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ABSTRACT 

The cu rrent 2-ch i p  TLD per sonnel dos imeter i n  use at Three Mi le Island  

(TMI ) h as been shown i nadequate for the  ant i c i pated h i gh beta/g amma f i elds 

dur i ng TMI recovery operat ions in some areas . Th i s  project surveyed the 

avai lable dos i meter systems , set up an Id aho Nati onal Eng i neer i n g  

L aboratory (INEL ) prototype system, and compared th i s  system w ith those 

commerc i al systems th at cou l d  be made immed i ately available for 

compar i son . Of the systems tested , the new INEL per sonn el  dos imeter was 

found  to produce the most accurate results for use i n  recovery operat i ons 

at Three M i le Is l and Un it-2 (TMI-2 ) ,  where per sonnel exposure to 

h i gh -level , h i gh-energy , mi xed -f i ss i on-product rad i at i on f ie l ds i s  

probable . The other mult i p l e-ch i p  or mul t i ple-f i l ter systems were f ound 

less des i r ab l e  at present , due to one or more of the follow i ng reasons: 

( a )  need to modi fy the badge des i gn ,  (b ) need to ch ange or deve lop the 

cal culat i on techn i ques , (c ) need to comp lete or ver i fy the cal i brat i on and 

perform ance , (d ) non-compet i t i ve cost , and (e ) not immed i ately av ai l able . 

The most promi nent de f i c i ency i n  the INE L  dos i meter stems from the 

fact th at it i s  a deve lop i ng system and lacks a c omp letely  automated 

reade r , thus requ i r i n g  i ncreased dos i meter hand l i ng .  In add it i on , the 

x-ray and thermal neutron responses of the INEL dos imeter req u i re 

add it i ona l de velopment i n  order to obtai n the des i red degree of accuracy . 

Althou gh a semi automated system i s  currently av a i lab l e ,  i ncreased h and l i ng 

i n  compar i son with fully automated systems is st i ll necessary . However , 

the RESL est imates that a automated prototype reader system w i l l  be i n  

oper at i on by the end of CY- 1 98 1 . 

Three alternati ves fo.r operat i ona l  dos i metry are d i scussed . Based 

upon such factors as techn i c al adequacy ,  low cap it a l  outlay , and speedy 

avai lab i l ity a comb i nati on of a mod i f ied vers i on of the present ly used 

Har sh aw 2-ch i p  dos imeter and the INEL dos imeter i s  recommended . The 
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s u gges ted mod i f i cation of the Harshaw 2-chip sys tem wou l d  be au tomat i c  and 

shou l d  be c apab l e  of produc i ng high-qua l ity gamma dosimetry, wh i le the INEL 

dosimeter wou l d  provide accurate beta dosimetry . 

The s tate of the art of per sonnel  dosimetry is ch anging rapid ly and 

wil l be  affected by the soon-to-be- re l eased ANSI s tandard N l J . l l  and 

subsequent NRC g u i des . I t  is therefore recommended that acq u i sit i on of 

e xp ensive au tomated systems be deferred un l ess  the supp l i er can demons trate 

b adges  of adeq uate design . In any c ase, procurement of a fu l l y automated 

sys tem shou l d  be preceded by demons trated performance rel ative to the ANSI 

N l J . 11  St andard and to the spec i a l con d i tions to be encoun tered during 

TMI recovery . 
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SUMMARY 

The acc i dent at TM I-2 r e l eas ed l arge q u an t i t i es of f i ss i on product s 

i nto areas where personnel are requi red to enter . The Harshaw 2-ch i p  

dos imeter i n  use a t  TM I ,  and typ ic a l  of those used i n  the nuc l ear power 

i ndus try , h as on l y  a 270 mg/cm
2 f i l ter over the "penetrat i ng" detector 

and i s  i nadeq uate to measure the doses from the h i gh-energy , h i gh-level , 

beta-gamma r adi ati on f i e l d s .  Though there are beta dos imeters i n  use i n  

the nucl ear industry that cou l d  g i ve improved response , beta dos imeters i n  

general are not wel l devel oped for prov i d i ng nonpenet r at i ng versus 

penetrating dose . The most d i rect l y  r e l ated , and appl icab le per sonn e l  

dos imeter experience i s  assoc i a ted w ith  protect i on programs a t  chemi ca l  

process i ng p l ants where per sonn el  e xposure to  f i ss i on produ ct s p i l l s are a 

part of the hea l th phys i cs exper ience . 

I t  was determi ned th at u pgradi ng the TM I personnel  dos imetry to 

s tate-of-the-art leve l s wou l d  requi re l i ttle effort above that requi red for 

m i n imum u pgradi n g .  The objecti ve of th i s  project was to i den t i fy the mos t  

app l i c ab l e  dos imeter system immed i ate l y  avai l ab l e  an d prov i de techn i c a l  

su pport i n  p l ac i ng an u pgraded sys tem i nto serv i ce . 

The new I NEL  dos i meter had been spec i f i ca l l y  des i gned to measure the 

dose from r a d i a t i on f i el d s  typ ic al of those at TM I .  S i nce pub l i shed I NEL 

response data were good an d a Harshaw hot gas reader , wh i ch i s  compati b l e  

w i th the I NEL dos imeter sys tem,  h ad been prev i ou s l y  purch ased by GPU and 

was i n  p l ace at TM I ,  the dec i s ion was made to set up and cal i br ate a 

prototype I NEL sys tem ,  us i ng borrowed TLD dos imeter s , badges , and 

mi scel l aneous equi pmen t .  I t  was p l anned to perform a di rect compar i son 

w i th other immediately avai l ab l e  sys tems , thereby prov i d i ng suppor t i ng data 

requi red to ensure that a su per i or system was av ai l ab l e  for recovery 

oper a t i ons . Dat a  from the Har sh aw 2-ch i p  sys tem i n  use at TM I was i nc l uded 

i n  the compar i son to documen t the degree of i mprovement poss i b l e  through 

use of an improv ed sys tem .  
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The calibrations and comparisons utilized various combinations of 

0.662 Mev ga.ma radiation from C s-1 37, and beta radiation from 0 . 766 Mev 

(theoretical) Tl-204 and 0 . 546/2 . 27 Mev (theoretical) Sr/Y-90 . The 

INEL badge procl.lced the nost accurate response of those evaluated . Angular 

response improvement, the promise of future neutron and emergency 

monitoring caplbili�. and minimal cost are additional strong points of the 

INEL system.  However, it is recognized that the other multifilter systems 

can probabl y be improved by changing the badge design (with careful 

attention to fil ter material s and effects) and careful ly cal ibrating and 

devel oping dose eval uation• techniques .  The INEL system has not been 

ful ly automated, and when cc.pared to more automated systems will require 

more care in handling the badge and components, which is an operational 

inconvenience. 

During the continuing development and testingb of the new, proto�pe 

INEL dosimeter, very recent data--since the completion of the original 

draft of this report--have indicated that it overresponds to x-ray 

radiation in the range of 1 5  to 100 keY by an amount larger than 

anticipated, and also overresponds to thermal neutrons alone. The 

dosimeter currently in use ( the •old• dosimeter) at the INEL, which employs 
540 agtca2 of al UII'inum and 100 mg/crrf of plastic filtration on the 

penetrating chip, was found to have excell ent response throughout the x-ray 

and gamma-ray region . These data indicated that the new INEL dosimeter 

should not be W�equfvocally recorrnended as total replacement for the system 

now in use at TMI . The excel lent (but fortuitious) response of the •old• 

INEL dosimeter to x-rays suggests that the 2-chip Harshaw system currentl y 

a .  The objective of this project was not to devel op a new badge . Under 
the time constraint set for this evaluation, the Panasonic, the Harshaw 
2-chip, and a film badge were compared just as they were supplied--not 
modified in any way. The Harshaw 4-chip system and other comparable badges 
were not immediately availabl e, which fact restricted the number of 
cCJDpari sons . 

b. Testing continues in response to the requirements of the current draft 
of the proposed ANSI N1 3 . 11 standard requirements which is nearing 
ca.pl etion and pronrlses to have a l arge impact on dosimetry systems in 
serv1 ce . 
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i n  use at TMI coul d be eas i ly  modi fied by addi ng fi l trati on equi val ent to 

the 110l d" INEL sys tem and thus prov i de a dos imeter wi th .. i deal .. ga11111a/x-ray 

response . It  shoul d be emphas ized that  the modi fied 2-ch i p  badge woul d 

s ti l l  be an i na dequa te beta dos imeter i n  a mi xed or unknown fiel d .  

Al thou gh the ideal personnel dos imeter for beta response i n  mi xed 

beta-ga11111a fi el ds does not exist ,  the INEL dos imeter desi gn appears to 

represent the techn ical state of the art for hi gh-l evel beta fiel ds and i s  

the recommen ded dos imeter for TMI recovery opera tions. It shoul d be used 

to suppl ement the modi fied Harshaw-two-chi p system. Operati onal 

convenience through more compl etely automated readers and data process i ng 

cou l d jus tifY choice of another system eventual l y .  However, such choi ce 

shoul d be made only a fter careful eval ua tion of the practi cal i ty of 

modifi cati on and of the acceptabil i ty of response to a cal ibrati on ma tri x 

equival ent to that  used in th i s  project . 

As a support to the project , new i ns trumentati on was devel oped for 

chara cteriza tion of the sources used i n  the cal i bra tion of the personnel 

dos ime ters .  The dose rate , versus distance an d pl asti c  absorber th i ck ness , 

was measured . I n  addi tion , the average and ma ximum energy , versus distance 

an d absorber th i ckness , were measured . 

A cal i bra tion and opera ting procedure was devel oped for operating the 

I NEL system. Thi s  section of the report wi l l  be of val ue shoul d the 

INEL system be used at TMI . 
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DEFINITIONS AND ASSUMPTIONS 

Key terms and assumptions used in  th i s  report are def ined i n  th i s  

sect i on. 

1 .  Sk in  dose has been def i ned trad i t i ona l l y  as the dose occuri ng at 

7 mg/cm
2• The Internati onal  Comm i ttee on R ad i o l o g ical 

Protection ( I CRP ) and th i s  report defi ne the sk i n  dose as the 

dose in the range of 5 to 1 0  mg/cm2
• Th i s  corresponds to an 

average of 7 mg/cm
2 and i s  thus essenti a lly the same , except 

for e xtremely weak s particles . Th i s  q u ant i ty i s  referred to as 

shallow dose in  the ANSI Nl3. 11 dr aft standard. 

2. Dose to var i ous organs from di fferent types of radiat i on can 

result i n  confus i ng terms . Bet a radi at i on i s  genera l ly 

considered nonp.enetrating or a potent i al sk i n  dose prob l em  only . 

However , h i gh-energy betas can be more penetrat i ng in some 

inst ances th an low energy x-r ays. In add i t i on, sk i n  dose i s  a 

sum of both the bet a  or nonpenetr ating and the gamma or 

penetrati ng radiat i on ,  s i nce the g amma component i s  typ i c al l y  

subtracted from the open w i ndow ch i p  i n  mak i ng the nonpenetrati ng 

component determi nat i on. In th i s  report, we w i ll use the term 

penetrat i ng to represent gamma, and any other r ad i at i on that 

penetr ates to a depth of 1000 mg/ cm2 i n  t i ssue . Nonpenetrat i ng 

w i l l  refer to beta or other rad i a t i on that resul ts  in  a dose to 

t i ssue at 5 to 10 mg/cm2 but not to 1000 mg/cm2• The dose at 

1000 mg/cm2 i s  referred to as deep dose  in the ANSI Nl3 . 1 1  

draft st andard . 

3 .  All dose r ate v alues lis ted i n  th i s  report are dose  rate in 

tissue v alues. 

4. The bas i c  development of the des i gn and theory of the INEL 

dosimeter was done by D. Jones, V .  Gupta , F- Kalbe itzer, 

J .  Cusimano, and T .  Gese l l at the INEL.  The object i ve of th i s  
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project at TMI was to i mp lement an estab l i shed sys tem, not to 

perform or i g i nal  dev e lopment work , though further an alyses and 

v er i f i c at i ons were performed at TMI as a funct i on of ca l i brat i ng 

the sys tem and determ i n i ng the opera t i ng character i s t i cs . S i nce 

the theory is ade quate l y  de f i ned in 100- 1 2090 , it w i l l  not be 

repeated in th i s  report . 

5 .  The devel opment of the al gor i thm for obta i n i ng dose from the 

dos imeter data w as a l so presen ted i n  ID0- 1 2090 , and w i l l  not be 

repeated in  th i s  report .  The al gor i thm wi l l  be presented i n  the 

sect ion des cri b i ng the c a l i bra t i on and opera t i ng procedures , 

w i thout the devel opment det a i l s .  
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INTRODUCTION 

TLD Beta Dosimetry Discussion 

The purpose of personnel dosimetry is to derive from physical 

measure.ents of the radiation environment information regarding the 

quantiey of energy deposited per Wlit mass of tissue, i . e .,  the radiation 

dose . Of pri1111ry interest in beta dosimetry is the dose to the first 5 to 

1 0  mg/cm2 of ti ssue (the "skin" dose), and the dose to the l ens of the 

eye.1 Since the eyes wil l usually be protected from beta radiation by 

respirator masks or safety gl asses, the skin dose is the principal concern 

in nost situations . 

The IIK)St COIIIII)n detectors used in current personnel dosimeters are LiF 

thermol uminescent dosimeters (TLDs), although photographic fil m detectors 

are stil l in use al so . The integrated 1 i ght output of TLDs is proportional 

to the total energy deposition (dose) throughout the chip. Since the 

effective atoaric nun'Der of l ithium fluoride is cl ose to that of 

tissue,2•3 the light output of the chip can be directl y rel ated to tissue 

dose except at x-ray energies, where LiF exhibits a smal l overresponse . 

As seen in the upper sketch of Figure 1 , the rate of energy deposition 

for ganna rays passing though the body of the chip (approximately 

240 .g/cml) is fairly constant (charged particl e equil ibrium). Thus, the 

average dose is essential l y  equal to the dose at any point al ong the 

thickness of the chip, and the average dose as derived from the chip is 

equa 1 to the skin dose between 5 and 1 0 mg/c,2 . As seen in the 1 ower 

sketch of the figure, beta radiation will be significantly attenuated as it 

passes through the body of the chip. The initial rate of energy deposition 

will be higher than the average rate of energy deposition. Thus, the light 

output recorded by the reader will indicate an average beta dose for the 

total chip thickness, which will be l ower than the skin dose received at 

5 to 10 ag/cm2• 

This underresponse of the dos 1meter IIIJS t be corrected by a beta 

correction or •calibration" factor. As might be expected, the amount of 
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attenuat i on w i th i n  the ch i p ,  and therefore the correct i on f actor , depends 

upon the effec t i ve energy of the beta spectrum . A "harder" or h i gher 

energy bet a s pectr um wou l d  be expected to requ i re a sma l l er correct i on 

factor, s i nce the h i gher energy bet as w i l l  be attenua ted l ess th an w i ll 

bet as of lower energy . The bet a correction f actor wi l l  vary from s i tuat i on 

to s i tuation, dependi ng upon the i sotop i c  mi x of the source , d i s t ance from 

the source , and amoun t of absorb i n g  mater i a l  between the source and the 

dos tmeter . 

The mos t common dos imetry techniques for measur i ng personnel  beta 

rad i a t i on dose at the present t ime c an be categor i z ed i n to three sys tems as 

fol l ows : 

1 .  The 2-ch i p  system , ut i l i z i ng 240 mg/cm2 th i ck l i F  ch i ps under 

two di fferent absorber s - The th i n  absorber i s  gener a l ly i ntended 

to approx i ma te a sk i n  th i ckness ( 5- 1 0 mg/cm2) but due to 

prob l ems  of cons truct i on i s  usua l l y  th i cker ( 1 0 to 50 mg/cm2) .  

The second absorber i s  a l so var i ab l e  and i n  di fferent badges 

r an ges from approx imate l y  250 mgtcm2 ( approx i mat i ng the depth 

of the lens of the eye) to 1 000 mg/cm2 ( approx imat i ng the depth 

of other cr i t i c a l  org ans of the body) . One of these common 

des i gns i s  i n  use at TMI and ut i l i zes a 30 mg/cm2 "th i n" paper 

an d p l as t i c  absorber and a 270 mg/cm2 "th i ck" a l umi num and 

p l as t i c  absorber . Th i s  2-ch i p  badge des i gn prevents beta 

part i c les un der approx imate l y  0 . 2  Mev from penetrat i ng to the 

•open window• or "nonpenetrat i ng"  ch i p, and a l l ows betas over 

approx i mate l y 0 . 75 Mev to penetrate to the "penetrat i ng"  ch i p  

( see F i gure 2) . 

Though the badge responds reproduc i b l y  ( see Tab l e  1 } ,  the 270 

mg/cm2 gamma sh i e l d  a l l ows approx imate l y  20-30% Sr/Y-90 beta 

penetrat i on . The prob l em ,  however , l ies not on ly  i n  the 

penetr ation but i n  the fact that the bet as have d i fferent 

c a l i brat i on factor s ,  based on the i r  energ i es ,  i n  the th i ck 

ch i ps . For examp le , the bet a-cal i brat i on factor i s  approx i mate l y  

2 for Sr/Y-90 and 4 for uran i um (wh i ch i s  used as the rout i ne 
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TABLE 1 .  RESPONSE OF THE TMI 2-CHI P  TL D PERSONNEL DO SIMETER TO 
CALIBRATED SOURCE S  AT AN I NDEP ENDENT NATIONAL LABORATORY 

Badge 
No.  

1 
2 
3 
4 
5 
b 
7 
ti 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1� 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
2� 

Gamma {Ces i um- 1 3 7) 

Givena 
(rem) 

0 
0 
0 
0 
0 
u 
0 
0 
0 
0 . 27 
0 . 27 
0 . 27 
2 . 7  
2 . 1 
2 . 7  
0 .27 
0 . 27 
2 . 7  
2 . 7  
2 . 7  
0 . 27 
0 . 27 
0 . 27 
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  

Re ported 
(rem) 

0 .02 1  
0 . 082 
0 .073 
0 . 535 
0 . 589 
4 . 1 6 
s. 1 7  

5 1 . 44 
43 . 3  

0 . 343 
0 . 344 
0 . 3 18 
2 .63 
2 . 65 
2 . 72 
0 .823 
0 . 8 1 1 
3 . 1 3  
2 . 88 
3 . 25 
5 . 4 
4 . 66 
6 .0 
7 . 2 7  
6 . 98 
8 . 1 5  

54 .0 
55 . 63 
46 . 35 

Beta (Stron tium-90) 

Givena 
(rem) 

0 
0 . 27 
0 . 27 
2 . 7  
2 . 7  

2 7 .0 
2 7 . 0  

2 70 .0 
270 .0 

0 . 27 
0 . 2 7  
0 . 27 
0 . 2 7  
0 . 27 
0 . 2 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  

2 7 . 0 
27 .0  
2 7 .0 
27 . 0  
2 7 .0 
2 7 . 0  

270 .0 
2 70 . 0 
270 .0 

Reportedb 
(rem) 

0 
0 . 482 
0 . 548 
5 .0 
5 .  1 

59 . 3  
50 . 6  

589 .8  
566 .4  

0 . 358 
0 . 1 55 
0 . 3 7 7  
0 
0 
0 
5 . 0 
5 . 23 
3 . 2 
3 . 2 
2 . 7 

45 .4  
48 . 96 
48 . 2  
40 . 3  
57 . 9  
47 .6  

589 . 2  
584 . 1  
564 .o 

a .  Data prov i ded by NRC . 

D. Data converted to dose using a ••s tandard" uranium calibration . 

cal ibration source ) . This resu l ts i n  a reported dose that is 

high by a factor of 2 ,  when Sr/Y exposure i s  converted by a 

uran ium cal i bration factor . A simp l e  ca libration test ( s i mp l e  

because on ly one g amma ray and betas from one i sotope p l us 

• 
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dau ghter were used) with  Cs- 1 37 gammas an d Sr/Y-90 betas ( see 

T ab l e  1 )  i l l ustrates the i naccurac i es which occur as a res u l t  of  

determi ning personnel  dose  us i ng a dos imeter of  th i s  design i n  
mix ed bet a-g amma fie l ds . If the beta  spectra are unknown and a 

s i ng l e  convers i on factor ( uranium for ex amp l e )  is  app l i ed, the 

badge results are q uest i onab l e  at best . 

The theory beh i n d  the design of the 2 -ch i p  system with the 

270 mg/cm2 absorber on the penet r ati n g  ch i p  i s  that it 

represents the approx imate depth of the l ens of the eye . A s  

descr i bed above, the conv er s i on of TL D-ch i p  reading  to abs orbed 

dose req u i res a know l edge of the bet a  s pectrum deliver i ng the 

dose, and the readi n g  of the chip under the 270 mg/cm2 sh i e l d 

g i ves no i n dicat i on as to what fraction of the reading  was due to 

penet r at i n g  gammas or h i gh-ener gy betas with c a librati on factors 

a pprox imat i n g  1 ,  and what fract i on resul ted from l ower-energy 

betas with c a l i brat i on factors of 4 or more. 

Obv ious l y, this 2-chip des i gn has severe l imitations for routine 

use but more parti c u l ari l y  is i nadequate for TMI recovery serv i ce 

without addi tional fiel d  data on the compos ition of the radiat ion 

fie l ds .  However, it i s  common l y  used i n  the industry, and is 

s ti l l  in service in many commerc i al nuc l ear power fac i lit i es . 

Rou t i ne use wi l l  resu l t  in recording both penetrati ng and 

nonpenetra ting, doses di fferent th an actual when h i gh energy beta 

radi ati o n  is present .  I f  converted by a uran i um calibrati on 

fa ctor , the reported nonpenetrat i ng dose wi l l  probab l y  be 

conserv at i v e  ( see Tab l es 1 and 6 ) . This "conserv at i ve" pos i t i on 

i s  n ot predict ab le  or r e l iab l e .  Choice o f  a h i gh-energy beta 

c a l i brat i on factor such as from Sr/Y-90 cou l d  resu l t  i n  a non 

conserv ative s ituation when the skin dose is or shou l d  be the 

limi t i ng cons i deration .  The TMI acc i dent produced high - l eve l,  

h i gh-energy rad i at i on fie l d s  from m ix ed f i ssion product sp i l l s in  

wh i ch the high-energy bet a  component was up to 100 t i mes the 
gamma componen t .4 These f i e l ds resu l ted in conditi ons in which 
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the skin dose was c lear ly l i m i t i ng .  But more impor tan t ,  the 

actual dose to e i ther sk i n  or deep organs c annot be determ i ned to 

the de s i red de gree of accuracy w i th the 2-ch i p  dos imeter i n  use . 

The prob l em  of beta rad ia t 1 on fa l sely e l eva t i ng the measured 

penetrat i ng dose can be overcome by us i ng a th i cker f i l ter over 

the penetr a t i ng ch i p . The beta i naccurac i es are not affected by 

th i s  modi f ic at i on , however , and are i nherent i n  a s i ng l e  th i ck

ch i p  measuremen t . 

2. The mu l ti p le  f i l ter/L i f  ch i p  system - The i n tent of the des i gn of 

th i s  sys tem i s  to u t i l i z e  data from the detectors un der di fferent 

f i l ters and calcul ate an i ndi v idua l effect i ve energy of the beta 

r ad iat ion . Thi s  a l l ows the determ i nat i on of an average 

c al i br at i on factor for each measurement such that the 

uncert ain t i es i n  conver t i ng TLO readi ngs to dose are reduced . 

Th i s  concept al l ows a much improved dose est i mate to be made , as 

we l l  as prov i di ng some i nforma t i on concern i ng the qual i ty of the 

measured f ie l ds .  However , the i nherent th ickness of the 

TLO ch i ps ,  s tructur al  l im i tat i ons of the badge , and uncert a i n t ies  

of app l yi ng  a s i ng l e  average or  effect i ve energy to complex 

s pectra resul t  i n  l im i ta t i ons i n  the multi p le  f i l ter badge des i gn 

a l so . For ex amp l e , when the beta component of the radi ation 

f i e l d  is  l ess th an the gamma component , the di fference i n  the 

penetrat i ng and nonpenetrat i ng ch i p  readi ngs i s  sma l l in rel at i on 

to the readi ng on e i ther ch i p , and hence i s  subject to def i n i te 

sens i t i v i ty an d accuracy l i m i t a t i ons . Use of th i ck ch i ps 

(>5- 1 0  mg/cm2) also i ntroduces an " averag i ng" effect that 

reduces the sens i t i v i ty of detect i on . 

W i th al l of i t s  l i mi t at i ons , the mu l tiple  f i l ter sys tem ut i l i z i ng 

L i f ch i ps appears to represent the state of the art i n  per sonn e l  

dos imetry i n  serv i ce a t  present .  The system requ i res extens i ve 

c a l i brat ion and response ev a l uat i on i n  order to properly u t i l i ze 

the data prov i ded . The new I NEL  dos imeter i s  representat i ve of 

th i s  dos imetr ic  approach . 
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3 .  The mult i p l e  f i lter /"th i n11 detector system - The ava i l abil i ty of 

th i n  detectors ( 5- 1 0  mg/cm2) wou l d  prov ide a method of reduc i n g  
i na ccurac i es i ntroduced as a result of v ar i ab le c a l i br at i on 

f actors i n  th ick ch i ps from a v ar iety of beta energ ies . If the 

th i n  detectors h ad a 11 f l at11 ener gy response, they would 

theoret i c all y  me asure dose  d i rect ly at v ar i ous depths i n  ti s sue 

as represented by d i fferent f i l ter th i cknesses i n  the badge. 

Var i ous attempt s  h ave been made to produce th i n  detectors ,  

r an g i ng throu gh L if impregnated tef l on, TLD powder s , and surface 

Boron dr i fted L if. 

The P an ason i c  s ys tem  uti l i zes  "th i n• ( 15 mgta-2) powders of 

L i 2 B4o7:cu and/or CaS04:Tm i n  badges  with f i l ters of 

v aryi n g  th icknes s es. P rel im i nary c a librat i ons of the detectors 

w i th var i ous gamma and X-ray sources
5 i ndicate the lack of a 

.. f lat'' energy response. Theoret i c a l l y, the th i n  detectors should  

be super ior to  the th ick detector, however, the gamma/X-ray 

energy response var iab i lity characteris tic requi res a badge 

des i gn compensation for mixed beta-gamma fie l ds . A beta response 

c a l i brat i on with f il ter opt im i zat i on for beta-gamma response has 

not been performed on th i s  system as of the date of th i s  report , 

nor has the requ i red badge modif icat i on been cal i brated for x-ray 

response . 

A s  w i 1 1  be d i s cussed in the Cal i brat i on and Tes t i n g  Resu l ts 

sec t i on, th i s  type of dos imeter sys tem has not been developed 

s u ff ic i ent l y  at present to prov i de sati sfactory response when 

c ompared to the L i F  ch i p  mul t i -f i l ter system i n  h i gh beta f i elds, 

wh ich h as rel at i ve l y  th ick ch i ps and is essentially energy 

i n dependent. It i s  ant i c i pated that with further evaluat i on and 

development (such as modify i ng the f i lters and a l gor ithms in the 

Pan asonic system} a th i n  detector system could prov i de  super ior 

performance. 
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Project Approach 

Although the nuclear industry has been monitoring personnel dose in 

beta-gamma fields for .. ny years. beta dosimetry techniques have not been 

thoroughly developed. As discussed in the previous section. the current 

·best• syste• has significant limita tions. The facts (a) that penrissible 

skin dose has been three to six times the pen�issible penetrating dose, and 

(b) that few fields exceed a three to one el-¥ ratio in III)St facilities, 

have resulted in relegating this problem to a low priori� and has led to 

oversi•plification and someti.es overconservative monitoring procedures. 

Nul tiplying the recorded gamma dose by a factor based on field surveys--to 

obtain an estimate of the beta or skin dose without actually measurin g this 

ca.ponent of the dose--is an example of such an oversimplifying and 

conservative procedure. These conservatisms can cau se inaccuracies and 

nonproductive personnel dose, primarily as a result of an increase in the 

transit ti 11e ( i ncrea sed number of tr i ps ) to and from the job in the 

radiation area. 

Exposures in excess of regula tory guide lines at TMI highlighted the 

deficiency of the dosimeter used at TMI in particular, and the 

state-of-the-art deficien� within the nuclear industry in general. Since 

it was apparent that the TMI dosimeter results of these exposures were not 

accurate, GPU and its technical contractors initiated dosimetric studies 

pri .. rily aimed at establishing the actual personnel doses. EG&G, under 

contract to the NRC, perfor.ed a technical evaluation of the exposure 

report. The results of all these studies emphasize the need for upgrading 

the beta dosimetry at TMI. a 

The most applicable experience within the nuclear industry upon which 

to draw was associated with the operation of chemical processing facilities 

a. The standard Harshaw 2-chip dosimeter was included in this stu<b' to (a) 
doctaent the magnitude of the expected improvement. (b) emphasize that this 
badge is the standard type used at many NRC-licensed facilities. and (c) 
doctaent the response chara cteristics and magnitude of the inaccuracies for 
the record. 
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where high-level fission product spills were periodically encountered. 

This type of experience at the Idaho Chemical Processing Plant prompted the 

development of an improved personnel dosimeter by D. Jones et al of the 

Radiological and Environmental Services Laboratory, specifically designed 

to record a mixed beta-gamma field dose. In developing this dosimeter (the 

new INEL Badge), Gesell et a16•7•10 related a ratio of two readings under 

different absorber thicknesses to a theoretical exponential attenuation 

coefficient. Having once established an effective attenuation coefficient, 

they derived a beta correction factor by taking the ratio of the integrated 

dose between 5 and 10 mg/cm2, and the integrated dose between the back of 

any absorber and the back of the corresponding chip (e.g., absorber 

thickness plus 240 mg/cm2). Such a ratio is equal to the underresponse 
and its inverse becomes the beta correction factor to be applied to the 
response of the chip under the thin window. 

This dosimeter is being evaluated at the INEL, and preparations are in 

progress to implement its use at the INEL contractor facilities. Since an 
improved dosimeter was needed at TMI, due to the recovery operation in 

progress in the auxilliary building and the imminent containment building 

reentries and recovery operations, a major effort was needed that would 

draw on industry experience and provide the best available system on an 
as-soon-as-possible basis. EG&G, the TIO and INEL facilities contractor, 

was requested to coordinate and direct the effort to identify and implement 

an improved state-of-the-art personnel dosimeter system at TMI. In 

addition to the DOE-TIO objective of immediately obtaining a "best11 system, 

recommendation was made to develop options and possibilities to upgrade 

personnel dosimetry technology in general. With this general background in 
mind, the project was accepted. 

At the beginning of the project, a review of personnel dosimetry 
systems was performed in an effort to identify the most rea dily available 
dosimeters that offered the greatest probability of correct response to the 
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mixed bet a-gamma f 1 e l ds at TMI . A dec i s ion was made to p l ace a prototype 

lN EL dos imeter i n  service at TMI as soon as possib le. for the f o l l ow i ng 

reasons: 

o Of the sys tems cons idereda. the I NEL  dos imeter appeared more 

spec i f ic a l ly des i gned for beta dos imetry, and pub l i shed reports 

promi sed super ior res ponse prospects 

o A Har sh aw hot-gas reader. wh i ch i s  compati b l e  w i th the INEL 

system , h ad been prev ious l y  purchased by GPU and though it was 

not c a l i brated was on s i te 

o The system cou l d  be comp leted i n  a m i n imum of t i me  by borrowi ng 

av a i l ab le badges, TLOs, and m i sce l l an eous equ i pment from RESL at 

the I NEL 

o Profess iona l personne l  at the INE L  were bas i cal l y  fami l i ar w i th 

the des ign and cou l d  be av a i l ab le on a rota t i n g  bas i s  to prov i de 

conti nuous support at TMI dur i n g  set up, cal i brat i on , and 

compar i son act i v i t i es 

o The lNEL badge wou l d  be av a i l ab l e  on a l i mi ted bas i s  for use by 

reen try team members w i th i n  a few wee ks 

o Dos imeters at other DOE fac i l i t i es offered no un ique des i gn 

capabi l i ty and were l ess av a i l ab l e  i n  a short t ime 

o The H arsh aw 4-ch i p  sys tem ( another mu l t i p le f i l ter, L i F  ch i p  

sys tem) was not av a i l ab le un t i l the i n i t i a l  i nves t i ga t i on 

reported here i n  was bei ng comp leted 

a .  The l i terature search sect i on of 100 1 2090 was used as a start i ng po i nt 
for tne survey un dertak en i n  th i s  study . 

• 
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o The Panason i� systema (a  mul ti pl e fi l ter, th i n-detector sys tem ) 

had not been speci fical ly desi gned nor cal i bra ted for thi s  

serv ice, and prel imi nary data by GPU were not encouragi ng . 

Dr . T .  F. Gesel l ( Un i vers i ty  of Texas ) was retained as a consul tant to 

the project, due to hi s experti se wi th the INEL sys tem and dos ime try i n  

general , hav i ng spent summers eval uati ng the dos imeter response and 

coa u thoring  ID0-12090, "A Personnel Beta Dos imetry Method for Reduci ng 

Energy Dependence . •• He ass i s ted by outl in i ng cal i bra ti on procedures, 

eval ua ti ng  resul ts, and prov idi ng general techni cal support as requested. 

As the INEL dos i me ter was bei ng pl aced i n  servi ce and a deta i l ed 

o perati ng  an d response cal i brati on compl eted, �e dosimeter was used as one 

o f  three di fferent badges worn by reentry team members . The data ( Tabl es 3 

an d 4 )  cons ti tuted one phase of the i ntercal ibrati on response stu�. In 

addi ti on , four avai l ab le  dos imeters, which i ncl uded a fi l m  dosime ter
b 

in 

addi t ion to the ori gi nal three, were chosen for a response compari son 

stu�, us i ng cal i brated beta and gamma sources at TM I .  I t  was anti ci pated 

that the techn ical response of the badges, coupl ed wi th other 

cons i derati ons of  cos t and conven ience, woul d provi de the data necessary to 

a ss i st i n  the choi ce of  a t  l east an i n terim replacement TMI personnel 

dos i me te r .  

A draft o f  th i s  report was generated ahead o f  schedul e i n  order to 

supply addi tional data and recommenda tions to GPU to be used i n  the 

deci s ion concerni n g  a repl acemen t  of  the two-chi p  system. Consequently, 

these resul ts are reported i n  prel imi nary form, real i z i ng that addi tional 

s tudi e s  are necessary to ful l y  expl ore the opti ons . 

a. As stated at  the outset, i t  i s  an ti ci pated that  wi th judi c ious change 
in dosimetry desi gn ( f il ter changes, for exampl e )  and careful cal i bra tion 
an d eval ua ti on, these dosimeter sys tems coul d respond competi ti vel y .  

b. A f i l m  dos ime ter was chosen due to ava i l ab i l i ty  and to establ i sh f ilm 
dos imeter response under these condi ti ons . 
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DOS I METRY SYSTEM CHOICE 

Prel imi nary Cho i ce - I NEL Dos imeter 

As prev ious l y  s tated, the I NEL dos imeter was p l aced in serv i ce as the 

pre l imi nary cho i ce on the bas i s  of bei ng the one w i th the poten t i a l  for the 

bes t techn i c al response to mi xed bet a-gamma f ie l ds .  Pub l i shed response 

character i s t ics  and the spec i f ic des i gn for the i n tended serv i ce l ed to the 

an ti c i pati on of super ior performance . I n  add i t i on ,  the dos imeter badge 

f abr i ca t i on i ncorporates boron into the mol d i ng p l as t i c  such that w i th 

successfu l  deve l opment i t  can be used as an al bedo personnel  neu tron 

dos imeter . Both TM I - 1  and -2 use the same per sonnel  dos imetry serv i ce ,  so  

neutron detect i on capab i lity i n  the same badge wou l d  be  a dec i ded 

adv antage . The badge des i gn a l so prov i des for emergency and cr i t ic a l i ty 

dOs i metry detectors and foi l s .  The th i rd des i gn character i st i c  that argued 

for the I NEL dos imeter was the attempt to m in imize  ang u l ar response . 

The major d i sadv an tage of the I NEL  sys tem i s  that the reader i s  not 

yet automa ted and hence current l y  req u i res more h and l i ng of the badge 

components  an d  c loser control of the readi ng process . An add i t i onal  

Harshaw hot g as reader h as been purch ased and a mod i f i ca t i on produced to 

prov ide semi automat i c  capab i l i ty on both readers .  A fu l l y  automati c system 

w i l l  not be av a i l ab le for some t ime ,  though a prototype sys tem i s  under 

de s i gn an d  cons truct i on at RESL w i t h  complet i on est i mated i n  CY- 1 98 1 .  

Another uncert a i n ty assoc i a ted w i th the I NEL Sys tem i s  the fact that 

i t  i s  a new l y  devel oped concept and has not been f i e l d  tested extens i ve l y .  

I n  fact , both x-ray an d  thermal  neutron overresponses are present l y  b e i ng 

i nves ti gated at the I NE L . However , extens i ve l aboratory ana l yses and 

ev a l ua tions were comp l eted dur i ng the pas t  summer at the I NEL , and as part 

of the project ver i fy i ng the system accuracy for TMI f i e l d  app l i cat i on . 

For these reason s , i t  w as dec i ded to p l ace the INEL Sys tem i n  serv ice 

as a prototype dos i meter , cal i brate and reestab l i sh the response 

character i s t ic s , and perform compar i sons w i th other poss i b le  dos imeter 

• 
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choi ces , comp l et i ng these eval u ati ons i n  3 to 4 months . It was fe l t  th at 

th i s  cour se of act i on wou l d prov i de the n eeded u pgrade w ith m i n i mum de l ay ,  

wh i l e  ver i fy i ng that the f i na l  cho i ce i s  the "best avai l ab l e" for this 
app l i cat i on. It w as est imated that a comp l ete work i ng system cou l d  be i n  
serv i ce w it h i n  s i x  months. 

The dos i meters un der  cons i derat i on for th i s  project are brie f l y  

des cr i b ed b e  l ow: 

The INEL Badge ( prev i ous l y  d i scussed) prototype system has been 

c a l i brated and w as operati ng at TMI as a resu lt  of three months  effort 

i>y the EG&G coordi nated team. 

The H arsh aw 2 -C h ip System was i n  serv i ce at the t i me  of the accident 

and remai ns i n  r outi ne serv i ce .  T ab l e  1 i n  the Introduct i on 

h i gh l i gh t s  the i nh erent  i naccurac i es of th i s  dos i meter w i thout 

modi f i cat i on for the i n ten ded TMI serv i ce . 

The Panason i c  Sys tem i s  in serv i ce as an envi ronmental  dos i meter , but 

h as not b een spec i f ic a l l y c a l i brated for h i gh- l eve l m i xed beta-gamma 

f ie l ds . Thou gh it i s  as sumed that the dos imeter cou ld  be modi fi ed and 

c a l i brated , resu l t i ng i n  i mproved response , the effort wou ld  requ i re 

con s i de r ab l e  effort . The dos i meter was s imp l y  compared as it exi sts 

today as a c ommerc i a l envi ronment a l  sys tem. 

The L an dauer F i l m Dos i meter was compared as an avai l ab l e  commerc i a l  

per sonn e l  dos imeter serv i ce current ly used at many fac i l i t i es .  It was 

compared as an examp l e  of a f i l m  dos i meter i nstead of TL D and as an 

examp l e  of a read i l y  avai l ab le system . 

Other Dos imeters: The Harshaw 4-ch i p  system became avai l ab l e  dur i ng 

the wee k th i s  report was b e i ng prepared. Though it i s  assumed that 
w i th carefu l cal i brat i on and eva l uat i on the dos imeter wou l d  respond 
compar ab l y ,  it was not ava i l ab l e  when necessary for the compar i son . 
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There are many other dosimeters in service at various nucl ear 

facilities. particul arl y at the DOE National Laboratories. which have 

been designed to record •penetrati ng'' and "nonpenetrati ng" doses. 

However. the designs of the dosimeters of which we are aware had been 

studied and did not offer significant advantage or uniqueness expected 

to provide improved response and were less "avail able," due to the 

specific design and construction for their unique appl ication. 

Calibration and Testing Results 

The cal ibration of the prototype INEL System at TMI invol ved a l arge 

nu�er of exposures to the newl y acquired and NBS -cal ibrated sources
8 at 

TMI (see the calibration ma trix in Appendix B). and was performed to 

establ ish the operating parameters and characteristics of the reader and to 

verify the response characteristics of the dosimeter. The dosimeter 

response characteristics are listed and discussed briefly bel ow: 

Energy Response - Tabl e 2 summarizes the energy response of the 

INEL dosimeter as detenained at the INEL to a wider range of sources 

(energies) than availabl e at TMI. The sources at the INEL and TMI are 

mounted differently and thus woul d be expected to produce different 
spectra. However, data gathered from exposures to Sr-Y and n sources 

verify the INEL response data very wel l .  (Table 2 can be compared with 

Tabl e 5 which appears near the end of this section.) The INEL badge 

measures penetrating or gamma exposure with a 1 0' accuracy in a variety of 

mixed beta-gamma fiel ds. The measurement accuracy for beta exposure in the 

same fiel ds is 10\ for high energy ( 1.0 Mev); 30i over response for 

0 .  7 Mev range; and � under response as the energy drops to 0.  2 Mev or the 

cut off energy . As wil l be discussed further in Appendix c. this response 

does not represent an ideal . but is superior to the response of other 

availabl e dosimeters. 

Dose and Sensitivity Response - Determination of the beta dose depends upon 

subtraction of the reading on the penetrating (pen) TLD from the 

nonpenetrating (nonpen) TLD. Therefore, detection of small nonpen 
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TABLE 2. ABSOLUTE RESPONSE OF THE PROPOSED INEL DOSIMETER 

(The i n d i cated errors are two st andard dev i at i ons of the mean . )  

E b Rat i o  of Observed to 
Isotope (�@�) Delivered Beta Dose 

Pm- 1 47 0 . 225 0. 29 + . 1 1  

Tc-99 0. 295 0 . 54 + .05 

T 1 -204 0.764 1 . 35 + . 05 

SrY-90 (Po i nt) 0.546/2 . 26 1.05 + .04 
SrY-90 0. 546/2 . 26 1 .29 + .04 

CeP r - 1 44 0 . 3 1 /2 . 98 0. 98 + .02 

a .  The de l i v er e� doses  were based u pon the cal ibrat i ons adjusted for the 
aver age dos e  de l 1 v er ed between 5 and 10 mg/cmZ . This procedure was 
neces sary bec a use the INEL dos imeter is des i gned to measure the dose 
betwee n 5 an d 1 0  mg/cml , not the surf ace dose . 

b .  Theoret i c a l  Max i mum Beta energies are reported here . As ind i cated in 
A�pen d i x A! the �verage energi e s  and actua l maximum energies are qu ite 
dlfferent 1 n  a g1ven s ou rce , depen d i ng on mounting technique . 

comp on ents in a l arge pen fiel d  becomes statistic al ly inaccurate . In 

add it i on , there i s  a def i n ite energy cut off , wh i ch is a funct i on of the 

absorber th i c kness  of the f i l ters and TLDs , mak i ng measurements be l ow 

0 . 2  Mev stati sti c a l l y  i naccurate . For these conditions (8/r ratios < 1  and 

max im um 8 energ i es i n  the 0 .2 Mev r ange ) ,  doses of a few hundred mrad 

shou l d  probab l y  be cons idered the l imit of sensitiv ity . However , as the 

data i n  Tab l e s  3 and 4 are exam i n ed ,  it can be seen that though the 

a cc u r acy of many of the jndividua l  readings are quest ionab l e ,  the averages 
are mean i n gf u l . Th i s  i s  statistic a l ly defens ib le ,  s ince individua l  doses 

wi l l  be overreported as we l l  as underreported or missed . It is advisab l e  

to make note for the leg a l  record fi les of the conditions or l im i ts of 

acc u r acy . but record "detected" doses. The most important factors to 

16 



TABLE 3 .  REACTOR CONTA I NMENT ENTRY DOSES 10/ 1 6/80 

Personnel 

2 

3 

4 

5 

Average 

s Di fference 

ORDa 

5 1 5  

4 1 0  

262 

367 

1 98  

350 

40S 

Bad�es 

Harsh aw 

non pen 
(mrad) 

0 .0 

0 .0 

0 .0 

0 .0 

1 5  

3 

98S 

pen 
1!!tl. 
490 

5 1 0  

320 

390 

2 10 

384 

54% 

Worn Ou ts ide of C l oth i n� 

INEL 

non pen pen 
(mrad) � 

1 64 308 

1 53 332 

59 2 18 

73 255 

1 8 1  1 39 

126 250 

Panason i c  

non pen 
(mrad) 

0 .0 

0 .0 

0 .0 

0 . 0  

0 .0 

0.0  

pen 
� 
490 

460 

300 

400 

200 

370 

50% 

a .  D i rect Readi n g  Dos i meter read i n gs ar� expected to read h i gh s i nce ( 1 )  
the c ase i s  on l y  approx imate l y  300 mg/c� th i ck , and ( 2) e l ectr i cal 
l eakage woul d c ause an upsc ale  readi n g .  

k eep i n  m i nd are that ( 1 )  i n d i v i dual nonpen doses of  several hundred mrad 
cou l d  be "mi ssed • or overreported under the leas t favorab le  condi t i ons , but 
(2) l ong- term i n d i v i dual dose averages wou l d  be more accurate . 

Angu l ar Response - F i gure 3 i l l us trates the effect i n  beta dos imetry when 

the baage i t s e l f sh i e l ds the dos imeters from the nonpen rad i at ion because 

tne source i s  at an an g le d i fferent from " s trai ght ahead" or 0° . The 

I NEL Badge des i gn p laces the dos imeters above the badge i n  a smal l 
nemi sphere of p l as t i c .  Th i s  des i gn mi n i mi zes the angu l ar response or 
• shadowi ng" by the badge , c ompared to "f l at "  badges w i th the dos imeter 
recessed su ch that the th i ckness of p l as t i c  and other mater i a l s  compri s ing  

the badge s tru cture i tse l f  offer greater sh ie l d i ng from the s i de th an from 
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TABLE 4. REACTOR CONTAI NMENT ENTRY DOSES 1 1 /1 3/80 

Badges Worn Outsi de Cl othi ng 

Harshaw 2-c hip I NEL Panasoni c 

nonpen pen nonpen pen nonpen 
Personnel DRDa (mrad ) (mR ) (mrad ) (mR ) ( mrad ) 

1 0 .0  390 1 86 328 
2 0 .0  1 90 81 5 1 76 0 
3 360 390 1 035 302 1 60 
4 0 . 0  330 53 308 0 
5 0. 0 220 35 209 0 
6 1 60 290 348 223 0 
7 0 . 0  360 4371 b 291 0 
8 55 2 70 309 233 1 30 
9 200 360 367 271 0 
1 0  60 320 242 287 1 20 
1 1  0. 0 21 0 44 1 99 0 

Ave rage 76 303 343 257 41 
% Di fference -78% -1 8% -88% 
f rom INEL 

Badges Worn Insi de C1 otM ng 

1 375 0. 0 330 37 295 0 
£ 1 95 0. 0 1 80 0. 0 1 73 0 
3 370 0 .0  330 560 327 0 
4 375 0. 0 320 1 8  302 0 
5 225 0. 0 220 78 1 99 0 
6 300 0 . 0  260 0. 0 275  0 
7 363 0. 0 320 1 77 307 0 
8 295 0. 0 240 300 21 9 0 
9 335 0. 0 320 307 268 0 
1 0  338 0. 0 300 1 24 269 0 
1 1  208 0 . 0  200 68 1 86  0 

Ave rage 307 0 .0  275 1 52 256 0 
'f, D i f fe rence 20% -1 00% 7% -1 00'1, 
from I NEL 

a . Di rect Readi ng Dosi meter readi ngs are expected to read hi gh si nce 
the case i s  only approximately 300 mg/cm2 thi c k ,  and ( 2 ) el ectri cal 
l eakage woul d cause an up sc a l e  readi ng. 

pen 
(mR ) 

1 80 
290 
290 
200 
260 
330 
220 
260 
270 
1 80 

248 
-4'1, 

250 
1 70 
280 
270 
1 70 
250 
290 
21 0 
260 
260 
200 

237 
-7'1, 

( 1 ) 

b .  Thh res u l t appea rs to be a n  oul i er and was not u sed i n  the averagi ng .  
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F i gure 3 .  Angu l ar response of dos ime ters . 
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the fron t .  Further confus ion can resul t from "mi ssi ng"  the pen f i  1 ter from 

the s ide .  The data in  Fi gure 3 indi ca te  tha t  a t  60
° 

the response of the 

INEL badge i s  only 30% l ower than at 0
° , compared wi th 80% reduction on a 

fl at  badge for Sr-90 source energies . Prel imi nary da ta taken at TMI w i th 

Tl -204 energies veri fy thi s  effect . Both the Harshaw and Panason ic  badges 

are fl at  badges wi th recessed TLD detectors .  Much more data are necessary 

to establ i sh comparabl e response curves for the dosimetes under 

cons i dera tion . 

Fadi ng an d Residua l Readi ngs - Long experience at the INEL and el sewhere
9 

has es tabl i shed the de s i reabi l i ty of a 1 6-hour 80
°C ,  preexposure anneal . 

The need for a preread anneal was eval ua ted as i ndi ca ted i n  Tab l e  5 :  

TABLE 5. DOS IMETRY COMPAR ISON 

Number Response Std (%�v .  Group of Chips Pro tocol a (mR )  

A 20 24 hr pos texposure wa i t  31 4 . 0  1 . 2 

B 20 1 hr pos texposure wa i t  31 3 . 6  1 . 1 
c 20 20 mi n 1 00°C preread anneal 31 3 . 7 2 . 7 

0 20 1 0  mi n 1 00°C preread anneal 31 2 . 8  1 . 6 
E 20 No exposure 1 0  mi n 1 00°C 8 . 7  1 . 7 

preread anneal (control ) 

a .  Al l badges recei ved a 1 6-hr preexposure anneal an d a nomi nal 300 mR 
exposure .  

The concl us ion was that wi th a 1 6- hr 80°C preexposure anneal the 

badges coul d be read out wi th excel l ent accuracy fol l owi ng as l i ttl e as a 

1 hr pos texposure wa i t  and no preread anneal i ng .  

Metal F i l ter Effects - The use of  heavy metal ( Pb ) fi l ters i n  badges to 
prov ide the requi red penetrati ng shiel d th kkness and to "fl a tten "  energy 
response of energy dependent detectors i s  techn i cal ly  i nadvi sable ,  due to 
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the fact that h i gh energy bet a parti c les produce bremss trah l ung rad i at i on 
( x -rtys ) when s l owed or stopped near atoms w i th l arge atomi c  numbers . Th i s  
i s  avoi ded i n  the l NE L  badge by the use of p l as t i c  f i l ters onl y .  However , 
i t  i s  es t ima ted that errors 1 ntroduced as a resu l t  of a metal f i l ter wou ld  
be  i n  the order of  a few percent and shou l d  not be  a major cons iderat i on i n  
the se lect ion o f  the badge . 

Dos imeter Compar i son 

As the I NEL dos imeter beta and g amma response was estab l i shed and 
ver i f ied , it became i mportant to es tab l i sh comparat i ve response 
character i s t i cs i n  other dos imeters th at cou l d  be cons i dered as v i ab l e  
opti ons on the bas i s  of conven ience or for other operat i onal reasons . A 

or ief compar i son was made w i th the av ai l ab le dos imeters l i s ted above . Each 
of the dos imeters was g i ven the same dose from the TMl sources , and the 
•observed •  dose c ompared . T ime and nonav a i l ab i l i ty prevented i nves t i ga t i on 
of  the pract i cab i l i ty of mod i fy i ng the P anason i c  and Harshaw badges to 
prov i de  improv ed or max imi z ed response . V al ues are those reported di rect l y  
from the systems as they ex i s t .  Wh i l e we have every conf i dence that w i th 
judi c i a l mod i f i c a t i ons of badge des i gn and care f u l  cal i brat i on and 
devel opment of response eval uat i on techn iques , both systems cou l d  be made 
to respond i n  a r ou gh l y  eq u i v a lent manner , th i s  remai ns to be done . 

The resu l ts of the cal i brated sou rce exposure compar i son are l i sted i n  
Tab l e 6 .  An ex ami na t i on o f  the data l eads to sever a l  spec i f i c  conc l us ions : 

o The I NE L  dos imeter responds as expected , w i t h  a sma l l ( 10% ) 

nonpen component i nd i ca ted at a 0 . 662 Mev gamma only exposure . 
Th i s  i s  a pred i cted response , wh i ch shou l d  be , but has not yet 
been , corrected i n  the a l gor i thms . Th i s . correct i on w i l l  be made 
before imp lementat i on of a rou t i ne f i e l d  sys tem . 

0 The I NEL badge responds pred i ctab l y ,  w i th ab i l i ty to accuratel y 
reso l ve pen and nonpen doses , show i ng approx imate ly  30% over
response to T l  energy betas ( 0 . 77 Mev max imum ) .  
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0 

The P anason i c  badge
a shows var i ab l e  pen response from 1 0  to 60% 

h i gh ,  and an eq ua l ly var i ab le nonpen response from 1 0% h igh to a 

factor of approxi mate l y  2 l ow .  Th i s  badge a l so showed a nonpen 

dose 1 1 5% h i gher th an the pen dose when no nonpen dose was 

recei ved . The reasons for the anoma l i es i n  th i s  badge are not 

comp l etely un ders tood at th i s  t i me . 

The Harsh aw 2-ch i p  badgeb reported val ues both h igh and l ow for 

reasons prev i ou s ly d i scussed . Th i s  compar i son prov i des further 

i n di cati on of i nadequate des ign . 

o The F i l m dos i meter respon ded more poor ly  th an expected . Though 

previous tes ts i nd i cated a more rel i ab l e  response , th i s  test was 

more r i gorous throu gh exposure of the tes t badges to 2 d i fferent 

i sotop i c  sou rces (Sr/Y-90 an d T l - 204 ) .  T i me  was not avai l ab l e  to 

repeat the exposures or ver i fy the reported response . Pen dose 

was var i ab l e  from 40% l ow to 20% h igh w i th the nonpen dose from 

1 0% to a factor of 2 l ow .  I n  add i t i on , one set of reported 

Sr/ Y- 90 resu l ts were so comp lete l y  d i fferent from the de l i vered 

dose th at sys tema t i c  error was obv i ous , and the data were not 

recorded or used . 

o The Harsh aw 4-ch i p  badge was not comp l eted i n  t i me  for the 

i n terc a l i br a t i on . 

The techn ical  response of the I NEL dos imeter i s  c l ear l y  super i or i n  

th i s  tes t . Th i s  i s  to be e xpected s i nce (a ) the INEL badge des ign was 

spec i f ical l y  created for the mi xed - f i e l d  prob l ems encountered at TMI 

represen ted i n  the test , { b )  cons i der ab l e  e ffort over a three-month per iod 

on the INE L  sys tem had i roned ou t most of the anoma l i es in the prototype 

a .  It i s  expected that th i s  dos imeter des ign can be i mproved . 

b .  Al though i naccurac i es of the 2-ch i p  sys tem were prev i ous ly  demonstrated 
and accepted , th i s  dos i meter was i nc l uded for compar i son purposes . 
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TABU 6 .  OOSIM£ T£R CII4PARI SON 

Dll lV(IlO T I SSUE DOSE l�ad )1 

0 . 662 
ts- 1 37 

l 14 

0 

45 . 6 

Bl 

40 . 9  

40.4  

0 

( 0 . 546 • 2 . 27
6 

r Et I .  71  
E1 0 . 646  

Sr/Y-90 

0 

61 7 

625 

1 1 5 1 

309 

0 

0 

Er 0 . 766
6 

Et 0 . 622 
(. 0 . 299 

tl -204 

0 

0 

0 

0 

2 7 7  

574 

574 

MUSURED T I S Sll: DOS£ (MIAD) 
( RAT IO Of HE A�URJ D T O  DEL I VERED DOS£, MRAO )  

I NH 
--c · - - - -- iJ P.n M:o"l!" 

1 71 1 6 . 4 
( l . O )  -

0 580 
1 1  . 0 )  1 0 . 9 )  

47 . 4  630 
( 1 . 0 )  ( 1 . 0 )  

q9 1 237 
( l . 2 )  ( 1 . 1 ) 

46 578 
( 1 . 1 ) ( 1 . 0 )  

48 695 
( 1 . 2 ) ( 1 . 2 )  

0 655 
( 1 . 0 ) 1 1 . 1 )  

Panuontc La ndauer ri 1• 
Pen �-"P.t'" Pen .!!!!!!!!! 
241 200 1 95 o . o  

1 1 . 4 )  - ( 1 . 1 ) ( 1 .0 )  

1 3 . 2  542 0 293 
- (0. 9 )  ( 1 . 0 )  (O. S )  

68 . 4  572 40 o.ot 
( l . 5 )  ( 0 . 9 )  10 . 9 )  

1 41 1 1 70 108 550 
( 1 . 7 )  1 1 .0 ) ( 1 . 3 )  to. 5 )  

65 471 40 233 
( 1 . 6 )  (0 . 8 )  ( 1 . 0 ) (0 . 4 ,  

57 408 50 448 
1 1  . 4 )  (0. 7 )  n . 2 1  10 .8 )  

1 . 1  3 20 0 363 
- (0. 5 )  ( 1 .0 )  (0. 6 )  

H�!"_shaw 2 c hipe 

,.,. NonJI!n 

1 70 0 
(0. 98 )  ( 1 . 0 )  

1 34 922 
- ( 1 . 5 )  

1 68 866 
( 3 . 7 )  ( 1 . 4 )  

)54 1 880 
( 4 . 4 )  ( 1 . 6 )  

1 20 S60 
( 2 . 9 )  ( 1 . 0 )  

51 238 
( 1 . 3 )  (0 . 4 ) 

0 260 
1 1 .0 ) ( 0 . 5 )  

• ·  wad • dose i n  t i s sue at depth i nd i c a ted . De l i vered Dose was cal cul ated usi ng extrapo l at i on chlllber •• su�nts 
in the se-e conf i guration u sed in badge i rrad i a t i ons and c onverted to t i s sue dose . As reported i n  Append i x  A ,  these 
val ues are 20-JOI h i gher than NBS ••sur.-ents . Di f ferences i n  c a l i brati on conf igurations and ti s sue . versus water 
dose c onftrston , account for part of the di sc repa ncy . Though there are unr"esol ftd di screpanc i es .  the conc l usi ons are 
not a l tered . 

b. ta1 1 bratfon of the Sources i n  the c onftguratton used dur i ng badge i rrad i atfon f ndicated cons iderable d i f ferences 
i n  theoretical  and actual energ t e s .  Er • Theoretical  t..x MeV ; E1 • ac tual or .. asured average energy in MtY ; 
E t • Measured Etua .  
c .  Pen • Penetrati ng at 1 c• depth 1 n  t i ssue . 

d .  Nonpen • Nonpene t rat t ng o r  at  a depth o f  0 . 007 c •  i n  t i ssue. 



system , and (c ) no effort was made to mod i fy the des i gn ,  cal i br at i on , or 

c al c u l at i on a l  procedures for the other dos imeters b e i ng compared . The 

val ue of the compar i son i s  i n  the demonstr at i on that bas i c  chan ges and 

deve lopment wou l d be necessary (even i f  poss i b l e) to br i ng any of the 

systems compared to an equ i va l ent l evel of techn i cal  accuracy . The 

exper i ence i n  deve lop i ng the INEL prototype system wou l d  shorten the t ime 

necessary to p l ace another system i n  operat i ona l  status at its i nherent 

des i gn l im its . 

Data i n  Tab l es 3 an d 4 were col l ected by p l ac i ng three di fferent 

dos imeters on each i n d i v i dual dur i ng actual  entr i es i nto the contam i nated 

TMI - 2  contai nment bui l di ng .  These resu l ts i nd i cate that the Pan ason i c  and 

Har sh aw 2 - ch i p  dos imeters cons i stent l y  record a l ower nonpenetrating  dose 

an d the Harsh aw 2-ch i p  records a h i gher penetrat i ng  dose . The d i fferences 

were greater on the 1 0/ 1 6/80 entry . The 1 1 / 1 3/80 entry d ata are 

i nstruct i ve when the fol l ow i ng fact s are noted : 

o The average readi ngs based on the act u a l  contai nment entry data on 

the I NEL badge i nd i c ate no ch an ge i n  the penetrat i ng component from 

i ns i de to outs i de of the protecti ve c l oth i n g .  The P anason i c  and 

Harsh aw badges show a 3% and 1 1 %  drop , respect i ve l y  i n  average 

penetrati ng component through the c l oth i n g ,  wh i ch i s  not 

techn i c a l l y  pred i cted s i n ce gamma rad i at i on wou l d  not be expected 

to be atten uated by c l oth i n g .  C l oth i ng wou l d  attenuate beta 

r ad i at i on ,  however , so these data suggest that beta rad i ation i s  

i nterferr i ng w ith the measurement o f  penetrati ng rad i at i on . 

o The Harshaw badge produced h i gher penetrat i ng doses i n  the ran ge of 

7 to 1 8% .  The P an ason i c  gave 4 to 7% l ower va l ues . The h i gher 

penet r at i ng resu l ts  were expected i n  the Harshaw badge, due to beta 

pen etrat i on to the pen ch i p .  

I t  i s  recogn i z ed that the compar i sons are not extens i ve ,  and the 

stat i s t i cs cou l d  be improved by further study . However , it appears c lear 

th at the envi ronmental  P anason i c  ( dos i meter tested) and the Harshaw 2-ch i p  
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badges (as presently constructed ) do not record the penetrati ng component 

o f  the absorbed dose w i th  a comparable degree o f  accuracy, and 

underesti mate the nonpenetrati ng component . Cons i stency also appears to be 

a problem i n  both of these dosimeter systems . 

Recent Fi ndi ngs at the INEL 

The I NEL dos i•ters have conti nued to undergo test i ng at the INEL, 

concurrent w i th the preparati on of this report , for i ncreased appli cati on 

at the INEL  and in response to the dra ft ANS I Nll. l l  st andard soon to be 

released . Very recent data, obtai ned dur i ng what was to have been the 

fi nal review of this report , i ndi cates that the current prototype of the 

I NE L  badge exh i bits an overresponse to x-rays i n  the region of 1 00  keY to 

1 5  keY (the lowest energy tested) . The observed overresponse was rel a tive 

to the deep dose equi valent values speci fi ed i n  the ANS I standard Nll . ll 

dra ft ,  •cri ter i a  for Testi ng Personnel Dosi metry Performance . "  The 

ov erresponse, whi ch amounts to about a factor of three at 1 5  keY and 

dilili ni shes to about 9� at 1 00  keY , i s  h i gher than expected on the bas i s  o f  

the small i ntri ns i c  overresponse o f  li F .  

Subsequent anal yses suggested that the badge ma ter i al ( ABS pl astic ) i s  

not suff i c i ently ti ssue equi val ent at  l ow photon energie s .  At those low 

energ i es the photoelectr i c  e ffect , whi ch i s  very sens i tive to atomi c  

number, i s  the predonri na te absorpti on mechan i sm. As a result ,  the badge 

becomes less absorb i ng th an ti ssue at those l ow  energ i es ,  leading to the 

observed overresponse. 

Wh i le these x-ray tests were bei ng carr ied out, the "old , 11 fl a t  INEL 
2-ch i p  ( L i F )  dos i meter current in use was also tested . T h i s  dosimeter has 

a 540 -s/c� alulri num fi lter on the front and back . of the penetrati ng 

chfp. The front h as approxi ma tely an add i t i onal 100 mg/cm2 of plasti c .  

The x-ray response o f  th i s  dos i meter was found to be essential ly perfe ct 

relati ve to deli vered deep dose val ues cal cul ated from the ANS I Nl3 . 1 1  

dra ft standard . T h i s  excellent x-ray response i s  fortui tous ,  si nce the 

•ol d •  INEL dos i meter was not even desi gned for x-rays . Apparently, the 

thickness of less than 1 000 mg/cm2 of alumi num and pl asti c ,  taken 
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together wi th the hi gher atomi c number of al umi num ( rel a ti ve to ti ssue ) ,  

combine to offset the i ntri nsi c overresponse of Li F ,  and produce a nearly 

perfect photon response down to 1 5  keV .  

Other recent data obtai ned at the INEL suggest that the new INEL 

dos imeter responds wel l to moderated fi ssion neutron spectra but 

overresponds to pure thermal neutrons .  

Other Cons iderati ons 

As summarized in Tabl e 7 there are other aspects whi ch woul d affect a 

choi ce of a dosimeter system an d are di scussed as fol l ows : 

o Neutron response i s  necessary for an opera ti ng reactor , th ough not 

needed at TMI-2 at present. It  woul d appear desirabl e to i ns tal l a 

system that coul d be used at  both Un i ts 1 and 2 .  The INEL badge i s  

boron l oaded and can be used a s  a neutron al bedo dosimeter . 

Neutron dos imetry wi th the other systems requires a separa te 

badge . Recent data obtai ned at the INEL i ndi cate an overexposure 

to a pure thermal neutron spectrum but good response to moderated 

fi ssion spectra ( typi cal of routi ne fiel ds at an operati ng reactor ) .  

o Space for emergency response foi l s  and dosimeters have been 

desi gned in the INEL dos imeter . The other badges are l ess wel l 

desi gned in  th i s  respect , though the Harshaw 4-chi p badge has space 

for a few smal l foi l s . 

o Avai l ab i l i ty i s  rough ly equi val ent for the new systems that must be 

i nstal l ed and cal i brated. A second Harshaw hot gas reader has been 

recei ved and modi fied to provide semi automati c process i ng .  These 

readers are illll1edia tely avai l ab le  in .. sem iautoma tic .. fonn wi th a 

ful l y  automated prototype expected wi th i n  1 2  month s .  The other 

TLD sys tems , though commercia l ly  avai l ab le  on a 90 day bas i s ,  woul d 

requi re extens i ve eval ua ti on ,  modi fi cation ,  and cal i bration .  
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TABLE 7 .  fURTHER ELMNTS Of DOSIMETRY COMPAit i SON COMS I O£RA T I OM 

u.,.. Avat l - Reader 4lt 
Dosi•ttr e Au�nst N Monf tOM!J Dos. abt 1 1� and E!!12· Dost•ters Autoaa tton Frait l t tz 

lllEL Stlte - o f - Albedo Yn M.nual : 125 ,000 to 44 ,0001 S..f auto Only TLO·ruftld 
the-art De s t gn·s- J 110 1 .  uo.ooo - • t  present -

badge Seat auto : '"·' c o s t  to More handl t 119 
6 110 1 .  GP U  dur1 nt  o f  TLOs and 

recovery bad,. 

44,000 Total 
�r�haw Very poor None - Znd No - Znd I n  service I n  �rvtce I n  sent ce S.f auto• TLD-........ 
z Chip badge needed badge needed re l ath ely 

convenient 

Panuoni c Currently Panuont c N No - Znd 4-6 IIOSo S 1 50,000 SlOO,OOOb Yes - ver-y TlD-rutfiCI 
vari able badge I V  ai l - badge needed convenient 
and/or abl e - Znd 
unpredt c t- badge needed 
abl e 

250 ,000 Total 

Landaur H t gh enerv No 1-dt ate NA NA NA Very Poor 
Appro� t .. tely SS/badge/ 
110nth or 1 00,000 to 
200, 000 per ye1r 

Karshaw Unknown, Not dest gned Yes 4-6 .,,,  $30,000 to Sl2 , 000C SN1 1uto only TLO-rugged 
4 Chtp coul d be $50, 000 but rel lth ely 

good convenient 
due to no 
card systeta 

60,000 to 80,000 Total 

a .  Cost t s  epp rox1 � tely SS for 4 TLDs per badge, pl us approxt .. tely S2 per badge , plus Sl for c rt tfcll t ty ( e��ergency ) 
fot h. 

b .  Cost t s SZS per badge . 

c: .  Cost 1 s  regul arly $1 7 per 4-<ht p bldge . H ushaw quoted 2-chtp badge exchange for a dt fference of SS per badge , pl us 
tpproxt .. tely SJ for new 4-c:htp badge. 



0 A cursory compar i son of cos ts i nd i cates th at the INEL system i s  the 

leas t expens ive ,  by a cons i derab le marg i n .  Th i s  major d i fference 

resu l ts from the fact that the INEL semi automated reader and 

eq u i pment have been purch ased and mod i f i ed by DOE and wou l d  be 

avai l ab l e  for the durat i on of the recovery operat i ons  on a l oan 

b as i s .  

o The major d i sadvan tage of fi l m  i s  the extreme frag i l i ty and 

sens i ti v i ty of the dos i meter to heat , h um i d i ty, pressure, fad i ng , 

mech an ical damage ,  etc . 

o Mos t personnel dos imeters , i nc l udi n g  the I NEL badge , requ i re 

careful  or ienta t i on dur i ng use. 

Impl i cati ons of Recent INEL Data 

The exce l lent photon response of the " ol d ,  . .  f l at I NEL dos imeter 

sugges ts an i nexpens i ve so l u t i on to the near-term TMI dos i metry prob l em .  

A n  excel lent photon-respon d i ng dos imeter shou l d  b e  obt a i nab l e  b y  s impl y  

fabr i c at i ng th i cker al umi num f i l ters for the Harshaw 2-ch i p  system 

presen t l y  i n  use at TMI . The th i cker f i l trat i on wou l d  be chosen to match 

that of the "o l d , "  f l at I NEL dos imeter . The add i t i on a l  f i l trat i on shou l d  

ensure exce l ·l en t  photon response down to 1 5  keY and exc l ude a lmost a 1 1  of 

the bet a r ad i ati on from the penetrati ng detector , thus el i mi nat i ng one of 

the major dr awbacks of the present 2-ch i p  Harsh aw system .  The modi f ied 

2 - ch i p  Harsh aw system wou l d ,  of course , have to be tested i n  photon/ bet a ,  

and m i xed f i el ds. The beta response of the Harsh aw 2-ch i p  system cou l d  be 

i mproved s l i gh t l y  by mak i ng the th i n  w i n dow th i nner , but the dos i meter 

wou l d  s t i l l  h ave a s trong bet a  energy dependence . 

The bet a response of the I NEL badge has been stud i ed at both TMI and 

the I NEL , and i t  appears to be super i or to anyth i ng e l se tested . The INEL 

dos i me ter cou l d  be used to su pp lement the proposed mod i fi ed Harshaw 2-ch i p  

sys tem for the re l at i vely few per sonnel i nvol ved i n  those app l i ca t i ons such 

as con tai nment reentry where h igh-qua l i ty beta dos i metry i s  requ i red. 
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Both the Harshaw 2-ch i p  and the I NEL dos imetry systems are i n  pl ace 

and coul d be opera ti ng at TMI as soon as INEL badges i n  su ffi cient supply 

a re obtai ned .  The Harshaw 2-ch i p  system shoul d be easy and i nexpens i ve to 

110d1 fy and test ,  and coul d be used on al l radiation \torkers . The smal l er 

nu.ber of personnel i nvol ved wi th reentry . or other s itua ti ons where hi gh 

beta/gamma ra tio fi el ds coul d be encoun tered , coul d be addi tional ly  badged 

wi th the manual l y  operated INEL badge (wi th badge handl i ng improvements ) to 

record the beta doses . 

Al ternati ves for Dos imetry at TM I  

Al terna ti ve 1 :  Combi nation of the Harsaw 2-chip and I NEL Dos imeters 

A modi fied Harshaw 2-ch i p  system wi th a th icker penetrati ng fi l ter 

combi ned wi th the INEL dos imeter woul d serve the i n terim duri ng whi ch a 

permanent system i s  des i gned , purchased , and i ns tal l ed .  Thi s  combinati on 

a ppears to be techn i ca l ly  sound  and rel a tively s impl e ,  and capable  of 

rapi d ,  l ow cos t i mpl ementati on that wi l l  prov i de  s i gn i fi cant and immedi a te  

upgra de .  Techni cal and admi n i stra ti ve procedures now used for the Harshaw 

2-ch i p  system coul d be reta i ned . The INEL system coul d be used to 

supp l ement the Harsh aw 2-chi p sys tem where hi gh-qual i ty beta dos imetry i s  

requi red and coul d  be operated senri automa ti cal l y ,  that i s ,  capper-uncapper 

and chi p  readi ng woul d be automa ti c wi th a l l  other opera tions manual . 

Al terna ti ve 2 : Acqui s ti on ,  Tes ti ng, and Impl ementation of a Ful ly  

Au tc.a  tic System 

A ful l y  au toma ti c system, such as the Panason ic  or Harsaw 4-ch i p  

sys tem i s  expected to be techn i c al l y  sound but woul d take l onger to test 

and i•pl emen t  than Al terna ti ve 1 .  It woul d requi re a hi gh i n i ti al capi tal 

outlay .  And though ul tima tely the acquhi tion of a ful ly automa ti c system 

f s  de s i rable , more woul d probabl y be gai ned by wa i ti ng .  Personnel 

dos i r.1e try 1 s  currently un der great techn i cal advancement. The ANS I Nl 3 . 1 1  

s tandard i s  cl ose to approval but not yet approved , and NRC impl ementation 
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gui des an d programs wi l l  fol l ow .  The two fu l l y  automat i c  systems avai l ab l e  

are both re l atively new .  It wou l d  thus seem prudent to accr ue more 

exper ience with these systems , espec i a l l y  i n  terms of performance re l at i ve 

to ANSI N l 3 .  1 1 ,  before mak i ng a dec i s i on .  

Alternati ve 3: Use of Dos i metry Servi ces 

Serv i ces ex i st that cou l d  poss i b l y  meet techn i c al req u i rements . They 

wou l d  have to be tested agai nst the spec i a l  mi xed- f i e l d  condit i ons found in  

the TMI cont ai nment , however . The serv i ce wou l d  req u i re l i tt l e if  any 

i n it i a l cap ital  out l ay but probab l y  a badge cou l d  not be devel oped i n  time 

for emp loyees engaged in reentry and recovery . 
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CONCLUSI ONS AND RECOMMENDAT I ONS  

E xper ience at  the l NEL . ca l i brat i ng and tes t i ng of  the  prototype 
sys te• at TMJ , and cursory techn i c a l  eva l uat i on of other av a i l ab l e systems 
in  serv ice  l ead to the f o l l ow i ng conc l us ions : 

o The l NE L  Dos imeter System response appears s i gn i f i can t l y more 
a ccurate for beta dos imetry when compared w i th other av a i l ab le 
dos i meter systems . Of the systems known or tested , the 
I NEL sys tem appears to be the best - des i gned badge . The 
devel opment of the I NE L  system i s  advanced but not yet comp lete , 
and recent l NEL data i nd i cate poss i b le prob l ems w i th x-ray and 
therma l neu tron response . 

o The Harshaw 2-ch ip  badge w i th 270 mg/cm2 penetrat i ng f i l ter has 
b een shown to h ave spec i f i c  l im i ta t ions , overes t imat i ng the 
penetrat i ng dose and unre l i ab l y  es t i mat i ng the nonpenetrat i ng 
dose . I t  cou l d  be s i gn i f i c an t ly improved , however , by increas i ng 
the penetrat i ng f i l ter to 540 mg/cm2 of a l umi num and 
90 mg/cm2 of  p l as t i c ,  and by reduc i ng the th i ckness of the 

nonpenetrat i ng f i l ter . 

o The mu l t i p l e  f i l ter TL O systems compared cou l d  probab l y  be 
mod i f i ed and c al i bra ted to produce res u l ts eq u i v a l ent to the lNEL 
sys tem . though not w i thou t  s i gn i f i cant  devel opment time and costs . 

o Costs  to GPU of  modi fying the present 2-ch i p  Harshaw dos imeter 
shou l d  be l ow .  

0 Cos ts  to GPU assoc i a ted w i t h  f i e l d i ng the. I NEL  system for a 

l im i ted number of workers appear s i gn i f i c an t l y  l ower th an for 

other av a i l ab le mu l ti p le f i l ter systems , and part i cu l ar l y  low for 

the recommended usage . 

• 
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o Angul ar response of the I NEL system appears super i or to the other 

dos imeters .  

o The INEL system wi l l  not be immed i ate l y  avai l ab l e  as a fu l l y

automati c  system, hence some i ncreased h and l i ng of the badges 

wi l l  be necess ary . 

o The bet a  response of the f i l m  servi ce on th i s  test was not 

sat i sfactory . Th i s ,  together w i th the i nherent frag i l i ty o f  

f i l m ,  wou l d  not argue for its cho i ce as the reentry dos i meter . 

o A comp l etely  operat i onal  INEL sys tem for beta dos imetry c an 

probabl y  be obtai ned and p l aced i n  servi ce wi th i n  three months . 

o Further research i nto beta dos imetry pr i nc i p l es i s  necessary to 

reduce the current l i mi t ati ons of beta· dos i me ters . 

o Use of the INEL and mod i f i ed 2-ch i p  sys tem , or other equal l y 

accurate systems , w i l l  prevent overreporti ng of penetrat i ng dose , 

a l l ow more produ ctive t ime i n  the f i e l d ,  and y i e l d  over a l l ALARA 

i mprovement . 

Based on the con c l us i ons summari zed above , the fo l l ow i ng 

recommendat i ons are made : 

o The standard Harshaw 2-ch i p  badge shou l d  be removed from re-entry 

serv i ce at the ear l i est poss i b l e  t i me .  Spec i f i c documentat i on 

shou l d  be formul ated to record the fact that prev i ous l y  reported 

penetrati ng doses to personnel  at 1 em t i ssue depth i s  h i gher 

than the actual  dose . 

o The Harsh aw 2-ch i p  badge shou l d  be mod i f i ed by i ncreas i ng the 

penetrati ng f i l ter to 650 mg/cm2 and reduc i ng the 



nonpenetrat i ng wi ndow as much as pract i cab l e . I t  shou l d  then be 
c al i brated for photons and betas and used to rep l ace the s t andard 
Harshaw 2-ch i p  badge . 

o Adequate photon dos imet ry can be performed on al l rou t i ne l y  
mon i tored per sonn e l  w i th a mod i f i ed Har sh aw 2 - ch i p  dos imeter , and 
reentry/recovery personne l can be add i t ional l y  badged w i t h  the 
I NEL dos imeter to prov i de s tate-of-the-art  beta dos imetry . The 
presen t I NEL prototype system shou l d  be used on an i nter i m  bas i s  
to record nonpenetra t i ng re-en try/recovery personnel dose , wh i l e 
sem i au toma ti c  equi pmen t  i s  bei ng recei ved , eval uated , i ns tal l ed ,  
and c a l i brated . 

o Badges , TL Os , an au tomat i c  decapper and other equ i pment and 
trai n i ng shou l d  be obt a i ned as soon as poss i b l e for i ns t i tu t i ng 
the i n ter im I NE L  f ie l d  system . 

o Ca l i brat i on of the new dos ime ter sys tem and trai n i ng i n  i ts use 
and f ie l d  survey techn i ques shou l d  be comp leted at TMI as soon as 
poss i b le .  

o I f  operat i on a l  conven ience resu l t i ng from a f u l l y  automated 
sys tem or other s imi l ar cr i ter i a  d i ctate the choi ce of another 
system , that system shou l d  be carefu l l y eva l uated and mod i f ied as 
needed pr ior to purch ase and then caref u l ly i nstal l ed and 
cal i br ated . 

o Development of personne l  dos imetry i s  curren t l y  mov i ng rap i d l y  
an d  w i l l  un doubted l y  be add i t i ona l l y affected when the draft ANS I 
N 1 3 . 1 1  s t an dard i s  approved and re l a ted NRC gui des are i ssued . 
The av a i l ab le fu l l y au tomat i c  sys tems are r l ea t i ve new , and i t  i s  
therefore prudent  to defer a dec i s ion on acqu i s i t i on of an 
e xpens i ve ,  f u l ly au tomated sys tem unt i l after approv al of ANS I  
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Nl 3 .  1 1  . and after more exper i ence with  the ava i l ab l e ,  fu l l y 

automatic systems h as accrued . However , the cr i t i cal  assu .................... 
wh i ch i s  the key to a successfu l dos imeter program ,  i s  the 

adeq uate des ign of the dos i meter and badge . 
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APPENDI X A 

SOURCE CHARAC TER I ZAT ION 

The  cons truct i on of bet a ca l i brat i on sources w i th i n  the nuc lear 
. indus try h as b een very l im i ted .  cons i s t i ng pr imar i l y of Sr/Y-90 sources . 

The techn i ques of cons truct i on .  as we l l  as the source i sotope cho i ce ,  can 

have a mark ed effect on the spectra and dose rate from the source;  e . g . ,  
sou rces moun ted by el ectrop l ati ng wou l d  be d i fferen t when compared to 
sources i ncorporated i n to a res i n  matr i x .  Even var i at ions vs . d i s t ance 

from the source mu s t  be carefu l l y eval uated because of s i gn i f i cant a i r  
absorpt ion . 

What few sou rces have been avai l ab l e  have been i nadequate l y  cal i brated 
or unders tood .  For ex �p l e .  i t  i s  common to quote the response of a 
detector to the theoret i cal end poi nt or max imum energy of the beta 
conti nuum . Even a c asual  f am i l iar i ty w i th the prob l em  woul d  make i t  c l ear 
tnat few i f  any of the betas i nteract i ng wi th the detector wou l d  be of th i s  

ener gy ,  mos t o f  the response comi ng from betas cons i derab ly  l ower i n  energy.  

Th i s  study used a spec i a l l y  devel oped NE 1 02 p l ast i c  sc i nt i l l at i on 
�pectrameter and an extrap o l a t i on ch amber . These i nstruments were used to 
de f i ne the source spectra an d dose rate at var i ous d i s tances and absorber 
th i cknesses . They were used to character i ze the beta sources used i n  the 
personn e l  dos imetry cal i brat i ons for dose rate and spectral qual i t i es under 
the same test conf i gura t i ons and con d i t ions that were used dur i ng the badge 
i rr ad i at i ons . I n  add i t ion , a ser ies of character i zati on measurements were 
aade as a f un c t i on of absorber th i ckness , s i nce a know l edge of absorber 
effect s a l l ows the i n terpret at i on of dos imeter response resu l t i ng from 
absorp t i on i n ter nal to the dos imeter and an unders tan d i ng of spectr a l  
chan ges f r om  absorpti on externa l t o  the dos imeter . 

The beta sources u t i l i z ed i n  th i s  project were fabr i cated by Amer sham 
an d  are br ie f l y  descr i bed as fol l ows : 
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o Pm- 1 47 as a carbonate , i ncorporated i n  a ro l l ed s i l ver foi l face, 

3-mi cron th i ck , w i th a 2-mi cron p a l ad i um coat i ng ,  for a tota l  

cover i n g  of 5 .6 mg/cm
2 . 

o T l -204 as thal l ous chromate i ncorporated i n  a ro l l ed s i l ver foi l 

face 20 mi cron th i ck or 20 mg/cm
2

• 

o Sr/Y-90 point  source , i ncorporated i n  a 1 -mm d i ameter g l ass bead 

an d sea l ed in a we l ded stai n l ess stee l capsu l e . The w i ndow 

t h i ckness i s  50 mi crons or 40 mg/cm
2

• 

The resul ts of the spectral  measurements documen ted i n  Tab l es A- 1 and 

A-2 an d F i gures A- 1 through A-6 can be exp l a i ned and pred i cted from 

phys i.c al theory but w i  1 1  un doubted l y  be i nforma t i ve and shou l d  be a 

s i gn i f i c an t  a i d  i n  i n terpret i ng ,  pred i ct i ng ,  and contro l l i ng f ie l d  dose 

response . The dose rate curves were cons i s tent w i th those reported by NBS , 

though somewh at h i gher i n  level . The dose rate curves under the 

conf i gurat ion tes ted d i d  not sh ow a s imp l e  exponen t i al attenuat i on ,  wh ich  

i nd i c ates the need to  reeval uate the standard cal cu l at i on a l  a l gor i thms in  

use w i th the INEL dos imeter . 

A V i ctoreen ext r apo l at i on chamber was used for the dose  rate 

measurement s  w i th a V i ctoreen-500 e lectrometer . Dose rates were c a l cual ted 

us i ng the formu l a  

R r ad _ W x s 760 273 + T E dl -s- - A X Pa m p ax 
where 

E = w-6 

w = 33 . 73 average energy for i on pai r product ion  i n  
s = 1 . 1 3 for ·convers i on of a i r  dose to t i ssue dose 
A = 1 3 . 2 cm2 , area of the co l l ect i ng e l ect rode 
T = temp i n  °C 
p = pressure i n  mm Hg 

40 

a i r  



• 

X • 

Pa • 

the chamber current i n  pA 
the e lectrode separa t i on i n  mrn 

dens i ty of a i r  at STP . 

As prev i ousl y  i n dicated , dose was determi ned at the d i s t ances and 

. conf i gurati ons used for dos imeter tes t i ng and cal i brat i on .  Add i t iona l dose 
rates were determi ned us i ng absorbers of my l ar ,  each absorber hav i ng a 
th ickness of 14  mg/cm2 • The resu l ts are shown in  Tab l e  A- 1 and are 20 to 

lOS h i gher th an those repor ted by NBS . 

Spec t r a  were tak en us i ng a p l as t i c  sc i nt i l l ator ( NE 102 )  1 em th i ck 
w i th a 1 . 9 om d i ameter , at var ious d i s t ances and w i th var i ous absorber 
th i cknesses . Agai n ,  the d i stances used corresponded to those used for 
dos imeter c al i brat ion and tes t i ng .  The resu l ts demonstrate that 
s i gn i f i c an t  chan ges i n  the end poi nt and average energies of the spectra 
occur w i th absorber th i ckness . The present spectra of the sources 
( Tab le A- 1 and F i gures A- 1 to A-3 )  show the effects of absorpt i on by the 
packag i ng mater i al s  of the sources and ai r .  

A surpr i s i n g  f i nd i ng of the character izat i on work w i t h  the Pm- 147  
source was the  unusu a l l y  h i gh leve ls  of  Pm- 1 46 contami nat ion . The 
manu facturer ' s  reported contami nat i on leve l i s  2 . 6 1  C i  Pm- 146 per C i  of 
Pm- 147  or 2 . 6  x 1 0-4% ( corrected for decay ) . The spectra in F i gure A-3 
show Pm- 1 46  at approx imate l y  l S  of the Pm- 1 47 by act i v i ty and approx imate l y  
) %  b y  energy . The apparen t d i screpancy in  the manufacturer ' s  ana lys i s  of 
the source matr i x  and the observed rad iat i on from the source may be 
exp l a i ned by d i fferen t i a l  absorpt i on of the d i fferent energ ies by a l arge 
aaount of absorber resu l t i ng from the cons truct ion mater i al s  and techn i q ue 
of  moun t i ng .  However , cal cu l at i ons based on the absorber reported by the 
manufacturer and the absorber cal c u lated from end-poi nt energy loss 
( 2 1 - �2 mg/� for detector , ai r and packag ing )  i nd i cate that on l y  7% of 

the Pm- 1 4 7  beta par t ic le h ave su ff i c ient energy to reach the detector . 
Th i s  amount of absorber i s  i nsuff i c ient to accoun t for the observed 
acti v i ty, wh i ch l eads to the conc l us ion that e i ther Pm- 1 46 contami nat ion i s 
greater than reported or that a l l the absorpt i on or other mechan i sms of 
loss have not b een accoun ted for . 

• 
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. 
TABLE A-1 . DOSE RATE AND SPECTRA I NFORMATION WITH ABSORBER 

Sr/Y-90 at 22 . 3  em 2nCi poi nt source 

D 

Absorber Eo E rad/s 

mg/cm2 KeY KeY INEL NBS 

0 1 709 646 8 . 2  x 1 o-4 6 . 4  x 1 0-4 
1 4  7 . 8  X 1 0-4 
£8 1 700 628 7 . 4  X 1 0-4 
70 1 644 61 2 6 . 9  x 1 o-4 

1 40 1 644 638 5 . 6  x 1 o-4 
280 1 467 577 3 . 6  X 1 0-4 
420 1 300 438 
700 91 0 31 0 
980 41 8 1 65 

Tl 204 at 20 em 1 /2 source 

0 622 249 4 . 4  X 1 0-2 3 . 6  x 1 o-2 
1 4  585 254 
4£ 538 259 
84 483 1 97 

1 26 399 1 66 
1 8£ 306 1 1 5  

T1 204 at 1 0  em 1 /2 source 

0 725 275 4 . 4  x 1 o-2 3 . 6  x 1 o-2 
1 4  678 2� 3 . 8  X 1 0-2 
28 632 242 3 . 4  x 1 o-2 
70 530 220 2 . 1 x 1 o-2 
84 1 .  2 x 1 o-2 
98 453 1 72 

1 40 390 1 55 
1 82 305 1 25 

Pm 1 47 1 0  em 

0 8 . 6  x 1 0-3 
1 4  1 . 1  x 1 o-4 
£8 3 . 1 1 X 1 Q-5 
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Absorber effects are further indic ated by F i gures A-4 to A-6 .  The 
graphs show that end poi nt and average energ ies decrease a lmos t l i n ear ly  
w i th absorber th ickness . as  does dose rate for sma l l absorber th i cknesses . 
End poi n t  energ ies decrease more rap id l y  th an average energ ies . The 
greatest  decrease , i n i t i a l l y ,  1 s  i n  the dose rate . However . at l arge 
absorber th i cknesses , dose rate h as the l eas t rate of decrease . The 
presen t data are not good beyond those p l otted , so sus pected non l i near i t i es 
for end po i n t  and average energ i es n ear the max imum r ange of the beta 
parti c les cannot be demonstrated . An extens i on of the p lots  does not go to 
z ero at the max imum r ange of the beta par t i c les . 

A non l i near decrease of end-po i n t  and average energies w i th absorber 
th i ckness i s  expected near the max imum r ange of the betas . s i nce a l l betas 
are then of low energy . At lower energ ies , the loss w i th th i ckness shou l d  
i ncrease more rap id l y  w i th decreas i ng energy . However , the average 
energ ies and end-po i n t  energ ies  are not decreas i ng toward a common zero 
poi nt . The end poi nt energ i es , the average energy ,  and the dose shou l d  
f ina l l y  go to zero a t  the same absorber t h i ckness . Th i s  reg ion has not 
been su ff i c ien t l y  i nves t i gated to date . 

The effect of  a l i near or near ly  l i near decrease of dose rate w i th 
absorber at  sma l l  absorber th i cknesses i s  that the TLOs shou l d  show a 
l i near response over a short r an ge , i . e . ,  mu ch less  th an the maximum 
r ange . Th i s  i s  cons i s ten t w i th an exponen t i al mode l , s i nce the i n i t i a l  
port ion of an exponen t i a l  attenu a t i on can be we l l  approx i mated by a 
s tr ai ght l i ne . Tab le  A-2 sh ows exponen t i al absorpt i on coeff ic ients 
cal cu l a ted from absorp t i on data. The va l ues are cons i stent w i th expected 
exponen t i a l a t tenua t i on coeff ic ients for beta par t i c l es .  
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TABLE A-2 .  EFFECTiVE MASS ATTENUAT I ON COEFF IC I ENT cm2/ gm UN I TSa 

T l  204 at 20 em K = 1 . 9 X l o-2  

Sr-Y-90 at 22 . 3  em K = 3 . 2 X l o-3 

Sr-Y-90 � d  T l  204 K = 5 . 4 X lo-3 

a .  Val ues were ca l cu l ated us i ng I NEL Personne l  Dos i meter Dat a .  

Note that w ith  the mi xed beta sources , the ran ge i nves t i gated 

( 45-300 mg/cm2 ) i s  bel ow that of the weakest energy . I f  the range were 

greater th an one of the bet as , or a s i ng l e beta emi tter was i n  an e x tended 

source ( i . e .  a varyi ng  amount of absorber across the source ) ,  then a 

non l i near response wou l d  be expected for part of the r ange . A proper l y  

respondi ng dos imeter wou l d  need absorbers o f  v aryi n g  th i cknesses ( at l east 

three ) i n  order to demonstrate and to enab l e  c a l c u l a t i on o f  any non l i n ear 

decrease wi th depth . Present measurements i nd i cate th at nei ther a l i near 

nor an exponen t i al mode l is proper for a s i ng le nonexten ded beta sou rce , 

but an exponenti a l  mode l may be the best approx i mat i on for mi xed extended 

sources , as are encoun tered in  a work i ng env i ronment . Th i s  n eeds to be 

further i nvesti gated . 
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APPENDIX 8 

CAL I BRAT I ON AND OPERAT I NG PROCE DURE S 

The cal i br at i on of the I NE L  dos imetry system cons i sted of two separate 

but re l a ted effort s . The f i rs t  t ask cons i s ted of opt im i z i ng the 

i ns trumentat i on parameters that are assoc i a ted w i th the dos imetry sys tem . 

The second t ask was a performance ev a l ua t ion of the dos imetry sys tem us i ng 

we l l -de f i ned an d  cal i br ated bet a an d gamma sources . 

The procedures used i n  opt im i z i ng the rea der i ns trument parame ter s 

.ere based upon the exper ience gai ned after several  years of deve l opment 

and oper a t ional  work w i th th i s  dos imetry sys tem at the I NEL . 

A hot gas reader , Harshaw Mode l  2000 0 ,  i s  used to convert the 

thermo l um i nescence of the TL O ch i p  to an e lectr i c a l  curren t by means of a 

photomu l ti p l i er tube . Prehea ted n i trogen gas of very h i gh pur i ty ( less  

than 2 ppm oxygen and l e ss than 1 ppm wate r )  at 345°C and at a f l ow rate 

of 60-65 cm3/ s  was used in the reader  to heat the TLO ch i ps .  These 

v a l ues were s e lected as b e 1 ng opt imum , based upon the exper ience w i th th i s  

reade r at the I NEL . The photomu l t i p l i er tube was ma i ntai ned at a cons t an t  
1 2°C by us i n g  the wa ter from a NE SLAB Mode l RTE -4 refr i gerated c i rcu

l a t i n g  bath . The photomul t i p l i er tube opera t i ng vol tage was chosen to 

maximi ze  the s i gnal - to-no i se r at i o . Th i s  rat i o  was determi ned by us i ng the 

reference l i gn t  of the r eader as a const an t  and reproduc i b l e  s i gna l  source 

and the dark current from the photomu l t i p l i er tube as a measurement of the 

noi se . Data were c omp i l ed at f i f ty-vol t i ncremen ts from 500 vo l t s  to 

1 350 vol t s . The max i mum s i gna l - to-no i se rat io of 9 . 9  was found at 

l l uu  vol ts1 ( the data are shown in F i gure B- 1 ) .  At vol tages grea ter than 

th i s  v a l ue ,  the dark curren t i ncreases rap i d ly and the d i spers i on of both 

a .  Prob ab l y, 1 1 00 v is too h i gh ,  b ased on reduced tube l � fe and the r i sk 
of •overdr i v i ng •  the sys tem i n  the unexpected c ase of a h 1 gh exposur� . 
M i n imua decrease i n  s i gna l - to-no i se rat io  at 600- 700 v wou l d  make th 1 s 
lower vol tage the vol tage of cho ice . 
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the reference s i gna l and the dark curren t i ncrease . An integrat i ng 

p i coammeter , Har sh aw Mode l 20008,  was used to mea�ure the curren t from the 

photomu l ti p l i er tube of the hot gas reader . The readou t per iod dur i n g  

wh i ch the curren t i s  i n tegra ted was chosen as 10 .0 seconds . Th i s  t ime 

per iod was chosen after an eva l uat ion of g l ow curves revea l ed that a 

ten-second i n tegra t i ng per i od wou l d  i nc l ude the en t i re thermo l umi nescence 

peak . 

Sys tem l i near i ty wa� exami ned to ensure that the nanocou l omb response 

w as  a l 1 n ear f unct i on of TLD ch i p  exposure . As shown i n  F i gure 8-2 , th i s  

i s  the c ase i n  the r an ge tes ted . 

Once the equ i pment parameters were opt i mi zed ,  the TLD ch i p  response to 

sever a l  expos i n g ,  annea l i n g ,  and read i ng protocols  were exami ned . Th i s  

res ponse check was necess ary because the accepted protocol i n  use a t  the 

I NEL i nv o l ves a 24-hour de l ay between exposure and read i n g ,  fo l l owed by a 

16-hour pos t-readout annea l at 85
°C .  Si nce th i s  pro longed de l ay between 

exposure and r eadout wou l d  not be acceptab le for the recovery operat i ons 

tak i ng p l ace at Three Mi l e  I s l and  Un i t  2 ,  a ser ies of tests were done to 

see i f  the pre-r eadout de l ay procedure cou l d  be al tered by us i ng a sma l ler 

pos t- exposure oe l ay comb i ned wi th a pre-readou t annea l . The exper imental 

procedures are descr i b ed as f o l l ows :  

1 .  Cyc l i ng of 1 00  TL 0-700 ch i ps through the accepted I NEL exposure , 

de l ay ,  readou t ,  anneal  protocol  f i ve t imes . 

2 .  Di v i d i ng these TL D  ch i ps i nto f i ve groups of twenty ch i ps such 

that  each group  h ad approx imately eq ual  mean response to 300 mR 

Cs- 1 37 an d  equa l stan dard dev i at i ons . Each ch i p  was indi v i dua l l y  

i den ti f i ed an d  f o l l owed throughout th i s  en t i re i nves t i ga t i on .  

3 .  Fo l l ow i ng the protocol sched u l ed i n  Tab l e  8- 1 :  
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TABLE B- 1 .  PROTOCOL FOR EXPERIMENTAL ANNEAL 

TL D  Ch i p  
Group Numbers 

A 1-20 
B l.. l -40 
c 4 1 -60 
D 6 1 -80 
E 8 1 - 100 

Pre-Exposure Annea l 

85°C for 1 6  hours 
85°C for 1 6  hours 
asoc for 16 hou rs 
HSOC for 1 6  hours 
asoc for 16 hou rs 

Exposure 

300 mR 1 37cs 
300 mR 1 37c s  
300 mR 1 37 cs 
300 Mr l 37c s  
None 

Pre-Readou t Annea l 

none-24 hour de l ay 
none- 1 hour de l ay 
20 mi n at 1 0ooc 
10 mi n at 1 0ooc 
10 mi n at 1 0ooc 

Tne resu l ts are shown i n  T ab l e  B-2 and d i s p l ayed i n  F i gures B-3 through B-6 : 

TABLE B-2 . RESU LTS OF E XPER I MENTAl ANNEAL 

I n i t i al Nllllber of F i na l  Mean F i nal  % Range of 
Group % S. D .  Measurements Read i ng of Group S. D .  % S . D .  

A 1 . 10 60 3 1 4 .0  1 . 08 1 . 05- 1 . 1 1  
8 1 . 1 1  60 3 1 3 . 6 1 . 09 0 .  99- 1 . 1 1  
c 1 . 1 2  60 3 1 3 . 7  2 . 46 2 . 18-2 . 74 
D 1 . 1 1  60 3 1 2 .8 1 . 44 1 . 25- 1 . 63 
E 1 . 1 5 40 8 . 7  1 . 66 1 . 64- 1 . 68 

From these resu l ts ,  i t  was de c i ded that w i t h  the oven avai l ab l e  and other 

cond i t ions , a pre-readout anneal  i ncreases the s t andard dev i a t i on i n  an 

unacceptab l e  manner , even though the mean readi ngs d i d  not vary 

s i gn i f i c an t l y .  Further study was made to i nves t i gate more fu l ly the effect 

of de l ayi ng the t i me  between exposure and readout .  These resu l ts are shown 

i n  Tab le  B-3 : 

TABLE 8-3 .  RESULTS OF EXPERIMENTAL ANNEAL AFTER DELAY BETWEEN EXPOSURE 

AND READOUT 

Percent 
De l ay Per i od Between Cs- 1 37 N!MIIber of Standard 

E�osure an d  Readout Exposure Meas u rements mR Dev i at i on 

35 mi nu tes 200 � 20 230 4 . 03 

1 hou r  200 mR 20 206 1 . 38 

3 h our 200 � 20 205 1 . 53 

5 hours 200 mR 20 22 1 1 .  39 

1 0  h ours 200 � 20 224 1 . 39 

• 
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These data support the protocol of us i ng an hour de l ay between exposure and 

readout . Th i s  essen t i a l l y  comp l eted the work n eeded to c a l i brate and 

opt i mi ze the i ns trument  parameters associ ated w i th  the I NEL  dos i metry 

sys tem . The work was comp l eted w i th i n  a month bec ause i t  was b as ed upon  

the  exper ience gai ned at the I NEL over the l as t  sever a l  years . 

After the sys tem was c a l i brated , i ts performance was ev a l uated by 

expos i ng the dos imeters to we l l -de f i ned and character i z ed sources . The 

g amma source used was 100 mC i of Cs- 1 37 enc l osed w i th i n  a l ead i rrad i ator 

that i n c l u de s a manua l l y operated shutter . The beam emi t t i ng from the 

i rr ad i ater i s  essenti a l ly a 45
° cone . The exposure rate is approx 1 ma te l y  

1 00 mR/h a t  54 . 7  em . The exact e xposures were measured us i ng a V i ctoreen 

Condenser R-meter , Mode l 1 30 ,  chamber #345 . The meter was read on a 

V i ctoreen Mode l 570 e lectrometer . The I NEL dos imeters to be e xpos ed were  

att ached to  the  fron t of a th i n  p l as t i c  sheet i n  such  a way th at the 

geometr ies cou l d  be repeated w i th each exposure . A few e xposures were made 

at an exposure rate of 200 mR/h at a source-to-dos i meter d i s t an ce of 

38 . 7  em . A l l  exposures were corrected for temperature , pressure , probe 

correct ion  factor , and e l ectrometer correct i on factors . These correct i on 

factors were supp l i ed from an N BS c a l i br a t i on . 

The bet a exposures were made i n  a p l ex i g l ass  conta i ner that ma i ntai ned 

repeatab l e  geometr i es at sever al source-to-dos imeter d i s t ances . The 

exposure t i mes used in these exper iments  were based upon dos e  rates 

su pp l i ed by N BS at the appropr i ate source- to-dos i me ter d i s t ances . The 

actua l dose rate used in the compar i son was measured in the apparatus us i n g  

a V i ctoreen extrapo l a t i on ch amber w i th a V i ctoreen 500 e l e ctrome ter . Refer 

to Appendi x A for the deta i l s  of source ca l i brat ion . The measured dose 

rates for T l -204 at 20 .0  em was 1 9 . 7  mRad/s at 7 . 0 mg/cm . The dose rate 

measured for the Sr/Y-90 poi n t  source at 22 . 3  em was 0 . 79 mRad/s at 

7 .0 mg/cm . The T l -204. source cons i s ted of two rect an g u l ar met al  sources , 

one w i t h  an overh an g i ng l i p  so that the two sources over l ap when moun ted 

next to each other . The un i form i ty of the rad i a t i on f i e l d was measured a t  

a sou rce-to-TLD  di stan ce of  20 . 0  em , us i ng 1 00 TL D ch i ps beh i n d  a th i n  

l uc i te ho l der . The l OU TL D ch i ps were d i s tr i bu ted over an area of 
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8U . O cm2 . The response of these TL O ch i ps are matched to a standard 

dev iat ion of less th an � .01 on exposure to 300 mR Cs- 1 37 . The nanocou l omb 

read i ngs of the TLO ch i ps on exposure to the T l -204 showed a var i at i on of 

480 percen t . There i s  a S21 d i fference between the dose rate at the center 

of the f ie l d  and the dose rate 4 .0 em from the center but on the same 

hor i zon t al p l ane .  For th i s  reason , the T l -204 e xposures were done one 

dos i meter at a t i me  w i th the dos imeter p l aced at the same p l ace i n  the 

hol der for each exposure . The Sr/ Y-90 source was essen t i a l ly  a poi nt 

source an d  these rad i a t i on f i e l d  var i at i on con s i derat i ons were assumed to 

be unnecessary . The e xposure schedu le  used to estab l i sh the dos imeter 

perfonmance i s  shown i n  F i gure B-7  be l ow .  Because of the probab i l i ty of 

h i gh energy beta doses and h i gh beta/gamma dose rat i os dur i ng the TMI 

recovery operat i ons , the schedu l e  i nc ludes beta/gamma rat i os of 10/ l and 

3/ 1 .  The mi xed rad i a t i on f i e l ds used i n  th i s  schedu le w i l l  a l so g i ve beta 

energy spectra representat i ve of the potenti a l  energ ies  encountered dur i ng 

TMI Un i t  2 recovery . 

3:1 
beta 

10: 1  pure 
beta beta 

gamma gamma 

200 mrad beta exposure 

500 mrad beta exposure 

1 ,000 mrad beta exposure 

T1 -204. SriY-90, Cs-1 37 

SrfY -90 , Cs-137 

T 1 ·204, Cs- 1 37 

T1 -204, SrfY ·90 

INEL-A- 1 7  1 1 3 

f i gure B- 7 - E xposure matr i x  for I NEL dos imeter . 
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Th i s  matr i x  con tai ns f i fty- four cel l s  where f i ve badges were exposed 

per ce l l  to the source ( s ) . Three add i t iona l  badges were used to estab l i sh 

a g amma cal i br ation  f actor dur i n g  each exper i men t ,  and two badges ret a i ned 

as contro l s .  The TLD ch i ps were read an h our after the exposure . C are was 

taken to ens ure that the ch i ps were l oaded i n to the reader  so that the 

TLD ch i p  surface fac i ng the r ad i a t i on source dur i ng the e xposures was 

f ac i ng " up"  on the reader .
a 

The TL D ch i ps were a lways taken out and 

l oaded i n to the dos imeters un der subdued l i ght and h and l ed by vacuum 

tweezers . The TL D ch i ps were c leaned on a week l y  b as i s ,  us i n g  gen t l e  

ag i t a t i on i n  anal yt i c a l  grade tr i ch l oroethy lene . Before each readi ng o f  

the TL D ch i ps ,  a hot-gas automatic  recorder check sheet was comp l eted . 

Th i s  a l l owed the exper imen ter to detect a ch ange i n  i nstrument  setti n gs or  

a dr i ft i n  the  dark curren t ,  reference l i gh t  s i gna l , z ero sett i ng ,  or other 

i ns trument par ameter . The output from the p i coammeter was recorded by a 

Mode l 6 1 50 Di getec pr i nter an d a MFE Mode l M- 1 2 0  s i ng l e-chan n e l  chart 

recorder . 

The dose cal cu l at i ons  were made. us i ng the a l gor i thm deve l o ped by 

T .  F .  Gese l l ,  et a l . ,  at the I NEL . 1 Th i s  a l gor i thm computes the 

i n tegrated dose from 5- 1 0  mg/cm by c a l c u l at i ng  an effective mass 

attenuation  coeff i c i en t ,  k ,  der i ved from the output of the two sha l l ow 

ch i ps ,  c 1 and c2 . TL D ch i p  c 1 i s  sh i e l ded by 9 . 2  mg/cm of ti ssue 

equi va l e n t  mater i a l , wh i l e c2 i s  sh i e l ded  by 45 . 3  mg/cm . 

c l  
( 45 . 3 - 9 . 2 )  { k )  

t"2 
= exp or 

k = 0 .028 c l  l n  t: . 
2 

Then , a geomet ry factor , F ,  i s  ca l cu l a ted , wh i ch rel ates the dose between 

5 - 1 0  mg/cm to the dose measured from TLO ch i p  C wh i ch i s  between 9 . 2 and 

249 . 2  mg/cm2 • Th i s  factor i s  def in ed as fol l ow� : 

a .  Th i s  amount of care i n  a rout i ne fi e l d  system i s  not cons i dered 
necessary ,  and w i l l  probab l y  i ntrodu ce no more th an . 2 - . 3% v ar i ab i l i ty .  
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the th i ckness of a TL O ch i p  
5 mg/cm2 

1 0  mg/cm
9 

I n  th i s  a l gor i thm , wh i ch i s  des i gned to measure the average dose between 5 

an d  10 mg/cm2 , certai n  boundary cond i t i ons have been set upon the 

geometry factor F .  I f  the rat io  between TL O ch i p  c 1 and c2 i s  l ess 

th an  1 . 2 ,  then the beta rad iat ion is cons i dered to be of h i gh ener gy an d 

very penetrat 1 ng ,  and F i s  set at 1 . 6 .  When th i s  rat i o  i s  greater than or 

equal  to ten ,  the beta rad i a t i on i s  cons i dered to be of l ow energy and F i s  

set equa l to 1 6 . The beta dose i s  then equa l  to FCG , where C i s  the 

corrected TLO ch i p  1 1  readi ng and G i s  the i n d i v i dual  TLO ch i p  gamma 

cal i br at i on f actor . The gamma cal i brat i on factor (mR/nc ) i s  cal cu l ated by 

expos i ng the TL O ch i p  to a known Cs- 1 37 exposure of approx imately 200 mR 

an d  measu r i ng the nanocou l omb response of the TL O ch i p .  These meas urements 

were tak en every other oay dur i ng the f i rst mon th of the matr i x  test , unt i l 

con f i dence i n  the cons i s tency of the gamma c a l i bration factor was assured . 

A f ter that , i t  was check ed every three or four days . I t h as been 

demons tr ated that TL O ch i ps that have absorbed equal  doses from e i ther 

gamma or beta radi a t i on w i l l  prov ide equa l l i ght output . 2 Thus , the use 

of tn i s  factor i n  compu t i ng a nonpenetra t i ng dose i s  v a l i d .  

The resu l t s of the matr i x  exper i ments are shown i n  Tab les B-4 through 

B-8 .  The de l i ve r ed doses shown i n  the tab les are based upon the 

ext r apo l at i on chamber data adj us ted to an average ti ssue dose between 

5- 10 mg/om for the nonpenetr a t i ng doses and the t i ssue dose under 

1 , 000 mg/cm for the penetrati ng dose as di scussed i n  Append i x  A .  
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The mean observed-to-del i vered dose ratio for pure and mi xed beta 

sources was 1 . 07 , with a standard deviation of three percent for the 

nonpenetrati ng dose. Wi th a beta-gamma radi a ti on dose rate rati o of 

approximately ten the mean observed-to-del ivered dose ra tio was 1 . 02, wi th 

a standard deviation of 5 . 6  percent for the nonpenetrati ng  dose . When the 

beta-gamma radia tion dose ra te ra tio was about three , the mean observed-to

del i vered dose rati o was 0. 96 ,  wi th a standard deviati on of 8. 7 percent for 

the nonpenetrati ng dose . The ratio of the observed-to-del i vered dose for 

the penetrati ng dose was 1 . 02 , wi th a standard deviation of ten percent. 

TABLE 8-4. RESPONSE OF THE INEL DOS IMETER TO BETA RADIATION 

( The indi cated errors are two standard deviati ons of the mean . ) 

Dose Del i vered Rati o of Observed to 
I soto�e (mrad ) Del ivered Dose 

90sr-Y 246 0. 94 + 0. 03 
61 7 0. 94 + 0. 03 

1 236 0. 93 + 0.03 

204Tl 230 1 . 1 3 + 0. 06 
574 1 . 1 4  + 0. 07 

1 1 47 1 .21 + 0. 09 
1 1 1 9 1 .  24 ":F 0. 09 

204n ,  90sr-Y 21 2 • 93 + 0. 1 4  
424 • 91 1=' 0. 04 

1 060 1 . 00 + 0. 03 
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TABLE B- 5 .  RE SPONSE OF THE I NE L  DOS I METER  TO A COMB I NED BETA-GAMMA RADIAT I ON F I ELD  

Doses De 1 i vered Rat i o  of Observed- to-De l i vered Dose 

I sotopes 

T l -204 Cs- 1 3 7  

Sr/ Y - 90 ,  Cs- 1 37 

Sr/ Y - 90 ,  T l -204 , 
Cs- 1 37 

• 

Nonpenetra t i ng 
�mRad) 

2 42 

574 
1 1 � 1 

1 50 
4 1 �  
839 

250 
625 

1 250 
1 85 

464 
929 

235 
530 
885 

589 
1 76 
442 
885 

Penetrat i ng 
(mRem) 

1 9 . 3  
40 . 4  
8 1 . 1  
45 . 3  

1 1 3 .4 
1 97 . 6 

20 .0 
45 . 6  
9 1  . 2  
4 1 . 8 

1 0 7 . 1 
236 .4 

20 . 0  
39 . 5  

2 1 3 .6 
47 . 0  
43 . 5  

1 06 . 8 
2 1 3 .6 

Nonpenetrat i ng Penetrat i n g  (mRad) (IIIRem) 

1 . 03 + 0 . 04 1 . 1 7 + 0 . 1 0 
1 .04 + 0 . 1 0 1 .03 + 0 .0 7  
1 . 1 9 + 0 . 13 1 . 1 3 + 0 .04 
0 . 98 + 0 .40 1 .03 + 0 . 1 1  
0 . 90 + 0 . 08  0 .93 + 0 . 0 7  
1 . 05 + 0 . 1 9 1 . 00 + 0 .03 

0 . 98 + 0 . 04 1 . 0 1  + 0 . 20 
1 . 0 1  + 0 .03 0 . 95  + 0 .05 
0 . 99 + 0 . 05 0 . 99 + 0 . 1 1  
1 .03 + 0 .02 1 . 10 + 0 . 1 2 
1 . 1 1  + 0 . 1 7  1 .06 + 0 . 1 2 
1 . 00 + 0 . 22 1 . 06 + 0 . 1 8 

1 . 09 + 0 . 23 1 . 23 + 0 . 1 0 
0 . 9 1  + 0 . 03 0 .8 7  + 0 . 08 
0 .88 + 0 .02 1 .05 + 0 . 10 
0 . 98 + 0 . 36 0 . 98 + 0 . 07  
0 .80 + 0 . 1 9 0 . 9 1  + 0 . 07 
0 . 96 + 0 . 22 0 . 88 + 0 . 10 
0 . 92 + 0 . 22 0 .92 + 0 . 1 8 



TABLE 8-5.  RESPONSE OF THE I NEL DOSIMETER TO A COMB INED BETA-GAMMA RADIAT ION F I ELD 

Doses Del i vered Ratio of Observed-to-Del i vered Dose 

I sotopes 

Tl -204 Cs-1 37 

Sr/Y-90 ,  Cs-1 37 

Sr/Y-90 ,  Tl -204 , 
Cs-1 37 

• 

Nonpenetrati ng 
(mrad ) 

242 
574 

1 1 51 
1 50 
41 9 
839 

250 
625 

1 250 
1 85 
464 
929 

235 
530 
885 
589 
1 76 
442 
885 

Penetrati ng 
(mrem ) 

1 9 . 3  
40 . 4  
81 . 1  
45 . 3  

1 1 3 . 4  
1 97 . 6  

20 . 0  
45 . 6  
91 . 2  
41 . 8  

1 07 . 1  
236 . 4  

20 .0  
39 . 5  

21 3 . 6  
47 . 0  
43 . 5  

1 06 . 8  
21 3 . 6  

Nonpenetrati ng Penetrati ng 
(mrad ) (mrem ) 

1 . 03 + 0 . 04 1 . 1 7  + 0 . 1 0 
1 . 04 + 0 . 1 0  1 . 03 + 0 . 07 • 
1 . 1 9 + 0 . 1 3 1 . 1 3  + 0 . 04 
0 . 98 + 0 . 40 1 . 03 + 0 . 1 1 
0 . 90 + 0 . 08 0 . 93 + 0 . 07 
1 . 05 + 0 . 1 9  1 . 00 + 0 .03 - -

0 . 98 + 0 . 04 1 . 01 + 0 . 20 
1 . 01 + 0 . 03 0 . 95 + 0 . 05 
0 . 99 + 0 . 05 0 . 99 + 0 . 1 1  
1 . 03 + 0 . 02 1 . 1 0 + 0 . 1 2  
1 . 1 1 + 0 . 1 7  1 . 06 + 0 . 1 2  
1 . 00 + 0 . 22 1 . 06 + 0 . 1 8  - -

1 . 09 + 0 . 23 1 .  23 + 0 . 1 0  
0 . 91 + 0 . 03 0 . 87 + 0 . 08 
0 . 88 + 0 . 02 1 .05 + 0 . 1 0  
0 . 98 + 0 . 36 0 . 98 + 0 . 07 
0 . 80 + 0 . 1 9 o .  91 + 0 . 07 
0 . 96 + 0 . 22 0 . 88 + 0 . 1 0  
0 . 92 + 0 . 22 0 . 92 + 0 . 1 8  - -



TABL E  B-6 . P ERCENT STANDARD DEV I AT I ON OF THE BETA DOSE 
Beta Source 90 Sr-Y 
G111111a Source 1 37 Cs 

Total Beta Dose De l i vered 
Ga-./Beta 

Rat i o 200 mrads 500 mrads 

o .o 3 . 0 3 . 2  

0 . 1  1 . 8 5 . 1 

0 . 3  2 . 4  8 . 7 

TABL E B-7 . PERCENT STANDARD DEV I AT I ON OF THE BETA DOSE 
Beta Source 204 T1 
Ga.a Source 1 37 Cs 

Tota l Beta Dose De l i vered 
Gan'N/Beta 

Rati o  200 mrads 500 mrads 

o .o 7 . o  3 . 3  

0 . 1  21 . 5  5 . 1  

0 . 3  20 . 3  4 . 2  

TABL E B-8 .  P ERCENT STANDARD DEV IAT I ON OF THE BETA DOSE 
Beta Source 204 Tl and 90 Sr-Y 
Ga.nma Source 1 37 Cs 

Total Beta Dose Del i vered 
GaJrma 1 Beta 

Rati o 200 mrads 500 mrads 

o . o  7 . 0 1 . 5 

0 . 1  1 5 . 2  1 . 7 

0 . 3  9 . 5  1 0 . 6  
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1 ,ooo mrads 

3 . 3  

8 . 2  

1 0 .8  

1 ,000 mrads 

4 . 7  

6 . 9  

9 . 5  

1 , 000 mrads 

1 . 1 

5 . 8  

1 0 . 6  
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APP E ND I X  C 

STATEMENT OF DOS I ME TE R  L I M I TAT I ON S  

T hou gh the l i mi t a t i ons of the I NE L  dos i meter have been d i scussed 

t hr ou gh out the repor t ,  i t  i s  des i r ab l e  to formu l a te a summary s t atement i n  

th e  i n teres t of ma i n t a i n i ng per s pect i ve .  The I NE L  dos i meter represents the 

s t a te of the art i n  m i xed- f i e l d  beta dos imetry , and w i l l  prov i de good d a t a  

w i t h i n  the i nh erent l i mi t a t i ons of b e t a  dos i me t ry i n  gener a l . The sc i ence 

of b e t a  dos ime try i s  not at a l l  soph i s t i ca ted at th i s  po i nt , and 

poss i b i l i t i e s  f or s i gn i f i c an t  i mproveme n t  e x i s t .  More research in th i s  

area i s  c l ear l y  req u i red . 

The I NEL badge u t i l i zes compar at i ve l y  th i ck TL D dos i meters . Th i s  

necess i ta tes formu l a t i on o f  an a l gor i thm to ev a l ua te an e ffe c t i ve energy , 

wh i ch i s  necess ary to choose an eff ect i v e c a l i brat i on f actor , as i t  i s  a 

f un c t i on of ener gy .  The r e l a t i v e l y  th i ck TLD detector and "open w i ndow" 

abs orber th i ckness a l so p l a ces l i mi t s  on the ma x i mum energy that can be 

• s een •  by the badge , and a ffects the l ower l im i t  of sens i t i v i ty of 

bet a-rel a ted dose i n  h i gh g amma - be t a  rat i o  f i e l ds .  Aga i n ,  though th i s  

dos ime ter represen t s  the best curren t l y  av a i l ab l e ,  i t  h as l im i t a t i ons that 

can and shou l d  be redu ced thr ou gh f u r ther deve l o pment . 

Data acq u i r ed at the I NEL dur i ng the rev i ew of th i s  report i n d i c ate an 

o verr es pons e  to x - r ays an d to pure therma l neu tron spec tr a . These 

observ a t i ons i n d i cate th a t  the cu rrent prototype w i l l  req u i re f u r ther 

ref i neme n t s  in these areas . 

I t  shou l d  be s t a ted , i n  add i t i on ,  that the current 2 -ch i p  badge wi th a 

ma x i mum of 2 70mgtcm
2 

f i l te r  h as spec i f i c l i mi t at i ons . Near l y  any 

dos i me ter c ou l d  be an improv ement for TMI recov ery operat i ons ; for ex amp l e , 

a 2 - ch i p  badge w i t h  5 - 1 0  mg/cm
2 

and approx i ma te l y  600 to 1 000 mg/ cm
2 

f i l ter s wou l d  be a major u pgrade . The other mu l t i f i l ter dos ime ters tes ted 

and compared cou l d  probab l y  be mod i f i ed an d c a l i br ated to prov i de response 

eq u i v a lent to the I NEL badge . 
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APP E ND I X  D 

CURRENT STATUS OF THE I NEL PROTOTYPE S Y S TE M  

The I NEL prototype sys tem i n  serv i ce at TMI can be used t o  manua l l y 

proc ess a l im i ted number of badges . The sys tem cons i sts of the f o l l ow i ng 

equ i pmen t :  

1 .  

2. .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  
9 .  

1 0 .  

1 1 .  

1 2 .  

1.3 .  

I TE M  

Har sh aw Reader Model 2 1 1 1 D 

H as h aw Automa t i c  I n te gr at i ng 

P i c oameter Mode l 2 1 1 1 B 

D i g i t al Recorde r  Mode l  6 1 1 1  

MH Str i p  Ch a r t  Recorder 

Nf SLAB Refr i ger ated C i rcu l a t i ng 

N2 
Tanb i s  Mode l RTE -4 

and RegtJ l a tor 

Therma lyne f u r nace Mode l 1 1 5 1 1  

2 Annea l i ng T r ays 

1 KNF N euberger Vacuum P ump 

TNP Cas sette Hol de rs 

1 34 U f  TLD Ch i ps 

25 I Nfl Badges 

I N EL Badge Back R emover 

Bath 

SOURCE 

GPU P urch ased 

GPU Purch ased 

GPU Purchased 

GPU Pu rch as ed 

GPU Purch ased 

GPU Purch ased 

GPU Purch ased 

Borrowed from RE SL 

GPU Purch ased 

GP U Pu rch ased 

Bo rrowed from RESL 

Borrowed from RE SL 

Borrowed from RESL 

Thou gh the prototype sys tem can prod uce techn i c a l l y  accurate resu l t s ,  

man u a l  process i ng o f  dos imeter s i s  i nconven i ent , req u i res extreme care i n  

TL O h an d l i ng ,  and pote n t i a l l y  l i m i t s  the number of badges th at can be 

proce s s ed . Eq u i pment h as b een dev e l oped that w i l l  mak e  the sys tem 

sem i automa t i c an d prov i de comparat i ve process i n g conven i ence , a l though 

s t i l l  not as conven ient as other "card" s em i au t oma t i c  sys tems . The 

equ i pmen t  req u i red to prov i de the sem i au toma ted sys tem i s  l i s ted as fol l ows : 
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1 .  Harsh aw TL Hot tas Reader Mode l 2 1 1 1 0 - a R E SL mod i f i cat i on 

a l l ow i n g  a cce pt ance of wh o l e  badges w i thout man u a l l y r emo v i n g  

TL Ds from badge 

2 . B l ue M Oven - for acc urate ann ea l i ng of TL D an d who l e  b adges i n  

l arge n umber s a t  a t i me 

3 .  H arsh aw I rr ad i ator - for use i n  the readou t cyc l e  to prov i de 

i n d i v i du a l  c a l i brat i on of each TL D dur i ng cyc l e ,  prov i d i ng 

i ncreased accur acy an d sens i t i v i ty .  
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APP E ND I X  E 

FUTURE PROJEC T S  

I n  o r de r  t o  imp lement an oper a t i o n a l  I NE L  sys tem , the fo l l ow i ng 

project s req u i re c omp l e t ion : 

o Order Badges an d  T L Ds 

o Order an au t oma t i c  decapper 

o Mod i fy the TL D reade r  

o C a l i brate reader and dos imeter 

o Dev e l op computer process i ng program( s )  compat i b l e  w i th current 

record k eep i ng computer 

o T r a i n oper ators i n  the new sys tem . 

An i n d i spensab l e  part of any new sys tem or proced•Jre i s  the tr a i n i n g 

necess a ry to ens u re effect i v e  i mp lementat i on .  The need to upgr ade the 

per sonn e l  dos i metry and f i e l d  survey capab i l i ty at TM I -2 i s  now we l l  known 

an d  accepted . The upg r aded sys tem w i l l  need to be understood by those 

r espons 1 b le for the day - to-day use ; and thus tra i n i ng i s  essen t i a l . 

The reader used w i t h  the I NE L  system i s  a hot gas ( N2 ) reader and 

req u i res i t s  own ann e a l i ng procedure and care f u l  account i ng of each TLD .  

Tne an a l yses of the data req u i re compu ter process i ng of an a l gor i thm w i th 

spec i f i c e xtreme c on d i t i on l i m i t s . Th i s  must a l so be we l l  un derstood by 

the operat i n g  techn i c i an s . 

A de t ai l e d  tr a i n i ng program shou l d  be presen ted by sys tem experts , as 

the sys tem i s  rece i v ed ,  set u p ,  and c a l i brated . 

Por t ab l e  survey i ns trume n t s  h ave been c a l i br ated more thorough l y  for 

�eta response s i nce the acc i den t , and the best i ns truments for the i n tended 

serv i c e  have been chosen . However , the techn iques of re l at i ng f i e l d  

surv eys t o  r e l i ab l e es t imates of the per sonn el  dose as recor ded by the 

• 
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dos i meter are an art an d  requ i re con s i derab l e  sk i l l  and understan d i ng  of 

both sys tems . Tr ai n i ng i s  necessary to improve the ab i l i ty to pred i ct 

personnel dose from f i e l d survey i nformat i on . Th i s  w i l l  ensure dose 

acc umu l a t i on at ALARA leve l s ,  s i nce nonprodu cti ve tr ans i t  t i me i n  the 

rad i ati on f i e l ds i s  hel d to a mi n imum.  

As  prev ious l y  i ndi c ated , there is  a cr i t i ca l , i ndus try-wi de need to deve l op 

improved i nstrumentat i on ,  beta dos imetry techn i q ues , and dos imeters . As 

these systems are devel oped and imp l emented , add i t i on a l  trai n i ng  wi l l  be 

necessary . 

I f  an al ternate system i s  chosen i n  preference to the I NEL  system for 

operat i onal  reasons of conven i ence ,  etc . ,  there w i l l  be a s i gn i f i c ant  

eff ort requi red to prov i de a system w i th rel i ab l e  and accurate response . 

o Ev al uate the i n ten ded sys tem response to mi xed beta-gamma f i e l ds 

o Mod i fy the badge des i gn as requ i red 

o Order eq ui pment and badges 

o Carefu l l y  cal i br ate the system and devel op ca l cu l at i on a l  tech n iques 

o Dev e l op compu ter programs compati b l e w i th the current record 

kee p i ng computer system 

o Tr ai n operators of n ew sys tem .  
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