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A MODEL TO PROJECT DOSE-TO-MAN 
FROM BURIED SOLID WASTE* 

E. L. W i l h i t e  

Savannah R ive r  Laboratory 
E. I. du Pont de Nemours and Co. 
A i  ken, South Carol i n a  29801 

ABSTRACT 

To plan for the postoperational surveillance and control of 

the Savannah River Plant 'solid waste burial site, a model is being 

developed to simulate movement of radionuclides from buried solid 

waste.through the environment to man. Results from the study of 

the model will be used to validate current operating limits for 

burial ahd to establish criteria for future surveillance and con- 

trol. A preliminary model has been formulated to estimate the 

rate and extent of 'OS~  movement through a set of aquatic (ground 

water, creeks, and river) and terrestrial (vegetation, animals, 

and dust) pathways. Estimates based on pessimistic assumptions 

show that drinking water from the shallow ground water table in 

the burial region is the. critical pathway for dose-to-man. Cur- 

rent and planned experimental programs to refine model parameters 

will be presented. 

* The informatdon contained in this article was developed during 
the course of work under Contract No. ~~(07-2)-1 with the U.S. 
Energy Rcscarch and Development Administration. 



INTRODUCTION 

One c e n t r a l l y  loca ted  s o l i d  waste s t o r a g e  s i t e  (Fig.  1)  i s  

used t o  s t o r e  a l l  r a d i o a c t i v e  s o l i d  waste produced a t  t h e  Savannah 

River P l an t  (SRP) and occas iona l  s p e c i a l  Energy Research and 

Development Administrat ion (ERDA) shipments from o f f s i t e .  This  ' , 

s to rage  s i t e  occupies 80 h e c t a r e s  between t h e  two chemical sepa- 

r a t i o n s  a r e a s  a t  SRP, approximately 9.5 km from t h e  n e a r e s t  p l a n t  

boundary. The o r i g i n a l  a r e a  of 30 h e c t a r e s ,  which began t o  r e c e i v e  

waste i n  1953,  was f i l l e d  i n  1972, and ope ra t ions  were s h i f t e d  t o  

a  50 h e c t a r e  s i t e  contiguous t o  t h e  o r i g i n a l  a r e a .  

Two phases of  s u r v e i l l a n c e  and con t ro l  a r e  considered f o r  

t h e  f u t u r e ' o f  t h e  b u r i a l  s i t e .  The f i r s t  phase 5,s considered 

dur ing  t h e  l i f e  of  t h e  p l a n t  and f o r  a  l imi t ed  pe r iod  fo l lowing  

p l a n t  shutdown. During t h i s  t ime, con t ro l  and normal s u r v e i l l a n c e  

of  t h e  s i t e  w i l l  cont inue.  

The second phase fol lows f o r  an' i n d e f i n i t e  pe r iod ,  and r e -  

q u i r e s  minimal con t ro l  and s u r v e i l l a n c e  o f  t h e  s i t e .  Appropriate  

measures t o  prepare  t h e  b u r i a l  groii11d [or. nlini~nal con ti.01 a r e  

being incorpora ted  i n t o  b u r i a l  ground ope ra t ion .  C r i t e r i a  f o r  

minimal con t ro l  o f . t h e  b u r i a l  s i t e  must ensure  t h a t  long- l ived  

nuc l ides  [' O S ~ ,  ' 7 ~ s ,  and t ransuranium (TRU) a lpha  nuc l ides ]  r e -  

maining i n  t h e  ground w i l l  n o t  c o n s t i t u t e  a  hazard t o  t h e  p u b l i c .  

To minimize s i t e  con t ro l ,  t h e  fo l lowing  l i m i t s  have been placed 

on t h e  q u a n t i t y  of  beta-gamma r a d i o a c t i v i t y  emplaced each year  a t  

t h e  s o l i d  r a d i o a c t i v e  waste s t o r a g e  s i t e :  



' Osr ,500 C i  

6 O C O  3 x l o 5  c i  

3 ~ .  4 x l o 5  c i  

Other nuc l ides  (T >10 y r )  1 x l o 3  C i  
4 

Other nuc l ides  (T <10 yr) 5 x l o 5  C i  4 
The purpose of  t h i s  s tudy  i s  t o  v a l i d a t e  t h e  c u r r e n t  l i m i t s  

f o r  b u r i a l  o f  'Osr and 1 3 7 ~ s  and t o  provide guidance i n  develop- 

i ng  c r i t e r i a  f o r  f u t u r e  s u r v e i l l a n c e  and r.nntrn1. of the b u r i a l  

s i t e  i n  t h e  years  fol lowing t h e  end o f  p l a n t  ope ra t ion .  A math- 

emat ica l    nod el t o  s imu la t e  movement of  r ad ionuc l ides  from bur ied  

s o l i d  waste through t h e  environment' t o  man i s  being formulated.  

Model r e s u l t s  w i l l  d e f i n e  c r i t i c a l  pathways f o r  nuc l ide  t r a n s -  

p o r t  t o  man and w i l l  e s t ima te  p ro j ec t ed  dose-to-man from bur ied  

So l id  waste. 

PRELIMINARY STUDY 

A pre l iminary  s tudy  has been completed t o  d e f i n e  p o s s i b l e  

pathways f o r  ' O S ~  movement from bur ied  s o l i d ,  waste t o  man and t o  

e s t ima te  t h e  p o t e n t i a l  dose-to-man. Poss ib l e  "sr r o u t e s  through 

t h e  environment a r e  shown i n  Fig.  2 .  Each block r e p r e s e n t s  an 

environmental colnpar'bment t h a t  may con ta in  s t ront ium.  The arrows 

i n d i c a t e  t ho  d i r e c t i o n  tlle s t runt iurn inoves from one compartment 

t o  another .  ' O S ~  i n  bur ied  waste may move t o  man through a  s e t  

of aqua t i c  pathways (ground water ,  c reeks ,  and r i v e r )  and through 

a  s e t  of t e r r e s t r i a l  pathways (vegc ta t ion ,  animals ,  and d u s t ] .  



The d i r e c t - c o n t a c t  compartment r e p r e s e n t s  a  pos tu l a t ed  cond i t i on  

t h a t  could occur only i f  minimal con t ro l  of t h e  b u r i a l  s i t e  were 

t o  cease;  e .g . ,  excavat ion dur ing  cons t ruc t ion  a c t i v i t i e s  o r  

prospec t ing  f o r  s c rap .  

The r a t e  and ex ten t  of  movement of  ' OSr through t h e  pa ths  

of  Fig. 2  was est imated based on t h e  fol lowing known o r  assumed 

. parameters:  

16,500 C i  o f  'OSr was i n  t h e  SRP b u r i a l  ground December 31, 

1976. 

P l an t  ope ra t ion  w i l l  cont inue  u n t i l  2000. During t h i s  time, 

500 C i  of w i l l  be bur ied  each year  ( cu r r en t  l i m i t ) .  

e The SRP b u r i a l  ground w i l l  be under s u r v e i l l a n c e  f o r  100 y r  

fo l lowing  p l a n t  shutdown. During t h i s  t ime, no deep-rooted 

vege ta t ion  w i l l  be a l l owed . to  grow over  t h e  s i t e .  . 

The SRP b u r i a l  ground a r e a  i s  about 80 h e c t a r e s .  

a The average depth of t h e . w a t e r  t a b l e  i s  13.7 m .  

e The average r a t e  of downward movement of s o i l  moisture i s  

2.1 m/yr. 

The average r a t e  o f . h o r i z o n t a 1  movement of ground water i n  

t h e  water  t 'able  i s  12.2 m/yr. 

m D i s t r i b u t i o n  c o e f f i c i e n t  (Kd) f o r  s t ront ium on p l a n t  s o i l s  i s  9 .  

a ' O S ~  l each  r a t e  from t h e  waste i s  l % / y r  ( a l l  o f  t h e  'OSr i s  

leachable] .  



From t h e  above parameters ,  t h e  fol lowing p r o j e c t i o n s  were 

ca l cu la t ed :  

The t o t a l  'Osr i n  t h e  b u r i a l  ground w i l l  b e  18,500 C i  i n  t h e  

year  2000 and w i l l  decay t o  1700 C i  i n  t h e  yea r  2100. ' 

Downward movement of  ' O S ~  through s o i l  i s  0.04 m/yr. Stront ium ' 

w i l l  reach the  water  t a b l e  i n  about. 200 y r ,  a t  which time 99% 

of  t h e  'Osr w i l l  have decayed. 

La te ra l  movement of 'Osr a t  t h e  water  t a b l e  i s  0.34 m/yr. 

By i n t e g r a t i n g  over  t h e  e n t i r e  b u r i a l  ground, t h e  average 

r a t e  a t  which s t ront ium would e n t e r  t h e  water  t a b l e  i s  about * 

0.8 Ci /yr .  This  s t ront ium would be d ispersed  i n  3 x 10' L o f  

ground water ( i f  a mixing depth of  1 m and a p o r o s i t y  of  35% is  

assumed). The maximum s t ront ium concent ra t ion  i n  ground water  

would .be about 2 x l o 3  pCi/L (MPC = 3 x 10' pCi/L) . The p ro j ec t ed  

dose t o  a s i n g l e  i nd iv idua l  from d r ink ing  water ,  i f  farmstead 

supply we l l s  were loca t ed  i n  t h e  b u r i a l  reg ion  i n  t h e  yea r  2000, 

would be about 1 .4  rem/yr. The a f f e c t e d  popula t ion  would be 

small  because the  s h a 1 l . o ~  water t ab l e  has  a l i m i t e d  capac i ty  

s u f f i c i e n t  on ly  f o r  household use.  Deeper s t r a t a ,  t r u e  a q u i f e r s  

such a s  t h e  McBean formation,  a r e  p a r t i a l l y  p ro t ec t ed  by c l a y  

n b a r r i e r s  of low pe rmeab i l i t y  a g a i n s t  downward movement from t h e  

Barnwell formation CDESWM076). 

Ground water beneath t h e  b u r i a l  ground flows toward Four 

Mile Creek i n  a wel l-defined 0.8-km flow pa th .  A t  t h e  ' O S ~  flow 

of 0.34 m/yr, about 2400 y r  i s  r equ i r ed  f o r  9 0 ~ r  t o  reach  Four 



Mile Creek. During t h i s  t ime, 'OSr would decay by a f a c t o r  of 

t o  a n e g l i g i b l e  l e v e l .  Ground water  beneath a p a r t  o f  t h e  

b u r i a l  ground may a l s o  flow t o  Upper Three Runs Creek. The flow 

pa th  t o  Upper Three Runs Creek i s  about t h e  same a s  t h a t  t o  Four 

Mile Creek. E s s e n t i a l l y  no 'OSr would reach e i t h e r  creek.  Data 

from t e s t s  now i n  progress  a r e  no t  y e t  a v a i l a b l e ,  bu t  t r a n s f e r  

of  'Osr t o  deeper a q u i f e r s  and' then  t o  t h e  Savannah River i s  n o t  

expected t o  be f a s t e r  than t o  t h e  c reeks .  By t h e  year  2100, a l l  

o f  t h e  'Osr would have been d i sp l aced  from t h e  waste.  I f  t h e  

1700 C i  remaining a r e  assumed t o  be evenly d i s t r i b u t e d ,  1.2 t o  

12 m below grade under t h e  80 h e c t a r e  b u r i a l  ground, t h e  s o i l  

would con ta in  about 130 pCi/g, which i s  about 500 t imes t h e  ' O S ~  

now i n  US s o i l  from f a l l o u t  (Me68). 

To p r o j e c t  dose-to-man f o r  t h e  t e r r e s t r i a l  pathways, d a t a  

from o t h e r  l o c a t i o n s  were reviewed f o r  p o s s i b l e  a p p l i c a t i o n  a t  

SRP. Published d a t a  on 'OSr uptake by p l a n t s  d e a l s  with s o i l  

contaminated with f a l l o u t ,  which i s  nea r  t h e  su r f ace .  No d a t a  

r e l a t e  t o  deeply implanted (>1.2m) 'OSr. However, s t u d i e s  a t  

Ris2 [Denmark) (AN67a, AN67b) measured s t ront ium uptake f o r  some 

food crops grown i n  s o i l  con ta in ing  s t ront ium t o  depths  of 85 cm. 

Table 1 shows t h e  e f f e c t  of subsur face  placement o f  s t ront ium on 

uptake by ba r l ey .  A t  depths >20 cm, uptake was 1 / 3  t h a t  a t  t h e  

su r f ace .  

Pro jec ted  'OSr va lues  i n  s e l e c t e d  food i tems ,  i f  t hey  were 

grown on b u r i a l  ground s o i l  a f t e r  t h e  year  2100, a r e  shown i n ,  

Table 2. 



Values a r e  l i n e a r  ext rapola t ions  of t h e  Ris6 d a t a  by assuming 

t h a t  s t r o n t i u m . a t  depths of >85 cm w i l l  g ive the  same uptake a s  t h a t  

a t  85 cm. The value f o r  milk was based on cows grazing on c lover ,  

and strontium concentrat ions i n  milk were r e l a t e d  t o  t h a t  i n  

c lover  by (Bo71) 

pCi O S ~ / L  (milk) = 0.002 (pCi "sr/kg) c lover  

The beef va lues  a r e  derived by assuming c a t t l e  would graze on 

c lover  ( d a i l y  forage in take:  10 kg/day), and t h e  s trontium con- 

t e n t  of t h e  meat i s  r e l a t e d  t o  d a i l y  s tront ium in take  by CRa71) 

pCi "sr/kg meat = 0.0006 (pCi intake/day) 

To es t imate  pro jec ted  dose-to-man f o r  a worst case  condi t ion ,  

t h e  b u r i a l  ground was assumed t o  be used a s  a farm s i t e .  I f  corn, 

milk, and beef were grown on the  b u r i a l  ground (Table 2 ) ,  and if 

shallow ground water from t h e  b u r i a l  ground were consumed f o r  a 

period of 1 y r ,  t h e  70-yr bone dose commitments t o  an indiv idual  

would be a s  shown i n  Table 3 .  The l a r g e s t  con t r ibu to r  t o  t h e  

t o t a l  dose i s  consumption of vegetable .crops ( i . e . ,  corn) grown 

on t h e  b u r i a l  ground. However, t h e  e f f e c t  of  increased depth of  

placement of s t r o n t k m  on t h e  reduction of p l a n t  uptake may have 

been underestimated. I f  so, consumption of shallow ground water 

may be t h e  c r i t i c a l  pa th  f o r  dose-to-man. 

PROGRAM 

To r e f i n e  dose-to-man p ro jec t ions ,  a d e t a i l e d  conceptual 

model of radionucl ide  t r anspor t  has been formulated (Fig. 3 ) .  A 

computer program has been w r i t t e n  t o  c a l c u l a t e  nucl ide  t r anspor t  



among t h e  compartments of the  model. The program solves a  system 

o f , l i n e a r  d i f f e r e n t i a l  equations of  t h e  form 

where : 

R ' r e p r e s e n t s  t h e  quant i ty  of nucl ide  i n  compartment 

N ,  and $ represents  t h e  quan t i ty  of nucl ide  i n  com- 

partment M. 

X i s  the  t r a n s f e r  c o e f f i c i e n t  f o r  t h e  t r anspor t  of 
n,  m /' 

nucl ide  from compartment m t o  compartment n ,  and X 
m,n 

i s  t he  t r a n s f e r  coe f f i c i en t  f o r  t r anspor t  of nucl ide  

from compartment n t o  compartment m .  

R . X represents  l o s s  by rad ioac t ive  decay. 

Units f o r  t r a n s f e r  c o e f f i c i e n t s  a r e  (years)- ' .  

Values f o r  t r anspor t  c o e f f i c i e n t s  w i l l  be assigned based on 

ava i l ab le  da ta .  S e n s i t i v i t y  ana lys i s  w i l l  determine c r i t i c a l  

pathways f o r  eventual dose-to-man. Evaluation of t h e  c r i t i c a l  

pathways w i l l  provide a b a s i s  t o  e s t a b l i s h  cri t .e r ia  f o r  f u t u r e  

minimal cont ro l  of t h e  b u r i a l  s i t e .  

Several  current  and planned experimental programs a r e  

designed t o  r e f i n e  es t imates  of model parameters: 

Exhumation T e s t s  

In 1975, a  process vesse l  t h a t  had been buried f o r  18 y r  was 

exhumed (Ho76). So i l  samples from t h e  v i c i n i t y  of t h e  vesse l  

'3 0 were analyzed f o r  Sr ,  lS7cs,  and 2 3 y ~ ~ .  ' O S ~  was found t o  

be more mobile than ' 3 7 ~ s  and 3 9 ~ ~ .  

- 9 -  



Process p ip ing  (buried f o r  about 15 yr )  w i l l  be exhumed. S o i l  

and p ipe  samples w i l 1 , b e  analyzed t o  determine leach r a t e  and 

s o i l  migrat ion r a t e  o f  ' O S ~ ,  13'cs, and 2 3 9 ~ ~ .  

Lys imete r  Tes ts  

A s e t  o f  32 lys imeters  w i l l  be  i n s t a l l e d  i n  t h e  b u r i a l  ground. 

Representa t ive  waste m a t e r i a l  such a s  exhumed process  p ip ing ,  

boxed waste,  e t c . ,  w i l l  be bur ied  i n  t h e  ly s ime te r s .  Radio- 

nuc l ides  leached from t h e  waste w i l l  be c o l l e c t e d  and analyzed 

aver a periud UP several years. 'lahe l e a c h a b i l i t y  of nuc i ides  

' 

from bur ied  waste,  a  key parameter of t h e  migra t ion  mode1,'and 

t h e  e f f e c t  of s a t u r a t e d  o r  unsa tura ted  s o i l  moisture condi t ions  

and vege ta t ive  cover on nuc l ide  t r a n s p o r t  w i l l  b e  determined. 

S o i l  Tes ts  

S t r o n t i u ~ n  d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) was determined from 

a s e t  of 56 s o i l  samples from t h e  b u r i a l  ground. The Kd 

va lues  were 9 t o  6000. The mean was 400 and t h e  median was 

110. 

Fur ther  t e s t s  w i l l  d e f i n e  cesium and plutonium Kd va lues  from 

b u r i a l  ground s o i  1s. . 



CONCLUSIONS 

The prel iminary study of  O S ~  t r anspor t  from buried s o l i d  

waste t o  man showed t h a t  consumption of  shallow ground water 

may be the  c r i t i c a l  path f o r  dose-to-man i n  t h e  year  2200. 

Future work w i l l  r e f i n e  t h e  t r anspor t  model. Other important 

pathways w i l l  be defined and es t imates  of t r a n s f e r  c o e f f i c i e n t s  

w i l l  be improved. 
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TABLE 1 

EFFECT OF DEPTH ON ' O S ~  UPTAKE BY BARLEY 
FROM SOIL CONTAINING 5000 pCi 'OSr/g 

Depth o f  'OSr, cm 

TABLE 2 

PROJECTED 9 0 ~ r  IN FOODS PRODUCED AT THE BURIAL GROUND 
' 

: Amount t o  Give Body 
Food - OSr - Burden o f  0.3 pCi 

Corn 65 pCi/g . 4600 g 

M i l k  0.001 pCi/L 300 L 

Beef 

TABLE 3 

ESTIMATED 70-YR DOSE COMMITMENTS FROM 'OSr FROM 
CONSUMPTION OF FOOD AND WATER PRODUCED ON THE' BURIAL GROUND 

Food I tem D a i l y  Consumption (NG68) Dose Commitment, rem 

Water 1.2 L 1.4 

M i l k  1 L 0.5 

Beef 300 g .0.5 

Corn 100 g .4 



FIG. 1 .  Burial  Ground Location 



Fig .  2. Preliminary 'OSr Transport Model 
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F i  g . 3 .  Radl onucl i de Transport Model 




