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1. INTRODUCTION 

The performance o b j e c t i v e s of r a d i o a c t i v e waste management i nc lude : (a) 
the p r o t e c t i o n of the gene ra l p o p u l a t i o n from r e l e a s e s of r a d i o a c t i v i t y , 
(b) p r o t e c t i o n of i n d i v i d u a l s from exposures a s s o c i a t e d with i n a d v e r t e n t 
I n t r u s i o n s , (c) p r o t e c t i o n of i n d i v i d u a l s du r ing o p e r a t i o n s , and (d) 
s t a b i l i t y of the d i s p o s a l s i t e a f t e r c l o s u r e . In o rde r to ach ieve these 
o b j e c t i v e s , p rocedures must be e s t a b l i s h e d f o r e n s u r i n g compliance wi th 
b a s i c r a d i a t i o n p r o t e c t i o n c r i t e r i a . Such compliance e n t a i l s e n s u r i n g 
t h a t p o p u l a t i o n doses a r e as low as reasonab ly a c h i e v a b l e (ALARA), whi le 
maximum i n d i v i d u a l r a d i a t i o n doses do not exceed r e g u l a t o r y l i m i t v a l u e s 
p r e s e n t e d in ICRP 26 [1 ] , 

The Turk i sh Government i s in the p rocess of p l a n n i n g two n u c l e a r r e a c t o r s 
in Turkey. S t u d i e s have begun f o r improved c o n t r o l of low l e v e l was tes 
(LLW) i n Turkey b e f o r e e s t a b l i s h m e n t of t h e s e r e a c t o r s . In t h i s s t u d y , 
the PRESTO-II ( P r e d i c t i o n of Rad ia t i on Exposures from Shallow Trench 
Ope ra t i ons ) computer code [2 ,3 ] i s used to a s s e s s the r i s k a s s o c i a t e d wi th 
the sha l low land d i s p o s a l of low l e v e l waste (LLW) in v a r i o u s s i t e s in 
Turkey. PRESTO-II i s a computer code developed under the Uni ted S t a t e s 
Environmental P r o t e c t i o n Agenuy, Department of Energy and Nuclear 
Regula to ry Commission fund ing to e v a l u a t e p o s s i b l e h e a l t h e f f e c t s from 
r a d i o a c t i v e r e l e a s e s from sha l low, r a d i o a c t i v e was te d i s p o s a l t r e n c h e s and 
from a r e a s con tamina ted wi th o p e r a t i o n a l s p i l l a g e . 

A p r e l i m i n a r y s i m u l a t i o n u s ing the PRESTO-II computer code has been run 
f o r the s i t e in K o t e y l i , B a l i k e s i r , Turkey [4 ] , Th is example s i m u l a t i o n 
was performed u s i n g the same r a d i o n u c l i d e d a t a s e t b e l i e v e d r e p r e s e n t a t i v e 
of t he LLW d i s p o s a l f a c i l i t y i n Barnwel l , South C a r o l i n a . S i t e 
env i ronmenta l v a r i a b l e s were s e l e c t e d to t y p i f y c r e d i b l e wor s t case 
exposure s c e n a r i o s . Radionuc l ide i n v e n t o r i e s a r e p r i m a r i l y based on 
e s t i m a t e d was te composi t ion r a t h e r than measured v a l u e s . 
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2. DESCRIPTION OF THE MODEL 

The PRESTO-11 code i s a v e r s a t i l e methodology f o r c a l c u l a t i n g r i s k s to 
l oca l and i n t e r m e d i a t e - range p o p u l a t i o n s r e s u l t i n g from water and a i r b o r n e 
t r a n s p o r t of r a d i o n u c l i d e s . The PRESTO-II code t r a c k s r a d i o n u c l i d e 
t r a n s p o r t th rough s u r f a c e and s u b s u r f a c e pathways and human exposures 
through e x t e r n a l exposu re , i n h a l a t i o n , and i n g e s t i o n . Doses and h e a l t h 
r i s k s , b o t h g e n e t i c and s t o c h a s t i c , a r e computed. 

The PREf'"0-II computer code c o n s i d e r s on ly one s c e n a r i o per computer run . 
The s c e n a r i o to be s i m u l a t e d may be s t r u c t u r e d by t he u s e r by changing 
v a l u e s of u s e r - s p e c i f i e d pa rame te r s such as p o p u l a t i o n s i z e and l o c a t i o n , 
d i s t a n c e of w e l l , p e r c e n t cap f a i l u r e , r e s u s p e n s i o n r a t e , e t c . 

The PRESTO-PREP code [5] has a l s o been w r i t t e n t o a s s i s t the u s e r in 
p r e p a r i n g PRESTO-II d a t a s e t s . This code a c c e s s e s r a d i o n u c l i d e d a t a b a s e s 
t;o p r e p a r e a r a d i o n u c l i d e d a t a s e t i n the p rope r f o r m a t f o r r e a d i n g by 
PRESTO-II. 

The DARTAB code [6] i s used by PRESTO-II as a s u b r o u t i n e t o combine 
s i m u l a t e d r a d i o n u c l i d e exposure v a l u e s w i th dose and h e a l t h r i s k f a c t o r s 
to produce t a b u l a t i o n s of dose and h e a l t h r i s k . 

3. ENVIRONMENTAL TRANSPORT PATHWAYS 

Re lea se s of r a d i o n u c l i d e s to the environment from n u c l e a r f a c i l i t i e s a r e 

e i t h e r wa te rbo rne o r a i r b o r n e . Water from p r e c i p i t a t i o n i s the p r imary 

t r a n s p o r t medium f o r r a d i o a c t i v i t y from LLW s t o r e d i n s h a l l o w t r e n c h e s . 

R a d i o n u c l i d e s a r e t r a n s p o r t e d from the s i t e p r i n c i p a l l y by s u r f a c e w a t e r , 

g roundwate r , o r windblown d u s t . Contaminated wate r from the t r e n c h may 

o v e r f l o w on to t he s u r f a c e s o i l . Once ove r f low has o c c u r r e d , r a d i o n u c l i d e s 

may be t r a n s p o r t e d by r u n o f f wa te r t o nearby s t r eams o r w e l l s . 

R a d i o n u c l i d e s l e f t on t he s o i l s u r f a c e by t r e n c h o v e r f l o w , by s p i l l a g e 

d u r i n g d i s p o s a l o p e r a t i o n s , or by complete removal of t he t r e n c h cap may 

be suspended In the a tmosphere . P a r t i c u l a t e s can d e p o s i t on the ground 

s u r f a c e o r on v e g e t a t i o n through t h e p r o c e s s e s of dry o r wet d e p o s i t i o n . 
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PRESTO-II a l lows the user to s e l e c t human exposure s c e n a r i o s i n c l u d i n g 
m i g r a t i o n of r a d i o a c t i v i t y from the t rench in hyd ro log i c and a tmospher ic 
envi ronmenta l pathways to food and d r i n k i n g w a t e r , the p resence of a 
r e s i d e n t i n t r u d e r on the s i t e , and farming of the s i t e . P rocesses 
cons ide red in c a l c u l a t i n g i n d i v i d u a l or p o p u l a t i o n exposure inc lude 
groundwater over f low and seepage , chemical exchange, t r ench cap e r o s i o n , 
s t ream d i l u t i o n , and r e suspens ion and a tmospher ic d i s p e r s i o n of 
contamina ted s o i l fo l lowed by i n h a l a t i o n or d e p o s i t i o n on c rops and l and . 

4. DATA LIBRARY 

There a r e b a s i c a l l y t h r e e types of da t a t h a t a r e needed to execu te PRESTO-
I I . They a r e : (1) s i t e - s p e c i f i c and r a d i o n u c l i d e - s p e c i f i c d a t a used in 
the t r a n s p o r t s e c t i o n of the code f o r c a l c u l a t i n g r a d i o n u c l i d e 
c o n c e n t r a t i o n s ; (2) da t a used s p e c i f i c a l l y by DARTAB f o r c r e a t i n g t a b u l a r 
o u t p u t ; and (3) d o s i m e t r i c and h e a l t h e f f e c t s d a t a . 

5. DESCRIPTION OF THE SITES 

Because t h e r e i s no nuc l ea r waste d i s p o s a l s i t e in Turkey, i t i s neces sa ry 
to c o n s i d e r the consequences of waste d i s p o s a l f o r sample s i t u a t i o n s . A 
sample s i t u a t i o n i s d e f i n e d as the combinat ion of a w e l l - c h a r a c t e r i z e d 
waste s t r eam, a s p e c i f i c d i s p o s a l s i t e and d i s p o s a l mode, a sample s e t of 
s i t e pa ramete r s which i s used to s imula t e t r a n s p o r t from the d i s p o s a l s i t e 
to the p o p u l a t i o n t h a t has p o t e n t i a l r i s k , and a da t a base of exposure and 
h e a l t h r i s k pa ramete r s which i s used to e v a l u a t e consequences to the 
p o p u l a t i o n of i n t e r e s t . In t h i s s tudy the K o t e y l i , B a l i k e s i r , s i t e i n 
Turkey i s s e l e c t e d as a sample d i sposa l s i t e because of the a v a i l a b i l i t y 
of d a t a which i s used to run PRESTO-II. This sample s i t u a t i o n was 
performed u s i n g the same r a d i o n u c l i d e da t a s e t b e l i e v e d r e p r e s e n t a t i v e of 
t he low l e v e l waste (LLW) d i s p o s a l f a c i l i t y in Barnwel l , South C a r o l i n a , 
and the r e s u l t s of the s i m u l a t i o n have been compared wi th the r e s u l t s of 
the Barnwell s i t e . 

The K o t e y l i , B a l i k e s i r , s i t e i s in the sou the rn Marmara r e g i o n of Turkey. 
P r e c i p i t a t i o n , as s n o w f a l l , occurs most ly in the w i n t e r wi th a t o t a l mean 
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ot 0 . / 2 J m/y. The annual average tempera ture i s 14.5°C and maximum annual 
t empera tu res i s 43.7°C wi th an annual average r e l a t i v e humidi ty of 68%. 
The assumed i r r i g a t i o n r a t e of t h i s s i t e f o r farming o p e r a t i n g i s 0 .25 
L/m2-h [ 8 ] . 

The Barnwell low- leve l r a d i o a c t i v e d i s p o s a l f a c i l i t y i s l o c a t e d 8 km west 
of the town of Barnwel l , South C a r o l i n a . The c l i m a t e near Barnwell i s 
r e l a t i v e l y mi ld . The monthly t empera tu res range from 9°C to 27°C f o r 
January and J u l y , r e s p e c t i v e l y . Most of the annual p r e c i p i t a t i o n occurs 
in the summer with a mean t o t a l of 1.13 m/y. Snowfal l r a r e l y occurs . The 
atmosphere around the s i t e i s cons ide red to be r e l a t i v e l y s t a b l e . The 
assumed i r r i g a t i o n r a t e f o r farming o p e r a t i o n i s 0 .02 L/m^-h [7] , 

6. METHOD OF SOLUTION 

The PRESTO-II code t r a c k s r a d i o n u c l i d e t r a n s p o r t through s u r f a c e and 
s u b s u r f a c e pathways and human exposure modes through e x t e r n a l exposure , 
i n h a l a t i o n , and i n g e s t i o n . The code a l lows the u s e r t o s e l e c t human 
exposure s c e n a r i o s i n c l u d i n g mig ra t i on of r a d i o a c t i v i t y from t rench in 
h y d r o l o g i c and a tmospher ic envi ronmenta l pathways to food and d r i n k i n g 
water and exposure to a r e s i d e n t i n t r u d e r who l i v e s on and who farms the 
s i t e . P rocesses c o n s i d e r e d in c a l c u l a t i n g i n d i v i d u a l or p o p u l a t i o n 
exposure i n c l u d e : groundwater t r a n s p o r t , p r e c i p i t a t i o n r u n o f f , t r ench 
water over f low and seepage , chemical exchange, t r e n c h cap e r o s i o n , s t ream 
d i l u t i o n , and r e suspens ion and a tmospher ic d i s p e r s i o n of contaminated s o i l 
fo l lowed by i n h a l a t i o n or d e p o s i t i o n on c rops and l and . The Dose and Risk 
T a b u l a t i o n (DARTAB) [6] computer code i s used as a s u b r o u t i n e of PRESTO-
I I to combine r a d i o n u c l i d e exposure r a t e v a l u e s wi th h e a l t h r i s k f a c t o r s 
to o b t a i n t a b u l a t i o n of dose and r i s k v a l u e s . 

7. RESULTS AND DISCUSSION 

The PRESTO-II computer code has been a p p l i e d to o b t a i n a p r e l i m i n a r y 
e s t i m a t e of maximum doses f o r s e l e c t e d r e l e a s e and exposure s c e n a r i o s 
a s s o c i a t e d wi th a proposed LLW d i s p o s a l s i t e in Turkey [8 ] . Maximum 
annual exposure r e s u l t s of both K o t e y l i , Turkey, and Barnwell , South 
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C a r o l i n a , a re compared in Table 1. The s i m u l a t i o n r e s u l t s a r e p r e sen t ed 
in F igures 1 - 4 . F igures 1 and 2 a re the g r a p h i c a l r e p r e s e n t a t i o n s of 
1000-year annual average r a d i o n u c l i d e c o n c e n t r a t i o n s in l e a f y v e g e t a b l e s 
and beef meat due to a tmospher ic d e p o s i t i o n , and F igures 3 and 4 are the 
g r a p h i c a l r e p r e s e n t a t i o n s of r a d i o n u c l i d e c o n c e n t r a t i o n s in l e a f y 
v e g e t a b l e s and beef meat due to i r r i g a t i o n d e p o s i t i o n . Using the same 
r a d i o n u c l i d e da t a s e t , the K o t e y l i , B a l i k e s i r , Turkey, s i t e annual i n t ake 
by i n g e s t i o n i s h i g h e r than the Barnwell , South C a r o l i n a , s i t e ; however, 
va lue s a r e approximate ly equal in the case of annua l i n t a k e by i n h a l a t i o n . 
The K o t e y l i , B a l i k e s i r , Turkey, s i t e i s c h a r a c t e r i z e d by a h ighe r 
i r r i g a t i o n r a t e than the Barnwel l , South C a r o l i n a , s i t e . As a r e s u l t , the 
pathway of maximum r i s k i s expec ted to be wa te r -med ia t ed r a d i o n u c l i d e 
m i g r a t i o n downward to the a q u i f e r and subsequent h o r i z o n t a l t r a n s p o r t to 
w e l l s or s u r f a c e seepage p o i n t s . 

I t may be m i s l e a d i n g , due to some of the a r b i t r a r y parameter cho ices made 
i n d e s c r i b i n g r e l e a s e s c e n a r i o s , to g e n e r a l i z e about r e l a t i v e consequences 
of bury ing was tes i n t hese d i f f e r e n t geographic r e g i o n s . N e v e r t h e l e s s , 
t h e r e a r e lower h e a l t h r i s k s p r e d i c t e d f o r the Barnwell s i t e r e l a t i v e to 
t he Ko tey l i r eg ion in Turkey. This conc lus ion r e s u l t s l a r g e l y from the 
assumption t h a t the Ko tey l i s i t e may e v e n t u a l l y be used as farm land . I f 
t he Ko tey l i s i t e were no t i r r i g a t e d , p r e d i c t e d consequences f o r t h i s s i t e 
would be l e s s e n e d . 

R e s u l t s of t h e s e s i m u l a t i o n s sugges t t h a t t h e r e would be , by comparison to 
background dea th r a t e s , l i t t l e h e a l t h impact a s s o c i a t e d w i th bury ing t he se 
was tes i n a l o w - l e v e l d i s p o s a l a r ea a t e i t h e r s i t e d e s c r i b e d in t h i s 
s t u d y . 

For example, the sura of a l l r a d i o l o g i c a l impacts from exposure of the 
l o c a l p o p u l a t i o n of 7033 pe r sons to contaminants in a l l l o w - l e v e l waste 
d i s p o s a l a r e a s nea r Barnwell was s imula ted t o be 5 .53 10"^ d e a t h s / y . By 
comparison, the c u r r e n t annual dea th r a t e from cance r f o r a r e p r e s e n t a t i v e 
p o p u l a t i o n of 7033 i n the Uni ted S t a t e s i s 13 pe r sons [9 ] , The waste 
d i s p o s a l - a s s o c i a t e d dea th r a t e i s l e s s than the background cancer dea th 
r a t e by a f a c t o r of 4 . 2 10" 5 [ 9 ] . 
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8. CONCLUSION 

Pre l im ina ry s i m u l a t i o n s have been performed of r e l e a s e and t r a n s p o r t of 
r a d i o n u c l i d e s from a proposed sha l low- land r a d i o a c t i v e waste d i s p o s a l s i t e 
in Turkey. R e s u l t s of t h e s e s i m u l a t i o n s have been compared to the r e s u l t s 
of analogous s i m u l a t i o n s f o r the Barnwell , South C a r o l i n a , s i t e now 
o p e r a t i n g i n the Uni ted S t a t e s . A p p l i c a t i o n of a documented methodology 
and computer code has p e r m i t t e d e v a l u a t i o n of a proposed d i s p o s a l s i t e by 
comparison wi th an o p e r a t i o n a l s i t e us ing s t a n d a r d i z e d exposure s c e n a r i o s . 

The PRESTO-II methodology was used to o b t a i n a p r e l i m i n a r y e s t i m a t e of 
maximum doses f o r s e l e c t e d r e l e a s e and exposure s c e n a r i o s a s s o c i a t e d wi th 
the proposed shal low land d i s p o s a l a r ea s in Turkey. Cumulative doses and 
h e a l t h r i s k s were c a l c u l a t e d f o r i n d i v i d u a l s and exposed p o p u l a t i o n s . 
Such c a l c u l a t i o n s were used to i d e n t i f y n u c l i d e s and s c e n a r i o s t h a t must 
be cons ide red more c a r e f u l l y . Though no c la im i s made t h a t t h i s 
methodology i s optimum f o r , or a p p l i c a b l e t o , a l l r e l e a s e s c e n a r i o s , i t i s 
the a u t h o r s ' b e l i e f t h a t i t can be mean ing fu l ly a p p l i e d t o many, i f n o t 
most, such s c e n a r i o s . 

S imula t ion r e s u l t s must be regarded as e s t i m a t e s . We have proposed to 
e v a l u a t e t h e u n c e r t a i n t i e s a s s o c i a t e d wi th the p r e d i c t i o n s of the PRESTO-
I I computer code, a s f u n c t i o n s of the p r e c i s i o n wi th which i n p u t v a r i a b l e s 
a r e known. The PRESTO-II, l i k e any complex computer code, may be 
m i s a p p l i e d . M i s a p p l i c a t i o n may c o n s i s t of t r y i n g to apply code to examine 
a s i t e where one or more model l ing assumptions a r e i n v a l i d , or choosing 
v a l u e s of i npu t pa rame te r s t h a t do no t a c c u r a t e l y r e f l e c t v a r i a b l e s such 
as r a d i o n u c l i d e i n v e n t o r y , s i t e meteorology, s u r f a c e and s u b s u r f a c e 
hydrology and geology, and f u t u r e p o p u l a t i o n demographics . Dete rmina t ion 
of t he s e n s i t i v i t y of model r e s u l t s to v a r i a t i o n s i n model inpu t v a l u e s 
i n d i c a t e which pa ramete r s need to be known most a c c u r a t e l y . The r e s u l t s 
of t he se s i m u l a t i o n s should be u s e f u l i n p r o v i d i n g e s t i m a t e s of 
consequences of a l t e r n a t i v e d i s p o s a l p r a c t i c e s . S t u d i e s a r e con t i nu ing to 
ana lyze o t h e r proposed s i t e s i n order to compare and e v a l u a t e s u i t a b l e 
sha l low LLW s i t e s i n Turkey. 
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Table 1. Simulated Radionucl ide In take (maximum annual) f o r 
Barnwel l , South C a r o l i n a , and K o t e y l i , B a l i k e s i r , Turkey (pCi /y) 

Annual I n t a k e Annual In t ake Annual I n t a k e Annual I n t a k e 
Nucl ide by I n g e s t i o n , by I n h a l a t i o n , by I n g e s t i o n , by I n h a l a t i o n , 

Barnwel l , SC Barnwel l , SC K o t e y l i , Turkey K o t e y l i , Turkey 

3H 1. 44 E-10 2. 65 E-13 3, .79 E-08 6. 38 E-13 
7. 53 E+03 7. 85 E-17 1. ,37 E-05 1. 88 E-16 

5*Mn 1. 61 E-08 5. 84 E - l l 8, ,81 E-08 2. 34 E - l l 
55 F e 3. .96 E-07 6. 43 E-10 1, .41 E-05 3. 09 E-10 
60Co 2, 00 E-06 4. 93 E-09 4, .28 E-05 2. 41 E-09 
6 3 Ni 2. 27 E-07 1. 87 E-10 5, ,44 E-06 7. 84 E - l l 
6 5 Zn 1. .58 E-08 1. 86 E - l l 9, .09 E-07 1. 23 E - l l 
9 0 S r 3. 97 E-08 2. 61 E - l l 1 .52 E-07 1. 61 E - l l 
99 T c 2. ,75 E+05 1. 66 E-15 8 .51 E+06 3. 97 E-15 

1 0 9 c d 1, ,11 E-11 3. 81 E-14 1 .31 E-10 3. 76 E-14 
8. ,75 E-12 2. 50 E-14 1 .11 E-10 1. 26 E-14 

134 C s 1. ,85 E-07 4. 44 E-10 3 .50 E-06 1. 64 E-10 
1 3 7 C s 2. ,52 E-06 5. 52 E-09 4 .54 E-05 2. ,05 E-09 
l ^ C e 4. ,08 E-13 2. 95 E-15 2 .13 E-12 1. .10 E-15 
l ^ C e 4. .92 E-13 3. 85 E-15 2 .54 E-12 1. ,42 E-15 
210 p b 1, .17 E-10 4. 03 E-13 4 .59 E-10 1. ,53 E-13 
22&Ra 1 .05 E-11 1. 08 E-14 2 .59 E-10 4. .38 E-15 
23? T h 8 .44 E-12 2. 88 E-14 3 .19 E - l l 1, .06 E-14 
234u 1 .12 E - l l 3. 85 E-14 7 .11 E - l l 2, .03 E-14 
235u 1 .31 E - l l 4. 49 E-14 7 .18 E - l l 2. .37 E-14 
236u T .88 E-12 6. ,42 E-15 1 .02 E - l l 3 .39 E-15 
238u 1..87 E-12 6. 42 E-15 6 .32 E-08 2, .10 E - l l 
238 P u 1 .42 E-12 3, ,95 E-15 1 .69 E - l l 1 .47 E-15 
239 p u 7 .41 E-13 2. ,01 E-15 9 . - 2 E-12 7 .79 E-16 
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