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U-238. The c t u r u t e r f s t i c s  ud s i q f f l c m c e  of ewh of Uwu w r c e s  of rdlo, 
# t f v l t y  Mve t w n  discussed In e r r l l e r  n g o r t ~ . ' ~ ~  The W v I o r  o f  VW U-230 
wries rHtIoe1eunts rill have tho largest e f fect  on t)w e m i r o r w n t ,  so w have 

looked a t  thcse elements and the(-  c h f s t y  I n  the greatest det.441. 

Figure 1 s b s  b u  U-238 d t r t r i b u t d  I n  800 coal8 from a variety of 
US coal r n l ~ s . ~  h s e  data I w k  very much l i k e  those taken I n  a survey of 
Moo US coals lhe mean 
c m e n t r a t f o n  of U-238 I n  t t m e  coals I s  1.8 PO. o r  0.6  pCl/g, u l t h  7U of 

the coals fallfrq In tfu range 0.3 t o  3 PQ. G-238. Coals contaln4ng larger 
than usual m u n t s  of U-238 are o f  par t i cu la r  envirorrrwntal interest .  ck 
mtr that on ly  4 of these 800 coals ( 0 . S )  contain UJ PQ. o r  mre W t U ) .  thts 

c ) u r u t e r { r t I c  o f  the h l s t o g r u ,  tha t  is, the frrctlon of the population i n  
5 the hiqh-urantu t a i l  of the Otstr Ibut lon,  Is r h l l a r  In  the other survey. 

O n  th. r i g h t  sfdc of the coal hfrtograr a r t  soae c o a l s  that  contain 33-100 

ash COhtent) WJld Contain 

r.lg1es are fncluded I n  both reports.'D5 

p0I k z f 8 .  fh ash fm there Coals ( a 8 S U f n g  

#)0-1OOO ppm urantm, uhlch Is high enough to be o f  concern. 6ecause t k - w  ' 

coals represent a -11 f r r c t f o n  (0.SX) of the t o t a l  sqply,  i t  Is unl ike ly  that  
.ore Vun I fn plants vould burn cor1 of t h i s  type fo r  long perlods of tlw, 
but there is  a s l g n t f I c r n t  p robab i l i t y  tha t  one or  two plants eight. It there- 
fo re  s n n  advfsrble to us (see kc. VIII. Iecorwn j r t Ions)  t o  Ident f ty  these 

high-urullm coal sources and to look carefu l ly  a t  hoa thy r n  utilized. 
The dir t - Ibut iocr of u r r n i u  i n  the coals In  our c o l l e c t i o n  is  h a t  OM 

would erpect if ZU srqter wre t rken randollly froa the d fs t r lbu t lon  shown 
In Fig. 1. 

I V .  BLMAVIOR Of THE U-236 SERIES IN COAL, COAL ConBUSTIotl, An0 COAL-RLUTLO 
UASTE. 

Careful radiochemical analyses usual ly show tha t  In c o r l  tho U-238 decry 
- series I s  i n  secular equul l lbr lu .  k c u l r r  e q u I l t b r l u  wrns tha t  r l l  rrdlo- 

u t f v e  elements & r i v e d  I r a  U-238 In  a given s r rp le  decry a t  the SYI rate 
rnd thus have the s m e  a c t i v i t y .  The f i r s t  report  of thfs series rhous the 

U-ZXI decy serfes rnt~ the ha l f - l i ves  of the r a i o n u c l i f i s . l  Expomure of the 
c& l  to lerchlng, high temperatures, o r  the open rlr can d is turb the secular 

e q u l l l b d u  by d;ssolut lon of soluble e l W n t S ,  by vc l r t f1 f ra t lon ,  o r  by escape 

of radon gas. l e r c t u t e r  wually r n  not i n  secular equ l l lb t iu  dw to d i f f e r -  
ences i n  s o l d i l i t y .  Ashes (pner r l l y  are c lore to secular q u l l l b r i u ,  but  

4 



L L  
0 
a 
w 
m 
I 
3 
2 
Y 

1 0 0  

0 

. 

I 1 I 
f 

I I IO I O 0  I 
ppm URANIUM 

fig. 1. Distribution of U-238 I n  800 US coals. 
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occasionally the v o l a t i l e  elements Pb-210 and Po-210 can be vaporized f ra 
heavier ash par t i c l es  ud deposited on lighter pa r t l c l es  carried in the 
c#bustion 'gas stre-. Some f l y  ashes and s o y  coals can lose 8s wch as 
10-30% of t h e i r  Rn-222 g a r  i f  exposed to  the open a i r .  Deta i ls  of these 

Drocesses are disc.%sed w i t h  the data i n  t h i s  repor t  and fn  the previous 
reports. 1 ,Z 

V.  URANIUn-238 A)ro ITS DECAY PRWUCTS IN SOIL, AIR,  AND WATER 
Radioact lv i ty from K-IO, U-238, and Th-232 i s  present not only 

but I n  v i r t u a l l y  everything else, too. Sow information on the 
radiatio;i r nv i ronwn t  i s  presented i n  Table I. I n  t h i s  rect fon 

present a s-y of the knowledge o f  the 0-238 ser ies rad foowl fder  

ua t r r ,  and a i r  t o  serve as a coaparison t o  the rad foac t iv l t y  found 
related mteridls .  
c .  Soi l  

T h e  d is t r i bu t i on  o f  U-238 i n  coal and coal ash i s  s imi la r  t o  
t r i b c t i o n  i n  so i ls .  An extensive data base on U-238 d is t r i bu t i on  

i n  coal, 
natural  

w v i11 

i n  r o l l ,  
i n  cor?-  

t h t  d is-  
i n  s o i l s  

and natural waters i s  being generated by the National U r a n l u  Resource Evalua- 

t i o n  (MURE) prograa. coabintd the data, 

and constructed histograms for the so i l s  and wel l  waters sampled l a  these areas. 

The soil ,-lei n w r e d  8257, a d  they represent the topsoil I n  8 total area 
of -80,000 sq. m i .  Each report  covers a lo x 20 quadrangle of the continental 

US that  includes metropolitan as w e l l  as agr lcu l tu ra l  areas. The data do not 

necessarily represent the US as a whole, but  the areas santpled are h igh ly  pop- 
ulated, are widely d is t r ibu ted  geographically, and cover a s ign i f i can t  area. 

Sone areas tha t  would have been desirable t o  sample e i the r  were not included i n  

the WRE program, or  the data were not yet  reported i n  convenient form. 
The histogram fo r  the 8257 s o i l  samples fs glven i n  ffg. 2. The wid th  

of the peak is the stme as i n  the coal histogram, and the s o i l  peak I s  8 t  

4.2 ppm U ,  a uranium concentration three times greater than the coal peak. 
Therefore, on the average, the coal data base shows three times less radlo- 

a c t i v i t y  than the s o i l  data base. 
- 

These histograms show tha t  large and small values o f  u t a n f u  content a n  
found i n  coal and so i l .  They show the p robab i l i t y  o f  finding each range of 
values, and they show the most l i k e l y  values. It Is useful t o  k aware of 
these features o f  the histograms. 

6 
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Soi ls exhale Rn-222 as discussed i n  the following section. The long-l ived 

decay product Pb-210 (21 y r  h a l f - l i f e )  f a l l s  out of the a i r  on dust and co l lects  
a t  the surface of undisturbed s o i l .  Levels of 7 pCl/g have been observed i n  
surface so i l .  
B. A i r  

10 

Respirable and ingestible rad ioact iv i ty  i n  a i r  co(lles p r inc ipa l l y  from 

Rn-222 exhaled from the gr0ur.d. 
a member ot  the U-238 decay series. The exhalation of Rn-222 from s o i l  depends 
on a n-r of factors, among which are atmospheric pressure and dampness. 
V i r tua l l y  no Rn-222 i s  exhaled by the oceans because most of the oceanic Rn-222 
decays before i t  can d i f fuse t o  the surface. For t h i s  discussion the most 
important away product o f  Rn-222 i s  Pb-210, which I n  turn decays t o  Po-210. 
lead-210 co l lects  on the dust i n  the a i r  and i s  washed out i n  r a i n f a l l .  Usu- 

a l l y  the Rn-222 content o f  continental ai*. i s  assrmed t o  be 150 pCi/n . This 
decays t o  produce 0.07 pCi/m of Pb-210. Rain col lects the Pb-210 frw a long 

Radon-222 4s produced fma the decay of Ra-226, 

7 3 

3 

c o l u n  of a i r ,  so i t  i s  not surpr is ing that  rainwater samples containing 
a t  3 . 3  t o  7.5 p C i / l  have been collected. 
C. Water 

11 

WRE data for well and ground water are presented i n  Fig. 3. A 

gram for domestic water sources ( including well  and surface waters) 
sented i n  Fig. 4." Our data for coa l - re la td  leachates (Fig. S) and 

Pb-210 

h i  sto- 
s pre- 
s l u r r y  

l iqu ids ra tch  the diagraa for wel l  waters. Surface waters derived froa 

r a i n f a l l  tend t o  contain very l i t t l e  U-238 and Ra-226, but they contain larger  
mounts of Pb-210 and Po-210, which are produced i n  the a i r  from Rn-222. 
Analyses of soas rainwaters reported i n  the l i t e r a t u r e  show Pb-210 and Po-210 
levels t h a t  wnera l l y  exceed those of out leachates. 11 

V I .  EXPERIMk'lAL RESULTS AND DISCUSSIOn 
A. Coals 

Radionuclide content of the coals s q l e d  I n  t h i s  series I s  l i s t e d  i n  

Table 11. The rad ioact iv i ty  i n  these Cor18 and the others analyzed by us I n  
previous ycri.s corresponds to the d is t r ibu t ion  of u t a n i u  typ ica l  of a large 

nrraber of US coals (Fig. 1). The highest U-238 a c t i v i t y  found fn  our set  
of coals i s  1.98 pCi/g, which i s  three times the median value. Radon eaanatlon 
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Fig.  5. Distribution o f  U-238 I n  
coal-related leachates and 
slurry liquids. 
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TABLE II 

RADIONUCLIDE CONTENT OF COALS 

Act i r  i ty ;pCi/q) 
€scapi nq 

Th-232 u-238 Ra-226 Pb-210 Po-210 Rn-222- - Plant - 
n- 15” 
M-16 
H-17 
H-18 
ci- 33 
e34 
H- 35 
H- 98 
M- 9% 
n-1 
M-1 Coke 

0.16 
0.15 
0.32 
0.25 
0.25 
0.57 
0.43 
0.10 
0.16 
0.38 
0.03 

0.23 
0.17 
0.56 
0.41 
0.41 
0.81 
0.70 
0.24 
0.20 
1.98 
0.09 

0.31 
0.28 
0.91 
0.47 
0.55 
0.76 
0.70 
0.30  
0.24 
1.6 
0.14 

0.37 
0.33 
0.91 
0.53 
0.62 
1.03 
0.75 
0.46 
0 50 
2.1 
0.48 

0.18 
0.09 
0.46 
0.28 
0.33 
0.69 
0.46 
0.20 
0.23 
1.4 
0.16 

- 
0.019 
0.005 
0.004 
0.109 
0.22 
0.22 - - - 
0.001 

‘AV o f  3 coal samples. 
Plant resampled i n  t h i s  series. 

froa these coals is less than that  expected from typ ica l  soi ls. A l l  the coal 
leachates would pass the drinking water standard fo r  t a d i ~ a c t i v i t y ’ ~  (Table 
VIII). 
B. Sol id Wastes From Coal CoAbustlon 

The s o l i d  wastes frw coal combustion are f l y  ash, bottom ash, hopper 
ash, and s lur ry  solids. F l y  ash is the ash tha t  passes through the pol- 
l u t i o n  control device and escapes out the stack. We have not examined any . 

?!y 8 S h  samples. Bottom ash i s  the ash tha t  4s heavy enough t o  drop out o f  
the combustion gas stream and f a l l  +a the bottom of the boi ler .  This ash 
of ten looks l i k e  glassy cinders. Small ash par t i c les  reaain entrained i n  the 
combustion gas stream and must be removed t o  colllply w i t h  a i r  p o l l u t i o n  regu- 
lat ions. The mans f o r  removing t h i s  ash f s  usually a cyclone, baghouse, 
e lect rostat ic  precipi tator,  or wet scrubber. The ash collectPd by the f i r s t  
three devices is  usually a dry powder ca l led hopper ash, and the ash co l lect -  
ed by a wet scrubbet is incorporated i n  a waste s lu r ry  that  may contain other 
sol ids such as limestone or l ime for su l fu r  removal. 

11 
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I n  modern boi lers the coal i s  p u l v e r t r d  vd B l e w  into  the codurtlorr 

zone. This method produces m r t l y  e r r t ra ind  ash g l r t l c l e a  and a m a l l  w t  

of bott# ash. 
T h e  ashes and s lu r r y  solids l n  our srgle  coll.ct4o.n are about tb lce 

as radioact ive as the so i l s .  and the width of tho 4 r h  Olat r tbu t ion  1 s  rouqply 

equal t o  the width of the r o i l  O i r t r i bu t ton  ?he n a  4.tr fur hogy.r oah 

(Table III), b o t t w  ash ( f ab le  I ' d ) ,  and b l u r r y  cdltda ( ? & l e  V )  a t e  ptere-tod 

Figuct 6 I s  a h f s t o g r w  of the U-238 Content of t h a e  raatea Wort of thoro 

wastes shov secular equ i l ib r iw  i n  the U.238 tertea. Occ4storull~ e - 2 1 0  

and Po-210 arc enhanced tn th hopper 4$h and deplrtod In tS Dotttm @ a h  

T h e n  are nasons to s * g ~ o s e  that  the v o l a t l l e  motrla )b-210 and Po-210 

might be somewhat concentrrtea on tho very ftn hopper .sh and t fw o a c r g t q  
f l y  ash. Not having r y  f l y  ash r . q l r s ,  w brC4b.d t o  @love a ~ I O - c r b t r  
f rac t ion ,  when possible, from several of our hopper aah a&q-slet f o r  Ra-226. 

data are shorn i n  Tables V I  rnd Vll. lead-ZlO m r r r  (0 k $ I g n f f t c . n t l y  1br0 

concentrate0 on the fin hopper ash. Tho r a t i o  rarbgoa from 1.09 t o  2 9 r l t h  a 
mean o f  1.60 and a strnbrd deviat ion of tho moon of 0 13. Rebocr-226 I s  n+t 

s i g n i f i c a n t l y  concentrated on th. flrwr ash. T h o  var iat ion$ ln  tho R4-2?6 ro- 

t i o s  appear to be rccoun:ed f o r  by tho ran- o r r o r r  In VI. tndtvlburl ar~lyara 

Although we have data on Po-213 tn tRew f l i t .  r r h t .  dn r 4 . w a t o  tstrrr- 

p r e k t l o n  mquinr co rmc t i cn  l o r  Pb-210 decay, md therefore, 6 gnciw b o w l -  
edge of uw time of codust ion.  a r w r a l l y  w find that wtwn & ~ I O  t s  (rrr 

hanced on the hopper ash Po-210 f s  alao, and Po-210 i s  corrorpordlng1y W l o t . 6  
i n  the  bottom ash. This 18 i n  KCorO with tho fac t  tha t  Po-210 f a  owon .or0 

volatlle than Pb-210 a t  typ ica l  caduat ioo t e q ~ r a t u r o r .  

._ 
pb-219, and Po-21(1 df ldly5eS t o  C m s r e  w i t h  t h e  b u l b  k ~ & b o r  4 s h  t+.yler  

- . -  

.Y: 

, -+. >-- * - * -  

C. leachates and S l u m  Liquids 

Figure 5 i s  a h f s t o g r r  of tho U-236 6k, r h l c h  wtch Uwao of OU W 
well waters. frbles V 1 1 1 - X I 1  show addltiocul 6 t a  f o r  the o t b r  rultdw. 
In most cases. the c o d l r w d  a end a c t i v i t l e a  wp0rt.d here l o r  undilutd 
leachates do not appear to e r c d  the €PA pi00 for  drinking ut8r.I' olrly 

one s..ple, R-98 rrh, had more RI-226 thM a l l &  ( :9 Hi/f). n# 
ever, strict  coqlirnce w i t h  the pi& w I d  - f r o  waswmnt of gross 
a ,  gross p. and i n  s o y  cases Ra-228. 

12 



1 . 2  
1.44 
5.  b5 
t o 6  
3. t z  
3 . 0 0  
1. 31 
2 . 2 1  

s.  0 
4 . b  
9 n  
b 1  
4 4  
3.12 

12. t 
2. s3 

Z b  
1.9 
s. 32 
3 G  

?*a 
0.94 

a .  I 
10 b 

0 o n  
0 018 
0 o m  
0 C t l  
O W  

0 . . 

2 . W  1 I )  0 . 5 1  ' t t  0 . 5  
1.-  1 . U  1.9 1.1 0 .  I 

0. n 
0 .  tt 
l .w 
1.H 
0.07 
0 .  m 
1.- 

2. w 1. to b. I 
2.01 2.7 - 4.2 
2.04 2. OI 2.91 
1. n 1.06 a. $2 
0.  $4 0.  n 0.  w 
1.00 1.m 1.13 
I.# 2.3 3.3 

4.1 
I. 6 
3.0 
2.0 

(0 .  I 
0.  n 
1.4 . 



. 

6 8 7 6  

f 1 
. 1 

I 

* ,  v i  2 :  

i 

I ? 

I 
0: 
0.1 

-L 
! 

1 
i 
1 

I 
! 
8 

I 

9. t 
7 .7  

0.09 
l .m 
4.69 
4. m 
2. w 

- n 
11.9 
2.9 
7. w 
J. a3 
7.03 
0.91 
9.10 



. 
I .  

#/ 

. . -. . . . 

1. IO 
1.m 
1.21 
1.31 

0.92 
0.78 
I .  36 
1.23 
1.30 

0 

0 .  n 
wH t.mra.06 

1 0 5  
1.33 
1.17 
1.63 
1.71 
1 . a  
2. so 
1 .53  
2 .0  
1.35 

1.60 *. t 13 
1.05 - 2.50 

- 10 - 10 - 10 - 10 
-30 
-m 6 10 
- 3 0  
-10 - tu  
-10 - 10 

- 0.2 1.0 (1.0 0.61 
0 (0.2 0.23 0.29 (0 .  3 

go. m2 (0.1 0.5 0.56 0.24 
0 (0.03 0.21 0.28 (0.1 

(0 .  01 (0.2 1.1 1.94 0.17 
0 0.03 0.47 0.79 (0 .  3 
0 (0.  1 0 0 0 



6 8 7 0  

8 S l u r r y  1 iquid. 

’Leachate. 

Plant 
)). 1s 

PI- 16 
M-17 

W 18 
e98 
PI-99 

- 

Ra-226 - ,  T k 2 3 2  u-238 
0 0 0.41 

- CO. 1 0.08 

0 0.2 0.15 

0 0.2 0.23 
0 0.2 0.13 
- iQ. 1 0.06 

TABLE x 
HOPPER ASH L W C U 1 E S  

Po-210 -- Pe-210 - 
0 0 

1 ,M ( 0 . 3  
0.63 a 5  

10 <5 
2.30 ( 0 . 3  
0.83 eo. 3 

k t i v l t y  (pc {/I) 
Ra- 226 - <o. 1 - 0 .  n ( 0 . 3  

0 (0.2 0.62 0 .33  (0.1 
0 <O. 03 0.5 0.66 (0.1 

0.95 0.3  0.22 0 .  rn 0.5 - 0.1 5 . 4  0.57 ‘0.3 
- (0.1 - 0 

Po-210 - Pb-210 - - u-230 
7 

Th-232 - 

16 

I .  



TABLE X I  

i 
i 

- P l a n t  I Y E  
n-1 Makeup H20 

8 Liq. 

n-15 

Leach. 
b 

l e x  h 

d 

Makebp H20 

Llq. 
b 

Liq? 

Llq. 

M- 34 )(a keup h ,O 
c -  L1q. 
d Liq. 

H- 98 1 iq. 

SCRUBBER SLURRY LIQUIOS A#) LEACHATES 

Act I v i  ty , (pci / a )  
u- 238 - 

0 

0 

1 . 1  
0 

1.5 
5.5 
9.2 
1.1 

1.2 
0 

0.1 
0 

R8-226 
0.47 

3.3 

- 

0 .  a3 

4.53 
0.59 
0.8 
0.24 
0.53 

0.17 
0.33 

0 

0.08 

Pb-210 

1.0 
0.86 
0.93 

0.62 
0.432 
0.13 
0.2 
1.94 

0.33 
0.17 

- 

1.2 

Po-210 
<o. 1 

0.14 
< l o  
(0.1 

< 10 

(0.3 
<o. 3 
(5 
<5 
(5 

0 

0.14 

E!! 
8.0 

7.5 
7 .9  

7.6 
7.6 
6.9 
8.0 
8.3 

8.0 

7.5 

7.7 
8.6 

B-J fore cyc 1 one 
After cyclone 

= feed 

Spent 

a 

TABLE X I 1  

LIME AN0 LIMESTONE LEACHATES 

k t l v l t y  (pCl/f) 

- P1 ant -. Th-232 u-238 Ra-226 Pb-210 Po-210 pH - 8.1 n-1 - 1.0 - 
e34 0.6 0.07 2.01 (0.3 - 0 
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VI I. CONCLUSIONS 
Froc the data obtained In this and the other Investlgatfons, we draw the 

to1 lowing conclusions. 
0 

0 

0 

0 

0 

i 

Nuc 1 i de 
u-238 
Ra-226 
Rn-222 
Po-218' 
Pb-210 
P0-2lOC 

Coal is about one-thlrd as rrdioactlva as widespread soils and 
stream sediments. 
Coal ash f s  about twice as radioactive as these soils and sediments. 
Even hopper ash containing enhanced radioactivity from Pb-210 and 
Po-210 is no more than twice as radioactive as undisturbed topsoil. 
Radon-222 emanation froa coal and ash is typically far less than from 
soi Is. 
In spite o f  some popular myths, coil is not very radioactive, western 
coal is no more radioactive than eastern coal, liqnite is no more 
radioactive than other coals, and, coapared t2 what Is there naturally, 
very little radioactivity is added to the environment from coal use 
in power plants. See Table XIII. 

TABLE XI11 

RADI0ACTIV:TY IN AIR AT THE MAXIHUH IMPACT ZONE (HIZ) 
mv. 

Activity (pCi/m3) 
Natural Radioactivity Added Radioactivity from Coal' Enhancement b 

1 10" 2 10'~ 2 
1 1 10'~ 1 

1.5 x 102 
1.5 x 102 
2 x 10-2 
2 10'~ 

1 10'~ 100% escape 
1 10'~ 100% escape 
2 10'~ 2 
3 10'~ 10 

I _ _  'Assued 1% escape of fly ash;-dilution by factor o f  5 x 10 (annual average 

bEnhancement on escaping ash vs collected ash due to volatility and other 

'About 90% of the radiologic dose to the lung is from Po-218, and 10% o f  

The increased dose to the lung due to 

dilution at MIZ). 

factors. 

the dose is frcm Po-210 in natural air. The other radionuclides 
contribute about 1% of the dose. 
coal use is < 0.5% by these estimates (see Ref.7). - 

18 



. - C  - 

i 

V I  i 1. RECOWENOAT IONS 
One major concern remains a t  t h i s  time. We bel ieve it advisable to 

i d e n t i f y  any aajor coal supplies that  contain 30 ppm o r  mom uranium, to 

determine the tonnages involved, and to determine hou t h a t  coal is d is t r ibu ted  

t o  the consmers. I f  coal containing 3C ppm or more u r a n i u  is burned con- 

s i s t e n t l y  a t  one s i te ,  fu r ther  invest igat ion is be advisable t o  establ ish 
the radiologic safety of the s i te .  

T h e  uorkshop report  a lso r e c m n d s  the study of r a d i o a c t i v i t y  !n con- 
s t ruct ion materials derived from coa l - f i red  power p lan t  ~ a s t e s . ~  We agree 

w i t h  tha t  recoasc.ndation. 
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