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Quali ty  Assurance Review Stztus 

The results, f i n d i n g s ,  conclusions a n d  recomnendations i n  this 
document were derived through a structured Quality Assurance program. 
purpose of the program is- t o  assure-the client t h a t  technical reviews, 
numerical analysis and resulting reports such as this are of sound 
technical a n d  scientific quality, are useable, satisfy contract 
requirements and are supported by a traceable and accountable set of 
records. 
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Reporting occasionally require del iverables be transni tted prior t o  
the completion of the required Quality Assurance technical review. This 
notice serves t o  inform the reader of  the  status of t h a t  review: 

0 No technical review. 
0 Preliminary technical review performed by project team 

IB Independent QA review completed. 

members. 
date. 

Independent QA review t o  be performed a t  a later 
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1 EXECUTIVE SUMMARY 

Data compiled from various governmental agencies, private 
consultants, and the Feed Materials Production Center (FHPC) were 
reviewed thoroughly for consistency and adequacy for use in a modeling 
study. The goal of the study was to evaluate the extent of 
groundwater contamination previously documented at the facility. The 
evaluation of existing contamination and analysis of potential future 
contamination was performed through construction and preliminary 
calibration of a three-dimensional groundwater flow model, The 
computer code SWIFT I1 was used for the simulations. 

The hydrogeol ogic framework of the groundwater system near 
Fernald, Ohio consists of two distinct aquifer units. The main 
valley-fill aquifer is composed predominantly of sand and gravel with 
minor clay lenses. 
the vicinity of the Great Miami River. 

The main aquifer unit (Type I-A-1.2) is located in 
Results of preliminary model 

calibration suggest that the horizontal hydraulic conductivity of the -- - 
main aquifer is 350 ft/day and the vertical conductivity is 35 ftlday; 
recharge is 15 in/yr. The second aquifer unit (Type 111) extends 
westward from the Great Miami River. This unit is divided into two 
vertical sub-units by a laterally extensive clay layer located about 

- 
440 ft above mean sea level. 
these aquifer units is 250 ft/day with a vertical hydraulic 
conductivity of 2.5 ftlday; recharge is 6 in/yr. Hydraulic 
conductivity of the intervening clay is 0.025 ft/day. 

The primary contaminant discovered in the groundwater of the 
FMPC area is uranium; however, the water was not analyzed for other J 

potential contaminants such as radium. m concentrations range 4 

from below detection limit (approxim a 1 0.4 u L) to about 578 ug/L. 
The greatest concentrations are located in a narrow zone adjacent to 

Limited contamination has been found to the east of FMPC; however, 
only a few samples were collected in this area. 

indicates that a groundwater divide exists, trending from southeast to 
northwest across the south-central portions of the faci 1 i ty. Thus, 

The horizontal hydraulic conductivity of - - - 

Paddy's Run Creek just south of the FMPC runoff outfall ditch. 4 

The area east of FMPC is of concern because the calibrated model 
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contaminants i n f i l t r a t i n g  i n t o  t h e  aqu i fe r  near t h e  main waste p i t  
would f low e a s t e r l y  toward t h e  Great M i a m i  R iver  and the  Southwestern 
Ohio Water Company. The Great Miami River  i n  t h i s  s e t t i n g  does no t  
n e c e s s a r i l y  a c t  as  a hydraul  i c  b a r r i e r  e s p e c i a l l y  f o r  contaminants 
t h a t  migra te  t o  deeper p o r t i o n s  of the aqu i fe r .  
t h e  aqu i fe r  near t h e  o u t f a l l  d i t c h  wou d f l o w  south toward Fernald. 
There i s  much evidence t o  document the existence o f  a souther ly  
f l o w i n g  plume. A p o t e n t i a l  e a s t e r l y  m i g r a t i n g  plume, however, i s  n o t  
conf i rmed because l i m i t e d  w e l l s  i n  t h a t  area were sampled. 

c a l i b r a t e d  model was used i n  a p a r t i c l e  t r a c k i n g  analys is .  
t r a c k i n g  i s  a simple method o f  determining contaminant m i g r a t i o n  
pathways and average t imes o f  t r a v e l .  The ana lys is  does n o t  take i n t o  
account d ispers ion,  d i l u t i o n ,  re ta rda t ion ,  r a d i o a c t i v e  decay, o r  
contaminant chemical reac t ions .  The ana lys is  performed f o r  t h e  FMPC 

area i n d i c a t e s  t h a t  contaminants i n f i l t r a t i n g  i n t o  the a q u i f e r  a t  and 
e a s t  o f  t h e  main waste p i t  would t r a v e l  east  toward t h e  Great M i a m i  

R iver .  Contaminants i n f i l t r a t i n g  i n t o  the  aqui fer  near t h e  runoff 
o u t f a l l  d i t c h  would t r a v e l  t o  t h e  south, bu t  would n o t  discharge i n t o  
Paddy's Run Creek; instead, they would discharge d i r e c t l y  t o  t h e  Great 
Miami R iver  south o f  Fernald. 

I 
Contaminants en ter ing  

The groundwater v e l o c i t y  f i e l d  ca lcu la ted  by SWIFT I 1  f o r  the 
P a r t i c l e  

4 
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2 RE COMMEN DAT IONS 

? 

i 

i 

i 

The following items are recomnended for implementation at the 

In general the 
site. The rationale and technical support for these actions are 
provided in the following sections of this report. 
objective o f  these recommendations is to address data deficiencies and 
provide a baseline monitoring program. The purpose of the baseline 
monitoring is two-fold: 
contaminants, and (2) to provide information necessary to begin the 
design of an effective remedial clean-up action. 

(1) to fully define the extent and type of 

(1) We recommend that additional water-level and geochemical data be 
collected for at least one water year in all available wells. 
Water levels should be measured monthly and samples should be 

collected quarterly. 

I (2) We recommend that an additional 36 monitoring wells be installed. 
These wells should be installed in clusters of three. Each of 
the wells in a cluster should be screened in different portions 
of the aquifer. 

I (3) We recomnend that a survey be made of all available domestic 
wells. Those wells which have construction records and are 
accessible should be surveyed accurately for location and 
el evat ion. 

(4) We recomnend that water samples be collected from all wells prior 
to the one-year monitoring program. The samples should be 
analyzed for the EPA priority pollutants, radium, thorium, 
plutonium, and uranium; The purpose is to define all potential 
contaminants. 

(5) We recomnend that the quarterly water samples be analyzed for 
contaminants found in the priority scan. 
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( 6 )  We recommend t h a t  the pre iminary model developed i n  t h i s  study 
be re f ined  a f t e r  the completion of  the proposed f i e l d  t e s t i n g  and 
monitor ing program. 

. 
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3 INTRODUCTION 

. . -  .I 
I 

3.1 REPORT O K A N I Z A T I O N  

Summary, Recommendations,'and In t roduc t i on ,  ( 2 )  Hydrogeologic 
Framework, ( 3 )  Model Construct ion and Ca l i b ra t i on ,  and ( 4 )  Data 
De f i c ienc ies  and Mon i to r ing  Program Design. The d e s c r i p t i o n  of 
hydrogeologic framework inc ludes the  observed e x i s t i n g  cond i t ions  
w i t h i n  the  study area, i n c l u d i n g  geologic  mater ia ls ,  hydrau l i c  
parameters, f l u i d  p o t e n t i a l s ,  and source terms (concent ra t ion  and 
groundwater pumpage). 
model f o r  t he  groundwater f low system. Th is  conceptual model is the  
bas is  f o r  t he  cons t ruc t i on  of t he  three-dimensional  groundwater f l o w  
s imu la to r .  The c a l i b r a t i o n  process and s e n s i t i v i t y  ana lys is  a re  
descr ibed i n  Sect ion 5 as we l l  as the  r a t i o n a l e  f o r  t he  f i n a l  model 
con f igu ra t i on .  Recommendations f o r  a d d i t i o n a l  f i e l d  s tud ies  are 
presented i n  the  f i n a l  sec t i on  o f  the  repo r t .  
c h a r a c t e r i s t i c s  i s  d isp layed g r a p h i c a l l y  i n  p l a t e s  found i n s i d e  the  
back cover. An appendix o f  data base in fo rmat ion  i s  a l so  included. 

- 

This  r e p o r t  i s  comprised of four  major d i v i s i o n s :  ( 1 )  Execut ive 

This  data i s  i n t e g r a t e d  t o  form a conceptual 

In format ion about s i t e  

3.2 S I T E  DESCRIPTION AND HISTORY 
The Feed M a t e r i a l s  Product ion Center (FMPC) operated by Nat ional  

Lead o f  Ohio (NLO) f o r  the  Uni ted States Department o f  Energy (DOE) i s  
the  n a t i o n ' s  o n l y  pr imary uranium processing p l a n t .  The p l a n t  serves 

as a foundry f o r  uranium metals producing feed ma te r ia l s  fo r  o ther  
nuc lear  weapons produc t ion  centers.  The p l a n t  began operat ion i n  
1951. This  l a r g e  i n d u s t r i a l  complex i s  s i t u a t e d  above a very 
p roduc t ive  a q u i f e r  and covers j u s t  over 1,000 acres. 
3/4 o f  a m i l e  t o  t h e  west o f  t he  B i g  Bend area on the  Great Miami 
R iver  and j u s t  n o r t h  of t h e  v i l l a g e  of  Fernald. The product ion 
f a c i  1 i ty i t s e l f  covers approximately 136 acres. The foundry 
operat ions have produced process wastes which a re  p resen t l y  s tored i n  
rubber and c l a y - l i n e d  lagoons as w e l l  as l a r g e  above-ground tanks. 

bo th  on- and o f f - s i t e  have e x h i b i t e d  e leva ted  l e v e l s  o f  d isso lved 

I t i s  loca ted  

Water q u a l i t y  analyses of samples c o l l e c t e d  from w e l l s  loca ted  

i 
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uranium and o ther  contaminants. 
w e l s u J h L t . h e  f a c i l i t y .  

I n  1981, NLO sampled 12 o f f - s i t e  
F ive  of twelve samples exh ib i t ed  

4 
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e leva ted  l e v e l s  of uranium. 
DOE and t h e  Uni ted States Geological  Survey (USGS) a l so  i nd i ca ted  the 
presence of o f f - s i  t e  contaminat ion.  

I n  May 1985, the  Ohio Environmental P ro tec t i on  Ageny (OEPA) 
cont rac ted  w i t h  GeoTrans f o r  a p re l im ina ry  groundwater f l o w  analys is  
o f  t he  FMPC area. Th is  ana lys i s  inc luded a c r i t i c a l  rev iew o f  
a v a i l a b l e  data t o  assess t h e i r  adequacy w i t h  respect t o :  

I n  August 1982, a cooperat ive study by 

(1 )  c h a r a c t e r i z i n g  impor tant  hydrogeologic parameters 
c o n t r o l  1 i n g  f low and contaminant t ranspor t ,  and 

( 2 )  documenting the  e x t e n t  of groundwater contaminat ion and 
des ign ing an e f f e c t i v e  remedial ac t ion .  

Y 
3 

Recomnendations were made fo r  ga ther ing  a d d i t i o n a l  data where e x i s t i n g  
data was judged t o  be inadequate. The scope of work inc luded the use 
o f  a three-dimensional groundwater f l o w  model and p a r t i c l e  t rack ing  
ana lys i s  t o  evaluate the  groundwater f l ow  system and the  hydro log ic  
s ign i f i cance  o f  data unce r ta in t i es .  This  eva lua t i on  was done us ing  
s e n s i t i v i t y  ana lys is .  The numerical modeling r e s u l t s  were used to :  

(1) a i d  c h a r a c t e r i z a t i o n  of t he  groundwater f low system, 

( 2 )  est imate the p o t e n t i a l  ex ten t  o f  groundwater contamination, 
and 

(3 )  i d e n t i f y  c r i t i c a l  data needs. 
The r e s u l t s  o f  our  i nves t i ga t i on ,  i n c l u d i n g  recommendations fo r  
a d d i t i o n a l  f i e l d  s tud ies  and p re l im ina ry  costs  est imates f o r  such 

s tud ies  are  sumnarized i n  t h i s  repor t .  

3 .3  METHOD OF INVESTIGATION 

s tanding o f  t he  groundwater f low system and ex ten t  o f  contaminat ion 
must be developed t o  guide t h e  model app l i ca t i on .  Th is  i s  c a l l e d  a 
conceptual model. Th is  conceptual understanding prov ides a d e f i n i t i o n  
of the  most impor tant  c h a r a c t e r i s t i c s  o f  t he  p a r t i c u l a r  system t o  be 
modeled and a systemat ic o rgan iza t i on  of t he  a v a i l a b l e  data. The 
conceptual model descr ibes t h e  fundamental components o f  t he  f l o w  
system i n  s u f f i c i e n t  d e t a i l  t h a t  i t s  unique c h a r a c t e r i s t i c s  a re  

P r i o r  t o  cons t ruc t i on  o f  a numerical model, a d e t a i l e d  under- 
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evident. 
result in erroneous formulation of the numerical model as well as 
invalid conclusions based on the calculated results. 

In general, geohydrologic systems -are comprised of four 
fundamental components: -( 1) the geologic framework, (2) fluid 
potentials and flow directions, (3) fluid transmission and storage 
properties, and (4) fluid source/sink terms, both natural and 

Inadequate consideration o f  these unique characteristics may 

man-induced. The conceptual model and its supporting data must 
contain sufficient information to characterize each of these basic 
components. 

conditions. 
for the FMPC site. 
process. 

Data base organization is a critical step in evaluating site 
An organized information base was developed specifically 

Figure 3.1 illustrates the various steps of this 
Initially, the data was technically reviewed and categorized 

by data type. The areal distribution of the data locations, from 
which the different types of data were compiled, was mapped. The 
locations of wells used in the data base are illustrated on Plate 3.1. 
The various pieces of information were incorporated into a data base 
management software program, dBase 111. The utility of this approach 
is that various data compilations can be quickly developed. The data 
sumnaries and compilations can then be reviewed and interpretated by 
the hydrogeologist constructing the flow model. 

fundamental to model construction. However, this effort represents 
only a portion of the tasks required to develop a three-dimensional 
flow model and perfonn particle tracking analyses. 
outlines the work required to construct a flow simulation model. The 
modeling process can be subdivided into several discrete, but related, 
subtasks. The work performed for this study can be sumnarized as an 
initial calibration and includes the following: 

Conceptual model development and data base organization are both 

Figure 3.2 

(1) code selection and initial model construction, 
(2) conceptual model testing with steady-state calibration and 

limited sensitivity analysis to characterize the flow 
system, 

(3) numerical evaluation through particle track analysis. 
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Figure 3.2 also illustrates the iterative nature of model construction 
and calibration activities. As the data base becomes more complete, 
refinements occur in the conceptual model as well as in the 
interpretations and conclusions based on the data. This-may require 
changes in model configuration, boundary conditions, or hydrologic 
parameter values employed within the numerical simulator. This entire 
iterative process should result in calculated values of head (water 
elevation) similar to those observed within the aquifer system. A 
satisfactory model cal ibration occurs when model results agree with 
the observed data in areally and vertically distributed observation 
wells. The criterion for an acceptable match is based upon the 
experience of the hydrogeologist applying the model, the complexity of 
flow system modeled, and the level of detail of the observed data. 
Once a satisfactory calibration is obtained, a sensitivity analysis is 
performed to assess the hydrologic significance of the data 
uncertainties. This helps identify data deficiencies and permits an 
assessment of the primary factors control1 ing groundwater and 
contaminant movement. 
after the model calibration process is complete. 

del ineation of data deficiencies and additional data requirements to 
improve the accuracy of model calculations. Through data base review 
and organization, conceptual model development, and model calibration, 
the groundwater flow system in the proximity of the FMPC facility is 
characterized. 

Particle tracking analysis is performed only 

The model calibration tasks and data base review result in 

3.4 SOURCES OF INFORMATION AND IMPORTANT PREVIOUS WORK 

District personnel during May, June, and July 1985. This information 
consists of sumnary memos prepared during various field visits to the 
Fernald area, raw water qual i ty analyses , hydrogeologic consulting 
reports, data compilation reports of the Miami Conservancy District 
(MCD) and pub1 icly available documents from various governmental 
agencies. These reports and published documents serve as the basis  
for developing a detailed understanding of the regional groundwater 
flow system and the potential extent of off-site contamination. 

A series of data transmittals were received from OEPA Southwest 

I' i 
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The USGS published a series of Professional Papers (605-A, 6 ,  C, 
D) related to the groundwater resources and the development potential 
of high capacity well fields within Lower Great Miami valley-fill 
aquifer. These papers describe the regional aquifer system between 
Hamilton and New Haven, Ohio. The studies emphasize the high 
water-producing capabilities of this aquifer system and delineate the 
hydraulic aquifer properties and groundwater flow directions. 

Spieker (1968a) subdivides the aquifer into eleven hydrogeologic 
environments. 
maps their areal distribution for the Lower Great Miami River valley. 
The FMPC region included in this study consists of three of those 
hydrogeologic environments. Watkins and Spieker (1971) performed 
extensive seismic refraction surveys to determine the thickness of 
glacial drift infilling the bedrock valley. 
data are integrated with various well logs to provide a contour map of 
the bedrock surface. 
distribution both areally and vertically, and ultimately delineate the 
model domal n. 

Spieker (1968b) constructed and calibrated an electric analog 
model of this aquifer system between Fairfield and New Baltimore. The 
analog model represents a 32-square-mi le area including the FMPC 
facility. 
aquifer from the Hamilton-Fairfield area southwestward to the Dry Fork 
of the Whitewater River. Spieker's model domain includes the area 
which we are currently modeling. The purpose of this analog model 
investigation was to assess the effects of the development of the City 
of Cincinnati well field along the Great Miami River to the east of 
Ross. This study contains a compilation of hydraulic parameters and 
production history for the aquifer. The results of these simulations 
illustrate the high water yielding capacity and potential for 
groundwater development in the main portions of the aquifer. Spieker 
analyzes the hydrologic effects of various pumping schemes, including 
a 40 mgd (million gallons per day) extraction rate from the Cincinnati 
well field with a combined rate of 44 mgd at other locations. The 
aquifer system supported these extraction rates with no serious 
drawdown interference effects. 

He describes the unique characteristics of each, and 

The seismic profiles and 

These contours delineate the aquifer 

The limits of the modeled area encompass the valley-fill 

5 - - -  

I 
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Several impor tant  f a c t s  were establ ished by Spieker 's  model 
a p p l i c a t i o n .  The model was v e r i f i e d  o r  c a l i b r a t e d  f o r  t r a n s i e n t  
pumping per iods of 1952-1956 and 1956-1962, which provides a 
s a t i s f a c t o r y  h i s t o r y  match. 
induced i n f i l t r a t i o n  as a- source f o r  sus ta in ing  h igh  capaci ty  

product ion.  Spieker r e p o r t s  t h a t  75 percent of t h e  pumped w a t e r  was 
from induced i n f i l t r a t i o n .  He estimates reg iona l  a q u i f e r  p roper t ies  
as fo l lows:  t r a n s m i s s i v i t i e s  range from 300,000 t o  450,000 
g a l l d a y l f t ;  c o e f f i c i e n t  of storage i s  0.2 i n  t h e  main aqui fer  and 0.1 
near FMPC. 

and an extens ive mon i to r ing  network f o r  the  e n t i r e  Great M i a m i  River 
Drainage Basin. 
l e v e l  observations, p r e c i p i t a t i o n ,  and water q u a l i t y  analyses. A 
r e p o r t  based on t h i s  hydro log ic  data has been publ ished annual ly by 
t h e  Conservancy D i s t r i c t  s ince 1980. For t h i s  p r o j e c t ,  we reviewed 
data from a ser ies  o f  r e p o r t s  on the  Hamilton-New Bal t imore area (MCD, 
1984). 

Plummer (1982). Th is  study summarizes t h e  a v a i l a b l e  groundwater 
q u a l i t y  data. A d d i t i o n a l l y ,  an in-depth ana lys is  of t r a v e l  t ime f o r  
p o t e n t i a l  contaminants i n  both surface water and groundwater was 

The model demonstrates the  importance o f  

The Miami Conservancy D i s t r i c t  (MCD) mainta ins hydro log ic  records 

The compiled data cons is ts  o f  stream f low, water- 

The groundwater q u a l i t y  i n  the same area was assessed by 

reported. The t ime of t r a v e l  i n  groundwater was performed by 4 

a p p l i c a t i o n  of Darcy's Law. Groundwater v e l o c i t y  i n  t h e  FMPC area was d 
est imated t o  be 2.2 f t /day.  The t ime of t r a v e l  from the  FMPC waste 4 

4 

no. 2 was est imated t o  b p a r s .  10 
Two a d d i t i o n a l  p u b l i s  ed repor ts  aided i n  developing an 

understanding o f  t h e  groundwater contaminat ion problems a t  FMPC: 
(1) t h e  study by Sedam (1985) and ( 2 )  a c o n s u l t i n g  r e p o r t  prepared by 
Dames and Moore (1984) f o r  Nat ional  Lead o f  Ohio. Sedam (1985) 
evaluated t h e  occurrence of uranium i n  groundwater i n  t h e  area south 
o f  t h e  f a c i l i t y  near Fernald. This  ana lys is  was based upon one water 
q u a l i t y  sampling and water- leve l  measurement event i n  a ser ies  o f  
a r e a l l y  d i s t r i b u t e d  w e l l s  o f  v a r i a b l e  depth along Paddy's Run Creek t o  
t h e  west and south o f  t h e  s i t e .  No w e l l s  were const ructed f o r  the 

p i t  lagoons t o  t h e  Southw e r n  Ohio Water Company C o l l e c t o r  w e l l  
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purpose of the study; existing wells were sampled as accessible. This 
report does not contain water quality and water-level measurement data 
for critical areas such as the shallow portions of the aquifer 
downgradient from the waste lagoons and the deeper portions of the 
aquifer below the FMPC facility. Water-level elevations were of 
1 imited accuracy (25 ft) because casing elevations were estimated from 
the USGS topographic map. 
representative of one aquifer with no vertical flow. Additionally, 
the potentiometric surface map lacked control in critical areas to 
support the interpretations presented in Figure 4, page 6 of that 
report. This is especially true for the groundwater divide postulated 
by Sedam to exist to the east of the FMPC production facility. There d 

appear to be inconsistencies between the reported groundwater flow d 
4 

1984). This study states the need for further detailed investigations 
to delineate the extent of both on-site and off-site contamination. 

Dames and Moore (1984) was retained by NLO to conduct an investi- 
gation of the contamination problem. The study had two major 
objectives: (1) to identify the sources of elevated uranium levels in 
off-site wells, and (2) to recomnend remedial measures. Five 
potential sources were identified, all of which are located entirely 
within FMPC property boundaries. These potential sources include: 
(1) sediments and waters discharged to Paddy's Run Creek from the 
storm water outfall ditch, (2) covered and active flyash storage 
piles, (3) waste pit storage area, (4) plant production area, and (5) 
scrap waste pile. The report suggests that the background 
concentrations of uranium in groundwater should be zero. A search of 
the published literature confirms that no naturally occurring uranium 
exists within a 2-mile radius of the facility. Additionally, a travel 
time estimate was reported for soluble uranium entering groundwater. 
It was reported that uranium released from the sediments and waters 
contained in Paddy's Run Creek and the FMPC storm water outfall ditch 
could have migrated to off-site wells as little as 200 days after 
entering the groundwater system. The report recomnends additional 
field studies and a phased approach to additional work at the 
faci 1 i ty. 

- 

Wells of varying depth were assumed to be 

directions and observed groundwater uranium concentrations (Sedam, 

- 
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Dames and Moore (1984) also performed a hydrogeological J 

characterization of the FMPC s i t e ,  which is  consistent w i t h  the 
A series of local 

cross sections are presented for the production and waste pit-areas of 
the f ac i l i t y  t o  i l l u s t r a t e  the highly variable nature of the shallow 
surf ic ia l  t i l l ,  typical of ground moraine for th i s  glacial set t ing.  
These sediments possess lenses of permeable grave l ,  sand,  and s i l t  

4 

J conceptual model presented i n  th i s  s tudy .  

dispersed w i t h i n  a predominantly clay matrix. 
perched water systems. 
transmit locally perched groundwater and provide pathways of 
contaminant migration. 
shows a waste p i t  lagoon bottom completed w i t h i n  a gravel lens t h a t  i s  4 

t i l l  layer has a crucial role i n  controlling migration of the uranium 
waste products t o  the groundwater system. 

These deposits contain 
The more permeable layers efficiently 

Cross section D-D ' ,  Figure 9d of the report 

vertically connected t o  the shallow aquifer. T h u s ,  this surficial  l/ 

, 

i 
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The purpose of t h i s  sec t i on  i s  t o  summarize the components o f  the  
conceptual f low model , the hydro log ic ,  hydrogeologic, -and geochemical 
cond i t ions  of t he  groundwater flow system i n  the  v i c i n i t y  of the FMPC 
f a c i l i t y ,  which were used t o  guide the  cons t ruc t i on  and c a l i b r a t i o n  o f  
t he  numerical f l o w  model. 

4.1 GEOLOGIC FRAMEWORK 

4.1.1 Bedrock Topoqraphy 
Watkins and Spieker (1971) conducted an i n v e s t i g a t i o n  o f  the 

bedrock surface w i t h i n  the  lower Great Miami R iver  v a l l e y  and prepared 
a bedrock contour  map of t he  area based on seismic surveys and we l l  
logs.  P l a t e  4.1 i s  a mod i f i ca t i on  o f  t he  Watkins and Spieker map 
prepared f o r  t h i s  i n v e s t i g a t i o n  based on updated data. This  most 
prominent fea ture  i s  approximately 2 mi les  wide and 200 t o  300 f t  

deep. 
drainage system which has experienced a t  l e a s t  th ree  episodes o f  i c e  
advance and i n t e r g l a c i a l  f l u v i a l  eros ion.  

The average g rad ien t  (s lope o f  the  bedrock f l o o r )  o f  t h i s  
prominent bu r ied  va l l ey ,  from West C a r r o l l t o n  t o  the  Ohio River,  i s  
approximately 2 f t / m i .  
s u f f i c i e n t l y  p rec i se  t o  determine the  grad ien t  i n  shor te r  segments 
(Watkins and Spieker, 1971). 
the g rad ien t  f l a t t e n s  t o  approximately 1.3 f t per  m i l e  ( D u r r e l l ,  
1961). 
remainder of t he  s tudy area. 

separate i n t e r g l a c i a l  drainage systems. A s i n g l e  narrow deep t rough 
has been i n c i s e d  i n  the  f l o o r  o f  t h i s  prominent va l l ey .  This  "Deep 

Stage" drainage, developed p r i o r  t o  I l l i n o i a n  Glac ia t ion ,  was c u t  i n t o  
the  bedrock sur face t o  an e l e v a t i o n  o f  l ess  than 350 f t  above mean sea 
l e v e l .  Near the  Southwestern Ohio Water Company, the  bedrock v a l l e y  
b i f u r c a t e s  i n t o  two separate va l leys .  Th is  v a l l e y  represents a pre-  
o r  ear ly-Wisconsin g l a c i a l  stage drainage d i ve rs ion .  The lesser  
v a l l e y  (about h a l f  a m i l e  wide) i s  c u t  i n t o  bedrock t o  an e leva t i on  
l e s s  than 450 ft above mean sea l e v e l .  The present  course of the 

This  wide v a l l e y  represents the  remnants o f  a p reg lac ia l  

The d e f i n i t i o n  o f  the  bedrock surface i s  n o t  

J u s t  south o f  Hamilton, near F a i r f i e l d ,  

Th is  g rad ien t  remains more o r  l e s s  constant  across the 

Loca l l y ,  t he  bu r ied  v a l l e y  system conta ins c h a r a c t e r i s t i c s  o f  two 
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Great Miami River follows this  val ley.  
interpreted t o  have blocked the south and west portions of the main 
valley causing the ancestral Great Miami River t o  c u t  a new course 
from New Baltimore t o  the present-day Ohio River. 

The character of the -bedrock Val ley w h i c h  under1 ies the Val ley- 
f i l l  aquifer system near FMPC i s  similar t o  t h a t  described on a 
regional scope by Watkins and Spieker (1971). 
bedrock elevations of approximately 350 t o  400 f t  above mean sea level 
within the main valley. 

flat-bottomed trough with steep-walled sides t h a t  i s  inclined slightly 
( less  t h a n  2 f t  per mile) toward the southwest. 
limited area represented in the flow model, the aquifer i s  assumed t o  
be horizontal. Two important features of the bedrock surface are 
noted on Plate 4.1 near the  FMPC area. The bedrock island t o  the east 
of Fernald ac ts  as a barrier t o  flow and diverts groundwater around i t  
toward New Baltimore and Fernald. Near Fernald, the bedrock surface 4 

i s  observed t o  be shallow from less t h a n  350 f t  t o  420 f t  above mean I /  

sea level. This bedrock shelf i s  continuous t o  the south and 
southwest under the present valley of the Great Miami River. 

system by repeated ice advances in combination with fluvial sediment 
transport processes dur ing  interglacial periods. 
boundaries of the valley-fi l l  were defined from Spieker (1968a). 
These contacts generally coincide with an a b r u p t  change in surface 
topography. 

Early Wisconsin ice i s  

These authors report 

The configuration of the bedrock surface upon * 
which the valley-fi l l  aquifer material rests can be described as a / 

Over the rather 

The  valley-fi l l  aquifer was deposited within this  bedrock valley 4 

v 
The lateral aquifer 

Plate 4.1 identifies these aquifer limits. 

4.1.2 Unconsolidated Materials 

the Fernald region can be categorized into three major types: 
contact d r i f t ,  ( 2 )  proglacial d r i f t ,  and ( 3 )  t i l l .  The internal 
structure of these materials i s  a function of the proximity of the 
continental ice sheet a t  the time of deposition. The ice-contact and 
proglacial d r i f t  are highly s t ra t i f ied  due t o  the i r  transportation by 
a dynamic fluvial system of meltwaters running down the regional 
ice/land slope. By contrast, the t i l l  material was deposited directly 

The unconsolidated materials t h a t  comprise the aquifer system in 
(1) ice- 
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by ice. T i l l  can be ei ther  lodgment or ablation t i l l .  These two J 

types have different water transmitting properties. Lodgment t i l l ,  .J 
formed d u r i n g  very active ice movement, i s  more compact and indurated 
as a resu l t  of glacial -loading/compaction. Ablation t i l l  i s  normally 4 
more permeable, less  compacted, and i s  associated w i t h  surficial  
ground moraine deposits. Ablation t i l l  results from ice melting 
d u r i n g  times of less active ice movement. I n  general, these t i l l  
units are  clay enriched and act  only t o  retard water movement/ 
contaminant transport. 
predominance of s i l t  and sand i n  the i r  textural make-up. 
Hydraulically, the units or "tones" act  as semiconfining beds which 
transmit water i n  response t o  a hydraulic gradient a c t i n g  across the i r  

both recharge from precipitation and the hydraulic connection between 
the upper and lower portions of the aquifer system. 

Ice-contact d r i f t  has the following general characteristics: 
(1) an extreme range i n  g r a i n  size w i t h  a b r u p t  changes i n  the vertical 
and  horizontal directions, ( 2 )  i n d i v i d u a l  s t r a t a  of limited thickness 
and areal extent w i t h  highly s t r a t i f i ed ,  sporadic lenses of clay-rich 
material, and (3)  bedding which can exhibit steep d i p s  due t o  
penecontemporaneous deformation. 

consist mainly of s i l t ,  sand, and gravel which were transported beyond 
the imnediate glacial terminus. Proglacial d r i f t  materials are better 
sorted w i t h  respect t o  g ra in  size than the ice-contact d r i f t ,  b u t  they 
are s t i l l  quite variable. 

The valley-fi l l  aquifer of the Great Miami River is  an 
agglomeration of these three types of unconsolidated sediments. These 
dr i f t  materials have been integrated into a single, regional aquifer 
system. A close look a t  the internal character of th i s  aquifer and 
i t s  associated hydraulic properties suggests extreme heterogeneity on 
a local scale. Individual units or s t ra ta  do not possess extensive 
lateral  or vertical continuity (tens t o  hundreds of f t ) .  The 
s t r a t i f i ed  orientation of bedding i n  combination w i t h  limited 
continuity of units imparts an anistropic direction to  the f l u i d  

The clay-enriched layers contain a 

boundaries. A t  the FMPC s i t e ,  lodgment and  ablation t i l l  res t r ic t  4 

Proglacial d r i f t  materials are highly s t ra t i f ied  sediments t h a t  
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t ransmiss ion p r o p e r t i e s  of the media. This magnitude of d i r e c t i o n a l  
h y d r a u l i c  c o n d u c t i v i t y  v a r i e s  n a t u r a l l y  w i t h  the  l i t h o l o g i c  nature o f  
t h e  sediments and t h e  sca le  a t  which the  a q u i f e r  p roper ty  i s  measured. 

Wi th in  t h e  Great M i a m i  R iver  v a l l e y - f i l l  aqui fer ,  Spieker (1968a) 4 
mapped, w i t h  reasonably wel l -def ined boundaries and recognizable 
a t t r i b u t e s ,  e leven d i f f e r e n t  u n i t s  t h a t  possess d i s t i n c t  phys ica l  and 

hydrogeologic environments: 
p o t e n t i a l  for induced stream in f  i 1 t r a t i o n ,  ( 3 )  presence o r  absence o f  
i n t e r s t r a t i f i e d  c l a y  layers,  and (4 )  aqui fer  th ickness. 
d i s t i n c t  hydrogeologic environments have been de l ineated  i n  the  FMPC 
area, Type I - A - 1 ,  Type I-A-2, and Type 111. The o n l y  d i f f e r e n c e  
between Types I - A - 1  and 2 i s  aqui fer  th ickness. Type I - A - 1  
environment i s  assoc iated w i t h  the areas of g r e a t e r  than 150 ft 
thickness, and Type I-A-2 w i t h  areas of l e s s  than 150 ft thickness. 

The Type I - A - 1  and 2 environments a re  loca ted  w i t h i n  the  main 
Great M i a m i  R iver  v a l l e y  from the C inc innat i  Bo l ton  w e l l  f i e l d  t o  t h e  
B i g  Bend area near t h e  Southwestern Ohio Water Company and then south- 
westward t o  New Balt imore. 
compiled f o r  each o f  these hydrogeologic environments. 
i l l u s t r a t e s  t h e  l o c a t i o n  o f  w e l l s  used f o r  charac ter iza t ion .  
4.1 through 4.5 i l l u s t r a t e  t h e  l i t h o l o g i c  composit ion o f  each 
environment. 
v e r t i c a l  b u t  n o t  i n  t h e  h o r i z o n t a l .  They should be viewed as 
representa t ive  panels o f  t h e  l i t h o l o g i c  na ture  of t h e  aqui fer .  
general,  t h e  I - A - 1  hydrogeologic environment has t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  (1) predominantly sand and gravel  l i t h o l o g y ,  150 t o  
200 ft i n  th ickness, (2 )  l a c k  o f  i n t e r s t r a t i f i e d  c l a y  layers,  and ( 3 )  
t h e  presence o f  t h e  Great Miami R iver  f o r  induced i n f i l t r a t i o n  
recharge. Spieker (1968a) r e p o r t s  t h a t  t h e  c o e f f i c i e n t  of  
t r a n s m i s s i v i t y  ranges between 300,000 t o  500,000 ga l /day / f t  w i t h  an 
unconfined storage c o e f f i c i e n t  (0.2). Comnonly, w e l l  y i e l d s  can be as 
l a r g e  as 3,000 gal /min w i t h  s p e c i f i c  c a p a c i t i e s  near 300 ga l /min / f t  of 
drawdown. 

Type I - A - 1  and 2 environments. A l l  w e l l s  except H-106, 13-1, and 13-2 

h y d r a u l i c  p roper t ies .  He used four c r i t e r i a  t o  c l a s s i f y  these d 
(1 )  l i t h o l o g i c  na ture  o f  t h e  aqu i fe r ,  ( 2 )  

Three 

Representative geologic  sect ions were 
P l a t e  3.1 

Figures 

Note t h a t  these f i g u r e s  are drawn t o  scale i n  the 

I n  

Figures 4.1 and 4.3 i l l u s t r a t e  t h e  l i t h o l o g i c  character  of t h e  

! .  
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on Figure 4 . 1  and AVS-8 on Figure 4.3 are representative of these 
environments. These logs exhibit sporadic clay lenses in a th ick  sand  
and gravel. On a regional scale, i t  i s  n o t  possible t o  correlate 
d i s t inc t  lithologic- units between wells. - HoweverFit can be-demon- 
s t ra ted  by aquifer testing t h a t  these sands and gravels behave hydraul- 
ical ly  as a single hydrostratigraphic u n i t .  Note the top of bedrock 
elevations in each of the wells. These logs show a total  thickness of 
d r i f t  on the order of 140 f t  except where the wells are located near 
the bedrock valley walls ( i . e . ,  C-1, Figure 4 . 3 ) .  The wells near the 
village of Fernald (LO-1, LO-2, LO-6) are located in a Type I-A-2 
environment where the bedrock floor i s  more shallow t h a n  the main 
valley floor. The combined aquifer thickness shown here i s  close t o  

~ __ - - -  - - - - 

110 f t .  
be located a t  a greater d e p t h .  
of the deep bedrock channel observed on Plate 4.1; I n  th is  t rough,  the 
combined valley-fi l l  thickness may approach more t h a n  160 f t .  

The Type I11 environment i s  characterized by the sand a n d  gravel 
material overlain by more t h a n  50 f t  of clay material. The aquifer 
material in th i s  environment shows a wide range i n  transmissivity 
(from 35,000 t o  300,000 gal/day/ft). A t  the FMPC s i t e ,  Norris and 
Spieker (1962)  conducted aquifer tests t h a t  estimated values in the 
lower, less t h i c k ,  portion of the f i l l  t o  be 150,000 gal/day/ft. 
However, a t  this location the tests were run below a 10 t o  20 f t  
thick clay confining bed which sp l i t s  the aquifer into two separate 
units. The Type I11 environment a t  FMPC contains four  dis t inct  units. 
These units from surface t o  bedrock include: ( 1 )  surficial  t i l l  ( p a r t  
of the Hartwell Moraine) of variable thickness ( 1 0  t o  40 f t ) ,  ( 2 )  a 
shallow aquifer approximately 110 t o  120 f t  thick, ( 3 )  a blue clay 
confining bed between 10 and 20 f t  thick, and ( 4 )  a lower sand and 
gravel aquifer a t  l eas t  110 f t  thick. 
illustrates the fu l l  geologic section and character of these units. 

Figures 4.2, 4.4, and 4.5 exhibit well logs principally i n  the 
Type I11 environment. 

J 
variable thickness fo r  the surficial  t i l l  u n i t  as well as the presence4 
of sand and s i l t  lenses. Note the persistence of the sand and gravel 4 

I n  Figure 4.3 ,  Well 4-B2, the bedrock surface i s  shown t o  
This well i s  located in the proximity 

Figure 4.5,  Well PW-2, 

Figure 4.2 follows an east-west direction along 
Willey Road. Note t h a t  wells west of well H-106 exhibit both a 

:I1 i 
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representing the shallow aquifer system beneath the till. 
is compiled along Paddy's Run Creek in a southeast-northwest trend. 
The well logs to the northwest of Willey Road (H-104) represent the 
Type I 1 1  environment, and, to-the. southeast, the Type I-A-2 
environment. Figure 4.5-illustrates the geologic materials across the 
south-central portion of the FMPC site. 

Figure 4.4 

- 

4.2 SUMMARY OF HYDRAULIC PROPERTIES 
Four basic methods are used to determine the hydraulic 

conductivity of aquifer materials. 
volume of aquifer and in effect has a limited radius around the 
sampling point which is tested by the method. 
constant head permeameter tests on split-spoon samples have an 
effective radius limited to the spoon diameter and they measure only 
vertical conductivity. Slug injection tests measure only horizontal 
conductivity, and the effective volume of the aquifer tested is 
limited to a cylinder of several feet in diameter around the well. 
Long-term aquifer pumping tests measure a larger effective volume of 
the aquifer. The effective measurement of the pumping tests is 
limited by the duration of the test, pumping rate, and hydraulic 
properties that determine the "cone of influence" of the test. 
Normally, this effective volume of the aquifer measured is in tens to 
hundreds of feet. The properties determined from the test represent 
the bulk behavior of the aquifer within the "cone of influence." A 
fourth method is less comnonly used to estimate aquifer properties. 
For this method, a calibrated flow model can be used to estimate 
aquifer properties o f  storage and hydraulic conductivity. The area 
effectively measured by the model is the area covered by the 
discretization. Again, if properly calibrated, the model measures the 
average aquifer properties within the grid block. 

4.1.2), the valley-fill aquifer of the Great Miami River is 
characterized by extreme variabi 1 5  ty over rather short spatial 
intervals. Thus, hydraulic testing methods are extremely scale- 
dependent. Pumping tests, flow net analysis, and numerical models 

Each method measures a given 

For example, falling or 

As discussed in the section on geologic materials (Section 

i 



t e n d  t o  be t te r  
t o  average the 
interval s .  

Table 4.1 
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estimate the bulk hydraulic behavior of the aquifer and 
extreme variation observed in these small spatial  

i-s a compilation of hydraulic properties- for  Spieker's 
(1968a) hydrogeologic environment I - A - 1 .  
Hamilton on the north t o  New Baltimore and Fernald on the south.  
Spieker states t h a t  t h i s  hydrogeologic environment has average 

These locations extend from 

transmissivit ies on the ord 
s t  y a y C G i f f i c i e n t  of 0.20 
i'nterval; a l t h o u g h  on the lower end,  some values are as low as 150,000 
gal/day/ft. Note t h a t  most of the pumping tes t  results are within the 
same order of magnitude. This i l l u s t r a t e s  t h a t ,  for  an extremely 
heterogeneous sys tem 1 i ke the Val 1 ey-f i 11 aqu i fer,  1 ong-term pumpi ng 
tests tend  t o  average o u t  the local var ia t ions  i n  hydraulic 
properties. 

the FMPC f ac i l i t y .  
unpublished d a t a  the  transmissivity of the lower aquifer t o  be 
approximately 150,000 galldaylft .  

0,000 t o  500,000 gal/day/f*th a 
ange on the table includes th i s  

Four aquifer tests have been completed in the direct  vicinity of d 
Spieker and Norris (1962) determined from 

If  one assumes the upper and lower 
omposi---would be on the 

Assuming a saturated thickness of 160 
ductivity would be 250 ft&. Aquifer testing 

performed i n  the Southwestern Ohio Water Company well f ie ld  by Kazmann 
(1950) and  Schaefer and Walton (1956) exhibit  transmissivity values 
between 280,000 t o  330,000 gal/day/ft. The saturated thickness of the 
aquifer a t  this location i s  somewhat less ,  near 120 t o  130 f t .  
Thus ,  hydraulic conductivity i s  i n  the range of 320 t o  370 ft/day. 
Lewis (1968) also determined conductivity values near 300 t o  350 
ft/day. 
of Hamilton, i n  an area of apparent higher hydraulic conductivity. 

Klaer and Karmann (1943) performed some early testing south 

4.2.1 Importance of Induced Infi 1 t r a t i o n  

volumes of groundwater production is  the potential  fo r  induced 
i n f i l t r a t ion  from surface water sources. 

A key factor  i n  the ab l l i t y  of this aquifer t o  sustain large 

Norris and Spieker (1966), 

34 
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I 
3 1  

Dove 
have 

(1961), Walton and Scudder (19601, and Schaefer and Walton (1956) 
demonstrated the  importance o f  induced i n f i l t r a t i o n  as a source 

f o r  groundwater pumpage. The phenomenon o f  induced stream 
i n f i l t r a t i o n  i s  a seasonally-dependent factor .  
stream discharge (water e l e v a t i o n ) ,  stream v e l o c i t y ,  water 
temperature, h y d r a u l i c  cond i t ions  of  t h e  streambed, and hydraul i c  
g r a d i e n t  between the  r i v e r  and the  aqui fer .  
o ther  aqu i fe r  p roper t ies ,  induced i n f i l t r a t i o n  e x h i b i t s  s p a t i a l  
v a r i a t i o n .  
i s  assoc iated w i t h  o r  occurs near t h e  h igh  volume product ion centers.  
The produc t ion  center  s i g n i f i c a n t l y  lowers the  f l u i d  p o t e n t i a l  i n  the  
aqu i fe r  adjacent t o  t h e  r i v e r ,  r e s u l t i n g  i n  reversa l  o f  gradients  t o  
t h e  a q u i f e r .  

the  range o f  170,000 t o  more than 320,000 gal/day/acre f o r  the  Mad 
R i v e r  s e t t i n g .  Th is  type of ana lys is  was a l s o  performed by Dove 
(1961) f o r  t h e  Southwestern Ohio Water Company. 
ana lys is ,  the  average r a t e  of stream i n f i l t r a t i o n  was 240,000 
ga l lday lacre .  
o f  168,000 gal /day/acre which comprised 62 percent o f  t h e  pumped 
volume. 
Smith (1962) a t  t h e  C i n c i n n a t i  Bo l ton  w e l l  f i e l d  determined an average 
i n f i l t r a t i o n  r a t e  of 492,000 gal/day/acre. 
value of 325,000 gal /day/acre f o r  the  c a l i b r a t i o n  of the e l e c t r i c  
analog model. These h i g h  r a t e s  suggest t h a t  pumpage may d e r i v e  a good 
p o r t i o n  o f  the  water pumped from induced recharge. Spieker (1968) 
est imated t h a t  75 percent of t h e  t o t a l  pumping i s  from the  induced 
i n f i l t r a t i o n  i n  h i s  model area. These numbers suggest t h a t  t h e  
induced i n f i l t r a t i o n  i s  v a r i a b l e  and r a t h e r  d i f f i c u l t  t o  evaluate w i t h  
respect  t o  s p a t i a l  d i s t r i b u t i o n .  The GeoTrans model was configured 
w i t h  t h e  Great Miami R iver  as a constant  head boundary r a t h e r  than an 
assigned leakage f l u x  because bo th  t h e  s p a t i a l  d i s t r i b u t i o n  and 
q u a n t i t y  o f  induced i n f i l t r a t i o n  over  t h e  model domain i s  unknown. A 
constant head boundary i s  t h e  most appropr ia te  means o f  representa t ion  
of  th ' i s  phenomena. 

I t  i s  c o n t r o l l e d  by 

L i k e  t r a n s m i s s i v i t y  and 

Normally, induced i n f i l t r a t i o n  along the Great Miami River  

Walton and Scudder (1960) observed induced i n f i l t r a t i o n  ra tes  i n  

Using a f low-net  

Schaefer and Wal t o n  (1956) determined an average value 

The range of values was from 63,000 t o  245,000 gal/day/acre. 

Spieker (1968) u t i l i z e d  a 
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4.2.2 P r e c i p i t a t i o n ,  Runoff, and Recharge 
P r e c i p i t a t i o n  i n  the  Great Miami R iver  b i n  a r a  es 

approximately 38 in/yr. The minimum and maximum fo r  the 68 years of 
record  a re  24.43 and 51.11 inches, respec t i ve l y .  I n  1983, the t o t a l  
p r e c i p i t a t i o n  f o r  t h e  e n t i r e  bas in  equaled 37.59 inches. The 
Hamilton-New Ba l t imore  area averages about 40 i n / y r ,  s l i g h t l y  h igher  
than the  bas in  average. 
observed t o  be 37.48 inches. 
f o r  t he  73 years of record a t  Hamil ton are  22.06 and 54.70 inches, 
respec t i ve l y .  The MCD mainta ins an observat ion s t a t i o n  i n  New 
Ba l t imore  t o  the  south of t he  FMPC s i t e  which has a nine-year pe r iod  
of record.  Table 4.2 e x h i b i t s  t he  monthly p r e c i p i t a t i o n  measured a t  
New Ba l t imore  f o r  1983 along w i t h  the  monthly minimum and maximum f o r  
t he  p e r i o d  of record.  To ta l  p r e c i p i t a t i o n  was 35.66 inches f o r  1983. 

The MCD a l s o  main ta ins  a very  a c t i v e  sur face water discharge 
mon i to r i ng  network. 
system has a d i r e c t  and r a t h e r  impor tant  r e l a t i o n s h i p  w i t h  the  sur face 
water system, e s p e c i a l l y  the  Great Miami River .  Groundwater recharge 
t o  the  a q u i f e r  i s  c o n t r o l l e d  i n  p a r t  by t h e  stage and f l o w  du ra t i on  o f  
the Great Miami R iver .  The MCD has a r b i t r a r i l y  chosen 4,000 f t l / s  a s  
t he  c r i t i c a l  d ischarge f o r  t h e  Hamil ton s t a t i o n  stage r e l a t i v e  t o  
a q u i f e r  recharge. 
p o i n t  exceeded 4,000 f t l / s  f o r  a t o t a l  o f  56 days. A t  Hamilton, the 4 

r u n o f f  i n  the  Great Miami R ive r  f o r  1983 amounted t o  11.2 inches. 
This  represents  approximately 29.9 percent  o f  t he  p r e c i p i t a t i o n  
measured a t  Hamilton. The Great Miami R ive r  a t  Hamilton e x h i b i t e d  an 
average r u n o f f  per  year  va lue o f  13.00 5 3.4 inches. The values f o r  
t h i s  20-year p e r i o d  o f  record  (1964-1983) e x h i b i t e d  a minimum o f  8.6 
inches and a maximum o f  20.48 inches. 

p r o x i m i t y  t o  t h e  FMPC f a c i l i t y .  These est imates have been made by a 
v a r i e t y  of methods w i th in  areas o f  t h e  Type I-A-1 hydrogeologic 
environment. Spieker (1968a) repo r t s  t h a t  recharge va r ies  from 6 t o  
21  in/yr. 
t h e  F a i r f i e l d  area. Spieker (1968b) u t i 1  i zed  t h e  annual water- leve l  
r i s e  f o r  t he  pe r iod  o f  1942-1962 f o r  observat ion w e l l  Bu-7 loca ted  

For 1983, p r e c i p i t a t i o n  a t  Hamilton was 
The minimum and maximum p r e c i p i t a t i o n  

As descr ibed by Spieker (1968a), t h i s  a q u i f e r  

I n  1983, the  discharge a t  t he  Hamilton moni tor ing 

Several est imates o f  groundwater recharge have been made i n  c lose  

Smith (1962) est imates a recharge maximum o f  21  in/yr  i n  
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Table 4.2. Monthly p r e c i p i t a t i o n  for 1983 a t  New Balt imore, Ohio. 

Period of Record 

Monthly Month 1 y 

Month 1983 minimum maximum 

JAN 
FEB 
MAR 
APR 
MAY 

JUN 
J UL 
AUG 
SEP 
OCT 
NOV 

DEC 
TOTAL 35.66 

1.38 
0.62 
2.37 
4 .20  
7.95 
1.56 
2.33 
1.20 
0 .55  
7.34 
3.69 
2.47 

0.17 
0.19 
1.10 
0.94 
1.33 
1.56 
1.50 
1.20 
0.54 
0.62 
0 .61  
0.41 

6.05 
3.94 
6.19 
4.55 
7.95 
5.80 
8.16 ' 

6.09 
7.37 
7.34 
4.72 
5 .10  

A l l  measurements a r e  expressed i n  inches. 
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near the Hamilton Sou th  well f ie ld  t o  estimate a recharge value of 15.2 
in/yr.  Spieker uti l ized th i s  value i n  his e lec t r ic  analog model 
calibration. 

Schaefer and Walton (1956)- conducted a well - f ie ld  performance 
study and estimated that-recharge i n  the area of the Southwestern O h i o  
Water Company was 8.5 in/yr .  
precipitation for t h a t  year. 

An i n i t i a l  look a t  these recharge values m i g h t  suggest 
overestimation. 
and support the observed h i g h  values: 
materials w i t h  a very f l a t  surface would allow rapid  i n f i l t r a t i o n ,  and  
( 2 )  the water table i s  located a t  a depth below the effective root 
zone so t h a t  evapotranspiration losses are reduced. 

This i s  approximately 22 percent of t h e  

However, two factors may exert control on recharge 
(1) porous and permeable 

4.3 WATER LEVELS 
The d a t a  base of water levels for  th i s  complex hydrogeologic 

system i s  incomplete. 
development of a potentiometric surface map, a report by Sedam (1985) ,  
and the continuous observation wells maintained by the Ohio Department 
of Natural Resources, the United States Geological Survey, and the 
Miami Conservancy District .  The nature of the Sedam d a t a  precluded 
the development of a confirmed interpretation of the water table 
because the d a t a  consisted of only one measurement per well. I n  
add i t ion ,  the wells were of variable depth w i t h i n  the upper aquifer 
system, and  thus, may not  re f lec t  the true water-table elevation. 
a d d i t i o n ,  measuring p o i n t  elevations were not  surveyed, b u t  were 
estimated from topographic maps. The available d a t a  does not  jus t i fy  d 
the development of a potentiometric surface map for use i n  model 
calibration or  del ineation of groundwater flow directions. 

A review of the observation wells w i t h  long term records was performed 
t o  delineate spatially distributed locations against which the 
preliminary model calibration was performed. Table 4.3 sumnarires 
some of the da ta  related t o  water elevations i n  these observation 
wells. The locations of these wells are i l lustrated on Plate 3.1. 
All of these wells are located w i t h i n  the Type I-A-1 environment. The 

Only two sources were available for the 

In 

The Sedam (1985) water-level data are sumnarized i n  Appendix A .  t/ 
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w e l l s  a re  rep resen ta t i ve  of water l e v e l s  w i t h i n  the in termediate and 
deep p o r t i o n s  o f  t h e  aqui fer .  The data have been repor ted i n  Table 
4.3 f rom t o p  t o  bottom fo r  we l l s  l oca ted  from nor theast  t o  the  
southwest a long t h e  t rend  of  the aqui fer .  The water e leva t ions  
observed conf i rm the i n t e r p r e t a t i o n  by Spieker (1968a). That i s ,  the 
po ten t i omet r i c  surface and grad ien t  a re  roughly  perpendicu lar  t o  the  

steep v a l l e y  w a l l s  and o r ien ted  down the  reg iona l  s lope o f  the 
bedrock, respec t i ve l y .  
apparent near h igh  capac i ty  pumping centers  as the  cone o f  i n f l uence  
r e f r a c t s  the  po ten t i omet r i c  contours. 

t o  540 f t  near the  nor thern  end of the  C inc inna t i  we l l  f i e l d  (c lose  
t o  the  boundary of t h i s  model) t o  510-515 ft i n  the  Fernald-New 
Ba l t imore  area. Spieker pos tu la ted  two groundwater d iv ides  w i t h i n  the  
Type I11 u n i t .  The f i r s t  was loca ted  j u s t  t o  the  west o f  the 
Whitewater R ive r  and the  o ther  was loca ted  eas t  o f  the  FMPC product ion 
area between the  s i t e  and t h e  Southwestern Ohio Water Company. The 
w e l l  c o n t r o l  u t i l i z e d  t o  draw these i n t e r p r e t a t i o n s  was l i m i t e d .  Only 
th ree  w e l l s  were u t i l i z e d  t o  p lace the  western most d i v i d e  and these 
w e l l s  were completed i n  the  shal low a q u i f e r  system. 
poss ib le  t h a t  t he  shal low aqu i fe r  system e x h i b i t s  a drainage d i v i d e  i n  
t h i s  area w h i l e  the  lower aqu i fe r  system does not.  The d i v i d e  loca ted  
t o  the  e a s t  o f  t h e  FMPC was placed w i t h o u t  good w e l l  con t ro l  (see 
P l a t e  4.1). More adequate c o n t r o l  both i n  the  v e r t i c a l  and ho r i zon ta l  

must be compiled be fore  t h e  exact  d i v i d e  l o c a t i o n s  can be confirmed. 
The groundwater measurements taken by Sedam (1985) a1 so suggest 

t h a t  a d i v i d e  e x i s t s  eas t  o f  the  FMPC s i t e .  General f l ow  trends can 
be approximately drawn f rom t h i s  data. 
sou the r l y  d i r e c t i o n  o f  f l o w  from the  FMPC f a c i l i t y  t o  the  Great Miami J 
Rive r  through the  shal low bedrock c o l  near Fernald. A d i r e c t  

h y d r a u l i c  connect ion between Paddy's Run Creek and the  shal low water- 
t a b l e  system i s  n o t  conf i rmed based upon a v a i l a b l e  water- leve l  
measurements. 
n o r t h  o f  W i  1 l e y  Road, shal low water- leve l  measurements are observed t o  
be between 521 and 530 f t  above mean sea l e v e l .  The surface e l e v a t i o n  

o f  t he  Paddy's Run Creek stream channel n o r t h  o f  W i l l e y  Road ranges 

Deviat ions from t h i s  genera l ized d i r e c t i o n  a re  

Spieker (1968a) showed poten t iomet r ic  e leva t i ons  ranging from 535 

It may be 

The water e leva t ions  show a ./ 

I n  the  upper reaches o f  Paddy's Run west o f  FMPC and 
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between 520 and 550 f t  above mean sea level. Thus, the water-table 
remains below l a n d  surface along most of th is  stream reach. Sou th  of 
Willey Road, water levels i n  wells near Paddy's Run show water 
elevations close t o  the elevation of the stream channel. This 
suggests t h a t  north of Wllley Road, Paddy's Run Creek i s  perched above 
the water-table and  loses water a n d  contaminants t o  the shallow 
aquifer system. South of Willey Road, Paddy's Run Creek has eroded 
t h r o u g h  the surf ic ia l  clay layer  of the Type I11 hydrogeologic 
environment exposing the uppermost sands and gravels of the shallow 
aquifer. The stream reach between Willey Road and New Haven Road 
receives groundwater discharge from the upper aquifer system. This i s  
confirmed by f ie ld  observations t h a t  Paddy's Run Creek sustains 
baseflow throughout  the year from jus t  south of Willey Road. Above 
Willey Road, the stream flows only intermittently d u r i n g  runoff 
events. 

t h a t  vertical  gradients exis t  i n  the upper and lower aquifer systems. 
Dames and Moore (1984) reported five well groupings for water q u a l i t y  
monitor ing.  Some of these groupings are also helpful i n  definition of 
these vertical  gradients. For example, wells 1-S (H-132) and 1-D are 
located adjacent t o  each other (Plate 3.1) and  completed t o  a depth of 
80 f t  and 187 f t ,  respectively. These wells are completed above and 
below the blue clay confining u n i t .  The reported water elevations for 
1-S and 1-0 exhibited a 0.90 f t  difference i n  potential between upper 
and lower aquifer systems. W i t h i n  an area influenced by pvmping, 
wells 8 4  and 8-0, also completed i n  the upper and lower aquifers, 
respectively, e x h i b i t  a 5.98 f t  difference. T h u s ,  the blue clay 
confining bed r e s t r i c t s  leakage between the two aquifers. The clay 
u n i t  ac ts  as a leaky aqui ta rd .  This characterist ic should be taken 
i n to  cons iderati  on during model construction. 

The average water-level elevations for June 1983 t o  June 1984 
exhibit standard deviations between 2.0 and 2.5 f t  (Table 4.3). 
Water-level elevations from th i s  period of record were uti l ized as the 
model calibration targets w i t h i n  the Type I-A-1 environment because 
groundwater pumpage da ta  for 1984 were used i n  the model simulations. 
A comparison of these June 1983-1984 d a t a  w i t h  other time periods and 

I 

I n  the Type I11 environment, limited water elevations suggest 
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records on Table 4.3 confirms t h e i r  representat iveness o f  reg  
aqu i fe r  behavior .  These water e leva t ions  f a l l  w e l l  above the  mum 

- e le-v a t i on f o r  t he -  pe r_iiod-of-reco r d  . -Mo s t-we 11 s- s ho w-a-wa t e r-e 1 ev a t i o n-- - - _ _  
- 

c l o s e  t o  t h e  midpo in t  between the- 1'983 minimum andmaximum water 
l e v e l .  

4.4 GROUNDWATER PRODUCTION 

w i t h i n  the  model domain: 
Water Associat ion,  (3 )  C i n c i n n a t i  Bo l ton  P lan t  and ( ) FMPC. 
f o u r  major users e x t r a c t  on the  average more than 34 mgd. 
represents  more than 68 percent  of the  t o t a l  e x t r a c t  on i n  the  
Hami 1 ton-New Ba l t imore  area. Three of these pumping centers a re  
l oca ted  i n  t h e  Type I - A - 1  environment and support  t h e i r  h igh  
produc t ion  r a t e s  through induced stream i n f i l t r a t i o n .  Cones o f  
i n f l u e n c e  e x i s t  around each of these pumping centers .  S u f f i c i e n t  
water -e leva t ion  data does n o t  e x i s t  t o  present f u l l  contours o f  these 
features.  
8 f t  f o r  var ious  scenar ios of pumping ca l cu la ted  by a two-dimensional 
e l e c t r i c  analog model a t  FMPC produc t ion  we l ls .  
drawdown represents  a maximum value expected a t  t h e  FMPC s i t e  because 
the  two-dimensional model con f igu ra t i on  and pumping r a t e  used fo r  FMPC 
by Spieker was 1 mgd. 
was i n p u t  as 0.42 mgd. 

water e leva t ions .  
g rave l  a q u i f e r  t o  t h e  same depth, 187 fee t .  The i r  l oca t i ons  a re  
on a somewhat d i r e c t  l i n e  from the major pumping we l l ,  PW-2 
( P l a t e  3.1). The repor ted  water e leva t ions  i n  w e l l s  1D and 80 are  
524.31 and 518.62 ft, respec t i ve l y .  Th is  suggests a cone of 
depression around t h e  FMPC produc t ion  we1 1 of approximately several  
f ee t ,  with a 5 ft maximum. 
ana lys i s  . 

Only four  major groundwater e x t r a c t i o n  centers  a re  loca ted  
( 1 )  Southwestern Ohio Water Company, ( 2 )  The 

These 
This  

Spieker  (1968b) repor ted  drawdowns i n  the  range of 5 t o  

Th is  range of 

For modeling, present pumping a t  the f a c i l i t y  

Dames and Moore (1984) presented w e l l  groupings and associated 
Wel ls 1D and 8D are  completed i n  t h e  lower sand and 

This  i s  cons is ten t  with Spieker 's  
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Table 4.4 sumnarizes the groundwater production data for these 
four major users. This 1984 average groundwater extraction rates were 
input into the numerical simulator. 

4.5 DISTRIBUTION OF CONTAMINATION 
A preliminary review of the geochemical data base has 

demonstrated elevated concentrations of various contaminants in soi Is, 
stream sediments, and groundwater. The purpose of this section i s  to 
sumnarite the documented locations of these elevated levels. Detailed 
additional studies are required to confirm the extent of both on- and 
off-site contamination. The present data base is limited in its 
spatial distribution, especially in the vertical direction. 
types of contaminants that have been analyzed are limited in scope. 
To further quantify the extent of contamination, a complete and 
integrated monitoring program should be implemented. This program 
must set well-defined objectives and a detailed scope of work to reach 
those objectives. 

Also, the 

4.5.1 Technical Issues 
What is the performance standard that the FMPC facility is 

required to meet? What is background? US DOE administrative order 
5480.1A states the limit of 6X10-7uCi/mL or 1800 ug/L as the maximum 
permissible concentration for uranium released to an uncontrolled 
area. 
offsite wells was 578 ug/L dissolved uranium. This concentration is 
well below the standard of 1800 ug/L. 

Dames and Moore (1984) reported that a literature review of 
pub1 ications showed no natural occurrences of uranium, uranium 
minerals, or radioactive anomalies within a two-mile radius of FMPC. 
Thus, prior to operation of the facility, the background uranium 
concentrations in the groundwater should have been at a very low 
level. GeoTrans reviewed some 1 i terature to estimate the naturally 
occurring concentrations of uranium in groundwater. F i x  (1956) 
observed concentrations of uranium under oxidizing conditions in the 

The greatest above background concentrations observed in 
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Table 4.4 Summary of major groundwater production w i t h i n  the model 
doma i n . 

Ground # of 

Production Rate 
MGD 

Average 
water user we1 1 s 1984 ' 80-' 84 Remarks 

Southwestern 2 17.38 16.91 2 collector wells 
Ohio Water Co. w i t h  effective 

radius of 400 f t  

Cincinnati 
Bolton Plant 

The Water 
Association 

Feed Materials 
Prod. Center 

10 15.10 14.33 va r i able pumpi ng 
rates distributed 
evenly across 3 
we1 1 s 

1.73 

0.42 

1.54 

0.37 only 1 well pumps a t  
a time; single 
recovery well dis- 
charges 100 gal/min 

Source of Infomation: Miami Conservancy District, written 
comnunication, 1984. 
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range of 1 t o  100 ug/L i n  urani ferous areas. 
radon and uranium concentrat ions i n  groundwater i n  the Reading Prong 
Province of Pennsylvania. 
g r a n i t i c  gneiss complex. 
s tudy area and groundwater associated w i t h  one o f  these anomalies was 

the  t a r g e t  o f  t he  i n v e s t i g a t i o n .  
w i t h  uranium f rom pegmat i t i c  phases. 
values f o r  var ious phys ica l  and chemical parameters. Note the  
concent ra t ions  of uranium i n  the  th ree  d i f f e r e n t  l i t h o l o g i e s .  For an 

area o f  known m ine ra l i za t i on ,  the  median concentrat ions o f  uranium 
were l e s s  than 0.30 ug/L. Concentrat ions i n  groundwater near a known 
uranium source were c lose  t o  400 ug/L d isso lved uranium. 
concent ra t ions  of uranium i n  groundwater near FMPC are  comparable t o  
those i n  groundwater near an o re  body. 

Another techn ica l  i ssue i s  t he  l abo ra to ry  ana lys is  procedures and 
p ro toco l .  The present data base conta ins  a n a l y t i c a l  determinat ions by 
FMPC, USGS, and OEPA from var ious  sampling events. The r e s u l t s  a re  

must be es tab l i shed i n  the  f u t u r e  t o  minimize the  cos t  o f  i n v a l i d  
chemical in format ion.  

Rumbaugh (1983) s tud ied  

The hydrogeologic s e t t i n g  there was a 
Rad ia t ion  anomalies were repor ted  i n  the  

The area was known t o  be minera l i zed  
Table 4.5 repo r t s  the median 

Thus, the J 

n o t  comparable. Thus, a standard sampling and a n a l y t i c a l  p ro toco l  d 

4.5.2 M o b i l i t y  o f  Uranium 

and U(V1). Under reducing cond i t ions ,  uranium i s  e s s e n t i a l l y  
inso lub le .  The concentrat ions o f  U( I V )  i n  reducing waters seldom 
exceed 0.01 ppb between pH 3 and 7 (Langmuir, 1978). Conversely, 

uranium i n  an ox id i zed  s t a t e  i s  q u i t e  so lub le.  
groundwater, uranium i s  s t a b l e  as t h e  urany l  i o n  (UO ) which commonly 
forms complexes w i th  f l o u r i d e ,  phosphate, carbonate, and hydroxide 
anions. The concentrat ions o f  uranium under such o x i d i z i n g  cond i t ions  
may range from 1 ppb t o  more than 100 ppb i n  urani ferous areas (F ix ,  
1956). 

Langmuir (1978) presents a very  d e t a i l e d  ana lys is  o f  uranium 
so lu t ion-minera l  e q u i l  i b r i a  a t  low temperatures with emphasis g iven t o  
na tu ra l  waters. A t  t y p i c a l  1 igand concentrat ions (F=0.3 ppm; C1=10 
ppm; S04=100 ppm; P04=0.1 ppm; Si0=30 ppm) the  urany l  i o n  forms 

Uranium may occur i n  two valence s ta tes  i n  na tura l  waters: U( IV)  

I n  o x i d i z i n g  
2+ 
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Table 4.5. Median values for the physical and chemical parameters for 
. the Hardyston, Granitic gneiss, and Hornblende Gneiss. 

Hardyston Granitic Gneiss Hornblende Gneiss 

43.00 

2.24 

5.90 

12.60 

23.00 

110.00 

5.85 

1100.00 

0 .20  

20.40 

4.00 

1.65 

29.00 

0.44 

5 .90  

12.60 

18.00 

106.00 

5.40 

3990.00 

0.27 

25.30 

7.30 

1.60 

19.30 

0.03 

2.00 

29. OG 

0 .69  

6 .14  

12.90 

28. GO 

160.00 

5.80 

1360.00 

0.30 

31.80 

7.10 

1.55 

*Based on 10 analyses. 
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complexes w i t h  f l u o r i d e  (pH 4.51, phosphate (4 .5  pH 7.5). and 
carbonate (pH 7.5). Note t h a t  phosphate i s  the most s tab le  complex of 
uranium under near neu t ra l  cond i t i ons  even when the amount o f  
phosphate i n  the  water i s  on ly  0.1 ppm. 
when v iewing the  repor ted  groundwater contaminat ion i n  the  Fernald 

area. A n a l y t i c a l  determinat ions should be made on these l igands  
because of t he  increased m o b i l i t y  of uranium complexes formed w i t h  

these species. 
Uranium may be taken ou t  of s o l u t i o n  by p r e c i p i t a t i o n  or by 

so rp t i on .  
oxyhydroxide may adsorb uranium almost q u a n t i t a t i v e l y  f rom so lu t i on ,  
b u t  t he  urany l  i o n  may go back i n t o  s o l u t i o n  upon b e t t e r  
c r y s t a l  1 i z a t i o n  of the  hydroxides. Schmitt-Colerus (1967) has found 
t h a t  uranium i s  s t r o n g l y  adsorbed by organic matter.  
uranium vanadate and phosphate minera ls ,  such as au tun i te  and 
uranophane, may a l so  reduce the  concent ra t ion  o r  uranium i n  so lu t i on .  
Langmuir (1978) suggests, however, t h a t  a t  low temperatures, so rp t i on  
i s  more impor tant  i n  c o n t r o l l i n g  the  uranium concentrat ion i n  
groundwater than minera l  p r e c i p i t a t i o n .  

uranium i n  groundwater are summarized as fo l lows (Langmuir, 1978): 

Th is  may have s ign i f i cance  

Van der  Weijden and Langmuir (1976) repor ted t h a t  i r o n  

P r e c i p i t a t i o n  of 

The most impor tant  f a c t o r s  i n f l u e n c i n g  the  concentrat ion o f  J 

uranium content  of the  source and i t s  l e a c h a b i l i t y  
p r o x i m i t y  o f  water t o  uranium-bearing source ( t h i s  r e l a t e s  
t o  the  degree o f  f r a c t u r i n g  o r  po ros i t y  o f  the  rock)  
amount of d i l u t i o n  by sources of f r e s h  water, such as 
recharge 
c l i m a t i c  e f fec ts  and seasonal v a r i a b i l i t y ,  especia l  l y  

r e l a t i n g  t o  evapo- t ransp i ra t ion  
pH and ox ida t i on  s t a t e  o f  t he  water 
concent ra t ion  of carbonate, phosphate, f l uo r ide ,  s i l i c a t e ,  
vanadate, calcium, and sodium 
presence o f  s o r p t i v e  m a t e r i a l s  (organic  mater ia l ,  manganese 
oxyhydroxides, and c lays )  
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4 .5 .3  Uranium i n  So i l s ,  Sediments, and Groundwater 
Charac te r i za t i on  of t he  t o t a l  ex ten t  o f  contaminat ion by uranium 

i’n o f f - s i t e  ma te r ia l s  i s  n o t  poss ib le  because of data de f ic ienc ies  i n  
terms o f  s p a t i a l  l o c a t i o n  as w e l l  as i n  a n a l y t i c a l  methods. However, 
t h e  data base i s  s u f f i c i e n t  t o  document the presence o f  uranium i n  a 
q u a l i t a t i v e  manner. The data show t h a t  elevated concentrat ions o f  
uranium a re  present  i n  the  s o i l s  w i t h i n  the Product ion Areas, Stream 
and R ive r  Sediments, and o n - s i t e  and o f f - s i t e  groundwater. 

On-s i te  s o i l s  i n  the  produc t ion  area exh ib i t ed  concentrat ions as 
h igh  as 500 ppm uranium i n  samples taken i n  1966. Table 4.6  e x h i b i t s  
a summary of uranium q u a n t i t i e s  i n  the  s o i l .  Contours o f  uranium 
concent ra t ion  have e x h i b i t e d  peak concentrat ions i n  the south-centra l  
p o r t i o n s  of t h e  f a c i l i t y .  The average concentrat ions i n  s o i l s  
apparent ly  decreased du r ing  the  pe r iod  from 1964 t o  1969. These 
average concentrat ions ranged from 79 t o  163 ppm f o r  the per iod.  

J 

Table 4.6. Est imated uranium q u a n t i t i e s  i n  the  s o i l  
FMPC produc t ion  area, 1964 - 1969. 

Average concent ra t ion  Volume o f  s o i l  i n  Kg o f  U i n  

- Year o f  U i n  s o i l  (ppm) produc t ion  area ( f t  3, s o i l  

1964 142 
1965 163 
1966 79 
1967 --- 
1968 116 
1969 87 

624,000 3,200 
624,000 3,700 
624,000 1,800 

No Samples Taken --- 
624,000 2,600 
624,000 2,000 

Source: Dames and Moore (1984) .  

Uranium i n  stream sediments was a l s o  documented by an NLO 
sampling program. The Great Miami R ive r  was sampled i n  seven 
loca t i ons :  two upstream ( r i v e r  m i l e  27.8 and 25.6) ,  one d i r e c t l y  
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opposite the permitted discharge point (river mile 24.1), three 
downstream between the wastewater discharge point and the confluence 
of Paddy's Run Creek, and one immediately below the confluence. 
Figure 4.6 exhibits the uranium concentrations in- Great Miami River 
sediments along the river. Note the increased concentration observed 
at the permitted discharge outfall from the site. The average 
concentrations increased from 2.2 ppm upstre-am to 3.9 ppm for the 
three-year sampling period. 
is a slight increase above the assumed background concentration of 2-4 
ppm just below the outfall discharge pipe. 

Dames and Moore (1984) report that there 

Stream sediments in the Paddy's Run Creek drainage were also 
sampled at five locations: (1) downstream of the waste pit areas, (2) 
downstream of the storm sewer outfall ditch 
sewer outfall, (4) upstream of all site act 
test well 9. A total of 22 stream sediment 
locations exhibited levels of uranium above 
Moore (1984) sumnarize the samples that exh 

(3) upstream of the storm 
vity, and (5) opposite 
samples collected at these , 

background. Dames and 
bited elevated levels: 

(1) All samples (10) collected upstream of the storm sewer 
outfall ditch exhibited concentration ranging from 7.5 ppm 
to 494 ppm with a mean of 175 ppm of uranium; 

(2) All but two samples (8) collected at the Willey Road Bridge 
station (reported above background values in these samples 
range from 7.2 to 321 ppm with a mean of 61 ppm of uranium); 
and 

(3) The remaining four above background values (ranging from 
10-90 ppm) have been reported at the station opposite test 
well T-9. 

Figure 4.7 exhibits the concentrations of uranium detected in 
groundwater for all samples taken at the site. The concentrations 
exhibited in this figure are the most recent values. Thus, the 
individual concentrations shown span the time period from 1982 to the 
present. 
converted, if necessary, to parts per billion values. The individual 
well depths are reported to illustrate the horizon of the aquifer 
from which the concentration value originated. 
the uranium concentrations distribution in groundwater can be 

From the reported analytical data, concentrations were 

Several features about 

4' 
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observed. The first is the rather limited areal distribution of 
sampling points. 
monitoring wells. 
intermediate depth exhibit elevated of uranium (8.2, 5.1 ppb). 
However, no shallow monitoring below the bottom o f  the lagoon is 
reported. 
below the outfall of the ditch of FMPC facility. Note that these 
three wells possess intermediate depths (greater than 75 ft). The r/ 
vertical distribution of sampling points needs to be increased in / 
order to delineate the plume dimensions and depth. 
area, near the Mobil Oil facility and north of New Haven Road, wells 
o f  shallow depth possess concentrations below 1.0 ppb dissolved 
uranium. However, we1 1s further to the south exhibit concentrations 
slightly higher than 1.0 ppb. Also, along the State Route 128 to 
north and east o f  the site, wells drilled to deep and intermediate 
depths exhibit concentrations greater than 1.0 ppb. To the northwest 
o f  Fernald, a series of intermediate depth wells have uranium 
concentrations in the 1.0 to 10.0 ppb range. These wells are located 
along the east bank of Paddy's Run Creek. 

For example, the eastern portion of the FMPC has no 
In the area of the waste pit lagoons, wells of 

Three wells exhibit rather high concentrations of uranium 

In the Fernald 

4.6 CONCEPTUAL MODEL OF THE STUDY AREA 
The groundwater flow system near the FMPC facility consists of 

two major hydrogeologic environments. These environments mapped by 
Spieker (1968a), behave independently and can be characterized by more 
or less distinct hydraulic properties. Figure 4.8 illustrates the 
framework o f  the conceptual model utilized to guide this numerical 
model construction and application. 

The valley-fill aquifer system was deposited within a deeply 
incised bedrock valley approximately 2 miles wide. The bedrock valley 
posseses rather steep vertical walls and a relatively flat valley 
bottom over which more than 200 ft of sands and gravels were 
deposited. The bedrock surface exhibits two significant features 
(Plate 4.1): (1) a deep trough incised to less than 350 ft in 
elevation along the general trend of the valley from Hamilton to west 
o f  FMPC; (2) a more shallow bench and channel starting near the 
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Southwestern Ohio Water Company and Fernald which continues t o  the  
south a long t h e  present course of t h e  Great M i a m i  River.  

th ree  d - i s t i n c t  types of sediments w i t h i n  the bedrock v a l l e y :  
con tac t  d r i f t ,  ( 2 )  p r o g l a c i a l  d r i f t ,  and ( 3 )  t i l l .  These 
unconsol idated sediments a re  h i g h l y  s t r a t i f i e d  and create d i r e c t i o n a l  
changes i n  h y d r a u l i c  p roper t ies  over s m a l l  s p a t i a l  i n t e r v a l s .  The 

aqu i fe r  has a composite fill of 200 t o  250 ft i n  thickness. The 
sa tura ted  thickness i s  i n  t h e  range of 110 t o  160 ft. A c lose  look a t  
the  i n t e r n a l  character  of t h i s  a q u i f e r  system suggests extreme 
heterogeneity. on a l o c a l  scale.  
possess extens ive l a t e r a l  o r  v e r t i c a l  ex ten t  over la rge  distances 
( tens  of f e e t ) .  
s i n g l e  r e g i o n a l  aqu i fe r  system. The i n t e g r a t e d  behavior o f  these 
s t r a t a  a r e  confirmed by the  aqu i fe r  response dur ing pump t e s t i n g .  

d i s t i n c t  u n i t s  i n c l u d i n g  a s u r f i c i a l  till, and a shal low and deep 
a q u i f e r  separated by a semiconf in ing bed of "blue" c l a y  (F igure 4.8). 
L i m i t e d  water -e leva t ion  data suggests t h a t  t h e  b lue  c l a y  ac ts  as  a 
leaky a q u i t a r d  r e s t r i c t i n g  the  h y d r a u l i c  comnunication between the  
upper and lower  aqu i fe r .  The area l  e x t e n t  o f  the  c o n f i n i n g  bed i s  n o t  

w e l l  estab l ished.  
environment shows many d i s t i n c t i v e  v a r i a t i o n s .  Thus, a d d i t i o n a l  

d r i l l i n g  needs t o  be conducted t o  d e l i n e a t e  t h i s  c l a y  bed's a rea l  
e x t e n t  and h y d r a u l i c  behavior. 
semipermeable cap i n  t h e  Type I11 environment r e s t r i c t i n g  recharge and 
t h e  m i g r a t i o n  o f  contaminants. 
considered t o  be c o n t r i b u t i n g  n e g l i g i b l e  amounts of leakage t o  t h e  
unconsol idated m a t e r i a l s  f o r  t h i s  model a p p l i c a t i o n .  

values used f o r  t h e  c a l i b r a t e d  model and i n  the  p a r t i c l e  t r a c k i n g  
analys is .  These values are  i n  good agreement w i t h  t h e  r e s u l t s  o f  
h y d r a u l i c  parameters l i s t e d  on Table 4.1. 
a q u i f e r  t e s t  r e s u l t s  e x h i b i t e d  a h y d r a u l i c  c o n d u c t i v i t y  o f  267 f t / d a y  
a t  FMPC. A q u i f e r  t e s t  r e s u l t s  a t  var ious l o c a t i o n s  (see Table 4.1) i n  
the  Type I - A - 1  hydrogeologic environment e x h i b i t  a range i n  hydrau l i c  

The g l a c i a l  system responsib le  f o r  aqui fer  development deposi ted 

(1)  i c e -  

I n d i v i d u a l  u n i t s  o r  s t r a t a  do n o t  

However, these m a t e r i a l s  have been i n t e g r a t e d  i n t o  a 

Near t h e  FMPC f a c i l i t y ,  the  aqu i fe r  framework cons is ts  o f  f o u r  

Spieker 's  (1968a) i n t e r p r e t a t i o n  o f  t h i s  type of 

The s u r f i c i a l  t i l l  ac ts  as a 

The bedrock v a l l e y  w a l l s  are 

The values o f  hydrau l i c  parameters l i s t e d  on Figure 4.8 are t h e  

Spieker and N o r r i s  (1962) 
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conductivity between 312 and 774 ft/day w i t h  an average of 393 f t l d a y .  
For aquifer t e s t s  conducted w i t h i n  the model domain,  the hydraulic 
conductivity values ranged from 2380 t o  3020 gal/day/ftz averaging 
2,600 gal/day/ft* (347 f t / d a y ) .  
anisotropic d i s t r i b u t i o n  -of hydraulic conductivity. This i s  due t o  
the h igh ly  s t r a t i f i ed  character of the gravels, sands, s i l t s ,  and 
clays contained i n  the aquifer. I n  materials of uniform texture, 
s t ra t i f ica t ion  alone imparts pathways of increased conductivity i n  the 
horizontal direction. I f  the clay content of the aquifer increases, 
further res t r ic t ions on vertical movement of water occur. Commonly, a 
1 O : l  (horizontal t o  ver t ical)  r a t i o  of conductivity i s  used for models 
of uniform materials. 
ra t io  i s  greater because the horizontal flow i s  controlled by the more 
permeable laminae. T h u s ,  a n  increase i n  the textural content of clays 
increases the anisotrophy ra t io .  GeoTrans' experience i n  model 
construction i n  similar s t ra t i f ied  aquifers suggests t h a t  the 
anisotrophy ra t io  can range from 1O:l t o  over 200:l. The somewhat 
more uniform textural character ( less  clay content) of the Type I-A-1 
environment suggests a f i r s t  cut estimate should be less t h a n  the more 
clay-rich Type I11 u n i t .  Appropriately designed f ie ld  testing 
programs can quantify the anisotrophy ra t io  of these various aquifer 
environments. 

I n  the main aquifer (Type I-A-1), recharge was estimated t o  be 15 
in/yr by Spieker (1968a) i n  his analog model. A reduction i n  recharge 
t o  6 in/yr was assumed for the Type 111 environment due to  the 
presence of the surf ic ia l  t i l l .  
estimated for  the Great Miami River valley. These values are w i t h i . n  
the observed range for the aquifer system. 

the FMPC f a c i l i t y  i s  influenced by several factors: 
surface water features such as Paddy's Run Creek, the Great Miami 
River, and possibly the Dry Fork of the Whitewater River, the location 
of major po in t s  of groundwater withdrawal such as the Southwestern 
Ohio  Water Company, and the bedrock surface elevations near Fernald 
and New Baltimore. 

and temporally i n  three-dimensions. These changes are an integrated 

This aquifer system has an 

For interlayered sands, s i l t s ,  and clays, th i s  

T h i s  value of 6 in/yr i s  the m i n i m u m  

The water-level distribution of the groundwater flow system near 
the presence of 

The f l u i d  potential (water level) d i s t r i b u t i o n  changes spatially 
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response t o  the interactions between physical framework 
(stratigraphy),  the hydraulic property distribution (porosity, 
conduct iv i ty)  , hydrologic  boundaries (recharge and discharge areas),  
and  hydraul i c  stresses (pumping centers).  
flow direction i s  down the regional gradient of the drainage basin i n  
the Type I-A-1 environment. The flow i s  from northeast t o  southwest, 
subparallel t o  the bedrock walls a t  the aquifer limits. Major 
deviations from this are noted i n  the proximity of pumping centers. A 
groundwater divide has been postulated by Spieker (1968a) i n  the 
western por t ion  (west of Paddy's R u n  Creek) of the study area. This 
requires a l l  groundwater flow from the m a i n  valley t o  be directed down 
the narrow valley(s) near Fernald and New Baltimore. The well control  
on t h i s  interpretation by Spieker i s  incomplete. An alternative 
interpretation may have the flow direction i n  the abandoned valley for  
the lower aquifer under FMPC t o  the west toward New Haven. I n  the / 
shallow groundwater system, flow direction i s  controlled by 
topography, surface water features, and aquifer boundaries. 

near FMPC moves i n  bo th  an easterly and southerly direction. This 
upper aquifer flow system has two groundwater d i v i d e s ,  one each t o  the 
west and t o  the east  of Paddy's Run Creek. 
Paddy's Run Creek ac t s  as a discharge area and receives groundwater 
from the shallow aquifer system for  most of the year. Above Willey 
Road, the water-table elevations are below creek elevations and 
Paddy's Run assumes an influent re la t ionship w i t h  the aquifer. 
exact locations of the influent-effluent change of Paddy's Run Creek 
needs t o  be confirmed w i t h  more f ie ld  analysis. Additional f ie ld  
measurements are also needed t o  confirm flow directions for bo th  the 
uppe r  and lower aquifer systems a t  FMPC. 

pathways for migrat ion of contaminants off the FMPC s i t e .  A potential 
pathway i s  south along the western edge of the f ac i l i t y  toward Fernald 
and  the Great Miami River. An additional pathway would be to  the east 
or southeast e i ther  t o  and/or under the Great Miami River. Additional 
f ie ld  evidence i s  necessary t o  confirm or re ject  these proposed 

In  general, the observed 

Based upon  the present water-level d a t a ,  the shallow groundwater d 

Below New Haven Road, 

The / 

4 

T h i s  conceptual model suggests mu1 t i  ple potential groundwater 

t/ 
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pathways. The three-dimensional flow model was constructed and 
i n i t i a l  boundary condit ions formulated based upon t h i s  hydrogeologic 
framework . 
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5 NUMERICAL FLOW MODELING 

-I-- 
I 

.I 
:. I 
! 

5.1 CODE SELECTION 

f l o w  system i n  the  v i c i n i t y  of the FMPC s i t e .  
thoroughly  documented, v e r i f i e d ,  and va l i da ted  numerical model capable 
o f  s imu la t i ng  groundwater flow and contaminant t r a n s p o r t  i n  three 
dimensions (Cranwell and Reeves, 1981; Reeves e t  a l . ,  1984a; Reeves e t  

a1 . , 1984b). 
assurance program (Ward e t  a l . ,  1984) and has been used t o  evaluate a 
v a r i e t y  of hydrogeologic problems ( F i n l e y  and Reeves, 1982; Reeves e t  
a l ,  1 9 8 4 ~ ) .  GeoTrans has made extens ive use of SWIFT I 1  i n  p rov id ing  
a de fens ib le  ana lys i s  o f  hydrogeologic systems ranging from 
contaminant t r a n s p o r t  a t  hazardous waste s i t e s  t o  seawater i n t r u s i o n  
s tud ies .  

The computer code SWIFT I 1  was chosen to-mode1 the groundwater 
SWIFT I1 i s  a 

The code has evolved through a s t ruc tu red  q u a l i t y  

5.2 FLOW MODEL CONFIGURATION 
5.2.1 D i s c r e t i z a t i o n  

R i v e r  on the west t o  a north-south s t r e t c h  o f  the Great M i a m i  R i v e r  
loca ted  1.5 m i les  e a s t  o f  Ross, Ohio. 
t h e  remaining model boundaries. 
a long the  l eng th  of the Great Miami R iver  v a l l e y  and 26,400 ft across 
the  v a l l e y .  
l a y e r s  of t he  model. 

The model domain was d i v i d e d  i n t o  blocks t h a t  a r e  defined by t h e  
f i n i t e - d i f f e r e n c e  g r i d .  
SWIFT 11, assumes t h a t  both w a t e r  l e v e l s  and aqu i fe r  p roper t i es  are 
constant  w i t h i n  each g r i d  block. Because o f  t h i s  assumption, a reas  
e x h i b i t i n g  steep water - tab le  gradients o r  areas of i n t e r e s t  should be 
d i s c r e t i z e d  i n t o  smal le r  blocks than areas f a r  from the  p o i n t  o f  
i n t e r e s t .  The focus f o r  t h i s  study was the Feed Mate r ia l s  Production 
Center. G r i d  blocks i n  the  v i c i n i t y  o f  FMPC had dimensions o f  400 by 
400 ft. The l a r g e s t  g r i d  blocks were l oca ted  a t  t he  ou ter  edges of 
t h e  model and had maximum dimensions of 2,000 by 2,000 ft. The 

The area inc luded i n  t h e  FMPC model extended from the Whitewater 

The bedrock v a l l e y  w a l l s  formed 
The model domain extended 41,100 f t  

The model boundaries a re  shown i n  P la te  5.1 fo r  the top 

F i n i t e - d i f f e r e n c e  theory, the basis f o r  

f i n i t e - d i f f e r e n c e  g r i d  i s  shown i n  d e t a i l  on P l a t e  5.1. 



I 
I 

I- 
rB 
I 
#I 
I 
I 
k 
I 
I 
I 
I 
I 
I 
I 

B 

f 

IO 

55 

The a q u i f e r  was d i s c r e t i z e d  i n t o  f i v e  l aye rs  i n  the v e r t i c a l  
d i r e c t i o n .  
f o r  two reasons: 
t he  aqu i fe r  i n t o  two a q u i f e r  u n i t s  near FMPC; and ( 2 )  previous 
hydrogeologic s tud ies  performed by GeoTrans i n  the  Great M i a m i  R iver  
v a l l e y  and s i m i l a r  hydrogeologic se t t i ngs  i n d i c a t e  t h a t  t he  v e r t i c a l  - 
t o  h o r i z o n t a l  an iso t ropy  of hyd rau l i c  c o n d u c t i v i t y  was a s i g n i f i c a n t  
f a c t o r  c o n t r o l l i n g  the  f l u i d  p o t e n t i a l  d i s t r i b u t i o n  and groundwater 
flow. 

th ree  l a y e r s  were 40 f t  i n  th ickness.  

was 180 ft. 
l a y e r  o f  t he  model, was 540 ft above mean sea l e v e l .  

b locks.  The ac tua l  b locks used i n  l aye rs  1, 2, and 3 o f  the  model a re  
shown i n  P l a t e  5.1. 
on t h i s  P la te .  

Three-dimensional modeling was performed a t  the FMPC s i t e  
(1 )  a t h i c k ,  l a t e r a l l y  continuous c l a y  l a y e r  d i v ides  

The top  two model l aye rs  were 30 ft i n  th ickness and the bottom 
The o v e r a l l  a q u i f e r  th ickness 

The e l e v a t i o n  of the  top  of l a y e r  1, which i s  the top  

The f i n i t e - d i f f e r e n c e  g r i d  contained 41 rows and 41 columns o f  

Layers 4 and 5 d i d  n o t  con ta in  a l l  b locks shown 
Some b locks were removed from laye rs  4 and 5, because 

they were below the  bedrock surface e l e v a t  
t he  v e r t i c a l  l a y e r s  i f  the  bedrock surface 
g r i d  b lock  center .  The bedrock topography 
used t o  d e f i n e  t h e  model bottom. 

I n  general ,  a l l  l aye rs  were kept  a t  a 
40 ft. The one area t h a t  dev iated from t h  

on. Blocks were removed i n  

e l e v a t i o n  was above the  
map shown i n  P la te  3.1 was 

constant  th ickness o f  30 o r  
s r u l e  was a narrow t rough 

i n  the  bedrock sur face  which extended the  l eng th  o f  the  model (see 
P l a t e  3.1). Blocks i n  l a y e r  5 which crossed t h i s  deep trough were 
"s t re tched"  an a d d i t i o n a l  30 f t  i n  the  v e r t i c a l  d i r e c t i o n .  

5.2.2 Boundary Condi t ions 
Two types o f  boundary cond i t ions  were used i n  t h i s  numerical 

model. These inc luded s p e c i f i e d  pressure (water l e v e l )  and spec i f i ed  
f l u x  ( f l o w  r a t e )  boundary condi t ions.  Constant pressure boundary 
cond i t i ons  a re  normal ly  used t o  s imulate r i v e r s  and cons is t  o f  f i x i n g  
the  water e l e v a t i o n  i n  a s p e c i f i e d  g r i d  b lock  f o r  t he  du ra t i on  o f  t h e  
s imu la t ion .  
w e l l s  and areas r e c e i v i n g  recharge. Constant f l u x  cons is ts  of 

Constant f l u x  boundary cond i t ions  a re  used t o  s imulate 



56 

specifying an amount of water entering or leaving a block from a n  
external source or  s i n k .  Plate 5 . 1  summarizes the boundary conditions 
employed i n  the final calibrated model. Constant pressure nodes ( a  
node i s  the center of a g r i d  block) were used t o  simulate the Great 
Miami River, Whitewater Ri-ver, and Paddy's Run Creek (south of Willy's 
Road) i n  the upper layer of the model. 
nodes, constant pressure conditions were maintained a t  hydrostatic 
pressure along the northeastern edge of the model i n  a l l  f ive layers. 
Hydrostatic conditions were also maintained where the Great Miami 
River ex i t s  the study area near the southwest corner of the g r i d .  
Finally, a constant head of 500 f t  was defined for the western edge 
of the model i n  layers 4 and 5 only. I n  a l l  cases, the constant 
pressures assigned were identical to the value calculated for  each 
g r i d  block. This resul ts  i n  the river node being i n  total  h y d r a u l i c  
connection to the aquifer. No leakage term was imposed on the river 
bottom. 

The most common specified f l u x  boundary condition imposed on the 
model was a no-flow boundary. 
of a constant f l u x  boundary condition i n  which no water i s  allowed t o  
pass t h r o u g h  a particular block face. T h u s ,  a no-flow boundary has a 
specified f l u x  of zero. 
interface between the glacio-fluvial deposits and bedrock, b o t h  on the 
bottom of the aquifer and along the bedrock valley walls. 
locations of the no-flow boundary on Plate 5.1. 

of eight pumping centers were simulated. These included two wells a t  
FMPC (one deep and one shallow), two collector wells a t  the 
Southwestern Ohio Water Company well f ie ld ,  three wells a t  Cincinnati's 
Boulton plant, and one well a t  the Water Association well f ie ld .  
rates used i n  the model were yearly averages for 1984 as reported by 
The Miami Conservancy Distr ic t  (1985). 
location of these wells are shown on Plate 5.1. Note that the f l u x  
conditions used to  simulate well fields are specified for only certain 
model 1 ayers . 

I n  addition to  the river 

No-flow boundaries are a special form 

No-flow conditions were applied a t  the 

Note the 

Other constant flux nodes were located a t  pumping wells. A total  

Flow 

Production rates and the g r i d  
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The two c o l l e c t o r  w e l l s  used by the  Southwestern Ohio Water 
Company were t r e a t e d  i n  a d i f f e r e n t  manner from other  we l ls ,  because 
t h e  e f f e c t i v e  rad ius of each w e l l  was .approximately 400 ft. The 
t o t a l  f l o w  r a t e  o f  16.6 mgd (averaged over several years) was d i v i d e d  
evenly  between the c o l l e c t o r  w e l l s .  The flow r a t e  f o r  each c o l l e c t o r  
w e l l  was then uni formly app l ied  t o  f o u r  adjacent blocks as shown i n  
P l a t e  5.1 and i n  o n l y  two l a y e r s  t o  more accurate ly  s imulate t h e  
e f f e c t  of each l a r g e  c o l l e c t o r  w e l l .  

a p p l i e d  t o  the  upper l a y e r  of t h e  model. 
were simulated. 
area near FMPC under la in  by t h e  s u r f i c i a l  g l a c i a l  t i l l  received 

6 i n / y r .  Both r a t e s  were w i t h i n  t h e  range o f  recharge est imates f o r  
t h e  Great Miami R iver  v a l l e y  repor ted  by var ious researchers. 
recharge areas are shown on P l a t e  5.1. 

The f i n a l  constant f l u x  boundary c o n d i t i o n  was a recharge r a t e  

The main r i v e r  v a l l e y  received 15 i n / y r  w h i l e  the  
Two d i f f e r e n t  recharge areas 

The two 

5.2.3 Aqui fer  Proper t ies  

t h r e e  dimensions i n c l u d e  h y d r a u l i c  c o n d u c t i v i t y  i n  the  x-, y-, and 
z - d i r e c t i o n s  and p o r o s i t y  f o r  each g r i d  block ( p o r o s i t y  i s  o n l y  used 
i n  t h e  p a r t i c l e  t r a c k i n g  a n a l y s i s ) .  
data a re  n o t  s u f f i c i e n t  t o  ass ign unique values o f  hydrau l i c  
c o n d u c t i v i t y  and p o r o s i t y  t o  each g r i d  block.  Therefore, these 
p r o p e r t i e s  are assigned i n  zones. Only two zones of h y d r a u l i c  
c o n d u c t i v i t y  were j u s t i f i e d  i n  t h i s  a p p l i c a t i o n  because of t h e  l i m i t e d  
water l e v e l ,  geologic, and h y d r a u l i c  proper ty  data. The two hydrau l i c  

c o n d u c t i v i t y  zones used i n  t h e  FMPC model are co inc ident  w i t h  t h e  two 
recharge zones. 

i n  both t h e  x- and y - g r i d  d i r e c t i o n s  and 35 f t l d a y  i n  the  v e r t i c a l  
( z - )  d i r e c t i o n .  
o f  6 in/yr, t h e  h o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t y  was 250 f t l d a y  and 
the  v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  was 2.5 f t /day .  P o r o s i t y  was 
s p e c i f i e d  a t  a 0.20 value f o r  t h e  e n t i r e  aqu i fe r .  Th is  p o r o s i t y  value 
has n o t  been confirmed by f i e l d  t e s t i n g  b u t  i s  representa t ive  of 
s i m i l a r  a q u i f e r  systems. 

Aqu i fe r  p r o p e r t i e s  necessary t o  s imulate groundwater f l o w  i n  

I n  most modeling app l ica t ions ,  

Hydrau l i c  c o n d u c t i v i t y  f o r  the  main r i v e r  v a l l e y  was 350 f t /day 

I n  t h e  area near FMPC which received a recharge r a t e  
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The la teral ly  continuous clay layer penetrated by FMPC boreholes 
was simulated by reducing the vertical h y d r a u l i c  conductivity between 
layers 3 and 4 to  0.025 f t / d a y  i n  the t i l l  area. By simulating a clay 
layer i n  t h i s  manner, storage i n  the confining zone i s  not included i n  

the analysis. However, storage i s  un impor t an t  i n  a steady-state model 
formulation. 

5.3 FLOW MODEL CALIBRATION A N D  SENSITIVITY-ANALYSIS 
5.3.1 C a l i b r a t i o n  

Model calibration i s  the process whereby aquifer parameters a n d  
boundary conditions are systematically adjusted u n t i l  the calculated 
water levels approximate the observed water levels w i t h i n  a given 
tolerance or error. The calibration results are a measure of how well 
the modeled system represents the physical conditions. 
calibration can be transient or steady-state. 
calibration water levels are matched for  specific times d u r i n g  the 
period of simulation. A steady-state calibration approximates the 
average yearly conditions. 
made t h a t  the long-term water level changes are negligible fo r  the 
system being modeled. 
f ormul a t  ion. 

A crucial step i n  the calibration process i s  the selection of an 
acceptable tolerance between calculated water levels and  the observed 
water levels for  the aquifer system(s). 
tolerance is  a function the complexity of the flow system (fluid 
potential d i s t r i b u t i o n )  and the amount and re l iab i l i ty  of data 
supporting the conceptual model. I n  most instances, this i s  a 
subjective process requiring extensive experience. I t  should also be 
understood that  the tolerance c r i t e r i a  may vary throughout the model 
domain based upon the re l iab i l i ty  of the data and the area of primary 
in te res t  of the model. 
is  of primary concern whereas areas to  northeast, near the Cincinnati 
Bolton well f ield,  are of secondary importance and can have a larger 
acceptable deviation. 

The 
I n  a tranjient 

I n  a steady-state model, the assumption i s  

The FMPC model uses the steady-state 

Selection of an acceptable 

For example i n  this application, the FMPC area 
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Hydrau l i c  parameters a re  adjusted w i t h i n  a range based upon 
observed f i e l d  t e s t s  o r  representa t ive  data so t h a t  the ca lcu la ted  
values a re  w i th in  t h e  acceptable to lerance. The range of hydrau l i c  . 

parameters should be cons is ten t  w i t h  the  conceptual model and w i t h  the 
range observed f o r  s i m i l a r  hydrogeologic systems ( g l a c i o - f l u v i a l  
v a l l e y - f i l l  aqu i fe rs  i n  t h i s  case). 

based upon a conceptual model of t he  hydrogeologic system. 
conceptual model i s  based on a l l  a v a i l a b l e  data f o r  the area being 
modeled. 
FMPC j u s t i f i e d  a t  bes t  o n l y  two ma te r ia l  zones and the  use o f  on ly  
se lec ted  observat ion w e l l s  w i th  wide area l  d i s t r i b u t i o n  as the 
c a l i b r a t i o n  ta rge t .  The data base cou ld  n o t  support  t he  development 
of a po ten t i omet r i c  surface map as the  c a l i b r a t i o n  ta rge t ,  nor  could 
the  e x i s t i n g  hydrogeologic data base support  va ry ing  a q u i f e r  
p roper t i es  i n  more than two zones. 

The to le rance c r i t e r i a  used fo r  t h i s  s teady-state c a l i b r a t i o n  
were based on the  standard d e v i a t i o n  of the  observed water l e v e l s  
w i t h i n  t h e  modeled area. An accurate ana lys i s  of water- leve l  t rends 
requ i res  continuous record ing  of  water l e v e l s  over time. Four we l ls  
equipped w i t h  cont inuous recorders were loca ted  w i t h i n  the model 
boundaries. These inc lude  BU-80, BU-13, H-4, and H-2 (see P la te  3.1). 
The standard dev ia t i ons  f rom the  average water l e v e l s  recorded between 
June 1983 and June 1984 were 2.54 ft, 2.25 ft, 2.20 f t  and 2.20 ft, 
respec t ive ly .  Therefore, f o r  t he  FMPC s teady-state s imulat ions a 
d i f f e r e n c e  between observed and ca l cu la ted  water l e v e l s  of 22.5 f t was 
considered t o  be acceptable f o r  w e l l s  BU-80, BU-13, H-4, and H-2. 

measurements taken i n  August, 1984. No s t a t i s t i c a l  to lerance could be 
used f o r  these we l ls ,  b u t  an at tempt was made t o  c a l i b r a t e  w f t h i n  
22.5 f t  o f  those observed l e v e l s  based on long-term observat ions a t  
t he  p rev ious l y  mentioned wel ls .  Water- level  measurements from 
domestic water w e l l s  were used w i th  cau t ion  i n  t h i s  study, because the  
tops o f  cas ing were n o t  surveyed t o  determine p rec i se  e levat ions.  
E levat ions f o r  these w e l l s  were est imated from a topographic map. 
Consequently, these measurements may be i n  e r r o r  by  as much as 25 ft 
(one-half of one contour  i n t e r v a l ) .  

Appropr ia te ly  c a l i b r a t e d  models have parameters grouped by zones 
The 

The amount of data compiled f o r  t h i s  model a p p l i c a t i o n  a t  

The remaining w e l l s  used f o r  model c a l i b r a t i o n  had only s i n g l e  
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A t o t a l  of 24 w e l l s  were used f o r  model c a l i b r a t i o n .  Ten were 
i n  l a y e r  1 (sha l low)  and four teen were i n  l a y e r  4.  
ca lcu la ted  and observed water l e v e l s  a re  l i s t e d  i n  Tables 5.1 and 5.2 
f o r  l aye rs  1 and 4, respec t i ve l y .  E igh t  o f  ten  water l e v e l s  i n  l aye r  
1 and twelve o f  four teen-water  l e v e l s  i n  l a y e r  4 were w i t h i n  a 
to le rance of 2.5 ft. 

used f o r  c a l i b r a t i o n  were w i t h i n  1.5 ft of the observed water l e v e l .  
The l a r g e s t  d i f f e rence  between observed and ca lcu la ted  water l e v e l s  
was -4.3 ft a t  w e l l  H-113 i n  l a y e r  4. Well H-113 i s  t o o  shal low 
( o n l y  90 ft deep) t o  be t r u l y  representa t ive  o f  l a y e r  4 .  Because o f  
known v e r t i c a l  g rad ien ts  i n  the aqu i fe r  system, the  ca l cu la ted  model 
values i n  l a y e r  4 should be l e s s  than the  observed water l e v e l  a t  
H-113. Water l e v e l s  measured i n  we l l  H-113 were considered t o  de f i ne  
a maximum water l e v e l  i n  l a y e r  4. 

The boundary cond i t i ons  and a q u i f e r  p roper t i es  used i n  the  f i n a l  
c a l i b r a t e d  model were descr ibed i n  the  previous sect ion.  I n  summary, 
the  h o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t i e s  were 350 f t /day i n  the  main 
r i v e r  v a l l e y  (Type I - A - 1 )  and 250 f t l d a y  i n  the  area under la in  by 
s u r f i c i a l  t i l l  (Type 111). The v e r t i c a l  hydrau l i c  c o n d u c t i v i t i e s  were 
35 f t / d a y  and 2.5 f t /day ,  respec t i ve l y .  The t i l l  area received 
6 inches o f  recharge per  year ,  w h i l e  the  main v a l l e y  received 
15 i n / y r .  A constant  head o f  500 ft was f i x e d  i n  l aye rs  4 and 5 
along the  western boundary. 
t h e  model f o r  l aye rs  1 and 4 a r e  shown on Plates 5.2 and 5.3, 
respect  i ve l  y . 

The groundwater f l o w  d i r e c t i o n s  ca l cu la ted  by the  c a l i b r a t e d  
model a re  genera l l y  cons i s ten t  w i th  those o f  Spieker (1968a) and Sedam 
(1985). Most data c o l l e c t e d  t o  date support the  presence of a 
groundwater d i v i d e  i n  t h e  v i c i n i t y  o f  t h e  s i t e .  
Sedam i n t e r p r e t e d  t h e  d i v i d e  t o  be eas t  of the  FMPC boundary s i t e .  
Th is  p re l im ina ry  modeling ana lys is ,  however, shows a d i v i d e  w i t h  a 
c u r v i l i n e a r  t r a c e  from southeast t o  northwest. 
runs f rom the  bedrock i s l a n d  t o  the  i n t e r s e c t i o n  of W i l l e y  Road and 
the  FMPC access road and then across the  southwestern corner  o f  the  
produc t ion  area t o  t h e  south of t he  waste p i t  lagoons ( P l a t e  5.2). 
Th is  d i v i d e  ca l cu la ted  by t h e  model was observed south o f  t he  waste 

The f i n a l  

- 

Fourteen of  the  24 ca lcu la ted  water l e v e l s  

The po ten t iomet r ic  contours ca l cu la ted  by 

Both Spieker and 

I n  general, t he  d i v i d e  
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Table 5.1.  Calibration results for layer 1. 

Well number Observed water level Calclated water level Residual* 

H-113 
#4  
H- 134 
H- 102 
H- 105 
H-115 
9-LO- 1 
17-3 
H-126 
H-124 

530.2 
525.9 
526.3 
523.3 
520.9 
515.2 
515.2 
504.4 
510.2 
504.3 

528.9 
527.5 
527.1 
525.7 
522.5 
512.8 
518.1 
507.5 
509.5 
505.2 

-1 .3  
+1.6 
+0.8 
+2.4 
+1.6 

+2.9 
+3.1 

-2.4 

-0 .7 
+0.9 

*observed water level minus calculated water level 

i 
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Table 5.2. Calibration results for layer 4. 

Well number Observed water level Calibrated water level Residual** 

BU-80" 
BU- 13* 
BU-204 
H-4* 
H-114 
H-2* 
H- 109 
H-113 
NLO/1-D 
PW-3 
H-115 
18-4 
H-124 
17-3 

532.3 
524.8 
524.6 
521.4 
518.6 
519.3 
517.0 
530.2 
524.4 
523.7 
515.2 
506.0 
504.3 
504.4 

531 .O 
526.2 
523.4 
519.2 
519.9 
518.3 
518.5 
525.9 
524.1 
522.0 
513.7 
507.0 
505.2 
507.5 

-1.3 
+1.4 
-1.2 
-2.2 
+1.3 
-1.0 
+1.5 
-4.3 
-0.3 
-1.7 
-1.5 
+1.0 
t o .  9 
+3.1 

*wells with continuous recorders 
**observed water level minus calculated water level 
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p i t  area i n  both the upper and lower aquifers, layers 1 t o  3 and 4 t o  

5, respect ive ly  (Plates 5.2 and 5 . 3 ) .  I n  e i t h e r  case, groundwater 
flows i n  a souther ly d i r e c t i o n  south and wes t  o f  the d iv ide through 
the bedrock c o l  near Fernald toward the present Great Miami River. 
East of the d iv ide,  groun'dwater flows t o  the southeast toward the 
Southwestern Ohio w e l l  f i e l d  and the Great Miami River. I t  i s  
important t o  note t h a t  i n  intermediate and deeper port ions of the 
aqui fer ,  the Great M i a m i  River does not necessari ly act  as  a hydraul ic 
b a r r i e r .  Thus groundwater flow under the r i v e r  does occur especial ly 
i n  areas influenced by heavy production. The f i e l d  data col lected t o  
date are not  s u f f i c i e n t  t o  define the l oca t i on  o f  t h i s  important 
groundwater d iv ide.  
d e f i n i t i o n  o f  the d i v i d e  locat ion.  

Run. 
t o  be a regional  groundwater div ide.  
River was formulated as  a constant head boundary. 
produced steep gradients east o f  Whitewater River (P late 5.2). 
l e v e l s  i n  the lower aqu i fe r  were also assigned a constant head of 
500 f t  along the western boundary o f  the model (P la te  5.1). This 
boundary condi t ion i s  consistent w i t h  the regional potentiometric 
contours as reported by Spieker. 
were ava i l ab le  f o r  t h i s  western po r t i on  o f  the model. 
t h i s  boundary produced a d i v i d e  i n  the lower aqui fer  (P late 5.3). 

This d i v i d e  trends i n  a north-south d i r e c t i o n  more o r  l e s s  
coincident w i t h  Crosby Road and the cross va l l ey  h i l l t o p  between the 
Whitewater River and Paddy's Run. Thus, consistent w i t h  the Spieker 
data, the model e x h i b i t s  f l ow  t o  the west i n  the lower aquifer system 
west o f  Crosby Road. To the east o f  Crosby Road, the model exh ib i t s  
f low d i r e c t i o n s  t o  the southeast toward Fernald (P late 5.3). I n  the 

shallow aqu i fe r  (P late 5.2) .  the f l o w  d i r e c t i o n  i n  the western po r t i on  
of the model domain i s  e n t i r e l y  t o  the east through the bedrock va l l ey  
c o l  a t  Fernald. Addi t ional  f i e l d  data should be co l l ec ted  i n  order t o  
conf i rm the model r e s u l t s  for  t h i s  western-most po r t i on  o f  the flow 
sys tem. 

See the discussion i n  Section 5.4 f o r  a be t te r  

L imi ted f i e l d  data are avai lab le for  the area west o f  Paddy's 
Spieker (1968a) in terpreted the a rea  near the Whitewater River 

I n  t h i s  model, the Whitewater 
This formulation 

Water 

However, no shallow water-level data 
The model w i th  
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q u i f e r  

5 . 3 . 2  S e n s i t i v i t y  Analys is  

The s e n s i t i v i t y  of t he  model t o  changes i r o p e r t i e s  and 
boundary cond i t i ons  was analyzed t o  b e t t e r  de f ine  data base 

de f i c ienc ies  and t o  assess model uncer ta in ty .  A formal s e n s i t i v i t y  

ana lys i s  i s  performed by -sys temat i ca l l y  changing the  value of one 

model parameter o r  boundary c o n d i t i o n  and observing the r e a c t i o n  o f  
t he  c a l i b r a t e d  model t o  the  change. The impact o f  t h i s  change on 
system behavior i s  assessed by a comparison'of t he  ca l cu la ted  water 

e leva t i ons  f o r  the  c a l i b r a t e d  model t o  the  water l e v e l s  ca l cu la ted  by 

the  model w i t h  the  s i n g l e  parameter change. Those parameters e x e r t i n g  
a c o n t r o l l i n g  in f luence on the  system u s u a l l y  r e s u l t  i n  a l a r g e  

change. Those parameters t h a t  cause l a r g e  changes i n  model r e s u l t s  
then become the  focus f o r  a d d i t i o n a l  data c o l l e c t i o n  and f u r t h e r  

ana lys is .  

The parameters va r ied  i n  the  FMPC model were ho r i zon ta l  hyd rau l i c  
conduc t i v i t y ,  v e r t i c a l  hydraul  i c  conduc t i v i t y ,  and the  boundary 
c o n d i t i o n  imposed on the  western boundary near the  Whitewater River.  

Recharge was no t  va r ied  because est imates f o r  the  area covered a 

narrow range o f  values, much less  than one order  of magnitude. 
Va r ia t i ons  i n  recharge a l s o  produce the  same ef fects  on water l e v e l s  
as vary ing  hyd rau l i c  conduc t i v i t y .  

e leva t i ons  can be reproduced by e i t h e r  inc reas ing  the  recharge r a t e  o r  

decreasing hyd rau l i c  conduc t i v i t y .  

presented i n  d e t a i l ,  as shown i n  Table 5.3. 

p o i n t s  i n  model l a y e r  numbers 1 and 4 as we l l  as the  ca l cu la ted  water 

e leva t i ons  f o r  t h e  f i n a l  c a l i b r a t i o n  run  and t h e i r  d i f f e rences  from 

the  observed data. 
water l e v e l  and the c a l i b r a t i o n  run  value w i t h  each p a r t i c u l a r  

s e n s i t i v i t y  run  value i n  order  t o  evaluate the  change on system 
behavior.  

environment was reduced by a f a c t o r  o f  t en  i n  s e n s i t i v i t y  run  1 (Table 
5.3). The reduc t ion  was s p e c i f i e d  i n  Type I-A-1 and Type I-A-2 
environments (F igure  4 .8 ) ,  b u t  n o t  i n  the  area west o f  t he  B ig  Bend 

(Type 111). The change showed o n l y  minor e f fec ts  i n  the  upper 3 

For example, an increase i n  water 

Four s e n s i t i v i t y  runs w i l l  be 

Th is  t a b l e  e x h i b i t s  t h e  observed water e leva t ions  a t  se lected 

For t h e  f o l l o w i n g  discussion, compare the  observed 

The v e r t i c a l  hyd rau l i c  c o n d u c t i v i t y  i n  the  main a q u i f e r  
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l a y e r s  near FMPC; however, water l e v e l s  dec l ined s i g n i f i c a n t l y  
(4.0 ft) i n  the  lower a q u i f e r  a t  FMPC (see Table 5.3,  NLO/1-D). 
S i m i l a r  dec l ines  were noted near the  Southwestern Ohio Water Company's 
c o l l e c t o r  w e l l  no. 1 (see Table 5.3, H-2). The main e f f e c t  o f  
reducing v e r t i c a l  c o n d u c t i v i t y  was t o  reduce the r a t e  o f  induced 
i n f i l t r a t i o n ,  causing more drawdown i n  the  lower aqu i fe r  from which 
produc t ion  occurs. 
t h i s  change. 

c o n d u c t i v i t y  was reduced t o  225 f t / d a y  i n  the  e n t i r e  aqu i fe r .  The 
hyd rau l i c  c o n d u c t i v i t y  an iso t ropy  r a t i o  was kept  a t  1OO:l as i n  the  
f i r s t  run. S i m i l a r  t o  r e s u l t s  o f  t he  f i r s t  run, water l e v e l s  i n  the 
upper aqu i fe r  a t  FMPC were n o t  g r e a t l y  affected. 

The upper aqu i fe r  was on ly  moderately a f fec ted  by 

I n  the  second sensi t i v i  t y  run  (Run #2) , the ho r i zon ta l  hydraul  i c 

However, water - leve l  
dec l ines  i n  the  lower a q u i f e r  were grea ter .  

The s e n s i t i v i t y  of t he  c a l i b r a t e d  model t o  the  value o f  constant  
head i n  the  lower aqu i fe r  on the  western boundary was tes ted  i n  
s e n s i t i v i t y  run  no. 3 .  The water l e v e l s  i n  t h i s  run  dev iated by no 
more than 0.5 f t  from the  c a l i b r a t i o n  run. 
f l ow  system a t  FMPC i s  n o t  s e n s i t i v e  t o  the  western boundary c o n d i t i o n  
s p e c i f i e d  i n  t h i s  model, 

conducted by removing the  Whitewater R ive r  from the model and 
ass ign ing  a no-f low boundary i n  a l l  l a y e r s  along the  western edge. 
Th is  .is s i m i l a r  t o  t h a t  c o n d i t i o n  imposed by Spieker (1968b) f o r  h i s  
e l e c t r i c  analog model. 
s i g n i f i c a n t l y  i n  l aye rs  1 and 4. The water l e v e l s  i n  the  main r i v e r  
v a l l e y  were r e l a t i v e l y  unaf fec ted  by t h i s  boundary change. 
s i g n i f i c a n t  impact of t h i s  boundary c o n d i t i o n  change necess i ta ted 
r e c a l i b r a t i o n  o f  the  model. 

boundary i n  a l l  l aye rs  and t h e  constant  head cond i t i on  represent ing  
the  Whitewater R iver  was removed from t h e  model. The r e s u l t s  of t h e  
r e c a l i b r a t i o n  a re  shown i n  Table 5.3, r u n  no. 4. Although the  water 
e leva t ions  were genera l l y  w i th in  the  2.5 f t  o f  acceptable to lerance,  
t h e  hydraul  i c  c o n d u c t i v i t y  of the  upper 3 l aye rs  (shal low aquifer-Type 
I 1 1  environment) had t o  be reduced t o  100 f t l d a y .  This  c o n d u c t i v i t y  

This  suggests t h a t  the 

An extreme t e s t  of t he  s i g n i f i c a n c e  of the  western boundary was 

I n  general, t h e  heads a t  FMPC dropped 

Thus, the  

The model was r e c a l i b r a t e d  keeping the  western edge as a no-flow 
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i s  lower than the  observed f i e l d  tes ts .  However, the o v e r a l l  
groundwater f low d i r e c t i o n s  remained the  same as i n  those o f  the  
i n i t i a l l y  c a l i b r a t e d  model. I n  add i t ion ,  i n  order  t o  match the 

observed water e leva t ions ,  t he  recharge r a t e  t o  the  water t a b l e  had t o  
be increased 
This  increase 

boundary cond 
w i t h  the  shal  

speci  f i c a t i  on 

rom 6 i n / y r  t o  15 i n / y r  f o r  the  Type I11 environment. 

i n  recharge was necess i ta ted because the  constant head 
t i o n  s imu la t i ng  the  connect ion o f  the  Whitewater River  

ow a q u i f e r  was removed. 
d i d  n o t  supply leakage t o  the  shal low aqui fer  t o  keep 

Thus the  l ack  of constant head 

water l e v e l s  e leva ted  i n  the  western p o r t i o n  o f  the  model. 

descr ibed i n  Sect ion 5.2.2 and P l a t e  5.1 are the  most appropr ia te 
fo rmu la t i on  because of the  fo l low ing :  

The c a l i b r a t e d  model con f igura t ion  and boundary cond i t ions  

The Whitewater R iver  susta ins f l o w  throughout the year.  

suggests h y d r a u l i c  connect ion w i t h  the  shal low aqu i fe r  system. 
The i n c l u s i o n  o f  t he  White R iver  i n  the  model would apparent ly 

b e t t e r  represent  the  phys ica l  fea tures  o f  t he  hydro log ic  system. 

The hyd rau l i c  c o n d u c t i v i t y  and recharge r a t e  values u t i l i z e d  i n  

t h e  model a re  cons is ten t  w i t h  observed f i e l d  data and the 

expected range f o r  t h i s  type of aqu i fe r  system. 

This 

PARTICLE TRACKING ANALYSIS 

P a r t i c l e  t r a c k i n g  i s  a s i m p l i s t i c  method of i l l u s t r a t i n g  the 
p o t e n t i a l  t r a n s p o r t  pathways o f  contaminants. P a r t i c l e  t rack ing  i s  a 

worst  case approach i n  t h a t  no r e t a r d a t i o n  (adsorp t ion  on clays,  
chemical o r  r a d i o a c t i v e  decay, o r  chemical reac t ions) ,  d ispers ion,  o r  

d i l u t i o n  a r e  considered i n  the  analys is .  The method i s  useful because 

the  general m i g r a t i o n  paths and t r a v e l  t imes are  based on the  v e l o c i t y  
f i e l d  from a c a l i b r a t e d  f l o w  model. The i n d i v i d u a l  p a r t i c l e s  can be 

s t a r t e d  i n  any g r i d  b lock  o f  the model domain. The program ca lcu la tes  

the  m i g r a t i o n  pa th  o f  the  p a r t i c l e  over a g iven t ime i n t e r v a l .  

The p a r t i c l e  t r a c k  represents the  center  of mass o f  a contaminant 
plume which emanates from t h e  spec i f ied  source loca t ion .  The 

c a l c u l a t e d  t r a v e l  t imes a r e  representa t ive  of f i r s t  a r r i v a l  times of 

non-react ive chemical species. The ef fects  o f  chemical react ions , 
adsorpt ion,  r a d i o a c t i v e  decay, d ispers ion,  and d i l u t i o n  are not  
inc luded i n  the  ana lys is .  
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Groundwater v e l o c i t i e s  ca lcu la ted  by the SWIFT I 1  code f o r  the 
FMPC c a l i b r a t e d  f l o w  model were i npu t  i n t o  the  STLINE program f o r  
p a r t i c l e  t rack ing .  
l oca t i ons  around the  FMPC s i t e  (F igure  5.1). 
i n i t i a l i z e d  a t  the  main waste p i t  area of FMPC product ion area. 
P a r t i c l e  B was s t a r t e d  near the  northeastern edge of the  production 
area. P a r t i c l e  C was s t a r t e d  near the  southeastern edge of the 
product ion area. P a r t i c l e  D was s t a r t e d  a t  t he  water t a b l e  beneath 
the  o u t f a l l  d i t c h  j u s t  eas t  of Paddy's Run Creek. 
were s t a r t e d  i n  areas of known contamination. P a r t i c l e s  6 and C were 
used t o  fu r the r  descr ibe t h e  f low system and t o  i l l u s t r a t e  the  
l o c a t i o n  of the  groundwater d i v i d e  ca lcu la ted  by the  c a l i b r a t e d  model. 

northwest-southeast t rend ing  groundwater d i v i d e  i n  t h e  v i c i n i t y  o f  the  
FMPC s i t e  (F igure  5.1). P a r t i c l e s  A and 6 t r a v e l  t o  the'southeast and 
discharge i n  the  Great Miami River. 
south a l s o  d ischarg ing i n t o  the  Great M i a m i  R iver  west o f  
New Balt imore. The t r a v e l  times f o r  these p a r t i c l e s  t o  t h e i r  u l t ima te  
discharge po in ts  was on the  order  o f  20 t o  30 years. I n  the  v e r t i c a l  
cross sec t ion  along each p a r t i c l e  t race,  the  p a r t i c l e s  d i d  move i n  a 
v e r t i c a l  d i r e c t i o n .  P a r t i c l e s  A and B ,  s t a r t e d  i n  the  nor thern most 
corners, migrated t o  a t  l e a s t  85 f t  below the water tab le .  
numerical model, t h i s  corresponds t o  l a y e r  number 3 ,  t he  lower most 
p a r t  o f  the  upper a q u i f e r  system. The v e r t i c a l  t race  e x h i b i t s  upward 
f l o w  on the  westward s ide  o f  t he  Great Miami River. Th is  ana lys is  
suggests no underf low below the  Great Miami River. Water l e v e l  

measurements t o  document v e r t i c a l  gradients  a re  l ack ing  w i t h i n  the  
data base. 
a q u i f e r  system near t h e  Chern-Dyne hazardous waste s i t e  i n  Hamilton, 
Ohio shows t h a t  v e r t i c a l  hyd rau l i c  gradients  a re  c rea ted  near h igh  
product ion centers (g rea te r  than 1.0 mgd). 
gradients  near the  r i v e r  as w e l l  as below the  FMPC f a c i l i t y  could s e t  
up a deeper f l o w  path  w i t h i n  t h e  system and r e s u l t  i n  p a r t i c l e  f l ow  
underneath the  Great Miami R iver  t o  the  discharge w e l l s  a t  the  
Southwestern Ohio Water Company. 

P a r t i c l e s  were s t a r t e d  i n  l a y e r  1 a t  four 
P a r t i c l e  A was 

P a r t i c l e s  A and D 

The p a r t i c l e  f low paths from an area l  v iewpoint  c l e a r l y  show a 

P a r t i c l e s  C and D t r a v e l  t o  the  

I n  the 

Previous compi la t ion  o f  water- leve l  data fo r  t h e  same 

Increased v e r t i c a l  

Fur ther  d e t a i l e d  model ana lys is  as 
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I 

w e l l  as f i e l d  i n v e s t i g a t i o n  i s  requ i red  t o  subs tan t ia te  t h i s  p o t e n t i a l  
f l ow  d i r e c t i o n .  

Sedam (1985) observed t h a t  th ree  we l l s  (H-114, 120, 106) loca ted  
on the  eastern and southeastern per imeter  o f  t he  FMPC f a c - i l i t y  ( P l a t e  
1.1) e x h i b i t e d  d isso lved uranium concentrat ions of 1.0, 1.5, and 1.5 
ug/L, respec t ive ly .  These we l l s  a l so  have t o t a l  depths o f  165, 75, 
and 85 ft, respec t ive ly .  The repor ted  concentrat ions were loca ted  
ou ts ide  t h e  main area of e leva ted  concentrat ions below t h e  o u t f a l l  
discharge d i t c h .  

concentrat ions i n  these th ree  we l ls .  
would mean t h a t  these w e l l s  a re  i n  t h e  same drainage bas in  and 
downgradient from a p o t e n t i a l  contamination source (FMPC product ion 
area and waste p i t s ) .  I n  add i t ion ,  the  v e r t i c a l  t race  o f  p a r t i c l e s  
suggests m ig ra t i on  t o  lower po r t i ons  of the  upper aqu i fe r .  Th is  may 
be the  reason f o r  r e l a t i v e l y  deep w e l l s  (H-114, 165 ft; H-120, 75 ft; 
H-106, 85 f t )  e x h i b i t i n g  above background concentrat ions of uranium. 
To suggest t h a t  t he  source o f  these uranium concentrat ions i s  from a i r  
emissions i s  probably erroneous because o f  t he  depth o f  the  open 
i n t e r v a l  of t he  w e l l .  These observed concentrat ions are t h e  r e s u l t  of 
groundwater t ranspor t  in t roduced i n t o  the  groundwater upgradient from 
the  s ta ted  we l l  loca t ions .  However, t h i s  does no t  discount a i r  
emissions i n  general as a p o t e n t i a l  source o f  groundwater 
contamination, The v e r t i c a l  t races  of P a r t i c l e s  C and D, t he  two 
southern most p a r t i c l e s ,  migra te  t o  a maximum depth o f  45 ft below the  
water tab le.  Th is  i s  co inc iden t  t o  t h e  i n t e r f a c e  of model layers  2 
and 3.  This  i s  below t h e  depths o f  w e l l s  H-108, -111, -121 which 
e x h i b i t e d  t h e  h ighes t  concentrat ions o f  d isso lved uranium. These 
p a r t i c l e s  were observed t o  migra te  upward i n  response t o  the  top  o f  
bedrock sur face (P la te  3.1) south o f  t he  V i l l a g e  of Fernald. Rote 
t h a t  the  p a r t i c l e  t r a c k i n g  ana lys is  suggests v e r t i c a l l y  upward 
m ig ra t i on  south o f  New Haven Road t o  t h e  northwest of New 3al t imore.  
Th is  i s  t h e  same area where the  t o p  o f  bedrock e leva t i on  increases t o  

This  model ana lys is  presents an a l t e r n a t i v e  explanat ion f o r  t he  
The pred ic ted  groundwater d i v i d e  

approximately 420 ft. Th is  i s  cons is ten t  w i t h  the  observat ion t h a t  
w e l l s  sampled t o  the  south of New Haven Road exh ib i ted  concentrat ions 
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o f  uranium above t h a t  of deeper w e l l s  i n  the Fernald area (Table 5.4) 

n o r t h  of  New Haven Road. 
e a s t  of Paddy's Run. 

model ing and p a r t i c l e  t r a c k i n g  ana lys is :  (1) i t  i s  poss ib le  t h a t  

Great Miami R iver  and poss ib l y  the  Southwestern Ohio Water Conpany 
w e l l  f i e l d ;  and ( 2 )  contaminants seeping i n t o  t h e  aqu i fe r  near the 
o u t f a l l  d i t c h  would n o t  necessar i l y  d ischarge d i r e c t l y  i n t o  Paddy's 

Run Creek, b u t  would t r a v e l  south toward the Great Miami River  below 
Ferna ld  and west of New Bal t imore.  

t o  these two areas i s  est imated t o  be approximately 20 t o  30 years. 

Except f o r  H-128, these we l l s  a re  located 

Two s i g n i f i c a n t  conclusions can be drawn from t h i s  p re l im ina ry  

- contaminants re leased from the  main waste p i t  could t r a v e l  toward the  

A conservat ive species t r a v e l  t ime 

f 
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Tab le  5.4. Concentrat ions of uranium i n  w e l l s  between 
Ferna ld  and New Bal t imore.  

. -  

Well  d e s i g n a t i o n  Depth ( f t )  Uranium (ug/L)  

H- 118 
H-115 
H-117 
H- 119 
H-125 

H- 126 
H- 129 
H- 124 
H-128 

N o r t h  of New Haven Road 

? 

96 
27 
55 
80 

South of New Haven Road 

24 
60 
60 
17 

0.4 
0.5 
0.4 
0.5 
2.0 

1.2 
0.9 
0.6 
3 . 2  

Source of data:  Sedam (1985) 
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6 DATA ASSESSMENT, DEFICIENCIES, AND RECOMMENDATIONS 

6.1 DATA BASE DEFICIENCIES 
The primary deficiencies in the hydrogeologic data base for the 

FEPC site can be categorized into three subsets: 
distribution data, data about the distribution of contaminants within 
the aquifer, and data about the distribution of aquifer properties. 
These areas of deficiency should be compiled three-dimensional ly 
throughout the site. 

fluid potential 

6.1.1 Water-Level Data 
The principle hydrogeologic deficiency is the limited water-level 

monitoring data. Water-level data are fundamental to identifying 
groundwater flow directions and seasonal variations in flow direction. 
In order to adequately characterize this flow system, accurate water- 
level or potentiometric measurements must be taken at regular 
intervals over time. 
distributed in space in both the horizontal and vertical directions. 

The existing water-level data base for the area surrounding the 
FMPC site consists of only single measurements taken by the USGS in 
August 1984 or other much earlier measurements. Thus, no analysis of 
water levels over time could be made to determine the yearly average 
water elevations and their seasonal variations. 

Water-level measurements made in domestic we1 1 s were of 1 imi ted 
use because the casing elevations were not accurately surveyed and 
because measured water levels may also be subject to residual effects 
of pumping. 
topographic map. The contour interval of the map was 10 ft. The 
accuracy o f  such an estimate would normally be 25.0 ft. 
distribution of wells used in the previous survey (Sedam, 1985) would 
have been adequate in most areas of the shallow aquifer had the casing 
elevations been properly surveyed. Very few water-level measurements 
were available to define groundwater flow directions in the 
intermediate and deep aquifers underneath the FMPC facility. 

upper and lower aquifer. These include the area north and west of the 

In addition, measuring points should be well 

The well elevations were estimated from a USGS 

The 

Two key geographic areas lack sufficient control for both the 
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s i t e  toward the  Whitewater R iver  and the area imned ia te ly  east  o f  the 

s i t e  between FMPC and t h e  Southwestern Ohio Water Company we l l  f i e l d .  
The l a t t e r  i s  t he  most c r i t i c a l  area because o f  t he  importance o f  a 
groundwater d i v i d e  between the  we l l  f i e l d  and FMPC. The USGS 
i n t e r p r e t a t i o n  of a major d i v i d e  east  of the s i t e  i s  n o t  supported by 

e i t h e r  e x i s t i n g  water - leve l  data o r  t h i s  modeling study. Locat ion o f  
t he  groundwater d i v i d e  i s  impor tant  t o  evaluate the  p o t e n t i a l  f o r  
eastward contaminant migra t ion .  

a r e  necessary t o  assess the  na ture  of the  hyd rau l i c  connect ion between 

Whitewater R iver  and the  shallow. aqu i fe r  system. These data would be 
va luab le  i n  more accu ra te l y  de f in ing  ho r i zon ta l  and v e r t i c a l  gradients  
across the  s tudy area and would r e s u l t  i n  b e t t e r  model boundary 
c o n d i t i o n  s p e c i f i c a t i o n .  

cou ld  no t  be assessed due t o  the  l ack  of c l u s t e r  we l ls .  C lus ter  we l l s  
cons i s t  o f  several  c l o s e l y  spaced w e l l s  d r i l l e d  and h y d r a u l i c a l l y  

i c  
gra t i on 

Add i t i ona l  data west of the  s i t e  i s  a l so  necessary, These data 

This  would lead t o  a more r e f i n e d  analys is .  
De ta i l ed  ana lys i s  o f  v e r t i c a l  hyd rau l i c  g rad ien ts  a t  t he  s i t e  

i s o l a t e d  a t  var ious depths. 
g rad ien ts  i s  c r i t i c a l  i n  a s t r a t i f i e d  aqui fer  
pathways a re  t o  be accura te ly  defined. 

Q u a n t i f i c a t i o n  o f  v e r t  i c a 1 hydra u 
f contaminant m 

6.1.2 Water Q u a l i t y  Data 
The groundwater geochemical data base e x h i b i t s  de f i c ienc ies  

s i m i l a r  t o  those i n  t h e  hydrogeologic data base. 
data i s  n o t  adequate t o  a l l o w  con f i rma t ion  o r  r e j e c t i o n  o f  the 
presence o f  p o t e n t i a l  contaminant plumes a t  t he  s i t e .  The areas i n  
which water q u a l i t y  data needs t o  be c o l l e c t e d  a re  the  same as f o r  
water- leve l  data. Th is  would be taken i n t o  account when adding t o  the  
mon i to r ing  w e l l  network through s i n g l e  w e l l  t e s t s  and associated water 
q u a l i t y  sampling. 

The o the r  main de f i c iency  i n  the  groundwater q u a l i t y  data base i s  
t he  l a c k  o f  analyses f o r  o the r  elements besides uranium. Other 
chemicals of concern would be radium, plutonium, lead, thorium, 
n i t r a t e ,  s u l f a t e ,  and organic  solvents.  Some of these elements could 
be p a r t  of t he  FMPC waste stream and would be of  g rea te r  concern w i t h  
respec t  t o  pub1 i c  h e a l t h  than uranium. 

The d i s t r i b u t i o n  of 
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6.1.3 Aquifer Properties 

Several detailed pumping tests . .  are - required t o  determine aquifer 
hydraulic conductivity, storage, and  anisotrophy ratios of the various 
hydrostratigraphic u n i t s  -below FMPC. These values would be necessary 
t o  confirm the hydraulic properties used in the preliminary model 
calibration process. The role and areal extent of the b l u e  clay 
confining bed i s  undefined. 
aquifer properties and  their variation i s  poorly defined, 

Only one aquifer tes t  has been conducted a t  the FMPC si te.  

On the whole, the spatial distribution i n  

6.2 MONITORING PROGRAM DESIGN 
GeoTrans has designed a monitoring program t o  address 

deficiencies in the hydrogeologic and chemical da ta  bases. 
of the new program are: 
directions th rough  a more complete water-level monitoring program; 
( 2 )  t o  more accurately determine aquifer hydraulic properties; (3 )  t o  
better define the existing uranium plume; and ( 4 )  t o  determine whether 
uranium i s  the only element or chemical of concern in the existing 
contaminant plume(s). 
dri l l ing and testing completed by Dames and Moore for their Task C 
Final Report submi t ted  July 29, 1985. 

The goals 
(1) t o  better define groundwater flow 

This program does take into account a l l  

6.2.1 New Monitoring Wells 
We recomnend that .new monitoring wells be drilled in clusters of 

three wells each, classified as shallow, intermediate, and ,deep. All 
monitoring wells will be screened over a ten foot interval. The t o p  
of the shallow screen will be. 10 f t  below the water table. The t o p  
of the intermediate screen will be 10 f t  above the major clay layer 
or half way between the water table and bedrock where the clay i s  
absent. The top  of the deep screen will be 20 f t  above the aquifer 
bottom. The deep well will be drilled f i r s t  s o  t h a t  depths  of the 
shallow and intermediate wells can be accurately determined. During 
the installation of each well and well cluster, appropriate well 
logging and changes in stratigraphy should be noted. This 
stratigraphic da ta  should be integrated with existing well logs t o  
construct a complete understanding of the textural and 1 i thologic 
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framework of the aqu f e r  near FMPC. 
the areal extent and thickness of the blue clay confining bed i n  the 
Type I I I envi ronment. 

be conducted. 
observation wells and  configurations i n  order t o  evaluate the 
parameters of hydraulic conductivity, anisotropy r a t i o ,  effective 
porosity, confining bed leakance, and coefficient of  storage and /o r  
specific yield.  

Locations of  the new monitor ing wells were chosen to  f i l l  i n  d a t a  
gaps t o  the south and east  of the s i t e  as well as to  the west. A 
t o t a l  of 11 a d d i t i o n a l  shallow wells, 11 intermediate wells, and  14 
deep wells are  proposed. 
and  deep wells a re  shown i n  Figures 6.1, 6.2, and 6.3 respectively. 

This i s  espec a l l y  c r i t i ca l  t o  

During the well d r i l l i n g  program appropriate aquifer t e s t s  should 
These t e s t s  should be designed w i t h  multiple 

The locations of the shallow, intermediate, 

6.2.2 Water Level Monitorinq 
We recommend that  water levels be measured monthly i n  a l l  

monitoring wells. Continuous water-level recording devices should be 
installed i n  each well of two c luster  locations, or a t o t a l  of six 
wells. 

An inventory of a l l  domestic wells i n  the area should also be 
conducted. All  wells which are accessible and which have construction 
records should be added t o  the monthly water-level monitoring program. 
Once a l l  domestic wells have been located, the surface casing 
elevations should be accurately measured by a registered surveyor. 
The well elevations should be tied i n  to  the NLO benchmark(s) uti l ized 
for  t he i r  monitor ing wells. 

6.2.3 Geochemical Monitorinq 

monitoring. 
pollutant scan fo r  water samples collected from a1 1 monitoring we1 1s. 
Included i n  the pr ior i ty  pollutant scan will be uranium, radium, 
thorium, and plutonium. The  pr ior i ty  pollutant scan wjll be performed 
only once. 
potential contaminants. 

GeoTrans recommends a phased approach to  water quality 
Phase I will be conducted w i t h  a complete EPA priority 

The goal of this phase is to  define the presence of a l l  
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A f t e r  t he  l i s t  of contaminants has been completed, samples w i l l  
be c o l l e c t e d  q u a r t e r l y  from a l l  mon i to r ing  and domestic we l l s  used i n  
the  water - leve l  mon i to r ing  program. The samples w i l l  be analyzed f o r  
contaminants i d e n t i f i e d  i n  the  US €PA p r i o r i t y  p o l l u t a n t  scan. 

Q u a r t e r l y  mon i to r ing  w i l l  cont inue f o r  one year, a f t e r  which the  
frequency o f  moni t o r i  ng w i  11 be reevaluated. 

6.3 ESTIMATED COST OF PROPOSED MORITORING PROGRAM 
The c o s t  of implementing the  new mon i to r ing  and d r i l l i n g  program 

as p r e v i o u s l y  descr ibed i s  est imated a t  $698,500. The cos ts  f o r  each 
phase a re  sumnarized i n  Table 6.1. 
used i n  es t ima t ing  the  t o t a l  cos t :  

The fo l low ing  assumptions were 

(1) 

(2) 

(3) 

(4) Access t o  o f f - s i t e  p roper ty  w i l l  no t  be a problem. 
Some cos ts  i n c l u d i n g  l abo ra to ry  ana lys is ,  surveying, and a q u i f e r  

t e s t i n g  a r e  est imated based on pas t  experience i n  s i m i l a r  s tud ies.  
Even when app ly ing  a modest cont ingency fac to r  t o  the  cost, the  t o t a l  
est imated c o s t  o f  the  proposed program would n o t  exceed $1,000,000. 

Shallow w e l l s  a re  80 ft deep; in termediate w e l l s  a re  120 f t  
deep; and deep w e l l s  a re  220 ft deep, 
P r i ces  quoted by Dames & Moore i n  t h e i r  Task B Work Plan f o r  
NLO are  v a l i d .  
NLO personnel would be q u a l i f i e d  t o  conduct the  water - leve l  
mon i to r i ng  program a t  no a d d i t i o n a l  cost .  

i 
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Table 6.1. Estimated costs to implement proposed monitoring program. 
I 
f 

Well Construction Costs - 

- Mobilization/demobilization 6 2,250 
- 8" mud rotary with split spoon samples every 

- Well construction (4" PVC casing, silica sand 

-1 
5 ft @ $26/ft (5,280 ft) 

pack, bentonite, steel cap, cement collar) 
$750/well first 10 ft + $4.50/ft $ 49,140 

- Well development (1.5 hrs/well @ $120/hr) S 6,480 
- Clean rig between wells ($950/well) $ 34,200 
- Field Engineer (25 man days @ $650/day) $ 16,250 

Subtotal $245,600 

$137,280 

I 
I. 
I 
1 
1 
8 
I 
II 

Aquifer Testing 
- Pumping test equipment (10 days @ $200/day) 8 2,000 
- Field Engineer (30 may days @ $650/day) b 19,500 

Subtotal $ 21,500 

Samplinq and Analyses 
- 75 samples for EPA priority scan 

- 75 samples/quarter for 1 year for final test 

- Field Engineer (14 man days/quarter x 4 quarters 

(estimated 8 1,2001 sampl e) $ 90,000 

(estimated $500/sampl e) $150,000 

@ $650/day) b 36,400 
Subtotal $276,400 

Surveyi ns 
- Estimated lump sum for 50 wells 

Data Analyses and Recalibration of Model 1 - Estimated GeoTrans cost 

6 5,000 

$150,000 

F TOTAL $698,500 
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Key for-Appendix A I 
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Units of Measurement land surface elevation, ft msl 
depth of well, ft 
water level, ft msl 
measuring point elevation, ft msl 
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CHEMISTRY AND WATER QUALITY DATA 
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Key 

Units of measurement mg/L = milligrams per liter 
DEG.C = degrees centigrade 
umhos/cm = micromhos per cm 
STD = standard pH units 
pCi/L = picocuries per liter 
PPB (ppb)= parts per billion 

Other (qualifies zero 
concentration values) BMDL = below method detection limit 

ND = not detected 
NA = not analyzed 
MNA = maybe not analyzed 

Source of Data ODOH = Ohio Dept. Health 
OEPA = Ohio Environ. Protect. Agency 
USGA = U.S. Geological Survey 

NOTE : Entries o f  zero for detection limit or depth indicate 
data not available. 
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