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COST ESTIMATE OF GROUTING THE PROPOSED TEST PITS AT 
IDAHO NATIONAL ENGINEERING LABORATORY USING THE 

ORNtRECOWdENDED GROUTS 

R. D. Spence 

ABSTRACT 

EGdG Idaho p lans  t o  c o n s t r u c t  t h r e e  exper imenta l  p i t s  t o  
s i n u l a t e  t h e  TRU waste t r enches  a t  Idaho Nat iona l  Engineer ing 
Laboratory (INEL). Two of t h e s e  p i t s  w i l l  be grouted and then  one 
w i l l  be d e s t r u c t i v e l y  examined as soon as t h e  grout  cu res  and t h e  
o t h e r  will be monitored f o r  10 years .  Oak Rfdge Nat iona l  Laboratory 
(ORNL) i s  e v a l u a t i n g  g r o u t s  and w i l l  recommend a g rou t  t o  EG&G 
Idaho t o  reduce t h e  permeabi l i ty  of t h e  p i t ,  f i l l  t h e  l a r g e  v o i d s ,  
and encapsu la t e  t h e  waste. A previous  ORNL r e p o r t  (ORNL/TM-9881) 
d i s c u s s e s  t h e  g r o u t s  eva lua ted  and t h e  g r o u t  recommended based on 
t h o s e  eva lua t€ons .  This r e p o r t  e v a l u a t e s  t h e  economics of g rou t ing  
t h e  exper imenta l  p i t s .  

The c o s t  of double  g rou t ing  two of t h e  E G G  Idaho des ign  p i t s  
a t  t h e  Idaho Nat iona l  Engineer ing Laboratory us ing  l ance  i n j e c t i o n  
was es t imated  t o  be $100,000. Jet g rou t ing  t h e  same two p i t s  was 
es t ima ted  t o  c o s t  $85,000. Both techniques  have advantages,  and it  
i s  sugges ted  t h a t  both be t r i e d  as p a r t  of the test EG&G Idaho is 
conduct fng. 

1. INTILODUCTION 

Approximately 2.2 x lo6 f t 3  of t r a n s u r a n i c  (TRU) waste is  bur ied  i n  

sha l low land  b u r i a l  a t  t h e  Idaho Nat iona l  Engineer ing Laboratory (INEL). 

EG&G Idaho, I n c . ,  prime o p e r a t i n g  c o n t r a c t o r  a t  t h e  INEL, has developed a 

long-term management p l an  f o r  INEL Buried TRU Waste. 

FY-1986,  t h e  improveticonfinement technology i n - s i t u  g r o u t i n g  w i l l  be 

i n v e s t i g a t e d  by t h e  EG&G Idaho Waste Technology Programs Branch. Oak Ridge 

Na t iona l  Laboratory (ORNL) is  p r o v i d h g  t e c h n i c a l  suppor t  and c o n s u l t a t i o n  

s e r v i c e s  t o  EG&G Idaho i n  t h e  area of g rou t  s e l e c t i o n .  ORNL w i l l  p rovide  

(1) t h e  r a t i o n a l e ,  (2 )  l a b o r a t o r y  comparative r e s u l t s  of d i f f e r e n t  g rou t  

fo rmula t ions  and grout chemicals w i th  Idaho s o i l s ,  (3)  c o s t  comparisons, 

and (4) t h e  f i n a l  s e l e c t i o n  of t h e  recommended g rou t  fo rmula t ions  f o r  t h e  

INEL i n - s i t u  g rou t ing  t e s t .  A previous  O W  r e p o r t  d e a l t  s p e c i f i c a l l y  with 

g r o u t  formula t ion  and s e l e c t i o n ' ,  bu t  t h i s  r e p o r t  d e a l s  s p e c i f i c a l l y  wi th  

c o s t  comparisons and g rou t  placement., 

During FY-1985 and 
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Laboratory s t u d i e s  of (1) c o a r s e  p a r t i c u l a t e  g r o u t s ,  ( 2 )  s o i l  g r o u t s ,  

and ( 3 )  f i n e  p a r t i c u l a t e  g r o u t s  were r e p o r t e d  previously.  1 

g r o u t s  were d i scussed  as a n  a l t e r n a t i v e  t o  t h e  f i n e  p a r t i c u l a t e  grouts .  

S ince  t h a t  s tudy had a l i m i t e d  scope, s o l u t i o n  g r o u t s  were never s t u d i e d  i n  

t h e  l a b o r a t o r y ;  but  they were kept  as an  a l t e r n a t i v e  i n  case t h e  mic ro f ine  

p a r t i c u l a t e  g rou t  w a s  considered u n s a t i s f a c t o r y .  Acceptable g r o u t s  were 

ones t h a t  m e t  t h e  fo l lowing  performance cr i ter ia :  

 so, s o l u t i o n  

Q 7 d d r a i n a b l e  water 0 vo l  x 
e 2 8  d compressive s t r e n g t h  - >50 p s i ,  expected 

200-800 p s i  

e Compressive s t r e n g t h  a f t e r  freezei’thaw >200 p s i  

e Hydraul ic  conduc t iv i ty  - <i 1 0 ” ~  cm/s 

e 10 min g e l  s t r e n g t h  - 
e Shrinkage du r ing  c u r i n g  <1 vo l  x 

<lo0  lbf/100 f t ‘  

Acceptable g r o u t s  were determined f o r  a l l  t h r e e  p a r t i c u l a t e  g r o u t s ,  but 

t h e  s o i l  g r o u t s  s t u d i e d  were not considered f l u i d  enough t o  u s e  i n  g rou t ing  

t h e  t es t  p i t s .  A range of g r o u t  compositions s a t i s f y  t h e  above c r i t e r i a ,  

but  t he  fol lowing turo compositions were recommended as being t h e  most 

2 economical of t hose  t h a t  produced s a t i s f a c t o r y  test r e s u l t s .  

Coarse g rou t  W t  % Fine  g rou t  

Water and € l u i d i z e r  35 @ Finely ground cement 8 l b / g a l  

o Type I,II Port land cement ’35 0 CFK-1 suga r  0.02 w t  % 

e Class C f l y  ash  25 

Q Bentoni te  5 

e F l u i d i z e r  0.5 

These two g r o u t s  were used as t h e  bas i s  f o r  t h e  c o s t  a n a l y s i s  of 

g r o u t i n g  t h e  des ign  p i t s .  The fo l lowing  two emplacement techniques were 

eva lua ted :  (1) l a n c e  i n j e c t i o n  g r o u t i n g  wi th  a coarse g r o u t  followed by 

l a n c e  i n j e c t i o n  g r o u t i n g  wi th  a f i n e  g r o u t ,  and ( 2 )  je t  g r o u t i n g  wi th  a 

c o a r s e  grout .  The c o s t  a n a l y s i s  and e v a l u a t i o n  of those two techniques a re  

t h e  s u b j e c t s  of t h e  rest  of t h i s  r epor t .  
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2. PIT DESIGN 

The p i t  des ign  used as a b a s i s  f o r  t h i s  c o s t  estimate was taken 

from an  EG&G Idaho document. Three i d e n t i c a l  tes t  p i t s  w i l l  be cons t ruc t ed  

for t h i s  i w s i t u  g rou t ing  experiment w i th  one se rv ing  as a c o n t r o l  and che 

o t h e r  two w i l l  be grouted.  The p i t s  will be -6 f t  wide, 18 f t  long ,  and 

excavated t o  t h e  b a s a l t  under ly ing  the e n t i r e  area. The b a s a l t  w i l l .  be 

covered with the excavated s o i l  t o  a depth  of approximately 3 f t ,  i .e . ,  t h e  

underburden. The next  10 f t  w i l l  be t h e  waste zone, followed by 3 ft of 

overburden. One w a l l  of t h e  p i t  w i l l  have a 45" s l o p e ,  u n l i k e  t h e  actual  

waste p i t s .  This  s l o p e  w a s  r equ i r ed  f o r  s a f e t y  reasons  dur ing  c o n t a i n e r  

emplacement and w i l l  be  backf i l l ed .  

One end of t h e  waste zone w i l l  con ta in  s t acked  boxes wi th  

h o r i z o n t a l  dimensions of 4 f t  wide and 8 f t  long. The p i t  w i l l  be widened 

t o  8 f t  f o r  t h i s  s e c t i o n  t o  accommodate t h e  long dimensions of the  boxes. 

Three boxes w i l l  be s t acked  t o  make up the  10 f t  waste zone: two 4 f t  h igh 

w i t h  one 2 f t  high on top. Adjacent t o  t h e  s tacked  boxes w i l l  be s t acked  

drums fol lowed by dumped drums. The volumes a s soc ia t ed  wi th  one of these  

p i t s  is g iven  in Table 1. 

Table 1. Volumes of p a r t s  of one EG&G Idaho des ign  p i t  

Desc r ip t ion  
Volume 

( f t 3 >  

Waste zone 

Box s e c t i o n  

Drum s e c t i o n  

S u b t o t a l  

Unde rbu rden 

Overburden 

Tota l  €or tes t  p i t  

320 

840 
7 

1160 

324 

348 

1832 

- 

45' Slope (excavated)  1522 
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3. ESTIMATION OF V O I D S  

The fol lowing assumptions2 were used t o  estimate t h e  void volume i n  t h e  

d e s i g n  p i t .  

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

8.  

9. 

Disturbed s o i l  bulk d e n s i t y  i s  85% of undis turbed s o i l  bulk d e n s i t y ,  

i .e. ,  85% compaction f a c t o r .  

Volume of waste and b a c k f i l l  s o i l  i s  30% less than ihe volume exca- 

va t ed  i n  t h e  waste zone. 

The bulk d e n s i t y  of t h e  as-received Idaho s o i l  t e s t e d  by OKNL is t h e  

d i s t u r b e d  s o i l  bulk dens i ty .  

The moi s tu re  con ten t  of t h e  as-received Idaho s o i l  i s  t y p i c a l .  

The boxes c o n t a i n  80% voids.  

The drums con ta in ing  s c r a p  metal, combust lbles ,  c o n c r e t e / a s p h a l t ,  and 

f i l t e r s  are 80% voids. 

The drums c o n t a i n i n g  s ludge  are 20% voids. 

N o  b a c k f i l l  soil i n  the box s e c t i o n  of t h e  waste zone. 

The volume of one drum is  7.4 f t 3 .  

Measurement r e s u l t s  on the Idaho s o i l  r ece ived  by ORNL i n c l u d e  a t r u e  

d e n s i t y  (dry  and v o i d l e s s )  of 2.75 g/cm3, an  as-received bulk d e n s i t y  

( s t i l l  mo i s t )  of 1.17 g/cm3, and an as-received moisture  con ten t  nf 13.0 

w t  %. Applying t h e s e  r e s u l t s  f o r  the s o i l  samples and t h e  assumptions 

l i s t e d  above t o  t h e  des lgn  p i t  r e s u l t e d  i n  t h e  void volumes g iven  i n  Table 2. 

From Tables  1 and 2, 671 f t 3  of l a r g e  voids r e s i d e  w i t h i n  t h e  1160 f t '  

of t h e  waste zone, or 57.8%. The b a c k f i l l  s o i l  i s  e s t ima ted  t o  c o n t a i n  

143 f c 3 ,  o r  12.3%, of t i g h t  a i r  voids.  

70.1% of t h e  waste zone. The d i s t u r b e d  s o t 1  areas are es t ima ted  t o  c o n t a i n  

47.8% a i r  voids and t h e  undis turbed s o i l  38.4% a i r  voids.  

Together t h e s e  voids  account f o r  

The e f f e c t i v e  g r a i n  d i ame te r  of t h e  Idaho s o i l  is 0.03 mm ( s e e  

Appendix A) which impl i e s  a h y d r a u l i c  conduc t iv i ty  of about LO-" c m / s .  3 

The l a r g e  voids are e s t ima ted  t o  increase t h e  ringrouted p i t  h y d r a u l i c  

c o n d u c t i v i t y  t o  4 x cm/s ( s e e  Appendix A) .  F i l l i n g  t h e  large voids 

w i t h  c o a r s e  g r o u t  dec reases  t h e  h y d r a u l i c  c o n d u c t i v i t y  t o  about 2.4 x loe5 

c m / s  and g r o u t i n g  f u r t h e r  w i th  a f i n e  g rou t  w i l l  reduce t h e  h y d r a u l i c  

c o n d u c t i v i t y  t o  about 1Cr6 c m / s ,  e s t ima ted  us ing  a s imple model. and 

measured g rou t  h y d r a u l i c  c o n d u c t i v i t i e s  ( s e e  Appendix A ) .  Jet g r o u t i n g  is 



5 

assumed t o  g i v e  a s o l i d  block having t h e  hydrau l i c  conduc t iv i ty  of s o i l  

g r o u t  o r  coa r se  g rou t  (-10-9 cm/s). 

Table  2. Est imated void vo;Lumes contained i n  and around 
one EG&G Idaho des ign  p i t  

Desc r ip t ion  Void volume 
( t t 3 )  

1. Waste zone 
Large voids  

Drum s e c t i o n  
B a c k f i l l  s o i l  
Sludge drums (13) 
Other  drums (32) 

S u b t o t a l  
Boxes 

Packed s o i l  vo ids  
A i r  

H20 
Subt o t a1 

2. Underburden 
A i  r 
H20 

S u b t o t a l  

3. Overburden 
A i r  

H 2 0  
S u b t o t a l  

4. 45" Slope s i d e w a l l  
A i r  p e r  f t 3  of s i d e w a l l  
H20  p e r  f t 3  of s i d e w a l l  

S u b t o t a l  pe r  f t of s idewa l l  

5. Undisturbed s i d e w a l l s  
A i r  p e r  f t 3  of s i d e w a l l  
H 2 0  pe r  f t 3  of s i d e w a l l  

S u b t o t a l  pe r  f t 3  of s idewa l l  

207 
19 

189 
256 
67 1 
- 

143 
46 

189 
- 

155 
49 

2 04 
- 

166 
53 

2 19 
I _  

0.478 
0.152 
0.630 
- 

0.384 
0.179 
0.563 

~ 

4. GROUT 3MPLACEMENT 

The g rou t ing  of t h e  p i t s  can be done i n  e s s e n t i a l l y  t h r e e ,  OF perhaps 

more, ways. The t h r e e  t h a t  were cons idered  f o r  t h i s  r e p o r t  were (1)  

i n j e c t i o n  w e l l s ,  (2)  i n j e c t i o n  l a n c e s ,  and (3 )  j e t  grout ing .  The 

f l e x i b i l i t y  and mob i l i t y  of t h e  la t ter  two techniques were considered 

d e s i r a b l e  enough t o  reject t h e  f i r s t  technique f o r  t h e  purposes  of t h i s  

a n a l y s i s .  This  does not  imply t h a t  t h a t  t echnique  would not  work and 

should  be r e j e c t e d  f o r  a l l  such a p p l i c a t i o n s .  But,  f o r  t h e  l i m i t e d  scope 
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of t h i s  p r o j e c t ,  some s e l e c t i o n s  had t o  be made - a p r i o r i ,  based only on 

r e a d i l y  a v a i l a b l e  in fo rma t ion  and s u b j e c t i v e  judgment. Both of t h e  o t h e r  

t echn iques  warrant  c o n s i d e r a t i o n  €or  t h i s  experiment and are d i scussed  

s e p a r a t e  Ly below. 

4.1 LANCE I N J E C T I O N  

The lance technique b a s i c a l l y  invo lves  f o r c i n g  a hollow l ance  i n t o  t h e  

s o i l  or ma t r ix  t o  t h e  d e s i r e d  depth and pressixre i n j e c t i n g  t h e  g rou t  from 

t h a t  po in t  and up as t h e  l ance  is  withdrawn ( o r  t h e  process  can be reversed 

and g rou t  i n j e c t e d  as t h e  l ance  is fo rced  down). 4 double i n j e c t i o n  has 

been suggested t o  accomplish EG&G Idaho's goals. '  

would be wi th  a coa r se  par t iculate  g rou t  t o  f i l l  t h e  l a r g e  voids expected 

i n s i d e  and  around t h e  waste con ta ine r s .  This  i n j e c t i o n  would be followed 

by a second i n j e c t t o n  wi th  a p e n e t r a t i n g  g rou t  t o  f i l l  t he  smalL vo ids ,  

i n c o r p o r a t e  as much of t h e  b a c k f i l l  s o f l  as p o s s i b l e  i n  t h e  g rou t  

s t r u c t u r e ,  and t o  p e n e t r a t e  t h e  s i d e w a l l s  t o  form a g rou t  c u r t a i n .  

4.1.1 Coarse Grout Quantity 

The f i r s t  i n j e c t i o n  

To estimate t h e  amount of coarse g rou t  needed, assume that a l l  of the 

l a r g e  voids are a c c e s s i b l e  and cha t  t h e  coa r se  g rou t  w i l l  not p e n e t r a t e  any 

packed s o i l s  ( b a c k f i l l ,  overburden, underburden, o r  s i d e w a l l s ) .  From Table 

2 ,  671 f t 3  o r  about 5020 g a l  of g rou t  w i l l  be r equ i r ed  t o  f i l l  t h e  l a r g e  

voids  i n  one experimental  p i t .  The grout  formula recommended t o  I X & G  Ld,iho 

c o n s i s t s  of 35 wt. % type I,II Port land cement, 25 w t  % class C f l y  ash, 5 

w t  % b e n t o n i t e ,  and 35 w t  % water and f l u i d i z e r  ( f l u i d i z e r  rnakes up 0.5 

wt % o v e r a l l ) . 2  

73,000 lb of c o a r s e  g rou t  w i l l  be r equ i r ed  f o r  one p i t ,  or a t o t a l  of 

146,000 l b  Table 3 g i v e s  t h e  q u a n t i t y  r equ i r ed  of each component t o  make 

up 146,000 lb of t h i s  c o a r s e  grout .  

- 

This  g rou t  has a d e n s i t y  of 14.5 l b / g a l l ,  meaning about 

T a l l e n t  et a1.2 found i n  s imple  l abora to ry  tests t h a t  this coarse g rou t  

would f i l l  37% of t h e  voids i n  d i s t u r b e d  Idaho s o i l .  We s h a l l  assume t h i s  

would be i n d i c a t i v e  of p e n e t r a t i o n  i n t o  t h e  b a c k f i l l  s o i l  f o r  t h e  actual 

g r o u t  emplacement ( i . e .  , no p e n e t r a t i o n  of c o a r s e  g rou t  i n t o  overburden, 

underburden, o r  s i d e w a l l s ) .  From Table 2,  189 f t 3  of voids  p e r  p i t  a r e  

a v a i l a b l e  i n  t h e  packed s o i l  vo ids ;  and t hen  using T a l l e n t ' s  void bas i s  

( i . e . ,  i n c l u d i n g  water  vo ids )  about 70 f t 3  p e r  p i t  r e p r e s e n t s  37X of 

t h i s  void volume, an  i n c r e a s e  of about 10% i n  t h e  amount of g rou t  needed. 
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Thus, i n c r e a s i n g  t h e  q u a n t i t i e s  i n  Table  3 by 10% o r  mure w i l l  ensu re  

enough c o a r s e  g rou t  t o  f i l l  t h e  l a r g e  voids  i n s i d e  t h e  c o n t a i n e r s  and 

o u t s i d e  t h e  c o n t a i n e r s  p l u s  f i l l i n g  37% of t h e  s m a l l  vo ids  i n  t h e  b a c k f i l l  

s o i l .  

4.1.2 F i n e  Grout Quantity 

From t h e  f i r s t  set  of assumptions i n  Sect. 4.1.1, a l l  o i  t h e  voids  

i n s i d e  t h e  c o n t a i n e r s  and t h e  l a r g e  voids  i n  t h e  b a c k f i l l  around t h e  

c o n t a i n e r s  w i l l  be f i l l e d  wi th  coa r se  grout .  This  assumption is too  

o p t i m i s t i c  f o r  t h e  real case, though we hope t o  approach i t ;  but  is 

reasonab le  f o r  e s t i m a t i n g  how much coa r se  g rou t  w i l l  be needed. F o r  t h e s e  

assumptions,  t h e  small vo ids  i n  t h e  underburden, overburden,  s i d e w a l l s ,  arid 

b a c k f i l l  w i l l  s t i l l  need t o  be f i l l e d  by t h e  f i n e  grout .  Also, assume t h a t  

t h e  water p r e s e n t  i n  t h e  s o i l  cannot be fo rced  ou t  by t h e  grout .  With 

t h e s e  assumptions and u s i n g  Table  2 ,  464 f t 3  of voids  are p resen t  in t h e  

underburden, t h e  overburden,  and t h e  b a c k f i l l .  I n  a d d i t i o n ,  t h e  b a s a l t  

w i l l  t a k e  up some g rou t  i n  e x i s t i n g  " f i s s u r e s . "  Assuming t h e  p i t s  are 

l o c a t e d  over  " t i g h t "  b a s a l t  ( i . e . ,  no l a v a  tubes ,  e tc . ) ,  we  f u r t h e r  assume 

t h a t  t h e  basalt w i l l  t a k e  10% of wha: t h e  underburden takes4  which adds 

about  ano the r  16 f t 3  of voids .  

Tab le  3. Component q u a n t i t i e s  f o r  coa r se  g rou t  t o  f i l l  a l l  
t h e  Large voids  i n  two EG&G Idaho p i t s  

Quant i ty  r equ i r ed  

Component W t  % ( l b )  ( t o n )  
- 

Type 1,II Por t land  cement 35 51,000 25.6 

Class C f l y  a sh  25 36,500 18.3  

B e n t o n i  t e 5 7,300 3 .7  

F l u i d i z e r  0.5 7 30 0.4 - 

The amount r equ i r ed  f o r  t h e  s i d e w a l l s  r e q u i r e s  a n  estimate of how f a r  

t h e  g rou t  w i l l  p e n e t r a t e  t h e  s idewa l l .  No one can say d e f i n i t e l y  how and 

where a g rou t  w i l l  p e n e t r a t e  i n t o  a s i v e n  s o i l  matrix.  The grou t  w i l l  

f o l l o w  t h e  pa th  of least  r e s i s t a n c e ,  whether i t  is a s o l u t i o n  g rou t  o r  a 

p a r t i c u l a t e  grout .  Thus, i t  could e:id up as a s t r i n g e r  many f e e t  from 

where one wants i t  r a t h e r  t han  as a m i f o r m  " c u r t a i n "  or  f r o n t .  

Neve r the l e s s ,  w e  s h a l l  assume a uni fs rm p e n e t r a t i o n  of 6 i n .  € o r  t h e  
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und i s tu rbed  s i d e w a l l s  and 7 in .  f o r  t h e  d i s t u r b e d  s i d e w a l L 5  This  

assumption g i v e s  about 280 f t 3  of und i s tu rbed  s o i l  and 177 f t 3  of 

d i s t u r b e d  s o i l  (45" s l o p e )  p e n e t r a t e d  by g rou t .  On t h i s  b a s i s  and using 

Tab le  2 ,  192 f t 3  of voids are p resen t  i n  t h e  s i d e w a l l s  t o  be f i l l e d .  

A l t o g e t h e r ,  about 672 f t 3  of voids are p r e s e n t  i n  t h e  g r o u t a b l e  r eg ion  of  

one p i t .  

What f r a c t i o n  of t h i s  volume w i l l  a c t u a l l y  be f i l l e d  with g rou t  can 

only be guessed a t  a t  t h i s  t i m e .  T a l l e n t  et  al. assumed t h a t  a f i n e  

cement g rou t  would be used f o r  t h i s  second grout ing.2 The p o s s i b i l i t y  of 

s y n e r e s i s  l e d  t o  t h e  r e j e c t i o n  of s o l u t i o n  g r o u t s  i n  f a v o r  of p e n e t r a t i n g  

cement g rou t s .  This  conclusion w a s  a r easonab le  assumption f o r  t h e  

l i m i t e d  scope of t h i s  s t u d y ,  and i t  does not imply that  s o l u t i o n  g r o u t s  

would d e f i n i t e l y  not work f o r  t h i s  o r  any o t h e r  a p p l i c a t i o n .  The f i n e  

g r o u t  t e s t e d  by Tal lea t  e t  al. f i l l e d  about 52% of t h e  a i r  and water voids 

o r  ahout 69% of t h e  a i r  voids ( i . e . ,  t h e  voids  used as a b a s i s  f o r  t h i s  

s e c t i o n ) . 2  

would be r equ i r ed  f o r  one experimental  p i t .  O f  cou r se ,  a d d i t i o n a l  voids  

may be a v a i l a b l e  i n  t h e  c o n t a i n e r s  t h a t  t h e  coa r se  g rou t  f a i l e d  t o  

p e n e t r a t e .  On t h e  o t h e r  hand, how w e l l  can a secondary g r o u t i n g  be done? 

W i l l  t h e  l a n c e s  be a b l e  t o  p e n e t r a t e  t h e  f i r s t  g rou t  a f t e r  i n i t i a l  se t?  

Are set r e t a r d e r s  r equ i r ed?  

The i m p l i c a t i o n  i s  t h a t  about 464 f t 3  of T a l l e n t ' s  f i n e  g rou t  

The excess f i n e  g rou t  q u a n t i t y  used as a b a s i s  f o r  t h i s  r e p o r t  was 

based on t h e  l a c k  of quick a v a i l a b i l i t y  of t h e  f i n e l y  ground cements. 

Both types of cement considered f o r  t h i s  r e p o r t  come from Japan wi th  a 

d e l i v e r y  t i m e  of t h r e e  weeks o r  more compared t o  t h e  24-h d e l i v e r y  t i m e  

f o r  t h e  Por t l and  cement used i n  t h e  c o a r s e  grout .  Although t h e  f i n e  

cements are much more expensive than  t h e  Por t l and  c e m e n t ,  s e v e r e  economic 

p e n a l t i e s  r e s u l t  from underordering s i n c e  t h e  g r o u t i n g  c o n t r a c t o r  mist be 

pa id  wh i l e  w a i t i n g  f o r  de l ive ry .  The only a l t e r n a t i v e  i n  such a case is  

t o  not  g rou t  completely wi th  t h e  f l n e  g rou t  which i s  not t e c h n i c a l l y  

accep tab le .  For t h i s  reason,  t h e  void volume e s t i m a t e d ,  672 f t 3  o r  5027 

g a l  p e r  p i t ,  w a s  used as t h e  q u a n t i t y  of f i n e  g rou t  required.  Thus, 

10,054 ga l  of f i n e  g rou t  w i l l  be required.  

The f i n e  g rou t  t e s t e d  by T a l l e n t  et  al. w a s  a w a t e r c e m e n t  mixture  of 8 

t o  10 l h  cement/gal water c o n t a i n l n g  0.02 w t  % CFR-1 sugar.  Using a mix 
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r a t i o  of 8 l b / g a l ,  t h e  d e n s i t y  of t h e  g rou t  is 12.5 1 b / g a l e 2  

approximately 125,000 l b  of g rou t  are needed c o n t a i n i n g  61,190 l b  (30.6 

t o n )  of cement and 25 l b  of C F S 1 .  

There fo re ,  

4.1.3 Cost  of Lance I n j e c t i o n  

The c o s t s  of g r o u t i n g  t h e  two exper imenta l  t r enches  inc lude :  (1) 

material, (2 )  sh ipp ing ,  (3 )  c o n t r a c t o r ' s  m o b i l i z a t i o n ,  and (4) t h e  

c o n t r a c t o r ' s  emplacement cos t s .  Grout materials may be bought and supp l i ed  

by EG&G Idaho o r  t h e  c o n t r a c t o r  may b e  r e s p o n s i b l e  f o r  h i s  own supp l i e s .  

I n  t h e  la t ter  case, an a d d i t i o n a l  handl ing  f e e  may be added by t h e  

c o n t r a c t o r .  I n  t h e  former case, l o g i s t i c s  and t iming  (i.e., t h e  materials 

must be t h e r e  when t h e  c o n t r a c t o r  needs them) must be handled by EG&G 

Idaho, The same s u p p l i e r s  used by ORNL f o r  t h e  materials i n  t h e i r  l a b  

tests i s  recommended f o r  t h e  a c t u a l  g r o u t i n g  s i n c e  any s u b s t i t u t i o n  can 

change g rou t  p r o p e r t i e s .  

p rocedures  t h a t  r e q u i r e  them t o  purchase t h e  m a t e r i a l s .  Therefore ,  i t  w a s  

assumed t h a t  EG&& Idaho would purchase t h e  materials and have them 

a v a i l a b l e  f o r  t h e  c o n t r a c t o r .  Table  4 g ives  t h e  s u p p l i e r s ,  prices, and 

f r e i g h t  c o s t s  f o r  t h e  g r o u t  materials. 

Also, EGSG Idaho may wish t o  have QA/QC 

Sack c o s t s  r a t h e r  t han  bulk c o s t s  are used i n  t h e  c a l c u l a t i o n s  in this  

r epor t .  Sacks w i l l  i n c r e a s e  t h e  l a b o r  f o r  g r o u t i n g ,  bu t  they w i l l  

e l i m i n a t e  t h e  need f o r  bu lk  s t o r a g e  and handl ing  on-s i te .  

do g i v e  an  i d e a  of t h e  c o s t  s av ings  f o r  s c a l i n g  up t o  t h e  TRU t renches .  Of 

cour se ,  a c t u a l  TRU t r enches  w i l l  add o p e r a t i o n a l  c o s t s  not Considered f o r  

t h e  exper imenta l  p i t s ,  j u s t  from t h e  f a c t  t h a t  TRU waste is involved. 

The bulk c o s t s  

The m o b i l i z a t i o n  c o s t  w i l l  be $5000 t o  $10,000 depending OQ t h e  

c o n t r a c t o r  and h i s  l o c a t i o n .  This  c o s t  can be cons idered  a f i x e d  c o s t ,  but  

i t  would l i k e l y  i n c r e a s e  i f  a c t u a l  TRU t r enches  were involved. The c o s t  

f o r  emplacing t p l e  g r o u t  i n  t h e  p i t s  ranges from $2000 t o  $3000 pe r  day wi th  

t i m e  estimates ranging  from 10 t o  25 d (2  t o  5 work weeks). 

c o n t r a c t o r s  con tac t ed  f o r  t h e s e  c o s t s  are l i s t e d  i n  t h e  Appendix. This  

l i s t  is by no means a complete l ist  oE t h e  g r o u t i n g  c o n t r a c t o r s  i n  t h e  

count ry  and does not  imply b idding  should be l i m i t e d  t o  t h e s e  few. The 

c o n t a c t s  were l i m i t e d  t o  a few we l l - e s t ab l i shed  names i n  t h e  f i e l d  j u s t  f o r  

g e n e r a l  cost  information.  A m o b i l i z a t i o n  cost of $10,000, a d a i l y  charge  

of $2500, arid 20 d t o  complete t h e  g r o u t i n g  of two E G G  Idaho p i t s  were 

The g r o u t i n g  
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T a b l e  4 .  Grout material s u p p l i e r s  and c o s t s  

Mat e r i a  1 S u p p l i e r  P r i c e s  F r e i g h t  C o s t s  

Type I,II P o r t l a n d  
cement 

Class C f l y  a s h  

(Laramie R i v e r  
f l y  a s h )  

MC103 B e n t o n i t e  

D o w e l l  D-65 
F l u i d i z e r  

C o l l o i d a l  Cement 

M i c r o f i n e  Cement 
and NS-200 
d i s p e r s a n t  
( add  -1% t o  t h e  
l i s t e d  c o s t  f o r  
t h e  d i s p e r s a n t )  

Coar se  Grout -- 
Ash Grove Cement Co. $4.40/94 l b  $0.32194 l b  
P o c a t e l l o ,  Idaho s a c k  s a c k  (min. 
B i l l  Mahorney 50,000 l b )  
Bo i se .  Idaho  $73 / ton  b u l k  $7.8O/ton bulk. 
(208)  344-8460 (min. chg. 
- <24 h n o t i f i c a t i o n  50,000 Ib) 

P o z z a l a n i c  Northwest ,  $47.80/ ton b u l k  
Inc . ,  Mercer I s l a n d ,  
Washington 
Tom Fox 
(800)  4 2 6 5 1 7 1  
24 h n o t i f i c a t i o n  

Ross I s l a n d  Dry Mix $2.85180 l b  <$500 / t ruck load  
P o r t l a n d ,  Oregon s a c k  (mi.n. chg. 
Ken Gunther  50,000 l b )  
( 503) 228-2299 
w i t h i n  week 

Black H i l l s  B e n t o n i t e  $ 4 l / t o n  (50 $ 1 8 0 / t o n ,  <2.5 
Mllls, Wyoming l b  s a c k s )  t o n s  
Duran G r e n i r  $38 / ton  (100 S142.43Iton 
1 day l b  s a c k s )  2.5-5 t o n  

$%!/ton hu lk  Truck load  ( 2 3 -  
24 t o n )  
$35.40/ron b u l k  
$21.20/ ton s a c k s  

Dowell, Inc. $4 .15 / lb  (50  $0 .15 / lb  
Denver,  Colorado l b  s a c k s )  (min. chg.?)  
Ron Root 
(303)  773-8800 

Fine Grout 

Avant i  I n t e r n a t i o n a l  $0 .36 / lb  ( 8 8  $5.101100 l b  
Co,, Webster ,  Texas l b  s a c k s )  from P o r t l a n d  
Mike Jaques  38,000 l b /  $5.381100 l b  
(71'3) 554-7541 c o n t a i n e r s  from S e a t t l e  
3 weeks $0.33/ lb  f o r  (min  chg. 

5 c o n t a i n e r s  40,000 l b )  

P a l  l e t  s b  
( 1  W I  

p e r  MTa P a l l e t )  
___p- 

Geochemical Gorp. $1300 1-5 $ 5 0 / p a l l e t  

B i l l  C l a r k  $1100 12- 19 
(201)  447-5525 $1000 10-60 
5 weeks $900 >60 

Ridgewood, New J e r s e y  $1200 6- 12 

50 s a c k s  (20  kg) 
p e r  p a l l e t  

aMT = Metric t o n  = 1000 kg. 

b1.e. The p r i c e  is  d i s c o u n t e d  as l a r g e r  q u a n t i t i e s  a r e  o r d e r e d .  
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assumed. Table  5 summarizes t h e  c0st.s f o r  a double  g r o u t i n g  of two EG&G 

Idaho exper imenta l  p i t s  u s ing  l ance  I n j e c t i o n .  

Table  5. Cost estimate f o r  l a n c e  i n j e c t i o n  g rou t ing  a t  
two EG&G Idaho des ign  p i t s  

Desc r ip t ion  
c o s t  

($1 
-~ ~ _ _  
Material c o s t s :  

Coarse g rou t  

Po r t l and  cement; 1 t ruck load ;  532 sacks  

Fly ash;  par t ia l  t ruck load ;  500 sacks  

Bentoni te ;  p a r t i a l  t ruck load ;  80 sacks  

F l u i d i z e r ;  par t ia l  t ruck load ;  16 sacks  

2,511 

1,700 

3,610 

300 

Subto t a1 8,121 

Fine grout :  

C o l l o i d a l  cement; 2 c o n t a i n e r s ;  76,000 l b  

Sugar;  25 l b  

Emplacement c o s t s :  

Fixed (mob i l i za t ion )  

Coarse g r o u t ;  3 d / p i t  C! $2500/d 

31,440 

-... 

10,000 

15,000 

Fine g rou t ;  7 d / p i t  @ $2500/d 35,000 

Sub t o t a1 60,000 

T o t a l  99,561 
-100,000 

The quantity of Por t land  cement i n  Table  5 i s  less than t h a t  l i s t e d  i n  

Table  3 because of t h e  awkwardness of t h e  size o f  a t ruck load  and t h e  

q u a n t i t y  e s t ima ted  t o  be required.  It was assumed t h a t  one t ruck load  would 

be  used and t h a t  t h e  s u p p l i e r  would quick ly  respond i f  more was needed. 

Consider ing t h e  cheapness o f  t h e  c o a r s e  g r o u t ,  EG&G Idaho may opt  t o  

purchase  two t ruck loads  (or  an a d d i t i o n a l  p a r t i a l  t ruckload) .  The o t h e r  

components of t h e  coa r se  g rou t  are l i s t e d  i n  g r e a t e r  amounts i n  T a b l e  5 

t han  i n  Table  3. 
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The two s e a t r a f n  c o n t a i n e r s  used i n  Table  5 g i v e s  s i g n i f i c a n t l y  more 

f i n e  cement than i s  e s t ima ted  t o  be r equ i r ed  t o  f i l l  a l l  of t h e  voids  

r eachab le  du r ing  f i n e  grout ing.  I n  a d d i t i o n ,  t h e r e  is some doubt that  a 

secondary i n j e c t i o n  w i l l  work t h a t  w e l l .  I n  o t h e r  words, t h e  i n i t i a l  set  

of t h e  c o a r s e  g r o u t  may prevent  t h e  l a n c e s  from p e n e t r a t i n g  i n  some areas 

t h a t  r e q u i r e  f i n e  grout .  Thus, t h e  amount of f i n e  g rou t  may be g r o s s l y  

overest imated.  Of cour se ,  t h e  l ances  may be designed t o  p e n e t r a t e ,  

f r a c t u r e  i f  necessa ry ,  t h e  hardening c o a r s e  g rou t .  That would create voids  

t h a t  t h e  f i n e  g r o u t  should then  f i l l .  Such s p e c i a l  l a n c e s  may r e q u i r e  

development and w i l l  i n c r e a s e  t h e  c o n t r a c t o r s  c o s t s .  I n  ou r  opinion,  t h e  

r e q u e s t  f o r  b i d s  should s p e c i f y  t h a t  such p e n e t r a t i o n  i n t o  t h e  c o a r s e  g r o u t  

w i l l  be expected f o r  a double l a n c e  i n j e c t i o n .  

Prom Table 5, t h e  c o s t  of t h e  g r o u t s  i s  about $40,000 wi th  more than 

75% being t h e  f i n e  g rou t .  I f  t h e  supposedly more p e n e t r a t i n g  “microf ine“ 

cement s o l d  by Geochemical Corp. i s  used, then 57 p a l l e t s  (57 metric t o n s )  

would be r equ t r ed  a long  wi th  i t s  d i s p e r s a n t  a t  a c o s t  of $57,570. Thus, 

t o t a l  c o s t  f o r  c o a r s e  and f i n e  g rou t  would i n c r e a s e  t o  about $66,000. 

S i n c e  T a l l e n t ’ s  r e p o r t *  i s  based on Avant i ’s  “ c o l l o i d a l “  cement, t h i s  c o s t  

a n a l y s i s  Ls based on t h a t  cement. S u b s t i t u t i o n  would r e q u i r e  t e s t i n g  of 

t h e  new cement i n  t h e  same manner as t h e  one i n  T a l l e n t ’ s  r epor t .  2 

I n  conclusion,  a double l a n c e  i n j e c t i o n  g r o u t i n g  of two of t h e  E666 

Idaho des ign  p i t s  i s  e s t ima ted  t o  c o s t  about $100,000. 

4.2 J E T  GROUTING 

Jet  g r o u t i n g  w a s  developed t o  cement g rou t  f i n e  sands or s i l t s ,  i . e . ,  

s o i l s  t h a t  could not normally be pene t r a t ed  by a cement grout .  Usua l ly ,  

t h e  j e t  i s  mounted on a d r i l l  r i g  j u s t  above t h e  d r i l l  b i t .  This  d r i l l  b i t  

bo res  a h o l e  s l i g h t l y  b igge r  than t h e  j e t  t o  t h e  a p p r o p r i a t e  depth.  Next, 

t h e  g rou t  ( u s u a l l y  a water-cement mixture)  i s  fo rced  a t  very high p r e s s u r e  

through t h e  j e t  as t h e  j e t  i s  r o t a t e d  i n  t h e  ho le  and sLowly withdrawn from 

t h e  hole.  The j e t  conve r t s  t h e  p o t e n t i a l  energy of t h e  high p r e s s u r e  i n t o  

k i n e t i c  energy that  churns t h e  surrounding s o i l  and forms a well-defined 

column of “soiL-ccete ,”  similar to  t h e  s o i l  g r o u t s  t e s t e d  by T a l l e n t  e t  a l .  1 

According t o  one c o n t r a c t o r ,  t h i s  technique w i l l  form columns 3 f t  i n  

d i ame te r  composed of 20 % wt cement, 



I. 3 

The ques t ion  is whether t h i s  technique  w i l l  work on a waste t r ench  

f i l l e d  wi th  large vo ids ,  s c r a p  metal, metal, drums, and a po tpour r i  of o t h e r  

i t e m s .  W i l l  metal "shadow" voids  and/or  s o i l ?  One c o n t r a c t o r  es t imated  

t h e  c o s t  of making one EG&G Idaho p i t  i n t o  a s o l i d  block us ing  j e t  g rou t ing  

a t  $30,000 t o  $33,000 ( inc lud ing  t h e  c o s t  of cement). Table  6 con ta ins  t h e  

breakdown of t h i s  c o s t  estimate. 

The fo l lowing  op t ions  w e r e  cons idered  i n  t h i s  s tudy:  

1. Jet g rou t  t h e  e n t i r e  p i t  as a E'oil  g r o u t ,  

2. Jet g rou t  t h e  c u r t a i n  as a s o i l  g rou t  and t h e  remainder of t h e  p i t  

w i t h  t h e  c o a r s e  grout .  A v a r i s t i o n  of t h i s  o p t i o n  is t o  u s e  the  s a i l  

g r o u t  as t h e  b a s i s  f o r  t h e  overburden and underburden as w e l l ,  

Table  6 .  Cost estimate of j e t  g rou t ing  tuo  EGdG Idaho 

des ign  p i t s  u s ing  a cement-water g rou t  

Mobi l i za t ion ,  1400 miles 

Personnel  

Mixing and pumping equipment 

Por t land  cement, 2200 f t 3  

T o t a l  

Est imated t i m e  - 11 d 

6,900 

12,650 

37,950 

7,590 

65,090 

3. Jet g rou t  t h e  e n t i r e  p i t  wi th  t h e  coa r se  g r o u t ,  

4 .  Lance double g rou t  t h e  waste zcne and j e t  grout  t he  rest of t h e  p i t  

( i n c l u d i n g  t h e  pe r ime te r ) ,  

5. Lance i n j e c t  g rou t  wi th  t h e  coa r se  g rou t  f i r s t  i n  t h e  waste zone t o  

f i l l  t h e  l a r g e  voids fol lowed by j e t  g rou t ing  of the  e n t i r e  p i t .  

Opt ion 2 I'.s favored i f  both l a n c e  i n j e c t i o n  and je t  g rou t ing  w i l l  be t r i e d  

i n  separate p i t s  and Option 5 i f  only t h e  o r i g i n a l  t h r e e  p i t  des ign  w i l l  be 

t r i e d .  Option 5 reduces some of the  u n c e r t a i n t y  i n  us ing  j e t  g rou t ing  i n  

waste t r enches  by f i l l i n g  t h e  l a r g e  voids  wi th  coa r se  g rou t  p r i o r  t o  j e t  

grout ing .  Presumably t h e  emplaced coa r se  g rou t  w i l l  be c u t  up and blended 

i n  wi th  t h e  f r e s h  g rou t  used in t h e  j e t  grout ing.  The d isadvantage  of t h i s  

o p t i o n  i s  t h a t  one c o n t r a c t o r  may not  be a b l e  t o  do both ,  which could 
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s i g n i f i c a n t l y  i n c r e a s e  t h e  cos t .  S ince  t h i s  s e c t i o n  addres ses  j e t  

g r o u t i n g  s e p a r a t e l y  from l a n c e  i n j e c t i o n ,  only Option 2 is analyzed f o r  

i t s  c o s t s  in t h e  remainder of t h i s  sectbon. 

The g rou t  c u r t a i n  f o r  t h i s  technique  is assumed t o  be a so i l -Cre t e  

ex tens ion  3 f t  beyond t h e  nominal p i t  dimensions of 18 x 6 f t .  The 

c o n t r a c t o r  u sua l ly  uses  a cement-water mixture ,  but  he b e l i e v e s  t h e  jet  can 

handle  f l y  a sh  i n  t h e  g rou t  and b e n t o n i t e  t o o  if proper ly  homogenized 

(meaning e x t r a  equipment nay be requi red) .  Also, t h e  c o n t r a c t o r  b e l i e v e s  

t h e  j e t  can be h y d r a u l i c a l l y  i n s e r t e d  down t o  t h e  b a s a l t  l a y e r  f o r  t h i s  

a p p l i c a t i o n .  Thus, no c u t t i n g s  from t h e  p i t  w i l l  he brought t o  t h e  sur -  

face .  To c a l c u l a t e  t h e  q u a n t i t y  of g rou t  r equ i r ed ,  any soil i n  t h e  grouted  

r eg ion  is assumed 20 % vol grout  and t h e  l a r g e  voids  are assumed 100% 

grout .  

r equ i r ed  f o r  j e t  g rou t ing ,  compared t o  t h e  2200 f t 3  t o t a l  used in Table 4 .  

The personnel  c o s t ,  equipment c o s t ,  and t i m e  estimate from Table  6 w i l l  be 

inc reased  by t h e  r a t i o  of t hese  two t o t a l  q u a n t i t i e s  t o  estimate t h e  c o s t s  

based on t h e  above assumptions f o r  j e t  g rou t ing  t h e  EG&G Idaho p i t s .  

From Table  7 ,  1427 f t 3  of grout  per  p i t ,  o r  2874 f t 3  t o t a l ,  w i l l  be 

Table  7. Est imat ion  of g rou t  q u a n t i t y  r equ i r ed  f o r  one EG&G Idaho 
des ign  p i t  f o r  j e t  g rou t ing  

Volume Grout volume 

Desc r ip t ion  ut3 1 U t 3 )  
S o i l  

Grout c u r t a i n  2880 576 

Underburden 324 65 

Overburden 324 65 

Backf i 11 300 60 

Large voids  

T o t a l  

67 P 47 1 

1437 

The c o s t  b a s i s  w i l l  be f o r  t h e  g r o u t s  s t u d i e d  b>- T a l l e n t  et  al. o r  t h e  

c l o s e s t  approximation. For  t h e  s o i l  g r o u t s ,  t h e  d x t u r e s  used by 

T a l l e n t  e t  al .  w i l l  n o t  be dup l i ca t ed  wi th  t h i s  ir. s i t u  mixing technique. 

I n s t e a d ,  a grout  made from a mixture  of P o r t l a d  cement and f l y  ash  ( t h e  

r a t i o  of t h e s e  two component q u a n t i t i e s  based on T a l l e n t  et d . ' s  s o i l  

g r o u t )  w a s  assumed for t h e  g rou t  cu r t a in .  T a l l e n t  et  al.'s p a z t i c u l a t e  



g r o u t  w a s  assumed f o r  t h e  p i t  proper ,  (The c o n t r a c t o r  may be a b l e  t o  use 

t h e  " s o i l  g rout"  f o r  t h e  overburden and underburden as i n  Option 2 ,  but  

such  was not  assumed here . )  The g r o u t s  suggested by T a l l e n t  et al. meet 

c e r t a i n  s p e c i f i c a t i o n s  t h a t  a s u b s t i t u t e d  g rou t  may n o t ,  e.g., t h e  

b e n t o n i t e  w i l l  be important  i n  o r d e r  t o  have no bleed water f o r  t h e  g rou t  

in t h e  l a r g e  voids. Any s u b s t i t u t t o n  requires the  same t e s t i n g  T a l l e n t  et 

al.  performed on h i s  recommended grouts .  ('Chis means t h a t  t h e  g rou t  

assumed f o r  t h e  g rou t  c u r t a i n  needs t o  be t e s t e d . )  T a b l e  8 con ta ins  t h e  

estimate of component q u a n t i t i e s  f o r  j e t  g rou t ing  t o  form a 3 f t  "soil .  

g rou t "  c u r t a i n  and a block of p a r t i c u l a t e  grout  encapsu la t ing  t h e  waste 

i n s i d e  t h i s  cu r t a in .  Combining t h e  q u a n t i t i e s  e s t ima ted  i n  Table  8 w i t h  

t h e  c o s t  in format ion  in Tables  4 and 6 l ed  t o  t h e  c o s t  estimate summarized 

i n  Table  9 f o r  j e t  g rou t ing  two of t h e  EG&G Idaho des ign  p i t s .  From 

Table  9, t h e  g rou t  c o s t s  less than $10,000, t h e  emplacement c o s t s  more than 

$75,000, and t h e  t o t a l  c o s t s  €or  j e t  g rou t ing  is about $85,000. 

Table  8. Component q u a n t i t i e s  f o r  je t  g rou t ing  two EG&G Idaho 
des ign  p i t s  

Quant i ty  r equ i r ed  
Component W t  % ( l b )  (ton) 

C u r t a i n  grouta  (assume 13.5 Ib/gal ,  
125,814 l b  g rou t ) :  

Type 1,II Por t land  cement 42 52,842 26.4 

Class C f l y  a s h  16 20,130 10, 1 

P i t  g routb  ( 14.5 l b / g a l ,  
186,511 L b  grou t ) :  

Type 1,II Por t land  cement 35 65 ,293  32,7 

Class C f l y  a sh  25 46,638 23. 3 

Bent mi t e 5 9,328 4.7 

F l u i d i z e r  0. 5 933 0.5 
_ _  ~~~ _ _  

Basis: 

bBased on T a l l e n t  e t  a l . ' s  series 13.  p a r t i c u l a t e  g rou t  mix No. 1 ,  s a m e  as 
t h e  coa r se  g rou t  f o r  Sect .  4.1 i n  Table  3. 

1160 f t 3  of c u r t a i n  grout  arid 1720 E t 3  of p i t  gruut .  
un te s t ed  g rou t  mix, bu t  based on T a l l e n t  et al.'s soil grout  mix No. 1. 
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Table  9. Cost estimate f o r  j e t  g r o u t i n g  two EG&G Idaho des ign  p i t s  

cost 
Desc r ip t ion  ($1 
Material cos t s :  

Po r t l and  cement; 2 t ruck loads ;  1064 sacks  

Fly ash;  1.34 t ruck loads ;  835 sacks  

Bentoni te ;  p a r t i a l  t ruck load ;  94 sacks  

F l u i d i z e r ;  p a r t i a l  t ruck load ;  19 sacks  

S u b t o t a l  

Emplacement cos ts :  

Fixed (mobf.Lization) 

Personnel  f o r  15 d 

Equipment € o r  15 d 

S u b t o t a l  

5,022 

2,650 

848 

300 

8,820 

6,900 

17,250 

51,750 

75,900 

TOTAL 84,720 

4.3 OTHER COSTS 

The o t h e r  c o s t s ,  mainly involved i n  t h i s  experiment ,  are t h e  QA/QC 

c o s t s  and exper imenta l  monitor ing and a n a l y s t s  cos t s .  EG&G Idaho w i l l  

develop t h e i r  own programs € o r  t h e s e  a s p e c t s  of t h e  experiment and no 

a t tempt  was made t o  assess t h e  c o s t s  involved. Never the less ,  t h e  fo l lowing  

two items were considered:  (1)  a c c e p t a b i l i t y  of t h e  materials purchased 

and (2 )  h y d r a u l i c  conduc t iv i ty  of t h e  p i t s .  

S ince  EG&G Idaho may not  have t h e  l a b o r a t o r y  c a p a b i l i t y  t o  test  t h e  

purchased g rou t  materials, ORNZ may be asked t o  perform t h i s  s e r v i c e  f o r  

EG&G Idaho. S ince  a quick  answer may be necessary ,  samples may have t o  be 

hand d e l i v e r e d  t o  ORNL and then  a t e c h n i c i a n  used t o  perform t h e  24-h 

tests.  Although t h i s  may s u f f i c e  f o r  t h e  quick  answer, EG&G Idaho may want 

t h e  complete set of t es t s  f o r  t h e  purchased material ( i n c l u d i n g  t h e  2%-d 

c u r e  t i m e  and long  term f reeze- thaw t e s t s ) .  Negot ia t ions  between ORNL and 

EG&G Idaho w i l l  s e t t l e  what i s  necessary  and t h e  cos t .  

To he lp  a s c e r t a i n  t h e  e f f e c t i v e n e s s  of g r o u t i n g  t h e  p i t s ,  t h e  hydrauLic 

conduc t iv i ty  of the p i t s  can be measured b e f o r e  and a f t e r  grout ing .  One 

way t o  do t h i s  would use  t h e  appa ra tus  a c t u a l l y  used i n  t h e  grout ing .  
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Conceptua l ly ,  s e v e r a l  probes would be fo rced  i n t o  t h e  p i t  and uncoupled 

from t h e  h y d r a u l i c  and pumping equipment. Then, t h e  h y d r a u l i c  c o n d u c t i v i t y  

would be measured us ing  t h e  probes s t u c k  i n t o  t h e  p i t .  I f  a probe cannot  

be i n s e r t e d  a f t e r  g r o u t i n g ,  t h e n  t h a t  would be cons idered  a s u c c e s s f u l l y  

g rou ted  area and r e l a t i v e l y  impermeable. However, t h i s  appraach r e q u i r e s  

two a d d i t i o n a l  t r i p s  by t h e  c o n t r a c t o r  w i th  t h e  a t t e n d a n t  mob i l i za t ion  

c o s t s  and a t  least  one day ' s  o p e r a t i n g  c o s t s  (i.e., about  $25,000 f o r  both 

h y d r a u l i c  conduc t iv i ty  t e s t s ) .  

tests appears  more a t t r a c t i v e  and may only c o s t  a t e n t h  as much. This  

d e s t r u c t i v e  examinat ion test should be conducted only  on t h e  short- term 

g rou ted  t rench.  The second hydrau l f c  Conduct iv i ty  tes t  could be done 

s h o r t l y  b e f o r e  t h e  d e s t r u c t i v e  examinat ion of t h i s  p i t .  

A g e o t e c h n i c a l  f i r m  s p e c i a l i z i n g  i n  such 

Another method t h a t  could be used  i s  s o n i c  e v a l u a t i o n  oE t h e  p i t .  With 

t h e  designed and documented p i t s  proposed, s o n i c  e v a l u a t i o n  of one p i t  

be fo re  g r o u t i n g  w i l l  he lp  e v a l u a t e  t h e  technique  and a f t e r  g r o u t i n g  w i l l  

h e l p  e s t a b l i s h  t h e  success  of grout ing .  

Other  misce l laneous  c o s t s  i n c l u d e  t h e  c o s t  and a v a i l a b i l i t y  of water. 

Not be ing  f a m i l i a r  w i t h  t h e  s i t e ,  i t  was unknown whether  a n  adequate  supply 

w a s  a v a i l a b l e  a t  t h e  tes t  site. 

Add i t iona l  c o s t s  t h a t  need t o  be cons idered  f o r  a c t u a l  TRU wastes 

i n c l u d e  h e a l t h  phys ics  personnel ,  containment  s t r u c t u r e s ,  and personnel  

p ro tec t ion .  I n  a d d i t i o n ,  bo th  emplacement techniques  w i l l  r e s u l t  i n  f l u i d s  

and/or  g rou t  coming t o  t h e  s u r f a c e  (around t h e  probes ,  if nowhere e l s e ) .  

E G G  Idaho should  be prepared f o r  t h i s  and have t h e  c o n t r a c t o r  c a p t u r e  t h i s  

material and r e c y c l e  i t  i n t o  t h e  p i t  o r  d i s p o s e  of i t  i n  some 

a c c e p t a b l e  manner. I n  a d d i t i o n ,  one way of i n c r e a s i n g  t h e  success  of t h e  

l a n c e  in j ec tLon  i s  t o  add t o  t h e  overburden so  h ighe r  p r e s s u r e s  can be 

used. This  c o s t  w a s  no t  e v a l u a t e d ,  though i t  would l i k e l y  be minor, u n l e s s  

t h i s  e x t r a  overburden needs t o  be reaoved (which could be c o s t l y  i n  t h e  

case of TRU waste t r enches ,  bu t  no t  i n  t h e  case of t h e  exper imenta l  p i t s ) .  

5. CONCLUSIONS AYD RECOMMENDATIONS 

Based on t h e  g iven  assumptions and t h e  g r o u t s  t h a t  have been t e s t e d  

t h u s  f a r ,  l a n c e  i n j e c t i o n  g r o u t i n g  of two of t h e  EG&G Idaho d e s i g n  p i t s  
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w i l l  c o s t  about $100,000 and j e t  g r o u t i n g  of t h e  same p i t s  w i l l  c o s t  about  

$85,000. The advantages of t h e  l ance  technique  are: 

1. It is  developed for p r e s s u r e  i n j e c t i o n  i n t o  l o o s e  and voidy s o i l s ;  

2. developed f o r  shal low g rou t ing ,  though l a n c e s  are a v a i l a b l e  40 f t  

long;  

3. has  been used f o r  g rou t ing  waste t r enches ;  

4. machines are a v a i l a b l e  t h a t  handle  m u l t i p l e  l ances ;  and 

5. l ances  are mobile,  a l lowing  an  o p e r a t o r  t o  thoroughly cover  a n  area 

as needed. 

The advantages of t h e  j e t  g r o u t i n g  technique  are: 

1. The placement of t h e  g rou t  i s  p o t e n t i a l l y  wel l -def ined;  

2. no p e n e t r a t i n g  g rou t  i s  r equ i r ed ;  

3. waste, s o i l ,  and g rou t  will p o t e n t i a l l y  be one s o l i d  mat r ix ;  and 

4 .  t h e  placement probe i s  mobile. 

The d isadvantages  of t h e  l a n c e  technique  are: 

1. The placement o€ t h e  g rou t  i s  u n c e r t a i n  s i n c e  t h e  g rou t  fo l lows  t h e  

p a t h  of l eas t  r e s i s t a n c e .  Large voids u s u a l l y  fill f i r s t ;  

2. an  expensive p e n e t r a t i n g  g rou t  i s  needed t o  g rou t  t h e  s o i l  ma t r ix  

(underburden, overburden, b a c k f i l l ,  and c u r t a i n ) ;  

3. oozing of grou t  t o  t h e  s u r f a c e  around t h e  l ances ;  and 

4. t h e  p o s s i b i l i t y  t h a t  t h e  f i r s t  g rou t ing  wi th  t h e  coa r se  g rou t  will 

i n t e r f e r e  wi th  t h e  second g r o u t i n g  wi th  t h e  f i n e  grout .  

The d isadvantages  of t h e  j e t  g r o u t i n g  technique  are: 

1. It is developed f o r  u se  i n  t i g h t  s o i l s  but  not  wi th  l a r g e  voids ;  

2. flow around l a r g e  o b j e c t s  such as drums is  u n c e r t a i n ;  

3 .  waste w i l l  be well-mixed wi th  g rou t  (which may be an  advantage o r  

d i sadvan tage ) ;  and 

4. flow of grout  t o  t h e  s u r f a c e  around t h e  probe. 

From t h e s e  advantages and d i sadvan tages ,  t h e  l a n c e  technique  seems t o  

have an edge i n  g r o u t i n g  l a r g e  vo ids ,  bu t  t h e  j e t  teehnique  seems t o  be 

b e t t e r  for g r o u t i n g  t i g h t l y  packed s o i l s  or matrices. S e l e c t i o n  depends on 

one ' s  o b j e c t i v e s  as w e l l  as the p a r t i c u l a r  a p p l i c a t i o n .  The outcome of 
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n e i t h e r  technique  is c e r t a i n ,  a p r i o r i ,  and both should be t e s t e d  be fo re  

r e j e c t i o n  of g rou t ing  as a s o l u t i o n  f o r  s t a b i l i z i n g  t h e  INEL TRU t renches .  

Both techniques  can be expected t o  have g rou t  ( c a r r y i n g  some waste) 

push t o  t h e  s u r f a c e  around t h e  probe pene t r a t ion .  This  material should be 

captured  and disposed of properly.  It is  suggested t h a t  such material be 

r ecyc led  back i n t o  t h e  p i t .  One method t o  h e l p  c o n t r o l  such emissions (and 

i n c r e a s e  t h e  p r e s s u r e  f o r  l ance  i n j e c t i o n )  would be t o  increase t h e  

overburden l a y e r  f o r  t h e  g rou t lng  o p s r a t i o n  ( b u i l d i n g  a s o i l  cap around t h e  

j e t  g rou t  probe may reduce t h e  f low from t h e  ove r s i zed  probe hole) .  Some 

emiss ions  should s t i l l  be planned f o r  and trapped. D e t a i l s  such as t h i s  

should be inc luded  in t h e  request €or  b i d s ,  and t h e  g r o u t i n g  c o n t r a c t o r s  

should propose a s o l u t i o n  and g i v e  c o s t s .  

The d isadvantage  of mixing waste  wi th  t h e  g r o u t ,  mentioned f o r  j e t  

g r o u t i n g ,  concerns c o m p a t i b i l i t y  of :he waste wi th  t h e  grout .  Both 

techniques  are faced  wi th  a problem a t  t h e  grout-waste i n t e r f a c e ,  bu t  j e t  

g r o u t i n g  i n c r e a s e s  t h i s  i n t e r f a c e  by e s s e n t i a l l y  making t h e  waste p a r t  of 

t h e  g rou t  ( l o c a l l y ) .  This  a s p e c t  of t h e  g rou t  t o  be s e l e c t e d  has  not  been 

addressed ,  as y e t ;  bu t  i t  must be be fo re  a f i n a l  g rou t  formula can be 

s e l e c t e d ,  r e g a r d l e s s  of which technique  i s  chosen. Cement g r o u t s  u s u a l l y  

r e q u i r e  a d d i t i v e s  f o r  u s e  wi th  a c i d s ,  bases ,  o r  organics .  No i n t e r a c t i o n  

problem i s  a n t i c i p a t e d  f o r  t h e  metal,. wood, combust ib les ,  conc re t e ,  o r  

f i l t e r s .  However, s ludge  w i l l  be t h e  main problem and a s p h a l t  could a l s o  

be a problem i n  j e t  grout ing .  The exper imenta l  p i t s  w i l l  con ta in  a 

s imula ted  s ludge  (with a composition g iven  i n  t h e  p i t  des ign )  which should 

he t e s t e d  f o r  c o m p a t i b i l i t y  w i th  t h e  grout .  

Based on t h e  a v a i l a b l e  informat ion ,  t h e  fo l lowing  sugges t ions  are 

recommended: 

1. The number of test p i t s  t o  be grouted  should be doubled s o  t h a t  both 

l a n c e  i n j e c t i o n  and j e t  g rou t ing  can be t r i e d  and compared. 

t h e  f e a s i b i l i t y  of this sugges t ion  i s  u n c e r t a i n  ( s i t e  a v a i l a b i l i t y ,  

e t c . )  i t  can be s t a t e d  t h a t  i t  would be d e s i r a b l e .  

Although 

2. Of t h e  above recommendation i s  r e j e c t e d ,  cons ide r  ways of e v a l u a t i n g  

both  techniques  (such as g r o u t  p a r t  one way and p a r t  t h e  o the r ) .  

S e l e c t i o n  of only one technique  depends on EGCG Idaho ' s  o b j e c t i v e s .  3. 

4. The c o m p a t i b i l i t y  of t h e  waste and g rou t  needs t o  be eva lua ted .  
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5. The a b i l i t y  of t h e  g r o u t i n g  c o n t r a c t o r s  t o  handle  e d s s i o n s  t o  t h e  

s u r f a c e  and t o  propose i d e a s  f o r  b e t t e r  p e n e t r a t i o n  ( r e v e r s e  

g r o u t i n g ,  e x t r a  overburden, e t c . )  should be planned f o r ,  and e v a l u a t e d  

i n ,  t h e  test. 

6 .  Eva lua te  (as b e s t  as p o s s i b l e )  t h e  e f f e c t i v e n e s s  of accomplishing EG&G 

Idaho 's  g o a l s  by s tudy ing  t h e  p i t s  w i th  a v a i l a b l e  nondes t ruc t ive  

experimental  techniques.  (EG&G Idaho is working hard t o  do t h i s ,  but  

a unique oppor tun i ty  e x i s t s  t o  e v a l u a t e  nondes t ruc t ive  tests on a 

predesigned p i t  t h a t  w i l l  be d e s t u c t i v e l y  eva lua ted  s h o r t l y  a f t e r  

grout ing.  ) 



1. 0. K. Ta 
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APPENDIXES 



2 3  

APPENDIX A: ESTIMATION OF P I T  HYDRAULIC CONDUCTIVITY 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  Idaho s o i l  sample rece ived  by 

ORNL is g iven  i n  Ffg.  1. From t h i s  f i g u r e ,  t h e  e f f e c t i v e  g r a i n  d iameter ,  

d l o  ( i . e . ,  10 % by w t  of t h e  s o i l  p a r t i c l e s  are smaller than  t h i s  d i ame te r ) ,  

is  about  0.03 m. Herndon et a1.3 g i v e  a h y d r a u l i c  conduc t iv i ty  of about  

cm/s i n  t h e i r  Fig. 34 f o r  t h i s  dlo.  Dis turb ing  t h i s  s o i l  w i l l  i n c r e a s e  

i ts  hydrau l i c  conduc t iv i ty  some, but t h e  h y d r a u l i c  conduc t iv i ty  w i L L  dec rease  

over  t i m e  as t h e  s o i l  resettles and recompacts. The presence of t h e  large 

voids  w i l l  have a much g r e a t e r  e f f e c t  t h a t  i s  not easy t o  eva lua te .  Some 

of t h e  l a r g e  voids w i l l  no t  be immediately,  i f  eve r ,  a v a i l a b l e .  Water w i l l  

permeate through t h e  pa th  of least  r e s i s t a n c e  and thus  tend t o  fo l low t h e  

l a r g e  voids. The l a r g e  voids w i l l  o f f e r  l i t t l e  r e s i s t a n c e  t o  permeat ion,  

so t h e  h y d r a u l i c  conduc t iv i ty  w i l l  be d i c t a t e d  by t h e  overburden, b a c k f i l l ,  

underburden, and s idewa l l s .  Assume that t h e  overburden is i n  series wi th  

t h e  l a r g e  voids and t h a t  t h e  b a c k f i l l  is  i n  p a r a l l e l  w i th  l a r g e  voids.  For 

r e s i s t a n c e s  i n  series, t h e  r e s i s t a n c e s  ( i n v e r s e  h y d r a u l i c  conduc t iv i ty  f o r  

t h e  p re sen t  case)  are add i t ive .  For para l le l  r e s i s t a n c e s ,  t h e  i n v e r s e  of 

t h e  r e s i s t a n c e s  ( t h e  h y d r a u l i c  c o n d u c t i v i r i e s )  are a d d i t i v e .  Conceptual ly  

f o r  t h i s  model, t h i s  means water flow through t h e  waste zone i s  v i a  t h e  

large voids  and t h e  f low rate i s  d i c t a t e d  by t h e  sur rounding  matrices 

(overburden,  underburden, and s idewa l l s ) .  

Consider  t h e  case of permeation through t h e  overburden and waste zone 

and ignore  t h e  pathways ou t  of t h e  waste zone ( i . e . ,  t h e  water w i l l  permeate 

i n t o  t h e  bottom of s idewa l l s  o r  c o l l e c t  a t  t h e  bottom). Permeation w i l l  

only e f f e c t i v e l y  occur  i n  the area represented  by l a r g e  voids  and t h e  

permeation w i l l  be d i c t a t e d  by t h e  overburden i n  t h a t  area. 

(1) 
PA 

Permeation rate a- 
L 

where P = h y d r a u l i c  c o n d u c t i v i t y ,  

A = area of permeation, and 

L = l e n g t h  of permeation. 
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S e r i e s  

P a r a l l e l  

where 

PA = average  h y d r a u l i c  conduc t iv i ty  f o r  t r e n c h ,  

Po = overburden h y d r a u l i c  c o n d u c t i v i t y ,  

Pw = waste zone h y d r a u l i c  c o n d u c t i v i t y ,  

PL = l a r g e  void h y d r a u l i c  c o n d u c t i v i t y ,  

PR 5 remainder of waste zone h y d r a u l i c  c o n d u c t i v i t y ,  

A = area of p i t ,  

AL = area o f  large vo ids ,  

AR = area of remainder,  

L = h e i g h t  of p i t  above underburden, 

Lo = h e i g h t  of overburden,  and 

& = h e i g h t  of waste zone. 

S i n c e  PL >> 'R, we can n e g l e c t  t h e  second term of Eq. 3 and d e r i v e ,  

AL Pw = - PL 
A 

S u b s t i t u t i n g  i n  Eq. 2,  we o b t a i n  

S ince  PL >> t h e  second term of Eq. 5 may be neg lec t ed ,  and 

( 4 )  

Po PA"--. 
LO 
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A s  expected,  t h e  h y d r a u l i c  conduc t iv i ty  is  inc reased  by t h e  l a r g e  voids  

reducing t h e  d i s t a n c e  of permeation and bypassing t h e  b a c k f i l l  (assuming 

l a r g e  voids  are in te rconnec ted  as i n  t h i s  s imple  model). With an  

overburden hydrau l i c  conduc t iv i ty  of loe4 c m / s ,  a t o t a l  he igh t  of 13 f t  and 

an  overburden he igh t  of 3 f t ,  t h e  e f f e c t i v e  h y d r a u l i c  conduc t iv i ty  i s  

es t ima ted  t o  be 4 x c m / s .  

Applying t h i s  same model t o  a p i t  wi th  t h e  l a r g e  voids  f i l l e d  by 

coa r se  g r o u t ,  i .e ,  PL - 1 ~ 9  c m / s , l  r e s u l t s  i n  PR >> PL, p0 >> PL ( t h e  

r e v e r s e  of t h e  previous assumptions) ,  and 

*K 
Pw =-- PR , and 

A 
( 7 )  

Assume Po -. PR 

and AR = 23 f t 2  ( a r e a  f o r  b a c k f i l l  s o i l  only).  

lT4 c m / s ,  Lo = 3 f t ,  L = 13 f t ,  I+,, = 10 f t ,  A = 116 f t 2 ,  

Thus, PA = 2.4 x l C r 5  cm/s. 

Furthermore,  i f  52% of t h e  s o i l ' s  water and a i r  voids  are assumed 

f i l l e d  wi th  f i n e  grout1 ,  i.e., t h e  area a v a i l a b l e  f o r  permeation reduces 

by 69% i n  t h e  overburden and b a c k f i l l ,  then  s u b s t i t u t i n g  i n  Eqs.  7 and 8 

0 .3  1AR 

A 
P" = PR , and 

PA = 0.31c2.4 x lr5 cm/s) = 7.4 x c m / s  . (11) 

The r educ t ion  i n  a r e a  p ropor t iona l ly  reduces t h e  h y d r a u l i c  conduc t iv i ty  

without  t ak ing  c r e d i t  € o r  a lower s o i l  hydrau l i c  conduc t iv i ty  by v i r t u e  of 

f i l l i n g  t h e  b igger  s o i l  voids  l eav ing  a s o i l  mat r ix  wi th  a reduced e f f e c t i v e  

g r a i n  diameter.  Assume t h a t  69% (dry wt)  of t h e  l a r g e r  s i z e s  i l L u s t r a t e d  

i n  Fig. 1 i s  grouted l eav ing  31% of t h e  f i n e r  material as t h e  loose  s o i l  

matrix t o  determine t h e  approximate hydrau l i c  conduct iv i ty .  Thus, t h e  



2 '7 

D3.1 of 0.006 mm from Fig. 1 r e p r e s e n t s  t h e  new Dlo g i v l n g  a new h y d r a u l i c  

c o n d u c t i v i t y  of about  5 x lo-' c m / s  for  t h e  remaining ungrouted s o i l  com- 

pared t o  about  l(Ty cm/s f o r  t h e  coa r se  g rou t  and about 1T8 cm/s, f o r  t h e  

f i n e  grout .  Thus keeping t h e  same assumptions ( inc lud ing  t h e  h y d r a u l i c  

c o n d u c t i v i t y  of s o i l  being much greacer than  e i t h e r  g r o u t )  and s u b s t i t u t i n g  

t h e  new h y d r a u l i c  conduc t iv i ty  for  sa i l s  into Eq. 10 g ives  a h y d r a u l i c  

c o n d u c t i v i t y  of 4 x lT7 cm/s f o r  t h e  p i t  g routed  f i r s t  by coa r se  g rou t  

than by f i n e  grout .  

For j e t  g rou t ing ,  assume a s o l i d  block of s o i l  g rou t  o r  coarse g r o u t ,  

g i v i n g  a hydrau l i c  conduc t iv i ty  of about  10- c m / s .  
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APPENDIX B: LIST OF GROUTING CONTRACTORS CONTACTED 

Gelco Grouting Se rv ice  
Salem, Oregon 
Steve War i ng 
Kent, Washington 
( 2 0 6 )  872- 2550 

H a l  1 i bu r t o  n 
E r n i e  Carter 
Duncan, Oklahoma 
( 405)  25 I- 2095 
Dr. Paul P e t t F t  
Gai thersburg ,  Maryland 
( 3 0 1 )  258-6045 

W. G. Jaques Co. 
Steven Jaques 
Des Moines, Iowa 
( 5 1 5 )  2 7 6 5 4 6 4  

Woodbine, Inc. 
A r t  Pengel ly  
F o r t  worth,  Texas 
( 8 1 7 )  62% 4242 
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APPENDIX C: EXTRAPOLATING THE COSTS FOR GROUTING THE TEST PITS 
INTO COSTS FOR GROUTING THE TRU WASTE TRENCHES AT INEL 

The volume scale up f a c t o r  going from t h e  two exper imenta l  p i t s  

t o  t h e  a c t u a l  TRU t r enches  is 1000. Thus, t h e  s imples t  e x t r a p o l a t i o n  g i v e s  

$85,000,000 t o  $100,000,000 t o  gr0L.t t h e  TRU t renches .  This  s imple  

approach ignores  s e v e r a l  d i f f e r e n c e s  inc lud ing  (1) t h e  f a c t  t h a t  TRU waste  

is now involved which will I n c r e a s e  c o s t s ,  ( 2 )  a t i m e  span  of s e v e r a l  years 

is  involved ,  (3)  economies of s c a l e  w i l l  apply ,  and (4) some of t h e  c o s t s  

are f i x e d  and do not scale up p r o p o r t i o n a l  t o  t h e  j o b  s i z e .  Taking into 

account t h e  f i x e d  c o s t s  i n  Tables  5 and 9 w i l l  dec rease  t h e  s imple  

e x t r a p o l a t i o n  above $7,000,000 t o  S10,000,000 t o  make t h e  e x t r a p o l a t e d  

estimate $80,000,000 t o  $90,000,000. Any such estimate us ing  t h e  costs in 

t h i s  r e p o r t  w i l l  be much more i n a c c u r a t e  than  ana lyz ing  t h e  a c t u a l  c o s t s  i n  

g r o u t i n g  t h e  des ign  p i t s .  
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