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THERMOLUMINESCENT DOSIMETER (CaF2 : Dy) 

MEASUREMENT OF THE HANFORD ENVIRONS, 1971 -1 975 

INTRODUCTION 

Thermoluminescent dosimeters (TLD-ZOO)* were i n t r oduced  i n t o  t h e  Han- 

f o r d  S u r v e i l l a n c e  Program i n  1970 and were a v a i l a b l e  f o r  f u l l - y e a r  use 

beg inn ing  i n  1971 . Each env i ronmenta l  dos imeter  c o n s i s t s  o f  t h r e e  ch ips  

o f  CaF2:Dy encased i n  an opaque p l a s t i c  capsule  l i n e d  w i t h  0.010 i n .  o f  

t a n t a l  um and 0.002 i n .  o f  l e a d  t o  f l a t t e n  t h e  l owe r  energy response. (1 

The dos imeters  were mounted approx imate ly  one meter  above ground l e v e l  

a t  numerous l o c a t i o n s  i n  t h e  Hanford env i rons .  The dos imeters  were 

changed e i t h e r  b i  -weekly o r  month ly ,  depending on t h e i r  l o c a t i o n .  

Th i s  document p resen ts  a  summary o f  t h e  1971 -1975 e x t e r n a l  dose 

measurements recorded w i t h  t h e  thermoluminescent dos imeters  a t  20 l o c a t i o n s  

i n  t h e  Hanford env i rons .  The da ta  a r e  eva lua ted  and used t o  determine 

t h e  approximate average dose and t h e  v a r i a b i  1  i t y  o f  i n d i v i d u a l  measure- 

ments observed a t  each l o c a t i o n .  The average background dose rece i ved  

i n  t h e  Hanford env i r ons  was es t imated  from t h e  measured e x t e r n a l  dose and 

f rom i n f o r m a t i o n  a v a i l a b l e  i n  t h e  l i t e r a t u r e  f o r  t h e  dose rece i ved  f rom 

t h e  neu t ron  component o f  cosmic r a d i a t i o n  and t h e  i n t e r n a l  dose due t o  

n a t u r a l  l y  o c c u r r i n g  r a d i  onucl i des .  

* Harshaw Chemical Company, CaF2 : Dy 



SUMMARY 

The average ex te rna l  dose r a t e  measured a t  l o c a t i o n s  i n  t h e  

Hanford env i rons  was 72 mrad/year, based on a n a l y s i s  o f  thermol uminescent 

dos imeter  da ta  c o l l e c t e d  f rom 1971 th rough 1975. The maximum dose observed, 

84 mrad/year, occur red  approx imate ly  100 f e e t  n o r t h  of  t h e  V e r n i t a  r e s t  s t o p  

on Hanford S i t e  p rope r t y .  Th i s  l o c a t i o n  i s  f ree  of p ~ d e s t r i a n  o r  v e h i c u l a r  

t r a f f i c  and t h e  increased dose i s  a t t r i b u t e d  t o  t he  g rea te r  abundance o f  

n a t u r a l l y  o c c u r r i n g  rad ionuc l  ides,  p r i m a r i  l y  '+OK, a t  t h i s  l o c a t i o n .  The 

lowes t  dose measured, 62 mrad/year, occur red  a t  Sunnyside. The dos imeter  

a t  t h i s  l o c a t i o n  i s  a f f i x e d  t o  a  wooden b u i l d i n g  and t h e  s h i e l d i n g  p rov ided  

by t h e  b u i l d i n g  i s  expected t o  account f o r  t he  lower  observed dose. 

The averaqe dose rece i ved  from n a t u r a l l y  o c c u r r i n q  r a d i o a c t i v i t y  i n  t h e  

Hanford env i rons  was es t imated  f rom t h e  ex te rna l  dose measured by t h e  

thermoluminescent dosimeters and f rom i n f o r m a t i o n  a v a i l a b l e  i n  t h e  1  i t e r a t u r e .  

T e r r e s t r i a l  and cosmic i o n i z i n g  r a d i a t i o n  each c o n t r i b u t e  approx imate ly  

36 mradlyear .  The neu t ron  component o f  cosmic r a d i a t i o n  c o n t r i b u t e s  an 

a d d i t i o n a l  0.8 mrad/year o r ,  u t i l i z i n g  a  q u a l i t y  f a c t o r  o f  8,  a  dose equiva- 

l e n t  o f  about  6 mrem/year. The combinat ion o f  t h e  t e r r e s t r i a l  and cosmic 

i o n i z i n g  doses and t h e  neu t ron  dose y i e l d s  an o v e r a l l  es t in ia te  o f  78 mrem/year 

due t o  e x t e r n a l  r a d i a t i o n .  The dose rece i ved  from i n t e r n a l l y  depos i ted  r a d i o -  

n u c l i d e s  was es t imated  f rom t h e  l i t e r a t u r e  t o  be 25 mrem/year. Therefore,  

t h e  t o t a l  r a d i a t i o n  dose rece ived  f rom n a t u r a l  causes was es t imated  t o  be 

103 mrem/year. For convenience, an es t ima te  o f  100 mrem/year i s  suggested. 



THERMOLUMINESCENT DOSIMETER DATA 

The annual average dose r a t e  measured a t  numerous m o n i t o r i n g  l o c a t i o n s  

i n  t h e  Hanford env i rons  has been r e p o r t e d  each yea r  i n  t h e  annual env i r on -  

mental  s u r v e i l l a n c e  r e p o r t .  (') The da ta  f o r  20 o f  these l o c a t i o n s ,  shown i n  

F i gu re  1, a r e  i n c l u d e d  i n  t h i s  r e p o r t .  The thermoluminescent dos imeter  (TLD) 

used was i n t r oduced  i n t o  t h e  Environmental  S u r v e i l l a n c e  Program i n  1970 and 

was a v a i l a b l e  f o r  f u l l - y e a r  use f rom 1971 th rough  1975, t h e  p e r i o d  analyzed 

i n  t h i s  r e p o r t .  Each env i ronmenta l  dos imeter  c o n s i s t s  o f  t h r e e  ch ips  o f  

CaF2:Dy encased i n  an opaque p l a s t i c  capsule  l i n e d  w i t h  0.010 i n .  o f  

t an ta l um and 0.002 i n .  o f  l e a d  t o  f l a t t e n  t he  l owe r  energy response. ( 1 )  

The dos imeters  were mounted approx imate ly  one meter above ground l e v e l  and 

were changed e i t h e r  b iweek ly  o r  monthlys, depending on t h e  l o c a t i o n  o f  t h e  

dos imeter .  
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FIGURE 1 . Hanford Env i rons Thermol uminescent 
Dosimeter M o n i t o r i n g  Loca t ions  



The dose measured a t  a  g i ven  l o c a t i o n  i s  expected t o  vary  f rom mon i to r -  

i n g  p e r i o d  t o  p e r i o d  due t o  t he  v a r i a b i l i t y  i n h e r e n t  i n  t he  placement o f  

t h e  dos imeter ,  t h e  p repa ra t i on  and c a l i b r a t i o n  o f  t he  dosimeters,  and t h e  

temporal dependence o f  t h e  background r a d i a t i o n  dose r a t e .  I n  a d d i t i o n ,  

t h e  background dose measured f rom l o c a t i o n  t o  l o c a t i o n  i s  expected t o  vary  

p r i m a r i l y  because o f  t h e  s p a t i a l  dependence o f  t he  n a t u r a l l y  o c c u r r i n g  '+OK, 

uranium p l u s  daughter r ad ionuc l i des ,  and t ho r i um p l u s  daughter r a d i o n u c l i d e s  

i n  t h e  u n d e r l y i n g  s o i l .  The methods used t o  analyze t h e  TLD da ta  were 

f i r s t ,  t o  p l o t  t h e  data f o r  each l o c a t i o n  as i t  was c o l l e c t e d ,  on a  

b iweek ly  o r  month ly  bas is ;  and second, t o  group and p l o t  on lognormal 

p r o b a b i l i t y  paper a l l  o f  t he  da ta  f o r  each l o c a t i o n .  From t h e  lognormal 

p l o t s  t h e  geometr ic  mean (xg: 50% i n t e r c e p t )  and geometr ic s tandard dev ia -  

t i o n  o r  s l ope  (og: r a t i o  o f  84% t o  50% i n t e r c e p t )  were determined. Appen- 

d i x  A  con ta ins  t h e  frequency and lognormal p r o b a b i l i t y  p l o t s  f o r  each 

l o c a t i o n .  

Table 1  i s  a  summary of t h e  mean d a i l y  dose r a t e s ,  t he  s lope  o f  t h e  

p l o t s ,  and t he  95% p r o b a b i l i t y  i n t e r c e p t s  ob ta ined  f rom Appendix A. The 

mean d a i l y  dose r a t e  measured a t  each o f  t he  l o c a t i o n s  appears t o  be q u i t e  

c o n s i s t e n t .  The h ighes t  r a t e ,  0.23 mrad/day, was observed a t  V e r n i t a  

Br idge .  Th i s  s t a t i o n  i s  approx imate ly  100 f e e t  due west o f  t h e  V e r n i t a  

Br idge  r e s t  s top ,  on Hanford S i t e  p rope r t y ,  and removed f rom a l l  pedes t r i an  

o r  v e h i c u l a r  t r a f f i c .  The frequency and lognormal p l o t s  f o r  t h i s  l o c a t i o n  

a r e  shown i n  Appendix A  on page A-14. These graphs show no obv ious d i f -  

fe rence  f rom t h e  graphs f o r  o t h e r  l o c a t i o n s ,  and we conclude t h a t  t h e  dose 

r a t e  observed a t  V e r n i t a  i s  a t t r i b u t a b l e  t o  a  g r e a t e r  abundance o f  n a t u r a l  

r a d i o a c t i v i t y  a t  t h i s  p a r t i c u l a r  sampl i n g  l o c a t i o n .  Th i s  conc lus ion  i s  

c o n s i s t e n t  w i t h  r e s u l t s  f rom a  1974 a n a l y s i s  o f  a  s o i l  sample taken  i n  

t h e  immediate v i c i n i t y  o f  t h e  TLD l o c a t i o n ;  t h e  a n a l y s i s  showed t h e  

h i g h e s t  4 0 K  concen t ra t i on  (17 pC i /g )  o f  any l o c a t i o n  sampled. ( 3 )  



The lowes t  mean d a i l y  dose r a t e  observed, 0.17 mradlday, was found 

a t  Sunnyside. The da ta  f o r  Sunnyside a r e  p l o t t e d  on page A-13 o f  Appendix 

A and appear t o  be c o n s i s t e n t  w i t h  t h e  data observed a t  t h e  o t h e r  l o c a t i o n s .  
Th i s  p a r t i c u l a r  s t a t i o n  i s  l o c a t e d  near  t he  entryway i n t o  an i r r i g a t i o n  

supply  company's fenced s to rage  area.  The dos imeter  i s  a f f i x e d  t o  a 

wooden b u i l d i n g .  The s h i e l d i n g  p rov ided  by t h e  b u i l d i n g  i s  assumed t o  

have caused t h e  lower  observed dose r a t e .  

A lso  shown i n  Table 1 i s  t h e  95% p r o b a b i l i t y  i n t e r c e p t  o f  t he  p l o t t e d  

da ta  f o r  each l o c a t i o n  f rom Appendix A. Th is  va lue represen ts  a s p e c i f i c  

d a i l y  dose r a t e ,  as determined f rom the  b iweek ly  o r  monthly dose measure- 

ments: 95% of a l l  measurements a r e  expected t o  be l e s s  than t h i s  value. 

Th i s  number p rov ides  a comparison f o r  any new incoming data;  s i nce  o n l y  5% 

of t h e  da ta  a r e  expected t o  be g r e a t e r  than t h e  95% i n t e r c e p t ,  t h i s  5% can 

be inspec ted  t o  i n s u r e  t h a t  t h e r e  i s  no th i ng  unusual about i t .  

TABLE 1. Average Observed Levels  o f  Backgrou d Rad ia t i on  i n  t h e  
Clanford Envi rons,  1971 Through 1975 ?a)  

L o c a t i o n  
Dose (mradlday) 

Mean -- 95% I n t e r c e p t  Slope 

ALE 0.21 0.27 1.2 
Benton C i t y  0.18 0.22 1.1 
Berg Ranch 0.21 0.27 1.1 
Byers Landing 0.21 0.28 1.1 
Connel 1 0.18 0.22 1 .I 
Cooke Bro thers  0.20 0.26 1 .2  
McNary Dam 0.20 0.24 1 .I 
Moses Lake 0.18 0.22 1.1 
Othel  l o  0.18 0.22 1.1 
Pasco 0.18 0.24 1.3 
Rat t lesnake Spr ings 0.20 0.24 1.1 
R ich land  0.19 0.24 1.1 
Sunnys i de 0.17 0.21 1.1 
Vern i  t a  Br idge  0.23 0.29 1.1 
Walla Walla 0.20 0.25 1.1 
Wahl uke #2 0.20 0.25 1.2 
Wahluke Watermaster 0.20 0.25 1.2 
Washtucna 0.20 0.28 1.2 
Wye Bar r i cade  0.19 0.23 1.1 
Yakima Bar r i cade  -- 0.22 0.29 1.2 

( a )  Mean dose, 95% i n t e r c e p t  and s lope  ob ta ined  f rom lognormal p r o b a b i l  i t y  
p l o t s  con ta ined  i n  Appendix A. 



Table 2 shows t h e  mean annual dose f o r  each o f  t h e  20 l o c a t i o n s .  The 
average o f  these doses f rom a l l  l o c a t i o n s  i s  72 mradlyear.  Th i s  number can 
be used t o  es t ima te  t he  approximate annual background dose e q u i v a l e n t  (nirem) 

rece i ved  i n  t h e  Hanford env i rons,  as shown i n  Table 3. Table 3 c o n s i s t s  

of two pa r t s :  an es t ima te  o f  t h e  ex te rna l  dose measured by t h e  TLD system, 

w i t h  t h e  a d d i t i o n  of t h e  neu t ron  component of cosmic r a d i a t i o n  which was n o t  

i nc l uded  i n  c a l i b r a t i o n  o f  t he  TLD system; and an es t ima te  of  t h e  average 

i n t e r n a l  dose received, as pub1 i shed by t h e  Environmental P r o t e c t i o n  Agency. ( 4 )  

The background dose measured by t h e  TLDs (72 mrem) was d i v i d e d  i n t o  t e r r e s -  

t r a i l  and cosmic components (36 mrem each) based on t h e  expected cosmic 

dose rece i ved  a t  an e l e v a t i o n  o f  500 f e e t .  ( 5 )  The values i n  t h e  t a b l e  a r e  

g iven  i n  mrem (mi 11 i roentgen equ i va len t  i n  man) t o  account f o r  t h e  g r e a t e r  

b i o l o g i c a l  e f f e c t  c h a r a c t e r i s t i c  o f  neu t ron  r a d i a t i o n .  To a r r i v e  a t  t h e  

approximate 6 mremlyear dose a t t r i b u t e d  t o  neutrons, a qua1 i ty  f a c t o r  o f  

about 8 was used. ( 5 )  

TABLE 2. Average Annual Dose from Natura l  Background ~ a d i a t i o n ( ~ )  

Loca t i on  Annual Dose (mrad/yr )  

ALE 
Benton City 
Berg Ranch 
Byers Landing 
Connel 1 
Cooke B ro the rs  
McNary Dam 
Moses Lake 
Othel  1 o 
Pasco 
Rat t lesnake  Spr ings 
R i  c h l  and 
Sunnys i d e  
V e r n i t a  B r i dge  
Wal la Wal la 
Wahluke #2 
Wahluke Watermaster 
Washtucna 
Wye Bar r i cade  
Yakima Ba r r i cade  

Average 7 2 

(a )  Expected annual dose ob ta ined  f rom Table 1 by  m u l t i p l y i n g  average 
d a i l y  dose r a t e  by 365.25, t h e  number o f  days i n  a yea r .  

6 



As shown i n  Table 3, a background dose o f  about 100 mremlyear would 

be expected f rom a l l  causes. The a c t u a l  dose rece ived  by members o f  t he  

popu la t i on  would vary  about t h i s  es t ima te  because o f  v a r i a t i o n s  i n  

d i e t s ,  r e c r e a t i o n a l  h a b i t s  , housing, comnluni ty  o f  res idence (Table 2 )  , e t c .  

TABLE 3. Background Dose Received i n  t h e  
Hanford Envi rons f rom l i a t u r a l  Calises 

Ex te rna l  I r r a d i a t i o n :  

T e r r e s t r i  a1 ?€  

Cosmic : i o n i z i n g  componen 36 
neu t ron  componentts) 6 

I n t e r n a l  I r r a d i a t i o n :  ( b, 2 5 

K 
14C 

210Po 
2 2 2 ~ ~  

Other ( 3 t j ,  87Rb) 

TOTAL 103 

( a )  The p resen t  TLD system i s  n o t  c a l  i b r a t e d  t o  i n c l u d e  an es t imate  o f  t h e  
neu t ron  c o ~ p o r i e n t  o f  cosmic r a d i a t  o , (%0.8 mrad/yr, o r  6 mremlyr 
because o f  a qua1 i t y  f a c t o r  o f  8 ) .  i 57 

( b )  Adopted from U. S. Environmental  P r o t e c t i o n  A ~ e n c y  Pub1 i c a t i o r i  GRP/CSD 
72-1 .(4) 



REFERENCES 

1)  D. H. Denham, e t  a l . ,  A CaF :Dy Thermoluminescent Dosimeter f o r  Env i ron-  
mental Mon i to r ing .  B N ~ d l 9 1 ,  B a t t e l  l e ,  P a c i f i c  Northwest Labo ra to r i es ,  
Rich land,  WAY August 1972. 

2) D. R. Speer, J. J. F i x ,  and P. J. Blumer, Environmental S u r v e i l l a n c e  a t  
Hanford f o r  CY-1975. BNWL-1979, Rev. , B a t t e l l  e, P a c i f i c  Northwest Labora- 
t o r i e s ,  Rich land,  WA, 1976. 

3)  J. J. F i x ,  Environmental  S u r v e i l l a n c e  a t  Hanford f o r  CY-1974. BNWL-1910, 
B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  WA, 1975. 

4)  U. S. Environmental  P r o t e c t i o n  Agency, Est imates o f  I o n i z i n g  Rad ia t i on  
Doses i n  t h e  Un i t ed  S ta tes  1960 - 2000. ORP/CSD 72-1, R o c k v i l l e ,  MDy 
August 1972. 

5) D. T. Oakley, Na tu ra l  Rad ia t i on  Exposure i n  t h e  Un i t ed  States. ORPISID 
72-1 , Environmental  P r o t e c t i o n  Agency, Washington, DC, June 1972. 



APPENDIX 

DATA PLOTS 



DATA PLOTS 

The f o l l o w i n g  pages p resen t  frequency and lognormal p r ~ ~ a b i l i t y  p l o t s  f o r  

each sampl ing l o c a t i o n  i n  t h e  Hanford env i rons  i nc l uded  i n  t h e  study. For 

a1 1 1 oca t i ons  except  Rich land,  t h e  dosimeters were changed month ly .  Fors 

Rich1 and, t h e  dosimeters were changed b iweek ly  d u r i n g  1971 -1 974 

and month ly  d u r i n g  1975. The p l o t s  a r e  presented a l p h a b e t i c a l l y  

by l o c a t i o n .  Locat ions are:  

Loca t ion  

ALE 

Benton City 

Berg Ranch 

Byers Landing 

Connel 1  

Cooke Bro thers  

PlcNary Dam 

Moses Lake 

O t h e l l  o  

Pasco 

Rat t lesnake Springs 

Rich land 

Sunnyside 

Page 

A- 2  

Vern i t a  A-1 5 

Wahluke #2 A-1 6 

Wahl uke Watermaster A-1 7 

Wal la Wal la A-1 8 

Washtucna A-1 9 

Wye Bar r i cade  F,- 20 

Ya kima A- 21 
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