  SUPPORT. 

22=5kQ4Qm F U N C I M F N T A L  C C N S I D E R A T I O N S  I N  BLOCK C A V I N G  

QUARTERLY O F  T H F  COLD SCHOOL OF MINES F I R S T  SYMP ON ROCK MECHANICS, (51) N 3 1  1 2 9 - 1 4 3 ,  J U L Y  1 9 5 6 .  BLOCK C A V I N G  
U S E S  G R A V I T A T I C N A L  FPPCES TO STRESS P A R T S  OF THE FORMATION TO PRDDUCE FRAGMENTS OF A S I Z E  S U I T A B L E  FOR H A N D L I N G  AND TO 
TRANSPORT I T  FCONOMICALLY TO THE BASE OF A SHAFT. IMPORTANT ADVANCES DEVELOPED AT C L I M A X ,  D E L E T E D  T F E  TRbNSFFR R A I S E S ,  
INTRDQUCFD THE I D F A  OF R L A S T I N G  BOULDERS ON A S O L I D  ( S L U S H E R )  O R I F T  BOTTOM, AND USED THE D R I F T  FOR THE G P F Q A T I O N  OF A 
SLUSHCR WHICH I S  ARLE TO TRANSPORT AND LOAD LARGE P A R T I C L E S  I N T O  CARS ON A LOWFRED HAULAGEWAY. IN A D D I T I O N  THE I D E A  OF 
CONCRFTE SUPPORTFD DP I F T S  AND FINGERS INCREASES T H E  CROSS S E C T I O N A L  D I  M F N S I  ONS OF POTH. TWO D I A M E T R I C A L L Y  OPPOSED 
PQOqLEMS I N  BLOCK CAVF M I N I N G  ARE; THAT OF D E S I G N I N G  A PROCEDURE WHEREBY T H E  EARTH FORCES S H A L L  FRAGMFNT OR CAUSE AN 

BUCKY, P. E. & COLUMBIA U N I V  

DRERODY T @  F A I L ,  AND THAT O F  D E S I G N I N G  A S E R I E S  OF OPENINGS I N  THE SAME ORESODY WHICH S H A L L  CONVEY THE ORE AND ALLOW 
YFN A Y n  LAYGE FQUIPMFNT TO WORK E F F I C I E N T L Y ,  COMFORTABLY, AND SAFELY.  THE A B I L I T Y  OF A BLOCK T O  CAVE OR FRAGMENT I S  A 
F U N C T I O N  OF I T S  STRENGTH I N  T E N S I O N  SHEAR AND THE VALUE OF OF THE FOPCES T H b T  ACT TYEPEON WHICH ARE M A I N L Y  COMPRFSSIVE. 
D E T A I L S  n F  THF RLDCK C A V I N G  PROCEDURFS AND THE T H E O R F T I C A L  C A L C U L A T I O N S  UPON WHICH THEY ARE BASED ARE PRESENTED FOR THE 
JEFFREY OREBODY OF THE JOHNS M A N V I L L E  CO AT ASBESTOS, QUFBEC. 

zz=%=Q4QQ.5 B A S I C  PERFORMANCE P R O P E R T I E S  O F  R L A S T I N G  E X P L O S I V E S  ( ROCK-MFCHANICS 1 

QUARTFPLY OF TYE COLO SCHOOL OF MINES F I R S T  SYMP ON ROCK MECHANICS, ( 5 1 1  N 3, 1 7 1 - 1 8 8 ,  J U L Y  1056. 

A ME'7IUM 4RF THOSF DUE T C  SHOCK AND E X P A N S I O N  OF T H E  BUBBLE OF DETONATION GASES. THE SHOCK E F F E C T S  FOR LARGF CONFINED 
CHAPGCS A P F  L A R G F L Y  D F T F R M I N E D  B Y  THC D F T O N A T I O V  PRESSURET W H I L E  SUCH EFFECTS FOR SMALLER UNCONFINED CHARGES D F P F h D  @PI 

8QOWN7 F. W e  & U-S.  BUR M I N E S  
A N  I N V E  S T I G P  T I  ON 

q F  THE C O N Q I T I C N S  W I T H I N  THE EXPLODING CHARGE I Y  A B L A S T I Y G  OPERATION. THE IMPORTANT EFFECTS OF AN E X P L O D I N G  CHARGE ON 

THF IMPULSF.  F X P A N S I D N  EFFECTS DEPEND ON THE ENFRGY CClNTENT OF THE E X P L O S I O N  GASES AND THE LAW GOVERNING T H E I R  

O U T L I N E D  AND C A L C U L A T I O N S  FOR SEVFRAL E X P L O S I V F S  ARE PRESFYTED. THE D E V I A T I O N S  FRCIM I D F A L  D E T O N A T I @ N  ARE CONSIPFRED I Y  
SnME n F T A I C .  A T F N T A T I V E  9 I S C U S S I O N  OF ACC)USTIC IMPEDANCE AND I T S  IMPORTANCE I S  PRESENTED. MOST OF T H E  CURRENT 
V F T H V S  CIF YFASURING PERFORMANCE AND DETONATTON PROPERTIES ARE DISCUSSED.  2 0  REFS. 

ZZd$=QftQQb FRAGMFYTATION OF ROCK THROUGH B L A S T I Y G  

3fJA'TCRLY O F  THE C C L P  SCHOOL OF M I N E S  F I R S T  SYMP ON ROCK MECHAYICS, (51) N 3, 1 9 1 - 2 0 9 1  J U L Y  1 9 5 6 .  THE SHOCK-WAVF 
THFCIRY OF ROCK F A I L U R F  I N  B L A S T I N G  HAS BEEN FA ' IL IEQ PROPOSED Ab!D I S  NOW USED TO FURTHER D E F I N E  THE GEOMETRY OF CRATER 
FORMATTrJIN. THC FUNDAMENTAL P R I N C I P L C  O F  THE THEORY HDLDS THAT MAJOP ROCK F A I L U R E  I S  CAUSED BY R E F L E C T I C N  I N  T E h S I O Y  OF 
THC P Y I Y A R Y  SHQCK WAVE. MATHEMATICAL EXPRESSIONS FOR THE I N T E N S I T Y  OF THF SHOCK WAVE AT ANY D I S T A N C E  FROM A CHAPGF, 
TPE RELPTICPJ OF ROCK STRENGTH TO T H E  PRESSURE I N T E N S I T Y  DF THE SHOCK WAVE, AND THE R E L A T I O N  BETWEEN WEIGHT OF CHARGE TO 
n C P T H  OF OVFRRIJRDFN HAVE BEFN D E R I V E D  PREVIOUSLY.  EXPERIMENTAL WORK D E S C R I B E D  HAS NOW P E R M I T T E D  THE E X T E Y S I O N  OF THE 
THFnRY Tfl CIESCQTRF MORF F U L L Y  THE SHAPFS AND I N T E N S I T I E S  OF THE SHnCK WAVE I N  D I F F E R E N T  ROCKS U S I N G  D I F F E R E N T  

C Q N T P O L L I N G  THF MAXIMUM NUMBER OF SLABS FORMFD I N  A SLAST. THE D I S T A Y C E  OF THROW @F FRAGMENTS IY B L A S T I N G  I S  SHEWN TO 
9 F  4 F U Y C T I f l N  OF THE SHAPE OF THE SHOCK WAVE. 14 REFS. 

325&=Q&QQI R L P S T I N G  E X P F R I E N C E  I N  G R A Y I T F  ROCK ( ROCK-BREAKING 1 

QUARTERLY C F  THE COLr) SCHnOL OF M I Y E S  F I R S T  SYMP ON ROCK MECHANICS, (511 N -  3, 3 1 3 - 2 2 5 9  A P R I L  1 9 5 6 .  D E S C R I P T I O N  OF 
TFSTS P4DE AT THE DU PONT EXPERIMENTAL TUNNEL, POMPTON L A K E S  N.J. THE I N V E S T I G A T I O N S  D E S C R I B E D  WERE C A R R I E D  OUT TO 
O F T E R Y I N F  T'iE F F F E C T  OF T H E  AMOUNT OF BURDEN OV ROCK MOVFYENT O P P O S I T E  A BOREHOLF OF C@NSTANT SIZE (1 1 / 2  I N  D I P )  W I T H  
A CflNSTANT ( 1  1 / 4  I N  D I A )  POWDER CHARGE. THE DATA WERE THFN USFD Tr? D E R I V E  FORCF-DISTANCE CURVES F@R T H F  E X P L O S I V E  

VnRMALLY APPROXIMATFLY PROPORTIONAL T O  THE BURDEN AND THAT THE T E R Y I N 4 L  V E L O C I T Y  OF THE ROCK IS NORVALLY I N V E R S E L Y  
P R f l P 9 S T I O N 4 L  T O  THF SQUARE ROOT OF THF ROCK WFIGHT. I N D I C A T I O N S  ARF THAT FURTHER Q F F I N E M E N T S  I N  I N S T R U M E N T A T I O N  MAY N 3 T  
9 F  WARRANTED I l l  T H F  STUDY OF ROCK MOVEMENT SECAUSF OF THE E F F E C T  OF P H Y S I C A L  C H A R A C T E R I S T I C S  OF NORMAL R@CK ON ROCK 

EXPANSION.  MFTHODS OF CGMPUTIYG DETONATION V E L O C I T Y ,  PRESSURE AND ENERGY 4ND EXPANSIPW P R D P E R T I E S  OF T H E  GASES ARE 

H I N O ,  K. 

F X P L O S I V E T .  B L A S T A B I L I T Y  C n E F F I C I E N T ,  THE RATIT!  OF THE COMPRESSIVF AY'I T E N S I L E  STFFNGTHS OF ROCK I S  PPOPOSFD AS 

NOPFY, C. H. E DUPONT EASTERN L A B S  

TESTFD. n A T A  I N D I C A T E S  THAT AT A CONSTANT E X P L O S I V F  L'lAD, THF T I M F  REQUIRED FOR I N I T I A L  MOVEMENT OF T H E  RnCK I S  

RQFAKAGF. I N  YflRMbL @ L A S T I N G ,  FPACTURF PLANES, B F D D I N G  PLANES, AND UNBURDENING BY ADJACENT HOLES WILL B E  VERY 
IMPORTANT FACTORS THbT I N F L U E N C E  THE RESULT4NT ROCK MOVEMENT. 6 REFS. 

22-58-QQQQl NEW I D E 4 S  ANI! TFCHNIQUES IY D 9 I L L I N G  AND B L A S T I N G  ( R O T A R Y - D R I L L I N G  FLAME-JET V I S R A T O R Y - D R I L L I N G  1 
AWTCNIDFS, L.  E. 

PPOC OF T H E  S T H  ANNU4L D R I L L I Y G  AND R L A S T I N G  SYMP, 1 0 0 - 1 1 2 ,  1 9 5 8 .  TYE ROTARY D R I L L I N G  SYSTEM HAS PROVED MOPE 
CONDUCIVE TO CCARSE C H I P  FORMATION AYD HENCE I S  YORE E F F I C I E N T .  THE "NO-CUT" O D  "CONCENTRATED F X P L D S I V E "  D R I F T  
R?UND DFVFLf lPED RY H I N O  I N  JAPAN I S  P 9 A D I C 4 L  nNE. THE R E S U L T I N G  CQATFR I S  C L A I M E D  TO REQUIRE FEWER HOLES, NEED L E S S  
C X P L n S I V E  AND G I V F  DFFPER P U L L  THAN OTHER ROUNDS. THF F A S T  RDTA9Y-PERCUSSIOY D R I F T F R  HAS NOT BEEN R A P I D L Y  
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'ACCEPTED; HIGH THRUST AND HIGH AIR CONSUMPTION ARE COMPLAINTS. THE POCKET CHURN DRILL MIGHT OFFTR SOME ADVANTAGES 
UNDERGROUND FOR LARGE V E R T I C A L  HOLES. THE S I M P L I C I T Y  AND LOW POWER CONSUMPTION ARE ASSETS. FLAME* JET P I E R C I N G  
C O N T I N U E S  TO G A I N  ADVOCATES I N  H I G H L Y  A B R A S I V E  S I L I C A - B E A R I N G  AND N E P H E L I N E - B E A R I N G  ROCKS. I T  I S  THE O N L Y  BLAST-HOLE 
D R I L L I N G  SCHEME I N  USE T H A T  DOES NOT EMPLOY THE CONTACT OF A MECHANICAL ELEMENT TO BREAK ROCK. AUGERS ARE OF NOTE; 
THEY R E Q U I R E  NO F L U S H I N G  MEDIUM. S O N I C  V I B R A T I O N  I S  AN I N T E R E S T I N G  FUTURE P O S S I B I L I T Y .  AT T H E  D R I L L - B I T ' S  C U T T I N G  
EDGE AND G A G I N G  SURFACE THERE I S  ALWAYS NEED FOR HARDER M A T E R I A L .  CURRENT WORK I S  DONE ON C E R A M I C - M E T A L L I C  MATERIALS;  
ALSD I N T E R E S T I N G  I S  BORON N I T R I D E .  THE TUNGSTEN C A R B I D E  I N S E R T E O  ROLLER-CONE B I T  HAS SHOWN MUCH SUCCESS I N  HARD ROCKS, 
E S P E C I A L L Y  TACONITE.  I N  SWEDEN, K I R U N A ' S  " I M A T R E X "  - A CAST C Y L I N D E R  OF P O T A S S I U M  CHLORATE SOAKED I N  KEROSENE - I S  
A L O C A L L Y  COMPOUNDED E X P L O S I V E  DRAWING A T T E N T I O N  FOR I T S  LACK OF T O X I C  FUMES, H I G H  D E N S I T Y ,  I T S  N O N D E T E R I O R A T I N G  
Q U A L I T Y  AND I T S  I N S E N S I T I V I T Y  TO TEMPERATURE. 

2259zQIQQl  B L A S T I N G  P R A C T I C E  I N  SHAFT S I N K I N G  AND T U N N E L I N G  ( D R I L L I N G  ROCK-BREAKAGE ! 

PROC OF T H E  SYMP ON SHAFT S I N K I N G  AND TUNNELING,  421-438, J U L Y  1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  E N G I N E E R S T  19601- 
D I S C U S S I O N  OF B R I T I S H  METHODS I N  T H E  B L A S T I N G  O F  SHAFTS AND TUNNELS, W I T H  E M P H A S I S  ON COAL M I N I N G .  A L L  ASPECTS OF 
B L A S T I N G  METHODS ARE DESCRIBED,  I N C L U D I N G  TYPES OF E X P L O S I V E S  AND S H O T F I R I N G  TECHNIQUES.  P A R A L L E L  E L E C T R I C  S H O T F I R I N G  
I S  BECOMING POPULAR. I N  TUNNEL B L A S T I N G ,  SHORT WEDGE OR BURN CUT ROUNDS ARE E F F I C I E N T  I N  SMALL TUNNELS,  WHERE A I R - L E G  
MOUNTED P E R C U S S I V E  D R I L L S  ARE USED, AND LONG BURN CUT ROUNDS ARE PREFERRED I N  LARGER TUNNELS, WHERE D R I L L I N G  C A R R I e G E S  
ARE USED. ALTHOUGH B R I T I S H  M I N E S  ARE VERY S T R I C T ,  H I G H  R A T E S  OF ADVANCE ARE MADE I N  BOTH SHAFT AND TUNNEL D R I V I N G -  
SEVERAL MAJOR TUNNELS REPORT ADVANCES OF 50-60 YO PER WEEK, W I T H  ONE I N S T A N C E  OF 75 YDS D R I V E N  I N  ONE WEEK. 

F I S H ,  B. G. + WESTWARTER, R. E NATXONAL COAL BOARD ENGLAND 

22-=uQQ2 S T U D I E S  OF T H E  ENERGY REQUIREMENTS FOR CRUSHING ( ROCK-MECHANICS ROCK-FAILURE RESEARCH 
ZELENY, R. + P I R E T t  E. L. E M I C H  S T A T E  U N I V  

T H E  WORK " I N P U T  7 NEW QUARTERLY OF T H E  COLO SCHOOL OF M I N E S  T H I R D  SYMP ON ROCK MECHANICS, (54) 33-42, J U L Y  1959. 
AREA-SURFACE ENERGY - HEAT PRODUCED" R E L A T I O N S H I P S  I N  THE CRUSHING OF S I N G L E  AND M U L T I P L E  P A R T I C L E S  OF GLASS AND QUARTZ 
I N  S I M P L E  D E V I C E S  WERE PRESENTED. I T  WAS SHOWN T H A T  A P P R E C I A B L E  Q U A N T I T I E S  OF ENERGY COULD BE L O S T  TO P L A S T I C  
OEFORMATION OF THE CRUSHING D E V I C E .  FUTURE I N V E S T I G A T I O N S  COULD WELL B E  P O I N T E D  TOWARD A STUDY OF THE T R A N S I T I O N  OF 
THE WQRK I N P U T  TO THE F I N A L  ENERGY FORMS AND A STUDY O F  T H E  ENERGY LOSS TO P L A S T I C  DEFORMATION OF METAL CRUSHER 
SURFACES. 0 REFS.  

2=52=aQQ3 T H E  ROLE OF STRESS WAVES I N  COMMINUTION ( ROCK-MECHANICS ROCK-FAILURE RESEARCH-STUDIES 
RINEHART,  J. S. C COLO SCHOOL OF M I N E S  GOLDEN COLO 

A S E R I E S  OF T E S T S  SHOW 
T H E  I N F L U E N C E  OF STRESS WAVES AS A RESULT OF RDCK BLASTS. THESE T E S T S  RESOLVE I N T O  THE GEOMETRICAL PROBLEM OF T R A C I N G  

I N C I D E N T  AND REFLECTED STRESS 2 WAVES. RESULTS SUGGEST T H A T  C O M M I N U A T I O N  MAY TO A LARGE MEASURE BE CCNTQOLLED BY THE 
I N T F R F E 9 E N C E S  OF STRESS WAVES. 

QUARTERLY OF T H E  COLO SCHOOL OF M I N E S  T H I R D  SYMP ON ROCK MECHANICS, (541 61-76, J U L Y  1959. 

THE P E R E G R I N A T I O N S  OF THESE D I S T U R B A N C E S  THROUGH T H E  ROCK S P E C I M E N  OF I N T E R E S T ,  W I T H  RESPECT TO MUTUAL I N T E R A C T I O N  OF 

27-59-070Q3 THE WORK I N D E X  I N  B L A S T I N G  ( ROCK-MECHANICS ROCK-FAILURE RESEARCH 1 

QUARTERLY O F  T H E  COLD SCHOOL OF M I N E S  T H I R D  SYMP ON ROCK MECHANICS, (54) 77-82, J U L Y  1959. AN E V A L U A T I O N  OF WORK 
I N O F X  FOR VARIOUS B L A S T I N G  TECHNIQUES.  THREE CAREFULLY CONTROLLED B L A S T S  I N  STOPES WERE MADE I N  T H E  UNDERGROUND 
CHRISTMAS C I N E  @F THE I N S P I R A T I O N  COPPER CO I N  A R I Z .  COMPLETE S I Z E  ANALYSES E X T E N D I N G  DOWN TO 3/4 I N  WERE MADE ON THE 
E N T I R E  L O T S  OF BROKEN ROCK. T H E  HOLES WERE 1.5 I N  D I A  SPACED 3 F T  APART AND 6 TO 10 F T  DEEP W I T H  E I G H T  OR N I N E  HOLES 

BOND, F. C. + WHITNEY, Be B. E ALLIS-CHALMERS MFG CO 

PER BLAST.  T H I R D  THEORY P L O T S  OF THE S I Z E  D I S T R I B U T I O N  OF THE THREE B L A S T  PRODUCTS ARE GIVEN.  T H E S E  T E S T S  REVEALED 
THAT THF T H I R D  THFORY WORK I N D E X  CAN BE A P P L I E D  T O  B L A S T I N G  AS WELL AS TO CRUSHING AND G R I N D I N G .  4 REFS. 

77-59-QIQ45 PROPAGATION OF PEAK S T R A I N  AND S T R A I N  ENERGY FOR EXPLOSION-GENERATED S T R A I N  PULSES I N  RCCK ( 
R 3  CK-M FCHAN I C S 
FC)GELS@N, D. E. + ATCHISON,  T. C. + DUVALL,  W. I .  E U.S. BUR M I N E S  COLLEGE PARK MD 

ROCK- FA I LUQ E RE S €ARC H- S TUD I E S I 

QUARTEQLY OF COLO SCHOOL OF M I N E S  T H I R D  SYMP ON R@CK MECHANICS, (541 274-279, J U L Y  1959. T H E  R E S U L T S  OF A S E R I E S  
!IF L I V E A R  AQRAY S T R A I N  T E S T S  ARRANGED BY THE BUR OF M I N E S  D E S I G N E D  TO D E T E R M I N E  THE S T R A I N  PRODUCING A B I L I T I E S  OF S I X  
E X P L O S I V E S  WHEN DETONATED I N  A G R A N I T E  GNEISS.  B O T H  PEAK S T R A I N  AND S T R P I N  ENFRGY WERE FOUND TO PROPAGATE THROUGH T H F  
9 f lCY ACCORDING TO AY F X P O N E N T I A L  DECAY LAW. THE AMOUNT OF S T R A I N  PRODUCED I N  T H E  ROCK B Y  THE E X P L O S I V E S  vJAS FOUND TO 
CORRELATE W I T H  THE CALCULATED DETONATION PRESSURE. THE AMOUNT OF S T R A I N  ENERGY TRANSFERRED TO T H E  ROCK, D I V I D E D  BY T H E  
CALCULATED ENEQGY OF THE E X P L O S I V E ,  WAS FOUND T O  CORRELATE W I T H  T H E  C H A R A C T E R I S T I C  IMPEDANCE OF THE E X P L C S I V E .  F I V E  TO 
Y I N F  PERCENT O F  THE TOTAL ENERGY RELEASED BY THE E X P L O S I V E  WAS TRANSFERRED TO T H E  ROCK AS S T R A I N  ENERGY. 

2 2 5 p Z Q I Q ~  CClMPARISON OF G R I F F I T H S  THEORY W I T H  MOHR'S F A I L U R E  C R I T E R I A  ( FAILURE-THEORY ROCK-MECHANICS RESEARCH 
S T U D I E S  1 
C L A U S I N G ,  D. P. C INGERSDLL-RAND CD 

Q U A R T E R L Y  OF THF c m n  SCHOOL OF MINES THIRD S Y M P  ON ROCK MECHANICS, (54) 285-297, JULY 1967. G R I F F  I T H '  S CRACK 
PROPAGATION THEORY AND M@HR'S THEORY AQE M A T H E M A T I C A L L Y  RELATED.  E X P E R I M E N T A L  DATA Q U A L I T A T I V E L Y  STROMGLY SUPPORTS 
G R I F F I T H ' S  CONCEPT OF F A I L U R E .  G R I F F I T H ' S  C R I T E R I A  CAN BE P L O T T E D  AS A MOHR'S ENVELOPE, AND A L L  OF THE P A T H E M A T I C A L  
R F L A T I O Y S H I P S  A S S n C I A T F D  W I T H  MOHR'S ENVELOPE ARE V A L I D .  HOWEVER, G R I F F I T H ' S  THEORY AND E X P E R I M E N T  REFUTE MOHR'S 
CVNCEPT OF F A I L U R E .  5 REFS. 

2259=UQQ1 RECENT EUROPEAN RESEARCH WORK I N  E X P L O S I V E S  B L A S T - T H E O R I E S  RESEARCH 1 

QUARTERLY @F TI'€ C"L@ SCHOOL OF MINES T H I R D  SYMP ON ROCK MECHANICS (54) 299-3039 J U L Y  1959. V P R I O U S  EUROPEAN WORKS 
I N O I C A T E  THE NATURE AND C H A R A C T E R I S T I C S  OF E X P L O S I V E S  ARE RELATED. T H I S  SUMMARY I S  D I V I D E D  I N T O  THREE MAJOR S E C T I O N S ;  
CONGRESSES, MOYOGRAPHS, AND INVESTIGATI ' INS.  THE L A S T  S E C T I O N  I S  FURTHER S U R D I V I D E D  I N T O  5 S E C T I O N S ;  I N I T I A T I O N  BY 
YEAT, I M P A C T  OF ~ H O C K I  D E T O N A T I O N  CONDITIONS,  P E R M I T T E D  E X P L O S I V E S ,  NEW E X P L O S I V E S ,  AND CHARGING OF E X P L O S I V E S .  

JOHENSSON, C. Ha E PHYS R E S  D E P T  OF N I T R O G L Y C E R I N  

77-59-p11748 M I N E R A L  RESOURCE DEVELOPMENT B Y  USE OF NUCLEAR EXPLOSIONS ( NUCLEAR-BLASTS RESFARCH S T U C I E S  
RL A ST I NG-M E T HODS I 
JPHNSON, G .  W. 6 L R L  L IVERMORE CAL 

QUARTERLY OF T H E  C@LO SCHOOL OF MINES T H I R D  SYYP ON ROCK MECHANICS, (54) 321-3301 J U L Y  195O. THE R F S U L T S  OF 
NUCLEAR F X P L O S I V F S  THAT ARE PRESENTLY A V A I L A B L E  AND HOW THEY M I G H T  BE EMPLOYED TO PROBLEMS OF M I N E R A L  E X P L O I T A T I O N  ARE 
OISCUSSED. T F S T  F X P L O S I O N S  EXTENDING FROM A FEW TENS OF TONS T O  A FEW M I L L I O N S  OF TONS OF E Q U I V A L E N T  T N T  ENERGY 
RELEASE H A V E  REEN CnNDUCTED I N  T H E  A I R ,  ON THE SURFACE, AND UNDERGROUND. I N D I C A T I O N S  ARE THAT E X C A V A T I O N  CAN B E  
ACCOMPLISHED A T  AEOUT 100,000 CU-YDS/KT, AND THAT THE A I R  RLAST,  R A D I O A C T I V I T Y  AND F L A S H  E F F F C T S  C A N  BE CONTROLLED. 
THE TYEORY OF E X P L O S I O N  SEQUENCE I S  B R I E F L Y  DISCUSSED,  W I T H  QEFS TO 4 T I M E  PHASES OF PHENOMENA; NUCLEAR PHASE, 
HYDRO-DYNAMIC, Q U A S I - S T A T I C ,  AND LONG-TERM. A D E S C R I P T I O N  OF THE MOUNT R A I N I E R  T E S T  B L A S T  IS G I V E Y .  V A R I O U S  
A P P L I C A T I O N S  FOR NUCLFAR E X C A V A T I O N  ARE G I V E N  SUCH AS, RECOVERY OF O I L  FROM O I L  SHALES, LOW GRADE ORE BREAKAGE, AND 
E X T R A C T I O N  OF n I L  FROM THE ATHABASCA TAR SANDS. 20 REFS. 

2252=Q11)Q9 E X C A V A T I O Y  W I T H  NUCLEAR E X P L O S I V E S  ( B L A S T I N G  METHODS RESEARCH S T U D I E S  ) 

QUARTERLY CF TI'€ COLO SCHDOL O F  Y I N E S  T H I R D  SYMP ON ROCK MECHANICS, (54) 336-3451 J U L Y  1959. TI-E A P P L I C A T I O N  OF 
NUCLEAP E X P L O S I V E S  TO LARGE SCALE E X C A V A T I O N  PROJECTS I S  DISCUSSED.  C R A T E R I N G  I S  SUGGESTED AS A P O S S I B L E  MEANS C!F 
EXCAVATIOY.  FROM DATA GATHERED FROM V A R I O U S  T E S T S  I T  HAS BEEN COhCLUDED T H A T  CRATER D I A .  I S  PROPORTIONAL TO T H E  CUBE 
9 0 0 T  OF EYERGY RELEASE AND THAT THE D E P T H  OF THE CRATER I S  PROPORTIONAL TO THE FOURTH ROOT AT H I G H  Y I E L D S .  THE PROBLEM 

HAQRISOY,  M. A. + K E L L E R t  H. B. E U N I V  C A L  L IVERMORE 
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OF FALLOUT AND ENERGY B L A S T  WAVES ARE DISCUSSED WITH DEEP UNDERGROUND PLACEMENTS GIVEN A S  A POSSIBLE SATISFYING 
SOLUTION. THE F I R S T  S E R I O U S  LARGE SCALE NUCLEAR EXCAVATION,  THE C H A R I O T  PROJECT UNDER THE PLOWSHARE PROGRAM 1s 
DISCUSSEP.  T O T A L  COST FOR THESF TYPE PROGRAMS IS E X T I M A T E D  AT $3.5 M I L L I O N ,  W I T H  COST PER CU-YD OF EXCAVATED M A T E R I A L  
AROUND 5 5  CENTS. NUCLEAR E X C A V A T I O N  IS  DETERMI  NED VERY P R A C T I C A L .  

Z=&k!EQU E S T I M A T I N G  D R I L L A B I L I T Y  I N  LABORATORY ( ROCK B R E A K I N G  1 

F I F T H  SYMP ON ROCK MECHANICS, MINN.  U N I V .  SCHOOL O F  M I N E S  AND METALLURGY, 93-102, MAY 1962. HUGHES TOOL CO. HAS 
DEVELOPED A N 0  USED FOR SEVERAL YEARS A LABORATORY T E S T  TO P R E D I C T  T H E  D R I L L A B I L I T Y  OF ROCK F O R M A T I O N S  FROM R E L A T I V E L Y  
SMALL SAMPLES U S I N G  A 1 1 / 4  I N C H  M I C R O B I T .  T E S T S  HAVE PROVEN TO BE F A I R L Y  ACCURATE WHEN COMPARE0 W I T H  F I E L D  
C O N D I T I O N S .  

ROLLOW, A. G. E HUGHES TOOL CO HOUSTON T E X  

2 7 k E Q U  DFVFLOPMENT AND A P P L I C A T I O N  OF AMMONIUM N I T R A T E  - F U E L  @ I L  B L A S T I N G  AGENTS T O  UNDERGROUND M I N I N G  ( AN-FO 
M I X E D - E X P L O S I V E S  I N I T I A T I O N  1 
C n O L E Y t  C. Ma 

F I F T H  SYMP ON ROCK MECHANICS, MINN.  U N I V .  SCHOOL OF M I N E S  AND METALLURGY, 393-398, MAY 1962. TI‘E U S E  OF AN-FO I N  
UNDFRGROUND S L A S T I N G  R F Q U I R E S  THAT MORE C O N S I D E R A T I O N  B E  G I V E N  TO THF P R E P A R A T I O Y  OF THE PRODUCT THAN I N  OPEN-PIT 
WORK. T H I S  IS P R I M A R I L Y  BECAUSE OF T H E  EFFECT F U E L  D I S T R I B U T I O N  HAS UPON PRODUCTION OF T O X I C  FUMES FROM DETONATION.  
O X I D E S  OF NITROGEN PRODUCED BY AN-FO MIXTURES I N C R E A S E  R A P I D L Y  AS THE F U F L  O I L  CONTENT DROPS BELOW S T O I C H I O M E T R I C .  
AN-FO SHOULD BE MECHANICALLY M I X E D  TO ASSURE A U N I F O R M  AND ACCURATE M I X T U R E -  P R I M I N G  SHOULD B E  W I T H  100 PERCENT 
D Y N 4 M I T E  S O  AS TO ASSURE PROPER I N I T I A T I O N .  THE’ P R I M E R  SHOULD BE PLACED F I R M L Y  AND T I G H T L Y  A G A I N S T  THE CHARGE. 

S T A T I C  CHARGE I T S E L F  I S  NOT THE B A S I C  HAZARD, BUT RATHER THE ACCUMULATION OF T H E  CHARGE I N  S U F F I C I E N T  Q U A N T I T I E S  TO 
S T A T I C  E L E C T R I C I T Y  I S  A COMMON OCCURRENCE I N  CONVEYING EQUIPMENT,  P A R T I C U L A R L Y  PNEUMATIC SYSTEMS. THE GENERATION OF A 

CAUSE A S I G N I F I C A N T  DISCHARGE TO A LOWER P O T E N T I A L  THROUGH THE CAP WIRES. 

22A2=!JsQQ3 RECENT DEVELOPMENTS OF SLURRY E X P L O S I V E S  UNDERGROUND ( COSTS 1 

F I F T H  SYMP ON ROCK MECHANICS, MINN.  U N I V .  SCHOOL OF M I N E S  E METALLURGY, 399-4059 MAY 1962. 
CO. HAS B E E N  U S I N G  ‘ V R A - 3 ”  ( A  C O M P O S I T I O N  B/AN/WATER SLURRY)  S I N C E  1961. ADVANTAGES, DISAOVANTAGES,  AND IMPROVEMENTS 
I N  USE OF THE SLURRY ARE DISCUSSED.  THE TWO P R I N C I P A L  DISADVANTAGES OF C O M P O S I T I O N  B SLURRY WERE: NEFD FOR 
SOOSTER, AND N F E D  FOR P N E U M A T I C  MACHINE FOR L O A D I N G  HOLES. T H F  ADVANTAGES WERE: H I G H E R  L O A D I N G  D E N S I T Y ;  LOWER 
S E N S I T I V I T Y  TO PURNING AND DETONATION B Y  SHOCK; H I G H E R  D E T O N A T I O N  PRESSURE; LOWER H A N D L I N G  T O X I C I T Y ;  AND LOWER 
COST. E X P L O S I V E  S L U R R I E S  T E N D  TO B E  I N S E N S I T I V E  TO SHOCK. R E L I A S L E  BOOSTERING R E Q U I R E S  A H I G H  B R I S A N C E  E X P L O S I V E ;  

B R E A K I N G  HAYGUPS IY F I N G E R  R A I S E S  FOQ BLOCK C A V I N G  OPERATIONS AND FOR SECONDARY B L A S T I N G  WITHOUT RLCCKHOLDING OR 
MUDCADPING. 

zZ-fi2-05QQf! E L E C T R I C  D I S I N T E G R A T I O N  D R I L L I N G  ( ELECTRIC-ARC ROCK-DRILLS ! 

R A I L E Y ,  D. T. + C L A Y ,  R. 5. + COOK, M. A. & PACK, D. H. E I N T F R M O U N T A I N  RES AND ENGR CO 
C E N T E N N I A L  DEVELOPMENT 

THE COST I S  Y I Y O R .  THE MAJOR PROBLEM I S  TO DEVELOP LOW COST P A C K A G I N G  TFCHNIQUFS.  OBA-6 WAS DEVELOPED FOR USE I N  

SARAPUU, E. E ELECTROFRAC CORP KC MO 
THE E L E C T R I C  ARC F I F T H  SYMP ON ROCK PECHANICS,  M I N N  U N I V  SCHOOL OF M I N E S  AND METALLURGY, 173-83, MAY 1962. 

’ 3 R I L L I N G  I D E A  HAS BEFN ADVANCED BY D R I L L I N G  RESEARCH, INC.  T H I S  D R I L L I N G  D E V I C E  C O N S I S T S  OF TWC ELECTRODES SPACED 
APPROXIMATELY 1 I N  APART. I N  T H I S  CASE, E L E C T R I C  ARC S U B S T I T U T E S  FOQ COYBUSTION AS T H F  ENERGY SOURCE. E L F C T R I C  ARC 
D R I L L I N G  M I G H T  RE C W P A R E D  W I T H  J E T  P I E R C I N G  D R I L L I N G .  T H E  I D E A  ADVANCED AVD TESTED BY ELECTROFRAC CORPORATION U S I N G  
THE H I G H  CURQENT O E Y S I T Y  EFFECT CF GROUND ELECTRODE ( E L E C T R I C  D R I L L  B I T )  IS  D I F F E R E N T  FROM THE ASOVE D E S C R I B E D  
METHODS. THE H I G H  TEMPERATURE CREATED BY E L E C T R I C  CURRENT FLOW COMEINED W I T H  C H E M I C A L  D E C O M P O S I T I O N  AND P H Y S I C A L  
F R A C T U R I N G  OF Y I N F R A L  4GGRFGATES D I S I N T E G R A T F S  T H E  ROCK UNDER THE D R I L L  B I T .  T H E  D I F F E R E N T I A L  I N  TPERMAL STRESSES I S  
I‘ICQEASED PY T H E  SUDDEN C O O L I Y G  EFFECT OF THE E L E C T R I C A L L Y  HEATED ZONE. D R I L L I N G  F L U I D  ( A I R )  HAS BEEN USED AS A 
C Q O L I V G  MFDIUM.  I N  RClTATING THE E L E C T R I C  D R I L L  B I T ,  I T  HAS B F E N  P O S S I e L E  T O  DEVELOP AN O S C I L L A T I N G  HEATJNG AND C O O L I V G  
C Y C L E  AND REGULATF I T  W I T H  THF R O T A T I O N  AND E L F C T R I C  L O A 0  T O  O B T A I N  MAXIMUM P E N E T R 4 T I O N  RATES. E X P E R I Y E N T S  TO D R I L L  
CONCRETE BLOCKS AND T A C O N I T E  HAVE BEEN CONOUCTED I N  THE LABORATORY W I T H  A 10 KVA A.C. TRANSFORMER. THE DATA OF 
P E N E T R A T I O N  4 4 T E S  I N  D R I L L I N G  CONCRETE AT V A R I A B L E  E L E C T R I C  LOADS W I T H  1 AND 2 I N .  O R I L L  O I T S  I S  A V A I L A B L E .  THE 
MAXIMUY R A T C  O F  D R I L L I Y G  HAS REEN 126.3 F T / H R  W I T H  10.1 KW LOAD. F I F L D  EXPERIMENTS HAVE BEEN PEPFOPMED W I T H  A 
R E T C H D R I L L ,  MAYUFACTURED BY THE R E I C H O R I L L  D I V I S I O N  O F  C H I C A G n  PNEUMATIC TOOL COMPANY. SHALLCJW D Y I L L I N G  OF TOP S O I L  
4 Y D  LIMESTOkIF HAS B F F N  ACCOMPLISHED W I T H  E L E C T R I C  D R I L L I N G .  E L E C T R I C  POWFR EQUIPMENT C 4 P A B L E  OF D E L I V E R I N G  UP TO 1200 
KVA HAS REFV A V A I L A B L F .  I N  D R I L L I N G  4 7/8  I N .  HOLES, UP TO 1 5 0  KVA LOAD HAS B E E N  USED. 

=33=QQQQ1 HYDRAULIC COAL M I N I N G  I N  T H E  U N I T E D  STATES 

I N T  CONFERFNCF CN R A P I r )  ADVANCE OF WORKINGS I N  COAL M I N E S ,  361-7, 1963. E X P E R I M E N T A L  WORK WAS CON@UCTED I N  COAL 
I . I IhES I N  PEYNSYLVAYI IA  AYD WASHINGTON. F L A T  L Y I N G  PITTSRURGH COALBED WAS M I N E D  H Y D F A U L I C A L L Y  FROM S O L I D  FACE AT R 4 T E  OF 

CO4LBFD W A S  M I N E D  H Y D R A U L I C A L L Y  FPOM S O L I D  FACE AT AVERAGE R A T E  OF 0.74 TON/MIN.  U S I N G  0.50 IY. D I A M E T E R  NOZZLE (38.5 
G”M AT 3500  P S I ) ,  P R n D U C T I V I T Y  WAS 50 PERCENT H I G H E R  THAN THAT A C H I E V E D  BY CONVENTIONAL METHOC’S, TAPERED NOZZLES WERE 
S!JP!=RIOR T O  ANY OF NOZZLES TESTED. C U T T I Y G  R A T E  INCREASED D I R E C T L Y  W I T H  J E T  T R A V E R S I Y G  SPFED, I Y V E R S E L Y  W I T H  D I S T A N C E  
F Q n M  JFT TO F A C E .  

PALOWTTCH, F. R e  & U.S. BUR M I N F S  P I T T S B U R G H  PA 

A@OUT 1.0 T O N S / M I N  U S I N G  3.8 I N .  D I A M E T F R  TAPERED NOZZLE I340 GPM AT 4000 P S I ) ,  P I L L A R S  I N  P I T C H I N G  QOSLYN NO. 5 

22r4LQQQ42 HYDRAULIC M I N I N G  OF ANTHRACITE 

I N T  COYFEQEYCF ON RAPIT? ADVANCE OF WORKINGS I N  COAL M I Y E S ,  368-77, 1963. EXPERIMENTAL STUDY WAS CCNDUCTED AT 
P E N N S Y L V A N I A  M I Y E .  H Y D R A U L I C  JUMRO WAS DESIGNED FOR T H I C K  COALBED (10 F T  6 I V C H E S  TO 1 5  F E E T )  AND FOR P I T C H E S  OF 0 TO 
20 DEGREFS. C H A Q A C T E P I S T I C S  OF H-P PUMP WERE SET AT 4000 P S I  AND 3 0 0  GPM. FLOW OF H-P WATER I S  CCNTROLLED BY FACE 
’JPERATOR WITH’JUT S T O P P I N G  PUMP- MINING-OUT RATE EXCEEDED 1 T O N / M I N  FOR R E L A T I V E L Y  E X T E N S I V E  P E R I O D S .  HOWEVER, OVERALL 
MINING-OUT R A T €  FOR 74CO TENS OF M A T E R I A L  M I N E D  I S  0.800 T O N / M I N .  NET POWER REQUIREMENT IS 14.125 KWH/TCN. 

37-64-QQQQl T P F  EXPERIENCE OF OLD BEN COAL CORPORATION W I T H  GOODMAN CONTIYUOUS M I N I N G  MACHINES 

COAL Y I N t Y G  I Y S T I T U T F  OF AMERICA PROCEEDING OF 7 8 T H ,  54-62, 1964. D E T A I L E D  D I S C R I P T I O N  OF THE I N S T A L L A T I O N  T E S T I N G  
AND T V F  T H A R A C T F R I S T I C S  OF T H F  GOODMAN MINERS I N S T A L L E D  I N  OLD BEN M I N E S  S I N C E  1954. 

77-65-01QQl 00 I L L I N G  W I T H  E X P L O S I V E S  ( SHAPED-CHARGE GAUGING-CHARGE PQIMACORD D E T O N A T I O N  1 

U N I V  TEX SECPND CONF ON D R I L L I N G  ROCK MECHANICS, PAPER NO. SPE 1001, 3-99 J A N  1965. A PRPPOSED D R I L L I Y G  METHOD 
U T I L I Z G S  SEQIJFYTIAL D E T O N A T I O N  OF TWO E X P L O S I V F  CHARGE TYPES D E L I V E R E D  TO T H E  HOLF BY CONVENTIONAL D R I L L I N G  F L U I D  

ANO CNLAPGFS I T  TO F U L L  GAUGE. ON€ C O N F I G U R A T I O N  I S  TO C O N T A I N  THE E X P L O S I V E  I Y  FOUR TO F I V E  F T  LONG C Y L I N D R I C A L  

DETONATES THE EXPLOSIVE.  PRIMACORD D l S I N T E G R A T E S  THE CAPSULE. D R I L L I N G  F L U I D  C I R C U L A T E S  C E e P I S  OUT OF TYE HOLE. 
E X P F R I M F Y T S  WERE CONDUCTED I N  REREA SANDSTONE 4ND CALAVERAS, METAMORPHIC L IMESTONE.  I N  THE SANDSTPNF 190 GQAPS C’F R C C K  
WCRE REMOVED FOR EACH CPAM OF E X P L O S I V E  DETONATED. I N  THE L I M E S T O N E  E X T E N S I V E  F Q A C T U R I N G  PREVENTED A VOLUYE ESTIMATE.  
SEE AL’5fl 12-65-06010. 

22-65-Qf&QJ FRAGMENTATION I N  ROCK B L A S T I N G  ( ROCK-MECHANICS D I S I N T E G R A T I O N - T H E O R Y  1 

BUCHt  J.  W .  E U.S. BUR M I N E S  AYTY RES CENTER 

M C D A N I F L t  0. D.9 JR.  E O L D  BEN COAL CORP 

RORIYSONv L .  H e r  JR. E F S S O  PROD RES CO HOUSTON TEX 

THROUGH P I P F .  F I R S T ,  A SHAPE@ CHARGE PRODUCES A LONG T H I N  HOLE. THEN A GAUGING CHARGE PUPPED I N T O  T H I S  HOLE EXPLODES 

CAPSULES. upnry  PUMPING A CAPSULE TO THE BOTTOM PRESSURE INSIDE THE DRILL PIPE INCRFASES AND DIFFERENTIAL PRESSUQF 

LANGEFORS, U. & SWEDISH D E T O N I C  R E S  FOUND 
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PENN S T A T E  U N I V  V I 1  SYMP ON ROCK MECHANICS? (1) 1-21, J U N E  1965. T H E  FACTORS WHICH D E T E R M I N E  RCCK FRAGMENTATION 
ARE T H E  Q U A L I T Y  OF THE ROCK, S P E C I F I C  CHARGE, D I S T R I B U T I O N  OF THE CHARGE, BURDEN, SPACING,  D R I L L I N G  AND I G N I T I O N  
PATTERN, AND T H E  D E V I A T I O N  I N  D R I L L I N G .  E X P E R I M E N T S  WERE C A R R I E D  OUT I N  PERSPEX L U C I T E  P L A T E S  25 MC T H I C K  W I T H  1.5 MM 

ROUNDS I N  HOLES S T R A I G H T  AND ALTERNATE,  AND W I T H  INSTANTANEOUS AND DELAYED I G N I T I O N .  C O L L I S I O N  EFFECTS WERE NOT 
STUDIED.  I T  WAS CONCLUDED THAT DELAY I G N I T I O N  IS SUPERIOR TO INSTANTANEOUS,  BOULDER S I Z E  I N C R E A S E S  W I T H  I N C R E A S E D  
SPACING,  AND A L T E R N A T I N G  ROWS W I T H  D E L A Y  I G N I T I O N  G I V E  THE BEST RESULTS.  BY E X P R E S S I N G  THE L I M I T  CHARGE A S  A F U N C T I O N  

D I A .  HOLES AND CHARGF Q=lOO MG/HOLE. EXPERIMENTS WERE C A R R I E D  OUT I N  M A T E R I A L  W I T H  AND WITHOUT CRACKS, MULTIPLE-ROW 

OF THE BURDEN T H E  S I Z E  OF THE LARGEST BOULDERS CAN BE T H E O R E T I C A L L Y  CALCULATED.  DIAGRAMS D E S C R I B E  THE E X P E R I M E N T A L  
RESULTS I N  D E T A I L .  1 REF. 

77-65-QhQQ2 T H E O R E T I C A L  C O N S I D E R A T I O N S  AND PRACTXCAL A P P L I C A T I O N S  O F  SMOOTHWALL B L A S T I N G  ( MINING-METHODS T E C H N I Q U E S  
) 
SMITH,  A. F. + BARNETT, R. Me C C L I M A X  MOLYBDENUM CO C L I M A X  COLO 

PENN S T A T E  U N I V  V I 1  SYMP ON ROCK MECHANICS, (1) 68-58, J U N E  1965. W I T H  PROPER PROCEDURES, NOT ONLY IS T H E  
OVERBSEAK REDUCED B Y  SMOOTHWALL B L A S T I N G ,  BUT GROUND SUPPORT COSTS ARE LESS,  B A R R I N G  T I M E  IS REDUCED, MUCKING T I M E  IS 
SHORTFNED, AND A SAFER WORKING SPACE I S  PROVIDED. I F  THE GROUND WILL NOT SUPPORT I T S E L F ,  SMOOTHWALL B L A S T I N G  WILL NOT 
E L I M I N A T E  T H E  NEED FOR SUPPORT, BUT W I L L  REDUCE THE AMOUNT OF SUPPORT O R D I N A R I L Y  REQUIRED.  W I T H  T H E  U S E  OF THE 
L I V I N G S T O N  CRATER THEORY, D E S I G N I N G  ROUNDS AND SMOOTHWALL BLASTS HAVE BEEN ATTEMPTED A T  THE C L I M A X  MINES.  ALTHOUGH 
GROUND C O N O I T I O N S  AND ROCK VARY, I T  I S  B E L I E V E D  T H I S  THEORY9 WHEN TEMPERED W I T H  P R A C T I C A L  E X P E R I E N C E S  CAN BE USED AS A 
B A S I S  FOR ROUND DESIGN. 12 REFS. 

22265=QaQa A P R E L I M I N A R Y  THEORY OF S T A T I C  P E N E T R A T I O N  BY A R I G I D  WEDGE I N T O  A B R I T T L E  M A T E R I A L  ( 
ROCK-D I S I N T E  GRAT I ON-T HEORY 
PAUL, B. + S I K A R S K I E ,  D. L. & INGERSOLL-RAND CO 

ROCK-MEC HA N I C  S 1 

PFNN S T A T E  U N I V  V I 1  SYMP ON ROCK MECHANICS, (1) 119-1487 J U N E  1965. A THEORY IS PRESENTED FOR THE S T A T I C  
P E N F T R A T I C N  OF A S I N G L E  R I G I D  WEDGE I N T O  A B R I T T L E  M A T E R I A L .  THE M A T E R I A L  CONSIDERED I S  ONE WHICH F X H I B I T S  BOTH 
CRUSHING AND C H I P P I N G  PHASES I N  THE P E N E T R A T I O N  PROCESS. I F  T H E  WEDGE ANGLE AND THREE PARAMETERS ARE S P E C I F I E D 7  THE 
THEORY P R F D I C T S  FORCES AND ASSOCIATED PENETRATIONS DURING BOTH THE CRUSHING AND C H I P P I N G  PHASES. FOR C E R T A I N  RANGES OF 
THE P4RAMETERS7 AGREEMENT W I T H  T H E  L I M I T E D  EXPERIMENTAL DATA I S  P R O M I S I N G  EXCEPT FOR THE I N I T I A L  PHASE OF THE 
P F N E T R A T I O N  PROCESS WHERE REFINEMENTS ON THE THEORY ARE REQUIRED. T H E  PROPOSE0 THEORY ALSO P R E D I C T S  T H A T  FOR C E R T A I N  
VALIJFS 9 F  THE WEDGE ANGLE AND OTHER KNOWN PARAMETERS, THE C H I P P I N G  PROCESS DOES NOT OCCUR AND P E N E T R A T I a N  I S  DUE 
E N T I R E L Y  TO CRUSHING. I T  WAS FOUND T H A T  FOR THE V E L O C I T I E S  ENCOUNTERED I N  PERCUSSION D R I L L I N G  A S T A T I C  A N A L Y S I S  
AnEQUATFLY D E S C P I B E S  THE P E N E T R A T I O N  PROCESS. VARIOUS S E C T I O N S  D I S C U S S  THE MATHEMATICAL MODEL AND T H E  A N A L Y S I S  

SOMF L I M I T E D  E X P F R I M F N T A L  DATA G I V E N  BY REICHMUTH ON CHARCOAL GREY GRANITE.  D I S C R E P A N C I E S  W I T H  E X P E R I M E N T A L  R E S U L T S  
I T S E L F ?  T H E  VnLUMF OF ROCK REMOVED W I T H  CORRESPONDING E N E R G I E S  DETERMINED,  COMPARISON OF THE T H E O S E T I C A L  RESULTS W I T H  

ARF P O I Y T E O  OUT AN@ ANALYZED, AND CONCLUSIONS DRAWN. 

77-65-06004 I N E L A S T I C  DEFORMATION OF ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  I O I S I N T E G R A T I O N - T H E O R Y  ROCK-MECHANICS 

PFNN S T A T E  U W I V  V I 1  SYMP GN ROCK MECHANICS, (1) 149-1741 J U N E  1965. A STUDY OF T H E  B E H A V I O R  OF ROCK AT T H E  I N I T I A L  
S T A T E  OF CRATER FORMATION R E S U L T I N G  FROM STRESSES CREATED UNDER A D R I L L  B I T  WAS MADE TO D E T E R M I N E  RELEVANT PARAMETERS 
RELATED TO MECHANICAL P P O P E R T I E S  OF ROCK I N  ROCK FRAGMENTATION BY D R I L L I N G .  MAX. Y I E L D  STRENGTH OR HARDNESS OF ROCK I S  
A P P A Q E N T L Y  A PARAMETFR OF D R I L L A B I L I T Y  OF ROCK. T H E  STRENGTHS OF ROCK WERE CONSIDERED FROM T H E  MOHR-COULOMB C R I T E R I O N  
FQOY WHICH THE SUPFACE OF F A I L U R E  WAS CONSTRUCTED. THE RESULTS FROM PREVIOUS T R I A X I A L  T E S T S  ON SOLENHOFEN L I M E S T O N E  
WFQF ADFPTED I N  E S T 4 R L I S H I N G  A L I M I T  OF F A I L U R E .  I N E L A S T I C  B E H A V I O R  OF SnLFNHOFEN L I M E S T O N F  WAS OBSERVED UNDER A 
LOW V F L O C I T Y  I M P A C T  OF A H F M I S P H E R I C A L  B I T  AND UNDFR S T A T I C  I N D E N T A T I O N  W I T H  A S I M I L A R  B I T .  PERMANENT SET A T  LOW 

7 F T F R ~ I N A T I O N  OF STRFNGTHS OF THE ROCK WAS MADE UNDER S T A T I C  I N D E N T A T I O N .  THE MAXIMUM Y I E L D  STREYGTH E S T I M A T E D  FROM 
THE AVFSAGE STRESS AT F U L L  P L A S T I C  DEFORMATION 9VER THE CONTACT AREA WAS SUGGESTED AS T H E  CRUSHING STRENGTH OF ROCK 
UNDFS A D R I L L  R I T .  20 RFFS.  

72-65-06005 I N D E X I N G  A N A L Y S I S  FOR P L A S T I C  ROCK ( ROCK-MECHANICS GEOLOGY METHODS THEORY ) 

PFNN STATE U Y I V  V I 1  SYMP ON ROCK MECHANICS, (1) 175-1867 J U N E  1965. D I S C U S S I O N  OF A P P L I C A T I O N  CF P L P S T I C I T Y  THEORY 
TC THF P N A L Y S I S  OF I N O E X I N G  FOR P L A S T I C  ROCK. A METHOD I S  I N D I C A T E D  FOR COMPUTING THE DEPENDENCE O F  C H I P  S I Z E  AND 
SHPPE AS WELL AS FCRCE ON THE TOOTH FOR VARIOUS TOOTH SHAPES AS A F U N C T I O N  OF CRATFR C O N F I G U R A T I O N  AND D I S T A N C E  TO THE 
PPEVI '3US CRATER. PRFSSURE ON THE TOOTH IS FOUND TO VARY W I T H  DEPTH OF P E N E T R A T I O N  AFTER A C R I T I C A L  D E P T H  HAS B E E N  
RFBCHEO. DAMP SAND MODEL EXPERIMENTS I N D I C A T E  T H A T  S I M P L E  S O L U T I O N S  U S I N G  L I N E A R  AND L O G A R I T H M I C  S P I R A L  S L I P - L  I N €  
F T E L 7 S  FnR CnULCMB P L A S T I C  M A T E R I A L S  G I V E  REASONABLE A P P R O X I M A T I O N S  TO THE F A I L U R E  PATTERNS. @ P T H  I D E A L I Z E D  ROLLER 
CONF S I T S  ANn F I X E D  BLADE OR DRAG B I T S  ARE COYSIDERED,  AND METHODS ARE PRESENTED FOR A P P R O X I M A T I N G  THE FORCE ON THE B I T  

PAONE, J. + TANDANAND, S a  & U.S. BUR M I N E S  T W I N  C I T I E S  

A P P L I E D  LOADS I N  T H E  I V D E N T E O  AREA WAS D I S C E R V I B L E  W I T H  THE A I D  OF AN I N T E R F E R O M E T R I C  TECHNIQUE.  A Q U A N T I T A T I V E  

CHEATHAM, J. B.9 JR. & R I C E  U N I V  HOUSTON 

A N D  THE CHIP VOLUME WHEN THE ROCK IS SUBJECTED TO SUFFICIENTLY HIGH PRESSURE TO BEHAVE PLASTICALLY. DISCONTINUOUS 
STRFSS F I F L 9 S  ARE PRCPOSEO FOR DRAG B I T  D R I L L I N G  BASED UPON THE S O I L  MECHANICS A N A L Y S I S  OF S H I E L D S .  12 REFS. 

23-65-06QQ6 T H F  DFVELDDMENT OF A ROCK D R I L L A B I L I T Y  I N D E X  ( ROCK-MECHANICS ) 

PERM S T 4 T E  U N I V  V I 1  SYMP ON ROCK MECHANICS, (11 187-2047 J U N E  1965. A SYSTEM IS PROPQSFD FOR D E T E R M I N I N G  THE 
D Q I L L 4 B I L I T Y  I K D E X  OF A ROCK T Y P E  THAT COVERS THF COMPLETE RANGE OF ROCK TYPES AND I N C L U D E S  THE THREF MAJOR D R I L L I N G  
SYSTEYS, ROTARY, P E R C U S S I V E 7  AND ROTARY-PERCUSSIVE. AN A B R A S I V E  I Y D F X  OF A ROCK T Y P F  BASED ON THE 3 MAJOR D R I L L I N G  
SYSTFMS I S  ALSO PROPOSED. THE T E S T  MACHINE EMPLOYS A H Y D Q A U L I C  P I S T O N  FOR V A R I A B L E  THRUST7 A H Y D R A U L I C  GEAR SYSTEY FOR 
V A R I E D  R O T A T I O N A L  SPEED, AND A STANDARD GARDNER-DENVER CH3A MODEL C H I P P I N G  HAMMER. T E S T S  I N D I C A T E  TYAT THERE IS NO 

WHITE, C. G. C COLO SCHOOL OF M I N E S  GOLDEN CDLO 

O I R F C T  R E L A T I O N S H I P  RFTWEFN D R I L L A B I L I T Y  AND T H E  SCHMIDT HAMMER V A L U E  OR T H E  SHORE SCLEROSCOPF HAReNESS NUMBER. 

22E-OLQQI DYNAMIC FRACTURE STQ ENGTHS OF ROCKS ROCK-MECHANICS D I  S INTEGRATION-THEORY I 

"ENN S T A T E  U N I V  V I 1  SYMP ON ROCK MECHANICS, ( 1 )  205-208, JUNE 1965. A S E R I E S  OF E X P E R I Y E Y T S  WERE PEPFCIRMED I N  
WHICH T Y E  DYNAMIC FPACTUQE STRENGTHS O F  SEVERAL ROCKS WERE MEASURED. THE R E S U L T S  O B T A I N E D  ARE COMPARED W I T H  S T A T I C  
T F N S I L F  5 T R E " J T H  DATA n N  THE SAME ROCKS. ROCKS H A V I N G  A W I D F  RANGE OF MECHANICAL P R O P E R T I E S  WFRE SFLCCTED FOR THE 

R I V E H A F T ,  J. S. C COLO SCHOOL OF M I N E S  GOLDEN COLO 

E X P E 9 I M E N T S ;  REDFORD L I M E S T O N E ,  YULE MARBLE, MEA5UREWENTS B E I N G  MADE BOTH P A R A L L E L  AND P E R P E N n I C U L A R  T O  BEDDING, P I h l K  
G P A N I T E ,  AND TACOh' ITF.  THE E X P E R I M E N T A L  METHOD I N V O L V E D  T H E  R I N F H A R T  P E L L E T  TECHNIQUE.  THE R F S U L T S  I N D I C A T E  T H A T  
UNDER I M P U L S I V E  LOADS SUCH AS ARE GENERATED B Y  HIGH-SPEED I M P A C T S  AND E X P L O S I O N S ,  THE FRACTURE STRENGTH OF ROCKS IS 
YAh!Y T I M E S ,  I V  THE CASE OF TACONITE,  NFARLY 13, T H A T  OF I T S  P E S P E C T I V E  S T A T I C  FRACTURE STRENGTH. 5 REFS. 

22=4!k12491 BIT-TF'IOTH D E N E T R A T I n N  UNDER S I M U L A T E D  BOREHOLE C O N D I T I O N S  ( D E E P - W E L L - D R I L L I N G  1 

J O U 9 Y A L  OF PFTROLFUM TFCHNOLOGY, 1433-14429 DEC 1965. A STUDY 9 F  B I T - T O O T H  PENETRATION,  DR CRATED FCRMATION,  UNDER 
S I M U L P T E D  RnREHOLE CCN'I ITICINS WAS MADE. PRESSURE C O N D I T I O N S  E X I S T I N G  WHEN D R I L L I N G  W I T H  A I Q ,  WATER, AND MUD HAVE BEEN 
S I M U L A T E D  Ff lR  OFPTHS f l F  0 TG 2 0 1 0 0 0  F T e  THESE CRATES TESTS SHOWED THAT A THRESHOLD B I T - T O 0 T H  FORCE MUST BE EXCEEOED 
SEFCIRE 4 CRATER I S  FORYFP. T H I S  THRESHOLD FORCC INCREASED W I T H  BOTH TOOTH DULLNESS AND D I F F E Q E Y T I A L  PRESSURE BETWEEN 
THE 9"RFHOLF AND FORMATION F L U I D S .  A T  LOW 9 I F F E R E N T I A L  PRESSURES, THE CRATERS FORMED I N  A B R I T T L E  YAYNER A N 0  T H E  
C U T T I Y G S  WERE E A S I L Y  RFMOVED. AT H I G H  D I F F E R E N T I A L  PRESSUSESq THE C U T T I N G S  WERE F I R M L Y  H E L D  I N  THE CPATERS AND THE 
C P A T F Q S  WFRE FORMFO F Y  4 PSEUDOPLASTIC MECHANISM. W I T H  CONSTANT FClRCE OF 6,500 L B  A P P L I E D  TCJ T H E  B I T  TEETH,  AN 
I N C P E A S E  I N  D I F ' = E R E Y T I A L  PRESSURE ( S I M U L A T E D  YUD D R I L L I N G )  FROM 0 TO 5,000 P S I  REDUCED THE CRATER VCLUYES BY 90 
PcR'EYT. A COMPAPASLE I N C R E A S E  I N  HYDROSTATIC F L U I D  PRESSURE ( S I M U L A T E D  WATER D R I L L I N G )  PRODUCF9 CNLY A 50 PERCFYT 

MAUREQ, W e  C. E. ESSO PROD RES CO HOUSTON TEX 
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‘DFCRFASE IN V ~ L U M E  WHILF CHANGES IN OVERBURDEN P R E ~ S U R E  ~ S ~ M U L A T E D  AIR DRILLING) HAD NO DETECTABLE EFFECT ON CRATER 
VOLUME. CRATER TESTS I N  UNCONSOLIDATED SAND SUBJECTED TO D I F F E R E N T I A L  PRESSURE SHOWED T H A T  H I G H  F R I C T I C N  WAS PRESENT 
I N  THE SAND AT H I G H  PRESSURES. S I M I L A R  F R I C T I O N  BETWEEN T H E  C U T T I N G S  I N  CRATERS PRODUCES THE T R A N S I T I O N  FROM B R I T T L E  
TO P S F U D O P L A S T I C  CRATERS. 

22dmhQQ1 D E T E R M I N A T I O N  OF STRESS I N  ROCK - A STATE-OF-THE-ART REPORT ( ROCK-MECHANICS S T R E S S - A N A L Y S I S  
STRAIN-MEASUREMENT S T R E S S - R E L I E F  BOREHOLE-DEFORMATION F L A T J A C K S  IN-SITU-ROCK-STPESSES 1 
OBERTT L e  G U.S. BUR M I N E S  DENVER COLO 

SYMPOSIUM PRESENTED AT M E E T I N G  O F  ASTM A T L A N T I C  C I T Y ,  N.J.9 JUNE 2 6 - J U L Y  1, 1966. V A R I O U S  PROCEDURES AND 
A S S O C I A T E D  I N S T R U M E N T A T I O N  THAT HAVE BEEN USED TO MEASURE THE ABSOLUTE OR CHANGE I N  S T R A I N ,  DEFORMATION,  AND STRESS I N  
ROCK ARE REVIEWED. THE MERITS,  L I M I T A T I O N S ,  AND U N D E S I R A B L E  FEATURES I N  EACH PROCEDURE ARE DISCUSSED.  THE RESULTS OF 
A NUMBEQ O F  I N  S I T U  I N V E S T I G A T I O N S  I N  VARIOUS ROCK T Y P E S  ARE PRESENTEDT TOGETHER W I T H  AN A P P R A I S A L  O F  THE S T A T E  O F  
STRESS T H A T  GENERALLY E X I S T S  AROUND UNDERGROUND OPENINGS I N  V A R I O U S  TYPES OF ROCK. THE RFPORT G I V E S  RECOMMENDATIONS 
FOR S P F C I F Y I N G  THE PERFORMANCE AND C H A R A C T E R I S T I C S  OF T H I S  C L A S S  OF EQUIPMENT.  ( T H I S  SAME PAPER WAS P U B L I S H E O  B Y  ASTM 
- S E E  1 4 - 6 7 - 0 0 0 0 2 )  

22=64=9-9991 C O V C I N U T I O N  

PROC I N T  SOC n F  ROCK MECHANICS 1 S T  CONGRESS, L I S B O N ,  1 3 )  3 8 5 - 4 2 3 1  SEPT 25-DCT 1 9  1966- STATE-OF-ART ON 
CHFATHAMT J. 6.9 JR.  

I N V F S T I G A T I O N S  OF COMMINUTION OF ROCKS W I T H  P A R T I C U L A R  E M P H A S I S  ON P H Y S I C A L  PHASES OF COMMINUTION,  BREAKING9 D R I L L I N G ?  
R L A S T I N G v  CRUSHING, G R I N D I N G  AND ABRASION, D I S C U S S E D  I N  11 PAPERS, SUBMITTED T O  ABOVF CONGRFSS AND AUTHORS’ OWN 
A N A L Y S I S ;  W R I T T E N  AND ORAL C O N T R I B U T I O N S  BY CONGRESS MEMBERS ARE INCLUDED. 1 2  REFS. P A R T  ARE ABSTRACTED SEPARATELY. 
S F F  7 2 - 6 6 - 1 0 0 0 1 .  

2 2 9 h l Q Q Q 1  ELECTROMAGNETIC-THERMAL C R U S H I N G  OF ROCKS ( D R I L L S  F X O T I C - D R I L L  I N G  ) 

PROC I N T  SOC OF ROCK MECHANICS 1 S T  CONGRESS9 L I S B O N ,  ( 2 )  8 7 - 9 1 9  OCT. 1 9 6 6 -  AN E L E C T R O Y A G N F T I C  CFTHCC OF CRUSHING 
M A T T H A E I T  H. W e  

QOCK HAS P F F N  DEVELOPED AS A S U B S T I T U T E  FOR MECHANICAL ROCK D R I L L S  I N  A B R A S I V E  ROCKS. ROCKS ABSORB ELECTROMAGNETIC 
ENERGY FRGM T H F  F I E L D  AND CONVERT I T  TO BEAT WHICH LEADS TO THERMAL STRESS WHICH BREAKS T H F  ROCK. (IY GERVAN) 

27-66-1OQQz P L A S T I C  L I Y I T  A N A L Y S I S  A P P L I E D  TO S I M P L I F I E D  D R I L L I N G  PROBLEM ( C H I P - F O R M A T I O N  

DQOC I N T  SOC OF ROCK MECHANICS 1 S T  CONGRESS9 L I S B O N 9  ( 2 )  93-79 OCT. 1 9 6 6 .  PROBLEM OF ROCK F A I L U R E  D U 9 I N G  D R I L L I N G  
IS I D E A L I Z E D  TO REQUIRE ONLY C A L C U L A T I O N  OF UPPEP AND LOWER BOUNDS FOR C H I P  FORMATION FORCE AND A P P R O X I M A T I O N  FOR 
” F S U L T I N G  C H I P  S I Z E  AND SHAPF WHEN H O R I Z O N T A L  ROCK SURFACE I S  LOADED B Y  R I G I D  FLAT-PUNCH NEAR TWO-DIMENSIONAL CRATER; 
I T  I S  PflSTULATFD THAT C H I P  S I Z E  AND SHAPE ARE APPROXIMATED BY THAT V E L O C I T Y  F I E L D  WHICH R E Q U I R E S  L E A S T  PCWER OF 
O I S S I P A T T O N ;  T H I S  METHOD I S  ALSO USED TO P R E D I C T  C R I T I C A L  I N D E X I N G  D I S T A N C E  BEYOND WHICH C H I P P I N G  OCCURS TO HORIZDWTPL 
SURFACF QATHER THAN TO SURFACE OF ADJACENT CRATER. 

22=&=1QQQJ ROCK P E N F T R A T I O N  AT O B L I Q U E  I N C I D E N C E  BY YAWED B I T  TOOTH ( D R I L L I N G  1 

CHFATHAM, J. B.9 JR. + P I T M A N ?  R. W. 

SFRRY, P. M. 
PDnC TNT SOC nF ROCK MECHANICS 1 S T  CONGRESS, L I S B O N ,  ( 2 1  1 1 5 - 1 8 7  OCT. 1 9 6 6 .  I D E A L I Z I N G  ROCK T D  BE PLLISTIC, TWO 
q I M F N S I I N A L  P L A N F  S T R A I Y  PROPLEM OF I N D E N T A T I O N  B Y  R I G I D  YAWED WEDGE AT O B L I Q U E  I N C I D E N C E  I s  SOLVED U 5 I N G  H I L L - T Y P E  
Sr lLUTION;  Y I E L D  I S  G W F Q N E D  BY MOHR COULOYB C R I T F R I A ;  THEORY TAKES I N T O  ACCOUNT L I P  FORMED AROUND TCOTH CURING 
I ” l D E N T 4 T I O N  AYD P R E D I C T S  WE@GE-SHAPED CAP OF DEAO ROCK UNDER B I T  TOOTH FOR S U F F I C I E N T L Y  LARGE WFDGE 4NGLFS AND 
S U F F I r  I F N T L Y  L A R G F  C O F F C I C I E N T  OF F R I C T I O N .  

77-66-1QQQA F X P E R I M F N T A L  STUDY OF I N D E X E D  S I N G L E  B I T - T O O T H  P E N E T R A T I O N  I Y T O  D Q Y  QOCK A T  C O N F I N I N G  PRESSURES OF 0 T r l  
7 5 0 0  P S I  ( D P I L L I N G  1 
G N I R K T  P. Fa 

D’JOC I N T  SOC OF ROCK MFCHANICS 1 S T  CONGRESS, L I S S O N ,  I 2 1  1 2 1 - 9 9  OCT. 1 9 6 6 .  E X P F R I M E N T A L  C O N S I D E R A T I O N  I S  G I V E N  TO 
‘.IFCYANISM OF 9OCK F A I L U R F  AND C H I P  GENERATION A S S O C I A T E D  W I T H  PENETQATION OF S I N G L F  SHPRP, WEDGE-SHAPFD SIT-TOOTH I N T O  
Pf’CK SURFACE AT PPESCQIRED DISTANCE,  KNOWN AS I N D E X I N G  D I S T A N C E  FROM P R E V I O U S  PENETRATIOW CRATER; RESULTS SHOW THAT 
Pt ’YSICAL MODE OF C H I P  GENERATION I S  STRONGLY I N F L U E N C E D  RY MAGNITUDE OF F L U I D  C O N F I N I N G  PRFSSURE AND F A I L U R E  STRFNGTH 
1 F  ROCK; FXPF’J IMEYTAL P A T A  O B T A I N E D  AT C O N F I N I Y G  PRESSURES ABOVE 1000 TO 3000 P S I  COPPARE FAVORARLY W I T H  P R E V I O U S  
T H F O Q E T I C A L  RESULTS FOR S I N G L E  B I T - T O O T H  P E N F T R A T I O N  I N  D U C T I L E  ROCK. 

23-67-QQQQJ B A S I C  T H F O R I F S  OF D E F L E C T I O N  I N  DIAMOND D R I L L I N G  

SCI E TECH OF I N D U S T D I A L  DIAMQNDS PROC I Y T .  I N D U S T R I A L  DIAMONDS CONF. OXFORD 1 9 6 6 ,  ( 2 )  1 3 5 - 4 1 ,  1 4 6 7 .  L A T F P  A I  L Y  
TTASLE 4 N n  I C O T R O P I C  TOOL W I L L  D E F L E C T  ON COMPACT ANISCITROPIC GROUND W H I L E  T R A N S I T I D Y  FROM SOFT T O  HAQO CROUYD TENDS TO 
F I P I Y G  T W F T H E Q  D R I L L I N G  A X I S  AND PERPENDICUL4R TO LAYERS; A L L  OTHER T H I N G S  B E I N G  EQUAL9 L A T E R A L L Y  UI\ISTABLC T W I L  HAS, OF 
C?UQSFT MUCH GREATFR TFNDENCY TO D E V I A T E  THAN L A T E R A L L Y  S T A B L E  T O n L  AND S T I L L  PORE S O T  I F  I T S  I N D E X  OF L A T F R A L  
I V S T 4 4 I L I T Y  IS H I G H  ONE; U Y L I K F  CASE OF ROCK-BITS OF C O Y V E Y T I O N A L  TYPE, I T  IS I M P O S S I B L F  T O  F S T A B L I S H  GFNERAL THEORY 
F 5 R  OIAY@r\ lD ‘ W V L S  P P P L I C A B L E  TO D E V I A T I O N  I N  D R I L L I N G .  

GAUTHIER, G. 

-- 7 2 -6 7- QLQQl, 

SCHlC’C Y I h l  E Y F T  FNG - M I N  SYMP. 2 8 T H 1  1 8 1 - 8 9  JAN.  1 6 - 1 8 ,  1 9 6 7 .  OPTIMUM B L A S T I N G  I S  D E F I N E D  A S  THAT S L A S T I N G  
D P A C T I C F  WHICH G I V E S  DEGREE OF FRAGMEYTATIDN NECCSSARY TO O R T A I N  LrJWEST U N I T  COST OF COMBINED O P E R A T I 9 N S  O F  D R I L L I I V C ,  

9 h T h  T n  I L L U S T R A T F  I T S  USE AND F F F E C T I V E N E S S ;  P A R T I C U L A R  M F N T I q N  I S  PAD€ OF THOSE I T E M S  WHICH HAVE PEFN MOST IMPORTAhT 
T n  rJUFPFC C A R T I E R  M I N I N G  CO. 

n P  T I MUM 
MACKENZIF,  A. E U N I V  M I N N  M I N N F 4 P O L I S  M I N N  

PL AS T I NG 

.3CACTI‘\IG, LOADING, H P U L I Y G i  AND CRUSHING; PAPER 9 I S C U S S F S  METHOD OF E V A L U A T I N G  OPTIMUM B L A S T I N G  AND PRFSFYTS OPERATING 

1zdI=uQ_O2 F I F L O  C O N D I T I O N S  AND T H E I R  R E L A T I O N S H I P S  TO B L A S T I N G  D E S I G N  

YIW. UNIV. SCH Y I r J  r, MET ENG - WIN SYMP, 2 8 ~ ~ ~  i ~ ( 9 - 0 6 ,  JAN. 1 6 - 1 8 ,  1967. PAPFR D I S C U S S E S  B A S I C  F I F L D  V A P I A R L E S  
ASP, 4 -  L. 

Ah’D T H F I R  R F L A T I O Y S H I P  TO OPEN-CUT BENCH B L A S T I N G .  MOST 0’ T H F  S I G N I F I C A N T  F A C T ~ P S T  IMPORTANT T O  D E S I G Y T  I Y C L U D E  SFNCH 
GFnyETQY,  P A T E R I A L ‘ S  PROPFRTIES,  EQUIPMENT O P E R A T I N G  S P E C I F I C A T I O N S ,  AND E X P L O S I V F ‘ S  I N I T I A T I O N  AN0 ENFRGY RELEASE 
C Y A D A C T E Q I  S T I C S ;  E F F F C T S  OF THOSE FACTORS ON S F L E C T I O N  OF A P P P O P R I A T E  SLAST D E S I G N  ARE D F S C Q I S F D .  

Z L d & U Q Q l  VALUE CF THFORY I N  B L A S T I Y G  D E S I G N  

‘“IY1Y.  I J N I V .  SCH Y I N  E. MFT FNG - M I N  SYMP, 28TH,  1 9 7 - 2 0 2 7  JAN. 1 6 - 1 8 ,  1 9 6 7 .  THEORY AND P P A C T I C E  3F C R A T E P I N G  I S  
CXAYTVCD 4ND I T S  A P P L I C A T I O N  TO L@NG E X P L O S I V E  CHARGFS USED I N  BENCH R L 4 S T I N G  IS C R I T I Z F 9 ;  R E L A T I V E  ROLES OF S T R A I Y  
dAVF AN0 GAS PRESSURF I N  ROCK BREAKAGE ARF D I S C U S S E D  AND I T  I S  SUGGESTED HOW COMPUTER MODEL M I G H T  U L T I M A T E L Y  BF USED 
FCP C O Y P A Q I V C  r) IFF€RFF.IT D E S I G N S  I N  B R I T T L E  ROCK; EXAMPLES A R E  G I V E N  OF COMPUTED RESULTS FOR W I L L - H O L F  LC!ADED AND 

S T A R F I E L P ,  A .  M. 

T N I T I A T P D  I Y  NUYBEP OF D I F F E R E N T  WAYS 4ND W I T H  D I F F E R E N T  TYPES OF E X P L O S I V F S .  

~~=~JJQIQQ~ R F  SEARCH r h  IMPROVED METHODS OF P O C K  BREAKAGE ( NEW-DPILLTIVG-METHODS 1 
GELLEP, L. B. & CANADA DEPT ENERGY OTTAWA CANADA 

I Y S T T T U T I O N  OF M I N I Y G  AN@ METALLURGY, J U L Y  1967.  THE AMOUNT OF S P E C I F I C  ENERGY WHICH A ROCK MASS C A N  R F  FC)PCFD TO 
4CT’PT DETERMINFS THF VOLUME OF BROKEN 90CK.  TWO MAJOR METHODS FOR B P E A K I N G  R’3CK ARE MECHAYICAL ANC THERMAL. MORE 
Q F S F A Q C Y  I S  NFEDED TO DEVELOP ECONOMICAL EQUIPMENT FOR BETTFR POCK BREAKAGF. 1 8 2  REFS. 
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22rbB=Q1991 N F S  ADVANCED S C I E N C E  SEMINAR I N  ROCK MECHANICS FOR COLLEGE TEACHERS OF STRUCTURAL GEOLOGY VOLUME 1 ( 
STRESS S T R A I N  MOHR-CIRCLE B U C K L I N G  FRACTURES E L A S T I C I T Y  I 
BOMBOLAKIS, E. G. + R I E C K E R ,  R. E. & BOSTON COLLEGE 

S P E C I A L  REPORT P U B L I S H E D  B Y  T E R R E S T R I A L  S C I E N C E S  LABORATORY, A I R  FORCE CAMBRIDGE RESEARCH LABORATORIES,  BEDFORD, MASS-  T 

J A N  1968. THE SEMINAR WAS CONDUCTED DURING JUNE AND JULY 1967 UNDER A U S P I C E S  OF T H E  A M E R I C A N  G E O L O G I C A L  I N S T I T U T E  
AS A S P E C I A L  COURSE I N  ROCK MECHANICS FOR COLLEGE TEACHERS OF STRUCTURAL GEOLOGY. VOLUME 1 C O N T A I N S  PAPERS ON 
N A T H F M A T I C A L  TOOLS NEEDED FOR THE COURSE, MOHR C I R C L E  ANALYSES,  R E L A T I O N S  BETWEEN STRESS AND S T R A I N ,  E L A S T I C  
P R O P E R T I E S ,  MEASUREMENT OF I N  S I T U  STRESS AND S T R A I N S  I N  ROCK. AUTHORS ARE R I E C K E R q  R. E.; B O M B O L A K I S t  E. G.; BRACE, 
W. Fa; STEAMS, De W e ;  M E R R I L L T  R. Ha; CHAPPLE? W.M. 

2 Z & Q = ~ Q ~  NFS ADVANCED S C I E N C E  SEMINAR I N  ROCK MECHANICS VOLUME 2 ( PORE-WATER-PRESSURE D U C T I L I T Y  
HOMOGENEOUS-STRAIN ROCK-DEFORMATION 1 
BOMBOLAKIS, E. G. + RIECKER,  R. E. & BOSTON COLLEGE 

S P F C I A L  REPORT P U B L I S H E D  BY T E R R E S T R I A L  S C I E N C E  LABORATORY, A I R  FORCE CAMBRIDGE RESEARCH L A B O R A T O R I E S ,  BEDFORD, MASS., 
J A N  1969. VOLUME TWO C O N T A I N S  PAPERS ON HOMOGENEOUS S T R A I N  I N  ROCKS, E F F E C T S  OF PORE WATER PRESSURE ON STRENGTH 
AND D U C T I L I T Y  CF ROCKS AND EXPERIMENTAL ROCK DEFORMATION. AUTHORS: HANDIN,  J.; C H A P P L E t  W. Me; DONATHI F. As; HEARD, 
H. C.; CARTER, Ne L. 

23&12991 R E A C T I O N  OF ANFO E X P L O S I V E S  W I T H  M I N E R A L  S U L P H I O E S  ( SAFETY I 

P Q n c  AUSTRALASIAN INST. MIN E. M E T ?  N. 228, 61-70, DEC. 1968. AMMONIUM N I T R A T E  - F U E L  O I L  I A N F O )  E X P L O S I V E S  ARE 
LUKASZEWSKI ,  G. Me 

UNSTABLE I N  HOT, R E A C T I V E  S U L F I D E - R I C H  GROUND A T  MOUNT I S A ;  UNDER C E R T A I N  C O N D I T I O N S  A S S O C I A T E D  W I T H  BACKGROUND HEAT, 
MOISTURE, AND CHEMICAL I M P U R I T I E S  FROM NATURAL O X I D A T I O N ,  ANFO COMPOSITES I N  CONTACT W I T H  HOT GROUND D I S P R O P O R T I O N A T E  
AND AMMOYIUM U I T R A T E  C 4 N  UNDERGO R A P I D  EXOTHERMIC R E A C T I O N S  W I T H  S U L F I D E ;  P A R T I A L  I N T E R A C T I O N  CAN RESULT I N  M I S F I R E S  OR 
PQEMATUQE DETONATICN;  THERMAL A N A L Y S I S  WAS USED TO D E F I N E  C R I T I C A L  C O N D I T I O N S  FOR ANFO S U L F I D E  I N T E R A C T I C N  AND S U L F I D E  
COMBUSTIPN AGENTS AND CONTROL METHODS HAVE BEEN DEVELOPED T O  PREVENT ANFO-INDUCED O X I D A T I O N  AND COMBUSTION. 1 4  REFS. 

2 7 - 6 q - O D l  HYDRAULIC J E T  D R I L L I N G  ( WATER-JETS T U N N E L I N G  RESEARCH 1 

FVURTH CONFERENCE OY D R I L L I N G  AND ROCK MECHANICS, AMERICAN I N S T I T U T E  OF M I N I N G ,  M E T A L L U R G I C A L  AND PETROLEUM ENGINEERS,  
713-17, J A N  1969. A THRESHOLD N O Z Z L E  PRESSURE MUST BE EXCEEDED BEFORE H Y D R A U L I C  JETS W I L L  D R I L L  ROCKS. WATER J E T S  

MAURER, W. C. + HEILHECKER,  J. K. E ESSO PROD RES CO HOUSTON T E X  

?F 0.2 TO 1.0 I N  D I A .  D R I L L E D  HOLES W I T H  D I A .  R A N G I N G  FROM 0.8 TO 4 I N .  I N  SANDSTONE AND L I M E S T O N E .  T H E S E  HOLES WERE 1 
T O  3 I N .  DFEP AND WEPE D R I L L E D  TN 0.02 TO 0.2 SEC. A 2 - I N .  D I A .  D R I L L  D R I L L E D  AT PRESSURES OF UP T O  13,500 P S I .  I N  
C4RTHAGE MARBLE I T  HAD A D R I L L I N G  RATE OF 180 FT/HR,  I N D I A N A  L I M E S T O N E  280 FT/HR. BEREH SANDSTONE AT 300 FT/HR.  A 
HYOR41JLIC J E T  D Q I L L  ( 3 , 0 0 0  H P )  SHOULD D R I L L  B- IN.  D I A .  H O L F S  I N  AVERAGE-STRENGTH SEDIMENTARY ROCKS AT R A T E S  OF 200 TO 
700 F T / H R .  

22=69=1QQQl P R I N C I P L E S  OF ROCK C U T T I N G  A P P L I E D  TO MECHANICAL B O R I N G  MACHINES ( E F F I C I E N C Y  P E N E T R A T I D N  ENERGY 1 
SRUCF, W. E. + MORRELL, 9. 0. & U.S. BUR M I N E S  

SACQAMEVTO S T 4 T E  COLLEGE, CAL.  SECOND SYYP. ON R A P I D  EXCAVATION,  3-1 - 3 - 4 3 ,  OCT 1 6 ,  1969. BUREAU OF MINES,  T W I N  
C I T I E S  Y I N I N G  RESEARCH CENTERS MECHAYI  CAL FRAGMENTATION LABORATORY I S  CONDUCTING RESEARCH TOWARD MORE E F F I C I E N T  
T U N N F L I N G  WITY B r l R I N G  MACHINES BY B E T T F R  UNDERSTANDING OF D E S I G N  PARAMETERS. T H E I R  MULTIPURPOSE BORING U N I T  E Q U I P P E D  
V I T H  T U V N F L I N G  MACHINF CUTTERS TI? S I M U L A T E  S H A F T - D R I L L I N G  OR TUNNEL B O R I N G  IS DESCRIBED.  O P E R A T I O N  OF T H E I R  
L I Y F A Q - C U T T F R  APPARATUS I S  G I V E N  AND R E S U L T S  U S I N G  60 DEG AND 90 DEG C U T T E P S  TABULATED.  60 DEG CUTTERS WERE SUPERIOR 
TO 90 DEG I N  P E N F T R A T I C N  AND ENERGY REQUIREMENTS. PEAK HOQIZONTAL CUTTER FORCE CAN BE AS MUCH AS 8 0  PERCENT H I G H F R  
TMAN AVER4GE. I N  ACTUAL P R A C T I C E  CUTTERS NEAR THE C U T T I N G  HEAD CENTER MAY R E Q U I R E  S U B S T A N T I A L L Y  GREATER FORCE THA'V 
Tt'AT SHOWN F n R  A L I N E A R  CUTTER. 

2 ? - 6 9 - l Q Q ~  YOVEL METHODS OF ROCK BREAKAGE ( WATER JET C A V I T A T I O N  P E L L E T - I M P A C T  THERMAL-SHOCK FLAME-JET ELFCTRON-BEAM 
L A S E R  C H E M I C A L - A C T I O N  SPEC I F I C - E N E R G Y  ECONOMY I 
SINGH,  Y. M. C I I T  RES I Y S T  CHICAGO I L L  

URGENT NEED FOR MCJRE 
P 4 P I D  FUTIJRF E X C A V A T I P N  HAS BROUGHT INCREASED A T T E N T I O N  TO UNCONVENTIONAL ROCK BREAKAGE METHODS. D U R I N G  THE L A S T  F I V E  
YFARS S I G N I F I C A N T  PROGRESS HAS BEEN MADF I N  UNDERSTANDING AND D E V E L O P I N G  THESE TECHNIQUES BUT FURTHER WORK IS O B V I O U S L Y  

SACRAMENTI? S T 4 T E  COLLEGE, GAL. SECOND SYMP. ON R A P I D  EXCAVATION,  4-1 - 4-27, OCT. 1 6 ,  1969. 

QFQUIREI?. B R I F F L Y  ' I ISCUSSED ARE: HIGH-SPEED WATER JET EROSION,  C A V I T A T I O N ,  P E L L E T  I M P A C T ,  THERMAL SHOCK, F L A M E  J E T ,  
ELECTQ0N BEAM, LASFQ,  AND CHEMICAL ACTION.  S P E C I F I C  ENERGY I S  A USEFUL MEASURE OF BREAKAGE E F F E C T I V E N E S S  BUT 
QECOPYENCED PROCFDUQES FOR I T S  D E T E R M I N A T I O N  WOULD BE HELPFUL. ALSO O P T I M I Z A T I O N  O F  A METHOD BASED C Y  ENERGY MAY NOT 
DQOVF cCOWOMICALLY BEST AS ENERGY I S  CHEAP COYPARED TO LABOR. 

z z - 6 9 - l Q m  YFCLA M I N I N G  COMPQNY CASE STUDY ( R A I S E S  SHOTCRETE SUPPORT TUNNEL-MACHINE CUTTERS I 

S4CRA"lNTO S T A T E  COLLEGE, CAL.  SECOND SYMP. ON R A P I D  EXCAVATION,  7-1 - 7-38, OCT 16, 1969. HECLA M I h I N G  E X P E R I E N C E  
I U O I C 4 T E S  THAT 48 I N .  D I A .  D R I L L E D  R A I S E S  CAN B E  COMPLETED I N  APPROXIMATELY ONE-THIRD THE T I M E  AND AT 5 0  PERCENT CIF 
CGNVENTIONAL D p I V E N  Q A I S F  ON A COST P E Q  FOOT B A S I S .  ON A COST PER U N I T  VOLUME OF ROCK CONVENTIONAL METHODS WOULD 9E 

S P E C I F I C  FUNCTION.  WET AND DPY SHOTCRETE PROCESSES ARF D E S C R I B E D  AND I T  WAS D E C I D E D  T H A T  T H E  DRY PSOCESS MOST F U L L Y  

SUPPORT. B E I Y G  A CONTINUOUS PROCESS SHOTCRETE HAS A P O T E N T I A L  FOR INCORPORATION I N T O  THE TOTAL R A P I D  E X C A V A T I O N  
SYSTEY. n U P I N G  A T'df l  YONTH OPERATION P E R I O D  OF A 9 FOOT D I A M E T E R  J A R V A  TUNNEL MACHINE T H E  CUTTER PERFORM4NCE AND 
P F N F T R A T I P N  R A T E  WERF S U F F I C I E N T L Y  G@OD TO MAKE THE MACHINE P O T E N T I A L L Y  ECONOMIC FOP. M I N I N G  I Y  C O M P L R I S D N  TO 

WHICY I S  READY FnF QEUSE. 

22Zi2=lQQQ3 DEVELOPMENT M I N I N G  AT WHITE P I N E  ( BORING-MACHINES PENETRATION-RATE JUMBOS GUIDANCE E X C T I C - B C R I N G  CUTTERS 

H F N D R I t K S ,  R .  S. C HECLA M I N I N G  C O  

FnV0QEI-J. VOWEVFR, COST PER L I N E A L  FOOT COMPARISON IS MORE V A L I D  AS S I Z E  I S  OFTEN D I C T A T E D  BY n R I V I N G  METPOD RATHER THAN 

YFT T Y E  REQUIRFMENTS. SHOTCRFTE OFFERS GREATER CIPPORTUNITY FOR M E C H A N I Z A T I O N  THAN ROCK B O L T I N G ,  T I C B E R I N G  OR S T E E L  

A L T E Q ' V A T I V E  MFTHODS. A COOPERATIVE PROGRAM BETWEEN J A R V A T  REED AND HECLA HAS REDESIGNED AND M O D I F I E D  T H E  EQUIPMENT 

I 
THCMPSCN, R. J. + S C F U L Z F T  W. H. E G A R F I E L D ,  L -  A. E WHITE P I N E  COPPER C @  

SACPAMEYTI? S T A T F  (InLLFGF, CAL.  SECOND SYMP ON R A P I D  EXCAVATION,  8-1 - 8-22, OCT 16, 1969. W H I T E  P I N E  COPPER CO 
E X P F S I M E N T E D  W I T H  A 7 F T  D I A  HUGHES TOOL CO B O R I N G  MACHINE I N  1 5 , 0 0 0  TO 30,000 P S I  COMPRESSIVE STRENGTH SHALE. 
P E N E T R A T I O N  RATE OF I O  FT.  
1 8  F T  9 1 A  TUQNFL 4 T  A S P E C I F I E D  M I N I M U M  OF 3 F T  PER HOUR, 
T H I S  MACHINE HAS B 0 Q E D  A MAXIMUM OF 3 V E R  5 F T  PER HOUR FOR S U S T A I N E D  PERIODS.  
IMPROVED PERFORMANCE W I T H  INCREASED SAFETY 
IYPROVED L I F F  AND T H I S  PRCIGRESS W I L L  CONTINUE U N T I L  CUTTERS ARE REPLACED BY SOME MORE E X O T I C  MFTHOD. 4 SFCOND 
M F C H A N I C A L  ROCK BORFR, 
PER HOU9. 
YUCKING I S  W I T H  4 36 IY WIDE BELT.  
MANUVERABLE V CUT JUMBOS. 
I N F R A R E D  G E ' V E ~ A T O R S T  H I G H  PRESSURE WATER AND SURFACT4NTS ARE UNDEP I N V E S T I G A T I O N .  

2-69-ll)QQZ DOT A Y D  T H F  UWDERGROUND - SOME H I G H L I G H T S  ( 

A 
PER HOUR WAS A T T A I Y E D  I N  SHALE WHICH WAS REDUCED TO 5 F T  PER HOUR I N  SANCSTCNE. TO D R I L L  AN 

TWO S H I F T S  A DAY A JAMES S. R O R B I N S  M A C H I N E  WAS PURCHASED. 
B A S I C  MACHINE D E S I G N  CHANGES HAVE 

T H E  MACHINE MANUFACTURER HAS DESIGNED AND F A B R I C A T E D  CL'TTFRS WHICH HAVE 

AN ATLAS COPCO MACHINE, W I T H  TWO B O R I N G  HEADS WILL EXCAVATE AN 8-1/2 F T  BY 16 F T  F E A D I N G  AT 5 F T  
I T  INCLIJDES A P'VFUMATIC D R I L L  FOR ROOF BOLTING,  A WET T Y P E  DUST COLLECTOR AND 4 L A S E R  REAM G U I D A N C E  SYSTEM. 

A L L  R A D I C A L L Y  NEW CONCEPTS OF ROCK D I S I N T E G R A T I O N ,  LASER BEAMS, ELECTRON BEAMS, MICROWAVES, 
A SURN-ROUND JUMBO W E I G H I N G  2 2  TONS IS B E I N G  T E S T E D  TO REPLACE THE MORE M O B I L E  AND 

TRANSPORTATION BORING-MACHINES GEOLOGY F L U I D - J E T S  
E X O T I C - B P Q I N G  1 

r 
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F)R@WNE, S. D. E. U.S. DEPT OF TRANS 
SACRAMENTO STATE COLLEGE, CAL. SECOND SYMP ON R A P I D  EXCAVATION,  9-1 7 9-4, OCT 16, 1969. UNDERGROUND T U N N E L I N G  I S  
A KEY T13 FUTURF SUCCESSFUL TRANSPORTATION. THE DEPARTMENT OF TRANSPORTATION I S  DEEPLY I N V O L V E D  I N  T R Y I N G  TO F I N D  MORE 
E F F I C I E N T  AND ECONOMICAL METHODS OF EXCAVATION.  T H E  L A S T  DECADE'S MOST P R O M I S I N G  D E V I C E  I S  THE FULL-FACE BORING 

MUST GET A SHARPER K N I F E  OR T E N D E R I Z E  THE STEAK W I T H  C H E M I C A L S  OR A L A S E R  BEAM OR OTHER H E A T  SOURCE TO WEAKEN T H E  ROCK 
MACHINE. HOWEVER I N  HARDER FORMATIONS THE COST O F  REPLACEMENT CUTTERS AND B E A R I N G S  BECOMES P R O H I B I T I V E L Y  H I G H -  WE 

AHEAD OF THE CUTTER BLADES. F R A C T U R I N G  ROCK W I T H  HYPER- V E L O C I T Y  F L U I D  J E T S  I S  AN APPROACH. T E C H N I Q U E S  FOR I M P R O V I N G  
P R E n I C T I O N S  OF GFOLOGI GAL FORMATIONS ARE H E L P I N G  T O  REDUCE TUNNEL COSTS 

21-70-QQQQ1 SOME EUROPEAN DEVELOPMENTS I N  SMOOTHWALL B L A S T I N G  ( P R E S P L I T T I N G  CANADA 1 

R A P I D  E X C A V A T I @ N  - PROPLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL ANC SHAFT CONFERENCE M I N N E A P O L I S I  MAY 15-17, 1968. 
SOC. M I N I N G  FNGRS 1970. CHAPTER 26. ECONOMICS OF SMOOTHWALL B L A S T I N G  ARE NOT ALWAYS CLEAR. HIGHER COSTS OF 
D Q I L L I N G ,  INCRFASED T I Y E  FOR CHARGING, MORE E X P L O S I V E  MAY BE OFFSET BY GREATER S T A B I L I T Y ,  L E S S  MAINTENANCE. C A N A D I A N S  
DE\(ELOPED P R E S P L I T T I N G  WHICH MAKES A CRACK I N  THE CONTOUR L I N E  AS A SEPARATE O P E R A T I O N  PRECEDING T H E  M A I N  BLAST.  
S U E D I S H  P R A C T I C E  I S  T O  USE SMOOTHWALL B L A S T I N G  FOR COMMUNICATION TUNNELS BUT P R E S P L I T T I N G  FOR C A N A L S  '3PEN CUTS, TUNNEL 
PORT PLS AND UYDERGROUND CHAMBERS. T E C H N I C A L  PROBLEMS OF B L A S T I N G  HAVE REEN VERY WELL SOLVED BUT A D M I N I S T R A T I V E  PROBLEMS 
HAVE NOT. 

OLROGI T. E SWEDISH STATE PWR BD STOCKHOLM 

F T E L O  23 GOVERNMENT REPORTS 

Z&z=QbQQl NEW METHODS OF CRUSHING OF ROCKS I D R I L L I N G  ELECTROHYDRAULIC THERMAL PNEUMATIC-PERCUSSION 
P F R C U S S I  ON-ROT A T 1  ON U L T R A S O N I C S  W ATER-J ET D E T O N A T I  ON-DRILL I NG JET-BURN ER ELFCTROPHYS I C  A L  I 
EPSHTFYN, Y. F. + ARSH, E. I. + V I T O R T ,  G. K. C GOSTOPTEKHIZDAT 

CLEARINGHOUSE FOR FEPERAL S C I E N T I F I C  AND T E C H N I C A L  I N F O R M A T I O N  OF THE U.S. DEPARTMENT OF COMMERCE, UNABRIDGED 
T R A N S L A T I O N  FRCM R U S S I A N ,  FTD-TT 62-122/1+2, 131 PAGES, JUNE 19, 1962. T H I S  IS A SUMMARY R E V I E W  OF THE STATE OF 
RESEARCH I h T O  hEW METHODS OF CRUSHING ROCK AND D R I L L I N G  V A R I O U S  TYPES OF ROCK FClRMATION U P  TO AND I N T O  1959. D A T A  IS 
PRESENTED FROM 84 PESEARCH PAPERS AND REPORTS PREDOMINATELY OF R U S S I A N  O R I G I N .  NUMEROUS D A T A  T A B L E S ,  CURVES, DIAGRAMS, 
qKFTCHES AND A FEW PHOTOGRAPHS I L L U S T R A T E  THE TEXT.  CRUSHING OF ROCK FOR S I N K I N G  D R I L L H O L E S ,  SECONOPRY G R I N D I N G  
AYD FOQ DEVELPPMENT OF COAL AND ORE D E P O S I T S  I S  CONSIDERED ON THE B A S I S  OF MECHANICAL METHODS, ELECTROHYCRAULIC,  
THERMAL AND E L E C T R D P H Y S I C A L  METHODS. THE RESULTS OF I N D U S T R I A L  AND LABORATORY TESTS OF V A R I O U S  I N S T A L L A T I O N S  ARE 
nESCRIRED.  OR I L L I N G  RY PNEUMATIC-PERCUSSION, PERCUSSION-ROTATION,  U L T R A S @ N I C S ,  WATER J E T  AND DETONATIONS ARE D I S C U S S E D  
I N  D F T A I L  I N  T H F  MFCHANICAL CRUSHING METHODS D F S C R I P T I O N .  THESE ARE D I S C U S S E D  I N  TERMS OF MECHANICAL P R C P E R T I E S  OF 

'dATCF I S  D I S C I J S S E D  I N  TFRMS O F  AN I N V E S T I G A T I O N  W I T H  P R A C T I C A L  RECOMMENDATIONS OFFERED. D I S C U S S I O N  OF THERMAL CRUSHING 
I N C L U D F S  JFT-BURYER D R I L L I N G ,  MECHANISM OF ROCK CRUSHING B Y  THERMAL D Q I L L I N G  AND D E S C R I P T I O N  OF CRUSHING BY MEANS OF 
THFRMITC.  FLFCTROPHYSICAL METHODS 9 I S C U S S I O N S  COVER E L E C T R I C A L  AND MAGNETIC P P O P E R T I E S  OF ROCK, R A P I D L Y  CHANGING 
MAGhlFTIC F I E L D S  AND C Q U S H I N G  EY PUVCTURING W I T H  AN E L E C T R I C A L  CURRENT. 84 REFS. 

3DCKT Q U A N T I T A T I V E  R E L A T T T N S H I P S  AND EXPERIENCE I N  D R I L L I N G .  ELECTROHYDRAULIC CRUSHING BY E L E C T R I C A L  DISCHARGE I N  

z l d l = l Q Q Q l  4 NFW APPPOACH TO B I T  D E S I G N  - THE DIAMOND DRAG B I T  ( MOLES CORES D R I L L I N G  1 

QUARTERLY OF T H F  CDLPQADO SCHOOL OF M I N F S ,  (58) N 4 ,  151-61, OCT 1963. A NEW D R I L L I N G  TOOL H A S  BEEN INTRODUCED 

L\ H I G H  OEGRFF OF YAPDNFSS AND TOUGHNESS WHICH PRODUCES LONG FOOTAGES AND H I G H  P E N E T R A T I O N  RATES COMPARED TO OTHER 
P Q A G R I T S  OR RClCLFR TYPE B I T S .  DIAMONDS ARE CAST I N T O  THE HARD SURFACING M A T E R I A L .  T H I S  M A T F R I A L  I S  A FURNACELIT 

PETFRS, R. I .  & CHRISTENSON DIAMOND PROD CO 

I Y T D  T Y F  f l I L F I F L D  AFID W I L L  HAVE A P P L I C A T I O N  I N  R A P I D  T U N N E L I N G  MACHINES. T H F  B I T  HAS A HARD-FACING M A T E R I A L  C O M B I N I N G  

Y E T A L L U S G I C A L L Y  C O N T r n L L F D  PRODUCT C O N T A I N I N G  A HARD, TOUGH GRADE OF CEMENTED TUNGSTEN C A R B I D E S  

33dl=lQQQ2 TYF MFCHAVISFI OF THFRYAL S P A L L  I N G  I N  ROCKS ( R A P I D - E X C A V A T I O N  FLAME-JET 
FRCFYAY, D. C. + SAWDYE, J. A. + MUMPTON, F. A. C L I N D E  D I V  U N I O N  C A R B I D E  

~QUAYTEQLY f'F T Y E  COLP9A3C SCYOOC OF MINES,  (58) Y 47 225-529 OCT 1963. THE P H Y S I C A L  AND P E T R O L C G I C A L  PROPERTIES OF 
7 1 C K S  PFRTIVFrYT TI' TYC?t44L S P P L L I N G  H A V E  BEEN DFTERMINED.  THERMAL E X P A N S I V I T Y ,  THERMAL D I F F U S I V I T Y  AND STRENGTH PAT& 
YAVF q F r Y  O R T A I Y F D  FOR A NUMBER OF ROCKS FROM QOOM TEMPERATURE TO THE M E L T I N G  P O I N T S .  T H F  EFFECTS OF THESE PARAKETERS 
4LONG W I T H  T H n S F  OF G R B I N  S I Z E  AND G R A I N  C '3NFIGURATION ON THE ROCK S P A L L A B I L I T Y  IS DISCUSSED.  

27-64-03QQ1 S O Y C  RESIJLTS OF THF D E S T R U C T I O N  OF ROCKS BY MEANS OF A PULSED WATER J E T  ( WATFR-CANNOY 1 

J q I N T  PU9 R F S  S F R V I C F  ( J P R S  23,719) O F F I C E  OF T E C H N I C A L  S E R V I C E  OTS 64-21809 U.S. DEPT OF C@YMERCE, YAP 17, 1964. 
d 4 S E n  OY CARL1 F Q  T H F P R F T I C A L  AND EXPER IMENTAL I N V E S T I G A T I O N S ,  THE D I V  Q F  R A P I D L Y  OCCURIYG PROCESSES OF THE 

VPYTSEKHDVSKIY,  B. V. 

Y Y P R D D Y Y 4 Y I C S  I V S T I T U T F  OF THE S I R F R I A N  DEPT OF T H F  ACADEMY OF S C I E N C E S  USSR CREATED I N  1961 THE I V - 4  PULSED WATER JET 
WHICH C 4 N  B F  FPPLOYED PY THE M I N I N G  I V D U S T R Y  FOR T H E  D E S T R U C T I O N  OF ROCKS. T H I S  WATER J E T  WAS T E S T E D  AND DEVELOPFD A 
'3YN4MIC PpESSIJPc OF APPROXIMATELY 5,000 KILOGRAYS PER S Q  CM I T  CAV SUCCFSSFULLY BE A P P L I E D  F O R  THE DESTRUCTION OF 
DnCKS C Q N T A I N I V G  CRACKS AND H A V I N G  A STRENGTH F 4 C T O R  OF F = 5-6. T H I S  PAPER DISCUSSES THE T F S T  PRCCEDURES, THEORY 
I ' JVOLVF9,  4'vD THE 5 I G N I F I C b N C E  OF THE RFSULTS. 8 PAGES. 3 REFS. 

2235=QQQgJ H Y n R A U L I C  C q A L  P I N I N G  RESE4RCH ( M O N I T O R I N G  SAFETY WATER-JETS ) 
P R I C F ,  G. C. + PADDA, F. E U.S. BUR M I N E S  

' J .S.  RUP OF M I N E S  - P F P f l P T  I Y V E S T I G A T I O N S  4655, 16, 1965. A BUREAU-DEVFLOPED H Y D R A U L I C  W I N I N G  CACHINE WAS USED 
SUCCCSSFULLY 1 4  THE P I T C H I Y G  COALBED. I T  C O N S I S T E D  OF A REMOTELY CONTROLLED MONITOR MOUNTED ON A SELF-ADVANCING RCI@F 
S U P P I S T  U N I T  P F  THE TYPE COMMONLY USED FOR QOOF SUPPORT I N  LONGWALL M I N I N G  SYSTEMS. PROJECT WAS TERMINATED BY OWNER 
r jFFDRF SURF4U PFRSOYNFL HAD A C H I E V E D  O P T I Y U M  D E S I G N .  THE COAL C U T T I N G  RATFS AVERAGED 0.73 AYD 0.54 TON PER MINUTE 
IN R A I S F  AND RPflM V I h ' I V G ,  R E S P E C T I V E L Y ,  WWILE l J S I N G  WATER VOLUMES UP TO 7 3 0  GPM AT A PRESSURE O F  4.000 P S I G .  
D Q P P V C T I V I T Y  AVERAGEI' 4.7 AND 5.2 TOYS PER M A N - S H I F T  FOR R A I S E  AND ROOM M I N I N G ,  R E S P E C T I V E L Y ,  COMPARED W I T H  7.5 AND 8.5 
TrNS PFR MAN-SHIFT,  Q F S P F C T I V E L Y ,  RY CONVENTIONAL HAND M I N I N G  METHODS. 

a_-- 77-"5-QQQQz HYORAULIC " I I N I N G  OF ANTHRACITE:  F N G I N E F R I N G  DEVELOPMENT S T U D I F S  ( WATER-JETS SAFETY ) 

U.S. BUQ OF M I N E S  - RFPORT I N V E S T I G A T I O N S  66101 341 1965. THE BUREAU E S T A B L I S H E D  A F U L L  S C A L E  FXPERIYENT OF 
c l Y n Q 4 U L I C  V I N I N G  OF A N T H R A C I T E  I N  A P 4  MINE.  O P F R A T I N G  C O N D I T I O N S  OF 5000 P S I  AND 300  GPY (1000 H P )  WERE SELECTED FRCM 
F X P C Q I M F N T A L  DATA. A H Y D P A U L I C  JUMBO WAS DESIGNED FOR H A N D L f N G  THE MONITOR. T H E  COAL WAS 10 1 / 2  TO 1 5  F T  T H I C K  N I T H  A 
P I T C H  V A R Y I N G  CRrlY 0 DEG. TO 20 DFG. PRODUCTION C!F 7400 TONS OF COAL AVERAGED 0.8 TON PFR M I N  W I T H  AVFRAGE POWER REQMT 

9URCH, J. 1.1. & U.S. RUR M I N E S  

qF 14.125 KW-HRS/TPN. 

-_ 73-65-1QQQ1 HARD-ROCK T U N N E L I N G  I N V E S T I G A T I O Y  ( MACHINES MOLES D R I L L I N G - A N D - B L A S T I N G  COST RATE-OF-TUNYELING 
FF 45 I B I L I T Y  CONSTRUCT I ON F ST I M ATE S 
Y I R S C H F E L D t  R .  r. E. M.I.T. CAMRQIDGF M A S S  

YASS I Y S T  OF T F C H  FOR THE U.S. DEPT OF COMMERCE UNDFR CONTRACT C-85-65, OCT 15, 1965. T H I S  56 PAGF REPORT SURVFYS 
THF TECHNOLOGY OF HAQD-ROCK TUNNELING,  W I T H  F Y P H A S I S  ON T U N N E L I N G  MACHINES AND I S  PART OF THE OVFRALL STUDY TO 
F S T A R L I S H  THE Q F L A T I V F  F F A S I B I L I T Y  OF TUNNEL, SURFACE, AND E L E V A T E D  ROUTES FOR A H I G H  SPEED GROUYD TRAYSPORT ( H S G T )  
SYSTCY. D R I L L I N G  AND P L A S T I N G  I S  THE CONVENTIOYAL MFTHOD FOR HARD-PnCK TUNNEL E X C A V A T I O N  BUT THE REPOPT P O I N T S  OUT 
THAT, D C S P I T F  MANY TFCHNFLOGICAL IMPROVEMENTS IY RECENT YEARS, T H E  COST OF T H I S  METHOD APPEARS TO R F  R I S I N G .  COST AND 
QATF-OF-TUNNFLING F I G U Q E S  THAT M I G H T  B E  U S E 9  FOR F E A S I B I L I T Y  S T U D I E S  HAVE B E E N  APSTRACTED FROM C A L I F .  D E P T  OF WATER 
QFSOUQCFS AND 4RE PRFSFNTEP. CAUTION I S  A D V I S E D  I N  U S I N G  THE F I G U R E S  T H E R E I N  S I N C E  THE NUMBER OF TUNNEL CONSTRUCTION 
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RECORDS ON WHICH THEY ARE BASED I S  S T A T I S T I C A L L Y  SMALL AND THE P A R T I C U L A R  GEOLOGIC C O N D I T I O N S  A T  EACH NEW T U N N E L  S I T E  
HAVE AN IMPORTANT I N F L U E N C E  ON BOTH COST AND R A T E  O F  TUNNELING.  T U N N E L I N G  M A C H I N E S  ARE D I S C U S S E D  I N  T H E I R  U S E  ON 20  
PROJECTS OVER THE L A S T  1 0  YRS. ON SOME PROJECTS T H E  MACHINES HAVE TUNNELED FASTER AND CHEAPER T H A N  C O N V E N T I O N A L  
D R I L L I N G  AND B L A S T I N G ,  BUT MOSTLY I N  SOFTER ROCK. E X P E C T A T I O N S  ARE T H A T  T H E  MACHINES WILL E V E N T U A L L Y  BE IMPROVED TO 
WHERE THEY CAN TUNNEL THROUGH HARDER ROCK AND UNDER MORE UNFAVORABLE C O N D I T I O N S .  A PROGRAM FOR SUCH DEVELOPMENT WORK 
IS PROPOSED. THE REPORT ALSO B R I E F L Y  DISCUSSES OTHER HARD ROCK T U N N E L I N G  METHODS I N C L U D I N G  NUCLEAR,  THERMAL AND 
HYDRAULIC.  TWELVE T A B L E S 9  GRAPHS AND PHOTOS. 

2336=9QMl I N E L A S T I C  DEFORMATION OF ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  ( A B R A S I V E - D R I L L I N G  
ROCK-D I S I N T  EGR AT I ON-METHOD S < 
PACNEt  J. + TANDANANO, S. & U.S. BUR M I N E S  

U.S. BUR O F  M I N E S  - REPORT I N V E S T I G A T I O N S  6 8 3 8 ,  2 4 ,  1 9 6 6 .  S T U D I E S  WERE MADE TO D E T E R M I N E  T H E  B E H A V I O R  OF ROCKS AT 
THE I N I T I A L  S T A T E  OF CRATER FORMATION R E S U L T I N G  FROM THE STRESSES CREATED UNDER A D R I L L  B I T  TO D E T E R M I N E  WHICH 
YECHANICAL PROPERTIES OF ROCK ARE IMPORTANT I N  ROCK FRAGMENTATION B Y  D R I L L I N G .  MAXIMUM Y I E L D  STRENGTH OF ROCK 1s 
APPARENTLY A PARAMETER OF D R I L L A B I L I T Y  OF ROCK. THE STRENGTHS OF ROCK WERE CONSIDERED FROM T H E  MOHR-COULOMB C R I T E R I O N  
FROM WHICH THE SURFACE O F  F A I L U R E  WAS CONSTRUCTED. RESULTS FROM PREVIOUS T R I A X I A L  T E S T S  ON SOLENHOFEN L I M E S T O N E  WERE 
USED TO V E R I F Y  THE C R I T E R I O N  OF F A I L U R E .  I N E L A S T I C  B E H A V I O R  OF SOME ROCK T Y P E S  WAS OBSERVED UNDER A LOW-VELOCITY 
I M P A C T  OF A H E M I S P H E R I C A L  B I T  A N 0  UNDER S T A T I C  I N D E N T A T I O N  W I T H  A S I M I L A R  B I T .  PERMANENT SET A T  LOW A P P L I E D  LOADS I N  
THE I N D F N T E D  AREA WAS MEASURED W I T H  AN INTERFEROMETRIC TECHNIQUE.  Q U A N T I T A T I V E  D E T E R M I N A T I O N S  OF STRENGTHS OF 
SOLENHOFEN L I M E S T O N E ,  I N D  L I M E S T O N E ?  AND TENN MARBLE WERE MADE UNDER S T A T I C  I N D E N T A T I O N .  THE MAXIMUM Y I E L D  STRENGTH 
E S T I M A T E D  FROM THE AVERAGE STRESS OVER THE I N D E N T E D  AREA WAS USED A S  THE C R U S H I N G  STRENGTH OF ROCK UNDER A D R I L L  B I T *  
1 8  RFFS. 

Z1=+I-MQa ZETA P O T E N T I A L  AND PENDULUM SCLEROMETER S T U D I E S  OF G R A N I T E  I N  S O L U T I O N  ENVIRONMENT ( CHEMIC AL-SOFTENING 1 

U.S. BUR M I N E S  - REPORT I N V E S T I G A T I O N S  7 0 4 8 ,  1 - 1 6 ,  1967. E L E C T R O K I N E T I C  ( Z E T A )  P O T E N T I A L S  O F  CHARCOAL G R A N I T E  I N  
ALUMINUM C H L D S I D E  ( A L C L 3 )  S O L U T I O N  AYD I N  OLFYLAMMONIUM ACETATE S O L U T I O N  HAVE BEEN CORRELATED W I T H  S P E C I F I C  D A M P I N G  
VALUES AS MEASURED BY PENDULUM SCLEROMETER. T H I S  I N V E S T I G A T I O N  SHOWS T H A T  PENDULUM S P E C I F I C  D A M P I N G  A T T A I N S  M I N I M U M  A T  
I S O E L E C T R I C  P D I N T  FOR CHARCOAL GRANITE - ALUMINUM CHLORIDE AND CHARCOAL G R A N I T E  - OLEYLAMMONIUM ACETATE SYSTEMS, AND 
THUS I N D I C A T E S  THAT P E N E T R A T I O N  OF DIAMOND P O I N T S  I S  MAXIMUM AT I S O E L E C T R I C  P O I N T .  

ENGELhtANN, W. H. + TERICHOWI A. + S E L I M ,  A. 

73-67-128) A STUDY OF E X T E R N A L L Y  AUGMENTATION OF THE V E L O C I T Y  OF F L U I D  J E T S  ( T U N N E L I N G  WATER-JET SHOCK-WAVES 

BOWES F Y G I N E E R I N G  CORP. 7 UNDER CONTRACT 7 - 3 5 3 8 0  FOR THE U.S. DEPARTMENT OF TRANSPORTATION,  DEC 121 1967. T H I S  2 3  
PAGF REPORT PRESENTS R E S U L T S  OF A STUDY OF A METHOD OF EXTERNAL AUGMENTATION O F  F L U I D  J E T S  AND I N C L U D E S  A D I S C U S S I O N  OF 

C@RPOBOSATIUN OF A N A L Y T I C A L  RESULTS.  THE TEXT I S  SUPPLEMENTED BY 2 1  F I G U R E S ,  CURVES, A N 0  PHOTOGRAPHS. TO MAKE 
T U N N E L I Y G  OPERATIONS MORE ECONOMICALLY F E A S I B L E  FOR FUTURE TRANSPORTATION SYSTEMS A NEED WAS RECOGNIZED FOR A NEW 
TFCHNIQUE OF TUNNELING.  WATER JET TECHNIQUES ARE I N V E S T I G A T E D  TO OVERCOME T H E  I N H E R E N T  SLOWNESS OF C O N V E N T I O N A L  
T U N V E L I N G  S I N C E  PREVIOUS WORK I N D I C A T E D  THAT H I G H  V E L O C I T Y  WATER J E T S  PRODUCE MUCH THE SAME E F F E C T  ON ROCK AS 
E X P L O S I V E S .  T H E  PROBLEM OF H I G H  V E L O C I T Y  JETS CENTERS AROUND THE F A C T  T H A T  THE V E L O C I T Y  NEEDED TO FRACTURE ROCK I S  

ROCK-FRACTUR E H Y P E R V E L O C I T Y  SHAPED-CHARGE 1 

PACKGROUND A P P L I C A T I O N S  OF WATER JETS FOR ROCK FRACTURE, ANALYSES OF THE AUGMENTATION METHOD AND T E S T  D A T A  

VERY H I G H .  I N  A D I R E C T  CONVERSION OF PRESSURE HEAD TO V E L O C I T Y  HEAD I N  THE CONVENTIONAL NOZZLE,  E X C E S S I V E  PRESSURF IS 
REQUIRED SUCH AS 1749000 P S I  FOR 4 JET V E L O C I T Y  OF 5,000 F E E T  PER SECOND. HOWEVER, BY THE V E L O C I T Y  AUGMENTATION METHOD, 
TWLI SLUGS OF WATER W I T H  EQUAL LOW V E L O C I T Y  FROM SEPARATE N O Z Z L E S  C O L L I D I N G  A T  EQUAL ACUTE ANGLES ALCNG A C E N T E R L I N E  
WILL PRODUCE A RESULTANT SMALLFR SLUG W I T H  A V E L O C I T Y  AUGMENTED BY A FACTOR OF 11.4 T I M E S  THE O R I G I N A T I N G  V E L O C I T Y .  I N  

‘NOULD HAVE REQUIRED A PRESSURE HEAD OF 50,000 P S I .  A MATHEMATICAL DEVFLOPMENT OF THE METHOD I S  PRESENTED AND A 
THE CASF CONSIDFRED, AT A PRESSURE OF 280  P S I  A F A S T  J E T  V E L O C I T Y  OF 2,700 F E E T  PER SECOND R E S U L T E D  W H I C H  O R D I N A R I L Y  

D E S C R I P T I O N  I S  G I V E N  OF LABORATORY T E S T  THAT V E R I F I E D  THE A N A L Y T I C A L  RESULTS.  

73-68-03QQl D E S I G N  S T U D I E S  OF H I G H  V E L O C I T Y  L I Q U I D  J E T  EQUIPMENT t WATERcCANNON ROCK-FRACTURE 1 
YOUNGQUIST, R. + C L I P P ,  L .  + COOLEY, W. C .  E EXOTECH I N C  R O C K V I L L E  MD 

EXOTESH, I N C .  REPORT, TR-RD-021, F I N 4 L  T E C H N I C A L  REPORT, FOR THE DEPT. OF ARMY, ( 1 1 )  1 - 3 2 ,  F E B  1 9 6 8 .  THE O B J E C T I V E  
OF THE STUDY WAS TO ANALYZE H I G H  PRESSURE WATER J E T  EQUIPMENT I N  THE FOLLOWING S I T U A T I O N S :  I )  ROCK FRAGMENTATION, 2 1  
Q A P I D  F X C P V A T I V N ,  3 )  BREACHING OF I N L A N D  ROCK AND CONCRETE BARRIERS,  4 )  BREACHING OF SHORE-LINE ROCK OR COYCRETE 
Pa A RR I E 9 S . THE HIGH’ PRFSSURE ( P U L S E D )  L I Q U I D  J E T S  T R A V E L  A T  PEAK V E L O C I T I E S  OF 3,600 T O  5 , 1 0 0  F T / S E C  OR HIGHER.  
T Y E  P V F U M A T I C  PflHERED WATER CANNON CONSISTS OF H I G H  PRESSURE J E T  HEAD ASSEMBLY D R I V E N  E Y  A P N E U M A T I C  HAMMER ASSEMBLY. 
LONG TERM WATER CANNON DEVELOPMENTS W I L L  SF AIMED A T  H I G H E R  SYSTEM E F F I C I E N C I E S  AND LOWER SYSTEM WETGHTS. THE HATER 
CANNON F O U I P M E N T  D E S C R I B E 0  HERE I S  ABLE TO S P L I T  OR QUARRY MORE ROCK PER HOUR BY A FACTOR OF TWO T O  TEN. I T  IS 
S F L I F V E ’ 7  T H A T  THE ADVANTAGES OF THE WATEQ JET D R I L L I N G  WILL Y I E L D  A COST E F F E C T I V E N E S S  R A T I O  SEVERAL T I M E S  BETTER T H A N  
W H E R  METHODS. THE ADVANTAGES FOP WATER CANNON F Q U I P M E N T  I N C L U D E  SPEED AND A D A P T A B I L I T Y .  I T  WAS CONCLUDED T H A T  
W4TER q4NNON EQUIPMENT WHICH CAN R E P E T I T I V E L Y  F I R E  J E T S  OF WATER AT PRESSURE ABOVE 50,000 P S I  O F F E Q  ADVANTAGES OVER 
PRESFYT METHODS FOR B A R R I F R  BREACHING, R A P I D  EXCAVATION,  AND ROCK QUARPYING. 

2kf~slUQQl H Y D R A U L I C  COAL M I N I N G  RESEARCH - ASSESSMENT @F PARAMETERS A F F E C T I N G  C U T T I N G  RATE OF B I T U M I N O U S  COAL 

U.S. 8UQ M I N E S  - REPORT I N V E S T I G A T I O N S  7090, 2 3 ,  MAR. 1 9 6 8 .  JETSTREAM PRESSURE D I S T R I B U T I O N S  AhD COAL C U T T I N G  
RATES WERE DETERMINED FOR A NUMBER OF NOZZLES AND UNClER D I F F E R E N T  O P E R A T I N G  C O N D I T I O N S .  J E T S T R E A M  PRESSURE D I S T R I B U T I O N  
D A T 4  WEQF F I T T E D  T O  ASSUMED C U R V I L I N E A R  EQUATION B Y  U T I L I Z A T I O N  OF NUMERICAL LEASTSQUARES T E C H N I Q U E  W I T H  A I D  OF D I G I T A L  

FOWKES, Re S. + WALLACE, J. J. 

TnPPUTER. SUSSEQUENT M A N I P U L A T I O N  O F  A P P R O X I M A T I O N  EQUATION SHOWED THAT T O T A L  F O R C E - O F  JETSTREAM9 RATHER THAN I T S  
YAXIMUM PRESSURE OR T O T A L  K I N E T I C  ENERGY PER U N I T  T I M E ,  WAS MOST S I G N I F I C A N T  Q U A N T I T Y  A F F E C T I N G  COAL C U T T I N G  RATE. 

315%ULlL!l J E T  D E L I V E R Y  O P T I M I Z A T I O N  ( F L U I D - P R O P E R T I E S  POLYMERS WATER-VELOCITY SLUGS IMPACT ROCK-TUNNELLING N O Z Z L E  

RDWLcS F V G I N E E R I N G  CORPORATION, CONTRACT NO. 7 - 3 5 3 8 1 ,  FOR U.S. DEPARTMENT OF TRANSPORTATION A P R I L  2 3 ,  1 9 6 8 .  T H I S  
PFPGRT P R O V I D E S  RESULTS OF S T U D I E S  OF SEVERAL CONCEPTS F O 9  I M P R O V I N G  WATER J E T  D E L I V E R Y  TO I N C R E A S E  THF E F F I C I E N C Y  OF 
H Y D R A U L I C  T U N N E L I N G  ANQ M I N I N G .  THREE OF 5 CONCEPTS CONCERN REDUCTION OF WATER J E T  V E L O C I T Y  DECAY 9Y S U P P R E S S I N G  
P o  ESSURE n I S T U R B A N C E S  AND TURBULENCE WHICH CAUSE J E T  BREAKUP, THROUGH USE OF TURBULENCE S U P P R E S S I N G  LONG C H A I N  POLYMER 
CHEMICAL A C D I T I V E S ,  D E S I G N  OF A M I N I M U M  TRANSVERSE TURSULENCE NOZZLE,  AND SUPPRESSION OF A I R  SHEAR CF T H E  J E T  BY U S E  OF 
A MOVING A I R  SHEATH. A STUDY WAS ALSO MADE OF T H E  USE OF A F L U I D I C  J E T  MODULATOR TO GENERATE L I Q U I D  SLUGS TO PRODUCE 
H I G H  PQESSURE I M P U L S I V E  SHOCKS TO A ROCK FACE. LABORATORY T E S T S  OF THE CONCEPTS WERE PERFCRMED. 
Q q C K  F Q 4 C T U R E  SY WATFR J E T S  ARF E X A M I N E D  AND THE S T U D I E D  CONCEPTS EVALUATED FOR A P P L I C A T I O M  I Y  AN OPTIMUM SYSTEM FOR A 

R E C O Y M E Y D F D ,  T H A T  FURTHER A N A L Y S I S  I S  NEEDED I N  O P T I V I I Z I N G  NOZZLE D E S I G N  BY TRADE @ F F  BETWEEN C O N T R A C T I O N  R A T I O  AND 
“.INIMUM TRANCVERSE TURBULENCE AT THE E X I T 9  THAT F L U I D  MODULATION OF THE J E T  TO BREAK I T  I Y T O  COHERENT SLUGS AND USE OF 
A MflVIWG 4 I R  SHFATH ARPUND A L I Q U I D  J E T  ARE N E I T H E R  T E C H N I C A L L Y  NOR ECONOMICALLY F E A S I B L E .  HOWEVER, FURTHER STUClY AND 
DEVELOPMFNT OF A PROPOSED H I G H  PRESSURE J E T  T U N N E L L I N G  SYSTEM I S  RECOMMENDED. 1 0 8  PAGES, 4 2  F I G U R E S ,  5 TABLES,  1 6  REFS. 

F L U I D I C - C O N T R O L  ) 

P R I N C I P L E S  OF 

PP.oPnsEg TUYNELLING P O L E .  GENERAL CONCLUSIONS A R E  THAT CHEMICAL ADDITIVES SHOW PROMISE BUT FURTHER TESTIRG I S  

21-64=Q3QQ2 H Y P E Q V F L O C I T Y  J F T  D R I V E R  STUDY F I N A L  REPORT ( ROCK-DISINTEGRATION-METHODS WATER-JETS L I Q U I D - J E T S  1 
NEPADAKA, V. + WALSTON, W .  + TUREK, R. G BOWLES ENGR CURP 

BOWLES E N G I N E E R I N G  CORP. F L U I D I C  SYSTEMS, FOR THF U.S. DEPT OF TRANSPORTATION UNDER CONTACT 3 - 0 0 5 5 ,  1 - 5 9 .  A P R I L  
1468. T V I S  STUDY I N V E S T I G A T E S  A Y A L Y T I C A L C Y  A CONCEPT FOR ACCELERATING L I Q U I D  SLUGS T O  H I G H  V E L O C I T Y  BY T H E  USE OF 
S U P F R S 3 N I C  GAS NOZZLFS. THESE H I G H  V E L O C I T I E S  ARE ACHIEVED BY A H Y P E S V E L O C I T Y  GUN C O M P R I S I N G  OF A CONSTANT AREA 
SFCTICIN T U B E  FOR ACCCLFRATING THE SLUG TO SflrJIt SPEED AND A D I V E R G I N G  AREA TUBE FOR FURTHER A C C E L E R A T I N G  THE SLUG TO 
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'SUPFRSONIC GAS SPEEDS. ANALYSES ARE PERFORMED TO EVALUATE'THE LENGTHS AND ACCELERATION TIMES FOR BOTH SFCTIONS CF THE 
GUN UNDER D I F F E R E N T  C O N D I T I O N S  OF SUPPLY PRESSURE AND TEMPERATURE AND SLUG S I Z E S .  THE R E S U L T S  ARE PRESENTED 
G R A P H I C A L L Y  TO SHOW T H F S E  PARAMETRIC R E L A T I O N S H I P S .  THE ANALYSES I N D I C A T E D  T H A T  SLUG V E L O C I T I E S  EXCEEDING 3000 F T / S E C  
CAN BE A C H I E V F D  U S I N G  A I R  AS THE D R I V I N G  GAS AND W I T H  QEASONABLE GUN LENGTHS I N  THE RANGE OF 5 TO 1 5  F T .  AND O P E R A T I N G  
AT MODERATE TEMPERATURE AND PRESSURE, 1000 DEGREES R AND 500 T O  1500 P S I ,  R E S P E C T I V E L Y .  I N D I C A T I O N S  ARE THAT I N C R E A S I N G  
THE GAS TEMPERATURES Y I E L D S  A S I G N I F I C A N T  INCREASE I N  THE SLUG E X I T  V E L O C I T Y .  THE CONCEPT R E Q U I R E S  THE HYPERVELOCITY 
J E T  D R I V E S  TO BE CONTROLLED R E S P E C T I V E L Y  AT A CONTROLLED FREQUENCY AND SLUG S I Z E .  6 REFS. 

Z?-&&gftQQs QOCK D R I L L A B I L I T Y  FOR M I L I T A R Y  A P P L I C A T I O N S  ( ROTARY-DRILLS P E R C U S S I V E - D R I L L S  PENETRATION-RATE 
ROCK-STRENGTH 1 
PAONE, J. + UNGERt  H. F. + TANOANAND, S. & U.S. BUR M I N E S  T W I N  C I T I E S  

U.S. DEPT OF I N T E R I O R ,  BUREAU O F  MINES,  REPORT NO. A D 6 7 1 9  APR 1 9 6 7 .  REPORT D E S C R I B E S  D R I L L I N G  SYSTEVS AND T H E I R  
D Q I L L A B I L I T Y  I N  VARIOUS ROCKS. D R I L L A B I L I T Y  E Q U A T I O N S  FOR ROTARY AND P E R C U S S I V E  D R I L L I N G  SYSTEMS AND ROCK STRENGTH 

B E  FOYMULATED I F  THE F U N C T I O N S  O F  THE PARAMETERS ARE KNOWN. F L U S H I N G  MEDIUM AND B I T  S I Z E  E F F E C T S  ON D R I L L A B I L I T Y  ARE 
FVALUATED.  

C H A R 4 C T E R I S T I C S  ARE D E R I V E D  A S  A G U I D E  FOR P R E D I C T I N G  D R I L L I N G  I N  M I L I T A R Y  A P P L I C A T I O N S .  D R I L L I N G  RATE EQUATIONS CAN 

E&fiQ5Q.Qft TURBODRILL FOR D R I L L I N G  LARGE-DIAMETER HOLES 

U.S. DEPT. OF COMMERCE, 1-16, A P R I L  8 9  1 9 6 8 .  THE JET-TURBINE T E C H N I Q U E  WAS TESTED AND SUBSEQUENT IMPROVEMENTS 
VADE. THE F I R S T  TEST MODELS WERE FROM D R I L L I N G  S E T S  OF TYPES R T B 3 - 5 8 8 ,  R T B 3 - 7 2 2  AND RTB3-920.  TRANSLATED FROM "WORKS 
OF THE ALL-UNI  CN S C I E N T I F I C - R E S E A R C H  I N S T I T U T E  FOR D R I L L I N G  TECHNOLOGY, R U S S I A N  1967, NO. 189 5 0 - 6 3 .  

73-68=fiQQ1 CRACK I N I T I A T I O N  AND PROPAGATION I N  ROCK ( ROCK-BREAKING HEAT-TREATMENT LASER 1 

M.1.T. RESEARCY REPORT, R 6 8 - 2 9 9  PREPARED FOR U.S. DEPT OF TRANSPORTATION,  MAY 1968. T H E O R I E S  OF CRACK I N I T I A T I O N ,  
PROPAGATION AND B I F U R C A T I O N  I N  PERFECT SEILIDS BASED ON ENERGY E Q U I L I B R I U M  C R I T E P I A ,  E L A S T I C I T Y  THEOPY C O N S I D E R A T I O N S  
4 Y D  P 4 R T I C U L A T E  BODY MECHANICS ARE REVIEWED. M O D I F I C A T I O N S  O F  THESE AWD T H E I R  A P P L I C A B I L I T Y  TO QOCK ARE DISCUSSFD.  
D I F F E R F N T  T E S T I N G  METHODS USED TO STUDY THE FRACTURE C H A R A C T E R I S T I C S  OF ROCK ARE REVIFWED;  A E E N D I N G  METPOD WAS CHOSEN 
AS YOST S U I T A B L E  FOR THE PURPOSE. A L I T E R A T U R E  R E V I E W  ON THE E F F E C T  OF H E A T  TREATMENTS ON ROCK WEAKENING ARE 
DISCUSSED.  THE P R I N C I P L E S  OF A CONTINUOUS DUTY, H I G H  POWERED GAS LASER AS A HEAT SOURCE ARE DFSCRIBED.  THE VALUES 
OF THE FQACTURE SURFACE ENERGY WERE DETERMINED FOR FOUR D I F F E R E N T  GEOMETRIES OF A G R A N I T E  SPECIMEN.  THE RESULTS SHOW 

VYSOTSKIY,  V. A. + L IBERMAN,  V. I. 

FOROOTAN-RAD, P. + MOAVENZADEH, F. E M.1.T. CAMBRIDGE MASS 

THAT I F  A STAELE FR4CTURE IS OBTAINED,  THE VALUE I S  INDEPENDENT OF GEOMETRY. R E S U L T S  OF THE H E A T  TREATMENT AND L A S E R  
TPEATYFYT S T U O I E S  GN MARBLE AND G R A N I T E  SHOW T H E  THERMAL EXPOSURE CAUSES A DECREASE I N  THF VALUE OF U L T I M A T E  FLEXURAL 
STPFNGTH BECAUSE OF INTERGRANULAR AND TRANSGRANULAR CRACKS INDUCED I N  THE SPECIMEN. 

Z?=h_s=@QQ2 THTY D I S K  TECHNIQUE FOR A N A L Y Z I N G  ROCK FRACTURES INDUCED BY L A S E R  I R R A D I A T I O N  I NOVEL D R I L L I N G  L A S E R  ) 
MOAVENZADEH, F.  + WILLIAMSON,  R. B. + MCGANYy F.  J. & M.1.T. CAMBRIDGE MASS 

DFPT OF C.E.1 MASS- I N S T .  OF TECH. RESEARCH REPORT R 6 8 - 2 1  FOR U.S. DEPT. OF TRANSPORTATION,  81, MAY 1 9 6 8 .  
YECHPNISM BY WHICH A L A S F P  BREAKS A Y A T E R I A L  DEPENDS ON THE TYPE OF LASER AND T H E  ABSORPTIOW OF R A D I A T I C N  ( A S  H E A T )  B Y  
TYE MATEQIAC.  HEAT I S  T H F  P R I M E  DAMAGING FACTOR W I T H  ROCKS. THE F A I L U R E S  OF THE M A T E R I A L  WAS C A U S E 0  B Y  THFRMALLY 
I N n U C E D  T F N S I L F  STRESSFS WHICH EXCEEDED T H E  STRENGTH OF THE Y A T F R I A L .  AS THE POWER L E V E L  WAS DECREASEDt  THE T I M E  T O  
F 4 I L U R F  INCQEASED. THE YAXIYUM CALCULATED STRESSES I N  THE THREE TESTS WERE 5140, 5 5 1 0  AND 4700  P S I .  

71-6R-05QQq H Y n R A U L I C  M I N I N G  OF ANTHRACITE 

'J.5. 9UQ M I N E S  RFPnPT I N V E S T I G A T I O N S  7 1 2 0 ,  APR 1968. OPERATING CCINDITIONS I N  H Y D R A U L I C  M I N I Y G  OF A N T H R A C I T E  WERE 
I N V E S T I G 4 T E 9  U S I N G  M O D I F I E D  F A G T O D I A L  E X P E R I Y E Y T S .  THE MOST IMPORTANT V A R I P R L E S  WERE FOUND TC) PE PRESSURE-VOLUME R A T I O  
p 4 T T E R N  7F  CUTS AND T R A V E R S I N G  SPEED flF THF NOZZLES. A COMPUTER PROGRAM WAS PREPARED FOR M I N I N G  PROGRAPMING. A 
O R E D I C T I O N  E Q U A T I O N  WAS O B T A I N E D  RASED O Y  COYPUTER P R I N T  OUT, O P E R A T I N G  PARAMETERS, AND P R O P E R T I E S  CF ANTHRACITE.  19 
PAGES. 

2'?-69-04QQ1 ROCK TUNNFL I N G  W I T H  H I G H  SPEED WATE9 J E T S  U T I L I Z I N G  C A V I T A T I O N  DAMAGE ( EROSION V E L O C I T Y  D R I L L I N G  

M4LENKAv W .  T. C U.S. BUR M I N E S  

(-9MPRFSSI VF-STP FNGTH RUBSLEICOLLAPSE 
KCIHL, R. E. C HYDRONICS I N C  

HYD[ I ' IY IcS9 1VC.T T F C H V I C A L  REPORT NO. 713.1, CONTRACT NO. 7 3 5 - 0 8 8  FOR THE U.  S. DEPT OF T R A N S P O R T A T I O Y t  O F F I C F  OF H I G H  

PROGRAM TO D F T F R M I N E  T h E  F E A S I B I L I T Y  OF Q R I L L I N G  ROCK W I T H  C A V I T A T I N G  WATEP J E T S  AND TO DEVELOP F A S T F Q i  CHFAPEP AF!D 
S 4 F F R  McTYf lDS flF TUNNFLING.  THE EFFORT IS R E L A T E D  TO THE PLACEMENT OF FUTURE LONG D I S T A N C F ,  H I G H  SPEED TQANSPORTATIC!N 

5 P €=9 GQ OUND T R AYSP OS T 4 T  I ON 7 JUNE 1 9 6  8 .  T d I S  REPORT P R O V I D E S  I L L U S T R A T F D  RESULTS OF TESTS PERFORMED AS PART CIF A 

SYSTFYS UNnERGROUND. LABORATORY TESTS WERE O F S I G N E D  S T U D Y I N G  EFFECTS OF 1 / 4  4ND 1/8 I N C H  J E T S  ON VPRIOUS Y A T E R I A L S  
' J I T Y  V E L ' I C I T I E S  UP TO 5 0 C  FT. /SEC W I T H  VARYING NOZZLE DESIGNS,  NOZZLE TO TARGET D I S T A N C E 9  SOURCE PRESSURET R O T A T I O N  OF 
TARGET. T H F  I N V F S T I G A T I O N  CENTERS AROUND EROSION I N T E N S I T Y  OF T H E  J E T  ON TARGET M A T E R I A L S T  WHFRE E R @ S I O N  I Y T E Y S I T Y  TS 
?F ' IVFD A5 THE POWER ARSOPREO BY A U Q I T  AREA OF T H E  ERODED P O R T I O N  OF THE P A T E R I A L .  MEANS OF I N D U C I Y G  C A V I T A T I O Y  I N  
THF J F T  I N C L U @ E  USE OF T U R N I N G  VANES AND C A V I T Y  I N D U C I N G  I N S E R T S  I N  THE J E T  NUZZLES.  THE T E S T S  A L S O  I N V F S T I G A T E D  THF 
R F L 4 T I W S H I P  O F  E Q f l S I C N  I N T F N S I T Y  r 0  ROCK COMPRESSIVE STRENGTH AND H E A T I N G  ClF ROCK TO REDUCE I T S  STRENGTH AYD INCREASE 
F R q S I r l N  RATES. E R O S I @ Y  I N T E N S I T Y  VALUES WERE DEVELOPED FROM AN I N I T I A L  37 WATTS/SQ.M. A T  THE S T A Q T  OF TPESE TESTS UP 
TO 670 UATTS/SQ.M. 46 PAGES9 2 0  SKETCHES9 PHOTOGRAPHS1 T A B L E S  AND GRAPHS. 

21-6n-060Q2 R'VIEW OF E F F E C T S  OF HYPEQ-VELOCITY J E T S  AND P R O J E C T I L E S  ON ROCK ( THEORY WATER-JETS E X P L O S I V E S  1 
C L 4 R K 1  G. E.  + HA4Sy C .  J. + BROWN, J. W. E. MUIR,  C. D. & U N I V  MO ROLLA MO 

U Y I V  7 F  M O  AT QOLLA FOR O F F I C F  OF H I G H  SPEFD GROUND T R A N S P O R T A T I O N - F I N A L  REPORT, JUNE 1 9 6 8 .  A STUDY OF THE THEORY 

FFR C U T T I Y G  AND B R E A K I N G  ROCK P A R T I C U L A Q L Y  FOR T U N N E L I N G  A P P L I C A T I O N S .  SHAPED CHARGES AND H Y P E R V E L O C I T Y  J E T S  ARE 

L I Q U I D S  AND GASES AS WFLL A S  SHOCK W4VcS I N  ALL THREE. EQUATIONS O F  S T A T E  ARE G I V E N  FOQ N U M E Q I C A L  S 9 L U T I G N  OF THE 
E Q U P T I O Y S  (IF Y O T I C N .  411 PAGES. 147 REFS. 

21=$&QfiQQ1 SOME P F L A T I O M S H I P S  BETWEEN POWES L E V F L ,  EXPOSURE T I M E ,  SAMPLE S I Z E  AND WEAKENING I N  L A S E R - A S S I S T E D  ROCK 

'IF H Y P E R V F L Q C I T Y  T F C H N I Q U F S  TO ASSESS THE A P P L I C A B I L I T Y  OF U S I N G  H I G H  SPEED WATER JETS,  M E T A L L I C  J E T S  AND P R O J F C T I L F S  

~ I S C U S S C D  AT LENGTH. IT IS SHOWN T H ~ T  UNSTEADY FLOW P R O C E S S E S  OF HYPERVELOCITY PHENOMENA INCLUDE VCVEMFNT IN S O L I D S  

FR ACTUQ E 
W I L L I A M S P N ,  R. B. + MOAVFNZADEH, F. + MCGARRY, F .  J. & M.1.T. CAMRRIDGE MASS 

Y.I.T. QFSFARCH REPOPT, P 6 6 - 3 0 ?  PREPARED FOR U.S. DFPT. O F  TRANSPOQTATION,  AUG 19hf2. D I F F E R E N T  S I Z E  F L F X U R A L  
SaMPLES OF MAPRLF 4YD G P 4 N I T E  WERE STRENGTH-TFSTED REFORF 4ND AFTER EXPOSURE T O  THE 10.6  MICRON I N F R A R E C  R A D I A T I O N  FR3M 
C02-NZ-HF GAS LASFRS. THE L A S E Q  OUTPUT POWER V A R I E D  BETWEEN 100 - 5000 WATTS A N 0  T O T A L  DOSAGE V A R I E D  BETWEEN 
1@00-30,000 J7ULFS.  LOSSES OF F L F X U R A L  STRENGTH WERF PRODUCED RY A FEW THOUSAND J O U L E S  R A D I A T I O N 9  AND THE LOSSES 
TNCRCASFO AS T H E  nOSAGES INCRFASED.  T H E  DEGDEF OF ROCK DAMAGE APPFARED TO BE D I R E C T L Y  PROPORTIONAL TO THF TOTAL DOSAGE 
IMPqSFO.  k i I T H I h l  THE L I M I T S  STUDIED,  T H E  DAMAGE WAS INDEPENDENT OF THF R A D I A N T  ENERGY I N P U T  RATE. b S  T H E  ROCK SAMPLE 
VnLLlYE IhICPFASFD, THF AMOUNT O F  EYEPGY REQUIRED T O  PRODUCF THE SAME DEGREE OF ROCK DAMAGE I N C R E A S E D  PROPORTIONATELY. 

73-68~02QQl HYDRIUL IC J E T  T E S T I N G  W I T H  CLEAR WATER9 SECOND T E S T  S E R I E S  ( E X C A V A T I N G  C A V I T Y  D R I L L E D - S H A F T  NOZZLES 
ROCK-SURFACE 1 
AqH, J. L. 6 F F N I X  AND S C I S S O N  I N C  T U L S A  OKLA 

F E N I X  AND S C T S S f l N ,  1 V C . y  T U L S A  AND PFTROLFUM C1YSULTANTS,  HOUSTON FOR THF U. S. ATOMIC ENERGY C O M Y I S S I O N ,  SEPT 
196R. T H I S  STUDY I S  A PAPT OF A LARGER STUDY *CONSTRUCTION OF A C A V I T Y  BY A C I D  SOLUTIONS AND BY WATER AND/OQ A C I O  
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J E T T I N G '  FOR E N G I N E E R I N G  AND L O G I S T I C S 9  NEVADA OPERATIONS O F F I C E ,  U. S. ATOMIC ENERGY C O M M I S S I O N t  R C D WORK 
A U T H O R I Z A T I O N  NO. 3 1 0 5 - 0 2 1 .  THE REPORT COVERS A SECOND S E R I E S  OF T E S T S  FOR F E A S I B I L I T Y  OF E X C A V A T I N G  W I T H  H I G H  V E L O C I T Y  
J E T S  OF CLEAR WATER. T H E  TESTS WERE CONDUCTED AT THE NEVADA T E S T  S I T E  OF T H E  U. S. ATOMIC ENERGY C O M M I S S I O N  ON J U L Y  9 
AND 10, 1 9 6 8  O N  AN OUTCROPPING O F  WELDED TUFF, TWO T E S T S  WERE CONDUCTED ON A BOULDER FROM T H E  SAME OUTCROP PLACED 
UNDFRWATER I N  AN OPEN TANK. EXCEPT FOR T H E  JET NOZZLES9 COMMERCIAL EQUIPMENT THAT I S  PRESENTLY A V A I L A B L E  WAS USED TO 
MAKE A L L  TESTS.  T E S T  PRESSURES ACROSS THE NOZZLE RANGED UP TO 1 5 0 0 0  P S I .  NOZZLES WERE MOUNTED ON T H E  E N D  O F  A BOOM ON 
A BACKHOE AND WERE S U P P L I E D  W I T H  WATER FROM PUMPER TRUCKS. 6 5  PAGES. 

23-A&11QQl ELECTRON BEAMS A NEW TOOL FOR C U T T I N G  E B R E A K I N G  ROCK ( SCATTER-GUN S H I E L D  POWER HARD-ROCK 

WESTINGHOUSF RESEARCH L A B O R A T O R I E S  S C I E N T I F I C  PAPER, 68-1C2-EWELD-P29 NOV 2 5 9  1 9 6 8 .  I N  WELDING9 ELECTRON BEAM 
SHOHED ADVANTAGES OVER OLDER METHODS BECAUSE OF E X C E P T I O N A L  H I G H  POWER CONCENTRATION COMBINED H I G H  T O T A L  POHER OF NEWER 
ELECTRON REAM MACHINES. I N  C U T T I N G  AND D I S I N T E G R A T I N G  ROCK I T  I S  O B V I O U S  T H A T  I T  CANNOT B E  DONE I N  A VACUUM. I N  
WFSTINGHOUSE'S NEW ATMOSPHERIC ELECTRON GUN THE BEAM I S  S T I L L  FORMED I N  A H I G H  VACUUM BUT THEN BROUGHT TO ATMOSPHERE 
THRU A S E R I E S  OF D I F F E R E N T I A L L Y  PUMPED CHAMBERS. A SCHEMATIC D I A G R A M  OF T H I S  GUN IS SHOWN. ELECTRON BEAMS TRAVEL AT 
ABOUT H A L F  THE SPEED OF L I G H T  AND T H I S  ENERGY MUST BE D I S S I P A T E D  I N  A SHORT D I S T A N C E .  TO GET NARROW C U T S  OR P I E R C I N G  
EFFECTS I N  ROCK THE GUN MUST BE CLOSE AS A I R  MOLECULES SCATTER T H F  BEAM. I F  THE POWER IS S U F F I C I E N T  VERY R A P I D  
M A T E R I A L  REMOVAL OCCURS DUE T O  V A P O R I Z A T I O N .  OPERATOR S H I E L D I N G  BY 1 / 4  I N .  OF L E A D  SHOULD BE S U F F I C I E N T  AND THERE IS 
NO PERMANENT A C T I V A T I @ N .  ROCK HARDNESS MEANS N O T H I N G  T O  ELECTRON BEAMS. FOR ROCK BREAKAGE I T  I S  C R U C I A L  T H A T  THE 

SHOULD BE E S P E C I A L L Y  A P P L I C A B L E  I N  T U N N E L I N G  I N  HARD ROCK. 

2 1 - 6 9 - 0 1 Q Q l  I N F L U E N C E  OF S P H E R I C A L  HEAD S I Z E  AND S P E C I M E N  DIAMETERS ON U N I A X I A L  COMPRESSIVE STRENGTH OF ROCKS ( 

SCHUMACHERT Be W. 

POWER BE R E L E A S F D  DEEP RELOW THE SURFACE. TEST R E S U L T S  W I T H  9 KW REAM ON V A R I O U S  ROCKS ARE GIVEN.  ELECTRON BEAM 

ROCK-MECHANICS LABORATORY-TESTS I 
HOSKINS,  J. R. + H O R I N O t  F e  G. E. U.S. BUR M I N E S  

U.S. BUQ MINES-REPORT I N V E S T I G A T I O N S  73349 J A N  1 6 ,  1969. U N I A X I A L  COMPRESSIVE STRENGTH OF ROCK IS U S U A L L Y  
DETERMINED I N  LABORATORY FROM C Y L I N D R I C A L  SAMPLES THAT VARY I N  D I A  FPOM 5 / 8  TO B I N  U S I N G  S P H E R I C A L L Y  SEATED 
COMPRESSION HEAD O F  U N S P E C I F I E D  S I Z E .  BUREAU OF M I N E S  CONDUCTED S E R I E S  OF T E S T S  T O  D E T E R M I N E  I N F L U E N C E  O F  S P H E R I C A L  
HEAD S I Z E S  AND SPECIMEN D I A  THEMSELVES ON U N I A X I A L  COMPRESSIVE STRENGTH. A N A L Y S I S  OF D A T A  SHOWS T H A T  S P H E R I C A L  HEAD 
S I Z E  DOES NOT S I G N I F I C A N T L Y  AFFECT U N I A X I A L  COMPRESSIVE STRENGTH OF C Y L I N D R I C A L  ROCK SAMPLES BUT D I A M E T E R  OF ROCK 
SPFCIMENS DOES. 1 6  REFS. 

aA9=UQ92 ROCK BREAKAGE BY L IGHT-GAS GUN P R O J E C T I L E S  ( SHOCK H Y P E R V E L O C I T Y  1 

F I N A L  REPCIRT NO. D 6 0 0 0 - 0 6  I L L I N O I S  I N S T I T U T E  OF TECHNOLOGY RESEAP,CH I N S T I T U T E  O F F I C E  OF H I G H  SPEED GROUNG 
TRANSPORTATION J A N  2 2 s  1 9 6 9 .  T H I S  REPORT D I S C U S S E S  H Y P E R V E L O C I T Y  I M P A C T  ON ROCK TARGETS U S I N G  A L I G H T - G A S  GUN W I T H  
ZFLUX P R O J E C T I L E S  ( S O L I D  AND WATER-FILLED) .  T H E  S P E C I F I C  E N E R G I E S  FOR ROCK BREAKAGE RANGE FROM 120 TO 2 6 0  J O U L E S / C C  
(1,400 TO 3 , 2 0 0  F T - L B / C U  IN. )  FOR I N D I A N A  L I M E S T O N E ,  AND FROM 80 TO 1 2 0  JOULES/CC ( 9 0 0  TO 1 ~ 5 0 0  F T - L R / C U  I N . )  FOR 
Y I L F O R D  P I N K  GRANITE.  ROCK D E S C R I P T I O N S  AND STRENGTH P R O P E R T I E S  ARE INCLUDED.  PREVIOUS WORK ON B A S A L T  B Y  GAULT ( N A S A )  

TFCHNIQUFS I N D I C A T E  THAT H I G H  V E L O C I T Y  S O L I D  I M P A C T  I S  A P O T E N T I A L  METHOD TO INCREASE D R I L L I N G  RATES.  A P O T E N T I A L  
YFTHOD I S  DEVELOPED TO CALCULATE HYDRODYNAMIC CRATER VOLUMES FOR G I V E N  I M P A C T  ENERGIES. T H E  G E N F R 4 L  PROBLEM IS O U T L I N E D  
WHERESY T H F  STPONG SHOCKS G E N E R A T I N G  T H E  HYDRODYNAMIC CRATER CAN BE EXTENDED T O  I N C L U D E  S P A L L  AND FRACTURE EFFECTS.  

GREGSOY, V. G.9 JR. + SINGH, Me Me E. I I T  RES I N S T  CHICAGO I L L  

AND MQr)'?E (USGS)  I S  INCLUDED.  T H E  S P E C I F I C  E N E R G I E S  COMPARED TO S P E C I F I C  ENERGIES INCURRED BY OTHER P O T E N T I A L  D R I L L I N G  

2 2 - 6 9 - 0 4 Q Q 1  F X P F R I M E N T A L  OBSERVATICNS OF ROCK F A I L U R E  DUE TO L A S E R  R A D I A T I O N  f S P A L L I N G  THFRMAL-BREAKING 

MASS I Y S T  TECH DEPT CF C I V I L  ENGR R 6 9 - 1 6  FOR U.S. DEPT OF COMMEPCE, APR 1969. A PEPORT OF F X P E R I M E N T S  ON THERMAL 
AN@ MFCHQNICAL RESPONSES OF ROCK TO LASER R A D I A T I O N .  TEMPERATURE MFASUREMENTS WERE MADE ON T H I N  D I S C S  SUSJECTED TO 
LASER R A P I A T I O Y .  S T P A I N  MEASUREMENTS WERE MADE ON T H I N  D I S C S  SUBJECTED TO LASER R A D I A T I O N .  C R A C K I N G  AND S P A L L I N G  

d, H E I T  FLCW A N A L Y S I S  AND A STRESS A N A L Y S I S  PROGRAM WERE DEVELOPED F@R THE PROJECT. GOOD C O R R E L A T I C N S  WERE O B T A I N E D  
SETWFFN T H E @ P E T I C A L L Y  P R E D I C T F D  RESPONSES AND ACTUAL OBSERVED RESPONSES TO LASER R A D I A T I O N .  3 0  REFS. q 8  PAGES. 

=QAQQQ_1 F X A M I N A T I O N  OF H I G H  PRESSURE WATER J E T S  FOR MOLES ( MOLES 1 

FARRAT G. + NELSON7 C. R. + MOAVENZADEH? F. E M.1.T. CAMBRIDGE MASS 

PHENOMFYA WERE OBSERVED AND EVALUATED FOR BOTH CONSTRAINED AND UNCONSTRAINED T H I N  D I S C S  S U B J F C T E D  TO L A S E R  R A D I A T I O N .  

MCCLAINP W. C. + C R I S T Y I  G. A. C ORNL OAK R I D G E  TENN 
7QNL-HUD1 UC-38 FP\IGQ. C EQUIP., J A N  1970. NOZZLES OF 2, 39 4 9  AND 6 MM DIAMETER WERE USED TO PRODUCE H I G H  V E L O C I T Y  
WATER JETS W I T H  PRFSSURES UP TO 11,000 P S I .  THE JETS WERE TRAVERSED ACROSS SANDSTONE9 L I M E S T T I N E ?  AND G R A N I T E  ROCK 
SPECIYCNS ( 1 A  I N  X 1 8  I N  X 2 4  I N )  AT R E L A T I V E  V E L O C I T I E S  (ROCK TO J E T )  R A N G I N G  FROM 30 TO 9 0  CM PER SEC. THE THRESHOLD 
C U T T I N G  PRESSUPE F O P  SANDSTONE WAS 2,000 P S I ;  FOP L f M E S T O N E  - 3 9 5 0 0  P S I ;  FOR G R A N I T E  - 6 9 0 0 0  P S I .  S P E C I F I C  ENERGY OF 
C U T T I Y G  WAS I N V E R C E L Y  PROPORTIONAL TO THE SQUARE ROOT OF THE T R A V E R S I N G  V E L O C I T Y .  FOR S I N G L E  CUTS I N  SANDSTONE, 
S P F C I F I C  ENFRGY AS 4 F U N C T I O N  OF WATER J E T  PRESSURE DECREASED R A P I D L Y  FROM A VERY H I G H  VALUE A T  THE THPESHOLO PRESSURE 
TC) A M I N I Y U M  AT A T R A N S I T I O N  PEGICIN APPROXIMATELY 3 T I M E S  THE THRESHOLD PRESSURE, THEN GRADUALLY INCREASED.  T H E  
Y I N I M U M  VALUFS D B T A I V F D  FClR SANDSTONE S I Y G L E  CUTS WERE APPROXIMATELY 5 0 0  JOULES/CM3.  THE LOWEST VALUES @ B T A I N E D  FOP 
S I N G L F  CUTS I N  LIMEST'lNE AND G R A N I T E  ( 2 9 0 0 0  AND 5 1 0 0 0  J O U L E S l C M 3  R E S P E C T I V E L Y )  WERF LOCATED ON T H E  DESCENDING P O R T I O N  
OF AN FNFRGY-PRESSIJRE CURVE. M I N I M U Y  VALUES OF T H E  CURVE WERE PROBABLY NOT REACHED. E X P E P I M E N T S  I N V O L V I N G  CUTS CLOSE 
FNOUGH TnGETHER TO PQ0DUCE I N T E R A C T I q N  BETWEEN S U C C E S S I V E  KERFS (FOR T H I S  REASON C A L L E D  " K E P F I N G "  CUTS)  GAVE A S P E C I F I C  

W4S A MARKED Q I F F E R E N C E  I N  S P E C I F I C  ENERGY D E P E N D I N G  UPON O R I E N T A T I O N  OF THE C U T  TO THE B E D D I N G  P L A h E S  OF T H E  

YCILE U S I N G  WATFR J E T S  AS C U T T I N G  D E V I C F S  APPEARS TO BE F E A S I B L E  AND FURTHER RESEARCH W H I C H  COULD L E A D  T O  THE 
DEVFLOPYENT OF SUCH A MOLE I S  PECOMMENDED. 

!=YFPGY S E Q U I P F Y E N T  OF ABOUT ONE-HALF THAT FOR S I N G L E  CUTS. AT F L U I D  PRESSURES LESS T H A N  THE T R A N S I T I O N  REGION, THERE 

SFDIMEYTARY ROCKS OR TC THE F O L I A T I O N  OF GRANITE. BASED ON T H F  RESULTS OF THIS.  P R E L I M I N A R Y  STUDY9 A MECHANICAL 

F I E L C I  7 4  A R T I C L F S  

2 4 - 5 7 - 0 l Q Q l  SEARCHING FOR NEW METHODS OF B R E A K I N G  HARD ROCK ( ULTRASONICS I N F R A S O N I C S  ELECTRn-HYDRAULIC 
H I  GH-FRFQUENCY-HEATING 1 
KRAUCPENKn, V. S. 

GOQNYI  ZHURNALT ( 1 3 2 )  NO 1, 3 6 - 4 3 ?  J A N  1 9 5 7 .  EXPERIMENTS WERE CONDUCTED ON NEW METHO@S OF B Q E A K I N G  HARD ROCKS 
I N C L U D I Y G :  ULTPASONICS,  I N F R A S O N I C S ,  H I G H  FREQUENCY HEATING,  AND ELECTROHYDRAULIC D R I L L I N G .  ( I N  R U S S I A N )  

7 4 - 5 8 - 0 3 0 4 1  HOW TO GET T H E  MOST HOLE FOR YOUR MOYEY I P E N E T R A T I O N  B I T - W E I G H T  R O T A T I O N  H Y D R A U L I C S  B I T  J E T S  WEAR 

T H E  r) IL C GAS JOURNAL, 9 0 - 9 6 ,  MAR 31, 1 9 5 8  C 1 4 8 - 1 5 6  APR 7, 1 9 5 8 .  T H I S  I S  A S I M P L E  METHOD FOR D E T E R C I N I N G  
SPUR, J. W. C S H F L L  O I L  C O  

CnM9 I N 4 T I O N  OF B I T  WEIGHT, ROTARY SPEED AND H Y D R A U L I C  HORSEPOWER WHICH PORDUCES M I M I N U M  D R I L L I N G  COST. E M P E R I C A L  
R E L A T I O N S H I P S  
HORSEPOYCR. P E N E T R A T I C N  RATF I S  ONLY ONE OF F I V E  FACTORS I N F L U E N C I N G  FOOTAGE COST. OTHERS ARE: B I T  L I F E 9  T I M E  
REQUIRED TO PUT A NEW B I T  ON BOTTOM, 9 I T  COST, AND HOURLY R I G  COST. 
4 5  OPTIMUM WEIGHT CAhlNOT BE A T T A I N E D  I N  S n Y E  HARD FORMATIONS BECAUSE OF 3 1 T  = A I L U R E .  I N  I N  D E V I A T I C N  PROBLEMS MAY 
Q F S T P I C T  WEIGHT. BFCAUSE WEIGHT ON B I T  HAS MORE E F F E C T  ON P E N E T R A T I O N  R A T E  THAN SPEED O F  R O T A T I O N  AND S I N C E  SPEED OF 
s n T A T I O Y  I S  REDUCED AS WEIGHT I S  INCREASED,  AN OPTIMUM CURVF HAS BEEN CONSTRUCTED FOR THESE TWO PARAYETFRS. THERE I S  A 
C R I T I C A L  H Y D R A U L I C  HORSEPOWEP FOR EACH WEIGHT O N  
THEM TO T H E  SURFACE AND TO C L E Q N  THE B I T .  SEVERAL TESTS OF WEIGHT VERSUS P E N E T R A T I O N  R A T E  WERE MADE TO E S T A B L I S H  

ARF DEVELOPED T O  SHOW I N F L U E N C E  ON P E N E T R A T I O N  R 4 T E  @ F  WEIGHT ON B I T ,  ROTARY SPEED ANC H Y D R A U L I C  

WEIGHT WHICH RESULTS I N  Y I N I M U N  COST REFERRED TO 

I T  I N  A S P E C I F I C  FOQMATION T O  RFMOVE C U T T I N G  FROM HOLE BOTTOM9 CARPY 

A P P R O P R I A T E  D R I L L I N G  INDEXES.  
TO D E T E R M I N E  PUMP C A P A C I T Y  FOR OPTIMUM D R I L L I N G .  

A PROBLEM I S  SOLVED TO DETERMINF OPTIMUM D R I L L I N G  TECHNIQUES FOR A V A I L A B L E  R I G  AND ALSO 

il' 
t' 

?' 

L 

r; L 



I 

67 

%A&J,.QQQl F I V E  FACTORS THAT AFFECT D R I L L I N G  R A T E  ( H Y D R A U L I C S  B I T - W E I G H T  ROTARY-SHIELD HARD PRESSURE 

T H E  O I L  G GAS JOURNAL, 141-1569 160-1709 OCT 61 1958.  F I V E  FACTORS: H Y D R O S T A T I O  PRESSURE, B I T  WEIGHT E ROTARY 
SPEED, YUD P R O P F R T I  ES, H Y D R A U L I C S  AND ECONOMICSV THAT EFFECT D R I L L I N G  RATE ARE DISCUSSED.  I N C R E A S E S  I N  D R I L L I N G  R A T E  

MOORE, P. L. E U N I V  OKLAHOMA 

DUE TO H I G H E R  B I T  WEIGHT AND ROTARY SPEED DEPEND ON PROPER USE OF H Y D R A U L I C  HORSEPOWER. T H I S  MEANS THERE MUST B E  
FNOUGH H Y D R A U L I C  HORSEPOWER THROUGH B I T  TO REMDVE FORMATION C U T T I N G S  AS THEY ARE GENERATED SO T H A T  NO R E G R I N D I N G  
OCCURS. A T  A G I V E N  B I T  WEIGHT AND ROTARY SPEED, D R I L L I N G  RATE I N C R E A S E S  W I T H  H Y D R A U L I C  HORSEPOWER U N T I L  THERE I S  

F L U I D  PROPERTIES DOES NOT VERY D I R E C T L Y  W I T H  H Y D R A U L I C S  HORSEPOWER. HOWEVER, WHEN I T  IS NECESSARY TO I N C R E A S E  MUD 
WEIGHT, V I S C O S I T Y  OR S O L I D S  CONTENT D R I L L I N G  RATE DECREASES. T H I S  DECREASE MAY B E  M I N I M I Z E o  BY U S I N G  MORE H Y D R A U L I C  

COMPLETF CLEANING BELOW THE BIT. ABOVF THIS INCREASING HYDRAULIC HORSEPOWER H A S  NO EFFECT ON DRILLING RATE. EFFECT OF 

HORSEPOWER AT B I T .  LABORATORY T E S T S  SHOWED THERE WAS NO R E G R I N D I N G  OF P A R T I C L E S  AT WATER FLOW R A T E  OF 3 GPM BUT 
REGRTNDIYG S T I L L  OCCURS AT 11 GPM W I T H  MUD. TO GET H I G H  P E N E T R A T I O N  R A T E S  AT LOWEST COST USE M I M I N U M  P O S S I B L E  MUD 
WEIGHT. V I S C O S I T Y  AND S O L I D S  CONTENT AND MAXIMUM F I L T R A T I O N  RATE. STEPS T O  GET OPTIMUM O R I L L I N G  C O N D I T I O N S  ARE: 
CORRFCT MUG PROPERTIES TO G I V E  MAXIMUM D R I L L I N G  RATE,  O P T I Y I S E  B I T  WEIGHT AND ROTARY SPEED, M A X I M I Z E  B I T  HORSEPOWER 
W I T H  OPTIMUM C I R C U L A T I N G  RATE. CHECK SURFACE HORSEPOWER T O  SEE I F  D R I L L I N G  R A T E  DROPS A T  LOWER HORSEPOWER. 

74-59-05041 SMCCITH B L A S T I N G  ( D E T O N A T I O N  CRACKS CHARGE GUIDE-HOLES BURDEN P L A N N I N G  S U P E R V I S I O N  1 

WLITER POWER, 189-1951 MAY 1959.  I N  MODERN ROCK B L A S T I N G  I T  I S  P O S S I B L E  T O  MAKE F I N A L  CONTOUR AS I F  I T  WERE CUT OUT 
OK ROCK AND L E A V E  R E M A I N I N G  M A T E R I A L  P R A C T I C A L L Y  UNDAMAGED. HOLE PLACEMENT AND D E T O N A T I O N  SEQUENCE MUST BE CHOSEN SO 
ROCK I S  B L A S T E D  AWAY S U C C E S S I V E L Y  W I T H  BREAKAGE TOWARDS FREE SURFACES. FOR CONTOUP HOLES CORRECT S I Z E  AND 
CONCENTRATION OF CHARGE IS IMPORTANT. CRACKS CAN B E  G U I D E D  I N  D E F I N I T E  D I R E C T I O N S  BY S P E C I A L  UNLOADED G U I D E  HOLES. 
R A T I O  CJF D I S T A N C E  BETWEEN HOLES AND BURDEN SHOULD B E  EQUAL TO OR L E S S  THAN E I G H T  TENTHS. A S P E C I A L  HOLE CHARGE F09 
SMOOTH B L A S T I N G  IS A V A I L A B L E  ON THE MARKET. A DIAGRAM SHOWS AVERAGE UNEVENNESS OF FACE I N  R E L A T I O N  TO D I S T A N C E  BETWEEN 

LANGEFORS, U. & N I T R O G L Y C E R I N  AB 

HC'LFS, BURDEN AND CHARGE S I Z E .  S K I L L F U L  P L A N N I N G  AND CAREFUL S U P E R V I S I O N  ARE REQUIRED FOR SMOOTH B L A S T I N G .  

&+QQl IMPACT CRATER FORMATICN I N  ROCK ( ROCK-BREAKING D R I L L I N G  RESEARCH 1 

JOURNAL OF A P P L I E D  PHYSICS,  ( 3 1 1  NO 7 ,  1247-52, J U L Y  1960 .  CRATERS WERE PROOUCED B Y  F I R I N G  3 / 1 6  AND 3 / 3 2  I N C H  D I A  

WFQE USED FUR SANDSTONE, 90  DEG FOR G R A N I T E .  CRATERS FORMED BY TWO MECHANISMS ( 1 )  CRUSHING OF M A T E R I A L  I N  FRONT OF 
P R O J F C T I L E  ( 3 )  FRACTURING OCCURRING S T E P  W I S E  ALONG S P I R A L S  OF MAX SHEAR. VOLUMF OF M A T E R I A L  REMOVED AND DEPTH OF 
P F N E T R A T I O N  VARY L I N E A R L Y  W I T H  I M P A C T  V E L O C I T Y  AND I N V E R S E L Y  W I T H  T H E  S P E C I F I C  ACOUSTIC R E S I S T A N G E  OF T H E  TARGET. 

s 74-A3=QQQQJ, E R @ S I O N  RY L I Q U I D  IMPACT ( J E T - D R I L L I N G  C A V I T A T I O N  THRESHOLD 1 

4STY S P E C I A L  T E C H N I C A L  P U P L I C A T I O N ,  N 307,  32-45, 1961.  THE J E T  I M P A C T  MACHINE, DEVELOPED BY WESTINGHOUSE, D R I V E S  
A LEAD P F L L F T  I N T O  A L I Q U I D  QESERVOIP THUS FORCING L I Q U I D  OUT O F  A NOZZLE A T  V E L O C I T I E S  UP TO 4500 FT/SEC.  THE JET 
C Y L I Y g E R  R E Y A I N S  WELL D E F I N F D  FOR AS MUCH AS TWO I N C H E S  FROM T H E  NOZZLE. J E T  DIAMETERS OF 0.020,  0 .040,  AND 0.060 

MAURER, W. C. + RINEHART,  J. S. E COLO SCHOOL OF M I N E S  GOLDEN COLO 

S T F F L  PRCIJFCTILES I Y T O  SANDSTONE AND G R A N I T E  AT V E L O C I T I E S  FROM 300 TO 6000 FT/SEC.  I M P A C T  ANGLES OF 30, 60 AND 90 DEG 

r)E C O R S O ,  S. M. + KOTHMANNt Re E. E WESTINGHOUSE E L E C  CORP 

I V C H F S  WEQF USED. IMPACT T F S T S  WERE YADE ON A NUMBER OF METALS AND THE METALS RANKED ACCORDING TO T H E I R  R E S I S T A N C E  TO 

F Y I T T E ' ?  P N  I Y P A C T .  4 J F T  H A V I Y G  AN IRREGULAR L E A D I N G  SURFACE W I L L  CAUSE S U B S T A N T I A L L Y  L E S S  DAMAGE THAN ONE O F  SMOOTH 
SlJPF ACE. 

.&=~II=Q~QQZ DFFCRMATIGN GF S O L I D S  B Y  L I Q U I D  I M P A C T  AT SUPERSONIC SPEEDS ( E R O S I O N  SUPERSONIC-SPEED 1 

3AMAGE. %O I N C R F A S F  IN DAMAGE WAS NOTED WHEN SURFACE I R R E G U L A R I T I E S  WERE PRESENT. UNDER C E R T A I N  C C l N D I T I O Y S  L I G H T  WAS 

POWDEN, F .  P. + BRUNTON? J. H. C C A V E N D I S H  L A B  CAMBRIDGE MASS 
ROYAL S O C I E T Y  OF L r Y O O N  PROC V I  ( 2 6 3 A ) r  433-4509 1961.  EXPERIMENTAL F V I D E N C E  SUGGESTS THAT FOR I M P A C T  V E L O C I T I E S  
AROVE 500 M/S A L I Q U I D  MASS C O L L I D I N G  W I T H  A S O L I D  SURFACE BEHAVES I N  A COMPRESSIBLE MANNER. AS A RESULT OF T H I S ,  A 
SHORT I N T E N S E  COMPRESSION PULSE MOVES I N T O  THE S O L I D  FROM THE R E G I O N  OF IMPACT.  PART OF THE DEFORMATION PRODUCED I N  
THE TAQGFT CAN @E R E L A T F D  TO T H I S  COMPRESSION WAVE. I N  T H I S  RESPECT THE L I Q U I D  DEFORMS THE TARGET IY MUCH THE SAME W A Y  
AS A S O L I 9  P Q O J E C T I L E .  THE M A I N  D I F F E R E N C E  IS T H A T  T H E  D U R A T I O N  OF THE PRESSURE PULSE I S  SHORTER I N  T P E  CASE OF LIQUID 
IMPACT,  AND YORF NEARLY PESEMBLES THF PULSE PRODUCED BY AN E X P L O D I N G  CHARGE. THE REMAINDER OF T H E  DEFORMATION C O N S I S T S  
OF A S H F A Q I N G  OR T E A R I N G  OF THE SURFACE BROUGHT ABOUT B Y  L I Q U I D  FLOWING AT H I G H  SPEED ACROSS T H E  SUPFACE. SURFACE 
c L A T N F S S  I N F L U E N C E S  CONSIOERAELY T H E  EXTENT OF T H I S  T Y P E  O F  DEFORMPTION. 

2ftA3-99QQ1 THE S I M U L 4 T I O N  OF P E R C U S S I O N  D R I L L I N G  I N  THE LABORATORY BY INDEXED-BLOW S T U D I E S  ( IMPACT-DPOP-TESTER 1 

S P C I E T Y  O F  PFTQOLFUM EFIGINFERS JOURNAL, ( 3 )  Y 37 214-269 SEPT 1963 .  LABORATORY T E S T S  HAVE B E E N  CONDUCTED W I T H  AN 
I Y P A C T .  DPffP TESTER AND CHISEL-SHAPFD B I T S  TO STUDY ASPECTS OF PERCUSSION D R I L L I N G .  BEDFC'RD L I M E S T O N E  WAS EMPLOYED. 
THE VOLUMF OF IW9)EXFD CRATERS ON A F R F S H  OR DAMAGED SURFACE ALWAYS EXCEEDS THAT OF SINGLE-BLOW CRATERS. FOR ANY SHAPE 
OF CHTSEL AND SURFPCE C P N D I T I O N  A T  CONSTAVT BLOW ENERGY THERE E X I S T S  AN OPTIMUM I N D E X  D I S T A N C E  FOR U H I C H  CORRESPOYDING 
CRATER VOLUME I S  A MAXIMUM. OPTIMUM I N D E X  D I S T A Y C E  IS ALWAYS GREATER FOR BOTH B I T  SHAPES ON A DAMAGED SURFACE THAN ON 

HARTMAN, H. L.  G PFNN S T A T E  U N I V  

A FRESH ONF. VALUCS OF THE OPTIMUM I N 9 E X  D I S T A N C E  AND MAX. CRATER VOLUME VARY D I R E C T L Y  W I T H  BLOW ENERGY FOR E I T H E R  B I T  
flR SIJRF4CE C O Y D I T I O N .  W I T H  D I F S t  THF OPTIMUM I N D E X  D I S T A N C E  AND MAXIMUM CRATER VOLUME VARY I N V E R S E L Y  AS THE W I D T H  OF 
F L A T ,  W I T t '  WEDGFS, THF OPTIMUM I N D E X  D I S T A Y C F  V A R I E S  W I T H  THE INCLUDED ANGLE; BUT MAXIMUM CRATER VOLUME DOES NOT FOLLOW 
4 O I S C F R N I B L E  TREND. THE LARGEST I N D E X E D  CRATERS ARE FORMED BY D I E S  RATHER THAN WEDGES. D I F F E R E N C E S  I N  S T R A I N - T I Y E  
H I S T O R I E S  WFRF OBSFRVED BETWEEN SINGLE-BLOW AYD I N D E X E D  CRATERS. NO R E L A T I O N S H I P  F X I S T S  BETWEEN T H E  MAXIMUM CRATE9 
VOLUME OF I N D E X F D  RLOWS AND SINGLE-BLOW VOLUME OF A B I T  AT CONSTANT ENERGY. C R A T E R I N G  RESULTS ON A DAMAGFD SURFACE ARE 
YOT S U S C E P T I B L E  TO THE P L O T T I N G  C F  U N I V E R S A L  I N D E X I N G  CURVES. THESE RESULTS WERE BASED ON P A R A L L E L  I N D E X I N G  ONLY 
TNO ROWS OF BLOWS AND M I D - P C I N T  S P A C I N G  OF CRATERS I N  THF SECOND ROW. 

24-63-QPQQ2 HYDRAULIC M I N I N G  AND H Y E Q A U L I C  TRANSPORTATION I N  COAL M I N E S  ( P I P E L I N E S  I 

GLUFCKAUF, ( 9 9 1  YO 2 0 ,  1081-1100, SEPT 25, 1963.  A SUYMARY OF THE METHODS AND THE ECONOMY OF P I N I N G  AND 
T P A N S P O P T I N G  COAL BY H Y D R A U L I C  MEANS. EQUIPMFNT USED I N  GERMAW HYDRO-MINES I S  DESCRIBED.  L I M I T S  OF THE H Y D R A U L I C  
YFTHUD APF I N D I C A T E D .  3 1  REFS. ( I N  GESMAY) 

MAURER, H. 

3 4 - 6 3 - 0 9 4 4 3  R A I S E  R O P I Y G  A T  THE MATHER M I N E  ( HUGHES R O T A R Y - D R I L L I N G  COST 1 
ANDELIN,  A. J. E CLEVELAYD C L I F F S  I R O N  C O  

M I N I N G  CONGRFSS JOURNAL ( 4 9 )  24-2R. SEPT. 1963 IN 1 9 6 0  CLEVELAND C L I F F S  I R O N  CO AND HUGHES TOOL C C  AGPFFD TO 

NFARLY 13 F T / S H I F T  I Y  D R I V I N G  1100 F T  OF 48 TN D I A  RAISES.  I T  P R O V I D E S  THE H I G H E S T  DEGREE OF S A F E T Y  Y F T  O B T A I N E D  AND 
OEVELOP TClOLS TO RORF Q A I S E S  I N  THE H A 9 D I  A S R A S I V E  GRAYWACKE OF THE MATHER MINE. THE PROTOTYPE MACHINE HAS AVERAGFO 

HAS MAJOR CQST ADVANTAGES, ESP. I N  LONG R A I S E S ,  S I N C F  S F T T I M G  UP T H E  MACHINE IS THE MAJOR COST. 

24=63-170Ql ROCK D R I L L I N G  PATTERN W I T H  EXTRA P U L L  ( BURN-CUT 1 

S T E E L  AND COAL, 1109-1111,  DEL 6, 1963.  BURN-CUT D R I L L I N G  PATTFRN W I T H  3 I N  D I A  CENTER HOLE HAS RECEYTLY BEEN 
T R r E O  W I T H  SUCCESS. THE CENTER HOLE I S  REAMED OUT TO 3 I N  D I A  AND 4 I N  TO 6 I N  DEEPER THAN THE STANDARD SHOTH@LE TO 
P R O V I D E  A SEC@'\ID FRFE FACE.  THE S I M P L E  D I S T R I S U T I C N  OF SHqTHOLES AT T H E  TUNNEL FACE MAKES I T  ADVANTAGEOUS. VERY G@OD 
FOR ARGILLACEOUS STRATA. S A V I N G S  OF F X P L O S I V E S  UP TO 20 PERCENT. GREATER ADVANCE OF TUNNEL BECAUSE OF F U L L  PULL. 
E F F E C T I V E  CONTROL OF Y U C K P I L E  MATTER. 

D A N F C K I ,  M a  E N A T I O N A L  C D A L  BOARD ENGLAND 
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24-63-UQQ2 ENERGY BALANCE I N  ROCK D R I L L I N G  ( MOLES 1 

SOC. OF PETROLEUM E N G I N E E R S  JOURNAL, ( 3 )  N 4, 298-3061 DEC. 1963. A R E L A T I V E L Y  H I G H  VALUE OF T H E  ENERGY PER U N I T  
VOLUME R E Q U I R E D  TO D R I L L  A HOLE I N T O  ROCK COMPARED W I T H  T H A T  R E Q U I R E D  FOR FRACTURE BY U N I A X I A L  COMPRESSION O F  A ROCK 
SPECIMEN I S  A T T R I B U T E D  TO THE F A C T  T H A T  FOR EACH B A S I C  A C T I O N  O F  ROCK D R I L L I N G 9  A CONCENTRATED L O A D I N G  O N  AN 
E S S E N T I A L L Y  S E M I - I N F I N I T E  MEDIUM, THE ROCK FRAGMENTS BROKEN OUT REPRESENT ONLY A S M A L L  P O R T I O N  O F  T H E  ROCK VOLUME THAT 
MUST BE LOADED I N  ORDER TO O B T A I N  THE NECESSARY STRESS C O N D I T I O N S  FOR T H E  BREAKOUT OF A ROCK FRAGMENT O F F  TO T H E  S I D E  
OF T H E  LOADED REGION. MOST OF THE RESULTANT E L A S T I C  S T R A I N  ENERGY I S  D I S S I P A T E D ,  L A R G E L Y  I N  T H E  FORM O F  STRESS WAVES 
R F S U L T I N G  FROM THE VERY H I G H  RATES OF UNLOADING ASSOCIATED W I T H  THE PROPAGATION OF CRACKS I N  T H E  MEDIUM. T H E  
E F F I C I E N C Y  OF ROCK D R I L L I N G  IS REASONABLY H I G H  WHEN D E F I N E D  I N  TERMS OF A COMPARISON OF THE VOLUME OF ROCK BROKEN OUT 
PER U N I T  ENERGY I N P U T  W I T H  THE SAME Q U A N T I T Y  MEASURED BY DROP T E S T S  W I T H  C H I S E L S .  S Y S T E M A T I C  RESEARCH I N T O  ENERGY 

SIMON, R- C B A T T E L L E  MEMOR I N S T  COLUMBUS 

RFQUIREMENTS AND MECHANISMS O F  ENERGY D I S S I P A T I O N  FOR D I F F E R E N T  METHODS OF A T T A C K I N G  ROCK, S U B J E C T  TO T H E  L I M I T A T I O N S  
DF DOWN-HOLE GEOMETRY, I S  R E Q U I R E D  TO DETERMINE T H E  F E A S I B I L I T Y  O F  O B T A I N I N G  A S U B S T A N T I A L  I N C R E A S E  I N  T H E  E F F I C I E N C Y  
OF ROCK D R I L L I N G  W I T H  P R A C T I C A L  DOWN-HOLE D R I L L I N G  MECHANISMS. 

24zhL12QQ1 SMALL D I A M E T E R  AN-FO B L A S T I N G  METHODS CUT UNDERGROUND M I N I N G  COSTS ( SAFETY A R G E N T I N A  1 

E N G I N E E R I N G  AND M I N I N G  JOURNAL, (164) N 12, 94-979 DEC. 1963. THE USE OF C A R T R I D G E D  AMMONIUM N I T R A T E  - F U E L  O I L  
M I X T U R E  AS AN E X P L O S I V E  I N  SMALL D I A  HOLES I S  A NEW PRACTICE.  I N I T I A L  T E S T S  AT A G U I L A R  M I N E  I N  A R G E N T I N A  SHOWED T H A T  A 
CARTRIDGED AN-FD M I X T U R E  GAVE B L A S T I N G  RESULTS EQUAL TO THOSE O B T A I N E D  WHEN U S I N G  CONVENTIONAL 42 PERCENT G E L A T I N  
DYNAMITE.  ADVANTAGES: B L A S T I N G  COST LOWER WITHOUT A F F E C T I N G  FRAGMENTATION,  B L A S T I N G  E F F I C I E N C Y ,  OR THE E X P L O S I V E  
FACTOR; M I X T U R E S  ARE NOT C A P - S E N S I T I V E  UNLESS CONFINED;  NO EXCESS OF NO2 OR CO GASES. DISADVANTAGES:  H I G H E R  C A P I T A L  
INVESTMENT IS REQUIRED;  UNDERGROUND R E C E I V I N G  DEPOTS MUST BE DRY; TWO E X P L O S I V E S  ARE NECESSARY-  T H E  FOLLOWING 
PR@CEDURES WERE DEVELOPED: 1) THE BORE HOLES WERE BLOWN AND CLEANED, 2) T H E  CHARGE IS TAPPED NORMALLY 3) COLLAR 
STEMMING I S  ALWAYS USED, 4 )  AIR-WATER J E T S  ARE USED, 5) A 20-MIN.  W A I T I N G  P E R I O D  P R O V I D E S  ADEQUATE T I M E  FOR 
V E N T I L A T I O N .  TESTS ARE B E I N G  RUN ON 10 PERCENT REPLACEMENT OF AMMONIUM N I T R A T E  WITH N A N 0 3 -  GAS T E S T S  OF T H E  
STOPES REVEALED THAT N E I T H E R  NO2 NOR CO FUMES I N  DANGEROUS CONCENTRATIONS E X I S T E D  20 M I N .  AFTER THE BLAST.  

2 - 6 3 - u Q m  EXPERIMENTS W I T H  WATER AS A DYNAMIC PRESSURE M E D I U M  ( E L E C T R I C A L - D I S C H A R G E  R O C K - D I S I N T E G R A T I O N  

Y I N E  AND QUARRY ENGINEERING,  (29) 524-5301 1963. THE I N A B I L I T Y  OF WATER T O  S U S T A I N  SHEAR FORCES YAKES I T  A 

TWO LABORATORY TESTS WERE RUN. THE F I R S T  USED WATER J E T S  AS T H E  B R E A K I N G  MEDIUM. THE RESULTS WERE S I M I L A R  T O  RESULTS 
SHOWN 9 Y  PREVIOUS WORKFRS ON I M P A C T  OF S O L I D  O B J E C T S  OF COYPARABLE MASS AND T E R M I N A L  VELOCITY.  T H E  SECOND L A B  T E S T  
USED WATER AS THE CONTACT MEDIUM FOR UNDERWATER E L E C T R I C A L  DISCHARGE. THE RESULTS SUGGEST THAT THE UNDERWATER SPARK 
D I S C H 4 R G E  I S  A R E L A T I V E L Y  CONVENIENT AND CHEAP RUT I N E F F I C I E N T  MEANS OF G E N E R A T I N G  I M P U L S I V E  POWER. 

7'4-63-12QQ2 F X P E Q I M E N T S  W I T H  WATER AS A DYNAMIC PRESSURE MEDIUM ( I N T E N S I F I E R  JET D I F F U S I O N  N O Z Z L E  SPARK DETONATOR 

R O S S E T T I ,  Me + P R E I S Z ,  G. & COMPANIA MINERA A G U I L A R  S.A. 

FARMER, I .  W. + ATTEWELL, P. B. 

D E S I R A B L E  MEDIUM FOR P R O V I D I N G  T H E  PRIMARY PRESSURE MEDIUM FOR THE D I S I N T E G R A T I O N  OF ROCKS B Y  I M P U L S E  FNERGY R E L E A S E -  

E X P L O S I V E  1 
FARMER, 1. W .  + ATTEWELL, P. 5. E. U N I V  S H E F F I E L D  ENGLAND 

V I N E  E QUARQY ENGINEERING,  524-5301 DEC 1963. I N H E R E N T  P R O P E R T I E S  OF WATER, P A R T I C U L A R L Y  I T S  I N A B I L I T Y  TO S U S T A I N  
SHEAR, SUGGFST THAT I T  M I G H T  POSSES P A R T I C U L A R  ADVANTAGES AS A PRESSURE MEDIUM I N  I M P U L S I V E  DEGREDATION OF ROCKS AND 
OTHFR B R I T T L E  MATERIALS.  TWO LABORATORY TESTS ARE DESCRIBED I N  WHICH WATER T R A N S M I T S  DYNAMIC ENERGY, F I R S T  AS A H I G H  
PRESSUTF WATER J E T  AND SECOND I N  CONTACT W I T H  AN UNDERWATER E L E C T R I C A L  DISCHARGE.  C O N S I D E R I N G  A J E T ,  T H E  M A T E R I A L  
Q I R E C T L Y  I N  L I V F  I S  SURJECTED TO COMPRESSIVE FORCES WHICH USUALLY EXCEED T H E  DYNAMIC C O M P R F S S I V E  STRENGTH OF T H E  ROCK. 
I M M E D I A T E L Y  ADJACENT T O  ACTUAL J E T  CONTACT AREA, T H E  ROCK I S  SUBJECTED TO T E N S I O N  AND SHEAR FORCES WHICH GENERALLY ADD 
TO THE D F G R A D A T I O N  MECHANISMS. R A T E  OF S T R A I N  ADSORPTION E F F E C T S  A S S O C I A T E D  W I T H  L I Q U I D  J E T S  M I G H T  BE IMPROVED BY 
I N J E C T I N G  SMALL AMOUFuTS O F  CONTAMINANT I N T O  P R E S S U R I Z E D  WATER TO IMPROVE R A T E  OF D I F F U S I O N  OF T H E  L I Q U I D  FOR I M M E D I A T E  
ADSr)QPTI@N ON THE NEWLY CRFATED CRACK SURFACES. I F  THE ROCK B E G I N S  TO BEHAVF HYDRODYNAMICALLY T H E N  THE C R A T E R I N G  
DPOCcSS WOULD BE S I G N I F I C A N T L Y  ACCELERATED. PRESSURE I N T E N S I F I E R S ,  NOZZLES AND T H E  UNDERWATER DISCHARGE OF E X P L O S I V E S  
4ND SPARKS ARE DISCUSSED. SPARK DISCHARGE MAY BE DEVELOPED SO THAT I T  W I L L  BECOME A DET@NPTOR O F  CONDENSED E X P L O S I V E S  
AND AMYONIUM N I T R A T E ,  D I E S E L  O I L  MIXTURES.  

74-64-0QQQl " R I G I H O L E "  D R I L L I N G  TECHNIQUES OF THE ATOMIC ENERGY C O M M I S S I O N  
DTFSLEY,  C. K. C U.S. AEC L A S  VEGAS NEV 

APL D I V I S I O N  P R O D U C T I O N - D R I L L I N G  AND PRODUCTION P R A C T I C E ,  87-89? 1964. SEVERAL D I F F E R E N T  D R I L L I N G  TECHNIQUES ( A N D  
V P P I A T I I 1 N S  THFRECN)  HAVF BEFN U T I L I Z E D  AT THE NEV T E S T  S I T E ,  AND ELSEWHERE, I N  THE D R I L L I N G  OF MORE THAN 90,000 F T  OF 
HOLES H A V I N G  A CASED D I A  OF 29 I N  ( D R I L L E D  D I A  36 I N )  OR GREATER. APPROXIMATELY 30,000 A D D I T I O N A L  F T  OF HOLE W I T H  

T H E I R  D E F I C I E N C I E S - - I N  FQUIPMENT L I M I T A T I O N S ,  COST, T I M E  OR A C O M B I N A T I O N  OF THESE. C E R T A I N  C O M B I N A T I O N S  OF D R I L L I N G  
D R I L L E D  D I A  IIIF 26 IrV TO 36 I N  HAVE ALSO BEEN COMPLETED. METHODS SUCH AS MUD D R I L L I N G  AND A I R  D R I L L I N G  HAVE HAD 

C O N D I T I Q N S  E X I S T I N G  AT THF NEV TEST S I T E  I N D I C A T E  THAT E N T I R F L Y  NEW FQUIPMENT AND/OR TECHNIQUES MUST B E  DEVELOPED I F  
B I G  HOLES APE TO B E  SUCCESSFULLY D R I L L E D  WHEN THESE C O N D I T I O N S  E X I S T .  

24-64-0lQQl EQUIPMEWT FOP I N V E S T I G A T I O W  OF TORCH O F  J E T  D R I L L  BURNER ( F L A M E - J E T  1 

GORNYI ZHURNALt  N 1, 179-1887 1964. D E S I G N  AND T E C H N I C A L  FEATURES OF E L E C T R O N I C  MEASURING A M P L I F I E R  C C N S I S T I N G  OF 

CONNECTED W I T H  AUTOMATIC CONTROL OF D R I L L  R O T A T I O N  AND I N D I C A T O R  OF D I S T A N C E  BETWEEN J E T  D R I L L  BURNER AND SURFACE O F  
B L A S T  HOLE BOTTOM. ( I N  P U S S I A N )  

74-64-UQu S I Z E  OF ROCK FRAGMENTS PRODUCED D U R I N G  J E T  F L A M E  P I E R C I N G  

GORNYI  ZHURNAL, N 2 ,  93-O97 1964. A N A L Y S I S  OF FRAGMENTS PRODUCED I N D I C A T E S  THAT THE S I Z E  DECREbSES W I T H  I N C R E A S E  

( I N  R U S S I A N )  

24=6+070Q2 POWFT Q E Q U I R F D  TO D I S I N T F G T A T E  ROCK D U R I N G  E X P L O S I V E  P I E R C I N G  OF BLAST-MOLES 

GORNYI ZHURNAL, N 2, 46-50, FER 1964. EXPERIMENTAL DATA ON POWER REQUIRED ARE COMPARED W I T H  DATA ON CONVENTIONAL 
METHODS OF D R I L L I N G  U S I N G  A I R  AND WATER-AIR AS C I R C U L A T I N G  M E D I A  I N  ROCKS OF 9 TYPES EACH CHARACTERIZED BY S P E C I F I C  

B R I C H K I N ,  A .  V. 

I V T A K F  D E V I C E ,  VOLTAGE A M P L I F I F Q ?  VACUUM TUBE VOLTMETER, OSCILLOGRAPH OR MAGNETIC T A P E  RECORDER, POWER A M P L I F I E R  

YOSKALFV, A. N. 

OF PQFSSURE AVD R A T E  OF JET P I E R C I N G .  S I Z E  OF RCICK C H I P S  I S  AN I N D I C A T I O N  O F  J E T  P I E R C I N G  C O Y D I T I O N  I V  V A R I O U S  ROCKS. 

SHUKHYAN, V. L. 

STRENGTH. TWO TYP'S OF E X P L O S I V E S  WERE USED. THE HOLES D R I L L E D  WERE APPQOXIMATELY 300 MM D I A  I N  LTCESTONE,  ABOUT 
200 MM I N  THE OTHFR ROCKS. M I N I M U M  QEPTH OF BROKEN ROCK I N  Q U A R T Z I T F  WAS 44 MM MAXIMUF" 83 MM. I W  L IMESTONE MAXIMUM 
DEPTH PER CHARGE WAS 110 MM. FOR FERROUS Q U A R T Z I T F S  OF STRENGTH 16 THE S P E C I F I C  POWER WAS 130 KG - M PER CU-CM 

FROM L I M I T E D  EXPERIMENTAL DATA, R A T E  O B T A I N A B L E  W I L L  BE 250-300 E X P L O S I O N S  PER HOUR. I N  Q U A R T Z I T E S  OF PROTODYA KNOWN 
STREVJGTH 16 T H I S  G I V E S  D R I L L I N G  RATES OF 10-12 M/HR. 

24164=439_01 FULL-SCPLF E X P E R I M E N T S  ON J E T S  I N  IMPERMEABLE ROCK D R I L L I N G  ( J E T - B I T - D R I L L I N G  1 

(1274 J / C C  1 .  RATE OF D R I L L I N G  DFPENDS ON R A P I D I T Y  O F  E X P L O S I O N  AS WELL AS DEPTH OF P E N E T R A T I O N  PER EXPLOSION.  

FEENSTRA, R. + VAN LEEUWEN, J. J. M. C K O N I N K L I S K E / S H F L L  NETHERLANDS 
JOUQYAL OF PETRCLEUM TECH., 329-336 M A 4  1964. USE OF J E T  B I T S  I N  O I L  WELL D R I L L I N G  HAS BEEN I N C R E A S I N G .  TO STUDY 
T H I S  EFFECT, L A B  D R I L L I N G  TESTS WFRE PFRF'JRMED W I T H  8 - 1 / 2 - I N .  COMMERCIAL B I T S  UNDER BOTTCM H O L E  PRESSURES 

THE ANNULUS DQFS NOT R E Q U I R E  A POWERFUL J E T  ACTION.  INDEED,  WELL D R I L L I N G ,  B I T  P E N F T R A T I O M  IS HAMPERED BY THE 
R E P R E S E N T A T I V E  OF DEEP WELLS. I N V E S T I G A T I O N  WAS R E S T R I C T E D  TO IMPFRMEABLE ROCK. TQANSPORT OF LOOSE C U T T I N G  TOWARDS 
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E X I S T E N C E  OF A D I F F E R E N C E  I N  PRESSURE BETWEEN THE F L U I D  I N  THE HOLE AND THAT I N  THE ROCK. TWO RANGES WERE DISCERNED:  

IS SMALLER AND ALYOST PROPORTIONAL TO THE HOLE PRESSURE. I N V A R I A B L Y  P E N E T R A T I O N  R A T E  WAS FOUND TO INCREASE W I T H  
1) T H A T  I N  WHICH T H E  R E D U C T I O N  FACTOR IS ALMOST INDEPFNDENT OF HOLE PRESSURE, AND 2) T H A T  I N  WHICH THE REDUCTION FACTOR 

N O Z Z L E  V E L O C I T Y  C I R C U L A T I O N  RATES OVER 250 G A L / M I N  D I D  NOT I N C R E A S E  P E N E T R A T I O N  RATE P E R C E P T I B L Y .  AT ELEVATED 
PRESSURE, B I T - B A L L I N G  I S  MOST PRONOUNCED I N  SOFT T O  MEDIUM-HARD ROCK, SUCH AS SHALE. A H I G H  F L U I D  V E L O C I T Y  IS REQUIRED 

I N T E N S I T Y  WHEREAS H I G H L Y  I N T E N S I V E  BOTTOM SCAVENGING I S  REQUIRED FOR REDUCING THE BOTTOM-BALLING. 
I N  FRONT O F  T H E  TEETH. EROSION OF WHAT PLASTER THERE IS ON THE HOLE BOTTOM REDUCES THE HOLD-DOWN EVEN A T  MODERATE J E T  

2ftZ6kBQQ2 AMMONIUM N I T R A T E  F U E L  O I L  S L A S T I N G  AGENTS ( AN-FO T U N N E L I N G  E X P L O S I V E S  1 
SUTTON, D. T. + PUGSLEY, T .  F. 

M I N I N G  MAGbZINE,  156-1617 MAR. 1964. I N  NORTH AMERICA, 70% OF A L L  PRODUCTION ROCK-BREAKING I N  OPEN CPST AND 

TO ECONOMIC REASONS. AN I N E R T  M A T E R I A L  SUCH AS DIATOMACEOUS E A R T H  I S  USED AS A C O A T I N G  FOR P R I L L E D  N I T R A T E .  HOWEVER, 
UNDERGROUND OPERATIONS TOGETHER 1s NOW ACHIEVED B Y  THE USE OF AN-FO B L A S T I N G  AGENTS. T H E  NON-USE O F  AN-FO HAS BEEN DUE 

I T  LOWERS THE S E N S I T I V I T Y  OF THE AMMONIUM N I T R A T E  WHEN U S E 0  I N  B L A S T I N G  AGENT MIXTURES. AN-FO HAS BEEN USED 
SUCCESSFULLY I N  D R I L L  HOLES AS SMALL AS 1 1/4 I N .  I T  IS D E S I R A B L E  TO HAVE AN OXYGEN-BALANCED MXXTURE O F  AN-FO TO 

D P E M I X E D  AN-FO MIXTURES I N  M U L T I W A L L E D  BAGS HAVE A SHELF L I F E  RANGING FROM 2 T O  7 DAYS. PRESENTLY THREE TYPES OF 
LOADERS ARE A V A I L A B L E  FOR CHARGING SMALL D I A  D R I L L  HOLES: VENTURI  p PRESSURE-VESSEL LQADER, AND A C O M B I N A T I O N .  THE 
V E N T U R I  I S  USED FOR SHORT HOLES. THE SECOND T Y P E  FOR H E A V I E R  ONES. FORMATION OF S T A T I C  E L E C T R I C I T Y  ON AN-FO 
L n A D I N G  EQUIPMENT AND HOSES IS S T I L L  A PROBLEM. I N  THE PRESSURE VESSEL LOADER, T H E  S O L I D  COLUMN O F  D R I L L S  TENDS TO 
REDUCE T H E  ACCUMULATION OF S T A T I C  E L E C T R I C I T Y .  T H E  V E N T U R I  TENDS TO I N C R E A S E  I T .  THE L O A O I N G  AREA CAN ALSO BE SPRAYED 
W I T H  WATER VAPOR. THE ONLY SEVERE L I M I T A T I O N  TO T H E  U S E  O F  AN-FO B L A S T I N G  AGENTS I S  WHEPF THE H O L E S  A P F  
SUBMERGED. INCREASED SAVINGS ARF G A I N E D  BY U S I N G  AN AN-FO B L A S T I N G  AGENT. HOWEVER, T H E  EMPLOYMENT OF AN-FO SYSTEM 
I N V O L V F S  THE C A P I T A L  AND MAINTENANCE COSTS OF LOADERS, I N C R E A S E D  TRANSPORT COSTS AND AN I N C P E A S E  I N  COMPRESSED A I R  

O R T A I N  THE MAXIMUM E F F I C I E N C Y .  THE PREPARATION OF AN AN-FO M I X T U R E  I S  A S I M P L E  O P E R A T I O N  PERFORYED AT LOW COST. 

CqNSUMPTION.  I T  DOES P R O V I D E  SAVINGS I N  COST OF M A T F R I A L S  AND LABOR. 

2&-64-Q3QQ2 I N V E S T I G A T I O N  OF RESULTS O F  S I N G L E  JET BURNERS UNDER WORKING C O N D I T I O N S  I FLAME-JET 
B R I C H K I N ,  A. V. + SYNDYUKOV, V. M. 

Z q R N Y I  ZHURNAL, N 37 43-46, MAR 1964. PERFORMANCE OF JET P I E R C I N G  D R I L L  IS EVALUATED ACCORDING TO CONSUMPTION OF 
F U E L - G A S / S E C / U N I T  OF ROTTOM HOLE SURFACE AREA. ECONOMIC E V A L U A T I O N  OF FLAME J E T  P I E R C I N G  IS MADE ACCORDING TO SPACE 
V E L O C I T Y .  f l u  R U S S I A N )  

Z = $ & = U Q Q 3  F U L L  S C A L F  E X P E R I M E N T S  ON JETS I Y  IMPERMEABLE ROCK D R I L L I N G  ( HOLD-DOWN B I T S  B I T - B A L L I N G  BOTTOM-BALLING 
LOAD 1 
FUNSTRA, 4. + VAN LEEUWEN, J. J. M. & SHELL E X P L O R A T I E  L A B  

JOURYAL O F  PETROLEUM TFCHNOLOGY, 329-3369 MAR 1964. B I T  P E N E T R A T I g N  E F F E C T  OF J E T S  WAS I N V E S T I G A T E D  W I T H  A 50 TON 
D s I L L I N G  MACHINE AND 8 1/2 I N .  COMMERCIAL J E T  B I T S  D R I L L I N G  UNDER BOTTOM HOLE C O N D I T I O N S .  CONCLUSIOUS APPLY TO 
D R I L L I N G  I V P E R M E A R L F  ROCK. W I T H  PERMEABLE RPCK HOLD-DOWN I S  OF 4 D I F F E R E N T  NATURE SO THAT D I F F E R E N T  R E L A T I O N S  MAY BE 
EXPFCTFD. P F N F T R A T I O N  R A T E  IS P R I M A R I L Y  HAMPERED BY A D I F F E R E N T A L  PRESSURE E F F E C T  KNOWN AS DYNAMIC HOLD-DOWN. J E T  
A C T I O N  CAN QFDUCE T H I S  S L I G H T L Y .  MAJOR G A I N  I N  PENETRATION RATE, UP TO 25 OR 50 PERCENT, I S  ALREADY O B T A I N E D  AT 
Y F P I U Y - H I G H  J E T  PCJWER. AT H I G H  B I T  LOAD, P E N E T R A T I O N  BY SOFT TO MEDIUM-HARD FORMATION S I T S  IS HAMPERED BY 
B I T S - R A L L I N G .  IT A L L E V I A T I O N  REQUIRES I N T E N S I V E  TOOTH SCAVENGING WHICH IS BEST PERFORMED B Y  SLANTED N O Z Z L E S  W I T H  
T R A I L I Y G ,  H I G H  VELOCITY,  HIGH-VOLUME JETS, H I T T I N G  BOTTOM I N  FRONT OF TEETH. P E N E T R A T I O N  CAY THUS BE IMPROVED BY 100 
PERCFYT. AT H I G H  B I T  L O A D  BOTTOM-BALLING MAY L I M I T  PENETRATION O F  I N S E R T - T Y P E  B I T S .  I N  T H I S  CASE BOTTCM SCAVENGING IS 
9 E Q I I T Q F D  WHICH I S  MOST E F F F C T I V E L Y  PERFClRMFO vJITH H I G H  V E L O C I T Y  J E T S  FROC NOZZLES CLOSE T O  BOTTOM. BY T H I S  P E N E T R A T I O N  
MAY I M P R O V F  70 PERCENT. TOCTHED HARD-FORMATION B I T S  SUFFER AT H I G H  B I D  LOADS FROM BOTH B I T  AND BOTTOM B A L L I N G .  SLANTED 
Nr lZZLES,  P O S S I B L E  PUCH EXTENDEDt  WITH HIGH-V'ILUME J E T S  THEN HAVE BEST-PROSPECTS. 

24-64-05QQl B A S I C  FACTORS A F F E C T I N G  ROCK D R I L L I N G  PART 1 I N T R O D U C T I O N  AND P E R C U S S I V E  D R I L L I N G  

QUARRY YANAGFRS' JOURNAL, (48) 135-1427 APR 1964. PERCUSS1 VE D R I L L I N G  I N  B R I T T L E  ROCK MAY R E S U L T  I N  SFATTEP I V G .  

YAXIMUY P F N F T R A T I O N  IS DEFINED.  W I T H  THF DOWN-THE-HOLE MACHINE ENEPGY LOSSES I N  T R A N S M I S S I O N  ARE E L I M I N 4 T E D .  FOR THE 
P Y E U V A T I C  F L U S H I N G  OF D E B R I S  THE C R I T I C A L  V E L O C I T Y  DEPFNDS ON THE T E R M I N A L  V E L O C I T Y  WHICH THE P A R T I C L E  WOULD A T T A I N  I F  
C A L L I Y G  FQEE I N  THF S T I L L  F L U I D .  

74-64-05QQl J E T  P I F R C I N G  D R I L L S  W I T H  ANNULAR C O O L I N G  SYSTEMS 

V ' Q N Y I  ZHURNAL, NCI 5 ,  45-46? MAY 1964. AN I N V E S T I G A T I O N  OF T H E  PROBLEM OF COOLING THE D R I L L S  D U R I N G  THE EXTREMELY 
COCO W I Y T F R S  Ir\J THE URALS.  R A I S I N G  T H F  TEMPERATURE OF THE WHOLE C O O L I N G  SYSTEM IS NECESSARY TO PREVENT F R E E Z I N G  OF 
WATER I N  THF SYSTFM. USE OF C I R C U L A T I N G  KFROSFNE AS A COOLANT IS CONSIDERED. T H I S  P R E H E A T I N G  OF THE F U E L  IMPPOVFS TPE 
PFRFflFMANt F. 

F I S H ,  G. E. I N S T I T U T E  O F  QUARRYING 

I \ !  S n F T  ROCK T H E  MACHINF MAY S T A L L  I F  FNFRGY PER BLOW I S  H I G H  R E S U L T I N G  I N  TOO DEEP PENETRATION.  OPTIWUC THRUST FOP, 

MOSKALFV, A. N. + POPOV, V. M. + F E D I N ,  I .  A. 

74-64-45QQZ TRENDS IN SHAFT DESIGN,  S H A F T - S I N K I N G  METHOD G FQUIPMENT ( STAGF CIRCULAR-SHAFT RECTANGULAR-SHAFT COST ) 
G I L L I N G H A M ,  k. E BOYLES BQOS D R I L L  CO SALT L A K E  

M I N I N G  CCNGRCSS Jf'URNAL, 45-49? MAY 1964. TOO MANY SH4FTS ARE DESIGNED W I T H  NO C O N S I D E R A T I O N  G I V E N  TO 
SHAFT-SINK I N G  CFTHODS AND FQUIPMENT AND W I L L  CnST CONSIDERARLE MORF THAN I T  SHrJULD. C O N S U L T A T I O N  W I T H  REPUTABLE SHAFT 
CONTRACT9RS P R I O R  T O  F I N A L  D E S I G N  OFTEN WILL q E S U L T  I N  C O N S I D E R A B L F  S4VI 'VGS.  I N  LARGE DEEP SHAFTS TPE SCUTH A F R I C A N  
YcTYOD r lF SHAFT S I N K I ' V G  U S I N G  A MULTI -DECK GALLOWAY STAGE SUSPENDED BY ROPES ATTACHFD TO AN INOEPENOENT H O I S T I N G  SYSTEM 
Q K S U L T S  I N  THF MOST R A P I D  S I N K I N G .  C I R C U L A R  SHAFTS ARF G A I N I N G  FAVOR OVFR RECTANGULAR AS THEY ARE STQONGER, R F Q U I R E  
L E S S  MAINTENANCE,  OFFER LESS R E S I S T A U C E  TU V F Y T I L A T I N G  A I R  PASSAGE, RFQUIRE L E S S  STEEL AND ARE FAR E A S I E R  TO L I N E .  
YnWEVERt Tn F I T  EQUIPMENT I N T O  A C I R C U L A R  SHAFT RATHER THAN RECTANGULAR I T  MUST BE LARGER I N  CROSS-SFCTIONAL AREA AS 
T Y C 9 E  I5 MORE WAZTEO AREA. THE CONSTRUCTION, 4Vr) S I N K I N G  R A T F  OF SEVERAL SHAFTS ARF G I V E N .  

zS=&=QbQQJ, HARCNESS REDUCTION THROUGH WETTING ( CHEMICAL-SOFTENING 1 

S O C I E T Y  OF Y I N I Y G  FN(-INFFRS, 222-2249 JUNF 1964. 4 STUDY OF THF USFFULNESS OF THE KUZNETSOV PENDULUP AS A M ~ A N S  n F  
S T U D Y I N G  ROCK D P I L L A B I C I T Y  A Y D  O f  THE EFFECTS OF VARIOUS L I Q U I D S  ON THE PENOULUM HARDNESS OF B A V A R I A N  L IMESTONE.  

ALCOHOL, N-BUTYL A L C n H r L .  

74-64-06442 B A S I C  FACTnQS A F F E C T I N G  ROCK D R I L L 1  YG PART 2 ROTARY PEPCUSSION D R I L L I N G  

QUARRY MANAGERS' JCIUQYAL, (48) 219-2267 JUNE 1964. I N  ROTARY D R I L L I N G  A MAXIMUM P E N E T R A T I O N  MAY BE REACHED WHEN 
D R I L L I V G  D E B R I S  IS BFIWG CREATED AT 4 GREATER R A T E  THAN [ T  CAN RE EVACUATED FROM THF D R I L L  HOLE. A ROCK OF H I G H  
STRENGTY P U T  LOW I N T R I N S I C  ABRASIVENESS MAY BE A F E A S I B L E  ROTARY D R I L L I N G  PROPOSITION.  EXCEPT AT VERY H I G H  P E N E T R A T I O N  

FXCFSS OF THAT ASSOCIATED W I T H  P E R C U S S I V E  D R I L L I N G .  P R A C T I C A L  BENCH H E I G H T S  OF 50-60 F T  L E A D  T C  A POLE D I A  OF THE 
CIRDEQ OF 3 1/4 TO 4 I N .  W I T H  A BUROEN 4ND S P A C I N G  OF THE ORDER OF 10 F T  X 10 FT.  G I V E N  MODFRN T Y P I C A L  FACE C O N D I T I O N S  
I T  SEEMS U N L I K F L Y  THAT A HOLE DIAMETER OF MORE THAN 4 1 / 2  I N .  I S  J U S T I F I E D .  I N C R E A S I N G  THE D I A  I N C R F A S E S  
D I S P O R T I O N A T E L Y  C A P I T A L  COST OF THE FQUIPMENT AND THE EXTENT OF THF D R I L L I N G  PROYLFMS. 

HEINS,  4. W. + STREET, Ne E U N I V  WISC AND U N I V  I L L  

L I O U I ' 7 S  S T U D I E D  INCLUQE GLYCEPI 'V, WATER, A N I L I Y I E ,  ETHYLENF GLYCOL, NITROBENZENE,  BENZALDEHYDE, BENZFNE, TOLUENE, ETHYL 

F I S H ,  P.  G. & I V S T I T U T E  O F  QUARRYING 

RATE L F V E L S ,  QCTAQY-PERCUSSIVE D R I L L I N G  NEEDS ONLY H A L F  THE THRUST OF ROTARY D R I L L I N G  AND G I V E S  A PENETRATIOY RATE I N  
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Zft=f&=QhQQ3 H Y D R A U L I C  P I T C H  M I N I N G  AT V I C A R Y  CREEK ( CANADA C O A L - M I N I N G  1 

ROCKY MTN. COAL M I N I N G  I N S T I T U T E ,  6 0 T H  PROC., 63-65, JUNE 2 8 - J U L Y  1, 1964. EXPERIENCE W I T H  LONG H O L E  H Y D R A U L I C  
M I N I N G  NEAR COLEMAN, ALBERTA, W I T H  SEAM T H I C K N E S S  OF 2 0  TO 40 F T  SHOWS THAT I T  I S  P R A C T I C A L  I N  C O A L  SEAMS H A V I N G  
M I N I M U M  P I T C H  OF 30 DEGREES. ROOF MUST BE STRONG, AND D E P O S I T  MUST HAVE CONSISTENCY.  T H I S  METHOD E L I M I N A T E S  USE OF 
T I M B E R  I N  M I N I N G  AREAS, S I N C E  M I N E R S  DO NOT WORK I N  C U T T I N G  ZONES. COMPLETE H Y D R A U L I C  M I N I N G  SYSTEM W I T H  H Y D R A U L I C  
TRANSPORTATION REQUIRES SMALLER NUMBER OF O P E R A T I N G  AND M I N I N G  PERSONNEL AS COMPARED W I T H  C O N V E N T I C N A L  M I N I N G  SYSTEM- 

24-64-QhQQ4 EROSION T E S T S  OF STEAM T U R B I N E  BLADE M A T E R I A L S  ( EROSION V E L O C I T Y  J E T - P E N E T R A T I O N  DAMAGE THRESHOLD 1 

ASTM PROCt 1641 782-7967 JUNE 21-26, 1964. E R O S I O N  PRODUCED BY S I N G L E  SHOT WATER J E T  I M P I N G E M E N T  ON M A T E R I A L S  

F R O S I O N  DAMAGE PRODUCED WAS MEASURED AND PLOTTED VERSUS JET V E L O C I T Y .  A METHOD OF R A N K I N G  THE M A T E R I A L S  FOR E R O S I O N  
R F S I S T A N C E  DEPENDING P N  AN UPPER TOLERANCE L I M I T  OF THE E R O S I O N  D A T A  WAS FOUND T O  BE C O N S I S T E N T  WITI -  T U R B I N E  F I E L D  
E X P E R I F N C E .  T I T A N I U M  ALLOY M A T E R I A L S  ARE RANKED S I G N I F I C A N T L Y  BFTTER I N  E R O S I O N  R E S I S T A N C E  THAN CHRCME S T E E L  OR 
S T E L L I T E .  A V I S I B L E  V E L O C I T Y  THRESHOLD OF DAMAGE WAS DETERMINED FOR SOME M A T E R I A L S  U S I N G  L I Q U I D  J E T S  O F  V A R Y I N G  
DIAMETERS.  CONCLUSIVE PROOF OF THE METHOD'S A P P L I C A B I L I T Y  MUST A W A I T  A D E T E R M I N A T I O N  OF T H E  ACCURACY W I T H  WHICH I T  

D I S K E N ,  J. J. + HEINERP C. P. 

DECORSO, S. M. E WESTINGHOUSE ELEC CORP 

S U I T A B L E  FCR STEAM T U R B I N E  B L A D I N G  WAS STUDIED.  M A T E R I A L S  WERE T I T A N I U M  ALLOYS,  CHROMIUM S T E E L ?  S T E L L I T E  AND COPPER. 

P R E D I C T S  E R O S I O N  PERFORMANCE I N  S E R V I C E  FOR NEW M A T E R I A L S .  THE APPARATUS P E R M I T T E D  SPEEDS UP T O  4600 F T / S E C -  

24-64-QzQQl FOUNDATION-ENGINEERING PROBLEMS I N  UNDERWATER TUNNEL CONSTRUCTION ( OPEN-CUT CONSTRUCTICN S INKING-METHOD 
C A I  SSON-METHOD SHIELD-METHOD 1 
SCHENCK, W e  SR. 

V E R E I N  DEUTSCHER INGENIEURE,  DUSSELDORF, t 1061 N 2 0 ,  853-96, J U L Y  1964. V A R I O U S  F O U N D A T I O N - E N G I N E E R I N G  PROBLEMS 
ENCOUNTERED I N  UNDERWATER TUNNEL CONSTRUCTION ARE D I S C U S S E D  W I T H  REGARD TO T H E I R  ECONOMIC AND STRUCTURAL ADVANTAGES AND 
9 I S A n V A N T A G E S .  FOUR METHODS FOR S O L V I N G  THE D I F F E R E N T  PROBLEMS WERE ENCOUNTERED. (1) CONSTRUCTION I N  AN OPEN CUT, ( 2 )  

U N I T  CONSTRUCTION METHODS I N  THE U.S. AND I N  EUROPE WAS THAT T H E  AMERICANS USE A C I R C U L A R  CROSS S E C T I O N  WHEREAS THE 
EUROPEANS USE A RECTANGULAR CROSS S E C T I O N  W I T H  A COMPACT H E I G H T .  EUROPEANS SAY THAT T H E  C I R C U L A R  CROSS SECTIONS 
REQUIRE A GREATER CONSTRUCTION H E I G H T  AND THERFBY A LDHER TUNNEL L O C A T I O N  W I T H  LONGER RAMP SECTIONS.  ( I N  GERMAN) 

24-64-09QQl D R I L L I N G  LARGE D I A M E T E R  HOLES FOR S H A F T S  ( R O T A R Y - D R I L L I N G  B I T  CIRCULATORY-SYSTEM COST SAFETY 1 

M I N I  NG CONGRESS JOURNAL 7 27-32, AUG 1964. S A V I N G S  I N  SHAFT S I N K I N G  COST B Y  U S I N G  ROTARY D R I L L I N G  RATHER THAN 
COhVENTIONAL METHODS I S  I N F L U E N C I N G  ACCEPTANCE OF SMALLER M I N I N G  SHAFTS AND T H I S  E X P E R I E N C E  WILL E X P E D I T E  DEVELOPMENT 
O F  NEW FCONOMIES. DEEP HOLES O F  130 I N .  DIAMETER AND SHALLOW HOLES OF 178 I N .  D I A  HAVE B E E N  ROTARY D R I L L E D  E I T H E R  BY 
R E A M I Y G  A P I L O T  H @ L E  LARGER OR BY U S I N G  A S I N G L E  OR M U L T I P L E  STAGE B I T  TO D R I L L  I T  W I T H  ONE PASS. S I N C E  ALL PERSONNEL 

I N V O L V F  F I T H F R  B I T  C U T T I N G  ACTIONS OR CIRCULATORY SYSTEM. A COMPLETE STUDY OF D R I L L I N G  C O N D I T I O N S  AND F O R M A T I O N  
D R I L L A B I L I T Y  SHOULD RE A P R E R E Q U I S I T E  TO D E T E R M I N I N G  F E A S I B I L I T Y  OF ANY D R I L L I N G  JOB.  COMPONENTS O F  A D R I L L I N G  P L A N T  
ARF ' I U T L I N F D  AND CUTTIWG RFMOVAL BY A I R  OR WATER, L I N I N G  REQUIREMENTS AND HOLE ALIGNMENT ARE DISCUSSED.  THREE WAYS ARE 
G I V E N  TO A C H I F V E  REVERSF C I R C U L A T I O N .  

THE F L O A T I N G  AND S I N K I N G  METHOD, ( 3 )  S I N K I N G  AS A CAISSON, AND ( 4 )  THE S H I E L D  METHOD. THE D I F F E R E N C E  BETWEEN F L O A T I N G  

BROMLEY. E. C. E BAWCOM, J. W e  E NORTH AMERICAN D R I L L I N G  COMPANY 

ARE ABOVF GROUND W I T H  ROTARY D R I L L I N G ,  I T  IS SAFER THAN C D N V E N T I O N A L  SHAFT S I N K I N G .  MOST ROTARY D R I L L I N G  PROBLEMS 

74-64-09QQl T H E  Y E X T  PROBLEMS OF DEVELOPMENT OF H Y D R A U L I C  METHOD OF E X T R A C T I O N  OF COAL 
KUZ'MICH,  A. S. 

UGOL, ( 9 )  1-57 SEPT 1964. THE PRODUCTION OF COAL FROM THE ODESTA-KOMSOMAL HYDRO M I N E  NO. 2 I N C R E A S E D  BY A FACTOR 
FOUR OVFR T H E  FORMEP TECHNOLOGY. P R O D U C T I V I T Y  OF LABOR I N  AUG 1963 EXCEEDED 1 0 0 - T  PER MONTH COMPARED TO 40 T B Y  

USUAL TEtHNI7LOGY. HYDROMINES HAVE ALREADY R E A L I Z E D  SHARP REDUCTION TO H E A L T H  HAZARDS TO WORKERS. RESEARCH 
I N D I C A T E S  THE C F F I C I E N C Y  O F  C U T T I N G  CAN BE I N C R E A S E D  BY I N C R E A S I N G  THE PRESSURE OF T H E  USUAL D I A  J E T S  FROM (80 TO 120 
ATM) TO ( 1 5 0  T O  250 ATM) AND OF THE SMALLER D I A  J E T S  FROM ( 8 0  TO 1 2 0 )  TO ( 2 5 0  TO 5001 ATM. I M P U L S E  JETS W I T H  
PsESSUSES FROM 3000 UP TO 10,000 ATM ARE VERY E F F I C I E N T  FOR T H E  REMOVAL OF VERY HARD COAL AND OTHER HARD ROCKS. THE 
Y I N E  E F F I C I F Y C Y  CAN B F  IMPROVED BY DEVELOPMENT OF MORE E F F E C T I V E  H Y D R A U L I C  AND MECHANICAL H Y D R A U L I C  MACHINES WHICH CAN 
9 E  AUTOMATFD. S I N G L E  AND TWO STAGES PUMPS ARE B E I N G  U S E 0  SUCCESSFULLY FOR SLURRY PUMPING. S I N G L E  STAGE PUMPS W I T H  
C A P A C I T T E S  UP TI? 175 METERS ( H E A D ? )  SHOW H I G H  R E L I A B I L I T Y  AND GOOD O P E R A T I N G  Q U A L I T I E S .  I N C R E A S E D  R E L I A B I L I T Y  AND 
L r N G F Q  L I F E  flF THE YEANS OF H Y D R A U L I C  TRANSPORT I S  D E S I 9 E D .  A 20 TO 30 KM E X P E R I M E N T A L  SLURRY L I N E  WILL BE B U I L T  T O  
I V V E S T I G A T F  PROBLFMS OF T H I C K  S L U R R I E S  AND THE A P P L I C A T I O N  OF TRANSPORT FROM M I N E  TO CONSUMER. MEAWS OF F I L T E R I N G  
THE WATEP PND DEWATERING F I N E  COAL NEED TO BE S T U D I E D .  ALSO METHODS OF RFCOVERY O F  T H I N  SEAM NEEDS FURTHER 
QEVELqPYENT.  (IN R U S S I A N )  

74-64-Q9QQZ HYQRAUL IC M I N I N G  RESEARCH - A PROGRESS REP(3RT ( Y O Z Z L E  COAL-MINE JETSTRFAM JET-TRAVERSE F A C E - L I G H T 1  NG 
F L U S H I N G  1 
PALOWITCH, F. Q. + MALENKP, W. T. & U.S. BUR M I N E S  P I T T S B U R G H  PA 

Y I N I N G  CONGRFSS JCIURYAL, 66-73. SEPT 1964. MANY S I Z E S  AND T Y P E S  OF NOZZLES WFRE T E S T F D  I N  COAL MINES.  THE 3/8 I N  
P I A  TAPERED N ' l Z Z L E  H A V I N G  A S T R A I G H T  S E C T I O N  3 D I A  (3D1 LONG WAS THE MOST E F F I C I E N T  BECAUSE T H E  PRESSURE DROP ACROSS 
TYE NOZZLE WAS THE LOWFST. T H I S  NOZZLE ALSO PRODUCED THE MOST COMPACT STREAM W I T H  A H I G H  PRFSSURE CENTER H A V I N G  A N  

S?IT PFR Y I N  AT 5000 P S I .  ANTHRACITE C U T T I N G  SATE ( . 4 T P Y )  WAS 1 / 5  OF B I T U M I N O U S  RATE. A H Y D R A U L I C  M I N I N G  MACHINE WAS 

F F F I C I E N T  H Y D R A U L I C  M I N I N G .  AT VERY H I G H  M I Y I N G  RATES THERE WAS I N S U F F I C I E N T  WATER TO MOVE THE COAL TO T H E  M A I N  CHUTE. 

Z i A k p 9 Q Q 3  ROCK P E N F T R A T I O N  BY H I G H  V E L O C I T Y  WATER J E T  ( COMPRESSIVF-STRENGTH H E A L T H  N O Z Z L F  S A F E T Y  I 

I N T  J ROCK MECHANICS M I N  SCIENCE,  ( 2 )  135-1531 SEPT 1964. H I G H  SPFFD WATER J E T S  WOULD NOT ONLY BE SPFER AND L E S S  
HAZARDOUS TO H E A L T H  THAN ACCEPTED METYODS OF ROCK FRACTURING BUT THEY MAY R E  MOQE E F F I C I E N T .  THEORY OF JET 

JFTS FROM Y O Z Z L F S  H A V I N G  1.19 MM TO 4.76 MM D I A M  AND V E L O C I T Y  FROM 447 TO 1118 M PER HR. THE TWO POCKS WITH 

E F F E C T I V E  D I A .  O F  0.8 I N .  AT A D I S T A N C E  OF ONE FOOT FROM THE FACE. AT THE H I G H E S T  PRESSURE, TWO TCNS O F  COAL COULD B E  

USED I N  A M I N E  AT 1000 HP, 5000 P S I ,  0.99 TPM AND 10.2 KWH PER TON. S E A L E D  BEAM FACE L I G H T I N G  WAS E S S F N T I A L  FOR 

FARMER, I. W. + ATTEWELL, P. B. & U N I V  S H E F F I E L D  ENGLAND 

D I S I N T E G R A T I O Y ,  NOZZLE DESIGN,  IMPACT AND WATER J E T  P E N E T R A T I O N  ARF GIVEN.  F I V E  D I F F E R E N T  ROCKS WERE T E S T E D  W I T H  WATER 

COMPRESSIVE STRENGTH ABOVE 15,000 P S I  WERE NOT E A S I L Y  PENETRATED. 
9,000 P S I  WFRE R E A n I L Y  PFNETRATED. EFFECTS OF WATER J E T  I M P A C T  INCREASE N O T I C E A B L Y  W I T H  I N C R E 4 S I N G  I M P A C T  V E L O C I T Y  AND 
AT 2,000 M / S E r  
YFDIUM-A FUNDAMFNTALLY D I F F E R E N T  MODE OF P E N E T R A T I O N  W I L L  BE RECOGNIZED. J E T S  OF T H I S  V E L O C I T Y  HAVE B E E N  DEVELOPED I N  
U.5.S.R. AND I M P R E S S I V E  RESULTS ARE C L A I M E D .  

THE OTHER THREE W I T H  C O P P R E S S I V E  STPENGTHS UNDER 

(4,470 M I  PEP HR)-THE MAXIYUM V E L O C I T Y  WHICH WATER CAN R F A D I L Y  B E  USED AS A PRESSURF T R A N S M I T T I N G  

.&ZhkQSQQfl H Y D R A U L I C  COAL M I N I N G  I N  CZECHOSLOVAKIA ( I N V E S T M E N T  COST EXCAVATOR BOOSTER-PUMP C O N V E Y I N G  PRODUCTION 1 

UGOL, ( 3 9 1  NO. 91 93-96? SFPT. 1964- I N  T R O I T S A  H Y D R A U L I C  M I N E  I N  CZECHOSLOVAKIA SURFACE PUMPING EQUIPMENT I S  ONE 
SURNACHEV, A. A. + SMETAUA, N. YA. 

SV-10, 1,585 S A L  PER M I N U T F  AT 910 P S I  AND TWO 2 0 0  C D R t  1,255 GAL PER MIrYUTE A T  1 , 2 8 0  P S I  WHICH SUPPLY WATER FOR 
F X C A V A T I O N  AND E L E V A T I N G .  THE FXCAVATOPS ARE T Y P E  DN-30 O P E R A T I N G  AT 1,400 TO 1,470 P S I .  A COMPLETE H Y D R A U L I C  SYSTEM 
IS OPERATED AYD G I V E S  A 1 5  PERCEYT HIGHER MINER P R O D U C T I V I T Y .  TESTS ON A N E J  PRESSURE ROOSTER D E L I V E R I N G  WATER AT 
8,230 P S I  ARE NOW P E I N G  CArlRTED O U T -  TO STUDY H Y D R A U L I C  M I N I N G  UNDER C O N D I T I O N S  OF T H I C K  S L A N T I N G  L A Y F R S  A 4 TO 6 
MFTER COAL LAYER Ih' K. GOTWALD MIWF IS B F I N G  E X P L O I T E D .  
AT 8 Y I N E S  W I T H  A D A I L Y  OUTPUT OF 31,000 TONS THE 
OF 260 CROWNS FOR DPY T E C H N I Q U F  W I T H  TOTAL COST PER TON F O 9  H Y D R A U L I C  M I N I N G  OF 
DPY TECHNIQUF.  

FURTHCR Y Y D S O Y E C H A N I Z A T I O N  I S  PLANNFD AND I T  I S  F I G U R E D  T H A T  
INVESTMEWT WOULD RE 2 1 2  CROWNS PER T O N  FOR HYDROMECHANIZATION I N S T E A D  

210 CROWNS I N S T E A D  OF 262 CROWNS W I T H  
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24=$ft=pPQQ5 C E R T A I N  QUESTIONS OF IMPROVEMENT OF TECHNOLOGY OF H Y D R A U L I C  E X T R A C T I O N  OF COAL I N  HYDROMINE AT 
KR A SNOGORSK 
GOLLARND, E. B. 4 T E R E K H I N ,  A. I .  

UGOL, (39) Ne 97 16-22,  SEPT 1964. THE M I N E  WAS CONSTRUCTED I N  1949. THERE ARE 6 COAL BEDS R A N G I N G  FROM 1.5 T O  
8.5 M I N  T H I C K N E S S  WITH AN A N T I C L I N E  D I P  OF 45-65 DEG. A S E R I E S  OF T E S T S  WAS RUN TO D E T E R M I N E  T H E  BEST O P E R A T I N G  
C O N D I T I O N S .  T H E  S O L U T I O N  I N V O L V E D  H Y D R A U L I C  UNDERCUTTING OF THE SURLEVEL COAL W I T H  CONTROLLED DISCHARGE.  T H E  
EQUIPMENT USED AND THE P R O V I S I O N S  FOR ROOF CONTROL ARE DESCRIBED.  

74-64-mQQ4 AN I N V E S T I G A T I O N  OF THE H Y D R A U L I C  C U T T I N G  OF COAL BY F I N E ,  HIGH-PRESSURE J E T S  ( H Y D R O M I N I N G  
NIKONOV,  G. Pa + KARACHENTSOV, V. I .  & A. A. S K O C H I N S K I  M I N I N G  I N S T  

UGOL, (39) Ne 9, 26-28, SEPT 1964. E X P E R I M E N T S  I N  THE LABORATORY AND I N  T H E  M I N E S  PROVED T H A T  F I N E ,  H I G H  PRESSURE 

THE PREFERRED SYSTEM COMBINES F I N E  JETS AT H I G H  PRESSURES W I T H  REGULAR J E T S  U S I N G  PRESSURES OF 30 TO 40 ATMS. FOR 
J E T S  ( U P  TO 500 ATMS) CAN E F F I C I E N T L Y  BREAK DOWN COAL OF V A R Y I N G  STRENGTHS WITH THE M I N I M U M  Y I E L D  O F  T H E  SMALL GRADES. 

S IMULTANEOUSLY B R E A K I N G  DOWN THE BLOCKS. 

74-64-DQQI P L A N N I N G  A H Y D R A U L I C  M I N E  W I T H  SEPARATE H O I S T I N G  OF A N T H R A C I T E  AND H Y D R A U L I C  TRANSPORT TO T H E  E L E C T R I C  
POWER PLANT 
ABRAMOV, YU. G. 

UGOL, (39) NO 97 82-85,  SEPT 1964. T O  I N C R E A S E  T H E  PRODUCTION OF THE HYDROMINED COAL I N  THE DONETS B A S I N  T O  12.6 
M I L L I O N  TONS/YR I T  I S  NECESSARY TO B U f L D  FOUR NEW HYDROMINES W I T H  ANNUAL PRODUCTIONS OF 1.8 M I L L I O N  TO 3.0 M I L L I O N  TONS 
OF ANTHRACITE.  THE PLUS 6 MM S I Z E  WILL BE H O I S T E D  I N  CAGES, S K I P S  AND CONVEYORS. THE F I N E S  O F  L E S S  T H A N  6 MM D I A  WILL 
BE H Y D R A U L I C A L L Y  TRANSPORTED TO THE B O I L E R  PLANT. T H E  D E S I G N  OF T H E  H Y D R A U L I C  SYSTEM AND THE METHOD OF M I N I N G  ARE 
DESCRIRED.  ( I N  R U S S I A N )  

24d&=Q_SQQB AUTOMATION OF TECHNOLOGICAL PROCESSES D U R I N G  HYDRO-MINING ( R U S S I A  COAL-MINES 1 

UGOL, (391 N 9, 37-42, SEPT 1964. A D I S C U S S I O N  O F  THE C O M B I N I N G  OF THE VARIOUS TECHNOLOGICAL PROCESSES I N T O  
TIMOSHENKO, G. Ma + GRUBA, V. 1. + LOGVINOV, N. 6.  

CDMPLETF HYDROMINING SYSTEMS, AND D E S I G N I N G  A CONTROL SYSTEM T O  U T I L I Z E  THEM E F F E C T I V E L Y .  THE SYSTEM I N C L U D E S  A H I G H  
PRESSURE PUMPING S T A T I C N ,  P I P E L I N E S ,  MONITORS, COAL SLURRY H A N D L I N G  EQUIPMENT, COAL PUMPING S T A T I O N S ,  C O A L  L I F T S  AND A 
COAL P R E P A R A T I g N  PLANT. ( I N  R U S S I A N )  

2+$4=Q2QQ_9 THE EXPERIMENTAL WORK ON THE P I O N E R  HYDROMINE - DONETS B A S I N ,  ( COAL-MINES R U S S I A  SLURRY-PUMPING 1 
SHAPOVALCV, A. 0. + NEIENBURG, V. E. + GUMENNIK, YA. 

UGOL, (39) NO 91 1 4 - 1 8 ,  SFPT 1964. THE P I O N E R  HYDROMINE I N C L U D E S  TWO U Y I T S  I D-1 AND 0-2  1 AND AN E N R I C H I N G  
PLANT. I T  WAS CESIGNED T O  PRODUCE 900 THOUSAND TONS/YR B U T  REACHED ONLY 54 PERCENT OF T H A T  I N  1963. D E T A I L S  O F  THE 
M I N I N G  METHODS AND THE H Y D R A U L I C  TRANSFERS ARE GIVEN.  THE LOW PRODUCTION I S  BLAMED ON L A C K  OF WATER, LARGE Q U A N T I T I E S  
OF HARD LABOR REQUIRFD, AND DIVERGENCE FROM THE PLANNED METHOD OF OPERATION.  ( I N  R U S S I A N )  

24-64-Q2QlQ THE ECONOMY OF ROCK USAGE I N  HYDROMINES. 1. THE I N V E S T I G A T I O N  OF ECClNDYIC E F F I C I E N C Y  OF P L A N S  OF 
D I S P O S I T I n N  AND T H E  TRANSPORTATION OF ROCK AFTER H Y D R A U L I C  E X T R A C T I O N  
T'YLKATSER, D -  YA. 

UGPL, (39) NO 9 ,  69-72, SEPT 1964. A STUDY OF VARIOUS MEANS OF D I S P O S I N G  OF UNWANTED P@CK REMOVED I N C I D E N T A L  TO 
H Y D R O M I N I N G  OF COAL. T H E  F I R S T  A R T I C L E  OF A TWO PART REPORT. SEE 26-64-09007 ( I N  R U S S I A N )  

Z-4=45=49Q3J, THE ECCNOMY OF ROCK USAGE I N  HYDROMINES I 1  THE MEANS OF H Y D R A U L I C  TRANSPORT AND H O I S T I N G  OF ROCKS 

UGOL, (14) NO 9, 72-74, S F P T  1964. VARIOUS METHODS OF HYDRAULTC TRANSPORT AND L I F T  ARE D I S C U S S E D  ANC A STUDY OF 

( I N  Q U S S I A N )  

BClRISENKOy L. 0. 

THE ECONDMIC ASPECTS D F  VARIOUS SCHEMES OF STOWAGE ARE PRESENTED. PART TWO OF A TWO A R T I C L E  S E R I E S .  S E E  26-64-09006 

IMPROVEMENT O F  M I N I N G  SYSTEMS D U R I N G  H Y D R A U L I C  M I N I N G  ( R U S S I A  COAL-MINES ) 
TECDOROVTCH, B. A. 

UGOL, (391 NO 9, 7R-319 SEPT. 1964. DESIGNS OF 29 SYSTEMS ARE GIVEN.  Fr3URTEEN OF THESE ARE ALREADY I N  USF FOR 

H Y D R A U L I C  P I N I N G  ARE G I V E N .  
J iYCVAULIC Cn4L MINFS.  C H A R A C T E R I S T I C S  OF LONGWALL SYSTEM, R E T R E A T I N G  TO D I P ,  T H E  ROOM AND P I L L A R  SYSTEM AND SUPLEVEL 

29~5=11443 D R Y  PERCUSSIPN CQILLING WITH DETERGENT MIST ( HEALTH DUST C O S T  I 
MALMGREN, c .  c GARDNER-DENVFR co CLEV OHIO 

M I N I N G  CONGRESS JOURNAL, (50) 62, NOV 1964. NUISANCE AND H E A L T H  HAZARD OF DRY COMPRESSED A I R  PERCUSSICN D R I L L I N G  
H4S CAUSED WIDESPREAD USAGF OF A WATFR-DETERGENT M I X T U R E  INTRODUCED I N T O  T H E  A I R  STREAM. EQUIPMENT FOR WATER-DETERGENT 
CISF AND I T S  COST AND MATNTEbANCE ARE G I V E N .  WHERE LAWS REQUIRE DUST COLLECTORS FOP DRY A I P  D R I L L I N G  WATER-DETERGENT 
USE I 5  P 4 P T I C U L A R L Y  CCDNOMICAL. 

&&&=J.1QQZ NEW APPRnACY T"  I N T F R P R E T I N G  ROCK D R I L L A B I L I T Y  1. NEEDED, FORMULAS FOR P R E D I C T I N G  D R I L L I Y G  I N  T H F  F I E L D  
( P IT-EEOMFTRY BIT-WEIGHT ROTARY-SPEED HYDRAUL I C s  P E N F T R A T I O N  GEOLOGY 1 
RINGHAM, M.G. & U N I V  HOUSTON 

THF O I L  & GAS JOURNAL, ( 6 2 )  NO. 441 52-57, NO 2 ,  1964. THESE A R T I C L E S  W I L L  P E L A T E  ROTARY D R I L L I N G  TO ROCK STRENGTH 

O P I L L I N G  AhD FUTURE FQUIPMENT DESIGN. CCINDUCTING T E S T S  W I T H  F L U I D  AND R I G  POWER H E L D  F A I R L Y  CONSTAKT O P T I M I Z F S  PRFSFYT 

L I T T L E  PFOMISE FOR I M P R O V I N G  D R I L L I N Z .  HOWFVEQ LONG I N T E R V A L  CONTROL RY LOGGING DEPTH AGAINST ON-BOTTOY 9 0 T A T I N G  HOUQS 
4 V D  CONS I D F R I N G  GFCLf lGIC FORMATION PR'3VIDES GOOD REGIONAL CONTROL. I N  SOME CASES ABRASIVENESS V A R I A T I D N S  MAY P E Q U I R F  
S F T T I N G  UP GEOLOGIC SUBGROUPS. EXTENT TO WHICH D R I L L I N G  CAN BE P R E D I C T E D  DFPENDS UPON A B I L I T Y  Tr) RECOGNIZE MAJOR FOCUS 

7 R  RPCK D R I L L A B I L I T Y  I N  AN ATTEMPT T 3  P R E D I C T  B E H A V I O R  OF ONE WELL D R I L L I N G  TO T H E  NEXT. T H I S  WILL EYABLE LOWCST COST 

P 'JACTICE WHICH IS SELQOM OPTIYUM. SHORT I N T F R V A L  T E S T S  OF B I T  WFIGHT, ROTARY S P F E D i  B I T  GEOMETRY AND H Y O R A U L I C S  GFFER 

CHAYGES 1% FORYATIONS.  I F  D R I L L I N G  I S  BFLOW P R E D I C T I O N S ,  CAUSE SHOULD BE DETERMINED.  

Z f t d f e J J Q Q l  NEW APPRPACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  2. HON TO YAY€ THE R/N-W/D CHART & WHAT I T  MEANS ( 
PEN FTR AT I ON PO TAR Y- SPEED R I T-WE I GHT D I AMON D-6 I T OR AG- 5 I T R O L L  E R-CONE-B I T  DR I LL I N G- F L  U I D C I R  C ULA T I ON I 
BINGHAM, M. G. E U N I V  HOUSTON 

TclE 3 1 L  & GAS JOURNAL, ( 6 2 )  NO. 45, 212-2179 NOV 91 1964. BY P L O T T I N G  P E N F T R A T I O N  PER REVCILUTICN A G A I N S T  R I T  LOAD 
PER FOOT O F  B I T  D I A Y F T F R ,  GENERAL E Q U A T I O N S  D E S C R I B I N G  D E S I R A B L E  D R I L L I N G  L I M I T S  CAN RE E S T A B L I S H E D  AND CONSISTEVT 
Y I N I N G  AND PETROLEUM D R I L L I N G  DATA CORRELATIOY I S  PROVIDED.  PERFORMANCE REGION, TRANSPORT L I M I T  REGION PND LOWER 
n R I L L I N G  L I M I T  ARC SHOWN ON R/N-W/D PLOTS. E F F E C T S  OF D R I L L I N G  F L U I D  O R  MUD, C I R C U L A T I O N  RATE, PQESSURE, POTARY SPEFD? 
9 I T  WEIGHT ANO B I T  TYP', ROLLER CONE, DIAYONO OR DRAG ARF GIVEW FOR LABORATORY TESTS. BY MEANS OF THESE LABORATORY 
TESTS, GEYFRAL R F L A T I O N S H I P S  ARE ESTARLISHED.  T H E S F  ARE CHECKED AGAINST F I F L D  DATA AND USED AS D P I L L I Y G  C R I T E R I A .  

7 4 - 6 k l J J ) Q f t  NFW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  3. HOW TO I N T E R P R F T  D R I L L I N G  I N  T H F  PFRFDRMANCE R E G I O N  ( 
B I T S  GEOLOGY M I C R O B I T  1 
RINGHAM, M e  G. & U N I V  HOUSTON 

THE n l L  E GAS JOURNAL, ( 6 2 )  NO. 16, 173-1799 NOV 16, 1964. BY F I N D I N G  ROTARY D R I L L I N G  U L T I P A T E  P O T E N T I A L  AN 

CAN 6F  O B T A I N F D  FOP D R I L L I N G  VARIOUS ROCK AND CAN BE EXPRESSED AS P E N E T R A T I O N  PEP R E V O L U T I O N  EQUAL TO A CONSTANT 
Y U L T I P L I E D  BY THF B I T  L O A D  PER F T  OF B I T  DIAMETER T O  SOME POWER. BGTH THE CONSTAYT AND POWER VARY CVER WIDE RANGES. 
TWIS CU9VF CAN RE APPROXIMATED BY A S T P A I G H T  L I N F  AND SUCH S T R A I G H T  L I N E S  HAVE BEEN DRAWN FOR VUGHFS TCOL C O ' S  @ I T  T F S T  

FXTRFMELY VALUABLE 5 A 5 F  A G A I N S T  WHICH TO COMPARE EACH D R I L L I N G  FACT@' I S  ACQUIRED.  C H A R A C T E 9 I S T I C  PERFORMANCF CURVES 
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DATA FOR ROCK H A V I N G  27500  P S I  TO 807000 P S I  COMPRESSIVE STRENGTH. RESULTS OF T E S T S  W I T H  SOFT AND MEDIUM-HARD 
FORMATIONS U S I N G  DRAG B I T S  ARE GIVEN.  B I T  D R I L L A B I L I T Y  I N C R E A S E S  W I T H  DEGREE OF H O R I Z O N T A L  S C R A P I N G  A C T I O N  BUT T H I S  1s 
OFFSET BY INCREASED WEAR. TOOTH BREAKAGE ALSO MUST B E  CONSIDERED. M I C R O B I T  R E S U L T S  MUST B E  C A R E F U L L Y  EVALUATED T O  
PREVENT ERRORS DUE TO T H E  S C A L I N G  PARAMETERS. 

2+h+llQQZ NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  4. WHAT YOU SHOULD KNOW ABOUT B I T  D E S I G N  C, PERFORMANCE- ( 
D E V I A T I O N  B I T - W E I G H T  D R I L L  I N G - F L U I D  H Y D R A U L I C S  HEAR 1 
BINGHAP,  Me G. E U N I V  HOUSTON 

B I T  C H O I C E  DEPENDS NOT ONLY ON B I T  C A P A B I L I T Y  BUT ALSO ON THE O I L  & GAS JOURNAL, ( 6 2 )  NO. 477 77-897 NOV 23, 1964. 
T n O T H  OR BLADE WEAR. D I F F E R E N T  B I T S  HAVE WIDE V A R I A T I O N  I N  D R I L L I N G  RATES. T H I S  I S  I L L U S T R A T E D  B Y  A CHART SHOWING 
PFRFORMANCF L I N E S  FOR V A R I O U S  B I T S .  A L L  B I T S  HAD A COMMON I N T E R C E P T  BUT PERFORMANCE L I N E  RESPONSE CHANGED W I T H  B I T  
SKEWNESS. WHEN F I E L D  R E S U L T S  ARE P L O T T E D  THERE I S  L I T T L E  DATA FOR L I G H T  WEIGHTS DUE T O  A TREND TOHARD H I G H E R  WEIGHTS. 
HENCE THE ECONOMY OF SOFTER FORMATION B I T S  W I T H  LOWER L O A D I N G  MAY B E  OVERLOOKED FOR T H A T  OF M E D I U M  FORMATION B I D  W I T H  
H I G H  L O A D I N G .  UNDER MANY F I E L D  C O N D I T I O N S  THE B I T  DOES NOT AFFECT D R I L L I N G  RATE BECAUSE SOME OTHER FACTOR, C O N D I T I O N S  
OF PRESSURE7 F L U I D  AND H Y D R A U L I C S  ARE L I M I T I N G .  TWO F I E L D  C A S E S  ARE GIVEN.  ROLLER B I T S  WERE FOUND SUPERIOR TO DRAG 
SECAUSE OF R A P I D  DRAG B I T  WEAR, H I G H  B I T  L O A D I N G  REQUIRED AND D E V I A T I O N  PROBLEMS. 

74-64-llOQb NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  5. HOW TO LOCATE PERFORMANCE L I N E  WHEN D R I L L I N G  RESPONSE 
I S  LOW ( SHARP-BIT  WORN B I T  1 
BINGHAM, M. G. E U N I V  HOUSTON 

THE O I L  E GAS JOURNAL, ( 6 2 1  NO. 48, 7 8 - 7 9 ,  NDV 307 1964. P R I M A R Y  PERFORMANCE L I N E  WAS AN APPROXIMATE F I T  TO T H E  
PFRFORMANCE CURVE. AT LOW PERFORMANCE RATES A SECONDARY PERFORMANCE L I N E  MUST BE D E T E R M I N E D  T O  MORE ACCURATELY F I T  THE 
CURVE. SLOPE AND I N T E R C E P T  O F  SECONDARY PERFORMANCE L I N E  DEPEND ON R g C K  C H A R A C T E R I S T I C S .  LABORATORY AND F I E L D  T E S T S  
4ND HUGHES TOOL CO I N F O R M A T I O N  ARE PLOTTED TO SHOW DATA F I T  W I T H  P R I M A R Y  AND SECONDARY PERFORMANCE L I N E S .  ONCE SHARP 
9 I T  L I N E S  APE F I T T E D 7  L I N E S  AND I N T E R C E P T S  FOR WORN B I T S  CAN BE FOUND BY WEAR EQUATIONS.  

2 4 - 6 4 - 1 7 0 Q l  T E C H N I Q U E  O F  GEOLOGICAL SURVEY OPERATIONS:  E X P E R I M E N T A L  STUDY OF T H E  DEGREE OF WEAKENING OF C E R T A I N  ROCKS 
BY THE LOCAL A C T I O N  OF H I G H  TEMPERATURES ( THERMAL-JET THFRMOMECHANICAL 1 
S E L E Z N E V t  A. P. 

I Z V E S T I Y A  V Y S S H I K H  UCHEBNYK Z A V E D E N I I  GEOLOGIYA I RAZVEDKAI N 1 2 7  9 8 - 1 0 2 ,  1964. THE USE OF THERMAL J E T  D R I L L I N G  I S  

CLFAR T H A T  I T  DUES NOT DESTROY A L L  ROCKS. MANY I N V E S T I G A T O R S  HAVE PROPOSED THE USE OF A THERMCCECHANICAL D R I L L I N G  
TECHYIQUF WHICH ACCOMPLISHES P A R T I A L  D E S T R U C T I O N  AND WEAKENING B Y  TEMPERATURE AND U L T I M A T E  D E S T R U C T I O N  BY A MECHANICAL 
TECHNIQUE.  RESULTS OF T E S T S  HAVE PROVIDED VALUABLE EVIDENCE.  THE OPTIMUM D I S T A N C E  FOR HARD ROCKS V P R I E S  W I T H I N  
THE 6 - 1 0  MY. I N T E R V A L .  THE DEGREE O F  WEAKENING I N C R E A S E S  W I T H  AN I N C R E A S I N G  O U R A T I O N  OF A C T I O N  U P  T O  A D E F I N I T E  
OPTIMUM T I M E  WHICH FOR T H E  G I V E N  SETUP WAS AN AVERAGE OF 3 0  SEC. T H E  DEGREE OF WEAKENING I q ‘ H I G H E R  FOR RCICKS W I T H  A 
HTGHFR P L A S T I C I T Y  C O E F F I C I E N T  AND LOWER HARDNESS. VERY HARD ROCKS W I T H  H I G H  E L A S T I C I T Y  DO NOT SHOW A ZONE OF 
WEAKFNING. ( I N  R U S S I A N )  

7 4 - 6 4 - 1 2 Q Q 2  A NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  6. M U L T I P L E  PERFORMANCE L I N E  I S  S P E C I A L  C A S E  BUT CAN BE 

E F F C C T I V F  I M  HARD ROCKS W I T H  LOW THERMAL C O N D U C T I V I T Y t  H I G H  E L A S T I C I T Y ,  AND A D I S T I N C T L Y  C R Y S T A L L I N E  STRUCTURE. I T  I S  

USED ( P E N E T R A T I O N  B I T - L O A 0  A I R - C I R C U L A T I O N  WATER-CIRCULATION 1 
RINGHAMI Me G- & U N I V  HOUSTON 

THE I’IL E GAS JOURNAL7 ( 6 2 )  NO. 4 9 7  1 5 4 - 1 6 8 1  DEC 7, 1 9 6 4 .  CINE COMMON PERFORMANCE L I N E 7  A PLOT CF R A T E  OF 
P E N F T R A T I O N  I N  F T  PER R F V O L U T I O N  VS THOUSANDS OF LB.  LOAD PER F T  OF @ I T ?  I S  THE USUAL D R I L L A B I L I T Y  F U Y C T I O N  FOP ANY 
Y A T E R I A L .  RUT FOP SOME V A R I A T I O N S  I N  RPM AND C I R C U L A T I O N  C O N D I T I O N S  THERE ARE M U L T I P L E  L I N E S .  HOWEVER, KNOWING T H E S E  
C n N D I T I O N S  D R I L L I N G  CAN B E  PREDICTED.  ONCE C U T T I N G S  ARE P R I E D  O F F  THE BOTTOM AND MOVED TO AN UNDER B I T  P O S I T I O N  THEY 

I Y F F F I C I E Y T  THFY L I M I T  D R I L L I N G  RATE. I N  ACTUAL D R I L L I N G  BACK PRESSURE REDUCES THE D R I L L I N G  R A T E  T C  T H E  PERFORMANCE 
L I N E  A N q  THFQE i s  NO D I F F E R E N C E  BETHEEN RESULTS W I T H  REGULAR AND J E T  B I T S .  A LARGER REMOVAL FORCE I S  A V A I L A B L E  WHEN 

MUST RE CLEARED FRCM UNDER B I T ,  MOVED I N T O  ANNULUS7 C A R R I E D  UP ANNULUS AND OUT OF HOLE. I F  T H F S E  TWO A C T I O N S  A R E  

D R I L L I N G  W I T H  L I Q U I D  THAN WHEN D R I L L I N G  W I T H  A I R  BUT L I Q U I D  SHOULD NOT I N T E R F E R E  W I T H  FRACTURE PROCESS7 STRESS ROCK 
APPRECIABLY,  I N C R E A S E  ROCK STRENGTH OR GUM UP C U T T I N G S .  

2-4=6kLzQQ2 A NEW APPROACH TO ‘ INTERPRATING ROCK D R I L L A B I L I T Y  7. HOW ROCK P R O P E R T I E S  ARE R E L A T E D  TC D R I L L I N G  ( 
CQULCYB- MOHP C U T T I N G S  PRESSURE E X P E R I M E N T S  ) 
RIIVGEAM, C. G. & U N I V  HOUSTON 

T H F  ‘ 3 I L  E GAS JOUPNAL, ( 6 2 )  NO. 5 0 7  94-1017 DEC 1 4 7  1 9 6 4 .  D R I L L I N G  SHOULD BE R E L A T E D  TO ROCK P R O P E P T I E S  TO P R E D I C T  
D R I L L I N G ,  FVALUATE D R I L L I N G  PERFORMANCE AND TO EVALUATE METHODS OF IMPROVEMENT. COULOMB-MOHS C R I T E R I A  PRE D I S C U S S E D  
AND 4 G’NERAL ROCK STRENGTH E Q U A T I O N  GIVEN.  T E S T S  ON I N D I A N A  L I M E S T O N E  SHOW T H A T  D R I L L A B I L I T Y  I N  ANY S I N G L E  S H I P M E N T  
V A R I F n  YO CORE TYAN 1 7  PERCENT W H I L E  ROCK D R I L L A B I L I T Y  AND ROCK STRENGTH V A R I E D  ABOUT 3 TO 1. AT HIGHER B I T  WFIGHTS 
THERF I S  AN I N D I C A T I O N  T H A T  A TQANSPORT L I M I T  TENDS TO DEVELOP. A T A B L E  SHOWS THE I N C R E A S E  OF ROCKS R E S I S T A N C E  TO 
F A I L U R F  W I T H  I N C R F A S E D  PRESSURE. PRESSURE A P P L I E D  TO TEST ROCK MAY NOT B E  THE SAME AS ACTUAL E F F E C T I V E  PRESSURE 

GIRDER TO REACY AN E Q U I L I B R I U M  OF C U T T I N G  REMOVAL TO CONDUCT A V A L I D  TEST. 

24=64-12443 A NEW APPROACH TO I N T E R P R A T I N G  ROCK D R I L L A B I L I T Y  8. HOW TO USF PERFOPMANCE-LINE E Q U A T I O N S  ( B I T  P O T A T I O N  

A C H I E V E D -  ALSO, D R I L L I N G  I S  L I M I T E D  B Y  A B I L I T Y  T O  REMOVE CUTTINGS.  SOME V I N I M U M  T E S T  I N T E R V A L  MUST B E  D R I L L E D  I N  

L O A 0  C I  R C U L A T I C N  GENERAL-DRILL ING-EQUAT I O N  ) 
B I N G H A M T  M. G. & U N I V  HOUSTON 

TYE O I L  h G4S JOURNAL7 ( 4 2 )  NO. 5 1 7  8 0 - 8 5 7  DEC 217 1964. THE E Q U A T I O N  MOST FREQUENTLY USED I S  E A S E 0  ON D A T A  
OSTAINEQ FROM THE PERFORMANCE L I N E .  DATA ARE G I V E N  FOR THREE STRATA. METHODS O F  I M P R O V I N G  R O T O D R I L L A B I L I T Y  A P F  
GIVEN.  T H I S  I S  THE L A S T  I N  A S E R I E S  OF A R T I C L E S  TO DEVELOP A SET OF E Q U A T I O N S  T O  P R E D I C T  D R I L L I N G .  E Q U A T I O N S  ALONE 
CANYOT ANALYZE O R I L L I Y G  R F S U L T S  BUT THEY ARE IMPORTANT AND USEFUL. D E R I V A T I O N  OF 2 7  EQUATIONS L E A O I N G  TC T H E  GFNERAL 
D R I L L I N G  E Q U A T I O N  AQE G I V E N .  

24-hS-OlQQl NEW YETHOnS P F  FPACTURING ROCKS ( D R I  LL ING-METHODS U L T R A S O N I C - D R I L L I N G  WATER-JET PLASMA J E T  E L F C T R I C A L  
FRACTURE 1 
FARMER, I. W. & U N I V  S H E F F I E L D  FNGLAND 

M I N I N G  AND M I N E R A L S  E N G I N E E R I N G 7  1 7 7 - 1 8 4 1  J A Y  1 9 6 5 .  RECENT DEVELOPMENTS I N  RUCK F R A C T U R I N G  I N C L U D E  U L T R A S O N I C  
D S I L L I N G T  WATER J E T  PENETRATION7 THERMAL PENETRATION7 PLASMA J E T ,  AND E L E C T R I C A L  9 0 C K  FRACTURE. T H E  U L T R A S O N I C  D R I L L  
PRODUCFS HIGH-FREQUFNCY V I E R A T I O N S  WHICH FRACTURE THE ROCKT AND I S  USEFUL O N L Y  TO PENETRATF VERY HARD ROCKS AND ORES 
NOT E A S I L Y  PEYFTRATECI OTHFRWISE. VATFR J E T  P E N E T R A T I O N  I S  PROPORTIONAL TO I M P A C T  V E L O C I T Y  OF THE WATER. T H I S  METHOD 
HAS B F E N  U S F Q  SUCCFSSFULLY ON T H I C K  COAL SEAMS. PRESENTLY7 S I Z E  L I M I T A T I O N 5  ARE IMPOSED DUE TO THE N E C E S S I T Y  OF 
MECHANICAL CCNTRnL OF HIGH-PRESSURE D E V I C E S .  THERMAL P E N E T R A T I O N  OF POCK C O N S I S T S  OF A HIGH-TEMPERPTUQE FLAME JET 
E J E C T E D  f iT  H I G H  V E L O C I T I E S  FROM S P E C I A L L Y  DESIGNED NOZZLE. PLASMA J E T  P F N E T R A T I O N  I S  L I M I T E D  B Y  MOLTEN ROCK WHICH 
’7FTEN CLOGS T H F  J F T  YOZZLE.  E L E C T R I C A L  ROCK FRACTURE I S  ACCOMPLISHED BY NUMFROUS ENERGY TRANSFER YETHOQS AND I S  MOST 
L I K E L Y  TO BF F C O N O Y I C A L L Y  A P P L I C A B L E  I Y  THE NEAR FUTURE. 

Zft=45=41Q_O2 PROBL’M OF F V A L U A T I N G  BSEAK-DOWN OF COAL BY J E T  OF H Y D R A U L I C  MONITOR ( P E R M E A B I L I T Y  1 

UGC’L, ( 3 9 )  N l r  2 7 - 3 1 ,  J A N  1965. FXPERIMENTS W I T H  COAL I N  PLACE I N D I C A T E  THAT WATER-ABSORBING F R O P E R T I E S  OF COAL 
9 E D  ARF GFNERAL FACT09 C H A R A C T E P I Z I N S  P H Y S I C A L  AND MECHANICAL P R O P E R T I E S  OF COAL. D E S I G N  AND USE OF D E V I C E  FOR 

S P E C I F I C  ABSORPTION OF WATER BY COAL B E D  UNDER G I V E N  HEAD AT NOZZLE. ( I N  R U S S I A N )  

“IIKONOV, G -  P. + ISHCHOK, I .  G. 

MEASURING P E R Y F A S I L I T Y  OF ROCKS I N  PLACE.  FORMULA I S  D E R I V E D  FOR D E T E R M I N A T I O N  OF MONITOR E F F I C I E N C Y  D E P E N D I N G  ON 
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2ftzeqlQn;l PROBLEM OF T H E  R A T I O N A L  D E P T H  OF BORE HOLES I N  M I N I N G  ( DRILLING-ECONOMY D R I L L I N G  TOOLS I 

I Z V E S T I Y A  V Y S S H I K H  UCHEBNYK Z A V E D E N I I  GEOLOGIYA I RAZVEDKA, N 1 9  1 1 7 - 1 2 1 ,  J A N -  1965. OPTIMUM BORE HOLE DEPTH I S  
DETERMINED BY SUCH A WIDE RANGE O F  E Q U I V A L E N T  V A L U E S  T H A T  A N A L Y T I C A L  S O L U T I O N  OF T H I S  PROBLEM HAS NO P R A C T I C A L  
MEANING. 1.34 TO 1-61 I N .  D I A M  BORE HOLES WERE MADE H I T H  KTSM-4 CORE D R I L L S  O P E R A T I N G  AT 100 T O  110 P S I  A I R  PRESSURE 
I N  S I L I C A C E O U S  L I M E S T O N E  W I T H  A PROTODYAKONOV STRENGTH OF F = B - 10, W I T H  DECREASING B I T  D I A  OPTIMUM BORE HOLE DEPTH 
INCREASES.  M I N I M U M  BORE HOLE DEPTH I N  THE O P T I M U M  REGION DECREASES W I T H  I N C R E A S I N G  ROCK HARDNESS. D E T E R M I N A T I O N  OF 

PETROSOVT A. A. & 

BORE HOLE DEPTH SHOULD BE R E L A T E D  TO P E N E T R A T I O N  RATE, PHYSICOMECHANICAL ROCK P R O P E R T I E S  AND D R I L L I N G  TOOLS EMPLOYED. 
( I N  R U S S I A N )  

2&=45=p11]123 NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  9. HOW TO F I N D  ROCK STRENGTH I N  T Y P I C A L  F I E L C  D R I L L I N G  ( 
B I T S  PERFORMANCE-LINE P E R M E A B I L I T Y  P O R O S I T Y  FRACTURE WEAR ) 
BINGHAMY M. G. & U N I V  HOUSTON 

T H E  O I L  E GAS JOURNAL? ( 6 3 )  NO. 1, 100-1117 J A N  4, 1 9 6 5 .  WHEN MORE ROCK STRENGTH I N F O R M A T I O N  BECOMES A V A I L A B L E  I T  

A P P R O X I M A T I O N  METHOD OF D E T E R M I N I N G  ROCK STRENGTH C A L L S  FOR L I T T L E  MORE I N F O R M A T I O N  THAN APPEARS ON R I G  TOUR SHEETS. 
OTHER METHODS REQUIRE I N F O R M A T I O N  WHICH IS V I R T U A L L Y  UNOBTAINABLE.  JUDGEMENT I S  NECESSARY I N  E V A L U A T I N G  PERFORMANCE 

AS WELL AS ROCK HARDNESS. PROPER WORN B I T  C A P A B I L I T Y  CONSTANT IS EQUAL TO GENERAL PERFORMANCE SLOPE M U L T I P L I E D  BY 
SQUARE ROOT OF WORN B I T  INTERCEPTS.  RECENT H I G H  D R I L L I N G  RATES ARE A T T R I B U T E D  ALMOST E N T I R E L Y  T O  G R I L L I Y G  W I T H  F L U I D  
A9 NEAR AS P O S S I B L E  TO CLEAR WATER. ROCK SHEAR STRENGTH I S  EQUAL TO SQUARE ROOT OF B I T  I N T E R C E P T  C I V I D E D  BY B I T  FACTOR 
Fr)R ANY TOOTH WEAR C O N D I T I O N  AND T H I S  SHEAR CAN B E  CONVERTED TO COMPRESSIVE STRENGTH. AS ROCK STRENGTH I N F O R M A T I O N  I S  
COMPILED I T  SHOULD BE P O S S I B L E  TO P R E D I C T  MAXIMUM B I T  TOOTH OFFSET WHICH CAN BE USED WITHOUT EXCESS TOOTH BREAKAGE. 
D R I L L I N G  R E S U L T S  ARE G I V E N  FOQ TUNGSTEN C A R B I D E  I N S E R T  BUTTON B I T S ,  HARD FORMATION TOOTH B I T S ,  M E D I U M  AND SOFT 
F q R M A T I O N  B I T S .  

2 4 - 6 5 - Q l Q p Z  NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  10. HOW STRONG ARE POCKS FOUND I N  TODAY‘S O I L  F I E L D  

HELPS WHEN D R I L L I N G  I N  AN UNKNOWN AREA BECAUSE D R I L L I N G  R A T E S  ARE P R E D I C T A B L E  AND COSTS CAN BE M I N I M I Z E D .  L I N E A R  

CURVE S L O P E  CHANGES AS PERMEABILITY, POROSITY, FRACTURE DFVELOPMENTt  FALLING AND GUMMING WILL AFFECT PENETRATION R A T E  

D R I L L I N G ?  I SHALE CARBONATE SANDSTONE F L U I D S  I 
BINGHAMT M. G. & U N I V  HOUSTON 

THE O I L  & GAS JOURNAL, ( 6 3 )  NO. 21 6 7 - 9 0 ?  J A N  11, 1 9 6 5 .  THE O I L  I N D U S T R Y  USUALLY D R I L L S  SHALE, CAF.BONATE OR SAND 
4ND V A R I A T I O N S ,  E S P E C I A L L Y  GUMMING UP, MUST B E  CONSIDFRED I N  E X P L A I N I N G  D R I L L I N G  RATES. MOST ROCK HAS A GRADUAL 
STRENGTH INCREASE W I T H  DEPTH. TOUR SHEET DATA, PERFORMANCE L I N E  I N T E R C E P T  AND I N D I C A T E D  SHEAR STRENGTH ARE G I V E N  FOR 

UNDERSTANOING OF F L U I D S  I N F L U E N C E  ON D R I L L I N G  I S  ACQUIRED, P E N E T R A T I O N  RATE I N  DEEP HOLES 1s U N L I K E L Y  T O  BE 
S I G Y I F I C A N T L Y  IMPROVED. 

7 4 - 6 5 - Q j Q Q h  NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  11. GREATER SPEED AWAITS MEANS TO REACH PERFORMANCE L I N E  [ 

Y I N E  MAJOR AREAS AND SEVERAL MISCELLANEOUS ONES. A T A B L E  I S  G I V E N  OF QUARRY AND M I N E  ROCK STRENGTH. U N T I L  A BETTER 

ROLLER-CqNE DIAMOND L I T H O L O G Y  
BINGHAM? Ma G. & U N I V  HOUSTON 

THE D I L  & GAS JOURNAL, ( 5 3 )  NO. 3, 7 5 - 7 7 ?  J A N  18, 1 9 6 5 .  PERFORPANCE L I N E S  FOR H A L F  WORN B I T S  D R I L L I K G  I N  
F D R Y A T I n N S  W I T H  STQENGTH H A V I N G  INTERCEPTS OF 5 ~ 0 0 0 ,  1 0 ~ 0 0 0 ~  2090007 30~000 AND 40~000 L B  PER F T  ARE DRAWN. S P E C I F I C  
r A P A f 3 I L I T Y  AND D R I L L I N G  C H A R A C T F R I S T I C S  OF DIAMOYD AND ROLLER CONE B I T S  ARE COMPARED. 

2 4 - 6 5 - Q Q Q l  FCCNOMICS O F  PERCUSSION VS A I R  ROTARY D R I L L I N G  ( B I T - L I F E  ECONOMICS I 
B A T F S ?  R. F. & M I S S I O N  VFG CO HOUSTON TEX 

WORLD orL, ( 1 6 0 1  N z T  51-59?  FEB. I, 1 9 6 5 .  PERCUSSION ROTARY D R I L L I N G  TECHNIQUE I N  WHICH M A I N  ENERGY SOURCE FOR 
F Q A C T U R I N G  RnCK I S  O R T A I N E D  FROM A PERCUSSION M 4 C H I N F  CONNECTFD D I R E C T L Y  TO THE P I T .  C I R C U L A T I N G  SYSTEM D R I L L  S T R I N G  

I R  CARFIIDF INSERT,  THQEF CONE ROLLER B I T S  ST9EYGTHENED TO WITHSTAND P E R C U S S I O N  BLOW. P E R C U S S I O N  MACHINE OPERATION AND 
K I N E T I C  ENERGY D E T F R M I N A T I O N  ARE DESCRIBED.  PERCUSSION D R I L L S  HAVE LONGER B I T  L I F E  THAN 9 0 T A R Y  D R I L L S  AS THERE I S  
LONGFR B E A R I N G  L I F E  AND T H E  B I T  TEETH DON’T D U L L  AS R A P I D L Y .  C H O I C E  BETWEEN PERCUSS1C)N AND ROTARY D R I L L I N G  IS  
O F T F R Y I N E D  RY FCONOMIC COMPARISON. AN ECONOMICAL PERCUSSION D R I L L I N G  OMOGRAPH F A C I L I T A T F S  D I R E C T  COST CCMPARISON OF 
THF TWO VcTHnDS. 

4Nn F O I S T I N G  SYSTEM ARF UNCHANGED FROM THAT USFD I N  CONVENTIONAL A I R  ROTARY METHOD. P E Q C U 5 S I O N  B I T S  ARE, M I L L E D  TOOTH 

2 4 - 6 5 - 0 2 Q u  NEW APPPOACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  12. WHAT I T  MEANS WHEN D R I L L I N G  F A L L S  BELOW PERFORMANCE 
L I N E  ( T R A N S P O R T - L I Y I T  B I T - W E I G H T  C I R C U L A T I O N  N O Z Z L E - V F L O C I T Y  F L U I D  I 
PINGHAP,  Y .  G. & U N I V  HDUSTON 

T H F  O I L  & GAS JOURNAL? ( 6 7 )  NO. 57  66-73,  FEB 1 1  1 9 6 5 .  VARIOUS nIL FIELD DRILLING R E S U L T S  A R E  SHOWN. ALTHOUGH 
M&XIMUY P R A C T I C A L  P O T C N T I A L  I S  E S T A B L I S H E D  BY PERFORMANCE L I N E ,  USUAL D R I L L I N G  I S  ON SOME TQANSPQRT L I N E .  V A R I A T I O N S  
W I T H  C I R C U L A T I C N  R A T F S T  JET Y O Z Z L E  V E L O C I T Y  AND ROTARY SPEEDS SHOW THAT FOR SHALLOW D R I L L I N G  EXTREMELY H I G H  B I T  WEIGHTS 
P Q F  NOT QFCOMYENDFD. AT DEEPER D R I L L I N G ?  l l ? O O O  F T .  D R I L L I N G  RESPOYSE WAS SUPPRESSED I N D I C A T I N G  A SEVERE C U T T I N G S  
QFMOV4L PROBLEM. S I N C E  C I E L R  D R I L L I N G  I S  D I F F I C U L T  TO F V A L U A T E  LABORATORY T E S T S  ARE USED TO SHOW R E L A T I V E  IMPORTANCE 
nF V A R I O U S  FACTORS. RESULTS DEMONSTRATE THAT NO S I N G L E  E Q U A T I O N  CAN BE W R I T T E N  TO APPLY TO A L L  D R I L L I N G  S I T U A T I O N S .  
D! S C O Y T I N U I T Y  RFPRESENTED RY TRANSPOQT L I M I T S  APPEAR W I T H  A L L  B I T  TYPES. M A I N  FACTOSS GOVEQYING YAXIMUM RESPONSE APF 
L F V E L  OF I N P U T  ENERGY ANO RFMOVAL PROBLEM SET UP B Y  I N T E R P L A Y  OF F L U I D t  ROCK AND PPESSURE. I F  C U T T I N G  RFMOVAL IS 
AOEQIJATE, PFRFORMANCF L I N E  QESULTS ARE O B T 4 I Y E D  AND I T S  SLOPE I S  I N F L U E N C E  ONLY BY 5 I T  D E S I G N  FOR A POCK (3F G I V F N  
DP I L L I B I L I T Y .  

7 L - 6 5 3 2 Q Q 3  NEW APPROACH TO I N T E R P R E T I Y G  ROCK D R I L L A B I L I T Y  13. HOW D R I L L I N G - F L U 1 0  FACTORS AFFFCT T k E  T R A h S P O R T - L I M I T S  
( O F N S I T Y  FLOW-VOLUME FLOW-VELOCITY A I R  ) 
BINGHAM, M. G. & U N I V  HOUSTON 

T H F  O I L  & GAS Jf lURNAL, ( 6 3 )  NO. 6 r  91-93? FEB 8 ,  1 9 6 5 .  YANV F 4 C T O Q S  AFFECT D R I L L I N G  RATF. THE EFFECTS OF D E N S I T Y ,  
FLOW Q h T F  AND NOZZLF V E L O C I T Y  ARE SHOWN. WYEN P R E D I C T I N G  D R I L L I N G  THF B I T  AND ROCK AS WELL AS FLOW R A T E  MUST * E  
C ’3NSIDFRE3.  A C E R T A I N  FLOW R A T E  I S  R E Q U I R E D  TO C L E A N  THE SOTTOM AN@ A C E R T A I N  V E L O C I T Y  TO CLEAR AROUND HOLE BOTTOM 

C I R C U L A T F D  AT TWn D I F F E Q F N T  RATES AND W I T H  WATER I N J E C T F D  I N T O  THE A I R  STREAM. A N  INCREASE I N  FLOW RATE INCREASES 
D R I L L I N G  RESPONSE AND P E N E T R A T I O N  RATE WHEN D R I L L I N G  F A L L S  ON A TRANSPORT L I M I T .  GREATER D E N S I T Y  BROUGHT A LARGE 
I N C R F A S E  I N  P E Y E T R A T I O N  RATE. I N  A I R  D R I L L I N G  R A I S I N G  P E N F T P A T I O N  RATc RY 4 D D I N G  WATFR DFPENnS UPON R O r K T  L I Q U I D  
S T R C U L 4 T F D  AND PYFUMATIC-HYDRAULIC POWER A V A I L 4 B L E .  A I R  D R I L L I N G  SUCCEEDS SOMETIMES ONLY BECAUSE D R I L L  P I P E  S I Z E  
r l F S T Q I C T S  VPLUYE OF L I Q U I D  THAT CAN RE C I R C U L 4 T E D .  

TqRhlCP. EXCFSS BEYONC! THESE VALUES CAN PROVIDE L I T T L E  IMPROVEMEYT. TESTS WERE CONDUCTED COMPARIYG D Q I L L I N G  M I T H  A I R  

2 4 - 6 5 - E m  NFW 4DPRAOCH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  14. HOW RCTARY SPEED & B I T  C O N F I G U R A T I C N  AFFECT TRANSPORT 
L I M I T S  ( P F U F T R A T I O N  F L U I D  C I R C U L 4 T I O N  CUTTINGS-RFMOVAL I 
R I N G H ~ P T  M. G. E U N I V  HOUSTON 

T H F  ? I L  & GAS JOUPNALT ( 6 3 )  NO. 71 137-1449 FEB 15,  1 9 6 5 .  P E N E T R A T I 3 N  RATE IS EQUAL T O  SOME CPNSTANT Y U L T I P L I E D  EY 

ROTAQY SPFED DOURLFS P E N F T R P T I O N  RATE WHILE I F  I T  I S  ZERO ROTAQY SPFED HAS NO E F F E C T  ON P E N E T R A T I O N  RATE.  WHEN 
D Q I L L I Y G  P N  PEpFORM4NSF L I N E S  T H I S  POWFR I S  CLOSE TO ONF RUT WHEN ON TRANSPORT L I M I T S  I T  Nf lRMALLY V A R I E S  FROV 0.57 TO 
0.RO. I T  CAN SOMFTIUFS CROP ZERO. HENCE D R I L L I N G  C O N D I T I O N S  MUST BE KNClWN BEFORE E F F E C T  OF ROTARY SPFFC ON 
P F N E T Q A T I O Y  Q A T E  CAN B F  PRFDICTED.  WHEY CHANGING B I T  C P N F I G U R A T I O N  OR J F T  P O S I T I O N  MANY C O M P L I C A T I O N S  C A N  ‘?E INTRODUCED 
WHICH AFFECT FLOW PATTFRN ON BOTTOM AND C U T T I N G S  R E S I S T 4 N C E .  WHEN C n Y S I D E R I N G  EFFECT ON D R I L L I N G  RESPEINSE OF TOOTH 

TYPE 3 F  FLCW. 

THE Q U A Y T I T Y  ROTARY SPFED D I V I D E D  BY RFFERENCE ROTARY SPFFD R A I S E D  TO SOME PQWER. I F  T H I S  POWER IS O N F T  D O U B L I N G  

RLIJNTNFSST THEID. H E I G H T  AND F L A T N E S S  MUST ALSO BE COYSIDERED AS WELL AS THE NUMBER OF CONEST C I Q C U L A T I N G  MEDIUM AND 
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25=65=92QQ3 NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  15. HOW CHANGES I N  ROCK E, PRESSURE A F F E C T  T H E  TRANSPORT 
L I  M I T S  ( PERFORMANCE-L I N E  CHIP-REMOVAL F L U I D  1 
BINGHAM,  Me G. & U N I V  HOUSTON 

T H E  O I L  C GAS JOURNAL, (63) NO. 6, 120-1239 F E B  221 1965. TRANSPORT L I M I T  REPRESENTS SYSTEM A B I L I T Y  TO TRANSPORT 

D R I L L I N G  F L U I D  I S  CHANGED FROM WATER T O  MUD D R I L L I N G  RESPONSE IS NOT AFFECTED I F  D R I L L I N G  I S  ON PERFORMANCE L I N E  B U T  1s  
REDUCED I N  TRANSPORT L I M I T  REGION. BACK PRESSURE TREMENDOUSLY SUPPRESSES D R I L L I N G  RESPONSE BUT I F  REMOVAL FORCE 1s 
H I G H  SUCH SUPPRESSION W I L L  NOT BE OBTAINED.  ONCE PRESSURE I N I T A L L Y  SUPPRESSES D R I L L I N G  RESPONSE A D D I T I G N A L  PRESSURE 
H A S  L I T T L E  FURTHER EFFECT. I N C R E A S I N G  PRESSURE I N C R E A S E S  ROCK STRENGTH AND AS ROCK STRENGTH GOES UP, TRANSPORT L I M I T  
FOR A G I V E N  SET OF C O N D I T I O N S  GOES DOWN. 

24-65-03QU THE CONCEPT OF S P E C I F I C  ENERGY I N  ROCK D R I L L I N G  ( B O R I N G  D R I L L I N G  I N D E N T A T I O N  ROCK-STRENGTH 

I N T -  J .  ROCK MECHANICS AND MIN.  SCIENCES,  ( 2 1  57-73, MARCH 1965. S P E C I F I C  ENERGY I S  THE ENERGY R E Q U I R E D  TO 
FXCAVATE U N I T  VOLUME OF ROCK AN0 MAY ALSO BE AN I N D E X  OF T H E  MECHANICAL E F F I C I E N C Y  OF ROCK WORKING. S P E C I F I C  ENERGY 
CORRELATES W I T H  COMPRESSIVE STRENGTH. I N  P R A C T I C E  C H I P P I N G  MAY OCCUR S O  T H A T  THE VOLUME OF AN I N D E N T A T I C N  1s MUCH 
GREATER THAN THE VOLUME ACTUALLY D I S P L A C E D  B y  T H E  INDENTER I T S E L F .  P O S S I B L Y  B Y  U S I N G  S U I T A B L E  ARRAYS O F  I N D E N T E R S  TO 
CAUSE INDUCED STRESSES T O  L I N K  UP, LARGE FRAGMENTS CAN BE BROKEN FROM THE SURFACE. AN UNDERSTANDING OF HOW S P E C I F I C  

C U T T I N G S  T C  ANNULUS. I F  LARGE C U T T I N G S  CANNOT BE REMOVED I N T A C T  AND ARE REGROUND P E N E T R A T I O N  R A T E  WILL BE LOW. WHEN 

T E A L E V  R. & N A T I O N A L  COAL BOARD ENGLAND 

ENERGY I S  GOVERNED BY THRUST AND R O T A T I O N  SPEED W I L L - B E N E F I T  TOOL D E S I G N  AND USE. 

74-65-03Q.QZ THE WEAKENING OF COAL M A S S I F  - THE WAY OF I N C R E A S I N G  P R O D U C T I V I T Y  O F  HYDROCUTTING 

UGOL, N 37 34-36, MAR 1965. THE MOST E F F I C I E N T  METHODS OF PREWEAKENING OF A COAL M A S S I F  FOR HYDRO-EXTRACTION ARE 
P R E S S U R I Z A T I O N  OF WATER I N  THE LAYER OF COAL UNDER H I G H  PRESSURE AND BY B L A S T I N G .  WATER I N F U S I O N  THROUGH HOLES 25 
METERS LONG INCREASED T H E  P R O D U C T I V I T Y  OF THE HYDROMONITOR B Y  2 1/2 TO 3 T I M E S  AND IMPROVED T H E  Q U A L I T Y  OF COAL BY AN 
I N C R E A S E  O F  10 PERCENT I N  THE 25 MM AND LARGER S I Z E S .  THE E X P L O S I V E S  WERE CHARGED H Y D R A U L I C A L L Y  UNDER PRESSURE OF 5 
ATM. ( I N  R U S S I A N )  

KUZ'MICH,  I. A. + ISHCHUK, I .  G. + KUZNETSOV, G. 

2&=4!5=~QQ~ WATER AS W I N N I N G  AND TRANSPORT MEDIUM I N  HARD-COAL M I N I N G  ( WATER-JET SAFETY ECONOMY H Y D R A U L I C - H O I S T I N G  
TRANSPORT H Y D R O M I N I N G  D R I L L I N G  1 
WUSSOW, D. & M I N I N G  ASSESSOR ESSEN GERMANY 

GLUECKAUF, (101) N 57 316-3217 MAR 3, 1965. BECAUSE OF SUCCESSFUL R U S S I A N  H Y D S O M I N I N G  THE WESTERN EUROPEAN HARD 
Cf lAL A S S O C I A T I O N  EXPERIMENTED W I T H  A COMPLETE U N I T .  WATER NOZZLE WAS R U S S I A N  IMPROVED BY T H E  M I N I N G  S U P P L I E R S  AND 
Y4NNESMANN RESEARCH I N S T I T U T E .  A 0.062 I N .  D I A M  N O Z Z L E  D E L I V E R I N G  40  GAL. OF WATER A MIN.  A T  3,650 LBS.  "ER s Q *  I N -  
WORKFn VERY S A T I S F A C T O R I L Y .  I N  THE U. S. A. A BLACK LUSTROUS ALMOST V E R T I C A L ,  ASPHALT D E P O S I T  I S  SUCCESSFULLY M I N E D  
W I T H  WATER J E T  AT 41400 P S I .  T H E  COMPLETE O P E R A T I O N  W I T H  H Y D R A U L I C  H O I S T I N G  I S  PRESCRIBED.  T H E  C @ N C L U S I O N  WAS 9 T O  12 
PFRCENT S A V I N G  CAN BE R E A L I Z E D  W I T H  HYDROMINING I N C L U D I N G  THE INCREASED COAL D R Y I N G  COST AND WATER C L A R I F I C A T I O N .  AN 
ADDCD C O N S I D F R A T I O N  I S  E L I Y I N A T I O N  OF COMPANY S I L I C O S I S  C O N T R I B U T I O N .  A .59 I N .  D I A M  P I P E  W I T H  S I X  HOLES I N  I T S  END 
CAP HAS S A T I S F A C T O R I L Y  D R I L L E D  1-3/8 I N .  D I A M  HOLES A T  ONE METER PER MIN. ( I N  GERMAN) 

74-65-Q3QQA NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  16. F I E L D  R E S U L T S  SUPPORT LABORATORY CONCLUSIONS ON 
T R A N S P O R T - L I M I T  D R I L L I N G  ( B I T - W E I G H T  BIT-CONF I G U R A T I O N  M I C Q O B I T S  R O T A T I O N  H Y D R A U L I C S  WEAR 1 
BINGHAM, M. G. E U N I V  HOUSTON 

T H F  c)IL E GAS JOURNAL, (63) NO. 9, 60-67, MAR 1, 1965. F I E L D  C O N D I T I O N S  WHERE A NUMBER OF V A R I A B L E S  ARE CHANGED 
SIMULTAhIFOUSLY MAY L E A D  TO CONFUSION. SUCH WAS T H E  CASE WHEN D R I L L I N G  RATE IMPROVED GREATLY B Y  I N C R E 4 S I N G  NOT ONLY 
H Y P Q A U L I C S  BUT ALSO B I T  WEIGHT. ACTUALLY I Y C R E A S E D  B I T  WEIGHT ONLY INCREASES D R I L L I N G  ALONG T H E  PERFflRMANCE L I N E  ON 

R 4 T E  I S  USUALLY ACCOMPANIED BY GREATER NOZZLE V E L O C I T Y  AND EFFECT O F  EACH SHOULD B E  EVALUATED. O F T E N  M I C R O B I T S  ARE USED 

TAKFS A P R E C I P I T I O N S  DROP AS WEIGHT INCREASES.  T H I S  I S  DUE TO GUMMIYG UP AND TOOTH B U R I A L .  A THRFE CONE B I T  DUE T O  
I T S  S F L F  C L E A N I N G  A C T I O N  CAN BE DEPENDED ON TO D R I L L  F A S T E S  THAN A TWO CONE. I N C R E A S I N G  ROTARY SPEED I N C R E A S E S  WEAR 
AND SOMETIMES CANNOT BE J U S T I F I E D  ECONOMICALLY. CHANGES I N  B I T  GEOMETRY WHICH INCREASED H Y D R A U L I C  REMOVAL FORCE ALSO 
TVC'IEASFD D R I L L I N G  RESPONSE AND PENETRATION RATE. 

24-65-Q9QQ5 NFW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  17. WHAT LOWER D R I L L I N G  L I M I T  MEANS ( DEPTH V O L U M E - L I M I T  

TRANSPORT L I M I T  CURVES. A D D I T I O N A L  WEIGHT '4AY A C T U A L L Y  DECREASE P E N E T R A T I O N  RATE. I N  F I E L D  D R I L L  INC-1 E F F E C T  OF FLOW 

Tf! F V A L U A T E  D R I L L I N G  V A R I A B L E S  BUT T H I S  SHOULD BE DONE W I T H  C A U T I O N  DUE TO M I C R O B I T  C H A R A C T E R I S T I C S .  SOME D R I L L I N G  

PFRFORM4NCE-LINE 1 
RINGHAM, M. G. E U N I V  HOUSTON 

T H E  n T L  E GAS JOURNAL, (63) NO. 109 148-1511 MAR 8, 1965. D R I L L I N G  B E H A V I O R  I S  L E S S  KNOWN AS R E S U L T S  F A L L  FARTHER 
FRCY PERFORMANCE L I N E .  FROF: F I E L D  DATA D R I L L I N G  IS BETWEEN PERFORMANCE L I N E  AND A L I N E  C A L L E D  THE LOWER D R I L L I N G  L I V I T  
WHICH H4S A SLOPE ONE T H I R D  OR ONE QUARTER THAT OF PERFORMANCE L I N E .  D R I L L I N G  DATA EVEN F A L L  BELOW LOWER D R I L L I N G  L I M I T  
RECAUSF OF VOLUME L I M I T  WHERE F L U I D  C I R C U L A T I O N  I S  INADEQUATE TO CLEAR A S P E C I F I C  VOLUME O F  C U T T I N G S .  F I G U R E S  ARE 
G I V E Y  SYCIWING LOWER D R I L L I N G  L I M I T  AND T Y P I C A L  D R I L L I N G  OF SHALLOW, MEDIUM DEPTH AND DEEP WELLS. 

24-05-03006 NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A R I L I T Y  18. HOW MUD REDUCES RESULTS T O  LOWER D R I L L I N G  L I M I T S  ( 
D R I L L I N G - F L U I D  V O L U M E - L I M I T  T R A N S P O R T - L I M I T  PERFORMANCE-LINE 
BINGHAM, M. G. E U N I V  HOUSTON 

THE ' 3 I L  E GAS JOURNAL, (63) NO. 11, 106,109, MAR 15, 1965. I N  LOWER D R I L L I N G  L I M I T  REGION D R I L L I N G  F L U I D  

I N T F R V A L  I N  A MONTANA F I E L D .  D R I L L I N G  WAS BETWEEN TRANSPORT L I M I T  AND LOWER D R I L L I N G  L I M I T  H I T H  NO CONSISTENT 
P q n P F R T I E S  FREQUENTLY EXERT A C R I T I C A L  EFFECT. D R I L L I N G  R E S U L T S  ARE G I V E N  FOR VARIOUS MUDS AT 5,OOC TO 6,500 FT.  

C O R R E L A T I O N  W I T H I N  VARIOUS TYPES OF MUD. WHEN MUD D R I L L I N G  I S  COMPARED T O  A I R ,  RESULTS FREQUENTLY SUGGEST E X I S T E N C E  O F  
A L"WES D Q I L L I W G  L I M I T .  A I R  D R I L L I N G  RESULTS SHOW THAT I T  I S  ON A PERFORMANCE L I N E  W H I L E  MUD D R I L L I N G  I S  C O N S I D E R A B L Y  
SELOW T H I S  ON LOWER D R I L L I N G  OR VOLUME L I M I T .  WATER AS A C I R C U L A T I N G  MEDIUM G I V E S  RESULTS CLOSE TG A I R  BUT I S  NOT USED 
A 5  I T  S q O N  MAKES UNSTABLE HOLE WALLS. AN EXPERIMENTAL ASPHALT MUD HAS G I V E N  GOOD D R I L L I N G  RESULTS.  D E T E R M I N A T I O N  OF 
I T S  C R I T I C A L  F L U I D  PROPFPTY COULD PROVIDE A SOUND B A S I S  FOR FORMULATING D R I L L I N G  F L U I D .  

&=CZPlQOI NEW APPROACH TO I Y T F R P R E T I Y G  ROCK D R I L L A R I L I T Y  19. HOW LOWER D R I L L I N G  L I M I T  APPEARS I N  LABORATORY 
D R I L L I N G  ( B I T  PERFORMANCE-LINE F L U I D  PRESSUSE ) 
BINGbAM,  M. G .  E U N I V  HOUSTON 

THF O I L  E GAS JOURNAL, ( 6 3 1  NO. 12, 101-104, MAR 2 2 9  1965. A L L  D R I L L I N G  I S  4 PALANCE OF MECHANICAL AND H Y D R A U L I C  
I N P U T  E N E R G I F S  AND T H E I R  EFFECTS UPON ROCK AND C U T T I N G S  REMOVAL S I T U A T I O N  SET UP BY D R I L L I N G  F L U I D ,  PRESSURE, AND ROCK 
I T S E L F .  SCME f E N E R A L I Z A T I 9 N S  APPLY FOR F I E L D  D R I L L I N G ,  M I C R O B I T S  AND DIAMOND B I T S .  CHANGING FROM WATER TO MUD PND 
A P P L Y I N G  BACK PRESSURE GRFATLY REDUCES D R I L L I N G  RFSPONSE. REASON FOR SUPPRESSION OF D R I L L I N G  FROM PERFORMANCE L I N E  TO 
LOWFR D Q I L L I N G  L I M I T  IS UNKNOWN. 

24-6kQXQ5 NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  20 .  HOW SPEED, B I T S ,  H Y D R A U L I C S  AFFECT 
L O W E R - D R I L L I N G - L I M I T  RESULTS ( PERFORMQNCE-LINE T R A N S P O R T - L I M I T  PRESSURE ) 
BINGHAM, M. G. & U N I V  HOUSTON 

THE O I L  E GAS JOURNAL, ( 6 3 1  NO. 13, 144-1511 YAR 29, 1965. I N  E V A L U A T I N G  A REVOLUTIONARY NEW B I T  D F S I G N  I T S  
PERFOSMANCE L I N E  WAS FOUND TO BE BEL3W THAT F'JR A SOFT F O R M A T I O N  P@LLOER CONE B I T  BUT ABOVE T H A T  FOR A HARD FORMATION. 
I T  D I D  NOT PROMISE TO BE ECONOMICAL AS I T  ALSO WORM FASTER THAN SOFT F O R M A T I O N  B I T S .  UNDER SOMF C C h D I T I C N S  B I T  
GEOMETRY MAY B E  C R I T I C A L  W H I L E  UNDER OTHERS I T  I S  NOT. T H I S  MAY B E  IMPORTANT I N  S E T T I N G  LOWER D R I L L I N G  L I M I T  SLOPE. 
I N  T E S T S  W I T H  P O L L E R  CCNET DIAMOND AYD M I C R O B I T S  T H E  D R I L L I N G  WAS ON THE PERFORMANCE L I N E  AND TRANSPORT L I M I T  W I T H  
C L E 4 R  WATER BUT DROPPED TO THE LOWER O R I L L I N G  L I M I T  WHEN MUD WAS USED. 
RPM T O  5 PPM OR WHEN T H F  B I T  WAS CHANGED TO A J E T  MODEL, RESPONSE P I C K E D  UP TRANSPORT L I M I T  W I T H  WATER 

HOWEVER WHEN ROTARY SPEED WAS SLOWED FROM 50 
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&=f&=aQQl NEW-APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  21. FULL-SCALE T E S T S  SHOW E F F E C T S  OF H Y D R A U L I C S  ON LOWER 
D R I L L I N G  L I M I T .  ( D A T A - I N T E R P R E T A T I O N  F L U I D  I 
BINGHAM, M. G. E U N I V  HOUSTON 

T H E  O I L  & GAS JOURNAL, ( 6 3 )  NO. 14, 1 9 5 - 1 9 8 9  APR 5, 1 9 6 5 .  INDUSTRY L I T E R A T U R E  P R O V I D E S  A W I D E  RANGE OF E X P E R I E N C E  
FOR COMPARISONS W I T H  ANY F I E L D  OPERATION. I T  IS U S U A L L Y  P O S S I B L E  T O  GET D A T A  T O  PROVE ANY CONTENTIGN T H E  I N T E R P R E T E S  
CARES T O  MAKE. WHETHER A LABORATORY IMPROVEMENT CAN B E  D U P L I C A T E D  I N  THE F I E L D  I S  THE R E A L  Q U E S T I O N -  B Y  P L O T T I N G  DATA 
r lN  D I F F F R E N T  COORDINATES I N T E R P R E T A T I O N  O F  RESULTS MAY RE CHANGED OR IMPORTANT P O I N T S  OBSCARED. PLOTS O F  DATA W I T H  
R/N-W/D G I V E  CLEAREST I N T E R P R E T A T I O N .  I N F L U E N C E  O F  FLOW RATE, MUD AND PRESSURE ARE GIVEN.  I N  M E N T I C N I N G  A I R  AS A 
C I R C U L A T I N G  MEDIUM I T S  LOW REMOVAL FORCE IS NOTED. LOWER D R I L L I N G  L I M I T  D I S C U S S I O N S  MAY HAVE GREATEST IPPORTANCE I N  
E V A L U A T I N G  D R I L L I N G  F L U I D S  ROLE THAN I N  S E T T I N G  P E N E T R A T I O N  RATE. THERE IS SOME C R I T I C A L  F L U I D  PROPERTY WHICH WOULD 

USED E X C F D T  FOR THE FACT T H A T  I S  MAKES UNSTABLE HOLES 

2335=Q5QQ ROLLER CUTTERS W I T H  TUNGSTEN C A R B I D E  T E E T H  ( ROLLER-CUTTERS 1 

C O L L I E R Y  GUARDIAN, 4 9 9 - 5 0 1 7  A P R I L  9 9  1 9 6 5 .  BETWEEN 1 9 5 6  AND 1 9 6 2  CENTRAL E N G I N E E R I N G  E S T A B L I S H M E N T  OF THE N A T I O N A L  

WEAR LOYGER THAN THE BEARINGS.  A THRUST OF 13,000 LB. PER CUTTER I S  NEEDED T U  D R I L L  A QOCK W I T H  COMPRESSIVE STRENGTH 

ALLOW D R I L L I N G  RATE TO C L I M B  ABOVE LOWER D R I L L I N G  L I M I T  AND B E G I N  TO APPROACH CLEAR WATER RATES. CLEAR WATER WOULD B E  

HUGHES, H. M. E N A T I O N A L  COAL BOARD ENGLAND 

COAL BOARD (ENGLAND1 DEVFLOPED ROLLER CUTTERS FOR H O R I Z O N T A L  D R I L L I N G  OF LARGE D I A M E T E R  HOLES I N  HARD POCK. THE T E E T H  

OF 2 7 ~ 0 0 0  LR./SQ. INCH. THE R A T E  OF P E N E T R A T I O N  I S  APPROXIMATELY 1 1 / 2  I N . / M I N .  I N  HARD ROCK. 

253-91. FACTORS I N F L U E N C I N G  THE D E S I G N  AND A P P L I C A T I O N  OF DOWNHOLE D R I L L S  I R O C K - D R I L L S  

THF C A N A D I A N  M I N  AND MET BULL MONTREAL, 5 4 7 - 5 5 0 7  MAY 1965. AN A N A L Y S I S  OF THE MAJOR PRORLFMS EhCOUNTEREO I Y  T H E  
D E S I G N  AND A P P L I C A T I O N  O F  DOWNHOLE D R I L L S .  D E S I G N  FEATURES ARE GOVERNED BY: P H Y S I C A L  S I Z F  L I M I T A T I O N S ;  M E T A L L U R G I C A L  
M A T E Q I A L  STANDARDS; P H Y S I C A L  OPERATING ENVIROVMENT; RANGE OF COMMERCIAL M A T E R I A L S  TO B E  D R I L L E D ;  H I G H  POWER OUTPUT 

K Y O X t  J. E INGERSOLL-RAND CO 

REQUIRED, COUPLED W I T H  S I M P L I C I T Y  FROM T H E  O P E R A T I N G  AND MAINTENANCE V I E W P O I N T v  AND B I T  DESIGN.  T F E  H I S T O R Y  OF 
ATTEYPTS T O  DEVELOP DOWNHOLE D R I L L S  IS DISCUSSED, AND R E P R E S E N T A T I V E  MECHANICAL C O N F I G U R A T I O N S  ARE I L L U S T R 4 T E O .  THE 
GFNERAL D E S I G Y  AND A P P L I C A T I O N  ASPECTS OF T H E  D I F F E R E N T  TYPES ARE COMMENTED ON. THE A P P L I C A T I O N  OF T H I S  D R I L L  T Y P E  I N  

ALONG W I T H  THE L I M I T A T I P N S  PRESENTLY IMPOSED BY T H E  COMMERCIAL STATE OF THE ART I N  THE MANUFACTURE OF ACCESSORY 

OFVFLOPMFNT AND A P P L I C A T I O N  O F  T H I S  TOOL ARE G I V E N .  3 REFS. 

2 4 - 6 5 - 0 5 Q u  RESULTS OF F I E L D  T E S T I N G  OF DIAMOND B I T S  OF NEW CONSTRUCTION ( D R I L L I N G  

RAZVFDKA I OKHRANA NFRP, N 5 T  1 8 - 2 1 ,  MAY 1 9 6 5 .  MAJOR REQUIREMENTS ARE THAT DIAMONDS HAVE T O  B E  CONCENTRATED W I T H I N  
')NE L A Y F R  AND MUST HAVE A D E F I N I T F  ORDER OF EXPOSURE. D E S I G N  OF AKV DIAMOND B I T S  AND RESULTS OF T H E I R  F I E L D  TESTS.  
( I N  R U S S I A N )  

2$-65-Q5QQq WATFR AS W I N N I Y G  AND TRANSPORT MEDIUM I N  HARD-COAL M I N I N G  ( J E T  PRESSURE VOLUME OUST SAFETY D R I L L I N G  I 

GLUCKAUF, ( 1 0 1 1  NO. 5 ,  3 1 6 - 3 2 1 9  1965.  F I R S T  H Y D R A U L I C  M I N I N G  WAS DONE BY R U S S I A N S  I N  1 9 3 5  W I T H  A 4 MM DIAMETER 

PST. I N  1 9 5 9  HYDPf-MINING WAS S U F F I C I F N T L Y  P R O M I S I N G  THAT GERMANS IMPROVED A R U S S I A N  N O Z Z L E  AND EXPERIMENTED W I T H  I T .  

V A R I r l U S  COMMERCIAL F I F L D S ,  SUCH AS ( A )  OIL-WELL D R I L L I N G ,  ( 8 1  OPEN-PIT M I N I N G  AND ( C I  UNDERGROUND M I N I N G ,  I S  D I S C U S S E D t  

FQUIPMFYT;  F.G. 9 D R I L L  R@DST A I R  COMPRESSORS, MOUNTINGS, ETC. SUGGESTIONS ON THE P O S S I B L E  FUTURE D I R E C T I O N  OF T H E  

A R T S I M n V I C H ,  G .  V. + ASYCHENKO, E. I .  E VOVCHANOVSKI I ,  I .  F. + IVANOV,  V. V. 

WUSSOW, D. 

' d 7 Z Z L F t  H A N D L I N G  40 GPLLCNS OF WATER PER M I N U T E  AT 3 6 7 5  P S I .  RECENTLY THEY HAVE GONE TO 6 6 0  G A L S  PER M I N U T F  AT 1 5 0 @  

H Y C 9 ~ Y I Y I N G  HAS THESF AOVANTAGES OVER STANDARD METHODS: NO LONGER H I N D E R E D  BY T I M R E R  I N S T A L L A T I O N  AND STOWING, WORK 1 s  
M3RE COYCENTRATED9 GFOLOGICAL DEFORMATIONS ARE M0RE E A S I L Y  HANDLED, T I M B E R I N G  LABOR I S  REDUCED, EQUIPMENT COST SHTJLD 
R I S E  MC1QE SLCWLY, NO DUST I S  PRODUCED, AND A C C I D E N T  RTSK I S  REDUCED. RESULTS FROM THE E X P E R I M E N T A L  S E C T I O N  WHERE ABOUT 
5000  TOYS '3F COAL WFRE M I N E D  ENCOURAGED A FURTHE? LARGE-SCALE T E S T  WHICH I S  RUNNING. D E S C R I P T I O N  ANC COMPARISON OF 
VARIOUS H Y D Q A l J L I C  H R I Z T I N G  SYSTFMS I S  GIVEN.  H Y D R A U L I C A L L Y  B O R I N G  HOLES I S  DESCRIBFD.  S I Y C E  M A T E R I A L  COSTS I N C R E A S E  
Y O R F  SLOWLY THAN LABOR COSTS, THF COST ADVANTAGE SHOWN FOR H Y D P O M I N I N G  OVER STANDARD METHODS WILL INCREASF.  

2 4 - 6 5 - 0 7 0 0 1  Q E S U L T S  OF E X P E R I M E N T A L  I N V E S T I G A T I O N  OF D R I L L A B I L I T Y  OF Q U A R T Z I T E S  I N  PERVOU9AL 'SK D E P O S I T  I N  THERMBL 
J F T  P I F R C I V G  ( FLAME-JET ) 
SIMANOV, V. G. + SUVOPOV, B. I .  + VINOGRADOVt  V. S. E KRIVOSCHENKO, YU. V. + KClZHELt  S .  A. 
+ KRAUTSOYt  V. M. 

S O R N Y I  ZHURNAL, N 7, 9 2 - 9 7 9  JULY 1 9 6 5 .  COST O F  D R I L L I N G  W I T H  J E T  P I E R C I N G  WAS ONE-HALF @F CONVENTICNAL.  PRESENCE 
n F  SHALE P A R T I N G S  REDUCFD E F F I C I E N C Y  O F  J E T  P I E R C I N G .  I N  T H I S  CASE CONVFNTIONAL ROCK D 9 I L L  B I T S  A C H I F V E  BETTEQ 
PENETQATTON. USE DF r O M R I N A T I O N  D R I L L  C O M P R F I S I N G  BOTH J F T  AND CONVENTIONAL B I T  I S  RECOMMENDED. RECOMMENDATIONS ARE 
MADE FOR I M P R O V I N G  THE D E S I G N  AND CONSTRUCTICIN OF THE THFRMAL J E T  P I F R C I N G  D R I L L .  ( I N  9 U S S I A N )  

25A5rQZQQZ FFFECT n F  F L A S T I C I T Y  OF POCKS ON T H E I R  D R I L L A B I L I T Y  U S I N G  THERMAL J E T  P I E R C I N G  ( FLAME-JET I 

S r l R N Y I  ZHUQNAL,  \I 7 7  0 * - 1 0 2 7  J U L Y  1 9 6 5 .  A N A L Y S I S  OF FXPFR I M E N T A L  DATA TNDICATES THAT TEMPFRATURE F F F E C T  OY NATURE 
9 F  CHANGES I N  F L A S T I C I T Y  I S  D I F F E R F N T .  T H I S  I S  CONNECTFD W I T H  VARIOUS R F L A X A T I O N  PPOCESSFS AT P O U N D A R I F S  BETWEEN 
Y I N E P A L S .  O A T 4  WFRE F V A L U 4 T E D  ACCOPDING TO TEPPERATURE DEPENDENCE CF YOUNG'S MODULUS. ( I N  R U S S I A N )  

24-65-QIQQ3 HYDRAIJLIC COAL M I N I N G  AND WASTE AREA P A C K I N G  AT KRASNOGPRSKAYA ( PRODUCTION PACKIWG SUOFJRT COMRUSTION 

D M I T R I F V ,  A .  P .  + YAMSHCHIKOVt  V. S. 

SLOPF I 
YAKOVLEVt  N. M. + BOLOTOVt R. P. + Z A K H V A T K I N ,  L. Y .  E KAZBASSUGOL CCMBINE E 

UGOL, ( 4 0 1  Nn. 7 7  ? 1 - 6 4 ,  J U L Y  1 9 6 5 .  COAL L A V E R S  AT KRASNOGORSKAYA I N  R U S S I A  A P F  GAS Y I E L D I N G  AND HAVE A TFNDENCY 
TOWARD SPONTANCOUS CCMSUSTIOY. M I N I N G  WAS BEGUN U S I N G  LAYER C O L L A P S I N G  SYSTFMS BUT BECAUSE OF F I R E  EYERGENCE n N  R 9 T H  
F L A N K S  1' k4S DECIDE@ TP PACK WASTE AREAS. AVFRAGE T H I C K N E S S  OF 4 2  TO 4 5  DFGTFE S L O P I N G  COAL L A Y F R S  I S  3 METERS. AT 
F I R S T  E X P L n S I V F  Y I N I N G  ANP B E L T  Cr3NVFYING MAS USFD TO PRODUCE 1150  TONS PFR q @ V T H  W I T H  WORKER OUTPUT DFR FACE OF 7.5 
T n Y S  AND MFNTHLY F A C F  ADVANCE OF 25.5 METERS. SY U S I N G  H Y D R A U L I C  WASHQUT AND CnNVEYANCE MONTHLY PRCDUCTICN WAS 
INCRE4SED TO 3ROO TCINS AN@ OUTPUT PER M I N E ?  TO 13.5  TONS. O F T A I L S  r)F THF SUPPDRT SYSTEM PND H Y D R A U L I C  P A C K I N G  ARE 
GIVFN.  n F T 4 I L S  I lF  H Y P R A U L I C  WASHOUT AND COAL C O N V F Y I N G  ARC NOT G I V E N .  

74-65-0ZQQ3 THE F A I L U R F  OF ROCK ( BREAKAGE NON-ELASTIC G R I F F I T H r C R A C K  I 

I N T F Q Y A T I C I N A L  JOURNAL O F  ROCK MECHANICS AND M I N I N G  SCIENCES,  ( 2 )  3 8 9 - 4 0 3 .  J U L Y  1 9 6 5 .  AN A N A L Y S I S  O F  T Y E  ENERGY 
CHANGCS A S S O C I A T E D  W I T H  THE 'XTENSION OF G R I F F I T H  CRACKS I N  T E N S I O N  AND COMP9ESSION I S  YADET WHICH SHOWS THAT THE 
Y n N - E L A S T I C  S F P A V I O R  CAV BE D E S C R I B E D  BY A CUQVED G R I F F I T H  LOCUS I N  THE STRESS - S T R A I N  PLANE. ONLY WHEN THE SLOPF IS 

E X T E N S I O N  CAN PRflCFFO BY UNSTABLE FRACTURE OR S T A B L E  FRACTURE DEPENOIYG ON THE AMOUNT O F  ENERGY S U P P L I E D .  T R I A X I A L  
C O N F I N F Y E N T  RFDUCFS THE N F G A T I V E  SLOPE AND M4KES M A T E R I A L  MORE D U C T I L E .  E X P E P I M E N T A L  DATA ON TENNESSFF MARBLE AND ST. 
CLOUD G P A N I T F  I S  SHnWN TO 8 F  I N  ACCORD W I T H  THE A N A L Y T I C A L  P R E D I C T I O N S .  

& A 5 d Q Q Q 1  ON D F T F R M I N A T I O N  OF PERFORMAYCE OF NOZZLE OF H Y D R A U L I C  M I N I N G  D E V I C E  ( WATER-JET 1 

COOK, M. C. W. E CHAMBE'? OF MINES JOHANNESBURG 

POSITIVE I S  A MATERIAL INTRINSICALLY BRITTLE A N D  LIABLE TO SPONTANFOUS FPACTURE, WHEN THE LOCUS I S  NEGATIVE C R A C K  

YOSHIZAWA, Y. + KAWASHIMA, T.  + Y A Y A I D A ,  K. 
JPUQNAL OF M I N  AND MFT I N S T  J A P A N ,  (81) W 8301 2 9 - 3 4 ,  OCT 1 9 6 5 .  FOP O E T F R M I N I N G  PESFOPPANCE OF NOZZLE, FLOW 
C H A R A C T F R I S T I C S  OF WATER J E T  ARE S T U D I E D  M A T H E M A T I C A L L Y  C O R R F L A T I N G  DIVEPGENCE C O E F F I C I E N T  OF J E T t  P R O F I L E  OF JET, AND 
DYNAMIC PRFSSURE D I S T R I B U T I O N  ALONG CENTER L I N E  AND R A D I A L  A X I S  OF J F T .  ( I N  J A P A N E S E )  
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.Zkb%lQQQ2 ON PARAMETFRS OF MONITOR J E T  AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS I N  H Y D R A U L I C  C R U S H I N G  

JOURNAL OF M I N  AND MET I N S T  J A P A N 9  ( 8 1 )  N 8 3 0 ,  23-289 OCT 1 9 6 5 .  PROBLEMS A S S O C I A T E D  W I T H  PARAMETERS OF 
HIGH-PRESSURE WATER J E T  D I R E C T E D  A G A I N S T  FACE, AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS I N  H Y D R A U L I C  C R U S H I N G  ARE D E R I V E D  

HOKAO, Z -  

M A T H E M A T I C A L L Y  SHOWING R E L A T I O N S H I P  BETWEEN PARAMETERS R E L A T E D  TO D I S T A N C E  BETWEEN F A C E  AND NOZZLE.  ( I N  J A P A N E S E )  

.2!khklQQQ3 P R I N C I P A L  H Y D R A U L I C  JET PARAMETERS A N 0  STRESS D I S T R I B U T I O N  I N  COAL SEAMS D U R I N G  H Y D R A U L I C  C R U S H I N G  ( 
N O Z Z L F  PRODUCTION 1 
HOKAOt Z. & TOKYO U N I V  

N I P P O N  KOGYO K A I S H I t  ( 8 1 )  N 930, 23-28,  OCT. 1 9 6 5 .  S I N C E  H Y D R O M I N I N G  WAS INTRODUCED T O  J A P A N  MANY LABORATORY AND 
C O L L I E R Y  E X P E R I M E N T S  H A V E  BEEN C A R R I E D  OUT. MANY GOOD RESULTS WERE REPORTED AND SOME COAL M I N E S  H A V E  A C H I E V E D  VERY 
P R O D U C T I V I T Y .  DEVFLOPMENT OF T H I S  T E C H N I Q U E  R E Q U I R E S  T H E O R E T I C A L  A N A L Y S I S  AS WELL AS E X P E R I M E N T A L  WORK ON PARAMETERS 

T H E O R E T I C A L  AND MATHEMATICAL A N A L Y S I S  OF THESE PROBLEMS I S  GIVEN.  RESULTS A C Q U I R E D  SHOW R E L A T I O N S  BETHEEN PAPAMETERS O F  

H I G H  

OF H I G H  PRESSURE J E T  D I R E C T E D  AGAINST THE FACE9 AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS I N  H Y D R A U L I C  CRUSHING. A 

J E T  AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS RELATED TO D I S T A N C E  BETWEEN F A C E  AND NOZZLE. 

24-65-10QQf t  D E T E R M I N A T I O N  OF H Y D R A U L I C  M I N I N G  D E V I C E  N O Z Z L E  PERFORMANCE ( SLOPE-ANGLE NOZZLE-LENGTH PRESSURE FLOW 
FRACTURING KOBAYASHI-FORMULA 1 
YOSHIZAWAt  Y. + KAWASHIMA, T. + Y A N A I D A ,  K. E. TOHOKU U N I V  

N I P P O N  KOGYO K A I S H I ,  ( 8 1 )  2 9 - 3 4 ,  OCT. 1 9 6 5 .  P R E V I O U S  N O Z Z L E  D E S I G N  FROM V E L O C I T Y  D I S T R I B U T I O N  C A L C U L A T I O N S  OR 
E X P E R I M E N T A T I O N  W I T H  V A R I O U S  C O N F I G U R A T I O N S  WAS INADEQUATE.  FROM T H E  K U B A Y A S H I  EQUATIONS A T A B L E  OF N O Z Z L E  E X I T  SLOPE 

PERFORMANCE. THE GREAT E F F E C T  OF NOZZLE OUTLET SLOPE ANGLE ON PERFORMANCE I S  SHOWN. A SLOPE ANGLE OF 80 DEGREES WAS 
FOUND TO G I V E  GOOD PERFORMANCE. 
ON NOZZLE PERFORMANCE, E S T A B L I S H M E N T  OF CONE SHAPED NOZZLE PERFORMANCE FOR E A S I E R  F A B R I C A T I O N ,  H I G H  PRESSURE 
PFRFORMANCE AS COMPARED TO THESE LOW PRESSURE DATA, AND E L U C I D A T I O N  OF JET FLOW C H A R A C T E R I S T I C S  AND F R A C T U R I N G  

ANGLE, N O Z Z L E  LENGTH AND PRESSURE. N O Z Z L E  LENGTH EQUAL TO FOUR T I M E S  THE J E T  D I A M E T E R  WAS FOUND TO G I V E  BEST 

WORK I S  NOW UNDERWAY TO D E T E R M I N E  THE E F F E C T  OF N O Z Z L E  D I A M E T E R  AND N O Z Z L E  I N L E T  W I D T H  

BEHAVIOR.  

a d Z = U Q Q l  WHEN SHOULD YOU REPLACE A ROCK D R I L L  ( I N S P E C T I O N  MAINTENANCE R E P A I R  RECORDS 
POHSV H. A. & GARDNER-DENVER CO CLEV O H I O  

ROCK PRODUCTS, 6 5 1  NOV. 1 9 6 5 .  MAINTENANCE OF THE MODERN ROCK D R I L L  AND I T S  I N D I V I D U A L  PARTS H A S  SECCME A PROBLEM 
OF S I M P L E ,  I N D I V I D U A L  I N S P E C T I O N  AND B A L A N C I N G  OF R E M A I N I N G  U S E F U L  L I F E  OF PARTS A G A I N S T  T H E I R  REPLACEMENT OR R E P A I R  
COST. K E E P  A CARD F I L E  FOR EACH D R I L L  AND RECORD B E G I N N I N G  DATE OF SERVICE,  D A T E  OF EACH OVERHAUL CR S P I P  R E P A I R ,  PART 
NAME AND COST OF PARTS R E P A I R E D  AND D R I L L I N G  FOOTAGE RENDERED BY EACH PART. SUCH RECORDS P R O V I D E  ACCURATE COST PER 
FOOT D R I L L E D  O R  PER HOLE D R I L L E D  AND WILL V E R I F Y  MAINTENANCE TECHNIQUES.  FURTHER A N A L Y S I S  WILL G I V E  ACCUQATE COST 
RECORDS OF OVERALL D R I L L I N G  OPERATIONS AND CAN P I N P O I N T  AREAS WHERE IMPROVEMENT MAY BE ACHIEVED.  

2 4 - 6 5 - 1 1 4 4 2  ROCK D R I L L  MAINTENANCE MADE EASY ( L U B R I C A T I O N  A I R  I N S P E C T I O N  E F F I C I E N C Y  
REINKER,  N. W. + LEAR, E. 6. + POHS, H. A. & WESTINGHOUSE A I R  BRAKE 

Q n C K  PRODUCTS, 6 6 - 7 0 ,  NOV 1965. T H E  THREE MOST IMPORTANT FACTORS I N  ROCK D R I L L  OPEQATION ARE: GOOD L U B P I C A T I O N  
P R A C T I C E v  I M M E C I A T E  PROPER REPLACEMENT OF WORN PARTS, AND C L E A N  COMPRESSED A I R .  WESTINGHOUSE'S ROCK D R I L L  
TROUBLESHOOTER'S G U I D E  I S  G I V E N  AND A CHECK L I S T  OF T E N  I T E M S  WHICH D R I L L  OPERATORS SHOULD OBSERVE TO E L I M I N A T E  TROUBLE 
I S  GIVEN.  TO TEST D R I L L  E F F I C I E N C Y  A COMPARATIVE O P E R A T I O N  T E S T  CAN B E  USED OR A MORE C O M P L I C A T E D  SET UP USED FOR 
O B T A I N I N G  S T R I K I N G  RATE AND POWER. 

24-65-11443 W I L L  SLURRY B L A S T I N G  AGENTS REPLACE AN/FO? 

ROCK PRODUCTST 7 0 - 7 2 ,  NOV. 1 9 6 5 .  SLURRY B L A S T I N G  AGENTS ARE B E I N G  D E L I V E R E D  D I R E C T L Y  T O  THE CUSTOMERS QUARRY OR 
M I N E  U S I N G  SULK HANDLIMG METHODS. ON S I T E  M I X I N G  AND PUMPING I N T O  THE BOREHOLE IS A V A I L A B L E .  

COOK, V. 0 .  & I R E C O  CHEMICALS SALT L A K E  C I T Y  

7 4 - 6 5 - 1 2 Q Q l  B I  T-TOOTH P E N E T R A T I O N  UNDER S I M U L A T E D  BOREHOLE C O N D I T I O N S  ( D R I L L A B I L I T Y  

JOURNAL OF PETROLEUM TECHNOLOGY - PETROLEUM TQANSACTIONS,  1 4 3 3 - 1 4 4 2 ,  DEC. 1 9 6 5 .  A STUDY OF B I T - T O O T H  PENETRATION,  
MAURERt W. C. & ESSO PROD RES C'3 HOUSTON T E X  

CIR CRATER FORYATION,  UNDER S I M U L A T E D  BOREHOLE C O N D I T I O N S  H A S  BEEN MADE. PRESSURE C O N D I T I O N S  E X I S T I N G  WHEN D R I L L I Y G  
W I T H  A I R ,  WATFR AND MUr) H A V E  BEEN S I M U L A T E D  FOR DEPTHS O F  0 TO 209000 F T e  THESE WATER T E S T S  SHOWED T H A T  A THRESHOLD 
B I T - T O O T H  FORCE MUST BE EXCEEDED BEFORE A CRATER I S  FORMED. T H I S  THRESHOLD FORCE I N C R E A S E D  W I T H  BOTH T f O T H  D U L L N E S S  
AND D I F F E R E Y T I A L  PRESSURE BETWEEN THE BOREHOLE AND FORMATION F L U I D S .  W I T H  CONSTANT FORCE O F  6 5 0 0  L B  A P P L I E D  TO T H E  B I T  

I N C R E A S F  I N  H Y D R q S T A T I C  F L U I D  PRESSUSES PRODUCED ONLY A 5 0  PERCENT DECREASE I N  VOLUME W H I L E  CHANGES I N  OVERBURDEN 
PRESSURE HAD NU DETECTABLE EFFECT ON CRATER VOLUME. CRATER T E S T S  I N  UNCONSOLIDATED SAND SUBJECTED TO D I F F E R E N T I A L  
PRESSURE SHOWFn T H A T  H I G H  F R I C T I O N  WAS PRESENT I N  THE SAND AT H I G H  PRESSURE. 

TEFTq,  AN I N C R F A S E  I N  D I F F E R E N T I A L  PRESSURE FQDM 0 TO 5,000 PSI  REDUCED THE CRATER VOLUMES BY 9 0  PERCENT. A COMPARABLE 

2 4 - 6 5 - U Q a  A I P  D R I L L I N G  DEEP HOLES ( D R I L L I N G - R A T E  B I T - L I  F E  G E O L O G I C A L - A N A L Y S I S  COOLING-MEDIUM PERCUSS I O N  1 

COMPRFSSED A I R  MAGAZrNET ( 7 0 )  8 -11 ,  DEC 1 9 6 5 .  A P P L I C A T I O N  OF A I R  I N  D R I L L I N G  HAS SEVERAL ADVANTAGES OVER OTHER 
PRACTICES.  FASTER C U T T I N G  REMOVAL I V C R E A S E S  SPEED OF B I T  PENETRATION.  GEOLOGICAL A N A L Y S I S  I S  F A C I L I T A T E D  AS C U T T I N G S  

STAGNITO,  Ha 

ARE REMOVED ALMOST I M M E D I A T F L Y .  B I T S  HAVE LONGER L I F E .  REDUCED H O L E  PRESSURES, DUE T U  E L I M I N A T I O N  OF MUD COLUMN 
WEIGHT, P F R M I T S  FASTFR D R I L L I N G .  A I R  OR GAS DOES NOT CONTAMINATE FORMATIONS. PERCUSSION TOOLS ARE USED W I T H  A I R ,  GAS 
OQ M I S T  AND D R I L L  T O  EXTREME DEPTHS W I T H  FAVORABLE RESULTS. D R I L L I N G  A HOLE TO 7 2 0 0  F T  I N  ARK. S U P E R V I S E D  BY 
IYGERSOLL-RAND D R I L L I N G  S E R V I C E S  I S  DESCRIBED.  

24=hkUQQa H I q H  PRESSURE VOLE D R I L L I N G  I N  L E I C E S T E R S H I R E  G R A N I T E  I D R Y L L I N G - R A T E  C A R B I D E - I N S E R T  DOWN-TPE-HOLE-DRILL 
1 
PATEY, D e  R .  

Y I N  AND M I N E R A L  E"GR.7 ( 1 )  N 16, 6 1 0 - 6 1 5 7  DEC 1 9 6 5 .  I N  G R A N I T E  QUARRIES THE 4 - I N .  DOWN T H E  H O L E  D R I L L I N G  MACHINE 
W I T H  100 L B  PFR S Q .  I N .  A I R  SUPPLY HAS BEEN W I D E L Y  ADOPTFD. RECENTLY A V E R S I O N  OF THE HOLMAN 4 I N .  VOLE D R I L L  HAMMER 
HAS BEEN OPERATFD OY 1 5 0  LE! PER SQ. I N .  A IR.  T H I S  M O D I F I C A T I O N  OFFERS ECONOMIES BY AT L E A S T  D O U S L I Y G  T H E  D R I L L I N G  
RATE. T H E  1 5 0  L B  PER SQ. I N .  MACHINE IS MECHANICALLY R E L I A B L E  AND WHEN B I T  PERFORMANCE PRGBLEMS ARE OVERCOME, I T  WILL 
DROVF A V 4 L U A P L E  QUARRYING AND OPENCAST M I N I N G  TOOL. THE QUARRIED G R A N I T E  HAS 45,000 TO 57,700 L B  PES SQ. I N .  CRUSHING 
STRENGTH AND I S  CONSIDERED VERY ASRASIVE.  4 - I N .  CRUCIFORM TUNGSTEN C A R B I D E  I N S E R T  B I T S  ARE USED W I T H  W I D E L Y  V A R I E D  
PERFOQMANCE. ON PRODUCTION THE H I G H  PRESSURE V O L E - D R I L L  HAS AVERAGED 1 8  F T  PER HR OVERALL W I T H  A BEST PERFORMANCE OF 
3 2  F T  PER HR. 

2&5s=uQQ3 B I G  HOLE DR I L L I N G ,  A STUDY I N  DEPTH ( HOLE-DIAMETER HOLE-DEPTH D R I L L - S T R I N G  R O L L E R - B I T  1 

M I N I N G  F N G I N E E R I N G ,  7 1 - 7 5 ,  DEC 1 9 6 5 .  T H I S  A R T I C L E  I S  P A R T  OF A PAPER PREPARED FOR THE SECOND SYMP. ON S A L T ,  
CLEVELAND,  MAY IT 1 9 6 5 .  T A B L E  I G I V E S  I N F O R M A T I O N  ON 1 7 5  HOLES FROM 36 I N .  D I A M  T O  301 I N .  AND 205  F T  T O  3000 F T  
DEEP. ANOTHER T A B L E  G I V E S  I N F O R M A T I O N  ON AEC T E S T  HOLES FROM 2 9  I N .  D I A M  T O  160 I N .  AND FR@M 3 0 6  T O  4 6 0 0  F T  DEEP. 
P U B L I S H E D  ART1 CLFS HAVE D I S C U S S E D  D R I L L I N G  PROCEDURES AND PROBLEMS. COSTS ARE EXTREMELY V A R I E D  DUE TO V A R I E D  CONTPACT 
AND D R I L L I N G  CC'NDITIFNS.  I L L U S T R A T E D  ARE A 7 2 - I N .  ROLLER B I T  C O S T I N G  $ 1 2 , 0 0 0  AND A 1 6 0 - I N .  D I A M  B I T  C O S T I N G  $ 2 2 ~ 0 0 0 .  
BOTH S I N G L E  AND DUAL D R I L L  S T R I N G S  ARE SHOWN. 

DELLTVGFP,  T. 6. C F E N I X  AND SCISSON I N C  TULSA OKLA 
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2$=6kQQQQl SMC!OTH B L A S T I N G  AND P R E - S P L I T T I N G  

SOUTH A F R I C A  PAPERS & D I  S C U S S I O N S t  811-63, 1966-1967. TECHNIQUES OF E X C A V A T I O N  BY C n N T R O L L E D  B L A S T I N G ,  PRODUCING 
SMOOTH, U N D I S T U R B E D  SURFACES OF ROCK WALLS ARE D I S C U S S E D  AND T H E I R  T H E O R E T I C A L  B A S I S  E X P L A I N E D .  E X P E R I E N C E  R E Q U I R E D  I N  
SOUTH A F R I C A N  GOLD MINES 5 I N C E  1965 I N  USE OF SMOOTH B L A S T I N G  AND P R E S P L I T T I N G  METHODS I S  REPORTED AND COST DATA I s  
GIVEN.  14 REFS. 

25-66-UQQl HOW BOTTOM-HOLE PRESSURE AFFECTS P E N E T R A T I O N  R A T E  ( O I L - W E L L  CRATERS D R I L L I N G - R A T E  

THE O I L  4ND GAS JOURNAL, (641 61-65? J A N  10, 1966. A PRESSURE CHAMBER WAS USED TO STUDY HOW A B I T  TOOTH PENETRATES 
ROCK UNDER BOTTCM-HOLF7PRESSURE C O N D I T I O N S .  THE THREE BOTTOM-HOLE PRESSURES WERE V A R I E D  INDEPENDENTLY T C  S I M U L A T E  
Q R I L L I N G  W I T H  A I R ,  WATER, AND MUD. A B I T  TOOTH FORMS A CRATER WHEN THE TOOTH I M P A C T S  THE ROCK. T H E  CRATER VOLUME I N  
WATES C J S I L L I N G  DECREASED A SMALLER AMOUNT WHICH I S  ONE OF THE R€ASONS WATER D R I L L S  FASTER THAN MUD. T H E  CRATER VOLUME 

F E N N E L L t  Me H e  + PLEWMAN, R -  P. + BROWN, A. N, 

MAURERT W e  C. & ESSO PROD RES CO HOUSTON TEX 

I N  A I R  D R I L L I N G  D I D  NOT CHANGE WHICH I S  ONE REASON A I R  D R I L L S  FASTER THAN WATER OR MUD. D R I L L I N G  RATE DECREASES 
R A P I D L Y  AS BOREHOLF PRGSSURF INCREASES.  SAND UNDER D I F F E R E N T I A L  PRESSURE ACTS L I K E  S O L I D  ROCK. M I C R O B I T  D R I L L I N G  R A T €  
I N  LOOSE SAND DFCREASES AS D I F F E R E N T I A L  F L U 1 0  PRESSURE INCREASES.  

74-66-QhQQl SHAFT BORING W I T H  O I L  WELL D R I L L I N G  EQUIPMENT AT LYNN L A K E  

THF C A N A D I A N  M I N I N G  AND M E T A L L U R G I C A L  B U L L E T I N ,  725-732, J U N E  1966. A 4-FT-DIA.  SHAFT HAS B E E N  D R I L L E D  TO A DEPTH 
C A I N ,  P. A. + FOLINSBEE,  J. C. & S H E R R I T T  GORDON M I N E S  

'3F 2,790 FT. I N  STRONG, HARD, B A S I C  PRECAMBRIAN ROCKS AT L Y N N  LAKE, MANITOBA, THE D R I L L I N G  WAS DONE UNDER CONTRACT BY 
TWO D R I L L I N G  COMPANIES. PETER BAWDEN D R I L L I N G  (1964) LTD. D R I L L E D  THE I N I T I A L  1 2 - 1 / 4  I N  P I L O T  H O L E  TO A DEPTH @F 3,000 
F T .  SHAFT D R I L L E R S  LTD. OF CANADA THEN REAMED THE HOLE TO 4 F T  I N  D I A .  T O  A DEPTH OF 2790 FT. AT T H I S  P O I N T ,  THE 
SGAMING WAS STOPPED BECAUSE OF T H E  D I F F I C U L T Y  I N  P A S S I N G  A CHANGE I N  D I R E C T I O N  I N  T H E  L I N E  OF T H E  P I L O T  hOLE. THE HOLE 

CLIMBER.  THE F L A P S E D  T I M E  FROM T H F  START OF THE P I L O T  HOLE TO THE COMPLETION OF T H E  R E A M I N G  O P E R A T I O N  WAS T E N  MONTHS, 
W I T H  AN AVERAGE ADVANCE OF 279 F T  PER MONTH. THERE WAS A TWO MONTH D E L A Y  BETWEEN THE COMPLETION OF THE P I L O T  HOLE AND 
THF START OF T H E  REAMING OPERATION.  T H E  1 2 - 1 / 4  I N .  HOLE WAS D R I L L E D  I N  AN ELAPSED T I M E  OF 45 DAYS FROM THE T I M E  OF 
S F T T I N G  UP THE R I G .  AVERAGE ADVANCE PER DAY WAS 66.8 FT.  THE REAMING O P E R A T I O N  TOOK 194 DAYS. A CNE-MONTH DFLAY 
QEQUIRED TO REPATS CAMAGED EQUIPMENT L E F T  163 DAYS FOR THE D R I L L I N G  AND SETTING-UP O P E R A T I O N  FOR AN ADVANCE PER DAY OF 
17.1 FT. 

24-66-QhQQZ SOME ASPFCTS O F  ROCK C U T T I N G  B Y  H I G H  SPEED WATER J E T S  ( J E T - P E N E T R A T I O N  NOZZLE PRESSURE V E L O C I T Y  

WAS COMPLETED BY D R I V I N G  A R A I S E  200 F T  FROM THE 3,000 L E V E L  TO THE BOTTOM OF THE 4-FT. HOLE U S I N G  A A L I V A K  R A I S E  

ROCK-STRFNGTH 1 
LEACH, S. J. + WALKER, G. L. & SAFETY I N  M I N E S  R E S  E S T  

OCYAL SOC OF LONDON, P H I L O S O P H I C A L  TRANSACTIOY,  S E R I E S  A ,  (760) 295-3089 JUNE 16, 1966. H I G H  SPEED WATER JETS MAY 
D Q O V I D E  4 COAL C U T T I N G  METHOD FREE FROM METHANE I G N I T I O N  HAZARD. WATER J E T S  PRODUCED B Y  600 ATMOSPHERES AND 5000 
ITMOSPHERFS PRFSSURE WFPE E X A M I N E D  BY SHORT EXPOSURE O P T I C A L  PHOTOGRAPHY TO D E T E R M I N E  J E T  V E L O C I T Y  DEC4Y W I T H  D I S T A N C F  
F Q O Y  A V n Z Z L F  AND T O  COMPARE N U Z Z L E  DESIGN.  MAXIMUM PRESSURE WAS H A L F  THE PUMP PRESSURE AT A D I S T A N C F  OF 350 NOZZLE 
DIAMFTFRS.  A THFORY OF PRESSURE D I S T R I B U T I O N  ON A TARGET P L A T E  WAS FOUND T O  B E  IN AGREEMENT W I T H  EXPERIMENTS. F I V E  
POCKS N I T H  CCMPRESSIVE STRENGTHS OF 4,850 P S I  TO 21,462 P S I  WERE TESTED W I T H  A J E T  FROM A 1 MM D I A M  NOZZLE AT A 
VFLCICITY CF 1000 M I S  (2,237 M I  PER H R I .  MOST COMMONLY OBSERVED DAMAGE WAS A 5 MM D I A M  HOLE 2 CM DEFP. THE T E S T S  ON THE 
THREE YARDER ROCKS SUGGEST THERF I S  A C R I T I C A L  PRESSURE BELOW WHICH S I G N I F I C A N T  PENETRATION DOES NOT T A K E  PLACE WHICH 

FIJQTHER WPRK W I T H  AN I N T F N S I F I E R  G I V I N G  2 L I T E R S  OF WATER AT 5000 ATMOSPHERES I N  ORDEP TO STUDY T R A V E R S I N G  EFFCCTS. 

-- 74-66-&002 DISCUSS I P N  OF SOME ASPECTS OF ROCK C U T T I N G  B Y  H I G H  SPEED WATER J E T S  ( J E T - C U T T I N G  PRESSURE ROCK-STRENGTH 

I S  AS H I G H  AS 2000 ATM F I l R  THE 21,462 P S I  COMPRESSIVE STRENGTH ROCK, A PENNANT SANDSTONE. I T  WAS PQOPOSED TO DO 

FARMER, T. W. + LEACH, S. J. & U N I V  S H E F F I E L D  ENGLAND 
(FARMER 1 J E T  ATTACK ON R n Y 4 L  S n c I E T Y  OF LONDON, PHILOSOPHICAL TRANSACTION SERIES A, (260) 309-310, JUNE 16, 1966. 

Y A R D  wcK MUST FRACTURE THE ROCK PARTLY BY COYPRESSION AND SHEAR, P A R T L Y  B Y  THE INDUCTION OF REFLECTED TENSILE S T R E S S F S  
Ib, T'iE I Y P A C T  ZONFT AND P A R T L Y  B Y  H Y D R A U L I C  WEDGING ACTION.  WATER J E T  IMPACT T E S T S  ON A S E R I E S  OF ROCKS AT PRESSURES 
UP TO 1700 ATM HAVE SHOWh THAT MOST ROCKS ARE R E L A T I V E L Y  E A S I L Y  PENETRATED B Y  WATER J E T S  T O  FORM A C Y L I N C S I C A L  OR 
C Y L I W R I - C C N I C A L  CRATFR. ( L E A C H )  A STEADY WATER J E T  BREAKS UP G I V I N G  A R A P I D  SUCCESSION OF WATER HAMMFR I M P U L S F S  ON 
THF TAQGFT I N  NORMALLY STEADY J F T S .  FOR THESE REASONS, J F T S  WHICH ARE MADF D E L I B E R A T E L Y  I N T E R M I T T E N T  MAY NOT PROVF TCI 
S F  USFFIJL AT H I G M  PRESSUPES. T R A V E R S I N G  A RCJCK SURFACF BY THE WATFP J E T  MAY I N C R E A S F  R0CK C U T T I N G  F F F I C I E N C Y .  

24-66-QIQQl H I G H  SPFFD L I O U I D  I M P A C T  ( ROCK-BQEAKING WATFR-JFT F S O S I C N  ) 

P H I L O S n P H I C A L  TRANSACTIONS POYAL S O C I E T Y  OF LONDON, S E R I E S  A T  (260) 79-85, J U L Y  28, 1966. A STUDY W A S  MADF D F  THF 
DFFORMATION AT H I G H  S T R A I N  RATES qF S O L I D S  UNDFR THF I M P A C T  OF L I Q I J I D S .  A METHOD FOR PRODUCING A SHOQT L I O U I D  JET 4 T  

PHOTOGR4PHIC TFCHNIQUES. THE "IDE OF DEFORMATION I N  B R I T T L E  AND I N  P L A S T I C  DFFORMING M A T E R I A L S  WAS I N V F S T I G A T E D  AND 
WAS FOUND TI) SE DEPEYDFNT ON THE MECHANICAL P R O P E R T I E S  OF THE S O L I D  AND ON THE V E L O C I T Y  OF IMPACT.  

R'JIJNTOh, J. h a  & C A V F N D I S H  L A B  CAMBRIDGE MASS 

SPFE'3S UP TO 17200 M/S I S  DESCRIBED.  FLOW OF THE L I Q U I D  AND @€FORMATION OF THE S O L I D  WFPF OBSERVEC BY H I G H  SPFED 

2$a:Q1QQ2 STRESS WAVE< DEFORYATIONT AND FRACTURE CAUSED PY L I Q U I D  I M P A C T  ( ROCK-PREAKING WATER-JET F R C S I O N  ) 
F I F L D ,  J. F. & C A V E N D I S H  LAB CAMBPIDGE MASS 

P Y I L O S O P Y I C A L  T R A Y S A C T I O Y T  ROYAL S O C I F T Y  OF LONDON, S E R I E S  A T  (260) 86-93, J U L Y  28, 1966. WYEN A L I C U I D  MASS 
S T P I K E S  A S O L I D  SURFACE CCMPRESSIBLE BEHAVIOR RESULTS I N  A PRESSUPF S P I K E .  THE DURATION OF THE PEAK 3 F P E V D S  O Y  
n 1 M E N S I r ) Y S  AYD IMPACT V E L O C I T Y  'IF THF L I Q U I D  MASS AND ON TYE COPPRESSIONAL WAVE V E L O C I T Y  FOR T H E  L I Q U I D .  THE FRACTUPF 
AND nFFCIRMATIOY OF GLASSES AND POLYMERS, S I N G L E  CRYSTALS AND CERAMIC M A T E R I A L S  RY L I Q U I D  I M P A C T  AT V F L C C I T I E S  UP T U  
'to00 Y / S  I S  DESCRIBED.  

24-=f&zQIQQl THE F n R M A T I O N  OF MICROJETS ( EROSION WATER-JET 1 

P H I L ' 3 S O P d I C A L  TRANSACTIONS,  ROYAL S O C I E T Y  'IF LONDON, S E R I F S  A, ( 2 6 0 )  94-95, J U L Y  2 8 ,  1966. I F  A S V A L L  C A V I T Y  O P  

'1F TYFSE M I C Q D J F T S  YAY R F  HIGH.  ( 3  P L A T E S  ARE USED TO I L L U S T R A T E  THESF JETS.) 

-_ 74-&6=47QQ4 T H F  R E S I S T A N C E  C!F M A T E R I A L S  TO IMPACT EROSION DAMAGE 

P H I L q S q P H I C A L  TRANSACTIOb'S, RCYAL S O C I E T Y  OF LONDON, S E R I E S  A T  (260) 193-194, J U L Y  281 1966. THE BFI -AVIOR OF 
F S T A B L I S H F O  A l l n  P O T E Y T I A L  T U R B I N E  BLADE AND EROSIC!N S H I F L D  M A T E R I A L S  SUBJECT T O  F R O S I O N  TO W4TFP D R Q P L F T S  IT CONTQOLLFCI 

BOWDEN, F o  P. G C A V E N D I S H  L A B  CAMBRIDGE MASS 

SUPSLF OF L I Q U I D  I S  SI IBJFCTED T O  I M P A C T  OR SHOCK, T I N Y  MONROF J E T S  MAY BE FORMED n N  I T S  CONCAVF SUPFACE. THE V E L O C I T Y  

RAKFR, D. W. C .  + J O L L I F F E t  K. Ha + PEARSON, D. 

S I Z E  WFSF I Y V E S T I G A T F D  OVFR 4 RANGF OF IMPACT V E L O C I T I E S  UP TI) 1040 FT/S.  

2 f t d 4 = Q l Q Q Z  THF COLLAPSF O F  C A V I T A T I O N  BUBBLES AND THE PRESSURES PPODUCED A G A I N S T  S O L I D  BOUNDARIES I F R O S I O N  
WATER-JFTS 
RFNJAMIY,  T.  13. + E L L I S ,  A. T. & U N I V  CAMBRIDGE 

A PROA9 REVIFW OF 
C A V I T A T I n N S  45  A RPANCH OF HYDRODYNAMICS I N C L U D I N G  THE I M P L O S I O N  MECHANISP ANALYZED BY LORD R A Y L E I G H  AND THE NEWES I D E A  
THPT F F F F C T S  OF EQUALLY GREAT V I D L F N C E  MAY A Q I S E  THROUGH I M P A C T  OF L I Q U I D  J E T S  FORMED B Y  C O L L A P S I N G  C A V I T I E S .  THE 
S I G Y I F I r A N C E  n F  A V A I L A P L E  T H F O R F T I C A L  AND EXPERIMENTAL I N F O R M A T I O N  AeOUT C A V I T Y  COLLAPSE I S  DISCUZSED.  AN E X P O S I T I O N  
GIN I n E A S  flBC!UT THF FACTORS C O N T R I R U T I N G  TO SHAPE CHANGES AYD EVENTUAL J E T  F O R Y A T I O N  BY C O L L A P S I N G  C A V I T I E S  I S  
PRESEYTFD. VFW EXPER I Y F N T A L  OBSERVATIONS ON THE UNSYMMETRICAL COLLAPSE OF VAPOR F I L L E D  C A V I T I E S  ARE PRESENTED. 

P H I L O S O P Y I C A L  TRANSACTION,  POYAL S O C I E T Y  OF LONDON, S E R I F S  A, (260) 221-2409 J U L Y  28, 1966. 



78 

24-4UQQ4 C O N T R I B U T I O N  TO THE D I S C U S S I O N  OF: A N  I N V E S T I G A T I O N  A I M E D  AT I M P R O V I N G  T H E  E F F I C I E N C Y  OF D R I L L I N G  ROCK 
BY PERCUSSION D R I L L I N G  BY V. F. LONG 
FAIRHURST,  C. + HUSTRULID,  W. A. E U N I V  M I N N  M I N N E A P O L I S  M I N N  

THE AUTHOR OF THE C R I G I N A L  PAPER JOURNAL O F  SOUTH A F R I C A N  I N S T I T U T E  OF M I N I N G  AND METALLURGY, 687-6919 J U L Y  1966. 
PRESENTED SOME RESULTS O F  H I S  ATTEMPTS TO GENERATE I N  A D R I L L  ROD A S T R A I N  P U L S E  OF SUCH A FORM T H A T  T H E  E N T I R E  ENERGY 
OF T H E  P U L S E  IS USED I N  ROCK BREAKAGE. THE CONTRIBUTORS DISAGREE,  C L A I M I N G  I T  IS ONLY T H E O R E T I C A L  KNOWLEDGE- T H E I R  
ARGUMENTS INCLUDE:  1) F A I L U R E  TO S A T I S F Y  T H E  L I N E A R  FORCE-DISPLACEMENT C O N D I T I O N ,  AND 2 )  F A I L U R E  TO GENERATE T H E  
' I D E A L '  PREDETERMINED WAVEFORM. T E S T S  I N D I C A T E D  NO V A R I A T I O N  O F  T H E  AVERAGE FORCE-PENETRATION R E L A T I O N S H I P  AND 

ALSO, THE I D E A L  AVERAGE ENERGY REQUIRED PER U N I T  ROCK CRATER VOLUME OVER A WIDE RANGE OF I M P A C T  V E L O C I T I E S .  
WAVFFORM SHOULD DROP INSTANTANEOUSLY T O  ZERO S T R A I N  FROM T H E  PEAK VALUE. S I N C E  REBOUND IS E S S E N T I A L ,  I T  IS 
L E G I T I M A T E  TO REGARD T H I S  P O R T I O N  OF T H E  ENERGY AS C O N T R I B U T I N G  T O  D R I L L  E F F I C I E N C Y .  THE STANDARD PERCUSSION MACHINE 
THUS HAS A PEAK OF 90 T O  95 PERCENT. T H E  PREDETERMINED WAVE MAY T H E O R E T I C A L L Y  A C H I E V E  100 PERCENT ENERGY TRANSMISSPON 
E F F I C I E N C Y  FOR ONE BLOW BUT T H E  LACK O F  ENERGY FOR REBOUND WILL RESULT I N  A B I T  R E M A I N I N G  I N  T H E  CRLTER. DUE T O  T H E  
LOW TORQUE C A P A C I T Y  OF CONVENTIONAL MACHINES, THE B I T  H I L L  BE U N A B L E  TO ROTATE AND THE MACHINE WILL S T A L L .  THEREFORE 
E F F I C I E N C Y  I S  ZERO. 

Zftrhb=Q1QQJ CHECK YOUR P S I  FOR BETTER ROCK D R I L L  FOOTAGES ( JACKHAMMER AIR-PRESSURE COMPRESSOR L I M E S T O N E  1 

ROAD AND STREETS9 7 2 - 7 3 ,  J U L Y  1966. JACKHAMMER D R I L L I N G  T E S T S  WERE CONDUCTED I N  CONCRETE AND L I M E S T C N E .  T H E  R A T E  
OF D R I L L I N G  INCREASED FROM 10 TO 12.5 I N  PER M I N U T E  WHEN THE A I R  PRESSURE WAS I N C R E A S E D  FROM 60 P S I  TO 80 P S I  I N  

PERCENT WHICH F A L L  ABOVE AND BELOW THE CURVES MAY HAVE RESULTED FROM V A R I A T I O N S  I N  THE TEMPERATURE WHICH V A R I E D  FROM 63 
DEGREES F TO 14 DEGREES F. 

24AkpBQQ1 MEASUREMENT OF SOME MECHANICAL PROPERTIES OF ROCKS AND T H E I R  R E L A T I O N S H I P  TO ROCK D R I L L A B I L I T Y  ( 

P E V R I F O Y I  R. L. E OKLA S T A T E  U N I V  

CONCRETE. THE RATE I N C R E A S E D  FROM 14 T O  17 I N  PER M I N U T E  I N  L I M E S T O N E  I N  THE SAME PRESSURE RANGE. THE RATES 10 

S P E C I F I C - D I S I N T E G R A T I O N  HARDNESS ) 
GSTALDER, S. + RAYNAL, J. E S.N.P.A. PAU FRANCE 

JOURNAL OF PETROLEUM TECHNOLOGY, (181 ,  991-9969 AUG. 1966. C O N S I D E R A T I O N  WAS G I V E N  TO A S I M P L E  T E S T  WHICH COULD BE 
PERFORMED ON ROCKS TO G I V E  A MEASURE OF ROCK D R I L L A B I L I T Y .  VARIOUS METHODS OF B R E A K I N G  ROCKS WERE CONSIDERED AND T H E  
HARDNESS TEST DEVELOPED BY SCHREINER WAS SELECTED FOR T H I S  STUDY. THE T E S T  I N V O L V E S  A P P L I C A T I O N  OF AN I N C R E A S I N G  LOAD 
ON THE ROCK F A C E  THROUGH A FLAT-FACED C Y L I N D R I C A L  PUNCH U N T I L  RUPTURE OCCURS. T E S T  R E S U L T S  SHOW T H A T  HARDNESS IS A 
GOOD MEASURE O F  T H E  B R E A K I N G  STRENGTH OF ROCKS. USEFUL R E L A T I O N S H I P S  ARE SHOWN TO E X I S T  BETWEEN HPRDNESS AND OTHER 

(VOLUME OF ROCK BROKEN PER U N I T  OF W9RK I N P U T )  PROVIDES A P O S S I B L E  MEANS OF COMPARING THE E F F E C T I V E N E S S  OF OTHER 
METHODS OF ROCK BREAKAGE. THE R E L A T I O N S H I P  BETWEEN HARDNESS A N 0  SONIC V E L O C I T Y  MAY BE VERY S I G N I F I C A N T  FOR I T  MAY BE 
P @ S S I S L E  TO DEDUCE ROCK D R I L L A B I L I T Y  FROM SONIC LOG DATA, P R O V I D E D  THAT A M I N E R A L O G I C A L  FACTOR I S  TAKEN I N T O  ACCOUNT- 
TO T E S T  FURTHER THE R E S U L T S  OF THE WORK, LABORATORY D R I L L I N G  T E S T S  WERE PERFORMED WHICH CLOSELY S I M U L A T E D  DOWN-HOLE 
PQESSURE C O N D I T I O N S .  C O R R E L A T I O N  OF D R I L L I N G  RESULTS W I T H  ROCK HARDNESS MEASUREMENTS WERE Q U I T E  GOOD. I T  WAS 
CONCLUDED THAT POCK HARDFIESS, AS MEASURE0 I N  T H E  LABORATORY OR AS @EDUCED FROM S O N I C  LOGS, COULD B E  USED I N  R E L A T I O N S  
FOR P R F D I C T I N G  ROCK D Q I L L I N G  PERFORMAYCE. 

P H Y S I C A L  Q U A N T I T I E S  SUCH AS S P E C I F I C  D I S I N T E G R A T I O N ,  YOUNG'S MODULUS, AND S O N I C  V E L O C I T Y .  S P E C I F I C  D I S I K T F G R A T I O N  

2936=Q9QQ;1 S T U D I E S  ON ROCK D R I L L I N G  U T I L I Z I N G  U L T R A S O N I C  V I B R A T I O N S  

Y I N I Y G  4 Y D  M E T A L L U R G I C A L  I N S T .  O F  JAPAN,  ( 8 2 )  N 941, 1-67 SEPT 1966. ONE OF THE IMPORTANT PROBLEMS I N  T U N N E L I N G  
TANAKA, M e  + TEMEDA, K. & WASEDA U N I V  

TECHNIQUE I S  D R I L L I N G ,  E S P E C I A L L Y ,  D R I L L I N G  OF HARD ROCKS. I T  IS S A I D  THAT B R I T T L E  M A T E R I A L S  ARE E A S I L Y  FRACTURED BY 
IMP4CT.  THEREFORE, SUPERSONIC V I B R A T I O N  HAS BFEN USED FOR C U T T I N G  OF HARD, B R I T T L E  M A T E R I A L S .  A P P L I C A T I O N  OF 
V I B R A T I O N  C U T T I N G  ON T H E  ROCKS ARE STATED I N  T H I S  PAPER U S I N G  THE ORDINARY ROTARY D R I L L I N G  APPARATUS ON WHICH 
SUPEQSONIC V I B R A T I C N  IS ADDED. ALTHOUGH COMPLETE DATA ON V I B R A T I O N  D R I L L I N G  WERE NOT O B T A I N E D  I N  T H I S  S E R I E S  OF 
E X P E R I Y E Y T S ,  SOCE I N T E R Y E D I A T E  CONCLUSIONS ARE AS FOLLOWS- (1) P E N E T R A T I O N  RATE IS I N C R E A S E D  W I T H  L@W THRUST, ON T H E  
VONTQARV, C U T T I N G  TORQUE IS DECREASED B Y  ADDING V I B R A T I O N  ON T H E  ROTARY D R I L L I N G .  ( 2 )  ON THE S U P E R S O N I C  D R I L L I N G  B I T S .  
A) SHAPE O F  B I T S -  ROTARY T Y P E  O F  B I T S  I S  E F F E C T I V E  COMPARED W I T H  ROTARY-PERCUSSIVE TYPE OF B I T S  WHEN V I B R A T I O N  (ABOUT 
I C  MU) IS ADDFD ON THE ROTARY D R I L L I N G .  R )  A B R A S I O N  OF C U T T I N G  EDGE- A B R A S I O N  OF C U T T I N G  EDGE IS S C A L L  WHEN V I B R A T I O N  
I T  ADDED ON T H E  ROTARY D R I L L I N G ,  AND ABRASION RATE I S  DECREASED I N  ACCORDANCE W I T H  THE I N C R E A S I N G  A M P L I T U D E  O F  
V I R R A T I O Y .  ALSO, RETTER P E N E T R A T I O N  DATA ARF O B T A I N E D  WHEN H I G H  THRUST I S  ADDED ON SLOW R O T A T I O N .  (3) EFFECTS OF 
4 Y P L I T U O E .  I T  I S  FOUND T H A T  SOME APPROPRIATE C O M B I N A T I O N S  ARE NECESSARY BETWEEN THRUST AND A M P L I T U D E  TO GET GOCD 

G I V E N  I Y  ACCORDANCE W I T H  HARDNESS OF SAYPLE ROCKS. 

2'+=5PrmQu SYOT-HOLE D R I L L I N G  I N  F Q I  ABLE ROCK ( MAGNESITE PERCUSSIVE-ROTARY ROTARY-PERCUSSIVE C A R B I D E  D R I L L - P O L E  1 

Z E I T S C H R I F T  FUR ERZBERGBAU U. METALLHUETTENWESEN, (19) N 1, 9-12, SEPT. 12, 1966. I N  D R I L L I N G  b 60 P T H I C K  

D R I L L  POLES WAS L I M I T E Q  TO 1400 MM A S  F R I A B L E  ROCK DEMANDED I M Y E D I A T E  ROOF L I N I N G .  C O M B I N A T I O N S  O F  T E N  C I F F E R E N T  
HAMMER D R I L L  TYPES ANO F I V E  D R I L L  POLE TYPES WERE TESTED. ONLY THREE TYPES OF HAMMER D R I L L S  A N 0  TWO T Y P E S  OF D R I L L  

THE BEST n R I L L S .  3 2 / 2 2  MM HOLLOW S P I R A L  D R I L L  POLES W I T H  TURNED AND F I N I S H E D  1:12 CONE FOR C A R S I D E  T I P P E D  S L I P - O N  
D R I L L S  W I T H  A 36 MM CRCSS-TYPE C U T T I N G  EDGE WERE MOST ECONOMICAL. A S P E C I A L  POST-TREATMENT OF THE CONE WAS NECESSARY 

YUMPCR O F  PERCUSSIONS AND A H I G H  TORQUE TO COVER T H E  F I S S U R E S  AND F R I A B L E  ZONES R E L I A B L Y .  ( I N  GERMLN) 

RFSULTS ON V I 9 Y A T I O Y  DR I L L I h ! G e  THEREFORE, TO I N C R E A S E  THE P E N E T R A T I O N  RATE, OPTIMUM THRUST AND A M P L I T U D E  SHOULD B E  

R I E D L E R ,  H. & RADENTHEIY 

Y I G N E S I T E  QUARRY W I T H  A 70  DEG I N C L I Y A T I O N ,  A NEW TECHNIQUE WAS R E Q U I R E D  AS I T  WENT UNDERGROUND. WORKING LENGTH OF 

POLE F U L F I L L E D  THE S P E C I F I C A T I O N S .  PERCUSSIVE-ROTARY D R I L L S  PRODUCING A H I G H  TORQUE AT PERCUSSION ENERGY EXPENSE WERE 

TI) REDUCE BQEAKAGE. T H I S  ROCK B R I T T L E N E S S  AND WEAKNESS D I D  NOT REQUIRE P A R T I C U L A R L V  H I G H  P E R C U S S I V E  FORCE BUT A LARGE 

24-66-lOQQl SOTTOY-HOLF PERCUSSION TOOLS-WHERE AND HOW TO USE THEM ( D R I L L I N G  1 

ROCK PRODUCTS. (691 69-81? OCT. 1966. BOTTOY-HOLE PERCUSSION D R I L L I N G  T R I E S  T O  A L L E V I A T E  SLOW PENETRATION,  H I G H  
B I T  COST, AND SOARING MAINTENANCE COST. TEN REQUIREMENTS FOR THE SUCCESSFUL A P P L I C A T I O N  OF THE BOTTOM H C L E  PEQCUSSION 
D R I L L I Y G  METHOD ARE GIVEN.  H I G H  PRESSUQE TO@L I 2 0 0  P S I )  ALMOST DOUBLES THAT O B T A I N E D  W I T H  100 P S I  TCOLS. FOR HOLES 

2 q O O C  T n  4,000 LB. DOES NOT I N C R E A S E  PENETRATIOY RATE BUT ONLY RESULTS I N  ACCELERATED B I T  WEAR AND INCREASES THE 
CHANCES OF SHEARING OF C A R B I D E S  AGAINST THE ROCK FACE. P O T A T I O N  SDFEDS ARE GENERALLY SLOWFR THAN WHEN ROTARY D P I L L I N G ,  

BERUBE, S a  C. + YOUNG, R. N. G M I S S I O N  MFG CO HOUSTON T E X  

OVER 100 F T .  DEEP THE PROPER S I Z E  D R I L L  P I P E  I S  EXTREMELY IMPORTANT. A D D I T I O N A L  P U L L  DOWN OVER T H E  NORMAL RANGE OF 

SUT YlJST RE V A R I E D  ACCORDING TO C O N D I T I O N S .  9ClCK D R I L L  O I L  L U B R I C A T I C N  I S  RECOMMENDED. WATER I N J E C T I O N  I Y T O  T H E  A I R  
STREAY CAN PREVENT CUTTINGS FROM I N H I B I T I N G  THE C I R C U L A T I O N .  THERE MUST RE PROPER BREAKOUT EQUIPMENT T O  S E R V I C E  T H E  
TOOL AND A MEANS OF S H A R P E Y I Y G  B I T S  IS NEEDED. 

2 4 - 6 6 - U Q Q l  A NEW SLANT CN D R I L L I N G  ( D R I L L - B I T S  HARD-ROCK 1 

RVCK PR'?DUCTS, 1691 74-75, NOV 1966. THE GENERAL CRUSHED STONE C O  EASTON PA HAS BEEN U S I N G  RAM-BLAST ( T R A D E  NAME)  
TYRClrl-AWAY "BUTTON" R I T S  TO REDUCF D I R E C T  D R I L L I Y G  COST BY 40% AND ALSO REDUCE D R I L L I N G  MANPOWER. T H E  P E N E T R A T I O N  RATE 
Y f i S  I N C R E 4 S E 3  FROM 9 F T  PER HR TO 16 F T  PER HR. B I T  L I F E  I N C R E A S E D  FROM 450 F T  TO 750 F T  I N  HARD TRAP QCCK. T H E  
AYOUNT O F  B I T  SHAPFNIWG WAS ALSO DECYEASED- THE B I T  COST WAS REDUCED FROM $1.00 PER F T  T O  $a61 PER FT. T I -€  B I T S  ARE 
YAYUFACTURED BY THE HUGHES TOCIL CO. Q R I L L I N G  AT 2 0  DEG FROM THE V E R T I C A L  ALSO HELPED I Y C R E A S F  T H E  @ V E R A L L  E F F I C I E N C Y  

RFRGSTROM, J. He 

OF QURRRY OPERATIOYS.  L E S S  SPECTACULIR RESULTS WERE O B T A I N E D  AT TWO OTHER QUARRIES.  BUT UNDER PROPER C O Y D I T I O N S  THESF 
TECHYIQUES CAN PAY VERY GOOD D I V I D E N D S .  
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2ft=41=Q99!21 THE S T A T E  O F  A P P L I C A T I O N  OF C A R B I D E  METAL I N  T H E  GERMAN M I N I N G  I N D U S T R Y  ( TOOLS D R I L L I N G  1 

G L U C K A U F t  (103) NO. 131 636-645, 1967. I N  MOST A P P L I C A T I O N S  OF CEMENTED C A R B I D E  M I N I N G  TOOLS THE T Y P E S  OF CEMENTED 
C A R B I D E S  USED HAVE TO S A T I S F Y  H I G H  REQUIREMENTS REGARDING T H E I R  TOUGHNESS. T H E  AMOUNT OF WEAR ON T H E  MOLDED 
CEMENTED C A R B I D E  OBJECTS WHICH ARE BRAZED I N T O  THE TOOL SUPPORT I N  THE CASE OF P E R C U S S I V E  D R I L L S  AND BRPZED ON ROTARY 
n R I L L S ,  CUTTERS AND PLOUGH T I P S ,  IS P R I M A R I L Y  CHARACTERIZED BY T H E  S L I D I N G  AND F R I C T I O N  PROCESSES A T  T H E  ORE TO BE 
WORKED. T H E  WEAR STRENGTH OF THE CEMENTED C A R B I D E  FOR WHICH THE V I C K E R S  HARDNESS? AMONG OTHERS, CAN REPRESENT A 
Q U A L I T Y  VALUE SHOULD B E  SUCH THAT AN ECONOMICAL L I F E  O F  T H E  TOOLS CAN BE GUARANTEED. T H I S  DEMAND I N F L U E N C E S  THE C H O I C E  
OF THE TYPE,  T H E  GEOPETRIC D I M E N S I O N S  OF T H E  MOLDED CEMENTED C A R B I D E  OBJECTS AND T H E  TOOL ANGLE. 
STRENGTH O F  THE CEMENTED C A R B I D E T  WHICH IS T W I C E  A S  H I G H  AS STEEL,  I S  OF ADVANTAGE I N  TOOLS WHICH ARE SUBJECTED TO H I G H  

ARCHWALL COAL CUTTERS. P L A S T I C  DEFORMATIONS AND THERMAL STRESS CRACKS I N  T H E  CEMENTED C A R B I D E  CAN OCCUR I N  C O M B I N A T I O N  
W I T H  H I G H  HEAT DUE TO F R I C T I O N .  I N  T H E  P E R C U S S I V E  CUTTER HEAD SECTION, TOOLS USED I N  I N C R E A S I N G  NUMBERS FOR 

ARE U T I L I Z E D  I N  HAMMER D R I L L S  P A R T I C U L A R L Y  FOR ROCK AND ORE M I N I N G  I N  OPEN P I T  M I N E S  BUT ALSO FOR GAS D R I L L I N G .  I N  

MULLER, 0. 

T H E  COMPRESSIVE 

COMPQESSIVE STRESSES. T H I S  HOLDS TRUE P A R T I C U L A R L Y  FOR P E R C U S S I V E  CUTTER HEADS AND THE K N I V E S  I N  COAL PLOUGHS AND 

SHOTHDLFS ARF DISCUSSED TOGETHER W I T H  CONVENTIONAL D E S I G N S *  AND CUTTER HEADS UP TO 2 0 0  MM D I A M E T E R  ARE DISCUSSED WHICH 

THE CASE OF THE MONOBLOC D R I L L S ,  I T  IS MENTIONED W I T H  RESPECT T O  AN I N C R E A S E  I N  THE L I F E  OF THE HOLLOW D R I L L  ROD THAT 
THF TOOLS SHOULD B E  STRESSED AS L I T T L E  AS P O S S I B L E  BY A L T E R N A T I N G  B E N D I N G  STRESSES? W H I C H  IS O B T A I N E D  B Y  STEPPED D R I L L  
LFNGTH? A N 0  BY GUIDES. D R I L L  CUTTER HEADS HARDFACED W I T H  D R I L L  T I P S  WORK Q U I T E  ECONOMICALLY I N  SOFT AND MEDIUM 
HARD ROCK EVEN WHEN I T  IS B R I T T L E .  I N  F I S S U R E  AND HARD ROCK T H E  CEMENTED C A R B I D E  D R I L L  T I P S  I N T O  WHICH DIAMOND C H I P S  
HAVF SFEN S I N T E R E D  ARE FREQUENTLY SUPERIOR TO THE PURE DIAMOND CUTTER HEADS. ROTARY CUTTER HEADS O F  THE TWO-FLUTF 
FORM W I T H  ROUYD, F L A T  OR SQUARE TANGS ARE USED FOR D R I L L I N G  SHOTHOLES I N  COAL AND A N 0  I N  POTASH AS WELL AS FOR 
I W R F G N A T I N G  HOLES I N  COAL. ( I N  GERMAN) 

94-67-00QQZ DIAMOND D R I L L I N G  ON ZAMBIAN COPPERBELT W I T H  NOTES ON DEEP S L I M  HOLE D R I L L I N G  I N  SOUTH P F R I C A  
R O C K - n R I L L I N G  
D A V I E S T  S. G. G. + P E R K I N S ,  C. + POPPLEWELL,  E. 

7 C I E Y C E  AND TECHNOLOGY OF I N D U S T R I A L  DIAMONDS, PROCEFDINGS OF I N T E R N A T I O N A L  I N D U S T R I A L  DIAMOND CONFERENCE, OXFORD, ( 2 )  
143-501 19661 1967. EXPLORATORY D R I L L I N G ,  BOTH ON SURFACE AND UNDERGROUND? EXCEEDS H A L F  M I L L I O N  F E E T  ANNUALLY, 

PFQIOD;  D I A C A R B  L T D  S U I L T  AND E Q U I P P E D  FACTORY I N  NDOLAt  C O N T A I N I N G  EQUIPMENT TO PRODUCE E N T I S E  RANGE OF DIAMOND CROWN 
W H I L F  SOME 3 M I L L I O N  F T  OF UNDERGROUND BLASTHOLE D R I L L I N G  IS C A R R I E D  OUT W I T H  NON-CORING DIAMOND CRCWN OVER SAME 

FQ@M X-QAY S I Z E  TO 5 1 / 2  IN. ;  TO COMPLETE CYCLE I N  DIAMOND D R I L L I N G  IIUDUSTRY, PLANT IS EQUIPPED W I T H  BURN-OUT S E C T I O N  
FOR S A L V A G I N G  DIAMONDS FROM CRDWNS RETURNED FRDM F I E L D .  

--_-- 74-67-QlQgJ CIPCUMFEPFNTIAL-TOOTHED ROCK B I T S  ( PENETRATION-PERFORMANCE ) 

JOURNAL OC PETROLEUM TFCHNOLOGYt (1s) 113-119, J A N  1967. P E N E T R A T I O N  PERFORMANCE INCREASES PROPORTIONALLY W I T H  

CONSTANT S P E C I F I C  PENETRATION RATE. 

BOURNEI H. A. + QEICHMUTH, D. 4. + HADEN, E. L. & C O N T I N F N T A L  O I L  CO PONCA C I T Y  

I N C Q F A S E n  I N T E R I O R  ATTACK ANGLE OVER 45 DFGREES. C I R C U M F E R E N T I A L  TOOTHED AND D I S C - T Y P E  ROLLER CUTTERS E X H I B I T  A NEARLY 

74-67-01QQJ ROCK FRACTUQE B Y  WATER J F T  IMPACT ROCK-DISINTEGRATION-METHODS C O A L - M I N I N G  1 

C O L L I C R Y  E N G I Y F E R I N G ,  23-26, J A N  1967. THE A R T I C L E  D I S C U S S E S  MECHANISM OF J E T  IMPACT.  A S I N G L E  STAGF I N T F N S I F I E R  
WAS IJSE' l  T O  PROJECT A S E P I E S  OF WATEP J E T S  WITH V E L O C I T I E S  UP TO 1000 M/SEC TO S T R I K E  SPECIMENS OF CONCRETEI SANDSTONG? 
MARBLFV A N H Y D R I T E T  GRANITE,  AND GRANODIORITE.  FOR A CONSTANT J E T  V E L O C I T Y  THE SCALE OF FRACTURE WILL BE I N V F R S F L Y  

FARMER, 1. W .  & U N I V  S H E F F I E L D  ENGLAND 

PROPORTIqNAL T O  THE STRENGTH PARAMETFR OF THE ROCK. J E T S  USED FOR COAL M I N I N G  HAVE V E L O C I T I E S  OF 2 0 0  M/SEC ( F Q I J I V .  TO 
3000 O S  I ) .  

24-67-01QQ1 D I  AMOND D R I L L I N G  TECHNOLOGY AND M I N E R A L  E X P L O R A T I O N  ( COST C O R E - D R I L L I N G  1 

THF CAhlADT AY P I N I N G  AYD Y E T A L L U R G I C A L  B U L L E T I N  FOR MONTREAL, 63-67, J A N  1967. ONE HUNDRED YEARS AFTER B E I N G  
DCVELCIPEDT TYF DIAMOND D Q I L L  I S  S T I L L  AN E S S E N T I A L  TOOL I N  M I N E R A L  EXPLORATION.  T H E  B A S I C  P R I N C I P L E  IS UNCHANGED BUT 
THE T E C Y N I Q U F  HAS REFN R F V O L U T I O N I Z E D 9  P A R T I C U L A R L Y  I N  THE PAST F I F T E E N  YEARS. M E C H 4 N I C A L  S E T T I N G ?  C A S T I N G  I N  METAL AVO 
P R F S S I N C  I N  A POWDER METAL M A T R I X  T O  F q R M  A B I T  ARE EXAYPLES OF IMPROVED TECHNOLOGY. THE COST OF CERE D R I L L I N G  HAS NOT 
K F P T  P 4 C F  W I T 4  THE R I S I N G  CQST OF L I V I N G .  THF P R I C E  OF MACHINERY, S U P P L I E S  AND LABOR I N  D R I L L I N G  HAS DOUSLED S I N C E  
1945. S 3 Y E  OF THF TECHNIQUES SUCH AS HOLE S T A B I L I Z A T I O N ,  L I G H T W E I G H T  E Q U I P M E N T t  COMPRESSED A I R ?  ETC. ARE DESCRIGED. 
THESF TFCHNIQUCS HAVE CADF I T  P O S S I B L E  TO HOLD T H E  P R I C E  L I N E .  

74-67-0zQQl STORM SEWFR T U N N E L I N G  I N  SANDSTOYE ( EROSION L I N I N G S  H Y D R A U L I C - M I N I N G  MOLES COST 1 

P U R L I C  AOPKST !10-1119 F F S  1967. SFPARATION OF SEWERS I N  MINN. - ST. P A U L  REQUIRED M A I N  L I N E  SFWERS OF S I Z E  THAT 

YCBEAN? J. W. + CHARLEWOOD, G. H. E HEATH AND SHERWOOD D R I L L I N G  ONT 

YCRAE, K. K. & MINNFSOTA HIGHWAY D E P T  

EMCOUQAGET, T U N N E L L I Y G .  T W I N  C I T I E S  AREA HAS A Q 3 C K  FORMATION EASY TO TUNNEL - ST. PETER SANDSTOYE. SOME TUNNFLS ARE 
MINED H Y 3 Q b U L I C A L L Y ,  OTHERS B Y  VCJLFS. S I Z F  V A R I F S  8 TO 14 F E E T  DIP. TEMPnRARY SUPPORTS WFRE S T E E L  R I V G  BEAMS. F I N A L  
L I Y F P  1'5 U N R F I N F O Q C F D  CQNCRFTE. C 7 S T / F T  WAS ABOUT 9750. RATE OF ADVANCF AVERAGED 30 TO 50 FT FOR AN 8 HR S H I F T ?  1 2  
M I L E S  f lF  TRUVK CFWE'? CQST $22 M I L L I O N .  

74-67-QSQQJ TCCHh!IQUFS AND D E F L E C T I O N  TOOLS I N  HIGH-ANGLE D R I L L I N G :  PAST,  PRESENT AND FUTURE ( D I R E C T I G N A L - D R I L L I Y G  
WATER-CCNTROL ) 
P I C K E T T ,  G .  W. E G U L F  O I L  CORP 

JOUQNAL OF P E T P n L F U Y  T F C H t  ( 1 9 )  469-701 A P R I L  1967. D I R E C T I O N A L  D R I L L I N G  WAS STARTFD I N  THE EARLY 1Q3O'S. I T  C D V E S  

L A T T E R  I S  THE MOST IWD?RTANT W I T H  I T S  LARGEST A P P L I C A T I O Y  B E I N G  3FFSHORE D R I L L I N G .  ONE OF THE E A R L I C S T  C E F L E C T I N G  
TOOLS WAS THF I N V E Q T F D  WFDGF OR W H I P S T X K .  T H I S  METHOD OF D I R E C T I O N A L  D Q I L L I N G  SAW NO IPPROVFMENT FOR 1 5  YEARS. THEY1 
IN THE MIn 1950'5 THE J E T - B I T  D E F L E C T I O N  METHOD WAS D F V I S E D .  T H I S  HflRKED BY J E T T I N G  A D R I L L I N G  F L U I D  AT H I G H  PRESSURE 
THQ3UGH A @ I T  YOZZLF 3 ? I F N T E D  Tfl A S P F C I F I C  D I R E C T I O N .  A SFCOND MAJOR IMPROVFMENT I N  THE M I D  50'5 WAS T H E  FULL-GAUGF 
WHIPST'3C.K. I N  1960 THE T U R B O - D 9 I L L  AND DYNA-DRILLS WERF PERFECTFD. I N  THF D Y N A - D R I L L  I N S T E A D  OF MOTOR DRIVIF IG THF 
PUMP, THE PUMP D K I V C S  THE VC'TOQ ( I Y  T H I S  C 4 S C  THE R I T ) .  ANOTHEQ IMPORTANT IMPROVEMENT I S  THE BOTTOM-HOLF ORIENTATI f IN .  
THE L P T F S T  r3FVELqPMEFITS I Y C L U D E  THF R E S E L  TOOL NONMAGNETIC TOOL J O I N T S  FOP NONMAGNETIC D R I L L  C O L L A R S ?  C I R C U L A T I N G  
d H I P S T D C K S ?  4 Y D  CPMPUTF'? COMPLETION REPORTS. IMPQOVEMFNTS CAN BF FXPFCTFO ON THE TURBO D R I L L  AND D Y N A - D R I L L  TYPES OF 

UNDER THQCE GENERAL HEADINGS, S I D E T R A C K I N G ?  S T R A I G H T E N I N G  UP OF A N F L L  BORF, AND PLANNED D I R E C T I O N A L  DF I L L I N G .  T t I F  

D E F L F C T I O M  TOOLS W I T H  I N N O V A T I O N S  I N  TYPES OF R I T S  AND D E F L E C T I O N  TOOLS. 

24&14f&42 M I C R O R I T  S T U D I E S  OF THE EFFECT P F  F L U I D  P R O P F R T I E S  AYD H Y D R A U L I C S  ON D R I L L I N G  RATE 

J n U R N 4 L  n F  PETROLEUM T E C H Y ~ L O G T  1191 541-5461 APR 1967. D P I L L ! N G  W I T H  WATER I S  AS MUCH AS S I X  T I Y F S  FASTER THAN 
N I T H  VUD. T W  R E A S W S  F P R  THE FASTEP QATF AQE N I T  KNOWN. RECFNT S T U D I E S  SHOW WHAT F L U I D  P R O P E R T I E S  G(1VERN Y I C 4 i ; P I T  
D R I L L I N G  Q A T F  AND ALSO P Q O V I D E  A Q U A N T I T A T I V E  C O R R E L A T I O N  OF THESF F L U I D  P R O P E R T I F S  AND H Y D R A U L I C S  d I T H  M I C R O B I T  
D R I L L I Y G  RATF. A L L  THF M I C R O P I T  TESTS RFDORTFD I N  T H I S  PAPER WERE MADE W I T H  A LOW P E R M E A B I L I T Y  (ABCUT 10 MOI 
LIMESTOY!=. THFY WERF CONDUCTED AT A CONSTANT S I T  WFIGHT AYD ROTAPY SPEED W I T H  V A P Y I N G  F L U I D  PROPFRTIES,  FLOW RATE Q 
AYD NOZZLE DIPMETER n. THE TEST SHOWED THAT D Q I L L I N G  RATE I N  A G I V E N  SYSTEM W I T H  A CONSTANT C I R C U L A T I N G  R A T F  AND 
VOZZLF V F L C C I T Y  IS A F U N C T I O N  OF THE K I N E M A T I C  V I S C O S I T Y  OF THE D R I L L I N G  F L U I D  MEASUREP AT NEAP B I T  NOZZLE SHEAR n P T c S ;  
THF C f l Y e I N E D  E F F E C T  OF F L U I D  P R O P E R T I F S  AND H Y 9 R A U L I C S  ON Y I C R f l B I T  D R I L L I N G  Q A T €  I S  D E F I N E D  BY A REYNf lLDS NUMRFR 
F U N C T I Q N  (FORMULA G I V E N  IY A R T I C L E ) ;  C O R  THE SAVE K I N E M A T I C  V I S C O S I T Y t  D R I L L I N G  RATF I S  INDEPENDEYT OF S O L I D S  CONTENT, 

ECKFL, J. 9.  E FSSO PROD RES Cf l  HOUSTON TEX 

?R F C U I ~  Lass. 



Zft=f&QhQ!U FACTORS A F F E C T I N G  C U T T I N G S  REMOVAL DURING ROTARY D R I L L I N G  ( RESEARCH D R I L L I N G - M U D  

JOURNAL OF PETROLEUM TECHNOLOGY, 1 1 9 )  307, JUNE 1 9 6 7 .  A  CORRELATION WAS OBSERVED BETWEEN FUNNEL V I S C O S I T Y  AND 
P A R T I C L E  S L I P  VELOCITY.  A R E L A T I O N S H I P  WAS OBSERVED BETWEEN THE B INGHAM Y I E L D  VALUE OF THE MUD AND THE P A R T I C L E  S L I P  
V E L O C I T Y .  F I E L D  TESTS SHOW THAT DURING F A S T  UPPER-HOLE D R I L L I N G ,  THE RATE OF C U T T I N G  REMOVAL MUST BE S U F F I C I E N T  TO 
M A I N T A I N  THE CONCENTRATION I N  THE ANNULUS LESS THAN 5  PERCENT BY VOLUME. 

24AI=P6QQZ WHAT TO CONSIDER I N  S E L E C T I N G  ROCK B I T S  ( P R E C U S S I V E - D R I L L I N G  1 

HOPKIN,  A. E. & SHELL DEV CO HOUSTON 

SINGH, M. M. C I I T  RES I N S T  CHICAGO ILL 
E N G I N E E R I N G  AND M I N I N G  JOURNAL? ( 1 6 8 )  1 6 5 - 1 7 2 9  JUNE 1967. B I T S  USED I N  PERCUSSIVE D R I L L I N G  ARE E I T H E R  I N T E G R A L  OR 
DETACHABLE. DETACHABLE I N S E R T  TYPE B I T S  ARE PREFERRED BECAUSE THEY G I V E  ABOUT 30 T I M E S  THE FOOTAGE, HOLE GAGE 1s MORE 
CONSTANT THUS SMALLEQ B I T S  CAN BE USED, HARDER AND MORE A B R A S I V E  ROCKS CAN BE D R I L L E D ?  AND THE DETACHABLE B I T S  CAN RE 
SHARPENED WHEREAS T H E  OTHER T Y P E  IS DISCARDED. E X P E R I M E N T A L  F I N D I N G S  SHOW THAT BLUNT WEDGES ( A N G L E S  FROM 70 DEGREES TO 
1 7 0  DEGREES) ON THE B I T  G I V E  BETTER RESULTS. MULTI -WING B I T S  ARE PREFERRED TO C H I S E L  B I T S  BECAUSE OF L E S S  DANGER OF 
JAMMING, DECREASED WEAR, ETC. I N  WEAK ROCKS, HEAT TREATED STEEL OR ALLOY S T E E L  IS S A T I S F A C T O R Y .  FOR STRONGER ROCK THE 
B I T S  C O N S I S T  OF I N S E R T S  OF M I N U T E  GRAINS OF H I G H L Y  ABRASIVE TUNGSTON C A R B I D E  CEMENTED BY A M A T R I X  OF TOUGH METAL 
USUALLY COBALT. TO RFDUCE GAGE WEAR, INCREASE FOOTAGE PER B I T .  MAKE CLEANER HOLES AND LOWER COST PER FOOT HOLE THE B I T  
S E I N G  USED SHOULD BE E Q U I P P E D  FOR THE F L U S H I N G  OF THE HOLE TO REMOVE THE C U T T I N G S .  THE TWO F L U S H I N G  F L U I D S  THAT ARE 
USED MOST A2E WATER AND A I R .  A I R  IS ADVANTAGEOUS BECAUSE I T  I S  FASTER AND THERE I S  L E S S  B I T  WEAR. 

24 -67 - f iQQZ A P P L I C A T I O N  OF HARD ALLOYS I N  GERMAN M I N I N G  INDUSTRY ( PERCUSSION-DRILLS 1 
MUELLER, 0.  

GLUECK4UFy ( 1 0 3 )  6 3 6 - 6 4 5 7  JUNE 2 2 9  1967. C H A R A C T E R I S T I C S  OF PERCUSSION D R I L L S  USED I N  COAL MINES,  ORE MINES,  AND 
PQTASH V I N E S .  COAL CUTTERS AND EQUIPMENT USED I N  S T R I P P I N G  OPERATIONS? D R I F T I N G  AND I N  TUNNELING.  ( I N  GERMAN) 

7 4 - 6 7 - a Q a  RE SFARCH I N  IMPROVED METHODS OF ROCK BREAKAGE ( S I Z E - R E D U C T I O N  D I S I N T E G R A T I O N  

M I N I N G  AND METALLURGICAL INST. ,  JAPAN, ( 7 6 1  1 0 5 - 1 2 4 ,  J U L Y  1967. THE VOLUME OF BROKEN ROCK DEPENDS P R I M A R I L Y  UPON 
THE AMOUNT O F  S P E C I F I C  ENERGY WHICH I T  CAN BE FORCED TO ACCEPT. I T  IS RECOMMENDED THAT TWO INDEPENDENTLY INDUCED, Y E T  
CnYPLEMENTARY, STRESS F I E L D S  BE SUPERIMPOSED. THESE ARE TO BE GENERATED BY TWO MECHANICAL METHODS OR BY A MECHANICAL 
AYn  A THERMAL ONE. THE A D D I T I O N A L  F L E X I B I L I T Y  IS AN ASSET. I T  SEEMS U N L I K E L Y  THAT, ON AN ECONOMICALLY V I A B L E  B A S I S ,  
PURELY THFRMAL ROCK RREAKAGE METHODS CAN BE GREATLY EXPANDED BEYOND T H E I R  S P E C I A L I Z E D  F I E L D S  OF ACCEPTANCE I F  
F L A S T I N G  IS TO BE AVOIDED, T H E  IMPROVED ROCK BREAKAGE TOOLS SHOULD BE USED FOR T U Y N E L L I N G  OR FOR R A P I D  ROCK C H I P P I N G  
OVER LARGF AQEAS AND TO SHALLOW DEPTHS. THE CONSIDERABLE ADVANTAGES OF B L A S T I N G  COULD ALSO BE BETTER U T I L I Z E D  I F ,  ON 
I M P L E Y E N T I N G  SUGGESTED CHANGES, BLASTTHOLE D R I L L I N G  COSTS WERE FOUND TO BE REDUCED. 

GELLER, L. B. & DEPT M I N E S  OTTOW4 CAN & OTTAWA CANADA 

zft&I=QIQQz C U T T I N G  A C T I O N  OF A S I N G L E  DIAMOND UNDER S IMULATED BOREHOLE C O N D I T I O N S  ( D R I L L I N G  I 

JOURN4L OF PETROLEUM TECHNOLOGY, ( 1 9 )  9 3 7 - 9 4 2 7  J U L Y ?  1967. LABORATORY TESTS MADE ON C U T T I N G  OF L I M E S T C N E  AND S H A L E  
qY A STNGLE DIAMOND UNDER S IMULATED DOWN-HOLE C O N D I T I O N S .  H I G H  D I F F E R E N T I A L  PRESSURE REDUCED THE VCLUME CF ROCK OUT AT 
A G I V E N  B I T  WEIGHT BY STRENGTHENING T H E  ROCK AYD CHANGING THE MODF OF F A I L U R E .  A F I N E L Y  POWERED ROCK L F F T  IN T H E  
ROTTOY OF THF GRDOVES REDUCED THE VOLUME CUT AS MUCH AS 5 0  PERCENT. O R I E N T A T I O N  OF THE DIAMOND ABOUT TI-E A X I S  OF A 
D R I L L  P O I N T  AFFECTED THE E F F I C I E N C Y .  

74-67-07QQJ I N V E S T I G A T I O N  I N T O  T H E  P O S S I B I L I T Y  OF PROLOVGING THE L I F E  OF D R I L L  STEEL B Y  A D J U S T I N G  T k E  P H  OF MACHINE 

GAQNER, N. E. & ESSO PROD RES CO HOUSTON TEX 

WATER 
R n L L I N S ,  V. + ARYOLD, 6. + LARDNER, E. & LANCHESTER COLL TECH COVENTRY 

Y I N I Y G  G Y F T A L L U R G I C P L  INST.,  JAPAN, I 7 6 1  1 0 2 - 1 0 4 ,  JULY 10, 1967. SMALL  F A T I G U E  T E S T  P I E C E S  OF O R I L L  STFEL WEPF 
TESTEr) DY C I L L  R O T A T I N G  P E Y D I N G  F A T I G U E  MACHINES TO I N V E S T I G A T E  THF F F F E C T  OF VARYING T H E  P H  OF A S A L I N E  S O L U T I O N  ON 
THE CORQOSIQN F A T I G U E  L I F E  OF A T Y P I C A L  ROCK D R I L L  STEEL. I T  WAS FOUND THAT CORROSION F A T I G U E  OF T H E  S T E E L  WAS 
CDMPLFTFLY SUPPQESSED AT A PH OF 12.0 I T  I S  PROPOSED THAT ROCK D R I L L S  MIGHT THEREFORE BE PROTECTED BY I N C R E A S I N G  THE P H  
OF THF YACHINE WATER TC 1 2 . 0  BY ADDING L I M E .  

3&=4I=Q2QQ1 S T U D I E S  ON E L E C T R I C A L  D I S I N T E G R A T I O N  D R I L L I N G  ( ROCK RPFAKING 1 
I T 0 7  1. + SASSA, K. + I N A D 4 9  Y. & KYOTO U N I V ' J A P A N  

M I N I N G  AN@ MFTALLURGICAL I N 5 T . y  JAPEN,  ( 8 3 )  1 0 7 1 - 6 ,  SEPT 1 9 6 7 .  I N  T H I S  STUDY, THE P H Y S I C A L  AND MECHANICAL 
P P O D E R T I E S  OF THE S P E C I M € N  WERE EXAMINED AT F I R S T  I N  CONNECTION W I T H  THE E L E C T R I C A L  D I S I N T E G R A T I N G  C I R I L L I N G  AND THEY 
SPPE EXPERIMENTS WERE C A R R I E D  OUT TO DETERMINE HOW E F F E C T I V E L Y  THE F L E C T R I C A L  D I S I N T E G P A T I N G  D R I L L I N G  CAN BE USFD I N  
COMPARISON W I T Y  CONVFNTIONAL ROTARY D R I L L I N G .  THE SPECIMEN USED THROUGHOUT T H I S  STUDY WAS THE CEMENT MORTAR. THE M A I Y  
Q E S U L T S  O B T A I N E D  C A N  B F  SUMMARIZED AS FOLLOWS: ( 1 )  BOTH T H E  STRENGTH AND T H E  YOUNG'S MODULUS OF T H E  CFMENT MORTAR 
DFCQE4SEr) GREATLY BY COOLING I T  R A P I D L Y  AFTF? I T  HAD PEEN HEATED OVER 3 0 0  DEGREES C. ( 2 )  WHEN THE VDLTAGF A P P L I E D  ON 
THE R I T  WAS LARGER THAN 7 5 0  V, THF EFFECT O F  E L E C T R I C A L  D I S I N T E G R A T I O N  APPEARED REMARKABLY AND THE RATE CF P E N F T R A T I O N  
I N  THESE CASES REACHED 1 .7  - 2.0 T IME LAQGER THAN THAT O B T A I N E D  B Y  A CONVENTIONAL ROTARY D R I L L I N G  UNDER THE I D E Y T I C A L  
C'JNr)ITION. ( 3 )  FOR METHOD OF D R I L L I N G ,  T H E  B I T  H A V I N G  A SELF-SHARPENING A C T I O N  WAS CDNSIDEREDTO BE MORE E F F E C T I V E  THAN 
THE C U T T I Y G  TYPE ONE. ( 4 )  TC! GET THE E F F E C T I V E  D R I L L I N G  W I T H  THE TRI -CONE B I T ,  THE E L E C T R I C A L  ENERGY BEYOUND 3 KWS HAD 
T O  9 F  SPENT PER U N I T  L E N G T H  OF OF PENFTRATION. 

23=41=Q99Q2 EFFECTS OF HARDNESS REDUCERS ON F A I L U R E  CHARACTER I S T I C S  OF ROCK ( CHEMICAL-SOFTENING 1 

S O C I F T Y  O F  PETPCLEUM ENGINEERS JnURNAL 2 9 5 - 2 9 9 9  SEPT 1967. TEST U S I N G  A S E R I E S  OF SODIUM S A L T S  OF D I C A R R O X Y L I C  
A C I D ?  SHOW T H 4 T  OOD NUMBER CARBON-ATOM CHAINS DECREASE THE Y I E L D  STRENGTH AS MUCH AS 3,000 P S I  AND EVEN-NUMBFR I N C R E A S E  
THE Y I F L D  STRENGTH AS MUCH AS 9 0 0  P S I .  SODIUM C I T R A T E  DECREASED THE Y I E L D  STRENGTH OF I N D I A N A  L I M E S T O N E  FROM 1 6 , 0 0 0  TO 
1 2 , 0 0 0  P S I -  U S I N G  WATER AS A REFERENCE THE HARDNESS PEDUCERS DECREASED THE D R I L L I N G  RATE. EVEN THOUGH THE ROCK MIGHT 
BF WE4KERq AN INCREASF I N  P L A S T I C I T Y  DECREASES THE D R I L L I N G  RATE. A PROCESS I N  WHICH MICROCRACKS ARE GFNERATED D U R I N G  

ROBINSON9 L.  H.9 JR. E ESSO PROD R E S  CO HOUSTON TEX 

E L A S T I C  DEFORMATION WAS NOT SUPPORTE9 BECAUSE NO HARDNFSS REDUCER F F F E C T  WAS OBSERVED I N  THF B P I T T L E  F A I L U R E  TESTS.  

2_4-61=42QQz AY EXPFRIMENTAL STUDY OF INDFXED 3 U L L  B IT -TOOTH PENETRATION I N T O  DRY ROCK UNDER C O N F I N I N G  PRESSURE I 
D R I L L I N G  RESEARCH 1 
G N I P K T  P. F. & R I C F  U N I V  HOUSTON 

JOURYAL OF PETRDLEUY TFCHNOLOGY, ( 1 9 )  1 2 2 5 - 3 3 7  SEPT. 1 9 6 7 .  PENETRATION OF A S I N G C F  D U L L  TOOTH UNDER S T A T I C A L L Y  
A P P L I E D  LOADS I N T O  ROCK SUBJECTED TO C D N F I N I Y G  PRESSURES FROM ATMOSPHFRIC TO 5 0 0 0  P S I  AND ATMOSPHERIC PORE PRESSURE WAS 
STUOIED. TWO L IMESTONES AND CNE SANDSTONE WERE TESTED W I T H  A 4 5  DEGF'FFS WFDGE TOOTH OVFR THE SAME PRESSURE RANGE W I T H  
A V A Q I E T Y  OF I N D E X I N G  D I S T A N C E S  AND TWO DEGRFES OF TOOTH DULLNFSS.  THE OPTIMUM D I S T A N C E  BFTWEEN SUCCESSIVE B I T  TOOTH 
P F N F T R A T I O N S  REQUIRED FOR MAXIMUM ROCK DAMAGE AND C H I P  FORMATION DFCREASE S S U B S T A N T I A L L Y  W I T H  C O N F I N I N G  PRESSURE ABOVE 
THE 8 R I T T L E - T O - D U C T I S L F  T R A N S I T I C N  PRESSURE RUT STAYS E S S E N T I A L L Y  CONSTANT BELOW T R A N S I T I O N .  F X P E R I Y E N T S  COMPARE 
FAVORARLY WITH PREVIQUS THEORETICAL RESULTS. 

24r=47=12441 TEN YEARS OF PLOWSHARE ( CRATERING BREAKING P E R M E A B I L I T Y  R A D I A T I O N  NUCLEAR-EXPLPSION ) 
JACKSnY,  M .  W .  & HOLMES NARVER I N C  

C I V I L  E N G I h F E R I N G ?  3 4 - 3 8 ,  DEC 1967. NUCLEAR E X P L C S I O N S  HAVE BEEN SUCCESSFULLY USED FOP CQATERIhG,  RCW CHARGE? 
BREAK I N G  AND CRUSPI  NG PREPARATORY TO EXTRACTING AND SHOCK-INDUCED P E R M E A B I L I T Y  CHANGES I Y  ROCK FORMATIONS. GREAT 
EMPHASIS I S  PLACED ON Y A D I A T I O N  AND THE APPROACH IS TO REOUCE R A D I A T I O N  BY REDUCING T H E  AMOUNT OF F I S S I C N  I N  R E L A T I O N  
TO TOTAL Y I E L D  AND SY S P E C I A L  EMPLACEMENT TFCHNIQUES. 
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2_4*1=J&!Qz NEW METHODS CHALLENGE R O T A R I E S  ( WATER-JET E R O S I O N - D R I L L I N G  1 
ROGERS, L. C. 

THE O I L  AND GAS JOURNAL, 83-87, DEC 1967. EROSION D R I L L I N G  REDUCES WEIGHT OF B I T S ,  REDUCES R O T A T I N G  SPEEDS FROM 
250-300 RPM TO 40760 RPM. H Y D R A U L I C  J E T  V E L O C I T Y  MUST EXCEED C R I T I C A L  M I N I M U M  C U T T I N G  SPEED OF T H E  ROCK. AT M I N I M U M  
C U T T I N G  SPEED A 3-20 PFRCENT CONCENTRATION BY VOLUME OF A B R A S I V E  M A T E R I A L  G I V E S  OPTIMUM P E N E T R A T I O N  RATES. GULF O I L ,  
I N  F I E L D  TESTS,  D R I L L E D  60 FEET/HOUR U S I N G  EROSIC'N D R I L L I N G  AS COMPARED TO CONVENTIONAL RATES OF 20 FT/HR.  

Z f t d & Q 2 Q u  M I S S I L E  M I N I N G  BY I M P A C T  ( J E T S  P R O J E C T I L E S  1 

ENGR AND M I N I N G  J., (169) N 29 112-13, FEB. 1968. METHODS AND E Q U I P M E N T  ARE SUGGESTED FOR B R E A K I N G  OF M I N E R A L  
0 Q E B O D I F S  I N  P L A C E  BY J F T  STREAM OF WATER, A I R  OR OTHER M E D I A  C O N T A I N I N G  S O L I D  P A R T I C L E S  H A V I N G  S U F F I C I E N T  HARDNESS AND 

DISCUSSED.  

2ftd&=Q3Q91 ELECTROHYDRAULICS ( DRILLING-METHODS 1 

S C I E Y C E  JOURNAL, 61-66, MAR 1968. HARD OR B R I T T L E  M A T E R I A L  MAY E F F E C T I V E L Y  BE SHATTERED BY ELECTROHYDRAULIC 
ACTIOV.  SUCH AN E L E C T R I C A L  ENERGY SYSTEM COULD REPLACE E X P L O S I V E S  AND THEREBY A V O I D  PRODUCTION OF NOXIOUS FUMES I N  
MINES. SYSTEM I S  NOT PRESENTLY ECONOMICALLY F E A S I B L E  FOR GENERAL USE BUT COULD BE I N  S P E C I A L  S I T U A T I O N S .  

D O L e E A R t  S. H e  

STRENGTH TO S U Q V I V E  THE IMPACT. I N  CASE OF J E T S  O F  L I Q U I D S ,  METHODS OF H A N D L I N G  SOLUBLE AND I N S O L U B L E  M I N E R A L S  ARE 

BROWN, W. R. + ALLEN, Me + SCHROM, E. C. E GE RED CTR SCHENECTADY 

Z+4&Q2QQ2 ASSESSING D E F O R M A B I L I T Y  OF ROCK AT BOTTOM OF V E R T I C A L  BOREHOLE ( D R I L L I N G  I 

S O V I E T  M I N  SClt ( 2 )  108-lli MAR-APR 1968. SEDIMENTARY ROCKS, ASSOCIATED W I T H  M I N E R A L  EXTRACTION,  COME I N T O  STATE 
OF GErJSTATIC E Q U I L I B R I U M  FOLLOWING T Y E I R  D E P O S I T I O N  OWING TO STRFSS R E L A X A T I O N i  STATE D F  STRESS OF ROCK REGARDED AS 

MATAEV, G. A. + MALACHIKHANOVt  Re B e  E. MALACHIKHANOV, N. B. 

HYDROSTATIC;  I N  HYDROSTATIC PHENOMENA L I Q U I D S  AND S O L I D S  BEHAVE AS I F  THEY WERE I D F A L L Y  E L A S T I C .  C U T T I N G  C)F E X C A V A T I O N  
I N  ROCK WILL CAUSE STRESSES. PAPER PRESENTS MATHEMATICAL A N A L Y S I S  OF THOSE STRESSES I N  ORDER TO DETERMINE C R I T I C A L  

CUT. IO PEFS. E N G L I S H  T R A N S L A T I O N  OF R U S S I A N  A R T I C L E  I N  F I Z I K O - T E K H N I C H E S K I E  PROBLEMY R A Z R A B O T K I  POLEZNYKH 
VALUE OF PRFSSURF BENEATH B I T  AT WHICH STRUCTURE O F  ROCK CHANGES FROM E L A S T I C  T O  P L A S T I C ,  R E Q U I R I N G  MORE ENERGY TO BE 

ISKOPAEMYKH, N 21 18-22, MAR-APR 1968. 

z L a z & Q Q l  ROCK-CUTTING AND I T S  P O T E N T I A L I T I E S  AS A NEW METHOD OF M I N I N G  ( GOLD-MINFS K F P F - C U T T I N G  1 
COOK, N. G. W. + JOUGIN, N. C. + WIEBOLS,  G. A. 6 CHAMBER OF M I N E S  SO A F R I C A  

JOURNAL O F  THE SOUTH A F R I C A N  I N S T I T U T E  OF M I N I N G  AND METALLURGY, (681 NO 10, 435-4549 MAY 1965. NEW GOLD M I N F S  I N  
Sr) A F 9 I C A  H4VF REEF T H I C K N E S S  OF ONLY A FEW INCHES.  CURRENT P R A C T I C E  R E Q U I R E S  A S f O P I N G  WIDTH OF 40 INCHES,  WHICH I S  

AND FRAGMENT S I Z E .  MECHANICAL ROCK C U T T I N G  APPEARS TO RE A F E A S I B L E  O P E R A T I O N  ON WHICH TO BASE A NEW SYSTEM. L A B  

QUTLIYEI )  I N  WHICH T H F  R E F F  IS CUT F I R S T ,  THE WASTE I S  SROKEN OUT AND PACKED S E H I N D  THE WORKING AREA. 

VANY T I Y F S  THE REEF WIDTH, D I L U T I N G  T H F  ORE. KNOWN ROCK B R E A K I N G  PROCESSES ARE ANALYZED I N  TERMS OF S P E C I F I C  ENERGY 

T E S T S  nv QUARTZITE A R E  REPORTED AND T H E  DESIGN OF A PROTOTYPE MACHINE I S  GIVEN. A S Y S T E M  OF MINING USING THE VETHOC I S  

2$Af=Qf?QQl PART 1 - NOVEL ROCK D R I L L  S F P I E S 7  SURVEY OF E X O T I C  D R I L L I N G  METHODS P O I N T S  TO ROCK D R I L L  OF THE FUTURE ( 
F U S I O N  VAPOR I Z A T I O N  THERMAL-SPALLING CHEMICAL-REACTIONS M F C H A N I C A L L Y - I  NDUCED-STRESSES I 
MAUREQ, W e  C. 

ENGR AND M I N I N G  J e t  73-77, MAY 1968. S O V I F T  F X P L O S I V E  D R I L L S  A R C  CAPABLE OF D R I L L I N G  40 F E E T  PEQ HCUR. EROSION 
O R I L L S  HAVE D R I L L E D  0.2 I N  D I A .  HOLES I N  G R A N I T E  A T  240 F F E T  PER MINUTE.  NOVEL D R I L L S  REMOVE ROCK BY FOUR B A S I C  
MECHAVI SMS - F U S I O N  AND V A P 0 9 I Z A T I O N i  THERYAL S P A L L  ING, C H E M I C A L  QFACTIONS,  AND M E C H A N I C A L L Y  I N D U C E D  STRESSES. 

24-68-050QZ E X P F Q I M E N T A L  STUDY R F L A T I N G  THERMAL C O N D U C T I V I T Y  TO THERMAL P I E R C I N G  OF RUCKS ( F L A M E - J F T  ROCK-BREAKING ) 

TNT J ROCK YFCHANICS AND M I N  SCIENCES, ( 5 1  N 31 205-18,  MAY 1968. THERMAL C O N D U C T I V I T Y  OF 19 SELECTED C A N A D I A Y  
ROCKS WAS VFASURED TO OETERMINE EFFECT OF THERMAL C O N D U C T I V I T Y  ON THERMAL P I E R C I N G  OF ROCKS. ROCKS WITH H I G H E Q  THFRMAL 

M I R K O V I C H ,  V. V. 

C O N D U C T I V I T Y  GFNERALLY T F N D  TI7 P I E R C F  BETTER, BUT D E F I N I T E  R E L A T I O N  COULD NOT BE F S T A B L I S H E D .  HOWEVERi VERY GOOD 
C O P R E L A T I O N  WAS O B T A I Y E O  BFTWEEN THERMAL P I E R C I N G  RATE AND PRODUCT O C  THERWAL D I F F U S I V I T Y  AND THERMAL EXPANSION.  23 
REFS. 

Zft=&QjQQ3 Ob4 C U T T I N G  FCRCF OF ROCK AND CEMENT MORTAR ( TODLS CHIP-FORMATION C R A C K - I Y I T I A T I O N  1 
S U Z U K I ,  K. + N I S I M A T S U ,  Y .  

V I N I N G  AND METALLURGICAL INST., JAPAN, (54) N q6lt 54e-52, MAY 1068. F X P F Q I M E N T S  NEPE PERFORYEC W I T H  SANDSTONE 4Yc) 
CFYFYT VORTAR SPECIMFNS U S I N G  ORTHOGONAL C U T T I V G  TOOLS. MECHANISMS KIF C U T T I N G ,  PROCESS OF C H I P  F 0 9 M P T I C Y  AVD C U T T I N G  
F:ORCC WERE STUDTED; R F S U L T S  ARE D E S C R I B E D  A N 0  CORRELATED B Y  E M P I R I C A L  EQUATIONS,  WHICH TAKE I V T O  ACCOUNT CRUSHING 
9 E S I S T A W C F  TO P F N F T R A T I O N  OF TOOL WEDGFi FORCE FOR CRACK I N I T I A T I O N ,  ANGLF OF F R I C T I O N ,  STPESS D I S T R I B U T I O Y .  ! T  I S  
SUGGFSTED THAT CRUSHING ZONF AT TOP O F  NEDGF H A S  2 IMPDRTANT E F F F C T S  ON C U T T I N G  FORCF OF B R I T T L E  M A T E R I A L S .  I N  JAPAMFSC 
W I T H  E M G L I S H  ABSTQACT. 

24-69-05QQ1 PART 3 - NOVFL ROCK D R I L L  S F Q I E S ,  TdFRMAL S P A L L I N G  E X P F R I Y E N T A L  D R l L L S  USF HFAT, F L E C T R I C I T Y ,  MICPOWAVES, 
C H E P I f A L S  ( Rr'CK-OIS I N T E G R A T I O N  1 
hiAURERt W .  C. E ESSO PROD RFS C O  HOUSTON T F X  

EYG9 AND M I N I N G  J., 101-106, JUNE 1968. THERMAL SPALL I N G  I S  PRVnlJCFP B Y  THFPMCL STRFSSES CAUSEC 9 Y  D I F F E R F N T I A L  
THFQMAL E X P A Y 5 I O N  OF THF C O N S T I T U F N T  CRYSTALS AYD G R A I N S  WHEN POCK IS H E A T F Q  T'3 700 DFGREFS F OR AROVF. I N  MANY RrlCKS 
T H I S  A E A T I N G  W I L L  REDUCF ROCK STRENGTH @Y AS YUCH AS 5 0  TO 75 PERCEYT. MECHANICAL MFAVS APE 4 E Q U I P E D  RFCCIVF THC Q I C K .  
JET P I E R r I N G  D R I L L S  USF A CHEAP SOURCE OF FYFRGY AND CAN T R A Y S M I T  LARGF AMOUNTS OF PrlWER T n  ROCK. JET D R I L L S  BUPIUING 

FLAME TEMPERATURF OF L.,300 DFGPEES F AYP A V F L O C I T Y  OF 6000 F E E T  PER SECOND. OTHER D R I L L S  P E I N G  DFVELOPED BUT NOT AS 
40 GAL f l F  F U F L  CTL PFR HPUR PRODUCE A POWFR OF APPROXIYATELY 1,000 HP. THFY RURN OXYC-FN AND F U F L  C I L  T O  PRODUCE A 

C F F I C I E Y T  AS J E T  P I F Q C I U T ,  APE: FOPCCO FLAMF D R I L L S ,  E L E C T R I C  D I S I N T E G R A T I C N  O R I L L ,  H I G H  FREQUFNCY E L F C T R I C  D R I L L S ,  
MICRflWAVF D R I L L S ,  I Y D U C T I O N  D R I L L S ,  C H E M I C A L  D R I L L S .  

24-68-QZQQ1 PAPT 3 - NOVEL QOCK D R I L L  S E R I E S ,  NOVFL MECHANICAL T Y P E S  I N V O L V F  T U R B I N E S ,  P F L L E T S ,  IYFLOSIGh, 
U L T R A S O N I r S ,  SPP9KS I RESFARCH 1 
MAURFR, W. C. E FSSO PROD RES CCI HOUSTON TEX 

FNGR AND M I N I N G  J., JULY,  1 q 6 R .  SEVERAL Y F C H A N I C A L  NOVEL 9 R I L L S - W I T H  T H E I Q  ENFRGY SDURCFS NOT MECHANICAL.  TYE 
SPARK D 9 I L L S  A P F  VFRY P R O M I S I N G  BECAUSE OF T H E I R  HIGH-POWER OUTPIJT AND H I G H  P O T F N T I A L  D R I L L I N G  QATE.  D R I L L I Y G  RATES IlF 
9.9 CGET PFR YnUR I N  SHALE HAVE BEEN FQUND. c R O S I O N  D R I L L S  ARE CAPASLE OF D R I L L I N G  R A T F S  OF 3 2  F E E T  PFR M I N U T F  I N  
MARBLE. THEY CAN PRDnUCF POWFR ClUTPUTS OF 3,000 TO 6,000 HP. 

I 74;hS-O80Q1 PART 4 b I 1 V ~ L  ROCK D R I L L  S E 9 I E S  - RESEAPCH S P E C I A L I S T  EVALUATES P O T E N T I A L  OF 2 5  NOVEL ROCK D R I L L  TYPES [ 
T U N N F L - D R I L L I N G  1 
MAUPER, W .  C. E ESSO PROD RES CO HOUSTON T F X  

ENGR AND M I N I N G  J., 76-77, AUG 1969.  SOME D R I L L S  ARE L I M I T E D  4 Y  T H E I R  POWER OUTPUTS OR THE AMOUNT OF POWER THAT 
THF RQCK W I L L  ACCCPT FROM THF D R I L L .  THE POWFR OUTPUT OF TOMMFRCIAL L A S F R S  HA5 INCREASED nVFR F I F T Y - F O L D  DURING THE 
L A S T  T H Q E E  YEARS. S I G N I F I C A N T  IMPROVEYENTS W I L L  CONTINUE TO RE MADE ON LASERS AND OTHE9 NOVEL D R I L L S .  THESE NOVEL 
T F C H N I Q U F S  WILL ALSO RF USED I N  CONJUNCTION W I T H  CONVENTIONAL TUNNFL BORERS TO DEGRADE AND WEAKEN THE ROCK AND THEN THF 
SONVFNTIOYAL C U T T F Q S  f A N  RFMOVE THF ROCK. THE CONVENTIONAL TUNNEL BORERS ARE YOT E F F E C T I V E  SFCAUSF THEY DULL Q A P I D L Y  
AYD F I G H  THRUSTS A P E  R F Q U I R E D  ON THESE CUTTERS. 



.Zt=6.&QBQQ2 ROCK BREAKAGE B Y  CRUSHING, B L A S T I N G ,  AND D R I L L I N G  
CHEATHAM, J. 6.1 JR. 

ENG GEOLOGY, ( 2 1  N 5, 293-3147 AUG. 1968. REVIEW OF L I T E R A T U R E  D E A L I N G  W I T H  ROCK F R A G M E N T A T I O N  AND W I T H  MEANS FOR 
P R E D I C T I N G  ENERGY REQUIREMENTS FOR THESE PROCESSES. E X P E R I M E N T A L  PROCEDURES AND METHODS OF A N A L Y S I S  USED I N  C O M M I N U T I O N  
S T U D I E S  ARE DESCRIBED. P A R T I C U L A R  EMPHASIS I S  G I V E N  TO D I S C U S S I O N S  OF ROLE T H A T  MECHANICAL P R O P E R T I E S  OF ROCKS P L A Y  I N  
ROCK BREAKAGE PROCESSES. E S T I M A T E S  OF ENERGY R E Q U I R E D  T O  REDUCE ROCK P A R T I C L E  S I Z E  I N D I C A T E  T H A T  O N L Y  S M A L L  P O R T I O N  OF 
T O T A L  ENERGY I S  U T I L I Z E D  AS SURFACE ENERGY AND MUCH OF ENERGY I S  D I S S I P A T E D  AS THERMAL ENERGY. 39 R E F S -  

a-Ak-1 A N A L Y S I S  OF C U T T I N G  A C T I O N  OF S I N G L E  DIAMOND 
APPEL, F. C. + ROWLEY, De S e  

SOC PETROLEUM ENGRS J, ( 8 )  269-80, SEPT. 1968. ASSUMING THAT ROCK B E H A V I E R ,  D U R I N G  C U T T I N G  W I T H A  S I N G L E  DIAMOND,  

DFVELOPED. U S I N G  T H I S  THEORY, STRESSES ON DIAMOND C U T T I N G  SURFACE AND COMPONENTS OF C U T T I N G  FORCE HAVE BEEN 
MAY BE APPROXIMATED BY T H A T  OF R I G I D ,  COULOMB, P L A S T I C  M A T E R I A L ,  THEORY OF S I N G L E  DIAMOND C U T T I N G  A C T I O N  H A S  REEN 

DETERMINED.  T H E O R E T I C A L  RESULTS AGREE REASONABLY WELL W I T H  A V A I L A B L E  EXPERIMENTAL DATA. THEORY OF C U T T I N G  OF S I N G L E  
@IAYONDS MAY B E  USED AS B A S I S  FOR SUBSEQUENT STUDY OF PERFORMANCE O F  SURFACE SET DIAMOND D R I L L  R I T S  AND OTHER SURFACE 
SET DIAMOND C U T T I N G  TOOLS. 16 REFS. 

2&38=1QQQJ ROCK C U T T I N G  M A T E R I A L S  - HAS A D E S I G N  B A R R I E R  BEEN REACHED? I TUNGSTEN-CARBIDE- INSERT ROCK-DRILL 

M I N I Y G  E N G I N E E R I N G ,  58-60, OCT. 1968. THE I N T R O D U C T I O N  OF THE TUNGSTEN C A R B I D E  I N S E R T  P O C K - D R I L L  B I T  CREATED T H E  
PROBLEM OF TRANSFERRAL O F  F A I L U R E  AND BREAKAGE TO THE ATTACHMENT DEVICES.  I N  THE PAST T E N  YEARS, THE GREATEST 
DEVELOPMENTS H A V E  BEEN I N  MORE-SPECIAL I Z E D  C A R B I D E  M A T E R I A L S  FOR S P E C I A L I Z E D  USES, THUS C A U S I N G  A TRADE-CFF OF 
D F S I R A B L E  PROPFRTIES.  T H I S  CREATES A B U I L T - I N  C E I L I N G  ON THE AMOUNT O F  E F F E C T I V E  ENFRGY THAT CAN T O  BE DEVELOP A P P L I E D  A MORE W I T H  
E X I S T I N G  C U T T I N G  M A T E R I A L S .  IMPROVEMENT I N  CUTTER ELEMENT TECHNOLOGY I S  AT A S T A N D S T I L L .  
E F F E C T I V E  RESEARCH ROUTE, THE C R I T I C A L  P O I N T  IS AT T H E  C U T T I N G  TOOL - ROCK INTEREACE.  THE ROCK MUST B E  MADE MORE 
AYENABLE TO C U T T I N G  AT ENERGY L E V E L S  BELOW THE B U I L T - I N  L I M I T A T I O N  FACTOR. T H I S  CAN BE ACCOMPLISHED B Y  CHANGING T H E  

THF ROCK OTHE9 THAN BY THE C U T T I N G  TOOL ALONE. T H E  MOST P R O M I S I N G  MEANS ARE H E A T I N G  BY MEANS OF ELECTRON BEAM, LASER, 
PLASMA J F T t  ETC. C H E M I C A L  SOFTENING OR EMBRITTLEMENT I N  CONJUNCTION W I T H  T H E  C U T T I N G  TOOL MAY ALSO BE P O S S I B L E .  

.2t.=blfml MECHANISM O F  P E R C U S S I V E  WEAR O F  TUNGSTEN C A R B I D E  COMPOSITES 

WEAQ, (12) N 5 9  309-29, NOV. 1968. I N  ORDER TO I N V E S T I G A T E  MECHANISM OF WEAR ON FACES OF TUNGSTEN C A R B I D E  INSERTS,  
B I T S  WOQN I N  ACTUPL F I E L D  OPERATION WERE S T U D I E D  AND LABORATORY EXPERIMENTS S I M U L A T I N G  ROCK @ R I L L I N G  C A R R I E D  OUT. C H I E F  
WEAR YECHANJISM IS F A T I G U E  M I C R O S P A L L I N G  OF C A R B I D E  SURFACF R E L A T E D  T O  BLOWS. C O N T R I B U T I O N  OF S L I D I N G  WAS FOUND T O  BE 
YIYOR. FPOM WEAP D A T A  O R T A I N E D  W I T H  D R I L L  S I M U L 4 T O R 9  I T  WAS FOUND THAT NUMBER OF S I T E S  OF P O S S I B L E  S P A L L  F O R Y A T I O N  1s 
SMALL. 

LEWIS,  w. 

P P O P E R T I E S  OF T H E  POCK ON WHICH THE C U T T I N G  TOOL I S  ACTING.  ONE ANSWER WOULD BE TO DEVELOP WAYS OF G E T T I N G  ENERGY I N T O  

MONTGOMERY, R. S a  

%=se=uou DFTERMINATION OF STRFSS W A V E  FORMS PRODUCED BY PERCUSSIVE DRILL PISTONS OF v a R I c u s  GEOMETRICAL DESIGN 
COMPUTE R-PR VGR AM 
DUTTA, P. K. 

I Y T  J R9CK MECHANICS AND M I N  SCIENCES,  (5) N 6, 501-518, NOV 1968. CONTROL OF I M P A C T  ENFRGY D E L I V E Q E D  T O  B I T  OF 
PERCUSSIVF ROCK D R I L L  I S  DETERMINED BY P I S T O N  I M P A C T  V E L O C I T Y  AND P I S T O N  GEOMETRY. B A S I C  E Q U A T I O N S  D E S C R I B I N G  
SEh 'FR4TI@N,  T R A N S M I S S I C N ,  AND R E F L E C T I O N  OF STRESS WAVE ARE D E F I N E D  AND COMPUTER PRDGRAM I S  D € S C R I R E D  BY MEANS OF WHICH 
D I S T O N S  YAY FIE DESIGNED TO PRODUCE WAVEFORMS OF D E S I R E D  C H A R A C T E R I S T I C S .  7 REFS. 

&&&lLQQ2 FPACT'JRE DYNAMICS OF ROCK ( CRACK-PROPAGATION 1 

I U X  J FSACTURE MECHANICS, (4) N 4, 415-30, DEC. 49 1968. CONCEPT OF FRACTUQE DYNAMICS OF POCK I S  I N T R O D U C E D t  THREE 
ASPFCTS OF FRACTURF B E I N G  DISCUSSEDq NAMELY, S T A B I L I T Y  OF FRACTURE PROPAGATION, T E R M I N A L  FRACTURE V E L O C I T Y  AND DYNAMIC 
STRESSES CRFATFD RY PROPPGATING CRACK. WORK RELATED TO T H I S  NEW F I E L D  OF RESEARCH I S  R E V I E W E D  AND TPE'YRETICAL AND 
c X P E R I Y E N T A L  S T U D I E S  CN ROCK ARE REPORTED. P R A C T I C A L  S I G N I F I C A N C F  OF FRACTURE DYNAMICS CONCFPT I N  ROCK MECHANICS I S  
r)UTLIYFT).  2n REFS. 

34=62=QQQQl THE P E N E T R A T I O N  OF ROCK BY HIGH-SPEED WATE9 J E T S  ( D R I L L I N G - Y E T H O D S  WATER-JETS 1 

I N T  ROCK CFCHANICS AND M I N  SCIENCE,  ( 6 )  249-2589 1969. THE E F F E C T  OF PRESSURE9 STAND-OFF D I S T P N C E  AhD T I M E  ON THE 
P E N F T S A T I O N  pc SANDSTONFS BY A 0.84 MM JET OF WATER WAS I N V E S T I G A T E D .  PRESSURES RANGED UP TO 9000 LR/SQ. IN. r  STAND-OFF 
D I S T A N C F S  TO 3 I N .  ( 5 . 0 9  CM), AND T I J E  FROM 0.5 TO 30 SEC. THE USE OF A F R I C T I O N  REDUCING AGENT I N C R E A S E D  AVERAGE 
P F N F T P A T I O N .  J E T  I N T E R R I J P T I O N ~  R O T A T I O N  OF ROCK TARGET, AND SHORT P E R I O D  EXPOSUPE WERE THF METHODS USED TO GPEATLY 
I Y C q F f i S F  Tt'F P E N F T R A T I O N  ROTE. FREE ACCESS OF THE J E T  TO THE TARGET I S  E M P H A S I Z E D  BY AY E X P E R I K E N T  W I T H  AN ANGLED J E T  
AND R O T A T I h G  AS A TYPE OF O R I L L .  

24-69-0?QQJ HYDRO-BLAST SHnf lTS AHEAD ( EXPLOSION-SLURRY-PUMPING 1 

M I N I N G  F N G I N F F R I N G ,  ( 2 1 )  N 3 ,  56-58, MAR. 19159. SUBSURFACE H Y D R A U L I C  M I N I N G  THP@UGH 16- IN.  D I A  BOQFHOLES HAS BEEN 
Y4DF P D S S I B L E  THRDUGH DEVELOPMENT OF NFW EXPLOSION-TYPE SLURRY PUMPING SYSTEM AND R E L A T F D  SLURRY H A N D L I Y G  E Q U I P Y E N T  AND 
I T S  P O T F N T I A L I T I E S  Ihl M I N I N G  A P P L I C A T I O N S  ARE DISCUSSED.  

R I E N L A W S K I ,  2 .  T. 

RRCClKt N. + SUMMERS, 0. A. C U N I V  L E E D S  

F L Y ,  A. R. 

74-6C01QQ2 HYQRO-BLAST M I N I N G  SHOOTS AHEAD I PRESSURE EROSInN-JETS A B R A S I V E S  VOLUYE FCOYOMY EXPLOSION-PUMPIVG 

M I N I Y G  ENGTNEFRING,  5 6 7 5 8 ,  PAR 1969. S A T I S F A C T O R Y  HYDROBLAST M I N I Y G  HAS B F E N  DEMGNSTRATEO W I T H  C L F  ON WATER 
F L Y ,  A. P. C HYDPO-JET S E R V I C E S  I N C  

SIDEWALL J E T S  AVEPAGING 400 GPM AT 800 P S I  PLUS 100 GPM THRU WATER COURSES I N  T H F  D R I L L  B I T .  W I T H  T H I S  ARRANGEMENT ONE 
C U B I C  YARE! PFP MINUTE OF SANDSTONE, WEATHERED L I M E S T O N E  OR L A M I N A T E D  SHALE CAN RE MINED. P J E T  PUMP SYSTFM COMBINED 
W I T H  4 I R  L I F T  AND SORFYOLE P R E S S U R I Z A T I O N  WOULD RE F F A S I B L E  FOR OPERATIONS TO DEPTHS OF 1500 F E E T .  U N T I L  THE RECFNT 
O F V F L I P M E N T  i lF THF F X P L q S I C N  PUMP, MAINTENANCE PROBLEMS MADE F L U I D S  W I T H  SUSPFNOFD A R R A S I V F  P 4 R T I C L F S  UYECONOMICAL * 
'4ITL-I 4 F L U I D - A R R A S I V F  7YSTEM M I N I N G  W I T H  A 6 0  F O J T  D I A M E T E Q  PATTERN 270 TONS OF M A T E R I A L  COULI) BE PRODUCED PER FOOT OF 
T H I C K Y E q S  4N9 HYDPO-PL4ST M I N I N G  CnULO BE VERY C O M P E T I T I V E  W I T H  CONVENTIONAL YETYODS A S  WELL A: B E I N G  SAFFR AP!D 
Y F A L T Y I E R  AND ALLOW DEVELOPMENT OF SnME SUBECONOMIC M I U E R A L  DEPOSITS.  

2 4 - h 9 - 0 6 ~ ~ 1  C L F r T P n v  R F A M S  APPLY A N  OLD PRINCIPLE T O  MODERN ROCK-BRFAKING Q E S E A R C H  1 

'NGR AND M I N I h G  J - ,  116-119, JIJNE 1969. AUTHOR CLAIMS THAT HIS E L F C T P ~ N  BEAM WILL CUT POCK FASTER a m  MOQE 
SCHUMACHER, Ei. W -  C WESTINGHOUSE ELEC CORP 

F F F I C I E W T L Y  THAN F L A V F  J E T  P I E R C I N G ,  WATER CANYOY AN@ OTHER NFW TYPE ROCK B R E A K I N G  MFTHODS. NO SOURCF G I V E N  FOR DATA. 
fi 1 3  Y W  ELECTRCN GUN WAS R U I L T  AND T E S T E D  ON FOUR TYPES OF ROCK SANOSTONF, GRANODIORITF,  ROSE QUARTZ 4 N 0  L IMESTOYE.  
Y E L T  r U T  I N  A L L  FOUR W A S  3500 J O U L E S / C U  CM. N O Z Z L E  MUST B E  W I T H I N  1 T O  7 CM OF THE ROCK SURFACE. 

2L-69-06002 T H E  P E N E T P A T I O N  OF ROCK BY HIGH-SPEED WATER J E T S  

I N T  J. ROCK MECHANICS AND M I N  SCIENCE,  (6) 249-2587 1969. THF EFFECTS OF PRESSURE, STANDOFF AND T T Y E  OF ATTACK P Y  
AN 0.84 MM WATER J E T  ON SANDSTONE WERE I N V E S T I G A T E D .  USE O F  100 PPM POLYETHYLENE O X I D E  IMPROVED Tt-E P E N E T R A T I O N  10 TO 

BROOK, Y. + SUMMERS, D. A. C U N I V  L F E D S  C U N I V  MO ROLLA MO 

30 PEQCENT. T H E  ADVANTAGE n F  ALLOWING THE SPENT WATER TO ESCAPE WAS DEMONSTRATED BY I N T E R R U P T I N G  THE J E T  AND B Y  

I-"' 
i .1 

I 

Li 



R O T A T I N G  THE TARGFT. R O T A T I O N  PROVED T D  B E  OF MUCH MORE V A L U E  THAN I N T E R R U P T I N G  THE J E T .  A N  I N C L I N E D  R O T A T I N G  J E T  CUT 
A 5 CM D I A M E T E R  HOLE 10 CM DEEP I N  15  SECONDS. 

adQ=plQQl I N F L U E N C E  OF ROCK C H A R A C T E R I S T I C S  ON T H E  S T A B I L I T Y  OF ROCK C A V I T I E S  P A R T  1 ( ROCK-MECHAhICS SUPPORTS 
T U N N E L - L I N I N G S  1 
LOMBARDI ,  G. 

TUNNELS AND TUNNELING,  ( 2 )  NO 1, 19-22, JAN.  1970. ROCK MECHANICS I S  A NEW SCIENCE BUT T U N N E L I N G  I N  ROCK I S  AN OLD 

24-70-03001 FPR P A P T  2.  

z$=B=Q1QQ1 I N F L U E N C F  OF ROCK C H A R A C T E R I S T I C S  ON T H E  S T A B I L I T Y  OF ROCK C A V I T I E S  PART 2 I ROCK-MECHANICS SUPPORTS 

ART. A REPORT ON THE PRESENT S T A T E  OF ROCK MECHANICS AS A S C I E N C E  I S  ATTEMPTED I N  T H I S  TWO PART A R T I C L E .  SEE 

T U N N E L - L I N I N G S  1 
LOMBARDI,  G. 

TUNNELS AND TUNNELING,  ( 2 )  NO 2 ,  104-1099 MAR. 1970. C O N T I N U A T I O N  OF A R T I C L E  STARTFD I N  24-70-01001. FXAMPLES ARE 
GTVEN T O  PROVF THAT I T  IS P O S S I B L E  TO DETERMINE T H E  FORCES AROUND A TUNNEL. 

74-70-Q5QQJ, E X P F R I E N C E  FROM B L A S T I N G  1 2  F T  D I A  MERSEY P I L O T  TUNNEL - GROUND V I B R A T I O N S  FROM TUNNEL P L A S T I N G  
D A V I E S ,  J. V. E MOTT HAY AND ANDERSON 

TUNNELS ANC TUNNELIYG,  ( 2 )  NO 39 141-1447 MAY 1970. THE B A S I C  PROPERTIES OF A GROUND WAVE ARE FREQUENCY AND 

D I S T 4 N C f  FROM BLAST. THF MORRIS FORMULA FOR P R E D I C T I N G  A M P L I T U D E  OF V I B R P T I O N  IS SHOWN TO 5E INADEQUATE A T  SHORT 

AND THE EFFECT OF U S I N G  SHORT D E L A Y  DETONATORS I S  OBSERVED. T H E  EFFFCT ON B U I L D I N G S  I S  D E S C R I B E D  PND A C R I T E R I C N  FOR 
DAMAGE I S  GIVEN.  I T  I S  SHOWN T H A T  HUMAN TOLERANCE I S  LOW SO A LOWER C R I T E R I O N  MUST BE USED I F  THERE ARE RESIDFNCES 
NEARBY. 

AMPLITUDE.  THE FREQUENCY DEPENDS ON T H E  T Y P E  OF GROUND WHILE AMPLITUDE DEPENDS ON F X P L O S I V E  CHARGE, GROUND TYPE, AND 

OISTANCFS.  A M O D I F I C A T I O N  I S  DEVELOPED. A COMPARISON I S  MADE OF V I B R A T I O N S  I N  THE BEDROCK AND I N  THE CLAY OVERBURDEN 

I-? 

! ii 

F I E L D  7 5  NFWS I T E M S  

25-63-11QQ1 J F T  P I E R C I N G ,  CHAMBFRING, PERCUSSION D R I L L I N G  COMBINED FOR F I R S T  T I M E  I N  S I N K I N G  RLASTHDLFS ( AIR-FUFL 
OXYGEN-FUEL C f l S T  ABRASIVE-FORMATIONS 1 

P I T  E. OUAQRY, 120-1319 NOV 1963. FOR A B R A S I V E  OR EXTREMELY HARD FORMATIONS THREE NEW J E T  MACHINES HAVE BEFN 
O'=VELflPFn. ONE IS A YEW J E T  P I E R C I N G  R I G  E Q U I P P F D  WITH A RECENTLY I Y V E N T F O  RURNEP NOZZLE U T I L I Z I N G  A I R  FUEL MIXTURES.  
I T  I S  S E L F C O N T A I N F D  W I T H  RESPECT Tf2 ALL S E R V I C E S  EXCEPT C O D L I N G  WATER SUPPLY. THE P I G  I S  ALSO USED I N  CCNJUNCTION W I T H  
4 GAQONFP-DFNVFR P E R C U S S I O N  D R I L L  FOR PRIMARY D R I L L I N G  I N  CHAMBERING A D R l L L E D  HOLE. A SECOND R I G  W E I G H I Y G  50,000 L B S  

IS L F S S  TYAN T H A T  OF OXYGEN F U E L  BURNFRS BVT I T  HAS A HIGHER J E T  A C T I O N  R E S U L T I N G  I N  4 T I M E S  THE R A T F  OF ROCK REMOVAL. 

' I E L Q  PFSFORY4YCF DFMONSTRATFS D E F I N I T E  CrlST S A V I N G S  I N  A P P L I C A T I O N S  FOR WHICH THESE MACHINES WERE DFSTGNFD. 

H A $  A 2 0  F T  LONG 5 I N .  DIAMETER BLOWPIPE W I T H  AY A I R  FUEL JET P I E R C F R  RURNER NOZZLE WHICH RFACHES 3,700 CEG. F. T H I S  

T H F  T H I Q P  MACHINE I S  4N CXYGEN FUEL T Y P E  USED P R I M A R I L Y  FOR CHAMBERING. I T S  FLAME REACHES 4,000 T O  4,500 DEG. F .  

?5-47-1EQQI J E T  P I F Q C I ' d 6  W I T H  COMPRFSSFD A I R  ( J F T  D R I L L I N G  1 
THF CAYAnIArU M I N I N G  AYP M E T A L L U R G I A L  B U L L E T I Y ,  ( 8 4 )  N 1 2 7  35, DEC 1967. U N I O N  C A R B I D E S '  J P A Y - 1 0 0  TS CAPARLE r l F  

4 S Y A L L  D I A Y E T F R  HOLF BY CONVENTIONAL D R I L L I N G  YETHODS. (11 INCQEASES P L A S T I N G  E F F I C I E N C Y  ( 2 )  D ' I I L L S  FFWER HOLFS. 
nVER 100 TCNS PER FOOT OF HOLES HAVE BFEN BROKFN. (3) L E S S  E X P E N S I V E  COMBUSTIBLES ( 4 )  LOWER COST PFR T C N  OF 

WHEY CHAMBERING IS 7 5  TI? 3 0  C U B I C  F F F T  PCR HOUR. A 9 - I N C H  HOLE I S  40 TO 50 F E E T  P E T  HOUR. COSTS FOR CHAMBERING MAY 3 F  
FXPFCTED T C  VARY FR@Y 1 1 / 2  CENTS T O  h CENTS PER T O N  BROKEN D E P F N D I N G  ON Q U A N T I T Y  AND TYPF 7F ROCK. S Y A L L F R  Y A C Y I N E  
THE JPCM-90 FYDLCIYFS P U Q E  OXYGEN FOR CHAYBERING rJF SMALLFR P R E - D R I L L E D  YOLFS OF 3 1 1 2  I N C H E S  UP TO 9 I N C H E S  AYD TO 
DFPTHS @I- 60 FFFT.  I T  IS MOUNTED ON A TRUCK T Y P F  C H A S S I S  WHICH CAN C L I M B  GSADFS UP TO 30  PFRCENT. 

P U T T I Y G  9PWY Y I L E S  UP T O  24 I N C H F S  I Y  DIAMETF' I  AND 55 F E E T  DEFP. MAXIMUM E F F I C I F N C Y  I S  THUS A C H I k V E 3  9 Y  F I R S T  D R I L L I P J S  

MFCL-CRAGMENTFD ROCK f 5 )  E L I M I N A T I O N  OF "TOE" C O N D I T I O N S  AVD QEDUCTI'IN OF SUR-GRADE D R I L L I N G .  R 4 T E  OF ROCK REMOVEL 

25d$=pZQu A I R  HAMMER CUTS COST I N  ARKOMA B A S I N  ( ADVANCE HARD-RgCK I 

TN H4SD-ROCK F q R Y A T I C Y S .  IMPROVED CESIGNS HAVF SOLVFD SUCH PROBLEMS AS F R E E Z I N G  AND PLUGGING. THE P4MMFSS I N C R E A 5 C  
P E N E T R A T I O N  RATES TWn T q  F I V E  FOLD OVER AIR-AhD-GAS ARE 5 TO 10 T I M E S  F A S T E R  THAN MUD-ROTARY AND HAVE COMD4RAPLF i l I T  
L I F F  W H I L F  REDUCING THE COST PER FT. OF HOLF 9Y 4 THIRD.  

35-64-05QQJ H r W  THOSE 72 I N C H  HOLES ARE 9 E I N G  D R I L L E D  ( R I G  B I T  9 R I L L - P I P E  C I S C U L A T I O N  J 

T Y F  OIL t G A S  JOURNAL, ( 6 2 )  N e  18, 70-73, M A Y  4 ,  1964. WHEN O R I L L I N G  72 I N .  DTAYETER H(1LFS A P I L L I C h  Lrj. R I G  IS 
R F Q U I R E D  T D  WITHSTAND 200,000 F T .  LB. OF TORQUE. FOUR TYPES OF 72 I N .  B I T S  ARE USED EACH H A V I N G  C b h T I L f V E R  OR SAQDLF 
TYPF RFMOVARLE CUTTERS. A 4,000 F T  S T R I N G  CF 1 3  3/B O.D. D R I L L  P I P F  W I T H  1 6  I N .  TOOL J O I N T S  WILL WEIGH 700,000 L 9 S .  
R I T  Q*TATFS AT 5 TO 10 RPY. D R I L L I N G  I S  DONE W I T H  REVERSE A I R  FLOW WHICH REACHES 8,000 F T  PEP CIN.  bND B R I N G S  UP 4 0 C K  
AS L4RGF 4 s  A MAN'S F I S T  BUT LOST C I R C ( J L A T I 0 V  CUTS DOWN T H I S  FORCE AND MOST C U T T I N G S  C O M E  @UT AS F I N E L Y  GQOUND DUST. 
ONCE W4TEP F V T F R S  THF HOLF THERE'S TROUBLF AS CIJTTINGS B A L L  UP, MUD PLUGS T Y F  SWIVEL AND CAKES I N S I D E  T H E  D R I L L  P I P € .  
WATER CAN SOMFTIMES PE STOPPFD BY D U S T I N G  OR 4 DETERGFYT ADDED TO YAKE A CONVEYbBLE FOAM. DUF T O  WATER EROSION A MOLr 
MAY C4VC I Y .  I h !  D\!E I N S T A N C E  A 95 I N .  H n L E  WAS D R I L L E D  FOR 650 F T  AND CASED TO SEAL OFF THE L O S T - C I R C U L A T I O N  ZUNF. 
THE q C S T  OF THE 49500 F T  HOLE WILL BF D R I L L E D  72 I N .  DIAMETER.  S M I T H  T @ O L  CC. COMPTOY, C A L I F .  WAKES 4 THREE-POINT HQLC 
I P E N C R  75 I N .  IY D I A M E T F P  bh)D AT L F A S T  THREE OTHER MANUFACTURERS Ml lKF B I T S  T H I S  LAPGE OR LARGER. 

Z>r$$=Q?QQ1 OFEPEST 77 I N .  DIAMETER ROTARY D R I L L E D  SHAFT SANK FOR 4EC SY L O F F L A N D  B Q O S  [ D R I L L I N G - R 4 T E  B I T  

M I N I N G  E W I V F F 9 I N G ,  6 8 - 6 0 ,  SEPT 1964- L O F F L A N D  SPUODED THE 72 I N .  SHAFT ON JAN 7 AYD BY J U L Y  1 TYE 15,000 LR B I T  

THE 71L C GAS JOURN4L, (621 120-1237 FER 10, 1964. ROTARY PERCUSSION D R I L L I N G  HAS BEEN D A R T I C U L A R L Y  ~OVAPITAGE'OUS 

BURKE, F. C-. 

OR I L L - C O L  L AF R E  VF R SE-C IR C U L &  T I  ON NUCLEAR- TE ST I NG 1 

H A @  R E 4 f H E D  7602 F T  DF T H €  PRClJFCTED 3200 F T  9 E P T H .  B I T S  HAVE D R I L L E D  AS YUCH AS 6 0  HOURS PUT I T  HAS R E F N  A P R A C T I C F  TO 
P U L L  THE B I T  FVEPY 36 HDURS T O  I N S P E C T  I T  AND I N S U R E  A G A I N S T  DAMAGE TO THE B I T  B@DY. AT 1400 TO 1900 F T  A T R I P  TO 
CHAYGF ? I T S  T A K E S  6 TO 7 HOURS I N C L U D I Y G  T I N E  FOS BOTTrlMHOLF SURVEYS AND TWO HOURS OR MORE TO CH4YGE R I T S  OQ CUTTEQ 
4 S S F M B L I F C .  @ 60 IN. n I @ N F T E F '  300,000 LR P R I L L  COLLA'? I S  MOUNTED ON A 16 I N .  HEAVY WALL TUBE D I 9 E C T L Y  ABCIVE TYE R I T .  
247000 C F M  P!= REVFRSF f I R C U L A T I O N  A I R  IS USED TO EXHAUST T Y F  CIJTTINGS THRU THE 1 3  3 / P  I N .  D 1 4  D R I L L  P I P E .  THF SHAFT I S  
R E I W G  D R I L L E D  TP FNARLF NEVADA OPFRATIONS O F F I C E  OF A E r  TO CONDUCT HIGHER Y I E L D  AND DEEPER UN9ERGRCUND NUCLEAR TESTS. 

'L*kQ9QQ2 9 L A S T  HOLE PRODUCTIPN W I T H  THF A I R - F U E L  J E T  BURNER ( J E T - D R I L L I N G  COST 
THE C 4 N 4 3 I A N  M I N I N G  ANP P E T A L L U P G I C A L  B U C L E T I Y ,  927-9319 SEPT 1964. THE J P A M - 1 0 0  ( U N I C Y  C A R R I D E P S  J E T  P I E R C I N G  
D R I L L )  CO5T PCQ CU.FT. OF ROCK REMOVCD WAS $1.52 FOR CHAMBFRING AND 9 1 - 9 6  FOR P I E R C I N G .  Tk'F AVFRAGE ROCK REMOVAL 9ATr- 
UDS 37.7 CU. F F F T / H R .  AND l Q . 0  CU. FT/HR.  FOR CHAWEERIVG 4ND P I E R C I N G  R E S P F C T I V E L Y .  J P A M - 1 0 0  AT bEPU%RNC'IS I Y D I C 4 T E  A 
C'IST OF 1 . C  TI7 ?.O CFNTC. P F Q  T q Y  ON 5 N  ANrUU4L PRODUCTICIN O F  1,000,000 TONS. UYIC'N C A R B I D E  CAN4OA L I M I T E D  KNOWS TPAT 
TYE JPAM-300 '4ACHINE W I L L  PGOVIDF A R F L I A r j L E t  F L E X I B L E  RASE FOR THE ' 3 P F R 4 T I n N  OF THE A I R  FUEL J E T  PURYFR. THE COST DUE 
T 3  C H 4 Y R t R I N G  W I L L  RANGF RFTWEEN 1.5 AYD 2 .25  CEYTS PER TCN OF n R F ,  DEPENDING UPON LOCAL C O N D I T I O Y S .  T H I S  MACPINF HAS 
A 30 PERCEhlT I Y C Q F A S F  I N  RURYER POWER N H I C H  SYOULD IWPQOVE PERFORMAMCF BY 50  T O  50 PFRCENT. 

35-64-Q2QO1 TRUCK PUC'PS 'iLURRY I N T O  H O L E S  [ ?LASTING-SLURRY 1 
c X C 4 V A T I Y G  C" I IYFER,  22-33, AUG 1964- HERCULES POWDER CO. HAS DEVELOPFD A YEW TECHNIQUE FOR D E L I V F R Y  OF FLOGFL,  A 
SLURRY-TYPE SLASTING AGFIUT. A 20,000 1.8. TANK T ~ U C K  DELIVERS FLOGFL r v  LIQUID FORM AND PUMPS DIRECTLY TO THE 
RLASTHr3LFS AT 250 L B / M I R .  THF SLURRY I S  H E A V I E Q  THAN WATEQ SO D I S P L A C F S  I T  I N  V E R T I C A L  HOLES. 4 30,OCOLP. T Q A I L E Q  
P R @ V I ? E S  A D D I T I O N 4 L  L n G I S T I C  SUPPORT FOR LARGE JOPS. 



25-64-uTpp1 HERE'S A WRAP-UP OF B I G  H O L E  D R I L L I N G  AT NEVADA T E S T  S I T E  ( ROTARY-RIG B I T  C I R C U L A T I O N  COST 
S P E C I F I C A T I O N S  1 
HOBBS, Me F. 

WORLD O I L 1  113-1191 OCT 1964.  FOUR WELL D R I L L I N G  CONTRACTORS ARE U S I N G  L A R G E  BEEFED-UP ROTARY RIGS,  REVERSE A I R  
C I R C U L A T I O N  AND HUGE E X O T I C  B I T S ,  D R I L L  COLLARS AND S T A B I L I Z E R S  T O  D R I L L  72 I N .  DIAMETER NUCLEAR EMPLACEMENT HOLES TO 
ABOUT 4,000 F E E T  ON PAHUTE MESA AT USAEC NEVADA T E S T  S I T E .  HOLES R E Q U I R E  ABOUT E I G H T  MONTHS T @  D R I L L  AND COST ABOUT 8 2  
M I L L I O N  TO D R I L L  AND CASE W I T H  48 I N .  CASING.  TWENTY-FIVE B A S I C  REQUIREMENTS OF EQUIPMENT, R A T I N G S  AND M A T E R I A L S  
F U R N I S H E D  BY T H E  D R I L L I N G  CONTRACTOR ARE GIVEN.  TWENTY-FIVE I T E M S ,  F A C I L I T I E S  AND S E R V I C E S  F U R N I S H E D  B Y  THE GOVERNMENT 
ARE L I S T E D .  E N G I N E E R I N G  S P E C I F I C A T I O N S  FOR HOLE EMPLACEMENT ARE G I V E N  AND B I G  HOLE D R I L L I N G  EQUIPMENT ANC T E C H N I Q U E S  
ARE DESCRIBED.  

Z B k l U Q Q 1  E L E C T R I C  D R I L L  MELTS WAY THROUGH ROCK ( ROCK-DRILL ) 

G I V E S  P R O M I S E  OF D R I L L I N G  HOLES TO PRESENTLY U N O B T A I N A B L E  DEPTHS I N  ANY T Y P E  O F  ROCK. T H E  D R I L L  C O N S I S T S  OF A S T E E L  
T U B E  W I T H  A H E A T I N G  ELEMENT ATTACHED TO THE T I P .  THE HEAT MELTS THE ROCK, DOWN-PRESSURE OF T H E  D R I L L  FORCES T H E  ROCK 
THROUGH A TUBE WHICH L E A D S  TO A COOLING D E V I C E  W H I C H  C H I L L S  T H E  ROCK FROM 2,192 DEGREES F T O  L E S S  THAN 212 DEGREES F *  
GASES USED I N  COOLING THEN CARRY ROCK P A R T I C L E S  TO THE SURFACE. ADVANTAGES - EASE OF U S E 1  NO MOVING PARTS, UNAFFECTED 
BY DEPTY,  AND WORKS I N  ANY T Y P E  OF ROCK. 

E N G I N E F R I N G  NEWS-RECORD1 (17419 158-1591 MAR 1965. NEW E L E C T R I C  D R I L L  USES HEAT TO PENETRATE ROCK. T H E  D R I L L  

25-65-QlQQZ D E P T H  RECORDS I N  107 COUNTRIES ( D R I L L I N G  1 
PFTROLEUM MANAFEMEYTt 116-1179 APR 1965. A L I S T  OF THE DEEPEST O I L  WELLS I N  EACH O F  107 C O U N T R I E S  BY COUNTRY AND 
I N C L U D E S  T H E  NAME, L O C A T I O N  AND DEPTH OF T H E  WELL. 

7 5 - 6 5 - a m  DEEP WELLS S E T  NEW MARK ( DIAMOND B I T  COST HAND SUCCESS-RATIO 

PFTRDLEUM MANAGEMENT1 (371 105-1089 MAR 1965. THE DIAMOND B I T  I S  R E S P O N S I B L E  FOR T H E  STEADY E D G I N G  BACK I N  B I T  

D R I L L I N G  I S  I N C R E A S I N G  S T E A D I L Y ,  I S  A T R I B U T E  T O  NEWER AND BETTER E N G I N E E R I N G  AND D R I L L I N G  TECHNIQUES AND CHEAPER PER 

SCOTT, J. J.  

REQUIREMENTS I N  A L L  S E C T I O N S  OF T H E  COUNTRY. T H I S  AND GRADUAL D E C L I N E  I N  MUD COSTS, COMING AT A T I M E  WHEN DEEP 

FQOT D R I L L I N G  CQSTS. T A B L E S  ARE G I V E N  ON DEEP WELL (MORE THAN 15,000 F T )  D R I L L I N G  DATA AND T H E I R  SUCCESS R A T I O .  AN 
ALL T I M E  RECORD DEEP HOLE OF 25,340 F T .  WAS D R I L L E D  I N  TEXAS. 

25-66-06QQ1 N I N E  B I T S  CHEW U P 1  S P I T  OUT ROCK ( D R I L L I N G  ROCK B I T S  1 

E N G I N F F R I N G  NEWS-PECORD, (176) 399 JUNE 30, 1966. A N I N E  B I T  PERCUSSION D R I L L  WAS USED TO S I N K  AN ELEVATOR SHAFT 
YN S f l L I D  ROCK AT A RATE O F  8 FT/HR. T H E  EXHAUST A I R  BLOWS ROCK FRAGMENTS UP TO THE SURFACE THROUGH THE SPACE AROUND 
T H F  D R I L L  P I P E .  

25-66-08OQl SUBTRACT COSTLY HOURS W I T H  SHARP D R I L L  B I T S  

QOCK P P ~ D U C T S T  (691 106-1071 AUG 1966. THE F I V E  B A S I C  B I T  T Y P E S  T H A T  R E Q U I R E  RESHARPENING ARE C L A S S I F I E D  AS: ROCK 

N.J. D R I L L I N G  CO 

W I L L S ,  D. R -  G NORTON CO WORCESTER MASS 

@ I T  D R I L L S ,  ROCK B I T  C H I S E L S ,  ROOF B I T S ,  D R I L L  B I T S ,  AND CUTTER B I T S .  AN I L L U S T R A T I O N  OF EACH B I T  IS G I V E N .  
I N S T R U C T I O N  FOR THE T E C H N I Q U E  OF PESHARPENING OF EACH B I T  IS ALSO GIVEN.  

=AkQSQQl W I T H  I T S  R A D I C A L  D R I L L  FEED SYSTEM1 ATLAS CDPCO PROMISES SPEED AND ECONOMY ( R O C K - D R I L L  1 
F N G I N E E R I N G  AND M I N I N G  JOURNAL1 279 S E P T  1966. AUTO F E E D  IS A NEW TYPE OF MECHANIZED ROCK D R I L L  F E E D  ARRANGEMENT 
FROL? ATLAS COPCO. B A S I C  AUTO FEED PACKAGE. A 17.5-FT. S T E E L  F E E D  BEAM MOUNTING A STANDARD L I G H T W E I G H T  AC ROCK D R I L L  
QFU A S L I D I N G  CRADLE, IS  D R I V E N  BY A DOUBLE- A C T I N G  A I R  F E E D  C Y L I N D E R .  I T  RECENTLY WAS USED TO D R I V E  A 4 2 - F T  D I A . 1  
1 1 7 2 O - F T  LONG D I V E R S I O N  TUNNEL I N  IDAHO,  AND SEVERAL POWER TUNNELS ON THE MANICOUAGAN (QUEBEC)  PROJECT. A NEW MAGNETIC 
Q E P D F R T  ntvE OF FINLAND'S OUTOKUMPU OY MINING-METALLURGICAL INSTRUMENTS MFASURES T O  0.1 z IN ABOUT A MIYLJTE. SOME OF 
THE P O S S I B L E  A P P L I C A T I O N S  APE D E T E R M I N I N G  THE MAGNETIC CONTENT OF I R O N  O P E 1  CONCFNTRATE AND WASTE. A NEW L I N E  OF 
TW@-STAGE HEAVY DUTY CRUSL(ERS F@R S I Z I N G  COKF AND S I N T E R  FOR B L A S T  FURNACES HAS J U S T  BEEN I V T R O D U C E D  B Y  T. J. GUNDLACH 
MACHINE CO. 

Z.!kfkl..€.QQ1 LOGGING TOOLS R I D E  ROCKETS DOWN-HOLE ( D R I L L I N G  SOLID-FUFL-THRUSTER POCKETS 1 
THE P I L  AND GAC JOURYALY (64) 65-66, NOV 7, 1966. LANE-WELLS CO. HAS DEVELOPED A METHOD OF S O L V I N G  THE PROSLEY OF 
TnOLS S T I C K I N G  I N  THE MU@ ALONG THE S I D E S  OF THE HOLE AND THUS NOT REACHING THE BOTTOM. THEY ARE USIrYG SOLID-FUEL 
THRUSTC4S. T H F S E  ROCKETS ARE ATTACHED ABOVE LQGGING TOOL AND CAN BE F I R E D  S E L E C T I V E L Y .  THF TOOL I S  LOWERED DOWN T H E  
HOLF U N T I L  T H E  ANGLE PECOMES SO GRFAT THAT F R I C T I O N  OF THE TOOL AND THE W I R E  L I N E  OVERCOMES THE P U L L  O F  G R A V I T Y  AND THE 
TOOL STOPS. T H E  OPERATOR THEN F I R E S  A ROCKETT F O R C I N G  THE TOOL TO CONTINUE I T S  F A L L .  THE PROCESS I S  C C N T I N U E D  U N T I L  
THE TOOL PEACHES I T S  D E S T I N A T I O N .  TOOLS USED TO DATE HAVE BEEN E Q U I P P E D  W I T H  6 TO 15 ROCKETST I N  CLUSTERS PF 
THREE. AT THF E X P E R I M F N T A L  S I T E 1  EAST W I L M I N G T O N 1  CAL.9 ROCKET MOTORS HAVE SUCCEEDED I N  C A R R Y I N G  TCOLS TO 21700 F T T  
21800 F T  SHOUT OF THE GOAL. THE ROCKETS PRODUCFD THE JOURNEY FRCJM 1,600 F T  TO 2,700 FT.  OPFRATORS ARE ALSO 
DEVFLOPTNG CEbrTRALIZFRS FOR LOGGING TOOLS. A C F N T R A L I Z E R  WOULD PQEVENT T H E  TOOLS S T I C K I N G  T O  T H E  MUC-CAKED S I D E S  AND 
REDUCE DRAG nY THE TOOL. 

25=64=11992 LASER RRFAKTHROUGH WAY TO SHATTER ROCK ( TUNNELS I 
THE WASHINGTON P O S T Y  NflV 251 1966. S C I E N T I S T S  AT M I T  HAVE FOUND A WAY TO USF A LASER BEAM T O  SHATTER ROCK RATHER 
T h A Y  F U S E  AYD MELT I T .  THE T E C H N I Q U F  YAY HOLD PROMISE FOR B U I L D I N G  TUNNELS I N  THE T R A N S P O R T A T I O N  AND OTHER F I E L D S .  
P R I O R  EFFORTS TO U S E  THE LASER BEAM ON ROCKS WERE D I S A P P O I N T I N G  BECAUSE THE I N T E N S E - H E A T  MELTED THEM. 

2 k 6 h ~ 1 l Q 4 9  LASFR BEAM USED TO SOFTEN MARBLE ( TUNNELING-MACHINES HARD-ROCK-FORMATIONS 1 
T H E  NFW YORK T I M E S ,  NOV 25, 1966. TWO SOPHOMORES A T  M I T  HAVE DISCOVEPED T H A T  I F  Y@U TURN AN I N F R A R E C  LASER L I G H T  

T H F  TECHNIQUF MAY H A L F  SCLVE A PROBLFP BLOCKING E F F E C T I V E  USE OF T U N N E L I V G  MACHINES. SUCH MACHINES WORK WF1.L I N  SOFT 
4C)CK RUT ARF STOPPED BY HARD RDCK FORMATIONS SUCH AS G R A N I T E  AND MARBLE. 

2';-6k=QU LASER MAY BE HARD-ROCK TUNNELER ( TUNNELING-MACHINES G R A N I T E  MARBLE 1 
FNGINEFRENG NEWS-RECORD1 (1771 191 DEC 1, 1966. TWO STUDENTS A T  M I T  I N  A S P E C I A L  L A B  COURSE EXPERIMENTED W I T H  A 1 
Kk' COYTINUCUS CARBON D I O X I D E  GAS LASER AND 1-1/2 D I P M E T F R  UNFOCUSSED INFRARED BEAM 10.6 MICRON WAVELENGTP. G R A N I T E  AND 

REDUCTIONS I N  THE ROCK STRENGTH. T U N N E L I N G  M A C H I N E S  ALREADY E X I S T  T P A T  W I L L  M I N F  HAPDROCK AND WOULC R E  P R A C T I C A B L E  I F  
ONLY CUTTER TEFTI-I AND B I T S  D I D N ' T  WEAR OUT S@ FAST.  M I T  E N G I N E E R S  SEE THE F I R S T  P k O B A B L E  F I E L D  A P P L I C A T I O N S  OF THE 
LASER AS A WEAKENEP PATHFR T h A N  A DESTROYER OF ROCK. 

2 5 - 6 k m O Z  L A S E R  BEAMS AND SOPHOMORES I ROCK-FRACTURE-RE SEARCH TUNNEL I N G - T E C H N I  QUFS 1 
E N G I N E F R I N G  NEWS-RECORD, (177) 80, DEC 1, 1966. E D I T O R I A L  OY LASER BEAM E X P E R I M E N T A T I O N S  AT M I T  O F F E R I N G  T H E  
E X C I T I N G  PROSPECT O F  A BREAKTHROUGH I N  ROCK F X C A V A T I O N  P A R T I C U L A R L Y  I N  MECHANICAL M I N I N G  OF TUNNELS. STRESSED I S  THE 
FACT T H A T  TWO SOPHOMORES MADE T H E  DISCOVERY THAT T H E  LASER BEAM CAN CREATE CONTROLLED PATTFRNS O F  WEAKNESS I N  ROCK AND 
EVEN FRACTURE I T .  THE K F Y  PART THE STUDENTS HAVE PLAYED SPEAKS WELL FOR E N G I N E E R I N G  E D U C A T I O N  AT M I T  SHOWTNG T H A T  
RESEARCH AND T E A C H I N G  I D E A L L Y  CAN BE BROUGHT TOGETHER TO THE B E N E F I T  OF THE STUDENTS. 

25rhkEQQ3 RQCK D R I L L  ATTACHMENT FOR HYDRAULIC EXCAVATOPS D R I L L I N G  1 
T H F  F N G I N E E R ,  9861 DEC 3 0 1  1966. CONVENTIONAL H Y D R A U L I C  EXCAVATORS CAN BE CONVERTED ON S I T E  I N T O  M O e I L E  D R I L L  

BEAM ON GRAYITE on Y A P B L E T  s m m s  LATER THEY ARE A S  SOFT AND CRUMBLY 4 s  SANDSTONE. DEPT. OF COMMERCE OFFICIALS S A Y  

MARBLF SAYPLES DEVELOPED MICROSCOPIC CRACKS AFTER ONLY A FEW SECONDS, V I S I B L E  FRACTURES I N  30 SECONDS W I T H  TREMENDOUS 
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R I G S .  STANDARD C H A I N  F E E D  ROCK D R I L L  U N I T S  CAN B E  Q U I C K L Y  F I T T E D  ON EXCAVATOR UPPER ARMS. THE SYSTEM I S  ADAPTABLE TO 
MOST MAKES OF EXCAVATORS AND CALLS FOR NO M O D I F I C A T I O N  OF THE MACHINE. EXCAVATORS THAT ARE WORN C A N  BE USED AS 
E F F E C T I V E  M O B I L E  O R I L L  R I G S .  A C O M B I N A T I O N  OF TWO ATLAS CAPCO B B E 5 6  ROCK D R I L L S  W I T H  C H A I N  F E E D  AND 3 - I N  S A N V I K  
COROMtNT B I T S ,  AN OPERATOR CAN A C H I E V E  D R I L L I N G  R A T E S  OF 216 FEET/HR.  

7 5 - 6 7 - U Q Q l  RIG-HOLE D R I L L I N G  METHODS ARE USED FOR M I N E  SHAFT ( GROUTING 1 

THE O I L  E GAS JOURNAL, ( 6 5 )  114-1169 J A N  9 9  1967. A V E N T I L A T I O N  SHAFT 6 0 - I N .  I N  D I A M E T E R  AND 1500 F T  DEEP WAS 

WAS CDMPLFTED AND CASED I N  FOUR MONTHS WITH NO EXTREME D I F F I C U L T I E S  ENCOUNTERED. THE HOLE WAS L I N E D  W I T H  A GROUT 
ENCASED 4 6 - I N .  I D  STEEL L I N E R .  THE F I R S T  PHASE WAS TO D R I L L  A 96- IN. -DIA.  HOLE THROUGH T H E  OVERBURDEN T O  A DEPTH OF 
1 1 6  F T  AND L I N E  I T  WITH 113 F T  OF 6 7 - I N .  I D  S T E E L  L I N E R .  NEXT T H E  60 I N .  HOLE WAS DUG FGR THE R E M A I N I N G  1 , 3 8 4  FT. THE 
MAJOR PROBLEM ENCOUNTERED I N  D R I L L I N G  OCCURRED AT THE 9 8 0  FT. L E V E L  WHEN THE MUD C I R C U L A T I O N  WAS T E V P O R A R I L Y  LOST. THE 

K E M N I T Z ,  G. E. E F E N I X  AND SCISSON I N C  T U L S A  OKLA 

RFCENTLY COMPLETE@ BY F E N I X  & S C I S S I O N 9  INC.  FOR T H E  BUNKER H I L L  CO. AT THE HIGDON M I N E  NEAR FREDRICKTOWN, MO. THE HOLE 

HYDROSTATIC PRESSURE FROM THE MUD COLUMN EXCEEDED T H E  FORMATION PRESSURE C A U S I N G  T H F  MUD TO FLOW I N T O  T H E  FOPMATION 

COMPLETION OF THE D R I L L I N G ,  930,000 L B  OF 46 I N  I D  L I N E R  C O N S I S T I N G  OF 3 6  J O I N T S  I N  40 FT. LONG S E C T I O N S  WEPE LOWERED 
AND WELOED TOGETHFR I N  THE HOLE. THE F I N A L  PHASE WAS GROUTING W I T H  A S P E C I A L  CEMENT D E S I G N E D  T O  EXPAND APPROXIMATELY 
0 . 5 %  TO G F T  THE BCST P O S S I B L E  SEAL. T H I S  WAS DONE FOR LOWER S E C T I O N  FROM 1442 UP T O  1131 FT. T H E  REMAINDER WAS 

RATHFR T H A N  RFTURNING TO THE SURFACE. T H I S  WAS OVERCOME B Y  CHANGING T H F  P H Y S I C A L  C H A R A C T E R I S T I C S  OF TI'€ MUD. AFTER 

GROUTED W I T H  A L I G H T  WFIGHT,  H I G H - Y I E L D  SLURRY. 

35=41=Q3Qu R A P I D  P E N E T R A T I O N  I S  M A I N  FEATURE O F  NEW ATLAS COPCD D R I L L  I ROCK-DRILL HARD-ROCK FRONTI'EAD BACKHEAD 

FNGR AND M I N I N G  J . 9  2 7 9  MAY 1 9 6 7 .  ATLAS COPCO'S BBC-34 ROCK DRILL- -THE "LFOPARD" D E L I V E R E D  2 2 0 C  B L O h S  PER M I N U T E  
I N  4 CONTROLLEO HARDR3CK TEST. AN I Y P O R T A N T  D F S I G N  FEATURE I S  THE I N T E R C H A N G E A B I L I T Y  OF THE NEW D R I L L ' S  FRONTHFAD AND 
BACKHEAD PARTS W I T H  THE L I G H T E R  WEIGHT YODELS. THE NEW D R I L L  WEIGHS 69 LBS. ,  H A S  AN A I R  CONSUMPTICN OF 179 CFM QF A I R  
4 T  9 5  P S I  AND I S  DESIGNED F n Q  E I T H E R  PUSHER A I R L E G  USE OR H Y D R A U L I C  J I B S  MDUNTED ON UNDERGROUND JUMBOS. 

7 5 - 6 7 - U Q Q l  S H F L L  STUDY C I T E S  COST FACTORS I N  DEEP D R I L L I N G  

4 I R L E G  J I R S  JUMBOS ) 

PETQOLEUM ENGINEER9 9 7 9  JUNF 1967. DEEP EXPLORATORY HOLES ( T O  1 5 9 0 0 0  F T  AND DFEPER)  I N  1 9 6 6  ACCOUNTED FOR 
%6.000 ,00@ OF %R,5@0iOOO SPFNT ON WILDCATTING.  OF $ 1 6  ~000,000 SPENT ON DFVELOPMENT HOLES, $ 5 , 5 0 0 , 0 0 0  WAS CIN THOSE 
1 5 , 0 0 0  F F F T  AND DFEPER. D R I L L I N G  ENCOUNTERS D I F F I C U L T I E S  AT GREAT DEPTHS. THE PHOSPHORIA F O P M A T I O N  I N  THE PHEASANT 
4N@ HUB F I E L D  APEAS OF J@HNSON COUNTY9 WYO. WAS A COSTLY PROBLEM FOR S H E L L  I N  1 9 6 6 .  THE UNSTABLE PHOSPHORIA WAS SOLVED 
aY D R I L I - I N G  THROUGH W I T H  16-CR MUD AN@ C A S T I N G  I T  OFF. DIAMOND B I T S  WFRE USED TO A T T A I N  PROPER P E N E T R A T I f l N  RATES I N  
H I R O  4Nr) A B R A S I V F  FORMATIC'NS I N  VARIOUY LOCATI@NS.  OTHER DEEP D R I L L I N G  PPOeLEMS CFYTER AROUND D Q I L L  S T R I N G  D F S I G N  AND 
I N S D C C T I L N ,  CEIVEYTIVG, AND SEVERF TOSQUE. COSTS I N V O L V E D  ARE R I G  S I Z E  AND TIME,  MUD1 B I T S ,  AND T R I P  COSTS. ON A 
1 5 , 0 0 0 - F T  HOLF? APCIUT A WEEK I S  SPENT C U T T I N G  TYE F I R S T  5,000 FEET, W H I L E  THE L A S T  5,000 F T  W I L L  T A K E  6 0  DAYS f lR MOPE. 

LOYGEQ L I F E  A Y @  CONSFQUEhlT FEWFQ CHANGES. SHELL P O I N T S  OUT A 5 9 0 0 0  FT.  H D L E  COSTS $ R / F T  OR $ 4 0 , 0 0 0 ~  W H I L E  ONE OF 
1 5 ~ 0 0 0  COSTS $ 3 2 / F T  1 P  6 4 8 0 i 0 0 0  - 300 PERCENT H I G H E Q  THAN THE A N T I C I P A T E D  COST RASED ON FXPENSE OF 59000  FT. 

9 I T  AND T R I P  COSTS ARE KEY COST FACTORS. T H E  USE O F  MORE E X P E N S I V E  DIAMClND B I T S  HAS B E E N  J U S T I F I E D  BECAUSE OF THE 

75-57-QIQQJ D E E P - D R I L L I N G  COST B I T E S  DEEPER I N T O  BUDGETS 

T Y F  O I L  AND G 4 S  JqURYAL, ( 6 5 )  5 7 - 6 2 9  J U L Y  74, 1 9 6 7 .  T H E  COST CIF DEEP D R I L L I N G  I S  S T E A D I L Y  I N C P F A S I N G  EACH YEAR. 

PNE L F A O I N G  IYDFPEYDENT I .  I F  TOTAL 3FVELOPMENT AND E Q U I P P I N G  E X P € N D I T U R E S  ARE NOT TO EXCEED 2.3 B I L L I D N  YR. SHALLOWER 

WAS PC3IYTFD OUT THAT NO MAJPR BREAkTHROUGHS HAVE BEEN MADE I N  RECENT YEARS. ONLY IMPROVEMENT AND BETTER A P P L I C A T I O W S  
OF KNOWN TECHY3L7GY HAVE REEN WADE. T H I S  SEFYS TO I N D I C A T E  THAT THF COST OF D F E P  D R I L L I N G  WILL C O N T I N U E  TO I W P F A S F .  
T A B L E S  OF D P I L L I Y G  COST ARE G I V E N  ALONG W I T H  T A B L E S  C O N T A I N I N G  T F F  NUMBER AND L O C A T I O N  OF DEEP WELLS DUG OVER THF TEh! 
YEAR P F Q I f l D  FROY 1956 T n  1966. 1 5  PEFS.  

2.'j=bz=llQ!Jl D A I S C  ROPFRS A SUCCESS I N  HAQD-ROCK M I N I N G  ( MOLES BORING MACHINES I 
'NGQ AN@ M I Y I I N I :  J., 1 1 2 1  YOV 1 9 6 7 .  R A I S F  B O R I N G  MACHINES PRODIJCE SMOOTH, C I R C U L A R  R A I S E S  I N  L E S S  T I W F  W I T H  L F S S  
r O S T  A N n  GRFATFR SAFETY THAN CONVENTIONALLY D P I V F N  OPENINGS. THF R 4 1 S E  BORERS F L I M I N A T E  SLOPF R A I S E  P F P A I Q S .  R A I S E  
BnRERS CAN W l P c  AT 4WGLFS UP TO 30 DEGREES W I T H  THE V E R T I C A L  W I T H  VFRY L I T T L E  V A R I A T I O N  I N  D I R E C T I C h -  A D R I L L  R A I S F  I S  

AQFQNATHY, J. H. & B I G  C H I E F  D R I L L I N G  CO OKLA C I T Y  

F R q Y  ? 9 5 P  TO 1 9 6 6 7  THF AVERAGE DEEP WELL COST I N C R E A S F D  FROM 8 7 5 6 1 0 0 0  TO 9 1 , 2 8 6 r 0 0 0  ( B A S E D  ON F@UR MAJOR COMPANICS AND 

D R I L L I N G  WILL PAVE TD P F  CUPTAILECl  BECAUSE I N  1 9 6 6  1.1% OF T O T A L  WFLLS D R I L L F D  ACCOUNTED FOR OVER 20% OF A L L  CPST. I T  

50 P F P C C N T  as EXPFNSIVE A S  A CONVFNTIONAL RAISE. 

7 5 - 6 P - Q J , Q 9 l  R I G  Hf lLFS P P I N T  TO DFEP WELLS ( C A S I Y G S  CUTTERS D R I L L I N G - R I G S  SHAFTS 1 

THF O I L  E GAS JOURNAL, ( 6 6 )  6 5 - 7 0 ,  J A N  2 2 9  1°68.  HOLES AS LARGE AS 90 I N C H E S  D I A M F T E R  AND 6 , 0 0 0  F F F T  DEFP ARE 
S E I Y G  D Q I L L F n  'Y THF bFC ON AMCHITKA I S L A N D .  A NLJMRFR OF P N T I C I P A T E D  IMPROVEMFNTS ARE G I V E N .  A F C ' S  NEXT STEP W I L L  EE 
TO GO TO A 140 I Y C H  '7 IAMFTFR HOLE. THERE IS P O T E N T I A L  I N  D R I L L I N G  M I N I N G  SHL\FTS RATYER THAN U S I N G  THF CCNVENTIOWAL 
M t N I Y G  YETHOP. R I G S  4rlD D R I L L I N G  ARE DESCRIBED F O F  THE LARGE AND REGULAR HOLES. KFRF-TYPE CUTTERS W I T H  TUNGSTErl  

CUTTER QEPLACFMEYT. F L U I D  DISCHARGE AT THE 33TTOM M?Y CLEAN THE B I T  FACF YORE F F F I C I F N T L Y  AND S O  I P P R D V F  P F N E T R A T I P N  
QATFS A h 0  CUTTFR L I F F .  

--- 35-5&QlQQ2 DQ I L L I N G  ADVANCFS A I M E D  A T  LClWEQ WELL COSTS ( OFEP-WELL S T I C K I N G  T I L T - R I G  POLYVFR-MUD I 

4ORLD O I L 1  58-61, JAN. l a h R .  A SURVEY OF THF L A T F S T  TECHNTQUES FOR ECONOMICAL D R I L L I N G  WAS MADE. SPALE D F Y S I T Y  

F I L L  CC'LLARS I\RF USFQ Tf l  L I M I T  L A T E R A L  D R I F T .  S P I R A L  GROOVED L I N E R S  HAVE BEEN USED TO REDUCE S T I C K I N G .  D R I L L I N G  

PRFSSUQES I N  A GPS WEIL .  A POLYMER D R I L L I N G  F L U 1 0  VFT T Y F  NEED FOR V I S C O S I T Y  R U I L D I N G  W I T H  1/10 TO 1 / 2 0  flF THF 
V A T E Q I 4 L  FORYFRLY USEP. B I T  L I F E  WAS I N C Q E 4 S E D  AND WATFR CONSUMPTION FOR MUD D I L U T I O N  WAS REDUCED 40 P F P  CFNT WHFN THF 

BURKF, R .  G. 

CARBTDF I N S E Q T S  ARF ' 3 E I h l G  T R I E D ,  ALSO C O M B I N I V G  M I L L - T Y P F  AND KERF TYPE CUTTERS UAY ALLr3W T W I C F  T H E  PEYFTRATIOFI  BEFORE 

F U ~ I D F Q R U R K T  J. C. & WORLD O I L  

MFAqUYTYG HAS GTVEN F A S T F R  D R I L L I N G .  T n O L  E V A L U A T I O N  S T U D I E S  SAVED $ 3 4 5 1 0 0 0 . 0 0  AND 5 7  1 / 2  DAYS I N  2 5  WFLLS. SQUARE 

d Y D R n S T A T I C A L L Y  USI ' IG P P I V F  HAS P P n V I D E D  HIGHER P E N E T R A T I O N  R A T E S T  LOWFR MUD MAINTFNANCE COSTS AND LOWFQ C I R C U L A T I Y G  

Y E W  w m  w n s  u s F n .  A TILT RIG PLATFOPY W A S  USED T O  DRILL SHALLOW OFF SHORE WELLS EFFICIFNTLY AND ECTNOMICALLY. 

7 5 - 6 Q - p Z Q Q l  FIJLL--C4CF SHPTS CARVF OUT UNDFRGROUY3 C4VERN 
CONSTRUCTION MFTHODS, 6 8 - 6 9 ,  F E B  1 q h S -  I N  THPEE UNDERGROUND GAS STOPAGF CAVEFNS NEAR I E M P N T v  I L L .  A C 2 N T R n L L F D  
B L A S T I N G  TFCHbI IQt IF  ANn 4 H I G H - C A P A C I T Y  T W I Y  BUCKET MUCKING SYSTEM SPEED THE OPEQATION.  I Y S T F A D  OF FOLLOWING STANDARP 
DRnfFDURF ANP WDRKIYG PT THE FACF OF b Y  UNDFRGROUND EXCAVATION9 A LOADER SHUTTLES ON P A I L S  FR?M MUCK P I L F  TO SHAFT, 
CcEDI+IJG P RUCKFT SYSTCM THAT SPEFQS SHOT RnCK TOPSIDE.  

25r$E=QftQQl Ah1 FLFCTRON 'GUN' CAN CUT CONCRETE ( QOCK-DIS INTEGRATION-METHODS I 
STEVFhlS, W .  K. 

T'YF WFW YPQY T I M E S ,  MAY 139 1 9 6 Q .  T H I S  FLECTRC1N GUN MAY BE EMPLOYED I N  CARVING MOUNTAIN TUNhJELS. TFCHNOLOGY I S  
A V A I L 4 F L F  TODAY TO BF USFO FOR P R A C T I C A L  DFVFLCIPMFNT OF A FLECTRON-BEAM ROCK CUTTER. OR. SCHUMACHER OF k4ASHIYGTDM 
DESFARCY LPBPRATl lR I C <  I N  P I T T S B U R G H  SAYS PRqSARLY COULD CUT ROCK FBSTER THAN E X 1  S T I N G  MECHANICAL CUTTF??.  !=XPcPIMEYTAL 
I N S T F l l Y F N T  PQCIDUCES 0 0 0 0  WATT FLFCTRON REAM AT 150,000 VPLTS.  

1zd&Q5Qllz USqM EXAMINES E X n T I C  WAYS OF B R E A K I N G  ROCK I ROCK-FPAGMEYTATION S T U D I E S  QFSEARCH 1 
U.S. Q U R  MIINFS T N I Y  C I T I F S  

FYGP AVD PININF J.1 95-92, A P Q I L  1 q 6 8 .  RFSEARCH DEPeQTMENT S W P Y I Y G  ROCK D I S I N T E G R A T I Q N  BY MEANS CF ALL MFCHANTSMS 



86 

WHICH I M P A R T  ENERGY TO ROCK. T H E O R E T I C A L  S T U D I E S  I N C L U D E  ROCK B E H A V I O R  UNDER STRESS AND MAXIMUM Y I E L D  STRENGTH AS AN 
I N D I C A T O R  OF ROCK D R I L L A B I L I T Y .  EXPERIMENTAL S T U D I E S  COVER WATER JETS, C H E M I C A L  ACTION,  H E A T  TRANSFER, AND B L A S T I N G  
EFFECTS OF V A R I O U S  E X P L O S I V E S .  A GENERAL O U T L I N E  OF S T U D I E S  I N  PROGRESS, NO T E C H N I C A L  DATA. 

75-68-LlQQ1 B I G  HOLES FOR NUCLEAR T E S T S  ( D R I L L I N G - M A C H I N E  R I G  1 

HAVE BEEN DEVELOPED FOR UNDERGROUND NUCLEAR WEAPONS TESTS. T H I S  D R I L L I N G  M A C H I N E  HAS THE P O T E N T I A L  FOR O I L  E X P L O R A T I O N  
C I V I L  ENGR, ASCE 33, NOV 1 9 6 8 .  D R I L L I N G  R I G S  WITH 2r000,000 L B  NOMINAL C A P A C I T Y  AND H O I S T S  OF 3,000 HP C A P A C I T Y  

AT DEPTHS FAR BELOW THE PRESENT 2 5 , 0 0 0  F T  L I M I T .  

25-69-e; lPQl 1 2 - D R I L L  JUMBO SPEEDS T U N N E L I N G  CYCLE ( DRILL-AND-BLAST SUPPORTS 1 
CONSTRUCTION METHODS AND EQUIPMENT,  ( 5 1 )  NO 1, 56-62,  J A N  1, 1 9 6 9 .  HOW M I N E R S  PUNCHED B I G  HORSESHOE TUNNEL THROUGH 
M I L E  AND H A L F  OF S O L I D  MOUNTAIN I N  COLORADO R O C K I E S  60 M I  WEST OF DENVER. FOUR D R I L L S  WORKED ON TOP AND @OTTOM DECKS 

L B / F T  WERE SET W I T H  H Y D R A U L I C  EQUIPMENT. 

7 5 - 6 9 - 0 1 Q Q 2  EROSION D R I L L  SHOWS A S T O N I S H I N G  SPEED ( H Y D R A U L I C - J E T  WATER-JET 1 

T H E  O I L  & GAS JOURNAL, ( 6 7 )  92-93 ,  J A N  27,  1969. MAURER AND H E I L H E C K E R  OF ESS@ PRODUCTION RESEPRCH CO. REPORTED ON 
A NEW J E T  EROSION D R I L L  AT THE FOURTH CONFERENCE ON D R I L L I N G  AND ROCK MECHANICS AT U N I V E R S I T Y  OF TEXAS. S P E C I F I C  
ENERGY DROPS TO 31,000 F T - L B / C U  I N  AT 5 7 0 0 0  P S I  FOR BEREA SANDSTONE. A 2 - I N C H  D I A M E T E R  8 3 0  HP EROSION D R I L L  CUT 
CARTHAGE MARBLE AT 180 F T / H R t  I N D I A N A  L IMESTONE AT 2 8 0  FT/HR,  BEREA SANDSTONE A T  300 F T I H R .  

AND A D D I T I C N A L  FOUR WERE S I D E  MOUNTED ON JUMBO R I D I N G  R A I L S  I N T O  8 1 4 6  F T .  LONG TUNNEL. TOP R I B  SECTIONS,  W E I G H I N G  211 

KENNEDY7 J. L. 

25-69spIQp1 WATER POWER'S NEW USFS ( WATER-CANNON EXOTECH WATER-JET 
THE WASHINGTON POST, H l t  J U L Y  2 7 ,  1 9 6 9 .  EXOTECH, INC. OF R O C K V I L L E t  MD.7 H A S  DEVELOPED TWO D E V I C E S .  @NET A WATER 
CANNONt C A N  B L A S T  THROUGH LARGE BLOCKS OF ROCK. T H E  OTHER, C A L L E D  A " C U M U L A T I V E "  J E T  B L A S T I N G  SYSTEM C A N  P I E R C E  A 
l / Z - I Y - T H I C K  ARMOR PLATE W I T H  A B U L L E T  OF WATER OR OTHER L I Q U I D .  THE WATER CANNON SHOOTS TEN-PULSE-PER-SEC. B L A S T S  OF 
WPTEP REACHED IMPACT PRFSSURES O F  40,000 TO 80,000 P S I .  THE COMPANY I S  T A L K I N G  W I T H  CONSTRUCTION CCMPANIES ABOUT 
R U I L D I N G  A 2 0 0  HP MACHINE PRODUCING TWO OR THREE PULSES PER SEC. AND I M P A C T  RATES O F  MORE THAN 2 0 0 9 0 0 0  P S I .  T H E  
C U M U L A T I V E  JET, F I R E S  A 1/16 I N .  D I A .  M I S S I L E  OF WATER OR G L Y C E R I N E  GEL FROM T H E  S P E C I A L L Y  E Q U I P P E D  N O Z Z L E  O F  A - 3 8  
C n L I 9 E R  B4RREL.  T H E  M I S S I L E  MOVES SO FAST, - 2 5 , 0 0 0  F T  PER SEC. T H A T  I T  S T R I K E S  A TARGET AT A PRESSURE OF 5 0  M I L L I O N  
P S I .  FXflTECH I S  NOW CONCENTRATING I T S  RESEARCH E F F O R T  ON C O M B I N I N G  T H E  GREATER PUNCH OF T H E  C U M U L A T I V E  J E T  W I T H  T H E  
LARGE S C A L E  P r l T E N T I A L  O F  T H E  CANNCIN. 

F I E L D  2 6  COMPANY BROCHURES 

2 6 - 6 7 - E Q Q 1  B L A S T  AND SPPAY ON B.C. TUNNEL D R I V E  ( R O C K - D I S I N T E G R A T I O N  R A I L - T U N N E L  GROUND-SUPPORT ) 

SF 3 4 2  S I K A  CHEM. CORP., LYNDHURSTt  N.J.1 R E P R I N T  FROM HEAVY CONSTRUCTION NEWS, MAY 1 1  1967. 
7 4 - F T - H I G H 1  1 7 - F T - W I D E t  10760-FT-LONG RAILWAY TUYNEL I N  VANCOUVER, CANADA, ARE U S I N G  S E M I G E L A T I N  705 C I L G F L  T Y P E  
D Y N A M I T F  T O  REDUCE B L A S T  V I B R A T I O N S  AND BOOST YD ADVANCES. A SWISS-MADE ALVA CONCRETE M I X E R  IS B E I N G  U S E D  TO SPRAY 
C3NCRCTE AS A PRIMARY L I N I N G .  D R I L L I N G  I S  DONE W I T H  TWO-LEVEL JUMBO MOUNTING S I X  GARDNER-DENVER D 9 3  D R I L L S .  THE 
TUNNFL I S  B F I N G  D R I V F V  BY NORTHERN CONSTRUCTION AND J.W. STEWART LTD.9 AND P E R I N I  P A C I F I C  LTD.  

RIMES,  L. 
CCNTRACTORS ON A 

F I F L D  2n PATENTS 

2 8 - 6 3 - 1 2 Q Q l  METHOC OF D R I L L I N G  W I T H  H I G H  V E L O C I T Y  J E T  CUTTER ROCK B I T  ( PATENT 

d.S. PATENT NO. 3112800, DEC 3, 1 9 6 3 .  A METHOD FOR D R I L L I N G  A WELL C O M P R I S I N G  I M P I N G I N G  A STREAM O F  F L U I D  (GAS OS 
L I Q U I D )  AT A PRESSURE GREATER T H A N  CONVENTIONAL WELL F L U I D  C I R C U L A T I N G  PRESSURE AND AT H I G H  V E L O C I T Y  DOWNWARD AND 

ROPO,  R. A. E. P H I L L I P S  PETROLEUM C O  

D I P F C T L Y  'ACAINST AN EARTH FORMATION 4 T  THE BOTTOM OF THE WELL AND ADJACENT TO T H E  WALL9 C U T T I N G  AN ANNULAR GROOVE 
APOUND THE "EQIPHERY.  PRESSURES OF 2 5 0 0  P S I  TO 209000 P S I  ARE USED W I T H  D R I L L I N G  MUD W I T H  SAND OR ETHER PELLETS.  

ZR-67-42QQ1 J F T  NOZZLE FOR O B T A I N I N G  H I G H  PULSE DYNAMIC PRESSURE HEADS ( P A T E N T  P U L S E - J E T  EXTREME-PSESSURF 

U.5. PATENT NO. 13437947 SEPT 2 6 ,  1 9 6 7 .  A J E T  NOZZLE FOR O B T A I N I N G  H I G H  PULSE DYNAMIC PRESSURE HFADS I N  
I W S T 4 L L h T I O N S  WHICH USE THE IMPACT OF A FREFLY ACCELERATING P I S T O N  A C T I N G  ON A L I Q U I D  AND F O R C I N G  THE L I Q U I D  THROUGH A 
Y n Z Z L E  H A V I N G  P N  I N T E R N A L  C A V I T Y  WHICH I S  FREE OF L I Q U I D  A T  THE I N S T A N T  OF IMPACT.  BETTER U T I L I Z A T I O N  O F  ENERGY A N 0  
PULSES W I T H  DYNAMIC PRESSURE HEADS UP T O  1 M I L L I O N  KG/SQ CM ARE C L A I M E D .  

22551-1200l. R F T R I E V A B L E  B I T  ( A B R A S I V E - D R I L L I N G  WATER-JET H Y D R A U L I C - J E T  I 

U.S. P A T E N T  3 7 3 6 0 9 0 9 5 ,  DEC 26r 2 9 6 7 .  A METHOD FOR D R I L L I N G  OF WFLLS THROUGH EXTREMELY HARD F O Q M A T I O N S  I N  WHICH AN 
A B R 4 S I V F - L A D E N  SLURRY I S  PUMPED DOWN THE WELL AND DISCHARGED A T  EXTREMELY H I G H  V E L O C I T Y  THROUGH NOZZLES.  THE S I T  I S  

S F R I E S  ?F CIRCULAO GROOVES L E A V I N G  NARROW R I D G F S  WHICH ARE E A S I L Y  RROKEN. V E L O C I T Y  OF A B R A S I V E  L A D E N  F L U I D  MUST B E  AT 

I ' U V E N T I O N  P Q 9 V I D E S  A MFTHOD F f l R  R A P I r )  RFPLACEMEYT OF NOZZLES WITHOUT REMOVING T H E  D R I L L  P I P E .  

VOITSEKHOVSKY,  B. V. 

GAYLORD, E. W .  

R n T A T E D  9 U R I Y G  D R I L L I N G .  NUMBER AND L O C A T I O N  OF NOZZLES D F T E R M I N F  WHETHER THE J F T S  CUT THE F 'UTIRE @ORE HOLE OR CUT A 

L E A S T  5 0 0  F T / S E C  W I T H  NOZZLES FPOM 1 / 2  I N C H  TO 1 114 INCHES.  4000 TO 5 0 0 0  P S I  ACROSS T H E  NOZZLE I S  PREFERRED. T H I S  

a 5 8 r B Q n j  MFTHOD OF TREATING ABRASIVE-L~DEN DRILLING LIQUID ( WATEO-JET HYDRAULIC-JET ) 
GOODWIN, 4. J. + MOR19 E. A. + PEKAREK, J. L. & SCYAUB? P. W. & G U L F  P F S  AND DEV CO P I T T S B U R G H  

U.S. DATFNT 3375886,  A P R I L  2 1  1 9 6 8 .  A MFTHOD OF T R E A T I N G  ABRASIVE-LADEN L I Q U I D  DISCHARGED FROM THE WELL I N  A 
H Y D R 4 U L I C  JCT D R I L L I N G  PROCESS BY S E P A R A T I Y G  C U T T I N G S  LARGER THAN THE O R I G I N A L  A B R A S I V F  P A P T I C L E S T  THEN S F P A R A T I N G  THE 
A R R A S I V F  P 4 R T I C L F S T  THFN SEPARATING T H E  FIYFS.  T H E  D R I L L I N G  F L U I D  I S  R E C O N S T I T U T E D  FROM THF L I Q U I D  AND ARRASIVES.  A 
SYSTFY U S I N C  TWO I M M I S C I E L E  F L U I D S  IS ALSO DESCRIeED.  

2?-68-Q4QQ2 MCTHOO OF D R I L L I N G  I N  HARD F@RMATIOYS ( Y Y D R A U L I C - J E T  A B R A S I V E  WATER-JET 1 
GOODWIY, R e  J. + Y O R I t  E. A. + P F K A R E K t  J. L. E SCHAURt P. W. + ZINKHAM,  9. E. 
F, GULF RES AND DEV CO P I T T S B U R G H  

U.S. P h T F N T  7 1 7 5 8 8 7  4 P R I L  2, 1 9 6 8 .  A H Y D R A U L I C  JET METHOD OF D R I L L I N G  I N  WHICH A P L U R A L I T Y  OF J E T  STREAMS DF 
A R Q A S I V F - L A D E N  L I Q U I D  A R E  DISCHARGED DOWNWASD AT EXTREMFLY H I G H  V E L O C I T I E S  FROM NOZZLES I N  A D R I L L  B I T  R O T A T I N G  AT THE 
9 0 T T C Y  O F  TYF RORFHOLE ARCIUND A V F Q T I C A L  A X I S .  T H E  YOZZLFS ARE P O S I T I O N E D  TO P R O V I D E  A H I G H  R A T E  C F  D R I L L I N G ,  A LOW 
Q A T E  OF EROSION O F  THE B I T  BY RFBOUNDING ABRASIVE P A R T I C L E S  W I T H  S U B S T A N T I A L L Y  UNIFORM P F N E T R A T I O N  O F  T H E  F O R Y A T I C N  
nVFR THF 4PEA OF IMPINGEMENT.  

?%-6P-Q5QQ1 DP I L L I N G  METHOD AND C O M P O S I T I O N  THEREFOR ( WATER-JET H Y D R A U L I C - J E T  A E R A S I V E  1 

1J.S. P A T E N T  3 3 8 4 1 8 9 1  MAY 21, 1 9 6 8 .  A  H Y D R A U L I C  JET METHOD OF D R I L L I N G  A WELL I N  WHICH H I G H  V E L C C I T Y  STREAMS OF AN 
ABRASIVE-LADEN L I Q U I D  ARE DISCHARGED A G A I N S T  THE BOTTOM OF THE BOREHOLE OF THE WELL TO PENETRATE T H E  FORMATION.  A 
rERR@US A B R A S I V E  OF ROCKWELL C HARDNESS OF AT L E A S T  55.  DATA SHOW T H A T  ONLY STEEL SHOT OF 60-65 ROCKWELL C HARDNESS 
G I V E  AS GREAT PENETRATION,  AS L I T T L E  BREAK UP, OR AS L I T T L E  NOZZLE WFAR AS THE S T E E L  G R I T  PREFERRED. 

PFKAREK, J. L. + SCHAUB, P. W. E GULF RES AND DEV CO P I T T S B U R G H  
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ii 

&55.&Q5QQ2 H Y D R A U L I C  J E T  B I T  ( WATER-JET A B R A S I V E  ) 

U.S. P A T E N T  3384192,  MAY 21, 1968.  A D R I L L  B I T  FOR H Y D R A U L I C  JET D R I L L I N G  C O M P R I S I N G  AN ELONGATED D R I L L  B I T  BODY 

AN ABRASIVE-RES I S T A N T  BACK SPLASH P L A T E  AT L E A S T  ONE I N C H  T H I C K .  A B R A S I O N  R E S I S T A N T  N O Z Z L E S  EXTEND DOWNWARD THROUGH 
THF BOTTOM MEMBER AND T H E  BACK SPLASH P L A T E S  W I T H  OUTLETS S U B S T A N T I A L L Y  FLUSH.  STANDOFF BARS U N I T A R Y  W I T H  THE BACK 

GOODWIN, R e  J. + PEKAREKT J. L. & GULF R E S  AND DEV CO P I T T S B U R G H  

H A V I N G  A CENTRAL O P E N I N G  T H E R E I N  CLOSED AT I T S  LOWER END BY A BOTTOM MEMBER, T H E  LOWER SURFACE O F  WHICH I S  COVERED W I T H  

SPLASH P L A T E  M A I N T A I N  T H E  REQUIRED S P A C I N G  BETWEEN THE OUTLETS OF T H E  NOZZLES AND THE BOTTOM OF T H E  BOREHOLE. 

?8-68-05QQ2 H Y D R A U L I C  J E T  B I T  ( WATER-JET A B R A S I V E  1 
GOO@WINq 9. J. + MOR19 E. A. + PEKARFK, J. L. E SCHAUB, P. W. + ZINKHAM, R e  E. 
& GULF RES AND DEV CO P I T T S B U R G H  

U.S. PATENT 3785386,  MAY 28,  1968.  A D R I L L  B I T  FOR D R I L L I N G  A WELL THROUGH HARD FORMATIONS B Y  H I G H  V E L O C I T Y  J E T  
STPEAYS O F  ARRASIVE-LADEN F L U I D .  THE B I T  HAS A CLOSED LOWER END THROUGH WHICH A P L U R A L I T Y  OF N O Z Z L E S  EXTEND. STANDOFF 
BARS OF 1 / 2  I N C H  T O  1 1 / 4  INCHES ARE PROVIDED. C U T S  

2tJr48-06QQl R E T P I E V A R L E  P I S T O N  ADVANCE J E T  B I T S  I WATER-JET A B R A S I V E  H Y D R A U L I C  J E T  D R I L L I N G  ) 

U.S. P A T E N T  NO. 3389759,  JUNE 2 5 ,  1968.  A R E T R I E V A B L E  B I T  FOP D R I L L I N G  WELLS BY MEANS OF H I G H  V E L O C I T Y  STREAMS OF 
ARRASIVE-LADEN L I Q U I D  I N  WHICH A NOZZLE HOLDER WHICH CAN B E  PUMPED DOWN D R I L L  P I P E  ENGAGES AN INWARCLY E X T E N D I N G  

MOQI, E. A. + SCHAUB, P. W .  & GULF R E S  AND DEV CO P I T T S B U R G H  

SHOULDER A T  THE LOWFR END OF T H E  D R I L L  P I P E .  CUTS A HOLE OF LARGER DIAMETER THAN THE D R I L L  P I P E .  

FIELD 3 GROUND CONTROL AND LININGS 

F I F L D  3 1  BOCKS 

3-4-QQQQ.l ROCK T U Y N E L I M G  W I T H  STEEL SUPPORTS ( GEOLOGY MECHANICAL-DEFECTS CHEMICAL-DEFECTS SUPPORT-LOADS D E S I G N  
STRESS MFTHODS-OF-SU!JPORT 9 
PROCTOR, R. \ I .  + WHITE, T .  L .  

COMMCQCIAL SHEAQING AND STAMPING CO YOUNGSTOWN O H I O ,  YOUNGSTOWN P R I N T I N G  CO.7 1 - 282, 1946 ( P E P R I N T E D  1 9 6 4 ) .  

R F C U I R F 9  COQ E S T I M A T I N G  THE ROCK PRESSURE ON TUNNEL SUPPORTS. D E S C R I P T I O N  OF ROCK BEHAVIOR C H A R A C T E R I S T I C S ,  AND THE 
TYPF AN0 ACCURACY O F  A GFOLOGICAL SURVEY REQUIRED P R I O R  TO THF CONSTRUCTION OF A TUNNEL.  THE P R I N C I P A L  TYPES OF ROCK, 

TUNNCL SUPPORT SYSTEMS PROBLEMS W I T H  SUGGESTIONS FOR SOLVING.  FOUP SECTIONS: ( 1 1  ENGINEFRLNG G E O t O G I C P L  I N F O R M A T I O N  

T H E I R  S P F C I F I C  PR' lPERTIFS, T H E I R  MOST COMMON MECHANICAL AND C H E M I C A L  DEFECTS WHICH HAVE A D I R E C T  B E A P I P G  ON T U N N E L I N G  
4 P E  UCFD AS THE P A S I S  FOP AN I N Q U I R Y  I N T O  THE SOURCES AND THE I N T E N S I T Y  OF THE LOAD WHICH ACTS UPON THE A R T I F I C I A L  
S l fO"p9T OF THF WALLS OF TUNNEL I N  BROKEN, CRUSHED, AND DECOMPOSED POCK. T H E  PROCFDURES FOR E S T I M A T I N G  THE HOCK ARE 
G I V F N  W I T H  A FEW REFS. ( 2 )  D I S C U S S I O N  OF THE R F L A T I @ N S H I P S  BETWFEN ROCK BEHAVIOR,  TYPE OF S T E E L  SUPPORT, AND T H E  
M c T H f l ?  OF EXCAVATION.  VPRTOUS CHAPTEPS D I S C U S S  T H E  FACTORS A F F E C T I N G  LAYOUT OF TUNNEL SUPPORTT C O N S T I T U E N T S  OF TUNNEL 
SUPPnRTS, Ah!D T U Y N E L I Y G  I N  SOFR GF?OUYI). ( 3 1  THE A N A L Y T I C A L  METHODS OF D E S I G N  OF T H E  SUPPORTING STRUCTURE UNDER ASSUMED 
L O A D I N G  C O N D I T I O N S .  VARIOUS CHAPTERS G I V E  B A S I C  CONCEPTS AND DATA9 FORCES AND STRESSES I N  PLOCKED R I B S T  W I T H  A D E T A I L  
PR0CFr)URE F n P  AND EXAMPLFS ClF COMPUTATION OF STRESSES CONCLUDING T H I S  SECTION.  ( 4 )  A CATALDG C O N T P I N I N G  A D E S C R I P T I O N  
9 F  THF S T F F L  SUPPORTS MANUFACTURED BY COMMERCIAL SHEARING AND STAMPING CO AND A L I S T  OF POCK T U N N E L S  I N  WHICH 
**Cf lMMFRCIAL"  S T F F L  SUPPORTS WFRE USED. 

F I F L D  7 2  SYMPOSIA 

37-56-45QQJ A PFPORT CN THE STRATA CONTROL RFSEARCH PROGPAM OF T H E  SCHOOL O F  M I N E S  DURHAM ENGLAND ( B L A S T I N G  
ROCK-MECHANICS 1 
B A R I S T E R T  D. & SCH OF M I N E S  DURHAM FNG 

~ U A R T ~ P L Y  OF THE r O L n  SCHOOL OF MINES FIRST SYMP ON ROCK MECHANICS9 ( 5 1 )  N. 39 39-61, JULY 1956. T H E  PROGRAM 
rONCFQNS T H E  P E T F P M I N A T I C N  OF LOADS ON UNDERGROUND SUPPOPTS. DEVELOPYENT AND CONSTRUCTION OF THE EQUIPMFYT USED I N  THE 
STUDY ARF DFSCRIRFP.  T k P  EXPERIMENTS ARE USED TO I L L U S T R A T E  THE SCOPF O F  I N V E S T I G A T I O N S  U S I N G  SUPPGRT-LPAP MFASURING 

T 3  COYPAPE THE RESULT5 O e T A I N E D  RY D I F F E P E N T  SHOT F I R I N G  TECHNIQUES.  SEAM OVERLAY WAS 6 0 0  F T  OF ROCK. THE F I P S T  
EQUIPMENT. E X P F P I M F N T S  WERE C A R R I E D  OUT AT A NDRTHUMBERLAND C O L L I E R Y ,  ON A 9 8  Y D  LONG-WALL F A C E T  I N  TWF P L E S S F Y  SEAM, 

F X P E Q I M F N T  FXAMINEZ? S I N G L F  SHOT, SIMULTANEOUS S I X S H O T  W I T H  V A R Y I N G  DFLAYS AND SEQUENCES, AND F U L L  FACE SHORT OELAY 
F I R I N G .  MEASURFMENTS K F P F  MAPE OF COAL S I Z I Y G t  AFTER D F T D N A T I O N  FUMFS, A IRBORNF D U S T Y  MFTHANE E M I S S I O N ,  STRATA 
V I B Q A T I O N S  AND E X P L O S I V E S  CONSUMPTION. RESULTS I N D I C A T E  T H A T  AN IMPROVEMENT I N  THE PRODUCT S I Z E  M I G H T  OCCUR W I T H  SHOFT 
0 E L f i Y  '3FTONATORS W I V Y  F U L L  FACE F I R I N G .  THE SECOND EXPERIMENT,  A STRATA-CONTROL I N V F S T I G A T I O N  ON A "GOFAR" CLOCK 
I N S T A L L A T I O N  E X P E R I F N C I N G  D I F F I C U L T  C O N D I T I O Y S ,  C O N S I S T E D  OF "GOFAR" CLOCKS SET AT 4 F T  CFNTERS ON P RCCK F A C E  TO 
PQOVIDF A STRONG RACK L I N E  OF SUPPORT HOPEeULLY CAPABLE OF R E S I S T I N G  THE TENDENCY OF THE ROOF R E 9 S  TO CCNVERGE AND THE 
RFSULTAYT H I G H  LOADS TO TRANSFFR TO THESE SUPPORTS. P E S U L T S  SHOW THAT SOME DEGPEE OF CLOSURE BETWFEN PC'OF AND THE 

Y I E L Q - R F S I S T A Y C E  C H A P A C T F P I S T I C S  RATHFQ THAN 9Y I T S  LOAD C A P A C I T Y .  THE R I G I D I T Y  OF ANY SUPPORT I S  GOVERNEI) LBRGELY @ Y  
THE STREYGTH AND NATURE OF THE ROOF. 5 REFS. 

17-56-QAQQ2 M I  NF OPENING S T A B I L I Z A T I O N  RY STRESS R F D I S T R I R U T I O N  ( ROCK-MECHANICS 1 

QUARTFPLY OF T P E  CCLO SCHOOL OF MINES F I R S T  SYMP ON ROCK MFCHANICS,  (51) Ne 3 ,  65-97, A P R I L  1956.  T I - I S  WAS AN 

AND OF P METHOD TO CPUSF A MORE FAVORASLF P E D I S T R I B U T I n N  OF THE STPFSS I N  ORDER TO INCREASE O P E N I N G  S T A B I L I T Y .  

CONSFQUFF'TLY DFCRFbSED THF S K I N  STRESS. PLASTEP MODFLS W I T H  IMBEDDED AND A P P L I E D  SR-4 R F S I S T A N C E  WIRF S T R A I N  GAGES 
WFRc USED TO DFTERMINE STRESS D I S T R I P U T I O N  EXPERIMENTALLY.  THE MODELS WFRE JACKETED AND LOADEO HYDRO-STATICALLY I N  A 
CLOTFD VFSSFL. F L A T T F N E D  SRASS TUBES WERE IMBEOOED I N  THE WALLS O R I E N T E D  ON R A D I I ,  AND AT A '3FPTH T F  A8CUT @Ne 
OPENING-PADIUS.  THFSE TURES WEQE PRESSURIZED SEPARATELY FROM THE F X T E r i I n P  L O A D I N G  PRFSSURC, AND F X E 9 T E D  A D I R E C T I O N A L  

FLOOR IN THF WORKING A R E A  OF A COAL F A C E  IS INEVITABLE. THE EFFECTIVENESS r F  A N Y  SUPPORT I S  GAGFD B y  ITS 

R F E D T  J. J. E U N I V  C A L  PEYKELEY C A L  

F X P F q I M F N T A L  I N V E S T I G A T I O N  OF THE NATURAL STRESS D I S T R I B U T I O N  I N  THF WALLS OF A M I N E  OPENING UNDER HYDROSTATIC L O 4 0 9  

R E D I S T R I B U T I O N  WAS ACCOMPLISHED BY MEANS OF F L A T  PRESSURE TUBES WHICH INCREASED THE STRESS AT DEPTH I N  THE WALLS9 AND 

HEDGIVG A C T I O N  WHICH CAUSED I Y P C P T A N T  CHANGES I N  THE STRESS D I S T R I R U T I O W  I N  THE WALLS OF THE OPEYINC.  PY I N C P F A S I h l G  

GFNFPAL S T A R I L I T Y  OF THE OPENING. THE RFSULTS OF 1 3  MODFL T E S T S  DEMONSTRATED T H E  V A L I D I T Y  OF T H I S  PROCECUPE 
C O N C L U S I V E L Y  AS PFGAPDS STRESS R E D I S T R I B U T I O N .  APPENDICES GAVE THE PREPARATION PND T E S T I N G  OF S T R A I N  GAGES AND THE 
STRES,S C f l R W F r T I N G  C A L C U L A T I f l N S  FOR T R I A X I A L  L O A D I N G .  7 9  REFS. 

3?-F6-Q&QQ3 T I N C R E T E  FCR GRCUND SUPPORT I N  THE K F L L E Y  M I N E  ( BLOCK-CAVING 

QUPRTCPLY OF T P F  CflLf-! SCHOOL OF M I N E S  F I R S T  SYMP ON ROCK MFCHANICS,  (51) N. 3 ,  A P R I L  1 9 5 6 .  U S €  OF CONCRFTE SUPPCRT 
HAS PROVE3 VFRY SUCCESqFCL I N  M I N I M I Z I N G  T H E  S E R I O U S  PROPLEPS R E S U L T I N G  FPOH THE F A I L U P E  OF T I M B E R E D  E X T R A C T I O N  

P F P A I R F  ALClVF (76 PFPCFhlT)  YORF THAN BALANCES THE A D D I T I O N A L  DEVFLOPMENT COZT OF CONCRETF SUPPORT FCP T H E  G R I Z Z L Y  

A R F A  7'7 PFRCFVT.  C 9 F D I T  F @ R  THE INCRFASED F F F I C I E N C Y  AND REDUCED COST OF ORE DRAWING AND TRAMMING IS SHARED RY THF 
F F F F C T I V F N F S S  n F  C C W Q c T F  SUPPORT AND THE CHANGES I N  BLOCK D E S I G N  TI? A GRIZZLY-CONTROL SLUSHER SYSTFM. 

THE COMPPFSSIVF STRFSS AT DEPTH? THE C R I T I C A L L Y  H I G H  S K I N  STRESS IS A P P Q E C I A B L Y  REDUCED, WHICH SHOULD INCQEASE THC 

H A N N I F A h ,  M e  E ANACONDA CO BUTT€ MONT 

r l D F N I Q G S  I N  THF M I N I Y G  9 1 O C K S  OF THE ANACONDA CO'S K F L L E Y  M I N E  I N  P U T T €  MOFlT. T H F  RFOUCTION I N  THE COST OF P L 9 C K  

L F V F L ,  P L U S  THF A P D I T I O N  OF A CONCRETED SLUSHEQ L F V F L ,  PLUS THE A P D I T I D N A L  OPENINGS REQUIRED T O  RFDUCE THF DRAWPOINT 
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37-57-&QQJ, THEORY AND P R A C T I C E  OF ROCK B O L T I N G  ( ROCK-MECHANICS ROOF-SUPPORT 1 

QUARTERLY OF T H E  COLO SCHOOL OF MINES SECOND SYMP ON ROCK MECHANICS, (52) NO 39 233-265, APR 1957. BECAUSE 
S C I E N T I F I C  DATA ON ROCK B O L T I N G  HAVE B E E N  SCARCE, T H I S  PAPER I S  BASED P R I M A R I L Y  ON THE AUTHOR'S PERSONAL E X P E R I E N C E  AND 
ON L I T E R A T U R E  BASED ON P R A C T I C A L  A P P L I C A T I O N S .  D I S C U S S I O N  I N V O L V E S  THE THEORY OF B O L T I N G ,  T Y P E S  OF @OLT, B O L T I N G  
PROCEDURES AND C H A R A C T E R I S T I C S ,  AND F I N A L L Y  THE DEVELOPMENT AND RESEARCH WORK THAT NEEDS T O  BE DONE. SUCCESSFUL ROCK 
B O L T I N G  IS B E I N G  DONE I N  A L L  ROCKS, SEDIMENTARY,  METAMORPHOSED, AND IGNEOUS AND I N  A L L  TYPES OF M I N E  OPENINGS FOR THE 
PURPOSE O F  R E I N F O R C I N G  ROCK BEAMSr SUSPENDING OF M A T E R I A L S  AND P R O V I D I N G  SHEAR STRENGTH TO THE B O U N D A R I E S  OF OPENINGS.  
T H E  'JNLY L I M I T I N G  FACTOR, B E S I D E S  ECONOMICS, IS T H E  A B I L I T Y  OF T H E  BOLT TO DEVELOP AND M A I N T A I N  ADEQUATE ANCHORAGE- 1 2  

SCHMUCK, H. K. E COLO F U E L  AND I R O N  CORP DENVER 

R F F S  

37-57-89992 CEMENTATION I N  STRENGTHENING ROCK ( ROCK-MECHANICS CHEMICAL-GROUTING 
GSOSVENOR, N e  E. 

A R E V I E W  O F  T H E  QUARTERLY O F  T H E  COLO SCHOOL OF MINES SECOND SYMP ON ROCK MECHANICS9 ( 5 2 1  NO 39 265-2769 APR 1957. 
F X P E R I M E N T A L  WORK THAT HAS BEEN DONE AT THE COLORADO SCHOOL OF M I N E S  TO F I N D  A M A T E R I A L  W I T H  A H I G H  T E N S I L E  B @ N D I N G  
STRENGTH. I T  ALSO REVIEWS OTHER WORK I N  T H E  F I E L D  OF CEMENTATION AROUND UNDERGROUND OPENINGS, AND W I L L  ALSO D I S C U S S  
SOME OF THE E X P F R I M E N T A L  WORK B E I N G  C A R R I E D  ON BY T H E  C L I M A X  MOLYBDENUM COMPANY AT C L I M A X ,  COLORADO, AND ON THE CARLTON 
TUNNEL NEAR L E A C V I L L E ,  COLORADO. AN I N V E S T I G A T I O N  OF A D D I T I V E  M A T E R I A L S  USED I N  CONCRETE T O  G I V E  ADDED STRENGTH' I N  
T E N S I O N  AND COMPRESSION WAS CONTINUED U S I N G  REGULAR NX CORES OF UNAWEEP G R A N I T E  AND DAKOTA SANDSTONE. T H E  T E N S I L E  
STRENGTH O F  THE CORES WAS O B T A I N E D  AND THEN CEMENTED BACK TOGETHER U S I N G  SEVERAL D I F F E R E N T  T Y P E S  OF CEMENTING 
MATERIALS.  T H F  CEMENTED CORES WERE T E S T E D  AFTER 1, 3, 7, AND 28 DAYS TO O B T A I N  THE STRENGTH C U R I N G  CURVES* T H E  
E X P E R I M E N T P L  D A T A  SHOW T H A T  FOR THE G R A N I T E  ROCK USED PORTLAND CEMENT TYPE 1 W I T H  BERYLEX A D D I T I V E  A T T A I N E D  AN AVERAGE 
PONDING VALUE O F  300 P S I  I N  28 DAYS. I T  ALSO SHOWED THAT T H E  POROUS T Y P E  SANDSTONE ROCK BONDFD WELL W I T H  SODIUM 
S I L I C A T F  AND F A I R L Y  WELL W I T H  PORTLAND CEMENT T Y P E  I W I T H  BERYLEX.  

22-57-11QQl G A P P I S O N  DAM - TUNNEL T E S T  S E C T I O N  I N V E S T I G A T I O N  ( L I N I N G  

J. S O I L  MFCHANICS AND FOUNDATIONS D I V .  PAPER 1438, 1-50, NOV. 1957. 

TUNNELS AND E Q U I P P I N G  T H I S  AS A T E S T  SFCTION.  T O T A L  OBSERVATION TOOK 6 YEARS. 

BURKE, Ha H e  & BECHTEL CORP SAN F R A N C I S C O  
D E S I G N  OF TFMPOPARY SUPPORT AND PERMANENT 

L I N I N G  FOR TUNNELS AT GARRISON DAM WAS APPROACHED BY EARLY CONSTRUCTION OF A 240-FT. L E N G T H  I N  ONF OF T H E  E I G H T  M A I N  

T P E  AC.TION OF C I R C U L A R  L I N I N G .  PROBLEMS O F  EXTERNAL PRESSURES, PRESSURE DEVELOPMENT, PRFSSURE R E L I E F ,  AND LOAD 
TRANSFER TO ADJACENT TUNNELS WAS I N V E S T I G A T E D .  A GREAT REDUCTION I N  S T E E L  R I B  SUPPORT WAS REACHED DUE T C  Low 
STRESSES. A MAJOR S A V I N G  OF CONSTRUCTION OCCURRED BY H A V I N G  A MAJOR S E C T I O N  OF THE TUNNEL A V A I L A B L E  FOR I N S P E C T I O N  B y  
BIDDERS,  P L U S  A GRFATER KNOWLEDGF OF CONSTRUCTION WAS A V A I L A B L E .  T H E  U S E  OF JUMBOS MOUNTED ON h E L L S  ABOVE THE 
I N V F R T  AND M O D I F I C A T I O N  OF T H E  MUCKER PROVED ECONOMICALLY SUCCESSFUL AND SPEEDY. THE FORT U N I O N  M A T E R I A L  TURNED OUT 

A CLEARER I N S I G H T  WPS G A I N E D  I N T O  

FAVORABLY, DUF TO I T S  L A C K  OF SWELLING OR SQUEEZING PROPERTIES.  ONLY A M I N I M U M  OF GROUTING WAS NEFDED, DUE T O  THE 
CONCRETE L I N I N G ' S  F I L L I N G  C A P A C I T Y .  THE MECHANICAL I N S T R U M E N T A T I O N  PERFORMED BETTER T H A N  THE E L E C T R I C A L  THE 
WHITTEMORF S T R A I N  GAGES, T H E  EXTENSOMETER TAPES, AND THE CARLSON S T R A I N  METERS OPERATED S A T I S F A C T O R I L Y .  T H E  S R - 4  GAGE 
I N S T A L L A T I O N  WAS UNSATISFACTORY.  THE TEMPERATURE CHANGES WERE GREATER THAN A N T I C I P A T E D ,  W I T H  MORE A T T E N T I O N  AND 
I N V E S T I G A T I O N  NEEDFD. 

27-58-QQQQ1 FURTHFP PROGRESS I N  THE S C I E N T I F I C  APPROACH TO STRATA CONTROL ( LOAD-CELLS STRESSMETERS 1 

TRANSACTIONS I N S T I T U T E  O F  M I N I N G  ENGINEERS, (117) 203-21Q, 1957-58. S I N C E  1956 WHEN THE O R I G I N A L  PAPER "A 
S C I E N T I F I C  APPROACH TO STRATA CONTROL" WAS PRESENTED T F C H N I Q U F S  T H E N  D E S C R I B E D  H A V E  BEEN ADVANCED AND DEVELOPMENT OF 
INSTRUMTNTS HAS CONTINUED. NEW TECHNIQUES AND INSTRUMENTS ASS1 ST I N  UNDERGROUND MEASUREMENTS AND EXPERIMENTAL RESEARCH 

POTTS, E. L. J. E K I N G ' S  COLLEGE DUPHAM ENG 

RUT ONLY E X P F R I E N C E  G A I N E D  OVER MANY YEARS CAN ENABLE ONE TO FORECAST ANP IMPROVE BAD STRATA C O N D I T f O Y S .  DEVELOPMENTS 
MADE I N  PROP LOAD C F L L S T  ROCIF B O L T  LOAD CELLS,  STRESSMETERS T O  I N V E S T I G A T E  L O A D  D I S T R I B U T I O N  I N  ADVANCE OF COAL FACE, 
AND HARO ROCK STPESSMFTEPS ARE DESCRIBED.  EXAMPLES OF SUPPORT LOADS A T  MOTHER GATE AND T A I L  GATE O F  T H E  FACE AND ROOF 
R@LT LOADS ARF G I V F N .  A P P L I C A T I O N  OF SONIC METHOD UNDERGROUND HAS BFEN FURTHER DEVELOPED AS WELL AS U L T R A S O N I C  ROCK 

UNDERSTANDING CF STRATA PRESSURE MOVEMENT AND CONTROL. 

32=24-_01QQl P F N T O N I T E  GROUTING I N  SHAFTS AND TUNNELS - EXPERIENCES I N  HUNGARY ( GROUTING GROUND-CONTROL 

SAMPLE T E S T I N G .  I N S T R U M E N T A T I O N  A P P L I C A T I O N S  SHOULD I N C R E A S E  AND RESEARCH C O O R D I N A T I O N  SHOULD RESULT I N  BETTER 

SU PPORT-MATER1 ALS 
SARPSI ,  L .  + F I T Z E K ,  A. E C I V I L  EYGRS BUDAPEST 

PROC 'lF T H F  SYMP ON SHAFT S I N K I N G  AND TUNNELING,  2017214, JULY,  1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  ENGINFFRS,  1960). 

THAT OF CEMENT AND B I T U M E N  GROUTING. THE T E C H N I Q U F  OF B E N T O N I T E  GROUTING C O N S I S T S  OF P R E L I M I N A R Y  SURVEYST EDGE WATER 
ANALYSJS,  AN@ T Q I A L  GPOUTINGS.  ACTUAL GROUTING I S  THROUGH I N J E C T I O N  P I P E S  AT PRESSURES R E L A T I V E  T O  WALL S T A B I L I T Y ,  
TGCK STSUCTURE T G F C L n G I C b L  C C N D I T I O N S ,  HYDROSTATIC PRESSURE A N 0  COMPCISIT ION OF OF GROUTING M A T E R I A L .  EXAMPLES OF SHAFT 
4ND TUNYEL GROUTING ARF G I V E N ,  I N C L U D I N G  A R R I E F  5UMMARY OF B E N T O N I T E  GROUTING I N  HUNGARY. 

X-59-07892 THEORFT I C A L  I N V E S T I G A T I O N S  I N T O  THE ROCK F F E E Z I N G  PROCESS ( GROUND-SUPPORT-METHODS 1 

PROC OF T H F  SYMP ON SHAFT S I N K I N G  AND TUNNELING,  119-4569 J U L Y ,  1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  E N G I N E E R S T  1960). 

FMPHASIS IS PLACED ON T H E  E X C L U S I O N  OF GROUND WATER R Y  GROUTING. THE SUCCESS OF B E N T O N I T E  GROUTING IS CCMPARED W I T H  

MANKOVSKYT G .  I. & M I N I N G  I N S T  ACAD @ F  S C I  USSR 

T N V E S T I G A T I O Y S  RY THE M I N I N G  I N S T I T U T E  O F  THE ACADEMY OF S C I E N C E S  OF THE U.S.S.R. ON ROCK-FREEZING PETHOCS HAVE MADE I T  
P n S S I B L E  T O  PROPOSE MnRF ACCURATE METHODS OF C A L C U L A T I N G  AN0 S P E E D I N G  U P  T H E  F R E E Z I N G  PROCESS UNDEP V A R I O U S  

F R E E Z I N G  AT GRFCT DEPTHS: AND ROCK F R E E Z I N G  UNDER F I L T R A T I O N  FLOW C O N D I T I O N S .  D E S C R I P T I @ N S  ARE G I V F N  O F  THE H Y D R A U L I C  
C O N D I T I n N S .  THREF M A I N  PROBLEMS ARE THE METHODS: OF C A L C U L A T I N G  TEMP. F I E L D S  I N  ROCK F R E E Z I N G ;  OF ACCELERATING ROCK 

YODFLS USED D U R I N G  THE I N V E S T I G A T I O N S ,  AND EQUATIONS ARE SHOWN FOR THE VARIOUS TESTS AND OPERATIONS.  

22lfZ9-PIPQ1 CONSTRUCTIC'N BY F R E E Z I N G  OF A NEW 50-METRE LENGTH OF T U B B I N G  W H I L E  M A I N T A I N I N G  NORMAL W I N D I N G  OF 3000 
TONS PER DAY ( SHAFT-SINK I N G  GROUND-SUPPORT-METHODS ) 
VENDER, J. t I N S T  N A T L  I N D  CHARBONNIERE 

p p a c  OF THE SYMP ON SHAFT SINKING AND T U N N E L I N G t  457-467T J U L Y (  1959 ( T H E  INSTITUTION OF MINING ENGINFEPS, 1960). 
I N  ANDRE DUMnNT C O L L I E R Y  I N  CAMPINE,  B E L G I U Y T  A CAST- IRON T U B B I N G  ( S H A F T  L I N I N G )  h Y I N  D I A .  AN@ 547 M I N  HT. WAS 
DAMAGED B Y  GROUND MCVFMENTS CAUSED BY E X P L O I T A T I O N .  LARGE I N F L U X E S  OF WATER WFRE PRODUCED BETWEFN DEPTHS OF 25-55 M. 
UP TO 65 M WAS PE-FROZEN AND A REINFORCED CONCRETE CYLINDER,  1.20 M T H I C K ,  WAS ADDED BY S U C C E S S I V E  R I N G S  TO T H F  
T U B B I N G ' S  F X T F R I O R .  T H I S  WORK WAS DONE E N T I R E L Y  O U T S I D E  THE SHAFT WITHOUT I N T E R R U P T I N G  NORMAL E X T R P C T I C N .  

! 3 - h l - D Q A  THEORY AND P P A C T I C F  OF ROCK B O L T I N G  ( SUPPORT BOLT-SPACING TORQUE ANCHORAGE ) 

TRANSACTIONS 4 M F P I C A N  I N S T I T U T E  OF M I N I N G  ENGINEERS,  ( 2 2 0 )  333-3487 F E S  1961. 
UNDERGQOUND, WHERE ROCK I S  NOT COMPETENT, SUPPORT USUALLY I S  CONCRETE OR R E I N F O R C E D  CONCRFTE. TEMPORARY SUPPORT IS 
"FTEN NEEDED AND T H I S  CAM RE TIMBER,  S T E E L  AND DURING THE PAST 50 YEARS ROCK BOLTS. I L L U S T R A T I O N S  AKD D E T A I L E D  S T U D I E S  
OF F I E L D  QOCK B O L T I N G  AND THE BEHAVIOR OF ROCK ARE DISCUSSED.  MATHEMATICPL FORMULAE FOR ROCK B O L T  P P P L I C A T I C Y S ,  
A Y A L Y S I S  OF V A R I n U S  RnCK B O L T I N G  @PERATIONS AND D E S C R I P T I O N S  OF BOLTS ARE GIVEN.  

3216klQQQ1 DFVFLOPYENT DF A ROCK BOLT SYSTEM FOR PERMANENT SUPP0R.T AT NORAD ( PATTERN SLOT-WEDGE-BOLTS GROUT G R A N I T E  

L A N G t  T. A. E BECHTEL COPP 
FOR PERMANENT STRUCTURES 

PULL-TEST STATIC-STRESS 
UNDERWOOD, L .  B e  + DISTEFANO,  C. J. & U.S. ARMY CORPS O F  ENGR 

U N I V  MO A T  R O L L A  PROC OF THF S I X T H  SYMP ON ROCK MFCHANICS, 43-86, OCT 1964. T H E  N@RAD PROJECT UNDERGROUND COMBAT 
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OPERATIQNS CENTER cnLo SPRINGS COLO IS DESCRIBED BRIEFLY AND THE GEOLOGICAL F E A T U R E S  A R E  DISCUSSED IN DETAIL. THE 
DEVFLOPMENT OF REQUIREMENTS FOR AND TECHNIQUES OF B L A S T I N G  TO PRODUCE SOUND UNDAMAGED ROCK SURROUNDING THE E X C A V A T I O N  
ARF DFSCRIBEO.  ONLY MFTHODS THAT I N S U R E  DEVELOMENT OF A SHEAR P L A N E  BETWEEN PERIPHERY HOLES T O  M I N I M I Z E  S T R A I N  AND 
DEVELOPMENT OF CRACKS I N  THE ROCK BEYOND T H E  B L A S T I N G  P E R I P H E R Y  WERE ACCEPTABLE. THE B L A S T I N G  WORK I S  D E S C R I B E D  WHEREBY 

E X T F N S I V E  S T U D I E S  WERE MADE OF SUPPORT SYSTEMS, ROCK B O L T I N G  WAS SELECTED AND B O L T I N G  PATTERNS AND PROCEDURES WORKFD 

PFRFORMED TO D E T E R M I N F  ANCHORAGE STRENGTHS. I T  WAS FOUND T H A T  I N  BAD ROCK UNGRDUTED SLOTTED B O L T S  NEEDED TO BE 
SUPPLEMENTED BY GROUTED ROCK BOLTS. Q U A L I T Y  CONTROL P U L L  T E S T S  O N  SLOTTED B O L T S  ARE D E S C R I B E D  WHERE ONE I N  EVERY 200 
I N S T A L L E D  BOLTS WERE T E S T E D  D U R I N G  A 6 MONTH P E R I O D .  AS A RESULT OF THESE TEST THAT I N C L U D E D  A COMPARATIVE HOLE S I Z E  

DETERMINED T H A T  ANCHORAGE STRENGTH OF SLOT AND WEDGE TYPE BOLTS COULD B E  S A T I S F A C T O R I L Y  UPGRADED ANC R E S U L T E D  I N  T H E  
D E C I S I O N  T O  GROUT A L L  THE SLOT AND WEDGE BOLTS W I T H I N  THE CHAMBER AREAS. TROUBLES DEVELOPED AT CORNERS OF CHAMBER AND 
CORRIDOR I N T E R S E C T I O N S .  USE OF H I G H  STRENGTH BOLTS,  AND MEASURES TAKEN T O  REINFORCE THESE CORNERS ARE DESCRIBED I N  
D E T A I L .  THE PAPER DESCRIBES T H E  D E T E R M I N A T I O N  OF S T A T I C  STRESSES I N  THE I N S T A L L A T I O N  AND OFFERS CONCLUSIONS D E R I V E D  

NFARLY 450,000 YARDS OF G R A N I T E  WERE EXCAVATED I N  AN 1 8  MONTH P E R I O D  ON SCHEDULE WITHOUT A S I N G L E  F A T A L I T Y .  

OUT IJSING UNGROUTED SLC'T-WEDGF BOLTS. THE CARE U S E D  AND D I F F I C U L T I E S  ENCOUNTERED ARE RELATED. P U L L  T E S T S  WERE 

TESTS, MORE R A P I D  CONTROLS FOR I N S T A L L I N G  SLOT AND WEDGF TYPE B O L T S  WERE E S T A B L I S H E D .  A S E R I E S  OF GROUTED BOLT T E S T S  

FROM F X P E R I E N C E  G A I N E D  D U R I N G  PROGRESS OF T H I S  ROCK E X C A V A T I O N  PROJECT. 

qL&&=IQMZ C H E M I C A L  GROUTING AT NORAD ( FRACTURED-GRANITE FAULTED-ROCK EPOXY-RE S I N  ROCK-BOLT-HOLES J O I N T  SHEAP-PLANE 
BOND 1 
ERICKSON, H. 9 .  t U.S. ARMY CORPS OF ENGR 

U N I V  MO R O L L 4  PROC OF T H E  S I X T H  SYMP ON ROCK MECHANICS, 87-108,  OCT 1964.  T H I S  PAPER PRESENTS RESULTS OF 
LABORATqRY T E S T S  AND D E S C R I P T I O N  OF F I E L D  I N J E C T I O N  OF C H E M I C A L  GROUT I N  FRACTURFD G R A N I T E  AT T H E  NORAD UNDERGROUND 

GPOUT WAS I N J E C T E D  T t l  S T A B I L I Z E  AND STRENGTHEN AREAS OF FAULTED ROCK WHERE MOVEMENT WAS OCCURRING I N  CORNERS OF CHAYBER 
I N T E R S E C T I O N S  AND TO STRENGTHEN THE ROCK TO R E S I S T  P O S S I B L E  FUTURE DYNAMIC LOADING.  A S P E C I A L L Y  FORMULATED 
S T Q K S S - R E L I E V E D  FPOXY R E S I N  WAS USED. R E L A T I V E L Y  S I M P L E  E Q U I P M E N T  WAS D E V I S E D  FOR I N J E C T I C N  I N T O  GROUT HOLES AND ROCK 
9OLT H@LFS.  MOVEMENT GAGES I N S T A L L E D  I N  ONE APEA I N D I C A T E D  T H A T  ROCK MOVEMENT STOPPED AFTFR I N J E C T I O N  OF THE EPOXY 
Q F S I N .  nTHFR PRSERVATIONS PLSO I N D I C A T E D  THAT THE AREAS HERE B E N E F I C I A T F D  BY GROUTING. T H E  GROUTING WAS PERFORMED I N  
TWfl PHASFS. T H E  F I R S T  PHASE WORK C O N S I S T E D  OF I N J E C T I N G  GROUT I N  ONE CORNER OF A CHAMBFP I N T F R S E C T I O N .  I N  THE SECOND 
PHASE A Q n I T I n N A L  GROUT WAS I N J E C T E D  I N T O  THE F I R S T  CORNER AND I N T O  AN A D J O I N I N G  CORNFR OF THE SAME CHAMBER I N T E R S E C T I O N  
AND THF WALL ADJACENT TO T H I S  CORNER. P H Y S I C A L  D A T A  FOR THE FPOXY R E S I N  I S  G I V E N  AND PHOTOGRAPHS D F  EQUIPMENT USED ARE 
SHOWN, 

17-44-AQQQ3 F A I L U R E  OF ROCK I N  THE T R I A X I A L  SHEAR T E S T  

UI\!IV YD R O L L A  PROC OF THE S I X T H  SYMP ON ROCK MECHANICS, 98-108,  OCT 1944 .  AN I N V F S T I G A T I D N  WAS YAOE TO STUDY ROCK 

COMBAT OPERATIONS CENTEP NEAR COLO SPRINGS, COLOI B Y  THE OMAHA D I S T R I C T  O F  THE U.S. ARMY CORPS O F  ENGRS. CHEMICAL 

SCHWARTZ, A. E. 

F f i I L U R E  PHFNOMENA AS I T  CCCURS I N  H I G H  PRESSURE T R I A X I f i L  SHEAR TFSTS.  MORE THAN 1 4 0  T F S T S  WERE CONDUCTED, EMPLOYING 
L A T F R A L  PRESSURES O F  ZERO TO 10,000 P S I  A N 0  INDEPENDENTLY CONTROLLED PORE PRESSURES OF ZERO TO 5,000 P S I .  CORE SAMPLES 
OF I N n I 4 N A  L I Y E S T O N F ,  GFORGIA MARBLE, STONE MOUNTAIN GKANITE,  AND P O T T S V I L L E  SANDSTONE WERE T E S T E D -  THE F A I L U R F  
SURFACES WERF F X A M I N F D  U S I N G  PHOTOMICROGRAPHS. I T  WAS CONLUDED FROM T H I S  STUDY THAT C O Y F I N I N G  PRESSURFS INFLUENCE 
C A I L U Q F  MODF, THE ANGLE OF S L I P  I S  CLOSELY P R E D I C T F O  PY T H E  MOHR C R I T E R I O N ,  A N 0  AN A D D I T I O N A L  PARAMETER, "FPACTURE 
I N T F 4 F E R F N C E " r  MAY BE I N C L U D E D  I N  THF SHEAR STREYGTH EQUATION. 

'2=6s=lQQ4f, F V A L U A T I O N  OF A B L A S T I N G  TECHNIQUE FOR DESTRFSSING GROUND SUBJFCT TO ROCKBURSTING CUT-AND-FILL-STAGE 
CLOSUQE-STATIONS PHOTOELASTIC-ST9AIN-GAGES D R I F T S  STRESS-ZONES D R I L L I N G  @OREHOLES S T R A I N - A N A L Y S I S  
CL @SURE-MEASUREMENTS 1 ' 
MDPUZI,  G. A. + P A S I K A ,  A. Re 6 FALCONBRIDGE M I N E  

U N I V  YO AT P O L L 4  PROC OF T H E  S I X T H  SYYP ON ROCK MECHBNICS, 185-2019 OCT 1961.  B L A S T I N G  4 s  A D E S T R F S S I N G  T E C H N I Q U E  
WAS A P P L I F r )  T I  THE HANGING WALL OF A CUT AND F I L L  STOPF. b TROUBLESOME STOPF AREA AT FALCONBRIDGE MINF WAS CHOSEN AS A 
TEST S I T F  TO EVALIJATF T H E  DFSTRFSSING TFCHNIQUE FOR SUBSEQUENT A P P L I C A T I O N  TO B U R S T I N G  AREA< WHICH MIGHT DEVELOP AS ORE 
E X T R A C T I P N  PROGRESSES T O  GREATER DEPTHS. WHERE STOPE CPDWY OR L E V E L  P I L L A R S  ARE ENCLOSFD r N  ONE OR BOTH WALLS BY 
H I G H L Y  S I L  I C I F T E O  AND FXTREMELY B R I T T L E  ROCKS, THE E X T R A C T I O N  OF T H F S E  P I L L A R S  RESULTS I N  C O N D I T I C N S  PRODUCING 
ROCK?URSTS. I N  PP.DEP TO E S T I C A T F  THE F F F E C T I V E N E S S  OF B L A S T I N G ,  FRACTURE AND PHOTOELASTIC 5 T R A I V  ANALYSES WERE 
CDNQUCTED ON CORE SAMPLES TAKEN FROM SLAST HOLES AND S I M I L A R  I N S P E C T I O N  HOLES D P I L L E @  AFTER THE B L A S T I N G .  U S I N G  
CLOSURE S T A T I F N S  A h D  P H O T O E L A S T I C  S T R A I N  GAUGES, OBSERVATIONS WERE ALSO MADE ON T H F  F F F E C T S  OF T H F  ROCKRURSTS 
T H E Y S c L V F c .  PHOTOGRAPHS SKETCHES, DIAGPAMS,  AN0 CURVE? PRESENT DATA O B T A I N E D  I N  THE TFSTS.  AFTER THOROUGH A N A L Y S I S  
OF ALL DATA, I T  I S  P n U B T F U L  THAT TYE BLASTS HAD ANY MARKED D E S T R E S S I N G  EFFECT ON THF ROCK, BUT CONCEIVABLY,  COULD HAVE 
PR'VFVTEO STQFSS R U I L D  UP R E S U L T I N G  I N  BURSTS OF GREATER V I O L E N C E  T Y A N  EXPERIFNCFO.  ALSO, I T  I S  P O S S I B L E  THAT 
I Y S U F F I C I F N T  HOLES AND B L A S T  SHOCK WERE A P P L I E D  TO DFSTRFSS THE T E S T  ZONF. THF T E S T S  G I V E  SOME I N D I C A T I C N S  OF THF 
YATURF nR VI f lLFNCE:  n F  ROCK F A I L I J R F  THAT CAN RE FXPFCTED I N  S I T U  AND T H E  YFASUREMENTS MAY BE MOST USEFUL I N  Y I E L D I N G  
DETA ON n Y N A M I C  RFHAVIOR OF GROUYD. 

3 2 - 6 1 - 1 0 0 z  COMBATTING WEIGHT PROBLEMS AT C L I M A X  ( PANEL-CAVING CUTOFF ORE-BODY EXTFNSOMETER-MEASUREMENTS 
HAUL AGF-DP I F T  F A U L T  T I  MBFR- SFTS Y I  L 9  ABLE- STEF L-ARCH- SETS b 
J U C I N ,  De F. E C L I M 4 X  MOLYBDENUM CU C L I M A X  COLO 

IJNIV Y O  e~ P n t L A  p p n c  r ) ~  THF SIXTH S Y V P  ON R O C K  YECHANICS, 205-217,  OCT 1964 .  SIVJCE 1 9 2 4  APPROXIMATELY 170 M T L L I O N  
TON5 OF O F €  H4S SFFV RFMOVED FROP THF C L I M A X  M I N F .  "RTOR TO 1950, DAMAGING WEIGHT WAS NOT A S F R I O U S  PROBLEM. STAQTIWG 
I Y  lQ59 AND C n N T I N U I N G  T @  THF PPESENT WEIGHT HAS BECOME A MAJOF PROBLFM, CRUSHING SLUSHER D R I F T S ,  @ L U C K I N G  H41JLAGf 
n R I F T S  A N 0  HAMPERING PPOPUCTIPN.  T H I S  PAPFQ D F S C R I P E S  C O N D I T I O N S  THAT C O N T R I B U T E  TO THE WEIGHT PRPBLEFo, YETHODS CF 

Y I N F  L A Y O U T  I S  USED TO TLLUSTRATE THF DRORLEY AND THE M I N I N G  METHOn OF PANEL C A V I N G  I S  CIFSCRISED ALCNG W I T H  GEOLOGICAL 
C n U D T T I n N S  A c F F C T I N G  THF WOPKINGS. YEASURE P O I N T S  WERE E S T A B L I S H E D  I N  THE SLUSHER D P I F T S  AND DFFLECTIClN OF THE KPOF 
WAS YFASURFD 9 Y  USE nc FXTcMSI3METERS T O  MONITOR THE F F F F C T S  OF THE WEIGHT PROBLEM. R F A D I N G S  WFRE T A K F N  AT A FRFQUFNCY 
S F L A T E D  TO RATF OF D F F L F C T I C N  AND MEASURFMENTS WEPF P L n T T F D  ON A CONTOUR MAP SHOWING AQFAS OF T H E  GRFBTEST DEFLFCTICP' .  

F T  AHFAD P F  THF CAVE L I N F  I N T O  THE IJYCAVED ORF. THE WEIGHT WAS CONTROLL4PLE I N  SnME APEAS BY DRAWIYG P R E  FROM C R I T I C A L  

Y I N I T O R I N G ,  C'INTQCIL, AND R F P A I R ,  AND P L A N S  FUTURF M I N I N G  TO A V O I D  R F P E T I T I P N  O F  OAb'AGING WFIGHT. THE P H I L L I P S C M  L = V F L  

SY C l M P 4 R T N G  YCNTHLY Mi'!'?, T H F  CHANGF I N  D E F L F C T I C N  COULD BE FflLLOWEG. THE CENTER O F  THE WFIGHT SEEPED TO F A L L  ABOUT 70 

ARFAS. I N  OTHFPS T I M B F P  SETS WFRF USFD TO M A I U T A I N  HAULAGE D R I F T S  AS H E L L  AS B F I N G  CONCRFTE L I N F q ,  BUT OFTFN dERF 
OVFRCnMF BY E X C F S S I V F  WFIGHT. TO Y A I N T A I Y  THESF I N  A D D I T I O N  TO CONCRETE L I N I N G S  P O I N T S ,  Y I E L D A B L E  S T F F L  ARCH SETS WE9E 
TYSTALLLFT,  N Y I C H  Par )VcD TO BF THE OFST S n L U T I O N .  T H E  PAPER ALSO O U T L I N F S  P L A N S  FOR FUTURE M I N I N G  AT A DEPTH 7 0 0  F T  
RCLCW T H F  PQFSFNT O N F t  THAT A V " I D S  TRAYSFERENCF OF WFIGHT T O  PPOI'UCTION APEAS-  

37-64-LQQQh TYFORY ANI-! MODEL F F  UNnERGROUND 7 P E N I N G  AND SUPPOPT SYSTFY ( T R I A X I A L - P o @ P E R T I F S  MOHR-ANALYSIS 
S T D F S S - F l  F L D  COVT I NUUM-MFCHANICS ?RAYS I T I O N - T E  ST ) 
SFRATA, q. E Y I C H  STATE U N I V  

U N I V  F l f l  i l T  R f l L L A  PPnC OF THF S I X T H  SYMP O N  Q0CK MECHANICS, 260-2929 f !CT 1964 .  THFPF I S  NO S A T I S F A C T O R Y  PETHnD OF 
T , E T F R Y I V I h ' C  THF T P I A X I A L  P R O P C R T I E S  OF ROCKS I Y  T H F I R  F U L L  SCOPE, I N C L U D I N G  E L A S T I C I T Y ,  V I S C O F L A S T I C I T Y ,  
V I S C O P L A S T I C T T Y  7 R R I T T L F N E S S ,  AND STRAIN-HARDENING.  FOP T H I S  PAPFR THE T R I A X I A L  P R O P E R T I F 7  OF ROCKS AND THE 
U N P E Q G p W N n  F I P F C S  F I c L D  WEPF S T U D I E D  I N  ORT,FR TO E S T A R L I S H  A T H E O R E T I C A L  B A S I S  FOR Y A T H F Y A T I C A L  A N A L Y S I S  OF THF 
IJNnFRGKnlJPln STRUCTURFS. THF COVCEPT OF CONTINUUY MECHANICS WAS A P P L I E D  SUCCESSFULLY. ROCK S A L T  OF U Y I  FORM Q U A L I T Y  d A S  
UCFn A S  A W P F L  Y A T C P I A L  TO VFRTFY THE THEORIES OF CONTINUIJM MFCHANICS. U S I N G  POCK S A L T  A 5  A MODEL ROCK, THE F L A S T I C  
4VD T I M E - n F P F N D F Y T  PRI 'PFPTIFS WERE F X A M I N E D  AND PP.OVEN TO AGREE W I T H  THE MATHEMATICAL THEORY. A T R A N S I T I O Y 4 L  TECT 
MFTHOr) WAS OFVFL7PFO c"P T H I S  STUDY T O  D E T E R Y I N E  THE S I X  B A S I C  M A T E R I A L  C O F F F I C I E N T S  OF A CONTINUUM OF T P E  ROCK. 
ALTHOUGH ROCK SALT W4S UCFD F X C L U S I V E L Y  FOR THE DEVELOPMENT OF THE MECHANICAL MODEL, THF MODEL SHOULD R E  A P P L I C A B L E  TO 
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ROCKS I N  GENERAL. THE ONLY D I F F E R E N C E  AMONG V A R I O U S  ROCKS WOULD B E  T H E I R  MAGNITUDES AND R E L A T I V E  PROPORTIONS OF T H E  
S I X  B A S I C  C O E F F I C I E N T S .  BASED ON THE MECHANICAL MODEL OF THE ROCK, THE P R I N C I P L E S  OF UNDERGROUND STRESS F I E L D  WERE 

OFFERS V A R I O U S  CONCLUSIONS D E R I V E D  FROM THE THEORY DEVELOPED AND MODEL TESTS.  PHOTOGRAPHS OF T H E  V A R I O U S  MODELS AND 
T E S T  E Q U I P M E N T  ARE SHOWN, T H E  THEORY IS D I S C U S S E D  B Y  USE OF DIAGRAMS AND SKETCHES. FORMULATION I S  G I V E N  AND DATA 1s 
PRFSENTED U S I N G  CUPVFS DEVELOPED I N  T H E  TESTS. 

FORMULATED AND A MODEL T E C H N I Q U E  FOR S T U D Y I N G  I N  UNDERGROUND O P E N I N G  AND SUPPORT SYSTEM WAS DEVELOPED. THE AUTHOR 

3 2 - 6 4 - l p Q ~  MECHANISM OF L O A D  LOSS I N  ROOF BOLTS ( BL EED-OFF GROUND-CONTROL ANCHORAGE LOAD-TIME-CHARACTERISTICS 
DY NAMIC-TE S T  S T A T 1  C-TEST E XPANSION-SH E L L  SERRATIONS ROCK-ST RESS CREEP I 
STAFANKO, R. + D E L L A  CRUZ, R. V. & P E N N  STATE UNLV 

U N I V  MO A T  R O L L A  PROC OF THE S I X T H  SYMP ON ROCK MECHANICS, 293-3099 OCT 1964. LABORATORY T E S T S  OF ROCK B O L T I N G  
WERE CONDUCTED AT PA S T A T E  U N I V .  THE MECHANICS AND O B J E C T I V E S  OF ROCK B O L T I N G  FOR GROUND CONTROL ARE D I S C U S S E D  AND THE 
TYPES OF T E S T I N G  TO D E T E R M I N E  E F F E C T I V E N E S S  OF T H E  B O L T I N G  ARE DEFINED.  A DYNAMIC T E S T  ( P U L L  T E S T )  IS D E F I N E D  AS AN 

C H A R A C T E R I S T I C  CURVE OF AN I N S T A L L E D  B O L T  UNDER LONG TERM C O N D I T I O N S .  TWO E A R L I E R  S T A T I C  UNDERGROUND S T U D I E S  REVEALED 

ORDER TO APPLY THE NUMEROUS F I N D I N G S  OF I N D E N T A T I O N  RESEARCH, SOME M O D I F I C A T I O N S  AND ASSUMPTIONS ARE C A L L E D  FOR B Y  THE 

V A R I A B L E S  W I T H  THE INDUCED STRESSES AND CORRESPONDING DISPLACEMENTS A T  THE ANCHORAGE S I T E  WERE O B T A I N E D  FOR THREE 
D I F F E R E N T  ANCHOR SHELLS. THE ANCHORS T E S T E D  I N C L U D E D  A SMOOTH SHELL,  A S H E L L  W I T H  F L A T  SURFACE O F  SERRATIONS F A C I N G  
THE L I N E  O F  P U L L  AND A S H E L L  W I T H  THE SLOPING SURFACE ANGLED TO THE L I N E  OF PULL.  THE L A T T E R  T Y P E  PROVED SUPEPIOR TO 
THE f lTHERS I N  THE T E S T  AND P O I N T  THE WAY TOWARDS FURTHER RESEARCH. CURVES ARE PRESFNTED TO SHOW V A R I A T I O N  I N  B O L T  L O A D  

I N I T I A L  LOADS, FOR THE THREE SHELLS.  A D I S C U S S I O N  I S  PRESENTED O F  AN ASSUMED M U L T I F R A C T U R I N G  PROCESS ACCOMPANYING BOLT 
L O A D I N G  AND CONCLUSIONS DRAWN AS A RESULT OF T H E  T E S T S  PERFORMED. 

ANCHORAGE C A P A C I T Y  TEST, WHEREAS T H E  S T A T I C  T E S T  IS AN ANCHORAGE E F F I C I E N C Y  T E S T  TO D E T E R M I N E  T H E  LOAD-TIME 

THE TIME-DEPENDENT BEHAVIOR OF ANCHORAGE WHICH L E D  TO THE CAREFULLY CONTROLLED RESEARCH REPORTED I N  T H I S  PAPER. I N  

S P E C I A L  FEATURES OF T H E  PENETRATIONS OF ANCHI?‘? S H E L L  SERRATIONS.  U T I L I Z I N G  THESE9 EXPRESSIONS R E L A T I N G  T H E  R E L E V A N T  

W I T H  T I M E ,  A X I A L  AND TRANSVERSE DISPLACEMENTS W I T H  V A R Y I N G  LOADS, AND V A R I A T I O N S  I N  L O A D I N G  W I T H  T I M E  A T  SELECTED 

32165aQQB A S O N I C  U N I T  FOR THE D E T E R M I N A T I O N  OF I N - S I T U  DYNAMIC P R O P E R T I E S  AND FOR O U T L I N I N G  OF FRACTURE ZONES ( 
ABSORPTION A T T E N U A T I O N  SONIC-VELOCITY T R A N S I T - T I M E  D I S C O N T I N U I T I E S  ROCK BOREHOLES M I N E S  S T O P E - P I L L A R S  I 
LAROCQUE, G. E. G CANADA DEPT M I N E S  OTTAWA CANADA 

A U X I L I A R Y  METHODS FOR A S S E S S I N G  THE 
MECHANICAL STATE OF A ROCK MASS AND T H E  U N I F O R M I T Y  OF I T S  E L A S T I C  P R O P E R T I E S  I N D E P E N D E N T L Y  OF STRESS MEASUREMENTS WERE 
T H E  O B J E C T I V E  OF THE RESEARCH REPORTED I N  T H I S  PAPER. SONIC P R O B I N G  I S  PROPOSED AS AN I N E X P E N S I V E  MEANS OF M A K I N G  SUCH 
ASSESSMENTS. WHFN SONIC PROBING I S  CONTEMPLATED FOR F I E L D  USE, ONLY TWO T Y P E S  OF MEASUREMENTS ARE A V A I L A B L E :  ENERGY 
ABSORPTION AND T R A N S I T  T I M E .  I N  THE ENERGY ABSORPTION T Y P E  A STUDY I S  MADE OF THE A T T E N U A T I O N  OF SONIC WAVES I N  THE 
ROCK MASS AS A FUNCTION OF T I M E  AND P O S I T I O N ;  I N C R E A S E S  I N  A T T E N U A T I O N  ARE ASSOCIATED W I T H  D E T E R I O R A T I O N  I N  T H E  
COMPETENCY OF THE ROCK MASS. T H E  DEVELOPMENT OF CRACKS AND D I S C O N T I N U I T I E S  ALSO A F F E C T S  THE V E L O C I T Y  OF PROPAGATION OF 
SONIC WAVES, I.E.9 T R A N S I T  T I M E .  A SONIC SYSTEM I S  D E S C R I B E D  WHICH WAS DEVELOPED FOR P R O B I N G  THE ROCK AROUND M I N E  
OPENINGS. T R A N S I T  T I M E  MEASUREMENTS OF A FEW HUNDRED MICROSECONDS T O  MANY M I L L I S E C O N D S  CAN BE MADE W I T H  AN ACCURACY O F  

ALLOWING I T S  U S E  I N  REMOTE M I N I N G  LOCATIONS.  A HAMMER BLOW IS USED AS THE S I G N A L  SOURCE. T R A N S I T  T I M E  MEASUREMENTS ARE 
MADE BETWEEN BORE HOLES I N  WHICH H Y D R A U L I C A L L Y  WEDGED T R A N S M I T T I N G  AND R E C E I V I N G  U N I T S  HAVE BEEN INSERTED.  SURFACE 
U N I T S  WFRF ALSO DEVELOPED AND TESTED. THE ASSUMPTIONS ON WHICH S O N I C  T R A N S I T  V E L D C I T Y  I S  R E L A T E D  TO FRACTURE ZONES ARE 
STATED AND CURVES I L L U S T R A T E  THE RESULTANT TEST DATA. P O S S I R L F  A P P L I C A T I O N S  OF SUCH MEASUPEMENTS ARE O U T L I N E D  AND 

U M I V  MO AT R O L L A  PROC OF THE S I X T H  SYMP ON ROCK MECHANICS, 3 5 8 - 3 8 0 9  OCT 1 9 6 9 .  

5 PERCENT WITH T H I S  SYSTEM. THE SONIC TEST EQUIPMENT I S  R E L A T I V E L Y  PORTABLE AND OPERATES ON I T S  OWN POWER SUPPLY, 

F I E L D  MEASUREMENTS ARE PRESENTED TO S U B S T A N T I A T E  STATEMENTS THAT ARE MADE. 

32=65-Q5Q41 U N L I N E D  TUNNELS OF T H E  SOUTHERN C A L I F O R N I A  F D I S O N  COMPANY ( L I N I N G S  I 
WOWTON, F. S o  

AM. SOC. C I V I L  ENGRG., PROC. (91  PO 1 NO. 4 3 1 3 0 1  130, 1 3 1 ,  MAY 1 9 6 5 .  D I S C U S S I O N  OF PAPER BY SPENCER, ET AL. PRDC. 
PAPEQ 4 0 R 7 ,  OCT. 1 9 6 4 .  I M P L I C A T I O N S  ARE THAT PRESSURE L I N I N G  MAY NOT B E  R E Q U I R E D  WHERE THE H E I G H T  OF OVERHEAD COVER I S  
GDEATER THAN 7 5  PERCENT OF THE S T A T I C  HEAD. THE ADVANTAGES OF AN U N L I N F D  TUNNEL AS COMPARED T O  A CCNCPETE L I N E D  TUNNEL 
ARE Q E A L I S T I C .  

37-65-Q5QQ2 CTNTRACTOR’S VIEW ON U N L I N E D  TUNNELS - D I S C U S S I O N  ( J O I N T S  RCICK-ROLTS S T E E L - R I  B OVERBURCEN ROCK-QUALITY I 

PROC A.5.C.F. JOURNAL @F THE POWER D I V I S I O N  P O I ,  1 2 8 - 1 2 9 9  MAY 1 9 6 5 .  T H E  AUTHOR CORRECTLY E M P H A S I Z E D  C O N T R O L L I N G  
PARAMETERS, AND MADE V A L U A B L E  OBSERVATIONS ON U N L I N E D  TUNNELS. HOWEVER, PPOPER A T T E N T I O N  WAS NOT G I V E N  TO T H E  
TREATYFNT TYAT MUST BE ACCORDED J O I N T S  C O N T A I N I N G  SOFT QR SOLUBLE M A T E R I A L  WHICH CAN BE REMOVE0 B Y  FLOWING WATER UNDER 
‘=LUCTUATING PqESSURF. T U N N € L  S I Z E  AND SHAPE, Q U A L I T Y  OF ROCK AND DEPTH OF OVER-BURDEN COVER ARF I N T E R R E L A T E D  I N  
DFTERMINIPJG A TUNNEL L I N I N G .  COMPETENCY OF ROCK MAY BE DEVELOPED BY PROPER ROCK BOLTING.  THE B A S I S  FOR TVE STATEMENT OF 
RANGE OF DEPTHS WHERF L I N I N G  I S  MOST L I K E L Y  TO BE UNNECESSARY IS DESIRABLE.  E X C E S S I V E  I N C R E A S E  I N  TUNNEL COST OVER 
THAT FXPECTED IS MOST COMMONLY CAUSED B Y  R E Q U I R I N G  STEEL R I B  SUPPORTED TUNNEL S E C T I O N S  WHERE AN UNSUPPqPTED OR ROCK 
9 0 L T E D  S E C T I O N  WAS A N T I C I P A T F D .  

LAWTON, F. L. + YORRIS, J. W. & A L U M I N I U M  L T D  

S2-6_6=QQQQl MEASURFMENTS ON THE P I L O T  BORE FOR THE S T R A I G H T  CREEK TUNNEL ( D E S I G N  SUPPORT S T R A I N  SAFETY CONTROL I 

N 4 T I O N A L  RESEARCH C @ U Y C I L ,  HIGHWAY RESEARCH BOARD, RESEARCH RECORD, NO. 1 3 5 ,  2 7 - 3 4 ,  1 9 6 6 .  THE 11 F T  H I G H  RY 11 F T  
H I D E  P I L O T  BORE PO9 T H F  STRAIGHT CREFK I N T E R S T A T E  HIGHWAY TUNNEL WAS I N S T R U M E N T € @  A T  4 4  PRIMARY AND 2 S P E C I A L  S T A T I O N  

GROSVENOP, N. E. + ABEL, J. F., JR. 

TO O B T A I N  I N F O R M A T I O N  FOR THE F I N A L  TUNNEL SUPPORT. TFRRAMETRICS I N C .  MEASURED ROCK LOADS AND GROUND MOVEMENTS I N  
P E L A T I O N  T O  THE T g N N E L  E X C A V A T I O N ,  R F L A T I O N S H I P  BETWFEN LOAD IMPOSED ON S T E E L  SETS AND D E S I G N E D  LOAD, ZCNE OF I N F L U F N C F  
AROUND TUNNEL WHERE SROUND IS S T R A I N E D  AS RESULT OF TUNNEL FXCAVATION,  S T R A I N  V A R I A T I O N  OUTWARD FROM T U N N E L  WALLS 
Q E S U L T I N G  FROM TUNNEL EXCAVATION,  AND RATE OF DECREASE OF OVERALL GROUND S T R A I N  RATES W I T H  T I M F  AND TUNNEL F A C F  

I 
ADVANCE. A B I L I T Y  T O  TO ACCURATELY MEASIJRE LOADS AND ROCK S T R A I N S  MAKES I T  P O S S I B L E  TO R A T I O N A L L Y  D E S I G N  SUPPORTS TO 
WITHSTdYD A P P L I E D  L’3ADS AND ACCOMODATE ASSOCI4TED STRAINS.  D E T E R M I N A T I O N  O F  ROCK STRUCTURE S A F E T Y  NEFO NOT BE L F F T  T O  

E F F E C T I V E L Y  SbFE STRUCTUPE. A B I L I T Y  T O  MEASURE I S  MAJOR STEP TOWARD A B I L I T Y  TO CONTPOL. 

3 2 - 6 9 - L Q O Q 1  P R I N C I P L E S  OF SOIL-STRUCTURE I N T E R A C T I O N  A D P L I E D  TO TUNNEL L I N I N G S  ( S T I F F N E S S  MODFLS D I S P L A C E M E N T  

A NERULOUS E X P E P I E N C E  FACTOR. WHEN SUPPORT LC)ADS S T A B I L I Z E  AND ROCK S T R A I N S  CFASE f l Q  PECOME Y E G L I G I B L E  WE THEN HAVE AN 

E L A S T I C I T Y  ARCHING I 
G A B R I E L ,  L. H. & SACRAMENTO STATE COLLEGE 

SACRAMENTO S T A T E  COLLEGF, CAL. SECOND SYMP ON R A P I D  FXCAVATION,  1-1 TO 1-11, OCT 16, 1969. I N  SOIL-STRUCTUR E 
A Y A L Y S I S  T H E  STRUCTURE I S  CONSIDERED E L A S T I C  AND THE S O I L  RESPONDS OTHER THAN E L P S T I C .  A B I L I T Y  TO DEFnRM UNDER 
‘=XCESSIVE LOAD I S  SOMETIMES B E N E F I C I A L  AND IS ONE ADVANTAGE O F  STEEL TUNNEL SUPPORTS. I F  STRUCTURF’S R E L A T I V E  

TM.E STRUCTURE FORMS A P I L L A R  AND W I L L  CARRY GREATER LOADS TDWARDS THF STRUCTURE - AN E F F F C T  T H A T  M I G H T  B E  UNDESIRABLE.  

PnLYFOAivl RUBBER SHOWED MEASURABLE B E N E F I T  TO Q E S I S T I N G  A P P L I E D  LOAD I F  A COLLAR OR S L E E V E  M A T E R I A L  E X I S T E D .  THERE 
4PPEARS TO 9 E  E X C I T I N G  P O T E N T I A L  I N  SUCH CONSTRUCTION. EFFECTS O F  D E S I G N  I N P U T  SHOULD BF DETERMINED AFTFQ 

D I S P L 4 C E M E h T  LOADS. 

S T I F F Y E S S  IS L E S S  THAN T H A T  O F  THE M E D I A  THEN S O I L  OR ROCK S I D E  ABETMFNTq WILL H E L P  T O  FORM AN ARCH, I F  GREATER THEN 

L 3 A @ I N G  E X P E R I M E N T S  ON P L A F T E R  C Y L I N D E R S  9 IY 0.D. 114 I N  WALL AND 2 1  I N  LONG SURRCUNDED BY 0, 1 / 2 1  1 AND 2 I N C H E S  OF 

CPNSTRUCTION.  FOR T H I S  THE MEASUREMENT OF I N T E R I O R  DISPLACEMENT I S  A S U F F I C I E N T  MEASURE FOR A R T I C U L A T I C N  OF 

37-69-1QQQ2 R A T I O N A L  D E S I G N  O F  TUNNEL SUPPORTS ( MODELS COMPUTERS COST ROCK-STRESS LABORATORY-TESTS 
EXCAVAT ION-METHODS I 
DAEMEN, J. J. K. + FAIRHURST,  C. E S T A R F I E L D ,  A. M. E U N I V  M I N N  M I N N E A P O L I S  M I N N  
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SACRAMENTT? S T A T E  COLLEGE, C A L  SECOND SYMP ON R A P I D  EXCAVATION,  2 - 1  TO 2-23, OCT 16, 1 9 6 9 .  TUNNEL SUPPORTS CAN NOT 
R E  R A T I O N A L L Y  DESIGNED WITHOUT C O N S I D E R A T I O N  OF SUPPORT-ROCK I N T E R A C T I O N .  LOADS I M P O S E D  ON A SUPPORT A R E  STRONGLY 
I N F L U E N C E D  B Y  SUPPORT D E F O R M A B I L I T Y ,  AMOUNT OF ROCK DEFORMATION ALLOWED BEFORE SUPPORT I N S T A L L A T I O N  T G E O S T A T I C  STRESS 
F I E L D  AND ROCK MASS M F C H A N I C A L  PROPERTIES.  H I G H  SPEED COMPUTERS HAVE F A C I L I T A T E D  NUMERICAL METHODS ANALYSES SO THAT 
R F A L I S T I C  TUNNFL SUPPORT D E S I G N  I S  NO LONGER R E S T R I C T E D  B Y  MATHEMATICAL COMPLEXITY.  LACK OF I N F O R M A T I O N  ON ROCK MASS 

REHAVIOR CAN RF O B T A I N E D  FROM LABORATORY S T U D I E S  AND NUMERICAL EXPERIMENTS BUT A F U L L E R  UNDERSTANDING REQUIRES,  I N  

I N  4DVANCE O F  E X C A V A T I O N  IMPOSES L I M I T S  ON D E S I G N  P R E C I S I O N .  MANY D E S I G N  MFTHODS USE Q U I T E  U N R E A L I S T I C  MODELS OF ROCK 
F A I L U R F .  S U B S T A N T I A L  S A V I N G S  I N  TUNNEL COSTS SHOULD R E  P O S S I B L E ,  P A R T I C U L A R L Y  AS D E T A I L S  OF ROCK MASS DEFORMATION 
BEHAVIOQ ARE C L A R I F I E D .  

32dQ=QQQQ1 TUF'NEL SUPPORTS AND L I N I N G S  - A R E V I E W  ( ROCK-BOLTS SHOTCRETE STEEL-SETS 1 

PROPERTIES,  AS I N F L U F N C E D  BY TUNNEL E X C A V A T I O N  METHODS I S  T H E  MAJOR OBSTACLE T O  R A T I O N A L  D E S I G N  PROCEDURES. ROCK 

C O N J U N C T I O N  W l T H  THESE S T U D I E S ,  I N T E R P R E T A T I O N  OF F I E L D  DATA. H A V I N G  TO S P E C I F Y  A S U B S T A N T I A L  PART OF SUPPORT D E S I G N  

MATHEWS, A. A. & AA MATHFWS I N C  A R C A D I A  C A L  
R A P I D  EXCAVATTON - PRORLEMS AND PROGPESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17,  1 9 6 8 .  
SPC. M I N I N G  FNC-RS 1970. CHAPTER 2 3 .  THE D E S I G N  OF SUPPORTS SHOULD RE AN I N T E G R A L  PART OF T U N N E L  DESIGN.  NFW 
MFTHODS OF TUYNEL CONSTRUCTION ALLOW MORE OF A CHOICE I N  SUPPORT DESIGN.  H A N D L I N G  OF SUPPORTS MUST BE A PRIMARY D E S I G N  
F E I T U R F  OF THF RORING MACHINES,. 

22=7.Q=QQQQ2 RFCENT T U N N E L I N G  E X P E R I E N C E  I N  EUROPE ( SHOTCRETE AUSTRIAN-METHOD I T A L Y  1 

P A P I C  E X C A V A T I D N  - PROBL EMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFFRENCE M I N N E A P O L I S T  MAY 15-17,  1 9 6 8 .  
SOT.. M I N I N G  FNGRS 1970. CHAPTER 24. SPRAYING OF CONCRETE ( N O T  GROUT) ON ROCK SOON AFTER B L A S T I N G  WAS FOUND TO 
PREVEVT ROCK RURSTS. BASED ON T H I S  FACT, "THE A U S T R I A N  T U N N E L I N G  METHOD", NOW USUALLY C A L L E D  "SHOTCRETE" WAS DFVELOPED 
1I.I 1 9 5 0  A N 0  I S  @ E I N G  USED I N  MANY EUROPEAN COUNTRIES.  THE METHOD HAS BEEN IMPROVFD AND I S  NOW USED ON P R A C T I C A L L Y  A L L  
UNDFQGPOUND O P F N I N G  f 4 U I L T  I N  AUSTRIA.  HARDENING ACCELERATORS G I V E  Q U I C K E N  STRENGTH AND ALLOW U S E  I N  WET TUNNELS. 
4GGREGATr UP T O  75  MM D I A M E T E R  CAN BE USED. AN H I S T O R I C A L  R E V I E W  OF THE USE I N  S P E C I F I C  TUNNELS IS G I V E N  FOLLOWFD BY AN 
F X P L A N A T I O N  OF THE P R I N C I P L E S  OF THE METHOD W I T H  A D I S C U S S I O N  OF THE IMPORTANT E F F E C T S  OF THE METHCD. 

12--JQ-QQQQl T H E  FUNCTION OF SHflTCRETF I N  SUPPORT AND L I N I N G  OF THF VANCOMVFR R A I L W A Y  TUNNFL ( COST CANADA 

ANGERER, K. E U N I V  H AND T A K T I E N G E S E L L S C H A F T  

I N S T P U M E N T A T I O N  1 
MASON, F. F. C DOLMAGE MASON AND STEWART L T D  

P A P I D  F X C A V A T I P N  - PPORLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SH4FT CONFERENCE M I N N E A P O L I S ,  MAY 15-17,  1 9 6 8 .  
cnc. YINING F Y G R S  1970. CHAPTER 25. T H I S  I S  T H E  F I R S T  AMERICAN J O B  TO USE COARSE-AGGRFGATF ( +  1 1 2  I N C H )  SHQTCRETE 
THF STRUCTURE FORMS A P I L L A R  AND W I L L  CARRY GREATER LOADS TOWARDS THE STRUCTURE - AN E F F E C T  T H A T  MIGHT B E  U N D E S I R 4 B L F .  
L O A D I N G  F X P E Q I M E N T S  ON PLASTER C Y L I N O E R S  9 I N  0.D. 1 / 4  I N  WALL AND 2 1  I N  LONG SURROUNDED BY 01 1 / 2 1  1 AND 2 I N C H E S  OF 
PPLYFOAY QURBFQ SHPWED MEASURABLE B E N E F I T  TO R E S I S T I N G  A P P L I E D  LOAD I F  A COLLAP OR SLEEVE M A T E R I A L  E X I S T E D .  THERE 
PPPFARS TO RF F X C I T I W G  P O T F N T I A L  I N  SUCH CONSTRUCTION. EFFECTS O F  DESIGN I N P U T  SHOULD SF D F T F P M I Y F D  AFTER 
CO~lSTQUCTIOhl .  FOP T H I S  THE MEASUREMFNT OF I N T E R I O R  DISPLACEMENT IS A S U F F I C I F Y T  MEASURE FOR A R T I C U L A T I O N  OF 
D I S P L 4 C E M F N T  LOADS. 

77-69-1QQ42 P A T I O N A L  P E S I G N  OF TUNNEL SUPPORTS ( MODELS COMPUTERS C 9 S T  POCK-STPESS LARPQATPPY-TESTS 
CXCAVATICN-METHCDS 1 
DAFMFNT J .  J. K. + FAIPHURST,  C. E. S T A R F I E L D ,  A. Me E U N I V  M I P J W  M I N N F A P O L I S  M I N N  

TUNNEL SUPPORTS CAN NOT SACPAMFNTP STATE COLLEGE, CAL SECOND SYMP ON R 4 P I D  F X C 4 V A T I O N v  2 - 1  TO 2-23, OCT 1 6 ,  1 9 6 9 .  
9C 9ATTClNALLY OESIGNFD WITHOUT CONS I P F R A f I O N  OF SUPPORT-ROCK I N T F R A C T I O N .  LOAPS I MPOSED DN A SUPPCRT A P E  STRONGLY 

F I E L D  AYD ROCK YASS M F C H A N I C A L  PROPERTIES.  H I G H  SPEFD COMPUTERS HAVE F A C I L I T A T E D  NUMERICAL METHODS AN4LYSES SO THAT 
4 F 4 L I S T I C  TI1NbJFL SUPPOPT D E S I G N  15 NO LONGER R E S T R I C T E D  SY Y A T H F M A T I C 4 L  COMPLEXITY.  LACK OF I N F O R Y A T I O V  ON ROCK MASS 
PQOPCRTIES,  A S  I N F L U F N C E D  BY TUNNEL E X C A V A T I O N  MFTHODS I S  THE MAJOR OBSTACLE TO R A T I O N A L  D E S I G N  PROCEDURFS. POCK 

TNFLIJEVCEn PY SUPPORT O F F O R C A B I L I T Y ,  AYOUNT OF ROCK DEFORMAT I O N  ALLOWED BEFORF SUPPOFT I N S T A L L A T I O N  G E O S T A T I C  STRESS 

P F H A V I O R  CAN 9 F  n R T A I N F D  FROM LABORATORY S T U D I E S  AND NlJMFPICAL EXPEPIMENTS BUT A F U L L E R  UNDERSTANDING QEQUIRES,  I N  
CONJURCTICN NITH THESE S T U D I E S ,  I N T E R P R E T A T I O N  OF F I E L D  D A T A -  H A V I N G  TO S P E C I F Y  A S U S S T A N T I A L  PART OF SUPPORT D E S I G N  
IFJ 4nVANCk rlF F X r A V A T I C N  IMPOSES L I M I T S  @N DFSIGN P R E C I S I O N .  MANY D E S I G N  MFTHODS USE Q U I T E  U N R E A L I S T I C  MODFLS OF ROCK 

Q F H A V I P R  ARF C L A F I F I F D .  

2 3 - 7 0 - Q Q Q Q l  TUNNFL SUPPPRTS AND L I N I N G S  - A P E V I F W  ( ROCK-BOLTS SHOTCRETE STEEL-SETS 1 

R A P I D  EXCAVATI ' IN  - D Q n P L F Y S  AND PR@GQFSS. PROCFEDINGS OF THE TUNNEL AND SPAFT C@NFERENCF M I N N E A P O L I S ,  MAY 15-17,  196E.  

F A I L U R F .  CURSTANTIAL S A V I N G S  I N  TUNNEL COSTS SHOULD RF P O T S I R L E T  P A R T I C U L A R L Y  A S  D E T P I L S  OF RCCK MASS DEFORMATION 

MATHFWS, A .  A. E AA MATHEWS I N C  A R C A D I 4  CAL 

S O C .  M I N I V G  FYGRS 1970. CHAPTFR 23. THE D E S I G N  OF SUPPORTS SHOULD BF AN I N T E G R A L  P 4 R T  OF T U N N F L  DESIGN.  NEW 

FFATURF OF THE 9 O P I N G  P 4 C H I N F S .  
METHODS OF TUNhlCL CONSTPUCTION ALLOW MORE OF A CHOICE I N  SUPPORT DFSIGN.  H A N D L I N G  OF SUPPORTS MUST PF A PRIMARY DESIGhI 

37-70-00007 RFCFlrlT T U N N E L I N G  F X P E P I E N C F  I N  EUROPE I SHOTCRETF AUSTPIAN-METHOD I T A L Y  1 

R A P I C  E X C A V A T I f K  - PQOBLFMS AM0 PROGRFSS. PROCFEDINGS OF THF TUNNFL 4ND SHAFT CONFERENCF M T Y N F A P P L I S ,  MAY 1 5 - 1 7 ,  l Q 6 P .  

PQEVFYT P @ t K  EURSTS. PASFD CM T H I S  F A C T ,  "THE A U S T R I A N  T U V N E L I N G  MFTHCJD", NOM USUPLLY C A L L F O  "SHOTCRFTF" WAS OFVFLO'PEO 

A'ICFRFFr K -  & U N I V  H AND T A K T I F Y G C S F L L S C H A F T  

SOC. M I N I N G  F N G R S  1970. CHAPTER 74. SPRAYING RF CONCRETE (NOT GROUT) ON ROCK SOON AFTCQ R L A S T I N S  WAS FOUNI) TO 

1 N  1 9 5 0  AND I S  S E I N G  USEE? I N  MANY FUQOPEAN C O U V T R I F S .  THE METHOD HAS S E E Y  IMPROVED AND I C  N O d  USEE CY P R A C T I C A L L Y  4 L L  
UNDERGROUND O P F N I N G  P U I L T  IP' AUSTRIA.  HARDFNIVG 4CCFLERATORS G I V E  Q U I C K E N  STRENGTH AND ALLCW USE I N  d F T  TUNNELS. 
AGGRFGATE UP T O  2 5  MM D I A M F T E R  CAN BF IJSED. AY Y I S T O R I C A L  R E V I F W  OF THE USE I N  S P E C I F I C  TUNNFLS I S  G I V E N  FOLLOWED BY AN 
F X P L A Y A T I O N  nF THE D R I N C I P L F S  O C  THE MFTHOr) W I T H  A D I S C U S S I O N  OF THE I M P I R T A N T  EFFECTS OF THF MFTHOD. 

37-70-0QQQ3 THF FUNCTION OF SHOTCPETF I N  SIJPPOKT AND L I W I N G  OF THF V 4 N r O N V E Q  R A I L W A Y  TUV'JEL ( COST C4NACA 
I N T T Q U W F N T A T I O N  1 
PASON, E. E. & DOLMAGF MASON AND STEWART L T C  

R A P I D  E X C A V A T I O N  - PRPBLFMS AND PPOGRFSS. PRPCFFDINGS OF THE TUNNEL AND CHAFT CONFERENCE MIYNFAPOL I S ,  NAY 1 5 - 1 7 ,  1968.  
SOC. M I N I N G  EYGRS 1970. CHAPTFR 25.  T H I 5  I S  THE F I R S T  4YERICAhl Jne TO USE COARSE-AGGREGATE ( +  1/7 I N C H )  SHOTCRETF 
TFCHNIQlJE FOP P R I M A R Y  SUPP@RT AND L I N I N G .  THE E S T I M A T E  FOR C C h V E N T I O N A L  STEEL SUPPORT AN@ CONCRETE L I N I N G  FOR THE 2 9  X 
7 @  F T  1 0 , 7 6 0  F T  LONG TUNNEL WAS ! W O O / L I N  F T .  SHOTCRETF SUPPORT OF 6 I N C H E S  ON ARCH 4 I N C H E S  ON WALLS WAS S T A B L F  AN0 
COST ONLY 6 1 0 0 1 L I N  FT.  SHOTCQETF WAS A P P L I E D  TO T H F  ARCH FROM A F L Y I Y G  DECK WHICH W4S EXTENOFD CVER THE MUCK P I L F  FROY 
THF JUMSO. DFS I G N  P P I N C I P L E S ,  I N S T R U Y E N T A T I O N  USFD AND MFTHOD OF A P P L I C A T I O N  ARE GIVEN.  

32-70-OQQQ4 FRFEZIbJG TFCHNIQUES F"R SHAFT SUPPORT 

9 4 P I O  F X C 4 V A T I O N  - PROBLEMS AND PPOGPESS. PF'lCFEDINGS OF THF TUNNFL 4YI)  SHAFT CONFEPENCF M I N N F A P O L I S ,  MAY 1 5 - 1 7 ,  1 Q 6 R .  
B R A I T H W A I T F ,  T. P .  & CEMENTATION CO. CF CAN. L T D  

SqC. M I V I N G  FVGRS 1970. CHAPTEP 27. F R E E Z I N G  METHOD FOR S I N K I N G  SH4FTS THROUGH UNSTABLE WATERBEAD I N G  FOPMATIONS 
C 4 N  O B T A I N  AVERAGE RATFS OF 140 FT/MO. VETHOD I S  D I S C R I R F D .  A CflLOR F I L M  SHOWING FREEZIYC-  TECHNIQUES I S  A V A I L A B L F  F 9 3 Y  
Ai lTHrlRS COMPANY. 

F I E L n  33 GrlVERNMEIVT P F P O P T S  

1i=f+1QQQJ. nFSTGN n F  T l l N N F L  L I N E R S  AND SUPPORT SYSTEMS ( EXCAVATInW T R A N 5 P O S T A T I O N  UNDERGROUND RPCK S n I L S  STQCSS 
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S T R A I N  E L  A S T  I C  P L A S T I C  GEO LOG1 CAL-C L A  S S I F  I CAT I ON 
DEERE, D. U. E U N I V  I L L I N O I S  C 

U N I V E R S I T Y  O F  I L L I N O I S ,  I N T E R I M  REPORT, ( 1 2 5  P A G E S )  UNDER CONTRACT NO. 3-0152 FOR O F F I C E  OF H I G H  SPEED GROUND 
TRANSPORATION, U. S. DEPARTMENT OF TRANSPORTATION,  OCT 1968. ON THE B A S I S  O F  AN E S T I M A T E D  E X P E N D I T U R E  O F  870 
M I L L I O N  ON F X C A V A T I O N  OF UNDERGROUND F A C I L I T I E S  AND ALSO THAT TUNNEL L I N I N G  WILL ACCOUNT FOR 30  T O  40 PERCENT O F  T U N N E L  

L I N I N G S  ARE AT PRESENT D E S I G N E D  P R I M A R I L Y  B Y  S I M P L I F I E D  E M P I R I C A L  METHODS. T H I S  REPORT PROPOSES NEW TUNNEL L I N I N G  
D E S I G N  METHODS BASED ON A U N I O N  OF T H E O R E T I C A L  C O N S I D E R A T I O N  AND E M P I R I C A L  KNOWLEDGE G A I N E D  FROM F I E L D  OBSERVATIONS 
W I T H  W H I C H  IMPROVED AND MORE ECONOMICAL TUNNEL L I N I N G  CAN BE DEVELOPED. THE REPORT C O N S I D E R S  T H E  FUNDAMENTAL CONCEPTS 
OF TUNNFL BEHAVIOR AND T H E  EFFECTS OF THE CONSTRUCTION PROCESS ON THE TIME-DEPENDED E Q U I L I B R I U M  C O N D I T I G N S  OF T H E  
TUNNEL MEDIUM. E X I S T I N G  T H E O R I E S  AND PRACTICES O F  TUNNEL L I N I N G  ARE REVIEWED.  A GENERAL C L A S S I F I C A T I O N  SYSTEM FOR 
GFOLOGIC M A T E S I A L S  I S  PRESENTED. A GENERAL R E L A T I O N  IS DRAWN BETWEEN GEOLOGIC M A T E R I A L S ,  PROBLEMS AND B E H A V I O R  OF 
TUNNELS I N  THOSE M A T E R I A L S ,  AND THE GENERAL D E S I G N  APPROACH ( S O I L - M E C H A N I C S ,  ROCK-MECHANIC, AND CONTINUUM MECHANICS)  T O  
BF USED. THE BEHAVIOR OF I N D I V I D U A L  L I N E D  AND U N L I N E D  TUNNELS I S  CONSIDERED. F I E L D  O B S E P V A T I C N S  O F  DEFORMATIONS 
AND STRESSES I N  S P E C I F I C  TUNNELS ARE EXAMINED AND EVALUATED. RECOMMENDATIONS ARE G I V E N  FOR IMPROVED T U N N E L  L I N I N G  
D E S I G N  PQOCEDURES AND CONSTRUCTION TECHNIQUES WHICH ALSO I N C L U D E  I N N O V A T I O N S  I N  TECHNIQUES AND M A T E R I A L S .  

23-69-030Q1 D E S I G N  OF TUNNEL L I N E R S  AND SUPPORT SYSTEMS ( STRESS S T R A I N  B L A S T I N G  B O R I N G  

COSTS, T H E  REPORT PROPOSES THAT EVEN MINOR IMPROVEMFNTS I N  D E S I G N  AND CONSTRUCTION CAN RESULT I N  LARGE SAVINGS.  TUNNEL 

OERRE, D. U. + MDNSCES, J. E. + PECK, R. 6. E SCHMIDT, Be E U N I V  I L L I N O I S  
T H I S  I N C L U D E S  WORK FROM THE EXPLORATORY F I N A L  RFPORT FOR O F F I C F  OF H I G H  SPEED GROUND TRANSPORTATION,  F E B  1969. 

STAGE TO THE TUNNELS COMPLFTION.  TUNNEL L I N E R  AND SUPPORT SYSTEM D E S I G N  DEPENDS T O  A LARGE E X T F N T  CN T H E  GEOLOGY 
THROUGH WHICH THE TUNYFL PASSES AND T H E  METHOD OF TUNNELING.  L I N I N G  COSTS MAY RANGE FROM 10 TO 2 0  PERCENT OF THE T O T A L  
COST FOR M A C H I N F n  TUWNELS I N  COMPETENT RDCK T O  MOPE THAN 50  PERCENT FOR B L A S T E D  TUNNELS I N  POOR ROCK. A L L  TUNNELS 
ARE I N  STRATA WHICH WAS S T A T I C A L L Y  OR DYNAMICALLY I N  BALANCE BEFORE D R I L L I N G .  TO M A I N T A I N  T H I S  E Q U I L I B R I U M  THE 
CALCULATED SUPPORT SHnULD B E  I N S T A L L E D  AS Q U I C K L Y  AS P O S S I B L F .  HOWEVER? T H E  SUPPORT MECHANISM SHOULD B E  SUCH T H A T  THE 
M A T E R I A L  AROUND THE TUNNEL W I L L  DEVELOP I T S  GREATEST STRFNGTH. STRUCTURE AT TUNNEL L E V E L  C A N  BE DETERMINED BY 
F I E L D  MAPPING, A I R  PHOTOS, PREVIOUS AREA E X P E R I E N C E  AND EXPLORATORY BORING. RECOMMENDED B O P I N G  SPACINGS FOR VARIOUS 
TUNNEL DEPTHS ARE GIVEN.  W I T H  T H I S  I N F O R M A T I O N  TUNNEL S T A B I L I T Y  CAN B F  ANALYZED AND P R E L I M I N A R Y  D E S I G N  I N I T I A T E D .  
A P P F N D I X  I I1 G I V E S  A THOROUGH A N A L Y S I S  OF STRESS D I S T R I B U T I O N  AND DEFORMATION AROUND C I R C U L A R  UNDERGROUND OPENINGS. 
TUNNCL STRUCTURE C A N  B E  COMPUTERIZED AND FOR V A R I O U S  C O N D I T I O N S  T H F  STRESSES A N 0  S T R A I N S  O B T A I N E D .  
DEVELOPED A ROCK Q U A L I T Y  D E T E R M I N A T I O N  (RQD) WHICH I S  L I S T E D  W I T H  TUNNEL S I Z E  TO G I V E  SUPPORT REQUIREMENTS. RQD HAS 
ALSO BECN CORRELATED W I T H  "ROCK LOADS AND C L A S S I F I C A T I O N S " ,  " U N I F I E D  C L A S S I F I C A T I O N  OF GEOLOGIC MATERIALS" ,  
"COQRELATION O F  J O I N T - Y P A C I N G  C L A S S I F I C A T I O N I I ,  " R E L A T I O N S H I P  BETWEEN T E R Z A G H I ' S  B E H A V I O R I S T I C  C L A S S I F I C A T I O N  AND THE 
P S I Y A R Y  C L A S S 1  F I C A T I O N  I N C L U D I N G  THE E F F E C T  OF THF H Y D R A U L I C  CONDITIONSgV AND "SUPPQQT RECOMMENDATICNS FOR TUNNELS I N  
ROCK" TO A I D  I N  T'JNNEL SUPPORT FVALUATION.  T U N N F L I N G  BY B O R I N G  I S  S T I L L  DEVELOPMENTAL. B O R I N G  I S  FASTER AND DOES 
N n T  D I S T U R B  THC F O R M A T I n N  AS MUCH AS ORDINARY R L A S T I N G  BUT HAD THE DISADVANTAGES OF LARGE I N I T I A L  EQUIPMENT COST, 
'=LAPSED T I M F  FOR PORING EQUIPMENT D E L I V E R Y  AY9 THF EQUIPMFNT I N T F R F E R F N C E  W I T H  CONSTRUCTING TUNNEL SUPPORTS SUCH AS 
SHOTCRETF OR ROCK BOLTS. B L A S T I N G  TECHNIQUES H A V E  BEEN IMPROVED 3 Y  SMOOTHWALL PERIMETER B L A S T I N G  AND M I  CQOSECOND D E L A Y  
BLAST DETONATICJN BUT AS Y F T  THESE HAVE NOT SEEN PROPERLY EVALUATED.  ROCK BEHAVES N E I T H E R  AS AN E L A S T I C  NOR AS AN 
E L A S T I C - F L A S T I  C V A T E P I A L  BUT LARGELY AS AN E R S A T I C  AND U N P S E D I C T A B L E  D I  SCONTINUUM. PROBLEMS ARE GENERALLY I N T A N G I B L E  

THEC19FTIr 4 L  AND E M P I R I C A L  KNOWLEDGE MOQE ECONOMICAL TUNNFL L I N I N G S  CAN BE DEVELOPED. STRUCTUQAL R E I S O N S  MAY R E Q U I R E  
VARIOUS SUPPOPT SYSTFVS BUT T H A T  USED MAY B E  TO A C H I E V F  UNIFClRM CONST9UCTIOY PROCEDURE OR WORKER PSYCHULCGICAL 
WFLL-SETNG. WHFN SUPPORT F A I L U R E S  DO OCCUS THFY GFNFRALLY APPFAR AS GRADUAL Y I E L D I N G  OR B U C K L I N G  WHICH P R O V I D E S  T I M E  

THE C 4 S E  HISTORY.  166 RFFS.  

3339-oSQQl STRUCTURAL D F S I G N  DATA FOR UNREINFORCFD CONCRETE TUNNEL L I N I N G S  

U.S. BUS. M I N F S  - RFPr)RT I N V E S T I G A T I O N S  72977 4 3 1  SEPT. 1969. STRUCTURAL D E S I G N  DATA FOR UNREINFORCED CONCRETE 
TUNYEL L I N E R S .  THRFF BAS I C  SHAPES ARE USFD - C I S C U L A R ,  PECTANGULAR AND HORSESHOE W I T H  D I M E N S I O N S  DEVELOPED AS STANDARD 
SY M I N I N G  INDUSTRY.  T H E  D I R E C T  S T I F F N E S S  M A T R I X  METHOD WAS U S F D  TO MAKE THE A N A L Y S I S .  A COMPUTER WAS USED TO DEVELOP 
THF STRESS ANI) D E F L E C T I O N  C O E F F I C I E N T S .  

I L L  U N I V  HAS 

4YD D E S I G N  DEPFNDS ON THE ACCURACY OF E S T I M A T E S  AND T H F  COST OF R E P A I R I N G  O C C A S I O N A L  LOCAL F A I L U R E S .  R Y  C O M B I N I N G  

FOR CORRECTIVE MFASUPES. UNFORTUNATELY C O R R F C T I V E  YEASURES ARE USUALLY TAKEN WITHOUT ANY EFFORT B E I Y G  MADE TO PRESENT 

DIXON,  J. D e  E U.S. BUR M I N E S  DEYVFR 

F I E L D  3 4  A R T I C L F S  

3/+-37-QIQQl MOnFRN T U F I N F L - L I N I N G  METHODS ( RATLSqAD-TUYYELS C O N C S E T E - L I N I N G  PNEUMATIC-PLACFD-CONCRETE 1 
MAYO, R. 5 .  

rOMPRESSFD A I R  MAGAZINE,  (42) 5376-5375, J U L Y  1937. DFVELOPMENT OF CONCRETF L I N I N G  METHODS H A S  CHANGED T H F  PATTERN 
TF TUNNFL L I N I N G S .  W S T  E I R L Y  TUNNELS WERE U Y L I N E D  BECAUSE S R I C K  AND STONE MASONRY WAS SO E X P E N S I V E .  NCW TUNNELS ARE 
L I N E ' I  W I T H  CONCRFTF AS A GENERAL PRACTICE.  T H F  PNEUMATIC COVCRETE GUN HAS RFPLACED YANO P L A C I N G .  USE CIF T E L E S C O P I N G  
FnRMS AND LOCAL MIXERS HAS INCREASED T H E  SPEED OF PLACFMENT T O  ABOUT 200 F T / D A Y .  W I T H  MODFRN MACHINERY A CONCRETE GANG 
CAN L X N E  BETiJFFN 4,000 AND '5,000 F T  OF TUNYEL I N  A MONTH. 

34-44-11491 STRE5SFS I N  THE L I N I N G  OF S H I E L D - D R I V F N  T U Y Y E L S  ( P R E S S U R E - D I S T R I B U T I O N  S T E E L  ) 

AM SOC OF C I V I L  FNGQS, ( 7 0 )  1363-1394, NOV. 1944. I N  D E S I G N I N G  L I V I N G  OF S H I E L D - D R I V E N  TUNVELS,  T H E  ERRONEOUS 
ASSUMPTIWJ IS CURQENTLY MADE THAT V E 9 T I C A L  S O I L  R F A C T I O N S  ARE UNIFORMLY D I S T Q I R U T E V  OVER THE H O R I Z O N T 4 L  D I A M  OF THE 

* O I N T  T? P n I N T .  WHEN T H E I R  D I S T R I B U T I O N  TS DETERMINED R Y  R A T I O N A L  METHODS I T  I S  FOUND THAT THE STQESSES ARE LOWER THAN 

F L F X I S I L I T Y ,  FURTHER REDUCES THE STRESSES AVD, THUS, AN FCONOMIC CROSS S F C T I q N  HAY BE DETERMINED.  S T E E L  I S  MORE 

B U L L 7  A.  6 B'3ARD OF TRANS N.Y. 

L I N I N G .  " A C T I V E "  PRFSSURES, THOSE OF T H E  SURROUNDING GPOUND, AND R E S U L T I N G  " P A S S I V E "  PRESSURES E X 1  ST; THESE VARY FROM 

P Q E V I O U S L Y  Fr3UfrlOt P E P Y I T T I N G  THE CROSS S E C T I O N  TO B E  RFDUCED. SUCH REDUCTION,  RFCAUSE OF T H E  CONSEQUENT I N C R E b S E  I N  

F C P Y O Y I C 4 L  THAN CAST I R O N  BECAUSE OF I T S  HIGHES T E N S I L E  STRENGTH, L I G H T E R  WEIGHT SEGMENTS, A B I L I T Y  TO SPAN WIDER 
ANGLES, so THLIT T H E  NUYRFR OF JOINTS PER RING M A Y  BE REDUCED AND ERECTION FACILITATED. STEEL SEGMENTS A R E  SIMPLER TO 
YANUFACTURE ANI? MAY RF J n I N F C I  BY R E S I S T A N C E  WELDING, THUS F A C I L I T A T I N G  E R E C T I O N  AND WATERPROOFING. ONE OBJECT I O N  
Til RFDlJrTTON OF WEIGHT @ F  L I N I N G  M I G H T  BE THAT A LARGE CROSS S F C T I O N  TS YECESSARY FUR R E S I 5 T I N G  PRESSURFS OF SHOVING 
J4CKS.  A SOL?ITIOY WOULD BE S C A F F O L D I N G  OF WHICH A S U I T A B L E  METHOD MUST BF, AND CAN BE, DEVELnPED.  

3L-hl-030Ql USF 7F PPFSSURE GROUTING TO S T A B I L I Z F  GROUND I N  T H F  SAN MANUEL Y I N E S  ( GROUND-SUPPORT 1 

Y I Y I h ' G  C Y G I Y E E 9 T N G ,  (13) 255-2611 WAR 1961. T H E  SAN MANUEL COPPER CORD. IS O N F  OF T H f  F I R S T  M I N E S  I N  AMERICA TO 
U S F  P k F S S U R F  GROUT E X T F N S I V E L Y  AS A GROUND S T A B I L I Z E S .  NEW T I M B E R  I S  B E I N G  REPLACFD RY CONCRETE WHICH D I M I N I S H E S  THE 
NEED FOR R E P A I R  GROUTING. W I T H  NEW OEVELOPMENTS AND A P P L I C A T I O N S ,  THE E M P H A S I S  W I L L  BE S H I F T E D  TO GROUTING I Y  
D R F P A Q A T I O N  FOP EXCAVATION.  

1kb2=Q5Q121 EARTH PRESSURE ON M U L T I P L E  TUNNELS ( EARTH-MECHANICS GROUND-STRESS 

GClSS,  J. W .  + COOLBAUGH, M. J. E SAN MANUEL COPPER CO A R I Z  

COATES, D. F. + MCRORIE, E. L. E STEEP ROCK I R O N  M I N E S  L T D  
C A N A D I A N  N A T I O N A L  RESEARCH COUNCIL- -ASSOCIATED COMMITTEE ON S O I L  ANO SNOW MECHANICS SOC. ( 5  1 115-1379 JUNE 1962. 
Y I C L D I N G  ARCH q F T S  WERE I N S T A L L E D  I N  THREE P A R A L L E L  TUNNELS WHICH k E R E  D R I V E N  650 FT.  RELOW T H E  GQ@UND SURFACE. LOAD 
C E L L S  WERE I N S T A L L E D  UNDER T H E  L E G S  OF THE SETS AND I N  THE GROUND ADJACENT TO THE SETS. DEFORMATIGN R E A D I N G S  OF SETS 
WERE OBSE'7VED. RESULTS OF LABORATORY AND F I E L D  T F S T S  ARE REPORTED. E M P I R I C A L  DATA I Y D I C A T I N G  T H E  MAGNITUDF OF THE 
LOADS ARE PRESFNTED. DATA I S  ANALYZED TO DETERMINE ACTUAL EARTH PRESSURES. V F R T I C A L  PRESSURF WAS ABOUT THE S4ME AS 
T H F  WEIGHT OF FROM 4.0 F T .  TO 7.8 FT. OF BROKFN MATERIAL.  
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34-63-uQQ1 GROUTED ROCK BOLTS FOR PERMANENT SUPPORT OF MAJOR UNDERGROUND WORKS ( DEFORMED-BARS HOLLOW-CORE-BARS 
EPOXY COST ROND ) 
PENDER, F. B. + HOSKING, A. D. + M4TTNERq R. H. E. SNOWY MTN HYDRO-ELECTRIC AUTH 

THE I N S T I T U T I O N  OF ENGINEERS, A U S T R A L I A ,  135) 129-150, JULY-AUG 1963. ROCK BOLTS HAVE BEEN USED I N  M I N I N G  FOR 

Y4JC)R USE OF ROCK BOLTS WAS I N  1956. USUALLY 1 I N C H  DIAMETER 8 F E E T  LONG B O L T S  ARE PLACED I N  1-518 I N C H  D I A M E T F R  
HOLFS. DFFORMFD HOLLOW CORE BARS ARE USED FOR A L L  GROUTED BARS. PROPERTIES OF VARIOUS BARS ARF G I V E N  AND THE RESULTS OF 
PULL  OUT TESTS ON P L 4 I N i  EPOXY R E S I N  COATED, SAND EPOXY COATED, DEFORMED HOLLOW CORE AND CONTINUOUSLY THREADED BARS ARE 
GIVEN.  SAND FPOXY COATED BARS HAD HIGHEST BOND STRENGTH BUT NOT S U F F I C I E N T L Y , B E T T E R  THAN DEFORMED PARS TO WARPANT THE 
GREATER FPOXY PROCFSS COST. HOLLOW CORE BARS P E R M I T  DEAERATION W H I L E  I N J E C T I O N  GROUTING. ROCK B O L T  S E A L I N G  METHODS, 
GROUT FORMULATIONS AND GROUTING PROCEDURES ARE DISCUSSED.  THE THEORY OF ROCK BOLT SUPPORT, ROCK BEHAVIOR AND 
ADVANTAGES OF ROCK BOLTS ARE GIVEN.  NORMAL ROCK B O L T I N G  ALLOWED T W I C E  THE ADVANCE RATE O B T A I N E O  WHEN U S I N G  L I G H T  STEEL 
SETS. 

CONSIDFRABLE T I M E  RUT HAVE BEEN A P P L I E D  TO C I V I L  E N G I N E E R I N G  UNDERGROUND WORK ONLY S I N C E  1950. THE AUTHORITY 'S  F I R S T  

%-SfL=plQQl. USF n F  R F S I N S  I N  M I N E  ROOF SUPPORT ( CEMENT C U R I N G  CORROSION PULL-TESTS 1 

Y I N I Y G  E N G I N E F R I N G ,  16-40, JAN. 1967. THE USE OF R F S I N  I N  CONJUNCTION W I T H  ROOF BOLTS MAKES T H E  PERMANENT BOLT 
ANCHORAGE KNflWN. T 3  REDUCE' THE COST NEW I N J E C T I O N  TECHNIQUES WERE DEVELOPED. THE PPESENT COST FOR A 7 / 8 - I N  RE-BAR I N  
4 6-FT HOLE IS A YAXIMUM OF $4.50. R F S I N  CAN 9 E  USFD I N  WET AND DRY C O N D I T I O N S ;  I T  HAS A MAXIMUM T E N S I L E  STRENGTH OF 

MCLEANt D. C. E AMERICAN CYANAMID CO 

aooo PSI, COMPRESSIVF S T R F Y G T H  UP T O  20,ooo PSI. 

9 4 s 6 k Q Z Q Q l  HOW TO FORY SMALL-TUNNEL L I N I N G S  ECONOMICALLY ( CONCRETE-L IN ING PNEUMATIC-CONCRETE 1 

E N G I N E F R I N G  AND CONTRACT RECORD, 57-60, MAR 1964. A S P E C I A L L Y  DEVELOPED SHOP MANUFACTURED H I N G E D  S T E E L  FORM I S  AN 
ECONOMICAL MEANS OF FORMING 6 FT. TO 1 5  F T .  D IAMETER TUNNEL L I N I N G S .  I T  I S  DESIGNED FOR L I C I T E D  SPACE, EASY ERECTION 

DTAMFTFR TUNNFLS CONCPFTE MUST BE PLACED P N E U M A T I C A L L Y  AND V I B R A T E D  THOROUGHLY. S P E C I A L  PROBLEMS HPVE BEEN SOLVED SO 
THAT THE MFTHOC I S  Q U I T E  V E R S A T I L E .  

34-64-Q3QQz SOME I N V F S T I G A T I O N S  I N T O  THE T E N S I O N A L  REHAVIOR AN0 I N F L U E N C F  OF B O L T I N G  REINFORCEMENTS I N  M I N E  ROADWAYS 

D O W I E t  J. G. & DELEUW CATHER AND CD 

AND S T R I P P I N G .  B U I L T  I N  1 0  FT. SECTIONS,  I T  COMES I N  TWO SECTIONS WHICH BOLT TOGETHER FOP A F U L L  C I R C L E .  I N  SUCH SMALL 

( SUPPORTS GRPUND-CONTROL ROOF-BOLTS 1 
PFAPSOYt  G. M e  + SMITH,  R -  J. & U N I V  NEWCASTLE UPCIN TYNE 

M I N I N G  'MGINEERING, 698-703, MAR 11, 1964. A SUMMARY OF FOUR YEARS OF STUDY OF B O L T I N G  REINFORCEMENT I N  THE 

TYNE. 4 CUMlulARv n F  THE GEYEQAL P R I N C I P L E S  CIF BOLT YEINFORCEMENT AND TYE ROLE OF SCLT ANCHCRAGE AND I N I T I A L  TENSION.  

3&=f+&QQ1 P9EFAPR I C A T F D  SFCTIONS USFD I N  CONSTRUCTION OF WEBSTFR STREET TUYNEL ( SUBAQUEOUS-TUNNELS 

C I V I L  E N G I N F F R I M G  AND P U R L I C  WOPKE REVIEW, 453-47 APR 1964. WCBSTFR STREET TUNNEL RFTWEEN OAKLAND A?(D ALAPFDA, 
C A L I F .  TOPK 3 1 / 2  YDS ANO $ 1 7  M I L L I O N  TO B U I L D .  T H E  PORTALS W I L L  C O N T A I N  ALL V F N T I L A T I N G  AND E L E C T R I C P L  FQUIPMENT. 4 

rY3RTHEnN C O A L F I E L P S  (ENGLAND)  AND I N  T H E  STRATA CONTROL RESEARCH L A P  AT K I N G S  COLLFGE, U N I V E R S I T Y  OF NEWCASTLF UPON 

SALTED, R .  J. 

CAST I N  PC ACE S F C T I O N  OF 7 8 3  FT.  WAS R l J I L T  UNDER THE SHORE AND 17 PERCENT SEGMFNTS OF 200 FT. EACH WERF SUNK W I T H  A 
DREDG'D TREVCH. T h E  SFG'JENTS HAVE AN OD QF 37 F T .  AND A WALL T H I C K N E S S  OF 2 1/7 F T .  THE ROADWAY J S  24 FT. WIDF W I T H  A 
V E R T I C A L  rLCAPANCE flF 15 FT.  4ND HAS A 3 FT. WIDE FOOTPATH FOR PEDESTRI4NS.  THE V O I D  PENEATH THE ROAD S U P P L I E S  FPESH 
A I R  PNO T H F  SPACE ARPVF THE ROOF FXHAUSTS THE A I R .  METHODS OF CONSTRUCTION AND P L A C I N G  AND THE VARIOUS D I F F I C U L T I E S  
EYCOUNTCRFD APE O F ~ C Q I Q E D .  

~ A ~ & = N Q Q ~  n n n E m  YETHCIPS O F  LIVING TUYNELS ( SUPPORTS 
HASWFLL, C. K. G CONSULTING ENGYS 

C I V I L  F N G I N F F P  I Y G  TUNNELS FEATURE, 893-8997 JUNE 1965. I N  C E R T A I N  ROCKS NO L I N I N G  I S  PEQUIRED.  AS CONCRETF I S  
KNCWV TO INCREASE I N  VOLUME UNDER WATER T H I S  USE OF WATFR STOPS HAS GENERALLY REEN APANDONFD. T H I S  STOPS T H F  PPOBLEM 
n F  PQOP'Q CEYPACTIDY OF CONCRETE AT WATER STOPS. WHEN THE ROCK I S  Gf lqn ,  ALL THAT I S  NFEDED I S  A F A C I N G  TO A TUNYEL. 
CONCRETE ChN B F  SPRAYFn CN RY USE OF AN ALIVAGUN. SPEEDS OF UP TO 1 3  CU. YO. OF C O W R E T E  PFR HOUR MAY BE A C H I E V E @  
USING S O Y '  500 CU. FT. OF C(3MPRESSED A I R  PER M I N U T F .  THF C I R C U L A R  S H I C L n  OF CAST I R O N  I S  USED FOR SOFT GROUND. 
CONCRFTF I S  USED TO0AY I N  L I N I N G .  THE LENGTH O F  SEGYENT I S  USUALLY 2 FEET AS COMPARED W I T H  1 FOOT 8 I N .  FOQ CAST I R O k .  
F L F X I R L E  L I N I N G S  ARE SFING U S E 0  MADE UP W I T H  P L A I N - P R E C A S T  CONCRETF SEGMENTS. A SFCclNDARY TUNNEL L I N I N G  HAS THE 
CUNCTInrY OF RFOUCING H Y P Q A U L I C  LDSSES n R  V F A L I N G  W I T H  GROUND- WATER PEPCOLATIOY.  I F  THE L I N I N G  I S  NOT IMPEQCEABLE AI![) 
'rlATFQ SEEPAGF HAS TCI PF DEALT V I T H  E F F C C T I V F L Y  E I T H E R  A WATER PROOF MFMRRANF SHOULD R E  I N S T A L L E D  AT THF EXTRADOS OF THE 
TUNNEL OR A SCCOYPARY L I N I N G  W I T H  AN A I 9  GAP SHOULD B E  USED. 

1 4 - 4 4 - u Q Q l  FECEFlT OFVFLOPMFNTS I N  Pf lOF R n L T I Y G  AND ROOF BOLT I Y S T A L L A T I O N  PROCFnlJRE ( '?@OF-STUDS SUPPOPTS 1 

C A N A D I A Y  Y I N I N G  Ah!D u F T A L L U P G I r 4 L  R U L L F T I N ,  ( 5 7 1  1050-1067, OCT 1964. QOOF BOLTS AYD STUDS ANCI-GR RCCK TO PREVEYT 
Cr iLLAPSF.  COPQECT I Y S T A L L 4 T I f l Y  PROCFDURF I S  IMPORTANT. TWFNTY-F IVE PFRCFNT GF A L L  PROPERLY I N S T A L L F D  B O L T S  HAVE L A T E R  
PFEN F3UQD T n  9 F  L n O S F  OR I U F F F E C T I V E .  FACT?9S C P U S I N C  L O S S  OF T E N S I O Y  (1) F R I C T I O N  ( 2 )  O V E R S I Z E  HOLES (3) R I F L I N G  OF 
qC)LE S I n F S  (4) SHnCK W4VFS. P?flF STUDS A Q E  Y'1QF USEFIJL THAN RnOF ROLTS BECAUSE ( 1 )  THRFAC!ED 9 V  BOTH EYDS (2) TORSIONAL 
EFFFCTS A R E  PEOUCFn. 

T H I E L ?  P.  5 .  G F L H4TC"IN LTD Jn' iANNFSBUPG 

+34-64-11QQ1 T r l F  NFW AlJSTRIAK TUNNELING MIFTH'30, P 4 R T  I ( L I N I N G S  SPQAYED-CVNCRETE RnCK-BOLTS SHOT-CRETE 1 
R A S t C W I C Z ,  L. V. 

44TEO PCIWFF, 4 5 3 - 4 5 7 1  YOV 1964. AFTFR D F S C R I R I N G  THE INFLUENCE OF R3CK PRESSURE F F F E C T S  ON TIJNNEL L I N I N G S ,  THE 
AUTHC!' I J Y q C P L I N E S  TMF INADFQUACY OF CCNVFNTIOYAL TtJNMEL D R I V I N G  ANI' L I N I N G  METHDDS IY DOOR GROUND AND E X P L A I N S  THE 
F F F F C T I V E N E < S  AYD 9 F L I A B I L I T Y  OF A NEW METHnD C O N S I S T I N G  OF A T H I N  SPRAYFD CONCRETF L I N I N G  CLOSED AT THE E A R L I E S T  
YOMENT BY A N  I N V F R T  TO A COMDLETF R I N G  ( P U X I L I A Q Y  ARCH). SFE 34-64-17003 AND 34-65-010001 FOR P E S T  f lF A R T I C L F .  

-- 34-64-1?Qu FLOW S L I Q I - S  PROVF HAZARDOUS IN C O L P Y R I A  TUNNFLS ( SUPPORTS L I N I N G S  WATER-TUNNELS 1 
LI, c .  Y. 

C ' V I L  F N C I N F F Q  ING,  51-c.3, DFC 1964. FLOW S L I P E S  WERE E X P E R I C Y C E D  Q F P E A T E D L Y  I N  D R I V I N G  THE EARTH SECTIONS OF 
TEYCHF TUYNFL AND THF D I V E R S I O Y  TlJNNFL FOR Y I R A C L O R A  DAM. CAUSES OF THE FLOWS AND REMEDIAL  A C T I O N  TO CONTROL FLOWS ARE 
D C T 4 1 L E D .  

-- 1 4 - b 4 = E Q Q 2  USE C!F R E S I N S  I N  M I V E  ROnF SUPPORT ( G40UTI rYG RF-9ARS 90CK-CONSOLIOATI f 'N  1 

4M. I Y S T .  CIN.  MET4L. F, PFTROLEUM FNGR. TRANS., (229) 3R4-3R59 DFC-  1964. GQOUTED R@CF BOLTS PRESFRVE THE O R I G I V k L  
Rr)CK WHICH I S  THE BEST AND CHEAPEST Y A T F R I A L  F O R  GROUND SUPPORT. P E S I N  PROVIDES MANY ROCK C O N S O L I C A T I O N  TECHNIQUES 
PREVI f lUSLY U N A V A I L A B L E .  STEFL  RE-RARS (7/8 @ I A M  X 6 F T )  WERE F U L L Y  GQr)UTFD ON 24- TO 30-1'4. CENTERS AND F I L L E D  W I T H  60 
r U .  14. '?F R E S I N .  FORTY-E IGHT H@URS L A T F R  POST T E N S I O N  ROLTS SUPPORTED MAXIMUM OF 400 FT-LPS TORQUE (CREIGHTON NO. 3 
OPERATI ' lNS).  THF A P P L I C A T I O N S  DESCRISED ARE THOSF I N  WHICH C Y A N A q I D I >  ROC LOC M I N I N G  K I T S  NERE USED E X C L U S I V E L Y .  

MCLFAN, 0. C. + YCKAYt  S. A .  & P'NN U N I V  

34-64==922 THF NEW A U S T R I A N  TUNNELING METHOO P A P T  I1  ( L I N I Y G S  SPRAYED-CONCQETE ROCK ROLTS SHC'TCRFTF 1 
RABCEWICZ, L .  V. 

YATF!? P7WCR, 5 1 1 - 5 1 5 7  ncC 1964. SEVERAL ACTUPL TUNNELS U S I N G  THE SHOTCRETE METHOD 4RF DESCRIBFC.  S E E  ALSO 
14-64-11001 A Y D  34-65-01001. 
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24-65-01QQl T H E  NEW A U S T R I A N  T U N N E L I N G  METHOD P A R T  111 ( L I N I N G S  SPRAYED-CONCRETE ROCK-BOLTS SHOT-CREfE 

WATER POWER, 19-24? J A N  1965. DEFORMATION MEASUREMENTS MUST BE MADE TO D E T E R M I N E  T H E  T H I C K N E S S  OF L I N I N G  NEEDED-  
SHOT CRETE MUST FOLLOH T H E  D R I V I N G  PROCESS VERY C L O S E L Y  TO O B T A I N  MAXIMUM B E N E F I T .  THE WORSE T H E  ROCK T H E  GREATER THE 
S A V I N G S  P O T E N T I A L .  AN EXAMPLE I S  G I V E N  OF A T U N N E L  CONSTRUCTION WHICH HAS RESCUED B Y  USE O F  OF SHOTCRETE. SEE ALSO 
34-64-1101 AND 34-64-12003. 

34-65f iQQl  J O I N T  D E S I G N  O F  REINFORCED CONCRETE T U B I N G  I N  TUNNEL CONSTRUCTION ( C U R I N G  L E A K I N G  LOAD-CARRYING 

RABCEWICZV L. V. 

EPOXY-RES I N  HEAT-CURING T U N N E L - L I  NERS 
KRABBE, W e  G HAMBURG 

D I E  R A U T F C H N I K ,  79-86, MAR 1965. UNDERWATER TUNNEL L I N I N G S  MUST B E  H A T E R T I G H T  AND SUPPORT THE ADVANCING S H I E L D -  
T H E  H I G H  D E L I V E R Y  COST OF THE CONVENTIONAL CAST I R O N  L I N E R S  HAS MADE PRECAST REINFORCED CONCRETE ECONOMICALLY 
A T T R A C T I V E .  HOWEVFQ ONLY FOR LOW-PRESSURE J O I N T S  WHERE SOFT WOOD, LFAD,  B I T U M I N O U S  ASBESTOS CEMENT P L A T E S T  B I T U M I N O U S  
F E L T  AND R A P I D  S E T T I N G  P L A S T I C  R E S I N  MORTAR HAVE PROVED S A T I S F A C T O R Y  HAVE J O I N T S  BEEN MADE S A T I S F A C T O R I L Y .  A LARGE 
NUMBER OF P O S S I B L E  J O I N T  M A T E R I A L S  HAVE BEEN I N V E S T I G A T E D  W I T H  THE FOLLOWING CONCLUSIONS: EPOXY MORTAR G I V E S  SURFACE 
FORCE T R A N S M I S S I O N  AND TEMPORARY S E A L I N G  AND I T S  C U R I N G  T I M E  CAN BE ACCELERATED BY HEATING.  J O I N T S  L E A K I N G  W I T H  EPOXY 
MQRTAR S E A L  CAN BE CAULKED T I G H T  WITH AN E X P A N D I N G  CEMENT AND ASBESTOS F I B E R  I N  AN I N N E R  GROOVE, AND B O T H  SEALED W I T H  A 
GROMMET A G A I N S T  A STEEL P L A T E  CEMENTED TO THE CONCRETE. A NEW METHOD OF S E A L I N G  W I T H  P R E F I N I S H E D  R E S I N  SEALER P L A T E S  
WHICH ARE E L E C T R I C A L L Y  H F A T E D  I N  THE J f l I N T S  PROMISES TO BE EVEN BETTER. ( I N  GERMAN) 

IfL-65-llQp1 POTOMAC INTERCEPTOR SERVER TUNNELS AND R I V E R  CROSS1 NG CONSTRUCTION ( CONCRETE P I P E  

AMFRICAN CONCRFTE I N S T I T U T F  JOURNAL, (162)  1363-13731 1797-1799, NOV 1965. 
S I V F R  CROSSING OF A SEWER L I N E  B U I L T  O F  78 I N C H  PRECAST CONCRETE P I P E  AND THE 14,000 AND 9000 FT.  T U N N F L S  AT E I T H E R  END 
4 R E  DESCRIBED.  PUMPING OF THE CAST- IN-PLACE T U N N E L  L I N I N G S  I S  ALSO DESCRIBED.  

MCGANN, J. Ha 
CONSTRUCTION F E A T U R E S  O F  THE 3000 FT. 

34-66-01QQ1 N O T F  ON F L A S T I C  STRESS I N  TUNNEL L I N I N G S  

J -  S T Q A I N  A N A L Y S I S ,  ( 1 1  N 39 110-14, JAN. 1966. D E S I G N I N G  TUNNEL L I N I N G  WHICH UNDER S P E C I F I C  C O N D I T I O N S  H A S  L E A S T  
TFYDENCY T O  GO I N T O  T E N S I O N .  I T  I S  SHOWN THAT I D E A L I Z E D  C I R C U L A R  L I N I N G  I N C R E A S E  I N  R I G I D I T Y  I S  NOT A S S O C I A T E D  W I T H  
I V C R E A S E  I N  T E N S I L E  STRENGTH, F L E X I B I L I T Y  CAN B E  A C H I E V E D  B Y  S L I D I N G  F I T  OF L I N I N G  TO ROCK RATHER THAN BY CLOSE K E Y I N G  

ASSUMPTION T H A T  L I N I N G  REHAVES L I K E  B E N D I N G  BEAM. 

34-66-45QQl L I N I N G  OF THE MCCLOUD-PIT TUNNELS I SUPPORTS CONCRETE 1 

A Y E R I C A Y  CONCRETE I N S T I T U T E  JOURNAL9 543-5517 PAY 1966. THE MCCLOUD P I T  TUNNELS ARE 1 4  F E E T  I N  D I A .  THE I N V E R T  
S E C T I O N  OF THE L I N I N G  WAS PLACED F I R S T  THEN THE ARCH. A 2500 P S I  COMPRESSIVE STRENGTH T E S T  W I T H  8 0  PERCENT R E Q U I R E D  TO 
PASS. F I N I S H  STEENS AGGREGATES PRODUCED 15 PERCENT GREATFR STRENGTHS. THE M I X E R ' S  E F F I C I E N C Y  WAS L E S S E N E D  I N  PROPORTION 
TO BLADE AYD L I N I N G  WFAR. T H F  CONCRETE WAS D E L I V E R E D  BY R A I L  I N  ROTATABLE C Y L I N D R I C A L  CARS. T H E  CONCRETE WAS 
TRANSPORTED TO A COYVEYOR B E L T  B Y  R O T A T I N G  THE TRANSPORTERS. CONCRETE FOR T H E  I N V E R T  WAS L A I D  W I T H  A 2 TO 3 I N  SLUMP. 

T H F  C O N r n F T E  WAS PLACED W I T H  A 5 - I N  SLUMP. FORMS FOR TYE ARCH WFRE ASSEMBLED I N  24 F E E T  S E C T I O N S  MOUNTED ON R A I L  

JORDAN9 D. W o  

LAMIN ' IT IYGq OR LOWERING YOUNG'S MODULUS. LOAD ON L I N I N G  I S  DEDUCED FROM MEASUREMENTS OF C I R C U M F E R E N T I A L  S T R A I N  UNDER 

BRODERSON, G. E. + F L I N T ,  W a  K. & P A C I F I C  GAS AND E L E C T R I C  CO 

THE ARCH CONCRETE WAS TRANSPORTED THE SAME WAY BUT THE CONCRETE WAS PLACED W I T H  A CONCRETE GUN ( 9 0  PSI A I R  PRESSURE) .  

TRUCKS. THE U S E  OF F I F L D  EQUIPMENT AND F I E L D  M A T E R I A L S  FOR ON-THE 5138 T R I A L  M I X I N G  WAS FOUND T O  B E  P R A C T I C A L .  

34-66-08QQJ WHAT YOU SHOULD KNOW ABOUT T U N N F L I N G  TECHNIQUES ( L I N I N G  U T I L I D O R  1 

" U R L I C  'AOPKS, 105-1067 AUG. 1966. THE THREE GENERAL T Y P E S  OF TUNNEL ARE - CONSTRUCTION-SOFT EARTH9 ROCKT AND A 
C @ Y R I N A T I O N  O F  ROCK AND S O I L  C A L L E D  M I X E D  FACF CONNECTFD W I T H  L I N I N G S .  

2 k 5 6 - O Q O Q l  THE CASE FOR STEEL-ARCH SUPPORTS ( L I N I N G S  1 

COAL AGF, 71-74, SEPT. 1966. S T E E L  ARCH T Y P E  SUPPORTS P R O V I D E  PERMANENT P R O T E C T I O N  W I T H  MINTMUM MAINTENANCE,  
K E E P I N G  OVER 4 L L  COST T @  A MINIMUM.  R I G I D  ARCHES ARE D E S I G N E D  TO SUPPORT A G I V E N  LOAD WITHOUT Y I E L D I N G .  B A S I C  T Y P E S  OF 

WHITE, T.  L. + TORADCSH, S .  + VAUPEL, K -  H. 

CYLUMEQRY, + E L L I S ,  La N. E S H E A R I N G  AND STAMPING C O  

ARCHES 1 )  THE CONTINUOUS R I B ,  2 )  THE R I B  AND POST, 3 )  INVEST-STRUT-TYPE.  COLD WORKING G I V E S  ARCHES U L T I M A T E  STRFNGTH 
ClF 509000  TO 72,000 P S I .  L I N E R  PLATES CAN BE MADE WATERPROOF BY GROUTING. THE A B I L I T Y  OF THE L I N E R  P L A T E  ARCH DEPENDS 
ClV t ? O S S - S F C T I O N A L  AFEA AND THE J O I N T  THE P L A T E  MAKFS W I T H  ADJACENT P L A T E S  T O  T R A N S M I T  THRUST. T h E  Y I E L D A B L E  ARCH I S  
DI S T Q I B U T E D  SO THAT MAXIMUM STRFYGTH DFVELOPS FROM THE S E C T I O N  AROUND BOTH NEUTRAL AXES. Y I E L D A B L E  ARCHES ADVANTAGES 

14 b. I NTF NA NC E-FR E F 
4RE 1 )  GRFATER LOFD C A R R Y I N G  CAPACITY,  2 )  THE J O I N T S  Y I F L D  B E F n R E  T H E  S T E E L  3 )  ARCHES CAN B E  USED A G A I N  4) ALMOST 

I NST F L  L AT I O Y  . 
1L-66-100Ql T H E  CONSTRUCTION OF SEXERS I N  TUNNEL AND H E A D I N G  T H E  P R A C T I C A L  PROBLEMS ( GROUND C O N D I T I O N S  ECONOMIC 

L I N I Y G S  ) 
HUMPr lRIES C. F. C CCUNTY ROROUGH I P S W I C H  ENG 

I P I S T I T U T I O N  OF Y U N I C I P A L  ENG., ( 9 3 )  333-79 OCT. 1966. TUNNELS ARE B E I N G  EXPLORED FOR SEWAGE D I S P O S A L  TO A V O I D  
T R A F F I C  CONSESTICIN AND I N C O N V E N I E N C E  TO THE GENERAL P U B L I C .  TUNNELS CAN B E  D R I V E N  I N  B A D  GPDUND BY L S I N G  S H I E L D S ,  
"UMP'D WFLLS, CCMPRFSSFD A I R  AND CHEMICAL I N J F C T I O N  PROCESSES. ADEQUATE GROUND C O N D I T I O N S  SHOULD B E  KNOWN BEFORE 
TIJNNFLS REGIN.  STANDARD P E N E T R A T I O N  T E S T S  G I V E  AN I N D I C A T I O N  OF THE R E L A T I V E  FIRMNESS.  THE H I G H E R  THE P E N E T R A T I O N  T E S T  
T H F  GREATER SHOULD B F  THE R A T E  OF PR'JGRESS. S T A N D P I P E S  SHOULD BE I N S E R T E D  I N  BOREHOLES WHERE WATER I S  ENCOUNTERED. 
WYFRF LARGE GROUND WATFR I S  FOUND P E R M E A B I L I T Y  T E S T  SHOULD BE PERFORMED. D E P E N D I N G  UPON THE T Y P E  OF GROUND CONSIDERED 
4hlD TYE C O N D I T I O Y ,  T H F  D R I V I N G  METHODS AND CHDICE OF CONSTRUCTION CAN BE MADE. THERE AQE L I M I T I N G  FACTORS I N  T U N N E L  
N Q P K t  SUCH AS THE I D E A L  WQRKING SHAFT I S  75 FEET X 75 F E E T  AYD THF M I N I M U M  I S  30 F F E T  X 5 0  FEET. A 5 4 - I N C H  D I A M E T E R  
TUNNFL I S  THE M I N I M U M  P R A C T I C A L  TUYNFL S I Z E .  THE CHEAPEST H E A D I N G  I S  3 9 - I N C H  DIAMETFR P I P F S  THEY ARE T H F  B E S T  S I Z E  TO 
D R I V F  U S I N G  TWO MINERT.  THE TldO TYPFS OF SEWER TUNNEL L I N I N G  I N  SOFT GROUND ARE BOLTED PRECAST CONCRETE T Y P E  AYD T H E  
SYnnTY ?ORE I N T F R L O C K I Y G  PRECAST C@NCRETE. I N  H E A D I N G  CONSTRUCTION USE THE BOX H E A D I N G  AND ARCH R I B  TYPE.  TUYNEL 
$ H I F L r ) S  I N C R F A S E  PROGRESS BY 9 F T / S H I F T .  

34-65~1111282 BEHAVIOR OF F L A S T I C  TUBES I N  COHESION-FREF CONTINUUM ( L I N E R S  SAND 

!=YPFRIMGNTAL MECHANICS (61  N 10,  5 0 8 - 1 0 7  OCT. 1966. YODFL I S  MADE OF P L A I N  CROSS S E C T I O N  OF T U E E  ( T U N N E L  L I N I N G  

START O F  LARGE PROGRAM O F  I N V E S T I G A T I q N  TO C A L C U L A T E  STRESS DEFORMATION AND B U C K L I N G  OF E L A S T I C  TUBES UNDER D I F F E R E N T  
L O A D I N G  C O N D I T I O N S  I N  2 O L L I N b  M A T E R I A L .  

34=61=41QQ1 STRUCTURAL BEHAVIOR CF PRECAST CONCQETE TUNNFL L I N E R S  ( SUPPORTS L I N I N G  RARTD 

AMERICAN I N S T I T U T E  JCURNAL,  ( 6 4 )  1-11, JAY.  1967. TEST WERE CONDUCTED ON PRECAST CONCRETE SEGNENTED TUNNEL L I N E R S  

T H E  S E H A V I O R  WAS GOOD. C R I T E R I A  R E Q U I Q E D  THAT THE R I N G S  Q F F L F C T  AT L E A S T  1 I N C H  WITHOUT V I S I B L E  DAMAGE. TUNNELS WERE 

SONNTfiG, G .  

I N  COHFSIOV-FREF r r N T I ? I U U M  ( R O L L I Y G  M A T E R I A L 9  S A N D ) ;  STQESS OF T U B E  IS MEASURED BY P H O T O E L A S T I C I T Y ;  THFSE E X P E R I M E N T S  

GAMRLE, W. L. C U N I V  I L L I N O I S  

I Y  T H F  SAN F R A N C I S C O  SURWAY TUYNEL. TuJO L I N E R  R I N G S  WFQF T F S T E D  W I T H  LOADS A P P L I E D  T O  T H E  OUTER SURFACE I N  1 2  P O I Y T S .  

CONSTRUCTED BY USE OF A C I R C U L A R  T U N Y E L I N G  S H I E L D .  THF L O A D I N G  WAS A U N I F O R M  ALL-AROUND EARTH PRESSURE OF 5500 L B  PER 
Y Q .  FT. EACH TUNNEL WAS 16 F F E T  4 I V  I N S I D E  D I A .  W I T H  AN 0. D. OF 17 F E E T  6 I N .  THE CONCRETE WAS PAD€ WITH CRUSHED 
G R A N I T E  AGGREGATF AND T Y P E  I 1  CEYENT. THF SLUMP WAS L E S S  THAN 1 I N .  THE CONCQETE WAS STEAM CURED ON A 2-DAY CYCLE. 
I T  I S  P O S S I R L F  TO CAST SEGMFNTS TO W I T H I Y  THF S P E C I F I E D  TOLFRANCES, AND G R I N D I N G  OF THE SEGMENT F A C E S  I S  NOT NECFS'3ASY 
I F  S U F F I C I E N T  CARE IS T A K E N  I N  THE MANUFACTURING PROCESS. 



BAI=Q1PQz S T A R I L I T Y  OF C L A Y  AT V E R T I C A L  OPENINGS ( COMPRESSED-AIR OVERBURDEN SEWER-MAINS P I P E - P U S H I N G  1 

J. S O I L  MECHANICS AND EOUNDATIONS D I V .  PROC. ASCE, (93) 71-94, JAN. 1 9 6 7 .  I N  NOVEMBER 1 9 6 4  AT EDSADALENt  SWFDEN, A 
S L I D F  OCCURRED I N  SOFT C L A Y  WHEN A 6.5 F T  DIAM.  H O L E  WAS C U T  AT T H E  BASE OF V E R T I C A L  SHEET P I L E  WALL T H A T  SUPPORTED A 
3 5 - F T  DEEP FXCAVATION.  I N V E S T I G A T I O N  BEGAN. THE METHOD PROPOSED C A N  ALSO B F  USED T @  F V A L U A T E  THE E F F E C T I V E N E S S  O F  
COMPRFSSEQ A I 9  TO PREVENT C O H E S I V E  S O I L  FROM F L O W I N G  THROUGH OPENINGS. TWO S E R I E S  OF E X P E R I M E N T S  WFRE C A R R I E D  CUT ON 
9OTH UNDISTUQRED AND REMOLDED C L A Y  SAMPLES. SEVERAL WATER AND SEWER M A I N S  HAVE BEEN CONSTRUCTED SUCCESSFULLY I N  

BROMSt 8. P. + BFNNERMARK, H. & S W E D I S H  GEOTECH I N S T  STOCKHOLM 

Gl lTHENBURG, SWEnEN. ONF W 4 S  CONSTRUCTED BY P U S H I N G  C I R C U L A R  CONCRETE SEGMENTS THROUGH A SOFT C L A Y  FOR 2 1 5  FT. 

34-67=95QQJ SMALL TUNNELS MAKE GOOD SEWERS ( SUPPORTS COST L I N E R S  U T I L I T Y - T U N N E L S  ) 
GARNETT, J. B. & GORE AND STORRIE L T D  

WATFR AND P O L L U T I O N  CONTROL, 4 6 9  4 8 ,  49, 4ND 5 6 ,  MAY 1 9 6 7 .  TRUVK SEWERS I N  TUNNELS A V O I D  D I S R U P T I O N  OF T R A F F I C ,  
I N T E R R U P T I O V  n F  BUSINESS,  COSTLY ROAD R E P A I R .  I M P R A C T I C A L  TO USE AN OPEN CUT TRENCH BELC!W 25 F E E T .  I N  A L I G H T L Y  
Pr )PUL4TE@ AREA I T  I S  NOT ECONOMIC TO TUNNEL UNLESS DEEP I N S T A L L A T I O N S  ARE NEEDED. N O I S E  AND U N S I G H T L I N E S S  AFFECT SHAFT 
L O C A T I O N .  E X C A V A T I O N  TECHNIQUE FOR SMALL-DIAMETER TUNNEL SHAFTS IS USE OF A CONCRETE CAISSON.  H Y D R A U L I C  REQUIREMENTS 
HAVE SHOWN A 5 FT D I A M E T F R  TO BE A MINIMUM.  CONSTPUCTION REQUIREMENTS CAUSE THE B U I L D I N G  OF T U N N E L S  W I T H  A T U P N I N G  
R A D I U S  OF L E S S  THAN 5 0  F T .  TO BE UNECONOMIC. THREE MEN AT T H E  FACE, A DECK MAN AND A J O I S T  MAN P L U S  A TRUCK D R I V E R  
ARE REQUIRED FOR TUNNELS TO 7-FT.  DIAMETER.  A I R  PRESSURE GOVERNS THE T I M E  L E N G T H  OF A S H I F T .  AT PRESSURES EXCEEDING 1 5  
P S I ,  THF T I M E  A CRFW M4Y R E M A I N  I N  T H E  TUNNEL IS REDUCED SO AN E N T I R F  EXTRA S H I F T  I S  NEEDED. SUPPORT I N  SMALL-DIAMETER 
TI INNELS 6-FT.  D I A  I S  A POST AND A CAP A FRAME OF 8 OR 10 I N  SQUARE T I M B E R S  SET AT 6 F E E T  CENTRES. S T E E L  P L A T E S  I N  THE 
QOOF OFFER FUQTHER PRECAUTION.  I N  WFT GROUND COMPRESSED A I R  I S  THF MOST SUCCESSFUL. TO H E L P  REDUCE THE N O I S E  I N  
TUNNELS ONE USE C F N T I F R U G A L  COMPRESSORS W I T H  MUFFLED EXHAUSTS. THE GROUT IS I N J E C T E D  THROUGH A HOLE I N  THE CONCRETE 5 
TO 10 F F E T  I N T E R V A L S .  

3 4 - 6 7 - 0 7 Q Q l  THE VACUUM-CCNCRETE PROCESS AND I T S  A P P L I C A T I U N  F f l R  THE CONSTRUCTION OF SEWERS ( C O N C 9 E T E - L I N I N G S  

D F  I N G E N I E U R T  ( 7 9 )  Y 30, 5 1 - 6 1 ,  JULY 2 8 ,  1967. THE VACUUM-CONCRFTE METHOD P E R M I T S  EARLY' REMOVAL OF FORMS, IMPROVFS 
TIGHTNFSS,  RFDUCFD SHRTNKAGF AND CREEP7 AYD REMOVES T H E  NEFD TO TREAT THE CONCRETE SURFACE. THE METHOD IYPROVES THE 
C D M P Q F S S I V E T  T E N S I L E ,  F L F X U R A L ,  AND WEAR STRENGTH. PROCESS I S  PATENTED. 

34-68-01QQl, SHAFT O E S I G N  AND H O I S T I N G  EQUIPMENT FOR A DEEP-LFVFL SOUTH A F R I C A N  G @ t @  M I N E  ( COST V E N T I L A T I O N  L I N I N G S  ) 

THE C A N A D I A N  M I N I N G  AYn M E T A L L U Q G I C A L  B U L L E T I N ,  2 6 - 3 7 .  J A Y .  1 9 6 8 .  A S I N G L E  SHAFT 33 F F E T ,  6 INCHES I N  OIAMFTER 

7 7 5 0 0  F E E T .  TI'€ V E N T I L A T I O N  REQUIREMFNT IS 1.1 M I L L I O N  C U B I C  F E E T  OF FREE A I R  PER MINUTE.  T H E  TEMPERATURE 4T 77000  
F E E T  I S  1 2 3  PEGPEFS F. THEREFORF THE COST O F  R E F R I G E R A T I O N  I S  $7,000,000. THE E S T I M A T E @  COST PFR FOOT SUNK AND L I N F D  

BFYRER, 4 .  H. 

MARTIN,  W .  & ANGLO AM CORP SO A F R I C A  

W I T H  A PQFSTRESSFD CONC9FTE B R A T T I C F  WALL D I V I S I O N  TO FORM UPCAST AND DOWNCAST AIRWAYS AND S I N G L E - L I F T  H O I S T I N G  FROM 

W I L L  9F  ABOUT $ 8 5 0 .  THF COST OF THE R Q A T T I C F  WALL AND I N S T A L L 4 T I O N  W I L L  RE $190 PEP FOOT. THE PRESTQESSFD CONCRETE 
SLAQS HAVF TONGUE A Y n  GQCOVE TYPE J O I N T  WHICH IS F I L L E D  W I T H  AN E P n X Y  M A S T I C  S E A L I N G  EIIATFRIAL. THE WALL MUST B E  ABLE 
Tn WITHSTANQ A WbTFR GAUGE OF 13 INCHES.  I T  HAS T O  BE S I Y P L E  TO I N S T A L L  AT 4 P 4 T E  OF ABOUT 200 F E E T  PEP DAY. 

3 4 - 6 9 - O Z Q Q l  EFFECT W J l l I N T  R I G I D I T Y  F3N STRESSES I N  L I N I N G S  FOR S H I E L D  T U N N E L L I N G  

JAPAN S7C. C I V .  FNGRS. TRANS., 1 1 5 0 )  2 7 - 3 4 ,  FER. 1 9 6 8 .  I N V E S T I G A T I C W  OF BFHAVIOR OF R I N G S  USED FOR CONNECTION OF 
l l F  C 4 S T  I R f l N  nR CONCRETE SEGMENTS OF TUNNEL L I N I Y G ;  SEGMENTS ARE CO'VNECTED BY SclrLTING AND SUBJECTEO TO B I A X I A L L Y  
S Y M Y F T P I C A L  D I S T R I B U T F D  LO4DS.  I N  JAPANESE W I T H  E N G L I S H  SUYMARY. 

3 L - 6 8 - x Q Q z  THFOKY 'lF n F q I G N  FOP Y U L T I - H I N G E D  SEGMEVTAL R I N G  ( L I N I N G  S H I E L F @ Q I V E N - T U N Y F L  J A P b N  1 

J4PAN 5c)r. C I V .  ENGQS. TRANS. T (150) 9-267 FEB. 1 9 6 8 .  THEORY FOR D F S I G N I N G  SEGYE\lTAL L I N I N G  O F  C I R C U L A R  
S H I E L D - D R I V E h l  TUNNEL I <  PPESEYTFD.  M U t T I - H I Y G E D  SEGMFNTAL R I N G  W I T Y  MORE TWkN 3 H I N G E S  IS SHOWN TO RF AY UNST4RLE 

T9AVSFr)QMS U N C T A P L F  STRUCTURE. UNCER EXTER'VAL L O A D  A C T I N G  AS A C T I V E  EAPTH PRFSSURE AV@ I T S  R E A C T I f l N  A C T I N G  AS P 4 S S I V E  
C A Q T H  PQCSSURE R E A C T I C V S  A C T I N G  ON SFGYFhlTS SUQQOUNDF9 BY S O I L  MAY 9 E  QEPLACED B Y  STRESS OF S P R I N G  SET AT EACH H I N G F  f l F  
Q I N G .  I N  JAPAYFSF WTTH F N G L I S r l  SUMMARY. 

14-6A-UQQ-l  F V A L I J b T I q Y  P F  ROCK L9Ar)S F n R  D F S I G N  OF STFEL SUPPORTS FOR TUNNELS 

I h n I a d  J pnwv R PIVKS V A L L E Y  QFVELOPMENT,  ( 1 8 )  N 3 ,  1 0 4 - i i 7  M A R  3 ,  1 ~ 6 8 .  PFTHODS FOR E V A L U A T I C N  OF LC'ADS FOQ 

KlIBC!v K. + Y U K I ,  T. 

YAMAMOTC, h". + F N D O i  K. + E U K U I ,  S. 

STQUCTUQF.  I T  I S  SHOWY THAT WHEN R I N G  I S  UNDEQGROUND, I T  DEFORMS M 4 I N L Y  @ Y  L I N K  M O T I O N  BETWEEN SEGCE'VTS, WHICH 

GIJDT41 n. D e  

t ) E 5 1 G N  flF SUPPPFTS W I T H  REFFKENCE TO R4MGANGA TUNNELS UNDER C@NSTPIJCTION IN H I Y A L A Y A N  R F G I n V  OF UTTAR P R 4 r ) F S h  I N  I N D I A ;  

I h '  SnVI;T UF!I7N Fr)P R n r K  L J b D  c V A L U 4 T I P N  AN0 SUPDCRT D E S I G N  FOP TUNNELS ARE OIJTLINFD;  TUNNFLS D F S C R I B E 3  PASS TFQSrJGH 
I<. T F Q Z 1 C H I  F M P I ' I r A L  4PPROACH F F N N E R ' S  THEORY7 R E L A T I V E  Y I E L D  THFOPY, E L A S T I C  APPPOACH b N P  THEOQY CF P P r T O D I A K O V  USFD 

b L 7 F Q Y 4 T F  P A V r  3' SArlDRPCKS P V 9  CLAYSHALES L A T T F R  COVERIYG 4BOUT 2 5  PEQCENT OF T H F I R  F N T I R C  LFNGTH.  

3L-6Q-04QOd. W T H f l P S  nF S T Q 4 I N  YEASUREMFNTS I N  T U N N F L  L I U T Y G  ( WARSAW-UNDERGRnUND SUBWAY POLAND ) 

4QrtlIdkJM I N Z Y L ' I F q I T i  ( 1 4 1  1 4, 7 L 1 - 8 7 1  A P Q I L  196Q. PAPER D E A L S  W I T H  MFTHODS AS A P P L I F D  T I l  F X P E R I Y F N T S  ON SFGMEYT 
7 c  W49SA'J UNO~QGQnU'Jn ;  C n N O I T  I O N S  P F  T F S T S  4RF D I  SCUSSFn AND NECESSARY QEOUIREMFNTS ARF L I 'TED.  FflLL'?WI"JG YFTHnDS APF 
P?FSp'IT'C'; OFPFATPP S T R A I N  YE4SUPEMFhTS BY YEANS O F  MECHANICAL S T R A I K  GAGES, AYE LOCAL U N L O A Q I N G  "Y YEANS CF TREPAh 'NIYG 
A Y ' 7  ;TFfiTr\l V c a S U P I h C  W I T H  R F S I S T 4 Y C F  STP.4IY C4GFS. 2 5  Q F F S .  I N  P I l L I S H  W I T H  ENGLTSH APSTRACT. 

PYL4C-1 7 .  

lkA2=QzQQl T I ' F  CUNCTIOY OF SHOTCRETF I N  SUPPURT PND L I V I N G  OF THE VANCOUVEQ. R -  R. TUNYEL ( AGGRFGPTC OVER-COQIUG 1 
Y A S G N ,  c. €. E DOLMAGE "ISON AYD STFWART L T D  

T ' J Y N F L  t h i n  S Y A F T  CC'\lFFPEk'C,F7 UNIV. MINN, Y A Y  17, 1 9 6 8  (PPEDRINT). T H F  C 4 N A D I A h  N A T t O N d L  P P I L W A Y  SYSTFM IS 
C^MDLCT1' l f~ r f lNSTQlJCTI?b '  OF THE F I F S T  MAJnR N'3QTH AMFPICAP: TUNNEL T 3  USE COARSE AGGRFGATE ShOTCRETE T'CHNIQUF. W I T H  THE 
F Y C F D T I 3 N  n F  1 b O O  F T  I N  S f l I L ,  TT PASSES THROUGH 4 YCIJNG SERTFS OF F L A T - L Y I N G  SEDIMENTAPY BFDS. FOR A TORVFNTICNAL 
S r F c L  YUPPPRT SYcTFE1, THF CPST U P S  ESTIMATFI )  4 f  $400 PER L I N E A R  FOOT. FCP SHOTCRETE SUPPOPTt  T H E  CDST WAS P R q J F C T E D  A T  
5100 D F Q  C I Y F A I ;  FT. SHCTCRFTF COMBINFS THE D E S I P 4 B L E  Q U A L I T I E S  @'= P N E U M A T I C A L L Y  A P P L T F D  MORTAR AND CC!NCRFTF. I T  
ADHERES T P  WFT AN0 2UYNTNG WATFR SUSFACES AND S U P P L I F S  qOTY A SEAL AND SUPPDQT. I T  IS C H P Q A C T F Y I Z E C  5 Y  P I G H  FARLY 
STRFNGTHS AN@ C4N S J q T A I N  S I G N I F I C A N T  DFFORM4TIOY OVER MOYTHS OR YEAPS WITHOUT F A I L U P F  BY CRACKING.  I T  CAY P E  USEQ AS 
R S T P K T I J Q  fiL nR YONSTRUCTUQAL SUPPORT. T H I S  SHOTCRETE WAS CHOSEN FOR THE VANCOUVER TUNNEL F?R I T S  SFAL AND SUPP3QT 

n V F R C ~ R I L I G .  I T  W4S F V I 9 F N T  THAT THE L I N I N G  D O E S  F!nT SUPPORT LOADS P Y  TRPNSFERPING THFC TO TUNPEL FLOOP. THUS A F I N A L  
LIhlTh!C, 4 A 5  NnT VFFPEn. 

A____ ?L-6r-Q4QQ1, TIJPYFL L I P l f P S  FOR RAPT SUFlWAYS ( COST 1 

FFATIJQrS,  " 4 J I R  SAVINGS,  AND I N S T R U M C N T I O N  VALUES Fr)Q F I N A L  L I N I N G .  I N S T R U M E N T A T I C N  C@YYISTEI?  P F  SPOT CI'ECKS AN@ 

LJCLr'3TT, W .  b'. + P I Q K  YYFP & 9 F C H T F L  COPP SAN F R A N C I S C O  
FVGI 'VFFC I N G T  ( 7 8 )  11. 67 5 5 - 5 0 ,  JIJNF 1968. B 4 P T  SYSTEM PEQIJIRES L I N I N G 5  FCR 0 4 , 0 0 0  F T  CIF 18  I N  DTAMFTER 

q l i ! c L P  Q P T V F N  TUNMFLC. WFLDFD S T F F L  PROVED TO R F  CHFAPFR THAN D U C T I L E  I R P N T  CAST IRON AND P P E C 4 S T  COVCRFTE. StGMENTED 
L I Y E W S  A F Q F  n E V F L C D F n  CAPAPLE OF W I T H S T A Y D I N G  THF S H I F L D  J A C K I N G  LOADS, GPOUND WATER C O N D I T I O Y S  AYD THF GROUN@ LDAD. 
~ F V E ~ I ~ P M F N T  OF THF T S T G K  I S  GIVEN. BIDS RECEIVED G A V E  A V F R A G E  PRICE ( P E P  30 IN RING) OF: ( 1 )  $924 FOD F A R R T C A T E D  
STFEL,  ( 7 1  41130  FnR C A c T  I R O Y ,  AND $ 0 4 3  FOR PPCCAST CONCRETE. 
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3.!i&&QlQQl ROCK MECHANICS INSTRUMENTATION I N  TUNNELS 

UATER POWFRt ( 2 0 )  N 7 9  2 7 2 - 6 ,  J U L Y  1 9 6 8 .  MEASUREMENT TECHNIQUES TO P R O V I D E  DATA FOR D E S I G N  OF TUNNEL AND I T S  
SUPPORTS, AND TO PROVIDE DATA FOR CONTROL O F  SAFETY AND ECONOMY OF TUNNEL SUPPORTS D U R I N G  EXCAVATION;  MEASUREMENT OF 
I N H E R E N T  ROCK STRESSES, MODULUS OF DEFORMATION, AND ROCK STRENGTH AND STRENGTH OF PLANES OF WEAKNESS; FEATURES OF 
VARIOUS CONTROL AND M O N I T O R I N G  DEVICES.  17 REFS. 

SELLERS, J. B. 

9 4 - 6 8 - L Q Q Q l  FORMWORK FOR I N S I T U  CONCRETE TUNNEL L I N I N G S  

C I V I L  E N G I N E E R I N G  ( L O N D ) ,  ( 6 3 )  N 7479 1 1 0 3 - 9 ,  OCT. 1 9 6 8 .  A R T I C L E  IS CONCERNED W I T H  FORMWORK FOR CONSTRUCTION OF 
L I N I N G S  AFTER T U N N E L I N G  O P E R A T I O N  IS COMPLETED, WALL AND CROWN FORM AND TRAVELER AS USED ON NEWPORT BY-PASS TUNNEL I N  

CONCRETING PLANT I N  TUNNEL.  

GAYNERt J. F. C. 

GRFAT B R I T A I N ,  EXAMPLES OF FORMWORK D E S I G N  USED FOR L I N I N G  HORSESHOE AND F U L L Y  C I R C U L A R  T U N N E L S r  AND ARRANGEMENT OF 

3 4 - 6 8 - 1 Q Q U  A N A L Y S I S  OF TUNNEL L I N E R - P A C K I N G  SYSTEMS ( DYNAMIC-LOADING 

ASCE - ANNUAL & N A T I O N A L  M E E T I N G  ON STRUCTURAL E N G I N E E R I N G  P ITTSBURGH9 PA. P R E P R I N T  770r 1 - 2 4 ,  SEPT. 301 1 9 6 8 -  
MFTHnD I S  PQESENTED FOR A N A L Y Z I N G  M I N E  TUNNEL L I N E R - P A C K I N G  SYSTEMS SUBJECTED TO T R A N S I E N T  DYNAMIC LOADING;  LUMPED 
PARAMETER MODEL O F  CONTINUOUS SYSTEM H A S  BEEN FORMULATED I N  WHICH I N E L A S T I C  BEHAVIOR OF C O N S T I T U E N T S  IS P E R M I T T E D -  
EQUATIONS OF MOTION FOR MODEL ARE D E R I V E D  AND SOLVED BY BETA-METHOD OF INTEGRATION.  D I S P L A C E M E N T S  AND DEFORMATIONS OF 
YDDEL ARF DETERMINED B Y  SUMMATION OF P I E C E - W I S E  "SMALL"  D ISPLACEMENTS.  S O L U T I O N  O B T A I N E D  WAS T E S T E D  FOR S T A B I L I T Y  AND 
CONVERGENCE THROUGH V A R I A T I O N S  I N  SYSTEM PARAMETERS. 

DAWKINS, W. P. 

34 '68 - fnQQ2 SUBTERRANEAN SHAFT L I N E R S  AND ROOMS ( D E S I G N  SAFETY 1 
DEHARTT R. C. + K I E S L I N G ,  E. W. + M I C H f E t  J. D. 

ASCE - 4NNUAL AND N A T I O N A L  M E E T I N G  ON STRUCTURAL ENGINEERING,  P ITTSBURGH,  PA., 719, 1-19, SEPT. 3 0  - OCT. 41 1 9 6 8  
( P R E P R I N T ) .  O U T L I N E  OF SYSTEMS S T U D I E S  UNDERWAY AT SOUTHWEST RESEARCH I N S T I T U T E ,  PURPOSE O F  WHICH IS TO PROVIDE 
D F S I G Y  PROCFDURES FOR SHAFT L I N E R S  AND TUNNEL L I N E R S  AND SUBTERRANEAN ROOMS THAT H I L L  RESULT I N  M I N I M U M  COSTS, 
COYMENSURATE WITH ADEQUATE SAFETY FACTORS. 

3 4 - 6 8 - 1 Q Q Q 5  SLURQY WALL CONSTRUCTION FOR BART SUBWAY S T A T I O N S  ( SUPPORTS SOLDIER-PILE-TREMIC-CONCRETE 1 
THON, J. G. + HARLAN? R. C. E BECHTEL CORP SAN F R A N C I S C O  

NEW D E S I G N  ASCE AYNUAL AN@ NATIOhlAL M E E T I N G  ON STRUCTURAL ENGR. P I T T S B U R G H  PA. - P R E P R I N T  7 4 6 ,  1 - 3 4 ,  OCT. 4 7  1 9 6 8 .  
AND CONSTRUCTIOh METHODS FOR C I V I C  CENTER SUBWAY S T A T I O N  I N  SAN F R A N C I S C O  ARE E X P L A I N E D .  USE OF TEMPORPRY GROUND 
SUPPO9T SYSTEM FOR PERMANENT STRUCTURAL WALL MAKES FOR BFTTER SCHEDULING. THE METHOD SELECTED - 
S O L D I F R - P I L C - T R E M I E - C @ N C R E T E  - PROVIDES GOOD CONTROL OF GROUND WATER. 

3 4 - 6 P - l l Q Q l  F I R S T  USF OF THE DOUBLE S T E E L  AND CONCRETE SANDWICH L I N I N G  FOR K E E P I N G  H I G H  PRESSURE WATER CUT O f  A 
DOTASH SHAFT ( S H A F T - S I N K I N G  ENVIRONMENTAL-CONTROL 
STORCKt U. C ALWINSAL POTASH OF CAN L T D  

C A N A n I A N  P U L L E T I N  I N S T I T U T E  OF M I N I N G  AND METALLURGY, 1 3 0 5 - 1 3 0 7 ,  NOV. 1 9 6 8 .  SHAFT S I N K I N G  FOR E X P L O I T A T I O N  OF THE 
DFEP P P T A S H  RFOS I N  SASKATCHEWAN INVOLVED GREAT D I F F I C U L T I E S  FROM THE VERY F I R S T  BECAUSE OF T H E  NEED T @  EXCLUDE FRDM 
THF SH4FT THE HIGH-PRESSURE WATER ENCOUNTERED I N  T H E  OVERBURDEY. CONTROL OF THE TROUBLESOME B L A I R P C R E  QUICKSANDS WAS 
ACHIIEVED R F L A T I V E L Y  Q U I C K L Y  B Y  USE OF THE F R E E Z I N G  METHOD AND RY L I N I N G  W I T H  CAST I R @ N  TUBBING. T H E  UNSOLVED PROSLEM 
REMAINED, HOWEVER, OF S E A L I N G  THE WATER-BEARING DEVONIAN WHERE THF FORMATIONS HAD EXTREMELY LOW P E R C E A B I L I T Y  AND dERE 
THUS HARD TO GROUT. LCNG EXPERIENCE I N  GERMAN POTASH MINES HAD SHOWN THAT THE PERMANENCY O F  THE WI'DLE M I N E  WOULD BE 
SFRIOUSLY ENDANGERED I F  LARGE AMOUNTS OF UNSATURATED S A L T  WATER WERE ALLOWED TC! FLOW I N  FP.OM THE SHAFT WALL AND MERELY 
REMOVED ey PUMPING. THE PREVENTION OF WATER MOVEMENT AND THE RESULTING DISSPLUTLON OF SALT IN THE OVERBURDEN WERE 
KNOWN TO RE MOST 1MPOF.TANT. I N  THE A L W I N S A L  SHAFT, WATER FLOW FPOM THE D E V O N I A N  HAS BEEN PREVENTED BY T H E  USE OF A 
S T E F L  AND CONCRETE SANDWICH L I N I N G  S I M I L A R  I Y  P R I N C I P L E  TO A K I N O  OF L I N I N G  INTRODUCED A FEW YEARS E A R L I E R ,  AN@ FOR 
4NOTHFR RFASON, I N  GFRMAN COAL SHAFTS. AS I T S  I N S T A L L A T I O N  I S  N E I T H E R  MORE E X P E N S I V E  NOR MORE T I M E  CONSUMING THAN THAT 

GREAT 49VANTAGF OF THE S T E E L  L I N I N G 9  I N  A D D I T I O N  TO I T S  R E L A T I V E L Y  H I G H  STRENGTH, IS THE F A C T  THAT I T  I S  P O S S I P L E  TO 

V I R T U b L  DRYNESS OF THE ALWINSAL SHAFT WILL ALSO RESULT I N  LOWER COSTS BECAUSE S I G N I F I C A N T  CORROSION OF ALL I T S  S T F E L  

CIF C 4 S T  I R O N  T U B B I N G  L I N I N G ,  T H I S  SAME L I N I N G  WAS ALSO CHOSEN AS PROTECTION A G A I N S T  T H E  BLAIRMORE QUICKSANDS. THE 

MAKE THE J O I N T S  OF THE I N D I V I D U A L  SEGMENTS ABSOLUTELY AND PFRMANENTLY WATER-TIGHT BY MEANS OF T E S T E D  WELDS. THE 

I N S T 4 L L A T I O N S T  I N C L U D I N G  S K I P S ,  CAGE AND ROPES, WILL BE PREVENTED. 

3 4 - 6 8 - 1 2 Q Q 1  TROLBLE AT S P ' S  POTRERO H I L L  TUNNEL 

RY T R A C K ' &  STRUCTURES, ( 6 4 )  N 1 2 1  2 0 - 2 2 ,  DEC. 1 9 6 8 ,  ( 6 5 )  N IT 25-7 ,  JAN.  1 9 6 9 .  D I F F I C U L T I E S  THAT DEVELOPED I N  
1830-FT DOUBLF-TFACK BORE N H I L E  EXCAVATION WAS UNDER WAY FOR FREEWAY OVERHEADt AND MOVEMENTS T H A T  WERE DISCOVERED 
T A K I N G  P L A C F  I N  DDUSLE-TRACK TUNNEL ON SOUTHERN P A C I F I C  AT SAN FRANCISCO AND MEASURES TAKEN TO S T A B I L I Z E  TUNNEL ARE 
DISCUSSED. 

W I L L I A M S O N  T. N. 

1 4 - 6 9 - 0 6 Q Q l  EARTHQU4KE D E S I G N  C R I T E R I A  FOR SUBWAYS ( BART 1 

PROCEEDINGS OF ASCF 95; J r U R N E L  OF STRUCTURAL D I V  N S T 6  PAPFR 6 6 1 6 ,  1 2 1 3 - 3 1 ,  JUNE 1969. D E S I G N  C R I T E R I A  FOR 
UNDERGROUND STRUCTURES FOR EARTHQUAKF RESISTANCE IS D U C T I L I T Y  TO ABSORB D I S T O R T I O N S  WITHOUT L O S I N G  C A P A C I T Y  FOR S T A T I C  
LC)AI)S. CURVATUPE D I S T O R T I O N  MAY BE CALCULATED FROM D E S I G N  EARTHQUAKE SPECTRUM G I V I N G  A M P L I T U D E S  AND WAVE LENGTHS. 
SHEARING DISTClQTIOh '  R F s U L T I N G  FROM L A G  OF S O I L  B E H I N D  BFDROCK DISPLACEMENT MAY BE CALCULATED FROM S E I S M I C  V E L O C I T Y  OF 
GROUND AND DEPTH P F  flVFRRURDEN. EARTHQUAKE D E S I G N  C R I T E R I A  FOR SAN FRANCISCO BAPT SUBWAYS ARE L I S T E D .  

S -A-QQ1 LARGF AGGPFGATE SHOTCRETF CHALLFNGES S T E F L  R I B S  AS A TUNNFL SUPPORT ( L I N E R S  1 

KUESFL, T. R. E PARSONS-BRINCKE9HOFF-QU4DE-DOUGL 

S U T C L I F F E ,  Ha + MCCLUREt C. P. & BECHTFL CORP SAN FQANCISCU 
c r v r c  FYGINFFQINGT (79) N 11, 5 1 - 5 5 ,  N O V  1969. LAPGE AGGRFTF SHOTCRFTE I S  AN ECONOMICALv R A P I D  AND E F F E C T I V F  MEANS 

9 b T F  A S  I T  G A I N S  STQFNGTH, I T  PERMITS 'OQMATION OF A SELF-SUPPOQTING GROUND ARCH ABOVE THE TUNNEL. 
OF TUt 'MFL SURFACE C L r S F  P E H I N D  THE EXCAVATION, I T  PRFVENTS A I R  S L A K I N G  OF ROCK. Y I E L D I N G  E L A S T I C A L L Y  AT A DECREASING 

DQAWS A T T E N T I O N  TP THF STRUCTURAL P O T E N T I A L  I N H F Q E N T  I N  SHOTCRFTE. 

/ & 3 Q = a Q Q l  SHOTCRETF SUPPORT I N  ROCK TUYNELS I N  S C A N D I N A V I A  ( L I N F R S  1 

C l V I L  E N G I h E E R I N G t  (40) N 1, 7 4 - 7 9 ,  J A N  1970. SHOTCRETE IS TERMED THE MOST P R O M I S I N G  ADVANCE I h  T U N h E L  SUPPORT I N  

THE A R T I C L E  

C ~ C I L T  0 .  S. & U.S. CORPS OF FNGSS MI3 R I V  D I V  

H A L F  A CENTIJRY. I T S  A P P L I C A T I O N  AND L I Y I T A T I O N S  I N  R E S I S T I N G  R F A L  ROCK PRESSURE, LOOSENING PRESSURE, AND SWELLING 
PRESSUPE ARE n F S C P I B F D .  THF AUTHOR DPSERVED NORWEGIAN AND SWEC'ISH SHOTCRETE P R A C T I C E  W H I L E  HE WAS I N  S C A N D I N A V I A  
STU9)IYG QOCK TUNNELS. 
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sdQ=mQQ1 A U S T Q A L I A N  TRENDS I N  TUNNEL FORMWORK ( SUPPORTS t 

TUNNELS AND T U N N F L I N G t  ( 2 )  NO 2 1  9 3 - 9 8 ,  MAR. 1 9 7 0 .  FORM D E S I G N  I N  A U S T R A L I A  HAS FOLLOWED AMEPICAN P R A C T I C E  I N  

USEn I Y  A U S T R A L 1 4  ARE DESCRIBFD.  

S H A Q L E Y t  4. lu. & R A P I D  MFTAL DEVELOPMENTS ( A U S T R )  

GFNER4L THROUGH T H E  I N F L U E N C E  OF W . S .  CONTRACTORS HANDLING MAJOR A U S T R A L I A N  PROJECTS. NEW TYPES OF FORMS DEVELOPED AND 
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F I E L D  75  NEWS I T E M S  

35-64-QQQQl TUNNEL L I N E R S  ARE WHEELED I N T O  P O S I T I O N  ( SUPPORTS 
CONSTRUCTION MFTHODS AND EQUIPMENT, 96-97, JAN. 1964. A TRANSPORTER OF A 23 -FT  D IAMETER S T E E L  L I N E R  CONSISTED OF 
FRONT AND REAR D O L L I E S  THAT HELD A S T E E L  STRONGBACK. THE STRONG STRONG-BACK EXTENDED TOWARD OVER A CAT D9 TRACTOR THAT 
TOWED THE R I G  AND WAS SECURED BY A SET OF V E R T I C A L  F A L L S  TO THE FRONT O F  THE DOLLY SERVING AS A FULCRUM. TO P I C K  UP A 
7 1 " D I A  L I N E R  SFCTION,  HE TRACTOR OPFRATOR BACKED UP AND THREADED THE REAR P O R T I O N  OF THE STRONGBACK THROUGH THE 
SECTION. I T  TOOK AN AVFRAGE OF A DAY TO TRANSPORT AND I N S T A L L  EACH L I N E R  SECTION.  S. L a  WIXSON AND CLEON HENDRICKS 
DESIGNED THE TQANSPORTFR WHICH WAS F A B R I C A T E D  B Y  CHARLES BRAUN FOR CENTAOP-WIXSON. THE POWER T U N N E L  IS PART OF UTAH 
CONSTR. CO. GENERAL CONTRACT FOR ROUND BUTTE DAM. 

~ ~ z ~ ~ = Q ~ Q Q ~  F A S T  TUNNFLL I N G  BY MECHANIZED SHUTTERING ( SUPPORTS CONCRETE-FORMS CONTINUOUS-POUR 1 
E N G I N E E R I N G ,  ( 172) 518-5199 A P R I L  10, 1964. A TOTAL OF 12 M I L E S  OF LARGE D-SHAPED TUNNELS WAS I N V O L V E D  WITH FLOOR 
TO C9OWN H E I G H T S  RANGING FROM 14 FEET TO 16 F E E T  6 I N .  BY C O M B I N I N G  THE GUYREX STANDARD S E C T I O N S  FOR T H E  SHUTTER 
AUGYENTED BY STANDARD T R I A N G U L A T E D  TRUSS AND CENTERING U N I T S .  B Y  U S I N G  THE RAIL-MOUNTED T R A V E L L I N G  GANTRY P R I N C I P L E  FOR 
ADVANCING THE SHUTTEP ANP HYDRAULIC  COLLAPSE AND F I X I N G  THE COMPANY SUCCEEDED I N  PRODUCING A D R A M A T I C  IMPROVEMENT. THE 
USE r lF A CONTROL PANEL FNSURED THAT ALL THE 100 PACKS MOVED I N  U N I S O N  AND REDUCED THE LABOR FORCE T(? D N L Y  2 TO 3 MEN/ 
S H I F T .  BOTH I I N I T S  WERE 100 F E E T  LONG AND COULD B E  STRUCK, MOVED FORWARD AND RESET I N  TWO HOURS. @NE POUR PER DAY 
4VERAGING 370 CU. YD. GAVE THE L I N I N G  TEAM A RATE O F  ADVANCE OF 600 FT. PER WEEK. THE FAWLEY SHUTTER I S  AN ADVANCE I N  
T H E  USE DF HYDRAULICS. TEE T R A V E L I N G  R4 IL -MOUNTED GANTRY I S  MADE UP M A I N L Y  OF B A I L E Y  B R I D G E  PANELS. A R T I C U L A T I O N  OF 
THE FClPM I S  AT TOP DEAD CENTER CAUSING RETRACTION AROUND THE GANTRY. THE TUNNELS ARE RECTANGULAR SHAPED 10 F E E T  BY 9 
F E F T  AND FACY T R A V F L I N G  FORM I S  6 0  FT. LONG I N  10 F E E T  MODULES. EACH MODULE CONTAINS S I X  H Y D R A U L I C  RAMS, TWO 3 1/8 I N  
9 0 P E  FOR V E R T I C A L  MOVEWFNT AND FOUR OF 4 I N  BORE FOR HORIZONTAL EXTENSION.  

,75-54-Q59Q3 V I C T O R 1  A SUBNAY SP4RKS NEW TUNNEL M A K I N G  MFTHODS ( CONCRETE-LINER UNBOLTED-CAST- IRON-L INER CFM 
F M G I N E E R I N G  NENS-REC'3RD, ( I72 1 26-28, A P R I L  30, 1964. A NEW SUOWAY TUNNFL I S  R E I N G  P U I L T  UNDER LONCCN, ENGLAND 
1"JVC)LVING SOPF YFY L I N I W G  METHODS. TWO METHODS S T U D I E D  WERE A T H I N - S H E L L E D  C@NCRFTE L I N E R  AND A NEW T Y P E  OF UN@@LTED 
CAST I R O N  L I V E R .  THF PRUJECT I N V O L V E D  THE USE OF A LARGE SCALE C R I T I C A L  PATH SCHEDULING ( C P V )  WHICH ONLY WAS ESTIMATED 
TO G A I N  TWC MONTHS I N  CONSTRUCTION T I M F .  THE COYCRETF L I N I N G  PROVED TO BF THE CHEAPFR. I T  WAS NOT NECESSARY TO USE 
G R 0 U T I N G  I N  T H E  CVNSTRUCTION. 

15-64-06QQl Q F S I N  CPMPOUND LOCKS BOLTS I N  POCK ( SUPPORT ) 
F N G I N F E R I N G  NFWS-RFCnRO, (172) 40, JUNE 41 1964. AMERICAN CYANAMID CO. HAS DFVELOPED ROC-LOC WHICY 4NCHORS ROLTS 
I h  A HOLF WITH A S P F C I A L  R E S I N  COMPOUND. I T  E L I M I N A T E S  EXPANSION-TYPE BOLTS. I T  HAS A VERY H I G H  T E N S I L E  AND 
CCIMPRESSIVE STRENC-TH. THE R E S I N S  CURES I N  8 TO 24 HOURS. THE HIGHER THE TEMPFSATURE TI'€ SHORTER THE CURING T I M E .  
THE R3C-LOC SYSTEM USES A TWO PART P L A S T I C  BAG WHICH C O N T A I N S  THE R E S I N  AN@ THE CATALYST.  

35-64-09001 C L I M A X  F I G H T S  HEAVY GROUND AND WINS ( ROCK MECHANICS EXPLORATION 1 

YFTAL Y I N I Q G  AND PROCESSING, 27-79, OCT 1964. H I S T D R Y  OF STRUGGLE WITH E X T E N S I V E  C A V I Y G  f l F  C L I M A X  MINES. NFW 
YFTHDOS n F  A N A L Y S I S  AND D F S I G N  OF SUPPORTS PR13VIDFD NEW MFTHODS OF CONTROLLING RAD GROUND. 

35-64-11QQl POLYESTER P F S I N S  HAVE ROCK B O L T I N G  A P P L I C A T I O N S  ( SUPPORTS CQST 1 
Y I N I Y S  CONGPCCS JOURNAL, ( 5 0 )  NO 40, NOV 1064. CYANAMID HAS DEVFLql'ED A R E S I N  F O R M U L 4 T I O N  WHICP G F L S  QUICKLY,  

WALKFRY M. S. + LUDWIG, J. J. E. C L I M A X  MOLYBDENUM CO C L I M A X  COLO 

CURFS FAST,  F V F N  AT LOW TEMPERATURES AND HAS LOW T O X I C I T Y .  WHEN F U L L Y  CURED, T F N S I L F  STQEh'GTHS UP TO 8100 P S I  HAVE 
BEEN 9E4CHED. I N  A q I X  FC'QT HOLE U S I N G  A 3 / S - I N C H  ROOF B O L T  OR REBAR Q E S I N  COST W I L L  BE I N  THE RANGE O F  $2.50 TO 
8 L . 5 0 .  4 TWf' MAN CREW CAN I N S T A L L  9 S I X - F E E T  BOLTS I N  ABOUT 20  M I N U T E S  W I T H  A L I T T L E  EXPERIENCE.  A P P L I C 4 T I 3 N S  I'\I 
RROKEN QOOF 'IR P I L L A R S ,  OR AT I N T E R S F C T I O N S  I N  COAL MINES;  I N  R A I S F S ,  SHAFTS, CHUTFS AND ORE PASSES; A'VD I N  ANCHCRINU 
Cl 'USqERS, SLUSPFRS CTC. TO FOUNDATIONS 

25-64-12091 Q F S I N  ANP RF-PAR G I V E  YFW LCOK TO QOCK BOLTS ( TUNNFL-SUPPORTS 
MFTAL M I N I N G  hPlD P R f l r F S T I N G ,  DEC. 1964. AMERICAN C Y A N A M I D ' S  ROC-LOC M I N I N G  K I T S  MAY P P O V I D F  M I Y F S  W I T H  A SAFFR, 
YnRF PERMANENT MEANS OF FOCKRf lLT ING.  COST FOP R F S I N  FOR 6 F E E T  HCILE W I T H  7/8 I N C H  BOLT I S  $2.50 TC $4.50. 

25-64-12Qa 3 A f i T F P P D  TUNF'EL ONLY P O S S I S L F  THROUGH ADVANCFS MADF I N  S O I L  S T A B I L I Z A T I O N  ( GROUTING ! 
SQUTH A F R I C A N  M I N I N G  AYP E N G I N E E R I N G  JOURNAL, (74) N. 3751, 1716-1719, D E C .  2 5 7  1964. THE M A I N  TUVNEL UNDER THF 

Pr)UNDS. I T  I <  L I N F D  W I T h  34 ,000  TONS MACHINED CAST IRON. THE M I N I V U M  C3VES SETWEEN THF TUNNFL AN@ THF R I V E S  CHANWEL 
THAMFS RETWEFY DAQTFOPD, KFNT, AND WFST THURROCK, FSSFX,  I S  3 8  F T .  2 I N .  DIAMETER, L,685 FT.  LONG, AND COST 11 VILLI ' lY  

I <  1s F T .  D I F F I C U L T  STRATA C O N D I T I O N S  WERE MFT RY I N J F C T I N G  CEMFNT GROUT I N T O  40 FT.  LENGTHS AHFA'I OF THE WORKING F4CE 
I h l  THF P I L C T  TIJYNFL. lOt000 TCNS OF PClqTLAND CEYFNT WERE I N J E C T E D  THROUGH HOLES BORED FROM THF P I L O T  TUNNFL T 3  CEWcNT 
ThC CHALK L A Y f P  APOUND THE UPPER PALF 'IF THE FUTURF M A I N  TUNNEL. CEMFVT WAS NOT FOUND TO RE AN E F F E C T I V F  GPCllJTING 

T ' iALK A V D  GR4VFL S P O I L  T17 A CRUSHING M I L L ,  AFTER WHICH I T  WAS M I X E D  WITH WATFR AND D F L I V E R E D  TO THE SURFACE. 105,000 
TnNS OF S P V I L  WFRF 5 C  HANDLFD. T W R F  I S  A SUSPEYDED ACOUSTICAL C E I L I N G ,  AVO A S IMGLF L I N E  OF FLUORESCENT LAMPS OVFR 
T t i F  CENTFR. V F Y T I L 4 T I O Y  FANS PDCIVIDE 130 CU-FT PFR M I N  PFR FT.  RUN OF THE TUNNEL CF F P F S H  A I S .  

25-65-0LQQl S W I S S  CQACK qOTTLFYECK W I T H  NEW LUCFRb!E PO40 I L I N I N G S  F I B E R G L 4 S S  1 
F~1GIV 'F4IPIT ,  NFWS-QFCOPD. (174) 84-85? JAN. 2 8 ,  1965. THERE ARE FOUP TUNNELS THROUGH LOPPER MOUkTAIN.  A R A I L R O A D  
TUYYFL I S  A H n L F - M I L E  LOVG A N n  I S  L I V E D  WITH CDNVENTIOYAL CONCRETE OVE9 APCUT ONE-THIRD OF I T S  LEMGTH AND SEIfdFORCED 
WITH SPRAYEn- (N  fD i !CPETF THROUGHOUT T H F  RFMAINDER. TWO HIGHWAY TUNNFLS C R P S S  OVER THE R A T L R 0 4 D  %ORE ONLY 14 I Y C H E S  

QCCK. THERE I S  4 L S f  AN I Y N E P  STFEL 5 H F E T  7 JNCHFS FROM THF CONCRETF P R O V I D I N G  ADDED P F O T E C T I O N  FPOM WATER SEFPAGF. 

PrhTFRTAL I N  CRCVFL-  3 0 5 7 0 0 0  CU-FT CF GROUT WERF I N J E C T E P  I N T O  3 0 ~ 0 0 0  CU-YDS OF GRAVEL. A PELT CONVEYOR C4RRIEC)  TYE 

49nVE;  Tt'FY APF '1&7(? F F F T  AND 927 F F F T  LONG, L I N F D  WITH CONCRETE W I T Y  4  DRAINAGE SYSTEM EETWEEN T H F  L I N I N G  AND THE 

T f l F  OTHER TUNNFL I S  A 3 5 6  FOOT RRANCH TUNNEL, I S  L I N E D  W I T H  A C O A T I N G  OF F I S E P  GLASS. 

2q-55-07QQl @ = S I G N  4ND CONSTRUCTION OF THE CLYDE TUNNEL ( L I N I N G S  SHIELD SAFFTY ) 
THE SUQVFYOR AND M U N I C I P A L  FNGINFFR,  ( 1 2 5 )  NO. 77981 51-37 M A R  201 1.965. EECAUSF OF THE GROUNC C l N D I T l @ N S  
T U V h l F L L I N G  C H I F L O S  4ND COMDKESSFD A I R  HAD T n  RF l JSFD IY THF CONSTQUCT!ON. THE FCONDMIC M A T E R I A L  FOP THE L I N I N G  W4S 
r A S T  I R q N  FrlR bOFQU4TF STRFNGTH AND D U R A B I L I T Y .  I N  C E R T A I N  SFCTTONS OF THE TUNNFL THE ROAD HAD TO EE HFhTEI?  RY A 
L I N - V Q L T A C F  SYSTEM Ihl WHICH Tt'E H F A T I N G  FLEMENT I S  A G R I P  OF FXPANDFD S T F F L  MESH. 

3 5 - b S - E Q Q l  SAMD-GILLFP h I T E R  TUYNEL ( GROUYD-CONTROL I R R I G A T I O N  1 
F N G I N F F R I N G  MFWS-QFff'RD, (1741 70-219 MAY 69 1955. LEBANOb! F I N I S H F D  A 9 . 9 - M I L F  1 0 - F T  D I A .  TlJNNEL .4T A COST OF 
$ 1 0 0 - M I L L I O N  PLUS. THF TUNNFL WENT UNOER THF 5 ,600-FT .  H I G H  MT. N I H A  A N D  I T  W I L L  TRANSFER SOME 70.6 B I L L I D N  CU. FT. r lF  
L f T A N I  R I V F R  IvATTR. THF WATFP W I L L  I P Q I G A T F  ALMOST THREE T I M F S  THE PRFSENTLY C U L T I V A T E D  ACREAC-F. THE TUNNCL 
W M P L E T F L Y  F I L L E D  UP WITH FRODFn SANDSTOYE AS THE TUhNEL CAVED I N .  

II: 

i 7 

r7 
Lj 

j 17 
i 

=5.=lZQQj 4 4 F  TCDAY 'S  TUNPFL D F S I G V S  ARCHAIC ( SUPPORT5 ) 
F Y G I Y E F P i N G  YFWS-PFCnQn, (175) 11?-1131 DFC. 16, 1965. ALTHOUGH MECHANICAL M @ L F 5  HAVE D R A S T I C A L L Y  CHANGED TUNNFL 

DFFCEYT.  M O R c  NFFPS TO R F  KNOWN PHDUT THE S O I L  YFCHANICS. THF D E S I G N  I F  TUYNFLS HPS CONSTPUCTION SUPPORTS H A N D L I N G  THF 
F U L L  L 0 4 D  A Y r  THFN THF I h N E F  L I N I N G  I S  ALSO P F S I G N E D  T'I SUPP0RT THF F U L L  LCIAD. L @ D F  CONSTRUCTION DECR€ASFS PRESSUTE ON 
THE STRUCTURE. 

C W S T P U r T I O N  TFCHNIQ l 'FS  TUNNELS AKF 70 YFAKS B F H I N D  THE D F S I G N  T I Y C S .  F V E R Y T H I N G  I S  OVFRDFSIGNED BY FbCTDQS UP T3 400  
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35=46=92991 H Y D R A U L I C A L L Y  OPERATED ROOF BOLTER U S I N G  DUAL BOOMS CUTS C Y C L E  T I M E  [ COAL-MINE ROTARY-PERCUSSION N O I S E  1 

D U A L  BOOM AND TWO D R I L L I N G  HEADS. M I N U T E S  HAVE B E E N  CUT FROM THE PRODUCTION-CYCLE T I M €  AND THE MACHINE HAS T H E  
C A P A B I L I T Y  O F  I N C R E A S I N G  T H E  B O L T I N G  C A P A C I T Y  7 5  PERCENT. L E S S  N O I S E  I S  PRODUCED AT T H E  M I N E  F A C E  @€CAUSE A 
ROTARY-PERCUSS I O N  HEAD IS USED. 

1-=mQQ1 DEVFLOPMENTS I N  CONCRETE TUNNELS ( L I N I N G S  PRECAST-CONCRETE J A C K I N G  1 

I N  I N C R E A S E S  I N  TUNNEL RATES. AN I N C R E A S I N G  USE OF THE T H R U S T I N G  PROCESS I S  B E I N G  USED I N  I N S T A L L I N G  PRECAST 
P I P E - T U N N E L S .  PRECAST CONCRETE HAS B E E N  USED FOR 4 F E E T  TO 1 0  F E E T  6 I N .  I N  D I A .  TUNNELS WITHOUT A S H I E L D .  T H E  
TUYNELS FOR THE V I C T O R I A  L I N E  I N  LONDON ARE B E I N G  L I N E D  W I T H  K N U C K L E - J O I N T E D  C A S T  I R O N  SEGMENTS. A RECCRD RATE OF 467 
FFET/WEEK WAS ACHIFVFD.  AN A L L  PURPOSE CONCRETE L I N I N G  OF 6 F E E T  D I A .  I S  MANUFACTURED BY MESSRS K I N N E A R  MOODIE 
(CONCRETE)  L T D .  I T  IS A KNUCKLE-JOINTED L I N I N G  ERECTED ON TO A S T E E L  FORMER R I N G  I N  T H E  TUNNEL.  T H E  T U N N E L L I N G  
MACHINES H A V E  C Y L I N D R I C A L  B O D I E S  S I M I L A R  T O  THOSE OF NORMAL TUNNEL S H I E L D S .  FOURTEEN H Y D R A U L I C  RAMST E A C H  CAPABLE OF 
E X E R T I N G  A FORCE OF 110 TONS. CLOSED C I R C U I T  T E L E V I S I O N  WAS USED FOR I N S P E C T I O N  OF T H E  WORKING FACE. P I P E  10 F E E T  3 
I N  D I A M E T E R  AND 5 5  FEET LGNG I N S T A L L E D  BY T H R U S T I N G  TOOK 240 HOURS TO I N S T A L L .  EACH S E C T I O N  OF PRECAST CONCRETE P I P E  
I S  F I V E  F F E T  I N  LENGTH AND WEIGHS 7 TONS. THE T Y N E  TUNNEL USED AN I N J E C T I O N  OF A C H E M I C A L  GROUT WHICH H A S  LOW V I S C O S I T Y  
A Y n  A CONTROLLED G E L L I N G  T I M E .  I N  THE NEW BLACKWELL TUNNEL, THE TUNNEL HAD TO B E  D R I V E N  W I T H  3 5  P S I  O F  COMPRESSED A I R -  

3 5 - 6 6 - Q 8 A Q l  ROCK BOLTS ALONE SUPPORT HUGE CAVERN ROOF ( POWER-PLANT-EXCAVATIONS GROUTABLE-BOLTS ) 
F N G I N E E R I Y G  NEWS-RECORD, (177)  2 2 9  AUG 1 9 6 6 .  ROCK B O L T S  ON A 5 X 5 F E E T  G R I D  PATTERN WERE USED TO SUPPORT THE 
ARCHED ROO+ OF A POWERHOUSE M A I N  CHAMBER W I T H  AN AREA OF ALMOST 2 ACRES. THE POWERHOUSE I S  PART OF B R I T I S H  COLUMBIA 'S 

S I L T S T C N E  AND SHALE T H A T  HAS F I N E L Y  SHEARED ZONES AND COAL SEAMS. THE A R T I C L E  D E S C R I B E S  T H E  CONSTRUCTION C O N D I T I O N S  

Cf lAL AGE? 144, FEB 1966. A H Y D R A U L I C A L L Y  OPERATED ROOF B O L T I N G  MACHINE WAS USED I N  A COAL M I N E .  T H E  M A C H I N E  HAS A 

NEW T Y P E S  OF PRECAST CONCRETE SEGMENTS WHICH RESULT CONCRETE AND CONSTRUCTIONAL E N G I N E E R I N G 9  2 3 4 - 2 4 4 1  J U L Y  1966. 

PORTAGE M O U N T A I N  @AM. E X C A V A T I O N S  ARE UNDERNEATH T H E  DAM I N  A T H I C K L Y  BEDDED MEDIUM-GRAINED SANDSTONE9 F I N E - G R A I N E D  

AND METHODS USED I N  T H E  EXCAVATION.  

2+ab=mQ1 SOFT-GROUND TUNNEL G I V E S  JERSEY SEWER CONTRACTOR HARD T I M E  ( L I N I N G S  GROUTING CHEMICAL-GROUT 1 
E N G I N E E R I N G  NEWS-RFCORDT ( 1 7 7 1  26-28,  SEPT. 299 1 9 6 6 .  SOFT GROUND WOULD NOT ALLOW D R I V I N G  WELL P O I N T S .  TENA CHEM, 
I N T .  USFD A LOW-VI S I O S I T Y ,  ACRYLAMED-BASED C H E M I C A L  GROUT. 

.?&-67-070Ql RODF B O L T I N G  AT H I G H  PACE [ L I N I N G S  1 
COAL-AGE9 ( 7 2 1  1489 F E B  1967. A DOUBLE-ARM ROOF B O L T I N G  M A C H I N E  WILL OPERATE I N  SEAMS O F  5 1 / 2  F F E T .  TWO D R I L L  
AQMS ARE A P P R O X I Y A T E L Y  9 F F E T  LONG. T H E  MACHINE I S  F N T I R E L Y  H Y D R A U L I C 7  D E L I V E R S  A 109000 L B .  V E R T I C A L  THRUST W I T H  
?,eon PSI HYDRAULIC PRESSURE. THE DRILLING MECHANISMS A R E  O P E R A T E D  WITH THRUST UP TO 5 TONS WITH A ROTATION SPEED OF 
590 'JPM. 

3 5 - 6 7 - Q l Q Q l  NFW L I N E R  P L A T E  SERVES DUAL ROLE [ TUNNEL GASKETED-LINER-PLATES I 
E N G I N F F R I N G  NFWS-RECORD, ( 1 7 8 )  3 2 ,  MAR 9, 1967. NEOPRENE GASKETED CAST I R O N  L I N E R  P L A T E S  WERE D E V I S E D 9  T R I E D  OUT 
4ND COMPARED T O  CONVFNTIONAL L I N E R  P L A T E S  I N  AN INTERCEPTOR SEWER TUNNEL ON MANHATTAN'S LOWER E A S T  S I D F .  GASKETED 
L l N F n  P L A T E  S F C T I O Y S  WERE BOTH A I R - T I G H T  AND WATER T I G H T  P E R M I T T I N G  CONCRETE L I N I N G  OF F U L L  F A C E  WITHOUT COMPRESSED 
4 I R .  S A V I N G S  ARE R E A L I Z E D  WHEN T H I S  MORE E X P E N S I V E  METHOD I S  WEIGHED A G A I N S T  NEW YORK C I T Y ' S  H I G H  LABOR COST h H E N  
WnQKING UNDER AIR.  

3 5 - 6 7 - 0 4 Q Q l  NEW WAY TO SPRAY ON TUlvNEL L I N I N G  ( SHOT-CRETE ALIVA-METHOD 1 
RY AGE, ( 1 6 2 )  N 14, 1 2 - 1 3 ,  APR. 1 0 9  1 9 6 7 .  METHOD USED I N  11,190 F T  LONG R A I L R O A D  TUNNEL UNDER CONSTRUCTION AT 
VANCOUVER, RCP I S  S I M I L A R  TO SHOTCRETING B U T  W I T H  SOME MAJOR DIFFERENCES;  ONE I S  T H A T  COARSE AGGREGATE CAV BE USED; 
AkOTt iFR D l F F E P E N C E  IS T H A T  DRY M I X  I S  D E L I V E R E D  BY COMPRESSED A I R  TC NOZZLE AT WHICH P O I N T  WATER I S  ADDEC AND ADJUSTED 
BY VPLVE;  KNOWN AS A L I V A  METHOD9 NEW SYSTEM OF CONCRETE S P R A Y I N G  IS O F  S W I S S  O R I G I N .  

35-67-090121 SURFACE SHAFT PLUMES DEPTHS TO B U R I E D  TUNNEL ( C A S I N G  GR@UTING D R I L L I N G  
Tf lNSTRUCTION MFTHODS, 6 6 - 6 3 ,  SEPT. 1 9 6 7 .  LAYNE-MINNESOTA C 0 . t  M I N N E A P O L I S ,  D R I L L E D  A V E R T I C A L  SHAFT 1 1 5  FT.  I N T O  
THE 1 3 - I N .  CROWN OF AN E X I S T I N G  TUYNFL 1 2  FT. I N  0 1 4 .  THE HOLE WAS D R I L L E D  TO W I T H I N  3 - I N .  OF T H E  TARGET. D R I L L I Y G  WAS 
C n M P L I C A T E O  RY A NATUPAL HEAD OF WATEP THAT ROSE I N  THE OPEN HOLE T O  THE TOP OF THE L I M E S T C N E  ROCK WHICH WAS 
'ENCnUNTERFD d T  AY E L E V A T I @ N  OF 7 6 5  FT. THE PROBLEM WAS SOLVED BY S E T T I N G  2 0 - I N .  C A S I N G  A L I T T L E  MORE T H A N  73 F T .  FROM 
T H E  StJRFACE n F  THE HOLE T O  THE TOP OF THF L I M E S T O N F .  T H F N  46-FT-LONG 1 6  IN. C A S I N G  WAS LOWERED I N T O  THE POLE WHICH 
EXTEYDED 4 F T .  ABOVE THE L I M E S T O N E  ROCK. TO I N S U R E  GOOD S E A L I N G  BETWEEN THE HOLE AND THE 1 6 - I N .  C A S I N G  A 2 - I N - D I A  P I P E  
W4S I N S E R T E D  INTfl A S P F C I A L  CONCRETE SHOE WHICH D I R E C T E D  GROUT FLOW. THE GROUT WAS THEN I N J E C T E D  UNDER PRESSURE. T H I S  
ALSO PPEVENTFr) WATER C A R R I E C  SAND FROM POURING I N T O  THE TUNNEL WHEY THE F I N A L  P E N E T R A T I O N  WAS MADE. 

3 5 - 6 7 - 0 9 0 Q 2  9 F U S A S L E  FORMS LOCK AND R O L L  TO CAST TUNNEL ( L I N I N G  1 
CflNSTRUCTIOV MFTHnDS E. FQUIPMENT,  (491 N 91 7 9 - 8 9 ,  SEPT. 1 9 6 7 .  R O L L I N G  WALL AND DECK CORMS T H A T  S H I F T  INTC! C A S T I Y G  
P M I T I O Y  ON S P E C I A L  P F T R A C T A B L E  POLLY WHEELS SEDUCE SETUP T I M E S  AND CONCRETING COSTS OF B U I L D I N G  V E H I C U L A R  TUNNEL I N  
MTNNEAPnLTS.  B O D I N G  TO E F F I C I E N C Y  OF ODERATION ARE STRUCTURAL S T E E L  F O O T I N G  FORMS CALSO R E U S E A B L E I  WHOSF S I D E S  AND TOPS 
F I T H F R  LOCK TOGETHFR T I G H T L Y  OR SFPARATE Q U I C K L Y ,  DEPENDIYG ON D I R E C T r O N  SMALL WEDGFS ARE T A P P E D  W I T H  HAMMER. USE OF 
SPLTED 3 0 - F T  FPRM AS WALL SECTION,  AND 9 0 - F T  LONG TRUSS B F A R I N G  FRAMEWORK TO SUPPORT TUNNEL DECK POURS ARC DESCRIBED.  

L- 35-6I3.QQQ1 Rfl,I?F SUPPORT; T F C H N I Q U F S  ANO TOOLS ( STANDARDS ROCF-BOLTS 
COAL A G F T  ( 7 2 )  1 0 8 - 1 1 3 ,  OCT. 1 9 6 7 .  AS A R E S U L T  OF A STUDY MADE OF ROOF-CONTROLS MADE I N  1 9 6 1 9  NEW METHODS HAVE 
Q E c N  @ISCOVERED AT NORTH AMERICAN COAL CORPOSATIOM. I T  HAS E S T A B L I S H E D  A SET M M I N I M U M  STANDARDS FOR T I M B E R I N G  
AND S O L T f N G ,  RUT, W I T P  V P R Y I N G  C O N D I T I O N S ,  EACH M I N E  MUST HANDLE I T S  OWN PROBLFM. ROOF B O L T  RFCOVERING IS P R A C T I C E D  AT 
POWHATTEN Nn. 1 AND I S  ECONOMICALLY F F A S I B L F .  UP TO 2 2 5  R'lLTS CAM BF RECOVERED PEP S H I F T .  ALSO A T  POWHATTEN NOS. 1 AND 
3, L I G H T - W E I G H T  H SEAMS A R E  USED TO P R O V I D E  TEMPOPARY ROOF SUPPORT. T H E  R I P P E R - T Y P E  CONTINUOUS MINERS WORK C O N T I Y U A L L Y  
WJTHOUT T H E  USUAL ROOF-PDLTING OELAYS. T H E  SFAMS ARE RECClVERED AND REUSED. M I N F R S  ALSO ADVANCE T h E  F A C E S  I N  TWO 
L I F T S .  T H F  M I N E P  ADVANCES EACH L I F T  NO FARTHER THAN THE PQESENT BOLT L I N E .  T H E  OPERATOR T H F N  S T A R T S  T H E  OTHER 
L I F T .  NO. 3 I S  T E S T I N G  A NFW G A L I S  3 5 0 B  PROTOTYPE ROOF BOLTER TO S I M P L I F Y  THE S P O T T I N G  rlF ROOF BOLTS. T H E  ROOF 
BOLTER OPFRATOR RUNS T H E  MACHINE DOWN THE L I F T  CENTFRLINE,  EMPLOYS THE SWING AND TRAM MECHANISMS, RATHER THAN MOVING 
T H F  MACHINE.  AT NO. 5 1  A SUCCFSSFUL P I L L 4 P I N G  PROGRAM I S  DISCCUR4GED EY T H E  STRONG L I M E S T O N E  F O R Y A T I O N  T H A T  
NnRMALLY OCCIJRS AT APOUT 6 TO 1 0  F T  ABOVE P I T T S B U R G H  NO. 8 SEAM. F X C E S S I V E  S Q U E E Z I N G  OCCUPSt  T H E  S O L U T I C N  HERE I S  TO 
L F A V F  THE P I L L A P S .  TO FURWISH EXTRA SUPPORT, RQOM PANELS ARF DFVELODED ON A STAGGFRFO THREE-R@OM SYSTEM. 6 8 - F T  WIDE 

4BOVE THE COAL IS ANOTHER PROBLEM, THE SLATE I S  SUPPORTED AND L E F T  I N  PLACE WHFRE SAFETY P F R M I T S .  OTHERWISE F U L L  SE4M 
M I N I N G  IS PRACTICED.  AT CONEMAUGH, CHANGES I N  PANEL F N T R I F S  HAVE OCCURRED. M A I N  E N T R I E S  APE NOW B E I N G  D R I V E N  W I T H  
SEVFF' HEADINGS ON 50- AND 95-FT CENTFRS; L4RGER P I L L A R S  ARE E S T A B L I S H E D  ON THE RETREAT S I D E .  ROOM CEVELOPMENT A N 0  
P I L L A R  EXTRACTTON CY THE L E F T  S I D E  P R A C T I C E D  ON ADVANCE, THE R I G H T  ON THE RETREAT. 

P I C L P Q S  APE E S T A B L I S H E D  BETWEEV EACH S F T  OF TYRFF ROOMS. HOW TO HANDLE THE T H I C K N E S S  OF DRAWSLATE T H A T  OCCURS 

15-68=11QQ.l H F R F ' S  MFTCALFE ROOF BOLT 
r n A L  MIN. t PROC., ( 5 )  r4 11, 37-8 ,  NDV. 1968. D F S C R I P T I f l N  OF RECENTLY PATFNTEO ROOF BOLT D E S I G N F D  T O  O B T A I N  

ANCHORAGE* I N V E N T I O N  USFS OPPOSING CAY SURFACES TO ADVANCF FXPANDE9 I N T O  SEGMENTED E X P A N S I B L E  P I E C E  OR SHELL SO I T  

25.-69-Q2QQl F A l l L T  SUSPFNDS TUNNEL D R I V I N G  ( C O N T I N G E N C I E S  GFOLOGY-EXPLORATION COST HIGPWAY ) 

YAXIMUM ANCHOR4GE W I T H  Y I N I M U M  O F  I N S T A L L A T I O N  T I M E ,  G I V E S  PROMISE OF REDUCING ROOF B O L T  F A I L U R E S ,  DUE TO IMPROVED 

W I L L  G R I P  BORFHCLE NALL AN0 P R O V I D E  4YCHORAGc* ADV4NTAGES OF NEW D E S I G N  ARF STRESSED. 

F N G I N F F R I N G  NFWS-PECORD, ( 1 8 2 1  30, FES 2 0 ,  1 9 6 9 .  THE P A I R  OF HIGHWAY,TUNWELS L 9 2 7 9  F T  LONG ON I 77 I N  SOUTHWFST 

:I: 
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V I R G I N I A  C O S T I N G  $ 7 6  M I L L I O N  WERE STOPPED BY A FAULT,  A SHALLOW SEAM O F  D I R T  AND ROCK HALFWAY THRU THE MOUNTAIN. 
GEOLOGICAL I N F O R M A T I O N  THERE I N D I C A T E D  F U L L  TUNNEL LFNGTH MOULD B E  I N  SOUND ROCK OF! ROCK NOT R E Q U I R I N G  OTHER THAN 
NOMINAL SUPPORT. T H E  B I G  Q U E S T I O N  I S  WHO WILL PAY FOR CHANGING CONSTRUCTION PROCEDURE WHICH BOTH HIGHWAY DEPARTMENT AND 
CONTRACTORS AGREE I S  NFCESSARY T O  CONTINUE D R I L L I N G .  HIGHWAY ENGINEERS SAY TUBES COULD B E  MADE S A F E  B Y  P U T T I N G  I N  
S T E E L  P L A T E S  ON T H E  S I D E  OF THE 27 FT. T H I C K  P I L L A R  BETWEEN THF TUBES, P R O V I D I N G  CONCRETE BULKHEADS OR Cl-ANGING 
D R I  L L I  NG PROCEDURE. 

15-69-Q3QQl ROAD GOES UP, TUNNEL GOES UNDER ( SUPPORT I 
E N G I N E E R I N G  NEWS-RFCORD, ( 1 8 2 )  32-33, MAR 6 ,  1 9 6 9 .  WHERE THE SAN F R A N C I S C O  BAY AREA R A P I D  T R A N S I T  D I S T R I C T S  THRU 
TUNNELS CURVE UNDER THE H I M I T Z  FREEWAY I N  OAKLAND THE F O O T I N G S  OF E I G H T  COLUMNS WERE T E M P O R A R I L Y  REMOVED. WHEN 
COMPLETED 5 OF THESE W I L L  BEAR ON THE TUNNEL AND T H E  OTHER THREE ON DEEPER FOOTINGS.  A M A S S I V E  G R I L L A G E  WAS USED TO 
T E M P O R A R I L Y  SUPPORT T H F  S I X  L A N E  FREEWAY. THE 16 F T  WIDE 1 5  F T  H I G H  TUNNEL S E C T I O N S  H A V I N G  2 F T  T H I C K  FLOOR AND 1 1 / 2  
F T  T H I C K  WALLS AND C E I L I N G S  WILL HAVE 1 1 / 2  F T  ADDED TO THE TOP SLAB AND 6 I N .  T(! THE WALLS WHERE THE COLUMNS REST ON 
THE ROOF. 

35-70-04QQJ PRECAST SUBWAY L I N E R S  GO I N  FROM T O P  T O  BOTTOM [ M E X I C O - C I T Y  SUBWAY S H I E L D  
ENGR. NFWS-RECORD, (184) 76-27,  APR. 1 6 ,  1970. SOLUM SA PART OF THE I N G E N I E R O S  C I V I L E S  ASOCIADOS GRUPO HAS THE $4 
Y I L L I O N  CCNTRACT FOR THE 3700 F T  S E C T I O N  OF SUBWAY TUNNEL UNDER T H E  C I T I E S  EAST-WEST FREFWAY AND A BUSY COMMERCIAL 
ARcA. A 30 FT D I A  S H I E L D  KEEPS GROUTING TO A M I N I M U M  B Y  H Y D R A U L I C A L L Y  E X P A N D I N G  T H E  TUNNEL L I N E R  SEGMENTS AGAINST THE 
SOFT S O I L  BORF AS I T  MOVES FORWARD TO PLACE THF NEXT L I N E R  R I N G .  MEN USE P N E U M A T I C  HAND SPADES T O  REMOVE THE MUCK FROM 
T H E  FACE. A FPONT FND LOADER T A K E S  THE MUCK OUT OF THE SHIELD F A C E  THROUGH A LIWGED D n m .  

35-70-05492 A P P L Y I N G  WATERPROOF S H E E T I N G S  AS TUNNEL L I N I N G S  B Y  MACHINES 
TUNNELS ANC T U P N E L I N G ,  ( 2 )  NO 3, 177-178,  MAY 1970. S I K A  E X P E R I E N C E  I N  I N S T A L L I N G  WATERPROOFING I Y  EUROPEAN 
TUNNEL S . 
F I E L D  3 6  CnMPANY RROCHURES 

?6-65-LQQQl ROCK B O L T I N G  THEORY ( BOLT-SPACING CEMFNT-GROUTING R E S 1  N-GROUTING ROCK-STRESSES SUPPORT 1 

A M ER IC AN CY ANA M I D  ENG I N E E R I N  G C HF M I C  A L S 9 5-29 2 6- 1 000- 1 OC T 196 5 U N T I L  40 YEARS AGO ( 1 0 2 5 )  ROOFS WERE SUPPORTED 
BY VARJOUS PROP MFANS. THESE REQUIRED A D D I T I O V A L  MOVEMENT OF THE SUPPORTED ROCK MASS REFORE ASSUMING LOAD. W!TH THE 

CLOSFD. P R I G I N A L L Y  ANCHOR BOLTS WERE T I E D  TO THE ROCK Y A S S  ONLY AT THE TWO END POINTS.  I F  ONE END F A I L E C  THE F N T I R E  
SOLT F A I L E D .  PORTLAND CEMFNT WAS F I R S T  USED FOR F U L L  BOLT BONDING BUT H A @  LOW I M P A C T  R E S I S T A N C E  AND D E T E R I O R A T E D  FROY 

SHOCK C n h D I T I O h t S .  V E R T I C A L  AND HORIZC!VTAL FORCES FROM GROUND L@ADS ARE D I S C U S S E D  AND B E N E F I T S  OF ROCK BOLTS 
c % P L A I N F D .  TD FORM A CPNTINUQUS I N F L U E N C E  ZONE ROLT SPACINGS SHOULO VOT EXCFED HALF THF B O L T  LENGTH. 

zh-h6-Q2QQl QPr-LOC A P P L I C A T I O N S ,  CASE H I S T O R I E S  ( RFSIN-GROUTING R@CK-POLTS TRANSFFR-TURF 1 

AMER 1'- AN CYAN4 M I D ,  SNGIN FER I N G  CHEMICALS,  6-2005-1 5 0 0 - 2  / 6 h  9 1-7 59 F E E  1 9 6 6 .  T H F  NEW RESIN-GROUTEg-BCLT CONCEPT OF 

KARCL, R. H. & AMERICAN CYANAMID Cc) 

A!IVEMT OF RnCK BOLTS, QOCK M I S S  MOVEMENT WAS R E S T R A I N E D  AND BY T E N S I O N I N G ,  P R E V I O U S  CRACKS WERE P A R T I A L L Y  OQ COMPLETELY 

S U L F A T E  WbTERS. RECFYT DFVELOPMENT @ F  H I G H  STRENGTH, H I G H - I M P A C T - R E S I S T A N T  RONDING R E S I N S  HAS SOLVED S O M E  RAD ROOF AND 

AMERICAN CYANAMID CC! 

GQOUYn SUPP09T OFFFRS CUST SAVINGS,  GREATER PERMANtNCY AND A M I N I M U M  OF DCWN T I M E  I N  V I T A L  PRODUCTICN AQEAS I N  MINES.  
TdEYTY-THRFF Y I N F R P L  MTNF CASE H I S T O R I E S  O F  ECONOMIC4L FOG-LOC GROUTIYG ARF GIVEN.  

3 6 - 6 7 - O L Q Q l  Q F P F A T E D  LQAP T F S T S  ON R E I Y F O R C I Y G  BARS GROUTED ROC-LOG M I N I N G  K I T S  ( A C T I V A T P R  CtJRING 
"F SIN-GSnUTED-ROCK-HOLTS PULL-TESTS 1 
KAPOL, P .  H. C AMERICAN CYANAMID C'l 

4MERICAY CYANAMIO, F V G I N F E R I N G  CPEMICALS,  6 - ? 0 8 7 - 1 0 0 0 - 1 / 6 7 ,  1-11, JAN. 1967.  F U L L  T F S T S  SHOW THAT F U L L  R F S I N  CUP.E 

I S  L O d  T H F  TYSFrb lFNT W I L L  OEVELOP A P U L L  OUT R E S I S f A N C E  APPROACHING THE ROD T E N S I L E  STRENGTH. L O A D I N G  TC F A I L U R E  DOES 
FInT DFSTROY THE L V A D  C 4 Q P Y I N G  C A P A C I T Y  O F  Q F S I N  GROUTED BOLTS AS WHEb UNLOAEED THEY CAY BE P F L C A D F D  TO FVEN MORE THAY 
T H F  ' 3 R I G I l u A L  F A I L U R E  LC'AD. T H I S  R E L O A D I V G  FACTOR IS I M P O Q T A N T  I N  :EVES€ SHOCK AREAS. 

3 6 - 6 7 - X Q g l  RnC-LOr  540 M I N I N G  K I T  - I Y S T R U C T I O N S  FOR H A N D L I N G  AND USE ( C H E M I C A L - P R O P E R T I F S  CURE G F L A T I h  

1 5  CISTAIYE', 4T 7q DFGRFFS != O R  APOVF, SFL@W T H I S  ACTIVATOP ADD!TI@N W I L L  EFFECT F U L L  CURF. F V F N  I F  TYF DEGPFE OF CURE 

P H Y y I C 4 L - P K D P F P T I E S  R F S I Y  TRAYSFER-TUBE 1 
AlJFRICAN C Y b W A Y I D  C O  

l h + r Q  I t A Y  C YGWC M T Q t  'hGT F t C F R l N C  C H F P I C A L S  4-311 9-*00-2000-8/671 1-0 AUG. 1967 .  ROC-LnC 5 4 0  M I N I V G  K I T S  C:Ii\lT@IU 
c L O  C U B I C  I Y C H F S  OF V I X F P  VOLU'IF ['F PASTE,  YAQDENER AND ACTIVATOR A N 9  COMFS W I T P  A TKPFISFFR T U B F  A N r  P I S T D V .  Q E S I D E S  

I ; IVEV.  FOUR T Y P T C b L  9 F 5 A R  A P P L T C A T I O N q  A R 5  SHnWN. TEST Q E S U L T S  ON 7/5 RFBAR I Y  1 1/4 DIAMETFR HOLES I N  HARD IGNFOUS 

4"!D P L A I N  C n k C P F T F  AQF L I S T E D .  IN P U L L  TESTS THF A B I L I T Y  OF ROC-LOC ANCHORED REBARS TI! S L I P  AND THFR S U S T A I b '  A SELOA? 

CATAqTRQPHXC F A I L U P E .  

-- 'h&&lQQQl POC-LnC "A"  ANCHORAGF Q E S I Y  ( 9r)CK-SOLTS RESIN-GROUT ) 

AMERICAY CYANAMID,  E N G I Y E F P I N G  C H E Y I C A L S ,  R-?094-500-10/hR, 1 - 6 9  OCT. 1 9 6 8 .  RPC-LPC I t A r t  Y b S  GREATFD DEQMAr\!Fh'CE 
THAN OTH'P AYCHQRACE MFTHCDS. I T  REDUCES PLFEP-OFF AND POLT D I S P L A C E M E Y T  AND P A S  GPEATEP P F A R I N C  C A P A C I T Y  ANI? n L 4 S T I U G  
S Y X K  R E S I S T A N C E .  I T  C A L  FCPNOMICALLY PROTFCT C Q I T I C A L  AREAS. THE POC-LOC " A "  F O I L  CARTDIDGE P A S  A C L I P  S E p D D A T I U G  
THE TWP S F A C T I V F  COYPnNENTS. WHEN U S I Y G ,  QFMOVE THE C L I P 7  KNEAD THE PACKAGE AN0 I N S E R T  I N  THF R 9 L T  YOLF W I T H  4 ST3ONG 
STEADY PRFSSURE AS FROM A D R I L L I N G  MACHINE, A S T O P E 4  MAY NOT HAVE EY@UGH FORCE, T 0 " 3 U E  I M M F D I A T E L Y .  Q ' S I N  RFACHES F U L L  

Y I X I N G  I N S T R U C T I O N S ,  R F Q U I R F O  M I X F D  VOLUME CHARTS FOP, VARIClUS REBA?, HOLE S I Z F  COMBZNATICNS AND R!=SI ' \ I  P C T  L I F E  ARE 

~ O C K  A R F  T A Q U L A T E D  FnP v b s i e u s  CURE TIMES, T E V P F R A T U R E S   AN^ REBAR LENGTHS. C H ~ M I C S L  AND PHYSICAL PPVPCQTIFS OF R Q C - L ~ C  

4 s  GREAT AS Tk'F C " ' l G I V 4 L  S L I P P A G F  L O A 0  WAS rJRSERVED. THEREFORE, SHOCK LOADS O Y  R E S I N  GQOUTED R E R 4 R S  W I L L  NOT CAUSE 

AMFRICAY CYANAMID CCl 

CTQFMGTH I Y  4 MATTCQ P F  POURS. THF D F S I N  Y I X T U R F  MOVES UNDER PRFSSUQF TO FLCW AROUhJD THE E X P A P S I C Y  S W I E L r l  WITHOUT 
GUVNING DOWN T P E  SHAb!K. 114 POOR P O C K ,  ROC-LGC PROVI ' IE?  ANCHORAGF WHERE C O R V E N T I O N 4 L  S V F L L S  W I L L  YCT HC'LC. 

F I E L n  17 [ F T T F P C  

_-____ 77-69-Q3QU Q F P C Q T  'IN CHGMICAL S n I L  GROUTING J O ?  ( GEOSFAL C O N S O L I D P T I q N  

LCTTFR TO ROPDEY CHFM. CO. M A Q .  77, 1 9 6 9 ,  W/RFPQTNT FRCM HFAVY FQUIDMFNT NEWS, MAR. ?1, 1069. bUMRFR Q I V c Q  SFWAFF 
ToFATMENT P L A V T  - b WATFR I N F L O N  WAS FOUNT) WYEN I N S T A L L A T I O N  OF A P I P E  BFGAN. GEOSEAL F R O M  FnR@EN CHE'J IC4L C r l .  W A S  
r H O S F V  F O R  C r N C O L I E A T I r N  P F  AN ADJACENT LANO F I L L .  D I F F I C U L T Y  WAS EXPERIENCED I N  D R I L L I N G  THRGUGH A  2 '  T H I C K  C O Y C Y E T Z  
d A L L ,  RUT GEOSFAL PR@VED SUCCESSFUL. S D A D I V A  SEWER TUNNEL - D I F F I C U L T Y  W I T H  LOOSE SANO. GEOSFAL WAS I N J E C T F P  WITY 

K I E Q t J L F ,  Pa E QOPERT M C A L P I Y E  L T n  

CnMPRFSSF9 @ I Q ,  SUCCFSCFULLY F@R THE WHOLE ODERATION. TORONTO T R A N S I T  COMMKSS ION'S,  2 l - M Z .  LCNG qUi?WAY SYSTFY. 
WATES SFEPAGF THROUGH POFOIJS,  CRACKED, 84 HnNEYC3MREO CONCRFTF WAS THE PROBL'M. S O L U T I O N - I N J E C T I Q N  GPOUTING 
TF,CW!QUCIS. PAC?EVGEPS flF T R A I N S  WERF NOT T'l B F  INCONVFNIEYCED.  Ah1 I T A L I A N  GSOUT PUMP P E R O N I  PNEUMATIC C'YFNT 
Tb:JFCTInY PUYP WAS UCFD.  P F F A K l N G  THc'llJGH THE WALL WAS NOT D E S I R A B L E  RFCAUSE SATURATE0 QUICKSAND @ F H I Y D  COlJLn F I I W  "UT 
7 F  T H F  D R I L L  Hf 'LF AYP INTCI THF V P I @ S  Q F  CPVCRETE. THFSC V O I D S  WERF F I L L E D  W I T H  GEOSFAL R E S I N .  I V  CRrlEQ TO CHECK T P  
P P F D I C T  GDOUTIRC, E F F r C T I V E N F S S t  A F L U 0 9 E S C E I N  GPFFN DYE YAY B E  I N J E C T E D  V I A  P E R O N I  PUMP. 
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3 7 - 6 9 - 0 6 Q Q l  GEOSEAL ( CHEMICAL-GROUTING 1 

BORDENt  I N C I C H E M .  D I V .  BROCHURE, JUNE 309 1969. C H E M I C A L  GROUTING IS A PROCESS OF I N J E C T I N G  A C H E M I C A L  S O L U T I O N  
DAHLENBURG, J. L. & BORDEN I N C  

I N T O  V O I D S  SUCH AS THOSE FOUND I N  POROUS CONCRETE, FRACTURED ROCK, OR PERMEABLE SOILS.  THE C H E M I C A L  D I S P L A C E S  THE 
WATER OR A I R ,  SETS, AND C O N S O L I D A T E S  T H E  NETWORK. BORDEN C H E M I C A L  COMPANY IS M A R K E T I N G  A NEW M A T E R I A L ,  GEOSEAL. 
WHICH I S  SOLUBLE I N  WATER AND USES STANDARD P U M P I N G  EQUIPMENT.  A N  A N A L Y S I S  OF S I T E  C O N D I T I O N S  I S  IMPORTANT AND A COST 
CAN THEN B E  ACCURATELY PROJECTED, THE ENGINEER HAS COMPLETE CONTROL OF V l S C O S I T Y  AND S E T T I N G  T I M E .  GEOSEAL Is  
I M P E R V I O U S  TO WATER, E L A S T I C  WHEN F I N A L  GEL I S  REACHED, I N S O L U B L E  I N  WATER, NONCORROSIVE TO M E T A L S  NORMALLY ON AN 
E N G I N E E R I N G  S I T E .  OTHER USES B E S I D E S  THOSE I N  M I N I N G  OR T U N N E L I N G  ARE: ROADBED AND SURFACING,  B I N D E R  FOR 

I N  NORTHUMBERLAND AT T H E  BEWICK D R I F T .  I N  COMPARISON W I T H  OTHER M A T E R I A L S ,  GEOSEAL R E S I N S  ARE LOW COST. I T  WAS USED 

UNDER AN E X I S T I N G  F O U N D A T I O N  AT T E C H N I C A L  COLLEGE EXTENSION,  WESTON-SUPER-MARE; AND R E P A I R I N G  BROKEN D R A I N A G E  SYSTEMS. 

H E R B I C I D E S T  S O I L  C H E L A T I N G  AGENTS, S O I L  EROSION. GEOSEAL WAS USED SUCCESSFULLY I N  THE COW GREEN R E S E R V O I R  DAM AND 

FOR: THE I M P E R M E A B I L I S A T I O N  O F  UNDERGROUND WORKS A T  HOLBURNt  LONDON, P I C C A D I L L Y ,  WESTMINSTER SUBWAY; S T A B I L I S I N G  S O I L  

FIELD 4 MATERIALS HANDLING 

F I E L D  4 7  SYMPOSIA 

Q d k Q Q Q Q l  H Y D R A U L I C  CONVEYING OF S O L I D S  I N  H O R I Z O N T A L  P I P E S  ( V E L O C I T Y  CONCENTRATION S I Z E - P A R T I C L E S  D E N S I T Y  FLOW 

TRANS I N S T N  CHEM FNGRSt  I 3 3 1  93-1131 1 9 5 5 .  FLOW C H A R A C T E R I S T I C S  ENCOUNTERED I N  H Y D R A U L I C  C O N V E Y I N G  I N  H O R I Z O N T A L  
P I P E S  DEPEND O N  MEAN V E L O C I T Y  OF FLOW, CONCENTRATION, MEAN S I Z E  AND D E N S I T Y  OF S O L I D S  AND P I P E  DIAMETER.  E Q U A T I O N S  ARE 
D E R I V E D  T O  R E L A T E  PRFSSURE LOSSES ALONG P I P E  TO THESE V A R I A B L E S  FOR VARIOUS T Y P E S  OF FLOW. DATA O B T A I N E D  FOR A RANGE O F  
V E L O C I T Y t  P A R T I C L E  S I Z E  AND D E N S I T Y ,  I N  A 1 I N C H  P I P E  ARE SUCCESSFULLY CORRELATED BY T H F S E  EQUATIONS,  W H I C H  CAN BE USED 
TO P R E D I C T  T Y P E  OF FLOW AND HEAD LOSSES FOR ANY G I V E N  C O N D I T I O N S .  I N S U F F I C I E N T  DATA ARE A V A I L A B L E  FROM THE L I T E R A T U R E  
F n R  P I P E  D I A M E T F R  EFFECT T @  BE E S T A B L I S H E D  W I T H  C E R T A I N T Y .  THESE CONCLUSIONS, WHICH R E L A T E  TO CLOSELY-GRADED M A T E R I A L ,  
MAY BE A P P L I E D  TO TRANSPORT OF M I X T U R E S  OF W I D E L Y  D I F F E R I N G  S I Z E S ,  THOUGH W I T H  LOSS OF ACCURACY. R E S U L T S  O B T A I N E D  W I T H  
M I X T U R F S  OF F I N E R  COMPC‘NENT INCREASES TRANSPORT OF COARSER, AND GENFRALLY AN OPTIMUM M I X T U R E  C O M P O S I T I O N  FOR MOST 
ErONCIYICAL M A T F R I A L  C P N V E Y I N G  I S  INDTCATED.  H Y D R A U L I C  CONVEYING WOULD BE A MUCH MORE I M P n O T A N T  I N C U S T R I A L  PROCESS I F  

NEWITTI  0. M. + RICHARDSON, J. Fa + A B B O T T t  M. & T U R T L E 7  R. B. E I M P E R I A L  COL LONDON ENG 

H Y D R A U L I C  YECHANISMS I N V O L V E D  WERE BETTER UNDERSTOOD AND THESE WERE MORE COMMONLY KNOWN. 

*2-61=1QQQ1 H Y D R A U L I C  CONVEYING OF S O L I D S  I N  V E R T I C A L  P I P E S  ( V E L O C I T Y  S E T T L I N G  CONCENTSATION D E N S I T Y  

TRANS I N S T N  CHEM FNGRS, (39) 93-1007 1 9 6 1 .  V E R T I C A L  TRANSPORT W I L L  OCCUR P R O V I D E D  L I Q U I D  V E L O C I T Y  EXCEEDS P A R T I C L E  
S F T T L I V G  V E L O C I T Y .  THE TENDENCY OF P A R T I C L E S  NEAR THE WALL OF A V E R T I C A L  C O N V E Y I N G  P I P E  TO ROTATE AND MOVE TOWARDS THE 
P I P F  A X i S  I S  ONLY A P P R E C I A B L F  FOR LARGE P A R T I C L E S  T R A V E L L I N G  AT H I G H  V E L O C I T Y  CLOSE TO THE P I P F  WALL. FOR H O R I Z O N T A L  
P I P E  A SLURRY O F  SMALL P A R T I C L E S  ACTED AS A MORE E F F E C T I V E  TRANSPORT MEDIUM T H A N  WATER ALONE BUT I N  V E R T I C A L  TRANSPORT 
THERF I S  N U  A P P R E C I A B L E  EFFECT.  EXPERIMENTS WERE RUN U S I N G  V A R I O U S  CONCENTRATIONS OF 4 S I Z E S  OF SAh’3, CNE P E B B L E  S I Z E ,  
Z I R C O N t  MANGANESF D I O X I D F  AND PERSPEX W I T H  A V A C S E A L  H A V I N G  A 9 I N C H  DIAMETER I M P F L L E R  C A P A E L E  OF PRODUCING 90 FOOT 
WATFR HEAD. CNE I N C H  AND TWO I N C H  I N S I D E  D I A M E T E R  P I P E S  WERE USED. THE T E S T  RESULTS WEPF FOUND T O  BE S A T I S F A C T O R I L Y  
CQSRELATET) W I T H  AN E M P I R I C A L  EQUATION. 

52=6LrQ!lQQl THE PRESSURE DROP I N  THE H Y D R A U L I C  L I F T I N G  OF DENSE S L U R * I E S  OF LARGE S D L I D S  W I T H  W I D E  S I Z E  D I S T R I B U T I O N  

N E W I T T t  D. M. + RICHARDSON, J. F. + GLIDDON, B e  J .  E I Y P E R I A L  COL LONDON ENG 

( V E L O C I T Y  F R F F - S F T T L I N G  E F F I C I E N C Y  1 
OFDJOF, D. + BUCHANANt R. H. & U N I V  NEW SOUTH WALES 

TRANS I Y S T N  CPFM E N G R S - t  ( 4 4 1  T 3 6 4 - T 3 7 0 t  1 9 6 6 .  PRESSURE DROP EQUATIONS WERE FCUND T O  APPLY F A I R L Y  CLOSELY TO DENSE 
S L U R R I F S  P F  LARGE S O L I O S  W I T H  WIDE S I Z E  D I S T R I B U T I O N S  WHEN F R E E - S E T T L I N G  V E L O C I T Y  OF WEIGHT-AVERAGE P A R T I C L E  S I Z E  IS 
EYPLOYFD-  I N  THE E X P E R I M E N T A L  APPARATUS 5 0  FOOT LENGTHS OF 29 3 AND 4 I N C H  STANDARD G A L V A N I Z E D  S T E E L  P I P E  WERE USED. 
T H R E F  D I F F E R E N T  GRADINGS OF COAL, THREE D I F F E R E N T  GRAVEL GRADING5 AND ONE SAND WERE USED. NO ALLOWANCF WAS MADE I N  T H E  
PRESSlJOF DR@P F Q U A T I O N  F n R  F R I C T I O N A L  LOSSES CAUSED BY S O L I D S  C O L L I D I Y G  W I T H  EACH PTHEP ANI: T Y F  WALL. E F F I C I E N C Y  OF A 
H Y n R A U L I C  L I F T I N G  SYSTEM GOES THROUGH A MAXIMUM WHEN THE R A T I O  OF THE AVERAGE V E L O C I T Y  OF S O L I D S - L I Q U I D  M I X T U R E  TO T H E  
=RFF S E T T L I N G  V E L O C I T Y  OF S O L I D 5  IS BETWEEN 2 AND 4 DEOENDING ON S O L I D ‘ S  P R O P F R T I F S  AND D E L I V F R E n  (CYCFNTRATION.  

47-67-0?001 THE TRAWSPPRT OF SnLTGS I N  H E L I C A L L Y - R I B B E D  P I P E S  ( V F L O C I T Y  P I T C H  POWER 1 
WOLFF, S. 5 .  & U Y I V  TORONTO 

THE C A N A D I A N  M I N I N G  AVO M E T A L L U R G I C A L  B U L L E T I N ,  221-223, F E B  1 9 6 7 .  HELICAL R I B S  I r i  SYCOTY RORF ROUND PIPE RFSULT 
I h l  GYIhIULAR S O L I D  P A R T I C L F  TRANSPORT I N  WATER A T  A MUCH LOWER V F L r C I T Y  THAN REQUIRED I N  A SMOOTH P I P E .  H E L I C A L  MC)TION 
I M P A P T F O  T O  FLOWING M I X T U R E  E F F E C T I V F L Y  RETUQNS S E T T L E D  S O L I D  P A P T I C L E S  TO M A I N  STREAM. FLOW MAY @ E  STCPPED AND 
Q F S T 4 R T E n  WITHOUT D I F F I C U L T Y .  DUE TO LOWER TRAYSPORT V E L O C I T Y  LARGE POWER S A V I N G S  APE R F A L I Z E D  AND WFAR ON P I P E  WALLS 

E X P E Q I E N C F  W I T H  R I B S  WAS DUE TO SMALL H E L I X  ANGLE (ABOUT 10 DEGREES) .  SUCH SMALL ANGLES HAVE h N E C L I G I E L E  EFFECT 
I S  MdCH PFCUCEO. THFSE F X P E R I M E N T S  H I T H  H E L I X  ANGLFS OF 2 0 ,  30 AND 4 5  DEGREES SHOWED THAT P R E V I O U S  U N q A T I S F A C T O R Y  

EXCFOT 4T H I G H  V E L O C I T I F P .  A 4 5  DEGREE H E L I X  APPEARS OPTIMUM I N  C A U S I Y G  SLURRY r l O T A T I O N  AT M I N I M U M  EYERGY. D E E P  R I B S  
4PE \‘OT NCCFSSARY. TO PPEVFNT D E A 9  A R E I S  RETYFEV R I B S  THEY SHOULD B E  NOT MORE THAN 4 TO 6 I N C H E S  APART. 

4 2 - 6 7 - 0 4 Q Q l  DEVELOPMEYTS I N  CONVEYOR-BELTING FOR M I N E S  ( F I R E  SAFETY S T A T I C - E L E C T R I C I T Y  

THF C A N A D I A N  M I N I V G  6ND M E T A L L U R G I C A L  B U L L E T I N ,  4 2 1 - 4 2 7 1  4PR 1 9 6 7 .  A D I S A S T R O N S  F I R F  C Y  A MAJCR T R U h K  CONVEYOR AT 
CRESWFLL C O L L I E R Y  I N  R R I T A I N  L E D  TO A MANDATORY REQUIREMENT FOR UNDERGQOUND B E L T I N G  T O  R E  h O Y - I Y F L P Y M A B L E .  P.V.C. WAS 
A N O Y - I U F L A Y Y A S L F  M A T E Q I A L .  I N I T I A L L Y  T H I S  M A T E R I A L  COMPARED VERY UNFAVORABLY W I T H  C O N V E N T I O N A L  RUeBER COTTON DUCK 
BELTS A S  F L E X I R I L I T Y  WAS D I F F I C U L T  TO ACHIEVE, B E L T S  WERE HPRD AND D I F F I C U L T  T O  TROUGH. ADHESION BFTWFEN P L I E S  WAS 

K I T C H I N ,  J. P. & FENNER I N T E R N A T I O Y A L  L T D  

OFTcLI LOW AND QFLTS n F T F N  S L I P P E D  ON T H E  D R I V E  PULLEY.  D U R I N G  R F C F N T  YEARS I T  HAS BEEN FPUND I N  P R P C T I C E  THAT PVC 
CPMPOUNDS W I L L  OFTEN OUT PEr(F0RM RUBBER. T H F  E L F C T R O S T A T I C  SPARK HAZARD FROM B E L T S  WAS SOLVE9 P Y  CCMPOUNDING 
F L E r T R I C A L  CONDUCTIVE A D D I T I V E S  I N T O  THE PVC. SOME D I F F I C U L T I F S  I N  CONVEYING I N  M I N E S  HPVE B F E N  SHOWN TO RE C A P A B L E  OF 
S?LUTIOY.  

A7-67-Q5QQ.l HFTEPOGENFOUS FLOW OF S O L I D S  I N  P I P E L I N E S  ( P R E D I C T I O N ,  HEAD-LOSS PTLOT-PLANT PURANP 
Z A N D I T  I .  + GOVATOSt G. & PENN U N I V  

PQOC n F  T H E  ASCE J@URNbL OF THE H Y D R 4 U L I C S  D I V I S I O N ,  1 9 3 )  H Y 3  PAPER 5 2 4 4 ,  1 4 5 - 1 5 9 ,  MAY 1 9 6 7 .  s r L r D  CONVEYANCE 
Tq’”UGH P I P F S  IS hlOW A N  I N D U S T R I A L  R E A L I T Y .  A L I S T  OF I N D U S T R I A L  S O L I D  P I P E L I N F S  APOUND THF WORLD I S  G I V E N  W I T H  T H E I R  
S I Z F  AND C A P A C I T Y .  O F S P I T E  THE P O T E N T I A L  OF S n L I D  P I P F L I N F  SYSTEMSt  I N A B I L I T Y  T O  ACCUQATFLY P R E D I C T  HEAP LOSSES H A S  
HFEW ONE FACTO? I V P E D I N G  DEVELOPMENT AND WIUESPRFPD USE OF H Y D R A U L I C  TRANSPORTATION.  A V A I L A R L E  F(JUATI@NS FOR HEAD LOSS ’ 
S I V F  SUCH U N R E L I 4 B L F  R F S U L T S  THAT F X P E N S I V E  P I L O T  PLANT STUDTES ARF NFCESSARY PRIOR TO D E S I G N  WORK. WHEN A 
S O L I D - L I Q U I D  M I X T U R E  IS CONVEYED THROUGH A P I P E T  FOUR FLOW C O N D I T I O N S  MAY MEAN FLOW V E L O C I T Y t  L I Q U I C  D E N S I T Y 1  L I Q U I D  
V I S C ? S I T Y T  SLURRY S q L I O S  CONCFNTRATION AND P I P F  DIAMETER.  I N  HOMOGFNEOUS FLOW P A R T I C L F S  PPE K E P T  I N  SUSPENSION.  I N  
HETEROGFNEOUS FLOW A D A R T I A L  SEPARATION OF S D L I D S  FR0M F L U I D  OCCURS. I N  I N T E R M E D I A T E  FLOW C O Y P I T I O K T  HOMOGENEOUS AND 
HFTFROGENFDUS FLOW E X I S T  SIMULTANEOUSLY.  I N  S A L T A T I O Y ,  S O L I D  P A S T I C L E S  J O I N  T H F  BED LOAD. A D A T A  RAYK FROM 2 , 5 4 9  
P O I N T S  WAS CCJLLFCTFD. L E A D I N G  EQUATIONS OF SLURRY FLOW WERE COMPARFD. TWO E Q U A T I O N S  OF Tt‘F DURAND TYPE WERE PROPOSED 
T n  ACCURATELY P R E U I C T  HETEROGENEOUS R F G I Y E S .  

4239-43QQ1 THF EFFECTS OF S O L I D S  ON C E N T R I F U G 4 L  PUMP C H A R A C T E R I S T I C S  ( SLURRY-PUMPING M A T E P I A L S - H A h D L I N G  
HUNT, W .  4 .  + F A D D I C K ,  R. R .  E. YONTANA STATE U N I V  ROZEMAY MONT 

ACVANCFS I N  S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N .  I N  PRFSS. PAPER PRESENTED AT I N T E R N A T I C N A L  SYMPOSIUM ON 
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S O L I D - L I Q U I D  FLOW I N  P I P E S ,  P H I L A D E L P H I A ,  PA., MAR 4-6, 1 9 6 8 .  PERFORMANCE TESTS OF THREE C E N T R I F U G P L  PUMPS 
CflNDUCTFD ON AQUEOUS MIXTURES C O N T A I N I N G  UP TO 20 PERCENT COYCENTRATIONS OF CHIP-SHAPED P L A S T I C  P A R T I C L E S  ARE 
SUMYARIZFD.  C H A R A C T E R I S T I C  CURVES PLOTTED W I T H  REDUCED V A R I A B L E S  SHOW THAT THE HEAD DEVELOPED RY ONE O F  THE PUMPS WAS 

NUMESICAL EXAMPLES ARE G I V E N  TO I L L U S T R A T E  INCREASE I N  HEAD I S  P O S S I B L E  RY U S I N G  AN F Q U A T I O N  FOR T h E  T H E O R E T I C A L  HEAD 
M O D I F I E n  T O  CONSIDER T H F  RATE OF CHANGE OF THE ANGULAR MOMENTUM OF THE S O L I D S  SEPARATELY FROM THAT CF T H E  TRANSPORTING 
L I Q U I D .  T H E  TESTS I N D I C A T E  A 2 TO 8 PERCENT DECREASE I N  THE E F F I C I E N C I E S  OF THE PUMPS WHICH CAUSES AN INCREASF I N  
THE BRAKE HORSEPOWFR. P R F V I O U S  WORK BY F A I R B A N K  AND H F R B I C H  ON PUMPING L I Q U I D - S O L I D  M I X T U R E S  I S  REVIEWFD. 

Q d W Q Q 2  HEAD LOSS I N  S P I R A L  S O L I D - L I Q U I D  FLOW I N  P I P E S  ( SLURRY-PUMPING SOLIDS-TRANSPORT M A T E R I A L S d H A N D L I N G  ) 

ADVANCFS I N  S O L I D - L I Q U I D  FLOW I N  P I P F S  AND I T S  A P P L I C A T I O N .  I N  PRESS. PAPER PRESFNTED AT I N T E R N A T I O N A L  SYMPOSIUM ON 
S O L I D - L I Q I J I D  FLOW I N  P I P F S .  P H I L A D E L P H I A ,  PA., MAR 4-67 1 9 6 8 .  A S P I R A L  FLOW I S  THE RESULTANT OF PRIMARY AND 

1.5 PERCENT GREATER FOR A Y I X T U R E  C O N T A I N I N G  20 PERCENT S O L I D S  THAN FOR CLEAR WATER AT THE SAME DISCHARGE RATES. 

C H I U ,  C. L. + SEMAN, J. J. & U N I V  P I T T S B U R G H  

SECONDARY FLOWS: I N  A REGULAR C I R C U L A Q  P I P F ,  S P I R A L  FLOW DOES NOT E X I S T .  THERE ARE TWO METHODS OF GENFRATING S P I R A L  
CURRENTS I N  A CLOSED CONDUIT: ( 1 )  I N S T A L L I N G  H E L I C A L  R I B S  I N S I D E  QEGULAR CIRCULAR P I P E S  AND ( 2 )  U S I N G  NONCIRCULAR 
P I P E S .  C H A R A C T E R I S T I C S  O F  S P I R A L  S O L I D - L I Q U I D  FLOWS GENERATED BY THESE TWO METHODS ARE S T U D I E D  AND COMPARFD W I T H  
THOSF f l F  DFGULAP C I R C U L A R  P I P E S .  THE C R I T I C A L  D E P O S I T  V E L O C I T Y  AND THE HEAD LOSS AT V A R I O U S  FLOW V E L O C I T I E S  I N  FPCH 
P I P €  ARE COMPARFD AND ANALYZED. THE RESULTS SHOW THAT THERE I S  A GOnD P O S S I B I L I T Y  THAT SQUARE P I P E S  MAY BE USED TO 
REPLACF THE T R A D I T I O N A L  C I R C U L A R  P I P E S  FOR THF TRANSPORT OF S O L I D S .  

- _42=@=UQQl HYDRAULIC  CONVEYANCF OF S O L I D S  I N  P I P E  ( M A T E R I A L S - H A N D L I N G  ! 
HAYDFNt  J. W. + STELSON, T .  E. E U N I V  M I N N  M I N N E A P O L I S  M I N N  

ADVANCES IY S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N .  I N  PRESS. PAPER PRFSEYTED AT I N T E R N A T I O N A L  SYMPOSIUM q N  
S n L I D - L T Q U I D  FLOW IY P I P F S .  P H I L A D E L P H I A ,  PA., MAR 4 -69  1 9 6 8 .  A STUDY WAS MADE OF THE FLOW OF SOLID-WATEP 
Y I X T U H E S  THROUGH HORIZONTAL P I P E S .  S I X  S E R I F S  CJF TESTS ARF REPORTEC U S I N G  SEPARATE M I X T U R E S  OF THREE D I F F E R E N T  S O L I D S  
IY @\E- AND TWO-INCH DIAWETFR P I P E S .  MEASUREMENTS OF H Y D R A U L I C  GRADIENT1 S O L I D S  CONCENTRATION, AND DISCHARGE WERE 
YAflF.  P A R T I C L F  BEHAVIOR WAS ORSFRVED FOR FLOW W I T H  A S T A T I O N A R Y  BED, S A L T A T I O N  FLOW, AND HETEROGENEOUS FLOW I N  ORDER 
TP STIJDY THE YFCHANICS OF P A R T I C L E  MOVEMENT. THE DATA HAVF BEEN CORRELATED W I T H  THE RESULTS OF P R F V I O U S  INVESTIGATORS.  

42-68-01QQ5 P 4 R T I C L F  AND F L U I D  V E L O C I T I F S  OF TURBULENT FLOWS OF SUSPENSIONS OF NEUTRALLY RUOYANT P A R T I C L f S  ( 
HYDRAULIC-TRANSPORT SLURRY-PUMPING S O L I D S - P I P E L I N E  1 
PCBERTS, C. P. R. + KENNEDY, J. F. E U N I V  P R E T O R I A  REP SO AFR 

ADVANCES I N  S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N .  I N  PRESS. PAPER PRESENTED AT I N T F R N A T T O N A L  SYMPnSIUM ON 
S O L I n - L I w I n  FLOW I Y  PIPFS. PHILADELPHIA* PA., M A R  h--6, 1968 .  A STUDY O F  THE V F L O C I T Y  OF P A q T I C L F S  AND OF TYE 
El.UIr) I N  S O L I D - L I O U I O  SYSTEWS I N D I C A T E S  THAT THE P A R T I C L E S  AND THE F L U I D  MOVE A T  D I F F E R E N T  RATES. AT H I C H  L I Q U I D  
V F L I C I T Y  THF P A R T I C L E S  MOVE FASTFR THAN THE F L U I D .  

47-6R=e3QQ5 S A N I T A R Y  SFWAGF TRANSPORT V E L O C I T Y  ( SLURRY-PUMPING MATERIALS-HANDLING HYDPAULIC-TRANSPODT 1 

ADVAYCES I Y  Sf’lIQ-LIOIITD FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N .  I N  PRFSS. PAPER PRESFNTED AT I N T E R N A T I C N A L  SYMPOSIUM O Y  
MCPHERSON, M. R. + TUCKER, L. S. + HDBBS? M a  F.  & HARVARD U N I V  CAYRPIDGE MASS 

S”L I ’3 -LTQIJ I r )  FLOW I N  P I P E S .  P H I L A D E L P H I A ,  PA., MAR 4-69 1 9 6 8 .  A SUMMARY OF RESEARCH ON THF M I N I M U M  V F L O C I T Y  
Q F Q U I R E 3  F O R  TPANSPORT P F  S A N I T A R Y  SFWAGE. GENERAL C R I T E R I A  A P P L I C A B L E  TC! THE D E S I G N  OF PRESSURE C C N D U I T S  ARE G I V E h  
Ah13 T F h j T 4 T I V E  FIMPIYC-S FCR OPEN CHANNEL FLOW APE SET FORTH. TESTS WERF CONDUCTED U S I N G  SEWAGE I N  A S P F C I A L  
L A E 7 R A T C l R Y - F I F L r  I N S T A L L A T I O N .  

47-68-07QQ6 T P A N S I E N T  ’LCW OF S f l L I D - L I Q U I D  MIXTURES I N  P I P F S  ( HYDRAULIC-TRANSPORT SLUPRY-PUMPING MATER I A L S - H A N D L I N G  
I 
wnm, n. J .  + K A O T  T. Y. L UNIV KENTIJCKY LEXINGTON K Y  

4 n V A N r F S  T Y  S J L I n - L I Q U I P  FLOW IN P I P F S  AND I T S  A P P L I C A T I O N .  I N  PRFSS. PAPER PRFSENTFD AT I N T F S N A T I O N A L  SYYPDSILJM “N 
S ” L T D - L I O U I D  FLOW T Y  P I P E S .  P H I L A D F L P H I A ,  PA., MAR G - 6 ,  1 9 6 8 .  THE R A S I C  R F L A T I O N S H I P 5  KFEDED FOR A 
V V F - D I M F V S I O V A L  PCBhlF WAVF A Y A L Y S I S  OF T R A N S I F N T  S O L I O - L I Q U I D  FLC’W APE PPESENTED. THESE R F L A T I O N S H I P S  I N C L U D E  
c X P R c S S I f l N S  F”9 PPFSSUOF WAVF V E L O C I T I E S  AND WAVF MAGNITUDES AND B A S I C  C O N T I N U I T Y  AND MOMFNTUM EXPRESSIONS WHICH MUST 
R E  APPL!F” l  AFTTR A PRESCUPF NAVF PASSFS. 4 L S q  V ISCOUS EFFECTS ARE CfINSIDERED I N C L U D I N G  THE MOMENTUM EXCHANSE BETWEEN 
THF PVASFS 9UF TP VTCCOIJq OFAG AND THF CONTRIBUTTON OF WALL SPEAR. P R E V I O U S L Y  RFPPRTFD WORK DEALT P R I M A R I L Y  WITH 
PPFSSURF WAVF V F L P C I T I F S  IN S n L I D - L I Q U I D  FLOW AND PRESSURE AND FLON CCINCITIIYYS ADJACENT T Q  A ROUNDPRY. I Y  T H I S  P&PER, 
THE 4 N ~ L Y S I ~  I S  FXTFNDED TO ANY P O I N T  I N  THF FLOW SYSTFM. THE EFFECTS OF VISCOUS WALL SHFAR 4PE CDNSIDFRED. A P A S t C  
R F L A T T P Y S H I P  TOR F L O W  C C l N T I N U l T Y  I N  AN UNBOUNDFD CONTROL VOLUMF I S  DEQIVED TO STfJDY C O N D I T I O N S  AFTER A PRFSSURC WIVE 
PASSFS. TH’ R A S I C  R E L A T I @ N S H I P S  ARF’THEN COMRINFD TO FORM A P L A N €  WAVE A N A L Y S I S  OF PRFSSURE AND FLCW C O N D I T I n N S  4T AYY 
P n I V T  IN THf FLOW SYSTFM. F X P F Q I M F N T b L  RESULTS ARE PRESENTED WHICH AGREE C L f l S F L Y  W I T H  THE T F F O P E T I C A L  P R E D I C T I O N S .  
Y!GH S P C F D  MClVTFC YFRE FMPLOYFD TO RECORD V E L O C I T Y  H I S T D R I E S  I N  THE T Q A N S I F N T  FLOW. 

_43=$R=QzQQ2 H Y D P A U L I C  D I S P O S A L  OF S D L I  D WASTE ( HYDRAULIC-TRANSPOPT SLURPY-PUMPING MATERIALS-HANDL I N G  Y INF-WASTFS I 

AnVANCFS I V  S P L I D - L I Q U I D  FL!JW I Y  P I P F S  AND I T S  A P P L I C A T I P N .  I N  PRESS. PAPER PRESENTED A T  I N T E R N A T I T A A L  SYMPOSIUM 3 N  
S n L I n - L I n u I n  F i n w  IY PIPFS. PHILAOELPHIA, PA.* M A R  &-e,* 1968. 6 Q E V I E W  OF THE P H Y S I C A L  LAWS GOVERNIYG HYP17AULIC 
TPANSPOQT AND TWn F X 4 Y P L E S  DF WASTE D I S P O S A L  SCHEMES, CINE I N  JAPAY,  “NE ON THF MEDITERPANEAN SEA. CETHCCS OF SPDEADIVG 

R F G I n Y  AVD r)V S F P  RECIS. 

$2d.5=Q1QQa PQF-CPUSHING C O L I D  WASTES FOR P I P C L I Y E  TRANSP3RTATION ( MATERIALS-HANDLIMG HYDRAULIC-TP4YSPORT 

AnVANcFS I k  SOLID-L IOUI ’ I  FLOW IY P I P E S  AND I T S  A P P L I C A T I O N S .  TN PRFSS. PAPFR PRFSFNTFO A T  I N T F P N A T I C Y A L  SYMPOSIdY PV 
S l L I 3 - C I Q U I n  FLOW I Y  P I P F S ,  P H I L A D E L P H I A 1  PA., M A R  4-69 196s. F E 4 S I R I L  I T Y  STUDY OF TWP-STAGF SYSTKV F O R  M F C H b Y I C 4 L  
P 9 F P 4 R 4 T I O U  OF S n L I D  l J Q q A N  WASTES FOP T R 4 N S P W T A T I O N  TO D I S T A N T  P O I N T S  I Y  H Y D R A U L I C  P I P I F I G .  SYSTFM EVC!LV€D D U P I Y G  

PanCFSS CONVFPTS APDQf3XTMATFLY 95$ OF T Y P I C A L  URBAN WASTES I Y T r  FORV S l l I T A B L E  FOR TPANSPDPTATION BY HYPRAULIC  PIPELT\ ! \ ! ‘ .  

C f l N D f l L I O S t  ‘. E SOGRFAH CO GRENORLE FRANCE 

T”F WASTE 4°F PQFSFNTEV I Y C L U C l I N G  S P D F 4 D I N G  I N  H I L L Y  AREAS, R E H I Y D  A 9AM, I N  A LOWLAND AF‘A, I N  A LAG‘lTN, I Y  A P L A I b ’ S  

C P A I G ,  S. N. & WASCON SYSTEYS I N C  HATRORO PP 

STUDY FMPI-CYq C O M R I Y A T I O N  n F  E X I S T I Y G  WFT-PULPING AND P O S I T I V E  G R I Y D I Y G  E Q U I P Y F V T ,  CONNECTEO I N  S F R I F S .  TuJO-STAG; 

4?-68-Q3QQ? SOW€ PHASF-SFPARATION PHENOMENA IY I S O - D F N S I T Y 1  FLOWS ( SLURRY-PUMPING HYDRAULIC-TRANSPORT ) 
R I J G L I A R F L L 3 1  G .  + Y 4 N I Z E S K I  G. & CARNFGIE-MELLON I N S T I T U T F  

ADVANCFS IN w L I D - L I o u I D  FLOW IN PIPES A r m  ITS APPLICATI~N. IN PRESS.  P A P E R  PRESENTED A T  IRTERYATICNAL SYYPOSIUM UN 
S O L I D - L I Q U I D  FL0L.I I N  P I P F S ?  P H I L P n E L P H I A v  PA., V A R  4-69 1968. AN OVERVIEW OF THE PHASF S F P 4 s A T I U N  EFFECTS WHICH 
CAN B F  A C H I F V F D  I N  I S O - D F N S I T Y T  TWq-PHASE FLOWS RY HYDRODYNAMIC MEANS. 

4_2-AeQLQlQ b!FW S q L I P S  PUMPING TECHNIQUES AND A Y A L Y S I  5 ( SLURRY-PUMPING HYDRAULIC-TRANSP@RT 1 

4r)VAYCES I N  S P L I D - L I Q U I D  FLnW I N  P I P F 5  4ND I T S  A P P L I C A T I O N S .  I N  PRFSS. PAPER PRESENTFD PT I N T E R N A T I C Y 4 L  qYuPOSIUM ClhI 
S 7 L I n - L I Q U I D  cL f lN  IY P I P F S ,  P H I L A D E L P H T 4 ,  D!., MAR 4 - 6 1  1968. I N  THE STUDY OF P I P E L I N F  T Q b N S P O Q T A T I C Y  7 F  S f l L I n S  
T-IF F M p H 4 S I S  HAS RFFN ON P l P E L l N F  PHFNOMEYON, PUMPS HAVF QEEN NEGLECTED. CURRENT A N A L Y T I C P L  TFCHNIQUF I S  YPT R 4 S I C A L L Y  
T I c N T F 3  TGWAPD THF FUhlDAMFNTAL EKFRGY-POWFQ CONCEPTS. AS A CONSEQUENCE PUMP AYD P I P E L I N F  ENEPGY LOSSFS SAVF NOT BEEN 

FRSZIFP, n. M. c ERICKSON ENGR cn T A M P A  FLA 

D I S T I N G U I S Y E n  OQ I S O L A T F D ,  AND THF P O S S I P I L I T I E S  FOR S I M P L E  AND COVCISE E V A L U A T I ? N  OF E I T H E R  OP ROTP HAVE 3 r F N  L n S T .  
o I P F L I N c  LOSSFS A R C  C E S S  THAY USUALLY CALCULATED AND PUMP LOSSES ARE GRFATER. CFNTRIFUGAL,  P O S I T I V E  DYSPL4CEMFIJT AhlD 
JFT PIJVDS HAVF U N I Q U E  AND D I F F F R I N G  L P S S  C t i 4 R A C T E R I S T I C S  WYEN PUMPING S O L I D S .  WHEN THESE ARE ANALYZCI) W I T H I N  T Y F  
FRAMF-WORK n F  H Y n R A U L I C  ‘NFQGY, D I P E L I N F  SYSTFY D F S I G N  PARAMFTERq PFC’JYE CLFAR.  J E T  PUMPS A O E  P A S I C A L L Y  THF YOST 
‘ F F I C I F ’ V T  PUMPS DIJMPIYG FFAVY CPNCENTRATI f lYS  OF S O L I D S ,  AND YORE RESEARCH AND DEVELOPMFNT IS NEEDED TO nFVELOP F ISHER 
J F T  PlJVD SYSTFMc. 
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4 2 A 8 - 3 p l l  H Y D R A U L I C  TRANSPORT OF B U L K Y  M A T E R I A L S  ( ECONOMY CORROSION E R O S I O N  S O L I D - L  I Q U I D  FLOW ) 

ADVANCES I N  S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N  ( I N  PRESS)  PAPER PRESENTED A T  I N T E R N A T I n N A L  SYMP ON 

LOSS OF CONVEYED S O L I D - L I Q U I D  MIXTURES DOES NOT E X I S T .  SEVERAL E M P I R I C A L  FLOW E Q U A T I O N S  ARE G I V E N .  I N  THE T A B L E S  ARE 
L I S T E D :  EXAMPLES O F  F L U I D S ,  COMPARISON OF P R E D I C T E D  F R I C T I O N  FACTORS W I T H  EXPERIMENTAL,  GOVERNING E Q U A T I O N S  FOR 
HFTEROGENEOUS FLOW, ACCURACY OF P R E D I C T I O N  OF HEAD LOSS W I T H  SEVERAL G I V E N  EQUATIONS,  C R I T E R I O N  FOR C A L C U L A T I N G  
C R I T I C A L  V E L O C I T Y ,  D I F F E R E N T  METHODS OF AVERAGING P A R T I C L E  S I Z E  C H A R A C T E R I S T I C S ,  E F F E C T  OF I N H I B I T O R  ON CORROSION AND 

Z A N D I ,  I. & PENN U N I V  

S O L I D - L I Q U I D  FLOW I N  P I P E S ,  P H I L A D E L P H I A ,  PA., MAR 4-69 1968 .  A U N I V E R S A L L Y  ACCEPTED T E C H N I Q U E  FOR P R E D I C T I N G  HEAD 

E S T I M A T E D  COST OF SEVERAL S O L I D  P I P E L I N E S .  FOR LONG L I N E S  P I P E S  ARE ECONOMICAL FOR C O N V E Y I N G  S L U R R I E S  AS THEY ARE 
S I M P L E ,  ALL-WEATHER, HAVE LOW LABOR COST AND CAN B E  COMPLETELY AUTOMATED. 166 REFS. 

4Zr6&93Q1z TRANSPORT OF S O L I D S  A T  LOW CONCENTRATIONS I N  H O R I Z O N T A L  P I P E S  l FLOW-PIPE S O L I D - L I Q U I D S  V I S C C S I T Y  D E N S I T Y  
V E L O C I T Y  1 
WICKS, C- & S H E L L  P I P E  L I N E  CORP 

ADVANCES I N  S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N S .  I N  PRESS, PAPER PRESENTED AT I N T E R N A T I O N A L  SYMPOSIUM ON 
S O L I D - L I Q U I D  FLOW I N  P I P E S ,  P H I L A D E L P H I A ,  PA., MAR 4-69 1968.  T E S T S  WERE MADE W I T H  WATER AND O I L  CONVEYING ONE 
PERCENT B Y  VOLUME SHARP SAND S I Z E D ,  T H R U  T O  MESH R E T A I N E D  ON 100  MESH, THRU 1.049 1.0. P L A S T I C  T U B I N G  AND 5.50 I.D. 
P L E X I G L A S  P I P E  AT V A R I O U S  V E L O C I T I E S  T O  I N T E R - R E L A T E  FLOW RATE, P I P E  DIAMETER,  F L U I D  P R O P E R T I E S  AND SAND P R O P E R T I E S  AND 
RED D E P O S I T  DEPTH. TWO GROUPS H A V E  PREVOUSLY WORKED ON M I N I M U M  FLOW NEEDED T O  MOVE S O L I D  P A R T I C L E S  ONE I N  OPEN 
CHANNELS T H E  OTHER I N  P I P E .  C A L C U L A T I N G  THE C R I T I C A L  D E P O S I T  V E L O C I T Y  I N  P I P E  B Y  F I V E  E M P I R I C A L  FORMULAS SUGGESTS T H A T  
THESE FORMULAS ARE V A L I D  ONLY FOR THE DATA USED I N  T H E I R  ESTABLISHMENT.  4 C O R R E L A T I O N  O F  E X P E R I M E N T A L  D A T A  FOR SAND 
TRANSPORT I S  G I V E N .  

42=48-030?3 PROGRAM OF T H E  I N T E R N A T I O N A L  SYMP ON S O L I D - L I Q U I D  FLOW I N  P I P E S  AND I T S  A P P L I C A T I O N  T O  S O L I D  NASTE 
C O L L E C T I O N  AND REMOVAL F L O W - S O L I D - L I Q U I D S  P U M P I N G - S O L I D - L I Q U I D S  WASTF ) 
AMERICAN S O C I E T Y  OF C I V I L  ENGRS h PENN U N I V  

PENN U N I V  TOWNE H A L L ,  MAR 4-67 1968 .  THE SYMPOSIUM WAS A THREE DAY S E S S I O N  ON PUMPING, TREATMENT AND FLOW OF 
S O L I D - L I Q U I D  SYSTEMS. THERE WERE FORTY-THREE SPEAKERS FROM CANADA? CZECHOSLOVAKIA,  FRANCE, GERMANY, I T A L Y ,  R U S S I A ,  
TURKEY AND THE U N I T E 0  STATES. SOME PAPERS ARE ABSTRACTED SEPARATELY. SEE 42-68-03001. 

47-68-090Ql ECONOMIC TRANSPORT OF D I G E S T E D  SLUDGE S L U R R I E S  ( HYDRAUL IC-TRANSPORT SLURRY-PUMPING ) 
R A Y N E S T  8. C. E RAND DEV CORP C L E V E L A N D  

41ST 4 Y Y U A L  CONFERENCE OF THE WATER P O L L U T I O N  CONTROL F E D E R A T I O N  CONRAD H I L T C I N  HOTEL C H I C A G O  S E P T  22-27,  1968 ( D R A F T  O F  
U N P U B L I S H E D  P A P E R ) .  P I P E L I N E  TRANSPORT OF D I G E S T E D  SEWAGE SLUDGE S L U R R I E S  I S  P R E D I C T E D  TO BE OF S U B S T A N T I A L  
ECONOMIC B E N E F I T  TO SEWAGE TREATMENT PLANT OPERATIONS AS COMPARED W I T H  CONVENTIONAL P R A C T I C E  OF F I L T R A T I C Y  AND S O L I D S  
I N C I N E R A T I O N .  ECONOMIC 01 SPOSAL OY L A N D  AT CONSIDERABLE D I S T A N C E S  FROM THE O R I G I N A T I N G  SEWAGE TREATYENT P L A N T  CAN BE 
COMBINED W I T H  RECLAMATION AND LAND RESTORATION AS AN ADDED B E N E F I T  AND AT L I T T L E  COST. AT S O L I D S  CONCENTRATIONS ABOUT 
5 PFRCFNT AND BFLOW, D I G F S T E D  SLUDGE S L U R R I E S  ARE NEWTONIAN I N  FLOW B F H A V I D R ;  ABOVE 5 PERCENT, T H E Y  ARE BINGHAM I N  
NATURE. D I L U T I O N  T D  THE NEWTONIAN REGION, WHERE NECESSARY, SHOULD BE T H E  MOST ECOYOMICAL PROCEDURE D E S P I T E  THE 
I N C R E 4 S F D  VOLUME OF M A T F P I A L  TO B E  TRANSPORTED. T H E  Q U A N T I T Y  OF D I G E S T E D  SLUDGE A V A I L A B L E  I N  MANY TOWMS AND C I T I E S  
D I C T f i T E S  THF C C N S I D F R A T I O N  OF THE USE OF R E L A T I V E L Y  SMALL P I P E L I N E  D I A .  

42-69-UQQ1 T H F  CURRFNT STATE OF THE A S T  OF THF H Y D R A U L I C  TRANSPORTATION OF S O L I D S  I N  P I P E L I N E S  ( D E S I G N  1 

AMERICAN I N S T I T U T F  O F  M I N I N G  ENGINEERS, 1-43, FER 17-20,  1969 .  TRANSPORTATION OF S O L I D S  I N  P I P E L I N t S  Y 4 S  SHOWN 
SOME SPFCTACULAR SUCCFSSES L I K E  T H E  AMERICAN G I L S O N I T E  CO 7 2  M I  6 I N C H  P I P E L I N E  I N  UTAH AND COLORADO AND THE 

CORNISH,  E. C. C COLO SCHOOL OF V I N E S  G'3LDEN CQLO 

C D N S O L I O A T F D  COAL CO 108 M I  1 1  I N C H  P I P E L I N E  I N  OHIO.  AFTER CONDUCTING A S E R I E S  OF T E S T S  ON 6 AND 8 I N C H  P I P E L I N E S  . 
W I T H  S n L I D S  R A Y G I N G  FROM I R O N  ORE CONCENTRATES TO CEMENT RAW M A T E R I A L S ,  THE AUTHOR COMMENTS ON T H E  W O R K A B I L I T Y  OF THE 
T Y E O D F T I C A L  E Q U A T I n N S  T H A T  ARE A V A I L A B L E  FOR D E S I G N I N G  SLURRY SYSTEMS. MOST T H E O R I E 5  ARE BASED ON S n P H I S T I C A T E D  
ANALYSES OF L I Y I T F D  DATA ON SMALL SCALE ( S I Y C E  LARGE SCALE EQUIPMFNT I S  TOO E X P E N S I V E  AND T I M E  CONSUMING FOR MOST 
F X P F R I V E N T E Q S  1 .  T Y E  V A R I O U S  FORMULAE ATE COMPARED AND EVALUATED. DATA FKOY THE AUTHOR'S T E S T S  ARE ANALYZED AND 
COMP4REI) W I T H  THE T H E O R E T I C A L  VALUES-  AN E X T E N S I V E  LARGE SCALE T E S T  PROGRAM FOR THE DEVELOPMENT OF MORE R F L I A B L E  
D F S I G N  C R I T F R I A  FOR S O L I D S  P I P E L I N E S  I S  PROPOSED. 

47-6Q-LQQQA PNEUMATIC M A T E R I A L  H A N D L I N G  BELOW-GROUND ( M O D E R N I Z A T I O N  ECONOMY F L E X I B I T Y  I 

S4C'IAYFNTO S T A T E  COLLEGE, CAL SECOND SYYP ON R A P I D  EXCAVATION,  5-1 TO 5-16,  OCT 1 6 ,  1969 .  P N E U M A T I C  SYSTEM 

I P F R A T I O N S  WHEPF M A T F R I A L  H A N D L I N G  SYSTEMS NEED T O  BE COMPACT AND MOVEABLE. AREAS WHEPE I T  CAN GRFATLY INCREASE 

C'3MPANY AND A PNUFMATIC C O Y V E Y I N G  O R G A N I Z A T I O N  SPENT THSEE YEARS D F V E L O P I N G  AN ECONOMICALLY O P E R A T I N G  P N E U M 4 T I C  SYSTEM 

S A C K F I L L I N P  OPERATION. A PNEUMATIC SYSTEY SHOULD B E  I D E A L  FOR TUNNEL BO'I ING MACHINE S P O I L  RFMOVAL. P I P F  SHOULD B E  TWO 

B A L L ,  0 .  G. G RADMARK ENG SALES L T D  

F L E X I B I L I T Y  W I T H  A B I L I T Y  T O  CONVEY HORIZONTALLY,  V E R T I C A L L Y  AND AROUND BENDS MAKES I T  A D E S I R A R L F  TOOL FOR UNDERGROUND 

E F F I C I E N C Y  AN@ P R O D U C T I V I T Y  ARE: B A C K F I L L I N G ,  S P O I L  REMOVAL, PNEUMATIC EXCAVATING,  AND H O I S T I N G .  A C A N A D I A Y  M I N I N G  

H 4 N D L I N G  1 7 , 5 0 0  TONS O F  3 I N  AND SMALLFR M A T E R I A L  I N  200 HOURS. COSTS AND SYSTEM D F S I G N  D E T A I L S  I R E  G I V E Y  O F  T H I S  

L A Y E Q  W I T H  A VFRY HARD I N S I D E .  A STUDY TO MOVE 2 0 0  T P H  THRU 5,200 F T  GAVE O P E R A T I N G  COSTS OF $ 2 . 1 0  PER YARD FOR A 
PNFUMATIC SYSTEM A G A I N S T  $4.60 PER YARD FOR A CONVENTIONAL SYSTEV. I T S  S I N G L E  DISADVANTAGE I S  I T ' S  YEW, BUT T H E  
IFUDUSTQY NEEOS TO ADVANCE. FOR PNEUMATIC H O I S T I N G  THE FCDNOMICS AYD F L E X I E I L I T Y  OF SUCH A SYSTEM W I L L  BECClME MERE AND 
MORE F V I D E N T  AVD THE SMALL M I N F  OR CONSTRUCTION PROJECT WILL HAVE NO A L T E R N A T I V E  I F  THEY ARE TO K E E P  P 4 C E  W I T H  A 
CHANGING FC@I\I?MY. 

F I E L D  47 Gr?VFRNYENT REPORTS 

43-59-00001 V I N I N G  C T R A N S P n P T I N G  COAL UNDFRGROUND 9Y H Y D R A U L I C  METHODS: A L I T E R A T U R E  SURVEY ( R U S S I A  NEW ZEALAND 
POLAND WEST GERMANY CZECHOSLOVAKIA GREAT B R I T A I N  f 
BOYD, W. T. b U.S. BUR M I N F S  

U.S. DEPART OF T H F  I N T F P I @ R ,  BUR OF M I N E S  I N F O R M A T I O N  C I R C U L A R  7 8 8 7 ,  J U L Y  1959 .  I N  1935 DR. V -  5.  MUCHNIK OF 
L E N I N G R A D  M I N I N G  I N S T I T U T E  D E S I G N E D  R U S S I A ' S  F I R S T  COMPLFTE H Y D R A U L I C  M I N I N G  SYSTEM. 
T H E  OONETS B A S I N  I N  1939 WHICH PRODUCED 67000 M E T R I C  TONS MONTHLY. AFTER WORLD WAR I 1  H Y D R A U L I C  M I N I N G  WAS I N S T A L L E D  

C 4 P A C I T I E S  NEEDED T O  SREAK AND TRANSPORT COAL, NOZZLE AND MONITOR DFSIGNS,  9OOF SUPPORTS AND COAL PUMPS. I N  ANOTHER 

AN E X P E Q I M E N T A L  M I  NE WAS B U I L T  I N  

I N  TWO YORE R U S S I A N  A9EAS. R U S S I A N S  @ R E  n O I Y G  R A S I C  RESFAPCH n N  D E T E R M I N I N G  COAL HARDNFSS, WATFR PRESSURES AND 

Q U S S I 4 N  M I N E  H A V I N G  COAL W I T H  A HARDVFSS OF 1.3 (PROTODYAKAYOV SCPLE)  
NFCESSARY BFfORE T H E  COAL COULD BE M I N F D  W I T H  470 T @  5 R S  P S I  WATFR PRESSURE, 69  UNOERGOUND H Y D R A U L I C  M I N I N G  U N I T S  ARF 
SCHFDULED TO START Ilrl THE R U S S I A N  1956-60 F I V E  YEAR PLAN. I N  NEW ZEALAND WATER HAS U N T I L  RECENTLY BEFY USED ONLY F@R 

WITH 3,770 P S I  W4TF9, WEST GFRMANY W I T H  2,940 P S I ,  C Z E C H O S L n V 4 K I A  C R Y  P S I ,  GREAT B R I T A I N  1 , 2 0 n 0  PSI. T H E  F E D E P A L  
EURFhU OF P I N E S  PLANS T O  CONDUCT A F I E L D  I N V E S T I G A T I O N  OF H Y D R A U L I C  M I N I N G .  33 PAGES. 

AND NO CQACKS OR F I S S U R E S ,  PRESHCOTING WAS 

CCNVEYIQG C'3AL. A YFW DEVELOPMENT P L A N S  BOTH H Y D R A U L I C  M I N I N G  AND TRANSPORTATION. POLAND I S  H Y D R A U L I C I L L Y  M I N I N G  COAL 

F r x u  44  ARTICLES 

II 

ii 

U 

!&=hk111Q41 P I P E L I N E  T Q A N S P O R T A T I O N  3 F  CONCENTRATES ( H Y D R A U L I C  ) 
FQASER,  D. A. G I N T  N I C K E L  CO OF CAYADA 

Y I N I N G  CONGRESS JOURNAL, (461  44-48,  MAR. 1960. C 4 R E F U L  P I L O T  PLANT WORK WAS PERFORMFD TO D F T C R Y I N E  P I P F  S I Z F ,  
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PUMPING S T A T I O N  L O C A T I C N S  AND POWER REQUIREMENTS P R I O R  TO I N S T A L L I N G  A H Y D R A U L I C  TRANSPORT T O  D E L I V E R  1800 TONS/DAY OF 
N I C K E L  CONCENTRATE OVFR A 7 1 / 2  M I L E  DISTANCE.  T H E  COMPLETED SYSTEM IS DESCRIBED.  

44-67-09401 H Y D R A U L I C  H O I S T I N G  OF COAL AND ORES ( SLURRY-PUMPING-COSTS FRICTIONAL-HEAD-LOSS CONCENTRATION POWER I 
CHAPUS, E. E. + CONDOLIOS, E. + COURATIN,  P. & SOGREAH CO GRPNOBLE FRANCE 

M I N I N G  CONGRFSS JOUQNAL, 46-49, SEPT 1962. E X T E N S I V E  RESEARCH AND T E S T  PROGRAMS HAVE R E t N  C A R R I E D  OUT BY THE 
SOGREAH CO. T H E  H Y D R A U L I C  H O I S T I N G  AND TRANSPORT PROJECTS HAVE PROVEN NOT ONLY F E A S I B L E  BUT OFFER A NUMBER OF 
A T T R A C T I V E  FCATURES SUCH AS SMALL SHAFT REQUIREMENTS, LOW I N V E S T M E N T  COSTS, LOWER O P E R A T I N G  COSTS AND E A S E  OF C O M B I N I N G  
H O I S T I N G  W I T H  HORIZONTAL TRANSPORT. F R I C T I O N  HEADS FOR TRANSPORT S O L I D S ,  CONCENTRATION FACTOR, AND C A L C U L A T I O N S  OF 
POWER REQUIRFMENTS ARE I L L U S T R A T E D .  A LOCK CHAMBER SYSTEM FOR TRANSFERRING S O L I D  M A T E R I A L  FROM ATMCSPHERIC TO H I G H  
PRESSIJRES IS D F S C R I B E D  AND S O L I D S  U P  T O  3 I N  ARE H O I S T E D  590 FT.  E X T E N D I N G  T H E I R  F I N D I N G S  THEY EXPECT TO H O I S T  200 
TPNS PFR HOUR OF MINUS 4 I N  COAL 1600 F T  A T  A COST OF 5 C F N T S  PER TON AND 300 T P H  OF MINUS 1 1/4 I N  COPPER ORE 2600 F T  
AT A CDST OF 6.1 CENTS PER TON. 

&4A2=uQQ1 P U Y P I N G  ORFS UP V E R T I C A L  SHAFTS ( D E S I G N  T E S T I N G  FEED)  

THE C A N A D I A N  M I N I N G  AND M E T A L L U R G I C A L  B U L L E T I N ,  (56) 187-1989 MAR 1963.  H Y D R A U L I C  H O I S T I N G  OFFERS A T T R A C T I V E  
FFATURFS DVEQ CONVFNTIDNAL H O I S T I N G  METHODS. T H E S E  ARE SMALL SHAFT SPACE REQUIREMENTS, GREAT F L E X I B I L I T Y  OF LAYOUT, 
I N C L U D I N G  PICK-UP OR D F L I V E P Y  OF M A T E R I A L  AT P O I N T S  D I S T A N T  FROM M I N E  SHAFT AND LOW I N V E S T P E N T  AND OPERATING COSTS. 
L I M I T F n  P R A C T I C A L  EXPERIENCE W I T H  T H I S  TYPE OF H O I S T I N G  D I C T A T E S  THAT CAREFUL D F S I G N  AND FREQUFNTLY E X T F N S I V E  T E S T I N G  
B E  DONE B Y  C W P F T E N T  EQGINFERS BEFORE LARGE S C A L F  I N S T A L L A T I O N S  ARE B U I L T .  B A S I C  LAWS AND D E S I G N  C R I T E R I A  FOR 
H Y D R A U L I C  H C I I S T I Y G  I N S T A L L A T I O N S  ARE G I V E Q  AND A COAL H O I S T I N G  I N S T A L L A T I O N  O P E R A T I N G  S I N C E  1960, H A V I N G  A 600 FOOT 
V F R T I C A L  L I F T  ANQ AN ANNUAL C A P A C I T Y  O F  500~000 TONS OF L E S S  THAN 3 1/4 I N C H  COAL I S  DESCRIBED.  T H E - L O C K  FEED SYSTEM 
USEP FOR COAL CAN ALSO R E  USED FOR ORES. 

44-63-06001 T Q A N S P @ R T I N G  S O L I D  M A T E R I A L S  I N  D I P F L  I N E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING 

CONDOLIOS, E. + COURATIN,  P. + CHAPUS, E. E. & SOGREAH CO GRENOBLF FRANCE 

C'7NDClLfOSr F a  + CHAPUS, E. E. & SOGREAH CO GRENORLE FRANCE 
C H E M I C A L  ENGR. 9 97-9P1 J U N E  24, 1967. T E S T S  WERE CONDUCTED B Y  THE SOGREAH CO. OF GRENDBLE, FRANCE, TO DETERMINE 
THE R A S I C  HYDRAULIC CC'NDlTIONS GOVERNING THE ECONOMIC O P E R A T I O N  OF I N D U S T R I A L  P L A N T S  W I T H  E M P Y A S I S  CN TRANSPORT 
VFLOCITIES ~NII HEPD LOSSES IN THE HYDRAULIC TRANSPORT OF SOLID MATERIAL. THE WORK COVERED THE HYDRAULIC T R A Y S P C R T  CF A 
WIDE QANGF OF M A T E R I A L S ,  FROM F I N E  P A R T I C L E  TO COARSE. EXPERIMENTAL DATA, C A L C U L A T I O N S ,  AND GRAPHS ARE PRESENTED. 

44-63-07QQJ DFSTGNING S O L I D S - H A N D L I N G  P I P E L I N E S  ( C R I T I C A L - V E L O C I T Y  CONCENTRATIOh! S I Z E  D E N S I T Y  DURAND-CONDOLIOS I 

Ct'FMICAL FNGR.1 131-138, J U L Y  8 ,  1961. ECONOMIC TRANSPORT CC'NDITIONS ARE A S S O C I A T E D  W I T H  M A T E R I A L  COYCENTRATION. 

I N C R F A S I N C  H F A P  LOSSFS. R E S I D E S  THE S 7 L I D S  CONCFNTRATION AND CLEAR dATER H F A D  LOSS TRANSPORT IS AFFECTED BY ANOTHFP 
F4TTOR WHICH l q  A F U N C T I O N  OF T Y F  FRqUDE NUMBER OF TYE FLOW AND ALSO SIZE AND S P E C I F I C  G R A V I T Y  O F  T H E  S O L I D  M A T E R I A L .  
T H I S  Q F L A T I 7 Y  C A L L E D  THE DURAND-COLDOLIOS LAW HAS BEEN CHECKED FOR M I X T U R E S  OF M A T E R I A L S  W I T H  WIDE G R A I N - S I Z E  
D T S T R I Q U T I O N .  THF C R I T I C A L  D E P O S I T  V E L O C I T Y  D E T E R M I N E S  THE P O I N T  OF ECONOMIC O P E R A T I O N  AN@ WAS DETERMINED I N  TWO 

CQYDOLIOS, E. + CHAPUS, E. E. E. S O G R E A H  cn GRENOBLE FRANCF 

I F  CONCENTRATION I S  TOO LOW TOO MUCH WATER IS CARRIED.  I F  TOO H I G H ,  Y I E L D  VALUF BECOMES VERY LARGF,  CGNSTDFRABLY 

DIFFER'NT WAYS: SY D I R F C T  OBSEQVATIDN OF THE I N S T A N T  THE F A S T  P A R T I C L E S  D E P O S I T E D  I N  THE P I P E  AND BY CAREFUL 
CIRSFRVATION OF THF I I E P n S I T  I N  THE P I P E  UNDFR D E P O S I T - R F G I M E  C O N D I T I O N S .  I N  V E R T I C A L  TRANSPORT, AFTER T A K I Y G  I N T P  
ASCOIJNT T H F  S T A T I C  EFFFCT DUE TO D I F F F R E N C E S  I N  W E I G H T  BETrJEEN THE Y I X T U R E  AND WATER, T H E  HEAD LOSSFS ARE THE SPME AS 
THOSE F')Q CLEAR WATE'. SOGREAH CO. HAS PATFYTED ADDING F I Y F  M A T E R I A L  TO COARSE TO RFDUCE HEAD L O S S  IY HOPIZONTAL 
TQANSDrJRT. CAQEFIJL I N S T 4 L L A T I O N  S T U D I E S  ARE Q F Q U I P E D  TO D E S I G N  A S T A B L E  O P E R A T I D N  WITHOUT R I S K  GE CSSTRUCTION. SECOND 
OF A S E Q I F S  S O .  OF THREE. S E F  44-63-06001 AND 44-67-0702?. 

---- 44-62-uQu V P F R A T I  NG SOL I D  P I P E L I N E S  I SLURRY-PUMPING DFS I G N  HYf lRAULIC-TPAYSPDRT 1 
C' lNDf lL IOS,  E .  + CHAPUS, E. E. & SOGREAH C O  GRENOBLF FRAYCE 

C Y F M I C A L  FNGR., 14E-1'0, J U L Y  2 2 1  1961. THO CAUSES COULD I N I T I A T E  TRANSPORT I N T E R R U P T I C N S ,  BLGCKAGE OF P I P E  AY@ 
I Y S T A B I L I T Y  nc TLfE FL9i.I RFGIME.  THE P I P E  O I A M  SHOULD B E  EQUAL TO, OF GREATER THAN, 3 T I M E S  D I A M  OF THF LAPGEST 
P A R T I C L F S ,  nf', I F  A PUMP IS USED, THE YAXIYUM P A Y T I C L E  D I 4 M  WOULD R F  I N E - H A L F  THE SMALLEST C A N b L  D I C E Y S I C N .  G R A V I T Y  
I N S T 4 L L A T I D N S  H $ V F  THF LOWFST OPERATING COSTS; W4TER-HAMMFQ AND CORROSION ARE AT A MINIMUM.  I N  PUMPING S T A T I O N S  H A V I N G  
CLEAR-VATER PIJMDS, Tk'F P C S S I S I L I T Y  OF INTRODUCING THE M A T E P I A L S  D@WYSTRCAM F X I S T S .  T H F  PUMPS CAY FIE C!F S I Y G L F -  CP 
YULTI"LF-STPGC CFNT'? lFUGAL,  P I S T C N  OP YEYBRANE TYPES. THE ARPASION E F F E C T S  I N  THE P I P ! = ?  MAY BF DUF T O  F R I C T I O N  O Q  
C Y C C Y .  ARYClRVQL WEAR I S  SOYETIMES F 3 U Y D r  F S P E C I A L L Y  4 T  P I P E  CONNECTING FLAWGES. T H I S  I N D I C A T E S  r ) I S C 3 Y l  I N U I T Y  I V  T H F  
ELOW P h T T C q N .  THF REQUIRFMENTS OF T Y F  PUYP ARF: GOOD E F F I C I E N C Y ,  ROaUSTNFSS,  FASE OF D I S Y A N T L I Y G ,  WEAR 
Q F S I S T A y l r r .  A n I A P H Q A G M  PUMP I S  S U I T E D  TO CONVEYING F I V E  PULPS AT LOW RATES, I T S  WEAKN'SS L I F S  I N  THF VALVFS.  
P C r I P Y " r A T I N G  P\IVPS r X C F L  W I T H  HIGH-P?ESSIJQE REQVIREMEYTS,  ASRASIClN IS A PROBLEM. C E N T R I F U G A L  PlJYPS ARE MOST C ? P Y ' l Y .  
DART 7 OF A S c Q l c S .  

---- 44-63-BQQL FrONOMY q F  R A I L ,  COYVFYOQ T AVO H Y 3 R A U L I C  T q A N S P O R T A T I G N  UNDFRGRWND ( COST-CfTPA'?ISOY 1 
SMITH,  c. L .  + YnUVG, T. 4. + KOCH, L .  W. K COLO SCHOOL OF M I N E S  GOLDEY COLO 

M I N I N G  S O N G 9 F S S  JCUQNAL,  36-40, PUG 1967. COST COMPARISON FOR A H Y P O T H E T I C A L  M I N E  SHOWS T H A T  R A I L  T P R N S P O Q T A T I ~ Y  
PFR TClV O F  r Q A L  I <  7 6 . 8  C E N T S  W H I L F  t n N V E Y O R  R F L T  TRANSPORTATION CDST I S  37.7 CFNTS AVD H Y P Q A U L I C  VCIVFMENT I S  3 R . L  
C F W S .  ALTHOUGH T P E Q F  ADF MANY UNCflhlTROLLASLE V A R I A R L F S  R A I L  T R 4 V S P O R T A T I n N  SFFMS TO RF Tk-(F MOST F C O N n M I C A L .  

44-64-OLQGl 1,700 F F F T  CnNVFYOR ( C O Y T I Y U ' 3 U S - Y I N I N G  M A T F R I A L - H A Y D L I N G  I 

C O N S T 9 U C T l O Y  McTHOnS, 84-57, J A Y  1964. CONTINUOUS M I N I N G  M A C H I N F  UScS A 1720  F F F T  CPNVFYqR SYSTEM TC TQ4NSPOQT 
YIICK. THF C n Y V F Y P Q  O E Q M I T S  A S H I F T  CRFW TO ' 3 9 I L L  90 F T  P F Q  DAY AS COMPARED TO 45 F T  PEP P A Y  FGR A WUCP-CAR SYSTEY. 
CONCRFTF L I N I Y G  IS PnUPFP CN A SECONI) S H I F T .  

SMITH,  G .  P. 

44-64-OZgQl SEST YTUFS S H A F T - S I N K I N G  MACHINE DQAWS BEAD 3 N  CONTINUOUS YUCKING ( M A T F R I A L - V A N D L I N G  ) 
ROGFPT, J .  R .  

YFTAL MINING A V n  ? ' ? 0 C F S S l N S ,  hi-43, FFR 1964. LFW HUFLSDOYK'S MUCKER-SKIP I S  A PATEFITFD S H A F T  S I N K I N G  TOOL THAT 
T O M R I V E S  YUCYIVG,  1'lAl'I ' lG~ AND D R I L L I N G  I N T O  4 SINPJLE U Y I T -  AT A 4 2  QEGPEE I N C L I N E  W I T H  @ S E C T I O N  OF 14 X 7 FFET T H F  
MI ICKER-SKIP AVERAGES 0.5 F E E T  PED MANSHIFT.  

4 4 - 6 4 - 0 3 ~ ~ ~  S q L I n s  I N  DIPES ( HYDRAULIC-TRAYSPORT SLURRY SLUG-FLOW C A P S U L E S  I 
K(7CH. La W .  

I ~ J T E ' ? Y A T I O N A L  S C I E N C E  ANI? TFCHNOLOGY, 68-78? FFR. 1964. S O L I D S  RANGING FROM 50 M I C Q O Y S  TrJ SEVEPAL I N C H F S  I Y  D I A .  
CAN ? E  TQANSPDRTFD H Y D Q A U L I C 4 L L Y  I F  T H E  L I Q U I D  MDVES F A S T  FNClUGH T n  PREVFNT S E T T L I N G .  F@R S L I J R R I F S  THAT S E T T L E  F A S I L V  

V I Y I M C I Y .  IY HOMOGEYFOUS S L U R R I C S  ENOUGH FI rYFS ARE PRESENT TO I M P E @ F  THE S F T T L I N G  OF THF LARGER P A R T I C L E S .  I F  
P A R T I C L E S  RFCPYF TPCI LARGF OR V F L O C I T Y  TOO LOW HOMOGFNOUS S L U R R I E S  BECUME HETEROGENEl2US OR S O L I D S  O E P O S I T  @N T H E  

5 9 L I D S  45 LARGE C O I E Q F Y T  SEGYEYTS OF T H F  MOVIVG STRE9P. THEY MOVF FASTER T H 4 N  THE AVERAGF F L U I D  V F L O C I T Y  ?UT CAN R E  
TRAhlSP(79TFr3 AT LOWE9 VFLClCITY ANI7 LOWER POWER COST THAN S ' 3 L I D S  I N  SUSPENSIDN. 

44-64-03QgJ ROCK H P N D L I N G  I N  HYDRAULIC M I N E S  I SLURRY-PUMPING I 

UGOL, N 9 ,  67-74? SEPT 1964. I N V E S T I G 4 T I n Y  OF ECONOMIC F F F I C I E Y C Y  O F  SYSTEMS DF D I S T R I P U T I O Y  AND TRAYSPORTOTIYN OF 

THEQF IS A CRITICAL VFLOCITY AEOVE WHICH A SUSPFNSION IS C~TAINED. I V  THESE HETEQOGWOUS S Y S T E M S  P I P E  FRICTION I S  A 

9flTT7M. Q O W C Q  PFQIJ IYFMFNTS ARE H I G H  I N  4 L L  THFSF RFGIMFS.  A NEW CONCFPT, SLUG OR CAPSULF P l P F L I Y I N G ,  I N T R O D U T F S  

TClLKATSCQ, D. YA. + RORISFYKD,  L.  0. 
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ROCK UNDER C O N D I T I O N S  O F  H Y D R A U L I C  T9ANSPORTATION AND L I F T  OF WASTE ROCK. STOWAGE OF WASTE ROCK I N  H Y D R A U L I C  M I N E S .  
( I N  R U S S I A N )  

54144=Q9992 H Y D R A U L I C  TRANSPORT I N  HYDROMINES AND MEANS OF I M P R O V I N G  I P I P E L I N E S  

UGOLt  ( 3 9 1  N 9 9  93-69 SEPT 1964. T H E  E F F I C I E N T  DEVELOPMENT OF H Y D R A U L I C  COAL M I N I N G  DEPENDS ON P R O V I D I N G  E F F E C T I V E  
TRANSPORT FOR PRODUCTIONS OF UP TO 2 5 , 0 0 0  T O N l D A Y  AND D I S T A N C E S  OF HUNDREDS OF KILOMETERS.  H Y D R A U L I C  TRANSPORT 
E Q U I P M E N T  HAS BEEN DEVELOPED TO CREATE HEADS OF 350 TO 500 M W I T H  C A P A C I T Y  OF 2000 CU M/HR. T H E  IMPROVEMENTS CAN B E  
MADE B Y  I N C R E A S I N G  THE WEAR R E S I S T A N C E  OF EQUIPMENT AND BY M A T C H I N G  THE NEW EQUIPMENT W I T H  NEW SYSTEMS TO G I V E  MOST 
E F F I C I E N T  OPERATION.  

!tkEt=QSQQS NEW M A T E R I A L S  H A N D L I N G  METHODS FOR E F F I C I E N T  SHAFT S I N K I N G  ( 

SMOLDYREV, A. E. 

SOUTH-AFRICA COST S I N K I N G - R A T E  F R E E Z I N G  
S 4 F E T Y  1 
SCHWARTZ, D. M. + ENGLAND, J. & E I M C O  CORP 

S I N C E  THE END OF WORLD WAR 1 1 1  A GREAT S O C I E T Y  OF 4UTOMOTIVE ENGINEERS,  PAPFR 9 0 4 A v  1 - 9 9  SEPT 14-17, 1964. 
T R A N S I T I O N  HAS T A K E N  I N  SHAFT S I N K I N G .  PRIOR TO THAT T I M E  V I R T U A L L Y  A L L  MUCKING WAS DONE BY HAND LABORERS. TO 
I N C R E A S E  S I N K I N G  R A T F  AND DECREASE COSTI MECHANICAL LOADERS, CLAMSHELL SHOVELST AND GRAB E Q U I P M E N T  ARE USED 
E X T F N S I V E L Y .  SOUTH A F R I C A N S  HAVE SUNK MORE AND DEEPER SHAFTS THAN ANYONE E L S E  AND WORKING W I T H  T H E I R  TWO STAGE 
O U T F I T S  THEY HAVE T H E  SHAFT S I N K I N G  RECORD. 
LOADFRS AND TRACTOR DOZERS OR A I R  POWERED, CRAWLER-MOUNTED OVERHEAD DISCHARGE LOADERS. 
V A R I O U S  SHAFT S I N K I N G  METHODS. 

4 4 - 6 5 - a Q Q l  A P P L I C A T I O N  OF ISOTOPES I N  I N V E S T I G A T I O N S  OF T H E  FLOW OF AQUEOUS M I X T U R E S  ( SLURRY-PUMPING 

S I N K I N G  
SOME NEWER T E C H N I Q U E S  U T I L I Z E  CRAWLER-MOUNTED, D I E S E L  POWERED FRONT END 

COST COMPARISONS G I V E N  FOR 

M A T E R I A L S - H A N D L I N G  1 
J U R K I E W I C Z ,  L. + KORBEL, K. + PRZEWLOCKI ,  K. 

4RCHIWUM GORNICTWA, (101 N 1, 91-106, J A N  1 9 6 5 .  PROBLEMS CONNECTED W I T H  THE MEASUREMENTS @ F  FLOW PARAMETERS I N  
WATER M I X T U R E S  ( S L U R R I E S )  ARE DISCUSSED.  A L L  T E S T S  WERE PERFORMED I N  A MINE.  T H E  AUTHORS N O T I C E D  A BOTTOM D E P O S I T  A T  
4 VELEICITY OF 3 M/SEC. 
SUCY A V E L O C I T Y  AT WHICH HEAD LOSSES PER U N I T  VOLUME OF THE TRANSPORTED S O L I D S  A T T A I N  T H E I R  M I N I M U M .  ( I N  R U S S I A N ) .  

44-65-07QQl  COMPAPATIVE COST OF H A N D L I N G  M A T E R I A L S  W I T H  D P I V E R L E S S  TRACTOR-TRAILER T R A I N S  ( M A T E R I A L S - H A N D L I N G  R A I L  

I N  ORDER TO C H A R A C T E R I Z E  T H E  FLOW THEY SUGGEST A NEW N O T I O N  OF THE " R A T I O N A L  V E L O C I T Y "  I.E.1 

SYSTEMS AUTOMATION ELECTRONIC-GUIDANCE 
REAGAN, C. H. & U N I O N  BAG-CAMP PAPER CO SAV GA 

TFCH. ASSN OF THE PULP AND PAPER INDUSTRY,  ( 2 8 1  N 27 4 4 A - 4 6 A v  F E B  1 9 6 5 .  A D R I V E R L F S S  TRACTOR-TRAILER SYSTEM I S  
COYPARFD ECONOMICALLY W I T H  OTHER M A T F R I A L S  H A N D L I N G  METHODS. I N  AN EXAMPLE OF 400 TONS PER DAY TO A WAREHOUSE 1000 
F E E T  AWAY THE TRACTOR-TRAILER WAS THE MOST A T T R A C T I V E  METHOD. SYSTEM USES E I T H E R  A MAGNETIC OR O P T I C A L  GUIDANCE 
SY STFM. 

4 4 - 6 5 - B Q Q l  SLUSHER T R A I N  ADAPTS TO GROUND ( M A T E R I A L S - H A N D L I N G  1 

WESTERN CONSTRUCTION, 887 90, 9 2 7  MAR 1 9 6 5 .  A T R A I N  LOADER 4ND SLUSHER C O M B I N A T I O N  P R O V I D F S ,  W I T H  A LONG ONE-PIECE 
CART THE F L E X I B I L I T Y  NFFDED I N  T H F  T F H A C H A P I  EXPLORATORY TUNNFL. AN 8-TON PLYMOUTH D I E S E L  L O C O V O T I V E  I S  USED T O  DRAW 
THE SLUSHFR. HOWEVER, THE SLUSHER WAS NOT ADEQUATE, ANr) A MODEL 1 2 - 8  E I C C O  LOADER WAS ADDED. THE T R A I N  V I R T U A L L Y  

RUSSELL,  J. K. & GEORGE C. P H I L O O T T  CO 

F ! L L S  THE 6 '  X 8' TUNNFL AND FREQUENTLY S T R I K E S  S I D E  TIMBFRS.  

4 4 - 6 5 - 0 2 Q Q 2  H Y D P 4 U L I C  R I G  SETS S T E E L  FOR HIGH-UP TUNNEL ROOF ( AIR-MOTOR HYDRAULXC-WRIST)  

CQNSTRUCTION METHODS, (471 N 3 1  1 0 3 - 1 0 5 ,  MAP. 1 9 6 5 .  TO ERECT 3 3  AN@ 3 6  I N .  WIDE FLANGE RO@F BEAMS I N  T H E  6 T H  AVE 
SUPW4Y TUNNEL I N  NEW YORK C I T Y ,  A H Y D R A U L I C  N R I S T  WAS DESIGNED.  NEW YORK STATE P R O H I B I T S  O P E R A T I O N  OF I N T E R N A L  
CC'MBUSTION ENGINES UNDEQGROUND Sn THE 4USTIN-WESTERN 410 P H Y D R A U L I C  CRANE WAS ORDERED WITHOUT I T S  100 H P  G A S n L I N E  
F U F L E D  P R I M E  YOVFR. THE B I G G E S T  A V A I L A B L E  2 3  HP A I R  MOT04 WAS USED T 3  PQWER THE V I C K E R S  PUMPS WHICH S U P P L I E O  A 1,200 
P S I  SYSTEM AND A 3 ,000  P S I  SYSTEM. HAND AND LOAD ARE R A I S E D  TO T H E  WRIST RECTANGULAR SOCKET W I T H  A S E R I E S  OF SHEAVES 
4ND P I Y N E D  THERE. THE H Y D Q A U L I C  WRIST NDW PLACES THE STECL FOR COLUMN CONNECTIONS TO BE MADE. E R E C T I O N  CYCLE Is 5 
Y I N .  4 s  COMPARFD T O  THE USUAL MFTHOD T A K I N G  A COUPLE OF HOURS. 

4 4 - 6 S - 0 4 Q Q l  A I R  CUSHION H A N D L I N G  D E V I C E S  FOR H O R I Z O N T A L  MOVEMENT OF M A T E R I A L  ( M A T E R I A L S - H A Y D L I N G  A I R - I N - P A L L E T  

DEMARCO, P. G. & MCLEAN GROVE SHFPHERD CO 

SYSTFV 
WALTERS, J. C CLARK EQUIPYENT C'3 

I9ON AND S T F E L  E Y G I N E F R T  1 5 3 - 1 5 5 1  A P R I L  1 9 6 5 .  A I R  F I L M  E L I M I N A T E S  F R I C T I O N  BETWEEN MACHINE AND SURFACE. SMALL 
WHEELS CAN rQF USFD FOR GUI '3AYCE PURPnSES AYD TO P U L L  ON 3-4 PERCENT SLOPES. LARGER SLOPES R E Q U I R E  ADDITICJNAL POWER. 
FOD 4 1 2 , O O O  L 9 .  U N I T ,  50-100 CFM OF A I P  ARE REQUIRED. 

4 4 - 6 5 - 0 5 Q Q l  NEW CONTINUOUS HAULAGE SYSTEM PACES PRODUCTION G A I N S  A T  B & 2 

COAL \GET ( 7 0 )  68-74 .  YAY 1 9 6 5 .  S E L L  AND ZOLLERS Z F I G L E R  NO 4 M I N E  AT JOHNSTON C I T Y ,  I L L .  AFTER SOME 10 MONTHS 
E X P F 9 I Y E N T I N S  W I T H  CONTINUOUS M I N I N G  W I T H  A YOBILE-BRIDGE BELT-CONVEYOR SYSTEM H 4 S  PERFECTFD I T S  CONTINUOUS HAULAGE 
SYSTFM AND PRCDUCES OUTPUT PEAKS OF 300 TONS/HQ. 

4 4 - 6 5 - U Q Q l  HY DRAUC IC TRPNSPORTATION O f  rlC)CKS U S I N G  CHARGING D E V I C F S  

FLOWFRS, 4. E. & COAL AGE 

KORZHAEVT S. A. + KODDLOV, 0 .  Y .  + S E L I V A N O V ,  YU. I .  
UGCL, N 69 2 7 - 3 0 1  JlJNF 1 4 6 5 .  DFVICES TO INTRODUCE SOLIDS DIRECTLY INTO HYDPAULIC S T R E A M  W E R E  PEVFLOPED. A DFVICF 
1'4 WHICH ROCK FRAGYF"T5 ARE P I C K E D  UP BY ASCEYDING FLOW OF WATER AND E Q U I P P E D  WITH C @ N T P O L L I N G ,  T H R O T T L I N G  VALVE 
OEQFqRMED WFLL. ( I N  P U S S I A N )  

!t.!tz45-07QQ1 PEMCTELY-CCNTROLLED C q A L  M I N F  ( M A T E R I A L S - 4 A N D L I N G  AUTOMATION 1 

THE ENGINEER,  79-PO9 J U L Y  16, 1 9 6 5 .  ABOUT 9 3  PERCENT OF THF UNITE!? KINGDOM'S DEEPMINEO COAL I S  T A K E N  FROM LONGWALL 
FACES H I T H  H I G q L Y  MECHPYIZED EQUIPYEYT.  FUTURF F A C F S  WILL P F  ALMOST F N T I R E L Y  AUTOMATED W I T H  CONTROL CONSOLFS AT 
TTR4TEGTS PflINTS AYD A M A I N  CONSCLE n N  THE SURFACF. TRANSPORT OF M I N E D  COAL FROM FACE TO SUPFACE WILL B E  BY MEANS C F  
CnNVFYnRS.  

- 44~6.k14QQ.l L T N G  D I S T A N C E  CONVEYING OF S O L I D S  BY P I P E L I N E  ( CAPSULES CANADA 1 

C A N A D I A Y  P I T  hND QUAPPY, 2 4 ,  OCT. 1 9 6 5 .  T H E  RESFARCH C O U N C I L  O F  THE PROVINCE OF ALBERTA D I S P L A Y E D  A WORKING MODFL 
OF T Y F I Q  C A P S l l L E  P I P E L I N I N S  SYSTEM AT THE P A C I F I C  N A T I O N A L  E X H I B I T I O N  I N  VANCONVER B.C. MANY K I N D S  OF M A T E P I A L  CAN 3F 

TQANSPGRTS SOLIClS FASTFR AYD YORE ECONOMICALLY T H A N  R A I L  OR TRUCK. 

ft45&=llQ!Jl THE M A T E R I A L - H A N D L I Y G  COMPLEX FOP CONSTRUCTION OF O R O V I L L F  DAC ( BELT-CONVFYORS R A I L R O A C  1 

I E E F  TRANS n N  INDUSTRY AND GENERAL A P P L I C A T I O N S ,  IGA-1 ,  ( 6 )  4 1 7 - 4 2 2  N O V / D E C - - 1 9 6 5 .  A COMPLEX CF M A T E R I A L - H A N D L I N G  
MACYIy jEQY IS F M P L q Y E n  I N  A U N I Q U E  MANNER TO MQVE 77.5  M I L L I O N  C U B I C  YARDS OF ROCK AND O I P T  1 2  M I L E S  UP T H E  FFATHER 

ADCOCK, W. J. & N A T I O N A L  COAL BOARD ENGLAND 

Y E S P I T T ,  E. T.  

TRANSPnRTFD P S A C T I C A L L Y  U N L I Y I T E D  D I S T 4 Y C E S  BY U S I N G  SOOSTEP P U M P I N G  S T A T I O N S .  I T  IS C L A I M E D  T H A T  THE METHOD 

HANSEN, J. A. E. MCDCWELL-WELLMAN ENGR, CLEVFLAND 

Q I V E Y .  T H F  HEART OF T Y F  SYSTFM I S  A G I A N T  WHEEL EXCAVATORt  WHICH F I L L S  4 1 1 0 - T O N  R A I L R O A D  CArl  EVERY MINUTE.  FROM THE 
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WYFFLT T H E  M A T F R I A L  I S  TAKEN V I A  B E L T  CONVEYORS AND A Q A I L R O A D  TO A S T O C K P I L E  LOCATED NEAR THE DAM S I T E .  HERE I T  IS 
PLACED ON A STORAGE P I L E ,  SEGREGATED I N T O  P E R V I O U S t  IMPERVIOUS,  AND SAND P I L E S ?  WHERE I T  I S  R E C L A I M E D  I N  THE PROPER 
Y I X T U R E S  TO S A T I S F Y  THE PLACEMENT PLAN. THE FEATURES OF THE MACHINERY AND THE SYSTEM AS 4  WHOLE ARE DESCRIBED,  AND 
SOME OF T H E  PROBLEMS ENCOUNTERED AND T H E I R  SOLUTIONS ARE INCLUDED.  

4ftAkQkQQ1. D E S I G N  OF SLURRY D I S T R I B U T I O N  Y A Y I F O L D S  ( MODEL ENERGY-EQUATION t 

THE F N G I N E F R ?  ( 2 1 )  6 4 1 - 6 4 3 ,  APR 29,  1 9 6 6 .  M A N I F O L D  D E S I G N  TO D I S T R I B U T E  EQUAL Q U A N T I T I E S  OF COAL SLURRY TO A 
BATTERY OF S I X  CYCLONE TYPE SEPARATORS WAS S T U D I E D  AND EXPERIMENTAL WORK PERFORMED ON A MODEL MANIFOLD U S I N G  BOTH WATER 
AND SLURRY. I T  WAS SHOWN THAT A TECHNIQUE BASED UPON M O D I F I C A T I O N  OF THE GENERAL ENERGY EQUATION U S I N G  P U B L I S H E D  DATA 
FOR HEAO LOSSES I N  P I P E  SYSTEMS, PESULTS I N  A M A N I F O L D  D E S I G N  WHICH S A T I S F I E S  THE S P E C I F I E D  REQUIREMENTS FOR SLURRY 
D I S T R I B U T I O N .  THE TESTS HOWEVER WERE ON A MODEL AND A FULL-SCALE LAYOUT S U P P L Y I N G  CYCLONES WOULD BE NEEDED TO 

TURTON, R. K. & LONGHBOROUGH COLLEGE 

COMPLFTFLY S U B S T A N T I A T E  THE DESCRIBED APPROACH. 

44-6bzQ2QQl ENGINEERED CONVEYORS CAN DO THE I M P O S S I B L E  ( MATERIALS-HANDL I N G  1 

Y I L L  AND FACTORY, ( 7 9 )  6 0 - 6 3 ,  SEPT. 1 9 6 6 .  T H E  OBJECTIVE OF AN ENGINEERED CONVEYOR SYSTEM I S  TO I N T E G R A T E  VARIOUS 
M L T F R I A L  H 4 N D L I N G  EQUIPMENT TO CONTROL THE M A T E R I A L  FLOW SO THAT N F I T H E R  GAPS NOR B U I L D U P S  OCCUR I N  PRODUCTION OR 
SFCONDARY L I N E S .  CURRENTLY THE TREND IS TOWARD P A R T I A L  OR COMPLETE AUTOMATION. THE END RESULTS OF A WELL-ENGINEERED 
M A T E R I 4 L  H A N D L I N G  SYSTEM CAN BE MEASURED I N  LOWER HANDLING COSTST AND I N  DOLLAR SAVINGS FROM WELL-INTEGRATED 
PRODUCTIDN, ASSFMBLY, AND WAREHOUSING OPFRATIONS. THE SYSTEM CAN BE AS UNCONVENTIONAL AS MONEY CAN MAKE I T .  THANKS TO 
MODULAR LAYOUT, C A P A C I T Y  CAN BE EXPANDED TO MEET NEEDS FOR YEARS I N  THE FUTURE WITH ALMOST NO MORE I M M E D I A T E  INVESTMENT 
THAN I S  NFCFSSARY FOR CURRENT PRODUCTION. S P E C I A L  CONTROLS A V A I L A B L E  INCLUDE:  AUTOMATIC D I S P A T C H t  AUTOMATIC 
P I C K U P  AND DFL IVERY L I V E  ROLLER TURNTABLE, R E V O L V I N G  TURNTABLE, UPENDERS AND DOWN-ENDERS, ROLLOVERS, PRESSLOADERS, 
9RUY CONTROLLERS, MOTOR-nPE4ATED DEFLECTORS 9 T R A F F I C  CONTROLLERST PUSHBUTTON SELECTOR S T  AND RIGHT-ANGLE PUSHERS 

FRANK, J. 

maQQQ1 SHAFT H O I S T I N G  EQUIPMENT FOR A TUNNEL CONSTRUCTION PROJECT I BUNKER CHUTE AUTOMATIC-DUMPING 1 
GRONEeAUMt R e  E 

FOERCIEQV U HERENT (16) N 1 0 9  7 8 2 - 7 8 4 7  OCT. 1 9 6 6 .  I N  CONSTRUCTING A 1 5 . 5  M I  LONG I R R I G A T I O N  TUNNEL I N  A MIDDLE 
EASTERN CPUYTRY Y O I S T I Y G  EQUIPMENT WAS I N S T A L L E D  TO F U R N I S H  TWO NEW S I T E S  FOR ADVANCING. A COMBINED SKIP-FRAMF W I N D I N G  
OFFFRCO A SOLUTION RFQIJ IRING A MIN IMUM EXPENDITURF FOR MFCHANICAL FQUIPMENT AND STEEL STRUCTURES. THE P R I N C I P L E S  ARE: 
C O M R I N A T I D N  O F  S K I D  AND FR4ME; S I M P L F  CHUTE L O A D I N G  I N S T A L L A T I O N  W I T H  COYSISTENT M I N E  CAR AND S K I P  C A P A C I T Y ;  S K I D  
l l N L l 4 D I Y G  I N T O  PUNKER ADJACEYT TO SH4FT;  ALL MECHANICAL I N S T A L L A T I O N S  AND STEEL STRUCTURES ARE A MIN IMUM.  V E R T I C A L  
O I S T A Y C F  BETWFFN TUNNEL FLOOR AND SURFACE I S  6 5  METERS. HANDLES 5 2  TONS PER HR. 

&ft&kaQQl PRFVIEW OF THE P R A C T I C A L  ONFS - TODAY'S  ANSWER TO TOMORROW'S M I Y I N G  EQUIPMENT PROBLEMS ( TRANSPORTATION 
M 4 T F R I  ALS-HANDLING 1 
TUOMI, W. E. E U.S. STEEL CORP P I T T S B U R G H  PA 

Y I Y I Y G  F N G I V F F Q I N G T  6 8 - 7 1 ,  MAR. 1967. THE M I N I N G  INDUSTRY YUST DEVELOP MORE E F F I C I E N T  METHODS OF FXTRACTION,  
HANOLING, AND UPGRADING. SCIMF NEW I D E A S  B E I N G  CONSIDERED: THE ROLL-OVER BUCKET LOAQEQ I S  USED FOR H I G H L Y  E F F I C I E N T  
PR 'JPUCTICN L O A q I N G .  TTS PROPOSED 7-10 CU-YD BUCKET I S  CAPABLE OF P I C K I N G  UP 20-30 TONS OF H I G H  BULK D E N S I T Y  MATERIAL .  
THE RUCYFT T R 4 V F L S  I N  A FRFE-UPWARD, E L L I P T I C A L  P A T H  BY MFANS OF THE L I N K A G E  OF THE L I F T I N G  ARMS AND T H E  HYDRAULIC  
CYL1YII)FR 4QQ4NGEMFNT. ' A BATTERY-P'YWERED S H U T T L E  CAR F I L L S  T H F  VEEP FOR 4r\i UNDERGROUND Y A T E R I A L  HAULAGE V E H I C L E  
Y 4 V I N G  YO L I M I T A T I O N S  ON M A N E U V E R A B I L I T Y .  I Y C R E A S E D  ENERGY C A P A C I T Y  AND RFDUCTIONS I N  RATTERY WEIGHTS APE I T S  
RESULTS. I T  41MS TO ATTAI IV  GRFATFR F L F X I B I L I T Y T  P E Q M I T  FEWER TRANSFER P O I N T S ,  HAVE LOWER I N I T I A L  COSTS AND OPERATING 
EXPFNSEt  bND TO PPOVIDF GQEATER F A C I L I T Y  FOR SUPPLY HANDLING.  H I G H  R A T I O  OF PAYLOAD TO WEIGHT E X I S T S .  
Th' IN-M4ST BLAST HOLE D P I L L  P I G ,  E F F I C I E N C Y  I S  THE OBJECTIVE.  BY REDUCING MOVING T I M E T  SETUP T I M E  AhD CREW 
Q F n U I R E Y E Y T S ,  A YINlr l9 I N C R E A S E  I N  C A P I T A L  INVESTMENT CAN RE OFFSET BY MAJOR INCREASE I N  P R O D U C T I V I T Y .  I T  C O N S I S T S  OF 
TWO YASTS MOUNTED ON E X T F N S I B L F  D R I L L I N G  PLATFORMS. I T  ALSO FEATURES AUTOMATIC ROD AND B I T  CHANGIhG. I T  INCORPORATES 
S E N ' i I N G  D F V I C ' ~ ~  A YUM4N ENGINEERED CONTRDL SYSTEM, ENVIRDNMENTAL CAB C O N T ~ O L T  PRFSSURTZE'J F N G i N E  CCMPARTMENT AND 

I N  THE 

A l l  17 Y h T 1 C L  F VF L T \IC, D F V 1 CJ F  S . THE HIGH-SPFFD,  H IGH-CAPACITY M A T E R I A L S  HAULAGE SYSTEY I S  DFS IGNED F@R MOVEYENT OF ORE 
4 Y D  WASTF POCK ClVER ClISTAYCES EXCFEDING THE FCONOMIC C I Y I T S  O F  TRUCK HAULAGE. I T  COMBINES EDTH R A I L  AYD TRUCK ASSETS, 

P R I Y C  YOVFR. THF USFFULNESS C!F THE SYSTEY I S  DEPEYDENT UPON THE STRUCTURAL D P S I G N  OF T Y F  HAULAGE T R A I L E R  WHICH W I L L  8 E  
SUBJECTcD TO CXTREME L ' J A O I Y G  C O N D I T I O N S .  

SUT C L I Y I Y A T E S  L n A D  TRANSFER ( I W T E R M F D I A T E )  AND THUS MANPOWER REQUIREMENTS 4RE REDUCED. THE SYSTEM IS CIPERATED BY 4  

- 4 f t - 5 ~ ~ 5 ~ ~ 1  Y F W  TRENDS IN snLIm PIPELINES I MATERIALS-HANDLING SLURRIES SOLIDS-PUPPING PIPELINES I 
CPYnC!LIC!S, E. + CHAPUS, F. E. + CD'VST4NSq J. 4. t SOGREAH CO GRENOBLF FRANCF 

CHEMICAL ENGR.9 l ? l - 1 7 ? r  MAY 81 1 9 6 5 .  ADVANTAGES OF S O L I D S  P I P E L I Y E S  ARE EXCELLENT C A P A C I T Y /  SPACE RATIO,  EASE @ F  
D I P F C T I O N  CHANGFS, AYD LAYOUT F L E X I B I L I T Y .  HOWEVFR, D I F F I C U L T I E S  A R I S E  WHEN M A T E R I A L  OTHER THAN T H A T  FOR WHICH THE 
SYSTEM WAS DES IC-QFD ARE TRANSPORTED. TWO M A I Y  TYPES OF S O L I D S  MIXTURES TRANSPORTED ARE HOMOGENEOUS AND PETEROGENEOUS. 
H'lMqGEYFnUS S ' l L l D S  AT 4 G I V E N  CONCENTRATION C4Y BE TRAYSPORTED AT A V E L O C I T Y  WHICH I N S U R E S  A G A I N S T  S O L I D S  D E P O S I T I O N .  
4FTFR9GENFOUS S O L I D S  PRESENT ABRASION PROBLEMS. FOR HDMOGENEOUS P P T E R I A L  100 TONS/HR USES .08-.13 KW/TON-YI.  W H I L E  FOR 
HETEQqGFNEOUS M A T F P I A L  THE USAGES YAY Y E  4-7 KW/TON*MI.  

-- 4 4 - 6 7 - 0 6 8 9 1  THF CASE F?R T3WFR-MOUNTFD F R I C T I O N  Y O 1  STS ( DRUM-HOISTS MOTORS MOTCIR-VENTILATION R O P I N G  1 

F N G I N E E Q I N G  AND Y I N I N G  JOURWALt 1967, GUIDEBOOK-UNDERGROUND M I N I Y G ,  1 7 7 - 1 8 2 1  J U N F  1 7 6 7 .  
T I L F Y T  G. L .  C C A N A D I A N  WESTIYGHOUSF C f l  

PRODUCT ION 4WD SEOVICE 
Y O I S T S  ARF USUALLY THF LARGEST AND M7ST F X P E Y S I V E  MACHINES OY A M I N E  9 U T  THEY RARELY ACCCUNT FOP 2 PERCENT OF T N E  
I N I T I A L  C A P I T A L  IWVFSTMENT. THERFFOnE, MARGIYAL D E S I G N  I S  NOT GOOD ECOYOMY DUE TO BDTH DOWNTIME AND FUTURE EXPANSIDN.  
f 9 I C T I O r V  H O I S T S  HAVE FOUR M A I N  ADVANTAGES OVEQ DRUM H O I S T S .  THESE ARE: T H E I R  S I M P L I C I T Y  MEANS GREATER R F L I A B I L I T Y ,  

AND T H E I R  RCJPFS CAN BF MORE k A S I L Y  ARR4NGED TO PREVENT TORSIDNAL R E A C T I O N  AT THE CONVEY4NCE. A L S 3  F R I C T I O N  H O I S T S  HAVE 
TYFY ARF OUT i)F THF WAY ABOVF THE S H b F T t  T Y E I ' ?  M O D I F I C A T I O N  T f l  MEET INCREASED PRODUCTION CAN BE MORE R E A D I L Y  HANDLED 

YANY YORE MONITORING AN@ SAFETY D F V I C E S  THAM DRUM HOISTS.  ALSO DISCUSSED ARE: AC AND DC DRIVES,  CEARFD OR D I R E C T  
COUOLFD MOTORS, NATURAL OR FORCFD V E N T I k A T I O Y T  WHEELS, SHAFT AND BEARINGS, R O P I N G  THE H O I S T ,  L U B R I C A N T  AN3 YAIYTFNANCE.  

&4=61--QQ2 CONVFYCRS FOR M I N I Y G  - A B 4 S I C  G U I O F  COR S P E C I F I C A T I O N S  AND HARDWAQE ( BELT-CONVEYORS 

E Y G I N E E P I N G  AND M I N I N G  JDURNALT 1 9 6 7 9  SUIDESOOK-CONVEYOPS FOR M I N I N G ,  l F 3 - 1 8 5 ,  JUNF 1967. 4  B A S I C  G U I D E  F'JR 
S P E C I F I C A T I O N S  ANn HARDWARE FOR CONVEY'JRS FOQ Y I N I Y G  G I V E S  THREE PAGES OF T A B L E S  AND D I A G S A Y S  FOR JUST A SAMPLING O F  A 
WFLL-PLAMhlED I NTROnUCTIDN TO BELT CONCEPTS AND A P P L I C A T I O N S .  

ft&+6=&QQ2 W E I G H I N G  A9QAYGEMENTS-A SYSTEMS REVIEW 

ENGIYCFR I N G  AYD M I N I N G  JOURNALv 1967, SUIDFBOOK-CONVEYORS FOR M I N I N G ,  1 8 6 1  J U N F  1 9 6 7 .  WE1 G H I Y G  ARQ ANGFYENTS FDR 

q Y 9 R A U L I C r  PNEUMATIC @ R  NUCLEAR TYPE. T E N  M4NUFACTURERS OF BELT CONVEYOR W E I G H I N G  P E V I C E S  ARE G I V E N  

WFSTINGHOUSF A I R  BPAKE 

B IERYAN,  R e  J. 6 RAPSEY ENGR CO 

BELT CCNVFY'IRS ARF AUTOMAT I C  RFCORDING AYD TEYPEZATURF COMPENSATED OF THF MECHANICAL, F L E C T P I C A L ,  ELECTRONICT 

44-67-06QJ PGRTARLF YODULE SYSTEMS COR OPFN P I T S  ( A L T F R A T I O N S  [NVEYTORY STANDAPD!ZATION 1 
Y U T  A. T. E W  SOUTH AM OVFRSEAS CORP 

C V G I Y F E R I Y G  AYD MTNINC J q U S N A L ,  1 9 6 7 ,  GUIDFSOOK-CONVEYOR FOR M I N I N G ,  1 8 7 - 1 9 1 9  JUNE 1 9 6 7 .  MODULE SYSTFY I S  
U N I T I Z I N G  COYPONENTS P R I O R  TO ASSEMBLY. WHERFVER SPACE BECOMES A PROBLEM M O B I L E  MODULE U Y I T S  HAVE TURYFr) OUT TO RE AN 
I Q E P L  SCJLUTIOY. THF F L E X I B I L I T Y  AND 5 I M P L I C I T Y  q F  U Y I T S  EASES P L A N T  A L T E Q A T I D N S .  B E N E F I C A T I O N  PLANTS B E L T  C O Y V E Y ~ R S T  
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FEEDERS, SCREENS AND OTHER COMPONENTS H A V E  BEEN STANDARDIZED REDUCING SPARE PARTS INVENTORY AND FACILITATING 
I N T E R C H A N G E A B I L I T Y .  

4 5 - 6 7 - Q b P 4 2  TRUCKS VS B E L T S  - THE HAULAGE WAR [ CONVEYORS OPERATING-COSTS OVERHEAD-COSTS PRECRUSHERS TRUCKS OPEN-PIT  
1 
WEISS, H. & WESERHUTT OTTO WOLFF 

STANCARD OPEN P I T  E N G I N E E R I N G  AND M I N I N G  JOURNAL, 1967, GUIDEBOOK-CONVEYORS FOR M I N I N G ,  1 9 2 - 1 9 7 9  JUNE 1967. 
OPERATION WAS LOAD, HAUL, CRUSH. A NEW METHOD, M O B I L E  PRECRUSH, CHANGES T H I S  TO CRUSH, LOAD, HAUL. CONVEYING BY B E L T  
WAS I M P R A C T I C A L  I N  THE OLD METHOD BUT I S  NOT ONLY P R A C T I C A L  BUT ECONOMICAL I N  THE NEW. D E T A I L E D  COST F I G U R E S  ARE G I V E N  
FOR TRUCKS AND CONVEYORS. SOME COSTS E S P E C I A L L Y  R E P A I R S ,  OVERHEAD AND R I S K  CAN VARY GREATLY. W I T H  THE GREAT COST 
D I F F E R E N T I A L  I N  FAVOR OF B E L T  HAULAGE, U S I N G  PRECRUSHING AND R E P L A C I N G  TRUCK HAULAGE BY B E L T  WILL B R I N G  S U B S T A N T I A L  
ADVANTAGES I N  A L L  E X T R A C T I O N  OPERATIONS. R I S I N G  LABOR COSTS MAKE CONVEYORS OVER TRUCKS A L L  THE MORE FAVORABLE-  

LtfrrhEQdQQd COMPUTERIZED D E S I G N  OF B E L T  SYSTEMS ( CONVEYOR-BELTS FLEXURE SPEED WIDTH T E N S I O N  ) 
SWANK, J. L e  + VERNER, W. J. & O H I O  STATE U N I V  

I N  NCRMAL CONVEYOR BELT E N G I N E E R I N G  AND Y I N I N G  JOURNAL, 1967, GUIDEBOOK-CONVEYORS FOR M I N I N G ,  1 9 8 - 2 0 0 ,  JUNE 1967. 
C A L C U L A T I O N S  A B E L T  W I Q T H  I S  ASSUMED AND THE SPEED CALCULATED T O  D E L I V E R  THE REQUIRED Q U A N T I T Y  OF M A T E R I A L .  T E N S I O N  
AND FLEXURE C R I T E R I A  WILL DETERMINE I F  A STANDARD P L Y  AND WEIGHT WILL MEET THESE REQUIREMENTS. I F  P STANDARD B E L T  1s 
N 9 T  A V A I L A B L E  A NEW R E L T  W I D T H  I S  ASSUMED AND THE CALCULATIONS REPEATED. B Y  C O M P U T E R I Z I N G  THESE F I G U R E S  A L L  THE 
P @ S S I B L E  B E L T  WIDTHS TO MEET THE REQUIREMENTS CAN BE O B T A I N E D  AND THESE ARE COMPARED AS TO I N I T I A L  COST AND OPERATING 
COST TO MAKE A F I N A L  D E C I S I O N .  COMPUTER CALCULATIONS ARE FASTER AND MORE ACCURATE. F I X T U R E  R E F I N E M E N T S  CAN BE 
INTROOUCFD I N T O  A COMPUTER PROGRAM. 

4 4 - 6 7 - 1 2 Q Q l  TRANSPORTATION FRCM A LONGWALL FACE { MATERIALS-HANDLING CONVEYORS 1 
WATSON, 8. & BETHLEHEM M I N E S  CORP 

M I N I N G  CONGRESS JOURNAL, 5 3 9  2 8 - 3 2 ,  DEC 1967. TO COMPETE W I T H  CONTINUOUS MINERS AND BORERS, A LONGWALL S E C T I O N  

S T A L L I N G ,  E X C E S S I V E  WEAR, AND CLOGGING. PROJECTED TONNAGE ON FUTURE LONGWALLS IS 1 1 / 2  M I L L I O N  TONS W I T H  A PAN L I F E  OF 
3 / 4  M I L L I O N  TONS. GOAL I S  6 0 0  TONS PER HOUR WITH A V A I L A B L E  EQUIPMENT. 

MUST AVERAEF 1,000 TONS PFR S H I F T  THROUGHOUT I T S  L I F E T I M E .  THE CONVEYOR SYSTEM PRESENTS NUMEROUS PROBLEMS SUCH AS 

44-68-Q3QQ!. C H I N q  PUTS F L E C T R I C  WHEEL TRUCK ON TROLLEY L I N E  ( M A T E R I A L S - H A N D L I N G  1 

M I N I N G  F N G I N E E R I N G ,  5 3 - 5 4 ,  MAR 1 9 6 8 .  C H I N D  HAS M O D I F I E D  O P E P A T I O N  OF 1 0 0 - T O N  C A P A C I T Y  E L E C T R I C  WHEEL D R I V E  TRUCKS 
ON 7 P E R r E N T  ADVERSE GRADE ROADWAYS B Y  SUSPENDING TROLLEY L I N E S  ABOVE THE ROAD FOR 1 3 0 0  F E E T .  A S Y I T C H  ON THE 
DASHROARn i  WHEN S W I T r H F D  TO D I E S E L - T R O L L E Y  MODE CAUSED AUTOMATIC SWITCHOVER WHEN CONTACT IS MADE OR L O S T  W I T H  T H E  
TROLLEY WIRFS WITHOUT I N T E R R U P T I O N  OF POWER TO THE D R I V E  MOTORS. A F L E E T  OF 1 0 0 - T O N  TRUCKS H A U L I N G  14 M I L L I O N  TONS PER 

SCHMIDT, D. W. + SHUSTER, J. W. 

YEAR OVER A 12 ,000-FT .  ROAD W I T H  7 PE?CENT GRADES PRODUCED REASONABLE SAVINGS I N  D I R E C T  HAULAGE COSTS OF APPROXIMATELY 
1 2  PFRCFYT WHICH OFFS'T T H E  C A P I T A L  REQUIRED FOR TRUCK M O D I F I C A T I O N  AND E L E C T R I F I C A T I O N .  

-- 4 4 3 4 = ) 4 Q Q 1  ROPE S I D E  FRAMED CONVEYORS ( MATERIALS-HANDLING B R I T I S H - M I N E S  

C O L L I E R Y  GUARDIAN, ( '141  N 55-79, 3 5 0 - 8 ,  A P R I L  1 9 6 8 .  SURVEY OF RECENT DEVELOPMFNTS ACCOMPLI SHED I N  B R I T 1  SH MINES,  
CLARK, D. 

I Y  D F S I G N  AND C)PERATIOr\; @F ROPE S I D E  FRAMED CONVEYORS COMPRISES CHANGES OF B A S I C  D E S I G N  NATURE AS WELL AS THOSE M E E T I Y G  
REOUIQEh4EYTS OF S P E C I A L  A P P L I C A T I O N S .  D E V I C E S  DESIGNED TO IMPROVE B E L T  CONTPOL AND CHANGES I N  D F S I G N  OF RFTURN ROLLER 
ARE rJISCUSSED. P P P L I C A T I O N  @F SYSTEM FOR CONVEYING YEN OR M A T E R I A L S ,  AND EXAMPLES OF SUSPFNSION B R I D G F  COYVEYORS ARE 
DESCQ I B FD. 

4 4 - 6 8 - 0 8 Q Q I  CnNTINUOlJS M I N I N G  AT PAWNFE ( SHUTTLE-CARS 1 
W'iITLOW, C. P .  & PFABODY COAL CO PAWNFE I L L  

Y I N I Y G  Cf lNGRESS J f lURNALt  5 8 - 6 0 ,  AUG 1 9 5 8 .  AT THE PEASODY COAL CO. M I N E  YO 10 I N  PAWNEE, I L L .  COAL I S  DUMPED BY 
1'3SC SHUTTLF CARS ON THF T A I L  OF 3 6 - I N  B E L T S  OR I N  LOADING HEADS. THESE L O A D I N G  HEADS MAKE MOVING AYD S E T T I N G  UP 
C A S I F Q ,  A V O  H F L P  T'1 LAYFP L n A D  THE COAL I d I T H  L E S S  S P I L L A G E .  THE M I N E  HAS L I M I T E D  TPACK HAULAGE W I T H  S P F C I A L L Y  DESIGNED 
CAPS. YOST n F  THF SUCK S U P P L I E S  ARE HANDLED I N  PACKAGED U N f T S ;  THESE R E A D I L Y  L F N D  THEMSELVES TO M A T E R I A L  H A N D L I N G  
EPUIP '4EYT.  MOST OF THF COAL I S  DRODUCED BY CONVENTIONAL TRACKLESS M I N I N G  EQUIPMENT. THE MINERS RUN THREE S H I F T S  A DAY, 
F I V E  3AYS A WC:EK. MAINTFYANCE? G R F A S l N G  AND S E R V I C I N G  ARE DONE BETWEEN S H I F T S .  THE ONLY I D L E  T I M E  I S  WHEN THE @ E L T  I S  
B E I V G  j H n Q T F N F D  0 9  FXTENDED. ONE OF THE U N D E S I R A B L E  FEATURES OF CONTIYUOUS Y I N F R S  I S  THE F I N E  COAL PRODUCED. THE JOY 
9 CM W'?RKS WFLL I Y  BOTH GOOD AND BAD T 3 P  C O N D I T I O N S .  W H I L F  AVERAGE TOYNAGF IS CONSEQUENTLY LOWER, bVERAGE DOWNTIME I S  
LESS. THE NEW JEFFREY 1 2 0  HAS SEVERPL GOOD FEATURES: (1) SUMPS ANI? CUTS FASTER THAN THE OTHEP MINERS; ( 2 )  NO 
O S C I L L A T I C N ;  ( 3 )  AUGFR ENDS EXTEND OUT WITH HYDRAULIC  JACKS;  ( 4 )  H Y D Q A U L I C  SYSTEM I S  LOW PQFSSlJRE; ( 5 )  HAS THREE 
TQAMMIYG SPFEQS; ( 6 1  LOW TR4M SPFED I S  HYDRAULIC  OTHERS MECHANICAL; ( 7 )  H I G H  TRAM SPEED I S  1 2 0  FPY. THE 8  CM CUTS 
6 . 7 5  DEQCFYT L F S S  F I N E  COAL THAW THF 1 2 0  AND 8.38 PCT. L F S S  THAN 4SE. 

4 4 - 6 9 - 0 8 Q E  SEDIMFNT TRANSPORT I N  CONVFYANCE SYSTEMS PAQT 1 A P H Y S I C A L  MODEL FOR SEDIMENT TPAYSPORT IV CCNVEYANCE 
SYSTEMS ( YYD!?AULIC-TPAYSPOFT SLURRY-PUMPING 1 
GRAF, W. H. + ACAROGLU, F. R. & L E H I G H  U N I V  BETHLEHEM PA 

P U R L l C A T I n N  OF THE I N T E R N A T I O N A L  ASSL lC IAT IOY qF S C I E Y T I F I C  HYDROLOGY X I I I  AYNEE, NO 2, 2 0 - 3 9 ,  AUG. 1 9 6 8 .  THE 
E X I S T E Y C F  f l F  A  F U N C T I O N A L  R E L A T I Q N S H I  P BETWEEN THE "SHEAR I N T E Y I S I T Y  PARAYFTER" AND THE "TPANSPORT PPRAMETER" HAS BEEN 
E S T A B L I S H E D  W I T H  THE H E L P  OF A P H Y S I C A L  MODEL. THE PROPOSED F U N C T I O Y  G I V F S  INFORMATION CN THE TR4VSPORT OF THE TOTAL 
SFDIMEVT LOAD I N  A COVVFYAVCF SYSTEM WHICH MAY BF AN OPEN CHANNEL OR CLOSED CONDUIT; 

4 4 - 6 9 - 0 H Q Q 3  HYDROMECHANICAL COAL M I N I N G  AND HYDRAIJL IC  COAL TRANSPORT I GERMANY ! 
MAURER, H. + LEMKE, K.  

R4E~lVSTIFF-WA9PE-KRAFT,  1 2 0 )  N 9, 3 9 5 - 4 0 1 7  AUG. 87  1 9 6 8 .  HYDROMECHANICAL COAL M I N I N G  AND H Y D R P U L I C  COAL TRAYSDORT, 
4 PFAYS OF C U T T I N G  C@STS FQCM C I A L F A C E  TO POWER PLANT.  A P P L I C A T I O N  OF HYDRCIMFCHANICAL C O A L - M I N I N G  P E S U L T S  I N  Q E D U C T I O Y  
I N  C?STS AYD I Y C Q E A S F D  SPFETY YEW MFTHODS AND YFW MACHINES ARE DESCRISED. UNDFR C E R T A I N  C D N D I T I O N S  H Y D R A U L I C  T'XANSPORT 
rlF F V T I R F  S O L I D  M A T E R I A L  FVEN FROM GREAT DEPTHS CAN BE ECONOMIC. TRANSFFR OF HYDRnMECHANICALLY MIWED COPL I N T O  
'DMELJSTIRLE COAL-WbTFQ, CUSPFNSION UNnERGROUY9 VJ'IULD NOT R E  A D V I S A S L F  FROM AN ECONOYIC V I F W P O I N T ;  PUMPING GRADES BELOW 
7 YM FQQM DEPTY nF 7=0 Y C A N  BE T E C H V I C A L L Y  AN9 ECONOMICALLY SATISFACTORY.  6  REF. ( I N  GERMAN) 

4kfLkQ8Q04 T I Q G  Q F S F f i Q C H  LOWEDS EQUIPYENT OPERATING COSTS ( M A T E R I A L S - H A N D L I N G  MUCKING-EQUIPMENT ) 

'41~ ' I i \ lG CONGQFFS JDUDhlbL, 5 4 - 5 5 ?  CUG 1 9 6 8 .  THE IMPROVED COYPQU'VD AND INCREASED TREAD OF THE RFCENTCY INTRODUCE3 
EYTRA T Q E A D  AUD FXT;IA DcFp TQEAD T I R E S  ARE B R I N G I N G  ABOUT COST REDUCTIONS OF AT LEAST 39 PERCENT OVER A WORK P F R I P D  OF 

C f i T E P P I L L A P  TRACTOF CO 

THREE YFARS 1% SEVEQC, HARD W€ARING UNDFRFOOT C O Y D I T I O N S  L I K E  THOSE EXPERIENCED I N  M I N I N G  OPERATIONS.  S I N C E  
TEMPFQATUQE I S  Nr) P q " q L c M  I N  THESE T I R E S ,  I N C R E A S I N G  THE TREAD DEPTH AND T H I C K N E S S  OF UNDERTREAD WOULD BE P R A C T I C A L .  
TODAY DUALS ADE U S E 0  r r R  LONG HAUL, H I G H  SPEED JOBS. WITH THE PRESEYT IMPROVEMENTS TO THE WHEEL LOADER T I R E ,  T I R E  
'SMPAUIFS HAVE P P O V I P C D  A T I R E  W I T H  4 BETTER COMPOUNCI AND T W I C F  THE RUBBED. THE NEXT STEP SHOULD RF IMPROVEMENT OF 
CARCASS COYSTRUCT!TN? A S  I Y T E R N A L  CONSTRUCTION AFFECTS THE WAY THE RUBBER REACTS ON THE GROUND. TWO D I F F E R E N T  CONCEPTS 
ARC S F I N S  C@NSIDFQED- -THF RFLTED B I A S  T I R E  AND THE Q A D I A L  CORD T I R E .  

4kb9zQ9QQ1 T c Q I Y € V T  TRANSPORT I N  CONVEYANCF SYSTEMS PART I 1  THE MODES O F  SEDIMENT TRANSPORT AND T H E I R  RELATED SED 
F n P P S  I N  CONVEYANCE SYSTEMS ( HYDRAULIC-TRANSPORT SLURRY-PUMPING ) 
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ACAROGLU, E. R. + GRAF, W e  He E M I D D L E  EAST T E C H  U ANKARA TURK 
P U R L I C A T I O N  OF THE I N T E R N A T I O N A L  A S S O C I A T I O N  OF S C I E N T I F I C  HYDROLOGY, X I 1 1  ANNEE NO. 3 9  123-1359 SEPT. 1968.  T H I S  
PAPER ATTEMPTS TO D E T E R M I N E  T H E  F U N C T I O N A L  R E L A T I O N S H I P  BETWEEN THE SHEAR I N T E N S I T Y  PARAMETER AND T H E  P A R T I C L E  REYNOLDS 
NUMBER FOR SEDIMENT TRANSPORT. THE P O S S I B I L I T Y  O F  U S I N G  T H E  E S T A B L I S H E D  F U N C T I O N  AS A C R I T E R I O N  FOR T H E  VARIOUS MODES 
OF S E D I M E N T  TRANSPORT AND FOR THE R E L A T E D  BED FORMS I S  ALSO SOUGHT. THE METHOD OF MODEL I N V E S T I G A T I O N  WAS USED. 

-8=lQpPpP1 AUTOMATED T P A N S P O R T A T I O N  SYSTEMS ( SECCAM DASHAVEYOR CONVEYOR-TRAIN CABLE-RIDING-BELT.  I 

M I N I N G  CONGRESS JOURNAL, ( 5 4 )  Ne 1 0 ,  50-55, OCT. 1968. OASHAVEYOR CORPORATION HAS T E S T E 0  A PROTOTYPE A N 0  IS NOW 
I N S T A L L I N G  5 1 / 2  M I L E S  OF A NEW TYPE AUTOMATED TRANSPORT SYSTEM AT THE H H I T E  P I N E  COPPER CO MINE.  THE SYSTEM I S  A 
MODULAR CONVEYOR-TRAIN. I N D I V I D U A L  CARS ARE POWERED B Y  A SELF C O N T A I N E D  E L E C T R I C  D R I V E  AND CAN TRAVEL AT SPEEDS UP TO 

SCHENCK, G. He K. & PENN STATE U N I V  

45 VPY. U N I O N  CARBIDE I S  I N S T A L L I N G  A 6 M I  LONG SECCAM C A B L E - R I D I N G  B E L T  CONVEYOR I N  I T S  PUTNAM M I N E  I N  W. VA. 
C A P A C I T Y  I S  16000 TPH. I T  CAN TAKE H O R I Z O N T A L  AND V F R T I C A L  CURVES. 

44-68-UQQ1 TRANSPORTATION B E H I N D  CONTINUOUS M I N E R S  ( CONVEYORS SHUTTLE-CAR 

M I N I N G  CONGRFSS JOURNAL, (541  NO 1 1 ,  86-89, NOV. 1968. CONTINUOUS M I N I N G  REQUIRES A TREMENDOUS AND CONTINUOUS 
CARRYING C A P A C I T Y  TO ENSURE MAXIMUM B E N E F I T S .  A CONTINUOUS TRANSPORTATION SYSTEM U S I N G  C H A I N  CONVEYORS H4S REEN 

H I N K S ,  W. H a ,  JR. E, RUSHTON M I N I N G  C O  

I N S T A L L E D  I N  T H F  R J S H T r N  M I N E  LOCATED NEAR P H I L I P S B U R G ,  PA. 

44-58-12QQl NEW TESTS UPDATE C R I T E R I A  FOR SLURRY PUMP S E L E C T I O N  ( HYDRAULIC-TRANSPORT PUMP-DESIGN 1 

F I M S ,  87-88 ,  DEC 1968.  D E S I G N  EQUATIONS FOR S E L E C T I O N  OF PUMPS FOR H Y D R A U L I C  TRANSPORTATION OF S O L I D S  I N  P I P E L I N E S  
A9E DEVCLOPED. EXAMPLE PROBLFMS G I V F N .  

44-69-QbQu TUKNEL E X C A V A T I O N  SYSTEM KEEPS V E N T I L A T I O N  COSTS DOWN ( NORWAY MUCK-HANDL I N G  1 

CONE, E. '. t AQTHUR G MCKEE CO 

CAPLAN, R. 
WORLD CONSTRUCTION, ( 2 2 )  NO 6 ,  36Ct J U N E  1969. THE MUCK H A N D L I N G  SYSTEM FOR NORWAY'S LONGEST TUNNFL I S  DESIGNED T O  
s n L v E  VFNTILATION PROSLFM. THE TUNNEL IS 21 MILFS LCING, H A S  A CROSS SECTI~NAL AREA OF 320 SQ FT 4\10 IS 2600 F T  A R O V F  
SEA LEVEL.  D I E S E L  L X O M O T I V E S  HAUL T R A I N  OF CARS THROUGH TUNNEL H A L T I N G  AT A D I S T A N C E  OF 100 f O  400 YARDS FPOM THE 
FACE WHERF THE TQACK BRANCHES. 4 P A I R  OF P A R A L L E L  TRACKS RUNS UP TO T H E  F A C E  I T S E L F .  

4 4 - 7 0 - a Q Q 1  HYDRAULIC H O I S T I N G  O f  COAL ( P I P E L I N E  S L U R R I E S  1 

Cf lAL M I N I N G  AYD PPOCFSSING,  44-47 ,  JUNF 1970. THE H I T A C H I  HYDRO-HOIST I S  B E I N G  USED TO H O I S T  COAL S L U R R I E S  830 F T  
AND 1690 F T  AT TNr!  JAPANESE C O L L I E R I F S ,  WHERE WATER PRODUCED I N  THE M I N E  I S  UP TO 10 T I M E S  T H E  VOLUME O F  COAL 
PRODUCED. D E S C R I P T I O N  OF THE E Q U I P M F N T  AND THE MFTHOD OF OPERATION ARE PRESENTED. 

SINGHAL,  Re K. 

F I E L D  45 NEWS I T E M S  

3'j-64-06QQJ L E  CHANTIEQ DU TUNNFL SOUS L F  MONT BLANC ( SAFETY D I S E A S E S  N O I S E  V E N T I L A T I O Y  1 

I Y S T I T U T  TCCHNIQUF DU B A T I M E N T  F T  DES TRAVAUX P U B L I C S I  ( 1 7 1  Y 1989 701-7191 JUNF 1964. A TUNNEL UNDEP. MONT BLANC 

RES'JLTS. THF D I S E A S F S  OF S I L I C O S I S  A Y g  A N K Y L O S W M I A S I S  HAVE NOT SHOWN UP I N  THE CONSTRUCTION OF T H I S  TUNNEL. 
P s n T F C T I O N  A G A I N S T  W I S E  WAS SATISFACTORY.  ( I N  FRENCH). 

$S5&=llQU FCONOMICAL L'ING D I S T A N C E  P I P E L I Y I Y G  OF MINEPAL 'S I S  NOW A R E A L I T Y  ( HYDRAULIC-TRANSPORT MATERIALS-HANDLING 

DE ROCHFFnQT, Ma H. + JACCON, A. 

WQS 1 1 , 6 0 0  YFTFRS I N  LFNGTH.  G 3 0 D  SAFETY MEASURES HAVE AFEN T A K E N  AND THE GOOD WORK PERFORYANCE SHEWS T H E  EXCELLENT 

SL URQY-PUMP1 NG 1 
Cf lNSTANTIh !F  9 Q. E, PARSONS-JOQDEM COPP N.Y. 

Y T T A L  M I Y I N G  AND 'JROCFSSING, 27-29,  361 Yf lV  1964. 4 C A N A D I A Y  COMPANY PLANS TO PUMP POTASH 1300 Y I L E S  T O  CHICAGO. 
A 6 I Y C H  I D  SLURRY P I P F L I N E  OF AlrlDES COPPER M I N I N G  CO. I N  C H I L I  C A R R I E S  800 TONS/DAY OF COPPER COYCENTRATE 14 M I L E S .  
4 M F P I C A N  G I L S O Y I T F  HAS OPFQATED 4 72 M I L E  P I P E L I N E  S I N C E  1957.  P I T T S B U R G H  CONSOLIDATED COMPANY'S 108 M I L E  P I P E L I N E  I N  
OH19 S I Y C F  1 0 5 8 .  MANY P O T E N T I A L  USES 5UGGESTFn. 

W N O R A I L  TRANSPORT SYSTEMS ( Y A T F R I  ALS-HANDL I N G  SOUTH-AFRICAN EURDPEAN ) 
r I N I N G  4 Y D  Y I Y E R A L S  ENGINEERING,  ( 1 )  YCl 5, 185-92, J 4 N  1965.  A SUYMARY NEWS A R T I C L E  O N  T Y P E S  CF WONGQAIL SYSTEMS 
UCFO I N  FUQOP€AN AND SOUTH A F R I C A N  M I N E S  B'JTH SURFACc AND UNDERGROUND FOR MOVING MFN AND M A T E R I A L S .  I Y C L U D E S  ROPF 
'3PER4TFDv TRACK DRIVEN,  L O C O Y O T I V E  HAULED. QVERHFAD AN0 GROUND MOUNTED TYPES ARE I N  USE. 

95-65-Q.LQQZ Y P Y O R A I L  SYSTFM D I S P L A Y S  ADVANTAGKS IY SOUTH 4 F R I C A  I M A T E R I 4 L S - H A N D L I N G  MCNOPAIL  J 

CUPVkS OF 2 5 - F r Q T  RADIUS.  DTESEL LOCOMOTIVE F U R N I S H E S  6 , 8 0 0  LBS.  DRAW8AR PIJLL AS COMPARF3 TO 2.600 L 9 S  F3R A 
r A Y A D I A Y  M I Y I N G  JOURNAL, ( 8 6 )  N 1, J A N  1965. MONORAIL SYSTEM I S  CAPABLE OF Y E G O T I A T I N G  HORIZONTAL AND V F R T I C A L  

CCNVEQTIOVAL 5-TON 2 - Q A I C  LOCC'MUTIVE. UNDER TEST LOAD n F  30 TONS T H F  LOCOMOTIVE P U L L E D  UP 15-DFGREE I N C L I U E S  WITHOUT 
S L I P P I N G .  STOPPING D I S T A N C E  WAS 7 F E F T  FROM 10 MPH. THF 94E CARS ( T U 8 S I  ARE RATFD AT 7 1 / 2  TONS 4YC CAN N E G O T I A T E  
TURNS OF J U S T  OVER 2-FFET R A D I U S .  USED IY THF AQGLO-V4AL GROUP'S L O R 4 I N F  GOLD MINE.  

&5-55-UQQz F n R  LONDON TRANSPORT - THF DEFP TURF ( MOLCS S H I E L D  TUYNEL I N G - M A C H I Y F  L I N I N G  MATER I A L S - H A Y D L  I N G  1 
F N G I N E F R I N G ,  ( 1 9 9 )  42-46 ,  J A Y  87 1°65. A S H I F L D  I S  T H F  B A S I C  YFTHCID USED FOR P R I V I N S  THE P U N N I h G  TUNNEL:, FPPM 13 
FT.  1 I N .  TO 14 FT. IN D I A Y E T E R  O U T S I D E  T Y E  L I Y I Y G .  THE L A T E S T  VERSIONS 4RE T H E  "DRUM D I G G F R "  AND THE M C A L P I N E  
T U N Y F L I N G  CBCHINE. T H E  JOHN MOhLEY SYSTEM OF R E Y O V I N G  S P O I L  I S  Y I G H L Y  MECHANIZED. AS THE DRUM DIGC-EY S F I E L D  AWAFICES, 
9 2 FT. 6 IY. R A I L  TQACK I S  L A I D  C)N WHICH RlJN TWn ROGIF CARS W I T H  A C H A I Y  CONVEY00 ON THE FLOOR. THE ONE NEARFST THE 
C H I E L D  4CTS AS THF R E C F I V E R  OF S P O I L  AND I S  9 I G  ENOUGH TO HOLD 2 L I Y E A L  FT. OF TUNNFL. T H E  SECOND CAR I S  POWEPFD 
Y Y D P A U L I C A L L Y  AND RUNS A SHUTTLF S E R V I C E  BETWEFN T H E  R E C E I V E R  CAR 4 s  I T  B E C O M E S  F U L L  AND THE FOOT CF T H E  WFRKIYG SHAFT 
WHEPE THE S D f l I L  I S  TRAYSFERRED T O  A BUCKET ELEVATOR TO OVEQHEAD ST9RAGE B I N S  FOR D I S P O S A L .  U S I N G  CRUM DIGGFR S H I C L D S ,  
AS YUCH AS 3 FT. OF TUNNEL HAS BEEN COMPLETED D E R  HOUR. THE S T A T I O N  TUNNELS ARE L I N E D  W I T H  CONVENTICNAL DESIGY C 4 S T  
I R O N  5FGMFNTS ROLTED TnGETHER W I T H  T H F  I N T E R V F N I U G  SPACE SFTWEEN L I N I N G  AND C L A Y  F I L L E D  W I T H  CEMENT GROUT. I N  THE 

H'DGt'S 4 5  S'lOY 45 T Y E  2 FT.  L E N G T H  OF A SEGYEYT HAS S F F N  DUG Sfl T H 4 T  THEY F I T  HAPD AGA1NZ.T THF SURFACF. BLUF CLAY 

4ND O!SLIANTLEl l  I r \ l  S P C C I A L  S H I E L n  CHAYSERS--TERPO'7ARY EYL4QGEYEUTS I N  L I N E  W I T H  THE F I N A L  TUNNFL. A FT.-THICK 350 FT. 
LONG LAYER q c  WATER-RFARIYG GP4VFL W4S TREATEO N I T H  A S I Y G L F  SHOT C H F Y I C A L  I N J E C T I O N  GROUTING PPQCESS KNCWN AS TD", BY 
THF C € M C N T A T I r N  CnYPANY. 

D U Y V T Y G  TIJYYFLS C A S T  I R O N  OR P R E C A S T  CONCRETE SEGMENTS A R E  ERECTFD BFHIND T H E  SHIELD AND THEN EXPANDFI? W T T H  J A C K S  AND 

R F M A I N S  5 F L F - S U P W R T I N G  FOR A SHORT P F ' 7 I O D  AFTFR FXPOSUPF T i l  A I R ,  W H I L F  I T  R F T A I N S  YOISTUFF.  T H F  S H I F L D S  WERc ASSFMPLFD 

4 5 - 6 5 - O ~ Q U  NFW c o r i v E Y n R  SHUTTLE TPAIN FROM SWFDEN ( MUCKING 1 
C q L L I E R Y  F N G I Y E E Q I N G ,  ( 4 7 )  N 493,  113-14, MAR 1955.  A NEW TYPF O F  R A I L  MOUNTED SHUTTLF CAR, D E S I G N E D  AND S U I L T  RY 
YAGGLUY9S OF SWFDEN. S I X  S I Z F S  7 . 2  TO 1 5  YARCIS. EACH CAR F O U I P P F D  W I T H  AN A I R  D R I V E N  CONVEYOR B E L T  BOTTOM FOR 
R E n I S T Q I S U T I N 6  Lf7Ar). CAN B F  COMBINED I N T O  TQAINS.  

V535=-5QQJ RqTTCM-WIMP D I G  HAULS 240 TONS ( Y A T E R I A L S - H A N D L I N G  
F N G I Y E E Q I N G  NFWS-RFCnRD, ( 1 7 4 )  3 1 ,  YAY 13,  1 9 6 5 .  C A T F P P I L L A R  TRACT09 CO. VAS DFVFLOPED A TANDEC-POWERFD COAL 
YhlJLC:9 W I T H  4 C A P e C I T Y  OF 740 TONS (STQUCK CAPACTTY OF 275  CU. YD.1 PflWFDFI, RY TWO V-12 D I E S F L S t  EdCH D E L I V E R f N C -  
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900-1000 FLYWHEEL HORSEPOWER. BOTTOM-DUMP CAN RE R A I S E D  TO 5 0  I N C H E S  ABOVE GROUND. H E I G H T  I S  9 5  TONS EMPTY1 T U R N I N G  
R A D I U S  0 5  FEET. 

55.rb595Q92 COAL-SLURRY P I P E L I N E  FAVORED FOR B I G  WESTERN POWER PROJECT ( M A T E R I A L S - H A N D L I N G  
THE OIL AND GAS JOURNAL, 1 6 0 - 1 6 1 1  MAY 161 1 9 6 5 .  A  16 I N C H  OR LARGER P I P E L I N E  IS B E I N G  CONSIDERED T O  S H I P  
P U L V E R I Z E D  COAL FROM NORTHERN ARIZONA TO A POWER PLANT NEAR MOHAVE, NEVADA. ONLY TWO CHOICES ARE R A I L R O A D  AND 
P I P E L I N E .  L I N E  WOULD BE 2 7 8  M I L E S  LONG. 

5.5.r54=94QQ1 SOLIDS H A N D L I N G  PUMP ( MATERIALS-HANDLING I 
MECHANICAL E N G I N E E R I N G ?  601 J U N E  1966. A NEW PUMP l S Y K E S  UV/CWG 5 /4  U N I V A C )  H A S  B E E N  D E S I G N E D  TO HANDLE A L L  TYPES 
OF S O L I D S  AND SLURRIES.  E S P E C I A L L Y  DESIGNED FOR MATERIAL  2 5  PERCENT BY WEIGHT OF S O L I D S  AND P A R T I C L E S  1 I N C H  I N  
DIAMETER. CAPABLE OF D E L I V E R I N G  900 I M P E R I A L  G.P.M. A G A I N S T  A TOTAL HEAD OF 100 F T  AT A PUMP SPEED OF l tooo R P M l  AND 
1,000 I M P E R I A L  G.P.M. A G A I N S T  A TOTAL HEAD OF 300 F E E T  AT A PUMP SPEED OF 1 , 8 0 0  RPM. 

!&b6=91441 S O L I D S  P I P E L I N I N G  SEEN 'AROUND CORNER' ( SLURRY D R I L L I N G - M U D  RECIPROCATING-PUMP 

SLURRY PUMP. S L U R R I E S  HAVE BEEN PUMPED THAT C A R R I E D  AS MUCH AS 60 PERCENT S O L I D S  BY WEIGHT I N  THE P A R T I C L E  RANGE FROM 
C O L L O I D A L  TO 8  MESH. I N  USE THE PUMP COORDINATES THE WORK OF S I X  C Y L I N D E R S l  EACH OF WHICH I S  A R E C I P R O C A T I N G  I N T E R V A L  
COMRUSTION ENGINE AND A R E C I P R O C A T I N G  PUMP. T H I S  PUMP I S  A P P L I C A B L E  AS A D R I L L I N G  MUD PUMP OR I N  CCNJUNCTION WITH A 

MID-AMERICA O I L  t GAS REPORTER? 1 7 - 1 9 1  J U L Y  1966. A. B. F L Y  OF A M A R I L L O  I S  T E S T I N G  AN IMPROVED D E S I G N  FOR A U N I Q U E  

TUNNEL B O R I N G  MACHINE FOR MUCK REMOVAL. THE TRADE-NAME FOR THE PUMP I S  'HYDROTORQ'. 

&5-5-66-07882 UNDERREAMER EXPOSED NEW PUMP NEED 
M I D - A M E R I C A  O I L  E GAS REPORTER, (9) NO 49 20,  J U L Y  1966. R E C I R C U L A T I N G  MUDDY WATER AT H I G H  PRESSURE CAUSED 
CONVENTIONAL I l I L F I E L D  MUD PUMPS TO BREAK DOWN. A.  8. F L Y  I N V E N T E D  THE HYDRO-TORQ PUMP FOR T H I S  S E R V I C E  AND WORKING 
THROUGH AT 1 3  3 / 8  I N C H  C A S I N G  AT A DEPTH OF 3 3 2  TO 3 4 2  F E E T  CUT A HOLE 30 F E E T  I N  D I A M E T E R  FOR THE ADOBE O I L  CO. HE 
ALSO CUT A 6 0  FOOT DIAMETER C A V I T Y  AT 2 0 0  FEET WORKING THROUGH 16 I N C H  C A S I N G  UNDER AN I R R I G A T I O N  WELL-  

4 5 - 6 6 - Q m l  PNEUMATIC COAL TRANSPORT: D I F F I C U L T  B U T  PROMI S I N G  ( F E E D I N G  METERING 1 

POWER EYGINEERING,  5 8 - 5 9 ?  AUG 1 9 6 6 .  AT THE F I R S T  U.S. SYMPOSIUM ON THE PNEUMATIC TRANSPORTATION OF S O L I D S  

S O L I D S  SUSPENSION. S F R I O U S  PROBLEMS R F M A I N  TC) BE SOLVED I N  PNEUMATIC TRANSPORT BUT P O S I T I V E  R E S U L T S  HAVE BEEN A C H I E V E D  
I N  AQEAS SUCH AS S O L I D S  F E E D I N G  AND I N  U T I L I Z A T I O N .  

K 4 N F i  L. J. + SPFNCER, J. D. 

TYFNTY-TU@ T E C H N I C A L  PAPERS I D E N T I F I E D  RECENT DEVELOPMENTS I N  F E E D I N G 1  TRANSPORTING, RECOMPRESSING AND U T I L I Z I N G  GAS 

s - 6 5 - 1 1 0 Q l  P I P E  BEATS R A I L  FnR COAL HAUL ( M A T E R I A L S - H A N D L I N G  

CHEAPER THAN A R A I L  ROUTE PROPOSED BY THF ATCHISON1 TOPEKA1 AND SANTA F E  R A I L R O A D  COMPANY. THE NEW L I N E  WILL B E  2 0  
E N G I N E E R I N G  NEWS-RFCORD, ( 1 7 7 )  171 NOV 2 4 1  1966. A 2 7 0 - M I L E  COAL SLURRY P I P E L I N E  WAS FOUND TO PE 5 0  PERCENT 

INCHFS I N  DIAMETER. 

& S & h = l Z Q Q I  I N D U S T R I A L  ROLLER COASTER MOVES BULK M A T E R I A L S  ( MATER1 ALS-HANDLING CONVEYOQS SELF-PROPELLFD CONVEYORS 
THE IQON AGF, 911 DEC 15, 1 9 6 6 .  THE DASHAVEYOR C O N S I S T S  OF A NUMBER OF SELF-PROPELLED MODULES WHICH MAY BE L I N K E D  
TOGETHER OR L E F T  SEPAR4TE.  SUBSTITUTES HIGH-SPEED OPERATION FOR LARGER AND SLOWER METHODS OF M A T E R I A L S  HANDLING.  
Y4XIMUM SPEED IS APPROXIMATELY 40 MPH. THE MACHINE CAN TRAVEL I N  H O R I Z O N T A L 1  V E R T I C A L ,  I N C L I N E D ,  UPRIGHT,  OR I N V E R T E D  
P ' 3 S I T I O N .  CONTROLLED AT A CENTQAL CONTROL POINT. 

5 5 - 6 7 - U Q Q l  SLURRY P I P E L I N E  WILL FEED WEST'S 1,510-MW MOHAVE PLANT. ( P O L L U T I O N  CENTRIFUGE P U L V E R I Z E R  
E L E C T R I C A L  WORLD, 6 7 - 6 8 ,  J A N  23, 1967. WEST C O N S I S T S  OF 2 2  MEMBER U T I L I T I E S  I N  SEVFN WESTERN STPTES. WHEN I T S  
1151O-MW MOHAVE PLANT I S  COMPLETE I N  1971 I T  W I L L  B E  F I R E D  WITH COAL TRANSPORTED V I A  A 2 7 5  M I L E  SLURRY P I P E L I N E .  117 
M I L L I O N  TONS f l F  COAL ARE TO BE D E L I V E R E D  OVER A 3 5  YEAR P E R I O D  AT THE RATE OF 3 3 0  TONS OF P U L V E R I Z E D  COAL SLURRY PER 
H!lUR. THE SLURRY WILL BE A HALF AND H A L F  COAL-WATER M I X T U R E  BY WEIGHT. CENTRIFUGES W I L L  DE-WATER THE SLURRY TO 2 5  
PERCENT WATFP BY WEIGHT. T H I S  WILL B F  FED I N T O  T H E  GENFRATOR P U L V E R I Z E R S  FOR F I N A L  D R Y I N G  AND G 9 I N D I N G .  S P E C I A L  STEPS 
WILL B E  TAKEN TO PREVFNT POLLUTION.  THE WASTE WATER I N  T H E  PLANT WILL R E  D ISPOSED OF I N  AN EVAPORATION POND. 

4 5 - 5 7 - 0 7 Q Q l  4HEELED LOADFRS AND ROCK WAGON5 SCAMPER THROUGH TUNNEL ( M A T E R I A L S - H A N D L I N G  
CONSTRUCTION METHODS, 6 2 - 7 4 ,  SEPT 1 9 6 7 .  BFCAUSE NO STANDARD SCRAPER OF S U F F I C I E N T  C A P A C I T Y  COULD RE USED I N  T H E  
4YGELES T U V N F L i  THE TR4CTOR FROM A CAT 6 2 1  SCRAPER WAS MATED W I T H  A 16-YD. OTHEY ROCK WAGON. F I F T E E N  OF THESE U N I T S  
ARE USED TO TRANSPflRT MUCK OUT OF THE 36 -FT .  D IAMETER TUNNEL. DUE TO S I Z E  R E S T R I C T I O N S  I N  THE A D I T S 1  A PUCKET W I T H  A 
" r lVEPBLE FNQ P L A T E  WAS DESIGNED FCIR A CAT 9 8 8 .  T H E  OPERATOR SWEEPS THE LOAD I N T O  THE WAGON I N S T E A D  OF DUMPING. 

4 5 - 6 7 - 0 4 0  1 S L I D I N G  WORK FLOOR SPEEDS WET TUNNEL ( ENVIRONMENTAL-CONTROL M A T E R I A L S - H A N D L I N G  MUCKING 1 
C O d O N  METHODS1 1 0 7 - 1 1 2 ,  A P R I L  1 9 6 7 .  
'OR NEW Z F A L A N D ' S  LAKE MANAPOURI HYDRO PROJECT. F I R S T  1 0  MONTHS HEAVY W4TER I N F L U X  SLOWED ADVANCE TO A TOTAL OF 2000 
FT. I Y  A Q E L A T I V E L Y  DRY S E C T I O t l  MADE 2 0 0 0  F T  I N  TWO MONTHS ( 3 8 +  F T /  D A Y I .  A JACOBS MAGIC CARPET ' WAS USED ( D F T A I L S  

AVO GRDUTING WAS PEQUIQEI? .  

95=47=1QQQ1 FRANKFURT B U I L D S  HUGE T E R M I N A L  ( PASSENGER-TUNNEL MOVING-SIDEWALK 
E N G I N F F R I N G  NEWS-QECnRDl 2 4 1  OCT 2 5 1  1 9 6 7 .  FRANKFURT A I R P O R T  EXPANSION I N C L U D E S  A D D I T I O N  OF 1 0 0 0  FOOT PASSENGER 
TUNNEL E Q U I P P E D  WITH A MOVING SIDEWALK. 

45-hI=ulQ42 P I D S  ARE REQUESTED FOR I N V I T A T I O N  NO. C-6820-H  ( TUNNEL E X C A V A T I O N  ) 

STORY OF PROBLEMS WITH W4TER I N  THE S I X  M I  3 2  F T  D I A  T A I L R A C E  TUNNEL 

'3F CONSTRUCTION I N C L U D E D ) .  D R I L L I N G  AND B L A S T I N G  GEAR I S  DESCRIBED.  WHEN WATER WAS ENCOUNTERED MUCH S P E C I A L  D R I L L I N G  

F N G I W F F R I N G  NEWS-RECORD, ( 1 7 9 )  6 8 ,  OCT 26, 1 9 6 7 .  REQUEST FOR B I O S  FOR CONSTRUCTION OF CENTER LEG I N N E R  LOOP1 D. 
S T Q E F T  Sew. TO O I S T R I C T  N.W. AYD MALL TUNNEL 3R. 2 PFNNA. AVF. NW TO C O N S T I T U T I O N  AVE.1 NW, WASH., D e  C. 

E - 6 7 - 1 0 O Q l  LOUVRF GOES UNDERGRnUND ( SUBWAY-SYSTEM PASSENGERS RUBBEP-TIRE-SYSTEM T R A I N S  
THE W4SYINGTON POST, 4 2 1 ,  OCT 7 9 9  1 9 6 7 .  AS PART OF THE 9VERHAUL OF THE YETRO SYSTEM AYD I T S  3 4 4  S T A T I O N S  THE 
LOUVRF S T A T I O Y  W I L L  BECnME PART O r  THE MUSEUM. OTHER PHASES OF THE OVERHAUL I N C L U D E  REPLACEMFNT OF S T A T I O N S  AT A RATE 
3F 30 T 3  4  Y F b R t  CONVFRSION O F  3 MAJOR L I N E S  T O  RUBBER T I R E  SYSTEMS WITH 2 MORE SCHEDULED FOR CONVERSION, AND 
4 D D I T I f l N  OF A NEW 3 5  MPH EXPRFSS L I N F  DEEP I N T O  C I T Y ' S  EASTERN AND WESTERN SUBURBS. LOSS OF ABOUT $100 M I L L I O N  L A S T  
YEAR CAUSED R 4 I S E  I N  F4RES BY 40 PERCEYT WITH ANOTHER 2 0  PERCENT R A I S E  NEFQFD FOR THE SYSTEM TO P 4 Y  I T S  WAY. 

14kf&411]91 WHITE P I N F  PPFPARING TO USE NEW TRANSPORT CONCEPT ( DASHAVEYOP AUTOMATION COSTS 1 
M I N I N G  E N G I N E F R I N G  ( S Y F )  1 5 4 - 1 5 5 7  J U L Y  1 9 6 8 .  THE DASHAVEYOR I N S T A L L A T I O N  4T WHITE P I N E  COPPER CO WILL TR4NSPOPT 
10 I N C L i  COPPER ORE 5 1/2 M I L E S  FROM M I N E  TO CONCENTRATION U S I N G  TWO GROUPS OF 4 8  MODULES EACH1 WILL CAPRY 7 2  TOYS PEP 
T R I P  AND MAKF THF 1 1  MTLE ROUND T R I P  I N  17 MIN. MODULES W I L L  BE LOADEO AUTOMATICALLY AT THE M I N E  AND WILL B F  DUMPED 
AUT'7MATICf iLLY BY AN I Y V F R T I N G  LOOP. C A P I T A L  COST ABOUT $2.5 M I L L I O N  PLUS $ 3 0 0 1 0 0 0  FOR S I T E  PREPARATIONS.  AT 8 MIL /KW,  
pnWFR COSTS W I L L  RE $ 0 . 0 0 4 / T O N - M I L E .  LABOR AND MAINTENANCE COSTS ANOTHER 5O.OD4/TON-MILE. 

&kf&=Q2OQl  FFDEQAL PqOGRAM IS URGED FOR D I G G I N G  UP NEW E X C A V A T I O N  TECHNIQUES AND PACHINERY 
3 U S I N E S S  WEFK, S'PT 2 4 ,  1968. THE N A T I O N A L  ACADEMY OF SCIENCES HAS RFCOMMENDED I M M E D I 4 T E  STAQT OC A 10-YEAR, $ 2 0 0  
M I L L I O N  F F l l E R d L L Y  FUVDEO PROGRAY Fr)R R AND D I N  UNDERGROUND E X C A V A T I O N  MACHINERY AND TECHNIQUES.  
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4 5 - 6 5 9 3 Q Q 1  DEEP TUNNEL STORAGE MAY SOLVE C I T Y  STORM WATER PROBLEMS ( D I S P O S A L  COST SEWERS I 
JOURNAL O F  ENVIRONMENTAL S C I E N C F  AND TECHNOLOGY, ( 3 )  NO. 39 209-2119 MAR 1 9 6 9 .  CHICAGO P L A N S  T O  CONTROL WATER 
P O L L U T f O N  BY C A P T U R I N G  STORM AND SEWAGE RUNOFF I N  CAVERNS CARVED FROM BEDROCK 800 F T  UNDER GROUND. W I T H  C A P A C I T Y  UP TO 

EXPECTFD T O  BE $1.02 B I L L I O N .  

ftZ&SrlQQQ1 CFMENT CO B U I L D I N G  P I P E L I N E  TO CARRY L I M E S T O N E  SLURRY 
STOCKTON ( C A L I F )  RECORD, OCT. 291 1969.  CALAVERAS CEMENT CO I S  CONSTRUCTING A 1 7 . 6  M I L E  7 I N C H  P I P E L I N E  TO CARRY 
CRUSHFD L I M E S T O N E  FROM A QUARRY TO THE SAN ANDREAS PLANT. 

45-70-QlQQ.1 HYDRO-ELECTRIC P R A C T I C E  ( TUNNELS ADVANCE COST MUCKING L I N I N G  I 

18,000 ACRE F T  OF WATER, CAVERNS WILL REQUIRE REMOVAL OF 6 0  M I L L I O N  CU YDS OF M A T E R I A L .  COST OF T H E  IO-YR PROJECT I S  

FULTON, A. E I N S T I T U T E  OF C I V I L  ENGRS 
C I V I L  E N G I N E E R I N G  & P U B L I C  WORKS REVIEW,  70-71, J A N  1970. CONCURRENTLY W I T H  A C T I V I T Y  I N  H I G H  PRESSURE P I P E L I N E  
DEVELOPMENT FDR HYDRDFLECTRIC I N S T A L L A T I O N S  THERE HAS BEEN A GROWING TENDENCY T O  E L I N I N A T E  THEM BY U S I N G  MORE PRESSURE 
TUNNELS AND SHAFTS. FACTORS H A S T E N I N G  T H I S  PROCESS WERE: A S T H E T I C S T  FEW PEOPLE R E A L L Y  L I K E  TO SEE ROWS OF P I P E S  COMING 
DOWN A H I L L S I D E ;  S U B S T A N T I A L  R A T E  OF D R I V I N G  TUNNELS I N  RQCK E S P E C I A L L Y  WHERE MECHANICAL A I D S  I N  MUCKING COULD B E  USED: 
INCREASED S I Z E  D F  NEW HYDROELECTRIC PROJECTS; S A V I N G S  RY U S I N G  UNDERGROUND POWER S T A T I O N S ;  AND REPLACEMENT O F  S T E E L  
L I N I N G S  W I T H  CONCRETE. 

ftZ=1&Q&QQl P I P E L I N E  MOVES COAL OVER A R I Z O N A ' S  TOUGH T E R R A I N  ( SLURRY-PUMPING 1 
ENGR. NEWS-RECORD? ( 1 8 4 )  2 6 ,  APR. 23, 1970.  T H E  BLACK MESA P I P E L I N E  RUNNING FROM KAYENTA T O  T H E  1 5 8 0  MEGAWATT 
PLANT ON T H E  NEVADA RANK OF THE COLORADO R I V E R  NFAR BULLHEAD C I T Y ,  ARZ WILL B E  273 M I L E S  LONG AND W I L L  CARRY COAL 
SLURRY AT 4500 GPM W I L L  T R A V E L  AT 4 MPH AND WILL MOVE THE E Q U I V A L E N T  OF 200 R A I L R O A D  CARS OF C O A L  EACH DAY. A R A I L R O D  
TO DO THE SAME JOB WOULD BE 1 0 0  M I L E S  LONGER DUE T O  ROUGH TERRAIN.  THE COAL W I L L  BE S T R I P  M I N E D ?  P U L V E R I Z E D  M I X E D  I N T O  
A 50-50 SLURRY W I T H  WATER, AND PUMPED BY 1 3  1700 H P  R E C I P R O C A T I N G  P I S T O N  PUMPS A T  FOUR PUMPHOUSES AT T H E  MINE.  THE 
I N D I A N  OWNERS OF THE M I N E  WILL GET $30 M I L L I O N  I N  R O Y A L T I E S  OVER A 35 YEAR PERIOD. 

ft1-70-Q1QQ1 DAM CONTRACTOPS VACUUM TUNNEL, SLOW TRUCKS W I T H  E N G I N E  BRAKES ( MOLE PNEUMATIC-MUCKING B O N N E V I L L E  ) 
FNGR. NEWS-RECqRD? ( 1 8 5 )  2 2 9  J U L Y  97 1970.  BOYLES RROS D R I L L I N G  C O  I S  U S I N G  A G I A N T  VACUUM CLEANER ON I T S  $5.6  

UTAH PRqJECT.  THF R A I L  MOUNTED PNEUMATIC MUCKIMG SYSTEM HAS A 200 HP E L E C T R I C  MOTOR D R I V I N G  TWO LARGE FANS AT 3600 RPM 
M I L C I O N  CONTPACT TO D I G  THF 4.1 M I L E  1 3  FT D I A  WATER HOLLOW TUNNEL, PART OF BU R E C ' S  B O N N E V I L L E  U N I T  OF THE CENTRAL 

TO PRODUCE THE VACUUM WHICH I S  A P P L I E D  BY A BOOM MOUNTED 8 I N  O I A  HOSE. D E B R I S  GOES I N T O  A VACUUM @OX 4 F T  WIDE, 4 F T  
HIGH,  2 5  F T  LONG. 

FIELD 5 ENVIRONMENTAL CONTROL AND SAFETY 

F T E L D  5 1  BOOKS 

adJ.=QQoQl M I N F  V E N T I L A T I O N  AND A I R  C O N D I T I O Y I N G  ( QUALITY-CONTROL TEMP-HUMIDITY-CONTROL 

Y I N F  V E N T I L A T I O N  AND A I R  C n N D I T I O N I N G  RON4LD P R E S S ?  3 9 8 ,  1961.  D I S C U S S I O N  OF M I N E  V E N T I L A T I O N  W I T H  EMPHASIS ON THE 
HARTMAN, H. L. G PENN S T A T E  U N I V  

TClTAL M I N F  ATMCISPHEFIC ENVIRONYENT AND I T S  COVTROL. FROM THE B A S I C  P H Y S I C S  QF GASES, THE THEORY IS DEVFLOPED T O  COVER 
4 7 4  MEASUPMENTS, T H E  FLOW OF A I R  THROUGH DUCTS? THROUGH OPENINGS, AND THROUGH C I R C U I T S ,  THE D E S I G N  CF NETWORKS, AND THE 
D E S I G N  OF TEMPERATURE-HUMIDITY CONTROL SYSTEMS. SOLUTIONS OF EXAMPLE PROBLEMS ARE G I V E N .  A T T E N T I O N  IS D I R E C T E D  TI) THE 
PART ECCINOMICS P L A Y S  I N  D E S I G N  AND OPERATION. EQUATIONS ARE D E R I V E D  TO ALLOW THE T O T A L  COST OF A D E S I G N  TO BE 
D F T F @ M I Y E n  y ACTUAL WORKING DLANTS ARE S T U D I E D  FROM D E S I G N  THROUGH OPERATION.  T H E  VARIOUS I N S T R U M E N T S  AND EQUIPMENT 
A V A I L A R L E  ARE D E t C R I E E D  ALONG W I T H  THE CIRCUMSTANCES THAT D I C T A T F  T H E I R  CHOICE.  T A S L F S  DEMONSTRATING T H E  R E L A T I V E  
Y C R I T S  OF THE VARIOUS T Y P E S  OF EQUIPMEVT ARE PROVIDED.  THE FEDERAL A N 9  S T A T E  LAWS THAT AFFECT D E S I G N  ARE L I S T E D  AND 
T k l F I Q  EFFECTS ON D F S I G N  ARE DISCUSSED.  THE R A S I C  P R I N C I P L E S  OF O P E R A T I N G  AND MAINTENANCE ARE INCLUDED. 

51-67-OQQQl OUST CONTROL I N  CONNECTION W I T Y  CONTINUOUS-MINING OPERATIONS ( SAFETY ENVIRONMENTAL-CONTROL I 

COAL Y I N .  I N S T .  OF AMERICA, 60-74, 1962.  THE BUREAU O F  M I N E S  I S  CONDUCTING AN I N V E S T I G A T I O N  OF CONTINUOUS M I N I N G  
IY RITLIMINOUS TOAL MINES TO O B T A I N  DATA PERTINENT T O  DUST EXPOSURE O B J E C T I V E S .  DUST C O N T 9 0 L  I S  JUDGED TO BE ADEQUATE 

THAN AP'IUT 5 GPM @ F  WATER SHOULD BE USED. R F S U L T S  SHOWED THE U N D E S I R A B I L I T Y  OF U S I N G  A BLOWING SYSTEM FOR FACE 
VENT I C A T I O N .  THE FOLLOWING C O Y D I T I O N S  WERF NECESSARY FOR DUST CONTROL: 1 )  A I R  UNPOLLUTED W I T H  DUST SHOULD BE 

A'VDERSON, F. G. G U S .  9UR M I N E S  

WHEN OUST CONCEMTRATIf'YS NO H I G H E R  THAW 35  M I L L I O N  P A R T I C L E S  PER CU-FT RESULT. WHEN 47000 CFM OF A I R  ARE USED, NO L E S S  

n I R c r T F D  OVFR P L L  ' I F  C P E k ;  2 )  JCJY CONTINUOUS MINER OPEQATIONS NEED A M I N I M U M  OF 2,500 CFM OF A I R  FOR F A C E  V E N T I L A T I O N  
4YD A3OUT 10 GPM OF W4TEP F@R A L L A Y I N G  DUST; 3 )  L F E  NORSE M I N F R  OPERATIONS NEFD 3 ,500  CFM OF A I R  FOR F A C E  V E N T I L A T I O N  
A'JD ABOUT 10 GPM OF WATER, AN@ 4 )  MEN I N S T A L L I N G  ROOF SUPPORTS SHCULD WEAR RFSPIRATORS.  

F I E L D  5 7  SYVPOSIA 

57-6?-05QQl S T A T I C - E L E C T R I C I T Y  HAZARDS I N  THE PNEUMATIC L O A D I N G  @ F  RLAST I N G  AGENTS ( CONDUCTION C A P A C I T A N C E  GROUNDING 
1 
PRUGHI  R.  Id. + RUCKFR? K. G. & E. 1. DUPONT OENEMOURS 

M I N N  U N I V  F I F T H  SYMP ON ROCK MFCHANICS? 419-4381 MAY 1962. THE O S J E C T I V E  WAS THE E L I M I N A T I O N  OF S T A T I C  E L F C T R I C I T Y  
FROM OPFRATORS OR EQUIPMFNT AS A CAUSE OF PREYATURE B L A S T I N G  CAP I G N I T I O N  D U R I N G  PNEUMATIC L O A D I N G  OPERATIONS.  I N  
F L I M I Y A T I N G  S T A T I C  E L E C T R I C I T Y  TOO LOW A GROUYD 5HOULD NOT BE USED AS I T  MAY B R I N G  STRAY OR G A L V A N I C  CURRENTS TO THE 
E Q U I O Y F Y T .  P E S I S T A N C F  TO GROUN9 AT T H F  BOREHOLE AND AT V A T I O U C  PARTS OF THE L O A D I N G  SYSTEM SHOW T H A T  10 MEGOHM MAXIMUM 

IJSED WHFN PNEUMPTIC LOADING.  

52-70-QQQQl EXCAVATICIh' ANI3 FNVIQCN'4ENT - A REVIEW ( STANDAFDS SAFETY I 

R A P I D  F X C A V A T I O N  - PPOPLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17? 1968. 

E F F E C T I V E N F S S  YEASUREMFNTS; ( 21 MOST SEVERE HAZARDS ARE DUST, HEBT, N O I S E ,  ROOF F A L L S  PND ELECTROMAGNETIC ACCIDENTS;  

Q G S I  STAYCE WOULD BE ACCFPTABLF. CONDUCTIVE H'ISE? GROUNOED D R I L L  CONTAINER AND NO NON-CONDUCTIVE BORE L I N E R S  SHOULD BE 

HARTMAN, H. L e  E SACRAMENTO STATE COLLEGF 

SOC. M I N I N G  ENGRS 1970. CHAPTER 28. CONCLUSIONS OF T H I S  OVERVIEW ARE: ( 1 1  THERE I S  A LACK OF Q U A N T I T A T I V E  

(12) TRFYD TO CCNTINUOUS SYSTEMS INCREASES S E V F R I T Y  AND EXTENT OF A L L  HAZARDS; ( L )  NEED TO PEVELOP TOLERANCE AN0 CPMF0RT 
S i 4 V D A R D S  FOR HFAT AND I L L U M I N A T I O N :  ( 5 )  ADEQUACY OF TFCHNOLOGY OF SAFETY I S  L E S S  FOR NEWER TECHNICUES;  PND ( 6 )  PRESFNT 
SAFETY TECHNIQUES W I L L  NOT B F  ADEQUATE FOR THE E X O T I C  E X C A V A T I O N  TECHNIQUES OF THE FUTURE. 

57-70-QQQQ2 FNVIRC!NMEMTAL PROBLEMS I'd UNOERG90UYD M I N E S  ( SAFETY V E N T I L A T I O N  GAS-REMOVAL 

F A P I @  FXCAVAT!ON - PQORLEMt AND PROGRESY. DRDCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N F A P O L I S ,  MAY 15-17? 1968.  
SVC. Y I Y I N G  FNGRS 1970. CHAPTEP 79. ADEQUATE V E N T I L A T I O N  CAN SOLVE MANY H E A L T H  AND SAFETY PROBLEMS I N  MINFS.  
RFMOVAL OF F X P L O S I V E  GASES, SUPP9ESSIO"J  OF DUST, REMOVAL OF B L A S T I N G  G4SES AND E N G I N E  EXHAUSTS? ANC M A I N T A I N I N G  
COMFORT4RLE TFMPERATUQFS CAN A L L  BE O B T A I N E D  BY PROPER V E N T I L A T I O N  TECHNIQUES. 

HOLTZ, J. c.  E U.S. BUR MINES PITTSSURGH P A  
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QkZPBQQ1 T U N N E L I N G  I N  A S U B F R E E Z I N G  ENVIRONMENT ( SAFETY I C E  PERMAFROST 1 
MCANERNEY, J .  M. & U.S. ARMY TER. S C I .  CENTER 

R A P I D  F X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17? 1968. 
SOC. M I N I N G  ENGRS 1970. CHAPTER 30. SMALL TUNNELS WERE SUCCESSFULLY D R I V E N  I N  G L A C I A L  I C E  AND VARIOUS FROZEN S O I L S  
U S I N G  CONVENTIONAL METHODS. MECHANIZED M I N I N G  WAS ALSO DEMONSTRATED TO BE P R A C T I C A L  I N  I C E  A N 0  F I N E  G R A I N E D  FROZEN 
S O I L S  RUT NOT FOR GRAVEL C O N T A I N I N G  BOULDERS. EQUIPMENT MUST BE W I N T E R I Z E D  AND S P E C I A L  CARE MUST B E  G I V E N  PERSONNEL-  
NATURAL WINTER V E N T I L A T I O N  I N  AREAS OF MARGINAL PERMAFROST ARRESTS DEFORMATION O F  OPENINGS.  

F I E L O  53 GOVERNMENT REPORTS 

5k!tZ=PQQQl SOME HAULAGE SAFETY D E V I C E S  FOR USE ON GRADES, SLOPES AND I N C L I N E D  SHAFTS ( I N S P E C T I O N  MAINTENANCE 
GROVF, G. W. + ASH, S a  H. + R I S T E D T ,  Fa J. C SAFETY D I V  BUR OF M I N E S  

DOUBLE OR M U L T I P L E  C O U P L I N G  OF CARS I S  ALMOST MINERS'  C I R C U L A R  43 U.S. DEPT OF I N T E R I O R ,  BUR OF M I N E S ,  1942. 
U N I V E R S A L .  P R E V F N T I V E  MAINTENANCE AND I N S P E C T I O N  O F  H O I S T I N G  F A C I L I T I E S  AND TRACK I S  MORE IMPORTANT THAN SAFETY D E V I C E S  
AS SUCH D E V I C E S  MAY D E R A I L  OR OVERTURN CARS C R E A T I N G  AN EXTRA HAZARD. A NUMBER OF SAFETY D E V I C E S  ARE D E S C R I B E D  AND 
EVALUATED.  AT PRESENT PERSONNEL PROTECTION I N  RUN-AWAY CARS, T R I P S  OR S K I P S  IS BY NO MEANS S A T I S F A C T O R Y .  44 P A G E S *  

57-49-OOQQl A C C I D E N T  S T A T I S T I C S  AS AN A I D  TO P R E V E N T I O N  OF ACCIDENTS I N  B I T U M I N O U S  COAL M I N E S  ( 

M I N E R S '  C I R C U L A R  479 U.S. D E P T  O F  I N T E R I O R ,  BUR OF MINES, 1949. CAREFUL A N A L Y S I S  OF A C C I D E N T  RECORDS AND 
S T A T I S T I C S  P O I N T  T H E  WAY TO ACCIDENT REDUCTION TO A MINIMUM.  THE I N S T I T U T I O N  OF A COMPREHENSIVE ACCIDENT-PREVENTION 

A C C I  DENT-PREVENTI  ON-COURS E SAFETY-EDUCAT I O N  1 

COURSE WILL BE A B E N E F I T  TO ALL.  S E C T I O N  1 OF ACCIDENT P R E V E N T I O N  COURSE. 42 PAGES. 

s5kQQQQl QUESTIONS AND ANSWERS ON ROOF SUPPORT I N  BITUMINOUS-COAL M I N E S  ( ROOF R I B  PROPS CROSS-BIRS ROCK-BOLTS 1 

HANDBOnK BY T H F  U.S. D F P T  OF I N T E R I O R ,  BUR OF M I N E S ,  1-90, 1951. MANY ASPECTS OF M I N I N G  ARE S I C I L A R  TO TUNNELING.  
D E S C R I P T I O N S ,  SKETCHES AND P I C T U R E S  OF VARIOUS ROOF SUPPORTS I N  M I N E S  ARE G I V E N .  E S S E N T I A L  STEPS ARE L I S T E D  I N  

FORBES, J. J .  + THOMAS, E. + BARRY, A. J. & U.S. BUR M I N E S  

FORMULATING A PROGRAM TO PREVENT ACCIDENTS FROM F A L L S .  T H E  MOST HAZARDOUS AREA I S  T H A T  A T  AND I N  BACK OF THE F A C E  AND 
I T  SHDULD B E  G I V E N  S P E C I A L  ATTENTION.  ROCK BOLTS ARE E S P E C I A L L Y  ADVANTAGEPUS I N  M I N I N G  ROOF SUPPORT 4 s  THEY M I N I M I Z E  
F Q U I P Y E N T  OBSTRUCTION. 182 QUESTIONS ABOUT M I N I N G ,  ROOFS AND SUPPORTS ARE ANSWERED. 

53--5?-1QQQl F E n F R A L  M I N E  SAFETY CODE PART I [ E X P L O S I V E S  ROOF F A C E  V E N T I L A T I O N  TRANSPORTATION 1 

U.S. D F P T  OF T H E  I N T E R I O R  BUR OF MINES SAFETY CODE, PART I, 1-48? OCT 14, 1953. THE F E D E R A L  M I N E  S A F E T Y  CODE FOR 
MCKAY, D. E U.S. BUR M I N E S  

UoS. A N T H R A C I T E  Y I N E S  G I V E S  M I N I M U M  STANDARDS FOR REASONABLE H E A L T H  AND SAFETY FOR A L L  FMPLOYEES AT UNDERGROUND 
ANTHRACITE MINES.  A R T I C L E S  ON CCNTROL OF ROOF, F A C E  AND R I B S ;  E X P L O S I V E S  AND B L A S T I N G ;  V E N T I L A T I O N  AND M I N E  GASES; 
TRANSPOPTATION;  E L E C T R I C I T Y ;  AND GENERAL SAFETY ARE A P P L I C A B L E  TO T U N N E L I N G  PROCEDURES. A L L  T U N N E L I N G  PERSONNEL SHOULD 
R E  F A M I L I A R  W I T H  T H I S  V I N E  SAFETY CODE. 

53=5$~QQQ$1 F X P L r l S I C N S  AND F I R E S  I N  S I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATUON 1 
U.S. DEPT. OF I N T F R I n R ,  U.S. BUREAU OF MIYES,  M I N E R S '  C I R C U L A R  5 0 ,  1954. T H E  TRENI? TO DECREASE@ L O S S  O F  L I F E  I N  
UNDEYGROUND ClI S4STERS R F Q U I R E S  CONTINUED EFFORT. THE FOLLOWING STEPS ARE OF P A R T I C U L A R  IMPORTANCE - O N L Y  P E R M I S S A B L E  
E O U I D Y F Y T  M A I N T A I N E D  AS SUCH SHOULD R E  USED, ONLY P E R M I S S I B L E  E X P L O S I V E S  F I Q E D  I N  A P E R M I S S I B L E  MANNER SHOULD B E  USED, 
pnCK DUST HAS PROVED I T S  V A L U E  I N  P R E V E N T I N G  AND C O N F I N I N G  E X P L O S I O N S  AND I N  E X T I N G U I S H I N G  F I R E S ,  EETTER I N S T A L L A T I O N ,  
I N S P E C T I O N ,  ANT, R F P A I R  O F  E L E C T R I C A L  SYSTEMS 1s NEEDED, P R E V E N T I O N  OF FXPLCISIONS AND F I R E S  I S  MUCH LESS E X P E N S I V E  THAN 
R E C I V E R Y  4FTER T H E I R  OCCURRENCE. S E C T I O N  4 OF A C C I D E N T  P R F V E N T I O N  COURSE. 

51r5kQQQQ2 Y I S C E L L A N F P U S  ACCIDENTS I N  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PRFVENTION-COUaSE SAFETY-EDUCATION 1 
9 . S .  3EPT.  O F  I N T E R I O R ,  BUR OF MINES,  Y I N E R S 5  C I R C U L A R  60, 1954. S T A T E  M I N I N G  LAWS, COMPANY SAFETY RULES AND 
kFGULATI 'JNS,  AND DECnPMENDATIPNS OF THE BUREAU OF M I N E S  HAVE THE PRIMARY PURPOSE OF REDUCING ACCIDENTS T O  A MINIMUM.  
T Y  MAYY C 4 S E S  THC GUYOE L I N F S  E S T A F L I S H E D  BY T H I S  BODY OF L I T F R A T U R F  ARE THF R E S U L T  OF COMPROYISES OF O P I N I O N .  S A F E  
?PER 4 T I Q V S  NEFD C"NTIf\!CII h!G A T T E N T I O N  P 4 R T I C U L A R L Y  AS NEW KNOWLEDGE I S  DEVELOPED. S E C T I O N  7 OF ACCIDENT P R E V E N T I O N  
C?URSF. 

-53=55=Q.QQ.Ql ACCIDENTS FROM H O I S T I N G  AND H4ULAGE I N  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE 

M I N F Q S '  C I R C U L A R  4 9 ,  1J.S. DEPT O F  I N T F Q I f l R ,  BUR f l F  MINES,  1955. 3 N E - F f l U R T h  OF S E R I O U S  I N J U R I E S  OCCUR FROM HAULAGE 
ACr1r )EYTS.  ENFqRCEMEMT OF COMPANY SAFETY RULES AND STATE M I N I N G  LAWS COUPLED W I T H  SAFETY E D U C A T I O N  WILL S U B S T A N T I A L L Y  
?EDUCE THE NUMBER AND S E V E R I T Y  O F  T H I S  T Y P E  ACCIDENT.  A L L  A C C I D E N T S  SHOULD BE I N V E S T I G A T E D  TC! PREVENT RECUQRENCE O F  
S I M I L A R  ACCIDFUTS.  S F C T I O N  7 OF ACCIDENT P R E V F Y T I O N  COURSE. 

SAFETY-EDUCATION 1 

.52=!2kQQQQZ E X P L O S I V F S  ACCIDENTS I N  R I T U M I N O U S  CO4L M I N E S  ( ACCIDENT-PREVEYTION-COURSE SAFETY-EDUCATION 1 
Y T N E Q S '  C I R C U L 4 R  '58, U.S. DFPT. OF I U T E R I O R ,  BUR O F  MINES,  1955. THE MFTHOD OF O B T A I N I N G  MAXIMUY SAFETY I N  T H E  

FURTHER REDUTTICIN I S  qH'1dN. S E C T I O N  5 OF ACCIDENT P R E V F N T I D N  COURSE. 

53-55-OQQQj E L E C T Q I C A L  ACCIDENTS I N  S I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE S A F E T Y - E D U 6 A T I O N  
MINERS'  CIRCIJLAR 5 0 7  U.S. DEPT. Or I N T E R I O R ,  BUR OF MINES,  1955. MANY OF THE HAZARDS A S S O C I A T E D  W I T H  THE U S €  OF 

Y A I N T A I V E D  HAC HFLPFD I N  ACCIDENT REDUCTION. S E C T I O N  6 OF ACCIDENT PREVENTION COURSE. 

51-58-QQQQ1 ACCIDENTS FROM F A L L S  OF ROOF AND C 0 4 L  I N  B I T U M I N O U S  COAL M I N E S  I ACCIDENT-PREVENTION-COURSE 

9.S.  DFPT.  OF I N T F K I O R ,  PUR OF MINES,  Y I N E R S  CIRCULAR,  48, 1958. THE DREVENTI I3N OF A C C I D E N T S  FROY F A L L S  OF RqOF I S  
OYF OF THC MAJVQ PR'3qLFMS I N  UNDERGRnUND OPER4TIONS.  I T  HAS BEEY DEMOYSTRATED THAT MOST F A L L S  OF ROOF CAN PE PREVENTED 

PQ F V F N T I  r)Y COURSE. 

59Z41=44Q41 SFCEYT OFVFLOPMENTS I N  F I R F - R E S I S T A N T  H Y D R A U L I C  F L U I D S  FnR UNDERGROUND USE 

U.S. BUD M I Y F S  T C P 0 4 3 r  APR. 1961. REVIEWS I N V E S T I G A T I O N S  ON F I R E  HAZARD I N  COAL M I N I N G  FROM FLAMMABLE PETROLEUM 
H Y D Q A U L I C  O I L S  AND SUMMARIZES RESEARCH ON F I R E  R E S I S T A N T  H Y D R A U L I C  F L U I D S .  A L L  PETROLEUM H Y D R A U L I C  O I L S  UPON I G N I T I O N  
WILL PROPA64TF F L A M E  AND W I L L  BURN AS LONG AS O I L  I S  A V A I L A B L E .  THREE TEST PROCEDURES FOR C E R T I F Y I N G  F I R E - R E S I S T A N T  

S P R A Y - I G N I T I O N  AND EFFECT O F  E V 4 P O R A T I O N  ON F L A Y Y A B I L I T Y .  I N  1960 N I N E  COMPANIES HAD F I R E - R E S I S T A N T  H Y D R A U L I C  F L U I D S  
Aap?qVF'I AND THREF MQRF W E R E  Ar3DED AT THE START OF 1961. THE F I R E - R E S I S T A N T  H Y D R A U L I C  F L U I D S  ARE A S  CHEAP AND PERFORY 
AS WELL AS THE PET90LEUM H Y D R A U L I C  O I L S .  

TRAYSPORTATION,  HANDLING,  AND USE OF E X P L O S I V E S  I S  OUTLINED.  T H E  SOURCE OF CONTINUED ACCIOFNTS AND NEEDED COURSE FOR 

F L F C T R I C A L  ECIUIPYENT ARE O U T L I N F D .  ?ECOMMENDATIONS TO M I N I M I Z E  T H F  HAZARDS ARE GIVEN.  P E R M I S S A B L E  EQUIPMEVT PROPERLY 

S 4 F  ETY-EDUCATION 1 

9 Y  A C 3 Y R l N A T I C N  flF PROPER MENTi lL  A T T I T U D E  AND A P P L I C A T I O N  OF SOUND D R F V E N T I V E  MEASURES. S E C T I O N  2 OF ACCIDENT 

POLACK, S a  P. + SMITH,  A. F. + BARTHF, He P. E U.S. BUS M I N E S  

HYDRAULIC F L U I D S  l*'ERF 3 9 0 P T E D  FOR SCqEDULF 30 APPROVAL. THEY ARE A U T g G E N O U S - I G N I T I O N  TEMPERATURE, TEMPERATURE-PRESSURE 

r 
i 

. ! 3 3 1 = Q Z Q Q l  4 T H F O P F T I C A L  TRFATMENT OF D I S P E R S I O N  I N T O  A TURBULFNT STREAM I N  A P I P F  ( NOXIOUS-GASES DUST-CONTROL 
SA'ETY ENVIQONMENTAL-CONTROL 1 
SEAGER, J .  5. + F I T Z P A T R I C K ,  R -  D. E SMRE GREAT B R I T A I N  

r? 
ti 
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S A F F T Y  I N  M I N F S  R E S  E S T A B  GREAT B R I T A I N ,  REPORT 2 4 5 ,  F E B  1 9 6 7 .  T H E  D I S P E R S I O N  OF M A T E R I A L  FROM A CONTINUOUSLY 
E M I T T I N G  P O I N T  SOURCE ON T H E  A X I S  OF A P I P E  I S  CONSIDERED. THE FLOW THROUGH T H E  P I P E  IS SUPPOSED TURBULENT, T H E  EDDY 
D I F F U S I V I T Y  K AND THE STREAM V E L O C I T Y  U ARE ASSUMED CONSTANT AND BUOYANCY I S  NEGLECTED- I T  IS SUGGESTED THAT T H E  
E Q U A T I O Y S  D E R I V E D  W I T H  THESE ASSUMPTIONS SHOULD A L S O  B E  A P P L I C A B L E  T O  STEADY-STATE FLOWS WHERE K AND U VARY SLOWLY W I T H  
U / K  CONSTANT. THRFE T Y P E S  OF S O L U T I O N  OF THE E Q U A T I O N S  ARE FOUND USEFUL. NEAR THE SOURCE THE R E L A T I V E L Y  S I M P L E  
S O L U T I O Y  FOQ A P O I N T  SOURCE I N  A FREE STREAM A P P L I E S .  FURTHER DOWNSTREAM A MORE ELABORATE S E R I E S  S O L U T I C N  IS NECESSARY. 
T H I S  S O L U T I O N  DEPENDS P N L Y  7 N  THE NOW-DIMENSIONAL PARAMETER U A / Z K ,  WHERE A IS T H E  P I P E  RADIUS.  WELL DOWNSTREAM ANOTHER 
S I M P L E  SOLUTION,  W I T H  A P O L Y Y C M I A L  FORM, BECOMES ADEQUATE. METH@DS ARE D E V E L O P E 0  FOR F I T T I N G  T H E  SOLUTICNS T O  
E X P E R I M E N T A L  D A T A  AND REbSONABLE AGREEMENT I S  O B T A I N E D  FOR ONE SET OF SUCH DATA. 

93-67-07QQZ MODEL S T U n I E S  O F  HEAT TRANSFER I N  M I N E  F I R E S  ( SAFETY V E N T I L A T I O Y  ) 

M I N I S T R Y  C F  POWER - SAFETY I N  M I N E S  RESEARCH ESTABLISHMENT,  RPT 247 ,  2 1 ,  1967 .  PROPAGATION OF F I R E  ALONG 
W B E R T S ,  4. F.  + CLOUGH, G. t SAFETY I N  M I N E S  R E S  ENGLAND 

T I M B E R - L I N E D  VENTILATING-RnADWAYS HAS BEEN I N V E S T I G A T E D  E X P E R I M E N T A L L Y  I N  30 M LDNG, H A V I N G  0 .3  SQ M CPOSS SECTION,  
PFFRACTORY L I N E D ,  STFEL DUCT. WPLLS AND ROOF OF S I M U L A T E D  PASSAGEWAY WERE L I N E D  W I T H  WOOD WHICH HAS BEEN I G N I T E D  AT 
UPWIND FND. SPFED O F  RUPNING, WALL AND GAS TEMPERATURE D I S T R I B U T I O N S  AND HEAT-TRANSFER RATES WEPE MEASURED. A N A L Y S I S  
CONFIRMS EXPERIMEYTAL OBSERVATION THAT TEMPERATURE D I S T R I B U T I O N S  R E L A T I V E  T O  F I R E  APPROACH QUASI-STEADY STATE. 

53-6R-QQQQl TUkNEL I N G  - RECOMMENDED S A F E T Y  RULES 
BUREAU OF MINES,  U.S. 5 F P T .  O F  THE I Y T E R I O R ,  BUL. 644 ,  1968.  T H I S  P U B L I C A T I O N ,  A R E V I S I O N  O F  B U L L E T I N  439 ,  I S  
OESIGVED T O  BE HELPFUL I N  PROMnTING H E A L T H  AND SAFETY I N  T U N N E L I N G  AND R E L A T E D  OPERATIONS. THE FORMAT H A S  BEEN 
SGLECTFO PND AFRANGED TO PROVIDE A COYDENSED G U I D E  FOR SAFETY PERSONNEL, I N S P E C T I O N  AND I N V E S T I G A T I V E  AGENCIES, D F S I G N  
AND P R f l J E C T  ENGINEERS, AND OTHERS R E S P O N S I B L E  FOR THE H E A L T H  AND SAFETY OF WORKMFN. A L L  THE PRECAUTIONARY MEASURFS 
QECOYYFYDED ARE BASE0 ON ACTUAL C O N D I T I O N S  OBSERVED, FROM I N V E S T I G A T I O N S  OF F A T A L  OR S E R I O U S  ACCIDENTS,  AND FROP 
RESFARCH CONDUCTED TO F I N D  WAYS AND MF4NS O F  4 L L E V I A T I N G  HAZARDS AND UNHEALTHFUL C O N D I T I O N S .  MANY OF T H E  RECOMMENDED 
RULES ARF INCLUDED I N  S T A T E  LAWS AND I N  T H E  GENERAL SAFETY REQUIREMENTS OF THE CONSTRUCTION INDUSTRY.  I N C L U D E D  I N  THE 
A P P E Y D I X E S  ARF S P E C I A L  PRECAUTIONS FOR GASSY (METHANE ATMOSPHERES1 TUNNELS AND TUNNELS WHERE PETROLEUM PRODUCTS ARE 
E NCOUNT ERE D. 

==6B=QZQQJ RECCMMENDFD SAFETY STANDAPDS FOR SHAFT S I N K I N G  

PRESENTED WCRE COMPILE17 FROM ALL AREAS WHERE SHAFT S I N K I N G  IS PRACTICED.  F X I S T I N G  A P P L I C A B L E  S T A T E  RULES WERE 
THF RECOMMENCED STANDARDS U.S. BUREAU CIF MIYES,  U.S. DFPT O F  I V T E R I O R ,  I N F O R M A T I O N  C I R C U L A R  8385, MAR 1968.  

I YCLUDED. R E P S E S F N T f i T I V F S  OF INDUSTRY WEPF G I V E N  AN OPPORTUNITY TO P A R T I C I P A T E  I N  P R E P A R I N G  THE SUCGESTED STANDAPDS. 
AREAS COVERED I N C L U D E  - F I R E  PREVENTICIY AND PROTECTION,  F L E C T R I C I T Y ,  E X P L O S I V E S ,  T I M B E R I N G .  M A T E R I A L S  HANDLING,  
V F N T I L A T I O N ,  F R I L L I N G ,  AND L I G H T I N G .  

53-68-Q6QQ~ SUPPORTING S T U D I E S  T O  E S T A B L I S H  S 4 F E T Y  DESIGN C R I T E R I A  FOR STORAGE AND PROCESSING OF E X P L O S I V E  M A T E R I A L S  
( RL A S  T-OUTD UT PROT E C T I  VE-C ONSTRUC T I O N  ) 
F I N D E R ,  Re M e  + WACHTELL, S. 

4RMFD SFQ E X P L O S I V E S  S 4 F F T Y  BD QUARTERLY REPT. 2 3 ,  APR 1 TO JUNE 301 1968. THF SAFETY D E S I G N  MANUAL WAS COVPLETED 

OF A Y  F X P L O S I V F  S Y S T F Y .  A SFCOND PART PRESENTS Q U A N T I T A T I V E  PROCEDURES FOP COYP'JTING THE DONOR OUTPUT BOTY BLAST AND 
rn AGMCYTS. THE T H I R D  PART D I S C U S S F S  YFTHODS 3 F  D E T A I L I N G  AND CONqTPUCTION AND OTHFR F E A T U Q E S  O F  P R O T E C T I V E  
CONSTRUCTION. 

4ND 3 I S T R  IB?ITES, FClR COMMENTS. CNF S F C T I n N  C P N T A I N S  A Q U A L I T A T I V F  D E S C R I P T I O Y  OF PONOR, ACCEPTOR AND P R O T E C T I V E  B A R R I E R  

F I E L D  E 4  A R T I C L E S  

54-41-EQQJ HOSS TO I N C U L C A T E  SAFETY TO Y I Y E  'dCIRKERS AT T H E I R  WORKING PLACES ( ACCIDENT-PPEVFNTION-COU9SE 
SAF FTY-CnUCAT ION-METHODS 1 
N 4 L K E R i  W .  0 .  E PUTLER C O Y S  C 3 A L  C O  WILDWOOD PA 

COAL 4 C F ,  6 6 ,  MAY 1941. UNF I?F THE S F S T  YETHODS OF S A F F T Y  EDUCATICIY FOR NFW EMPLOYEES I S  USED BY T H E  PHELPS DODGE 
C l R D  '.IqICH r lAS PUT A S I D E  A STANDARD S E C T I O N  OF THE M I N E  T n  BE OPERATED BY A CARFFULLY SELECTED TEACHER WHOSE P R I P A R Y  
I Y T F S E S T  I S  THF USF OF AND I N S T R U C T I I Y  I N  SAFE METHODS. SAFETY PROCEDURE AT THE WILDWOOr) PA COAL M I N E  INCLUDES 

F 3 Q E Y 4 N y  AND A SECTIOr9 D F F I C E  W I T H  F I R S T A I D  M 4 T E R I A L S v  S E C T I O N  MAPS, POSTERS, AND GENFRAL INFCRb'ATION POSTED Oh! T Y E  
WALLS. A D P R E Y T I C F S H I P S  ARE FOLLOWED R Y  S P E C I F I C  I N S T R U C T I O N S  AS TO THE HAZARDS OF THE Y E C Y A N I Z E D  WORK THEY HAVE TO 

I Y S T Q U C T I O Q S  F R O Y  THF S F € T I O N  FCIRFVAW'S O F F I C E ,  'ILDER WORKMAN S U P E R V I S I O N  F C ?  PROEATIONAL PERIOD,  FREQUEhT V I S I T S  3 Y  

U N W R T A K F .  SPFETY P R O V I S I O N S  INVOLVF:  AN I N C R E A S E  I N  THE NUMBER OF WORKING PLACES SO THAT THE MEN I N  T Y E  VARIOUS JOPS 
IF.! THE C Y C L F  ARF NOT CQOWDED; AN 4 S S I S T A Y T  M I Y E  FOREMAN I S  ASSIGNED TO S U P E Q V I S F  THE WORK OF EACH PRODUCTION GRCUP OF 
15-19 M F Y ;  S Y I F T S  ARC 44PANGED SC THAT THE S 4 4 E  A S S I S T A N T  FOREMAN AND NOQKMEY ARE COYTIYUOUSLY TEAMED TOGETHFR. 

54-63-44QQL A LnOY 4T AY-Fr) 'S I N V I S I R L F  FUYES SAFETY ENVIRONMFNTAL 1 

'4ThlING C N G I N F F K I Y G ,  L3-46,  APP. 1967. IJSE OF AY-FO I Y  UYDERGROUND OPERATIONS H 4 S  GPFATLY REDUCE0 T H E  COST OF 
PRIYAQY E X P L q S I V F S .  I T  I S  ALSO L F S S  S E N S I T I V F  T Y A N  CONVFNTIONAL D Y Y A M I T F S  AYD SAFEZ. OXYGFY 3 A L 4 N C E D  AN-EO DRClDUCES 
N' l  GREATFR AMOUNTS OK T O X I C  FUUFq THAY OTHFR 5 Y Y 4 M I T E S .  THE MAJOR HAZARD I N  FUMES FROM E X P L O S I V E S  I S  NO2. AU-FO W I L L  
IJSI IALLY G I V E  GREATER O U A l r ' T I T I F S  OF NO7 THAV QTHF? E X P L O S I V E S .  THEREFORF AN-FD MUST QFTAIh '  TYE 6 PERCENT 'lIL. T I L  
t O Y T F Y T  MUST P F  UNIFORM THROUGHOUT TYE RAG. TWO MFANS OF ASSURING R E T F V T I O N  O e  FUEL HAVE PEEN EVALUATE?. A P n R T I O N  
CF Y q .  ? FUEL D I L  k I T H  A S ' 3 L I D  CUEL q U C H  AS P I J L V F R I Z F D  COAL OR COKE, USE H I G H  V I S C O S I T Y  O I L  THAT I S  NOT SUSJECT T'l 
E V A P 7 Q A T I n N  P P  MIGRATION.  DUPrIINT 4 4 s  DFVELDPFD TWQ TESTERS. ONE F O 9  NITROGEN D I O X I D E  PYD Ah10fHER F C 9  C4RPOh! 
M P W X  QE . 
C4-67-uQQJ Y P I S F  SUPDRCSSICY ON ROCK 3 R I L L S  ( S l F E T Y  ENVIRONPFNTAL-CONTRPL 

T H F  CANAD! A Y  Y I N I N G  4\19 METALLURGICAL B U L L E T I N ,  n35-838, NOV 1Q63.  P N F U Y A T I C  ROCK D R I L L S  APE P MAJOR CAUSF GF 
7V-T'-IF-JGR L ? S S  1 F  r lFARI fyG.  YPST DAMAGIYG NlISE COMES FROM THE WPRKIY'; P 4 R T S  OF T H F  D R I L L  RATHER THAY I T S  FXHAUST. 
DPr)PEQ Q P S I G Y  CAN SIJCCFSSFULLY MUFFLF hIOISE 4VD AT Tr lF SAME T I M E  PERFORM AS WELL OR BETTER THAN AY UNMUFFLED D P I L L .  A 
Y n I S C  STAVDAQD IS Y"=DEP WHICH B4LANCE.S D E S I ? A P L C  L I P I T S  4NF EC(3NOYIC CONSI3ERATIOk!S.  

- 5 4 ~ 6 4 - u Q Q J  -- REPORT "F THE N A T I O N A L  M I N I N G  CONVENTICN ON " S C I E N T I F I C  AND F Y G I Y E E R I V G  EFFORTS TO I Y P R O V F  SAFETY It \!  THF 

TOTO, J. A* ,  JR.  t, DU P r N T  WILVIYGTCtN DFL 

GODDON, J. F .  E JOY MFG C O  

M I  h I Y G  I \ D U S T R Y "  ( SUPPnRTS ROCK-MECHANICS P O L 4 Y D )  
WA Y b T 9 J 

APCHIdUM GORVICTMA, ( 9 )  N 1, 129-1767 J A N  1964. I N  ORDFR TO A C H I E V E  GREATER SAFETY C O N D I T I O N S  AGAINST C A V E - I N  
ACCTDENTSv THF FOLLObJ!YG WEDE RECCCMENDEP: 1) AVClID L 'AVING SUPPOPTING COLUMNS LOCATED ABClVE OR BELqW D E P O S I T  REDS 
FXPnSE17 T n  r A V F ~ I " 1  P F Q I L S ,  2 )  A M E C H 4 N I C 4 L  METHOD CF O R I F N T E D  ROOF CONSTQUCTION SHOULD SF A P P L I E D ,  3) A N T I C I P A T I C N  CIF 
ROCK PRFZCURF, " 1  S P F C I A L  CREWS c 3 P  T I M S E R I Y G .  RECOMMENDATIONS FOR COMBATING COAL DUST E X P L O S I C Y S :  11 INCREASE 

F q T A q L I S q  E c F I C I F h l T  IPdSPECTIUN PROGRAY. E X P F R I E N C E  I Y  G A S - I M P E R I L E D  Y I N E S  I N D I C A T E S  THAT THE ARYSTRONG EQUIPWEh'T 
I S  MOST S U I T 4 Q L F  F O P  FXCAVATICIN. (IY P q L I S H )  MORF THAN 2000 PERSONS P A R T I C I P A T E D  I N  THE CONFERENCE AN0 I T S  S E S S I O Y S  I N  
YAY 1Q61.  

A D P L I C h T I V N  n F  F 4 Q R I c Q c  MADF OF RCICK DUST, 2 )  I N C R E A S F  SCOPE OF COAL-DUST E X P L O S I O N  P R E J E N T I O N  B Y  I N V F S T I G A T I D Y ,  7 )  
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29&4=plQQ2 REPORT ON R E G I O N A L  M I N I N G  CONFERENCE ON C O N T R I B U T I O N  O F  S C I E N C E  AND E N G I N E E R I N G  TO SAFETY I N  M I N I N G  I 
F I R E - P R E V E N T I O N  V E N T I L A T I O N  ROOF-CONTROL 1 
WANAT? J. 

ARCHIWUY GORNICTWA? ( 9 1  NO 1, 129-1769 1 9 6 4 .  THE CONFERENCE PRESENTED 146  PAPERS ON SAFETY I N  MINES.  T H E  S U B J E C T S  
OF THE 1 2  S F C T I O N S  OF T H E  CONFERENCE WERE: HUMAN FACTORS I N  S A F E T Y ?  T R A I N I N G ,  D E S I G N  OF NEW M I N E S 9  ROOF CONTROL? 
UNDERGROUND F I R E S ?  V E N T I L A T I O N  AND A I R  C O N D I T I O N I N G ?  F I R E D A M P  HAZARD? DUST EXPLOSIONS,  WATER D R A I N A C E ?  SAFETY I N  
M E C H ~ N I Z A T I O N T  H E A L T H  HAZARDS AND R E H A B I L I T A T I O N ?  ACCIDENT P R E V E N T I O N  D U R I N G  B L A S T I N G .  A L I S T  OF THE PAPERS H I T H  
AUTHOR, T I T L E  AND S E S S I O N  NUMBER WHERE PRESENTED I S  INCLUDED.  ( I N  P O L I S H  1 

5 4 - 6 4 - E Q Q 1  S A N I T A R Y - H Y G I E N I C  C O N D I T I O N S  DURING ELECTRO-ROTARY D R I L L I N G  I N  HARD ROCKS ( ATMOSPHERE-CONTROL 
NOISE-CONTROL DUST-CONTROL 1 
RC'ZHKOT K. F. + K O L B I N t  A. M. + POPOV? YU. P. 

GORNYI ZHURYALT N 21 7 3 - 7 6 ?  F E B  1 9 6 4 .  E V I D E N C E  I S  PRESENTED T O  SHOW T H A T  USE OF E L E C T R I C  ROTARY O R I L L S  I N  
S I L I C I F I F D  L I M E S T O N E  AND JASPEROIDS R E S U L T S  I N  R E D U C T I O N  O F  D U S T ?  V I B R A T I O N S  AND N O I S E .  ( I N  Q U S S I A N )  

54-64-Q3QQl D R I V I N G  THE CHANRION TUNNEL ( L O A D I N G  M A T E R I A L S - H A N D L I N G  S A V I N G S  COST ) 

WATER POWFR? 114-121 ,  MAR 1 9 6 4 .  T U N N E L I N G  R A T E  OF 3500 M I N  ONE WORKING YEAR WAS ACHIEVED.  T H E  PROGRESS I s  DUE T O  
THE 4 D O P T I O N  O F  A CONTINUOUS L O A D I N G  PROCESS BY MEANS OF T H E  S A L Z G I T T E R  LOADER AND BUNKER T R A I N  A T  CHANRION AND THE USE 
OF AN I N T F R M I T T F N T  LCIADING PROCESS BY MEANS OF A ROCKER SHOVEL L O A D I N G  I N T O  2 C U B I C  METERS M I N E  CARS I N  T H E  FEEDER 
TUNNFL. T H F  S A L Z G I T T E R  BUNKER T R A I N  RESULTED I N  AN I N C R E A S E  OF 37 PERCENT I N  THE NUMBER OF ROUNDS PER S H I F T  AND OF 3 8  
PFRCFNT I N  THE R A T E  OF ADVANCE. A R E D U C T I O N  OF 4 0  PERCENT I N  THE T O T A L  WORKING T I M E  REQUIRED.  I N  D R I L L I N G  JUMBO'S AND 
9 1 0 M  MOUNTED D R I L L I N G  MACHINES SHOULD BE USED. T H E  EXTRA T I M E  T H A T  I S  NOT B E I N G  USED OR I D L E  T I M E  SHOULD BE U S E D  FOR 
P E P F E C T I O N  OF D R I L L I N G  AND B L A S T I N G .  I N  T H I S  TUNNEL L O A D I N G  C A P d C I T Y  CAN BE INCREASED B Y  20  PERCENT FOR 
YEDIIJM-FRAGMENTED ROCK I F  A LARGE BUCKET I S  USED ON THE SHOVEL LOADER. I F  LARGER MOTORS ARE U S E D  ON T H E  MOTORS, T H E  
QOCK SHOULD BE WELL FQAGMENTED BY U S I N G  MULTI -SECOND DETONATORS. E X T E N S I O N  R A I L S  COULD SAVE T I M E  I F  THEY WERE U S E D -  

54-64-04OQl A SAFFTY E V A L U A T I O N  OF UNDERGROUND D I E S E L  EQUIPMENT ( V E N T I L A T I O N  ) 

Y I V I N G  CONGQESS JOURNAL, ( 5 0 )  NO 4~ 58-60?  A P R I L  1 9 6 4 .  D I E S E L  F N G I N E S  ARE USED BY FMC CORP. I N  THE GREEN R I V E R  
MINF.  C 3 L O R I Y E T R I C  GAS D E T E P M I N A T I O N S  SHOWED THAT WHEN THE BUREAU OF M I N E S  V E N T I L A T I O N  REQUIREMENTS ARE MET? T O X I C  
EXHAUST GASES WILt NOT EXCEFO TRACE AMOUNTS. A T  5 0  PERCENT OF R E Q U I R E D  V E N T I L A T I O N  T O X I C  GASES ARE AT 10-60 PFQCENT O F  
MAXIMUM ALLf lWABLE AMOUNTS. ODOR AND EYE I Q R I T A T I O N  BECOME UNBEARABLE BEFORE T O X I C  GAS CONCENTRATIONS REACH MAXIMUM 
ALLOWAPLF CONCENTRATIONS. 

RRETZT K. rJ. E MARTIGNY./BOURG SWITZERLAND. 

L O V E ?  R. F. + FURSET J. H e  E FMC CORP 

54-64-1 lQ91  AN E X P L A N A T I O N  OF U Y I Q U E  PREMATURE DETONATION O F  E X P L O S I V E S  I N  SHOTHOLFS ( E X P L O S I V E S  S b F E T Y  

M I M I Y G  E L E C T R I C A L  E YECHAWICS ENGINEER, I 4 5 1  120-1261 NOV. 1 9 6 4 .  AS SAFETY PRECAUTIONS TO PREVENT PREMATURE 
F I R T N G ,  OETON4TOR LFADS SHOULD RE SHORT-CIRCUITED U N T I L  THE MOMENT OF F I R I N G .  ALSO? A L L  F I R I N G  C I R C U I T S  SHOULD BE 
S H P R T - C I R C U I T E D  U N T I L  CClNNECTED TO THF EXPLODER P R I O R  TO F I R I N G .  

PARKER, R. La  & M I N I S T R Y  OF POWER 

5 5 A k l Z Q Q 2  CERRO TUNNELS THROUGH 1 0 0 , 0 0 0  GPM ( DOUBLF-TUNNELS PERU 

M r T 4 L  Y I Y I N G  AND PRflCESSINGT 27-29 ,  DEC. 1964 .  CERRO DE PASCO IS D R I V I N G  TW(3 TUNNELS, EACH W I T H  A PROJECTED L E N G T H  
OF l l?7'50 METERS? TO D R A I N  AND V E N T I L A T E  THE CASAPALCA M I N E  I N  THE P E R U V I A N  AWDES. THE TUNNELS WILL END A T  AN E L E V A T I O N  

ARGALL? G. O . T  JR.  

, nF 39277  METFRS. HEAT 4ND D I F F I C U L T Y  OF V E N T I L A T I O N  MORE T H A N  THE PROBLEY OF PUMPING WATER FORCED T E R M I N A T I O N S  O F  
DFVELOPYFNT AND M I N I N G  BELOW THE 2700 LEVEL.  THE H I G H  M I N E  GRADE ORE HERE? T O T A L I N G  850~000 TONS, I S  T H E  TARGET FOR 
THE GRATON TUNNEL. ONE TUNNEL W I L L  B E  USED FOR DR41NAGE OF HOT HATER. I T  I S  TWO METERS LOkER T H A N  THE SECOND? THE 
H4ULASE 4 N D  V E M T I L A T I V N  TUNNEL. EACH TUNNEL H A S  A SEMI-CIRCULAR ARCHED RACK W I T H  S T R A I G H T  S I D E S .  THE TUNNELS MEASURE 
10 X 1 0  F T  AND ARE D R I V F N  AT A GRADE OF 0.3 PERCENT. LARGE WATER I N F L O W S  WERE ENCOUNTERED, BUT WERE SUCCESSFULLY 
HBVOCFD. CROSS CUTS WERF D R I V E N  LLONG WITH DIAMOND D R I L L  HOLES. T H E  TWfl T U V N F L S  ARE INTERCONNECTED ABOUT EVERY 6 0 0  
YCTERS 9 Y  A CqClSS-CUT TURNED OFF T H E  HAULAGE TUNNEL AT 26.5 DEG. S I X  LOADED 4-CU-YD. CARS CAN B E  HAULED UP T H E  F I V E  
PERC'FYT GPADE W I T H  ONE MOTOR. NORMAL CREWS I N  EACH H E A D I N G  NUMBER 18 TO 22 PER S H I F T .  TARGET D A T E  FOR COMPLETION I s  
FARLY 1 9 6 7 .  A S  A S A F E T Y  P R E C A U T I O N T  I T  I S  R O U T I N E  TO DIAMOND D R I L L  A 2 5 / 8 - I N .  P I L O T  HOLE WELL AHEAD OF THE FACE. 
TO D A T E ?  THE TUNNEL HA5 BEEN D R I V F N  THROUGH Q U A R T Z I T E ?  L I M E S T O N E ?  AND TUFF. NORMAL C O N D I T I O N S  P R E V A I L E D .  T R A I N I N G  OF 
CREWS, FTC.  WAS OF PRIMARY CONCERN DURING F I R S T  D R I V I N G  PROCEDURES. NO EFFORT WAS MADE TO KEEP T H E  D R A I N A G E  TUNNEL 
F A C F  AYEAD r)F THF HAULAGF TUNNEL FACE. V E N T I L A T I O N  HAS BEEN DEEMED "BEST EVER SEEN". CONNECTION O F  THE END O F  T H E  
TUNNFL N I L L  BF I N T E R F S T I N G .  ONE P O S S I B I L I T Y :  THE D R I V I N G  O F  A LONG I N C L I N E 0  R A I S E  FRDM THE TUNNEL AND T H E  D R I V I N G  OF A 
V c P T I C A L  R A I S E .  CCISTS TO OATF HAVE B E E N  CLOSE TO ESTIMATES.  

BALnQQl CLYDF TUNNFL: DESIGVTCONSTRUCTION AND TUNNEL S E R V I C E S  ( L I G H T I N G  V E N T I L A T I O N  1 

I Y S T .  nF C I V I L  F N G I N F E H S ?  291-3227 MARCH 1965 .  THE CLYDE TUNNEL C O N S I S T S  DF TWO L A N E  TUNNEL BENEATH T H E  R I V F R  
CLYDE. A FORMULA WAS n E V I S E D  T O  REDUCF TO A Y I N I M U Y  THE U N C E R T A I N T I E S  I N  CONSTRUCTIONAL COSTS. A HEAVY CAST- IRON 
L T N I N G  W A S  U S E 9  TO MFET THE Q I F F I C U L T  D R I V I N G  C O N D I T I O N S .  THE PnPTACS AND APPPOACHES WEPE KADE OF HEAVY REINFORCED 
CONCPETF. THE PRClPLFM @F R E S I S T I N G  F L O T A T I O N  WAS SOLVED B Y  T H E  USE OF LARGE D I A M E T E R  T E N S I O N  P I L E S .  TUNNEL HAS 
PROV1SIC)N FOR TRANSVFQSF V E N T I L A T I O N  UP TO 50 PEQCENT OF MAXIMUM C A P A C I T Y .  CARBON MOYOXIDE ALARMS AYD A Y @ Y I T O R I N G  
SYSTFM ARE SET UP? L I G H T I N G  IS RY HOT CATHODE FLUORESCFMT TUBES THROUGHOUT AND THE L I G H T I N G  L E V E L  I S  I N C R E A S E D  AT T H E  
=NTRAYCES. 

543kQ3QQ2 PROGRAM FOR SYSTEMATIC UNDERGROUND SAFETY ( ACCIDENT-RATF S A F E T Y - R E S P O N S I B I L I T Y  E F F I C I E N C Y  CCST MORALE 1 

Y I M T N G  CONGRESS JOURNAL? 36-39?  MAR 1 9 6 5 .  SAN MANUAL M I N E  OPERATES 3 S H I F T S  A D A Y ?  7 DAYS A WEEK W I T H  A T O T A L  WORK 
FORCE OF 1200  TO PROOJCF 1~000,000 TONS CIF L3W GQA3E COPPER 0 Q E  EACH MONTH FROM I T S  UNDERGROUND M I N E .  A S Y S T E M A T I C  

P E S T S  F N T I R E L Y  W I T H  SUPFPVISORY STAFF. SY I Y T E N S I F Y I N G  I T S  PROGRAM ACCIDENTS PER 1 ~ 0 0 0 , 0 0 0  MAN-HRS WORKED WERE REDUCEG 
FROM 35.71 I N  1960  TO 13 .61  I N  1 9 6 2 .  S E S I D E S  I T S  PROGRAM TO MAKE EMPLOYEES MORF SAFETY CONSCIOUS I T  C O N T I N U A L L Y  
S T R I V E S  TO SPOT HAZAQDS,  LEARK THE CAUSE? F I Y D  THE CURET AND MAKE THE CURE S T I C K .  E F F I C I F N C Y  AND MORALE HAVE BEEN 
IYCREASED W I T H  A C O P D E 5 P O N n I N G  PRODUCTION COST REDUCTICIN. 

%A5=QTQQl  U L T R A S F N I C  S F N S I N G  I N  M I N F S  ( SAFETY 1 

INSTRUMENT P R A C T I C E ,  436-4397 MAY 1 9 6 5 .  THE U S E  OF U L T R A S O Y I C  SENSIWG HAS BEER R F S T R I C T E D  PENDING THE GRANTING OF 

I N T E R N A L  IMPEDANCF WHICH I S  H I G H  FNOUGH TO L I M I T  THE SHOQT C I R C U I T  CURRENT T f l  A VALUE WHICH W I L L  NOT I G N I T E  T H E  
D A Q T I C U L A R  GROUP n F  GASES FOR Y H I C Y  I T  I S  C E R T I F I E D  *nSAFE.l* THE STORAGE D F  M A T E R I A L  I S  '3NF OF THE PROBLEMS FACED 
I N  M I N I N G .  THE STFCL OR REINFORCED CONCRETF HOPPERS ARF USED? BUT COAL L E V E L  I S  D I F F I C U L T  TO D E T E R Y I N F .  THE F I T T I N G  

MnRGAN? H. 0. + HASWELL? C. K. + P I R I E ,  E. S. & S I R  WM. HALCROW AN@ PAQTNFRS 

C O L L I E P I  W. R. & MAGMA COPPER CO 

SAFETY PROGRAM HAS RESULTED I N  CINE OF THE F I N F S T  S4FETY RECORDS I N  THE UNDERGROUND M I N I N G  INDUSTRY.  EMPLOYEE SAFETY 

S A I N S t  ti. + REEVE, G. Re E WESTOOL L T D  

C E P T I F I C A T I O N .  TI) OPT4IP. i  T H I S ,  THE FQUIPMEYT MUST BE CAOABLF O F  B E I N G  FED FROM A 15 V A.C. SUPPLY WHICH YAS AN 

9' S F N S I N G  D F V I C F S  TC E X I S T I N G  HOPPEQS IS ALSO A PROBLEM. BUT THE USE f l F  U L T R A S O N I C  S E N S I N G  D E V I C E S  HAS OVERCOME THESE 
D I F F I C U L T I E S .  A LADDFR I S  CONSTRUCTED, HOUSING T H E  D E V I C E S .  I T  I S  THEN LOWERFD I N T O  THE HOPPER. TO K E E P  F A C F S  
WORKIVG AT A L L  T I M F S t  CONVEYOR BUNKERS ARE I N S T A L L E D  U S I N G  TWO S E N S I N G  D E V I C F S .  OVER-LOADED OR JAWWED CONVEYORS CAN BE 
A I n F 9  RY S F Y S I N G  DEVIC 'S ON E I T H E R  S I D E  'lF THE CHUTE. [JLTRASONIC D E V I C E S  HAVE ALSO PKOVED E F F F C T I V E  I N  S E Y S I N G  THE 
SiFIGHT OF CflAL AN0 C P N T R O L L I N G  BOOMS. T H F S E  D F V I C E S  ARE ALSO USED I N  M I N E  CAGE AND M I N E  CAR P O S I T I O N I N G  AND T R A F F I C  
CONTROL. THE SYSTFN IS F F F E C T I V E  I N  ADVERSE WEATHER C O N D I T I O N S  AND I N  A DUST-LADEN ATMOSPHERE. 
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!&=&%phQQ1 DUST CCNTROL D U R I N G  B L A S T I N G  ( ROCK-BREAKAGE SAFETY ENVIRONMENTAL-=CONTROL A I R  H A N D L I N G  V F N T I L A T I O N  
STFMMING I 
W I L D ,  W. He E OBERHAUSEN GER 

GLUECKAUFt  ( 1 0 1 )  N 1 2 1  706-7127 JUNE 1965. TWO T Y P E S  OF DUST ARE PRODUCED B Y  M I N E  B L A S T I N G ,  P R I M A R Y  AND 
SECONDARY S U F F I C I E N T  V E N T I L A T I O N  IS A N E C E S S I T Y .  DUST CONTROL MEASURES ARE DRY F I L T E R I N G  ( E X P E N S I V E )  T FOG C U R T A I N  
( R E Q U I R E S  CAREFUL MAINTENANCE) ,  AND STEMMING ( D U S T  PREVENTORS I N  SHOT HOLES) .  MOST-USED STEMMING M A T E R I A L  TO WATER 
AMPULE AND TRABANT PASTE. THESE TWO ARE EQUAL I N  DUST-TRAPPING EFFECT. WATER CONTENT OF T H E  STEMMING C A R T R I D G E S  H A S  A 
D E C I S I V E  I N F L U E N C F  ON DUST TRAPPING.  M I N I M U M  VOLUME OF WATER FOR WATER AMPULE STEMMING IS 250 C U B I C  METERS AND 265 
C U B I C  METERS FOR TRARANT P A S T E  STEMMING. 

5$-4kl.,2QQ1 STATE OF QESFARCH I N  THE F I E L D  OF M I N E  V E N T I L A T I O N  ( ENVIRONMENT4L-CONTROL SAFETY 1 

GLUECKAUF? (1011 NO 269 1517-219 DEC 22,  1965. A I R  TEMPERATURES I N  M I N E S  OF T H E  RUHR HAVE I N C R E A S E D  MORE THAN THE 

I S  DUE TO INCREASED R A T F  OF PRODUCTION. S T U D I E S  WERE MADF TO DETERMINE R A T E S  OF HEAT TRANSFER FROM COAL I N  VARIOUS 
FORYS TO THE ATMDSPHFRE. STEPS ARE B E I N G  TAKEN T O  P R E D I C T  ATMOSPHERE TEMPERATURES FRCM M O U Y T A I N  TEMPERATURES AND A I R  

C I N S E L t  E. 

1 DEG C P F R  30 METERS D E P T H  CAUSED BY THE 10 METER/YR. INCREASE I N  D F P T H  MADE I N  THE L A S T  3 YEARS. THE GREATEST R I S E  

FLOW RATES. METHODS 9 F  MEASURING METHANE CONTENT OF COAL ARE B E I N G  DEVELOPED. STUDY OF METHANE S T R A T I F I C A T I O N  BY 
MODELS SHOWS THAT A I R  V E L O C I T I E S  HAVE TO BE UNACCEPTABLY H I G H  TO PREVENT OR BREAK DOWN A L L  METHANE LAYERS. S P E C I A L  A I R  
MOVFMENT EQUIPMEYT WAS DEVELOPED TO A S S I S T  I N  P R E V E N T I N G  METHANE S T R A T I F I C A T I O N .  

.f&-AkQ1QQL ROLE OF URETHANE FOAM I N  M I N E S  f SAFETY COST 1 

COAL 4GEv 72-74, MAR 1966. URETHANE FOAM WHEN PQOPERLY USED REDUCES O P E R A T I N G  COSTS, IMPROVES V E N T I L A T I O N ,  AND 

L A S T  OVER TWICE AS LONG. TWO MFN CAN FOAM 3000-5000 SQUARE F E E T  PER S H I F T  W H I L F  FOUR MEN APPLY G U N I T E  TO 600-1500 

Y I T C H E L L I  n. w. + MURPHY, F. M. E U.S. BUR MINES PITTSBUQGH P A  

RcDUCES MAIYTENANCE COST OF COATED SURFACES. G U N I T E  C O A T I N G S  MUST BE RENEWED EVERY 2-4 YEARS W H I L E  F'JAM A P P L I C A T I O N S  

SQUARE F E E T  PER S H I F T .  

54-hh-UQQ2 REVERSAL OF A 1 9  FLOW BY A F I R E  ( V E N T I L A T I O N  I 

G F D l ' I S I E  F N  MIJNSOUWT (45) N 3 9  54-69, MAR 1966. PROFESSOR BUDRYK (POLAND)  WARNS T H A T  I F ,  I N  A M I N E  W I T H  
ASCENSIONAL V F N T I L A T I r N t  TWO D I S T R I C T S  4RF V E V T I L A T E D  I N  P A R A L L E L  A F I R E  I N  ONE OF THESE D I S T R I C T S  MAY CAUSE SO GREAT A 
YATUR4L V F Y T I L A T I P N  A S  TO CAUSE A REVERSAL OF THE A I P  CURRENT I N  T H E  D I S T R I C T  NOT AFFECTED BY THE F I R E .  I T  WAS 
COWCLUDED THAT THE CHANCE OF A REVERSAL OF THE A I R  CURRENT AS A RESULT OF A F I R E  I N  A M I N E  W I T H  UPCAST V E N T I L A T I O N  I S  
SMALLFQ THAN SUDRYK CALCULATED. DECREASING THE Q U A N T I T Y  O F  A I R  FLOWING THROUGH A D I S T R I C T  AS SOON AS A F I R E  IS 

T H R n T T L I N G  n F  A T IMBEQ F I R E  DECREASES THE CHANCE OF THE AIRFLOW I N  OTHER D I S T R I C T S ,  DECREASES A L L  OTHER EFFECTS OF THE 
P I P c  AM? I N C R F A S E S  THE F F F E C T I V E N E S S  OF FIREPROOF ZONES. WHEN ATR TFYP. I N  A ZONE B E H I N D  THF F I R E  HAS SURPASSED THE 
S F L F - I G V I T I O N  TEMP. n F  WnODy ANY INCR.  OF OXYGEN WILL START A T I M B E R  F I R E  THERE. E S T I M A T I O N S  OF TI;€ TEMPERATURE B E H I N D  
THF F I R F  CAN R E  MPDE W I T H  THE METHOD G I V E N .  

5_4=hs=l2)aU RESFARCH VN PNEUMOCONIDSIS CONTQOL AT THE SAFETY I N  M I N E S  RESEARCH ESTABL I S H M E Y T  ( ENVIRONMENTAL-CONTROL 

( YAAS, W .  + SADEE, C. E DUTCH S T A T F  M I N E S  

Q F P O R T F ~ T  ns I S  ADVISFD BY RUDRYK MAY CAUSE 4 SMALL ORIGIYAL FIRE TO DEVELOP MORE QUICKLY INTO A BIG TIMBER FIRE. 

1 
CPITCHLOW, A. + M A G U I R E T  B. A. E SAFETY I N  M I N E S  RES EST 

I N S T I T U T I O N  OF M I N I N G  AN@ METALLURGY TRANSACTIOVS,  S E C T I O N  AT (771 A 1 5 8 - A  166, OCT 1968. T H E  SAFETY I N  V I N E S  
RFSFARCH E S T A 9 1  ISHMEhlT'S WORK I N  PNEUMOCONIOSIS CONTROL I N  M I N E S  I S  CONCERNED M A I N L Y  W I T H  ( 1 )  T H E  P H Y S I C S  OF R E S P I Q A B L E  
3 U S T  AYD THE P E S I G N  OF @UST S A M P L I N G  I Y S T R U Y F N T S  ( 2 )  THF A N A L Y S I S  OF HUMAN LUNG MATERIAL,  AND 13) THE A N A L Y S I S  OF THE 
QFSIJLTS OF EXPFR IMENTS I N  WHICH LABOPATORY A Y I M 4 L S  ARE EXPOSED TO H I G H  AIRBnSNE-DUqT CONCENTRATIONS.  

54-69-100Q2 P H f l T q F L E C T P I C  R E A D I N G S T  T H E I R  S I G Y I F I C A N C F  FOR DUST CONTROL CN C O L L I E R I E S  ( DUST-SUPPRESSION 
DUST-ANALYSIS 1 
K I T S O N ,  G. H. J. + HAVEN, Y. J. F. & CHAMBER OF M I N E S  SOUTH A F R I C A  

R O U T I N E  DUST MFASUREMENTS J f lUQYAL 7 F  SOUTH A F R I C P N  I Y S T I T U T E  OF M I N I N G  AND METALLURGY, (130) 137-1387 OCT. 1968. 
APF E S S C N T I A L  IN DUST SUPPRESSION. THEY CAN PE MADE Q U I C K L Y  AND ACCURATELY W I T H  WELL-KNOWN IYSTRUMENTS, SUCH AS THE 
MqDIFIFO THERMAL P R F C I P T T A T O P  AVD THE TYNOALLOSCOPE. THESE SAMPLINGS H E L P  MAVAGFRS I N  I M P R D V I N G  C C N D I T I C N S  I N  
C G L L I F R T F S .  T H F  SAMPLFS ARF D R I E D  AND THFN ASSESSED PHOTOELECTRICALLY.  THE S A M P L I Y G  TECHNIQUE F U L F I L L S  THE 
RFOUIREYGNTS nF CPNT"r)L SAMPLING, V I 2 7  11) R E P E A T A B I L I T Y ,  ( 2 )  R E L A T I V F L Y  SHORT P E R I O D  C!F SAMPLING,  (3) A B I L I T Y  T C  T A K E  
SFVERAL SAYPLFS,  ( 4 )  Q A P I D  AND C f l N V E N I E Y T  USE, AND (5) R A P I D  AND CONVENIENT A N A L Y S I S  C'F RFSULTS.  P.E.R. VALUES AND 
CONFIOFYCF I N T F R V A L S  S I G k I F Y  WHEN THEQE I S  4N IMPROVEMENT. O E T E R I O R A T I O N T  OR Nf7 CHANGE. T H E  IMPROVEMENT I N  DUST 
t O ~ ~ D I T I O Y S  FQnM 1956 TO 1957 I S  ENCOURAGING AYD I L L U S T R 4 T E S  THE SUCCESS OF THF SYSTEM. 

2 & d ? = Q 9 Q Q l  TUKNEL V E N T I L A T I l l N  ( S A F F T Y  I 

C n N S U L T I N G  F N G I N F F R  !LONDON)T ( 3 3 )  NO S T  54-6, J U N E  1969. A REFClRT O Y  THF MODEL T E S T S  MADF B Y  P R I T I S H  
Y Y P R 7 Y F r H A N I C S  R E S F A R C H  A S S N  FOR A 7000 F T  HIGHWAY-PAIL  TUNNFL IY CAQADA. BEST MFTHOD QF D I S T R I q U T I N G  AND E X H A U S T I N G  
A I R  P J F Q E  n F T E R M I N F D .  A D E S I G N  WAY PRODUCED WHICH GAVE PROPER D I S T R I F U T I O N  AND E X T R A C T I O N  DUCTS F O R  U N I F C R V  

RAKER, P. J. 

VENTILATIOV. Low LOSS S F Y D S  FOR DUCTS WFRE DEVFLOPED. 

L,--7 
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2Zd4=Q&QQ1 WFT D Q I L L I N G  E L I M I Y A T F S  DUST ( H E A L T H  B I T S  D R I L L - S T E E L  DETERGENT ) 
CONSTRUCTION YETHODS E E Q U I P M F N T T  1437 APQ 1Q64. I N J E C T I N G  WATFR OQ A WEAK DFTEPGENT I N T O  T H E  DRIL I .  HOLE V I A  THE 
BLOWING WVSE WAS DFVFL?PFD IY CANADA AND NOW USFD I Y  C B L I F O R N I A  HIGHWAY PROJECTS TO E L I M I N A T E  THE S E S I O U S  DUST tJE4LTH 
YAZ4nD.  I T  ALSO PRrlLONGS D R I L L  STEEL 4ND B I T  L I F F .  A D E T A I L E D  D E S C R I P T I O N  OF THE SYSTEM I S  G I V E N .  L I Q U I D  MUST BE 
C4RFFULL.Y QFGLJLATED A5 TC'O MUCH MUDDIES THE H 3 L E  WHILE TOO L I T T L E  G I V E S  NO DUST CONTPOL. ABflUT O V F  GALLGN OF DETERGENT 
AYI? WATFR f l R  TWO G4LLCNS OF WATER ARF RFQUIRFD PER HOUR FOR PROPER QUST CONTROL. 

S = f & = B Q Q l  ?IWDFRUATtR R n A D  Bf lRE IS U N L I N F D  ! COSTS ) 
F N G I N F F Q I N G  NFNS-RFCPRPr (173) N 12, 144-1461 150, SFPT 179 1964. THE SWEDISH EOREI OR MUSES TUYNFL I S  1 3 / 4  
MTLES, 2 0 0  FT. UNnFPWATEP, HAS L I G H T S  AND V E Y T I L A T I O N T  RUT NO ARCH R I B S  OR STRUCTUPAL L I V I N G  F X C F P T  AT THE PORTALS. 
I T S  C q S T  OF CONSTPUCTICN $2.5 M I L L I O Y  OR $ 2 6 2 / F T .  THE HOLE H A S  A QECTANGULAS CROSS S E C T I O N  OF 398 SQ. F T ;  THE R04DWAY 
IS 19 F T .  8 I N .  W I P E T  Q n C F  CLE4RAF!CE I S  I4 FT. 9 I N .  THE Rf lCK C O M P O S I T I O N  I S  M A I N L Y  COMPACT G N F I S S  OR G R A N I T E  GNEISS.  
IY C U T T I N G  D R I F T S  FaOM THF SHAFTS, THE RURNING ClJT METHOD W I T H  F I V E  CENTRAL HOLES WAS USED. T H E  AVFRPGE D A I L Y  A0VANCF 
THROUGH T H E  H n L F  W l l S  1 4  3/4 FT. ( 2  12 HR. S H I F T S ) .  A T  RDTH PORTALS, THE ROOF OF THE T U N h E L  IS REINFORCED W I T H  R I B S ;  E 
CANTICFVER SLAB '7F RFIQFCQCEO,  C A S T - I N  PLACE CONCRETE FXTFNDS OVER THE ROADWAY FOR 5 F T .  L F A K S  W I T P I N  THE BDRF WERF 
SEALFD BY THF I N J E C T I O N  n F  GROUT. THF ROOF WAS SPRAYED P Y F U M A T I C A L L Y  W I T H  ONE OR TWO C 0 4 T S  OF MORTAR T O  REINFORCF TI+ 
RCICKT Pr lEVEVT AIP-CAIJSFD DETFRIORATI f lN ,  TO IMPROVE L I G H T I N G .  THE TUNNEL H A S  LENGTHWISE V F N T I L A T I O N .  

25-65-07QQl OPFNIQG n F  YONT SLANC TUNNFL ( V F Y T I L A T I O N  L T G H T I N G  1 
TYE FYGTNFER, 109-110, J U L Y  16, 1965. THE LENGTH IS 11~600 M. RQCK C O N D I T I O N S  WERE GOOD C O N S I S T I N G  FOR THE MOST 
P4OT OF pPOTOGIYc.  O Y  THE I T A L I A b !  S I D E  THE R R I T T L E N F S S  AND U N C F R T A I N T Y  OF THE NATURF OF T H F  TOCK DEYANDFD A F L E X I S L F  
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APPROACH. THE MUCKING OUT WAS DONE BY RUBBER-TIRED D I E S E L  DUMPER TRUCK. ON THE FRENCH S I D E  & H I G H E R  DEGREE OF 
M E C H A N I Z A T I O N  BASED ON A F U L L - S E C T I O N  ADVANCE FOR THE WHOLE L E N G T H  O F  THE TUNNEL. D R I L L I N G  WAS DONE B Y  A R A I L  MOUNTED 
JUMBO W I T H  15 44  MN D I A M E T E R  PNEUMATIC D R I L L S .  T H E  V E N T I L A T I O N  I S  A R T I F I C I A L  WHICH I S  PART A I R  P A S S I N G  ACROSS T H E  
TUNNFL AND F R E S H  A I R  B E I N G  D I S T R I B U T E D  AT REGULAR 
EXHAUSTED L O N G I T U D I N A L L Y  ALONG THE WHOLE LENGTH OF THE TUNNEL. THE STANDARD OF L I G H T I N G  I S  SET AT 30 LUX.  T H E  ANNUAL 

I N T E R V A L S  AT R I G H T  ANGLES TO THE TUNNEL A X I S  W H I L E  T H E  EXHAUST A I R  1s 

T R A F F I C  I S  EXPECTED TO B E  ABOUT 450,000 VEHICLES.  

5535=Q&JQ1 A FEW EASY TO FOLLOW RULES FOR E F F E C T I V E  ROOF SAFETY ( ROOF-BOLTS SUPPORTS 
E N G I N E E R I N G  AND M I N I N G  JOURNAL, ( 1 6 6 )  113, AUG. 1965. MAKE SURE THE B O L T  HOLE I S  D R I L L E D  T O  AS CLOSE A TOLERANCE 
AS P O S S I B L E .  PERIClDIC H O L E  S I Z E  CHECKS W I T H  AN ACCURATE HOLE GAUGE. MAKE SURE THE B O L T  HEAD AND RCGF P L A T E  ARE F I R M L Y  
AGAINST T H E  ROOF. I F  U S I N G  H Y D R A U L I C  MACHINES CHECK TORQUE SETTING.  THE B O L T  P U L L  T E S T  - S U B J E C T I N G  T P E  BOLT AND 
E X P A N S I O N  U N I T  TO ABNORMALLY H I G H  L O A D I N G  I S  THE BEST WAY TO DETERMINE THE COMPLETE I N S T A L L A T I O N .  

55-65-08QQ2 TUNNEL EASCS 21-YEAR T R A F F I C  JAM ( COST L I N I N G S  
E N G I N E E R I N G  NEWS-RECORD, ( 1 7 5 )  110, AUG 129 1965. TO EASE T R A F F I C  PROBLEMS I N  M A R S E I L L E S ,  FRANCE A 1950 F E E T  
SUNKEY T W I N  TUBE TUNNEL WILL BE B U I L T  
D A I L Y .  T H E  TUNNEL WILL RE MAOE OF REINFORCED CONCRETE SEGMENTS PRE-FABRICATED.  

ACROSS A F I N G E R  OF T H E  S E A  FOR $12 M I L L I O N  WHICH WILL T A K E  CARE OF 60,000 CARS 

Sz&b=QZQQ1. MYSTERIOUS GAS K I L L S  17 I N  SWISS HYDRO TUNNEL ( POWER-PROJECT 1 
E N G I N E E R I N G  NEWS-QECORD? ( 1 7 6 )  19 ,  FEB 2 4 ,  1966. I N V E S T I G A T O R S  ARE S T I L L  T R Y I N G  T O  D E T E R M I N E  T H E  O R I G I N  AND 
I D E N T I T Y  O F  GAS I N  A SWISS HYDROELECTRIC TUNNEL T H A T  K I L L E D  17 PEOPLE. THE TUNNEL IS PART OF T H E  MAGGIA POWER PROJECT 
I N  SOUTH CENTRAL SWITZERLAND NEAR THE I T A L I A N  BORDER. THE PROJECT HAS A MAZE OF T U N N E L S ?  DAMS AND POWERHOUSE. WORKMEN 
WERE K I L L E C  WHEN E N T E R I N G  THE TUNNEL A T  THREE D I F F E R E N T  P O I N T S .  

55-67-QZQQl BETTER B O L T I N G  METHODS IMPROVE SAFETY AND OUTPUT ( ROCK-BOLTING 
C 9 A L  4GE, 134-1351 FFR 1967. F L F X I P L E  A I R  HOSE ADDED TO THE PNEUMATIC ROOF-BOLTING O P E R A T I O N  HAS I N C R E A S E D  
P 2 n l 3 l J t T I ~ N  AND IYPROVFD SAFETY. PCOL. B O L T I N G  CONTINUES R I G H T  UP TO THE WORKING F A C E  AS THE CONTINUOUS MINER __ -_ ._  - . ~  

ADVANCES. THE F L E X I B L E  HOSE I S  CONNECTED TO A CENTRAL COMPRESSOR. 

!Z=b47-llQQJ 15 A S P H Y X I A T E D  I N  HYDRO TUNNFL ( PERU GAS-TEST DUST-POCKET I 
E N G I N E F Q I N G  NEWS-RECORD, (1791 20, NOV 16, 1967. A R O U T I N E  D Y N A M I T E  B L A S T  I N  A TUNNEL I N  P E R U  CAUSED THE DEATH OF 
F I F T E E N  MFN BY A S P H Y X I A T I O N .  NONE OF THE MEN C A R R I E D  MASKS AND THE V E N T I L A T I O N  P I P E  ENDED 100 YD. BACK FROM THE TUNNEL 
FACE. A POPULAR THFORY IS THAT THE D Y N A M I T E  B L A S T  OPENED A POCKFT OF EXTREMELY F I N E  DUST. 

55-67-12QQl TUNNFL UNDER F N G L I S H  CHANNEL TO D I S L O C A T E  FOUR FRENCH V I L L A G E S  
THF W4SHINGTON POST, 861 DEC 1 4 ,  1967. THE FRENCH ENTRY TO THE TUNNEL-TO-BE UNDER THE E N G L I S H  CHANNEL HAS MADE I T  
I M P F R Q T I V E  FOR 1000 PFRSONS TO F I N D  NEW HOMES I N  FSANCE. CONSTRUCTION D E T A I L S  FOR THE TUNNEL ARE S T I L L  I N C O M P L E T F *  BUT 
PREPAR4TI 'YNS FOR T H E  R F L O C A T I O N  OF THE PEOPLF ARE ALREADY B E I N G  MADE. FRENCH O F F I C I A L S  HAVE S E T  1970 AS THE DATE FOR 
THE START OF BOQING. 

55-68-01QQ-l TUNNEL C A V F - I N  TRAPS 17 FOR 17 HOURS, I N J U R E S  NONE 
E N G I N E E R I N G  NEWS-RFCORD? JAN 4, 1968. THE CARLEY V. PORTER TUNNEL? ONE OF FOUR TUNNELS I N  T H E  T E H A C H A P I  MOUNTAINS 
CAVED I N .  A Y E C H A N I C A L  YDLF WAS B E I N G  USED WHEN AN PO FT-LONG C A V E - I N  OCCURRED 1450 FEET FROM T H E  SOUTH PORTAL. THE 
SOUTH H F A D I M G  I S  7 9 7 R 5  F E E T  FROM THE PORTAL. 

-- 5G-f&Q2QQ1 - SAFETY ASPECTS OF R A I S E  B O R I N G  I QOBBINS-BORER 1 
M I N I N G  MAGPZINE,  (1181 N 2, 9B*109, F E B .  21 1968. D E S C R I P T I O N  OF R O B B I N S  R A I S E  BORER? DEVELOPEC AT HOMER-WAUSECA 

D F S I R E D  P O I N T  CN LPWFR L E V E L ,  I S  REAMFO UPWARD TO 40 I N .  DIAM.  BORING EQUIPMENT AN0 T E C H N I Q U E  OF I T S  O P E R A T I O N  
I R O N  ORE M I N E  AT I Q O N  R I V E R ,  MICH;  CRAWLER YOUNTED BORER D P I L L S  DOWNW4RD 9 7 / 8  I N .  D I A M  HOLE WHICH UPON REACHING 

QTSCUSSFD W I T H  P A R T I C U L A P  EMPHASIS ON SAFETY 9 F  O P E R A T I N G  CREW. A P P L I C A T I O N S  I)F R A I S F  BORE9 ARE O U T L I N E D  AND 
PFQFORYANCE DATA OVER 5 YR. P E R I O D  I S  TABULATED.  

55-65kD6001 NADER BRANDS COAL M I N E  I N S P E C T I O N S  A 'FAPCE'  ( SAFETY PNEUMOCONEOSIS 1 
THE WASHINGTON POST, C P ,  JUNE 29, 196Q. NEEDFD IMPROVEMENT I N  M I N F  V E N T I L A T T O N  AND DUST S U P P R E S S I C N  TECHNIQUES ARE 
NFEDFD. PNEIJYOCONIO5IS A F F L I C T S  3NF I N  10 EMPLOYED Y I N F R S .  

55-68-QqQQL S T R I C T F R  COAL P I N F  SAFETY ACT SOUGHT ( CAVE- INS E X P L O S I O N S  UNSAFE-EQUIPMENT MINE-FACE HEALTH-STANDARDS 

TYF WASHINGTON POST, A 7 1  SEPT 121 1 9 6 8 .  VEWS I T E M  ON P R E S I D E N T  JOHNSON S F N D I N G  TU COWGRESS A PROPOSED FEDERAL COAL 
'd INF H E A L T H  4 Y D  SAFETY ACT TO CORRECT WC4KNFSSES OF PRESENT LAW. FEATJRES f l F  T H E  ACT AND n F S C 4 I P T I O V  O F  I Y 4 D E Q U 4 C I E S  
4QE O U T L I N E D .  

COHN, V -  h WASHINGTON PDST WASH D.C. 

--- 55-6&lQQQl P S F S I D E N T  PQOP3SES NEW L A W  ON COAL M I M E  H E A L T H ?  SAFETY 

ANI) SAFETY ACT WHICH WOlJLD EXTEND FEDFRAL ENFOPCEMENT TC THE WORKING FACE, 4 ' 3 f l L I S H  THE GRPNDFATHEQ CLAUSE RE E L E C T R I C A L  
FQUTPMFVT? G I V E  SECY f lF  I N T .  AUTHORITY TC) DEVFLOP SAFFTY STANDARDS? R E Q U I R E  I N T .  T O  ENFORCE T H F  STANDARDS. 

M T V I N G  CCNGRESS J f lUQNAL? (541  NO 10,  70, OCT 196R. P Q E S I D E N T  JOHNSON PRClPPSED TO CONGRESS A NFW C O A L  M I N I N G  H E A L T H  

55-6A-UQQ2 NEW H E A L T Y ?  SAFETY STANDARDS UNDER WALSH-HEALY ACT SnUGHT ( N O I S E  TOXIC-GASES 1 

L F V E L  OF OCCUPATIONAL N O I S E ?  ( 2 1  STANDARDS OY THE B A S I S  @ F  CONSENSUS S I M I L A R  TO USA STANDARDS I N S T I T U T F  (3)  R A D I A T I O N  
STAVDARD DEVELCPED 9 Y  A E C t  AND ( 4 )  THRFSHOLD L I M I T S  F O R  FXPOSURE TO T O X I C  M A T E R I Q L S .  P U B L I C  H F A R I N G S  WILL BE H E L D  I N  

MTNING r O N 6 R E S S  JOURNAL1 ( 5 4 )  YO 10, 70, OCT 1968. SECY. OF LABOR W I R T Z  PROPOSES (1) A L I M I T  O F  8 5  D E C I B E L S  CIN THE 

WVEMEIFR 1968. 

55-69-UQQl COUGHING COAL M I N E R 5  R A L L Y  FOR SAFETY B I L L S  ( BLACK-LUYG SAFFTY 

THF WASHINGTON P O S T 1  A 6 9  J 6 M  61 1969. A R A L L Y  I N  LOGAN W.VA MAY H E L P  B R I N G  PASSAGE OF A B I L L  TC R E C U I R E  NEW M I N I N G  
S 4 F E T Y  STANDPR 0 5 .  CCAL M I N I N G  I S  THF MOST DFADLY OF A L L  MAJOR OCCUPATIONS I N  THE U.S. AT L E A S T  ONE COAL M I N E R  I N  
F T V F  SUFFERS FROM P N F U Y f l C O N I O S I S  WHICH I S  CAUSED B Y  PROLONGED E R E A T H I N G  OF VERY F I N E  COAL DUST. UNCER T F E  NEW 

SURCHARD, H. & WASHINGTON POST WASH D.C. 

L F G I S L A T I O N ?  T H E  D I S E E S F  WOULD F A L L  UNQER THE S T A T E  WORKMEN'S COMPFNSATIOW LAW. 

55-69zQ2QQ1 H E A R I N G  ON M I N E  P E R I L S  OPEYS ( ?LACK-LUNG COMPENSATIOY L E G I S L A T I O N  

THE WASHINGTON POST,  A89 F F P  121 1969. BLACK-LUNG (PNEUMOCONIOSIS)  CAUSED RY PROLONGED B R E A T H I N G  O F  VERY F I N E  C @ A L  
9 U S T  HAS REEN I N T F R N A T I n N A L L Y  RECOGNIZED W I T H  DUST CONTROL MEASURES S I N C E  1943 BY EVERY MAJOR COAL-PRODUCING N A T I O N  

BURCHARD1 H. 

EXCEPT THF U.5. I Y  TESTIMONY AT CHARLESTON W. VA ON L E G I S L A T I O N  AND COMPFNSATION I T  WAS BROUGHT O t T  T H A T  BLACK-LUNG 
DOES NOT N E C E S S A Q I L Y  SH@W UP ON X-RAYS AND DOCTflR AFTER DOCTOR D I S A G P E E D  W I T H  FACH OTHER. THE F A T E  OF THF R I L L S  I S  
UNCERTA!N BUT 0 P r r ) F  IS B E I N G  S H I F T E D  FROM THE M I N E R  TO THE COMPANY. 

SS-A2=QZQQ2 W I T H  ONLY 90 F T  T O  GO TUNNELERS H I T  R U N N I N G  SAND ( SAFETY WATER-TUNNEL 
WESTERN CONSTRUCTION, (44) N 2, 62-67 FER. 1969. TECHNIQUES AND SAFFTY MEASURES USED I N  C @ N S T R U C T I O N  OF L A K E  
C H A P L A I N  W4TER TUNNFL FCIk C I T Y  OF FVERETT,  WASH; OUTLET C O N S I S T S  OF 590 F T  OF 9 6 - I N .  S T E E L  P I P E  L A I D  ON 2 TO 1 SLOPE 
DOWN FROM TUNNFL PORTAL. 
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s39:pftQQl DOCTOR P R A I S E S  CZECH M I N E  SAFETY ( COAL-MINES DUST BLACK LUNG 1 

THE WASHINGT@N POST, A l l ,  A P R I L  161 1969. DR. I. E. BUFF C L A I M S  T H A T  SAFETY AND H E A L T H  C O N D I T I C N S  I N  
BURCHARD, H. E WASHINGTON POST WASH D.C. 

CZECHOSLOVAKIA COAL M I N E S  ARF DECADES AHEAD OF U.S. MINES.  F I L T E R  MASK, SAFETY CAMPAIGNS, W E T T I N G  COAL SEAM AHEAD OF 
M I N I N G  MACHINE, CHEMICAL MASKS, EXTREME V E N T I L A T I O N  PRECAUTIONS AND ROUTINE H E A L T H  E X A M I N A T I O N S  ARE C I T E D .  

z M 9 = Q z Q Q l  HDUSF LABOR U N I T  DRAFTS M I N E  SAFETY B I L L  ( ATMOSPHERIC-CONTROL COALDUST 1 

THE WASHINGTON POST, A 1 4 9  J U L Y  10,  1969. @ I L L  PROVIDES FOR L I M I T I N G  ACCEPTABLE CONCENTRATIONS CF C O A L  DUST I N  COAL 
VINES.  C O N T A I N S  OTHFR SAFETY P R O V I S I O N S  TO REDUCE T H E  L I K E L I H O O D  O F  EXPLOSIONS,  MAJOR ACCIDENTS,  AND C A V E I N S .  

5 2 A k Q l Q Q Z  TAX ON M I N E S  URGED TO CURB BLACK LUNG ( S A F F T Y  D I S E A S E  COMPENSATION ) 
THE WASHINGTON POST, A47 J U L Y  11, 1969. DR. I .  E. BUFF OF CHARLESTON W.VA CHAIRMAN OF THE P H Y S I C I A N S  COMMITTEE FOR 
M I N E R S  H E A L T H  AND SAFETY TOLD A HOUSF LABOR COMMITTEE THAT M I N E  OPERATORS SHOULD B E  T A X E D  TO P R O V I D E  $125 A MONTH 

SPENCER, R. W. 

C n M P E N S 4 T I C N  FOR S I C K  OR I N J U R E D  WORKERS. 

55-69-09QQl SENATF U N I T  UNANIMOUSLY BACKS TOUGH COAL M I N E  SAFETY B I L L  
THE WASHINGTON POST, A27 AUG. 1, 1969. A TOUGH NEW COAL M I N E  SAFETY B I L L t  W I T H  THE N A T I O N S  F I R S T  DUST-CONTROL 

YESTERDAY. T H F  R I L L  P E R M I T S  THE SECRETARY OF I N T E R I O R  TO SHUT ANY M I N E  WHERE THERE IS I M M I N E N T  DANCER OR AN 
SJANDARDS TO COMRAT THE L E T H A L  BLACK LUNG D I S E A S E ,  WAS APPROVED B Y  THE SENATE LABOP AND P U B L I C  WELFARE COMMITTEE 

UNCORRECTED V I O L A T I O N  OR WHERE C O N D I T I O N S  ARE I N H E R E N T L Y  I F  NOT I M M E D I A T E L Y  DANGEROUS. OTHER P R O V I S I O N S  PROVIDE FOG 
T H E  EN@ BETHEFN "GASSY" AND NONGASSY M I N E S  AND FOR L I M I T S  ON THE CONCENTRATIONS OF BREATHEABLE COAL DUST. 

55-69-mQQl 2D AVE SUBWAY FOR GARBAGE URGED ( GARBAGE S A N I T A T I O N  1 
THF WASHtNGTON POST, SEPT 23, 1969. A PROPOSED HIGH-SPEED CONVEYOR B E L T  WILL COLLECT GARBAGE AND WHISK I T  ALONG 
P A R A L L E L  TO SUBWAY T P 4 I N S .  T H I S  W I L L  E L I M I N A T E  GPRBAGE TRUCKS FROM T R A F F I C  JAMS AND FREE S A N I T A R Y  MEN FOR STREET 
C L E A N I N G .  OPEN CIJTS ARE USED FOR SUBWAY CONSTRUCTION I N  NFW YORK. 

55-69-lQQQl BLACK LUNG PAYMENTS G A I N  ON H I L L  ( ASSESSMENT COMPENSATION H E A L T H  SAFETY 
TI!€ W4SHINGTOM POST, A 3 9  OCT 1, 1969. A SFNATE AMENDMENT T O  THE COAL M I N E  SAFETY B I L L  C A L L S  FOR 70 M I L L I O N  I N  
F t D E R A L  OUTLAYS. T H I S  S I D E S T E P P E O  AN ASSESSMENT OF ONE TO FOUR CENTS A TON ON EACH TON OF COAL M I N E 0  T O  PAY FOR COAL 
M I N F  H E 4 L T Y  AN@ SAFETY RESEARCH. S T A T E S  WOULD PAY PART OF THE COMPENSATION PROGRAM ADDEC T O  THE B I L L .  

FIELD 6 COST ESTIMATES AND TUNNELING RECORDS 

F I E L D  64 A R T I C L F S  

64-57-QsQQJ TUhNFL O R I V I N G  IN FRANCE ( B L A S T I N G  D R I L L I N G  JUMBO STAR-DRILL SEEPAGE ) 
V I V I A N ,  C. H. 

COMP9FSSED A I R  MAGAZINE, (57) N 51 1?4-128, MAY 1952. THE SO-CALLED SWEDISH METHClD OF D R I L L I N G  AND B L A S T I N G  WAS 

N I T H  T H E I R  SYSTEM OF S Y A L L  HOLES TI-EY GOT ECONOMY AND SUPERIOR R@CK FRAGMENTATION WAS NCIT PROVED WFEN HARD ROCK WAS 
LATER CHANGED TO THE L P T E S T  T Y P E  OF AMERICAN EQUIPMENT I N  A T U N N E L I N G  PROJECT I N  FRANCE. THE SWEDES' CrJNTENTION THAT 

ENCOUNTERFn. THE NEW F Q U I P Y E N T  MADE A WEEKLY PRDGRFSS OF 95 1 / 2  FT. THE CONVENTIONAL AMERICAN D R I L L  R I T S  ( S T A R  E I R I L L )  
ARF G I V I N G  473 F T  PEP P I T  AS COMPARED TO THE SWEDISH B I T  L I F F  O F  ONLY 272 F T  PER B I T .  T H E  SWEDISH B I T  HAS A C H I S E L  
P O I N T  C U T T I N G  EOGE. AN AVERAGE OF 2 1  LBS,  1 4  0 2 .  C F  E X P L O S I V E S  I S  USED PER CU-YD OF M A T E R I A L .  A L O A D I Y G  CREW ON EACH 
S H I F T  C O N S I S T S  ClF 4 SUPERINTENDENT ANT\ 2 1  MFY. 

-- 64&hft=QLQQl TUNNEL V F N T I L A T I O N  SYSTEM D E S I G N  ( HIGHWAY-TUNNELS 1 

A I R  E N G I N F E Q I N G ,  1 9 - 2 7 ,  F E B  1964. SYSTEM D E S I G N  OF THE COMPACT V E N T I L A T I O N  SYSTEM FOR TWO 6000 FT. TUNNELS AT 
sOTTnM nC CHESAPEAKE BAY W I T H  A I R  CHANGE EVERY 1.7 MINUTES. 24 F A N S  L S C A T E D  I N  FOUR V E N T I L 4 T I N G  B U I L D I N G S .  FACH FAN 

E S I L S R U D ,  P. E SVEORUP AND PARCFL 

ChN D E L I V F R  300,000 CFM. SYSTFM D F S I G N E D  FOR 225 CFM PER L I N E A L  FOOT OF TUNNEL. 

6 4 - 6 4 - 0 9 0 Q l  SnME ASPFCTS OF Y I G H  SPEFD H l R D  ROCK T U N N E L L I N G  I N  THE SNOWY MOUNTAINS I TUNNELLING-RATES CCST M A T F R I A L S  
H A V D L I Y G  I 
ANLIREWS, K. F. + MCINTYRF, 4 .  R. + YATTNER, Re H. & SNOWY MTS HYDRO-ELECTPIC AUTH 

C T V I L  E N G I N F F Q I N G  TRANSACTIONS,  51-70, 1964. R A P I D  PROGRESS I N  T U N N E L L I N G  RATES I S  DUE TO E X T E N S I V E  GEOLOGICAL 
I N V E S T I G 4 T I O N .  ALSO, A USE OF I N C E N T I V E  SCYEME TO AUGMFNT PAYMENTS TO MEMBERS OF THE T U N N E L L I N G  CREWS. D R I L L I N G  
PATTFRNS SHOUL'I BE 2 1 / 2  TO 3 F E E T  ON THE HOLES. AN INCREASED R E L I A B I L I T Y  OF EQUIPMENT, S I Z E  OF EQUIPMENT AND IMPROVED 
9 R I L L  S T E E L S  AND B I T S  GAVF IYCREPSED PROGRESS. H A L F  SECOND D E L A Y  DETONATORS G I V E  T I M E  FOR SUCCESSIVE S E R I F S  TO " P U L L "  
EACH S F C T I O N  OF THF FACF AND CAUSE L F S S  SHATTERING TO THE SURROUNDING ROCK. T H E  S L I D I N G - F L O O R S  INCREASE THE SPEFD OF 
H A N D L I N G  MUCK. U S E  OF T H E  CAPGEST P n S S I R L E  EQUIPMENT FOR THE TUNNEL WILL LOWER COST. HAVE THE H I G H E S T  P C S S I R L E  
STCIND4RD n F  M A I Y T c N A Y t F .  HAVE GOOD WOP-KING C O N 3 I T I O N S  FOR WOQKFRS. MATCH EQUIPMFNT TO THF WORK. AOAPT ROCK B O L T I N G  
T F C H N I Q U F S  TO TUYNFLI  I N G  PRACTICES.  THE COST OF D R I V I N G  THE 11 F F E T  10 I N C H  HORSESHOE TUNNEL AVERAEFD 95 POUNDS PER 
L I N F A R  FnOT. THF EXPECTED COST ON T H F  2 2  FT.  4 I N  W I L L  @F 148 P'IUNDS PER C I N F A R  FOOT. 

fi&dz=Q5QQl FCPNCMIC FACTORS OF MECHANICAL ROCK T U Y N F L I N G  ( JAQVA YOLE COSTS 1 

M I Y I N G  F Y G I N F F R I N G ,  S X I E T Y  OF M I N I N G  EVGINFF'IS, 7 5 - 7 8 ?  J U Y E  1967. T U N N F L I N G  MACHIYES PRF COMPARED IY P R I C E  AND 

ARE THF YAJCP MAIhlTEy'4NCE COST FOR MOLES. I Y I T I A L  C A P I T A L  I N V E S T M E Y T  F O Q  WDLE T U N Y E L I N G  ABOUT 3 1 / 4  T I Y E S  GPEATFR THAN 
F P q  C'OYVFNTI@YfiL.  MANPOWFR R E Q U I R E 0  I S  4 R W T  5 5  PFRCENT THAT OF CONVFNTIONAL.  SDEED V A R I E S  BUT FRFQUENTLY I S  FROM 20 
PFRCFVT T D  100 PEQCENT FASTER.  

V"RMAY, Y e  E, + S T I E R ,  P. 

S P F F n  W I T H  COYVENTIONAL METHnDS. MOLES COST ABOUT $1000 PER HORSEPOWEQ TO S U I L D .  CUTTERS USED VARY W I T H  ROCK TYPE AND 

64-68=11QQl  Y b J O Q  CHANG'S I W  C A P I T A L  GOODS USED I N  UNDERGROUND PRODUCTION C F  B I T U M I Y O U S  COAL ( COST-ESTIMATES 1 

Y I N I N G  E N G I N E F 9 I Y G ,  7 5 - 7 8 ,  NOV. 1968. M I N E S  U S I N G  4 COMPINED COYVEYOR AND R A I L  SYSTFM MAY PRODUCE PCRE COAL THAN 
Y f N F S  L ISING P N L Y  ONE SYSTEM. M A I N - L I N E  R A I L  AND M A I N  R E L T  T9ANSPORTATIOM HAVE S I M I L A R  COSTS.  P A S F D  ON A 4-1/4 MI. 
PCIW4RY HAUL, C A P I T A 1  COST - 6 7 0 / F T .  AN E S T I M A T F D  142 M I L L I O N  TONS REPRESENTING 43 PEPCENT CIF UNDERG90UN3 

C C N T I Y U W S  M I N F R  1 5  H I G H  AND MIGHT E A S I L Y  EXCeED RY 70 PERCENT TO 5 0  PERCENT OF THE E S T I M A T E D  $250,000 CUST OF A NEW 
Cnh lVcNTIONAL SYSTFM. T H E  Q U A L I T Y  O E  MAVAGEMENT I S  NOT VERY D I F F E R F N T  THAN I T  I S  4 I T H  CCINVFWTIONAL MINIWG.  M A T E P I b L S  

SCkENCK, G. H. K. E PENN STATE U N I V  

P K 3 D U t T I O N  WAS Y I N C D  BY COYTINUC'US M I N I N G  MFTHODS IY 1965. CAP. IMVFSTMFYT P E Q U I R F D  FOR FG'UIPPING P S F C T I O N  W I T H  F. 

YUST 5 F  A V P I L A B L F  1'4 A FORM T O  RE USFD QUICKLY AND E F F E C T I V E L Y .  CPSTS OF A PLAN!=* S E C T I O N  ARE LOWER I N  F P C E  COST, 
S F C 4 U c E  OF QEPPIR 4ND MAINTENANCE,  T I M q F R I N G ,  W H I L E  PQODUCTION I S  ODUBLED AND SEAY RECOVERY I S  H I G P E R  115 PERCENT) .  
t O N T I N V ? U S  Y I N I N G  TENDS T O  I N C R F A S E  T H F  PEFUSE ( 2 1  PEPCEYT OF ROM COAL CLEANED I S  NOW R E J E C T E D ) .  ROOF CONTROL MAY 
8' E I T H E R  A C A P I T A L  DR AN OPERATING =XPENSE. V E N T I L A T I O N  AN@ WATER CQNTROL ARK MATTERS OF C A P I T A L  GOODS 4ND MANAGEMENT 

RFOUIPFD.  
I N P U T .  T H E  ' IVERALL F F F E C T  OF INCR.  AYT. AYD Q U A L I T Y  CF MAT. I N P U T  HAS BEEN TO DECREASE THE AMOUNT OF LABOR I N P U T  
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F I E L D  65 NEWS I T E M S  

6539=12QQl TUNNEL E S T I M A T I N G  IMPROVED: T I E D  T O  GEOLOGY ( ROCK-CONDITIONS TUNNELING-METHODS COSTS E X C A V A T I O N  MUCKING 

E N G I N E E R I N G  NEWS-RFCORD, ( 1 9 6 3 )  64, DEC 17, 1 9 5 9 .  A G U I D E  FOR E S T I M A T I N G  TUNNEL COSTS A S  A KEY TO I T S  USE. T H E  
G U I D E  I S  BASED ON A STUDY OF 99 TUNNELS MADE BY T H E  C A L I F  DEPT OF WATER RFSOURCES. ROCK C O N D I T I O N S  ARE C L A S S I F I E D  AND 
D E F I N E D ,  AND T H E  T U N N E L I N G  METHODS CONSIDERED ARE L I S T E D  FOLLOWED B Y  I N S T R U C T I O N S  OF HOW T O  U S E  T H E  GUIDE.  T A B U L A T E D  
DATA I N C L U D E S  U N I T  COSTS FOR VARIOUS ROCK C O N D I T I O N S  VERSUS TUNNEL D I A ,  WAGE RATES AND PFRSONNEL REQUIREMENTSv 
E Q U I P M E V T  AND M A T E R I A L  COSTS, E X C A V A T I O N  COSTS, RATES OF ADVANCE, SUPPORT COSTS, L A G G I N G  AND CONCRETE L I N I N G  COSTS. 

6 5 - 6 5 - 0 3 Q Q 1  ROCK PLAGUES TUNNELER ON SEWER SYSTEM ( COST ) 
E N G I N E E R I N G  NEWS-RECORD, ( 1 7 4 )  MAR 1 8 ,  1 9 6 5 .  A $2.4 M I L L I O N  CONTRACT WAS AWARDED TO JAMES P. MCHUGH CGNSTRUCTING 

L I N I N G  1 

CO. FOR A 1 1 / 2  M I L E  ROC.K TUNNFL SEWER FOR ROCHESTER, N.Y. THE SEWER I S  HORSE-SHOE SHAPFD, CTJNCRFTE-LINED W I T H  A 
MAXIMUM D E P T H  OF 6 7  FEET.  U N I T  P R I C E S  - APPROXIMATELY ONE M I L E  OF 10.5 F T  X 7 F T  AT $280  PER FOOT, AND APPROXIMATELY 
1 / 2  M I L F  O F  7 F T  X 7 F T  AT $ 1 9 5  PER FOOT. 

4 5 - 6 5 - U Q U  ANDES TUNNEL TO T A P  AMAZON ( COSTS I R R I G A T I O N  1 

OF A $ 1 0 0  M I L L I O N  I R R I G A T I O N  PROJECT. 
E N G I N E E R I N G  NEWS-RECClRD, ( 1 7 4 )  1 5 4 9  MAR 18, 1 9 6 5 .  AN ANDES TUNNEL 1 2  1 / 2  M I L E S  I S  OPEN FOR B I D S .  I T  W I L L  B E  PART 

u-kkQsQQ3, OKLAHOMA POWFR TUNNEL ( COST U N I T - P R I C E S  
E N G I N E F R I Y G  NEWS-QECORD, ( 1 7 4 )  7 6 ,  APR 1 9 6 5 .  THE $5.5 M I L L I O N  PROJECT WILL I N C L U D E  A 2 5  F T  TUNNEL 1 8 0 0  F T  LONG- 
I T  WILL P R O V I D E  NEEDED WATEP SUPPLY, FLOOD C3NTROL AND HYDROELECTRIC POWER AT BROKEN BOW DAM- 

65-65-QSQQ1 Sk'ISS TUNNEL I S  HOLED THROUGH [ COST 1 
E N G I N E E R I N G  NFWS-PECORD, ( 1 7 )  5 3 9  MAY 13, 1 9 6 5 .  THE 4.1-MILE-LONG SAN BERNARDINE BORE I N  S W I T Z E R L A N D  I S  35 F E E T  
UIDF END 7 1  F F E T  HIGH.  COST - $ 3 5  M I L L I O N .  HOLTNG THROUGH WAS DELAYED B Y  ENCOUNTER WTTH MUCH F R I A S L E  ROCK, WHICH 
SLOWED PROGRESS, DAMAGED EQUIPMENT, CAUSED TROUBLE AND ACCIDENTS.  

65-65-07QQ1, B I G  WATER TUNNEL J O B  A B A R G A I N  I COST I 
E N G I N F E R I N G  NEWS-RECDRD, ( 1 7 5 )  1 6 1  J U L Y  1 9 6 5 .  DRAVO CORP. OF P I T T S B U R G H  WAS T H E  LOW B I D D E R  ON THE 4.8 Y I L E  WATER 
TUNYEL THROlJGH C A L I F O R N I A ' S  TEHACHAPI  MOUNTAINS. T H E  B I D  WAS $ 3 3 , 7 8 8 , 8 0 0  TO B U I L D  THE C A R L E Y  V. PORTER T U N N E L -  THE 
TUNNELS WILL L I N K  A PUMP L I F T .  TUNNEL ONE WILL RE 1.5 M I L E S  LONG, THE SECOND WILL RUN 0 . 6  M I L E S  AND NO. 3 WILL BE 1.1 
M I L E S .  THE TUNNFLS WILL GO THP.OUGH THE TEHACHAPIS A T  AN E L E V A T I D N  OF 3100 F E E T  AeOVE SEA L E V E L .  P E N N I  CORP. OF 
FRAMINGHAM, MASS. AND MORRISON-KNUDSEN C0.9 I N C .  B I D  LOW FOR A 1.2 M I L E  LONG 4 5  F T  D I A .  D I V F R S I O N  TUNNEL FOR F I C A  DAM 
ON THE COLUMRIA R I V E R  ( S R I T I S H  C O L U M P I A ' S ) .  THE B I D  WAS FOR 6 2 1 r 1 5 5 r 3 8 8 .  

64-uQQl CPM REQUIRFD FOR WATER TUNNEL ( COST 1 

HORSFSHOE S E C T I O N  WILL COST $ 2 2  M I L L I O N .  

6 5 - 6 5 - 1 7 Q Q l  TUNNELS ANO DAMS I N  COLORADO ( COST 1 
F Y G I N E F R I N G  NFWS-REC@RD, ( 1 7 5 )  6 7 ,  DCC 9, 1 9 6 5 .  TUNNELS AND D4MS OF T H E  F Q Y I N G P A N  - ARKANSAS WATER D I V F R S I O N  
P q f l J F C T  WILL COST $17.6  W I L L I O N .  THE CONTRACTOR (WINSTON BROTHERS9 FOLEY RROTHERS9 HURLEY CONSTRUCTION CO. AND F R A S I E R  

E N G I N E E R I N G  NFWS-RECORD, (175) 5 9 9  OCT 1 9 6 5 .  THE GLENDORA TUNNEL S I X  M I L E S  LONG CONCRETE L I N E D  TO E 1 5 . 5  F E E T  D I A .  

0 4 V I S )  W I L L  FXCAVATE AND CONCPETE L I N E  THREF HORSESHOE-SHAPED TUNNELS, T O T 4 L I N G  11 M I L E S .  THE CONTRACT I N C L U D E S  EARTH 
WORK AND CONSTRUCTION O F  THREE D I V E R S I O N  DAMS, CONCRETE CONDUITS,  AND 1 2  M I L F S  OF ACCESS ROADS. 

55-56-06QQf D R I L L  HOLE FCR NUCLEAP TESTS ( COST 1 
F N G I N E E R I N G  NFWS-PFCORD, ( 1 7 6 )  1 3 2 ,  J U N E  16, 1 9 6 6 .  F I V E  H D L F S  W I L L  BF D R I L L E D  FOR NUCLEAR T E S T  I N  MERCURY, NEVADA 
AT 4 COST OF $ 7 5 5 9 8 6 4 .  THREE 2 6 - I N C H  OIAMETER HOLFS CASFD TO 2 0  I N C H  I D AND TWO 1 5 - I N C H  D I A M E T F R  HOLES CASED TC) 1 0 . 7 5  
I N C H  I r) ALL 1 , 3 0 0  FEET DFFP. THE "IJOP COST I T E M  ON THE JOB IS D R I L L I N G  3 , 8 4 0  FEET OF 2 6 - I N C H  M I N I M U M  D I A M E T E R  HOLES. 

- 6 5 - 6 6 - 0 6 Q Q Z  KFNTUCKY D I V F R S I D Y  TIJNNELS ( COST ) 

E N G I ~ I E E R I N E  NEWS-RECnSP, ( 1 7 6 )  1 3 6  AND 138, J U N E  16, 1 9 6 6 .  THE P I V E R S I O N  TUNNFLS FOR THE L A U R E L  R E S E R V O I R  PR'3JECT 
W I L L  B E  D R I V F N  THROUGH BLOCKS OF SANDSTONE AND SHALES. WHEN SOFT LAYERS OF S H A L E  ARF PUNCTURED T H E  O V E R L Y I N S  O L o c Y s  OF 

WITH A 19 Ff lOT I D AND A 6 0 5  FOOT CONCRFTE-LINED D I V E R S I O N  TUNNFL. THE POWER TUNNEL W I L L  BE S T E E L  L I N E D  FOR 5 6 7  F E E T  
AVD CONCRETF L I N E D  FOQ 373 FEET. 

5 5 - 6 6 - 0 4 Q Q l  WA SHINGTOY EXPRESSWAY TUNNEL ( C@ST I 
F N G I N F E R I N G  NFW5-RECf'Rn, ( 1 7 6 )  5 7 1  J U N F  23, 1 9 6 6 .  THE PROJECT C O Y S I S T S  OF A 599-FOOT P O R T I D N  O F  T H R E F - L A N f  TUNNFL 

SANDSTOYE S E T T L E  AND MDVE OUTWARD. F E N I X  AND SCISSON,  INC.  OF TIJLSA, OKLA. B I D  $2 .7  M I L L I O N  ON A 900 FOOT POWFR TUNNEL 

AYD 3 9 0  F E E T  n F  R F T A I N I N G  WALL ON THF NOPTH APPROACH TO THE N I N T H  STREET EXPRESSWAY TUNNFL. R F G A L  CONSTRUCTION CO. OF 
WASHINGTON, D. C. W4S L l l k  B I D D E R  AT $2.3 M I L L I O N .  

5=64=49QQJ THF H I G H  CCST OF SUBWAYS 
F N G I N E E R I N G  NFWS-RECnRD, (177 1 2 2 9  AUG 4 9  1 9 6 6 .  CONSTRUCTION WEEK AYNCIJNCFMENT THAT BAQTD HAD CPEYEC P I V  FOR 3 7 0 0  
F F E T  n F  SIJBWAY THAT G4VF THF C I T Y  r)F RERKELFY SOME N O T I O N  OF HOk MUCH EXTRA THEY WOULD HAVE T D  PAY FOR L E S S  F L F V A T E D  
STRUCTUQF AND MORE SUBWAY. 

6 5 - 6 6 - U Q Q Z  SHARP P E N C I L S  ( COST I 

Zf l -FT-DIA AYGELES TUNNEL U N I T  OF THE S T A T F  WATER PROJECT I N  SDUTHEPN C A L I F O R N I A .  THE TUNNFL WILL B E  L I N E D  MOSTLY W I T H  

S H I P  R U I L D I N G  AND CONSTRUCTION CO., AND I D E A L Y  CO. 

C~=SZ=!~~QU NORTHEKY C A L I F O R N I A  WATER TUNNEL [ COST MOLES 1 
F N G I Y E E R I N G  NEWS-PFCDRP, ( 1 7 7 )  6 3 9  SFPT 8 ,  1 0 6 6 .  A LOW B I D  OF $8.6 M I L L I O N  WAS A J O I N T  VENTURE OF GATES C FOX I N C .  
GORDON H.; B A L L  E N T E R P P I S E S ;  GRANITE C O Y S f R U C T I n N  ON TVE CRYSTAL SPRING 9 Y P A S S  WATER TUNNEL I N  C A L I F O R N I A .  T H F  3 1 / 4  
V I L F  C I C U L A P  TIJNNFL, a FT. 6 I N .  DIAMETER W I L L  HAVE A FREE FLOW C A P A C I T Y  OF 2 1 5  MGD. T H F  WALLS WILL HPVE 4 MIN. 1 2  I N .  

F N G I N E E R I N S  YFWS-PECnRD, ( 1 7 7 )  2 0 1  AUG 25, 1 9 6 6 .  A LOW B I D  OF $ 9 5 , 0 7 9 , 6 5 0  WAS S U B M I T T E D  FOP A 7-MILE-LONGq 

CGNCQETF, BUT SCMF P A R T S  WILL B E  STEEL LINED. CONTRACTOR IS A JOINT VENTURE OF J. F. SHEA ro .?  KAISES FNGRS, LOCKHEED 

COYCQETF L I N E 9  FXCFPT AT S T E F L  R I 3  SUPPORTS AND 500 F T .  OF TUNNEL A T  THE SOUTH FNTRAVCE WHICH W I L L  PE L I N E D  W I T H  S T E F L  
P I P E .  S I N C E  A GOOD P O R T I O N  OF T H E  S O I L  I S  A C O M B I N A T I O N  OF SANDSTONE, SHALES AND V A R I O U S  METAMORPHIC ROCKS, I T  WILL 5E 
S U I T A B L E  FOR T U N Y E L I N G  MACHINES. 

f i A 6 - 1 O O Q l  D A L L 4 S  PLhNS TO EURY I T S  TRUCKS ( TR4NSPORTATION SYSTEM ) 

' N G I Y F E R I N G  NFWS-RFCPRD, (177)  13, OCT 2 0 9  1 9 6 6 .  D A L L A S  ADOPTED A LONG-RANGE TRANSPORTATION P L A N  TCl SERVF THE 
CENTRAL B U S I N F S S  D I S T R I C T  TO THE YEAR 2000. A 1 1 / 4  M I L E  LONG TRUCK TUNNFL UNDFR M A I N  ST. AT $ 1 5  M I L L I @ N .  

!S.=61=93QQ.l TUNNEL JOB H I T S  ANOTHER SNAG ( SUBWAY SHIELD-DRIVEN-COMPRFSSEn-AIR-METHOD SUVKFN-TUBE-TRENCH-YETHOO 
F N G I N E E R I N G  REWS-RFCORD, ( 1 7 8 )  3 0 5 ,  MAR 17, 1 9 6 7 .  LABOP. GRCIUPS ARE NOW OPPOSING NEW YORK C I T I E S  TRANS!T A U T H O R I T Y  
PLANS TO CHANGE C(lNSTQUCTION OF A 2 TRACK SUSWAY TUNNEL UNDER E A S T  R I V E R  TO A P O I N T  BETWEEN MANHATTAN AND QUCEh'S FROP A 
S H I E L D  D R I V E N  - CrlMPQFSSFD A I R  MFTHOD TO A SUNKEN T Y R E  TREYCH T Y P E  METHOD. AS RECOMMENDED BY P P I V A T E  C C N S U L T I N G  
F N G I Y E F R S  THE CHANGE SHOULD DROP COSTS FROM I Y I T I A L  B I D  OF $101 M I L L I O N  TO $33.5  M I L L I O N .  T H E I R  REPORT CHARACTERIZED 
TUNYELS UNDEQ C@MpRESSFD A I R  AS H I G H  R I S K  PROJECTS. THE U N I O N  P R E D I C T E D  THE CHANGE WOULD CAUSE DELAYS UP TO 2 YEARS 
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'AND CITED CORPS OF ENGINEERS RULES FOR CHANNEL DEPTHS WOULD INCREASE COSTS AND BLASTING USING THE TRENCH METHOD WOULD 
R E Q U I R E  C L O S I N G  T H E  @EEPFR CHANNEL TO S H I P P I N G .  U N I O N S  WILL STUDY WORKING R U L E S  AND C O N D I T I O N S  FOR P O S S I B L E  CHANGES TO 
R F S U L T  I N  LOWER COSTS I N  COMPRESSED A I R  WORK. 

h f i A k & Q Q l  TUNNEL GETS BIGGER AND R I C H E R  ( SUNKEN-TUBE S H I E L D - D R I V E R  COST-ESTIMATES 1 
F N G I N E F R I N G  NEWS-RECORD, ( 1 7 8 )  939 APR 20, 1967.  PROJECT MONEY A L L O C A T I O N S  HAVE B F E N  I N C R E A S E D  RY BOTH T H E  S T A T E  

RESULTS FROM I N C R F A S I N G  TUNNEL C A P A C I T Y  FROM TWO TRACKS I N  ONE TUBF TO FOUR TRACKS I N  TW@ TUBES. J O B  WAS RE-ESTIMATED 
AND CHANGFD TO SUNKEN-TUBE METHOD OF C. l lNSTRUCTION RATHER THAN D R I V I N G  W I T H  A S H I E L D  AND COMPRESSED A I R  W I T H  E S T I M A T E D  
S A V I N G S  O F  $16.9 M I L L I C N  AND 15 MONTHS. 

AND C I T Y  FOR T H E  TUNNEL AND CONNECTING L I N E S  L I N K I N G  MANHATTAN I S L A N D  AND T H E  BOROUGH O F  QUEENS. P A R T  O F  E S C A L A T I O N  

65-b7-Q5QQ1 CONTRACTS AND LOW B I D S  ( R A I L - L I N E  CDST I 
F N G I N E E R I N G  NFWS-RECORD, ( 1 7 8 )  1501 MAY 259 1967.  V I R G I N I A  - ANNOUNCEMENT O F  AWARD OF CONTRACT FOR 4,000 FOOT 
TUNNFL I N  $7 M I L L I O N  8.4 M I L E  R A I L  L I N E  TO THE BUCHANAN COUNTY COAL F I E L D S .  

. ~&A~z .Q~QQ~ B I D S  DUF SOON ON V I R G I N I A  HIGHWAY J O B S  ( TUNNEL INTERSTATE-HIGHWAY E S T I M A T E D  COST 1 
THE W4SHINGTON POST, MAY 28 ,  1967 .  B I D S  WILL B E  I N V I T E D  L A T E R  I N  1 9 6 7  FOR 117 HIGHWAY PROJECTS WHICH I N C L U D E  A 
TUNNEL THRCUGH B I G  WPLKER MOUNTAIN I N  SOUTHWEST V I R G I N I A  FOR HIGHWAY 7 7 .  

a=kEJ.QQQl WATFR TUNNEL I N  C A L I F O R N I A  I COST 1 
E N G I N E E R I N G  NEWS-RECORD, ( 1 7 9 )  739 OCT 12,  1967.  A WATER TUNNFL THROUGH THE SAN BERNARDINO M O U h T A I N S  I S  E S T I M A T E D  
T!l T 'JST ABOUT $1~000 PER FOOT. THE LOW CONTRACT B I D  EXCFEDED T H E  ENGINEERS E S T I M A T E  B Y  12.9 PERCENT. THE PROJECT W I L L  
Q F O U I R E  ABOUT 1 1  M I L L I O N  C U B I C  YARDS O F  EXCAVATION.  

C5-67-11QQl OFFSHORE A I R P O R T  F E A S I B L E  FOR CHICAGO ( POLDFR SIX-LANE-TUNNEL 1 
F N G I N F F T I N G  NEWS-RECORD9 ( 1 7 9 )  609 NnV 1967 .  AN E N G I N E E R I N G  F I R M  I N  CHICAGO HAS S U B M I T T E D  A REPORT C A L L I N G  FOR AN 
A I F P 0 9 T  T O  q E  P U I L T  @ N  A POLDFR I N  L A K E  M I C H I G A N  AND L I N K E D  T O  AN EXPRESSWAY BY MEANS OF A TUUNEL. THE REPORT C A L L S  
F f l 4  4 400 FT. LONG S I X - L A N E  TUNNEL I N T O  THE A I R P O P T  S I T E .  THE TUNNEL W I L L  GD BENEATH AN OPEN CHANNEL, 200 FEET LENGTH 
1 N D  2 0  F F F T  DEFP, A L L 9 W I N G  A L L  BUT DFEP DD,AFT S H I P S  T O  PASS THROUGH. I T  WAS RECOMMENDED TO CONSTRUCT T H E  TUNNFL I N  A 
COFFERDAM I N S T E A D  D F  U S I N G  THE SUNKEN-TURF YFTHOD FOR ECONOMIC RFASONS. 

6z=.f&=Q5QQ1 R I D S  J O I N  TWP CHICAGO SEWFR JOSS ( COST ) 
E Y G I N F E R I N G  NEWS-RECORD9 (180) 479 J U N F  27, 1968.  SEWER S E C T I O N S  I N  C H I C A G O  WILL BE A 5 1 / 2 - F T .  TUNNEL D R I L L F D  
U I T H  A M E C H A N I C A L  "ILE. THE TWO B I D S  W I L L  COVER 5 M I L F S  AND W I L L  COST $ 2 ~ 3 5 0 1 2 4 5  AND $ 3 , 5 4 9 , 2 4 7 .  

65-08-05QQ2 GRAVDUC'S T U N N E L I N G  RECCRD - 518 F T  I N  6 DAYS ( L I N I N G S  ) 

C A N A Q I A N  M I N I N G  JOUPNAL, ( 9 9 )  N 6, 46-39 JUNF 1 9 6 9 .  A U S T R A L I A ' S  J I N D A B Y N E  TUNNEL APR 1968 RECORD ADVANCE I N  S I X  

C L A S S I C  D R I L L 9  BLAST AND L O A D  METHOD EMPLOYING 89 YEN I N  24  YR I S  USED. D E T A I L S  OF EQUIPMENT USED, D R I L L I N G  PATTERN AND 
S U P P 0 9 T  OF ROOF ARE INCLUDED.  BEST D A I L Y  AOVANCE WAS 99  F T  MADE ON JAN. 1 9 ,  1968.  

MAMFNT C. 

DAYS HAS 9FEN RFTTFRED PY ONE FOOT BY CREHS D R I V I N G  GRANDUC ( A L A S K A )  1 5 x 1 5  F T  W I T H  8 F T  R A D I U S  ARCHED BACK TUNVEL; 

h 5 - 4 R - Q l Q U  HOLES GROW DFEPFR I N  B I G  WALKER ( C 3 S T  HIGHWAY-TUNNFL ) 

T P F  YOAUOKF TIM'S9 C 2 9  J U L Y  289 1968. A $26  M I L L I D N  MOUNTAIN ROAD B U I L D I N G  PROJECT THRqUGH R I G  WALKES MOUNTAIN I S  
I N  PPnCCSS A210 OF T H I S  AMOUNT S20.A M I L L I O N  I S  FClP THE TUNNELS. THE T U N W L F  WILL BE EIGHT-TENTHS O F  A M I L F  LONG. T W I Y  
3 R I L L I N G  D I G S  N I T H  N I N E  D R I L L S  ON THE FRONT END WHICH MflVF ON R A I L S  I Y T O  T H F  TUNNFLS'  SORES AYD BORE HOLES FOR 
OYYAMITF.  45-TOW TQIJTKS HAVF A D E V I C F  WHICH TAKES OUT THF CARBON MONOXIDF. THE A I R  I N S I D E  THE TUNNFLS C A N  QE CHAMGED IN 
TWV V I Y U T F S  RY 2 4  FANS. 

'3Ff iGLFp P. 

----- 6 5 - 6 8 - l l Q Q l  TIJf NFL SOLVFS PEPCO L I V E  PROFILEM 
THF MASY1NGT"N PClST, S U S I N E S S  AND F I N A N C E 9  C A T  " i l V  1968.  A U T I L I T Y  COMPANY USES A TUNNEL TO P L A C F  I T S  OWN POWER 
L I V E S  \.lhFN I T  COULD NOT D I G  UP A HIGHWAY. 

FIELD 7 MECHANICAL TUNNELING DEVICES 

F I F L n  7 2  S Y P P C S I A  

77-59-07421 A NEW MINTNG MACHINE FOR HIGH-SPEED SHAFT S I N K I N G  AND ROADWAY T U N N E L I N G  ( D R I L L I N G - D E V I C E S  MOLE 
TU(\ \ E L  IYG-MACHINE 1 
V7RCPINOV, J. + K I T T R I C K 9  R. E AC4D O F  M I h l I N G  OSTRAVA CZECH 

P R q C F E P I V G S  nF THE S Y Y P Q S I U V  'JY SHAFT S I M K I N G  AYD TUNNELING,  482-4911 J U L Y ,  1959 ( T H E  I N S T I T U T I O N  OF M I N I N G  ENGINEFRS, 
'960). P YFW D R I L L I N G  MACHINE IS  NOW S E I N G  DEVELOPED I N  S O V I E T  AND CZECHOSLOVAKIAN L A B O R A T O R I E S  AND T E S T I N G  
Y T Y F S .  T H F  Y A C H I N F  C&"I M A I Y T A I Y  A NORMAL MONTHLY S I N K l N G  R A T E  OF FROM 300-600 M W I T H  S H A F T - L I N I N G  GOING ON AT THE SAME 

S T A 3 I L I T Y  IN T Y F  'rlbLLS OF THF SYAFT I S  DISCUSSFO. THE D E V I C F  CAN RE USFD TO D R I L L  TUNNELS. 

72-45-05QQ1 MACHINE T U V N F L I N G  OM M I S S O U R I  POWER DAMS ( B L A S T I N G  SMOOTH-90RE ROCK L I N I N G  COST MOLE 1 

PQOC '3F T H F  A Y E R I T A N  S q C I F T Y  OF C I V I L  E N G I ~ J F F ~ S T  JOURNAL n F  THE CONSTRUCTION D I V I S I O N T  CP 1 7  NO. 4'149 1-27,  MAY 
1965.  n U T I N G  THE PAST 2' YEARS, 15 M I L E S  9 F  TUNNELS RANGING TO HORE THAN 30 FT. I N  D I A .  H A V E  @EEN D R I V E N  AT FOUR 
i4AJI)R nAMS ON THE MISSClURI  R I V F 9  TYRU SOFT ROCK. I N  1034 T U N N E L I N G  BEGAN A T  FORT P I C K  DAM BY D R I V I N G  A P I L O T  BORE AND 
ENLARGING TO 3 2  F T  QP 30  F T  8 I N  DIAMFTER.  MEC- IANIZATION B Y  C U T T I N G  9 FT. DEFP KERFS PROUND T H E  P E R I P H E R Y  WAS 
ABANDOVFD DUE TO D I F F I C U L T I F S  I N  H O L D I N G  T H E  SAW I N  P O S I T I O N .  A T  GAQRIS'3N DAM M I N I N G  WAS IMPROVED l?Y F U L L  FACE 
7 D E R 4 T I n N  FQCW A JUMP0 H A V I N G  PREAST AN@ CROWN JACKS. AT FORT RANDALL @AM A KERF CUTTER WAS S A T I S F A C T O R I L Y  USED B Y  
MOUYTIhlG I T  OY TYF JUYPO. A T U Y M F L I N G  MACHIYE WAS F I R S T  USED AT OAHE DAY WHERE THF CONTRACTOR PREFERRED I T  TO SMOOTH 
WALL Q L 4 S T I Y G .  A O F F C P I D T I D N  OF T U N N E L I N G  AT ALL THESE PROJECTS I S  GIVEN.  T A P L E  ONE SHOWS THE P H Y S I C A L  PROPEPTIES OF 
TUYUFL 90CKS.  T A P L E  TWO G I V F S  A COMPARISON OF TUNNFL SUPFORT 4ND L I V E R  DESIGN.  T A B L E  THPFE G I V E S  THE DATA DN THE OAHE 

OF E X C A V A T I O N  I S  G I V F N  F O R  THF Ff l ISSOUPI  R I V E 9  TUkNELS.  T U N N E L I N G  W I L L  ALWAYS P Q E S F N T  A CHALLFYGE BUT THESE 
U Y C E R T A I N T I F S  VAKE I T  ,AM7VG THE MOST I N T E R E S T I N G  AND REWARDIVG OF E N G I N E E R I N G  A C T I V I T I E S .  

77-56-0JQql Y 4 C H f N e  TUNNFLIPIG ON M I S S O U R I  R I V E R  DAMS ( B L A S T I N G  MOLE Y I T T R Y  ) 

A'!. S3C. C I V I L  ENG. PROCFEDINGS, 102)  CO 1, N'J. 45079 79-819 J A N  1966. I N  T H I S  D I S C U S S I O N  OF PROC. PAPER 4314.  I T  
1 s  STATED THAT P L A S T I Y G  W A S  NOT PRCIHIRITFD.  THE F I R S T  TUNNEL S P F C I F I C A T I O N  STATED I h l  PART: "IN RLASTIPIG,  ALL 
PRFCAUTIONS S H A L L  RF T A K F N  TO PREVENT DAMAGE TO R I N G  BEAMS AND A L L  P N E U M A T I C A L L Y  PLACED MORTAR. NO B L A S T I N G  SHALL RE 
P"?FORMFII IY T U N Y F L S  U Y T I L  c N T I R C  TUNNFL PERIPHEY T O  DEPTH PROPOSED FOR B L A S T I N G  HAS REEN SEVERFO BY YFANS 3 F  SAW 

MECHANICAL Y I N F P S  0.7 OTHFR EQUIPMENT F 9 R  TUNNEL CONSTQUCTIOY WILL B F  CONSIDEQED FOR APPROVAL AND P E q Y I T T E D  I F  
S 4 T I S c 4 C T n R Y  TUNYFL CONSTRUCTION C A N  B E  O B T A I N F D  I N  CONFORYANCF W I T Y  PLANS AND S P E C I F I C A T I O N S .  AFTER THE M I T T R Y  MOLE 

T I M = .  THF FFFFCTIVEh!FSS OF T H E  NEW MACHINE UVDER SUCH PROBLEMS AS I Y F L O W  OF WATER, TPE PRESENCE OF GAS, AYD LACK OF 

UhDFRWOOQi L. 6. E U.S. CORPS OF FNGRS 

TUh!NELING MACHIYES: V I T T R Y  MOLE, OAHE MOLE9 M-K M I N F R  AND P R A I R I E  MINER. I N  T A B L E  FOU" A C@ST COMPARISCN PER CU. YD. 

SANDFQS, W .  L .  C W .  L .  SAVDEQS C 3  

CUTT IN59 r L 3 S C L Y  qP4CFD I I N €  D R I L L I N G  C)R S I M I L A R  MFTHOOS APPROVED BY THF CONTRACTING DFFICER."  T H E  USE OF C3NTINUOUS 
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H A D  PROVEN THE F E A S I B I L I T Y  OF MACHINE T U N N E L I N G 9  B L A S T I N G  HAS P R O H I B I T E D .  THE R I S K  OF THE T U N N E L I N G  M A C H I N E  WAS T A K E N  
OF THE CONTRACTORS OWN V O L I T I O N  AND NOT AS A RESULT O F  ANY L I M I T A T I O N  E S T A B L I S H E D  B Y  THE S P E C I F I C A T I O N .  

z - 6 8 - Q Q Q Q l  HARD ROCK T U N N E L I N G  MACHINES I MOLES SAFETY COST COMPARISON 1 

I N S T I T U T I O N  M I N  & MET TRANS9 ( 7 7 )  SEC A T  A 1 - A 2 l r  1 9 6 8 .  B R I E F  O U T L I N E  O F  H I S T O R I C A L  DEVELOPMENT OF MECHANICAL 
T U N N E L I N G  FOLLOWED BY SURVEY OF TO-DATE DEVELOPED T U N N E L I N G  MACHINES; P R I N C I P L E  OF O P E R A T I O N  AND D E S I G N  C H A R A C T E R I S T I C S  

MECHANICAL TUNNELING,  I N S O F A R  AS SAFETY, OVERBREAK AND SUPPORTS OF ROOF, COST OF LABOR7 MUCK D I S P O S A L 9  C A P I T A L  OUTLAY9 
ROCK HARDNESS, DUST FACTOR AND POWER CONSUMED ARE CONCERNED. TUNNEL ADVANCE R A T E  DATA BASED ON CONSTRUCTION OF 19 
TUNNELS D Q I V E N  I N  VARIOUS COUNTRIES OF WORLD I S  TABULATED.  ECONOMICS O F  MECHANICAL T U N N E L I N G  ARE D I S C U S S E D  AND 

ROCK T U N N E L I N G  MACHINES ARE TABULATED I N  APPENDIX.  

1 2 - 6 8 - Q Z Q Q l  THE T N E V I T A B L E  MARRIAGE O F  UNDERGROUND M I N I N G  A N 0  B I G  HOLE D R I L L I N G  ( D R I L L I N G  SHAFT MOLES ) 

N A T I O N A L  A.1 .Ma€. M F E T I N G t  UNDERGROUND M I N I N G  S E S S I O N 9  1 - 3 6 ,  FEB. 2 6 ,  1 9 6 8 .  T H E  ADVANTAGES OF ROTARY SHAFT 

MUIRHEAD9 I. R e  + GLOSSOPT L. G. E I N S T I T U T I O N  O F  M I N  AND MET 

ARE D E S C R I B E D  AND TABULATED;  CONVENTIONAL T U N N E L I N G  ( B Y  D R I L L I N G 9  B L A S T I N G  AND MUCKING T E C H N I Q U E )  I S  COMPARED W I T H  

A P P L I C A T I O N  OF METHOD TO M I N I N G  IS ANALYZED; C H A R A C T E R I S T I C S 9  A P P L I C A T I O N 9  PERFORMANCE9 AND COST D A T A  O F  A L L  KNOWN HARD 

NORMAN9 Ne E. t RFED D R I L L I N G  TOOLS HOUSTON T E X  

D R I L L I N G  ARE: 1 )  C A P A B I L I T Y  O F  D R I L L I N G  ECONOMICALLY, 2 )  R A T E  OF P E N E T R A T I O N 9  3 )  SAFETY I N  ROTARY SHAFT S I N K I N G 9  41 
QUICKER L I N I N G  AND CEMENTING OF C A S I N G  L I N E R S T  A B I L I T Y  TO D R I L L  SMALL D I A M  SHAFTS. L I M I T A T I O N S  ARE: 1) COST, 2 1  
T F C H N I C 4 L  PROBLEMS. AREAS WHERE GREATEST IMPROVEMENTS ARE REQUIRED:  1 )  H O L E  D E V I A T I O N 9  2 )  C U T T I N G  REMOVAL, 3 )  SHAFT 
L I N I N G ,  4 )  CEMENTINGT 5 )  LOSS O F  C I R C U L A T I O N ?  6 )  EQUIPMENT H A N D L I N G 9  AND 7 )  TRANSPORTATION.  ARFAS WHICH PROVE MOST 
C R I T I C A L :  11 R I G  D E S I G N 9  2 )  F L U I D  OR A I R  C I R C U L A T I N G  SYSTEMS, 3 )  B I T  DESIGN,  4 )  O R I L L  S T R I N G  DESIGN.  ADVANTAGES OF 
MFCHANICAL TUNNELING:  1 ) INCREASED SAFETY9 2 )  REDUCED OVERBREAK, 3 )  REDUCED LABOR REQUIREMENTST 4 )  CONTINUOUS MUCK 
Q E M O V ~ L T  5 )  GREATER RATES OF ADVANCE7 6 )  L E S S  SUPPORT REQUIREMENTS. M A I N  AREAS FOR IMPRnVEMENT I N C L U @ F :  1) A B I L I T Y  T O  
RnRE AROUND SHORTER R A D I U S  CURVES9 2 )  A B I L I T Y  T O  RORE UP OR DOWNGRADE AT 2 0  TO 30 DEG. HORIZ.,  3 )  A B I L I T Y  TO RORE 

Y A I N  ADVANTAGES ARE COST9 SAFETY9 SPEED. L I M I T A T I O N S  ARE: I N V E S T M E N T ?  OPERATIOW9 S I T E  P R E P A R A T I O N ,  HOLF D E V I A T I O N t  A I R  
CONSUMPTION9 T R A I N I N G  CREWS9 CUTTER L I F E ,  P L A N N I N G ?  M O R I L I T Y .  

12-68-04QQJ D I S C U S S I O N  OF HARD ROCK T U N N E L I N G  MACHINES ( RESEARCH ECONOMY P I C K S  ROTARY-BITS D R I V E S  CUST ) 

HARDER ROCK ECONOMICALLY, 4 )  BETTER DUST CONTROL SYSTEMS, 5 )  MORE ACCURATE L I N E  AND GRADE CONTROLS. R A I S E  B O R I N G ' S  

P I R Q I E t  N. D. + GOSSOP, L. G. + SHEPHERD, R. & BURGESS, i?. P. + MEGAWI T. M. 
E S I R  ROSERT M C A L P I N F  AND SONS 

I V S T T T U T E  OF M I N I N G  + MFTALLURGY TRANSACTIONS,  ( 7 7 1  NO. 7409 A 1 1 8 - A l 2 1 9  APQ 1 9 6 8 .  P I R R I E  SUGGESTED THAT RFSEARCH 
CDULr) B F  A P P L I F D  TO E X C A V A T I N G  ROCK B Y  DRAG P I C K .  ALREADY THEY HAVE MOVED UP FROM SUCCESSFULLY C U T T I N G  1 2 9 0 0 0  TO 

PLAY FOR H I G H  SPEED NECESSARY? SPEED IS ONLY ONE C O N S I D E R A T I O N  I N  ECONOMICAL CONSTRUCTION. GLOSSOP S A I D  T H A T  THE A I M  
I F  H I S  PAPER WAS TO ACQUAINT M I N I N G  E N G I N E E R S  W I T H  THE GREAT S T R I D E S  MADE B Y  C I V I L  ENGINEERS I N  T U N h E L I N G  WHICH M I G H T  
SE A P P I E O  T O  M I N I N G .  T H E  ADVANTAGES AND DISADVANTAGES OF T U N N E L I N G  MACHINES ARE GIVEN.  SHEPHERD WAS P A R T I C U L A R L Y  
I Y T F R F S T E D  I N  THE HABEGGEP MACHINE WHICH CUTS I N  T F N S I O N  FATHER THAN COYPRESSIOV.  BURGESS D I S C U S S E D  THE PROBLEMS OF 
H Y D R A U L I C  VFRSUS E L E C T P I C  D R I V E  AND CUTTER O R I E N T A T I O N  T @  REDUCT THE REQUIRED THRUST. MEGAW G A V F  T H E  REASONS FOR 
Y F L E C T I Y G  A T U V N E L I N G  MACHINE I N  E X C A V 4 T I N G  THE 3 3  F T  11 L N  D I A M E T F R  7000 F T  LONG MERSEY PDAD TUNNEL.  T H I S  M A C H I N E  
CqULD FXCAVATF FOR A 4 F T  R I N G  I N  AN HOUR BUT L I N I N G  B U I L D I N G  AND GR@UTING COMPLETION B E Y I N D  I T  WAS THF GOVERNING 
F A C T n R  I N  ADVANCE. LOMAS OF THE N A T I O N A L  COAL BOARD S A I D  THAT DUST SUPPRESSION WAS THE MAJOR PROBLEM I N  Y I N I N G  COAL 
WITH T U N N E L I N G  CACHINES. 

1,2=bkQ5Q41 R O P B I N S  TUNNEL BORING MACHINES. A STATUS REPORT W I T H  AN EYE TO T H E  FUTURF ( JUMBO S H I E L D  G R I P P E R  H I S T O R Y  

15,000 P S I  FORMATIONS TO 2 0 9 0 0 0  TO 3 0 y O O O  COMPRESSIVE STRENGTH- P I C K S  WERE CHEAPER THAN ROTARY B I T S .  WAS T H E  GREAT 

1 
R O P B I N S 9  Re J.  

CONFEREYCET TUNNEL AND SHAFT U N I V  O F  MINN.9  MAY 1 5 - 1 7 9  1 9 6 8  ( P R E P R I N T ) .  A B R I E F  H I S T O R I C A L  Q E S C R I P T I O N  OF THE 
TUNNEL 8 O R I N G  INDUSTRY. TWO RE4SONS WHY MOLES ARE NOT USED FOR MOST TUNNEL CONSTRUCTION APE - L A C K  OF V E R S A T I L I T Y  AND 
I Y A R I L I T Y  TO D E F I N E  TYE REQUIREMENTS FOR A S P E C I F I C  JOB. THE THREE TYPES OF R O B B I N S  BORERS ARE JUM8Ot  S H I E L D  AND 
w r P p E * .  ALL THE SMALLEQ DIAMETER ( L E S S  THAN i o  F E E T )  TUNNELS USE THE GRIPPER. M A J O R  OEVFLOPMFNT IS NFEDED IN THE 
HARD YOCK CUTTERS. 8 PAGES. 

E -hkQ2442 EQUIPMENT R F L I A P I L I T Y  ( ROCK-FRACTURE CUTTERS CUTTING-METHODS MUCKING GROUND-CONTROL E N G I N F E R I Y G  
MANUFACTURING MAINTENANCE I 
H A P I L T C N T  W. H. E LAWRENCE MFG CO 

Tt fVNEL 4 N n  SHAFT CONFERFNCE, U N I V  OF M I N N T  MAY 1 5 - 1 7 9  1 9 6 8  ( P R E P R I N T ) .  B O r l I N G  P A T E S  CAN RE IWCREASED THROUGH 
FASTFR POCK FRACTURE, IFIPROVED SUPPORT SYSTEMS, MORE HORSEPOWER9 BETTER CUTTERS9 I M P R O V E 9  C U T T I N G  FnETHnDSt 9 F T T E Q  
' 4 4 T F R I A L  H A Y D L I N G  SYSTEMS AND RETTER GROUND CONTYOL SYSTEMS. EQUALLY IMPORTANT I N  I N C R E A S I N G  B O R I N G  R A T E S  I S  RETTER 
U T I L I Z A T I O N  nF T U N N F L I N G  MACHINF AND EQUIPMENT THROUGH GPEATFR EQUIPMENT R E L I A B I L I T Y .  IMPETUS I S  B E I N G  G I V E N  TO 
MFCHAYTCAL R O Q I N G  AS A R E S J L T  OF I T S  LARGE P D T E Y T I A L  ECONOMIC ADVANTAGF OVER CONVENTIONAL D P I L L  + BLAST METHODS. 
I F T A T L S  FOR THE FOUR ARFAS: BETTER F N G I N E E R I N G ,  BETTFR MANUFACTURING CONTROL? SETTER P R E V E N T I V E  MAINTENANCE PPCGRAMSY 
A'dn 'ETTFP UNDFPSTAND!NG BY MACHINE D F S I G N F R S  OF THE PROBLEM F A C I N G  THE TUNNEL CONTRACTOR AND M I N E  ~ P E R A T O R T  THROUGH 
WHICH R E L I A B I L I T Y  CAN 9 E  I N C R E 4 S E D  ARE GIVEY.  

IZrE'=12491 SAN FRANCISCO APPROACH TUNNELS TO THF TRANS-BAY T U B E  ( T 9 E Y I F - W A L L  S H I E L D S  CONSTRUCTION-RATF COST 
PRORLFM-ARFAS EXPLORATORY-DRILL I N G  AL IGNMEVT 
WHITEMANT J. C a t  JR. E PARSONS BQINKERHOFF 

SACRaNENTO S T 4 T E  COLLEGF, CAL SECOND SYMP ON R A P I D  EXCAVATION,  10-1 TO 1 0 - 3 7 9  OCT 1 6 9  1969. SPEAR STREET 
V F N T I L A T I O N  SHAFT I S  TWO 3 R  FOOT O U T S I D E  DIAMETER LOBES W I T H  TWCl FOPT T H I C K  WALLS 100 F E E T  DEEP. F R A N K 1  FOUNDATION CO 
q F  RQSTf'N B U I L T  THE T p E M I E  CCNCRETE WALLS W I T H  S P E C I A L  EQUIPMENT. TWO 1 8 '  - 6 1 / 2 "  O.D. CALDWELL TUNNEL S H I E L D S  WERE 

L 4 4 S E R  THAN THE DIAMETFR OF THE 2 - 1 / 2  FOOT LONG TUNNEL R I N G S  ERECTED W I T H  E. RUCKER ERECTOR. A L I G N M E N T  WPS VERY 
IMPODTANT AND THFRE WAS A H O R I Z O N T A L  AND V E R T I C A L  CURVE I N  THE ALIGNMFNT. EVERY WFEK A CHECK SURVEY WAS RUN C N  

USED TO CONSTRUCT THF i 3 0 0  FflOT L@NG B A Y  TUNNELS. I N S I D F  D I A M E T E R 9  OF THE 2 - 1 / 4  I V C H  T H T C K  S K I N  P L A T E  WAS J U S T  2 I N C H E S  

V E R T I C A L  AND H O R I Z C N T 4 L  ALIGNMENT.  TWELVE 7 5  TOY JACKS SUPPORTED THE TUNNEL F A C E  4ND TWENTY-FOUR 1 2 5  T O N  SHOVE J A C K S  
M F D F  O I S T R I R U T F D  AROUND THE T A I L  OF T H E  S H I E L D .  T H E  PERKELFY H I L L S  TUNNELS FACH 1 6 9 2 4 0  F E E T  LONG AND 2 1  FOOT DIAMETER 

T 4 Q U L 4 T I r N S  OF PROGRFSS P A T E  AND SUPPOrlT DATA AYE G I V E N  AYD PROBLEM AREAS DESCRIBED.  D I V I D E N D S  EARNED I N  T A K I N G  CARE OF 
( O U T S T D F )  H O R S E S H ~ E  TUNNELS WERE CONSTRUCTED BY STANDARD DRILLING AND SHOOTING F R O V  FOUY HEADI~GS IN 2 0  MONTHS. 

THE GROUND AS PROBLEMS AROSF ARE WELL I L L U S T R 4 T E D .  
EXPLqRATORY CORE D R I L L I N G  AND D R I F T I N G  I N D I C A T E D  TUNNEL C O N D I T I O N S .  

T H E  CONSTRUCTION W I T H  CONCRETE L I N I N G  COST 30.5 M I L L I O N  DOLLARS.  
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77-69-1QQQ2 R I V E R  MOUNTAIN TUNNEL CONSTRUCTION ( COST GUIDANCE MOLE SUPPORT CUTTERS MUCKING PRODUCTION ) 

SACRAMENTO S T A T E  COLLEGE C A L  SECOND SYMP ON R A P I D  EXCAVATION,  11-1 TO 1 1 - 1 2 ,  OCT 1 6 9  1 9 6 9 .  R I V E R  M C U N T A I N  TlJYhJFL 

TUNYFL TAN WAS TOO HARD TCl MOLE. THE LOW B I D  FOR T H I S  TUNNEL W I T H  A M I N I M U M  7 - 1 / 2  I N C H  T H I C K  CONCRETE L I N I N G  WAS 3 .9  
M I L L I f l N  DOLLARS WHICH WAS 1.3 Y I L L I O N  BELOW THE SECOND BIDDER.  L E S S  THAN 5 PERCENT OF THE TUNNEL WAS SUPPORTED AND 
T H I S  E Y T I R E L Y  W I T H  ROCK BOLTS. FOR CONVENTIONAL D R I L L  AND SHOOT E X C A V A T I O N  50  T O  70 PERCENT S T E E L  R I B  SUPPORT WAS 

GTVEY. SUCCESS OF T H I S  PROJECT SHOULD OPEN NEW aREAS FOR MECHANICAL T U N N E L I N G .  

SPERRY, Pa E. E FLUOR UTAH ENG CONSTRS I N C  

W4S RDRED W I T H  A JAQVA MK 1 1 - 1 2 0 0  TO I ?  FEFT DIAMETER AND WAS 19,970 F F E T  LONG. MANY THOUGHT T H E  ROCK THRU WHICH T H I S  

E S T I M A T F D .  D E T A I L S  OF GEOLOGY, MOLE9 CUTTERS9 YUCK HANDLING9 U T I L I T I E S 9  CREWST PRODUCTION AND L A S E R  G U I D A N C E  ARE 
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IL-&'+LQQp2 R I V E R  MOUNTAIN TUNNEL PRECONSTRUCTION DATA AND FUTURE NEEDS ( GEOLOGY MOLE MUCKING L A S E R  D R I L L A B I L I T Y  
BO R I NG-RAT E 1 
SAMSON, G. A. & U.S. BUR RECL DENVER COLO 

SACRAMENTO S T A T E  COLLEGE? CAL SECOND SYMP ON R A P I D  EXCAVATION,  11-13 TO 1 1 - 2 0 ~  W T  16, 1 9 6 9 .  E X T E N S I V E  GEOLOGICAL 
EXPLORATIONS ALONG THF R I V E R  MOUNTAIN TUNNEL AL INEMENT GAVE CONTRACTORS D E T A I L E D  I N F O R M A T I O N  UPON WHICH TO BASE A SOUND 
B I D .  SEVENTEFN TUNNELS HAVE BEEN COMPLETED W I T H  B O R I N G  MACHINES. EACH HAS CONTRIBUTED TO MACHINE AND OPERATION 

K I N D  OF ROCK I S  A GOAL W I T H I N  REACH. LASER GUIDANCE W I L L  G I V E  ACCURATE TUNNEL ALIGNMENT. M A T E R I A L S  H A N D L I N G  AND 
SUPPORT METHODS BOTH NEED IMPROVEMENT. A  D R I L L A B I L I T Y  I N D E X  FOR ALL TYPES OF ROCK WILL M A T E R I A L L Y  A I D  CONTRACTORS 
B I D D I N G  TUNNEL WORK. A C O M B I N A T I O N  OF THE BEST FEATURES OF THE 2 0  MAKES OF MOLES SHOULD RESULT I N  THE ALMOST E X C L U S I V E  
USE OF SUCH EQUIPMENT FOR TUNNELING. 

IYPROVEMENTS. T H I S  TUNNEL DEMONSTRATED THAT HARDER ROCK CAN BE MOLE0 AND THAT 1,000 FOOT PEQ WEEK D R I L L I N G  RATE I N  ANY 

12-69-1Qu R I V E R  MOUNTAIN TUNNEL, JARVA M K l l - 1 2 0 0  MOLE ( RORING POWER L U B R I C A T I O N  CUTTERS HYDRAULIC-SYSTEM 
DU ST-C OLL  ECT I ON 1 
GAGLIONE, A. T.  + F I N K ,  T. & JARVA I N C  SOLON O H I O  

SACRAMENTO STATF COLLEGE, CAL SECOND SYMP ON R A P I D  EXCAVATION,  1 1 - 2 1  TO 1 1 - 2 6 ,  OCT 16, 1969. PREVIOUS TO U S I N G  
T H I S  7 2  FOOT D I A # F T E Q  B O R I N G  MACHINE, ONE OF T E N  FOOT DIAMETER WAS USED TO EXCAVATF AN I N C L I N E D  SHAFT I N  NEW YORK. AT 

A C T I O &  I S  USED RATHER THAN S H A V I N G  OR M I L L I N G .  T H I S  REQUIRES HYDRAULIC  CLAMPING I N  THE BORE FOR THE MACHINE 'S  TWO FOOT 

PUMP D R I V E N  BY A 40 HP F L E C T R I C  MOTOR. A FEW FEET BACK FROM THE FACE I S  A DUST S H I E L D  WHICH CAN OPERATE E I T H E R  WET OR 

THESF PRORLFMS CLEARLY I N D I C A T E  THE NEED FOR MORE F I E L D  TEST AND OPERATING DATA TO PRODUCE A TRULY R F L I A B L E  MOLF. 

PRFSFQT A NEW MACHINF I S  B E I N G  B U I L T  FOR AN 11 FOOT 2 I N C H  DIAMETER MILWAUKEE TUNNEL. FOR HARD M A T E R I A L S  A CRUSHING 

STROKE. T H E  9 RPM CUTTER IS POWERED BY FOUR 1 0 0  HP YOTORS. THE 2000 PSI H Y D R A U L I C  SYSTEM I S  POWERED 9 Y  A TANDEM GEAR 

QRY. PQflBLEMS OF GEAR F A I L U R E ,  CLAMPING POWER, H Y D R A U L I C  PROBLEMS, L U Q E  SYSTEM AND SHOCK ABSORBERS AQF DISCUSSED. 

7?-6+LQQQ2 R I  VFR MOUNTAIN TUNNFL - CUTTER PERFORMANCE ( MOLE TUNGSTEN-CARBIDE MAINTENANCE COST 1 

SACRI\YF' \ IT@ STATE C O L L F G F ?  CAL SECOND SYMP ON R A P I D  EXCAVATION,  1 1 - 2 7  TO ll-28r OCT 16, 1969. 
NORMAN, N. F. & REED D R I L L I N G  TOOLS HOUSTON TEX 

M b C H I Y E  AND CUTTER 
YANUFACTUPFQS MADE M O D I F I C A T I O N S  THRCIUGHOUT THE PROJFCT WHICH CONTRIBUTED T O  INCREASED CUTTER L I F E  AND REDUCED 

FD@T DIAMETER FCPF WAS L F S S  THAN 1 5  DOLLARS PER FOOT. THE MACHINE WAS EQUIPPED WITH 30 SADDLE MOUNTED CUTTERS AND ONE 

F E E T  D I A M F T E R  AND FOUR CUTTERS PER R I N G  FROM THERE TO THE GAGF. Q H - 1  CENTER CUTTERS WERE USED I N  A L L  FORMATIONS. QK 
STEFL  DISC CUTTERS WFRF MOST ECONOMICAL FOR THE I N T E R I O R  AND M I L L E D  TOOTH? S T E F L  D I S C  OR KERF CUTTERS W I T H  TUNGSTFN 
CARRIDF I N S E R T S  DEPENDING ON THE FORMATION WERE USED FOR GAGE CUTTERS. 

12-hS-lOQ_O& A SYSTEM STUDY OF YEW SOFT GROUND T U N Y E L I N G  CONCEPTS I MOLE S H I E L D  I 

DOWNTIME. BY SCHEDULFD MAINTENANCE CUTTERS COULD BE REMOVED AND R E B U I L T  BEFORE F A I L U R E .  AVERAGE CUTTER COST ON T H I S  12 

C A N T I L E V E P .  EACH CONCENTRIC ROW OF CUTTERS ROLLED OVER A 6 I N C H  WIDE RING.  TWO CUTTERS PER R I N G  WERE MOUNTED OUT TO 6 

W I L L I S ,  R. H. + STC)NE, R s  B. & AQTHUR D L I T T L E  I N C  
SOFT GRCUND T V N Y E L I N G  

W I L L  ALUAYS RE Q F Q U I P F D  FOR C E 9 T A I N  PROJECTS 3UT I F  I T S  C f l S T  COULD BE REDUCED I T  WOULD HAVE MUCH WIDFR A P D L I C A T I O Y  FOP 

PQOJECT MaKIYC-  YASS P R n D U C T I O N  UNATTQACTIVF.  TO REDUCE COSTS AND ADVANCE THF STATF OF THF ART b SYSTEMS APPPQACH W I T H  
THE FOLLOWIYG R A S I C  STCPS IC; PKOPOSEQ ( 1 )  COMPLETE SYSTEM D E L I N E A T I O N  ( 2 )  STUDY OF S E L A T I O N S H I P S  AVCNG I N T E R A C T I N G  
?YSTFM DARTS ( 3 1  ENUMFQATION OF A L T E Q N A T I V F  CANDIDATE SYSTEMS TO ACHIEVE THE GOALS (4) A N A L Y T I C A L  F V A L U A T I ( 3 N  Of 
A L T E R Y P T I V E S  AND 1 5 1  P R F S E N T A T I O N  OF RESULTS TO P E R M I T  S E L E C T I O N  OF BEST SYSTEM R F L A T I V E  TO S P E C I F I E D  S F L E C T I O N  
C R I T E R I 4 .  I N  A P P L Y I N G  T H I S  APPROACH THREE PYASES OF THE STUDY WFRF ( 1 )  RESEARCH 1 2 1  SYSTFM S Y N T t i E S I S  AND 13)  T E C H N I C A L  
AND COST A N A L Y S I S .  FROM A SUMMARIZED ANALYSIS  F I V E  S P E C I F I C  CONCEPTS WEQE SELECTED AS SHCWING THE MOST PROMISF AND 

IPPRCIVING COSTS AND PERFORMANCE SHOULD S T I M U L A T E  A MORE I N N O V A T I V E  A T T I T U D E  I N  THE SEARCH FOR NFW TECHYOLflGY. 

S4CQAYCNTO STATE COLLEGF, CAL SECOND SYMP ON Q A P I D  EXCAVATION,  13-1 TO 13-19, OCT 16, 1969. 

TRANSPORTATION, U T I L I T I F S  AND OTHER SEQVICES.  SOFT GROUND T U N N E L I N G ' S  H I G H  CPST IS DUE TO THE S I N G U L A R I T Y  OF EACH 

T H E I Q  f S T I ' 4 A T F D  COSTS, ADVANCE RATES AND RESEARCH AND DEVELOPMEM COSTS ARE GIVEN.  RESFARCH AND DEVELOPMEVT PESI'IES 

77-70-0p~gl E X P F R T F N C E  WITY THE HAREGGER MOLE ( GERMANY SWITZERLAND J A P A N  CUTTER-PERFOPMANCF i 
SRODBFCK, H. W .  E HABEGGER L T D  THUN SWITZERLAND 

Q 4 P I O  F X C A V A T I n N  - PPOBLFMS AND PPOGQFSS. PROCEE3INGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N F A P O L I S ?  MAY 15-!7? lS58. 
SOC. Y I N I h l G  FYGRS 1970. CHAPTFQ 12. WOHLYEYER, AN AUSTRIAN,  DEVELOPED A METHOD OF C U T T I N G  ROCK I N  A MANNER S I Y I L A G  
Tr) M I L L I N G  OF METALS. THE F I R S T  EXPERIYENTAL M A C H I N E  NORKED I N  COAL AND SHALE I N  A GERMAN COAL M I N E .  HABEGGAR TCT'K OVFR 
WOHLMEYGRS PATFYTS 4ND FURTHER DEVELOPFD THE P R I N C I P L E .  THE C U T T I N G  P R I N C I P L E  I S  DFSCRIBED.  THE COMPONENTS OF A 
HABEGGAY MOLF ARE L I S T F D  AND THE PURPOSE OF FACH I S  GIVEN.  PERFORMANCE C H A R A C T E Q I S T I C S  FROM TWO YACHINES ARE PRESENTFD 
- A % 4 R q  POCK MOLE 1'4 SWITZFRLAND AND A SOFT SOCK ONE I N  JAPAN. 

72-70-Q!JQQ2 D R I V I N G  THE O S 0  TUNNEL W I T H  A MECHANICAL MOLE ( ROBBTNS RECORD 1 

Q A P I O  F X C A V A T I C N  - PQClSLFYS AND PROGRESS. PRCICEEDINGS OF THF TUNNEL AYD SHAFT CCINFFRENCE M I N N E A P O L I S ,  MAY 15-17, 1068. 
SOC. M I Y l Y G  ENGPS 1970. CHAPTER 14. THE 26660  F T  LONG, 1 2 2  I N  D IAMETER O S 0  TUNYEL WAS D R I V F N  BY A J C I N T  VENTUGF OF 
B n Y L F 5  RRnS D R I L L I N G  GI?., G IPPONS 4ND REED CO. AND CIRNCO FOR THE U.S. RUREAU OF R E C L A M A T I O N  U S I M G  4 R O Q P I N S  MOLE C'F 
TciE P ? 2 ?  S F R I F S .  T H F  MJLF HAS 2 2  D I S K  TYPF CUTTERS AND ONF CENTER P I L O T  T R I C O N E  B I T .  I T  CAN 4DJUST FROP 119 I N  TP 127  
INCHES WITHOUT YAJnP CH4NGES- HEAD IS POWERFD BY FOUQ 75 HP E L F C T R I C  MOTOSS. G R I P P E Q  CYCLE IS 3 F T .  BUCKETS SCPOP UP 
YUCK S F H I h l D  EACH CUTTFQ ON THE PFRIMETER AND DUMP I T  ON A CONVEYOR WHICH C A R R I E S  I T  TI2 A 350  ET. LQNG GANTRY TYPE 
CGNVFYOQ WHICH IS P U l l F n  R Y  THE YOLE. THF G4h'TRY H A S  QO@M FOR TWO F L A T  CARS, F L E V E N  5 CU YD MUCK CARS AND A LOCOMOTIVE, 
A'V@ I S  FPLLOWED RY A C P L I F O R N I A  SWITCH. COYTRACT WAS L I T  I N  F E B  1966. MOLE STARTED WORK O Y  AUG. 187 10fh. TUNNEL NAS 
HOLFO T W O U G H  AUG. 309 1967- A 6 MONTHS DELAY WAS CAUSED RY AN UNEXPECTED G L A C I A L  TROUGH. THE O S 0  MCLE CONTAINED M4NY 
TMPROVEYENTS OVFR THF A Z r T E A  MOLF. BEST 8 HQ. S H I F T  - 156  F T .  B E S T  24 HR. DAY 419 FT. BEST 6-DAY WEEK 1905 FT.  BEST 26 
9 4 Y  M0,YTH OR49 FT. LABOR FORCE 2 2  MEN PER S H I F T .  

STEVENS, V. L .  E. RQOYLE 9RCIS 9 R I L L  C O  SALT L A K E  

77-7O-QQQQq MECHANICAL Q A I S F  AND TUYNEL-SQRING E X P E R I E Y C F  AT THE MATHER M I N E  ( YOLE JARVA I 

9 4 P I O  F X C A V 4 T I O Y  - PRVRLFMS AND DROGRESS. PROCEEDINGS I)F THE TUNNEL AND SH4FT CONFERENCE M I N N E A P O L I S ,  MAY 15-17. 1 9 6 8 .  
SOC. M I Y I N G  FNGRS 1970. CHAPTFQ 16. TYE MATHER I R ? N  M I N E  STARTED AY EXPERlMENTAL P A I S E - B O R I N G  PROGRAM I N  1961. A 

DTAMFTEQ. A SFCOYD,  LARGER MACHINE WAS PUT I Y T O  O P F R A T I G N  I N  1965. A T H I R D  MACHINE WAS USED I N  THE SUYMER OF 1965, A 

B E I N L I C H ,  E .  G . ,  JR. & CLEVELANI? C L I F F S  IROY CO 

HUGHFS MACHINE WAS n F S I G N E D  TO D R I L L  A P I L ' Y T  HOLE UPWARD W I T H  A 1 2  1 / 4  I N .  R I T  ANI) RFAM DOWNWARD TO F U L L  4 8  I N .  

WDEL ~ I - R  WHICH DRILLS THE PILOT HOLF DOWN T O  A LOWER LFVFL AND R E A M S  R A C K  UP. USE OF THE RAISE BOREPS H A S  MINIMIZFD 
DEVELOPMENT T I M E  AND COSTS. FURTHER - 6000 FT. OF R A I S E  HAS BEEN DEVELOPED I N  PAST 6 YRS. WITHOUT LCSS OF T I M E  DUE TO 

1966 A J A R V 4  MARK 14-1 SELF-PROPELLED MODEL WAS SELECTED TO MAKE T H F  ATTEMPT. THF MACHINE C O N T A I N S  25 REED R O L L I N G  
r I )TTERS? IS !'@WERED RY FOUR 125-HP E L E C T R I C  M'lTORS- I T  PROVIDES 275,000 FT-LBS.  OF TORQUF AT 8 3 / 4  QPM. FOUR HYDR411LIC 
r Y L I V D E Q S  PROVIOE A TOTAL 693,000 LBS. 'JF THRUST U S I N G  A 40 HP F L E C T R I C  MOTOR. D I F F I C U L T I E S  ENCOUNTERED AYD SOLUTIONS 

I N J U R I E S .  MECYANICAL B O R I N G  OF D R I F T S  WAS COYSIDERED I N  1960 BUT THE B I T S  WERE NOT CAPABLE OF C U T T I N G  T H E  GRAYWACKF. IN 

4RF QECOUNTED. D E S P I T E  THE TROUBLES I T  SFCYS THAT TUNNEL BORING W I L L  BE USED TO AN I N C R E A S I N G  EXTENT. 

27-7O-QQQQ4 THE "CPLWELD" MOLES ( HARD-ROCK SOFT-ROCK 1 
HfJRN? C. L. E CALWELD SANT4 FE SPRIYGS CAL 

R A P I D  F X C A V A T I O N  - PR'JPLFMS AND PROGSFSS. PROCFEDINGS r lF THE TUNNEL AND SHAFT CONFFRENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 
ync. YINING F N G R S  1070. CHAPTER 17. D E T 4 I L F D  D I S C R I P T I O N  OF THE CALNELD MOLES B U I L T  FROM 1963 THRCUGH 1 0 4 7  APE 
G I V F N .  
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=-2Q=QQQQ5 T H E  “JARVA”  MOLE I CUTTERS S T E E R I N G  HARD-ROCK I 

S A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 

AND M CONSTRUCTORS. J A R V A  CORPORATION WAS FORMED TO B U I L D  AND MARKET T H E  MACHINES. 

D E L I S I O ,  C. J. & J A R V A  I N C  SOLON O H I O  

SOC. M I N I N G  ENGRS 1970. CHAPTER 18. C H A R A C T E R I S T I C S  OF THE JARVA MACHINES D E S I G N E D  AND B U I L T  O R I G I N A L L Y  BY T H E  S 

77-70-000Qb T H E  LAWRENCE MOLE ( A L K I R K  R E L I A B I L I T Y  MATERIAL-CONTROL MAINTENANCE 1 

R A P I O  E X C A V A T I O N  - PROBLEMS AN0 PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 
SOC. M I N I N G  ENGRS 1970. CHAPTER 19. SEE 72-68-05002 FOR ABSTRACT. 

2 2 d & Q Q Q Q I  THE HUGHES TOOL MOLE DEVELOPMENT [ B E T T I - I  NAVAJO-PROJECT 1 

Q A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF T H E  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ?  MAY 15-17? 1968. 
SOC. M I N I N G  ENGRS 1970. CHAPTER 20. STEPS I N  THE DEVELOPMENT OF A MARKETABLE MACHINE: (1) A PROBLEM I S  D E F I N E D ,  
( 2 1  AN I D E A  IS BORN TO F L I M I N A T E  THE PROBLEM, ( 3 )  B A S I C  F U N C T I O N S  ARE T E S T E D  TO D E T E R M I N E  F E A S I B I L I T Y ,  (4) A PRODUCT 
I N C O R P O R A T I N G  PROVEN F U N C T I O N S  I S  MARKETED ON L I M I T E D  B A S I S ,  ( 5 )  UNFORESEEN D I F F I C U L T I E S  M A T E R I A L I Z E ,  ( 6 )  C O R R E C T I V E  
MEASURES ARE A P P L I E D  ( 7  1 M A R K E T A B I L I T Y ,  TECHNOLOGICAL STATURE, ECONOMICS AND MANUFACTURING A D A P T A B I L I T Y  ARE E V A L U A T E D  
AND ( 8 )  A MAQKETARLE M A C H I N E  IS INTRODUCED. I L L U S T R A T I O N S  OF THESE STEPS I N  D E V E L O P I N G  HUGHES MOLES ARE GIVEN.  

1.717O-OQQQB T H E  ROBBINS MOLES - STATUS AND FUTURE ( OAHE S H I E L D S  GRIPPERS ) 

R A P 1  D E X C A V A T I C N  - PROBLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 19680 
SOC. M I N I N G  FNGRS 1970. CHAPTER 21. SEE 72-68-05001 FOR ABSTRACT. 

H A M I L T O N ,  W. He t LAWRENCE MFG CO S E A T T L E  

GLASS, J. M. + SHOLTESS, C. 0. G HUGHES TOOL CO HOUSTON T E X  

R O E B I N S T  9. J. & JAMES S ROBBINS ASSOC S E A T T L E  

37-7O-OQQQ9 PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - SOME B R I E F  COMMENTS ON MOLES 
ADAIR,  T. & P E R I N I  CORP S P R I N G  L A K E  N J  

R A P I D  E X C A V A T I C N  - PPDPLEMS AND PROGRESS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 
SOC. M I N I N G  ENGRS 1970. CHAPTFR 22. P E R I V I  CORP H A S  BEEN I N V O L V E D  FOR 15 YEARS I N  EFFORTS T O  DEVELOP T H E  
MFCHAYIZED MINER. PROBLEMS S T I L L  TO B F  SOLVED ARE MENTIONED. 

77-70-QQQu PANEL 3 I S C U S S I O N  ON MOLE T U N N E L I N G  - PROBLEMS A S S O C I A T E D  W I T H  R 4 I S E  BORING I N  H A P 0  ROCK 

R A P I D  E X C A V A T I O N  - PRnBLcMS AND PROGRFSS. PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 
SOC. M I Y I N G  ENGRS 1970. CHAPTER 22.  I N T E ~ N A T I o N A L  N I C K E L  CO OPERATES I O  M I N E S  AND I S  @ E V E L O P I N G  4 MORE I N  T H E  
SUDBURY D I S T R I C T  n F  ONTARIO.  SUCH A LARGE DEVELOPMENT EFFORT IS REQUIRED THAT INCO HAS I N S T A L L E D  FCUR R O e B I N S  6 l R  AND 
ONE 4 1 R  R A I S E  BORFPS. O P E R A T I N G  C H A R A C T E R I S T I C S  ARE GIVEN.  MOST OF THE D I F F I C U L T I E S  HAVE PEEN OVERCCIME AN5 MUCH MORE 
MECHANICAL R 4 I S E  BORING I S  EXPECTED. 

11-70-QQQll  PANEL r ) I S C U S S I O N  n N  MOLE T U N N E L I N G  - TUNNEL BORING AT THE NAVAJO I N D I A N  I R R I G A T I O N  PROJECT, FARMINGTON 

BROWN, R. M. C I N T E R N A T I O N A L  N I C K E L  CO 

N. Fc. 
GFARYt  D. b F F N I X  AND SCISSON I N C  T U L S A  OKLA 

S A P I D  E X C A V A T I O N  - PROSLFMS AND PROGRESS. PROCFEDINGS OF T H F  TUNNEL AND SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968. 
SOC. M I N I N G  ENGRS 1970. CHAPTER 22. A HUGHES CO MOLE, THE B E T T I  1, WAS USED T O  D R I L L  T H E  10,000 F T .  LONG 18 F T .  
F I N I S H P I )  DIAMETER (19 F T  - 10 I N .  OD) TUNNEL NO 1 FOR THE U s  BUR P F C L  NAVAJO PROJECT. F O R M A T I O N  WAS F L A T  L Y I N G ,  T H I C K  
BEDDED MODER4T ELY WELL CEMENTFD S4NDSTONE. C H A R A C T E R I S T I C  OF THE MACHINE AND PERFORMANCE RECORD ARE C I T E D .  

i 2 3 & Q Q P 1 2  PANEL D I S C U S S I O R  CN MOLE T U N N E L I N G  - D R I F T  SORING AT W H I T E  P I N E  COPPES 

R A P I D  F X C A V A T I ’ S N  - PRDBLFMS 4ND PROGRESS. PROCEEDINGS OF T H F  TUNNEL A Y n  SHAFT CONFERENCE M I N N E A P O L I S ,  Y 4 Y  15-17? 1968. 
G 4 Q F I E L D v  L .  A. C W H I T E  P I N E  COPPER CO 

SDC. M I Y I N G  ENGRS 1970. CHAPTFR 22. WHITE P I N E  COPPER CO PRODUCES OVER 20,000 TONS/DAY OF LOW GRADE ORE. F X T E N S I V E  
DEVFLOPMFNT REQUIXEMEYTS CAUSED T H E  COMPANY TO I N V E S T I G A T E  BORING MACHINES. A  7 FT. HUGHES M A C H I Y E  WAS T R I E D .  AFTER 

T Y F  DEVELOPMENT P4SSAGFWAYS 4ND THE YUCKING EQUIPMENT I S  G I V E N .  
q E C n M I N G  F A M I L I A R  W I T H  THE PSOBLEMS INVOLVED,  A NEW TEST PROGRAM WAS STARTFO U S I N G  A R O B B I N S  MACHIN‘. A D F S C R T P T I O N  OF 

laslr=maij P A Y E L  n 1 s c u s s I m  CIN MOLE TUYNELING 4 MOLE BORIYS OF SHAFTS 
COX, K. C .  E KENYETH C COX COYSULTANT 

R A P I D  E X C A V A T I C N  - PRClBLEMS AND PROGQFSS. PROCEEOINGS OF T H F  TUNNEL AN9 SHAFT CONFEQENCF M I Y N F A P O L I S ,  MAY 15-17, 1 9 6 P .  
snc. YINING FNGRS 1970. CHAPTER 22. 4 D E S C R I P T I O N  OF EARTH SORING Y A C H I N E S  PATENTED BY THE AUTMOP PND T H E I R  USE I N  
B 3 R I N G  SHAFTS. AUTHOR L I S T S  6 FACTORS HE C O N S I D E Q S  I M P 3 R T A N T  FOR FUTURE DEVELOPMENT I N  MClLE T U N N E L I Y G .  

F I E L D  73 GOVERNMENT REPORTS 

=2=1QQQ1 THE DFVELOPHENT OF LARGE D I A M E T E R  ROTARY D R I L L I N G  MACHINES AND EQUIPMENT FClR T H F  M I N I N G  AYD C’INSTRUCTION 
I Y D U S T R I F S  ( SOLLING-CUTTERS HARD-ROCK C O R E - D R I L L I Y G  S H A F T - S I N K I N G  MQLES) 
ALLEY, J. H .  & ti. B. W I L L I A M S  ‘4FG CO D A L L A S  TEX 

B U L L E T I N  OF T H E  M I N E R A L  I N D U S T R I E S  EXPERIMFNT S T A T I O N ,  PENN STATE U N I V E R S I T Y ,  71-81 T OCT. 1959. T H E  PAPER 
SUMMARIZFS THE H I S T O R Y  OF DEVELOPMENT ClF QOTARY D R I L L I N G  EQUIPMENT AND R O L L I N G  COTTFRS AND D F S C R I B E S  V A R I O U S  TYPES AND 
A P P L I C A T I O N S  nF ROTARY D R I L L I N G  EQUIPMENT I N C L U D I N G :  THE Z E N 1  76 I N C H  HARD-ROCK CORE D R I L L I N G  MACHINE, Ti-€ 
Z F N I - M C K I V N E Y - W I L L I A M S  76 I N C H  HARDROCK SHAFT S I Y K I N G  MACHIVE,  THE HUGH €3. W I L L I A M S  40 I N C H  HARD ROCK T U h N E L I N G  M A C H I N E  
AND I T S  SCALED UP V E P S I Q N  OF A PROPOSED 1 2  FOQT D I A M E T E R  TURINEL MACHIQE BOTH D E S I G N E D  TO D P I L L  7,000 ” S I  C O Y P R F S S I V E  
STRFNGTH ROCK AT A 9 A T F  OF 8 - 12 F E E T  PER HflUR. ALSO D E S C R I B E D  IS THE W I L L I A M S  LL OH FOUNOATION D R I L L I Y G  Y A C Y I N E  FOR 
D I G G I Y G  R FOOT DIAMETEQ, HCILES T O  120  F E E T  DEPTH UNDER I D E A L  D R I L L I N G  C O N D I T I O N S ,  AND A PROPOSE@ V‘RSION U S I Y G  QFVERSE 
C I R C U L A T I O N  FOR D R I L L I N G  8 FOOT HOLES TO 3,000 F!JOT DEPTHS I N  MEDIUY - SOFT FORMATIONS. 

I3.-bh-Q1QQ1 P O T E N T I A L  FOP TUNNEL BORING MACHINES NEVADA T E S T  S I T E  L O S T - T I M E  ROCK-STRFNGTH CUTTERS ROCK-BOLTS 1 

AEC CONTRACT, (26-11-38, MAR 1966. T U N Y E L I N G  W I T H  FULL-FACE 3 n R I N G  MACHINES HAS BOTH T I M E  AND COST-ADVANTACES OVER 
ANTONIDES1 L.  E. E. U.S. AEC L A S  VEGAS NEV 

CONVENTI’IIMAL D R I L L  AND B L A S T  METHOD I N  ROCKS UP TO MEDIUM HARDNESS AND STRENGTH, P R O V I D E D  PLANNED FOOTAGE EXCEFDS A 
C E R T 4 I N  M I N I M U M .  HOWFVER T SUCH ADVANTAGES ARE ALSO CONTINGENT UPON bCCEPTANCE O F  A C I R C U L A R  TUNNEL,  H A V I N G  L I P I T E D  
V A R I A T I O N  I Y  D I A M E T E R  AND GPADUAL CURVES. FACTORS AND FORMULA5 P P F  PRESENTED TO E S T I M A T E  T I M E  AND COST SAVINGS ON ANY 
PLANNED PROJFCT. REST S A V I N G S  RESULT WHEN MACHINES ARE F I T T E D  W I T H  D I S C  CUTTERS ANI? T U N N F I  L I N I N G  C O Y S I S T S  OF ROCK 
3OLTS AYD WIRE MEYH. A SELECTED PIBLICIGRAPHY OF ROCK TUNNEL BORING, A L I S T  OF U.5. ROCK TUNNEL BORER VAYUFACTURERS, 
I L L U S T R 4 T I C N S  OF U.S. COMMERCIAL BORERS, P O S S I R L F  BORF CROSS S E C T I O N S  AND D E T A I L E D  COST E S T I M A T E  C A L C U L A T I O N S  ARE G I V F N  
I N  THE APPENDIX.  

13-68AEQQl HORIZONTAL PORING TECHVOLOGY - A S T 4 T E  OF THE ART STUDY I D R I L L S  SOIL-MFCHANICS COSTS URDERGROUYD 
STRUCTURFS MOLE 
PL\CNE, J. + BRUCE, W .  E. + MORQFLL, Re J. 

U.S. 3 U 9 E A U  OF MINFS,  I N F O R M A T I O N  CIClCULAP IC-8392, SEPT 1968. THE REPORT D E S C R I B E S  THE O I F F E Q E N T  MACHINES AN3 

A REVIEW O F  THE ROQEHOLF SUQVEY AND GUIDANCF T Y O L S  AQD TECHNIQUES A P P L I C A B L E  TO THESE METHflDS I S  ALSO G I V E N .  NONROSING 
rJ(ETHqDS USFD FOR EMPLACEMENT OF POWER D I S T S I B U T I O N  AND T R A N S M I S S I O N  L I U E S  ARE B R I E F L Y  DISCUSSED.  

YETH’IDS USED I N  AUGERING, I M P A C T I N G ,  PUSHING, D R I L L I N G ,  AND MACHINE T U N N E L I N G  H O R I Z O N T A L  HOLFS THRnUGH S C I L  AN‘( ROCK. 
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F I E L D  74 A R T I C L E S  

%-3=p8QU THE M A R T I N  BORER ( ADVANCE COAL B L A S T I N G  D R I V E  WEIGHT 1 

COAL AGE, 58-59, AUG 1955 .  SEVERAL BORING MACHINES HAVE BEEN DEVELOPED FOR D R I L L I N G  LARGE-DIAMETER POLES I N  
ASCHACHER, M. & DUPRET, L. & WEST CANADIAN C O L L I E R I E S  

P I T C H I N G  COAL SEAMS BUT 4 L L  WERE TOO CUMBERSOMF TO BE MOVED E A S I L Y  THRU NARROW PASSAGFS AND CRAMPED QUARTERS- AN 
A N A L Y S I S  OF THE PROBLEM L E D  TO DEVELOPING A MACHINE WHOSE C U T T I N G  HEAD WOULD B E  PULLED I N S T E A D  OF PUSHED. A 1OHP 
MACHINE WAS B U I L T  WHICH ENLARGES A 2 I N .  P I L O T  HOLE, BORED B Y  CONVENTIONAL METHODS, TO 20  IN. AND THEN ENLARGES T H I S  TO 
3 6  I N .  T H E  D R I V E  WEIGHS 1 , 7 0 0  LBS. EACH 5 FT LENGTH OF ROD WEIGHTS 140 L B S  AND THF 20 I N .  AND 36  I N .  C U T T I N G  HEADS 
WEIGH 200 AND 360 LBS.  I N  L E S S  THAN TWO S H I F T S ,  TWO OPERATORS SET UP THE MACHINE, D R I L L  T H E  2 I N -  P I L O T  HOLE, THEN THE 
20 I N .  G U I D E  HOLE AND F I N A L L Y  T H E  36  I N .  HOLE ON ANY P I T C H  FROM 4 5  UP TO 90 D I G .  BECAUSE STRATA ARE NOT DISTURBED B y  
BLASTING,  THE HOLES HAVE STOOD WITHOUT ANY T I M B E R I N G .  CONTINUOUS M I N E R S  HAVE RESULTED I N  S U B S T A N T I A L  P R O F I T S -  I T  I S  
EXPECTED THAT A MACHINE WILL BE DEVELOPED W I T H  A 5 OR 6 F T  C U T T I N G  HEAD U S I N G  THE 36  I N .  HOLE AS A GUIDE,  THUS DOING 
AWAY Y I T H  B L A S T I N G  F N T I R E L Y .  

I & = + = Q l Q Q l  TUNNEL R I G  CHEWS THROUGH SHALE ( ADVANCE CUTTER L I N I N G  MUCK P I L O T  ) 
F F L L E R ,  J. L e  & OAHE CONSTRUCTORS 

CONSTRUCTION METHODS & EQUIPMENT, 78-94 ,  MAR 1956 .  A 2 6  F T  D IAM.  1 2 9  TON T U N N E L I N G  MACHINE IS BORING 6 D I V E R S I O N  
TUNNELS AVFPAGING 1,600 FT. EACH AT OAHE DAM I N  SOFT SHALE. M I N I N G  IS DONE WITH TWO CONCFNTRIC ROTARY CUTTERHEADS. THE 
OUTER CUTTERHEAD ALSO INCORPORATES S I X  BUCKETS FOR P L A C I N G  THE MUCK ON A BELT CONVEYOR. R I N G  BEAMS FOR GROUND SUPPORT 

ARF USED TO POUR THE CONCRETE L I N I N G .  THE JAMES S. R O B B I N S  MACHINE AVERAGES 3 . 5  F T  ADV4NCE PER HR. W I T H  AS MUCH AS 56 
ARE AS5EMBLED AND PLACED RY A S P E C I A L  J I G  MOUNTED ON THE MACHfNE D I R E C T L Y  B E H I N D  THE CUTTERHEAD. I N V E R T  AND ARCH FPRMS 

F T .  I N  7 HRS. 4ND 1 2 9  F T  IN 2 4  HRS. KERFS ARE CUT WITH F I X E D  TEETH AND THE M A T E R I A L  BETWEEN SHATTERFD W I T H  D I S K S .  I N  
D R I V I Y G  T H E  S I X  TUNNELS ONLY S I X  D I S K S  WERE REPLACED AND THESE BFCAUSE OF B E A R I N G  SEAL F A I L U R E  RATHER THAN D I S K  EDGE 
WFAR. 4 C I R C U L A P  S T F F L  SEGMFNT SERVFS AS A S L I D I N G  ROOF SUPPORT A5 THE MACHINF MOVES FORWARD. A SMALL PTLOT S I T  AND 
CONE P R O J E C T I N G  16  I N .  AHEAD OF THE CUTTERHEAD HELPS HOLD L I N E  AND GRADE. 

-- 745924hQQf  WORLD'S L A R G E I T  MOLE TUNNELS AT OAHE DAM ( MOLE CUTTERS MUCKING GEOLOGY TUNNELING-RATE TOOL-COST 1 

E X C A V A T I N G  E N G R - r  ( 5 3 1  Y 67 31-32, JUNE 1959. FOR D I V E R S I O N  AND POWER TUNNELS AT OAHE DAM ON M I S S O U R I  R I V F R  NEAR 
P I E R R E ,  S.D.9 U. S .  PRPY CORPS OF FNGINEFQS S P E C I F I E D  N13 B L A S T I N G  P F P M I T T E D  RECAUSE OF TREACHEROUS P I E R R F  SHALE STRATA 
UNDERLYING DAM S I T E .  HARD L IMESTONE AND SHALE ARE THE FORMATIONS THROUGH WHICH A MOLE DESIGNED BY ROBBINS AND 
ASSOCIATES,  SFATTLE,  WASH. CUTS TO EXACT S I Z E .  S I X  D I V E R S I O N  TUNNELS 2 5  F T 9  9 I N .  I N  D I A M t  1 ~ 8 0 0  F T  LONG WERE BORED 
WITH THE F I R S T  MACHINE. A NFW 29-1 /2  F T ?  2 0 0  TON 55 F T  LONG MACHINE WAS B U I L T  FOR THE PDWER TUNNEL PHASE. CUTTER HFAD 
HAS E I G H T  C U T T I N G  4RMS ON I T S  FACE AND E I G H T  A D D I T I O N A L  CUTTERS ON AN OUTER R I M  WHICH ALSO C A R P I E S  THF BUCKETS FOR 
C U T T I N G  REMOVAL. ORPG TYPE TUNGSTEN C A R B I D E  B I T S  CUT GROOVES OR KERFS AND D I S K  SHAPED HAPD FACED STEEL CUTTERS BREAKUP 
THF ROCK RETWEFN THE KFRFS.  TWO 4 0 0  hP E L E C T Q I C  MOTORS POWFR THF D E V I C F  WHICH HAS AUTOMATIC POWER SHIJTOFF I F  I T  
QECOMFS T O @  WET. STEEL R I B S  ARE PLACED EVERY FOUR F T  WHICH WILL ALSO ACT AS CONCRETE TUNNEL L I N I Y G  QFIKFORCEMFNT. 
'IOLLER CUTTERS SELDOM Q E Q U I P E D  PEPLACEMENT BUT C A R B I D E  F I X E D  TOOLS NFEDED SEGULAR REPLACFMfNT AMOUNTING T r j  LESS THAN 5 
DOLLARS PFP FOPT OF TUNNEL. THF LARGF MACHINE IS EXPFCTED TO ADVANCE A T  A MAXIMUM RATE OF 1 2  FT PFR HR 4 T T A I V F D  BY THE 
SMALLFR MACHINE.  

-- 742$3=45Q41 S H I F L D  METHOD FOR LARGE R A I L W A Y  TUNNEL AT BERNE ( SWITZFRLAND 1 

WORLD CONSTRUCTION, (15) NO 5 9  56-63, YAY 1962 .  A S H I E L D  I S  B F I N G  USED TO D R I V F  A R A I L R O A D  TUNNFL THROUGH M C R A I N I T  
AND YON COHERENT GPOUYD I N  SWITZERLAMO. METHCJD OF BORING AND D E T A I L S  OF THE S H I E L D  ARE GIVEN.  

Z&=61=QQQQl RFSULTS AND P O S S I B L E  A P P L I C A T I O N S  OF THE M A R I E T T A  CONTINUOUS M I N I N G  I N  D R I F T I N G  WORK ( PFCPANICAL 

KAROLEV I T Z  T R a 

OFSPCYOS, 4 .  

T U N Y E L L I R G  O E V I C F S  COST MOLES # 
VE9DFTv  J. 

I N T c R Y A T I C Y A L  CDNFERFNCE ON R A P I D  ADVAYCE !3F WORKINGS I N  COAL MINES,  S E C T I n N  B y  PAPER B T  86-10?, 1963. THE 
Y . 2 R I c f T A  C'3NTINDUS Y I Y F R  COMPARED TO D R I F T I N G  BY E X P L O S I V E S  W I T H  A SCRAPFR r3N A BELT CONVEYOP SHOUS 20.7 M/DAY FOS THE 
V A R I E T T A  AYD 9.60 Y/DAY FOR SCRAPER. THE EXPFYDITURES FOR SCR4PER WERE 415 FRANCS/M 313  FRANCS/Y  C R I V F N  F3R THE 
Y A P I E T T A .  4 LARGER ADVANCE I S  NEFDEn I N  THE M A R I E T T A  PER DAY THAN I N  THF COYVENTIONAL MFTHOD. W I T H  T H F  PROPER 
3 R G 4 Y I Z 4 T I O Y  O F  WnRK TO BE OONF AND f i  COMPLETE A N A L Y S I S  OF THE GROUND BEFORE WORK E F G I N S  THE M A R I E T T A  H A S  GREATER 
P O S S I B I L I T Y  OF I N C R E A S I N G  PRODUCTION RATES. 

14d&Ql_OQ1 MACHIWF TCINNFLING I N  T 4 S M A N I A  ( T A T L Q A C E - T U N N E L  MOLE HYDRAULIC  DUST MUDSTONE 1 

C I V I C  E Y G I N F F R I N G t  YAP 1963 .  THF T 4 I L R A C E  TUNNEL FOR THE TASMANTAi  GRFAT L A K F  POWER PR@JECT THAT I S  1 6  F F F T  
THPMASt H. H. & HY3PCI-FLECT COMM T 4 S M A N I A  AUST 

OIAMETZR HAS EFEN SUCCcSSFULLY D R I V E Y  THROUGH 1 4 , 6 0 0  F F E T  OF HARD MUDSTONE. THE 1 2 0  TON MACHINE COSTING ASOUT $470,000 
I S  VOW ' 4F ING M O D I F I E O  FflR USE I Y  A TUNIIJFL THR9UGH SANDSTDNE AFTER 7 0 %  OF I T S  O R I G I N A L  CQST WAS W 9 I T T E Y  CFF AGAINST THE 
T A I L R A C F  TUNNEL. THE A R T I C L E  Q R I E F L Y  OUTLINES THE H I G H  P O I N T S  OF THE ODERATION. 

74~63-07QQA LONG LJALL M I N I N G  OF POTASH WITH BORER TYPE CONTINUOUS MINERS ( CRUSHER ECONOMICS SHUTTLE-CARS CONVFYOR 1 

Y I N I N G  CnNGRFSS JOUSN4I- i  J U L Y  1963 .  THE A X T I C L E  D E S C R I B E S  THE E C O N C l M I C S t  FQUIPMENT, F U N C T I O N A L  4 P P L I t A T I O h ' S  AND 
HOQNF, J .  C .  + PIERSON9 F. L. & 1J.S. BCIRAX CHEMICAL COFP 

DFVELOPYENTS I N  THF USE @C LONGWALL M I Y I N G  U S I N G  BORER TYPF CONTINUOUS M I N F R S  I Y  POTASH BEDS 1000 F E F T  EELOW T H F  DFSFRT 
TN T H C  CAPLSBA:! BASIN .  INCREASES I N  PRODUCTInN DF 1 4 5 %  HAVE BEEY ACHIEVED I Y  TONS PER MAN-SHIFT OVFR CONVFIIJTIqhAL 

YETHOr). S T U D I E S  RY THT U.5. BORAX AND CHFMICAL GORP. RFSULTED IN THE P I O U E E P I N G  OF eORFR MINER AND DFVFL3PMFVT OF THE 

PrAS A D P L I C A S L F  I N  THF P I C H  ORE APEAS WHERE BEDS MERE UP TO 1 5  F E F T  T H I C K .  CDNTINU3US MINER OPERATIONS ARE L I M I T E D  TO 
AREAS !lF 8 F F F T  AND L F S S  IY HEIGHT.  

74-54-02aQ1 MCI?ERN TREYDS I N  SOFT GROUND T U Y V E L I N G  ( S H I E L D S  1 

C I V I L  E Y G I N E E P I N G  AND P U R L I C  WORKS REVIEW, 1 8 1 - 1 8 8 9  FFB.  1964 .  THE RATE OF ADVANCE AND S 4 F F T Y  OF S H I E L D  T U N N E L I N G  
n P E 9 A T I O M S  H h V F  I K R F A S F O  GPEATLY I N  RECFYT YCPRS BECAUSE O F  M E C H A N I Z A T I O N  OF THE OPFRATIONS AND U S F  OF CQVPRESSFD A I P ,  
TO KEFP WATFR OUT OF THE S H I E L D .  

Z7=h+Q1Ql1 HAPD QOCK MOLE TEAMS UP W I T H  R A I S E  BORER TO HELP DFVFLOP HOMFR-WANSICA I R O N  M I N E  ( ADVANCF CUTTE9S CFST ) 

F V G I N F E 9 I N G  C M I N I N G  JCUP\NAL, ( 1 6 5 1  Y O  3, 96-89? MAR 1964.  THF 7 FT. D R I F T  AN0 40 I N .  P I A  R A I S E  RORERS 
YArlU'4CTUPFO SY JAVES S .  9 0 P B I N S  ClJT C IRCULAR KERF GPOOVES AND T F E N  FORCE THE ROCK TO BREAK BETWEEN THE GROOVFS. THE 

A L S O  BE CUT. THESE MACHINFS ARE SO SUCCESSFUL THAT PRODUCTION M I N I N G  AS WELL AS DEVELOPMENT M I N I N G  IS B E I N G  PLAYNED 

F T .  LB. I T S  MCXIMUY F A T E  f l F  ADV4NCE HAS NOT BEEN OBTAINED DUE TO LACK OF OPERATOR P R C F I C I E N C Y  AN0 MUCK PEMrJVAL 
OPOBLcMS BUT 2 5  FT OF 7 FT D I A  D F I F T  PEQ 9 HR S H I F T  SHOULD BE A T T A I N E D  W I T H  YO D I F F I C U L T Y .  TYE R A I S E  BORFR R€AMS A 
P I L O T  HOLE TO 40 I N C H F S  W I T H  4 TOOL Y 4 V I N G  CUTTERS OY SEVFRAL PLANES I Y S T E A O  OF QNE. A P R O W C T I n N  BnRIh lG RATF CAPASLE 
r)F COMPLETING 200 FT.  OF 40  IN. D I A .  S 4 I S E  I Y  48 HPS. OPERATING PESULTS SHOW THAT THESE TYPES OF MACHINES CAN BE 
D E S I G z l F n  T f l  BORF 4YY F n R M 4 T I O N  FCOYOMIC4LLY.  4 T A B L E  1.5 G I V E N  OF T Y P I C A L  COST AND PERFORMANCE I N  SORING 200 F T  R A I S E  40 
I Y .  D I 4 .  

M I N I N G  SYSTFM U S I N G  TRACK HAULAGE, D R I L L S ,  UN9ERCUTTERST DYNAMITE,  LOADERS AND SHUTTLE CARS IN THE POOM AYD P I L L A R  

Y O D I F I E D  LCNGWALL ' 4 I N I Y G  SYSTEM OF POTASH TO REDUCE M I N I N G  COSTS I N  LOWER HEIGHT,  LOWER GRADE ORE. CONVENTIONAL M I N I N G  

HASWELL, C. k .  & S I ?  WM. HALCROW AND PARTNERS 

C4NNONT R .  E. E ORESSEP I Y D U S T R I F S  

I R O V  O X I D E S  ARE R E L A T I V E L Y  SOFT, 3000 P S I  BUT J A S P E R I T E  WITH A 35,000 P S I  COMPRESSIVE STRENGTH ASSGCIATED W I T H  I T  MUST 

W I T H  THEC. THF D P I F T  Y A C H I N E  HAS A 10 RPM Q O T A T I N G  HEAD. A THRUST OF OVFR 500r000 LB.9 AND A TORQUE OF 0VER 100,000 
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B=f&=fiQQl HYDRAULIC  FOREPOLING S H I E L D  D R I V E S  CAVED- IN  TUNNEL D R I F T  ( S H I E L D  RUNNING-GROUND SEWER 1 

CONSTRUCTION METHODS, 96-101, JUNE 1 9 6 4 .  ON A JOB THAT WAS TAKEN OUT OF AN E A R L I E R  CONTRACT WHEN UNEXPECTED GROUND 
C O N D I T I O N S  CAUSED TWO CAVE I N S ,  HURLFY CONSTRUCTION CO. IS  M A K I N G  GOOD T I M E  I N  UNSURE S O I L  W I T H  A NEW TYPE S H I E L D  WHICH 
IS FRONTED BY SEVEN HYDRAULIC  FOREPOLING P L A T E S  E A C H  WITH 60 TONS OF JACK POWER. T H E  S H I E L D  HAS M I N E D  129 F T *  OF 
RUNNING GROUND SAFELY, AND I S  MOVING THROUGH SANDSTONE AT 3 5  FT. PER DAY. THE 1 5  112 FT. D I A I  1 8  FT.  LONG S H I E L D  1s 
F Q U I P P F D  W I T H  A lOt000 P S I  HYDRAULIC  SYSTEM H H I C H  PUSHES THE 3 FT. WIDE P O L I N G  P L A T E S  FOUR FT.  AHEAC OF THE S H I E L D *  I N  

MONAGHAN, J. 0 .  C CONSTRUCTION METHODS 

RUNNING GROUND, T H E  FOREPOLES R E M A I N  EXTENDED FOR COVER. I N  SANDSTONE THEY H E L P  B Y  T R I M M I N G  ABOVE THE S P R I N G L I N E *  

7 4 - 6 4 r Q I Q Q 1  AN E N G L I S H  CHANNEL CROSS1 NG ( BRIDGE-TUNNEL RAILROAD-TUNNEL BORED-TUNNEL SUNKEN-TUBE TUNNFL 

C I V I L  E N G I N F E Q I N G ,  3 5 - 3 9 ,  J U L Y  1964. A PROPOSAL HAS BEEN MADE TO B U I L D  A R A I L  TUNNEL AT AN EXPECTED COST OF MORE 
THAN $400 M I L L I O N  AND TO REQUIRE F I V E  OR S I X  YEARS TO COMPLETE. 23 M I L E S  OF I T S  L E N G T H  WILL B E  UNDER WATER* THE 
GEOLOGICAL H ISTORY OF T H E  CHANNEL I S  ODD I N  THAT THERE APPEARS TO HAVF BEEN A NEVER-ENDING SUCCESSICN O F  SUBSIDENCE AND 
E L F V A T I O N  OF LARGE AQFAS. A  STUDY GROUP UNDERTOOK TWO EXPLORATORY PROJECTS - (1) A S E R I E S  OF B O R I N G S  AND (2) A SPARKER 
SURVFY - A HIGH-POWER, BROADBAND FCHO SOUNDER I N  WHICH THE DISCHARGE OF AN E L E C T R I C A L  SPARK I N  THE WATER PRODUCES 
A C O U S T I C A L  ENERGY. SEVERAL METHODS FOR GETTING ACROSS THE CHANNEL WERE S T U D I E D -  THESE METHODS WERE - ( 1 )  A B R I D G E  ( 2 )  A 
BRIDGE-TUNNEL C O M B I N A T I O N  ( 3 )  TWO TYPES OF TUNNELS ( 4 )  A  BORED TUNNEL AND ( 5 )  A SUNKEN TUBE TUNNEL-  THE RESULTS OF 
T H I S  STUDY CONFIRM A R A I L R O A D  TUNNEL AS THE L O G I C A L  S O L U T I O N  S I N C E  THE V E N T I L A T I O N  PROBLEM WOULD B E  S I M P L E  AND THE COST 
WOULD BE LOWER. 

-- 7 4 - A 4 = l a Q 1  TRENDS I N  R A I S I N G  M E C H A N I Z A T I O N  ( B I R D - C A G I N G  SAFETY I 

M I N I N G  CONGRESS JOURNAL, (50) 4 ? - 4 7 1  DEC. 1 9 6 4 .  THE P R I N C I P A L  MECHANIZED METHODS OF R A I S E  D R I V I N G  PEQFECTED T O  
DATE ARF R A I S F  C L I M B I N G ,  B I R D  CAGING, AND R A I S E  D R I L L I N G .  
CHARACTFQS OF THE WORKMEN HAVE MORE EFFECT THAN MECHANICS DO ON HEIGHT.  C A P I T A L  COST OF EQUIPMENT CANNOT ALWAYS 
J U S T I F Y  COST SAVINGS.  B I R D  CAGING HAS TWO ADVANTAGES: T H E  P I L O T  HOLE MAY BE USED AS A BURN HOLE AND FOR THE 
I Y T R O D U C T I O Y  OF LARGE VOLUMES OF V E N T I L A T I N G .  THE ECONOMIC ASPECTS ARE L I K E  THOSE OF R A I S E  C L I M B I N G .  R A I S E  
D a I L L I N G  E L I M I  NATES CPNVENTIONAL D R I L L I N G  AYD PERSONNEL E N T E R I N G  R A I S F S .  THE L I P - R E A Y I N G  METHOD H A S  I T S  P R I N C I P A L  
4DVANTAGF I'\1 T H E  REAMING CYCLE. REAMING TO 40 OR 48 I N .  D I A  HAS INTRODUCED PROBLEMS. THRUST U P  TO 1 0 0 ~ 0 0 0  L B  AND 
TORQUE I N  THF RANGE OF 2 0 ~ 0 0 0  TO 3 0 , 0 0 0  FT.-LB. MUST BE DEVELOPED. T H I S  IMPOSES S T R A I N  ON CUTTER, ETC* VARIOUS 
SHAPFS 7F RFAMING HEADS HAVF BEEN T R I E D  SUCCESSFULLY, THE BEST B E I N G  CONE PATTERNS. ADVANTAGES O F  R A I S E  BORING 

B F I N G  M4OE flF THE P I L O T  R A I S E  AND S L A B B I N G  TECHNIQUE.  ONE OF THE MOST COMMON RECENT A P P L I C A T I O N S  OF R A I S E S  IS T H E I R  

B I C K E L t  J. 0. 

KELLOGG, J -  L e  & CERRO CORP 

I N  R A I S E  C L I M B I N G ,  THE COMPETENCE OF THE GROUND AND 

I Y C L U D F :  SAFFTY,  T H E  U L T I M A T E  I N  SELF-SUPPORT? M I N I M U M  RESISTANCE TO A I R  FLOW. I N  SHAFT EXCAVATION,  MORE USE I S  

USE FOP THE IYTQODUCTION O F  WASTE F I L L  D I R E C T L Y  I N T O  EMPTY STOPES FOR T H E  CONTROL OF S U B S I D E N C E -  

24345=Q5QQ1. HAROROCK T U N N E L I N G  I N  PEGMATITE ( CUTTER-COOLING PENETRATION THRUST TORQUE HYDRAULIC-PCWER MOLE ) 

M I N I N G  C'INGRES5 JOURNAL, JUNE 1 9 6 5 .  A REPORT ON TEST OPERATIONS OF AN A L K I R K  HARDROCK TUNNELER PERFCRMED I N  L A T E  
l Q h 4  4hJ10 F 4 R L Y  1 9 6 5  AT THF R ICYYOND WATER TUNNEL I N  NEW YORK C I T Y  BFTWEEY STATEN I S L A Y D  AND PROOKLYN. THE T E S T S  #ERE 
PFRFOQYFD AT A DFPTH O F  936 F E E T  AT THE BASE OF THE STATEN I S L A N D  SHAFT I N  A PEGMATITE I N T R U S I O N .  S P E C I F I C A T I O N S  FOR 
THE TUUYFLEp ARE G I V F N  AND OPERATIONS AND TEST RESULTS ARE DESCRIBED.  

WATKINS, W .  k -  E. LAWRENCE MFG CO 

/4=6kQ6QQZ T E S T I N G  OF A SEVEN-FT TUNMFL BORER ( MOLE IRON-ORE ROBBINS 1 

Y I N I N G  COYGRFSS JOURNAL 4 9 - 5 5 ,  JUNE 1 9 6 5 .  A 7 F T  TUNNEL FjORER MAD€ BY JAMES S R O B B I N S  ASSOC. WAS TESTED I N  THE 
HOYFR-W&USECA ?RE BODY S T A R T I N G  I N  OCT 1 9 6 3 .  THE POWER HAS TOO SMALL, THE CUTTERS INADEQUATE AND CUTTFRS WERE HARO TO 

COULD B E  AY! lRTIZFD I N  ?50 DAYS BY SAVINGS I N  LABOR. 

7"A&zQ8QQ3 H I S T O P V  AND PROBLEMS OF ROCK BCIRING ( MOLES 1 

4 l N I N G  CONGPF5S J ~ U R N A L T  ( 5 1 )  3 9 - 4 4 ,  J U N F  1 9 6 5 .  SHORT D E S C R I P T I O N S  OF YACHINES DFVELOPED I N  1 9 T H  CFNTURY aND OF 
HOWARO HUGHES, SR'S WnRK OY R O C K  D R I L L S  ARE G I V E V .  HUGH 6. W I L L I A V S  Cf l  DFVELOPED C U T T I N G  HFAD FOR FYGLAYD'S  N A T I C N A L  
r'lAL 4 0 4 R D  AND B U I L T  A 40 I N  PPOTOTYPE MACHINE FOR TESTIVG.  T H E  CqAL  INDUSTRY SPARKED THE DEVELQPMENT OF H O R I Z O N T A L  
QOKEQS W I T H  SFVFRAL Cf lVPANIES 14 THE F I E L D .  JAMES S. ROBBINS,  U S I N G  G00DMAN PATENTS, DEVELOPED MACHIYES FOP THE DAKOTA 
MISSO'JRI  R IVER TUNNELS FCR THE U.S. COQP n F  ENGR. MANY S O I L  BORERS HAVE BEEN B U I L T  AND USED I N  D E T R O I T ,  CHICAGO, 
YILWf iUKEF,  HOUSTON, LO5 ANGELES, SEATTLE, KANSAS C I T Y .  ABOUT 20  POCK TUNNELFRS HAVE SEEN B U I L T .  A B I L I T Y  TO CUT HARDER 
9qCK I S  IMPROVING.  L 4 S F R  GUIDANCE SYSTEMS YAVE RFCENTLY B F E N  USED. 

BzhflzQUQft T ( I b W L 1 Y G  TN SANDSTONE ( MOLE ROBBINS HUGHES 1 

M C b U L I F F E t  J. 0, & HANNA M I N I N G  GO 

RFPLACE. HCIWEVER, BY JUNE 1 9 6 4  MOST OF THE D E F I C I E N C I E S  WERF CORRFCTFD. A NEW MOLE eASED ON RFSULTS O F  THESE T E S T S  

WILL IAMSON,  T. N. & HUGHES TOOL Cr) L1OUSTON TEX 

n T T E R y  J. V. & MORRISON-KYUDSEN C O  I N C  
Y I N I N G  CONGRESS JOURYAL, ( 5 1 )  4 4 - 4 5 ,  JUNE 1 9 6 5 .  b'0RRISON-KNUDSEN C O  T R I E D  OUT HUGHES TOOL C O  AkD J A P E S  S. ROBBINS 

AND 4  MOHP'S HADDNES5 n F  7 TO 7.5. COYPRESSIVE STRENGTH OF THF ROCK VARIEI? FROM 2000 TO 12000 P S I '  E V A L U A T I O N  WAS 
CCl 3 Q R I V G  MACHINF DURIYG 1 9 6 3 - 6 4  FOR D R I V I Y G  A 7 F T  TUNNEL I N  COCONIYO SANDSTOYFS W I T H  BRFAKUP YARDNESS OF 3 .5  TO 4.5 

IYCOMPLETF n u F  TCI PROJECT CHANGES. TUNNEL RORE'IS CAN R E  E X P E C T E D  TO B E  DEVFLOPFD TO ENABLE D~ILLING OF ANY ONE T Y P F  OF 

I ~ ~ = ~ L ~ Q I Q P L  H ~ P O  R O C K  TUNNEL DQIVING r Y  THE MOON ( C ~ J T T E P  MUCKING GUIDANCE BORING-MACHINES MOLE 1 

QOCK QUT V F R S A T I L I T Y  IS L I M I T E D .  

W I L L I A Y S n V t  T. FI. & HUGHFS TOOL CC! HOUSTON TEX 
Y I N I N G  ENGINEFP I N G T  117-3 5 1 1  J U L Y  1 9 6 5 .  TUYNEL D R I V E R S  ARE B E I N G  T R I E D  W I T H  I N C R E A S I U G  FREQUENCY D E S P I T E  T H E I R  
HFAVY INVFSTMEYT,  LABnR O P P O S I T I O N  AND SOME SPECTACULAR F A I L U R E S .  TUNNELING ON THE MO@N WILL PROVIDE PERSnNNEL 
SHELTER, OXYGEN FROM M I N F R A L S ,  WATEP FROM HYDROUS ROCK, B U I L D I N G  M A T E R I A L  FOR SURFACE STRUCTUQES AND RFCOVERY 3F NEW 
V A T F Q I A L S .  THE FFW Qf lRI IUG MACHIYES THAT HAVE BEEN B U I L T  WITH ENOUGY POWER WERE SO M A S S I V E  THEY WERE D I F F I C U L T  TO 
CONTROL AND ALY@ST I M P f l S S I P L E  TO M A I Y T 4 1 Y .  HOWEVFR W I T H  T E C H N I C A L  ADVANCFS A 1 0 - F T  O I A M  MACHINE W I T H  100 HP, U S I N G  
100~000 L B S  OF THPSUST N I G H T  WFIGH 5 0 ~ 0 0 0  LBS 4ROUT ONE-THIRD OF A S I M I L A R  1 9 6 5  MACHINE 4ND COMBINFD W I T H  4 SHAKER 
CONVEYOR F O Q  YUCK REMOVAL WPULD BE VFRY E F F E C T I V E .  TOOTH-TYPE ROLLER CUTTERS WITH 5009000 PSI M A T E R I A L  SHOULD BE 
A V A I L A B L E  TO INCREASE CIJTTFR L I F E  AND D R I L L I N G  RATE. THE GUIDANCF PROBLEM HAS ALRFADY BEEN E L I M I N A T E D  B Y  THE GAS 
L 4 S F 4 .  

Z 5 A k l Q n Q l  BIG-BnRE WOLF SETS PACE T H 4 T  OVEQTQXES MUCKING SYSTFM ( L A S E R - T R A N S I T  F A N L I N F  CONVFY9R CCNCRETING t 

CONSTRUCT1 ON M€THODS, 1 L 2 - 1 4 3  OCT. 1 9 6 5 .  A 2 1  F@OT DIAMETER M@LE WAS B U I L T  BY HUGHFS TOOL CO. FOQ F E N I X  AND 
SCISSf lNv  CnNTQaCTOR FOQ THF BU REC YAVAJO TUNYFL N1 .  THE R I G  MACHINE ALMOST I M M F D I A T F L Y  ELEGAN TO OUTQUN I T S  SACKUP 
FQUIPMFNT.  T H F  P O T F Y T I A L  RATE OF ADVANCF I S  I O  F E E T  PER HOUR "UT T H I S  HAS YnT  PEEY ACHIEVED P R I Y A R I L Y  BECAUSE OF 
S'O'JYD C O N 9 I T I O N S y  A LASER-BFAM GUIDANCE SYSTFM 4 C T I V A T E S  ELECTRONIC SENSORS TO HELP THF OPFRATOR KFEP THE MPLE ON 
L I N E .  MUCK I S  CLFAPFD FPSM THE TUYNEL FACE RY CUTTER YEAD BUCKETS WHICH SCOOP UP T H E  ROCK C H I P S  AS THE HEAD Q P T A T E S  
AND DUMPS THFM ONTO AY n V F Q H E b D  CONVFYOR. THE 3 0 0  FPM B E L T  FXTENDS TO THE RF&R OF THE MOLE AND DISCHARGES ONTO A 
SFCOND CONVEYOR, WHICH C P P R I E S  THE S P O I L  ANOTHER 250  FEET TO THE REAR OF THE MUCKING T R A I N .  THE F A N L I Y E  IS I N S T A L L E D  
AT THE TOP OF THE MUCK CONVEYOR BY U S I N G  4  H I G H L Y  MECHANIZED OPERATION TO A V O I D  C L U T T E R I N G  THE L I M I T E D  SPACE NEAR THE 
PORTAL OF THE TUNNEL. 

JUERGEhS, " a  E. & CONSTRUCTION METHODS 
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J & A S = l l Q Q 1  JUMBO D E S I G N  TRENDS - PAST AN0 PRESENT ( AUTOMATION I 
ANDREWSt 1. W. 

ROCK PRODUCTS? 63-64? NOV. 1965.  FUTURE JUMBO MAY BE PUSH-BUTTON OPERATED9 CAPABLE OF D R I L L I N G  AROUND T O  A 
PRE-DFTERMINED PATTERN WITHOUT R E L Y I N G  ON HUMAN JUDGEMENT FOR C O L L A R I N G  HOLE ADJUSTMENT9 SPACING9 DEPTH AND FEEDING.  
THE PAPER DISCUSSES THE MANY DEVELOPMENTS L E A D I N G  TO T H E  PRESENT DAY JUMBO. 

74-65-UQQf SOFT GROUND T U N N E L I N G  FOR TORONTO SUBWAY ( CANADA S H I E L D S  1 
SURVEY099 ( 1 2 6 )  NO 3e359 29-30, DEC. 49 1965.  FOUR S H I E L D S  ARE B E I N G  USED FOR THE 1 7  1 / 2  F T  OD RUNNING TUNNELS AND 
TWO S H I E L D S  25 F T  9 I N  ARE B E I N G  USED TO D R I V E  THE S T A T I O N  TUNNELS. A L L  HYDRAULIC  EQUIPMENT WAS I N S T A L L E D  COMPLETELY 
W I T H I N  THF S H I E L D  STRUCTURE. 

I A d h r Q 3 Q Q l  NEW DEVELOPMENTS I N  T U N N E L I N G  MACHINES ( CUTTERS L I N I N G  MOLES MUCK HARD-ROCK I 

CONSTRUCTION METHODS & MATERIALS,  148) NO 3 ,  130-1449 MAR 1 9 6 6 .  T U N N E L I N G  MACHINES HAVE THE ADVANTAGE OVER 
D R I L L I N G  BND SHOOTING OF: NO N O I S E  OR EARTH SHOCK, NO FUMES OR NOXIOUS GASES9 M I N I M I Z E D  OVERBREAK AND M I N I N G  AND 
MUCKING A P E  CONTINUOUS. AFTER I T  WAS SHOWN THAT MECHANICAL TUNNELING ALSO COULD B E  MORE ECONOMICAL SUCH MACHINES FOR 
SOFT ANO MEDIUM HARD ROCK WERE B U I L T  AND IMPROVED. THE MACHINES AND T H E I R  SATISFACTORY OPERATION ARE D I S C R I B E D  FOR 

MACHIYFS. PROGRESS HAS BEEN MADE I N  MUCKING BUT AS Y E T  FORMING A MUCK SLURRY AND CONVEYING I T  I N  P I P E  HAS NOT BEEN 
SATISFACTORY.  A F A I L U R E  I N  HARD ROCK TUNNELING I S  D I S C R I B E D  FOR T H F  A L K I R K  HARDROCK TUNNELER I N  MANHATTAN S C H I L T  RATED 

JUERGENSt R. Ea 

JAMFS S. R O B P I N S T  AYERICAN H O I S T  E DERRICK CO.7 HUGHES TOOL CO., SCM CONTRACTORS, HUGH B. W I L L I A M S T  ELMER C. GARDNERT 

AT ABOUT 7 ON THE MOH'S SCALE. A T A B L E  IS G I V E N  R A T I N G  ROCKS AND M I N E R A L S  ACCORDING TO MOH'S SCALE. IMPORTANT 
BREAKTHROUGHS ARE JUST AROUND THE CORNER A S  ARE HARD ROCK TUNNELERS THAT C A N  no THE JOB EFFICIENTLY AND ECONOMICALLY. 
MANY AMERICAN M A C l l I N F S  HAVE BEEN USED ABRO4D. F O R E I G N  PRODUCED MACHINES SO FAR HAVE ONLY BEEN U S E 0  EXPERIMENTALLY.  
PART 1 '1F A TWO PART A R T I C L E .  SEE 74-66-04001. 

74-66=QftQQ1 NFW DEVFL3PMFNTS I N  TUNNELING MACHINES ( ADVANCE SAFETY CUTTERS BAD-GROUND MUCK L I N E R S  TRANSPORTATION 
WASTE-DISPOSAL 1 
JUERGFNS, R. E. 

C'JYSTRUCTTON METHODST (481  N 4 9  126-1451 APR 1 9 6 6 .  D I G G I N G  EARTH TUNNELS BY Y A C H I N E  IS BECOMING STANDARD O P E R A T I N G  
PROCEDURE ALL DVF9 THE MCRLD AYD IS B F I N G  DOYF FASTER, CHEAPER AND SAFFP. THE CALWELD, CONSTRUCTION EQUIPMENT CO.9 
D I X I F  F @ ? M  Ahto STEEL C 0 . t  GARDNER, MEMCOt MID-STATES T@OL & D I E ?  SCOTT AND TERRA-FORM FOOTING CO. MACHINES AND T H E I R  
PERF0QMANCF ARE DFSCQIBED.  FOREPOLING IS PROVIDED ON SOME MACHINES AS WELL AS P R E S S U R I Z A T I O N .  METHODS OF CONTROLLING 
PAD GROUND ARE DISCUSSEO. MORE E F F I C I E N T  YUCK H A N D L I N G  METHODS ARF B E I N G  DEVELOPED. E R E C T I O N  OF L I N E R  PLATES IS B E I N G  
ACCCLFR4TF0 .  I V  F O R F I G N  COUNTRIES SEVERAL I N T E R E S T I N G  M U L T I P L E  WHEEL MACHINES HAVE BEEN DEVELOPED I N  THE S O V I E T  U N I O N  
4ND JAPAN. T H F  LCNOON TRANSP09T AUTHORITY TESTED A NUMBFR OF MACHTNES FOR THE V I C T O R I A  SUBWAY L I N E S  AND SETTLED ON O Y E  

THAT PRESFNT AND S R I G H T F S T  FUTURF FOR SOFT GROUND MOLES I S  I N  B I G  C I T I E S  COP T H E I R  TRANSPORTATION AND WASTE-DISPOSAL. 
#IT?I TWO CONCENTRIC DRUMS. I N  J A P A N  A NOVEL TUNNELER HAS SEEN DEVELOPED W I T H  4 ROTARY C U T T I Y G  BUCKETS. I T  SEEMS CLFAR 

PLRT 2 C'F A TWD PART A R T I C L E .  SEE 74-66-03001. 

74-46-05QQl S F R V I C E  MOLE T R I Y S  COST OF TUNYEL R I B S  AND CONCRETE ( BORING SEEPAGE CUTTERS 1 
CONSTRUCTION METHODST MAY 1966. MACHINE B O R I N G  AND DRILL-AND-SHOOT METHODS WERE USED I N  A SEWER PROJECT. 
ADVANTAGES OF THE MACHINF METHODS INCLUDE 8 0 %  L E S S  CONCRFTINGt  L E S S  SUPPORTING, L E S S  WATFR SEEPAGE, 40 PERCENT L E S S  
M4NPnWER ANO USAGE I N  AN ARFA WHERE R L A S T I N G  I S  I M P O S S I S L E  OR I M P R A C T I C A L .  MAXIMUM PENETRATION RATE WAS 5 F T  PER HOUR 
W i T H  A 4-FT-PER-HqUR AVERAGE. MACHINE TUNNELING I S  AT L E A S T  AS F A S T  AS CONVENTIONAL MFTHODS. NEW CEVFLOPFD CUTTERS 
WITH TUYGSTFN CARRIDF RUTTONS ARRAYGED I N  A CIRCIJMFERENTIAL  PATTFRN, HAVE INCREASFD T H E  AVERAGF P E N E T R A T I O N  BY ALMOST 
DNE F T  PFR HDUR. CUTTFR L I F F  WAS IMPROVFD CQNSIDERPBLY BY ADDING SCRAPERS TO THE C U T T I N G  WHEEL TO PREVENT T H F  
A t C U M U L 4 T I O N  OF F I N E S  A G A I N S T  THE LOWER AQC 7 F  THF FACE. SHOCK ABSORPTInM WAS OVERCOME BY U S I N G  A F L E X I B L E  D R I V E  
C P U P L I Y G  R E H I N D  THE C U T T I N G  WHFEL AND E I G H T  HOLDING ARMS TO G R I P  THF TUNNEL WALL W I T H  4 8  STUDS. 

14-66-05QQZ L b S F P  G U I P F S  MONSTFR MOLE 

CnYTQOL F N G I N E E R I N G ,  ( 1 3 )  127,  WAY 1944. K E E P I N G  THE HUGHES TOOL C O ' S  280 TON9 21 FT.  D I A  HARD ROCK MINER ON L I N E  
AT THE N A V A J n  I N ' 3 I P N  I R R I G A T I O N  PRnJECT I S  NO FASY TASK. A PEQKIN-ELMER GAS LASER9 A SMALL HELIUM-NEnY INSTRUMENT I S  
USED. PHOTOCELLS PRF YOUNTED AT THE MACHINFS FRONT 4ND BACK AND T I E D  I N T O  A PANEL PY THF D Q I V E R  WPEQE COYPENSATIDN FOR 
YACHINE ROLL  CAN 4 F  MADF. T H E  DRIVER CAN A I M  THF MACHINE ACCORDINGLY TO KEEP I T  ON L I N E .  

12-67-0SOQl MACHIYFQY FCR THE M I N I N G  INOUSTRY AT T H E  BAUMA 1967 

GLUFCKAUFT ( 1 0 3 )  N 119 525-5301 MAY 259 1967.  THF X I V  BAUMAT INTERN.  CONSTRUCTION MACHINERY F A I R  (MP9. 11 T @  1 9 ,  

I S  P O S S I B L E  TO C R I L L  SLAST-HOLES UP TO 115 YM P I A  AND 100 '4. DEPTH WITH 7 6  MM RODS. THE ALFRFD WIRTH & CO. E X H I B I T E O  
THE F X T F N S I V F  PROGR4n n F  T H F I R  H Y D Q A U L I C A L L Y  D R I V F N  D R I L L I N G  M4CHIMES. DUE TO LOW N E I G H T  OF ALUMINUM RODS9 THE ROREHOLF 
9FPTHS ARF I Y C Q F A S F D ,  T R A N S P n R T A T I D N  COSTS APE REDUCED9 H A N D L I N G  I S  S I Y P L I F I E D  ( T I M E  REDUCED BY 5 0  PERCENT).  THF NEW 
UPD 475 RnTARY HBMMEQ VOUNTED ON THE D R I L L  R I G  HAS A SFPARATF FRONT-MOUNTED D R I V F  FOR THE ROTARY MOTION. A LEVER 

E X H I B I T E D  T H E I R  IJIINUTFMAF! D R I L L  WHICH CAb! D R I L L  HOLES OF 3 TO 12 I N .  D I A  WITH AUGERS OR I N S E R T  CORE D P I L L S .  THE 

TQACTDR DUMPING ANSLF OF 90 DEGREES P E R M I T  E X T E N S I V E  BUCKET F I L L  AND GOOD EMPTYING C H A R A C T E R I S T I C S .  I N V E S T I G A T I O N S  flN 

UN9FRCAQRIAGF.  ( I N  GFQE'ANl 

B-F.Z=mQQl qACHIMF-PnFED TUNYEL 4NC R 4 l S F S .  T H F I R  APPL I C A T I O Y  TO UNDCRGROUN@ Y I Y I N G  ( V E R S A T I L I T Y  COST SAFETY 

WILL IAMSON,  T. N. & HUGHFS TOOL CC! HOUSTON TEX 

HPFHERRT K. 

19671 I'v P U Y I C H  9 I S P L A Y E O  THE F q L L n W I N G  I N N B V A T I O N S :  THE S A L Z G I T T E R  MASCHINEN AG DEVELOPED THE D R I L L  R I G  L B  24.  I T  

ALLOWS S E L E C T I O N  OF TWO D I F F E P E N T  D R I L L I N G  PROCESSES; THE S P I R A L  D R I L L  I S  E L I M I N A T F D .  ATLAS COPCO OEUTSCHLAND GPBH 

F ISFNWEqK CERR. F R I S C H  Y G I  AUGSRURG, E X H I B I T E D  LOADFR W I T H  H I N G E D  STFERIYG.  T H F  T I L T I N G  ANGLE O F  4 5  DEGREES AND T H E I R  

THE G R A q I N G  BLADE A R F  UNDERWAY. IYPREIVEMENTS HAVE BEEN MADE I N  HYDQAULIC DREDGES, V A I N L Y  I N  THE AREA OF THE 

PRCIDUCTIP~I  RCCK MAINTENANCE 
ROf iB INS,  P. J. + AYDEPSONt D. L .  & JAMES S R O B B I N S  ASSOC SEATTLE 

M I Y I N G  ENGINEERING,  156-1609 JIJLY 1967.  4 TUNNEL BOQER HAS P O T E N T I A L  USE I N  ALMOST ANY TYPE V I N I N G  HAVING A LARGE 
KYOUGH A C C E S S  SHAFT AND WHEPE THE OREBOOY I S  rjF S U F F I C I E Q T  S I Z E  T O  WARRANT I T S  USE. AN F I G H T  F T  D IAMETER BORING 
MACHIYF WOULO U S E  4BI?UT THE SAME HANDOWER AND POWER AS A MULTI -MACYINE JUMBO PLUS PNEUMATIC LOADER BUT I T S  RATE DF 
APVANCF WOULD BE THREE T I M E S  AS FAST. SEVERAL YEARS AGO TUNMFL RORFRS COULD B E  USFD ONLY I N  SEDIMENTARY ROCK OF LOW TO 
VFDIIJM STPENGTH. TODAY D E S I G N  AYD M A T F R I A L S  IMPROVEMENTS H 4 V E  MADE R A I S E  B O R I N G  U N I T S  A p P L I C A 5 C E  TO ANY ROCK AND TUNNEL 
RDRERS TO ALL ROCK EXCEPT THOSE W I T H  E X C E P T I g N A L L Y  H I G H  STRENGTH PRnPERTIES.  M I N I N G  SHOULO BE DONE BY R P I S E  09 TUNNEL 

'JPFRAT1C)V AN0 LOWER MAINTENANCE. ROPING MACHINES ARE YO M I R A C L F  BUT THEY HAVE DEVELDPED T I l  H I G H  PERFORMAYCF MACHINFS. 
Y I T H I V  TEN YE4RS e0 PERCENT OF A L L  TUNNELS SHOULD B E  D R I V E N  RY TUNP'FL RORERS AND THF M I N I N G  I N D U S T R Y  SHOULD A V A I L  
I T S E L F  OF T H I S  EQUIDMFNT. 

---- 7a-67-QBQQl RECOQD TUVNFL F X C P V A T I O N  WTTH RORING M A C ' i I i l F S  C O S T  APVANCE GEOLOGY S I Z E  

C I V I L  E N G I Y E F R I Y G t  45-48? AUG 1967.  I N  D I V F P T I N G  110~000 ACRF-FEET OF WATER 4NNUALLY FQOM THE SAN JU4N Q I V E R  TO 
THE R I O  GRANOF S A S I N  THREF TUNNELS W I L L  BE REQUIRFn :  BLANCO ROPED TO 10 FT. AND L I N E D  TO 8 FT. 7 I N .  I S  8.6 Y I L F S  LCNG. 
q S f l  THF SA3F S I Z E  AS BLANCO I S  6.3 M I L F S  LONG9 AZOTEA WHICH CARRIES T H E I R  COMBINED FLOW I S  BORED TO 12 F T  6 I N  AYID 
L I V E D  TO 1 0  FT. 11 Ihl. I S  1 2 . 7  M I L F S  LONG. S P E C I F I C A T I O N S  FOR A L L  TUNNELS GAVE THE O P T I O N  OF C C N V F h T I c N A L  M I N I N G  
YORSFSHOE SH4PE OF C IRCULAR.  A L L  LOW S I D S  WERE FOR Y A C H I N E  BORED CIRCULAR SHAPE. AZOTEA LOW B I D  WAS $ 1 3 , 7 9 1 0 0 0 .  

BCQING RATHER THAN THE CONVFNTIONAL P R I L L  AND B L A S T  AS I T  WOULD 8 E  MORE V E R S A T I L E 9  REDUCF OPERATING COST, S I M P L I F Y  

CANNON, D. F. & U.S. BUQ RFCL DENVER COLO 

BL4NCO LOW R I D  WAS $ 1 0 , 6 0 0 ~ 0 0 0  I N C L U D I N G  $ 1 9 4 1 1 , 0 0 0  FOR A D I V E R S I O N  DAM. O S 0  F I G U P F S  PRE NOT GIVEN.  J .  5 .  ROBRIMS 
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MOLES WERE USED ON ALL TUNNELS. ROCK FORMATION I S  F I N E  GRAINED SANDSTONE AND SHALE W I T H  COMPRESSIVE STRENGTHS BETWEEN 
1 , 3 8 0  AND 5 , 8 9 0  P S I .  AZOTEA THE MACHINE OPERATED 2 , 4 8 0  HOURS I N  1 2  MONTHS FOR 30,000 F E E T  ADVANCE, AN AVERAGE OF 1 2 . 1  
F E E T  PFR HOUR. TOP DAY WAS 2 4 1  FT. A T  BLANC0 TOP ADVANCE WAS 375 I N .  ONE DAY AND A 1 2  MONTH T O T A L  OF 7 . 8  M I L E S .  AT 
O S 0  TOP D A I L Y  ADVANCE WAS 4 0 3  FT. AND MONTHLY ADVANCE WAS 6 , 8 5 1  FT.  THESE MACHINES S T I L L  HAVE THE DISADVANTAGES OF 
H I G H  I N I T I A L  INVESTMENT,  LONG D E L I V E R Y  PERIOD, CUSTOM MADE AND L I M I T E D  T O  SOFTER ROCKS. 

74 -6  7- R A P I D  E X C A V A T I O N  ( BORING HAULAGE SUPPORTS V E N T I L A T I O N  MOLES f 

S C I E N T I F I C  AMERICAN, 7 4 - 8 5 ,  NOV 1 9 6 7 .  A  NUMBER OF BORING MACHINES HAVE BEEN SUCCESSFUL I N  B O R I N G  TUNNELS FROM 
E I G H T  TO MORE THAN 20 F T  I N  D I A .  THE MACHINES ARE ALREADY OUTPERFORMING D R I L L - B L A S T  METHODS I N  BOTH SPEED AND 
ECONOMY. PFNETRATION RATES OF 2 0  F T  PER HR HAVE BEEN ACHIEVED. T H E  CONTINUOUS TUNNEL BORER E L I M I N A T E S  THE L O S T  MOTION 
OF R F P L A C I N G  V A R I O U S  MACHINES FOR EACH STEP I N  THE PROCESS SUCH AS THE "JUMBO" AND THE MECHANICAL L C A D E R -  PRESENT 
METHODS OF YAULAGE, SUPPORT, I N S T A L L A T I O N  AND V E N T I L A T I O N  ARE NOT ABLE TO K E E P  UP W I T H  THE MACHINE.  

HOWARD, T. E. 

1 9 3 8 - 0 4 0 Q l  LASER A P P L I C A T I O N S  GO UNDERGROUND ( AL IGNMENT GUIDANCE ) 
HALEY, E. A. E PERKIN-ELMER CORP NORWALK CONN 

M r N I N G  ENGINEERING,  6 5 - 6 7 ?  APR. 1 9 6 8 .  A COMPLETE LASER AL IGNMENT SYSTEM HAS BEEN DEVELOPED BY PERKIN-ELMER CORP. 
THE SYSTEM PROVIDES ACCUPACIES W I T H I N  10 MICRO I N .  PER F T  WHEN U S E 0  W I T H  AN ACCESSORY C E N T E R I N G  DETECTOR. S E T T I N G  u p  
AND OPERATING THE SYSTEM CAN BE DONE B Y  A S INGLE,  U N S K I L L E D  OPERATOR I N  MINUTES.  THE LASER I S  SUPPORTED B y  A T O O L I N G  
LASFQ STAND. ONCE P O S I T I O N E D ,  I T  MAY BE L E F T  UNATTENDFD. THE BEAM MAY BE PROJECTED U N I N T E R R U P T E D  FOR 2 4  HOURS A DAY9 
QEDUCING LABOR COSTS. R E S E T T I N G  I S  USUALLY R E Q U I R E D  ONLY EVERY 2000-3000 FT. BEAM D I A .  AT 3000 F T  I s  3 I N .  S I N C E  
THE LASER PROJECTS I T S  OWN " L I N E  OF S I G H T "  THRaUGH THE TUNNEL, THERE I S  NO NEED FOR AN INSTRUMENT MAN, A G A I N  C U T T I N G  
LABOR COSTS. THE LASER HAS ALSO BEEN USED I N  S H I E L D  D R I V I N G  FOR S T A B I L I Z I N G  THE P I T C H  AND YAW OF T P E  S H I E L D .  

&38=MS!Q2 FURTHFR DEVELOPMENT OF T U N N E L I N G  MACHINES FOR ABRASIVE,  HARD ROCK ( MOLES GERMAN-MACHINES ) 
DOPSTEWITZt  G-  + HENDRIKS, H. 

GLUECKAUF, ( 1 0 4 1  N 8, 3 0 9 - 1 6 9  APR 11, 1 9 6 8 .  T A B U L A T I O N  OF A V A I L A B L E  TUNNEL MACHINES DEPENDING CN HARDNESS AND 

t)Y MACHINES € Q U I P P E D  W I T H  HARD-METAL ROLLERS. TEST APP4RATUS HAS BEEN DEVELOPED AT M I N I N G  I N S T I T U T E  O F  CLAUSTHAL (WEST 
GEPMANY) T E C H N I C A L  U N I V E R S I T Y  TO DETERMINE DESIGN AND OPERATION OF HARD METAL ROLLERS TO G I V E  MAXIMUM SPEED OF ADVANCE 

GFRYAN). 

A B P A S I V E  A C T I n N  OF ROCK. MACHINES WITH HARD-METAL C U T T I N G  HEADS F A I L E D  I N  HARD, A B R A S I V E  ROCK AND HAD TO BE RFPLACED 

ON TUNYEL FACF AT M I N I M U M  PRESSURE ON ROCK AND WEAR OF ROLLERS. T F S T  RESULTS ARE T A B U L A T F P  AND SHOWN I N  GRAPHS. ( I N  

74-69-QfiQQl SOFT-GROUND TUNNELS FOR BART ( MOLE L I N I N G S  GROUT ) 
THCNT J. G. + AMOS, M. J. 

C I V I L  E q G I N F E R I N G ,  ( 3 8 )  N 67 5 2 - 5 1  JUNE 1 9 6 8 .  TWO SUPPORT SYSTEMS, U N D E R P I N N I N G  AND COLUMN P I C K U P ,  ARE USED TO 
PROTECT F X I S T I N G  B U I L D I N G S  AGAINST SETTLEMENT; M E C H A N I C A L  MOLE I S  B E I N G  EMPLOYED ON ONE OF T U N N E L I N G  CONTRACTS C U T T I N G  
EDGFS ON MACYINE FACE SCRAPE S O I L  ONTO CONVEYOR INSIDE MACHINE AND I N T O  MUCK CARS; MACHINE IS STEERED RY V A R Y I N G  LOAD 
OW 2 9  J A C K S  AROUND CIRCUMFERENCE; MOLE HAS H Y D R A U L I C  ERECTOR ARM FOR P L A C I N G  TUNNEL L I N E R  SEGMENTS; SPACE BETWEEN 
GROUND AND L I N I N G  I S  THEN GROUTED AS L I N I N G  L E A V E S  T A I L  OF MACHINE. 

7 4 - 6 8 - 1 9 9 4 1  WHAT'S AHEAD FOR TUNNELING MACHIYES? ( COST HARDROCK-TUNNEL I N G  FORECASTS 
H I L L ,  G. E INGFRSOLL-RAND CO 

4SCE JOUPNAL, PAPER NO 6 1 7 8 ,  ( 9 4 1  NO 27 2 1 2 - 2 3 1 ,  OCT 1 9 6 8 .  ON< THOUSAND OF THE 3,240 M I L E S  OF WORLDWIDE TUNNEL 
CONSTRUCTION WHICH IS  '=ORECAST FROM 1 9 6 6  TO 1976 W I L L  BE DONF BY TUNNELING MACHINES. D E T A I L E D  P R E D I C T I O N  MADE ON TYPE,  
LIS€,  AND L C C A T I C N  OF FUTURE TUNNELS. AN ECONOMIC E V A L U A T I O N  OF T U N N E L I N G  MACHINES WAS FOLLOWED BY A D E T A I L E D  COST 
F S T I Y A T E  O F  VARIOUS MACHINES. THE COYPARISON I S  MADE BETWEEN C A L I F O R N I A  STATE DEPT. OF WATER RESOURCES DATA (UPDATED 
TO 1 9 6 8 )  AND EXPECTED MACHINE TUNNEL COSTS. DPTIMUM RATE OF ADVANCE FOR A MOLE WAS P R E D I C T E D  T O  BE ABOUT 1 2  F T / H R  AT A 
COST OF $ 4 2 / C U  YD COMPARED TO $ 7 1 . 0 5 / C U  YD D R € L L  AND B L A S T  SAME DIAMETER. 

Br4EklQQQ2 F U L L Y  MECHANIZED TUNNELING MACHINES FOR WORK I N  ROCK ( GERMAN-MACHINES S H I E L D  

FOERDEPN U HFBFN, ( 1 8 1  N 1 3 ,  8 1 8 - 2 0 ,  OCT. 1 9 6 8 .  S I N C E  1 9 6 5  F I R S T  EXPERIMENTAL MACHINES, AND, SUBSEQUENTLY1 
MACHINES OF ONE MODEL S E R I E S  HAVF BEEN D R I V I N G  G A L L E P I E S  AND TUNNELS W I T H  T O T A L  LENGTH OF 5000 M (30,000 M I N  NEAR 
EUTURE) ;  MACHINES EQUIPPED W I T H  ROLLER B I T S  HAVE PROVED CAPABLE @F WORKING BOTH I N  HARD ROCK OF U P  TO 3500 K L B S / S Q  CM 
AND I N  ROCK r)F 300 K L f l S / S Q  CM PROVIDED ROCK IS STRONG ENOUGH FOR S E T T I N G  UP T I M B E R I N G ;  ADVANTAGES AFFORDED BY THESE 

YFADTNG MACHINE FOR SOFT ROCK. ( I N  GERMAN) 

Z k X k Q f t Q Q J  W C H 4 N I C A L  S H I E L D  T U N N E L I N G  OF TWO-TRACK TUNNEL I N  KINTFTSU-NAMBA L I N E  P L A N N I N G  AND RECENT CCNSTRUCTION 

KAMPFEMOFYT G. 

MACHINES I N C L U D F  - LOW D I A  TOLERANCE, AND LOW TOOL CONSUMPTION. B R I E F  D E S C R I P T I O N  I S  ALSO G I V E N  OF "UNICORN" S H I E L D  

PROGPESS ( J A P A N  ) 
MOTAI ,  T. 

JOURNAL OF JAPANESE S n C I F T Y  C I V I L  ENGRS, ( 5 4 1  NO 4 7  1 0 - 1 6 ,  APR. 1 9 6 9 .  1 4 5 1  METERS O F  T H E  L I N E  WAS D R I V E N  B Y  10 
YETFR D I A  YECHANICAL CLOSED-FACE TUNNEL S H I E L D S  W I T H  ANGLED C U T T I N G  EDGE AND CUTTER HEAD. REINFORCED C@NCRETE BLOCK 
SEGMFNT WAS DFVELOPEP TO INCREASE SPEED OF EXCAVATION TO 1 2  M/DAY. ( I N  JAPANESE)  

B = z Q = Q l Q Q l  D F S I G N  AND DEVEL@PMENT OF 4 ROCK T U N N E L I N G  MACHINE ( MOLE ENGLAND S IR-ROBT-MCALPINE GREENSIDE I 

TUNNELS ANC T U K N E L I Y G ,  ( 2 )  NO 2 1  5 8 - 1 0 3 ,  MAR. 1970. S I R  ROBT MCALPINE AND SONS B U I L T  TWO SOFT GROUNC T U N N E L I N G  
P I ' ? R I E t  N. D. E. S I R  ROBERT MCALPINE AND SONS 

MhCHfNES I N  1 9 5 7 ,  FOUR MORE FOR THE NEW V I C T O R I A  L I N F  I N  LONDONS SUBWAY SYSTEM AND TWO FOP THE TORONTO SUBWAY I N  
CANADA. S T A R T I N G  WITH A G Q E E N S I D E  H F A D I N G  MACHINE USED FOQ AqCHFD HEADINGS I N  COAL THEY PRODUCED A NEW MACHINE TO CUT 

'3PFRATINC AGAINST ROCK. THE NEW MACHINE IS C A L L E D  A SECOND GENERATION MACHINE. 
C I P C U L A R  TUYNELS I N  RnCK WHICH I S  MORE F L E X I B L E  I N  D IAMETEP OF CUT AWD REQUIRES LESS THRUST THAN P R E V I O U S  VOLES FOR 

F I F L D  7 5  NFWS I T E Y S  

7 5 - 5 3 - 0 7 Q Q l  M I N I N G  MOCHINF BORFS SEWFR TUNNEL ( COAL-MINING-MACH1 NE SHALE ROOF-BOLTS CUTTER-HEAD CCKVFYOR 1 
E N G I Y E F R I N G  NFWS-RECORDT ( 1 5 1 )  23, J U L Y  3 0 ,  1 9 5 3 .  A B R I F F  ACCOUNT OF A P P L I C A T I O N  OF A CONTINUOUS M I N I N G  MACHINF TO 
D I G  A 1 2 - F T - D I A M  SEWFR TUNNFL THROUGH MEDIUM-HAR9 SHALE I N  F l J C L I D t  OHIO. MUCK I S  REMOVED, CONVEYED TO M I N E  CARS, AND 
BY ? A I L  TO SHAFT H O I S T .  I T  dAS USFD AFTER R F S I D E N T S  COMPLAINTS STOPPED R O U T I N E  D R I L L I N G - B L A S T I N G  AND MUCKING 
E X C 4 V A T I O N .  

7 5 - 5 4 - L Z Q Q l  NEW F A C H I N E  SPEEDS LARGE BORE T U N N F L I N G  ( JUMBO CUTTER-HEAD H Y D R A U L I  C-JACKS CONVEYORS 1 
E Y G I N E F R I N G  NEWS-RFCOPD, ( 1 5 3 )  2 4 1  DEC. 29 1 9 5 4 .  A TUNNELING MACHINE FOR LARGE BORE TUNNELS I S  G F T T I N G  I T S  F I R S T  
T R I A L  AT @AH€ P A Y  NEAR P I F R R E t  S.D., WHERE A $300,000 JUMBO R I G  IS CHEWING OUT T H E  F I R S T  S I X  TUNNELS FOR THE DAY 'S  
OUTLET. THE PROJFCT AND MACHINE MODE OF OPERATION AND D E T A I L S  ARF DESCRIBED B R I E F L Y  I N  T H I S  A R T I C L E .  

7 5 - 5 5 - 0 I Q Q l  MECHANICAL MOLE ( TUNNELING-MACHINF LARGE-BORE-DRILL ING CUTTFP-HEAD CONTINUOUS-MINER 1 
F N G I N E E R I N G  MEWS-RECORD, ( 1 5 4 1  2 6 ,  JAN.  13, 1 9 5 5 .  A CONTINUOUS W I N I N G  MACHINE I S  S E T T I N G  A NFW RECORD F@R LARGE 
qORF T U N N E L I N G  AT THF ARMY ENGINEERS, OAHE DAM NEAR P I E R R E ,  S.D. THE MACHINE D R I L L E D  311 F T  OF A 25 -FT-D IAM TUNNEL A T  
AN 4VEQPGF RATE OF 2.1 F T  ADVANCE PER HOUR. D R I N C I P L E S  OF OPERATION AND USE OF THE MOLE ON THE PROJECT PRF O U T L I N E D .  
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pz==QQl SOFT-ROCK T U N N E L I N G  AT 5 FT.  PER HR. ( ADVANCE CUTTERS MCKINLEY-HEAD 1 

AND F A B R I C A T E D  B Y  C O N T I N E N T A L  FOUNDRY E MACHINE CO. THE C U T T I N G  EQUIPMENT KNOWN AS A M C K I N L E Y  HEAD USED I N  M I N I N G  I S  
THE HEART OF T H E  MACHINE. THERE ARE TWO CONCENTRIC HEADS ONE O F  WHICH ROTATES CLOCKWISE AND T H E  OTPER 
COUNTERCLOCKWISE. C U T T I N G  I S  DONE W I T H  KERF CUTTERS 10 I N .  LONG AND 1 I N .  T H I C K  AND SHARPLY B E V E L E D  R O L L E R S  BETWEEN 

WESTERN CONSTRUCTION? 15-17, F E B  1955. M I T T R Y  HAD T H E  I D E A  FOP T H I S  MOLE DESIGNED B Y  JAMES S. R O B B I N S  & A S S O C I A T E S  

THESF K F R F  CUTTERS WHICH CRUSH THE MATERIAL.  D E T A I L S  OF THE MACHINE AND I T S  O P E R A T I O N  ARE GIVEN.  I T  I S  B E I N G  USED TO 
RORF S I X  P A R A L L E L  TUNYELS AVERAGING 1,560 F T  LONG WHICH ARE 8 5  F E E T  APART AN0 ARE BORED TO 26 F T  3 IN .  AND 24 F T .  9 I N .  
DIAMETERS.  I N C L U D I N G  MAINTENANCE T I M E ?  AVERAGE R A T E  OF PROGRESS HAS BEEN S L I G H T L Y  OVER 3 FT. PER HR. THE BEST SPEED 
I S  5 F T .  PER HR. WORK I S  B E I N G  DONE ON THO 10 HR. S H I F T S .  THESE TUNNELS ARE FOR OAHE DAM HYDROELECTRIC PROJECT FOR 
T H F  OYAHA D I S T R I C T  CORPS OF ENGINEERS. THE 100 TON 72 F T  LONG MACHINE IS C U T T I N G  P I E R R E  SHALE. 

I5-55-0ZQQz CORPS O F  FNGINEERS:  M I T T R Y  HAS "REVERSED A TREND" 
WESTERN CONSTPUCTION,  171 FEB 1955. COMPARISON OF T H E  B L A S T I N G  TECHNIQUE USED A T  FORT P I C K .  G A R R I S O N  AND FORT 
R 4 N D A L L  TUNNELS W I T H  THE M I T T R Y  HOLE USED AT OAHE SHOW THAT SOFT-ROCK T U N N E L I N G  EQUIPMENT AND TECHNIQUE MAY I N  THE 
FUTURF ? E  A P P L I E D  T O  HARD ROCK I F  POWER REQUIREMENTS CAN BE MET TO OPERATE THE MACHINE AND C U T T I N G  TEETH DEVELOPED TO 
WITHSTAND THE WEAR OF D I G G I N G  HARDER ROCK. 

75-55-11QQl R O P R I N S  TUNNEL BORING MACHINE ( ADVANCE CUTTERS SAFETY L I N I N G  HARD-ROCK MOLE ) 
c A N A D I A N  M I N I N G  J f l U R N A L ?  72-74? NOV 1955. A R O B R I N S  TUNNEL B O R I N G  MACHINE HAS D R I V E N  A 25  F T  9 IN. C I R C U L A R  TUNNEL 
THROUGH SHALE AT A RATE OF 12 F T  AN HR WITHOUT B E N E F I T  OF E X P L O S I V E S .  LOW COSTS AND INCREASED SAFETY P R E  OTHER 
S E N E F I T S  AT 9 A H F  DAM D I V E R S I O N  TUNNELS I N  SOUTH DAKOTA WHERE CONVENTIONAL METHODS WERE D I S C A R D E D  FOR T H I S  REVOLUTIONARY 
MACHINE. A 2 1/2 FOOT T H I C K  REINFORCED CONCRETE L I N I N G  HAS TO BE A P P L I E D  W I T H I N  30 DAYS OF O R I G I N A L  ROCK EXPOSURE. 
RORING HEAD HAS 3 CENTRAL C U T T I N G  ARMS R O T A T I N G  COUNTER CLOCKWISE AND S I X  OUTER C U T T I N G  ARMS R O T A T I N G  I N  T H E  O P P O S I T E  
DTRECTTCN. A S H I F L D  B F H I N D  TYE OUTER C U T T I N G  ELEMENTS C O N F I N E S  ROCK AND DUST CLOSE TO THE TUNNEL FACE. C U T T I N G  I S  
O ~ N F  WITH KERF CUTTFRS AND DISC SHAPED CUTTERS WHICH CRUSH THE ROCK BETWEEN THE KERFS. EXPERIMENTS ARE UNDERWAY TO 
S U R S T A N T I A T E  A P E L I F F  THAT T H F  MACHINE CAN BE ADAPTED TO BORE HARD A B R A S I V E  ROCK L I K E  G R A N I T E  AND QUARTZ BY E L I M I N A T I N G  
THE F I X F D  KERF CUTTERS AND U S I N G  ONLY T H E  D I S C  CUTTERS. S T U D I E S  HAVE I N D I C A T E D  THAT ADVANCES OF 100 F T  PER S H I F T  ARE 
P O S S I S L F  UNDER GOOD ROCK SND O P E R A T I N G  C O N D I T I O N S .  

7 5 - 5 6 - 0 3 Q Q 1  NFW METHOD: HORIZONTAL EARTH BORING ( S T E E L - P I P E  B I T  O I L - W E L L - D R I L L I N G  SLURRY R O T A T I O N  J A C K I N G  1 
GAS AGF, 19, S F P T  201 1956. A R T I C L E  D E S C S I B E S  METHOD USED BY C O N S D L I D A T E D  EDTSON CO T @  BORE H O R I Z O N T A L  HOLES AND 
FMPLACF P I P F  I N  A L L  T Y P F S  OF S O I L  AND ROCK. B O R I N G S  ARE PUMPED OUT I N  A SLURRY AS THE P I P F  W I T H  A B I T  S I M I L A R  T O  THOSE 
USFD I*rl O I L  WFLL @ H I L L I N G  I S  ROTATED AND JACKED FORWARD. 

--- ~ T - Z I = Q ~ ~ Q Q ~  THF Y n L E  C O M E S  THTOUGH ( MECHANICAL-YINER FLOOD-TUNNEL REVOLVING-CUTTER-HEAD 

n n o D  C W T R O L  TUNNFLS w A CONTINUOUS YECHANICAL MINER AT OAHE DAM, PIERRE s. DAK. OVERALL A V E R A G E  ADVANCE PER DAY W A S  
F N G I N F r 4 I N G  NFWS-RFCPRD, (158) 28, APR 18, 1957. NEWS I T E M  OF THE H O L I N G  THROUGH AND C O M P L E T I C N  OF S I X  24 F T  D I A  

50  F T  CQMPAQFP TO 2 4  FT BY CONVENTIONAL TUNNELING METHODS ON OTHER ME R I V E R  DAMS. 

75-57-QqQQl HARD ROCK H 0 Q E S  ( ENGLAND MOLE ) 
f P 4 L  4GF, 125-97 411G. lQ57. THE N A T I O N A L  COAL BOARD O F  ENGLAND HAS PRODUCED A PROTOTYPE MECHANICAL T U N N E L I N G  
Y h C H I N F  WHICH CAN CUT A F I  1 R  F T  D I A  TUNNEL THROUGH T H E  HARDEST SANDSTONE FOUND I N  E N G L I S H  COAL M I N E S .  T H E  YCB PLANS CN 
200 Y I  O K  TUNYFL 4NNUALLY FOR THE NEXT 15 YEARS. 

75-E8-09QQl  T U N N F L I Y O  MACHINE TACKLES HARD R'JCK ( MOLE CANADA 1 
FNGR Y F W S - P F C ~ R P T  (161) 30T SEPT. 49 1958. AN 11 F T  SEWER TUNNEL UNDER T H E  HUMRER R I V E R  I N  TOPCNTC I S  B E I N G  DUG I N  
HPR@ S H A L F  AND L IMPSTONE BY THE FOUNDATION COMPANY OF TORONTO U S I N G  A ROBBIPIS MOLE C A L L E D  THF F O U N D A T I C N  HUMBER. 

75-5Q-07OQ1 S I T G F S T  TUUNJFLER GOFS TO OAHE ( MOLE ROTARY-CUTTING-HEAD T U N N E L - R I B S  HPURLY-ADVANCE 1 

LARGEST MFCHANICAL MOLF. W I T H  A 29 1 / 2  FT D I A  ROTARY C U T T I N G  HEAD? I T  I S  SCHEDULED TO D R I L L  SEVEY TUNNELS FROM 1000 TO 
E N G I N E E R I N G  NFWS-RECFRn, ( 1 6 2 )  26, FEB. 261 1959. NEWS I T E M  ON FACTORY T R I A L  ASSEMBLY I N  S E A T T L E  OF WORLD'S 

1300  F T  L V N G  A T  THF nAHE DAM PROJECT ON THE MO R I V F R  I N  S.DAK. P R I N C I P A L  FEATURFS QC T H E  Y A C H I N E  ARE DESCRIBED.  

75-59-12QQl CVYTRACTVQ U N V E I L S  NEW TUNNELER ( POLE TOREDO SLIP-FORM PUMPED-MUCK GAPDNER I 
FYGR YF!~S-R~CORDI  (167) 4 3 9  DEC. 3 ,  1959. THE GARDNER E N G I N F E R I N G  CORP HAVE DEVEL@PED A NFW T Y P E  T U N N E L I N G  MACHINE 
WHICY n I G S  4 T U Y Y F L ?  PUMP ClUT T H E  MUCK? PUMPS I N  T H E  CONCRETE L I N I N G  CONTINUOUSLY. THE "TFREDO" IJSES 9 TCOTHED C H A I N  
SALV4GFD FQr)V A TQFYCYING Y 4 C H I N E  T O  EXCAVATF. THE REAR OF THE S H I E L D  SERVES AS A S L I P  FORM FOR THE CONCRETE L I N E R .  
GARnYEa D F S I G N F D  T P E  Y'1LF T D  D I G  A $490~000 STORM D R A I N  - 10 F T  I N  DIAMETER 3500 F T  LONG - FDR HOUSTON. 

--- 75-$9r939,QJ TUNNFL R O R I  NG THRDUGH HARDER ROCK t MOLE COYTIVUOUS-BORER ROTARY-CUTTING-HEAD CONVEYORS ADVANCE-RATE 1 
E N G I N E E R I N G  4 N 3  Y T N I Y G  JC'URNAL, MAR 1960. THE A R T I C L E  D E S C R I B E S  THE ADVANCES MADE I N  PRFSFNT DAY CClNTINUOUS BORER 
T U N Y F L I Y G  MACHINES B U I L T  RY JAMES S. R O B R I N S  AND ASSOCIATES OF S E A T T L E  SND FEATURES T H E I R  L A T F S T  MCGELS NO. 131 AND 
351. M a C H I N F  C H P Q A C T E P I S T I C S  AND PEQFORMANCF DATA ARE G I V E N  I N  4 TARLE AND SEVERAL PHOTOGRAPHS AND SKETCHES ARE USED 

S'VFR4L TIJYNFL 7 R I V I Y G  A P P L I C A T I O N S  ARE RELATED. DEVELOPMENTS L E A D I Y G  T O  HARDER ROCK RORIUG M A C H I N E S  4 R F  C I T E D  AND 
47VANTArJFS AND OISPDVANTbGES OF CONTINUOUS P9RTYG ARE L I S T E D .  

TO I L L U S T R A T E  THF OESCP I P E D  MACHINES. THF TYPFS O F  GEOLOGICAL Fr )RMATIONS? TROUBLES ENrOUNTERFO ANO WORKING METHODS FOR 

7 5 - 6 0 - 0 4 Q Q l  CDNTRACTOP P U I L D S  LOW-COST-TUNNELER ( ADVANCE CUTTERS COST L I N I N G  MOLE 1 
F V G I Y F F R I N G  YFWS-RFCORny ( 164) 42-43? APR 2 @ r  1960. LOREN SCOTT? A TUNNEL E N G I N E E R ?  D F S I G N E D  S 2,500 L B .  MACHINE 
FOR 4 CHICAGO CnNTRACTnQ WHCI B U I L T  I T  I N  H I S  SHOD FOR $19~000. THF TUYNELFR C A L L E D  THE "MINER"  SHARFS M A T E R I A L  OFF A 
V F R T I C A L  C U T T I N G  FACC ONTO A B E L T  CONVEYOR WHICH LOADS CARS. THE CUTTER HEAD HPS FOUR SPOKES AND I S  JACKED AHFAD B Y  
TWO H Y D R A U L I C  RAMS ATTACHED TO THE CFNTEQ TUSE AND S L I D I N G  COLLAR WHICH FORCE T H E  C U T T I N G  WHEEL ANI! CFNTER T U B F  AHEAD. 
T U T T I Y G  WHFFLS FRflM 7 F T  TO 1 1  F T  I N  D I A M F T E ?  C 4 N  B E  USED. WORKING 3 S H I F T S  A DAY THE MINER AVERAGED 6 3  F T  OF 11. F T  

THF S E A T T L E  ROlJTE EXDRFSSWPY. THERE ARE FOUR S I Z E S  R A N G I N G  FROM 8 F T  7 I N  BY 7 F T  9 I N  DOWN TO 4 F T  6 I Y  PY 4 FT. 
Y 4 Y 9  M I N I N G  I S  DOVE n I P E C T L Y  B F Y I N D  T H F  MACHINE T O  CYANGE THE CIQCIJLAR CROSS S E C T I O N S  TO THF REQLJIRED HORESHDE DFSIGN. 
$3@D L A G G I N G  AWD S T F F L  R I E S  ARE PLACFD U Y T I L  A PFTNFTRCED CONCRETF L I N E R  I S  DOURED. 

" I A  ? O R E  A QAY 50 F T  QFLOW GQADE. THE $1.2 Y I L L I O N  CONTRACT CALLS FOR 9 ~ 0 0 0  F T  OF TIJNNFL TO SERVE AS A M A I N  D P A I N  FOR 

75-60-OBQQl L A S F P  REAM GUIDANCE SYSTEM M4KES SUCCESSFUL OEBUT I N  MACWINF T U N V F L L I N G  PROJECT ( GAS-LPSER MflLES QECORDS 

M I Y I Y G  E Y G I N F F Q I N G ,  ( 1 s )  N 6~ 621 J U N E  1966. THF F I R S T  P R A C T I C A L  AND SUCCESSFUL USG OF A LASER-BEAM GUIDANCE 
SYSTEH FOR 4 T U Y Y F L  PIACHINE D R I L L I N G  T O  4 REMOTE TARGET HAS BEEN A C H I E V E D  AT THE RUREAU OF Q E C L A M A T I O Y ~ S  NAVAJO I N Q I A N  

\. I ITHIU 5 / 8  I N  OF F S T A B L T S H F D  L I N E  ANn GRADE. THE G U I D I N G  ELECTRONIC SYSTEM FEATURES A GAS LASER WHOSE CFAY I S  A I C E D  AT 

4 s  MUCH 4 5  171 F T  P D4Y AND 6 6 2  F T  A WEEK. I T  PERFORMED I N  A SANDSTONE F O R M A T I O N  C O N T A I N I W G  SHALE STRINGERS AT V 4 P I O U S  

1 

T 9 P I G 4 T I C N  PROJECT. T P C  MACHINE, HUGHES TOOL " B E T T I  I " ?  D R I L L E D  A 10,000 F T  LONG TUNNEL !N E I G H T  PCNTHS AND 1 P  DAYS TO 

TW? L I G H T - S E N S I T I V F  TAPGFTS ON T H E  B O R I N G  MACHIUE. THE 64 F T  LONG, 2 8 0  TON U N I T  AVERAGEP 1160 F T  PER MONTH BORING 

I N T F T V A L S .  E X E R T I N G  1.4 M I L L I O N  LBS OF THRUST I T  WAS HELD I N  PLACE BY E I G H T  H Y D R A U L I C  JACK PADS, EXPANDFD AGAIYST THE 
S I D F S  OF THE TUNNFL.  T H F  YACHINE CUT 4N AVFRAGE O F  3 ~ 0 0 0  TONS OF ROCK D A I L Y .  I N  A D @ I T I O N  TO THE FASTFR D R I L L I N G ,  THE 
"MACW!PJF TUYNFL"  A L L O d E n  ENGINEERS T 3  E S T I M A T E  ACCURATELY THE AMOUNT OF CONCRETE REQUIRED T O  L I N E  THF TUNNEL WALLS, 3 
1/2 T I W F S  LESS CONCRFTF WAS YEFDED. T Y E  TUYNEL I S  ONE OF SIX MAKING UP P A R T  OF A 152 PILE LOWG W A T E R  D I v F Q s I o r d  
SYSTrM. T H F  DROJVCT W I L L  D I V E R T  ANNUALLY 590~000 ACRE-FT O F  WATER TO I R R I G A T E  MC'RE T H 4 N  110~000 ACRES. 

75-hl-OL00?, A H Y S R I O  MOLF WR4PS U P  0 9 H F  TUNNEL ( M I N I N G - M A C H I N E  SHALE HYDRAULIC-RAMS CUTTERHEADS-CCNVFYOR RECORD ) 
F N G I N E E R I N G  N'WS-QFCflRny ( 1 6 6 )  561 APR 131 1951. THE L A S T  OF SEVFN POWER TUNNELS AT THE CqRPS OF ENGINGFR'S R I G  
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OAHE DAM ON THE M I S S O U R I  R I V E R  HAS BEEN HOLED THROUGH BY THE P R A I R I E  MINER, THE FOURTH GENERATION M I N I N G  MACHINE USED 
I N  T U N N E L I N G  AT THE DAM. THE MOLE M I N E D  T H E  DOWNSTREAM 2,200 FEET OF 29 F E E T  6 I N C H  TUNNELS THROUGH P I E R R E  SHALE, THE 
SAME SHALE THAT CAUSED TROUBLE ON THE POWERHOUSE SUBSTRUCTURES. THE SHALE DETERIORATES ALMOST I M M E D I A T E L Y  ON EXPOSURE 
TO A I R .  THE P R A I R I E  M I N E R  I S  64  FEET LONG, WEIGHS ABOUT 175 TONS, AN0 COST $550,000. CONSTRUCTION FEATURES, 
OPERATING P R I N C I P L E S ,  AND TUNNEL SUPPORT AND L I N I N G  FEATURES ARE DESCRIBED.  T H E  B E S T  D A Y ' S  M I N I N G  WAS 156 F E E T  I N  3 
E I G H T  HOUR S H I F T S  W I T H  AN AVERAGE D A I L Y  ADVANCE O F  93 F E E T  ON THE F I N A L  TUNNEL. A  24 MAN CREW OPERdTED THE MACHINE 
DURING EACH S H I F T  WITH AN A D D I T I O N A L  7 MEN S U P P L Y I N G  SUPPORT MATERIALS.  PREDECESSOR M I N I N G  MACHINES ARE B R I E F L Y  
DESCRIBED.  

B=bJ.=Q5991 R A P I D  T U N N E L I N G  I N  LONDON CLAY ( S H I E L D  MOLE L I N I N G S  V I C T O R I A - L I N E  EXPERIMENT 
M I N E  AND QUARRY ENGR, ( 2 7 )  NO 5,  216-23, MAY 1961. A ROTARY TYPE 'DRUM DIGGER'  S H I E L D  WAS USED TO BORE 14 F T  D I A  
TUNNEL AS AN EXPERIMENTAL JOB TO DETERMINE WHETHER T H I S  TYPE COULD BE USED FOR THE 11.5 M I L E  V I C T O R I A  L I N E  T U B E S -  
F L E X I B L Y  J O I N T E D  CAST- IRON L I N I N G  WITHOUT BOLTS AND W I T H  SHALLOWER THAN USUAL FLANGES WERE USED- 

75-61-Q6QQ1, T H E  FUTURE OF CONVFNTIC'NAL M I N I N G  EQUIPMENT ( C O N T I  NUOUS-MINERS ) 
MATHESON, J. & I S L A N D  CREEK COAL C O  

M I N I N G  CONGRFSS JOURNAL, 53-56, JUNE 1961. I N  A F U L L Y  DEVELOPED MINE,  THE CONTINUOUS M I N E R  PRODUCES 20-25 PERCENT 
MORE TONNAGE THAN CONVENTIONAL EQUIPMENT. FOR DEVELOPMENT PURPOSES CONVENTIONAL EQUIPMENT I S  BETTER. F I N I N G  COST Is 
B A S E 9  ON TONS PFR PAYROLL MAN. 

Z-63-06001 HARD ROCK TUNNEL BORING MOVES AHEAD ( ADVANCE CUTTERS THRUST TORQUE MUCK SUPPORT L I N I N G  
E N G I N E E R I N G  AND M I N I N G  JOURNAL, (163)  NO 6,  172-173, JUNE 1962. JAMES S. R O B B I N S  HAS DEVELOPED T U N N E L I N G  MACHINES 

AN@ SELF-PROPULSION U N I T S  HAVE BEEN ADDED. A T A B L E  WHICH 1s A C O N T I N U A T I O N  OF TABLE 1 PAGE 87 OF E N G I N E E R I N G  M I N I N G  
FOR EXTREMELY HARD RnCK, F I X E D  CUTTERS HAVE BEEN REPLACED B Y  D I S K  CUTTERS, TORQUE AND FORWARD THRUST HAVE BEEN BOOSTED 

JOURNAL FOR MARCH 1960 G I V E S  THE MACHINE PERFORMANCE AND C H A R A C T E R I S T I C S  FOR U N I T S  NO. 8, 9 ,  1 0  AND 11. B E S I D E S  R A P I D  
TUNNEL ADVANCE @THER ADVANTAGES ARE: ROUND, SMOOTH, UNSHATTERED OPENINGS ARE I N H E R E N T T Y  STRONGFR, CVEREREAK I s  
E L I M I N A T E D ,  SMALLER LASOR CREWS ARE NEEDED, AND MORE UNIFORMLY BROKEN ROCK P E R M I T S  B E L T  HAULAGE I F  DESIRED.  

-91QQ1 SOFT ROCK T U N N E L I N G  AT MO R I V E R  DAMS ( EXCAVATION TUNNELING-MACHINES MOLES M I N I N G  JUMBC 1 

C I V I L  ENGINEERING,  40, J U L Y  1962. T H I S  PAPER WAS ONE OF FOUR PRESENTATIONS AT A J O I N T  S F S S I O N  CN T U N N E L I N G  W I T H  
M I N I N G  MACHINES AT THE ASCE WATER RES ENGR CONF H E L D  I N  OMAHA I N  MAY. THE PAPER O U T L I N E S  THE T U N N F L I N G  ON FOUR MO 
R I V E S  D A Y S I T E  PROJECTS, GEOLOGICAL FCIRMATIONS ENCOUNTERED, METHODS OF M I N I N G ,  AND FQUIPMENT USED ON EACH PROJECT. 
FEATURED I S  T H E  MITTRY MOLE USED I N  POUGH BORING E I G H T  M I  OF TUNNELS W I T H  BORES OF 23 F T  TO 2965 F T  D I A -  
D I S T I N G U I S H I N G  FEATURES AND WORK PERFORMED BY FACH VERSION OF T U N N E L I N G  MACHINE ARE E3RIEFLY DESCRIBED.  

UNDERWOOI?, L. B. C U.S. CORPS OF ENGRS MO R I V  D I V  

=---2 HUMBER R I V E R  TUNNEL AT TORONTO ( CANADA MOLE MECHANICAL-TUNNELEP 1 

C I V I L  ENGR, ( 3 2 )  431 J U L Y  1962. A ROBBINS MOLE BORED A 1OFT 9 1 N  D I A  TUNNEL UYDER THE HUMBER R I V E R .  AT AN AVERAGE 
WHITE, G. A. C FOUNDATION CO OF CAN TORONTO 

RATE OF 5 F T / H R .  

35-67-QlQL)3 SOFT GROUND T U N N E L I N G  I N  D E T R O I T  ( MOLE S H I E L D  SEWER 1 
MCIKTYRE, K. C. t M I C H  SFWER CONSTR CO 

C I V I L  ENGY, ( 3 2 )  '4, J U L Y  1962. M I N I N G  MACHINES HAVE BEEN USED I N  D E T R O I T  AREA S I N C E  MID-TWENTIES.  PRESENTLY A 
S H I E L D  I S  OPERATING AT A RATE OF 60 F T / D A Y  AND HAS COMPLETED H A L F  OF A 27,000 F T  CONTPACT. 

I511?2=i219!& TUNNELING S I L T  AND SAND AT OMAHA ( S H I E L D  MOLE SEWER 1 

r r v I L  ENGR, 137 )  4 5 ,  JULY 1962. A 9 FT D I A  R E L I E F  SEWER 7500 F T  LONG HAS RFEN D R I V E N  UNDER C I T Y  STREETS BY A 
40SERTSy  H. H. + SMITH,  J. Ha & NANCE ENGR OMAHA 

Y I N I N G  YACHINF.  WORK WAS DONE UNDER 4 TO 1 4  P S I  A I R  PRESSURE. 

I k f d = U Q Q L  M I N I N G  MACHINE COULD BORE ROCK ( P I L O T  CUTTCR THRUST ANCHOR 1 
E N G I N E E Y I N G  NFWS-RECnRD, ( 1 6 9 )  58, NOV 79, 1967. LAWRENCE MACHINE & MANUFACTURING CO OF S E A T T L E  C L 4 I M S  T H E I R  
COAL-MINING MACHINE I S  S U I T A B L E  F O 9  YARD ROCK TUNNELING.  THE MACHINE P U L L S  I T S E L F  A G A I N S T  7HE HEADING WTTH TW? P I L O T  
D R I L L  HEADS THAT ANCHOP THFNSELVES I N  PLACE AFTER D R I L L I N G  I N T O  THE FACE. A P A I R  OF R O T A T I N G  CUTTERHEAOS EXC4VATE 

T R A I L I N G  CONVEYOR. 
M A T E R I A L  AS THE P I L O T  ANCHllPS P P O V I D F  A BEARING. I N  ALASKAN TESTS, 15 TONS OF COAL A M I N U T E  WFPE D E L I V E R E D  TO A 

I.kbkQJ.QQ1 MANCLA'S ML)L€ 'S  A MONSTEQ ( M€CHANICAL-Y INER BUCKET-LOADEQ CUTTERS ) 

F N G I N E E R I N G  NFWS-RFCORD, (170) 17,  J A Y  10, 1963. THE WORLDS LARGEST MECHANICAL MOLE I S  ON I T S  dAY TO P A K I S T A N  TO 
BURRr3W D I V E R S I O N  AN@ POWFQ TUNNELS AT THE MAYGLA DAM S I T E .  THE R I G  TUNNFLFR (MAXIMUM RORING D I A M E T E R  36 FEET I Y C H E S )  
d F I G H T S  300 TONS 4ND I S  OVEP 50 FEET LONG. FEATURES OF THE MOLE ARE DESCRIPED. I T  CAN HANDLE VFRY SOFT AND VERY HARD 
HEADINGS AND W I L L  I N S T A L L  R I S S T E E L  MFCHANICALLY.  I T  WILL BORE F I V E  32 FT.  D IAMETER TUNNELS 1800 F F E T  TPROUGH S P K S T O N E  
AND L IMFSTONE.  

J5-63-1QQQ1 MOLFS T @  A U D I T I O N  FOR SF SUBWAY ( ADVANCE PRESSURE MUCK L I N I N G  1 
E N G I N E E R I N G  NEWS-RECORD, ( 1 7 1 )  18, OCT 31, 1943. B A R T 0  ENGINEERS I N  AN EFFORT TO REDUCE COSTS CN UNCERGROUhlD 
P @ R T t O N S  O F  THE 7 5  M I L E  P A I L  R A P I D  T 9 A N S I T  SYSTEMS WILL TEST A JAMES S .  R O B B I N S  MACH:NE AND ONE BY TUNNEL RESEARCH 
ASSOCIATES WHOSE D E T A I L S  HAVE NOT BFEN RELEASED. THF RORRINS MACHINE IS S I M I L A R  TI? ONF MADF FOR TbF P A R I S  METRO 
SYSTEM. THE CUTTER HEAD WILL BE UNDER PRESSURE BUT NO MEN W I L L  HAVE TO WORK UNDFR AIR.  MUCK WILL RE REMOVED THROIJGH 
P R P S S U R I Z E D  LOCKS. HYDRAULIC  RAMS PUSHING AGAINST THE L I N I N G  N I L L  MOVE THF MACHINE FORWARD. L I N I h G  WILL B F  I N S T 4 L L F D  
I N  SHORT S E C T I P N S  B E H I N D  T H E  CUTTER HEAD AS TYE Y A C H I N E  MOVES ALONG. 

-- 75=.$3=12QQ1 RO I N C H  TUNNELING MACHINES T O  D R I V E  THROUGH SANDSTONE ( ADVANCE COST MOL€ 1 
M I N I N G  E N G I N F F R I N G ,  167 DEC. 1963. TWO YUGHES TOOL CO TUNNELING MACHINES 37 FT.  LONG CRF D P I V I N G  AN 80 I Y C H  TUYNEL 
F I G H T  M I L E S  LONG THRU LOCONTNO SANDSTONF 4T 3EPTHS OF 460 TO 750 F T  I N  ARIZONA.  THF TWO MACHINFS WILL D Q I L L  FRCM BOTH 
ENDS S I M U L T A N F n U S L Y .  T H F I R  HEADS REVOLVE AT 15 RPM ANI) FACH MACHINE W I L L  ADVANCE AT A RATF OF 7 T O  10 F T .  PER HR. 

I2-&&=QJ&!QL SONIC P I L E D P  I V E R  TAKES TEST AS FAST SOFT-G?%JND TUNNELER t SUB-AQUEOUS-TUhNELING P E N E T R P T I O N  

E N G I Y F F R I N G  NEWS-RECClR9, ( 1 7 2 )  16, JAN 91 1964. TYF A R T I C L E  RFPORTS THE T E S T I N G  OF A R O D I N F  SCWIC P I L E  D R I V F R  L A S T  

MINUTES.  SET-UP FOR THE TEST WAS MAKESHIFT  4ND MUCH OF THE T I M E  WAS SPENT I N  EFFClRTS OTHFP THAN D R I V I N G  W I T H  T H E  
D R I V I N G  T A K I N G  ONLY A N F T  128 SECCINDS. I N  A SFCOND 9 R I V E  '3F 5 8  FFET I T  TOOK ONLY 72 SECONDS. FURTHER T E S T I N G  I S  
CONTEMPLATED U S I N G  UP TO 36-48 I N C H  D I 4 M E T F R  TO GFT P O I N T S  ON A CURVE FOR FXTRAPOLATION TO CHECK D P A C T I C A B I L I T Y  OF 20 
F F E T  D I A M E T F P  TUNNEL L I N I N G  PLACED BY SONIC D 9 I V I N G  COMSINFD WITH HYDRAULIC  P U L L I N G .  FFATURES OF TI-F T F S T S  AND 
E O U I P Y F N T  ARE DESCRIsED.  

15-64=QXO1 YACI' IVE W I L L  RORE HARD ROCK TUNNFL ( ALKIRK-HARD-ROCK TUNNELER P I L O T - P U L L - P R I N C  I P L E  HYCRAULIC-SYSTEM 

E Y G I Y E F Q I N G  NCWS-PECnRD, ( 1 7 2 )  24-25, MAY 127 1964. A NEW HAPDROCK TUNNEL MACHINE C A L L E D  T H F  A L K I R K  HARD ROCK 
TUNNELER WILL BE USEn TO BORE A TUPlNFL UNDER 'JFW YORK HARBOR FOR P F R I N I  CORP AND MORRISON-KNUDSON. D E S I G N E D  AND B U I L T  

HOR I Z O N T A L - C @ N D U I T S  1 

WFEK T H 4 T  V I B P A T F D  A H Q R I Z O N T A L  12-3/4 I N C H  O.D. P I P E  58 FFET I N T O  A NATURAL BANK OF SAND AND GRAVEL I N  L F S S  THAN THREE 

MOLFS ) 

8Y LAWRFNCE YACHINE AN0 YFG. C 0 . t  THE MACHINF WILL BORF THROUGH FELDSPAR AND GARNET WHICH HAS A HARDNESS OF ABOUT 7 ON 
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A G E O L n G I S T ' S  SCALE. THE MACHINE W I L L  OPERATE ON T H E  A L K I R K  P I L O T - P U L L  P R I N C I P L E  WHICH P U L L S  T H E  MOLE I N S T E A D  O F  

CLUTCHES, GEAR TRAINS,  AND P E R M I T S  D E L I C A T E  THRUST CONTROL. 

J5-64-07QQl TUNNEL BORER AND SHAFT D R I L L  TEAMED A T  AGC'S H Y D R A U L I C  M I N I N G  O P E R A T I O N  ( ADVANCE CUTTERS G I L S O N I T E  MOLE 

PUSHING. THE MACHINE W I L L  COST AS MUCH AS B L A S T I N G  EXPENSES WOULD HAVE COS?. THE H Y D R A U L I C  SYSTEM E L I M I N A T E S  

IRON-ORE SHAFT GUIDANCE 
E N G I N E E R I N G  AND M I N I N G  JOURNAL, (165) N 7 ,  69-70, J U L Y  1964. T H E  AMERICAN G I L S O N I T E  CO M I N E S  GILSCINITE,  AN 
A S P H A L T I C  SUBSTANCE WHICH DOES NOT BURN I N  THE S O L I D  STATE BUT HAS A H I G H L Y  E X P L O S I V E  DUST. DEVELOPMENT HAS BEEN 
C O N F I N E 3  TO H Y D R A U L I C  J E T  C U T T I N G  W I T H  OCCASIONAL WORK W I T H  P A V I N G  BREAKERS OR P I C K  AND SHOVFL. TO MEFT SAFETY 
REGULATIONS,  FSCAPEWAYS MUST BE PUT DOWN EVERY 1000 TO 1500 FT.  CONVENTIONAL S I N K I N G  METHODS WERE SLOW S O  A 62 I N .  D I A .  
SHAFT D R I L L  WAS DESIGNED B Y  AGC AND HUGH Be W I L L I A M S  CO AND B U I L T  BY HUGHES TOOL CO. T H I S  MACHINE BORES TO A D E P T H  OF 
900 FT.  I N  TWO OR THREF WEEKS. THREE SUCH HOLES S I M U L A T E  THE STANDARD THRFE-COMPARTMENT PRODUCTION SHAFT WHICH 
R F Q U I R E 3  SEVERAL MONTHS TO COMPLETE. A D E S C R I P T I O N  OF THE D R I L L  AND I T S  O P E R A T I O N  IS G I V E N .  T H E  SLOW R A T E  AT WHICH 
C O L L E C T I O N  D R I F T S  COULD RE D R I V E N  L E D  T O  U S I N G  A 30 F T  LONG SEVEN TON M A C H I N E  B O R I N G  A 54 I N .  HOLE W I T H  A CLUSTER OF 

PFR HR. I N  ROCK AND UP TO 20 FT. PER HR. I N  G I L S O N I T E .  A S I M I L A R  BO I N .  D I A M E T E R  MACHINE I S  R O R I N G  AN 8 M I L E  LONG 
WATER TUNNEL I N  4RIZOYA. ANOTHER T U N N E L I N G  M A C H I N E  I S  B E I N G  USED FOR I R O N  M I N I N G  I N  M I C H I G A N  B Y  THE HANNA M I N I N G  CO. 

75-64-07007 9 0 R F  DUG I N  WET S O I L  FOLLOWS T R I C K Y  P A T H  I ADVANCE MUCKING PRESSURE S T A B I L I Z A T I O N  L I N I N G  MOLE. 1 

CUTTER S I T S  WHICH OPERATES AS A SELF-ADVANCING U N I T  WHICH P O S S I B L Y  CAN BE T V  DIRECTED.  ADVANCE IS  AT T H E  RATE O F  5 F T .  

CONSTRUCTION PETHODS & E Q U I  PMENT, 140-1461 J U L Y  1964. 447 FT. OF T H E  HOUSTON $1.7 M I L L I O N  STORM SEhER WAS 
I N S T A L L E D  BY OPEN-CUT. THE R E M A I N I N G  6,500 FT. WAS BORED W I T H  A WHEEL TYPE MACHINE H A V I N G  AN 1 1  1 / 2  F T .  D I A  R I M - D R I V E  
C U T T I N G  WHEEL AND T E E T H  MOUNTED ON S I X  R A D I A L  ARMS. 14 S I X T Y  FT. DEEP WELL PUMPS 75 TO 1 2 5  FT. APPRT PUMPED FOR 3 
MONTYS SEFORE THE TUNNEL CREWS H I T  THESE SECTIONS T O  REDUCE T H E  WATER T A B L E  FROM 16 F T  BELOW THE SURFACE TO I N V E R T  
L F V F L  40 FT. DOWN OR LOWER. ALONG TWO MAJOR TUNNEL SECTIONS,  ABOUT H A L F  I T S  LENGTH, M I N I N G  F Q U I P M E N T  MFG. CO. A I R  
LOCKS SEALED T H E  ENDS AN@ T U N N E L I N G  WAS UNDER 5 T O  10 P S I  A I R  PRESSURE. I N  ONE FXTREMELY TROUBLESCMF 1 5  FT.  S E C T I O N  A 
S T L U T I O N  O F  n N E  PART S O D I U Y  S I L I C A T E  AND THO PARTS SODIUM C H L O R I D E  WAS I N J E C T E D  I N  T E N  1 112 I N .  D I b  HOLES TO 
S U F F I C I E N T L Y  S O L I D I F Y  T H E  M A T E R I A L  FOR EXCAVATION.  A 18 I N .  T H I C K  REINFORCED CONCRETE L I N I N G  WAS PCURFD I N  45 F T  

G I V I N G  T H F  CONCRETE A 30 FT.  B A F F L E D  DROP TO THE TUNNEL. AVERAGE ADVANCE I N  TUNNEL E X C A V A T I N G  W I T H  50 MEN WORKIYG 3 
S H I F T S  I S  20 F T .  PER DAY. THE MACHINF KNOWN AS A D E T R O I T  T Y P E  WAS B U I L T  B Y  MID-STATES TOOL & D I E  CC. MUCKING I S  DONE 

N I D E  PATH. 

2 5 = f & = l l Q Q l  GERCAN T U N N E L I N G  MACHINE P C L I E V E S  T R A F F I C  CONGESTION ( ADVANCE CUTTER PRESSURE MUCKIYG G U I D A h C E  L I N I N G  

CANAOIAY M I N I N G  JOURNAL, 76-77, NOV. 1964. A DEMAG T U N N E L I N G  MACHINE I S  E X C A V A T I N G  A 5.75 METER D I A  V E H I C U L f i R  

S E C T I O N S  U S I N G  A F U L L - C I R C L E  C O L L A P S I B L E  D I X I E  FORM E S T E E L  CO. FORM. ACCFSS SHAFTS WERE D R I L L E D  FROM THE SURFACE 

V I T H  TWn F L E C T R I C A L L Y  PRDPELLFD T R A I N S  OF 16 TO 20 CARS OF 2 YD. CAPACITY.  GUIDANCF HAD TO BE H E L D  W I T H I N  A 15 FT. 

MOLE 1 

TUNUFL IY GERMANY, 30 METERS BELOW T i €  SURF4CE. T H E  MACHINES FRClNT P O R T I D N  I S  DESIGNED AS A PRESSUPE CHAMBER FOR A 
Y A X .  OF 7.5 ATMOSPHERFS. THERE A R E  NINE CUTTING MOTORS IN S T A R  FORMATION. L A R G E  BOULDERS H A V E  T O  eE BROKEN UF AT THE 
FACF OY REYOVFn. A CRUSHER BREAKS PCCK TO 80 M I L L I M E T E R  S I Z E  AND T H I S  MUCK IS E J E C T E D  FROM T Y F  PRFSSURE CHPMOEQ THRU A 
pPdFIJM4TIC STOWIWG MACHINE. L I N I N G  PANELS A Q F  I N S T A L L E D  W I T H  AN E R E C T I N G  M A C H I N E  I N  THE T A I L  O F  THE MACHINE. I F I  SOFT 
GROUND ADVAYCE PFR 24 HOURS I S  1 5  METERS SUBJECT TO E F F E C T I N G  L I N I N G  WORK. I N  F I R M E R  M A T E R I A L  HEADWAY MADE I N  24 HRS. 
I C  ABOUT R METFRS. U S I N G  CONVENTICNAL MAVUAL T U N N E L I N G  METHODS, T H E  AVERAGE D A I L Y  ADVPNCE WAS 1.5 TO 1.7 METERS. AN 
A P P L I A V C E  BASED ON THF GYROSCOPIC COYPASS G U I D E S  THE MACHINE. 

15-65-0lQQl FOR LONDON TRANSPORT THE DEEP TUBE ( GEOLOGY S H I  F L D  CEMENTATION J A C K I N G  DRUM-DIGGER PNEUMATIC-SPADES ) 

1 IU T f l  14 F T  D I A  W I T H  S T P T I O N  TUNNELS 2 1  F T  2 1 / 2  I N .  THF STRUCTURE I S  BLUE CLAY W I T H  OCCASIONAL SEAMS OF 
WATFQ-REARING GRAVEL. A S I N G L E  SHOT C H E M I C A L  I N J E C T I O N  PRPCESS KNOWN AS TDM I S  USED BY T Y F  CEMFNTATTQN CO T" SCAL THE 
N A T F Q  R r 4 P I N G  GRAVFL. THF RUNNING TUNNEL I S  SORED W I T H  A DRUM DIGGER H A V I N G  A NON-ROTPTIVE C Y L I N D R I C A L  S H I F L D  d I T H  A 
LcA!71YG C U T T I N G  FDGF H I T H I N  WHICH ANOTHER DFUY W I T H  FROYT CUTTERS I S  ROTATED A T  UP T 3  4 RPM UNDFR H Y D R A U L I C  POWFR. AS 
THF CIJTTFPS ROTATE THC S H I E L D  I S  H Y D R A U L I A L Y  FORCFD FORWARD. EXCAVATED M A T E R I A L  I S  STORED I N  ONF CAP ANT S H U T T L F ~  B Y  
fiVJnT!iER T n  THE SHAFT. W E A T H E A D  S H I E L D S  ARE USED FOR THF S T A T I O N  TUNNELS. AS T H I S  S H I E L 9  I S  FORCE@ FIRWPRD THC C L A Y  1 s  

FYGTYFFRING,  42-46, J A W  8 ,  1965. THF V I C T O R I A  SUBWAY L I N E  RUNS 69 FT RELOW T H E  SURFACF OF L 7 N D 0 Y  I N  1\ TUNNEL 13 C T  

MFNUALLY GOUGFD OUT W I T H  PNEUMATIC SPADFS. L I N I V G  I S  60 PERCENT UNBOLTED CONCRETE RLOCK, THE REMAIk'DER I S  CAST IQON 
SFGMFYTS. FOPYFRLY THF L I N I N G  WAS GYOUTED I N  PLACE.  NOW 3 Y  J A C K I Y G  I N  PLACE AGAINST T H E  CLAY, G '70UTIYG I S  E L I M I N A T E D .  

7E-65-Q2QQ1 MOLF I N V A D E S  NFW MEXICO ( MUCK CRUSHFR SLURRY L I N I N G  CUTTERS MAINTENANCE 1 
4ECTCRN CONSTQUCTICY,  50-54, F E S  1965. A J A Y E S  5. R O R S I N S  MOLE I S  B n R I N G  T H E  1 1  FT.  10 IY. Tf l  13 F T .  3 IN. 914 .  
d 4 T E 9  D I V E R S I O N  TIJNNFL 12.7 M I L F S  LONG FOR THF SAN JUAN-CHAMP PRCIJFCT I N  NORTHERN NEW YEXICO. ON T H I S  813,791,000 
PRr lJFCT A GAS A Y 4 L Y Z E S  PRCSFS AHEAD. MUCKING I S  DONE SY PUMPING I T  I N T O  A CRUSHER AND FROV THERE I N T O  4 P U G - Y I L L  FROM 

dCLL A S  PUMP CCYCRETING SYSTEM TO PLACE T H E  C I Y .  T H I C K  L I N I N G .  WORK I S  A T  A 3 S H I F T  SCHEDULE W I T H  STODS AT 700 FT. TO 
WYICH T T  I S  PUMPED T H P J  6 IY. P I P F  TO SLURRY PONDS SOUTH OF THE TUL'NEL. M'lRAN E N G I N E E R I N G  B U I L T  T h I S  MUCK SYSTFP AS 

1,000 FT.  TO " F P L A C E  CUTTERS AYD TO P R O V I D E  R O U T I N E  MAINTFNANCF.  

---- 75-65-QmB1 IJSPR TUNNFLS UNDER T H F  C O K T I N E N T A L  D I V I D F  ( S0RIYC-MACI' IYE MOLF 1 
C l V l L  E Y G I N F E R I N G ,  ASCET R 3 ,  MAR 1065. F I R S T  O P E R A T I n N  OF A 76 TON BORING MACHINE DP MOLE WAS < A T I S F A C T C R Y  IY 
CUQREYT T F S T S  AT T H F  PUREAU '1F R E C L A H A T I O N ' S  12.7 M I L F  A Z 3 T E A  TUNNFL SENFATH THE C O Y T I N E N T A L  n I V I D E  I'd Tt'F CPLVQA9O 
D I V E 9  S A S I N ?  5flUTHERN COLOQADO. I N  T F S T  RUNS THE MACHINE ADVANCED TYRDUGH WFATHERFD MUDSTONE AT THE OUTLET PORTAL OF 
THF TUNYFL ( 1 1  F E E T  F I N I S H E D  DIQhrlETERl AT A 9 A T F  OF 7 TO A F E E T  PER HOUR. THE A R T I C L F  P R I M A R I L Y  ' IFSCRIRFS THE WATFR 
7 I V E Q S I O Y  PRqJECT BUT I N C L U D E S  A PICTIJQE AND D F S C R I P T I O N  OF CONSTRUCTION AND OPERATION OF THE MOLE. 

75-65-QAQQl MDLF nWT, MFh I N  ( HARDROCK BORING-MACHINE TUNNELERS DRILL-SHOOT-MUCK 1 
F Y G I N e F R I N G  NFWS-RECORCT (174) 71, APR 15, 1965. THE HARDQOCK BORING MACHINE, A 71 TON POLE, F P I L E C  TI? P U L L  I T S  

YFAR ON T H F  J n R ,  T H E  MACHINE HAD PORED L E S S  T H 4 N  300 F E F T  OF THE 12 FOOT D I A M E T E R  WATER TUYNEL RETWEFN QPOnKLYN bN? 
VbY THROlJGH \ E A R L Y  5 Y I L F S  OF S O L I D  POCK SOVE 936 F E E T  UNDFR NEW YORK HARBOR AND WAS P U L L F D  CFF THE JOB. AFTER YFARLY 4 

STATEV I S L A N D .  I T  WAS D I S M A N T L E D  AFTER NUYEROUS R F P 4 I R S  HAD F A I L F D  TO REMOVE THE BUGS FROM I T S  CIPERATICk 4ND WAS SENT 
R&CY Tr! I T S  YAYUFACTtJRER FC!P FURTHER T E S T I Y G  I N  flREGON TC I R O N  OUT I T S  D I F F I C U L T I E S .  THE PEb'AINnFR OF THE TU'L'NFLING 
1dILL 9 E  COMPLETED RY T H E  D R I L L  SHOOT AND MUCK METHOD. 

75-65-QZQQl U.S. MADF M b C H I N E  SPEEDS TClKYO TUNNFL ( ADVANCE COST L I V I N G  MUCKING CUTTERS GUIDANCF 1 
C W S T R I J C T I O N  YFTHOOS AND EQUIFYENT,  82-84, MAY 1965. A MEMCO MOLE I 5  R O R I N G  AN 1 1  F T  D I A  SEWEP TUNNEL THRU S T I C K Y  

S I L T  AT 40 I N .  PFQ M I N .  BUT CURVES AND L I N E R  E R E C T I O N  L I M I T  THF S H I E L D S  P O T E M T I A L .  P R E V I @ U S  H A Y 3  M I ' U I V G  AVFQAGED L F S S  
S I L T  AT AVERAGE RATES OF 67 FT.  PED 20 HR. DAY ON THF 2 ,@00 F T  LONG PROJECT. I N  T E S T S  THE 150,000 CACHIlrrF CUT THYU 

T H 4 N  4 FT.  PER 10 H? QAY. THE STEEL YOOD OF THE 1 1  F T  9 I A  S H I E L P  HAS A 6 I N .  W I D E  S P E C I A L L Y  T R F A T F C  C l ' T T I N G  EDGF THAT 
PQr lJFCTS OVER AND "UTWARP FROM THF C U T T I N G  WHEFL. S H I E L D  ADVANCF I S  'WITH T E N  150 TON C A P A C I T Y  R r ) G r R S  Y Y D R A U L I C  JACKS. 
THF C U T T I Y G  WHFEL r lAS BUCKETS WHICH PUMP THF MUCK ON A 40 F T  LONG C?VVEYOR F E F D I N G  2 1/4 Y D  C A P A C I T Y  CARS P U L L E D  9 Y  
FATTFQY P n Y F P F D  Lf lCOMnTIVES. AN ERECTOR 4QY P O S I T I O N S  S I X  P I E C E  30 I N .  WIDE L I N I N G  SEGMENTS I N S I D F  THE T A I L  S E C T I O N  n F  
THE S d I E L D .  T Q A V E L  I S  CONTPOLLED BY V A R Y I N G  T H E  PRESSURE ON T H E  10 JACKS AYD W I T H  THREE M E C H A N I C A L L Y  OPER4TED STEEL 
RLOCKS. 

75-65-QZQQz YPCK MOLF MAKES 200 FEET A DAY ( TUNNELING-MACHIYF CONCRFTF-L INED CONVEYOR-SYSTEM YUCK-TRAIN ) 
F N G I N E F R I N G  NFWS-RFCIlRn, (174) 309 MAY 13, 1965. A MECHANICAL T U N N E L I N G  MACHINE I S  BORING A l? FEET 3 I N C H  

G F T T I M G  T H F  MUCK OUT AND S T F F L  R I N G  PE4MS I N  P L A C E  AT THE YEADING I S  A FOPMIDARLE TASK. THE 12.9 M I L E  LCYG PZOTFA 
D I A M F T F P  TUVYCL THPOUGH T H E  SHALE OF NEW M E X I C 3 ' 5  SAN J U A N  MOUNTAINS AT RATES UP TO 204.5 FEFT PER 3 S H I F T  DAY. 
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TUNNEL I S  EXPECTED TO BE COMPLETED I N  THE F A L L  OF 19679 2 YEARS AHEAD OF THE CONTRACT D E A D L I N E .  MUCKING IS BY MEANS O F  
A COYVEYOR B E L T  ON THE MOLE F E E D I N G  ONTO A 250 FOOT T R A I L I N G  CONVEYOR THAT LOADS MUCK TRAINS.  TWO T R A I N S  ARE USED EACH 
W I T H  SEVEN 5 CU. YARD CARS, W I T H  PLANS OF GOING TO 10 OR 1 2  CAR T R A I N S  SOON. THE PROJECT WORKING C O N D I T I O N S  AND 
PROGQESS OF T H E  J O B  ARE DESCRIBED. 

1!kbkP5p91 ROCK MOLES I N F E S T  SAN J U A N  MOUNTAINS ( NAVAJO-PROJECT BLANCO-TUNNEL AZEOTEA-TUNNEL 
FNGR NEWS-RECORD, (1741 23, MAY 209 1965. A B I G  MOLE IS ABOUT TO START BORING A 20 F T  O I A  2 M I L E  L O h G  TUNNEL ON 
THE U.S. BUREAU OF RECLAMATION 'S  NAVAJO I N D I A N  PROJECT ANOTHER MOLE I S  D R I V I N G  THE 12.8 M I L E  LONG 13 114 F T  D I A  AZEOTEA 
TUNNEL AT 200 FT /OAY.  THE BLANC0 TUNNEL CONTRACTORS HAVE NOT D E C I D E D  Y E T  BUT PROBABLY WILL U S E  A MOLE FOR T H E  8 1 1 2  
M I L E  TUNNEL WHICH RUNS THROUGH T H E  SAME K I N O  OF SHALE AN0 SANDSTONE THAT IS I N  THE AZEOTEA TUNNEL. 

75=42=P1991 REMOTE CONTROL M I N I N G  AUTOMATION SAFETY SUPPORTS 1 

F I R S T  COMPLETFLY AUTOMATED MINE.  COMPLETE I N F O R M A T I O N  I S  S U P P L I E D  CONTINUOUSLY TO A CENTRAL P O I N T  OF ALL PARTS OF THE 

SYSTFM THE ROOF ABOVE T H E  FACE I S  SUPPORTED BY M U L T I P L E  H Y D R A U L I C  CHOCKS MOVED FORWORO AND RE-PRESSURIZED TO M A I N T A I N  
ROOF SUPPORT AS TI+ FACE I S  ADVANCED. HYDRAULIC  RAMS MOVF THE FACE CONVEYOR TO A NEW AL IGNMENT AND THE ADVANCE OF BOTH 
CHOCKS AYD CONVEYOR IS PROGRESSIVE.  THE OPERATOR CAN SET, CHECK, DETERMINE P O S I T I O N  OF T H E  CHOCKS FROM THE CONTROL 

? O L L I E R Y  ENGINEER, (421 NO. 497, 268-273, JULY, 1965. THE COAL M I N E  A T  BEVERCOTES, NOTTINGHAMSHIRE I S  T H E  WORLD'S 

V I N E  S O  THAT T H E  NECESSARY A C T I U N  CAN BE TAKEN TO M A I N T A I N  PRODUCTION. MEN ARE NOT USED AT THE COAL FACE. I N  THE ROOF 

C A B I Y .  THE COAL IS HANDLED BY GATE CONVEYORS AND I S  ALSO MONITORED. 

_75-6E-OSQP1 METQO. S E C T I O N  SPONSORS F O R E I G N  LANGUAGE T E C H N I C A L  SESSIONS ( TUNNELING-MACHINE ROTARY-DQILL ING-MACHINE 

C I V I L  ENGINEEQING,  4SCF9 9 6 ,  AUG 1965. T E C H N I C A L  SESSIONS I N  F O R E I G N  LANGUAGES WERE HELD AT T h E  U N I T E 0  E N G I N E E R I N G  
CENTEQ. ON€ RECENT S E S S I O N  I N  GERMAN HEARD ABOUT THE DEVFLOPMENT OF MECHANICAL ROCK TUNNELERS, S P E C I F I C A L L Y  T H F  WSKW 
ROTARY D R I L L I N G  MACHINE. THE C U T T I N G  TOOLS ARE ARRANGED SO THAT FORCE IS A P P L I E D  AT R I G H T  ANGLES TO THE D I R E C T I O N  OF 
THE TUNNEL. ONLY 85 KW WAS REQUIRED BY THE CUTTER HEAD MOTOR AND 6 KW TO FORCE THE HEAD I N T O  C U T T I N G  A 10 FOOT 
OIAMETFR TUNNEL I N  SHALF AND COAL. ABOUT HALF THE M A T E R I A L  WAS NOT CUT AT A L L  BUT WAS BROKEN B Y  V I B R A T I O N -  AFTER 2400 
F T  T Y F  C U T T I N G  T O N S  WERE NOT EVEN DULLED. 

153?5=UlQQl ANOTHER MOLE PUSHES JOB TWO YEARS AHEAD OF SCHFDULE ( TUNNELING-MACHINE MUCKING WATER-TUNNEL SLURRY 

CONSTRUCTION METHCDS, 152-157, OCT 1965. AZOTEA CONTRACTORS 13.8 M I L L I O N  DOLLAR CONTRACT FOR b 12.7 M I L E  TUNNEL 1s  
TWO YEARS AYE4D OF SCHEDULE. THE RORBINS MOLE AVERAGES 1 4  F E E T  PER HOUR WHEN WORKING BUT W A I T S  ABOUT H A L F  THE T I M E  FOR 
MUCKING T n  CATCH UP. RFCORDS FOR RATE OF AOVANCF ARE 98 F E E T  I N  8 HOURS, 210 FEET I N  24 HOURS. T P E  AZOTEA TUNNEL 1s  A 
YAJOR L I N K  I N  THE D I V E R S I O N  SYSTEM OF BU REC SAN JUAN - CHAM4 PROJECT. RING-BEAM SUPPORTS ARE I N S T P L L E O  AS FAST AS THE 
YEW S E C T I O Y S  AQE EXPOSED. WHEN MOLE I S  DELAYED EXPOSED WALLS ARE COVERED W I T H  G U N I T E  TO PREVENT S L A K I N G  OF S H A L E  
S?)F.FACES. 

CUTTING-HEAD 1 

PUMPING 1 

15155111OQL MOLF BORES TUNYEL NO 1. M I N E R S T  NO 2 I O R I L L - S L A S T  HUGHES B E T T I - I  1 

NO 1 FOR THE U.S. BUREAU OF RFCLAMATIONS NAVAJO I N D I A N  I R R I G A T I O N  PROJCCT NEAR FARMINGTON N.M. T H E  MOLE I S  LASER 
GUICED. 5 M I  LONG TUNNFL NO 2 I S  B E I N G  D R I V F N  BY CONVFYTIONAL O R I L L  AND B L A S T  METHODS. D E T A I L S  OF BOTH METHODS ARE 

'NGR YEWS-RFCDRO, ( 1 7 5 )  26-33, NOV. 11, 1965. THE HUGHES MOLE B E T T I - I  I S  D R I V I N G  THE 2 M I L F  LONG 1 8  F T  D I A  TUNNEL 

GIVEN. 

15-65-UQQl HUGE MOLF CAFVES CLAY ROCK I ADVANCE CAST CUTTERS B L A S T I N G  MUCKING PRESSURE 1 

fi 26 F T .  P I A .  INTE9CFPTOR SEWFR 58 M I L E S  LONG. THE $9.4 M I L L I O N  CONTRACT INCLUOES A SMALLER CONCRETE L I N E D  TUNNEL 
RECFYTLY STARTED W I T H  A 23 1 / 2  F T .  D I A .  CALWELD MACHINE. THE MACHINE HAS FNTERED A STRETCH OF COMPOSITF  3 4 T E R I A L  

AND E I G H T  R 4 D I A L  SPOKES ALL H A V I N G  2 I N .  WIDF C U T T I N G  TEETH. OUTER WHEEL R I M  C A R R I E S  1 6  ONE YO C A P P C I T Y  MUCKING 
FLAPS. MUCK I S  TRANSPOQTED I N  32 FOUR YD CARS POWERFD W I T H  13 BATTERY D I N K I E S .  MACHINE OPERATES UNDER 4 TO 6 P S I  
PPFSStJRE AN@ HAS A PFRSOYNEL LOCK AND A M A T F R I A L  LOCK THAT TAKES 1 3  CARS. THE 150 TUN MACHINE 22 FT.  LONG I S  THRUST 
FOPWARD I N  3 F T  STEPS. THE WHEFL I S  TURNED AND THRUST FORWARD BY S I X  CHAMBERLAIN H Y D R A U L I C  MOTORS THAT C E L I V E R  510,000 
E T .  Le. OF TORQUE. 

75-&~QQl LASER L I G H T S  THE WAY F'3R HUGE TUNNEL D IGGER ( ADVANCE THRUST LASER GUIDANCE MOLE 1 

TlJNNFL THRU SANDSTONC AT A RATE OF 10 F T  PFR HP. THE 1000 HP MACHINE ON THE MAVAJO I N D I A N  I R R I G A T I C N  PROJECT A P P L I E S  A 
THRUST fF 1.4 M I L L I O N  LB. Y A X .  AT THE FACE. HUGHES TOOL CO. S A I D  " I T  I S  NOT UNUSUAL FOR THE M A C H I N E  TO D R I F T  @ F F  
COURSE 2 OR '3 I N .  I N  A 5 FT.  ADVANCE. WITH THE PERKIN-ELMER GAS LASER, A CONTINUOUS HELIUM-NEON BEAM OF V I S I B L E  PED 
L I G H T  AS GUIDANCE, THE MACHINE HAS N'3T STRAYED BY MORE THAN 5 / 8  I N .  AFTER AN 4DVANCF OF 1 . 5  M I L E S .  TWP PHDTOCELL 

GLOW ON A D1S"LAY PAYFL I N  FRONT O F  THE MACHINE OPFRATDR WHO CAN CORRECT FOR ANY D F V I A T I O N S  AS THEY START TO OCCUR. 

CONSTRUCTIONS METHODS, 113-1159 DEC. 1965. A CALWELD ELECTRO-HYDRAULIC MACHINE AVERAGING 5FT .  PER HR. I S  T U N N E L I N G  

t O N T 4 I N I N G  A 6 F T  H I G H  DOLOMITE L I M F S T O N E  STRATA WHICH MUST RE OYNAIj l ITED AHEAD OF T H E  WHEEL. T H E  WHEEL HAS A NOSE CONE 

Y A C H I N F  OESIGN,  14,  APR 2 8 7  1966. THF HUGHES TOOL CO 280 TON, 64FT LONG CONTINUOUS M I N E R  I S  C L T T I N G  4  21 F T .  D I A .  

TARGETS ARE MCIUNTED AT TUNYEL D IGGER'S  FRONT AND BACK. THE L I G H T  BFAM I M F R I N G I N G  ON THESE PHDTOCELLS CAUSES L I G H T S  TO 

15-66-04QQZ THRUSTING A SUBWAY THROUGH A RAILWAY EMBANKYENT ( P I P E - J A C K I N G  1 
EYGIYEF' l ING, (2011 632, APR 1966. A 10 FT. 3 I N .  P E D E S T R I A N  TUYNEL UYDEQ A RAILWAY IS B E I N G  CCNSTRUCTED BY P I P E  

JAMMING WILL OCCUR I F  T P E  WORK IS STDPPEO. FOUR RAMS WERE USED TO EXERT A FORCE OF 600 TONS. 

15-65-Q!3,lQ1. W I L E  F I N I S H F S  TWO-MIL' ROCK BORF ( COST PERFORMANCE-RECORD 1 
E N G I Y F E P I N G  NFWS-RECORD1 ( 1 7 6 )  78 ,  MAY 76 ,  1966. B E T T I  I THE 280  TOY MOLE B U I L T  BY HUGHES TOOL CO D R I L L E D  101000 
FT '1F 2 0  F T  TUNNEL THRnUGH NEW MFXICO SANDSTONF I N  8 MONTHS 1 8  @AYS FOR AN AVERAGE OF 1160 FT/MO (NEARLY 40 F T / D A Y I  
R E S T  DAY 171 FT.  THE TUNNEL IS PART O F  BU RFC NAVAJO I R R I G A T I O N  PROJECT. A  JARVA MOLF C L A I M S  A RFCOPO OF 4 F T  AN HOUR 
I N  A V  8 F T  O I A  ST. L O U I S  SEWEQ TUNNEL. 

I55h=IQQQl  TWO WAYS F I G H T  FOR TUNNEL Ff lOTAGE ( COST C A P I T A L  ADVANCE OVERBREAK GUIDANCE SAFETY 1 

J 4 r K I N G .  IT I S  100  FEFT LONG CONCRETE L I N E D  AVO WATERPRgOF. T H I S  HETHO0 ADVANCF 10 F F E T  A DAY. ONE PRCBLEM I S  THAT 

O!YT R .  
CONSTRUCTION FQUIPMENT & MATERIALS,  50-56, OCT. 1966. TUYNELING MOLES ARE CCMPARED W I T H  O R I L L ,  SHOOT AND MUCK ON 

1 0  I N  D IAMETER TUYNEL I N  MODERATELY HARD SANDST3NF FOR 85,402,994. THF 3 DECK JUMBO B L A S T E D  5 M I L E S  OF 1 8  FT.  7 I N .  
9 I A -  HORSESHnE S'CTIOW TUNYEL FOR $8,640,411. COMPARING THE TWO METHODS: C A P I T A L  COST FOR THE YULE I S  H IGHER,  MOLE 
FDPTAGF AOVANCF TS HIGHFR BUT JUMBO IS STEADIER,  OVERRRFAK TROUBLES THE M@LE BUT I S  L E S S  THAN FOR THE JUMBO, MQLE LASER 
GUIDAYCE I S  SETTFP THAN JUMBO SURVEYING, MAIYTEYANCE I S  ABOUT EQUAL. MOLE I S  SUPERIOR TO JUMBO I N  SA'ETY, CREN S I Z E  

TWn PROJECTS I N  S I M I L A R  ROCK FORMATIONS, ONLY 1 / ?  Y I L E  APAQT.  THF MOLE BORE0 A 2 M I L E  LONG TUNNEL 19 F T  10 I N  TO 20  F T  

FOR E I T H F R  METHOD I S  AP7UT THE SAME. E i l T Y  SYSTEMS AT THE PRFSENT T I M E  HAVE T H E I R  STRONG AND WEAK POINTS.  

1 S f d M Q 2  VOLE BORFS ? 7 7 F P D  9 F  10 F T .  D I A .  TUNYFL ADVAYCE GUIOAYCE MUCKING CUTTFRS COST RCCK I 

CONSTRUCTION 'QUIDMENT M A T F R I A L S ,  54-55. OLT. 1966. A MOLE YAYUFACTURED BY JAMES S. R O B B I N S ,  40 FT. LONG AYD 
DAY, R. 

WEIGHIYG 120,DOO LR. I S  PORING THE' 10  FT. D I A .  SLAYCO TUNNFL 7000 FT. LONG I N  COLORADO. ADVANCES HAVE BEEN AS H I G H  AS 
105 F T  I N  8 HP, 7 7 7  FT. I N  2 4  HR AND 1189 FT. I N  A WFEK. GUIDANCE SYSTEM IS A LASER BFAM @ F V I C E  MPNUFACTUPFD RY I . T . I .  
OF OEYVER MUCKING IS DCNF RY TdO T R A I N S  OF S I X  16 YD. CARS AND A 393 F T  LONG C A L I F O R N I A  SWITCH. CUTTER HEAD HAS 24 
' J ISK T Y P F  11 It1. R n L L F R  CUTTEPS WHICH CUT CONCEYTPIC C I 9 C L E S  AT 3 1 1 2  I N .  SPACIFJG. ALSO A BEVELED TRI -CONE 3 I T  I S  
L3CATED AT CUTTERHEAn CFVTFR. MOLFS HAVE TENDED TO S R I N G  F X C A V A T I O N  B I D  P R I C E S  DOWN. TME SAMF B A S I C  CREW W I T H  A MOLE 
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CAN MAKE S I X  T I M E S  THE ADVANCE OF CONVENTIONAL OPERATION.  ROCK THREE T I M E S  HARDER T H A N  T H E  PRESENT L E W I S  C MANCOS 
SHALES SHOULD BE ECONOMICALLY BORED. 

'1 
.I 

?- 7 
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153632Q41 F I V E - M I L E  T U N N E L  HOLED THROUGH ( HARD-ROCK-TUNNEL ING-MACHINES MOLES D R I L L I N G - A N D - B L A S T I N G  ) 

H O L I N G  THROUGH OF THE 5 M I L E  LONG 12 FOOT D I A M E T E R  RICHMOND WATER TUNNEL UNDER NEW YORK HARBOR TO STATEN I S L A N D .  A L L  

E X P E R I M E N T A L  U S E  OF A S T I L L - P R O M I S I N G  HARD ROCK T U N N E L I N G  M A C H I N E  T H A T  F I N A L L Y  WAS P U L L E D  OFF THE JOB. A D R I L L  JUMBO, 
MnUNTlMC, 5 D R I F T E Q S  AND A N  8 I N C H  BURN-CUT D R I L L  WAS NOT D E S I G N E D  FOR BLOCKY ROCK BUT COULD HAVE BEEN AND HOPES ARE 
Y I G H  FOR I T S  FUTUP,E USE I N  T H E  AREA. THE CONTRACTORS NOTED T H A T  B L O C K I N E S S  AND I N C O N S I S T E N C Y  OF TI-E ROCK, A S C H I S T  
LOADED W I T H  FELDSPAR, P E G M A T I T E  AND GARNET, GAVE T H E  MOLE THE MOST TROUBLE. 

/5=56~J.2QQ2 THIRTY-FOUR H Y D R A U L I C  C Y L I N D E R S  TEAM-UP T O  BORE G I A N T  I R R I G A T I O N  TUNNEL ( ADVANCE COST MOLE SAFETY 

WESTERN MACHINFRY G S T E E L  WORLD, (571 NO 121 37-38, DEC 1966. A 280 TON 64 F T  LONG TUNNEL B O R I N G  MACHINE B U I L T  BY 
HlJGHFS TOOL W4S USED TO BORE A 2 M I L F  LONG 20 FT.  D I A .  TUNNEL A T  UP TO 10 F T .  PER HR. TO B R I N G  WATER TO NAVAJO I N D I A N  
I R R I G A T I C N  PROJECT I N  NEW MEXICO. I T  I S  T H E  F I R S T  OF SOME 1 3  M I L E S  OF TUNNELS I N  T H I S  $135,000,000 PROJECT TO B E  
COMPLETFD IN1 1971. MACHINE C O N S I S T S  OF TWO CONCENTRIC FRAMES; INTERCONNECTING S I D E  PLATES,  I N T E R C O N N E C T I N G  H Y D R A U L I C  
C Y L I Y D E F S ,  A D R I L L I N G  HEAD, H Y D R A U L I C A L L Y  OPERATED WALL PADS SECURED TO TOP, BOTTOM AN@ S I D E S  OF I N N E R  FRAME, 
H Y D P 4 U L I C A L L Y  OPERATE3 WALL PADS SECURED T O  TOP, BOTTOM AND S I D E S  OF OUTER FRAME, H Y D R A U L I C  S T E E R I N G  C Y L I N D E R S  AND 
H Y D R A U L I C  C Y L I N D E R S  WHICH P O S I T I O N  THE CUTTFRS AT 1 9  F T  10. IN.,  2 0  F T  10 I N .  OR 2 1  FT. 2 I N .  FOR OIANETER.  H Y D R A U L I C  
SYSTFM OPERATES AT 6000 P S I .  MUCKING I S  D3Nf W I T H  O I E S E L  E N G I N E S  AND 10 CU. YO. R A I L  CARS. B O R I N G  M A C H I N E  IS L A S E R  
6 c A M  ALIGNFD.  FOR SAFFTY H Y D R A U L I C  F L U I D  I S  F I R E  R E S I S T A N T .  

- 75-66-17QQ3 HARD ROCK T U N N E L I N G  MACHINE ( ADVANCE FORMATION L I N I N G  CUTTERS HEAD 1 

E N G I N E E R I N G  NEWS-RECORD, ( 1 7 7 )  227 DEC 8 ,  1966. A B L A S T  900 F E E T  DEEP I N  HARD ROCK UNDER SOUTH BROOKLYN MARKED T H E  

RUT 200 F E E T  OF THE TUNNEL WAS D R I V E N  9 Y  D R I L L I N G  AND B L A S T I N G .  THE JOB WAS DELAYED BEYOND SCHEDULE BY THE 

GUIDANCE MUCKING 1 

T H E  ENGINEER,  910, DFC 1 6 ,  1966. N I X  & L I E S E N H O F F  ARF U S I N G  A DEMAG TUNNEL D R I V I N G  MACHINE ON THE SEWAGE TUNNEL 
BORED TO 2.1 METERS AND L I N E D  W I T H  3 MFTER LONG CONCRETE SEGMENTS T O  1.75 METERS. I T  I S  800 METERS LONG AND I S  12 TO 
2 0  METERS BELOW DORTMUND. CUTTER HEAD CONSISTS OF A SET O F  C R U S H I N G  ROLLERS MOUNTED C O N C E N T R I C A L L Y  SUCH THAT A CONE 
SHAPED F A r E  IS CUT WITH P P I L O T  HOLE I N  THE CENTER. M A C H I N E 9 I S  ABOUT 1 6  METERS LONG, WEIGHS 40 TONS AND CAN BE 
H Y D R A U L I C A L L Y  ADVANCE@ 050 M I L L I M E T E R S .  TWO H Y D R A U L I C  C Y L I N D E R S  PRESS T H E  CUTTER HEAD A G A I N S T  T H E  FACE W I T H  A STEPLESS 
V A P I A B L F  FORCE OF U P  TO 100 TONS. T U N N E L I N G  CRFW C O N S I S T S  O F  F I V E  MEN I N C L U D I N G  THE CRANF OPERATOR FOR EMPTYING S P O I L  
4T T H F  ADTT TRENCH. D Q I L L I N G  R A T E  I S  2-3 METERS PER HOUR BUT W I T H  MUCKING OUT AVERAGE R A T E  PER S H I F T  I S  5.5 METERS 
WHICH I S  F I V F  T I M E S  THAT BY T R A D I T I O N A L  METHODS. BORED TUNNEL R E Q U I R E S  NO SUPPORT. 

----- 75-67-41QQl I Y V F N T I O N  I S  GARDNER TRADEqARK ( TFREDO TUNNEL ING-MACHINE 
F N G I N E E R I N G  NFWS-RFCORD, ( 1 7 8 )  50, J A N  129 1967. HOUSTON CONTI.IACTOQ ELMER GARDNER FOUNDER OF GARDNER E N G I N E E R I N G  
C?QP. H 4 S  PROPUCED A YEW CONSTRUCTION METHOD OR EQUIPMENT ON EACH NEW J O B  A L L  D E S I G N E 0  AND B U I L T  I N  H I S  OWN SHOP. 
FEPTURED IS A T U M N E L I N G  MACHINE HE C A L L E D  A TFREr30. ON A $490 THOUSAND SEWER PROJECT? T H E  MACHINE CHEWFD OUT THE SEWER 
4 T  A RATE OF 18 TO 20 F E E T  A DAY L E A V I N G  B E H I N D  A REINFORCED CONCRETE TUNNEL 1 0  F E E T  I N S I D E  D I A M E T E R  W I T H  A 9 I N C H  
WALL. THE Y A C H I N E  USED A TOOTH C H A I N  FROM A T R E N C H I N G  MACHINE FOR B I T I N G  I N T O  THE TUYNEL FACE AND THE S P O I L  WAS PUMPED 
@UT. 

I ! j3I=Q1QQ2 B I G  MOLE I S  DOWN I N  THE H O L F  ( CUTTFP-HEAD CONVEY@R MUCK-TRAINS SEMI-HAPD-ROCK 

INT. ,  I N C .  I Y  L O 5  ANGEL'S HAS BEEN LOWERED I V T O  A SHAFT AND I S  B E I N G  R E A D I E D  TO BOPF THE 20 1 / 2  FOOT DIAMETER,  3 1 / 2  
E N G I N E F 4 I N G  NFWS-RECORD, ( 1 7 8 )  20, J 4 N  129 1967. a MECHANICAL MOLE BUILT BY CALWELD DIVISION O F  SMITH INPIISTRIES 

Y r L E  NFWHALL TUNNFL FOR THE METROPOLITAN WATE9 D I S T R I C T  @ F  SOUTHERY C A L I F O R N I A .  T Y E  25 FOOT D I A M E T E R  CUTTER HEAD 
R q T 4 T F S  AT 5 RPY AND 0UYPS S C I L  I N  HOPPER WHICH I S  E M P T I E D  PY 4 C@h!VEYC)R THAT TRANSFERS I T  TO MUCK CARS OPERATING 
BETWEEN T H E  MOLE AYO THF V E R T I C A L  SHAFT. T H F  MACHINE WILL M I N E  ABOUT 100 F E E T  4 DAY UNDER AVERAGE GEOLOGIC C O N D I T I O N S .  

75-67-0IQQ2 T A I L - P L A T E S  FEND WHEN S H I E L D  CHANGES COURSE ( ADVANCE POWER COST MOLE I 
CUYSTRUCTION METHODS, 81-82 J A N  1967. FOR A 5 4  I N .  BORE SEWER 550 FT. LONG UNDER T H F  SEATTLF-FVEPETT FRFFWAY 

SFCT!ON AND A 2 1 / 2  FT. LGNG A R T I C U L A T E D  S E C T I O Y  W I T H  1 / 8  T H I C K  6 I N .  WIDE OVERLAPPING PLATFS.  AN A I R  SPRDER 'IPFQBTTYC, 
I N  100 D S I  41R FRAGMEYTS THE EARTH FORCED I Y T O  THE S H I E L D  ON EACH 9 I N .  J 4 C K I N G  STROKE. 4 TWO C Y L I N D E D  G'JC PONER P L 4 Y T  
GEKIEPATFS E L E C T Q I C I T Y  COR THE CONVEY@RS AND H Y D R A U L I C  PUMPS. MUCK I S  4EMOVED BY CONVEYOR B E L T  AND A EATTERY PONERED ?2 
CU. FT. CAR. A FCUR S c r T I O W  L I N E R  P L A T E  1 6  I N .  W I D E  I S  I N S T A L L E D  I N  THE A R T I C U L A T E D  SECTION.  WORKING THREE 7 HR 

MA5 ? 0  FT.  DER DAY. 

--- 75-41=,03Q,Ol D I G  W F  MUST AN@ F A S T F R  ( TUNNELING-MACHINE MOLE 1 
3; IS INFSq WEFK, 135, FFP 11, 1067. C I T I E S  HAVE SO MUCH T U N N F L I N G  TO DO T H A T  AUTOMATED FncAMS ARE SEIWG SOUGYT AND 
IJSFD. THE PP.ESIDEI\IT E S T I M A T E 0  THE N A T I O N ' S  T U N N E L I N G  EXPENDITURE AT $ 1 - B I L L I O N  OVER THE YFXT 10 YFPRS. d I T H  THE 
TROW I Y C  S K I L L E D  LABOR SHORTAGF COYT94CTOPS ARE TURNING TO SOPHI  S T I C 4 T F D  T U N Y E L I N G  MACHINES. THE MECI-ANICAL MOLF 
PRODUCES S A V I N G S  n F  T I M F  4YO MClNEY UP TO 50% OVFR D R I L L I N G  AN0 R L A q T I N G  TECHNIQUES. NFW MACHINES AND T I - E I R  
YAYUFf i rTUQERS 4RF DISCUSSED AS WFLL AS E X P E Y I Y E V T A L  USE DF LASERS AND ULTRA S O N I C  VIBRATORS.  

--- 75-67-070QZ MOLE CASTS L I N I N S  CDNTINUflUSLY f TUYYELING-MACHINE 4 R G F N T I Y A  PUMPED-MUCK S L I P  FOPM MEMCC ) 
EYGR YFdS-RFCnRD, (178) 16,  F E B  2 9  1967. MEMCO HAS B U I L T  A T U Y Y E L I N G  M A C H I N E  FOP U R A N I N 1  SPA P F  RUFNOS P I R E S  FOR 
D I G G I N G  A 15.5 F T  WATFR TUVRFL UNPFR T 4 E  FIACL1UELC R I V F R .  THE TUNNEL W I L L  @ E  8800 F T  LONG. 

COSTING $Q7,550 A $ 2 0 ~ 0 0 0  S H I F L D  WAS B U I L T .  T H I S  6ClRER HAS 3 SECTICJYS: A 2 1 / 2  FT. L t 4 D I h l G  EDGE, A 5 F T  LONG WOPKIYG 

S H I F T S  A DAY7 FPUD YAY CFEWS COMPLETED THE SEWER I N  27 WORKING DAYS. YAXIMUM ADVANCE WAS 39  FT.  P E R  DAY 4ND AVERAGE 

- 7537-04QQ1 TUhNEL CONTRACT09 B U R I F S  $200,000 M'JLE f STORY-DRAINAGE TUNNELING-MACHINE t 
F N G I N F E R I N G  VFWS-RECflRn, ( 1 7 8 )  359 APR 20, 1067. AFTER M I N I N G  5900 F E E T  OF 16 FOOT D I A Y F T E R  STORM DRAINAGE TUNNEL 
4 B I G  M f C H 4 N I C A L  MOLF t(4P TO BE BURIED.  SOME C l I S T A N t E  B E H I N D  THE HEADIWG A WATEP R E A R I N G  L I M E S T O N E  LAYER ABnVE THE 
TUYNFL P P n V I D E D  A HEAVY INFLOW OF WATFR SANnSTONE I N T O  THE TUNNFL. ABOUT 175 F E F T  OF TUNNEL WAS RULKHEADED OFF AND THAT 
SETTICIN CDNTATMING THE MCLF MAS 9 P C K F I L L F D  W I T H  GRAVFL TrJ SAVE THE REST. THE L I N I N G  OF THE UNAFFFCTED S E C T I O Y  OF 
TUNNEL HAD 5 T E C L  R I R S  L4GGED S O L I D  W I T H  WnClD @UT IS NOW R E C E I V I N G  4 SECOMDARY CONCRFTE L I h I Y G .  

75-57-@4992 VOLE D I G <  t! M I L F S  I h  1 3  MCtNTHS t RLANCO R O B P I Y S  SWITZFRLAND O S @  AZOTEA 1 

UETWFEN F E R  ? l ,  1966 AND MPR 21, 1967. ROBGINS W I L L  R E C O N D I T I O N  T H F  MOLE FOR A J O B  I N  SWITZERLAND.  THE O S 0  MOLE HAS HAD 
FNGR NFWS-RECORD, ( 1 7 8 )  239 APR 6 ,  1067. THE 10 F T  D I A  8 M I L E  LONG B L A N C 0  TUNNEL I N  NEW M F X I C G  WAS COMPLETED 

TP B F  T A K E N  @UT BEC4USF @ F  B 4 D  GRPUND. THC ATflTFA MOLE I S  PROGPESSING M@RE SLOWLY THAN T H E  ELAMCO TUNNEL D I D .  

75-57-05001 JAPANESE T F C T  SOFT-GRPUMD MOLE ( 9 E V E P S I N G  RFTRACTIWG P R E S S U R I Z  I N G  L I N E R  GROUTING I 

DTAMETEr( SOFT GROUNn T U N N E L I N G  YACHINF.  I T S  4 I M  I S  TO TUNNEL I N  S I L T ,  SAND OR C L A Y  AND I S  R I G H T  FOR A S I Y G L F  TRACK 
F N G I N E F R I M G  NENS-RECORQ, (178 I 151 J U Y F  241 1967. A JAPA\!FSE GOVERYMENT SUSSICIY D E S I G N E D  4ND S U I L T  P 72 .9  F T  

SUPbJAY. CUTTERHEAn R G T A T I C N  CPY @ E  RCVERSEP 4YO THE WHFEL CAN BE BACKED AWAY FROM THE F A C F  WITHOUT PACKING THE LIHC)LE 
S H I E L D .  T H E  C U T T I N G  END OF T H F  MACHINE CAN Y E  PUT UNDER COMPRFSSED A I R  WHILE I T S  OPFRATORS AYD OTHER WCRKERS ARE I N  
FDEE 4 1 9 .  TWO ERcCTDP ARMS I N  T H F  S H I E L D ' S  T A I L  PLACE L I N E R  P L A T E  SEGMFNTST WHILE E I G H T  R U I L T - I N  GROUT I Y J E C T O R S  S F A L  
TYE TUNNEL L I k I N G  AS T H F  MOLE 4DVANCFS. 

z A z = Q I Q Q 1  T U h Y F L I N G  GRAND SLAM ( TUNNELING-&€CORD SIZE GFDLOGY ) 
E N G I N F E R I N G  NEWS-RECORD, ( 1 7 9 )  J U L Y  27, 1947- OY THF 10 FOOT DIAMETER,  SOUTH WEST COLORADO, O S 0  TUNNEL BOYLES BROS 
D R I L L I N G  C @  WENT 156 F E E T  I N  8 HOURS, 419 F E E T  I N  A 24 HOUR P E R I O O t  1 ~ ~ 0 5  F E F T  I N  A 6 DAY WEEK AND 6,849 FEET I N  A 30 
DAY P F R I O D  W I T H  A MFCHANICAL MOLE THQU SAYDSTONE. 
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75-67-pIpp2 MOLE WIPES EARTH OFF T H E  F A C E  OF THE BORE ( CUTTERS MUCK ADVANCE ALIGNMENT L I N I N G  
CONSTRUCTION METHODS E EQUIPMENT,  78-82, J U L  1967. LOS ANGELES M E T R O P O L I T I A N  WATER D I S T R I C T  I S  L A Y I N G  A LARGE 
D I A M E T E R  URBAN WATER P I P E L I N E  BY CUT AND COVER EXCEPT WHERE I T  I S  I N S T A L L E D  I N  TUNNELS UNDER MAJOR I N T E R S E C T I O N S v  FLOOD 
CONTROL CHANNELS AND L I N E D  R I V E R S .  THERE ARE 6,600 FT. I N  THESE 38 TUNNELS MOST O F  WHICH ARE SHORT AND P I N E D  W I T H  
V I R R A T I N G  HRNDSPADES. T H E  ONLY LONG TUNNEL,  1,277 FT. I S  B E I N G  D R I V E N  I N  SOFT GROUND UNDER S A N  G A B R I E L  FREEMAY W I T H  A 
CALDWELD O S C I L L A T I N G  MOLE H A V I N G  S I X  C U T T I N G  ARMS. H Y D R A U L I C A L L Y  CONTROLLED ARMS9 SPACED AT 60 DEGREE I N T E R V A L S ,  HAVE 
YEPLACEABLE FORGED STEEL T E E T H  AND P I V O T  W I N D S H I E L O  WIPER F A S H I O N  TO D E S C R I B E  A 9 F T -  7 I N *  D I A .  BORE. T R A I L I N G  T H E  
C U T T I N G  ARMS AND S H I E L D  U N I T  ARE T E N  H Y D R A U L I C  RAMS WHICH PROPEL THE SYSTEM I N  34 I N -  STEPS B y  P U S H I N G  A G A I N S T  THE 
I N .  T H I C K  S T E E L  L I N E R .  B E H I N D  T H E  MOLE I S  A TWO STAGE B E L T  TO WHICH MUCK I S  F E D  AND C A R R I E D  BACK T c  L O A C  A THREE CAR 
TRAIN.  EVERY THO F F E T  THE MOLE P O S I T I O N  1 s  CHECKED W I T H  E L E C T R O N I C  SURVEY EQUIPMENT AND ADJUSTMENTS MADE T O  K E E P  I T  ON 
L I N E .  CONCRETE TRUCKS COMBINE W I T H  PRESSURE EQUIPMENT TO GROUT 300 FT. LONG TUNNEL S E C T I O N S *  

15=fd=99QQl MOLE PUSHES PARTD UNDERGROUND L TWIN-BORE HYDRAULICAJACKS R A P I D - T R A N S I T  1 
E N G I N E E R I N G  NEWS-RECORD, (1791 437 AUG 37 1967. JOINT-VENTURE CONTRACTORS, MORRISON-KNUDSEN, BROWN AND ROOT, AND 
P E R I N I  CORP. ARE D I G G I N G  ONE TUBE OF A ONE M I L E  LONG TWIN-BORE R A P I D  T R A N S I T  TUNNEL FOR BARTD I N  SAN FRANCISCO.  
M A C H I N F  U S E D  I S  A 93-TON MOLE COSTING ABOUT $850,000, W I T H  A T W I N  DUE TO START THE P A R A L L E L  BORE S P o R T L Y -  EACH BORE 1s 
40 T O  90 F E E T  BELOW GROUND, AND IS 18 FEET DIAMETER T O  CARRY ONE-WAY T R A N S I T  TRACKS. T H E  MOLES ARE EXPECTED T O  MOVE AT 
A R A T E  OF 26 F E E T  PER DAY. 

75-6?-Q8QQZ MOLE TUNNEL I N G  RESEARCH ADVOCATED ( ADVANCE COST HARD-ROCK TECHNOLOGY B O R I N G  SYSTEMS ) 
C I V I L  ENGINEER I N G t  48-49, AUG 1967. N I N E  FEDERAL AGENCIES E S T I M A T E D  T H E  DEMAND FOR NEW T U N N E L S  AS FELLOWS: 
SUBWAYS BY 1975 ONE HUNDRED M I L E S ,  C O S T I N G  A B I L L I O N  DOLLARS, U T I L I T I E S  D U R I N G  THE NEXT 30 YEARS $700 B I L L I O N t  AS MUCH 
QF PRESFNT POWER T R A N S M I S S I O N  L I N E S  WILL B E  RFLOCATED UNDERGROUND W I T H I N  30 M I L E S  OF OUR MAJOR C I T I E S ,  M I N I N G  B U I L D S  

B I L L I O N S  OF DOLLARS W I L L  BE SPENT. DR. H I B B A R D  OF THE U.S. BUREAU OF M I N E S  B E L I E V E D  T H A T  2 0  FT. D I A M E T E R  HOLES WOULD 
SOME 3 5 0  M I L E S  OF TUNNELS YEARLY, URBAN FREEWAYS COST FOR T U N N E L I N G  I S  BECOMING C O M P E T I T I V E  W I T H  SURFACE OR V I A D U C T  AND 

B F  BORED THROUGH ALMOST ANY O F  THE HARD ROCKS AND ADVANCE RATES WOULD RANGE UP TO 4,000 F E E T  A WEEK. HE ALSO S A I D  THAT 
AN AGSRFSSIVE,  PROPERLY STRUCTURED RESEARCH EFFORT WOULD PRODUCE W I T H I N  THE NEXT 5 T O  10 YEARS BETTER E X C A V A T I O N  
TECHNCILOGY AND IMPROVED TUNNEL BORING SYSTEMS T H A T  COULD REDUCE THE CONSTRUCTION COST B Y  AS MUCH AS 50 PERCENT S A V I N G  
THE P U B L I C  RETWEEN $5 AND $8  B I L L I O N .  T H I S  YEAR'S $2.7 M I L L I O N  RESEARCH PROGRAM WAS TURNED DOWN B Y  CONGRESS BUT THEY 

T U N N E L I N G  TECHNllLOGY. 

I5.=aI=QQQQJ MFMCO: YOUNG TURKS THAT T A C K L E  TUNNELS ( MOLES S H I E L D S  HARD-ROCK JAPAN BUENOS A I R E S  SAN F R A N C I S C O  

WILL TRY A G A I N  NEXT YEAR, AND WILL HAVE THE B F N E F I T  OF A REPORT BY A COMMITTEE ON R A P I D  E X C A V A T I O N  S T U D Y I N G  ADVANCED 

AUTOMATIOV ) 

E N G I N E E R I N G  NEWS-RFCORD, (1791 78-79? AUG 3, 1967. THE H I S T O P Y  OF MEMCO-MINING EQUIPMENT MANUFPCTURING COO I S  
GIVEN.  YEMCO'S R F A L  DEPARTURE FRf lM COYVENTION W4S I T S  I N T R O D U C T I O N  OF A S H I E L D  W I T H  A ROTARY-CUTTER FOR SOFT, PRgBLE'4  

OQQERED F n R  T H E  35  FT SUBWAY. A P A I R  OF MEMCO MOLES ARE D R I V I N G  THE T W I N  TUBE MARKET ST S E C T I O N  O F  SAN F R A N C I S C O ' S  NEW 
SlJBWA,Y. MEMCO P L 4 N S  D I G G I N G  TUNNELS B Y  A COMPLETELY AUTOMATED METHOD H A V I N G  ONLY A HANDFUL OF MEN O U T S I D E  AT A CONTROL 

1 8  I N  NnNRFINFORCED CONCPETE L I N I N G .  MEMCO YAS T H E  CONTRACT FOR T H F  2 0  1 / 2  F T  O I A  5 Y I L F  LONG SOUTHERN C A L I F O R N I A  
Y E T R O P O L I T A N  HATER D I S T R I C T  TUNNEL FOR $35.7 M I L L I O N .  THEY SAY THAT AT THE PRESENT T I M E  THERE IS NO M A T E Y I A L  HARD OR 
TOUGH ENDUGH TO MOLE OUT HARP ROCK ECONOMICALLY. 

-- 75373n8QQ4 MECHANICAL MOLE GOES 8 M I L E S  A YFAR ( BLANCO-TUNNEL RECORD 1 
CONSTRUCTION YFTHODSt  (49) N 8, 63-47 AUG. 1967. O P F R A T I O N  I)F MECHANICAL T U N N F L I N G  M A C H I N E  USED FOR BLANC0 TUNNEL 
CN RURF4U O F  R E C L A M A T I O N  SAN JUAN - ZHAMA PROJECT I N  CflLD. AND N. M.; BEST T O T 4 L  PROGRESS -- D R I V I N G  41,818 F T  OF 
TUNNEL FROM S I N G L E  H F A D I N G  IN 311.33 WORKING DAYS (1.014 Y R I  OF THREE-SHIFT O P E R A T I O N  THROUGH S H A L E  AND SANDSTONE W I T H  
HARDNESS R A N G I N G  FROM 2.5 TO 5 ON MOHS SCALF. 

I T A L k Q W I  MOLES WOULD P E  EETTER ( TUNNELING-MACHINE I 
E"G1NEERING NEWS-'ECORD, (179) 3 6 ,  AUG 31, 1967. C R I T I C I S M  OF SOUTH A F R I C A ' S  DEPARTMENT 3F WATER A F F A I R S  FOR NOT 

GROUND. TWO JAPANESE CONTRACTORS HAVE SUCCESSFULLY USED M O L E S  ON A TOKYO 1 2  F T  6 I N  SEWER AND A M A C H I N E  HAS BEEN 

PAhlEL. MFMCO H4S A Y A C H I N E  I N  PUENOS A I R E S  TO M I N E  A 15 F T  6 I N  WATER TUNNEL W H I L F  S I M U L T A N E O U S L Y  C 4 S T I N G  I N  P L A C E  AN 

Y S I N G  Y F C H A N I C A L  T U N N F L I N G  MACHINES TO D R I V E  THE 16 F F E T  9 I N C H  BORE FOP T H E  5 2  M I L E  LONG ORANGE-FISH TUNNEL. 

155kBQQl J A P A N ' S  P R E S S U R I Z E D  FXCAVATOR C L A I M S  WORLOS F I R S T  ( SAFETY COMPRESSED-AIR SUBWAY-TUNNEL 1 
A U S T R A L A S I A Y  FYGR. 48, SFPT. 1967. FEATURES OF EXCAVATOR W I T H  DIAMETFR OF 7 M F Q U I D P F O  W I T H  S P E C I A L  D E V I C E  TO KEEP 
I N T E R N 4 L  A I 9  PRESSUYE E Q U I V A L E N T  T O  NORMAL ATYOSPHERIC PQESSURF; P R I N C I P A L  PART n F  NEW U N I T  IS " P A R T I A L  PRESSUQE 

PSFSSURF FROM ~ U T ~ I D F ;  A S  SESULT OF ~JNUSUAL s o w  DESIGN VF NEW UNIT, F X C A V A T O R  HOLDS UP SURROUNDING E A R T H  DURING 
SYSTEM" WHICH A P P L I E S  COMPRESSFO A I R  T O  FORWAQD C U T T I N G  BLADF ONLY, E N A B L I N G  T H A T  S E C T I O N  EXCAVATOs TCl WITHSTAND F U L L  

E X C A V A T I N G  OPERATIOYS, AND MOVES FORWARD BY P U S H I N G  A G A I N T T  FRONT END; EXCAVATOR I S  D E S I G N E D  FC'P S I N G C F  TRACK SUBWAY 
TUNNEL I N  J A P A N  AYD I S  S U I T A B L E  FOR OPERATION UNDEP VARIOUS GEOGRAPHICAL OR GEOPHYSICAL C O N D I T I O N S ;  U V I T  I S  T E N T A T I V E L Y  
P R I C c D  4T $700~000. 

_75-h7=!X!QQZ SUBWAY B O R I N G  B E G I N S  ON CClAST ( COST COMPRESSED-AIR H E I G H T  S I Z E  LENGTH MOLE ) 

THE WA'5HINGTC'P.I POST, G5, SEPT 2 1 7  1967. THE 75 Y I L E S  OF THE $1 B I L L I O N  SAN F R A N C I S C O  BAY AREA R A P I D  T R A N S I T  
D I S T R I C T  SYSTc-NI WILL INCLUDE: 5 M I L E S  OF T W I N  AMD F3UR-BCIRE TURES UNDFY SAN FRANCISCO.  THE T W I Y  M I L F - L C N G  BORES 18 F T  

SWIVG C I X  SFGMEVT S T F E L  L I N E R S  I N T O  P L A C E  WHICH ARF BOLTED AND GROUTED. THEN B Y  J A C K I N G  A G A I N S T  T H E  NEWLY I N S T A L L E D  
L I N E R  THF M 4 C H I N F  MOVES FORWARD. THF START IS I N  A SHAFT AT 1 5 T H  AND M I S S I O N  STREET. 300 F E E T  FROP THE SHAFT 

THE QEST OF THF T U N N F L I N G  W I L L  B E  DONE UNDER 9 OTHER CONTRACTS. 

B L Q s Q Q a  GDPHFR Bf lRFS THROUGH EARTH BY REYOTE CONTROL. 
ROCK PRODUCTS, 19, SFPT. 1967. 2 L O S  ANGELES INVENTORS HAVE DFVELOPED AN E L E C T R I C  D E V I C E  T O  BORE HOLES FOQ CABLES 
THROUGH THF GQOUYP BY Q F V O T E  CONTROL. I T  CHANGES D I R E C T I O N  I F  I t  MEFTS AN !MPENETPABLE OBJECT AND SURFACES I F  POWER IS 
TURNFO OFF.  

75551=1QQQl LASER G U I D F S  G I A N T  TUNNEL€? THAT COULD D I G  UNDER CHANNFL ( L 4 S E P - A I M I N G - S Y S T E M  BORING-CAPACITY 

M I L L I P A N ,  L .  

0.D. CClST 817.7 M I L L I O N .  TWO VOLES 4RE WORKING UNDER M I S S I O N  ST. FACH T I Y E  A MOLE MOVFS FORWARD 30 IN., ERECTOR 4RMS 

COMPSESSED A I 9  W I L L  BE REQUIRED AND MAN AND YUCK LOCKS WILL BE I N S T A L L E D .  THE 93 TON MACHINES COST 6R50~000 A P I E C E .  

HYDRAULIC-CONTROLS MOLE 
PPODUCT FNGIN 'ERINGT 35,  OCT 1967. A LASER G U I D E D  T U N N E L I N G  MACHINE H A S  REFN DEVELOPED RY K R U P P t  WHICH AVERAGES 5 
YFTERS PFR H O U P , F I V E  T I M F S  CONVENTIONAL METHQDS. T H I S  SPEED WAS O B T A I N E D  I N  BROWN JURA L I M E S T O N E .  ALL T H E  CONTROLS 
EXCEPT THF O I L  PUMPS AND T H F  L I G H T I N G  SYSTEM ARE OPERATED H Y D R A U L I C A L L Y .  

I5-67-10QQZ M n L E  BORFS A T  16 F T  PER HOUR ( ADVANCE GUIDANCE MUCK POWER RFCORDS 
F N G I N E E Q I N G  WEWS-QECORD, (179) 29, OCT 199 1967. A 75 TON 79 F T  LOVG M A C H I N F  WHICH CAY TURN ON A 164 F T  R A O I N S  AN@ 
COPE W I T H  SLOPES OF 1 5  DEG. I S  BORING A Q F T  D I A .  WATER TUNNEL BETWEEN L A K F  CONSTANCE ANP STUTTGART I Y  WEST GERMANY A T  
THE ?ATE "F 16 FT. PFR HOUR THROUGH L I M E S T O N E .  THE C U T T I N G  HEAD I S  FOUR R f l T A T I N G  S T F E L  TOOTH5D C U T T I N G  WHEELS YOUNTED 
ON A Y O T A T I N G  BASE. CPAWLERS STEER I T  H O S I Z O N T A L L Y  AND ROVE I T  FORWARO AND THE ADJUSTABLE CUTTERHEAD CChTROLS I T  
V E R T I C A L L Y .  A COIUVFYO9 SENDS S P O I L  TO "EAR. T R A I L I N G  CABLES F E E D  POWER TO THE U N I T S  325  KW E L E C T R I C A L  SYSTEM. 
GUIDANCE I s  BY LASER. SUCH A YACHINE HAS BEEN P U B L I C I Z E D  AS THE I D E A L  FXCAVATOR FOR AN E N G L I S H  CHANNFL TUhINEL. 
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75-67-1QQQ3 SFVENTY-F IVF  TON TUNNEL RORER ( 'ADVANCE GUIDANCE M I N I N G  CUTTERS RECORD 
THE GERMAN TRIBUNE,  NO. 2899 OCT 21, 1967. P A R T  OF THE FRESH WATER L I N K  BETWEEN STUTTGART AND LAKE CONSTANCE IS A 
13 F T .  D I A .  TUNNEL 16 M I L E S  LOYG. T H I S  IS B E I N G  BORED W I T H  A 7 5  TON H Y D R A U L I C A L L Y  OPERATED M A C H I N E  AT THE RATE OF 16 
FT/HR I N  T H E  PRESENT L I M E S T O N E  BED. T H E  M U L T I P L E  CUTTER HEAD HAS A MAXIMUM D I A M E T E R  OF 20 F T .  I T S  D I R E C T I O N  IS LASER 
CONTRqLLED. I T  IS S U I T A B L E  FOR E X C A V A T I N G  COAL, MANGANESE SALT, L IMESTONE9 C L A Y  AND B A U X I T E  WITHOUT D I F F I C U L T Y .  

15=61=lZQQ1. MOLE SPADES THROUGH SOFT GROUND LASER-BEAM GUIDANCE HYDRAULIC-P ISTONS J A C K I N G - R I N G  1 
F N G I N E E R I N G  NEWS-RECORD, (179 1 477 DEC 1967. A SOFT GROUND MECHANICAL MOLE IS B E I N G  USED I N  T H E  CONSTRUCTION OF AN 
INTERCEPTOR SEWER I N  SFATTLE.  THE 50 -TON MOLE COST $5009000. T H E  MOLE OPERATES ABOUT 00 PERCENT OF T H E  T I M E  W I T H  NO 
OOWN T I M E  FOR SMALL R E P A I R S .  PROBLEMS HAVE BEEN ENCOUNTERED WITH THE H Y D R A U L I C  SYSTEM DURING SUDDEN CHANGES I N  THE 
M A T E R I A L  AT THE FACE. THE MOLE'S C U T T I N G  EDGE IS DESIGNED TO EXERT PRESSURES UP TO 6,000 P S I .  HANC T U N N E L I N G  BECAME 
NFCFSSARY FOR 15 PERCENT OF THE COMPLETED FOOTAGE DUE TO LARGE BOULDERS. 

-- 7538=QlQQ1 HYDRAULIC  ARM D I G S  TUNNEL, MOVES MUCK TO B E L T  ( COST S H I E L D  DEMOLITION-HAMMER LASER BREPST-BOARDS 8 
CONSTRUCTION METHODS, 82-849 J A N  1968. A NEW TYPE EXCAVATING S H I E L D  19 F T  LONG IS E Q U I P P E D  WITI -  A HYDRAULIC  ARM 
T t R M I N A T I N G  W I T H  TWO TOOLS: AN UPWARD F A C I N G  INGERSOL-ROAD D E M O L I T I O N  HAMMER CARRYING A M O I L  P O I N T  AND A DDWNWAPD 

D I A  SEWER WITH 750 TONS FORCE. I T  IS OPERATING 1 6 0  F T  BELOW S E A T T L E  AT 100 F T  PER DAY. T H E  CONTRACTORS ENGINEERS 

EXPANDFD A G A I N S T  THE BORE WITH A 20 TON HYDRAULIC  JACK AFTER WHICH A STEEL STUB BEAM IS INSERTED.  FOR POOR GROUND THE 

F A C I N G  PAW-LIKE HOE. T H I S  50 TON, LASER BEAM G U I D E D  S H I E L D  WITH A LEVELED C U T T I N G  EDGE S L I C E S  THE BORE FOR THE 12 F T  

W@PKED W I T H  F I S K €  E N G I N E E R I N G  CO TO D E S I G N  ANI) B U I L D  T H I S  6500,000 MACHINE-  T I M B E R  LOGGING AND 3 P P I C E  STEEL SFTS ARE 

MACHIYF HAS FDUR H Y D R A U L I C A L L Y  OPERATED BREAST BOARDS WHICH CAN FXERT 49000 L B  PER S Q .  FT.  PRESSURE. 10,000 F E E T  OF 
9 f l R E  ARF B E I N G  B U I L T  FOR 5.710 M I L L I O N 9  A SHORT DRAG C H A I N  CONVEYOR L r l A D S  THE M A T E R I A L  ONTO 8 E L T  CCNVEYORS WHICH F I L L  
T R A I Y S  QF FOUR TO S I X  2 YD CARS HAULED BY A BATTFRY POWERED D I N K Y  TO THE SHAFT. 

- 75=69=Q1QQJ T H I R D  MOLF D I G S  B A R T 0  SUBWAY ( COST O S C I L L A T I N G - A R M S  WEIGHT MUCK T E E T H  1 
E N G I N E F R I N G  NFWS-RECORP9 (180) 19, J A N  1 8 9  1068. A $450~000 MOL€ DESIGNED AND B U I L T  BY CALDWELL D I V I S I O N  OF S M I T H  
! N I l U S T Q f E S  I N T F R N A T I O N A L  W I L L  D R I V E  T W I N  18 FT. D I A  TUNNELS FOR A 3,470 FOOT S E C T I O N  OF THE BAY AREA R A P I D  T R 4 N S I T  
D I S T Q I C T S  SURWAY B E I N G  B U I L T  FOR $12.7 M I L L I O N .  THE 1 2 5  TON MACHINE W I L L  A L T F R N A T E L Y  EXCAVATE AND I N S T A L L  THE STEEL 
L I N F R  AS I T  ADVAYCES. I T S  C U T T I N G  FACE HAS FOUR SETS OF THREE O S C I L L A T I N G  ARMS EQUIPPED W I T H  FORGED S T E E L  C U T T I N G  
TFFTH. FACH S F T  P I V O T S  THRU A 30 DEGREE ARC. H I G H  PRESSURE H Y D R A U L I C  JACKS THPUST EACH C U T T I N G  ARM FORWARD W I T H  A 45 
TON FORCE. A 36 I N .  CONVEYOR BELT SYSTEM LOADS T H F  MUCK CARS. 

75&&=QlQQl G I A N T  MOLF B E G I N S  T U N N E L I N G  JOB I N  SAN FRANCISCO ( HYDRAULIC-JACKS TUNNELIWG-MACHINF COST 1 
97AnS AND STPFETS, 119, WAR. 1968 .  A NEW MECHANICAL MOLE B U I L T  BY CALDWELL AN@ VALUED AT $450*000 HAS BFGUN WORK 
ION 4 7 , 0 0 0 - F T  TUYNFL S F C T I O N  FOR THE RAY ARE4 I N  SAN FRANCISCO.  TOGETHFR W I T H  I T S  CONVEYOR SYSTEM, THE MACHINE I S  160 
CT L'JNG AND WEIGHS MORF THAN 125 TONS. I T  WILL BORE HOLES 18 F T  I N  D I A  AT TWO SEPARATE LOCATIONS.  I T  ALTFRNATFLY 
eXCAVATES AND I N S T A L L S  S T F E L  TUNNEL L I N E R .  HIGH-PRESSURE H Y D R A U L I C  JACKS THRUST THE C U T T I N G  MECHANISM FORHAKO W I T H  A 
F f lQCE UP TO 2.750 TOYS. AFTER MUCK IS REMOVED AND THE MACHINE MC!VES FORWARDt AN ERECTOR ARM I N S T A L L S  STEEL L I N E R  I N  
l ~ 1 0 0 - L S  SFCTIOYS.  FPUR O S C I L L A T I N G  STEEL ARMS - EACH INDEPENDENTLY OPERATING AND CAPARLE OF EXERTING 4~320,000 FT-LR 
TDRDUF - P I V O T  ABOUT THE MACHINF; EACH ARM IS FQUTPPED W I T H  FORGED STEEL C U T T I N G  TEETH. ANOTHER S I M I L A R  MACHI hlE 
'4EIPE'J CARVF T H E  ~ T ~ O O - F T  TUNNELS (EACH 13'4" I N  D IAMETER)  ACROSS THE BAY. TURNING AT 8 REVOLUTIONS PER MINUTF,  19 
WTATING r r s c  CUTTERS PENFTPATED THE TUNNEL F~CE'WITH UP T O  264,640 FT-LR. OF TORQUE. 1800 TONS OF THRLST WERE 
A V A I L A R L F  TI-' P9 f lPEL THC MACHINE FORWARD. THF TUNNELS ARE PART OF 4 PROJECT FOR THE F A S T  RAY YETROPOLITAN WATFR 
nI STQ I C T .  

75-6S-04QQl R I G  R I T E  ( HARD-ROCK-DRILLING-TOOL MOLE I 
THF C H R I S T I A Y  SCIENCE MONITOR9 R79 APQ 17, 1968. P A C I F I C  CAR AND FOUNDRY COMPANY HAS S U I L T  A 250-TON D R I L L I N G  TOOL 
FOR Y I N I N G  F?R WHITE P I N E  COPPER M I Y F  I N  MICHIGAN.  

a=h&Q5QQ1 T U h h E L I N G  MPCHINES ( MOLES ENGLAND GERMANY I 
MFCH. FNGR. ( 9 0 )  N 5 9  MAY 1968. BSP CALWELD LTO. HAS TWO MOLES ON AN UNDERGROUND R A I L W A Y  PROJFCT A T  VIJNICH, 
GFQtJ4NYt AND HAS SEVFRAL SMALLER @NE5 nN SEWAGF D I S P O S A L  PROJECTS AT PORTSMOUTH, CHALLAM AND COVENTRY. CPAMRERLAIN 
INDUSTQIES LTO OF LFYTON, LONDON PROnUCF 9"5TL\FFA" M5 A H I G H  TORQUE LPW SPEED HYORAULIC  MOTQR FOP U S F  PN MOLES. A YEW 
MORE POulERFUL VFRSION - E270 IYTRODUCES HYDROSTATIC CON RODS9 A BALANCE V A L V E  AND H E A V I F R  PEARINGS.  

75-6S-Q5Qcz MEd WAY TO D R I V E  TUNNFLS ( MOLES S H I E L D  CONVEYOR 
WFSTFRN CONSTRUCTIGNT (41) N 5 9  53-67 MAY 5 1  1968. @ P E 9 4 T I O N  C F  NEW TYPE OF T U N N E L I N G  MACHINE C Y  CCNSTRUCTION OF 
FAUGUS TUNNEL I'v SCUTHFRN C A L I F O R N I A ;  HYDRAULIC  MACHINE FFATURES SHIELD-PROTECTED R I G  SPFARHEADED BY WRIST-ACTIGY 
R I P P F q - B U C K F T  ON PPWFPFIJL HYDRAULIC  BOOM; MUCK THAT MACHINE RAKES ON 6 F T  WIDE,  1 2 5  F T  LONG H Y D R A U L I C  COhVEYnR I S  

5 F T  Tfl  STOP C A V I N G  FACF OR T O  ALLOW MFN TO WORK UWDER F U L L Y  SUPPORTED GQOUND I N  FRONT OF T U N N E L I N G  MACHINE; M I N I N G  
CYCLF OF MACHINE I S  DFSCRIBED.  

D F P O S I T C D  IY S I N G L E  YUCK CAR; S H I E L D  I S  EQUIPPEO WITH I O  H Y D R A U L I C  P O L I N G  P L A T E S  T F A T  CAN EXTFND CRCWN OF S H I E L D  AHEAD 

1 5 - 6 8 - 0 9 Q Q l  F F 9 E R 4 L  PRPGRAM IS URGFD FOR D I G G I N G  UP NEW E X C A V A T I O N  TECHYIQUES AND M4CHINFRY I BORING MUCKING SUBWAY 
HARO-ROCK 1 

S U S I Y E S S  WEEK, 62, SFPT 14, 1968. THE N A T I D Y A L  ACADEMY OF SCIENCES HAS RECOMMENDED THE START CF A $ 2 0 0  M I L L I C J N  
F E D E 9 A L L Y  FUNDFP PROGQ4M FOP RES AND DEV I N  UYDE7GROUND MACHINERY AND TECHNIQUFS.  SOME 3?S B I L L I O N  WILL QF A V A I L A B L E  
FQflM 1070 TO 1990 f I ) P  UNDERGROUND EXCAVATION.  NAS PROPOSES SEVERAL H I G H - P R I O R I T Y  PES AND DEV EFFORTS I N C L U D I N G :  
IMPROVEYEVT flF BORING MACHINES, HARD ROCK BORING, H I G H  SPEEDY SOFT ROCK BORING, H I G Y  SPEED MUCKING? AYD H A Y D L I N G  OF 
S U P P L I F S  T O  KFEP U P  W I T H  THE H I G H  SPFFO MACHINES. BY 1975, SOME 940 M I  I-'F TUNNELS WILL HAVF TO BE DUG I N  THE U.S. 

75-6A=l!JQQl S H I F L D S  AND S P E C I A L  L I V E R  CUT TOKYO SUBWAY COST 
FNGINEERTNG NKWS-RFCORD, ( 1 8 1  ) 40-41, OCT 1965. T W I N  BORE TUNNEL R A I S F D  O R I G I N A L  CCJST TO $17 P I L L I O L  A Y I L F .  37.8 
Y I L L I C I Y  P F  T H I S  WAS O N  A 1.1 M I L E  dAS CAUSED RY A SEMIAUTOMATIC D R I V I N G  S H I E L D  AND PUBBFR-L INED PRECAST TUNNEL 
SCGMFYTS. T H I S  METHI-'D E L I M I N A T E D  THF USUAL 8 - I N  SECTIT)N WHICH REQUIRED T H I C K  CONCRETE I Y N E R  L I N I N G .  A THRFE-T IERED 
D P I V I V G  <).( IFLO W A S  UYFD. 

l Z d B = 1 Q Q Q Z  'XCAVATOR OPFNS BORE WITH CLEAN SWFEP FORE AND AFT ( MOLE SEWER-TUNNEL 1 
C T N S T Q U C T I 3 N  METHOOS AND EQUIPMFNT, ( 5 0 1  NO 109 64-65? OCT. 1468. THE C@NTRACTDR FOP 4 5 5 0 0  F T  L 3 N G  6 F T  SQUARE 
S E W C q  T I J Y Y t L  n E V E L O P E 9  P, HYDRAULIC  F X r  AVATClR E Q U I P P E D  d I T H  BOOM-MOUNTED PLADE. OPERATOR CONTROLS BLADE TC D I G  AND SWEEP 
MUCK IFIT') CONVFYOP WHICH D E L I V F R S  YUCK TO S K I P  H 'J IST.  

- 75-68-12QQ1 ---- MOLE SETS F P S T  PACE I N  NEVADA ROCK 
WF'iTFQN CONSTPUCTIOY, ( 4 3 )  N 12, 38-99 DEC 1968. ROTARY M I N I N G  MACHINE D R I V I Y G  R I V E R  MOUNTAIN TUNNFL OF SOUTHERN 
VCVAr)4 WATEQ QROJFC? I S  ADVANCING 200 F T / D 4 Y  THP,OUGY RASRIER Y O U N T 4 I Y S  SOUNDING LAKE ?(FAD: JARVA MCLE, 12  F T  I N  D I A M  
IT USFP TD O Q I L L  TH90UGW ROCK: I T  HAS C U T T I N G  HEAD W I T H  26  HARDENED S T E F L  D I S K  C U T T I N G  WHFFLS, AND 1 CENTER AND 4 
T P I - C 3 N F  CUTTCPS O F  C A R B I D F  S T F F L :  R U S I Y E S S  FND r)F MOLE I S  H F L D  I N  PLACE D U R I N G  OPERATION RY FOUR YYDPAULIC  F E E T  
R F H I N D  C U T T I N G  COLCAQ. 

----- 75-68-12Q22 MOLF Pl4KCS MrJYKEY OF MOUNTAIN ( AnVAYCE ROCK MUCKING CUTTFRS P'?WF? COST QECORD ) 
F Y G I N e F Q I N G  NFKS-QFCQRD, (181) 1 9 9  DEC. 12, 1°69. A JARVA MARK 11/14 WITH 8669000 LB. THRUST HPS S T F E L  @ I S C  

STREYGTH FRQY 1,500 T O  17,000 P S I .  AS MUCH 4 5  2 5 0  F T  HAS SEEN BORED I N  ONE THREE SH!FT DAY. THE 19,700 FOOT LONG 
r U T T E S S ,  POWFREr? WITH FOUR lOOSQ MOT3RS I S  RORINS A 1 2  F T  D I A  TUNNEL I N  IGNEOUS FORMATIONS RAYGING I N  COMPRESSIVE 
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F I N I S H F D  TUNNEL W I L L  COST 3.9 M I L L I O N  DOLLARS. CUTTERS ARE MADE B Y  THE REED D R I L L I N G  TOOLS D I V .  A 370 FOOT T R A I L I N G  
COVEYOR SYSTEM L O A D S  5 CAR T R A I N S  O F  1 6  CU. YD. C A R S  AND SO F A R  KEEPS U P  W I T H  THE MOLE. 

1.kb%UQPl  C L A Y  HOLE GOES 1,025 F T  I N  WEEK ( ADVANCE S O I L  L I N I N G  RECORD 1 
E N G I N E E R I N G  NEWSIRECORD, ( 1 8 2 )  26, JAN 16, 1969. K I N N E A R  MOODIE AND CO. U S I N G  LONDON'S M E T R O P O L I T A N  WATER BOARD'S 

THREE-SHIFT,  F I V E  DAY WFEK. 

1139=Q2QQ1 V E R T I C A L  MOLE SCORES BULLSEYE I N  DEEP SHAFT ( GUIDANCE ADVANCE L O S T  L E T T E R S  POWER THRUST ! 
E N G I N E E R I N G  NEWS-RECORD, ( 1 8 2 )  28-29, F E B  27, 1969. A CONVENTIONAL ROTARY O I L  R I G  U S I N G  S P E C I A L  DOWN-THE-HOLE 
SURVEY EQUIPMENT D R I L L E D  A 10 I N .  HOLE FOR A 600 F T  DEEP SHAFT. T H I S  P I L O T  HOLE WAS REAMED T O  22 I N  TO ENGAGE T H E  NOSE 
CONE OF A MACHINE BORING TO 8 FT. T H E  CUTTERHEAD POWERED W I T H  FOUR 40 HP E L E C T R I C  MOTORS AND T H R U S T I N G  W I T H  500~000 
LB. CUT T H F  HOLE I N  A MONTH. THE L A S T  CUT FROM 8 F T  TO 12 F T  SHOULD T A K E  L E S S  T I M E  THAN T H A T  FROM 22 I N -  TO 8 FT. 
5 P O I L  DROPS TO THE BgTTOM OF THE SHAFT AND IS REMOVED H O R I Z O N T A L L Y  THRU A D R I F T .  R O L L I N G  CUTTERS ARE U S E D  TO PENETRATE 
THE A B R A S I V E  SANDSTONE AND SHALE WITH COMPRESSIVE STRENGTHS R A N G I N G  UP TO 35,000 P S I .  THE 1 2  F T  D I A M E T E R  lr6OOO F T  

S H I E L D  T Y P E  MOLE I N  SOFT GROUND DROVE 1,025 F T  OF 8 F T .  4 IN. TUNNEL L I N E D  HAND PLACED PRECAST CONCRETE SEGMENTS I N  ONE 

DEEP HOLE W I L L  COST 3700r000. 

15=$9=43QQ3. T U N N E L I N G  M A C H I N E  HOLES THROUGH FOUR MONTHS E A R L Y  ( ADVANCE E X C A V A T I O N  L I N I N G  M A I N T F N A N C E  f 
E N G I N E E R I N G  NFWS-RECORD, (1823  26-28, MAR 6, 1969. A MEMCO MOLE I S  B O R I N G  A T O T A L  OF 5 M I L E S  C F  26 F T  ROUGH 
D I A M E T F R  TUNNEL I N  REDDISH,  C L A Y - L I K E  SANDSTONE T H A T  IS BARELY CONSOLIDATED.  THE S H I E L D  I S  FORCED I N T O  THE M A T E R I A L  
AND WHAT I S  I N S I D E  THE S H I E L D  IS DUG OUT W I T H  A H Y D R A U L I C A L L Y  OPERATED SHALLOW BUCKET S I M I L A R  T O  CONVENTIONAL 
BACKH7ES. THREE n F  THE FOUR TUNNELS I N  THE PROJECT HAVE BEEN COMPLETED. THE MAXIMUM 2 4  HOUR ADVANCE WAS 20.2 F T  W I T H  
4N AVERAGF OF 113 FT.  L I N I N G  I S  PRECAST, 3 S E C T I O N  CONCRETE, 12"  T H I C K  AND 4 F T  WIDF. H O I S T S  MOUNTED A T  THE REAR OF 
T H E  MOLE PLACE THE L I N I N G  SEGMENTS. THERE ARE BREAKDOWNS. SUCH AN O P E R A T I O N  MUST HAVE A C E R T A I N  AYOUNT OF DOWNTIME, 
I F  ONLY FOR R O U T I N E  MAINTENANCE. MEMCO SUGGESTED THE STEAM CURED PRECAST L I N E R  SEGMENTS I N S T E A D  O F  THE AGE-OLD S T F E L  
R I B S  4 Y D  S T E E L  M I N F - T I E  LOGGING WHICH WOULD HAVE L I M I T E D  ADVANCE TO 20 TO 24 FT. A DAY. C O N S T R U C T I C N  I S  NOW FOUR 
M@YTHS AHEPD O F  SCHEDULE. 

-- 75r69145Q41 P I  P F S  J A C K E D  B E H I N D  M I N I - M O L E  ( CHICAGO-SEWER ) 
ENGR NFNS-RFCORD, ( 1 8 2 )  45-46? MAY 15, 1969. M I C H I G A N  SFWFR CONSTR C O  AND JAY-DEE CONTRACTORS, I N C  PRE B U I L D I N G  A 
7 M I L E  66 I N  O D  S A N I T A R Y  SEWER FOR CHICAGO U S I N G  A S P E C I A L  M I N I - M O L E  DEVELOPED B V  CARL W. DECKFR I N C  OF D E T R O I T .  T H F  
Y g L E  V I N E S  FOR THREE F E E T  THEN T H E  SEWER P I P E  I S  JACKED FORWARD AS THE MOLE J A C K S  RETRACT. POVEMENT IS L U e R I C A T F D  BY 

I D F A L  S O I L .  
BENT'JNITE. MSD ENGINEERS E S T I M A T E  THF COST TO BE COMPARABLE TO COST OF A 7 8  I N  SEWER U S I N G  C O N V E N T I O N A L  METHODS I N  

-- 75=42=n$QQ1 T U N N E L I N G  BREAKTHROUGH? ( MOLE CHEMICAL-SOFTENING ) 
ENGR NFWS-BECORD, ( 1 8 2 )  97 JUNE 57 1969. M I T  PROF. MCGARRY I S  MAKING A F U L L - S C A L E  T E S T  OF C H E M I C A L  SOFTENING OF 
THE QOCK-FACE I N  T H E  W H I T E  P I N E  COPPER CO M I N E  I N  M I C H I G A N .  AN ALUMINUM C H L O R I D F  S O L U T I O N  WILL BE SPRAYED ON T H E  ROCK 
I N  CONJUYCTIOM W I T H  T H E  MOLE OPERATION.  

75-6Q-072Q1 MOLE RREAKS THROUGH AFTFR 293-FT. DAY AND 1114 F T  WEEK HARD-ROCK WATER-TUNNEL COST RECOPO 
'YGIN'ERING NFWS-SECORD, ( 1 8 3 )  28-79? J U L Y  24, 1969. U S I N G  A J A R V A  MARK 11-1200 MACHINE MARKETED B Y  T Y E  REED 
D R I L L l Y G  T W L S  D I V I S I 3 N  OF G. W. MURPHY I N D U S T R I E S  OF HOUSTON, THE U T A H  CONSTRUCTION AND M I N I N G  CO. D R I L L E D  A 1 2  F T  
D I A ,  3.9 M I L E  YARDROCK TUNNEL THROUGH T H E  NEVADA R I V E R  MTS. I N  N I N E  MONTHS? A RECORD S E T T I N G  ACCOMPLISHPENT.  T H E  
QFCDRD D R I L L I N G  RESULTFD I N  A 293-FT DAY AND A 1114-FT WEEK. CUTTER COSTS V A R I E D  FROM A FEW CENTS PER FT.  I N  T H E  SOFT 
TUFFS TO $43  PFR F T .  I N  THE M A S S I V E  RHYODACITES.  AVERAGE CUTTER COST FOR THE PROJECT WAS LESS T H A N  $15 PER FT.  MUCK 
TRAYSPORT W A S  BY T R A I N S  GENERALLY MADE UP O F  S I X  16-CU-YD CARS, 3 2  F T  LONG S K I N N Y  BOXFS D E S I G N E D  T O  BE HANDLED BY A CAR 
DUMPER. PRESFNT P L 4 N S  C A L L  FOR 270 L I N  FT. OF CONCRETE EACH DAY TO F I N I S H  THE TUNNFL. UTAH'S R I D  FOR THE PROJECT WAS 
$3,9467619 

75-69-07002 T R A N S I T  TUNNEL RUNS OBSTACLE COU'ISE ( BART S H I E L D  1 
W G R .  h iEWs-DEcmn,  (IS?) 22-23? JULY 3, 1969. PERINI -BROWN & ROOT HDLFD THROUGH T W I N  T R A N S I T  T U N Y F L S  ON PARTD 
TRAhlSUAY T U S F  L Ih !K  THPEF MONTHS AHFAD OF SCHEDULF I N  S P I T F  OF THE CROWDED C O N D I T I O N S ,  T R I C K Y  P I L E  REMOVAL JOB AND 
UNEXPFCTEDLY SOFT GRPUYD. CONSTRUCTION METHODS REPORTED I N  DETATL.  

75-69-070Q2 THCMPSON R I V F R  MOLE BORE I S  LONGEST I N  HARD ROCK ( A U S T R A L I A  WATER-DIVERSION 1 
ENGR YEWS-RFCORD, ( 1 9 3 )  18, J U L Y  31, 1969. B O R I N G  A 12 M I L E  TUNNEL FOR D I V F R S I O N  O F  THE THOMPSCN R I V E R  T O  THE 

W I L L  RE THREE HORSESHOF A O I T S  AND 2.9 M I L E S  OF CONVENTIONAL TUNNEL. 9.1 M I L E S  OF 11 F T  10 I N  D I A M E T E R  T U N N F L  W I L L  BE 
q 0 P E D  SY A R n B B I N S  MOLE. 

E-bS-ORQQl 3 . 8  M I L E S  OF TUNNEL BORING I N  190 DAYS ( GEOLOGY M A C H I N E - D R I L L I N G  P E Y E T R A T I O N  DUST CUTTERS 

Y A 9 R 4  S I V E R  AT MELBOURYE WILL START I N  SEPT. GUY F. A T K I N S O N  I N T .  AY3 JOHN HOLLAND ARE T H F  CONTRACTOTS. F I R S T  STAGE 

L4SER-ALIGNMENT MUCKING V E N T I L A T I O N  COST 1 
U.S. BUR R E C L  DENVER COLO 

E Y G I N F E R I N G  AND M I N I N G  JOURNAL, (1701 N 8,  99-99, AUG. 1969. UTAH CONSTRUCTIOV AN@ M I N I N G  CO. DROVE A 12 F T  D I A ,  
~ O T O O O  F T  LONG TUNNEL THROUGH THE R I V E R  MOUNT4IN OF NEVADA, THROUGH 7,000 F T  OF 1-5,000 P S I  T U F F  AND R H Y O L I T E  B R E C C I A ,  
4,000 F T  OF 3 - 1 0 ~ 0 0 0  P S I  R H Y O L I T F  AND 9,000 F T  OF 4-237000 P S I  RHYODACITE W I T H  A JARVA MARK 1 1 - 1 2 0 0  T U N N E L I N G  M A C H I N E  
FOR $3,946,619 I N  190 DAYS. T H I S  WAS 8 5 0 / F T  LESS THAN FOR CONVENTIOYAL EXCAVATIPN.  TQOUBLFSOME PROBLEMS WERE 

THRUST WAS DEVELOPED. CUTTERHEAD WAS E L E C T R I C A L L Y  O R I V F N  AT 9.3 RPM W I T H  300 HP MOTOR. RFED D R I L L I N G  TOOLS S U P P L I E D  
TVE CUTTERS. 31 CUTTEPS MADE AN ASSFMBLY. YARD RHYODACITES R E Q U I R E D  TUNGSTEN C A R B I D E  I Q S E P T S .  QK S T E E L  WAS USED I N  

CUTTER COST, MUCK HAUL4GE L I N F  AND GRADE CONTROL AND DUST SUPPRESSION. ANCHORING A G A I N S T  S I D E  WALLS 620,000 L B S  O F  

S H Y O L I T E S  AND TUFFS. 7 S H I F T S  WFRE U S E D  5 DAYS A WFEK. 36 F T  LONG YUCK CAR C A P A C I T Y  WAS 16 CU-YDS. C A L I F O R N I A  
S W I T C H I N G  WAS USED TO SWITCH CARS AT T H E  END OF T H E  325 FT LONG CONVEYOR T P A I L I N G  FROM THF BORING MACHINE.  4 
U Y I V E R S T T Y  L4PORATORY MODEL 650 LASER PROVIDED L I N E  AND G R I D E  C7NTROL. 18,000 CFM N E G A T I V E  PRESSURE SUFPRESSFD DUST 
S 4 T I S F A C T O R I L Y .  WATER WAS S U P P L I E D  FOR CDOLING THE HYDRAULIC SYSTEM, DUST SUPPRESSION b Y D  D R I L L I N G .  

Ik65QYJU R U S S I A N  ROCKET DEVELOPYEtdT REACHES YEW LOW ( HORIZONTAL-BORING ) 
LOWE, J. F. 

D E S I G N  VFWSt  30-311 SEPT. 29, 1969. A ROCKET I Y V E Y T F D  I N  R U S S I A ,  M4RKETFD F3Y A WEST GERMAN CCMPANY I S  S E I N G  USED 
I Y  WFSTFRN FUROPE TO A S S I S T  I N  L A Y I N G  P I P F S  4ND CABLES UNDER ROADS. THE P R O J E C T I L E  SHAPED @ODY FORCFS I T S  WAY THROUGH 
S O I L  ANI) SAND RY TYANSFER 3 F  MOMENTUM GENERATED BY AN I N T E R N A L L Y  V I R R 4 T I N G  M4SS. I T  I S  POWFRFD BY COMPRESSED A I R  AT 6 

FR9M 8 METEPSIHR I N  FROZEN GROUND TO 25 METERS/H'I I N  AVERAGF COMPACT. 

15d12~09QX B D P I N G  RFSEAPCH - FEDERAL PROGRAMS SPARK ADVANCES I N  T U N N F L I N G  ( CHEMICAL-SOFTENING S O B B I N S  W H I T € - P I N E  

ENGR NFWS-RECORD, (1831 737 SEPT 4, 1969. DEPT OF TRANSPORTATI@N HAS AWARDED A CONTRACT T O  HARZA ENGR CO O F  

4TM- HOLE S I Z F  I S  135 M M  BUT E X P A N S I O N  D E V I C F S  CAN 8 E  USED TO P F O V I D F  F I T H E R  200 OR 2 5 0  MM. SPFED 3F ADVANCF V A R I E S  

CO ST-AN ALYS IS MATER1 ALS-HANDLING ) 

CYTC4GO Tf? DEVEL@P A CCMPUTER PROGRAM FOR E S T I M A T I N G  COST OF TUNNELS AND ONE TO HOLMES AND N A R V E R t  I N C  OF LOS ANGELES 
FCJQ 4 SYSTEMS STUDY OF M A T F R I A L S  HANDLING. Y I T  PROFESSDRS MCGARRY AND MOAVENZADEH ARE RUNNING T E S T S  I N  THE W Y I T E  P I N F  
rr)PPF'I  C@ M I V E  U S I N G  A R O B B I N S  MOLE W I T H  CHEMICAL SOFTENERS ADDED. T H F Y  REPORT 10 TO 129; I N C R E A S F  I N  T H E  RATE OF 
4QVAYCE. 

11&.9-IQQQ1 TUNNEL S H I F L D  S T A L L S  ( STRAIGHT-CREEK COLORADO 1 
ENGR NEWS-RFCnRD, ( 1 8 3 )  5 4 1  OCT. 30, 1969. F A I L U R E  OF BEARINGS S T A L L F D  T H E  S H I E L D  USED ON T H F  STRAIGHT CREEK 
TUNNEL AND W I L L  9 F  OUT OF OPERATION 2 TO 3 MONTHS. 

f'l 

LJ 

r- 
L 

r- 
i 
I 



133 

IzdQ=nQQl AUGER TEAMS W I T H  S H I E L D  TO CUT M I X E D  TUNNEL FACE ( ADVANCE L I N I N G  MUCK HOLE 

CONSTRUCTION METHODS E. FQUIPMENT, ( 5 2 1  NO. 11 1 0 4 ~ 1 0 6 ,  J A N  1970. BORTUNCO CONSTRUCTED AN AUGERING R I G  TO MAKE THE 
SMITH, L. 

7 4  I N .  SORE 90 F T  UNDER THE HIGHWAY AND 45 F T  UNDER THE R A I L R O A D  SEPARATED FROM EACH OTHER BY 30 F T .  OF RIGHT-OF-WAY. 
F I R S T  A 4 I N .  P I L O T  HOLF WAS BORED AN@ T H I S  REAMED TO 7 I N .  TO ACCOMMODATE A 5 1 / 2  I N .  D I A  D R I L L  STEM 1 6 5  F T  LONG. THE 
S P I R 4 L  S I N G L E  F L I G H T E D  AUGER SHAVED T H E  FACE WHICH WAS TWO T H I R D S  SOFT L I M E S T O N E  AND UPPER T H I R D  ROTTEN CLAY WHICH 
K E Q U I R E n  OPERATION I N S I D E  A S H I E L D .  RATE OF ADVANCE AVERAGED ONE F T  PER HR. A  7 2  I N .  CONCRETE P I P E  WAS JACKED I N T O  
THE BORED TUNNEL AS THE S H I F L D  ADVANCED SO AS TO KEEP THE P I P E  ALWAYS W I T H I N  THE S H I E L D .  BY H A V I N G  THE D R I V I N G  
MECHANISM AT T H E  FAR END OF THE TUNNEL THE BORE WAS CLEAR FOR THE MUCKING OPERATION.  

75-7O-QlQQz TUNNFLERS STAKE T H E I R  C L A I M S  ( MOLE ADVANCE CLAY SANDSTONE RECORD I 
F N G I N E E R I N G  NFWS-RECORD, (1P4) N 2 ,  3 ,  J A N  8 1970. EDMUND NUTTAL, SONS E CO. U S I N G  A MOLF I N  CLAY B U I L T  1 , 4 2 6  FT 
OF 9 F T  5 I N  D IAMETER PRECAST CONCRETE SEGMENT L I N E D  TUNNEL PN A WEEK. BEST S I N G L E  S H I F T  WAS 120 FT I N  1 2  HOURS. THE 
MELBOURNE B Y 0  METROPnLITON BOARD OF WORKS U S I N G  A TUNNELING MACHINE I N  MUDSTONE B U I L T  7 5 2  F T  OF 1 2  F T  8 I N  D IAMETER 
F U L L  S T F F L  SUPPORTED TUNNEL I N  A WEEK. BEST 8 HOUR S H I F T  WAS 6 7  FT. 

75-70-01QQ3 l Z 0 0 , O O O  THRUSTING CONTRACTS AT SLOUGH AND EPSOM ( SEERTHRUST P I P E J A C K I N G  ENGLAND 

UNDER THF MOTOPWAY AT SLOUGH U S I N G  T H E I R  PATFNTED SEERTHRUST TECHNIQUE.  T H E  TUNNEL WILL BE 1 1 5 0  YDS LONG. THE 3500 F T  
TUNNELS AND TUNNELING,  (2) NO 1, 291 JAN. 1970. WM. F. REES I S  I N S T A L L I N G  AN R F T  X 4 F T  RECTANGULAQ BOX CULVERT 

INTFRCEPTUR SEWER AT EPSON WILL BE I N S T A L L E D  BY THE SAME METHOD. 

~ ~ ~ ~ = Q 1 _ O Q ~  PSP L I N K S  W I T H  N U T T A L L  ON TUNNEL D R I V I N G  MACHINES ( S H I E L D S  MOLES ENGLAND 1 
TlJNNELS ANC TUNNELING,  ( 2 )  NO 1, 12, JAN.  1970. THE B R I T I S H  STEEL P I L I N G  CO OF CLAYDON, I P S W I C H  HAS BEEN APPOINTED 
SOLE AGENTS FOR THE WORLDWIDE MARKETING OF THE TUNNEL D R I V I N G  MACHINES DESIGNED AND B U I L T  BY ROBT. E. P R I E S T L Y  L T D  A 
S U B S I D I A R Y  OF FCMUND N U T T A L L  SONS C C O .  

75-7Q=QJ.QQ& WORLO T U N Y E L I N G  RECORD FOR NUTTALLS ( S H I E L D  ENGLAND I 
TUYNFLS L N C  T U N N E L I Y G T  ( 2 )  NO 1, 3 8 1  JAN. 1970. THF EDMUND N U T T A L L  SONS & C O  OF LONDON SET A NEW T U N N E L I N G  RECOPD 
B Y  I\ L3NF IdEEK ADVANCE OF 1 4 2 5  F T  10 I N  OF A 9 F T  5  I N  O I A  PRFCAST CONCRETE L I N E D  TUNNEL THPOUGH GAULT CLAY FOR THE 
E S S E X  RTVFQ AUTHORITY. THE WEEK WAS T H E  ONE B E G I N N I N G  ON MONDAY 1 DEC. 1969.  

75-70-0LQQ1 LASFR STEERS R I G  MOLF I N  BAD ROCK UYC!ER L A K F  ( A L K I R K  LAWRENCE WATER-SUPPLY 1 
ENGP NFYS-RFCORD, ( 1 8 4 1  26-25? JAN. 81 1970. AN A L K I R K  MOLE, MANUFACTURED 4Y LAWRENCE CO IS BORING A 6 M I L E  1 8  1 / 3  
F T  D I b  TUNNEL UNDER L A K E  HURON FOR THE DETROIT  METROPOLITAN WATER SERVICE BOARD. THE CONTRACTnRS - D I P O N I O  AND 
G R F E N F I E L D  - HAVE A $ 1 3 . 7  M I L L I O N  CONTRACT FOR THE TUNNEL. A LASFR GUIDES THE Y A C H I N E  AUTOMATICALLY.  THE FORMATION IS 
AhlTR41 S H A L E  W I T H  BOlJLnER-L IKE HAROHFADS OF SOMETHING L I K E  DOLOMITE. THE HARDHEADS GAVE T H E  MOLE NO TROUBLE BUT THE 
EAULTS I N  THF SHALE DIP. A D R I L L I N G  AND B O L T I N G  S T A T I O N  WAS I N S T A L L E D  UNDFR PROTECTION OF THF MOLE5 S U I E L D  S O  THAT 
QOCK BOLTS COULD BF I N S T A L L F D  EARLY. 

/5-70-01QQB J E T ,  MOLF TEAM SEEKS T U N N E L I N G  BREAKTHROUGH ( CALWELD EXnTECH ) 
FNGR NFWS-RECPPD, (184) 4 n 9  JAN. 2 3 ,  1970.  FXOTFCH, I N C  OF ROCKVILLEI  VD MAKER OF A WATER CANNON AND CALWELD 
D I V I c I O N  O F  S M I T H  I N T F R N A T I O N A L  HAVE J O I N E O  FORCES TO PRODUCE A WATER-CANNON MOLE. 

7q-70-02QQl J A P V A  MARK 2 1  BORES 6000 F T  OF 20 F T  D I A  TUNNEL AT 5 FT/HQ ( MOLE RFCORD CUTTER-COST 1 

ET n F  2 0  F T  Q 1 4  TUNNFL FOR BAY AQFA R A P I D  T R A N S I T  SYSTEM I N  SPN FRANCISCO. REED CUTTERS USED TO D R I L L  MCST OF THE 

$ 3 0 / L I N  FT. 

_ 7 s d & Q 1 Q Q l  Y C A L P I N E  W I Y  OQDER FROM FRAYCE FOR TWO POCK TUNNELERS 
TUNNFLS 4ND TUNNELING, ( 2 )  NO 2 ,  A67 V4R. 1970. MCALPINE HAS SOLD TWO SECOND-GENER4TION ROCK-TIJNNFL I N G  MACPINES TO 

F R f M  U.S.A. AN9  OTtdFR FUPOPEAN MANUFACTURERS. THE MACHINES WILL BE USFD TO EXCAVATE A 7  KM LONG WATFR SUPPLY TUNVEL I N  
L I Y E $ T O U c  ROCK. TYC) OTHFR MACHINES d E Q E  SOLD TO CHARLES RRAND & SON L T n  I Y  JUNF 1909 AND AN@THER IS WClRKING AT THF 
HIYKt.CY NUCLFAP PPWEQ S T A T I O N  I N  FNGLAND. 

_75-7O-O&QQ1 MPLE ANCHDPS IN P I L O T  HOLF & PULLS I T S E L F  AHEAD ( A L K I R K  CUTTERS GUIDANCE ADVANCE ROCK-BOLT MUCK ) 

COYST9UCTIOY METHPDS & FQUIPMFNT,  8 7 - 9 5 ,  APR 1 9 7 0 .  A N  A L K I R K  VOLE MADE RY LAWRENCE MFG D I V  CIF INGEQSOLL-R4ND CG 

D I 4 .  CUTTES WHFCLS @&I THE CUTTER FACF. A HYDRAULICALLY FXPAYDE@ ANCHOR I N  THE L E A 0  HCLE P U L L S  THE 1 8  F T  4 IN. @!A. 
CIJTTF9 HFAD FnRlJAQD I Y  3 FT.  STFPS. A LASFR SYSTFM KFFPS THE 500 TON SYSTFM ON COUQEE 3Y S T F F R I Y G  WITH 919 JACK'?. THF 
4VTR4V SHALE HAS A YUhilqFF OF DOLOMITF T Y P F  D F P O S I T S  WHICH HAVE NOT G I V E Y  THF CUTTERS ANY TROUBLE. GROUND THAT HAD 

TH!C S O M E  S H I F L C  NEAREST THE CUTTER WAS QFMOVED S O  ROCK BOLTS COULD BE I N S F R T E D  MINUTES AFTER EIORING AND A S A C K I J ?  CREW 
FRFCTED A D O I T I O N A L  SUPPOPTS 4ND STEEL PANYING. AN EXCEPTIONAL ADVANCF OF 1 1 3  FT. WAS MADE I N  JUST UYDER 76 HDIJRS. S O  
FAR THE MACHIFIF HAS BFFN I N  4  D I F F I C U L T  ROCK AREA BUT I T  I S  EXPECTED TO H I T  AY 8  FT.  PEQ HR S T R I D E .  L A S T  MONTH 8 ,000  
FT OF Tq!= 6 M I L E  TUYNEL TO R R I Y G  WATCR FQnY L A K E  HURON TO D E T R O I T  WAS BC*ED. MUCKING I S  DONE W I T H  CONVEY3R P F L T  AND 1 0  

C n N S T Q U C T I O Y  MFTYODS C, EQUIPYFYTV ( 5 2 )  YO 2, 1 4 3 ,  FEE 1970. THE 2 9 0  TON JARVA VARK 2 1  4VFRAGED 5 F T / H Q  BC)PING 6 9 0 0  

n T S T 4 N C E  50% OF CUTTFQS L A S T F D  YORE THAN 1000 YRS. MOPE THAY 37% CUT T H F  F N T I R E  QISTANCE.  CUTTER COST AVERASrD 

F T A B L I S S E M E N T c  S T L L I A R D T  THF FRFNCH COYTRACTnR FOR THE ST. M A X I M I N  PROJECT I N  SOUTHERN FRAMCE I N  T H E  F A C E  OF J P P C I S I T I O N  

KO L  4 ENSCHL AG 9 M e 

Q O X E S  A 24 I N  n I A  1 €AD HOLE d I T H  A TRICONF CARRIOE B I T ,  ELEVEN F T  I N  FROYT OF CUTTER FACE. THF MOLE HAS 30 ONE FT. 

YCVFP S E E N  A I 9  D Q I F D T  SLiORTLY AFTFR I T  W4S RORF9r FQOM 41R FXPOSURE AND HUGF PflRTIONS WOULD SUDDENLY F A L L .  TO REMEDY 

CU. Yn. CARS UJHICH APF H O I S T E D  T O  THE TURFACF. 

-- 75-JQ-09QQZ REMARKS PY O F F I C F 9 S  AT ANNUAL MEFTIYG ( MOLES DETROIT  CHICAGO BOSTON ARIZONA LAWRENCE LASER-GUIDANCE 1 

F I R T T  QUARTFRLY REPORT 1970 .  APR 23, 1970.  LAWRFNCE MFG CO HAS T U N N F L I N G  MACHINES RORIWG: (11 4 6 Is1 18 F T  n F  
WATEP T!INNEL F f l R  O F T R O I T ;  ( 2 1  5 V I  0-G 6 66 OFWER TUNNFLS I Y  CHICAGn;  ( 3 )  A 9000 F T  1 2  1/2 F T  ORF HAULAGF TUNNEL FOR 
W G M A  COPPE9 M I N E  IY A P I Z O N A  AND (41 A 6 1 / 4  M I  WATEP TUNNEL I N  BOSTON. NEW MACHINES ARE B E I N G  B U I L T  FOR I T A L Y  AND 
SOUTH AFQICA.  THF MACHINES ARF AUTOYATICALLY G U I D F D  RY LASER. A REDUCTION OF COST RY 5 0 %  I S  CLAIMED.  

19-7O-Q6QQ1 WOLF R E A D I F S  FOR T W I N  YEPSEY BORF AFTFR TROUBLF-PRONE ' I P S T  D R I V E  MOLE L I N I N G  1 
F'\IGR. NEWS-DFrORD, (184) 21-22, JUNF 41 1970.  THF CONTR4CTOQ F n R  T H F  F I R S T  MERSFY TUNNFL YAS STARTFD ? R I V I N G  THF 
P X L n T  5 f l o F  FOP Tt-F SFCnND TUNNEL U Y I N G  A S P E C I A L L Y  B U I L T  11 F T  MOL:. THE MOLE BORING THE LARGk M A I N  TUNNELS IS THE 
S IME YACHINF TPAT PORFD THE MANGLA 0 4 M  TUNUELS. T H E  GflING WAS HFAVY AYD SLOW ON THE M A I N  TUNNEL. THF RPqF H A n  TO BE 
SUPPORTED IN 4 BADLY FAUCTEP ZOYE FOR ASflUT 600 F T .  U S I N G  ROOF E q L T S  WOULD HAVE DAMAGED THE MC)LFS CUTTERS SO THE 
CCNTRbCTQR RAMMFD PAMROI? PCILCS I N T O  Hr lLES D R I L L E D  I N  THF ROOF, THEN cORCED GROUT I N T O  TYE FORMATION THROUGH THE 6AMROn 
DDLFS. T H F  W L E  THEPI P R I L L E D  THROUGH RAMROn DOLES AMCI CFMENT WITHPUT DAMAGING I T S  TCETH. 

75-70-UQOJ M O L F  PFSTS Y F X I C O  C I T Y ' S  TREACHFQIUS S U B S O I L  ( SOFT-GROUND-TUNNELIYG-YACHIMES ) 
FVGR. NFWS-DECI'RO, ( 1 8 5 )  20-211 J U L Y  ?, 1 9 7 0 .  THPFE SOFT GROUND T U N N E L I N G  MACHINES @ F  F N G L I S H  MANUFACTURE APE 
D R I V I N G  1 8  W I L F S  P F  INTCRCrPTOR SFWEPS FOR MEXICO C I T Y ' S  $132 M I L L I O N  SEWFR IMPROVEMENT SYSTEM. M E X I C A N  F IRMS 

TONSORTTUP Tf l  FXCHANGF IL jEAS AND EXPFRIENCE.  THF MOLES MAKF A SLURRY OUT OF MUCK ( U S I N G  GROUND WATER FOUND I Y  THE 
S P I L )  flVD PUMP THE SLIJRPY TO T H k  SURFACE. A S M 4 L L  RFCYCLE STPFAM @F YUCK SLURRY I S  USED TD P R F S S I N I Z E  THE BULKHEADED 
r U T T I N G  H F A D  UP T D  75 P S I .  

WEbRiYy  W. L .  & INGFRSOLL-RAND 

CONSTQUCTORA '=STRFLL4, 5 - A .  , CAMINOS Y URBANIZACIONES,  S.4. AND CPYSTRUCCIONFS URBENAS HAVE E S T A B L I S H E O  CM INFORYAL 

7 
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F I E L D  76 COMPANY BROCHURES 

z3=6$=1pvZQl SEWER MOLE T R I M S  COST OF TUNNEL R I B S  E CONCRETE ( CUTTERS HARD L I N I N G  SEEPAGE ROCK 1 
CONSTRUCTIOY METHODS & EQUIPMENTI MAY 1966 ( R E P R I N T ) .  ON A S T  L O U I S  SEWER PROJECT THERE WERE F I V E  D I S T I N C T  
ADVANTAGFS I N  MECHANICAL B O R I N G  n V E R  D R I L L  AN0 SHOOT: REDUCES Q U A N T I T Y  OF CONCRETE FOR L I N I N G ,  R E Q U I R E S  L E S S  SUPPORT, 
RFDUCES WATER SEEPAGE7 CAN PROCEED I N  AREAS WHERE B L A S T I N G  IS E I T H E R  I M P O S S I B L E  OR EXTREMELY I M P R A C T I C A L  DUE TO SURFACE 
C O N D I T I O N S T  FEWER MEN ARE REQUIRED.  THESE WERE CONCLUSIONS FROM D R I V I N G  237000 F T  OF 6 7  6 1 / 2  & 7 F T  D I A M E T E R  TUNNEL 
I N  ROCK. T U N N E L I N G  IS B E I N G  DQNE I N  L I M E S T O N E  W I T H  CHERT STRATA AND OCCASIONAL ZONES OF HEAVY L A M I N A T I O N  H A V I N G  
C O Y P R E S S I V F  STRENGTH RANGES FROM 1 2 , 0 0 0  TO 1 5 , 0 0 0  P S I .  B E S T  ADVANCE WAS 5 F T  PER HR W I T H  AN AVERAGE OF 4 F T .  PER HR AND 
4 MAXIMUM CF 7 1  F T  PER DAY. RFEDS SM-4 MACHINE IS 1 8  F T  LONG7 WEIGHS 2 8  TONS, HAS AN 1 1 7 9  RPM R O T A T I N G  I-EAD AND A 
27000 P S I  HYClRAULIC SYSTEM. CHANGING FROM AC S I N T E R E D  C A R B I D E  BUTTON I N S E R T S  TO QKC TUNGSTEN C A R B I D E  BUTTONS I N  
C I R C U M F F R E N T I A L  KERF PATTERN INCREASED ADVANCE BY ONE FT. PER HR. W I T H  A 5 0 0  HR. L I F F .  SCRAPERS ADDED T O  THE C U T T I N G  
WHEFL TO C L E A N  F I N E S  HAVE INCREASED CUTTER L I F E .  A VAPOR C U R T A I N  W I T H  S P E C I A L  WETTING AGENT S A T I S F A C T O R I L Y  SUPPRESSES 
DUST. MATCYING THE CUTTER TO THE FORMATION IS A P R I M E  C O N S I D E R A T I O N  AND F I V E  INTERCHANGEABLE CUTTERS ARE I L L U S T R A T E D  
AND n E S C R I B E D .  

16-68-Q2891 CALWFLD B O R I N G  SYSTEM - T H E  ONLY WAY TO TUNNEL ( MOLE 1 

PERFORMANCE SCOPE CARD FOR I T S  MACHINES AT TWENTY L O C A T I n N S  WHICH RANGED 7 F T  TO 2 6  F T  I N  D I A M E T E R  AND FROM 4,500 F T  TO 
4.5 M I L F S  LnNG I Y  Y A T E R I A L S  FQOM CLAY T O  SANDSTONE. 

16&9=!EQQl 9 A Q T ' S  F I Q S T  COMPRESSED A I R  J O B  ( SUBWAY MOLE 1 

E N G I N E F R I N G  NFWS-RECORD, ( 1 8 0 1  52, MAR 2 1 7  1 9 6 8 .  CALWELD, D I V I S I O N  O F  S Y I T H  I N D U S T R I F S  I N T E R N A T I O N A L  G I V E S  A 

WFSTFQY CONSTRUCTION7 MAY 1 9 6 A .  TWO 17.5 F F E T  0.D. S T E E L  L I N E D  TUNNELS ARE B E I N G  D R I L L E D  SY MOLES B U I L T  BY MEMCO. 
EACH USFS 1 4  PLANFTAPY GEAR U M I T S  FOR A COMBINED TORQUE OF 1y900r000 FT.  LB.  MUCK I S  C A R P I E D  BY 1 6 5  F T -  LONG 
CONVEYOR. DEWATERING LOWERS PQESSURE REQUIREMENT TO K E E P  OUT GROUND WATER TO BETWEEN 11 AND 1 3  1 / 2  P S I G .  A M I N E  H O I S T  
HAN@LFS MIJCK. 

16r6kQ5QQl J A R V A  TI INNFL I N G  MACHINES-REED T U N N E L I N G  CUTTERS ( BORE SADDLES PENETRATION-RATE ROCK-TESTING D E S I G N  1 
7 F E D  D R I L L I W G  T O O L S ?  G .  W. MURPHY I N D t  TB-2.5M-9-68. T H I S  BROCHURE P R O V I D E S  CATALOG D E S C R I P T I O N  AYD S P E C I F I C A T I O N  
DATA F n R  T U N N E L I N G  MACHINFS YPNUFACTURED B Y  JARVA I N C  AND SOLD E X C L U S I V E L Y  BY REED D R I L L I N G  T@OLS.  MACHINES RANGE I N  
BnRE S I Z E  FROM 8 F T  TO 2 1  FT. CUTTERS, CUTTER AYD SADDLE D E S I G N  AND A V A I L A B I L I T Y  OF LABORATORY ROCK D R I L L A B I L I T Y  
T ' S T I Y G  4 R E  ALSO DESCRIPED.  MACHINE O P T I O N S  ARE OESCRIBED B R I E F L Y  AND T E N T A T I V E  S P E C I F I C A T I O N S  FOR LARGER MA CHI YES^ 
2 4 ,  2 9 9  AND 32 F T  RORF ARE INCLUDED.  ACTUAL M A C H I N E  A P P L I C A T I O N S  ARE L I S T E D  I N  B R I E F  S P E C I F I C A T I O N  L I S T I N G  FOR E L E V E N  
TUNNELS. 

7h-hZkQ2QQZ R F F q  R I G  HOLF PQOD!JCTS ( C U T T E R S - D R I L L I N G - B I T S  REAMING R A I S E - B O R I N G  ENGINEERING-DATA 1 
'FED D R Z L L I N G  TOOLS, G. W. MURPHY I N D t  PRODUCT BROCHURE UNDATED AND NOT NUMBERFD. T H I S  BRnCHUPF IS A D E S C R I P T I O N  
c)F VART'31JS "RDDUCTS "E RFED D R I L L I N G  TOOLS. FEATURED ARE CUTTER D E S I G N ,  SADDLES, V A R I O U S  T Y P E S  OF CUTTERST SHAFT 
n91LLI ' \ I 'S R I T S t  9 E 4 M I N G  P I T S ,  Q A I S E  PORE B I T S ,  T U N N E L I N G  AND A V A I L A P I L I T Y  P F  LABORATORY L I S T I N G  S E R V I C E  FOR ROCK 
Q R I L L 4 q I L I T Y  ANALYSIS.  PROCHURF ALSO PROVIDES E N G I N E E R I N G  DATA I N C L U D I N G  S P E C I F I C  WEIGHTS AWD G R A V I T I E S  FOQ A WIDE 
R4NGF 7 F  T U Y N F L I Y G  MFOIA P L U S  R E L A T I V E  CONVERSION TABLES. 

153YrlQQQ1 T U N N F L I N G  TYPQUGH QOCK ( TUNNEL I N G - D E V I C F S  MOLES DRILL-BLAST-MUCK 1 

"FQ Y A L L  4SSC'CIATES FRnCHURE, OCT 7 ,  1 9 6 8 .  T H E  RROCHURE PROPOSES A NEW COMBINED METHOD C!F T U N N E L I N G t  9 Y  C O M B I N I h G  
? L A S T I N G  AND TUN'\ IELING RY MOLE7 I N  ONE OPE9ATION.  I T  D I S C U S S F S  SOME OF T U N N E L I N G  PROOLEMS SUCH A S  WATEP INFLOW 
3VER9RE4K7 S C A L I N G  OF QOCK SURFACES AND V E N T I L A T I O N .  THF METHOD SHOULD BE F A S T E R  THAN CONVENTIONAL METH00S. T H E  METHOD 
CAY R E  USFD 7 Y L Y  FQQ LARGE D I A .  HOLES. 

1kh9=Q2QQ1 CALWELD Q A P I O  E X C A V A T I O N  FOR R A P I D  T R A N S I T  ( MOLE G R I L L  TUNNEL CUTTER 1 
E Y G I N C F 9 1 N G  YEWS-RFCDRD, ( 1 8 3 )  64-651 FEB 67 1 9 5 9 .  I N  THE CALWELD T U N N E L I N G  AND D R I L L I N G  E Q U I P C E N T  BDVERTISEMENT A 

VA'J YALSUYv F a  & PFR H A L L  ASSOCIATES MONTQEAL 

"HOTOGPAPH I S  SHOWN OF THE 26 FOOT DIAMETER O S C I L L A T I N G  MACHINE FOR THE 177000 FT. M U N I C H  SUBWAY. ALSO A P I C T U 9 E  I S  
SHrWhl ONF O F  I T S  POWERFUL C 'RILL ING U N I T S .  SUCH U N I T S  CAPABLE OF C I R I L L I N G  HOLES FROM 1 2  I N .  T O  240 I N .  DIAMETER AND 
a u r w  T Y P F  DRILLING RIGS WILL BF FOUND ON ALMOST EVERY RAPID TRANSIT JW. MOLES HAVE A L s r  B E E N  U S E D  I N  IJATEQ ANT 
S5WAGE PRI'JFCTS THQOUGHCUT THE WORLD. 

--- 7 6 - 7 4 = U Q Q 1  F R E q Y  rJATF4 FQR D E T R O I T  ( MOLE RECORD 1 
I'!GE?SOLL-RAND CPMDAUY 1 9 6 9  AYYUAL REPORT, 1 2 7  1970. A LAWPFNCE CO TUNNFL BORIhIG Y A C H I N E  IS Y E I N G  U S E 9  TO D R I L L  A 
6 V I  1 8  F T  4 I N  D I A  F R E S H  WATEQ TUNNEL UNDER L A K E  HURON FOR D E T R O I T .  9ECORD ADVANCF WAS 100 F T f S H I F T .  

74-70-QQQC3 P I G  OQDEP DEPARTVENT ( MOLE 1 
INGFRSOLL-RAND COMPAWY 1969 ANNUAL REPORT7 137 1970. MAGMA COPPER CO HAS ORDFRED A 1 2  1 / 2  F T  D I A  LAWRENCE CO 
TUNNEL S"R1YG MACHINE TD CUT A 9000 F T  LOYG HAULAGE TUYYEL THROUGH Q U A R T Z I T E  

7 6 - 7 0 - 0 1 Q Q l  TUb NFL I Y G  S H I E L D S  LARGE AND SMALL 
T 'JYNCLS AND T 'J t "NELING,  ( 2 )  NO 1, 6, JAN.  1970. JOSFPH WESTWOO@ E CO L T D  c1F LC)NDr)i\l 4 D V E R T I S E M E N T  L I S T S  13 T U N N E L I N G  
S H I E L D S  ( 1 7  FT 6.5 IN r I A )  S U P P L I E D  TO THE V I C T 0 9 I A  L I N E  PROJECT OF THE LONDON TRANSPORT BOARD. A L S q  L I S T F D  ARE A 3 7  
F T  9 I Y  SHIEL'l FOR HFATHQOW A I R P O R T  T U Y Y E L T  TWO 3 2  F T  5 I N  S H I E L D S  FOR CLYDE, ONE 74 F T  3 IN  S H I E L D  FOR T Y N F T  TWO 3 1  F T  
S H I E L O q  F i i 4  Dr lTTFQS PAR A 5 F T  6 I N  I D  S H I E L D  ' 0 9  THE C I T Y  OF MANCHFSTERt A 7 F T  7 I N  S H I E L D  FOR T H E  RCIURVEVC'LJTH SEWER 
AYI' T d O  Q F T  7 - 7 5  IY I D  S H I E L D S  FOP T H E  YARDLFY-TYRURN SFWER. 

I C - 7 0 - 4 1 9 0 2  V ' W  Y n S E  S E C T I C N  STEPS UP GOPHE9S S P F E D  
=YGR Y F d S - R E C I R n ,  ( 1 P 4 )  1 2 3 1  JAN. 27 ,  1970. SCHRAMM, I N C  HAVE I Y S T A L L E O  A NFW H E L I C A L  GPOOVED NOSE S E C T I P I  OU 
;+E19 4 I Q - A C T T V A T F O ,  IMPACT-ROPING TQOL C A L L E D  PNEUMAGODHER TO IMPROVF I T S  PERFORMANCE Ih! WET A N 7  S L I P P I N G  S U S S O I L S .  

I,h-70-03QQl T H E  SFC3ND G F Y F K 4 T I O N  GPFEWSIDE-MCALPINE ROCK TUNNELEP 
T l I V N F L S  ANO T 'JNYELINGv ( 7 )  NCI 27 5 5 9  MAR. 1970. M C A L P I N E  CONTINUOUS RESEARCH AND DFVFLOPYENT PPCIGQAM Cf IMBINFS 
M C A L D I V E ' c  CXDERIEFJCC I N  SOFT GPOUND AND HARD ROCK T U N N E L I N G  W I T H  G R F E N S I D E  CO'S KNOWLEDGE i2F M A C Y I N E  T U N Y F L I N G  I Y  THE 
WINING INDUSTRY.  THE SECOND GENERATIOY MACHIYE I N C L U D E S  V A R I A B L F  D I A M E T E R ?  C L E A R  ACCESS T r  FACFT SELF WALKING-FORWAR9 
4YD Q c V c p q E ,  SVOOTH A r C U Q A T F  D I M E N S I O N E D  BqRE, R A P I A L  C U T T I N G  A C T I C N  AND S I M P L E  Q E S I G N  Fnp EASY Y A I h T F P A V C E  I N  THF 
TCI'IYEL. 8CV. P Y  S I R  9 0 e E F T  Y C A L P I N E  4UD S'JNS. 

Ik?.Q=QlQQ3 LASER SAVFS LAROUR I N  L I Y E - U D  FCIP THE NEW YFRSEY TUNh'EL ( ALIGNMENT ENGLAND 1 
TUNNELS ANI) T114NELINGt  ( 2 )  NO 7 7  6 3 ,  MAQ. 1970. N U T T A L  ATKINSOF! & COc M A I N  CONTQACTOQS FOP THE SFCCYLI MERSFY 
TUNNEL I R E  U S I V G  LASERS TO CREATE QEFEQENCE L I V E S .  F'PRANTI L A S F R  ADV. 

ll63Lk93QQ9 WTaTH TUNNEL OORING MACHINE B@SFS F U L L  P R O F I L E  I N  S C A N D I N A V I A N  G R A N I T E  ( MOLE SWFDEN 1 
T J N N E L ?  AKD T I J h h l E L I Y G t  ( 7 1  NO 21 947 MAR. 1970. ALFRED WIRTH AND CO OF GERMANY ADVERTISEMENT G I V E S  OATA ON 2.4 
'4ETER D I A  M A C H I Y E  WHICH IS BORING A 450 METER SEWER FOR T H E  M U N I C I P A L  AUTH OF SOLVA AT STOCKH')LM, 

- 7 6 - 7 0 5 & Q Q l  JARVA MAPK 2 1  BOQES 6 9 0 0  F T  OE 20 F T  D I A .  TUNNEL AT 5 F T  PER HOUP ( VOLE ADVAFICE BART CUTTFRS 1 

C I M S T Q ' J C T I O V  MFTYCDS & F Q U I P Y E Y T t  P9, AP9 1970. T Y F  3 8 0  TON J A R V A  MARK 7 1  T U N N E L I N G  M A C H I N F  4VETAGED 5 F T  PCR HOUR 
REED D R I L L I N G  TflOLS qOUSTON TEX 

r -? 

ii 
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'RORING 6 9 0 0  F T  OF 2 0  FT. D I A .  BART TUNNEL. ROCK RANGED FROM 1000 TO 4 0 , 0 0 0  P S I .  AVERAGE CUTTER COST W I T H  REED QKC 
CUTTERS WAS ABOUT 30 D O L L A R S  PER L I N E A R  FT. 

Z&SQ=Q5QQJ RSP-NUTTALL T U N N E L 1  NG MACHINES 1 WORLD-RFCORD 1 
TUNNELS AND TUNNELING,  ( 2 1 ,  NO 3, COVER, MAY 1970. MACHINES BASED ON E X P E R I E N C E  OF FDMUND NUTTALL,  SONS E CO 
[LONDON) LTD, DESIGNED AND MANUFACTURED BY R.L. P R I E S T L Y ,  L T D  ARE A V A I L A B L E  FOR T U N N E L I N G  JOBS THROUGHOUT THE WORLD 
FROM B R I T I S H  S T F E L  P I L I N G  COT L T D .  ONE OF THESE MACHINES HOLDS THE WORLD RECORD FOR SOFT GROUND T U N N E L I N G  1427 F T  I N  7 
DAYS. 

35==Q5QQ2 R O P I N G  MACHINE CUTS THROUGH HARD ROCK I N  COLORADO M I N E  ( CALWELD MOLE 
ENGR. NEWS-RECORD, ( 1 8 4 )  931 MAY 3 1 ,  1970. A 13 F T  D I A  CALWELD MOLE CAN CUT THROUGH HARD ROCK FOPMATIONS RANGING 
UP TO 7 5 , 0 0 0  P S I .  I T  I S  NOW WORKING I N  A V I N E  NEAR C L I M A X  COLO. I T  HAS AN OPEN-SPOKED ROTAPY C U T T I N G  WHEEL W I T H  
C A R B I D E  CUTTERS. H Y D R A U L I C  RAMS EXTEND 8 SHOES A G A I N S T  THE TUNNEL WALL WHILE CUTTERHEAD ADVANCES. 

76=1Q=Q$QQ1 ROCK TUNNEL SUMMARIES ( C H I C A G O  SkWERS MOLES LAWRENCE R O B B I N S  J A R V A  1 
L E T T E R  FROM S & M CONSTRUCTORS T O  M. T I E R N E Y T  JUNE 25, 1970. A L I S T  OF THE C H A R A C T E R I S T I C S  OF THE JARVA MARK 2 1  
Y A C H I N F  WORKING ON THE CALUMET 18E E X T  A CCINTRACT, T H E  JAMES S. R O S B I N S  M A C H I N E  WORKIYG ON CONTRACT S W I S  1 3 A v  AND THE 2 
L4WRFNCE P A C H I N E S  WORKING ON THE LAWRENCE AVENUE SEWER SYSTEMS CONTRACT NO 1. 

FIELD 8 MISCELLANEOUS 

F I F L D  8 2  SYMPOSIA 

8 7 - 6 9 - l Q Q Q 1  LASER CONTROL FOR C U R V I L I N E A R  TUNNFL CONSTRUCTION ( SUQVEYING-CREW ECKJNOMY ACCURACY S I M P L I C I T Y  ) 

SACRAYFNTO S T A T E  C n L L F G F  C A L  SECOND SYMP ON R 4 P I D  E X t 4 V A T I O N V  6-1 TO 6 - 1 1  9CT. 1 6 ,  1 9 6 9 .  A PATENT *'TUI\IYELASER** 
SYSTFM I S  DESCRIBFD.  I T  IS IMPOQT4NT TO R E A L I Z E  THAT THF LASER SYSTFY I S  ONLY AS GOOD AS THE S U R V F Y I N G  ON WHICH I T  I S  
BASED. T H E  TUNNELASER SYSTEM WAS DEVELOPED TO M I N I M I Z F  SURVEY CREW T I M E  AND TO F U R N I S H  P R E C I S E  V I S U A L  CONTROL FER 
T U N N F L I Y G  M A C H I N F  GUIDANCF. ON A R A D I U S  O F  5 0 0  FEET,  T H E  L E N G T H  OF RUN I S  ABOUT 7 5  FEET.  A TUNNELASFP SYSTEM "AS 

COLSON, G. P. C FNGR F I E L D  S F R V I C E S  

ADVANTAGES @VFR A STAN9ARD S U P V E Y I N G  CQEW I N  ECONOMY, ACCURACY AND S I M P L I C I T Y .  

F I E L D  8 7  GOVERNMENT RFPDRTS 

329z=QQQQ1 A P P L I C A T I O N  OF THE GEOPHONE TO M I N I N G  OPERATIONS ( INSTRUMENTS V I B R A T I O N S  1 

U.S. EIUQ MIYES,  TECHNICAL PAPEP 277, 1927 .  T H E  GEOPHONF I S  AN A D A P T A T I O N  OF THE L I S T E N I N G  D E V I C E S  CEVELOPED D U P I N G  
N W I  3 Y  T H F  FQFNCH 4ND F N G L I S H  TO L I S T F Y  FOR M I N I N G  A C T I V I T I E S  OF THE ENEVY. I T  IS S I M I L P R  I N  PRCNCIPCE TO THE 

LFIGHTCIN, A. & U.S. BUR M I N E S  

SFISYOGRAPH I Y  TI-AT I T  HAS A HEAVY SUSOENDED WFIGHT ATTACHED TO AN E L A S T I C  DIAPHRAGM. B Y  U S I N G  TWC GEnPHONES, THF 
3 R I G I N  OF 4 SOUYD CAN R C  O B T A I N E D  F A I R L Y  ACCURATELY BY T R I A N G U L A T I O Y .  I T  C 4 N  EF USED TO LOCATE BRFAKS I N  P I P E S ,  TO 
L 9 C A T E  M I N E R S  TRAPPFD PFLOW THE SUQFACF. D F T 4 I L S  OF THE D E S I G N  OF THE GEOPHONES ARE G I V E N  AND AN E X T E N S I V E  D I S C U S S I O N  
OF THE T F C H N I O U F S  QF FMPLOYMENT I S  G I V F N .  31 PAGES, 3 TABLES,  14 I L L U S T R A T I f l N S -  

F I E L D  84 A R T I C L E S  

54-59-0Qml HIGHWALL AUGERING W I T H  A TWIN-AUGEQ ( COAL-MINING THIN-SFAMS D R I L L I N G  BENCH-OPERATION PRODUCTION 

M I N I N G  CONGRFSS JOUQNALT 6 s - 7 0 ,  AUG 1 9 5 9 .  ALTHOUGH R E L A T I V E L Y  NEWT AUGER M I N I N G  I S  NOW R E S P O N S I B L E  FOR 
KAPYAP, J. R. E ELM DEV C 3  

4 P P R n X I f l A T E L Y  10 Y I L L I T N  TONS OF COAL PER YFAR. T H I S  A R T I C L F  O U T L I N E S  THE DFVFLOPMENT D F  THE T W I N  AUGFR M 4 C H I Y F  AND 
CCATUQFS THE A P P L I C A T I O N  OF 4 24 I N  YODEL WITH A D E S C P I P T I O N  OF I T S  O P E R A T I O N  AND T F C H N I Q U F S  USED I N  Y I N I N G  A  3 0  I N  
SEAM I N  A RFNCH O P F Q A T I O N .  

34-64-03QQJ OPFRATIONAL E X P F R I F Y C E S  W I T H  4 S K I - L I F T  T Y P E  Y A N R I D E S  

C f l C L I F Q Y  GUAQDIAY, 189-1999 4UG 7, 1 0 6 6 .  A T K I - L I F T  I S  USED TO TRANSPORT WORKERS. THE S K I - L I F T  I N S T A L L A T I O Y  HAS 
I Y C Q F A S E D  THF T I M F  4 V A I L A R L F  AT THE C 0 4 L  FACES BY 2 3  MINS.  THE T I M E  S A V I N G  I S  EQUTVALENT TO AN I N C R E A S E  I'q PRODUCTION 
? F  e Q  T Q Y / D I Y .  TYE W A I T I N G  T I M E S  ARE C L I M I N A T E O  AND A C O Y T I N U A L  FLOW OF WOQKYEN I S  ACHIEVED.  

34-64-LLQQ1 TRFNDS I N  R A I S E  M E C H A N I Z 4 T I O Y  ( B I R D - C A G I N G  R F A M I N G  1 

YTYTNG C O Y G 9 E S S  J f l ( jRYAL,  4 3 - 4 7 ,  DEC 1 0 6 4 .  " R I R D  C P T , I Y G "  IS USFD TO D D I V F  4 P A I S E :  FROM AN UNDEoLYIb !G TtJWNEL TO THE 

T'3P '1F T H F  Y O L F T  4 Y D  T O  A C P G F  I N  THF TUNYFL. THE CAGE SFRVES AS A WORK PLATFORM TO D P I L L  AND B L A S T  T H E  R A I S E .  ONE 
3 Q 4 N 8 A C K  OF R T R n  CAGIYG WAS T H F  N E F O  FOR A P I L O T  HOLF. SWEDISH M I N E R S  INTRDDUCFD CAGES THAT C L I Y B  b TOOTHFD R A I L  
AYCHOQED T O  THF R A I S F  S I D E S  W I T H  RDCK SOLTS. THE CAGE 1 s  PnWERED BY AIP-MOTORS AND THE A I F  YDSE THAT T R A I L S  THE CAGF 
I S  FFD =RCM 4 HCSE-QFEL I N  T Y E  TUNNEL. IN THE P 4 S T  FFW YFARS, NEW MFTALS AND MORF ADVAVCED E N G I N E E R I N G  PAVE I N C R F A S F D  
THF U S F  "F ? F A Y I N G  R A I S E S .  T H E R t  HAVF BFEN TWO APPRCIACHES T 7  RFAMINGT ONE TO S F T  UP ON TOP OF THE R ~ I S F T  D R I L L  THE 
P I L r ) T  YCLF nflWh' AND RFPY BACK (JP, AN@ THE OTHER T O  SET UP AT T H E  ROTTOM, D R I L L  THE P I L O T  H @ L E  UP A N 0  RFAM PACK OCIWN. 

84-66-QJ)JQl COPF nPILL STAN04RD P P O V I D E S  FOR I N T F Q C H A N G F A R I L I T Y  

THE M A G A Z I N F  n F  STAN'lARDS, 2 2 - 2 4 r  JAY 1Q66. THE QIbM'3ND C I P F  D R I L L  YFG A S S O C I A T I O N T  '3CDY4, HAS DFVFLOPFD A 

HAMILTOY,  R. C -  + GRAINGFR, A. A. E DFNRY H A L L  C O L L I F R Y  

KCLLnGG, J. L .  E C F R R n  C 9 R P  

S C l R F l C E  CIp 4NDTHCR TUYYFL. P I L O T  YOLF I S  D R I L L E D  FROM ARDVE AND A WIQF ROPF I S  FED THROUGH, ATTACHFD TO A WINCH AT THE 

STARK, J. C JOY MFG C l l  

ST4hlOARn ( A C A - 6 1 0 4 . 1 - 1 9 6 4 1  WHICH CONTAINS NOMENCLATURE bN@ D I M F N S I ' J N S  FOQ V A R I O U S  F E S I G k l S  OF D R I L L  '?ODT, COUPLIYGS,  
C P R C  94RQCLS, FLUSY C n U P L E D  C A S I N G S T  C A S I N G  S Y O F S  AYD ? I T S ,  4NO REAMING SHELLS,  FOR COKE D R I L L S  OF S I Z E 5  1 1 3 / 1 6 ,  2 
1/4, 7 7 / 8  AFlO 7 1 / 2  Q . @ .  C A S I Y G .  A NEW "X" <QOUP OF YCSTABLE C A S I N G S  ALLOIJS ANY C f l Y B I Y A T I O Y  OF C A S I N G S  TO i3F USED IU 
Q R D I Y A R Y  P 9 1 L L I N G .  A  N E W  D R I L L  ROD WAS S P F C I F I C A L L Y  D F S I G Y E 9  FOR R4LANCE@ OPEQATTPN I V  THC "X"  E E S I G N  GROUP OF HrLE:  
S I I F S .  

84-6h-QhQQl VIFdING AT YFVADA T F S T  S I T F  COMES UP W I T H  N F d  A D A P T A T I O Y S  OF EQUIPMFNT ( B I G - H O L E - C P I L L I h G  1 

M I Y I N G  F Y G I Y F F Y I Y G t  67-6AT J'JNE 1966.  THF A R T I C L E  D I S C U S S E S  NFW A D A P T P T I O Y S  OF FQUIPMFYT SUCH PS I T  HAS @FEN 
"ATKAGEO T D  DFCREASE T I Y E  AND Cf lST DF It S F T  UP I' AND "TAKF DQWN". M D S I L I T Y  OF SUQFbCF E Q U I P Y F N T  IS STRESSED. DOWYHOLc 
I Y S T A L L J T  IPU CMPLOYS U " I I T I 2 F U  CONSTRUCTIf lN. VORTEX TUBFS ARE USED I N  V E N T I L A T I O N .  

WBLTYANY, F.  r). 

q4-67-mQQL THAT ClRNEPY ABUSED QOCK D R I L L  CAY BE A SMOOTH-WORKING TOOL ( MAINTENANCE O I L  1 

ROCK PR7DIJCTSt PAR 1907. L U E P I C A T I O Y ,  P R E V E N T I V E  YAINTFYANCE,  AND THF R E P A I R  OR D I S C A R D  O F  WORN PPRTS APE V I T A L  
PARTS CF A ? R I L L  YAINTFYAMCE PROGRAM- 

P q H S T  H. A. & G4RDNER-DFNVER CD C L F V  C H I 0  



136 
c -  

c 
84-67-04QQl LASERS USED TO L A Y  SEWER P I P E  ( AUTOMATION I 

WATER AND WASTES ENGINFERING,  ( 4 )  NO. 4 ,  48 -50 ,  APR 1 9 6 7 .  A SMALL D E V I C E  WHICH USES A L A S E R  MAKES I T  P O S S I B L E  T O  
L A Y  A SEWER P I P E  ABSOLUTELY S T R A I G H T  MORE Q U I C K L Y  AND MORE ECONOMICALLY. T H I S  SAME P R I N C I P L E  C A N  ALSO B E  USED I N  

GEORGE, J. C. E J A C K S O N V I L L E  ARK 

L A Y I N G  ANY K I N D  OF P I P E .  A PATENT ON T H E  AUTOMATIC GRADE L I G H T  WAS I S S U E D  OCTOBER 18, 1 9 6 6 .  

8 4 - 6 7 - 0 8 0 0 1  R A P I D  S O I L S  E X C A V A T I O N  ( C H E M I C A L  NUCLEAR EXPLOSIVE-EXCAVATING-MACHINE 1 

N O T I C E  OF RESEARCH PROJECT, S C I E N C E  I N F O R M A T I O N  EXCHANGE S M I T H S O N I A N  I N S T I T U T E 9  AUG 2 4 ,  1 9 6 7 .  
L A R G E L Y  DEVOTED TO L I T E R A T U R E  REVIEW AND CONTACTS W I T H  OTHER AGENCIES TO K E E P  ABREAST OF NEW DEVELOPMENTS I N  R A P I D  
EXCAVATIOh!  SUCH AS CORPS OF ENGINEERS PROJECT REDSDD, DEVELOPMENT OF AN E X P L O S I V E  E X C A V A T I N G  MACHINE,  AND NUCLEAR AND 
C H E M I C A L  E X P L O S I V E  EXCAVATING EXPERIMENTS. 

84-68-QlQQJ H O I S T I N G  EQUIPMENT AND SHAFT D E S I G N  I N  DEEP-LEVEL SOUTH A F R I C A N  GOLD M I N E S  ( H O I S T S  

C A N A D I A N  I N S T I T U T E  OF M I N  G MET B U L L E T I N ,  1 5 ,  J A N  1968 .  H O I S T S  AND SHAFT LAYOUTS. F R I C T I O N  H O I S T S  AND DOUBLE-DRUM 

JONES, C. W. E U.S. BUR RECL WASH D.C. 
A C T I V I T I E S  ARE 

GYNGELL, A. H. G ANGLO AM CORP SO A F R I C A  

T W I N  ROPE B L A I R  H O I S T S ,  F R I C T I O N  WINDERS ARE DESCRIBED.  THE MOST MODERN I N S T A L L A T I O N  OF T H I S  T Y P E  EMPLOYS Z - I N -  ROPES, 
HAS A DRUM W I T H  A DIAMETER OF 19 FEET,  6 INCHES AND H O I S T S  A 20-TON PAYLOAD FROM 4 , 9 0 0  F E E T  AT 3,000 F E E T  PER MINUTE.  

84r6kplnQ2 NEW D R I L L I N G  RESEARCH TOOL SHOWS WHAT HAPPENS DOWN THE HOLE ( T O O L - B I T  TORQUE D R I L L - S T R I N G  0IL-WEi-L 
D E I L Y ,  F. H. + DAREING, W. H. + DAFF, G. H. G ORTLOFF, J. E. + LYNN, R e  0- 
& ESSO PROD RES CO HOUSTON TEX 

T H F  O I L  4ND GAS JOURNAL, ( 6 6 )  55-64? J A N  8, 1 9 6 8 .  A DOWN-HOLE TRANSDUCER TOOL FOR MEASURING AND RECORDING D R I L L  
S T R I V G  FORCES AND MOTIONS WAS B U I L T  AND USED. T H E  TDOL MEASURED AND RECORDED E I G H T  FOPCES AND MOTIONS SIMULTANEOUSLY 
WHICH I N C L U D E  A X I A L  LOAD, TORQUE9 B E N D I N G  MOMENT, A X I A L  ACCELERATION,  ANGULAR ACCELERATION,  PRESSURE I N S I D E  THF D R I L L  
S T R I N G  AND PRESSURE I N  T H E  ANNULUS. MUCH DATA WAS O B T A I N E D  FOR A WIDE V A R I E T Y  OF D R I L L I N G  C O N D I f I O N S t  HOWEVER, 
D E T A I L E D  S T U D I E S  OF ANY S I N G L E  D R I L L I N G  V A R I A B L E ,  PARAMETER, 04 D E V I C E  WERE NOT P O S S I B L E  I N  T H I S  PROGRAM. U S I N G  
T H I S  DATA AND HOPEFULLY A D D I T I O N A L  DATA O B T A I N E D  W I T H  T H I S  TOOL, D R I L L I N G  E~GINEERS CAN B E G I N  TO T A K E  A R A T I O N A L  D E S I G N  
APPROACH T O  B I T  LOADS, P I P E  F A T I G U E  AND F A I L U R E ,  AND DOWN-HOLE TOOL OPERATIONS.  W H I L E  D R I L L I N G  AT A H I G H  
P F N E T R A T I O N  R A T E  T H E  MEAN TORQUE WAS VERY S E N S I T I V E  T O  THE MEAN B I T  A X I A L  FORCE. BOTTOM HOLE I R R E G U L A P I T I E S  SEEM T O  B E  
THE MAJOR CAUSE OF LARGE A M P L I T U D E  MOTIONS. PUMP PRESSURE V A R I A T I O N S  MAY ALSO CAUSE SEVERE V I B R A T I C N S -  

&=68-040Q1 CONSTRUCTION CONTROL W I T H  LASERS 
BENGSTON, D. 

C I V I L  E N G I N E E R I N G 9  ( 3 8 )  N 4 7  72-47 APR 1968 .  ON E X C A V A T I O N  FOR CARLEY V. PORTER TUNNEL NEAR GORMAN, CAL. L A S E R S  
WERE USED TO CONTROL CLOSE TOLERANCES REQUIRED I N  I N S T A L L I N G  L I N E R  PLATE,  AND TO CHECK H I G H T S  AND STEEL ALIGNMENT;  
E X P E R I E N C E  I N D I C A T E D  THAT TUBE L I F E  I S  INCREASED B Y  K E F P I N G  LASER I N  CONTINUOUS OPERATION:  T U B E  MUST B E  SHELTERED FROM 
DUST AND MOISTURE TO GUARD A G A I N S T  REDUCED L I G H T  OUTPUT: SEVERAL FACTORS M A Y  CAUSE BEAM TO D E V I A T E  FROM S T R A I G H T  P A T H  
AYD TYFSE MUST BE RECOGNIZED I N  ANY A P P L I C A T I O N  O F  INSTRUMFNTS: ON JOB C I T E D 9  LASER HAS PRODUCED C O N S I D E R A B L E  S A V I N G S  
I N  MANPOWFR. 

F I E L D  85  NEWS I T E C S  

35-64-03QQl HOW PURE D R I L L E D  THE WORLD'S DEEPEST PRODUCING WELL ( C A S I N G  O I L - W E L L - D R I L L I N G  1 

NORL3 O I L ,  4 7 - 5 4 ,  MAR. 1964. PURE O I L  COMPANY D R I L L E D  THE W. C. T Y R E L L  1 WELL, LOCATED 11 M I  NORTH-NORTHWEST OF 
ODCMr C. B. + HOBBS, M. F. G PURE O I L  CO M I D L A N D  TEX 

FT.  STOCKTON, TEX. TO A OEPTH OF 2 1 , 6 0 3  F T  AND COMPLETED BELOW 2 0 , 7 0 0  FT.  THE MAJOR PROBLEMS WERE EXTREME P I P E  WEAR, 
ARN'IRMAL PRESSURES ( U P  T D  1 6 , 0 0 0  P S I )  L O S T  C I R C U L A T I O N  AND H I G H  BOTTnM HOLE TEMPERATURES. THE PROBLEMS WERE CORRECTED 
BY USE OF S I X  SEPAFATE C P S I N G S  AND L I N E R  STRINGS,  CHROME L I G N I T E  - CHROME LIGNOSULFONATE D R I L L I N G  F L U I D ,  H I G H  
TEMPERATURE CEMENTS, DIAMOND B I T S ,  1 0 , 0 0 0  P S I  HORKING PRESSURE BOP, CHOKE M A Y I F O L D  EQUIPMENT W I T H  REMOTE CCNTROLS 
( P I C T U R E S  AND W@RKING DRAWINGS ARE G I V E N ) .  THE I N I T I A L  O P E N I N G  OF T H E  WELL WAS A 26- IN.  H O L E  D R I L L E D  TO A DEPTH OF 7 5 0  
F T  AND SET W I T H  2 0 - I N .  OD CASING.  FOUR MORE CONCENTRIC HOLES WERE D R I L L E D  W I T H  HOLE D I A  ( T H F  F I R S T  TWO WERE CASED) 
QECRE4STNG W I T H  I N C R E A S I N G  DEPTH. THE F I N A L  HOLE WAS 6 5 / 8  I N .  D I A  AND 5 , 4 0 7  F T  I'v D E P T H  WHICH TCOK 1 , 7 3 0  R O T A T I N G  
HOURS. THE WELL WAS L I N E D  TO A DEPTH OF 1 6 , 1 9 9  F T  WITH 7 5 / 5  OD L I N F R  W I T H  T H E  REMAINDER B E I Y G  L I N E D  W I T H  5 I N .  OD 
L I N F R .  

85r65zllQQl SO WHO NFEDS WHFELS TO RUN A T R A I N  ( TUNNEL 

T H E  NEW YC)RK T I M F S ,  NOV 4 ,  1 9 6 6 .  THE L A T E S T  EXPERIMENTAL DEVELOPMENTS I N  WHEELLESS T R A I N S  ARE D E S C R I B E 3  F E A T U R I N G  
A I R  COSHION SUSPENS I O N  AND VARIOUS F 3 R Y S  OF PROPULSION.  SOME PROPOSED SCHEMES I N C L U D E  V E H I C L E  TRANSPORT I N  UNDERGROUND 
TUNNEL?. 

S U L L I V A N ,  W. & NEW YORK T I M E S  

SS&kllQQZ V I E N N A  P F O E S T R I A N S  GET A PREFAB TUNNEL ( PRECAST HEAVILY-REIYFORCED-CONCRETE-SFCTIONS 
FNGTNF'RING NEWS-QECOPD, 1 1 4 ,  NOV 1 7 ,  1 9 6 6 .  A 318 FOOT LONG P E D E S T R I A N  TUNNEL UNDE9 T H E  PRATERSTFQN,  V I E N N A ' S  
B U S I F S T  6 LANE T R A F F I C  C I R C L E  W I L L  OPEY SOON. T 4 E  CONTRACTOR EXPECTS TO H A L V E  THE ONE YEAR SCHEDULE FOR C A S T I N G  T H E  
CONCRETE I N  PLACE BY I Y S T A L L I N G  PRECAST H E A V I L Y  REINFORCED CONCRETE SECTIONS,  8 F E E T  LONG, 17 F E E T  WIDE AND 11  F E E T  
HIGH.  WALLS AND C E I L I N G  4RE 10 INCHES T H I C K .  THE A Q T I C L E  D E S C R I B E S  THE CONSTRUCTION S T F P S  B E I N G  USED. 

8 5 - 6 7 - 0 Q a  R A I L  TUNNEL UNDERPASSES 4 RUNWAY I N  HOLLAND ( S I T € - D R A I N A G E  SLURRY-TRENCH-METHDD T E N S  ION-P I L E S  
CH E M I C A L - S O I L - S T A B I L I Z A T I O N  

E N G I N E E R I N G  NEWS-RECORD, ( 1 7 8 )  41, APR 2 0 ,  1 9 6 7 .  A 1640  FOOT LONG TUNNEL W I L L  C A R R Y  TRAINS BENEATH A NEW R U N W A Y  
AND T A X I W A Y  AT AMSTERDAM'S SCHIPHDL 41RPORT. A H I G H  WATFR T A B L E  MADE CONVENTIONAL S I T E  D R A I N 4 G E  METHODS I M P R A C T I C A L ,  
FORCING A V A R I E T Y  OF OTHE9 TECHNIQUES. TWO-THIRDS OF THE TUNNFL USES WALLS B U I L T  BY T F E  SLURRY TRENCH METHOD. T H I S  I S  

SECTTCJN T H E  CONTRACTOR USED OEEP'INJECTION CHEMICAL S O I L  S T A B I L I Z A T I O N  TO SEAL THE AREA, MAKE E X C A V A T I O N  E A S I E R  AND 
A Cf lNCRFTE FLOOR C 4 S T  UNDERWATER WITH PRESTRESSED CnNCRFTE T E N S I O N  P I L E S  D F S I G N E D  TO R E S I S T  U D L I F T .  I N  THE R E M A I N I N G  

F L I Y I l V A T E  NEEn FOR T E N S I O N  P I L E S .  

5 5 - 6 7 - 0 7 0 0 1  BURNER CUTS CONCRETE L I K E  BUTTER ( CONCRETE-BURNING REINFOPCED-CONCRETE 1 
E N G I N E E R I N G  YFWS-RECORD, ( 1 7 9 1  5 5 ,  J U L Y  1 3 ,  1967 .  4 S K I N N Y  TUBE ATTACHE9 TO AN OXYGEN C Y L I N D E R  BURNS A 2 I N C H  
DIAMETER HOLE I N  3 I N C H  S T E E L  P L A T E  I N  10 SECONDS AND I N  A 10  I N C H  T H I C K  REINFORCED CONCRFTE WALL I N  2 M I Y U T E S  20  
SECONDS. RURNER TUBE C O N T A I N S  1 3  SMALL RODS PACKED TO L E A V E  A I R  POCKETS AND THE TUBE AND PODS ARF COYSUMED I N  THE 
D R I L L I N G .  RODS APE PRFSUMED TO C O N T A I N  ALUMINUM AND MAGNESIUM I N  THE COMPOSITION.  PATENTS ARF A P P L I E D  FOR I N  6 0  
COUNTQIFS.  

85-67-QIQQZ LASER EEAM G U I D E S  TUNNELERS L A Y I N G  OUT DRILL-HOLE PATTERNS ( ADVANCF D R I L L I N G  B L A S T I N G  A L I G k C E N T  SAFETY 1 
CONSTRUCTION METHODS & EQUIPMENT,  58-61 ,  J U L Y  1 9 6 7 .  JAMES MCHUGH CONSTRUCTICN GO. HAS A 62 .4  M I L L I C N  DOLLAR 
CONTRACT FOR 3 , 1 0 0  FT. OF CONCRETF L I N E D  HORESHOE TUNNEL W I T H  1 2  1 / 2  FT. ROUGH (10 FT. F I M I S H E D )  D I P E N S I C N S  AND W I T H  AN 
9CTAGONAL I N T A K E  STRUCTUPF 5 4  F T .  ACROSS AND 1 7  F T .  H I G H .  A PERKIN-ELMER MODEL 5 6 0 0  T O O L I N G  L A S E R  I S  R E I N G  USED T O  
G I V E  L I V E  AND GR4DF. OUTPUT BEAM I S  0 .4  I N C Y  D I A  A T  THE INSTRUMENT AND 2 I N .  AT A RANGE OF 1 , 0 0 0  FT. T F E  L A S E R  9ANGF 
I S  1,000 F T  BUT I T  MAY BE P O S S I B L E  TO USE I T  FROM I T S  O R I G I N A L  S E T T I N G  FOR A L L  3 , 1 0 0  FT. OF TUNNEL. T H I S  TUNNFL UYDER 
L 4 K E  O N T A R I O  I S  B F I M G  CONSTRUCTED B Y  D R I L L I N G  AND SHflOTING, ON TWO 1 0  HOUR S H I F T S  PER DAY, 5 D A Y S  A WEEK, W I T H  AVERAGE 
ADVANCF O F  2 4  FT., THREE ROUNDS, PER S H I F T .  AN EXPLClRATORY HOLE I S  D R I V E N  16 F T .  AHEAD OF THE WORKING FACE AT A L L  
T I M F S  Tr) G I V F  ADVANCE WARNING OF PROBLEMS THAT MAY ARISE.  A L A S E P  BEAM ALSO G I V E S  ALIGNMENT FOR CCNCRETE FOQMS. 
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&-&-1 P L A S T I C  S I G N S  FOR TUNNELS 
CONSULTING ENGINEER,  SEPT 1967. RESULTS OF A STUDY OF INFORMATIONAL S I G N I N G  FOR HIGHWAY TUNNELS F E A T U R I N G  AN 
I N T E R N A L L Y  I L L U M I N A T F D  P L A S T I C  S I G N  MOUNTED H O R I Z O N T A L L Y  ON THE TUNNEL C E I L I N G .  OVEQ 8 0  PERCENT OF TEST GROUPS RATED 
SUCH S I G N S  AS GOO0 VS F A I R  OR POOR. 

2531=11_OQ1 TUNNEL WILL STORE STORM RUNOFF 
E N G I N E F R I N G  NEWS-RECORD, 1 7 9 )  NOV 30, 1 9 6 7 .  THE SOLUTION TO CHICAGO'S STORMWATER P O L L U T I O N  PROBLEM I S  A B I G  HOLE 
I N  THE GROUND. $ 1 2 . 4  M I L L I O N  WILL BE SPENT ON A 4 - M I L E  LONG, CONCRETE-L INED TUNNEL. D U R I N G  HEAVY R A I N S  THE OVERFLOW 
WILL GO TO T H I S  TUNNEL, THEN AFTER I T  HAS STOPPED FLOODING OR B A C K I N G  UP THE SEWAGE WILL BE PUMPED OUT OF THE TUNNEL 
AND TREATED. THE TUNNEL WILL B F  ABLE TO STORE 31 .5  M I L L I O N  GALLONS OF WASTE WATER. 

8 5 - 6 8 - 0 1 Q Q l  BRUSSELS SUBWAY I S  POTPOURRI OF TECHNIQUES ( INTERLOCKING-WALL S H I E L D  SLURRY COST 1 
F N G I N E E R I N G  NEWS-RECnRD, ( 1 8 0 )  J A N  11, 1 9 6 8 .  A $400 M I L L I O N  R A I L  T R A N S I T  SYSTEM IS E E I N G  DEVELOPE!? FOR BRUSSELS. 

COMPLICATFD AND E X P E N S I V E  CONSTRUCTION TECHNIQUES. TO A V O I D  AN OPEN TRENCH C O L L A P S I N G  I N T E R L O C K I N G  CAST- IN-PLACE 
C@NCRETF P I L E S  FORM A WALL. THE CONTR4CTOQS USED HEAVY P L A S T I C  TO I N S U L A T F  THE REINFORCING.  WHEN THE S O I L  IS WATER 
LOGGED THE SLURRY TRENCH METHOD IS U S F @  DURING CONSTRUCTION. B E N T O N I T E  SLURRY IS USED. F I N A L L Y  TREMIE  CONCRETE 
D I S P L A C E S  THE BENTONITE WHEN CONSTRUCTION IS COMPLETED. 

9.5-68-Q8QQl LASER CONTROLS: TASMANIA  TUNNEL ALIGNMENT I WATEQ-TUNNEL 
A U S T R p L I A N  C I V .  ENGR. ( 9 )  N 8 1  3 3 - 3 5 ?  4UG. 1968. USE OF LASER BEAM TO CONTROL TUNNEL AL IGNMENT I N  WILMOT HEADRACE 
TUNNEL I N  TASMANIA ;  TUNNEL WILL RE 1 4 ? 0 0 0  F T  LONG AND I S  OF HORSESHOE SECTION, 7 F T  3 I N .  FROM I N V E R T  TO S P R I N G I N G  L I N E  
AND 5 F T  7 I N .  CROWN R A D I U S ;  DUQING D R I V I N G  OF TUNNEL, AL IGNMENT I S  CONTROLLED BY SPECTRA-PHYSICS S T A B I L I T E  MODEL 
1 2 2 T - 3 3 5 ,  HFLIUM-NEON GAS LASER; I T  HAS CONTINUOUS U N I P H A S E  OUTPUT OF 0.003 W AT 6 3 2 8  A ;  ATTACHED TO OUTPUT END I S  

THE CONTRACTORS S E A L  CHALENAGE L I E S  UNDERGROUND. HERE A MAZE OF U T I L I T Y  L I N E R ,  WATER AND WEAK S O I L S  DEMANO A V A R I T Y  OF 

TELFSCOPF WHICH EXPANDS REAM FROM D I A  OF 0.7 MM TO 2 2  MM AND ALSO C O L L I M A T E S  L I G H T  BEAM TO I T S  D I F F Q A C T I O N  L I M I T .  

I 8 5 A k Q 9 Q Q 1  T A F P I N G  A COOL I D E A  FOR POWER ( SUPERCONDUCTIV ITY UNDERGROUND-POWER-TRANSMISSION 1 
B U S I N E S S  WEFK? 57 -49  SFPT 7 ,  1 9 6 8 .  SUPERMAGNETS ARE B E I N G  USED BY A NUMBER CF COMPANIES AT 5 PERCEYT THE NORMAL 

EVGAGED I N  SUPFRCONOUCTIV ITY DFVFLOPMENTS. H I G H  VOLTAGF T Q A N S Y I S S I O N  L I N E S  CAN BE PUT UNDERGROUND. GFNERATORS CAN RE 
CC)ST FOP MAGNETS. ATOMICS I N T F R N A T I D N A L ,  WESTTVGHOUSF? U N I O N  CARBIDF,  NQRTON CO., AVCO AND DYNATECH COQP.  ARE A C T I V E L Y  

RUTLT MUCH SMALLFQ. SUPER CONDUCTING ALLOYS I N C L U D E  N I O B I U M - T I N ,  N I O B I U M - Z I R C O N I U M ,  AND N I O B I U M - T I T A N I U M .  

P5-68-Q~Q~2 EQUIPYE'VT TO MEET S P E C I A L  'VEEDS ( PUMPS SLURRY-PUMPING WATER-JET-DRILL ING 1 
THF O I L  AND GAS JOURNAL? ( 6 6 )  1 1 1 - 1 1 7 ,  SFPT 2 3 ,  1968. HIGHER PUMPING PRESSURES NEEDED FOR DEEPER O I L  WELL D R I L L I N G  
AN@ F!JR NFW D R I L L I N G  METHODS W I L L  REQUIRE A PUMP THAT TAN R E L I A B L Y  TURN OUT 3000 HP AND MUD AT 1 2 r 0 0 0  TO 16,000 P S I .  
MnST L I K E L Y  CAYDIDATF I S  THE T R I P L E X  PIJMP WHICH HAS REEN IMPRrJVED CONSIDERABLY THE L A S T  FEW YEAPS. 
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A. 4. YATHEWS I N C  
A. A. S K O C H I N S K I  M I N I N G  I N S T  
Ab, YATHEWS PNC ARCADIA C A L  
AB SKANSKA CEMENTGJUTERIET SW 
ACAD '3F M I N I N G  OSTRAVA CZECH 
ALLIS-CHALMERS MFG CO 
ALLIS-CHALMERS MFG C@ 
ALL IS-CHALYERS MFG CO 
ALUYTNIUM L T D  
ALWINSAL POTASH OF CAN L T O  
AMFR I C A V  CYAN4MIO CO 
AMERICAN CVANAMID C O  
AMERICAN CVANAMID CO 
AMERICAN CYANAMID CO 
AMERICAN CYANAMID CC) 
AMFRICAYI CYAV4MID C O  
AMERIC4N SOCIETY O f  C I V I L  FNGRS 
4NACONDA CO BUTTE MONT 
AWACPNDA CO BUTTE MONT 
ANGLO AM CQRP SO AFRICA 
ANGLO AY CORP SO A F P I C A  
ARMUUS F O U N D A T I W  I L L  TECH 
rlQYY SFSEAQCH O F F I C f  
ARTHUR D L I T T L E  I N C  
ARTHUP G MCKEE CO 
ATLAS COPCO A B  STOCKHOLM 
ATLAS C'3PCO I T A L I A  
4 U S T Q A L I A N  N A T I O N A L  U N I V  
AUST91AN FED SWS V IENNA 
AUSTRIAN FED RWS VIENNA 

B 

RANAQAS HINDU U N I V  
PA9ODYN I N C  GEORGFTnWN COLLEGE 
P 4 T T F L L E  MEMOR I Y S T  COLUMBUS 

BAUUYTFPNEHMUNG MUPER AG 
HECHTFL CORP 
SECHTFL CCRP S A M  FRANCISCO 
RFCrlTFL C 9 R P  SAN F R A V C I S C C 1  
BECqTEL CORP SAN FRANCISCO 
SECHTFL C O Q P  SAN FRCNCISCO 
BECHTFL C O R P  SAY FRANCISCO 
PECHTEL CORP 'SAN FRANCISCO 
B E C Y T E L  C O R P  S 4 N  FRANClcCO 
B E T H L E W M  M I N F S  CORP 
R I G  C Y I E F  @ R T L L I N G  CC, OKLA C I T Y  
QL\JE R I V  CONSTR D I L L O N  COLP 
SOfiRD OF TRANS N.Y .  
dORCHC9qT AND S M I T H  
RORDEN I N C  
BOSTg'V COLLEGF 
BOSTl lN COLLEGF 
RnWLES CNGQ C O P P  
RQYLES S Q G S  n R I L L  CO S A L T  L 4 K F  
BOYLES P R O S  D R I L L  CO S A L T  L A K E  
RROWY AND Q.03T C(3 I N C  
BROWN 4ND ROOT CO IMC 
BROWNIVG FNG CO 
FROYLF q R C S  D R I L L  CC! S A L T  L A K E  
RUTLFP CONS COAL C O  WILDWOOD PA 

BATTELLE MEMOR I N S T  COLUMBUS 

0 2- 6 9- 10 0 03 
24-64-09006 
3 2- 70-00001 
08-65-12001 
7 2- 59-070 01 
0 5- 6 8-01 0 10 
12-6 2-05006 
2 2-5 9-07004 
32-65-05002 
34- 6 8-1 1 00 1 
34- 6 4-0 1 0 01 
3 6- 6 5- 10 00 1 
36-66-02001 
36-67-01001 
36-67-08001 
36-68-10001 
42- 6 8-030 13 
02-68-10007 
32-56-04003 
34-68-01001 
84-68-01001 
12- 6 2-0 50 1 0 
03- 6 4- 0 0 0 0 1 
72-69-10006 
44-68-12001 
04- 6 9-700 02 
04-44-02001 
1 2- 6 6- 090 0 1 
04-70-03003 
04-7 0-05005 
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Corporate Author Index 1 

1 2- 6 7-0 40 1 5 
12-6 1-03012 
1 2- 6 6-090 1 6 
24- 6 3- 12002 
04-7 0-05004 
3 2- 6 1-02 00 1 
0 5- 7 0-0 1 0 04 
12- 54- IO004 
1 2- 6 7- 040 02 
32-5 7-1 1001 
34- 6 8 -0 6 0 01 
3 4- 6 8- 10 004 
34-6 9- 1 100 1 
44- 6 7- 1 2 0 01 
2 5- 6 7- 07 0 0 1 
05-5 8-04001 
34- 44- 1 10 0 1 
01- 6 0- 0 200 1 
37-69-06001 
2 2- 6 8-01001 
22-6 5-01002 
2 3-6 9-040 02 
04- 6 8- 03 002 
2 4-6 4-0 5 002 
03-6 8-09007 
03- 6 8-09010 
12-6 5-06 004 
7 2- 7 0- 0 00 02 
5 4- 4 1-0 5 00 1 

C 

CAL RES CORP L A  HABRA C A L  12-6 L-03004 
C A L ' R E S  CORP L A  HABRA C A L  12- 6 2-050 26 
C A L  WATER RESOURCES DEPT 0 2-6 8-10 0 13 
C A L  WATER RESOURCES DEPT 02- 70-00005 
C A L  WATER RESOURCES DEPT 0 4- 6 7-1 0 00 3 
CALWELD SArYTA F E  SPRINGS C A L  72-7 0-00004 
CANADA DEPT ENERGY OTTAWA CANADA 22-67-07001 
CANADA OEPT M I N E S  OTTAWA CANADA 02-59-07004 
CANADA DEPT M I N E S  OTTAWA CANADA 32-64-10008 
CANADIAN WEST INGHOUSE C O  44- 6 7-06 0 0 1 
CARLETON U N I V  OTTAWA CANADA 12-59-07004 

02-7 0-00004 CARLSEN GREINER AND LAW-MINN 
CARNEGIE-MELLON I N S T I T U T E  42-63-03009 
C A T E R P I L L A R  TRACTOR CO 44-6 8-08004 
CAVENOISH L A B  CAMBRIOGE MASS 24-61-0000? 

24- 6 5- 07 0 0 1 CAVENDISH L A P  CAMBRIDGE MASS 
24-66-07002 CAVENDISH L A B  C4MSRIDGE MASS 
24-66-07003 CAVENOISH L A 6  CAYBRIOGE MASS 
3 2- 7 0-0 0 004 

CERRr) COPP 74- 6 4- 12 00 1 
CFRRO COPP 8 4- 6 4- 1 2 00 1 
CHAMBER OF M I N E S  JOHANNESBURG 24-65-07004 
CHAMSES OF M I N E S  SO A F R I C A  24- 6 8-04 00 1 
CHAMBER OF MINE'S SOUTH A F R I C A  54-63-10002 
CHAS RQAND AND SON LTD 04-6 5-0300 1 
CHRISTENSON D I A M O N D  PROD CO 23-6 3- 10 0 01 
C I V I L  ENGRS BUDAPEST 3 2- 5 9-07 001 
CLASK EQUIPMENT C O  44-65-04001 

24-53-09003 CLEVFLAND C L I F F S  IRON CO 
7 2-7 0- 0 0 0 03 CLEVELAND CLIFFS I R O N  C O  

C L I M A X  MOLYBDENUM CO C L I M A X  C O L O  22-65-06002 
C L I M A X  MOLYBDENUM CO C L I M A X  COLO 32-64-10005 
C L I M A X  MOLYBDENUM CO C L I M A X  COLO 35-64-09001 
COAL AGE 44-65-05001 
CCILO FUEL AND I R O N  C@RP DENVER 32-57-04001 
COLO SCHOOL OF M I N E S  GOLDEN COLO 03-60-08001 
COLO SCHOOL OF M I N E S  GOLDEN COLO 03-61-01001 
COLO SCHOOL D F  M I N E S  GOLDEN COLU 03-61-02001 
COLO 'SCHOOL OF MINES GOLDEN C O L O  12-61-01007 
COLO SCHOOL OF M I N E S  GOLDEN C3LO 12-61-03014 
C O L O  SCHOOL OF M I N E S  GOLDEN COLO 12-62-05019 
C O L O  SCHOOL OF M I N E S  GOLDEN C O L O  12-66-09011 
COCO SCHnOL OF M I N E S  GOLDEN COLO 12-67-04006 
COLO SCHOOL OF M I N E S  GOLDEN C O L O  12-67-04011 
C O L O  SCHOOL O F  M I N E S  GOLDEN COLO 12-67-040lP 
COLO SCHOOL OF M I N E S  GOLDEN C O L O  12-67-04022 
COLO SCHOOL OF M I N E S  GOLDEN C O L O  13-55-01001 
COLO SCHC)OL OF M I N E S  GOLDEN COLO 22-56-04001 
COLO SCHOOL OF MINES GOLDEN C O L O  22-56-04003 
COLO SCHOOL OF M I N E S  GOLDEN COLO 22-59-07003 
COLO SCHOOL OF M I N E S  GOLDEN COLO 22-65-06006 
COLr) SCHOOL O F  M I N E S  GOLDEN C O L O  22-65-06007 
COLO SCHOOL OF M I N E S  GOLDEN COLO 24-60-07001 
COCO SCHOOL OF MINES GOLDEN COLO 42-69-02002 
COLD SCHOOL OF M I N E S  GOLDEN CDLO 44-63-08001 
COLUYBIA  U N I V  05-68-01009 
COLUMSTA U V I V  '1 2-67-04004 
COLUMBIA U N I V  12-67-040lO 
COLUMBIA U Y I V  1 4- 6 6- 0 0 0 0 3 
COLUMBIA U N I V  2 2-56-04004 
CGMMITTEE r3hl R A P I D  EXCAVATION 03-68-09002 
COMPANIA MINERA AGUILAR SoAo 2 4- 6 3- 1 2 0 3 3 
CONEVIAL  SA. AQGENTIN4 0 4-7 0-0 1 0 O? 
CONSTRUCTION METHODS 7 4- 64-0 6 0 0 1 

CEMENTATION COO O F  CAN. L T D  



CONSTRUCT I O N  METHODS 
CONSULT1 NG ENGRS 
CONTINENTAL O I L  C O  PONCA C I T Y  
CONTINFNTAL O I L  CO PONCA C I T Y  
COUNTY BOROUGH I P S W I C H  ENG 

CYPRUS M I N E S  CORP 
T,REA!?E I N C  HANOVER N.H. 

D 

9ELC‘IJW GATHER AND CO 
OENRY H 4 L L  C O L L I E R Y  
DFNVFQ 5 0 4 R D  OF WATFR COMM 
DEPT M I N E S  OTTAWA CAN 
DFPT M I N F S  OTTOWA CAN 
PEPT M I Y F S  OTTOWA CAN 
DEPT O F  MINES AND TECH SUR CAN 
r)@LMAGE YbSnN AND STEWART L T D  
DCILMAGF YASON AND STEWART L T D  
9ORMUND GERMANY 
3RAKE 4 N 9  P I P E R  NYC 
DRESSFR I N D U S T R I E S  
DU PONT W I L M I  NGTON DEL 
DUPONT FASTERN L A B S  
DUTCY STFTE M I N F S  

E 

E L SATEMAN L T D  JOHANNESBURG 
F .  I. DUPONT DENFMOURS 

EIMCO CQRP 
ELECTROFRAC CORP KC Y O  
FCECTKOFRAC CORP KC M U  
FLM D E V  C@ 
E P G  I “\I E E P. OT T A W A 
EVGR F I F L D  SERVICES 
FNGP NEWS-RECOQD NEW YOPK 
CPICKSirV FNGR C O  TAMP4 FLA 
E S S n  PROD RFS CO HOUSTON TEX 
F S S O  PRnD QES Cfl HOUSTON TEX 
E S S O  PROD R F S  CO HOUSTON TEX 
F S S O  D P O n  PES CO HOUSTON TFX 
F S S n  PRnD R F S  C O  HOUSTON TEX 
FSSfl  P R n 9  Q F S  C O  HOUSTON TEX 
E S S O  PROD RFS C O  HOUSTfYN TEX 
FSSD P90D PFS CU HflUSTON TEX 
F S S r 3  PROD QES CO H3USTON TFX 
F S S ’ 3  PROD RES CO HOUSTON TEX 
F S S 9  P R I n  RES CO HOUSTCN TEX 
E S S D  pR.139  RES CO HOUSTON TFX 
F S S O  PRflD Q E S  CO HOUSTON TFX 
FSSn  P Q 9 0  RES CO HOUSTON TEX 
E S S F  DFnO R r Y  CO HOUSTON TEX 
FXOTFSH I N C  R O C K V I L L F  Mi3 

F o  1. 9UPONT DENFMOUPS 

74-65-10001 
34- 64-06 001  
12- 6 2-05 027 
24- 6 7- 0 1  0 0  1 
34-6 6- PO00 1 
12-66-09014 
05-68-01 0 0 4  

34-64-03001 
84- 64-08 00 1 
02- 6 8- 1 0 0 0 4  
P 4-6 6-00002 
12-67-04003 
24- 6 7-070 01 
12- 5 9-07002 
3 2- 7 0-0 0 003 
3 4- 6 8-0 5 00  1 
04- 6 4- 1 2  00 2 
0 2- 6 4-090 0 1 
74-64-03001 
5 4- 6 3- 0 4  0 0 1 
22-56-04007 
5 4-6 6-0 30 02 

34- 6 4- 10001  
12-67-04014 
5 2-6 2 -0 5 0 01 
44- 6 4- 09 0 0 3 
12-6 2-05 007 
22- 6 2-05 004  
84-59-08001 
12-6 2-05024 
8 2- 6 9- 1000 1 
0 5- 6 7-06 002 
42-6 8-03010 
1 2- 4 5 - 06 0 10 
12-66-09013 
21-68-00001 
2 2- 6 5-01 001 
22-65-12001 
22-69-01001 
2 4- 6 5- 1 2 0 0 1 
2 4-6 6 -0 1 0 0  1 
24-67-04002 
24- 6 7-07 002 
21-6 7-09002 
2 4- 6 8- 0 6 00 1 
24- 6 8-0 7 00 1 
24-68-08001 
84-65-01002 
2 3- 6 8-0 2 0 01 

FALCOYSQ IDGE M I N E  
CFDERAL R F I  LW AY MUNICH GER 

3 2-64-10004 
0 4- 6 4- 0400  2 

F F N I X  4tVD SCISSr3N INC TULSA OKLA 23-68-09002 
F E N I X  4 N C  SCISSOM INC TULSA OKLA 24-65-12004 
FENTY 4 Y 0  SCISSCIN INC TULSA OKLA 25-67-01001 
F E N I X  AND SCISSON INC TULSA OKLA 72-70-00011 
CENNFR I YTFRNATIUNAL L T D  4 2- 6 7- 0 4  001 
F L U 0 9  CIT4H FNG CONSTRS I N C  72-69-10002 
FMC Cq9P 5 4- 6 4-04 0 0 1 
FCIUN04TIVN CO OF C4’v TORClYTQ 75-62-07002 
FOlJNDkTIOr\ l  SC I CO ASTOPIA  QQE 14-66-00004 
FRFFMAN C O A L  M I N I N G  CORP 04-61-08001 
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GA I N S T  TECH ATLANTA 
GARDNFR-DENVER CO CLEV O H I O  
GARDNE9-DENVFR CO CLEV OHIO 
GARDNER-DFNVEP CO CLEV OHIO 
GASPE COPPER MINES QUEBEC CAN 
G €  R b D  CTR SCPENECTADY 
GENERAL E L E C T R I C  C O  
GFNE9AL MOTORS WARREN M I C H I G A N  
GEONAUTICS I N C  
GEORGE M. P Y I L P O T T  CCI 
GOODMA% MANUFACTURING COMPANY 
GORE AND STORRIE L T D  
GUSTOPTEKHIZDAT 

14-66-00011 
24-64-1 1001  
24-65-11001 
84-6 7-03 00  1 
04-68-08001 
24- 6 8- 0 3 0 0 1 
14-70-02001 
1 3- 6 9-0 200 1 
0 2- 6 9- 10 0 0 1 
44-65-03001 
02-61-00002 
34-6 7-0 5 00 1 
23-62-06001 

GRAFE-TECON-Y ITTRY-DR4KE CHICAGO 05-58-03001 
GRUMMAN A IRCRAFT ENGINEERING CO 12-65-06011 
GULF O I L  CORP 24-67-04001 
GULF RES AND DEV C O  P ITTSBURGH 12-61-03015 
GULF RES AND DEV CO PITTSBURGH 12-62-05020 
GULF RES AND DEV Cr3 P ITTSBURGH 12-62-05025 
GULF RES AND DEV CO P ITTSBURGH 28-65-04001 
GULF RES AND DEV CO P ITTSBURGH 28-62-04002 
GULF RES AND DFV CO PITTSBURGH 28-68-05001 
GULF RES AND DEV C O  PITTSBURGH 28-68-05002 
GULF RFS AND DEV C Q  PITTSBURGH 28-68-05003 
G U t F  RES AND DEV C13 PITTSBURGH 28-68-06001 

H 

I-1. B. i 4 I L L I A Y S  MFG CO DALLAS TEX 73-59-10001 
HABEGGER L T D  THUN S W I  TZFRLAND 
HAYBURG 

HANNA M I N I N G  CO 
HARVARD U N I V  
HARVARD U N I V  CAMBRIDGE M A S S  
HARVARD U N l V  C A M R R  IDGE MASS 
HARZA ENGR CO CHICAGO 
HAR.ZA ENGR C‘! TRW GROUP 
HEATH AND SHERWOClCl D R I L L I N G  ONT 
HECLA M I N I N G  C O  
HENRY J. K A I S F R  C O  QAKLAND 
HENRY J. K A I S E R  CO OAKLAND 
HOLMES NAQVER I N C  
HOMESTAKE M I N I N G  G O  
HUGHFS TOOL C O  HOUSTCN TEX 
HlJGHES TOOL C O  HOUSTON TEX 
HUGHES TOOL CO HOUSTON TEX 
HUGHES TOOL C O  HOUSTON TEX 
HUGHES TOOL C F  HOUSTCN TEX 
HUGHES TOOL C O  HOUSTOlV TEX 
HUGHES TOOL C O  HOUSTVN TEX 
HUGHES TOOL C O  H9USTVN TEX 
HUGHES TOOL C O  HOUSTCN TFX 
HUGHES TOOL C O  HOUSTON TEX 
HUGHFS TnOL C O  HflUSTClN TEX 
HUGHES T(3CL C O  HOUSTCY TEX 
HUGHES TOOL C O  HVUTTON TEX 
HUGHES TOCL C@ HOUSTON TEX 
HUMRCF f l I L  AND REF HPUSTON 
HYDRO-ELECT COMM TASMANIA AUST 
HYDRO-JET SERVICES INC 
HYDRONIC5 I N C  

HAMBURG W .  GERMANY 

I 

I I T  RES I N S T  CHICAGO I L L  
I I T  RES I N S T  CHICAGO I L L  
I I T  RES I N S T  CHICAGC! I L L  

72- 7 0-0 00  01 
34-65-03001 
04- 6 2-090 0 1 
74- 6 5-06 002 
12-61-03005 
12-43-01001 
4 2- 6 8-0 3005 
04- 4 9-0400 1 
0 3-6 3-0 30 0 1 
24- 6 7-0 1 003 
22-69-10003 
02- 5 9-07 001 
0 2- 5 9- 0 7 00  2 
24-6 7-1 2 00 1 
12-6 2-05015 
0 1- 6 4- 0 0 0 0 1 
03-64-0000? 
03- 6 4-000 03 
0 3- 6 4-00 004  
03-64-00005 
03-64-00006 
03-6 4-000 07 
12-62-05 003 
12- 6 5-060 12 
22-62-05001 
72-70-00007 
74-6 5-06003 
74- 6 5-07 001 
74- 6 6- 0 5 002 
12- 5 9-07003 
7 4- 6 3-0 3 3 0 1 
24- 6 9-0 3 00 3 
2 3- 6 8-06 00 1 

12- h 4-0400 1 
14- 4 6-000 0 5 
22-09-10002 
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I I T  FiES I N S T  CHICAGO I L L  

I M P E R I A L  COL LONDON ENG 
I M P F R I A L  COL LONDON ENS 
I M p E R I 4 L  CUL LONDON ENG 
TMPERIAL COL LONDON ENG 
I NGFRSOLL-RAND 
I NGERSOLL-RAND CO 
I NGER SOLL-RAND CO 
INGERSOLL-RAND CO 
INGERSOLL-QAND CO 
I N G F R S X L - R A N D  CO 
INGFRSOLL-RAND CO 
I N S T  NATL I N 0  CHARBONNIERE 
I N S T  O f  GEOLflGY MOSCOW 
I N S T I T U T E  !?F C I V I L  ENGRS 
I N S T I T U T €  O F  QUARRYING 
I N S T I T U T E  OF QUARRYING 
I N S T I T U T I O N  OF M I N  AND MET 
I N T  C H R I S T I A N  U N I V  TOKYO JAPAN 
TNT N I C K E L  CO OF CANADA 
INTERMOUNTAIN RES AND ENGR CO 
TNTERYOUMTAIY RES AN9 ENGR CO 
INTERMOUNTAIN RES AND ENGR CO 
INTERMflUNTAIN RES AND FNGR C O  
I N T E 9 Y A T I O N A L  N I C K E L  CO 
IRECO CHEMICALS SALT L A K E  C I T Y  
I R O N  ORE CO CANADA 
I S L A N @  CRKEK COAL CO 

in R F S  INST CHICAGO ILL 

J 

J A C K S q N V I L L E  ARK 
JACORS ASSOCIATES 
JACOBS ASSOCIATES 
JACOSS ASS@CIATE ' j  
JAYES S R O R B I N S  ASSOC SEATTLE 
JAMES S RORRINS ASSOC SEATTLE 
J A P A N  R W Y  CONSTR CORP TOKYO 
JAP4'U WWY CONSTR CORP TOKYO 
JAPAYESE NATIONAL RAILWAYS 
JARV4 I N C  SOLON OHIO 
J A R V 4  I N C  SOCS!N OHIO 
JERSEY PRO@ RES CORP 
JEI?SEY PROD R E S  CORP 
JOHAYNFSRUPG SOUTH 4FR I C A  
JOHANNESBURG SOUTH A F R I C A  
J O Y  Y F G  C O  
JOY FJlFG C'Cl 

K 

KAVSAS STAT€ U MANHATTAN KANSAS 
KANSAS STATE U MANHATTAN KANSAS 
KAZR4S5UGCL C f i Y B I I V E  
KFNNAYFTPL TNC 
KENVETt i  C COX CqWSULTANT 
K I N G ' S  COLLEGE DURHAM FNG 
K I N G ' S  COLLEGE DURHAV ENG 
YON1 Q K L I  SKE/S HFLL  NETHEPL ANDS 
KYOT3 UYTV JAPPN 
KYOTC) UNTV JAPAN 

L 

LANCHESTER. COLL TECH COVENTRY 
LAW9EWCc MFG CCI 
LAWRENCE MFG CCI 
LAWRENCE MFG C O  SEATTLF 
L E H I G H  UNTV B€THLEHEM PA 

2 3- 6 9-0 1 0 02 
24-'6 7-06 002 
12- 4 6-09004 
1 2- 6 7 -040  13 
42-55-00001 
42-61-10001 
75-70-04002 
12- 6 6-09005 
1 2- 6 7-0401 9 
2 2- 5 9- 07006 
22-65-06 003 
2 4- 6 5-0 5 0 0 1 
74- 6 8- 1 0  00 1 
3 2-5 9-07003 
13-67-07001 
45-7 0-0 1 0  0 1 
24-64-04001 
24-64-06002 
72-68-00001 
12-62-05023 
44-60-03001 
12-5 7-04006 
12-6 2-0 501 8 
12- 65-06009 
2 2-6 2-05 003 
72-70-00010 
2 4- 6 5- 1 1 0 0 3 
12-65-06002 
75-61-06001 

8 4- 6 7- 0400  1 
02-6 8-05001 
0 2- 7 0-0 00 0 2 
0 3-6 8-09006 
72-7 0-000 08 
74- 6 7- 07 00 1 
02-70-00005 
03-68-04001 
04- 6 4-00 0 0 1 
72-69-10004 
7 2- 7 0- 000 0 5 
0 2-6 0-0 € 0 0 1  
12-65-01004 
12-66-09007 
1 2 - 6  6-09008 
5 4- 6 2-1 1 0 01 
84- 6 6- 0 1 0  0 1 

12-61-03016 
Z 2- 6 2-0 5 0 05 
24- 6 5-07 003 
12- 6 5  -06 0 01 
72-70-00013 
12-5 7-04004 
32- 5 5-00001 
2 4- 6 4-0 300 1 
12-65-06008 
2 4- 6 7-09 00 1 

24- 6 7-0 7 003 
72-6 8-05002 
7 4- 6 5-0 6 00 1 
72-7 0-0 0006 
44- 6 S -0 8 0 02 

C I N D E  D I V  UNTCN CARBIDE 
LONGHBOROUGH COLLEGE 
COS ANGELES C A L  
LOS ANGELES CAL 
LOSINGER CO BERN 
L R L  L IVERMORE CAC 
L R L  L IVERMORF CAL 
L R L  LIVERMCIRE CAI_ 
L R L  LIVERMORE CAL 

M 

M.I.T. CAMBRIDGE MASS 
Y . I . T .  CAMBRIQGE MASS 
M . I  . T o  CAMBRIDGE MASS 
M.I.T. CAPBRIDGE MASS 
M . I . T .  CAMBRIDGE MASS 
M . I  .T . CAMBRT DEE MASS 
M.1 . T o  CAMBRIDGE MASS 
M .I . T o  CAMBRIOGE MASS 
MAGMA COPPER CO 
MARTIGaY./BOURG SWITZERLAND 
MATHIAS S T I N N E S  A.G. 
YCDOWfl-C-WELLMAN ENGR? CLEVELAND 
MCLF4N GKOVE SHEPHERD C O  
MELBOURNE METRO BOARD OF WORKS 
METRO SAN D I S T  CHICAGO 
MICH COLLEGE 
M I C H  SEWER CONSTR CO 
M I C H  STATE U N I V  
M I C H  STAT€  U N I V  
M I C H  STATE U N I V  
M I C Y  TECH U N I V  
M I D D L E  EAST TECH U ANKARA TURK 
M I L I T A R Y  ENGIVEER 
M I N I N G  ASSESSOR ESSEN GERMANY 
M I N I N G  I N S T  ACAD OF S C I  USSR 
M I N I N G  U N I V  OF CLAUSTHAL GER 
M I N I S T F R  OF TUNNELS NORWAY 
MIYTSTER OF TUNNELS NClRWAY 
M I N I S T R Y  OF POWER 
MINNESOTA HIGHWAY DEPT 
M I  NUS 101 SW I T  2 ERL AND 
MINUS 1 ' 3 9  SWITZERLAND 
M I S S I O N  MFG C @  HOUSTON TEX 
WISSION YFG C O  HOUSTON TEX 
MONT COL MINERAL S C I  AN@ TECH 
MONTANA SCHOOL OF Y I N F S  
MONT4NA STATE U N I V  BOZEMAN MONT 
MfYNTANA STATE U N I V  BOZEPAN MONT 
MOOSE MTN M I V E  
MORRISON-KNUDSEN CO I N C  
MQRRI SqN-KNUDSEN C O  I N C  
MORRI SUN-KNUDSCN CO I N C  
YOTT HAY AND ANDERSON 
MOTT HAY PNO ANDEPSON 

N 

N.J. D R I L L I N G  CQ 
NANCF FNGR QMAHA 
NATIONAL COAL. BOARD ENGLAND 
NATICINAL C O A L  ROARD ENGLAND 
NATJONAC COAL BOARD ENGLAND 
NATIOYAL COAL BOARD EWGLAND 
r\ lATICNAL COAL BOARD ENGLAND 
NATIONAL CQAL ROARD ENGLAND 
NATIONAL COAL 50ARD ENGLAND 
NATIONAL COAL BOARD ENGLAND 
NATIONAL RES COUNCIL 

23- 6 3- 1 0  0 02 
44-46-0400 1 
04-50-04001 
0 4- 5 8- 1 1 0 0 1 
04-64-12001 
12-61-03008 
1 2- 6 6- 090 03 
12-66-09020 
2 2- 5 9- 07 008 

12- 6 6-09002 
13-68-09001 
14- 5 4-0 3 0 0  1 
23-65-10001 
2 3- 6 8-05 00 1 
2 3- 6 8- 0 5 002 
23-68-08001 
23-69-04001 
54- 6 5-03002 
54-6 4-03 00 1 
02-59-07003 
44- 6 5- 1 1 0 0  1 
44-65-03002 
0 4- 6 9- 0 3 0 0 2 
02- 6 8- 10 005 
12-6 1-03 0 17 
75-6 2-07003 
1 2- 6 1-0 30 03  
2 2-5?-07002 
3 2- 6 4- 10006  
05-68-01007 
44-68-09001 
0 4- 6 3- 10  0 0 1 
24-65-03003 
32-59-07002 
12-57-04003 
04- 6 5 -06 0 0 1 
04-65-07001 
54-6 4- 1100  1 
2 4- 6 7-02 0 0 1 
14- 7 0-0 1 0 0  1 
1 4- 7 0- 03 0 0 1 
2 4- 6 5-02 OO! 
2 4- 6 6- 1 0 0 0 1 
03- 6 7- 1 ZOO?. 
12-6 2-05 00% 
12-67-04007 
42-63-03001 
12- 6 2-0581 5 
0 2- 6 6-  0 100  1 
74-5 5-06004 
02- 64-10003 
04-7 0-03 0 0 2 
2 4- 7 0-0 5 00 1 

25- 66-06001 
75-62-07004 
02-59-07005 
02-5 9-07006 
12-6 1-0 30  11 
22-59-0700! 
24- 6 3- 1 2  0 0 1 
24-65-03001 
24-65-04002 
44-6 5-0700 1 
03-68-09002 



NAV WPNS CTR - C H I N A  L A K E  C A L I F  
NEW YOPK T I M F S  
NITROGLYCERIN AB 
NQRANDO MINES L T D  TORONTO 
NORTH AMERICAN g R I L L I N G  COMPANY 
NORTH AMERICAN O R I L L I N G  COMPANY 
NORTON C O  WORCESTER MASS 
NYC T Q A N S I T  AUTHORITY 

OAHE CONS TP UC TORS 
OQEQHAUSFN GFR 
O F F I C E  OF HSGT 
O H I O  STATE U N I V  
OHIO STATE U Y I V  
OKLA S T A T E  U N I V  
OLD BEN COAL CORP 
C P F S A T I f l N S  RFSEARCH 
ORNL OAK R I D G F  TEYN 
ORNL OAK RIDGE TENY 
r3TT4WA CaNADA 

0 
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04- 6 7- 10  00 1 
85-66-11001 
24- 59-05001 
04-68-02002 
02-61-00001 
2 4-6 4- 0 8 00 1 
25-6 6-08001 
04-70-03001 

74- 5 6-03001 
54-6 5-06001 
05-6 7-01 001  
14- 6 6-00 006 
44-67-06006 
2 4- 6 6 -  07 0 07 
2 2- 6 4-0000 1 

I NC 03-67-09001 
12-66-09009 
23-70-10001 
2 4-6 7-07 001 

P 

P 4 C I F I C  GAS 4N0  E L E C T Q I C  CO 
PARCO I N C  LAS VEGAS 
P A? S 0 N S E! R I N Y E RHO F F 
P AQSONS- FR I NC K El? HOFF-QU AfJE-DOUGL 

PFABODY COAL CO PAWYEF I L L  
PFNV STATE U N I V  
PEYN STATE UWTV 
PFNN STATE U N I V  
PENq STATF U N I V  
PENN STdTE UNPV 
PFNN STATE U N I V  
PENN STATE U N I V  

PARSONS-J@QDEN CORP NeY 

PENY U N I V  
PENN UNTV 
PE\!V U V I  v 
"Er\lN U N I V  
PER HALL  A S T I C T A T E S  MONTREAL 
P F R  Y 4 L L  ASSTCIATES MONTREAL 
P F R I N I  COPP SPRING L A K E  N J  
PFRTNT CQRP S P Q I N G  L 4 K E  N J  
PEYKTN-ELMER CDRP NORWALK CONN 
P H I L L I P S  PFTROLEUM Cc1 
PHYS P E S  DEPT OF NITROGLYCEQIN 
PURL WORKS O F  CANAD4 OTTAWA CAN 
PURF O I L  CO MTOLAND TEX 

Q 

OUFEN'S U N I V  ONT CAN 
(3UEFN'S U N I V  C'NT CAN 
QUFEN'S U N I V  OVT CAN 
QUEEN'S U N I V  CNT CAN 

34-66-05001 
0 4- 6 8 -0 2 003  
72-6 9- 10001 
34- 69- 06 0 0  1 
45-64-11001 
44-65-08001 
0 2- 6 8- 10002 
04- 6 4-0 8 0 02 
04-64-08003 
12-6 1-03009 
12-6 1-030 18 
12-61-03021 
12-62-05001 
12-6 2-050 1 4  
12- 6 5-0 Z O O 1  
12- 6 5-01 003 
12-6 7-04008 
14- 4 6-00 0 1 2  
24-6 3-09 001 
3 2-6 4- 1 0  007 
14-  6 8- 10001  
51-61-00001 
64-68-11001 
34- 6 4- 12  002 
42-67-05 001 
4 2- 6 8- 03 0 1 1 
42- 6 8-03 0 13 
0 2- 7 0-900 07 
76-68-10001 
04- 6 1-0 1 001 
72-7 0-00009 
74-6F-04001 
2 8-6 3-1 2 001  
2 2- 5 9-07007 
0 2-66-09001 
85-6 4-03 001 

0 5- 6 8-0 10 08 
f 2-67-04012 
12- 6 7-040 21 
1 4- 6 8- 0 1 0 0 1 

RADEnlTHF I N 
RADMARK ENG SALES L 
RAMSEY ENGR C O  

D 

RAND DEV CORP CLEVELAND 
RBND DEV CORP CLEVELAND 
R A P I D  METAL DEVELOPMEWTS ( A U S T R )  
REED D R I L L I N G  TOOLS HOUSTON TEX 
REED D R I L L I N G  TOOLS HOUSTON TEX 
R E E O  P Q I L L I N G  TflOCS HOUSTON TEX 
Q E G I F  AUTO DES TRANSP P A R I S I E N S  
R I C E  U N I V  HOUSTON 
R I C E  U N I V  HOUSTON 
R I C E  U N I V  HOUSTON 
R I C E  U N I V  HOUSTON 
R I C H 4 R D  COSTAIW LTD LCINDON 
ROBERT M C P L P I N E  L T D  
ROBERT S .  MAY0 ASSOCIATES 

ROYAL SCHOOL OF MINES LONDON 
RUSHTOY M I N I N G  CO 

R O Y ~ L  ENGRS IST FORTRESS SQUAD 

S 

S.D. SCHOOL OF MINES 
S.D. SCHOOL OF MINES 
S.F. BAY AREA R A P I D  TRAN D I S T  

SACRAMENTC STATE COLLFGE 
SACRAMENTO STATE COLLEGE 
SACQAMENTO STATF COLLEGE 
SAFETY D I V  BUR OF MINES 
SAFETY I N  M I N E S  R F S  ENGLAND 
SAFETY I N  M I N E S  R E S  EST 
SAFETY I N  M I N E S  RES EST 
SAN YANUCL COPPFR CO A R I Z  
SANOXA CORP 
SCH OF M I N E S  DURHAM ENG 
SCH OF M I N E S  NANCY FP4NCF 
S C I  E N T I F  TC D I  RECTORATE OECD 
SEISMOGRAPH S E R V I C E  C O Q P  
SHAFT S INKERS L T D  JOHAYNESRURG 
SHEASING AND STAMPING CO 
SHELL Q E V  CO HOUSTON 
SHELL DFV C O  HOUSTON 
SHELL DEV C O  HCUSTON 
SHELL DFV CO HOUSTON 
SHELL DEV CO HOUSTON 
SHELL E X P L O R A T I E  L 4 R  
SHFLL O I L  CO 
SHELL P I P E  L I N E  CORP 
SHERQITT GORDON MINES 
S I Q  QOBEPT MCALPINE ANP SONS 
S I R  ROBERT MCALPINE AND SONS 
S I R  WM HALCRnW 
S I R  WM HALCQOW 

S I R  HM. HALCROW AND PARTN€RS 
SMRE GRFAT B Q I T A I N  
SNOWY MTN HYDRO-ELECTRIC AUTH 
SNOWY MTS HYDPO-ELECTR I C  AUTH 
S O  A F R I C A  CHAMBER OF M I N E S  
S O  CAL  FQISON C O  CAL 
S O  CAL  EDISON CO CAL 
SO CAL EDISON CO C A L  
SOGQEAH C O  GRENOBLE FRANCE 
SOGRE4Y CO GRENOBLE FRANCE 
5OGSEAH C O  GQENOBLE FRANCE 
SOGPEAH C O  GRENORLE FRANCE 
SOGREAY CO GRENOBLE FRANCE 

SeNePoAe PAU FRANCF 

SIR WM. HALCROW AND PARTNERS 

2 4- 6 6-090 0 2 
42-69-10001 
44-67-06003 
03-63-08001 
4 2- 6 8-09 0 0  1 
3 4-7 0-03 0 0  1 
72-68-02001 
72-69-10005 
76 -70 -04001  
04-7 0-05003 
12- 64-0901 5 
1 5-6 7-10 001 
22-65-06005 
2 4- 6 7-09 0 03 
04-6 9-07 00  1 
3 7-6 9-0 300  1 
03-65-01001 
04-63-12001 
1 2- 6 7-0 400  1 
44-6 8- 1 1001  

12-65-06007 
12-67-04016 
02-68-10006 
24-6 6- 08001 
03-68-09009 
3 2-69-10001 
5 2-7 0-00001 
5 3-4 2-0 00  0 1 
53-67-02002 
2 4- 6 4- 06 0 0 2 
F4-68-10001 
34-6 2-03001 
12- 6 2-050 13 
32- 5 6-04 001 
12-6 1-03001 
0 5- 7 0- 0 3002 
12-64-10007 
0 2- 7 0-0 0 0 09  
34- 6 6-090 0 1 
12-6 2-05002 
14- 5 7-0 Z O O  1 
14-58-12001 
22-56-04002 
2 4- 6 7- 06  00 1 
2 4- 6 4-0 3 004 
24- 5 8-03 001 
42-6 8-030 12 
2 4- 6 6-0 6 0 01 
72-65-01001 
74-70-03001 
04-7 O-01901 
04- 7 0- 0 1003 
54-6 5 -03 0 0  1 
7 4- 6 4-0 2 00 1 
53-67-02001 
3 4- 6 3 - 0 80 0 1 
6 4- 6 4-090 0 1 
1 2- 7 0- 0 00 04  
02-63-08001 
0 2- 64- 0 3 00 1 
0 2- 6 4- 100  02 
42-6 8-03007 
44- 6 2-09001 
44-63-03001 
44-63-06001 
44- 6 3-07001 
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S(3GRFAH C O  GRENOSLE FRANCE 
SOGREAH C O  GRENOBLE FRANCE 
SPEYCER CHEMICAL C O  
SPI MFNLO PARK CAC 
ST. J O S F P H  LEPD C O  
STANDARD OIL CO G A L  
STANF090  RES I N S T  
STANFORD RES I N S T  
STANFORn RES I N S T  POULTER L A B  
7TFFP YQCK I R C N  MINES CTD 
STOCKYOL M 
SURVT VF MAGAZ I NE 
SVEDRUD AND PARCEL 
SWEOISt!  ! )ETUNIC RES FOUND 
SWfDI S Y  GECJTECH I N S T  STOCKHOLM 
S d E P I S H  ST4TF PWR BD STOCKHOLM 

T 

TAYLOR WCJODROW OVERSEAS L T D  
TECH U N I V  ENGR - BUDAPEST 

TOHCIKU U N I V  
TOKYO U N I V  

T F R R V W T R  ICS GOLDEN coco 

U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
lJ.5. 
iJ.S. 
U.7. 
U.S. 
U.S. 
uos. 
U.S. 
U.S. 
U.S. 
U.S. 
11 0s 0 

U.S. 
U.S. 
u.  s. 
U.S. 
1J O S  

U.S. 
u.5. 
J.S. 
U.S. 
u.5. 
U.S. 
Y - 5 .  
de5. 
u. 5 0  
d.S. 
'J.S. 
u. s. 
U.S. 
U.S. 
[J.S. 
V.S. 
U.S. 
1J.S. 
U.S. 
u, s. 
u. s, 

U 

4FC L A S  VEGAS NEV 
AEC L A 5  VEGAS NEV 

AriMY C O R P S  O F  ENGR 
ARMY CORPS PF ENGR 
4 R Y Y  CORPS OF FNGR 
4qMY S I P  R F  
A 9 M Y  TFR. SCI .  CENTER 
ATOYIC ENERGY COMM 
B 0 R 4 X  CHEMIC4L  CORP 
QUR V I N E S  
SUR M I r V F S  
OUR MINES 
RUR M I Q E S  
RUR MINES 
RIJR MINFS 
RIJR Y I N F S  
QUR MINFS 
BUR MINFS 
BUR MINES 
RUR M I N E S  
BUR MINES 
BUR MINES 
BUP MINES 
q ( 1 R  M I Y P S  
SUQ MINFS 
EIUP M I N W  
SUR Y T N E S  
QUQ M I N K 5  
R U R  M I W S  
SIJ? MINES ANTH RES CENTFQ 
RUq MINFS APL PHYS RFS LAB 
BUS M I N F S  COLLFGP PARK MD 
QlJR M I N F S  COLLEGF PARK MD 
3UR M l r \ l c S  CULLEGF PARK MD 
RUK M l V S  CnNSULT4NT 
BUR M I N E S  DENVER 
SUP MINFS DENV€R CPLO 
SUR M I N F S  DENVER COLfl  
SIJR YINFC DENVFR COLO 
FIU9 M I W S  PITTSRURGH PA 
31J4 PIIWFS PITTSBURGH PA 
SUR MINES PITTSBURGH PA 
RUq M I N F S  PITTSSURGH PA 

ARMY CF H4SH DOC. 

44- 6 3-07 002 
44- 6 7- 05 0 01 
12- 6 2-0 5 0 17 
12- 6 1-03 0 02 
0 2- 5 6-0400 1 
0 4- 6 7- 0 3 00 1 
13-66-09001 
13- 6 8-07001 
12-59-07005 
34-62-06001 
21-67-03001 
04-49-00001 
6 4- 6 4-0 2 0 01 
2 2- 6 5-06 00 1 
34-67-01002 
2 2- 7 0- 0 0 0 0 1 

04- 6 4- 03 00  1 
0 1- 6 7-00 00 1 
14-6 6-02 0 0 1 
24-65-10004 
2 4-6 5-1 0 003 

24- 6 4-00 00 1 
73-66-03001 
12-57-04002 
12- 6 4- 10 005 
32-64-10001 
32-64-10002 
12-59-07006 
02-7 0-00003 
02- 6 8-10 008 
7 4- 6 3-07 00 1 
0 2-6 9- 1.0 0 0 2 
12-6 1-030 10 
12-62-05009 
12-65-06003 
12-66-09010 
1 3-6 9-0 20 02 
14-66-00009 
22-56-04005 
22- 6 9- 1000 1 
23-65-00001 
23-65-00002 
2 3- 6 6-00001 
2 3- 6 8- 05 003 
2 3-69-01 001 
43-59-00001 
51-62-00001 
53-51-00001 
5 3- 5 3- 100 0 1 
53-41-04001 
83-22-00001 
22-63-00002 
14-6 P O 8 0  0 1 
12-44- 100 0'3 
1 4- 6 6- 000 07 
2 2-5 9-07005 
03-68-09005 
3 3- 6 9-090 0 1 
22-66-0Q0 19 
1 4- 6 7-00 0 0 1 
22-66-06001 
22-63-00001 
2 4- 6 4-09 0 0 2 
52-70-00002 
54-66-03001 

U.S. RUR MINFS T W I N  C I T I E S  
U.S. BUR M I N F S  T W I N  C I T I E S  

U.S. BUR MINES T W I N  C I T I E S  
U.S. BUR MINES T W I N  C I T I E S  

UoSo BUR M I N E S  TWIN C I T I E S  

U.S. BUR M I N E S  WASH D.C. 
UoS, BUR MINES WASH Doc .  
U.S. RUR M I N E S  WASH D.C. 

U.S. BUR M I N E S  WASH 0 . C .  

! J , S ,  BUR RECL DENVER COtO 

U.S. BUR RECL DENVER COLO 
U.S. BUR RECL DENVER COLt l  
U.S. BUR RECL DENVEP COLO 

U . S .  BUR RECL DENVER COLO 
U.S. BUS RECL DENVER C O L O  
U.S. RUR RECL DENVER C O L O  

U.S. BUR RECL DENVER COLO 
U.S. BUR RECL DENVER COLO 

UoS. BUR MINES WASH DOC, 

UoS. SUR M I N E S  WASH 0.C. 

U.S. BUR RECL DENVER COCO 

U a S ,  BUR RECL OENVEP COLO 

U.S. BUR qECL DENVER COLQ 

U.S. RUP. RFCL WASH DOC. 
UaS. CORPS OF ENGR 
U.S. CORPS OF ENGRS 
U.S. CORPS OF ENGr?S 
UoS. CORPS O f  ENGRS 
U.S. CORPS OF ENGRS 
U.S. CORPS OF FNGPS MO R I V  D I V  
U.S. CORPS OF ENGRS MO P I V  D I V  
U.5. CORPS OF ENGRS MO R I V  D I V  
U.S. DEPT OF HUD 
1J.S. DFPT OF INT  
U.S. DEPT OF TRANS 
U.S. DEPT OF TRANS 
U o S -  DFPT OF TRANS 
U.S. DEPT OF TRANS 

U.S. GFOL SUQVFY DENVFR 

U.S. GFOL SURVEY OENVER 
U.S. GFOL SURVEY DENVER 
U.S. STFEL CORP PZTTSBUPGH PA 

UNION BAG-CAMP PAPEP C O  SAV GA 
U N I V  ALR€RTA 
U N I V  A R I Z  
U N I V  A R I Z  
U N I V  A R I Z  M I N  AND GEOL FNGR 
U N I V  C 4 L  SCPKELEY CAL 
U N I V  CAL BERKELEY CAL 
U N I V  CAL BFRKELFY CAL 
U N I V  GAL BERKELEY CAL 
URJIV G A L  LIVERMORE 
U N I V  CAMBRIDGE 
U N I V  C I Y N  C I N N  OHIO 
U N I V  TOLnRADO ROULDEQ C O L O  
UNZV H AND T AKTTEQGFSELLSCHAFT 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
IJN IV  YOUSTOY 
U N I V  HOUSTDN 
U N I V  HOUSTON 
U NI V HCIU S TON 
U N I V  HQUSTON 
U Y I V  HnUSTON 

UeS. GEqL SURVEY DENVER 

U.S. GEOL SURVEY DEYVFS 

U.S.Ne NORFOLK VA 

0 2- 7 0- 0 00 05 
03-68-09001 
22-65-06004 
23-68-04003 
25-68-04002 
02-70-00001 
03-48-00001 
04-6 7-06 003 
04- 6 7- 1 1 00 1 
12-62-05011 
12-62-05012 
0 2- 4 8- 10 003  
02-70-00003 
04- 6 4- 0800  1 
12-57-04001 
12-57-04005 
12-67-04005 
12-67-04017 
12-70-00001 
1 4- 6 6- 00 0 1 3 
72-69-20003 
74-47-08001 
75-69-08001 
84-67-08001 
1 2- 7 0-000 O? 
0 2-6 8- 10 0 12 
03-68-09004 
1 4- 6 6- 00 0 0 1 
72-65-05001 
0 3-6 9 -090 0 8 
3 4- 7 0- 0 100 I 
75-62-07001 
02-6 R- 10 0 1  L 
07- 6 7- 03 00 1 
02-05-10009 
02-6 9- 1 0 0 10 
04-4 8 -0 1 0 0 ? 
2 2- 69- 100 05 
13- 6 4- 00001 
13-67-00001 
13- 4 7-00 003 
14- 6 4-0 10 01 
14-67-01 0 03 
44- 5 7- 03 00 1 
14-43-0000 1 
44-65-02001 
14-68- 10001 
03-47-04001 
12-65-06005 
14- 6 7- 0 1 002 
12-65-01005 
12- 6 6-0 90 2 1 
12-67-04009 
32-56-04002 
2 2- 5 9-07 009 
24- 6 b-07 00 5 
03-6 8-09003 
14- 6 7-0 1 0 0 1 
32-70-00007 
24-64-11002 
24-44-11003 
2 4- 6 4- 1 1 004 
24-64-11005 
24-64-11004 
24-54-12002 
24- h 4- 12  003 
2 4- 6 4- 1 2 0 04 
24-h5-01004 
24- 6 5-0 I 00 5 
24- 5-0 1606 
24-65-02002 



U N I V  HOUSTON 
LJNIV HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
l l N 1  V HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  HOUSTON 
U N I V  I L L I N O I S  
U N I V  I L L I N O I S  
U N I V  I L L I N O I S  
UNTV I L L I N f l I S  
U N I V  I L L I N O I S  
U N I V  I L L I N O I S  
U N I V  KENTUCKY LEXINGTON K Y  
UVTV LEEDS 
U N I V  L F F Q S  
U N I V  MICHIGAN 
U N I V  M I N N  MTNNEAPOLIS M'INN 
Ub'TV Y I V N  MIYNEAPOLES M I N N  
U N I V  Y I N N  MINNEAPOLIS  M I N N  
U N I V  Y I V N  Y I N N E A P O L l S  M l N N  
U N I V  M I N N  MINNEAPOLIS  M I N N  
U N I V  Y I N N  MINNEAPOLIS  M I N N  
U N I V  M I N N  MINNEAPOLIS  M I N N  
U N I V  M I N N  MINWEAPOLIS M I N N  
U N I V  Y I N N  MINNEAPOLIS  M I N N  
U N I V  M I N N  MINNFAPOLIS  M I N N  
U N I V  Y I N N  MIP.'NEAPOLIS M I N N  
U N I V  Y O  ROLL4 MO 
U N I V  MO R O L L A  MO 
U N I V  MO ROLLA MO 
UWIV VU ROLL4  MO 
U N I V  MO ROLLA MO 
U V I V  Y O  ROLL4  MO 
U N I V  NEW SOUTH WALES 
U N I V  NEWCASTLF UPON TYNE 
lJNI  V CKL AHOMA 
U N I V  PITTSRURGH 
UNTV PFIETORI4  REP SO 4FR 
WVIV S H E F F I E L D  ENGLAND 
U N I V  S H E F F I E L O  ENGLAND 
UN! V SYEF F I  EL 0 ENGLAND 
U V I V  S Y E F F I E L D  ENGLAND 

24-65-02003 
2 4- 6 5-02 0 0 4  
24-65-02005 
24-6 5-03 004  
24-65-03005 
24-6 5-03006 
24- 6 5-03 007 
24-65-03008 
24-6 5-04001 
12-59-07001 
12-7 0-00003 
19- 6 7-00 0 01 
33- 6 8- 10001  
33-6 9-02 0 0 1  
34- 6 7-0 1 0 0  1 
42-65-03006 
24-69-00001 
24-69-06002 
1 4- 6 8-0 2 00  1 
01-70-00001 
02- 6 8- 10 001  
05-68-01006 
12- 6 1-0 3 0 06 
12- 6 5-0 1 006 
12-66-09022 
14- 6 6- 00 0 10 
22-67-01001 
2 4- 6 6- 07 0 06 
3 2- 6 9- 10 002 
42-6 d-03003 
04- 6 8-02 001 
12- 6 5-06 006 
12-66-09018 
14-6 6-00008 
23-6 8-06002 
24-49-06 002 
42-6 6- 0000 1 
34- 6 4-03 00 2 
24-5 8-10001 
42-6 8-03002 
42-68-03004 
12-62-05025 
1 2- 6 4- 10 0 01 
24-6 3-12 005 
2 4- 6 4-0 90 03 
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U N I V  S H E F F I E L O  ENGLAND 
U N I V  S H E F F I E L D  ENGLAND 
U N I V  S H E F F I E L D  ENGLAND 
U N I V  TEXAS A U S T I N  T E X  
U N I V  TEXAS A U S T I N  T E X  
U N I V  TORONTO 
U N I V  WEST VA 
U N I V  WISC AND U N I V  I L L  
USSR M I N I N G  I N S T  MOSCOW 

V 

VA 'POLY I N S T  BLACKSBURG VA 
V 4  POLY I N S T  BLACKSBURG VA 

w 
W SOUTH A M  OVERSEAS COQP 
W. L. SANDERS CO 

W. S .  A T H I N S  AND ASSO TORrlNTO 
WASCON SYSTEMS I N C  HATSORO PA 
WASEDA U N I V  
WASH U N I V  S T .  L Q U I S  MO 

WASHINGTON POST WASH D.C. 
WASHINGTON POST WASH D.C. 
WASHINGTCIN PVST WASH D.C. 
W ES ER HUT T r3TT 0 WOL FF  
WEST CANADIAN C O L L I E P I F S  
WESTINGHOUSE A I R  BRAKE 
WESTINGHOUSE A I R  BRAKE 
WESTINGHnUSE ELEC CORP 
WESTINGHqUSE ELEC CORP 
WESTINGHOUSE ELEC CORP 
WESTOOL L T D  
WHITE P I N E  COPPES CCl 
WHITE P I N E  COPPER CO 

W e  S o  A T H I N S  AND ASSO TORONTO 

WASH U N I V  ST. L O U I S  MO 

24- 6 5-0 1 00  1 
24-66-06003 
24- 6 7-0 1 00  2 
12- 4 1-030 17 
12-67-04020 
42- 6 7-0 20 0 1 
04- 6 4-0600 1 
24-64-06 001 
12-62-05004 

1 2-6 6- 11 0 0 1  
14-66-11001 

44- 67-06004 
7 2-66-0 1 0 0 1  
02- 6 4- 10  001 
04- 6 4- 12 0 0 4  
42-6 8-03 0 08 
24-66-09001 
05-6 8-01005 
12-5 8-05001 
55-68-09001 
5 5-6 9-01001 
55-69-04001 
44- 6 7-06 0 OF; 
74- 5 5-0 8 00 1 
24-6 5-1 1002  
44- 67-05002 
24-61-00001 
2 4- 6 4- 0 6 0 04  
24- 69-06 001 
54-65-05001 
2 2- 6 9-10 004  
72-70-00012 

WITWATERSR4ND U N I V  SOUTH 4 F R I C A  12-62-05021 
WTTHATERSRAVD U N I V  SOUTH AFRICA 12-62-05022 
WM F R E E S  (CCINSTR) SURREY ENGL 04-66-09001 

25-68-01002 WORLD r ) IL  



A 

ADROTTI M o  

ABEL, Jo F . 9  J R o  
AREL, J o  F a ,  J R o  
A R E L ,  Jo F o ,  J R o  
ABERNATHY, J o  H o  
ARRAMOV, A *  No 
APRAMOV, YUo Go 
ACAROGLU, E o  R o  

ACASOGLU, E o  R o  

ADAIR,  T o  
4DAMSv To F o  
ADAM?, To Po 
4DCOCK, W o  J o  
4@LE9,  L. 
4DLF9, L o  
ADLERT L o  
AGARWAL, R o  

AHRFNS, T *  J o  

AHRE'US, T o  J o  

AKBARIAV,  M o  A *  
4LLENy Jo Ho 
ALLEN, M o  

ALLEVRY, H o  
AMOS, Y e  J -  
AMOS, M o  J o  

AYDFLIY ,  4 .  J o  
ANDERSON, D o  L o  
AWDFRSOYt F o  G o  

ANDHARF, N o  M o  

AKIDO, S o  
fiNDRFW7, I o  W o  

AhlOQFYS, K o  Fo 
ANGERER, Ka  
ANTONIDES, L o  Eo 
4NTOhJfDES, Lo F o  

APPEL, F o  C o  

4 D p E 1 ,  F o  C o  

APPEL9 F o  C o  

APPEL, F o  C o  

AQGALL, G o  C l o p  JRo 
AQ(VTJL9, A -  Po 
A?NDL!I, 4 .  B o  
A D " I O L D ,  R o  

LlQSH, E o  I o  

4R.TS?YOVICH, S. V o  

4 S C Y A C Y F S  9 Y 
ASHr J o  L o  
A5HT 9 0  L o  
4SHp 9 0  Lo  
ASH, 5 0  Ho 
ASYCHENKC?, E o  I o  

4TCYTSOrU, To C o  

ATCHISON, To C o  

ATCHISON, To C o  

4fTE'a lFLLy Po R o  

CTTEHELL,  Po S o  

~ T T F A ' F L L ,  Pe P o  

ATTENELL,  Po R e  
4USTINy  C o  '=o 

B 
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Individual Author Index 

42-55-00001 
0 3- 6 7- 0 4  00 1 
13-6 9-00 001  
32-66-00001 
2 5- 6 7-0 7 001 
04-6 4- 11 0 0 1 
24-64-09007 
44-68708002 
44-68-09001 
7 2- 7 0-0 00 09 
03- 6 8-09007 
05-5 8-04001 
44-65-07001 
12-6 1-03013 
1 2- 6 6-1 1 001 
14- 6 6- 1 1 001  
12-67-04004 
1 3- 6 6-0 9 0 0 1 
13- 6 8-07 001 
19-67-00001 
73- 5 9- 100 0 1 
24- 6 8-03001 
04-70-05002 
05-70-01004 
7 4- 6 8-06 00 1 
24-63-09003 
7 4- 6 7- 07 00 1 
51-62-00001 
05-6 8-10002 
05- 6 8- 08 001  
74- 6 5-1 1 001  
64-64-09001 
3 2- 7 0- 00002 
22-5 5-00001 
73- 6 6-03001 
0 5-6 9-09006 
12-6 1-030 16 
12- 6 2-0 500 5 
2 4- 6 8 -09 0 0 1 
54-64-1 2 002 
0 2- 6 8- 05 0 02 
02- 7 0-00008 
24-67-07003 
2 3- h 7-0 6 0 0 1 
24-55-0500? 
74- 5 5-0 8001 
23- 68-09001 
12-65-06006 
2 2- s- 0 1 002 
5 3- 4 ?- 00 0 0 1 
24-6 5-05002 
12-h2-05011 
1 2- 6 6-090 19 
22-59-07005 
12- 5 4- 10001  
24- 6 3- 1 2 0 0 4  
24-6 3-12005 
24-64-09003 
04- 6 7-1 0 001 

0L-67-07007 
0 2- 6 8- 10 0 05 
23-6 5-00001 

BATDYUK, R o  V o  
B A I L E Y ,  D o  To 
B A I L E Y ,  D o  To 
B A I L E Y ,  J -  J o  

R A I L E Y ,  Jo J o  
R A I L E Y ,  J o  J -  
RAKER, Do W e  C o  

BAKER, Po J o  
BALL,  Do G o  

BARBET, Do A *  
BARBER, M o  Fo 
BARENDSEN, Po  
BARISTER,  0. 
BAPNETT, R o  M o  

SARRY? A* J o  

BARTHE, Ho P o  

BARULIN,  Vo To 
BATES, Ro E o  
BAUER, A* 
BAUER, A. 
BAUER, W o  J o  

RAWCOM, J ,  W e  

BAWCQMT J o  W. 
BEAGLE, P o  
BEALL, J o  Vo 
BEEN, W o  

BEHME, Ro Lo 
S E I N L I C H ,  Eo Go, J R o  
BELLPORT, Bo P o  
BELLPORT, e. P. 
BENGSTOY, 0. 
BENJAMIN, To B o  
BENNESMARK 7 Ho 
BERGER, Ho 
BFRGSTRnM, S o  Ho 
BFRGSJROM, J o  H o  

BERNATIS,  To S a  

BERRY,  Do S o  

RERRY, Po M o  

BERUBE, S o  C o  

BEYRES, P o  Ho 
B I C K E L ,  Jo 0. 
BTENLAWSK?, 2. To 
!3IERM4N, R o  J o  

BINGHAM, M o  G o  

STNGHAMI M o  G o  

RINGHAM, M o  G o  

RTNGH4M, M e  Go 
PINGHAM, Y o  Go 
BINGHAM, M o  Go 
BINGHAM, Y o  Go 
BINGHAM, Y e  G o  

BINGHAM, M o  G. 
SINGHAM, M o  G o  

SINGHAM, M o  G o  

BINGHAY, M o  Go 
SIVGHAMp M o  G o  

RINGH4Mv M. Go 
BINGHAM, M e  G o  

RINGHAM, Yo Go 
BINGH4My Fno G o  

BIYGHAY, Yo G o  

BINGHAM, Y o  G o  

BINGHAN, Y o  Ge 
BIYGI-AY, M o G o  

BTRK YYFR 
BLACK, R. A. Lo 

1 3- 6 7- 07 0 01 
12-6 2-050 1 8  
22-6 2-0 5003 
1 2- 6 6- 090 1 4  
12-66-09017 
12-67-04019 
24- 6 6- 07 0 0 4  
54- 6 9-0 8 0 0 1 
42- 6 9- 100 0 1 
0 2- 64- 10 002 
02-6 8- 10 0 0 4  
04- 6 9-7 0 0 0 2 
32-56-04001 
22-65-06 007 
53- 5 1-00001 
53-61-04001 
04-5 4-1 2 0 0 3  
2 4- 6 5- 0 2 00 1 
12-6S-O6002 
12-67-040 12  
0 4- 6 9- 0 40 0 1 
02-6 1-00001 
2 4-6 4-0 8 001 
6 5- 6 8- 07 00 1 
05-69-07001 
05-68-01007 
047.5 8- 1 1 001 
72-7 0-00003 
02-6 8-10003 
0 4- 6 4- 0 8 0 0 1 
84-63-04001 
2 4- 6 6- 07 0 0 5 
34- 67-0 1002 
04- h 9-ObO 0 2 
1 2- h 2-0 50 Oh 
24- 6 6- 1 1  0 0 1  
12-5 7-04006 
1 4- 6 6- 000 10 
72-56-10003 
26-6 6- 10 00  1 
34-67-07 001 
74- b 4-07 001 
24-6 8-1 2 OO? 
44- 6 7- 06 0 03  
24--h4--fIOf31 
24-64-11 004 
24- 6 4- 1 1 005  
24-64-11006 
2 4- 6 4- 1 2 0 0 3 
24- 6 4- Z 2 001 
24-64- 1 2  904 
24-6 5-01004 
24- 6 5-0 1 00  5 
24-4 c-0'- 006 
24- 6 5-0 2 007 
24-65 -02003  
24-65-02004 
24-65-02005 
24-65-03004 
2 4- 6 5- 0 3 0 0 5 
24-65-03006 
24-6 5-03007 
24-65-03009 
24-65-0400? 
24-64-11 002 
34- 6 8-06OOP 
12-67-04001 
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13-6 7-00 002 
13- 6 8- 1 1 0 01 
05-58-03001 
0 2- 6 9- 10 001 
0 3- 6 8- 090 10 
01-6 O-OOOO 1 
2 8- 6 3- 12 0 0 1 
44- 6 4- 0200 1 
12-6 2-05027 
04- 7 0-0 50 03 
24-65-07003 
22-65-01001 
2 2- 6 8-0 1002 
0 5-6 8-010 LO 
22-59-07004 
14- 6 8- 10 0 0 2 
02-59-07005 
12-6 1-03004 
L 2- 6 2- 0 5 0 26 
04-6 0-02 00 1 
2 4- 6 4-0 9 01 1 
44- 4 4-09001 
05-68-10002 
12-6 7-0401 0 
04- 7 0- 0 1 0 03 
2 4- 6 7-01 00 1 
2 4- 6 1 - 00 0 02 
2 4- 6 6- 0 7 0 0 3 
05-55-09001 
05- 6 7-06 002 
43-59-00001 
5 4-6 4-02 00 1 
12-61-03005 
1 2- 6 6-090 02 
1 4- 6 8 - 09 0 06 
1 2- h 7-0401 8 
14-6 9-0 1002 
14-59-03003 
3 2- 7 0- 0 0 0 04 
08-65-12001 
12-6 2-0 5 01 8 
0 3- 6 4-00 0 04 
12- 64-10001 
04-68-02002 
54- 6 4- 0 3 00  L 
2 4-6 4-0 1 00 1 
24- 6 4-03003 
72-7 O-OOOO 1 
3 4- 6 6- 05 001 
2 4- 6 4- 0 8 001 
34-67-01002 
2 4- 6 9-00 00  1 
2 4- 6 9- 06 0 0 2 
2 4- 6 6-00 0 0 1 
2 2- 5 6-04005 
0 5- 6 8-0 1008 
23-65-0600? 
72- 7 0- 000 10 
24-68-03001 
22-69-10005 
12- 6 5-06 004 
02-70-00006 
03- 6 8-09001 
2 2- 6 9- 10 00 1 
73-65-09001 
14-6 8- 10002 
2L-61-00002 
24-66-07001 
2 2- 6 3-00 002 
42-66-00001 
2 2-5 6-04004 

B U G L I  ARELC 0 ,  G o 
BULL, A i  
BULLOCK, W o  Do 
BURCH, J. W e  

BURCHARD, H. 
RURCHAQD, He 
RURCHARD, He 
8URGESSy R o  Po 
BURGIN9 L 
BURGIN, Lo 
BURGIN,  L .  
BURGINt  L o  

BURKE? H. H o  
BUQKE, R o  G o  

BURKE, R e  Go 
BURT, C o  R .  
BUVKOWIK, T o  R e  
BYERLEE? J -  D o  

BYLYNKA, G o  Ko 

C A I N ,  P o  40 
CALOER,  P o  
CAMPBELL, R o  60 
CAMPBELL 9 W C 
CANNADAY, F. X o  

CANNON, D o  Fo 
CANNON, R .  F a  
CAPLANV R o  

CARLSEN, C. Eo 
CARRY Ho He 
CARQTJLL, R o  D o  

C A  SAGRANDE T A* 
C E C I L ,  0 .  S o  

CHARAI ,  A, Jo 
CHAPUS, E o  Eo 
CHAPUS, E o  E. 
CHAPUS, E. F o  
CHAPUS, E. Eo  
CHAPUT, Eo  E. 
CHAPUS, Eo E o  
CHARLEWOOD? G o  H. 
CHEATHAM, Je S o ,  J R o  

CI-IEATHAY, Jo B o t  J R o  
CHEATHAM, J.  P o ,  JRo 
CHEATHAY, J. 9-9 JRo 
CHEATHAM, J. q . 7  JRo 
CHEATHAY, Jo P o ,  J R o  
CHEATHAM, Jo B . 9  JR. 
CYEM, To 
CHEREPANOV, G. P. 
CYERSY, Jo To 
CHEQSY, Jo To 
CHERQY, J .  T o  ' 

CHIU ,  C. L o  
CYLUMEPSY? N o  
CLARK, Do 
CLARK, Go Bo 
CLARK, Go B. 
CLARK, G o  €3. 
CLARK, G o  B e  

CLARK, KO K. 
CLARKE, Go T o  

CLAUSING,  0 .  P o  
CLAY, Ro 8 .  
CLAY, R. 9. 
CLAY, Ro 9 e  
CLEAVEST A. S o  

C L I P P T  Lo 
CtOUGH, Go 

42-68-03009 
34-44-1 1001 
14-6 8-0 1001 
23- 6 5-00002 
5 5-6 9-0 100 1 
55-69-02001 
5 5-69-04001 
72-68-04001 
03-61-01001 
03- 6 0- 08 0 0 1 
03-61-02001 
1 2- 6 1-03 0 07 
3 2- 5 7- 11 001 
2 5-64-05001 
25-6 8-01 001 
13- 5 9-0 20 01 
12- 59-07 006 
1 2- 6 6-090 0 2 
0 4- 6 4- 1 2 0 03 

C 
2 4-6 6-06 001 
1 2- 6 5- 06 0 0 2 
12-47-04005 
12-62-05016 
1 3- 6 8- 0 1 0 0 1 
7 4- 6 7-0 8 00  1 
74- 6 4-0 3 0 0 1 
44- 6 9- 06 0 0 1 
02-70-00004 
12- 6 5-06 002 
1 4- 6 7- 0 1 00 3 
12-4 3-0 1001 
34-70-01 001 
12- 6 2-05 0 13 
44- 6 2-090 0 1 
44-63-03001 
44- 6 3- 0 60 0 1 
44- 6 3-07 00 1 
44- 6 3- 0 7 0 0 2 
44-6 7-05 00 1 
24- 6 7-0 1 00 3 
12-6 5-0 1007 
12-66-09015 
15- 6 7- 10001 
2 2- 6 5-04 005 
22-66-09001 
2 2- 6 6- 10 002 
24-68-08002 
12-65-06003 
14- 6 6- 05 001 
!. 2 - 6 6-0 9 0 2 0 
1 2- 6 6-0 90 2 Z 
14-68-09003 
42-68-03002 
34- 66-09001 
44-58-04001 
12- 6 6-090 1 Q 
12- 6 6-090 2 7 
14-64-00008 
73-68-06002 
12- 6 5-0 1005 
0 2-6 6-09001 
22-5 9-07006 
12-6 ?-050 18 
12- 65-06 009 
22-42-05003 
1 2- 5 8- 05 001 
23-68-02001 
53-6 770200'1 



14-6 8- 10 001 
12- 5 9-07 004 
12- 6 2-05024 
14- 6 6- 000 02 
14- 6 8-1 0 003 
3 4- 6 2-06 00 1 
5 5- 6 8-0900 1 
54-65-03002 
8 2- 69- 10 0 01 
4 2-6 8-03 0 07 
44-62-09001 
44- 6 3- 03 0 0 1 
44-63-06001 
44-63-07001 
44- 63- 07 002 
44-67-05001 

44- 6 7- 05 0 01 
45-6 4- 11 00 1 
03- 6 5- LO 001 
12-6 2-05018 
12-65-06009 
2 2- 6 2-05 003 
1 1- 6 9- 02 0 01 
12-6 2-05022 
12-66-09007 
1 2- 6 6-090 1 2 
12-70-00004 
14- 6 8- 0 9 00 1 
1 4-5 8- 12 00 1 
24-65-07004 
2 4- 6 8-04 00 1 
12-65-0600? 
24-65-11003 
34-6 1-03001 
12-62-05017 
2 2- 6 2- 05 002 
23-68-02001 
04-7 0-01 001 
4 2- 6 9- 02001 
44-62-09001 
44- 6 3-03 0 0 1 
72-7 0-00013 
42-65-03005 
2 3- 7 0- 10001 
5 4- 6 8- 1 0 0 0 1 
12-66-09023 
12-67-040 11 

44-6 a- 12 O O L  

D 
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3 2- 6 9- 1 0 002 
84-6 8-01 002 
3 7- 69- 06 001 
0 4- 6 9-04 0 0 1 
04-65-11001 
24- 6 3- 120 01 
8 4- 6 8-0 1 00 2 
02-68-10005 
24- 7 0-0 5 00 1 
24-67-00002 
3 4- 6 8- 1 0 002 
75- 6 6- 1000 1 
75-66-10002 
24-61-00001 
45- 6 4-06 0 0 1 
12-6 5-0901 4 
12- 6 6-090 17 
24- 64-06 004 
12-70-00003 

DEEREt Do Uo 
DEHART, R .  C o  

D E I L Y ,  F o  He 
D E L I S I U ,  C. Jo 
DELLA CRUZ, R. Vo 
DELLTNGER.9 T o  Bo 
DEMARCU? P a  G o  

DENIE ,  F o  C. 
DENKHAUS, Ho 
DFRRE, Do Uo 
DESPONDST R o  

DISKEN, J.  J o  
DISTEFANO,  C o  Jo 
D I X D N ,  J. Do 
D M I T P I E V t  A o  P o  

DOODT J o  S o  

DClDDSi R -  K O  

OOLBEAR, S o  Ho 
DONATHI f .  A. 
DORSTEWITZ T G o  

DOWIE, J. G I  
DRAKE, J 
DQINKERt  Ho S o  

DP.URYT F o  

DUNCAN, No 
DUNYE, M o  Ha 
OUPRETt L a  
DUTCO, Ho Bo 
DUTTA, Po KO 
DUVALL, W e  I o  

DUVALL, W o  I o  

D U V A L l r  W o  1- 
DUVALL, W o  I o  

DUVALL, W o  T o  

DUVACL, W e  I o  

DWORSHAKt H o  
OYLAGI  Z. 

DORSTEWITZt  Go 

E 

ECKEL, J. R o  

EnWARDSt Lo K o  

EDWARDS, P o  
E G I L S R U D t  P o  

E L L I S ,  A. Te 
E L L I S ,  Lo No 
END'3t K. 
ENGELMANN? W e  H I  
E YGL AVO 7 

ENGLEV € 0  

FPSHTEYN, Yo F o  

E R I C K S O N V  H. B o  

F Z A K I ,  K. 

J 

F A D D I C K ?  R .  R. 
FAIRHURST,  C. 
FAIRHURST,  C. 
FAIRHURST,  C o  

FAIRHURST,  C o  

FAIRHURST, C -  
FA IRHURST 7 C 
FAIRHURST,  C. 
FA IRHURST 9 C 
FAIRHURST,  C o  

FAIRHURSTT C o  

FAIRHURST, C. 
F A L K I E ,  T o  Vo 
FALKINEQ,  Ro H. 

33-68-10001 
34-65-10003 
84-6 8-01 002 
72- 7 0- 000 05 
32-64-10007 
24-65-12004 
4 4- 6 5- 0 3 0 0 2 
04- 6 8-1 2 00 1 
12-66-09024 
33-6 9-0 2001 
74-6 2-05 0 0 1 
24- 6 4-0 6 0 03 
3 2- 6 4-10 001 
33-69-09001 
24- 6 5-07 002 
12-67-04005 
14-66-00004 
24- 6 8-0 2 0 0 1 
14- 6 6-00 0 03 
0 4-6 7-07 00 1 
7 4- 6 8- 04 0 0 2 
34-64-03001 
1 2- 6 6- 090 2 3 
0 1-7 8-00001 
12-6 6-090 23 
14- 6 8-05001 
14-68-05001 
74- 5 5- 0 8 0 0 I 
14- 6 6- 02 001 
24-69-12001 
12-6 2-0501 1 
1 2- 6 2- 0 5 0 1 2 
12-65-09010 
1 3- 6 7-00 002 
13- 6 8- 1 1 0 0 1 
22-59-07005 
05-68-11001 
34-6 8-04001 

2 4- 6 7-04 007 
0 4- 6 5- 0 8 0 0 1 
05-66-12006 
64-64-02 001 
24- 66-07 005 
34- 6 6-09 0 0 1 
34-6 8-02 002 
2 3- 6 7- 00 001 
44-6 4-09001 
12-45-06001 
23-62-06001 
32-64-100 02 
04- 6 9-040 0 3 

F 
4 2- 6 8-03 0 0 1 
05-68-01006 
12- 6 1-0'3 0 06 
L 2-65-01006 
12-65-06007 
1 2- 6 6- 090 E 2 
12- 6 6-090 17 
12-66-09023 
1 2- 6 7-040 1 ? 
14-66-000 10 
24- 6 6- 07 0 06 
3 2- 0 9- 10 002 
12-61-03019 
04-68-02004 



FALTER,  A ,  
FARMER, I .  W o  

FARMEST I o  W o  

FARMEST I o  W o  

FARMFR, I. W .  
FARMER, 10 W o  

FAQYFRY I o  W o  

FARRAT Go 
FAPRELL?  P o  F o  
F ~ R R I S T  Go Ro 
FAVREAU, R o  
F E D I N ,  I o  A .  
GFENSTRA, R e  
FELD, J. 
FELLER,  J. Lo 
F F N N F L L t  M o  Ho 
FEqRTER, Fo Go 
FIEL’ I ,  J .  E o  

F I N K ,  To  
F I S H ,  B o  Go 
F I S H ,  B. Go 
F I S H ,  Bo G o  

FISHMAW, l o  

F I T Z F K ,  A. 
F I T Z P A T T I C K ,  R o  0 .  
FLINT, ‘do KO 
FLOWERS, A. E. 
FLY? 4 .  9 .  
F L Y ,  A o  R.  
FOGELSOhJ, Do E o  
F ~ G E L S O Y T  Do E. 
FOGELSOW, Do € 0  

FOL INSBEE,  J e  C o  

FORBES, J. J .  
F’3R@nTAN-RAD? Po 
FORTIN,  J o  P o  

F O S S H F I Y t  S o  J.  

FOWKESt Q -  S o  
FOWLES, Go R e  
FRANK, J .  
FRANKLTY, J o  A .  
F R A ~ F Q T  Do A. 
FRAZIER,  Po Me 
FREEMAN, 0. C o  

F U K U I ,  S o  

F U t T O N ,  A. 
FUYDERBUSKT J o  C. 
FUNSTQA, R o  

FIJPSE, J o  He 

FOSSHEIY,  S o  J o  

G 

14-68-04001 
2 4- 6 3- I 2 0 0 4  
24- 6 3- 1 2 00 5 
24- 64-09003 
24-65-01001 
24-66-06003 
2 4-6 7-0 1 002 
23-69-04001 
0 4- 6 8- 03 00 2 
12- 6 5-06002 
12-66-09023 
2 4- 6 4- 0 5 0 0 1 
24-64-03001 
14- 6 6- 12  0 01 
7 4- 5 6- 03 0 01 
24-6 6-00 0 0 1 
0 4- 7 0-0 5 0 02 
24-66-07002 
7 2- 6 9- 1 0 0 04  
22-59-07001 
24-64-04001 
2 4- 6 4- 0 6 0 0 2 
0 4- 6 5-09 00 1 
32-59-07001 
5 3- 6 7-0 2 0 0 1 
34-6 6-0 5 0 0 1 
44-6 5-05001 
24- 6 9- 03  00  1 
24-69-03002 
12-66-09019 
12- 6 6-090 23 
22-5 9-07005 
2 4- 6 6- 06 0 0 1 
5 3- 5 1- 0 00 01 
2 3-6 8-05 0 0 1  
12-61-03007 
04-65-06001 
04- 6 5-07 00 1 
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MUIRI C. 00 
MUIRHEADt  I o  R o  
MULLER, O o  

MUMPTONt F o  B o  

MURPHY, E o  Mo 
MURPHY, G o  J o  

MURRELL, S o  A. F o  
YUTMANSKY, Jo Mo 

NAGATOMO, No 
N A S I A T K A t  To M o  

N E F F t  To L o  
NEI,FNBURG, V. E. 
YELSUrVT C o  R o  

NELSO'U, Ro Ao 
NFRADAKA? Vo 
NGSRITT,  E. To 
NFWCOYRt R o  To  
N E W I T T I  Do  M o  

NEWITT,  D o  Mo 
NEYLArVDr A .  J o  

NGUYEN, Do 
NICHOLS,  H e  Ro 
NICHOLS,  T o  C c ,  JRo 
N I K O V O V T  G o  Po 
N IKONOVt  G o  Po 
N IS IMATSU,  Yo 
N ~ S S F L S O N T  H o  

Y C l K O Y A M 4 9  A. 
NORENT C o  He 
NORENT C o  Ho 
NORMAN, No F o  
NORMAN, No Fo 
NOQMANT No F. 
NDRVFLL, Jo M o  

N 3 S K I E W I C Z T  To  Mo 
N O S K I E W I C L T  To Mo 
N U O N Y I t  I o  P o  

N 

0 

0 3- 6 4- 000 02  
04-67-0400 1 
22-6 9-10001 
0 2- 7 0- 0 0 0 06 
0 3- 6 8-090 0 1 
73-68-09001 
32-65-05002 
05-5 8-04001 
3 2- 6 4- 10 0 0 4  
24- 6 4- 0 2 00 1 
24-64-05001 
74-69-04001 
2 4- 6 7- 06 0 03 
04-68-03001 
2 3- 6 8- O h  00 2 
72-68-00001 
2 4-6 7-00 00 1 
2 3- 6 3- 10002  
54+6 6-0300 1 
0 4- 6 6 -  12 00 1 
1 2- 6 2-0 50 2 5 
12-67-04008 

04-69-04003 
03- 6 8-00001 
1 4-6 6- 00 0 0 1 
24- 6 4-0 9 009 
2 3-6 9-04001 
13-68-09001 
2 3- 6 8- 0 4 0  0 2 
44- 6 5- 10  0 0 1 
0 2-6 8- 10 002 
42-55-00001 
42-61-10001 
04- h 9- 0 3 0 02 
14- 6 8-09002 
12-62-05012 
13-68-00001 
2 4- 6 4- 0 9  006 
24- 6 5 -0 1 00 2 
24- 6 8-0 5303 
0 3- 6 7-090 0 1 
03-65-04001 
1 2-6 7-040 1 4  
2 2-5 6-04007 
64-6 7-06001 
72-65-02001 
72- 6 9-1 0005 
04-6 3-19001 
0 2- 64- 10 001 
04- 6 4- 1 2 0 04  
14- b 8-10004 

02-65-05007 
02-70-00008 
03-68-09005 
12- h 6-090 10  
12-64-090 I? 
14- 6 2-0 80 01 
14- 6 7-00 00  1 
22-66-06001 
22-56-0400? 
85-64-03001 
42-66-0000? 
14- 6 8- 07 00 1 
12-62-05019 
04-6 7-06 0 0' 
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O L R O G I  T o  
OLSENT 00 J o  

OLSEM, ' 7 0  Jo 
ONODERAT T o  F. 
ORSKI ,  C o  KO 
OPTLOFF, J o  E o  

O S T R O V S K I I ,  A o  Po 
OTTEST Jo Vo 

P 

2 2- 7 0- 0 0 0 0  1 
12- 5 7-04005 
1 4- 6 6-00 0 1 3 
1 2- 6 2-05 023 
05-7 0-03002 
84-68-01002 
2 1- 60-00001 
74-65-06004 

12- 6 2-050 1 8  
2 2-6 2-05003 
22-63-00001 
2 4- 6 4- 090  0 2 
12- 6 4-10 0 03  
12-61-03010 
14-66-00007 
0 2- 7 0-00006 
03-68-09001 
2 2- 6 5-06 0 01  
23-66-00001 
23-6 8-04003 
73-68-09001 
12-66-09006 
14- 6 8- 0 2 00 1 
12-6 6-090 12 
54-64-11001 
04- 7 0- 0 1 0 03  
32-64-10004 
14- 6 8-1 0 0 03 
24-6 5- 12 003 
12-62-05028 
1 2- 6 6-090 05 
12-66-09006 
22-65-04003 
12-67-04022 
14- 6 6-000 05 
24-66-07004 
34- 6 4- 0 3 00  2 
33- 6 9-0 200  1 
12-67-04021 
04-7 0- 0 LOO 2 
2 8- 6 8-04001 
28-68-04002 
28-6 8-0 5001 
2 8-6 8-05002 
2 8-6 8-05003 
3 4- 6 3- 0 80 0 1 
03-65-10001 
12-6 5-060 11 
04- 6 9- 07 0 0 1 
0 4- 6 8-03 0 0 1 
0 5- 6 9-1 1 0 01 
05-6 9- 11002 
24-6 7-00002 
23-63- 10001 
1 4- 6 7- 0 1 0 0 2 
13-6 8-07 001 
0 2- 64- 1 0  003 
02-6 6-01001 
24-6 5-01003 
1 4- 6 8 - 0 5 0 0 1 
24-66-07007 
0 2-6 8-1 0 001  
1 2- 6 7-040 16 
12-57704002 
34-67-04001 
7 4- 6 3-0 7 0 0 1 
14-66-00306 
12- 6 1-03 009 

PINTO,  J o  T JR. 
P I R E T ,  E o  Lo 
P I R I E ,  E -  S o  

P I R R I E ,  No D o  

P I R R J E T  No D o  

PITMAN, R. W e  

PLEWMAN, R. Po 
POHS, He A*  
POHS, H. A -  
POHS, He A *  
POLACK, S o  Po 
PONCELET? E o  F o  
PBPov ,  v o  M e  
P o P o v ~  YUO p *  
POPPLEWELL 9 E o  

POTCHING, To Ho 
POTTHAST Ho 
POTTHAST, H e  

POTTS, E o  L o  Jo 
POTTST E o  L o  Jo 
P R E I S Z ,  Go 
PQESLEY? C o  Ko 
PRICE,  Go C o  

PROCVOR, R o  Vo 
PROSSFST J o  R o  
PROTCIDYAKANOVT M -  M o  

PRTNRS LONDON 
PRUGHp R o  W o  

PRZEWLOCKI T Ko 
PUGSLFYT To Fo 

12- 6 1-03020 
2 2- 5 9-07 002 
54-65-03001 
72-68-04001 
74-70-03001 
2 2- 6 6-10 002 
24- 6 6-000 01 
24-65-11001 
24- 6 5- 11 002  
84-67-03001 
53-61-04001 
1 2- 6 1-0 3 00  2 
24-6 4-0500 1 
5 4- 6 4-0 2 0 0 1 
24-6 7-00002 
14-68-10001 
04-64- 12002 
0 4- 6 5 -0 1 00 1 
12-57-04004 
32-5 8-OOOOI  
24-63-12003 
2 4- 6 4- 00 001 
2 3- 6 5- 00  0 01 
31-64-00001 
04-6 8-02004 
12- 6 2- 0 5 0 0 4  
04-7 0-0 Z O O  1 
5 2-6 2-0 500 1 
44- 6 5-0 1 0  0 1 
24-b4-03002 

R 

RABCEWICZ, L o  Vo 
RARCEWICZt  Lo Vo 
RABCEWICZ, L o  Vo 
RAMANAT Y o  Vo 
RAMSAY, J. A .  
RAMSFY, J. A *  
QANA, 0. Ho 
RAPP, E o  Go 
RAYNAL, JS 
RAYYES, B o  C o  

REAGAN, C. Ho 
REED, J e  J. 
REED, J- J e  
REED, Jo Jo 
REED, J. Jo 
REED, J o  J o  

RFFVE, G e  Ro 
REICHYUTH, D o  R o  
R E I N K E P T  No W o  

RELLENSYANN, 0- 
RENNERt Re I o  
RICHARDSON, C. Ao 
RICHARDSON, J o  F o  

RICHARDSONT Jo F o  

RICHMUTHT Do R o  

RIDENOUR, D o  C -  
R I D G E ?  J o  0. 
RIECKER,  R. Eo 
RIECKER,  R o  E. 
S IECKER,  S o  Eo 
R l E D L E R ~  H a  
R I J K E R S ,  J o  

R I L E Y 9  W o  Fo 
RIMES, L o  
RINDER, R e  M e  ' 

91NEHARTv J o  S a  
S I N E H A R T t  J o  S o  

RINEHART, J o  S o  

34- 6 4- 1 1 0 0 1 
34- 6 4- 1 2  003 
34-6 5-01001 
14- 6 9-03002 
04-64-1 2004  
02-64-10001 
1 4- b 9- 0 1 0 0 1 
14-68-09003 
24-66-0800? 
4 2- 6 8- 0900  1 
44- 6 5 -02 0 0 1 
02-54-04001 
12- 6 1-030 14 
12-66-09011 
12- 6 5-090 1 2  
3 2- 5 6- 040 02 
54- 6 5705 00 1 
24- 6 7-0 100 1 
24- 6 5- 1 100  2 
12-5 7-04003 
0 2- 5 8- 10 0 1 2 
04-61-01001 
42-55-00001 
42-61-10001 
12-6 7-04007 
04-61-08001 
04- F, 4- 0 8 004 
03-65-10001 
22-68-01001 
2 2- 6 8-01 003 
2 4- 6 6-0900 2 
05-6 8-01 001 
12-64-04001 
26-67-05001 
53-68-06001 
12- 6 1-03007 
12-62-05019 
22-59-07003 



S 

22-65-06007 
24-6 0-07 001 
5 3- 4 2-000 0 1 
7 2- 6 8-05 0 0 1 
7 2- 7 0-0 00 0 8 
7 4- 6 7-0 7 00 1 
1 4-6 8-08 0 0 1 
5 3- 6 7- 0 2 0 0 2 
42-68-03004 
75-62-07004 
13- 6 4-00 0 01 
13-67-00001 
13- 6 7-00 0 03 
14- 6 4-0 1 0 0 1 
14-6 7-01 00 1 
12- 5 9-07003 
1 2- 6 5- 060 10 
22-65-01001 
2 4- 6 7-09 0 0 2 
2 4- 6 7- 1 2 00 2 
2 4- 6 7-07 003 
12- 6 2-0 5003 
22-6 2-0 5 001 
13-66-09001 
13-68-07001 
24- 6 3- 1 2 0 0 3 
12-6 2-05005 
2 4- 6 8- 09 00 1 
52-6 2-05001 
13-6 6-090 01 
44-65-03002 
1 2- 6 5-06 006 

5 4- 6 6- 03 0 02 
12- 6 2-050 10 
54-65-05001 
04- 6 4-00 00 1 
12- 66-090 12  
34-64-04001 
12-6 7-040 15 
7 2- 6 9-1 0003 
72-66-01001 
01-63-00001 
12-6 2-05007 
12-65-06005 
2 2- 6 2-05 004 
3 2- 5 9-0700 1 
24-67-09001 
23- 6 3- 10002 
03- 6 4-000 06 
05- 6 8-0 1005 
28-68-04001 
28-68-04002 
28-6 8-05001 
28-6 8-05003 
28-68-06001 
44-68-10001 
6 4- h 8- 1 1 00 1 
24-64-07001 
04-69-01001 
33-6 9-02001 
4 4- 6 8- 03 3 01 
3 2- 5 7- 0400 1 
24-68-03001 
22-69-10004 
23-6 3- 11001 
2 4- 6 9-0 6 0 01 
3 2- 6 4- 10 003- 
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SCHWASTZT E!. 
SCHWARTZ, D o  M o  

SCOTT J o  H o  
SCOTT, Jo J o  
SCOTT, J. J. 
SEAGER, J o  S o  

SELEZNFV, A .  P. 
SELF, M e  W o  

SELIM,  A. 
SELIVANOV,  YUo 1. 
SELLERS, J o  B o  
SEMART J. J o  

SERATAT S o  

SERATAT S .  
SERDEYGECTI 9 S 
SERDEYGECTI,  S o  

SHAPOVALOVT A. D o  

SHARLFY, A o  No 
SHAW, M. C, 
SHEPHARDt Ro J .  
SHEPHERD, R .  
SHOLTESS, C o  D o  
SHORT, N o  M. 
SHUKHMAN, V o  L o  
SHUSTFR, J o  W o  

S I K A R S K I E ,  D o  Lo 
S I K A R S K I E ,  D o  L o  
S I L V E R M ~ N T  1. KO 
SIMANOV, V. Go 
SIMON, R o  

SIMr )N?  R. 
SIMON, R e  
S I N G H t  M. M o  

SINGH, M. M e  

S I N G H T  M. M. 
STNGH, M. M. 
SINGHI M. M o  

SINGHI M. M o  

SINGHALT P o  KO 
SMETANAT No YAo 
SMITH, A, F. 
SMITH,  A. F. 
SMITH, F o  L o  
SMITH, Go R e  
S Y I T H ,  J. Ho 
SMITH, L o  
SMITH9 R o  J o  

SMITH, W. D e r  J R .  
SMOLDYSEVi A. E. 
SOMERTONT W o  H 
S O N N T ~ G T  G. 
SOWERS, G o  Fo 
SPANG, J. 
SPENCER, J. 0. 
SPENCER, R. W e  

SPFNCERT P O  W e  

SPERRY,  P o  Eo 
SPUR, J. W. 
STACHO, Zo A .  
STAFANKO, Ro 
STAGYITO, t'. 
STARFIELD,  4. M e  

STAR FIELD^ A. M o  

STARFIELD,  A. M I  
S T A R F I E L D T  4 .  
STARFIELD,  A. M e  
STARK, J e  
STFFANK9, R.  
STELSON, To Eo 
STEVENS, V .  Lo 

12-61-03001 
44- 64-09003 
1 4- 6 7- 0 1 00'3 
04-68-02001 
25-6 5-03003 
5 3-6 7-02 0 0 1 
24-6 4- 12001 
0 4- 6 9- 00 0 0 1 
23-6 7-00001 
44-6 5-060 01 
34-6 8-07 001 
42-68-03002 
12-61-03003 
3 2- 64- 10006 
1 2-6 1-0 3 0 04 
1 2- 6 2-05 0 26 
2 4- 6 4- 0 9 0 09 
34-7 0-03 00 1 
14- 5 4-0 3 0 0 1 
0 2- 6 8- 10006 
72-6 8-04001 
7 2- 70-0 00 07 
12- 6 1-03008 
2 4- 6 4-0 20 02 
44-68-03001 
14- 6 8-09004 
2 2- 6 5- 06 003 
1 2- 5 7-0400 1 
24-65-07001 
12- 66-090 1 h 
12- 66-090 17 
2h-63-17002 
12- 6 1-03 01 5 
12- 6 5-0 1 001 
12-67-04008 
2 2- 6 9- IO 002 
2 3- 6 9-0 1002 
2 4- 6 7- 06 00 2 
44- 7 0- 060 0 1 
2 4- 6 4- 09 0 04 
22-65-06002 
5 3- 6 1 - 040 0 1 
44-63-08001 
44-64-01001 
75- 6 2-07004 
75-7 0-01001 
34-6 4-03 0 02 
0 2- 6 8- 10 OOt? 
44- 6 4-090 0 2 
1 2- 6 5-6 1 0 05 
34-66-10002 
L4-66-000l1 
04- 6 4- 040 O? 
45-66-08001 
0 2- 6 4-1 0 0 0 2 
5 5-69-07 00 1 
7 2- 6 9- 10 002 
24-5 9-03001 
04- 6 S - 1 0 0 0 1 
3 2- 6 4- 100 07 
24-65-12002 
12-6 6-090 1 2  
12-66-090 2 2  
1 2- 6 6-09 0 T 3 
2 2-6 7-0 1003 
72-69-10007 
8 4- 6 6- 0 1 0 0 1 
04-64-08002 
42-68-03003 
04-68-03002 
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d I; 

STFVENSY Vo L o  

STEVFNSY W e  Ko 
STEW4RTq C o  R. 
STEWART9 J o  

STFWART, R o  M e  

S T I F R T  Re 
STC'NF, R e  e -  
STORCK, U. 
STOUT, K. S o  

STSECT, No 
SULL I V A N  T W 
SUMMERS, D o  A. 
SUMMFRS, Do A, 
SURNACHEVT A. A. 
SUSSAT KO 
SUTCCIFFE,  Ho 
SUTHEQL4NDy R o  B o  
SUtTQN, Do To 
SUVORQVT Po I o  

S U Z U K I T  K. 
SUZUKI ,  KO 
SWANK, Jo Lo 
SYNDYUKOVT Vo M e  

SZECHYt K O  

T 

7 2- 7 0-0 0 0 0 2 
25-68-04001 
0 4- 6 8-0 2 003 
04-66-09001 
0 2- 6 8- 1 0  007 
64- 6 7- 06 0 0 1 
72-69-10006 
34-68-11001 
0 3- 6 7- 12001  
24-64-06001 
8 5- 66- 11 0 0 1  
2 4- 6 9-00 00 1 
24-69-06002 
2 4- 6 4-09 0 0 4  
12-65-06 008 
3 4- 6 9- 1 P 001 
1 2- 6 2-05 0 2 1 
2 4-6 4-03 002 
24- 6 5-07 001 
12-66-10002 
24-68-05003 
44- 6 7- 0 6 006 
24- 6 4-03 003 
01-67-00001 

1 4- 6 9-03 0 0 1 
2 4- 6 6- 090  0 1 
12-6 1-030 19 
12- 6 2-0 500  1 
12- 6 6-090 17 
22-65-06 004  
2 3- 6 6-00 0 01  
23-6 8-04003 
14-68-06001 
04- 6 6- 12001  
24-65-03001 
24- 6 6-090 01 
2 4- 6 4- 0 9  0 12 
1 2- 6 6-090 2 5 
24-64-09005 
2 3- 6 7-00 00 1 
04-61-04001 
1 4- 6 8-07 00 2 
34- 6 4- 10 0 0 1 
53-51-00001 
7 4- 6 3- 0 30 0 1 
2 2- 6 9-1 0 0 0 4  
05-7 0-01084 
3 4- 6 8- 10 0 0 4  
74- 6 8-06 0 0 1 
44- 6 7- 0 6 0 0 1 
2 4- 6 4-0 900 9 
5 4- 6 3-04001 
12-67-04003 
2 4- 6 1-09 0 10 
4 4- 6 4-09 0 0 1 
34- 6 6- 08 001  
04-70-03002 
04-68-02004 
13- 5 5- 0 1  001 
12-6 6-10005 
12-6 2-0502 8 
42-68-03005 
44-67-03001 
23-6 8-04002 
42-5 5-00001 
44- 6 6-04 0 0 1 
02-59-07004 

U 

UDY, Lo Lo 
UNDERWOOD9 L o  B o  

UNDERWOOD9 Lo 8. 
UNDERWOOD, L o  R e  

UNDERWOODI Lo 8 .  
UNDERWOODT L o  B o  

UNGEST Ho F o  

VAN LEEUWEN, Jo Jo M o  

VAN LEEUUFNT J a  J o  Y o  

VAN POOLLENT H e  K o  

VAN WALSUM, E o  
VAN WALSUMv Eo 
VANZANT, B o  W o  

VARSHNEY, R. S o  

VAUPEL, Ke Ho 
VEITHI  K o  Fa 
VENDER, J. 
VEROET T J 0 

VERNERr W o  J o  

VINOGRADOVV Vo S o  

V I I U R T ,  G. K e  

V I V I A N ,  G o  Ho 
VOITSEKHOVSKY, B o  Vo 
VOROPINOVp J o  

VOVCHANFVSKI I ,  I o  F o  

VOYTSEKHOVSKIY 9 Bo Vo 
VYSOTSKIYT Vo A* 

12-65-06009 
03-68-09004 
1 2- 7 0-0 0 002 
32- 6 4-10 001  
72-65-05001 
75- 62 -07001  
23-6 8-04003 

V 

24-6 4-0 3 001 
24-64-03004 
22-56-04003 
02- 7 0-00 0 07 
76-68-10001 
12-62-05 003 
1 4- 6 8- 06 001 
34-66-08001 
12-65-06003 
32-59-07003 
74-63-00001 
44-67-06006 
24- 6 5- 07 00 1 
2 3- 4 2-06 001  
6 4- 5 2-0 5 001 
2 8- 6 7- 09  001 
72-59-07001 
2 4- 6 5- 0 5 0 02 
23- 6 4-03 0 0  1 
2 3- 6 8-04 004  

w 
WACHTELL, S a  

WAGNER, Ho 
WALKER, 0. P.. 
WALKER, G o  L o  
WALKER, V o  S o  

WALKER, W .  Do 
WALLACE, G o  R o  

WALLACE, J. J o  

W A L  STON , W 
WALTERS, J o 
WALTMANN, F. D o  

WANAT, J o  

WANAT9 J o  

WANE, M e  T o  
HANG9 C. 
W A R O T  E. JO 
WARNER, L e  A. 
WASHINGTON, J o  0. 
WATKTNS, W o  W o  

WATSQNT 8 .  
MATT, Ro G o  

WAWE9SIKT W o  Ra 
WEARLY, W e  L o  
WFBER, K O  J. 
WEISS, He 
WESTWARTERt P O  

WHITE, C o  G o  

WHITFV G o  A .  
dHTTE, J o  Co 
WHITE, To L o  
WHITF, TO L o  

WHITEMAN, Jo C O T  J R o  
WHITLOW, C. Re 
WHITNEYT B o  B o  
WHYT€T H o  Eo 
WICKS9 M e  

53-68-06001 
0 4- 6 2- 0 9  0 0 1, 
14- 54-03 001 
2 4- 6 6- 0 0 0 0 2 
3 5- 6 4-09001 
54-41-05001 
14- 6 5-000 13 
23-68-03001 
23-69-04002 
14-55-04001 
84-0 6-06 r3 0 P 
5 4-6 4-0 1001  
5 4- 6 4- 01 0 02  
17-6 7-040 10 
1 2- 6 7- 04  3 10 
04- 6 8-0 1 0 0  1 
14- 6 7-0 1 0 01 
0 2- 6 8- 10009  
74- 0 5-060 01 
44- 6 7- 1 2 0 01 
0 2- 5 9- 07005 
12-66-09006 
75-70-04002 
12-62-05015 
44- 6 7-06 0 0 4 
2 2- 5 9-0 7001  
22- 6 S-06005 
75-6 2-07002 
04- 6 8- 08 001 
3 1- 6 4-00 00 1 
34- 6 6- 0 f? 0 0 1 
72-69-10001 
44- 6 8-08 00  1 
2 2- 5 9-07004 
0 4- 0 5- 0 3 0 0 1 
42-68-03017 
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WTDEGREN, G o  

WIEBOLSV G o  A.  
VIEBOLS,  G o  A. 
WIL'7, W. H o  

WILLARD, R o  J o  

WILL IAMS,  P o  D o  

WILL IAMSON To No 
WILL IAMSCN,  P o  8-  
W I L L I A M S n N ,  9. B o  

W I L L I A M 5 O N v  To N. 
WILLTAMSPN, To N o  

WILL IAYSON,  T o  N O  

WILL IAMSON,  T o  N o  
WILLIAWSC'N, To N o  

WILLIAMSC'N, To No 
WTLLIS, R o  Ho 
WILLS,  Do B o  

WILSON, 40 Ho 
WINEL4ND, J o  A *  
WINELAYD, Jo A *  
WOLCOTT, W o  W o  

W O L F ,  N o  H I  
WOLFF, S o  Eo 
wnm, n o  J .  
wnon, L, F. 
WORTHINGTON, Jo E o  

WOWTON, F o  S o  

dUFRKER, P o  G o  

wus5ow, 00 
WUSSO'dr DO 

04- 6 4-0 2 0 01 
14- 6 8- 12 001 
24-68-04001 
5 4- 6 5- 06 0 01 
14- 6 9-0 1001 
03-67-09001 
34-6 8-12001 
2 3- 6 8-0 5 0 0 2  
23-68-08001 
03-64-00005 
03-65-09006 
1 2 - 6 5 - 0 6 0 1 2  
74-65-06003 
74-65-07001 
74-6 6-05002 
7 2- 6 9- 10 0 06 
25-66-08001 
12-61-03011 
0 2- 6 8- 0 50  02 
02- 70-00008 
34-69-06001 
0 2- 7 0- 00003 
42-6 7-02001 
42-68-03006 
03-64-00001 
05-6 8-0 1 0 0 4  
32-65-05001 
1 2- 5 9-07 00 1 
24-6 5-03003 
24-6 5-0 5 0 03 

YAKOVLEV, No M o  

YAMAMOTO, M o  

YAMSHCHIKOV, V o  S o  

YANAIDA,  K O  

YANAIDA, K O  

YANCIK,  Jo Jo 
Y A N I Z E S K I  Go 
YARDLEY, O o  Ho 
YOKOYAMA, A *  
YOSHIZAWA, Y. 
YOSHIZAWA, Y o  
YOUNG, Fo M o  

YOUNG, Q o  No 
YOUNG, To R o  

YOUNGQUIST 7 R o  

YU, A *  T o  
Y U K I ,  T o  

Z 

ZAKHVATKIN,  L o  No 
ZANDI, r .  
ZANDT, I o  

ZECENY, R o  

ZIEPMANN, R o  
ZIERMAIVIVI R o  

ZINKHAM, p.0 E o  
ZINKHAM, R o  E o  

Z @ R I ,  A .  S o  

Y 

24-65-07003 
34-68-02002 
24- 6 5-07002 
24-6 5-10 001  
2 4- 6 5- 10  004  
12- 6 5-06006 
42-68-03009 
0 1- 7 0-0 0 0 0 1 
02-70-00005 
2 4- 6 5- 10 0 01 
2 4- 6 5- 10 0 0 4  
12-62-05 008 
2 4- 6 6-  1 0 0 0 1 
44- 6 3-0 800 1 
23-6 8-02001 
44- 6 7- 06 0 0 4  
3 4- 6 8- 0 2 0 0 1 

24-65-07003 
4 2- 6 7-0 500 1 
42-68-0301 1 
22-59-07 002 
04-7 0-03003 
04-7 0-0 5 0 05 
28-68-04002 
2 5- 6 8- 0 5 003 
04-44-01001 

r) 
I 
i c J  
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I I i - l  1 
1 

/ A  

j !J 

TUNNEL B I D S  H A V E  $ 1 7  M I L L I O N  SPREAD ( SUBAQUEOUS-TUNNEL ) /  
CE I /  WORK BEGUN ON $200 M I L L I O N  M E X I C O  C I T Y  SUBWAY ( EARTHQUAKE S U B S I D E N  

T E R  I /  TUNNEL GOES FOR RECORD $222.6 M I L L I O N  ( B L A S T I N G  MOLES COST SCHEDULE S I Z E  WA 
TUNNEL CONTRACTOR B U R I F S  $200,000 MOLE ( STORM-DRAINAGE TUNNEL ING-MACHINE I / 

TUNNEL GOES FOR RECORD $222.6 M I L L I O N  ( NYC WATER-SUPPLY 1 1  
TUNNEL B I D S  H A V E  A $ 4 0 - M I L L I O N  SPREAD ( NYC T R A N S I T  TRENCH-TUNNEL I /  

UMP I /  S O L I D S  P I P E L I N I N G  S E E N  'AROUND CORNER' ( SLURRY D R I L L I N G - M U D  RECIPROCATING-P 

I /  AN ELECTRON 'GUN' CAN CUT CONCRETE ( ROCK-DISINTEGRATION-METHODS 
NADER BRANDS COAL M I N E  I N S P E C T I O N S  A 'FARCE'  ( SAFETY PNEUMOCONEOSIS 1 /  

GUATERNALA D I G S  ' I N S T A N T  HEAD' ( HYDRO-ELECTRIC I / 
WORLD'S L A R G E S T  SEAPORT GETS S M A L L E S T  'METRO' T U B E  ( COST I /  

ROC-LOC "A" ANCHORAGE R E S I N  ( ROCK-BOLTS RESIN-GROUT 1 1  
CIMMI S S  I n N /  "BIG-HOLE'' D R I L L I N G  TECHNIQUES OF THE ATOMIC ENERGY C 

I /  MECHANICAL PROPERTIES A N 0  I N  S I T U  B E H A V I O R  O F  T H E  " C H I N O  L I M E S T O N E "  CRESTMORE M I N E  R I V E R S I D E  C A L I F  ( 
1 D I S C U S S I O N  OF PAPER " D E S I G N  AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL" 
EN L I K E S  P I G  HOLE R A I S E  B O R I N G  RUT Q U E S T I O N S  COST AS " I N E X P E N S I V E "  ( SWEDEN D R I L L I N G  I /  B O L I D  

T H E  "CALWELD" MOLES ( HARD-ROCK SOFT-ROCK I /  

T H E  " J A R V A "  MOLE ( CUTTERS S T E E R I N G  HARD-ROCK I /  
CORPS OF ENGINEERS:  M I T T R Y  H A S  "REVERSED A TREND"/ 

P O L I N D I /  REPORT OF THE N A T I O N A L  M I N I N G  CONVENTION ON " S C I E N T I F I C  AND E N G I N E E R I N G  E F F q R T S  T O  IMPROVE SAFETY 
/ T H E  " S I L E N T "  D R I L L S  WHERE THEY STAND NOW ( N O I S E  SAFETY 1 

A 

I N C E N T I V F  APPROACHES TO TUYNEL CONTRACTS ( A - L I N E  B - L I N E  B L A S T I N G  MOLE I /  
H Y D R A U L I C  J E T  B I T  ( WATER-JET A B R A S I V E  I /  
H Y D R A U L I C  J E T  B I T  ( WATER-JET A B R A S I V E  1 /  

D AND C'lMPOSITION THERFFOR ( WATER-JET H Y D R A U L I C - J E T  A B R A S I V E  I /  D R I L L I N G  METHCI 
G OF Y I N E R A L S  ( TEMPERATURF-GPADIFNT S P A L L I N G  F U S I O N  A B R A S I V E  I /  RECENT ADVANCES IN F L A M E  J E T  WORKIN 

€THnD OF D R I L L I N G  I N  HAPD FORMATIONS ( H Y D R A U L I C - J E T  A B R A S I V E  WATER-JET ) /  M 
FURTHER DEVELOPMFNT OF T U N N E L I N G  MACHIYES FOR ABRASIVE,  HARD ROCK ( MOLES GFRMAN-MACHINES I /  

F F V R Y I T I O N  OF RCCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  ( I B R A S I V E - D R I L L I N G  ROCK-DI S INTEGRATION-METHf lDS </ I K E L  

ME I N  S I N K I N G  RLASTHOLFS ( A I R - F U E L  OXYGEN-FUEL C O S T  ABRASIVE-FORMATIONS I /  J E T  P I E R C I N G ,  CHAMBERING, PERC 
J F T  1 1  YETHDD OF T R E A T I N G  ABRASIVE-LADEN D R I L L I N G  L I Q U I D  ( WATER-JET H Y D R A U L I C -  
9 n - Q L A S T  MINTNG SHOOTS AHEAD ( PRESSURE EROSION-JETS A B R A S I V E S  VDLUYE ECONOYY EXPLOSION-PUMPING 1 / HYD 

R E T R I F V A B L E  P I S T C N  ADVANCE JFT B I T S  ( WATER-JET A B R A S I V E  H Y D R A U L I C  J E T  D R I L L I N G  I /  

NEW TnOLS,  TECHNIQUES USED I N  ALASKA B I G  HOLFS ( A B R A S I V E - D R I L L I N G  I /  

R E T R I E V A B L E  B I T  ( ABRAS I V E - D R I L L I Y G  WATER-JET H Y D R A U L I C - J E T  I / 

T i E S  ANn D R I L L A B I L I T Y  OF ROCKS ( HARDNESS P L A S T I C I T Y  A P R A S I V I T Y  PNEUMATIC ROTARY PROTODYAKONOV-STRENGTH-CO 

Y I C  P R n o F R T I F S  AND FQR O U T L I N I N G  OF FRACTURE ZONES ( ABSORPTION A T T E N U 4 T I O N  S O N I C - V F L O C I T Y  T R A N S I T - T I M F  01 
F S E I S Y I C - Z 9 N C  ROCK COMPRESSIVE-STRESS PULSE E L A S T I C  ABSORPTION S C A B B I N G  I /  BEHAVIOR OF ROCK UNDER DYNAMIC 
TFNAYCF O I L  1 /  THAT ORNERY ABUSED ROCK D Q I L L  CAN B E  A SMOOTH-WORKING TOOL ( Y A I Y  

L I N G  I /  TUNNEL AND SHAFT CONF€RENCE S P O T L I G H T S  WIDER ACCEPTANCE OF BORING METHODS ( MOLES ROCK-BOLTS 3 U S T -  
OFVFLOPYENT I N  LAPCF BOREHOLE D R I L L I N G  ( V E N T I L A T I O N  ACCESS SHAFTS CHURN-DRILL CALYX-METHOD R O T A P Y - G R I L L I N  
W ZFALAND IS  M I N I N G  ZlSl'J 700,000 KW ( TUNNEL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES PENSTOCKS JUMBOS I /  MANAPOUR 
N F q  ( 4CCIDEYT-PRFVFYTION-CrURSE SAFETY-EDUCATION I /  ACCIDENT S T A T I S T I C S  AS AN A I D  TO PREVFNTTDN O F  A C C I D E  

J O 9 S  ABROAD ( TUNNELS I /  

Y!TRrlL OF @EDDECl ROOC STFFSSES ( BFAY-THEORY A N A L Y S I S  ASUTMENT-LOADS E L A S T I C - F O U N D A T I O N  I /  RIB cn 

M I S C E L L A N E D U S  ACCIQFNTS I V  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE S A F E T Y - E D U C I T I O N  I / 
F X P L O S I V F S  ACClDFNTS T N  B I T U M I N O U S  CDAL Y I Y F S  ( ACCIDFNT-PREVENTION-CnURSE SAFFTY-EDUCATIDN 1 / 
E L F C T R I C A L  4 C C I D F Y T S  I N  B I T U M I N @ U S  COAL M I N F S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATICN I / 

r, PREVENTION '3F ACCYDENTS I N  B I T U M I N O U S  COAL Y I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION 1 /  4 C C I D E  
=Rr)V Y Q I S T I Y G  AYD HAULAGE I N  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PPEVENTION-COURSE SAFETY-EDUCATION I /  A C C I C F  
OM F 4 L L S  OF QClrE A N 0  COAL I N  P I T U M I Y O U S  COAL M I N F S  ( ACCIDENT-PREVFNTION-COURSE SAFETY-EDUCATION I / A C C I C E  
ATE SAFETY TO M I N F  WI'RKFRS A T  T H F I R  WORKING P L A C E S  ( ACCIDENT-PREVENTION-COURSE SAFFTY-EDUCITION-METHODS ) 

O D 4 L F  1 / PROGRAM F n R  S Y S T F M P T I C  UNDERGROUND SAFETY ( ACCIDENT-RATE S A F E T Y - R E S P O N S I @ I L I T Y  E F F I C I E N C Y  CCST M 
Y F S  I ACCIDENT-PRFVFNTION-CCIURSE SAFETY-EDUCATION ) E  ACCIDENTS FGOM F A L L S  OF ROOF AND COAL I N  B I T U P I N O U S  C 
V F S  ( ACCIOFNT-PRFVENTInN-COU9SF SAFETY-EDUCATION I /  ACCIDENTS FROM H O I S T I N G  ANP HAULAGF I Y  9 I T U M I N O U S  COA 
Oh] I /  ACCTDFYT S T A T I S T I C S  AS AN A I D  T O  P R E V E Y T I O N  OF ACCIDENTS I N  B I T U M I N O U S  COPL MINES l ACCIDENT-PREVENT 
IqN-COURSE SAF ETY-EDUCATION 1 /  MISCELLANFOUS ACCIDENTS I N  R I T U M I Y O U S  COAL M I N E S  ( PCCIDENT-PRFVENT 
ION-COUQSF SAFETY-EDUCATION 1 /  F X P L O S I V E S  ACCIDENTS I N  R I T U M I N n U S '  COAL M I N F S  ( ACCIDENT-PQEVENT 
InN-CnUQSE SAF FTY-FDUCAT I O N  I /  E L E C T R I C A L  A C C I D E N T S  I N  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PRFVEKT 
'lRMULAS TFYSQRS T E S T - H q L F - O R I E N T A T I O N  1 /  A N A L Y S I S  OF ACCURACY I N  THE D E T E R M I N A T I O N  OF THF GROUND-STRESS-TE 
I L I Y E A R  TUNNEL CONSTRUCTION ( SURVEYIhG-CREW ECONOMY ACCURACY S I M P L I C I T Y  ) /  LASER CONTROL FOR CURV 

DbNCE nr\l FXPLf'SION-GENcRATED S T R A I N  PULSFS I N  ROCK ( ACOUSTIC SHOCK I /  EFFECT OF C H A R A C T E R I S T I C  I M P E  
T <  O Y  9 F I N F f l R C  I N G  RAPS GROUTFD ROC-LOC M I N I N G  K I T S  ( A C T I V A T O R  C U R I N G  RFSIN-GROUTED-ROCK-BOLTS P U L L - T F S T S  

FXPLOSTONS AND F I R E S  IN B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATUON I /  

P O L E  A C H I E V E R S  AROUND THE WORLD/ 

M I Y I N t  AT NFVAOA TEST S I T E  CDMES UP W I T H  NEW A D A P T A T I O N S  OF EQUIPMENT ( P I G - H O L E - D R I L L I N G  I /  
SLUSHER T R A I N  ADAPTS T O  GROUND ( M A T E R I A L S - H A N D L I N G  I /  

C A V F - I N  ADDS TO TUNNEL'S HEADACHES ( NYC INTERCEPTnR-SEWER I /  
I L D C A T T I N C  ON THE MOON ( VACUUM L U B R I C A T I O N  F R I C T I O N  ADHESION IMPREGNATION ) /  w 
P n S S I B I L I T Y  OF PRCILONGTNG THE L I F F  OF D R I L L  S T F E L  BY ADJUSTING T H E  P H  OF M A C H I N E  WATER/ I N V E S T I G A T I C N  I N T O  

WIPFS EARTH q C F  T V F  F A C E  O F  THE RORF ( CUTTERS MUCK ADVANCf  ALIGNMENT L I N I N G  I /  MOLE 
9 0 0  F T  OF 20 F T  D I A .  T U N Y F L  AT 5 F T  PEF YOUR ( MOLF ADVANCE BART CUTTFRS I /  J A P V A  MARK 7 1  BORFS 6 

HUGE MOLE CARVFS CLAY ROCK ( ADVANCE CAST CUTTFRS B L A S T I N G  MUCKING PRESSURE I /  
TUNNELFRS STAKE T H E I P  C L A I M S  ( MOLE ADVANCE CLAY SANDSTONF RECORD I /  

THE M A R T I N  RORER f ADVANCE COAL B L A S T I Y G  D R I V E  WFIGHT I /  
R I L L I Y G  I /  TUNVEL S ( ADVANCF COST € Q U I  PMENT SUPVEY I N G  E X P L O S I V E 5  SUPPOP T D 

YOLC T U h Y F L I N G  RESEARCH AOVOCATFD ( ADVANCF COST HARD-ROCK TECHN@LOGY BORING SYSTEMS I / 
U.S. MADE M P C H I N F  SPEFDS TOKYO TUNNFL ( ADVANCE COST L I N I N G  MUCKING CUTTERS GUIDANCE I /  

I N C H  T U N N E L I N G  MACPIKFS TO D R I V F  THROUGH SANDSTONE ( ADVANCF COST MOLE I /  PO 
r Y L T N O F P S  TFAY-UP TO BCRE G I A N T  I R R I G A T I O N  TUNNFL ( ADVANCE COST MOLE SAFETY GUIDANCE YUCKING I /  T H I R T Y - F  

TUNYEL R I G  CHEWS THROUGH S H A L F  ( ADVANCE CUTTER L I N I N G  MUCK P I L O T  1 /  
HYDPO-FLECTRIC P R A C T I C F  ( T U N N E L S  ADVAYCE COST MUCKING L I N I N G  I /  

D V A N  TUYWFLING MACHIC!E R F L I E V E S  T R A F F I C  CONGFSTION I ADVANCE CUTTER PRESSURF MUCKING GUIOANCE L I N I N G  M@LE 
4 I S F  ROREP TO PELP DFVCLDP HOMER-WANSICA I R O N  M I M F  ( AOVANCE CUTTEPS CGST I /  HARD RDCK MOLE TEAMS U P  W I T H  

TONTQACTOP B U I L D S  LOW-COST-TUNNELER ( ADVANCE CUTTERS COST L I N I N G  MCLE I /  

05-65-02001 
05-67-10001 
75-67-04001 
05-70-0 I006 
05-70-0 1009 
0 5 - 3  69-0900 
45-66-07001 
5 5- 6 8- 0 600 1 
2 5- 6 8- 0 400 1 
0 5-6 9- 0500 8 
05- 6 8-0 1 00 1 
36-68-10001 
24- 64- 00  00 1 
7 2- 7 0- 0 000 4 
12-67-04009 
02- 64- 03  00  1 
05-68-0800 1 
72-70-0000 5 
75- 5 5- 0 2 002 
54-64-0 1001 
04-6 5- 11 001 

0 2- 7 0- 0 0003  
2 8-68-0 500 2 
2 8-68-05003 
28-6 5-0 500 1 
12-65-06004 
2 8- 6 8- 0 6001  
28-68-04002 
74-6 8-04 002 
0 4- 6 8- 0 2 0 0 3 
23-66-00001 
2 8- 6 7- 1 2 00 1 
25-63- 1 1  001 
28-68-04001 
2 4-6 9-0 300 2 
12-6 2- 0 5004  
05-66-12001 
? 2- 64- 10008 
1?-61-03020 
94- 6 7- 03 00  1 
12- 6 1- 030  1 3 
05-68-07001 
04-6 1-0 800 1 
05-67- 0600 2 
53-19-00001 
53- 54-0 000  2 
53-55-00002 
53-55-00003 
5 3- 49- 000 0 1 
53-55-00001 
53- 5 8- 0 000 1 
51- 4 1- 0 5 0 0 1 
53-54-0 0001 
54- 6=- 0 3 00 2 
53-5 3-00001 
53-5 5-0000 1 
5 3 - 0  LO- O O C l  
5 3- 54-00 002 
5 3- 5 5- 0000  2 
53-55-00003 
12-67-04003 
82-69- 10001  
04-67- 1100 2 
12- 62-0501 2 
16- 67- 0 100 1 
8 4 - 1  66-0600 
44- 6 5- 0 30 0 1 
0 5- 7 0-0 7 00 1 
12-65-0601 1 
24- 6 7- 0 7 0 0  3 
75-67-07002 
76- 7 0- 04  00 1 
75-65-12001 
75-7 0-0 1002  
74-55-0800 1 
0 1 - 6 3-0000 1 
75-61-08002 
75- 6 5- 0 5 00 1 
75-63-12001 
75-66-12002 
45- 7 0- 01 0 0  1 
74- 5 6-0300 1 
75-64-11001 
74- 6 4- 0 3 0 0 1 
75-60-04001 
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T D R I L L  TEAMED AT AGC'S H Y D R A U L I C  M I N I N G  O P E R A T I O N  ( ADVANCE CUTTERS G I L S O N I T E  MOLE IRON-ORE S H A F T  GUIDANC 
SOFT-ROCK T U N N E L I N G  AT 5 FT. PER HR. ( ADVANCE CUTTERS MCKINLEY-HEAD 1 1  

R O B B I N S  TUNNEL B O R I N G  MACHINE ( ADVANCE CUTTERS SPFETY L I N I N G  HARD-ROCK MOLE 11 
HARD ROCK TUNNEL BORING MOVES AHEAD ( ADVANCE CUTTERS T RUST TORQUE MUCK SUPPORT L I N I N G  

AM G U I D E S  TUNNELERS L A Y I N G  OUT D R I L L - H O L E  PATTERNS ( ADVANCE D R I L L I N G  L A S T I N G  ALIGNMENT SAFETY 1 1  LASER B 
T U N N E L I N G  MACHINE HOLES THROUGH FOUR MONTHS EARLY ( ADVANCE E X C A V A T I O N  L I N I N G  MAINTENANCE 1 1  

HARD ROCK T U N N E L I N G  MACHINE ( ADVANCE F O R M A T I O N  L I N I N G  CUTTERS HEAD 

S E V E N T Y - F I V E  TON TUNNEL BORER ( ADVANCE GUIDANCE M I N I N G  CUTTERS RECORD 
ECORD TUNNEL E X C A V A T I O N  W I T H  BORING MACHINES I COST ADVANCE GEOLOGY S I Z E  I /  R 

MOLE BORES AT 16 F T  PER HOUR ( ADVANCE G U I D A N C E  MUCK POWER RECORDS 
MOLE BORES 277FPD OF 1 0  FT. D I A .  TUNNEL ( ADVANCE GUIDANCE MUCKING CUTTERS COST ROCK 1 1  

A I R  HAMMER CUTS COST I N  ARKOMA B A S I N  ( ADVANCE HARD-ROCK ) /  
P I L L I N G  ) /  R E T R I E V A B L E  P I S T O N  ADVANCE JET B I T S  ( WATER-JET A B R A S I V E  H Y D R A U L I C  J E T  D 

CONTRACTOR L I C K S  TOUGH TUNNEL J O B  ( ADVANCE JUMBO E X P L O S I V E  COST BAD-GROUND 1 1  
AUGER TEAMS M I T H  S H I E L D  TO CUT M I X E D  TUNNEL FACE ADVAYCE L I N I N G  MUCK MOLE I /  

RTTCAL MOLE SCORES BULLSEYE I N  DEEP SHAFT ( G U I D A N C E  ADVANCE L O S T  L E T T E R S  POWER THRUST 11 VE 
/ BDQE DUG I N  WET S O I L  FOLLOWS T R I C K Y  P A T H  ( ADVANCE MUCKING PRESSURE S T A B I L I Z A T I O N  L I N I N G  MOLE-  

T U 0  WAYS F I G H T  FOR T U N N E L  FOOTAGE ( COST C A P I T A L  ADVANCE OVERBREAK GUIDANCE SAFETY 
T A I L - P L A T E S  BEND WHEN S H I E L D  CHANGES COURSE ( ADVANCE POWER COST MOLE 

MOLES TO A U D I T I O N  FOR SF SUBWAY ( ADVANCE PRESSURE MUCK L I N I N G  ) /  
MOLE MAKES MONKEY OF M O U N T A I N  ( ADVANCE ROCK MUCKING CUTTERS POWER COST RECORD I /  

MOLE ANCHORS I N  P I L O T  
D I S P O S A L  ) /  NEW DEVELOPMENTS I N  T U N N E L I N G  MACHINES ( ADVANCE SAFETY CUTTERS BAD-GROUND MUCK L I N E R S  TRANSPO 

SWEDES MAKE RO Clc TUNNFL H I S T O R Y  ( GEOLOGY D R I L L - B I T  JUMBO B L A S T I N G  ADVANCE S I Z E  MUCKING I /  

HOLF & P U L L S  I T S E L F  AHFAC ( A L K I R K  CUTTERS G U I D A N C E  ADVANCE ROCK-BOLT MUCK ) /  

CLAY HOLE GOES 1 , 0 2 5  F T  I N  WEEK ( ADVANCE S O I L  L I N I N G  RECORD I /  
LASER L I G H T S  THF WAY FOR HUGE TUNNEL DIGGER ( ADVANCE THRUST LASER GUIDANCE MOLE ) /  

MOLE CONTINUOUS-BORER ROTARY-CUTTING-HEAD CONVEYORS ADVANCE-RATE ) /  TUNNEL B O R I N G  THROUGH HARDER ROCK I 
A I N  YOHR-CIRCLE R U C K L I N G  FRACTURES E L A S T I C I T Y  ) /  N F S  ADVANCED S C I E N C E  S E M I N A R  I N  ROCK MECHANICS FOR COLLEG 
D U C T I L I T Y  HDMOGENEOUS-STRAIN ROCK-DEFORMATION / N F S  ADVANCED S C I E N C E  S E M I N A R  I N  ROCK MECHANICS VOLUME 2 ( 
NG T I L T - R I G  POLYMER-MUD I /  D R I L L I N G  ADVANCES A I M E D  AT LOWER WELL COSTS ( DEEP-WELL S T I C K 1  
RE-GRADIENT S P A L L I N G  F U S I O N  A B R A S I V E  1 / RECENT ADVANCES I N  FLAME JET WORKING OF M I N E R A L S  I TEMPFRATU 
H A N D L I N G  ) /  RORING RFSEARCH - FEDERAL PROGRAMS SPARK ADVANCES I N  I U N N E L I N G  ( C H E M I C A L - S O F T E N I N G  R O B B I N S  WH 

MPLES SHAFTS ROPRINS I /  CONSTRUCTION ADVANCES R A P I D L Y  ON MELBOURNE TRUNK SEWER ( A U S T R A L I A  
OARTFflRD TUNNEL ONLY P O S S I B L E  THROUGH ADVANCES MADE I N  S O f L  S T A B I L I Z A T I O N  ( G R O U T I N G  1/  
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R B E L T  W I T H  NI)TES ON CEFP S L I M  HOLE D R I L L I N G  I N  SOUTH A F R I C A  ( R O C K - D R I L L I N G  ) /  DIAMOND O R I L L I N G  ON Z b M B I P N  
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Y EXPLf 'SION-PUMPING 1 1  HYDRO-BLAST M I N I N G  SHOOTS AYEAD ( PRESSURE EROSION-JETS A B R A S I V F S  VOLUME ECINGM 
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JET P I E R C I N G  W I T H  COMPRESSED A I R  ( J E T  D R I L L I Y G  I /  
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YOUR P S I  FCR RETTER ROCK D R I L L  FOOTAGES ( JACKHAMMFR AIR-PRESSURE COMPRESSOR L I M E S T O N E  ) /  CHECK 
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OUT D Q I L L - H O L F  PATTERNS ( ADVANCE D R I L L I N G  R L A S T I N G  PLIGNMENT SAFETY 1 /  L A S F R  BFAM G U I D F S  TUNNELERS L 4 Y I N  

7 5- 6 4- 0 7 0  0 1 
75-55-02001 
75-55-1 1001  
7 5- 6 2- 0 600 1 
85-67-07002 
75- 6 9- 03 0 0 1 
75-66-12003 
74- 67-0 800 1 
75- 6 7- 1 000 3, 
75-67-10002 
7 5-66- 10002 
2 5- 64- 02001 
28-68-06001 
15-7 0-0100 1 
7 5- 7 0- 0 100  1 
75-69-02001 
75- 64- 07 0 0 2 
75-66- 1 0 0 0 1  
75-67-01003 
75- 63- 1 0 0 0  1 
75-68-12002 
75-70-04001 
74- 6 6- 040 0 1 
05-55-09001 
75-6 9-0 100 1 
75- 66- 0400 1 
75- 6 0-0 3 00 1 
2 2- 6 8- 0 1  00 1 
22-68-0100 2 
25-68-01002 
1 2- 6 5- 0 6 0 04  
75-69-0900 2 
35-64- 12002 
04-6 9-0 3 00  2 
45-65-01 002 
05-70-03002 
75-67-0900 2 
2 5- 64-0 900 1 
05-67-06003 
45-65-01002 
02- 70 -  0 0 0 0 9  
24-67-00002 
04- 7 0- 0 1 00 1 
05-70- 0 101  1 
3 4- 6 8-0 1 00 1 
84-68- 0 100 1 
75- 6 8- 10 00 2 
75- 64-0 7 00 1 
34-68-0 5001 
34-69-11001 
75-62-06001 
75-70-04001 
24-69-0300 1 
2 4- 6 9- 03 0 0 2 
02- 6 8- 1 0 0 0 9  
74- 4 8- 10 00 1 
75-65-10001 
05-65-12001 
25- 63-1 2001  
24- 6 5- 0 2 00 3 
51-61-00001 
44- 6 5-04001 
24- 6 5- 1 200 2 
5 L-6 6-03002 
2 5- 64-02001 
54- 6 5- 0600  1 
24-65-11002 
76- 6 8- 0 500 1 
24-65-0 200 1 
2 4- 64- 1 2 00 2 
05- 68- 0 1006 
04- 6 5- 0 1 0 0 1 
2 5- 64-09002 
25-63-11001 
44-65-04001 
44- 6 5- 03 002 
24-66-07007 
14-6 8-02 0 0  1 
2 5- 6 7- 0 500 1 
04-68-12001 
0 5- 6 9- 07 007 
05-68- 1 0 0 0 1  
65-67-11001 
04- 68-0 2003 
0 5-6 9- 0 80 0 3 
55-68-08001 
7 2- 69- 10 0 0 1 
76-7 0-0300 2 
0 1- 5 9- 0 000 1 
74- 6 8- 0 4  00 1 
75-67- 0700 2 
85-67-07002 
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ES SHOCK-FRONT E N F R G Y - D I S T R I B U T I O N  E X P L O S I O N  L O A D I N G  ALUMINIZED-SLURRY I /  B E H A V I O R  OF ROCK D U R I N G  B L A S T I N G  

O S I V E S  JUMBO I /  T U N N E L I N G  I N  THE U N I T E D  STATES OF AMERICA ( HARD-ROCK V E N T I L A T I O N  MUCKING D R I L L I N G  E X P L  
UNDfRGROUND B L A S T I N G  I N  SMALL HOLES W I T H  AMMONIUM N I T R A T E  ( CHARGING COST E X P L O S I V E S  FUMES I /  

S T A T I C - E L E C T Q I C I T Y  I /  DFVELOPMENT AND A P P L I C A T I O N  OF AMMONIUM N I T R A T E  - F U F L  O I L  B L A S T I N G  AGENTS TO UNDERG 
L O S I V F S  I N I T I A T I O N  I /  CEVELOPMENT AND A P P L I C A T I O N  OF AMMONIUY N I T R A T E  - F U E L  O I L  B L A S T I N G  AGENTS T O  UNDERG 
N E L I N G  F X P L O S I  VES I / AMMONIUM N I T R A T E  F U E L  O I L  B L A S T I N G  AGENTS ( AN-FO TUN 
5-EARTH F U E L - O I L  GELEX P R I L L S  WATER ) /  DETONATION OF AMMONIUM N I T R A T E  I N  S M A L L  D R I L L  HOLES ( AMMONIUM-NITR 
E T O N A T I O N  OF APMONIUM N I T R A T E  I N  SMALL D R I L L  HOLES ( AMMONIUM-NITRATE DIATOMACEOUS-EARTH F U E L - O I L  GELEX PR 
-WAVE SHFAR-WAVE WELL-LOGGING MAGNETOSTRICTION P U L S E  AMPLITUDE TUBE-WAVE STONELY-WAVE I / I N - S I T U  MEASUREYE 

SAFETY A P E E N T I N A  I /  SMALL D I A M E T E R  AN-FO B L A S T I N G  METHODS CUT UNDERGROUND M I N I N G  COSTS ( 

SNOWY TUNNEL RUBBLE TROUBLE ALMOST CLEARED. ( A U S T R A L I A  I /  

ANDES TUNNEL T O  T A P  AMAZON ( COSTS I R R I G A T I O N  I /  

AMSTERDAM SUBWAY L I N E /  

E - FUEL O I L  S L A S T I Y G  4GFNTS TO UNDERGROUND M I N I N G  ( AN-FD M I X E D - E X P L O S I V E S  I N I T I A T I O N  I /  DEVELOPMENT AND 
HARDROCK TUNNEL SAVES 50% ON E X P L O S I V E S  ( AN-FO SAN-FRANCISCO WATER-SUPPLY I /  

AMMONIUM N I T R A T E  F U E L  O I L  B L A S T I N G  AGENTS ( AY-FO T U N N E L I N G  E X P L O S I V E S  I /  
A LOOK AT AN-FO’S I N V I S I B L E  FUMES ( SAFETY ENVIRONMENTAL I /  

WILL SLURRY B L A S T I N G  AGFNTS QEPLACE AN/FO?/  
S S I O N  C!F D E S I G Y  OF UNDFRGROUND EXCAVATIONS I N  ROCK ( ANALOG ELASTIC-THEORY ROCK-BOLTS ROCK-STRENGTH F I E L D -  
N I C S  I /  CURVE9 BEAM ANALOG FOR TUNNFL D E S I G N  I N  M A S S I V E  ROCK ( P.OCK-MECHA 
I G N  ) I  CURVED BEAM ANALOG FOR TUNNEL D E S I G N  I N  M P S S I V E  ROCK ( TUNNEL DES 
RELEASE RATE, PAMAGE, AN@ S E I S M I C I T Y  I N  DEEP M I N E S  ( ANALOGUE-ANALYSIS SEISMIC-RECOQDINGS ROCK-BURST I /  T H  

T H E  D E S I G N  OF UNDERGROUYD E X C A V A T I O N S  ( ANALOGUES ENERGY EXCAVATIONS S T R E S S - A N A L Y S I S  ) /  
T H E O P E T I C A L  AN0 EXPFRIMENTAL STRESS A N A L Y S I S  ( ROCK-MECHANICS ROCK-FAILURE I /  

I V E N T A L  STUClY OF @ R A G - B I T  Q R I L L I Y G  U S I Y G  D I M E N S I O N A L  A N A L Y S I S  ( ROTARY-SPEED B I T - W E I G H T  D I S T A N C E - D R I L L E D  B 

C I G Y T F I C A Y C F  Y F E D S  O P P O R T U N I T I E S  A T E C H N I C A L  REPORT A V A L Y S I S  ( T U N N F L I N G  RESEARCH-PPOGRAMS MOLFS BLAST-SH 

P-FORYATION I /  P L 4 S T I C  L I M I T  A N A L Y S I S  A P P L I E D  TO S I M P L I F I E D  D R I L L I h l G  PROBLEY ( C H I  
CK UNDEQ T P I A X I  AL C’3MPRESSION ( UNDFQGROUND STRESSES A N A L Y S I S  EXPERIMENTAL-RESULTS THEORY I / T R A N S I T I O N  FR 
TYnOS THEOQY I /  I Y D E X I N G  A N A L Y S I S  FOR P L A S T I C  ROCK ( ROCK-MECHANICS GEOLOGY ME 
3LLFR-CONF-SITT P F R C U S S I V E - D R I L L I N G  P E N E T R A T I O N - T I M E  A N A L Y S I S  FREQUENCY I /  Q 4 T E  OF L O A D I N G  E F F E C T S  I N  C H I S  
RFS STQESS-FOQMULAS TENSORS TEST-HOLE-DRIENTATION I /  A N A L Y S I S  OF ACCIJSACY I N  T H F  D E T E R M I N A T I O N  O F  THE GROU 
Y BOQEHOLE ‘ C C E N T R I C I T Y  I ROCK-STRESS I /  S E N S I T I V I T Y  A Y A L Y S I S  OF FOREHOLE OFFORMATION MFASUREMENTS C F  I N  S 

S S?UTH-AFRICA P Q n F I L E - C U T T I N G  I / A N A L Y S I S  O F  HARD-ROCK C U T T A B I L I T Y  FOR MACHINES ( YOLE 
WORK ( CANA3A ) /  A N A L Y S I S  OF P E D E S T R I A N  C I R C U L A T I O N  THPOUGH TUPh’EL NET 
CCNGLCP‘QATF-QnCKS DOCY-MECHANICS I /  MEASUREMENT AND A N A L Y S I S  ’IF ROCK P H Y S I C A L  P R O P E R T I E S  ON T H E  D E Z  P R O J E  
4 0 I N G  I /  A N A L Y S I S  OF TUNNEL L I N F R - P A C K I N G  SYSTFMS I ’7YNAMIC-LO 
P4CT ( DQ I L L  I Y G  CHISEL-EDGE P E N E T R A T I O Y  STQAIY-GAGES A N A L Y S I S  WAVE-ACTIOY I / H Y P O T H E S I S  FOR THE MECFANISM 

( Y I V F L  I l Q I L L I N G  L 4 S F R  I /  T H I N  D I S K  TECHYIQUF FOR A N A L Y Z I N G  RCCK FRACTURFS INDUCFD BY LASER I R R A D I A T I O N  

NFW S O L I D S  PUMPING TECHNIQUES AND A N A L Y S I S  ( SLUQRY-PUMPING HYDRAULIC-TRANSPORT I /  

R I B  CClNTQoL flF BFnDED ROOF STRESSES ( BEAM-TYEOQY A N A L Y S I S  ABUTMENT-LOADS E L A S T I C - F O U N D A T I O N  I /  

A N A L Y S I S  OF C U T T I Y G  A C T I O N  ’JF S I N G L E  D I A M @ N D /  

FRACTUP I N G  AROUND A RCICK B F L T  ANCHOR ( P H O T C E L A S T I C - P L A S T I C  RCICK-ELOCKS I /  
WIYIYS MACHINF C W L D  9OQE ROCK ( P I L O T  CUTTER THRUST ANCHrlR I /  
4 C T I C E  OF Q f l C K  B O L T I N G  ( SUPPOQT BOLT-SPACIYG TORQUE ANCYOQAGE I /  THEORY AYT, PR 
F L O A D  LOSS I N  ROOF RnL l ’S  ( SLFED-CFF GQ0UND-CONTROL AYCHOQAGE L C A D - T I Y E - C H A R A C T E R I S T I C S  3 Y h A M I C - T E S T  S T A T  

I I T T E Q S  GUIDANCF ADVAh’CE ROCK-BOLT MUCK I /  YOLF ANCHORS I N  P I L O T  HCLF E PULLS I T S E L F  AHEAD ( A L K I Q K  C 
QOC-LDC “ A ”  ANCHORAGE R E S I N  ( ROCK-BOLTS RESIN-GROUT l /  

ANDFS TUNNEL TO TAP AMAZON ( CCISTS I P P I G A T I f l Y  I /  
ANDOPRA EXPECT5 TUNNEL B F N F F I T S  ( T O U F I S M  WFATHFQ I /  

C 100 DFGRFFS K TO 1150 DEGRFFS K ( M A G N E T O S T R I C T I O N  A Y E L A S T I C - P R O P E R T I E S  V I B R A T I O N S  PULSE PESONANCE I N T E Q  
RFACTICIN O F  ANFO F X P L O S I V E S  W I T H  M I N F R A L  SUCOHIDES ( S A F E T Y  I /  

D Y G  CAYYON POWFR TlJNhlFL I N  THE U.S.4. ( WATER-TUYNEL ANFO F A S T - T U N Y E L I N G  I /  THE D R I V I N G  C F  1 0  M I L E  L 
UQnEY P’JWOER--FACTOR I /  CUQQENT STATE O F  KN‘lWLEDGE ON AYGLF D R I L L I N G  I’u SURFACE OPFRATIONS ( BENCH-+EIGHT R 
n S I V E S  I / TYF ST4TUS OF ROCK MECHANICS I N  B L A S T I N G  ( A N G L E - D R I L L I N G  CONTROL-BLASTING C R A T E P I N G  D R I L L - H O L E S  
N I C S  OF S U B S I D E N C E  I RflCK-YECHANICS S E I S M I C - A Y A L Y S I S  ANGLE-OF-BREAK I /  RnCK P P O P E R T I E S  4ND T H F  MFCPA 
URFACE H O R I Z O N T A L  STPESSFS I N C L U C I N G  F F F E C T S  ’3F QOCK ANISOTROPY ( QOCK-MECHANICS CnMPUTFR-TECHNTQUFS I /  hE 
S OF IN S I T U  STRESS n F T F F M I Y A T I O N /  I N F L U E Y C F  n F  ROCK ANISOTROPY AN@ TIYF-DEPENDVNT DEFf lPYATION ON T H F  S T R E  

LAW2EVCE LASEQ-GUIOAYCE 1 /  RFYARKS RY 3 F F I C E Q S  A T  ANNUAL M E E T I N G  ( MCLES DETRC‘IT CHICAGO BOSTON A R I Z O N A  
J E T  P I E R C I Y G  D R I L L S  W I T H  ANNUL4R C O O L I N G  SYSTEF”S/ 

H Y D R A U L I C  M I M I N G  OF A N T H R A C I T E /  
H Y D R A U L I C  Y I N I Y G  OF A N T H P A C I T E /  

PL4NJuIr’JG 4 HYORAULIC MIblE N I T H  SEPARATE H O I S T I N G  OF ANTHQACITF AND H Y D P A U L I C  TRAhSPORT TO THF E L F C T R I C  PO 
JFTS S A F F T Y  I /  H Y D P A U L I C  M I N I N G  OF ANTHRACITE:  E N G I N F E Q I N G  DFVELOPYENT S T U D I F S  ( VIATER- 

SUBMERGEC TUNNEL IY ANTWERP ( B E L G I U M  HIGHWAY I /  
T H E  SCHELDT TUYNEL AT ANTWERP ( HIGHWAY-RAILWAY-TUYYEL IMMEPSF@-TURE I /  

T Y E E T I N G  - W. VA. COAL M I N I N G  I N S T I T U T F  AMD C E Y T P A L  4 P P A L A C H I A N  S E C T I O N  A I Y E  ( MAINTENANCE COMPUTERS MATE 
C H A N I C S  CC!MPACTION CREEP-TEST I /  A T R I A X I A L  PRFSSURE APPARATUS FOR T E S T I N G  O F  C O N S r L I D A T E D  OR UNCOYSOLIDAT 
AnIO-SENSORS LASER I /  DFVECOPMFNTS I N  REVOTE S E N S I N G  A P P L I C A B L E  T O  AIRPOQNE EYGINEFR I N G  SUPVEYS OF S O I L S  A 
E N F T R A T I C N  F L U  In C I R C U L A T I O N  CUTTINGS-REMOVAL I /  NFW APPRAOCH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  14 .  HOW RD 
NG Y O L K  I /  I N C E N T I V E  APPQOACHES TO TUNNEL CONTRACTS I A - L I N F  B - L I Y E  B L A S T 1  
GN 1 /  TFHACHAP I MflUNT4IFJS CROSSING OF THE C A L I F O R N I A  AQUEDUCT ( H I S T O R Y  GEOLOGIC-CONDITIONS CONSTRUCTION D 

4NP A C q A L L F N G E  ( WATER-CONTROL PUMPING POWER-PLANTS AQUFDUCTS I /  
TCVACHAP I MQUYTAINS CROSSING OF T H E  C A L I F O R N I A  AQUEDUCT ( SHOT-CRETE S H I E L D  F A U L T S  I /  

A R E V I E k  
COLOQACO V F T R O P O L I T A N  WATER SUPPLY TUNNELS ( AQUEDUCTS YOUNTAINS I /  

O F  TIJYMELS I N  U T I L I Z I V G  R E G I O N A L  WATER RESOURCES ( AQUFDUCTS WATEQ-TUNNELS E X C A V A T I O N  MOLES I / U S  
ICATIC!hl O F  ISOTOPES I N  I N V E S T I G A T I O N S  OF THE FLCIW OF 4QUE’IUS M I X T U F F S  ( SLURRY-PUPPING M A T E Y I A L S - H A N D L I N G  

FPUNDPTION T E S T I N G  TECHYIQUES FOR ARCH DAMS AND UNDERGROUND POYERPLkNTS/  
Y A T I D V  STPESS E L 4 S T I C  P L A S T I C  REEOUND I /  THE NATURAL AQCHy T H F  FRACTURE PATTERN AND THC SEQUENCE OF F A I L U R  
OCK-STRESSES E L A S T I C - A N A L Y S I S  LOAD DFFCIQMATION-CRFEP ARCH-ACTION GRAVITY-EFFECT I /  ROCK MECH4NIC C C N S I D F P 4  

L L I Y I N q S  ( S T I F F Y E S S  M O r E L S  D I S P L A C F Y E Y T  E L 4 S T I C I T Y  ARCHING I /  P R I N C I P L E S  OF SOIL-STRUCTUPE I N T F R A C T I n N  A 

SOLUTION F E R  T H F  CGMBINED SEWER PPPBLEMS OF AN U R @ A Y  AREA ( D I S P O S A L  COST SEWERS I /  THE CHICAGO TI INNFL PQ7 

CC‘MSlJSTION <LOPE I /  H Y O R A U L I C  COAL Y I N I Y G  AYD W4STE AREA P A C K I N G  A T  KRASNOGARSKPYA ( P Q O D U C T I @ N  P A C K I N G  S 
) / D F F ?  F X C A V 4 T I O N  T E C H N I R U F S  FOR SHFLTERS I N  UQBAW ARFAS T U N Y E L S  TFCHNIQUES FQUIPMENT P L A Y N I Y G  COST-FA 

ARE TODAY’S TUNNEL D F S I G N S  ARCHAIC ( SUPPORTS f /  

A R C H I T F C T S  PROTEST TUWNEL PLANS ( CUT-AND-FILL  I /  

TI-IF CHICAGO AQEA DFEP TUNNEL PROJECT ( COST SEWAGF-TUNNELS I /  

35-67-04001 
75-7 0-04001 
75- 7 0- 0 1007  
72- 7 O-OOOO 6 
7 5- 64- 0300  1 
24-67-0600 3 
05-70-02003 
44- 67- 0 6 0 0 4  
12-65-06009 
65-65-03002 
0 2- 5 9- 0 7 0 0  2 
12-62-05016 
12- 62- 0 501 7 
22-6 2-0 500 2 
2 4- 64- 03  00 2 
12- 6 2-0 501 9 
12-62-05019 
12- 64- 1 0 0 02 
05-70-06002 
24-63-1 2003 
22- 62-05 002 
05- 6 3- 0 500 1 
2 4- 6 4- 0 3 00 2 
5 4- 6 3- 0 400 1 
24-65-11003 
1 2- 6 6- 090  1 2 
14-66-11001 
12-6 6- 1 100  1 
12-66- 09008  
1 2- 66- 090  07 
1 2- 5 7- 0400 2 
1 2- 6 5- 0 1 003  
42-68-03010 
04- 69-000 0 1 
1 2- 6 1- 0 30 1 3 
7 2-66- 10002  
1 2 -  61-03003 
22-6 5-0600 5 
12-61-03016 
1 2- 6 7- 0 400 3 
12- 67-04004 
2 4- 6 8- 0 900  1 
12- 7C-00004 
0 4-67- 0 40 0 1 
1 4- 6 6- 00 0 0 4 
34-68-10002 
12-51-0 30 1 5 
23- 6 R-05 002  
12- 67- 0401  1 
75-6 2- 1 100 1 
3 2- 6 1-0 200 1 
32-64-10007 
3 6- 6 8- 1 0 00 1 
75- 7 0- OL.00 1 
65-6 5-0 300 2 
0 5- 4 7- 1 2 00 1 
12- 44- 10 00  1 
72-68-1 2001 

12-62-0 501 4 
12-67-04017 
12-57-04003 
13-69-07002 
14-6 6-000 1 0  
75-70-04002 
24-64-05001 
22- b2-00002 
73-ha-05003 
14-  6L- OQOO 7 
23- 6 5- 0000  2 
04-6e- 1000 6 
0 5- 6 7- 0 40 0 1 
05-4“-12001 
14- 66-00003 
14- 6 8- 0 2 00 1 
24-6 5-0 200  4 
02-70-00003 
07- 6 9- 0 5007  
02-7 O-OOOO ? 
02-68-10013 
0 2- 6 P- 100 0 4 
02-6s-10003 
44- 6 5- 0 1 OC1 
1 4-6 6-000 1 3 
12-61-03012 
12- 64- 1 O @  @4 
3 5-65- 1200 1 
37- 69- 1 000  1 
0 5- 66- 1 200 3 
02-6A-!6005 
04- 69-0400 1 
24-65-07003 
03-5?-07001 

n4-64-03001 
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REMOTE-CONTROL COMPUTERS I /  M I N I N G  HOLDS P R O M I S I N G  AREAS FOR R. AND D. ( FRAGMENTATION A I R - C O N D I T I O N I N G  

A S T I N G  METHODS CUT UNDERGROUND M I N I N G  COSTS ( S A F E T Y  ARGENTINA 1 /  SMALL D I A M E T E R  AN-FO B L  
T U N N E L I N G  ON H-E POWER P L A N T  E L  N I H U I L  NO. 3 I N  ARGENTINA ( D R I L L - B L A S T  I /  

ARGENTINA EXPANDS HYDRO PROJECT/  
MOLE CASTS L I N I N G  CCINTINUOUSLY ( TUNNELING-MACHINE ARGENTINA PUMPED-MUCK S L I P  FORM MEMCO 

ERS AT ANNUAL M E E T I N G  ( MOLES D E T R O I T  CHICAGO BOSTON A R I Z O N A  LAWRENCE LASER-GUIDANCE 1 /  REMARKS B y  O F F I C  
P I P E L I N E  MOVES COAL OVER A R I Z O N A ' S  TOUGH T E R R A I N  ( SLURRY-PUMPING 

A I R  HAMMER CUTS COST I N  ARKOMA B A S I N  ( ADVANCE HARD-ROCK ) /  
OLIT ION-HAMMER LASER BREAST-BOARDS / H Y D R A U L I C  ARM D I G S  TUNNEL, MOVES MUCK T O  B E L T  ( COST S H I E L D  DEM 

W E I G H I N G  ARRANGEMENTS-A SYSTEMS R E V I E W /  
T U N N E L I N G  T H E  S T A T E  OF T H E  ART ( COSTS MOLES S H I E L D S  ROCK-TUNNELS 

L I N E S  ( D E S I G N  I /  THE CURRENT STATE OF T H E  ART OF THE H Y D R A U L I C  T R A N S P O R T A T I O N  OF S O L I D S  I N  P I P E  

'3LE I /  H O R I Z O N T A L  BORING TECHNOLOGY - A STATE O F  T H E  ART STUDY ( D R I L L S  S O I L - M E C H A N I C S  COSTS UNDERGROUND s 
C K - O R I E N T A T I O N  I /  A NOTE CONCERNING THE MECHANISM OF A R T I F I C I A L  AND NATURAL H Y D R A U L I C  FRACTURE SYSTEMS ( H 

F T  I /  15 A S P H Y X I A T E D  I N  HYDRO TUNNEL ( PERU GAS-TEST DUST-POCK 

BOREHOLE ( D R I L L I N G  I /  A S S E S S I N G  D E F O R M A B I L I T Y  OF RDCK A T  BOTTOM O F  V E R T I C A L  

TUMINOUS COAL/ H Y D R A U L I C  COAL M I N I N G  RESEARCH - ASSESSMENT OF PARAMETERS A F F E C T I N G  C U T T I N G  R A T E  OF 6 1  
S JUHBt lS  ) /  R A P I D  P E N E T R A T I O N  I S  M A I N  FEATURE OF NEW ATLAS COPCO D R I L L  ( ROCK-DRILL HARD-ROCK FRONTHEAD BA 
/ W I T H  I T S  R A D I C A L  D R I L L  FEED SYSTEM, A T L A S  COPCO PROMISES SPEED AND ECONOMY ( ROCK-CRILL 
T I O N S  D U R I N G  FLECTRO-ROTARY D R I L L I N G  I N  HARD ROCKS ( ATMOSPHERE-CONTPOL NOISE-CONTROL DUST-CONTROL I /  S A N I  
GY I /  DYNAMIC ROCK P E N E T R A T I O N  TESTS AT ATMOSPHERIC PRFSSURF ( CRATER I M P A C T  P E N E T R A T I O N  FNER 

T H E  ART O F  T U N N E L L I N G  ( THEORY D E S I G N  CONSTRUCTION 

/ R I V E R  P U T  A S I D E  TO B U I L D  SUBWAY S T A T I O N S  ( CANADA L I N E R S  MOLE 

T U N N E L I N G  EXPERTS MEET TO ASSESS TECHNOLOGY ( OECD URBAN-NEEDS 

BLACK LUNG PAYMENTS G A I N  ON H I L L  ( ASSESSMENT COMPENSATION H E A L T H  SAFETY I /  

HBUSF LABOR U N I T  DRAFTS M I N E  SAFETY B I L L  ( ATMOSPHERIC-CONTROL COALDUST ) /  
"B IG-HOLF"  D R I L L I N G  TECHNIQUES O F  T H E  ATOMIC ENERGY C O M M I S S I O N /  

ROCK D R I L L  ATTACHMENT FOR H Y D R A U L I C  FXCAVATORS ( D R I L L I N G  I /  
V I S C O E L A S T I C - Y O D E L S  ) /  D I S C U S S I O N  OF ROCK B L A S T I N G  ( A T T E N U A T I O N  C O M P R E S S I B I L I T Y  P R E S P L I T T I N G  SHOCK-DAMAGE 
'INS P U L S E  RES@NANCE I N T E R N A L - F R I C T I O N  RETARDATION I /  A T T E N U A T I O N  MEASUREMENTS ON ROCKS I N  T H E  FREQUENCY RA 

Q0CK-MECHANICS ROCK-FAILURE RESEARCH-STUDIkS ) /  T H E  A T T E N U A T I O N  OF SHOCK WAVES I N  S O L I D  M A T E R I A L S  W I T H  S F  
TOR I /  ON A S O L I D  F R I C T I O N  A T T E N U A T I O N  SCHEME FOR DRY B R I T T L E  ROCK ( Q U A L I T Y - F A C  
I E S  AND FOR O U T L I N I N G  OF FRACTURE ZONES ( A B S O R P T I O N  A T T E N U A T I O N  S O N I C - V E L O C I T Y  T R A N S I T - T I M E  D I S C O N T I N U I T I  

I /  MOLES TO A U D I T I O N  FOR SF SUBWAY ( ADVANCE PRESSURE MUCK L I N I N G  
VANCE L I N I N G  MUCK MOLE ) /  AUGER TEAMS W I T H  S H I E L D  T O  CUT M I X E D  TUNNEL F A C E  ( b D  
YG TECHNOLOGY - A STATE-OF-THE-ART STUDY ( TRENCHING AUGERING EAQTH-REAMER J A C K I N G  MECHANICAL-MOLE V I B R  A T 1  
Q ! L L I Y G  BFNCH-OPERATIOY PRODUCTION I /  HIGHWALL AUGERING W I T H  A TWIN-AUGEP I C O A L - Y I N I N G  THIN-SEAMS D 
H Y P E Q V F L O C I T Y  SHAPFD-CHARGE I /  A STUDY O F  F X T E R N A L L Y  AUGMENTATION OF T H E  V E L O C I T Y  OF F L U I D  J E T S  ( T U N N E L I N  
L I D I N G  R E I N F O R C E D  CONCRETE R I N G  L I N I N G  OF THE: FROZEN AUGUST€ V I C T O R I A  3 SHAFT ( S H A F T - S I N K I N G  QUICK-SAND F 

FASTER M I N I N G  METHODS FOR A U S T R A L I A  ( TUNNEL D R I L L I N G  B L A S T I N G  C A G E - R I S I N G  I /  
ROCKFALLS I N  SNOWY MOUNTAIN TUNNEL ( A U S T R A L I A  I /  

SNOWY TUNNEL R l I R B L E  TROUBLE ALMnST CLEARED. ( A U S T R A L I A  I /  
T R U C T I C Y  ADVANCES P A P I D L Y  ON MELBOIJRNE TRUNK SEWER ( A U S T R 4 L I A  MOLES SHAFTS R O B R I N S  ) /  CONS 

THTJYPS'lN R I V F P  MOLF PORE I S  LCINGEST I N  HARD ROCK ( A U S T R A L I A  WATER-DIVERSION I /  
A U S T R A L I A N  TRFNDS I N  TUNNEL FORMWORK ( SUPPORTS I /  

TF TUYYELS RCICF-aflLTS D Y N A M I T E  D R I L L I N G - E Q U I P M E N T  ) /  A U S T R A L I A N S  USE BURY CUT FOR RFCOPD ( JUMBOS R I O T I T E -  
V I E N N A  TO D I G  2 4 - M I L E  SUBWAY ( A U S T R I A  I /  

'4ETHOD ) /  TUNNFL COYSTRUCTION AND MAINTENANCE C)N T H E  A U S T R I A N  F E D E R A L  R A I L W A Y  SYSTEM P A R T  I ( SHOTCRETF AU 
TUNNEL CONSTRUCTION ON THE A U S T R I A N  FEDEPAL R A I L W A Y  SYSTEM PART 2 ( SHOTCRETE I /  

ClNCFETF ROCK ROLTS SHOTCRETE I /  THE N E d  A U S T R I A N  T U N N F L I N G  METHOD PART I I  ( L I N I N G S  SPRAYED-C 
CqNCRETE ROCK-B'3LTS SHOT-CRETE I /  T H E  NEW A U S T R I A N  T U N N E L I N G  METHOD PART I 1 1  ( L I N I N G S  SPRAYEC- 
r lVCRETE ROCK-BOLTS THOT-CRETE ) /  THE NEW A U S T R I A N  T U N N E L I N G  METHOD9 PART I ( L I N I N G S  SPRAYFD-C 
F A U S T R I A N  FEDERAL R A I L W A Y  SYSTEM PART I ( SHCITCRETE AUSTRIAN-METHOD I / TUNNFL CONSTRUCTION AND M A I N T F N A N C  

OFCFNT T U Y N F L I N G  F X P F R I E N C E  I N  EUROPE ( SHOTCRETE AUSTRIAN-METHOD I T A L Y  I /  
AUTO TUNNEL S K I M S  TOPS OFF SUBWAYS ( P A R I S /  

CCNVEYOR-TRAIN C A R L F - R I D I N G - B F L T  I /  AUTOMATED TRANSPORTATION SYSTEMS ( SFCCAM DASHAVEYOR 
FNT F O R  A TUYNFL COYSTPUCTION PROJECT ( BUNKER CHUTE AUTOMATIC-DUMPING I /  SHAFT H O I S T I N G  EQUIPM 

S T A T F  OF UNDERGQ W N D  4UTOMATION I N  T H F  GERMAN COAL M I N I N G  INDUSTRY ( AUTOMATIC-MINFS CONVEYORS I / 
THnDS ( COST PERCUSSORS BIT-ROTARY-SPEED ROCK-ATTACK AUTOYATIC-RIGS I /  EFFORTS TO DEVELOP I M P R O V F D  O I L W F L L  

QFMOTELY-COYTROLLED C O A L  M I N E  ( M A T E R I A L S - H A N D L I N G  AUTOMATION 1 / 
JUMBO D E S I G N  TRFNDS - PAST AND PRESENT ( AUTOMATIOY I /  

L A S E R S  USED TO L A Y  SEWER P I P E  ( AUTOMATION 1 /  
S T H I E L Q S  HtRD-ROCK J A P A N  BUENOS A I q F S  SAN F R A N C I S C O  AUTOMATION ) /  MEYCO: YII)UNG TURKS T H A T  T A C K L E  TUNNELS 

PREPARING TO USF NEW TRANSPORT CONCEPT ( DASHAVEYOR AUTOMATION COSTS I /  W H I T €  P I N E  
TOR-TRAILER T R A I N S  ( M A T E R I A L S - H A N D L I N G  R A I L  SYSTEMS AUTOMATION ELECTRONIC-GUIDANCE I /  C O M P A K A T I V F  COST OF 
AT I C - M I V E S  CONVEYORS I /  STATE OF UNDERGROUND AUTOMATION I N  THE GFRMAN COAL M I N I N G  INDUSTRY ( AUTOY 
4 N I C A L  M I N I N G  AT GASPE COPPER M I N E S  LTD.  ( COMPUTERS AUTOMATION M A T E R I A L S - H A N D L I N G  1 /  THE DEVELOPYENT O F  M 
N I N G  ( R U S S I A  COAL-VINES I /  AUTOMATION OF TECHNOLOGICAL PROCESSES D U R I N G  HYDRO-MI 

NG T E S H Y I Q U E S  ( GEOLOGY SYSTEMS MAINTENANCE RESEARCH AUTOMATION S E I S M I C S  ELECTRONICS ROCK-MECHANICS ) /  SOM 

OLE ( ROCK-MECIANICS CORE-TEST I / C A L C U L A T I O N  OF T H E  AVERAGE GROUND-STRESS COMPONENTS FROM MEASUREVENTS CF 

REMOTE CONTROL M I N I N G  ( AUTOMATION SACETY SUPPORTS I /  

TUNNELS ( CANAL R A I L R O A D  SUBWAY AUTOMOBILF WATFR SEWAGE 1 /  

S T R A I G H T  CREEK TUNNEL AWARD ( B I D  E S T I Y A T E  V E N T I L A T I O N  I /  
SWISS TUNNEL AWARDS ( ST.-GOTTHARD HIGHWAY I /  

C A L I F O R N I A  AWARDS CONTRACTS FOR S T A T E  WATER TUNNFLS ( COSTS I /  
UP9 UP AND AWAY ( P H I L A D E L P H I A  SUBWAY ) /  

ST SAN J U A N  MOUNTAINS ( NAVAJO-PROJECT BLAWCO-TUNNEL AZEOTEA-TUNNFL I /  POCK MOLES I N F E  
M I L E S  I N  13 MONTHS ( B L A N C 0  R O B B I N S  SWITZERLAND O S 0  AZOTEA I /  MOLE D I G S  8 

L O G I C - F X P L 0 R A T  I O N  I / 

CONTINUOUS HAULAGi? 5YSTEM PACES PRODUCTION G A I N S  AT 
ROUND-SUDPOPT I /  BLAST AND SPRAY ON 

I N C E N T I V F  APPPOACHES TO TUNYEL CONTRACTS ( A - L I N E  

I4 ATLAS COPCn 9 4 I L L  ( ROCK-DRILL HARD-ROCK FQDNTHEAD 
PUMPED STORAGE PROJECT I S  A 

L A S E R  STEERS B I G  MOLE I N  
I C K S  TOUGH TUPNEL JClP ( ADVANCE JUMBO E X P L O S I V E  COST 

LOW a I D  C A L L E D  

05-6 8- 0 1006 
04-70-0 100 2 
24-63-12003 
05-69-09005 
75-67-02002 
7 5-70- 04002 
45-70-0400 1 
25-64-02001 
75- 68-01 00 P 
44- 6 7- 06 00 3 
03-68- 01 001 
42-69-02001 
01-67-00001 
73-68-09001 
2 2- 56- 0400 2 
0 5- 7 0- 0 7 0 0 3 
5 5- 67- 1 1001 
0 5- 70- 07 00 2 
24-6 8-03 002 
5 5- 69- 10 00 1 
23-68-0300 1 
2 5- 67- OF; 001 
2 5-66- 0900 1 
54-64-02001 
12- 6 2- 0 500 2 
55-69-07001 
2 4- 64- 00 00 I 
25-66-12003 
12- 66-0902 3 
12- 64- 1000 1 
12- 59-0 7005 
12-67-0401 8 
3 2- 6 4- 1 000 8 
75-63-10001 
75- 7 0- 0 100 1 
03-68-09001 
84-59-08001 
2 3- 67- 1 200 1 
04-67-06001 
05-62-01001 
0 5- 69- 09001 
05 -7 0-0 2 00 3 
04- 6 9- 03 00 2 
75-69- 07003 
34-70-03001 
05- 59- 1 2 00 1 
05-69-08001 
04-7 0- 03 00 3 
04- 7 0- 0 5 00 5 
34-64-12003 
3 4- 6 5- 01 00 1 
34-64- 1100 1 
04- 7 0-0300 3 
3 2- 7 0-0 0 002 
0 5- 7 0-0 5 00 2 
44-6 8- lC00 1 
44-66- 10001 
04-67-06002 
02- 6 0-0 1 0 0 1 
44- 6 5- 07 0 0 1 
74-65-11001 
8 L- 6 7- 0 4 00 1 
75- 67- 0 800 3 
45-68-07001 
44-65-02001 
04- 67-06002 
0 4- 6 8- 0 800 1 
24-64-09008 
75-65-07001 
02- 69- 10003 
01-60-0000 1 
1 4- 6 6- 0 00 0 7 
0 5- 67- 11 00 1 
05-69-06001 
0 5- 6 6- 1 2 005 
0 5- 7 0- 0 40 0 3 
75-65-05003 
7 5 - 6 7- 0 4 0 0 2 

AZOTEA TUNNEL D R I V I N G  P E G I N S  ( MOLE WATER TUNNELS GEI! 04-64-08001 

B 
B c z /  NFW 
B.C. TUNNEL D R I V E  ( R O C K - D I S I N T E G R A T I O N  R A I L - T U N N F L  G 
6 - L I N E  B L A S T I N G  MOLE 1 /  
BACK ( WELLAND-CANAL RAIL-ROAD-TUNNEL)  / 
BACKHEAD A I R L E G  J I B S  JUMBOS I /  R A P I D  P E N E T R A T I C N  I S  Y 
BAD ROCK NIGHTMARE ( R E L G I U M  I /  
B A 9  ROCK UNDER L A K E  ( A L K I R K  LAWRFNCE WATFR-SUPPLY I /  
BAD-GROUND I / COYTRACTOR L 

44-65-05 00 1 
2 6- 6 7- 0 5 00 1 
0 2- 70- 0 0003 
05- 69-0 7006 
2 5- 67- 05 00 1 
05- 7 0- 0 10 0 7 
75- 7 0- 0 1 007 
15-70-0 100 1 
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MFNTS I N  T U N N E L I N G  MACHINES ( ADVANCE SAFETY CUTTERS BAD-GROUND MUCK L I N E R S  TRANSPORTATION WASTE-DISPOSAL 
ENERGY BALANCE I N  ROCK D R I L L I N G  ( MOLES I /  

NEW TUNNELS NEAR POTTERS BAR I N  EASTERN R E G I O N  OF B R I T I S H  R A I L W A Y S  ( S H I E L D  I /  

WN WEIGHT ( PHOTOTYPES B E N D I N G  1/ THE A P P L I C A T I O N  O F  BARODYNAMIC PHOTOSTRESS TECHNIQUES T O  THE STUDY O F  T H  

UNKEY-TUBE I /  FOUR BARREL TUNNEL SET FOR B I D S  ( NYC-SUBWAY L I R R  S I - I E L O  S 
O R I L L  I /  ROCK C U T T I N G  M A T E R I A L S  - HAS A D E S I G N  BARRIER BEEN REACHED? ( TUNGSTEN-CARBIDE- INSERT ROCK- 

TUNNEL TO BE SUNK I N  B A L T I M O R E  OUTER HARBOR/ 

B I G  WATER TUNNEL J O B  A B A R G A I N  ( COST I /  

V A R I E T Y  OF METHODS DOUBLE BARREL P E N N S Y L V A N I A  T U R N P I K E  TUNNELS/  

SOFT-GROUND TUNNELS FOR BART ( MOLE L I N I N G S  GROUT I /  
EARTHQUAKE D E S I G N  C R I T E R I A  FOR SUBWAYS I BART I /  

F 20 F T  D I A .  TUNNEL AT 5 F T  PER HOUR ( MOLE ADVANCE BART CUTTERS I /  J A R V A  MARK 21 BORES 6 9 0 0  F T  0 

0 COVER 1 /  BART SUBWAY CONSTRUCTION - P L A N N I N G  AND COST ( CUT-AN 
ONCRETE I / SLURRY WALL CONSTRUCTION FOR BART SUBWAY S T A T I O N S  ( SUPPORTS S O L D I E R - P I L E - T R E M I C - C  

T R A N S I T  TUNNEL RUNS OSSTACLE COURSE ( BART S H I E L D  ) /  

TUNNEL L I N E R S  FOR BART SUBWAYS ( COST I /  
TUNNELS AND SUBWAYS ON THE S.F. BART SYSTEM ( MOLES COST I /  

BART TRANS-BAY T U B E  ( UNDERWATER-TUNNEL 1 / 
B A R T ' S  F I R S T  COMPRESSED A I R  J O B  ( SUBWAY MOLE I /  
B A R T ' S  G I A N T  C A I S S O N  ( TRANS-BAY-TUNNEL I /  

OF PRECAST COYCRETE TUNNEL L I N E R S  ( SUPPORTS L I N I N G  BARTD I /  STRUCTURAL BEHAVIOR 
H I /  T H I R D  MOLE D I G S  BARTD SUBWAY ( COST O S C I L L A T I N G - A R M S  WEIGHT MUCK T E E T  
Q A N S I T  I /  MOLE PUSHES BARTD UNDERGROUND ( TW IN-BORE HYDRAUL I C - J A C K S  RAP1 D-T 

NEW MEDICAL CFNTER FOR SAND HOGS ( COMPRESSED-AIR BARTD-SUBWAY I /  
T I O N  AN0 P E R C U S S I V E  D R I L L I N G /  B A S I C  FACTORS A F F E C T I N G  ROCK D R I L L I N G  PART 1 INTRODUC 
ESCUSS I O N  D R I L L I N G /  B A S I C  FACTORS A F F E C T I N G  ROCK D R I L L I N G  P A R T  2 ROTARY P 

NVFYPRS I /  CONVEYORS FOR M I N I N G  - A B A S I C  G U I D E  FOR S P E C I F I C A T I O N S  AND HARDWARE ( BELT-CO 
ROCK-MECHANIC S I /  B A S I C  PERFORMANCE P R O P E R T I E S  OF B L A S T I N G  E X P L C S I V F S  ( 

SHAFT AND TUNNEL BREAK-THROUGH - B A S I C  F U N C T I O N S  AND MODERN SURVEYING T E C H N I Q U E S /  

B A S I C  T H E O R I E S  OF D F F L E C T I O N  I N  DIAMOND D R I L L I N G /  
E R I M F V T S  GROUNDdSUPPORT M A T E R I A L S - H A N D L I N G  S U R V E Y I N G  BASIC-RESEARCH I /  E F F I C I E N C Y  AND SPEED - T H E  KEYS TO 

E F X P E P I M F N T A L  WORK ON T H E  P I @ N E R  HYDRPMINE - DONETS B A S I N ,  ( COAL-MINES R U S S I A  SLURRY-PUMPING I /  T H  
A I R  HAMMER CUTS COST I N  ARKCMA S A S I N  ADVANCF HARD-ROCK I /  

MACHIYFRY FOR THE M I N I N G  INDUSTRY AT T H E  B4UMA 1 9 6 7 /  
RAY B R I D G E ?  TUNNEL PACTS S I G N E D  I N  MARYLAND/ 

BEST MINES S H A F T - S I N K I N G  MACHINE DRAWS BEAD ON CONTINUOUS MUCKING ( MATERIAL-HANDL I N G  I /  
MECHANICS ) /  CURVED BEAM ANALOG FOR TUNNEL D E S I G N  I N  M A S S I V E  ROCK ( ROCK- 
L D E S I G N  ) /  CURVED BEAM ANALOG FOR TUNYEL D E S I G N  I N  M A S S I V E  ROCK ( TIJNNE 
UPINELLIYG PROJFCT ( GAS-LASER MOLFS RECORDS I /  LASER BEAM GUIDANCE SYSTEM MAKES SUCCESSFUL DEBUT I N  M A C H I N  

ADVAYCC D R I L L I N G  P L A S T I N G  ALIGNMENT SAFETY I /  L A S E R  BFAM G U I D E S  TUNNELERS L A Y I N G  OUT D R I L L - H O L E  PATTFRNS 

QPCK-FORMATIDYS ) /  L A S E R  BEAM USED TO SOFTEN MARBLE ( TUNNELING-MACHINES HARD- 
'L' I /  R I R  CONTROL OF BEODED ROOF STRESSES ( BEAM-THFORY A N A L Y S I S  ABUTMENT-LOADS E L A S T I C - F O U N D A T I O  
R-GU'V Sq IELn  PnWER HAQD-POCK I /  ELECTRON BEAMS A NEW TOOL FOR C U T T I N G  E B R E A K I N G  ROCK ( SCATTE 
YG-TcCHYIG!UES ) /  L A S E R  SEAMS AND SOPH@MORES ( ROCK-FRACTURF-RESEARCH TUNNEL1 
( RFSEAPCH I /  ELECTRON BEAMS APPLY A N  OLD P R I N C I P L E  T O  MODERN ROCK-BQEAKING 
RESS T F C Y Y I Q U E S  TO THF STUDY OF THE BEHAVIOR r)F ROCK BEAMS LOADED BY T H E I R  OWN WEIGHT ( PHOTOTYPES BENDING 

I /  CFMENTFD TUYGSTEN C A R B I D F  B E A R I N G L E S S  ROTARY ROCK D R I L L  R I T S  ( HARDNESS STRENGT 
I 1  T Y E  M@DES OF SEDIMENT TRANSPORT AND T H E I R  R E L A T E D  BED FORMS I N  CONVEYANCE SYSTEMS ( HYDPAULIC-TRANSPORT 

LOADS F L  A S T I C -  FOUND 4T I C N  I / R I B  CONTROL OF BEDDED ROOF STRFSSES ( BEAM-THEORY A N P L Y S I S  ABUTMENT- 
I / 'XCAVAT1C)N OF CONTAINED T N T  EXPLOSIONS IN T U F F  ( REDDED-VOLCANIC-TUFF ROCK-FRACTURE SHOT-CHAMBER FXCAV 

FOP PETRl lLE lJM ( TUNNEL MACHINE-BORING S H A F T - D Q I L L I N G  BEDROCK I /  UNDEPSEA D R I L L I N G  AND PRODUCTION S I T E S  
F 5  OF I Y F Q R Y A T I C N  ON ROCK - PART I 1  SYMPOSIA ON ROCK BEHAVIOR ( B I B L I O G R A P H Y  I /  SPUQC 
RnnC-BOLTS ) /  SOWE I N V F S T I G A T I O N S  I N T O  THE T F Y S I D N A L  eEHAVIOR AND I N F L U E N C E  OF B O L T I N G  RFINFORCEMENTS I N  '! 

( L I V F R S  SAND I /  BEHAVIOR OF E L A S T I C  TUBES I N  COHESION-FREE CONTIb'LfUb' 
McCH4N ICs E L  AS T I  C-DEFORM AT I ON FRACTU9 E I / BEHAVIOR O F  M A T E R I A L S  AND T H E O R I F S  OF F A I L U R E  ( ROCK- 

L I N I N G  RARTD 1 /  STRUCTURAL BEHAVIOR OF PRFCAST CONCRETE TUNNEL L I N E R S  ( SUPPORTS 
RPDYNAMIC PYOTOSTRESS TECHNIQUES TO T H E  STUDY O F  T H E  BEHAVIOR OF RflCK PF4MS LOADED BY T H F I R  OWN WEIGHT ( P 

PERFORATED BEAM T E S T  FOR D E T E R M I N I N G  T E N S I L E  STRENGTH OF ROCK/ 

Q F V I E ' d  OF ROCK MECHANICS A P P L I C 4 T I D N S  I N  C A N A D I A N  BEDDED D E P O S I T S  ( GROUNQ-CONTROL ) /  

NONLINEAR MECHAYICAL B E H A V I O P  OF B R I T T L E  R O C K - l /  

- ~ I S T K I R U T I O N  E X P L O S I P N  L O A D I N G  ALUM1 NIZED-SLU9RY 1 / REHAVIOR OF RnCK D U P I N G  @ L A S T I N G  ( POCK-PROPERTIcS SH 
AIEJ-R4TF I /  EFFECT OF PORE F L U I D S  ON T H E  D E F 3 R Y A T I O N  BEHAVIOR OF RnCK SUBJECT TO T R I A X I A L  COMPRESSION ( CO 
PRESSIVE-STRESS PULSE E L A S T I C  A e S O R P T I n N  S C A B B I N G  1 /  BEHAVIOR O F  ROCK UNDER DYNAMIC L O A D I N G  ( SOURrE-7CNE 
PRESSURE FPACTURE--STRFVGTH FLOW CRACK-PROP4GATION 1 / B F Y A V I O R  OF ROCK UNDER S T A T I C  L O A D I N G  ( GROUND-PRESSU 
PRFSSUPE-CELLS 'EACT-MINF 1/  THE EFFECT OF N O N E L A S T I C  BEr lAVIOR OF R O C K S  ( CREEP-STRAIN DEFDPMATIDY-GhGES ST 
) /  T H F  EFFECTS OF S T R A I Y  RATE AND TEMPERATURE ON THE BFHAVIOR OF RnCKS SURJECTED T O  T R I A X I A L  COMPRFSSIPN I 

ABORATOQY-TESTS I /  MFCPANICAL PROPERTIES AND I N  S I T U  REHAVIOR OF T H E  " C H I N O  L I M F S T O N E "  CRFSTMORF P I N F  R I  
R E  L I T H O L O G Y  P E R M E A F I L  I T Y  P O R O S I T Y  I /  QESEPVOIR ROCK BEHAVIOR UNDEP MODERATE C O N F I N I N G  PRFSSURE COMPRESS 
R T F N S I q N  COMPRESSION I /  T H E O R E T I C A L  ASPECTS OF ROCK BEHAVIOR UNDER STRESS ( E L A S T I C  DEFORMATION FRACTURE 

/ E L A S T I C  BEHAVIOR OF SOME I N D I A N  SOCKS UNDER C O N F I N E D  PRESSURE 

K I E S B F R G  TUNNEL AT WUPPERTAL-ELBERFELD ( GERMANY B E L G I  AN-METHOD I /  
A SUBWAY FOR F L A N D E P S  ( B E L G I U M  1 /  

PUMPED STORAGE PROJECT I S  A RAD ROCK NIGHTMARF ( B F L G I U M  ) /  
SUSMERGED TUNYEL I N  4NTWERP ( B E L G I U M  HIGHWAY I /  

PNFUMATIC M A T E R I A L  H A N D L I N G  RFLOW-GPOUND ( M O D E R N I Z A T I O N  ECONnMY F L E X I R I T Y  I /  
RD5 I /  H Y D R A U L I C  ARM D I G S  TUYNEL? MOVES MUCK TO B E L T  CDST S H I F L D  DEMOLITION-HAMMER LASER BRFAST-BOA 

S I O Y  I /  COMPUTERIZED DESIGN OF B E L T  SYSTEMS ( CONVEYOR-BELTS FLEXURC S P E F n  WIDTY T F Y  
NG - A B A S I C  G U I D E  FOR S P E C I F I C A T I O N S  AND HARDWARE ( BELT-CONVEYORS I /  Cr)NVEYORS FOR M I N I  
-HANDLING COYPLEX FOR CONSTRUCTION OF O R O V I L L E  DAM ( BELT-CONVEYORS R A I L R O A D  ) /  T H E  PATEP IAL 
R H E A b C n S T S  PXFCRUSHERS TRUCKS I l P E N - P I T  I /  TRUCKS VS BELTS - THF HAIJLAGE WAR ( CONVFYOPS OPEQATIYG-CPSTS 0 

KNOWLEDSF C)N ANGLE O R I L L I N G  I N  SURFACE O P F R 4 T I q N S  ( BENCH-HFIGHT BURDEN POWDER-FACTOR ) /  CURRENT STATE OF 
WITH 4 TWIN-AUGER ( C C A L - M I N I N G  THIN-SEAMS D R I L L  I Y G  BENCH-OPERATION PRODUCTION 1 /  HIGHWALL AUGFRING 

W L F  I /  T A I L - P L A T F S  BFND WHEN SHIFLC! CHANGES COURSE ( ADVANCF POWEG COST 
F ROCK SEAMS LOADED PY T H E I R  OWY tdEIGHT ( PHOTOTYPFS B F N D I N G  I /  THE A P P L I C A T I O N  OF BARODYNAMIC Pt i '3TOSTQESS 

HIGH-PQESSURE-WATER 1 /  M U L T I F O L D  D O S S I B I L I T I E S  F A C F  B E N E F I C I A T I O N  ENGP ( CCIMPUTERS ENVIROhMENT GEOLDGY LA 
ns I /  GFOPHYSICS TO B E N E F I T  FROM SPACE TECHNOLOGY ( SPACE-DATA F O R C E - F I E L  

G TUNVFLS ) /  P R n J F C T I P N  CF A P P L I C A T I O Y S  AND N A T I O V A L  B F N E F I T S  OF A NFW R A P I D  F X C A V A T I O N  TFCHNOLOGY ( C n S T S  
HUNGARY ( GROUTING GPOUND-CONTROL SUPPORT-MATERIALS/  B F N T O N I T E  GROUTING I N  SHAFTS AND TUNNFLS - E X P F 9 T c N C F  

O P E N I N G  DF GREAT ST. RERNHARD ROAD TUNNEL/  

FRACTURING AROUND A ROCK B E L T  ANCHOR ( P H O T O E L A S T I C - P L A S T I C  RCCK-BLOCKS I /  

A C H I Y C S /  THE FXPERIEYCE O F  o L n  BEN COAL COQPORATIOV WITH GOODYAN CONTINUOUS MINING M 

ANOORRI! EXPECTS TUNNEL E!ENEFITS ( TOURISM WEATHER I /  . 

S H I E L D  METHOD FOP LARGE R A I L N A Y  TUNNEL AT BERNE ( S W I T Z F P L A N D  I /  

74-66-04001 
24- 63- 1 2  00 2 
05-70-05001 
04- 6 1 - 0 4  00 1 
6 5- 65- 0700 1 
12-67-0401 0 
0 5- 66- 1 10 02 
0 5-6 9-0 500 1 
24-68-10001 
74- 6 8- 0600 1 
34-69-06001 
76-70-04001 
7 5- 69-0700 2 
04-69-03001 
34- 6 8- 1000 4 
34-68-0600 1 
05 - 7 0- 0 100 4 
04- 6 6- 1 2 0 0 1 
76-68-05001 
05-6 9- 0 5 00 4 
34- 67- 0 1 00 1 
75-68-0 1002 
75- 6 7- 0 8 0 0 1 
0 5- 6 9- 0 5 00 5 
24-64-04001 
24-64-06002 
14-68-04001 
44-67-06002 
22-56-04005 
22-67-00001 
04-6 8- 02 00 1 
2 5- 64- 0 2 00 1 
24-64- 0 9009 
74- 6 7- 0 5 00  1 
05-68-09001 
44- 64- 0 2 00 1 
14- 6 6- 1 10 0 1 
12- 6 6- 1100 1 
75- 60-06001 
85-67-07002 
14-68-09002 
2 5- 66- 1 1003 
12-6 1-0301 3 
23-68-1 100 1 
25- 66- 1 20 0 2 
24-6 9- Oh 0 0 1 
12-67-0401 0 
12- 65- 0 6001 
44-68-OOOO 1 
14- 6 8- 1 0  005 
1 2- 6 1- 0 70 1 3 
12-6 1-0 3 00 8 
04-67- 1000 1 
03-6 0- 0 80 0 1 
34-64-03002 
14-69-03003 
34-6 6- 1000 2 
12-57-04001 
3 4- 67- 0 1 00 1 
12-67-04010 
12-65-06009 
12-67-05025 
12-61-03020 
12- 61-0 30 19 
12-  66-OQOOQ 
12- 6 !  - 07 0 0 L  
14-69-03002 12-67-04000 

12- 62- 0 5027 
12-61-0 5002 
04- 6 9- 04 00 2 
05- 6 9-0700 3 
05-70-01007 
04- 68- 1 0 00  6 
4 2- 6 9- 1 00 0 1 
75- 6 8-0 100  1 
12- 67- 0401 1 
LL-6 7-0 600  6 
44-67-06002 
44- 65- 1 I O 0  I 
44-67-0600 5 
2 2- 64- 00 00 1 
12-62-050 14  
84-50-080O 1 
7 5- 6 7- 0 1 00 3 
12-67-04010 
05- 6 8- 0 1009  
05- 6 8-0 100  5 
05-6 7- 1 200 1 
07- 67- 0900 1 
3 2- 5 9- 0700 1 
74- 6 2-0 5 0 0 1 
05- h 4- 0 300 2 
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T I P P E D - D R I L L S  E X P L O S I V E  ) / PROGRESS AT THE GREAT ST. BERNHARD TUNNEL ( V E N T I L A T I N G - S H A F T S  BRITTLE-ROCK QUA 
BEST M I N E S  S H A F T - S I N K I N G  MACHINE DRAWS B E A D  O N  C O N T I N  UOUS MUCKING ( M A T E R I A L - H A N D L I N G  1 /  

-TUNNELING-MACHINES 1 / MOLE BESTS MEXICO C I T Y o  S TREACHEROUS S U B S O I L  ( SOFT-GROUND 
BORES TUNNEL NO 1. MINERS, NO 2 ( D R I L L - B L A S T  HUGHES B E T T I - I  1 1  MOLE 

- M I S E S  ) /  I N I T I A L  AND SUBSEQUENT FRACTURE CURVES FOR B I A X I A L  COMPRESSION OF B R I T T L E  M A T E R I A L S  ( F A I L U R E  F L  
D R I L L I N G  DEFORMATION I /  ROCK MECHANICS--A B I B L I O G R A P H Y  ( GEOLOGY STRUCTURAL-PROPERTIES FRACTURE 

THE HUGHES TOOL MOLE DEVELOPMENT ( B F T T I - 1  NAVAJO-PROJECT I /  

P U B L I S H E D  REPORTS ( B I B L I O G R A P H Y  ) /  
SOURCES OF I N F O R  M A T I C N  ON ROCK - PART I 1  SYMPOSIA ON ROCK B E H A V I O R  ( B I B L I O G R A P H Y  91 

ROCK P H Y S I C S  - PART I V  CURRENT L I T E R A T U R E  J A N  1961 ( B I B L I O G R A P H Y  ) /  SOURCES OF I N F O R M A T I O N  ON 
E D I T I O N /  BIBLIOGRAPHY OF E X P E R I M E N T A L  ROCK DEFORMATION SECOND 

S E L E C T I V E  B I B L I O G R A P H Y  ON IMMERSED TUBES/  
SOURC€S OF INFORMATICN ON ROCK PHYSICS - PART I I I  ( BIBLIOGRAPHY P H Y S I C A L - P R O P E R T I E S  WAVE-PROPAGATION ROC 

SEAWAY WEIGHS TUNNEL LOW B I D  ( WELLAND ROAD-RAIL  ) /  
L o w  BID CALLED BACK ( WELLAND-CANAL RAIL-ROAD-TUNNELI/ 

LOW B I D  ON TUNNEL UNDER WELLAND CANAL R E A L L Y  LOW ( ST-LAW 
S T R A I G H T  CREEK TUNNEL AWARD ( B I D  E S T I M A T E  V E N T I L A T I O N  ) /  

QENCE-SEAW AY I / 
SOLE TUNNEL B I D  TOPS E S T I M A T E  BY 101 PERCENT ( COST 

FOUR BARREL TUNNEL S E T  FOR B I D S  ( NYC-SUBWAY L I R R  S H I E L D  SUNKEN-TUBE 1 1  
CONTRACTS AND LOW B I D S  ( R A I L - L I N E  COST I /  

TUYNELEPS MAY SWARM ANYWAY ( P R E Q U A L I F I C A T I O N  COST B I D S  ) /  
UNDFRGROUND CONSTRUCTION ( C L A I M S  CHANGED-CONDITI ONS B I D S  1 / CONTRACTOR-CLIENT L F G A L  PROBLEMS I N  
E L  E X C A V A T I O N  ) /  B I D S  ARE REQUESTED FOR I N V I T A T I O N  NO. C-6810-H ( T U N N  

B I D S  C A L L E D  ON HAMPTON ROADS T W I N  C R O S S I N G  ( V I R G I N I A  
STATE-HIGHWAY E S T I M A T E D  COST 1 /  B I D S  DUE SOON ON V I R G I N I A  HIGHWAY JOBS ( T U N N E L  I N T E R  

UNNEL ) /  TUNNEL B I D S  HAVE A $ 4 0 - M I L L I O N  SPREAD ( NYC T R A N S I T  TRENCH-T 

SUNKEN-TUBE 1 / 

TUNNEL B I D S  HAVE $17 M I L L I O N  SPREAD ( SUBAQUEOUS-TUNNEL 

B I D S  J O I N  TWO CHICAGO SEWER JOBS COST ) /  

B I G  B I T E  4 HARD-ROCK-DRILLING-TOOL MOLE ) /  

B I G  D I X I E  TUBE ( M O B I L E - R I V E R  SUNKEN-TUBE ) /  

3 ST. EAST R I V E R  TUNNEL FOR NEW YORK ( SUBWAY TRFNCH B I D S  SUBAQUEOUS 1 /  P L A N N I N G  6 

AFC D I G S  DEEP FOR B I G  B L A S T  ( UNDERGROUND NUCLEAR-EXPLOSIVES ) /  

SECURITY I S  A B I G  HEADACHE ON A TUNNEL D E M O L I T I O N  J O B /  
THE I N E V I T A B L E  MARRIAGE OF UNDERGROUND M I N I N G  AND B I G  HOLE D R I L L I N G  ( D R I L L I N G  SHAFT MOLES I /  

R C U L 4 T I O N  Cf lST S P E C I F I C A T I O N S  ) /  H E R F l S  A WRAP-UP OF B I G  HOLE D R I L L I N G  AT NEVADA T E S T  S I T F  ( ROTARY-RIG B I  
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B I T E  I HARD-ROCK-DRILLING-TOOL MOLE I /  
B I T E S  DEEPER I N T O  BUDGETS/ 
B I T S /  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  
B I T S  

( HARDNESS STRENGTH I /  C EM 
( PENETRATION-PERFORMANCE ) /  
( 1 / 
( WATER-JET A B R A S I V E  H Y D R A U L I C  J E T  D R I L L I N G  I /  
I /  
B I T - B A L L I N G  BOTTOM-BALLING L O A D  I /  F U L L  SCALE EX 
CHEW UP, S P I T  OUT ROCK ( D R I L L I N G  ROCK B I T S  I /  
D R I L L - S T E E L  DETERGENT I /  
GEOLOGY M I C R O B I T  I /  NEW APPROACH TO I N T E R P P E T I N G  
HANDL ING-COSTS RECOMMENDED-PRACTICE / ' 

OF NEW CONSTRUCTION ( D R I L L I N G  I /  
PERFORMANCE-L I NE PERME AB1 L I T Y  POROSITY FRACTURE 
RESEARCH I /  

P R ECU S S I VE- DP. I L L I N G 

B I T S ,  H Y D R A U L I C S  A F F E C T  L O W E R - D R I L L I N G - L I M I T  RESULTS 
B I T U M I N D U S  COAL/  H Y O R A U L I C  COAL M I N I N G  RESEAPCH 
B I T U M I N O U S  COAL ( COST-ESTIMATES I /  MAJOR CH4NGF 
B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSF SA 
B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSF S 4  
B I T U M I M O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SA 
B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SA 
B I T U M I N O U S  COAL M I N E S  ( ACCIDFNT-PREVENTION-COURSF SA 
B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COUQSF SA 
F I T U M I N O U S  C O b L  M I N E S  ( ACCIDENT-PREVENTION-COURSE S A  
BITUMINOUS-COAL M I N F S  ( ROOF RIP.  PROPS CROSS-BARS R@C 
B L A C K  LUNG ( SAFETY D I S E A S E  COMPENSATION I /  
BLACK LUNG ) /  
RLACK LUNG PAYMENTS G A I N  ON H I L L  ( ASSESSMENT COYPENS 
BLACK-LUNG COMPENSATION L E G I S L A T I O N  I /  
BLACK-LUNG SAFETY I /  
B L  ACKWALL-AND-ROTHERHI T H  E I / B R I T A I N S  MAJOR 
BLADE P A T E R I A L S  I E R O S I O N  V E L O C I T Y  J E T - P E N E T R A T I O N  DA 
B L  ANC / 16284  M LONG ROAD TUNNFL T 
BLANC ( SAFFTY D I S F A S E S  N O I S F  V E N T I L A T I O N  I /  

RLANC ROAD TUNNEL I S  WORLD'S LONGEST ( SUBTERRANEAN-H 
BLANC TUNNEL/  
BLANC TUNNFL ( V E N T I L A T I O N  L I G H T I N G  I /  
BLANCO R O B B I N S  SWITZERLAND O S 0  AZOTFA I /  
BLANCO-TUNNEL AZEOTEA-TUNNEL 1 / 9 
BLANCO-TUNNEL RECORD I / 
B L A S T /  
RLAST ( UNDERGROUND NUCL EAR-E X P L O S I V E S  ) / 
BLAST AND SPRAY ON 9.t. TUNNEL D R I V E  ( ROCK-DISINTFGR 
B L A S T  COMBINATION-METHOD HIGH-SPEED I / 
B L A S T  HCLE PRODUCTION W I T H  THE A I R - F U E L  J E T  BURNFP ( 
B L A S T  MUCK JUMBO H E A D I N G  V E N T I L A T I O N  C O N C R E T E - L I N I N G  
BLAST P U L L S  T H E  PLUG I N  ALASKA L A K E  ( HYDRO-PPOJECT I 
B L AS T- HOL E S / POWER R C Q U I R  
BLAST-HOLES D R I L L - B I T S  E X P L O S I V E S  I / 
BLAST-OUTPUT PROTECTIVE-CONSTRUCTION ) /  SUPPORTING ST 
BLAST-SHELTERS TRANSPORTATION I /  R A P I D  E X C A V A T I O N  S I G  
B L A S T - T H E O R I E S  RESEARCH I /  
BLASTED-MATERIAL H E A D I N G  ) /  C 
BLASTHOLES ( A I R - F U E L  OXYGEN-FUEL COST ABRASIVE-FORPA 
BLAST I M G /  
R L 4 S T I  NG/ 
B L A S T I N G /  E X P F R I E N C F  F R n M  B L A S T I N G  I2 F T  P I A  

DF S I G b l  CF S L A S T I N G  BORING I /  
B L A S T I N G  C A G E - R I S I N G  I /  FA 
B L A S T I N G  DBA L O A D I N G  1 /  RF 
BLASTTNG I ANGLE-@P I L L  I N G  CONTROL-BLASTING CRATER I N G  
B L A S T I N G  ( A T T E N U A T I O N  C O M P R E S S I B I L I T Y  P R E S P L I T T I N G  S 
B L A S T I N G  ( BURDFN HOLF S P A C I N G  C R A T E R I N G  I G N I T I O N  F R Q  
B L A S T 1  NG ( C O U P L I N G  DENS I T Y - E X P L O S I V E  DETONAT I O N - V F L O  
B L A S T  I NG ( CRATER1 NG E XPLOS I V E S  STRA I N-AMPL I T U O F  CCNF 
B L A S T I N G  ( DETONATION CPACKS CHAPGE GUIDE-HOLES BlJRDE 
B L A S T I N G  ( GEOLOGY D R I L L I N G  B L A S T I N G  JUMBO YUCKING CO 
B L A S T I N G  ( M A T E R I A L  H A N D L I N G  PROCESS-EQUIPMENT I /  
B L A S T I N G  ( MINING-MFTHODS TECHNIQUES I / T H E O R F T I C A L  C 
B L A S T I N G  ( P R F S P L I T T I N G  CANADA I /  
RL AST I NG ( ROC K-BRE AKA GE SAFETY E N V I  R ONME N T A L  -C@YTR OL 
B L A S T I N G  ( ROCK-MFCHANICS D I S I N T E G 9 A T I O N - T H E O R Y  I /  
B L A S T I N G  ( ROCK-MECHANICS RUCK-FAILURE RESEARCP I /  
B L A S T I N G  ( ROCK-OROPFRTIES SHOCK-FRPNT E N E R G Y - O I S T P I B  
RLAST I N G  ( RClT ARY-DR I L L I N G  FL AME-JFT V I  BR ATORY-DRI LL I 
B L A S T I N G  I /  

BLANC - @NE TUNNEL, TWO J O B S  ( GEOLOGY FRANCE I T A L Y  I 
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CONTRACTOR'S V 
TUNNEL AND SHAFT SY 

TUNNEL AND SHAFT SYSTEMS TO 

I E W  OF U N L I N E D  TUNNELS ( GEOLOGY COST COMPETENT-ROCK B L A S T I N G  I /  
STEMS TODAY A N 0  TOMORROW ( E X C A V A T I O N  D R I L L S  MUCKING B L A S T I N G  I /  
DAY AND TOMORROW ( E X C A V A T I O N  SYSTEMS D R I L L S  MUCKING B L A S T I N G  I /  

T E C H N I Q U E S  ORE WASTES STOPES SHAFTS C A V I N G  D R I L L I N G  B L A S T I N G  I /  M I N I N G  METHODS AND EQUIPMENT I L L U S T R A T E D  
S MAKE ROCK TUNNEL H I S T O R Y  ( GEOLOGY D R I L L - B I T  JUMBO B L A S T I N G  ADVANCE S I Z E  MUCKING I /  SWEOE 

AMMONIUM N I T R A T E  F U E L  O I L  B L A S T I N G  AGFNTS ( AN-FO T U N N E L I N G  E X P L O S I V E S  I /  
A T I C - E L F C T R I C I T Y  HAZARDS I N  THE PNEUMATIC LOADING OF B L A S T I N G  AGFNTS ( CONDUCTION C A P A C I T A N C E  GROUNDING I /  

PMENT AND A P P L I C A T I O N  OF AMMONIUM N I T R A T E  - F U F L  O I L  B L A S T I N G  AGENTS TO UNDERGROUND M I N I N G  ( AN-FO MIXED-E 
PMFNT AN0 A P P L I C A T I O N  O F  AMMONIUM N I T R A T E  - F U E L  O I L  B L A S T I N G  AGENTS TO UNDERGROUND M I N I N G  ( C H A R G I N G  FUME 
NGS POWER-EQUI PMENT MUCKING-MACHINERY SPRAY-CONCRETE B L A S T I N G  AIR-DUCTS S E A L I N G  WATER-DRAINAGE I / T H E  CONS 
RS L A Y I Y G  OUT D R I L L - H O L E  PATTERNS ( ADVANCE D R I L L I N G  B L A S T I N G  ALIGNMENT SAFETY I /  L A S E R  BEAM G U I D E S  TUNNEL 
cSS-WAVES ELASTIC-THEORY S O L I D - F R I C T I O N  CRATERPNG ) /  B L A S T I N G  AN0 DYNAMIC ROCK MECHANICS ( ROCK-BRELKAGF s 

LURRY GRINDING-FACTOR-INDEX I / D R I L L I N G  E B L A S T I N G  AT SMALLWOOD M I N E  ( J E T - D R I L L  R O T A R Y - D R I L L  S 
L T S  JUMBOS I /  T H E  ROCK - NORA@ COC ( B L A S T I N G  CAVERN G R A N I T E  E X C A V A T I O N  D R I L L - R I G S  RrJCK-BO 
N F L  CONSTRUCTIONS ( HIGHWAY-TUNNELS RAILROAD-TUNNELS B L A S T I N G  COST-COMPARISON S W I T Z E R L A N D  SWEDEN L I N I N G S  I 

W I L L  SLURRY B L A S T I N G  AGENTS R E P L A C F  AN/FO?/  

SMOOTH B L A S T I N G  AND P R E - S P L I T T I N G /  

F I c L n  C O N D I T I O N S  AND T H E I R  R E L A T I O N S H I P S  TO B L A S T I N G  D E S I G N /  
VALUE OF THEORY I N  B L A S T I N G  D E S I G N /  

TUNNEL D R I V I N G  I N  FRANCE ( B L A S T I N G  D R I L L I N G  JUMBO S T A R - D R I L L  SEEPAGE 
THF M A R T I N  BORER ( ADVANCE COAL B L A S T I N G  D R I V E  WEIGHT ) /  

/ BLASTING E X P E R I E N C E  I N  G R A N I T E  ROCK I ROCK-BREAKING 

G I N G  COST E X P L O S I V E S  FUMES I /  UNDERGROUND B L A S T I N G  I N  SMALL HOLES W I T H  AMMONIUM N I T R A T E  ( CHAR 
OD ( WORLD-TUNNFLTNG-RECORD QURNCUT D R I L L I N G - P A T T E R N  B L A S T I N G  JUMBO I /  TWO CONTRACTORS PROVED O U T  NEW HARD 
L S  AN0 M I L L I S E C O N D  DELAY B L A S T I N G  ( GEOLOGY D R I L L I N G  B L A S T I N G  JUMBO MUCKING CONCRETE T U N N E L I N G  W I T H  
Y ARGENTINA I /  SMALL DIAMETER AN-FO B L A S T I N G  METHODS CUT UYDERGROUND M I N I N G  COSTS ( S A F E T  

E X C A V A T I O N  W I T H  NUCLFAR E X P L O S I V E S  ( B L A S T I N G  METHOOS RESEARCH S T U D I E S  

B A S I C  PERFORMANCE PROPERTIES O F  B L A S T I N G  E X P L O S I V E S  ROCK-MECHANICS 

Y T I V E  APPR@ACHFS T O  TUNNEL CONTRACTS ( A - L I N E  B - L I N E  B L 4 S T I N G  MOLE I /  I NCE 
MACHINE T U N N E L I N G  ON M I S S O U P I  R I V E R  DAMS ( B L A S T I N G  MOLE M I T T R Y  I /  

TUNNEL GOFS FOR RECOPD 8222.6 M I L L I O Y  ( B L A S T I N G  MOLES COST SCHEDULE S I Z E  WATER 
X T S  I /  NORAD ( TUNNELS SOL I D - G R A N I T E  B L A S T I N G  MUCK-WAGONS CRAWLER-LOADER E X C A V A T I O N  R0CK-B 

- UNDFRGROUND M I N I N G  ( BORING-MACHINFS DR I L L I N G - A N D  B L A S T I N G  NUCLEAR-EXPERIMENTS GROUND-SUPPORT M A T E R I A L S  
I L L I N G  ROCK-BRFAKAGE I /  B L A S T I N G  P R A C T I C F  I N  SHAFT S I N K I N G  AND T U N N E L I N G  ( DR 
\ /  THE MOOSE MOUNTAIN O R I L L I Y G  AND B L A S T I N G  PROGRAM ( SLAST-HOLES D R I L L - P I T S  E X P L O S I V F S  

CEMFYT I /  E M P I R I C A L  APPROACH TO PROBLEMS I N  B L A S T I N G  RESE4RCH ( E X P L O S I V E S  P U L S E  FRFQUENCY O I S P L A  

ARCH PRnGRAM n F  THE SCHOOL OF M I N E S  DURHAM ENGLAND ( B L A S T I N G  ROCK-MECHAYICS I /  A REPORT ON THE STRATA CCN 

HUGE MOLE CARVFS C L A Y  ROCK ( ADVANCF CAST CUTTERS B L A S T I N G  MUCKIYG PQESSURE I /  

F F A S I B I L I T Y  OF MOOEL S T U D I E S  I N  B L A S T I N G  RESEARCH CRATER-BLASTING-CAPS CHARGE 

9 0 C K  MECHANICS ( B L A S T I N G  ROCK-FAILURE ROCK-STRESS I /  

MACHINE T U N N E L I N G  ON Y I S S O U R I  POWER DAMS ( B L A S T I N G  SMOOTH-R@RE ROCK L I N I N G  COST MOLE 

A l V - A Y A L Y ' I S  CLOSURE-MEASUREMENTS ) /  E V A L U A T I O N  c1F A B L A S T I N G  T E C H N I Q U E  FOR D E S T P E S S I N G  G9@UND SUSJECT T o  
ERN CHASGE ROCK-PROPERTIES I /  D R I L L I N G  AND B L A S T I N G  TECHNIQUES FOQ MORROW P O I Y T  POWER P L A N T  ( DR 
Y ( E X C A V A T I O N  STONF-DRIFTS SYSTFMS YETHODS D R I L L I N G  B L A S T I N G  V E N T I L A T I O N  MUCKING GROUND-SUPPORT MECHANIZA 
L F X I S C 4 S - M O O F L S  BOREHOLES 9URDEN THROW I /  LABORATOPY B L A S T I N G  W I T H  MODELS ( I N C L I N E D - B L A S T - Y O L E S  F X P E R I M E N  
S I /  D Y N A M I C  STRESSES INDUCED W I T H I N  ROCK I N  CASF OF B L A S T I N G  W I T H  ONE F Q E F  F A C E  ( FLASTIC-THEORY P A R T I C L E  
TIO'VS FRCP TlJNNEL B L A S T I h G /  F X P F R I E Y C E  FQOM B L A S T I N G  12  F T  D I A  MERSEY P I L O T  TUNNEL - GQOUND V I B R A  

T U N N E L I N G  1 Y  CANADA JUMBO B L A S T I N G  SUPPnRTS MUCKING V E N T I L A T I O N  DUST I /  

ROCK BREAKAGE BY CRUSHING, B L A S T I N G ,  AND D R I L L I N G /  
ROTARY AND PERCUFSION D R I L L S  ( B L 4 S T I N G - F Q U I P M E N T  I /  

YUCLEAR E X P L n S I Q N S  ( NUCLEAR-BLASTS RESEARCH S T U D I F S  BLASTING-MFTHODS I /  M I N E R A L  RESOURCE DEVELOPMENT R Y  U 

QGROUND POWER PLANT FROM EARTHQUAKES AND UNDERGROUND B L A S T S /  E S T I M A T E D  ROCK STRESSES AT MORROW P O I h T  UNDE 
Nn I N S T A L L A T I O N S  TO Q E S I S T  GROUND SHOCK FQOM NUCLEAR BLASTS ( STRESS STRUCTURES I /  THE O E S I G N  OF UNDERGROU 
Q r S S  CREEP I /  MECHANISM QF LCIAD LOSS I N  R@OF B O L T S  ( BLEFD-OFF GROUND-CONTPOL ANCHOPAGF LOAD-TIME-CHARACTE 

TRUCK PUMPS SLURRY I N T O  ! i O L E S  ( BLASTING-SLURRY I /  

FUNDAMFNTAL CONSIDERATIONS I N  BLOCK C A V I N G /  
C I N C R E T F  FOQ GROUNn SUPPORT I N  THE K F L L E Y  M I N E  ( BLf lCK-CAVING I /  

TUNNEL ROOF COLLAPSE BLOCKS R O C K I E S  T Q A F F I C  ( POOF-BOLTS I /  

HERE'S METCALFE POOF B @ L T /  
T A S  " I N F X P E N S I V E "  ( SWFDEN D R I L L I N G  I /  B O L I D E N  L I K E S  B I G  HOLF R 4 I S E  B O R I N G  RUT 'JUFSTICNS C O S  

RECENT DFVEL0"MFNTS I N  ROO= R O L T I N G  AND QOOF BOLT I N S T A L L A T I O N  PRDCFDURE ( ROOF-STUDS SUPPORTS I /  
I T €  P U L L - T F S T  S T A T I C - S T R E S S  I /  DEVELOPMENT OF A ROCK SOLT SYSTEM FOP PEEMANENT SUPPflQT A T  YOR4D ( P A T T F Q Y  
SSFS SUPPflRT I /  ROCK R O L T I N G  THFORY ( BOLT-SPACING CEMENT-GROUTING RESIN-GQOUTING ROCK-STRF 

TARY-DcQCUSSIQN N O I S F  I /  H Y D R A U L I C 4 L L Y  OPERATE9 ROOF BOLTER U S I N G  OUAL BOOMS CUTS CYCLE T I P €  I COAL-MINE R 
THFORY AND P R A C T I C E  'IF ROCK Q O L T I V G  ( SUPPORT BOLT-SPACING TOOQUE ANCHORAGE I /  

THEORY AND P R A C T I C F  OF ROCK B O L T I N G  ( ROCK-MECHANICS ROOF-SUPPORT I /  
THEORY AND D Q A C T I C E  OF ROCK B O L T I N G  ( SUPPORT BOLT-SPACING TORQUF ANCHORAGE I /  

TUnS SUDPORTS I /  RECENT DEVELOPMENTS TY ROOF BCJLTIYG AND QO9F BOLT I N S T A L L A T I O N  PROCEDURE ( ROOF-S 
POLYESTER R F S I N S  HAVE ROCK B O L T I N G  A P P L I C A T I O N S  ( SUPPORTS COST I /  

QOOF B O L T I N G  AT H I G H  PACE ( L I N I N G S  I /  
Y Y F C Y A Y I C S  I STRFNGTHEYING STRESSES TUNNFL BOREHOLE P O L T I N G  GROUTING C U T T I N G S  ROCKFALL I /  P oc 

G 4 T I D N S  I N T O  THF T E N S I P N A L  BEHAVIOR AND I N F L U E N C F  OF B O L T I N G  REINFORCEMENTS I N  M I N E  POADWAYS ( SUPPOQTS GR 
I N G  !/ BETTER B O L T I N G  METHODS IMPROVE SAFETY AYD OIJTPUT ( ROCK-BOLT 

9'IIJTING RPCK-STRFSSES SUPPORT I /  ROCK B O L T I N G  THEORY ( ROLT-SPACING CEMENT-GROUTING R F S I Y - S  
ROCK-STRESS CREEP I /  MFCHANISM OF L 3 A D  LOSS I N  ROOF EOLTS ( SLEED-OFF GROUND-CONTROL ANCHORAGE LOAC-TIME-  

C AVbT I O Y S  GR OIJ T ARL E-90L T S I / ROCK BOLTS ALONE SUPPOPT HUGE CAVERN ROOF ( P@WER-PLANT-EX 
ARS HqLLOW-COQF-SARS EPOXY COST BOND I /  GROUTED ROCK SOLTS FOP PFRMANENT SUPPORT OF MAJOR UNDERGROUND WORK 

F L I V G  YETH@D PART I 1  ( L I N I N G S  SPRAYED-COYCRETE R n C K  BOLTS SHOTCRETE I /  THE NFW A U S T P I P N  TUNN 

D-ROCK EPOXY-RFS I Y  ROCK-ROLT-HOLES J O I N T  SHEAR-PLANE BOND I / C H F Y I C P L  GROUTING AT NDPAD ( FRACTURED-GRANIT 
'Jn WORKS ( !?€FORMED-RARS HOLLOW-COPE-BARS EPOXY COST SOND I /  GQCIUTECl Q0CK F\OLTS FOR PEPMANENT SUPPORT C F  M 

R E S I N  AND RE-BAR G I V E  NEW LOOK TO QOCK BOLTS TIJNYFL-SUPPORTS I /  

R E S I N  COMPOUND LOCKS BOLTS I N  ROCK ( SUPPOPT I /  

MALABAR H I L L  TUYY EL I N  BOMSAY ( FREFWAY-TUNNEL STRUCTU9AL-DESTGN I / 

C A L I F O R N I A  VOTES HUGE WATER BOND I S S U E  ( TUNYFCS FEEDER-COYSTRUCTION I /  
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02-6 8-0 500 1 
03-67- 1 2 0 0 1  
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3 2- 5 7- 0 4 0  0 1 
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34-64- 03 00 7 
36-65-10001 
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05-68- 10002  
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34-63-OeOO1 
0 5- 6 6- 0 60  0 1 
45-70-07001 
35-66-02 001 
2 4- 64- 0 90 0 4 
75-66-05001 
75-67-07002 
75-70-06001 
05-56-06001 
7 5- 6 4- 0 7 0  0 2 
3 2- 66-000 0 1 
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GEOLOGIC RESFARCH AT THE S T R A I G H T  CREEK TUNNEL P I L O T  BORE, COLORADO ( ROCK-MECHANICS GEOPHYSICS P R E D I C T I O N  
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S S E S S I N G  D E F O R M A B I L I T Y  OF ROCK AT BOTTUM OF V F R T I C A L  BOREHOLE ( D R I L L I N G  # /  A 
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T H F  KEYS T O  M I N I N G  TECHNOLOGY - UNDERGROUND M I N I N G  ( BORING-MACHINES D R I L L I N G - A N D  B L A S T I N G  NUCLEAR-EXPERIM 
D THE UNDERGROUND - SOME H I G H L I G H T S  ( TRANSPORTATION BORING-MACHINES GEOLOGY F L U I D - J E T S  E X O T I C - B O R I N G  1 D 
TUNNEL D R I V I N G  ON THE MOON ( CUTTER MUCKING G U I D A N C E  BORING-MACHINES MOLE I /  HARD ROCK 
B O R I N G  CUTTERS ) /  DEVELOPMENT M I N I N G  AT WHITE P I N E  ( BORING-MACHINES PENETRATION-RATE JUMBOS G U I D A N C E  EXOT 
TURE NEEDS ( GEOLOGY MOLE MUCKING LASER D R I L L A B I L I T Y  BORING-RATE ) /  R I V E R  MOUNTAIN TUNNEL f'RECONSTRUCTI*N 

UNDERGROUND EXCAVATIONS AND DEEP BORINGS ( ROCK-MECHANICS TECHNIQUES STRESS S T R A I N  11 

USBR TUNNELS UNDER T H E  C O N T I N E N T A L  D I V I D E  ( BORING-MACHINE MOLE I /  

MOLE OUT, MEN I N  ( HARDROCK BORING-MACHINE TUNNELERS DRILL-SHOOT-MUCK 1 

Y O F F I C E R S  AT ANNUAL M E E T I N G  ( MOLES D E T R O I T  CHICAGO BOSTON A R I Z O N A  LAWRENCE LASER-GUIDANCE ) /  REMARKS 
ESSED-AIR I /  CONSTRUCTING A SOFT-GROUND TUNNEL UNDER BOSTON HARBOR ( SHIELD-METHOD CUTTING-EDGE E X C A V A T I O N  

I /  SWISS CRACK BOTTLENECK W I T H  NEW LUCERNE ROAD L I N I N G S  F I B E R G L A S S  
SOUTH COVF TUNNEL PROJECT, BOSTON MASS ( SUBWAY I /  

TUNNEL UNCORKS HIGHWAY BOTTLENECKS ( CUT-A~D-COVER M I N N E A P O L I S  11 
PRECAST SURkAY L I N E R S  GO I N  FROM TOP TO BOTTOM [ M E X I C O - C I T Y  SUBWAY S H I E L D  

A S S E S S I N G  D E F O R M A B I L I T Y  OF ROCK A T  BOTTOM OF V E R T I C A L  BOREHOLE ( D R I L L I N G  
PERMEABLE ROCK D R I L L I N G  ( HOLD-DOWN B I T S  B I T - B A L L I N G  B O T T O Y - B A L L I N G  LOAD I /  F U L L  S C A L E  E X P E R I M E N T S  CN JETS 

M ( D R I L L I N G  I /  BOTTOM-HOLE PERCUSSION TOOLS-WHERE AND HOW T O  USE THE 
E L L  CRATERS OR I L L I N G - R A T E  I /  HOW BOTTOM-HOLE PRESSURE A F F F C T S  P E N E T R A T I O N  R A T E  ( 0IL-W 
I O N  B U B B L E S  AND THE PRESSURES PRODUCED AGAINST S O L I D  BOUNDARIES ( F R O S I O N  WATER-JETS I /  THE C O L L A P S E  OF CA 
MACYINE-STRESS 1 /  NONUNIFORM R A D I A L  LOADS A P P L I E D  TO BOUNDARY OF C I R C U L A R  H O L E  I N  I N F I N I T E  P L A T E  ( MOLE T U  

OCONFOSIS ) /  NADER BRANDS COAL M I N F  I N S P E C T I O N S  A ' F A R C E '  S A F E T Y  PNEUM 

/ BOTTOM-DUMP R I G  H A U L S  240 TONS ( M A T E R I A L S - H A N O L I N G  

M CONTRACTORS VACUUM TUNNFL,  SLOW TRUCKS W I T H  E N G I N E  RRAKFS ( MOLE PNEUMATIC-MUCKING B O N N E V I L L E  DA 

D I S C U S S I O N  OF B R I T T L E  FRACTURE OF ROCK ( B R A Z I L I A N - T E S T  COMPRESSION T E N S I O N  REBOUND 1 1  
STRENGTY ) /  B R I T T L E  FRACTURE OF ROCKS ( B R A Z I L  I A N - T E S T  G R I F F  I T H - C R I T E R I O N  MOHR-ENVELOPE ROCK- 
F A B I L I T Y  ) /  PROBLEM OF F V A L U A T I N G  BREAK-DOWN OF COAL BY J E T  OF H Y D R A U L I C  MONITOR ( PERM 
T E C H N I Q U E S /  SHAFT AND TlJNNEL BREAK-THROUGH - B A S I C  F U N C T I O N S  AND MODERN S U R V E Y I N G  

RESEARCH I N  IMPROVED METHODS OF ROCK BREAKAGE ( NEW-DRILLING-METHODS I /  
RESEARCH I N  IMPROVED METHODS OF ROCK BREAKAGE ( S I Z E - R E D U C T I O N  D I S I N T E G R A T I O N  I /  

I Q N  S P E C I F I C - E N E R G Y  ECONOMY I /  NOVEL METHODS OF ROCK BRFAKAGE ( WATER J E T  C A V I T A T I O N  P E L L E T - I M P A C T  THERMAL 

L O C I T Y  ) /  ROCK BRFAYAGE BY L IGHT-GAS GUN P R O J E C T I L E S  ( SHOCK HYPERVE 
ROCK RRFAKAGE BY CRUSHINGp BLASTTNG, AND D R I L L I N G /  

THE F A I L U R E  OF ROCK BREPKAGE NON-ELASTIC G R I F F I T H - C R A C K  ) /  
F S T I M A T I N G  D R I L L A B I L I T Y  I N  LABQRATr3RY ( ROCK B R E A K I N G  I /  

S T U D I E S  ON F L E C T R I C A L  D I S I N T E G R A T I O N  D R I L L I N G  ( ROCK B S E A K I N G  I /  
S CONDFNSERS FRACTURING S H I E L D I N G  I /  THE SECONDARY B R E A K I N G  EFFECT OF HIGH-FREQUENCY E L E C T R I C  ENERGY APP 
GH-FRFOUENCY-HFATING I / SEARCHING FOR YEW METHODS OF B R E A K I N G  HARD ROCK ( U L T R A S O N I C S  I N F R A S O N I C S  ELECTRO- 

/ USBM EXAMINES E X O T I C  WAYS OF B R E A K I N G  ROCK ( ROCK-FRAGMENTATION S T U D I E S  RESEARCH I 
ELECTRflN REAMS A NEW TOOL FOR C U T T I N G  & B R E A K I N G  ROCK ( SCATTER-GUN S H I E L D  POWER HARD-ROCK ) /  

ARD-RnCY WfiTER-TUNNEL COST RECORD ) /  MOLE BRFAKS THROUGH AFTER 293-FT. DAY AND 1114 F T  WEEK ( H 

T F N  YFARS OF PLOWSHARE ( C R A T E R I N G  B R E A K I N G  P E R M E A B I L I T Y  R A D I A T I O N  NUCLEAR-FXPLOSICN I /  

J F T T  MOLE T E A M  S F E K S  TUNNELING BREAKTHROUGH r CALWELD EXOTECH I /  
LASER BREAKTHROUGH WAY TO SHATTER ROCK TUNNELS I /  

T U N N E L I N G  BRFAKTHROUGH? ( MOLE CHEMICAL-SOFTENING I / 
S MUCK TO BELT ( COST S H I E L D  DEMOLITIOV-HAMMER LASER BREAST-BOARDS I /  H Y D R A U L I C  ARM D I G S  TUNNEL,  MOVE 
W S T R U C T I O N  D R I L L - P A T T F R N S  MUCKING I /  HIGHWAY BRIDGE MEN B U I L D  A TUNNEL - F O R  WATER STORM-DRAIN C 

F TUNNFL I /  AN E N G L I S H  CHANNEL CROSSING ( BRIDGE-TUNNEL RAILROAD-TUNNEL BORED-TUNNEL SUNKEN-TUB 

'3 SHAFT S I N K I N G  ANT, T U N N E L I N G  I N  COAL MINES I N  GREAT B R I T A I N  ( RESEARCH-STUDIES SYSTEMS I /  METHOD STUDY AP 
YcW ZEALAND POLAND WFST GFRMANY CZECYOSLOVAKIA GREAT B R I T A I N  j /  M I N I N G  & TRANSPORTING COAL UNDERGROUND BY 
QO MFRSEY TYNF @LACKWALL-AND-POTHERHITHE ) /  B R I T A I N S  MAJOR ROAD TUNNELS: A R E V I E W  ( C L Y D E  D A R T F 9  

BAY BRIDGE,  TUNNEL PACTS S I G N E D  I N  MARYLAND/ 

PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - SOME B R I E F  COMMENTS ON MOLES/ 

TUNNELING I N  B R I T I S H  COAL M I N E S  ( EXCAVATION-METHODS SYSTEMS I /  
NFW TUNNELS NEAR POTTFRS BAR I N  FASTERN REGION OF B R I T I S H  R A I L W A Y S  ( S H I E L D  I /  

ROPF S I D F  FRAMED CONVEYORS ( M A T E R I A L S - H A N O L I N G  B R I T I S H - M I N E S  I /  
gL 0 TrJ 5,000 P S I  ( S T A T I C - L O A D  CONFINEMENT D U C T I L E  B R I T T L E  ) /  AN EXPERIMENTAL STUDY OF S I N G L E  BIT-TI'OTH 

T E Y S I O N  QEBOUYl) I /  D I S C U S S I O N  OF B R I T T L E  FRACTURE OF ROCK ( B R A Z I L I A N - T E S T  COMPRESSION 
S I T F Q  I O N  MOHR-FNVELOPE ROCK-STRENGTH ) / B R I T T L E  FRACTURE OF RPCKS ( B R A Z I L I A N - T E S T  G R I F F I T H - C  
GF G R I F F I T H - T H E P R Y  I /  RECENT EXPERIMENTAL S T U D I E S  OF B R I T T L E  FRACTURE OF ROCKS ( COMPRESSION F R I C T L C N  E F F F  

TFMPFRATURE I /  T H E  I N F L U E N C E  OF ENVISONMENT ON T H E  B R I T T L E  FRACTURE OF ROCKS I FLUID-PRESSURE LOADING-DU 
STRFSS ( GP I F F I T H - C R A C K S  PORE-PRESSURE ) /  B R I T T L E  FRACTURE OF ROCKS AND CONCRETE UNDER T R I A X I A L  

THECRY "IF S T A T I C  P E N F T R A T I O N  BY A R I G I D  WEDGE I N T O  A B R I T T L E  M A T E R I A L  ( ROCK-DISINTFGRATION-THEORY RrJCK-ME 
UPSEQUENT FRACTURE CURVES FOR B I A X I A L  COYPRESSION OF B R I T T L E  M A T F R I A L S  ( F A I L U R E  FLOW COULOMB-MOHR G R I F F I T  

S R I T T L E N E S S  ( SHAPE-FACTOR I /  D O I N T  L O A D  T E S T I N G  OF B R I T T L E  M A T E R I A L S  TO DETERMINE T E N S I L E  STRENGTH AND R 

S T A T I S T I C A L  THEORY OF B P I T T L E  FRACTCISF FOR ROCK M A T E R I A L S /  

U N I Q U F  D E S C R I P T I O N  OF F A I L U R E  O F  B R I T T L E  M A T E R I A L /  

ON A S O L I D  F R I C T I O N  ATTENUATION SCHEME FOR DRY B R I T T L E  ROCK ( QUALITY-FACTOR I /  
B R I T T L E  ROCK F A I L U R E  UNDER T R I A X I A L  STRESS/  

NONLINEAR MECHANICAL BEHAVIOR OF B R I T T L E  R9CK-1/ 
UNDFR YORMAL STRFSS ( F R I C T I O N - S U R F A C F S  COMPRESSION R P I T T L E - F R A C T U R E  DUCTILE-FRACTURE I /  SHEAR F A I L U R F  OF 

NnENCE OF FRACTURF STRENGTH OF ROCKS ON G R A I N  S I Z E  ( BRITTLE-FRACTURE FLAWS G R I F F I T H - C R A C K S  STRESS COMPRES 
T T H F  GRFAT ST. SEPNHARD TUNNEL ( V E N T I L A T I N G - S H A F T S  BRITTLF-ROCK QUARTZ CARBIDE-T IPPED-DP I L L S  E X P L O S I V E  I 
M A T F q I A L S  TO DETERWINF T E N S I L E  STRENGTH AND R E L A T I V E  B R I T T L E N E S S  ( SHAPF-FACTOR I /  P O I N T  L O A D  T E S T I N G  "IF B 
U r K I Y G  I /  TUNNFL RECORDS BRnKEN AT O W E W  R I V E R  GORGF ( P N E U M A T I C - D R I L L  JUMBO Y 
KING-WALL S H I E L D  SLURRY COST I /  BRUSSELS SUBWAY IS POTPOURRI  OF T E C H N I Q U E S  ( I N T F R L O C  
H I E L q S  MOLES ENGLAND ) /  SSP L I N K S  W I T H  Y U T T A L L  ON TUNNEL D R I V I N G  MACHINES ( S 

AGE ( E R O S I O N  V E L O C I T Y  D R I L L I N G  COMPRESSIVE-STRENGTH RUPBLE-COLLAPSE I /  ROCK T U N N E L I N G  WITH H I G H  SPEED WAT 
5 ( F R O S I O N  WATER-JcTS I /  THE COLLAPSE OF C A V I T A T I O N  BURBLES AND T H E  PRESSURES PRODUCED A G A I N S T  S O L I D  POUW 

UCTURAL GE0Lr)GY VOLUME 1 I STRFSS S T R A I N  MOHR-CIRCLE B U C K L I N G  FRACTURES E L A S T I C I T Y  I /  N F S  ADVANCED S C I E N C E  
D4NUSF ) /  F I R S T  S E C T I O N  OF BUDAPEST UNDERGQ9UND NOW N E A R I N G  COMPLETION ( HUNGARY 

THAT TACKLE TUNNFLS ( MOLES S H I E L D S  HARD-ROCK J A P A N  BUFNOS A I R E S  SAN F 4 4 N C I S C O  AUTOMATION ) /  MEMCO: Yr lCN 
D R I L L - D A T T E R N S  YUCKING I / HISHWAY B R I D G E  MEN B U I L D  A TUNNEL - FOR WATER STORM-DRAIN CONSTRUCTION 

ESP-NUTTALL T U N N E L I N G  MACHINES ( WORLD-RECORD ) /  

"ANGLA'S MOLE'S A YONSTER I MECHANICAL-MINER BUCKET-LOADER CUTTERS I /  

D E E P - n 9 I L L I N G  COST B I T E S  DEEPER I N T O  BUDGETS/ 

R I V E R  PUT A S I D E  TO B U I L D  SUBWAY S T A T I O N S  ( CANADA L I N E R S  YOLF ) /  
I T A L Y  EXPORTS I T S  B U I L D I N G  KNOWHOW/ 

CEMENT GO B U I L D I N G  P I P E L I N E  TO CARRY L I M E S T O N E  SLURRY/  
D MFTY9D OF T E Y T  F n R  COMPRESSIVE STRENGTH OF NATURAL B U I L D I N G  STONF/  STANGAQ 
L K  ) /  FRANKFURT B U I L D S  HUGE T F P M I N A L  ( PASSENGER-TUNNEL MOVING-SIDEWA 

75-67-10001 
75-65-03 00 1 
02-70-00005 
03-68-04001 
75- 65- 0400 1 
04-68-0 2001 
22-69-10005 
74- 65-07 00 1 
22-69-10004 
72-69-10003 
12-66-10005 
75 -7 0-040 0 2 
04- 61- 0 1 0 0 1 
04-68-10001 
35-65-0 100  1 
05- 70- 0 160 5 
35-70-04001 
24-68-03002 
2 4- 6 4- 0 3 00 4 
45-65-05001 
24- 6 6- 10 00 1 
24-66-01001 
24-66-07005 
13-67-00002 
45-70-07001 
5 5- 6 8- 06 00 1 
12-66-09006 
1 2- 66- 090 0 1 
24- 6 5- 0 1 00 2 
14-68-04001 
2 2- 6 7- 0 7 0 0 1 
24-67-07001 
22-69-10002 
2 4- 6 8- 0 B 002 
2 3- 6 9- 0 100 2 
24- 5 5L 0 7 0 0 4  
22- 62- 0 5 001 
24-67-09001 
12-62-05008 
2L- 5 7- 0 100 1 
24-67-12001 
2 5- 6 8- 04 002 
23-68-11001 
75-69-07001 
75-70-01008 
25-66- 11002 
7 5- 6 9- 0 6 0 0 1 
7 5- 6 8- 0 100  1 
05-65-04001 
05- 68-0900 1 
74- 6 4- 0 700  1 
72- 7 0- O O O O q  
02- 5 9- 07 0 05 
43-59-00001 
04- 7 0-0 5 0  0 2 
02-59-07006 
04-61-04001 
44-68-04001 
12- 6 5- 0 1002 
14-6 9-0 100  2 
12- 66- 090 06 
12- 66- 0000  1 
12-66-09002 
12- 66-09003 
1 2-6 2- 0 5 0  2 5 
14- 6 5-0 9003 
2 2- 6 5- 06  003 
12-66-09005 
12-67-04007 
12- 6 7- 0 401 8 
14- 6 B- 12 00 2 
1 4- 6 9- 03 0 03 
12- 65- 0 1 0 0 4  
12-61-03005 
05-61-09001 
12-67-04007 
O L -  5 0- 0400 1 
85-68-0 100 1 
75- 7 0-0 1 0 04  
76-70-0500 1 
23-6 8-0600 1 
24-66-07005 
7 5- 6 3- 0 10 0 1 
27-68-0 1001 
05- 69-0 100  2 
2 5- 6 7- 07 00 1 
75-67-08003 
05-6 5- 0 4 0 0  I 
05-70-07003 
05-67-11003 
45-69-10001 
01-65-00001 
45- 67- 1 0 0 0  1 
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G MOLE 1 /  CONTRACTOR 
UNNEL I /  TUNNEL UNDER CANAL IS 
D P E L L E D  CONVEYORS 1 / I N D U S T R I A L  ROLLER COASTER MOVES 

U I D  FLOW 1 /  H Y D R A U L I C  TRANSPORT OF 
S POWER THRUST 1 /  V E R T I C A L  MOLE SCORES 
I S T I N G  EQUIPMENT FOR A TUNNEL CONSTRUCTION PROJECT ( 
I T I E S  OF TURBULENT FLOWS OF SUSPENSIONS OF N E U T R A L L Y  

OUTLOOK FOR FASTER T U N N E L I N G  U,S. 
I /  T H E  MODERN TECHNIQUE OF ROCK B L A S T I N G  ( 
DOTY S L A S T I N G  ( DETONATION CRACKS CHARGE GUIDE-HOLES 

ANGLE D R I L L I N G  I N  SURFACE OPERATIONS ( BENCH-HEIGHT 
OCES E X P E R I M E N T  E X P L O S I V E  PLEXIGLAS-MODELS BOREHOLES 

SURFACE SHAFT PLUMBS DEPTHS T G  
NE ) /  TUNNEL CONTRACTOR 
B n L T S  D Y N A M I T E  D R I L L I N G - E Q U I P M E N T  1 /  A U S T R A L I A N S  U S E  

ROCK D R I L L I N G  PATTERN W I T H  EXTRA P U L L  ( 
LERS; K I L L S  SEVEN I DRILLING-CREWS GANTRY-TYPE-JUMBO 

HARD ROCK T U N N E L I N G  METHOD Z WORLD-TUNNELING-RECORD 
EQUIPMENT FOR I N V E S T I G A T I O N  OF TORCH O F  J E T  D R I L L  

B L A S T  HOLE PRODUCTION W I T H  T H E  AIR-FUEL J E T  
EINFORCED-CONCRETE 1 /  
H YOUNG'S-MODULUS 1 /  THERMAL FRAGMENTATION OF ROCK ( 

I N V E S T I G A T I O N  OF RESULTS OF S I N G L E  J E T  
C O N T R I B U T I O N  TO THE PROBLEM OF ROCK 

NNEL, T E X A S  ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TUBES 

VERSION-TUNNEL 1 /  

B I D S  ARE REQUESTED FOR I N V I T A T I O N  NO. 
P O P T 4 T I O N  SYSTEMS ( SFCCAM DASHAVEYOR CONVEYOR-TRAIN 
G METHODS FOR A U S T R A L I A  ( TUNNEL D R I L L I N G  B L A S T I N G  

B A R T ' S  G I A N T  
CflNSTRUCTION ( OPEN-CUT CONSTRUCTION SINKING-METHOD 

PANDING A C Y L I N D R I C A L  PRFSSURE C E L L  I N  A D R I L L H O L E  ( 
OF T q E  "CHINO L IMESTONE* '  CRESTMORE M I N E  R I V E R S I D E  

WATER TUNNEL I N  
PUMPED STORAGE HAS NO PUMPS ( 

U C T I O N  D E S I G N  1/  T E H A r H A P I  MOUNTAINS CROSSING OF T H E  
T E H A C H A P I  MOUNTAINS CROSSING OF T H E  

U N L I N E D  TUNNELS O F  THE SOUTHERN 
U N L I N E D  TUNNELS O F  THE SOUTHERN 

NORTH EQN 
T U N N E L I N G  THROUGH GARLOCK F A U L T  ( 

LOW B I D  
FN-TURF 1 /  B I D S  

COSTS I /  

En-CflNSTQUCTIClN I /  

) /  
J E T ,  MOLE TFAM SEEKS T U N N E L I N G  BREAKTHROUGH ( 

NG M A C H I N F  CUTS THROUGH HARD ROCK I N  COLORADO M I N E  ( 
L L  TUNYEL CUTTER I /  
7 L E  D 9 I L L I N G  ( V E N T I L A T I C N  ACCESS SHAFTS CHURN-DRILL 

,NFW R A I S E  D R I L L I N G  TOOL TESTED I N  
DUST 1 /  T U N N F L I N G  I N  

T U N N E L I N G  M A C H I N E  TACKLES HARD ROCK ( MOLE 
OISTA'VCE CONVEYING OF S O L I D S  B Y  P I P E L I N E  ( CAPSULES 

S OF P E D E S T R I A N  C I R C U L A T I O N  THROUGH TUNNEL NETWORK ( 
N OEVFLOPVGNTS I N  SMOOTHWALL B L A S T I N G  I P R E S P L I T T I N G  

HYDRAULIC P I T C H  M I N I N G  AT V I C A R Y  CREEK ( 
RT AND L I N I N G  OF T H E  VANCONVER RAILWAY TUNNEL ( COST 

R I V F R  PUT A S I D E  TO B U I L D  SUBWAY S T A T I O N S  ( 
HUMBER R I V E R  TUNNEL AT TORONTO ( 

SOFT GROUNn T U N N E L I N G  FOR TORONTO SUBWAY ( 
REVIEW OF ROCK MECHANICS A P P L I C A T I O N S  I N  

S P E C I A L  MFTHODS I N  
HIZULAR-TUNNEL 1 /  TUNNEL UNDER 

TUNNELS ( 
LOW B I D  ON TUNNEL UNDER WELLAND 

SYAKE P I V E R  D I V E R S I P N  TUNNEL D R I E S  S I T E  FOR H E L L S  
CAST-TUNWELING 1 /  THE D R I V I N G  OF 10  M I L E  LONG 
S T Q t I N  I N  ROCKS ( ROCK-MECHANICS P H O T O E L A S T I C I T Y  1 /  

YE D Y E U Y A T I C  L O A D I N G  O F  B L 4 S T I N G  AGENTS ( CONDUCTION 
TWO WAYS F I G H T  FOR TUNNEL FOOTAGE ( COST 

INOUS CQAL ( COST-ESTIMATES 1 /  MAJOR CHAYGES I N  
L I D S  TN P I P F S  ( HYDRAULIC-TRANSPORT SLURRY SLUG-FLOW 

L'ING D I S T A N C E  C n N V E Y I N G  OF S O L I D S  BY P I P E L I N E  ( 
) /  D R I L L I N G  B Y  E X P L O S I V F S  ( 

FCECTC 1 /  C P P P R E S S I V E  STRENGTH OF CEMENTED 
STRENGTH I /  CEMENTED TUNGSTEN 

MECPANISM OF PERCUSSIVE WFAR O F  TUNGSTEN 
Q 0 r K  ( YAGNFSI  TE PFPCUSSIVE-ROTARY ROTARY-PERCUSS I V E  
R I L L I Y G  I /  THE STATE OF A P P L I C A T I O N  OF 

ROLLER CUTTERS W I T H  TUNGSTEN 
E D R I L L I N G  I N  L E I C E S T E R S H I R E  G R A N I T E  ( D R I L L I N G - R A T E  
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HARDNESS REOUCTION THROUGH WETTING ( CHEMICAL-SOFTENING 1 /  
T U N N E L I N G  BREAKTHROUGH? ( MOLE CHEMICAL-SOFTENING I / 

9DNESS QEnUCERS ON F A I L U R E  C H A R A C T E R I S T I C S  OF ROCK ( CHEMICAL-SOFTENING I /  E F F E C T S  OF HA 
SOMFTER S T U D I E S  OF G R A N I T E  I N  S O L U T I O N  ENVISOYMENT ( CHEMICAL-SOFTENING 1 /  ZETA P O T E N T I A L  AND PENDULUM SCL 
RCH - F E D E R A L  PROGRAMS SPARK ADVANCES I N  T U N N E L I N G  ( CHEMICAL-SOFTENING R O B B I N S  W H I T E - P I N E  COST-ANALYSIS M 
D ( S I T E - O R A I N A G E  SLUPQY-TRENCH-METHOD T E N S I O N - P I L E S  C H E M I C A L - S O I L - S T A B I L I Z A T I O N  I / R A I L  TUNNEL UNDERPASSE 
P E R I M E N T 4 L  D R I L L S  USF HEAT,  E L E C T R I C I T Y ,  MICROWAVES, C H E M I C A L S  ( R O C K - D I S I N T E G R 4 T I O N  I /  PART 2 - N@VEL ROC 
OWING R E V O L U T I C Q  I N  TRANSPORTATION ( FLAME WATER-JET C H E M I C A L S  LASER GAS-GUN MOLE I /  T H E  C 
T I /  TUNNEL R I G  CHEWS THROUGH SHALE ( ADVANCE CUTTER L I N I N G  MUCK P I L O  

s I /  T H E  CHICAGO AREA DEEP TUNNEL PROJECT ( COST SEWAGE-TUNNEL 
EMARKS 9Y O F F I C E R S  AT ANNIJAL M E E T I N G  ( MOLES D E T S O I T  CHICAGO BOSTON ARIZONA LAWRENCE LASER-GUIDANCE 1 /  R 

OFFSHORE AIRPORT F E A S I B L E  FOR CHICAGO ( POLDER SIX-LANE-TUYNEL I / 

B I D S  J O I N  TWO CHICAGO SEWER JOBS ( COST I /  
ROCK TUNNEL SUMMARIES ( CHICAGO SEWERS MOLES LAWRENCE R O B B I N S  J A R V A  I /  

8 5- 6 4- 03 00 1 
2 5- 6 8-0 1 00 1 
7 5- 6 5- 1 2 00 1 
3 5- 67- 0900 2 
75- 6 7- 0 2 0 0 2 
05-70-0700 1 
55-68-01001 
55- 68-09001 
74-64-06001 
2 5- 68-02 00 1 
04- 6 3- 1000 1 
35-66-08001 
22-56-04004 
03-67- 1200 1 
24- 66- 07005 
23- 6 8- 06  00 1 
22-69-10002 
2 4- 6 1- 0 0 0 0 1 
14-70-0 100 1 
2 4-7 0- 0 1 00 1 
14- 70- 0 3 00 1 
24-70-03001 
23- 68- 09001 
12-65-06007 
12-61-03008 
14-68-00001 
14- 6 8- 0 900 1 
12-64-10003 
4 5- 69- 1000 1 
34-64- 0 100  1 
24-68-05003 
36-65- 10001 
3 2- 5 7- 0400 2 
75-65-01001 
14- 7 0- 0 200 1 
12-65-06001 
04- 6 7- 0 3  00 1 
05-61-09002 
16- 64- 0 2 0 0 1 
05- 6 9- 0 500 5 
05-65-12001 
42- 68-03001 
45- 6 7- 0 100 1 
05- 66- 1000 1 
54-64-12002 
0 2- 68- 10 0 1 3  
04-68-0 200 2 
24- 6 7- 1 2 00 2 
34-69-11001 
25-63-11001 
02-70-00004 
75-67- 1000 1 
74- 64- 070 0 1 
05-66- 07001 
05-67-06001 
5 5- 6 7- 1 200 1 
54- 64-0 300 1 
45 - 64- 06 0 0 1 
1 2- 6 2- 0 5 0 09 
12-67-04017 
2 4- 5 9- 0 5 00 1 
12- 6 7- 040 1 4  
1 2- 67- 04  0 1 4  
12-62-0501 6 
44-6 5-06 0 0  1 
12-62-05017 
05-5 9-04001 
24-64-11003 
32- 64- 1 0 0 0  2 
8 4- 67- 0 8 00 1 
37-69-03001 
2 2-69- 10002 
3 1- 64- 00 00 1 
35-66-09001 
3 2- 5 7- 0 400 2 
37-69-06001 
2 1-68-0000 1 
36-67-08001 
24-68-05001 
2 4- 6 4- 0 6 00 1 
75- 69-0 6 0 0 1 
24- 6 7- 090 0 2 
2 3- 6 7- 0 0 0 0 1 
75-69-09002 
8 5- 6 7- 0 40 0 1 
24-6 8-06 0 0  1 
0 5- 6 9- 0 9006 
74-56-07001 
65-67-11001 
04- 6 9- 0400 1 
75-70-04002 
6 5-6 8-0600 1 
76- 7 0-06 0 0  1 

f" 

f' 

i - i ,  

r "I  

L! 
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BLEMS O F  AN URBAN AREA ( D I S P O S A L  COST SEWERS 1 /  T H E  
P I P E S  J A C K E D  B E H I N D  M I N I - M O L E  ( 

ER I ALS-HANDL I N G  I / 
I T  A N A L Y S I S  A P P L I E D  T O  S I M P L I F I E D  D R I L L I N G  PROBLEM ( 

ON C U T T I N G  FORCE OF ROCK AND CEMENT MORTAR ( TOOLS 
SSURE AFFECT THE TRANSPORT L I M I T S  ( PERFORMANCE-LINE 
I M F  A N A L Y S I S  FREQUENCY 1 /  R A T E  OF L O A D I N G  EFFECTS I N  

1 /  S T A T I C  AND DYNAMIC F A I L U R E  OF ROCK UNDER 
HF MECHANISM O F  ROCK F A I L U R E  UNDER I M P A C T  ( D R I L L I N G  

CHUNNEL ST I L L  
SUPER 

LPRGF BOREHOLE D R I L L I N G  ( V E N T I L A T I O N  ACCESS S H A F T S  
E Q U I P Y E N T  FOR A TUNNFL CONSTRUCTION PROJECT ( BUNKER 
S S  1 /  NONUNIFORM R A O I A L  LOADS A P P L I E D  TO BOUNDARY OF 
1 /  O B L I Q U E  I N C I D E N C E  OF PLANE STRESS WAVES ON A 

ON D I S T R I B U T I O N  OF STRESSES AROUND 
4 F T  D F S I G N ,  S H A F T - S I N K I N G  METHOD & EQUIPMENT ( STAGE 
TER V E R T I C A L  HOLES ( HOLLOW-DRILL-STFM ROLLER-CUTTER 
7 2  I N C H  H O L F S  ARE B E I N G  D R I L L E D  ( R I G  B I T  D R I L L - P I P E  

D I AMONO-P I T  DRAG- B I T  ROLLER-CONE-B I T  DR I L L  I NG-FLU I D 
G HOLF D R I L L I N G  AT NEVADA T E S T  S I T E  ( ROTARY-RIG B I T  
GURATION AFFECT TRANSPORT L I M I T S  ( P F N E T R A T I O N  F L U I D  
0 USE PERFORMANCE-LINE EQUATIONS ( B I T  R O T A T I O N  L O A D  

RFL@'N PERFORMANCE L I N E  ( T R A N S P O R T - L I M I T  S I T - W E I G H T  
A N A L Y S I S  OF P E D E S T R I A N  

PFED B I T - W E I G Y T  D I S T A N C E - D R I L L E D  BIT-CLEARANCE-ANGLE 
ARGE D I A M E T E R  HOLES FOQ SHAFTS ( R O T A R Y - D R I L L I N G  B I T  
RMAYCF 1 /  
R /  TWO 

SUBWAY TUYNEL CONSTRUCTION I N  NEW YORK 
TUNNEL FOR T H I R S T Y  

ED I N  BURGH 
DEEP TUNNFL STORAGE MAY SOLVE 

WORK PEGUN ON $200 M I L L I O N  M E X I C O  
C H I N F S  1 1  MOLE BFSTS M E X I C O  

STATUS OF ROCK MECHANICS AS A P P L I E D  TO 
E A n I N G  I /  C A N A D I A N  TUNNELERS 

TUNNELERS STAKE T H E I R  

NNEL 1 /  J A P A N ' S  P R E S S U R I Z E D  EXCAVATOR 
ZF 1 /  

RECOMMENDED 
F X D L O R A T I O N  PYYSICAL-PROPERTY 1 /  A QECOMMENDED ROCK 
D Y I C  TEXTURE STQUCTUPF MINERALOGY 1 /  
I R A P I D  T U N Y E L I N G  I N  LONDON 

T U N N E L I N G  I N  LONDON 
SEWER-Y4INS P I P E - P U S H I N G  1 /  S T A B I L I T Y  OF 
QFCDRO 1 /  

SSURE 1 /  HUGE YOLE CARVES 
TUNNELFRS STAKE T H E I R  C L A I M S  ( MOLE ADVANCE 

EXCAVATOR OPENS BORE W I T H  
S T U Y Y E L I N G - Q A T €  1 /  D R I V I N G  THE 
T N O Z l L F S  QOCK-SURFACE 1 /  HYDRAULIC J E T  T E S T I N G  W I T H  

SNOWY TUNNEL RUBBLE TROUBLE ALMOST 
RLF-STFEL-ARCH-SETS I /  COMBATTING WEIGHT PROBLEMS AT 

I c T S  STRESS-ZONES D R I L L I N G  BOREHOLES S T R A I N - A N A L Y S I S  
GRCI(JY0 SUBJECT TO ROCKBURSTING ( CUT-AND-FILL-STAGE 

D E S I G N  AND CONSTRUCTION OF THE 

-CLI EWT L E G A L  PROBLEMS IN U N D ~ R G R O U N D  CONSTRUCTION ( 

E X P L O R A T I U N  1 /  

11 P Q I T A I N S  MAJOR POAD TUNNELS: A REVIEW ( 

/ 
S ( L I G H T I N G  V E N T I L A T I O N  1 /  

CFMENT 
rlF 9 E V E L O P Y E N I  OF H Y D R A U L I C  METHOD OF EXTRACTION OF 

T @F PA9AYETERS 4 F F F C T I N G  C U T T I N G  R A T E  OF B I T U M I Y O U S  
L GrlnDS USED IIV UNDERGROUND PRODUCTION OF R I T U M I Y O U S  

H Y D R A U L I C  H O I S T I N G  O F  
L 'JSS C O N C F N T * 4 T I O N  POWER 1 /  H Y D R A U L I C  Y O I S T I N G  OF 

THE M A R T I N  B'IRER ( ADV4NCE 
AN I N V E S T I G A T I O N  O F  THE H Y D R A U L I C  C U T T I N G  OF 

P 9 0 R L E M  OF E V A L U A T I Y G  BREAK-DOWN OF 
NES/  THE EXPERIENCE O F  f lLD BEN 

P I P F  SEATS R A I L  FOR 
S 4 F F T Y - E D U C A T I C N  1 /  ACCIDENTS FROM F A L L S  OF ROOF AND 
I YPR9VEYENT OF TCCHYOLnGY @ F  H Y D R A U L I C  EXTRACTION OF 
Y D F O C U T T I  N G /  T H E  WEAKENIYG OF 

RE MOT ELY-CON TROLL ED 
P P F S I O E N T  PROPOSES NEW LAW ON 

I S  ) I  NADFR BRANDS 
AEF-EQUIPMENT MINE-FACE HEALTH-STANDARDS I / STS I C T E R  

SENATE U N I T  UNANIMOUSLY BACKS TOUGH 
Y 11 COUGH1 NG 
S AS AN A I D  TO PREVENTION OF ACCIDENTS I N  R I T U M I N O U S  
UOY 1 /  E X P L O S I O N S  AND F I R E S  I N  B I T U M I Y O U S  
I q N  1 /  YISCELLANEOUS ACCIDENTS I N  R I T U M I Y O U S  
1 /  ACCIDENTS FROM H O I S T I N G  AND HAULAGE I N  B I T U M I Y O U S  
I '3N 1 /  E X P L O S I V E S  ACCIDENTS I N  B I T U M I N O U S  
I n N  1 /  E L E C T R I C A L  ACCIDENTS I N  B I T U M I N O U S  

ACCIDFhlTS FROM F A L L S  PF ROOF AND COAL I N  B I T U M I N O U S  
T U Y N F L I N G  I N  B R I T I S H  

H Y D Q 4 U L I C  M I N I N G  4YD H Y D R A U L I C  T Q A N S P O Q T A T I 3 Y  I N  

C H I C A G O  TUNNEL PROJECT - A S O L U T I O N  FOR T H E  COMBINED 
CHICAGO-SEWER 1 /  
C H I N O  PUTS E L E C T R I C  WHEEL. TRUCK ON TROLLEY L I N E  ( MAT 
CHIP-FORMATION 1 /  P L A S T I C  L I M  
CHIP-FORMATION C R A C K - I N I T I A T I O N  I /  
CHIP-REMOVAL F L U I D  ) /  NEW APPROACH T O  I N T E R P R E T I N G  RO 
C H I S E L  I M P A C T  ( ROLLER-CONE-BITS P E R C U S S I V E - D R I L L I N G  
C H I S E L  LOADS ( C R A T E R I N G  ENERGY I M P A C T  S T A T I C - L O A D I N G  
CHISEL-EDGE P E N E T R A T I O N  STRAIN-GAGES A N A L Y S I S  WAVE-AC 
CHUGGING ( ENGLISH-CHANNEL 11 
CHUNNEL PACKAGE ( ENGLISH-CHANNEL ) /  
CHUNNEL S T I L L  CHUGGING ( ENGLISH-CHANNEL 1 1  
C H U R C H I L L  F A L L S  HYDROELECTRIC PROJECT ( LABRADOR 1 / 
CHURN-DRILL CALYX-METHOD ROTARY-DR I L L I N G  I /  DEVELOPME 
CHUTE AUTOMATI C-DUMP I N G  / SHAFT H O I S T I N G  
C I R C U L A R  HOLE I N  I N F I N I T E  P L A T E  ( MOLE TUNNELING-MACH 
C I R C U L A R  TUNNEL I ROCK-MECHANICS NUMERICAL-SOLUTIONS 
C I R C U L A R  TUNNELS I N  NONHOMOGENEOUS ROCKS/ 
CIRCULAR-SHAFT RECTANGULAR-SHAFT COST 1 /  TRENDS I N  SH 
C I R C U L A T I N G - F L U I D  D R I L L - S T R I N G  C A S I N G  1 /  ROTARY D R I L L  
C I R C U L A T I O N  ) /  HOW THOSE 
C I R C U L A T I O N  I /  NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R I L  
C I R C U L A T I O N  COST S P E C I F I C A T I O N S  I /  HERE'S A WRAP-UP 0 
C I R C U L A T I O N  CUTTINGS-REMOVAL ) / NEW APPRAOCH TO I N T E R  
C I R C U L A T I O N  GENERAL-DRILLING-EQUATION ) /  A NEW APPROA 
C I R C U L A T I O N  N O Z Z L E - V E L O C I T Y  F L U I D  ) /  NEW APPROACH TC 
C I R C U L A T I O N  THROUGH TUNNEL NETWORK ( CANADA 1 /  
C I RC U L A T  I ON-RAT E WEAR TE MPE RATU RE 1 / 
CIRCULATORY-SYSTEM COST SAFETY 1 / D R I L L I N G  L 
CIRCUMFERENTIAL-TOOTHED ROCK B I T S  I PENETRATION-PERF0 
C I T I E S  TUNNEL THROUGH THE C O N T I N E N T A L  D I V I D E  FOR WATE 
C I T Y  ( ROCK-BOLTS DRILL-AND-BLAST ROCK-FALLS I /  
C I T Y  ( WATER-FEEDER-TUNNEL I /  
C I T Y  MOTOQWAY I N C L U D E S  T W I N  TUNNELS/  
C I T Y  STORM WATER PROBLEMS ( D I S P O S A L  COST SEWERS I /  
C I T Y  SUBWAY ( EARTHQUAKE SUBSIDENCE 1 /  
C I T Y ' S  TREACHEROUS S U B S O I L  ( SOFT-GROUND-TUNNELING-CA 
C I V I L  E N G I N E E R I N G  ( D E S I G N  ECONOMY 1 /  
C L A I M  RECORD ( BORE D R I L L - C A R R I A G E  B L A S T E D - M A T E R I A L  H 
C L A I M S  ( MOLE ADVANCE C L A Y  SANDSTONE RECORD I /  
C L A I M S  CHANGED-CONDITIONS B I D S  11 C@NTRACTOR 
C L A I M S  WORLDS F I R S T  ( SAFETY COMPRESSED-AIR SUBWAY-TU 
C L 4 S S I F I C A T I O N  4YD I D E N T I F I C A T I O N  OF S O I L S  ( G R A I Y - S I  
C L A S S I F I C A T I O Y  FC)R ROCK MECHANICS PURPOSES/ 
C L A S S I F I C A T I O Y  FCiR QOCK MECHANICS PURPOSES ( GEOLPGY 
C L A S S I F I C A T I O Y  OF ROCKS ( IGNEOUS S E D I V F N T A R Y  METAYOR 
C L 4 Y  ( S H I E L D  MOLE L I N I N G S  V I C T O R I A - L I N E  E X P E R I M E N T  1 
CLAY ( S H I E L D  V I C T O R I A - L I N E  E X P E R I M E N T  L I N I N G S  I /  
C L A Y  AT V E R T I C A L  OPENINGS ( COMPRESSED-AIR OVERBURDEN 

C L A Y  ROCK ( ADVANCE CAST CUTTERS P L A S T I N G  MUCKING PRE 
C L A Y  SANDSTONE RECQRD 1 /  
CLEAN SWEEP FORE A N 0  AFT ( MOLE SEWER-TUNNEL 1 /  
CLEAR CREEK TUNNEL ( JUMBO MUCKING E X P L O S I V E S  SUPPORT 

PEN ETRAT I ON- R AT E 

CLAY HOLE GOES 1 ,025  F T  I N  WEEK ( ADVANCE S O I L  L I N I N G  

CLEAR WATER, SECOND T F S T  S E R I E S  ( E X C A V A T I N G  C A V I T Y  D 
CLEARED. ( A U S T R A L I A  ) /  
C L I M A X  ( PANEL-CAVING CUTOFF ORE-BODY EXTENSOMETER-ME 
C L I M A X  F I G H T S  HEAVY GROUND AND WINS ( ROCK M E C H 4 Y I C S  
CLOSURE-MEASUREMENTS 1 / E V A L U A T I O N  OF A B L A S T I N G  TECH 
CLOSURE-STATIONS PHDTOELASTIC-STRAIN-GAGES D R I F T S  STR 
CLYDE DARTFORD MERSEY TYNE BLACKWALL-AND-ROTHERHITHE 
CLYDE TUNNEL ( L I N I N G S  S H I E L D  SAFETY 1 /  
CLYDE TUNNEL: CONSTRUCTIONAL PROBLEMS ( SUBAQUEOUS 1 

CO B U I L D I N G  P I P E L I N E  T O  CARRY L I M E S T O N E  SLURRY/  
COAL/  THE NEXT PROBLEMS 
COAL/ HYDRAULIC COAL M I N I N G  RESEARCH - ASSESSMEN 

CLYDE TUNNEL: DESIGNvCONSTRUCTIOY AND TUNNEL S E R V I C E  

COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
C@AL 
COAL 
COAL 
CflAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
COAL 
CQAL 
COAL 
COAL 
COAL 

( COST-ESTIVATES I /  MAJOR CHANGES I N  C A P I T A  
( P I P E L I N E  S L U R R I E S  1 /  
AND ORFS ( SLURRY-PUMPING-COSTS F R I C T I O N A L - H F 4 D -  
B L A S T I N G  D R I V E  WEIGHT 1 /  
BY F I N E ,  HIGd-PRESSURE J E T S  ( H Y D R O M I N I Y G  1 /  
BY J E T  OF t i Y D R A U L I C  MONrTrlP P E R M E A B I L I T Y  1 /  
CORPORATIOY W I T H  GOODMAN CONTINUOUS M I N I N C  Y A C P I  
HAUL ( M A T E Q I A L S - H A N D L I N G  1 /  
I N  B I T U M I N O U S  COAL MINES ( ACCIDENT-PREVENTION-C 
I N  HYDROCINE AT KRASNOGORSK/ C E R T A I N  QUESTIONS 0 
M A S S I F  - THE WAY '3F I N C R E A S I N G  P R O D U C T I V I T Y  O F  H 
M I N E  ( M A T E R I A L S - H A N D L I N G  PUTOMATION 1 /  
M I N E  HEALTH, SAFETY/  
M I N E  I N S P E C T I O N S  A 'FARCE'  ( SAFETY PNEUMOCONEOS 
M I N E  SAFETY ACT SOUGHT ( CAVE- INS E X P L O S I C N S  UNS 
M I N E  SAFETY B I L L /  
MINERS R A L L Y  FOR SAFETY B I L L S  ( BLACK-LUNG SAFET 
Y I N E S  ( ACC I DENT-PRE VF N T I  ON-C OUR SE SAF ETY-ELlUCAT 
M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCAT 
M I N E S  ( A C C I  DENT-PREVENT1 ON-COURS E SAFETY-EDUCAT 
M I N E S  I ACCIDEYT-PREVENTION-COURSE SAFETY-EDUCAT 
MINES ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCAT 
M I  NE S ( A C C I  DEYT-PREVENTION-COU9S E SAFETY-EDUCAT 
V I N E S  I ACCIDENT-PREVFNTIOY-COURSE SAFETY-EDUCAT 
M I N E S  ( EXCAVATION-METHODS SYSTEMS ) /  
Y I Y E S  I P I P E L I N E S  1 /  

02-68-10005 
75-69-05001 
44- 68- 0300 1 
2 2-66- 10002  
24- 6 8- 0 5 OD3 
24- 6 5- 0 2 00 5 
12-61-03016 
12-65-01001 
12- 61-0301 5 
0 5- 69-07 0 0 1 
0 5- 7 0- 0 7 0 0  5 
0 5- 6 9- 0 7 0 0  1 
0 5- 70-05 OD6 
04- 6 1- 0800 1 
44-66- 1000 1 
1 3- 67- 00002 
19- 6 7- 0 0 0 0 1 
12- 66- 10004 
2 4- 6 4- 0 5 00 2 
02-6 1- 0000 1 
2 5-64-0 5 00 1 
24-64-11003 
25-64-10001 
24-65-02 004  
24-64-12004 
2 4- 6 5-0 2 00 2 
04- 6 7- 04  00 1 
12-65-01003 
24-64-0 800 1 
24- 6 7- 0 100  1 
05-64-02001 
0 2- 64- 0900  1 
05- 6 6- 0 80 03  
0 5- 7 0- 0 100  2 
4 5- 6 9- 0 3 0 0 1 
05-67- 10001 
75-70-07001 
1 2- 67-0400 2 
05-56-06001 
75 -7 0-0 100 2 
0 2- 70-00004 
75-67-0900 1 
12-43- 0 100 1 
1 4- 6 8- 10  00 3 
14- 6 8- 1000  1 
13- 55-01 001 
75-61-05001 
05-61-03001 
34- 67- 0 100 2 
75- 6 9-0 10  0 1 
75-6 5- 12001  
75- 7 0- 0 100 2 
75- 6 8- 10 092 
04- 5 8- 1 1 00  1 
23- 68-0 900 1 
05- 7 0- 0 2 00 3 
32-64- 10005 
35-64-09001 
3 2- 64- 10004  
32-64-10004 
04-70-05002 
35-65-03001 
0 4- 6 5-0 3 0 0 1 
54-65-02001 
45- 6"- 10 00  1 
24-64-0900 1 
23- 6 8- 03 001 
64- 4 8- 1 1 C O  1 
44-70-0600 1 
44- 6 7- 0 900 1 
74-55-0800 1 
2 4- 6 4-09 00 6 
24- 6 5- 0 1 00 7 
7 2 - 6 ~ - 0 0 0 0 1  
45- 6 6- 1 1  0 0 1 
53- 5 8-0000 1 
24-64-0900 5 
24-65-0?002 
44-65-0700 1 
5 5 - 6 ~ - 1 0 0 0 1  
5 5- 6 8-0 600  1 
55-68-09001 
55-69-GB001 
5 5- 69- 0 1 0 0 1 
53-49-00001 
53- 54-0 000  1 
53- 54- 0 000 2 
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45-66-1 7 0 0  1 
44- 6 8- 1 1 00 1 
24-6 4-0 5 00 1 
24-6 5- 12 00 2 
25-6 7- 0 500 1 
2 5-66-0900 1 
72- 7 0- 0001 2 
04-68-0800 1 
24- 67- 0 000 2 
14-68-10002 
15-65-040CI 
04-66-01 001 
12-70-00001 
14-67-01002 

2 4- 6 7- 0 100  3 
71-59-10001 
13-64-0000 1 
1 4- 6 6- 000 07 
23-63-10001 
0 2- 6 1- 0 000 2 
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S O L I D S  P I P E L I N I N G  SEEN 'AROUND CORNER' I SLURRY D R I L L I N G - M U D  R E C I P R O C A T  NG-PUMP 1 1  

T H E  E X P E R I E N C E  OF OLD BEN COAL CORPORATION W I T H  GOODMAN CONTINUOUS M I N I N G  M A C H I N E S /  
R A T I O N  ( GEOLOGY M I N I N G  TERRADYNAMICS 1 /  S A N D I A  CORP DEVELOPS P R O J E C T I L E  FOR USE I N  SUB-SURFACE E X P L O  

A P P L I C A T I O N  FOR R A P I D  EXCAVATION I N  T H E  CORPS O F  E N G I N E E R S  ( CONSTRUCTION E X C A V A T I O N  
CORPS OF ENGINEERS:  M I T T R Y  HAS "REVERSED A TREND''/ 

I - IGH-SPEED T U B E  TRANSPORTATION ( NORTHEAST CORRIDOR I / 
H Y D Q A U L I C  TRANSPORT OF BULKY M A T E R I A L S  ( ECONOMY CORROSION E R O S I O N  S O L I D - L I Q U I O  FLOW 1 1 

USE OF R E S I N S  I N  MINE ROOF SUPPORT ( CEMENT C U R I N G  CORROSION PULL-TESTS ) /  
S H I E L D S  AND S P E C I A L  L I N E R  C U T  TOKYO SUBWAY COST/  

B A R T  SUBWAY CONSTRUCTION - P L A N N I N G  AND COST ( CUT-AND COVER 
TUNNFLS TO TOMORROW ( TRANSPORTATION RESEARCH COST I /  

SOLE TUNNEL B I D  TOPS E S T I M A T E  BY 101 PERCENT ( COST 1 /  
WORLD'S L A R G E S T  SEAPORT GETS SMALLEST 'METRO' T U B E  ( COST I /  

TUNNEL L I N E R S  FOR BART SUBWAYS COST I /  
ROLE OF URETHANE FOAM I N  MINES ( S A F E T Y  COST 1 /  
ROCK PLAGUES TUNNELER ON SEWER SYSTEM ( COST I /  

SWISS TUNNEL I S  HOLED THROUGH I COST 1 /  
B I G  WATER TUNNEL J O B  A B A R G A I N  ( COST 1 /  

CPM REQUIRED FOR WATER TUNNEL ( COST I /  
TUNNELS AND DAMS I N  COLORADO ( COST 1 /  
D R I L L  HOLE FOR NUCLEAR T E S T S  ( COST 1 /  

KENTUCKY D I V E R S I O N  TUNNELS I COST 1 /  
WASHINGTON EXPRESSWAY TUNNEL ( COST I /  

SHARP P E N C I L S  COST 1 /  

WATER TUNNEL I N  C A L I F O R N I A  ( COST 1 /  
B I D S  J O I N  TWO CHICAGO SEWER J O B S  ( COST 1 /  

TUYNELS AND SUBWAYS ON THE S.F. BART SYSTEM ( MOLES COST 1 /  

CONTRACTS AND L o w  BIDS ( RAIL-LINE COST 1 1  

NNELS FOR I N T E R - C I T Y  T R A V E L  ( TRANSPORTATION SYSTEMS COST I /  T U  
E PORING A T  THE MATHER M I N E  ( HUGHES R O T A R Y - D R I L L I N G  COST 1 /  RA I S  
ERCUSSIClN D R I L L I N G  W I T H  DETERGENT M I S T  HEALTH DUST COST 1 /  DRY P 

RECnYMENOATIONS ( OFC3 TUNNEL-DEMAND SOCIAL-BENEF I T  COST i / CONFERENCE 
C H A N R I O h  TUNNEL ( L O A D I N G  MATERIALS-HANDLING S A V I N G S  COST ) /  D R I V I N G  T H E  

B L A S T  HOLE PR ODUCTION W I T H  THE A I R - F U E L  JET BURNER ( J E T - D R I L L I N G  COST B /  
N SANDSTONE ( EROSION L I N I N G S  H Y D R A U L I C - M I N I N G  MOLES COST ) /  STORM SEWER T U N N E L I N G  I 
A HIGHW4Y JCPS ( TUNNEL INTERSTATE-HIGHWAY E S T I M A T E D  COST ) /  B I D S  DUE SOON ON V I R G I N 1  
U D P I  OF TECHNIQUES ( INTERLOCKING-WALL S H I E L D  SLURRY COST 1 /  BRUSSELS SUBWAY IS POTPO 
TTER DERF@RYANCE ( MOLE TUNGSTEN-CARBIDE MAIYTENANCE COST 1 / R I V E R  MOUNTAIN TUNNEL - CU 
I N  S4N F R A N C I S C O  ( HYDRAULIC-JACKS TUNNELING-MACHINE COST ) /  G I A N T  MOLE B E G I N S  T U N N E L I N G  J O B  
BERLAYD S T R A I T  CROSSING ( HIGHWAY-TUNNEL R A I L - T U N N E L  COST I /  ECONOMIC C O N S I D E R A T I O N S  I N  THE D E S I G N  OF NORT 
L P  DEVFLOP HOMFP-WANSICA I R O N  M I N E  ( ADVANCE CUTTERS COST I /  HARD QOCK MOLE TEAMS UP W I T H  R A I S E  BORER T O  H 
G E Q U I P Y E N T  I STAGE CIRCULAR-SHAFT RECTANGULAR-SHAFT COST 1 /  TRENDS I N  SHAFT DESIGN,  S H A F T - S I N K I N G  METHOD 
I O N  DUST CUTTERS LASER-ALIGNMENT MUCKING V E N T I L A T I O N  COST 1 /  3.8 M I L E S  OF TUNNEL B @ R I N G  I N  190 DAYS I GEOL 
ST T I M E  I N  S I N K I N G  BLASTHOLES ( AIR-FUEL OXYGEN-FUEL COST ABRASIVE-FORMATIONS 1 1  J E T  P I E R C I N G ,  CHAMBERING, 

NG C O R E - D R I L L I N G  ) /  COST AND VALUE OF D R I L L  HOLE I N F O R Y A T I O N  ( WELL-LOGGI 

TOR L I C K S  TOUGH TUNNFL JOR ( ADVANCE JUMBO E X P L O S I V E  COST BAD-GROUND 1 /  CONTRAC 

TER R E S I N S  HAVE ROCK B O L T I Y G  A P P L I C A T I O N S  ( SUPPORTS COST I /  POLYES 

RECTRD TUNNEL E X C A V A T I O N  W I T H  B D R I N G  MACHINES ( COST ADVANCE GEOLOGY S I Z E  1 /  

B O L I D E N  L I K E S  B I G  HOLE R A I S E  BORING BUT QUESTIONS COST AS " I N E X P E N S I V E "  ( SWEDEN D R I L L I N G  1 /  

TUNNELFRS MAY SWPRM ANYWAY ( P R E Q U A L I F I C A T I O N  COST B I D S  1 /  
D E E P - D R I L L I N G  COST B I T E S  DEEPER I N T O  BIJDGETS/ 

RGROUYD WORKS ( DEFODMFD-BARS HOLLOW-CORE-BARS EPOXY COST BOND 1 /  GROUTED ROCK POLTS FOR PERMANENT SUPPORT 
SUPPORT AND L I N I N G  r)F THE VANCONVER R A I L W A Y  TUYNEL ( COST CANADA I Y S T R U Y E N T A T I Q N  1 /  THE F U N C T I O N  OF SHOTCR 

TWCI WAYS F I G H T  FOR TUNNEL FOOTAGE ( COST C A P I T A L  ADVANCE OVERBREAK GUIDANCE S A F E T Y  1 /  
HARD RCCK T U N N E L I N G  MACHINES ( MOLES S A F F T Y  COST. COMPARISON I /  

CqVTRACTORVS VIEW OF U N L I N E D  TUNNELS ( GEOLOGY COST COMPETENT-ROCK B L A S T I N G  1 1  

A SYSTEMS APPROACH TO EXCAVATICN ( MODELS COST COMPUTERS SPEED CONTROL 1 1  
SUBWAY BORING B E G I N S  ON COAST ( COST COMPRESSED-AIR WEIGHT S I Z E  L E N G T P  MOLE I /  

I A W N D  DR I L L I Y G  TECHNOLOGY AYO M I N E R A L  E X P L O R A T I O N  ( COST C O R E - D R I L L I N G  1 /  n 
H I G H  S P E E J  GROUND T R P N S P O R T A T I O N  TUNNEL D E S I G N  AND COST D A T A  ( UNDERGROUND-TRANSPORTATION-SYSTEMS 1 1  

1 /  TUNNELS ( ADVANCE COST EQUIPMENT S U R V E Y I N G  E X P L O S I V E S  SUPPOPT D R I L L 1  NG 
H Y D P A U L I C  COAL M I N I N G  I N  CZECHOSLOVAKIA ( I Y V E S T M E N T  COST EXCAVATOR BOOSTER-PUMP CnNVEY I N G  PRODUCTI@N 1 1  
I N G  I V  SMALL H r L F S  WITH AMMONIUM N I T R A T E  ( CHARGING COST E X P L O S I V E S  FUMES 1 /  UNDERGROUND FILAST 
A S T I V G  4GFNTS T(1 UROFRGROUND M I N I N G  ( CHARGING FUMES COST E X P L O S I V E S  S T A T I C - E L E C T R I C I T Y  1 /  DEVELOPMFYT 4Nr) 

T CREEK P I L O T  BORE? CPLORA9O ( P R E D I C T I O N S  E S T I Y A T E S  COST F A U L T  F O L I A T I @ N  FRACTURE WATER SUPPORT FEELER-hO 
!DEQ'S  Y I S F Q Y  LEADS TO E N G L I S H  TUNNFL ATTEMPT I S I Z E  COST F I N A N C I N G  I /  FFRRY R 

I /  P I V E P  MOUNTAIN TUNNEL CONSTRUCTION ( COST GUIDANCE MOLE SUPPORT CUTTERS MUCKING P R C C U C T I C N  

S H E L L  STUDY C I T E S  COST FACTORS I N  DEEP D R I L L I N G /  

DEEP WELLS SET NEW MARK ( DIAMOND B I T  COST HAND SUCCESS-R4TIO 1 /  
MOLE TUNNELING RESEARCH ADVOCATED ( ADVANCE COST HARD-ROCK TECHNOLOGY B O R I N G  SYSTEMS 1 /  

WHAT'S AHEAD FOR T U N N E L I N G  MACHINES? ( COST HARDROCK-TUNNELING FORECASTS 1 / 
S TUNYFL Q R I V I N G  ( C O Y T I N G E N C I E S  GEOLOGY E X P L O R A T I O N  COST HIGHWAY 1 /  F A U L T  SUSOENO 

HOLES GROW DEEPER I N  B I G  NALKER ( COST HIGHWAY-TUNNEL 1 /  

SMALL TUNNELS MAKE GOOD SEWERS ( SUPPORTS COST L I N E R S  U T I L I T Y - T U N N E L S  ) /  
A I R  HAMMER CUTS COST I N  ARKOMA 84SIY ( ADVANCE HARD-ROCK I /  

OVTQACTOR B U I L D S  LOW-COST-TUNNELER I ADVANCE CUTTERS COST L I N I N G  MOLE I /  C 
U.S. MADE P A C H I N E  SPEEDS TOKYO TUNNEL ( AOVANCE COST L I N I N G  MUCKIYG CUTTEQS GUIDANCE 1 /  

TUNNFL EASES 21-YEAR T R A F F I C  J A M  ( COST L I N I N G S  1 /  
T U N N E L L I N G  I N  THE SNOWY MOUNTAINS ( TUNNELLING-RATES COST M A T E R I A L S  H A N D L I N G  1 /  SOME ASPECTS CIF H I G H  SPEED 
A T E 5  SEN0 WHEY S H I E L D  CHANGES COURSE ( ADVANCE POWER COST YOLE 1 /  T A I  L - P L  
Y E L I N G  Y A C H I N E S  TCI D R I V F  THROUGH SANOSTCNE ( 4DVANCE COST MOLE 1 /  8 0  I N C H  TUY 

MACHINE T U N N E L I N G  ON M I  SSOURI  PnWER PAYS t B L A S T I N G  SMOOTH-BORE ROCK L I N I N G  COST MOLE I /  
Q S  T E I M - U P  T n  PORF G I A N T  I R R I G A T I O N  TUNNEL ( ADVANCE COST MOLE SAFETY GUIDANCE MUCKING I /  T H I R T Y - F C U Q  HYDR 

I N G  I N  O R I F T I N G  WORK ( MECHANICAL T U N N E L L I N G  D E V I C E S  COST MOLFS 1 /  RESULTS AND P O S S I B L E  A P P L I C A T I O h S  OF TH 
E T Y  ( ACCIDEYT-RATF S A F F T Y - R E S P O N S I B I L I T Y  E F F I C I C N C Y  COST MORALE 1 /  PROGQAM FOR SYSTEMATIC UNDERGROUND SAF 

YSTEYS AUTOMATION ELECTRONIC-GUIDANCE 11 COMPARATIVE C'JST OF H A N D L I Y G  Y A T E R I A L S  W I T H  D R I V E R L E S S  TRACTOR-TR 

SEEPAGE ROCK 1 /  SEWER MOLE T R I M S  COST OF TUNNEL R I B S  E CONCRETE ( CUTTERS HARD L I N I N G  
T c P S  I /  S E R V I C E  MOLE T R I M S  COST OF TUNNEL R I B S  AND CONCRETE ( BORING SEEPAGE CUT 

NgRTYFRN C A L I F O R N I A  WATER TUNNEL ( COST MOLES 1 /  

HYDRC-ELECTRIC P R A C T I C E  ( TUNNELS ADV4NCE COST MUCKING L I N I N G  1 /  

THE H I G H  COST OF SUBWAYS/ 

T H I R D  MOLE D I G S  BARTD SUBWAY ( COST O S C I L L A T I N G - A R M S  WEIGHT MUCK T E E T H  1 /  
FORTS TO O E v E L n P  IMPROVED OILWELL ORI LLING METHODS ( C O S T  D E R C U S S O R S  9 I T-ROTARY-SPEED R O C K - A T T A C K  AUTOMATI 

MOLE F I N I S H E S  TWO-VILE ROCK BORE ( COST PERFORMANCE-RECORD ) /  

45-66-07001 
15- 6 8-04001 
2 2- 6 4- 00 00 1 
0 2-68- 100 1 2  
75-55-02002 
04-65-08001 
42-68-0301 1 
34- 64- 01 00 1 
75-68- 1000 1 
04-69-03001 
02-68-10006 
05-65-0800 1 
05-68-01 00 1 
05-70-01004 
34-6 8-0600 1 
54-6 6- 0300 1 
65-65-03001 
6 5-6 5-0 5 00 1 
6 5- 6 5- 0700 1 
65-65-10001 
6 5-65- 12001 
6 5- 6 6- 0 60 0 1 
65-66-06002 
65-66- 06003 
6 5- 66- 0 800 2 
65-67-05001 
6 5- 6 7- 1000 1 
6 5- 6 8-0 6 00 1 
02-68-1001 0 
24-63-09003 
24-64- 11 00 1 
35-64-11001 
02- 7 0- 0 6001 
54-64-07001 
2 5- 64- 0 9 00 2 
24- 6 7- 0 2 00 1 
65-67-05002 
85- 68-01 00 1 
72- 6 9- 100 0 5 
75-68-0300 1 
02- 66- 09001 
74-64-03001 
24- 64- 05 002 
75-69-08001 
25-6 3- 1 1  00 1 
74- 67- 0 BOO 1 
14-6 7-0 100 2 
05-68-09001 
15-70-0 100 1 
05-67-07001 
2 5- 6 7- 0700 1 
3 4- 63- 0 8 00 1 
3 2-7 0- 0 0 00 3 
75-66-1 000 1 
72-68-00001 
02- 64- 10003 
75-67- 0900 2 
02-  69- 1000 1 
2 4- 6 7- 0 1 0 0 ? 
03-69-03001 
01-63-0000 1 
24-64-09004 
12-15 2-0501 6 
12-62-05017 
2 5- 67- 0600 1 
13-67-00003 
05- 6 6- 1 200 6 
72-69-10002 
7 5- 65-03 003 
75- 67- 0 800 2 
74-68-10001 
3 5- 6 9-02 00 1 
65- 68- 07001 
2 5-6 4-0 20 0 1 
3 4- 67- 05 00 1 
75- 60-0400 1 
75-65-05001 

64- 6 4- 090 0 1 
75- 6 7- 01 003 
75- 63- 1200 1 
72-65-05001 
75-66- 13002 
65-66-09001 
74-63-00001 
5 4- 6 5-  0 3 00 2 
45-70-01001 
44-65-02001 

76-66-05001 
74-66- 0500 1 
75-68-0 100 2 
02-60-01001 
7 5- 6 6-0 500 1 

55-65-08002 

65- 66- 08091 
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TED-STRUCTURES I / UNDERGROUND ROADS COST P L E N T Y  ( TUNNEL URBAN-HIGHWAY U N D E R P I N N I N G  E L E V A  
ANS-RAY TUBE ( TREMIE-WALL S H I E L D S  CONSTRUCTION-RATE COST PROBLEM-AREAS E X P L O R A T O R Y - D R I L L I N G  A L I G N M E N T  ! / 
I N V F S T I G A T I O N  I MACHINES MOLES D R I L L I N G - A N D - B L A S T I N G  COST RATE-OF-TUNNELING F E A S I B I L I T Y  CONSTRUCTION E S T  
KEY OF M O U N T A I N  ( ADVANCE ROCK MUCKIhlG CUTTERS POWER COST RECORD I /  MOLE MAKES MON 
93-FT. DAY AN0 1 1 1 4  F T  WEEK ( HARD-ROCK WATER-TUNNEL COST RECORD I /  MOLE BREAKS THROUGH AFTER 2 
V A T I O N T  S I G N I F  ICANCE, N E E D S T  O P P O R T U N I T I E S  ( H I S T O R Y  COST RESEARCH NEW-METHODS I /  R A P I D  EXCA 
S H A N D L I N G  ( MUCK-HANDLING TRANSPORTATION O B J E C T I V E S  COST RESEARCH-STUDIES I /  COMMITTEE REPORT ON P P T E R I A L  
0 FT. D I A .  TUNNEL ( ADVANCE G U I D A N C E  MUCKING CUTTERS COST ROCK I /  MOLE BORES 277FPD OF 1 
I L A T I D N  I /  HIGHWAY TUNNELS ( COST ROCK-BREAKING GEOLOGIC-EXPLORATION L I G H T I N G  VENT 
A T I O N A L  D E S I G N  OF TUNNEL SUPPORTS ( MODELS COMPUTERS COST ROCK-STRESS LABORATORY-TESTS EXCAVATION-METHUDS 

FOR S H A F T S  ( R O T A R Y - D R I L L I N G  B I T  CIRCULATORY-SYSTEM COST SAFETY ) /  D R I L L I N G  L A R G E  D I A M E T E R  HOLES 
H E 1 9  A P P L I C A T I O N  T O  UNDERGROUND M I N I N G  ( V E R S A T I L I T Y  COST SAFETY PRODUCTION ROCK MAINTENANCE I /  MACHINE-@O 
NNEL GOES FOR RECORD $222 .6  M I L L I O N  ( B L A S T I N G  MOLES COST SCHEDULE S I Z E  HATER I /  T U  

ORAGE MAY SOLVE C I T Y  STORM WATER PROBLEMS ( D I S P O S A L  COST SEWERS I /  DEEP TUNNEL ST 
COMBINED SEWER PROBLEMS OF AN URBAN AREA ( D I S P O S A L  COST SEWERS I /  THE CHICAGO TUNNEL PROJECT - A Sr3LUTIO 

G METHODS FOQ E F F I C I E N T  SHAFT S I N K I N G  ( SOUTH-AFRICA COST S I N K I N G - R A T E  F R E E Z I N G  SAFETY 1 /  NEW M A T E R I A L S  HA 
I N G  AT YEVADA T E S T  S I T E  ( ROTARY-RIG B I T  C I R C U L A T I O N  COST S P E C I F I C A T I O N S  1 /  HERE'S A WRAP-UP O F  B I G  HOLE D 
RACTOR'S V I E W  ON U N L I N F D  TUNNELS-CLOSURE B Y  AUTHOR ( COST SWEDISH-TUNNELS I /  CONT 

TPE CHICAGCI AREA DEEP TUNNEL PROJECT ( COST SEWAGE-TUNNELS I /  

H Y D R A U L I C  DRM D I G S  TUNNEL, MOVES MUCK TO B E L T  ( COST S H I E L D  DEMOLITION-HAMMER L A S E R  BREAST-BOARDS I /  

OKLAHOMA POWER TUNNEL ( COST U N I T - P R I C E S  I /  
EQUIPMFNT FI)R A DEEP-LEVEL SOUTH A F R I C A N  GOLD M I N E  ( COST V E N T I L A T I O N  L I N I N G S  1 /  SHAFT D E S I G N  AND H O I S T I N G  

I N  T U N N E L I N G  ( CHEMICAL-SOFTENING R O B B I N S  W H I T E - P I N E  COST-ANALYSIS M A T E R I A L S - H A N D L I N G  I /  B O R I N G  RESEARCH - 
CONVEYORT AND H Y D R A U L I C  TRANSPORTATION UNDERGROUND I COST-COMPARI SON I / ECONOYY OF R A I L ,  
RUCTIONS ( HIGHW4Y-TUNNFLS RAILROAD-TUNNFLS B L A S T I N G  COST-COMPARISON S W I T Z E R L A N D  SWEDEN L I N I N G S  1 / P L A N N I N  
L GETS BIGGER AND RICHER ( SUNKEN-TUBE S H I E L D - D R I V E R  COST-ESTIMATES I /  TUNNE 

U S E 0  IY UNDFRGROUND PRODUCTION OF B I T U M I N O U S  COAL ( COST-ESTIMATES I /  MAJOR CHANGES I Y  C A P I T A L  GOODS 
URRAY AREAS ( TUNNELS TECHNIQUES EQUIPMENT P L A N N I N G  COST-FACTORS GEOLOGICAL-CONDITIONS WATER-CONTROL 1 / D 

R A I S E  B O R I N G  ( COST WHIPSTOCKING R E A M I N G  I /  

SUBTRACT COSTLY HOURS W I T H  SHARP D R I L L  B I T S /  
D P I L L I N G  AOVANCES A I M E D  AT LOWER WELL COSTS f DEEP-WELL S T I C K I N G  T I L T - R I G  POLYMER-YUD ) /  

T I R E  RESFARCH LOWERS EQUIPMENT O P E R 4 T I N G  COSTS ( M A T E R I A L S - H A N D L I N G  MUCKING-FQUIPMEYT 1 / 
AMETFR AQ- fO B L A S T I N G  MFTHODS CUT UNDERGROUND M I N I N G  COSTS I SAFETY ARGENTINA I /  SPALL D I  

UNDFRWATER ROAD BORE I S  U N L I N E D  ( COSTS I /  
A L I F O Q N I 4  AWAQDS CVYTQACTS FOR STATE W4TER TUNNELS ( COSTS I /  C 
O H I O  S A N I T A R Y  INTERCFPTOR SEWER ( T U N N E L I N G  OPEN-CUT COSTS I /  
CENT 3EVELOPMENTS OF SLUPRY E X P L O S I V E S  UNDERGROUND ( COSTS I /  RE 
WAY TUNNELS ( DQ4Ih lDGE SUPPORTS GROUND-WATER S F A L I N G  COSTS I /  H I G H  

ECON@M I C  F4CT13RS OF MFCHANICPL ROCK T U N N E L I N G  ( JARVA MOLE COSTS I /  
ES THROUGH SAND FOP M I N N E A P O L I S  STORM D R A I N  TUNNEL ( COSTS I /  CONTRACT3R GO 
: D E S I S Y  AND CONSTRUCTION ( VEHICULAR MOLES S H I E L D S  COSTS I /  SOFT-GROUND TUNNEL I NG 
TO U S E  NFW TRANSPOQT CONCEPT ( DASHAVEYOR 4 U T D M 4 T I O N  COSTS 1 /  W H I T E  P I Y F  P R E P A R I  NG 

T I E 0  T 7  GFqLOGY ( RqCK-CONDITIONS TUNNELING-METHODS COSTS E X C A V A T I O N  MUCKING L I N I N G  I / TUNNEL E S T I P A T I Y G  

F O Q  UNOFRGROUNq P@WFR L I N E S  ( D R I L L S  SOIL-MECHANICS COSTS MOLE I /  

TUNNFL F X C A V A T I O N  SYSTEM KEEPS V E N T I L A T I O N  COSTS DOWN ( NQRWAY MUCK-HANDLING I /  

ANDES TUNNFL T O  TAP AYAZON ( COSTS I R R I G A T I C l N  I /  
H f l R I Z O N T P L  HOLES 
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M I N I N G  M A C H I N E  COULD BORE ROCK ( P I L @ T  CUTTER THRUST ANCHOR I /  

H I N E S  FOR SALT AND POTASH UNDERGROUND M I N I N G  ( K E R F S  C U T T E R - B I T S  CORES THRUST P E N E T R A T I O N  I /  DEVELOPMFNT 0 
WER YDLE I /  HARDROCK T U N N E L I N G  I N  P E G M A T I T E  ( CUTTER-COOLING PENETRATION THRUST TORQUE HYDRAULIC-PO 
6900 F T  OF 20 F T  D I A  TUNNEL AT 5 FT/HR ( MOLE RECORD CUTTER-COST ) /  J A R V A  MARK 21 BORES 
H A N I C A L  MOLE ( TUNNELING-MACHINE LARGE-BORE-DRILL I N G  CUTTER-HEAD CONTINUOUS-MINER I /  Fc EC 

SEWER TUNNEL f COAL-MINING-MACHINE SHALE ROOF-BOLTS CUTTER-HEAD CONVEYOQ ) /  M I N I N G  Y A C H I N E  BORES 
P I G  MOLE IS DOWN I N  THE HOLE ( CUTTER-HEAD CONVEYOR MUCK-TRAINS SEMI-H4RD-ROCK I /  

YEW MACHI  N E  SPEEDS LARGE BORE T U N N E L I N G  ( JUMBO CUTTER-HEAD HYORAIJLIC-JACKS CONVEYORS I / 
E X P E R I  ENC E W I T H  T H E  HABEGGER MOLE ( GERMANY SWITZERLAND J A P A N  CUTTER-PERFORMANCE ) /  

UP OAHE TUNNEL ( M I N I N G - M A C H I N E  SHALF HYDRAULIC-RAMS CUTTERHEADS-CONVEYOR RECORD I / A H Y B R I D  MOLE WRAPS 
D E S I G N  I /  J A R V A  T U N N E L I N G  MACHINES-REED T U N N E L I N G  CUTTERS ( BORE SADDLES PENETRATION-RATE ROCK-TESTING 
' S  MOLE'S A MONSTER ( MECHANICAL-MINER BUCKET-LOADER CUTTERS ) /  MAN G L A 
MS COST OF TUNNEL R I B S  AND CONCRETE ( BORING SEEDAGE CUTTERS ) /  S E R V I C E  VOLE T R I  
CASE STUDY ( P A I S E S  SHOTCRETE SUPPORT TUNNEL-MACHINE CUTTERS I /  HECLA M I N I N G  COMPANY 

JARVA MARK 2 1  BORES 6900 F T  OF 20 F T  D I A .  TUNNEL AT 5 F T  PER HOUR ( MOLE ADVANCE B A R T  CUTTERS I /  

32- 66- 0000 1 
04- 6 9-0 1 00 1 
04-5 8- 1100 1 
05-67- 1100 1 
13- 6 7- 00 0 0 1 
13- 64- 000 01 
14-64-01001 
14-67-01003 
3 2- 64- 10 0 07 
12-66-09009 
14- 6 6- 000 03 
12-67-04009 
22-59-07006 
44-68-12001 
53- 6 8-0 6 0 0 1 
3 4- 69- 06 00 1 
14- 6 8- 12 001 
44-63-07001 
53- 5 1-00001 
0 5- 6 9- 0 8004 
04-64- 1200 1 
74- 6 4- 0 7 0 0 1 
02-66-09001 
05-70-04004 
34- 6 5- 1 100 1 
02-68-05002 
02- 7 Q- 0000 8 
74- 63- 0700 1 
75-65-02 00 1 
24- 6 5- 10 00 2 
12-62- 05006 
24-6 5-1 0003 
22- 59- 07002 
05-68-010 10 
23- 62-06 001 
22-66-10001 
12-65-06005 
24- 6 8- 0 8002 
14- 6 8- 0 900 6 
5 5- 6 9- 0700 2 
36- 6 7- 0 80 0 1 
34-64- 0 100 1 
34-6 5-03001 
3 6- 6 7- 0 1 00 1 
03-61-02001 
12- 62- 05 01 4 
42- 69- 0 200 1 
12-62-05007 
12-66-11091 
14-66-11001 
12-66-0900 5 
82- 69- 1000 1 
44-65-04001 
05- 6 7- 0 800 1 
25-68-04001 
0 5-5 9- 1 2  0 0 1 
75- 70- 0 100 1 
75-68-10001 
24- 63- 1 7.00 3 
04- 6 9- 0 3 0 0 1 
0 5- 64- 03 0 0 1 
0 5- 6 6- 0 90 0 1 
05-70-01005 
0 5- 66- 0 80 0 1 
05-66-12007 
32-64-10004 
32-64- 10005 
85- 6 7- 0700 1 
25-64-02001 
35-66-02001 
76-7 0-0 500 2 
12-70-00004 
76- 6 9- 0 2 00 1 
74-56-03001 
74-6 5-0700 1 
7 2- 69- 10 005 
75-64-11001 
2 8- 6 3- 1 2 0 0 1 
75-6 2- 1100 1 
02-61-00002 
74- 6 5- 0 60 0 1 
7 5 -7 0- 0 20 0 1 
75-55-01 00 1 
75-53-07001 
75-67-0100 2 
75-54- 12001 
72- 7 0- 0000 1 
75-61-04001 
76-68-09001 
75-63-01001 
74-66-05001 
2 2- 69- 10003 
76-70-0400 1 
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H I N E S  PENETRATION-RATE JUMBOS GUIDANCE E X O T I C - B O R I N G  CUTTERS ) /  DEVELOPMENT M I N I N G  AT W H I T E  P I N E  ( BORING- 
DEVELOPMENTS I N  T U N N E L I N G  MACHINES ( ADVANCE S A F E T Y  CUTTERS BAD-GROUND MUCK L I N E R S  T R A N S P O R T A T I O N  WASTE-D 

ER TO H F L P  DEVELOP HOMER-WANSICA I R O N  M I N E  ( ADVANCE CUTTERS COST I /  HARD ROCK MOLE TEAMS UP W I T H  R A I S E  BO 

F P D  OF 10 FT. D I A .  TUNNEL ( ADVANCE GUIDANCE M U C K I N G  CUTTERS COST ROCK I /  MOLE BORES 277  
MAINTENANCE I /  EQUIPMENT R E L I A B I L I T Y  ROCK-FRACTURE CUTTERS CUTTING-METHODS MUCKING GROUND-CONTROL E N G I N E  

TEAMED AT AGC'S H Y D R A U L I C  M I N I N G  OPERATION I ADVANCE CUTTERS G I L S O N I T E  MOLE IRON-ORE SHAFT G U I D A N C E  I /  TUN 
N F  SPEFDS TOKYO TUNNEL ( ADVANCE COST L I N I N G  MUCKING CUTTERS GUIDANCE I /  U.S. MADE MACH1 

ANCHORS I N  P I L O T  HOLE E. P U L L S  I T S E L F  AHEAD ( A L K I R K  CUTTERS GUIDANCE ADVANCE ROCK-BOLT MUCK I /  MOLE 

RD ROCK T U N N E L I N G  MACHINE I ADVANCE FORMATION L I N I N G  CUTTERS HEAD I /  FA 
NFL, J A R V 4  M K l l - 1 2 0 0  MOLE ( B O R I N G  POWER L U B R I C A T I O N  CUTTERS HYDRAULIC-SYSTEM DUST-COLLECTION I /  R I V E R  MOU 
100 DAYS ( GEOLOGY MACHINE-DR I L L I N G  P E N E T R A T I O N  D U S T  CUTTERS LASER-ALIGNMENT MUCKING V E N T I L A T I C N  COST I /  3 

Y n L F  I N V A D E S  FlFW MEXICO ( MUCK CRUSHER SLURRY L I N I N G  CUTTERS MAINTENANCE I /  

HUGE MOLE CARVES CLAY ROCK ( ADVANCE C A S T  CUTTERS B L A S T I N G  MUCKING PRESSURE ) /  

CONTRACTOR B U I L D S  LOW-COST-TUNNELER ( ADVANCE CUTTERS COST L I N I N G  MOLE I /  

B I G  HOLES P O I N T  TO DEEP WELLS ( C A S I N G S  CUTTERS D R I L L I N G - R I G S  SHAFTS ) /  

SFWER MOLE T P I M S  COST OF TUNNEL R I B S  E. CONCRETE ( CUTTERS HARD L I N I N G  SEEPAGE ROCK I /  

NEW DEVELOPMFNTS I N  T U N N E L I N G  MACHINES ( CUTTERS L I N I N G  MOLES MUCK HARD-ROCK ) /  

SOFT-ROCK T U N N E L I N G  AT 5 F T .  PER HR. ( ADVANCE CUTTERS MCKINLEY-HEAD ) /  
MOLE WIPES FARTH OFF T H E  FACE OF THE BORE ( CUTTERS MUCK ADVANCE ALIGNMENT L I N I N G  I /  

WORLD'S L A R G F S T  MOLE TUNNELS AT OAHE DAM ( MOLE CUTTERS MUCKING GEOLOGY TUNNELING-RATE TOOL-COST I /  
A I N  TUNNEL CDNSTRUCTION ( COST GUIDANCE MOLE SUPPORT CUTTERS MUCKING PRODUCTION ) /  R I V E R  MOUNT 
MOLE YAKFS MONKEY OF MOUNTAIN ( ADVANCE ROCK MUCKING CUTTERS POWER COST RECORD 1 1  
E N T Y - F I V E  TON TUNNEL BORER ( ADVANCE GUIDANCE M I N I N G  CUTTERS RECORD ) /  s EV 

MACHINES NEVADQ T E S T  S I T E  ( LOST-TIME ROCK-STRENGTH CUTTERS ROCK-BOLTS I /  P O T E N T I A L  FOR T U N N E L  B O R I N G  
R O R B I N S  TUNNEL BORING MACHINE I ADVANCE CUTTERS SAFETY L I N I N G  HARD-ROCK MOLE I /  

HARD ROCK TUNNEL B O R I N G  MOVES AHEAD ( ADVANCE CUTTERS THRUST TORQUE MUCK SUPPORT L I N I N G  ) /  
THE qlJARVAqq MOLE ( CUTTERS S T E E R I N G  HARD-ROCK ) /  

I /  ROLLER CUTTERS W I T H  TUNGSTEN C A R B I D E  T E E T H  ( ROLLER-CUTTERS 
G-DAT4 ) /  REED B I G  HOLE PRrJDUCTS ( C U T T E R S - D R I L L I N G - B I T S  REAMING R A I S E - B O R I N G  E N G I N E E R I N  
4D-ROCK 1 /  ELECTRON BEAMS A NEW TOOL FOR C U T T I N G  & B R E A K I N G  ROCK ( SCATTER-GUN S H I E L D  POWER HA 
RCHOLF C O N D I T I O N S  ( D R I L L I N G  I /  C U T T I N G  A C T I O N  OF A S I N G L E  DIAMOND UNDER S I M U L b T E D  BO 

I F N C Y  PENETRATI ' IN ENERGY I /  P R I N C I P L E S  OF ROCK C U T T I N G  A P P L I E D  TO MECHANICAL B O R I N G  M A C H I N E S  ( E F F I C  
RE ROCK-STRFNGTH/ O I S C U S S I O N  OF SOME ASPECTS CIF ROCK C U T T I N G  BY H I G H  SPEED WATER J E T S  ( J E T - C U T T I N G  PRESSU 
SSUQE V E L O C I T Y  RqCK-STREVGTH I /  SOME ASPECTS OF ROCK C U T T I N G  RY H I G H  SPEED WATER J E T S  ( J E T - P E N E T R A T I O N  NO 

CUTTIYS-EDGE-STRFSS I /  D R I L L I N G  STRESSES ON DRY B I T  C U T T I N G  EDGES ( D I A M O N D - B I T  DRAG-BIT ROLLER-CGNE-RIT 
FORM AT I ON CR 4C K- I N  I T I AT I ON ) / ON C U T T I N G  FOPCE OF ROCK AND CEMENT MORTAR ( TOOLS C H I P -  
7 ( TUNGSTEN-CARSIDF- INSERT QOCK-DRILL ) /  ROCK C U T T I N G  M A T E R I A L S  - HAS A D E S I G N  B A R R I E R  BEEN REACHED 

A N A L Y S I S  O F  C U T T I N G  A C T I O N  OF S I N G L E  DIAMOND/  

RDCY M F C H A V I C S  AVO THE E V A L U A T I O N  OF IMPROVED POCK C U T T I N G  METHODS ( D R I L L I N G  E X O T I C - D R I L L I N G  ) /  
N I N G  I /  AN I N V E S T I G A T I O N  OF THE H Y D R A U L I C  C U T T I N G  OF COAL BY F I N E ,  HIGH-PRESSURE J E T S  ( HYDRCPI  
Y l N I N G  RESEARCH - AS5ESSMENT OF PARAMETERS A F F E C T I N G  C U T T I N G  R A T E  OF B I T U M I N O U S  COAL/  H Y D R A U L I C  C O A L  
I N  DQAG B I T  OR I L t I N G  I SFDIMENTARY-ROCK ROCK-SAMPLES C U T T I N G  TOOL RAKE-ANGLE CUTTING-SPEED STRAIN-GAGE FPR 
FT-GROUND TUNNEL UNDER BOSTON HARBOR ( SHIELD-METHOD CUTTING-EDGE E X C A V A T I O N  L I N I N G  COMPRESSED-AIR I /  C r N S  
D - B I T  DRAG-BIT ROLLER-CONE-BIT ROTARY-PERCUSSION-BIT  CUTTING-EDGE-STRESS I /  D R I L L I N G  STRESSES ON DRY B I T  C 
S E S S I 3 N S  ( TUNNELING-MACHINE ROTARY-DRILLING-MACHINE CUTTING-HEAD 1 / METRO. S E C T I O N  SPONSORS F O R E I G N  LANGU 
NCE 1 / FQI I IPYEhlT  R E L I A B I L I T Y  ( ROCK-FRACTURE CUTTERS CUTTING-METHODS MUCKING GROUND-CONTROL E N G I N E E R I N G  PA 
EnIMENTARY-ROCK QOCK-SAMPLES C U T T I N G  TOOL RAKE-ANGLE CUTTING-SPEED STRAIN-GAGE FORCE-SIGNAL M O V I E S  ) /  PHOT 
K PROPERTIES A Q F  RELATED TO D R I L L I N G  ( COULOMB- MOHR C U T T I N G S  PRESSURE E X P E R I M F N T S  1 /  A NEW APPROACH TO I N  
I L L I N G - Y U D  1 /  FACTORS A F F E C T I N G  C U T T I N G S  REMOVAL D U R I N G  ROTARY D R I L L I N G  ( RESEARCH DR 
ENGTHEYING STSESSES TUNNEL BOREHOLE B O L T I N G  G Q O U T I N G  C U T T I N G S  ROCKCALL I /  ROCK MECHANICS STR 
ECT TRANSPORT L I M I T S  ( P E N E T R A T I O N  F L U I D  C I R C U L A T I O N  CUTTINGS-REMOVAL 1 / NEW APPRAOCH TO I N T E R P R E T I h G  ROCK 
C)LE SAFETY GUIDANCE MUCKING I /  THIRTY-FOUR H Y D R 4 U L I C  C Y L I N D E R S  TEAM-UP TO BORE G I A N T  I R R I G 4 T I O N  TUNNEL ( A 
ON O C  T Y F  YODULUS O F  R I G I D I T Y  OF ROCK 9 Y  E X P A N D I Y G  A C Y L I N D R I C A L  PRESSURE C E L L  I N  A D R I L L H O L E  ( C A L I B R A T I 0  

YP COh!VFYING PRODUCTION I /  H Y D R A U L I C  COAL M I Y I N G  I N  CZECHOSLOVAKIA ( INVESTMENT COST EXCAVATOR BOCSTER-PU 
TURF SURVEY ( R U S S I 4  NEW ZEALAND POL4YD WEST GERMANY CZECHOSLOVAKIA GREAT B R I T A I N  I /  M I N I N G  & T R A N S P O R T I N G  

DOCTOR P R A I S E S  CZECH M I N E  SAFETY I CO4L-MINES DUST BLACK LUNG I /  

u 
OUTLOOK FOR F 4 S T F 9  T U N N E L I N G  U.S. SUR MINES WASH D.C./ 

D.C. SUBWAY STARTS AFTER 20  YEARS/  
P E D E S T R I A N  TUYNELS I /  D A L L A S  P L A N  SEPARATES T R A F F I C ,  PEOPLE t TRUCK-TUNNEL 
E M  ) I  D A L L A S  P L 4 N S  TO BURY I T S  TRUCKS ( TRANSPORTATION S Y S T  

THE MA T F R I A L - H A N D L  I N G  COMPLEX FOR CONSTRUCTION OF O R O V I L L E  D4M ( PELT-CONVEYORS R A I L R O A D  I /  
E R I V E R  D I V F R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CANYON DAM ( L I N I N G  I /  SNAK 
L-COST 1 /  WqRLD'S LARGEST MOLE TUNNELS AT OAHE DAM ( MOLE CUTTFRS MUCKING GEOLOGY TUNNELING-RATF TOO 

GARRISON DAM - TUNNEL T F S T  S E C T I O N  I N V E S T I G A T I O N  ( L I l V I N G  I /  

O R O V I L L E  DAM D I V E R S I O N  TUNNEL ( SHAPE L I N I N G  ) /  
E BRAKES ( M 3 L E  PNEUMATIC-MUCKING B O N N E V I L L E  I /  DAM CONTRACTOQS VACUUM TUNNEL, SLOW TRUCKS W I T H  E N G I N  

THE R E ( I S T 4 N C E  OF M A T E R I A L S  TO I M P A C T  E R O S I O N  DAMAGE/ 
L I N G  W I T H  H I G H  SPFED WATER J E T S  U T I L I Z I N G  C A V I T A T I O N  DAMAGE ( E R O S I O Y  V E L O C I T Y  D R I L L I N G  COPPRFSSIVE-STRENG 
F PLADE M A T F R I A L S  ( EROSION V E L O C I T Y  J E T - P F N E T R A T I O N  DAYAGE THRESHOLD ) /  E R O S I @ N  T E S T S  D F  STEAM T U R S I N  
RST ) /  THE R E L 4 T I O N S H I P  BETWEEN ENERGY RELEASE RATE, DAMAGE, AND S E I S M I C I T Y  I N  DEEP M I N E S  ( ANALOGUE-ANALY 

MACHINE T U N N E L I N G  ON Y I S S O U R I  R I V E R  DAMS ( B L 4 S T I N G  MOLE M I T T R Y  ) /  
M A C H I Y E  T U N N E L I N G  ON M I S S O U R I  POWER DAMS ( B L A S T I N G  SMOOTH-BORF ROCK L I N I N G  COST MCLE ) /  

qn SOFT ROCK T U N N E L I Y G  AT MO R I V E R  DAMS ( E X C A V A T I n N  TUNNELING-MACHINES MOLES M I N I N G  JUM 
FOUNDATION T E S T I N G  TECHNIQUES FOR ARCH DAMS AND UNDERGROUND POWERPLANTS/ 

TUYNELS AND DAMS I N  COLORADO ( COST I /  
UDPPEST UNDFPGQOUND WOW N E A R I N G  COMPLETION ( HUNGARY D4NURE I /  F I R Y T  S,ECTION R F  9 

N S O I L  S T A B I L I Z 4 T I D Y  ( GROUTING I /  DARTFORD TUYNEL J Y L Y  P O S S I B L E  THROUGH ADVANCES YADE I 
B R I T A I N S  MAJOR ROAD TUNNELS: A REVIEW ( C L Y D E  DARTFORD MERSFY TYNE BLACKWALL-AND-ROTHERHITHE I /  

WHITC P I N F  P R F P A R I N G  TO US€ NEW TRANSPORT CONCEPT ( DASHAVFYOR AUTOYATION COSTS I /  
AUTCMATED TRANSPDRTATION S Y S T F Y S  ( SECCAY DASHAVFYOR CONVFYOR-TRAIN C A S L E - R I D I N G - S F L T  1 / 

HOW E F F F C T S  OF H Y D D A U L I C S  ON LOWER D R I L L I N G  L I M I T .  ( D A T A - I N T E R P R E T A T I O N  F L U I D  I /  NEW-PPPROACH TO I N T E R P R E  
NG A H I L F  Y A T N T A I N I h l G  NORMAL W I N D I N G  OF 3000 TONS PFR DAY S H A F T - S I N K I Y G  GROUND-SUPPORT-METHODS ) /  CCYSTQU 
Y MUCK-TRAIN I /  ROCK MOL€ YAKES 200 F E E T  A DAY ( TUNNELING-MACHINE CONCRETE-LINFD CONVEYOR-SYSTE 
CVPD I /  YOLF BRFAKS THROUGH PFTFR 2 9 3 - F T .  DAY 4ND 1 1 1 4  F T  WFEK ( HARD-ROCK WATER-TUNNEL COST R F  
E L ! T I L 4 T I G N  CQST I /  3.5 # I L F S  OF TUNNEL BORING I N  1 9 0  DAYS ( GEOLOGY M 4 C H I N E - D R I L L I N G  PENETRATTON DUST C U T T  

DPYENTS OF SLURRY E X P L O S I V E S  UNDERGROUYD ( q L 4 S T I Y G  DRA L O A D I N G  ) /  RECENT OFVEL 
CDPDS I /  LASFR BEAY G U I D A N C F  SYSTEM MAKFS SUCCFSSFUL DEBUT I N  MACHINE T U N N E L L I N G  PROJECT ( GAS-LASFR YULES 
CK I C O U P L I N G  D Y N A M I C - F A I L U R E  1 /  EFFECT OF DECOUPLING ON FXPLOSION-GENERATED S T R A I N  P U L S E S  I N  R O  

GRANDUC'S T U N N E L I N G  9ECOPD - 518 F T  I N  6 DAYS L I N I N G S  I /  

22-69-10004 
74- 66- 040  0 1 
75-65-12001 
74-64-0300 1 
75-6 0-0400 1 
75-66-10002 
72-68-05002 
25-68-01001 
7 5- 64- 07 00 1 
75-65-0 500 1 
75-70-0400 1 
76- 66- 0500  1 
75-66-12003 
72- 6 9- 10 0 0 4 
75-69-0800 1 
74- 6 6- 03  0 0 1 
7 5- 6 5- 0 2 00 1 
75-55-02001 
75- 67- 07007 
74- 59- 0600 1 
72- 6 9- 10 00 2 
75- 6 8- 1200  2 
7 5- 6 7- 1000 3 
73-66-0300 1 
75-55- 11001 
72-70-00005 
75-62-06001 
24-6 5-04002 
76-68-0900 2 
23-6 8- 1 1 001  
2 4- 6 7- 0 7  00 2 
24-68-0900 1 
22-69-10001 
24- 66- 06003 
24-66-06002 
12- 62-05005 
24-6 8-0 500 3 
24-68-1 000 1 
1 2- 6 6- 090 1 4 
24-64-09006 
23- 68-03001 
12- 6 1- 030  17  
04-61-01001 
12- 62-0 500 5 
75-65-08001 
72-68-05002 
12-61-03017 
24-64-12003 
24- 6 7- 06 00 1 
15- 65- 0100 1 
24-6 5-02004 
75-56-12002 
12-64-10003 
55-69-04001 
24-64-09004 
43-59-00001 

02-6 8- 05 003 
05-69-12003 
05-69- 1000 1 
65-66- 10001  
44-65-11001 
05-65-07001 
7 4- 50- 0 600  1 
32-57- 11 05 1 
4 5-70-0 7 0 0  1 
04-67-10003 
24-66-07004 
2 3- 6 8-0 6 0 0 1 
2 4- 6 4- 0 6 0 04 
12-h6-0900n 
77-66-01001 
72-6 5-0 500 1 
75-62-0700 1 
14- 6 6- 000 1 3  
65-65-1 2001 
0 ~ - 6 ~ - 0 1 0 0 2  
0 4-7 0-0 5 00 2 
3 5-64- 1 2  0 0 2 
4 5- 68- 0 7 0  0 1 
4 4 - 6 ~ - 1 0 0 0 1  
24-65-04001 
37-59-0700 3 
7 5-6 5-05 00 2 
75-69-0700? 
75-69-0800 1 
65-6 8-0600 2 
12-62-0501 8 
75-6 0- 0 6 0 0 1 
12-62-0501 1 
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N 1 /  UNDERGROUND E X C A V A T I O N S  AND DEEP BORINGS ( ROCK-MECHANICS TECHNIQUES S T R E S S  S T R A I  

D R I L L I N G  PROJECT - J O I N T  OCEANOGRAPHIC I N S T I T U T I O N S  DEEP EARTH S A M P L I N G  - J O I D E S  ( SEDIMENTS WELL-LOGGING 
COST-FACTORS G E O L O G I C A L - C O N D I T I O N S  WATER-CONTROL ) / DEEP E X C A V A T I O N  TECHNIQUES FOR SHELTERS I N  URBAN AREA 

SHELL STUDY C I T E S  COST FACTORS I N  DEEP D R I L L I N G /  

/ AEC D I G S  DEEP FOR B I G  B L A S T  ( UNDERGROUND N U C L E A R - E X P L O S I V E S  
IAMONDS ) /  DEEP HOLE D R I L L I N G  W I T H  E X P L O S I V E S  ( ROLLER-CUTTERS D 
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TUNNEL V E N T I L A T I O N  SYSTEM 
ROCK MECHANICS S i U D Y  D E T E R M I N E S  
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E N V I Q ~ Y M E N T A L - C O N T R C L  I /  A T H E O R E T I C A L  TRFATYENT OF D I S P E R S I O N  I N T O  A TURBULENT STREAM I N  A P I P E  ( N O X I O U  
M S  Ip\I S L A S T I N G  RESEARCH ( E X P L O S I V E S  PULSE FREQUENCY DISPLACEMENT I /  E M P I R I C A L  APPROACH TO PROBLE 
R A C T I O N  A P P L I E D  TO TUNNEL L I N I N G S  ( S T I F F N E S S  MODELS DISPLACEMENT E L A S T I C I T Y  ARCHING I /  P R I N C I P L E S  CF S C I L  
E PRflPS/ STQESSFS AND D I S P L A C E M F N T S  I N D U C F D  I N  ROCK BY TUNNEL B O R I Y G  M A C H I N  
I N G  MONf lRAIL  1 / MONORAIL SYSTEM D I S P L A Y S  ADVANTPGES I N  SOUTH A F R I C A  I MATERIALS-HANDL 
TUNNEL STORAGE MAY SOLVE C I T Y  STORM r lATER PROBLEMS I D I S P O S A L  COST SEWERS 1 /  D E E P  
N FOP THE C'JMRINED SFWER PROBLEMS OF AM URBAN AREA ( D I S P O S A L  COST SEWERS 1 /  T H F  C H I C A G O  TUNNEL PROJECT - 
PUMPIlVG Y A T E R I A L S - H A N D L I N G  MINF-WASTES 1 /  H Y D R A U L I C  D I S P O S A L  OF S O L I D  WASTE ( HYDRAULIC-TRANSPORT SLURRY- 
THE I Y V E S T I G A T I O N  OF ECONOMIC E F F I C I E N C Y  OF PLANS OF D I S P O S I T I O N  AND THE TRANSPORTATION OF ROCK AFTER HYCR 
F M E C Y A V I C S  OF E X P L O S I V F  C A V I T Y  FORMATION AND FNERGY D I S S I P A T I O N  I N  A S O L I D  EARTH ( MOHR-COULOMB DYNAMIC-P 
E FACTORS MAY CHANGE FI3R M I N I N G  ( FRACTURING M E L T I N G  D I S S O L V I N G  MOLECULAR-CRACKING I /  ENERGY PNO T I M  
4NADA 1 /  LONG D I S T A N C E  CONVEYING OF S O L I D S  B Y  P I P E L I N E  ( CAPSULES C 
M A T E R I A L S - H A N D L I N G  SLURRY-PUMPING 1 /  E C O N O M I r 4 L  LCNG D I S T A N C E  P I P E L I N I N G  OF M I N E R A L S  I S  NOW A R E A L I T Y  ( HY 
U S I N G  D I  MFNS I O N A L  ANALYS I S  ( ROTARY-SPEED B IT-WE I G H T  D I  ST4NCE-DRI  L L E D  B I  T-CLEARANCE-ANGLE C I R C U L A T  I ON-RATE 
N SWETJEY I POCK-EXCAVATION PENSTOCKS T A I L R A C E  TUNNEL D I V E R S I O N  I /  M U L T I P L E  HYDRO-ELECTRIC POWER PRClJECTS I 

N I N G  1 /  SNAKE R I V E R  D I V E R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CANYON DAM I L I  

TUNNEL UNDER FNGL I SH CHANNFL TO D I S L O C A T E  FOUR FRENCH V I L L A G E S /  

O R O V I L L E  DAM D I V E R S I O N  TUNNEL ( SHAPE L I N I N G  I /  

KENTUCKY D I V E R S I O N  TUNNELS ( COST I /  
BYPASS RUSHED AFTER R O C K F A L L S  PLUG TUNNEL ( TURKEY D I V E R S I O N - T U N N E L  I /  

USBR TUNNELS UNDER T H E  C O N T I Y E N T A L  D I V I D E  ( BORING-MACHIYE VOLE 1 /  
TWO C I T I F S  TUNNEL THQOUGH T H E  C O N T I N E N T A L  D I V I D E  FOR WATER/ 

B I G  D I X I E  TUBE M O B I L E - R I V E R  SUNKEN-TUBE I /  
ACK LUNG I /  DOCTOR P R A I S E S  CZECH M I N E  SAFETY ( COAL-MINES DUST B L  

THE F X P E R I M E N T A L  WORK ON THE P I O N E R  HYDROMINE - DONETS B A S I N ,  ( COAL-MINES R U S S I A  SLURRY-PUMPING 1 /  
TRAIN COMING CLOSE THE DOOR ( RAILROAD-TUNNEL VENTILATION CONSTRUCTION 1 1  

RORIYG-MACHINFS GEOLOGY F L U I D - J E T S  EXOTIC-BORING 1 /  DOT AND THE UNDERGROUND - SOME H I G H L I G H T S  ( TRANSPORT 

F T - S I N K I N G  FNVIRCNMENTAL-CONTROL I /  F I R S T  USE OF T H E  DOUBLE STEEL AND CONCRETE SANDWICH L I N I N G  FOR K E E P I N G  
V A R I E T Y  OF VETHODS DOUFILE BARREL P E N N S Y L V A Y I A  T U R N P I K E  TUNNELS/  

THF WASHBURN TUNNEL, TEXAS ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TUBES BULKHEADS CONCRETE I /  
CERQO TUNNELS THROUGH l O D t 0 0 0  GPM ( DOUBLE-TUNNELS PERU I /  

LOGGING TOOLS R I D E  ROCKETS DOWN-H'JLE ( D R I L L I N G  SOLID-FUEL-THRUSTER ROCKETS I / 
E I C E S T E S S H I Q F  G R A N I T F  I D R I L L I N G - R A T E  C A R B I 3 E - I Y S E R T  DOWN-THE-HOLE-DRILL I /  H I G H  PRESSURE VOLE D R I L L I N G  I N  

M I N I N G  F?R 700,000 KW TUNNEL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES PFNSTOCKS JUMBOS 1 /  MANAPOURI: WhERE NEW 
T I /  qDUSE LABOR U N I T  OR4FTS M I N E  SAFETY B I L L  ( ATMOSPHERIC-CONTROL COALDUS 

FACTORS I N F L U E N C I N G  T H E  D E S I G N  AND A P P L I C A T I O N  OF DOWNHDLE D R I L L S  ( ROCK-DRILLS I /  

A NEW APPROACH TO B I T  D E S I G N  - T H E  DIAMOND DRAG B I T  ( MOLES CORES D R I L L I N G  I /  
G Y A L  Y n v i E s  11  PHOT~GR~PHIC STUDY OF R O C K  FAILURE IN D R A G  BIT DRILLING ( ~EDIMENTARY-ROCK ROCK-SAMPLES C U T  

24- 63-1 2 00 3 
24- 6 4- 0 8 00 1 
2 5- 64-0900 1 
73- 02-61-00001 59- 10001 

23-69-01001 
14- 6 6- 000 0 7 
24- 6 8- 0900 1 
2 5- 6 5-03003 
24- 6 5- 0 5 00 2 
23- 63- 1000 1 
2 2 - 6 7- 0 0 0 0 1 
24- 6 7- 0 000 2 
24-67- 0 100 3 
24-6 5- 3 1 006 
2 4- 67- 07 00 2 
24-64-1 1003 
12- 62- 0 5005 
14-68-10002 
2 1 - 6 0-0000 1 
04- 6 8- 1200 1 
12-62-05019 
5 4- 64704001 
0 1- 59- 0 00 0 1 
24- 6 31 1 20 0 5 
75- 6 7- 10 00 1 
05-66- 1200 2 
75-67-02001 
05-69-08001 
4 2-6 8- 0900 1 
75-66-04001 
45-68-09001 
75-68-09001 
05-6 9-0500 B 
75-6 8-0 100 2 
0 5- 67-06003 
75768-0 100 1 
75-67-04002 
12-65-01 003 
03- 6 8- 090 0 1 
04- 6 7- 03 00 1 
2 4- 6 7- 0 4 00 1 
32-64-10008 
5 5- 69-07002 
4 5- 64- 0600 1 
24-64-02002 
12-62-05007 
03- 6 8- 090 0 6 
24-67-0700 1 
2 2- 6 2- 0 5004 
24- 6 7- 09 00 1 
3 2- 6 5-06 00 1 
22- 65-06007 
2 2-6 5-06004 
2 3- 6 8-0 5 002 
55-67-12001 
5 3- 67-0 2 0 0 1 
12- 66- 090 19 
3 2- 69- 1000 1 
13-68-11001 
45- 6 5- 0 100 2 
4 5- 6 9- 0 3 00 1 
02- 68- 10005 
42- 68- 03007 
24- 64-090 1 0 
12- 65-06007 
0 5-68-0 1007 
44-65-10001 
45- 64- 11 00 1 
12-65-01003 
0 5- 6 2- 0 1002 
04-67410003 
05-65-07001 
65- 66- 06002 
05- 7 0- 0 2 00 1 
75- 65- 0300 1 
05-64-02001 
0 5-69-0 500 3 
5 5- 69-0400 1 
24-64-09009 
05-6 6- 0 500 1 
22- 69- 10005 
05- 66- 1 1 0 0 2 
34-6 5- 1100 1 
0 5- 5 1-0 3001 
54-64-12002 
25-66-11001 
24- 6 5- 1 2 00 3 
24-65-05001 
0 5- 6 7- O h  00 2 
55-69- 07001 
23-6 3- 1000 1 
12-61-03017 
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D U L U S - O F - E L A S T I C I T Y  WAVE-PROPAGATION M I C R O B I T  I M P A C T  DRAG-BIT I /  SOME ROCK MECHANICS ASPECTS OF PETROLEUP' 
ERATURE PENETRATION-RATE 1 /  AN EXPERIMENTAL STUDY O F  DRAG-BIT D R I L L I N G  U S I N G  D I M E N S I O N A L  A N A L Y S I S  ( ROTARY 
C K I N G  MECHANICAL-MOLE V I B R A T I N G - D R I L L  ROLLING-CUTTER DRAG-BIT PERCUSS I V E - D R I L L I N G  D I R E C T I O N A L - D R I L L  ING I /  

OF ROCK F A I L U R E  A S S O C I A T E D  W I T H  D R I L L I N G  AT D E P T H  ( DRAG-BIT R O L L E R - B I T  CONFINING-PRESSURE FLUID-PRESSURE 
NS ( P E N E T R A T I O N  ROTARY-SPEED B I T - W E I G H T  D I  AMOND-BIT DRAG-BIT ROLLER-CONE-BIT D R I L L I N G - F L U I D  C I R C U L A T I O N  I 
L I N G  STRESSES ON DRY B I T  C U T T I N G  EDGES ( D I A M O N D - B I T  DRAG-BIT ROLLER-CONE-BIT ROTARY-PERCUSSION-BIT  C U T T I N  
AY I /  M I N E R S  D R A I N  MOUNTAIN FOR R A I L  TUNNEL ( J A P A N  N A T I O N A L  R A I L W  

CONTRACTOR GOES THROUGH SAND FOR M I N N E A P O L I S  STORM D R A I N  TUNNEL ( COSTS I /  
HIGHWAY TUNNELS ( D R A I N A G E  SUPPORTS GROUND-WATER S E A L I N G  COSTS I /  

G SPRAYED-MORTAR P L A S T I C - S E A L E R S  G L A S S - F I B E R - L I N I N G S  D R A I N S  I /  TUNNEL WORK D U R I N G  E L E C T R I F I C A T I O N  O F  R A I L R  
I /  BEST M I N E S  S H A F T - S I N K I N G  M A C H I N E  DRAWS BEAD ON CONTINUOUS MUCKING ( M A T E R I A L - H A N D L I N G  

SNAKE R I V E R  D I V E R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CANYON DAM ( L I N I N G  I /  
H Y D R A U L I C  FOREPOLING S H I E L D  D R I V E S  C A V E D - I N  T U N N E L  D R I F T  ( S H I E L D  RUNNING-GROUND SEWER I /  

PANEL O I S C U S S I O N  ON MOLE T U N N E L I N G  - D R I F T  B O R I N G  AT WHITE P I N E  COPPER/ 
D R I V I N G  1245 M OF D R I F T  PER MONTH U S I N G  PK-3  T U N N E L I N G  M A C H I N E /  

I E L D S  ) /  MECHANIZED D R I F T I N G  BY FULL-FACE METHOD ( MOLES S H A F T - S I N K I N G  SH 
L E  A P P L I C A T I O N S  OF THE M A R I E T T A  CONTINUOUS M I N I N G  I N  D R I F T I N G  WORK ( MECHANICAL T U N N E L L I N G  D E V I C E S  COST MO 
I N A T I O N  OF STRESS I N  ROCK UNAFFECTED BY BOREHOLES OR D R I F T S  FROM MEASURED S T R A I N  OR DEFORMATION ( DESIGN-D 
I LL-ST AGE CLOSURE-STAT I O N S  PHOTOEL A S T I  C-STRAIN-GAG E S  D R T F T S  STRESS-ZONE S D R I L L  I NG BOREHOLES STRAIN-ANAL Y S I 

WHEN SHOULD YOU REPLACE A ROCK D R I L L  ( I N S P E C T I O N  MAINTENANCE R E P A I R  RECORDS I /  
Q A P I D  P E N E T R A T I O N  I S  M A I N  FEATURE OF NEW ATLAS COPCO D R I L L  ( ROCK-DRILL HARD-ROCK FRONTHEAD BACKHEAD A I R L E  
I /  ROCK D R I L L  ATTACHMENT FOR H Y D R A U L I C  EXCAVATORS I D R I L L I N G  

I N E L A S T I C  DEFORMATION OF ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  ( A B R A S I V E - D R I L L I N G  ROCK-DISINTEGRATI@N-MET 
I W E L A S T I C  OEFORMATION O F  ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  ( D I S I N T E G R A T I O N - T H E O R Y  ROCK-MECHANICS I /  

SUSTRACT COSTLY HOURS WITH SHARP D R I L L  B I T S /  
C E Y F Y T F D  TUNGSTFY C A R B I D E  B E A R I N G L E S S  ROTARY ROCK D R I L L  B I T S  ( HARDNESS STRENGTH I /  

EC1JIPMENT FOR I N V E S T I G A T I O N  O F  TORCH O F  J E T  D R I L L  BURNER ( FLAME-JET I /  
UT I /  T U N N E L I Y G  21  M I L F S  THROUGH R O C K I E S  I HARD-ROCK D R I L L  B L A S T  MUCK JUMBO H E A D I N G  V E N T I L A T I O N  CONCRETE-L 

I /  THAT ORNFRY ABUSED ROCK D R I L L  CAN BE A SMOOTH-WORKING TOOL ( MAINTENANCE O I L  

IMESTONE I /  CHECK YOUR P S I  FCIR BETTER ROCK D R I L L  FOOTAGES ( JACKHAMMER AIR-PRESSURE COMPRESSOR L 
FROM MEASUREMFNTS OF THF D I A M E T R A L  DEFORMATION OF A D R I L L  HOLE ( ROCK-MECHANICS CORE-TEST I /  C A L C U L A T I O N  

/ C n S T  AND VALUE OF D R I L L  HOLE I N F O R M A T I O N  ( WELL-LOGGING C O R E - D R I L L I N G  I 
L L S  WATER I /  DETOYATTON OF AMMONIUM N I T R A T E  I N  SMALL D R I L L  HOLES ( AMMONIUM-NITRATE DIATOMACEOUS-EARTH F U E  
I O N  F F F I C I E N C Y  I /  ROCK D R I L L  MAINTENANCE MADE EASY ( L U B R I C A T I O N  A I R  I N S P E C T  

NOMY ( POCK-DRILL I /  W I T H  I T S  R A D I C A L  D R I L L  F E E D  SYSTEM, A T L A S  COPCO PROMISES SPEED AND ECO 

D R I L L  HOLE FOR NUCLEAR T E S T S  ( COST I /  

E L E C T R I C  D R I L L  MELTS WAY THROUGH ROCK ( ROCK-DRILL I /  
E s t  SURVFY O F  E X O T I C  D P I L L I N G  MFTHODS P O I N T S  TO ROCK D R I L L  OF THE FUTURE ( F U S I O N  V A P O R I Z A T I O N  THERMAL-SPA 
M I N A T I O V  O F  STRESS WAVE FORMS PRODUCED BY P E R C U S S I V E  D R I L L  P I S T O N S  OF VARIOUS GEOMETRICAL D E S I G N  ( COMPUTE 
K D R I L L  T Y P F S  ( T J Y N E L - D R I L L I N G  I /  PART 4 NOVEL ROCK D R I L L  S F R I E S  - RESEARCH S P E C I A L I S T  E V A L U A T E S  P O T F N T I A  
L T R A S O Y I C S ,  SPPRKS ( RESFARCH I /  PART 3 - NOVEL ROCK D R I L L  S E R I E S ,  NOVEL MECHANICAL TYPES I N V O L V E  T U R B I N E S  
MECHANICALLY-INDUCED-STRESSESSES I /  PART 1 - NOVEL ROCK D R I L L  S E R I E S ,  SURVEY O F  E X O T I C  D R I L L I N G  METHODS P O I N T  
E M I C A L S  I R O C K - D I S I N T E G R A T I O N  I /  PART 2 - NOVEL ROCK D R I L L  S E R I E S ,  THERMAL S P A L L I N G  EXPERIMENTAL D R I L L S  U S  
F T  ) /  EROSTON D R I L L  SHOWS A S T O N I S H I N G  SPEED ( H Y D R A U L I C - J E T  WATER-J 

A T I O N  I N T O  THE P O S S I S I L I T Y  OF PROLONGING THE L I F E  OF D R I L L  S T E E L  BY A D J U S T I N G  THE PH OF MACHINE WATER/ I N V  
I C E  I /  M A I N T A I N  D R I L L  S T R I N G S  ( B I T S  HANDLING-COSTS RECOMMENDED-PPACT 
L F  IRON-ORE SHAFT GUIDANCE I /  TUNNEL RORER AND SHAFT D R I L L  TEAMED AT AGC'S H Y D R A U L I C  M I N I N G  O P E P A T I O N  ( AD 
ARCH S P E C I A L I S T  F V A L U A T F S  P O T E N T I A L  O F  25 NOVEL ROCK D R I L L  TYPES ( T U N N E L - D R I L L I N G  I /  PART 4 NOVEL ROCK DR 

AY TIJNNEL CONSTRUCTION I N  NEW YORK C I T Y  ( ROCK-BOLTS DRILL-AND-BLAST ROCK-FALLS I /  SUBW 

3EVELOPMFYTS ( S H A F T - S I N K I N G  R A I S I N G  COMPRESSED-AIR DRILL-AND-BLAST T U N N E L - D R I V I N G  I /  UNDERGROUND M I N I N G  

CORE D R I L L  STANDARD P R O V I D F S  FOR I N T E R C H A N G E A B I L I T Y /  

D S I V I Y G  Tt'F HOMFSTAKE TUNNEL I WATER-TUNNEL DRILL-AND-BLAST I /  

1 2 - n R I L L  JUWnRO SPEEDS T U N N E L I N G  CYCLE ( D R I L L - A N D - B L A S T  SUPPORTS I /  

SWEDFS MAKF POCK TUNNEL H I S T O R Y  ( GEOLOGY D Q I L L - B I T  JUMBO B L A S T I N G  ADVANCE S I Z E  MUCKING I /  
THE MOOSE MOUVTAIY D R I L L I N G  AN0 Q L A S T I Y G  PROGRAM ( BLAST-HOLFS D Q I L L - B I T S  E X P L O S I V E S  I /  

NG ON H-E POWER PL4F'T F L  N I H U I L  NO. 3 I N  ARGENTINA ( DRTLL-BLAST I /  TUNNEL I 
E - F I T H  TUNNEL, SOUTH A F R I C A  - A REVIEW OF PROGRESS ( D R I L L - R L A S T  I /  T H E  ORANG 

A NFW SLANT ON D R I L L I N G  ( D R I L L - B I T S  HARD-ROCK I /  

CONSTRUCTION n F  THE L A I O N G  TUNNEL I N  M A L A Y S I A  ( D R I L L - B L A S T  COSTS SUPPORTS I /  
MOLE BnRCS TUNNEL NO 1. MINERS, NO 2 ( D R I L L - B L A S T  HUGHES B E T T I - I  I /  

TWELVE-DRILL JUMBO SPEEDS T U N N E L I N G  CYCLE ( D R I L L - B L A S T  RECORD I /  
TUNNEL Ih lG THRCIIJG-! 9r)CK ( TUNNEL ING-DEVICES MOLES DRILL-BLAST-MUCK I / 

C A N A n I A Y  TUNNELERS C L A I M  RECOQD ( BORE D R I L L - C A P R I  AGE BLASTED-MATER1 AL H E A D I N G  b / 
F T  SANK FOR A€C RY LQ!=FLAND BROS D R I L L I N G - R A T E  B I T  DRILL-COLLAR R E V E R S E - C I R C U L 4 T I O N  NUCLFAQ-TESTING ) / 0 
ENT SAFETY ) /  L 4 S c p  9 F A M  G U I D F S  TUVNELFRS L A Y I N G  OUT D R I L L - H O L E  PATTERNS f ADVANCF D R I L L I N G  B L A S T I N G  A L I G N  
B L A S T I N G  ( ANSLF-f7Y I L L I N 6  CONTROL-RLASTING CQATER I N G  D Q I L L - H O L E S  E X P L O S I V E S  3 /  THF STATUS OF ROCK P E C H A N I C  
D B L A S T I N G  TECHNIOUF'i F O P  YORROW P O I N T  POWFR P L A N T  ( D R I L L - P A T T E R N  CHARGE E X P L O S I V E  ROCK-PR@PERT I E S  S /  D R I  
U I L D  A TUNNEL - F l l P  WATFR ( STORM-DRAIN CONSTTUCTION D R I L L - P A T T E R N S  YUCKIYG I /  HIGHWAY B R I D G E  MEN B 

4 G N E S I T F  P E R C U q S I V F - P n T A P Y  ROTARY-PERCUSSIVF C A R S I D E  D R I L L - P O L =  I / SHOT-HOLE D R I L L I N G  I N  F R T A @ L E  ROCK ( M 
7CK - NORAD COC ( SLA 'T I I1G CAVERN GRANITE E X C A V A T I b N  D R I L L - R I G S  ROCK-BOLTS JUMBOS ) /  T H F  R 

HOW THOSE 7 2  I N C H  HOLFS ARE B E I N G  D R I L L E D  ( Q I G  B I T  D Q I L L - P I P E  C I R C U L A T I O N  I /  

Y 7 L F  ')UT, MFN I N  ( HASDPOCY BORING-MACHINE TUNNELERS DRILL-SHOOT-MUCK I /  
WET D R I L L I V G  F L I M I N A T E S  DUST ( H E A L T H  S I T S  D R I L L - S T E E L  DETEQGENT I /  

( H'lLLOW-DRILL-STEM "XqLLFR-CUTTFR C I S C U L A T I N G - F L U I D  D R I L L - S T R I N G  C A S I N G  I /  ROTARY D R I L L I N G  OF LARGF D I  AM€ 
L SHOWS WHAT HAPPFNS QP'dN THE HOLE ( T 7 0 L - B I T  TORQUE D R I L L - S T R I N G  O I L - W E L L  I /  NEW D R I L L I N G  RESEARCH TOO 
R I L L T Y G ,  A STUOY I N  0FDTt '  t HOLF-DIAMETER HOLE-DEPTH D R I L L - S T R I N G  R n L L E R - B I T  I / B I G  HOLE D 

U I D  C I Q C U L A T I O Y  I /  YFW APPQOACH T? I N T E R P R F T I Y G  ROCK D R I L L A B I L I T Y  2. HOW T O  MAKE THF R/N-W/D CHART E WHAT 
EOLOGY Y I C R O R I T  I /  NFW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  3. HOW TO I N T E R P R E T  D R I L L I N G  I N  THE PER 
H Y F R A U L I C S  WEAQ I /  NFW 4PPQOACH TO I Y T F R P R E T I N G  ROCK D R I L L A B I L I T Y  4 .  WHAT YOU SHOULD KNOW ABOUT B I T  D E S I G  
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2 4- 6 4-0000 1 
14- 6 8- 1200 1 
12-6E-06007 
12-66-09007 
22- 59-07005 
12-65-01001 
24-6 5-03 00 1 
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N AND DEVELOPMENT OF A ROCK T U N N E L I N G  MACHINE ( MOLE ENGLAND SIR-ROBT-MCALPINE GREENSIDE I /  DE S I G  
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SUPER CHUNNEL PACKAGE ( ENGLISH-CHANNEL I /  
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STRFAM I N  A P I P E  ( NOXIOUS-GASES DUST-CONTROL S A F E T Y  ENVIRONMENTAL-CONTROL I /  A T H E O R E T I C A L  TREATMENT OF D 
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P Q A C T I C A L  ONFS - TODPY‘S ANSWER TO TOMORROW’S M I N I N G  EQUIPMFNT PRORLEMS ( TRANSPORTATION M A T E P I A L S - H A Y D L I N  
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PFRCUSSION D R I L L I N G  ( D R I L L I N G - M E T H O D S  EQUIPMENT NEW-METHODS RESEARCH I /  

TUNNELS ( ADVANCE COST EQUIPMENT S U R V E Y I N G  E X P L O S I V E S  SUPPOFT D R I L L I N G  I /  

SOME ASPFCTS OF ROCK PRESSURF MODELLING ON E Q U I V A L E N T  M A T E R I 9 L S  ( ROCK-MECHANICS I /  
H I G H  S P F F n  L I Q U I D  I P P A C T  ( ROCK-BREAKING WATER-JET E R O S I O N  I /  

9‘ CAUSFD @Y L I b U I P  I Y P A C T  ( ROCK-BREAKING WATER-JET E 9 0 S I O N  I /  STRESS WAVES, DEFORMATION, AND FRACTU 
YESHClLD I /  EROSION BY L I Q U I D  I M P A C T  ( J E T - D R I L L I N G  C A V I T A T I O N  TH 

WATER-JET I /  F R O S I O N  D R I L L  SHOWS A S T O N I S H I N G  SPEED ( H Y C Q A U L I C - J E T  

L I C  TQANSPCRT OF PULKY M A T E R I A L S  ( ECONOYY CrJRROSION EROSION S O L I D - L I Q U I D  FLOW I /  HYDRAU 
ON OF S O L I D S  qy L I g u I n  IMPACT AT  SUPFRSONIC S P E E D S  ( EROSION SUPFRSONIC-SPEED 1 1  DEFORY A T 1  
I O N  VELCICITY J F T - P E Y F T P A T I O N  DAMAGE THRFSHOLD I /  EROSION T E S T S  OF STEAM T U R B I N E  BLADE M A T E R I A L S  ( FRO? 

H I G H  S P F F D  WATER JCTS U T I L I Z I N G  C A V I T A T I O N  DAMAGE ( EROSION V E L O C I T Y  9 R I L L I N G  COMPRESSIVE-STRENGTH BURPLF 

THF 9 F S I S T A N C E  OF M A T E R I A L S  TO I M P A C T  E R O S I O N  DAMAGE/ 

STORP SFWER T U N N E L I N G  I N  SANDSTONE t E R O S I O N  L I N I N G S  H Y D R A U L I C - M I N I N G  MOLES COST I /  

F R O S I D N  T F S T S  P F  STFAM T U R B I N E  BLADE Y A T E Q I A L S  I E R n S I O N  V E L O C I T Y  J E T - P E N E T R A T I O N  DAMAGF THRESHOLD 1 / 
THE FORMATION rlF Y I C R O J E T S  ( E R O S I O N  WATER-JFT I /  

YD THE PRFSSUPES PRODUCFD A G A I N S T  S O L I D  BOUYDARIES ( EROSION WATER-JFTS I /  THE COLLAPSE OF C A V I T A T I C N  RUPP 

NG ) /  I-YPRO-SLAST W I N I N G  SHOOTS AHFAD t PRESSURE E R O S I n N - J E T S  A B R A S I V E S  VOLUME ECONOMY EXPLOSICN-PUMP1 
F U M O C ~ I Y I ~ S I S  C V N T R n L  4T T H E  SAFETY I Y  M I N E S  RESFAPCH E S T A B L I S H M E N T  ( ENVIRONMENTAL-CONTROL I /  RESEARCH @ N  

YFW MFTHCDq CHALLCYGE R O T A R I E S  ( WATFR-JFT E R O S I O N - D R I L L I N G  I /  

SOLE TUNNEL B I D  TOPS E S T I M A T F  RY 1 0 1  PERCENT ( COST I /  
S T R A I G H T  CPEEK TUYNEL AWARD ( B I D  F S T I M A T E  V E N T I L A T I O N  I /  

O Y  V I R S I Y I A  HIGHWAY JOBS ( TUNNFL INTERSTATE-HIGHWAY E S T I M A T E D  COST 1 /  S I D S  DUE SCPN 
V I E R  P L A N T  FPf lM FARTHQUAKFS AND UNDERGROUND R L A S T S /  F S T I M A T F D  R@CY STRESSES AT MCRROW P O I N T  UNDERGROUYD P 
YG COST RATF-OF-TUKYFL I N G  F E A S I B I L I T Y  COYSTQUCTION E S T I M A T F S  I /  HAPD-ROCK T U N N F L I N G  I N V F S T I G A T I O N  ( YACH 
H F  S T Q A I G H T  C ” F F K  P I L q T  PDR‘, COLORAqO ( P R E D I C T I V N S  E S T I M A T E S  C@ST FAULT F O L I A T I O N  FRACTURE WATER SUPPOPT 

I /  E S T I M A T I N G  D R I L L A B I L I T Y  I N  LABORATORY ( ROCK B R E A K I N G  
I A C - L I F E  P E N F T R A T I O Y  R O T 4 R Y - B I T S  Y I C R O B I T  I /  E S T I M A T I N G  D R I L L A B I L I T Y  I N  THE LABORATORY ( B IT-MATER 
YG-MCTYODS C O S T S  E X C A V A T I C N  MUCKING L I N I N G  I /  T U N N E L  E S T I M A T I N G  IMPROVED: T I E D  TO GEOLOGY ( R O C K - C O N D I T I O  

TRANSPORT SYSTFMS f M A T E F I A L S - H A N D L I N G  SOUTH-AFRICAN EUROPEAN I /  YONCIRA I L 
I T T I N G  CANA9A I /  SOME EUROPFAN DEVELOPMENTS I N  SMOOTHWALL B L A S T I N G  ( PRCSPL 

RESEARCH I /  RECENT EUROPEAN RESEARCH WORK I N  E X P L O S I V E S  I B L A S T - T h E O R I E S  
P 4 P T  4 YOVEL POCK R R I L L  S E R I E S  - RESEARCH S P E C I A L I S T  F V A L U A T E S  P O T E N T I A L  OF 25 NOVFL RClCK D R I L L  T Y P F S  ( TU 
A T I O N  S T l J D I F S  RFSEAQCH I /  USRM E X A M I N E S  F X O T I C  WAYS OF B R E A K I N G  ROCK ( ROCK-FRAGMENT 
TFYPFRATURFS AND PRFSSUQES ( DATA P P f l P E R T I E S  T E S T I N G  EXCAVATED M I N I N G  D R I L L I N G  T E C T O N I C  GEOLOGY WALL-STAB1 
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S OF GROUT ( SUNKEN-TURF SUBAQUEOUS-TUNNEL WOODPILES GROUTCUSHION 1 /  S I X - L A N E  TUVNEL S I T S  ON SACK 
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( GROUND-SUPPORT 1 /  USE OF PRESSURE GROUTING TO S T A S I L I Z E  GROUND I N  THE S A N  MANUEL M I Y F S  

I G S  SPEED 1,500-FT-LONG TUNNEL TO COMPLETION ( JUMBO GROUTING-RIG ! /  CUSTOY R 
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S F V E N T Y - F I V E  TON TUNNEL SORER ( 4 D V 4 N C F  GUIDAVCF M I N I N G  CUTTERS RECORD 1 /  

24-65-07004 
12-6 2-0 50 2 5 
12- 61-0300 5 
12-66-09001 
1 2- 6 6-0 90 0 2 
12-66-09005 
22- 5 9-0 7 006 
76-69- 0 2 00 1 
05-68-01010 
14-54-03001 
1 2- 6 5- 060 0 2 
72-66-05001 
72-70-00008 
0 5- 7 0- 0 6 00 3 
75- 6 7- 1 2 0 0 1 
44-6 5- 0300 1 
35-64-0900 1 
34- 66- 1000 1 
12-6 1-0 302 1 
03-68-09008 
34-61-0300 1 
12- 6 2-0 5 0 24 
32-64-10004 
3 2- 5 6- 040 03 
03-68-03001 
74-64- 02 0 0 1 
7 2- 6 9- 10 00 6 
74-65- 1200 1 
75-62-07003 
24- 70- 0 500 1 
14-68-10005 
03-68- 09010 
3 2-64- 100 07 
72- 6 8- 0 5 00 2 
35-6 5- 0 5 00 1 
04-67-06003 
34- h 4- 0 3 0 0 2 
32-59-07001 
08-65- 1200 1 
12- 6 1- 030 19 
34-62-06001 
14-66-00007 
12- 67-0400 3 
2 6-6 7-05 00 1 
3 4- 6 1- 0 3 0 0 1 
04-68-02002 
0 2 - 5 9- 070 03 
3 2- 5 9- 07 002 
3 2-5 9-07 003 
13-67-00 001 
04-65-07001 
52-6?-0500 1 
0 5- 67- 11 00 2 
74-68-06001 
05-59-10001 
32-64-10001 
35-65-08001 
05-67-11002 
36-67- 0 100 1 
34-63-08001 
2 5-6 7- 0 100 1 
75- 67-06 00 1 
3 5-64- 1 2  002 
0 1- 59- 0000 1 
32-64-10002 
35-46-09001 
15-65- 01001 
35-67-0900 1 
05-56-06002 
3 2- 5 9- 0700 1 
32- 59-07001 
37- 6 9- 0 300 1 
34-64-12002 
12- 61-03 014 
12- 66- 090 1 1 
34-61-03001 
12-62-05023 
05- 6 7- 0 8 0 0 1 
65-68-07001 
02-68-10002 
05-7 0-0 50 0 4 
0 5- 60- 0 5 0 0 8 
74-68-04001 
75-65-05001 
75-64-07001 
75-69-02001 
7 5- 7 0- 0 40 0 1 
74-65-07001 
2 2-69- 10004 
75-67-12001 
75-64-11001 
75-67-10003 
75- 66- 0400 1 
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I R  I / CONSTRUCTING A SOFT-GROUND TUNNEL UNDER BOSTON HARBOR ( SHIELD-METHOD CUTTING-EDGE E X C A V A T I O N  L I N I N G  
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CES GATHFRED I N  D R I L L I N G  AN I N C L I N E D  GALLERY THROUGH HARD ROCK I WIRTH MOLE ) /  EXPER I EN 

HARD ROCK BORES ( ENGLAND MOLE I /  
BORING MACHINE CUTS THROUGH HARD ROCK I N  COLORADO M I Y E  ( CALWELD MOLE I /  

r)P HOMFR-WAYSICA I R O N  M I N E  ( ADVANCE CUTTERS COST I /  HARD RDCK MOLE TEAMS UP W I T H  P A I S E  BORER TO H E L P  D E V E  
R I N C I P L E  HYDRAULIC-SYSTFM MOLES I /  MACHINE WILL BORE HARD ROCK TUNNEL ( ALKIRK-HARD-ROCK TUNNELER P I L O T - P U  

THRUST TOQQUE MUCK SUPPORT L I N I N G  I /  YARD ROCK TUNNEL B O R I N G  YOVES AHEAD ( ADVANCE CUTTERS 
GUIDANCE BORING-MACHINES MOLE I /  HARD ROCK TUNNEL D R I V I N G  ON THE M 0 3 N  I CUTTER MUCKING 

G CUTTERS HEAD I /  HARD ROCK T U N N E L I N G  M A C H I N E  ( ADVANCE F O R M A T I O N  L I N I N  
AQISON I /  HARD ROCK T U N N E L I N G  MACHINES ( MOLES SAFETY COST COMP 

Q O T 4 R Y - B I T S  D R I V E S  DUST I /  DISCUSSICIN OF HARD ROCK T U N N E L I N G  MACHINES ( QFSEARCH ECONOMY P I C K S  
ERN B L A S T I N G  JUMBO I /  TWO CONTRACTORS PROVFD OUT NEW HARD ROCK T U N N E L I N G  METHOD ( WORLD-TUNNELINGRECORD B 
OST Y A T E R I P L S  H A Y D L I N G  ) /  SCYE ASPECTS OF H I G H  SPEED HARD ROCK T U N N E L L I N G  I N  THF SNOWY MOUNTAINS ( TUNNELL 
Y G I E N I C  C O N D I T I O N S  DURING ELECTPU-ROTAQY D R I L L I N G  I N  HARD ROCKS ( ATMOSPHERE-CONTROL NOTSE-CONTROL DUST-CO 

I L L I N G  I /  WATER AS W I N Y I N G  AND TPANSPORT MEDIUM I N  HARD-COAL M I N I N G  ( J E T  PRESSURE VOLUME DIJST SAFETY OR 
D R I L L I N G  ) /  WATER AS W I N N I N G  AND TRANSPORT YEDIUM I N  HARDLCOAL M I N I W G  ( WATERAJET SAFETY ECONOMY H Y D R A U L I C  

SOFT-GROUVD TUWNFL G I V E S  JCRSEY SEWER CONTRACTOR HARD T I M E  ( L I V I N G S  GROUTING CHEMICAL-GROUT I /  

A NEW S L A N T  O N  D R I L L I N G  ( D R I L L - B I T S  HARD-ROCK I /  
A I R  HAMMER CUTS COST I N  AQKOMA B A S I N  ( ADVANCE HARD-ROCK I /  

THE "JAQVA"  MOLE ( CUTTERS S T E E R I N G  HARD-QOCK I /  
T S  I V  T U N N E L I N G  MACHINFS ( CUTTERS L I N I N G  MOLES YUCK HARD-ROCK ) /  NEW DEVELOPMFN 
S C U T T I N G  E B R E A K I N G  ROCK ( SCATTER-GUN S H I E L D  POWER HARD-ROCK I /  ELECTRON BEAMS A NEW TOOL F O  
I O N  T E C H N I Q U E S  AND MACHINERY ( BORING YUCKING SUBWAY HARD-ROCK I /  FEDERAL PROGRAM I S  URGED FOR DIGGIWG UP 
Y I N I N G  AND CONSTRUCTIDY I N D U S T R I E S  ( ROLLING-CUTTERS HARD-ROCK C O R E - D R I L L I N G  S H A F T - S I N K I N G  M O L E S ) /  THE OEV 
CA P R O F I L E - C U T T I N G  ) /  A N A L Y S I S  CF HARD-ROCK C U T T A B I L I T Y  FOR MACHINES ( MOLFS SOUTH-AFRI  
L I N I N G  GROUT ) /  T U N N E L I N G  7 3  M I L E S  THROUGH ROCKICS ( HARD-ROCK D R I L L  B L A S T  MUCK JUMBr) H E A D I N G  V E N T I L A T I O N  
S M A I N  FEATURE OF NEW A T L A S  COPCO D R I L L  ( ROCK-DRILL HAPD-ROCK FRONTHEAD BACKHEAD A I R L E G  J I R S  JUMBCS I /  RA 
co: YOUNG TURKS T H A T  T A C K L E  TUNNELS ( MOLES S H I E L D S  HARD-ROCK J A P A N  BUENOS A I R E S  SAN FRANCISCO AUTOMATIOV 
ENT M I N I N G - O R G e N I Z A T I O M  I /  T U N N E L I N G  I N  THE U.S.4. ( HARD-ROCK M E C H A N I Z A T I O N  LABOR-COSTS D R I L L I N G  E X P L O S I V  

UNNEL B O Q I N G  M A C H I N E  ( ADVANCE CUTTESS SAFETY L I N I N G  HARD-ROCK MOLE I /  R O B B I N S  T 
THE "CALWELD" MOLES ( HARD-ROCK SOFT-ROCK I /  

E I /  LASER MAY 9 E  HARD-ROCK TUNNELER ( TUNNELING-MACHINES G R A N I T E  Y A P 9 L  
OF-TUNNEL I N G  F E A S I B I L I T Y  CONSTRUCT1 ON E S T I M A T E S  I /  HAPD-ROCK T U N N E L I N G  I N V E S T I G A T I O N  ( Y A C H I N E S  # @ L E S  DQ 
90 I /  T U N N F L I Y G  I N  T H F  U N I T E D  STATES OF AMFRICA ( HARD-ROCK V E N T I L A T I O N  MUCKING D R I L L I N G  E X P L O S I V E S  JUM 

BREAKS THROUGH 4FTER 293-FT. DAY AND 1114 F T  WEEK ( H4DD-ROCK WATFR-TUNNEL COST QECORD ) /  MOLF 

ASER PEAY USED TO SOFTFN MARBLE ( TUNNELING-YACHI  NFS HA9D-ROCK-FORMATIONS I / L 
I N G  I /  F I V E - M I L E  TUNNEL HOLED THR3UGH ( HARD-9OCK-TUNNELING-MACHINES MOLES D R I L L I N G - A N D - B L A S T  
AD CONVEYORS ADVANCF-RATE 1 / TUNNEL BORING THROUGH H4RDER ROCK ( MOLE CONTINUOUS-BORER ROTARY-CUTTING-HF 
N S H I P  T I  RflCK D R I L L A B I L I T Y  ( S P E C I F I C - D I S I N T E 6 9 A T I O N  H4RDYESS / MEASUREMENT OF SOME MECHANICAL P R O P E R T I F S  
I /  M E C H A V I C A L  P R O P E F T I E S  AND D R I L L A B I L I T Y  OF SOCKS ( H4RDNESS D L A S T I C I T Y  A B R A S I V I T Y  P N E U M A T I C  ROTARY PROTO 

CHEMICAL-SOFTENING I /  EFFFCTS OF HARDNESS REDUCERS ON F A I L U R E  C H A R A C T E R I S T I C S  OF ROCK 
NG I /  HARDNFSS REDUCTION THROUGH WETTING ( C H E M I C A L - S O F T E N 1  

CEMENTEO T UNGSTEN C A R S I R E  B F A R I N G L E S S  ROTARY ROCK D R I L L  B I T S  ( HARDNFSS STRENGTH I /  
MOLE OUT7 MEN I N  I HARDR-ICK BORING-MACHINE TUNNELERS DRILL-SHOOT-MUCK ) /  

QANCTSCrl  WATFR-SUPPLY / HARDROCK TUNNFL SAVES 50% ON F X P L O S I V E S  ( AN-FO SAN-F 
T Q A T I O N  THRUST TOKQUF HYDRAULIC-POWER MOLE I /  HAQDROCK T U N N F L I N G  I N  P E G M A T I T E  ( CUTTER-COOLING PENE 

RS FOR M I N I N G  - A 8 A S I C  G U I D E  FOP S P E C I F I C A T I O N S  AND HARDWARE ( BELT-CONVEYORS I /  CONVEYrl  

R A I S E  BORERS A SUCCFSS I N  HARD-ROCK M I N I N G  ( MOLES B O R I N G  MACHINES I /  

MOLE TUNYEL I N G  QFSEARCH 4DVOCATE9 ( ADVANCF COST HARD-ROCK TECHNOLOGY B O R I N G  SYSTEMS ) /  

B I G  B I T E  ( HARO-ROCK-DRILLING-TOOL MOLE I /  

I N D F X I N G  POCK FOQ MACHINE T U N N E L I N G  ( MOLE HARDNESS RQD-IYDEX I /  

WHAT'S AHEAD FOR T U N N E L I N G  MACHINES? ( COST HARDROCK-TUNNELIYG FORECASTS I /  

T n  EAST PORTAL ( WATFR-L'IVFRSION I /  GEOLOGY O F  THE H4ROLD D. ROBFRTS TUNNEL, COLORADO; S T A T I O N  468 + 49 

URSE SA'=ETY-EDUCATIfl\' I /  A C C I D E N T S  FQOM H O I S T I N G  AND HAULAGF I N  R I T U Y I N O U S  COAL MINES ( A C C I D E N T - P R E V F N T I O  
P I P E  SEATS R A I L  FOR COAL HAUL ( M A T E R I A L S - H A Y D L I N G  I /  

7 2- 69- 1 000 2 
75-67-10002 
75- 66- 1200 2 
75-66- 1000 2 
75-66- 10001 
75- 6 0- 06 00 1 
44- 67-0600 2 
24- 59-0 500 1 
75-67- 1000 1 
74-66-05002 
8 5- 6 7- 0 70 0 2 
23-69-0 100 2 

04- 7 0- 01 00 2 
72- 70- 0000 1 
05-66- 1000 1 
05- 70-0 8 00 1 
2 5- 6 4- 0 2 0 0 1 
05-70-04004 
0 5- 69- 0 5006 
25-65-03003 
05-6 9- 11 O D 2  
04- 67-07002 
84-68-0 1002 
0 5 - 7 0- 0 5 0 0 1 
04- 6 1- 0 100 1 
05-67-04002 
2 4- 6 7- 0 6 003 
2 5- 6 8- 0400 2 
76- 66- 05 001 
24-58- 10001 
72-7 0- 00010 
75- 69- 0 7 00 3 
75- 5 8- 09 00 1 
74-68-04002 
24- 5 7- 0 1001 
04-7 0-0 500 4 
75- 5 7- 0 8 00 1 
76-70-0 5002 
74-64-03001 
75- 64-03001 
75- 6 2- 0600 1 
74-65-0700 1 
75-66-12003 
72- 0 8-000 0 1 
72- 68-0400 1 
0 5.- 5 8- 0 600 1 
64-64-09001 
5 4- 6 4- 0 2 00 1 
35- 6 6- 0900 1 
24-65-0 5003 
2 4- 6 5- 03 00 3 
24-66- 11001 
2 5- 6 4- 0 2 00 1 
72- 70- 0 0005 
74-66-03001 
23- 6 8- 11 00 1 
7 5- 6 8- 0900 1 
73- 5 9- 1000 1 
12-70-00004 
05-59-10001 
25-67-05001 
75- 6 7- 0 80 0 3 
02-59-07001 
25-67- 1100 1 
75-5 5- 1100 1 
72-70-00004 
7 5- 6 7- 0 8 0 0 2 
2 5-66-12001 
23-65-1 0001 
0 ?- 59- 0700 2 
7 5- 6 9- 0 70 0 1 
75-68-0400 1 
25-66- 1100 3 
75-66-1 2001 
75- 6 0- 0 300 1 
24-66-08001 
12-67-050OL 
24- 67- 0900 2 
74- h4- 0 4 03 1 
1 2- 7 0- 0 00 03 
12-65-06001 
75-65-04001 
05- 6 3- 0 500 1 
74-65-06001 
74-68- 1000 1 
44- 6 7- 0 6 0 0 2 
14-67-01001 
45- 66- 11 0 0 1 
53- 5 5-00001 

f7 LJ 
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I N C L I N E D  SHAFTS ( I N S P E C T I O N  MAINTENANCE ) /  SOME HAULAGE SAFETY D E V I C E S  FOR USE ON GRADES, SLOPES AND 
R A P I D  E X C A V A T I O N  ( B O R I N G  HAULAGE SUPPORTS V E N T I L A T I O N  MOLES I /  

NEW CONT.INUOUS HAULAGE SYSTEM PACES PRODUCTION G A I N S  AT B E Z /  
PRECRUSHFRS TRUCKS OPEN-PIT I /  TRUCKS VS B E L T S  - T H E  HAULAGE WAR ( CONVEYORS OPERATING-COSTS OVERHEAD-COST 
N E L - C A V I N G  CUTOFF ORE-BODY EXTENSOMETEQ-MEASUREMENTS HAULAGE-DRIFT F A U L T  T IMBER-SETS Y IELDABLE-STEEL-ARCH-  

R-TUNNELS I /  FLOW S L I D E S  PROVE HAZARDOUS I N  COLOMBIA TUNNELS ( SUPPORTS L I N I N G S  WATE 
NDUCTION C A P A C I T A N C E  GROUNDING I /  S T A T I C - E L E C T R I C I T Y  HAZARDS I N  T H E  PNEUMATIC L O A D I N G  OF B L A S T I N G  AGENTS ( 
T U N N E L I N G  MACHINE ( ADVANCE FORMATION L I N I N G  CUTTERS HEAD ) /  HARD ROCK 
RY-PUMPING SOL IDS-TRANSPORT M A T E R I A L S - H A N D L I N G  I /  HEAD LOSS I N  S P I R A L  S O L I D - L I Q U I D  FLOW I N  P I P E S  ( SLUR 
MFCHANICS LABORATORY-TESTS I /  I N F L U E N C E  OF S P H E R I C A L  HEAD S I Z E  AND SPECIMEN DIAMETERS ON U N I A X I A L  COMPRESS 
EROGENEOUS FLOW OF S O L I D S  I N  P I P E L I N E S  ( P R E D I C T I O N ?  HEAD-LOSS P I L O T - P L A N T  DURAND I /  H ET 

GUATERNALA D I G S  I N S T A N T  HEAD' ( HYDRO-ELECTRIC I /  
HUGE SEWER MAKES E X C A V A T I O N  HEADACHE ( CUT-AND-COVER ) /  

BOTTOM-DUMP R I G  HAULS 240 TONS ( M A T E R I A L S - H A N D L I N G  I /  

S E C U R I T Y  IS A B I G  HEADACHE ON A TUNNEL D E M O L I T I O N  J O B /  
C A V E - I N  ADDS TO T U N N E L ' S  HEADACHES ( NYC INTERCEPTOR-SEWER I /  

C L A I M  RECORD ( BORE D R I L L - C A R R I A G E  BLASTED-MATERIAL H E A D I N G  I /  C A N A D I A N  TUNNELERS 
L I N I N G S  I /  THE CONSTRUCTION OF SEWERS I N  TUNNEL AND H E A D I N G  T H E  P R A C T I C A L  PROBLEMS ( GROUND C O N D I T I O N S  EC 

S THQOUGH ROCKIES ( HARD-ROCK D R I L L  B L A S T  MUCK JUMBO H E A D I N G  V E N T I L A T I O N  C O N C R E T E - L I N I N G  GROUT ) /  T U N N E L I N  
JET N O Z Z L E  FOR O B T A I N I N G  H I G H  P U L S E  DYNAMIC PRESSURE HEADS ( P A T E N T  P U L S E - J E T  EXTREME-PRESSURE ) /  

WFT D R I L L I N G  E L I M I N A T E S  DUST ( H E A L T H  B I T S  D R I L L - S T E E L  DETERGENT I /  
DRY PERCUSSION D R I L L I N G  W I T H  DETERGENT M I S T  ( H E A L T H  DUST COST I /  

ON B Y  H I G H  V E L O C I T Y  WATER J E T  ( COMPRESSIVE-STRENGTH H E A L T H  NOZZLE SAFETY I /  ROCK P E N E T R A T I  
LUNG PAYMENTS G A I N  ON H I L L  ( ASSESSMFNT COMPENSATION H E A L T H  SAFETY I /  BLACK 

P R E S I D E N T  PROPOSES NEW LAW ON COAL M I N E  H E A L T H ?  SAFETY/  
( N O I S E  TOXIC-GASES I /  NEW H E A L T H ?  SAFETY STANDARDS UNDER WALSH-HEALY ACT SOUGHT 

WPEELS OF GOVERNMENT ( SAFETY-STANDARDS H E A L T H - R I S K S  ENVIRONMENT I /  
GHT ( CAVE-INS EXPLOSIONS UNSAFE-EQUIPMENT MIVE-FACE HEALTH-STANDARDS 1 1  STRICTER COAL MINE SAFETY A C T  sou 
Y L E G I S L A T I O N  1 /  H E A R I N G  ON M I N E  P E R I L S  OPENS t BLACK-LUNG COMPENSATIO 

MODEL S T U D I E S  OF H E A T  TRANSFER I N  M I N E  F I R E S  ( SAFETY V E N T I L A T I C N  I /  
I L L  S E R I E S ,  THERMAL S P A L L I N G  EXPERIMENTAL D R I L L S  U S E  HEAT, E L E C T R I C I T Y y  MICROWAVES, C H E M I C A L S  I R O C K - D I S I N  
STRUCTION ( CURING L E A K I N G  LOAD-CARRYING EPOXY-RESIN HEAT-CURING T U N N E L - L I N E R S  1 /  J O I N T  D E S I G N  O F  R E I N F O R C  
K I N I T I A T I O N  AND PROPAGATION I N  ROCK I ROCK-BREAKING HEAT-TREATMENT LASER I / CRAC 
L D  CONCRETE-LI  N I N G  I /  HEATHROW A I R P O R T  - LONDON CARGO TRANSPORT L I N K  I S H I E  
OF FRACTURF PRESSURES OF ROCKS BY I N T E N S I V E  BOREHOLE H E A T I N G  ( V E R T I C A L - F R A C T U R I N G  I /  R E D U C T I G K  

V I  ENNA P E D E S T R I A N S  GET A PREFAB TUNNEL ( PRECAST H E A V I L Y - R E  INFORCED-CONCRETF-SECTIONS t / 
C L I M A X  F I G H T S  HEAVY GROUND AND WINS ( ROCK MECHANICS E X P L O R A T I O N  I /  

PPORT TUNNEL-MACHINE CUTTERS I /  HECLA M I N I N G  COMPANY CASE STUDY ( R A I S E S  SHOTCRETE SU 
THE TRANSPORT OF S O L I D S  I N  H E L I C A L L Y - R I B B E D  P I P E S  ( V E L O C I T Y  P I T C H  POWER 11 

SNAKE R I V E R  D I V F R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CANYON DAW ( L I N I N G  I /  
CrlST ) /  HARD ROCK MOLE TEAMS UP W I T H  P A I S F  BORER TO HELP DEVELOP HOMER-WANSICA I R O N  M I N E  ( ADVANCE CUTTFR 

ION-YETHODS </ I N F L A S T I C  DEFORMATION OF ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  A B R A S I V E - D R I L L I N G  R O C K - D I S I  
MECHAYICS I /  I N E L A S T I C  DEFORMATION OF ROCK UNDER A H E M I S P H E R I C A L  D R I L L  B I T  ( D I S I N T E G R A T I O N - T H E O R Y  ROCK- 

( ROTARY-RIG P I T  C I R C U L A T I O N  COST S P E C I F I C A T I O Y S  ) /  HERE'S A WRAP-UP OF B I G  HOLE D R I L L I N G  AT NEVADA T E S T  

N T  H'=AO-LOSS P I L O T - P L A N T  DURAND 1 / HETEROGENEOUS FLOW OF S O L I D S  I N  P I P E L I N E S  I P R E D I C T I O  

T I C I T Y  F X P E R I M F N T  I /  P LABORATORY I N V E S T I G A T I O N  OF A H I G H  MO@ULUS BOREHOLE P L U G  GAGE FOR THE MFASURES OF R 

F E D E R A L  H E L P  H I N T E D  FOR R A P I D  E X C A V A T I O N  RESEARCH/ 

S T R A I N  ROSETTE P E L I E F  MEASURFMENTS I N  H E M I S P H E R I C A L L Y  ENDED BOREHOLES/ 

HERE'S METCALFE ROOF B O L T /  

T H E  H I G H  COST OF SUBWAYS/ 

GUATEPALA W I L L  T A P  H I G H  MOUNTAIN L A K E  FOR POWER/ 
ROOF B O L T I N G  AT H I G H  PACE ( L I N I N G S  I /  

D Q I L L I Y G - R A T E  C A R B I D E - I N S E R T  DOWN-THE-HOLE-DRILL 1 /  H I G H  PRESSURE VOLE D R I L L I N G  I N  L E I C E S T E R S H I R E  GRAN I T E  

OUBLF S T F F L  AND CONCRETE SANDWICH L I N I N G  FOR K E F P I N G  H I G H  PRESSURE WATER OUT OF A POTASH SHAFT ( S H A F T - S I N  
EXTREYF-PRFSSURE 1 / J E T  NOZZLE FOR O S T A I N I N G  H I G H  PULSE DYNAMIC PRESSURE HEADS PATENT P U L S E - J E T  
ST DATA ( UNOERGROUND-TRANSPORTATION-SYSTEMS I /  H I G H  SPEED GROUND TRANSPORTATION TUNNEL D E S I G N  AND CO 
ING-RATFS COST M A T E R I A L S  H A N D L I N G  I /  SOME 4SPECTS O F  H I G H  SPEED HARD 9 0 C K  T U N N E L L I N G  I N  THE SNOWY MOUNTAIN 
O S I O N  I/ H I G H  SPEED L I Q U I D  I M P A C T  [ ROCK-BREAKING WATER-JET ER 
G D R I L L I N G  I /  H I G H  SPEED SHAFT S I N K I N G  I N  SOUTH A F R I C A  ( PREGROUTIN 
FNGTH/ D I S C U S S I O N  OF S(1MF ASPECTS OF ROCK C U T T I N G  BY H I G H  SPEED WATER J E T S  ( J E T - C U T T I N G  PRESSURE ROCK-STR 
I T Y  R3CY-STREYGTH I /  SOME ASPFCTS OF ROCK C U T T I N G  B Y  H I G H  SPEED WATER J E T S  I J E T - P E N E T R A T I O N  N O Z Z L E  PRFSSU 
SIVE-STRENSTH BUBPLE-COLLAPSE ) /  ROCK T U N N E L I Y G  W I T H  H I G H  SPEED b'4TER J E T S  U T I L I Z I N G  C A V I T A T I O N  DAMAGE E 
EDIMENTAKY ROCKS UNDFR C O N F I N I N G  PRESSURE: TESTS AT H I G H  TEMPFRATUPE ( ROCK-MECHANICS S T U D I E S  RESEAPCH ) /  
r)F WEAKENIYG flF C E R T A I N  ROCKS BY THE L Q C A L  A C T I O N  O F  H I G H  TEMPERATUFFS ( THERMAL-JET THERMOMECHANICPL ) /  T 

W A L L - S T A 9 l L I T Y  ) /  Y F C H A N I C A L  P R O P E R T I F S  OF 90CKS AT H I G H  TEMPERATURFS AND PRESSURES ( DATA PROPERTIES T E S  

K-FQ ACTURF ) / D F S I G N  S T U D I E S  OF H I G H  V F L O C I T Y  L I Q U I D  J E T  EQUIPMENT ( WATER-CANNON ROC 
NOZZLE SAFETY I /  ROCK PENETRATION BY H I G H  V E L O C I T Y  WATER J E T  ( COMPRESSIVE-STRENGTH H E A L T H  
WATFS-CONTROL 1 /  TFCHNIOUES AND D E F L E C T I O N  TOOLS I N  HIGH-ANGLE D R I L L I N G :  PAST7 PRESENT AMD FUTURE ( D I R F  

T l J R I Y G  S H I  E L D I N C  / THE SECONDARY B R E A K I N G  EFFFCT OF HIGH-FREQUEYCY F L E C T R I C  ENERGY A P P L I E D  TO ROCK FRAGME 
A9D ROCK ( U L T P A S O Y I C S  I N F R A S O N I C S  ELECTRO-HYORAULIC HIGH-FREQUENCY-HEATING ) /  SEARCHING FOR YEW METHODS 0 

TIYE-DEPENDENT DEFORYATION ON THE STRESS-RELIEF AND HIGH-MODULUS I N C L U S I O N  TECHNIQUES OF I N  S I T U  STRESS D 
AN I N V  F S T I G A T I O N  OF THE H Y D R A U L I C  C U T T I N G  OF COAL BY F I N E ,  HIGH-PRESSURE JETS ( H Y D R O M I N I N G  I /  

F I C I A T I O N  EVGR ( COMPUTFRS ENVIRONMENT GEOLOGY L A S E R  HIGH-PRESSURE-WATFR I /  M U L T I F O L D  P O S S I B I L I T I E S  FACE B 
N N E L I Y G  THRflUGH RflCK ( MOLE BLAST COMB 1NATIOY"METHOD HIGH-SPFED 1 / T H E  PH METHOD OF T U  
PHOTOELASTIC 1 / I N V F S T I G A T I O N  OF DYNAMIC F A I L U R F  BY HIGH-SPFED PHOTOGRAPHY DEFORMATION D R I L L  I Y G  I M P A C T  
S MOLE T U Y N F L I Y G - Y A C H I N E  I /  A NEW M I N I N G  MACHINE FOR HIGH-SPEED SHAFT S I N K I N G  AND ROADWAY T U N N E L I N G  ( D R I L  
/ HIGH-SPEED TUBE T R A N S P O R T A T I O N  ( NORTHFAST CORRIDOR j 

/ THE P E N F T R A T I O N  OF ROCK BY HIGH-SPEED WATER J E T S  I D R I L L I N G - P E T H O D S  WATER-JETS I 

E X A M I N A T I O N  OF H I G H  PRESSURE WATER J E T S  FOR MOLES ( MOLES ) /  

METHOD OF D R I L L I Y G  W I T H  H I G H  V F L O C I T Y  J E T  CUTTER ROCK B I T  t PATENT I /  

THE P E N E T R A T I O N  OF ROCK BY HIGH-SPEED MATER J E T S /  

H Y D R A U L I C  R I G  SETS S T E F L  FOR HIGH-UP TUNNEL ROOF ( AIR-MOTOR H Y D R A U L I C - W R I S T ) /  
ROCKY TUNNEL I S  WORLD'S H I G H E S T  ( HIGHWAY COLORADO STRAIGHT-CREEK S H I E L D  I /  

J E T S  E X O T I C - B O R I N G  1/ DOT AND THE UNDERGROUND - SOMF H I G H L I G H T S  ( TRANSPORTATION BORING-MACHINES GEOLOGY F 
N-SFAYS O R I L L I N G  BENCH-OPERATION PRODUCTION 1/  HIGHWALL AUGERING W I T H  A TWIN-AUGFR ( C O A L - Y I N I N G  T H I  

SUSMERGFD TUNNEL I N  ANTWERP ( B E L G I U M  HIGHWAY I /  
P L A N N I N G  AND C@NSTRUCTION O F  ENAYAMA TUNNEL ( J A P A N  HIGHWAY 1 /  

S W I S S  TUNNFL 4WARDS I ST.-GOTTHARD VIGHWAY I /  
TRACTOR L I C K S  TOUGY TUNNFL JOB ( V I R G I N I A  BIG-WALKER HIGHWAY I /  CON 
N E L  D R I V I N G  ( CONTTYGENCIES GEOLOGY EXPLORATION COST HIGHWAY I /  F A U L T  SUSPENDS TUN 
R@AD TUNUFL UNDFR S W I T Z E R L A N D * S  ST. GOTTHARD P 4 S S ?  ( HIGHWAY ) /  WHICH D E S I G N  FOR SECORD 

- D R A I N  CONSTRUCTION D R I L L - P A T T E R N S  MUCKING 1 /  HIGHWAY B R I D G E  MEN B U I L D  A TUNNEL - FOR W4TER ( STORM 
TUNYEL UNCORKS HIGHWAY B3TTLEMFCKS ( CUT-AND-COVER M I N N E A P O L I S  1 /  

ROCKY TUNNEL I S  WORLD'S H I G H E S T  HIGHW4Y COLORADO STRAIGHT-CREEK S H I E L D  I /  

53-42-00001 
74- 6 7- 1 100 1 
44-65-05001 
44-67-06005 
32-64-10005 
45- 65-0 5 00 1 
34-64-12001 
52-62- 0 500 1 
75-66-12003 
42- 68-03002 
23- 69- 0 100 1 
42- 6 7- 0 5 0 0 1 
0 5- 6 9- 0 500 8 
05-64- 0300 1 
05-66- 08002 
05- 7 0- 0 700 1 
05-56- 0600 1 
34- 6 6- 1 00 0 1 
05-59-10001 
28-67-09001 
5 5- 6 4- 0 400 1 
2 4- 6 4- 1 1 00 1 
2 4- 64- 0 9 00 3 
55-69-10001 
55-68- 10001 
5 5- 6 8- 1 0 00 2 
05- 68- 11 00 1 
55-68-09001 
5 5- 69-0 2 00 1 
53- 67- 0 2 00 2 
24- 6 8- 06 00 1 
34- 6 5- 0 3 00 1 
23-6 8-0 500 1 
0 5-6 8- 1000 1 
12-65-01005 
8 5-66-1 1002 
3 5- 64- 0 900 1 
22-69-10003 
42-67- 02001 
0 5- 6 5- 07 00 1 
74-64-03001 
0 5- 69- 10003 
23-66-0000 1 
22-65-06004 
14-68-11001 
2 5- 6 4- 10 0 0 1 
35-6 8- 1 1 00 1 
42-67-05001 
65-66-08001 
12- 61- 0301 1 
05-70- 05004 
35-67-02001 
24- 6 5- 12003 
23-70-10001 
34-68-11 001 
2 8- 67- 0 90 0 1 
03-68-03001 
64-64-09001 
24-66-07001 
02 - 7 0- 0 0 00 9 
24- 66- 06003 
2 4- 66- 0 60 0 2 
23-68-06001 
14- 5 8-1 2 00 1 
24-64-1200 1 
13-67- 07 001 
28-63-12001 
23-68-02001 
24- 6 4- 0 9 00 3 
24- 6 7- 0 4 00 1 
12-62-05008 
24- 5 7-0 100 1 
14-6 6-000 10 
24-64-09006 
05-68-01009 
02 -7 0-00007 
12-62-05001 
72- 5 9- 0 700 1 
05-65-08001 
24-69- 06 002 
24-69-00001 
44- 6 5-03 00 2 
0 5- 69- 07 0 0 5 
22-69-10005 
8 4- 59- 0 800 1 
04- 6 8- 1000 6 
04-6 9-P 40 0 3 
05- 6 9- 0 6 3 0 1 
05- 7 0- 0 1 CO 6 
35-69-02001 
0 5- 64- 05 007 
05-70-0100 5 
05-65-04001 
0 5- 69- 0 700 5 
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S T R A I G H T  CREEK TUNNEL ( HIGHWAY DENVER COLORADO I /  

STATE OFFERS TWO TUNNELS FOR ONE ( V I R G I N I A  HIGHWAY HAMPTON-ROADS 1 1  
ST 1 /  B I D S  DUE SOON ON V I R G I N I A  H I G H H A Y  JOBS ( TUNNEL INTERSTATE-HIGHWAY E S T I M A T E D  co 

R E P A I R S  TO B E G I N  ON SEAUAYS EISENHOWER LOCK ( HIGHWAY TUNNEL CONCRETE D E T E R I O R A T I O N  
T W I N  BORE HIGHWAY TUNNEL WILL L I N K  TWO V I R G I N I A S /  

T I O N  L I G H T I N G  V E N T I L A T I O N  1 /  HIGHHAY TUNNELS ( COST ROCK-BREAKING GEOLOGIC-FXPLORA 

I N G  COSTS 1/  HIGHWAY TUNNELS ( D R A I  NAGE SUPPORTS GROUND-WATER S E A L  
THE ROAD AHEAD FOR HIGHWAY TUNNELS ( DEEP-TUNNELING RESEARCH S U B S I D Y  

T H E  SCHELDT TUNNEL A T  ANTWERP ( HIGHWAY-RAILWAY-TUNNEL IMMERSEO-TUBE 
P I L O T  BORE HOLED THROUGH R O C K I E S  [ HIGHWAY-TUNNEL I /  

HOLES GROW DEEPER I N  B I G  WALKER ( COST HIGHWAY-TUNNEL I /  
R E ,  COLORADO ( ROCK-MECHANICS GEOPHYSICS PREDICTIONS HIGHWAY-TUNNEL GROUND-WATER I N S T R U M E N T A T I O N  1 1  R E S U L T  

ZATION OF L A R G E  CROSS-SFCTION TUNNEL CONSTRUCTIONS ( HIGHWAY-TUNNELS RAILROAD-TUNNELS B L A S T I N G  COST-COMPAR 
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K I /  R I G  MOLE I S  DOWN I N  T H E  HOLE ( CUTTER-HEAD CONVEYOR MUCK-TRAINS SEMI-HARD-ROC 
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os  I /  D E E P  HOLE D R I L L I N G  W I T H  E X P L O S I V E S  ( ROLLER-CUTTERS DIAMON 
OEPTH D R I L L - S T R I N G  R O L L E P - B I T  I /  B I G  HOLE D R I L L I N G ,  A STUDY I N  DEPTH ( HOLE-DIAMETER HOLF-  
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C I T Y  ) /  TRANSPORT OF S O L I D S  AT LOW CONCENTRATIONS I N  H O R I Z O N T A L  P I P E S  ( F L O W - P I P E  S O L I D - L I Q U I D S  V I S C O S I T Y  
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MFTHOn OF D R I L L I N G  W I T H  H I G H  V E L O C I T Y  
UGS I M P A C T  ROCK-TUNNELLING NOZZLE F L U I D I C - C O N T R O L  1 /  
I T H  WATFR AS A D Y N A Y I C  PRESSURE MEDIUM ( I N T E N S I F I E R  

COUIPMENT FOR I N V E S T I G A T I O N  OF TORCH OF 
HY DR AUL I C 

JET P I F R C I N G  W I T H  COMPRESSED A I R  ( 
STON ADVANCF J E T  B I T S  ( WATER-JET A B R A S I V E  H Y D R A U L I C  
ETHOOS WATER-JFTS L I Q U I D - J E T S  1 /  HYPE RVELUC I T Y  
R I L L  TNG-MFTHOOS ULTRASON I C - D R I L L I N G  WATEP-JET PLASMA 

D F S I S N  S T l J D I E S  OF H I G H  V E L O C I T Y  L I Q U I D  
STZF OF ROCK FRAGMENTS PRODUCED D U R I N G  

1 /  POCK FRACTURE S Y  WATER 
HEBOS ( P A T F Y T  PULSE-JET EXTREME-PRESSURF 1 / 

PRORLFY P F  E V A L U A T I N G  BREAK-DOWN OF COAL B Y  
CRUSHING ( NOZZLE PRODUCTIOY 1 /  PRINC I P 4 L  H Y O R A U L I C  

S T I C I T Y  OF QOCKS 9 N  T H f I R  Q R I L L A B I L I T Y  U S I N G  THERMAL 
I T Y  PF Q I J A Q T Z I T E S  I N  PFPVOURAL'SK D E P O S I T  I N  THERMAL 

1 / 
P R E S S U R I Z I N G  L I N E R  GROUTING 1 /  

S ( A I R - F U E L  qXYGEN-FUEL COST ABRASIVE-FORMATIONS I /  
S W I Y N I Y G  4ND TRANSPORT V F 9 I U M  I N  HARD-COAL M I N I N G  ( 
V I T Y  P Q I L L E D - S Y A F T  YOZZLES ROCK-SURFACE 1 / H Y D R A U L I C  
NG F U S I O N  ARRASIVE I /  RECENT ADVANCES I N  F L A M E  

EXOTECH 1 /  
E EXPEQIMEYT' j  f,N J E T S  I N  IMPERMEABLE ROCK D R I L L I N G  ( 
Y-ROTATI  flh' ULTO ASnN ICs WATER-JET DETDNATI'lY-DR ILL  I N G  
E ASPECTS OF ROCK C U T T I N G  BY H I G H  SPEED WATER J E T S  ( 
/ D R I L L I N G  E P L A S T I N G  AT SMALLWOOD M I N E  ( 

E 4 0 S I n N  BY L I Q U I D  I M P A C T  ( 
BLAST H?LF P Q n q U C T I V !  W I T H  THE AIR-FUEL JET BURNFR ( 
G I /  F X C A V A T I q M  FOR UNDERGROUND NUCLFAR E X P L O S I O N S  ( 

CIF STEAM T l l R d I N E  RLADF M A T E R I A L S  ( F R O S I O Y  V E L O C I T Y  
E ASPECTS c1F 0r)CK C U T T I N G  BY H I G H  SPEED WATER J E T S  ( 
QCH - A PPOGRFSS RFPC19T ( NCIZZLE COAL-MINE JETSTREAM 

THF P E N F T R A T I O N  OF ROCK BY HIGH-SPEED WATER 
T H F  P F N F T P A T I O N  OF ROCK BY HIGH-SPEEr f  WATER 

THE Y Y O R A U L I C  C U T T l N G  OF COAL BY F I N E ,  HIGH-PRESSURE 
OF S O Y C  ASDFCTS n F  Rf lCK C U T T I N G  BY H I G H  SPFcD MATER 
I /  SDYE ASPFCTS OF ROCK C U T T I N G  BY H I G H  SPEFD WATER 
O F  F X T E R N A L L Y  bUGWcNT4TION OF T H E  V E L O C I T Y  '3F F L U I D  

O S I V E S  ) /  Q E V I F W  CF E F F E C T S  OF HYPER-VELTICITY 
F X A M I N A T I O N  OF H I G H  PRESSURE WATER 

I N G  SOTTOM-SALLIYG L P A D  I /  F U L L  SCALE E X P E Q I Y F N T S  C)N 
11 FULL-SCALF EXPERIMENTS ON 

M I S S I L E  M I N I N G  BY I M P A C T  I 
S L F - C O L L 4 P S F  1 /  ROCK TUNWFLING W I T H  H I G H  SPEfD WATER 
NEY ( PENFTQATIO'V P I T - W F I G H T  R O T A T I O N  H Y D 9 A U L I t S  B I T  
N I N G  RESFARCH - A PROGDESS REPORT ( N O Z Z L E  C O A L - Y I N E  
I L L  I R 3 C Y - D R I L L  HADD-ROCK FRONTHEPD BACKHEPD A I R L E G  

S E C U R I T Y  I S  A R I G  HFADACHE ON A TUNNEL D E M n L I T I O N  
CCNTQACTQR L I C K S  TqUGH TIJNNEL 

CEPr)PT ON C H E Y I C A L  S O I L  GROUTING 
BART'S F I R S T  COMPRESSED A I R  

CONTRACTnR L I C K S  TOUGH TUNNFL 
P I 5  WPTEQ T U Y N F L  

E9-AIR-YETPOD SUNKEN-TUqE-TPE'VCH-METHOD 1 /  TUNNEL 
I N F  C I S T  1 /  G I A N T  MOLF B E G I N S  T U Y N E L I N G  

YUBA R I V F R  
S I X  M I L F  TUNNFL 

G WATER-TUYNEL SLUQRY PUMPING I /  ANOTYFR MOLF PUSHFS 
R I D S  J O I N  T d O  C H I C A G 3  SEWER 

M@NT BLANC - ONE TUYNEL, TWO 
B I D S  DUE SOOY ON V I R G I N I A  HIGHWAY 

TYT CICEANOGRAPHIC I N S T I T U T I O N S  OFEP F A D T H  S A Y P L I N G  - 
B I D S  

AD-CARQYING EPPXY-RFSIY HEAT-CURING TUNN'L-LINFRS ) /  
COMPUTERS M A T E R I A L S - H A N D L I N G  QESFARCH I /  G R F C N 3 R I A R  

E D I Y E N T S  WELL-LOGGING 1 /  DEFP-SEA D R I L L I N G  PROJECT - 
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J A P A N  R A I L W A Y  ) /  
JAPAN R A I L W A Y  SEIKAN-TUNNEL 1 / 
J A P A N  S E I K A N  R A I L - T U N N E L  1 /  
JAPAN'S P R E S S U R I Z E D  EXCAVATOR C L A I M S  WORLDS F I R S T  ( S 
JAPAVESE T E S T  SOFT-GROUND MOLE ( R E V E R S I N G  R E T R A C T I N G  
JAPANESE TUNNELERS; K I L L S  SEVEN ( D R I L L I N G - C R E W S  GANT 
JAPANESE-RAILWAYS 1 /  
J A R V A  I /  ROCK TUNN 
JARVA ) /  M E C H A N I C A L  R A I S E  AN 
JARVA MARK 2 1  BORES 6 9 0 0  F T  OF 2 0  F T  D I A  T U N N E L  AT 5 
JARVA MARK 2 1  BORES 6 9 0 0  F T  OF 2 0  F T  OIA.  TUNNEL AT 
JARVA MKll-1200 MOLE ( B O R I N G  POWER L U B R I C A T I O N  C U T T E  
JARVA MOLE COSTS 1 /  
J A R V A  T U N N E L I N G  MACHINES-PFED T U N N E L I N G  C U T T E R S  I BOR 
JERSEY SEWER CONTRACTOR HARD T I M E  ( L I N I N G S  GROUTING 
J ET 
J E T  
J E T  
J F f  
J E T  
J F T  
J ET 
J F T  
J E T  
J E T  
J ET 
J ET 
J E T  
J E T  
J E T  
J E T  
J ET 
JET  
J E T  
J E T  
J E T  
J E T  
J E T  
J E T  
J E T  
J E T  
J F T  
J F T  
J E T  
J ET 
J E T  
J E T  

( COMPRESSIVF-STRENGTH HEALTH N O Z Z C E  S A F E T Y  I 1 
SOME RESULTS OF ( WATER-CANNON I /  

AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS I N  H Y D R A U L I  
B I T  ( WATER-JET A B R A S I V F  I /  
B I T  ( WATER-JET A R R A S I V E  I /  
B I T S  ( WATER-JET A B R A S I V E  H Y D R A U L I C  J E T  D R I L L I N G  
BURNER I J E T - D R I L L  I N G  COST ) /  

C AV I T  AT I O N  P E L L E T -  I # P A C T  THER MAL-SHOCK FLAME- J E T  
CUTTFR ROCK B I T  ( PATENT I /  
D E L I V E R Y  O P T I M I Z A T I O N  ( F L U I D - P R O P E R T I E S  POLYMERS 
D I F F U S I O N  NOZZLE SPARK DETOb!bTT)F F X P L O S I V E  I /  EXP 
D R I L L  BURNER ( FLAME-JET 1 /  
D R I L L I N G  ( WATER-JETS T U N N E L I N G  RESEARCH 1 / 
D R I L L I N G  I /  
D R I L L I N G  1 1  R E T R I E V A B L F  P I  
D R I V E R  STUDY F I N A L  REPORT ( R O C K - D I S I  NTEGRATION-M 
E L E C T R I C A L  FRACTURE ) /  NEW METHODS OF F R A C T U Q I N G  
E Q U I P M E N T  ( WATER-CANNON POCK-FRACTURE 1 / 
F L A M E  P I E R C I N G /  
I MPAC T ( R OCK-DI S I NT EGR AT I ON-M ETHODS COAL - M I N  I N G 
N O Z Z L E  FOR O B T A I N I N G  H I G H  PULSE DYNAMIC PRESSURE 
OF H Y D R A U L I C  MONITOR ( P E R M E A B I L I T Y  1 /  
PARAMETERS AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS 
P I E R C I N G  ( FLAME-JET 1 /  E F F E C T  OF E L A  
P I E R C I N G  ( FLAME-JET ) /  R E S U L T S  OF E X P E R I M E N T A L  I 
P I E R C I N G  D R I L L S  W I T H  ANNUL4R C O O L I N G  SYSTEMS/ 
P I E R C I N G  W I T H  COMPRFSSED A I R  ( J E T  D R I L L I N G  I /  
P I E R C I N G ,  CHAMBFRING, P F R C U S S I O N  D R I L L I N G  CONRINE 
PRESSURE VOLUME DUST SAFETY D P I L L I N G  1 /  WATER A 
T E S T I N G  W I T H  C L f A R  WATFRt SECOND T E S T  S E R I E S  ( EX 
WORK1 NG OF M I N E S A L S  ( TEMPERATURE-GRAD1 ENT S P A L L I  

BURNERS UNDER WORKING CONDITIONS ( FLAME-JET 1 1  

JET, MOLE TEAM SEEKS T U N N E L I N G  BREAKTHPOUGH ( CALWFL9 
J E T - B I T - D R I L L I N G  1 /  F U L L - S C A L  
JFT-BURNER E L F C T R O P H Y S I C A L  1 /  NFW METHODS OF CQUSHING 
JET-CUTT I N G  PRESSURE ROCK-STRFNGTH/ D I S C U S S I O N  OF SOP 
J E T - D R I L L  ROT ARY-DRI LL SLURRY G R I  NDING-FACTOR- I N D E X  1 
J E T - D R I L L I N G  C A V I T A T I O N  THRESHOLD ! /  
J E T - D R I L L I N G  COST 1 /  
JET-DR I L L  I NG B IG-HOL E-DR ILL  
JET-PENETRATION DAMAGE THRESHOLD 1 / E R O S I C N  T E S T S  
J ET-PE NETR AT I ON NOZZLE PR FS SURE V E L O C I T Y  ROCK-STP F N GT 
JET-TRAVFRSF F A C E - L I G H T I N G  F L U S H I N G  1 /  H Y D R A U L I C  P I N 1  
J E T S /  
JETS ( DRILLIWG-MFTHODS WATER-JETS 1 /  
J E T S  ( HYDROMIWING 1 /  AN I N V E S T I G A T I O N  O F  
JETS ( J E T - C U T T I N G  PRFSSURF ROCK-STRFNGTH/ D I  SCUSSIDN 
JETS ( J E T - P E N E T R A T I O N  NOZZLE PRESSURE V F L O C I T Y  ROCK- 
JETS ( T U N N F L I N G  HATER-JET SHOCK-WAVES ROCK-FRACTURE 
J F T S  AND P R O J F C T I L E S  ON ROCK ( THEORY WATER-JETS E X P L  
J E T S  FOR MOLES ( MOLES 1 /  
J E T S  I N  I M P F F M E A B L F  ROCK O R I L L I N G  ( HOLD-DOWN P I T S  R I  
JFTS I N  IMPERMFABLE ROCK D Q I L L I N G  ( J F T - B I T - D R I L L I N G  
J F T S  P R O J E C T I L F S  I /  

JETS WEAR 1 /  HOW T O  GET T H E  MOST HOLE FOQ YOUR Mfl 
JETSTREAM JET-TRAVERSE F A C E - L I G H T I N G  F L U S H I N G  I /  HYCR 
J I B S  JUMBOS 1 /  R A P I D  P E Y E T R A T I O N  IS M A I N  FEATURE OF N 
J O B /  
J O B  ( ADV4NCE JUMRO E X P L O S I V F  COST PAD-GROUND 1 /  
JOB ( GEOSEAL C O N S g L I D A T I O N  ) /  
JOB ( SUBWAY MOLE 1 /  
J O B  ( V I R G I N I A  SIG-WALKFR HIGHWAY 1 /  
JOB A B A R G A I N  ( COST ) /  
JOB H I T S  ANOTHFR SNAG I SUBWAY SHIELD-DRIVEN-CCMPRESS 
JOB I N  SAY F R A Y C I S C f l  ( HYDRAULIC-JACKS TUNNEL I'VG-MACH 
J O B  RACES THE R A I N S  ( WINTER-RAINS S P O I L - D I S P O S A L  1 /  
JOB RENEGOTIATED ( POWERHOUSE-TAILRACE I /  
J O B  TWO YEARS AHEAD OF SCHEDULE ( TUNNELING-MPCHINE M 
JOBS ( COST I /  
JDBS ( GFOLDGY FRANCF I T A L Y  1 /  
J O B S  TUNNFL INTFRSTATE-HIGHWAY E S T I M A T E D  COST 1! 
JOBS ABROAD ( TUNNELS 1 /  
J O I D E S  I SEDIMEMTq WELL-LOGGING I /  DEEP-SFA D R I L L  IN(; 
J O I N  TWO CHICAGO SEWER J O B S  ( COST ) /  
J O I N T  D E S I G N  OF REINFORCED CONCRETE T U B I N G  I N  TUNNFL 
J O I N T  MEFTIhJG - W .  VA. COAL M I N I N G  I N S T I T U T E  AND CENT 
J O I N T  OCEANOGRAPHIC I N S T I T U T I O N S  DEEP E4RTH S P P P L I Y G  

NUCLE AR-WFhPON-DETON4T I O N  

JETS UTILIZING CAVITATION DAMAGE ( EROSION VELCCITY n 

05- 69-  1 2 00 1 
05-70-05005 
05-70-06003  
75- 67- 0 9 0 0 1  
75-67-06001  
05-  66-  1 100 1 
05-67-0500  1 
76 -70-06001  
7 2- 7 0- 0 0 0 0 3  
75-70-02001  
76-70-04001 
72-69-  1 0 0 0 4  
64-  67 -0600  1 
76-  68-  D900l  
3 5- 66- 0 9 0 0  1 
24 -64-09003  
23- 64-0 3 0 0 1  
24-65- 1000  2 
2 8-68-0500 2 

2 8-68-0600? 
25-64-09002 
24- 64- 0 3 00 3 
22- 69-  1 0 0 0 2  
28-63-12001  
23-6 8-0400 1 
24- 63 -  1 2 005 
24- 64-  0 100 1 
7 2- 69-0 1 0 0  1 
25-63-12001 

23- 6 8- 0 4  0 02  
2 4- 6 5- 0 1 00 1 
23-6 8-0 2 00 1 
24- 64- 0 2 00 1 
24-67-01 0 0 2  
2 8- 67-  0900  1 
24- 65-  01  0 0 2  
24 -65-10003  
24- 6 5- 07  00 2 
24- 6 5- 07 00 1 
74-64-0500  1 
25-63-12001 
2 5-63- 1 100 1 
24-65-05003 
2 3- 68- 0 90  0 1 
12-65-Ob004 
7 5  -7 0-0 10 0 8 
24- 64-  0 3 0 0  1 
23-62-06001 
2 4- 66-  r)h 003 
12- 65- 06 0 0 2  
2 ~ - 6 1 - 0 0 0 0 1  
2 5- 6 4- 0 300 2 
02-  6 8- 1000 8 
2 4- 64-06 004 
24- 66- 0 6 0 0 2 
2 4-64-0 900  2 
2 4- 69- 0 6 0 0 2  
24- 6 9- 0 0 00 1 
24-64-00006 
2 4- 66-  0 6 0 0 -.? 
2 4- 66-  0 6 00 2 
23-6 7-12001  
23- 6 8- 0600 2 
23 -70-10001  
24-64-03004 
74- 64- 0 3 00  1 
24-6 9-0 200 l. 
23- 6 s -  Oh OO I 
24- 5 8- 0 300 1 
2 4- 64-  0 9 00 2 
2 5- 6 7- 0 500 1 

15-7 0- 0 100 1 
37- 69-  0 3 0 0  1 
76-68-05001  
0 5-7 0- 0 1 0 0  8 
6 5- 6 5- 0 7 0 0  1 
65-67-0300 1 
75-68-0300!  
05-67-  17002 
05-66-12004  
75-65-10001  
65-6R-06001 
0 5- h 2- 0 5 0 0 1 
65-67-05002  
05- 6 6- 1200  1 
04- 67- 0900 1 
65-68-0600 1 
34- 6 5- 0 3 00 1 
0 5 - 6 5 - 1 2 0 0 1  
04-67-09001 

2 8- 6 8-0 5 0 0 3  

2 8-68-06001 

05-66-08002 
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C I  

L' , 
E L L I N G /  EFFECT OF J O I N T  R I G I D I T Y  ON STRESSES I N  L I N I N G S  FOR S H I E L D  T U N N  
RED-GRANITE FAULTED-ROCK EPOXY-RESIN ROCK-BOLT-HOLES J O I N T  SHEAR-PLANE BOND I /  C H E M I C A L  GROUTING A T  NORAD 
L A T E D  TO THE MECHANICAL P R O P E R T I E S  OF J O I N T E D  ROCK ( JOINT-BREAKAGE- INDEX J O I N T - D I  S P E R S I O N - I N D E X  ROCK STR 
AL P R O P E R T I E S  OF J O I N T E D  ROCK ( JOINT-BREAKAGE-INDEX J O I N T - D I S P E R S I O N - I N D E X  ROCK STRENGTH I /  I N D I C E S  R E L A  
H I /  I N D I C E S  R E L A T E D  TO T H E  MECHANICAL PROPERTIES OF J O I N T E D  ROCK I JOINTTBREAKAGE- INDEX J O I N T - D I S P E R S I O N -  

- S I T U  F 4 U L T S  SHEAR T E N S I C N  COMPRESSION NORAD-GRANITE JOINTED-ROCK-MASS MOHR'S-ENVELOPE I /  T R I A X I A L  T E S T I N G  
NS O F  THE F A I L U R E  OF M A T E R I A L S  UNDER UNIFORM LOADS I J O I N T I N G  F O L D I N G  I /  L A B  OR A T 0  RY D EM0 N STR A T I O  
'S -ENVELOPE I /  T R I A X I A L  T E S T I N G  FOR STRENGTH OF ROCK J O I N T S  I ROCK-MASS I N - S I T U  F A U L T S  SHEAR T E N S I C N  COMPR 

CONTRACTOR'S VIEW ON U N L I N E D  TUNNELS - D I S C U S S I O N  ( J O I N T S  ROCK-BOLTS S T E E L - R I B  OVERBURDEN ROCK-QUALITY I 
-TUNNFL 11 ROCK MOLES I N F E S T  SAN JUAN MOUNTAINS ( NAVAJO-PROJECT BLANCO-TUNNEL AZEOTEA 
FR DAMS ( E X C A V A T I C N  TUNNELING-MACHINES MOLES M I N I N G  JUMBO I /  SOFT ROCK T U N N E L I N G  A T  MO R I V  

( HARD-ROCK V E N T I L A T I O N  MUCKING D R I L L I N G  E X P L O S I V E S  JUMBO I /  T U N N E L I N G  I N  THE U N I T E D  S T A T E S  O F  AMERICA 

D-TUNNELING-RECORD BURNCUT DR I L L I N G - P A T T E R N  B L A S T I N G  JUMBO I /  TWO CONTRACTORS PROVED OUT NEW HARD ROCK TUN 

MODELING A J O I N T E D  ROCK MASS ( ROCK-MECHANICS ROCK-BREAKING / 

ARS D E L A Y  ( L I G H T I N G  V E N T I L A T I O N  E X C A V A T I O N  OPEN-CUT JUMBO I /  REBOUCAS TUNNEL I N  R I O  NFARS C O M P L E T I C N  A F T E  

SWEDES MAKE ROCK TUNNEL H I S T O R Y  ( GEOLOGY D R I L L - B I T  JUMBO B L A S T I N G  ADVANCE S I Z E  MUCKING I /  
T U N N E L I N G  I N  CANADA ( JUMBO B L A S T I N G  SUPPORTS MUCKING V E N T I L A T I O N  DUST I / 

KEY TO SUCCFSSFUL TUNNEL RESULTS ( GEOLOGY @ R I L L I N G  JUMBO CHARGING V E N T I L A T I O N  MUCKING SUPPORT I /  ORGANIZ 

/ JUMBO D E S I G N  TRENDS - PAST AND PRESENT ( AUTOMATION I 

NG I /  SHAFT S I Y K I N G  ( MUCKING W I N Z E  S K I p - B U C K E T  JUMBO GALLOWAY-STAGE T U B B I N G  GROUTING F R E E Z I N G  H O I  S T I  

3 V I L E S  THROUGH ROCKIES ( HARD-ROCK D R I L L  BLAST MUCK JUMBO H E A D I N G  V F N T Y L A T I O N  C O N C R E T E - L I N I N G  GROUT TUNNEL I /  T U  R 
FCORDS BROKEN b T  OkENS R I V E R  GORGE ( P N E U M A T I C - D R I L L  JUMBO MUCKING 11 
L L I S E C O h l D  DFLAY RLAST I N G  ( GFOLOGY DRILLING BLASTING JUMBO MUCKING CONCRETE I /  T U N N E L I N G  W I T H  ROTARY D R I L L  

C H I N E S -  A STATUS REPORT W I T H  AN EYE T O  THE FUTURE ( JUMBO S H I E L D  G R I P P F R  H I S T O R Y  I /  R O B R I N S  T U N N E L  BORING 

NEW MACHIN!? SPEEDS LARGE BORE T U N N E L I N G  ( JUMBO CUTTER-HEAD H Y D R A U L I C - J A C K S  CONVEYORS / 

CONTRACTOR L I C K S  TOUGH TUNNEL JOB ( A D V A N C E  JUMBO E X P L O S I V E  COST BAD-GROUND 

STOM R I G S  SPEED ~ T ~ O O - F T - L O N G  TUNNEL TO COMPLETION ( JUMBO GROUTING-RIG cu 

D R I V I N G  T H E  CLEAR CREFK TUNNEL ( JIJMBO MUCKING E X P L O S I V E S  SUPPORTS TUNNELING-RATE I / 

T S  I /  12-DR I L L  JUMBO SPEEDS T U N N E L I N G  C Y C L E  ( D R I L L - A N D - B L A S T  SUPPOR 
TWELVE-DRILL JUMBO SPEEDS T U N N E L I N G  C Y C L E  ( D R I L L - B L A S T  REC(?RD / 

TUNNFL D R I V I N G  I N  FRANCE ( B L A S T I N G  D R I L L I N G  JUMRO S T A R - D R I L L  SEEPAGE 
T I N G  CAVERN G R A N I T E  F X C A V A T I O N  D R I L L - R  I G S  ROCK-BOLTS JUMBOS THE ROCK - NORAD COC ( B L A S  

ROCK- f3RILL HARE-ROCK FRONTHEAD BACKHEAD AIRLEG JIBS JUMBOS ) /  R A P I D  P F N E T R A T I O N  Is M A I N  F F A T U R E  OF NEW AT 
G-EQUIPMENT I /  A U S T P A L I A N S  USE BUPN CUT FOR RECORD ( J U V B O ~  B I O T I T E - G R A N I T E  TUNNELS ROOF-BOLTS D Y N A V I T E  DR 
lilG AT W H I T F  P I N E  ( B 0 9 I N G - M A C H I N E S  PEYETRATION-RATE J~JMBOS GUIDANCE E X O T I C - S O R I N G  CUTTERS I /  DEVELOPMENT 

( TUYNFL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES PENSTOCKS JUMBOS ) /  MANAPOURI: WHERE NEW Z E A L A N D  I S  M I N I N G  FOR 

K 

EMEYTS ON ROCKS I N  THE FREQUENCY RANGE 12 K C / S  TO 5 1  K C / S  AND I N  THF TFMPFRATURE RANGE 100 DEGREES K TO 11 
T I O N  MEASURFMFNTS CY ROCKS I N  T H E  FREQUENCY RANGE 1 7  K C / S  TO 5 1  K C / S  AND I N  THE TEMPERATURF RANGE 1 0 0  DEGR 
@ F  T H E  DOURLF S T E F L  AND CONCRETE SANDWICH LINING FOR K E E P I N G  HIGH PRESSURF WATER OUT OF A POTASH SHAFT ( S 
/ TUNNEL EXCAVATIOY SYSTFM KEEPS VENTILATION CClSTS DOWN ( NOPWAY MUCK-HANCLING I 

CONCRETE FOR GROUND SUPPORT I N  T H E  K E L L E Y  V I N E  I RLOCK-CAVING 11 
KENTUCKY D I V E R S I O N  TUNNELS ( COST 

O T E Y T I A L I T I F S  AS A YFW METHO9 OF M I N I N G  ( GOLD-MINES KERF-CUTTING I /  ROCK-CUTTING AND I T S  P 
NG M A C H I N C S  F 3 Q  S A L T  hND POTASH UNDERGROUND M I Y I N G  ( KERFS C U T T E R - B I T S  CORES THRUST P F N E T R A T I O N  I /  DEVELOP 
RGING V E N T I L A T I O N  MUCKING SUPPORT I /  ORGANIZED SPEED KEY T o  SUCCESSFUL TUNNEL RESULTS ( GEOLOGY D R I L L I N G  J 

I AN-McTH9r) 1 / K I E S B F R G  TUNNEL AT WUPPERTAL-ELBERFELD I GERMANY B E L G  
UT-METH'lD I /  TDOUPLE H I T S  JAPANESE TUYYFLFRS;  K I L L S  SFVFN ( DRILLING-CREWS GANTRY-TYPE-JUMBC BURN-c 

R V E Y I N G  FASIC-RFSFARCH I /  E F F I C I E N C Y  AND SPEED - T H E  KEYS TO M I N I N G  TECHNOLOGY - UNDERGROUND M I N I N G  ( B O R I  

MYSTFR1r)US GAS K I L L S  17 I N  S W I S S  HYDRO TUNNEL ( POWER-PROJECT I /  
/ MFCYAblIC 4L  S H I F L D  T U N N E L I N G  OF TWO-TRACK TUNN'L I Y  KINTETSU-NAMBA \ _ I N €  P L A N N I N G  AND RECFNT CONSTRUCTION 
P R @ P E R T I E S  R E S I N  TRANSFFQ-TUBE I /  ROC-LOC 540 M I N I N G  K I T  F I N S T R U C T I O N S  FOR H A N D L I N G  AND USE ( CHEMICAL-PR 
Q A D  TESTS ON R E I N F O R C I M G  BARS GROUTED ROC-LOT: M I N I N G  K I T S  ( ACTIVATOR C U R I N G  RESIN-GROUTED-ROCK-BOLTS P U L L  

LONG ROAD T U N Y F L  THROUGH MT. ST. GOTTHARD WILL B E  4 KM LONGER THAN MT. B L A N C /  1 6 2 8 4  M 
3 INTERPRFTTYG POCK DRILLABILITY 4 .  WHAT you s H n u L D  KYIW AROUT SIT DFSIGN c PERFORMANCF. ( DFVIATICN BIT- 

WHAT YOU S H 3 U L D  KNOW ABOUT T U Q N F L I N G  T E C H N I Q U E S  ( L I N I N G  U T I L I D O ?  ) /  
I T A L Y  EXPOPTS I T S  6 U I L D I N G  KNOWHOW/ 

I L L I N G  ROCK-MFCHANICS I /  THE S T A T F  OF ROCK MECHANICS KNOWLEDGE I N  D R I L L I N G  ( D R I L L I N G - P A T E  E X O T I C - D R I L L I N G  
ENCH-YFIGHT NJRDEN PnWOER-FFCTOR I /  CURRFNT STATE OF KY'3WLEDGF ON 4NGLE D R I L L I N G  I N  SUPFACF O P E R A T I O N S  ( B 
[ SLOPE-PNGLF NqZZLE-LENGTH PRESSURE FLOW FRACTURING KOBAYASHI-FOPVULA I / D E T E R M I N A T I O N  OF H Y D R A U L I C  M I Y I N  

THE HONG KONG CROSS-HARSOUR TUNNEL ( SUB-AQUEOUS I /  
HONG KONG TUNNFL ( SUNKEN-TUBE I /  

E I /  H Y 3 P A U L I C  C 9 A L  M I N I N G  AND WASTE AREA P A C K I Y G  AT KRASNOGARSKAYA ( PRODUCTION P A C K I N G  SUPPOPT COMBUSTIO 
L g G Y  OF d Y D R A U L I C  E X T p b r T I O N  OF COAL I N  HYDROMINE AT KRASNOGORSK/ C F R T A I N  QUESTIONS OF IYPROVEMENT OF T E C H  

MANAPOURI: HHERF NFW ZEALAND I S  M I Y I V G  FOP 7 0 0 1 0 0 0  KW ( TUNNEL T A I L R A C E  ACCFSS-ADITS 9RAFT-TUBES PENSTCC 

L 

COMBAT OPERATIONS CENTFR ( NUCLEAR-WFAPON D E T O N A T I O N  L-SHAPED-TUYNEL MAJOR-JOINT-SYSTEM/  NOR AD 
ROL COALDUST I / HOUSF LABOR U N I T  DRAFTS M I N E  SAFETY B I L L  I ATMOSPHERIC-CONT 
) /  T U N N E L I R G  I Y  THE U.S.A. ( HARD-ROCK M E C H A N I Z A T I O N  LABOR-COSTS D R I L L I Y G  E X P L O S I V E S  MANAGEMENT MINING-ORG 

A X I A L  COMPRESSIVE STREPlGTH OF ROCKS ( POCK-YECHAYICS LABORATORY-TESTS 1 / I N F L U F N C E  OF S P H E R I C A L  H E b C  S I Z E  
IMESTONc"  CRESTMPPE M I N E  R I V E R S I D E  C A L I F  ( F L F X U R E  LABORATOQY-TESTS I / MFCHANICAL P R n P F R T I E S  AND I N  S I T U  

TUNNEL SUPPORTS ( W D F L S  COMPUTFRS COST SOCK-STRESS LAROR4TORY-TESTS EXCAVATION-METHODS I /  R A T I O Y A L  D E S  IG 
NT ENGLAND ) /  LASER SAVES LAROUR I N  L I N E - U P  Ff lR  THE NFW YFPSEY TkJNNEL ( ALIGNME 

s I /  CONSTQUCTIOY OF THE L A I D N G  TUNNFL I N  M 4 L A Y S I A  ( D R I L L - R L A S T  COSTS SUPPORT 
HAFT B O R I N G  W I T H  O I L  d E L L  D R I L L I N G  EQUIPCEYT 4T L Y N N  L 4 K E /  S 

E Q U I P Y F N T  MAINTENAYCE ( MACHINES M A T E R I A L S  LABOR-RATFS ) /  

C H U R C H I L L  F A L L S  HYDROELECTRIC PROJECT ( LAQRADOR I / 

L A S E 9  S T F E Q S  B I G  MOLF I N  9 A D  ROCK UNDER L A K E  ( A L K I R K  LAWREYCF WATER-SUPPLY ) /  
R L A S T  P U L L S  THF PLUG I N  ALASKA L A K F  ( HYDRO-PROJECT I /  

GUATEMALA W I L L  TAP H I G H  MOUNTAIN L A K E  FOR POWF9/ 
H I N E  CUTTING-PFAQ I /  M'TRO. S E C T I O N  SPONSORS F O R E I G N  LANGUAGE T F C H N I C A L  S E S S I O Y S  ( T U Y N F L I N G - V A C H I Y E  R O T A 4  

M F C H A N I C A L  YOLF ( TUNNELING-MACHINE ,LARGE-PORE-DRILLING CUTTFR-HEAD CONTINUOUS-MINER i / 
T U R B O D Q I L L  FOP D R I L L I N G  LARGE-DIAMETER HOLES/  

NG GEOLOGY T W N F L I N G - R A T E  TOOL-COST I / WORLD'S LARGEST MOLE TUNNFLS AT OAHE DAM ( MOLE CUTTERS MlJCKI  

D PROPAGATIQN I N  ROCK ( POCK-BREAKING HEAT-TREATMENT LASER I /  CPACK I N I T I A T I O N  AN 
CTURES INDUCED BY LASER I R 9 A D I A T I O N  ( YOVEL D R I L L I N G  LASER I /  T H I N  D I S K  TECHNIQUE FOR A N A L Y Z I N G  ROCK F R A  

WDRLP'S LARGEST SFAPORT GETS SMALLEST 'MFTRO' TUBE ( COST I /  

3 4 -  6 8- 02  00 1 
32- 6 4 - 1 0 0 0  2 
1 2 - 6 7-0 4 0 0 6 
1 2- 67- 0 4 0 0  6 
12- 6 7 - 0 4 0 0 6  
13- 68- 0 9 0 0  1 
12-64-10005 
12-62-05028 
1 2- 64-  1 0 0 0 5 
32-6  5-0500 2 
7 5 - 6 5 - 0 5 0 0 3  
75-  6 2- 0 7 0  0 1 
0 2 - 5 9 - 0 7 0 0 2  
0 5-6 6- 0 8 0 0 4  
05- 5 8- 0 6 0 0  1 
05-  5 5-0900 1 
0 2- 5 9- 0 7  0 0 4  
05- 5 8 - 0 4 0 0  1 
75-54-1200 1 
74-65- 1 1 0 0 1  
15-7 0- 0 100 1 
0 5- 66-0 6 0 0  2 
0 5- 67- 0 800 1 
05-59-10001 
04- 5 0- 0 4  00 1 
0 5- 5 8-0300 1 
04-5 8-1100 1 
72-6 8- 0 5  00 1 
25- 69- 0 1 0 0  1 
0 5 - 6 9 - 0 1 0 0 1  
64-  52- 0 5 0 0  1 
0 4 - 6 3 - 1 0 0 0 1  
0 5- 6 7- 0 6 0 0 2 
2 5- 67- 0 5 0 0  1 
0 5 -5 9- 1 2  0 0 1 
2 2-69- 10004 

12-64- 1 0 0 0 1  
12-64-10001 
34- 6 8- 1 1  00 1 
4 4 - 6 9 - 0 6 0 0 1  
32-5 6 - 0 4 0 0 3  
6 5- 66- 0 6 0 0  2 
24-68-0400 1 
0 2 - 6 1 - 0 0 0 0 2  
05- 5 8- O40Ql 
04-6 8-0 200 1 
0 4 -  6 9-0 400  2 
05-66-  1 1 0 0 1  
55-66-02001 
7 4- 6 9- 0 40 0 1 
36-67-08001 
36-67-01001 
05-70-0 1 0 0 3  
24-64-1 1 0 0 5  
34- 6 6- 0 80 0 1 
0 5 - 6 7 - 1 1 0 0 3  
12-  6 6 - 0 9 0 1  3 
12- 62- 0 5 0  1 4  
24-65- 1 0 0 0 4  
0 5- 4 9- 0 I! 00 4 
0 5-6 9- 0 7 0 0  2 
24-6 5-07003 
2 4- 64- 0 9 0 0  5 
0 5- 67-060 0 2 

1 6 - 6 4- 0 2 0 0 1 
5 5- 69- 0 700 1 
0 2 - 5 9 - 0 7 0 0  1 
0 5 - 6 9 - 1  100  1 
23-69-0  1 0 0  1 
1 2 - 6 7 - 0 4 0 0 9  
3 2 - 6 9 - 1 0 0 0 2  
76-70-0300 2 
05- 7 0- 0 5 00 6 
04- 7 0- 0 100 3 
24-66-0600 1 
75-  7 0- 0 1 0 0 7 
05- 4 0- 08003 
05-70-0  5 0 0 4  
7 5 -  6 5-0 8 0 0  1 
75-55-0100 I 
7 3 - 6 8 - 0 4 0 0 4  
7 4- 5 9- 0 hO 0 1 
0 5 - 6 8 - 0 1 0 0 1  
23-6 8- 0 5  00 1 
23- 58- 0 5  00 2 
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I C  S GEOLnGY I N F R A R E D  M I  C ROW AVE-S ENS ORS RAD IO-SENS OR S 
= I /  
H I N E  T U N N F L L I N G  PROJFCT ( GAS-LASER MOLES RECORDS I /  
ERNS ( ADVANCE D R I L L I N G  B L A S T I N G  ALIGNMENT SAFETY I /  

UNNEL I N G - T  ECHNL QUES 

, MOVES MUCK TO B E L T  ( COST S H I E L D  DEMOLITION-HAMMER 
P E L L E T - I M P A C T  THERYAL-SHOCK FLAME-JET ELECTRON-BEAM 

URVEYING-CQEW ECONCMY ACCURACY S I M P L I C I T Y  I /  
N F L  I /  
R U C T I O N  D A T A  AND FUTURE NEEDS ( GEOLOGY MOLE MUCKING 
L U T I O N  I N  TRANSPORTATION ( FLAME WATER-JET C H E M I C A L S  
GHTS THE WAY FOR HUGE TUNNEL DIGGER ( ADVANCE THRUST 
NG-SYSTEM B n R I  NG-CAPACITY HYDRAULIC-CONTROLS MOLE I /  

F B E Y E F I C I  A T I O N  ENGR ( COMPUTERS ENVIRONMENT GEOLOGY 
SK TECHNIQUE FOR A N A L Y Z I N G  ROCK FRACTURES INDUCED BY 

G R A N I T E  MARQLF ) /  

F L  ( ALIGNMENT ENGLAND I /  
LAWRENCE WATER-SUPPLY I /  

G U I D E S  G I A N T  TUNNELFR T H A T  COULD D I G  UNDER CHANNEL 
( GEOLOGY M A C H I N E - D R I L L I N G  P E N F T R A T I O N  DUST C U T T E R S  

MOLE SPADFS THROUGH SOFT GROUND ( 
T I N G  ( MOLES D E T R O I T  C H I C A G O  BOSTCN A R I Z O N A  LAWRENCE 

CONSTRUCT1 ON CONTROL W I T H  

HARD-RC)CK-FORMATIONS I / 
I / 

THRUST L A S E R  GUIDANCF MOLE I /  

F X P E R I M F N T A L  ORSFRVATIONS OF ROCK F A I L U R E  DUE TO 

R LEVEL,  EXPOSURE T I M E ,  SAMPLF S I Z E  AND WEAKENING IN 

-RORF MOLF SETS PACF T H A T  OVERTAXES MUCKING SYSTEM ( 

P P R O S I T Y /  TEST OF 
P R E S I D E N T  PROPOSES NEW 

NNUAL M E t T I N G  ( MOLES D E T R O I T  CHICAGO SOSTON A R I Z O N A  
AINTFNANCF I /  THE 

ROCK TUNNFL SUMMARIES ( CHICAGQ SEWFRS MOLES 
A5FR S T F F P S  B I G  MOLE I N  RAD ROCK UNDER LAKE ( A L K I R K  

A P H Y S I C A L  E X P L A N A T I O N  O F  THF E M P I R I C A L  
LASERS USED T O  

T I Y G  ALIGNME'UT SAFETY I /  LASER REAM G U I D E S  TUNNELERS 
E 4 q E q  N O I S F  V F N T I L 4 T I O N  1 /  

L E  CHANTIER DU TUNNEL SOUS 
F I N D I N G  NFU WAYS TO WIN METALS ( 

1 /  FERRY R I D E R ' S  M I S E R Y  
h C E 3  COYCRFTF T U R I N G  I N  TUNNFL CONSTRUCTION ( C U R I N G  
0 9  9Y MEANS OF BORFHOLE D E V I C E S  ( COMPUTER-SOLUTIONS 
Hf iNGED-GONOITIONS B I D S  I /  CONTRACTOR-CLIENT 
9 Q I N G  CIV V I N E  P E R I L S  OPENS ( SLACK-LUNG COMPENSATION 
PWN-THF-HOLC-DP I L L  I /  H I G H  PRESSURE VOLE D R I L L I N G  I N  

FTP'lDS I /  COWSTRUCTION RY F R E E Z I N G  OF A NEW 50-METRE 
C P R F F  9LJLLSFYF I N  DEEP SHAFT ( G U I D A N C F  AnVANCF L O S T  

F An-GP OUNn I / C ONTR ACTOR 
I /  CONTRACTOR 
I Y V E S T I G 4 T I O N  I V T O  THF P O S S I B I L I T Y  OF PROLONGING T H E  
I Y G  F F F I C I F N C Y  I /  THE PRESSURE DROP I N  THE H Y D R A U L I C  

CHANNEL GETS GREFN 
ROCK BREAKAGF BY 

D P F N I Y G  n F  MONT BLANC TUNNEL ( V E N T I L A T I O N  
MODERN 

AY TUNNFLS ( CPST POCK-PPFAKI  NG G E O L r G I C - E X P L O R A T I O N  
S TIJYYEL I N  P I 0  NFARS COMPLETION AFTER YEARS D E L A Y  ( 
T L A S E 9  GUIDANCE MDLF I /  L h S E R  
EXPF"rS1VE" ( SWFOEh' n R I L L I N G  1 /  B O L I D E N  

D R I L L  FCICTAGFS ( JACKHPMMER AIR-PRESSURE COMPRFSSnR 
L F  ( C 4 L I e R A T I D M  FLASTIC-THEORY HYDROSTATIC-PRFSSUPE 

CFMFhT CC B U I L D I N G  P I P E L I N C  TO CARRY 
4hlTCAL P R P P F P T I F S  ANY TU S I T I J  SEHAVIOR OF THE " C H I N O  

( CHIP-FDRMATION ) /  P L A S T I C  
N T F R P R F T I V G  ROCK P P I L L A Y I L I T Y  19. H@W LOWEP D 9 I L L I N G  
T E R P R F T I N G  ROCK D R I L L A P I C I T Y  1 7 .  W 4 T  LOWER D R I L L I N G  
E T F S T S  SHGW F F F E C T S  O F  RYORAULICS ON LOWER D R I L L X N G  
P I L l T Y  ?A. HOd MUP RFDUSFS PESULTS TO Lr3WF9 D R I L L I N G  
OW ROTAPY SPEFP 5 R I T  COWFIGIJRATIrJN AFFECT TRANSPORT 

HOW CHANGF5 IN RPCK f PPESSURF AFFFCT THE TR4NSPORT 
P A R I S  PPEPAPES TC START T I C K L I S H  SUBWAY 

AMSTERDAM SUBWAY 
C P N S T R U r T I P N  OF TUNNELS OF NEW T O K A I D O  

C H I Y O  PUTS E L F C T Q I C  !.IHFEL TqUCK ON T R O L L E Y  
11. GRFATFR SPEED A W 4 I T S  MFANS T O  P F 4 C H  PERFqRM4NCE 
WHAT I T  MEAN5 WHFN D R I L L I N G  F A L L S  BELOW PERFORY4NCF 

CSPRETIYG RnCY D R I L L A P I L I T Y  6. M U L T I P L E  PERFOPMANCF 
TFLD T U N N F L I N G  r?F TWO-TRACK TUNNFL I Y  KINTETSU-NAMBb 

TUNNEL SGLVES PEPCC 
T I N G  ROCK D R I L L A B I L I T Y  5 .  HOW TO LOCATE PERFORMANCF 
11 LASFR S4VFS LARDUR I N  

S H I F L D S  AND S P E C I A L  
SOFT-GPqUND MOLE ( R F V E R S I N G  R E T R A C T I N G  P R F S S U R I Z I N G  
DLATES I /  NEW 

A N A L Y S I S  OF TUNNEL 
STVUCTUDAL R F H A V I C R  OF PRECAST CONCRFTF TUNNEL 

SYCITCRETE SLJPPORT I N  Rf lCK TUNNFLS I N  S C A Q D I N A V I A  ( 

Y G  QFGIYS ON C O A S T  ( C O S T  COMPRESSED-AIR WEIGHT SIZE 

F TUYNFL:  D E S I G Y i ~ O P ~ S T R U C T I O N  AND TUNNEL S E P V I C E S  ( 

LASER 
L A S E R  
LASER 
L A S E R  
L A S E R  
LASER 
LASEF. 
LASFR 
L A S E R  
LASER 
LASER 
L A S E R  
LASER 
LASFR 
LASFR 
LASER 
LASER 
LASER 
LASER 
L A S E R  
LASER 
LASER 
LASER 

I /  DEVELOPMENTS I N  REMOTE S E N S I N G  A P P L I C A B L E  TO 
A P P L I C A T I O N S  GO UNDERGROUND ( A L I G N M E N T  GUIDANC 
BEAM GUIDANCE SYSTEM MAKES SUCCESSFUL DEBUT I N  
BEAM G U I D E S  TUNNELERS L A Y I N G  OUT D R I L L - H O L E  P A T  
BEAM USED TO SOFTEN MARBLE ( TUNNELING-MACHINES 
BEAMS AND SDPHOMORES I ROCK-FRACTURE-RESEARCH T 
BREAKTHROUGH WAY TO SHATTER ROCK ( TUNNELS I /  
BRE4ST-BOARDS I /  H Y D R A U L I C  ARM D I G S  TUNNEL 
C H E M I C A L - A C T I O N  SPECIFIC-ENERGY ECONOMY I /  NOVE 
CONTROL FOR C U R V I L I N E A R  TUNNEL CONSTRUCTION ( S 
CONTROLS: T A S M A N I A  TUNNEL ALIGNMENT ( WATER-TUN 
D R I L L A B I L I T Y  BORING-RATE I /  R I V E R  M O U N T A I N  TUNN 
GAS-GUN MOLE I /  THE COMING R E V 0  
GUIDANCE MOLE I /  LASER L I  
G U I D E S  G I A N T  TUNNELER T H A T  COULD D I G  UNDER CHAN 
G U I D E S  MONSTER MOLE/ 
HIGH-PRESSURE-WATER I / M U L T I F O L D  P O S S I B I L I T I E S  
I R R A D I A T I O N  ( NOVEL D R I L L I N G  LASER I /  TYIW DI 
L I G H T S  THF WAY FOR HUGE TUNNEL DIGGER ( ADVANCE 
MAY BE HARD-ROCK TUNNELFR ( TUNNELING-MACHINES 
R A D I A T I O N  ( S P A L L I N G  THERMAL-BREAKING I /  
SAVES LABOUR I N  L I N E - U P  FOR T H E  NEW MERSEY TUNN 
STEERS B I G  MOLE I N  BAD ROCK UNDER L A K E  ( A L K I R K  

LASEP.-AI M I  NG-SYSTEM B O R I  NG-CAPACITY HYDRAULIC-CONTROL 

L A S E R - A S S I S T E D  ROCK FRACTURE/ SOME R E L A T I O N S H I P S  BETW 
LASER-BEAM GUIDANCE HYDRAULIC-PISTONS J A C K I N G - R I N G  I /  
LASER-GUIDANCE I /  REMARKS BY O F F I C E R S  AT AP'NIIAL MEE 
LASER-TRANSIT F A N L I N E  CDNVFYOR CONCRETING 1 / 9 I G  
L A S E R S /  
L A S E R S  USED TO L A Y  SEWFR P I P E  ( AUTOMATIDN I /  
LAW OF E F F E C T I V E  STRESS FOR C R Y S T A L L I N E  ROCKS OF LOW 

LAWRENCE LASER-GUIDANCE I /  REMARKS BY CIFFICERS A T  A 
LAWRENCE MOLE ( A L K I R K  R E L I A B I L I T Y  MATERIAL-CONTROL M 
LAWRENCE R O B B I N S  J A R V A  I /  
LAWRENCE WATER-SUPPLY I /  L 
LAWS OF COMMINUTIONS ( G R I N D I N G - C H A R A C T E R I S T I C S  I /  
L A Y  SEWER P I P E  ( AUTOMATION I /  
L A Y I N G  OUT D R I L L - H O L E  PATTERNS I ADVANCE D R I L L I N G  B L A  
L E  C H A N T I E R  DU TUNNEL SOUS LE MONT BLANC ( SAFETY DIS  
LE MONT BLANC I SPFETY D I S E A S E S  N O I S E  V E N T I L A T I O N  I /  
L E A C H I N G  E L E C T R O S T A T I C  PHYS ICAL-FORM I /  
L E A D S  TO E N G L I S H  TUNNEL ATTEMPT ( S I Z F  COST F I N A N C I N G  
L E A K 1  NG LOAD-CARRY I N G  EPOXY-RES I N  HEAT-CURING TUNNFL-  
LEAST-SQUARES STRESS-FORMULAS TENSCJRS TEST-HOL E-OR I E N  
L E G A L  PROPLFMS I N  UNDERGROUND CONSTRUCTION ( C L A I M S  C 
L E G I S L A T I O N  I /  HE 
L E I C E S T E R S H I R E  GRANITE I D R I L L I N G - R A T E  C A R B I D E - I N S E R T  

SUBWAY B O R I  LENGTH MOLE I /  
LENGTH OF T U B B I N G  W H I L E  M A I N T A I N I N G  NORMAL W I N C I N G  OF 
L E T T E R S  POWER THRUST I /  V F R T I C A L  MOLE S 
L I C K S  TOUGH TUNNEL J O B  ( ADVANCE JIJPBO E X P L O S I V E  COST 
L I C K S  TOUGH TUNNEL J O B  ( V I R G I N I A  BIG-WALKEQ HIGHWAY 
L I F F  OF D R I L L  STEEL BY A D J U S T I N G  T H F  PH OF Y A C H I N F  W A  
L I F T I N G  OF DENSE S L U R R I E S  OF LARGE S O L I D S  W I T H  WIDE S 
L I G H T  t F I N A N C E  I /  
LIGHT-GAS GUN P F O J E C T I L E S  ( SHOCK H Y P E R V E L O C I T Y  I /  
L I G H T I N G  I /  
L I G H T I N G  SYSTEM D E S I G N  FOR THE HOLLAND T U N N E L /  
L I G H T I N G  V E N T I L A T I O N  I /  C L Y D  
L I G H T I N G  V E N T I L A T I O N  I /  H I  GHW 
L I G H T I N G  V E N T I L A T I O N  E X C A V A T I O N  3PFN-CUT JUMBO I /  R E @  
L I G H T S  T H F  WAY FOR HUGE TUNNEL DIGGEQ ( ADVAYCE THRUS 
L I K E S  B I G  HOLE R A I S E  B O R I N G  BUT QUESTIONS COST AS " I N  
L I Y E S T O V F  I /  CHFCK YOUR P S I  FOQ BETTER ROCK 
L I Y E S T O f l F  I /  7 E T F R M I N A T I O N  OF THE MODULUS OF R I G I D I T Y  
L I Y F S T O N F  S L U R 9 Y /  
L I M F S T O Y E "  CRESTYORE Y I N F  R I V E R S I D E  C A L I F  ( FLEXURE 
L I Y I T  A N A L Y S I S  A P P L I E D  TO S I M P L I F I F D  D R I L L I N G  PRnBLEM 
L I M I T  APPFARS I N  LARnRATOQY D Q I L L I N G  ( P I T  PERF0QPANC 
L I M I T  MFANS ( DFPTH V O L U M F - L I M I T  PERFORMANCE-LINC I /  
L I Y I T .  ( D A T A - I Y T E R P R F T A T I Q N  F L U I D  I /  NFW-APPRCAZtl  TO 
L I M I T S  ( W I L L  I V G -  F L U 1  3 VOL UME-L I M I T  T R A N S P O R T - L I M I  T 
L I M I T S  ( P F N E T P A T I O N  F L U I D  C I R C U L A T I O N  CUTTINGS-PFMOV 
L I M I T S  ( PERFORMANCE-LINE CHIP-REMOVAL F L U I D  I /  NEW A 
L I N F /  
L I N E /  
L I N E  ( GENFRAL I /  
L I N E  ( M A T E R I A L S - H A N D L I N G  I /  
L I N F  ( ROLLER-CONE DIAMOND L I T H O L f l G Y  I /  YEW APPR1)ACH 
L I N E  ( T R A N S P O R T - L I M I T  R I T - W E I G H T  C I R C U L A T I O N  NOZZLF- 
L I N E  I S  S P E C I A L  CASF BUT CAN PE USED I P E N F T R A T I O N  R I  
L T N F  PLAVNNING AND RECENT CCNSTRI ICTION PROGRESS ( JAPA 
L I N F  PPOBLEM/ 
L I N F  WHEN D R I L L I N G  RESPONSE IS LOW ( SHARP-BIT  WORN B 
L I N E - U P  FOR T H E  NFW MERSEY TUNNFL ( A L I G N M F N T  ENGLAND 
L I N E R  CUT TOKYO SUBWAY COST/ 
L I N E R  GROUTING 1 /  J A P A N F S E  T F S T  
L I N E R  P L A T E  SERVES DUAL ROLE ( TUNNEL GASKFTFG-LINFR-  
L I N E R - P A C K I N G  SYSTEMS ( DYNAMIC-LDADING I /  
L I N E R 5  ( SUPPORTS L I N I N G  RAPTD 1 /  
L I N F P S  I /  

LASER-ALIGNMENT MUCKING V F N T I L A T I O N  COST I /  3.8 M I L E S  

LAW ON COAL M I N F  HEALTH,  SAFETY/  

14-68-02001 
74-68-0400 1 
75-6O-0600 1 
8 5- 67-07002 
25-66- 11003 
2 5-66- 1200  2 
25-66- 11 002  
75- 68-01 001 
7 2-69- 1 0 0 0  2 
82- 69- 1 0  0 01  
8 5- 6 8- 0 800 1 
72-69-10003 
05- 69-09006 
75-66-04001 
75- 67-1 000 1 
74- 6 6- 0 5 002 
05-68-01009 
23-6 8-05 002  
75-66-04001 
25-66- 1200 1 
23- 69-0 40  0 1 
76-7 0-0 300 2 
75-70-0100 7 
75-67-10001 
75-69-0800 1 
23- 6 8- 0 8 00 1 
75-67- 1200  1 
75-70-04002 
74- 6 5- 1000  1 
84-68-04001 
84-6 7- 0400 1 
14- 6 8- 0900  6 
5 5-6 8- 10 00 1 
7 5- 70 -  0400 2 
72- 7 0-0 00 0 6  
76-7 0-060 0 1 
75- 7 0-0 1007  
14- 5 4- 03  00 1 
8 4- 6 7- 0 4  0 0 1 
8 5- 6 7- 0 7 00 2 
45-64-0600 1 
4 5- 64- 0 60 0 1 
D 5-6 8- 0 1008 
05-66-12006 
3 4- 6 5- 0 3 00 1 
12-67-04003 
02-7 0-00004 
5 5-69-0 200 1 
24-65-12003 
75- 67- 0 9  00 2 
32- 5 9- 07003 
7 5- 6 9- 0 2 00 1 
P 5- ? 0- 0 1 00 1 
0 5- 7 0-0 100  8 
2 4- 6 7- 07 003 
h2- 6 6- 0000  1 
05-66- 0700  1 
Z 3- 6 9- 0 1 0 0 2 
5 5- 6 5-0700 1 
04- 65-0900 1 
54- 6 5- 03  00 1 
04-65-06001 
05-66-08004 
75-66-04001 
05-6 8-0 800 1 
24- 66-07007 
1 2- 6 4- 1 0 0 0 3 
45-6 9- 10 00  1 
1 2 - 6 7- 040  09 
22-66- 10002  
74-65-03007 
24- 6 5- 0 3 00 5 
24-65-04001 
24-65-03006 
74- 6 5- 0 2 004  
24-65-02005 
05-70-02002 
0 5- 7 0- 0 6 00 2 
04-64-00001 
44- 68- 0 300 1 
24-6 5-0 1006  
24-65-02002 
24-64-12002 
74-69-04001 
65-6 8- 1 100  1 
2 4- 6 4- 1 1 00 6 
76-7 0- 03 00  2 
75- 6 8- 1000 1 
75-67-06001 
3 5-6 7-0300 1 
34-68- 10002 
34-67-01001 
34- 7 0- 0 1 00 1 
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HOTCRETE CHALLENGES S T E E L  R I B S  AS A TUNNEL SUPPORT ( L I N E R S  1 /  LARGE AGGREGATE S 

L A S T I C  G E O L O G I C A L - C L A S S I F I C A T I O N  ) / D E S I G N  OF T U N N E L  L I N E R S  AND SUPPORT SYSTEMS ( E X C A V A T I O N  T R A N S P O R T A T 1 0  
B O R I N G  I /  D E S I G N  OF TUNNEL L I N E R S  AND SUPPORT SYSTEMS ( STRESS S T R A I N  B L A S T I N G  

SUBTERRANEAN SHAFT L I N E R S  AND ROOMS D E S I G N  SAFETY I /  

T U N N E L  L I N E R S  ARE WHEELED I N T O  P O S I T I O N  ( SUPPORTS ! /  
TUNNEL L I N E R S  FOR BART SUBWAYS ( COST ) /  

S H I E L D  1 /  PRECAST SUBWAY L I N E R S  GO I N  FROM TOP TO BOTTOM ( M E X I C O - C I T Y  SUBWAY 
R I V E R  P U T  A S I D E  TO B U I L D  SUBWAY S T A T I O N S  ( CANADA L I N E R S  MOLE 

H A V I O R  O F  E L A S T I C  TUBES I N  COHESION-FREE CONTINUUM ( L I N E R S  SAND BE 
NG M A C H I N E S  ( ADVANCE S A F E T Y  CUTTERS BAD-GROUND MUCK L I N E R S  TRANSPORTATION WASTE-DISPOSAL NEW DEVELOPME 

SMALL TUNNELS MAKE GOOD SEWERS ( SUPPORTS COST L I N E R S  U T I L I T Y - T U N N E L S  
HORIZONTAL HOLES FOR UNDERGROUND POWER L I N E S  ( D R I L L S  S O I L - M E C H A N I C S  COSTS 

NEW WAY TO SPRAY ON TUNNEL L I N I N G  ( SHOT-CRETE ALIVA-METHOD 11 
NS ) /  TUNNEL WORK DURING E L E C T R I F I C A T I O N  OF R A I L R O A D  L I N E S  ( L I N I N G  SPRAYED-MORTAR GLASS-F 

METHODS OF S T R A I N  MEASUREMENTS I N  TUNNEL L I N I N G  ( WARSAW-UNDERGROUNo SUBWAY ) /  
O R O V I L L E  DAM D I V E R S I O N  TUNNEL ( SHAPE L I N I N G  ) /  

GARRISON DAM - TUNNEL T E S T  S E C T I O N  I N V E S T I G A T I O N  ( L I N I N G  

HY 
REUSABLE FORMS LOCK A N 0  R O L L  T O  CAST TUNNEL ( L I N I N G  ) /  

MOL 
DRO-ELECTRIC P R A C T I C E  ( TUNNELS ADVANCE COST MUCKING L I N I N G  ) /  
E S  TO A U D I T I O N  FOR S F  SUBWAY ( ADVANCE PRESSURE MUCK L I N I N G  1 1  
R D I V E R S I O N  TUNNEL D R I F S  S I T E  FOR H E L L S  CANYON DAM ( L I N I N G  I /  SNAKE R I V E  

MOLE R E A D I E S  FOR T W I  N MERSEY BORE AFTER TROUBLE-PRONE F I R S T  D R I V E  ( MOLE L I N I N G  ) /  
HE F A C E  OF THE 9 0 R E  ( CUTTERS MUCK ADVANCE ALIGNMENT L I N I N G  I /  MOLE WIPES E A R T H  O F F  T 
S AHEAD ( AOVAFJCE CUTTERS THRUST TORQUE MUCK SUPPORT L I N I N G  I /  HARD ROCK TUNNEL B O R I N G  MOVE 
O N D I T I O N S  TUNNELING-METHODS COSTS E X C A V A T I O N  MUCKING L I N I N G  ) / TUNNEL E S T I M A T I N G  IMPROVED: 

STRUCTURAL T o  GEoLoG B E H A V I O R  OF PRECAST CONCRETE TUNNEL L I N E R S  ( SUPPORTS L I N I N G  BARTD I /  
OSTOY HARBOR ( SHIELD-METHOD CUTTING-EDGE E X C A V A T I O N  L I N I N G  COMPRESSED-AIR CONSTRUCTING A 
PED-MUCK S L I P  FORM MEMCO ) /  MOLE C A S T S  LINING CONTINUOUSLY ( TUNNELING-MACHINE ARGENTINA PUM 

I N  1967 ( TUNNELING-MACHINE TRUCKING D R I L L I N G  FORMS L I N I N G  CONVEYORS I /  T H E  M I N I N G  SUPPLY M A C H I N E  INDUSTRY T U N N E L I N  AT THE 
G ON M I S S O U R I  POWER DAMS ( B L A S T I N G  SMOOTH-BORE ROCK L I N I N G  COST MOLE ) /  

YARD ROCK T U N N E L I N G  MACHINE ( ADVANCE FORMATION L I N I N G  CUTTERS HEAD I /  
MOLE I N V A D E S  NEW M E X I C O  ( MUCK CRUSHER SLURRY L I N I N G  CUTTERS MAINTENANCE 

F I R S T  U S F  OF THE DOUBLE S T E E L  AND CONCRETE SANDWICH L I N I N G  FOR K E E P I N G  H I G H  PRESSURE WATER OUT OF A 
B B I N S  TUNNEL B O R I N G  M A C H I N E  I ADVANCE CUTTERS S A F E T Y  L I N I N G  HARD-ROCK MOLE 1 /  RO 
HOLES THROUGH FOUR MONTHS EARLY ( ADVANCE E X C A V A T I O N  L I N I N G  MAINTENANCE I /  TUNNEL I N G  MACHI  N E  
ORT - THE OEEP TURE MOLES S H I E L D  TUNNELING-MACHINE L I N I N G  M A T E R I A L S - H A N D L I N G  ) /  FOR LONDON TRANSP 
CTOR B U I L D S  LOW-COST-TUNNELER ( ADVANCE CUTTERS COST L I N I N G  MOLE 1 /  CONTRA 
ONGESTION ( ADVANCE CUTTFR PRESSURE MUCKING GUIDANCE L I N I N G  MOLE ) /  GERMAN T U N N E L I N G  M A C H I N E  R E L I E V E S  TRAF 
T R I C K Y  P A T H  ( ADVANCE MUCKING PRESSURE S T A B I L I Z A T I O N  L I N I N G  MOLE. I /  BORE DUG I N  WET S O I L  FOLLOWS 

TEAMS W I T H  S H I E L D  TO CUT M I X E D  TUNNEL FACE ( ADVANCE L I N I N G  MUCK MOLE ) /  AUGER 

U.S. YADF MACHINE SPFEDS TOKYO TUNNEL ( ADVANCE COST L I N I N G  MUCKING CUTTERS GUIDANCE I /  
ON S T E E L  I /  STRFSSES I N  THE L I N I N G  OF S H I E L D - D R I V E N  TUNNELS ( P R E S S U R E - D I S T R I B U T I  
L ) /  THE WATERPROOF S L I D I N G  REINFORCED CONCRETE R I N G  L I N I N G  OF THE F R O Z E N  AUGUST€ V I C T O R I A  8 SHAFT ( S H A F T  

NEW DEVELOPMENTS I N  T U N N E L I N G  MACHINES I CUTTERS L I N I N G  MOLES MUCK HARD-ROCK I /  

TUNNEL R I G  CHEWS THROUGH SHALE ( ADVANCE CUTTER L I N I N G  MUCK P I L O T  ) /  

) /  L I N I N G  OF T H E  MCCLOUD-PIT TUNNELS ( SUPPORTS CONCRETE 
E N T A T I O N  1 /  THE F U N C T I F N  OF SHOTCRETE I N  SUPPORT AND L I N I N G  OF THE VANCONVER R A I L W A Y  TUNNEL ( COST CANADP 
-CORING I /  THE F U N C T I O N  OF SHOTCRETE I N  SUPPClRT AND L I N I N G  OF T H F  VANCOUVFR R. R. TUNNEL ( AGGREGATE OVER 

. T R I M S  COST OF TUNNEL R I B S  E CONCRETE ( CUTTERS HARD L I N I N G  SEEPAGE ROCK ) /  SEWER MOLE 

NNEL WORK DURING E L E C T R I F I C A T I O N  OF R A I L R O A D  L I V E S  ( L I N I N G  SPRAYFD-MORTAR P L A S T I C - S E A L E R S  G L A S S - F I B E R - L I N  

C L A Y  HOLE GOES 1,075 F T  I N  WEEK I ADVANCE S O I L  L I N I N G  RECORD ) /  

THEORY @ F  D E S I G N  FOR M U L T I - H I N G E D  SEGMENTAL R I N G  ( L I N I N G  SHIELD-DRIVFN-TUNNEL JAPAN ) /  

ROCK MECHAVICS STUDY DFTERhl INES D E S I G N  ( L I N I N G  SUPPORTS INSTRUMENTATTON 1 /  
MODERN YETHODS OF L I N I N G  TUNNELS ( SUPP@RTS ) /  

WHAT Yr)U SHOULD KNOW ABOUT T U N N E L I N G  TECHNIQUES ( L I V I N G  U T I L I D O R  I /  
L I G N Y F N T  GROUTING 1 /  TUNNEL F N G I N E E R I N G  ( H I S T O R I C A L  L INING-METHODS S H I E L D - T U N N F L I N G  Cl lSAQUEqUS ROCK D I F F I  

F'CITE ON E L A S T I C  STRFSS I N  TUNNEL L I N I N G S /  
FORMWORK FOR I N S I T U  CONCRETE TUNNEL L I N I N G S /  

S TR 
P L E S  OF SOIL-STRUCTURF I N T E R A C T I O N  A P P L I E D  TO TUNNEL L I N I N G S  S T I F F N E S S  MODELS DISPLACEMENT E L A S T I C I T Y  AR 
UCTURAL OFSIGN D A T A  F n R  UNREIWORCED CONCRETE TUNNEL LININGS/ 

THF CPSE FQR STEEL-APCH SUPPORTS L I N I N G S  I /  
ROOF B O L T I N G  A T  H I G H  PACE ( L I N I N G S  ) /  

TUNNEL EASFS 21-YEAR T R A F F I C  JAM ( COST L I N I N G S  I /  
GRANDUC'S TUFJNFLIFJG RECORD - 518 F T  I N  6 DAYS ( L I N I N G S  ) /  

TUNNEL I N G  I N  LONDON CLAY ( S H I E L D  V I C T O R I A - L I N E  EXPERIMENT L I N I N G S  I /  
U N L I N E D  TUNNELS ClF THF SflUTHFRN C A L I F O R N I A  E D I S O N  COMPANY ( L I N I N G S  I /  

-TUNNELS 8 L A S T I N G  COST-COMPARISON SWITZERLAND SWEDFN L I N I N G S  I /  P L A N N I N G  AND R E A L I Z A T I O N  OF LARGE CR3SS-SF 
EFP-LEVFL SOUTH A F R I C A N  GOLD M I N E  ( COST V E N T I L A T I O N  L I N I N G S  ) /  SHAFT D E S I G N  AND H O I S T I N G  EQUIPMEUT FOR 4 

THE P Q A C T I C A L  PRnqLEMS I GROUND C C N D I T I O N S  ECONOMIC L I N I N G S  ) /  THE CONSTRUCTION OF SEWERS I N  TUNNEL AND H 
I /  TUNNEL SUPPORTS AND L I N I N G S  - A REVIEW f ROCK-BOLTS SHOTCRETE STEEL-SETS 

RETF ) /  HOW TO FORM SMALL-TUNNEL L I N I N G S  ECONOYICALLY ( C O N C R E T E - L I N I N G  PNFUYATIC-CGNC 
4 P P L Y I N G  WATERPROOF SHEETINGS AS T U N N E L  L I N I N G S  BY M A C H I N E S /  

SWISS CPACK SOTTLFNECK W I T H  NEW LUCERNF ROAD ( L I N I N G S  F I B E R G L A S S  ) /  
E F F E C T  O F  J O I N T  R I G I D I T Y  ON STRESSES I N  L I N I N G S  FOR S H I E L D  T U N N E L L I N G /  

SFFT-GROUtID TUNNELS FOR BART ( MOLE L I N I N G S  GROUT I /  
SOFT-GRO UND TUNNEL G I V F S  JERSEY SENER CONTRACTOR H4RD T I M E  t L I N I N G S  GROUTING CHEMICAL-GROUT 1 /  

OALS I N  R A P I D  E X C A V A T I O N  ( OECD RESEARCH DEVELOPMENT L I N I N G S  MUCKING SUPPORT HYDPAULIC-FRAGMENTATIDY COYPU 
R U C T I O N  r)F 9 4 1 L 9 O A D  TUNNFLS I N  THEORY AND P R A C T I C E  ( L I N I N G S  POWFR-€QUI PMENT MUCK1 NG-MACHINERY SPRAY-CONCR 

DEVELOPMENTS I N  CONCRFTE TUNNFLS ( L I N I N G S  PRE T-CONCPETE J A C K I N G  ) / 
TUNNEL D R I V I N G  METHODS ( S P I E L D S  L I N I N G S  PRFFARRICATEO-SECTIONS I /  

STOQM SEWEP T U V N E L I N G  I N  SANDSTONE ( F R O S I O N  L I N I N G S  H Y D R A U L I C - M I N I N G  MOLFS COST I /  

FAC I L I T I F S  ( TUNNELS C n S T S  V E N T I L A T T N G  ROCK-REMOVAL L I N I N G S  POADWAYS ) /  URBAN UNDERGROUND HIGHWAYS AND PA 
D E S I G N  ANI, CONSTRUCTION OF THE CLYDE TUNNEL ( L I N I N G S  S H I E L D  SAFETY ) /  

T H F  NEW AUSTYIAIV T U N N E L I N G  METHOD PART I 1  ( L I N I N G S  SPRAYED-CONCRETE ROCK BOLTS SHOTCPETE I /  
THE NEW A C S T R I A N  T U N N E L I N G  METHOD, P 4 R T  I ( L I N I N G S  SPRAYED-CONCRETE ROCK-BOLTS SHOT-CRETE ) /  

T H E  NEW A U S T R I A N  T U N N E L I N G  METHOD PART I 1  I ( L I N I N G S  SPRAYED-CONCRETE ROCK-BOLTS SHOT-CRETE I /  
R A P I D  T U Y N F L I N G  I N  LONDON CLAY ( S Y I E L D  MOLE L I N I N G S  V I C T O R I A - L I N E  E X P E R I M E N T  ) /  

HEATHROW P I R P O R T  - LONDON CARGO TRANSPORT L I N K  ( S H I E L D  C O N C R E T F - L I N I N G  I /  
FLOW S 

DS MOLES ENGLAND I /  BSP L I N K S  W I T H  N U T T 4 L L  ON TUNNEL @ R I V I N G  MACHINES ( S H I E L  

L I D E S  PROVF HAZARDOUS I N  COLOMBIA TUNNELS ( SUPPORTS , L I N I N G S  WATER-TUNNELS ) /  

T W I N  SORE HIGHWAY TUNNEL WILL L I N K  TWO V I R G I N I A S /  

METHOD O F  T R E A T I N G  ABRASIVE-LADEN D R I L L I N G  L I Q U I D  ( WATER-JET H Y D R A U L I C - J E T  ) /  
EROSION BY L I Q U I D  I M P A C T  ( J F T - D R I L L I N G  C A V I T A T I O N  THRESHOLD ) /  

34-69- 1100 1 
3 4- 6 8- 1 0 003 
33-68-10001 
3 3- 6 9- 0 200 1 
3 5-64-0000 1 
34- 6 8- 0 600 1 
35-70-04001 
0 5- 70- 07 00 3 
34-66-10002 
74-66-04001 
34- 67- 0 5 00 1 
02-70-00006 
04-6 4- 0400 2 
3 5- 67- 0400 1 
34-68-04001 
04-67- 1000 3 
32-57- 11001 
35-67-09002 
45-70- 01001 
75-63-10001 
05- 65-07001 
75-70-06001 
75-67-07002 
75- 62- 060 0 1 
65-59-12001 
34-67-01001 
04- 6 1-0 100 1 
75-67-02002 
0 4- 67-07002 
72- 6 5- 0 5 00 1 
75-66-12003 
75-65-02 00 1 
34- 6 8- 11 00 1 
75-55-11001 
75- 6 9- 0 3 00 1 
45- 6 5- 0 100 3 
75-6 0-0400 1 
75-64- 11001 
75-64-07002 
74-66- 0300 1 
75- 7 0- 0 1 0 0 1 
74- 5 6- 0300 1 
75-6 5-0 5 00 1 
34-44-11001 
04-67-0600 1 
34-6 6- 0 500 1 
3 2-7 0- 00 00 3 
34-68-05001 
75- 69- 0 1 001 
76-66-05001 
34- 6 8- 02 00 2 
04-64-04002 
14- 66- 02 00 1 
14- 64- 06 00 1 
34-66-0800 1 
0 1 - 5 Q- 0 000 1 
34- 66- 0 100 1 
34-6 8- IO00 1 
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H I G H  SPEED L I Q U I D  I M P A C T  ( ROCK-BREAKING WATER-JET E R O S I O N  I /  
STRESS WAVES, DEFORMATIONt  AND FRACTURE CAUSED B Y  L I Q U I D  I M P A C T  ( ROCK-BREAKING WATER-JET E R O S I O N  I /  

I C - S P E E D  I /  DEFORMATION OF S O L I D S  BY L I Q U I D  I M P A C T  AT SUPERSONIC SPEEDS ( E R O S I O N  SUPERSON 

H Y P E R V E L O C I T Y  J E T  D R I V E R  STUDY F I N A L  REPORT ( ROCK-DISINTEGRATION-METHODS WATER-JETS L I Q U I D - J E T S  I /  

CES OF I N F O R M A T I O N  ON ROCK P H Y S I C S  - P A R T  I V  CURRENT L I T E R A T U R E  JAN 1961 ( B I B L I O G R A P H Y  I /  SOUR 
RANSPORTING COAL UNDERGROUND BY H Y D R A U L I C  METHODS: A L I T E R A T U R E  SURVEY ( R U S S I A  NEW ZEALAND POLAND WEST GE 
EANS TO RFACH PERFORMANCE L I N E  ( ROLLER-CONE D I A M O N D  L I T H O L O G Y  I /  NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A  
F I N I N G  PRESSURE I C O M P R E S S I B I L I T Y  CONFINING-PRESSURE L I T H O L O G Y  P E R M E A B I L I T Y  POROSITY I /  R E S E R V O I R  ROCK BEH 
AND I /  PRECONTRACT P L A N N I N G  FOR T H E  L I V E R P O O L  - WALLASEY ROAD TUNNEL ( MERSEY-TUNNEL ENGL 
U R I N G  PORE PRESSURE I N  ROCK SPECIMENS UNDER T R I A X I A L  L O A D  ( ROCK-MECHANICS I /  EQUIPMENT FOR MEAS 
D R I L L I N G  ( HOLD-DOWN B I T S  B I T - B A L L I N G  BOTTOM-BALLING LOAD I /  F U L L  SCALE E X P E R I M E N T S  ON J E T S  I N  IMPERMEABLE 
HOW TO USF PERFORMANCE-LINE EQUATIONS ( B I T  R O T A T I O N  LOAD C I R C U L A T I O N  G E N E R A L - D R I L L I N G - E Q U A T I O N  11 A NEW A 
- S I T U  ROCK-REL A X A T I  ON ROCK-STRESSES E L  4 S T I C - A N A L Y S I  S LOAD DEFORMAT I ON-C RE EP ARCH-ACT I O N  G R A V I T Y - E F  FECT 1 / 
N-SHELL SFRRATIONS R0C.K-STRESS CREEP I /  MECHANISM OF LOAD L O S S  I N  ROOF B O L T S  I BLEED-OFF GROUND-CONTROL AN 
GTH AND R E L A T I V F  P R I T T C E N F S S  ( SHAPE-FACTOR I /  P O I N T  L O A D  T E S T I N G  O F  S R I T T L E  M A T E R I A L S  TO D E T E R M I N E  T E N S I L  
R I N G  RFSIN-GQOUTED-ROCK-BDLTS PULL-TESTS I / REPEATED LOAD T E S T S  ON R E I N F O R C I N G  BARS GROUTED ROC-LOC M I N I N G  
CRETE TUB I N G  I N  TUNNEL CONSTRUCTION ( C U R I N G  L E A K I N G  LOAD-CARRYING EPOXY-RESIN HEAT-CURING T U N N E L - L I N E P S  I 
GRESS I N  T H F  S C I E N T I F I C  APPROACH TO STRATA CONTROL ( LOAD-CELLS STQESSMETERS I1 FURTI-ER PRO 
RAG-RIT R O L L E R - B I T  CONFINING-PRESSURE FLUID-PRESSURE LOAD-RATE B I T - P E N E T R A T I O N  PLASTIC-THEORY I /  T H E  MECHA 
S I N  ROqF B O L T S  ( 9LFFD-OFF GROUND-CONTROL ANCHOR AGE LOAD-TIME-CHARACTER I S T  I C S  DYNAMIC-TEST S T A T I C - T E S T  EX 
ECHNIQUFS Tt) T H E  STUDY O F  THE REHAVIOR OF ROCK BFAMS LOADED B Y  T H E I R  OWN WEIGHT I PHOTOTYPES B E N D I N G  ! /  T H  
Q I AL S-HANDLING 1 / WHEELED LOADERS AND ROCK WAGONS SCAMPER THROUGH T U N N E L  ( MATF 

kJ CQACK-PROPAGATION I /  B F H A V I O R  OF ROCK UNDER S T A T I C  L O A D I N G  I GROUND-PRESSURE TECTONIC-PRESSURE FRACTURE- 
BSCIRPTION SCABBING ) /  P E H A V I O R  OF ROCK UNDER D Y N A M I C  L O A D I N G  ( SOURCE-ZONE T R A N S I T I O N - Z O N E  S E I  SMIC-ZPNE RO 
T S  OF SLURRY F X P L O S I V E S  UNDERGROUND ( B L A S T I N G  D B A  L O A D I N G  I /  RECENT DEVELOP MEN 
P R O P E R T I E S  SHOCK-FRONT E N E R G Y - D I S T R I B U T I O N  E X P L O S I O N  L O A O I N G  A L U M I N I Z E D - S L U R R Y  I /  B E H A V I O R  OF ROCK DURING 
L L I Y G  PEF!FT!JATION-TIME A N A L Y S I S  FREQUENCY ) /  RATE OF L O A D I N G  E F F E C T S  I N  C H I S E L  I M P A C T  ( ROLLER-CONE-BITS P 

N D I N G  I /  S T a T I C - E L E C T R I C I T Y  HAZARDS I N  THE P N E U M A T I C  L O A D I N G  OF B L A S T I N G  AGENTS ( CONDUCTION C A P A C I T A N C E  G 
EIPERTICS O F  GEOLOGIC M A T E R I A L S  ( RDCK-MECHANICS I /  A L O A D I N G  SYSTEM FDR THE I N V E S T I G A T I O N  O F  T H E  I N E L A S T I C  
NT ON THE B R I T T L E  FPACTURE OF ROCKS ( FLUID-PRESSURE L O A D I N G - D U R A T I O N  TEMPFQATURE I /  T H E  I N F L U E N C E  OF E N V I  

S T A T I C  AND DYYAPIC F A I L U R E  OF ROCK UNDER C H I S E L  LOADS ( C R A T E R I N G  ENERGY I M P A C T  S T A T I C - L O A D I N G  I /  
Y S T R A T I I N S  OF THE F A I L U R E  OF M A T E R I A L S  UNDER U N I F O R M  LOADS ( J O I N T I N G  F O L D I N G  1 /  LAPORATORY DEMO 
( MOLE TUNNELING-MACHINE-STRESS I! NONUNIFORM R A D I A L  LOADS A P P L I E D  TO BOUNDA9Y OF C I R C U L A R  HOLE I N  I N F I N I T  

Y OF T H E  DEGREE OF WEAKFNING OF C E R T A I N  ROCKS B Y  T H E  LOCAL A C T I O N  OF H I G H  TEMPERATURES ( THERMAL-JET THERM 
PPRrlLCH TO I N T E R P R F T I N G  ROCK D R I L L A B I L I T Y  5. HOW TO LOCATE PERFORMANCE L I N E  WHEN D R I L L I N G  RESPONSE IS LOW 

D E S I G N  S T U D I E S  OF H I G H  V E L O C I T Y  L I Q U I D  JET EQUIPMENT ( WATER-CANNON ROCK-FRACTURE I /  

FOUR BARREL TUNNEL SET FOR B I D S  ( NYC-SUBWAY L I R R  S H I E L D  SUNKEN-TUBE I /  

POCK FRAGMENTATION B Y  CONCENTRATED L O A D I N G  ( CRACK-PROPAGATION DEFORMATION D R I L L I N G  1 /  

D R I V I N G  THE CHANRION TUNNEL ( L O A D I N G  M A T E R I A L S - H A N D L I N G  S A V I N G S  COST I /  

E V A L U A T I O N  OF ROCK LOADS FOR D E S I G N  O F  STEEL SUPPORTS FOR T U N N E L S /  

THE S E I S M I C  L O C A T I O N  OF ROCKBURST?/ 
REDAIRS TO B F G I N  ON SEAWAYS EISENHOWER LOCK ( HIGHWAY TUNNEL CONCRETF D E T E R I O R A T I O N  I /  

REUSABLE FORMS LOCK AN0 R O L L  TO CAST TUNNEL ( L I N I N G  I /  
R E S I N  COMPOUND LOCKS BOLTS I N  ROCK ( SUPPOPT I /  

72 I N .  D I A M F T E R  ROTARY D R I L L E D  SHAFT SANK FOR AEC BY LOFFLAND BROS ( D R I L L I N G - P 4 T E  B I T  D R I L L - C O L L A R  REVERT 
-FUEL-THQUSTEP RrlCKFTS I / L O G G I N G  TOOLS R I D E  ROCKETS DOWN-HOLE ( D R I L L I N G  S O L I 0  
-CONTSOL ) / COMMITTEE REPORT ON SYSTEMS E V A L U A T I O N  ( L O G I S T I C S  R U C K - D I S I N T E G R A T I O N  UNDFRGROUND-FXCAVATIOM 

I /  HEATHROW AIRPORT - LONDON CARGO TRANSPOST L I N K  ( S H I E L D  C O N C R E T E - L I N I N G  
IMENT I /  R A P I D  TUNNELING I N  LOND@N C L A Y  ( S H I E L D  MOLE L I N I N G S  V I C T O R I A - L I N E  EXPER 
! /  T U N N E L I N G  I N  LONDON C L A Y  ( S H I E L D  V I C T f l R I A - L I V E  E X P E R I M E N T  L I N I N G S  

F Y T A T I O N  J A C K I N G  DPUM-DIGGER PNEUMATIC-SPADES I /  FOR LONDON TPbNSPORT - THE DEEP T U B F  ( GFOLOGY S H I E L D  CEM 
L I N G - Y A C H I N E  L I N I N G  MATER1 ALS-HANDLING I /  FUR LONDON TRANSPORT - THE DEEP TUBE ( MOLES S H I E L D  TUNKE 
NCY OF D R I L L I N G  ROCK BY PERCUSSI@N D R I L L I N G  BY V. F. LONG/ C O N T R I B U T I O N  TO THE D I S C U S S I O N  OF: AN I N V E S T I G  

ANFCI F A S T - T U N N F L I N G  I /  THE D R I V I V G  nF 10 M I L E  LONG CANYON POWER TUNNEL I Y  THE U.S.A. ( WATER-TUNNEL 
L E S  CANADA I /  LONG D I S T A N C E  CONVEYING OF S O L I D S  BY P I P E L I N E  ( CAPSU 
PORT Y A T F R I A L S - H A N D L I N G  SLURRY-PUMPING I /  ECONOMICAL LONG D I S T A N C E  P I P E L I N I N G  OF M I N E R A L S  I S  NOW A R E A L I T Y  
M LONGER THAN MT. BLANC/ 16284 M LONG ROAD TtJNNEL THROUGH MT. ST. GDTTHAPD WILL BE 4 K 

MINERS ( CRUSbEP ECONOMICS SHUTTLE-CA9S CONVEY09 I /  LONG WALL M I N I N G  O F  POTASH W I T H  BORER TYPE CONTINUOUS 
L q G Y  QESEARCH COMPUTERS M I N I N G  I /  WHAT SHOUL@ B E  THE LONG-RANGE RESEARCH M I S S I O N  FCR THE M I M F R A L S  I N O U S T R I  

NG ROAD TUYYFL THROUGH MT. ST. GOTTHARD WILL BE 4 KM LONGER THAN MT. BLANC/  16284 M LO 

AVINGS B O R I Y G  ) /  MONT BLANC ROAD TUNNEL IS HORLO'S LONGEST ( SUBTERRANEAN-HIGHWAY G R A N I T E  CONSTRUCTION S 

T U N N E L I N G  UNDER THAMES ( LONDON I /  

LONGER T H A N  LONGEST ( J A P A N  R A I L W A Y  SEIKAN-TUNNEL I /  

LONGER T H A N  LONGEST ( J A P A N  RAILWAY S E I K 4 N - T U N N F L  I /  

THOMPSON R I V E R  MOLE SORE IS LQNGEST I N  HARD ROCK ( 4 U S T R A L I A  W A T F R - D I V F R S I C N  I /  
LONGEST S. A F R I C A  ROAD TUNNEL t B L A S T I N G  1 /  

S PODULUS CRACKS POROSITY I /  PROPAGATION V E L O C I T Y  OF L O N G I T U D I N A L  WAVES IN ROCK ( STRESq-WAVFS STRESS-LEV€ 

L ) /  A LOOK AT AN-FfJ'S I N V I S I B L E  FUMES ( SAFETY ENVIRCNMENTA 
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RgER-TIQF-  SYSTFH T R A I N S  I /  LOUVRE GOES UNDERGROUND ( SUSWAY-SYSTEY PASSENGERS RU 

TRANSPORTATION FPOM A LeNGW4LL FACE M A T E R I A L S - H A N D L I N G  CONVEYORS I / 

Q E S I N  AND Rc-BAR G I V E  NEW LOOK TO ROCK BOLTS ( TUNNEL-SUPPORTS I /  

R U S S I A N  ROCKET DEVELOPMENT QE4CHES NEW LC)W ( H 0 R I Z C N T A L - B O R I N G  I /  
TO LOCATF PE9FnRMAVCF L I N E  WHEN D R I L L I N G  RESPQNSF IS LOW ( SHARP-BIT  WORN B I T  I /  NEW APPROACH T O  I N T E R P R E T  

L@W B f n  CIb' T U N h F L  UNDER WELLAND CANAL R E A L L Y  LOW I SJ-LAWRENCE-SEAWAY I /  
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L E  O F  STRESS WAVE AN0 GAS PRESSURE I N  P R E S P L I T T I N G  ( LUCITE-MODELS EXPLOSION-WAVE GAS-STRESS THE Ro 

T A X  ON M I N E S  URGED TO CURB B L A C K  LUNG ( SAFETY D I S E A S E  COMPENSATION 
OR P R A I S E S  CZECH P I N E  SAFETY ( COAL-MINES DUST BLACK LUNG I /  DOCT 
H E A L T H  SAFETY I /  B L A C K  LUNG PAYMENTS G A I N  ON H I L L  ( ASSESSMENT COMPENSATION 

SHAFT BORING W I T H  O I L  WELL D R I L L I N G  EQUIPMENT AT LYNN L A K E /  

M 
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S AND DISPLACEMENTS INDUCED I N  ROCK B Y  TUNNEL B O R I N G  MACHINE PROPS/ STRE S SE 
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PRECAST SUBWAY L I N E R S  GO I N  FROM TOP TO BOTTOM ( M E X I C O - C I T Y  SUBWAY S H I E L D  ) /  
M E X I C O ' S  METRO-CONSTRUCTION MIRACLE.  ( SUBWAY 1 /  

BORATORY ( B I T - M A T E R I A L - L I F E  PENETRAT IClN ROTARY-BITS MICROB I T  I /  E S T I M A T I N G  D R I L L A B I L I T Y  I N  THE L A  

64-67-06 00 1 
74- 69- 0400 1 
74-63-00001 
2 4- 6 8- 07 00 1 
31-64- 0 0 0 0 1  
75-63-01001 
75-57-04001 
03- 6 8- 0 9 0 0 1 
12-67-0401 5 
75-62-07002 
24-6 8-0 5 00 1 
12- 66- 100  01 
15-67-10001 
14-66-1200 1 
14- 6 8-0 100 1 
12-66-09018 
03- 6 7- 0 4 0 0 1 
1 1- 6 9- 02  0 0 1 
15-65-01001 
03- 6 8-09005 
14- 7 0- 0 20 0 1 
02-64- 10002 
14-6 8-0 800 1 
12- 66- 090 1 4  
1 4- 6 8- 1 000 5 
1 2- 6 7- 0400 2 
12-67-04001 
12-6 7-0402 0 
3 5- 6 4- 0 9 0 0 1 
22-68-01001 
1 2- 6 7-04 0 1 2 
15- 6 6- 0500 1 
34- 6 8-0700 1 
12-66-09013 
12- 6 5- 06007 
14- 6 6-0 00 0 5 
12- 66- 090 15 
12-57-04003 
14- 6 8-1 0003 
14- 6 8- 1 000 1 
14-66-02001 
22-68-01002 
14-6 8- 08 00 1 
13-69-0 200 1 
2 2- 56- 0400 2 
32- 64- 10 007 
24- 6 8- 1 1  00 1 
12- 6 1- 0 30 1 5 
1 2- 6 7-0 4 0 1 5 
23-63-10002 
0 2- 5 9- 0 7 0  0 3 
84- 6 4- 12 00 1 
74-64-12001 
02-59-07001 
04- 69- 7 0 00 2 
35-64-04001 
74-68-10002 
0 5- 6 9- 0 50 0 5 
8 5- 6 8- 0 9  00 2 
05-70-07002 
75-7 0- 0400 2 
05-65-12001 
0 4- 6 9- 03 00 2 
05-68-0 1007 
2 5-6 5-0300 1 
7 5- 67- 02 00 2 
75-67-08003 
05-65-0400 1 
7 5- 6 5- 0 400 1 
75-70-06001 
2 4- 7 0- 0 5 00 1 
76-70- 0300 2 
05-7 0-0 3003 
04- 7 0- 0 5 00 2 
04- 7 0- 0 30 0 2 
24-6 7- 0000 1 
05- 68- 0 100 B 
13-55-01001 
35-68-1 1 0 0 1  
4 5- 6 6- 080 0 1 
04- 6 4- 0 100  1 
75-56- 0900 1 
31-64-0000 1 
43-59-00001 
75-6 5-0800 1 
0 5-6 9- 0 3 00 1 
02-6 8- 1 0  0 0 4  
75-6 5- 0200 1 
05-67-10001 
75- 70-07001 
35-70- 0400 1 
05-69-03001 
12-6 2- 0 500 3 

P 
L! 
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ET D R I L L I N G  I N  THE PERFORMANCE REGION ( B I T S  GEOLOGY 
SI VE-STRE NGTH MODULUS-OF-EL AS T I C I  TY W AVE-PROP AG AT I O N  
D H Y D R A U L I C S  ON D R I L L I N G  R A T E /  
N S P O R T - L I M I T  D R I L L I N G  ( B I T - W E I G H T  BIT-CONF I G U R A T I U N  
F R A C T U R I N G  AND CRUSHING OF T A C O N I T E  ( THERMAL-STRESS 

THE FORMATION OF 
R T I E S  OF ROCK ( ROCK-MECHANICS I /  
OCK-MECHAN I C s  I /  T H E  ROLE OF 
OF S O I L S  AND ROCKS I ROCK-MECHANICS GEOLOGY I N F R A R E D  

S P A L L I N G  EXPERIMENTAL D R I L L S  U S E  HEAT, E L E C T R I C I T Y ,  
UNNEL ANFO F A S T - T U N N E L I N G  1 /  THE D R I V I N G  OF 10 

S I X  
MECHANICAL MOLE GOES 8 

ZOTEA 1 /  MOLE D I G S  8 
T F R S  LASER-ALIGNMENT MUCKING V E N T I L A T I O N  COST I /  3.8 
NG V E N T I L A T I O N  C O N C R F T F - L I N I N G  GROUT 1 /  TUNNELING 23 
ETRATION-RATF RCCK-STRENGTH 1 /  ROCK D R I L L A B I L I T Y  FOR 

TUNNEL GOES FOR RECORD $222.6 

WORK BEGUN ON $200 
TUNNEL B I D S  H A V E  $17 

MUCKING CONCRETE 1 /  T U N N E L I N G  W I T H  ROTARY D R I L L S  AND 
I N  S I T U  R F H A V I  OR OF T H E  "CHINO L IMESTONEt '  CRESTMORE 

W I T H  R A I S E  BORER TO H E L P  DFVELOP HOMER-WANSICA I R O N  
CONCRETE F@R GROUND SUPPORT I N  THE K E L L E Y  

BORIWG MACHINE CUTS THROUGH HARD ROCK I N  COLORADO 
[ S T I N G  EQUIPMENT FOR A DEFP-LEVEL SOUTH A F R I C A N  GOLD 

R A I S E  BORING AT THE MATHER 
I Y O E X  1 /  D R I L L I N G  h Q L A S T I N G  AT SMALLWOOD 

REMOTFLY-CONTROLLED COAL 
C 4 L  Q A I S F  AYD TUNNEL-BORING E X P E R I E N C E  AT T H F  MATHFR 
9 I C T I O N  E X C A V A T I O N  C O A L - P I L L A R S  1 /  ROCK MECHANICS I N  

MODEL S T U D I E S  C)F H E A T  TSANSFER I N  
P R E S I D E N T  PROPOSES NEW LAW ON C O A L  

NA3ER BRANDS C O A L  

H O R I Z O N T A L  SUPPORT O F  
CN 1 /  HEARING ON 

P R A C T I C A L  4 P P L I C A T I O N  OF OPERATIONS RESEARCH I N  
BEHAVIOR 4ND I N F L U E N C F  OF B O L T I N G  RFINFORCEMENTS I N  

s 11 U S E  OF R E S I N S  I N  
O Y  1 /  U S E  OF R E S I N S  I N  

DOCTOR P R A I S E S  CZECH 
Q U I P Y E N T  fJ IYc-FACE HFALTH-STANDARDS 1 / STRICTER COAL 

SENATF U N I T  UNANIMOUSLY BACKS TOUGH COAL 
HOUSE LABOR U N I T  D R A F T S  

A T I O Y  TRAWSPCIRTATION 1 /  FEDERAL 
BIG-HOLE D R I L L I N G  METHODS ARE USED FOR 

T I M G  SLi lPE-9IVFRGENC.E I /  F L A T  JACKS PRE-LOAD M A S S I V E  
L MATFR? A L  +CONTROL €NV I RflYMENT AL-CONT ROL GEOLOGY 1 / 

STATF OF RESEARCH I Y  THE F I F L D  OF 
3L TFMP-HUMIDTTY-CONTRaL 1 /  
9 T  TO THF F L F r T R I C  POWCR P L A N T /  PLANNIWG A H Y D R A U L I C  
FETY-EDUCATI@Fl-YFTHr)DS 1 / HOW TO I N C U L C A T E  SAFFTY TO 
T Y  ACT SCUGHT ( CAVE- INS EXPLOSIONS UNSAFE-EQUIPMENT 

S I N K I N G  V E R T I C A L  
YDRAUL IC-TRANSPORT SLURRY-PUMPING MPT E R I  AL S-HANDL I N G  

CllrLLFrJF OF M I N E P A L  I N D U S T R I E S  OENN S T A T E  U N I V :  
I?IAF"OND D R I L L I N G  TECHNOLOGY AND 

( E 3 U C A T I C Y  RESFARCH I /  COLLEGE OF 
G ( EDUCATION RESEARCH 1 /  COLLEGE O F  
Y ( RESFPQCP FPUCATI13N 1 /  COLLEGE OF 

YUCLFAR-@LASTS RESFARCH S T U D I E S  BLASTING-YETHODS 1 / 
R E A C T I 3 N  O F  ANFO E X P L O S I V E S  W I T H  

( IGWEr?US SEDIMFNTARY MET4Mf lRPHIC TEXTURE STqUCTURE 
I V E  1 /  QECENT ADVANCES I N  FLAME J E T  WORKING OF 
AT SHOULD S F  THE LCNG-RANGE RESEARCH M I S S I O N  FOR T H E  
SY-PUMPING 1 /  EC'JNC\YICAL LONG D I S T A N C E  P I P E L I N I  NG OF 

E X T R A T F R R F S T R I A L  M I N I N G  f OXYGEN WATER 
TRANSPORTATION B E H I N D  C3 'VTINUOUS 

7NG WALL U I N I h l G  n F  PCTASH W I T H  RORER T Y P F  CONTINUOUS 
L P A I L W A Y  1 /  

COUGHING COAL 
F'rJLE BORES TUNNEL NO 1. 

AN b T D  TO P R E V F N T I O N  OF A C C I D E N T S  I N  S I T U M I N O U S  COAL 

C I D F Y T S  FROM Y C I I S T I N G  AND HAUC4GE I N  B I T U M I N O U S  COAL 

/ E L F C T R I C A L  ACCIDEVTS I N  S I T U M I N O U S  COAL 
?FNTS F R q M  F A L L S  OF P Y F  AND COAL I N  B I T U M I N O U S  COAL 

TUNNEL GOES FOR RECORO $222.6 

ROCK-MECY4NICS I /  

/ MT SCCLLANFOIJS ACCIOEYTS I N  B I T U C I N O U S  COAL 

/ F X P L O S I V F S  ACCIDENTS I N  B I T U M I N D U S  COAL 

/ F X P L C S I O N S  AND F I R E S  I N  B I T U M I N O U S  C@AL 

T U N N E L I Y G  I N  B R I T I S H  COAL 
DFVELOPMFNTS I N  C9NVEYOQ-BELTING FQR 

5SUQF GROUTING TO S T A B I L I Z F  GRDUNO I N  THE SDN MANUFL 
/JT A Y 3  SHAFT D C S I G N  I N  D F E P - L F V F L  SOUTH A F 9 l C 4 Y  GOLD 
Y D R 4 U L I C  M I W l h l C  ANP H Y 3 R A U L I C  T R A N S P n R T A T I O Y  I N  COAL 

I N S T R U M E N T A T I O N  FXPEQ I Y E N T S  I N  
T I O M S  AVD AVSWFRS CN RnOF SUPPORT I N  BIT IJMIY?US-COAL 

U L T Q A S G N I C  S E Y S I N G  I N  
ROLF OF URFTHAYF FOAM I N  

FNVIROUMENTAL PROPCEMS I N  UNOFRGPOUNO 
RCCK H A N D L I N G  I N  H Y D R A U L I C  

ENFRSY R€L'ASE Q A T c ,  OAMAGE, AND S E I S M I C I T Y  I N  D E E P  

M I N E  
M I N E  
M I N E  
M I N E  
M I  NE 
M I N E  
M I N E  
M I N E  
M I N €  
M I N E  
M I N E  
M I N E  
M I  YE 
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I Y E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  
M I N E  

M I C R O B I T  I /  NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B  
M I C R O B I T  I M P A C T  DRAG-BIT 1 /  SOME ROCK MECHANICS ASPEC 
M I C R O B I T  S T U D I E S  O F  T H E  E F F E C T  OF F L U I D  P R O P E R T I E S  AN 
M I C R O B I T S  R O T A T I O N  H Y D R A U L I C S  WEAR I /  NEW APPROACH TO 
MICROFRACTURES ELECTRODES I /  E L E C T R I C A L  
MICRDJETS ( E R O S I O N  WATER-JET I /  
MICROSTRUCTURAL TECHNIQUES I N  STUDY OF P H Y S I C A L  PROPE 
MICROSTRUCTURE I N  THE P H Y S I C A L  PROPERTIES OF ROCK ( R 
MICROWAVE-SENSORS RAD IO-SENSORS L A S E R  1 / DEVELOPMENTS 

M I L E  LONG CANYON POWER TUNNEL I N  THE U.S.A. ( WATER-T 
M I L E  TUNNEL J O B  R E N E G O T I A T E D  ( POWERHOUSE-TAILRACE 1 /  
M I L E S  A YEAR ( BLANCU-TUNNEL RECORD I /  
M I L E S  I N  13 MONTHS f B L A N C 0  R O B B I N S  S W I T Z E R L A N D  O S 0  A 
M I L E S  OF TUNNEL B O R I N G  I N  190 DAYS I GEOLOGY MACHINE- 
M I L E S  THROUGH R O C K I E S  ( HARD-ROCK D R I L L  B L A S T  MUCK J U  
M I L I T A R Y  A P P L I C A T I O N S  ( ROTARY-DRILLS P E R C U S S I V E - D R I L  
M I L L I O N  ( B L A S T I N G  MOLES COST SCHEDULE S I Z E  WATER I /  
M I L L I O N  ( NYC WATER-SUPPLY I /  
M I L L I O N  M E X I C O  C I T Y  SUBWAY t EARTHQUAKE SUBSIDENCE 1 /  
M I L L I O N  SPREAD ( SUBAQUEOUS-TUNNEL 1 /  
M I L L I S E C O N D  D E L A Y  B L A S T I N G  ( GEOLOGY D R I L L I N G  E L A S T I N  

MICROWAVES, C H E M I C A L S  ( R O C K A D I S I N T E G R A T I O N  I /  P A R T  2 

R I V E R S l D E  C A L I F  ( F L E X U P E  LABORATORY-TESTS I /  M 
( ADVANCE CUTTERS COST 1 1  HARD ROCK MULE TEAMS u 
( BLOCK-CAVING I /  
( CALWELO MOLE 1 /  
( COST V E N T I L A T I O N  L I N I N G S  ) /  SHAFT D E S I G N  AND H 
( HUGHES R O T A R Y - D R I L L I N G  COST 1 /  
( J ET-DRI  LL ROT ARY-DR ILL  SLURRY GRINDING-FACTOR- 
( MATERIALS-HANDL I N G  AUTOMAT I O N  1 / 
( MOLE JARVA I /  MECHANI 
D E S I G N  THEME OF W.V.U. SYMP ( SUPPOST-LOADS STRE 
F I R E S  SAFETY V E N T I L A T I O N  1 /  

I N S P E C T I O N S  A 'FAQCE'  ( SAFETY PNEUMCICONEOSIS 1 /  
O P E N I N G  S T A R I L I Z A T I O N  BY STRFSS R E D I S T R I B U T I O N  ( 
OPENINGS ( ROCK-MECHANICS STRESS-PATTERNS I /  
P E R I L S  OPENS ( BLACK-LUNG COMPENSATION L E G I S L A T I  
P L A N N I N G  ( SYSTEMS-ANALYSIS 1 /  
RCADWAYS ( SUPPORTS GROUND-CONTROL ROOF-BOLTS I /  
ROOF SUPPORT ( CEMENT C U R I N G  CORROSION PULL-TEST 
ROOF SUPPORT I G R O U T I N G  RE-BARS ROCK-CONSOLIDATI  
SAFETY ( C 0 4 L - M I N E S  DUST BLACK LUNG 1 /  
SAFETY ACT SOUGHT ( C A V E - I N S  E X P L O S I O N S  UNSAFE-E 
SAFETY B I L L /  
SAFETY S I L L  ( ATMOSPHERIC-CONTROL COALDUST I /  
SAFETY CODE P A R T  I ( F X P L O S I V F S  R@OF F A C E  V E N T I L  
SHAFT ( GROUTING 1 /  
SUPPORTS ( UNOESGROUND CONCRETF MEASUREMENT P I L L  
SYSTEMS DESIGN:  THE NEXT E F F O R T  W I L L  FOCUS ON T 
V E N T I L A T I O N  ( ENVIRONMENTAL-CONTROL S A F E T Y  I / 
V E N T I L A T I O N  AND A I R  C O N O I T I O N I N G  ( Q U A L I T Y - i O N T 9  
W I T H  SEPARATF H O I S T I N G  OF A N T H R A C I T E  AND HY3RAUL 
WORKERS AT T H E I R  WORKING PLACES ( ACCIDENT-PREVE 

HEALTH, SAFETY/  

MINE-FACE HEALTH-STANDAFDS ) /  S T R I C T E R  COAL M I N E  S A F E  
MINE-SHAFT AT RATE OF 290.5 METFRS PEP MONTH/ 
MINF-WASTES 1 /  H Y D R A U L I C  D I S P O S A L  OF S O L I D  WPSTE ( H 
Y I N E R A L  ECOVOMICS ( E D U C A T I O N  RFSFARCH I /  
M I N E R A L  E X P L O R A T I O N  ( COST C O R E - D R I L L I N G  1 /  
M I N E R A L  I N D U S T R I E S  PENN STATE U N I V :  M I N E R A L  ECCNOV I C s  
M I N E R A L  I N D U S T R I E S  PENN S T 4 T E  U N I V :  M I N I N G  E N G I N F E R I N  
M I N E R A L  I N D U S T R I E S  PENN STATE U N I V :  M I N I N G  P R E P A R A T I O  
M I N E R A L  RFSOURCE DEVFLOPMENT BY'  USE n F  NUCLEQR EXPLOS 
M I N E R A L  S U L P H I D E S  ( SAFFTY 1 /  
MINERALOGY 1 /  C L A S S I F I C A T I O N  OF ROCKS 
M I N E R A L S  ( TEMPFQATURF-GRAD1 ENT S P A L L I  NG F U S I  C N  ARRAS 
M I N E R A L S  I N D U S T R I E S  ( GEOLOGY PFSEARCH COMPUTFRS M I W I  
M I N E R A L S  I S  NOW A R E A L I T Y  ( HYDRAULIC-TRANSPORT MATES 
M I N F R A L S  PEQSONYEL-SHFLTCR TUNNELING-MACHINE 1 / 
M I N F R S  ( CONVEYORS SHUTTLE-CAR 1 /  
M I N E R S  ( CRUSHER ECONOYICS SHUTTLE-CARS CCNVEYOR 91 L 
M I N E R S  D R A I N  MOUNTAIN FOR R A I L  TUNNEL ( J A P A N  NATIONA 
M I N E R S  R A L L Y  FOR SAFETY B I L L S  I BLACK-LUNG SAFETY I /  
MINERS,  NO 2 ( D R I L L - B L A S T  HUGHES B E T T I - I  1 /  
M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATIPN 1 
tJINFS ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION 1 
M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION 1 
M I  NE S ( A C C I  DENT-PRE VE VT I ON-COURS E SAFETY -E DU C AT I O N  1 
M I N  FS ( AC C I DENT-PR E VE N T  I OY-C OURSE SAF ETY-€OUC AT1 0 N 1 
M I N E S  I ACCIDENT-PREVENTIQN-COURSE SAFFTY-FDUC4TIC 'N 1 
M I  NE S ( ACCI  DENT-PREVE NT I FW-COUQS E SAF ETY-EDUC ATUON 1 
Y I N E S  ( AYALOGUE-ANALYSIS SEISMIC-RECORDINGS ROCK-PUR 
Y I N E S  ( EXCAVATION-METHODS SYSTEMS !/ 
M I N E S  ( F I R E  SAFETY S T 4 T I C - E L E C T R I C I T Y  ) /  
M I N E S  GROUND4SUDP09T I /  U S €  3 F  PP'= 
Y I N E S  ( H n I S T S  1 /  H O I S T I Y G  EQUIPME 
M I N E S  ( P I P E L I N F S  11 H 
MINES I ROCK-MFCHANICS ROOF-SUPPORT ) /  
Y I N F S  ( ROOF R I B  PROPS CROSS-BARS ROCK-BOLTS I /  Q U E 5  
M I N F S  ( SAFFTY 1 /  
M I N E S  f SAFETY COST 1,' 
M I N € S  ( SAFETY V E N T I L A T I O N  GAS-RFMOVAL I /  
M I N E S  ( SLURRY-PUMPING 9 /  

2 4- 6 4- 1 1 00 4 
12-67-0402 0 
24- 6 7- 0 400 2 
24-65-03004 
12-65-06005 
24-66-07003 
1 4- 6 9- 0 10 0 1 
1 4- 6 6- 0 0 0 09 
14A68-0200 1 
24-68-06 00 1 
04- 6 4- 0 300 1 
05-66-12004 
75- 6 7- 0 800 4 
75-67-04002 
75-69-08001 
05- 59- 100 0 1 
23-68-04003 
05- 7 0- 0 1006 
05-70-01009 
0 5-67- 1000 1 
0 5- 65- 0 2 00 1 
05-5 8-0300 1 
12-67-04009 
74- 6 4- 0 300 1 
32-56-04003 
76-7 0-05 00 2 
34- 6 6- 0 1 00 1 
24-63-09003 
1 2- 65- 06002 
44- 65- 07001 
72-76-00003 
1 5- 6 6- 0 50 0 1 
53-67- 0200 2 
5 5- 6 8- 1 0 00 1 
5 5- 68- 0 6001 
3 2- 5 6- 0400 2 
3 2- 56- 040 03 
55-69-0200 1 
04-67-0700 1 
3 4- 6 4- 0 3 00 2 
34-64-0 100 1 
3 4- 64- 1 2 0 0 2 
5 5- 6 9- 0 4 00 1 
55-68-09001 
5 5- 6 9- 0 9 0 0 1 
5 5- 69-0700 1 
53-53-10001 
2 5-6 7- 0 1 00 1 
12-6 1-0301 4 
04- 67-0 6003 
54-65-12001 
5 1-6 1-0000 1 
2 4- 64- 09 0 0 7 
54- 4 1- 0 50 01 
55-68-09001 
04-64- 01 00 1 
42-68-03007 
Of+-64-09004 
24- 6 7- 0 100 3 
04- 64- 0 800 4 
04- 54- 0 9002 
04- 6 4- 0 3 00 3 
7?-5Q-0700@ 
27- 68-  12  001 
13- 5 5- 0 100 1 
12-65-06004 
05-6 8-0 I00 3 
45-64-11001 
12-65-06012 
44- 6 5- I 100 1 
74-63-0700 1 
05- 70- 04002 
55-69-01001 
75-65-1 1001 
5 3- 49- 0000 1 
53-5h-00002 
57-55-00001 
53- 55-00002 
53-55-00003 
53- 5 5- 0000 1 
53- 54-00001 
12-66-09008 
0 2- 59- 070 06 
42-6 7- 040 0 1 
34- 6 1-03 00 1 
@4-69-0 100 1 
'4-63-09002 
12-57-04006 
57-51-00001 
54-65-05001 
54- 6 6- 030 0 1 
5 7  - 7 0- 0 000 2 
44- 64- 09001 
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NES AT WEST V I R G  
NES DURHAM ENGLA 

N I A  U N I V  ( RESE RCH E D U C A T I O N  ) /  
D ( B L A S T I N G  ROCK-MECHANICS I /  A R 

STUDY A P P L I E D  TO SHAFT S I N K I N G  AND T U N N E L I N G  I N  COAL M I N E S  I N  GREAT B R I T A I N  ( RESEARCH-STUDIES SYSTEMS I /  
T H E  DEVELOPMENT OF MECHANICAL M I N I N G  AT GASPE COPPER M I N E S  LTD. ( COMPUTERS AUTOMATION M A T E R I A L S - H A N M I N G  

. GROUND-SUPPORT M E C H A N I Z A T I O N /  T U N N E L I N G  I N  THE COAL M I N E S  OF WESTERN GERMANY [ E X C A V A T I O N  STONE-DRIFTS sy 
RESEARCH ON PNEUMOCONIOSIS  CONTROL A T  THE SAFETY I N  M I N E S  RESEARCH ESTABLISHMENT f ENVIRONMENTAL-CONTROL 
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R F  I Y T ! = Q A C T I 3 Y  4 D P L I F @  TO TUNNEL L I N I N G S  ( S T I F F N E S S  MODELS DISPLACEMENT E L A S T I C I T Y  ARCHING I /  P R I N C I P L E S  

R M F A q I L I T Y  P n q O S I T Y  I / RESERVClIR ROCK BFHAVIOR UNDER MODERATE C O N F I N I N G  PRESSURE ( C D M P R E S S I R I L I T Y  C @ Y r  I N 1  
MODERN L I G H T I N G  SYSTEM D E S I G N  =OR THE HOLLAND T U Y N E L /  
MODEPN METHODS OF L I N I N G  TUNNFLS I SUPPORTS I /  
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SYPFT AND TUYYCL PRECK-THROUGH - P A S I C  F U N C T I O N S  AND MODERN SURVEYING TECHNIQUES/  
NG C R A T E P I N G  I G V I T I O N  F R A G V E N T A T I O N  I /  T H E  MODERN TECHNIQUE OF ROCK S L A S T I Y G  ( BURDEN HOLE S P A C I  
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7 2 - 7 0 - 0 0 0 0 C .  
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SER-A IMING-SYSTEM BORING-CAPACITY HYDRAULIC-CONTROLS MOLE 1 /  LASER GUIDES G I A N T  TUNNELER THAT COULD D I G  UN 
IC-ROCK WATER-LAKES CONCRETE-SPRAYING BORING-MACHINE MOLE I / THE S E I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGIC 

JARVA MARK 21 00 RES 6900 F T  OF 20 F T  D I A .  TUNNEL AT 5 F T  PER HOUR ( MOLE ADVANCE BART CUTTERS I /  

I R K  CUTTERS GUIDANCE ADVANCE ROCK-BOLT MUCK I /  MOLE ANCHORS I N  P I L O T  HOLE & P U L L S  I T S E L F  AHEAD ( A L K  
C-JACKS TUNNEL I N G M A C H I N E  COST 1 1  G I A N T  MOLE B E G I N S  T U N N E L I N G  JOB I N  SAN FRANCISCO ( H Y D R A U L I  
RDUND-TUNNELING-MACHINES I /  MOLE BESTS MEXICO C I T Y ' S  TREACHEROUS S U B S O I L  ( SOFT-G 

THE PH METHOD OF TUNNELING THROUGH ROCK ( MOLE BLAST COMBINATION-METHOD HIGH-SPEED ) /  
I V E R S I O N  ) /  THOMPSON R I V E R  MOLE BORE IS LONGEST I N  HARD ROCK ( A U S T R A L I A  WATER-D 
POWER RECORDS ) /  MOLE BORES AT 16 F T  PER HOUR ( ADVANCE G U I D A N C E  MUCK 

DANCE MUCKING CUTTERS COST ROCK I /  MOLE BORES 277FPD OF 1 0  FT.  D I A .  TUNNEL ( ADVANCE G U I  

K ( HARD-RCCK WATER-TUNNEL COST RECORD I /  MOLE BREAKS THROUGH AFTER 293-FT. DAY AND 1114 FT WEE 

MUCKING PRESSURE I /  HUGE MOLE CARVES CLAY ROCK ( ADVANCE C A S T  CUTTERS B L A S T I N G  
GENTINA PUMPED-MUCK S L I P  FORM MEMCO I /  MOLE CASTS L I N I N G  CONTINUOUSLY ( TUNNELING-MACHINE AR 

TUNNELING BREAKTHROUGH7 ( MOLE CHEMICAL-SOFTEN I N G  I /  
VOLV I N  G-CUTTER -HEAD 1 / THE MOLE COMES THROUGH ( MECHANICAL-MINER FLOOD-TUNNEL RE 
DVANCE-RATE I /  TUNNEL BORING THROUGH HARDER ROCK ( MOLE CONTINUOUS-BORER ROTARY-CUTTING-HEAD CONVEYORS A 
CONOMIC FACTORS OF MECHANICAL ROCK T U N N E L I N G  ( J A R V A  MOLE COSTS I /  E 

I /  WORLD'S LARGEST MOLE TUNNELS AT OAHE DAM ( MOLE CUTTERS MUCKING GEOLOGY TUNNELING-RATE TOCL-COST 

MUCK T E E T H  I /  T H I R D  MOLE D I G S  BARTD SUBWAY ( COST O S C I L L A T I N G - A R M S  WEIGHT 
ERLAND OS0 AZOTEA I /  MOLE D I G S  8 M I L E S  I N  13 MONTHS ( B L A N C 0  R O B B I N S  S W I T Z  
D E S I G N  AND DEVFLOPMENT OF A ROCK T U N N E L I N G  MACHINE ( MOLE ENGLAND S IR-ROBT-MCALPINE GREENSIDE ) /  
ECORD I /  MOLE F I N I S H E S  TWO-MILE ROCK BORE 6 COST PERFORMANCE-R 

MOLE ACHIEVERS AROUND THE WORLD/ 

TUNNELERS STAKE T H E I R  C L A I M S  ( MOLE ADVANCE CLAY SANDST@NE RECORD !/ 

GHES B E T T I - I  I /  MOLE BORES TUNNEL NO 1. MINERS, NO 2 D R I L L - B L A S T  HU 

PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - MOLE B O R I N G  OF SHAFTS/  

T U N N E L I N G  MACHINE TACKLES HARD ROCK I MOLE CANADA I /  

T H E  HUGHES TOOL MOLE DEVELOPMENT I B E T T I - 1  NAVAJO-PROJECT I /  

MECHANICAL MOLE GOES 8 M I L E S  A YEAR ( BLANCO-TUNNEL RECORD I /  
CALWELD Q A P I D  E X C A V A T I O N  FOR R A P I D  T R A N S I T  ( MOLE G R I L L  TUNNEL CUTTER I /  

I N D E X I N G  ROCK FOR MACHINE T U N N E L I N G  ( MOLE HARDNESS RQD-INDEX I /  
MACH1 NE TUNNELING I N  TASMANIA  ( TA ILRACE-TUNNEL MOLE H Y D R A U L I C  DUST MUDSTONE I / 

UPPLY ) /  L 4 S E R  STEERS B I G  MOLE I N  BAD ROCK UNDER L A K E  I A L K I R K  LAWRENCE WATER-S 
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SEEPAGE CUTTERS I /  S E R V I C E  MOLE T R I M S  COST OF TUNNEL R I B S  AND CONCRETE ( BORING 

R I V E R  MOUNTAIN TUNNEL - CUTTER PERFORMANCE ( MOLE TUNGSTEN-CARBIDE MAINTENANCE COST ) /  
PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - D R I F T  BORING AT WHITE P I N E  COPPER/ 
PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - MOLE BORING OF SHAFTS/  

PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - SOME B R I E F  COMMENTS ON MOLES/  
G I N  HARD RCCK/ PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - PROBLEMS ASSOCIATED WITH R A I S E  B O R I N  

G A T I O N  PQOJECT1 FARMINGTON N.M./ PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - TUNNEL BORING AT THE NAVAJO I N D I A N  I 
-ROCK TECHNOLOGY PORING SYSTEMS I /  MOLE T U N N E L I N G  RESEARCH ADVOCATED ( ADVANCE COST HARD 
AFT S I N K I N G  AMG ROADWAY T U N N E L I N G  ( D R I L L I N G - D E V I C E S  MOLE TUNNELING-MACHINE ) /  A NEW M I N I N G  M A C H I N E  FOR H I  
I E D  TO BOUNDARY OF C IRCULAR HOLE I N  I N F I N I T E  P L A T E  ( MOLE TUNNELING-MACHINE-STRESS I /  NONUNIFORM R A C I A L  LO 
GY TUNNELING-RATF TOOL-COST I /  WORLD'S LARGEST MOLE TUNNELS AT OAHE DAM ( MOLE CUTTERS MUCKING GEOLO 

MOLE WIPES EARTH OFF THE FACE OF THE BORE ( CUTTERS M UCK ADVANCE ALIGNMENT L I N I N G  I /  
AULIC-RAMS CUTTERHEADS-CONVEYOR RECORD I /  A H Y B R I D  MOLE WRAPS UP OAHE TUNNEL ( M I N I N G - M A C H I N E  SHALE HYDR 
PATH ( A9VAMCE MUCKING PRESSURE S T A B I L I Z A T I O N  L I V I N G  MOLE. ) /  

AZOTEA TUNNEL D R I V I N G  B E G I N S  ( MOLE WATER TUNNELS GEOLOGIC-EXPLORATION I /  

BORE DUG I N  WET S O I L  FOLLCWS T R I C K Y  

74-65-07001 
72-65-05001 
05-6 9-0900 6 
74- 65-0 6 00 1 
02-70-00005 
75-64-11001 
73- 6 8-0 9 0 0 1 
75-67-10001 
03-68-0400 1 
04- 6 7- 1 1 00 2 
76-70-04001 . 
75-7 0-0 100 2 
75-7 0-0400 1 
75-68-03001 
75-70-07001 
0 2- 70- 00 00 7 
75-6 9-0700 3 
75-6 7- 1 000 2 
75-65-11001 
75-66- 1000 2 
72-70-00013 
7 5- 6 9- 0700 1 
75-58-09001 
75-6 5- 1200 1 
75-67-02002 
75- 6 9-06 0 0 1 
75- 57-04001 
75-6 0-0300 1 
64- 6 7- 06 00 1 
74- 5 9- 0 6 00 1 
72 - 7 0- 0 00 0 7 
75- 68-0 1002 
75-67-04002 
74-7 0-0300 1 
75-66-0500 1 
75-67-08004 
76-69-02001 
12-7 0-0 0003 
74-63-0300 1 
75-70-01007 
75-65-02001 
74-6 5-0600 2 
7 5- 64- 07 00 1 
75- 67-0 1 00 2 
7 2- 7 0- 0 0003 
75-7 0-0 6 00 1 
74- 6 8- 06 00 1 
7 5- 6 1-0 500 1 
75-68-12002 
75-6 5-05 002 
75- 6 2- 0700 2 
72-66-01001 
7 2- 69- 1 0003 
75-65-0400 1 
4 5- 7 0- 070 0 1 
75- 67- 0 800 1 
75-65-10001 
75-70-06001 
76-7 0-00001 
75-70-02001 
74- 6 5- 0 6 004 
75- 5 9-0 200 1 
7 5-66- 12 002 
75- 69- 0 2001 
75-68-12001 
74-65-10001 
75- 6 2- 0700 4 
75-6 8- 1000 2 
72-69-10006 
75- 6 2- 0 7 00 3 
75-67-1 2001 
7 2- 6 9- 100 0 2 
76-7 0-0 300 3 
75-70-01008 
7 4- 6 4- 0 3 00 1 
75- 59- 1200 1 
76- 66- 0 500 1 
74- 66- 0 500 1 
72- 6 9- 10 0 0 5 
72-70-00012 
72-70-000 13 
72- 7 0- 000 1 0 
7 2- 7 0- 0 0 00 9 
72-70-00011 
75-67-08002 
72-59-07001 
13-67-0000 2 
74- 5 9- 06 0 0 1 
04- 64- 0 8 00 1 
75-67-07002 
75- 6 1- 0400 1 
75 - 64- 0 7 0 0 2 



I 7 7  

j i_i 

'7 , u  
I 

7 
I .J 

TERS I /  MANGL A S 
D G R I N D I N G  - THERE SHOULD BE A BETTER WAY ( FRACTURE 
4Y CHANGE FOR M I N I N G  ( F R A C T U R I N G  M E L T I N G  D I S S O L V I N G  
I S C U S S I O N  ON MOLE T U N N E L I N G  - SOME P Q I E F  COMMENTS ON 

THE "C A L W  E L D " 
F X A Y I N A T I O N  OF H I G H  PRESSURE WATER J E T S  FOR 

R A P I D  E X C A V A T I O N  ( CONTINUOUS TUNNELLFRS 
E X 4 Y I N A T I O N  O F  H I G H  PRESSURE HATER J E T S  FOR MOLES ( 

ENEPGY BALANCE I N  ROCK D R I L L I N G  ( 
NORTHERN C A L I F O R N I A  WATER TUNNEL ( COST 

H I S T O R Y  AND PROBLEMS O F  ROCK B O R I N G  ( 
P I D  E X C A V A T I O N  ( BORING HAULAGE SUPPORTS V E N T I L A T I O N  
GROUND M I N I N G  AND B I G  HOLE D R I L L I N G  ( D R I L L I N G  SHAFT 
HATER RFSOURCES ( AQUEDUCTS WATFR-TUNNELS FXCAVAT I O N  
-ROCK TUNNELER P I L O T - P U L L - P R I N C I P L E  HYDRAULIC-SYSTEM 
N D R I F T I N G  WORK ( MECHANICAL T U N N E L L I N G  D E V I C E S  COST 

T H E  R O B B I N S  
H N I C A L  REPORT A N A L Y S I S  ( T U N N E L I N G  RESEARCH-PRDGRAMS 

R A I S E  RORERS A SUCCESS I N  HARD-ROCK M I N I N G  f 
NEW APPQOACH TO B I T  D F S I G N  A THE DIAMOND DRAG B I T  ( 

TUNNELS AND SUBWAYS ON T H E  S.F. BART SYSTEM ( 
L I N G  I N  SANDSTONE ( E R O S I O N  L I N I N G S  H Y D R A U L I C - M I N I N G  

TUNNEL GOES FOR PECORD $222.6 M I L L I O N  ( B L A S T I N G  
U I D A N C E  I /  REMAQKS BY O F F I C E R S  AT ANNUAL M E E T I N G  ( 

T U N N F L I N G  THROUGH ROCK ( T U N N E L I N G - D E V I C E S  
TUNNEL HOLED THROUGH ( HARD-ROCK-TUNNELING-MACH1 NES 

ATES I /  HARD-ROCK T U N N F L I N G  I N V E S T I G A T I O N  ( M A C Y I N E S  
KS W I T H  N U T T A L L  ON TUNNEL D R I V I N G  MACHINES ( S H I E L D S  

T U N N E L I N G  MACHINES ( 

CO-TUNNEL AZEnTEA-TUNNFL 1 / ROCK 
ROCK TUNNFL SUMMARIES ( CHICAGO SEWERS 

I N G  AT MO R I V F R  DAMS ( F X C A V A T I O N  TUNNELING-MACHINES 
DFVFLOPRENTS I N  T U N N E L I N G  MACHINES ( CUTTERS L I N I N G  

SFUL DEBUT I N  MACHINE T U N N E L L I N G  PROJECT ( GAS-LASER 
TUNNFLS ON F R A N C F ' S  RESEAU EXPRESS R E G I O N A L  ( 

ENCF S P q T L I G H T S  WIDER 4CCEPTANCE OF B O R I N G  METHODS ( 
S DESIGN:  THF NEXT FFFORT WILL FOCUS ON T U N N E L I N G  ( 

HARD ROCK T U N N E L I N G  MACHINES ( 
MFCHANIZED D R I F T I N G  B Y  FULL-FACE METHOD ( 

DVAYCE5 R A P I D L Y  ON MFLROURNF TRUNK SEWER ( A U S T R A L I A  
NEW WAY TO D R I V E  TUNNFLS ( 

I N G  I /  FOR LOblDflN TRANSPORT - T H E  DEEP TUBE ( 
FTHODS r C M B I Y E  I N  2-b'ILE HAMBURG TUNNEL ( E L B E - R I V E R  
'JUND TUNNELING:  D E S I G N  AND CONSTRUCTION ( V E H I C U L A R  
OYATICIN I /  MEMCO: YOUNG TURKS THAT T A C K L f  TUNNELS ( 

T U N N F L I N G  THE STATE OF THE ART ( COSTS 
A Y A L Y S I 5  1 F  HARD-RflCK C U T T A B I L I T Y  FOR MACHINES ( 

VENT OF T U N N E L I N G  MACHINFS FOP ABRASIVE,  HARD ROCK I 

CK L I N I V G  I /  

OLLING-CUTTER5 YPRD-ROCK COPE-DRILL I N G  S H A F T - S I N K I N G  
T JFTS WFAR ) /  HOW T O  GET THE MOST HOLE FOR YOUR 
I N G  I /  CHANNEL 
r)F F V A L U A T I N G  PQEAK-DOWN 'JF COAL BY J E T  OF H Y D R A U L I C  
HYDR AUL I C  CRUSHING/  ON PARAMETERS OF 

H Y D P A U L I C  COAL M I N I N G  RESEARCH ( 
FP COST RECClRD I /  MOLE MAKES 
L 4 Y S  ADVANTAGES I N  SOUTH A F R I C A  ( M A T E R I A L S - H A N D L I N G  

WATER I AL 5-HAN D L  1 YG MCINOR A I  L 
- 4 F Q I C P V  EUROPFEN I / 

I / 

MANGLA'S MOLE'S A 
LASER G U I D E S  

L E  C H A N T I E R  DU TUNNEL SOUS L E  
A L Y  I /  
€AN-HIGHWAY G R A N I T E  CONSTRUCTI*N S A V I N G S  RCPING I /  

THE D R I V I N G  @F T H E  
OPENING OF 

KTNG-FACE I /  
K I N G  V F R T I C A L  MINE-SHAFT AT R A T E  OF 290.5 METERS PER 

D R I V I N G  1245 Y OF D R I F T  PFR 
MOLE D I G S  8 ' I I ILES I N  1 3  

I /  T U R N E L I N G  MACHINE HOLES THROUGH FOUR 
/ HARD R@CK TUNNEL D R I V I N G  ON T H E  
I3N I /  W I L D C A T T I N G  ON THE 
HClCFS D R I L L - R I T S  E X P L O S I V E S  ) /  THE 

ACC I OEYT-RATE S4F ETY-RF SPONS I rj I L I T Y  E F F I C I E N C Y  COST 
K - P R n P F R T I E S  I /  D R I L L I N G  AND B L A S T I N G  TECHNIQUES FOR 

AN0 UVDFRGPDUND B L A S T S /  F S T I M A T E D  ROCK STRFSSES AT 
n N  C U T T I N G  FORCE OF ROCK AND CEMENT 

4TIC)Y H Y D R A U L I C S  B I T  J F T S  WFAR I /  HOW TO GET THE 
R TOWFR-MCUNTEO F R I C T I O N  H O I S T S  I DRUM-HOISTS MOTORS 
C 4 S F  FOR TOWFR-MOUNTED F R I C T I O N  H O I S T S  ( DPUM-HOISTS 

!=DINRUPGH C I T Y  
DFRU CARVES A RESERVOIR I N  

CORD ) /  MOLE WAKES MCINKEY OF 
D R I L L - F I I T S  F X P L F S I V F S  I /  TPE MOOSE 

MINERS D R A I N  
N O R T H F I E L D  

GUATEMALA WILL TAP H I G H  
ROCKFALLS I N  SNOWY 

CARRIOF MAINTENANCE COST I /  R I V E R  
DORT CUTTERS MUCKING PRODUCTION I /  R I V F R  
MOLE MUCKING L A S E R  D R I L L A B I L I T Y  R 0 9 I N G - R A T E  1 / R I V E R  
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MOLE'S A MONSTER ( MECHANICAL-MINER BUCKET-LOADER CUT 
M O L E C U L A R - A C T I V A T I O N  I / CRUSHING AN 
MOLECULAR-CRACK I N G  I / ENERGY AND T I M E  FACTORS M 

PANEL D MOLES/ 
MOL F S 
MOLES 
MOLES 
MOL E S 
MOLFS 
MOLES 
MOLES 
MOLES 
MOL E S 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLFS 
MOLES 
MOLFS 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOLES 
MOL E S 
MOLES 
MOLES 
MOLES 

MOLES 
MOLES 
MOL FS 
MflLES 
MOLES 
MOLES 
MOLES 
MOL E S 
MOLES 

MnL ES 

( HARD-ROCK SOFT-ROCK I /  

) /  
I /  
I /  
I /  
I /  
I /  RA 
1 /  THE I N E V I T A B L E  MARRIAGE OF UNOER 
I /  USE OF TUNNELS I N  U T I L I Z I N G  R E G I O N A L  
) /  MACHINE WILL BORE HARD ROCK TUNNEL A L K I R K -  
I /  R E S U L T S  AND P O S S I B L E  A P P L I C A T I O N S  OF THE MAR - STATUS AND FUTURE ( OAHE S H I E L D S  G R I P P E R S  I /  
BLAST-SHFLTERS T R A N S P O R T A T I O N  I /  R A P I D  E X C A V A T I  
B O R I N G  MACHINFS I /  
CORES D R I L L I N G  I /  A 
COST I /  
COST I /  STORM SEWER TUNNE 
COST SCHFDULE S I Z E  WATER I /  
D E T P O I T  CHICAGO BOSTON A R I Z O N A  LAWRENCE LASER-G 
DRILL-BLAST-MUCK I /  
D R I L L I N G - A N D - B L A S T I N G  I /  F I V E - M  I L E  
D R I L L I N G - A N D - B L A S T I N G  C O S T  RATE-OF-TUNNELING F 

RSP L I N  ENGLAND 1 /  
ENGLAND GERMANY I /  
GERMAN-MACHINES I /  FURTHER DEVELOP 
I N F E S T  SAN J U A N  MOUNTAINS ( NAVAJO-PROJECT B L A N  
LAWRENCE R O B B I N S  J A R V A  I /  
M I N I N G  JUMBO I /  SOFT ROCK TUNNEL 
MUCK HARD-ROCK I /  NEW 
RECORDS I /  LASER BEAM GUIDANCE SYSTEM MAKES SUC 
R O B B I N S  I /  
ROCK-BOLTS DUST-CONTROL STATE-OF-THE-ART SYSTEM 
R O C K - D I S I N T E G R A T I O N  GROUND-CONTROL MATERIALS-CO 
SAFETY COST COMPARISON I /  
S H A F T - S I N K I N G  S H I E L D S  ) /  
SHAFTS R O B B I N S  I /  CONSTRUCTION A 
S H I E L D  CONVEYOP I /  
S H I E L O  TUNNFLING-MACHINE L I N I N G  MATERIALS-HANDL 
S H I E L D S  I /  THRFE M 
S H I E L D S  COSTS I /  SOFT-GR 
S H I E L D S  HARD-ROCK J A P A N  BUENOS A I R E S  SAN FRANC1 
S H I E L D S  R@CK-TUNNELS I /  
SOUTH-AFRICA P P V F I L E - C U T T I N G  I /  
TO A U D I T I O N  FOR SF SUBWAY ( ADVANCE PRFSSUQE MU 
WOULD BE BETTER ( TUMNELING-MACHINE I /  

MOLES I /  

M O L E S ) /  THE OFVELOPMENT OF LARGE D I A M E T E R  ROTARY D R I L  
MONEY ( P E N E T R A T I O N  B I T - W E I G H T  R O T A T I O N  H Y D R A U L I C S  P I  
MONEY FROM THE U.S.A. ( ENGLISH-CHANNEL TUNNEL F I N A N C  
MONITOR ( P E R M E A B I L I T Y  ) /  PROBL EM 
MONITOR JET A N 0  STRESS D I S T R I P U T I O N  I N  COAL SEAMS I N  
M O N I T O R I N G  SAFETY WATER-JETS ) /  
MONKEY OF MOUNTAIN ( ADVANCE ROCK MUCKING CUTTEPS POW 
MONORAIL 1 /  MONORAIL SYSTEM D I S P  
M f l N O R A I L  SYSTEM D I T P L A Y S  ADVANTAGES I N  SOUTH A F R I C A  I 
MONORAIL TRANSPORT SYSTEMS ( M A T E R I A L S - H A N D L I N G  SOUTH 
MONSTER ( MECHANICAL-MINER BUCKET-LOADER CUTTERS I / 
MONSTER MOL€/  
MONT BLANC ( SAFETY D I S E A S E S  N O I S E  V E N T I L A T I O N  I /  
MONT BLANC - ONE TUNNEL, TWO JOBS ( GEOLOGY FRANCE I T  
MONT BLANC ROAD TUNNFL IS WORLD'S LONGEST ( SUSTFFRAN 
MONT BLANC TUNNEL/  
MONT BLANC TUNNEL ( V E N T I L A T I O N  L I G H T I N G  ) /  
MONT C E N I S  TUNNEL ( MACHINE COMPRESSED-AIR D R I L L S  WOR 
MONTH/ S I N  
MOYTH U S I N G  PK-3  T U N N E L I N G  M A C H I N E /  
MONTHS ( BLANC0 R O B B I N S  SWITZERLAND O S 0  AZOTEA I /  
MONTHS E A P L Y  ( ADVANCE E X C A V A T I O N  L I N I N G  M A I N T E N A N C E  
MOON ( CUTTER MUCKING GUIDANCE BORING-MACHINES MOLE I 
MOON ( VACUUM L U B R I C A T I O N  F R I C T I O N  ADHESION IMPREGNAT 
MOnSE MOUNTAIN D R I L L I N G  AND B L A S T I N G  PROGRAM ( BLAST-  
MORALF ) /  PROGRAM FOR SYSTEMATIC UNDERGROUND SAFETY ( 
MORPOW P O I N T  POWER PLANT ( D R I L L - P A T T E R N  CHARGE EXPLO 
MORROW P O I N T  UNDERGROUNQ POWER P L A N T  FR@M EARTHQUAKES 
MORTAR I TOOLS CHIP-FORMATION C R A C K - I N I T I A T I O N  I /  
MOST HOLE FOR YOUR MONEY ( P E N E T R A T I O N  B I T - W E I G H T  POT 
MOTO R-VE NT I L  AT I ON ROP I N G  I / THE CASE FO 
MOTORS M O T O R - V E N T I L A T I O N  R O P I N G  I /  T H E  
MCITORWAY INCLIJDES T W I N  TUNNELS/  
MOUNTAIN ( ( R A I L - T U N N E L  I /  
MOUNTAIN ( ADVfiNCE ROCK MUCKING CUTTERS POWER COST RF 
MOUNTAIN D R I L L f N G  AND B L A S T I N G  PROGRAM ( RLAST-HOLES 
VOUNTAIN FOR R A I L  TUNNEL ( J A P A N  N P T I O N A L  R A I L W 4 Y  I /  
MOUNTAIN GOES UNDERGROUND T O  SHAPE U P /  
MOUNTAIN L A K E  FOR POWER/ 
Y @ U N T A I N  TUNNEL ( A U S T R A L I A  I /  
MOUNTAIN TUNNEL - CUTTER PERFORMANCF f MOLE TUNGSTEN- 
MOUNTAIN TUNNEL CONSTRUCTION ( COST GUIDANCE MOLE SUP 

75- 63-0 100 1 
05-68-010 10 
05-68-01 007 
72- 7 0- 00009 
72-70-00004 
23-70-10001 
04-67-11001 
2 3 - 7 0- 1 0 0 0 1 
24- 6 3- 1 2  002 
6 5-66-0900 1 
74- 6 5-0 6 003 
74- 67- 1 1 00 1 
72-68-02001 
02-68-10003 
7 5- 6 4- 0 3 00 1 
74-63-0000 1 
72- 70- 0 00 0 8 
04-69-00001 
25-67-1 100 1 
23-63-10001 
05-7 0- 0 1004 
2 4- 6 7- 02 001 
05-7 0- 0 100 6 
75-70-04002 
76- 6 8- 1000 1 
75-46-12001 
23-65- 1000 1 
7 5 -  7 0-0 1 0 0 4  
75-68-05001 
74- 6 8-040 0 2 
75-6 5- 0 5 003 
76-7 0- 0 6 00 1 
75-62-07001 
74-66-03001 
7 5- 6 0- 06 0 0 1 
04- 7 0- 0 5 0 0 3 
0 5- 6 8- 07 0 0 1 
04- 67- 0 6 00 3 
7 2- 6 8- 00 00 1 
04-69-70002 
04-6 9- 03 0 0 2 
7 5-6 8- 0 500 2 
45-65-01003 
0 5- 7 0- 0 P 0 @ I 
02-64-10001 
75-6 7- 08003 
03- 68-0 1001  
12-70-00004 
75-63- 10001 
7 5- 6 7- 0 80 0 5 
73-59-10001 
2 4- 5 3- 03 00 1 
05- 6 7- 0600 1 
24-55-01 002  
24-65-10002 
23-65- 00001  
75-6 9- 1 2 00  2 
45-65-01 002 
45-65-01007 
45-65-0 100  1 
75-63-0 100  1 
74-6 6- 05 00  2 
4 5- 44- 0 600 1 
05-62-05001 
05-65-  12002 
04- 64- 0 200 1 
55-65-07001 
05-61-09002 
04-64-01001 
04-64-11001 
7 5- 6 7- 0 40 0 2 
75-69-0300 I 
74-65-07 00 1 
1- 2- 6 5- 040 1 1 
12-62-05015 
54- 6 5- 0 7 0 0 2 
1 2- 6 7- 040 17 
12-67-04005 
2 4- 6 8- 0 5 00 3 
24-5 6-0300 1 
44- 6 7- 0 6 0 0 1 
14- 67- 0600 1 
05- 7 0- 0 10 0 2 
05- 7 0- 07 0 04  
75- 6 8- 1 2 00 2 
12-62-05015 
05- 70 -  0400 2 
05-69-0900 Z 
05-7 0- 05 0 0 4  
0 5- 69- 0 900 1 
72- 6 9- 100 0 5 
72- 6 9- 1 0 0 0 3 

MOUNTAIN TUNNFL PRECONSTRUCTION D A T A  AND FUTURE NFEDS 72-69-10003 
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ON CUTTERS HYDRAULIC-SYSTEM DUST-COLLECTION I /  R I V E R  MOUNTAIN TUNNEL, JARVA MKI .1 -1200  MOLE B O R I N G  POWER 
E L  ) /  ROCK MOLES I N F E S T  SAN J U A N  MOUNTAINS ( NAVAJO-PROJECT BLANCO-TUNNEL AZEOTEA-TUNN 
ECTS OF H I G H  SPEED HARD ROCK T U N N E L L I N G  I N  THE SNOWY MOUNTAINS I TUNNELLING-RATES COST M A T E R I A L S  H A N D L I N G  

GEOLOGIC-CONDIT IONS CONSTRUCTION D E S I G N  I /  T E H A C H A P I  MOUNTAINS CROSSING OF T H E  C A L I F O R N I A  AQUEDUCT I H I S T O  
CRETE S H I E L D  F A U L T S  ) /  T E H A C H A P I  MOUNTAINS CROSSING OF THE C A L I F O R N I A  AQUEDUCT ( SHOT- 
R S  EXTRACTION-RATF SURFACE-DAMAGE F I L L I N G  ) /  S T R A T A  MOVEMENT FROM UNDERGROUND OPENINGS ( S U B S I D E N C E  P I L L A  
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H O R I Z O N T A L  SUPPORT OF M I N E  OPENINGS ROCK-MECHANICS STRESS-PATTERNS ) /  
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DUST CONTRCL I N  CONNECTION W I T H  CONTINUOUS-MINING OPERATIONS ( SAFETY ENVIRONMENTAL-CONTROL ) /  
D- T U  N N E L  M A J OR- JOT N T- S Y S T EM / NORA0 COMBAT OPERATIONS CENTER ( NUCLEAR-WEAPON D E T O N A T I O N  L-SHAPE 
I S  I /  P R A C T I C A L  A P P L I C A T I O N  O F  OPERATIONS RESEARCH I N  M I N E  P L A N N I N G  ( SYSTEMS-ANALYS 
T THERMOMECHANICAL I /  TECHNIQUE OF GEOLOGICAL SURVEY OPERATIONS:  E X P E R I M E N T A L  STUDY OF THE DEGREE OF WEAKE 

RANSPnRTAT I O N  1 /  R A P I D  E X C A V A T I O N  S I G N I F I C A N C E  NEEDS O P P O R T U N I T I E S  A T E C H N I C A L  REPORT A N A L Y S I S  ( T U N N E L I N G  
CK-TUNNELL I N G  NOZZLE F L U I D I C - C O N T R O L  I / JET D E L I V E R Y  O P T I M I Z A T I O N  ( F L U I D - P R O P E R T I E S  POLYMERS WATER-VELOCI 

S S  ( D R I L L - @ L A S T  I /  THE ORANGE-FISH TUNNEL, SOUTH A F R I C A  - A REVIEW OF PROGRE 

R A P I D  EXCAVATION,  S I G N I F I C A N C E ,  NEEDS, O P P O R T U N I T I E S  ( H I S T O R Y  COST RESEARCH NEW-METHODS 1 / 

O P T 1  MUM B L A S T I N G /  

B I G  ORDER DEPARTMENT ( MOLE I /  
MCALPINE W I N  ORDER FROM FRANCE FOR TWO ROCK TUNNELERS/  

I N I N G  MFTHODS AND EQUIPMENT I L L U S T R A T E D  ( T E C H N I Q U E S  ORE WASTES STOPES SHAFTS C A V I N G  D R I L L I N G  B L A S T I N G  I /  
T I N G  H E I G H T  PROBLEMS AT C L I M A X  ( PANEL-CAVING CUTOFF ORE-BODY EXTENSCIMETER-MEASUREMENTS H A U L A G E - D R I F T  F A U L  
E Y T R 4 T I O N  POWER I /  HYORAUL I C  H O I S T I N G  OF COAL AND ORES ( SLURRY-PUMPING-COSTS FRICTIONAL-HEAD-LOSS CONC 

I L L I N G  JUMBO CHARGING V E N T I L A T I O N  MUCKING SUPPORT ) /  ORGANIZED SPEED K E Y  TO SUCCESSFUL TUNNEL R E S U L T S  ( GE 
T U R E - O R I E N T A T I O N  MOHR-DIAGRAM I /  O R I E N T A T I O N  OF H Y D R A U L I C A L L Y  I N D U C E D  FRACTURES ( FRAC 

( MAINTENANCE O I L  I /  T H A T  ORNERY ABUSED ROCK D R I L L  CAN B E  A SMOOTH-W09KIhG TOCL 

P U M P I N G  ORES UP V E R T I C A L  SHAFTS ( D E S I G N  T E S T I N G  F E E D ) /  

THE M A T E R I A L - H A N D L I N G  COMPLEX FOR CONSTRUCTION OF O R O V I L L E  DAM ( BELT-CONVEYORS R A I L R O A D  / 
O R O V I L L E  DAM D I V E R S I O N  TUNNEL ( SHAPE L I N I N G  I /  

T H I R D  MOLE Q I G S  M R T @  SUBWAY ( COST O S C I L L A T I N G - A R M S  N E I G H T  MUCK T E E T H  I /  
GS 8 Y T L E S  I V  13 MONTHS ( BLANC0 R O B B I N S  S W I T Z E R L A N D  O S 0  AZOTEA I /  MOLE D I  

D q I V I N G  THE O S 0  TUNNEL W I T H  A MECHANICAL MOLE ( R O B R I N S  RECORD I /  
TUNNFL TO BE SUNK I N  B A L T I M O R E  OUTER HARBOR/ 

D E T F R M I N A T I O N  F F  I N - S I T U  DYNAMIC P R O P E R T I E S  AND FOR O U T L I N I N G  OF FRACTURE ZONES ( ABSORPTION A T T E N U A T I O N  

/ OUTLOOK FOR FASTER T U N N F L I N G  U.S. BUR M I W E S  HASH D.C. 
OUTLOOK FOR FASTER T U N N E L I N G  ( RESEARCH I /  

BFTTEQ B O L T I N G  MFTHODS 1MPRC)VE SAFETY AND OUTPUT ( ROCK-BOLTING I /  
AND L I V I N G  O F  THF VANCOUVER R. R. TUNNEL ( AGGREGATE OVER-CORING I /  THE F U N C T I O N  OF SHOTCRETF I N  SUPPGRT 
NAYS F I G H T  FOR TUNNEL FOOTAGE ( COST C 4 P I T A L  ADVANCE OVERBREAK GUIDANCE SAFETY I /  TWO 
D TUNNELS - n I  SCUSSION ( J O I N T S  ROCK-BOLTS S T E F L - R I B  OVERRURDEN ROCK-QUALITY I /  CONTRACTOR'S V I E W  CN U N L I N  
R I L I T Y  OF C L b Y  AT V E R T I C A L  OPENINGS ( COMPRESSED-AIR OVERBURDEN SEWER-MAINS P I P E - P U S H I N G  I /  STA 
I C N S  MADF I N  T P E  P R O X I M I T Y  O F  UNDERGROUND OPENINGS ( OVERCOPING R I B - P I L L A R  ROCK-STRESS ) /  SUMMARY OF STRES 

S E L T S  - THE HAUL4GE WAR ( CONVEYORS OPERATING-COSTS OVERHEAD-COSTS PRECRUSHERS TRUCKS OPEN-PIT ) / TRUCKS 
EYOQ CONCRETING ) /  BIG-BORE MOLE SETS PACE T H A T  OVERTAXES MUCKING SYSTEM ( L A S E R - T R A N S I T  F A N L I N F  CONV 
T I O N  SYSTEMS S T U O I F S  S U B C I @ Y  RESFARCH I /  OVERVIEW - YAE/NRC STUDY ON R A P I D  E X C A V A T I O 4  ( EXCAVA 

H I N E  ) /  FXTRATERRESTRIAC M I N I N G  ( OXYGEN WATER M I N E R A L S  PERSONN€L-SHELTER TUNYELING-MAC 
TUNNEL RECORDS BROKEi\l AT r3WENS R I V E R  GORGE ( P N E U M A T I C - D R I L L  JUMBD K U C K I N G  1 /  

I N F O  FOR F I R S T  T I M E  I N  S I N K I N G  BLASTHOLES ( A I R - F U E L  OXYGEN-FUEL COST 4BRASIVE-FORMATIONS ) /  J E T  P I E R C I N G ,  

P 

ROOF B O L T I N G  AT H I S H  PACE ( L I N I N G S  I /  
MOLE SETS E A S T  PACE I N  NFVAOb ROCK/ 

M I N I N G  AND F X P L O P A T I C N  TECHNOLOGY - I N N O V A T I O N  S E T S  PACE I N  1968/ 
NL I N F  C ' J N V E Y F  CgNCRFT TNG I / BIG-BORE MOLF S E T S  PACE THAT OVERT4XES MUCKING SYSTEP ( L A S E R - T R A N S I T  FA 

NFW CONTINUOUS HAUL4GE SYSTEM PACES PRODUCTION G A I N S  AT B & Z/ 
SUPER CHUNNFL PACK4GE ( ENGLISH-CHANNEL I /  

USTIPA4 SLOPF ) /  H Y 0 4 4 U L I C  C O 4 L  M I N I N G  AND WASTE ARFP P A C K I Y G  4T KRASNOGARSKAYA ( PRODUCTION P A C K I N G  SUPPOR 
NO WASTF AREA PACKIMG AT KRbSNOGAPSKAYA ( PRODUCTION P A C K I N G  SUPPORT COMSUSTION SLOPE I /  H Y D R 4 U L I C  COAL M I  

PAY SRIDGE, TUNNEL PACTS S I G N E D  I N  MARYLAND/ 
Q I V E Q S I n F  ROAI) TUNNEL PR@POSFD FOR S I T E  NEXT TO PALACE OF WFSTMINSTER/ 

WHITF P I N E  C?PoER/ PANFL D I S C U S S I O N  ON M9LE T U N N E L I N G  - P R I F T  BORIYG AT 
H A F T S /  PANEL O I S C U S S I P N  ?N VOLE T U N Y E L I N G  - MOLE BCIRING O F  S 
T F D  W I T P  Q A I Y F  R P R I N G  IY HARD QQCK/ PANEL D I S C U S S I O N  ON MOLF T U N N E L I N G  - PROPLEYS ASSOCIA 
NTS FN YOLFS/  P B Y F L  D I S C U S S I O Y  ON MOLE T U N N E L I N G  - SOMF B R I E F  CnMME 
E NAVAJO I N O I A N  I R R T G 4 T I O N  PROJECT, FARMINGTON Y.M./ PANEL D I S C U S S I O N  c)N MLILE T? lNYELING - TCIYVEL YC'QIYG AT 
-ARCH-SFTS ) /  TOMRATTING WEIGHT PRORLEHS AT C L I  Y A X  ( PAQEL-CAVING CUTOFF ORE-BODY EXTENSOMETER-MEASUREMENT 
U N NE L '* / D I S C U S S I O N  OF PAPER " D E S I G N  AND PERFORMANCE OF YAMMPTH POOL POHFR T 

HYORPULIC COAL M I N I N G  RESFAYCH - ASSESSYEYT OF PARAYETERS A F F E C T I N G  C U T T I N G  RATE OF F I T U M I Y O U S  C O 4 L /  
S H I Y G  I NrJZZLF PROOUCTTON I /  P R I N C I P A L  HYDRAULIC J E T  PARAYETERS AND STRESS D I S T R I B U T I O R  I N  COAL SFAMS n U R I  
COAL SEAMS I N  H Y D R A U L I C  CRUSHING/  ON PARAMETERS OF MONITOR J E T  A N 0  STRESS D I S T P I R U T I O N  Ih' 

AUTO TUNNEL S K I P S  TOPS OFF SUBWAYS ( P A R I S /  
P 4 Q I C  PREPARES TrJ S T A P T  T I C K L I S H  SlJeWAY L I ? I E /  

L L I V I N G S  ROAI>WAYS 1 /  URRAN UNnERGROUND Y!GYWI\YS 4ND P A R K I N G  F A C T C I T I E S  TUNNELS COSTS V F N T I L A T I N G  ROCK-R 
YVP4UL?C-T9AYSPClRT SLURRY-PUMPIYG S O L I D S - P I P E L I N E  I /  P A R T I C L E  AkD F L U I D  V E L O C I T I E S  OF TURBULFNT FLOWS OF S 

T 4 S E  OF Y L A S T I Y G  W I T H  ONE F P F E  FACE ( E L A S T I C - T H E O R Y  P A R T I C L E - V E L O C I T Y  R A D I A L - O I T P L A C F M E N T  CPACKP, T E N S I L E -  
TURRULEYT FLO'JS CIF SUSPENSIONS OF N E U T 9 A L L Y  RUOYANT P A P T I C L E S  ( HYDR4ULIC-TRANSPORT SLURRY-PiJMPIYG SOL I D S  

FNED.GY E S I Z C  D I S T R I R U T I O N  ASPECTS OF S I N G L E  P A R T I C L E  CRUSHING ( FLAWS I /  

RFCOQD R C A n  TUNNFL UYDFR SW!TZERCAND'S ST. GOTTHARD PASS? ( HIGHWAY I /  W H T C H  n E s I m  F ~ R  
FRANKFURT B U I L D S  HUGE T E R Y I N A L  ( PASSFYGFR-TUYNEL MOVING-SIDEWALK ) /  

LOUVRF GOFS 3NDERSRn:JND ( SJBWAY-SYSTFr! P&SSEi\lGCRS RUBBER-TIRE-SYSTEM T 9 P  IlvS I / 
T U N N E L I N G  TECHNOLOGY - I T S  PAST AND PRESENT/  

JUMBO D E S I G N  TRENOS - PAST AN9 PRESENT ( AUTOMATIOY I /  
N I Q U E S  A N @  D F F L E C T I O N  TOOLS I N  HIGH-ANGLE O R I L L I Y G :  P A S T ?  PDESFNT A N 0  FUTURF ( D I R F C T I f l ~ ~ A L - D F l L L ! N G  WATER 

METHOD OF D R I L L I N G  W I T H  H I G H  V F L O C I T Y  J E T  CUTTER ROCK B I T  ( PATFNT 1 /  
L E  FCIR ' IBTAIMING H I G H  P U L S E  DYYAMIC PRFSSURE HEAOS I P A T F Y T  P U L S E - J E T  EXTRFMF-PRES5URF I /  J E T  NOZZ 
YQLF. I /  SORE n U G  I N  WET S O I L  FOLLOWS T R I C K Y  PATH ( ADVANCE MUCKING PRFSSUGE S T A B I L I Z A T I O Y  L I N I N G  
IC P L A S T I C  RFRnUND I /  THE NATURAL ARCH, THE FR4CTURE PATTERN AND THE SEQUENCF CIF F A I L U R F  I N  ' 4 4 S S I V E  RnCK 5 

A ROCK B n L T  SYSTFY FOR PERMANENT SUPPORT AT NOPAD t PATTERN SLOTdWEDGE-BOLTS GROUT G R A N I T E  P U I F - T F S T  S T 4 T  

) /  LASr4 RF4'4 G U I D E S  TLJNMELERS L 4 Y I N G  OUT D R I L L - H O L E  PATTERNS ( ADVANCE O F T L L I N G  B L A S T I N G  ALIGNMFNT SAFFTY 

U N N E L L I N G  ON A SMALL SCALE:  PROBLEM9 PROSPECTS, A N 9  PAY-OFF I U T I L I T I E S  I /  T 
H SAFETY I / BLACK LUNG P4YMENTS G A I N  ON H I L L  ( ASSFSSMFNT COMPFNSATION H E A L T  
NTCS RCICK-FAILURE RESEARCH-STUDIES I /  PROPAGATION OF PFAK S T R A I N  AVD S T R A I N  EMEQGY FOP EXPLOSION-GENERATED 
A 1 /  A N A L Y S I S  f3r P F D E S T R I A N  C I Q C U L A T I O N  THROUGH TUNNEL NETWORK ( CANAD 
D A L L A S  D L P N  SFPARATES T R A F F I C ,  PEOPLF ( TRUCK-TUYNEL P F D E S T R I A N  TUNNELS I /  

THE SEFRTHRUST SYSTEM ( P I P E - J A C K I N G  PFDESTRIAN-TUNNFLS I /  
N F O R C E D - C ~ N C R F T E - S E C T I ~ N S  I /  V I F N N P  P F D E S T Q I A N S  GET A PREFAF TUNYFL ( DRECAST H E A V I L Y - R F I  
HYDRAULIC-POWEP MDLE I /  HARDROCK T U N Y F L I N G  I N  P F G M A T I T E  ( CUTTER-COOLING P E V F T R A T I O N  TYRUST TORQUE 
OVEL METHDDS OF ROCK RREAKAGE ( h'ATER J E T  C A V I T A T I O N  P E L L E T - I M P A C T  THEQMAL-SHOCK FLAME-JET ELFCTRON-RFtM L 

POCK D Q I L L I N G  PATTERN W i T H  EXTRA P U L L  ( BURN-CUI I /  
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I L L  S E R I E S ,  NOVEL MECHANICAL TYPES I N V O L V E  TURBINES,  PELLETS,  IP IPLDSIONI  ULTRASONICS,  SPARKS ( RESEARCH I /  

VIRONMENT ( C H E M I C A L - S O F T E N I N G  S /  ZETA P O T E N T I A L  AND PENDULUM SCLEROMETER S T U D I E S  OF G R A N I T E  I N  S O L U T I O N  E 
UNDERGROUND M I N I N G  ( K E R F S  CUTTER-BITS CORES THRUST P E N E T R A T I O N  I /  DEVELOPMENT OF CONTINUOUS B O R I N G  M A C H I  
D R I L L I N G  I /  ROCK P E N E T R A T I O N  AT O B L I Q U E  I N C I D E N C E  BY YAWED B I T  TOOTH 

E PERFORMANCE L I N E  I S  S P E C I A L  CASE BUT CAN BE USED ( P E N E T R A T I O N  B I T - L O A D  A I R - C I R C U L A T I O N  W A T E R - C I R C U L A T I O  
EAR I /  HOW TO GET T H E  MOST HOLE FOR YOUR MONEY ( P E N E T R A T I O N  B I T - H E I G H T  R O T A T I n N  H Y D R A U L I C S  B I T  J E T S  w 
ORY ROCK-MECHANICS ) /  A P R E L I M I N A R Y  THEORY OF S T A T I C  P E N E T R A T I O N  BY A R I G I D  WEDGE I N T O  A B R I T T L E  M A T E R I A L  
STRENGTH H E A L T H  NOZZLE SAFETY ) /  ROCK P E N E T R A T I O N  BY H I G H  V E L O C I T Y  WATER JET COMPRESSIVE-  
TUNNEL B O R I N G  I N  1 9 0  DAYS [ GEOLOGY MACHINF-DR€LLENG P E N E T R A T I O N  B U S T  CUTTERS LASER-ALIGNMENT MUCKING V E N T  

D Y N A M I C  ROCK P E N E T  R A T I O N  T E S T S  AT ATMDSPHERIC PRESSURE ( CRATER I M P A C T  P E N E T R A T I O N  ENERGY I /  
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) /  R E S F P V n I R  POCK R F H A V I O Q  U W E R  MODERATF C O N F I Y I N G  PRFSSURE ( C O M P R E S S I B I L I T Y  CDNFINING-PRESSURE L I T H O L O  
DYNAMIC ROCK P E N E T R A T I O N  TESTS 4T ATMC'SPHFRIC PRFSSURE ( CRATER I M P A C T  P E Y E T R A T I O N  ENERGY ) / 

B I T - T O n T H  P F N E T P A T I O N  I N T O  D P Y  ROCK UNDER C n N F I Y I N G  P9F5SURE ( D R I L L I N G  P F S F A R C P  ) /  AN E X P E R I M E Y T A L  STUDY 
L U S  I /  METHflDS F n R  DETFRYIN!FJG ROCK PSFSSURE ( MFASURFMENT STRFSSES DFFORMATION ROCK-MODU 

44- 6 7- 0 6 0 04 
14-67-0 100 1 
3 5- 6 4- 0 0 0 0 1 
05-68-01009 
24-67-07003 
34- 6 8- 11 00 1 
02-61-00002 
7 4- 63-0 7001 
23-67-00001 
73-66-03001 
12-66-09004 
12-65-06006 
24-68-08001 
24-6 8- 04 00 1 
34-6 5- 1100 1 
85-68-01001 
34-68- 12001 
04-6 1-0400 1 
12-62-0 50 14 
05- 70- 0 5004 
85-68-09001 
42- 67- 0 2 0 0 1 
44-62-09001 
75 -6 7-0 100 3 
75- 6 8- 12 00 2 
72-65-0 500 1 
23-68- I 1 0 0  I 
2 3- 6 8- 0 8 0 0 1 
02 -7 0-0 000 6 
72-69- 10004 
24-64-09007 
12-67-04017 
04-70-0 100 2 
12-67-04005 
45-65-05002 
05- 6 2- 0 1002 
75-67- 10002 
24-64-02 002 
75- 69- 0 200 1 
65-65-0400 1 
02- 63- 0 80 0 1 
04- 64- 0 300 1 
02-64-03001 
04-6 5-0 100 1 
35-66-08001 
0 2- 68-1 001 3 
5 5- 66- 0 200 I 
25-69-07001 
05- 66- 120 04 
14- 6 6- 000 1 3 
04-64-12002 
04-6 5-0 100 P 
45- 7 0-0 100 1 
2 2- 5 Q- 07 00 1 
32-51-04001 
33-61-02001 
5 5- 6 9- 0 40 0 1 
42-68-03008 
17- 61-03014 
12- 61-03014 
24-66-00001 
34- 67- 0 1 00 1 
85-66-11002 
3 5-7 0-0400 1 
3 5- 6 6-07001 
72-6 9- 10003 
04- 7 0- 03 00 2 
44- 67- 060 0 5 
24-67-06002 
2 4-64- 1 1 00 2 
42- 67- 0500 1 
13-67-00003 
13- 6 7-0000 1 
85-66-11002 
34-64-04001 
04- 64- 12004 
12-67-04021 
02- 7 0- 0 0 0 0 9 
22- 6 5- 06 003 
17-66-09011 
54-64-1 1001 
05-70-02002 
45-68-07002 
0 5- 6 7- 0 700 1 
55-68- 1000 1 
12-67-0401 3 
22-70- 00001 
12-66-0Q02? 
14-69-0300? 
12- 62- 0 502 7 
1 2 7  62-05 002 
2 4- 6 7- 0 9 00 3 
12-61-03010 



RATORY STUDY O F  THE F R A C T U R I N G  OF ROCKS BY H Y D R A U L I C  
I D A T E D  OR UNCONSOLIDATED M A T E R I A L S  SUBJECTED T O  PORE 
ES CLAY ROCK ( ADVANCE CAST CUTTERS B L A S T I N G  MUCKING 
L I N G  RATE ( H Y D R A U L I C S  B I T - W E I G H T  ROTARY-SHIELD HARD 

I N  LABORATORY D R I L L I N G  ( B I T  PERFORMANCE-LINE F L U I D  
I NG-L I M I T  RESULTS ( PERFORMANCE-L I NE TRANSPORT-L I M I  T  
N S /  D E T E R M I N A T I O N  OF 
R P R E T I N G  ROCK D R I L L A B I L I T Y  15. HOW CHANGES I N  ROCK E 
D R I L L I N G - R A T E  I /  HOW BOTTOM-HOL E 
( ROCK-MECHANICS COMPACTION CREEP-TEST I /  A T R I A X I A L  
DULUS OF R I G I D I T Y  OF ROCK BY EXPANDING A C Y L I N D R I C A L  

T E ST S ST R ENGT H-CH AR ACT E R I ST I CS S T R  E S S 
T R I B U T I O N  I V E L O C I T Y  F R E E - S E T T L I N G  E F F I C I E N C Y  1 / THE 
ION-PUMPING I /  HYDRO-BLAST M I N I N G  SHOOTS AHEAD ( 
IES ARE R E L A T E D  TO D R I L L I N G  ( COULOMB- MOHR C U T T I N G S  
EV I C E  NOZZLE PERFORMANCE ( SLOPE-ANGLE NOZZLE-LENGTH 
E L  M I N E S  ( GROUND-SUPPORT 1 /  USE OF 

J E T  NOZZLE FOR O B T A I N I N G  H I G H  PULSE DYNAMIC 
AVE GAS-STRESS I /  THE ROLE OF STRESS HAVE AND GAS 
-MECHANICS I /  EQUIPMENT FOR MEASURING PORE 
A T I O N  I /  EXPERIMENTS WITH WATER AS A DYNAMIC 
TOR E X P L O S I V E  1 /  EXPERIMENTS W I T H  WATER AS A DYNAMIC 
H A N I C S  1 /  SOME ASPECTS OF ROCK 

MOLES TO A U D I T I O N  FOR SF SUBWAY ( ADVANCE 
MACHINE R E L I E V E S  T R A F F I C  CONGESTION ( ADVANCE CUTTER 
-STRESS I /  EARTH 
F A I L U R E  RESEARCH 1/  THE EFFECT OF PORE AND C O N F I N I N G  

EARTH 

ROCK C U T T I N G  BY H I G H  SPEED WATER J E T S  ( JET-CUTTING 
UG I N  WET S O I L  FOLLOWS T R I C K Y  P A T H  ( ADVANCE MUCKING 
NG BY H I G H  SPEED WATER J E T S  ( JET-PENETRATION N O Z Z L E  
L ING-RATE CARE I D E - I N S E R T  DOWN-THE-HOLE-DRILL I /  H I G H  
N N I N G  AND TqANSPORT MEDIUM I N  HARD-COAL M I N I N G  ( J E T  

E X A M I N A T I O N  OF H I G H  
STEFL  AN@ CONCRETE SANDWICH L I N I N G  FOR K E E P I N G  H I G H  
R DCKS CRE FP -STR A I N  D EFORMA T I ON-G AG E S STR ES SMET E R S 

STRESSES I N  THE L I N I N G  OF S H I E L D - D R I V E N  TUNNELS ( 
EARTH PRESSURE ON TUNNELS ( 

CHARGE-WE1 GHT DETONATION-VELOCITY SEISMIC-WAVE I /  
T A L  DEFORMATION OF SEDIMENTARY ROCKS UNDER C O N F I N I N G  
H A N I C A L  P R O P F R T I F S  OF ROCKS A T  H I G H  TEMPERATURES AND 
RTICAL-FRACTUR I N G  I /  REDUCT I O N  OF FRACTURE 
GLE B I T - T O O T H  P E N E T R A T I O N  I N T O  DRY ROCK AT C O N F I N I N G  
GLE B I T - T O O T H  P E N F T R A T I O N  I N T O  DRY ROCK AT C O N F I N I N G  
R-JETS 1 /  THF COLLAPSE OF C A V I T A T I O N  BUBBLES AND T H E  
T A L  DEFORMATION OF SEDIMENTARY ROCKS UNDER C O N F I N I N G  
M PR E S S E D- A I R 5 U B W AY -T U N N E L J A P A N ' S  
APANESE T E S T  SOFT-GROUND MOLE ( REVERSING RETRACTING 
SAFETY-EDUCATION I /  4 C C I D E N T  S T A T I S T I C S  AS AN A I D  TO 
YENT PROBLEMS ( TRANSPORTATION MATER1 ALS-HANDLING I /  
( AMMONIUM-NITRAT€ DIATOMACEOUS-EARTH F U E L - O I L  GEL EX 
L L I N G  W I T H  E X P L O S I V E S  I SHAPED-CHARGE GAUGING-CHARGE 
ON- I  DEAL E X P L O S I V E  '?FACT I O N S  ( I N I T  I A T  ION-T IME-DEL AY 
ROCK MASS ( STRAIN-GAUG€ 1 / S O L I D - I N C L U S I O N  BOREHOLE 

TUNNEL SOLVES PEPCO L I N E  
L A S T I C  L I M I T  A N A L Y S I S  A P P L I E D  TO S I M P L I F I E D  D R I L L I N G  

BURY THE 
C E R T A I N  I N V F R S E  

C O N T R I B U T I O N  TO THE 

C OM PRE S S I ON ( 

CK HUGONIOTS FOR ROCK MATERIAL ( C O M P R E S S ~ O N  DENSITY 

( 

9 / 

D R A U L I C  MONITOR ( P E R M E A B I L I T Y  1 /  

[ DRILLING-ECONOMY D R I L L I N G  TOOLS I /  
T U N N E L L I N G  ON A SMALL SCALE: 

AY TUBE ( TREV IE-WALL S H I E L D S  CONSTRUCTION-RATE COST 
DEEP TUNrVEL STORAGE MAY SOLVE C I T Y  STORM WATER 

UCTION OF SEWFPS I N  TUNNEL AN0 HEADING THE P R A C T I C A L  
CLYDE TUNNEL: CONSTRUCTIONAL 

ONES - TODAY'S ANSWER TO TOMORROW'S M I N I N G  EQUIPMENT 

PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - 
-SETS YIELCABLE-STFEL-ARCH-SETS I /  COMBATTING WEIGHT 
UENCY DISPLACEMENT I /  E M P I R I C A L  APPROACH TO 
- C O N D I T I O N S  B I D S  I /  CONTRACTOR-CL I ENT L E G A L  
S-REMOVAL ) /  ENV I RONM ENT A L 
ISSON-METHOD SHIELD-METHOD 1 /  FOUNDATION-ENGINEERING 
O TUNNEL PROJECT - A S O L U T I O N  FOR THE CONBINED SEWER 
T I O N  OF COAL/  THE NEXT 

H I S T O R Y  AND 
A N I C S /  
79 1968.l 4 4 P I O  EXCAVATION - PROBLEMS AND PROGRESS - 
CENTURY OF D R I L L I N G  AND B L A S T I N G  ( M A T E R I A L  H A N D L I N G  
L O S I V E S  1 /  THE 
THE WEAKENING OF COAL M A S S I F  - THE WAY O F  I N C R E A S I N G  

ENGINEERING-DATA 1 /  REED B I G  HOLE 
WIRTH TUNNEL BORING MACHINE BORES F U L L  

D-ROCK C U T T A B I L I T Y  FOR MACHINES ( MOLES SOUTH-AFRICA 
Y S I S  M A T E R I A L S - H A N D L I N G  I /  BORING RESEARCH - FEDERAL 

THE ORANEE-F ISH TUNNEL, SOUTH A F R I C A  - A REVIEW OF 

CE M I N N E A P O L I S ,  MAY 15-17, 1968./ R A P I D  E X C A V A T I O N  - 

KINTETSU-NAMBA L I N E  P L A N N I N G  AND RECENT 

I T T L E - R O C K  QUARTZ C A R B I D E - T I P P E D - D R I L L S  

F L I G H T I N G  F L U S H I N G  I /  HYDRAULIC  M I N I N G  

S, MAY 15-17. 1968./ R A P I D  EXCAVATION - 
( LOAD-CELLS STRESSMETERS 1 /  

CONSTRUCT I O N  
PROBLEMS AND 
E X P L O S I V E  I /  

FURTHER 
RESEARCH - A 
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PRESSURE ( PHOTOELASTIC-STUDY PREFERRED-SHEAR-PLANE b 
PRESSURE ROCK-MECHANICS COMPACTION CREEP-TEST 1 / A 

HUGE MOLE CARV PRESSURE t /  
' F I V E  FACTORS THAT AFFECT D R I L  PRESSURE 1 /  

PRESSURE ) /  NEW APPROACH T O  I N T E R P R E T I N G  ROCK D R P L L A B  
PRESSURE 1 /  NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B  
PRESSURE A C T I N G  ON F L E X I B L E  SUPPORT OF ROCK E X C A V A T I O  
PRESSURE AFFECT THE TRANSPORT L I M I T S  ( PERFORMANCE-L I  
PRESSURE AFFECTS P E N E T R A T I O N  RATE ( O I L - W E L L  CRATERS 
PRESSURE APPARATUS FOR T E S T I N G  OF C O N S O L I D A T E D  OR UNC 
PRESSURE C E L L  I N  A D R I L L H O L E  ( C A L I B R A T I O N  E L A S T I C - T H  
PRESSURE DEFORMATION FLOW FRACTURE I /  THE EFFECTS OF 
PRESSURE DROP I N  THE H Y D R A U L I C  L I F T I N G  OF DENSE SLURR 
PRESSURE EROSION-JETS A B R A S I V E S  VOLUME ECONOMY EXPLOS 
PRESSURE EXPERIMENTS ) /  A NEW APPROACH TO I N T E R P R A T P N  
PRESSURE FLOW FRACTURING KOBAYASHI-FORMULA 9 /  D E T E R M I  
PRESSURE GROUTING TO S T A B I L I Z E  GROUND I N  T H E  SAN MANU 
PRESSURE HEADS ( PATENT PULSE-JET EXTREME-PRESSURE I /  
PRESSURE I N  P R E S P L I T T I N G  I LUCITE-MODELS EXPLOSION-W 
PRESSURE I N  ROCK SPECIMENS UNDER T R I A X I A L  LOAD ( ROCK 
PRESSURE MEDIUM ( E L E C T R I C A L - D I S C H A R G E  ROCK-DIS INTEGR 
PRESSURE MEDIUM ( I N T E N S I F I E R  J E T  D I F F U S I O N  NCZZLE SP 
PRESSURE MODELLING ON E Q U I V A L E N T  M A T E R I A L S  ( ROCK-MEC 
PRESSURE MUCK L I N I N G  P /  
PRESSURE MUCKING GUIDANCE L I N I N G  MOLE !/ GERMAN TUNNE 
PRESSURE ON M U L T I P L E  TUNNELS ( EARTH-MECHANICS GROUND 
PRESSURE ON THE F A I L U R E  PROCESS I N  SEDIMENTARY ROCK ( 
PRESSURE ON TUNNELS ( PRESSURE-RESEARCH-STUDIES ) /  
PRESSURE PROPAGATION SHOCK I /  S Y N T H E S I S  OF SHO 
PRESSURE ROCK-STRENGTH/ D I S C U S S I O N  OF SOME ASPECTS OF 
PRESSURE S T A B I L I Z A T I O N  L I N I N G  MOLE. 1/  BORE D 
PRESSURE V E L O C I T Y  ROCK-STRENGTH I /  SOME ASPECTS OF RO 
PRESSURE VOLE D R I L L I N G  I N  L E I C E S T E R S H I R E  G R A N I T E  I OR 
PRESSURE VOLUME DUST SAFETY D R I L L I N G  1/  WATER AS W I  
PRESSURE WATER J E T S  FOR MOLES f MOLES I /  
PRFSSURE WATER OUT OF A POTASH SHAFT ( S H A F T - S I N K I N G  
PRESSURE-CELLS SALT-MINE 1 /  T H E  E F F E C T  OF N O N E L A S T I C  
P R E S S U R E - D I S T R I B U T I O N  STEEL 91 
PR E S S UR E-R E S E ARC H-ST U D I E S I / 
PRESSURE-TIME MEASUREMENTS I N  ROCK ( CHARGE-GEOMETRY 
PRESSURE: T E S T S  AT H I G H  TEMPERATURF ROCK-MECHANICS 
PRESSURES ( DATA P R O P E R T I E S  T E S T I N G  EXCAVATED M I N I N G  
PRESSURES OF ROCKS B Y  I N T E N S I V E  BOREHOLE H E A T I N G  ( VE 

PRESSURES OF 0 TO 7500 P S I  ( D R I L L I N G  I /  E X P E R I M E N T A L  
PRESSURES PRODUCED A G A I N S T  S O L I D  BOUNDARIES ( EROSION 
PRESSURES: TESTS AT ROOM TEMPERATURE ON DRY SAMPLES 
PRESSURIZED EXCAVATOR C L A I M S  WORLDS F I R S T  ( SAFETY CO 
P R E S S U R I Z I N G  L I N E R  GROUTING I /  J 
PREVENTION OF ACCIDENTS I N  B I T U M I N O U S  COAL M I N E S  ( A t  
PREVIEW OF THE P R A C T I C A L  ONES - TODAY'S  ANSWER TO TOM 
P R I L L S  WATER 1 /  DETONATION OF AMMONIUM N I T R A T E  I N  SMA 
PRIMACORD DETONATION I /  DR I 
PRIMER 1 /  A P O T E N T I A L  METHOD FOR E V A L U A T I N G  T H E  ENERG 
PROBE TO OETERMINE THREE-DIMENSIONAL STRESS CHANGES A 
P ROB L E M/ 
PROBLEM .I CHIP-FORMATION 1 /  P 
PROBLEM ( SAN-FRANCISCO FREEWAY 9 /  
PROBLEM I N  THEORY OF E L A S T I C I T Y  ROCK-MECHANICS I /  
PROBLEM OF E V A L U A T I N G  BREAK-DOWN OF COAL B Y  J E T  OF HY 
PROBLEM OF ROCK RURSTS/ 
PROBLEM OF THE R A T I O N A L  DEPTH OF BORE HOLES I N  M I N I N G  
PROBLEM, PROSPECTST AND PAY-OFF I U T I L I T I E S  I /  
PROBLEM-AREAS E X P L O R A T O R Y - D R I L L I N G  AL IGNMENT f /  SAN F 
PROBLEMS ( D I S P O S A L  COST SEWEPS I /  
PROBLEMS GROUND C O N D I T I O N S  ECONOMIC L I N I N G S  I /  THE 
PROBLEMS ( SUBAQUEOUS 1 /  
PROBLEMS ( TRANSPORTAT I O N  MATERIALS-HANDL I N G  I / P R E V I  
PROBLEMS AND PROGRESS - PROCEEDINGS OF THE TUNNEL AND 
PROBLEMS ASSOCIATED W I T H  R A I S E  B O R I N G  I N  HARD ROCK/ 
PROBLEMS AT C L I M A X  ( PANEL-CAVING CUTOFF ORE-BODY E X T  
PROBLEMS I N  B L A S T I N G  RESEARCH ( E X P L O S I V E S  P U L S E  FREQ 
PROBLEMS I N  UNDERGROUND CONSTRUCTION ( C L A I M S  CHANGED 
PROBLEMS I N  UNDERGROUND MINES ( SAFETY V E N T I L A T I O N  GA 
PROBLEMS I N  UNDERWATER TUNNEL CONSTRUCTION ( OPEN-CUT 
PROBLEMS OF AN URBAN AREA ( D I S P O S A L  COST SEHERS ) /  T  
PROBLEMS OF DEVELOPMENT OF HYDRAULIC  METHOD OF EXTRAC 
PROBLEMS OF ROCK BORING ( MOLES I /  
PROCEEDINGS OF F I R S T  CONGRESS OF I N T  SOC OF ROCK MECH 
PROCEEDINGS OF THE TUNNEL AND SHAFT CONFERFNCE MINNEA 
PROCESS-EQUIPMENT 1 /  HALF A 
P R O D U C T I V I T Y  CHALLENGE I N  M I N I N G  ( ROCK-MECHANICS EXP 
PRODUCT1 V I  TY OF HYDROCUTTI  NG/ 
PRODUCTS ( C U T T E R S - D R I L L I N G - B I T S  REAMING R A I S E - B O R I N G  
P R O F I L E  I N  S C A N D I N A V I A N  G R A N I T E  ( MOLE SWEDEN 1/  
PROF I L E-C UTT I N  G 1 / A N A L Y S I S  OF HAR 
PROGRAMS SPARK ADVANCES I N  T U N N E L I N G  I CHEMICAL-SOFTE 
PROGRESS ( D R I L L - B L A S T  1 /  
PROGRESS ( J A P A N  1 /  MECHANICAL S H I E L D  T U N N E L I N G  OF TW 
PROGRESS - PROCEEDINGS OF THE TUNNEL AND SHAFT CONFER 
PROGRESS AT THE GREAT ST. BERNHARD TUNNEL ( V E N T I L A T I  
PROGRESS I N  THE S C I E N T I F I C  APPROACH TO STRATA CONTROL 
PROGRESS REPORT ( NOZZLE COAL-MINE JETSTREAM JET-TRAV 

PRESSURES OF 0 TO 51000 P S I  I STATIC-LOAD CONFINEMENT 

12-67-04021 
14- 66- 00003 
75-65- 12001 
24- 58- 10001 
24- 6 5- 0 3 00 7 
24-65-03008 
14-6 8- 1800 4 
24-6 5-02005 
24-66-01001 
14- 6 br00003 
12-64-10003 
12-61-03004 
42- 6 6- 0000 1 
24-69-03002 
24- 6 4- 1 2 003 
24-65-10004 
34-6 1-0300 1 
2 8- 67- 0900 1 
12-67-040 13 
14- 6 6-000 0 1 
24-63- 12004 
24-63-12005 
1 4- 6 8- 0 7 DO 2 
75-63-10001 
75- 64- 1 LOO1 
34- 6 2- 06 00 1 
12-59-07003 
14-43- 00001 
12-62-0 50 13 
24-66- 06093 
75-64-07002 
24-66-06002 
24-65-12003 
24- 6 5- 0 5 00 3 
23-70-10001 
34-6 8- 11 00 1 
12- 66- 090 0 9 
34-44-11001 
12-67-04014 14- 4 3- 00 00 1 

1 4- 5 8- 1 2 00 1 
13-67-07001 
12-65-01005 
12-65-01 002 
22-66- 10004 
24-66-07005 
14- 5 7-0 100 1 
75- 67- 0 90 0 1 
75- 67- 0 6 00 1 
53-49-00001 
44-67-03001 
12-62-05019 
22-65-0100 1 
12-65-06006 
13-68-00001 
65- 6 8- 11 00 1 
22-66-10002 
05- 7 0- 07 004 
14-66-05001 
24- 6 5-0 1002 
1 2- 66- 100 03 
24-65-01003 
02- 68- 1001 1 
72-69- 10001 
45- 69- 0300 1 
34-66-10001 
04- 6 5- 0300 1 
44- 67-03 00 1 
01- 70- 0000 1 
72-70-000 10 
32- 64- 10005 
12- 66- 090 19 
0 2-7 0- 0 0004 
5 2- 7 0- 0 0 0 0 2 
24- 6 4- 0 7 00 1 
0 2- 6 8- 1 0 005 
24-64-09001 
74-65-06 003 
12- 6 6- 10001 
01-70-00001 
05-66-10001 
04- 6 8- 0 2 0 0 2 
24-65-0300 2 
76-68-09002 
76-70-03003 
12-70-00004 
7 5- 6 9-090 0 2 
04-7 0-0 100 1 
74-6 9-0400 1 
01-70-00001 
05-61-09001 
3 2- 5 8-00001 
24-64-09002 
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SUPPORT HYDRAULIC-FRAGMFNTATION COMPUTER-PROGRAM ) /  PROGRESS TOWARD GOALS I N  R A P I D  E X C A V A T I O N  ( OECO R E S E  
FRANCE ENDS T U N N E L  PROJECT/  

ARGENTINA EXPANDS HYDRO PROJECT/  
SHAFT H O I S T 1  NG FQUIPMENT FOR A TUNNEL CONSTRUCTION PROJECT ( BUNKER CHUTE AUTOMATIC-DUMPING 1 1  

THE CHICAGO AREA DEEP T U N N E L  PROJECT ( COST SEWAGE-TUNNELS ) /  
SYSTEM MAKES SUCCESSFUL DEBUT I N  M A C H I N E  T U N N E L L I N G  PROJECT ( GAS-LASER MOLES RECORDS ) /  LASER BEAM G U I D A  

C H U R C H I L L  F A L L S  HYDROELECTRIC PROJECT ( LABRADOR I / 
COAL-SLURRY P I P E L I N E  FAVORED FOR B I G  WESTFRN POWER PROJECT ( M A T E R I A L S - H A N D L I N G  ) /  

AN AREA ( D I S P O S A L  COST SEWERS ) /  THE CHICAGO TUNNEL PROJECT - A S O L U T I O N  FOR THE COMBINED SEWER PROBLEMS 
J O I D E S  ( SEDIMENTS WFLL-LOGGING I /  DEEP-SEA D R I L L I N G  PROJECT - J O I N T  OCEANOGRAPHIC I N S T I T U T I O N S  DEEP E A R T H  

PUMPED STORAGE PROJECT I S  A BAD ROCK NIGHTMARE ( B E L G I U M  ) /  
SOUTH COVE T U N N E L  PROJECT, BOSTON MASS ( SUBWAY I /  

L I N G  - TUNNFL B O S I N G  AT THE NAVAJO I Y D I A N  I R R I G A T I O N  PROJECT, FARMINGTON N.M./ PANEL D I S C U S S I O N  ON MOLE T U  
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QOC-LOC "A" ANCHORAGE RES I N  ( ROCK-BOLTS 

BARS GROUTED ROC-LOC V I N I N G  K I T S  ( A C T I V A T O R  C U R I N G  
ROC-LOC A P P L I C A T I O N S ,  CASE H I S T D Q I E S  ( 

ROCK R O L T I N C  THEORY ( BOLT-SPACING CEMENT-GROUTING 
I /  POLY ES TER 
PULL-TESTS I /  USE OF 

USE OF C N S O L I D A T I O N  i / 
CTURES I /  T H E  D E S I G N  OF UNDERGROUND I N S T A L L A T I O N S  T O  

T H E  
T H E  S T R A I G H T  CREEK TUNNFL S I T E  COLORADO ( CORE-HOLES 

G N E T O S T R I C T I  ON A Y E L A S T I  C-PROPERTIES V I  BRAT IONS P U L S E  
Y G I T U D I V A L  WAVES I N  ROCK ( STRESS-WAVFS STRFSS-LEVEL 
-BLASTS RESFARCH S T U D I F S  BLASTING-METHODS I /  M I N E R A L  
I /  USE OF TUNNFLS I N  U T I L I Z I N G  REGIONAL WATER 
I T Y  5 .  HOW TO LOCATE PERFORMANCE L I N E  WHEN D R I L L I N G  
P E R T I E S  V I B R A T I O V S  P U L 5 F  RESONANCE I N T E R N A L - F R I C T I O N  

JAPANES€ T F S T  SOFT-GROUND MOLE ( R F V F R S I N G  
I C - J E T  I /  
I V E  H Y D K A U L I C  J E T  D R I L L I N G  I /  
I /  

EC BY L O F F L A N D  BROS ( D P I L L I N G - R A T E  B I T  D 9 I L L - C O L L A R  
JAPANESE T E S T  SOFT-GRqUND MOLE ( 

W E I G H I N G  ARRANGEMFNTS-A SYSTEMS 
H E R H I T H E  I /  B R I T A I N S  MAJOR ROAD TUNNFLS: A 

TUNNEL S I T E  I N V E S T I G A T I O N S  - A 
TUNWEL SUPPORTS AND L I N I N G S  - A 

F X C A V A T I O N  AND ENVIRONMENT - A 
P L A N T S  AQUEDUCTS I /  A 
L F S  ON ROCK f THFORY WATFR-JETS E X P L O S I V F S  I /  

DFD 9FP' lS ITS ( GROUND-CDNTROL 1 /  
CARCF I /  REP'CIRT C A L L S  FOP 
A L S  L A S c R  GAS-GIJN VOLE I /  COMING 
SPOQTATION RPCK-FRACTURE 1 / 
F WOLF COVES THROUGH ( MECHANICAL-MINER FLOOD-TUKNEL 
L Y S I S  4RUTMENT-LOADS E L A S T I C - F O U N D A T I O N  I / 
WER5 PN S O W  SUPPORT I N  B I T U Y I N O U S - C O A L  M I N E S  ( ROOF 
N THF P R O X I M I T Y  OF UNDERGROUND OPENINGS ( OVFRC'3r l ING 

SEWFR MOL€ T R I M S  COST OF TUNNEL 
S E R V I C E  MOLE T R I M S  C O S T  OF TUNNEL 

LARGE AGGREGATE SHOTCRETE CHALLFNGES S T E E L  
TUNNEL GETS BIGGER AND 

9OCKETS I /  LOGGING TOOLS 
COST F I N 4 N C I N G  I /  FERRY 

R I G  HOLES FOR NUCLFAR TESTS ( P R I L L I N G - M A C Y I N E  
HOW THOSE 77 I N C H  HOLES ARE B E I N G  D R I L L E O  ( 

P I L O T  1 /  TUNNEL 
BOTTOM-DUM P 

D R A U L I C t W P I S T I /  HYDR A l IL  I C  
WHERE D R I L L I N G  RESEARCH STANDS TODAY ( 

5 I /  A P R F L I M I N A R Y  THEORY OF S T A T I C  P F N E T R A T I O N  B Y  A 
R O o F R T I E C  CC ROCK f COMPRESSIVF-STRENGTH DEFORMATION 
RESSURE L I M F S T @ N F  ) /  D E T E R M I N A T I O N  OF THE MODULUS OF 
/ E F F E C T  OF J 9 I N T  

GROUTIVG-RIG I /  CUSTOM 
THFDRY OF DFSTGN F9R M U L T I - H I N G E D  SEGMENTAL 

G - S O I L  I /  THE W4TEPPROOF S L I D I Y G  R E I N F O F C F D  CONCRETF 
TTON EXTAVATIC3Y OPFN-CUT JUMBO I /  REBOUCAS TUNNEL I N  

TUNVFL T O  UNSNARL 
POTOMAC IXTFRCEPTOR SErlVER TUNNELS AND 

MACHINE T U N N F L I N G  ON Y I S S O U R I  
VG JUYRO 1 /  SOFT ROCK T U N N E L I N G  AT MO 
Y ( L I V I P G  I /  5N AK E 

TUNNFL RFCORDS R'IOKFN AT OWENS 
A t  I /  YUBA 
ATFR-DIVER S I O N  I / THOMPSON 
GSTEN-CAoB I n E  M4INTENANCF COST I / 
L E  SUPPflPT CUTTERS MUCKING PRODUCTION I /  
OLCGY MClLF MUCKING L4SEQ D R I L L A B I L I T Y  BORING-RATE I /  
S I C A T I O N  CUTTFPS H Y g R A U L I C - S Y S T F Y  9UST-COLLECTION I /  
ERS MqLE I /  

AL S T U D I E S  AT STRAIGHT CREEK TUNNEL S I T E ,  COLORADO ( 

T H E  DPANGE-FISH TUNNEL, SOUTH A F R I C A  - A 

RESEARCH-DEVELOPMENT 1 / 
RESEARCH-PROGRAMS MOLES RLAST-'SHELTERS T R A N S P O R T A T I O N  
RESEARCH-STUDIES I /  
RESEARCH-STUDIES I /  
RESEARCH-STUDIES ) /  THE ROLE O F  STRES 
RESEARCH-STUDIES I /  COMMITTEE REPORT ON M A T E R I A L S  HAN 
RESEARCH-STUDIES 1 /  PROPAGATION OF PEAK S T R A I N  AND ST 
RESEARCH-STUDIES I /  T H E  A T T E N U A T I O N  OF SHOCK WAVES I N  
RESEARCH-STUDIES I N D U S T R Y - A P P L I C A T I O N S  I /  
RESEARCH-STUDIES SYSTEMS I /  METHOD STUDY A P P L I E D  T O  S 
RESEAU EXPRESS R E G I O N A L  ( MOLES R O B B I N S  1 /  
RESERVOIR I N  MOUNTAIN ( R A I L - T U N N E L  I /  
RESERVOIR ROCK B E H A V I O R  UNDER MODERATE C O N F I N I N G  P R E S  
R E S I D U A L  STRESS BY THE S T R A I N  R E L I E F  METHOD ( ROCK-ME 
R E S I D U A L  STRESSES I N  ROCK MASSES f I N S T R U M E N T A T I O N  I /  
RES IDUAL-STRESS-IN-ROCK-MASSE S COMMI N U T 1  !JN EXC AVAT EO 
R E S I N  ( ROCK-BOLTS RESIN-GROUT ) /  
R E S I N  AND RE-BAR G I V E  NEW LOOK TO ROCK B O L T S  ( TUNNEL 
R E S I N  COMPOUND LOCKS B O L T S  I N  ROCK ( SUPPORT I /  
R E S I N  TRANSFER-TUBE I /  ROC-LOC 540 M I N I N G  K I T  - I N S T R  
RES IN-GROUT I / 
R E S 1  N-GROUTED-RnCK-BOLTS PULL-TESTS I / REP EATEO L O A D  
RESIN-GROUTING ROCK-BOLTS TRANSFER-TUBE 1 / 
RFSIN-GROUTING ROCK-STRESSES SUPPORT ) /  
R E S I N S  HAVE ROCK B O L T I N G  A P P L I C A T I O N S  ( SUPPORTS COST 
P E S I N S  I N  M I N E  ROOF SUPPORT ( CEMENT C U R I N G  CORROSION 
R E S I N S  I N  M I N E  ROOF SUPPORT I GROUTING RE-BARS ROCK-C 
R E S I S T  GROUND SHOCK FROM NUCLEAR B L A S T S  ( STRESS S T R U  
R E S I S T A N C E  OF M A T E R I A L S  T O  I M P A C T  EROSION DAMAGE! 
RES I S T I V I T Y  RAD IO ACT I V I T Y  DENS I T Y  S E I SM I C- PR OF I L E  S FU 
R F S I S T I  V I T Y  S E I  S M I C - V E L O C I T Y  POCK-QUAL I T Y  GEOPHONES I 
RESONANCF I N T F R N A L - F R I C T I O N  R E T A R D A T I O N  I /  A T T E N U A T I O  
RESONANCE-FREQUENCY P U L S E  DETECTOR MEASUREMENTS MODUL 
RCSOURCE DFVELOPMENT B Y  LISE OF NUCLEAR E X P L O S I C N S  ( N 
RESOURCFS ( AQUEDUCTS WATER-TUNNELS E X C A V A T I O N  MOLES 
RFSPONSF I S  LOW ( SHARP-BIT  WORN R I T  I /  NEW APPROACH 
RETARDATION I /  A T T F N U A T I O N  MEASUREMFNTS ON ROCKS I N  T 
R F T R A C T I N G  P R E S S U R I Z I N G  L I N E R  GROUTING I /  
RETF I EVA B L F  B I T  ( A B R A S I  V E - D R I L L  I N G  WATER-JET HYDR AUL 
R F T R I E V A B L E  P I S T O N  ADVANCE J E T  B I T S  ( WATER-JET ABRAS 
REUSABLE FORMS LOCK AND P O L L  TO CAST TUNNEL ( L I N I N G  
RFVERSAL OF A I R  FLOW B Y  A F I R E  ( V E N T I L A T I O N  I /  
RFVERSE-CIRCULATION NUCLEAR-TESTING I / DEEPEST 72 I N .  
R F V E R S I N G  RETRACTING P R E S S U P I Z I N G  L I N E R  GROUTING I /  
R E V I E W /  
R F V I E W  ( CLYDE DARTFORO MERSEY T Y N E  BLACKWALL-PND-ROT 
R E V I E U  ( GF@L@GY CORE-BORING SURVFYS I N S T R U M E k T S  I / 
REVIEW ( RDCK-BOLTS SHOTCPETE STFEL-SFTS I /  
R E V I F W  ( STANDARDS SAFETY I /  
R E V I F W  AND A CHALLENGE ( WATEP-CONTPOL PUMPIYG PnWFR- 
R E V I F W  OF EFFECTS OF HYPER-VELOCITY J E T S  AND PROJECT1 
R F V I E W  OF PROGRESS ( D R I L l - B L A S T  I /  
R E V I F W  OF ROCK MECYANICS A P P L I C A T I O N S  I N  C A N A D I A N  BED 
REVOLUTION I N  MFTHOOS CIF UNOFRGRnUND E X C A V A T I O N  ( RES 
P E V O L U T I O N  I N  T D A N S P O R T A T I O N  ( FLAME WATER-JET CHEMIC 
R E V O L U T I O N  I N  T U N N E L I N G  TECHNIQUES ( UNDERGROUND-IRAN 
REVOL V I  NG-C U T T  FR-HEAD I / T H  
R I B  CnNTPOL OF BEDDED ROOF STRESSES ( BEAM-THEORY ANA 
R I B  PPOPS CROSS-BARS POCK-BOLTS I /  Q U E S T I @ N S  PND ANS 
R I B - P I L L A R  ROCK-STRESS I / SUMMARY OF STRESS D € T E R M I N A  
R I B S  F, CONCRETF 1 CUTTERS HARD L I N I N G  SEEPAGE POCK I /  
R I B S  AND CONCRETF ( B O R I N G  SEEPAGE CUTTERS I /  
R I B S  AS A TUNNEL SUPPORT I L I N E R S  I /  
R I C H E R  ( SUNKEN-TUBF S H I E L D - D R I V E R  COST-ESTIMATES I /  
R I D €  POCKETS DOWN-HOLE ( D R I L L I N G  SOLID-FUEL-THRUSTER 
R I D E R ' S  M I S E R Y  LEADS T O  E N G L I S H  TUNNEL ATTEMPT ( S I Z E  
R I G  I /  
R I G  B I T  D R I L L - P I P E  C I R C U L A T I O N  I /  
R I G  CHEWS THROUGH SHALE ( ADVANCE CUTTER L I N I N G  MUCK 
R I G  HAULS 240 TONS ( M A T E R I A L S - H A N D L I N G  I /  
RTG SETS S T E E L  FOR HIGH-UP TUNNEL ROOF ( AIS-MCTOR HY 
RIG-AUTOMATION D I R E C T I O N A L - D R I L L I N G  CEMENTING I /  
R I G I T ?  WEDGE I N T O  A R R I T T L E  M A T E R I A L  ( ROCK-DISINTEGRA 
R I G I D I T Y  I /  SOME DYNAMIC AWD S T A T I C  P 
P I G T D I T Y  I l F  ROCK BY EXPANDING A C Y L I N D R I C A L  PRFSSURE 
R I G I D I T Y  TIN STRESSES I N  L I N I V G S  FOR S H I E L D  T U N N F L L I Y G  
R I G S  SPFED 1 ,500-FT-LONG TUNNEL TO COMPLFTTOY ( JUMEO 
R I N G  ( L I N I N G  SHIELD-DRIVEN-TUNNFL J F P A N  I /  
R I N G  L I V I N G  OF TYE FROZEN AUGUSTE V I C T O R I A  8 S t A F T  f 
R I O  NEAPS Cf lM"LET1ON AFTER YEARS OELAY ( L I G H T I Y G  VEN 
410 T R A F F I C  ( TWO-STAGE-TUNNEL I /  
R I V E R  
R I V E R  
R I V F R  
R I V E R  
R I V E R  
R T VFR 
P I V F R  
R I  VFP 
R I V E R  
R I V C P  
R I  VEF. 
R I V F R  

CROSSING CONSTRUCTION ( CONCRETE P I P E  1 /  
DAMS ( P L A S T I N G  MOLE M I T T R Y  I /  
DAMS ( E X C A V A T I O N  TUNNELING-MACHINES MOLES M I N 1  
D I V E R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CAr\rYClN DA 
GORGE ( PNEUMATIC-DRILL JUMBO MUCKING I /  
J O B  RACES THE R A I N S  ( WINTER-RAINS S P D I L - D I S P O S  
MOLE BORE IS LONGEST I N  HARD ROCK A U S T P A L I A  W  
MOUNTAIN TUNNEL - CUTTER PFPFORMANCE I MOLE TUN 
MOUNTAIN TUNNEL CONSTRUCTION ( COST GUICONCE Pc! 
Y O U N T A I N  TUNNEL PRECONSTRUCTION DATA AND FUTURE 
MOUNTAIN TUNNEL, JARVA M K l l - 1 2 0 0  MqLE 5 0 Q I N G  
P U T  A S I D F  TO B U I L D  SUBWAY S T A T I O N S  C4NA3A L I N  

03-64-00006 
04-69-DO001 
03-64-00001 
03-68-09004 
22-59-07003 
03-68-09007 
22-59-07005 
1 2- 5 9- 07 00 5 
03-68-09003 
02-59-07005 
04- 7 0- 0 5 00 3 
05-70-03004 
12-62-05 02 7 
1 2- 5 7- 0 400 5 
1 2- 6 6- 090 2 4 
14-6 6- 120 0 1 
36- 6 8- 1 000 1 
35-64-12001 
3 5- 64- 06 0 01 

36-68- 10001 
3 6- 67- 0 1 0 0 1 
36-66-02001 
3 6- 6 5- 1 000 1 
35-54- 11001 
34-64-0 100 1 
34- 64- 1 2 0 0 2 
1 2- 6 2- 0 5 0 2 4 
24-66-07004 
13- 64- 0 00 0 1 
14-67- 0 100 3 
12- 64- 1 0 0 0 1 
17- 6 1-0300 7 

02-65-10003 
24- 6 4- 1 100 6 
1 2-64- 1000 1 
75-6 7-0 600 1 
2 8- 67- 1 200 1 

35-67-09002 
54-66-0300? 
2 5- 64- 0 900 1 
75- 6 7- 0 6 00 1 
44- 6 7- 06 00 3 
04- 70-05002 
12-70-+00001 
3 2-7 0- 000 0 1 
52-70-00001 
07-6 8- 100 1 3  

04-70-0 100 1 

3 6- 67- o a 00 1 

22- 59- o-rooa 

28-68-0000 1 

7 3- 68-06002 

14- 6 a- 1 o 005 
05-68- io005 
0 5- 6 9-0 90 06 
04-6 8- 0 100 1 
75- 57-0400 1 
12-6 1-0301 3 
53- 5 1-00001 
12-66- 090 10 
76- 66- 05 00 1 
74- 6 6- 0 50 0 1 

6 5- 6 7- 0400 1 
25-66- 11001 
05-66-12006 
25-69-11001 
2 5- 64- 0 5 00 1 
74-56-03001 
45- 6 5- 0 500 1 
44-65-03002 
04-47- 03 00 1 
2 7- 6 5- 0 6 003 
12-62-0502? 
12- 64- 1 0 0 0 3 
34-6 8- 0 200 1 
05-67-0800 1 
34- 6 8- 0 2 00 7 
04-47-06001 
05-66- OR004 
0 5- 6 7- 07 00 1 
34-65- 11001 
72-66-91 001 
7 5- h 2- 07 0 3 1 
05-65-07901 
04- 5 0- 0 400 1 
05-67-12007 
75- 69-07 003 
72-59-!0005 
72-6 9- 10 0 0 2 
72- 6 q- 1000 7 
7?-69-10004 
05-7 0-0700 7 

34-69- iiaoi 



230 

E L E R  I /  HUMBER R I V E R  TUNNEL AT TORONTO ( CANADA MOLE MECHANICAL-TUNN 
EOUS 1 /  P L A N Y I N G  63  ST. E A S T  R I V E R  TUNNEL FOR NEW YORK ( SUBWAY TRENCH B I D S  SUBAQU 
U B E H A V I O R  OF T H E  "CHINO LIMESTONE' '  CRESTMORE M I N E  R I V E R S I D E  C A L I F  ( FLEXURE LABORATORY-TESTS ) /  MECHANI 
E OF WESTMINSTER/  R I V E R S I D E  ROAD TUNNEL PROPOSED FOR S I T E  N E X T  TO P A L A C  

RCH S U B S I D Y  ) /  T H E  ROAD AHEAD FOR HIGHWAY TUNNELS I DEEP-TUNNELING RESEA 
S W I S S  CRACK BOTTLENECK W I T H  NEW LUCERNE ROAD ( L I N I N G S  F I B E R G L A S S  I /  

UNDERWATER ROAD BORE IS U N L I N E D  ( COSTS I /  
ROAD GOES UP, TUNNEL GOES UNDER SUPPORT ) /  

O P E N I N G  OF GREAT ST. BERNHARD ROAD TUNNEL/  
LONGEST S. A F R I C A  ROAD TUNNEL B L A S T I N G  I /  

PRECONTRACT P L A N N I N G  FOR THE L I V E R P O O L  - WALLASEY ROAD TUNNEL ( MERSEY-TUNNEL ENGLAND ) /  
S H I F T I N G  ROCK SQUEEZES COLORADO ROAD TUNNEL ( STRAIGHT-CREEK SUPPORTS 1 /  

G R I N I T E  CCNSTRUCTION S A V I N G S  BORING ) /  MONT BLANC ROAD TUNNEL I S  WORLD'S LONGEST ( SUBTERRANEAN-bIGHWAY 
I N  ST ER/  R I V E R S I D E  ROAD TUNNEL PROPOSED FOR S I T E  N E X T  TO P A L A C E  O F  WESTM 
GER THAN MT. BLANC/  16284 M LONG ROAD TUNNEL THROUGH MT. ST. GOTTHARD WILL B E  4 KM L O N  

HIGHWAY ) /  WHICH D E S I G N  FOR RECORD ROAD TUNNEL UNDER SWITZE'RLAND'S ST. GOTTHARD PASS? ( 
RAL-SUPPORT I /  P I L O T  BORE I S  LABORATORY FDR T W I N  ROAD TUNNELS ( I N S T R U M E N T A T I O N  ROCK-MECHANICS STRUCTU 
BLACKWALL-AND-ROTHERHITHE I / B R I T A I N S  MAJOR ROAD TUNNELS: A R E V I E W  ( CLYDE DARTFORD MERSEY T Y N E  

ROAD TUNNEL TO P I E R C E  PYRENEES/  

SEAWAY WEIGHS TUNNEL LOW B I D  ( WELLAND ROAD-RAIL  I /  
SEAWAY TUNNEL START ( WELLAND-CANAL ROAD-RAIL  I /  

TYNE TUNNEL-1, 2 ( G R E A T - B R I T A I N  ROAD-TUNNEL I /  
ELEVATED-STRUCTURES I /  UNDERGROUND ROADS COST P L E N T Y  ( TUNNEL URBAN-HIGHWAY U N D E R P I N N I N G  

NEW M I N I N G  MACHINE FOR HIGH-SPEED SHAFT S I N K I N G  AND ROADWAY T U N N E L I N G  ( D R I L L I N G - D E V I C E S  MOLE TUNNELING-M 

V I O R  AND I N F L U E N C E  OF B O L T I N G  REINFORCEMENTS I N  M I N E  ROADWAYS ( SUPPORTS GROUND-CONTROL ROOF-BOLTS I /  SOME 
I E S  ( T U N N E L S  COSTS V E N T I L A T I N G  ROCK-REMOVAL L I N I N G S  ROADWAYS I /  URBAN UNDERGROUND HIGHWAYS AND P A R K I N G  F A  

B I D S  C A L L E D  ON HAMPTON ROADS T W I N  C R O S S I N G  V I R G I N I A  SUNKEN-TUBE ) /  

MOVEMENTS OF T H E  ROOF AND FLOOR I N  ROADWAYS ( M I N I N G  MEASUREMENTS SUPPORTS ) /  

TUNNELS ON FRANCE'S RESEAU EXPRESS R E G I O N A L  ( MOLES R O B B I N S  I /  
T E S T I N G  OF A SEVEN-FT TUNNEL BORER ( MOLE IRON-ORE R O B B I N S  ) /  

CONSTRUCTION ADVANCES R A P I D  L Y  ON MELBOURNE TRUNK SEWER ( A U S T R A L I A  MOLES SHAFTS R O B B I N S  I /  

OCK TUNNEL SUMMARIES ( C H I C A G O  SEWERS MOLES LAWRENCE R O B B I N S  JARVA ) /  R 
PERS ) /  THE R O B B I N S  MOLES - STATUS AND FUTURE ( OAHE S H I E L D S  G R I P  

T U N N E L I N G  I N  SANDSTONE ( MOLE R O B B I N S  HUGHES I /  

D R I V I N G  T H E  O S 0  TUNNEL W I T H  A MECHANICAL MOLE ( R O B B I N S  RECORD I /  
MOLE D I G S  8 M I L E S  I N  13  MONTHS I B L A N C 0  R O B B I N S  S W I T Z E R L A N D  O S 0  AZOTEA ) /  

Y L I N I N G  HARD-ROCK MOLE 1 /  R O B B I N S  TUNNEL B O R I N G  MACHINE ( ADVANCE CUTTERS S A F E T  
EYE TO T H E  FUTURE ( JUMBO S H I E L D  G R I P P E R  H I S T O R Y  ) /  R O B B I N S  TUNNEL B O R I N G  MACHINES. A STATUS REPOQT W I T H  

AMS SPAQK ADVANCES I N  T U N N E L I N G  ( CHEMICAL-SOFTENING R O B B I N S  W H I T E - P I N E  COST-ANALYSIS M A T E R I A L S - H A N C L I N G  1 

R T A L  ( WATER-DIVERSION ) /  GEOLOGY O F  THE HAROLD D. ROBERTS T U N N E L ?  COLORADO; S T A T I O N  468 + 4 9  TO EAST PO 
I /  ROC-LOC "A" ANCHORAGE RES I N  ( ROCK-BOLTS RES IN-GROUT 

ROCK-BOLTS TQANSFER-TUBE I /  ROC-LOC A P P L I C A T I O N S ?  CASE H I S T O R I E S  ( R E S I N - G R O U T I N G  
S ) /  REPEATED LOAD TESTS ON R E I N F O R C I N G  BARS GROUTED ROC-LOC M I N I N G  K I T S  ( A C T I V A T O R  C U R I N G  RFSIN-GROUTED- 
E G E L A T I N  P H Y S I C A L - P Q O P F R T I E S  R E S I N  TRANSFER-TUBE I /  ROC-LOC 540 M I N I N G  K I T  - I N S T R U C T I O N S  FOR H A N D L I N G  AN 

P L E  T R I A X I A L  C E L L  FOR F I E L D  OR LABORATORY T E S T I N G  OF ROCK/ S I M  
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55- 65-0 800 1 
03-h8-09009 
0 4- 6 5- 1 1 00 1 
22-68- 1200 1 
34-6 8-10003 
5 2- 7 0- 0 000 1 
54-65-05001 
5 4- h 9- 0 8 00 1 
74- 6 4- 1 2 00 1 
5 5- 6 9-0 100 1 
3 5-65-03 001 
55-69-1000 1 
54-65- 1200 1 
75- 66- 10 00 1 
2 3-6 5-00002 
24-64-09003 
5 4- 64- 11 00 1 
24-64-08001 
85-67- 07002 
44-64-09003 
55-68-09001 
5 5- 67- 0 200 1 
24-6 3-1200 3 
55-6 8-03 001 
5 5- 69- 0 800 1 
5 5- 69-0700 1 
55- 69- 0 1001  
5 3-53- 1000 1 
75- 67- 0 9 0 0 1 
32- 66- 0000 1 
5 4- 6 6- 03 0 0 1 
7 2- b 8- 0 0 00 1 
74- 66-040 0 1 
53-68-0600? 
53- 42- 000  0 1 
55-69-07002 
45-64-06001 
74- 6 5- 0 5 00 3 
24-65-03003 
54- 63- 04  0 0 1 
5b- h3- 1 1 00  1 
51- 62- 00001  
53-67-02001 
54- 65-06 001  
54-64-04001 
75-66-12002 
0 2- 7 0- 0 00 0 3 
54-6 8- 1000  1 
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ERENCE ON C O N T R I B U T I O N  O F  S C I E N C E  AND E N G I N E E R I N G  T O  SAFETY IN M I N I N G  ( F I R E - P R E V E N T I O N  V E N T I L A T I O N  RO0F-C 
ON ON " S C I E N T I F I C  AND E N G I N E E R I N G  EFFORTS TO I M P R O V E  SAFETY I N  T H E  M I N I N G  I N D U S T R Y "  SUPPORTS ROCK-MECHAN 

R D B B I N S  TUNNEL B O R I N G  M A C H I N E  i ADVANCE CUTTERS SAFETY L I N I N G  HARD-ROCK MOLE I /  
- NADER BRANDS COAL M I N E  I N S P E C T I O N S  A 'FARCE'  ( S A F E T Y  PNEUMOCONEOSIS I /  

A P P L I C A T I O N  TO UNDERGROUND M I N I N G  C V E R S A T I L I T Y  COST SAFETY PRODUCTION ROCK MAINTENANCE I /  MACHINE-BORED f 
T U N N E L I N G  - RECOMMENDED SAFETY R U L E S /  

RECOMMENDED SAFETY STANDARDS FOR SHAFT S I N K I N G /  
TOXIC-GASES 1 / NEW HEALTH,  SAFETY STANDARDS UNDER WALSH-HEALY ACT SOUGHT ( N O I S E  

DEVELOPMENTS I N  CONVEYOR-BELTING FOR M I N E S  ( F I R E  SAFETY S T A T I C - E L E C T R I C  I T Y  I /  
REMOTE CONTROL M I N I N G  ( AUTOMATION SAFETY SUPPORTS 9 /  

-COURSE SAFETY-EDUCATION-METHODS I /  HOW TO I N C U L C A T E  SAFETY T O  M I N E  WORKERS A T  T H E I R  WORKING P L A C E S  ( A C C I  
MODEL S T U D I E S  OF H E A T  TRANSFER I N  M I N E  F I R E S  ( SAFETY V E N T I L A T I O N  I /  

ENVIRONMENTAL PROBLEMS I N  UNDERGROUND M I N E S  ( SAFETY V E N T I L A T I O N  GAS-REMOVAL / 
H Y D R A U L I C  COAL M I N I N G  RESEARCH i M O N I T O R I N G  SAFETY WATER-JETS I /  

W I T H  ONLY 90 F T  T O  GO TUNNELERS H I T  RUNNING SAND ( SAFETY WATER-TUNNEL I /  
N B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION 9 / E L E C T R I C A L  A C C I D E N T S  I 

E X P L O S I V E S  A C C I D E N T S  I 
MISCELLANEOUS A C C I D E N T S  I 

N B I T U M I N O U S  COAL MINES ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION I /  
N B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION I / 
N B I T U M I N O U S  COAL MINES ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION 1 / A C C I D E N T  S T A T 1  S T I C S  A S  AN A I D  TO 
N B I T U M I N O U S  C O A L  MINES ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION I /  ACCIDENTS FROM F A L L S  OF ROOF AND 
N B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION I / ACCIDENTS FROM H O I S T I N G  AND H A U L A  
AT T H E I R  WORKING P L A C E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATION-METHODS I /  HOW T O  I N C U L C A T E  S A F E T Y  T 
W  B I T U M I N O U S  COAL M I N E S  ( ACCIDENT-PREVENTION-COURSE SAFETY-EDUCATUON I / 
AM FOR S Y S T E M A T I C  UNDERGROUND SAFETY ( ACCIDENT-RATE S A F E T Y - R E S P O N S I B I L I T Y  E F F I C I E N C Y  COST MORALE 1 / PROGR 

E X P L O S I O N S  AND F I R E S  I 

WHEELS OF GOVERNMENT t SAFETY-STANDARDS H E A L T H - R I S K S  ENVIRONMENT I /  
I O N  1 /  DEVELOPMENT OF CONTINUOUS B O R I N G  MACHINES FOR S A L T  AND POTASH UNDERGROUND M I N I N G  ( KERFS C U T T E R - B I T  
S T R A I N  DEFORMATION-GAGES STRESSMETERS PRESSURE-CELLS S A L T - M I N E  I /  T H E  EFFECT OF N O N E L A S T I C  B E H A V I O R  OF ROC 
ME R E L A T I O N S H I P S  BETWEEN POWER LEVEL9 EXPOSURE T I  ME, SAMPLE S I Z E  AND WEAKENING I N  L A S E R - A S S I S T E D  ROCK F R A C  
ROJECT - J O I N T  OCEANOGRAPHIC I N S T I T U T I O N S  DEEP EARTH S A M P L I N G  - J O I D E S  f S E D I M E N T S  WELL-LOGGING I /  DEEP-SE 

T I /  G I A N T  MOLE B E G I N S  T U N N E L I N G  J O B  I N  SAN F R A N C I S C O  ( H Y D R A U L I C - J A C K S  TUNNELING-MACHINE COS 
COST PROBLEM-AREAS EXPLORATORY-DRILLING ALIGNMENT I /  SAN F R A N C I S C O  APPROACH TUNNELS TO THE TRANS-BAY T U B E  
TUNNELS ( MOLES S H I E L D S  HARD-ROCK JAPAN BUENOS A I R E S  SAN F R A N C I S C O  AUTOMATION ) /  MEMCO: YOUNG T U R K S  T H A T  
OTEA-TUWNEL I /  ROCK MOLES I N F E S T  SAN J U A N  MOUNTAINS ( NAVAJO-PROJECT BLANCO-TUNNEL AZE 

NEW METHOD FOR S A M P L I N G  DIAMOND-DRILL CORE - F I L L E T - C U T T I N G /  

USE OF PRESSURE GROUTING TO S T A B I L I Z E  GROUND I N  T H E  S A N  MANUEL M I N E S  ( GROUND-SUPPORT I /  
BURY THE PROBLEM ( SAN-FRANCISCO FREEWAY I /  

HARDROCK TUNNEL SAVES 50% ON E X P L O S I V E S  ( AN-FO SAN-FRANCISCO WATER-SUPPLY I /  
W I T H  ONLY 90 F T  TO GO TUNNELERS H I T  R U N N I N G  SAND ( S A F E T Y  WATER-TUNNEL 1/  

OF E L A S T I C  TUBES I N  COHESICN-FREE CONTINUUM ( L I N E R S  SAND I /  B E H A V I O R  
T U N N E L I N G  S I L T  AND SAND AT OMAHA ( S H I E L D  MOLE SEWER I /  

CONTRACTOR GOES THROUGH SAND FOR M I N N E A P O L I S  STORM D R A I N  TUNNEL ( COSTS I /  
NEW M E D I C A L  CENTER FOR SAND HOGS ( COMPRESSED-AIR BARTD-SUBWAY 1 /  

I /  S A N D - F I L L E D  WATER TUNNEL ( GROUND-CONTROL I R R I G A T I O N  
E E X P L O R A T I O N  ( GEOL3GY M I N I N G  TERRADYNAMICS I /  S A N D I A  CORP DEVELOPS P R O J E C T I L E  FOR U S E  I N  SUB-SURFAC 

ST 1 /  STORM SEWER T U N N E L I N G  I N  SANDSTONE ( EROSION L I N I N G S  H Y D R A U L I C - M I N f N G  MOLES CO 
BO I N C H  T U N N E L I N G  MACHINES T O  D R I V E  THROUGH SANDSTONE ( ADVANCE COST MOLE I /  

T U N N E L I N G  I N  SANDSTONE I MOLE R O B B I N S  HUGHES 1/  
N O N L I N E P R  STRESS-STRAIN RELATIClNS F @ R  HOMOGENEOUS SANDSTONE C POROSITY W E T T I N G  1 / 

U'VD I N  TODAY'S O I L  F I E L D  D R I L L I N G ?  C SHALE CARBONATE SANDSTONE F L U I D S  I /  NEW APPROACH TO I N T E R P R E T I N G  ROCK 

OWTROL 1 /  F I R S T  USE OF T H E  DOUBLE S T E E L  AND CONCRETE SANDWICH L I N I N G  FOR K E E P I N G  H I G H  PRESSURE WATER OUT 0 
1 /  O H I O  S A N I T A R Y  INTERCEPTOR SEWER I T U N N E L I N G  OPEN-CUT COSTS 

A T E R I A L S - H A N D L I N G  HYDRAULIC-TRANSPORT 1 /  S A N I T A R Y  SEWAGE TRANSPORT V E L O C I T Y  C SLURRY-PUPPING M 
S ( ATMOSPHERE-CONTROL NOIS€-CONTROL DUST-CONTROL t / S A N I T A R Y - H Y G I E N I C  C O N D I T I O N S  D U R I N G  ELECTRO-ROTARY DR 

TUNNELERS STAKE T H E I R  C L A I M S  ( MOLE ADVANCE C L A Y  SANDSTONE RECORD I /  

2 0  AVE SUBWAY FOR GARBAGE URGED ( GARBAGE S A N I T A T I O N  1 /  
. T I N G  I /  DEEPEST 72 I N .  D I A M E T E R  ROTARY D R I L L E D  SHAFT SANK FOR AEC B Y  L O F F L A N D  BROS ( D R I L L I N G - R A T E  B I T  D R I  

L IGNMENT ENGLAND 1 /  L A S E R  SAVES LABOUR I N  L I N E - U P  FOR T H E  NEW MERSEY TUNNEL ( A 
UPPLY I /  HARDROCK TUNNEL SAVES 50% ON E X P L O S I V E S  I AN-FO SAN-FRANCISCO WATER-S 

LONGEST ( SUBTERRANEAN-HIGHWAY G R A N I T E  CONSTRUCTION S A V I N G S  B O R I N G  I /  MONT BLANC ROAD TUNNEL I S  WORLD'S 
I N G  THE CHANRION TUNNEL ( L O A D I N G  M A T E R I A L S - H A N D L I N G  S A V I N G S  COST ) /  OR I V  
ONE ROCK CCMPRESSIVE-STRESS PULSE E L A S T I C  ABSORPTION S C A B B I N G  1 /  BEHAVIOR OF ROCK UNDER DYNAMIC L O A D I N G  ( 
LO-DOWN B I T S  B I T - B A L L I N G  BOTTOM-BALLING LOAD I /  F U L L  SCALE EXPERIMENTS ON J E T S  I N  IMPERMEABLE ROCK D R I L L I N  
/ T U N N E L L I N G  ON A SMALL SCALE: PROBLEM, PROSPECTS, AND PAY-OFF I U T I L I T I E S  I 

WHEELED LOADERS AND ROCK WAGONS SCAMPER THROUGH TUNNEL I M A T E R I A L S - H A N D L I N G  I /  
SHOTCRETE SUPPOST I N  ROCK TUNNELS I N  S C A N D I N A V I A  ( L I N E R S  I /  

WIRTH TUNNEL BORING M A C H I N E  BORES F U L L  P R O F I L E  I N  S C A N D I N A V I A N  G R A N I T E  ( MOLE SWEDEN I /  
CTRON REAMS A NEW TOOL FOR C U T T I N G  E. B R E A K I N G  ROCK ( SCATTER-GUN S H I E L D  POWER HARD-ROCK I /  E L E  
UMPING 1/  ANOTHER MOLE PUSHES J O B  TWO YEARS AHEAD OF SCHEDULE ( TUNNELING-MACHINE MUCKING WATER-TUNNEL S L U  
GOES FOR RECORD $222.6 M I L L I O N  ( B L A S T I N G  MOLES COST SCHEDULE S I Z E  WATER I /  TUNNEL 
MERSED-TUBE I /  T H E  SCHELDT TUNNEL AT ANTWERP ( HIGHWAY-RAILWAY-TUNNEL I M  

AROUND THE WORLD - GRAND SCHEME I P L A N S  R A I L - S Y S T E M  R A P I D - T R A N S I T  I /  
YNE-TUNNEL 1 / SCHEME F I R S T  PLANNED 30 YEARS AGO NEAR COMPLETION ( T 

ON A S O L I D  F R I C T I O N  A T T E N U A T I O N  SCHEME FOR DRY B R I T T L E  ROCK ( QUALITY-FACTOR I /  
UNDERGROUND RAILWAY-TUNNEL WORKS A T  NEW S C H I P H O L  A I R P O R T  ( NETHERLANDS DIAPHRAGM-WALLS 1/  

A T I O N  ) /  T H E  SCHOOL OF M I N E S  AT WEST V I R G I N I A  U N I V  ( RESEARCH EDUC 
RFPORT ON THE S T R A T 4  CONTROL RESEARCH PROGRAM OF THE SCHOOL OF M I N E S  DURHAM ENGLAND ( B L A S T I N G  R9CK-MECHAN 
ORT ON R E G I O N A L  ( F I R E - P R  
C I R C L E  B U C K L I N G  FRACTURES E L A S T I C I T Y  1 / NFS ADVANCED SCIENCE S E M I N A R  I N  ROCK MECHANICS FOR COLLEGE TEACHER 

HOYOGFNEOUS-STQAIN ROCK-DEFORMATION 1 / NFS ADVANCED SCIENCE S E M I N A R  I N  ROCK MECHANICS VOLUME 2 ( PORE-WAT 
/ E X C A V A T I O N  S C I E N T I F I C  AND T E C H N I C A L  A P P L I C A T I O N S  FORECAST - 1964 
RESSMETERS I / FURTHER PROGRESS I N  THE S C I E N T I F I C  APPROACH T O  STRATA CONTROL ( LOAD-CELLS ST 

( CHEMICAL-SOFTENING I /  ZETA P O T E N T I A L  AND PENDULUM SCLEROMETER STUD1 ES OF G R A N I T E  I N  S O L U T I O N  ENVIRONMEN 
L E T T E R S  POWER THRUST ) /  V E R T I C A L  MOLE SCORES BULLSEYE I N  DEEP S H A F T * (  GUIDANCE ADVANCE L O S T  

M I N I N G  CONFERENCE ON C O N T R I B U T I O N  O F  S C I E N C E  ANQ E N G I N E E R I N G  T O  SAFETY I N  M I N I N G  

U T I L I T Y  TRENCH A T  SEA-TAC A I R P O R T  ( S E A T T L E  I /  
HIGHWAY T U h N E L S  ( D R A I N A G E  SUPPORTS GROUND-WATER S E A L I N G  COSTS I /  

MUCKING-MACHINERY SPRAY-CONCRETE B L A S T I N G  AIR-DUCTS S E A L I N G  WATER-DRAINAGE 1 /  THE C O N S T R U C T I 3 N  OF R A I L R O A  
A U L I C  J E T  PARAMETERS AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS DURING H Y D R A U L I C  CRUSHING ( NOZZLE PRODUCTION 1 

O N  PARAM ETERS OF MONITOR J E T  AND STRESS D I S T R I B U T I O N  I N  COAL SEAMS I N  H Y D R A U L I C  C R U S H I N G /  

RASONICS ELECTRO-HYDRAULIC HIGH-FQEQUENCY-HEATING I / SEARCHING FOR NEW METHODS OF B R E A K I N G  HARD ROCK ( U L T  
WORLD'S LARGEST SEAPORT GETS SMALLEST 'METRO' TUBE ( COST I /  

U T I L I T Y  TRENCH AT SEA-TAC AIRPORT ( S E A T T L E  I /  
SEAWAY TUNNEL START ( WELLAND-CANAL ROAD-RAIL  1/  
SEAWAY WEIGHS TUNNEL LOW B I D  ( WELLAND ROAD-RAIL  I /  

54-64-01002 
5 4- 6 4- 0 100 1 

5 5- 68- 06 001 
74-67-0700 1 
53-68-00001 
53- 6 8-0300 I 
55-68-10002 
42-67-04001 
7 5- 6 5- 07 00 I 
54-41-05001 
5 3- 6 7- 0 2 0 0 2 
5 2-7 0-0 0 00 2 
23-65-00001 
55-69-0 200 2 
53-55-0 0003 
53-55-00002 
5 3- 54-0000 2 
53-49-00001 
53- 5 8-00001 
53-55-00001 
5 4- 4 1- 0 500 1 
53-54-00001 
54- 6 5-03 002 
05-68- 11 00 1 
02-61-00002 
12- 66- 09009 
23- 68- 08 00 1 
04- 67-09001 
14-68- 10002 
75-68-03001 
72- 6 9- 10001 
75- 6 7- 0 8 0 0 3 
75-6 5-0 5003 
34- 61- 03 00 1 
05-70-07004 
05-63-0 500 1 
5 5-69- 02 002 
34-66-10002 
75-62-07004 
05- 64- 1200 1 
0 5-6 9- 0 5 00 5 
35- 65- 05 001 
15- 68- 04001 
75-63- 1200 1 
24- 6 7- 02 00 1 
74- 65- 06004 
1 4- 69- 03 00 1 
24- 65-01 00 5 
75-70-01002 
34-6 8- 1 1 00 1 
05-69- 08002 
42-68-03005 
5 4- 6 4- 0 2 00 1 
55-69-09001 
2 5- 64- 0 9 00 1 
76-70-03002 
05-63-05001 
05-65- 12002 
5 4- 6 4- 0 3 0 C 1 
12-6 1-0302 0 
2 4- 6 4- 0 300 4 
02-68-10011 
45- 671 0 2 00 1 
34- 7 0- 0 1 00 1 
76-70-03003 
23- 6 8- 1 100 1 
75-65-10001 
0 5-7 0-0 100 6 
0 5- 6 7- 0400 1 
0 5-66-0 200 2 
04-67- 10002 
1 2- 6 7- 0 40 1 8 
04-68-1200'1 
04- 64- 06 0 0 1 
32-56-04001 
54-64-01002 
2 2- 68-0 10 01 

0 1-6 4- 0 0 0 0 1 
3 2- 5 8- 0 000 1 
2 3 -6 7-0000 1 
75-69-02001 
0 5- 69- 07 0 07 
04-65-07001 
04-65-01001 
24- 6 5- 1000 3 
24-65-10002 

24- 5 7- 0 100 1 
05- 69- 07007 
05- 70- 0 101 0 
05-69-12002 

75-55-1 io01 

Z Z - ~ B - O ~ O O ~  

05- 68- o 100 1 



239 

E R I O R A T I O N  I / R E P A I R S  TO B E G I N  O N  SEAWAYS EISENHOWER LOCK ( HIGHWAY TUNNEL CONCRETE DET 
AUTOMATED TRANSPORTATION SYSTEMS ( SECCAM DASHAVEYOR CONVEYOR-TRAIN C A B L E - R I D I N G - B E L T  1/  

K FRAGMENTS ( CONDENSERS FRACTURING S H I E L D I N G  I /  T H E  SECONDARY B R E A K I N G  E F F E C T  OF HIGH-FREQUENCY E L E C T R I C  
/ S E C U R I T Y  IS A B I G  HEADACHE ON A TUNNEL D E M O L I T I O N  J O B  
TRANSPORT I N  CONVEYANCE SYSTEMS PART I 1  T H E  MODES O F  S E D I M E N T  TRANSPORT AND T H E I R  R E L A T E D  BED FORMS I N  CON 
RT I N  CONVEYANCE SYSTEMS PART 1 A P H Y S I C A L  MODEL FOR SEDIMENT TRANSPORT I N  CONVEYANCE SYSTEMS ( H Y D R A U L I C -  
ANCE SYSTFMS ( HYDRAULIC-TRANSPORT SLURRY-PUMPING I / SEDIMENT TRANSPORT I N  CONVEYANCE SYSTEMS P A R T  I 1  T H E  

C L A S S I F I C A T I O N  OF ROCKS ( IGNEOUS SEDIMENTARY METAMORPHIC TEXTURE STRUCTURE MINERALOGY 
ANCE S Y S T E M S  r HYDPAULIC-TRANSPORT SLURRY-PUMPING 1 1  SEDIMENT TRANSPORT IN CONVEYANCE SYSTEMS P A R T  1 A PHY 

ORE AND C O N F I N I N G  PRESSURE ON T H E  F A I L U R E  PROCESS I N  SEDIMENTARY ROCK ( ROCK-MECHANICS ROCK-FAILURE RESEAR 
HEAR-VELOCITY I /  SHEAR WAVE V E L O C I T Y  MEASUREMENTS O F  SEDIMENTARY ROCK SAMPLES UNDER COMPRESSION ( E L A S T I C -  
N I C S  S T U D I E S  RESEARCH ) /  EXPERIMENTAL DEFORMATION OF SEDIMENTARY ROCKS UNDER C O N F I N I N G  PRESSURE: TESTS AT 
N I C S  S T U D I E S  RESEARCH I /  EXPERIMENTAL DEFORMATION OF SEDIMENTARY ROCKS UNDER C O N F I N I N G  PRESSURES: TESTS A 
GRAPHIC STUDY OF ROCK F A I L U R E  I N  DRAG B I T  D R I L L I N G  ( SEDIMENTARY-ROCK ROCK-SAMPLES C U T T I N G  TOOL RAKE-ANGLE 
RY ROCK SAMPLES UNDER COMPRESSION ( E L A S T I C - C O N S T A N T  SEDIMENTARY-ROCK SHEAR-VELOCITY ) /  SHEAR WAVE VELOC I T  
OGRAPHIC I N S T I T U T I O N S  DEEP EARTH S A M P L I N G  - J O I D E S  ( S E D I M E N T S  WELL-LOGGING I /  DEEP-SEA D R I L L I N G  PROJECT - 

J E T ,  MOLE T E A M  SEEKS T U N N E L I N G  BREAKTHROUGH ( CALWELD EXOTECH I /  
I V I N G  I N  FRANCE I B L A S T I N G  D R I L L I N G  JUMBO S T A R - D R I L L  SEEPAGE I /  TUNNEL DR 
MPLE T R I M S  COST OF TUNNEL R I B S  AND CONCRETE ( B O R I N G  SFEPAGE CUTTERS I /  S E R V I C E  
COST O F  TUNNEL R I E S  E CONCRETE ( CUTTERS HARD L I N I N G  SEEPAGE ROCK I /  SEWER MOLE T R I M S  

12009000 T H R U S T I N G  CONTRACTS AT SLOUGH AND EPSOM ( SEERTHRUST P I P E J A C K I N G  ENGLAND I /  
/ T H E  SEERTHRUST SYSTEM ( P I P E - J A C K I N G  PEDESTRIAN-TUNNELS 1 

THEORY OF D E S I G N  FOR M U L T I - H I N G E D  SEGMENTAL R I N G  ( L I N I N G  SHIELD-DRIVEN-TUNNEL JAPAN I /  
I N  S H I F T I N G  GROUND I J A P A N  S E I K A N  R A I L - T U N N E L  I /  

TEST E X C A V A T I O N  FOR S E I K A N  UNDERSEA TUNNEL ( JAPANESE-RAILWAYS I /  
LCANIC-ROCK CONCRETE-SPRAY BORING-MACHINE MOLE 1 /  S E I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGICAL-SURVEY VO 
R-LAKES CONCRFTE-SPRAYING BORING-MACHINE MOLE I / T H E  S E I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGICAL-SURVEY VO 

E A T T F N U A T I O N  OF SHOCK WAVES I N  S O L I D  M A T E R I A L S  W I T H  S E I S M I C  A P P L I C A T I O N S  ( ROCK-MECHANICS ROCK-FAILURE RE 

ROCK PROPERT I E S  AND T H E  MECHANICS OF SUBSIDENCE ( ROCK-MECHANICS S E I S M I C - A N A L Y S I S  ANGLE-OF-BREAK I /  
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34-69- I1001 
3 2- 7 0- 0 0 0 03 
34-68-05001 
3 2- 70- 0000  1 
34-70-01001 
2 2- 69- 1 0  003 
54-64- 11001 
2 5-6 8- 02 00  1 
05-6 8- 0 10 10 
05-68-0 1003 
24-64-11005 
34-66-OR00 1 
24-6 5- 11 00 1 
2 5- 6 9- 0 1 00 2 
84-6 8-01 0 0  7 
35-64-0400 1 
-45- 6 5- 03 00  1 
44-68-11001 
44-6 8- 0800 1 
74-63-07001 
44-68-Q400 1 
0 5- 68- 0 90 0 1 
85-67-09001 
75- 6 2- 07 004 
8?-69- 10001 
22-6 5- 1 200 1 
24-6 5- 12 001 
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C U T T I N G  A C T I O N  OF A S I N G L E  DIAMOND UNDER S I M U L A T E D  BOREHOLE C O N D I T I O  24-67-07002 
Y INDEXED-@LOW S T U D I E S  ( IMPACT-DROP-TESTER I /  THE S I M U L A T I O N  O F  PERCUSSION OR BORPTORV B 24-63-09001 
F I N E M E N T  D U C T I L E  B R I T T L E  1 / AN EXPERIMENTAL STUDY OF S I N G L E  B IT -TOOTH P E N E T R A T I O  A T  CONF I N 1  12-65-01002 
7500 P S I  ( D R I L L I N G  ) /  EXPERIMENTAL STUDY OF I N D E X E D  S I N G L E  B I T - T O O T H  P E N E T R A T I O  22-66-10004 24- 68-0 900 1 

D R I L L I N G  ) /  C U T T I N G  A C T I O N  OF A S I N G L E  DIAMOND UNDER S I M U L A T  HOLE C O N D I T I O N S  24-67-07002 
N D I T I O N S  ( FLAME-J 24-64-03003 

12- 62- 05 006 
RECOMMENDED SAFETY STANDARDS FOR SHAFT S I N K I N G /  53- 6 8- 0 3 00 1 

AGE T U B B I N G  GROUTING F R E E Z I N G  H O I S T I N G  1 /  SHAFT S I N K I N G  ( MUCKING WINZE SKIP-BUCKET JUMBO GALLOWAY-ST 05-66-06002 
/ NEW M A T E R I A L S  H A N D L I N G  METHODS FaOR E F F I C I E N T  SHAFT S I N K I N G  t SOUTH-AFRICA COST S I N K I N G - R A T E  F R E E Z I N G  SAF 44-64-09003 
MACHINE 1 /  A NEW M I N I N G  MACHINE FOR HIGH-SPEED SHAFT S I N K I N G  AND. ROADWAY T U N N E L I N G  ( D R I L L I N G - D E V I C E S  MOLE 72-59-0-POOf 

B L A S T I N G  P R A C T I C E  I N  SHAFT S I N K I N G  AND T U N N E L I N G  ( D R I L L I N G  ROCK-BREAKAGE 1 1  22-59-0700 1 
RCH-STUDIES SYSTEMS 1 /  METHOD STUDY A P P L I E D  TO SHAFT S I N K I N G  AND T U N N E L I N G  I N  COAL M I N E S  I N  GREAT B R I T A I N  02-59-07005 
RING,  PERCUSS1 ON D R I L L I N G  COMBINED FOR F I R S T  T I M E  I N  S I N K I N G  BLASTHOLES ( A I R - F U E L  OXYGEN-FUEL COST A B R A S I  25-63-11001 

H I G H  SPEED SHAFT S I N K I N G  I N  SOUTH A F R I C A  I PREGROUTING D R I L L I N G  ) /  02-70-00009 
ER MONTH/ S I N K I N G  V E R T I C A L  MINE-SHAFT AT RATE OF 290.5 METERS P 04-6rkO1001 
DERHATER TUNNEL CONSTRUCTION ( OPEN-CUT CONSTRUCTION S I N K 1  NG-METHOD C A I  SSON-METHOD S H I  ELD-METHOD ) / FOUNDA 24-64-07001 
HODS FOR E F F I C I E N T  SHAFT S I N K I N G  ( SOUTH-AFRICA COST S I N K I N G - R A T E  F R E E Z I N G  SAFETY 1 /  NEW M A T E R I A L S  D E S I G N  H A N D L I N  AND DE 44-64-0'3003 74-90-03001 
VELOPNENT OF A ROCK T U N N E L I N G  MACHINE ( MOLE ENGLAND S IR-RDBT-MCALPINE GREENSIDE I /  

P O T E N T I A L  FOR TUNNEL BORING MACHINES NEVADA T E S T  S I T E  ( L O S T - T I M E  ROCK-STRENGTH CUTTERS ROCK-BOLTS 1 1  73-66-03009. 
HERE'S A WRAP-UP OF R I G  HOLE D R I L L I N G  AT NEVADA T E S T  S I T E  ( ROTARY-RIG B I T  C I R C U L A T I O N  COST S P E C I F I C A T I O N S  25-64-10001 
ON / GEOLOGIC RESEARCH AT T H E  S T R A I G H T  CREEK TUNNEL S I T E  COLORADO ( CORE-HOLES R E S I S T I V I T Y  R A D I O A C T I V I T Y  13-64-00001 
-HOLE-DQI L L I  NG 1 / M I N I N G  AT NEVADA T E S T  S I T E  COMES UP W I T H  NEW ADAPTATIONS OF EQUIPMENT B I G  84-66-06001 

SNAKE R I V E R  D I ' V E R S I U N  TUNNEL D R I E S  S I T E  FOR H E L L S  CANYON DAM ( L I N I N G  I /  05-65-07001 
SURVEYS INSTRUMENTS ) /  TUNNEL S I T E  I N V E S T I G A T I O N S  - A REVIEW I GEOLOGY CORE-BORI NG 12-70-00001 

R I V E R S I D E  ROAD TUNNEL PROPOSED FOR S I T E  NEXT TO PALACE OF WESTMINSTER/ 05-70- 01 001 
R 1 /  FUTURE NEEDS I N  S I T E  STUDY ( REMOTE-SENSING R O C K - C L A S S I F I C A T I O N  GOPHE 12-70-00002 

RGROUND GEOPHYSICAL S T U D I E S  A T  S T R A I G H T  CREEK TUNNEL S I  ADO ( R E S I S T I V I T Y  S E I S M I C - V E L O C I T Y  ROCK-QU 14-67-01003 
I O N  1 /  R A I L  TUNNEL UNDERPASSES A RUNWAY I N  HOLLAND SI GE SLURRY-TRENCH-METHOD T E N S I O N - P I L E S  CHEM 85-67-04001 
L L I N G  BEDROCK 1 /  UNDERSEA O R I L L I N G  AND PRODUCTION SI EBROLEUM t TUNNEL MACHINE-BORI  NG SHAFT-DRI  04-67-10001 
L WOODPILES GROUTCUSHION 1 / SIX-LANE TUNNEL SI K S  OF GROUT ( SUNKEN-TUBE SUBAQUEOUS-TUNNE 05-67-11002 
URE LABORATORY-TESTS 1 /  MECHANICAL PRDPERT STMORE M I N  1%-67-04009 

-MECHANICS 14-62-08001 RESEARCH S T U D I E S  I /  
K ANISOTRO 14-66-00010 S - R E L I E F  AND HIGH-MODULUS I N C L U S I O N  T E C H N I Q U  
BOREHOLE E 12-67-04004 A N A L Y S I S  I?F BOREHOLE DEFORMATION MEASUREMEN 

SUBAQUEOUS-TUNNEL WOODPILES GROUTCUSHION 1 SUNK E N-TUB E 05- 67-1 1 002 
OFFSHORE AIRPORT F E A S I B L E  FOR C H I C A G  6 5- 6 7-  1 100 1 

S O L I D S  I N  HORIZONTAL P I P E S  ( V E L O C I T Y  CON N V E Y I N G  OF 42-55-00001 
RESEARCH I N  IMPROVED METHODS OF ROCK 2 4- 6 7- 07 0 0 1 

O P E R A T I O N A L  EXPERIENCES W I T H  A S K I - L I F T  TYPE MANRIDER/  8 4- 6 4- 0 8 0 0 1 
AUTO TUNNEL SKIMS TOPS OFF SUBWAYS ( P A R I S /  05-70-05002 

E Z I N G  H O I S T I N G  1 /  SHAFT S I N K I N G  ( MUCKING H I  NZE SKIP-BUCKET JUMBO GALLOWAY-STAGE T U B B I N G  GROUTING FRE 05-66-06002 
TUNNELING GRAND SLAM ( TUNNELING-RECORD S I Z E  GEOLOGY 1 /  75-67-07001 

A NEW SLANT ON D R I L L I N G  ( D R I L L - B I T S  HARD-ROCK 1/  24-66-11001 
L I N I N G S  WATER-TUNNELS 1 /  FLOW S L I D E S  PROVE HAZARDOUS I N  COLOMBIA  TUNNELS ( SUPPORTS 34-64-12001 

T - S I N K I N G  QUICK-SANG F R E E Z I N G - S O I L  I /  THE WATERPROOF S L I D I N G  REINFORCED CONCRETE R I N G  L I N I N G  OF THE FROZEN 04-67-06001 
CONTROL M A T E R I A L S - H A N D L I N G  MUCKING 1 /  S L I D I N G  WORK FLOOR SPEEDS WET TUNNEL ( ENVIRONMENTAL-  45-67-04001 
ND D R I L L I N G  ON ZAMBIAN COPPERBELT W I T H  NOTES ON DEEP S L I M  HOLE D R I L L I N G  I N  SOUTH A F R I C A  ( R O C K - D R I L L I N G  ) /  24-67-00002 
N T I N U O U S L Y  ( TUNNELING-MACHINE ARGENTINA PUMPED-MUCK S L I P  FORM MEMCO !/ MOLE CASTS L I N I N G  CO 75-67-02002 

CONTRACTOR U N V E I L S  NEW TUNNELER ( MOLE TOREDO SL IP-FORM PUMPED-MUCK GARDNER I /  75-59-  12001 
ASNDGARSKAYA ( PRODUCTION PACKING SUPPORT COMBUSTION SLOPE 9 /  HYDRAULIC  COAL M I N I N G  AND WASTE AREA PACK1 NG 24-65-07003 
T I O N  OF HY CRAULIC  M I N I N G  D E V I C E  NOZZLE PERFORMANCE ( SLOPE-ANGLE NOZZLE-LENGTH PRESSURE FLOW FRACTURING K O  24-65-10004 
CRETE MEASUREMENT P I L L A R S  PRE-LOADING-FORCE GROUTING SLOPE-DIVERGENCE 1 / F L A T  JACKS PRE-LOAD M A S S I V E  M I  NE 12-61-03014 

NATURAL AND EXCAVATED SLOPES/  12- 66- 0902 5 
1 SOME HAULAGE SAFETY D E V I C E S  FOR USE ON GRADES, SLOPES AND I N C L I N E D  SHAFTS ( I N S P E C T I O N  MAINTENANCE 1 53-42-00001 
RESICUAL-STRESS- IN-ROCK-MASSES COMMINUTION EXCAVATED SLOPES TUNNELS I /  F I R S T  I N T E R N A T I O N A L  CONGRESS ON ROC 14-66-12001 
BOLT SYSTEM FOR PERMANENT SUPPORT AT NORAD ( P A T T E R N  SLOT-WEDGE-BOLTS GROUT G R A N I T E  PULL-TEST S T A T I C - S T R E S  32-64-10001 

1200,000 THRUSTING CONTRACTS A T  SLOUGH AND EPSOM ( SEERTHRUST P I P E J A C K I N G  ENGLAND 1 /  75-70-01003 
1 /  ECONOMIC TRANSPORT O F  D I G E S T E D  SLUDGE S L U R R I E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING 42-68-09001 

S O L I D S  I N  P I P E S  ( HYDRAULIC-TRANSPORT SLURRY SLUG-FLOW CAPSULES ) /  44- 64- 02002 
I M I Z A T I O N  ( F L U I D - P R O P E R T I E S  POLYMERS WATER-VELOCITY SLUGS I M P A C T  ROCK-TUNNELL ING NOZZLE F L U I D I C - C O N T R O L  23-68-04001 

ECONOMIC TRANSPORT OF D I G E S T E D  SLUDGE S L U R R I E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING 1 /  42-68-09001 
HYDRAULIC  H O I S T I N G  OF COAL ( P I P E L I N E  S L U R R I E S  I /  44- 70 -  060 0 1 

THE PRESSURE DROP I N  T H E  HYDRAULIC  L I F T I N G  OF DENSE S L U R R I E S  OF LARGE S O L I D S  WITH WIDE S I Z E  D I S T R I B U T I O N  42-66-00001 
NEW TRENDS I N  S O L I D S  P I P E L I N E S  ( MATERIALS-HANDLING S L U R R I E S  SOL IDS-PUMPING P I P E L I N E S  ) /  44- 6 7-  05 00  1 

45-69- 10001 
WILL SLURRY B L A S T I N G  AGENTS REPLACE AN/FO?/  24-65-1 1003 

S POTPOURRI OF TECHNIQUES ( INTERLOCKING-WALL S H I E L D  SLURRY COST ) /  BRUSSELS SUBWAY I 85-68-01001 
1 /  D E S I G N  OF SLURRY D I S T R I B U T I O N  MANIFOLDS ( MODeL ENERGY-EQUATION 44-66-04001 

S O L I D S  P I P E L I N I N G  SEEN 'AROUND CORNER' ( SLURRY DRILL ING-MUD'  RECIPROCATING-PUMP 1 /  45- 66-0700 1 
G I /  RECENT DEVELOPMENTS OF SLURRY EXPLOSIVES UNDERGROUND ( B L A S T I N G  DBA L O A D I N  12-62-05018 

RECENT DEVELOPMENTS OF SLURRY E X P L O S I V E S  UNDERGROUND ( COSTS !/ 22-62-05003 
D R I L L I N G  & 12-65-06002 

25-64-09003 
MOLE I N V A D E S  NEW MEXICO ( MUCK CRUSHER SLURRY L I N I N G  CUTTERS MAINTENANCE I /  75-65-02001 

T. ( P O L L U T I O N  CENTRIFUGE P U L V E R I Z E R  1 /  SLURRY P I P E L  I N €  WILL F E E D  WEST'S 1v 510-MW MOHAVE P L A N  45-67-01001 
GN 1 /  NEW TESTS UPDATE C R I T E R I A  FOR SLURRY PUMP S E L E C T I O N  ( HYDRAULIC-TRANSPORT PUMP-DES1 44-68-12001 
OF SCHEDULE ( TUNNELING-MACHINE MUCKING WATER-TUYNEL SLURRY PUMPING 1 /  ANOTHER MOLE PUSHES JOB TWO YEARS A 75-65-10001 
NTAL ,EARTH BORING ( S T F E L - P I P E  B I T  01 L - W E L L - D R I L L I N G  SLURRY R O T A T I O N  J A C K I N G  I /  NEW METHOD: HORIZO 75-56-09001 

S O L I D S  I N  P I P E S  ( HYDRAULIC-TRANSPORT SLURRY SLUG-FLOW CAPSULES 1 /  44-64-02002 
UPPORTS SOLDIER-PILE-TREMIC-CONCRETE 1 /  SLURRY WALL CONSTRUCTION FOR BART SUBWAY S T A T I O N S  ( S 34-68-10004 

85-  68- 09002 
44- 64- 0900 1 ROCK H A N D L I N G  I N  HYDRAULIC  M I N E S  ( SLURRY-PUMPING ) /  
45-70-04001 P I P E L I N E  MOVES COAL OVER A R I Z O N A ' S  TOUGH T E R R A I N  ( SLURRY-PUMPING ) /  

44- 63- 060 0 1 G S O L I D  M A T E R I P L S  I N  P I P E L I N E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING ) /  

ECONOMIC TRANSPO 42-68-09001 R T  O F  D I G E S T E D  SLUDGE S L U R R I E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING ) /  

T H E  EXPERIMENTAL WORK ON T H E  I 24-64-09009 P I O N E R  HYDROMINE - DONETS B A S I N ,  ( COAL-MINES R U S S I A  SLURRY-PUMPING ) /  
W  A R E A L I T Y  ( HYDRAULIC-TRANSPORT MATERIALS-HANDL I N G  SLURRY-PUMPING 1 /  ECONOMICAL LONG D I S T A N C E  P I P E L I N I N G  45-64-11001 
RANSPORT I N  CONVEYANCE SYSTEMS ( HYDRAULIC-TRANSPORT SLURRY-PUMPING I /  SEDIMENT TRANSPORT I N  CONVEYANCE SY 44-68-08002 
ED FORMS I N  CONVEYANCE SYSTEMS I HYDRAULIC-TRANSPORT SLURRY-PUMPING ) /  SEDIMENT TRANSPORT I N  CONVEYANCE SY 44-68-09001 

OPERATING SOL I D  P I P E L I N E S  ( SLURRY-PUMPING D E S I G N  HYDRAULIC-TRANSPORT 1 /  44-63-07002 

AT CONFINI 
A N A L Y S I S  OF C U T T I N G  ACTION OF S I N G L E  DIAMOND/  

E T  1 /  I N V E S T I G A T I O N  OF RESULTS OF S I N G L E  J E T  BURNERS UNDER WOR 
ENERGY & S I Z E  D I S T R I B U T I O N  ASPECTS OF S I N G L E  P A R T I C L E  CRUSHING ( F 

RE ) /  GEOLOGIC RESEARCH AT THE S T R A I G H T  CREEK TUNNEL S I T E ,  COLORADO ( GEOLOGY GEOPHYSICS S T A T I S T I C A L - M O D E L  14-64-01001 

CEMENT C O  B U I L D I N G  P I P E L I N E  TO CARRY L I M E S T O N E  SLURRY/ 

B L A S T I N G  AT SMALLWOOD M I N E  ( J E T - D R I L L  ROTARY-DRILL  SLURRY GRINDING-FACTOR- INDEX 1 /  
TRUCK PUMPS SLURRY I N T O  HOLES ( BLASTING-SLURRY I /  

EQUIPMENT TO MEET S P E C I A L  NEEDS ( PUMPS SLURRY-PUMPING WATER-JET-DRILL ING ) /  

T  RAN SPOR T I N  

'I 



243 

'7 

NEW S O L I D S  PUMPING TECHNIQUES AND A N A L Y S I S  ( SLURRY-PUMPING HYDRAUL IC-TRANSPORT 1 1  
E PHASE-SEPARATION PHFNOMENA I N  ISO-DENSITY,  FLOWS ( SLURRY-PUMPING HYDRAULIC-TRANSPORT I /  SOM 
ECTS OF S O L I D S  ON C E N T R I F U G A L  PUMP C H A R A C T E R I S T I C S  ( SLURRY-PUMPING M A T E R I A L S - H A N D L I N G  1 1  THE E F F  

I N  I N V E S T I G A T I O N S  OF THE FLOW OF AQUEOUS M I X T U R E S  ( SLURRY-PUMPING M A T E R I A L S - H A N D L I N G  ) /  A P P L I C A T I O N  O F  I 
S O L I D - L I Q U I D  M I X T U R E S  I N  P I P E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING M A T E R I A L S - H A N D L I N G  1 /  T R A N S I E N T  FLflW 0 

I /  S A N I T A R Y  SEWAGE TRANSPORT VELOC I T Y  I SLURRY-PUMPING M A T E R I A L S - H A N D L I N G  HYDRAULIC-TRANSPORT 
R A U L I C  D I S P O S A L  OF S O L I D  WASTE ( HYDRAULIC-TRANSPORT SLURRY-PUMPING M A T F R I A L S - H A N D L I N G  MINE-WASTES ) /  HYD 
OF N E U T R A L L Y  BUQYANT P A R T I C L E S  ( HYDRAULIC-TRANSPORT SLURRY-PUMPING S O L I D S - P I P E L I N E  I /  P A R T I C L E  AND F L U I D  

HEAD LOSS I N  S P I R A L  S O L I D - L I Q U I D  FLOW I N  P I  PES ( SLURRY-PUMPING SOLIDS-TRANSPORT M A T E R I A L S - H A N D L I N G  ) /  
ON POWER 1 / H Y D R A U L I C  H O I S T I N G  OF COAL AND ORES ( SLURRY-PUMPING-COSTS F R I C T I O N A L - H E A D - L O S S  C O N C E N T P A T I  
NNEL UNDERPASSES A RUNWAY I N  HOLLAND I S I T E - D R A I N A G E  SLURRY-TRENCH-METHOD T E N S I O N - P I L E S  C H E M I C A L - S O I L - S T A B  
/ SLUSHER T R A I N  ADAPTS TO GROUND ( M A T E R I A L S - H A N C L I N G  1 
NEUMATIC-CONCRETE 1 /  HOW TO FORM SMALL-TUNNEL L I N I N G S  ECONOMICALLY ( C O N C R E T E - L I N I N G  P 

N G-F ACTOR- I N  DE X / D R I L L I N G  E. B L A S T I N G  A T  SMALLWOOD M I N E  ( J E T - D R I L L  ROTARY-DRILL SLURRY G R I N C I  
S BURDEN P L A N N I N G  S U P E R V I S I O N  1 /  SMOOTH B L A S T I N G  ( D E T O N A T I O N  CRACKS CHARGE GUIDE-HOLE 

WORLD'S LARGFST SEAPORT GETS SMALLEST *METRO* TUBE ( COST I /  

SMOOTH B L A S T I N G  AND P R E - S P L I T T I N G /  
M A C H I N E  T U N N E L I N G  ON M I S S O U R I  POUER DAMS ( B L A S T I N G  SMOOTH-BORE ROCK L I N I N G  COST MOLE 1 1  

THAT ORNERY ABUSED ROCK D R I L L  CAN B E  A SMOOTH-WORKING TOOL ( MAINTENANCE O I L  ) /  
R E T I  C4L C O N S I D E R A T I O N S  AND P R A C T I C A L  A P P L I C A T I O N S  OF SMOOTHWALL B L A S T I N G  ( MINING-METHODS T E C H N I Q U E S  11 T H  

YVN DAM ( L I N I N G  I /  SNAKF R I V E R  D I V E R S I O N  TUNNEL D R I E S  S I T E  FOR H E L L S  CAN 

YE ASPECTS OF H I G H  SPEFD HARD ROCK T U N N E L L I N G  I N  T H E  SNOWY MOUNTAINS ( TUNNELLING-RATES COST M A T E R I P L S  HAN 

SOME EUROPEAN DEVELOPMENTS I N  SMOOTHWALL B L A S T I N G  ( P R E S P L I T T I N G  CANADA ) /  

ROCKFALLS I N  SNOWY MOUNTAIN TUNNEL ( A U S T R A L I A  11 

I A  ) /  SNOWY TUNNEL RUBBLE T R O U B L E  ALMOST CLEARED. ( AUSTRAL 
PROCEEDINGS OF F I R S T  CONGRESS OF T N T  SOC OF ROCK MECHANICS/ 

CONFFRENCE RECOMMFNDATIONS OECD TUNNEL-DEMAND SOCIAL-BENEF I T  COST 1 / 
ACKING-RING 1/  MOLE SPADES THROUGH SOFT GROUND ( LASER-BEAM GUIDANCE H Y D R A U L I C - P I S T O Y S  J 

MODERN TRENDS I N  SOFT GROUND T U N N E L I V G  ( S H I E L D S  11 
A SYSTEM STUDY O F  NEW SOFT GRDUND T U N N E L I N G  CONCEPTS ( MOLE S H I E L D  ) /  

ELDS I /  SOFT GROUND T U N N E L I N G  FOR TORONTO SUBWAY ( CANADA S H I  
) /  SOFT GROUND T U N N E L I N G  I N  D E T R O I T  ( MOLE S H I E L C  SEWER 
N E L I N G - Y P C H I N F S  MOLES M I N I N G  JUMBC I /  SOFT ROCK T U N N E L I N G  AT MO R I V E R  DAMS ( E X C A V A T I O N  TUN 
L I N E R  GROUTING I /  JAPANESE T E S T  SOFT-GROUND MOLE ( R E V E R S I N G  R E T R A C T I N G  P R E S S U R I Z I N G  

T I M E  ( L I N I N G S  GROUTING CHEMICAL-GROUT ) /  SOFT-GROUND TUNNEL G I V E S  J E R S E Y  SEWER CONTRACTOR H 4 R D  
E EXCAV4T I O Y  L I N I N G  COMPRESSED-AIR I /  CONSTRUCTING A SOFT-GROUND TUNNEL UNDER BOSTON HARBOR ( SHIELD-METHO 
NTAL-CONDUITS ) /  S O N I C  P I L E D R I V E R  TAKES TEST A S  F A S T  SOFT-GROUND TUNNELER ( SUB-AQUEOUS-TUNNEL I N G  PENETRAT 
I C U L A R  MOLFS S H I E L D S  C@STS I /  SOFT-GROUND TUNNELING:  D E S I G N  AND CDNSTPUCTION ( VEH 

SOFT-GROUND TUNNELS FOR BART ( MOLE L I N I N G S  GROUT I /  
MrlLF BESTS MEXICO C I T Y ' S  TREACHEROUS S U B S O I L  ( SOFT-GROUND-TUNNELING-MACHINES 1 / 
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SYSTEMATIC UNDERGROUND SAFETY ACCIDENT-RATE SAFFTV- 
SYSTEMS-ANALYSIS I /  P R A C T I C A L  A 
SY STE MS-APPROACH SUBSURFACE TRANSPORT A T I O N  M I N I N G  TUN 

SURVEY OPERATIONS:  E X P E R I M E N T A L  STUDY OF T H E  DEGRFE 0 
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05-70-05003 
55- 65- 0 800  1 
04-70-01003 
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02-5 9-07004 
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34-68-10004 
14-68-0 100 1 
24-70-0100 1 
24- 7 0- 03 00 1 
04- 5 8- 1100 1 
74-67-1100 1 
54- 63- 1 10 0 1 
14-67-0 1003 
13- 69-0200 2 
12- 6 2-050 1 4  
35-67-09001 
12-66-0901 1 
12-61-03018 
03-68-09009 
12-6 1-0301 2 
43-5 9-0000 1 
2 4- 6 8-0 5 00 1 
24-64-12001 
04-68-02001 
01- 59- 0 000 1 
0 1- 6 3- 0 000 1 
14-68-04001 
8 2- 69- 10 0 0 1 
12-70-00001 
14-6 8- 0200 1 
35-69- 02001 
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0 5- 67- 0700 1 
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14- 68- 05 00 1 
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S A N  F R A N C I S C O  AUTOMATION I /  MEMCO: YOUNG TURKS T H A T  T A C K L E  TUNNELS ( MOLES S H I E L D S  HARD-ROCK J A P A N  BUENOS 

/ E L E C T R I C A L  F R A C T U R I N G  AND CRUSHING O F  T A C O N I T E  ( THERMAL-STRESS MICROFRACTURES ELECTRODES 
T U N N E L I N G  M A C H I N E  T A C K L E S  HARD ROCK ( MOLE CANADA I /  

POWER COST MOLE I /  T A I L - P L A T E S  BEND WHEN S H I E L D  CHANGES COURSE ( ADVANCE 
WHERE NEW ZEALAND I S  M I N I N G  FOR 7009000 KW ( TUNNEL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES PENSTOCKS JUMBOS I /  

POWER PRf lJECTS I N  SWEDEN ( ROCK-EXCAVATION PENSTOCKS T A I L R A C E  TUNNEL D I V E R S I O N  I /  M U L T I P L E  HYDRO-ELECTRIC 
M A C H I N E  T U N N E L I N G  I N  T A S M A N I A  ( T A I L R A C E - T U N N E L  MOLE H Y D R A U L I C  DUST MUDSTONE I /  

P E N E T R A T I O N  HORIZONTAL-CONDUITS ) /  S O N I C  P I L E D R I V E R  T A K E S  T E S T  AS F A S T  SOFT-GROUND TUNNELER SUB-AQUEOUS 
ANDES TUNNEL T O  T A P  AMAZON ( COSTS I R R I G A T I O N  I /  

GUATEMALA WILL T A P  H I G H  MOUNTAIN L A K E  FOR POWER/ 
ERGROUND-POWER-TRANSMISS I O N  1 / T A P P I N G  A COOL I D E A  FOR POWER ( S U P E R C O N D U C T I V I T Y  UND 
NE I /  MACH1 NE T U N N E L I N G  I N  T A S M A N I A  ( T A I L R A C E - T U N N E L  MOLE H Y D R A U L I C  DUST MUDSTO 

E COMPENSATION I /  TAX ON M I N E S  URGED TO CURB BLACK LUNG ( S A F E T Y  D I S E A S  
VANCED S C I E N C E  SEMINAR I N  ROCK MECHANICS FOR COLLEGE TEACHERS OF STRUCTURAL GEOLOGY VOLUME 1 ( STRESS STRA 
/ JET,  MOLE TEAM SEEKS T U N N E L I N G  BREAKTHROUGH ( CALWELD EXOTECH I 

GUIDANCE MUCKING I /  THIRTY-FGUR H Y D R A U L I C  C Y L I N D E R S  TEAM-UP T O  BORE G I A N T  I R R I G A T I O N  TUNNEL ( ADVANCE cos  
N-ORE SHAFT GUIDANCE I /  TUNNEL BORER AND SHAFT D P I L L  TEAMED A T  AGC'S H Y D R A U L I C  M I N I N G  O P E R A T I O N  ADVANCE 
A I R P Y  M I N E  ( ADVANCE CUTTERS COST I /  HARD ROCK MOLE TEAMS UP W I T H  R A I S E  BORER T O  HELP DEVELOP HOMER-WANSI 
L I N I N G  MUCK MOLE I /  AUGER TEAMS W I T H  S H I E L D  TO CUT M I X E D  TUNNEL F A C E  I ADVANCE 

L A S E R  CONTROLS: T A S M A N I A  TUNNEL ALIGNMENT WATER-TUNNEL I /  

EXCAVATION S C I E N T I F I C  AND T E C H N I C A L  A P P L I C A T I O N S  FORECAST - 1 9 6 4 1  
R A P I D  E X C A V A T I O N  S I G N I F I C A N C E  NEEDS O P P O R T U N I T I E S  A T E C H N I C A L  REPORT A N A L Y S I S  I T U N N E L I N G  RESEARCH-PROGRA 

ING-HEAD ) /  METRO. S E C T I O N  SPONSORS F O R E I G N  LANGUAGE T E C H N I C A L  S E S S I O N S  ( TUNNELING-MACHINE R O T A R Y - D R I L L I N  
COAL-MI YES I / AUTOMATION O F  TECHNOLOGICAL PROCESSES D U R I N G  H Y D R O - M I N I N G  ( R U S S I A  
I O N S  4ND N A T I O N A L  B E N E F I T S  OF A NEW R A P I D  E X C A V A T I O N  TECHNOLOGY ( COSTS SYSTEMS-APPROACH SUBSURFACE TRANSP 

T U N N E L I N G  EXPERTS MEET TO ASSESS TECHNOLOGY ( OECD URBAN-NEEDS !/ 
GEOPHYSICS T O  B E N E F I T  FROM SPACE TECHNOLOGY ( SPACE-DATA F O R C E - F I E L D S  I /  

STS UNDERGROUND STRUCTURES MOLE ) /  H O R I Z O N T A L  B O R I N G  TECHNOLOGY - A S T A T E  O F  T H E  ART STUDY D R I L L S  SOIL-M 
€ - D R I L L I N G  D I R  E C T I O N A L - D R I L L  I N G  ) /  HORIZONTAL BOR I N G  TECHNOLOGY - A STATE-OF-THE-ART STUDY ( T R E N C H I N G  AUG 

M I N I N G  AND E X P L O R A T I O N  TECHNOLOGY - I N N O V A T I O N  SETS PACE I N  1 9 6 8 /  
T U N N E L I N G  TECHNOLOGY - I T S  P A S T  AND PRESENT! 

ESEARCH ) /  E F F I C I E N C Y  AND SPEED - THE KEYS TO M I N I N G  TECHNOLOGY - UNDERGROUND M I N I N G  BORING-MACHINES D R I  
NG I /  DIAMOND D R I L L I N G  TECHNOLOGY AND M I N E R A L  E X P L O R A T I O N  ( COST C O R E - D R I L L 1  
I J N N F L I N G  RESEARCH ADVOCATED ( ADVANCE COST HASD-ROCK TECHNOLOGY B O R I N G  SYSTEMS I /  MOLE T 

USE OF R A P I D  E X C A V A T I O N  TECHNOLOGY I N  M I N I N G  A P P L I C A T I O N S  MARKET M I N I N G  I /  
S U B S I D Y  S T U D I E S  I /  THE GROWTH OF DEMAND AND TECHNOLOGY I N  R A P I D  E X C A V A T I O N  ( E X C A V A T I O N  RESEARCH 

AT KRASN@GORSK/ C F R T A I N  QUESTIONS OF IMPROVEMENT OF TECHNOLOGY OF H Y D R A U L I C  E X T R A C T I O N  OF COAL I N  PYDROMI 
( DATA P R O P E R T I E S  T F S T I N G  EXCAVATED M I N I N G  D R I L L I N G  T E C T O N I C  GEOLOGY W A L L - S T A B I L I T Y  I /  MECHANICAL PRDPERT 

A V I O Q  OF ROCK UNDER S T A T I C  L O A D I N G  ( GROUND-PRESSURE TECTONIC-PRESSURE FRACTURE-STRENGTH FLOW CRACK-PROPAG 

I G S  qARTD SUBWAY COST O S C I L L A T I N G - A R M S  WEIGHT MUCK T E E T H  I /  T H I R D  MOLE D 
( H I S T 0 9 Y  GEOLOGIC-CONDITIONS C O N S T R U C T I q N  D E S I G N  1 / T E H A C H A P I  MOUNTAINS C R O S S I N G  O F  T H E  C A L I F O R N I A  AQUEDU 
CT ( SHOT-CRETE S H I E L D  F A U L T S  ) /  T E H A C H A P I  MOUNTAINS C R O S S I N G  OF T H E  C A L I F O R N I A  AQUECU 
E V F Y T I L A T I O N  AND A I R  C O N D I T I O N I N G  ( QUALITY-CONTROL TEMP-HUMIDITY-CONTROL I /  M I N  
NTARY ROCKS UNDER C O N F I N I N G  PRESSURE: T E S T S  AT H I G H  TEMPERATURE ROCK-MECHANICS S T U D I E S  RESEARCH I /  EXPE 

FR4CTURE OF ROCKS ( F L U I D - P R F S S U R E  LOADING-DURATION TEMPERATURE I /  THE I N F L U E N C E  OF ENVIRONMENT ON THE BR 
TARY ROCKS UYDER C O N F I N I N G  PRESSURES: TESTS AT ROOM TEMPERATURE ON DRY SAMPLES ( ROCK-MECHANICS S T U D I E S  R 
T T n N  FLOW FRACTURE I /  T H E  F F F E C T S  OF S T R A I N  R A T E  AND TEMPFRATURE ON THE B E H A V I O R  OF ROCKS SUBJECTED TO T R I  
C E - O R I L L E D  SIT-CLEARANCE-ANGLE C I R C U L A T I O N - R A T E  WEAR TEMPERATURE PENETRATION-RATE I /  AN E X P E R I M E N T A L  STUDY 
I N  T H E  FREQUENCY RANGE 12 K C / S  TO 51 K C / S  AND I N  THE TEMPERATURE RANGE 100  DEGREES K T O  1150 DEGREES K ( M 

R@LLER CUTTERS W I T H  TUNGSTEN C A R B I D E  TEETH ( ROLLER-CUTTERS I /  

RFCFNT ACVANCES I N  F L A M E  J E T  WORKING OF M I N E R A L S  f TEMPERATURE-GRADIENT S P A L L I N G  F U S I O N  A B R A S I V E  ) /  
AKFNING nF CFRTAIN RXKS B Y  THE LOCAL ACTION OF HIGH TEMPERATURES ( THERMAL-JET THERMOMECHANICAL 1 1  TECHNI 
- S T A B I L I T Y  I /  MECHANICAL PROPERTIES OF ROCKS AT H I G H  TEMPERATURES AND PRESSURES ( DATA P R O P E R T I E S  T E S T I N G  
VENTS C)F SOME P H Y S I C A L  PROPERTIES OF ROCK ( STRENGTH T E N S I L F  COMPRESSIVE S T A T I C  STRESS DYNAMIC E L A S T I C I T Y -  
P O I Y T  L O A 0  T F S T I N G  OF B R I T T L E  M A T E R I A L S  TO DETERMINE T E N S I L E  STRENGTH AND R E L A T I V E  B R I T T L E N E S S  ( SHAPE-FAC 

YERVAL-ENERGY THERMAL-SHOCK C O E F F I C I E N T - O F - E X P A N S I O N  T E N S I L E - S T R E N G T H  YOUNG'S-MODULUS I /  THERMAL FRAGMENTA 
-THF!JRY P A R T I C L E - V E L O C I T Y  R A D I A L - D I  SPLACEMENT CRACKS T E N S I L E - S T R E S S  ) /  DYNAMIC STRESSES I N D U C E D  W I T H I N  ROC 
OF R c L T  SYSTEMS ( CONVEYOR-BELTS FLEXURE SPEED W I D T H  T E N S I O N  I /  COMPUTERIZED C E S I G N  

E L A S T I C  DEFORMATION FRACTURE STRESSES FORCES SHEAR T E N S I O N  COMPRESSION I /  T H E O R E T I C A L  ASPECTS OF ROCK BE 
YGTH OF ROCK J O I N T S  I POCK-MASS I N - S I T U  F A U L T S  SHEAR T E N S I O N  COMPRESSION NORAD-GRANITE JOINTED-ROCK-YASS M 

PERFORATED BEAM T E S T  FOR D E T E R M I N I N G  T E N S I L E  STRENGTH O F  ROCK/ 

STRESSES AT TUNNEL I N T E R S E C T I O N S  ( MODELS T E N S I O N  COMPRESSION P H O T O E L E C T R I C I T Y  I /  
R I T T L E  FRACTURE OF ROCK ( B R A Z I L I A N - T E S T  COMPRESSION T E N S I O N  REBOUND I /  D I S C U S S I C N  O F  B 
NWAY I N  HOLLAND ( S I T E - D R A I N A G E  SLURRY-TRENCH-METHOD T E N S I O N - P I L E S  C H E M I C A L - S O I L - S T A B I L I Z A T I O N  I /  R A I L  T U N  
D - C O W P O L  ROOF-BOLTS I / SOME I N V E S T I G A T I O N S  I N T O  THE T E N S I O N A L  BEHAVIOR AND I N F L U E N C E  OF B O L T I N G  R E I N F O R C E  
S ( COMPUTER-SnLUTI7NS LEAST-SQUARES STRESS-FORMULAS TENSORS TEST-HOLE-ORIENTATION I /  A N A L Y S I S  O F  ACCURACY 

I N V E N T I O N  I S  GARDNER TRADEMARK ( TEREDO TUNNELING-MACHINE ) /  
FRANKFURT B U I L D S  HUGE T E R M I N A L  ( PASSENGER-TUNNEL MOVING-SIDEWALK I / 

FOR USE I N  SUB-SURFAC' E X P L O R A T I O N  ( GEOLOGY M I N I N G  TERRADYNAMICS I /  SAND1 A CORP DEVELOPS P R O J E C T I L E  
P I P E L I N F  MOVES COAL OVER A R I Z O N A ' S  TOUGH T E R R A I N  ( SLURRY-PUMPING I /  

F 4 I L U R F  OF ROCK I N  THE T R I A X I 4 L  SHEAR TEST/  
Q A T I O N  YOR IZONTAL-CONDU ITS I /  S O N I C  P I L F D R I V E R  T A K E S  T E S T  AS F A S T  SOFT-GROUND TUNNELER ( SUB-AQUEOUS-TUNNE 
- R A I L W A Y S  ) I  TEST E X C A V A T I O N  FOR S E I K A N  UNDERSEA TUNNEL ( JAPANESE 
YF/  ST4NDARD METHOD OF TEST FOR CCMPRESSsIVE STRENGTH OF NATURAL B U I L D I N G  STO 

C F  LOW P O R O S I T Y /  T E S T  OF LAW OF E F F E C T I V E  STRESS FOR C R Y S T A L L I N E  ROCKS 
PERFORATED BEAM TEST FOR D E T E R M I N I N G  T E N S I L E  STRENGTH OF ROCK/ 

GARRISON DAM - TUNNEL T E S T  S E C T I O N  I N V E S T I G A T I O N  ( L I N I N G  I /  
rE ) I  Y Y O R A U L I C  J F T  T E S T I N G  W I T H  CLEAR WATER, SECOND T E S T  S E R I E S  ( E X C A V B T I N G  C A V I T Y  D R I L L E D - S H A F T  NOZZLES 
S I /  P O T E N T I A L  F(1R TUNNEL BORING MACHINES NEVADA T F S T  S I T E  ( L O S T - T I M E  ROCK-STRENGTH CUTTERS ROCK-BOLT 
S I /  H E R E ' S  A WRAP-UP OF B I G  HOLE D R I L L I N G  AT NFVADA T E S T  S I T E  ( ROTARY-RIG B I T  C I R C U L A T I O N  COST S P E C I F I C 4  
[ S I G - H O L E - D R I L L I N G  I /  M I N I N G  AT NEVADA T E S T  S I T E  COMES UP W I T H  NEW A D A P T A T I O N S  OF EQUIPMENT 
Z I N G  L I V E R  GRVUTING I /  JAPANESE T E S T  SOFT-GROUND MOLE ( R E V E R S I N G  R E T R A C T I N G  P R E S S U R I  
UTcQ-SCILUTICINS LEAST-SQUARFS STRESS-FOQMULAS TENSDRS T E S T - H O L E - O R I E N T A T I O N  I /  A N A L Y S I S  OF bCCURACY I N  T H E  

4T H I G H  TEPPEQATURES AN@ PRESSURES ( DATA P R O P E R T I E S  T E S T I N G  EXCAVATED M I N I N G  D R I L L I N G  T E C T O N I C  GEOLOGY WA 

Q A Y T T E  J3INTED-ROCK-PASS MOHR'S-ENVELOPE 1 / T R I A X I  AL T E S T I N G  FOR STRENGTH OF ROCK J O I N T S  ( ROCK-MASS I N - S I  

B S I N S  ) /  T E S T I N G  OF A SEVEN-FT TUNNEL BORER ( MOLE IRCN-ORE R 3  
NP R E L A T I V E  B R I T T L E N E S S  ( SHAPE-FACTOR I /  P O I N T  L O A D  T E S T I N G  O F  B R I T T L F  M A T E R I A L S  T O  DETERMINE T E N S I L E  STR 

NEW R A I S E  D R I L L I N G  TOOL T E S T E 0  I N  CANADA/ 

PUMPING ORFS UP V E R T I C A L  SHAFTS ( D E S I G N  T E S T I N G  F E E D ) /  

F STRENGTH OF CEMENTFC) C 4 R B I D E  - F A I L U R E  MECHAYICS & T E S T I N G  METHODS I END-FFFECTS ) /  COYPRES S I V  
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T I O N  CREEP-TEST I /  A T R I A X I A L  PRESSURE APPARATUS FOR T E S T I N G  O F  CONSOLIDATED OR UNCONSOLIDATED M A T E R I A L S  S 
G I /  RESULTS OF F I E L D  T E S T I N G  OF DIAMOND B I T S  O F  NEW CONSTRUCTION ( D R I L L I N  

S I M P L E  T R I A X I A L  C E L L  FOR F I E L D  OR LABORATORY T E S T I N G  OF ROCK/ 
LABORATORY T E S T I N G  OF ROCK STRENGTH/ 

ECHANICS SHEAR-STRENGTH S P E C I F I C A T I O N S  I / PLATE-LOAD T E S T 1  NG ON ROCK FOR DEFORMATION AND STRENGTH P R O P E R T I  
AND COYSTRUCTION O F  T R I A X I A L  AND P O L Y A X I A L  C E L L  FOR T E S T I N G  ROCK SPECIMENS/  DES I GN 

RPLANTS/  FOUNDATION TESTING TECHNIQUES FOR ARCH D A M S  ~ N D  UNDERGROUND POME 
D R I L L E D - S H A F T  NOZZLES ROCK-SURFACE I /  H Y D R A U L I C  JET T E S T I N G  W I T H  CLEAR WATER, SECOND T E S T  S E R I E S  ( EXCAVA 

D R I L L  H O L E  FOR NUCLEAR TESTS ( COST 1 /  
B I G  HOLES FOR NUCLEAR TESTS ( D R I L L I N G - M A C H I N E  R I G  I /  

RE MECHANICS O F  ROCK ( CRACK-PROPAGATION COMPRESSION TESTS I /  TECHNIQUES USED I N  S T U D Y I N G  T H E  FRACTU 
T I O N  ENERGY ) I  DYNAMIC ROCK P E N E T R A T I O N  TESTS AT ATMOSPHERIC PRESSURE ( CRATER I M P A C T  PENETRA 
T I O N  OF SEDIMENTARY POCKS UNDER C O N F I N I N G  PRESSURE: TESTS AT H I G H  TEMPERATURE ( ROCK-MECHANICS S T U D I E S  RE 
I n N  OF SEDIMENTARY ROCKS UNDER C O N F I N I N G  PRESSURES: TESTS AT ROOM TEMPERATURE ON DRY SAMPLES ( ROCK-MECHA 
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RAUL IC-TRANSPORT PUMP-DF S I G N  1 / NEW TESTS UPDATE C R I T E R I A  FOR SLURRY PUMP S E L E C T I O N  ( HYD 

I F I C A T I O N  OF RDCKS ( IGNEOUS SEDIMENTARY METAMORPHIC TEXTURE STRUCTURE MINERALOGY I /  C L A S S  

THEORY OF I N - S I T U  ROCK TESTS FOR UNDERGROUND WORKS/ 

E H A V I O R  OF ROCKS SUBJECTED TO T R I A X I A L  COMPRESSION ( T E S T S  S T R E N G T H z C H A R A C T E R I S T I C S  STRESS PRESSURE DEFORM 

ADS CONCRETF I /  THE WASHBURN TUNNEL, TEXAS ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TUBES BULKHE 

T U N N E L I N G  UNDER THAMES ( LONDON I /  
TUNNEL FOR THAMESMEAD ( ENGLAND ) /  

V A T I O N  C O A L - P I L L A R S  I /  RnCK MECHANICS I N  M I N E  D E S I G N  THFME OF U.V.U. SYMP ( SUPPORT-LOADS STRESSES F R I C T I O  
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AYE-JFT DOCK-RRFAKING 1 /  EXPERIMENTAL STUDY Q F L A T I N G  THERMAL C O N D U C T I V I T Y  TO THERMAL P I E R C I N G  OF ROCKS ( F 
ENT-nF-FXPANSIC'N TENSILE-STRENGTH YOUNG'S-MODULUS I /  THERMAL FRAGMENTATION OF ROCK ( BURNERS THERMAL-CONDU 
T OF E L 4 S T I C I T Y  OF ROCKS ON T H E I R  D R I L L A B I L I T Y  U S I N G  THERMAL J E T  P I E R C I N G  ( FLAME-JET I /  E F F E C  
R I L L A B I L I T Y  OF Q U A Q T Z I T F S  I N  PFSVOURAL'SK D E P O S I T  I N  THERMAL JET P I E R C I N G  I FLAME-JET I /  R E S U L T S  OF E X P E R I  

F X P F R I U F N T A L  STUDY R E L A T I N G  THERMAL C O N D U C T I V I T Y  TO THERMAL P I E R C I N G  OF ROCKS ( FLAME-JET ROCK-BREbKING 1 
7PS CIF C R U S H I Y G  OF ROCKS ( D R I L L I N G  ELECTROHYDRAULIC THERMAL PNEUMATIC-PERCUSSION P E R C U S S I O N - 9 0 T A T I C N  U L T Q  
S E A 9  CH-DF VFLOP MEYT 1 / THERMAL ROCK REMOVAL ( ROCK-DISINTEGRATIONS-METHOD RE 
- D I S I N T E G R A T I O N  I /  PART 2 - NOVEL ROCK D R I L L  S E R I E S ,  THERMAL S P A L L I N G  E X P E R I M E N T A L  D R I L L S  USE HEAT, ELECTR 
T I /  T H E  MECHANISM OF THERMAL S P A L L  I N G  I N  ROCKS ( R A P I D - E X C A V A T I O N  FLAME-JE 
NS O r  QnCK F A I L U R F  DUE T O  L A S E R  R A D I A T I O N  ( S P A L L I N G  THERMAL-BREAKING I /  EXPERIMENTAL OBSERVAT IO 
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TUNNEL FOR T H I R S T Y  C I T Y  ( WATER-FEEDER-TUNNEL I /  

WFIGHT MUCK T F F T H  I /  T H I R D  MOLE D I G S  BARTD SUBWAY ( COST O S C I L L A T I N G - A R M S  

idNNEL ( ADVAYCF COST MOLF SAFETY GUIDANCE MUCKING I /  THIRTY-FOUR H Y D R A U L I C  C Y L I N D E R S  TEAM-UP TO BORE G I A N T  
S T P A L I A  W A T E R - 9 I V F R S I D N  I /  THOMPSOY R I V E R  MOLE BORE I S  LONGEST I N  HARD ROCK ( AU 

GAUGF I /  SOL I D - I Y C L U S I O N  ROREHOLE PROSE TO D F T E R M I N E  THREE-DIMENSIONAL STRESS CHANGES AT P O I N T  I N  RnCK MAS 

M A T F R I A L S  ( F R O S I O N  V L L O C I T Y  JET-PENETRATION DAMAGE THRESHOLD I /  E R O S I O N  T E S T S  OF STEAM T U R B I N E  B L A D E  
PERIMENT F X P L O S I V E  PLEXIGLAS-MODELS B0REHOLFS BURDEN THROW I /  LABORATORY B L A S T I N G  W I T H  MODELS ( INCLINFD-P,  

I N  D F F D  SHAFT ( GUIDANCE ADVANCE LOST LETTERS POWER THRUST I /  V E R T I C A L  MOLE SCORES BULLSEYE 
I J P L I Y G  D E N S I T Y - F X P L O S I V E  D E T O N A T I D Y - V F L O C I T Y  I Y P U L S E  THRUST I / E X P L O S I V E  PERFORMANCE AS R E L A T E D  TO @ L A S T l Y  

ASEP L I G H T S  THE WAY FOR HUGE TUNNEL D I G G F R  ( ADVANCE THRUST L A S E R  GUIDANCE MOLE ) /  L 

CN P E N E T R A T I O N  OF ROCK BY THRFE-DIMENSIONAL INDENTORS/  

ERnSIClY BY L I Q U I D  I M P A C T  ( J E T - D R I L L I N G  C A V I T A T I O N  THRESHOLD I /  

M I N I N G  MACHINE COULD ROPE ROCK ( P I L O T  CUTTER THRUST ANCHOR I /  

1 4-6 6- 00003 
24- 6 5- 0 5 002 
14- 6 8- 0000 1 
14-66-00011 
14- 6 6- 0000 2 
14-68-0900 1 
14- 66- 000 1 3  
2 3- 6 8- 0 9 0  0 1 
6 5- 66- 0 60  0 1 
25-68-11001 
1 4- 6 6- 0000 5 
12-62-05002 
1 4- 5 8- 1 2 00 1 
14-57-01001 
1 4- 6 8- 06 00 1 
24-64-06004 
3 6-67- 0 1  00 1 
24-6 5- 04  00 1 
1 2- 6 1-0 3006 
12-61-03004 
44-68-12001 
05-51-03001 
13-55-01001 
0 5- 6 1- 0401 
0 5- 7 0- 0 5 0 0 7 
15-6 6- 05001 
12- 5 7- 0400 2 
12-6 1-03002 
22-65-06002 
3 2- 5 9- 0700  2 
5 3-6 7-0 200 1 
22- 67- 0000 1 
1 2- 5 7- 040  0 1 
36-65- 1000  1 
12-67-04001 
22-65-06005 
1 2- 6 1- 03003 
32-64- 10006 
04-64- 1200 2 
04-6 5-0 1 001 
32-57-04001 
32-61-02001 
0 1- 67- 00 00  1 
12-66-0902 2 
2 2- 67- 0 1003 
14-69-01002 
3 4- 6 8- 02 00 2 
14- 66- 0 5 00 1 
14-68-06001 
22-65-06003 
2 3- 6 8-06 0 0  2 
2 2- 50-07006 
05-68- 01  01 0 
2 8-68-0500 1 
24-6 8-05 00 2 
12-65-06003 
24-65-07002 
24- 6 5- 07 00 1 
24-6 8- 05002 
23-62-06001 
03- 6 4- 0 00 0 6 
24-68-06001 
23- 63- 10002 
2 3- 69- 0 40 0 1 
12-65-06003 
12- 65- 06 007 
24-64- 1200 1 
?1-68-00001 
1 2- 6 5- 0 6 0  0 3 
22-69-10002 
24-68-05001 
12- 6 2- 0 5007 
12-65-0600 5 
24-64- 1 2 00 1 
04- 6 5- 11 0 0  1 
23-6 8-0 500 2 
84-59-08001 
05-70- 0300 1 
05- 7 0- 0 3 00 3 
75-68-01002 
05-69-10002 

75-66-12002 
75-69-07003 
1 4- 6 8- 09004 
1 7 - 6 ~ - 0 0 0 0 1  
24-6 1-00001 
2 4-6 4- 0 60 0 4 
17-61-03009 
75-69-02001 
12-62-050 10 
75-62-1100 1 
75-66-04001 

05- 66- 08003  
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HUMBER R I V E R  TUNNEL AT TORONTO ( CANADA MOLE MECHANICAL-TUNNELER ) /  
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7 4 - 6 5 - 0 6 0 0  1 
75-  62-0600 1 
75-  6 6 - 0 4 0 0  2 
7 5 -  7 0-0 100 3 
05-70- 0 2 0 0 2  
2 5 - 6 8 - 0 1  00 2 
3 2- 64- 1 0 0 0 5 
3 5- 6 6 -  0200 1 
35-66-09001 
1 2 - 5 9 - 0 7 0 0 2  
0 5 - 6 6 - 0 1 0 0 7  
2 5 - 6 3 - 1 1  001 
23-  6 8- 0800 1 
1 4 - 6 6 - 0 0 0 1 0  
44- 6 8- 0 8 0 0 4 
1 2 - 6 1 - 0 3 0 0 8  
0 4- 6 7- 03 00 1 
0 2- 7 0- 00 00 2 
0 2 - 6 8 - 0 5 0 0 1  
44- 6 7- 03 0 0 1 
2 4 - 6 5 - 0  100 5 
3 5 - 6 5 - 1 2 0 0 1  
04- 64- 0 00 0 1 
7 5 - 6 8 -  1000 1 
7 5 - 6  5 - 0 5 0 0  1 
0 2- 7 0- 0 00 0 2 
0 2 - 6 8 - 0 5 0 0 1  
0 2 -  68-  10006 
44- 6 77 0 3 0 0 1 
7 5 -  6 7- 1000 3 
4 5 - 6 5 - 0 5 0 0 1  
3 2- 5 9- 07003 
8 4 - 6 7 - 0 3 0 0  1 
2 3 - 6 8 -  11 00 1 
72-  7 0- 00007 
1 2 -  6 1  -03 0 17 
84-  6 e-0 1 0 0 2  
0 5 - 6 8 - 0 8 0 0 2  
8 4 - 6 8 - 0 1 0 0 2  
7 4 - 5 9 - 0 6 0 0 1  
3 5 - 6 7 -  10001 
2 4 - 6 5 -  0 LO03 
1 2 -  5 8 - 0 5 0 0  1 
7 4-6 8-05 00 3 
2 4 -  6 7- 0 0 0 0 1 
0 5 - 6  8- 0 1004 
2 4 - 6 7 - 0 4 0 0 1  
2 5 - 6 6 -  11001 
0 4 - 6  8-0  2 0 0  3 
2 4 - 6 6 - 1 0 0 0 1  
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3 5- 7 0-0 40 0 1 
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7 5 - 6 2 - 0 7 0 0 2  
7 4- 6 5- 1 2 00 1 
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7 b- 6 5- 06 00 1 
7 5 - 6 2 - 0 6 0 0 1  
5 5-  6 9- 0 8 0 0  1 
45- 70- 0400 1 
1 5 - 7 0 - 0 1 0 0 1  
0 5 - 7 0 - 0 1 0 0 8  
0 5 - 5 7 - 1 2 0 0 1  
44- 6 7- 06 0 0 1 
5 5 - 6 5 - 1 0 0 0 2  
05-  6 9- 1 ? 00 1 
44- 65-  02 00 1 
75-  6 7- 0 100 1 
0 5 - 6 9 - 1 2 0 0 5  
0 5 - 6 7 - 0 3 0 0 1  
7 5 - 6 4 -  11001 
0 5- 66-  0 90 0 I 
55-6  5-0 8 0 0 2  
0 5 - 6 9 - 1 0 0 0 1  
"- 6 6 -  11001 
4 4 - 6 5 - 0 1 0 0 1  
0 5 - 6 6 -  050 01  
4 5 -  6 5- 03 00 1 
4 b - 6 5 - 0 2 0 0 1  
05- 6 9- 1 0003 
4 5 - 6 7 - 1 0 0 0 3  
7 2 -  6 9- 1000 1 
04- 66- 1 2 0 0  1 
05-6 9- 0 500  4 
2 6 - 6 6 - 0 2 0 0 1  
3 6 - 6 7 - 0  9001  
4 7 - 6 8 - 0 3 0 0 6  
76-  6 9- 0 3 0 0 1 
0 5- 6 9- 0 900 3 
7 5- 6 9 - 0  70 0 2 
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f N T A L  RORING TFCHNOLUGY - A STATE-OF-THE-ART STUDY ( 

CORPS OF E N G I N E F R S :  M I T T R Y  H A S  llREVERSED A 
JUYBO Q E S I G N  

SOME VIEWS AND 

TUNNFLS TO TOYORROW 

ECONOMY OF P A I L ,  CONVFYOR, AND H Y D R A U L I C  

I / 

/ 
I /  
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N S I T I C N  FRCM E L A S T I C  TO P L A S T I C  STATES CF ROCK UNDER 

FOQ MEASURING PORE PRESSURE I N  ROCK SPECIMENS UNDER 
PRESSURE ( RnCK-MFCHANICS COMPACTION CREEP-TEST 1 1  A 

F A I L U R F  OF R'3CK I N  THE 
B R I T T L E  ROCK F A I L U R E  UNDER 

P R I T T L E  FRACTURF OF ROCKS AND CONCRETE UNDER 
N NOSAD-GPANITF JOINTFD-ROCK-MASS MOHR' S-ENVELOPE 1 / 
ND MODEL P F  UNDERGROUND O P E N I N G  AND SUPPORT SYSTEM ( 
L I N i N G  MOLE. I /  PORE DUG I N  WET S O I L  FOLLOWS 

C H I V U  P U T S  E L E C T R I C  WHEEL TRUCK CN 
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RESEARCH COST 1/  
SYSTEM I /  
SYSTEMS ( SFCCAM DASHAVEYOR CONVEYOR-T 
SYSTEMS COST I /  
TUNNEL D E S I G N  AND COST DATA I UKDERGRO 
UNDERGROUND ( COST-COMPARISON I / 
UNDERGROUND ROCK S O I L S  STRESS S T R A I N  E 
WASTE-DISPOSAL I / NEW DEVELOPMENTS I N  

TRANSPORTING COAL UNDERGROUND BY H Y D R A U L I C  METi-ODs: A 
TRANSPORTING S O L I D  M A T E R I A L S  I N  P I P F L I V E S  ( H Y D R A U L I C  
TRAVEL I TRANSPORTATION SYSTEMS COST I /  
TREACHEROUS S U B S O I L  ( SOFT-GROUND-TUNNELING-MACHINES 
T R E A T I N G  ABRASIVE-LADEN D R I L L I N G  L I Q U I D  ( WATER-JET H 
TQEMIE-WALL S H I E L D S  C3NSTRUCTION-RATE COST PROBLEM-AR 
TRENCH AT SEA-TAC AIRPORT ( S E A T T L E  ) /  
TRENCH B I D S  SUBAQUEOUS I /  P L A  
TRENCH-TUNNEL I /  
TR E NC H-TY P E RU L K HE P C S C C NC 
TRENCHING AUGER I NG EARTH-RE AM FR J A C K 1  NG MECHAN I CAL-MO 
TREND"/ 
TRFNDS - PAST AND PRESENT I AUTOMATION ) /  
TRENDS I N  M I N I N G  RESEARCH I D R I L L I N G  ROCK-BREAKAGE I /  
TRENDS I N  R A I S E  MECHANIZATIClN ( B I R D - C A G I N G  REAMING 1 
TRENDS I N  R A I S I N G  M E C H A N I Z A T I O N  I B I R D - C A G I N G  SAFETY 
TRENDS I N  SHAFT DESIGY,  S H A F T - S I N K I N G  METHOD & E Q U I P M  
TRENDS I N  SOFT GROUNCl T U N N E L I N G  ( S H I E L D S  I /  
TRENDS I N  S O L I D S  P I P E L I N E S  ( M A T E R I A L S - H A N O L I N G  SLURR 
TRENDS I N  TUNNEL FORMWORK ( SUPPORTS I /  
T R I A X I A L  AND P O L Y A X I A L  C E L L  FOR T E S T I N G  ROCK S P E C I M E N  
T R I A X I A L  C E L L  FOR F I E L D  OR LABORATORY T E S T I N G  OF ROCK 
T R I A X I A L  COMPRESSION [ CONFINING-PRESSURE D U C T I L i T Y  S 
T R I  A X 1  AL COMPRESSION ( T E S T S  STRENGTH-CHARACTERIST ICs 
T R I A X I A L  COMPRESSION ( UNDERGROUND STRESSES A N P L Y S I S  

EQUIPMENT T R I A X I A L  L O A 0  ( ROCK-MECHANICS I /  
T R I A X I A L  PRESSURE APPARATUS FOR T E S T I N G  OF CONSOLIDAT 
T R I A X I A L  SHEAR T E S T /  
T R I A X I A L  STRESS/ 
T R I A X I A L  STRESS ( G R I F F I T H - C R A C K S  PORE-PRESSURE I /  
T R I A X I A L  T E S T I N G  FOR STRENGTH OF ROCK J O I N T S  ( ROCK-'4 
T R I  A X I A L - P R O P E R T I  ES MOHR-ANALY S I  S STRESS-F I E L D  CONT I N  
T R I C K Y  P A T H  f ADVANCE MUCKING PRESSURE S T A B I L I Z A T I O N  
TROLLEY L I N E  ( MATERIALS-HANDLING I /  

DOU B L  E- S H E L  L E D- S T E E L - T U  B E S 

0 5- 6 9- 0 9 0 0 6 
42- 68- 0 3 0 0 6  
04-65-0800 1 
53- 5 3- 1000 1 
04- 6 9-0 00 0 1 
44- 6 8- 1 1 00 1 
2 2- 6 9- 10 0 0 5 
44-67-12001 
2 4- 63- 09 00 2 
44-67-03001 
03- 67- 0 9001 
03- 68- 0900 7 
44-60-03001 
2 4- 6 4- 090 1 0 
44- 6 5-0 600 1 
42-69-02001 
02- 68- 10006 
65-66-10001 
44-68-1 0001' 
02-68- 100 10 
03-68-03001 
44-63-08001 
3 3- 6 8- 1 0 0 0 1 
74-66-04001 
4 3- 5 9- 0 00 0 1 
44-63-06001 
02-68-1 001 0 
75- 70- 0700 1 
2 8-68-0400 1 
72- 6 9- 1000 1 
05-69-07007 
04-70-0300 1 
0 5- 69- 0 9 0 0 3 
05-51-03001 
03-68-0 9001 
7 5- 5 5- 0 2 00 2 
74- 6 5- 11 00 1 
02-5 6- 0400 1 
94-64-12001 
74-6 4- 1 2 00 1 
2 4- 64- 0 5 00 2 
74- 64- 0 200 1 
44-67-05001 
34- 7 0- 0 300 1 
14-68-09001 
14-68-0000 1 
12- 6 2- 0 502 6 
12-61-03004 
12-61-03002 
14- 66-0000 1 
14- 6 6-000 0 3 
32-64- 10003 
14-68- 12002 
12-62-05025 
12-64-10005 
32-64-10006 
75- 64- 07 00 2 
44- 6 e- 03 0 0 1 
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SNOWY TUNNEL R U B B L E  TROUBLE ALMOST CLEARED. ( A U S T R A L I A  11 
TROUBLE AT S P ' S  POTRERO H I L L  T U N N E L /  

N G-C RE W  S G AN TR Y -TY P E- J UM B 0 BUR N- C UT-M E T HOD I / TROUBLE H I T S  JAPANESE TUNNELERS; K I L L S  S E V E N  D R I L L 1  
MOLE R E A D I E S  FOR T W I N  MERSEY BORE AFTER TROUBLE-PRONE F I R S T  D R I V E  ( MOLE L I N I N G  ) E  

C H I N O  PUTS E L E C T R I C  WHEEL TRUCK ON T R O L L E Y  L I N E  ( M A T E R I A L S - H A N D L I N G  ) /  

TRUCK PUMPS SLURRY I N T O  HOLES I B L A S T I N G - S L U R R Y  1 1  
D A L L A S  P L A N  SEPARATES T R A F F I C ,  PEOPLE ( TRUCK-TUNNEL P E D E S T R I A N  TUNNELS 1 / 

STRY AT T H E  HANOVER F A I R  I N  1967 ( TUNNELING-MACHINE T R U C K I N G  D R I L L I N G  FORMS L I N I N G  CONVEYORS T H E  M I N I N  

CONVEYORS OPERATING-COSTS OVERHEAD-COSTS PRECRUSHERS TRUCKS O P E N - P I T  I / TRUCKS VS B E L T S  - T H E  HAULAGE WAR 
-COSTS OVERHEAD-COSTS PRECRUSHERS TRUCKS OPEN-PIT I /  TRUCKS VS B E L T S  - THE HAULAGE WAR ( CONVEYORS O P E R A T I  
N N E V I L L E  I /  DAM CONTRACTORS VACUUM TUNNEL, SLOW TRUCKS W I T H  E N G I N E  BRAKES ( MOLE PNEUMATIC-MUCKING BO 

SHAFT S I N K  I N G  ( MUCKING WINZE SKIP-BUCKET JUMBO GALLOWAY-STAGE T U B B I N G  GROUTING F R E E Z I N G  H O I S T I N G  I /  
CONSTRUCTION B Y  F R E E Z I N G  OF A NEW 50-METRE LENGTH OF T U B B I N G  W H I L E  M A I N T A I N I N G  NORMAL W I N D I N G  O F  3000 TONS 

D A L L A S  PLANS TO BURY I T S  TRUCKS ( TRANSPORTATION SYSTEM I /  

CONSTRUCTION ADVANCES R A P I D L Y  ON MELBOURNE TRUNK SEWER I A U S T R A L I A  MOLES SHAFTS R O B B I N S  11 

WORLD'S LARGEST SEAPORT GETS S M A L L E S T  'METRO' TUBE ( COST I /  
PNEUMATIC-SPADES I /  FOR LONDCN TRANSPORT - THE DEEP TUBE ( GEOLOGY S H I E L D  CEMENTATION J A C K I N G  DRUM-DIGGER 

S-HANDLING ) /  FOR LONDON TRANSPORT - THE DEEP TUBE ( MOLES S H I E L D  TUNNELING-MACHINE L I N I N G  M P T E R I A L  
T ) /  SAN F R A N C I S C O  APPROACH TUNNELS T O  THE TRANS-BAY TUBE ( TREMIE-WALL S H I E L D S  CONSTRUCTION-RATE COST PRO 

B I G  D I X I E  TUBE 4 M O B I L E - R I V E R  SUNKEN-TUBE !/ 

BART TRANS-BAY TUBE ( UNDERWATER-TUNNEL 1 /  
HIGH-SPEED TUBE T R A N S P O R T A T I O N  ( NORTHEAST CORRIDOR ) /  

R-WAVE WELL-LOGGING M A G N E T O S T R I C T I O N  PULSE A M P L I T U D E  TUBE-WAVE STONELY-WAVE 9 / I N - S I T U  MEASUREMENT OF T H E  
S E L E C T I V E  B I B L I O G R A P H Y  ON IMMERSED TUBES/  

BEHAVIOR OF E L A S T I C  TUBES I N  COHESION-FREE CONTINUUM ( L I N E R S  SAND I /  
TUNNEL-L INERS I /  J O I N T  D E S I G N  O F  REINFORCED CONCRETE T U B I N G  I N  TUNNEL CONSTRUCTION ( C U R I N G  L E A K I N G  LOAD-C 
T Y  V O I D  1 /  E X C A V A T I O N  OF C O N T A I N E D  TNT E X P L O S I D N S  I N  TUFF 6 BEDDED-VOLCANIC-TUFF ROCK-FRACTURE SHOT-CHAMBE 

HARDNESS STRENGTH I /  CEMENTED TUNGSTEN C A R B I D E  B E A R I N G L E S S  ROTARY ROCK D R I L L  B I T S  ( 
MECHANISM OF P E R C U S S I V E  WEAR OF TUNGSTEN C A R B I D E  COMPOSITES/  

ROLLER CUTTERS W I T H  TUNGSTEN C A R B I D E  TEETH f ROLLER-CUTTERS 1 / 
R I V E R  MOUNTAIN TUNNEL - CUTTER PERFORMANCE ( MOLE TUNGSTEN-CARBIDE MAINTENANCE COST ) / 

I N G  M A T E R I A L S  - HAS A D E S I G N  B A R R I E R  BEEN REACHED? ( TUNGSTEN-CARBIDE- INSERT ROCK-DRILL I /  ROCK C U T T  
T H E  D R I V I N G  OF T H E  MONT BLANC TUNNEL/  

MODERN L I G H T I N G  SYSTEM D E S I G N  FOR THE HOLLAND TUNNEL/  
O P E N I N G  OF GREAT ST. BERNHARD ROAD TUNNEL/  

TROUBLE AT SP 'S POTRERO H I L L  TUNNEL/  
I /  U.S. MADE MACHINE SPEEDS TOKYO TUNNEL ( ADVANCE COST L I N I N G  MUCKING CUTTERS GUIDANCF 

H Y D R A U L I C  CYLINDERS TEAM-UP T O  BORE G I A N T  I R R I G A T I O N  TUNNEL ( ADVANCE COST MOLE SAFETY GUIDANCE MUCKING ) /  
/ MOLE BORES 277FPD OF 10 FT.  D I A .  TUNNEL ( ADVANCE GUIDANCE MUCKING CUTTERS COST ROCK I 
OTCRFTE I N  SUPPOQT AND L I N I N G  OF THE VANCOUVER R. R. TUNNEL ( AGGREGATE OVER-CORING I /  T H E  F U N C T I C N  OF SH 

YDR4ULIC-SYSTEM MOLES 1 / MACHINE WILL BORE HARD ROCK TUNNEL ( ALKIRK-HARD-ROCK TUNNELER P I L O T - P U L L - P R I N C I P  
LASER SAVES LABOUR I N  L I N E - U P  FOR T H E  NEW MERSEY TUNNEL ( ALIGNMENT ENGLAND ) /  

ROCKFALLS I N  SNOWY MOUNTAIN TUNNEL ( A U S T R A L I A  ) /  
LONGEST S. A F R I C A  ROAD TUNNEL ( B L A S T I N G  ) /  

SURFACE SHAFT PLUMBS DEPTHS TO B U R I E D  TUNNEL ( C A S I N G  GROUTING D R I L L I N G  I /  
HEAD CONVEY34 ) /  M I N I N G  MACHINE BORES SEWER TUNNEL ( COAL-MINING-MACHINE SHALE ROOF-BOLTS CUTTER- 

CPY REQUIRED FOR WATER TUNNEL ( COST ) /  
WASHINGTON EXPRESSWAY TUNNEL ( COST I /  

CRETF I N  SUPPORT AND L I N I N G  OF T H E  VANCONVER R A I L W A Y  TUNNEL ( COST CANADA I N S T R U M E N T A T I O N  I /  T H E  F U N C T I O N  
NORTHERN C A L I F O R N I A  WATER TUNNEL ( COST MOLES I /  

OKLAHOMA POWER TUNNEL I COST U N I T - P R I C E S  I /  
RACTOR GOES THROUGH SAND FOR M I N N E A P O L I S  STORM D R A I N  TUNNEL ( COSTS I /  CONT 
FASUREMENTS ON THF P I L O T  @ORE F 3 R  THE STRAIGHT CREEK TUNNEL ( D E S I G N  SUPPORT S T R A I N  S A F F T Y  CONTROL I /  M 

K I N G  I /  S L I D I N G  WORK FLOOR SPEEDS WET TUNNEL ( ENVIRONMENTAL-CONTROL M A T E R I A L S - H A N D L I N G  MUC 
THREE METH@DS COMBINE I N  2 - M I L E  HAMBURG TUNNEL ( E L B E - R I V E R  MOLES S H I E L D S  17  

CORE B O R I N G  FOR A SUBWAY TUNNEL ( GEOLOGY NEW-YORK-CITY I /  
S A N D - F I L L E D  WATER TUNNEL ( GROUND-CONTROL I R R I G A T I O N  I /  

STRAIGHT CREEK TUNNEL ( HIGHWAY DENVER COLORADO I /  
PLAWNNNG AND CONSTRUCTION OF ENAYAMA TUNNEL ( J A P A N  HIGHWAY ) /  

M I N E R S  D R A I N  MOUNTAIN FOR R A I L  TUNNEL ( J A P A N  N A T I O N A L  R A I L W A Y  I /  
T F S T  F X C A V A T I O N  FOR S E I K A N  UNDERSEA TUNNEL ( JAPANESE-RAILWAYS I /  

RATE ) /  D R I V I N G  THE CLEAR CREEK TUNNEL ( JUMBO MUCKING E X P L O S I V E S  SUPPORTS TUNNELING-  
REUS4BLE FOPMS LOCK AND ROLL TO CAST TUNNEL ( L I N I N G  I /  
D E S I G N  AND CONSTRUCTION OF THE C L Y D E  TUNNEL ( L I N I N G S  S H I E L D  SAFETY I /  

D R I V I N G  THE C H A N R I O N  TUNNEL ( L O A D I N G  M A T E R I A L S - H A N D L I N G  S A V I N G S  COST ) /  

/ MONT C E N I S  TUNNEL ( MACHINE COMPRESSFD-AIR D R I L L S  WORKING-FACE I 
WHEELED LOADERS AND ROCK WAGONS SCAMPER THR9UGH TUNNEL ( M A T E R I A L S - H A N D L I N G  I /  

ECONTRACT P L A N N I N G  FOR T H E  L I V E R P O O L  - WALLASEY ROAD TUNNEL ( MERSEY-TUNNEL ENGLAND I /  PR 
ADS-CONVEYOR RECORD ) /  A H Y R R I D  MOLE WRAPS UP OAHE TUNNEL ( M I N I N G - M A C H I N E  SHALE HYDRAULIC-RAMS CUTTERHE 

CALWELD B O R I N G  SYSTEM - THE ONLY WAY TO TUNNEL ( MOLE I /  
15 A S P H Y X I A T E D  I N  HYDRO TUNNEL ( PERU GAS-TEST DUST-POCKET ) /  

MYSTERIOUS GAS K I L L S  17 I N  SWISS HYDRO TUNNEL ( POWER-PROJECT I /  
1 /  V I E N N A  P E D E S T R I A N S  GET A P R E F A B  TUNNEL ( PRECAST HEAVILY-REINFORCED-CONCRETE-SECTIONS 

SETE-SPRAY BORING-MACHIN€ MDLE I / S E I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGICAL-SURVEY VOLCANIC-ROCK CONC 
-SPRAYIWG BORING-MACHINF M 9 L F  I /  THE S E I K A N  UNDERSEA TUNNEL ( R A I L W A Y  GEOLOGICAL-SURVEY VOLCANIC-SOCK WATE 
9 L I Q U E  I N C I D E N C E  C F  PLANE STRESS WAVES ON A C I R C U L A R  TUNNEL ( ROCK-MECHANICS N U M E R I C A L - S O L U T I 7 N S  I / 0 

O P O V I L L E  DAM D I V E R S I O N  TUNNEL ( SHAPE L I N I N G  1/  
S H I F T I N G  ROCK SQUEEZES COLORADO ROAD TUNNEL ( STRAIGHT-CREEK SUPPORTS 1 /  

THF HONG KONG CROSS-HARBOUR TUNNEL I Sue-AQUEOUS I /  

HONG KONG TUNNEL SUNKEN-TUBE ) /  
PREFABR I C  ATED S E C T I O N S  USED I N  CONSTPUCTION OF WEBSTER STREET TUNNEL ( SUBAQUEOUS-TUNNELS I /  

BYPASS RUSHED AFTER ROCKFALLS PLUG TUNNEL ( TURKFY D I V E R S I O N - T U N N F L  ) /  
NAVAJO I Y D I A N  I R R I G A T I O N  TUNNEL ( UNIT-COSTS ) /  

D F S I G N  AYD PFRFORMANCE OF MAMMOTH POOL POWER TUNNEL ( UNLINED-TUNNELS ) /  
I L L S  E X P L O S I V F  1 1  PROGPFSS AT THE GREAT ST. BERNHARD TUNNEL ( V E N T I L A T I N G - S H A F T S  BRITTLE-ROCK QUAQTZ C A R B I  

OPENING OF MONT BLANC TUNNEL ( V E N T I L A T I O N  L I G H T I N G  ) /  
D R I V I N G  THE HOMESTAKE TUNNEL ( WATER-TUNNEL DRILL-AND-BLAST / 

SO WHO NFEDS WHEELS TO RUN A T R A I N  ( TUNNEL ) /  

AN E N G L I S H  CHANNEL C R O S S I N G  ( BR IDGE-TUNNEL RATLRPAD-T'JNNFL BORED-TUNNEL SUNKEN-TUBE TUNNEL 1 / 
AIYTcNAWCE C O S T  ) /  R I V E R  M O U N T A I N  TUNNEL - CUTTER PERFORMANCE ( MOLE TUNGSTEN-CARBIDE M 
ATTERYS MUCKING I /  HIGHWAY B R I D G E  MEN B U I L D  A TUNNEL - FOR WATER ( STORM-DPAIN CONSTRUCTION P R I L L - P  

E X P E S I E N C E  FROM B L A S T I N G  12 F T  D I A  MERSEY P I L O T  TUNNEL - GROUND V I B S A T I O N S  FROM TUNNEL B L A S T I N G /  
L A S E R  CONTROLS: T A S M A N I A  TUNNEL ALIGNMENT ( WATER-TUNNEL I /  

05-70-02003 
34-6 8- 1200 I 
05-66-11001 
75-7 0- 0 60 0 1 
44- 68- 0 3  00 1 
2 5- 64- 0900 3 
05- 6 9- 10 0 0 1 
04-67-07002 
65-66-10001 
44- 67- 0 6 00 5 
44-67-0600 5 
45-70-07001 
04- 6 9- 0 3  00 2 
05-66-06002 
32-59-07003 
05-68-01001 
75-65-01 001 
0 5- 6 9- 0 5 00 3 
45-65-01003 
72- 69- 1 0  0 0 1 
04-66- 1200 1 
04-65-08001 
12-64-10002 
04-69-07001 
34-66-1000 2 
3 4- 6 5- 0 300 1 
12-61-03008 
12A65-06001 
24- 68- 1 1  00 1 
24-6 5-0400 2 
72- 6 9- 1 0 0 0 5 
2 4- 6 8- 10 00 1 
04-64-02001 
04- 6 5- 0 900 1 
0 5- 6 4- 03 00 2 
34-6 8-12 00 1 
75- 6 5- 0 500 1 
75-66- 1200 2 
75- 66- 1000 2 
34- 68- 0500 1 
76-7 0-03002 
75-64-03001 
0 5- 6 9~ 09 0 0 1 
05- 7 0-0 1 0 1 1 
3 5- 67- 0 9  00 1 
75-53-07001 
6 5-6 5- 10 00  1 
65-66-06003 
3 2-7 0-0 000 3 
65-66- 0900 1 
65-65-04001 
0 5- 6 4- 1 2 00 1 
3 2- 6 6- 0 00 0 1 
05-70-08001 
45-67-04001 
15- 6 5-0 60 0 1 
35-6 5-05 00 1 
04- 6 9- 0 1 0 0 1 
04- 6 9- 040 0 3 
0 5-7 0- 040 0 2 
05-67-05001 
04- 5 8- 1 100 1 
35-67-09002 
35-65-03001 
54-64-0300 1 
05-6 1-0900 2 
45-67-02001 
04-70- 03002 
7 5- 6 1- 0 40 0 1 
76-6 8-0 200 1 
55- 6 7- 1 1  00 1 
55-66-0200 1 
8 5-6 6- 1100 2 
02-70-00005 
03-68-0400 1 
19-67-00001 
04-67- 1 0 0 0 3  
05-70-O500 3 
0 5- 6 9- 0 8 0 0 4 
3 4- 64- 0 4 00 1 
0 5-69-0700 2 
05-7 0-02001 
05-65- 1000 1 
02-63-08001 
05-61-09001 
55-65-07001 
04- 64- 040 0 1 
85-46-11001 
74-64-07001 
72- 6 9- 1 00 0 5 
0 5- 6 5- 0400  1 
24-70-05001 
85- 6 8- 0 800  1 
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NS ECONOMIC L I N I N G S  I /  T H E  CONSTRUCTION OF SEWERS I N  
SAFETY PRODUCTION ROCK MAINTENANCE 1 / MACHINE-BORED 

A V A T I O N  - PROBLEMS AND PROGRESS - PROCEEDINGS OF THE 
SYSTEMS S H A F T - S I N K I N G  GEOLOGY M A T E R I A L S - H A N D L I N G  I /  

I O N  SYSTEMS D R I L L S  MUCKING B L A S T I N G  I /  
I O N  D R I L L S  MUCKING B L A S T I N G  I /  
UBE I /  T H E  SCHELDT 

S H I E L D  METHOD FOR LARGE R A I L W A Y  
/ HUMBER R I V E R  
D 1 1  K I E  SB ERG 
/ J A R V A  MARK 21 BORES 6900 F T  O F  20 F T  D I A .  

J A R V A  MARK 2 1  BORES 6900 F T  O F  20 F T  D I A  
FERRY R I D E R ' S  M I S E R Y  L E A D S  T O  E N G L I S H  

STRAIGHT CREEK 
S W I S S  

ANDORRA EXPECTS 
S O L E  

E L  I /  
RENCH-TUNNEL 1 / 

F I V E  D I E  I N  S W I S S  
F T  D I A  MERSEY P I L O T  TUNNEL + GROUND V I B R A T I O N S  FROM 

R X K  MECHANICS ( STRENGTHENING STRESSES 
I /  S E V E N T Y - F I V E  TON 

T E S T I N G  OF A SEVEN-FT 
CE CUTTFRS G I L S O N I T E  MOLE IRON-ORE SHAFT GUIDANCE 1 /  

R-ALIGNMENT MUCKING V E N T I L A T I O N  COST I /  3.8 M I L E S  OF 
HARD-ROCK MOLE I /  ROBE I N S  

I A N  G R A Y I T E  ( MOLE SWEDEN I /  W I R T H  
STRESSES AND D I S P L A C E M F N T S  I N D U C E D  I N  ROCK B Y  

OCK-STRENGTH CUTTERS ROCK-BOLTS I /  P O T E N T I A L  FOR 
THE FUTURF ( JUMBO S H I E L D  GRIPPER H I S T O R Y  I /  R O B B I N S  
RQUE MUCK SUPPORT L I N I N G  1 /  HARD ROCK 
0RFR ROTARY-CUTTING-HEAD CONVEYORS AOVANCE-RATE I / 
V E Y I N G  TECHNIQUES/  SHAFT AND 

SEVFN RESCUED I N  NEW Z E A L A N D  
E P A I R S  TO B E G I N  ON SEAWAYS EISENHOWER LOCK ( HIGHWAY 
ERS MUCKING PRODUCTION I /  R I V E R  MOUNTAIN 
ERS ) /  J O I N T  D E S I G N  OF REINFORCED CONCRETE T U B I Y G  I N  
HOD I / SnUNDAT ION-ENGINFFR I N G  PROBLEMS I N  UNDERWATER 

S I M P L I C I T Y  I /  L A S E R  CONTROL FOR C U R V I L I N E A R  
R A I L W 4 Y  SYSTFY PART I I SHOTCRETE AUSTRIAN-METHOD I /  
L L - A Y D - B L I S T  ROCK-FALLS I /  S US WAY 
YSTEM PART 7 ( SHOTCPETE I /  
DUMPING I /  SHAFT H O I S T I N G  EQUIPMENT Fr)R A 
5 I /  P L A N N I N G  AND R F A L I Z A T I O N  OF LARGE CROSS-SECTION 
SE TUNhlFL ING-MACHINE I /  

I N C F N T I V E  APPROACHES TO 
WELD R A P I D  E X C A V A T I O N  FOR R A P I D  T R A N S I T  ( MOLE G R I L L  

S E C U R I T Y  I S  A B I G  HEADACHE ON A 
QVED QEAM ANALOG FOR TUNNEL D E S I G N  I N  M A S S I V E  ROCK ( 
ION-SYSTEMS I /  H I G H  SPEED GROUND T R A N S P O R T A T I O N  

CURVED BEAM ANALOG FOR 
CURVFD BEAM ANALOG FOR 

ARE TODAY'S 
L b S E R  L I G H T S  T H F  WAY FDR HUGE 

JECTS I N  SWEDEN I ROCK-FXCAVATION PENSTOCKS T A I L R A C E  
SNAKE R I  VER D I V E R S  I ON 

HYDRAULIC FORFPOLING S H I F C D  D R I V E S  C A V E D - I N  
FASTER M I N I N G  METHODS FOR 4 U S T R A L I A  ( 

-SUPPORT I /  B L A S T  AND SPRAY ON B.C. 
ST HIGHWAY I /  F A U L T  SUSPENDS 
XPLORATION 1 / AZOTEA 
AR-DRILL SEEPACE ) /  

8 S P  L I N K S  W I T H  N U T T A L L  ON 
D-SFCTIONS I /  
QORING- '4ACHINFS MOLE I /  HARD ROCK 

TICULT-GROUND SURVFYING D E S I G N  ALIGNMFNT GROUTING 1 / 
TUNNELING-MFTHDDS C n S T S  F X C A V A T I O N  MUCKING L I N I N G  I /  

R I D S  ARE REQUFSTFD FOR I N V I T A T I O N  YO. C-6810-H ( 

E GFrlLOGY S I Z E  1 /  RECORD 
AUGER TEAMS W I T H  S H I F L O  TO CUT Y I X E D  

D I G  WE MUST ( 
CHANNEL MONEY FROM THE U.S.A. ( ENGLISH-CHANNEL 

V C E  SAFETY I /  TWO WAYS F I G H T  FOR 
/ P L A N N I N G  63 ST. F A S T  R I V E R  

ARPIVGTON N.M./ PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - 

( NORWAY MUCK-HANDLINS I /  

AUSTRAL I A N  TRENDS I N  
NFW L I N E R  P L A T E  SERVES DUAL ROLE ( 

I V F R  COST-ESTIMATES 1 /  
NGS GROUTING CHEMICAL-CPCUT I /  SOFT-GROUND 

T R A F F I C  GOES UP AS 
S COST SCHFDULF S I Z F  WATER I /  
DLY I /  

AYCE S I Z F  MUCK I N G  I /  SWEDES YAKE ROCK 
OLE S D R I L L  I NG- ANO-B CAS T I NG I / F I V E - M I  L E  

SUBMERGED 

ROAD GOES UP,  
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AND 
AND 
AND 
AND 
AND 
AND 

H E A D I N G  THE P R A C T I C A L  PROBLEMS ( GROUND CO 34-66-10001 
R A I S E S .  T H E I R  A P P L I C A T I O N  TO UNDERGROUND 74-67-07001 

SHAFT CONFERENCE S P O T L I G H T S  WIDER ACCEPTAN 05-68-07001 
SHAFT SYSTEMS TODAY AND TOMORROW ( EXCAVAT 02-68-05001 
SHAFT SYSTEMS TODAY AND TOMORROW ( EXCAVAT 02-70-00002 

SHAFT CONFERENCE M I N N E A P O L I S ,  MAY 15-17, 1 01-70-00001 

A T  ANTWERP ( HIGHWAY-RAILWAY-TUNNEL IMCERSED-T 
A T  BERNE ( S W I T Z E R L A N D  I /  
A T  TORONTO ( CANADA MOLE MECHANICAL-TUNNELER 1 
AT WUPPERTAL-ELBERFELD ( GERMANY BELGIAN-METHO 
AT 5 F T  PER HOUR f MOLE ADVANCE BART CUTTERS I 
AT 5 F T / H R  ( MOLE RECORD CUTTER-COST 1 /  
ATTEMPT ( S I Z E  COST F I N A N C I N G  I /  
AWARD I B I D  E S T I M A T E  V E N T I L A T I O N  I /  
AWARDS ( ST.-GOTTHARD HIGHWAY 1 /  
B E N E F I T S  ( T O U R I S M  WEATHER I /  
B I D  TOPS E S T I M A T E  BY 101 PERCENT ( COST I /  
B I D S  HAVE $17 M I L L I O N  SPREAD ( SUBAQUEOUS-TUNN 
B I D S  HAVE A $ 4 0 - M I L L I O N  SPREAD ( NYC T R A N S I T  T 
B L A S T /  
B L A S T I N G /  E X P E R I E N C E  FROM B L A S T I N G  12 
BOREHOLE B O L T I N G  GROUTING CUTTINGS ROCKFALL 1/  
BORER ( ADVANCE GUIDANCE M I N I N G  CUTTERS RECORD 
BORER ( MOLE IRON-ORE R O B B I N S  I /  
BORER AND SHAFT D R I L L  TEAMED AT AGC'S H Y D R A U L I  
B O R I N G  AT THE NAVAJO I N D I A N  I R R I G A T I O N  PROJECT 
BORING I N  190 DAYS ( GEOLOGY M A C H I N E - D R I L L I N G  
B O R I N G  MACHINE I ADVANCE CUTTERS S A F E T Y  L I N I N G  
BORING MACHINE BORES F U L L  P R O F I L E  I N  SCANDINAV 
B O R I N G  MACHINE PROPS/ 
B O R I N G  MACHINES NEVADA T E S T  S I T E  ( L O S T - T I M E  R 

BORING MOVES AHEAD I ADVANCE CUTTERS THRUST TO 
BORING THRDUGH HARDER ROCK ( MOLE CONTINUOUS-B 
BREAK-THROUGH - B A S I C  F U N C T I O N S  AND MODERN SUR 
C A V E - I N  TRAPS 17 FOR 17 HOURS, I N J U R E S  NONE/ 

BORING MACHINES. A STATUS REPORT W I T H  AN E Y E  

COLLAPSE./  
CONCRETE D E T E R I O R A T I F N  I /  R 
CONSTRUCTION ( COST GUIDANCE MOLE SUPPORT C U T T  
CONSTRUCTION ( C U R I N G  L E A K I N G  LOAD-CARRYING EP 
CONSTRUCTION ( OPEN-CUT CONSTRUCTIBN S I N K I N G - M  
CONSTRUCTION I SURVEYING-CREW ECOYOMY ACCURACY 
CONSTRUCTION AND MAINTENANCE ON THE A U S T R I A N  F 
CONSTRUCTION I N  NEW YORK C I T Y  ( ROCK-BOLTS D R I  
CONSTRUCTION ON THE A U S T R I A N  FEDERAL R A I L W A Y  S 
CONSTRUCTION PROJECT ( BUNKER CHUTE AUTOMATIC- 
CONSTRUCTIONS ( H I G H  WAY-TUNNELS RA I LROAD-TUNNE 

CONTRACTS ( A - L I N E  B - L I N E  B L A S T I N G  MOLE I /  
CUTTER I /  G A L  
D E M O L I T I O N  JOB/  
D E S I G N  I /  cu 
D E S I G N  AND COST DATA ( UNDERGROUND-TRANSPCIRTAT 
D E S I G N  I N  Y A S S I V E  ROCK ( ROCK-MECHANICS I /  
D E S I G N  I N  M A S S I V E  ROCK ( TUNNEL D E S I G N  I /  
DESIGNS ARCHAIC ( SUPPORTS I /  
DIGGER f ADVANCE THRUST LASER GUIDANCE COLE I /  
D I V E R S I O N  I /  M U L T I P L E  HYDRO-ELECTPIC POWER PRO 
D R I E S  S I T E  FOR H E L L S  CANYON DAM ( L I N I N G  I /  
D R I F T  ( S H I E L D  RUNNING-GROUND SEWER I /  
D R I L L I N G  B L A S T I N G  C A G E - R I S I N G  1 /  
D R I V E  ( R O C K - D I S I N T E G R A T I O N  R A I L - T U N N E L  GROUND 
D R I V I N G  ( C O N T I N G E N C I E S  GEOLOGY E X P L O R A T I O N  CO 
D R I V I N G  B E G I N S  ( MOLE WATER TUNNELS GEOLOGIC-E 
D R I V I N G  I N  FRANCE ( B L A S T I N G  D R I L L I N G  JUMBO ST 
D R I V I N G  MACHINES ( S H I E L D S  MOLES FNGLANC 1 /  
D R I V I N G  METHODS ( S H I E L D S  L I N I N G S  P R E F A B S I C A T E  
D R I V I N G  ON THE MOON ( CUTTER MUCKING GUICANCE 
EASES 21-YEAR T R A F F I C  J A M  ( COST L I N I N G S  I /  
E N G I N E E R I N G  ( H I S T O R I C A L  L IN ING-MFTHCDS S H I E L O  
E S T I M A T I N G  IMPROVED: T I E D  TO GEOLOGY ( ROCK-C 
E X C A V A T I O N  I /  
E X C A V A T I O N  SYSTEM KEEPS V E N T I L A T I O N  COSTS DOWN 
E X C A V A T I O N  W I T H  BORING MACHINES ( COST ADVANC 
FACE ( ADVANCE L I N I N G  MUCK MOLE I /  
F E  AS I B I L I TY-STUDY 
F I N A N C I N G  I /  
F@ClTAGE ( COST C A P I T A L  ADVANCF OVERSREAK G U I D A  
FOR VFW YORK I SUBWAY TRENCH B I D S  SUEAQUEOUS I 
FOR THAMESMEAD ( ENGLAND 1 /  
FUR T H I R S T Y  C I T Y  ( WATER-FEEDEP-TUNNEL I /  
FORMWORK ( SUPPORTS I /  
GASKETED-LINFR-PLATES I /  
GETS BIGGER AND RICHER 1 SUNKEN-TUBE SHIELD-DR 
G I V E S  JERSEY SEWER CONTRACTOR HARD T I M E  ( L I N I  
GOFS DOWN ( CUT-AND-COVER EXPRESSWAY I /  
GOES FOR RECORD $222.6 M I L L I O N  B L A S T I N G  MOLE 
GOES FOR RFCORD 8222.6 M I L L I O N  NYC WATER-SUP 
GOES UNDER ( SUPPORT I /  
H I S T O R Y  ( GEOLOGY D R I L L - B I T  JUMBO B L A S T I Y G  ADV 
HOL ED THROUGH ( HARD-ROCK-TUNNEL ING-MACHINE S M 
I N  ANTWERP [ B E L G I U M  HIGHWAY I /  

CONTRACTOR B U R I E S  $200,000 MOLE 1 STORM-DRAINA 

I / 

05-67-0400 1 
74-6 2-05 00 1 
75-6 2- 07 0 0 2 
04-69-04002 
76-70-04001 
75- 7 0- 0 200 1 
05-66-1 2006 
0 5- 67- 1 10 0 1 
05- 69-0600 1 
05- 6 7- 1 2 00 1 
05- 6 5- 0800 1 
05-69-09003 05-6 5-0200 1 

05-66- 10002 
24-70-0500 1 
15-65- 0 100 1 
75-67-10003 
74-65-06002 
7 5- 64- 0 70 0 1 
72-70-00011 
75- 6 9- 0 8 0 0 1 
75-55- 11001 
76-7 0-0 30 0 3 
13- 68- 11 001 
73-66-03001 
72-6 8-05 001 
75-62-06001 

14-68-0400 1 
55-68-01001 
0 5- 7 0- 03 0 0 4 
05- 6 7- 0 8 00 2 
72-6 9- 1000 2 
34- 6 1  5-0300 
24- 64-0 70 0 1 
82-69-1 0001 
04- 7 0- 0 3 0 0 3 
02-64-09001 
04-70-05005 
44-66-10001 
04-64- I200 1 
75-67-04001 
0 2- 7 0- 00 0 0 3 
76-69-02001 
05- 66- 0 8002 
12-66-11001 
03-6 e-03 001 
14- 66- 1100 1 
12-66-11001 
35-65- 12 001 
75-66-04001 
05-62-0 100 2 
0 5- 6 5- 0700 1 
74- 64- 0 6 00 1 
05-62-01 00 1 
26- 67-05001 
3 5-6 9- 0 200 1 
04- 64- 0 8 00 1 
6 4- 5 2- 0 5 00 1 
75- 7 0-0 10 0 4 
04-64- 12004 
74- 65-07 00 1 
55-65-08002 
01-59-00001 
65-59-1 2001 
45- 6 7- 1 0 00 2 
44- 6 9- 0 60 0 1 
74- 67- 08 00 1 
75- 7 0- 0 100 1 
05-66- 12002 
05-67-06001 
75-66-10001 
04-70-0300 1 
05-70-05007 
0 5- 6 6- 0 80 0 3 
34-70-03001 
3 5- 67- 0300 1 
65-67-0400 1 
35-66-0900 1 
05-66-0900 1 
05-70-01006 
05-70-01009 
35- 69-03001 
05-5 5-0900 1 
75-66- 1200 1 
04-68-10006 

75-6 0- 03 00 1 
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/ MALABAR H I L L  TUNNEL I N  BOMBAY ( FREEWAY-TUNNEL STRUCTURAL-DESIGN 1 

J A P A N  I /  MECHANICAL S H I E L D  T U N N E L I N G  OF TWO-TRACK TUNNEL I N  KINTETSU-NAMBA L I N E  P L A N N I N G  AND RECENT CCN 

NG V E N T I L A T I O N  E X C A V A T I O N  OPEN-CUT JUMBO ) /  REBOUCAS TUNNEL I N  R I O  NEARS C O M P L E T I O N  AFTER YEARS D E L b Y  ( L I  
NG I /  T H E  D R I V I N G  O F  10 M I L E  LONG CANYON POWER TUNNEL I N  THE U.S.A. ( WATER-TUNNEL ANFO FAST-TUNNEL.1 
T O E L E C T R I C  I T Y  1 / STRESSES AT TUNNEI_ I N T E R S E C T I O N S  ( MODELS T E N S I O N  COMPRESSION PHO 

H I S T O R I C  OPENING OF T U N N E t  IS RECREATED/ 
-CREEK S H I E L D  I /  ROCKY TUNNE I S  WORLD'S H I G H E S T  ( HIGHWAY COLORADO S T R A I G H T  

I /  CONTRACTOR L I C K S  TOUGH TUNNEL JOB ( ADVANCE JUMBO E X P L O S I V E  COST BAD-CROUND 

WATER TUNNEL I N  C A L I F O R N I A  ( COST 3 /  

CONSTRUCTION OF THE L A I O N G  TUNNEL I N  M A L A Y S I A  D R I L L - B L A S T  COSTS SUPPORTS 

B I D S  DUE SOON ON V I R G I N I A  HIGHWAY J O B S  ( TUNNEL INTERSTATE-HIGHWAY E S T I M A T E D  COST I /  
S W I S S  TUNNE I S  HOLED THROUGH ( COST I /  

I T E  CONSTRUCTION S A V I N G S  B O R I N G  MONT BLANC ROAD TUNNEL Is WORLD'S LONGEST ( SUBTERRANEAN-HIGHWAY GRAN 

CONTRACTOR L I C K S  TOUGH TUNNEL JOB ( V I R G I N I A  BIG-WALKER HIGHWAY I /  
B I G  WATER TUNNFL J O B  A B A R G A I N  ( COST I /  

OMPRESSED-AIR-METHOD SUNKEN-TUBE-TRENCH-METHOD ) /  TUNNEL J O B  H I T S  ANOTHER SNAG ( SUBWAY S H I E L D - O R I V E N - C  
S I X  M I L E  TUNNEL J O B  R E N E G O T I A T E D  ( POWERHOUSE-TAILRACE I /  

A N A L Y S I S  OF TUNNEL L I N E R - P A C K I N G  SYSTEMS ( D Y N A M I C - L O A D I N G  ) /  
STRUCTURAL B E H A V I O R  OF PRECAST CONCRETE TUNNEL L I N E R S  ( SUPPORTS L I N I N G  BARTD ) /  

A S T I C  P L A S T I C  G E O L O G I C A L - C L A S S I F I C A T I O N  ) /  D E S I G N  OF TUNNEL L I N E R S  AND SUPPORT SYSTEMS ( E X C A V A T I O N  TRANSP 
L A S T I N G  B O R I N G  1/ D E S I G N  OF TUNNEL L I N E R S  AND SUPPORT SYSTEMS ( STRESS S T R A I N  B 

TUNNEL L I N E R S  ARE WHEELED I N T O  P O S I T I O N  ( SUPPORTS I /  
TUNNEL L I N E R S  FOR BART SUBWAYS [ COST I /  

NEW WAY TO SPRAY ON TUNNEL L I N I N G  I SHOT-CRETE ALIVA-METHOD I /  
METHODS OF S T R A I N  MEASUREMENTS I N  TUNNEL L I N I N G  I WARSAW-UNDERGROUND SUBWAY POLAND I /  

STRUCTURAL D E S I G N  D A T A  FOR UNREINFORCED CONCRETE TUNNEL L I N I N G S /  
NOTE ON E L A S T I C  STRESS I N  TUNNEL L I N I N G S /  

FORMWORK FOR I N S I T U  CONCRETE TUNNEL L I N I N G S /  
P R I N C I P L E S  OF SOIL-STRUCTURE I N T E R A C T I O N  A P P L I E D  TO TUNNEL L I N I N G S  I S T I F F N E S S  MODELS D I S P L A C E M E N T  E L A S T I  

A P P L Y I N G  WATERPROOF SHEETINGS AS TUNNEL L I N I N G S  BY MACHINES! 
SEAWAY WEIGHS TUNNEL LOW B I D  ( WELLAND ROAD-RAIL  I /  

DERSEA D R I L L I N G  AND PRODUCTION S I T E S  FOR PETROLEUM ( TUNNEL MACHINE-BORING S H A F T - D R I L L I N G  BEDROCK ) /  UN 
I P O N - L I N E R  CPM I /  V I C T O R I A  SUBWAY SPARKS NEW TUNNEL M A K I N G  METHODS ( CONCRETE-LINER UNBOLTEC-CAST- 
CONTROLS ELASTIC-RESPONSF GEOLOGY BOREHOLE I /  TUNNEL MECHANICS [ ROCK-MECHANICS SUPPORTS I N E L A S T I C -  

I I /  MOLE BORES TUNNEL NO 1 .  MINERS, NO 2 ( D R I L L - B L A S T  HUGHES B E T T I -  
A N A L Y S I S  OF P E D E S T R I A N  C I R C U L A T I O N  THROUGH TUNNEL NETWORK ( CANADA I /  

A B I L I Z A T I O N  ( GROUTING I /  0 4 R T F O R D  TUNNEL ONLY P O S S I B L E  THROUGH ADVANCES MADE I N  S O I L  ST 
BAY B R I D G E ,  TUNNEL PACTS S I G N E D  I N  MARYLAND/ 

/ RESULTS OF GEOLOGIC RESEARCH AT THE STRAIGHT CREEK TUNNEL P I L O T  BORE, COLORADO ( ROCK-MECHANICS GEOPHYSI  
A R C H I T E C T S  PROTEST TUNNEL PLANS I CUT-AND-FILL  I /  

I N G  LASER C R I L L A B I L I T Y  BORING-RATE I /  R I V E R  MOUNTAIN TUNNEL PRECONSTRUCTION DATA AND FUTURE NEEDS ( GEOLOG 
FRANCE ENDS TUNNEL PROJECT/ 

THE CHICAGO AREA D E E P  TUNNEL PROJECT ( COST SEWAGE-TUNNELS ) /  

SOUTH COVE TUNNEL PROJECT, BOSTON MASS ( SUBWAY I /  
AN URBAN AREA ( D I S P O S A L  COST SEWERS I /  T H E  C H I C A G O  TUNNEL PROJECT - A S O L U T I O N  FOR THE COMBINED SEUER PR 

R/  R I V E R S I D E  ROAD TUNNEL PROPOSED FOR S I T E  NEXT T O  P A L A C E  O F  WESTMINSTE 
C - D R I L L  JUMSO MUCKING ) /  TUNNEL RECORDS BROKEN AT OWENS R I V E R  GORGE ( PNEUMATI  
MUCKING SUPPORT I /  O R G A N I Z E D  SPEED KEY TO SUCCESSFUL TUNNEL RESULTS t GEOLOGY D R I L L I N G  JUMBO C H A R G I N G  V E N T  
ROCK I /  SEWER MOLE T R I M S  COST OF TUNNEL R I B S  & CONCRETE ( CUTTERS HARD L I N I N G  SEEPAGE 

S E R V I C E  MOLE T R I M S  COST OF TUNNEL R I B S  AND CONCRETE ( BORING SEEPAGE CUTTERS I /  
G MUCK P I L O T  I /  TUNNEL R I G  CHEWS THROUGH SHALE ( ADVANCE CUTTER L I N I N  

L T S  I /  TUNNEL ROOF COLLAPSE BLOCKS R O C K I E S  T R A F F I C  ( ROOF-80 
H Y D R A U L I C  R I G  SETS S T E E L  FOR HIGH-UP TUNNEL ROOF ( AIR-MOTOR H Y D R A U L I C - W R I S T ) /  

SNOWY TUNNEL RUBBLE TROUBLE ALMOST CLEARED. ( A U S T R A L I A  I /  

WATE9-SUPPLY ! / HARDROCK TUNNEL SAVES 5 0 %  ON E X P L O S I V E S  ( AN-FO SAN-FRANCISCO 

URE I /  FOUR BARREL TUNNEL SET FOR B I D S  ( NYC-SUBWAY L I R R  S H I E L D  SUNKEN-T 

O L I D A T I O N  I /  GEOLOGIC RESEARCH AT THE S T R A I G H T  CREEK TUNNEL S I T E  COLORADO ( CORE-HOLES R E S I S T I V I T Y  RADIOAC 
8 n R I N G  SURVEYS INSTRUMENTS I /  TUNNEL S I T E  I N V E S T I G A T I O N S  - A R E V I F W  ( GEOLOGY CORE- 
PROCEOUQE I /  GEOLOGIC QESEARCH AT THE S T R A I G H T  CREEK TUNNEL S I T E ,  COLORADO ( GEOLOGY GEOPHYSICS S T A T I S T I C A  

C UYDESGRCUND GEOPHYSICAL S T U D I E S  AT S T R A I G H T  CREEK TUNNEL S I T E ,  COLOPADO R E S I S T I V I T Y  S E T S M I C - V E L O C I T Y  
S-TUNNEL WOODPILES GROUTCUSHION 1 /  S I X - L A N E  TUNNEL S I T S  ON SACKS OF GROUT ( SUNKFN-TUBE SUeAQUEOU 

T R A N S I T  TUNNEL RUNS OBSTACLE COURSE ( BART S H I E L D  I /  

CLYDE TUNNEL:  DESIGN,COYSTRUCTIDN AND TUNNEL S E R V I C E S  ( L I G H T I N G  V E N T I L A T I O N  I /  

TUNNEL S H I E L D  S T A L L S  ( STRAIGHT-CREEK COLORADO I /  

AUTO TUNNEL S K I M S  TOPS OFF SUBWAYS P A R I S /  
TUNNEL SOLVES PEPCO L I N E  PROBLEM/ 

T I L A T I O N  I /  L E  C H A N T I E P  D U  TUNNEL SOUS L E  MONT BLANC ( SAFETY D I S E A S E S  N O I S E  VEN 
SEAWAY TUNNEL START ( WELLAND-CANAL ROAD-RAIL  I /  

T H I R D  MERSEY TUNNEL STARTED ( ENGLAND I /  
3 I S P O S A L  CCST SEWERS ) /  DEEP TUNNEL STORAGE MAY SOLVE C I T Y  STOPM WATER PROBLEMS ( 
I N S  JAPVA ) /  ROCK TUNNEL SUMMARIES ( CHICAGO SEWERS MOLES LAWRENCE ROBE 
LARGF AGGREGATE SHOTCRETE CHALLENGES S T E E L  R I B S  A S  A TUNNEL SUPPORT I L I N E R S  I /  
ATCRY-TESTS EXCAVATION-METHODS I /  R A T I O N A L  D E S I G N  O F  TUNNEL SUPPORTS ( MODELS COMPUTERS COST ROCK-STRESS L 
YOTCRETF STEFL-SETS I / TUNNEL SUPPORTS AND L I N I N G S  - A R E V I E W  ( ROCK-BOLTS S 
POURI: WHEQE NEW ZEALAND IS M I N I N G  FOR 700,000 KW ( TUNNEL T A I L R A C E  ACCESS-ADITS DRAFT-TUBES PENSTOCKS JU 

GARRISON DAM - TUVNEL T E S T  S E C T I O N  I N V E S T I G A T I O N  ( L I N I N G  I /  
HAN VT. BLANC/  16284 M LONG ROAD TUNNEL THROUGH MT-. ST. GOTTHARD WILL BE 4 KM LCNGER T 

TW3 C I T I E S  TUNNEL THROUGH THE C O N T I N E N T A L  D I V I D E  FOR WATER/ 
TUNNEL TO BE SUNK I N  B A L T I M O R E  OUTER HARBOR/ 

CUSTGM R I G S  SPEED 1 ,500-FT-LONG TUNNEL T O  COMPLETION ( JUMBO GROUTING-RIG ) /  
ROAD TUNNEL TO P I E R C E  PYR'ENEES/ 

ANDES TUNNEL TO TAP AMAZON ( COSTS I R R I G A T I O N  ) /  
TUNNFL TO UNSNARL R T O  T R A F F I C  ( TWO-STAGE-TUNNEL I /  
TUNNEL TRANSPORTATION/  

b I N E b P g L I S  ) /  TUNNEL UNCORKS HIGHWAY BOTTLENECKS ( CUT-AND-COVER M I  
L I N I N G  CnMPRESSFD-AIR I /  COYSTRUCTING A SOFT-GROUND TUNNEL UNDER BOSTON HARBOR ( SHIELD-METHOD C U T T I N G - E D  

R TWO-TUPE-VEHICULAR-TUNNEL ) /  TUNNEL UNDER CANAL IS B U I L T  I N  THE DRY ( CUT-PND-COVE 
V I L L A G F S /  TUNNEL UNDER E N G L I S H  CHANNEL TO D I S L O C A T E  FOUR FRENCH 

AY I /  WHICH D E S I G N  FOR RECORD ROAD TUNNEL UNDER S W I T Z E R L A N D ' S  ST. GOTTHARD PASS? ( YIGHW 
EAWAY I /  LOW B I D  ON TUNNEL UNDER WELLAND CANAL R E A L L Y  LOW ST-LAWRENCE-S 
OD T E Y S I O N - P I L E S  C H E M I C A L - S O I L - S T A B I L I Z A T I O N  / R A I L  TUNNEL UNDERPASSES A RUNWAY I N  HOLLAND ( S I T E - D R A I N A G  

I /  UNDERGPOUND ROADS COST P L E N T Y  ( TUNNEL URBAN-HIGHWAY U N D E Q P I N N I N G  ELEVATED-STRUCTURES 
TUNNEL U T I L I T I E S  W I T H  SUBWAYS/ 

05-68-10002 
65-67- 1 0 0 0 1  
74-69-04001 
04- 7 0- 0 100  3 
05-66- 0 8 0 0 4  
04-64-0300 1 
12-64-04001 
6 5-6 7- 0 5 00 2 
65-65-0500 1 
05-68-0300 1 
0 5-69- 070 0 5 
05-65-12002 
15-7 0- 0 1 0 0  1 
05-70-01008 
6 5-65- 07 00 1 
6 5- 67- 03  00 1 
05-66- 1 2 0 0 4  
34- 6 8- 1 0 0 0  2 
34-67-01001 
33- 6 8- 1000 1 
33- 69- 0 2 0 0 1  
3 5 -6 4- 00 0 0 1 
34- 6 8- 06 00 1 
35-67- 0 4 0 0 1  
34- 6 8- 0 4 0  0 1 
33-69-09001 
34-6 6- 0 100  1 
34-68-1000 1 
3 2- 69- 10 0 0 1 
35-70-05002 
0 5- 6 9- 12  002 
04-67-10001 
3 5- 6 4- 0 40 0 2 
03-67-04001 
04- 6 7- 0 4 0 0 1 
75-65- 1100 1 
35-64- 12002 
05-68-09001 
13- 6 7- 00 0 0 1 
05-66-12003 
72-69-10003 
05-6 8- 01  00 2 
04- 6 9- 0400 1 
02-68-10005 
04-68- 1 0 0 0 1  
05-70-0  100 1 
04-50- 04001 
0 5- 5 8- 0 4  0 0 1 
76-66-05001 
74- 66- 0500 1 
74-56-03001 
44-65-0300 2 
05-69-12005 
05- 7 0- 0 200 3 
75- 6 9-0 7 0  0 2 
0 5- 63- 0500  1 
54-65-03001 
05-69- 05 00  1 
75-69- 1 0 0 0 1  
13-64-0000 1 
12-70-0000 1 
14-64-0100 1 
14-67-01003 
05-67-11002 
05 -7 0-0 5 00 2 
65-68- 11001 
4 5-64- 0600 1 
0 5- 7 0- 01 01  0 
05-70- 03003 
45-69-0300 1 
76- 7 0-0600 1 
34- 69- 1 LOO 1 
32-69-10002 
32-70-0000 1 
0 5L 6 7- 0 6 00 2 
32-57-11001 
05- 7 0- 0 1003 
05-64-02001 
0 5- 7 0- 0 5 0 0  1 

05-64-12003 
6 5- 6 5- 03  0 02 
05-67-03001 
0 5- h 7-0 100  1 
05-7 0-0 100 5 
04- 6 1- 0 100 1 
05-66-08001 
55-67-12001 
0 5-6 9-0 5 007 
0 5- 6 C- 05 00 2 
9 5- 67- 0400 1 
0 5-66-0400 1 
05-70-04001 

o 5- 67- o aoo 1 

c.. 
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TUNNEL V E N T I L A T I O N  ( SAFETY I /  
TUNNEL V E N T I L A T I O N  SYSTEM D E S I G N  ( HIGHWAY-TUNNELS I /  

T W I N  BORE HIGHWAY TUNNEL W I L L  L I N K  TWO V I R G I N I A S /  
TUNNEL WILL STORE STORM RUNOFF/ 

D R I V I N G  T H E  O S 0  TUNNEL W I T H  A MECHANICAL MOLE ( R O B B I N S  RECORD ) /  
MORTAR PLASTIC-SEALERS G L A S S - F I B E R - L I N I N G S  D R A I N S  1 /  TUNNEL WORK DURING E L E C T R I F I C A T I O N  OF R A I L R O A D  L I N E S  
4TER-DIVERSION 9 /  GEOLOGY O F  THE HAROLD D. ROBERTS TUNNEL, COLORADO; S T A T I O N  468 + 49 TO EAST PORTAL ( W  
S HYDRAULIC-SYSTEM DUST-COLLECTION I /  R I V E R  MOUNTAIN TUNNEL9 JARVA MKll-1200 MOLE ( BORING POWER L U E R I C A T I  
AMMER LASER BREAST-BOARDS I /  HYDRAULIC  ARM D I G S  TUNNEL, MOVES MUCK TO BELT ( COST S H I E L D  D E M O L I T I O N - H  
IC-MUCKING B O N N E V I L L E  1 /  DAM CONTRACTORS VACUUM TUNNEL, SLOW TRUCKS WITH E N G I N E  BRAKES ( MOLE PNEUMAT 
L A S T  I /  T H E  ORANGE-F ISH TUNNEL, SOUTH A F R I C A  - A REVIEW OF PROGRESS I D R I L L - B  
S BULKHEACS CONCRETE I /  THE UASHBURN TUNNEL, TEXAS ( TRENCH-TYPE DOUBLE-SHELLED-STEEL-TUBE 

MONT BLANC - ONE TUNNEL, TWO JOBS ( GEOLOGY FRANCE I T A L Y  I /  
RVA I /  MECHANICAL R A I S E  AND TUNNEL-BORING EXPERIENCE AT T H E  MATHER M I N E  POLE J A  

T EVALUATES P O T E N T I A L  O F  2 5  NOVEL ROCK D R I L L  TYPES ( T U N N E L - D R I L L I N G  I /  PART 4 NOVEL ROCK D R I L L  S E R I E S  R 
SHAFT-S INK I N G  R A I S I N G  COMPRESSED-AIR DRILL -AND-BLAST T U N N E L - D R I V I N G  I /  UNDERGROUND M I N I N G  DEVELOPMENTS ( 
CURING L E A K I N G  LOAD-CARRYING EPOXY-RESIN HEAT-CURING TUNNEL-L INERS I /  J O I N T  D E S I G N  OF REINFORCED CONCRETE 
I N G  PNEUMATIC-PLACED-CONCRETE I / MOD ERN TUNNEL-L I N I NG MET HODS ( R A I LRO AD-TUNN E L  S CONC RETE- L I N 
TY OF ROCK C A V I T I E S  PART 1 ( ROCK-MECHANICS SUPPORTS T U N N E L - L I N I N G S  I /  I N F L U E N C E  OF ROCK C H A R A C T E R I S T I C S  0 
TY OF ROCK C A V I T I E S  PART 2 I ROCK-MECHANICS SUPPORTS T U N N F L - L I N I N G S  I /  I N F L U E N C E  OF ROCK C H A R A C T E R I S T I C S  0 
M I N I N G  COMPANY CASE STUDY ( R A I S E S  SHOTCRETE SUPPORT TUNNEL-MACHINE CUTTERS ) /  HEC LA 
EST TUNNELER GOES TO OAHE ( MOLE ROTARY-CUTTING-HEAD TUNNEL-RIBS HOURLY-ADVANCE I /  B I G G  

CONFERENCE RECOMMENDATIONS ( OECD TUNNEL-DEMAND S O C I A L - B E N E F I T  COST I /  

R E S I N  AND RE-BAR G I V E  NEW LOOK T O  ROCK BOLTS t TUNNEL-SUPPORTS I /  
TYNE TUNNEL-1, 2 ( G R E A T - B R I T A I N  ROAD-TUNNEL 1 /  

CLYDE TUNNEL: CONSTRUCTIONAL PROBLEMS ( SUBAQUEOUS ) /  
GHTING V E N T I L A T I O N  I /  CLYDE TUNNEL: D E S I G N t C O N S T R U C T I O N  AND TUNNEL S E R V I C E S  ( L I  

C A V E - I N  ADDS TO TUNNEL 'S  HEADACHES I NYC INTERCEPTOR-SEWER I /  
PAPER "DESIGY AND PERFORMANCE OF MAMMOTH POOL POWER TUNNEL" /  D I S C U S S I O N  OF 

TUNNELED TRACK ( J A P A N  RAILWAY I /  
THE SECOND GENERATION GREENSIDE-MCALPINE ROCK TUNNELER/  

I /  CONTRACTOR U N V E I L S  NEW TUNNELER ( MOLE TOREDO S L I  P-FORM PUMPED-MUCK GARDNER 
S I /  SONIC P I L F D R I V E R  TAKES TEST AS F A S T  SOFT-GROUND TUNNELER I SUB-AQUEOUS-TUNNELING PENETRATION HORIZONT 

EL-P IPS HOURLY-ADVANCE I / B I G G E S T  TUNNELER GOES TO OAHE ( MOLE ROTARY-CUTTING-HEAD TUNN 

ACHIYE WILL RQPE HARD POCK TUNNEL ( ALKIRK-HARD-ROCK TUNNELER P I L O T - P U L L - P R I N C I P L E  HYDRAULIC-SYSTEM MOLES 
P A C I T Y  HYDRAULIC-CONTROLS MOLF I /  LASER GUIDES G I A N T  TUNNELER THAT COULD D I G  UNDER CHANNEL ( L A S E R - A I M I Y G -  

M A T F R I 4 L  H E 4 D I N G  I /  C A N A D I A N  TUNNELERS C L A I M  RECORD ( BORE D R I L L - C A R R I A G E  BLASTED-  

LASER MAY BE HARD-ROCK TUNNELER f TUNNELING-MACHINES GRANITE MARBLE I /  

ROCK PLAGUES TUNNELER ON SEWER SYSTEM ( COST I /  

P C A L P I N E  WIN flRDER FROM FRANCE FOR TWO ROCK TUNNELERS/ 

MOLF OUT, MFN I N  ( HARDROCK BORING-MACHINE TUNNELERS DRILL-SHOOT-MUCK I /  
PYRENFES TUNNELERS D R I V E  HOME ( S P A I N  FRANCE I /  

WITH ONLY 90 F T  TD GO TUNNELERS H I T  RUNNING SAND ( SAFETY WATER-TUVNEL ) /  
C L I N G  R L A S T I N G  ALIGNMENT SAFETY I /  LASER BEAM G U I D E S  TUNNELERS L A Y I N G  OUT D R I L L - H O L E  PATTERNS ( ADVANCE DR 
rls I /  TUNNELERS MAY SWARM ANYWAY ( P R E Q U A L I F I C A T I O N  COST B I  
STPNE RFCORD 1 /  TUNNELERS STAKE T H E I R  C L A I M S  MOLE ADVANCE C L P Y  SAND 
IJYBU SURN-CUT-METHOD I / TROUBLE H I T S  JAPANESE TUYNELERS; K I L L S  SEVEN ( DRILL ING-CREWS GANTRY-TYPE-J 
R n R I N G  RESFARCH - F F P F Q A L  PROGRAMS SPARK ADVANCES I N  T U N N E L I N G  ( CHEMICAL-SOFTENING R O R B I N S  WHITE-P INE C O S  

I N G  MACHINE Ff lR  H IGH-SPFFD SHAFT S I N K I N G  AND ROADWAY T U N N E L I N G  ( D R I L L I N G - D E V I C E S  MOLE TUNNELING-MACHINE I 

Q S  I /  NEW MACHINE SPEEDS LARGE BORE TUNNELING ( JUMBO CUTTER-HEAD HYDRAULIC-JPCKS CONVEY0 

Y I N F  SYSTEYS QFSIGN: THE NEXT EFFORT WILL FOCUS ON T U N N E L I N G  ( MOLES R O C K - D I S I N T E G R A T I O N  GROUND-CCNTPOL 

R L A S T I N G  P R A C T I C E  I N  SHAFT S I N K I N G  AND TUNNELING ( D R I L L I N G  ROCK-BREAKAGE I /  

ECONOMIC FACTORS OF MECHANICAL ROCK T U N N E L I N G  ( J A R V A  MOLE COSTS I /  

I N D E X I N G  ROCK FOR MACHINE T U Y N E L I N G  ( MOLE HARDNESS RQD-INDEX 1 /  

E X C A V A T I O N  AND TUNNELING ( RAPID-EXCAVATION-TECHNIQUES LOW-COST I / 
OUTLOGK FOR FASTER T U N N E L I N G  ( RESEARCH ! /  

MOnERN TRENDS I N  SOFT GROUND T U N N E L I N G  ( S H I E L D S  I /  
NNEL I /  TWO SORTS OF T U N N E L I N G  ( S H I E L D S  TUNNELING-MACHINES UNDER-WATER-TU 

OECD A D V I S 0 9 Y  CONFERENCE ON TUNNELING ( URBAN-PLANNING I /  
PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - D R I F T  BORING AT W H I T E  P I N E  COPPER/ 
PANEL D I S C U S S I O N  ON YOLE TUNWELING - MOLE BORING OF SHAFTS/  

HARD R r l C K /  PANEL D I S C U S S I O N  ON YOLE TUNNELING - PROBLEMS ASSOCIATED W I T H  R A I S E  BORING I N  
TUNNELING - RECOMMENDED SAFETY RULES/  

PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - SOME B R I E F  COMMENTS ON MOLES/ 
N PROJFCT, FARMIYGT3N N.M./ PANEL D I S C U S S I O N  ON MOLE T U N N E L I N G  - TUNNEL BORING AT THE NAVAJO I N D I A N  I R R I G A  
H I N E S  MOLES C I N I Y G  JUMRO I /  SOFT RUCK T U N N E L I N G  AT MO R I V E R  DAMS ( E X C A V A T I O N  TUNNELING-MAC 
-HFAO I /  SOFT-ROCK T U N N E L I N G  AT 5 FT. PER HR. ( AOVANCF CUTTFRS M C K I V L E Y  

J E T ,  MOLE TEAM SEEKS TUNNELING BREAKTHROUGH ( CALWELD EXOTECH I /  
TUNNELING BREAKTHROUGH? ( MOLE CH€MICAL-SOFTENING I /  

A SYSTFM STUDY OF NEW SOFT GROUND T U N N E L I N G  CONCEPTS I MOLE S H I E L D  I / *  
I ( -TFSTING C F S I G N  I /  JARVA TUNNELING MACHINES-REED TUNNELING CUTTFRS ( PORE SADDLES PENFTRAT ION-PPTF ROC 

1 2 - D R I L L  JUMBO SPFE@S TUNNELING CYCLE ( DRILL -AND-BLAST SUPPORTS I /  
TWFLVE-DRI L L  JUMBO SPEEDS TUNNELING CYCLE ( D R I L L - B L A S T  RECORD 1 /  

FTHQD I T A L Y  I /  RECENT TUNNELING E X P F Q I E N C E  I N  EUROPE ( SHOTCRETE AUSTPIAN-M 
5AN-NEFrlS I /  T U N N E L I N G  EXPERTS MFET TO ASSESS TECHNOLOGY ( OECD UR 

AYYONIUM N I T R A T F  F U F L  O I L  B L A S T I N G  AGENTS ( AN-FU T U N N E L I N G  E X P L O S I V E S  j /  
SOFT GROUNO T U N N E L I Y G  FOR TORONTO SUBWAY ( CANADA S H I E L D S  I /  

I /  TUNNELING GRAND SLAM I TUNNEL ING-RECORD S I Z E  GEOLCGY 
ERMAFRClST !/ TUNNELING I N  A SUBFREEZING ENVIRONMFNT ( SPFETY I C E  P 
SYSTCMS I /  TUNNELING I N  B P I T I S H  CClAL M I N E S  ( EXCAVATIOY-METHODS 

V E Y T I L 4 T I O V  n U S T  I /  T U N N E L I N G  I N  CANADA ( JUMBO B L A S T I N G  SUPPORTS PUCKING 
SYSTEM5 ) /  YFTHCD ST:JDY A P P L I E D  TO SHAFT S I N K I N G  AND TUNNELING I N  C n A L  M I N E S  I N  GREAT B R I T A I N  RESEARCH-S 

I A - L I N F  F X P F R I M E t ' T  I /  R 4 P I D  T U N N E L I N G  I N  LONDON CLAY ( S H I E L D  MOLE L I N I N G S  V I C T 0 9  
I M F N T  L I Y I N G S  1 /  T U N N E L I N G  I N  LONDON CLAY ( S H I E L D  V I C T O R I A - L I N E  EXPER 
HGUST TDRQUF HYDRAULIC-POWER MOLE I /  YARDROCK T U N N E L I N G  I N  PEGMATITF  I CUTTER-COOLING P E N E T R A T I O N  T 
N I N G  YOLFS COST I /  STORM SEWER T U N N E L I N G  I N  SANDSTONF ( FROSION L I N I N G S  H Y D R A U L I C - M I  

C OUST VUDSTnlrlF I /  MACHINE TUNNELING I N  TASMANIA  ( TA ILRACE-TUNNEL MOLE H Y D R A U L I  
NG V F Y T I L A T I O N  MUCKING GPOUND-SUPPORT M E C H A N I Z A T I O N /  T U N N E L I N G  I N  THE COAL Y I N E S  OF WESTERN GERMANY ( EXCA 
Q I L L I N G  F X P L n S I V E S  MANAGEMENT M I N I N G - O R G A N I Z A T I O N  I /  TUNNELING I N  THF U.S.A. ( HARD-ROCK M E C H A N I Z A T I U N  L A B  

V F N T I C A T I O N  MUCKING D R I L L I N G  E X P L O S I V F S  JUYBO I /  T U N N E L I N G  I N  THE U N I T E 0  STATES OF AMERICA C HARD-ROCK 
NG F F A S I R I L I  TY CCNSTRUCTION E S T I M A T E S  I /  H4RD-ROCK TUhlNEL I N G  I N V F S T I G A T I O N  ( MACHINES MOLES D R I L L I N G - A N D  

SOFT GROUND T U N N E L I N G  I N  D E T R O I T  ( YOLE S H I E L D  SEWER J /  

T U N N E L I N G  I N  SANDSTONE ( MOLE ROBBINS HUGHES I /  

54- 6 9-0 800 1 
64-64-0 200 1 
0 5- 69- 070 04 
85-67- 1100 1 
72- 7 0-0 000 2 
04- 64- 04002 
14-67-0 1 00 1 
72- 69- 10 0 04 
7 5- 6 8 -  0 100 1 
45-70-07001 
04- 7 0-0 100 1 
05-5 1-03001 
05-62-05001 
7 2- 7 0- 0 0003 
02-70-06001 
24- 6 8-0 800 1 
04- 6 0- 02 00 1 
34- 6 5- 03 00 1 
3 4- 3 7- 07 00 1 
24-7 0- 01 00 1 
24-70-0300 1 
22- 6 9- 10003 
75-59-02001 
35-64- 12 00 1 
0 4- 6 8- 0 200 4 
04-65-0300 1 
54-6 5-03001 
05-7 0-0700 1 
02- 64- 0300 1 
05-69-12001 
76-70-0300 1 
75-59-12001 
75-64-01001 
25-66-12001 
75-59-02001 
65-65-03001 
75- 64- 03 00 1 
75- 67- 1000 1 
75-70-03001 
0 5- 5 6- 060 0 1 
75- 65- 0400 1 
0 5 -6 9- 0 90 0 4 
55- 69-0200 2 
85-67-0 700 2 
0 5- 6 7- 070 0 1 
75- 7 0- 01002 
05-66-11001 
75- 6 9- 0 900 2 
2 2- 59- 0700 1 
72-59-07001 
64- 67- 0600 I 
75-54-12001 
12- 7C-00003 
04- 6 7- 0600 3 
07-67-03001 
02- 7 0- 0 0 0 0 1 
74-64-02001 
04- 6 8-03 00 I 
05- 7 0- 03 00 2 
72- 70- 000 1 2  
72-70-00013 
72- 7 0- 0001 0 
53- 6 0- 0 0 0 0 1 
72-70-00009 
72-70-00011 
75- 6 2- 0 70 0 I 
75- 5 5- 0200 1 
75-70- 0 1008 
75- 6 9- 0 6 0 0 1 
7 2- 09- 1 000 6 
76-68-0900 1 
2 5-69-01 00 1 
05- 6 9- 0 100 1 
32-70-00002 
05-70-07002 
24- 6 4- 0 3 00 2 
74-65- 1200 1 
7 5- 67- 0 700 1 
02-7 0-00003 
02-59-07006 
0 2- 5 9- 07004 
02-59-07005 
75-62-07003 
7 5- 6 1- 0 500 1 
05-61-03001 
74-65-06001 
2 4- 6 7- 0 200 1 
74-65-06004 
74-63-0300 1 
02-59-07003 
02- 59-0700 1 
02-59-07002 
23-65-10001 



ELING-MACHINE COST I /  G I A N T  MOLE B E G I N S  T U N N E L I N G  JOB I N  SAN F R A N C I S C O  t HYDRAULIC-JACKS TUNN 

HEAD I /  HARD ROCK TUNNEL I N 6  MACHINE ( ADVANCE FORMATION L I N I N G  CUTTERS 
E E N S I D E  I /  D E S I G N  AND DEVELOPMENT OF A ROCK T U N N E L I N G  MACHINE ( MOLE ENGLAND S IR-ROBT-MCALPINE GR 

DVANCE E X C A V A T I O N  L I N I N G  MAINTENANCE I / T U N N E L I N G  MACHINE HOLES THROUGH FOUR MONTHS EARLY ( A 
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TUNNEL 

YALL  TUNNFLS MAKE GOOD SEWERS ( SUPPORTS COST L I N E R S  
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ND E N G I N E E R I N G  TO SAFETY I N  M I N I N G  F I R E - P R E V E N T I O N  V E N T I L A T I O N  ROOF-CONTROL 1 /  REPORT ON R E G I O N A L  M I N I N G  
K-BREAKAGE SAFETY ENVIRONMENTAL-CONTROL A I R  H A N D L I N G  V E N T I L A T I O N  STEMMING 1 / D U S T  CONTROL D U R I N G  B L A S T 1  NG 

DERAL M I N E  SAFETY CODE P A R T  I ( E X P L O S I V E S  ROOF F A C E  V E N T I L A T I O N  T R A N S P O R T A T I O N  I /  F E  
0 R A I S E S .  T H E I R  A P P L I C A T I O N  TO UNDERGROUND M I N I N G  ( V E R S A T I L I T Y  COST SAFETY PRODUCTION ROCK M A I N T E N A N C E  1 

L - S T R I N G  C A S I N G  1/  ROTARY D R I L L I N G  OF LARGE D I A M E T E R  V E R T I C A L  HOLES ( HOLLOW-DRILL-STEM ROLLER-CUTTER C I R C  

E ADVANCE LOST L E T T E R S  POWER THRUST ) /  V E R T I C A L  MOLE SCORES B U L L S E Y E  I N  DEEP SHAFT ( GUIDANC 
A I N S  P I P E - P U S H I N G  ) /  S T A B I L I T Y  OF C L A Y  AT V E R T I C A L  O P E N I N G S  ( COMPRESSED-AIR OVERBURDEN SEWER-M 
I T Y  ) /  H Y D R A U L I C  CONVEYING OF S O L I D S  I N  V E R T I C A L  P I P E S  ( V E L O C I T Y  S E T T L I N G  C O N C E N T R A T I O N  DENS 

E PRESSURES OF ROCKS BY I N T E N S I V E  BOREHOLE H E A T I N G  ( V E R T I C A L - F R A C T U R I N G  I /  R E D U C T I O N  OF FRACTUR 
NCHING AUGERING EARTH-REAMER J A C K I N G  MECHANICAL-MOLE V I B R A T I N G - D R I L L  ROLLING-CUTTER D R A G - B I T  PERCUSSIVE-DR 

N OF T H E  GEOPHONE T O  M I N I N G  OPERATIONS ( INSTRUMENTS V I B R A T I O N S  ) /  A P P L I C A T I O  
FROM B L A S T I N G  12  F T  D I A  MERSEY P I L O T  TUNNEL - GROUND V I B R A T I O N S  FROM TUNNEL B L A S T I N G /  
50 DEGREES K ( MAGNETOSTRICTION ANELASTIC-PROPERTI  ES V I B R A T I O N S  P U L S E  RESONANCE I N T E R N A L - F R I C T I O N  RETARDAT 

TUNNEL V E N T I L A T I O N  SYSTEM D E S I G N  ( HIGHWAY-TUNNELS I / 

A S S E S S I N G  D E F O R M A B I L I T Y  OF ROCK AT BOTTOM OF V E R T I C A L  BOREHOLE ( D R I L L I N G  I /  

/ S I N K I N G  V E R T I C A L  M I N E - S H A F T  A T  RATE OF 290 .5  METERS PER MONTH 
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J A P 4 N ' S  PRESSURIZED EXCAVATOR C L A I M S  WORLDS F I R S T  I SAFETY COMPRESSED-AIR SUBWAY-TUNNEL ) /  
YPNCE L I N E  WHEN D R I L L I N G  RFSPONSE IS LOW I S H A R P - B I T  WORN B I T  I /  NEW APPROACH TO I N T E R P R E T I N G  ROCK C R I L L A B  

COLE 4CHIEVERS AROUND THE WORLD/ 

BSP-NUTTALL  TUb'NEL I N G  MACHINES I WORLD-RECORD I /  

23-6 8-0800 1 
2 4- 64- 1 20 0 1 
24-65-03 00 2 
24- 5 8- 03 00 1 
24- 64- 1 100  5 
24- 6 5-0 1 00 4 
24-65- 0 3 0 0 4  
24- 6 8- 1 100 1 
12-65-01003 
0 5- 67- 1 200 1 
34-64-0400 1 
22-65-06003 
75- 69- 0 100  1 
75-69-07001 
44- 67- 06  003 
05-69- 1200 2 
12-67-040 10 
74-55-08001 
75-6 8-0 1002 
3 2-64-1 0 0 0  5 
7 5- 6 7- 0 9  0 0 2 
04-67-09001 
14-6 7-0 1 002 
12-64-10002 
0 5-6 9-0 5 00 2 
05-69-1 2 002 
05- 69- 0700 6 
05-7 0- 0 1 0 1 0 
25- 68-0 100 1 
2 5- 6 5- 0 3 00 3 
43-59-00001 
04- 64- 0 6 0 0 1 
45-67-01001 
02- 59- 07003 
45- 6 5- 0 500 2 
05-70-01001 
55-64-04001 
75-64-0700 2 
45-6 7- 0 400 1 
24- 64- 0 6 00 1 
14-69-07001 
74-6 8- 1 0 00  1 
44- 68- 03 0 0  1 
35-64-00001 
45-67-02001 
05- 6 8- 1100 1 
85-66-11001 
04- 6 8- 0300  2 
2 2- 69- 10 00  4 
72- 7 0- 0001 2 
45-68-07001 
7 5- 69-0 90 02 
85-66-11001 
44- 6 7-0 6 0 0 6 
1 2- 65-06 01 1 
3 2- 59- 07 00 3 
24-6 5-0 5 00 3 
24-6 5-03003 
05-67- 1200 2 
05-66-06002 
75- 67-0700 2 
04-70-0 5 0 0 4  
76 - 7 0- 0 3 0 0 3 
05- 6 7- 1 1 0 02 
74-63-00001 
0 5-67- 10 00 1 
04- 6 4- 0 400 2 
45-67-04001 
2 2- 59- 0 7 0 0  7 
74-68-10002 
2 2- 5 9- 07 004 
24-64-09009 
54-41-05001 
2 4- 64- 03 003 
12- 65-06004 
54-41-05001 
05- 61-09002 
14-6 8- 060 0 1 
34-63-0 8001 
04- 6 8- 1 2 00 1 
04-6 7- 1 1  00 2 
05-66- 02 0 0  2 
7 5- 7 0- 0 1 0 0 6 
76-7 0-0 5 0 0  1 
05- 5 8-0600 1 
85-64-03001 
05-69-07005 
74- 59-06001 
05-68-01001 
05-65-12002 
75- 6 7- 0 900 1 
24-64-11006 
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75-67-08005 MOLES WOULD BE BETTER ( TUNNELING-MACHINE I /  
- R I G  B I T  C I R C U L A T I O N  COST S P E C I F I C A T I O N S  I /  HERE’S  A WRAP-UP OF B I G  HOLE D R I L L I N G  AT NEVADA T E S T  S I T E  ( RO 25-64-10001 
-RAMS CUTTERHEADS-CONVEYOR RECORD I /  A H Y B R I D  MOLE WRAPS UP OAHE TUNNEL ( MIN ING-MACHINE SHALE H Y D R A U L I C  75-61-04001 

K I E S B E R G  TUNNEL AT WUPPERTAL-ELBERFELD ( GERMANY BELGIAN-METHOD / 04- 6 9- 0 40 0 2 

Y 

ROCK PENETRATION AT O B L I Q U E  I N C I D E N C E  B Y  YAWED B I T  TOOTH I D R I L L I N G  I /  
D.C. SUBWAY STARTS AFTER 20 YEARS/ 

SCHEME F I R S T  PLANNED 30 YEARS AGO NEAR COMPLETION ( TYNE-TUNNEL I /  
TUNNEL SLURRY PUMPING I /  ANOTHER MOLE PUSHES JOB TWO YEARS AHEAD OF SCHEDULE ( TUNNELING-MACHINE MUCKING W 
MBO I /  REBOUCAS TUNNFL I N  R I O  NEARS COMPLETION AFTER YEARS DELAY [ L I G H T I N G  V E N T I L A T I O N  E X C A V A T I O N  OPEN-CU 
RAD1 AT I O N  NUCL EAR-EXPLOS I O N  1 / TEN YEARS OF PLOWSHARE ( C R A T E R I N G  B R E A K I N G  P E R M E A B I L I T Y  
SOMETER-MEASUREMENTS HAULAGE-DRIFT  F A U L T  T IMBER-SETS Y IELDABLE-STEEL-ARCH-SETS I /  COMBATTING WEIGHT PROBLE 

P L A N N I N G  63 ST. EAST R I V E R  TUNNEL FOR NEW YORK ( SUBWAY TRENCH B I D S  SUBAQUEOUS I /  
s u B w a Y  TUNNEL CONSTRUCTION IN NEW YORK CITY ( ROCK-BOLTS DRILL-AND-BLAST ROCK-FALLS 1 1  

PAN BUENOS A I R E S  SAN FRANCISCO AUTOMATION ) /  MEMCO: YOUNG TURKS THAT TACKLE TUNNELS ( MOLES S H I E L D S  HARD- 
RMAL-SHOCK C O E F F I C  IENT-Of -EXPANSION TENSILE-STRENGTH YOUNG’S-MODULUS ) /  THERMAL FRAGMENTATION OF ROCK ( BU 
I N V E S T I G A T I O N  OF FDUN’IATION ROCKS I N - S I T U  ( GROUTING YOUNGS-MODULUS SOUNDNESS STRESS I /  OY NAM I C 
I S P O S A L  ) /  YUBA R I V E R  J O B  RACES THE R A I N S  [ WINTER-RAINS SPOIL -D  

Z 

T I V U O U S  HAULAGE SYSTEM PACES PRODUCTION G 4 I N S  AT B & Z /  NEW CON 

SOUTH A F R I C A  ( R O C K - D R I L L I N G  1 /  DIAMOND D R I L L I N G  ON ZAMBIAN COPPERBELT W I T H  NOTES ON DEEP S L I M  HOLE D R I L L  
RAFT-TURES PENSTOCKS JUMBOS ) /  MANAPOURI: WHERE NEW FEALAND IS M I N I N G  FOR 700,000 KW ( TUNNEL T A I L R A C E  AC 

H Y D R A U L I C  METHODS: A L I T E R A T U R E  SURVEY ( R U S S I A  NEW ZEALAND POLAND WEST GERMANY CZECHOSLOVAKIA  G R E P l  B R I T  
SEVEN RESCUED I N  NEW ZFALAND TUNNEL COLLAPSE./  

V I T F  I N  S O L U T I n N  ENVIRONMENT ( CHEMICAL-SOFTENING ) / ZETA P O T E N T I A L  AND PENDULUM SCLEROMETER S T U D 1  ES OF GR 
I T U  DYNAMIC PRCIPERTIFS 4ND FOR O U T L I N I N G  OF FRACTURE ZONES ( ABSORPTION A T T E N U A T I O N  S O N I C - V E L O C I T Y  T R A N S I T  
ECHNIQUF FOR THE D F T G R M I N A T I O N  OF P O T E N T I A L  FRACTURE ZONES I N  ROCK STRUCTURES/ A P H O T O E L P S T I C  T 
ANGE 1 2  K C / S  T O  51 KC/S  AND I N  THE TEMPERATURE RANGE 100 DEGREES K TO 1150 DEGREES K ( MAGNETOSTRICTION AN 

CERRO TUNNELS THRnUGH 100,000 GPM ( DOUBLE-TUNNELS PERU I /  
SOLF TUNNEL B I D  TOPS E S T I M A T E  BY 101 PERCENT ( COST I /  

DEPTH RECORDS I N  107 COUNTRIES [ D R I L L I N G  I /  

MOLE BPEAKS THROUGH AFTER 293-FT. DAY AND 1114 F T  WEEK ( HARD-ROCK WATER-TUNNEL COST RECORD I /  
SY ) /  YEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  11. GREATER SPEED AWAITS MEANS TO REACH PERFORMAUCE L 

1 KC/S AND I N  THE TEPPERATURE RANGE 1 0 0  DEGREES K TO 1150 DEGREES K ( MAGNETOSTRICTION‘ANELASTIC-PPOPERTIE 
M TUNNEL B L A S T I N G /  EXPERIENCE FROM B L A S T I N G  12 F T  O I A  MERSEY P I L O T  TUNNEL - GROUND V I B R A T I O N S  FRO 
YUATIClN MEASUREMENTS ON ROCKS I N  THE FREQUENCY RANGE 12 K C / S  TO 5 1  K C / S  AND I N  THE TEMPERATURE RANCE 100 D 

ST SUPPrlRTS ) /  12-DRILL JUMBO SPEEDS T U N N E L I N G  CYCLE ( DRILL -AND-BLA 

E/ D R I V I N G  1245 M OF D R I F T  PER MONTH U S I N G  P K - 3  T U N N E L I N G  MACHIN 

I 9  1 / NEW APPROACH Ti3 I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  13. HOW D R I L L I N G - F L U I D  FACTORS AFFECT THE TRANSPORT-L 
AL ) /  NFW APPPAOCH TO I N T E R P R F T I N G  ROCK D R I L L A B I L I T Y  14. HOW ROTARY SPEED & B I T  C O N F I G U R A T I O N  AFFECT TRANS 
OCKFT I /  15 A S P H Y X I A T E D  I N  HYDRO TUNNEL ( PERU GAS-TEST DUST-P 
10 ) I  YEW APPROACH TO I N T E R P R E T I N G  R@CK D R I L L A B I L I T Y  15. HOW CHANGES I N  ROCK & PRESSURE AFFECT THE TRANSPO 

3 F  THF TUNNEL AND SHAFT CCNFERENCE M I N N E A P O L I S ,  MAY 15-17, 1968./ R A P I D  E X C A V A T I O N  - PROBLEMS AND PROGRES 
I /  MOLE BORES AT 16 F T  PER HOUR ( ADVANCE GUIDANCE MUCK POWER RECORDS 
A R  ) /  NFW APPROPCH TO I N T E R P R E T I N G  RnCK D R I L L 4 B I L I T Y  16. F I E L D  RESULTS SUPPOQT LABORATORY CONCLUSICNS ON T 
L BE 4 KM LONGER THAN P T .  BLANC/  16284 M LONG ROAD TUNNEL THROUGH MT. ST. GOTTHPRD WIL 

in I /  NEW APPROACH TO INTEQPRETING ROCK DRILLABILITY 12. WHAT IT MEANS WHEN DRILLING FALLS BELOW PERFORMAN 

ERTHRUST P I P E J A C K I N G  ENGLAND 1/  1200,000 THRUSTING CONTRACTS AT SLOUGH AND EPSOM ( SE 

MOLE D I G S  8 M I L E S  I N  13 MONTHS ( B L A N C 0  R O B B I N S  SWITZERLAND O S 0  AZOTEA I /  

TUNNEL. CAVE-II\I TRAPS 17 FOR 17 HOURS, I N J U R E S  NONE/ 
TUNNEL C A V E - I N  TRAPS 17 FOR 17 HOURS, I N J U R E S  NONE/ 

MYSTERIOUS GAS K I L L S  17 I N  SWISS HYDRT) TUNNEL ( POWER-PROJECT I /  
YF I /  NEW APPQOACY TCI I N T E R P S E T I N G  RnCY D R I L L A B I L I T Y  17. WHAT LOWER D R I L L I N G  L I M I T  MEANS ( DEPTH V O L U Y E - L I  
NE I /  NEW APPROACH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  1 8 .  HOW MUD REDUCES RESULTS TO LOWER D F I L L I N G  L I M I T S  
RE I /  NFW APPROACH TO I V T E R P R E T I N G  ROCK D R I L L A B I L T T Y  19 .  HOW LOWER D R I L L I N G  L I M I T  APPEARS I N  LABORATORY 09 
NG V F N T I L A T I O N  COST I /  1.8 M I L E S  OF TUNNEL BORING I N  190 DAYS ( GEOLOGY M A C H I N E - D R I L L I N G  P E N E T R A T I O N  DUST 
ION OV ROCK P Y Y S I C S  - P 4 P T  I V  CURRENT L I T E R A T U R E  JAN 1961 ( B I B L I O G R A P H Y  ) /  SOURCES OF INFORMAT 
I q N  S C I E N T I F I C  AN@ T E C H N I C A L  A P P L I C A T I O N S  FORECAST - 1964/ EXCAVAT 

I /  T H F  M I N I N G  SUPPLY INDUSTRY AT THE HANOVER F A I R  I N  1967 t TUNNELING-MACHINE TRUCKIYG D R I L L I N G  FORMS L I N I  
MACHINERY FOR THE M I N I N G  INDUSTRY AT THE BAUMA 1967/ 

4VD E X P L O R P T I O N  TFCHNDCr)GY - I N N O V A T I U Y  SETS PACE I N  1968/ CIVI VG 
TUYNEL AND SHAFT CONFFRFNCF M I N N E A P O L I S ,  MAY 15-17, 1968./ R A P I D  E X C A V A T I O N  - PROPLEMS AND PROGRESS - PRO 

THREE METHODS COMBINE I N  2 - V I L E  HAMBURG TUNNEL [ E L B E - R I V E R  MOLES S H I E L D S  I /  
I /  2 D  AVE SUBWAY FOR GARBAGE URGFD ( GARSAGE S A N I T A T I C N  

I /  JARVA MARK 21 BORES 6900 FT OF 20 F T  D I A  TUNNEL AT 5 F T / H R  ( MOLE RECORD CUTTER-COST 
9 T  CUTTEPS I /  J A P V A  MARK 2 1  BORES 6900 F T  OF 20 F T  D I A .  TUNNEL AT 5 F T  PEP HOUR I MOLE ADVANCE EA 

D.C. SUBWAY STARTS AFTER 20 YFARS/  
RE I /  NFW APPROPCH TO I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  20. HOW SPEED, B I T S ,  HYDRAULICS AFFECT L O W E R - D R I L L I N G  
VCYDR-SYSTEM MUCK-TRAIN 1 /  ROCK MOLE MAKES 200 F E E T  A DAY ( TUNNELING-MACHINE CONCRETE-LINED CGN 
E RECORD CUTTER-COST I /  JASVA MARK 21 RORES 6900 F T  OF 20 F T  D I A  TUNNEL AT 5 F T / H R  ( MOL 
UR ( MOLE AOVbNCE BAPT CUTTERS I /  JARVA “IRK 21 BORES 6900 F T  OF 20 F T  D I A .  TUNNEL AT 5 F T  PER HO 
IO ) /  NEW-APPROACH TI? I N T E R P R E T I N G  ROCK D R I L L A B I L I T Y  21. FULL-SCALE TESTS SHOW EFFECTS OF H Y D R A U L I C S  ON LO 

ADING V E N T I L A T I C N  C O Y C R E T E - L I N I N G  GROUT ) /  T U N N E L I N G  23 V I L E S  THROUGH R O C K I E S  I HARD-ROCK D R I L L  BLAST MUCK 
TUNNEL EASES 21-YEAR T R A F F I C  JAM ( COST L I N I N G S  I /  

VIEYNA T O  D I G  2 L - M I L E  SUBWAY I A U S T R I A  I /  
BOTTOM-DUMP R I G  HAULS 740 TONS ( MATERIALS-HANDLING 1 /  

S E R I E S  - RESFARCH S P E C I A L I S T  EVALUATES P O T E N T I A L  OF 2 5  NOVEL ROCK D R I L L  TYPES I T U N N E L - D R I L L I N G  ) /  P&RT 4 
NG CUTTERS COST ROCK I /  MOLE BORES 2 7 7 F P D  OF 10 FT. D I A .  TUNNEL ( ADVANCE GUIDANCE MUCK1 

S I N K I N G  V E R T I C A L  MINE-SHAFT AT RATF OF 290.5 METERS PER MONTH/ 
COST RECORD I /  MOLE BREAKS THROUGH AFTER 2 9 3 - F T .  DAY AND 1114 F T  WEEK ( HARD-R@CK WATER-TUNNEL 

22-66-10003 
0 5- 69- 12 003 
04-67- 10002 
75-65-10001 
0 5- 66- 0 80 04 
24-67-12001 
3 2- 64- 10 0 0 5 
04-70-03001 
0 2- 64-0 900 1 
75- 6 7-0 8 00 3 
12-65- 06003 
12-62-05023 
05-67- 12 00 2 

44- 6 5-0 5 00 1 
24-67-00002 
0 5- 67- 0 60 0 2 
43-59-0000 1 
05- 7 0- 0 3 0 04 
2 3- 6 7- 0 0 0 0 1 
3 2-64-10008 
1 2- 6 6- 090 0 4 
12-64-10001 
5 4- 64- 1 2 0 0 2 
05- 6 5- 0 800 1 
25-65-03002 
24-65-01006 
7 5- 6 9- 0700 1 
12- 64- 10 00 1 
2 4- 7 0- 0 5 00 1 
12-64- 10 001 
24-6 5-02002 
25-69-01001 
7 5-7 0- 0 100 3 
04- 64- 1 1 0 0 1 
75- 67- 0400 2 
24-6 5-0 2003 
24-65-02004 
55-67-11001 
24-65-02005 
0 1- 7 0- 0 00 0 1 
75-67- 1000 2 
24-65-03004 
05- 70- 0 1003 
55-6 8-0 100 1 
55-6 8-0 100 1 
5 5- 66- 0 200 1 
24-65-03005 
24- 6 5- 0 3 006 
24-65-03007 
75-69-08001 
0 3 -  6 1-0200 1 
0 1-64-0000 1 
74- 67- 0 5 00 1 
04-67-07002 
05-69-0200 1 
01-70-00001 
0 5- 70- 0 8 00 1 
5 5- 69-0 90 0 1 
75-7 0-0 200 1 
76-70-0400 1 
05-6 9- 1 2  00 3 

75-65-05002 
75- 7 0- 0 2 0 0 1 
76-70-0400 1 
24- 6 5- 040 0 1 
5 5- 6 5-0 8002 
0 5- 5 9- 1000 1 
05-69- 08001 
45- 6 5- 0 500 1 
24-68-08001 
75-66- 10002 
0 4- 64- 0 100 1 
75-69-07001 

24- 6 5- o 300 a 
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SCHEME F I R S T  PLANNED 30 YEARS AGO NEAR COMPLETION ( TYNE-TUNNEL I /  
ENGTH OF T U B B I N G  W H I L E  M A I N T A I N I N G  NORMAL W I N D I N G  OF 3000 TONS PER DAY ( S H A F T - S I N K I N G  GROUND-SUPPORT-METH 
Y OF THE HAROLD D. ROBERTS TUNNEL, COLORADO; S T A T I O N  468 i 49 TO EAST PORTAL 1 WATER-DIVERSION $ 1  GEOLOG 
HE HAROLD De ROBERTS TUNNEL9  COLORADO; S T A T I O N  468 + 49 TO E A S T  PORTAL I WATER-DIVERSION I /  GEOLOGY O F  T 
SUPPORT-METHODS ) /  CONSTRUCTION BY F R E E Z I N G  OF A NEW 50-METRE LENGTH OF T U B B I N G  WHILE M A I N T A I N I N G  NORMAL W 
I /  HARDROCK TUNNEL SAVES 50% ON E X P L O S I V E S  ( AN-FO SAN-FRANCISCO WATER-SUPPLY 
SUREMENTS ON ROCKS I N  T H E  FREQUENCY RANGE 12 K C / S  TO 51 K C / S  AND I N  THE TEMPERATURE RANGE 100 DEGREES K TO 

GRANDUC'S T U N N E L I N G  RECORD - 518 F T  I N  6 DAYS ( L I N I N G S  J /  
N PHYSICAL-PROPERTIES R E S I N  TRANSFER-TUBE I /  ROC-LOC 540 M I N I N G  K I T  - I N S T R U C T I O N S  FOR HAh 'DLING AND USE ( 

CUTTER-COST I /  JARVA MARK 2 1  BORES 6900 F T  OF 20 F T  D I A  TUNNEL A T  5 F T / H R  I MOLE RECORD 
B I D S  SUBAQUEOUS I /  P L A N N I N G  63 ST. E A S T  R I V E R  TUNNEL FOR NEW YOPK ( SUBWAY TRENCH 

ADVANCE BART CUTTERS ) /  JARVA MARK 21 BORES 6900 F T  OF 20 F T  D I A .  TUNNEL AT 5 F T  PER HOUR ( MOLE 
UMBOS D /  MANAPOURI: WHERE NEW ZEALAND IS H I N I N G  FOR 700,000 KW ( TUNNEL T A I L R A C E  A C C E S S L A D I T S  DRAFT-TUBES 
DLLAR R E V E R S E - C I R C U L A T I O N  NUCLEAR-TESTING ) /  DEEPEST 72 IN. DIAMETER ROTARY D R I L L E D  SHAFT SANK FOR AEC B Y  
C I R C U L A T I O N  I /  HOW THOSE 72 I N C H  HOLES ARE B E I N G  D R I L L E D  ( R I G  B I T  D R I L L - P I P E  
T R A T I O N  I N T O  DRY ROCK AT C O N F I N I N G  PRESSURES OF 0 TO 7 5 0 0  P S I  ( D R I L L I N G  I /  E X P E R I M E N T A L  STUDY OF I N D E X E D  

( ADVAVCF COST MOLE I /  8 0  I N C H  TUNNELPNG MACHINES TO D R I V E  THROUGH SANDSTONE 
-TUNNEL 11 WITH ONLY 90 F T  TO GO TUNNELERS H I T  RUNNING SAND [ S A F E T Y  WATER 

END K W I C - I N D E X  

04- 67- 1 0 00 2 
32-59-07003 
14-6 7-01 00 1 
14- 67- 0 100 1 
3 2 - 5 9 - 0 7 0 0 3  
05- 6 3-0 5 0 0 1 
12-64-1000 1 
6 5- 6 8- 06 00 2 
3 6- 67- 0 800 1 
04-70-03001 
75-70-02001 
76-70-04001 
05-67-0600 2 
2 5- 6 4- 0 9 00 1 
2 5-64-0 5 00 1 
22- 6 6- 10004 
7 5- 6 3- 1200 1 
55-69-02002 
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