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GROUNDWATER URANIUM CONCENTRATIONS--HOW H I G H  I S  HIGH? 

R.F. SPALDING and A.D. DRULINER 

Conserva t ion  and Survey D i v i s i o n ,  U n i v e r s i t y  o f  Nebraska, L inco ln ,  USA 

ABSTRACT 

Twelve groundwater samples c o l l e c t e d  f rom P l a t t e  R i v e r  bottomlands conta ined 

f rom 22.1 t o  257.7 pg/a U. 

downgrad ien t  f rom i r r i g a t e d  c rop land,  as d i d  h i g h e s t  l e v e l s  o f  TDS and N03-N. 

Four teen groundwater samples c o l l e c t e d  f rom t h e  t e r r a c e  con ta ined  0.4 t o  549 pg/a U. 

The h i g h e s t  u ran ium l e v e l s  occu r red  i n  w e l l s  screened a t  t h e  bo t tom o f  t h e  P l e i s t o -  

cene sands and g r a v e l s .  The o p p o s i t e  v e r t i c a l  t r e n d  was observed f o r  TDS and N03-N. 

I n  seve ra l  o f  t h e  w e l l s  a a c t i v i t y  f rom U was c o n s i d e r a b l y  g r e a t e r  than t h e  15 

pCi /a .  p e r m i s s i b l e  l e v e l  f o r  t o t a l  a a c t i v i t y .  

H ighes t  u ran ium l e v e l s  o c c u r r e d , i n  t h e  sha l low w e l l s  

INTRODUCTION 

Uranium (U) i n  t h e  h y d r o l o g i c  environment i s  o f  s p e c i a l  i n t e r e s t  because o f  i t s  

economic impor tance and i t s  chemical  and r a d i o t o x i c i t y  and t h a t  o f  some o f  i t s  

daughter  n u c l i d e s .  

Worldwide s o l u b l e  U c o n c e n t r a t i o n s  g e n e r a l l y  range f rom 0.1 t o  10.0 pg/a i n  

r i v e r s  ( r e f s .  1 -4) ,  l a k e s  ( 5 ) ,  and groundwater ( 5 ) .  No maximum p e r m i s s i b l e  U con- 

c e n t r a t i o n  i n  d r i n k i n g  wa te r  has been e s t a b l i s h e d  i n  t h e  USA and i n  terms o f  

a c t i v i t y  most USA wa te rs  would c o n t a i n  cons ide rab ly  l e s s  t o t a l  a a c t i v i t y  than t h e  

15 pC i /a .  d r i n k i n g  wa te r  s tandard  ( 6 ) .  However, anomalously h i g h  U l e v e l s  do occur.  

I n  t h e  H e l s i n k i ,  F i n l a n d  area  14 d r i l l e d  w e l l s  had c o n c e n t r a t i o n s  i n  excess o f  

1 mg/a ( 7 )  and i n  t h e  USA c o n c e n t r a t i o n s  f rom 10-88 Ilg/a were observed i n  t h e  

groundwater f rom t h e  O g a l l a l a  Format ion  ( 8 )  and i n  sha l l ow  w e l l s  i n  t h e  Arkansas 

R i v e r  v a l l e y  o f  wes tern  Kansas ( 9 ) .  

r e p o r t e d  i n  sha l l ow  groundwater i n  t h e  P l a t t e  V a l l e y  o f  Nebraska (10 )  and t h e  

Nebraska S t a t e  H e a l t h  Department ( 1  1 ) has warned seve ra l  m u n i c i p a l i t i e s  i n  t h e  

P l a t t e  R i v e r  v a l l e y  t h a t  t h e i r  d r i n k i n g  water  s u p p l i e s  exceed t h e  15 pCi /a .  l i m i t .  

and a c t i v i t i e s  i n  groundwater f rom t h e  Cen t ra l  P l a t t e  v a l l e y  and t o  de termine t h e  

l i k e l y  source  or sources o f  U. 

Recent ly  h i g h  U l e v e l s  ( > l o 0  pg /a)  have been 

The purpose o f  t h i s  i n v e s t i g a t i o n  i s  t o  de termine t h e  range o f  U concen t ra t i ons  
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INVESTIGATED AREA 

F ig .  1. I n v e s t i g a t e d  area .  

2 The i n v e s t i g a t e d  area  occup ies  approx ima te l y  275 km on t h e  n o r t h  s i d e  of t h e  

P l a t t e  R i v e r  i n  s o u t h - c e n t r a l  Nebraska ( F i g .  1 ) .  

The geology, hydro logy ,  hydrochemis t ry ,  and landuse i n  t h i s  i n t e n s i v e l y  farmed 

area a r e  d e t a i l e d  elsewhere (12, 13 )  as i s  t h e  i n s t a l l a t i o n  procedure  f o r  most o f  

t h e  w e l l s  ( 1 4 ) .  W i th  t h e  excep t ion  o f  p r i v a t e  i r r i g a t i o n  (1 -1  and 1-3) and 

domest ic (D-1 and D-2) w e l l s ,  t h e  w e l l s  were augered o r  d r i l l e d  and cased w i t h  

10.2 cm p o l y v i n y l  c h l o r i d e .  Several  of  t h e  w e l l s  a r e  i n  c l u s t e r s  o f  3 w i t h  each 

screened a t  a d i f f e r e n t  depth  i n  t h e  s a t u r a t e d  l a y e r .  A l l  b u t  w e l l s  1D and 2D a re  

s l o t t e d  i n  t h e  p r imary  a q u i f e r - - t h e  P l e i s t o c e n e  sands and g r a v e l s .  

screened i n  a secondary a q u i f e r  o f  f i n e  sands t o  medium g r a v e l s  and w e l l  1D i s  i n  

t h e  O g a l l a l a  Format ion,  a l ime-cemented s i l t y  sandstone o f  T e r t i a r y  age. 

Wel l  2D i s  

MATERIALS AND METHODS 

Iso tope  d i l u t i o n  (15 )  was used t o  de termine U c o n c e n t r a t i o n s  and a c t i v i t y  

r a t i o s .  

n i t r o g e n  a r e  desc r ibed  i n  an e a r l i e r  paper (16 ) .  

Sample c o l l e c t i o n  and a n a l y t i c a l  methods f o r  ma jo r  i o n s  and n i t r a t e -  

RESULT AND D I S C U S S I O N  

Bottomland w e l l  c l u s t e r s  sampled i n  t h i s  s tudy  were chosen on t h e  b a s i s  of 

p rev ious  hydrochemical  i n v e s t i g a t i o n s  (16 )  wh ich  i n d i c a t e d  t h a t  groundwater i n  
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these c l u s t e r s  ranged from predominately p r i s t i n e  a t  c l u s t e r  4 t o  moderately con- 
taminated a t  c l u s t e r s  44 and 45 t o  highly contaminated groundwater a t  c l u s t e r  2. 

Leachates from upgradient  i r r i g a t e d  f i e l d s  were the o n l i  appa ren t  upgradient  source 
o f  contaminat ion f o r  the groundwater because the P l a t t e  River forms a shal low water 
t a b l e  d i v i d e  i n  th is  a r e a .  In a l l  contaminated well  c l u s t e r s  the l e a c h a t e  was most 
obvious i n  the shal low groundwater, which has become the immediate sink f o r  verti- 
ca l  f l u x e s  o f  s o l u t e s  o r i g i n a t i n g  i n  the s o i l s .  

TABLE 1 
Summary o f  a n a l y t i c a l  da t a  

Depth s l o t t e d  below 
I d e n t i f i c a t i o n  TDS (mgla) N03-N (mgla) U (pg /a )  water t a b l e  ( i n )  

46s 
45s 
45M 
45D 
44s 
44M 
44D 

4s  
4M 
4D 
2s 
2M 

695 
1328 
853 
629 

1260 
906 
645 
682 
694 
683 

2277 
1211 

Bottomland Groundwater 
0 .6  24 .7 t0 .3  

26.0 57.1t1.7 
2 .4  26.0t0.2 
0.2 21.1 t o .  2 

21 . O  120.5t1.4 
4.8 44.7tO. 5 
0 .3  18.4k0.2 
0.1 22.1t0.3 
0 .0  22.9to.  2 
0.0 22.6t0.2 

22.0 257.7t2.3 
11.0 94.4tO. 9 

1 .2-1.8 
1.2-1.8 
9.1-9.8 

19.2-1 9.8 
1 .2-1.8 
9.1-9.8 

19.2-1 9.8 
1.2-1.8 
9.1-9.8 

19.2- 19.8 
1.2-1.8 
9.1-9.8 

Terrace Groundwater 
A3-S 1117 51 33.2k. 2 0.0-2.4 
A3-M 691 22.3 16.5t0.2 6.4-9.5 
A3-D 848 BDL 42.8t0.3 9.8-1 2 .9  
64-s 1191 57.9 39.8tO. 5 0-2.1 
B4-M 784 9 .0  158.4t1.5 3.6-6.6 
64-D 723 BDL 549k3.3 8.1-11.1 
6-9 793 19.6 56.9t0.6 3.5-6.5i8.2-11.2 
A5-S 265 0 .5  9.2kO.l 0.0-2.1 
A5-M 302 0.2 4.8t0.1 3.6-6.7 
A5-D 280 0 . 3  6.2tO.l 8.5-11.6 
6-10 337 BDL 0.4t0.02 2.2-5.7;8.7-11.7 
1-1 575 26.0 172t1.3 2.5-1 3.7 
1-3 41 9 15.6 82 t0 .8  2.5-13.7;27-32 
D- 1 571 2 .3  239t2.4 8.2-1 1.2 
D- 2 625 18.4 1 8 . 7 t 0 . 3  5.0-11 .O 

S=shallow, M=medium, D=deep, BDL=below d e t e c t a b l e  l i m i t s  

As i n  t h e  previous s tudy (16 )  t h e  t o t a l  d i s so lved  s o l i d s  (TDS) and N03-N l e v e l s  
a t  c l u s t e r  4 (Table  1 )  showed l i t t l e  v e r t i c a l  v a r i a t i o n .  These concen t r a t ions  
a r e  e s s e n t i a l l y  equal t o  those o f  t h e  P l a t t e  River (unpubl ished d a t a ) ,  t h e  l i n e  
source o f  seepage water  i n  t h i s  a r e a .  

In t h e  remaining c l u s t e r s  44, 45, and 2,  a l l  of which a r e  downgradient from 
i r r i g a t e d  cropland,  TDS, N03-N and U were observed t o  be s t r a t i f i e d  (Table 1 ) .  
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A h i g h  degree o f  a s s o c i a t i o n  between U and TDS i n  these w e l l s  (r=+0.96) i n d i c a t e s  

t h a t  U and TDS have t h e  same o r i g i n .  

d i s s o l u t i o n  o f  e v a p o r i t e  d e p o s i t s  wh ich  a r e  comnon t o  r i v e r  bo t tomlands  i n  t h e  west- 

e r n  Great  P l a i n s  and p robab ly  o r i g i n a t e  f rom evapora t i on  o f  reced ing  r i v e r  wa te r  

a f t e r  f l o o d i n g .  

U l e v e l s  i n  groundwater o f  t h e  Arkansas R i v e r  bo t tomland i n  Kansas (9 ) .  

observed ma jo r  i o n  and U c o n c e n t r a t i o n s  i n  t h e  bo t tomland a r e  i n  w e l l  c l u s t e r  2, 

which i s  i n f l u e n c e d  by t h e  a d d i t i v e  e f f e c t s  o f  l eacha tes  f rom -6 km o f  upg rad ien t  

c u l t i v a t e d  and i r r i g a t e d  f i e l d s .  

The source  o f  TDS appears t o  be t h e  acce le ra ted  

D i s s o l u t i o n  o f  e v a p o r i t e s  a r e  a l s o  t h e  apparent  source  o f  e leva ted  

The h ighes t  

KILOMETERS 

F ig .  2. V e r t i c a l  d i s t r i b u t i o n  o f  U i n  t e r r a c e  w e l l s  

The h i g h e s t  U c o n c e n t r a t i o n s  were l o c a t e d  i n  t e r r a c e  w e l l s  screened a t  t h e  bottom 

These h i g h  concen t ra t i ons ,  however, a r e  n o t  co r re -  of t h e  p r imary  a q u i f e r  ( F i g .  2 ) .  

l a t e d  w i t h  TDS and i n  seve ra l  o f  t h e  samples N03-N showed opposing v e r t i c a l  t rends  

w i t h  uranium (Tab le  1 ) .  These h i g h  U c o n c e n t r a t i o n s  do n o t  appear t o  r e s u l t  f rom 

t h e  n o r t h e a s t e r l y  t r a n s p o r t  o f  bo t tomland groundwater;  thus,  a second source o f  U 

has been m o b i l i z e d .  

have induced t h e  r e m o b i l i z a t i o n  o f  uranium f rom low  grade d e p o s i t s  a t  t h e  P l i o -  

P le i s tocene  i n t e r f a c e  (Tab le  1 )  o r  f rom p o t e n t i a l l y  h i g h e r  grade t r a p s  i n  t h e  

T e r t i a r y .  S ince  two i r r i g a t i o n  w e l l s  upg rad ien t  f rom t h e  h i g h  uranium zone a r e  

d r i l l e d  i n t o  t h e  O g a l l a l a  Format ion,  i t  i s  p o s s i b l e  t h a t  a e r a t i o n  d u r i n g  pumping 

has o x i d i z e d  p r e v i o u s l y  immob i l i zed  uranium w i t h i n  t h e  secondary a q u i f e r  f rom t h e  

Deep i r r i g a t i o n  w e l l s  i n  t h e  imned ia te  area o f  c l u s t e r  B-4 may 
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+4 t o  t h e  +6 s t a t e ,  t he reby  m o b i l i z i n g  i t .  If t h e  above c o n t e n t i o n  i s  c o r r e c t ,  i t  

may e x p l a i n  why e l e v a t e d  groundwater U concen t ra t i ons  were observed t o  occur  a long 

t h e  e a s t e r n  boundary o f  t h e  O g a l l a l a  Format ion  i n  t h e  Grand I s l a n d  quadrang le  ( 1 0 ) .  

I n  o r d e r  t o  r e l a t e  U-234 a c t i v i t y  t o  wa te r  q d l i t y ,  uranium d i s e q u i l i b r i u m  w i l l  

be d iscussed p r i m a r i l y  i n  terms of t o t a l  u a c t i v i t y .  

t hough t  t o  r e s u l t  p r i m a r i l y  f rom u r e c o i l  t r a n s f e r  ( 5 ) .  

i n  a p o s i t i v e  f r a c t i o n a t i o n  o f  t h e  U-234/U-238 a c t i v i t y  r a t i o s  i n  most, b u t  n o t  a l l ,  

groundwater systems. D i s e q u i l i b r i u m  va lues  i n  t h e  groundwater o f  t h e  c e n t r a l  P l a t t e  

ranged f rom 1.16 t o  1.66 and averaged s l i g h t l y  l e s s  than 1.5. Therefore,  i n  terms 

o f  t o t a l  u a c t i v i t y  f rom U i n  groundwater t h e r e  i s  a c o n t r i b u t i o n  o f  about  1.5 p C i  

U-234 f o r  each p C i  f r om U-238. The average c o n c e n t r a t i o n  i n  t h e  P l a t t e  R i v e r  was 

observed t o  be 24 pg/k and t h e  t o t a l  CI a c t i v i t y  f rom U i s  220 pCi/a.  Thus, i t  i s  

n o t  s u r p r i s i n g  t h a t  seve ra l  communit ies w i t h  w e l l s  i n  t h e  P l a t t e  bo t tomland would 

have water  w i t h  s l i g h t l y  more than  15 p C i / e  l i m i t .  

U d i s e q u i l i b r i u m  r a t i o s  a r e  

Th is  g e n e r a l l y  r e s u l t s  

CONCLUSIONS 

E leva ted  groundwater U c o n c e n t r a t i o n s  i n  t h e  bo t tomland were caused by nonpo in t  

l eacha tes  f rom upgrad ien t  i r r i g a t e d  c rop land.  

ma jo r  cause o f  e l e v a t e d  t o t a l  u a c t i v i t y  i n  sha l l ow  bot tomland groundwater through- 

o u t  much o f  t h e  western  Great  P l a i n s .  

These U leachates  p robab ly  a r e  t h e  

H igher  l e v e l s  o f  uranium i n  deep t e r r a c e  w e l l s  a r e  f rom l o c a l i z e d  m o b i l i z a t i o n  

o f  p re -P le i s tocene  s t r a t a .  I f  t h e  mechanism o f  t h i s  m o b i l i z a t i o n  i s  i nc reased  by 

deep bedrock i r r i g a t i o n  w e l l s ,  t h e i r  c o n s t r u c t i o n  w i l l  become a source  o f  f u t u r e  

wa te r  q u a l i t y  concern.  

l e v e l  showed no adverse  e f f e c t  ( 1 7 ) .  The o n l y  p o t e n t i a l  h e a l t h  p rob lem assoc ia ted  

w i t h  anomalously h i g h  U l e v e l s  i n  d r i n k i n g  water  appears t o  be f rom h i g h e r  t o t a l  

LY r a d i a t i o n  exposure. Water c o n t a i n i n g  30 I lg / l  U-238 w i t h  a U-234/U-238 a c t i v i t y  

r a t i o  o f  1 .5  would c o n t r i b u t e  an accumulated dose o f  2375 mremslyear f o r  an i n d i -  

v i d u a l  i n g e s t i n g  2 s/day. A l though t h e  i n d i v i d u a l  i s  r e c e i v i n g  more than  normal 

exposure f rom h i s  d r i n k i n g  water,  h i s  t o t a l  annual exposure i n c l u d i n g  n a t u r a l  

i o n i z i n g  r a d i a t i o n  f rom cosmic rays  (2100 rnrem/year) would s t i l l  be below t h e  500 

mremlyear l i m i t  f o r  t o t a l  r a d i a t i o n  exposure f rom man-made sources ( 1 8 ) .  I n  con- 

c l u s i o n ,  t h e  suggested wa te r  q u a l i t y  l i m i t  o f  10 p C i / e  f o r  u ran ium (18 )  would 

r e s u l t  i n  economic ha rdsh ip  f o r  many communities i n  t h e  P l a t t e  Va l l ey .  Today, i n  

terms o f  h e a l t h  e f f e c t s ,  t h i s  l i m i t  appears unwarranted. 

I n j e c t e d  U compounds a r e  v e r y  t o x i c ;  however, U i nges ted  by r a t s  a t  t h e  400 mg 
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