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Dear Mr. Mitchell: 

HYDROGEOLOGIC STUDY OF THE FMPC DISCHARGE To THE GREAT M I A M I  
RIVER 

This letter transmits by attachment, the final version 
(Attachment I) of the Hydrogeologic Study of the FMPC Discharge 
to the Great Miami River (Zone of Influence Study). This report 
was prepared to fulfill the requirements of Order 14B of the Ohio 
Director's Finding and Orders. The report incorporates the 
latest responses to comments received from OEPA on the interim 
study report which was transmitted to OEPA on October 1, 1987 
(Attachment 11). 

Sincerely, 

Site Manager 

DP-84:Stone 

Attachments: As stated 

cc w/att. : 
Rich Bendula, OEPA-Dayton 
Catherine McCord, USEPA-5 
Robert Cohen, GeoTrans 
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COmENT RESOLNION 

HYDROGEOLOGIC STUDY OF FMPC DISCHARGE 
TO THE 6REAT UIAUI RIVER 

Ohio EPA Comment Number 1 
"The zone-of-influence (capture zone) of the SOWC production wells in the 
Big Bend well field along the Great Miami River is well-defined by water- 
level measurement surveys made on a monthly basis between April 1986 and 
August 1987. Groundwater flow directions determined from these surveys 
consistently demonstrate that most of the FMPC facility is within the 
capture zone of the SOWC we1 1 s (Figure 2 ) .  'I 

Reol y 

This conclusion is for precipitation and river recharge conditions which 
existed during the time period April 1986 to August 1987. 

Ohio EPA Comment Number 2 
"Groundwater modeling by DOE also indicates that groundwater beneath most 
of the FMPC facility is captured by SOWC's Big Bend well field (Figure 3 ) . "  

Reol v 
A portion of the groundwater flowing beneath the Feed Materials Production 
Center (FMPC) is captured by the Southwestern Ohio Water Company (SOWC) 
well field based on the 2-D modeling conducted in August through September 
1987 and presented in the October 1987 Zone of Influence Study for normal 
precipitation, recharge, and river recharge conditions. Final conclusions 
about water movement from the FMPC to the SOWC well field will be based on 
the 3-D groundwater modeling performed for the RI/FS. 

Ohio EPA Comment Number 3 
"Water-level measurements and groundwater model ing (Figures 2 and 3) show 
that the FMPC main effluent line to the Great Miami River which discharges 
within the 180-degree "Big Bend" is within the SOWC well field capture 
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967 
zone. DOE’S conclusion ( p p .  4 - 1 )  t h a t  “ the FMPC (sewer) discharge could .( , .-- 

actually be outside the capture zone of the SOWC wells i f  the r iver  
i n f i l t r a t ion  i s  greater t h a n  assumed‘‘ i s  contradicted by the water-level 
data. ‘I 

ReDl Y 

In reference t o  the water table maps (Figures 2.1-13  through 2.1-25)  the 
FMPC discharge i s  within the cone of depression of the SOWC well f i e ld .  
Flow vectors generated from groundwater modeling were used to  determine the 
zone of influence of the pumping wells. The 2-D modeling was conducted for  
known pumping rates  and w i t h  specified hydraulic parameters and r iver  
leakage. 
depending on the r iver  leakage value given. 
increased toward the high value used in the modeling sens i t iv i ty  analysis, 
then the edge of the zone of influence (reference t o  Figure 3 . 2 - 4 )  would 
sh i f t  t o  the east  (using grid nor th  as no r th )  and take the FMPC effluent 
l i ne  o u t  of the zone of influence of the SOWC wells. 

The model indicates how variable the zone of influence may be 
If the r iver  leakage i s  

Ohio EPA Comment Number 4 ( a ) ,  Paraqraph 3 
“The range of uranium concentration in the FMPC sewer effluent i s  n o t  
documented by DOE in the subject report or the i r  ‘Environmental Monitoring 
Annual Report for  1986’. 
based on an average Ceff. This i s  significant because temporal increases 
in uranium concentration in the SOWC wells will resul t  from temporal 
increases in Ceff and Cr. In  1985, the value of Ceff ranged from 352 pCi/L 
t o  1334 pCi/L around a mean o f  663 pCi/L (ORAU, 1985) .  A proportional Ceff 
for  1986 would be 239 pCi/L t o  905 pCi/L.”  

The calculation of Cr i s  being reevaluated based on actual recorded values 
of Ceff from the f ie ld  program discussed in Chapter 5 .  Further evaluation 
i s  being made for  Cr using a normal range of Ceff values and the resu l t s  
will be reported in the final Zone of Influence Study report. 

Therefore, i t  i s  only possible t o  evaluate Cy 

ReDl Y 
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Ohio EPA Comment Number 4 ( a ) ,  ParaqraDh 4 
"Using equat ion  ( l ) ,  the average va lue  o f  Cr,is 1.3 pCi/L. 
the range o f  impacts on Cr, DOE assumes t h a t  low f lows i n  the sewer p ipe  do 
not  occur  dur ing  high flows i n  the r i v e r  and vice versa, based on the storm 
water  runoff  con t r ibu t ion  t o  sewer effluent.  
t h i s  assumption should be checked by comparing a v a i l a b l e  sewer f low,  r i v e r  
flow, and uranium concent ra t ion  da ta . "  

In e v a l u a t i n g  

While appa ren t ly  l o g i c a l ,  

ReDl Y 

An a n a l y s i s  of  e x i s t i n g  d a t a  i s  being performed t o  check the r e l a t i o n s h i p  
of  sewer flow, r i v e r  flow, and uranium concen t r a t ions .  The results will be 
repor ted  i n  the f i n a l  Zone of  Inf luence  Study r e p o r t .  

Ohio EPA Comment Number 4 ( a ) ,  ParaqraDh 5 
"River water  sampling s t a t i o n s  upgradient  and downgradient of  the FMPC 
e f f l u e n t  d i scha rge  o u t f a l l  a r e  shown i n  Figure 4.  
d i sso lved  uranium concent ra t ions  in  r i v e r  water  based on weekly ana lyses  i n  
1986 a r e  provided i n  Table 3 .  
river water  sampled a t  S t a t i o n  W3, i s  approximately 5 km downstream from 
the sewer o u t f a l l ,  ranged from 0.81 t o  2.4 pCi /L ,  wi th  a mean va lue ,  1 .4  
pCi/L, t h a t  exceeds the va lue  of Cr c a l c u l a t e d  by DOE." 

The range and mean 

These d a t a  show t h a t  the U concen t r a t ion  in  

ReDl Y 

The va lue  of  uranium in  the r i v e r ,  Cr, i s  being reeva lua ted  based on ac tua l  
f i e l d  d a t a .  A s e n s i t i v i t y  a n a l y s i s  i s  being performed using STRIP16 and 
the results w i l l  be repor ted  i n  the f i n a l  Zone o f  Inf luence  Study r e p o r t .  
The value used i n  the d r a f t  r e p o r t  was an average va lue  based on h i s t o r i c a l  
f i e l d  records .  I t  should be noted t h a t  uranium concen t r a t ions  a t  S t a t i o n  
W1, upstream of the FMPC d ischarge ,  ranged from 0.81 t o  3.0 pCi /L  w t h  a 
mean va lue  of  1 . 2  pCi/L during the same time per iod .  
1.3 pCi/L and 1.4 pCi/L may be accounted f o r  i n  a n a l y t i c a l  v a r i a b i l  t y .  

The v a r i a t i o n  between 

Ohio EPA Comment Number 4 ( a ) ,  ParaqraDh 7 
"The most accu ra t e  way t o  determine the uranium source  term f o r  the ground 
water model i s  t o  measure uranium in  t h a t  po r t ion  of  the r i v e r  i n  the SOWC 
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. .. . t  zone-of- inf luence.  Samples o f  r i v e r  water  downgradient o f  t h e  d i scha rge  m 967 
pipe were taken f o r  a n a l y s i s  a s  p a r t  o f  this s tudy .  
chemical ana lyses  were not  complete when the r e p o r t  was prepared. 
f i n a l  assessment of FMPC e f f l u e n t  d i scha rge  impacts on the Big Bend well 
f i e l d  should r e l y  on ac tua l  f i e l d  d a t a  r a t h e r  than model e s t i m a t e s  'I 

Unfortunately,  
The 

ReDl v 
The value of Cr is  being r eeva lua ted  based on a c t u a l  f i e l d  d a t a  co l e c t e d  
f o r  the Zone o f  Inf luence Study during 1987. 
performed f o r  the s u r f a c e  water  model i npu t  parameters  and this will be 
presented i n  the Zone of Inf luence Study r e p o r t .  
samples upstream and downstream of the effluent d i scha rge  p o i n t  a r e  being 
c o l l e c t e d  and evaluated a s  p a r t  of the RI/FS. 

S e n s i t i v i t y  ana lyses  w i l l  be 

Addit ional  r i v e r  water  

Ohio EPA Comment Number 4 ( b ) .  ParaqraDh 1 
"DOE app l i ed  a hydrodynamic d i s p e r s i o n  model, STRIPlB, t o  e v a l u a t e  the 
appropr i a t eness  of using a complete-mix model t o  determine Cr. 
Def i c i enc ie s  o f  t h e  d i s p e r s i o n  model a p p l i c a t i o n  include:  (1)  f a i l u r e  t o  
conduct a s e n s i t i v i t y  a n a l y s i s ;  ( 2 )  f a i l u r e  t o  perform a h i s t o r y  match; and 
(3) i n c o r r e c t  c a l c u l a t i o n  of  the t r a n s v e r s e  hydrodynamic d i s p e r s i o n  
c o e f f i c i e n t  by using river depth i n s t e a d  o f  width ( t h e  a p p r o p r i a t e  va lue  of  
Dz should have been 31 ft2/s in s t ead  of 0.5 f t2/s.  Although STRIPlB i s  
s a i d  t o  have been v e r i f i e d  a g a i n s t  another  porous media model ( p p .  3 - 9 ) ,  
what v e r i f i c a t i o n  has been performed a g a i n s t  o t h e r  s u r f a c e  water models?" 

ReDl v 
Additional modeling using STRIPlB i s  being 
d e f i c i e n c i e s  noted by Ohio EPA. This w i l l  
o f  Influence Study. The modeling inc ludes  

performed t o  address  the 
be r epor t ed  a s  p a r t  o f  the Zone 

A s e n s i t i v i t y  a n a l y s i s  of model n p u t  parameters w i l l  be 
performed with the parameter range determined 1 a t e r .  
Model output  values  w i l l  be compared w!th ac tua l  f i e l d  d a t a  
c o l l e c t e d  du r ing  September 1987. 
The c a l c u l a t i o n  of t r a n s v e r s e  hydrodynamic d i s p e r s i o n  c o e f f i c i e n t  
will be r eeva lua ted .  
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A discussion will be provided in the final Zone of Influence m 
Study report showing the derivation and the equations used in the 
STRIPlB model and the acceptability of this model for surface 
water sol Ute transport evaluations. 

Ohio €PA Comment Number 4(b), ParaqraDh 2 
"Modeling results suggest that complete mixing of FMPC effluent and river 
water will occur one mile downstream from the discharge pipe, a distance 
beyond the calculated capture zone of the Big Bend well field. field 
observations document conditions which will inhibit complete mixing within 
the well field capture zone. DOE (pp. 5-10) reports that 'the FMPC outfall 
may not mix extensively with river water immediately in the vicinity of the 
source' due to 'the presence of an eddy pool immediately downstream from 
the outfall' on the western side of the river and a gravel bar that 'splits 
the channel into two distinct channels during periods of low flow'. The 
concentration of uranium, therefore, is probably higher in the portion of 
the river that is on the outside of the Big Bend than that on the inside. 
Given data constraints and ground water modeling considerations. 
decided, nevertheless, to assume complete mixing and a Cr or 1.3 pCi/L for 
its well field impact assessment. 

DOE 

While we consider this assumption to be justified in lieu of field data at 
the time of study, its effect may be to underestimate the increase in 
uranium due to induced river leakage at the western SOWC collector well 
and to overestimate the increase at the eastern SOWC collector well .It 

ReDl v 
A comparison will be made of the surface water model results versus field 
data collected as part of Zone of Influence field study. The object is to 
further investigate the validity of the complete mix assumption. The 
results of this analysis will be reported in the final Zone of Influence 
Study report. 
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Ohio EPA Comment Number 4 ( b I ,  ParaqraDh 4 
" I t  is  no t  clear why DOE d i d  not  conduct tracer (dye) experiments ,  r a t h e r  
than modeling, t o  e v a l u a t e  d i s p e r s i o n  of  the FMPC sewer effluent. Tracer 
experiments conducted under a v a r i e t y  o f  river s t a g e  c o n d i t i o n s  will b e t t e r  
d e f i n e  d i s p e r s i o n  a t  this s i t e  than modeling. Add i t iona l ly ,  i t  may be 
p o s s i b l e  t o  use t r a c e r  experiments t o  measure the r a t e s  of induced river 
leakage and flow t o  the SOWC c o l l e c t o r  wells" 

ReDl Y 

f o r  this i n v e s t i g a t i o n ,  uranium is  being used a s  a tracer t o  s tudy  
d i s p e r s i o n  effects i n  the r i v e r .  
understood once ana lyses  o f  the Zone of  Inf luence  f i e l d  s tudy  results have 
been completed. The induced r i v e r  leakage issue is  addressed i n  the r e p l y  
t o  Ohio EPA Comment Number 4 ( c ) ,  Paragraph 5. 

These effects will be more c l e a r l y  

Ohio EPA Comment Number 4 ( c ) ,  ParaqraDh 1 
"S teady- s t a t e  a rea l  (2-D) ground water  flow model ing was conducted t o  
quan t i fy  the sources  of  water  pumped by the SOWC c o l l e c t o r  wells i n  the Big 
Bend well f i e l d .  So lu te  t r a n s p o r t  was not  modeled. Rather ,  results o f  the 
ground water  model, the complete-mix river model, and ground water  uranium 
d a t a  were inpu t  t o  s imple mixing c a l c u l a t i o n s . "  

ReDl Y 

Solu te  t r a n s p o r t  modeling w i l l  be performed dur ing  the s i t e w i d e  RI/FS. 

Ohio EPA Comment Number 4 (c ) ,  ParaqraDhs 2 and 3 
"The a rea l  f low model was c a l i b r a t e d  by matching s imula ted  and observed 
hydraul ic  heads i n  the s tudy  a rea .  
e s t ima tes  t ha t  induced r i v e r  leakage accounts f o r  76% o f  the 18.44 MGD 
ground water  withdrawn a t  the Big Bend well f i e l d .  S i m i l a r l y ,  based on a 
l i m i t e d  s e n s i t i v i t y  a n a l y s i s ,  DOE es t ima tes  t h a t  the p o r t i o n  o f  ground 
water  pumped from the well f i e l d  t h a t  i s  der ived  from induced river leakage 
must range between 72% and 82%. 

Based on the ground water  modeling, DOE 
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I t  may be p o s s i b l e  t o  
a n a l y s i s  is  performed 

r_ expand this range i f  a more e x t e n s i v e  s e n s i t i v i t y "  
w i t h  the ground water  model. For example, by 

inc reas ing  a q u i f e r  t r a n s m i s s i v i t y  and recharge rate va lues ,  i t  may be 
p o s s i b l e  t o  reasonably s imula te  the observed hydrau l i c  head d i s t r i b u t i o n  
w i t h  a reduced river leakage rate. 
t r a n s m i s s i v i t y  and recharge ra te ,  i t  may be necessary  t o  i n c r e a s e  t h e  
r i v e r  leakage r a t e  t o  adequately match observed hydrau l i c  heads.  
no t  vary a q u i f e r  t r a n s m i s s i v i t y  and recharge  va lues  inpu t  i n  the seven 
s imula t ions  i n  their s e n s i t i v i t y  a n a l y s i s .  This may result i n  
underest imat ion o f  the range o f  u n c e r t a i n t y  a s soc ia t ed  w i t h  mixing 
c a l c u l a t i o n s  used t o  eva lua te  impacts o f  uranium i n  ground water  and sewer 
d i scha rge  from FMPC on SOWC water  qual i t y .  I' 

Conversely, by lowering the a q u i f e r  

DOE d i d  

ReDl Y 

Aquifer  t r a n s m i s s i v i t y  and p r e c i p i t a t i o n  recharge va lues  were va r i ed  dur ing  
model c a l i b r a t i o n  then held cons t an t  when a b e s t  f i t  t o  April 1986 
po ten t iome t r i c  head va lues  was achieved. This a n a l y s i s  o f  t r a n s m i s s i v i t y  
and p r e c i p i t a t i o n  recharge f o r  model c a l i b r a t i o n  was cons idered  adequate 
f o r  the Zone o f  Inf luence  Study. Addit ional  s e n s i t i v i t y  ana lyses  will be 
performed as p a r t  of  the s i t ewide  RI modeling s tudy.  

Ohio EPA Comment Number 4 lc1 ,  ParaqraDh 5 
Calcula ted  uranium concen t r a t ions  i n  ground water  pumped from the SOWC 
wells (C,) using a g r e a t e r  range of  input  va lues  f o r  Cr, Qd, and Qu a r e  
given i n  Table 5 .  As shown, using Qd and Cr va lues  t h a t  a r e  f i v e  times 
g r e a t e r  than the  bes t  e s t ima tes  o f  DOE i nc reases  the va lue  o f  Cw from 0 .97  
t o  2.18. The National Academy o f  Science has proposed a d r i n k i n g  water  
s tandard  o f  35 ppb (23 .5  pCi/L) f o r  uranium and U.S.  EPA i s  cons ide r ing  an 
even higher  s tandard .  This  s e n s i t i v i t y  a n a l y s i s  i n d i c a t e s  t h a t  i t  i s  
h ighly  improbable t h a t  uranium discharged  through the FMPC effluent sewer 
i n t o  the Great  Miami River could inc rease  ground water  concen t r a t ions  a t  
the SOWC c o l l e c t o r  wells t o  the  proposed s tandard."  
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ReDl y 

T h i s  information will be included in the f inal  Zone of Influence Study 
report. 
adverse environmental impact on the SOWC well water from the FMPC 
discharges. 

I t  helps t o  confirm the conclusion tha t  there i s  no s ignif icant  

Ohio €PA Comment Numbers 4(c) .  ParasraDh 5 
"Determination of the effect  of FMPC effluent discharge into the r iver  on 
uranium concentrations i n  ground water a t  the Big Bend well f i e ld  i s  best 
made by: (1) sampling and analysis of uranium Concentrations i n  Cr, Cback, 
Cgw, and Cw; and ( 2 )  better determination of the ra te  of induced r iver  
leakage i n  the vicini ty  of the SOWC wells by f i e ld  measurements ( i . e . ,  s lug  
t e s t s  as recommended, possibly t racer  t e s t s ,  e tc . )  . I '  

ReDl V 

(1) The surface water dispersion model will be rerun for  the Zone o f  
Influence Study based on f i e ld  data collected during September 1987. 

resu l t s  will be reported i n  the final Zone of Influence Study report. 
(2 )  Induced r iver  leakage i s  a function of r iver  stage, water table  
elevation, r iver  bed hydraulic conductivity, and r iver  water viscosity.  
Due t o  the changing river/aquifer conditions, i . e . ,  r iver  stage due t o  
changing runoff conditions; aquifer water table  elevation due t o  changing 
recharge and withdrawals, stream bed permeability due t o  changing s i l t a t i o n  
patterns, and changing r iver  water temperature which changes viscosity;  an 
extensive well instal la t ion and sampling program would have t o  be performed 
t o  accurately characterize r iver  leakage rates  i n  the vicini ty  of the SOWC 
collector wells. 
Survey (Dove, 1961) were used in the modeling studies along w i t h  a 
sens i t iv i ty  analysis t o  evaluate changes i n  resu l t s  due t o  variations i n  
input values. This was considered adequate for  the Zone of Influence 
Study. 

The 

Inf i l t ra t ion  rates  determined by the U.S. Geological 
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Ohio EPA Comment Number 5 
"Tabl e 3.2.5 g i  ves the appearance 
dimensional model t o  evaluate the 

tha t  DOE used a t ransient ,  three- 
sources of ground water flowing t o  the 

SOWC wells. 
t ransient  simulations) and Kv (used i n  layered simulations) included i n  the  
tab1 e?" 

Why are values for  porosity and storage coefficient (used i n  

ReDl Y 

The approach t o  ground water modeling was t o  progress from 2-D t o  3-D. 
i n i t i a l  s i te  conceptualization was 3-0 so tha t  the 2-D simplification of 
the hydrogeologic system could be made. 

The 

Ohio EPA Comment Number 6 
"The main significance of conducting sens i t i v i ty  analyses w i t h  the ground 
water model for  t h i s  application i s  t o  determine how the volume of water 
derived from the difference sources (upgradient ground water, upgradient 
and downgradient r iver  water) will change with changing parameter 
estimates. This resu l t  i s  n o t  given i n  Table 3.2.6." 

ReDl Y 

Water bal ance cal cul a t  i ons are provided i n  Tabl e 3.2.7. 
percentage of flow from the r iver  (QR) will be divided i n t o  upgradient and 
downgradient components and the resu l t s  of the water balance for  the 
col lector  wells for  model cases 1, 2 ,  and 3 will be presented in the f inal  
Zone of Influence report .  

The cal cul ated 

Ohio EPA Comment Number 7 
" I t  i s  unclear why Figure 3.2-2 t i t l e d  'Conceptual Design for  'Zone of 
Influence' Ground Water Model' depicts a layered flow domain when only a 
depth-averaged flow model was used?" 

ReDl Y 

The approach t o  ground water modeling was t o  progress from 2-D t o  3-D. The 
i n i t i a l  s i t e  conceptualization was in 3-D so t h a t  the 2-D simplification of 
the hydrogeologic system could be made. 



Ohio EPA Comment Number 8 -9 ..-. 
"DOE (pp .  3-26) reports that  the calibrated model indicates that  76% 
water pumped a t  the Big Bend well f i e ld  i s  derived from induced r iver  
leakage and tha t  only 6% of the r iver  leakage occurs downgradient of the 
FMPC effluent sewer discharge. How was t h i s  quantitation made?" 

ReDl Y 

The quantification of r iver  leakage from the model output was determined as 
follows: 

Induced in f i l t r a t ion  amounts for  each r iver  element was taken from the 
ground water model output. The values of a l l  elements were totaled 
and the percentage determined for  both upstream and downstream r iver  
elements re la t ive  t o  the point of effluent discharge. 

Ohio EPA Comment Number 9 
"DOE (pp .  4-4) proposes " that  a direct  f i e ld  determination of the leakage 
factor be completed as p a r t  of the sitewide RI/FS." What is the s ta tus  of 
t h i s  proposal?" 

ReDl 
Currently no f i e l d  work has been performed t o  determine a r iver  leakage 
factor.  We believe t h a t  a very large e f for t  would be required t o  
significantly improve on the USGS work (Dove, 1961). However, additional 
f i e ld  studies required t o  address th i s  issue are currently proposed t o  be 
completed during the RI. 

Ohio EPA Comment Number 10 
"Al though Order 14b mandates determination of the impacts of the FMPC 
effluent discharge on the SOWC Big Bend well f i e ld  and other major 
production well f i e lds ,  no zone-of-influence assessment was made for  the 
Albright and Wilson withdrawal ." 
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ReDl \L 

The Albright and Wilson wells were included w i t h i n  the model as a pumping 
center as indicated in tab le  3.2.5. 
calibration run shown in Figure 3.2-3 includes pumping a t  these wells 
(located a t  Node 162 with a combined pumping r a t e  of 19,000 ft3/day). 
flow vectors show no deflection towards t h i s  pumping center from the 
direction of the SOWC wells. 

The flow vector plot  fo r  the model 

The 

Based on existing data and the ground water modeling r e su l t s ,  the f o l l o w i n g  
factors  indicate tha t  the FMPC discharge t o  the Great Miami River does n o t  
a f fec t  water pumped from the Albright and Wilson wells: 

The Albright and Wilson wells are located f a r  from the Great 
Miami River south of the FMPC 
The radius of influence for  the Albright and Wilson.pumping 
center i s  small due t o  re la t ively low pumping r a t e s  

O h i o  EPA Comment Number 11 
"Assessment of th i s  and other FMPC issues will be f a c i l i t a t e d  i f  we can 
assess (or ,  preferably, obtain disket te  copies of) DOE'S environmental data 
bases (including chemistry, geology, water-levels, well construction, e tc . )  
and ground water modeling i n p u t  data se t .  What arrangements can be made t o  
obtain this  information?" 

ReDl Y 

This will be -a topic for  discussion for the June Technical Information 
Exchange. 
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