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The geology of t h e  Feed M a t e r i d l s  Product ion Center (FhsC) 
s i t e  has  been inf luenced  s t r o n g l y  by the  g l a c i e r s  which extended 
i n t o  the  areao According t o  g e o l o g i s t s ,  the  Uami Eiiver Val ley 
was once occupied by a much l a r g e r  s t r e n m  than  the  p re sen t  day 
Miami River ,  T h i s  larger s t r e d  eroded the bedrock t o  a depth of 
more t han  200 f e e t  below the  ? r e s e n t  s u r f a c e  of t he  ground. As 
t h e  g l a c i e r s  r e t r e a t e d ,  t h e  deeply eroded v a l l e y  wcls f i l l e d  with 
a g l a c i a l  t r a i n  c o n s i s t i n g  of sand, g r a v e l ,  and cldy. S i n c e  t he  
g l a c i a l  pe r iods ,  t h e  K i a m i  i i iver  h d S  c u t  i n t o  the  g l a c i a l  d e p o s i t s  
and formed t h e  Miami Vdlley, 

Test  borings through the e a r t h  format ions  under ly ing  the FBdpC 
s i t e  r e v e a l  t h a t  t h e  sdnd, g r a v e l ,  and c l a y  a r e  de2os i ted  i n  a' 
very i r r e g u l a r  manner, sometimes appedr ing  G S  m a l l  l e n s e s  of a 
s i n g l e  mdte r i a l  dnd a t  o ther  p laces  ds ffiixtures of t ido o r  more of 
t h e  c o n s t i t u e n t s ,  F igure  1 d e p i c t s  soffiewhat idecllized v e r t i c a l  
s e c t i o n  a long  a north-south l i n e  through t h e  2 L n t 0  

The phys ica l  c h t i r n c t e r i s t i c s  of t he  sand iind g r a v e l  d e 2 o s i t s  
i n  t he  M i a m i  V & l l e y  i n  the  Ross a r e a  have given rise t o  ground 
x a t e r  r e sources  which a r e  of tremendous p o t e n t i a l  econcmic vc lue ,  
A t  t h e  ? r e s e n t  t h e ,  only l i m i t e d  use  i s  beicg eade of t he  ground 
w i t e r  i n  t h e  v i c i n i t y  of t he  FMPC but  i nc reased  i c d u s t r i a l  use  d i l l  
undoubtedly b e  experienced i n  t b e  Rext decade, 

Test  bor ings  for foundatior,  des ign ,  :vel1 d r i l l i c g ,  and iviiste 
p i t  excavat ions  w i t h i n  t h e  ccn f ines  of t he  FLPC have decons t ra ted  
t h e  e x i s t e n c e  of many ground water s y s t e m ,  Some of t hese  ground 
ivaters are q u i t e  l o c a l i z e d  and r e s u l t  maic ly  from i n f i l t r A t e d  ,re- 
c i p i t a t i o n  being tTc;pped by m under ly ing  impervious l a y e r  o? c L y ,  
There a r e  two m j o r  water bear ing format ions  ( a q u i f e r s )  i n  t h e  ?bAPC 
s i t e ;  cne i s  a siind and g r a v e l  l a y e r  a p p r o n i z i t e l y  50 feet .  i n  thick- 
ness ,  t h e  top  of which i s  sbout  80 t o  90 f e e t  b e l o d  t h e  grour;d 3 u r -  
f'iice; t h e  second, and  most importt lnt ,  i s  il. sacd  dnd g r a v e l  f o r n h t i x  
Eore than  7 0  f e e t  i n  th ickness  which i s  four,d acou t  140 f e e t  below 
the ground s u r f a c e o  (See Figure  1;) 

IiClTE; Ground -,vater i s  def ined as all iddter Z e i O W  t h e  ground s.u~ca e ,  4 - 
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These two f o r n a t i o n s  a r e  sepa ra t ed  by a layer of impervious 
The blue c l a y  formation blue c l a y  of cons iderable  areal  extent ,  

is s u f f i c i e n t l y  impervious i n  t h e  immediate p l a n t  drea t o  cause 
t h e  water oontained in the  deep formation t o  be under a consid-  
e r a b l e  h y d r o e t a t i c  head ( a r t e s i a n  system),  The water contdined 
i n  t h e  shal low a q u i f e r  appa ren t ly  re  resents the  normal water 
table  (water  a t  atmospheric pressure P for t h e  crrea dnd &s such 
is dependent on l o c a l  r a i n f a l l  for replenishment,  
near t h e  ground sur fdce  a r e  camposed of Sdnd acd g r a v e l  mixed a i t h  
varying amounts of c l ay ,  For the most p a r t ,  t hese  su r fdce  mater ia ls  
(10 t o  20 f e e t  i n  t h i c k n e s s )  con ta in  enough c l ay  t o  prevent  t h e  
r ap id  i n f i l t r a t i o n  of p r e c i p i t a t i o n .  The shallow a q u i f e r  , t h e r e -  
f o r e ,  probably would not  support  a s u s t a i n e d  high r a t e  of p u p i n g  
o r  withdrawal of water,  

The format ions  

The deep a q u i f e r  ( a r t e s i a n  i n  t h e  FDC s i t e )  undoubtedly is 
suppl ied w i t h  ivater from a much l a r g e r  recharge a rea  t h a n  is t h e  
shallow a q u i f e r ,  It may a l s o  con ta in  water  which has  been ac- 
cumulating for a long per iod of t i m e ,  The p r e c i p i t a t i o n  p a t t e r n  
and t h e  su r face  formation c h a r a c t e r i s t i c s  i n  the p l a n t  s i t e ,  there- 
fore, w i l l  n o t  a f f e c t  t h e  water producing a b i l i t y  of the deep 
aqu i f e r  t o  any g r e a t  e x t e n t o  

GROUND VATW MOVEMENT 

In gene ra l ,  ground water moves from a source t o  a p o i n t  of 
d i s c h a r g e ,  Since water contdined i n  sand a d  g rave l  d e p o s i t s  
ffiust nove through t h e  i n t e r s t i c e s  between the  p a r t i c l e s ,  t h e  r a t e  
of f l o w  i s  dependent on the  number and s i z e  of t h e  openings ( v o i d s )  
between t h e  p a r t i c l e s  comprising t h e  formation and on t h e  d r i v i n g  
f o r c e  (head o r  slope- of  t h e  piezonietric s u r f a c e ) ,  I n  lcost  i n -  
s t a n c e s ,  t h e  v e l o c i t y  of--underground flow i s  r e l a t i v e l y  low, 

Ground water under normal atmospheric pressure  u s u a l l y  w i l l  
have s u f f i c i e n t  head t o  induce flcw, iind t h e  d i r e c t i o n  of flow 
o f t e n  co inc ides  wi th  t h e  su r face  s l o ? e  for t he  & r e a o  

Ground water under a head g r e a t e r  than atrcospheric ( a r t e s i a n  
systen;) f o l l o w s  t h e  o u t l i n e s  of t h e  bottom of the conf in ing  (in- 
perv ious)  formation and t h e  d i r i c t i o n  of f low need not  rollow t h e  
n d t u r a l  s lope  of t h e  ground su r face ,  Many i i r tes idn waters  do not  
f i n d  h p o i n t  of d i scharge ,  hence water  i n  these a q u i f e r s  i s  o f t e n  
the  r e s u l t  of accumuldtions extending over thousands of years ,  

When we l l s  a r e  d r i l l e d  i n t o  ii wdter bearing f o r m & t i o n  hnd 
water i s  ,withdrawn by pumping, t h e  u i r e c t i o n  of flotv i n  t h e  v i -  
c i n i t y  of t h e  we l l s  ( t h i s  may be m n y  miles i n  e x t e n t )  i s  ffiore 
o r  less r a d i a l  and i s  governed t o  a l a r g e  ex ten t  'Gy t h e  elevtl t lori  
of t he  f r e e  water su r face  i n  t h e  we l l  o r  ivells b e i n g  pxcped, Thus ,  
ivhile t h e  undis turbed o r  normal floiq p a t t e r n  i s - - i n  a given dire .=- tFoni  
t h i s  p i t t e r n  can be chdnged d r a s t i c a l l y  by the  i n t r o a u c t i o r  of d e l l s -  
even n; i ies  away, 
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The p o s s i b i l i t i e s  for contaminat ing t h e  ground water  wi th  
t h e  var ious chemicals used i n  t h e  Ebdpc a r e  many and var ied ,  
include t h e  waste d i s p o s a l  System, Surface WdSh from storage pads,  

l e a k s  i n  pipeli-nes an-d- Storhge -t&a-sy- fa l lou- t  ,-and f 1-ooding -of- 
f a c i l i t i e s  dur ing  pe r iods  of heavy p r e c i p i t a t i o n .  Process  l i q u i d s  
and water s o l u b l e  s o l i d s  which a r e  discharged on the  ground s u r f a c e  
can be c a r r i e d  down i n t o  t h e  shallow a q u i f e r  by i n f i l t r d t i n g  pre-  
c i p i t a t i o n  o r  o t h e r  s u r f a c e  water.  The c l a y  contained i n  t he  u p p e r  
10 t o  20 f ee t  of e a r t h  i n  t h e  p l a n t  area tends  t o  make t h i s  ffititerial 
r a t h e r  impervious and the downward movement of water and so lub le  
Contaminants w i l l  be r e l d t i v e l y  slow. Nevertheless ,  t h i s  i s  one 
avenue by which apprec i ab le  amounts of c h e d c d  contaminants can 
e n t e r  t h e  ground wdter over extended pe r iods  of p ldn t  operu t ion  if 
such contaminants dre allowed t o  accumulate on the  s u r f a c e  of t h e  
ground i n  t h e  p l a n t  areao The underground a g r i c u l t u r a l  d ra inage  
system ( t i l e  sys t em) ,  which i s  loca ted  ti few f e e t  below the  s u r f a c e ,  
m d  t h e  g rave l  f i l l e d  t r enches  of t h e  newly cons t ruc ted  water supply 
system a l s o  can t r a n s p o r t  and spread l o c a l  contamindnts over much of 
t h e  p lan t  s i t e ,  

They 

- __ - a c c j d e n t t i l - s p i l l s  from v e h i c l e s ,  su r f ace  wash from sc rap  heaps,  __ - 

When chemical subs tances  come i n t o  contac t  with c e r t a i n  e a r t h  
ma te r id l s  t h e r e  i s  a tendency for t he  contaminmts  t o  be r e t a i n e d  
through t h e  process  of i on  exchdnge, It is not known i f  t h e  sub- 
sur face  formations i n  t h e  FhapC w i l l  e f f e c t i v e l y  remove the  t y p e s  
of p o l l u t a n t s  t h a t  might be c a r r i e d  by i n f i l t r a t i n g  water,  Zven 
if such removal i s  e f f e c t i v e  i n i t i a l l y ,  prolonged a p p l i c a t i o n  of 
contaminants e v e n t u a l l y  w i l l  overcome t h e  i o n  exchange capac i ty  of 
t he  sub-surface format ion  and the p o l l u t a n t s  then  w i l l  move through 
the  e a r t h  m a t e r i a l s  r e l a t i v e l y  unaf fec ted ,  - 

- 

.The waste d i s p o s a l  p i t s  form t h e  most  s e r i o u s  p o t e n t i a l  ground * 

w;iter p o l l u t i o n  problem, These p i t s ,  excavated t o  a depth of ap- 
proximately 25 f e e t ,  extend below the somewhat impervious s u r f a c e  
l a y e r s 9  and i n  some of these p i t  excavat ions lenses o r  d e p o s i t s  of 
pure sand and g r a v e l  were encountered, The bottom sides of 
these  p i t s  were s e a l e d  i n i t i a l l y  w i t h  a l a y e r  o f  c l a y  b u t  t h e r e  i s  
no a s s u r a c e  t h a t  t h e  s e a l  i s  s p i l l  completely continuous and water 
t i g h t ,  The i n s i d e  w a l l s  of P i t  #3 show evidence of ConsideraDle 
"s l ipp ing"  or " spa l l i ng"  and i t  i s  l i k e l y  t h a t  some of the  c l a y  
l i n e r  on t h e  s i d e w a l l s  has  been destroyed,  If' this i s  the  cG.ses 
pronounced seepage lcay occur when t h e  water l e v e l  i n  t h e  p i t  rises 
above these  " s l i p "  zones. 

The so-ca l led  ctlry? waste p i t s  l ikewise  a r e  a p o t e n t i a l  sGurce 
of ground water p o l l u t i o n .  While t h e  m a t e r i d s  ds2os i ted  ir? these  
"dryR p i t s  a r e  usuii l ly i n  s o l i d  form, water from d i r e c t  r c i n f ' & l l ,  
sur face  r u n o f f ,  equipment washing, and q u i t e  l i k e l y  some ground 
da ter  accumulates i n  t h e  depress ion  and d i s so lves  t h e  Kore so lub le  
chemical compounds contained i n  the  res idues .  I n  a more i n d i r e c t  
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manner, t h e r e f o r e ,  t h e n d r y  waste d i sposa l  p i t s  can become a source 
of ground water p o l l u t i o n  i n  t h e  same wtiy a s  i n d i c a t e d  f o r  P i t  
NO. 3. 

POLLUTANTS PRIMARY CONCERN 

mile t h e r e  a r e  many materials employed i n  t h e  FMPC opera t ion ,  
t h e  ones of p r i n c i p a l  concern from a ground water  p o l l u t i o n  stand- 
p o i n t  are:  t h e  uranium and thorium products  and t h e i r  accompanying 
r a d i o a c t i v i t y ;  ch lo r ides ;  n i t r a t e s ;  and f l u o r i d e s .  Of t hese ,  t h e  
oh lo r ides ,  n i t r a t e s ,  and f l u o r i d e s  a r e  the  most l i k e l y  contaminants. 
Chlor ides  and n i t r a t e s  a r e  p r e s e n t  i n  t h e  wastes i n  high concentra- 
t i o n s  ( i n  the  l,OOO*s of p a r t s  p e r  m i l l i o n  by weight) .  
i d e s  and n i t r a t e s  a r e  extremely s o l u b l e  and t h e  f l u o r i d e s  r e l a t i v e l y  
so luble .  
such a r e  probably of secondary s i g n i f i c a n c e  i n  a cons ide ra t ion  of 
ground water p o l l u t i o n  i n  the  a rea .  

The thorium res idues  s t o r e d  i n  drums on a concre te  s to rage  pad 
pose t h e  most s e r i o u s  t h r e a t  i n  terms of r a d i o a c t i v e  m a t e r i a l s .  As 
long a s  the  drums a r e  i n t a c t  and no s p i l l a g e  occurs ,  t h e  thorium 
p r e s e n t s  no p a r t i c u l a r  hazard,  It was observed, however, t h a t  
many of t he  s to rage  con ta ine r s  have d e t e r i o r a t e d  t o  a p o i n t  where 
t h e  con ten t s  a r e  s p i l l i n g  out onto and over t h e  edges of t h e  pad. 
Redrumming opera t ions  a r e  requi red  from time t o  t h e .  Rain-water 
and su r face  runoff' f rom t h e  pad can c a r r y  exposed thorium res idues  
i n t o  t h e  su r face  drainage system from whence it may g a i n  en t rance  
i n t o  t h e  sub-surface waters,  

The chlor-  

The uranium products  a r e  only s l i g h t l y  s o l u b l e  and a s  

The K-65 Area and t h e  concrete  t rench  leading  t o  i t  form 

Leakage from t h e  concrete  s t o r a g e  tanks may 
another  important source of p o t e n t i a l  r a d i o a c t i v e  c o n t a i n a t i o n  
for t h e  ground water,  
u l t i m a t e l y  f i n d  i t s  way i n t o  ground water e i t h e r  d i r e c t l y  through 
t h e  d r a i n  t i l e  o r  by backing up i n t o  t h e  trench. I n  b o t h  i n s t G n c e s  
t h i s  m a t e r i a l  is exposed t o  d i r e c t  r a i n f a l l ,  Sub-surface seepage, 
and a t  t imes t o  su r face  runoff .  

PROaAbLE Z S U L T S  OF ?OLLU"iTON -- OF THZ GiiCiUhlj i iXTZ3 - 
1. If p o l l u t i o n  of t h e  ground,water  by chemicals from the  p l a n t  

should occur t h e  c o s t  and d i f f i c u l t y  of t r e a t i n g  t h e  water 
t o  make it s u i t a b l e  for use w i l l  be g r e a t l y  increased  even 
though t h e  degree of p o l l u t i o n  is smallo 

i t  i s  p o s s i b l e  t h a t  the  water  from t h e  product ion we l l s  c o c i d  
no t  b e  t r e a t e d  t o  render  i t  s u i t a b l e  f o r  p l a n t  x e o  

2. I f  t h e  concent ra t ion  of contaminants shou ld  becoffie excessive 

3 0  Weils o the r  than  those  owned by t h e  Government can be rendered 
unfit for use,  thereby c r e a t i n g  se r ious  l e g a l  and publ ic  re- 
l a t i o n s  problems. 
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4. The ground water  i n  t h e  e n t i r e  area can be rendered unusable 
f o r  a very long per iod  of tirce because t h e  contaminants can 
only be removed by e l i m i n a t i n g  t h e  source and then  removing 
a l l  of the po l lu t ed  water  from t h e  aqu i f e r s .  This  *muld b e  
a gigantlo t a s k  i f  p o l l u t i o n  accumulated for a long per iod  
of t i m e  before  it was discovered. 

9 

SPECIAL FIELD STUDIES EVALUATE GaGUPD iYATE3 POLLUTIOfi POTJLNTIAL 

During the  summer and autumn of 1960, a s p e c i a l  s tudy  was 
c a r r i e d  o u t  for t h e  purpose of eva lua t ing  the  ground water pol-  
l u t i o n  p o t e n t i a l  i n  t h e  FMPC s i t e .  The i n v e s t i g a t i o n  included: 
a series of pumping t e s t s  on t h e  production wells; chemical analy- 
ses of water  samples withdrawn from the production wells, from 
Test Xells Nos. 1 and 5, and from t h e  w e l l  a t  t h e  o ld  Administra- 
t i o n  Building (See Figure 2); a v i s u a l  i n spec t ion  of t h e  e n t i r e  
p l an t  s i t e  w i t h  p a r t i c u l a r  a t t e n t i o n  being given t o  t h e  l e a k  from 
waste Disposal  P i t  #3 i n t o  Faddy's Run Creek; a f i e l d  survey of 
Paddy's R u n  Creek and ana lyses  of samples c o l l e c t e d  therefrom; 
t h e  c o l l e c t i o n  and ana lyses  of approximately 100 s o i l  samples 
from t h e  p l a n t  a r ea ;  and a d e t a i l e d  study of t h e  a n a l y s i s  of water  
samples c o l l e c t e d  over a two year per iod from excavat ions and storm 
sewers i n  t h e  p l an t .  No cons ide ra t ion  was given t o  t h e  methods of 
waste t r ea tmen t  and d i s p o s a l  o r  t o  t h e  e f f e c t s  of PMPC wastes  on 
the  M i a m i  River water q u a l i t y  because t h e s e  i tems warrant d e t a i l e d  
s t u d i e s  which a r e  beyond t h e  scope of t h e  present  i n v e s t i g a t i o n .  

The pumping t e s t s  were c a r r i e d  out over a per iod of t h r e e  
weeks a t  pumping r a t e s  of 105, 2.75 and 3.85 m i l l i o n  ga l lons  
d a l l y  for weeks one, two and t h r e e  r e spec t ive ly ,  An a d d i t i o n a l  
t e s t  was made on Hel l  f2 i n  which t h e  wel l  was pumped a t  a r a t e  
of 420 g a l l o n s  p e r  minute for seve ra l  hours,  followed by a r a t e  
of 1100 g a l l o n s  per  minute for an a d d i t i o n a l  per iod of time. The 
main ob jec t ive  i n  performing these  pumping t e s t s  was t o  determine 
t h e  probable p r o d u c t i v i t y  of t h e  deep a q u i f e r  and the  a rea  of in -  
f l uence  of t h e  pumping wel ls .  

The pumping t e s t s  i n d i c a t e  t h a t  the t h r e e  product ior  w e l l s  
a r e  capable of d e l i v e r i n g  only a small  f r a c t i o n  of t h e  water 
a v a i l a b l e  i n  t h e  deep a q u i f e r ,  ;The main l i m i t a t i o n  on t h e  t h r e e  
production wells i s  the  f a c t  t h a t  only t h e  bottom 20 f e e t  of the 
cas ing  of each wel l  i s  pe r fo ra t ed  whereas the w e l l s  extend through 
the  a q u i f e r  which i s  a t  l e a s t  70 f e e t  i n  thickness .  The amount 
of water that can be withdrawn t h e r e f o r e  i s  c o n t r o l l e d  by the  
pe r fo ra t ed  a r e a  of t h e  cas ing  r a t h e r  than  by the  hydraul ic  char-  
a c t e r i s t i c s  of t h e  aqu i f e r .  

Drawdown measurements taken i n  the  t h r e e  proCuction we l l s  
a t  t h e  ffiaximum poss ib l e  pumping r a t e  show t h a t  t h e  a r e a  of i n -  
f luence i s  d u i t e  l i m i t e d ,  (Tables  I and IZ), 
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Figure 2: Map - Showing Location of Plant 
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SPECIBL PUMPING TESTS OF b U I N  PRODUCTION 'MEUS 

DISTANCE FaQBd TOP OF CASIhG TO WATga &E@ACE 
DATB T M  PCBCPICNG RATES G W  Old 

#2 #3 #l 82 #3 1 Test 5 Test A& 0 B l d R .  

6-27-60 

6-28-60 

5-29-60 

6-30 - 6 0 

7- 1-60 

7 -  2-60 

I- 3-60 

'- 4-60 

'- 5-60 
!- 6-60 
7- 7-60 
'- 8-60 
'- 9-60 

7-10-60 
'-11-60 
'-12-60 
7-13-60 
7-14-60 
7-15-60 
7-16-60 
7-17-60 
7-18-60 

0830 
1300 
2100 

0830 
1300 
2100 

0830 
2100 

0830 
2100 

0831 
2100 

0830 
2100 

0900 
2100 

0900 
2100 

0900 
0900 
0900 
0900 
0900 
0900 
1300 
0900 
0900 
0900 
0900 
0900 
0900 
0900 

1240 
1241 
1242 
1245 
1250 
1300 
1308 
1325 
1327 
1328 
1341 
1350 

-- 890 
-0 1035 
-0 1030 

-0 1035 -- 1035 -- 1040 

-0 1035 -- 1040 

-0 1035 
-0 1035 

-- 1021 -- 1040 

-0 1040 
-0 1035 

-_ 1040 
-= 1040 

-- 1040 
-0 1040 

-0 1040 
808 1006 
808 1006 
800 1058 

850 1056 
850 1068 
850 1068 
850 1068 
850 1068 
850 1068 
850 1068 
850 1068 
850 1068 

850 1068 

--- ---- 

--- 1068 --- 1068 --- 1068 --- 1068 
--0 1068 --- 1068 
--a 1068 
- - m  --- 
- _ e  --- 
m - 0  --- 
_ _ e  -_- 

60.5 

60e3 
61.2 

60.8 

61.2 

60.9 
6 1 0 1  

600 9 

6009 
60.8 

60.8 

61.2 
61.3 

60.8 
6008 

61.6 
61.6 

61.3 
96.6 

96.0 
59.1 

6009 

9606 

9408 
9603 
9605 
9604 
96,7; 
97.3 
97.4 
97.5 
97.4 

97.4 
68 ,9  
620 9 
6004 
5g09 --- --_ --- --- --- _-- --- 

6005 
6105 
6003 

6103 
61.0 
61.2 

61.1 
61.1 

61.1 
61.1 

60.8 
61.1 

6103 
60.8 

61.2 
6 1 0 3  

61.5 
61.7 

61.4 
61.8 
62,8 

59.7 
61.7 

105.0 

106.8 

610 9 

106 4 

107 0 
107 5 
107 2 
107 4 
107 6 

107 o 5 
107 5 
107 5 
107,5 

107 5 
60.3 

107 o 5 

--- --_ --- 
- 0 -  

00. 

6307 
6401 
6400 

6308 
6308 
6401 

6308 
6403 

63.8 
6400 

6309 
63.9 

64.2 
6308 

6309 
64.0 

63.9 
6400 

63.9 
630 9 
64.3 
640 3 
6403 
6400 
6400 

6401 
64.3 
640 4 
6404 

64.2 

64,5 
64.4 

- 8  

6906 
6908 
6905 

6908 
690 7 
680 9 

6905 
6809 

690 7 
69.5 

6906 
69.5 

6906 
6904 

6907 
6907 

69e5 
6907 

6905 
6909 
70.5 
6907 
69.6 
6903 
6905 
6905 
69.4 
6907 
69.8 
69.7 

70.0 
6909 

. .. 
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SpGcIAL PIMPING TEST ON YEU NOo 2 

_ _  DISTANCE FROM TOP- CASING - PUMPING RATE 
TO WATER SURFACE 

#2 #2 Recording #1 Well 
a m  

0750 
Start 0807 

0810 
0820 
0830 
0840 
0850 
0900 
0910 
0940 
1015 
1115 

1140 
1144 
1154 
1204 
1214 
1224 
1234 
1244 
1254 
1330 
1400 
1400 
1410 
14 20 
1430 
1445 

0 
440 
440 
440 
420 
420 
420 
420 
420 
420 
420 
420 

580 
636 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
oft 
0- -- 
0- -- 

59'2" 
79 '5" 
79'5" 
86' 
87 @4" 
87'5" 
87'5" 
87 ' 2" 
87'2" 
86'4" 
86' 4" 
86 ' 
92' 
105l7" 
120' 
121 
121p 
121Q' 
121*4" 
121'4" 
12lV4" 
121'3" 
121 ' 3" 
59q5p 
59'2" 

Roc overed 
Recovpred 

59 2" 
62' 9" 
62'9" 
64' 
65'2" 
65'2" 
65'2" 
65' 
65' 
65' 
64O 11" 
64'11" 

65'3" 
669 
67'9" 
69O11" 
7099" 
71'2" 

- 71'3" 
71'3" 
71'3" 
71'3" 
71'3" 

61*8" 
60'9" 
60 ' 

itec ov o r  ed 

59'5" 
60 ' 
60' 
60 ' 
00' 
60' 
60' 
60' 1" 
60'2" 
60' 2" 
60'2" 
60' 2" 

-- 
61' 
61' 
61' 
61 29" 
61°4" 

61'4" 
61'4" 
61'4" 
61'4" 

60°8" 
6O9Ou 
5gP5" 

Recovered 

-61'4" 

- _ _ _  - The d i s t a n c e  from #2-production w e l l - t o  #2 record ing  well 

Base e l e v a t i o n s  of #1 and if2 wells are :  1-578.66 
$2-579.16 

Date of Test 8/22/60 

i s  24aq. 

#3-579. 36 

9 



The s t a t i c  water l e v e l  i n  t h e  product ion  wells and in t h e  
well a t  t h e  Old Adminis t ra t ion Bui ld ing  a r e  approximately t h e  
same t he reby  i n d i o a t i n g  t h a t  t h e  deep and shallow a q u i f e r s  a re  
interconneoted.  Chemical ana lyses  Of water  samples from both  
deep and shallow wells i n d i c a t e  t h a t  t h e  deep and shallow ground 

of d i r e c t  in te rchange  between t h e  two-systems (Tab le  111). It 
i s  q u i t e  p o s s i b l e  t h a t  t h e  l a y e r  of b l u e  c l a y  s e p a r a t i n g  the two 
water  bear ing format ions  i s  i n  p l a c e s  discont inuous thereby per- 
m i t t i n g  water  t o  flow from one a q u i f e r  t o  the other.  S ince  t h e  
two a q u i f e r s  a r e  undoubtedly in t e rconnec ted ,  any accumulation of 
p o l l u t a n t s  i n  t h e  shallow ground water  can i n  t u r n  contuminate 
t h e  p l a n t  water supply. 

water are of t h e  same gene ra l  composition, a f u r t h e r  i n d i c a t i o n  - __ 

In t he  W C  p l a n t  s i t e ,  the water  in t h e  shallow formation 
appears  t o  be flowing i n  a s o u t h - e a s t e r l y  d i r e c t i o n  toward t h e  
M i a m i  River ,  
and 5 l oca t ed  on t h e  west side of t h e  waste d i s p o s a l  area are  
higher  than  t h e  water l e v e l  i n  Test Well No, 1 on the e a s t  s i d e  
of t h e  waste d i s p o s a l  area.  This  d i f f e r e n c e  i n  e l e v a t i o n  i n d i c a t e s  
t h a t  t h e  shallow ground water i n  t he  v i c i n i t y  of t h e  waste d i s p o s a l  
p i t s  i s  moving from Paddy's Run toward t h e  main product ion wells 
(Table IV and Figure  3 ) .  

The s t a t i c  water l e v e l s  i n  Test Wells Nos. 2, 3 ,  4, 

The d a t a  l i s t e d  i n  Table 111 and Table V prove conc lus ive ly  
While t h a t  t h e r e  i s  some leakage from P i t  #3 i n t o  Test Ne11 #5. 

t he  amount of leakage i s  undoubtedly small ,  it i s  neve r the l e s s  
moving i n  t h e  gene ra l  d i r e c t i o n  of t h e  production wells.  

It can be argued t h a t  even though p o l l u t i o n  i s  e n t e r i n g  the 
shallow a q u i f e r ,  t h e  v e l o c i t y  of f low w i l l  be s o  l o v i ,  because of 
t he  l i m i t e d  a r e a  of in f luence  of t h e  main wells, t h a t  i t  w i l l  t ake  
many years for i t  t o  reach  t h e  product ion  wells. While t h i s  con- 
cept  i s  undoubtedly t r u e ,  the f a c t  remains t h a t  i f  p o l l u t i o n  does 
reach t h e  main w e l l s  many years of pumping w i l l  be requi red  t o  
e l imina te  t h e  accumulated contaminants even i f  t h e  source of pol-  
l u t i o n  can be  blocked. 

The i n spec t ion  of t h e  product ion a rea  revealed many p o t e n t i a l  
sources  of s u r f a c e  contaminatioq, w i t h  the  chemicals used in pro- 
cess ing  r e a c t o r  f u e l  elements,  The p o i n t s  of major concern are: 
t h e  overflow of l i q u i d s  from process  a r e a s ,  t anks ,  and sumps onto 
g rave l  cour tyards  o r  i n t o  t h e  storm drainage system; wash water  and 
storm water  from concre te  s t o r a g e  ? a d s ;  s p i l l a g e  of s o l i d s  from 
veh ic l e s  and from s t o r a g e  pads; and exposed surp lus  and s c r a p  
m a t e r i a l s  s to red  i n  c e r t a i n  a r e a s ,  IQhile it i s  not  known what 
loss of chemicals occurs from these sources ,  samples of water taken 
from var ious  excavat ions on t h e  FKPC s i t e  show a high concen t r a t ion  
of c h l o r i d e s ,  n i t r a t e s ,  f l u o r i d e s  and uranium, (Table VI). As i n -  
d i ca t ed  i n  an e a r l i e r  s e c t i o n  of t h i s  r e p o r t ,  t he  a g r i c u l t u r a l  
d r a i n  t i l e  and the water  system t r e n c h e s  c m  t r a s p o r t  contaminants 
from one p a r t  of t h e  p l a n t  over  much of t he  p l a n t  a r e a  thereby  i n -  
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STATIC J A W  LEVELS IN TEST W E U S  
D R I m D  INTO TEIE SHALLOW AQUIFIU 

TEST WELL 3LEVATION BEET 
A B G V E  SEA LmEL 

Noe 1 520.28 

Nae 2 521eOO 

Eo, 3 521.31 

No, 4 

No, 5 

Old Adme Bldge 
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# l  # 2  # 3  # 1  
SMttLw TEST WELLS NEAR USTE DISF'OSAL AREA 

FIGURE 3: VE2TICAL SECTION THROUGH TEST ',ELLS 
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ANALYSIS OF MISCELLANEOUS WATgR SAMPLES 
COLLECTED ON RBPC SITE 

c1- F' U 
DATE SAMPLB LOCA'IZOBI DDrn DI)ID DDm DDm 

No3 

9/22/60 
. 9 /  3/00 
9/28/60 

10/28/60 
10/30/60 

6/24/60 
6/26/60 
6/29/60 
7/17/60 
7/20/60 
7/15/60 
7/18/60 
6/29/60 
7/23/60 
7/18/60 
8/ 3/60 
7/21/60 
1/26/60 
2/ 5/60 
2/ 5/60 
2/18/60 
2/18/60 
4/11/60 
4/13/60 
5 /  6/60 
6/ 8/60 
1/22/60 
1/28/60 
1/28/60 
1/29/60 
1/31/60 
2/ 7/60 
2/26/59 
4/  8/59 
6/11/59 
8/22/59 

11/19/59 
12/11/59 

11/ 4/59 
11/ 4/59 

Storm Sewer Line from Tech, Lab. 
Xlevated Tower Trench 
Fire  L i n e  Trench 
F l r e  L i n e  Trench 
Ditch Ne of P i t  #3 
Puddle North Side of P lan t  #8 
MH-133 from Plan t  jf8 
Surface Water f rom Plant #8 
Overflow from Slop Tank P l a n t  #b 
Water i n t o  MH-23 
New Elevated Tower Xxcavation 
Reta in ing  Wall Eas t  of Tank Farm 
Ground W. of P i t  #5 
MH E a s t  of P l a n t  
Hole a t  A and 2n Stsb 
Catch Basin-Storm Sewer O u t f a l l  
Tes t  Hole-N Tech. Lab. 
Waste Line from P i l o t  P l a n t  
Water from Storage  Pad 
Water from Storage  Pad 
Draina e Ditch by #5 Test Vel1 
P l a n t  g 8 L i n e  Break a t  81 Test  Y e l l  
To Storm Sewer from Tank Farm Sump 
To Storm Sewer from Tank Farm Sump 
Hole Tech. Lab Court  Yard 
B c s v a t i o n  for P i t  #4 
To CB-93 from Garden Hose 
Water t o  Storm Sewer from P l a n t  #8 
To Storm Sewer from Plant  &--- 
Thick F l u i d  a t  A6H-117 I 

Leakage Pram Tank No. F327 
Vater a t  MH-166 
Overflow from K-65 Trench 
Ground Water i n  Ditch a t  IC-65 
Excavation We of P lan t  #I 
Creek Behind P i l o t  P l an t  
Surface Water t o  MH Plant  #s 
From P i t  a t  R R Track 
To Storm Sewer a t  General Sump 
B a r r e l  Loading Pad-B S t r e e t  

P 

1328 
66 - - 

l , o  
443 

7 
20 

490 
1230 

19 

5 
4 

20 2 
18 
1 

1 6  
16 
51 

4 9 8  
293 

24 
27 
14  
11 
11 
2 
18 

5977 
8245 
1107 
1273 
0.59 
1107 

60 
102 
184 

22 

0 

- 

1217 
25 
28 

490 
22 

8125 
100 
188 

66,400 
330 
61 
88 
27 
18 

62 
1 7  

340 
0 

16.5 
1600 

9250 
1500 

22 
30 

150 
110 

5000 
33 
8 2  
63  

0 

19,000 

- - - - 
37 
40 

6 
21,000 

38 
0.5 
0.5 
3.0 
1.2 

56 
23 
6 

2,500 
280 
15 

10,000 
4 e 0  

10 
5.4 
8.6 
2.3 - 
4 . 5  
3.5 
9.8 
170 

85 
800 

0 
12.4 

2.8 
8.3 - 
240 

49 
7.3 

7.4 
1.2 

908 
506 

2220 
l o 5  

0 

- 

1 3  

8.9 
8.0 
5.5 
10 3 

41.5 
1.1 

2.0 
805 
14 

9.5 
1 . 3  
27 5 

1 2  

18.5 
a 
9.9 
6.5 

6405 
40 s 
6.8 
0 032 

56.5 
0.65 
1.55 
3.5 
120 
4 075 
3 095 

86-,7.50 
144 

-3 0.3. 

12.4 
29.1 
16.7 

22.3 
20 14 

98 
837 
32 

2 5 . 2  
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oreasing t h e  p o s s i b i l i t y  of a ground water p o l l u t i o n  hazard,  

I n  September 1800, a l i m i t e d  survey was made of t h e  reach 
of Paddy's Ren Creek from t h e  New Haven br idge  below t h e  p l a n t  
t o  t h e  head of t h e  stream, A t  t h e  time of t h e  in spec t ion ,  t h e  
sec t ion  of Paddy's Run Creek from t h e  waste d i s p o s a l  a r e a  t o  a 
point below- t h e  Tailley Road bridge- was completely dry. There was 
a l i m i t e d  flow i n  t h e  c reek  above t h e  waste d i sposa l  area and a l s o  
below t h e  Willey Road br idge ,  Samples of water  were c o l l e c t e d  a t  
s e v e r a l  p o i n t s  and analyzed for c h l o r i d e s ,  f l u o r i d e s ,  n i t r a t e s ,  
radium, uranium and r a d i o a c t i v i t y ,  The r e s u l t s  of t h e  ana lyses  
ind ica t ed  l i t t l e  change in chemical c o n s t i t u e n t s  of t h e  water of 
Paddy's Run Creek between t h e  upper and lower reaches  sampled 
(Table VII), 

4- 

There was a smal l  amount of waste seeping through t h e  s t ream 
While t h e  c h l o r i d e  and n i t r a t e  conten t  bank j u s t  west of P i t  #3, 

or t h i s  waste was h igh  (See Sample #5, Table VII) t h e  q u a n t i t y  
was so  small  t h a t  i t  d id  no t  a f f e c t  apprec iab ly  t h e  q u a l i t y  o r  
Paddy*s Run water,  S ince  the September s tudy ,  the  leak i n t o  
Paddy's Run has stopped almost completely. It i s  n o t  known i f  
s o l i d s  accumulating i n  P i t  #3 have blocked t h e  seepage o r  i f  t h e  
wastes l eak ing  f r o m  t he  p i t  a r e  f i n d i n g  another  o u t l e t ,  

of t h e  ground s u r f a c e  a t  var ious  p o i n t s  i n  the p l a n t  s i t e ,  a 
d e t a i l e d  s o i l  sampling s tudy  was made. The e n t i r e  product ion and 
K-05 a r e a s  were  div ided  i n t o  blocks approximately 200 f e e t  square.  
The east-west and north-south coord ina te  l i n e s  of the  p l an t  a r ea  
formed boundaries of t h e  blocks and t h e  co rne r s  of t h e  blocks 
were used a s  s o i l  sampling p o i n t s .  By s e l e c t i n g  the sampling 
p o i n t s  on a uniform b a s i s  f o r  t h e  e n t i r e  p l a n t  without regard  t o  
t h e  l o c a t i o n  of i n d i v i d u a l  process  a r e a s  i t  i s  be l ieved  th t  t h e  
r e s u l t s  obtained a re  unbiased. The main disadvantage t o  t h i s  
method of s e l e c t i n g  sampling p o i n t s  was t h e  f a c t  t h a t  some of 
them were i n a c c e s s i b l e  or e l s e  t h e  po in t  f e l l  on a paved area.  
In t h e  event t h a t  a sampling p o i n t  f e l l  so  c l o s e  t o  a n  i n d i v i d u a l  
process  opera t ion  t h a t  abnormal r e s u l t s  might have been obtained,  
t h e  sample was not  taken,  

The sampling method cons is ied  of  d r i v i n g  a s p e c i a l  s o i l  
sampler i n t o  t h e  ground approximately 12" and withdrawing a core. 
A s e c t i o n  was c u t  lengthwise from each core and pulver ized  before  
being sent t o  the l a b o r a t o r y  for ana lys i s .  The da ta  obtained 
from t h e  s o i l  s tudy (Table VIII) show a wide v a r i a t i o n  i n  t o t a l  
uranium content  from a r e a  t o  a rea  i n  t h e  p lan t .  The high con- 
c e n t r a t i o n s  of t o t a l  uranium a r e  somewhat l o c d i z e d  i n  c e r t a i n  
process  a r e a s  and a l o n g  roadways. In gene ra l ,  t he  samples taken 
from t h e  product ion a r e a  a r e  h igher  i n  t o t a l  uranium than  t h o s e  
from the  K-65 a rea  (F igu re  4 ) e  

Since t h e r e  was v i s u a l  evidence of chemical contamination 

16 
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TMLE VI1 

ANALYSES OF MATER AND ALGAE 
SAMPUS COLLECTED FAOM PADDY'S RUN C R E X  

*P.R. B r i d g e  N o f  S t a t e  
Route 126 

P.R. Bridge on S t a t e  
Route 126 

T r i b u t a r y  t o  P.Ro ( * m i .  
s or  sample 2)  

l oo  f t .  N o r  Spur Line 
Bri dgo 

Waste leakage from pro- 
j e c t  ( j u s t  below Spur 
Line Bridge)  

PoRe a t  po in t  jus t  abovo 
Waste P i t s  

P o i n t  just above l e a k  
from Waste P i t  t o  P.R. 

Poin t  below l e a k  fram 
Waste P i t  

Upstream from f o r d  S 
of Wil ley Bridge 

T r i b u t a r y  between Willeg 
Road and New Haven -8 

B r f l u e n t  from Virgin ia  
Caro l ina  Chemical P l a n t  

New Haven Bridge 

Sample of Algae a t  New 
Haven Bridge 

S of New Haven Bridge 

Bridge N of By Pass  50 

15 

15 

10 

1 1 0  5 

1415 

13 

15 

13 

23 

75 

27.5 

265 

0.14 

0 3 8  

14  

0 1 2  

- 007 

e 14 

e 28 

e 20 

- -. 

1.0 

nd** 

06 
I 

nd* 

nd 

nd 

8 

004 

1948 

0.4 

0.6 

1.4 

0 0 4  

0.6 

0.4 

1 . 3  

0.113 

005 

093 

064 

- 

0024 

. 012 

e 036 

088 

0022 

0 078 

nd 

1.0 mg Uranium/sample 

9 006 0 . 3  . nd 

230 e70 0 . 3  0003 

Sample of Algae a t  Bridge 0.38 mg Uraniurr;/samplo 
N of By Pass 50 

0.021 

0023 

0 012 

0 021 

0090 

. 012 

014 

0 20 

20 4 

006 

0 018 

040 

13 

0 019 

0.20 

18 

07 

. 02 

. 1 2  

. 01 
14 

. 19 
3073 

nd 

nd 

0 11 

. 19 
0 02 

0.09 

. 02 
04 

na 

16 

.O6 

nd 

08 

7.69 

002 

0 05 

0 14 

0 12 

0 06 

Date of Sampling: September 13, 1960 
* P.R. (Paddygs  R u n )  ** nd (non-detectable)  19 
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TABLX VXII 

FLUORIDE AND W U M  CONTENT OF 
SOIL SAMPLES FRa rn SITE 

SAAiPLE LOCATION COORDINATES FLUORIDE SOLUBLE TOTAL 
p p m F  URANIUM URAIUM 

PPm u ppm u 
S3100 - E5400 

5200 
5000 
4830 

4400 
4200 
4000 
3800 
3600 
3400 
5230 

S2900 - E4800 
4600 
4200 
3750 

232890 - 3300 

5200 
S2700 - E4800 

4320 
4000 
3700 

S2500 - 25400 
5200 

52420 - 4930 
4800 
4600 
3340 

S2300 - E5450 
S2330 - E5280 

4960 
2280 - 4810 

4600 
3400 
5200 
4970 
4800 
4600 

S1900 - E5400 
5200 

1960 - 5000 
1960 - 4800 

S1950 - E4600 
1850 - 3420 
S1700 - E5400 

5200 
1750 -_ 4150 

3330 

S3090 - E4600 

S2700 - E5400 (Surface Sample) 

- - 

I 

50 
33 
40 
33 
20 
30 
125 
130 
78 
50 
60 
108 
113 
83 
80 
45 
240 
173 
103 
125 
198 
165 
125 
123 
75 
65 
148 
48 
113 
25 
190 
85 
123 
55 
178 
28 

138 
28 
38 
108 
165 
163 
48 
98 
78 
85 
150 
108 

0 

Oe33 
e 45 
e 40 
e 63 
e 30 
e 30 
e 32 

e 47 
e 90 
e 08 

e 16 
e 10 . 21 . 20 

2.0 

2e4 

12.8 
105 
36 

e 31 
o e 4 4  

e 12 
e 60 
0 56 
0 09 
e 11 
o 96 
0 4 4  
0 22 
e 1 5  

0 4 4  

32 

306 

6.0 

le5 
306 

e 40 
e 18 
e 32 

5.2 
2.5 
200 

2.4 
e 16 

e 16 
o 16 

e 60 
200 

2.8 

22 
89 
59 
21 
42 
11 
15 
31 
34 
44 
11 
26 
39 
27 
15 
40 
345 
90 
241 
90 
106 
20 
31 
21 
53 
49 
30 
119 
19 
39 
450 
34 
18 
210 
44 
690 
70 
290 
130 
SO 
150 
150 
208 
379 

22 
- 

ziz 18 
147 



S1500 - E5400 
5200 
4800 
4600 
4400 
4150 
3500 
3330 

51300 - E5400 
5000 
4800 

S1300 - E4600 
4150 
3520 
3400 

SUO0 - E5400 
5200 
4930 
4800 
4600 
4400 (Wet) 
4150 
3520 
3400 

S 900 - E4800 
4600 
4400 

920 - 4000 4080 
3800 
3400 3520 

S 800 - E3300 
SlOOO - E2900 
231200 - E3300 
S1400 - E2900 
51200 - E2400 
S1600 - E3300 
S1800 - E2900 
S1600 - E2500 
S1800 - $2100 
S1600 - E1700 
S2000 - E3300 
S2200 - E2900 
S2000 - E2500 
s2200 - E2100 - 

S2000 - E1700 
252400 - E3300 
S2400 - E2500 
S2400 - E1700 

S1400 - E2100 (50' from Test V e l i  #1) 

185 
155 
70 
95 
175 
158 
85 
85 
155 
145 
143 
206 
63 
133 
58 
70 
138 
228 
35 
95 
33 
258 
115 
183 
55 
113 
140 
85 
23 
65 
83 
78 
160 
103 
45 
270 
188 
63 
140 
75 
225 
190 
250 
35 
163 
98 
165 
73 
140 

2.2 

2.0 

l o 6  

2.0 

1 . 3  

52 

0 4 4  

o 36 

0 11 

80 
68  

00 36 
08 

o 32 
4.8 
1.0 
1.4 
30 2 

o 32 
o 16 

o 14 . 21 
36 
18 

o 56 

1.1 

6.8 
e 68 
0 09 

102 
0.16 . 09 
28 

o 03 
0 4 4  
011 . 20 
92 
14 
06 
012 . 20 
13 

0 20 
o 32 
o 14 
40 
28 

o 36 

31 
60 
69 
34 
43 
40 
80 
22 
27 
22 
34 
23 
16 
83 
35 
19 
39 

31 
22 
80 
29 

149 
19 
44 
139 
149 
29 

290 
129 
12 
80 
50 
70 
47 
9 

24 
11 
7 
7 
11 
9 
37 
14 
12 
16 
35 
10 
21 

0 . 

19 



A 

3400 

t3 

w 
3000 

3 

2600 

39 21 19 

39 

31 

22 

80 

90 27 51 22 90 

241 

39 

27 

106 

15 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I_ 450 
53 690 60 13 150 89 

59 

21 

7 0  
54 49 

l8 30 
290 

130 
210 119 

% -  190 

44 

139 

14 0 

208 69 

23 34 379 42 

43 

PRODUCTION AFtEA 

29 
29 16 40 44 

20 31 

34 
I 
I 

. I  

290 
40 31 

129 
I 
I 
I 
I, _ _  . .. - 19- 

149 

# i 
44 I 

I 23 80 
-3% _ _ _  .. -- -44 . .. 

26 

80 70 11 37 

I 

14 7 10 
47 

** Note: A l l  soil samples -- - 
- -'approximately 1" * -  

_ _ .  
K-65 AREA 

9 7 12 in diameter hnd 
taken from the t o p  
12" of s o i l .  

20 --p 11 16 21 
I I I I I I I 1 

80b 1200 16'00 2d00 24'00 2dOO 3 BOO 
SOUTH 
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The f luo r ides  

but t h e r e  does n o t  
the Produotion and 

likewise show v a r i a t i o n  from p o i n t  t o  p o i n t  
appear t o  be a s i g n i f i c a n t  d i f f e r e n c e  between 
K-65 areas .  

The soluble uranium contained i n  the  s o i l  samples i s  simply 
the residual t h a t  was n o t  removed by i n f i l t r a t i n g  p r e c i p i t a t i o n  
and su r face  runoff and a s  such is i n d i c a t i v e  on ly  of the f a c t  
t h a t  process  materials can  b e  d i sso lved  and carried i n t o  the  
ground water.  The h igh  f l u o r i d e ,  n i t r a t e ,  c h l o r i d e  and uranium 
l e v e l s  found i n  the seepage water  i n  d i t c h e s  and excavat ions  
a l s o  support  t h i s  conclusion. 

C ONCLUSI: ONS : 

1. 

2. 

3. 

4. 

5 .  

. 
60 

7 .  

The pumping tes ts  of the main product ion wells d id  n o t  
cause a s i g n i f i c a n t  drawdown i n  the  t e s t  w e l l s  o r  in 
the  we l l  a t  t h e  o l d  Adminis t ra t ion Building. This in-  
d i c a t e s  t h a t  a t  t h e  maximum pumping ra tes  p o s s i b l e ,  the  
a r e a  of i n f luence  of t h e  production wells i s  quite 
l i m i t e d .  

The deep a q u i f e r  can supply cons iderably  more wa te r  t han  
can be withdrawn from the p resen t  wells. 

The s t a t i c  water l e v e l s  i n  t h e  deep wells and i n  t h e  
shallow wells a r e  apgroximately t h e  same thereby  in- 
d i c a t i n g  t h a t  t h e  deep  and shallow a q u i f e r s  a r e  i n t e r -  
connected. 

Analyses of samples from t h e  deep and shiillow w e l l s  show 
t h a t  t h e  chemical con ten t  i s  e s s e n t i a l l y  t h e  same; a 
f u r t h e r  i n d i c a t i o n  of a d i r e c t  in te rchange  of water  
between t h e  two a q u i f e r s .  C o n t a d n a t i o n  reaching  t h e  
shallow ground water  t h e r e f o r e  can be c a r r i e d  i n t o  the 
deep aquif  er. 

The water i n  the  shallow a q u i f e r  i s  moving from Paddy's 
Run Creek toward the  product ion wells.  This  conclusion 
i s  supported by t h e  higher  water l e v e l s  i n  Test Wells 
Nos. 2 ,  3,  4 ,  and 5 as  compared wi th  Test tiell ho. 1. 

While t h e  main product ion  we l l s  do no t  i n f luence  the 
normal d i r e c t i o n  of ground water flow apprec iab ly ,  ex- 
cep t  i n  t h e  immediate v i c i n i t y  of t h e  we l l s ,  t h e  con- 
s t r u c t i o n  of a d d i t i o n a l  w e l l s  o r  increased  withdrawal 
from e x i s t i n g  w e l l s  can cause a s i g n i f i c a n t  c h a g e  i n  
t h e  d i r e c t i o n  of ground water movement. 

There i s  definitelp. .some leakage from P i t  #3 i n t o  #5 
Tes t  Ne11 because t h e  c h l o r i d e  and n i t r a t e  con ten t  of 
samples from t h i s  we l l  i s  much higher  thsn  from o t h e r  
wel l s  i n  the  p l a n t .  

21 



0. 

9, 

10 . 
11 

12,  

13. 

14 

A small mount  or  seepage rran P i t  PS i s  entering Paddy's 
Run Creak, 

Analyals  of water samples c o l l e c t e d  from t r enches  and 
excavatlone throughout t h e  p l a n t  s i t e  show t h a t  pro- 
duc t ion  chemicals a r e  f i n d i n g  t h e i r  way i n t o  _ _  t h e  sub- 
surface waters of the p l an t .  -- 

The s o i l  sample ana lyses  gave evidence of r a t h e r  wide- 
spread su r face  contaminat ion in t h e  Product ion Area 
and along some of the  major  roadways, 

Rather  high concen t r a t ions  of chemicals accumulate a t  
t imes  in t h e  lower p o r t i o n  of t h e  K-65 t r ench  and in 
t h e  sump a t  t h e  concre te  s t o r a g e  s i l o s  i n  t h e  K-65 
a r e a  , 

Sur face  runoff from t h e  s t o r a g e  pads c a r r i e s  appreol-  
a b l e  concent ra t ions  of p r o c e s s  m a t e r i a l s  onto t h e  
ground su r face  and i n t o  t h e  storm drainage system. 

The q u a l i t y  of water i n  Paddy's Run Creek i s  n o t  af-  
f e c t e d  apprec iab ly  by t h e  Fblpc opera t ions  except  
poss ib ly  during per iods  of heavy r a i n f a l l ,  

The w e t  and dry p i t s  in t h e  K-65 Area form the  g r e a t e s t  
p o t e n t i a l  hazard from a ground water p o l l u t i o n  stand- 
p o i n t l  and a l s o  with r e s p e c t  t o  p o t e n t i d  p o l l u t i o n  of 
Paddy s Run Creek. 

468 

REC CIMKENDATI ONS : .. _ _  .. - 

It i s  s p e c i f i c a l l y  recommended t h a t  t he  following s t e p s  be  
i n i t i a t e d  immediately, t o  l e s s e n  t h e  ground water p o l l u t i o n  po- 
t e n t i a l  i n  t h e  FMPC p l a n t  a rea :  

1. Test ne11 #1 should b e  extended t o  t h e  bottom of t h e  
shal low a q u i f e r ,  b u t  n o t  through the  blue c l ay  l a y e r  
s e p a r a t i n g  t h e  two a q u i f e r s ,  and equipped w i t h  a s u i t -  
a b l e  screen and pump t o  p e ~ m i t  water t o  be withdrtiwn 
a t  a r a t e  of a t  l e a s t  100 g a l l o n s  p e r  minute. 

Pumping t e s t s  on t h i s  w e l l  -dl1 give  d i r e c t  evidence 
of leakage or non-leakage from t h e  waste d i sposa l  p i t s .  
If leakage is occurr ing ,  t h e  contaminants from t h e  p i t s  
w i l l  be  moved i n t o  Test  de11 #1 a f t e r  a s h o r t  per iod of 
heavy pumping, In t h i s  manner, l e a k s  can be de t ec t ed  
before  appreciable  q u a n t i t i e s  of ground water have been 
p o l l u t e d ,  

If a l eak  i s  found, then  i t  w i l l  be abso lu t e ly  necessary 
t o  s e a l  t h e  l e a k  o r  t o  c o n t a i n  t h e  leakage X i t h i n  t h e  

._ - - -  ._ 



waste d i s p o s a l  a r e a  by i n t e r c e p t i n g  t h e  contaminants be- 
low th. bottom of t h e  p i t s  before t h e y  can r each  t h e  
shall-- mound water. 

After Tort Well #1 is o p e r a t i v e ,  t h e  well should b e  pumped 
cont inuous ly  a t  t h e  maximum r a t e  poss ib l e  r o r  a per iod  of 
three days,  Drawdown measurements must be t aken  a t  10- 
minute i n t e r v a l s  u n t i l  no f u r t h e r  drop in water  l e v e l  i s  
observed; t h e r e a f t e r ,  the  water l e v e l  should be checked 
every eight hours for t h e  du ra t ion  of t h e  pumping t e s t ,  
Water samples a r e  t o  be c o l l e c t e d  a t  2-hour i n t e r v a l s  and 
analyzed immediately for c h l o r i d e s ,  and a s  soon a s  pos- 
s ib le  r o r  n i t r a t e s ,  f l u o r i d e s  and uranium. Drawdown mea- 
surements a r e  t o  be made i n  Tes t  ?le11 #5 and in t h e  o ld  
Adminis t ra t ion Building Well a t  2-hour i n t e r v a l s  during 
t h e  pumping t e s t  on Tes t  Well 81, 

Subsequent t e s t s  should be made on Test  # e l l  #1 in June and 
October of each year ,  These pumping t e s t s  w i l l  be c a r r i e d  
out under the d i r e c t  superv is ion  of the  Health and S a f e t y  
Divis ion and t h e  Engineer ing Division, 

runoff by t h e  c o n s t r u c t i o n  of c l a y  d ikes  around t h e  peri- 
meter of t h e  p i t s .  The d ikes  should be h igh  enough t o  
keep su r face  water from the  surrounding a r e a  out  of the 
p i t s ,  In t h e  event  t h a t  t h e  dry  waste p i t  is covered, 
t h e  cover should be made of  c l a y  which i s  t h i c k  enough 
and compacted s u f f i c i e n t l y  we l l  t o  be impervious. The 
c l a y  cover and d i k e s  should be inspected thoroughly every 
month so  t h a t  any necessary  r e p a i r s  o r  r e v i s i o n s  can b e  
made wi thout  delay,  - 

2, 

3. The waste d i s p o s a l  p i t s  should be pro tec ted  from s u r f a c e  

- - -  _ _  - -- -_ - - - . - - - - . 

A d r a i n  line should be i n s t a l l e d  t o  car ry  any accumulated 
l i q u i d s  r rm t h e  d ry  p i t s  i n t o  P i t  T h i s  d r a i n  line 
must be  kep t  above t h e  high water l e v e l  i n  P i t  #3 so t h a t  
backflow does nut occur. 

4 0  A l l  a r e a s  where chemicals a r e  used and s to red ,  or where 
t h e r e  i s  a p o s s i b i l i t y  of grocess  chemicals b e i n g  s p i l l e d ,  
should be paved and curbed t o  prevent su r face  water from 
flowing over  the a r e a s  and a l s o  t o  contain m a t e r i a l s  which 
a r e  s p i l l e d  a c c i d e n t a l l y ,  These paved and curbed a r e a s  
should be provided wi th  d r a i n s  which discharge i n t o  re- 
covery sumps which in t u r n  discharge i n t o  P i t  #3, Under no 
circumstances should process  chemicals be discharged i n t o  
t h e  storm sewerage system, a c c i d e n t a l l y  o r  otherwise,  

5. When a g r i c u l t u r a l  d r a i n  t i l e s  a r e  encountered in excava- 
t i o n s ,  t hey  should be repor ted  t o  the Health and-Sa fe ty  
Div is ion  or t o  t he  Engineering Division so t h a t  appropri-  
a t e  s e a l i n g  procedures  can be i n i t i a t e d .  

2.3 
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6. Samples should be oo l l eo ted  f r o m  a l l  subaurfaoe waters 
e.noous&ored In excavat ions t o  determine t h e  levels  of 
oontamixranta present .  

A soil sampling program a s  carried ou t  In t h i s  Invest-  
i g a t i o n  should be performed a m u a l l y  t o  determine If a 
build-up or su r face  contaminat ion I s  occurring. It is 
recommended that  such sampling be  done in l a t e  August o r  
e a r l y  September, 

. .  

7 ,  

8. S p e c i a l  a t t e n t i o n  should be g i v e n  t o  t h e  K-65 t r e n c h  
t o  make s u r e  t h a t  wastes  d o  n o t  accumulate therein,  
When wastes  a r e  found in t h i s  t r enoh  they must be pumped 
t o  P i t  #3 or back i n t o  t h e  K-65 s t o r a g e  tanks. 

9, The storm drainage system should be inves t iga t ed  thoroughly 
t o  a s c e r t a i n  if it p r e s e n t s  a poss ib l e  p o l l u t i o n  po- 
t e n t i a l  f o r  Paddy's Run Creek during per iods  of s torm 
flow. If it  is found t h a t  Paddy's Run Creek might be 
p o l l u t e d  through s torm water d i s c h u g e d  from the p l a n t ,  
c o r r e c t i v e  measures should be c a r r i e d  out,  Recommendation 
No, 4 if c a r r i e d  out w i l l  reduce the  chance of Paddy's 
Run being contaminated through s u r f a c e  runoff f r o m  the  
p l a n t  , 

10, Continuous monitoring of Paddy's Run Creek in the  v i c i n i t y  
of the  IC-65 Area i s  necessary  s o  t h a t  leakage from the 
waste d i sposa l  p i t s  can be detected.  

11 0 A comprehensive s tudy of t he  sources ,  types ,  and q u a n t i t i e s  
of wastes produced in the  W C  area- is-needed so  t h a t  max- 
imum recovery of m a t e r i a l s  can  be achieved and so t h a t  t h e  
va r ious  waste streams can be  p rope r ly  blended before  going 
t o  the waste t rea tment  system. A study a l s o  should be made 
of the  waste t reatment  procedures  t o  determine if more 
appropr i a t e  methods can be developed. The basic  reason  
for t h i s  recommendation i s  t o  prolong t h e  u s e f u l  life of 
t h e  p re sen t  waste p i t s ,  p a r t i c u l a r l y  P i t  #3 because the 
ground water p o l l u t i o n  p o t e n t i a l  will i nc rease  a s  the number 
of  waste d i sposa l  p i t s  i nc feases .  It i s  imperat ive t h e r e f o r e  
t h a t  the e x i s t i n g  p i t s  be used a s  long as they  a r e  capable  
of providing t h e  s to rage  t ime and t rea tment  necessary for 
meeting e f f l u e n t  s tandards.  

12. The a c t u a l  amount of water discharged from P i t  #3 t o  t h e  
Miami River each day should be  c o r r e l a t e d  d i r e c t l y  w i t h  
r i v e r  flow s o  t h a t  t h e  amount of wastes r e t a i n e d  always 
w i l l  be a t  an absolu te  minin;um. I n  t h i s  way, r e se rve  
s to rage  x i11  be a v a i l a b l e  when waste discharge must be 
c u r t a i l e d  because of low r i v e r  flows. 
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