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RADIOACTIVE RELEASES FROM NUCLEAR POWER PLANT SITES I N  1976 

David A. Baker and ~hbma's ' ~ e c k e r  

In a c o n t i n u a t i o n  o f  l a s t  y e a r ' s  study, c o l l e c t i v e  r a d i a t i o n  dose 

commitments were est imated f o r  a l l  ope ra t i ng  water-cooled nuc lear  

power p l a n t  s i t e s ,  u t i l i z i n g  atmospheric and l i q u i d  r a d i o a c t i v i t y  

re leases  repo r ted  t o  the  Nuclear Regulatory Commission f o r  1976. 

Resu l ts  a r e  presented of c o l l e c t i v e  dose commitments from these 

re lease pathways t o  f o u r  popu la t i on  groups: i n fan t ,  c h i l d ,  teen- 

ager, and a d u l t  r e s i d i n g  between 2 and 80 km from each s i t e .  

Typi.ca1 i .ndividua1 doses were esti:mated fo r  each s i t e  and f o r  a l l  t h e  

s i t e s  together .  The s i t e s  weye.. r a t e d  as t o  t h e i r  power ou tpu t  per  u n i t  

popu la t i on  dose'and per  uni . t  ayerage i .nd iv idua1 dose. 
. " . . 

Resu l ts  f o r  1976 operat i ,ng reac to rs  i .nd icate a r e d u c t i o n  of o v e r a l l  

c o l l e c t i v e  dose from those ope ra t i ng  i n  1,975 even though more e lec t r . ' i ca l  

energy was generated i n  1976'. 
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Th is  s tudy  i s  a  con t i nua t i on  o f  l a s t  y e a r ' s  study., e s t i m a t i n g  

t h e  dose. commitments due t o  1975 releases, which was documented i n  

PNL 2439. 

SLIDE 1  - The pr imary o b j e c t i v e  of t h i s  s tudy was t o  o b t a i n  an es t imate  

o f  t h e  50-year popu la t i on  dose commitments f o r  58 commercial nuc lea r  

power reac to rs  ope ra t i ng  a t  43 s i t e s  d u r i n g  1976 us ing  r a d i o n u c l i d e  
. re leases t o  bo th  a i r  and water  as measured by t h e  opera tors  and repo r ted  

t o  t h e  NRC. I n  a d d i t i o n ,  f o r  t h e  a i rbo rne  pathway, we determined t h e  

d i s t r i b u t i o n  o f  i n d i v i d u a l  dose commitments f o r  t h e  popu la t i on  r e s i d i n g  

i n  t h e  v i c i n i t y  of t h e  r e a c t o r  s i t e s .  ( 

. . SLIDE 2 - Both a i rbo rne  and waterborne pathways were considered f o r  . '  

t h e  popu la t i on  r e s i d i n g  w i t h i n  2 and 80 k i l ome te rs  f rom each of t he  
1 

s i t e s .  

SLIDE 3  - I n  a d d i t i o n  t o  t o t a l  body dose commitment, dose commitments 

t o  o t h e r  organs were est imated. 

SLIDE. 4 - Four age groups w i . t h in  t h e  popu la t ions  were considered. 

The d i s t r i ' b u t i o n  f o r  t h e  Un i ted  States was used f o r  each s i t e .  The 

dose. commitment f a c t o r s  as g iven i n  t h e  NRC Regulatory Guide 1.109 

k were used. 

Standard NRC models as repo r ted  i n  t h e  Regulatory ~ u i d e s  were used 
< a long w i t h  s i t e  data ob ta ined f rom t h e  En'vironmental Statements. ' 

. . 



SLIDE 5 - For the airborne pathway, the area between 2 and 80 kilometers. 
was divided into 16 sectors and 10 annuli , making a total  of 160 
subregions in a l l .  Separate a i r  concentrations and ground surface 
concentrations were calculated fo r  each subregion' using the NRC model 
used i n  the program, XOQDOQ. Approved s i t e  diffusion climatology data 
were used to generate the concentrations. Dose commitments to  the 
population i n  each segment were est iaated for  the a i r  submersion, 
inhalation and ground contamination pathways. For the estimate of 

'dose commitment from the ingestion of food crops and an.ima1 products, 
an averaging method was used. An average ground surface concentration 
weighted fo r  area was found for  the 160 subregions. This value was 
used f o r  the calculation of dose commitment from ingested food crops 
and animal products instead of the surface concentration for  each of 
the subregions, since i t  was assumed tha t  considerable t ransfer  of 
food products. a.cross subregion boundaries would occur. 

For the l iquid pathway, plant eff luents  were assumed to  be diluted 
using factors given i n  the corresponding Environmental Statements and 
using standard.generic factors when such data were not available from ' 

the E.S. 

SLIDE 6 - A wide variation was f ~ u n d ~ i n ' t h e  calculated dose commitments 
t o .  the populations l iving around the 43 reactor s i t e s .  Another way of 
comparing these d.ose.commitments i s  to  divide them by the e l e c t r i c  
power generated i n  1976 by the corresponding reactors on each s i t e .  This 
resul t ing factor  represents a cost i n  person-rem to produce'electric 
power fo r  each .reactor s i t e .  These factors a lso 'varied considerably, as 
you can see in the s l ide ,  but 'not  quite as much as the dose comrnitmeiits. 

In general, s i t e s  having a high populatian dose commitment had a high .- 

"cost-benefi t "  fac tor  and vice-versa; however, the correlat ion was f a r  
from perfect. 

..,,. , --.. 
. .. . 

SLIDE 7 - For the airborne pathway, the population dose commitment fo r  

each subregion (160 i n  a l l )  was divided by the corresponding population 
t o  obtain an aveTage dose commitment t o  an individual i n  t ha t  par t icular  



subregion. Usi.ng t h i s ' i n f o r m a t i o n ,  a h is togram was cons t ruc ted  f o r  

each s i t e  showing t h e  f r a c t i o n s  o f ' t h e  t o t a l  popu la t i on  which rece ived 

i n d i v i d u a l  dose commitments w i t h i n  a  p a r t i c u l a r  range. Hopefu l l y ,  t h i s  

t ype  o f  h is togram shows more c l e a r l y  t he  d i s t r i b u t i o n  of. i n d i v i d u a l  dose 

commitments i n  t he  l o c a l  populat ions' . .  I n  o t h e r  words, we 'wanted t o  

show more c l e a r l y  how the  popu la t i on  dose commitment was d i s t r i b u t e d  

on a  per  c a p i t a  basis .  Note t h a t  i n  t h i s  s tudy,  we have puposely 

avoided the  dose commitment est imate t o  t h e  so -ca l l ed  "maximum 

i n d i v i d u a l "  who may indeed l i v e  c l o s e r  than' 2 k i l ome te rs  t o  the  s i t e .  

SLIDES 8 and 9 - As you' can see f rom the  example s l i d e s ,  t he  d i s t r i -  

bu t i ons  vary g r e a t l y  from s i t e  t o  s i t e .  

SLIDE 10 - The t o t a l  popu la t ion  considered a t  r i s k  i n  t h i s  study, t h a t  

i s  t h e  persons r e s i d i n g  between 2 and 80 k i l ome te rs  o f  each o f  t h e  43 

s i t e s ,  was est imated t o  be 90 mi1 l io .n i n  1976. We c a l c u l a t e d  i n  t h i s  

s tudy  t h a t  an average dose commitment t o , a n  i n d i v i d u a l  would be 0.008 

m i l l i r e m ,  and the  geometric mean, 0.0009. Note t h a t  t h e  average 

i n d i v i d u a l  doses a r e  we1 1  be1 ow background. 
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S l i d e  1 p 

1 9 7 6  D3SE COMMITMENTS FROM COMMERCIAL, NUCLEAR POWER PLANTS 

OBJECTIVES OF STUDY 

CONTINUE 1 9 7 5  STUDY* FOR 1 9 7 6  RELEASES 

ESTIMATE POPULATION DOSE COMMITMENTS FROM OPERATING 
COMNERCIAL POWER REACTORS A T  43 S I T E S  USING REPORTED 
RADIONUCLIDE RELEASES 

DETERMINE D I S T R I B U T I O N  OF I N D I V I D U A L  DOSE 
COMMITMENTS FOR PUPULATIONS CONSIDERED 



Slide 2 . . 

PATHWAYS CONSIDERED 

AIRB'QRNE 
f ?K. 

AIR SUBMERSION 

CONTAMINATED GRQUMB 

' INGESTION OF FOOD CROPS & 
ANIMAL PRODUCTS 

WATERBORNE' 

INGESTION OF DRINKING WATER . \ 

INGESTION O F  FISH & INVERTEBRATES. . 
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ORGANS CONSIDERED . . 

AIRBORNE WATERBORNE 
5 " - .  

TOTALBODY : 0 TOTAL BODY 

THYROID . THYROID . 

e BONE e BONE 

GI-TRACT e GI-TRACT 

LIVER LIVER 

LUNG 
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POPULATI'ON GROUPS CONSIDERED 

GROUP AGE LIMITS 

INFANT 

CHILD 

.. 
.. 'PER CENT 

TEEN 11-17 YW 11.7 . ' 

ADULT 



AIRBORNE PATHWAY 
Sl ide 5 



MEAN 

OVERALL TOTAL 

DOSE : COMMITMENT SUMMARY 

Dose Commitment 

( Person-REM) 

*Weighted by TW-HR produced 
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HISTOGRAM OF INDIVIDUAL DOSE 
DlSTRlBUTlON FOR AIRBORNE PATHWAY 

. . 
A V ~ - ~ N ~ V ~ U A L  DO% COMMITMENT - MlLLlREM 
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EXAMPLE HISTOGRAMS I 

AVG INDIVIDUAL DOSE COMMITMENT - MILLIREM . .- -. . . 

AVO INDIVIDUAL DOSE COMMITMENT - MILLIREM: 

AVG INDIVIDUAL DOSE COMMITMENT - MlLLlREM , 

AVG INDIVIDUAL DOSE COMMITMENT - MlLLlREM 
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EXAMPLE HISTOGRAMS II 

0 - 6  0 I E 4  11-1 I l E . 6  1 6 4  I. SE.4 . I  1 E . l  I L J  1 L . l  &-I 1E.1  I U - 1  1  3 10 I 
AVO INDIVIDUAL DOSE COMMITMENT - MILLIREM. AVG INDIVIDUAL DOSE COMMITMENT - MlLLlREM 

8 0  

I 86% < 3E-8 MILLIREM 

2 60 

NOTE CHANGE OF HORIZONTAL 
SCALE FROM OTHER HISTOGRAMS 
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S l  i d e  1.0 . ,  
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FRACTrON OF TOTAL POPULATION RECEIVING VARIOUS 
INDIV IDUAL DOSE COMMITMENTS FOR ALL SITES,  1976 




