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I n t r o d u c t i  on 695 
Two t a n k s  c o n t a i n i n g  res idues  p r i n c i p a l l y  r e s u l t i n g  from t h e  p r o c e s s i n g  . 

of  p i t c h b l e n d  ore a re  loca ted  on t h e  s i t e  of t h e  Feed Materials P r o d u c t i o n  

C e n t e r  n e a r  F e r n a l d ,  Ohio. The r e s i d u e s  c o n t a i n  h i g h  c o n c e n t r a t i o n . o f  
2 2  6 2 2 2  

Ra which  produce  c o p i u s  amounts of t h e  n o b e l  g a s  Rn. Release of t h i s  
2 2 2  

gas from t h e  t a n k s  is r e s p o n s i b l e  f o r  e l e v a t e d  c o n c e n t r a t i o n  of Rn i n  t h e  

a tmosphe re  i n  t h e  v i c i n i t y  of t h e  p l a n t .  

The  o b j e c t i v e  of t h i s  s t u d y  is t o  c h a r a c t e r i z e  t h e  e m i s s i o n  o f  r a d o n  from 

t h e  t a n k s .  T h i s  p r o v i d e s  a s o u r c e  term which when c o u p l e d  w i t h  m e t e o r o l o g i c a l  

da t a  c a n  be  u s e d  t o  compute c o n c e n t r a t i o n  of r a d o n  u s i n g  a n  a t m o s p h e r i c  

d i s p e r s i o n  model. The r e s u l t s  of  t h i s  model were used  t o  assess p o p u l a t i o n  

e x p o s u r e s  and s u g g e s t  ways for  r e d u c i n g  c o n c e n t r a t i o n  t o  v a l u e s  t h a t  a r e  a s  

low as r e a s o n a b l y  a c h i e v a b l e .  

Materials a n d  Methods 

The e m i s s i o n  of r a d o n  from t a i l i n g s  was computed u s i n g  s t e a d y  s t a t e  

d i f f u s i o n  e q u a t i o n s .  The  e f f ec t s  of barometric p r e s s u r e ,  wind s p e e d  and 

t e m p e r a t u r e  were n o t  i n c l u d e d  i n  t h e  s o u r c e  term c a l c u l a t i o n s .  

The o n e  d i m e n s i o n a l  s t e a d y  s t a t e  e q u a t i o n s  d e s c r i b i n g  t h e  d i f f u s i o n  of 

g a s e s  th rough  porous media  are ( ~ 0 8 1 )  
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where; 

2 2 2  

C = Concentration of Rn in pore system of the media 

J - Current density ( F L U X )  

D = Effective diffusion coefficient in porous medium 

E = Porosity of medium = ratio of pore volume to b u l k  volume 

2 2 2  

X = Decay constant of Rn 

2 2 2  

I$ = Production.source term of Rn in pores 

CRal * EF * p * A 
E 

3 

(pCi/cm 1 

[Ral = Concentration of radium in medium (pCi/g) / D  

EF = Emanation fraction 

695 

p = B u l k  density o f  medium 

R = Diffusion length = V D / € A  

Solutions for these equations f o r  special cases relating to the K65 tanks 

are as follows: 

3 
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CASE I . Open Tank 

CASE I1 Closed Tank 

t 695 

0 - = Radium Concentration i n  Pore Space A 

- -  - Ratio of t h e  value of a i r  voids i n  t h e  t a i l i n g s  t o  a depth 

of one d i f f u s i o n  length compared t o  t h e  sum of t h i s  volume 

a n d  t h e  a i r  space above t a i l i n g s  

E l l  

E t + h  

h = Effect ive he ight  of a i r  volume above t a i l i n g s  

.CASE. I11 Diffusion from Tank Cover 

= { s i n h ( L / R  Ca ,I 

2 2 2  
\ Ca = Concentration of Rn i n  Tank 

L = Thickness of Concrete Cover 

. .  
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CASE I V  D i f f u s i o n  from C o n c r e t e  S lab  
D i r e c t l y  Over  T a i l i n g s  

Jc - @E R [ c o s h ( r )  L + (r) t (r) s i n h  (- L ) I - '  
E 

&C 
c c  

C C C 

.Ratio of F lux  t h r o u g h  C o n c r e t e  S l a b  t o  F l u x  from J C  J C  Note: - = - 5: 

@" J o  Bare T a i l i n g s  

The s t e a d y  s t a t e  e m i s s i o n  r a t e  c a n  be o b t a i n e d  by  m u l t i p l y i n g  t h e  f l u x ,  

J ,  by the s u r f a c e  area of t h e  t a n k s .  S i n c e  each t a n k  is s u r r o u n d e d  by a n  

e a r t h e n  beam, t h e  r a d o n  was assumed t o  emerge  from two f l a t  s u r f a c e s  h a v i n g  a 

diameter of 80'. 

The d i s p e r s i o n  of r a d o n  from t h e  t a n k s  was d e t e r m i n e d  u s i n g  t h e  computer  

code UDAD ( t4079).  T h i s  code was d e v e l o p e d  a t  Argonne N a t i o n a l  L a b o r a t o r y  f o r  

t h e  G e n e r i c  Env i ronmen ta l  I m p a c t  S t a t e m e n t  on Uranium M i l l i n g .  It is 

p a r t i c u l a r l y  well s u i t e d  f o r  t h e  d i s p e r s i o n  of r a d o n  o r i g i n a t i n g  from m i l l  

t a  il ings. 

UDAD r e q u i r e s  meteorological da ta  i n c l u d i n g  a s t a b i l i t y  wind rose which 

describes t h e  r e l a t i v e  f r e q u e n c y  of o c c u r r e n c e  f o r  each wind d i r e c t i o n ,  wind 

speed  c l a s s  and s t a b i l i t y  c a t e g o r y .  U n f o r t u n a t e l y ,  t h i s  i n f o r m a t i o n  does n o t  

e x i s t  s p e c i f i c a l l y  f o r  t h e  FMPC s i t e  n e a r  F e r n a l d .  However, data from the  

g r e a t e r  C i n c i n n a t i  a i r p o r t  i n  C o v i n g t o n  KY w a s  a v a i l a b l e .  S e a s o n a l  and a n n u a l  

wind d i s t r i b u t i o n s  by P a s q u i l l  s t a b i l i t y  classes f o r  t h e  p e r i o d  1 /70  - 12/74  

were o b t a i n e d  from t h e  U .  S. Depar tmen t  of Commerce, N a t i o n a l  Climatic C e n t e r  

(USDC81). T h i s  is t h e  same m e t e o r o l o g i c a l  data s e t  t h a t  was u s e d  for  t h e  

p r e p a r a t i o n  of t h e  E n v i r o n m e n t a l  Impac t  S t a t e m e n t  f o r  t h e  FMPC. 
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The UDAD code p r o v i d e s  t h e  a n n u a l  a v e r a g e  c o n c e n t r a t i o n  'of radon g a s  

(PCi / I1 )  and  p o t e n t i a l  a l p h a  e n e r g y  from radon daughters (Working Level, WL). 

The p r i n c i p l e  r i s k  f rom r a d o n  gas comes from t h e  ing rowth  and  i n h a l a t i o n  o f  

radon d a u g h t e r s  i n s i d e  b u i l d i n g s .  Thus ,  t h e  dose c o n v e r s i o n  f a c t o r  for 

p o p u l a t i o n  e x p o s u r e s  was o b t a i n e d  u s i n g  t h e  f o l l o w i n g  a s s u m p t i o n s :  

B 
a )  

b) 

C )  

d )  

T h i s  

Outdoor  r adon  e v e n t u a l l y  migrates i n d o o r s  

Radon d a u g h t e r s  reach a n  e q u i l i b r i u m  r a t i o  o f  50% 

P e o p l e  a r e  r e s i d e n t  i n  b u i l d i n g s  f o r  a n  a v e r a g e  of 16 h o u r s  p e r  day 

The u e i g h t e d  d o s e  e q u i v a l e n t  c o n v e r s i o n  fac tor  f o r  i n h a l a t i o n  of 

r adon  d a u g h t e r s  in h o u s e s  is 0.55 rem/WLM ( O E C D 8 3 )  

combina t ion  of a s s u m p t i o n s  y i e l d s  a c o n v e r s i o n  f a c t o r  of 

P o p u l a t i o n  d e n s i t i e s  a s  a f u n c t i o n  of d i s t a n c e  and  d i r e c t i o n  from t h e  

s i t e  were o b t a i n e d  f rom t h e  staff  a t  FMPC. 

mrem/yr 

pC i /m 3 0.1 

6 
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Resul ts  

Source Term 

The following parame-ers were usec f o r  mode 

5 

[Ra] = 200 mCi/tonne = 2 * 10 pCi /g  

EF = 0.2 

6 - 1  
a 2.1 * i o  s 

695 

i n g  the  K-65 t a n k s :  

E t a i l i n g s  = 0.3 

E concrete = 0.3 

I! concrete - 1 2  cm 

9. t a i l i n g s  = 150 cm 

2 

Area..of Tanks = 934m 

7 
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NLO Case 1 :  Radon Flux from open  t a n k . -  

5 2 

J o =  2 * 10 (pCi/m os) 

695 

NLO Case 11: C o n c e n t r a t i o n  of r a d o n  above  t h e  t a i l i n g s  i n  a c l o s e d  t ank  

The dome is s i m u l a t e d  by a r i g h t  c i r c u l a r  c o n e  of h e i g h t  8 '  and d i a m e t e r  
2 

o f  40'. The volume of a cone is l / 3 n b  h.  T h u s ,  t h e  e f f e c t i v e  h e i g h t  of the 

dome is 8 ' /3  = 2.6 ' .  The t o t a l  e f f e c t i v e  h e i g h t  above  t h e  t a i l i n g s  is t h u s  

10' = 300 cm. 

4 3 

Ca = 3 * 10 pCi/cm 

7 

= 3 * 10 pci/I1 

NLO Case 111: Radon F l u x  f rom Tank Covered  w i t h  4'' (10 cm) of Concrete 

2 

' J = 0.24 pCi/cm 0s 

8 
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NLO Case I V :  Radon F lux  From 4" C o n c r e t e  S l a b  D i r e c t l y  'Above . T a i l i n g s  3 

= J o  * 0.105 
J C  

r 2 

= 2 * 10 pCi/m - 3  

T h e  f l u x  c a l c u l a t e d  f rom t h e  model a s suming  a 4" c o n c r e t e  cove r  o v e r  t h e  
2 

t a n k s  is 2400 pCi/m 0s.  Measurements  made by Monsanto Research C o r p o r a t i o n  

r anged  from 1 3  t o  1 .4  * 10 pCl/m ' 3  (Ha85). The e x t r e m e l y  l a r g e  v a l u e s  were 
7 2 

r e p o r t e d  t o  be f rom cracks i n  t h e  c o n c r e t e  dome. Us ing  a n  a v e r a g e  estimate of 

2000 pCi/m - s t h e  a n n u a l  e m i s s i o n  r a t e  13 60 C i / y r .  This s o u r c e  term was used  
2 

a s  i n p u t  f o r  t h e  d i s p e r s i o n  code UDAD. F i g u r e  1 shows t h e  computed a n n u a l  

a v e r a g e  c o n t r i b u t i o n  t o  t h e  a t m o s p h e r i c  r a d o n  f r o m  the  K65 t anks .  The data is 

p r e s e n t e d  a s  i s o p l e t h s  of 100, 10 ,  1 pCi/m . 2 

The a n n u a l  a v e r a g e  background l e v e l  n e a r  C i n c i n n a t i ,  Ohio has been 

Measurements  made by Monsanto 
9 

estimated t o  be a b o u t  250 pCl/m (Ce83). 

Resesarch C o r p o r a t i o n  y i e l d  v a l u e s  similar t o  t h i s  a t  t h e  f e n c e  l i n e .  

C o n c l u s i o n s  

The 

from t h e  

meters. 

d i s p e r s i o i  model p r e d i c t s  t h a t  radon c o n c e n t r a t i o n s  due  t o  e m i s s i o n s  

K65 t a n k s  f a l l  t o  below background levels a t  d i s t a n c e s  l e s s  t h a n  500 

The 100 

f ac il i t y  . Fence  

The closest  

t h e  t a n k s .  T h i s  
9 

2 

pCi/m i s o p l e t h  l i e s  e n t i r e l y  w i t h i n  t h e  boundry of t h e  FMPC 

l i n e  v a l u e s  are  g e n e r a l l y  l ess  t h a n  5% of n a t u r a l  background.  

r e s i d e n c e  in t h e  NNW d i r e c t i o n  (22.5O) is a b o u t  1 . 3  Km from 

c o r r e s p o n d s  t o  an excess r a d o n  c o n c e n t r a t i o n  of 6 

pCi/m which y i e l d s  a n  a n n u a l  weighted d o s e  e q u i v a l e n t  of 0.6 mremlyear.  The 

9 
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closest  r e s i d e n c e s  a t  90" and 180° would receive a n  a n n u a l  w e i g h t e d  dose  695 
e q u i v a l e n t  of 0.2 mrem/y and  0 .3  mrem/y r e s p e c t i v e l y .  

An e s t i m a t i o n  of t h e  p o p u l a t i o n  commitment is m e a n i n g l e s s  s i n c e  t h e  

v a l u e s  p i -ed ic ted  by t h e  model are  less t h a n  normal  v a r i a t i o n  d u e  t o  

f l u c t u a t i o n s  i n  n a t u r a l  background and i n d i v i d u a l  l i f e s t y l e s .  

The s h a p e  of t h e  i s o p l e t h s  i n  t h i s  s t u d y  do n o t  conform t o  t h o s e  

p r e s e n t e d  i n  t h e  Monsanto s t u d y  (Ha85) .  T h i s  s h o u l d  n o t  be s u r p r i s i n g  s ince 

the  code c a n n o t  model t h e  t u r b u l e n c e  and shadowing due  t o  s t r u c t u r e s  v e r y  

c l o s e  t o  t h e  s o u r c e  term and measurements  were made o n l y  d u r i n g  a few months 

s p a n n i n g  l a t e  autumn and  w i n t e r .  T h i s  i l l u s t r a t e s  t h e  c o n s i d e r a b l e  

u n c e r t a i n t y  i n  s u c h  model ing  exercises. 

I n  o r d e r  t o  v a l i d a t e  t he  c o n c l u s i o n s  of t h i s  s t u d y  a comprehens ive  

m o n i t o r i n g  program s h o u l d  c o n t i n u e  for a t  l e a s t  o n e  c a l e n d a r  y e a r .  A 

c o n t i n i o u s  r a d o n  m o n i t o r  based on  a f low t h r o u g h  s c i n t i l l a t i o n  f l a s k  would 

p r o v i d e  i n f o r m a t i o n  a t  d a i l y  i n t e r v a l s  which c o u l d  be i n t e g r a t e d  t o  y i e l d  a n  

annua l  a v e r a g e .  The d a i l y  v a r i a t i o n s  c o u l d  be compared t o  wind speed  and 

d i r e c t i o n  t o  improve  the  p r e d i c t i v e  c a p a b i l i t i e s  of t h e  model. 

Ou tdoor  measurements  of working  l e v e l s  a re  d i f f i c u l t  because of t h e  

p l a t e - o u t  c h a r a c t e r i s t i c s  of r a d o n  d a u g h t e r s .  S i n c e  t h e  r i s k  is related t o  ' 

ingrowth and i n h a l a t i o n  of d a u g h t e r s  i n d o o r s  it is s u g g e s t e d  t o  make 

c o n t i n u o u s  measurements  i n  a small b u i l d i n g  or t r a i l e r .  Commercial c o n t i n u o u s  

working l e v e l  m o n i t o r s  a d e q u a t e l y  measure r a d o n  d a u g h t e r s  u n d e r  t h e s e  

cond i t  i o n s .  

A m o n i t o r i n g  s t a t i o n  c o n t a i n i n g  a c o n t i n u o u s  r a d o n  and  working l e v e l  

mon i to r  s h o u l d  be  l o c a t e d  i n  a n o r t h e a s t  d i r e c t i o n  a b o u t  500 meters from t h e  

t a n k  and a t  t h e  f e n c e  l i n e .  Background measurements  i n  a g e n e r a l  upwind 
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d i r e c t i o n  could be made w i t h  i n t e g r a t i n g  devices i f  another s e t  of continuous 

monitor 13 not ava i lab le .  

Several continuous monitors a r e  a v a i l a b l e  a t  Argonne National 

LaboratoFy. 

negotiated f o r  the  durat ion of t h e  experiment. 

Since FMPC is a DOE f a c i l i t y  a loan arrangement could be 

If measurements i n d i c a t e  radon concentrat ions l a r g e r  than predicted by 

the  model several  s t e p s  could be taken t o  reduce emissions from the tank. 

These a r e  as  follqws: 

a )  Seal the apparent cracks i n  t h e  dome. T h i s  is useful b u t  could t u r n  

out t o  be  a never ending exercise .  

b)  Increase the thickness  of the  concrete cover. Th i s  would c e r t a i n l y  

h e l p  b u t  a n  a d d i t i o n a l  411 of concrete would only reduce the average 

f l u x  by 60;. 

c) Keep the t a i l i n g s  covered with water. 

b a r r i e r  s ince  2 cm of water is equivalent  t o  1 2  cm of concrete. 

However, caution should be exercised t o  prevent leaching a n d  migration 

of Ra i n t o  underground aquafers.  

T h i s  is an extremely e f f i c i e n t  
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