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PO WEW DISCHARGE VOI T 9 r T  

S l F l E D  
IO 260 

Fig. 1 .  Victoreen Projection Minometer Modified for 
ORNL U s e .  
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E l  
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F 
G4 

VICTOREEN POCKET METER, MODEL 352 

E 3  
E4 
E5 

G4 
G 2  

LOW ATOMIC NUMBER WALL 
GRAPHITE-COATED PAPER SHELL 
ALUMINUM TERMINAL HEAD 
ALUMINUM TERMINAL SLEEVE F. 
POLYSTYRENE SUPPORT BUSHING 
CENTRAL ELECTRODE, GRAPHITE COATED 

POLYETHYLENE INSULATING WASHER 
POLYSTYRENE FIXED BUSHING 
ELECTRODE CONTACT 
RETAINING RING 
ALUMINUM BASE CAP 
POLYETHYLENE FRICTION BUSHING 

Fig. 2. Sectional View of the Pocket Meter Used at  ORNL. 
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3 -  Using t h e  r i g h t  hand in se r t  t h e  pocket, t n c t w  b t s  t h e  wd. . l  of  
t h e  inhameter making sure  that  t h e  electrcdes have contacted, 

NOTE:: Sei. aside f o r  t e s t ing  a11 ne'tws which read. 30 m or 
Rli?2'@ 0 

1,4 Operating Pecul iar i t ies  __._ 1 

A, Some pocket meters will yie ld  image "kxks"; L e o g  %he image % d i l l  

deflect t o  right (PT lef% (usually lef%) of zero when t h e  pocket 
meter i s  removed from the we3.1. 
changes, some of the more C G ~ O E  causes are% (a) loose connec- 
t i o n  in t h e  minorneLt3r w e l l ,  (2) improper electrode 1-ength, (3) 
loose pr&s connected wYih pocket meterr core, or (h) dirt in the 
minometer w e l l  

Wicks!' art3 t h e  r e s u i t  af c a p c i t y  



. ... 

F, A defective pocket, meter wills. l o se  S G I E ~  o f  its charge si@y on 
standing after a pe r iod  of Lime, 
reading takes place as  soon as poss ib le  after charging, 
of twenty-four hours is usually t h e  allowable t,ime-lapse between 
charging and reading, 

Best results are obtained if 
A rnaximm 

G, Occasionally the electrode w i l l  f a l l  out of %he peckel meter, 
Whm this happens the  meter w i l l  yield a. reading of 20 to 60 nr 
and t o  a l l  appearances looks l e g i t h a t e ,  To t e s t  f o r  this sou- 
t inely,  t h e  metes should be discharged and then Lzser ted in t he  
i n i n m e t e r  w e l l .  If %he image does not go lgoff scaleg* examine f o r  
a missing d.ectrode, 

.. . 



d;;ntroduc t i o q  

In  order t o  provide the best instPumen%ation, a11 hi& reading pock& 
meters are retahed f o r  t e s t i n g  as "suspected leakarsaqt. A v i s u a l  
inspeetion is mde periodically for missing electrodes, W e n  suspeeked 
of being defective the meters m w %  pass r i g i d  %est3 bftfore being h s u &  
again, 

Equipen% 

A, PlodZffied Bserner shaker (Pig, 3 )  

C, Hinometer 

Procedure f o r  Testing 

A, 3Trelhhax-y 

B, 

2 Charge f3suspectrs meters a 

S e t  aside a l l  meters reading 30 inn- or  more as *Qsuspecti~e 

B e  Shake Test 

P, Place charged IPsuspecttt meters (Phase A) in  shaker in quant i t ies  
of 20 04" less.  

2, Set  timer aad agikate  aeters f o r  5, minute, 

3 o  Kemcsve m ~ $ ~ ? s o s  from shaker and rad again, 

4., Set aside all. meters reading 20 m OF mere f o r  repair ,  
is tihe t e s t  fay loose electrodes, cracked insula%ars, and o*&e;r. 
mechanical defects, 

Tais 

5. Re-charge remaining meters and proceed t;ct Phase G, 

1, 

2 ,  

30 

Piace re-charged meters (Phase B) jU1 box, l abe l l ed  *$leak*$ t e s t  
and d l m  t o  fistancil' f o r  a rnhianzLm of 8 haws,  

Read,  re-charge, and r e j ec t  f o r  repair all meters reading 20 a- 
o r  moree 

Pletess reading less than 20 mr m a y  be s e t  aside f o r  usa, 
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2,4 Procedure fo r  Checking for Defective Electrodes (normally performed on 
Sunday a t  ORNLI 

A ,  Charge meter to zeroa 

13, Discharge meter on "discharge horn". 

C. Place discharged meter in minometer well, If the image does not 
If found t o  be go Itoff scale[', check f o r  a defective electrode, 

defective, discard f o r  repair, 

P). Re-charge sound meters for re-issue. 

Procedure for  Testing Repaired Meters (normally performed by the  Repair 
Unit a t  ORNL) 

Examine meter f o r  obvious defects, correct, and repeat Section 2.3 
above, 
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Reading Pocket Meters as Associated with 
Distribution and Collection 

3.1 Introduction 

A .  

B O  

C, 

D. 

Eo 

F a  

Usually the  pocket meter i s  ttchargedtt a f t e r  the reading of t h e  
meter, 
and some must undergo lengthy t e s t ing  procedures (See Procedure 
#2) before being released for fur ther  service,, 
meters t h a t  do prove sound may be s e t  as ide f o r  re-issuanceo 

Not a l l  of the meters a re  f i t -  for  m e  a f t e r  being used once, 

However, those 
’ 

Pocket meters a r e  obtained from a supply available i n  the  same 
alley in which the badge f l l m  meter is  Located, 

Care should be taken not to underestinate the  meter supply i n  order 
t h a t  incoming personnel will suf fer  no delay i n  effect ing entrance, 

The pocket meters should be careful ly  checked fo r  the presence of 
c l ip s  and caps. 

Meters charged on one minometer should be paired with those charged 
on another minometer, 
perly charged meters by reason of a malfunctioning minometer or  
poor charging technique ,, 

This lessens t h e  chances of  pairing impro- 

When exiting from the Laboratory proper, employees deposit the i r  
pocket meters with their badge f i l m  metero 

3*2 Apparatus and Equipment - 
A,  Minometer 

Bo Pocket meters t o  be read 

c, Pencil 

Do Minometer work sheet (See Appendix, P. 100) 

E, Personnel Exposure Questionnaire Information Sheets (See Appendix, 
p a  101) 

F. Kardex f i l e  

G, Collection boxes 

He Notebook or pad 
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h o c  edure 

A, Collection of Pocket Meters t o  be Read A f t e r  Tnev Are Returned t o  - 
1 

The Alleys 

1. Carry col lect ion boxes to  col lect ion points. 

2. Remove E i r s t  badge f i l m  m e t e r  from rack and place in col lect ion 
box. A l w a y s  co l l ec t  t he  badge f i l m  meter before touching the  
two pocket meters t h a t  go with it; otherwise, it is d i f f i c u l t  
t o  properly ident i fy  the meters. It should be noted t h a t  in' 
t h i s  procedure, badge f i l m  meters a r e  collected along with t h e  
pocket meters mainly t o  ident i fy  t h e  pocket meters. 

3. Continue to  co l lec t  meters i n  order by index number. 

a n  Sometimes a p a i r  of pocket meters w i l l  be found w i t h  no 
accompanying badge f i l m  meter t o  ident i fy  them. 
book o r  pad ta record t h e  ,index number of t h e  s lot .  
note beside pocket meters i n  co l lec t ion  box i n  l i e u  of 
t he  badge f l l m  rnbter. 

Use note- 
Place 

bo Collect  pocket meters i n  s t r i c t  numerical order by index 
number as t h i s  f a c i l i t a t e s  t he  use of the  Kardex f i l e  when 
recording the  readings, 

h n  Carry boxes t o  readirag laboratory, 

5. Arrange boxes i n  order according t o  index number arrangement 
of Kardex f i le .  

6 ,  Probe meters thus col lected wi th  GM tube f o r  p o s s i u e  contami- 
nation. 
removed from the co l lec t ion  box imnediately. Under no circum- 
stances should ;a eontaninated pocke't meter be inser ted in to  the 
w e l l  of the  minometer, as t h i s  my contaminate other meters 
as they are read, Supervisor w i l l  take ac t ion  necessary for 
obtaining a reading i n  t h i s  case, Contaminated rneters are 
reported as damaged meters on the  mjl-rcirieter work sheet, 

Any pocket meter found t o  be contaminated should be 

7 0  Place col lect ion b x  f i l l e d  with meters ja reapding ?osi&ion 
beside minometer, 
meter sets. 

The X-RO meter cofl,ecbticzn box c o n t a h s  50 

8. Place Kardex f i l e  drawer next. t o  minometer i n  comfortable 
wri t ing posi t ion f o r  t he  technician, 

NOTE: h e  index numbers fn t h i s  drawer correspond t o  %hose on 
t h e  col lected meterso 



9. Place sui table  box i n  readiness to receive charged pocket meters 
acceptable f o r  redistribution. 

LO. Prepare proper headings on the  minometer work sheet" 

Be Reading and Recording (See Procedures #4 and #5 f o r  detailed des- 
cr ipt ion and use of Kardex Card,) 

1, 

2. 

30 

4. 

s c  

6 ,  

7. 

8, 

L i f t  badge film meter p a r t i a l l y  from collection box and note 
index number, 

%move f irst  pair of pocket meters from collection box. 

Read first meter of pa i r  and place in dis t r ibut ion boxa 

Record reading in proper square of Kardex card. 

MOTE: Record readings of f i r s t  meter of pa i r  toward center of 
square so t h a t  another entry may be made ei ther  above or  
below. The smaller numerical reading of t he  p a i r  is the  
s ignif icant  reading. 
two readings, 

It shal l  be the uppermost of the 

Read second meter of pair, and place iri dis t r ibut ion box. 

Record reading abcve or belm the first entry. 

NOTE: If la rger  than first entry, record below; i f  smaller, 
record above, 

When a pocket meter reads 30 m r  or more, set  aside f o r  t e s t s  
of possible defects, ( S  ee Procedure #2 f o r  tes t ing  procedures,) 

, record h e -  
sheet. 

a. Sh i f t  worked by employee 

be N a m e  

c o  P I  (personnel ident i f icat ion)  number 

d. Both s ignif icant  and insignif icant  readings 

e, Department 

NOTE: Any en t ry  made on the  minometer wcrk sheet is added t o  
the  individual pocket meter entr ies  f o r  t h e  week re- 
corded previously, 
cant Reading, and i s  recorded on the  minometer work 
sheet, 

This i s  ca l led  the  Total Signifi-  
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9, If the  Total Significant Reading is  300 m r  o r  more:: 

a . I n i t i a t e  a "Personnel Exposure Questionnaire Inf onnationn 
f om, 

b, X-ray P I  number on used f i l m  and r e f i l l  badge with dated 
new film, 

10. When a pocket m e t e r  reads off-scale a f t e r  being in t h e  f ie ld ,  
keep a t a l l e y  i n  space provided on minometer work sheet, Lay 
the-meter as ide f o r  investigation and tes t s .  

11. When both pocket meters read off-scale: 

a, Record immediately the data  given in B,8 above. 

b. I n i t i a t e  a l'Peraonnel Exposure Questionnaire Infomat ion" 
form, 

ca  X-ray PI number on used film and r e f i l l  badge with dated 
new f i l m .  

12, When both pocket meters cannot be read because of damage, or 
when one is  damaged and the  other is l o s t %  

a. Record immediately t h e  data given in B,8 above. 

b. L i s t  a damaged pair  under the heading "No Reading'' on the 
minoineter work sheet, 

c o  L i s t  a damaged meter and a lost meter const i tut ing a pair 
under ttCombination" on the minometer work sheet, 

do X-ray P I  number on used film and r e f i l l  badge with dated 
new film, 

13. When a pocket meter is  presumed to  be l o s t ,  keep a t a l l y  of' 
these s ingle  lost meters on minometer work sheet. 

14, When a pocket meter is damaged, keep a t a l l ey  of these damaged 
meters on minometer work sheet. Also make a notation of the 
nature of the damage. 

15, Keep a r eco rd in  notebook o r  pad of t he  total number of pairs of 
pocket meters i n  each col lect ion box, 

16, Replace badge film meters, which have been used t o  ident i fy  
pocket meters, a t  the d is t r ibu t ion  point, 



a, F i l m s  which have t o  be processed because of high pocket 
meter readings and/or pocket meter pairs  which cannot be 
read should be careful ly  clipped t o  t h e i r  respective 
ttPersonnel Exposure Questionnaire Informationn work sheets 
and delivered t o  t h e  darkroom technician. 

b, When recording pocket m e t e r  readings on Kardex card, much 
care  should be taken by t h e  operator to detect any previous 
entry f o r  the same Health Physics day. 
of 300 nr is reported as shown in  Step 9 aboveo An accumu- 
l a t e d  t o t a l  of 50 m r  or more is recorded on t h e  minometer 
work sheet as shown in Step 8. 

An accumulated t o t a l  



Kardex FXLe and Preparation of Cards 

4.1 Purpose and Advantages 

A. The Kardex f i l e  anbraces a s ingle  card fo r  every employee on the 
payroll and Laboratory v i s i t o r s  using the Personnel Monitoring 
meter service, 
beta-gamma f i l m  and pocket meters. 
and to t a l l ed  week by weekand provides an o f f i c i a l  radiation his- 
tory of the employee from the date of h i s  employmmt u n t i l  the date 
of h i s  termination. Avleter service is arranged through supervision, 
Kardex cards for employees who do not require meter service a r e  
kept in an " imct ive"  f i l e .  
order by index numbere 

It is a permanent record of data obtained from the 
It ik a record kept day by dag 

"Activell cards a r e  f i l e d  i n  numerical 

B, The Kardex file i s  adaptable t o  t he  record-keeping needs 02 
Personnel Monitoring in the following respects: 

1, It is kept in t h e  Laboratory where me$ers a r e  read, 
quently, it is always accessible fo r  additions, corrections, 
and deletions e 

Come== 

2. It is readi ly  usable f o r  affording quick reference to author- 
i z e d  personnel 

3.  It is flexible i n  t h a t  numerous none-case-only" de ta i l s  can be 
recorded as they occur and can be referred t o  eas i ly  a s  the 
occasion demands. 

C. Kardex records of exposures a r e  maintained on a l l  persons vhether 
they a r e  regular employees o r  long-term v is i tors .  
a r e  kept i n  an ac t ive  s t a tus  for  the duration of an individual 's  
stay a t  the  Laboratory, 

Such records 

De Immediately upon assigning meter service t o  a regular eaployee or 
a long-term v i s i to r ,  Personnel Monitoring act ivates  a Kardex card 
f o r  the  f i l e ,  
persons wi th  P I  numbers who use "one-trip" meters. 

A Kardex card is pu6 i n  an alphabetical  f i l e  f o r  

4.2 General Description of Kardex Card (Fig, 4) 

A .  A Kardex card provides space t o  record the  radiatisrs. history of an 
employee far six months. 
folded i n  the  middle which necessitates turning the card a t  t h e  
exid of th ree  months, 
week ends on t h e  day badge film meters a r e  serviced. 

A card i s  printed on both s ides  and 

A card is  printed i n  calendar form and the  

Bo On the Kardex cards the  weeks are numbered conseeutkgely through 
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C. The consecutively numbered weeks a re  arranged i n  horizontal l i nes  
across the card, s t a r t i qg  a t  the  l e f t  with Sunday and continuing 
through Saturday, one week under the  other, w i t h  days dated, 
calendar-wise. 
which daily ent r ies  a r e  made. 
space f o r  tabulating weekly to t a l s ,  

The l e f t  s ide of the card provides squares in  
The r igh t  s ide  of the card provides 

Do On both s ides  of the card there  is space fo r  identification. This 
identification, pertinent data on the  individual w i t h  meter service, 
is  v i s i b l e  a t  the bottom of  the card when the card is placed i n  the 
Kardex f i le .  

Apparatus and Equ ipment 

A,  Supply of Kardex cards properly dated, 

Be Pertinent data on badge film meter assigneesc 

1. B i l y  Service Log f o r  new anployees (See Appendix, P. 102)- 

2. Personnel S t a t i s t i c s  Report - to confirm and check cards here- 
tofore  prepared; t o  prepare cards f o r  persons who have not 
applied f o r  meter service, 

3 ,  Any l i s t  of names f o r  whom meter service is requested. 

C. Typewriter, 

D. Number device, 

4.4 Procedure 

A, Procure an adequate number of Kardex cards and place beside type- 
wri ter  , 

Bo Using W i l y  Service Log (or  other) source of information, type, in 
two l ines ,  a t  bottom left of card: 

1. Division number and payroll status: Le., weekly, hourly, or  
monthly, Payroll status is abbreviated as W, 11, o r  M, res- 
pect i v d y .  

2, P I  number of employee. 

3. F i r s t  name, middle i n i t i a l ,  and last name of employee. 

C. Type same information on reverse s ide of  Kardex card, 

D. Using numbering device, stamp appropriate index number on both 
s ides  of the card. 



E. Stamp o r  type WSD"@eter service date) i n  proper square of calendar. 

F. Place in proper index number order in Kardex f i l e .  

NOTE: Personnel with P I  numbers who use '1one-tripfS film meters on 
a periodic basis should have Kardex cards prepared and f i l e d  
alphabetically. 
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Recording Da-ta on Kardex Card, 

5.1 Introduction 

Since a correct  interpretat ion of radiat ion exposure depends upon t h e  
accuracy w i t h  which data is recorded on t h e  Kardex Card (Fig. L ) ,  a 
thorough understanding of this procedure is reqaired, 

s82  Recording Pocket Meter Data 

A ,  

B, 

C, 

The pocket meter entry f o r  t h e  f i r s t  meter read i n  a pair i s  re- 
corded i n  the space a l l o t t e d  t o  that date, 
second meter read is made above or below the  first, depending upon 
which i s  the s igni f icant  of t he  two. The s igni f icant  reading is 
always uppermost i n  t h e  a l l o t t e d  space, 'Be space a t  t h e  top, 
immediately t o  the  r igh t  of t he  date, is  used fo r  meters worn OR 
t h e  two night s h i f t s  and the  larger ,  oblong space, below t h e  date, 
i s  used f o r  recording meters worn on the  day s h i f t ,  

The mtry f o r  the 

Insignif icant  pocket meter en t r ies  are posted, in the  space t h a t  
applies, below t h e  s igni f icant  entry, The abbreviations l i s t e d  
on t h e  f r o n t  of t h e  Kardex card used i n  rnak~ing 311 double in- 
s ign i f icant  en t r ies  are as follows: 

OS O f f  s ca l e  
LM Lost meter 
DIvl Damaged meter 

'vlleekly summaries of pocket meter readings; symbols used are l i s t e d  
and defined as follows : 

1. TSR - Total s ign i f icant  reading. 

2, E - Number of pocket meter entries f o r  t h e  week, where an 
entry consis ts  of one pair .  

3 .  IRR - Pocket meter irregularities. 

4. Code 1 - Lost meter, 

sB Code 2 - Damaged meter, 

6. Code 3 - Meter off scale, 

5,3 Recording Film Meter Data 

A, Both mrep and m r  in terpretat ions are recorded i n  t h e  oblique sec- 
t i ons  a t  thk extreme r i g h t  of each da te  space, 
pretat ion is alyays l i s t e d  over the  density reading, Exampler a 
density of Q,lS which in te rpre ts  t o  read 230 mrep is  written: 
230/0.15. 
uppermost oblique spaceo The shielded in te rpre ta t ion  is given as 
m r  and together with t h e  density occupies t h e  lower oblique space, 

The mrep inter- 

The open window in te rpre ta t ion  and density occupy the 
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3. 

C. 

D, 

E* 

F, 

Saturated densi t ies  f o r  t he  sens i t ive  films a r e  recorded a s  
>10,000 mrep, 
recorded a s >  20,000 mr.  

Saturation densi t ies  f o r  the  insensi t ive film a r e  
(See High Range Charts, Procedure #22.) 

An i r regular i ty  noted does not necessarily mean tha t  the reading 
has been l o s t  but t ha t  the density of the  film has probably been 
affected, causing a change in the  reading. 

Film i r r egu la r i t i e s  a r e  abbreviated i n  the spaces which apply, a s  
followsr 

1.3 

2.* 

30 

4, 

50 

60 

70 

8. 

9. 

B o a  of 
Kardex 
Card 

E of F 

E of C 

DIP 

LIP 

E of X-Ray 

E of L 

D 

w 

M 

Description 

Evidence of fog 

Evidence of contamination 

Damaged in process 

Lost in process 

Evidence of X-Ray 

Evidence of exposure t o  l i g h t  

Film damaged before processing 

Film damaged by exposure t o  
weather 

Film missing from meter when opened 

CBM Code 
,Weekly Tot, 
:al.) 

1 

2 

3 

4 

5 

6 

7 

0 

9 

Weekly summaries of f i l m  readings with symbols defined: 

1, Sen OW - Sensit ive film, open window. 

2 ,  Sen S - Sensit ive film, shielded portion. 

3n Ins S - Insensi t ive film, shielded portion, 

% e  following emlanatory codes a r e  used in the  date space on which 
the  e-rent occurs : 

Code f n t  erpretation 

MSD Meter service date 

- 

MOS Meter out of service 
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FML Film meter lost  

FMR Film meter re-issued 

r X  Film meter found 

PTR Probable t o t a l  reading 

m?3 Probable maximum exposure (weekly) 

NP Number of film processes ( w e e k l y )  

NOTE: The resu l t  obtained by subtracting the shield reading from 
the  open window reading is the PTR (probable total  reading). 
The shield reading becomes the  PTR when it is greater than 
the  r e su l t  obtained by subtraction. 
maximum exposure) is the total of 611 t h e  PTR's fo r  the 
week. (Reference work: "dodifications of t he  Personnel 
Monitoring 3xposure Repbrtjzag-Sstem . ,..If, July 2, 1951, 
By J. C. Hart, SM-rlemo-113-51). 

The PMX (probable 



Weekly Summary and Analysis of Kardex Data 

6.1 General 

A .  

B, 

C. 

D. 

It is important t h a t  a l l  pocket and badge film meter r e a d i G s  f o r  
the week are entered on the  card before the  summarization of r e su l t s  
is begun, This includes t h e  f inal  pickup of badge film meters which 
is  made before Up30 on Saturday night of each week, 

Every Kardex card in the ac t ive  f i l e  s h a l l  have a t  l e a s t  one entry 
on it f o r  the week and s h a l l  be t o t a l l e d  accordingly. 
t h a t  each card w i l l  have one of t h e  three following badge f i l m  
meter en t r ies  on Saturday of each week:, 

This means 

1, A bAdge f i l m  meter reading of zeroo 

2, A posi t ive badge f i lm'meter  reading, 

3 .  k Itnot serviced" (NS)-symbol, 

Posi t ive badge f i l m  meter entries are m a d e  on the "Positive Reading 
Sheets" (See Appendix, P, 103) and thence t o  Kardex immediately 
af ter  f i l m s  are read on the  Densit'ometer and interpreted,  

NC.TEt Totall ing t h e  card a t  t h i s  point is - not recommended, as tab- 
u la t ion  requires  painstaking care and singleness of purpose. 

A l l  f i l m s  not serviced <ifter t h e  l a s t  pickup on Saturday night are 
coded NS on the Kardex card. 'The remainder of t h e  f i l m s  read zero 
and a r e  so  entered on Kardex card, 

6.2 Procedure 

A. Weekly Pocket kieter Tabulation 

1. Begin with f i rs t  card i n  f i l e ,  

NOTE: If there is more thanonetabulator ,  cards can be checked 
as they are available;  but  in a l l  cases they should be 
inspected in numerical order by index number and c l ea r ly  
l abe l l ed  as to  progress made in t h e  event a l l  cards are 
not completed by the  initial group, 

2. Total t h e  s ign i f icant  pocket meter readings for t h e  week and 
en ter  sum under 'ER, (Total s ign i f i can t  reading in Weekly 
Total" column. ) 

a. Place a plus sign a f t e r  t h e  sum t o t a l  f o r  each double - 
ins igni f icant  en try, 
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30 Prepare a "Personnel Exposure Questionnaire Work Sheet!' (See 
Appendix, P, 101) for: 

a, Pocket meter t o t a l s  of 300 or  more,, 

be  Any double i n s i a i f i c a n t  pocket meter entries.  

4, Count t h e  number of pocket meter en t r ies  for  t h e  week and enter 
t h i s  number under &'Eff i n  Weekly Totall' column, 

NOT%r A notation r e l a t i v e  t o  an issued pair of pocket meters 
t h a t  are used const i tutes  an entry,, 

5. Use codes only f o r  tabulating dmble ins igni f icant  en t r ies  
under llIRR" i n  Weekly Total" column. 

NOTE: Single insignif icant  en t r ies  are not considered i n  
s t a t i s t i c a l  tabulations. 

aa  I n  the event there  is more than one such case during t h e  
week, separate each appropriate code with a comma., 

Example: 3, 3, 1, 1. 

b, If the re  are no i r r egu la r i t i e s ,  leave space blank, 

NOTE: Sometimes an employee will report  the loss of both 
pocket meters. 
entry and is coded as t t l t l ,  

"his becomes a dmble  insignif icant  

3, Weekly Badge Film Meter Tabulations 

1. Total all open window sens i t i ve  f i l m  readings and enter under 
1W"i.n Itweekly T o t a l l  column of the Kardex card. 

NOTE: Sometimes there  are badge f i l m  meter en t r i e s  during the 
week i n  addition t o  the routine en t ry  on Saturday. Such 
en t r i e s  a r e  to t a l l ed  with t h e  entry on Saturday. Films 
a r e  processed during the  week for  t h e  following reasons: 

a, When the  accumulated daily s igni f icant  readings from 
t h e  pocket meters t o t a l  300 m r  o r  more. 

bo When a double insignif icant  pocket meter e n t r y  is 
r ec orded . 

cc When there  is  a special  request from a Health Physics 
r epr es en tat  ive 

d, When badge film meter service is being terminated 
o r  withdrawn, 
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e, When the badge film meter is contaminated, 

f. men a l o s t  f i l m  is recovered, 

go m e n  an anployee or v i s i t o r  has a I1one-triptt entry 
resul t ing from the use of a *tone-tripft meter. 

2. Prepare a nPersonnel Exposure Questionnaire Work Sheet" when 
the PTR equals or exceeds 300 mrep. 

NOTE: Work sheets have been made out previously f o r  readings 
that equal o r  exceed 300 mrep for  the weekly routine 
film entered on the  Kardex as o f  Saturday, 
Routine Badge Film Servicing, Procedure #23.) 

(See Weekly 

3* Total a l l  sens i t ive  film, shielded readings, and enter under 
ttS" in Weekly Total" column. 

Lo In the absence of sens i t ive  film readings, the resu l t s  of the 
insensi t ive film w i l l  be substi tuted,  

5. Use codes for tabulating dtl i r r egu la r i t i e s  under "IRR" i n  
'Weekly Total" column. If there is  more than one cas% 
separate appropriate codes with a commae 
i r regular i t ies ,  leave space blank, 

If there  a r e  no 

60 In the column headed 14NP", record the  number of film meter 
entr ies  fo r  t he  week, 

a. Care m u s t  be taken to account f o r  persons w i t h  two o r  more 
badge f i l m  meters i n  service. 
two ur more en t r ies  for the  week even though h e  may not 
have worn one of the meterse 

I n  this case, a person has  

be If a badge film meter is not serviced on Saturday and there  
is no other film entry for  t he  week, enter a zero. 
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S t a t i s t i c a l  Studies of Data Taken from Kardex Card 

7.1 Introduction 

7.2 

The or ig ina l  data, taken a t  t h e  time r e s u l t s  from t h e  meters are inter-  
preted, a r e  wri t ten on the  Kardex card by the  technician. A t  the end 
of six months s t a t i s t i c a l  averages by IEN methods are obtained. Both 
t h e  or ig ina l  Kardex card record and the  I B M  resume record are f i l e d  i n  
t h e  individual personnel radiat ion folder  as  a permanent record, 

S t a t i s t i c s  Concerning Each Individual (See Fig. 5, Po 26) 

A.  Individual IBM Resume 

kt t h e  end of a 26-week period ( f i r s t  and second halves of a year) 
the Central S t a t i s t i c a l  staff p r in t s  a weekly resume on a single 
sheet  f o r  each individual f o r  whom a record is maintained. 

B. Definitions of Yymbols Used on the  Individual IBI Resume 

1, WK - Health Physics Week. 

2, IIPII - Pocket meter i r regular i t ies .  

3 0  FBI - Badge f i l m  meter i r regular i t ies .  

E - Number of pocket meter entr ias ,  

Se P - Number of times f i l m  meter w a s  processed. 

6. TSR - Total s igni f icant  pocket meter reading. 

7. 0WMI;EP - Total open window film meter reading in mreps. 

8. SrylR - Total shield f i l m  meter reading i n  m r .  

9. PME - Probable maximum exposure. 

C. S t a t i s t i c a l  Internretat ion 

How 11AfI includes the t o t a l  f o r  each column. The one item identi-  
f i e d  bb an a s t w i s k  (*) indicates  the  total number of weeks in- 
volved. Row *IB" includes s t a t i s t i c a l  data as follows: 

1. Item (a) - Ratio of TSR t o  SMR. 

decimal place. 

(E pointed off  t o  the t h i r d  
SMR 

In  Fig. 5, t he  r a t i o  is 1.307.) 
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2. Item (b) - Average da i ly  pocket meter reading. 

t o  one decimal place. 
(E pointed off E 

I n  Fig, 5, t h i s  is 15.7.) 

EXPOSURE RECORD SECOND HALF 1951 

J, 0 ,  DOE DEPT 0003H BADGE 00011 

WK PMI FBI E P TSR O%W? SNlli PNlE 

5 
4 
5 
5 

2 4 
5 

2 5 
4 
4 

2 5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
5 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

i l l  26 

185 
135 
7 0 

170 

175 
95 

I 3 0  
155  

8 0  
105 

60 
8 5  
95 
30 
2 0  

35 
30 

5 
1 0  

2 5  
20 
30 

1745 

28 0 
30 
70 

240 

300 
170 
670 
190 
175 
240 
130 
160 
200  

90 

140 
100 

3185 

100 

40 
130 

110 
70 

330 
100 

5 5  
100 

6 0  
50 
80 

30 

50 
30 

1 3 3 5  

880 
30 
40 

130 

190 
100 
340 
100 
120 
140 

70 
1 1 0  
120 

60  

1920  26 

(&1307 (1)+157 Cch1225 Id)--$513 {e) i r738 
Fig. se Individual IBM Resume 

3. I t e m  (c) - Average Weekly C%? Badge Film Meter EXp. ( 
off t o  the  first decimal place. I n  F i g ,  5, t h i s  is m) 
Item (d)  - Average Weekly S Badge Film Meter Exp. (= 
off t o  the first decimal place. 

pointed 

be pointed E 
In Fig, 5, t h i s  is 51.3.) 
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5. I t e m  (e)  - Average Weekly Probahle Plaxhum Exposure pointed 

off t o  the f irst  decimal place. In Fig. 5, t h i s  is 7 E )  

NOTE: The coded f igures  appearing i n  the columns headed rlPMIff 
and "FBIt1 (See Procedure #s fo r  codes) indicate the type 
of i r regular i ty ,  
ttWiP, the f igures  h and 3 b d i c a t e  "lost" and "off- 
scale" meters respectively, 
I t P M l ? '  column in Raw ',AI' indicates that there  were two 
i r regular i t ies .  Undes "FBIfI, the figures 2 indicate 
tha t  the f i l m  was contaminated. The t o t a l  number of 
i r r egu la r i t i e s  as indicated i n  Raw 'IAIt would be three. 

In  the example shown i n  Fig. 5 under 

The figure 2 under the  

T03 Report Concerning t h e  Laboratory Population as a Whole 

A t  the  end of the  26-week period, the  Central S t a t i s t i c a l  s t a f f  a l so  
p r in t s  a continuous sheet showing totals from which a resume f o r  the 
Laboratory a s  a whole by "meter day" and nperson d8yn is made. This 
summary is taken from "Row Bta data shown on the Individual I@! Resume, 
It includes : 

A. The average da i ly  reading a s  determined by the  pocket meters. 

Be The average weekly reading as determined by the open window of the  
badge f i l m  meter, 

C. The average weekly reading as determined behind the shield of the 
badge f i l m  meter. 

De ?he r a t i o  of the total pocket meter readings of a l l  employees t o  
the  t o t a l  shield readings of a l l  employees. 

7.4 Report Showing Btposure Trends 

Trends r e l a t ive  t o  exposure experiences, where an exposure is defined 
as a reading of 250 mrep or  more per week as determined by the badge 
film meter, are aLso prepared by the Central S t a t i s t i c a l  Laboratory and 
include t h e  following items, 

A. The number of weekly exposures per man-year. 

B. The number of weekly exposures per man-year broken down by Labora- 
to ry  Divisions with additional breakdowns into hourly, weekly, and 
monthly sa la ry  rolls . 

C. The number of  individuals receiving no exposures, 1, 2, 3, exposures, 
etc. 

D. The number of weekly readings where t h e  t o t a l  l i e s  ia the  ranges 
0-30, 35-60, 65-120, l25-300, and greater  than 300. 
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E. Groupings in per cent showing the  Laboratory population whose average 
weeMy t o t a l  readings as determined by the  open window of the film 
meter were i n  t h e  range of 0, 30 mrep o r  less, 60 rnrep or  less ,  1 2 0  
mrep o r  less, 300 mrep o r  less ,  and over 300 mrep. 

The Personnel Monitoring filing system provides tha t  the complete re- 
cord fo r  an individual be summarized yearly and f i l e d  as such, The 
Personnel Monitoring year begins effect ively with the calendar year 
and the record is closed accord insy  w i t h  the  expiration of the old 
year. This technique permits t he  f i l e s  from becoming overburdened % 

with "inactive1I materials s ince the year's records can be isolated as 
such, removed t o  a permanent storage vault, and effect5vely taken out 
of circulation t o  be re-examined only when the occzsion demands. In 
practice, the re-examination of records is ra re ly  necessary,, 
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Cross-File Reference System 

8.1 Purpose 

Since records are  maintained by a r b i t r a r u y  assigned numbers, it is 
necessary tha t  cross-references be established which w U 1  identify data 
with t h e  individual on whom they a r e  accumulated. 

8.2 General 

A. The work of Personnel Monitoring is such t h a t  data may be accumu- 
l a t e d  by name, P I  (personnel ident i f icat ion)  number, and/or index 
numbero This means t h a t  th ree  separate f i l es ,  consisting of (1) 
an alphabetical  f i l e ,  ( 2 )  a numerical f i l e  by P I  number, and ( 3 )  
a numerical f i l e  by index number must be maintained, 

B, 8ach f i l e  reference consis ts  of a 3 x 5 card (See Appendix, P, 104) 
on which appears t h e  name, P I  number, and department code. If the  
individual has meter service, the  index number a l so  appears on the 
cardo 

C. Each f i l e  is  ident i f ied  by a color  designation as followso 

1, Alphabetical f i l e  - yellow card. 

2. Numerical f i l e  by P I  number - pink card. 

3 .  Numerical f i l e  by index number - white card. 

D. The two numerical f i l e s  are subdivided in to  "active" and ttinactivell 
s ta tus .  The inact ive sec t ion  of these two f i les  is set  as ide for 
employees of t h e  Laboratory who do not n o r m l l y  use the  metering 
service,, The alphabet ical  file is  not divided, and includes cards 
f o r  a l l  enployees whether they u t i l i z e  the  meter service o r  not, 

8.3 Preparation of Cards 

A, Source of Information 

1. The Daily Service Log - Since en t r ies  on t h e  m a y  Service Log are 
made usual ly  p r io r  t o  receiving o f f i c i a l  confirmation from 
Personnel S t a t i s t i c s ,  it affords  t h e  chief s m r c e  of informa- 
t ion. 

2. Personnel S t a t i s t i c s  Report - This i s  an o f f i c i a l  weekly sum- 
mary of a l l  new hi res ,  terminations, name changes, P I  number 
changes, and department changes. The repor t  i s  used primarily 
t o  prepare the  t h r e e  3 x 5 cards f o r  a l l  new hi res  whether they 
have badge film meter serv ice  or  not. It is used a l s o  t o  check 
t h e  accuracy of t he  Daily Service Log. 
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CRUTIONt Employee Records issues a monthly report on: 

(a) Personnel temporarily on X-10 payroll, 

(b) Personnel "on loan" t o  the Laboratory. 

This report  is used as a reference only and 3 x 4 
cards a r e  not made from this l ist .  

8.4 Maintenance of F i l e  

A. Three cards (one of ea& color, yellow, pink, and white) a re  typed 
with ident ical  information on them fo r  a l l  new hires, Data is  in- 
cluded a s  follows: 

1. Department code, PI  number, and name in upper l e f t  of card as 
follows : 

374% 3613 
JOE E, WHITB 

2, Index number, if meter user (upper r igh t  of card), 

3 .  Neter service date (lower l e f t  of card). 

B. Cards of persons with no meter service a r e  placed in the  inactive 
f i l e  pending request f o r  servicea 

C. Pink and yellow cards a r e  f i l ed ,  as described above, Inactive 
white cards, since they have no index number, a r e  f i l e d  alphabeti- 
ca l ly  by first l e t t e r  of l a s t  name. Inactive.yellow cards can be 
ident i f ied by the abseme of an index number stamped on t h e  card, 

D. A l l  changes which a f f e c t  the  ident i f icat ion of an individual a r e  
adjusted on a l l  cards, The main changes t h a t  occur are: 

1, Change i n  the name, 

2 ,, Departmental t ransf  ere 

3 .  Change in index number, 

4. Addition o r  discontinuance of  neutron film service, Write NFS 
(neutron film service) w i t h  date on all th ree  cards when service 
is added. Delete NFS with date when service is discontinued, 

8.5 Equipment and Materials 

A. ,Daily Service Log (See Appendix, P, 102 ) 

B. Personnel S t a t i s t i c s  Report (where available). 
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C, Pink, white, and yellow cards. 

ID. Typewriter. 

8.5 Procedure 

A. For additions - with o r  without meter services 

1. Obtain pertinent information from Daily Service Log (See Proce- 
dure # 9 )  or Personnel S t a t i s t i c s  Report and type on three cards 
i n  approved manner. 3 x 5 cards 
of the proper form,) 

(The Appendix, P. 10k9 shows 

2, F i l e  cards i n  ac t ive  o r  inact ive f i l e .  

B. For terminationsr 

1. Remove white, pink, and yd low cards. 

2. Set as ide abl three kards until  termination proceedings are 
completed. , 'Then destroy. 

. NOTE: Far  Security Pwsons, these cards a r e  sometimes burned. 

3 .  Place blue card stamped with terminated index number in white 
card f i l e ,  showing t h a t  t he  number is available f o r  reassign- 
nent . 

C, For changes: 

1. Carefully cancel out-of-date information and add new. 

2. Personnel Monitoring is not i f ied  of departmental t ransfers  by 
the  Payroll Department . 
necessi ta te  index number changes a s  meters a r e  moved from one 
d is t r ibu t ion  a l l e y  t o  another. 

Wpartmental t ransfers  usually 

D. Initial Personnel S t a t i s t i c s  Report and f i l e ,  date-wise. 

8.6 SDecial Note 

In  pract ice  a 4th 3 x 5 card is prepared showing a l l  pertinent data 
f o r  a l l  individuals who have meter service. 
t he  Guard Post where "temporary meters" are issued, The guards, in 
turn, use these cards fo r  an alphabetical f i l e  which makes index 
number data available for  ' the issuariw of.lg~empar~~~meters". mcasioned 
by l o s t  o r  forgotten badges, 

This 4th card is sent t o  

- 31 - 



Daily Service Log - General 

9.1 

9.2 

9.3 

9.4 

Purpose 

The Daily Service Log is a diurnal record describing a l l  badge film 
meter transactions. 
s t a tus  of a meter user a lso is  recorded on the Daily Service Log, 
Daily Service Log is the f i n a l  authori ty  for evolving the record into 
a permanent form. 
mum accuracy in making notations on the  log  and to  use it s t r i c t l y  i n  
conformance with established practices. 

A n y  matter whatsoever tha t  e f fec ts  a change i n  the 
The 

As such, it is highly important t o  s t r i v e  f o r  maxi- 

General 

All transactions should be completed a s  of 4200 p.m, each day and a new 
log  put i n to  service. 
be entered on the new log, This policy ensures t h a t  business is trans- 
acted in  conformity with the  Health Physics ltdaylt as defined. 

Transactions occurring a f t e r  LtOO porno should 

Materials and IhuiDment 

A. Daily Service Log (See Appendix, Po 102).  

B. Clip-board. 

C. Typewriter. 

D. 

E. Neutron L i s t  (if any). 

Persmnel S t a t i s t i c s  Report, ( i f  any). 

Procedure 

A. Maintenance 

1. Ascertain whether a l l  transactions have been completed on cur- 
ren t  Daily Service Log. If not, f i n i sh  a l l  pending trans- 
a c t  ions . 
NOTE: Use Personnel S t a t i s t i c s  Heport t o  conf i P m  transactions 

tha t  have o f f i c i a l  s ta tus ,  
t e n i n a t e  neutron service. 

Use neutron l i s t  t o  add or 

2. Remove Daily Service Log from clip-board and date a new one. 

NOTE: A generous supply of Daily Service Log forms can be 
clipped t o  board so  tha t  reinoval of completed log  w i l l  
expose a f resh  one,, 

3 .  Present completed l o g  t o  supervisor for final inspection and 
signature. 
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4. Type a t ranscr ip t  of completed Daily Service Log and send t o  
Records Clerk. 

so F i l e  or iginal  copy in loose leaf notebook, 

B. General Use 

1. Take information (usually from telephone) and make ent r ies  
under proper headings on Daily Service Log. 

NOTE: a. Proper use of the  telephone is exceedingly impor- 
tant .  
obtain a l l  information desired. 

Question the c a l l e r  careful ly  i n  order t o  

b. Upon receiving t h e  Personnel S t a t i s t i c s  weekly re- 
port, all name changes, terminations, and additions 
a r e  a t e r e d  on the  Daily Service Log. 
these en t r ies  a r e  made whether badge f i l m  meter s e r -  
vice is indicated o r  not. 

Note t h a t  

2. Get name and telephone number of ca l le r .  

3. Get confirmation. 

NOTE: Sometimes the telephone call is  a duplication. To avoid 
unnecessary wark, it is w e l l  t o  check the Kardex f i l e  
and/or cross-f i le  reference system before making any 
de f in i t e  meter assignments o r  'changes i n  the  record. 

4. Place your initials in proper space, thereby identifying 
person who takes  the call in case,of fu t a re  questions, 
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Daily Service Log - Instructions f o r  Use 

10.1 Description and Definitions (See Appendix, P. 3-02) 

A. The upper par t  of the Daily Service Log is used t o  enter the various 
transactions which change or add t o  t h e  record, The lower par t  of 
the Log is used as a check list, the  chief function of which is t o  
note progress on act ion taken in case the initial job is not com- 
pleted, 

B. Across the top of the form a r e  the following headings under which 
appropriate notations can be made: 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

New Index Number: The number of the s l o t  in the  dis t r ibut ion 
a l l e y  by which the meter user  finds h i s  meter, 
number assigned f o r  current useo In a l l e y  transfers,  t h e  old 
index number is noted under “Remarkslt. 

This is the 

Name: “Given” name, i n i t i a l ,  and employeefls last name. - 
P I  Number: 
“MIt when the  number is assigned by Health Physics), 

Personnel ident i f ica t ion  number (preceded by an 

Division: Name and code 
employee is assigned. 

Supervisor: Usually the  

Alle : Designated a l l e y  -4 nate  . No entry is made 
another . 
Check accordinelvz 

number of the dtvision t o  which the 

Division Director or Superintendent . 
i n  which meter is  assigned or t e r m i -  
here on t ransfers  from one a l l e y  t o  

T - Termination. 
NMS - Termination w i t h  no meter service, 
R - Replacement of meter which is out of service. 
A - Additional meter service. 
W - W i t h d r a w a l  of meter service,  

Employee is ranoved f r o m  payroll. 

Employee remains on payroll. 

Alley Transfers: 
noting numbers i n  proper columnso 

Designate a l leys  involved in t ransfer  by 

Remarkst Use t h i s  column f o r  any statement t h a t  w F I l  fur ther  
ClarFfY the  record. 

2: 
entry place i n i t i a l s  here, 

Person who makes entry and supervisor who approves the  
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10. 2 Check L i s t s  

A .  Terminations and Withdrawals :: 

Check off jobs as they a r e  completed a s  follmst 

1. Film in laboratory: 
prepared f o r  processing. 

When meter has been recovered and f i l m  

2 , Work Sheet2 When Versonnel Exposure Questionnaire" (See 
Appendix, Po 105) form has  been completed, 

3* Processed Films 
tomet er , 

When f i l m  has beaa developed and read on densi- 

4. Recorded on Kardexp 
Kardex, 

When resu l t s  have been properly entered on 

Change l i s % g  
bringing it up t o  date, 

When a number has been removed from the l i s t ,  thus 

B, Additions and Replacements 

1, Confirmed: When a proposed transaction has been investigated 
t o  confism its va l id i ty ,  

a, An employee requests meter service who already has such 
service . ' 

bo An employee requests a replacement when meter is  temporari- 
l y  misplaced. 

2. Badge assembled: When badge meter has been fabricated, loaded 
with new film, and 5s ready f o r  service. 

3. Cards i n  f i l e z  
f i l e ,  

Wen three 3 x 5 cross-fi le cards a r e  in the 

40 Meter i n  axle *en the  meter has been placed in the d i s t r i -  e 
so Adjust: When a new Kardex card has been f i l e d  pro- 

PePlY, 

6, Change l i s t s  
bringing it up t o  date. 

When a number has been added Lo the l ist ,  thus 

10-3 Using the Check L i s t  

Numbers across t h e  top of the check list earrespond t o  %he numbered lines 
on the  Dawy Service Log, 
a3.a infortpation necessary f o r  an exact amendment of the records. A s  
successive s teps  are completed in the  transaction, sh i f t  l e t t e r  is placed 
(X, Y, 2) in the box under the number which matches the  proper line. 

Each l i n e  provides suff ic ient  space t o  give 
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Use of h)aLLgr Service Log in Conjunction w i t h  
Cross-FLLe - System and Kardex Card 

1101 Introduction 

A n y  action taken on ent r ies  i n  the ;I)aXLy Service Log a l t e r s  t he  
s4atz.m of the c r o s s f i l e  and Kardex cards, 
cross-fUe cards serve to give a complete identification of meter 
users and as such, cons t i tu te  an up-to-date f i l e  f o r  ill persons 
assigned to the Ubora$ory, 

This is t rue  s ince 

Aqy change in name or PI number w i l l  necesaiute re-making t h e  badge 
meter f ront ,  
in t h e  new badge uni t ,  

33 this case the  f i l m  in the  old meter is assembled 

Following is a list of transactions with which technicians should 
be thoroughly fmfliar: 

1. Name changes, 

2, Payroll m b e r  changes, as necessitated by departmental trans- 
fers 0 

4, Transfer of' badge film meter f r o m  one d is t r ibu t ion  alley t o  
another 

Addition discontinuance of neutron film service, 

11 e 2 Procedure@ 
> 

A, Name Change 

1, E;nter the foZ1owirag information under proper headings% 

a, Index number, 

bo Name before change (ExanaNe: Jean To Doe), 

~0 PI~~tanabwo 

do Division name and code number. 

eo M.visfon direc%or or superintendent, 

r e  Alley0 

2, Under taBemaP"ks" writes 

a. Name changed to Jean Doe Smith, 
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3 0  Change name on a l l  lhree cross-f i le  cards., 

4. Change name on both sides of  Kardex card, 

5. Obtain new or  temporary badge front, 

6 .  Enter s h i f t  l e t t e r  opposite '8Confirmedtt, "Badge Assembledtt, 
"Meter in Alley", and '?Adjusted FileM. 

Payroll Number Change 

Appropriate same procedure a s  f o ~  "Name ChangeH, with sui table  
comment under "Remarks!! and no change i n  the face of the film 
meter, 

Reassignment of Badge Film Meter t o  Another Index Number 

1. 

2. 

3. 

4 e  

5. 

6 .  

70 

80 

Enter the following information under proper headings8 

a. N e w  index number. 

NOTE:: This is the index number which is assigned f o r  the  
new locat ion of t he  badge film meter. It is con- 
sidered the index number in current usee Never 
enter an old index number in t h i s  column. 

- 
b. Name. 

c. PI  numbero 

d, Division 

e. Division director  or superintendent. 

NOTE.: Wa 

Under ' * A l l e y  Transfer" designate dis t r ibut ion alley numbers 
involved. 

Under ttRemarksll enter old index number, 

Change index number on a l l  three c r o s s f i l e  cards, and put date 
t a  the l e f t  of new index number. 

Relocat8 3 x 5 card f i l e d  by index number. 
showing index number is available for  reissue, 

Subst i tute  l&$cr card 

Change index number on both s ides  of Kardex card, 

Relocate Kardex card by new index number. 

Reassemble badge m e t e r  using back, sharing newly assigned index 
numbero 
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90 

10, 

11 0 

Prepare "Meter Number Change Noticel' according :Bo the fol lowing 
example : 

Attach notice t o  badge d i p ,  and re turn  to old index number 
slot, 

Enter sh ift l e t t e r ,  opposite fVonfirmeds, "Badge Assembled'q, 
"Meter in Al leJ r " ,  and $'Adjusted File", 

Make index number correction on change l i s t  (when prepared) 
and put shift l e t t e r  opposite same on Daily Service Log, 

Addit$on or Discontinuance of Neutron Filim Service 

1, Enter the  following information under proper headings: 

a b  Index number. 

b. Name. 

co PInumber. 

do Division name and code number. 

e, Divis ion Director or Sup mintendent. 

f, Alley, 

2, Under "Remarkst8 write appropriate comment,, 

3@ Add o r  delete WWp from 3 s 5 ersss-f i le  cards, and date. 

bo Enter NFS (neutron PiPm service) or  NQS (neutron fflm out of 
service) on Kardex card under proper date, 

5, Enter s h i f t  l e t t e r  opposite ftconfbmed* and "Adjusted File". 

NOTE? a, Neutron film technicians will adjust  neutron records 
using the  t ranscr ipt  of t he  9)ailg Service Log as B source 
of information. 

bo It is especially important t o  record:: (1) change in 
index 1lumb8r when a badge fllm meter is transferred 
from one al ley .  t o  another; (2) change in P I  number 
when a person with a number in the Y k l t ~  series (arbi-  
t r a r i l y  assigned PIC numbers) is assigned a regular 
X-10 PI number, 
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E, P I  Number Ghange 

Great care is required i n  entering on the Daily 5ervictg.tLag Wiuwwtions 
involving discontinuance of a PI number in t h e  W e  se r i e s  and con- 
current issuance of an X-10 P I  number, as when a person ( w i t h  meter 
service) formerly on loan t o  the  Laboratory is subsequently added 
t o  t h e  X-10 p a y r o l n  following procedure applies i n  such a 
case: 

Enter on llbily Service Logs 

1. Termination of the fiM" number. 

2. 

38 

Addition of new X-10 PI number on same Daily Service Log Sheet. 

Issue new Kardex card (showing t ransi t ion) .  

a, Show old P I  ( R M f I )  number on new card, above meter service 
date. 

b. Show new PI number on Kardex card which is put i n  termina- 
t i on  f i le.  - 

1 .. 5 .  
&a Make - new 3 x 5 cards. A . ? -  
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Use of Dally Service Log Involving Additions and 
Termination5 of Badge Film Meter Service 

12,l Introduct$on 

A. 

B. 

The Buy Service Log is a record of a l l  transactions which r e su l t  
in additional badge film meters being put i n to  service and in  termi- 
nation of badge f i l m  meters when they a re  no longer needed. 
an employee leaves the  Laboratory his film meter service is termi- 
nated, When an enployee no longer requires meter service, but re- 
mains on the  p a y ~ o l l ,  h i s  f i lm meter service is withdrawn. 
a badge film meter is lo s t ,  it is replaced upon the  request of 
authorized personnel, The Daily Service Log is used t o  record 
these transactions including information concerning new aaployees 
who do not require meter service and teminees  who had no meter 
service. 

When - - 
When 

These transactions, unlike those preceding, require the  handling 
of film, i n  some cases, as w e l l  as the  adjustment of the cross-file 
and Kardex f i l e ,  
between the  Daily Service Log, the cross-file and Kardex f i le ,  and 
t o  out l ine huw the  film is dispensed, 

It is t h e  purpose here t o  show the  re lat ionship 

12.2 Termination of Badge Film Meter Service 

A, Procedure 

1. Making Entries on Daily Service Log 

a, Enter t he  following information under proper headings: 

(1) Index number 

(2) Name 

( 3 )  PI number 

(4) Division name and code number 

( 5 )  Division director  or  superintendant 

(6) Distribution Alley 

b. Check t@T'l (Termination) 

2. Handling t h e  Fi lm 

a, G e t  badge film meter from distri lxrt ion alley or  frm person 
t o  whom assigned, 

b, X - r a y  P I  number on f i l m  and disassemble metes. 



ce I n i t i a t e  "Personnel Questionnaire Information" form. 

do Attach fi lm t o  form and give t o  darkroom technician. 

3 -  Adjusting the F i l e s  (See Procedure #8 f o r  significance of card 
colors . 1 

a. 

bo 

C I  

de 

e. 

Ranove white, pink, and yellow cards from cross-fi le and 
destroy, (See Procedure #8.S,B.) 

CAUTION: For securi ty  reasons these cards a r e  sometimes 
burned. 

Place a blue card i n  the file which is  arranged numerically 
by index number. 
index number only. 

T h i s  card is stamped with the terminated 

Stamp Venninated" on Kardex card under effect ive date and 
send it t o  Records Clerk. 

Check l*FiLn i n  Laboratory", Work Sheetlt, "Stamped 
and "Change List" ,  if affected,  

Cards", 

12.3 Withdrawal of Badge Film Meter Service 

A. Procedure 

1. Making Entries on Daily Service Log 

a, Same as 12.2,A,19a. 

bo Check Wl (Withdrawal) 

2, Handling the  Film 

a, Same a s  12.2,a92 

Adjusting t h e  F i l e s  

k, Stamp or  wr i t e  %rithdrawal" on yellow and pink cards and 
date. 

(1) Mark through index number on yellow card, but leave it 
i n  the files, 

be Remove pix-& and white cards and destroy. 



12.4 

d, Enter the symbol MOS (meter out of service) on Kardex card 
under e f fec t ive  date and send card t o  Records Clerk. 

e, Same as 12.2,14,3,e 

Termination with No Badge Film Metes Service 

A. Procedure 

1, Makbg Entries on Daily Service Log 

a. Same, except f o r  6 A a  12 .2 ,~ ,1 , a  

bo Same, with additional check under WW", no meter service, 

2. Adjusting the Fi les  

a. 

bo 

cs 

do 

e. 

f, 

g. 

h o  

I n i t i a t e  "Personnel Questionnaire Information" form. 

Remove all three cross-file cards from inact ive f i l e ,  

Stamp them 'tterminated - no meter service", and date. 

Destroy, pink card. r i a  

Destroy white and yellow cards. 

Stamp "terminated - no m e t e r  service" on-effect ive date 
on Kardex cardo 

F il e with 1% erminat ions" , a1 phab e t  i c a l l y  . 
Check Hstamped cards18 on Daily Service Log. 

1 2 0 5  Addition of Badge Film Meter Service 

A, Procedure 

1, Making Brtries on Daily Service Log 

a, Same as 12,2,A,l,a 

NOTE2 (I.) The index number f o r  a new meter assignee is 
found by inspecting the  cross-fi le.  
inser ted in t h i s  f i l e  indicate index numbers 
which can be issued. 

Pink cards 

(2) A separate f i l e  f o r  available index numbers can 
be used. 



2, Handling the Film and Badge Components 

a,, Fabricate meter (See Procedure #13) . 
bo Inser t  dated film and place i n  d is t r ibu t ion  al ley,  

3 0  Adjusting the Files 

a ,  Activate three cross-f i le  cardso 

b. Activate Kardex card. 

(1) Enter WSD" symbol on effect ive date. 

co  Check aconfimed*, "Badge Assembledn,  cards i n  File',, 
"Meter i n  Alley*, "Kardex Card", and "Change Sheetft, if 
affected . 
NOTBg The Whange Sheet" or "Pick-uptg sheets (See Appendix, 

page 106 ) a r e  rout inely prepared at t h e  end of t h e  
week. Transactions occurring a t  the  beginning of the 
week usually do not require checking off "Change 
Sheets" on t h e  Daily Service Log. 

12,6 Addition with No Badge FUm Meter Service 

A, Procedure 

1. Making Entries on Daily Service Log 

a, 

be Same as~'l2.'2,&,2;I!i', "8heck a l s o  ~~NMSwo 

Same,as I2.2,8,l9ap' excbht no indbx number is  assigned. 

2, Adjusting the  F i l e s  

a, Place three cross-file cards i n  inactive f i l e .  

bo  Kardex card remains inactive. 

C. Cheek Wonfirmed", " C a r d s  i n  filet1. 

12 ,7  Replacement of Badge Film Meter 

A. Procedure 

1. Making Entries on Daily Service Log 

(a) Sane as 12.2,A,19a, 

_1_1__ 

(2) Check fgRB@ (Replacement) e 
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2. Handling the  Badge Film Meter 

a, Same as f o r  “Additions”. 

3. Adjusting the F i les  

a. Zhter replacanent date on cross-f i le  cards and label  
flreplacementtt 

b, Ehter symbol “FMR“ ( f i l m  meter re-issued) under proper date 
on Kardex card. 

c s  Check Itconfirmed”, Ifbadge assembled“, “meter i n  alleytt, 
Ifadjusted filef’, “change l i s t l l ,  if indicated. 
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Badge Film Meter Assembly and Loading Procedures 

13,l Description 

A. The ORNL badge film meter is constructed of s t a h l e s s  s t ee l ,  It is 
equipped with a s ingle  j a w  a l l i ga to r  c l i p  f o r  attaching it t o  the  
clothes of t h e  wearero Two cadmium f i l t e r s ,  each approximately 
1 mm thick, are placed ira such a manner as t o  cover both s ides  of 
one end of the  f S m  pack, The lower par t  of t he  meter contains an 
"open window" approximately 1/2" x 3/bW which permits t h e  entry of 
frsoftlt radiation, 

B, The badge consists of two sections,  
a stainless s t e e l  frame in which reposes an ident i f icat ion in se r t  
which may be a photograph, A cadmium f i l t e r ,  perforated with the 
P I  number of the  wearer, is inserted behind the ident i f icat ion in- 
sert, A s t a in l e s s  s t e e l  re ta iner  p l a t e  completes the f ront  section 
and serves to hold the  various compohents in place. The back sec- 
%ion of t h e  badge consists of a s ta in less  s t e e l  frame on which is 
attached the  a l l i ga to r  c l i p  and t h e  back cadmium f i l t e r ,  This 
f i l t e r  l ies  d i rec t ly  behind the perforated one with the f i l m  pack 
between than when the  metes is assembled. The index number is en- 
graved on t h e  back sect ion of the assemblyo 

"he f ront  section consis ts  of' 

13,2 The Film Pack 

A, Film packs are manufactured by the E. I, duPont de Nemours Company 
and sold commercially as Type 552. 

B, A pack contains two f i lm designated a s  "sensitive" and t*insensitiven. 
Sensi t ive f i l m s  have a prac t ica l  usable range of 30 t o  10,000 m r  
based on radium gamma cal ibrat ions.  
p rac t ica l  usable range of 500 t o  20,000 m based on the same C a l i -  

b ra t  ion f actor  @ 

Insensit ive f i l m s  have a 

C. Film packs are characterized by a green f l a p  which facilitates 
st r ipping away the  jacket enveloping the film. 
also useful as a guide i n  properly positioning the f i l m  in the  
meter, 

%e green f l a p  is 

13.3 *ratus and Equipment 

A, Badge Meter Components (Fig, 6a) 

Be Badge Meter Assembly Machbe (Fig. 6b) 

C. Cummhs Per.fora%or (Fig, 6c) 



UNCLASSIFIED 
DWG. C- 10028A 

NDEX N!JMBER 

NEUTRON FILM ( 4 )  

REAR FI1 

REAR WINDOW 

RETAINER 

CASE AND CLIP ASSEMBLY’ 

INSERT 

F ig .  6 - A .  Details of  ORNL Badge F i l m  Meter .  
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Fig. 6B. Badge Meter Assembly Machine Designed and Fabricated at ORNL. 
Insert shows assembly head. 
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UNCLASSIFIED 
PHOTO 10303 

I 

A 

F i g .  6-C. A Cummins P e r f o r a t o r  Used for  Punching P I  Numbers i n  
t h e  Cadmium F i l t e r s .  
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13*4 Procedure 

A. Ident i f icat ion Insert 

Where a photograph is used, simply trim edges t o  f i t  f ron t  frame. 
I n  t h e  absence of a photograph, a tenporary numbered front  i s  medo 

NOTE:: 
B 

Use Daily Service Log a s  source of information. 

Bo Affixing t h e  P I  Number t o  the Cadmium FKLter 

1, 

2, Rotate numbers until. the ones desired “cl ick“ into position. 

Inser t  cadmium filter i n  perforator using the  positioning I1jigts. 

CAUTIONP Listen f o r  “c l ick~t  t o  avoid bending punches. 

3* P u l l  handle of perforator downward and release. 

C, Assanbling the  Meter 

1, Inse r t  ceUulose cover in meter f ron t ,  

2. Lnsert ident i f icat ion insert. 

3 .  Insept perforated f i l t e r  ( inverted with number in reverse order) , 

4. Insert re ta iner  plate,  

5. 

6. 

Move l eve r  of assembling machine t o  r igh t ,  

Place meter f ront  in receptaclb. 

7o Depress am t o  hold f r o n t  firmly in place, 

8, Move lever  of  assanbling machine t o  laf t .  

9 0  Press pedal with foot .  

D. Loading the Badge 

1. 
‘ t o  t he  l e f t .  

Put s l id ing  front, on table with cadmium shield exposed and ly ing  

2,  Place dated f i l m  pack in meter f r o n t  with green f l a p  v i s ib l e  and 
pointing downward. 
t h a t  the  sens i t ive  film l i e s  next t o  the ‘‘open window1fi. (Neutron 
films a r e  dated and stamped t o  show position of shield and open 
windowo 
s ide  up and open window showing through opening.) 

Close the  meter by s l id ing  the f r o n t  and back sections together. 
CAUTION: 
admit l i g h t  and r u i n  the  film f o r  monitoring purposes. 

The pack is positioned in t h i s  manner so 

Place neutron film on top of regular film with rough 

3 .  
Do not tear or damage the  fila pack, as t h i s  w i l l  
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. 14.1 General 

A, The X-ray u n i t  itself consists essentiaLly of a t ransfo~mer,  X-ray 
tube on a ped.es.(,al far tube a l igmen t ,  manuably operated Liming de- 
vice, and a cont ro l  parad. 

Be The %ube is assmbled on a. pedestal at thc base of a box-type 
h o u s b g  which is shielded with lead to preven% the release of 
stray X Z a p  during m r k i n g  operations, 
f ron t  of %.he haushg,  zkso shielded when closed, permits insertion 
of trays beering f i lm  to be marked, 

A n  opening at t he  top 

The box housing has the 
f0n.m ing dinaens ions '2 

C, Trays, constructed of brass, 3.6'9 x.16fQ x pf have been fabricabed 
in such a manner as t o  allow 514 badge f i l m  meters t o  be placed face 
dobanvard side by side sgx rows deep and nipe rows wide, Am opening 
5/81? x l-X/&" located immediately under the cadmium f i l t e r  bears 
identification perforations which permi6 the  X Pays t o  pass through 
the  f i l m s  - thus effecting the marking phase, 

The X-ray u n i t  is a General lQ.ectric Model F, type 4, portable 
machine which operates on 180 '- 125 volts, 

D, 
Marking is &ne at  30 - 

40 KV w i t h  an amperage of b, - 6 milliamperes and $ exposure t h e  
of th ree  8econdso --- 

A ,  Badge meter n2rking tzays (Pig, 7). 

13, 

C, 

lbe 3 Procedure 

A,  

Meek and batch ?narking trays (Fig* 8). 

X-ray u n i t  and hmsing (Pigo 9)  

Insert loaded brass tray Sn opening at top  f r o n t  of X-ray unlt houshg.  

CAUTION: Perform this operation wi th  care t o  avoid s p i l l i n g  con- 
$rents of plate onto X-ray tube, 



UNCLASSIFIED 
PHOTO 10259 

F i g .  7. Badge Meter Marking Trays .  
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UNCLASSFI ED 
PHOTO 10257 
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cn 
0 

I_- 

- 

I-- 
Fig. 8 .  Week and Batch Number Marking Equipment Showing Box o f  Prepared 

S t e n c i l s  ( p e r f o r a t e d  cadmium s l u g s )  and Marking Tray w i t h  S t e n c i l s  and Film 
Packs i n  P l a c e  €or X - r a y i n g .  



I 

Fig. 9. Photograph of X-Ray Facilities Used for Marklng Films. 
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B. 

C. 

D. 

E. 

F. 

Close opening, making sure  that a31 doors a r e  shut securely t o  pre- 
vent X-ray leaks. 

Snap switch on control panel t o  ''on" position. 
a+ top of control panel is now on, 

Turn timer clockwise and s e t  a t  3 secondsc 

Red warning l i g h t  

Press timer button on right, firmly and steadily,  while timing 
pointer t rave ls  t o  zero posit ion and "clickn is heard. 

Snap switch on control panel t o  1toffN position. 
is now off, 

Red warning l i g h t  

14,6 Special. Requiranents 

A. While depressing the timer button, technicians a r e  required to  see 
t h a t  the  milliamperage indicator always points t o  4 - 6 milliamps 
f o r  t he  duration of the expornre. 

B. Care should a l s o  be taken t o  note t h a t  the red l i g h t  always comes 
on when the c m t r o l  panel switch is i n  the ttontt position. 
l i g h t  should always be off u n t i l  t h e  for the next exposure. 

Red - 
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15,2 Health Physics Day and Meek *u_ 

Meek number 1 begins with t h s  calendar wefan which includes t h e  first  
day of Januaryo 
Physics week begins on Sa%-trrday, 

The Wealth Physic8 day begins at hxO1 $,Me The Heal th  

Equipment 

I ., . I 

2, place films an pla%e with g r e a  flaps up and pointing toward 
upper pa%.% sf plate,  

3 ,  Repave calibra.tions and tray blanks f r o m  plat.e, keeping green 
f l a p s  in same di rec t ion  Ss facZl.i;Lita%s opening tdne pack labey., 



a. Cheek order of ca.ZibniLlons, ikey s h d d  be arranged so 
t h a t  when s'ca,nd;Erd procedures are followed the f i r s k  fi9n 
opened in the  &&room is the IQO mrep levd.. 

b, Wrap rubber band aroupd ealibratisns and $ray blanks, Way 
blanks are usually secured t o  the side of t h e  bundle, 

4, Remove film from plate, 18 to a biincPJ_e, and map w i t h  rubber 
band, 

C, Changing Wa9k and Batch Nunbers 

1. Change $*'batel?" stw 'c i ls  af ter  each batchg 
the technician who X-~i lys a batch, 
ready to use f o r  the next batch and so labelled, 

Tiis is t h e  duby of 
Tmy should always be left 

2, Ghange "weekft s t e n c i l s  a t  end of Raalth Fhysies week. 

d, S f s t s  are labelled l%fF (Week) and osBaV (Batch) t o  guide 
technicians. 
tfbn of these let ters painted on 'tmy, aecomplbhes the 
same! r e s u l t  as fol1owing %he steps outilined above a ~ d  
standardizes the marking of films,) 

(Positiola~na;: skenefls to correspond to posi- 



16,l General 

16,2 

€3, Tempera.ture changes a m  considered critical..; therefore, elaborate 
steps have been taken to maintain 68c";rc' $20 throughcmt the en t i re  
processing effor t ,  

1, Room temperature is controlled by an aux32iary a ir  conditioning 
uni t .  

2. Tempera%u;re of solutions is maintained by mixing hot and cold 
water controlled by a mixing valve which ensures t h a t  water of 
proper tmperature surrounds the solut ion containersR This 
regulated. waSer flows continuously from the  mixer: through a 
t"cu% o f P  valve, thewe i n t o  t h e  large $a& and out; through an 
overfXw pipe, A 5-ton refrigeration u n i t  supplies  cooling 
featares when t h e  tap water gets t o o  warn  far %his purpose, 

a 



16,3 Apparatus and Equipment at , -  OfWL 

A ,  Buck Themo Tank {See Fig. la> 

I, Developer, acid s t o p  bath, and fixel- container of f ive gallon 
capacity ~ a e h  . 

2. Rbse tank, 47 gallon capacity w i t h  a 142. gallon/hour change- 
rate, 

B, Developer (duPont concentrated X-ray developer - l i q u i d  mix) 

1, Five b o t t l e s  (1 gt, web) mixed with water to make f i v e  gallons 
of so lu t ion .  

C. Fixer (duPont concentrated X-ray fixer - l iqu id  m i x )  

1. Five ba t t les  (1 qt. each) mixed wi%h w a t e r  to make f ive  gallons 
of solution, 

2, Five bo t t l e s  (4 ounces aach) of hardening solut ion.  

ID, Glacial a c e t i c  acid (8 02,  t o  5 gals. of water) fram chemical 
stack, 

E. Bakelite m i x i n g  paddle. 

H. Beaker (5  liter capacity), 

I. Floa t ing  Fahrenheit thermometer, 

16.4 Procedure 

In general, the prepmatien of dark room solutions is simply a matter 
of following the manufacturer's directions which appear an the bot%le 
or canc 
purpose of demonstrating the empirical method used at ORATL. 

The f o l l o w k g  precise directions are presented here for the 

A, Preparing Tank f o r  Xew Solutions 

1, Cut off w a t e r  supply by closing valve above solutions tank. 

2, Open drain va9ve underneath tank, 

3 .  Hmcrse plugs loca%ed at bottom right of all three solution 
containers, 
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4, Connect rubber hose t o  water faucet located j u s t  under mixing 
valve, and using a stiff brush, wash down a l l  three containers 
t o  remove crys ta l  t races  and other undesirable substances. 

5 ,  Turn off faucet  and replace plugs in containers. 

Bo Preparing Developer 

1, Using water from the HOT-COUI mixing faucet s e t  a t  689, fw 
developer container ( l e f t )  1/2 f u l l  of water. 
container half f u l l  in this stage faci l i ta tes  s t i r r ing . )  

(Fi l l ing  the 

2. 

3 ,  S t i r  w e l l .  hve lope r  c rys ta l s  require d i l igent  stirring t o  

Add f i v e  quarts of devdoper, 

effect  adequate dissolving. 

F i l l  remainder of the container with 68% water - to  the  inside ledge, 4. 
C. Preparing Replacement Developer 

1, Add three quarts of 68% water from mixing faucet t o  a f ive  
l i t e r  beaker. 

2, Add one quart  of developer, 

3, S t i r  thoroughly, 

4. Transfer the  mixture t o  a one gallon bottle.  

5. Fix t h e  b o t t l e  stopper cu‘ cap finnly in place t o  prevent eva- 
poration and oxidation, Store on shelf. I h e  replacement de- 
veloper is now rea@ f o r  use as the  developer i n  the tank is 
dbuin’isfied through use. 

NOT%: This is usually a Sunday, 4-12, procedure as one gallon 
of replacement devaoper w i l l  last a W e e k ,  

D. Preparing Acid Stop Bath 

1, F i l l  acid bath container (center) 1 /2  all of 6 8 9  water. 

2, Add eight ozo Glacial  Acetic Acid. 

3. S t i r ,  

be F i l l  rmainder  of container w i t h  68% water. to the inside ledge. 

E, Preparing Fixer 

1. Fill fixer container ( r igh t )  1/2 fill of 68% w a t e r ,  
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2, Add f ive  quarks of f i x e r ,  

3 .  Add f i v e  b o t t l e s  (4 m.) of hardener, 

4 e  S t i r  wells 

5. F i l l  remainder of  container w i t h  68*F w a t e r  to insidc3 ledge, 

A ,  A shor t  time may be necessary for  the temperature t o  ad jus t  itself 
after sobutions are changed before f i l m s  can be processed, 
everp i n  changing solut ions it is not necessary t o  move t h e  mixing 
valve control. and the  temperature will adjus t  i t s e l f ,  

Row- 

: T + . + 4 ~ w w  

Bo Under usual cireumst.ances no f i x e r  replacement iu needed, as t he  
so lu t ion  l e w d .  remains fairly w e l l  constant although it weakens 
s l igh t ly ,  Continued use of solut ions tends t o  weaken them. Ira 
addition, age, oxidation, and evapora%ion are fac tors ,  Replace- 
ment, solut ions in t h i s  sense are not  t o  be confused with VeplenisherB 
solut ions,  
cer ta in  concentration, 
cessed a t  QRNI,, along with fogging considerations, it has been 
found advisable to keep new fresh so lu t ions  35.1 @tacka 

f s R e p l m ~ h e r s f ~  are  intended t a  maintain solut ions a t  a 
W i t h  t h e  large volume of f F l m s  being pro- 

C.  Dist i l led water is sften recommended but  QRNL t a p  water has proven 
adequate a 
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17-1. Purpose 

.A, The devel-sped later?% image a. f i l m .  used Ear monitoring represents 
a quant~i ty  of rad ia t ion  e q o s u r e o  
f i l m  is to effect ~lerrdopm~crit of the l a t e n t  intage so that %lee f S m  
density becones a f b s d  v d u a  resulting i n  a permanent record of 
eqosu re  0 

The effectiveness or" t h e  f i l m  iiaete~ing program depends on corltrolled 
darkroom 'ceehrriques t o  an? exbent where t h e  resd-t~ant dens53y repre- 
sents ~ad iaL ion  exposvre o;zl".yo Far this foeason it b h igh ly  impor- 
%ant t o  control carefully t h n e  variabfes associatied w i t h  developing 

The psLxaq- puspose in processing 

B, 

teeflnique. 

l ' i p o Z  General 

1, Temperature - The 68' F *2O l e v a  should be m,ain%aL-md, 
eeediaag thza level, w i l i  berease  relative density, 
below t h i s  level  w U  result isl a decrease, 

E<- 
Fa l l ing  

2, Tirne 
___D 

ea Fix* is arbi tmri ly  s e t  at 10 minutes, 
adequate t h e  .for fixing w i l l  tend LO discolor $?le fib?, 
Excessive f i x i n g  w i l l ,  sometimes produce cloudiness and eause 
the EsirrZace sf the f f i m  -to become b r i t t l e ,  

Failure t o  a l L c w  

3 ,  _.-* Solution Strength - Specia1 effort should be made by t h e  dark- 
foo~m. techlahian. to rnaint~in t h e  strength ox" concentration ar" 
the solutions,  
t hus  r ende rbg  them less potmi;, Continued processing of f i l m  
w i l l  a l s o  lowex the eoncatratLon* ' As t h e  concetit?a$ion 
weakens, blackenhg on the fXlrsa becorms proportionately l s s s o  

Long exposures ta air w i l l  cause oxidation, 



c ,  Rl.tfio~xgh t h e  varhbl,es of tmpsrature, t h e ,  and concen%ra%ion w i l l .  
each, when taken alone, a f fec t  t he  relative density of t h e  finished 
fi3-111, one, fia practice, controls this feature by adjusting one 
variable against  tjhe other, For examplet if the temperature is 
up the time of development can be reduced. As a '1rul.e of thumb" 
for each elevated degree above @OF, the time can be reduced by 15 
seconds, Some manufacturew include tables of values from which 
t h i s  can be ~Stirrialsd, 

Do ORNL has developed specia2 developing trays, or f i l m  holders, far 
developing rwss quantities of dental  type ( s i z e  l-l/k?k x 1-3/&8) 
f j l m s  0 ' c 

17 3 Apparatus and E q u l . e n t  - 

C ,  Floating thermometer (Fahrenheit) , 

€3. Y9 ;n  holders ' 

I, Comnerckl film hangers .(Fig, 12). 

2. Film t ray assembly (Fig- llrO P, 68), 

Psoc edwe 

A, T m  on master l igh t  switchs 
entrane e t o  darkroomc 

Toggle switch is locabed outside a t  

NOTE: The l i g h t  c i r c u i t s  are wired s o  tha t  the 11wh5.te1t l i g h t s  go 
off when the ltsafefa l i g h t s  a re  turned ona 
are located on t'ne master panel switch outside t o  i n d i c a t e  
which darkroom lights are burning, CAUTION: 12 the red 
indicating l i g h t  is glowhg, never throw the master switch 
o r  enter  the darkroom wi%haut obtaining permission from the  
darkroora attendant, 

Indicating lights 

B. Enter aaad elosa s l id ing  doora, 

C, Obtain film t o  be developed and arrange i n  working pas i t ian  under 
f*safefl l i g h t ,  

D, Lay out frames, trays, and/or racks, 

E, Check temperatures and make adjustments as required. 
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G o  

H. 

I o  

J, 

K O  

LO 

M. 

N e  

0. 

P, 

Qo 

R, 

S, 

To 

U. 

Make general inspection t o  be sure the room is properly darkened. 

Open f f l m ,  i f  packed, handling a l l  films by .their edges t o  avoid 
f inger  marks . 
CAUTION: Make cer ta in  that the hands a r e  dry and f r e e  of a l l  traces 

of developer and f ixer ,  

Arrange films in holders, a s  required. 

S t a r t  the "developer" timer. 

NOTE2 Timers a r e  operated simply by pressing the button on top. 
2hey are set f u r  the proper t h e  with allowance f o r  a few 
seconds t o  submerge film. "hey reset  automatically. It 
is only necessary f o r  technicians to press the button on 
r igh t  t o  turn off t he  alarm. 
the  next batch, 

Then t h e  timer is ready f o r  

Suherge  the f i l m  holder laden with f i l m s  in the developer. 

Agitate the f i l m s  through development process ., 
Remove holder, after prescribed time interval,  submerge in acid 
s top bath, and ag i ta te ,  

Remove holder, after p r e s c r i b d  tjme interval,  suhe rge  i n  fixer. 

S t a r t  t he  f'fixerll timer, 

Agitate through f ixing process . 
Remove holder, after prescribed time interval, and submerge i n  
quick rinse, 

Agitate f o r  one minute. 

Remove holder and submerge i n  f i n a l  rinse. 

Allow films t o  rinse f o r  20 mlnutes. 

Place holders in  dryer a f t e r  allowing su i tab le  time f o r  water 
drainage. 

(See note above.) 

17.5 The Film Dryer 

A .  The f i l m  dryer (Fig. 13) is constructed so t h a t  t he  doors can be 
opened from ins ide  or  outside t h e  darkroom. 
is ajar ,  the opposite door cannot be opened. 
placed in a ve r t i ca l  posit ion when the door is not in use so that  
t h e  door on the opposite s ide  can be opened. 
is in a horizontal position, t h e  opposite door cannot be openedo 

However, when one door 
Door handles are 

When t h e  door handle 
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F i g .  1 3 .  Buck Film Dryer. 
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B. The dryer requires a warming up period of approximately 15 minutes 
before it will function a t  maximum efficiency. 

C. Two toggle switches, one fo r  the  Blower and the other f o r  t he  
heating anit, a re  located on the  panel outside the darkroom. h t h  
switches should always be turned off when t he  dryer is not i n  usea 

17.6 Operating Note 

A. The ~ ~ w h i t e l ~  l i g h t  can be turned on a f t e r  film has been i n  t h e  fixer 
f o r  f i v e  minutes . 

B. Going in and out of the darkroom w h i l e  the "safe" l i g h t  is on is a 
pract ice  which should be held t o  a minimum. 
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18J. In t roduct ion  - -- Tna Batch 

A, 

B e  

@, 

D, 

E. 

I?. 

I n  t h i s  procedure tlbadge fUmstq are specifred as those duPonP; Type 
55'2 f i l m s  which are used in t h e  ORNL picture  kip" badge f i l m  metero 
(See Fig. S for. detaj ls  of t h i s  meter.) 

Badge films are  processed in s+%aM.ess s t e d  m d t i p h ?  t r a y s  de- 
signed to hold f i l m s  SeCUPt?ly in orderly posi t ion while %hey are 
being submerged in so lu t tons .  
locked together, one on top  of t h e  other, they easily hold 216 
regular packs, plus 1.8 calibrated packs and blanks, 
t u t e s  a skndard  batch, 

Wfien procassing films in mass, as on Saturday, technicians are 
instructed tQ use the standard number of 216 packs per batch, 
consis ts  of fmr badge meter nayking trays having a capacity of 54 
packs each, ld%m six or less developing tmys  are  used, it is 
possible t o  vary t h e  s i z e  of a batch from a rnaximm n f  235 packs, 
plus 18 calibl-a';Eons and blanks, to a minimum of' one pack plus 
18 cal ibrat ions m d  blanksg 

td'nera s i x  deve.lophg trays are 

This consti- 

-.- 

This 

kf t h e m  arE: not  more than 235 packs i n  t h e  l a s t  co l lec t ion  on 
Saturday morning, it is sometLnes expedient to p u t  %hem all in 
one batch. 
standard batch. is used and the  remainder are X-rayed with the nex% 
batch number. 
it comprises 1/2 batch; otherwise, the batch is l e f t  f o r  tihe 4-12 

,- 
However, if: t h e  number collected exceeds 235, t h e  

Ithe day s h i f t  processes t h e  residue collection if 

shift, to complete, 

Grouping fi lm in batches "together with calibrations and blanks 
fac i l i t a tes  t h e i r  isolation f o r  special treatment, i f  such csnsi- 
deration i s  indiea"i3, The batch is a l s o  u s e f u l  a s  a mearm 02 
enumerating f i l m s  t o  avoid losses, 

18 2 Apparatu s and Equ ipmen% 

A. i3arkroom f a c a  itirs 

B, 

C, C a l i b r a t e d  f i l n  sets, 

D, Tray blanks, 

. -  

-Badge f i l r r ,  developing t r ay  and assembly uni$ (Fig, 14) , 
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18.3 General 

A .  Procedure #17 outlines the broad procedure of darkroom processing 
of f i l m s ,  
there  being no difference in such steps as se t t i ng  the  darkroom in 
order, inspection, and operation of l i g h t s  and doors, timing, tern- 
perature, and drying the f i l m ,  Procedure #18 is necessary because 
it shows spec i f ica l ly  how to handle the t ray assemblys how to  open 
the f i l m  packet correctly, and how t o  place films in the t r a y  
assemblies i n  proper sequence. 
f i l m  packet onQ. 

In general, the  procedure indica$ed can be followed here, 

These items apply t o  the duPont 5.52 

18.4 Disassembling the Multiple Tray Unit 

A ,  ‘%ere a r e  four  c i rcu lar  locks on t h e  bottom of each t ray  and four 
openings on top. 
a r e  la rge  enough a t  one end to receive the  locks a d  small enough 
a t  the  other end t o  hold t h e  locks in  place when the flanges of 
lock and opening a r e  engaged. In t h i s  position, the t rays  can be 
slid apart. 

When two t rays  a r e  in exact locking position, metal pegs which move 
ve r t i ca l ly  f i t  in to  receptacles ia the  tray below thus preventing 
any s l id ing  motion. With t he  pegs engaged, the two t rays  cannot be  
separated, 

These a re  s i tua ted  in each corner. The openings 

Bo 

C. A t  the  top of t he  assembly 3 a handle which locks t o  the top t r a y  
i n  the same manner described above, 

1. 

2. 

Put assembled t r ay  on work table,  

L i f t  the  two metal pegs upward and s l i d e  the  two t rays  apart. 

NOTE:: Trays a r e  assembled a s  sets and numbered. 
same number should be kept together as a unit. 

, 

Trays of the  

18.5 Opening duPont 552 Film Packet 

A, Hold packet in l e f t  hand w i t h  forefinger and thumb a t  upper l e f t  
of packet with the green tab toward t h e  operator, 

B, Grasping green tab with thumb and forefinger of r i g h t  hand, break 
f l a p  t o  f i r s t  fold,  

C. Inserting le f t  thumb inside wrapper, grasp f i l m  a t  top between l e f t  
thumb and forefinger and pull packet completely open with the  thumb 
and foref inger  of t he  r igh t  hand, 

D. Take f r e e  f i l m  i n  r igh t  hand, holding a t  sides so t h a t  f ingers do 
not touch surface, 



E a  Discax~d ~ c k e Z ; e  

NOTZr Packets a re  kept u n t i l  it is determined conclrisive1;y tha t  
none of‘ them contain undcvdoped fSm, 

F, Separate sensi t ive film and insensiti.ve film in l e f t  hand, 

NOT% Both f i l m s  are green when removed i r r  Itwhitest l i g h t o  
the IFsaf@ l i g h t  the  sensitive is darker, t h e  insens i t ive  
being almost white by c o r n p a r i ~ ~ n ~  
a t r i f l e  more flexible, These characterkstics enable the 
a l e r t  technician t o  dis t inguish betwemi the  two, 

Undw 

The insensi t ive film 2 s  

G, Put  sens i t ive  film in tray f i rs t  w i t h  right; hand. 

H. ’hen put  insensi t ive farm in %ray, 

18,6 placing ~ i a m a  in Trays - 
A , Calibrations 

1. Arrange six trays, disassembled, on work t ab le  lengthwise+ 

2, Insert fXLm in folSowing order, s%ar t ing  at l e f t  end o f  the  
top tray:: - 
a, B e t a  blank seqsit ive,  insensit ive,  

be Beta sensit ive,  starting with the lowest exposure unit 
(100 & m e n  the insens i t ive  of the same exposure, 

c. fiemainder of beta, in mrnerical order by exposure uni t ,  

d, Gama blank - sexisitive, insensi t ive,  (E”o$Xo~r same pro- 
cedure for gamma as f ~ a :  beta,) 

Beta should be first in the tray, as it is first read by 
the  densilometer teehnician. Beta is  also on top of 
bundle as it e w e s  from the X-ray technician (See Procedure 

e, 

# X S ?  

I3. Mcnitoring Fi lm 

1, Preliminary: Count f i l m  in bundle t o  avoid 10sse8. (Described 
in Routine FkLm Marking, Procedure &be) 

a, Insert monitoring film,, s ens i t i ve  first, the? insensi t ive,  

b, Inser t  a tray blank in t h e  center row at One end of each 
tray, 
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c a  Push loaded tray t o  back o€ table  and place another in 
loading position, 

d. Lock trays together when a batch has been loaded, 

e. Process the batch and put  in dryer. 
riique Procedure #17*) 

(See  Developing Tech- 

f. Deposit empty packets in cohtainers u n t i l  f i l m  file has 
been checked and all f i l m  accounted for, 
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19.1 Purposo 

C, Since a l l  detexminatfcn of densit ies for monitor ing purpss@s i.3 

accomplished w i t h  black and white densitometry, the color  f i l ters 
have boora replaced with fj-2ters of varying densit ies which are 
us& as check points in, establishing the calibration, 
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F i g .  15-B. Welch Densichron. 



19.3 tfZerott and Sensi t ivi ty  S e t t i n n  

A, The instrument w i l l  not reach thermal equilibrium b e d i a t e l y .  A 
'Izero" dr i f t  w i l l  occur during t h e  first few minutes of operation, 
It is therefore advisable t o  check the  zero a t  intervals  t o  assure 
more accurate readings, Allow a t  least 5 minutes for  t h e  tubes t o  
heat before using the instrument. 

.- 

Bo In order t o  cheek the cal ibrat ion of the  instrument a reference 
wedge is used. The wedge has d i f fe ren t  gradations of blackening 
with assigned values, 
control must be adjusted until. the meter readings a re  i n  agreement 
with these valuesa 

To cal ibrate  t h e  kstrument, the  sens i t iv i ty  

C, Instructions placed on t h e  top of the densitometer a r e  t o  be fol- 
lowed fo r  calibra%ion of the instrument, These instructions vary 
from one dens itomet er to another 

19,L Procedure f o r  Preparing the Densitometer t o  Read Absolute Densities 

A. Turn, instrument on by rotating the  Qla-Off switch clockwise t o  the 
'font' posit ion and allow f i v e  minutes f o r  warm-up. 

Be Set  the  f i l t e r  selector  control on 031)c The f i l t e r  selector  con- 
t r o l  knob is located a t  the  f ront  end of t h e  measurhg arm, Nor- 
mally the  selector  will ranain in t h i s  position, which enables the 
technician t o  mad densities up t o  a density of 3. 

C. Bring measuring arm down so t h a t  it f i t s  snugly against  the un- 
covered (no f b  i n  place) aperture plate,  
c i s e  technique in that ff too much o r  not enough pressure is 
applied, readings will vary a t  the upper end of the scale. 

This should be a pre- 

D. Rotate the zero adjustment knob (so label led)  u n t i l  the  meter 
pointer res%s a t  zeroe 

E. Bring the measuring am up and down against  the aperture p la te  two 
o r  more times in order t o  make sure t h a t  the pointer stays. a t  the 
zero pointo 

Set f i l t e r  selector  t o  a specified check point and adjust  sens i t i -  
v i t y  t o  t h e  reading prescribed on the  instruct ion chart  locaked 
on the  top of the  dens i tmeter  uni t ,  
cheek, 
s i t i e s  up to a densi ty  of 3 ,  

F, 

T M s  is the  cal ibrat ion 
The instrument is now ready f o r  use t o  read absolute den- 

G o  The measured density of t h e  material  placed between the l i g h t  
source and the  phots c e l l  is t h e  reading indicated by the  meter. 
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CAUTION: The Nc, 8n61g position on t h e  ~on'Lbrol knob leaves the ultra- 
sensiQrHve phots tube completely exposed, It is knportant 
t.o protect %he %ube by sbie3dbg it from bright J-igtiL, 
Tnis can be done by holding the thumb mer the  aperture 
hmed%it3ely under t h e  photo ce l l  or by placing am opaque 
re;2.b,eria,)_ B B Q ~  %he aperbure plate,  

EO The measure2 density of tlze materiaX placed betaem the l ight ,  source 
and t h e  photo ce1.1- is the  reading hd iea t ed  by the meter  plus 3. 

19,,6 Procedures for Obtaining Relative Densities 

A l l o w  %itable  warm-up time, 
aper ture  plate ,  and proceed as Fn Seetion 19.4 a&/or 19.5, whichever 
cas e appl ies  , 

Place %he correct %la&@ f i l m  under the 
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Using the  Densitometer 
-_I__ 

A, The purpose of t h i s  seckion is to standardize t h e  technique of 
removing f i l m  from way asaavinblies and reading them sa as to .gab 
maximum efficiency w i t h  mhhm l o s t  motion, Enis system becomes 
increasingly Important whm f i l m s  are read in mass, as it is neces- 
sary t o  d~ on the  Sat,urday rout ine  servicing. 

Filro ea,Iibratians are prei~lously arranged in. stamdiard order at t h e  
X-my table and subseqiiently 5merted in the  tray assemblies 5.n 
t h e  SWFJ order to avoid s o r t i n g  while dep2itometry is in progress, 
(See X-ray and %~kroom Procedures #I& #16, and #17.) 

k metal frame, fas'rtmed to the tap of tho aperture plate, enables 
the  densitometer operator to place f i l m s  SO that they are Tead in 
a standard position. 
t h e  ea.se with which they can be posrtioned correct ly  on the  aper- 
ture plate gre3tly faeilit2,tes t h e  work of the  operator, 

B, 

C, 

The orderljr arrangement of fXL.ms in trays and 

20,2 Materials and Equipment - 

B, Tray assemblies containingr 

1, CalibraSions and blanks, 

2, Badge films, 

A, Disassemble trays plac-Eng top tray along righ% s ide  of densito- 
meter, Insensitive f U m  is closest  to operatore 

Be Prepass proper headings on cal ibrat ion data form, 

C, P r e p r e  densitometer, (See Densitometer and Its Operation, B o -  
ceduse #I"%) 

D. Remove beta blank from tray with right,.hand. 

CAUTION 2 Hold f h g e r  tips between sensi t ive and insensit ive f S i n s  
t o  prevent s c ra t& ing 

NQTEP When trays are loaded according to standard procedures, beta 
j_s fi,rst fo l lmred  by gamm. The tray is turned so that beta 
is closest t o  %he operator, The n*emainder of f i l m s  j, tray 
are removed in sequence w i t h  no s k i p s ,  



-7 24* 

F. 

G. 

H, 

I. 

J, 

K, 

Depress arm wit21 left hand, 

Use adjustmen% to  Q Z ~ T I O ' ?  blank, 

Remve beta (100 mrep) froira tray and posi%ion, 

Note reading cm meter and record on cal ibrat ion data form, 

Proceed t o  nex% c a l i b r a t i o n  in tray, 

Proceed to badge f i l m ,  

NO'LEt The blank is t h e  first f i l m  used in each tray, 
I 

20,b Operational Notes 

A, lia standard position, the open window portion of the fikm is always 
read firsta 
brirgs  t h e  shielded portion i n t o  read- position, 

The f i l m  Ls then moved to the left of the frame which 

B, Distinction is made between kfzeroing absolutet' (See Densitometer 
and Its Operatian) and op zeroing the blank'$, 
done when. t h e  meter range is being checked f o r  operating efficiency, 
This operation is perfomed at t h e  beginning of ea@ batch, 
the bLankf9 is  done t o  reduce 'fbackgrounadft density to zero, 
operation is performed a t  the  beginning of each tray, 

flZZersing absolutetf is 

W e r o h g  
This  
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Purpose 

lii order  t o  cleteraine the amount of exposure indicated on f i l m  used 
f o r  radiation rnotiitoring, a film of t h e  same enxlsion is Liven p r i o r  
exposure t o  staidard s o u c c s  of radiation. A set  of c a l i b r a t i o n s  is 
(level-oped I J i t h  every batch of film, 
variab1.e fac tors  encountered i n  the  developing process, 

This  prac t ice  ia-ely e l h i m x s  - 

A. 

8. 

C, 

1. All monitoring films p lus  ca l ibra t ions  are developed from the  
same l o t ,  
approaches dep le t ion  i n  order t o  avoid using d i f f e ren t  e m u l -  
s i ons  i.n Uie sane batch, Moreover, a11 old ltlotta numbers are 
taken o u t  of se rv ice  when there  arc no films l e f t  for  c a l i -  
bra i ions 

It is sometimes necessary t o  budget f i l m  2s d l t lo t ' '  

2. r'ilms are stored in a cool place, If bhbe en%ire lot consign- 

The Cslibra- 
ment is n o t  received on t h e  same day, baxes are  dated t o  a i d  
t e c h i c i a n s  b using the o ldes t  ernulsion f irst ,  
t i o n  IJnit  takes f i l m s  f rom t h i s  supply  aria del.ivers 30 s e t s  of 
exposed f i l m  t o  t h e  Personnel Monitoring Laboratory on Zrjday 
of each week 

'Tne gamma c a l i b r a t i o n  i s  achieved with a LOO mg Ra source placed 
at, a d i s t ance  of awroxirnately 30 cm from t h e  films which are 
arranged i n  a circle wi th  t'ne source located i n  i t s  center. 
Plates  of UX meta.1 placed i n  d i r e c t  contact with a film loaded 
badge m t e r  a r e  used as a beta scurce, 
a f t e r  processing 

The f i lms  a r e  i d e n t i f i e d  
by X rays i n  the customary manner, 

Gal ib ra t ion  S e t s  

There a r e  19 packs i n  a complete calibration INsetQ, as fol lows:  
8 betas plus 1 bl.ai-~k, and 9 garntnas plus  1 blank, Exposures are 
xade a t  t h e  € o l l m i n g  levels: 

100 
250 
500 
7 93 

5000 

1000 
2000 

1.0000 

100 
2 50 
5og 
750 
1000 
2000 
5000 

3.ooc)o 
20000 



g, The  Luw Wange Calibration Chart 

1, 

Q___ -u- 

??le c a l i b r a t i s n  chart ( o s  graph) is a reference from which 
r e l a t i v e  f i lm deulsities are t rans la ted  -into m r (  ep) un i t s e  

2, The chart  is prepared by p lo t t i ng  r e l a t i v e  densi ty  on the  
v e r t i c a l  axis versus the  mr(ep) value on t h e  horizontal  axis, 
The v e r t i c a l  axis has a densi ty  range of 0.0 t o  1.5 which 
extends the curves t o  2000 mep, 

3 .  Linear graph paper is used and fou r  curves a r e  &awn ips follows: 

a, Beta, open window, sensi t ive.  

b, Gamma, shield,  sensi t ive.  

c, Gamma, open window, sens i t ive ,  

de Gamma, shield, insensi t ive.  

lhe Routine in te rpre ta t ion  is done from the sens i t i ve  f i l m  using 
beta open window, and gamma shield,  l h e  insens i t ive  film is 
in te rpre ted  when the s e n s i t i v e  film cannot be read. 

E. The High Range Calibration Chart 

The high range cha r t  is s h i l a r  to the l o w  range char t  except t h a t  
it is drawn so as t o  extend t h e  curves to  sa tu ra t ion  dens i t ies .  

F, Plott ing,  

I, Materials and Quipment 

a. Calibration charts .  (See Appendix, PP 107 and 108 .) 

b. Blue and red  ink. 

e, Ink pensD 

de Calibrat ion data sheet. (See Appendix, P 110 .) 

e, P lex ib l e  drawing curvee 

22 3 Proc edure 

A. General Instruct ions 
M_ 

1, Use the  follorsing symbols and colors t o  p l o t  points t  

o Blue (Gamma, open window, sens i t ive)  
x B h e  (Gamma, shield,  sensit.iv-e) 
o Red (Beta, open window, sens i t ive)  
#. Blue (Gama, shield,  irksensitive) 
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2 ,  

je Plot beta - points, 

Lo p l o t  gamma points ,  

Prepare heading on c a l a r a t i o n  chart, 

a. Shield, smsit ivee 

be Open window, sens i t ive ,  

c o  Shidd ,  insensitive. 

Draw beta curve. 

6. Draw gamma Curves. 

21.4 Commentary 

A,  Technicians are requked t o  develop B technique i n  p l o t t i n g  points  
and drawing curvesD 
accuracy, neatness, and experience in this operation, 

Precise interpretat ion depends largely upon 

B, Nomally, o n l y  t he  Low Range Charts are plotted.  
f f i m  densities f a l l  beyond the  range of the plds on the Low Range 
Chart, plots  are then made on the  High %nge Chart. 

When monitoring 
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A ,  Nonm112;, gamma interpretat ions a re  ’ given on dufunt  552 sensit ive 
f i l m  up t a  L.Q,ffOCI myo Similarly, insensit ive film is intespreted 
up ts 2Q,OOO me Hcweve~,~ in boLh eases, high exposures can be 
interpret,& bx special -I;echniques. (Beta exposures can be de%er- 
mined 3% considemUg higher l eve ls  than gamma exposure,) 

Spec ia l  techniques noted above a r e  applied only where a$irance h- 
%mtiatEon. regarding P rahi.ghqt exposure i s  available, The technique 
reyrai~ea (1) high cdibratioras, and (2) special detrdoping tech- 
nique%, 
reproduced h e m  for the sake of brevity, 

B, 

These developing kechnrkquss are w d l  known and are not 

A, Sensitive F’-rlgm - 
Wen &tie aensi&i-b*e film 5s bPackedssut, or density has reached 
aakurakiion, Peadings should thm be taken from. the iwensit ive 
fam. and so bdecated b a l l  reports, 
not available, the sensi t ive filnn s h s d d  be reported as f o l l o w e  

If t h e  insensitive f i l m  is 

rsid B e t a  Ow Gamma S G a m a  Ranarks 

&rtd Gama S G a m a  Remarks - 

22,3 Reporting High Readjnga klere  Special Techniques are Applied 

In. general, the w.lib1aatPoI-b f a r a s  will be given exposures up through 
2081. if duFon$ 552 f i l m  is being wed, Special developing techniques 
must be uti.l.ized, This u s l l  include devdoper and fixer solutions of 
a particular mix with %emperatwe and time of  developnent and coneen- 
-trat*ion being specified, 
axtended to the pomt  where t h e y  begin to level off and readings quoted 
accordingly, In all cases:, a complete report describing t eehnirjues, 
methods, ete,, must aecartlpany readings so interpreted, Specri;aa. tech- 
niques are perrrnitL& on ly  on. t he  p r io r  a p p ~ o ~ d l  0% t he  d y r t m e n t  head, 

In %his instance, the  caXibratioE curves are 

-- 

- 81 e 



A, This procedure is an account of the weekly routine badge f i l m  s a -  
vice, also a slararnary of the detailed sections precsding it, Addi- 
%ioraal s t e p  and notes are introdwed where needed t o  h t e g r a k  
a32 badge f i l m  procedures b t o  a s ing le  u n i t ,  

On Satixrclay a€ each week, a U  permanently issued badge f i h  meters B, 
S ~ X V ~ C B ~ ~  S e a ~ i ~ i n g  hc ludmg 

2, Reloadhg wi%h new f i l m ,  

6 ,  Darkroom, processing., 

C, libcry avaiZabBa badge fUaa meter ks processed on Saturday morning. 
MomalSys tube only meters n o t  processed on the i n i t i a l  servicing are 
those being used by We 8-4 shif t ,  These are processed on the 4-12 
sh i f t  o r  when they become available, They are n o t  processed again 
u n t i l  $he fsUasing week except by special. request, This  schedule 
conforms w i t h  the   heal@^ Physics Meek which begins a t  4rQf P,M, an 
Saturdax, 

A, Badge f i l m  meters are arranged b the  alleys in numerical order by 
;index number, 

arrangaraents 

Pr ior  %a Saturday, *'change s h e e t s T s e e  Appendix, 
epared I fs t ing all badges t a  correspond to the alls;p 
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CAUTXON:: Make sure green l i g h t  is burning ind ica thg  tha t  
X+ray por t  is ready to receive tray, 

C o  X-raying P I  N u b e m  and Reload.% Badges 

1, X-ray PI numbers, 

4. Pul l  badge part iany open so as to permit t h e  fiafn packet to 
come out;, (A. h m s s  track, placed lengthwise along t h e  f r o n t  
side cxf the work table is used for this operatican, Dra one 
end of the track is 8 ledge over which the  face of the badge 
is hooked to facj-kita-tde pu l l ing  ft apart, 
neutron f s m  is put astde and handled separately, 
qufping n a t r o n  fQm are reloaded w i t h  a previously stamped 

At this p ~ i n t ,  
Ehdgas re- 

r,m%ron f i l m  pa&*) 

5, Slide the  partially opened arpty badge t o  t h e  l e f t  along track 
s1awQ~ 
f o r  cant.zrnhation by G-M tubes permanently installed,  
Lminated badges are replaced, 

Inser t  new beta-gamma. f i l m  in badge, 
t h e  Saturday servicing. 
Enough f i l m  is stamped %o change all meters serviced by the 8-4 
and 4-12 shifts. 

As $he badge moves along it Ss checked above and below 
__o_ 

Con- 

6 ,  F S m  is dated. prior to 
There is a gross of film in each box. 

.. .. 



..... 

D o  

E* 

2 ,  Load batch marking %ray ( P Q ,  8, P 50) w i t h  beta-gamma c a l i b r a t d  

Load hat& marking %sa] w i t h  fi.3.a~ and X-ray. 

Send f i l m s  by bSches  t o  darkroom indicating the  number of the, 
batch and the rwaber of films -in the batch. 

f i lm and x-ray, 

2, 

3- 

Redh tS"i.bu)Gbg i'4etee~~ 

1, Reinsert %he badge f i la  neters in n-red s l o t s  in numericak 
order by index number, 

NOTE: Since meters are collected i n  t h i s  order and returned 
iri  the same Q P ~ E ~ ~  this operation is simplified, 

Keep batch cam33 for future referencee 

using a blae pexieil, 

Check f ~ r  presence of  neutron film in meters i den t i fhd  by an 
asterisk on change sheets 

CJLUTION: 

2, 

J0 Check (6 each meter under V B H  (put back) on change sheeZIs 

Lo 

This is the final check on neutron fikas befoye 
racking & e  meters. 
been overlooked a r e  replaced. 

Neutron f i l m s  which may have 

F, Developing the FLLrra (See Badge Film Ppocass3%%, Procedure #18) 

1, Load f X h s  in t r ay  assemtjlies, 

CAUTIONo C Q W ~  18 films in each bundle to avoid losses.  

2 .  Develcp, fix, and rinse, 



1, 

2,  

Prepare cal ibrat ion char% from the calibration data. 

Using the ca1ibratiQI-I chart and the posi t ive reading sheet, 
convert the density readings to the required tqmir or nrnrep@ 
value 

....,.. ...................I.-., ...... 1.. - 



... . 

NOTE58 a, Meters indicated on change sheets as not picked 
up comprise the list, 

Steps 6 and '7 above are Sunday rout ine and incLude 
recards on metsrs collected at no30 Saturday 
nSgM0 

b, 

clo Check a l l  questicsnnairs work sheets (high reading 
sheets) against Karda cards to include pocket 
meter readings recorded on Saturday. 
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UNCLASS I F I ED 
PHOTO 10258 

Fig. 1 7 .  Shop-made Machine Used f o r  A f f i x i n g  an I d e n t i f i c a t i o n  Number 
on t h e  ORNL Hand Exposure Meter. 

P 

89 



k
 
0
 

4
l 

-_ 

rn 
u v1 

.rl 
a
 6
 

4
 

-
4

 
w

 
U

 

0
 

a k
 
0
 

w
 

9
0

 



C, X-ray Nunbering Plate  (Fig. 19): 
discs with an ident i f icat ion number. 
from which 100 discs are  fabricated.) 

A device used for marking f i l m  
(Capacity - 2 s  f i l m  packets 

D. duPont 552 Film Pack 

E. Cadmium filters or washers 

24.4 Procedure 

A. NumberinP: the Meter 

1, F i t  meter snugly over anvi l  of numbering press with the  band 
UP, 

2. Depress lever  and release, 

3 ,  Deposit meter in numbered bins. 

B. X-raying The F i l m  w i t h  Ident i f icat ion Number 

1. Put  p l a t e  on t a b l e  with humber 1 away from operator. 

NOTE: Four consecutive numbers a r e  X-rayed on each film in the 
pack, one number i n  each corner, 

2, 

3 ,  Write numbers on packet, as follows: 

Place f i l m  packets on p l a t e  with green f laps  away from operator. 

l e f t  t o  right,  top, 1, 4; 
l e f t  t o  r ight ,  bottom, 2, 3 , ;  etc. This enables technicians t o  
punch out discs  in sequence, if  jackets a r e  disarranged i n  
darkroan . 

c. Loading the Meters 

1, Inser t  meters, bands down, in movable t rack arranging i n  se- 
quence with No. 1. first, then 2, etc. 

2. Add cadmium washer t o  empty meter cavity. 

3 .  Engage grooves of punch and track from f ron t  and s l i d e  No. 1 
meter into loading position. 

CAUTION:: Carefully align notches on punch and track and listen 
f o r  click. 

Lo Turn on "safef1 light. (The "whiten l i g h t  is turned off auto- 
matically, ) 

5. Hold film pack with green f l a p  up and toward the  l e f t ,  
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y o  Tear off fl.ap port ion cf green wrapper, 

LO, Turn f i l m  and insert in punch, b r i n g k g  No, 1 i n t o  cutting 
pos IbG ion e 

NOTZn Accoiding t.o s tmdard  procedures, hand exposure meter 
f.i9rns are shielded on both sides the same as badge 
metcr f i l m ,  



A, Personriel PIonttm4.ng provides a f i n e  gra in  parkicle track film f o r  
persons who Work where a sig~;il if icant exposurc t o  neutrons is con- 
s i d e r e d  possible,  This special  f i l m  is p l w e d  in t h e  badge m t e r  
behind th e beta -@am,;a pack e t  

C .  Thermal neutrons produce protons by the (n,p) r e a c t i o n  a f t e r  cap- 
ture by n i t rogcn  in the  ge la t in  of t h e  emulsion. 
%urn a c t i v a t e  t h e  s i l v e r  ha l ide  grains i n  the  emulsion leaving 
'(tracks'f on development. 
portio:] of the  film, s i n c e  t h e  cadmium s h i e l d  ( s e e  Fige 6a, P. 4ba) 
absorbs essentially a l l  =thermal neutrons 

These protons Ln 

'These t r acks  appear on t h e  open window 

D. Fast. neutrons 'prodiice r e c o i l  protons i n  in te rac t ion .  with the hydro- 
gen of the  eniulsion, l i kewise  producing tracks. 
throughout t he  f i l m ,  as t h e  cadmium shie ld  has negligible absorp- 
t i o n  f o r  fast neutrons, 

These occur 

Bo Tne t racks  are counted by mxms of a micrwscope a% approximatdy 
950 magnification, using an o i l  irmncrsion objective and dark f i e l d  
iJ.lurnina.tian, The number of tracks per f i e l d  is proportional t o  
t h e  neutron exposure - the  'Ds'nield'f reading being a measure of 
fast  neutron dose, and -the difference between !\open wjndwP and 
+ishieldl3 readings being a measure os" thermal ileutron dose. 

PI 'file t o t a l  area observed a t  one niicroscope s e t t i n g  is known as a 
"field".  A f t t t ~ a ~ k l 4  is def ined  as three  o r  Inore developed grains 
i n  a row, Several t racks  converging toward a common center are 
called  starst st^ and nay be d-do t o  cosmic rad ia t ion  or a series of' 
alpha d is in tegra t ions  from a uranium atom. 

25.2 The tzlicrvscope (vieKed from base to top) 

h e  - nlurninating Unit:: B e a n  from microscope lamp is ceritered on ad- 
justable plane mirror a t  base of microscope, 

B, Gondenser: A substage bracket holds  t h e  dark-f ie ld  condenser. 
This  bracket i s  v e r t i c a l l y  adjustable  by 8 rack-and-pinion 
arrangemen%. 

C Nechnnical Stage: The mechanical stage comprises a bracket which 
e-- 

holds a glass s l i d e  on the microscope stage, and racks muzd pinions 
foy back and f o r t h  and transverse notions, 
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25.3 

1. Low power f o r  centering l i g h t ,  and f o c u s i q  tto plane 
of emulsion, 

2, High pcxer (95x1 , f o r  viewing t racks,  
immersion1t object ive wi%h buKlt-iri iris diaphragm, 

This is an '!oil 

1, Coarse, fo r  l o c a t i n g  plane of eLnulsiori. 

2 &'be,  f o r  focus ing  chrr ing  emmina t ion ,  

E. uc @e PPicces (binoculait.: Transversely adjustable  t o  eye spacing, 

Microscopy Equipinent (F ig .  20, P. 96, shous a tapical  set-up) 

A* 

Bo 

C. 

I9. 

E. 

1'. 

G. 

He 

5. 

k icroscope 

Ulumirit-ting Unit  

Developed neutror, f Urn 

Data form 

Immersion o i l  

Glass slides 

Lens paper 

Kleenex 

lryL en€? 

2 4 Procedure 

A Ueveloping Neutron V i l ~ n s  

2 ,  Under t h e  rtsafett l i g h t  hold packet with  rougi.1 s i d e  Loward 
operator and s t r i p  off wrapper. 

NOmt Neutron film has m d s i o n  on one s i d e  only. Ehiulsion 
is next t o  rough s ide  of wrapper, 

2. Bend film s l i g h t l y  concave toward emulsion s ide and insert in 
tray assembly. 

3 .  Develop film according t o  Procedure $17. CAUTIOEII: The t ime of 
dcvelopivent may vary from one batch t o  anobher. 
developing time w i l l  be established by superv is ion  f o r  each 
new batch e 

The correc t  
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Fig .  20.  Typical  s e t - u p  showing t echnic ian  preparing t o  r i a d  neutron f i l m s .  The counter i n  l e f t  
hand i s  used for keeping a record o f  t racks  observed. 



3, AdJust5ng the  Plicroscope 

1. Direct l i g h t  from il luminating u n i t  on microscope mirror. 

2, Drop o i l  on dark f i e l d  condenser. 

NOTE: Apply more o i l  fo r  every 5 films. 

3. Pos i t ion  glass s l ide .  

bo Drop o i l  on top of g lass  s l ide,  d i r e c t l y  over condenser, 

NOTE: 

Place f i l m  on o i l  with emulsion s ide  up and t he  P I  number t o  
the r i g h t ,  
(The P I  number is reversed as seen from t h e  emulsion s ide  of 
t h e  film.) 

Apply more o i l  on glass s l i d e  f o r  each new film. 

5. 
The )@open windowtt is i n  t h e  reading posi t ion,  

6. Raise condenser by turning rack and pinion adjustment u n t i l  
o i l  touches g lass  slide. 
ro t a t ing  nosepieces. 

Position low power objective by 

7. Adjust plane mirror until l i g h t  appears in center of f i e ld .  

8. S e t  low power object ive immediately over sl ide.  Using coarse 
aqustment ,  raise until t i n y  grains appear i n  f i e l d  as  seen 
through eye pieces,  

Use stage and bracketed s l i d e  adjustments t o  c m t e r  a repre- 
sen ta t ive  f i e ld ,  

9. 

10. Raise low power objective.  

11. Drop o i l  on t o p  of f i l m ,  d i r ec t ly  over condenser. 

12. Posi t ton I to i l  immersion" object ive by ro t a t ing  nosepiece. 

13. Lower f toi l  hxersion" object ive with coarse adjustment until. 
it touches o i l  on f i l m ,  

14. Use f i n e  adjustment u n t i l  g ra ins  appear p la in ly  as seen through 
eye pieces. 

15. Use coarse, f ine ,  and condenser adjustments u n t i l  object  is 
c l ea r ly  focused. 

C. Heading Neutron Films 1 
1. Count t racks  in first f i e l d  (Itopen windowl'). 

. i '  
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2. S h i f t  film t o   ne^ f i e l d  by us ing  t ransverse adjustment  of 
bracketed s l ide .  

NOT& A gra in  in extreme left of f i e l d  is s h i f t e d  u n t i l  it 
disappears t o  r i g h t  

3 .  Record readings on Kardex card. 

4. F i l e  filx with duPont, 552 i n  numerical order by PI number. 

2 5.6 Commentary 

A .  The accuracy and ease of reading can be improved by keeping the 
niicsoscope free  of dust, grease, and lint. Lens paper onl  

stage, and the o i l  from each f i l m  af ter  reading, i s  removed by 
xylene appl ied w i t h  Kleenex, 

used t o  clean the  object ives  and eye pieces, Excess oil -9 rom is t h e  

B. The condenser is never reicioved except Tor  Cleaning purposes. 
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APPENDIX 

Mlinolrnetent Work Sheet 

Personnel Exposure Q u e s t i o n n a i r e  Information Form 

D a i l y  S e r v i c e  Log 

P o s i  t i v c  Reading Sheet 

3 x 5 Card 

Personnel Exposure Questionnaire 

C h m g  e She e 4 

Calibration Char% _3_ LOW 

Cad ibration Chart HIci€I _I_ 

B a t c h  Cards  

Cal  ibreation Data  Shee& 



on the (day) (night)  

R o  
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D a t e  

B a t c h  - 



D epartm en% Pa: D epartm en% Pa: Index Number 
(if assigned) 

Alphabetical P i l e  
a  ell ow Card) 

OOOOI 0000 
JOHN N e  DOE 

864  

Rmerical F i l e  
By PI Number 
(Pink Card) 

OOOONf 0000 864 
JOHN N ,  DOE 

Neutron Film Service 
Sliowi.ng ActLvation Da'ce 
S ervic e was withdrawn 
March 1, 1952 

kmerieal E i l i  
3y Index Num- 
2er 
$%ite Card) 



B 

2, 

Noted by w Supv.Personne1 Nonitorirxg 











Dev. T%ie 

h r k  Room 
Technic Pan 

Photometer No. 

---- 





A 

Abbreviations, F a n s  
Additions 
Alphabet ical  P i l e  
Analysis of Ka.rdex 

Data 
Ansco Densitometer 

B 

Bad.ge Fil.m Neter 
Alligator Clip 
Assembly 
Back Section 
Cadmium F i l t e r  
Front Section 
Ident i f icat ion I n s e r t  13.boA 
Retainer Plate  1301.B 

Badge F i b  Processing 18 
Batch 18 -1 
Disassembling Tray 

Unit 18.4 
Openhg Film Packet 18,s 
Placing Films in P a p  18.6 
Batch 18 .I, 
Blanks 18.6 .A 

Brass Plate 1s. 3.A 
Bserner Shaker 202,A 

c 

Calibrat ion and Char- 

Calibrat ion Sets 21020c 
Arrangement on Plattss 1S.b.B 

Charging Pocket Meters S,3,B 
Charts, See Graphs 

Collection Boxes 3.2.G 
Callection of Pocket 

Meters 3.3A 
Cross P i l e  System 8 

t i n g  21 

Codes, Explained 5.3 tD 

Maintenance of F i l e  80h 
Preparation of Cards 8.3  

Arrangement of  Tanks 
Ma in tenanc e 
Roam T e m p o r a t ~ ~ e  
Mater Supply 

Dertsitome%er - Use Of 
Abs ol.ut e Dens it ies 
Relative Densi t ies  
Zero and S m s i t i v i t y  

Zeroing Absolute 
Zeroing the Blank 

Set”,gs 

Densitometer, Descrip- 
t i o n  of 

Absolute Zero 
ApePtiire P la te  
Calibration 
Des e r i p t  ion 
Fi l te rs  
Lamp 
Measuring Arm 
Photoelectr ic  C e l l  
Sensitivity Settings 
Thermal Qui l ibr ium 

Dens i-ty 
Developer 
Developing Neutron F f i n i s  
Developing Techiquc  

Contxol of  Lights  
Solu t ion  St;i.eng.kh 
T mp @Pa 2xir e 
Time 

W~eZoping Trays 
D i s  as s embl i n g  
Load3ng 

Diuble Ins lgni f ieant  
Entry 

J)aub% e Q f f - S ~ ~ l e  



F K 

Page 

2 
78 
79 
78 
79 
79 
78 
79 
81 
81 
Bx 
21r 

- Page - 
Fiber &age 
Film Gal ibralior, 

High Range Graphs 
Lo% Number 
Lox3 Range Graphs 
P3. ot t, i n g  
S O U T C e S  

Symbols 
F i l m  Dsnsi-ties 

Interpr et”at.ion 
Spec i a l  Techniques 

Fi lm Irregularities 
Film. Marking 
Film Meter %dges 
Assenbling 
Loadbig 

FUm Pack 
Film Pack, Opening 

F i l t e ~ s ,  Film 
Technique 

Kardex Card, Des cx- i p t  ion  
o f  

Active Cards 
Inactive Cards 
Recording Data 

Kardex F i l e  
19  
1.5 

IJ 

Leak T e s t  
Lot Number 
Low Range Graphs 

7 
78 
108 

53 
4s 
4.5 
L7 
4s 

M 

Meter Service Date 
Micraseope 

Adjusting 
Bra& et, ed Slid 5 

Condenser 
Ulvmina t  ing Unit 
Mechanical Stage 
Nosepiece 

Minometer, Use of 
Charging and Reading 
Discharge ’i orn 
Operating Pew l i a r  it ies 
Range 
Routine Checking 

43 
94 
95 
94 
94 
94 
94 
94 
2 
2 

G 

Graphs, High Range 
Graphs, Low Range 

107 
3-08 

3 
5 H 
2 
6 Hand Exposure PIeter 

Assembly 
Cut.t*ing gut Discs 
Loading 
Number h g  
Sealing 
X-Raying F i l m s  

Health Physics Bay 
Heal th  Physics Week 
High Range Graphs 

87 
87 
87 
93. 
87 
93 
9% 
Sh 
54 
107 

N 

N m e  Change 
Neutmn Pi3-m Service 
Neutron Measurements 
Developing NeutJron Fi lm 
Reading Neutron F3.m 

36 
94 
91 
95 
97 

P 

25 
26 
37 
81 

IBM Codes 
Individual IE31yi Resume 
IR&X Number Changes 
Insemi% ive Film 

7 
Fig. 5 
11.2,c 
2202,B 

79 



T 

Page 

56 
42 

M 
21 

82 
82 
84 
85 
85 
84 
83 
84 
22 
35 

E-% 
Tanks, 3evelogbg 16.2 
Tern inat ions 12. L 

Tray Uni%s l . ! l o l e C  

Tests, See Pocket Nletsess 
T o t a l  Significant Reading 583.F 

38 

29 
56 
s9 
59 
59 
59 
59 

2 
11 

10 
7 
1 2  
7 
7 
2 
22 

Weekly Routine 
Mdge Meter Collection 
Dev e l o p e  m t  
Reading She Fi lms  
Records 
Redistributing Meters 
X-raying PI Nuiibers 
X-raying Batch Numbers 

Weekly Tabulations 
Withdrawal 5 

x 
X-ray Harking 
X-ray Assembly 
Box Housing 
Control Panel 
Pedes 
Timer 
Transforma? 
Tube 

X-.ray Settings Recording Pocket Mete?? 
Data 5.2 19 

2 

1.3 2 Z Set t ing  


