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CONVERSION FACTORS 

For the  convenience of readers who prefer to use metric  
(Xnternational System) u n i t s ,  conversion fac tors  f o r  terms used 
i n  t h i s  report are l i s t e d  below: 

c foot ( f t )  
m i l e  ( m i )  
acre  (acre )  

0 .3048 
1.609 
0 . 4 0 4 7  

meter ( m )  - , ' ~ 4 ~ 3 7  - r\ 

kilometer ( k m )  
square hectometer ( hm2 

I V  - 5  
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OCCURRENCE OF WRANIUH I N  GROUND WATER I N  THE V I C I N I T Y  OF THE 

U.S. DEPARTMENT OF ENERGY FEED MATERIALS PRODUCTION CENTER, 

FERNALD, OHIO 

By Alan C. Sedam 

ABSTRACT 

Process  wastes are s t o r e d  on s i t e  i n  rubber- and c l a y - l i n e d  
p i t s  and i n  l a r g e  t a n k s  a t  t h e  U.S. Department of Energy Feed 
Materials Product ion  Center  (FMPC), where p u r i f i e d  uranium and 
u r a n i u m  compounds are produced. O f f s i t e  domest ic  wells sampled 
d u r i n g  December 1981 by NLO, Inc., t h e  p l a n t  o p e r a t o r ,  r evea led  
54 t o  320 micrograms per l i t e r  of d i s s o l v e d  u r a n i u m  i n  some wells. 
The U.S. Geolog ica l  Survey sampled t h e s e  and other  wells w h i l e  
conduct ing  a p r e l i m i n a r y  ground-water s tudy  i n  t h e  FMPC-Fernald 
a r e a  i n  August 1982. The unusual  c o n c e n t r a t i o n s  of  u r a n i u m  i n  
t h e  g r o u n d  water a r e  b e l i e v e d  t o  be  c o n f i n e d  t o  an a rea  of a b o u t  
100  acres j u s t  s o u t h  of FMPC. 

I t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  exac t  p o i n t  of o r i g i n a -  
t i o n  of c o n t a m i n a n t s  i n  t h e  g r o u n d  water on t h e b a s i s  of d a t a  
p r e s e n t l y  a v a i l a b l e .  

INTRODUCTION 

The Feed M a t e r i a l s  P roduc t ion  Center (FMPC), operated by 
NLO, Inc., for  t h e  U.S. Department of Energy (DOE) ,  cove r s  about 
1.6 square miles of flat t o  g e n t l y  r o l l i n g  t e r r a i n  i n  Hamilton 
and B u t l e r  Count ies ,  Ohio. The sou the rn  edge of t h e  t r a c t  is  
about  0.7 mile n o r t h  of F e r n a l d  ( f i g .  1). The rubber- and c lay-  
l i n e d  p i t s  and concrete-encased s t o r a g e  t anks  t h a t  comprise  t h e  
process-was tes  storage area are l o c a t e d  about  0.3 mile west of 
t h e  p r o d u c t i o n  a rea  a t  FMPC ( f i g .  2 )  a n d  a r e  a b o u t  1.5 miles  
n o r t h  of Fernald.  As p a r t  of i t s  moni tor ing  program, NLO, Inc., 
t h e  o p e r a t o r  of FMPC, sampled a number of o f f s i t e  wells i n  December 
1981 ( f i g .  2). These and o t h e r  wells a l s o  were sampled by t h e  
U.S. Geolog ica l  Survey i n  August 1982 f o r  uranium and o t h e r  con- 
s t i t u e n t s :  t h e  wells were a s s i g n e d  loca l  numbers H-101 th rough 
H-134 ( f i g .  3 ) .  I n  f i g u r e  2 t h e  d i s s o l v e d  u ran ium c o n c e n t r a t i o n s  
o b t a i n e d  by NLO, Inc., were conver ted  from m i l l i g r a m s  pe r  l i t e r  
(mg/L) t o  micrograms per l i t e r  (yg/L) f o r  cons is tency .  
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Figure 1.-Feed Materiais Production Center (FMPC)-Fernald study area, 
Hamliton and Butler Counties. Ohio. 
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Figure 2.--Location of FMPC offsite wells sampled by NLO, Inc., 
and dissolved uranium concentrations, December 1981. 
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x Water  l e v e l  da ta  s i te  c++a i 

a / -  
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0 Si te  sampled f a r  water  qual i ty  
August 1 9 8 2  

w a t e r  l e v e l  measured D C c d e  l e t t e r  re ferr ing t o  analyt ica l  

- 
. -  

in this invest igat ion 

Figure 3.--Locatfm of water-level obsenatlm and water-quality W e  wells used In 

schedule used ( S e e  t a b l e  2 )  
_ _ _ _  - - - -  . -  - 

U.8 G8ological Survey study, August. 1082. 
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Of par t icu lar  concern are t h e  c o n c e n t r a t i o n s  of d i s s o l v e d  

uranium a t  wells 8-121, H - 1 1 1 ,  and 8-108, which are a t  l eas t  
s e v e r a l  times g r e a t e r  t h a n  background levels. A s  s t a t e d  by' H e m  
(1970, p. 212), "Uranium is p r e s e n t  i n  amounts between 0.1 and 
1 0  yg/L i n  most n a t u r a l  water. 
u n u s u a l  . " Amounts greater than  t h i s  are 

Drinking-water s t a n d a r d s  for uranium have not y e t  been 
e s t a b l i s h e d ,  bu t  accord ing  t o  Lappenbusch (19801, an i n t e r i m  
g u i d e l i n e  of 1 0  pCiU/L (picocuries of uranium per  l i t e r )  h a s  
been suggested.  A convers ion  fac tor  of  1 pg/L = 0.68 pCi /L  can 
be used when a l l  three uranium isotopes are considered.  (If on ly  
t h e  r a d i o a c t i v i t y  of uranium-238 is cons ide red ,  t h e  factor is 
1 pg/L = 0.33 p C i / L  (Thatcher  and o t h e r s ,  1977, p. 88).) 

The e l ' e v a t e d  l e v e l  of u r a n i u m  appears t o  be c o n f i n e d  t o  a n  
area of about  100 acres t h a t  i n c l u d e s  wells R-108, H-111, and 
A - 1 2 1 .  I f  t h i s  r e p r e s e n t s  a p lume  of e x c e s s i v e  uranium concent ra -  
t i o n  i n  t h e  ground water, i ts p o s i t i o n  is i n c o n s i s t e n t  w i t h  t h e  
ground-water f low p a t t e r n s  t h a t  may be i n f e r r e d  from t h e  potentio- 
metric map ( f i g .  4) .  Water-quality problems a t  t h e  community of 
Fernald ( f a r t h e r  sou th )  do  n o t  y e t  appear  t o  be r e l a t e d  t o  uranium 
contaminat ion  . 

T h i s  s t u d y  was undertaken a t  t h e  r e q u e s t  of t h e  U.S. 
Department of  Energy t o  de te rmine  t h e  s o u r c e  of e l e v a t e d  con- 
c e n t r a t i o n s  of uranium i n  water from o f f s i t e  wells near  t h e  FMPC 
proper ty .  The s tudy  i s  based on d a t a  from e x i s t i n g  wells and i s  
concerned w i t h  wa te r - l eve l  c o n d i t i o n s  and t h e  q u a l i t y  of t h e  
ground water a t  FMPC as well  a s  i n  a d j a c e n t  o f f s i t e  areas extend- 
i n g  southward t o  i n c l u d e  t h e  community of Ferna ld .  

Tab le  1 ( a t  back of r e p o r t )  is an i nven to ry  of wells i n  t h e  
FMPC-Fernald area.  Water samples  were c o l l e c t e d  from selected 
wel ls  between August 24 and August 31, 1982 by t h e  U.S. Geologica l  
Survey. Choice of sampl ing  s i tes  was based on s e v e r a l  cons ide ra -  
t i o n s .  Wells s e l e c t e d  inc luded  (1) t h e  o f f s i t e  wells sampled by 
NLO, Inc. ( f i g .  2) ;  (2 )  wells a l o n g  Paddys Run t h a t  could be 
a f f e c t e d  by i n f i l t r a t i o n  of  con taminan t s  from s u r f a c e  runoff:  
(3) wells a t  FMPC t h a t  a re  located near  waste s t o r a g e  f a c i l i t i e s :  
( 4 )  wells a t  Fernald,  an a r e a  where t h e  ground water is a l l e g e d l y  
of poor q u a l i t y ;  and ( 5 )  wells  nea r  t h e  eas t  and west boundar ies  
of FMPC t h a t  could be used t o  i d e n t i f y  ground-water f low i n  any 
o t h e r  d i r ec t  ion. 

Table 2 is  a l i s t i n g  of fou r  a n a l y t i c a l  schedules  used i n  t h e  
sampl ing  study. The l e t t e r  codes (A, B, C ,  D) used i n  t h e  t a b l e  
a r e  a l s o  shown on f i g u r e  3 fo r  t h e  s i tes  sampled i n  August 1982. 

5 le, 
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Schedule code 
(see figure 3, table 1) 

Constituent A B C D 

x x x x  
x x  
x x  
x x  
x x  

x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  
x x x  

X 
X 
x x  
x x  
X 

X 
x x  
X 
X 
x x  
X 
x x  

X 
X 

X 

7 12 
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A t  each  well, u n t r e a t e d  water was collected as Close as possi- 

b l e  t o  t h e  wellhead. The well was pumped f o r  s e v e r a l  minutes  t o  
- o b t a i n  water t h a t  was r e p r e s e n t a t i v e  of aquifer cond i t ions .  F i e l d  

d e t e r m i n a t i o n s  were made of water temperature, s p e c i f i c  conduc- 
tance, pE,  and a l k a l i n i t y .  The hydrogen-su l f ide  c o n t e n t  was de- 
te rmined  by U.S. Geological Survey pe r sonne l  i n  C o l u m b u s ,  Ohio. 
Radiometr ic  a n a l y s e s  and d i s s o l v e d  uranium c o n c e n t r a t i o n s  were 
de termined  i n  t h e  U.S. Geolog ica l  Survey r e g i o n a l  l a b o r a t o r y  a t  
Denver, Colo. Other c o n s t i t u e n t s  ( t a b l e  2) were ana lyzed  a t  t h e  
Survey's r e g i o n a l  l a b o r a t o r y  a t  D o r a v i l l e ,  Ga.  A n a l y t i c a l  r e s u l t s  
of d i sso lved-uranium c o n c e n t r a t i o n s  de t e rmined  by NLO, Inc., i n  
December 1981 are  p r e s e n t e d  i n  t a b l e  3. A n a l y t i c a l  d a t a  from a l l  
of t h e  samples c o l l e c t e d  i n  Augus t  1982  are  i n c l u d e d  i n  t a b l e  4 
( a t  back of r e p o r t ) .  

HYDROGEOLOGIC SETTING OF THE FMPC-FERNALD AREA 

The a q u i f e r  sys tem is composed e s s e n t i a l l y  of sand and 
g r a v e l  of g l a c i a l  o r i g i n .  I n  p l aces ,  t h e  a q u i f e r  i s  s t r a t i f i e d  
w i t h  c l a y ,  or capped by c l ayey  till. 

Sp ieke r  (1968, pl.  2)  shows t h e  FMPC area as s i t u a t e d  on a 
terrace (above t h e  M i a m i  River  f l o o d p l a i n )  and c o n s i s t i n g  of a 
c l a y - r i c h  till u n d e r l a i n  by about  150 feet  of sand and grave l .  
A 1 0 - f o o t  bed of c l a y  abou t  130 t o  1 4 0  f e e t  below l a n d  s u r f a c e  
d i v i d e s  t h e  s a n d  and  g r a v e l  s e c t i o n  i n t o  an  upper and  a lower 
aquifer.  The c l a y  bed r e p o r t e d l y  p inches  o u t  t o  t h e  east  nea r  
t h e  e a s t e r n  boundary of FMPC. 

S t u d i e s  by Eye (1961,  p. 2 1 )  and S p i e k e r  (1968,  p. A15) 
i n d i c a t e  t h a t  t h e  c l a y  beds ac t  as  p a r t i a l l y  conf in ing  l a y e r s .  
Only a t e w  of t h e  wel l s  l i s t e d  i n  t a b l e  1 a r e  d e e p  enough t o  h a v e  
tapped t h e  lower  aquifer.  A t  FMPC, t h e s e  i n c l u d e  t h e  p roduc t ion  
wells (NLO/PW 1, 2, and 3) and tes t  wel ls  (NLO 1-D and 8-D). To 
t h e  east ,  t h r e e  wells d r i l l e d  t o  bedrock by Southwes tern  Ohio 
Water Company a p p a r e n t l y  are not  a f f e c t e d  by t h e  c l a y  l a y e r  t h a t  
d i v i d e s  t h e  aquifer  a t  FMPC. The p o t e n t i o m e t r i c  map ( f ig .  4 )  was 
made t o  i d e n t i f y  d i r e c t i o n s  of ground-water f low w i t h i n  t h e  aquifer 
system and t o  a id  i n  select ing s i t e s  for  w a t e r - q u a l i t y  sampling. 

An i n v e n t o r y  of water wells and w a t e r - l e v e l  measurements was 
completed i n  A u g u s t  1982. Wells used i n  t h e  inven to ry  a r e  l i s t e d  
i n  t ab le  1, and t h e i r  l o c a t i o n s  are shown i n  f i g u r e  3. Water- 
l e v e l  data  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  were used t o  p r e p a r e  
t h e  potent iometr ic  map ( f i g .  4) .  Not a l l  wells i n  t h e  a r e a  were 
a v a i l a b l e  f o r  measurement because of problems of access t o  t h e  
p rope r ty  or an i n a b i l i t y  t o  measure t h e  d e p t h  t o  water wi thou t  
d i s m a n t l i n g  equipment i n  t h e  wells. 

13  
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Table 3.--*tpwater fuun w e w e d  by 

c. (December 1 9 8 L i u d  U.S.  Ger>loalcal Survev W t  19821 

[Well l o c a t i o n s  are shown i n  f i g u r e s  2 and 31 
- 

Concen t ra t ions  

. U.S. U.S. 
Geological  NLO Geologica l  

Survey NLO ( c o r r e c t e d  Survey 
l o c a l  w e l l  no. well I D  t o  P g m a  ( P g m  

H-101 
H-103 
H-106 
H-107 
H-108 
H-109 
H-110 
H-111 
H-116 
H-117 
H-118 
H-119 
H-121 

BPH 
DG 
BLK 
WK 
HK 
BHMHP 
DE 
DS 
KY 
JS 
RE 
WRM 
MC 

( 3 . 0  
6.0 
6 . 0  

< 3 . 0  
190  
( 3 . 0  
( 3 . 0  

320 
6.0 

( 3 . 0  
< 3 . 0  
( 3 . 0  
54 

< 2 . 0  
1 . 4  
1 .5  
0.7 

250 

< 0 . 4  
430  

1 . 5  
( 0 . 4  
4 0 . 4  
<0.5  
46  

-- 

aData reported by NLO a s  mi l l ig rams per l i t e r  have been con- 
v e r t e d  t o  micrograms per  liter for cons is tency .  

bSample from H-109 n o t  used because of excess ive  bleach i n  
water supply.  

1 4  
9 
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Severa l  anomalous features  should be mentioned w i t h  r e f e r e n c e  

t o  f i g u r e  4. F i r s t ,  t h e r e  are two bedrock areas t h a t  crop o u t  
a l o n g  t h e  banks  o f t h e G r e a t  M i a m i  R i v e r  near  F e r n a 1 d ; t h e M  o u t -  
c rops  probably  a f f e c t  ground-water movement south of FHPC. 

Second, t h e  water t a b l e  d e f i n e d  by t h e  520-foot contour  t h a t  
appears  as a t r o u g h l i k e  low a t  t h e  sou the rn  edge of FMPC a l o n g  
Wil ley  Road opens t o  t h e  sou th  as a narrowly c o n s t r i c t e d  channel  
between two c o n t r o l  p o i n t s ,  wel ls  8-122 and E-111. I n  t h e  area 
nor th  of t h e s e  wells, ground-water pumpage (mostly d o m e s t i c  and 
farm use) is low compared t o  t h e  amount  o f  ground water u s e d  a t  
Fernald and FMPC. Where t h e  n o r t h  s i d e  of t h e  520-foot  e n c l o s u r e  
crosses Paddy's Run ( f i g .  4)  t h e  a l t i t u d e  of t h e  s t reambed is 
between 520 and 530 f e e t  above sea l e v e l .  Whether or n o t  Paddy's 
Run i s  a l o s i n g  s t ream i n  t h i s  s t re tch o r  f lows wi thou t  connec t ion  
w i t h  t h e  water  t a b l e  was n o t  determined.  Paddy's Run was v i r t u a l -  
l y  d r y  a t  t h e  time of t h i s  i n v e s t i g a t i o n .  

Thi rd ,  t h e  water  l e v e l  a t  t h e  abandoned 'cone house" w e l l  
( l a b e l e d  "CB," f i g .  3) near  t h e  n o r t h e a s t  corner  of t h e  FMPC j u s t  
i n s i d e  B u t l e r  County, i s  about  75  feet  h igher  than i n  w e l l s  a 
ha l f -mi l e  t o  t h e  e a s t  and t o  t h e  west. The p o t e n t i o m e t r i c  s u r f a c e  
a l o n g  t h e  e a s t e r n  s i d e  of t h e  FMPC is  c o n j e c t u r a l  b e c a u s e  of  a 
lack of s u i t a b l e  w e l l  d a t a ;  however, t h e  w e l l  is e v i d e n t l y  i n  a 
body of water  t h a t  is perched or o t h e r w i s e  d isconnec ted  f rom t h e  
water -bear ing  zone mapped e l sewhere  i n  f i g u r e  4. An a t t e m p t  t o  
draw con tour s  between t h i s  and o t h e r  wells r e s u l t e d  i n  a h y d r a u l i c  
g r a d i e n t  t h a t  was u n r e a l i s t i c a l l y  s teep .  The e x t e n t  of t h e  
perched wa te r  body is unknown; thus ,  it is  not  shown i n . f i g u r e  4. 

boundary of t h e  FMPC a s  sugges ted  by Spieker  (1968, pl.  2)  between 
two bedrock a r e a s  ( f i g .  4).  The contours  as drawn i n  f i g u r e  4 
sugges t  t h a t  a p a r t i a l  ground-water d i v i d e  exists i n  t h e  area. 

The wa te r  t a b l e  beneath t h e  p r i n c i p a l  a r ea  of a c t i v i t y  a t  
FMPC is a r e l a t i v e l y  broad depres s ion  enclosed by t h e  525-foot  
contour  ( f i g .  4). S t a t i c  water  l e v e l s  of o n s i t e  wells were mea- 
sured  when t h e  FMPC p l a n t  was s h u t  down f o r  vaca t ion  and t h e  three 
main supply wells were id l e .  Water l e v e l s  f o r  t h e  t h r e e  wel ls  
were  j u s t  be low 524.0 f e e t ,  b u t  i n  two o b s e r v a t i o n  w e l l s  t o  t h e  
n o r t h  (NLO test w e l l  1 0  and t h e  o ld  a d m i n i s t r a t i o n  b u i l d i n g  w e l l )  
t h e  l e v e l s  were 515.6 and 521.9 f e e t ,  r e s p e c t i v e l y ;  t h i s  i n d i c a t e s  
t h a t  r e c o v e r y  i n  t h e  a q u i f e r  was g r e a t e r  i n  t h e  v i c i n i t y  of t h e  
supply wells. During pe r iods  of p l a n t  ope ra t ion  t h e  supply  wells 
a r e  pumped on a r o t a t i n g  b a s i s ,  and t h e  520-foot e n c l o s u r e  n o r t h  
of t h e  supply  wells ( f i g .  4 )  would probably be en la rged  t o  i n c l u d e  
a l l  t h r e e  wells. 

F i n a l l y ,  a ground-water d i v i d e  may e x i s t  a long t h e  eastern 
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The cone of depression a t  PMPC, even when major pumping is 

s h u t  down, has  become a pers is tent  feature over t h e  years .  
According t o  Spieker (1968, p. A19 and pl. 2) ,  d a i l y  pumpage a t  
FMPC i n  1964 averaged more than  1.0 m i l l i o n  g a l l o n s  per day, b u t  
t h e  cone of d e p r e s s i o n  caused by pumping was too sha l low t o  show 
on h i s  map. Although t h e  pumping ra te  h a s  been less i n  r e c e n t  
y e a r s ,  development of t h e  cone can be a t t r i b u t e d  t o  t h e  f ac t  t h a t  
g r o u n d  water pumped a t  FMPC i s  n o t  r e t u r n e d  t o  t h e  aqui fe r  b u t  i s  
d i scha rged  through sewers or l o s t  by evapora t ion .  

Recharge i s  e s s e n t i a l l y  by p r e c i p i t a t i o n  and by ground-water 
movement from su r round ing  areas. R a i n f a l l  i n  t h e  area was d e f i -  
c i e n t  i n  J u l y  1982. Had it been abundant ,  t h e  cone of d e p r e s s i o n  
i n - f i g u r e  4 might have been s m a l l e r ,  

which is pumped con t inuous ly  ( a t  less t h a n  1 0 0  g a l l o n s  per minute) 
t o  i n t e r c e p t  ground water between t h e  waste p i t s  and t h e  main sup- 
p l y  wells, was about 485 feet. Because water l e v e l s  i n  nearby 
w e l l s  were much h i g h e r ,  t h e  cone  of d e p r e s s i o n  a t  t h i s  we l l  i s  t o o  
small t o  show i n  f i g u r e  4. S i m i l a r l y ,  t h e  cone of dep res s ion  a t  
w e l l  H-121 ( f i g .  3) is too small t o  show i n  f i g u r e  4. 

The wa te r  l eve l  a t  wel l  H-132 ( K O  tes t  w e l l  1-S, f ig .  3), 

URANIUM CONCENTRATIONS I N  GROUND WATER AND THEIR SIGNIFICANCE 

Table  3 compares c o n c e n t r a t i o n s  of d i s s o l v e d  uranium deter- 
mined by NLO, Inc., i n  December 1981 ( f i g .  2) t o  t h o s e  determined 
by t h e  U.S. Geolog ica l  Survey fo r  t h e  same wells i n  August 1982. 
I n  g e n e r a l ,  t h e  c o n c e n t r a t i o n s  de te rmined  by t h e  U.S. Geological  
Survey were lower t h a n  t h o s e  de te rmined  by NLO, Inc., p o s s i b l y  
because of d i f f e r e n c e s  i n  d e t e c t i o n  l i m i t s  used i n  t h e  analyses.  
However, t h e  c o n c e n t r a t i o n s  of d i s s o l v e d  uranium a t  wells H-108 
and 8-111 were g r e a t e r ;  t h e  c o n c e n t r a t i o n  a t  w e l l  H-121 was near- 
l y  t h e  same as  t h a t  r e p o r t e d  by NLO, Inc. These t h r e e  wells were 
t h e  h i g h e s t  i n  d i s s o l v e d  u ran ium c o n t e n t  of t h e  wells sampled i n  
t h i s  study. A l l  had c o n c e n t r a t i o n s  a t  l eas t  s e v e r a l  times h igher  
t han  t h e  d i s s o l v e d  uranium c o n t e n t  found a t  wells H-132 and H-134 
( f i g .  5 ) ,  both of which are s i tua t ed  nea r  t h e  FMPC was te-s torage  
a r e a s  . 

Two o t h e r  o n s i t e  wells, A-130 and H-131 ( f i g .  5 ) ,  are 
l o c a t e d  f a r t h e r  from t h e  was te-s torage  areas and were r e l a t i v e l y  
low i n  d i s s o l v e d  uranium. W e l l  H-131 taps t h e  upper a q u i f e r ,  
whereas well  H-130 is one of t h r e e  supp ly  w e l l s  t h a t  produces 
from t h e  lower a q u i f e r .  The wa te r -qua l i t y  da ta  for  these wells 
and t h e  p o t e n t i o m e t r i c  s u r f a c e  as mapped i n  f i g u r e  4 sugges t  t h a t  
t h e  h igh  c o n c e n t r a t i o n  of uranium a t  wel ls  H-108, H-111, and €3-121 
d i d  n o t  reach  t h e s e  wells through t h e  aquifer d i r e c t l y  from t h e  
FMPC product ion  a r e a  because s e v e r a l  w e l l s  such a s  H-103, 8-104, 
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E X P L A N A T I O N  

H-124 W e l l  l o c a t i o n  a n d  local  n u m b e r  
a 

0.6 D i s s o l v e d  u r a n i u m  in  y g / L  

A r e a  w h e r e  a d d i t i o n a l  s t u d y  is n e e d e d  

- - _._ _. FMPC- w a s t e  s t o r a g e  a r e a  __. - - - . _ _ -  

F i g u r e  5 . - - U r a n i u m  c o n c e n t r a t i o n s  in  g r o u n d  w a t e r  c o l l e c t e d  In t h e  FMPC- 
F e r n a l d  a r e a  A u g u s t  1 9 8 2 ,  a n d  a r e a  w h e r e  a d d i t i o n a l  s t u d y  is n e e d e d  
( A n a l y s i s  b y  U.S. Geologlcal  S u r v e y ) .  
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H-116, and 8-122 s i t u a t e d  s i m i l a r l y  along t h e  ground-water flow 
pathway were s c a r c e l y  a f f e c t e d .  Even though a l o c a l i z e d  source of 
con tamina t ion  is p o s s i b l e ,  it would be  reasonable t o  consiaer t h e  
various p o s s i b i l i t i e s  f o r  contaminant  m i g r a t i o n  from FMPC. These 
would i n c l u d e  movement down Paddy's Run r e s u l t i n g  from excessive 
d i s c h a r g e s  a t  some specific time, undetermined pathways of l e a k a g e  
from t h e  s t o r a g e  p i t s ,  and contaminat ion  c a r r i e d  by storm runoff .  

The amount of d i s s o l v e d  oxygen i n  t h e  aquifer should  be con- 
s ide red .  According t o  Garrels and C h r i s t  (1964, p. 253-6), t h e  
more h i g h l y  o x i d i z e d  forms of uranium have greater s o l u b i l i t y .  
T h i s  s u g g e s t s  t h a t  i n  areas of r echa rge  where t h e  oxygen c o n t e n t  
c a n  b e  expected t o  be h i g h ,  more u r a n i u m  c a n  be c a r r i e d  i n  so lu -  
t i o n  than  where t h e  oxygen c o n t e n t  is low. It is possible t h a t  
uranium t r a n s p o r t e d  under c o n d i t i o n s  of oxygen enr ichment  cou ld  
end up as e x c e s s i v e  amounts i n  some l o c a l i t i e s ,  whereas a low 
uranium c o n t e n t  could  mean t h a t  p o t e n t i a l l y  e x c e s s i v e  amounts 
of u r a n i u m  have a l r e a d y  been p r e c i p i t a t e d  out  somewhere a long  
t h e  way from t h e  source. 

c o n c e n t r a t i o n ,  t h a t  is, h igh  i r o n  c o n c e n t r a t i o n s  would s u g g e s t  
reducing  c o n d i t i o n s  or an oxygen de f i c i ency .  Conversely,  low 
i r o n  c o n c e n t r a t i o n s  may i n d i c a t e  t h a t  c o n d i t i o n s  of oxygen e n r i c h -  
ment  p r e v a i l e d .  I n  t h i s  s tudy ,  13 samples were ana lyzed  fo r  d i s -  
so lved  i ron .  Wells H-108, H - 1 1 1  and H - 1 2 1 ,  which were low i n  
i r o n ,  may have been r e l a t i v e l y  r i c h  i n  oxygen. Conversely,  
wells A-106, H-110, H-118, H-119, and A-122 were q u i t e  high i n  
d i s s o l v e d  i r o n  but  low i n  d i s s o l v e d  uranium. One w e l l ,  H-107, 
was low i n  b o t h  i r o n  and  uranium.  
t h r e e - w e l l  c r i t i c a l  area. 

The amount of d i s s o l v e d  i r o n  may be an i n d i c a t o r  of oxygen 

T h i s  w e l l  i s  j u s t  e a s t  of t h e  

Except for  H - 1 1 1 ,  B-121, and H-122, samples from t h e  w e l l s  
l o c a t e d  a l o n g  Paddy's Run ( f i g .  5 ) ,  con ta ined  less than  2 pg/L 
of d i s s o l v e d  uranium. However, t h e  c o n c e n t r a t i o n  of d i s s o l v e d  
uranium i n  water from w e l l  H-128 near  t h e  sou the rn  end of Paddy's 
Run was n o t i c e a b l y  h igher  (3.2 jg/L) .  Because t h i s  well is s h a l -  
low and l o c a t e d  c l o s e r  t o  t h e  stream than  o t h e r  upstream wells 
( f i g .  5 ) ,  it is probably more s u s c e p t i b l e  t o  i n f i l t r a t i o n  from 
su r face -wa te r  contaminat ion  whenever t h e  s t r eam is bankfu l l .  

C o n c e n t r a t i o n s  of d i s s o l v e d  uranium f o r  most of t h e  wells a t  
Ferna ld  were less than  2.0 pg/L; t hus ,  d i s s o l v e d  uranium contami- 
n a t i o n  does n o t  a p p e a r  t o  be a p r o b l e m  f o r  w e l l s  i n  t h a t  commu- 
n i t y .  A p o t e n t i a l  problem exis ts  i f  t h e  u r a n i u m  c o n c e n t r a t i o n  a t  
wells H - 1 1 1  and H - 1 2 1  increases or i f  t h i s  body of ground water 
migrates southward toward Fernald. 
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The source of t h e  uranium found i n  wells H-108, H-11l fand  
8-121 cannot  be a t t r i b u t e d  d i r e c t l y  t o  ground-water flow from t h e  
waste s t o r a g e  areas a t  FMPC; s e v e r a l  o t h e r  wells a long  t h e  way 
would have been a f f e c t e d .  More d a t a  concern ing  t h e  flow charac-  
t e r i s t i c s  of Paddy's Run a long  t h e  sou thwes te rn  p a r t  of FMPC is  
needed t o  de termine  i f  any part of t h e  stream is l o s i n g  water t o  
t h e  ground. There is a p o s s i b i l i t y  t h a t  surface-water runof f ,  
such as storm overf low,  cou ld  have c a r r i e d  h igh- leve l  uranium 
wastes toward  Paddy's Run. The uranium wastes could have i n f i l -  
t r a t e d  t h e  ground-water system a long  t h e  reach near  t h e  a f f e c t e d  
wells. 

Continued wa te r - l eve l  measurements and w a t e r - q u a l i t y  sampl ing  
are  needed t o  de te rmine  i f  t h e  amount of uranium is i n c r e a s i n g  i n  
t h e  v i c i n i t y  of wells H-108, H - 1 1 1 ,  and A - 1 2 1 ,  or i f  o t h e r  wells 
i n  t h e  area (wells R-122, H-116, €I-107) are l i k e l y  t o  be a f f e c t e d  
by i n c r e a s i n g  l e v e l s  of uranium. To de t e rmine  t h e  d i r e c t i o n  of 
movement may r e q u i r e  d r i l l i n g  tes t  wells. Because t h e  water t ab le  
is r e l a t i v e l y  high i n  t h e  v i c i n i t y  of  well  8-111 ( f i g .  3 ) ,  d i s -  
so lved  uranium a t  t h i s  l o c a l i t y  cou ld  move i n  any of s e v e r a l  d i -  
r e c t i o n s  toward wells t h a t  have n o t  y e t  been a f f e c t e d .  

The amount  of d i s s o l v e d  i r o n  i n  ground water s u g g e s t s  a rela- 
t i o n s h i p  e x i s t s  between t h e  amount of a v a i l a b l e  oxygen and t h e  
amount of d i s s o l v e d  uranium. Thus, i f  u r a n i u m  w a s t e s  were carr ied 
by su r face -wa te r  dra inage ,  an o p p o r t u n i t y  exis ts  for oxygen en- 
r ichment ,  which would p e r m i t  g r e a t e r  t r a n s p o r t  of d i s s o l v e d  ura- 
nium t o  t h e  ground-water system. 

The area i n  which a d d i t i o n a l  w o r k  is needed is o u t l i n e d  i n  
f i g u r e  5. Water- level  measurement and wa te r -qua l i t y  sampl ing  
could be cont inued  a t  wells 8-108, H - 1 1 1 ,  E-121, and i n  o t h e r  
nearby wells t o  de t e rmine  i f  t h e  uranium contaminat ion  i s  i n c r e a s -  
i n g  or l i k e l y  t o  move. To h e l p  d e l i n e a t e  t h e  area of contamina- 
t i o n ,  a d d i t i o n a l  wells n o r t h  and east  of wells H-108, E-111, and 
H - 1 2 1  are needed. Other wells a t  FMPC, e s p e c i a l l y  s o u t h  of t h e  
storm o u t f a l l  d i t c h ,  could be d r i l l e d  t o  v a r i o u s  depths ;  core 
samples  could be taken d u r i n g  well  c o n s t r u c t i o n ,  

Discharge measurements could be made a long  Paddy's Run t o  
de te rmine  i f  there a r e  s e c t i o n s  of t h e  stream where water is  be ing  
l o s t  t o  t h e  ground, A s o i l  sampl ing  program conducted a long  
Paddy's Run and t h e  s torm sewer o u t f a l l  d i t c h  ( f i g .  1 1 ,  would h e l p  
i d e n t i f y  p l a c e s  where i n f i l t r a t i o n  may have t a k e n  place. 
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Water samples  could be collected a t  base flow t o  de te rmine  

what c o n s t i t u e n t s ,  i f  any, are be ing  c a r r i e d  away from FMPC. by 
s u r f a c e  dra inage .  Addi t iona l ly ,  t h e  chemis t ry  of t h e  mixing 
waters (ground wa te r ,  s t ream wa te r ,  and process wastes) could  
be s t u d i e d  us ing  methods such as t h e  U.S. Geological  Survey chemi- 
ca l  model PHREEQE (Parkhurst  and o t h e r s ,  1980). The r e l a t i o n  of 
d i s s o l v e d  i r o n ,  oxygen, and uranium a l s o  could be i n v e s t i g a t e d .  
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.. 

Table I.---auali)y of w a t e r f r o m s c l p c t e d  we- 

LIST OF ABBREVIATIONS USED 
* 

As arsenic (As)  

BA barium (Ba) 

MG/L milligrams per 
1 i t e r ( mg/L 1 

BE beryllium (Be) MN manganese (Mn) 

CA calcium (Ca) MO molybdenum (Mol 

CAC03 calcium carbonate (CaC03) NA sodium (Na) 

CD cadmium (Cd) No2 nitrite (NO21 

CL chloride (C1) NO3 nitrate (NO3) 

co cobalt (Co) PB lead (Pb) 

c02 carbon dioxide (C02) 

C03 carbonate (CO3) 

PCI/L picocuries per 
liter (pCi/L) 

CR chromium (Cr) PO4 phosphate (PO4) 

cs cesium (Cs) SI02 silica (si021 

cu copper (Cu) SO4 sulfate (SO41 

DEG C degrees Celsius SR strontium (Sr) 

FE iron (Fe) 

FET-FLD fixed-endpoint titration, 

SR/YT-~~ st r on t ium- 
yttrium-90 

field determined U-NAT uranium, natural 

H2S hydrogen sulfide (H2S) 

HC03 bicarbonate (HCO3) 

HG mercury (Hg) 

LI lithium (Li) 

UG/L micrograms per 
liter (ug/L) 

UMHOS micromhos per 
centimeter 
(umho/cm) 

MG magnesium (Mg) ZN zinc (Zn) 

22 
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