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Westcrn c o a l  i s  expec ted  t o  p1.ay an  i n c r e a s i n g l y  
j .mporta~i t  r o l e  i n  nlccting n a t i o n a l  ene rgy  nccds ,  l a r g e l y  
brcau:;e of i t s  abundance, a c . c e s s i b i l i t y ,  and low s u l f u r  
c o n c e ~ ~ t r a t i o ~ l .  llowever. Western c o a l  i s  co~npr i scd  
l a r g c l y  o f  s111,hl tuminous and l i g n i t e  o r e s ,  which have a '  
h i g h e r  geochenli.ca1 a f f i n i t y  f o r  uranium than  E a s t c r n  
c o a l .  

T l ~ i s  r c s c ; ~ r c l ~  projiraln was i n i t i a t e d  t o :  1) d e l i n -  
c a t c  t h e  scopc' of  t h c  p o t e n t f a 1  env i ronmen ta l  and human 
I ~ e n l t l i  prol,lcni a s s o c i a t e d  wit11 r a d i o a c t i v i t y  i n  Western 
c o a l ;  2) er;tcll,l.ish a d a t a  Lase f o r  2 3 4 ~ ,  2 3 8 ~ ,  "'Pb, . 
210F'o, 290'3.11 ~ I I I ~  2261<i1 found i n  Wcstern coal. ;  3) s t u d y  
t h c  r e l e a s c ,  f a t e ,  and accun~ul.ation o f  r a d i o n u c l i d e s .  
f rom 3 powcr p J a n t  bu rn ing  Wcstern c o a l ;  and 4 )  a s s e s s  
t h c  p o s s i h l c  nccd f o r  a d d i t i o n a l  c o n t r o l  technology , 

a n d l o r  s tant lazds .  
P re l im3aary  r e s u l t s  i n d i c a t e  t h a t  r a d i o n u c l i d e s  may 

be  mzde av; l . i l sb le  t o  t h e  e!~vironnient from burn ing  Western 
c o a l .  tcad-210 i n  c o a l  used a t  t.he power p l a n t  averaged 
0 .79 pCi /g ,  l01>b i n  s o i l  averaged 0 .70  pCi /g ,  and 
' l O p b  i n / o n  v c g e t a t i o n  i n  t h e  e n v i r o n s  o f  t h e  power 
p l a n t  ranged from 2 . 2 3  t o  5 .70 pCi /g .  These v a l u e s  f o r  : 1°Pb i n  s o j l  a c e  i n  t h e  r ange  of  n a t u r a l  background, 

. b u t  p l .ants  appea r  t o  have s l i g h t l y  e l e v a t e d  concen t ra -  
t i o n s .  P r e l i ~ n i n a r y  dose  e v a l u a t i o n s  f o r  'lO1'b a l o n e  
indicated t h a t  i n d i v i d u a l s  wliosc t o t a l  v e g e t a t i o n  i n -  
t a k e  was grcl:,lIi i n  t h i s  a r c a  could  r e c e i v e  a s  ll~uch a s  
400 mrem/yr t o  t h e  k idney,  which i s  below t h e  c u r r e n t  
s t a n d a r d  o i  500 mremlyr. A l t l ~ o u g l ~  no h e a l t h  haza rd  h a s  
been i d e n t i f i e d ,  a d d i t i o n a l  s t u d i e s  o f  2 1 0 ~ b  concentra-  
t i o n s  i n / o n  vcp ,e t a t ion  and o f  d o s e  e v a l u a t i o n s  a r e  ... 
be ing  under t aken .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  
power p l a n t  h a s  n o t  been d i r e c t l y  i m p l i c a t e d  a s  t h e  
s o l c  s o u r c e  of t h e s e  r a d i o n u c l i d c s  i n  d i f f u s i o n  model- 
i n g  s t u d i e s .  

THE u . s . GOVERNFXNT' s DESIRE TO REDUCE DEPENDENCY. ON 
' 

i m p o r t 4  f o s s i l .  f u c l s ,  a s  w e l l  a s  o t h e r  f a c t o r s ,  i s  
moving t h e  Uni ted  S t a t e s  toward an  economy based on 
coal.  3s t h e  pr imary f o s s i l  f u e l  (l)***. Use of  c o a l  a s  
a  f u e l  i s  expcctcd LU t r i p l c  bctvoen 1.975 and 2000. 
from approx ima te ly  10 quads  (1 quad a 1 0 ' ' ~ t u )  t o  30 
quads  ( 2 ) .  I t  seems a lmos t  c e r t a i n  t h a t  t h e  coun t ry  
w i l l  t u r n  i . nc reas ing ly  t o  t h e  v a s t  c o a 1 , d e p o s i t s  o f  
t h e  w e s t e r n  s t n i c s ,  s i n c e  Western  c o a l  r e s e r v e s  (198 
b i l l i o n  tons) represent 72% o f  t h e  .I d e n t i f  i e d  Uni ted  
S t a t e s  c o a l  r c s o u r c c s  and t h i s  c o a l  h a s  a  low s u l f u r  con- 
c e n t r a t i o n  (3).  Fur thermore ,  50% of  t h e  c o a l  minable  a t  
c u r r c n t  p r i c c s  is l o c a t e d  i n  t l ie  Wcst (4) .  

! Coverlm~c~i t a l  ngcrricsies, e t ~ v J . ~ z ~ n n ~ e . n t o l i o  t c ,  and sr1p.n- 
* '  t ists I ~ a v e  h c c o ~ l ~ e  increasingly cotlcerned w i t h  p o t e n t i a l  
i problcvns a s s o c i a t e d  w i t h  l a r g c  a d d i t i o n s  of t r a c e  
I c lemerits i n  t:he cnvironment  from burn ing  f o s s i l  f u e l s  
, ( 5 ) .  Nn tusc l~  e i  a l .  ( G )  11;ive r e p o r t e d  t h a t  p r e f e r e n t i a l  

c o n c c n t r a t j o n  of  t11e t r a c c  e l cmcn t s  As, Sb, Cd, Pb, N i .  
Se,  T I ,  and %n o c c u r s  i n  t h e  s m a l l e s t  p a r t i c l e s  e m i t t e d  

, . - I 
*Rcsca rc l~  t;liol.~sorcd j o i n t l y  by t h e  U. S. Department o f  
Enrrey aud E ~ ~ v i r o n ~ i ~ e n t a l  P r o t e c t i o n  Agency. 
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Corporal i o t ~  C O I  t h e  U. S. Department o f  Energy undar  
conLracL No. EY-76-C-04-0053. 
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from c o a l - f i r e d  power p l a n t s ,  and t h e s e  p a r t i c l e s  most 
e a s i l y  p a s s  t l ~ r o u g h  c o n v e n t i o n a l  p a r  t i c u l a t c  c o n t r o l  
d e v i c e s .  B i l l i n g s  e t  a l .  (7)  i u d i c a t c d  t h a t  about  90% 
of  t h e  mercury i n  c o a l  burned i n  a  pu lve r i ze t l  c o a l  f u r -  
nace  a p p e a r s  a s  vapor  i n  t h e  f l u e  g a s .  Enrichment o f  
s o i l  and v e g e t a t i o n  i n  l e a d  h a s  been r e p o r t c d  a t  t h e  
Four Corne r s  P l a n t  i n  New Mexico ( 8 ) .  Thus,  t h e  p r o c e s s  
of  c o a l  combustion r e l e a s e s  t r a c e  e l c m e n t s  t o  t h c  atmos- 
phe re  a s  vapors  and p a r t i c l e s .  Thcse  p a r t i c l e s  have 
r e l a t i v e l y  g r e a t e r  concentrations o f  c e r t a i n  t r a c e  e l c -  
ments than  t h e  f e e d  coa l .  ( 9 )  o r  t h e  c o l l e c t c d  f l y  a s h .  
Wcstern c o a l  r e s e r v e s  a r e  a l s o  known t o  c o n t o i n  uranium 

. a n d  i ts  decay p r o d u c t s  a t  1 0  t o  100 t imes  1:rczter con- 
c e n t r a t i o n s  t h a n  most E a s t e r n  c o a l  ( 4 ,  10-11).  Uranium 
i s  found c h i e E l y  i n  low-rank and impure c o a l ,  i n c l u d . i ~ ~ g  
l i g n i t e ,  subbi tuminous  c o a l ,  and carbonaceous  s h a l e  o f  
t h e  n o r t h e r n  Grea t  P l a i n s  and Rocky Mountains r e g i o n s  
( 4 ) .  

T h i s  r e s e a r c h  program was i n i t j . a t e d  t o :  1 )  d e l i n -  
e a t e  t h e  scopc o f  t i le  p o t e n t i a l  env i ronmen ta l  and human 
h e a l t h  problem a s s o c i a t e d  wi th  r ad1oac t : iv i ty  i n  Western 
c o a l ;  2) e s t a b l i s h  a  d a t a  b a s e  f o r  2 3 q ~ ,  2 3 8 ~  , 2 1 0 ~ o ,  
' lOpb ,  2 3 0 ~ h  and 2 2 6 ~ a  found i n  Western  c o a l ;  3) s t u d y  
t h e  r e l e a s e , . f a t e ,  and ' accumula t ion  o f  r a d i o n u c l i d e s  
f rom a  power p l a n t  bu rn ing  Western c o a l ;  and 4) a s s e s s  
t h e  p o s s i b l e . n e e d  f o r  a d d i t i o n a l  c o n t r o l  teclinology and/  
o r  s t a n d a r d s .  T h i s  r e p o r t  d e s c r i b e s  r e s u l t s  of t h e  
f i r s t  y e a r ' s  e f f o r t .  

APPROACH 

A p r e l i m i n a r y  phase  h a s  been i n c o r p o r a t e d  i n c o  t h e  
expe r imen ta l  d e s i g n  t o  i d e n t i f y  t h o s e  a r e a s  of  most 
c r i t i c a l  concern  and t o  o p t i n ~ l z e  r e s e a r c h  e f f o r t s  f o r  
a s s e s s i n g  p o t e n t i a l  r a d i o l o g i c a l .  impact  of  i n c r e a s e d  
Western c o a l  u t i l i z a t i o n .  Samples o f  coal. from major  
Western mincs ,  a s  w c l l  a s  samples o f  c o a l ,  a s h ,  s t a c k  
e f f l u e n t s ,  a i r  ( a i r b o n l c  p a r t i c u l a t e s ) ,  s o i l ,  and vege ta -  
t i o n  a s s o c i a t e d  wi th  a  power p l a n t  u s i n g  Westcrn coal., 
were p repa red  r a d i o c h e m i c a l l y  and ana lyzed  by al.plla 
p u l s e  h e i g h t  s .pect roscopy.  D e t a i l s  of  s t a c k  samp!.ing 
and r a d i o n u c l i d e  a n a l y s e s  a r c  g iven  by Farmer e t  21. 
(12) .  The d a t a  were  then  used i n  a  p r e l i m i n a r y  e f f o r t  
t o  c a l c u l a t e  t h e  t n d i o n u c l i d e  b a l a n c e  f o r  t h e  powel- 
p l a n t  and t o  model r a d i a t i o n  dose  t o  t h e  p o p u l a t i o n  ' 

a d j a c e n t  t o  t h e  power p l a n t .  

PROGRESS AND ESUlJ"l ' .  

During t h e  p o s t  y e a r  , r o c e d u r e s  wcre  developed o r  
modif ied  f o r  a n a l y s i s  of '"U, ' l%, "'PO, 2 1 ' ~ b , .  2 2 G  Ra , 
nnd 2 3 0 ~ h  fn r n a l ,  a s h .  soil. v c g e t a t i o n ,  and a i r  ( a i r -  
borne  p a r t i c u l a t e s ) .  An i n t e g r a t e d  q u a l i t y  c o n t r o l  pro-. 
gram, o p e r a t i o n a l  s h e e t s  f o r  c o l l e c t i o n  of  s a m p l e s , . a n d  
a n a l y t i c a l  logbooks  were deve loped  t o  e n s u r e  c n n s i s t c n c y  
and v a l i d i t y  o f  d a t a .  Major Western mines were i d e n t i f i e d ,  
and samples  were  c o l l e c t e d  from t h e  mines nud a t  a  power 
p l a n t  u s i n g  c o a l  from one of  t l ie  mines .  A l l  samples  
wcre ana lyzed  f o r  2 3 4 ~ ,  2 3 8 ~ ,  nnd '"YO; con1 from t h c  
power p l an t .  was a J s o  ana lyzed  f o r  ' " ~ b .  and s t a c k  a:;css 
were  ana lyzed  f o r  2 " ~ n .  Analyses  f o r  " ' ~ a  a11d .30TI~ 
i n  samples  a r e  i.n p r o  ress, w i t h  some a d d j t i o n a l  a n a l -  

s e r  f u r  "'PO and "'Pb. Samples of con1 conr :~incd 
"U :and 2 3 0 ~  r a n g i n g  from 0.04 t o  1 .?O pCi/p  m d  ' l o l o  
r ang ing  from 0 .12  t o  2.05 p ~ i / g  (F igure  1 ) .  T l ~ c s e  
r u d i o n u c l i d c  c o n c e n t r a t i o n s  i n  ldes tcrn  coal  From o p e r a t -  
i ~ r ~  rnineo o ro  ruuuh ly  rnn~pnrol!lle t o  v f l u e s  For E a s t e r n  



' e x e r c i s e  g i v e s  some i n s i g h t  i n t o  t h e  c o n t r i b u t i o n  'of ,, 
. . 

' power p l a n t  s t a c k  e f f l u e n t s  t o  r a d i o n u c l i d e s  i n  t h e  , 

immediate environment .  The nlaximurn deposi t i .on  on s o i l  . , Fig .  1. - Radionuc l ides  i n  Western c o a l  from 1 9  
from t h e  plume f o r  20 y r  o p e r a t i o n  i s  l e s s  than 1% of 

' 

mines v a r i e d  wide ly .  (For  2 3 4 ~ ,  1 C i / g  = 0.16 ppb; 
r a d i o n u c l i d e  s o i ~ c e n t r a t i o n s  m e a s u r e d i n  s o i l .  P r e d i c t e d  

' 

f o r  2 3 8 ~ ,  1 p c i / B  = 3.0  ppm; f o r  '"PO, 1 p c i / g  = 
0.22 1.0-3 p p t : ) ,  va1.ue.s ,for.  2 3 " ~  and 2 3 8 ~  on v e g e t a t i o n  a r e  s l i g h t l y  

. . . .  . .- 

f.:' ' jco;ll. a s  r e l , o r t cd  by Bedrosinn ( 1 3 ) ,  Mart in  (XI,), and ,, . . - 
'. .'an &PA stlrvey ( 1 5 ) .  Western c o a l  r e s e r v c s ,  ho\.~ever,  : '  I 

:are r,..llorted t o  have s i g n i f i c a n t l y  h i g h e r  concentra-  ; 
i t i o n ? ,  011 t h e  o r d e r  o f  10  t o  1.00 t imes  ( 4 ) .  I t  is ' a 2.0 I 
;al .so I . t ~ t e r C s t i n g  t o . n o f e  (F igure  1 )  t h a t  d i se iu . i l i b r i "m 0 
, e x i s t s  i n  t h e  uranium decay c h a i n  f o r  Western c o a l .  (I 
.The r a t i o  of  210Po  t o  uraniunr ,var j .es  from 1.4 t o  12 .6  - 
a s  t h e  g rade  of  c o a l  d e c l i n e s .  Thus, ,  su rveys  of  r ad io -  ' h?l 

I .  '' . ' nuc l ides  i n  Western c o a l  r e s e r v e s  based s o l e l y  on uranium 0 . . 

- !may have a p p r e c i a b l y  unde res t ima ted  t o t a l  r a d i o n u c l i d e  F 3.6 

Tab le  1 - P r e l i m i n a r y  Radionucl ide  Balance f o r  a  Power P l a n t  Burning Western Coal  

. . 
c o n t e n t  o f  t h e s e  c o a l s .  T h i s  docs  n o t  c r e l t e .  a  prnbl.r.m . 4 
f o r  c o a l s  be ing  mined today,  b u t  i t  i s  recommended t h a t  

. 
b *  . I- s o m e  c a u t i o n  be  used i n  a s s a y i n g  c o a l  r e s e r v e s  o r  z 

! r a d i o n u c l i d e s .  . I  g .  
A c a l c u l a t i o n  of  t h e  r a d i o n u c l i d e  balance  f o r  ; 

: u n i t  2  of  t h e  power p l a n t  was made t o  check tlle con- 1.0 
: s i s t e n c y  o f  t h e  measured d a t a  and t o  ga in  an i n s i g h t  . . 

. . i n t o  t h e  pathways of  r a d i o n u c l i d e s  w i t h i n  a  c o a l - f i r e d  
0 

. . 
j power p l a n t .  Tab le  1 shows r a d i o n u c l i d e  v a l u e s  f o r  Lbl 

! c o a l  burned a t  t h e  p l a n t  d u r i n g  . t h e  g a t h e r i n g  of  d a t a  n - 
: f o r  t h e  b a l a n c e  e x e r c i s e . '  The r e l a t i v e  imbalance 

-I 

! ranged from -15 t o  +14% f o r  t h e f o v r  r a d i o n c u l i d e s ,  and '2 0.6 
' t h i s  i s  cons ide red  t o  be  a n . a c c e p t a b l e  range i n  l i g h t  2. 1 of  t h e  e r r o r  general1.y a s s o c i a t e d  wi th  staclc sampl ing.  .. 0 
I F l y  a s h  and bottom a s h  a r e  e n r i c h e d  i n  r a d i o n u c l i d e s ,  , E / w i t h  more t h a n  70% of each radionucl i .de  appea r ing  i n  ! ,a 

cornp& tment 

. 

- .  
I n p u t  

Coal  ' 

(combusted a t  
107 kg l sec )  

I t h e  f l y  a s h .  The s t a c k  output:  r e p r e s e n t s  a  r e l a t i v e l y ,  pe. 
s m a l l  p e r c e n t a g e  of  t h e  t o t a l .  o u t p u t  and,  t h e r e f o r e ,  ! ; 1 .has  a  r e l a t i v e l y  s m a l l  ef fec t ;  on the. b l l a n c e .  I; I 5 
, Data f o r  s t a c k  e f f l u e n t s  were used i n  a tmospher ic  i 234U . 238u 2IOp0 . . 
' d i f f u s i o n  modeling t o  p r e d i c t  d e p o s i t i o n  of  r ad io -  ! 
n u c l i d e s . o n  s o i l  and v e g e t a t i o n ,  c o n c e n t r a t i o n s  i n  a i r ,  
and dose  commitments t o  man f o r  comparison wi th  meas- ; i . . RAD!ON.UCk!DES 
ured c o n c e n t r a t i o n s  of  r a d i o n u c l i d e s  ( ~ a b ' l e  2 ) .  T h i s  : . . f 

. . 
- ' - ou tpu t  

~ t a d k  g a s  .and 
I p a r t i c u l n  t e s  

(437 m3/sec)  

ESP a s h  
. . 

i . Bottom ash  
I (12.76%) 

Sum of  o u t p u t '  
i : 

R e l a t i v e  Imbalance* -12 ! -15 j 

" R e l a t i v e  ~ m b a l a n c e  ( X )  = input - 
o u t p u t  X 100.:  



i j 
Table  2  - Pleasured and ~ r e d i c t e d * ~ a l u e s  f o r  Rad ionuc l ides  i n  t h e  Environment 

2 3 4 u  2 3 O U  ' 1 2 1 op0  2 1 0 ~ b  

Measured P r e d i c t e d  Measured P r e d i c t e d  Measured P r e d i c t e d  Measured P r e d i c t e d  
I 
! A i r  ( ac i /m3)  49 2  15 

e -  , I . I .  
e l  S o i l  (pCi /g)  0.67 0 .  OOG 0.86 

I i 0.006 ' . 
1 .85  0.0002 0 .70 0 .001  1 

I 
1 .  
b y  Vege ta t ion  (pCi /g)  0.009 0.006 0.010 1 0 . 0 0 6 .  0.120 0.0002 2.230 0 .001  1 

I ,  4 
I 
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