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EVALUATION OF HANFORD BASIC THERMOLUMINESCENT DOSIMETER 

R. L. Kathren 

1.0 INTRODUCTION 

I n  January, 1970, t h e  i n i t i a l  shipment o f  t h e  Hanford Bas ic  Thermo- 

1 urni nescent  Dosimeter (Hanford Drawing H-3-29808) was rece i ved  f0 . r  t e s t i n g  . 
T h i s  dos imeter  was designed f o r  m o n i t o r i n g  photon exposure t o  personnel 

reasonably  expected t o  r e c e i v e  l e s s  than t e n  pe rcen t  t h e  q u a r t e r l y  dose l i m i t s  

s p e c i f i e d  i n  AECM Chapter 0524. 

S ince t h e  dos imeter  had never  been eva lua ted  and' was t o  p r o v i d e  

a'nformat ion o f  p o t e n t i a l  ep i  demiologi.ca1 or. medi do- lega l  s i g n i f i c a n c e ,  an 

ex tens i ve  - t e s t i n g  and eva l  uatEiot i  program was c a r r i e d  o u t  w i t h i n  t h e  1 i rn i  t a t i o n s  

o f  t'irne and dos,imeters a l l o c a t e d  f o r  t h i s  purpose. . Th i s  document. i s ' a  r e p o r t  

o f  t h e  f'iwiings, and .inc!udes recommendations f o r  f u t u r e  study, I t  d.oes . no t ,  

however, make any comparison o f  t h i s  dos.imeter. w i t h  t h e  H a n f o r d  F i l m  ~ a d ~ e  Dosimeter,  

n o r  does 'it pr0v.l" de .recommendations f o r  imp rov ing  t he .  sys tem. 

2,O D E S C R I Y X  

The p r ima ry  dos imeter  i s -  a  7 L i ~  b l o c k  sea led  i n  a  m o d i f i e d  phenylene 

ox ide  p l a s t i - c  ca rd  (F ig t i re  1 )  approx imate ly  t h e  same s i z e  and shape as t he  

I lanford s e c u r i t y  c r e d e n t i a l .  The' dos imeter  car-d i s  designed t o  be worn i n  

s c l c a r  p l a s t i c  pn~rch, o v e r l a i n  w i t h  t h e  s e c u r i t y  c r e d e n t i a l ,  . The . p l a s t i c  

ca rd  con ta ins  two d i f f e r e n t  7L iF .  TL m a t e r i a l s ;  an 8:mm diameter  7 L i F - t e f i  on d i s c  

and a 7L jF  b l o c k  3.2 mm squa-re and 0.9 mm' t h i c k .  :..'The 7L iF '  b l o c k  i s  encased i n  

t e f l o n  tape  sea led  . i n t o  t h e  p l a s t i c  card; . i t  serves as . t h e  p r ima ry  dosimeter,  

Readout i s  accomplfshed w i t h o u t  removal o f  t h e  b l o c k  f rom t h e  card  i n  a  modi- 

f i e d  Harshaw Model 2000 reader  . (F igure  2 ) .  Th.e reader  drawer was a1 t e r e d  t o  



accept  t h e  card  and p o s i t i o n  t h e  TL b l o c k  under t h e  p h o t o m u l t i p l i e r  tube; 

a c i r c u l a r  hea t i ng  p i s t o n  i s  ma in ta ined  a t  a cons tan t  300°c, and, f o r  readout ,  

i s  r a i s e d  i n t o  c o n t a c t  p o s i t i o n  w i t h  t h e  b l ock .  Readout c y c l e  i s  20 seconds, 

a f t e r  which t h e  h e a t e r  drops away f rom t h e  dosimeter.  " I n t e g r a l  l i g h t  o u t p u t  

i s  measured, r a t h e r  than glow peak, and g low curves a r e  n o t  recorded ( a t  

p resen t ) ,  , Anneal ing o t h e r  than t h a t  p rov ided  by' t h e  readout  i s *  n o t  expected 

t o  be r e q u i r e d  if t h e  dosimeters a re  h e l d  f o r  . f o u r  weeks be fo re  reuse; The 

t e f l o n  d i s c  i s . s e a l e d  i n t o  t h e ' p l a . s t i c ,  and i s  used on1y:as a backup o r  secondary 

dosimeter,  s i n c e '  i n  manual ly  remov ing  t he  d i s c  f rom t h e  p l a s t i c  ca rd  p r i o r  t o  

readout,  t h e  dos imeter  ca rd  i s  destroyed. Readout ,o f  t h e  d i s c  i s  accompl ished 

on a m o d i f i e d  Con-Rad reader.  

P o s i t i v e  i d e n t i f i c a t i o n  o f  each dos imeter  ca rd  i s  accarnpl i shed by 

punching a f i v e  d i g i t  number--in most cases t h e  un ique employee i d e n t i f i c a t i o n  

number--across.the upper p o r t i o n  of  the-badge. The number can be read  o u t  

d i r e c t l y ,  A r e t u r n  address f o r  l o s t  dos imeters  i s  embossed i n t o  one s i d e  o f  t h e  

card. I d e n t j f i c a t l ' o n  of dos imeter  cards by c o l o r  can be accomplished i n  t h e  f u l l y  

assembled package, sinc,e t he  dosimeter.-,.card' i s .  s-14ghtly": l  onger than t h e  s e c u r i t y  ." 

! 

ckedent i  a1 , and a1 so shows through ' t he '  " a r i a u s  ho les  punched- i n  t h e  s e c u r i t y  

c r e d e n t i a l ,  

3.0 PRELIMINARY PREPARATION 

Approx imate ly  425 .dosimeter cards-.weredrecei  ve:d f r om.  t h e -  vendor.. 

O f  t h i s  number, 360 were reader  annealed and t h e  readings recorded. The mean 
/ 

r ead ing  as r e c e i  ved was 1 .087 reader. u n i  t s  W t h .  a, s tandard d e v i a t i o n  o f  ..O, 14 

uni ts, ;  t h e  range was 0.734 t o  1.611. Reade rda , r k  c u r r e n t  was about  Ob3 'un i t s ;  

o r  30% o f  t h e  t o t a l  reading.  The cons'tancy .o f .  readout  .and reader .  performance 

were, i n  genera l ,  exce l  l e n t ,  a1 though a sma l l  amount o f '  r eade r  d r i f t  ( S  5%) 

was noted, 



A q u i c k  .check o f  t he  ' re.sponse.'.of t h e  7L.i F  bTock'. to ,  gamma. r a d i a t i o n  

was made, and a 1 i near  re l . a t i onsh ip  o b t a i n ~ d .  ' From t h i s -  data';. t h e  e q u i v a l e n t  

r a d i  a t i o n  exposure o f  t h e  reader  darkX.curFent '  was: estimat'ed- a t '  70 '  mR. 

Dosimeters t o  be -used f o r  eva-1 u a t i  ng.i-esponsCwere s e t  as i de  f o r  

a  f o u r  week. per iod ,  as recommended by the '  de\ielopment group. . S t r u c t u r a l  

and ' o the r  non-expos u re  t e s t s  .were 'begun i mmediiately .'. . 

4.0 READER 

A Harshaw Model 2000 Se r i es  Phermol uminescience' Reader' h a d  a l r eady  

been m o d i f i e d  f o r  use w i t h  t h e  TL dos imeter  card. Mod.if'icat'i.ons' i n c l u d e d  an 

improved and more s tab1 e power su.pply,...additi on-. o f  a'. semi -automat ic  reader  

f ea tu re ,  and mechani ca l  changes t o  t h e  drawer-heater me-chan.ism, . adap t ing  i t  

t o  t h e  dos imeter  card.  Addi t iona ' l  re f inements  t o  th@ .-reader'- werk, made sub- 

sequent t o  t he  b a s i c  e v a l u a t i o n  s tudy,  and these- fu r ther - . improved  t h e  capabi-  

1  i t i e s  o f  .the . u n i t ,  as i n d i c a t e d  be1 ow. 

Few d i . f f i c u l t i e s  were encountered- 'w i th-  the-reader , '  A smal l '  amount 

o f  random d r i f t  was  noted, b u t  t h i s  was i n  a 1  l ' , c a s e s  <$%.. Human f a c t o r s  

engi  n e e r i  ng , . p a r t i c u l a r l y  . w i t h  r espec t  t o  p l  acement' 'and. i d e n t i  f i  cat7 on o f  

swi tches., cou l  d  have been improved, as- cou'l'd t h e .  method-of i n s e r t i n g  ' t h e  dos i  - 
meter  ca rd  i n t o  t h e  reader.  Heater' a1  ignmknt; and:.size .pr'oblemSb'whi ch resu1 t e d  

i n  t h e  hea te r  b l ock  a c t u a l l y  making c o n t a c t  w i t h  t h e  dos imeter  card, were 

appa ren t l y  c o r r e c t e d  by mod i f i ca t ions-made a f t e r  t h e  t e s t i n g  program; t h e  new 

hea te r  b l ock  i s  0.55 cm i n  d iameter  and an i n d i c a t i n g  l i g h t  and au tomat ic  

s w i t c h  a r e  p rov ided  t o  ensure t h a t  t h e  drawer- i s  p r o p e r l y  c l  osed. 

The reader  was found t o  bc s e n s i t i v e  t o  e x t e r n a l  r a d i a t i o n  f i e l d s ,  

Leve ls  as low as 0,1 mR/hr cou ld  cause a s i g n i f i c a n t  response--perhaps on 

t h e  o r d e r  o f  50 mR e q u i v a l e n t  reading.  Therefore,  t h e  reader  shou ld  n o t  be 



used in high background areas, or-.in- ar.eaS.'. where,.'l arge- background radiation 

fluctuations (e.g. 2-3 times .normal'). 'occur. 

5.0 S T R U C T U R A L  ' A N D  ' lirEAR.' T E S T S  ' 

The dosimeter card, .new. -po.wh;-.-an'd-.:-c-1-i.pa.ss-emb"l'y..were .subjected 

to various *structural .and .wea r~ . t es t~ . : " ' : ~T~en ty~~ 'o f ' ~ ' t he "  'dos4meter' cards .were 

subjected t o  .flexing (.*45O bend) 50-60 times. In eleven of these, the-  covering 

over. the teflon disc par t ia l  ly or.. wh.o'l.1~ separated;..and in' one, th.e p l a s t i c '  

dosimeter card cracked from t h e  edge to  the  lo'eati-ori af the .di.sc: These'tards' 

did not have, numbers punched in them. Cards with numbers would break o r  crack 

across the numbers, and perhaps .over the teflon disc also,  when flexed to, 

the same'.extent only 15-20 'times. 

However, when the TL .dosimeter card;' security-{credential', and pouch 

are .a1 1 assembled, the resultant,  package- i.s-..highly- ,resistai.lt' to, flexing; no 

breaks or  untoward effects  were noted even;. after-750. flexings,; simi la r ly ;  

twisting .or similar ac t iv i ty  had no iql  effect .  

The new snap closure worked 1wel.l;. b u t  was'-'poor'ly','desi gned from, a 

human factors standpoint; I t  was, diffi.cu1 t' to' apen .wi'th:"th'e fingers-, and 

was not easi ly  gripped to the clothing.. Nearly half 'of' those. we'asi ng the 

badge for  a seven week period expresse'd~dis~satisfacti'on' wi.th the cl ip. 

6.0 RADIOLOGICAL EVALUATION: ' ' 7Li F ' B L O C K S  

6,1 RANGE, 'LINEARITY '.AND "SENSITIVI'TY'. 

Four weeks, a f t e r  reader' annea';l.i'ng.,-.pai.r.ed.. exposures we're made 

to  photon sources with EEf f  .4 :84 MeV.. over-:the- range, 0.01 to  104 R: . 
Readout 'was accompl i shed with the- Hars'haw' 'reader' as '  0rig.i nal ly modified, and 

resul ts  are shown ' in  Figure 3. .  



The f l a t t e n i n g  o r  t a i  1  ' o f f  no ted  . a t  exposure' l 'eve ls '  below a b o u t .  

100 mR was  a p p i r e r i f l j  a  s t a t i s t i , c ' e l  phenomenon caused by t h e  v a r i a t i o n  

of background dosimeter readidgs and t h e - s m a l l  number o f  dos imeters  used 

a t  each exposure l e v e l .  As no ted  above;these v a r i e d  by about  f 30%, 

corresponding t o .  an exposure o f  .f  .60.mR., ' Hence,. t h e  minimum d e t e c t a b l e  

l e v e l '  was o r i ' g i n a l  l y  th'ought t o  be about 60 mR.. -. 

A d d i t i o n a l  s t ud ies  w i  t t i  exposures : o f  ,200 and 90 mR i n d i  ca ted  

t h a t -  t h e  7 L i  F b l ock  was. 1  i n e a r  i n  .response,. a t '  l e a s t  down t o  9D inR,' and 

t h a t  t h e  d e v i a t i o n s  no ted  were a  r e s u l t  o f  dos imeter  background v a r i a t i o n s .  

The eva l  ua t i -on  was. r e r u n  a f t e r  t he  reader. was ' r e f i n e d ,  and t he  da ta  a r e  

shown i n  F igure  41 Far les's v a r i a t i o n  .was r ioted i n  5ackground read ings  

o f  c o n t r o l s ;  Wi th  t h e  r e f i n e d  reader,  v a r i a t i o n  dropped t o  < + 8 % ,  and 

20' m~ was. e a s i l y  de tec tab le .  For a  group o f  . l o  dos i r i~e te rs  exposed . t o  

20 mR, t h e  v a r i a t i o n  i n  l i g h t  o u t p u t  f rom t h e  mean was t.65, - 30%, r e -  

s u l  t - ing i n  a  dose i n t e r p r e t a t i . o n  rang'e o f  -1'4 t o .  33 mR. A1 though da ta  

were n o t  taken a t  10 mR, t h e  response i s  p robab ly  l i n e a r  down . t o  t h a t  

level . ,  b u t  f o r  p r a c t i  c a l  purposes pending comple.t ion o f  t h e  s t a t i ' s t i x a l  

analysis, ,  20 mR was cons idered t.o he t he  minimum l e v e l  o f  de tec t ion ,  

S u p r a l i n e a r i t y  began about 200 R, b u t  was 'no t  s i g n i f j . c a n t  ' . 

u n t i l  much h ighe r  l e v e l s  were reached. A t  1,000 R, t h e  overresponse 

f rom s u p r a l i n e a r i t y  was o n l y  10%; a t  10,000 R,100%. 

6.2. PRECISION. 

The r a t h e r  . l eng thy  . r equ i red .  h o l d i n g  t ime  a f t e r  - r eade r  anneaq i n g  

precluded. e v a l u a t i o n  o f  t h e  p r e c i s i o n  o f  an i n d i v i d u a l  7 L i  F b lock .  How- 

ever,  ' t h e  p r e c i s i o n  o f  .a group 'was eva lua ted  by exposing .a  group o f  .10 

dosimeters s imu l taneous ly  t o  photons fr,om 2 2 6 ~ a  i n  e q u l l l  br iur l i  w i t h  

daughters;  Data were ob ta i ned  a t  90 mR and - 5  R w i t h  t h e  reader  as 



o r i g i n a l l y  r ece i ved  and a re  summarized i n  Tabl'e I below. A d d i t i o n a l  data 

were ob ta ined  a t  20 and 100 mR w i t h  t h e  f i n a l  v e r s i o n  o f  t h e  reader ;  

these da ta  a re  a l s o  i n c l u d e d  i n  Tab le  I .  

TABLE I 

P r e c i s i o n  o f  . 7 ~ i ~  Block 

Number Mean Range o f  Standard 
Exposure Exposed Net Reading Readings Dev ia t i on  Comments 

90 mR 10 0.676 0.538-0.780 0.078 ~ e a d  on 
(84 mR) (64-96 mR) ( 8  mR) Reader as 

5 R 10 41 .O 38.8-45.1 2.5 O r i g i n a l  l y  
(5.1 R) (4 .9-5,5R) (0,3R) Recei ved 

20 mR 10 0 ..024 0,015-0,038 0.0007 Read. on 
(20' mR) - '  ( 1  3-33 mR) ( 6  mR) ' F i n a l  

100 mR 10 0.125 0.090-0.145 0.013 Vers i on 
( I 0 0  'mR) (14-120.inR) . m R  o f  ,,Reader 

The da ta  f rom Table I c l e a r l y  show t h a t  even w i t h  . the ' .reader 

as . o r i g i n a l  l y  . rece ived,  and us ing  a p r e v i o u s .  c a l i b r a t i o n  curve  ( F i g u r e .  3 ) ,  

90 mR + 25% shou ld  be . r e a d i l y  de tec ted  a t  t h e  95% conf. idence . l e v e l .  Wi th  

t h e  f i n a l  v e r s i o n  o f  ,the reader,  k i m i l a r  p r e c i s i o n  was. ob ta ined  a t  bo th  

20 mR and 100 mR, I t  should be noted t h a t  h a l f - o f  t h e  dosimeters read  

o u t  on t h e  f i n a l  ve rs i on  o f  t h e  reader  were read  by two d i f f e r e n t  i n d i -  

v i d u a l s  on d i f f e r e n t  days. 

6,3 ENERGY AND ANGULAR DEPENDENCE 

Photon energy dependence ,was de t e rm i  ned over  . the range.  1 6 keV 

t o  1.25 MeV, and i s  shown i n  F igu re  5. P a i r s  o f  dosimeters were,.used 

a t  an  exposure l e v e l  o f  400 mR. Response was f l a t  t o  w i t h i n  f .15% ove r  

t he  range 22-1 250 keV~,. rq  A t  t he  low energy end, the ' response  i s  somewhat 

lower  than  t h a t  seen w i t h  t h e  bare  . 7L i  F bl.ock. Th i s  i s  an expected r e s u l t  



o f  a t t e n u a t i o n  . f rom.  the .  m a t e r i a l  ( t e f l . o n  tape; s e c u r i t y  credent.i.al , ;pouch) 

o v e r l y i n g  t he  b lock .  .. . . 

Angular  dependence was' s t u d i e d  by p a i r e d  exposures : t o  200 mR 

f rom 60Co over  a  2n (180°) a r c ,  w i t h  da ta  be ing  o b t a i n e d  - a t  15' increments.  

P re l im ina ry .  ana l ys j  s  i n d i  ca ted  angu la r  dependence 5 f 10% based on t h e  

average of .two exposures. 

6.4 EXTRANEOUS RADIATION RESPONSE 

The response t o  beta,  neut ron,  v i s i b l e  l i g h t ,  and u l t r a s o u n d  

were .also evaluated. Thermal neu t ron  exposures were made w i t h  a  2 3 9 ~ u ~ e  

source i n  t h e  NBS t ype  Sigma P i l e ;  exposures) were t o  f l uences  up t o  

l o 7  n/cm2. No thermal neu t ron  response was, .detected ,a t  these. exposure 

l e v e l s .  Fas t  n e u t r o n  exposures were made t o  a: 2 3 9 ~ ~ ~ e  spectrum (EAv 

~ 4 . 5  MeV) a t  l e v e l s  5 1 O 7  n/cm2; no . f a s t  n e u t r o n .  reg,ponse was detected,  

  eta responsewas checked by e x p o s u r e ' t o  .beta spec t ra  f rom 

bo th  N a t ~  and g O ~ r - Y .  I n  bo th  cases, t h e l i g h t  o u t p u t  p e r - r a d  was about 

h a l f  . . tha t  o f  a  comparable photon dose. I n  F igu re  .6, . the  da ta  a re  .p lo t ted ; .  

n o t e  t h a t  t h e  beta response curve d i d  n o t  t end  t o  f l a t t e n  ou t 'be low 100 

mrad, suppo r t i ng  t h e  c o n i l  u s i  ons c i t e d  i n  Sec t i on  6;1 above; 

Exposure. t o  v i  s i  b'l e  1  i g h t  provoked cons i  derab l  k. response-. 

Again, p a i r e d  TLDos were used, and exposures made, t o  bo th  n a t u r a l  l i ' g h t  

and - f l u o r e s c e n t  l i g h t ,  Two groups of TLD's were .used: one unexposed, 

and t he  o t h e r  exposed t o  300 mR .of photons from 226Ra + daughters.  

Only t he  dos imeter  ca rd  was exposed t o  v i s i b l e  l i + g h t .  The n e t  l i g h t  

o u t p u t  as a r e s u l t  o f  exposure t o  v i s i b l e  l i g h t  i s  shown i n  F igu re  7; 

a l though i n s u f f i c i e n t  da ta  a re  a v a i l a b l e ,  t h e r e  appears t o  be a sa tu ra -  

t i o n  phenomenon above about l o 4  foo t -cand l  e-hours. Photon i r r a d i a t i o n  



o f  t he  7 ~ i ~  p r i o r  t o  t he  exposure t o  v i s i b l e  l i g h t  appeared t o  have l i t t l e  

e f l e c t  on response. 

The 'data suggest t h a t  l i g h t  would have o n l y  a s l i g h t  e f f e c t  on 

t he  7 L i ~ ,  Th i s  e f f e c t  would be f u r t h e r  m i t i g a t e d  by s h i e l d i n g  f rom 

t h e  s e c u r i t y  c r e d e n t i a l  i n  t he  f u l l y  assembled package. However, t h e  

p o t e n t i a l  adverse e f f e c t  o f  l i g h t  should be noted, and f u r t h e r  s tudy  

i s  i n d i c a t e d .  

Several  dos imeter  cards were he1 d near  ope ra t i ng  . u l  t r a s o n i x  
I 

degreaser and medica l  u l t r a s o n i c  u n i  t s l f o r  up t o  two hours, . No response. 

was noted. 

6.5 ENVI ROrJMENTAL EFFECTS 

Several  env i  ronmenta1:effects were s t u d i e d  as independent 

v a r i  ab l  es , i n c l  u d i  ng temperature,  humi d i  t y  , organ i  c s o l  vents, and phy- 

s i c a l  damage t o  t h e  7 L i ~  b lock.  For  t h e  temperature t e s t s ;  p a i r e d  

dos imeters  were p laced  i n  t h e  env i ronmenta l  chamber a t  .a f a . i r l y  cons tan t  

r e1  a t i v e  hum id i t y '  ( ~ 3 5 % )  and a l l  owed t o  equi  1 i b r a t e  by h o l d i n g  f o r  . a t  

l e a s t  one hour p r i o r  t o  exposure w i t h  ~ 8 0 0  mR f rom 60Co, The da ta  

i n d i c a t e d  I 10% temperature dependence over  t h e  range ' -32  to .4g°C 
. , 

(0-1 20" F) . 
A s i m i l a r  s tudy  was made w i t h  p a i r e d  dosimeters h e l d  a t  25 f 2°C 

a n d - r e l a t i v e  h u m i d i t i e s  o f  . lo ,  30, 50, 65, 80 and 95%. The dos imeters  

were a l lowed t o  e q u i l i b r a t e  f o r  18 hours p r i o r  t o  exposure t o  ~ 8 0 0  mR 

f rom 60Co. . NO hum id i t y  dependence was noted. 
h 

Soaking dos imeter  cards i n  'acetone,.ethanol,  l , l , l - t r i c h l o r o -  

e thy lene ,  o r  methyl.ethyTl ketone f o r  a few seconds had no e f f e c t  on t he  

readout  o f  p r e v i o u s l y  .exposed dosimeters.  Immersion'- i n  wa te r  f o r  up 



t o  one hour  a l s o  had no e f f e c t .  Exposed dosimeters r u n  through t h e  

p l a n t  1 aundry, when read  ou t ,  had about  two - th i r ds  t h e  1 i g h t  ou tpu t  o f  

s i m i l a r l y  exposed c o n t r o l s .  The same r e d u c t i o n  i n  l i g h t  o u t p u t  p e r  u n i t  

exposure was no ted  when t h e  7 ~ i ~  block  was p h y s i c a l l y  crushed by a 

hammer blow. 

6.6 FADING 

A s e r i e s  o f  exposed dos imeter  cards were h e l d  up f o r  35 days 

(see 5.8, i n f r a )  w i t h  no f a d i n g  ( r e d u c t i o n  o f  l i g h t  ou tpu t ) .  A second 

s e r i e s  o f  p a i r e d  dosimeters was h e l d  a t  46 f 3°C (115 * 5°F) f o r  up t o  

5 days and compared w i t h  c o n t r o l s  h e l d  a t  22 f 3" (72 f 5°F); no f a d i n g  

was observed. 

S ince t he  m o d i f i e d  phenylene ox ide  p l a s t i c  used . f o r  t h e  dos imeter  

ca rd  w i l l  deform i n  a few minutes a t  100°C, t h e  use o f  t h e  manufac tu re r ' s  

recommended annea l ing  procedure f o r  t h e  7 L i ~  b l ocks  i s  p rec luded  unless 

these  a r e  removed f rom t h e  card. Removal, o f  course, would des t roy  t h e  

dos imeter  .card, and. make t h e  use - o f .  t h i s  system economical l y  p r o h i b i t i v e ,  

Hence, t h e  dos imeter  was designed t o  be used w i t h  no o t h e r  annea l ing  

procedure . than t h a t  p rov ided  by readout.  Be fo re  t h e  dos imeters  a r e  

reused, a f o u r  week h o l d i n g  p e r i o d  shou ld  f o l l o w  t h e  readout .  

A1 though 1 i m i  t a t i o n s  o f  t i m e  and numbers o f  a v a i l  ab le  dosimeters 

prevented a f u l l  s tudy  o f  t h e  reader  anneal ing, .suff<c,ient da ta  were 

ob ta ined  ' t o  demonstrate t h e  v a l  i d i  t y  o f  t h i s  procedure, w i t h  one ex- 

t r eme ly  .inlportant. r e s e r v a t i o n :  t h e  p r i o r  exposure h i s t o r y  must be l e s s  

than  10R or ,  p r e f e r a b l y  1 t o  2 R. Dosimeters exposed t o  g r e a t e r  than  



a few R are not to t a l ly  annealed by the readout procedure, and retain 

a varyi ng amount of stored energy ,whi ch wi 11" appear on subsequent 

/ readout. Sensi t i  vi ty , ( i  .e. 1 ight output per uni t exposure) changes 

may also occur. I t  i s  not known a t  t h i s  time whether the e f fec t  i s  

dependent only on the immediately preceding exposure,'or the total  . 

prior exposure history of the 7LiF block. In any event, the more 

conservative approach i s  suggested.pending additional study. 

The four week holding time a f t e r  reader annealing does not 

seem.to be a rigid requirement. Preliminary data are available that  

indicate that  a two or three week period may be adequate to  return 

the dosimeters to  the i r  previous level of sens i t iv i ty .  

To avoid the holding period ent i rely annealing for  24 hours 

a t  80°C followed by a 72 hour hold was suggested.' This procedure was 

found to be unsatisfactory; sens i t iv i ty  was considerably reduced, and 

precision, even for  exposures of severa1,hundred m R ,  was poor. In 

many insta.nces, no meaningful data could be obtained. 

6.8 INTERRELATIONSHIP OF VARIABLES 
- 

The interdependence of s ix  variables--temperature, humidity, 

angle .of incidence, days to readout and. the two annealing procedures-- 

was evaluated by exposing two rep1 icates in a z5 factori  a1 experiment. 

Other than the problems with the 80°C - 24 hour anneal. noted in Section 

6,7 above, .no interrel  ationships .among variables were found, 

7.0 7 L i ~  - TEFLON DISCS 

These were included in the dosimeter card (Figure 1 ), which was 

designed w i t h  a depression to f i t  the 8 mm diameter disc. The disc was 

covered with a small amount of p las t ic  solvent sealed to  the main piece of 



of the dosimeter card. 

The 7 L i ~  - teflon disc was included f o r  back-up capabili ty,  and 

would be read only in special s i tuat ions,  Removal of the disc  was'foun-d to  

be very d i f f i c u l t ,  for  the method of sealing caused some of the p las t ic  

from the dosimeter card to adhere. An inordinate amount of time and-care 

was required to  remove and clean the disc.  Even so, in many cases, removal 

could not be accomplished without physically damaging the disc. This factor ,  

plus the data obtained in ea r l i e r  studies with 7LiF - teflon and the 8 mm 

diameter discs led to  the decision to  not evaluate the discs. 

A background check was made as well as a dose-response curve, 

using the modified Con-Rad reader, Background was reasonably constant a t  

about 100 f 20 reader units. A response curve to  high energy photons (%I MeV) 

i s  shown in Figure 8. Supra1 ineari ty was not noted be1 ow 100 R ,  

8.0 FIELD TEST 

One hundred twenty-four ful ly'asse'mbled dos-imeters .were issued . t o  . - 

Hanford contractor personnel selected by a semi-random procedure; these were 

worn for  about one month, The dosimeters were issued to  the f i e ld  in t h e .  

newly designed pouch--not the one shown in Figure 1 ,  This short  t e s t  was 

expected to  provide information on wear, unusual.response, acceptance by 

personnel, and other contingencies. % 

Personnel who participated in the t e s t  were requested to  f i  11  out 

brief questionnaires anonymously, 89 returns -were received; and the resul ts  

are summarized below. Details are  given in App,endi.x A. 

In general, acceptance was overwhelmi'ngly favorable., Personnel found 

Ehe. badge comfo~tiab1'e.:- to.-wear.- (.87).; -more ,,so. than the. f i 1.m badge dosimeter: (7.1 ) . 
. . 

Few noted .any tearing or physical damage. However, about 43% of the respon- 

dents noted problems with the c l ip .  Of the 48 who offered coments, 13 



l i k e d  a l l  f ea tu res  o f  t h e  TLD badge b e t t e r  than t h e  f i l m  badge,dosimeter,  1  

arrangement tias. s i nce  been.::modjfi:edSiiadd.1in .addj t i  o m  ng  Hanford 

pouch was niade . a v a i l a b l e  f o r  use w i t h  t h e  dosimeter.  

No excess ive wear o r  s t r u c t u r a l '  d e f e c t s  were noted. Two' badges'; 

were l o s t ,  b u t  t h i s  problem shou ld  be reso l ved  by t h e  changes i n .  t h e  c.1.i~. 

One badge, worn by a welder;  had some m a t e r i a l  s p a t t e r e d  on to  t h e  pouch 

b u t  o the rw i se  was i n  excel  l e n t  c o n d i t i o n .  

Upon readout ,  12 badges (approx imate ly  10%) ' showed exposures 

2 100 mR; each o f  these was i n v e s t i g a t e d  and i n  .a l ' l '  cases except"perhaps one,- 
\ 

t he  exposure was cons idered reasonable i n  v i e w ' o f '  the.wo.rk assi'gnment:of the; - 

wearer; The one ques t i onab le  badge was worn by a welder,  and may h i v e  r e -  

sponded. to  t h e  i n t e n s e  l i g h t  assoc ia ted  w i t h  we ld i ng  opera t ions .  Some i n d i -  
, 

v i d u a l s  i n  t h e  r e a c t o r  areas a l s o  wore pocket  i o n i z a t i o n  chambers and/or 

7 L i ~  b locks  i s sued  and i n t e r p r e t e d  independent l y  by Douglas-United Nuclear  

h e a l t h  phys ics  personnel.  These da ta  a re  t a b u l a t e d  i n  Table I 1  f o r  dos imeters  

w i t h  exposure i n d i c a t j o n s  o f .  > 50 mR, 

TABLE I 1  

Comparison o f  Dosimeter Resu l ts  

I d e n t i f i c a t i o n  

J 0065 - 
J 0072 
3 0077 
J 0079 
J 0080 
J 0081 
J 0087 

I n t e r p r e t a t i o n , '  mR 
Bas ic  TLD DUN TLD 

360 345 
120 11 6 
360 350 

50 18 
50 2 8 
90 6 5 

400 380 

Pocket Chamber 

430 
115 
45n 

6 5 
80 
0 
0 



The da ta  i n  Tab'l'e I 1  show e x c e l l e n t  agreement between t h e  TLD"dosimeters, 

w i t h  ' l ess  c o n s i s t e n t  response f rom t h e  pocke t  chambers. 

DISCUSSION AND CONCLUSIONS 

The r e s u l t s  presented above i n d i c a t e  t h e  b a s i c  dos imeter  system 

i s  an exce l  l e n t  personnel dos imeter  f o r  i o n i z i n g  photon, r a d i a t i o n .  Most 

problems t h a t  have been encountered were minor,  and were c l ea red  up by sub- 

sequent mechanical changes. However, t h e  c o n s t r u c t i o n  bf t h e  dos imeter  

ca-rd may p rec lude  use o f  t h e  "backup" dosimeter.  A thorough s t a t i s t i c a l  

e v a l u a t i o n  o f  a v a i l a b l e  da ta  i s  now i n  progress, and r e s u l t s  shou ld  p r o v i d e  

more p r e c i s e  and conc l  u s i  ve i n d i  c a t i o n s  o f  t h e  capabi 1 i t i e s  o f  t h e  b a s i c  

dosimeter,  

A d d i t i o n a l  s tudy  i s  recommended a1 ong t h e  f o l  l ow ing  1 i nes: 

1 ) A f a d i n g  s tudy - - i  .e. l i g h t  o u t p u t  p e r  u n i t  exposure as a 

f u n c t i o n  o f  t ime a f t e r  i r r a d i a t i o n - - o v e r  a p e r i o d  o f  a t  

l e a s t  a year .  

2)  S e n s i t i v i t y  as a f u n c t i o n  o f  t ime  a f t e r  reader  anneal ing,  

w i t h  an eye towards d e l i n e a t i n g  more f u l l y  t he  e f f e c t s  o f  

reader  anneal i ng . 
3)  -Reproduci b i  1 i ty ( p r e c i s i o n )  o f  i n d i  v i d u a l  dos imeters  a t  

va r ious  exposure 1 eve1 s. 

4 )  The e f f e c t  o f  p r i o r  dose h i s t o r y  on s e n s i t i v i t y  and accuracy. 
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APPENDIX 

RESULTS OF FIELD WEAR TEST QUESTIONNAIRE 

1. Was the  badge comfor table t o  wear? More so than t h e  f i l m  badge? 

2 Yes 87 No Yes 

2.  . D i d  you have any problems w i t h  t h e .  c l i p ?  

Yes 39 No 50 -- 

3. D i d  you n o t i c e  any c o l o r i n g  o r  t e a r i n g  o f  t h e  envelope, o r  d i d  i t  
become excess i ve l  y d i  r t y ?  Yes 5 No 84 

4. D i d  t he  badge appear t o .  have good balance? 

: .  Yes 82 No 7 

5, D id  you n o t i c e  any breaking o r  t e a r i n g  o f  t h e  i n s e r t  card? 

Yes 2 . No 87 

6. Do you r e c a l l  s u b j e c t i n g  the  badge t o  any unusual s t ress ,  such as 
unusual pressure o r  shock? Yes 5 N o 8 4  

7, Any o t h e r  comments you may have. 

41 - No comment. 

13 - L i ked  a l l  fea tu res  b e t t e r  than f i l m  badge. 

1 - Pre fe r red  f i l m  badge. 

34 - Adverse comments r e  c l i p .  
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FIGURE 5. PHOTON ENERGY DEPENDENCE O F  7 ~ i F  BLOCK I N  ASSEMBLED BADGE 
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F I G U R E  6 .  BETA RESPONSE ON 7 ~ i F  I N  FULLY ASSEMBLED BADGE 
(AVERAGE O F  TWO P O L N T S )  
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FIGURE 7 .  RESPONSE OF 7 ~ i ~  TO V I S I B L E  LIGHT 
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F I G U R E  8. R E S P O N S E  O F  8 mm DIAMETER L i F - T E F L O N  D I S C S  T O  

PHOTONS.  BRACKETS R E F E R  T O  RANGE 




