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Section 1.0 

Introduction 



1.0 

a 1 .I 

0 1.2 

1.3 

1.3.1 

INTRODUCTION 

STUDY AREA BACKGROUND 

In accordance with an Administrative Order on Consent (AOC) with the Ohio 
Environmental Protection Agency (Ohio EPA) effective May 30, 1989, Albright & 
Wilson Americans, Inc. (A&W) and Mobil Mining and Minerals Company, the prior 
owner of the A&W property, and Ruetgers-Nease Company, Inc. (RNC) (collectively 
referred to as the Companies) initiated a remedial investigation/feasibility study 
(R I /FS)  at the Paddys Run Road Site (PRRS). The Site is located in the lower Great 
Miami River Valley approximately 15 miles northwest of Cincinnati, near Fernald, 
Crosby Township, Hamilton County, Ohio (Figure 1-1 - tables and figures are located 
in Appendix A). Figure 1-2 shows the PRRS study area, also known as the "Study 
Area," which encompasses the A&W facility and the RNC facility, and areas adjacent 
to and south of the Department of Energy (DOE) Fernald Environmental Management 
Project (FEMP) . 

Based on analytical results collected during the RI, contaminant plumes containing 
inorganic (including arsenic, sodium, potassium) and organic (including benzene, 
ethylbenzene, toluene, xylenes, cumene) chemicals and radionuclides (potassium-40) 
extend southward from the Companies' properties in the direction of the ground water 
flow. These assessments were completed from ground water samples collected during 
several sampling rounds from up to 85 wells, including: wells associated with the 
PRRS and DOEFEMP; residential wells; and industrial site wells in the area. 

RELATION To REST OF PROJECT 

This document describes the development of ground water flow and solute transport 
models for the RI and the baseline risk assessment (RA). Model predictions of future 
contaminant migration under a no action alternative are presented herein. The ground 
water modeling was conducted in conjunction with Phase I1 of the RI. The RI and 
RA are presented in separate documents (ERM, September 1992). Additional ground 
water modeling will be conducted after the completion of the RI modeling activities to 
support the development of remedial alternatives and presented separately in the FS 
report. 

PURPOSE AND SCOPE 

Objectives 

The PRRS ground water modeling portion of the RI/FS project resulted in the 
formulation of Study Area-specific and area hydrogeologic information into a 
mathematical representation of a physical and chemical ground water system. 
Modeling was conducted for two primary purposes during the RI: 
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To help characterize and interpret ground water flow and contaminant transport; 
and 

To support the RA development. 

In addition, a developed and calibrated model will serve as a tool for the simulation of 
potential remedial action alternatives incorporating ground water extraction scenarios 
during the FS. It is important to keep in mind that a model is not an actual 
representation of a ground water system but, rather, is an estimate based on data 
collected from the Study Area. 

Due to the hydrogeologic complexity of the Study Area and the established modeling 
objectives, a three-dimensional flow model capable of incorporating solute 
(contaminant) transport was deemed necessary. After an evaluation of existing, 
available and proven models was conducted, the numerical heat and solute transport in 
three-dimensional ground water flow systems model code (the HST3D Code) was 
selected and utilized. The HST3D Code was developed by the USGS and is described 
in Kipp (1987). HST3D was chosen over other model codes for the following 
reasons: 

Similar three-dimensional modeling investigations have been conducted in the 
area utilizing the SWIFT model code. HST3D and SWIFT are both descendants 
of a model code developed for the United States Geologic Survey (USGS) in the 
1970s. Consequently, models developed using HST3D are easier to compare 
and use in conjunction with the SWIFT modeling than if another model code was 
used. 

HST3D is a public domain code which has been used on a number of projects 
within and outside of the USGS. 

HST3D modeling was used to assist in the evaluation of the ground water flow and 
transport processes at the Study Area to simulate contaminant migration. 

Scope of Work 

The tasks associated with development of the PRRS models are fully described in the 
September 1991 Phase 11 RIIRA Work Plan (EM, 1991). A detailed discussion of 
the modeling activities is presented in Sections 2.0 (Regional Ground Water Flow 
Modeling), 3.0 (Local Ground Water Flow Modeling), and 4.0 (Contaminant 
Transport Modeling) of this report. The general approach to model selection and 
development is presented in Figure 1-3 and summarized in the following sections. 

1.3.2.1 Model Development 

Model development consisted of assessing the physical and geologic characteristics of 
the aquifer in the local and regional area of the Study Area, and conceptualizing a 
mathematical representation of the hydrogeologic flow system. The objective of this 
task was to create a mathematical representation of the area ground water flow and 
contaminant transport system so that the Study Area hydrogeologic conditions could 
be simulated with the modeling code. 

Model development consisted of a three-step process: 
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1. Hydrogeologic and related information (both Study Area-specific 
was collected, assembled, and reviewed for applicability. 

2. A conceptual model for the Study Area and surrounding area was developed 
to serve as a foundation for additional model development/data input, and to 
assist in 
mechanisms specific to the Study Area. 

understanding the principal flow and contaminant transport 

3. A data set using the data chosen from Step 1 and arranged according to the 
conceptual model (Step 2) was prepared for input into the modeling code. 

The ground water flow modeling addressed local and regional boundary conditions'. 
First, a three-dimensional regional flow model was developed to help refine model 
parameters. (The regional model covered a large area encompassing the Study Area 
and several major ground water system stresses including pumping wellfields and 
streams.) The regional model provided boundary conditions for the more Study Area- 
specific, higher resolution three-dimensional local model (which primarily 
encompassed the Study Area). Following local flow model development and 
calibration, contaminant transport modeling was added to the local model. 

Model mibration 

Model calibration is a systematic process through which initial data input is adjusted 
to obtain a reasonable match (as defined by various calibration criteria in sections 
2.4.2, 3.4.3, and 4.4.1) to observed values. Calibration provides a process to 
evaluate and support the representativeness of both the data input parameters and the 
conceptual assumptions. The objective of the model calibration was to refine the 
developed ground water model so that it approximately simulated observed Study 
Area conditions and, thus, provided a representation of the dynamic, physical, and 
chemical characteristics of the aquifer system. 

Consistent with other modeling conducted in the area (Geotrans, 1985; IT Corp., 
1988 and December 1990), the ground water flow model calibration was based on 
Study Area and regional ground water elevation information. Historical ground water 
elevation information, both from the PRRS Study Area wells and the FEMP wells, 
was utilized during model calibration. 

Calibration results were evaluated through tabular and graphical means. More 
specifically, this evaluation included: 

Visual comparison of mapped calibrated model results and the observed data 
(heads and concentrations); and 

Statistical testing of the match between the model results and observed data 
(heads and concentrations). 

'Boundary conditions include various stresses (hydraulic andlor chemical), simplified to a 
mathematical representation, assigned to portions of the model to realistically simulate site conditions. 
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Regional Flow Model Calibration 

The conceptualized threedimensional regional flow model was calibrated in steady- 
stat2 mode to correspond to two observed ground water flow conditions in the 
regional area of the PRRS using regional and Study Area-specific hydrogeologic 
parameters. To represent average conditions for the area, two sets of observed water 
level data were used for calibration. The model was initially calibrated to a 1986 set 
of water level data (obtained from IT, December 1990) which was areally extensive 
throughout the model area. Additionally, the model was calibrated to a 1991 set of 
water level data generated during the RI for the PRRS. The primary reasons to 
calibrate the model to the less areally extensive 1991 data were: 

1991 data points (wells) were much more densely located at the PRRS; 

1991 data was collected concurrent with water quality data used for calibration 
of the contaminant transport model; and 

1991 data had a higher degree of documented Quality Assurance/Quality Control 
(QAIQC). 

Steady-state calibration runs were conducted until the hydraulic heads computed by 
the model closely approximated the observed heads. In order to achieve this close 
approximation, selected hydrogeologic parameters were adjusted within their practical 
range of values as applicable for the Study Area. Calibration accuracy was assessed 
by comparing the hydraulic head values and by using statistical testing. Once the 
regional model was calibrated to the two observed conditions, the boundary conditions 
for flow were established for the local three-dimensional flow model. 

Local Flow Model Gdibration 

The local three-dimensional flow model was calibrated based on the same 1986 and 
1991 water level data sets as the regional model calibration. To provide a higher 
degree of resolution (model problem definition) than in the regional flow modeling, a 
finer (more dense) grid' was used for the local modeling. The threedimensional 
local flow model was also calibrated in steady-state mode. 

'Steady state is the point at which model variables such as heads (water elevations) and/or chemical 
concentrations cease to change with time. 

3The model grid is a series of points which is arranged into an array to form a mathematical 
representation of the modeled system. The points (nodes) are locations where information about the 
modeled system is input and at which chemical concentrations and head (water level elevations) are 
calculated. These points are strategically placed to help best define the modeled system. A denser 
coverage of points is used in areas where a higher degree of resolution is desired. The area surrounding 
each point (node) is called the cell. Grid spacing refers to the distance between points (nodes). I, J, K 
notation is used to identify the location of a node within a model grid based on a Cartesian coordinate 
system where I is the X-axis, J is the Y-axis, and K is the Z-axis. 



Contaminant Transport Model Calibration 

After local flow model calibration was satisfactorily obtained, two local contaminant 
transport models (an inorganic model and an organic model) were calibrated against 
average ground water concentration values measured at the PRRS during the RI. 
These calibrations were conducted by evaluating various transport scenarios and 
adjusting various transport parameters. 

The three-dimensional contaminant transport models were calibrated by using the 
results of the 1991 three-dimensional steady-state local flow model. Adjustments to 
the hydraulic parameters of the already calibrated local flow model were minimized. 
Transport model calibration was performed against the observed concentrations at RI 
sampling locations (wells). 

As defined in the Phase I1 Work Plan (ERM 1991), the constituents that were 
considered for calibration were grouped based upon similar chemical properties. 
These groupings and the associated constituents were as follows: 

Inorganic Chemicals: 

Total Potassium 
Potassium40 
Sodium 
Arsenic 

Volatile Organic Chemicals: 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 
Cumene 

Each grouping of constituents was calibrated based on one selected indicator 
constituent. For reasons discussed in Section 4.0 (Contaminant Transport Modeling), 
sodium was selected to represent the inorganic group and ethylbenzene was selected 
for the organic group. For other individual chemical constituents that belong to each 
group, concentrations were estimated from the results of the representative constituent 
model (sodium or ethylbenzene) for each group. The estimates were made based 
upon regression analysis of actual measured concentrations which demonstrated the 
correlation of each group of constituents to the associated representative constituent. 

1.3.2.3 Sensitiviry Testing 

In the above calibration cases, a limited number of runs for sensitivity analysis were 
performed to assess how variation of select model parameters affected model 
performance. Sensitivity analysis also assisted in defining the relative effect of 
uncertainties in the values of parameters used in the model. 

As detailed in Section 2.5.2 (Parameters Chosen for Sensitivity Testing), parameters 
that were considered for sensitivity analyses included: for ground water flow- 
precipitation recharge, stream depth and leakage, and hydraulic conductivity; for 
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contaminant transport-dispersivitf, contaminant mass loading rate, and the chemical 
attenuation processes of retardation and decaf. 

1.3.2.4 Baseline Risk Assessment Simulation 

An integral part of the RA is to assess the risk associated with the potential exposure 
to Study Area chemicals. Because one of the exposure pathways to be considered is 
ground water transport and use, the calibrated ground water models were used to 
simulate the movement over time of ground water contaminants to estimate the 
contaminant concentrations at identified exposure locations in the future. 

Once the model was developed and calibrated, it was used to simulate future 
conditions in the vicinity of the Study Area for the modeling constituents identified in 
Section 1.3.2.2 (Model Calibration). Simulations were used in conjunction with the 
exposure assessment conducted during the RA to estimate potential receptor 
concentrations as described in the RA (ERM, September 1992). 

1.3.2.5 Modeling QA/QC 

Model QA/QC is an important step in the development and use of the ground water 
flow and contaminant transport models. QA/QC consisted of a review of the model 
conceptualization, development, and use to assess and improve model accuracy and 
defensibility. The objective of this task was to assess and improve the accuracy and 
reliability of the developed ground water flow and contaminant transport models. 

Model QA/QC is related to the entire modeling process and was performed 
continually throughout the ground water modeling tasks. 

QA/QC concentrated on the following areas: 

Oversensitivity of model to certain estimated input parameters. If the model 
reacted unexpectedly to an input parameter that was considered to be realistic 
based on Study Area conditions, then further assessment was conducted to ensure 
the unexpected result is not the result of model programming, inaccurate data 
input, etc. 

Proper development of conceptual model. The conceptual model was continually 
reviewed throughout model development to make sure the model is "well posed." 
A well posed model should come as close as is feasibly possible to reproducing 
the modeled system inputs, outputs, and characteristics. 

Proper datu input. Data input files were independently reviewed throughout the 
modeling process by multiple project personnel to avoid data input error and to 
evaluate the suitability of the input data based on observed Study Area-specific 
conditions. 

. 
mechanical mixing of a dissolved chemical in the porous media. 

4Dispersivity is a characteristic property of a porous media (e.g., an aquifer) which describes the 

'For the purposes of modeling for this Site, decay is a first-order, irreversible rate reaction (i.e., 
the rate constant = ln(2) divided by the half-life of the chemical. 
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Proper model use. The model being developed was compared to the model 
code’s inherent limitations (for HST3D, these are discussed in Kipp, 1987) to 
ensure that the code was being used consistently within its capabilities (for 
example, it would be incorrect to conduct multi-phase flow modeling with 
HST3D). 

Repeatability of results by a comparable model. The model results of the current 
study were compared to model results of a similar study to evaluate the ability of 
each of the models to perform calculations consistently. This step is particularly 
valuable when different model codes are used on separate projects. If the 
different codes are able to arrive at similar answers then the credibility of both 
investigations and codes are strengthened. 

- 

Comparability with previous modeling performed for area. If two different 
modeling investigations for the same area produce similar results using similar 
data this lends credibility to both investigations. 

REPORT ORGANIZATION 

The remainder of this report is primarily separated into three modeling categories: 
Section 2.0 (Regional Ground Water Flow Modeling); Section 3.0 (Local Ground 
Water Flow Modeling); Section 4.0 (Contaminant Transport Modeling). Within each 
of these sections, the following items are discussed as they apply to the respective 
category of modeling: Data collection and review; model conceptualization; and 
model calibration. As applicable, sensitivity analysis (Section 2 .O, Regional Ground 
Water Flow Modeling, and Section 4.0, Contaminant Transport Modeling). 
contaminant mass loading and future contaminant migration predictions (Section 4.0, 
Contaminant Transport Modeling) are also presented. Section 5.0 (Summary of 
Modeling Effort) contains the overall summary and conclusions of this work. Section 
6.0 (References ReviewedKited) contains a list of references. Tables and figures 
referred to throughout this document are located in Appendix A. 
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Regional Ground Water Flow Modeling 



2.0 

GENERAL APPROACH 

In the first phase of PRRS modeling, a regional ground water ffow model was 
developed, caIibrated, and sensitivity tested. The regional flow model output helped 
to define a set of flow model parmeters tu be used with the l o 4  flow and 
contarmnanf * transport models. Because flow model sensitivity testing had already 
been done and there is minimal hydraulic stress to the ground water flow system 
(e.g., wells pumping at high rates (discharge rates of the A&W wells and the RNC 
well were insufficient to noticeably affect the hydraulic gradient at the scale of the 
local model) and large streams) in the PRRS study area, it was resolved not to 
perform additional sensitivity festing on the locat flow model. ?he regional flow 
model covers au area which includes sevexd Large hydraulic stresses (the Great Miami 
River and Paddys Rm). Caliidon d sensitivity testiOg of the regional flow model 
provided additional sugpoxt w the set of parameters chosen for inpat to the local flow 
model. 

The regional flow model deveIopmmc process is presented graphically in figure 2-1. 
First, othcr studics corxbctcd in thc pica wcrc rcvicwcd. This infonnotion, couplcd 
with RI data, permitted development of a conceptual regional flow model and 
identified an initial set of model parameters.for input into the HST3D data files. 
Review of the existing data suggested that the areally extensive set of wateh level data 
collected in April 1986 represented an average ground wate-r €low conditiin within the 
regional model area. "Average flow condition" refers to the flow condition for the 
model areas which were observed most often, inchding water level elevations 
typically measwed in w a s  throughout the investigation period. The represenmion of 
average ground water flow conditions by the April 1986 and May 1991 goond water 
level data 6- is supported by the ~imilvities obssrved in ground water levels 
measured during other months between 1986 and 1992 (see section 3.10.2.2 ofthe RI 
L ~ ~ x L ) .  Consquenrly, the regional n d  was calhated to this 1986 daw sef. 
However, to expand upon the 1986 data aud to bcorporate the data collected durfng 
lU activities, it was necessary to also calibrate the model to a May 1991 data set 
(which represented an average flow condition) collected as part of the RI activities. 
Calibration to a second data set provided a means to VeriQ" the calibrated model. 
The 1986 water lwel data set (reported by IT, Dec. l990) ~ o ~ t t ~ h e d  some data which 
were approximations of ground water elevations in areas proximal D collector wells 
(completion depths of the collector wells were unkmwn, and vertical hydraulii 
gradients may have influenced the wate-r level elevation). This reported nncerlainty 
povided ddilional krceulive LO supplemen1 the ir~hl1986 dam shmhion wirh a 
1991 data set for which the data Oollection pxocedwtes wexe supported with 
documanted QAIQC. 

Once the initial data set was developed, an interim process waa undertaken to calibrate 
the model by adjusting of model parameters withiin reported ranges Until an adequate 
calibration was obtained based on the calibration criteria set forth in the Phase II 
Work Plan (ERM, 1991). The 4 e l  was calikaten fitst rn the 1916 data set and 
sensitivity tested. Following completion of the 1986 calibration, the 1991 calibration 
w a ~  ccnnpleted and sen~itivity testing conducted for the 1991 model. Mowing 
completion of calibration to the 1991 data set, local flow model development was 
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initiated. The model calibration process is detailed in Section 2.4 (Model Calibration) 
of this report. 

DATA COLLECTION AND REVIEW 

General 

As is discussed in detail in the RI (ERM, September 1992), the PRRS is situated over 
a buried valley aquifer system. The aquifer is composed primarily of sand and gravel 
which fills an old stream valley carved into low permeability bedrock. Some thin clay 
units are present in the aquifer and, generally, the amount of fine-grained material 
present in the aquifer decreases with depth. The aquifer averages about two miles 
wide and about one hundred feet thick in the vicinity of PRRS. Important hydraulic 
stresses to the aquifer near PRRS include: the Paddys Run Stream; the Great Miami 
River; pumping wells owned by the Southern Ohio Water Company (SOWC) (2 
wells), FEMP (1 well), A&W (2 wells), and RNC (1 well); and rainfall recharge. 

Extensive ground water assessment work has been conducted by various investigators 
in the vicinity of PRRS. In the 1950s and 1960s, studies were conducted by the 
United States Geological Survey (USGS) to assess water resources in the area. 
Ultimately, SOWC installed wells northeast of PRRS to provide a water source for the 
area. These large collector wells can-pump in excess of 6,000 gallons per minute 
each and have given rise to a number of water resource related studies which have 
helped refine the hydraulic parameters for the area. Monitoring of water resource 
related parameters (e.g., ground water levels, rainfall recharge, etc.) has been 
ongoing since the 1950s, which has resulted in a large database that extends to the 
present. 

With the FEMP becoming a public environmental concern during the 1980s, the bulk 
of hydrogeologic investigations conducted in the area in the 1980s have been focused 
on ground water contamination associated with the FEMP. The USGS and several 
private consulting firms have conducted numerous studies in the vicinity of the FEMP 
Study Area. Investigative work is presently ongoing. Much of this work has been in 
closer proximity to the PRRS than the water resources work conducted near the 
SOWC wells and is, therefore, more applicable to the understanding of ground water 
flow in the vicinity of PRRS. 

From the late 1980s through the present, investigative work (primarily associated with 
the FEMP) has been conducted in the vicinity of PRRS. Data provided by the RI for 
PRRS provides the most comprehensive Study Area-specific database to date for 
understanding ground water flow in the vicinity of PRRS. 

Where possible, model-related data have been taken directly from the RI investigation 
for PRRS. Otherwise, model parameters have been interpolated from investigations 
conducted in the vicinity of PRRS. A comprehensive review of ground water flow 
parameters reported for the area is provided in Table 2-1. This table lists each 
parameter and the associated test method, test location, constraints on using the 
parameter, reference, and any comments associated with the parameter. These 
reported values were used to establish ranges within which model parameter values 
were selected. 



2.2.2 Previous Modeling Studies 

Three other regional ground water flow modeling studies of the buried valley aquifer 
in the vicinity of PRRS have been conducted. The first was by Spieker (1968c), who 
developed a two-dimensional analog model. The area covered by this model extended 
from just east of Fairfield, Ohio (located about eight miles northeast of the PRRS) 
down to southwest of New Baltimore and west of FEMP. This model, associated 
with other Spieker studies, provides a comprehensive database for the region in the 
vicinity of PRRS. Although the modeling did not address the third dimension (Le., 
vertical variations in the aquifer), it did address many critical hydrogeologic issues. It 
defined the dimensions of the aquifer, provided a range of transmissivities and aquifer 
thicknesses for the area, and gave insight on flow from bedrock walls to the buried 
valley. 

GeoTrans (1985) developed a three-dimensional numerical ground water flow model 
of the region using a proprietary modeling code known as SWIFT-11. The area 
covered by this model is similar to that covered by the regional flow model for the 
PRRS RI. GeoTrans’ modeling focused on the FEMP Site. This model relied heavily 
on Spieker’s (1968a) interpretation of the hydrogeology of the area. In addition, 
GeoTrans’ study provides a comprehensive listing of reported hydraulic parameters 
for the area. The bedrock was treated as a no-flow boundary’ and the Great Miami 
River and Paddys Run Stream were treated as constant pressure boundaries*. The 
model was driven by constant pressure nodes at the upgradient boundary. Hydraulic 
parameters used in the GeoTrans model are summarized in Table 2-1. The GeoTrans 
model was calibrated to a limited set of water level data. In other words, ground 
water flow in the region which was modeled had not been fully defined prior to model 
development. Although this is a drawback to the GeoTrans modeling effort, the 
sensitivity testing to refine model parameters and the comprehensive data review 
conducted for the modeling form a sound basis for additional modeling. 

The third regional flow modeling study conducted in the vicinity of FEMP was 
conducted by IT between 1987 and 1990. This numerical model covered 
approximately the same area as the PRRS regional model. IT’S initial focus for model 
development was the study of FEMP discharge to the Great Miami River. This work 
was first reported by IT (1987) and again in IT (1988). Later, when IT was 
developing a ground water contaminant transport model, the regional model developed 
in 1987 and 1988 was refined and is discussed in several IT reports prepared in 1990. 
IT’s regional model was developed using SWIFT-111, a later version of SWIFT-11, 
used by GeoTrans (1985). 

IT’s regional model had the advantage of having a more well-defined ground water 
flow system within the region as well as an enlarged hydrogeologic database due to a 
significant amount of hydrogeologic field work which was conducted between 1987 
and 1990 for the FEMP. IT initially developed a two-dimensional flow model which 
was later refined into a three-dimensional flow model. IT’S threedimensional 

‘A no-flow boundary is a model boundary through which neither water nor contaminant can flow. 

2A constant pressure boundary (also known as a constant head boundary) is a boundary where 
pressures (water level elevations) are held constant. I f  the constant pressure boundary is located in an 
upgradient portion of the model, it serves as a source of water to the model; conversely, if the constant 
pressure. boundary is located in a downgradient portion of the model, it serves as a water sink. 



regional flow model was composed of five layers. It treated the Great Miami River 
as a leaky boundary3 and Paddys Run as a recharge boundw.  The bedrock walls 
were allowed to recharge the aquifer and the model was driven by specified pressure 
boundaries at upgradient and downgradient model boundaries. IT’s model was 
calibrated to the 1986 ground water level data set (the same 1986 data set to which the 
PRRS model was calibrated). Although IT’s model relied heavily on Spieker’s 
(1968a) interpretation of the hydrogeology for the area, IT did use lithologic data 
collected during the field investigation at the FEMP area to make several 
modifications to Spieker’s interpretation. Most notably, IT greatly reduced the 
recharge within the FEMP boundaries due to the presence of a thick till over this 
area. Also, IT reduced hydraulic conductivity in areas near the city of New Baltimore 
and to the northwest of FEMP (supporting lithologic data for the two reduced 
hydraulic conductivity areas was not found within the IT model documentation). 
Another notable feature of IT’s model was that sensitivity testing and model 
calibration caused IT to make the lower portion of its aquifer model have a seemingly 
high (600 feet/day) hydraulic conductivity, which is outside the range of reported 
hydraulic conductivities for the area. Model parameters used in IT’s regional model 
are summarized in Table 2-1. . 

2.3 MODEL CONCEPTUALIZATION 

2.3.1 Discretization 

Figure 2-2 shows the discretizatiod of the regional flow model for PRRS. When 
interpreting model input and output, it is important to note the HST3D model code 
employs a mesh-centered grid, which means that the model calculates water level 
elevations (and solute concentrations) for grid intersections. Grid dimensions range 
from approximately 2,500 x 2,500 feet down to 500 x 500 feet. The modeled area 
was more finely discretized in the vicinity of PRRS to help accommodate the 
transition from the regional to the local model. Moderately fine discretization was 
also included in the vicinity of the SOWC wells to accommodate the potentially large 
changes in hydraulic head which can occur in the vicinity of pumping wells with such 
high pumping rates. Vertically, the model was discretized with four layers of nodes 
to give three permeable zone layers. Finer vertical discretization, as was conducted in 
the IT and GeoTrans models, was not appropriate because this regional model was 
being used as an intermediate step to developing a localized model for more detailed 
interpretation. The upper permeable zone extended from the water table to an 
elevation of 455 feet above mean sea level (FAMSL) which is approximately 
concurrent with the top of the clay unit observed beneath FEMP. The middle 
permeable zone extended from an elevation of 455 to 445 FAMSL which 

3A leaky boundary is a condition where water is allowed to leak through a boundary in response to: 
head differentials on either side of the boundary; the hydraulic conductivity of the material through which 
leakage is occurring; and the thickness of the material through which leakage is occurring. An example 
of a leaky boundary is a stream bed. 

A recharge boundary is a condition where water is supplied to the model at a constant rate (e.g., 4 

such as the application of rainfall). 

SDiscret~tion refers to the division of the modeled system with a grid. Model parameter 
assignments (e.g., aquifer properties) and model calculations are executed at the grid intersections. 

ERMsourH, INC. 2-4 I I102.07/02/MODEL.Qm<G/PJH/IM)o28W 



2.3.2 

approximately corresponds to the thickness of the aquitard clay unit observed beneath 
FEMP (IT, 1990). The lower permeable zone extended from 445 to 380 FAMSL 
which corresponds to the approximate contact between the aquifer and the bedrock. 
A generalized north-south geologic cross section from FEMP to the Great Miami 
River is provided in Figure 2-3 for comparison purposes. A more complete 
discussion of Study Area-specific hydrogeology, including additional cross sections 
and FU findings, is presented in the FU (ERM, September 1992). 

Hydrogeologic Chumcterization 

S-ummarized in Table 2-2 are the reported ranges for different model parameters and 
the chosen parameter values used for modeling. The following hydrogeologic 
assumptions apply for the regional ground water flow model (also, please refer to the 
inherent assumptions for the HST3D model code which are discussed by Kipp, 1987): 

a. Ground water flow is not influenced by density differences due to changes in 
water temperature, fluid density, and flow viscosity (i.e., tluid temperature, 
density, and viscosity were held constant). 

b. Hydraulic conductivity is heterogeneous6 and isotropic' within each 
permeability zone (refer to Figure 2-4). The aquifer hydraulic conductivity of 
the lower portion of the model is about 30 percent higher than the upper 
portion. This assumption is supported by GeoTrans (1985), IT (December, 
1990) (an independent evaluation of the data suitability was made by ERM), 
and a review of lithologies presented in ERM (September, 1992) which 
suggest a decrease in fine-grained material with depth. Note that the bedrock 
above 380 FAMSL is treated as a permeable zone. 

C. Porosity is held constant throughout the model. The porosity used is 
representative of the aquifer. Use of the same porosity for the bedrock has a 
negligible effect on ground water flow (and transport) in the model because a 
comparatively small quantity of ground water and contaminant pass through 
the bedrock portion of the model due to its low hydraulic conductivity. 

d. Bedrock and aquifer are incompressible. 

e. Water table recharge due to precipitation is variable throughout the modeled 
area (refer to Figure 2-5) depending, in part, on the presence of clay within 
the unsaturated zone (the lower the reported amount of clay, the more 
recharge which was applied). 

f. Ground water pumping occurs at two SOWC wells, an FEMP well, and the 
two A&W wells at rates and at the screened elevations reported in Table 2-2. 
These well locations are shown in Figure 2-6. The RNCC well (not shown in 

%eterogeneous means that a modeled system property can change throughout the modeled area. 
Conversely, homogeneous means that a modeled system property is constant throughout the modeled 
domain. 

'Isotropic means that a modeled system property is the same in all directions. Conversely, 
anisotropic means that a property may change, depending on direction. 
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2.4.1 

Figure 2-6) has a negligible effect on ground water flow due to its relatively 
low pumping rate (less than five gpm). 

g. Stream leakage* occurs through the Great Miami River stream bed and the 
Paddys Run stream bed at the locations shown in Figure 2-6. On the average, 
Paddys Run Stream north of Willey Road has a negligible effect on ground 
water flow (this portion of the stream bed is generally above the water table 
and does not normally contain water throughout the year (IT, December, 
1990). The hydraulic parameters associated with the leakage through these 
two streams are presented in Table 2-2. 

Boundary Conditions 

Specified pressure boundaries were used to drive ground water flow in the model. 
For simplicity and because most wells used for calibration were relatively far away 
from model boundaries, specified pressures were only assigned in the top node layer 
(layer 4). Where the bedrock coincided with an exterior model boundary in layer 4, 
this boundary was defined as a no-flow boundary. All other exterior model 
boundaries in the lower three layers were no-flow boundaries. Specified boundary 
conditions for layer 4 are shown in Figure 2-6. 

During calibration of the model to 1986 and 1991 conditions, it was found that, in 
general, water levels were approximately 1 foot lower for 1991 than for 1986. 
Consequently, two sets of boundary conditions were modified from the 1986 model 
calibration to achieve calibration to 1991 data (these boundary conditions were (1) 
specified pressure and (2) depth of flow in the Great Miami River and Paddys Run 
Stream). Generally, the specified pressure boundary nodes were decreased by an 
amount approximately equal to 1 foot, of head, and the depth of flow in the Great 
Miami River and Paddys Run Stream were decreased by approximately 1 foot and 0.5 
foot, respectively, for calibration to 1991 data. 

MODEL CALJBRATION 

General 

Model calibration is an important step in the development and application of ground 
water models (flow and solute transport). The representativeness of both the model 
conceptualization and data input parameter values are confirmed if calibration is 
achieved. The process of calibration consists of adjusting the developed model 
parameters to accurately represent actual Study Area conditions. To obtain realistic 
predictions for the baseline RA and FS, a calibrated model that realistically represents 
the dynamic, physical, and chemical characteristics of the ground water system is 
required. 

Model calibration is a systematic process through which data input is adjusted within 
the range of reported regional or Study Area-specific data to obtain an approximate 

'Stream leakage refers to the transmission of water between a stream and the ground water system 
through the stream bed. The leakage is controlled by the water levels in the stream and the ground water 
system and the thickness and vertical hydraulic conductivity of the stream bed. 
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match to the observed values of hydraulic head or solute concentrations. The primary 
input data adjusted during calibration included: 

Specified pressure boundary conditions (Figure 2-6); 

Depth of flow in Paddys Run Stream and Great Miami River (Table 2-2); 

River leakances for Paddys Run Stream and Great Miami River (Table 2-2 and 
Figure 2-6); 

Rainfall recharge (Table 2-2 and Figure 2-5); 

Hydraulic conductivities (both horizontal and vertical) for the four layers (Table 
2-2 and Figure 24); 

Grid size (Figure 2-2); and 

Computational model time step9 (refer to Kipp, 1987). 

To support prediction capabilities of the modeling, it is important to obtain good 
calibration results that correspond to parameter values which may be expected at the 
Study Area based on either the Study Area-specific or regional data. This was 
accomplished for the PRRS modeling.study. Good calibration results that are 
obtained by using abnormal parameter values are as unreliable for prediction as are 
uncalibrated models. 

In the regional flow modeling, the objective of calibration was to accurately match the 
computed hydraulic heads and the corresponding observed heads. The HST3D model 
code calculates head values at the grid intersections whereas the actual observation 
point (well location) may not be exactly coincident with the grid intersection. This 
discrepancy can affect the ability to accurately match computed and observed heads. 

The three-dimensional regional flow model was calibrated in steady-state mode to 
correspond to the observed ground water flow conditions in the PRRS area using 
regional and Study Area-specific hydrogeologic parameters or input data mentioned 
earlier. The model was calibrated to April 1986 and May 1991 observed ground 
water level data which respectively correspond to average conditions. 

Calibration Criteria 

The flow model calibration evaluation criteria used in this study (introduced in the RI 
Phase I1 Work Plan (ERM, 1991)) are presented in Table 2-3. In addition to these 
nine primary calibration criteria (Table 2-3), six statistical tests of hypothesis were 

'The computational time step is the time increment from one point in time in the model run to 
another point in time in the model run during which calculations are performed to estimate the ground 
water flow and/or contaminant transport conditions which take place between the two points in time. 
The length of time stepping used during modeling can have a direct effect on the accuracy of model 
computations. Two large a time step can cause numerical inaccuracies. The shorter the time step, the 
better. However, a short time step leads to a longer run time. Optimum time stepping is typically 
determined by trial and error (and review of model-supplied mass balance information) and is specific to 
each model run. 
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used to further assess calibration accuracy. A detailed description of the six statistical 
tests of hypothesis is presented in Appendix B. 

Observed Data Used in Calibration 

The regional model was first calibrated to the water level elevations observed in 55 
wells (see section 2.1, General Approach) in April 1986. The observed 1986 flow 
condition and the locations of data points (wells) are shown in Figure 2-7. The model 
was also calibrated to the May 1991 data from 67 data points (wells). The observed 
1991 flow condition is shown in Figure 2-8 (associated data locations are presented in 
Section 3.0 (Local Ground Water Flow Modeling)). Each data point was assigned 
model grid coordinates based on the location of the data point and the elevation of the 
top of well screen. This facilitated comparison of computed to observed water level 
elevations. 

2.4.4 Results 

2.4.4.1 1986 Model 

Calibration was accomplished by varying several hydrogeologic parameters. The 
parameters used for calibration are specified in Section 2.4.1 (General) and were 
adjusted within the reported range of values for the parameters. The reported ranges 
and calibration value of the parameters are summarized in Table 2-2. 

The model was run until a steady state ground water flow condition was reached. 
Comparison of observed water level data to computed water level data was made once 
the steady state condition was reached. The modeled water levels reached steady state 
in less than three years. The computed 1986 ground water elevations for the 
uppermost model layer are shown in Figure 2-9. These computed values were 
compared with the observed elevations shown in Figure 2-7. A visual comparison 
indicates a close match between the observed and computed values. Further results of 
the April 1986 calibration are summarized in Table 2 4 .  In this table, well 
identification, model cellhode (i, j, k) coordinates, observed heads, and computed 
heads are given. Also, Table 2 4  provides a summary of the primary calibration 
criteria results. The results for the six statistical tests of hypothesis are given in 
Appendix B. All predetermined statistical test criteria were met or exceeded. Based 
on a comparison of graphical, tabular, and the various statistical tests, it is concluded 
that the model has been extensively well-calibrated to the 1986 data, which represents 
average flow conditions, for an areally extensive data set. 

2.4.4.2 1991 Model 

As with the 1986 model, the 1991 model was run to steady-state which was reached 
in less than three years. The 1991 calibration results and primary calibration criteria 
are summarized in Table 2-5. The observed and computed hydraulic heads are 
respectively shown in Figures 2-8 and 2-10. A close match between the observed and 
computed values is evident from a comparison of these figures and the modeling 
results tabulated in Table 2-5. The results of six statistical tests of hypothesis are 
summarized in Appendix B. Again, based on graphical and tabular comparison and 
the various statistical analyses of the computed and observed 1991 data, the model 
calibrates well for the 1991 data (which correspond to an average flow condition with 
a dense distribution of data in PRRS). As previously mentioned, only the boundary 
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w 4 3 6  
conditions and stream flow depths were changed in the 1991 model in comparison 
with the 1986 model. Thus, the calibration of the 1991 model can be considered as a 
"verification" of the regional model for a different time period and hydrologic 
conditions. 

SENSITIVITY ANALYSIS 

General 

The 1986 and 1991 calibrated models were used to investigate the effect of varying 
the input parameters upon the hydraulic head computed by the model. The 1991 
model was chosen in addition to the 1986 model for sensitivity testing because the 
1991 model was calibrated to a more recent data set. Also, the 1991 well data are 
more concentrated in the vicinity of the PRRS whereas the 1986 well data was spread 
throughout the region. Thus, using the 1991 data enabled the evaluation of sensitivity 
of the model to changes close to the PRRS. Such a choice also minimized the need 
for conducting sensitivity analysis of the local flow model. 

By definition, sensitivity analysis indicates the comparison of changes in the model 
output (hydraulic head) due to incremental or unit change in one parameter while 
keeping all other parameters the same as in the calibration run. The change in output 
and input parameter values are referenced to calibration output and parameter values. 
Sensitivity analysis results are useful to denote changes in hydraulic heads that can be 
expected as a result of change in parameter values. This relationship is helpful when 
interpreting prediction results. Parameter values vary naturally as a result of 
heterogeneity of the ground water system. Most parameters vary spatio-temporally in 
nature. Typically, in modeling, average values (out of a practical range of values 
reported in literature or Study Area-specific range) are utilized. This range should 
encompass the heterogeneity. Thus, in sensitivity analysis, a parameter can be altered 
to bracket the expected range of variation to analyze "what if '  scenarios due to 
variation of the parameter value. 

Parameters Chosen for Sensitivity Testing 

For the 1986 and 1991 models, the sensitivity analysis was performed on each of the 
following parameters. 

Recharge; 
River leakance; 
Horizontal hydraulic conductivities of layers; 
Vertical hydraulic conductivities of layers; and 
Depth of flow in streams. 

These parameters were chosen because, during model calibration, they appeared to 
have the greatest influence on modeled heads. Additionally, parameters such as 
hydraulic conductivity will have a large influence on contaminant transport. Previous 
investigators (IT, December 1990 and GeoTrans, 1985) noted that their models were 
sensitive to variations in some of these parameters. 

0 



2.5.3 Results 

The above parameters were generally changed within their reported ranges (some 
were tested outside of their reported ranges). The results are summarized in Tables 
2-6 and 2-7. Sensitivity results are expressed as change in maximum head increase 
and maximum head decrease in comparison with observed heads and mean and 
standard deviation of computed heads. The same statistics are also expressed as 
percentage of change in the maximum increase, maximum decrease, mean and 
standard deviation of residuals from the corresponding calibration output. Tables 2-6 
and 2-7 list the parameters changed, reported range of parameters, parameter values 
in sensitivity analysis, and percentage of change in parameter values from calibration. 
This information is followed by calibration output (maximum increase, maximum 
decrease, mean value, and standard deviation of model hydraulic head), corresponding 
sensitivity output, and finally percent change from calibration results. 

While specified pressure cells were varied to achieve model calibration, they were not 
sensitivity-tested since they essentially "drive" most of the flow through the model 
and, therefore, are inherently a very sensitive model parameter. Model calibration 
also showed the River Stages and associated leakages chosen for the Great Miami 
River and Paddys Run Streams had the majority of control over computed heads in 
the vicinity of the streams throughout the model. As a result, it is not surprising that 
River Stage and Leakage were very sensitive. Generally, a higher set of horizontal 
hydraulic conductivity values (the high end of the reported range for this parameter) 
resulted in better calibration of the regional models. Also, an increase in horizontal 
hydraulic conductivity with depth assisted in improving the calibration. The ratio of 
vertical to horizontal hydraulic conductivity range which was sensitivity tested, did not 
have much affect on computed heads. However, a lower ratio of vertical to 
horizontal hydraulic conductivity did slightly improve calibration criteria statistics. 
Generally, it was observed that a reduction in recharge had less effect on computed 
heads than an increase (above chosen recharge values) had on computed heads. The 
increase in recharge above the chosen recharge values for modeling resulted in a 
notable rise in computed heads in the flow models. Results of this sensitivity testing 
exercise show the relative importance of various ground water flow related 
parameters. 

The results of model sensitivity testing can be compared to IT and GeoTrans results 
which generally are as listed below: 

IT (1990) stated that variation in vertical hydraulic conductivity and recharge did 
not change the heads significantly, but a large variation in horizontal hydraulic 
conductivity did affect heads in the lower portion of the aquifer. A 30% 
reduction in river leakance had some effect on the head. 

GeoTrans (1985) conducted sensitivity analysis by reducing horizontal and 
vertical hydraulic conductivity and modifying one boundary condition (located 
outside the PRRS model study area-therefore, not discussed here). GeoTrans 
reported that the lowering of the hydraulic conductivities did not greatly affect 
the heads in the upper portion of the aquifer. However, they noted increased 
drawdowns in the lower portion of the aquifer due to use of lower hydraulic 
conductivities. 



2.6 CONCLUSIONS 

The regional ground water flow model was successfully calibrated to two sets of water 
level data (1986 and 1991) which are generally representative average ground water 
flow conditions (sample input and output files presented in Appendix C). Calibration 
criteria set prior to modeling were satisfied. Development of the regional model and 
the sensitivity testing resulted in a refined set of data for input to the local ground 
water flow model. Sensitivity testing of selected model input parameters within 
reported ranges indicated the model was most sensitive to changes in specified 
boundary conditions, fluctuations in depth of flow in the Great Miami River and 
Paddys Run Stream, and hydraulic conductivity. 

Comparing the modeling to other modeling investigations helps support the results of 
this investigation. This model is comparable to IT’S (December 1990) regional flow 
model because approximately the same amount of hydrogeologic data (e.g., lithologic 
data, ground water level data, etc.) was available to develop each model. A direct 
comparison to earlier modeling efforts is generally not applicable because less data 
was available during development of those models. Differences between IT’S model 
and the PRRS regional model are as follows: 

1 .  IT used a horizontal hydraulic conductivity of 120 ft/day in the northwestern 
portion of their regional model and 60 Wday in the southeastern portion of their 
regional model (New Baltimore area) based on lithologic data reportedly 
collected for their investigation. Lithologic data, water level data, and hydraulic 
conductivity information assimilated through field work for the PRRS RI and 
through review of literature for the area did not support the inclusion of these 
two low hydraulic conductivity zones. Therefore, these lower hydraulic 
conductivities were not used. Exclusion of these lower hydraulic conductivities 
in the regional model had virtually no affect on PRRS contaminant transport 
modeling since these two zones are outside of the area where PRRS contaminant 
transport takes place. 

2. ERM chose a hydraulic conductivity for the upper portion of the aquifer to be 
350 ft/day and for the lower portion to be 450 ft/day. This range of hydraulic 
conductivity is at the high end of the reported range of hydraulic conductivities 
for the aquifer and allowed the model to calibrate better based on designated 
criteria. The maximum reported hydraulic conductivity for the aquifer (except 
for IT’s report) is 402 ft/day. IT’s model generally used 450 fi/day for the 
upper portion of the aquifer and 600 Wday for the lower portion. IT apparently 
chose these values to help improve model calibration. ERM felt that these 
hydraulic conductivities were inconsistent with the reported range for the aquifer 
and thus chose to use hydraulic conductivities that were more consistent with the 
reported range. 

The PRRS model simulated Paddys Run Stream as a leaky stream, whereas IT 
modeled this stream as a recharge boundary. During the PRRS RI, water levels 
in Paddys Run were observed to fluctuate widely throughout the hydrologic year 
in response to precipitation and seasonal variability. IT shows that Paddys Run 
stream bed is generally within the water table (when there is water in Paddys 
Run) south of the FEMP Site. Modeling Paddys Run (from the south portion of 
FEMP down to the Greater Miami River) as a leaky boundary rather than a 
recharge boundary is considered a more realistic way to simulate stream 

. 
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interaction with the aquifer stream. By simulating Paddys Run this way, the 
leaky boundary may be a losing stream or a gaining stream in response to 
hydrologic conditions. When the stream is modeled as a recharge boundary, it is 
always a losing stream. ERM utilized the more "realistic" simulation of Paddys 
Run because of the close proximity of the stream to PRRS and the potential 
interaction between the stream and contaminant transport. 

4. Other minor differences between the PRRS regional model and IT'S model 
include distribution of permeable zones, precipitation recharge zonation, 
porosity, hydraulic conductivity of the clay unit below FEMP, placement of 
stream nodes for the Great Miami River, etc. In general, these changes do not 
represent major differences between the two flow models. 

- 
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LOCAL GROUND WATER FLOW MODELING 3.0 

3.1 

3.2 

3.2.1 

3.2.2 

GENERAL. APPROACH 

Upon completion of the calibration and sensitivity testing of the regional model, a 
local ground water flow model was developed. This model was developed for the RI 
to assist with the characterization of local flow processes and support contaminant 
transport modeling. Greater attention to detail was given to model conceptualization 
and the use of Study Area-specific data (due to its finer discretizationhigher 
resolution). This model was created with the primary intent of simulating contaminant 
transport from the PRRS to areas downgradient of the Study Area. 

The general procedure for developing the local flow model is illustrated in Figure 3-1. 
Generally, the approach for developing the local model was consistent with the 
procedures used for the regional model development, except that much of the data 
review for ground water flow had already been completed. The local flow model was 
calibrated to the same water level data sets (1986 and 1991) as the regional model, as 
indicated in Section 2.0 (Regional Ground Water Flow Modeling). Calibration 
criteria for the local model were also the same as for the regional model. Because 
sensitivity analysis had already been conducted for the regional flow model, additional 
testing on the local flow model was not required. 

DATA COLLECTION AND REVIEW 

General 

As described in Section 2.0 (Regional Ground Water Flow Modeling), a large volume 
of data has been collected for water resource investigations and contamination 
assessment purposes in the vicinity of the PRRS by other investigators. Generally, 
the focus of most of this work was outside of the local model area. Consequently, 
much data for the area which was not obtained during the RI activities (e.g., 
infiltration, rainfall, conductivities, etc.) has been extrapolated from nearby sites. The 
most complete database for lithologies and local water levels was the PRRS RI 
database. In addition to the PRRS RI data, lithologic information within the local 
model area was supported by information contained within IT and USGS documents. 
Besides the PRRS RI, Study Area-specific water level data is available from IT’S work 
(IT, December 1990). Table 2-1 provides a comprehensive review of ground water 
flow parameters for the area in the vicinity of PRRS. 

Previous Modeling Studies 

One other localized ground water flow modeling study was conducted in the vicinity 
of the PRRS. IT (December 1990) discusses the development of a local ground water 
flow model which was developed primarily for contaminant transport purposes to 
simulate uranium migration in the ground water from FEMP. The IT model extends 
from FEMP down to just east and south of the PRRS. As with IT’S regional flow 
model, IT started with development of a two-dimensional model and later converted it 
to a three-dimensional model. This IT model was developed using the SWIFT I11 
code and had a higher resolution (denser grid spacing) than did IT’S regional models). 



3.3 

3.3.1 

3.3.2 

The model utilized similar boundary conditions, hydraulic parameters, and hydraulic 
heads as those used in IT'S regional ground water flow model. 

MODEL CONCEPTUALIZATION 

Discretization 

Figure 3-2 shows the discretization of the local flow model for the PRRS. A 
regularly spaced grid of 100 ft by 100 ft was used for this model. The regular grid 
spacing was utilized to minimize the potential for numerical errors in the contaminant 
transport model. This higher resolution model (in comparison to the regional model) 
allowed for a more realistic definition of boundary conditions including streams and 
bedrock locations. The grid boundaries were located far enough away from the 
observed PRRS contaminant plumes so that model boundaries would not interfere with 
contaminant transport. 

Vertically, the model was developed with four layers of nodes, which allows for three 
permeable zone layers. A geologic cross section through the Study Area is presented 
in Figure 2-3. The three permeable zone layers of the model correspond to the 
hydrogeologic interpretation of the area and to screened intervals for PRRS and 
FEMP monitoring wells. The upper permeable zone layer corresponds to the 
screened zone for water table wells; the middle permeable zone layer corresponds to 
the screened zone for intermediate monitoring wells; and the lower permeable zone 
layer corresponds to the screened zone for deep monitoring wells. The upper 
permeable zone extended from the water table to an elevation of 478 FAMSL. The 
middle permeable zone extended from an elevation of 478 to 450 FAMSL, and the 
elevation of the bottom of the lower permeable zone was 400 FAMSL. The clay 
aquitard unit, which was simulated in the regional model to extend from an elevation 
of 455 to 445 FAMSL (northeastern portion of the regional model - beneath FEMP) is 
not present within the local model area and, therefore, did not need to be considered 
when developing the vertical discretization. It should be noted that discontinuous clay 
units were encountered near the water table (primarily above the water table) in some 
areas of the Study Area. These units are relatively thin and not considered to have a 
significant effect on heads. Consequently, they were not included in the flow 
modeling. 

Hydrogeologic Characterization 

Summarized in Table 2-2 are the reported ranges for different model parameters and 
chosen parameter values used for regional flow modeling. Minor differences between 
the parameters used in the regional and local models are discussed later in this 
Section. The following hydrogeologic assumptions apply to the local ground water 
flow model (also, please refer to the inherent assumptions for the HST3D model code 
which are discussed by Kipp, 1987): 

Ground water flow is not influenced by density differences due to changes in 
water table. Flow density and flow viscosity (Le., fluid temperature, density, 
and viscosity) were held constant. . 
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Hydraulic conductivity is heterogenous and isotropic within each permeability 
zone (refer to Figure 3-3). Note that the bedrock above 400 FAMSL is a 
permeable zone. 

Porosity is held constant throughout the model. 

Bedrock and aquifer are incompressible. 

- 

Water table recharge due to precipitation is variable throughout the model area 
depending in part on the presence of clay within the unsaturated zone (the lower 
the reported amount of clay, the more recharge which was applied) and the 
presence of paved areas (less recharge was applied to paved areas) (refer to 
Figure 3-4). 

Ground water pumping occurs at the two A&W wells and the RNCC well at 
pumping rates and at the screened elevations reported in Table 2-2. Well 
locations are shown in Figure 3-5. 

Stream leakage occurs through the Great Miami River stream bed and Paddys 
Run stream bed at the locations shown in Figure 3-5. Hydraulic parameters 
associated with leakage to these two streams are presented in Table 2-2. 

3.3.3 Boundary Conditions 

Specified pressure boundaries were developed based on the results of regional flow 
modeling. These boundaries were used to help drive ground water flow in the model. 
Specified pressures were assigned to the northern and southern western boundary 
nodes in all four node layers (layer 4). All other exterior model boundaries were 
defined as no-flow boundaries. Specified boundary conditions are shown in 
Figure 3-5. 

During calibration of the model to 1986 and 1991 conditions, it was found that in 
general water levels were approximately one-foot lower for 1991 than for 1986. 
Consequently, two sets of boundary conditions (specified pressure boundaries and 
depth of flow in the Great Miami River and Paddys Run stream) were modified from 
the 1986 model calibration to achieve calibration in 1991 data. Consistent with the 
regional model, specific pressure boundary nodes were decreased by an amount 
equivalent to one foot of head, and the depth of flow in the Great Miami River and 
Paddys Run Stream were decreased by approximately one foot and 0.5 foot, 
respectively, to achieve to 1991 data. 

3.4 

3.4.1 

MODEL CALJBRATION 

General 

Careful calibration of the local flow model was very important because it was with 
this model that the contaminant transport model was developed. As in the regional 
models, the local flow model was calibrated by adjusting several hydrogeologic 
parameters within their reported ranges for the PRRS area. With few exceptions 
(discussed in Section 3.5 (Conclusions)) local modeling used the same parameters as 
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3.4.2 

3.4.3 

those used in regional modeling. Some of the parameters varied to 
included: 

a Specified pressure boundary conditions (Figure 3-5). Specified pressure 
boundaries were adjusted within the ranges of heads computed in the regional 
model for the areas corresponding to local model specified pressure 
boundaries. 

0 Rainfall recharge (Table 2-2 and Figure 3-4). The recharge distribution used 
for local modeling is more refined than the distribution used for the regional 
modeling and is based on the acquisition of information (areal photographs 
and discussions with PRRS facility employees) during model development that 
better defined surface areas of the local model domain covered by pavement. 

a Hydraulic conductivities (Figure 3-3). Hydraulic conductivity distributions 
were slightly refined in local modeling to take advantage of the dense grid 
spacing. A lower vertical hydraulic conductivity (than used in regional 
modeling) was used which slightly improved calibration of flow and transport 
models (to be discussed later in this section). 

a Grid size/model domain (Figure 3-2). A smaller portion of aquifer was 
modeled for the local modeling than for the regional modeling. 

Observed Data Used in Calibration 

Consistent with the regional flow modeling, water table elevations measured in April 
1986 and May 1991 were used as two sets of observed data for calibration. The 
observed 1986 and 1991 data are respectively shown in Figures 3-6 and 3-7. Water 
elevation data from 8 and 63 wells were used for calibrating the 1986 and the 1991 
models, respectively. 

Calibration Criteria 

The methods and criteria for evaluating calibration accuracy were the same as those 
used for regional flow model calibration presented in Section 2.4.3 (Observed Data 
Used in Calibration). 

3.4.4 Results 

3.4.4.1 I986 Model 

The results of calibration of the 1986 local flow model (a steady-state run) are 
summarized in Table 3-1. Contours of computed hydraulic heads in Layer 4 are 
shown in Figure 3-8. A comparison of Figure 3-8 with the observed heads shown in 
Figure 3-6, as well as the tabular comparison of observed and computed heads in 
Table 3-1 suggests a close agreement between the observed and computed heads. The 
results of the six statistical tests of hypothesis are presented in Appendix B. The 
various calibration evaluation procedures indicate that the pre-established calibration 
criteria were met or exceeded, that residuals are relatively small, and that the 
computed heads closely match the observed heads. 
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3.4.4.2 1991 Model 

3.5 

The results of calibration of the 1991 local flow model (a steady-state run) for the 
1991 data are summarized in Table 3-2. Contour plots of computed hydraulic heads 
(Layer 4) are shown in Figure 3-9. For comparison purposes, observed head 
contours are shown in Figure 3-7. Observed and computed heads can also be 
compared using Table 3-2. The graphical and tabular comparison indicates a close 
match between the observed and computed heads. The results of six statistical tests of 
hypothesis are in Appendix B. The calibration evaluation performed indicates that all 
pre-established calibration criteria were met or exceeded. The statistical comparisons 
indicate that the residuals are small in comparison with the observed heads. 
Generally, the computed heads closely match the observed heads. 

CONCLUSIONS 

The local ground water .flow model was successfully calibrated to two sets of water 
level data (1986 and 1991), which generally represent average ground water flow 
conditions. Pre-established calibration criteria were met or exceeded. Calibration of 
the two local models was accomplished by slightly varying the pressures at specified 
pressure boundaries within the ranges predicted by the regional models for 
corresponding areas. 

Rainfall recharge for the local models was refined and slightly revised from the 
regional model recharge. Recharge in some areas in the vicinity of and just south of 
the PRRS of the local model was reduced in comparison to the regional model 
(compare Figure 2-5 with Figure 3-4). This reduction was based on the finding of an 
abundance of fine-grained materials in the unsaturated zone and the presence of 
pavement at A&W and RNC sites. Generally, this reduction had a negligible effect 
on ground water level elevations in the local models. Sensitivity testing with the 
regional model also shows that a reduction in recharge of this magnitude has only a 
small effect on ground water elevations (and, consequently, ground water flow). 

To support solute transport model calibration, the ratio of vertical to horizontal 
hydraulic conductivity (Kv/Kh) was increased from 1/10 (regional model) to 1/100 
(local model). Kh’s of 350 f/d and 450 f/d were retained. A KvKh of 1/10 was 
originally chosen based on similar values being suggested for the area in other 
modeling investigations (GeoTrans (1985) and IT (December 1990)). However, 
sensitivity testing with the regional model suggested that a Kv/Kh of 1/100 provided 
slightly better calibration. Also, this higher value assisted in calibration of the 
transport model. Since there were no Study Area-specific field measurements that 
supported a Kv/Kh of 1/10 over 1/100 and since 1/100 yielded a better overall 
calibration, a Kv/Kh of 1/100 was used. It should be noted that it is typical to use 
Kv/Kh in the range of 1/10 to 1/100 in modeling efforts where field measurements are 
unavail ab1 e. 

The northern portion of the PRRS local model partially overlaps the southern portion 
of IT’S (December 1990) flow/transport model. A comparison of the differences 
between the models can be made for those overlapping portions: 

As mentioned in Section 2.0 (Regional Ground Water Flow Modeling), Paddys 
Run stream is simulated as a leaky stream in PRRS modeling, whereas it is 



modeled as a recharge boundary by IT. ERM felt that the leaky stream approach 
was more realistic, especially with the potential for contaminant plume 
interaction with Paddys Run during transport modeling. 

As with the regional model, the PRRS model used lower horizontal hydraulic 
conductivities (more within the reported range for the area) than were used in 
IT’S model. Also, as discussed earlier in this section, the Kv/Kh in the PRRS 
local model was 1/100, while the IT model used 1/10. Again, based on regional 
model sensitivity testing, this higher value appears to provide for better flow 
model calibration. 

Other small differences between the two models include distributions of  
permeability zones; rainfall recharge; porosity; and stream nodes. These 
differences by themselves do not appear to have a major impact on the final 
results of these two modeling studies. 
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Section 4.0 

Contaminant Transport Modeling 



4.0 

a 4.1 

4.1.1 

CONTAMINANT TRANSPORT MODELING 

APPROACH 

0 0 7 3 6 0  

Contaminant transport models were developed during the RI to: 

Evaluate and refine parameters which control ground water contaminant 
migration at PRRS; 

0- Support exposure assessment and risk characterization for the RA; and 

Assist with the remedial alternative development during the FS. 

Because the contaminant transport processes are, in part, different from the processes 
which strictly govern ground water flow, the contaminant transport models were 
added onto the local flow model following calibration of the local flow model. The 
calibrated May 1991 local flow model was utilized for transport model development: 
because of the better distribution of water level data (than 1986 data) over the model 
area; for consistency with the chemical data, which was collected from the same wells 
as water level data between 1990 and 1992; and because it appeared to best represent 
the average ground water flow condition for the area. This section addresses the 
development and calibration of the contaminant transport model including the general 
approach, review of data, estimation of contaminant mass loading rates from potential 
source areas, conceptualization and formulation of the models, and calibration of the 
models. 

General Procedure 

The first part of the contaminant transport modeling process involved evaluating 
which chemicals could be best modeled to most adequately represent the PRRS. As 
was identified in the RI Phase 11 Work Plan (ERM, 1991), nine "modeling" chemicals 
(five organic chemicals and four inorganic chemicals) were considered for 
contaminant transport modeling. Based on chemical nature, typical behavior within an 
aquifer environment, and the potential chemical source areas at PRRS, the modeling 
chemicals were placed into two groups for contaminant transport model calibration: 
organic group (consisting of benzene, ethylbenzene, toluene, xylenes, and cumene) 
and an inorganic group (consisting of sodium, potassium, arsenic, and potassium4). 
A statistical evaluation was conducted to estimate the predictive capability of each 
chemical within its group. This evaluation showed how well the detection of a 
particular chemical could be used to predict the presence of another chemical within 
its group. This was a very important factor in choosing which chemicals to model. 
Additionally, a similar analysis was conducted to evaluate how well total inorganic 
chemical concentrations could be predicted from dissolved inorganic chemical 
concentrations. Based on the results of the evaluation of chemicals within their 
respective two groups, one chemical was chosen from each group for development of 
a calibrated contaminant transport model. Based on the results of the separate group 
model calibrations, provisions were made for the prediction of ground water chemical 
concentrations for the nine chemicals. A more detailed discussion of this process is 
provided in Section 4.1.2 (Selection of Modeling Constituents). 
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The procedure followed for developing the two contaminant transport models for the 
PRRS is shown in figure 3-1. The approach for developing the transport portion of 
the local model was simiiar to that followed for development of the regional and local 

conducted. This involved a review of other similar studies including those conducted 
in the area for nearby sites. The bulk of the data available for contaminant transport 
parameter definition was collected during the RI by ERM (September 1992). Next, a 
conceptual model was developed for each of the two transport models (inorganic and 
organic chemical groups). This included the development of a separate conceptual 
analytical contaminant mass loading approach (i.e., a procedure for introducing 
contaminant mass into the aquifer system) as well as a separate HST3D numerical 
transport model data set for both inorganic and organic chemical models. The two 
transport models were developed to calibrate to the chemical concentrations observed 
in ground water monitoring wells during the RI using data collected between 1990 and 
1992. Sensitivity testing of selected transport model parameters was conducted to 
further define model parameter values. Calibrated models were used to predict 
contaminant concentration distributions in ground water under a no action scenario for 
the RA. FS modeling was not conducted in this portion of the investigation and will 
be presented in a separate document in the future. 

flow models. First, data collection and review (specific to con taminant transport) was 

The development of a contaminant transport model is generally more difficult and not 
as straight forward as the development of a ground water flow model. This is due to 
the typical variability of concentration data and the larger number of parameters which 
control contaminant transport processes. Additionally, there are relatively few 
chemicals for which contaminant transport processes are well understood. There is no 
standard methodology for modeling the transport of a specific chemical. The methods 
used are dictated by the amount of available data, past studies on the chemical, and 
the complexity of modeling which is desired. In the development of the two 
contaminant transport models for this study, an effort has been made to incorporate as 
much of the Study Area-specific data collected during the RI as possible. The 
following discussion is presented as an overview of some of the specific techniques 
used to model contaminant transport at the Study Area. Specific details and the 
techniques used are discussed later in this section. 

Contaminant source area delineation was a two-step process. First, a review of 
historical information was conducted and potential source areas identified. Next, 
RI sample data was overlain onto a map showing potential source areas. A 
composite source area delineation was thereby achieved utilizing historical 
information on the Study Area and soil and ground water data. 

A generally accepted modeling approach is to develop a contaminant transport 
model under conditions which are most frequently observed. Throughout the 
development of ground water flow modeling an emphasis was placed on 
calibration to average observed ground water flow conditions using average 
values for hydrogeologic and hydrologic parameters. With this rationale in 
mind, and to smooth out perturbations in the data (typical of chemical related 
data), and to utilize as much as the RI data as possible, contaminant related data 
was averaged for use in contaminant transport modeling. For each boring an 
average soil concentration was calculated from sample data. Similarly for each 
monitoring well, an average observed floating hydrocarbon thickness and ground 
water concentration was calculated from the multiple rounds of monitoring data 
collected during the RI. Additionally, for observed ground water concentration 



data, vertical concentration gradients observed at the Study Area were used to 
standardize the concentration data to a common plane which could be directly 
compared to model computed concentrations. 

A time had to be estimated for when chemicals entered the ground water system. 
Using the dates when it was estimated that the modeling chemicals were initially 
put into use at the PRRS, and knowledge of the geology of the unsaturated zone 
at the Study Area, calculations were used to estimate the time which chemicals 
could be expected to first reach the water table at the Study Area. Two 
techniques used in other studies were employed to estimate the travel time for a 
chemical to reach the water table. 

For the purposes of this study, the four major contaminant transport parameters 
are: dispersivity, distribution (sorption) coefficient (Kd); decay (organic 
chemicals only); and contaminant loading rate. Typically, the first three 
transport parameters are not measured directly in the field but rather are chosen 
based on the findings of other studies for similar environments and by trial and 
error during model calibration. For dispersivity, several studies have been 
conducted in the area which put a reasonable bracket on the range of 
dispersivities which could be used. The Kd was estimated through a review of 
the organic carbon content (organic chemicals) and of the partitioning between 
soil and water (for inorganic chemicals). Organic chemical decay was estimated 
by a review of literature sources and through trial and error during model 
calibration. 

As is typical of sites such as the PRRS, limited information on contaminant mass 
loading rates was available (e.g., information such as time, duration, 
concentration, and location of chemical discharges). The most reliable 
information on contarninant mass loading rates is the "snapshot in t h e "  of 
sample data provided by the RI. The RI data provides the only substantial 
information on contaminant mass loading at the PRRS. This data set provides a 
good indication of the mass loading occurring during the period of time that the 
RI was conducted. However, from this data it is not possible to accurately 
estimate the loading which occurred prior to the RI. However, for model 
calibration purposes, an estimate of the loading rate prior to the RI was required. 
For simplification, an exponential increase in the contaminant mass loading rate 
from the time which chemicals were estimated to enter the water table to the 
present was used. An exponential approach was used (instead of a different one 
such as linear) to ensure that the amount of chemical dissolved into the ground 
water was reasonable based on PRRS companies' estimates of chemical usage (a 
linear approach would have introduced an unreasonably large amount of 
chemical into the ground water). Since plant practices have been upgraded to 
minimize chemical losses, the amount of mass estimated to exist in the source 
area using the RI data was allowed to deplete in model runs predicting future 
conditions. Factors such as volatilization and biodegradation were not 
considered for simplification and conservativeness. Source areas were divided 
into several zones based on RI data. For the inorganic model, an above water 
table and below water table source area was defined. For the organic model, an 
above water table, below water table, and floating hydrocarbon source area were 
defined. Chemical mass loading rates were dependent on rainfall infiltration 
(which varied dependent on if an area was paved or unpaved), the rise and fall 
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of the water table, and direct dissolution into the ground water flow near the 
water table. 

4.1.2 Selection of Modeling Constihrents 

The nine model chemicals were identified and grouped in the RI Phase 11 Work Plan 
(EM, 1991). To develop and calibrate a separate transport model for each of these 
nine chemicals would have been excessively time-consuming considering the schedule 
for the RI established in the Work Plan. Consequently, the Work Plan (ERM, 1991) 
specified that one calibrated model would be developed for a constituent out of each 
group (organic and inorganic) and that the concentration estimates of the other group 
constituents would be based on the two calibrated models. 

To identify which constituent from each group should be used for transport model 
calibration, six qualitative criteria were established and evaluated for each chemical. 
The nine chemicals were ranked (table 4-1) based on these six criteria: 

a Predictive Capability 

To evaluate the "predictive capability" (Le., how well each chemical 
correlated to the other chemicals in the specific modeling groups), a 
logarithmic regression analysis was conducted using CSS:Statistica statistical 
software developed by Statsok, Inc. (1991). Observed ground water chemical 
concentrations were generally found to follow a logarithmic relationship. A 
logarithmic regression analysis is a mathematical procedure that obtains a 
"best fit" for two sets of data assuming that the data is directly and 
logarithmically related. The results of this analysis are presented in 
appendix D. The regression analysis showed how well the presence of each 
chemical in ground water could be used to predict the presence of other 
chemicals in ground water by calculating a regression coefficient. For 
example, if benzene is detected in ground water at a well at a certain 
concentration, how well can one predict the cumene concentration in the well 
based on the detected benzene concentration? For a complete correlation 
(e.g., using benzene concentrations to predict benzene concentrations), the 
regression coefficient is equal to one; whereas, for no correlation at all, the 
regression coefficient approaches zero. Ultimately, the regression analysis 
was used to provide equations which allowed the prediction of each group 
(organic or inorganic) chemical concentration from the modeled chemical 
concentration. These equations are presented in appendix D. 

0 Availability of Fate and Transport Information 

Literature sources were reviewed for the nine chemicals to evaluate the 
availability of model-related information on each of the chemicals. Among 
other fate and transport parameters, literature sources were sought to supply 
information on physical and chemical processes (e.g., solubility, sorption, and 
decay properties) of the chemicals. 

a Relative Mobility 

Previous studies (if available) were reviewed to assess the relative expected 
mobility of the nine chemicals in a ground water system. The more mobile a 



chemical was expected to be (in comparison to the other eight c Q ' a Z S e e Q  m c  ), 
higher the rank it was given. 

e Relative Toxicity to Human Health and the Environment 

Toxicity documentation was reviewed to evaluate the relative toxicity of the 
nine chemicals. A more toxic chemical was ranked higher. 

0 Extent IdentiBed in RI Ground Water Samples 

Chemical specific information collected during the RI was evaluated. The 
evaluation consisted of a review of the ground water information collected in 
the RI to estimate which of the modeling chemicals was most "extensive" 
(Le., which chemical exhibited measurable concentrations the greatest distance 
downgradient, south, of the PRRS property). The more extensive the 
chemical was in the aquifer, the higher the rank it was given. 

e Potential Source Complexity 

A review of the RI sampling results and facility histories was made to 
evaluate the "complexity" (i.e., extent, number of locations, available release 
information, etc.) of the potential sources for each chemical. The chemicals 
with simpler source areas were given higher rankings. 

As a result of an evaluation of these criteria, ethylbenzene was chosen to represent the 
organic group because: 

Regression analysis showed it to be the best predictor of the other organic 
chemicals of concern when it was detected in a monitoring well; 

Its physical and chemical characteristics are well documented; 

Although previous studies suggest it is one of the less mobile chemicals, it 
appears to be one of the most extensive chemicals in ground water at PRRS, 
based upon the apparent distribution of each of the five organic chemicals; and 

' 0  The history of potential discharges of the chemical is relatively simple (the 
chemical is an impurity in xylene which has been used at the Study Area since 
late 1963). 

Sodium was chosen to represent the inorganic group of chemicals because: 

Based on the regression analysis, it appeared to be the best predictor of the other 
three inorganic chemicals when detected in a monitoring well; 

It appears to be one of the most mobile and extensive of the four inorganic 
modeling chemicals, due to its apparent relatively low retardation characteristics 
and its distribution in ground water in the vicinity of PRRS in comparison to the 

. other chemicals; and 

Sodium sources are relatively well known (in comparison to the other inorganics) 
with regard to the location of discharges. 



4.2 

4.2.1 

It is important to note that, although toxicity was considered as one of the criteria in 
choosing two chemicals to model, chemicals of higher toxicity than sodium and 
ethylbenzene were not chosen primarily due to their poor correlation to the other 
modeling chemicals and, consequently, low ability to predict concentrations of other 
modeling chemicals when detected. 

As a final clarification on the modeling of contaminant transport for the PRRS, 
HST3D simulates contaminant transport of "dissolved" chemicals. The model code 
cannot predict "total" chemical concentrations (Le., as associated with unfiltered 
samples). Consequently, only dissolved chemical concentrations were considered for 
model calibration. For the inorganic group, the model was calibrated to dissolved 
sodium concentrations. Linear regression (appendix D) was conducted to evaluate 
predictive capabilities between different chemicals for the PRRS RI of total versus 
dissolved inorganic chemical concentration. The evaluation of total versus dissolved 
inorganic chemical concentrations has indicated good correlation between total and 
dissolved concentrations. Consequently, if total (unfiltered) concentrations are desired 
(e.g. for risk assessment purposes), they may be estimated from the model-predicted 
dissolved chemical concentrations based on the linear regression analysis presented in 
appendix D. 

DATA COLLECTION AND REVIEW 

General 

As discussed in Sections 2.0 (Regional Ground Water Flow Modeling) and 3.0 (Local 
Ground Water Flow Modeling), previous hydrogeologic studies have been conducted 
in the vicinity of the PRRS. The bulk of the data generated from these investigations 
is ground water flow-related. Contaminant transport-related data are less abundant 
and are primarily related to monitoring of the radiological chemical ground water 
plumes associated with FEMP. FEMP studies (e.g., IT, December 1990 and 
GeoTrans, 1985) have produced some contaminant migration data that is relevant to 
the PRRS modeling effort. In particular, information on the organic carbon content 
of the aquifer (which relates to the ability of the aquifer to retard organic chemical 
migration), aquifer dispersivity, and aquifer porosity are important contributions from 
FEMP work which can be used for the PRRS. 

Due to the Study Area-specific nature of contaminant transport as it relates to both 
chemical and physical characteristics, one of the objectives of the Phase 11 field 
activities (ERM, 1991) was to collect the necessary information for the development 
and calibration of contaminant transport models. PRRS RI data which were collected 
and are integral to modeling contaminant transport include: 

Soil concentrations and floating hydrocarbon concentrations in PRRS chemical 
source areas; 

Ground water concentrations in monitoring wells to delineate contaminant 
plumes; and 

Aquifer characteristic data such as organic carbon content, density, and porosity. 



4.2.2 

4.3 

4.3.1 

0073fjO 
A commehensive review of the contaminant transport parameters reported for the area - -  
by other investigators and from the PRRS RI is summarized in table 4-2. This table 
lists each parameter and the associated test method, test location, constraints on using 
the parameter, reference, and other pertinent comments associated with the parameter. 
In some cases, such as for adsorption-related parameters and contaminant mass 
loading values, supporting tables and figures are referenced from table 4-2 to provide 
additional information on how parameters were estimated. Summarized in table 4-3 
are the reported ranges for different transport model parameters and the chosen 
parameter values used for modeling. 

Previous Modeling Studies 

Two contaminant transport-related studies have been conducted in the vicinity of the 
PRRS. The first was by GeoTrans (1989, which tracked particles based on the 
ground water flow modeling. This study focused on the FEMP area and did not 
consider either adsorption or dispersion. Flow paths were outlined from the FEMP to 
various potential receptors. Modeling was performed using the SWIFT 11 three- 
dimensional flow model code, (a proprietary code which GeoTrans developed). 

The second contaminant transport-related modeling effort was conducted in the 
vicinity of FEMP by IT (December 1990). Following completion of a ground water 
flow model development and calibration, IT tracked particles from the FEMP in a 
manner similar to the particle tracking conducted by GeoTrans (1985). However, IT 
also conducted geochemical modeling to evaluate the transport processes associated 
with uranium. The geochemical modeling provided information on the adsorptive 
characteristics of uranium in the vicinity of FEMP. IT also developed a three 
dimensional local flow and transport model using the SWIFT III model code to 
simulate the migration of uranium in the ground water from FEMP. A high- 
resolution (dense) grid was developed by IT (described in Section 3.2.2 (Previous 
Modeling Studies) of this report). The model was calibrated to observed uranium 
concentrations in ground water. 

MODEL CONCEPTUALlZATION AND FORMULATION 

Discretizdion 

Figure 3-2 shows the discretization of the local flow and transport model for the 
PRRS. A regularly spaced grid of 100 feet by 100 feet was used to: 

Minimize the potential for numerical errors in the transport model; and 

Provide a high degree of resolution at the PRRS companies facility boundaries. 
A finer discretization was not warranted based upon the spacing of monitoring 
wells and because a 100-foot by 100-foot grid was adequate to characterize 
contaminant mass loading areas at the PRRS. Other details on the discretization 
of the local flow and transport model are discussed in Section 3.3.1 
(Discretization). 

4-7 



4.3.2 Hydrogeologic and Geochemical Chamcterization 

The following assumptions were applied to the local contaminant transport modeling 
(also, please refer to the inherent assumptions of the HST3D model code, which are 
discussed by Kipp (1987) and the assumptions for the local flow model discussed in 
Section 3.3.2 (Hydrogeologic Characterization)): 

Observed ground water concentrations for the nine modeling chemicals are 
assumed to be directly and logarithmically related within their respective 
chemical groups (inorganic and organic groups). (This is supported by 
appendix D). 

A clayey loam soil is assumed to be the dominant soil type in the unsaturated 
zone beneath the PRRS companies property (based on the RI findings (ERM, 
September 1992). 

The vertical transport rate of chemicals through the unsaturated zone is assumed 
to be the same for organic and inorganic chemicals and is conservatively 
assumed to be unaffected by volatilization, degradation, and sorption. 

As is typically done in transport modeling: dispersivity is assumed to be 
homogeneous and anisotropic; adsorption-related parameters are assumed to be 
homogeneous and isotropic; organic chemicals dissolved in ground water may 
decay (decay related parameters are assumed to be homogeneous and isotropic). 

Aside from decay (to account for biodegradation and chemical transformation for 
the organic chemicals only) and adsorption, no chemical reactions are 
conservatively assumed to occur which affect the transport of chemicals once 
they enter the aquifer. 

Average chemical concentrations observed in the ground water throughout the 
PRRS RI (1990 to 1992) are assumed to represent the average chemical 
concentration distribution present in the aquifer in 1991. 

The average chemical concentration distributions observed in 199 1 were assumed 
to be principally developed under average ground water flow conditions. May 
1991 flow conditions (figure 3-7) are assumed to represent average flow 
conditions at the Study Area. This is supported by the similarities observed in 
ground water flow conditions measured in 1986 and at different times during the 
PRRS RI (EM, September 1992). 

The PRRS contaminant source areas delineated later in this section of this report 
are assumed to be the only sources of the modeling chemicals which are elevated 
above background average concentrations. This becomes a very conservative 
modeling assumption if other source areas independent of the PRRS are present. 

Based on RI data (EM, September 1992), for the sodium model, it is assumed 
that sodium enters the ground water system from two sources: the unsaturated 
zone beneath part of the PRRS; and a small portion of the saturated zone just 
below the water table beneath part of the PRRS. It is assumed that the areal 
extent and concentrations of the above water table source equals is the same for 
the below water table source. 
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4.3.3 

Based on RI data (EM, September 1992), for the ethylbenzene model, it is 
assumed that ethylbenzene enters the ground water system from three sources: 
floating hydrocarbon; the unsaturated zone beneath part of the PRRS; and a 
relatively small portion of the saturated zone just below the water table beneath 
part of the PRRS. 

Modeling assumed (based on PRRS company records) that the current paved 
areas at RNC were completely constructed at the end of 1979; and at A&W were 
completely constructed at the end of 1984. Modeling assumed that when an area 
became paved that the amount of rainfall recharge was reduced 80 percent for 
that area to account for holes, cracks, and infiltration through the pavement. 

All water passing through a source area was assumed to become saturated at the 
solubility of the chemical. The solubility of ethylbenzene is assumed to be 0.152 
mg/L (literature value of its solubility in pure water-see table 4-2). The 
solubility of sodium can be variable, depending on the type of compound with 
which the sodium ion is associated. As a result, the assumed solubility of 
sodium was set equal to the average observed dissolved sodium concentration in 
ground water at well M W - 6 S  during the PRRS RI which was 2.1 gm/L (table 
4-2). Water from MW-6S consistently had the highest observed dissolved 
sodium concentrations during the PRRS RI. 

Contaminant mass loading is dependent on the solubility of the chemical, the 
ground water flow rate just below the water table at the Study Area, the average 
observed 1990 to 1992 fluctuation of the water table, and the net precipitation 
recharge rate. 

The size of the source areas (as represented by the number of source nodes) at 
the PRRS increase exponentially from the time that chemicals first enter the 
water table (as predicted later in this section) to the end of 1991. This approach 
was deemed necessary based on initial attempts at model calibration using a 
constant contaminant mass input throughout the calibration. In order to achieve 
calibration through the constant input approach, an unrealistic amount (based on 
historical chemical usage) of mass was input to the model. Additionally, it is 
more realistic to assume that mass input changed over time (plant practices 
changed over time; and source areas probably expanded with time as controlled 
by advection and dispersion of chemicals between land surface and the aquifer). 

The maximum source, extent, and contaminant mass loading is assumed to occur 
in 1991. After 1991, no more chemical releases are assumed to occur thereby 
allowing the depletion of contaminant mass from the source areas due to natural 
processes. Mass depletion from source areas is assumed to occur only through 
the dissolution of the chemicals into the ground water and rainfall infiltration, 
and through the rise and fall of the water table. 

Delineation of Source Areas 

A primary focus of the Phase 11 RI activities was to identify and evaluate potential 
contaminant source areas which may be causing ground water impacts. Details of the 
source investigation program are discussed in the Phase 11 Work Plan (EM, 1991) 
and the RI Report (ERM; September 1992). Source area delineation for the transport 
modeling relied on the data gathered during the RI field investigations and 
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concentrated primarily on sodium and ethylbenzene, the chemicals for which the 
inorganic and organic models were calibrated. In addition, and to support the 
estimation of group chemical concentrations from the calibrated chemical, a qualitative 
review of the source areas for the other seven modeling chemicals was conducted to 
evaluate how well sodium’s source areas corresponded with the other three inorganics 
and how well ethylbenzene’s source areas corresponded with the other four organics. 

Area Designation 

Area 1 (F) 

Area 2 

Area 3 (L) 

Area 6 (G) 

Area 8 (H) 

Area 10 (I) 

Source area delineation was a two part process. First, locations of source areas were 
preliminarily identified independent of a review of sampling results. Sampling was 
targeted for these areas. After sampling results were received, source areas were 
refined to take into account the presence of floating hydrocarbon and chemicals 
detected in soil and ground water. Upon completion, source areas for the sodium and 
ethylbenzene and seven other chemicals were delineated based on: 

Description 

A&W’s former production, storage loadout area. 

Discolored area (as seen in historical aerial photographs) 
due to past air emissions. 

Sodium chemical and hydrotope storage area. 

A&W’s process water discharge area. 

A&W’s former sludge holding area. 

Former drum storage area. 

Operation history of RNC and A&W facilities; 

Reported spills; 

Interviews of facility personnel conducted during the PRRS RI; 

Review of historical aerial photographs of the PRRS; 

Chemical concentrations detected in soil and ground water samples collected 
during the PRRS RI; and 

Presence of floating hydrocarbons on the water table. 

Based upon review of historical facility operations, reported spills, facility personnel 
interviews, and review of historical aerial photographs of the PRRS potential apparent 
source areas were delineated. The results of this study are presented in table 4 4  (a 
correlation of apparent source areas and associated modeling chemicals) and in 
corresponding figure 4-1. 

Independent of sample results, the apparent source areas for sodium were estimated to 
consist of (Note: Corresponding RI (ERM, September 1992) area designations are in 

arenthesis): 

The modeling chemicals which may be specifically related to these areas are identified 
in table 4-4 and the location of the areas are illustrated in figure 4-1. Source areas for 
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the three other inorganic modeling chemicals are approximately the same as those for 
sodium, with the exceptions shown on table 4-4 and figure 4-1. 

Independent of sample results, the apparent ethylbenzene source areas were estimated 
to be confined to RNC and consist of: 

11 Area Designation 

Area 11 (N) 

Area 13 (S) 

Area 14 (K) 

Area 15 (U) 

Area 16 (Q) 

Area 17 (M) 

Hydrotope storage area. II 
Process building. II 
Former sludge lagoon. 

discharge pond. 

Former non-contact cooling water pond. 

Former truck wash down area. 

Former underground storage tank. 

Former non-contact cooling pond and soil pile. 

- Existing non-operational non-contact cooling water 

~~ 

Raw'product tank farm. II 
These areas are also further defined in table 4-4 and illustrated in figure 4-1. Source 
areas for the four other organic modeling chemicals are generally the same as those 
for ethylbenzene. 

To further assist in source area delineation, sodium and ethylbenzene concentrations 
observed in soil boring samples collected during the PRRS RI were evaluated. 
Concentrations were depth-averaged based on the methodology shown in figure 4-2. 
The averaging technique was employed to utilize all the samples from each boring to 
develop a representative average concentration for each boring. As shown in figure 
4-2, in this averaging technique the concentration in each sample from one boring was 
weighted by multiplying the length of the sample interval by the concentration. These 
weighted concentrations were summed for the boring and divided by the sum of the 
lengths of the sampled intervals for the boring. A depth-averaged concentration was 
calculated for each boring from the analytical results for the samples from each 
boring. Note that the modeling simulates contaminants as a source to the aquifer 
system and thus only models concentrations above background. Therefore, the 
average background soil concentration (taken from ERM, March 1992) was subtracted 
from the depth-averaged soil concentrations (table 4-5). 

Table 4 6  and figures 4-3A and 4-3B show 1990 to 1991 depth-averaged sodium 
concentrations (for locations which exhibited concentrations above the background 
comparison standard) in soil above the water table. Observed 1990 to 1991 depth- 
averaged ethylbenzene concentrations (for locations which exhibited concentrations 
above the method detection limit) in soil above the water table are shown in table 4-7 
h d  figure 4-4 and below the water table are shown in table 4-7 and figure 4-5. 
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The thickness of floating hydrocarbons on the water table at the PRRS was measured 
in wells several times during the PRRS RI (see ERM, September, 1992). Floating 
hydrocarbon thicknesses were found to be variable in individual wells throughout the 
RI. As a result, to minimize variability and be consistent with averaging conducted 
done for the flow modeling, an average set of floating hydrocarbon thicknesses was 
calculated from the liquid level data collected during the RI. The average observed 
(otherwise termed "apparent") product thicknesses are shown in figure 4-6 and 
table 4-8. 

The final delineation of source areas involved a comprehensive comparison of: 
apparent source areas (chosen independently of sample results); the detection of 
chemical distributions in soil and ground water; and the presence of floating 
hydrocarbon (organic model only). In the final analysis, apparent source areas were 
refined to account for detected chemicals and the presence of floating hydrocarbons. 
Where possible, source area delineation relied most heavily on detected chemicals. In 
some cases, where data was sparse (such as the sodium source area east of A&W 
property), the original apparent source area delineation was used. In most cases final 
source area delineation was well supported by chemical data. The delineation 
procedures and chemical and floating hydrocarbon data provided in this section was 
utilized in choosing source model cells and source input rates for the ethylbenzene and 
sodium models. The culmination of the source delineation effort for modeling 
purposes is presented in Sections 4.3.6 (Calculation of Mass Present) and 4.3.7 
(Model Boundary Conditions). 

4.3.4 Estimuted nine for Contaminants to Reach the Water Table 

Contaminants introduced at or just below the ground surface must travel through the 
unsaturated zone before reaching the water table. The time required to migrate from 
the release point, vertically to the water table is referred to here as the "unsaturated 
zone travel time." The estimate of travel time is important because it identifies the 
time after a presumed release began when contaminants are actually introduced into 
the ground water system during the transport model simulations. The unsaturated 
zone travel time for PRRS was calculated assuming a clayey loam soil (based on 
lithologies reported in ERM (September, 1992)) and the methodology found in EPA 
(1988a). This methodology utilizes advective transport only and considers the effects 
of adsorption, dispersion, and diffusion to be negligible. Details of these calculations 
are summarized in table 4-9. For comparability, two methods (from EPA, 1988a and 
Hem & Melancon, 1987) were employed to estimate the travel time. These methods 
take into account such factors as hydraulic conductivity, moisture content, rainfall 
infiltration, rate, etc. Both methods yielded approximately the same travel time. The 
time required for a contaminant to reach the water table (after a surface discharge) 
was estimated to be approximately six years and is assumed to apply to both organic 
and inorganic model chemicals. 

Various source areas were operational at different times and durations, but insufficient 
information is available to determine exactly when these time periods occurred or the 
nature and extent of the contaminant mass loading. Therefore, the initiation of 
loading was modeled based on the following: 

Facility operations at the PRRS started in 1954 at the A&W property and 1959 
at the RNC property. 



Use of sodium at the A&W property began in early 1955. 

Use of ethylbenzene at the RNC property began in late 1963. 

Consequently, for modeling, sodium loading to ground water was assumed to begin in 
January 1961 (e.g., early 1955+6 years) and ethylbenzene loading to ground water 
was assumed to begin in January 1970 (e.g., late 1963+6 years). 

4.3.5 Estimation of Chemical Sorption and Decay 

Because inorganic chemicals can exhibit a wide range of retardation factors, 
depending upon several Study Area-specific soil (e.g., pH, redox potential, 
mineralogy) and contaminant characteristics (e.g., catiodanion interaction) the 
calculation of retardation factors (Rfs) for sodium was not conducted in the same 
manner as for ethylbenzene. Literature values of Rfs for sodium are very sparse and 
typically site-specific. A usable literature Rf for the sodium was not found. 
However, the literature (Ceazan et al., 1989, Sayin et al., 1990, and others (see 
Section 6.0 (References)) suggests that sodium has low sorption characteristics and a 
correspondingly low Rf (in comparison to the organics). The Rf for sodium was 
calculated by first estimating the Kd from soil and ground water concentrations 
measured during the RI source identification soil boring program. Soil concentrations 
were compared to ground water concentrations for samples collected from the same 
borehole (appendix E). A linear isotherm was assumed and, as a result, a Kd for 
sodium was estimated using concentration data from boreholes where soil samples and 
ground water samples were both collected. The Rf was then calculated using the 
estimated Kd value, bulk density, and effective porosity (table 4-3). Kd and Rf 
calculations for sodium are shown in table 4-10. 

The Kd and associated Rf for ethylbenzene was calculated, using readily available 
methods (Freeze & Cherry, 1979), based on the total organic carbon content of the 
aquifer (table 4-3). The details of these calculations are shown in table 4-11. 

Decay was assumed to affect only the organic transport model. Simple first order 
irreversible rate reaction (decay) was included in the ethylbenzene model to account 
for the effects of biodegradation and chemical transformation. No decay values have 
been measured at the Study Area, but literature sources were available to guide the 
selection of decay parameters. Reported ethylbenzene and benzene (for comparison 
purposes) decay constants (see table 4-2) range from approximately 0.1 to 1 x lo7 
day-'. 

4.3.6 Calculation of Mass Present 

The history of contaminant release events at the PRRS is not well known. 
Information provided from interviewing facility personnel, reviewing aerial 
photographs, and reviewing details on facility operations offers some insight as to 
when releases could have occurred. However, the mass of chemical discharged and 
the duration and location of each discharge event are not documented. For specific 
situations (Le., for Area 2, a sodium source area), a time frame can be placed on 
when discharges to land surface ceased (in 1980). However, overall, for the source 
areas indicated in Section 4.3.3 (Delineation of Source Areas), pertinent information 
on discharge events is not sufficiently detailed to simulate each specific discharge 
event in the contaminant transport modeling. Soil sampling and analysis conducted 
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4.3.7 

during the PRRS RI provides a "snapshot in time" of the type and amount of 
chemicals present in source areas at the PRRS. For the purpose of modeling, this 
snapshot is assumed to represent the amount of chemicals present at the end of 1991. 
After 1991, the modeling assumed that releases no longer occurred which resulted in 
the addition of chemicals to the subsurface. 

Figure 4-3A figure 43B, and table 4-6 show the observed depth-averaged sodium 
concentration distributions (the background average concentration has been subtracted 
from the reported results) at the PRRS based on the soil data collected during the 
Phase I and Phase II RI investigations. Based on the depth-averaged concentrations, 
grid-averaged sodium soil concentrations were estimated for each model cell (the 100' 
x 100' area surrounding each grid intersection) by averaging the depth-averaged 
concentrations for PRRS RI borings which were located within the cell. Using these 
grid-averaged concentrations for each model cell (table 4-12) and soil bulk density 
(table 4-3), the mass of undissolved sodium present in each cell in 1991 was estimated 
(table 4-13). 

The estimation of ethylbenzene mass present in the unsaturated and saturated zones 
was conducted in a manner similar to sodium with the exception that the additional 
mass present due to floating hydrocarbon on the water table was also considered. 
Figures 4-4 and 4-5 show the observed depth-averaged ethylbenzene concentrations in 
the soil above and below the water table, respectively, for the PRRS RI. Figure 4-6 
and table 4-8 show the average observed (apparent) floating hydrocarbon extent and 
thickness. The average ethylbenzene soil concentration was calculated for each model 
cell (surrounding each grid intersection) using the same method followed for sodium 
(table 4-14). The average floating hydrocarbon thickness across each cell was 
estimated by interpolation between well locations using the contours shown in figure 
4-6. Consequently, the amount of undissolved ethylbenzene present in each cell (table 
4-15) was calculated from: estimated average unsaturated and saturated zone soil 
concentrations for each cell; the average estimated floating hydrocarbon thickness for 
each cell; the average measured ethylbenzene concentration from two floating 
hydrocarbon samples collected from the Study Area (EM, September 1992); the bulk 
density of the soil; the density of ethylbenzene; and the effective porosity of the 
aquifer (table 4-3). 

Model Boundary Conditions 

As discussed in Sections 2.0 (Regional Ground Water Flow Modeling) and 3.0 (Local 
Ground Water Flow Modeling), boundary conditions are mathematical constraints 
placed on the model to make it represent the physical and hydrogeologic conditions 
being modeled. To maintain consistency and reliability, boundary conditions 
associated with the flow model were preserved for the transport model, with the 
exception of contaminant mass loading. Based on the discussion presented earlier in 
this section, contaminant mass loading rates were estimated and model loading nodes 
identified for the sodium and ethylbenzene models. 

Calculation of Contaminant Mass Loading Rates 

For simplification purposes the year 1991 is assumed to be the year of peak loading of 
contaminant mass. The year 1991 was chosen as the peak year because it provides 
the first comprehensive "Snapshot" of chemical concentrations at the Study Area. 
There is evidence that loading rates may have peaked in the past (e.g., the discharge 
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of sodium into the field east of A&W property reportedly ceased over 1 years ago 
but without historical soil and ground water chemical data it was not possible and 
reasonable to attempt to simulate a peak in loading prior to 1991. However, up until 
the end of 1991, it was assumed for modeling that chemicals were available for 
dissolution into the ground water and that this mass of chemicals does not decrease. 
The modeling assumed that depletion of contaminants from source areas did not begin 
to occur until after the end of 1991. After 1991 it is assumed that plant practices 
have been upgraded to prevent the addition of any additional chemicals into the 
subsurface. Thus, the existing chemical mass was allowed to decrease for modeling 
purposes. 

To account for contaminant mass loading rates to the aquifer system, two scenarios 
were developed using the conceptualization shown in figure 4-7: Pre-January 1992 
Scenario, where undissolved chemical is continually present in the source area 
independent of length and duration of a potential release; and Post-December 1991 
Scenario, where the source of undissolved contaminant to the subsuhace has been 
eliminated and thus the undissolved mass remaining is allowed to deplete via natural 
mechanisms (i.e., dissolution due to rainfall infiltration, ground water flow, water 
table rise and fall). 

Loading Scenario 1 - Pre-January 1992 

From the time which chemicals were estimated to reach the water table (January 1961 
for sodium and January 1970 for ethylbenzene), the extent of source areas (and 
consequently the mass of chemicals entering the ground water) were assumed to grow 
exponentially until the end of 1991. Contaminant mass was assumed to enter the 
ground water from a source above and a source below the water table (the areas for 
which were assumed to grow exponentially). The maximum extent of these source 
areas was assumed to exist in 1991. 

For sodium, the areal extent and concentration of the above water table source was 
based on chemical concentrations detected in soil as discussed in Section 4.3.3 
(Delineation of Source Areas). The extent and concentration of the below water table 
source was assumed to be equal to the above water table source. The presence and 
characterization of a below water table source was assumed based on Study Area 
water table fluctuations observed during the RI and limited soil data. For 1991, the 
source areas were estimated to cover 34 model cells (340,000 square feet) (see figure 
4-8) based on the findings presented in Section 4.3.3 (Delineation of Source Areas). 
For modeling, the extent of these two source areas (above and below water table) in 
January 1961 was assumed to be zero, while at the end of 1991 these two source 
areas covered 340,000 square feet (having both grown exponentially in size). A 
graph depicting this exponential growth for sodium is presented in appendix F. 

For ethylbenzene, the extent of the above water table source area in 1991 was 
estimated to cover 34 model cells (340,000 square feet) (figure 4-9). This is 
approximately equivalent to the area estimated to be covered by floating hydrocarbons 
floating on the water table in 1991 based on the evaluation presented in Section 4.3.3 
(Delineation of Source Areas). The extent of the below water table source area was 
estimated to cover 9 model cells (90,000 square feet) (a subset within the source area 
shown in figure 4-9) based on the findings presented in Section 4.3.3 (Delineation of 
Source Areas). For modeling, the size of these two source areas in January 1970 was 
assumed to be zero while at the end of 1991 the above water table source covered 
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340,000 square feet in area and the below water table source covered 90,000 square 
feet in area (both source areas having grown exponentially in size). Graphs depicting 
this exponential growth for ethylbenzene are presented in appendix F. 

For both sodium and ethylbenzene (refer to figure 4-9), the thickness of the above 
water table source (the unsaturated zone) was taken to be 13 feet which is equal to the 
average depth to water table at the PRRS property observed during the RI. The 
thickness of the below water table source was estimated to be five feet and extended 
from the water table to five feet below the water table. The thickness of the below 
water table source was set at five feet based on review of soil quality data collected 
for the RI which suggested the average thickness of this source was about five feet. 

In addition to the areal extent of source areas, contaminant mass loading rates were 
considered to be dependant on (see figure 4-7 for a conceptualization): dissolution of 
chemicals above the water table due to rainfall recharge; and dissolution of chemicals 
present below the water table due to ground water flow. Although rainfall was 
considered constant, rainfall recharge rates through the soil at the PRRS were varied 
over time, depending upon when RNC and A&W paved various portions of their 
respective properties. This affected contaminant mass loading to the models. Based 
upon discussion with facility personnel, modeling assumed that the paved portion of 
RNC was completely constructed at the end of 1979, and the paved portion of A&W 
was completely constructed at the end of 1984. The areas that were paved are 
approximately delineated in figure 3 4  (the areas on the PRRS that receive two inches 
of rainfall recharge per year). Modeling assumed that when an area became paved, 
the amount of recharge was reduced from 10 inches per year to 2 inches per year. 
Two inches per year was chosen to account for holes, cracks and infiltration through 
the pavement. 

A contaminant mass loading rate was initially estimated as follows. All water flowing 
through the above and below water table source areas was assumed to become 
saturated at the solubility of the chemical. The amount of water flowing through an 
above water table source cell was dependent on the i j  dimensions of the cell and on 
whether it was paved (these cells received ten inches per year of recharge) or unpaved 
(these cells received two inches per year of recharge). Water flow rates through the 
below water table source were controlled by an assumed horizontal hydraulic 
conductivity (Kh) of 35 feet/year and a water table gradient of 0.003. A Kh of 35 
feedday contrasts with the 350 feetlday chosen for the upper layer of the numerical 
model. This lower Kh was chosen because of the elevated clay content found during 
drilling for the RI in the vicinity of the water table at the PRRS company property. 
m i l e  the lower Kh of 35 feedday, compared to a Kh of 350 feedday, has a larger 
affect on dissolution of chemicals from the below water table source, the overall 
impact of a five-foot-thick portion of aquifer with a Kh of 35 feedday was considered 
to be negligible on the overall flow and transport numerical modeling (because the 
five-foot portion makes up a small percentage of the total aquifer thickness). 
Additionally, this clay was not found to be extensive throughout the model area. 
Consequently, the 35 feetlday portion of aquifer was not incorporated into the 
numerical model.] The 0.003 gradient utilized was the average observed water table 
gradient at the PRRS property during the RI. 

Based on the previously described approach, initial estimates of con taminant mass 
loading rates for each model source cell were calculated as shown as follows: 
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Sodium: 

Using a sodium solubility of 2.1 gm/l and the conceptualization shown in figure 4-7, 
initial sodium loading rates were estimated to be: 

above water table source cell (paved) 0.60 lb/day 
above water table source cell (unpaved) 2.99 lb/day 
below water table source cell 6.88 lblday 

Ethylbenzene: 

Using an ethylbenzene solubility of 0.152 gm/l and the conceptualization shown in 
figure 4-7, initial ethylbenzene loading rates were estimated to be: 

above water table source cell (paved) 0.0433 lb/day 
above water table source cell (unpaved) 0.2165 lb/day 
below water table source cell 0.4980 lb/day 

As the extent of the source areas expanded exponentially (according to the graphs in 
appendix F) with time, inactive source cells became active and the corresponding 
contaminant mass loading rate was applied until, in 1991, all designated source cells 
were actively introducing mass into the model. 

The initial estimates of contaminant mass loading for sodium and ethylbenzene were 
used as a basis to start model calibration. These initial estimates of contaminant mass 
loading were found to produce modeled plumes which were too dilute (for sodium) 
and too concentrated (for ethylbenzene) in comparison to observed concentrations. To 
achieve model calibration, the contaminant mass loading rates were incrementally 
increased (sodium) and decreased (ethylbenzene) (in addition to adjustment of other 
model parameters such as dispersivity, decay, and retardation) to produce model 
plumes that were similar to observed plumes. The resulting loading rates used in the 
calibrated models are provided in tables 4-16 and 4-17. 

Using the initial contaminant mass loading rate estimates and the source cell activation 
scheme set up in table 4-16, a total of 718,000 pounds of sodium was initially 
estimated for input into the calibration run (to calibrate the model the loading rates 
were increased to yield a total mass input of 1,330,000 pounds of sodium which is 
85% higher than the initial estimated contaminant mass loading). 

Using the initial contaminant mass loading rate estimates and the source cell activation 
scheme set up in table 4-17, a total of 20,580 pounds of ethylbenzene was initially 
estimated for input into the calibration run (to calibrate the model the contaminant 
mass loading rates were varied to yield a total mass input of 20,500 pounds of 
ethylbenzene which is less than 1% lower than the initial estimated mass). 

Loading Scenario 2 - Post 1991 

After 1991, the extent of each source area was assumed to not grow larger. The 
amount of mass calculated to be present in 1991 was allowed to decrease, thus, 
resulting in a decrease over time in the contaminant mass loading rate of chemicals to 
the transport models. Mass depletion was allowed to proceed exponentially according 
to estimated decay constants presented in this section. 



For the above water table and below water table sources, a depletion rate constant &) 
was employed to calculate the depletion rate. The k controls the rate at which the 
source depletes in an exponential manner. Exponential depletion is based on the 
theory of first order rate depletion (Baes and Sharp, 1983; Wanielista, 1979), and are 
commonly used in ground water and chemical cleanup time estimates and in 
calculations of pollutant removal in watershed simulations. 

For depletion of the source above the water table, the k was obtained as the ratio of 
rainfall recharge flow rate (Q) and volume of water in the soil voids (V*Ne, where V 
is the soil volume and Ne is the effective porosity). Retardation of depleted chemical 
in soil as it moves through the soil to the water table can be incorporated into the 
equation by dividing Q by the retardation factor (Rf). To be conservative, the 
retardation effect was not included and the Rf set equal to 1. The equation k = 
Q/(V*Ne) can be found in Baes and Sharp (1983). 

For depletion of the source below the water table, the calculation of k by using the 
flow rate as above was found to not be feasible. This was because the large ground 
water flow rate through this source area (as a result of the relatively high hydraulic 
conductivity value for the area) resulted in an unreasonably high k value which would 
deplete the source in a few months. This was not supported by the RI (significant 
chemical concentrations were detected below the water table throughout the two year 
RI). Methodologies used to address sourcing are typically site-specific (no standard 
methodology currently exists). Consequently, after considerable investigation of this 
problem, a Study Area-specific method was formulated in which the depletion rate 
was computed by dividing the mass release rate of contaminant per year by the mass 
of contaminant in the source area. The mass release rate was calculated by 
multiplying the contaminant solubility (Cs) in water and ground water flow rate (Q). 
The total mass of contaminant was calculated by multiplying the contaminant 
concentration in soil and soil source bulk density OB). Thus, the k is given by 
(Cs*Q)/(V*Ne*DB). This equation is dimensionally correct (Le., the unit of k is 
l/year) and still has the term (QN*Ne) used in k calculations for the above water 
table source. 

After 199 1, sodium mass was assumed to enter the ground water in the model from 
the same source nodes presented for sodium in Scenario l-Pre January 1992. Mass 
was depleted (as discussed above) from the below water table source by dissolution 
into ground water flowing through that source area as presented in table 4-18. Mass 
was depleted (as previously discussed) from the above water table source by 
dissolution into infiltrating rainfall flowing through the source area according to the 
methodology in table 4-19. 

After 1991, ethylbenzene mass was assumed to enter the ground water in the model 
from three sources: dissolution of ethylbenzene present below the water table; 
dissolution of the ethylbenzene from the floating hydrocarbon; and dissolution of 
ethylbenzene from the unsaturated zone above the floating hydrocarbon. The extent 
of the area covered by the hydrocarbon floating on the water table at the end of 1991 
was estimated to be 340,000 square feet. The extent of the source area below the 
water table at the end of 1991 was 90,000 square feet. The extent of the source area 
above the undissolved hydrocarbon in the unsaturated zone was covered by 9 cells 
(90,000 square feet) based on soil sampling above the water table for the PRRS RI 
(EM, September 1992) (see figure 4-4). 



4.4 

4.4.1 

The mass of ethylbenzene below the water table was depleted (as previously 
discussed) by dissolution due to ground water flowing through the source area (table 
4-20). The mass of ethylbenzene in the unsaturated zone above the floating 
hydrocarbons was depleted (as discussed above) due to dissolution of ethylbenzene 
into infiltrating rainfall recharge (table 4-21). Depletion of ethylbenzene from the 
hydrocarbons floating on the water table was simulated to occur as a result of 
smearing of the floating hydrocarbons onto the soil below the water table (due to the 
rising and falling of the water table) and consequential dissolution of the ethylbenzene 
from the hydrocarbons left below the water table when the water table rises (table 
4-22). 

MODEL CALIBRATION 

Calibration Criteria 

Several methods and criteria were used to support contaminant transport model 
calibration for the ethylbenzene and sodium models. As can be seen in Section 4.4.2 
(Observed Data), observed ethylbenzene and sodium ground water concentrations vary 
considerably for individual wells throughout the PRRS RI database which spans 1990 
through 1992. Data variability at wells throughout the RI can be attributable to a 
number of possible reasons which are difficult to account for in modeling: 

Seasonal variability; 

Variable biodegradation and/or decay; 

The introduction of contaminant from sources not associated with the PRRS; 

Heterogeneities in the subsurface such as varying amounts of clay and organic 
carbon, spatially varying decay, etc.; 

Inconsistencies typically associated with laboratory analysis including holding 
times prior to analysis, laboratory instrumentation, and analytical methodology; 
and 

Variabilities which typically occur in sampling as a result of differing levels of 
turbidity in the sample, volatilization of organics during sampling, and different 
methodologies and possibly different levels of QA/QC by different samplers. 

Some of the evaluation methods used in flow model calibration that were expected to 
be reasonably applicable were also used for transport model calibration. Additionally, 
other methods were employed to evaluate transport model calibration. Because of the 
wide variation in observed concentrations throughout the PRRS RI, calibration criteria 
were relaxed in comparison with the criteria used for flow model calibration 
evaluation (the ERM 1991 Work Plan allowed for this flexibility). Primary evaluation 
methods used to support transport model calibration are presented in table 4-23. For 
a supplemental analysis, the six statistical tests of hypothesis on the equality of means 
.and variances of the observed and computed values were conducted according to the 
methodology in appendix B. 
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4.4.2 Observed Data 

PRRS RI ground water quality data collected between 1990 and 1992 (reported in 
ERM, September 1992) was reviewed to develop a set of observed data for use in 
calibration of the sodium and ethylbenzene models. Selected data from RI sampling 
rounds 1 through 6 were chosen to be the observed data set used for comparison to 
computed values in model calibration. Due to perceived QA/QC problems with round 
4 data, it was not included in the data set used for comparison to modeled 
concentrations (this omission was- approved by the Ohio Environmental Protection 
Agency in early 1992). The average ground water concentration observed at each 
well for rounds 1 through 6 (excluding round 4) was used to compare to the computed 
values for the following reasons: 

To "smooth out" the variability of the data into one data set representative of 
average Study Area conditions observed during the RI; 

To remain consistent with flow model development (Le., the flow model was 
calibrated to average ground water flow conditions); and 

To allow the incorporation of up to six rounds of chemical concentration data 
collected at various times. 

Table 4-24 (sodium) and table 4-25 (ethylbenzene) provide observed ground water 
data including maximum, minimum, and average concentrations detected at each 
monitoring well for the RI. 

Well MW-1 1s consistently provided anomalously high ethylbenzene concentrations 
(generally greater than the solubility of ethylbenzene (table 4-3)). This could be 
attributed to cosolvency' and/or the presence of floating hydrocarbon in the well. 
Well M W 4 S  consistently provided unusually high sodium concentrations (usually an 
order of magnitude greater than other monitoring wells at the PRRS). This could be 
due to anomalous pHEh conditions in the vicinity of this well and/or the well may be 
in direct contact with a highly concentrated source area. The high concentrations 
observed in MW4S and MW-11s were identified to be statistical outliers, and thus 
were not representative of the statistical distribution of the observed contaminant 
concentrations. Because the objective of calibration is to best represent the overall 
concentration distribution, the data from M W 4 S  (sodium data) and MW-11s 
(ethylbenzene data) were not considered for calibration evaluation. 

HST3D computes a concentration for a model cell that is the average concentration 
present in the cell. For purposes of comparison to observed concentration data, it was 
assumed that the average concentration computed by HST3D for a model cell was 
located at the midpoint of the saturated portion of the model cell. 

For the purpose of comparison to computed concentration data, it was assumed that 
concentrations detected in monitoring wells were detected at the midpoint of the 
saturated portion of the well screen for each monitoring well. In many cases, the 
elevation of the midpoint of the well screen did not correspond to the elevation of the 

'Cosolvency refers to the ability of a solute (chemical) to be more or less soluble in a solution due 
to the presence of one or more other solutes. 



midpoint for the corresponding model cell. Review of observed data QoQed7+ 3 6 8 
concentrations to generally decrease logarithmically with depth throughout the model 
area. Consequently, it was not appropriate to compare a concentration observed in a 
monitoring well with a computed concentration for a corresponding model cell when 
the elevation of the midpoint of the well was not at the same elevation as the midpoint 
of the saturated corresponding model cell. As a result, a technique was employed to 
standardize observed concentrations so that they could be directly compared to 
computed concentrations. 

The standardization process involved semilogarithmic graphing of well screen 
midpoint elevations (x axis-arithmetic) versus average observed concentrations 01 axis- 
logarithmic) for well clusters to evaluate vertical concentration gradients 
(appendix G). For ethylbenzene, average observed concentrations at well clusters 
MW-14, MW-15, MW-21, MW-24, and MW-31 were considered. Except for the 
well cluster MW-21, the deeper wells in the well clusters did not have detectable 
ethylbenzene concentrations. Therefore, a vertical concentration gradient was 
measurable only at well MW-21. 

For sodium, average observed concentrations for well clusters MW-1, MW-14, 
MW-15, MW-18, MW-20, MW-24, MW-30, and MW-31 were considered to evaluate 
concentration gradients. For sodium, it was found that the gradient observed at well 
cluster MW-14 did not follow the same trend as the gradients observed at other well 
clusters. Therefore, data from well cluster MW-14 was not considered in evaluation 
of vertical concentration gradients for sodium. 

Generally, the sodium concentration gradients observed in the monitoring well clusters 
were similar. It was observed that ethylbenzene had a different vertical gradient from 
sodium. For calibration comparison purposes, the vertical gradient observed at 
MW-21 for ethylbenzene and the average vertical gradient for wells MW-1, MW-15, 
MW-18, Mw-20, MW-24, MW-30, and MW-31 for sodium computed from the semi- 
logarithmic plots of well cluster concentrations were used. 

For each well, the observed concentration was standardized (reduced or increased) 
based on the average observed vertical concentration gradient to calculate a 
concentration which would be expected to be observed at the midpoint of the saturated 
corresponding model cell. For example, if the elevation of the midpoint of a well 
screen was above the elevation of midpoint of the corresponding model cell, the 
average vertical gradient was applied to reduce the observed concentration to a 
concentration that would expected to be detected at the midpoint of the saturated 
model cell. Inversely, if the elevation of the midpoint of the monitoring well was 
lower than the elevation of the midpoint of the saturated model cell, the average 
observed gradient was applied to increase the observed concentration to the 
concentration which would be expected to be detected at the midpoint of the 
corresponding saturated model cell. 

Semi-logarithmic. plots of observed concentrations for well clusters, including average 
gradients, are provided in appendix G. Standardized observed concentrations for the 
RI wells are provided in table 4-24 and figure 4-10 (sodium) and table 4-25 and figure 
4-1 1 (ethylbenzene). Standardized observed concentrations were used for comparison 
to computed concentrations for the purposes of calibration evaluation. 
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4.4.3 Results 

Calibmtion Results for the Sodium Model 

Calibration was accomplished primarily by adjusting several key transport-related 
parameters (e.g., Kd, dispersivity, etc.). The parameters used to achieve calibration 
are presented in table 4-3. The results of 1991 sodium model calibration are depicted 
in the concentration distribution map for layer 4 shown in figure 4-12 (compare this to 
observed concentrations in figure 4-10). Observed and calibrated concentration values 
along with the primary statistical evaluations are presented in table 4-26. Statistical 
hypothesis testing results are summarized in appendix B. 

The HST3D model code was set up adequately to allow accurate computation of 
concentrations. Due to the variability of concentration data and primarily the 
unknowns associated with sodium sourcing (e.g., the sodium source area east of 
A&W property) and geochemistry of the area, the computed sodium plume is slightly 
shifted to the west of the observed sodium plume. The relative shapes and 
concentration distributions of the plumes are very similar. The difference in observed 
and computed plume longitudinal axes gives rise to a model which is calibrated (from 
the statistical view point), not as well as the flow models which is typical of most 
modeling efforts. Nevertheless, because the shape and relative distribution of 
concentrations within the computed plume is similar to that of the observed plume, the 
calibrated sodium model should be quite adequate in predictions for RA and FS 
purposes. An example of a solute transport model run is provided in appendix H 
(input and output files). 

Calibmtion Results for the Ethylbenzene Model 

Calibration of the ethylbenzene model was accomplished primarily by varying the Kd 
and decay half-life. Longitudinal and transverse dispersivity had already been 
established for calibration of the sodium model (these parameters are not contaminant 
specific). The results of 1991 ethylbenzene model calibration are shown graphically 
as an ethylbenzene concentration distribution map for the top model layer in figure 4- 
13 (compare this to observed values in figure 4-11). Observed and computed 
concentrations and associated primary calibration evaluation results are summarized in 
table 4-27. Statistical hypothesis testing results are presented in appendix B. 

Calibration of the ethylbenzene model was complex given the inherent uncertainties of 
model input parameter values available for adjustment to achieve calibration. This is 
particularly true for the simulation of ethylbenzene biodegradation. The ethylbenzene 
model assumes a constant first-order biodegradation decay rate throughout the plume. 
The degree to which biodegradation of ethylbenzene (simulated by the decay constant) 
occurs at the site is variable depending upon a number of factors such as the 
heterogeneous organic plume composition, dissolved oxygen content distribution, 
ground water pH, nutrient concentrations, and the species and densities of the 
organisms present. Although the decay function is in reality quite complex, it is not 
feasible with the HST3D model to incorporate these complexities and, therefore, 
biodegradation is simply modeled using a uniform first order decay rate. Most 
current modeling codes only allow a similar simplified simulation of decay. 

After testing the ethylbenzene model with a number of different decay rates, a 
relatively low decay rate (5 x 16'' day-', which has a minimal effect on the modeled 
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plume) was conservatively chosen. Then the ethylbenzene model was calibrated to 
reflect the observed plume location and dissolved concentrations primarily through 
variation of the retardation factor variable. 

The resulting predictions with the ethylbenzene model may be worst-case estimates of 
the future migration of the organic plume front. Benzene, toluene, ethylbenzene, and 
xylenes are found to biodegrade significantly in shallow ground water systems. The 
range of decay constants reported in the literature for ethylbenzene is much higher 
than the value used in the model. It is possible that if a greater degree of 
biodegradation is occurring (than is implied by the use of the low decay rate in the 
ethylbenzene model), then the leading edge of the organic plume may actually be 
migrating much more slowly than predicted by the model to occur in the future or, in 
fact, not be moving at all (Le., the plume may be at steady-state). 

The level of significance that biodegradation plays in controlling ethylbenzene plume 
migration will be further evaluated during the FS process. 

The observed ethylbenzene plume has a notable eastward jog in its main axis which 
cannot be explained by the ground water flow data collected during the RI. This may 
be caused by undefined geochemical mechanisms and/or sources located outside of the 
PRRS property boundary. Therefore, an effort was made to calibrate the 
ethylbenzene model by making the computed concentrations have approximately the 
same concentration distribution and extent as observed concentrations without forcing 
the main axis of the plume to the east. Forcing the main axis of the computed plume 
to the east would have required modification of the model using unrealistic parameters 
based on knowledge gained from the RI. As a result, the computed plume is slightly 
shifted to the west of the observed plume but has the same approximate concentration 
size and extent. From a qualitative view point, and for the purposes of the RA and 
FS predictions, the model is adequately calibrated. As future Study Area-specific data 
become available, the model may be validated and refined. An example of a solute 
transport model run is provided in appendix H (input and output files). 

MODEL SENSITMTY ANALYSIS 

General 

The calibrated ethylbenzene and sodium models were used in sensitivity testing 
analysis to investigate the effect of varying transport input parameters on computed 
concentrations. Both models were used in the sensitivity testing, because sodium and 
ethylbenzene each have chemical-specific transport parameters. Sensitivity testing 
enabled the evaluation of sensitivity of the models to transport parameter changes. 

Sensitivity analysis indicates that comparison of changes in the model output 
(concentration) due to incremental or unit changes in one parameter while keeping all 
other parameters the same as in the calibration run. Sensitivity analysis results are 
useful to denote changes in concentrations that can be expected as a result of the 
change of a parameter value. Sensitivity analysis allows the analysis of "what if" 
scenarios due to variation of parameter values. This is helpful when interpreting 
prediction results, especially if more data becomes available after the modeling is 
completed. 
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For transport models sensitivity testing, statistical comparisons were not made since 
they would be of little use given the lower degree of calibration (from the statistical 
view point) than for the flow modeling. As a result, sensitivity testing for transport 
modeling was more qualitative than for flow modeling. 

Pammeters Chosen for Sensitivity Testing 

For the sodium and ethylbenzene transport models, sensitivity analysis was performed 
on the following parameters: longitudinal and transverse dispersivity; decay half-life 
(ethylbenzene model only); contaminant mass loading rate; and chemical distribution 
coefficient (Kd). These are the primary transport specific parameters used in the 
modeling, not including contaminant mass loading rates (which can have an obvious 
effect on modeling results). Previous investigators (IT, December 1990 and 
GeoTrans, 1985) also conducted some sensitivity testing on these parameters. 

For the sensitivity testing, transport parameter values were generally chosen within a 
reported/calculated range for the PRRS area. However, some parameters were tested 
outside of their reported ranges (see table 4-28). The contaminant mass loading rate 
did not have a "reported range" to test within. However, variation of the contaminant 
mass loading rate in model development and calibration allowed for a reasonable 
sensitivity test of this parameter. 

Results 

Through model development and calibration, it was found that the most sensitive 
transport parameter was the contaminant mass loading rate. The choice of the 
contaminant mass loading rate controls the overall transport migration. Ultimately, 
the choice of a loading rate was guided by review of the amount of chemicals used at 
the Study Area and initial loading rate estimates (Section 4.3.7-Model Boundary 
Conditions). 

The distribution coefficient was the next most sensitive parameter. The distribution 
coefficient has a direct effect on the retardation of the contaminant migration. For 
both sodium and ethylbenzene, the range of distribution coefficients tested did not 
prevent contaminant from migrating to the Great Miami River for the calibration runs. 
Primarily what the distribution coefficient effected was the migration distance of the 
higher concentrations within the computed plumes. The higher the distribution 
coemcient, the slower the high concentrations migrated. 

The next most sensitive parameter was longitudinal dispersivity. Generally, a lower 
dispersivity resulted in a more compact and concentrated plume. However, below 50 
feet, variation of longitudinal dispersivity did not have a very noticeable effect on 
computed concentrations. Although, for longitudinal dispersivities greater than 50 
feet, the plume became much more diluted and spread out. 

Variation of the transverse dispersivity within the range noted in table 4-28 had little 
effect on contaminant transport. Primarily, a reduction in the transverse dispersivity 
had the effect of slightly increasing the higher concentrations near the source area of 
the model. An increase in the transverse dispersivity had the effect of slightly 
increasing the dissolved chemical concentration in the second layer of the model. 
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For the ethylbenzene model, decay half-life within the range tested had little effect on 
the plume size and concentration distribution. It was noted that use of a half-life 
greater than the range tested had a very significant impact on computed 
concentrations. In some cases, (Le., with a half-life of 1 x day’), all of the 
contaminant was decayed out of the model. 

MODEL PREDICTION 

Inorganic Modeling Chemicals 

Once the sodium model was calibrated to 1991 conditions, provisions were made to 
predict sodium and other inorganic model chemical concentrations for future dates. 
Concentrations were predicted 15 years into the future since by that time a trend was 
established which could be used to extrapolate to dates beyond 15 years. Scenario 2, 
Loading Rates (Section 4.3 (Model Conceptualization and Formulation)) were used in 
the prediction model run. The model predicted concentration estimates at three-year 
intervals starting in January 1992 for 15 years into the future. Figure 4-14 shows the 
predicted change in sodium concentrations over time after 1991. Please note that 
predicted concentrations do not include background average concentrations (Le., the 
background average concentration for a particular chemical has not been added to the 
predicted concentration). Also note that predicted concentrations are dissolved 
(filtered) estimates and not total (unfiltered) estimates. Total concentration estimates 
may be obtained using the relationship established in regression analysis presented in 
appendix D. 

Using the relationships established between the four inorganic modeling chemicals 
using regression analysis (appendix D), concentrations for the other three inorganic 
modeling chemicals were estimated from the sodium concentration model predictions 
(table 4-29 and figure 4-15). On this table and figure are predicted maximum 
concentrations over time and predicted concentrations at downgradient locations which 
roughly correspond to monitoring locations approximately 700 feet and 1,800 feet 
south of the companies’ property. 

Prediction of Organic Modeling Chemicds 

Following ethylbenzene model calibration to 1991 conditions, provisions were made to 
predict ethylbenzene and other organic model chemical concentrations for future dates. 
Concentrations were predicted 15 years into the future. The trend these results show 
can be used to extrapolate to dates beyond 15 years. Scenario 2, Loading Rates 
(Section 4.3 (Model Conceptualization and Formulation) were used in the prediction 
model run. The model predicted concentration estimates at three-year intervals 
starting in January 1992 for 15 years into the future. Figure 4-16 shows the predicted 
change in ethylbenzene concentrations over time after 1991. 

Using the relationships established between the five organic modeling chemicals using 
regression analysis (appendix D), concentrations for the other four organic modeling 
chemicals were estimated from the ethylbenzene concentration model predictions 
(table 4-30 and figure 4-17). On this table and figure are predicted maximum 
concentrations over time and predicted concentrations at downgradient locations which 
approximately correspond to monitoring locations at 700 feet and 1,800 feet south of 
the companies’ property. 
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Section 5.0 

Summary of Modeling Effort 



5.0 SUMMARY OF MODELING EFFORT Lw $ 3 6 0  

An extensive ground water modeling effort has been completed for the PRRS to 
evaluate ground water flow and contaminant transport. One regional ground water 
flow model was successfully calibrated to 1986 and 1991 conditions and sensitivity 
tested to refine model parameters for more localized modeling. Subsequently, a 
localized (higher resolution) ground water flow model was developed and calibrated to 
1986 and 1991 conditions. One of the local flow models was calibrated to 1991 water 
level data which was estimated to approximate average ground water flow conditions 
for the area. It was assumed that these average ground water flow conditions have 
existed throughout the time that contaminant transport from the PRRS has taken place. 
The 1991 ground water flow model was used for contaminant transport modeling. 

Four inorganic chemicals and five organic chemicals were considered for contaminant 
transport modeling. One inorganic chemical and one organic chemical from each 
group were chosen for contaminant transport model development. A sodium model 
and an ethylbenzene model were developed and calibrated to average ground water 
concentration data collected during the RI for the PRRS. The ethylbenzene and 
sodium models were successfully calibrated and sensitivity tested. Consequently, two 
transport modeling tools are available for use in prediction of future concentrations 
and simulation of remedial alternatives for RA and FS purposes. 

For this report, prediction of future chemical concentrations of the nine modeling 
chemicals was accomplished for RA purposes by running the ethylbenzene and sodium 
models 15 years into the future. Predicted concentrations from these models were 
used in conjunction with regression analysis of RI ground water concentration data to 
estimate concentrations for the other seven modeling chemicals. Additional modeling 
for FS purposes will be addressed in a future report. 
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Figure .I-1 
Site Location In Region 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 1-2 
Site Location and Layout 

Paddys Run Road Site 
Hamilton County, Ohio 

a 

LEGEND 

rTA THE COMPANIES PROPERTY 

008099 

0 1200 - 
FEET The 

1 1 102.07/11007F21/082192-2 m- 



Figure 1-3 
General Modeling Approach 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 2-1 
' Approach for Regional Flow Modeling 

Paddys Run Road Site 
Hamilton County, Ohio 
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Regional Flow Model 
Descre tization 

Paddys  Run Road Si te  
Hamilton County, Ohio 
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Figure 2-4 
Regional Flow Model 

Hydraulic Conductivity Distribution 
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Flow Model Net Precipitation 
Recharge Distribution 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 2-6 

Regional Flow Model Boundary Conditions, 
Stream Nodes, and Pumping Wells 

Paddys Run Road Site 
Hamilton County, Ohio 

LECEND 
................... .................. ................... ................... .................. BEDROCK OUTCROP .................. ................... 

PUMPING WELL 181 

-@--e- STREAM NODE 

SPECIFIED PRESSURE NODE 0 (TOP LAYER ONLY) 

PADDYS RUN ROAD SITE 
COMPANIES FAClLl TY 
PROPERTY BOUNDARY 

NOTE: RNCC WELL NOT INCLUDED IN REGIONAL 
FLOW MODEL 

0 3000 - 
FEET 

The 

8 Croup 



I 
-. ... 

. . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

0 0 1 3 6 0  
Figure 2-7 

Observed 1986 Ground Water 
Level Elevations 

Paddys Run Road Site 
Hamilton County, Ohio 
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Modeled 1991 Hydraulic Head 

Distribution (Layer 4) 
Paddys Run Road Site 
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8u g.368, Figure 3-1 
Approach for Local Flow and Transport- Modeling _ -  

Paddys Run Road Site 
Hamilton County, Ohio 

BEGIN LOCAL FLOW MODEL 

c 
I COLLECT FLOW DA 

OBSERVE FLOW SYSTEM 
I 

CHOOSE S E T  OF MODEL PARAMETERS 
BASED ON REGIONAL FLOW MODEL RESULTS 

I 

COMPARE RESULTS TO O B S E R M D  
DATA. COMPARISON CRITERIA 

4/86 FLOW MOOEL INPUT 

RUN FLOW MODEL AND 
DEBUG DATA S E T  INPUT DATA 

COMPARE RESULTS TO OBSERMD. 
DATA COMPARISON CRlTE2lA 

PREPARE DATA S E T  FOR 

FLOW MODEL CALIBRATED YES 

YES 
now MODEL MR!FIED 

1 INORGANIC MODEL) . 

1 

CCLLECT TRANSPORT DATA. REVIEW REFERENCES. 
O B S E R M  SOLUTE TRANSPORT SYST&U - 1 

1 

t 
I 

DEVELOP CONCEPTUAL TRANSPORT MODEL 

BASED ON 4/86 FLOW MODEL 
- AND CHOOSE SET O F  MODEL PARAMETERS 

A 

DO REVlSlCNS 
AFFECT FLOW 

MODEL? 

i 
PREPARE DATA S E T  FOR 1991 

TRANS?ORT MODEL INPUT 

1 r RUN TRANSPORT MODEL AND I 
REVlSE DEBUG DATA S E T  L I 

1 INPUT DATA 

.. COMPARE RESULTS TO OBSERMD DA 
‘NO - CALIBRATION CRlTERlA MET? 

~~ 

YES 1 TRANSPORT MODEL CALIBRATED 

SENSlTlVlTY TEST MODEL I 
i 

NO 

w 
MORE DATA NEEDED? --eL RELATED? 

NO 

PREDICTION AND REMEDIATION SIMULATIONS (-JQ@JVU 
The 
m 

11 102.07/11007FCG/062692-6~ 
e--. 



Figure 3-2 
Local Model Descretization 

Paddys Run Road Site 
Hamilton County, Ohio 
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Local Model Hydraulic 
Conductivity Distribution 

Paddys Run Road Site 
Hamilton County, Ohio 
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9 % % 3 6 0  Figure 3-4 
Local Model Net Precipitation Recharge Distribu o 

Paddys Run Road Site 
Hamilton County, Ohio 
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Local Model Boundary Conditions, Stream No es 

and Pumping Wells 
Paddys Run Road Site 
Hamiltion County, Ohio 
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Figure 3-6 
Observed 1986 Ground Water Level Elevations 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 3-7 WJ 0360 
Observed 1991 Ground Water Table Elevations 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 3-8 
Modeled 1986 Head Distribution (Layer 4) 

Paddys Run Road Si te  
Hamilton County, Ohio 
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Figure 3-9 
Modeled 1991 Head Distribution (Layer 4) 00 7 3 6 0 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-1 
Potential Source Areas 

Paddys Run Road Si te  
Hamilton County, Ohio 
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Figure 4-2 
Methodology Used to Calculate Depth Averaged 

Chemical Concentrations for Soil Borings 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-3a 
Observed 1991 D e p t h  A v e r a g e d  Sod ium C o n c e n t r a t i o n s  

in Soil A b o v e - W a t e r  Table  
Paddys Run Road Site 
Hamilton County, Ohio 
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q.0 ? 3 6 Q Figure 4-3b 
Observed 1991 Depth Averaged Sodium Concentra ions 

in Soil Above Water Table 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-4 
Observed 1991 Depth Averaged Ethylbenzene Concentrations 

in Soil Above Water Table 
Paddys Run Road Site 
Hamilton County, Ohio 

SOUTHERN PORTION OF/ 
PADOYS RUN ROAD SITE 
COMPANIES FACILITY P R O P E R M  BOUNDARY 

1 FCENQ (J(ja$%5 A 18 SOIL BORING NUMBER 
(1700) CONCENTRATION IN ug/kg 
BDL BELOW DETECTION UMlT 

REFERENCE: ERM (SEPT. 1992) 

250 NOTE: ETHMBENZENE SAMPLES IN NORTH HALF Of 

rn 
0 

SITE WERE BELOW DETECTlON UMlTS 
FEET fg& 

11 102.07/11007BU2/062692-7 



Figure 4-5 0 0 ' 7 3 6 0  
Observed 1991 Depth Averaged Ethylbenzene Concentrations 

in Soil Below Water Table 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-6 
Average 1991 Floating Hydrocarbon 

Extent and Thickness 
Paddys Run Road Site 
Hamilton County, Ohio 
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Sodium Model Source Nodes 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-10 
1991 Standardized Observed Average Sodium 

Concentrations in Groundwater 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-11 

Concentrations in Groundwater 
1991 Standardized Observed Average Ethylbenzene 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure ,442 
1991 Computed Sodium Concentrations (Layer 4) 

Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-13 de87360 
1991 Computed Ethylbenzene Concentrations (Layer 4) 

Paddys Run Road $ite 
Hamilton County, Ohio 
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Figure 4-14a 
Prediction of Future (1994) Sodium Concentration 

Disiribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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&Q736S Figure 4-14b 
Prediction of Future (1997) Sodium Concentrati 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-14c 

Prediction of Future (2000) Sodium Concentration 
Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-14d d 3 6 0  
Prediction of Future- (2003) Sodium Concentration 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-15a 
Production of Future Inorganic Chemical Concentrat ions  

Paddys Run Road Site . 
Hamilton County, Ohio 
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Figure 4-16a 
Prediction of Future '(1994) Ethylbenzene Concentration 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-16b 00  ( ‘ 3 6 0  
Prediction of Future (1997) Ethylbenzene Concentration 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-16c 
Prediction of Future (2000) Ethylbenzene Concentration 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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Figure 4-16d 

Prediction of Future (2003) Ethylbenzene Concentr t o 
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Figure 4-16e 
Prediction of Future (2006) Ethylbenzene Concentration 

Distribution (Layer 4) 
Paddys Run Road Site 
Hamilton County, Ohio 
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9 0 7 3 6 0  Figure 4-1 7 
Production of Future Organic Chemical Concentrati ns 

Paddys  Run Road S i t e  
Hamilton County, Ohio 
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TABLE 2-2 

Fluid Compressibility 

Reference Pressure 

GROUND WATER FLOW PARAMETER VALUES USED 
IN CALIBRATED REGIONAL MODEL 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

3.03E46 to 3.22E-06 psi-' 

NA 

I 

Absolute Atmospheric Pressure 

I<h aquifer (Figures 2-7 and 3-6) 

& aquifer 

1.01325E+05 Pa 

134 - 600 ftlday 

2.5 - 60 ftJday 

Reference Temperature - Ground 
Water. PPT and Surface Water 

K, clay 

I<h bedrock (Figures 2-7 and 3-6) 

K, bedrock 

Porosity 

Bulk Vertical Compressibility of 
Aquifer 

_ _ _ ~ ~  ~ 

Fluid Density - Ground Water, PPT 
and Surface Water 

Fluid Viscosity - Ground Water, 
PPT. and Surface Water 

0.00030 - 0.43 ftlday 

0.1 - 13 ft/day 

NA 

0.20 - 0.25 

NA 

34.2 - 82.8-F 

62.37 - 62.42 lb /P  

0.836 to 1.7513 CP 

Kh clay (Figures 2-7 and 3-6) NA 

Elevation of top of clay confining 
unit @ FEMP 

= 455 - 469 ft (MSL) 

I 

3.03E-06 psi-' 

0.0 psi 

60'F 

62.4 lb/@ 

1.138 CP 

1.01325E+05 Pa 

350 - 450 ft/&y 

35 - 45 ftlday 

0.35 fuday 

0.35 Nday 

0.67 ft/day 

0.67 fWday 

0.225 

0.0 

455 ft (MSL) 

. . . . . . . . . . . . . . . 

Assume 0.0 psi at 
land surface 

- 
Converted to 

intrinsic 
permeability for 

model input@ 

Converted to 
intrinsic 

permeability for 
model innut" 

Converted to 
intrinsic 

permeability for 
model input'" 

Converted to 
intrinsic 

permeability for 
model inpuPm) 

Converted to 
intrinsic 

permeability for 
model input(') 

Converted to 
intrinsic 

permeability for 
model input(') 

- 
Assume 

Incompressibility 

Range of 
Reported Clay 

T h i C h e S S  
0 - 16 ft') 



TABLE 2-2 

Range of elevation of water table 

0 0 1 3 6 0  

WJ 504 - 542 ft (MSL) 496 - 553 ft (MSL) 

GROUND WATER FLOW PARAMETER VALUES USED 
IN CALIBRATED REGIONAL MODEL 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

Range of elevation of top of 
bedrock 

Elevation of bottom of clay 
confining unit 

425 - 450 ft (MSL) I 445ft(MSL) 

334 - 600+ ft (MSL) 380 - 553 ft (MSL) -_- 

Leakance of GMR and PR 

K,, of GMR and PR streambeds 

b of GMR and PR streambeds 

0.34 - 0.74 day*' 0.5 day'' No Reported 
Value for PR 

NA 0.5 ftlday _-- 

NA 1.0 ft --- 

Depth of flow in GMR 

Elevation of GMR streambed 

--- 11 Width of GMR I 200 - 3 4 6 f t -  I 300 ft  I 
5.4 - 5.7 ft  6 ft15 ft 198611991 Model 

(C) 479 - 527 ft (MSL) 495 - 524 ft (MSL) 

Pump Rate SOWC Wells 1 & 2 

Pump Rate A & W Wells 1 & 2 

Pump Rate FEMP Well 

PumD Rate RNCC Well 

(b) 8.74E+05 - 1.50E+06 1.16E+06 ft?lday each 
ft3lday 

19,251 - 21,656 ft31day 21,500 ft3/day each --- 
(b) 56,000 ft?/day 56,000 ft?/day 

481 pldav 481 ft?/dav (e) 

~ 

Net PPT Recharge (Figures 2-8 and 
3-7) 

g 

ERMSOUTK INC. 

(C) 4 - 21 inlyr 0.0014 - 0.0032 ft/day 
(2 - 14 in/yr) 

2.4E + 11 ftlday2 2.4E + llftlday2 --- 

Page 2 of 3 



TAB= 2-2 

GROUND WATER FLOW PARAMETER VALUES USED 
IN CALIBRATED REGIONAL MODEL 

PADDYS RUN ROAD SlTE 
HAMILTON COUNTY, OHIO 

ABBREVIATlONS: 

PPT 
NA 
g 
K 
GMR 
PR 
ki 
V 

D 
L 
b 
ft (MSL) 

Rainfall precipitation 
Not applicable or available 
AcCeieration of gravity 
Hydraulic conductivity (K, = vertical K, & = horizontal K) 
Great Miami River 
Paddys Run 
Intrinsic permeability 
Viscosity 
Fluid density 
Leakance through streambed 
Bed thickness 
Feet above mean sea level 

FOOTNOTES: 

(b) 

(c) 

Applies to regional model only 

A subset of this range was used in the local model 

(d) L = K v  

b 

(e) Pumping from RNC’s well WBS not included in the regional model because of the negligible effect that pumping at 
such a low rate would have on heads in the model. 

COMMENTS: 

Storativity is calculated internally by HST3D based on the relationship between the compressibilities of the fluid and 
porous media, the density of the water, gravity, and aquifer thickness (see Fetter, 1980 and Kipp, 1987). 

References for reported ranges of parameters listed in this table are found in Table 2-1 andor ERM (Sept., 1992). 



TABLE 2-3 0 0 7 3 6 0  
PRIMARY CALIBRATION EVALUATION CRITERIA FOR FLOW MODELING 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

. . . . . . . . . . . . . . . . . . . . . . . 

1. Graphical comparison comparison of contour maps of 
observed and simulated values. 

Not quantifiable. Not quanthble 

-5% <R1< +5% 
OR 
-1 feet<mean of 
residuals < +1 feet 

0% 

0 feet 

2. R1 ORmeanof 
residuals 

R1 is the ratio of the mean of the 
residuals (the difference between 
observed and computed values) to the 
mean of the observed values. 

R2<5% 
OR 
mean of absolute values 
of residuals <2 feet 

0% 

0 feet 

3. W O R m e a n o f t h e  
absolute values of 
residuals 

R2 is the ratio of the mean of 
absolute residuals to the mean of the 
observed values. 

95% - 100% 100% 4. Percent of residuals 
within f one 
standard deviation of 
observed values 

Example: for 40 observations then 
5% of observations (Le., two 
residuals (4Ox0.05=2)) can fall 
outside of the one standard deviation 
of observed values. 

0 - 3 f e e t  0 feet *5. Residual standard 
deviation 

*6. R3 0 -  15% 0% R3 is the ratio of variance in 
residuals to the variance in observed 
values. 

*7. R4 R4 is the regression coefficient 
between the observed and computed 
heads. 

0.90 - 1.0 1 .o 

*8. R5 R5 is the ratio of the coefficient of 
variation (the standard deviation 
divided by the mean) of the observed 
values to the computed values 

80 - 120% 100% 

This error is calculated by HST3D 
and termed the "hctional 
imbalance" by the code. 

-15% <model water 
balanceemr <+15% 

0.0 9. Model water balance 
error 

NOTES: 

*These criteria are expanded h m  those presented in the Phase II Work Plan @RM, 1991). 

Page 1 of 1 



TABLE 2-4 

-- 

1986 REGIONAL FLOW MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

ERMSOVIK rNc. 
..... 



TABLE 2 4  0 0 4 3 6 0  

a 1986 REGIONAL FLOW MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 



TABLE 2-4 

H-128 

1 6 1 4  

1986 REGIONAL FLOW MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 

IIAMILTON COUNTY, OHIO 

6 12 4 506.8 505.6 1.22 1.22 

18 9 4 504.3 503.7 0.65 0.65 

Observed Murn 
Computed Mean 
Error Mean 
ABS ERR Mean 
Observed Variance 
Error Variance 
Computed Variance 

Obs STD 
Comp STD 
Em STD 

Coeff. of Variation (OBS) 
Coeff. of Variation (COMP) 

R1 (ERR M d O B S  Mean) 
R2 (ABS ERR M d O B S  Mean) 
R3 (ERR VAWOBS VAR) 
R4 (CORR COEF) 
R5 (Coeff. of Var. (0BS)ICoeff. of Var. (COMP) 

Fractional Imbalance 

521.3 
521.4 

-0.1 
1.6 

35.46 
4.96 

42.03 

5.95 
6.48 
2.23 

0.011 
0.012 

-0.0296 
0.32% 

13.98% 
0.939 

91.9% 

-0.90% 

ERMJOVMMC. . 
_. 



TABLE 2-5 &goc; 3 6 0 
1991 REGIONAL nOW MODEL CALIBRATION PERF0 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

2.49 

MW-06s 7 20 4 515.30 517.84 -2.55 

MW-07S 7 19 4 514.50 517.03 -2.49 

11 MW-08S I 7 1  1 9 1  4 I 516.40 I 517.03 I -0.64 I 
II MW-09D I 7 1  1 9 1  3 I 516.20 I 517.08 I -0.90 I 0.90 11 
II Mw-lOs I 7 1  1 8 1  4 I 513.50 I 515.41 I -1.96 I 1.96 11 
11 MW-11s I 7 1  1 8 1  4 I 513.50 I 515.41 I -1.94 I 1.94 11 
II MW-lB I 7 1  1 8 1  4 I 513.40 I 515.41 I -2.03 I 2.03 11 



TABLE 2-5 

1991 REGIONAL FLOW MODEL CALIBRATION PEWORMANCE 
PADDYS RUN ROAD WlZ 

HAMILTON COUNTY, OHIO 



TABLE 2-5 

1991 REGIONAL FLOW MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SUMMARY 

Observed Mean 
Computed Mean 
Error Mean 
ABS ERR Mean 

Observed Variance 
Error Variance 
Computed Variance 

Obs STD 
Comp STD 
Err STD 

Coeff. of Variation (OBS) 
Coeff. of Variation (COMP) 

- R1 (ERR Mean/OBS Mean) - 
R2 (ABS ERR Mean/OBS Mean) 
R3 (ERR VAWOBS VAR) - 
R4 (CORR COEF) - 
R5 (Coeff. of Var. (0BS)ICoeff. of Var. (COMP)) = 

- - 
- 
- 

- Fractional Imbalance - 

ERMsorrm MC. 

513.4 
513.9 
-0.45 
1.27 

30.38 
2.08 
33.50 

5.51 
5.79 
1.44 

0.011 
0.011 

-0.09 % 
0.25 % 
6.85% 
0.968 
95.3% 

-1.1% 

Page 3 of 3 
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TABLE 3-1 

RE 

7-8A 

LOCAL MODEL CALIBRATION - APRIL 1986 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

4 

19 60 4 515.70 515.25 0.45 0.45 

11 80 4 520.70 520.32 0.38 0.38 - 
SUMMARY 

Obkrved Mean 
Computed Mean 
Error Mcan 
ABS ERR Mean 

515.2 
513.8 

1.4 
1.4 

Observed Variance 
Error Variance 
Computed Variance 

Obs STD 
Camp STD 
Err STD 

Coeff. of Variation (OBS) 
Coed of Variation (COMP) 

- R1 (ERR Mean/OBS Mean) - 
R2 (ABS ERR Mean/OBS Mean) 
R3 (ERR VAWOBS VAR) - 
R4 (CORR COEF) - 

- - 
- 
- 

R5 (Coeff. of Var. (0BS)Koeff. of Var. (COMP)) = 

- Fractional Imbalance - 

33.62 
1.03 

30.47 

5.80 
5.52 
1.01 

0.17 
0.18 

0.28% 
0.28% 
3.06% 
0.985 

95.3 % 

0.90% 

~~ 
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TABLE 3-2 

1991 LOCAL FLOW MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 
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.:. 

MW-13s 

Mw-14s 

Mw-15s 

MW-16S 

TABLE 3-2 

1991 LOCAL FU)W MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

17 56 4 .  512.80 514.23 -1.43 1.43 

17 55 4 514.30 513.96 0.34 0.34 

16 55 4 512.70 514.08 -1.38 1.38 

14 56 4 513.00 514.59 . -1.59 I 1-59 

Mw-34s 

Mw-35s 

MW-32S I 16 I 65 I 4 I 516.90 I 516.51 I 0.38 I 0.38 

15 I 57 I 4 515.30 514.73 0.57 0.57 

28 24 4 502.50 503 -5 1 -1.01 1.01 

14 

14 

54 

59 

56 

59 

64 

Mw-36s I 21 4 1  497.00 499.57 -2.57 2.57 

4 496.90 499.83 . -2.93 2.93 

4 513.40 512.79 0.61 0.61 

4 515.30 514.72 0.58 0.58 

4 512.40 513.90 -1 .so 1 .so 
4 515.80 515.34 0.46 0.46 

4 514.80 516.55 I -1.75 1.75 

M W 4 S  I . 30 

MW4lS j 14 

*la 13 



TABLE 3-2 

PZ-04 . 

PZ45 

PZ-06 

PZ-07 

0 0 7 3 6 0  

27 62 4 515.50 514.89 0.61 0.61 

28 66 4 516.70 515.89 0.81 0.81 

15 80 4 521 S O  519.71 1.79 1.79 

10 76 4 520.30 519.19 1.11 1.11 

1991 LOCAL, FLOW MODEL CALIBUTION PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

11 PZ-08 I 11 I 69 I 4 I 516.00 I 517.69 I -1.69 I 1.69 11 

Pz-10 19 67 4 517.20 516.73 0.47 0.40 

SUMMARY: 

, Observed Mean 
. Computed Mean 

Error Mean 
ABSERRMean 

Observed Variance 
Computed Variance 
Error Variance 

513.1 
513.4 

-0.3 
1.0 

- - 
- - 
- - 
- - 

29.57 
22.43 

1.38 

- - 
- - 
- - 

5.44 
4.74 
1.17 

- Obs STD - 
Comp STD - 
Err STD - 

- 
- 

Coeff. of Variation (OBS) 
Coeff. of Variation (COMP) 

0.18 
0.21 

- - 
- - 

R1 (ERR Mean/OBS Mean) = -0.06% 
RL! (ABS ERR Mean/OBS Mean) = 0.19% 

R4 (CORR COEF) - 
R3 (ERR VAWOBS VAR) = 4.65% 

0.983 
R5 (Coeff. of Var. (OBS)/Coeff. of Var. (COMP)) = 87.2% 

- 

Fractional Imbalance = 1.92% 



TABLE 4-1 

SELECTION OF MODELING CHEMICALS 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 
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TAB= 4-3 

solubility - echytbcnzenc 

solubility - radium 

"RANSPORT P- VALUE USED IN MODELING 
PADDYS RUN ROAD SlTE 

HAMILTON COUNTY, OHIO 

0 . h  gmn. 0.u2 gmn. 
0.9 - 4.0 &L 2.1 6 

1 

h Tabla 4-16 to 4- 
22 

1,100 mugm 

5 x 10" day' 

sa IblfP 

seealsothedecay 
h a l f - l i f e f i X b a m n C  

in Table 4-2 

(1) 

(2) 

Same mer used for sodium and dhyIbcllzcne mod&. 

chemical con- m in lpoundwaterat PRRS arc asnmredto be dilute amugh that they do not 
sipn;r;cllntty affect the fluid (ground water) densify. 





.. . 

Bcnzene 

uhylbenzene 

Toluene 

Xylene 

Cumene 

Sodium 

Arsenic 

htassium 

Potassium4 

TABLE 4-5 

. AVERAGE CONCENTRATIONS IN 
BACKGROUND SOIL AND GROUND WATER 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

BDL BDL 

BDL BDL 

BDL BDL 

BDL BDL 

BDL BDL 

20.65 mgL 150.64 mglkg 

BDL 4.91 mglkg 

2.870 mg/L 1.802.3 mglkg 

58.15 pC& 13.02 p C f i  

NOTES: 

BDL = Below analytical detection limits. 

Concentration values arc average background concentrations. These values are not 
representative of upper tolerance level background concentmtions. 

Reference: ERM (Sept. 1992). 
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TABLE 4-6 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
SODIUM IN SOIL BORINGS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, orno 

Mw-06 

Mw-06 

Mw-06 

Mw-11s 
MW-12s 

SBOl 

2.340.000 1,869,400 

SBOl 

SB42 
SB-02 

SB03 
SB03 

SBW 

SB04 

SBOS 
SB06 

SB06 

SB07 

:: 
SB08’ 

SBO9 

SEW 

SBlO 

SBlO 

SBlO 

SB-10 

SB-11 

S B l l  

SB-12 

SB-12 

SB13 

SB13 

SB14 

SB14 

SBl5 

SB16 

SB-16 

SB-17 

SB17 

SB-17 

SB17 

:::: 
SB18 

0-2 

6 8  

12-14 

8-10 

6 8  

0-7 

7-12 

0-7 

7-12 

0-7 

7-12 

0-7 

7-12 

0-7 

0-7 

7-12 

0-7 

7-12 

0-7 

7-10 
0-7 

7-11 

0-7 

2-4 

4-6 

7-11 

0-7 

7-11 

0-7 

2 4  

0-7 

7-10 

0-7 

7-12 

0-7 

0-7 

7-14 

0-7 

7-16 

9-10 

10-12 

0-7 

4-5 

7-15 

1.300.000 

2.820.000 

939.000 

797.000 

370.000 

845.000 

929.000 

734.000 

725.000 
1.020.000 

949.000 

1.070.000 

767.000 

1.010.000 

589.000 

547.000 

525.000 

665.000 

604.000 
462.000 

989.000 

1.590.000 

3.130.000 

1.090.000 

1.250.000 

3,180,000 

1,280,000 

3.700.000 

464.000 
6.320.000 

2.990,000 

1,400.000 

1.640.000 
700.000 

442.000 

467.000 

469.000 

442.000 

463.000 

625.000 

549.000 

354.000 

588.000 

788.400 

646.400 
417.300 

697.150 

697.300 

848.800 

788.500 

684,000 

387,200 

496.100 

503.000 

1.315.800 

2.338.500 

3.549.400 

5.170.400. 

1,349.400 

549.400 

302,900 

305.900 

416.400 

SB19 

SB19 

SB19 

SB19 
SB20 

SB20 

SB21 

SB21 

SB21 

SB21 

SB22 
SB22 

SB22 

SB23 

SB-23 

SB23 

SB23 

SB-23 

SE-24 

SB24 

SB24 

SB25 

SB25 

SB25 

SB25 

SB25 

SB-26 

SB-26 

SB26 

SB26 

SB26 

SB27 

SB-27 

SB27 

SB27 

SB-27 

SB28 

SB28 

SB28 

SB28 

SB29 

SB29 

SB-29 

SB29 

0-7 

5-6 
7-16 

9-10 

0-7 

7-10 

0-2 

0-7 

7-13 

13-14 

0-7 

1-1 

7-12 

0-7 

3 4  

4-5 

7-11 

11-12 

0-7 

7-12 

8-9 

0-7 

7-8 

8-17 

15-16 

17-18 

0-7 

101 

7-15 

9-10 

15-16 

0-7 

5-6 

7-13 

10-11 

13-14 

0-7 

1-2 

4-6 

7-15 

0-7 

1-2 

7-14 

15-16 

169.000 

358.000 

163.500 

698.000 

360.000 

488.000 

2.880.000 

2.390.000 

2,490,000 

1.120.000 

1,150.000 

310,000 

790,000 

687.000 

360.000 

490.000 

802.000 

1.080.000 

168.000 

445.000 

183.000 

563.000 

799.000 

938.000 

1.070.000 

802,000 

161.500 

449.000 

158.000 

171.000 

330.000 

171.000 

176.500 

158.500 

169.000 

159.000 

1,220.000 

977.000 

479.000 

747.000 

169.500 

175.000 

158.000 

519.Ooo 

15.900 

247.800 

2.285.600 

999.400 

607.500 

132.800 

590.000 

9.300 

14.600 

851.100 

12.800 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
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TABLE 4-6 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
SODIUM IN SOIL BORINGS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SB30 

SB30 
SB3 1 

SB3 1 

SB32 

SB32 

SB33 

SB33 

SB34 

SB-34 

SB35 

SB35 

SB35 

SB35 

SB35 

SB35 

SB35 

SB36 

SB36 

SB36 

SB36 

SB37 

SB37 

SB37 

SB37 

SB38 

SB38 

SB38 

SB39 

SB-39 

SB39 

SB-39 

SB40 
sB40 
SB40 

sB42 

sB42 

sB42 

sB43 

sB43 

sB43 

sB-44 

sB-44 
sB-44 

0-7 

7- 14 

0-6 

0-7 

0-7 

7- 8 

0-7 

7-10 

0-7 

7-9 

0-2 

2-6 
6-8 

8-10 

10-12 

12-14 

14-16 

0-2 

2-6 

6-10 

10-13 

0-2 

2-6 

6-10 

10-18 

2-6 

6-10 

10-18 

0-2 

2-6 

6-10 

10-18 

0-2 

6-10 

10-18 

2-6 

610 

10-18 

2-6 

6-10 

10-21 

2-6 

6-10 

10-13 

174.500 

377.000 
712.000 

691.000 

180,500 

373.000 

569.000 

852.000 

1.320.000 

1.630.000 

230,000 

223.000 
21 1 .so0 

255.000 
251,000 

106.000 

122.500 

218.000 

762.000 

240.500 

327.000 

1,440.000 
718.000 

517.000 

571.000 

214.000 

208.000 

225.000 
290.000 

197,500 

692,000 

374.000 

429.000 

232.000 

435.000 

252.000 

243.000 

226.000 

200.000 

158.000 

273.000 

344.000 

229.000 

288,000 

117.300 

540.400 

54.000 

503.300 

1.23 8.300 

32,600 

266.900 

582.700 

64.200 

82.100 

145.200 

91.000 

54.000 

136.300 

sB45 
SB45 

sB45 
sE46 
sB46 
sB46 
sE46 
sB-47 

sB47 

sB47 

sB47 

SB48 
sB48 

SB-48 

SB-48 
SB48 

SB49 

SB49 

SB-49 

SB49 

SB49 

SBSO 

SBSO 

SBSO 

SBSO 

SBM 

SBSO 
SBSO 
SBSl 

SBSl 

SBSl 

SBSl 

SB52 

SB52 

SB52 

SB52 
SB52 

SB53 

SB53 

SB53 

SB53 

SB53 

SB54 

SB54 

2-6 

6-10 

10-18 

0-2 

2-6 

610 

10-20 

0-2 

2-6 

6-10 

10-18 

2 4  

4-6 

6-8 
8-10 

10-16 

2 4  

4-6 

6-8 

8-10 

10-16 

2 4  

2-6 

4-6 

6-8 

6-10 

8-10 

10-13 

2 4  

4-6 

6-8 

8-10 

2 4  

4-6 

6-8 

8-10 

10-13 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

186,000 

252.000 
261.OOO 

255.OOO 

161.000 

220.000 

219.000 

539.000 

319.000 

245.000 

223.000 

164.000 
245.000 

522.000 

760.000 

579.000 

1 n . m  

564.000 

462.000 

287.000 

260.000 

268.000 

542.000 

544.000 
206.000 

225.000 

224.000 

100.500 

348.000 

388.000 

386.000 

365.000 

1.910.000 

1.880.000 

747.000 

420,000 

323.000 

1.770.000 

1.020.000 

1.320.000 

400.000 

250.000 

760.000 

418.000 

79.900 

50.200 

157.300 

191.210 

65.300 

C 

224.900 

838.800 

600.900 
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TABLE 4-6 

1991 DEPIM AVERAGED CONCENTRATIONS FOR 
SODIUM IN SOIL BORINGS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SB-54 

sB-n 
SB-54 

SB-54 

SB-55 

SB-55 
SBSS 

SB-55 
SB-55 

SB-55 
SB-56 

SB-56 

SB-56 

SB-56 

SB-56 

SB-56 

SB-57 

:::: 
SB-57 

SB-57 

SB-57 

SB-58 

SB-58 

SB-58 

SB-58 

SB-58 

SB-58 

SB-59 

SB-59 

SB-59 

SB-59 

SB-59 

SB-59 

SB-60 

SB-60 

SB-60 

SB-60 

SB-60 

SB-60 

SB-61 

:::: 
SB-61 

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  
4-6 

6-8 

8-10 

10-13 

0-2 

2-4 

4-6 

6-8 

8-10 

10-13 

0-2 

2-4 

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6 8  

8-10 

10-13 

0-2 

2-4 

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

328.000 

316.000 

344.000 

283.000 

462,000 

537.000 
579.000 

579,000 

112.500 

135.000 

1.360.000 

1.800.000 

649.000 

302.000 

293.000 

272.000 

431.000 

352.000 

277.000 

265.000 

306.000 

272.000 

242.000 

442.000 

742.000 

938.000 

506,000 

343 ,000 
949.000 

530.000 

552.000 

207.000 

492.000 

281.000 

622.000 

462.000 

178.000 

168.500 

230.000 

312.000 

667.000 

1,690.000 
1.780.000 

1.780.000 

160.200 

589.700 

163.100 

343.700 

334.200 

176.900 

1,105.500 

SB-61 

SB-61 

sB-62 

sB-62 

SB-62 

SB-62 

SB-62 

SB-63 

SB-63 

SB-63 

SB64 

SB-64 

SR-64 

SB-64 

SB-64 

SB-65 

SB-65 

SB-65 

SB-65 

SB6S 

SB-65 

SB-66 

SB-66 

SB-66 

SB-66 

SB-66 

sB-67 

SB-67 

SB-67 

SB-67 

SB-67 

SB-67 

SB68 

SB68 

SB-68 

SB-68 

SB-68 

SB-68 
sB-69 

SB-69 

SE-69 

SB-69 

SB-69 

SB-70 

8-10 

10-13 

0-2 

2 4  

6-8 

8-10 
10-13 

0-2 

2 4  

10-13 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

8- io 
10-13 

2 4  
4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2-4 

4-6 

6-8 

10-13 

0-2 

1.070.000 

785.000 

1.020,000 

11 .900.OoO 

8.950.000 

12.000.000 
3.700.000 

5.490.000 
3.100.000 

1.380.000 

1.540.000 

3.890.000 

3.590.000 

2,670.000 

354.000 

4,240.000 

2.970.000 

3.430.000 

5.570.000 

3.540.000 
3.380.000 

8.280.000 

1.060.000 
1.080.000 

1,280.000 

3.150.000 

6.110.000 

4.090.000 
707.000 

390.000 

1.200.m 

788.000 

2.810.000 

1.770.000 

1.070.000 

5.560.000 

887.000 

498.000 

554.000 

498.000 

469.000 

259.000 

302.000 

1.650.000 

7.016.700 

2,895.100 

2.071.400 

3.667.900 

2.835.800 

1.953.900 

1.825.400 

255.400 

508.900 



TABLE 4-6 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
SODIUM IN SOIL BORINGS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SB70 

SB70 

SB70 

SB70 

SB70 

SB71 

SB71 

SB71 

SB71 

SB72 

SB72 

SB72 

SB72 

SB72 

SB72 

SB73 

SB73 

,5573 

SB73 

SB73 

SB74 

SB74 

SB74 

SB74 

SB74 

SB75 

SB75 

SB75 

SB75 

SB75 

SB76 

SB76 

SB-76 

SB76 

SB76 

sBn 
sBn 
sBn 
sBn 
sBn 
SB77 

SB78 

SB78 

SB78 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 

6-8 

0-2 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

4-6 

6-8 

8-10 

10-13 

2 4  

4-6 

6-8 

8-10 

10-13 

2 4  

4-6 

6-8 

8-10 

10-13 

2 4  

4-6 

6-8 

8-10 

10-13 

0-2 

2 4  

4-6 
6-8 

8-10 

10-13 

2 4  

2-6 

6-8 

1.Mo.000 

448.000 
182.000 C 

344.000 

313.000 

2.210.000 

3,730.000 

1.890.000 

485.000 

549.000 

1.660.000 
333.000 

366.000 

403.000 
404.000 
8W.000 

456.000 

418.000 

314.000 

508.000 

817.000 

381.000 

360.000 

371.000 

328.000 

359.000 

449.000 

481,000 

390.000 

440.000 
1.180.000 691.800 

789,000 

1.180.000 

719.000 

510.000 

1.240.000 
371,000 C 

186.500 C 

170.500 C 

303.000 

165.000 C 

139.000 161.000 C 

420.000 

213,500 C 

1.928.400 

452.000 

350.100 

289.600 

274.700 

236.900 

SB78 

SB78 

SB78 

SB78 

SB79 

SB79 

SB79 

SB79 

SB79 

SB79 

SB80 

SB80 

SB80 

SB80 

SB80 

SB81 

SB81 

SB8l 

SB81 

SB81 

6-10 

8-10 

12-14 

10-13 

2 4  

4-6 

6-8 

6-10 

8-10 

10-13 

2-4 

4-6 

6-8 

8-10 

10-16 

2 4  

4-6 

6-8 

8-10 

10-16 

326.000 

263.000 
354.000 

265.000 

783.000 

300.000 

296.000 

254.000 
295.000 drc 

528.000 

631.000 

596.000 

376.000 

435.000 

252.000 

289.000 

818.000 

497.000 

390.000 

256.000 

297.800 

288.700 

281.800 

NOTES: 
a obscrvcd value (ERM. scpr 1992). 

Refer to Figure 4-2 for explanation of av 
conccntmtion shown a rmnu the avcrage%ium concedtdon (150.600 MIL) 
obscrved in the background Samphg ~ I I O M .  

ing method l l ~ e  avenge 

For borings with below detection limit valua. onehalf of the d&oa limit WM 
avlignai M the concmtrabon. 
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TABLE 4-7 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
ETHYLBENZENE IN SOIL BORINGS 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

MW-06 

MW-06 

Mw-06 

Mw-06 
Mw-06 

Mw-lOS 
Mw-10s 
Mw-10s 
Mw-10s 
MW-10s 
MW-10s 
MW-10s 

MW-10s 
MW-10s 
Mw-11s 
Mw-11s 

MW-11s 

@E::: 
Mw-11s 
Mw-11s 
Mw-11s 
MW-12s 
-12s 

Mw-12s 
MW-1ZS 
Mw-US 
Mw-12s 
Mw-12s 
MW-12s 
MW-12s 
MW-12s 
MW-13s 

Mw-13s 

MW-13s 

MW-13s 

MW-13s 

MW- 14s 
MW-14s 
MW-14s 
Mw-18.5 a::: 
MW-2 1 D 

2 4  
4-6 

6-8 

8-10 
10-12 
4-6 
6-8 

8-10 
10-12 
12-14 
14-16 
16-17 

17-19 
19-20.5 

4-6 
8-10 

10-12 
12-14 
14-16 

1617.5 
19-20 

17.5-19 
2-4 
4 6  

6-8 
8-10 
10-12 
12-14 
14-16 
16-18 
18-20 

20-21.5 
8-10 

10-12 

12-14 

14- 16 

18-20 

10-12 
14-16 
16-18 
8-10 
16-18 
20-21 
21-23 

3 
3 

3 
3 

2.5 
75 
3 
6 
5 

32oo00 
87oo00 
2900000 

1400 
360 

3900 
48oo00 

93oo00 
460000 

67oo00 
57oo00 
38000 
22oooo 

4100 

27oo00 

27000 
1 loo00 
69OoO 

33000 
560000 
88oo00 

22000 
18oo00 

3.5 

3.5 

23oooo 

12OOOOO 

86OOO 

2.5 
75 

11oooo 
2.5 

10.5 
105 
6.5 

3 NA C 

C 

C 

C 

C 

452.978 
C 

C 

C 

35.575 

469.686 43 1.857 

139.382 426.235 

46,003 

3 

73,358 C 

C 

C 

NA C 

C 

~ 

Mw-21s 
Mw-21s 
Mw-21s 
SB-11 
SB-11 
SB-12 
SB-12 
SB-13 
SB-13 
SB-14 
SB-14 
SB-15 

SB-15 
SB-16 
SB-16 
SB-16 

SB-16 
SB-16 
SB-16 
SEI6 
SB-17 
SB-17 
SB-17 
SB-17 

SB-17 
SB-17 
SB-17 
SB-17 
SB-18 
SB-18 
SB-19 
SB-19 
SB-19 

SB-19 

SB19 

SB-19 

SB-19 

SB-20 
SB-20 
SB-20 
SB-20 
SBZl 
SB-21 
SB-21 

10-12 
12-14 
14-16 
6 8  

10-12 
6-8 

8-10 

0-2 
8-10 
8-10 
10-12 
0-2 

6-8 

2-4 
4-6 
6-8 

8-10 
10-12 
12-14 
14-16 
4-6 
6-8 

8-10 
10-12 

14-16 
16-18 
18-20 
20-22 
4-6 

14-16 
4-6 
6-8 

8-10 

10-12 

12-14 

14-16 

16-18 

4-6 

6-8 

8-10 
10-12 
2 4  
4-6 
6-8 

14500 
7000 
160 
2.5 

3 
3 
3 

3.5 
3 
3 

2.5 
3 

3 
3 

37000 
17oo00 

78000 
66OOo 

14OOO 

2.5 
3 
3 

38000 
140000 

2.5 
2.5 
170 

3 
1700 
2.5 

5 
77000 
24oooO 

53oooo 

37oo00 

44oo00 

81oooo 

0.5 
0.5 

3 
3 

4100 
2.5 

3 

12.000 NA 

3 NA 

3 NA 

3 NA 

3 NA 

3 NA 

65.092 4.668 

44.502 45 

1.700 1 

229.334 574.000 

C 

C 

C 

C 

C 

C 

C 

2 NA C 

C 

C 

C 

3.081 19.333 
C 

C 

ERHJOVM INC. Page 1 of 4 



TABLE 4-7 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
EXHYLBENZENE IN SOIL BORINGS 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SB-21 
SB-21 

SB-21 
SB-21 
SB-22 
SB-22 
SB-22 

SB-22 
SB-22 

SB-22 
SB-23 

SB-23 
SB-23 

SB-23 
SB-23 

SB-23 
SB-23 
SB-24 

SB-24 
SB-24 
SB-26 

SB-26 
SB-26 

SB-26 
SB-26 
SB-26 

SB-26 

SB-26 
. SB-27 

SB-27 

SB-27 
SB-27 
SB-27 

SB-27 
SB-27 

SB-28 

SB-28 

SB-28 

SB-28 

. SB-28 

SB-28 

SB-28 

SB-28 

SB-29 

8-10 
10-12 

12-14 
14-16 
0-2 
2 4  
6-8 
8-10 
21-22 
12-14 

0-2 
0-2 
2 4  
8-10 

10-12 
12-14 
14-16 

4-6 
8-10 

10-12 
0-2 
2-4 

4-6 
9-10 
10-12 

12-14 

15-16 

10-13 
0-2 
2 4  

4-6 
6-8 
8-10 

l$12 
12-14 

0-2 

2 4  

4-6 

6 8  

9-95 

10-11.5 

11.5-13 

14-14.5 

0-2 

800 

42 
24ooo 
17000 
88000 

33oo00 
2000 
350 
340 

260000 
370 

0 

3 

8 
450 

2 
3 
3 

3 
3 
3 

2.5 
2.5 

2.5 
2.5 

0.5 

3 

54ooo 
3 

220 

170 

6 
47 

660 
260000 

4200 

13000 

19OOO 

17oo00 

4 7 m  

3 loo00 

24MK)oo 

95oo00 

0.5 

100.126 26o.OOo 

185 3 

NA 

2 

20.170 260.000 

409,774 95o.OOo 

1 654 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

SB-29 

SB-29 

SB-30 
SB-30 
SB-3 1 
SB-32 
SB-33 

SB-34 
SB-35 

SB-35 
SB-35 
SB-35 
SB-35 
SB-35 

SB-35 
SB-35 
SB-36 

SB-36 
SB-36 

SB-36 
SB-36 
SB-36 
SB-36 

SB-36 
SB-37 

SB-37 

SB-37 
SB-37 
SB-37 
SB-37 

SB-37 

SB-37 
SB-38 

SB-38 
SB-38 

SB-38 

SB-38 

SB-3 8 

SB-38 

SB-38 

SB-39 

SB-39 

SB-39 

SB-39 

12-14 
14-16 

14-16 

1618 
2 4  

2 4  
8-10 

2 4  
0-2 
2 4  
4-6 

6 8  
8-10 
10-12 

12-14 
14-16 
0-2 

2 4  
4-6 

6-8 
8-10 

10-12 
12-14 
14-16 
0-2 

2 4  

4-6 

6-8 
8-10 
10-12 

12-14 
14-16 

2 4  
4-6 

6 8  

8-10 

10-12 

12-14 

14-16 

16-18 

0-2 

2 4  

4-6 

6 8  

0.5 

980 
0.5 

7 
3 
3 

2.5 
3 

2.5 
2.5 

22 
3 

355 
90 

340 

290 
2700 

200 
26 
29 
74 

14 

2.5 
2.5 

1900 

19 

180 

530 
17 

330 

870 
400 
2.5 

3 
8ooO 

44oooo 

22m 

48oooO 

1OOOOO 

4 4 m  

3 7 m  

14oooO 

820 

230 

C 

C 

C 

3 NA C 

3 NA C 

3 NA C 

3 NA C 

99 307 C 

C 

468 

C 

3 

525 

C 

C 

557 

165.092 312.000 C 

C 

78.678 3.607 



TABLE 4-7 

0 0 4 3 6 8  1991 DEPTH AVERAGED CONCENTRATIONS FOR 
m E N Z E N E  IN SOIL BORINGS 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

SB-39 
SB-39 
SB-39 
SB-39 
SB-39 
SB40 

sB40 
SB40 
SB40 
SB40 
SB40 
SB40 
SB40 
sB40 
sB42 
sB42 
sB42 

sB42 
sB42 
sB43 
sB43 

sB43 

sB43 
sB43 
sB-43 
sB43 
sB43 
sB-43 
sB43 
sB43 
SB44 
SB44 
SB44 
SB44 
SB44 
SB44 
SB44 
SB44 

SB44 

8-10 
10-12 
12-14 
14-16 
16-18 
0-2 

2 4  
4-6 
6-8 

8-10 
10-12 
12-14 
14-16 
1618 
2 4  
4-6 
6-8 

8-10 
10-12 
12-14. 
14-16 
1618 
0-2 
2 4  

4-6 

6-8 

8-10 
10-12 
12-14 
14-16 
16-18 
18-20 
20-22 
2 4  
4-6 

6-8 
8-10 
10-12 
12-14 
14-16 
16-18 

18-20 
2 4  
4-6 
6-8 

345 
4 

17 
8200 
810 

2 

140 
330 

24 

1700 
3400 

68000 
100000 
26000 

3 
3 
5 

72000 
340 

900 
335 
340 

0 
3 

2.5 

3 
3 
3 
3 

2.5 
2.5 
2.5 
270 
2.5 

3 
2.5 
2.5 
2.5 
520 

1 15000 
1300000 

28oooO 
3 
3 

2.5 

6.092 

13.237 450 

3 62 

50 

3 

484.360 

246.428 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

sB45 
sB-45 
sB45 
sB45 
sB45 
sB-45 

SB46 
SB46 
SB46 
SB46 
SB46 
SB46 
SB46 
SB46 
SB46 
SB46 
sB47 
sB47 
sB47 
sB47 
sB47 

sB47 
sB47 
sB47 

sB47 

SB-58 
SB-60 
SB-60 

SB-60 
SB-60 
SB-61 
SB-61 
SB-61 
SB-61 
SB-61 
SB-62 
SB-62 
SB-62 
SB-62 
SB-79 
SB-79 

SB-79 
SB-80 
SB-80 
SB-80 

8-10 
10-12 
12-14 
14-16 
1618 
18-20 

0-2 
2 4  
4-6 
6-8 

8-10 

10-12 
12-14 
14-16 
16-18 
18-20 
0-2 
2 4  
4-6 
6 8  

8-10 
10-12 
12-14 
14-16 

16-18 

12-14 
0-2 
2-6 
6-10 
10-13 
0-2 
2-6 

10-12 
12-14 
14-16 
6-8 

8-10 
10-12 
12-15 
2-6 
6-10 

10-13 
2-6 
6-10 
10-16 

2.5 
2.5 
2.5 

2900 
9600 

85oooo 

2.5 
3 
3 
3.  
3 

2.5 
2.5 
2.5 
2.5 
345 

4 
3 
3 
4 
4 
6 

96000 
27oooO 

560000 

3 
3 
3 
3 
3 

2.5 
3 
3 

2.5 
2.5 

3 
3 

2.5 
2.5 
2.5 
2.5 

2.5 
3 

2.5 
2.5 

3 100 C 

C 

C 

C 

C 

E .  

C 

C 

C 

7,388 351.200 C 

C 

C 

C 

C 

C 

3 
3 

3 

3 

3 

3 

NA 
NA 

NA 

NA 

NA 

NA 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
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TABLE 4-7 

1991 DEPTH AVERAGED CONCENTRATIONS FOR 
ETHYLBENZENE IN SOIL BORINGS 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

NOTES: 
a Observed value (ERM. Sept. 1992). 

For borings with below detection limit values, one half of the detection limit was assigned as the concentration. 
Refer to Figure 4-2 for explanation of averaging method. 

NA = Not Availabie 
Average estimated DTW at PRRS property is 13 feet based on ERM (Sept. 1992) 
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TABLE 4-9 

ESTIMATED TIME FOR CONTAMINANTS TO REACH WATER TABLE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

MEZUOD 1 

Methodology reference: EPA (1988a) 

Soil type: clayey loam (based on lithologies for the site reported in ERM, Sept. 
1992) 

Governing Equations: 

t = z/vp 

Unsaturated moisture content, unitless 
Saturated moisture content, unitless 
Infiltration rate (Wyr) 
Saturated hydraulic conductivity (ft/yr) 
pore velocity 
a constant 
travel time 
travel distance (depth to water table) 

From Tables 3-8 and 3-11 of EPA (1988a): 

= 0.050 
2b + 3 

' a  = 0.476 
KS = 6.4 x lo5 cm/sec = 66.2 Wyr 



TABLE 4-9 

ESTIMATED TIME FOR CONTAMINANTS TO REACH WATER TABLE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

For an infiltration rate (q) of 10 incheslyear (the assumed net recharge rate for the 
PRRS prior to paving), or 0.83 foodyear: 

0, = 0.382 

Pore velocity, vp = g/0, = 2.17 #/yr 

Time (2) to travel a distance (2) of 13 ft (average depth to water table based on ERM, 
June 1992) in the soil zone without adsorption: 

t = Jyp = 5.99 years = 6 years 

METHOD 2 

Methodology reference: Hem and Melancon (1987) 

Governing Equarions: 

t = z/d= 

= 
= Rate of infiltration (ft/yr) 
= 

Rate of transport in unsaturated zone when wetted (ft/yr) 

Difference in water content in saturated and oven dried 
condition (dimensionless) = 0, - 8, 

= Saturation water content 
= Wilting point water content 
= Bulk density (lb/ft3) 
= Density of water 

ERMJolnH, MC. Page 2 of 3 1 I I(P,mmysOLUE.T A B K S C t P J m  



TABLE 4-9 

ESTIMATED TIME FOR CONTAMINANTS TO REACH WATER TABLE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

From Method 1: 

6s = 0.476 
= 0.218 (assumed based on the field capacity from Table 3-10 of 

EPA (1988a)) 
6, 

6, 
d w  = 0.83 Wyr 

z = 13.0ft 
= 0.476 - 0.218 = 0.258 

From Table 4-2: 

DB = 98.5 lb/@ 
Dw = 62.41b/ft3 

Using the above values: 

r = zJd= = 6.38 years 

Thus, to wet 13 feet of vadose zone, it takes 6.38 years, which is close to the value of 
5.99 years obtained with Method 1. 

. .  .__ , 



TABLE 4-10 

REI'ARDATXON FACTORS FOR SODIUM 
PADDYS RUN ROAD STE 

HAMILTON COUNTY, OHIO 

I1 1 I I1 

sodipm 1-1 0.001 1.007 I 

(1) Kd = CSICG 
( 2 ) R F = l + @ B x W N E I  

Kd -mUgm(variable) 
cs =pg/kg(variable) 
CG = pg/L (variable) 
RF = uaitia# (voriabt) 
Ne = O r r S ( % / l O O )  
DB = 158 @a? = 98.0 lb/ft' 



TABLE 4-11 

EthyIbCllpae 

my- 

REX’ARDATION FACTORS FOR EI’EYLBENZD4E 
PADDYS RUN ROAD SlTE 

HAMILTON COUNTY, OHIO 

4 
1.100 0.03 033 3 3 2  hobserved 

1.100 0.11 1.20 9.44 A , O b . e m d  

1,100 0.18 1.98 1490 EIigh- 

BQU..ONS: RBPBRWCEP- 

(1) KD = Koc * (%oJloo) EPA (1989) 
(2) RF = VGNC = 1 + @BINE) * KD k-.ad==Y(1979) 

P- ASSIGNMENlS: 

TOC = 290 mgkg (low obsavedvalue) 
TOC = 1,093 mgkg (avcrage &saved value) 
TOC = 1,800 mgkg (high observcdvafue) 
NE =om 
DB = 1J8gm/cm3 



TABLE 4-12 

e 

. .  

GRID AVERAGED SODIUM CONCENTRATIONS FOR 1991 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 



TABLE 4-12 

15.67 

16.67 

12.68 

13,68 

14,68 

GRID AVERAGED SODIUM CONCENTRATIONS FOR 1991 
PADDYS RUN ROAD SITE 

HAMILTON C O W ,  Om0 

NA NA 2,000,000 b 

NA NA 2.000,Ooo b 

SB9 503.000 503 ,000 

SB8 496,100 496,100 

SB79 297,800 495 ,000 

SB76 69 1.800 



TABLE 4-12 0 0 7 3 6 0  
GRID AVERAGED SODIUM CONCENTRATIONS FOR 1991 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

NOTES: 

a Assumed same average conwtration as in grid 16,57. 

b Cells with no data were‘assigned a concentration of 2,000,000 pglkg. 

NA = Not Available 

Average estimated DTW at PRRS property is 13 feet based on E M  (Sept. 1992). 

Refer to Table 4-6 for depth averaged calculations. 
. _  
. .  

. .  

. .. 

. : 
UIMSOW mc. 



TABLE 4-13 

14.70 

15,62 

ESTIMATED MASS OF SODIUM 
IN SOURCE AREA FOR 1991 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

~~ ~ 

2,338,500 29,944 2,338,500 11,517 41,462 

728.000 9,322 728,000 3,585 12,907 

-16,G-l -~ 138,300 I 1,771 I 138,300 I 681 I 2,452 

15,65 

15.66 

15,67 

1 1 1 6 . 5 9 ( 2 . 2 8 5 , 6 0 0  1 29,267 I 2,285.600 I 11,257 I 40,524 

2,953,000 37,813 2,953,000 14,544 52,357 

2,835,800 36,312 2,835,800 13,966 50,279 

2,000,000 25,610 2,000,000 9,850 35,460 

~ ~ - -  ~~ 

17,57 1 138,300 I 1.771 I 138.300 I 681 I 2,452 

-17,59 1 2,000,000 I 25,610 I 2,000,000 I 9,850 I 35,460 

11 15.64 I 1,193.600 I 15.284 I 1,193,600 I 5,878 I 21,163 

Page 1 of 2 I 1  lU2.07/r A B L E . 4 l 3 / l K G l P J ~ ~  ERMSOLITH, LNC. 



TABLE 4-13 

15.68 

15.69 

ESTIMATED MASS OF SODIUM 
IN SOURCE AREA FOR 1991 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OM0 

2,000,000 25,610 2,000,000 9,850 35,460 

2,000,000 25,610 2,000.000 9,850 35,460 

16.67 

16.68 

11 16,65 I 2,000,000 I 25,610 I 2,000,000 I 9,850 I 35,460 11 

2,000,000 25,610 2,000,000 9,850 

2.000.000 25.610 2.000.000 9.850 35.460 

11 16.66 I 2,000,000 I 25,610 I 2,000,000 I 9,850 I 35,460 11 

TOTAL MASS OF SODIUM IN SOURCE AREA I 803,337 1 
NOTES: 

Refer to Table 4-12 for Csb calculation details. 

Governing Equations: 

Mass in cell (above water table source) = Csb x cell x cell x Dtw x DB 
Mass in cell (below water table source) = Csb x cell x cell x B W  x DB 

Parameter Assignments: 

Csb 
cell = 100 feet 
Dtw = 13feet 
DB = 98.5 lb/ft3 
BW?T = 5 f e e t  

= pgkg (variable)-converted to lb/ft3 in calculation 

Reference 

Table 4-12 

Figure 4-7 
Table 2-2 
Figure 4-7 

- 

Parameter Defttitions: 

Csb 
Dtw 
DB 
cell 
B W r r  

= Average estimated concentration in soil above water table b g k g )  
= Estimated average depth to water at PRRS property (A) 
= Soil bulk density (lb/ft3) 
= Model cell width or length (A) 
= Thickness of below water table source 

ERMS0ul-H. INC. Page 2 of 2 I 1  102.07fTABLE.413/IKCIPJH13/OSOZW 



TABLE 4-14 

GRID AVERAGED EI'HYLBENZEN'E CONCENTlUTIONS FOR 1991 
PADDYS RUN ROAD SlTE 

HAMILTON COUNTY, OHIO 

'SB42 13,237 

14.58 20,170 20,170 

14.59 204.888 

15.56 1.700 1,700 

15.58 165.092 288,037 

469,686 

229,334 

100,126 100,126 

16.58 48,924 

MWl2S 139,382 

sB47 7,388 

16.59 sB21 3,081 1,775 

II SB36 468 
I I I 

11 17.56 I W 1 3 S  I 46.003 I 23.002 

SB29 1 I .  

14.57 MWlOS 452,978 452.978 

14.58 sB27 260,000 260,000 

14.59 SB26 2 475.001 

SB28 950,000 

1537 SB19 574,000 410,214 

sB4s 246.428 

15.58-- 1 11; I 312.000 1 439,286 I 
1539 SB22 160,000 260,000 

MWllS 43 1,857 

574,000 

I I I II 
~~~ 

16.57 SB44 484,360 484,360 

16.58 SB20 NA 388.718 

35 1.200 

17.56 73.358 

I I I '1 

N O E S :  

NA = Not Available 

Average estimated MW at PRRS property is 13 feet based on ERM (Sept. 1992). 

Refer to Table 44 for depth averaged calculations. 
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TABLE 4-23 

PRIMARY CALIBRATION EVALUATION CRITERIA FOR TRANSPORT MODELING 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

1. Graphical comparison I1 

3. Percent of residuals 
within f one 
standard deviation of 
observed values 

I I 
Comparison of observed and 
simulated values via contour mapping 
and x-y arithmetic graphs. 

R1 is the ratio of the mean of the 
residuals (the difference between 
observed and computed values) to the 
mean of the observed values. 

Example: for 40 observations then 
5% of observations (i.e., two 
residuals (40~0.05 =2)) can fall 
outside of the one standard deviation 
of observed values. 

Not quantifiable. 

-30% <R1< +30% 

90% - 100% 

Not quantifmble 

0% 

R4 is the regression coefficient 
between the observed and computed 
heads. 

R5 is the ratio of the coefficient of 
variation (the standard deviation 
divided by the mean) of the observed 
values to the computed values 

This error is calculated by HST3D 
and termed the "fractional 
imbalance" by the code. 

0.50 - 1.0 

0.80 - 1.2 

-15% < model mass 
balance error < +15% 

100% 

': ERMSOurH.MC. Page 1 of 1 I l l 0 2 . 0 7 f I ' A B L E . 4 t 3 K K G 5 A l f 3 ~  
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TABLE 4-26 

SODIUM MODEL CALIBUTION PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

ERMsoLrm LNC. Page 1 of 3 



TABLE 4-26 

MW-18s 

Mw-19s 

MW-20D 

SODIUM MODEL CALIBUTION PERFORMANCE 
PADDYS RUN ROAD !%TI3 

HAMILTON COUNTY, OHIO 

15 68 4 254,400 194,085 322,123 71,162 -60,315 

12 51 4 0 0 0 0 0 

17 48 2 35.700 0 0 0 -35.700 

MW-18D 1. 15 I 68 I 2 I 49.800 I 0 1  0 1  0 I -49.800 II 

~ 

Mw-20s 

MW-21D 

MW-211 

_____ ~~ ~~ ~ ~ - ~ 

17 48 4 40,200 5,137 8,477 1,680 -35,063 

21 48 2 67,200 34,404 42,955 28,485 -32,796 

21 48 3 68.400 52,327 55.632 49,022 -16,073 

MW-21s 

Mw-22s 

21 48 4 69,600 27,631 36,564 13,400 -41,969 

28 49 4 6.300 0 0 0 -6.300 

MW-23s 
~ 

29 40 4 6,300 0 0 0 

MW-24s 20 38 4 40,200 45,216 53,399 35,780 5,016 11 
I I I I I I I I 

MW-24D 

Mw-241 

20 38 2 41,400 0 0 0 -41,400 

20 38 3 40,800 0 0 0 -40.800 

MW-25s 

MW-26s 

Mw-30s 14 54 4 13,800 0 0 0 -13,800 JI 

18 37 4 14,100 16,241 26,197 6,286 2,141 

16 29 4 6,900 0 0 0 -6,900 

MW-27s 

MW-28s 

MW-29s 

MW-301 

~~ 

MW-32S 16 65 4 360,600 105,471 117,081 93,860 -255,129 11 

21 29 4 36,600 0 0 0 -36,600 

2 3 2 5 4  30,300 17,246 27,161 7,330 -13,054 

14 22 4 8,400 11,527 17,989 6,628 3,127 

14 54 3 9 .goo 0 0 0 -9,900 

MW-331 15 61 3 106,200 93,944 105,701 82,187 -12,256 11 

Mw-311 

MW-31s 

22 55 3 45,600 42.331 42,331 42,331 -3,269 

22 55 4 45.300 87.367 94.184 80,550 42.067 



TABLE 4-26 

MW-38s 

MW-39s 

0 0 1 3 6 0  

. 26 54 4 9,000 0 0 0 -9,000 

20 59 4 64,200 76,111 76,111 76,111 11,911 

SODIUM MODEL CALIBRATION PERFORMANCE 
PADDYS RUN ROAD SIIX 

HAMILTON COUNTY, OHIO 

WEBER 3 
~~ 

25 57 2 8,100 0 671 0 -8,100 

Notes: 

Source of observed concentration and water level data and monitoring well construction information is ERM (June, 1992). 
Source of private well construction data is ENSR (1990). 

verage background sodium concentration = 20,650 pg/L ( E M ,  March 1992). 
average observed concentration was less than the background, the well concentration was set equal to zero for model comparison purposes. e esidual value = standardized observed average concentrations - computed concentration. 

Observed results include Round 4 data as discussed in E M  (Sept. 1992). 
Refer to Table 4-24 for standardization calculations. 

Governing Equation: 

CX-, = C,*K'" 

Parameter Assignments: 

CX = pg/L (variable) 
n = ft (variable) 

CX." = pg/L (variable) 

Parameter Definitions: 

K = 1.030 (-) 

c x  
n 
K 
C," 

= 
= 
= 
= 

Average observed concentration in well during remedial investigation (pg/L) 
Distance between midpoint of well and midpoint of model cell (ft) 
Average slope of semi-log plots of well screen midpoint elevations versus average observed concentrations (-) 
Standardized well concentration which is the observed concentration projected from the well to the midpoint of the model cell 
bg/L) 

ERM-som LNC. Page 3 of 3 



TABLE 4-27 

MW-141 

MW-14S 

MW-1SD 

ETHYLBENZENE MODEL CALIBRATIONS PERFORMANCE 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

14 59 3 530 0 0 0 -530 

17 55 4 6348 971 1124 692 -5377 

16 55 2 2826 0 0 0 -2826 



TABLE 4-27 

MW-20s 

Mw-21D 

MW-211 

a 

17 48 4 1560 0 0 0 -1560 

21 48 2 530 4 8 1 -526 

21 48 3 630 473 473 473 -157 

ETHYLBENZENE MODEL CALIBRATIONS PERFORMANCE 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

Mw-21s I 21 I 48 I 4 I 7 4 0 7  4574- r 38111 383411 
MW-22S I 28 I 49 I 4 I 0 1  

0 1  Gll 
~~ 

Mw-34s I 15 I 57 I 4 I 7618- 1 4882 I -2736- 11 
411 41 o r  MW-35s 28 24 4 

MW-361 21 14 3 34 0 0 0 -34 

I 
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TABLE 4-27 

ETHYLBENZENE MODEL CALIBRATIONS PERFORMANCE 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

Mw-36s 21 14 4 34 1 1 1 -33 

MW-371 24 14 3 12 0 0 0 -12 

MW-37s 24 14 4 12 1 1 1 -1 1 

RNCC 15 6 0 2  90 0 0 0 -90 

ROLFES 14 32 4 0 0 0 0 0 
~ ~~ 

WEBER 1 26 56 3 2 0 0 0 -2 

WEBER 2 24 60 2 0 0 0 0 0 

WEBER 3 25 57 2 2 0 0 0 -2 

Notes: 

Source of observed concentration and water level data and monitoring well construction information is ERM (June, 1992). 
Source of private well construction data is ENSR (1990). 
If average observed concentration was less than the background, the well concentration was set equal to zero for model comparison 
purposes. 
Residual value = standardized observed average concentrations - computed concentration. 
Observed results do not include Round 4 data as discussed in ERM (Sept. 1992). 
Refer to Table 4-25 for standardization calculations. 

Governing Equation: 

Parameter Assignments: 

Cl = pg/L (variable) 
n = Ft (variable) 

cx-" = pg/L (variable) 
K = 1.129 (-) 

Parameter Definitions: 

Average observed concentration in well during remedial investigation (&L) 
Distance between midpoint of well and midpoint of model cell (k.) 
Average slope of semi-log plots of well screen midpoint elevations versus average observed concentrations (-) 
Standardized well concentration which is the observed concentration projected from the well to the midpoint of the model 
cell (pg/L) 
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TABLE 4-28 

Ethylbenzene Source Loading Rate 

PARAMETERS USED IN TRANSPORT MODEL 
SENSITIVITY TESTING ON 1991 CALIBRATION MODELS 

PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

0 - 15 lb/day 
(approximately) 

variable - see Table 4-17 

Longitudinal Dispersivity 5 - l o o f e e t  

Transverse Dispe-rsivity 0.5 - 10 fea 

0 - 1.9 (unitless) 

0 - 3.8 (unitless) 

Sodium Distribution Coefficient 

Ethylbenzene Distribution Coefficient 

Ethylbenzene Decay Halflife 0 - 2 x 109 day.' 

Sodium Source Loading Rate 0 - 600 lb/day 
(approximately) 

50 feet 

5 feet 

0.06 (unitless) 

0.63 (unitless) 

5 x 10'0 day" 

variable - see Table 4-16 

ERMSOVM, MC. 



TABLE 4-29 

Dw-1991 

PREDICTION OF FUTURE INORGANIC CHEMICAL CONCENTRGTIONS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

0 274 16 65 4 169 145 

Dw-1994 

DE-1997 

Dec-2000 

~~ ~~ 7 

1,095 262 16 65 4 153 146 

2,190 218 15 64 4 140 137 

3,285 191 15 64 4 134 132 

Dw-2003 

Dw-2006 5,475 164 15 64 4 130 128 

4,380 175 15 64 4 131 130 



TABLE 4-29 

PREDICTION OF FUTURE INORGANIC CHEMICAL CONCFNIXATIONS 
PADDYS RUN ROAD SITE 
HAMILTON COUNTY, OHIO 

N O T E S  

ppb = parts per billion 

Maximum predicted concentration: Based on nodal comparison of model output within the study area for each three-year 
period. 



TABLE 4-30 

PREDICTION OF FUTURE ORGANIC CHEMICAL CONCENTRATIONS 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

Ethylbenzene 



TABLE 4-30 

PREDICTION OF FUTURE ORGANIC CHEMICAL CONCENTRATIONS 
PADDYS RUN ROAD SITE 

HAMILTON COUNTY, OHIO 

Xvlene 

NOTES: 

ppb = parts per billion 

Maximum predicted concentration: Based on nodal comparison of model output within the study area for each threeyear 
period. 
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Appendix B 

Statistical Methods and Equations Used for 
Model Calibration Pe?$omzance Evaluation 



APPENDIX B 

B.1 STATISTICAL METHODS USED FOR CALIBRATION PERFORMANCE 
EVALUATION 

The sample size (n = 64) is borderline between being sufficient for statistical 
evaluation without adjustment for small sample size. In addition, while the areally 
distributed data may not be normally distributed, deviation between observed and 
calculated values typically are. To account for these uncertainties, parametric and 
non-parametric tests, with and without small sample size adjustment, are included in 
this analysis. 

The following equations were used to compute the various primary statistics for 
evaluation of flow model and transport model calibration performance. These 
equations can be found in Haan (1977). 

Let o,, c,, and e, be the observed, computed, and the corresponding residual (or error) 
head at the ith well, i = 1, 2, ... N. 

1. Residuals are computed as: 

ei = oI - ci ; i= 1, 2, ...N 

- - -  
2. Mean values ( x = 0, c, or e) of xi (xi = o,, ci, or e,; i = 1, 2, ...N), are 

computed using a general formula: 

3. Mean of absolute residuals e, (i = 1, 2, ...N) is: 



4. Variance and standard deviation (S: and So, S: and S,, and Sf and SJ of 
(xi = 9, ci, or e,; i = 1, 2, ...N) are computed using a general formula with 
small sample size correction: 

S, = (positive root) 

5. Coefficient of variation C (Co, C,, and CJ of x (x = 9, ci, or e,; i = 1, 2, 
. . .N) is computed using a general formula: 

6. Percent ratio (Rl) of residual mean to observed mean is: 

7. Percent ratio (R2) of absolute residual mean to observed mean is: 

0 

8. Percent ratio of R3 of error variance to observed variance is computed using: 

9. Coefficient of correlation (R4) between the observed and computed values is 
computed using: 



B.2 0 ~ ~ 3 6 0  
SUPPLZMENTAL STATISTICAL TESTS FOR COMPARING OBSERVED AND 
CALCULATED HEAD AND CONCENTRATION POPULATIONS 

Statistical tests can be used to test whether the mean values or variances of the 
computed and observed values are equal or statistically different. In these tests, a null 
hypothesis (HJ is stated that the population descriptors (mean, variance) are equal. 
An alternate hypothesis (HJ is formulated that the descriptors are not equal. There 
are several ways in which a null or alternate hypothesis can be stated (see Haan, 
1977). The six hypothesis tests used in this study are: 

Test 1: 

Test 2: 

Test 3: 

Test 4: 

Test 5: 

Test 6: 

Z-test - for testing the null hypothesis that the computed mean is equal 
to observed mean, assuming known variance. 

t-test - for testing the null hypothesis that the computed mean is equal 
to the observed mean, assuming unknown variance. 

2 test - for testing the null hypothesis that the computed variance is 
equal to the observed variance. 

Z-test - for testing the null hypothesis that the computed variance is 
equal to the observed variance. 

F-test - for testing the null hypothesis that the computed mean is equal 
to the observed mean, assuming that the variances are known. 

t-test - for testing the null hypothesis that the computed mean is equal 
to the observed mean, assuming that the variances are equal but 
unknown. 

Test 1 - Ztest for equality of means, known variance: 

H,: p = p, Ha: p f p,,, n o d  distribution, known variance 

Test statistic = 2 = fi (x - pJ/ux 

H, is rejected if: 

Otherwise, H, is accepted. Variables are defined as: p, = observed mean, 
the variable X and its statistics correspond to the computed heads, and Z, is 
the standard normal deviate corresponding to 0.975 cumulative probability, 
01 = 0.05 = level of significance. 

Test 2 - t-test, assumes equality of means and an unknown 
variance: 

ERMSOUM MC. R 3  I1 IOUnlMOD APF'.(B~G/HDA/MI894 



Test statistic = t = 6 (% - pJ/Sx 

H, is rejected if: 

Otherwise, H, is accepted where t is the tdistribution variable. Variables are 
defined as: po = observed mean, the variable X and its statistics correspond 
to the computed heads, and 2, is the standard normal deviate corresponding 
to 0.975 cumulative probability, a! = 0.05 = level of significance. 

Test 3 - test for equality of variances 

Test of H,: a2 '= a, 2 versus Ha: a2 * 0, 2 

H, is accepted if: 

Otherwise, H, is rejected. 

Test 4 - F-test for equality of variances, two samples 

Test of H,: a; = a: Vetsus Ha: af * af for l b o  Normal Populations 

Test statistic = F, = S:/Si , 

where S: is the larger sample variance. F is distributed as an F distribution 
with n, - 1 and n, - 1 degrees of freedom where n, is the sample size for the 
sample having the larger variance and n, is the sample size for the sample 
with the smaller variance. H, is rejected if: Q086; > ->*.a 

&&QJu 
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B.3 

Fc > Fo,, 4 - 1, I - 1 

Otherwise, H, is accepted. 

Test 5 - Z-test for equality of means, known variances 

Test of H,: p1 - p2 = 8 versus Ha: p1 - p, f 8 ; 8 = 0 

H, is rejected if lZ l  > Z&. 

Otherwise, H, is accepted. 

Test 6 - t-test for equality of means with equal but unknown variances 

H,,: p1 - p, = 8 versus Ha: pl - p, * 6 ; 8 = 0 

Otherwise, H, is accepted. 

SUPPLEMENTAL CALIBRATION RESULTS FOR GROUND WATER FU)W 
MODELING 

The six statistical tests of hypothesis were conducted at a level of significance (a) of 
five percent. The tests involved calculating a test static in each test and comparing it 
with the corresponding critical value. The critical value is obtained from tables 
(Haan, 1977). If the test static is less than or within a range of the theoretical value, 
the null hypothesis described earlier was accepted; if not, it was rejected. Acceptance 
or rejection of the null hypothesis is indicated by A or R in tables B-1 through B-4. 
Accepting the null hypothesis indicates that there is no statistical basis for assuming 
that the mean or variance is not equal to the computed mean or variance. The results 
given in tables B-1 through B-4 for the regional and local flow models indicate that all 
six tests show that the mean and variance of the computed and observed heads are 
statistically equal. 0 0 0 2 ~ ~  



B.4 SUPPLEMENTAL CALIBRATION RESULTS FOR TRANSPORT MODEWG 

SotiiWn 2)rmsport Model 

The results of hypotheses testing conducted at an a level of 5% for the sodium 
transport model are summarized in table B-5. Equality of means and variances of the 
observed and computed values is accepted in all the tests. 

Ethylbenzene Itansport Model 

As with the sodium transport model, the hypothesis testing for the ethylbenzene 
transport model was conducted at an CY level of 5%. The results are summarized in 
table B-6. The results indicate that the equality of means is accepted in three tests 
(Tests 2, 5, and 6). Thus, it can be concluded that equality of mean values is 
established in a statistical sense. 

The equality of variances is rejected in Test 3 and Test 4, implying that the variances 
of the observed and computed values are significantly different. 





4 

W 
o! 
d 

0 
2 

e4 

m m 
v! 

U 

W 
o! 

m 

0 
v! 

oi 

VI 
r: 

2 d 

VI 

e4 

m m 
v! 

r: 
VI 

2 d 

VI 

1- 



e < 

W 

2 

CI 

0 
rl 

* x m 

CI x 

09 
2 
vl 

CI 

m : 

0 

vl 
9 

OI W 
a\ 3 0  : d d 2  

0 
d 0 
3 v! 

vi 

I- 
r! 

F I- I- 

m m x x m x 

c1 CI CI x x x 

09 09 09 
2 2 2 
VI VI VI 

CI e4 e4 

m m m m 2 \9 2 

0 0 0 

VI vi vi 
09 09 09 

c! c! c! 
I? I? !2 
vi VI vi 

oo 00 oo 

< 

b, 
d 

OI 

0 
s 

I- 
t a 

CI 

VI 
v! 

09 
2 
VI 

0 

VI 
09 

c! 
I? 
VI 

m 



t 3 
s? 2 
VI m t vi vi 

f 
vi 

f 
vi 

f 
vi 



0 0 7 3 6 0  



I 4  

1 
-I- m * 

; u! It + ‘I & ‘I & 

4 

8 
ei 

0 
0 
09 

(0 

2 
X 
m 
m 

u! 

9 
a 
& 

u! 
d 
0 
OI 

L 

2 
X 
‘I 
& 

‘I 

3 



O d P 7 2 R O  
11 101.07/OUMODEL.COV/PJH/KSC/4/090492 

Appendix C 

Sample Regional Flow Model Input/Oupt Files 



PRRS REGIONAL FLOW MODEL - 3 YRS. (1095 DAYS) - APRIL 1986 (REG1986.DAT) 0 0 7 3 6 0  
W/MOD. BEDRX ZONES (VORMELKER.1985) & NO PNP @ SW NODES 3-27-92 
C . . . LOWER 
C.. .START 
c;. . . 
c.. . (1.3) a 
c.. . 
c.. . (1.4) 
c.. . 
C...(1.5) 

c.. . 
C.. . (1.6) 
c.. . 
c.. . 
c.. . (1.7) 
c.. . 
C.. . (1.8) 
c.. . 
C...(l.9) 

o /  
c.. . 

PNP @ NW. (MAX 540.5)) 
OF DATA FILE 

RESTRT(T/F), TIMSTRT 

F 0.0 

HEAT, SOLUTE, EEUNIT, CYLIND, SCALMF; ALL (T/F) 
F F T F F 

NX, NY, NZ, NCHN 
28 37 4 0 

NPTCBC, NFBC, NAIFC, NLBC, NHCBC, NWEL 
44 896 0 91 0 4 

38 907 0 91 0 4 

NPMZ 
215 

(NUMBER OF POROUS MEDIA ZONES) 

SLMETH(l=D4,2=SOR), LCROSD(T/F) 
2 T 

IBC (INDEX OF EXCLUDED CELLS = -1) 

C...(l.lO) RDECHO (T=WRITE TO ECHO FILE) 

c... 
C...STATIC DATA - READ2 
C...(2.1) PRTRE(T=PRINTOUT OF READ-ECHO INPUT) 

T 

T 
c.. . 
C...(2.2A.l) UNIGRX, UNIGRY, UNIGRZ - (T=UNIFORM GRID SPACING) 

F F F 
L. .  . 
C...(2.2A.2B) X(I), 1=1 TO NX FOR NONUNIFORM GRID (IF UNIGRX=F) 

0 I 00000 2400.00 4050.00 5150.00 5900.00 
6400.00 6900.00 7400.00 7900.00 8400.00 

9400.00 9900.00 10400.0 10900.0 8900.00 
11400.0 12150.0 12900.0 13650.0 14400.0 

. 16650.0 17400.0 18150.0 15150.0 15900.0 
19250.0 20900.2 23300.0 

c... 
C...(2.2A.3A) Y(J), J=1 TO NY FOR NONUNIFORM GRID (IF UNIGRY=F) 

0.00000 2400.00 4050.00 5150.00 5900.00 
6400.00 6900.00 7400.00 7900.00 8400.00 

11400.0 11900.0 12400.0 12900.0 13400.0 
13900.0 14400.0 14900.0 15400.0 15900.0 

17650.0 18400.0 19150.0 16400.0 16900.0 
21400.0 22150.0 23250.0 19900.0 20650.0 

24900.0 27300.0 

8900.00 9400.00 9900.00 10400.0 10900.0 

c.. . 
C...(2.2A.4B) Z(K), K=l TO NZ FOR NONUNIFORM GRID (IF UNIGRZ=F) 

c... 
C...(2.3.1) TILT (T/F TRUE TO TILT Z-AXIS) 

c.. . 
C...FLUID PROPERTIES 
C...(2.4.1) COMPRESSIBILITY OF FLUID 

3.03E-06 

380.000 445.000 455.000 523.000 

F 

c.. . 
C...(2.4.2) PRDEN, TRDEN(REF.TEMP.), WO(MASS FRAC.), DENFO(FLD. DENSITY) 

0.00 60.0 0.0 62.40 

c... 
C...FLUID VISCOSITY DATA 



C...(2.6.1) PAATM (ATM. ABS.-PRESS.; O=STAND. PRESS OF 1.0132E+5 

c.. . 
C...(2.6.2) POH(PFtESS.), TOH (REF TEMP.; CONST. T FOR ISOTHERMAL 

0.00 

C...(2.5.1) NOTVO (#VISC/TEMP. PTS.), TWO, VISTFO(FLD. VISC. cP) 

C...-REFERENCE CONDITION INFORMATION 
1 60.0 1.138 

Pa 1 

SIMS. ) 
0.0 60.0 

C...SOLUTE INFORMATION 
C...THESE VARIABLES DEFINE THE RANGE OF 
C-..(2.9.1)IPMZ,IlZ(IPMZ),I2Z(IPMZ),J1Z 

4 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

1 8 36 37 
1 3 35 36 
14 16 13 16 
16 17- 12 15 
17 18 10 12 
18 22 8 10 
18 22 10 12 
22 24 9 11 
3 9 35 36 
11 28 35 36 
18 28 36 37 
24 27 33 35 
25 26 30 33 
24 25 30 33 
24 25 26 28 
24 25 14 21 
21 24 21 24 
22 24 11 21 
20 21 23 24 
22 23 8 9 
19 20 4 8 
18 19 5 8 
5 17 7 10 

16 17 10 12 
14 16 10 13 
17 18 7 10 
7 14 10 18 

21 22 7 8 
20 21 4 8 
5 7 10 11 
4 5 7 9  
8 1 2  6 7 
3 8 5 7  
5 6 4 5  
2 3 4 6  
3 5 3 5  
1 3 2 4  
1 2 1 2  
1 6 17 18 
6 7 16 18 
1 13 18 24 
13 15 23 24 
1 24 24 35 
6 7 11 16 
1 2 35 37 
2 3 35 37 
3 7 35 36 
2 12 31 35 
2 3 30 31 
3 6 27 31 
3 5 25 27 
6 8 28 29 
6 9 29 31 
9 10 30 31 
12 13 32 34 
13 14 32 33 
1 2 18 35 
2 3 18 30 
3 5 18 25 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

POROUS MEDIA ZONES 
IPMZ),J2Z(IPMZ),KlZ(IPMZ ,KZZ(IPMZ 



6 I 6 8 2 7 2 8  2 3 
62 7 11 20 27 2 3 
63 9 10 29 30 2 3 
64 10 12 29 31 2 3 
65 12 14 29 32 2 3 
66 8 14 27 29 2 3 
67 11 14 24 27 2 3 
68 11 12 22 24 2 3 
69 14 23 26 35 2 3 
70 13 14 33 34 2 3 
71 12 14 34 35 2 3 
72 17 20 35 36 2 3 
73 20 28 35 37 2 3 
74 23 26 31 35 2 3 
75 26 27- 34 35 2 3 
76 14 23 24 26 2 3 
77 23 24 24 31 2 3 
78 20 24 22 24 2 3 
79 22 23 18 22 2 3 
80 7 12 17 18 2 3 
81 9 1 2  8 1 7  2 3 
82 12 14 8 16 2 3 
83 14 16 8 14 2 3 
84 16 17 8 11 2 3 
85 17 19 8 10 2 3 
86 8 9 6 1 2  2 3 
87 9 1 0  6 8 2 3 
88 10 19 7 8 2 3 
89 7 11 18 20 2 3 
90 7 8 5 1 1  2 3 
91 6 8 5 9 2 3  
92 4 6 4 7 2 3  
93 3 4 3 5 2 3  
94 2 3 2 4 2 3  
95 1 2 1 3 2 3  
96 1 2 2 1 3 0  1 2  
97 2 3 3 5 3 6  1 2  
98 2 6 34 35 '1 2 
99 2 10 21 34 1 2 
100 10 22 28 34 1 2 
101 11 22 34 35 1 2 
102 18 27 35 36 1 2 
103 21 28 36 37 1 2 
104 22 26 33 35 1 2 
105 22 24 32 33 1 2 
106 18 22 25 28 1 2 
107 20 22 24 25 1 2 
108 14 17 10 12 1 2 
109 22 24 22 27 1 2 
110 10 18 25 28 1 2 
111 9 10 17 19 1 2 
112 10 12 21 25 1 2 
113 9 12 15 17 1 2 
114 8 14 10 15 1 2 
115 7 1 7  9 1 0  1 2  
116 1 3 3 4 1 2  
117 7 1 1  7 9 1 2  
118 5 7 5 8 1 2  
119 4 5 5 6 1 2  
120 2 3 2 3 1 2  
121 21 22 22 24 1 2 
122 1 2 1 3 1 2  
123 1 10 19 21 1 2 
124 3 4 3 4 1 2  
125 8 9 1 2 1 4  2 3 
12 6 8 9 1 4 1 7  2 3 
12 7 8 18 36 37 3 4 
128 9 11 35 36 3 4 
129 1 6 1 1 1 7  3 4 
130 1 5  9 1 1  3 4 
131 1 4 7 9 3 4  



132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

1 3 6 7  
1 2 4 6  

15 20 23 24 
13 21 18 23 
21 22 14 21 
14 21 16 18 
16 21 15 16 
17 21 14 15 
17 22 13 14 
17 22 12 13 
2 2 8  1 2  
3 2 8  2 3 
5 2 8  3 4 
6 1 9  4 5 
8 1 8  5 6 
12 18 6 7 
21 28 4 7 
22 23 7 8 
23 24 7 9 
24 25 7 14 
24 25 21 26 
25 26 7 30 
24 25 28 30 
26 27 7 33 
27 28 7 34 
27 28 34 35 
3 20 36 37 
7 17 35 36 
1 2 17 18 
1 2  3 1 7  
2 3 4 1 8  
3 4 5 1 8  
4 5 7 1 8  
5 6 7 1 8  
6 7 9 1 8  
7 8 11 17 
2 1 1  1 2  
3 1 1  2 3 
4 1 1  3 4 
6 1 1  4 5 
8 1 1  5 6 
10 11 6 7 
11 28 1 7 
18 19 10 16 
19 28 7 16 
17 18 10 16 
16 17 11 16 
14 16 14 16 
11 12 18 22 
12 20 16 24 
22 24 16 18 
23 24 18 22 
20 22 16 22 
24 25 25 31 
24 25 16 25 
25 28 16 31 
26 27 31 34 
27 28 31 35 
1 21 36 37 
1 2 30 36 
3 18 35 36 
6 11 34 35 
1 9 15 19 
1 8 10 15 
1 7  8 1 0  
1 5 6 8  
1 4 4 6  
2 3 1 2  
4 7 1 5  
7 1 7  1 7  
3 4 1 3  

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



203 11 17 7 9 1 2 

e 

a 

a .  

204 17 28 1 22 1 2 
205 10 12 17 21 ‘ 1  2 
206 12 17 15 22 1 2 
207 12 18 22 25 1 2 
208 18 20 24 25 1 2 
209 18 21 22 24 1 2 
210 14 17 12 15 1 2 
211 22 24 28 32 1 2 
212 22 24 27 28 1 2 
213 24 26 22 33 1 2 
214 26 28 22 35 1 2 
215 27 28 35 36 1 2 
o /  c.. . 
C...POROUS-MEDIA PROPERTIES 
C...PERMEABILITIES IN THE X,Y,Z DIRECTIONS 
C...(2.10.1) KXX(IPMZ), KYY(IPMZ), KZZ(1PMZ); IPMZ=1 TO NPMZ 
c.. . 
1.543-09 
1.543-09 

2.963-12 
2.96E-12 

1.543-09 
1.54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 

2.963-12 

1.543-09 
1.54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 

2.963-12 

1.543-12 
1.543-12 

c... 

c... 

c... 
c.. . 

c... 
c... 

1.543-09 
1. 54E-09 

2.963-12 
2.963-12 

1.54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.54E-09 
1.54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.54E-09 
1.543-09 
1.543-09 

2.963-12 

1.543-09 
1.54E-09 
1.543-09 
1.543-09 
1.543-09 
I. 543-09 
1.543-09 
1.543-09 

2.963-12 

1.543-12 
1.543-12 

1.54E-10 
1.54E-10 

2.963-12 
2.963-12 

1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 

2.963-12 

1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 
1.54E-10 

2.963-12 

1.543-12 
1.543-12 

IPMZ = 1-2 

IPMZ = 3-4 

IPMZ = 5-34 

IPMZ = 35 

IPMZ = 36-43 

IPMZ = 44 

IPMZ = 45-56 

(K=350 & 35 f p d )  

(K=0.67 fpd - BEDROCK) 

(K=350 & 3 5  f p d )  

(K=0.67 fpd - BEDROCK) 
(K=350 & 35 f p d )  

(K=0.67 fpd - BEDROCK) 
(K=0.35 fpd CLAY LAYER) 



I .  

1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1,543-12 
1.543-12 
1.543-12 

1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1-543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 

c . .  . 

c . .  . 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.99E-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 

1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 

1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.546-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1. 54E-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 
1.543-09 

1-993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1-993-09 
1-993-09 
1-993-09 
1.993-09 
1-993-09 
1-993-09 
'1.99E-09 
1.99E-09 
1.99E-09 
1.99E-09 
1.993-09 
1.993-09 

1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 
1.543-12 

1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.54E-10 
1.543-10 
1.54E-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.54E-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.543-10 
1.54E-10 
1.543-10 
1.543-10 

1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.9'93-10 
1.993-10 
1.993-10 
1.99E-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.99E-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 

IPMZ = 57-95 (K=350 & 35 fpd)  

IPMZ = 96-115 (K=350 f p d )  

1.993-09 1.993-09 1.993-10 $06;- ul; 993-09 1 993-09 1-993-10 



c.. . 
c.. . 2.963-12 

1.993-09 
1.993-09 
1.993-09 
1.993-09 
1-993-09 
1.993-09 
1.993-09 
1.993-09 

1.543-09 
1.543-09 

c... 

c... 
2 963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 

2.963-12 

1.993-09 
1-993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 
1.993-09 

1.543-09 
1.543-09 

2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.96E-12 
2.963-12 
2.963-1'2 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
'2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 

IPMZ = 116 (K=0.67 fpd - BEDROCK) 
IPMZ = 117-124 (K=350 fpd) 

0 0 7 3 6 0 
2.963-12 

1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 
1.993-10 

1.543-10 
1.543-10 

2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.9 63-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 
2.963-12 

IPMZ = 125-126 (K=350 & 35 fpd) 

IPMZ = 127-215 (K=0.67 fpd - BEDROCK) 



2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-32 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2,963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 
2.963-12 2.963-12 2.963-12 

c.. . 
C...POROSITY FOR MEDIUM IN ZONE IPMZ(i) 
C...POROS(IPMZ), IPMZ=l TO NPMZ 

c.. . 
C...BULK VERTICAL COMPRESSIBILITY 
C... ABPM(IPMZ), IPMZ=l TO NPMZ 

C... 
C...WELL-MODEL INFORMATION (IF NWEL>o) 
C...(2.14.1) RDWDEF (T=READ WELL DEFINITION DATA) 

C...(2.14.2) IMPQW (T=SEMI-IMPLICIT CALCS.) 

C. ..(2.14.3)IWEL, IW, JW, LCBOTW, LCTOPW, WBOD, WQMETH 
c...12.14.4) WCF (WELL COMPLETION FACTORS IN EA. LEVEL; l.O=OPENED) 

215*0.225 

215*0.0 

T 

F 

C.. .&LL #l=COLLECTOR 1; WELL #2=COLLECTOR 2 
1 21 31 2 2  20.0 10 

1.0 1.0 1.0 1.0 
2 21 33 2 2  20.0 10 

1.0 1.0 1.0 1.0 
3 6 22 2 3  2.0 10 

1.0 1.0 1.0 1.0 
4 7 32 1 2  1.0 10 

1.0 1.0 1.0 1.0 
0 1  c... 

C...BOUNDARY-CONDITIONS INFORMATION 
C...SPECIFIED VALUE 
C...(2.15) IBC(i,j,k), MOD.COD3: INDEX OF B.C. TYPE 
C... 1 1 '17 17 4 4 
c... 100 

1 1  1818 4 4  
100 
1 1  1919 4 4  

PRESS,TEMP,MASS-FRAC) 

100 



1 1  
100 
1 1  
100 . .  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 
1 1  
100 

2 1  2 1  4 4 

22 22 4 4 

23 23 4 4 

24 24 4 4 

25 25 4 4 

26 26 4 4 

27 27 4 4 

28 2 8  4 4 

29 29 4 4 

30 30 4 4 

31 31 4 4 

32 32 4 4 

33 33 4 4 

34 34 4 4 

35 35 4 4 

36 36 4 4 

37 37 4 4 

2 - - 2  37 37 4 4 
100 
3 3 3 7 3 7  4 4  a 100 
4 4 3 7 3 7  4 4  
100 
5 5 3 7 3 7  4 4  
100 
6 6 3 7 3 7  4 4  
100 
7 7 37 37 4 4 .  
100 
19 1 9  37 37 4 4 
100 
20 20 37 37 4 4 
100 
2 1  2 1  37 37 4 4 
100 
22 22 37 37 4 4 
100 
23 23 37 37 4 4 
100 
24 24 37 37 4 4 
100 
25 25 37 37 4 4 
100 
26 26 37 37 4 4 
100 
27 27 37 37 4 4 
100 
2 8  28 37 37 4 4 
100 
2 8  28 36 36 4 4 
100 



C--.SPECIFIED FLUX VALUE 
C...(2.16) IBC(i,j,k) INDEX OF B.C. INDEX ( 3 = z ,  n4=FLOW EQ.) 
c.. . DOE SITE (2"/yr) 
3 13 
300200 

27 35 4 4 

12 13 
300200 

c... 
2 7  
300200 
19 19 
300200 
2 2  
300200 
2 4  
300200 
6 14 
300200 
15 16 
300200 
14 16 
300200 
17 19 
300200 
1 1  
300200 
6 16 
300200 
5 11 
300200 
5 7  
300200 
4 5  
300200 
4 4  
300200 
19 20 
300200 
20 20 
300200 

20 27 
300200 
20 26 
300200 
20 21 
300200 
21 21 
300200 
20 20 
300200 
17 19 
300200 
21 23 
300200 
22 22 
300200 
23 25 
300200 
23 23 
300200 
20 21 
300200 
22 23 
300200 
24 24 
300200 
23 23 
300200 

c... 

36 36 4 4 

6"/yr AREAS 
36 36 4 4 

36 36 4 4 

27 35 4 4 

18;26 4 4 

24 26 4 4 

25 26 4 4 

27 35 4 4 

35 35 4 4 

1 3  4 4  

8 8 4 4  

7 7 4 4  

6 6 4 4  

5 5 4 4  

4 4 4 4  

6 7 4 4  

5 5 4 4  

14"/yr AREAS 
36 36 4 4 

34 35 4 4 

33 33 4 4 

24 24 4 4 

32 32 4 4 

25 34 4 4 

29 30 4 4 

31 31 4 4 

31 32 4 4 

28 28 4 4 

25 27 4 4 

22 26 4 4 

15 20 4 4 

14 16 4 4 

18 23 4 4 



8 13 10 17 
300200 
14 15 10 12 
300200 
16 17 10 11 
300200 
18 22 9 11 
300200 

8 18 37 37 
300200 
8 11 36 36 
300200 
14 18 36 36 
300200 
1 4 10 17 
300200 
5 6 10 16 
300200 
1 3  7 9  
300200 
4 4  9 9  
300200 
1 2  5 6  
300200 
1 1  4 4  
300200 
15 20 24 24 
300200 
13 21 18 23 
300200 
14 21 13 17 
300200 
22 22 18 21 

c. .. 

300200 
16 22 12 12 
300200 
3 2 8  1 3  
300200 
5 5 4 4  
300200 
6 1 9  4 5  
300200 
8 1 8  6 6  
300200 
12 18 7 7 
300200 
20 20 4 4 
300200 
21 28 4 7 
300200 
24 28 8 14 
300200 
25 28 15 27 
300200 
24 28 28 30 
300200 
26 28 31 32 
300200 
28 28 33 34 
300200 
0 1  

4 4  

4 4  

4 4  

4 4  

BEDROCK AREAS (6"/yr) 
4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

C... AQUIFER LEAKAGE 
c...(2.17.1)' IBC(i,j,k) IBC INDEX (nl=3 FOR 2-DIRECTION) 
27 27 34 35 4 4 
300300 

@ 300300 
21 22 32 32 4 4 
300300 
21 21 31 31 4 4 

22 27. 33 33 4 4 



300300 
20 20 28 31 4 4 
300300 
21 22 28 28 4 4 
300300 
22 23 27 27 4 4 
300300 
24 24 21 27 4 4 
300300 
23 23 17 21 4 4 
300300 
22 22 13 17 4 4 
300300 
23 23 8 13 4 4 
300300 
1 7 2 2 8 8  4 4  
300300 
5 1 7 9 9  4 4  
300300 
4 5 8 8  4 4  
300300 
4 4 6 7  4 4  
300300 
3 3 4 6  4 4  
300300 
2 2 1 4  4 4  
300300 
5 5 2 6 2 6  4 4  
300300 
5 5 2 5 2 5  4 4  
300300 
5 5 24 24 4 4 
300300 
5 5 23 23 4 4 
300300 
5 5 22 22 4 4 
300300 
5 5 21 21 4 4 
300300 
5 5 20 20 4 4 
300300 
5 5 19 19 4 4 
300300 
5 5 18 18 4 4 
300300 
5 6 17 17 4 4 
300300 
7 7 17 17 4 4 
300300 
7 7 1 6 1 6 4 4  
300300 
7 7 1 5 1 5 4 4  
300300 
7 7 14 14 4 4 , 
300300 
7 7 13 13 4 4 
300300 
7 7 12 12 4 4 
300300 
7 7 11 11 4 4 
300300 
7 7 10 10 4 4 
300300 
o /  
o /  

C. . .RIVER LEAKAGE 
C...(k=1.71E-12 fpd; GMR WIDTH=250'; PR WIDTH=20'; BED THICK.Zl.0') 
C...(2.17.3) 11, 12, J1, J2, KRBC, BBRBC, ZERBC 
C...GREAT MIAMI RIVER: 

27 27 34 35 5.703-13 1.0 
520.2 



22 

21 

21 

20 

21 

22 

24 

23 

22 

23 

17 

5 

4 

4 

3 

2 

519.7 

519.4 

519.3 

517.8 

515.6 

513.0 

512.3 

509.7 

507.4 

505.7 

500.0 

489.0 

488.0 

487.0 

486.0 

485.0 
C...PADDYS RUN 

522.9 

521.4 

5 

5 

520.0 

518.6 

517.1 

515.7 

514.3 

512.9 

'511.4 

510.0 

509.1 

508.1 

507.2 

504.0 

501.5 

499.0 

496.5 

494.0 
0 1  

c... 

5 

5 

5 

5 

5 

5 

5 

5 

7 

7 

7 

7 

7 

7 

7 

7 

27 

22 

21 

20 

22 

23 

24 

23 

22 

23 

22 

17 

5 

4 

3 

2 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

7 

7 

7 

7 

7 

7 

7 

7 

33 33 

32 32 

31 31 

28 31 

28 28 

27 27 

21 27 

17 21 

13 17 

8 13 

8 8  

9 9  

8 8  

6 7  

4 6  

5.70E-13 

5.70E-13 

5.703-13 

5.70E-13 

5.70E-13 

5.70E-13 

5.70E-13 

5.70E-13 

5.70E-13 

5.70E-13 

8.553-13 

8.553-13 

8.553-13 

8.553-13 

3.llE-13 

1 4 2.11E-13 

26 26 

25 25 

24 24 

23 23 

22 22 

21 21 

20 20 

19 19 

18 18 

17 17 

17 17 

16 16 

15 15 

14 14 

13 13 

12 12 

11 11 

10 10 

2.743-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

5.473-14 

6.843-14 

6.843-14 

6.843-14 

6.843-14 

6.84E-14 

6.843-14 

6.843-14 

6.843-14 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 



C...FREE SURFACE B.C. 
C...(2.20) FRESUR(T=UNCONFINED), PRTCCM(T=PRINT MESSAGE) 

c... 
C...INITIAL CONDITIONS 
C...(2.21.1) ICHYDP, ICT, ICC: (T=HYDROSTATIC P, T, MASS-FRAC. TO BE SPECIFIED) 

T F  

F F F  
c.. . 
C...(2.21.2) ICHWT (T=INITIAL WT ELEV. TO BE INPUT) 

c.. . 
C...(2.21.3C) HWT: WT ELEV. BY i , j , k  RANGE 

T 

1 2 8  1 3 7  4 4 
510.0 1 -  
0 1  

c.. . 
C...CALCULATION INFORMATION [DEFAULT VALUES] 

FDSMTH(FACT0R FOR SPATIAL-DISCRTZ), FDTMTH(FACT0R FOR TEMPORAL c.. . (2.22.1) 
c.. . 
c... 
0.50 

C...(2.22.2) 

c... 

c... 
c... 
c.. . 
c... 
c.. . 

C...(2.22.3) 

2 - 

DISCRTZ . ) : 0. S=CENTERED-IN-SPACE, 
1.00 

1 .O=BACKWARD-IN-TIME 

TOLDEN(TOLERANCE), MAXITN(MAX1MUM ITERATIONS) 
1.OE-03 5 

NTSORT ( #  TIMESTEPS FOR OVERRELAXATION PARAMETER[S]), 
EPSSOR (TOLERANCE FOR SOR ...[ 1.OE-5]), 
EPSOMG (TOLERANCE ON FRAC. CHANGE[0.2]), 
MAXITNl (MAX. ITERATION FOR OVERRELAX. PARAMETER[50]), 
MAXITN2 (MAX- ITERATION FOR-THE SOLUTION OF MATRIX EQ.[lOO]). 

1.OE-04 0.20 250 250 
G . .  . 
C...OUTPUT OF STATIC DATA 
C...(2.23.1) PRTPMP (PMZ PROP.), PRTFP (FLD.PROP.), PRTIC (INIT. COND.), 
C... PRTBC (BOUNDARY COND.), PRTSLM (SOL'N METH.), 
c... PRTWELL (STATIC WELLBORE) 

c... 
C. ..(2.23.2) IPRTTC (INDEX FOR IC PRINTOUT), PRTDV (T=PRT. OF DENSITY 61 VISC.) 
C... 000 F 
c... 
C...(2.23.3) ORENPR (INDEX FOR ORIENT. OF ARRAY PRT.) 
12 

c... 
C...(2.23.4) PLTZON (T=PRT. PMZ PROPERTIES) 

c... 
C...(2.23.5) OCPLOT (T= PLOTS OF OBSERVED & CALCULATED VALUES) 

c... 
C... TRANSIENT DATA 
C...(3.1) THRU (T=SIMULATION IS THROUGH) 

c... 
C... WELL INFORMATION 
C... RDWFLO(T=READ WELL-FLOW-RATE), RDWHD (T=READ WELL-HEAD) 

c... 
C...(3.2.2) IWELL, QW, PWSUR, PWKT , TWSRKT, CWKT 

1 -1.16E+06 0.0 0.0 60.0 0.00 
2 -1.16E+06 0.0 0.0 60.0 0.00 
3 -4.30E+04 0.0 0.0 60.0 0.00 
4 -5.603+04 0.0 0.0 60.0 0.00 

F F F F F F  

F 

F 

F 

T F  

0 1  c.. . 
C...BOUNDARY CONDITIONS INFORMATION 
C...SPECIFIED VALUES 
C...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,mSS-FRAC- DATA) 
T F F  

c... 



C...(3.3.2) PNP: PRESSURE AT SPECIFIED 
c.. . 
c.. . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3 

4 

5 

6 

7 

19 

1 1 1 7 1 7  4 4  
1.5 

1 18 18 
1.7 

1 19 19 
1.8 

1 20 20 
2.0 

1 21 21 
2.1 

1 22 22 
2.17 

1 23 23 
2.21 - 

1 24 24 
2.25 

1 25 25 
2.38 

1 26 26 
2.25 

1 27 27 
2.17 

1 28 28 
2.08 

1 29 29 
1.73 

1 30 30 
1.52 

1 31 31 
1.34 

1 32 32 
1.30 

1 33 33 
1.73 

1 34 34 
3.03 

1 35 35 
3.90 

1 36 36 
5.20 

1 37 37 
7.37 

2 37 37 
7.46 

3 37 37 
7.59 

4 37 37 
7.50 

5 37 37 
7.46 

6 37 37 
7.41 

7 37 37 
7.37 

19 37 37 
0.9 

20 20 37 37 
1.1 

1.3 

1.7 

2.2 

2.4 

3.5 

3.9 

21 21 37 37 

22 22 37 37 

23 23 37 37 

24 24 37 37 

25 25 37 37 

26 26 37 37 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PRESSURE B.C. NODES BY i,j,k. 0 0 1 3 6 0  



27 27 37 37 4 4 
4.6 

28 28 37 37 4 4 
6.1 

28 28 36 36 4 4 
3.3 

28 28 35 35 4 4 
2.6 

C... SPECIFIED FLUX 
C... RDFLXQ(FLUID), 

C... 

0 1  

T F F  

1 

1 

1 

1 

RDFLXH(HEAT), RDFLXS(S0LUTE) 

0. 1 
20 20 
0. 1 

20 27 
0. 1 
20 26 
0. 1 
20 21 
0. 1 
21 21 
0. 1 
20 20 
0. 1 
17 19 
0. 1 
21 23 
0. 1 
22 22 
0. 1 
23 25 
0. 1 

c.. . 

27 35 
0. 

36 36 
0. 

36 36 
0. 

36 36 
0. 

27 35 
0. 

18 26 
0. 

25 26 
0. 

24 26 
0. 

27 35 
0. 

35 35 
0. 
1 3  
0. 
8 8  
0. 
7 7  
0. 
6 6  
0. 
5 5  
0. 
4 4  
0. 
6 7  
0. 

5 5  
0. 

36 36 
0. 

34 35 
0. 

33 33 
0. 

24 24 
0. 

32 32 
0. 

23 34 
0. 

29 30 
0. 

31 31 
0. 

31 32 
0. 

4 4  
1 -4.573-04 
4 4  
1 -4.573-04 

4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.ooi4 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 

4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 

C...(3.4.2) QFFX, QFFY, QFFZ, BY ( i , j , k )  
DOE SITE (2"/yr) c... 

3 13 
0. 1 
12 13 
0. 1 

c... 
19 19 
0. 1 
2 7  
0. 1 
2 2  
0. 1 
2 4  
0. 1 
15 16 
0. 1 
6 14 
0. 1 
14 16 
0. 1 
17 19 
0. 1 
1 1  
0. 1 
5 16 
0. 1 
5 11 
0. 1 
5 7  
0. 1 
4 5  
0. 1 
4 4  
0. 1 
19 20 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

6"/yr AREAS 

14"/yr AREAS 



23 23 28 28 
0. 1 0. 
20 21 25 27 
0. 1 0. 
22 23 22 26 

:i 24' 15 20 
0. 

0. 1 
23 23 
0. 1 
6 12 
0. 1 
8 13 
0. 1 
14 15 
0. 1 
16 17 
0. 1 
18 22 
0. 1 

c... - 
8 18 
0. 1 
8 11 
0. 1 
14 18 
0. 1 
1 4  
0. 1 
5 6  
0. 1 
1 3  
0. 1 
4 4  

0. 
14 16 
0. 

18 23 
0. 

10 17 
0. 

0. 
10 11 
0. 
9 11 
0. 

37 37 
0. 

36 36 
0. 

36 36 
0. 

10 17 
0. 

10 16 
0. 

7 9  
0. 

9 9  

io 12 

0. 1 0. 
5 6  
0. 

4 4  
:.21 
1 1  
0. 1 0. 
15 20 24 24 
0. 1 0. 
13 21 18 23 
0. 1 0. 
14 21 13 17 
0. 1 0. 
22 22 18 21 
0. 1 0. 
16 22 12 12 
0. 1 0. 
3 2 8  1 3  
0. 1 0. 
5 5 4 4  
0. 1 0. 
6 1 9  4 5  
0. 1 0. 
8 1 8  6 6  
0. 1 0. 
12 18 7 7 
0. 1 0. 
20 20 4 4 
0. 1 0. 
21 28 4 7 
0. 1 0. 
24 28 8 14 
0. 1 0. 
25 28 15 27 
0. 1 0. 
24 28 28 30 
0. 1 0. 
26 28 31 32 
0. 1 0. 

4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 
4 4  
1 -0.0032 

4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 
4 4  
1 -0.0014 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

BEDROCK AREAS (6"/yr) 



28 28 33 34 4 4 
0. 1 0. 1 -0.0014 1 
o /  

c.. . 
C...(3.4.3) UDENBC - DENSITY ASSOCIATED WITH SPECIFIED-FLUX (BY i,j,k) 
c... 
3 13 27 35 4 4 
62.4 
12 13 
62.4 

2 7  
62.4 
19 19 
62.4 
2 2  
62.4 
2 4  
62.4 
6 14 
62.4 
15 16 
62.0 

c.. . 
1 

1 
36 36 4 4 

6"/yr AREAS 
36 36 4 4 

36 36 4 4 

27 35 4 4 

18 26 4 4 

24 26 4 4 

25 26 4 4 

1 

1 -  

1 

1 

1 

1 
14 16 -27 35 4 4 
62.0 1 .  
17 19 35 35 4 4 
62.4 
1 1  
62.4 
5 16 
62.4 
5 11 
62.4 
5 7  
62.4 
4 5  
62.4 
4 4  
62.4 
19 20 
62.4 
20 20 
62.4 

20 27 
62.4 
20 26 
62.4 
20 21 
62.4 
21 21 
62.4 
20 20 
62.4 
17 19 
62.4 
21 23 
62.4 
22 22 
62.4 
23 25 
62.4 
23 23 
62.4 
20 21 
62.4 
22 23 
62.4 

c.. . 

1 
1 3  
1 

1 
7 7  
1 '  
6 6  
1 
5 5  
1 
4 4  
1 
6 7  
1 
5 5  
1 

8 8  

36 36 

34 35 

33 33 

24 24 

32 32 

23 34 

29 30 

31 31 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

31 32 

28 28 

25 27 

22 26 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

14"/yr AREAS 
4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

24 24 15 20 4 4 
62.4 1 
23 23 14 16 4 4 



62.4 
6 12 
62.4 
8 13 
62.4 
14 15 
62.4 
16 17 
62.4 
18 22 
62.4 

8 18 
62.4 
8 11 
62.4 
14 18 
62.4 
1 4  
62.4 
5 6  
62.4 
1 3  
62.4 
4 4  
62.4 
1 2  
62.4 
1 1  
62.4 
15 20 
62.4 
13 21 
62.4 
14 21 
62.4 
22 22 
62.4 
16 22 
62.4 
3 28 
62.4 
5 5  
62.4 
6 19 
62.4 
8 18 
62.4 
12 18 
62.4 
20 20 
62.4 
21 28 
62.4 
24 28 
62.4 
25 28 
62.4 
24 28 
62.4 
26 28 
62.4 
28 28 
62.4 

c.. . 

1 
18 23 4 4 
1 
10 17 4 4 
1 
10 12 4 4 
1 

10 11 4 4 
1 
9 1 1  4 4  
1 

BEDROCK AREAS (6"/yr) 
37 37 4 4 
1 

36 -36 4 4 
1 

36 36 4 4 
1 
10 17 4 4 
1 
10 16 4 4 
1 
7 9 4 4  
1 
9 9 4 4  
1 
5 6 4 4  
1 
4 4 4 4  
1 

24 24 4 4 
1 
18 23 4 4 
1 
13 17 4 4 
1 
18 21 4 4 
.1 
12 12 4 4 
1 
1 3  4 4  
1 
4 4 4 4  
1 
4 5 4 4  
1 
6 6 4 4  
1 
7 7 4 4  
1 
4 4 4 4  
1 
4 7 4 4  
1 
8 1 4  4 4  
1 
15 27 4 4 
1 

28 30 4 4 
1 

31 32 4 4 
1 

33 34 4 4 
1' 

0 0 7 3 6 0  

o /  
o /  
T 

C...(3.5.5) RIVER LEAKAGE (GMR HRBC = ZERBC+6';) 
c... 11, 12 I J1, 52 HRBC DENRBC VISRBC TRBC CRBC 

27 27 34 35 526.2 62.40 1.138 60 0 
22 27 33 33 525.7 62.40 1.138 60 0 (-J(jap'Z90 



21 
21 
20 
21 
22 
24 
23 
22 
23 
17 
5 
4 
4 
3 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
7 
7 
7 
7 
7 
7 
7 

o /  c.. . 
c.. . CALCUL 
C...(3.7.1) 
T 

c... 
c.. . (3.7.2) 
T 

c.. . 
C...(3.7.3B 
c... 
c.. . 
c.. . 7.2519 
C...(3.7.4) 

1095. 
c. * .  

22 
21 
20 
22 
23 
24 
23 
22 
23 
22 
17 
5 
4 
3 
-2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
7 
7 
7 
7 
7 
7 
7 
7 

32 32 
31 31 
28 31 
28 28 
27 27 
21 27 
17 21 
13 17 
8 13 
8 8 
9 9 
8 8 
6 7 
4 6 
1 4 
26 26 
25 25 
24 24 
23 23 
22 22 
21 21 
20 20 
19 19 
18 18 
17 17 
17 17 
16 16 
15 15 
14 14 
13 13 
12 12 
11 11 
10 10 

525.4 
525.3 
523.8 
521.6 
519.0 
518.3 
515.7 
513.4 
511.7 
506.0 
495.0 
494.0 
493.0 
492.0 
491.0 
523.9 
522.4 
521.0 
519.6 
518.1 
516.7 
515.3 
513.9 
512.4 
511.0 
510.1 
509.1 
508.2 
505.0 
502.5 
500.0 
497 * 5 
495.0 

TION INFORMATION 
RDCALC (T= READ CALCULCTION 

62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
'62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 
62.40 

1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 

INFO. AT THIS TIME) 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 

DPTAS,DTTAS,DCTAS(M. CHANGE IN PRESSURE[S.OE+4 Pa], TEMP.[S C], 
MASS-FRAC.[0.25] ALLOWED), DTIMMN (MIN.TIM3STEP 
REQ.[l.OE+4s]), DTIMMX (MAX.TIMESTEP [l.OE+7s]) 

9.0 0.25 0.001 100.0 

TIMCHG (TIME FOR NEW TRANSIENT DATA WILL BE READ OR TERMINATION) 

C...PRINTOUT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION METH., COND. AND 
C.. DISPERSION, P-T-C, LFLOW-BALANCE, WELL, B.C. (O=NONE, n=nTH TIMESTEP, 
C...-l=ONLY AT NEW DATA READ AND END OF SIMULATION) 
C...(3.8.1) PRIVEL, PRIDV, PRISLM, PRIKD, PRIPTC, PRIGFB, PRIWEL, PRIBCF 

c.. . 
C...(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AND MASS-FRAC. ARRAYS; nln2n3) 

c.. . 
C. ..(3.8.3) CHKPTD(T=CHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETWEEN SOR CHKPT. 
c... DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 

c... 
C...(3.9.1).RDMPDT, PRTMPD (T=READ & WRITE CONTROL DATA FOR MAP GENERATION) 

C...(3.99.1) THRU (T= SIGNIFIES END OF SIMULATION) 

0 0 -1 0 -1 -1 -1 -1 

200 

F O F  

F F  

T 
C...(3.99.2) PLOTWP, PLOTWT, PLOTWC (T=PLOT OBSERVED AND/OR CALCULATED PRESS., 
c.. . TEMP., MASS-FRAC.) 
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Appendix D 

Regressional Analysis of Nine Modeling 
Chemical Ground Water Concentrations 



- 

._.... ..................... 

. .  

... 

.... 

..... 

..... 

. . .  

.... 

. .  

c3 

............. ................. 

I- 

..................... ................. ....... 

.......... 

- 
\ 
0) 
3 

. ... .- 
fl 

C 
3 

5 .- 

- . . . . .  
U 

5 - 
3 

m ..m .... 
a 
0 a 
L 
0 
9- 

.C 

t 

................. . . . . . . . . . .  ._ . . . . . .  . . . . . . . .  .... 

... 

... 

u 
' C  a 

. . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . .  . .  

.... 

4 0 L a " L 
Eo0 
0 

1 + a a 

...... + 
4 
QI 

L 
0 

' r c  

0 
L1 

r[l 
II 
0 

t 

. . . . . . . . . . . .  ._ 

- 

.- 
+ 

- 
. 3  .............................................................. e... ........... : ...... * .  . .  
. -.- 
. .  - . . .  

i., 

z :  
< i  

\ .  
......... ..i .................................. .:..I . . . . . . . . . . . . . .  1 . .  . . . . . . . .  - 3  ...... Q ... ....... ;.. .... a . . . . . . . .  

- +  

co 
6) 
6;) 

aJ 
+ 
1 

* I 
m 



. .. 

u, 
H 

I 
I- 
o 
fL 

n 

t + 
0 
CL 

I- 
C c 



I- 1 -- 
o m +  
+ r u m  

I f  - 

+ 

N 

+ 
QI cu 

+ 
Q, 
N 

1 

m 
0 

CD 



E= 

t- 
0 
L . .  

. . . . .  .- ....... 

. .  

. . . .  

........................... - ...... .... 

. .  

. . .  

. . . . . .  

..... 

...... 

. . . . . .  

....... 

I- a C 
m L 

. m  .. - +  .... 

. . . .  

...... 

I .  

. ' . \. 
: .\ 

' '. 
'* . 
\.. 

* a \ :  

. . . . . . . . . . .  ............ ..:. ....... 'A*. ' 
\. . 

- ;. : 
\ . .  
-i 

, \; ; 
.?V i. . 

' - .% : 

............. 

.k,. : ... 
' <. ' . \ .  . *; 

.. 

.- ......... . . . . . . .  . . .  - . .  . . . . . . . . . . .  

. .- W 
... [r ... ..-. . : ......... ... 

... 

-. . 

8 
8 

Q 
CD cu 

8 



4- 
W 
m 
N 

......... 

. . . . . . . . .  

- .. 

......... 

.._ . 

................ ........... .^.. ........... 

co 
0 

aJ 
Iu 

+ ........... ..... ... .... 

. .  

........ 

.......... 

.^ . . 

....... 

...... 

. .  

............ 

. . . . . . . . .  

. .  

_ ........... 

..... ... . .  

. .  

. . . . .  

c co c 
(3 k a 
+ 3 aJ Q 

L 
. . . .  

. . . . . . .  

4 

. .  
... i . . . . .  ..... 

. \ '  

. . .  K. 
\'. . -\. 

.1\. 
. . .  '. \ ... - 

. .  

: . : *  ; >&, 
.....;. . .............-..............'.... 

L m i  o u  4 c  

.... . . . . .  .......... ....... 
a 
C 
0 

(11 

01 

- ................. ... - 
+- 

- 
: g  
. .  

. .  

....... ..... 



. .  

. -  

. *  

.. - . 

f. 

. .. . 
r l  

... 

.. 
i' 

_ A  

- 

. .  

..__ 

* .  

. .  . 

I- 
O c 

I 
1 c 

0 

I- 
C 
I- 

@ 



............. 

- ............. 

- . . . . . . . . . .  

................................. 

:c 
'a 
:(Jl . 
:a \ f 
+ u , :  

- 
:a 3 

( 0  .- 

:a + 

. .  ..TI ........... :... c .  
.- 
jr a i 
:lJl : 
IL 7 ; ;c 
:L - 

............. i 0 .... c ..... .I... :cc 

- 

ih 

: m  ir 
- 

........... :. 0 ... 
r- 

4- 

.- 
:a := 

........ 

....... 

. . . . . . . . . . . . . . .  . .  

. . . . . . . . .  

. . . . . . . . . . . . . . . .  

.... 

....................... ................... 

. . . . . . . . .  

. . .  

. . . .  

I 

*. '. . 
- .  ... ...y?$, . . - .  

000348 

14 

. .  

a 
c3 
2 

i- 
C 
!- 

0 a 



7 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 
-1 0 1 2 3 : '  4 

LOG1 OETH 

. 

i 

_.. 

5 

LOGlOXYL 
LOG1 OTOL 
LOGl OETH ~ 

 LOG^ O C U ~  
LOGl OBEN . 

6 



'LOGl0ETH w. LOG10BEN 
LOGlBBEN = -.4580 + .87122 * LOG10ETH 

Correlation: r = .9490S 
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LOG10ETH vs. LOGlECUN 
LOG10CUt-l = .30541 + .95167 * LOGlEETH 

Correlation: r = .94311 
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LOG10ETH vs. LOGl0TOL 
LOG10TOL = -.0011 + 1.0204 * LOG10FM 

Correlation: r = .91786 
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LOGl0RH vs. LOGl0XYL 
LOG10XYL = .03081 + 1.0295 *.LOG10ETH 

Correlation: r = ,93229 
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LOGl0W vs. LOG10ARD 
LOGl0RRD = -2.683 + .86837 * LOGLBNAD 

Correlation: r = .70665 
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LOGlBNRD vs. LQGl0KD 
LOG10KD = -.4444 + 1.0487 * LOG10NAD 

Correlation: r = .E761 
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LOG10NAD vs. LOG10K40 
LOG10K4D = .96674 + .26369 * LUG10NAO 

Correlation: r = .55969 
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LOG10NAO vs. LOGlBPHD 
LOGlBPHD = -.9082 + .9342!8 * L O G l B M  

Correlation: r = .47988 
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WRTBENZE vs .  SOILBENZ 
SOILBENZ = 2.5552 +..a1119 * URTBENZE 

Correlation: r = .78743 
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WRTETHYL VS. SOILETHY 
SOILETHY = 65.630 + .02879 * UATETHYL 

Correlation: r = .36666 
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0 0 . 7 3 6 0  WATXYLEN vs. SOILXYLE . 
SOILXYLE = 271.02 + .00387 * WATXYLEN 

Correlation: r = .05418 
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WATETOLU VS: SOILTOLU 
SOILTOLU = 62.705 + .00835 = WATETOLU 

Correlation: r = .28868 
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WATCUMEN vs. SOILCUME 
SOILCUNE = 147.01 + .00559 * WATCUMEN 

Correlation: r = .05857 
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' NRSOIL = 431.05 + .a0116 * NRWATER 

Correlation: r = .15079 
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KUATER vs. KSOIL 
KSOIL = 859.21 + .00087 *. KWATER 
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. .  
ARWRTER vs. ARSOIL 

ARSOIL = 7.6434 + .00968 * ARUATER 
Correlation: r = .14095 
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Period 1 . 

Sodium Model Source Nodes 
Paddys Run Road Site  

Hamilton County, Ohio 
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Appendix G 

Evaluation of Vertical Concentration Gradients 
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Sample Transport Model Input/Ourput Files 
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ETHYL1 14.DAT PRRS LOCAL ETHYLBENZENE TRANSPORT MODEL (1/79-1/92) 5-19-92 
KH/KV~100@AQCELLS;HTIMESTEP=75D,DBKD=l.O,SCMF=0.0002,DL~~~,DT~~;DPTAS~~.~OO5 0 0 7 3 6 0  C DECLAM=5.0E-10; 1.0 lb/day INTO QSFX; U/CONST HEADS IN ALL LAYERS a BDRIES 
C 20000 LB EB INPUT, NEW LOADING 
C (NEW PR KRBCLHRBC AND SP. HEADS) - LOG PLUME GROWTH (4-27-92) 
C...START OF DATA FILE 
C... 
c...(1.3) RESTRT(T/F), TIMSTRT 

C... 
C.. .(1.4) HEAT, SOLUTE, EEUNIT, CYLIND, SCALMF; ALL (T/F) 

F T  T F T 
C... 
C...(1.5) NX, NY, NZ, NCHN 

C... 

F 0.00 

40 81 4 0 
-. . . 

C. ..(1.6) NPTCBC, NFBC, NAIFC, NLBC, NHCBC, NUEL 
268 2941 0 213 0 3 

C... 
C...(1.?) NPMZ 

114 
C... 
C...(1.8) SLMETH(l=D4,2=SOR), LCROSO(T/F) 

2 T 
C... 
C...(1.9) IBC (INDEX OF EXCLUDED CELLS = -1) 
C... 

C... 
C...(1.10) RDECHO (T=URITE TO ECHO FILE) 

C... 
C...STATIC DATA - READ2 
C...(2.1) PRTRE(T=PRINTOUT OF READ-ECHO INPUT) 

C... 
C...(2.2A.l) UNIGRX, UNIGRY, UNIGRZ - (T=UNEFORM GRID SPACING) 
C... 
C...(2.2A.2B) X(I), X(NX); FOR UNIFORM GRID (IF UNIGRX=T) 

C... 
C...(2.2A.3A) Y(J), J=l TO NY FOR NONUNIFORM GRID (IF UNIGRY=F) 

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 
1000.0 1100.0 1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 
2000.0 2100.0 2200.0 2300.0 2400.0 2500.0 2600.0 2700.0 
3000.0 3100.0 3200.0. 3300.0 3400.0 3500.0 3600.0 3700.0 
4000.0 4100.0 4200.0 4300.0 4400.0 4500.0 4600.0 4700.0 
5000.0 5100.0 5200.0 5300.0 5400.0 5500.0 5600.0 5700.0 
6000.0 6100.0 6200.0 6300.0 6400.0 6500.0 6600.0 6700.0 
7000.0 7100.0 7200.0 7300.0 7400.0 7500.0 7600.0 7700.0 
8000.0 

(NUMBER OF PORWS MEDIA ZONES) 

O /  

T 

T 

T F F 

0.00 3900.0 

C... 
C...(2.2A.4B) Z(K), K=l TO NZ FOR NONUNIFORM GRID (IF UNIGRZ=F) 

C... 
C...(2.3.1) TILT (T/F TRUE TO TILT Z-AXIS) 

C... 
C...FLUID PROPERTIES 

400.0 450.0 470.0 504.0 

F 

800.0 
1800.0 
2800.0 
3800.0 
4800.0 
5800.0 
6800.0 
7800.0 

C...(2.4.1) COMPRESSIBILITY OF FLUID 
3.03E- 06 

C . . .  
C.. . (2.4.2) PRDEN, TRDEN(REF.TEMP. 1, WO(MASS FRAC. 1, DENFOCFLD. DENSITY) 

C...(2.4.3) Wl,DENFl;(O) - SOLUTE C1.4) 
C... 
C...FLUID VISCOSITY DATA 
C. ..2.5.2 NOTVl,TVFl(I),VISTFl(I),I=l TO NOTV1;(0) - SOLUTE (1.4) AND 
C2.5.3 

C... 
C. ..REFERENCE CONDITION INFORMATION 
C...(2.6.1) PAATM -(ATM. ABS.-PRESS.; O=STAND. PRESS OF 1.0132E+5 Pa) 

C... 
C...(2.6.2) POH(PRESS.), TOH (REF TEMP.; CONST. T FOR ISOTHERMAL SIMS.) 

C...SOLUTE INFORMATION 

0.00 60.0 0.0 62.40 

-0002 62.400001 

2 60. 0. 1.138 1. 1.138001 

0.00 

0.0 60.0 

C...(2.8) DM,DECLAM;(O) - SOLUTE (1.41 
9.30E-05 5.OE-10 

1 

900.0 
1900.0 
2900.0 
3900.0 
4900.0 
5900.0 
6900.0 
7900.0 



42 49 
2 
3 
4 
5 
6 
7 

8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

67 
68 
69 
70 
71 
72 
73 
74 

C... 

C... 

1 
4 
1 
1 
1 
1 
1 

1 
1 
5 
1 

38 
- 35 
38 
32 
27 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

36 
34 
36 
38 
31 
26 
23 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

34 
32 
31 
32 
34 
37 
27 
24 
20 
1 
1 
1 
1 
1 
9 
14 
16 
14 
13 
13 

1 1  
9 
4 

. 1  
1 
1 
1 
20 
20 

1 
20 

4 
9 
14 
16 
14 
13 
13 

1 1  
5 
9 
4 
40 
40 
40 
40 
40 
8 
12 
15 
17 
16 
14 
12 
10 
7 
4 
40 
40 
40 
40 
40 
40 
40 
12 
17 
19 
17 
16 
18 
17 
16 
13 
10 
8 
6 
4 
40 
40 
40 
40 
40 
40 
40 
40 
40 
38 
35 
38 
40 
40 
40 
40 
40 
40 
40 
40 

40 
40 
40 
40 
40 
32 
27 
36 
34 
20 
36 

42 
35 
30 
24 
22 
19 

16 
12 
12 
10 
79 
65 
59 
4 
1 

52 
49 
35 
25 
21 
18 
15 
12 
9 
5 
78 

. 63 
59 
55 
5 
3 
1 

59 
' 55 

48 
45 
37 
27 
23 
.20 
15 
12 
10 
7 
4 
78 
72 
63 
61 
56 
53 
5 
3 
1 

79 
65 
59 
54 
49 
42 
35 
30 
24 
22 
19 

16 
12 
10 
7 
5 
4 
1 
78 
63 
55 
59 

49 
42 
35 
30 
24 
22 

19 
16 
16 
12 
81 
79 
65 
5 
4 

55 
52 
49 
35 
25 
21 
18 
15 
12 
9 
81 
78 
63 
59 
6 
. 5  
3 
62 
59 
55 
48 
45 
37 
27 
23 
20 
15 
12 
10 
7 
81 
78 
72 
63 
61 
56 
7 
5 
3 
81 
79 
65 
59 
54 
49 
42 
35 
30 
24 
22 

19 
16 
12 
10 
7 
5 
4 
81 
78 
81 
63 

- 3  
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 

4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 

2 



78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 

O /  
C... 

20 
8 
12 
15 
17 
16 
14 
12 
10 
7 
4 
4 
1 
1 
19 
19 
1 
19 
19 
12 
19 
17 
19 
37 
17 
16 
18 
17 
16 
13 
10 
8 
6 
4 
20 
20 
1 

38 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
31 
26 
23 
34 
32 
19 
31 
32 
19 
34 
19 
37 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
20 
27 
24 
20 

55 59 
52 55 
49 52 
35 49 
25 35 
21 25 
18 21 
15 18 
12 15 
9 12 
6 9  
5 6  
3 5  
1 3  
78 81 
72 78 
62 81 
63 72 
61 63 
59 62 
56 61 
55 59 
48 56 
48 53 
45 48 
37 45 
27 37 
23 27 
20 23 
15 20 
12 15 
10 12 
7 10 
4 7  
5 7  
3 5  
1 4  

2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
2 3  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  

C...POROUS-MEDIA PROPERTIES 
C...PERMEABILITIES IN THE X,Y,Z DIRECTIONS 
C...(2.10.1) KXX(IPMZ), KYY(IPMZ1, KZZ(IPM2); IPMZ=l TO NPMZ 
c... IPMZ= 1-55 (Kz0.67 fpd, BEDROCK) 

2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E-12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E- 12 2.96E-12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E-12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E - 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 

0 0 7 3 6 0  

2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 

3 



I 2.96E-12 2-96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2 -96E-12 2.96E-12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E - 12 
2.96E-12 2.96E-12 2.96E-12 
2.96E-12 2.96E-12 2.96E-12 
2.96E- 12 2.96E- 12 2.96E- 12 
2.96E-12 2.96E-12 2.96E-12 

1.54E-09 1.54E--09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 

1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1 S4E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 
1.54E-09 1.54E-09 1.54E-11 

1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 
1.99E-09 1.99E-09 1.99E-11 

e... IPMZ= 56-73 ZONE 3-4 (K=350 & 35 fpd) 

e... IPMZ= 74-91, ZONE ‘2-3 (K=350 8 35 fpd) 

e... IPMZ= 92-114, ZONE 1-2 (K=450 8 45 fpd) 

C...POROSITY FOR MEDIUM IN ZONE IPMZ(i) 
C...2.10.2 POROS(IPMZ), IPMZ=l TO NPMZ 

1 14*0.225 

4 



c...2.10.3 BULK VERTICAL COMPRESSIBILITY 

c.. . (2.12) ALPHL( IPMZ) ,ALPHT( IPME) , IPMZ=1 TO NPMZ (1 -D;(O) 
C... ABPM(IPMZ), IPMZ=1 To NPMZ 

1 l4*0.000015 - SOLUTE C1.4) 

50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
so. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
so. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3 -  
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 

0 0 7 3 6 0  

5 



50. 3., 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 
50. 3. 

C... 
C.....POROUS MEDIA SOLUTE PROPERTY INFORMATION 
C.2.13 .. DBKD(IPMZ),IPMZ=l TO NPMZ C1.7);(0) - SOLUTE (1.4) 
C... 
C...UELL-MODEL INFORMATION (IF NUEL>O) 
C...(2.14.1) RDWDEF (T=READ WELL DEFINITION DATA) 

C...(2.14.2) IMPPW (T=SEMI-IMPLICIT CALCS.) 

C...(2.14.3)IUEL, IW, JW, LCBOTW, LCTOPU, WBOD, WQMETH 
C...(2.14.4) WCF WELL COMPLETION FACTORS IN EA. LEVEL; l.O=OPENED) 
C...UELL #1= A&W #1, #2= A&W #2, #3= RNCC 

1 12 7a 1 2 1.0 10 

114*1 .O 

T 

F 

1 .o 1 .o 1.0 1.0 
2 12 75 1 2 1.0 10 

1.0 1 .o 1.0 1.0 
3 15 60 1 2 1.0 10 

1 .o 1 .o 1.0 1.0 
O /  

C... 
C...BWNDARY-CONDITIONS INFORMATION 
C...SPECIFIED VALUE 
C.. . (2.15 1 IBC( i , j , k) , MOD. CODE: INDEX OF B. C. TYPE (PRESS, TEMP,MASS- FRAC) 

1 40 ai ai 1 4 

1 1  i a  1 4  
100 

100 

100 
2 2 0 1  1 1 4  

O /  
C...SPECIFIEO FLUX VALUE 
C...(2.16) IBC(i,j,k) INDEX OF B.C. INDEX (3=z, n4=FLOW Ea.) 
C... 1 1 j j  k k  
C... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C... (BEDROCK) FLUX=6I8/yr 

1 9  43 49 4 4  
300200 

- 1 13 19 42 4 4  
300200 

14 14 24 42 4 4  

15 16 30 35 4 4  
300200 

300200 
1 11 16 18 4 4  

P 5 qi -- 300200 
. (BUbLdS 
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C... 

C... 

C... 

'C. . .  

1 9  

1 4  

38 40 

35 40 

38 40 

32 40 

27 40 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

1 2  

1 7  

1 2  

19 37 

22 34 

300200 

300200 

300200 

300200 

300200 
29 34 

300200 

9 18 

9 21 

4 8  

9 28 

4 13 

14 15 

14 15 

16 37 

4 13 

14 16 

14 16 

300200 

300200 

300200 

300200 

300200 

300002 

300200 

300200 

300200 

300002 

300200 

300002 

300200 

300200 

17 17 

17 17 

17 17 

18 40 
300200 

6 40 

1 1  40 

1 1  40 

15 15 

17 40 

4 5  

6 10 

17 17 

17 17 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

15 17 

19 40 
300200 

300200 

12 15 

10 1 1  

80 80 

65 79 

59 64 

5 5  

1 4  

so 54 

73 80 

55 72 

80 80 

74 79 

65 73 

80 a0 

74 79 

65 71 

65 73 

59 64 

59 59 

60 64 

59 64 

55 58 

57 58 

55 56 

56 56 

55 55 

57 58 

55 58 

53 54 

49 52 

44 4a 

37 42 

38 43 

51 54 

51 52 

27 28 

30 35 

36 36 

29 37 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

FLUX = 6 "/yr 
4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

FLUX = 10 "/Yr 
4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

FLUX = 14 "/yr 
4 4  

4 4  

7 



18 40 27 28 4 4  

17 39 12 26 4 4  

40 40 15 26 4 4  

16 16 22 28 4 4  

15 15 19 20 4 4  

14 14 19 23 4 4  

10 11 12 15 4 4  

12 15 12 18 4 4  

- 4  5 5 6  4 4  

8 39 6 8  4 4  

40 40 6 .  7 4 4  

6 28 5 5  4 4  

2 26 2 4  4 4  

2 3  5 6  4 4  

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 

300200 
O /  

C... AQUIFER LEAKAGE 
C...(2.17.1) IBC(i,j,k) IBC INDEX (nl=3 FOR 2-DIRECTION) 
C...GREAT MIAMI RIVER 

2 2 9 9 4 4  

2 2 8 8 4 4  
300300 

300300 
2 2 7 7 4 4  

300300 
3 

300300 
3 

300300 
3 

300300 
4 

300300 
4 

300300 
4 

300300 
5 

300300 
5 

300300 
5 

300300 
5 

300300 
5 

300300 
6 

300300 
6 

300300 
6 

300300 
6 

300300 
6 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

9 

a 
7 

9 

8 

7 

9 

8 

7 

10 

11 

7 

8 

9 

10 

11 

9 4’ 4 

8 4 4  

7 4 4  

9 4 4  

8 4 4  

7 4 4  

9 4 4  

8 4 4  

7 4 4  

10 4 4 

11 4 4 

7 4 4  

8 4 4  

9 4 4  

10 4 4 

11 4 4 
300300 
7 7 7 7 4 4  

300300 

300300 

300300 

300300 

300300 

7 7 8 8 4 4  

7 ‘ 7  9 9 4 4  

7 7 10 10 4 4 

7 7 11 11 4 4 

8 



8 
300300 

8 
300300 

9 
300300 

9 
300300 

9 
300300 

10 
300300 

10 
300300 

10 
300300 

11 
300300 

11 
300300 

11 
300300 

12 
300300 

12 
300300 

12 
300300 

300300 

300300 

13 

13 

13 
300300 

300300 

300300 

300300 

300300 

300300 

14 

14 

14 

15 

15 

15- 
300300 

16 

16 
300300 

300300 
16 

17 

17 

17 

18 

18 

18 

19 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 
19 

19 

20 

20 

20 

21 

21 

21 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

11 

12 

12 

12 

13 

13 

13 

14 

14 

14 

15 

15 

15 

16 

16 

16 

17 

17 

17 

18 

18 

18 

19 

19 

19 

20 

20 

20 

21 

21 

21 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

11 

10 

9 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 . 4  4 

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

0 0 7 3 6 0  

ooola6s 
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_. -.. , 22 ' 

300300 

300300 

300300 

300300 

300300 

300300 

22 

22 

23 

23 

23 

24 

26 

27 
300300 

300300 
27 

27 

28 

28 

300300 

300300 

300300 

300300 
28 

300300 
29 

29 

29 

30 

30 

30 

31 

31 

31 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 
32 

32 
300300 

300300 
32 

. 33 

33 

33 

34 

34 

34 

35 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

22 

22 

22 

23 

23 

23 

24 

24 24 

24 - 24 

25 25 

25 25 

25 25 

26 26 

26 26 

26 

27 

27 

27 

28 

28 

28 

29 

29 

29 

30 

30 

30 

31 

31 

31 

32 

32 

32 

33 

33 

33 

34 

34 

34 

35 

35 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

11  

10 

9 

11  

10. 

9 

1 1  

10 

9 

1 1  

10 

9 

11  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

1 1  

10 

9 

11  

10 

9 

11  

10 

1 1  4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

9 4 4  

11  4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

9 4 4  

11  4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

9 4 4  

11  4 4 

10 4 4 

9 4 4  

11  4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

11 4 4 

10 4 4 

9 4 4  

1 1  4 4 

10 4 4 

*. : . , .. 
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35 

36 

36 

36 

300300 

300300 

300300 

300300 
37 

37 

37 

38 

38 

38 

39 

39 

300300 

300300 

300300 

300300 

300300 

300300 

300300 

300300 
39 

300300 
C.. .PADDY'S RUN 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

16 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

15 
300300 

16 
300300 

17 
300300 

18 
300300 

18 
300300 

18 
300300 

18 
300300 

18 
300300 

18 
300300 

18 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

15 

15 

15 

15 

15 

15 

15 

15 

16 

17 

18 

18 

18 

18 

18 

18 

18 

35 

36 

36 

36 

37 

37 

37 

38 

38 

38 

39 

39 

39 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

21 

22 

23 

24 

25 

26 

27 

28 

29 

29 

29 

29 

30 

31 

32 

33 

34 

35 

9 9 

1 1  11  

10 10 

9 9 

1 1  1 1  

10 10 

9 9 

1 1  11  

10 . 10 

9 9 

1 1  1 1  

10 10 

9 9 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

21 

22 

23 

24 

25 

26 

27 

28 

29 

29 

29 

29 

30 

31 

32 

33 

34 

35 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4' 

4 

4 

4 

4 

4 

4 

L 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

.4 

4 

4 

4 

1 1  



300300 

300300 

300300 
17 

300300 
16 

300300 
16 

300300 
16 

300300 
16 

300300 
16 

300300 
16 

300300 
10 

300300 
1 1  

i a  

i a  

300300 
12 

300300 
13 

300300 
14 

300300 
15 

300300 
16 

300300 
10 

300300 
10 

300300 
10 

300300 
10 

300300 
10 

300300 
10 

300300 
3 

300300 
4 

300300 
5 

300300 
6 

300300 
7 

300300 

300300 
9 

300300 
10 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

. . 300300 
*-; 89 3 

a 

(-JQ&-C;. 

i a  

ia  

17 

16 

16 

16 

16 

16 

16 

10 

11 

12 

13 

14 

15 

16 

10 

10 

10 

10 

10 

10 

3 

4 

5 

6 

7 

a 
9 

10 

3 

.3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

36 

37 

37 

37 

3a 

39 

40 

41 

42 

43 

43 

43 

43 

43 

43 

43 

44 

45 

46 

47 

4a 

49 

50 

50 

50 

50 

50 

50 

50 

50 

51 

52 

53 

54 

55 

56 

57 

sa 
59 

60 

61 

36 

37 

37 

37 

3a 

39 

40 

41 

42 

43 

43 

43 

43 

43 

43 

43 

44 

45 

46 

47 

4a 

49 

50 

50 

50 

50 

50 

50 

50 

50 

51 

52 

53 

54 

55 

56 

57 

sa 
59 

60 

61 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 '  

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 

4 4 

4 4 

12 



300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
3 

300300 
4 

300300 
5 

300300 
6 

300300 
7 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
8 

300300 
O /  

C 2.17.2 
O /  

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

5 

6 

7 

8 

8 

8 

8 

8 

8 

8 

8 

8 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

72 

72 

72 

72 

72 

73 

74 

75 

76 

77 

78 

79 

80 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

72 

72 

72 

72 

72 

73 

74 

75 

76 

77 

78 

79 

80 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

C...RIMR LEAKAGE 
C...(k=1.71E-12 fpd; GMR UIDTH=250'; PR UIDTH=20'; BED THICK.=l.O') 
C. ..(2.17.3) 11, 12, J1, J2, KRBC, BBRBC, ZERBC 
C...GREAT MIAMI RIVER: 

2 2 9 9  

2 2 8 8  

2 2 7 7  

3 3 9 9  

3 3 8 8  

3 3 7 7  

4 4 9 9  

4 4 8 8  

488.1 

488.1 

488.1 

488.2 

488.2 

488.2 

488.3 

488.3 
4 4 7 7  
488.3 
5 5 9 9  

5 5 8 8  

5 5 7 7  

5 5 10 10 

488.4 

488.4 

488.4 

488.5 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 

1.8E-12 1 
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5 5  

6 6  

6 6  

6 6  

6 6  

6 6  

488.5 

488.7 

488.7 

488.7 

488.7 

488.7 

488.7 

488.7 

488.7 

488.7 

7 . 7  

7 7  

7 7  

7 7  

7 7  
488.7 
8 8  

488.8 
8 8  

488.8 
8 8  

488.8 
.9 9 

488.9 
9 9  

488.9 
9 9  

488.9 
10 10 
489 
10 10 
489 
10 10 
489 
11 11 
489.1 
11 11 
489.1 
11 11 
489.1 
12 12 
489.1 
12 12 
489.1 
12 12 
489.1 
13 13 
489.2 
13 13 
489.2 
13 13 
489.2 
14 14 
489.3 
14 14 
489.3 
14 14 
489.3 
15 15 
489.4 
15 15 
489.4 
15 15 
489.4 
16 16 
489.5 
16 16 
489.5 
16 16 
489.5 
17 17 
489.5 
17 17 
489.5 

000[%17 

11 11 

7 7  

8 8  

9 9  

10 10 

11 11 

7 7  

8 8  

9 9  

10 10 

11 11 

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



18 18 11 11 
489.5 
18 18 10 10 
489.5 
18 18 9 9 
489.5 
19 19 11 11 
489.6 
19 19 10 10 
489.6 
19 19 9 9 
489.6 
20 20 11 11 
489.6 
20 20 10 10 
489.6 
20 20 0 9 
489.6 
21 21 11 11 
489.6 
21 21 ' 10 10 
489.6 
21 21 9 9 
489.6 
22 22 11 11 
489.7 
22 22 10 10 
489.7 
22 22 9 9 
489.7 
23 23 11 11 
489.7 
23 23 10 10 
489.7 
2 3 2 3  9 9 
489.7 
24 24 11 11 
489.7 
24 24 10 10 
489.7 
24 24 9 9 
489.7 
25 25 11 11 
489.7 
25 25 10 10 
489.7 
25 25 9' 9 
489.7 
26 26 11 11 
489.8 
26 26 10 10 
489.8 
26 26 9 9 
489.8 
27 27 11 1 1  
489.85 
27 27 10 10 
489.85 
27 27 9 9 
489.85 
28 28 1 1  1 1  
489.885 
28 28 10 10 
489.885 
28 28 9 9 
489.885 
29 29 1 1  1 1  
489.92 
29 29 10 10 
489.92 
29 29 9 9 
489.92 
30 30 1 1  1 1  
489.955 
30 30 10 10 
489 -955 
30 30 9 9 
489 -955 
31 31 1 1  11 
489.99 
31 31 10 10 
489.99 

1.8E-12 

1 -8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

.1.8E-12 

1 .&?E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 0 7 3 6 0  
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31 31 
489.99 
32 32 
490.025 
32 32 
490.025 
32 32 
490.025 
33 33 
490.06 
33 33 
490.06 
33 33 
490.06 
34 34 
490.095 
.34 34 
490.095 
34 34 
490.095 
35 35 
490.13 
35 35 
490.13 
35 35 
490.13 
36 36 
490.165 
36 36 
490.165 
36 36 
490.165 
37 37 11 1 1  1.8E-12 
490.2 
37 37 10 10 1.8E-12 
490.2 
37 37 9 9 1.8E-12 
490.2 
38 38 11 11 1.8E-12 
490.235 
38 38 10 10 1.8E-12 
490.235 
38 38 9 9 1.8E-12 
490.235 
39 39 11 1 1  1.8E-12 
490.27 
39 39 10 10 1.8E-12 
490.27 
39 39 9 9 1.8E-12 
490.27 

9 9  

11 11 

10 10 

9 9  

11 11 

10 10 

9 9  

11 11 

10- 10 

9 9  

11 11 

10 10 

9 9  

11 1 1  

10 10 

9 9  

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

1.8E-12 

C...PADDY'S RUN 
16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

15 

15 

15 

F . r - "  15 

15 

493.50 

493.92 

494.33 

494.75 

495.17 

495.58 

496.00 

496.42 

496.83 

497.25 

497.67 

498.08 

498.50 

498.93 

OQUL& LJ 499.36 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

15 

1 5  

15 

15 

15 

15 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

21 

22 

23 

24 

25 

26 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

21 

22 

23 

24 

25 

26 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E- 13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E- 13 

4.4E-13 

4.4E-13 

4.4E-13 

4.4E-13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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499.79 

500.21 

500.64 

501 -07 

501 -50 

501 -93 

502.36 

502.79 

503.21 

15 

15 

15 

16 

17 

18 

18 

18 

18 
503.64 

504.07 
18 

18 
504.50 

18 
504.93 

505.36 

505.79 

506.21 

506.64 

507.07 

507.50 

18 

18 

17 

16 

16 

16 

16 

16 

16 

10 

11 

12 

13 

14 

15 

16 

10 

10 

10 

10 

10 

10 

507.72 

507.95 

508.17 

508.40 

508.62 

508.84 

509.07 

509.29 

509.52 

509.74 

509.97 

510.19 

510.41 

510.64 

510.86 

51 1.09 
3 

511 -31 
4 

51 1.53 
5 

511.76 
6 

511.98 
7 

512.21 
8 

512.43 
9 

15 

15 

15 

16 

17 

18 

18 

18 

18 

18 

18 

18 

18 

18 

17 

16 

16 

16 

16 

16 

16 

10 

11 

12 

13 

14 

15 

16 

10 

10 

10 

10 

10 

10 

3 

4 

5 

6 

7 

8 

9 

27 

28 

29 

29 

29 

29 

30 

31 

32 

33 

34 

35 

37 

36 

37 

37 

38 

39 

40 

41 

42 

43 

43 

43 

43 

43 

43 

43 

44 

45 

46 

47 

48 

49 

50 

50 

50 

50 

50 

50 

50 

27 4.4E-13 

28 4.4E-13 

29 4.4E-13 

29 4.4E-13 

29 4.4E-13 

29 4.4E-13 

30 4.4E-13 

31 4.4E-13 

32 4.4E-13 

33 4.4E-13 

34 4.4E-13 

35 4.4E-13 

37 4.4E-13 

36 4.4E-13 

37 4.4E-13 

37 4.4E-13 

38 4.4E-13 

39 4.4E-13 

40 4.4E-13 

41 4.4E-13 

42 4.4E-13 

43 4.4E-13 

43 4.4E-13 

43 4.4E-13 

43 4.4E-13 

43 4.4E-13 

43 4.4E-13 

43 4.4E-13 

44 4.4E-13 

45 4.4E-13 

46 4.4E-13 

47 4.4E-13 

48 4 .E -13  

49 4.4E-13 

50 4.4E-13 

50 4.4E-13 

50 4.4E-13 

SO 4.4E-13 

50 4.4E-13 

50 4.4E-13 

50 4.G-13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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512.66 
10 
512.88 
3 

513.10 
3 

513.33 
3 

513.55 
3 

513.78 
3 

514.00 
3 

514.22 
3 

514.43 
3 

514.65 
3 

514.87 
3 

515.08 
3 

515.30 
3 

515.52 
3 

515.73 
3 

515.95 
3 

516.17 
3 

516.38 
3 

516.60 
3 

516.82 
3 

517.03 
3 

517.25 
3 

517.47 
3 

517.68 
4 

517.90 
5 

518.12 
6 

518.33 
7 

518.55 
8 

518.77 
8 

518.98 
8 

519.20 
8 

519.42 
8 

519.63 
8 

519.85 
8 

520.07 
8 

520.28 
8 

520.50 
O /  

10 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

5 

6 

7 

8 

8 

8 

8 

8 

8 

a 
8 

8 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

72 

72 

n 
72 

72 

73 

74 

75 

76 

77 

78 

79 

80 

50 4.4E-13 

51 4.4E-13 

52 4.4E-13 

53 4.4E-13 

54 4.4E-13 

55 4.4E-13 

56 4.4E-13 

57 4.4E-13 

58 4.4E-13 

59 4.4E-13 

60 4.4E-13 

61 4.4E-13 

62 4.4E-13 

63 4.4E-13 

64 4.4E-13 

65 4.4E-13 

66 4.4E-13 

67 4.4E-13 

68 4.4E-13 

69 4.4E-13 

70 4.4E-13 

71 4.4E-13 

72 4.4E-13 

72 4.4E-13 

72 4.4E-13 

72 4.4E-13 

72 4.4E-13 

72 4.4E-13 

73 4.4E-13 

74 4.4E-13 

75 4.4E-13 

76 4.4E-13 

77 4.4E-13 

78 4.4E-13 

79 4.4E-13 

80 4.4E-13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

C... 
C...FREE SURFACE B.C. 
C...(2.20) FRESUR(T=UNCONFINED), PRTCCM(T=PRINT MESSAGE) 

C... 
C...INITIAL CONDITIONS 
C...(2.21.1) ICHYDP, ICT, ICC: (T=HYDROSTATIC P, 1, MASS-FRAC TO BE SPECIFIED) 

T T  

, F  F F 
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C.. . 
C...(2.21.2) ICHUT (T=INITIAL UT ELEV. TO BE INPUT) 

T 
C... 
C...(2.21.3C) HUT: UT ELEV. BY i , j , k  RANGE 

494.76 1 *** 

*** NOTE: DUE TO THE EXTENSIVE SIZE OF THE INITIAL HEAD ARRAY, ONLY THE BEGINNING AND END OF THE ARRAY 
HAVE BEEN PRINTED. *** 

39 39 81 81 4 4 

40 40 81 81 4 4 

D /  
C... 
C...CALCULATION INFORMATION DEFAULT VALUES1 
C. ..(2.22.1) FDSMTH(FACT0R FOR SPATIAL-DISCRTZ), FDTMTHCFACTOR FOR TEMPORAL 
C... DISCRTZ.): O.O=UPSTREAM DIFFERENCING, l.O=BACKWARD-IN-TIME 

C... 
C.. . (2.22.2) TOLDEN(TOLERANCE), MAXITN(MAX1MUM ITERATIONS) 

C... 
C.. .(2.22.3) NTSORT 
C... EPSSOR (TOLERANCE FOR SOR.. . C1 .OE-51), 
C... EPSOMG (TOLERANCE ON FRAC. CHANGE[O.ZI), 
C... MAXITN1 (MAX. ITERATION FOR OVERRELAX. PARAMETER15011, 
C... MAXITNZ (MAX. ITERATION FOR THE SOLUTION OF MATRIX EP.11001). 
C... 
C... 5 1.OE-03 0.50 250 250 - 

C... 
C...OUTPUT OF STATIC DATA 
C...(2.23.1) PRTPMP (PMZ PROP.), PRTFP (FLD.PROP.1, PRTIC (INIT. COND.), 
C... PRTBC (BOUNDARY COND.), PRTSLM (SOL'N METH.), 
C... PRTUELL (STATIC ELLBORE) 

518.70 1 

518.70 1 

0. 1 .o 

0.001 10 

(# TIMESTEPS FOR OVERRELAXATION PARAMETERtSI), 

5 1.OE-03 0.50 500 500 

0 
C...(2.23.2) IPRTTC (INDEX FOR IC PRINTOUT), PRTDV (T=PRT. OF DENSITY & VISC.) 
C...200 T 
C... 
C...(2.23.3) ORENPR (INDEX FOR ORIENT. OF ARRAY PRT.) 

12 
C... 
C...(2.23.4) PLTZON (T=PRT. PMZ PROPERTIES) 
C... F 
C... 
C...(2.23.5) OCPLOT (T= PLOTS OF OBSERVED & CALCULATED VALUES) 

F 
C... 
C... TRANSIENT DATA (PERIOD 1: 1970-1980) 
C...(3.1) THRU (T=SIMULATION IS THROUGH) 

F 
C... 
C... E L L  INFORMATION 
C... RDUFLO(T=READ UELL-FLOU-RATE), RDUHD (T=READ MLL-HEAD) 

C... 
T F  

c...(~.z.z) WELL, auv, PUSUR, PUKT, TUSRKT, CUKT 
1 -2.17E+04 0.0 0.0 60.0 

2 -2.17E+04 0.0 0.0 60.0 

3 -4.81E+02 0.0 0.0 60.0 

0.00 

0.00 

0.00 
O /  

C... 
C...BOUNDARY CONDITIONS INFORMATION 
C. ..SPECIFIED VALUES 
c...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,MASS-FRAC. DATA) 

T E C  
. I ,  

C... 
c...(3.3.2) PNP: PRESSURE AT SPECIFIED PRESSURE B.C. NODES BY i , j , k .  

2 2 1 1 4 4 
-4.581 83 1 

a 
3 3 1 1 4 4 

-4.39483 ' 1 000408 
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-4.20783 

-4.02083 

-3.83383 

-3.64683 

-3.45983 

-3.27283 

-3 -08583 

-2.89883 

-2 -71 183 

-2.52483 

- 2.33783 

-2.15083 

-1 -96383 

-1 -77683 

-1.58983 

- 1 A0283 

-1 -21583 

10.15819 

10.345 19 

10.53219 

10 -7191 9 

10 -90619 

11.09319 

11.28019 

11 A6719 

11 -65419 

11.84119 

12.0281 9 

12.21519 

12.40219 

12.58919 

1 2.7761 9 

12 -96319 

13.15019 

13.33719 

13.52419 

18.82879 

19.01 579 

19.20279 

19.38979 

19.57679 

4 4 1 1 4 4 

5 5 1 1 4 4 

6 6 1 1 4 4 

7 7 1 1 4 4 

8 8 1 1 4 4 

9 9 1 1 4 4 

10 10 1 1 4 4 

11 11 1 1 4 4 

12 12 1 1 4 4 

13 13 1 1 4 4 

14 14 1 1 4 4 

15 15 1 1 4 4 

16 16 1 1 4 4 

17 17 1 1 4 4 

18 18 1 1 4 4 

19 19 1 1 4 4 

20 20 1 1 4 4 

2 2 1 -1 3 3 

3 3 1 1 3 3 

4 4 1 1 3 3 

5 5 1 1 3 3 

6 6 1 1 3 3 

7 7 1 1 3 3 

8 8 1 1 3 3 

9 9 1 1 3 3 

10 10 1 1 3 3 

11 11 1 1 3 3 

12 12 1 1 3 3 

13 13 1 1 3 3 

14 14 1 1 3 3 

15 15 1 1 3 3 

16 16 1 1 3 3 

17 17 1 1 3 3 

18 18 1 1 3 3 

19 19 1 1 3 3 

20 20 1 1 3 3 

2 2 1 1 2 2 

3 3 1 1 2 2 

4 4 1 1 2 2 

5 5 1 1 2 2 

6 6 1 1 2 2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 1  
7.36 1 
2 2  
7.33 1 
3 3  
7.29 1 
4 4  
7.26 3 
5 5  
7.23 1 
6 6  
7.19 1 
7 7  
7.16 1 
8 8  

19.76379 

19.95079 

20.13779 

20 -32479 

20.5 1 179 

20.69879 

20.88579 

21 -07279 

21.25979 

21 -44679 

21.63379 

21 -82079 

22.00779 

22.19479 

40.50529 

40.69229 

40.87929 

41 -06629 

41 -25329 

41 -44029 

41.62729 

41 -81429 

42.001 29 

42.18829 

42.37529 

42.56229 

42.74929 

42.93629 

43.12329 

43.31029 

43.49729 

43.68429 

43.871 29 

81 81 

81 81 

81 81 

81 81 

81 81 

81 81 

81 81 

81 81 

7 7 1 
1 

8 8 1 
1 

9 9 1 
1 

10 10 1 
1 

11 11 1 
1 

12 12 1 
1 

13 13 1 
1 

14 14 1 
1 

15 15 1 
1 

16 16 1 
1 

17 17 1 
1 

18 18 1 
1 

19 19 1 
1 

20 20 1 
1 

2 2 1 
1 

3 3 1 
1 

4 4 1 
1 

5 5 1 
1 

6 6 1 
1 

7 7 1 
1 

8 8 1 
1 

9 9 1 
1 

10 10 1 
1 

11 11 1 
1 

12 12 1 
1 

13 13 1 
1 

14 14 1 
1 

15 15 1 
1 

16 16 1 
1 

17 17 1 
1 

18 18 1 
1 

19 19 1 
1 

20 20 1 
1 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 2 2 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 
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7.12 1 
9 ’  9 
7.09 1 
10 10 
7.05 1 
11 11 
7.02 1 
12 12 
6.99 1 
13 13 
6.96 1 
14 14 
6.93 1 
15 15 
6.90 1 
16 16 
6.87 1 
17 17 
6.83 1 
18 18 
6.80 1 
19 19 
6.76 1 
20 20 
6.74 1 
21 21 
6.73 1 
22 22 
6.71 1 
2 3 2 3  
6.69 1 
24 24 
6.68 1 
25 25 
6.66 1 
26 26 
6.63 1 
27 27 
6.61 1 
28 28 
6.59 1 
29 29 
6.58 1 
30 30 
6.56 1 
31 31 
6.54 1 
32 32 
6.53 1 
33 33 
6.52 1 
34 34 
6.51 1 
35 35 
6.50 1 
36 36 
6.49 1 
37 37 
6.47 1 
38 38 
6.45 1 
39 39 
6.44 1 
40 40 
6.42 1 

1 
22.10 

2 
22.07 

3 
22.03 

4 
22.00 

5 
21.97 

6 
21 -93 

7 
21.90 

8 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

1 
1 
2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

81 

81 

81 

81 

81 

81 

81 

81 

81 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
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21.83 
10 

21 -79 
11 

21.76 
12 

21.73 
13 

21 -70 
14 

21 -67 
15 

21 -64 
16 

21.61 
17 

21.57 
18 

21.54 
19 

21 -50 
20 

21.48 
21 

21 -47 
22 

7 
30.57 

8 
30.53 

9 
30.50 

10 

21.45 
23 

21 -43 
24 

21 -42 
25 

21.40 
26 

21 -37 
27 

21.35 
28 

21.33 
29 

21.32 
30 

21 3 0  
31 

21.28 
32 

21.27 
33 

21.26 
34 

21 -25 
35 

21.24 
36 

21.23 
37 

21.21 
38 

21.19 
39 

21.18 
40 

21.16 
1 

30.77 
2 

30.74 
3 

30.70 
4 

30.67 
5 

30.64 
6 

30.60 

1 
10 
1 

11 
1 

12 
1 

13 
1 

14 
1 

15 
1 

16 
1 

17 
1 

18 
1 

19 
1 

20 
1 

21 
1 

22 
1 

23 
1 

24 
1 

25 
1 

26 
1 

27 
1 

28 
1 

29 
1 

30 
1 

31 
1 

32 
1 

33 
1 

34 
1 

35 
1 

36 
1 

37 
1 

38 
1 

39 
1 

40 
1 
1 
1 
2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 

10 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 3 

81 3 

81 3 

81 ’ 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 3 

81 2 

81 2 

81 2 

81 2 

81 2 

81 2 

81 2 

81 2 

81 2 

81 2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 0 7 3 8 0  
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30.46 
11 

30.43 
- 12 

i ~ 30.'40 
13 

30.37 
14 

30.34 
15 

30.31 
16 

30.28 
17 

30.24. 
18 

30.21 
19 

30.17 
20 

30.15 
21 

30.14 
22 

30.12 
23 

30.10 
24 

30.09 
' 25 

30.07 
26 

30.04 
27 

30.02 
28 

30.00 
29 

29.99 
30 

29.97 
31 

29.95 
32 

29.94 
33 

29.93 
34 

29.92 
35 

29.91 
36 

29.90 
37 

29.88 
38 

29.86 
39 

29.85 
40 

29.83 
1 

52.44 
2 

52.41 
3 

52.37 
4 

52.34 
5 

52.31 
6 

52.27 
7 

52.24 
8 

52.20 
9 

52.17 
10 

1 
11 
1 

12 
1 

13 
1 

14 
1 

15 
1 

16 
1 

17 
1 

18 
- 1  
19 
1 

20 
1 

21 
1 

22 
1 

23 
1 

24 
1 

25 
1 

26 
1 

27 
1 

28 
1 

29 
1 

30 
1 

31 
1 

32 
1 

33 
1 

34 
1 

35 
1 

36 
1 

37 
1 

38 
1 

39 
1 

40 
1 
1 
1 
2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 

10 
1 

11 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

24 

a 



52.10 
12 

52.07 
13 

52.04 
14 

52.01 
15 

51 -98 
16 

51.95 
17 

51 -91 
18 

51 -88 
19 

51.84 

1 
12 
1 

13 
1 

14 
1 

15 
1 

16 
1 

17 
1 

18 
1 

19 
1 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

81 

20 ' 20 81 81 1 

21 21 81 81 1 

22 22 81 81 1 

23 23 81 81 1 

24 24 81 81 1 

25 25 81 81 1 

26 26 81 81 1 

27 27 81 ' 81 1 

28 28 81 81 1 

29 29 81 81 1 

30 30 81 81 1 
31 31 81 81 1 

51.82 1 

51.81 1 

51.79 1 

51 -77 1 

51.76 1 

51.74 1 

51.71 1 

51.69 1 

51.67 1 

51.66 1 

51 -64 1 

51 -62 1 
32 32 81 81 1 

51.61 
33 

51.60 
34 

51.59 
35 

51.58 
36 

51.57 
37 

51 -55 
38 

51.53 
39 

51 -52 
40 

51 .50 

1 
, 33 

1 
34 

1 
.35 

1 
36. 

1 
37 

1 
38 

1 
39 

1 
40 

1 
1 1  

1 1  

1 1  

1 1  

1 1  

-4.57 

-4.55 

-4.53 

-4.51 

-4.50 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

-4.48 

-4.30 

4.24 

10.17 

10.19 

10.21 

81 

81 

81 

81 

81 

81 

81 

81 

1 1  
1 
2 2  

3 3  

4 4  

5 5  

6 6  

7 7  

8 8  

1 1  

2 2  

3 3  

4 4  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

81 1 

81 1 

81 1 

81 1 

81 1 

81 1 

81 1 

81 1 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

3 3  

3 3  

3 3  

3 3  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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10.23 

10.24 
1 1  

1 1  
10.26 

10.44 

10.50 

18.84 

18.86 

18.88 

18.90 

18.91 

18.93 

19.11 

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  
19.18 . 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

40.52 

40.54 

40.55 

40.57 

40.59 

40.61 

40.79 

40.85 
O /  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5 5  3 

6 6  3 

7 7  3 

8 8  3 

1 1  2 

2 2  2 

3 3  2 

4 4  2 

5 5  2 

6 6  2 

7 7  2 

8 8  2 

1 1  1 

2 2  1 

3 3  1 

4 4  1 

5 5  1 
1 

8 8  1 
1 

C... 
C...(3.3.4) CSBC BY I,J,K RANGE (0.1-0.3); 

140 181 4 4  
0.0 1 

O /  
C... 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

0) - RDSPBC (3.3.11 

C... SPECIFIED FLUX 
C.. .3.4.1 RDFLXQ ( FLU I D ) , RD FLXH( HEAT 1 , RDFLXS (SOLUTE 1 

T F T 
C... 
C...(3.4.2) PFFX, PFFY, PFFZ, (BY 
C. ..NORTH OF THE GMR (14 in/yr) 
C... 

1 9  
0. 1 
1 13 
0. 1 
14 14 
0. 1 
15 16 
0. 1 
1 1 1  
0. 1 
1 9  
0. 1 
1 4  
0. 1 
38 40 
0. 1 
35 40 
0. 1 
38 40 

' 0. 1 
32 40 
0. 1 
27 40 

C... 
0. 1 

1 2  
0. 1 

i , j , k )  

43 49 
0. 1 
19 42 
0. 1 
24 42 
0. 1 
30 35 
0. 1 
16 18 
0. 1 
12 15 
0. 1 
10 1 1  
0. 1 
80 80 
0. 1 
65 79 
0. 1 

59 64 
0. 1 
5 5  
0. 1 
1 4  
0. 1 

50 54 
0. 1 

ND 

(BEDROCK) FLUX=611/yr 
. 4  4 
-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0014 1 

FLUX = 6 I1/yr 

26 



C... 

C . . .  

C... 

C... 

C... 

C... 
C... 

C... 
C...  

1 7  
0. 1 
1 2  
0. 1 

19 37 
0. 1 

22 34 
0. 1 

29 34 
0. 1 

9 18 
0. 1 
9 21 
0. 1 
4 8  

. 0. 1 
4 5  
0. 1 

. 6  10 
0. 1 
9 28 
0. 1 

13  16 
0. 1 

13  15 
0. 1 

4 12 
0. 1 

13 16 
0. 1 

17 37 
0. 1 
4 12 
0. 1 

13  15 
0. 1 

16 40 
0. 1 

6 40 
0. 1 

11 40 
0. 1 

11 40 
0. 1 

15 15 
0. 1 

17 40 
0. 1 

1 7  17 
0. 1 

15 17 
0. 1 

19 40 
0. 1 

1 7  40 
0. 1 

17 40 
0. 1 

1 7  39 
0. 1 

40 40 
0. 1 

16 16 
0. 1 

15 15 
0. 1 

14 14 
0. 1 

10 11 
0. 1 

12 15 
0. 1 
4 5  
0. 1 

6 40 
0. 1 

6 39 

73 80 4 4  
0. 1 -0.0014 1 

55 72 4 4  
0. 1 -0.0014 1 

80 a0 4 4  
0. 1 -0.0014 1 

74 79 4 4  
0. 1 -0.0014 1 

65 73 4 4  
0. 1 -0.0014 1 

80 80 4 4  
-0.0023 1 0. 1 

74 79 4 4  
0. 1 -0.0023 1 

65 71 4 4  
0. 1 -0.0023 1 

51 54 4 4  
0. 1 -0.0023 1 

51 52 4 4  
0. 1 -0.0023 1 

65 73 4 4 '  

FLUX = 10 "/yr 

0. 1 -0.0023 1 

59 60 4 4  
0. 1 -0.0023 1 

58 58 4 4  
0. 1 -0.0023 1 

59 64 4 4  
0. 1 -0.0023 1 

61 64 4 4  
0. 1 -0.0023 1 

59 64 4 4  

FUTURE PAVED AREA (RUETGERS-NEASE) 3 2I8/yr 

0. 1 -0.0023.1 
55 58 4 4  
0. 1 -0.0023 1 

55 57  4 4  
0. 1 -0.0023 1 

55 58 4 4  
0. 1 -0.0023 1 

53 54 
0. 1 

49 52 
0. 1 

44 48 
0. 1 

37 42 
0. 1 

38 43 
0. 1 

30 35 
0. 1 

36 36 
0. 1 

29 37 
0. 1 

27 28 
0. 1 

12 26 
0. 1 

12 26 
0. 1 

15 26 
0. 1 

22 28 
0. 1 

19 20 
0. 1 

19 23 
0. 1 

12 15 
0. 1 

12 18 
0. 1 
5 8  
0. 1 

6 10 
0. 1 

6 10 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 

FLUX = 14 "/yr 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

0 0 7 3 6 0  
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C... 
C... 

0. 1 0. 1 . . '40 40 6 7  
' 0: 1 0. 1 

6 31 . 5  5 
0. 1 0. 1 

2 26 1 4  
0. 1 0. 1 

2 26 2 4  
0. 1 0. 1 
2 3  5 8  
0. 1 0. 1 

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
O /  

C... 
C...(3.4.3) UDENBC - DENSITY ASSOCIATED UITH SPECIFIED-FLUX (BY i, j,k) 
C... (BEDROCK) FLUX=6"/yr 

1 40 1 80 4 4  
. 62.4 1 

O /  
C...(3.4.5) CFLX B.C. BY I,J,K RANGE 

1 40 60 80 4 4  
0.0 1 

1 14 58 59 4 4  
0.0 1 

0.0 1 

0.0 1 

16 40 58 59 4 4  

1 40 1 57 4 4  

C...SOLUTE LOADING a RUETGERS-NEASE 
15 15 59 59 4 4  
0.01 1 

O /  
C...(3.4.7) PSFX, PSFY, PSFZ (BY i,j,k) - (1970-1979) 

15 15 58 58 4 4  
0. 1 0. 1 -2.86E-05 1 

O /  
C... 
C.. . (3.5.1) RDLBC 

T 
O /  

C... 
C...(3.5.4) CLBC - SOLUTE MASS FRACTION ON THE OTHER SIDE OF THE APUITARO 

1 4 0  1 8 1  3 3  
0.0 1 

O /  
C... 
C...(3.5.5) RIVER LEAKAGE 
C...Il,I2,J1,JZ,HRBC,DENRBC,VISRBC,TRBC,CRBC 
C...GREAT MIAMI RIVER 

2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
8 
8 
9 
9 
9 
10 
10 

2 9 9  
2 8 8  
2 7 7  
3 9 9  
3 8 8  
3 7 7  
4 9 9  
4 8 8  
4 7 7  
5 9 9  
5 8 8  
5 7 7  
5 10 10 
5 1 1  11 
6 7 7  
6 8 8  
6 9 9  
6 10 10 
6 11 11 
7 7 7  
7 8 8  
7 9 9  
7 10 10 
7 11 11 
8 1 1  11 
8 10 10 
8 .9 9 
9 11 11 
9 10 10 
9 9 9  
10 1 1  11 
10 10 10 

493.1 
493.1 
493.1 
493.2 
493.2 
493.2 
493.3 
493.3 
493.3 
493.4 
493.4 
493.4 
493.5 
493.5 
493.7 
493.7 
493.7 
493.7 
493.7 
493.7 
493.7 
493.7 
493.7 
493.8 
493.8 
493.8 
493.9 
493.9 
493.9 
494 
494 
494 

494.1 
494.1 

62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 

1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
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11 11 10 10 
11 11 9 9 
12 12 11 11 
12 12 10 10 
12 12 9 9 
13 13 11 11 
13 13 10 10 
13 13 9 9 
14 14 11 11 
14 14 10 10 
14 14 9 9 
15 15 11 11 
15 15 10 10 
15 15 9 9 
16 16 11 11 
16 16 10 10 
16 16 9 9 
17 17 11 11 
17 17 10 10 
17 17 9 9 
18 18 11 11 
18 18 10 10 
18 18 9 9 
19 19 11 11 
19 19 10 10 
19 19 9 9 
20 20 11 11 
20 20 10 10 
20 20 9 9 
21 21 11 11 
21 21 10 10 
21 21 9 9 
22 22 11 11 
22 22 10 10 
22 22 9 9 
23 23 11 11 
23 23 10 10 
2 3 2 3  9 9  
24 24 11 11 
24 24 10 10 
24 24 9 9 
25 25 11 11 
25 25 10 10 
25 25 9 9 
26 26 11 11 
26 26 10 10 
26 26 9 9 
27 27 11 11 
27 27 10 10 
27 27 9 9 
28 28 11 11 
28 28 10 10 
28 28 9 9 
29 29 11 11 
29 29 10 10 
29 29 9 9 
30 30 11 11 
30 30 10 10 
30 30 9 9 
31 31 11 11 
31 31 10 10 
31 31 9 9 
32 32 11 11 
32 32 10 10 
32 32 9 9 
3 3 .  33 11 11 
33 33 10 10 
33 33 9 9 
34 34 11 11 
34 34 10 10 
34 34 9 9 
35 35 11 11 
35 35 10 10 
35 35 9 9 
36 36 11 11 
36 36 10 10 
36 36 9 9 
37 37 11 11 
37 37 10 10 
37 37 9 9 
38 38 11 11 
38 38 10 10 

494.1 
494.1 
494.1 
494.1 
494.2 
494.2 
494.2 
494.3 
494.3 
494.3 
494.4 
494.4 
494.4 
494.5 
494.5 
494.5 
494.5 
494.5 
494.5 
494.5 
494.5 
494.5 
494.6 
494.6 
494.6 
494.6 
494.6 
494.6 
494.6 
494.6 
494.6 
494.7 
494.7 
494 * 7 
494.7 
494.7 
494.7 
494.7 
494.7 
494.7 
494.7 
494.7 
494.7 
494.8 
494.8 
494.8 

494.85 
494.85 
494.85 

494.885 
494.885 
494.885 
494.92 
494.92 
494.92 

494.955 
494.955 
494.955 
494.99 
494.99 
494.99 

495 -025 
495.025 
495.025 
495.06 
495 -06 
495.06 

495.095 
495.095 
495.095 
495.13 
495.13 
495.13 

495.165 
495.165 
495.165 

495.2 
495.2 
495.2 

495.235 
495.235 
495.235 

62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 

1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60. 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 .60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 
1.138 60 0 

29 



38 38 9 9 495.27 62.4 
39 39 11 11 495.27 62.4 
39 39 10 10 495.27 62.4 

I 39 39 
C:. .PADDY 'S  RUN 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
17 
18 
18 
18 
18 
18 
18 
18 
18 
18 
17 
16 
16 
16 
16 
16 
16 
10 
11 
12 
13 
14 
15 
16 
10 
10 
10 
10 
10 
10 
3 
4 
5 
6 

' 7  
8 
9 

10 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
17 
18 
18 
18 
18 
18 
18 
18 
18 
18 
17 
16 
16 
16 
16 
16 
16 
10 
11 
12 
13 
14 
15 
16 
10 
10 
10 
10 
10 
10 
3 
4 
5 
6 
7 
8 
9 

10 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

9 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
21 
22 
23 
24 
25 
26 
27 
28 
29 
29 
29 
29 
30 
31 
32 
33 
34 
35 
36 
37 
37 
37 
38 
39 
40 
41 
42 
43 
43 
43 
43 
43 
43 
43 
44 
45 
46 
47 
48 
49 
50 
50 
50 
50 
50 
50 
50 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
.62 
63 
64 
65 
66 
67 
68 
69 

~~~ 

9 495.27 62.4 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
21 
22 
23 
24 
25 
26 
27 
28 
29 
29 
29 
29 
30 
31 
32 
33 
34 
35 
36 
37 
37 
37 
38 

' 39 
40 
41 
42 
43 
43 
43 
43 
43 
43 
43 
44 
45 
46 
47 
48 
49 
50 
50 
50 
50 
50 
50 
50 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

494.00 
494.42 
494.83 
495.25 
495.67 
496.08 
496.50 
496.92 
497.33 
497.75 
498.17 
498.58 
499.00 
499.43 
499.86 
500.29 
500.71 
501.14 
501.57 
502.00 
502.43 
502.86 
503.29 
503.71 
504.14 
504.57 
505.00 
505.43 
505.86 
506.29 
506.71 
507.14 
507.57 
508.00 
508.22 
508.45 
508.67 
508.90 
509.12 
509.34 
509.57 
509.79 
510.02 
510.24 
510.47 
510.69 
510.91 
511.14 
511.36 
511.59 
51 1.81 
512.03 
512.26 
512.48 
512.71 
512.93 
513.16 
513.38 
513.60 
513.83 
514.05 
514.28 
514.50 
514.72 
514.93 
515.15 
515.37 
515.58 
515.80 
516.02 
516.23 
516.45 
516.67 
516.88 
517.10 
517.32 
517.53 

1.138 
1.138 
1.138 
1.138 

62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62 .'4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4 
62.4. 

60 0 
60 0 
60 0 
60 0 

1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

30 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



5 5  7 2 5  518.62 62.4 
6 6  7 2 7 2  518.83 62.4 
7 7  7 2 7 2  519.05 62.4 
8 8  7 2 7 2  519.27 62.4 
8 8  7 3 7 3  519.48 62.4 
8 8  74 74 519.70 62.4 
8 8  7 5 7 5  519.92 62.4 
8 8  76 76 520.13 62.4 
8 8  7 7 7 7  520.35 62.4 
8 8  78 78 520.57 62.4 
8 8  7 9 7 9  520.78 62.4 
8 8  80 80 521.00 62.4 

O /  
C... 
C... CALCULATION INFORMATION 
C...(3.7.1) RDCALC (T= READ CALCULATION INFO. AT 

T 

3 3  70 70 517.75 62.4 1.138 
3 3  71 71 517.97 62.6 1.138 
3 3  7 2 7 2  518.18 62.4 1.138 
4 4  7 2 7 2  518.40 62.4 1.138 

1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 
1.138 

THIS TIME) 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

C... ~ . . .  

C...(3.7.2) AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 
T 

C... 
C.. .(3.7.38) DPTAS,DTTAS,DCTAS(H. CHANGE IN PRESSURE[5.0E+4 Pal, TEMP. 15 Cl, 
C... MASS-FRAC.[0.251 ALLOWED). DTIMMN CHIN. TIMESTEP 
C... 
C. .. 7.2519 5 0.25 0.118 118.0 

0.3 1.0 0.0005 0.0001 75.0 
C... 
C...(3.7.4) TIMCHG (TIME NEW TRANSIENT DATA WILL BE READ OR TERMINATION) 

c... .0001 
C... 
C...PRINTOUT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION METH., COND. AND 
C.. DISPERSION, P-T-C, LFLOW-BALANCE, WELL, B.C. (()=NONE, n=nTH TIMESTEP, 
C...-l=ONLY AT NEW DATA READ AND END OF SIMULATION) 

REP. [l.OE+&I),~OTIMMX (a. TIMESTEP tl.OE+7sl) 

3650. 

c...(3.8.1) PRIVEL, PRIDV, PRISLM, PRIKD, PRIPTC, PRIGFB, PRIUEL, PRIBCF 
0 0 0 0 0 0 0 0 

C... 
C...(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AND MASS-FRAC. ARRAYS; nln2d) 
c... 001 
c... 
C. ..(3.8.3) CHKPTO(T=CHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETWEEN SOR CHKPT. 
C... DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 

C... 
C...(3.9.1) RDMPDT, PRTMPD (T=READ & WRITE CONTROL DATA FOR MAP GENERATION) 

c.. . 
C.. . TRANSIENT DATA (PERIOD 2: 1980-1985) 
C...(3.1) THRU (T=SIMULATION IS THROUGH) 

F 
C... 
C... WELL INFORMATION 
C... RDWFLO(T=READ WELL-FLOW-RATE), RDWHD (T=READ WELL-HEAD) 

F O F  

F F  

T F  

2 -2.17E+04 0.0 0.0 60.0 

3 -4.81E+02 0.0 0.0 60.0 
0.00 

0.00 
O /  

C... 
C...BOUNDARY CONDITIONS INFORMATION 
C. ..SPECIFIED VALUES 
C...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,MASS-FRAC. DATA) 

C... 
C...(3.3.2) PNP PRESSURE AT SPECIFIED PRESSURE B.C. NODES BY i , j , k .  
c. ..o / 
C... 

F F F  

C... SPECIFIED FLUX 
c. .. RDFLXP(FLU1D). RDFLXH(HEAT1, ROFLXS(S0LUTE) 

T F T 

0 0 7 3 6 0  

C. . .  

c...(3.4.2) PFFX, QFFY, PFFZ, (BY i , j , k )  
C...NORTH OF THE GMR (14 in/yr) 
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C... 
. r  
. I  

C... 

C... 

C... 

C... 

C... 

1 9  
0. 1 
1 13 
0. 1 

14 14 
0. 1 
15 16 
0. 1 
1 11 
0. 1 
1 9  
0. 1 
1 4  
0. 1 
38 40 
0. 1 
35 40 
0. 1 
38 40 

32 40 
0. 1 
27 40 
0. 1 

1 2  
0. 1 
1 7  
0. 1 
1 2  
0. 1 
19 37 
0. 1 
22 34 
0. 1 
29 34 
0. 1 

9 18 
0. 1 
9 21 
0. 1 
4 8  
0. 1 
9 28 
0. 1 

13 16 
0. 1 
13 15 
0. 1 

4 12 
0. 1 
13 16 
0. 1 
17 37 
0. 1 
4 12 
0. 1 
13 15 
0. 1 
16 40 
0. 1 

0. .  1 

6 40 
0. 1 

1 1  40 
0. 1 
15 40 
0. 1 
15 15 
0. 1 

. 17 40 
0. 1 

C... 
15 17 
0. 1 
19 40 
0. 
17 

1 
40 

43 49 
0. 1 
19 42 
0. 1 
24 42 
0. 1 
30 35 
0. 1 
16 18 
0. 1 
12 15 
0. 1 
10 1 1  
0. 1 
80 80 
0. 1 
65 79 
0. 1 
59 64 
0. 1 
5 5  
0. 1 
1 4  
0. 1 

50 54 
0. 1 

73 80 
0. 1 
55 72 
0. 1 
80 80 
0. 1 
74 79 
0. 1 
65 73 
0. 1 

80 80 
0. 1 

74 79 
0. 1 
65 71 
0. 1 
65 73 
0. 1 

. .  

(BEDROCK) FLUX=6I1/yr 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 '1 
4 4  

-0.0014 1 

4 4  
-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  

FLUX = 6 "/yr 

FLUX = 10 "/yr 

-0.0023 1 

59 60 4 4  
0. 1 -4.57E-04 1 

BEGIN PAVED AREA (RUETGERS-NEASE) 2I8/yr 

58 58 4 4  
0. 1 -4.57E-04 1 

END PAVED AREA (RUETGERS-NEASE) 2"/yr 
59 64 4 4  
0. 1 -0.0023 1 
61 64 4 4  
0. 1 -0.0023 1 
59 64 4 4  
0. 1 -0.0023 1 

55 58 4 4  
0. 1 ' -0.0023 1 

55 57 4 4  
0. 1 -0.0023 1 

55 58 4 4  
0. 1 -0.0023 1 

53 54 4 4  
0. 1 -0.0023 1 
49 52 4 4  
0. 1 -0.0023 1 
44 48 4 4  
0. 1 -0.0023 1 
37 42 4 4  
0. 1 -0.0023 1 
38 43 4 4  
0. 1 -0.0023 1 

36 36 4 4  
FLUX = 14 "/yr 

0. 1 -0.0032 1 
29 37 4 4  
0. 1 -0.0032 1 
27 28 4 4  
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C... 
C... 

0. 1 

17 39 
0. 1 
40 40 
0. 1 
16 16 
0. 1 

15 15 
0. 1 
14 14 

17 40 
0. 1 

0. 

12 

15 

22 

19 

0. 

0. 

0. 

0. 
19 

1 -0.0032 1 
12 26 4 4  
0. 1 -0.0032 1 
26 4 4  
1 -0.0032 1 
26 4 4  
1 -0.0032 1 
28 4 4  
1 -0.0032 1 
20 4 4  
1 -0.0032 1 
23 4 4  

0. 1 0. 1 -0.0032 1 
10 1 1  12 15 4 4  

C... 
C... 

0. 1 0. 1 -0.0032 1 
12 15 12 18 4 4  
0. 1 0. 1 -0.0032 1 

- 4  5 5 8  4 4  
0. 1 0. 1 -0.0032 1 

6 40 6 10 4 4  
0. 1 0. 1 -0.0032 1 

6 39 6 10 4 4  
0. 1 0. 1 -0.0032 1 
40 40 6 7  4 4  
0. 1 0. 1 -0.0032 1 
6 31 5 5  4 4  
0. 1 0. 1 -0.0032 1 

C... 2 26 1 4  4 4  
C... 0. 1 0. 1 -0.0032 1 

2 26 2 4  4 4  
0. 1 0. 1 -0.0032 1 
2 3  5 8  4 4  
0. 1 0. 1 -0.0032 1 

O /  
C... 
C...(3.4.3) UDENBC - DENSITY ASSOCIATED WITH SPECIFIED-FLUX (BY i, j , k )  

1 40 1 80 4 4  
62.4 1 

O /  
C...(3.4.5) CFLX B.C. BY I,J,K RANGE 

1 40 60 80 4 4  
0.00 1 
1 14 59 59 4 4  
0.00 1 
16 40 58 59 4 4  
0.00 1 
1 13 58 58 4 4  
0.00 1 
1 40 1 57 4 4  
0.00 1 

O /  
C...(3.4.7) QSFX, QSFY, QSFZ (BY i , j , k )  - (1974-1979) 

15 15 59 59 4 4  
0. 1 0. 1 -4.33E-06 1 
14 14 58 58 4 4  
0. 1 0. 1 -4.33E-06 1 
15 15 58 58 4 4  
0. 1 0. 1 -1.08E-04 1 

O /  
C... 
C...(3.5.1) RDLBC 

F 
c... 0 / 
C... 
C...(3.5.4) CLBC - SOLUTE MASS FRACTION ON THE OTHER SIDE OF THE APUITARD 
C... 
C...(3.5.5) RIVER LEAKAGE 
C...Il,IZ,Jl,JZ,HRBC,DENRBC,VISRBC,TRBC,CRBC 
C...GREAT MIAMI RIVER 
C... 
C... CALCULATION INFORMATION 
C...(3.7.1) RDCALC (T= READ CALCULATION INFO. AT THIS TIME) 
T 

C... 
C...(3.7.2) AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 
T 

C... 
c...(3.7.38) DPTAS,DTTAS,DCTAS(MAX. CHANGE IN PRESSURE t5.OE+4 Pal, TEMP. t5 C1, 

C... 

C... 

MASS-FRAC. tO.251 ALLOUED), DTIMMN (MIN. TIMESTEP 
REP. [I .OE+4sI 1, DTIMMX (MAX. TIMESTEP t1 .OE+7sl) 

0 c... 
0.3 1.0 0.0005 0.0001 75.0 

0 0 7 3 6 0  
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C...(3.7.4) TIMCHG (TIME NEU TRANSIENT DATA WILL BE READ OR TERMINATION) 

c. .. .0002 
C... 
C...PRINTUJT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION METH., COND. AND 
C.. DISPERSION, P-1-C, LFLOU-BALANCE, ELL, B.C. (OzNONE, n=nTH TIMESTEP, 
C...-l=ONLY AT NEU DATA READ AND END OF SIMULATION) 
C...(3.8.1) PRIVEL, PRIDV, PRISLM, PRIKD, PRIPTC, PRIGFB, PRIUEL, PRIBCF 

C... 
C. ..(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AND MASS-FRAC. ARRAYS; nlnZn3) 
c... 001 
C... 
C. ..(3.8.3) CHKPTDCTZCHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETUEEN SOR,CHKPT. 
C... DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 
C T - 1  T 

F O F  
C... 
C...(3.9.1) RDHPDT, PRTMPD (T=READ 8 WRITE CONTROL DATA FOR MAP GENERATION) 

C... TRANSIENT DATA (PERIOD 3: 1985-1989) 
C...(3.1) THRU (T=SIMULATION IS THROUGH) 

F 
C... 
C... UELL INFORMATION 
C... RDWFLO(T=READ UELL-FLOW-RATE), RDUHO (T=READ WELL-HEAD) 

C... 
C...(3.2.2) IWELL, QWV, PUSUR, PWKT, TWSRKT, CUKT 
c... 0 / 
C... 
C...BOUNOARY CONDITIONS INFORMATION 
C...SPECIFIED VALUES 
C...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,MASS-FRAC. DATA) 

C... 
C...(3.3.2) PNP PRESSURE AT SPECIFIED PRESSURE B.C. NODES BY i,j,k. 
c... 0 / 
C... 
C...(3.3.4) CSBC BY I,J,K RANGE (0.1-0.3); (0) - RDSPBC (3.3.1) AND 
c... 0 / 
C... 
C... SPECIFIED FLUX 
C... RDFLXQ(FLUID), RDFLXHCHEAT), RDFLXSCSOLUTE) 

5475 * 

0 0  0 0  0 0 0 0 

F F  

F F  

F F F  

T F T 
C... 
C...(3.4.2) QFFX, QFFY, QFFZ, (BY i,j,k) 
C...NORTH OF THE GMR (14 in/yr) 
C... 

1 9  43 49 
0. 1 0. 1 
1 13 19 42 
0. 1 0. 1 
14 14 24 42 
0. 1 0. 1 
15 16 30 35 
0. 1 0. 1 
.l 1 1 16 18 
0. 1 0. 1 
1 9  12 15 
0. 1 0. 1 
1 4  10 11 
0. 1 0. 1 
38 40 80 80 
0. 1 0. 1 

35 40 65 79 
0. 1 0. 1 
38 40 59 64 
0. 1 0. 1 
32 40 5 5  
0. 1 0. 1 
27 40 1 4  
0. 1 0. 1 

C... 
. 1  2 50 54 

0. 1 0. 1 
1 7  73 80 
0. 1 0. 1 
1 2  55 72 
0. 1 0. 1 

(-JQ(-Jbk.rd 19 37 80 80 
0. 1 0. 1 

/": .F. e n  

(BEDROCK) FLUX=618/yr 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4 .  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

FLUX 6 "/yr 
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22 34 
0.  1 

29 34 
0. 1 

9 18 
0. 1 
9 21 
0 .  1 
4 8  
0. 1 
9 28 
0. 1 

74 79 
0. 1 

65 73 
0. 1 

80 80 
0. 1 

4 4  
-0.0014 1 

4 4  
-0.0014 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  

FLUX = 10 " / y r  

00.7 3 6 0 
C . . .  

74 79 
0. 1 

65 71 
0. 1 

65 73 
0. 1 -0.0023 1 

59 60 4 4  
0.  1 -4.57E-04 1 

58 58 4 4  
0. 1 -4.57E-04 1 

59 64 4 4  
-0.0023 1 0. 1 

61 64 4 4  
0.  1 -0.0023 1 

59 64 4 4  

BEGIN PAVED AREA (RUETGERS-NEASE) 2" /v r  

END PAVED AREA (RUETGERS-NEASE) 2 I8 /y r  

C . . .  
13 16 
0. 1 

13 15 
0.  1 

4 12 
C . . .  

0. 1 
13 16 

0.  1 
17 37 
0. 1 
4 12 
0.  1 

13 15 

0 .  1 -0.0023 1 
55 58 4 4  

-0.0023 1 0.  1 
55 57 4 4  

0.  1 
16 40 
0.  1 

6 40 
0.  1 

11 40 

0. 1 
55 58 

0.  1 

53 54 
0. 1 

49 52 
0. 1 

44 48 

-0.0023 1 
4 4  

-0.0023 1 

4 4  
-0.0023 1 

4 .4 
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

FLUX = 14 " / y r  

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

C... 

0. 1 
15 40 
0.  1 

15 15 
0. 1 

37 42 
0.  1 

17 40 
0.  1 

15 17 
0. 1 

19 40 

0.  1 
38 43 

0.  1 
c... 

36 36 
0.  1 

29 37 
0. 1 

17 40 
0.  1 

27 28 
0. 1 

12 26 
0.  1 

12 26 
0. 1 

15 26 

0. 1 
17 40 C . . .  

C... 0. 1 
17 39 

0.  1 
40 40 

0.  1 
16 16 

0. 1 
22 28 
0. 1 

19 20 
0 .  1 

19 23 

0.  1 
15 15 

0.  1 
14 14 

0.  1 
10 11 
0.  1 

12 15 

0. 1 
12 15 
0 .  1 

12 18 
0. 1 
5 8  
0.  1 

6 10 
0. 1 

6 10 
0. 1 
6 7  

0.  1 
4 5  
0.  1 

6 40 C... 
C. .. 0. 1 

6 39 
0.  1 
40 40 
0.  1 
6 31 
0.  1 

2 26 
0.  1 

2 26 

0. 1 
5 5  
0. 1 

1 4  
0.  1 

2 4  

C... 

0. 1 
2 3  
0. 1 

0.  1 
5 8  
0.  1 

O /  
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C... 
C...(3.4.3) UDENBC - DENSITY ASSOCIATED UITH SPECIFIED-FLUX (BY i , j , k )  

1 40 1 a0 4 4  
62.4 1 

O /  
C...(3.4.5) CFLX B.C. BY 1.J.K RANGE 

1 40 - 60 a0 4 4  

1 14 59 59 4 4  

16 40 59 59 4 4  

1 13 5 7  58 L L  

0.00 1 

0.00 1 

0.00 1 

0.00 1 
. 1 14 56 56 4 4  
0.00 1 

1 17 55 55 4 4  
0.00 1 
18 40 55 55 4 4  
0.00 1 

1 40 1 54 4 4  
0.00 1 

C...SOLUTE LOADING a RUETGERS-NEASE 10 CELLS 
15 16 56 56 4 4  

17 17 55 55 4 4  

C...(3.4.7) QSFX, QSFY, PSFZ (BY i , j , k )  - (1984-1988) 3.5 CELLS SPRD OVER 3 
16 16 58 58 4 4  
0. 1 0. 1 -2.17E-05 1 
14 16 5 7  57 4 4  
0. 1 0. 1 -2.17E-05 .1 
15 15 59 59 4 4  
0. 1 0. 1 -0.907E-04 1 
14 15 58 sa 4 4  
0. 1 0. 1 -0.907E-04 1 

0.76 1 

0.76 1 
O /  

O /  
C... 
C...(3.5.1) RDLBC 

F 
c... 0 / 
C... 
C...(3.5.4) CLBC - SOLUTE MASS FRACTION ON THE OTHER SIDE OF THE AQUITARD 
C... 
C...(3.5.5) RIVER LEAKAGE 
C...Il,I2,J1,J2,HRBC,OENRBC,VISRBC,TRBC,CRBC 
C... 
C... CALCULATION INFORMATION 
C...(3.7.1) RDCALC (T= READ CALCULATION INFO. AT THIS TIME) 

T 
C... 
C. ..(3.7.2) AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 

T 
C... 
C...(3.7.38) DPTAS,DTTAS,DCTAS(MAX. CHANGE IN PRESSURE15.0E+4 Pal, TEMP. 15 Cl, 
C... MASS-FRAC. 10.253 ALLOWED), DTIMMN (MIN. TIMESTEP 
c... REP. tl.OE+4sl), DTIMMX (MAX. TIMESTEP Cl.OE+7sI 1 
C... 7.2519 5 0.25 0.118 118.0 

0.3 1.0 0.0005 0.0001 75 .O 
C... 
C...(3.7.4) TIMCHG (TIME NEW TRANSIENT DATA WILL BE READ OR TERMINATION) 

C... 0.0003 
C... 
C...PRINTWT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION METH., COND. AND 
C.. DISPERSION, P-T-C, LFLOW-BALANCE, WELL, B.C. (O=NONE, n=nTH TIMESTEP, 

6935. 

C...-l=ONLY AT NEW DATA READ AND END OF SIMULATION) 
c. ..(3.a.i) PRIVEL, PRIDV, PRISLM, PRIKO, PRIPTC, PRIGFB, PRIWEL, PRIBCF 

0 0  0 0  0 0 0 0 
C... 
c...(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AN0 MASS-FRAC. ARRAYS; nlnZn3) 
c... 001 
C... 
C...(3.8.3) CHKPTD(T=CHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETWEEN SOR CHKPT. 
C... DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 
C T - 1  T 

F O F  
r c; EI" 

(bm!&9& RDMPDT, PRTMPD (T=READ & WRITE CONTROL DATA FOR MAP GENERATION) 

36 



F F  
C... TRANSIENT DATA (PERIOD 4 
C...(3.1) THRU (T=SIMULATION IS THROUGH) 

1989-1991) 

F 
C... UELL INFORMATION 
C.. . RDUFLO(T=READ WELL-FLOU-RATE), RDUHD (T=READ UELL-HEAD) a c.!.F 
C...(3.2.2) IMLL, QW, PUSUR, PUKT, TUSRKT, CUKT 
c... 0 / 
c.. .c.. . 
C...BWNDARY CONDITIONS INFORMATION 
C...SPECIFIED VALUES 
C...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,MASS-FRAC. DATA) 

c... 
C...(3.3.2) PNP: PRESSURE AT SPECIFIED PRESSURE B.C. NODES BY i , j , k .  
c... 0 / 
C... 
C...(3.3.4) CSBC BY I,J,K RANGE (0.1-0.3); (0) - RDSPBC C3.3.1) AND 
c..., 0 / 
C... 
C... SPECIFIED FLUX 
C.. . RDFLXQ(FLUID), RDFLXHCHEAT), RDFLXS(S0LUTE) 

C... 
C...(3.4.2) QFFX, QFFY, QFFZ, (BY i , j , k )  
C...NORTH OF THE GMR (14 in/yr) 

F F F  

T F T 

C... 

C... 

C... 

1 9  
0. 1 
1 13 
0. 1 
14 14 
0. 1 
15 16 
0. 1 
1 11 
0. 1 
1 9  
0. 1 
1 4  
0. 1 
38 40 
0. 1 
35 40 
0. 1 
38 40 
0. 1 
32 40 
0. 1 
27 40 
0. 1 

1 2  
0. 1 
1 7  
0. 1 
1 2  
0. 1 
19 37 
0. 1 
22 34 
0. 1 
29 34 
0. 1 

9 18 
0. 1 
9 21 
0. 1 
4 8  
0. 1 

9 
0. 

C... 
C. .. 

9 11 
0. 1 
12 14 
0. 1 
15 28 
0. 1 
12 12 

43 49 
0. 1 
19 42 
0. 1 
24 42 
0. 1 
30 35 
0. 1 
16 18 
0. 1 
12 15 
0. 1 
10 11 
0. 1 
80 80 
0. 1 
65 79 
0. 1 
59 64 
0. 1 
5 5  
0. 1 
1 4  
0. 1 

50 54 
0. 1 

73 80 
0. 1 

55 72 
0. 1 
80 80 
0. 1 
74 79 
0. 1 
65 73 
0. 1 

80 80 
0. 1 
74 79 
0. 1 
65 71 
0. 1 

28 65 
1 0. 

65 73 
0. 1 
69 73 
0. 1 
65 73 
0. 1 
65 65 

(BEDROCK) FLUX=6Io/yr 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 3 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0023 1 
4 4  

-0.0023 1 

FLUX = 6 "/yr 

FLUX = 10 "/yr 

-0.0023 4 r  1 
73 4 4  
1 -0.0023 1 

4 4  
-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  
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C. .. 

C... 

C... 
C . . .  
C... 
C . . .  

C... 

C. . .  

C... 

C... 
C... 

C... 
C... 

0. 1 
12 12 
0. 1 

14 14 
0. 1 

13 13 
0. 1 

12 14 
0. 1 

13 14 
0. 1 

13 15 
0. 1 

13 14 
0. 1 

4 37 
0. 1 

13 16 
0. 1 

13 15 
0. 1 

4 12 
0. 1 

13 16 
0 .  1 

17 37 
0. 1 
4 12 
0. 1 

13 15 
0. 1 

16 40 
0. 1 

6 40 
0. 1 

1 1  40 
0. 1 

15 40 
0 .  1 

15 15 
0. 1 

17 40 
0 .  1 

15 17 
0. 1 

19 40 
0. 1 

17 40 
0 .  1 

17 40 
0 .  1 

17 39 
0. 1 

40 40 
0. 1 

16 16 
0. 1 

15 15 
0. 1 

14 14 
0. 1 

10 1 1  
0. 1 

12 15 
0. 1 
4 5  
0. 1 

6 40 
0 .  1 

6 39 
0 .  1 
40 40 

0 .  1 -0.0023 1 
68 68 4 4  
0. 1 -0.0023 1 

68 68 4 4  
0. 1 -0.0023 1 

68 68 4 4  
0. 1 -4.57E-04 1 

66 67 4 4  
0 .  1 -4.57E-04 1 

65 65 4 4  
0 .  1 -4.57E-04 1 

6 4 6 4  4 4  
0. 1 -4.57E-04 1 

63 63 4 4  
0 .  1 -4.57E-04 1 

BEGIN PAVED AREA ( A 8 W  a 2I1/yr 

END PAVED AREA (ABW a 2"/yr 
59 64 4 '  4 

0. 1 -0.0023 1 
BEGIN PAVED AREA (RUETGERS-NEASE) a Zt1/yr 

59 60 4 4  
0 .  1 -4.57E-04 1 

58 58 4 4  
0. 1 -4.57E-04 1 

59 64 4 4  
0 .  1 -0.0023 1 

61 64 4 4  
-0.0023 1 0 .  1 

59 64 4 4  
0 .  I -0.0023 1 

55 58 4 4  
0 .  1 -0.0023 1 

55 57 4 .4 
0 .  1 -0.0023 1 

55 58 4 4  
0. 1 -0.0023 1 

53 54 4 4  
0 .  1 -0.0023 1 

49 52 4 4  
0 .  1 -0.0023 1 

44 48 4 4  

END PAVED AREA (RUETGERS-NEASE) 3 2I1/yr 

0 .  1 -0.0023 1 
37 42 4 4  

-0.0023 1 0 .  1 
38 43 4 4  
0. 1 -0.0023 1 

36 36 4 4  
0. 1 -0.0032 1 

29 37 4 4  
0 .  1 -0.0032 1 

FLUX = 14 " / y r  

27 28 4 4  
0 .  1 -0.0032 1 

12 26 4 4  
0 .  1 -0.0032 1 

12 26 4 4  
0 .  1 -0.0032 1 

15 26 
0 .  1 

22 28 
0 .  1 

19 20 
0. 1 

19 23 
0 .  1 

12 15 
0. 1 

0 .  1 
5 8  
0 .  1 

12 18 

6 10 
0.  1 

6 10 
0: 1 
6 7  
0 .  1 
5 5  
0. 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 
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C... 
C... 

2 26 1 4  4 4  
0. 1 0. 1 -0.0032 1 

2 26 2 4  4 4  
0. 1 0. 1 -0.0032 1 
2 3  5 8  4 4  
0. 1 0. 1 -0.0032 1 

c...(3.4.3) UDENBC - DENSITY ASSOCIATED WITH SPECIFIED-FLUX (BY i ,  j , k )  
1 40 1 80 4 4  
62.4 1 

O /  
C...(3.4.5) CFLX B.C. BY I,J,K RANGE 

1 40 60 
0.0 1 
1 13 59 

- 0.0 1 
17 40 57 
0.0 1 
1 12 56 
0.0 1 
1 13 55 
0.0 1 
18 40 55 
0.0 1 
1 15 54 
0.0 1 
19 40 54 
0.0 1 
1 40 1 
0.0 1 

C... 23 CELLS 
16 16 59 

80 

59 

59 

58 

55 

56 

54 

54 

53 

59 

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  

4 4  
0.76 1 
13 13 58 58 4 - 4  
0.76 1 

0.76 1 

0.76 1 

0.76 1 

0.76 1 

13 13 57 57 4 4  

13 16 56 56 4 4  

14 17 55 55 4 4  

16 18 54 54 4 4  

O /  
C...(3.4.7) QSFX, QSFY, QSFZ (BY i , j , k )  - (1988-1990) 6.5 CELLS SPRD OVER 6 

14 15 59 59 4 4  
0. 1 0. 1 -0.846E-04 1 
14 15 58 58 4 4  
0. 1 0. 1 -0.846E-04 1 
16 16 58 58 4 4  
0. 1 0. 1 -1.02E-04 1 
15 15 57 57 4 4  
0. 1 0. 1 -1.020E-04 1 
14 14 57 57 4 4  
0. 1 0. 1 -2.17E-05 1 
16 16 57 57 4 4  
0. 1 0. 1 -2.17E-05 1 
17 17 56 56 4 4  
0. 1 0. 1 -2.17E-05 1 

O /  
C... 
C.. .(3.5.1) RDLBC 

F 
c... 0 / 
C... 
c...(3.5.4) CLBC - SOLUTE MASS FRACTION ON THE OTHER SIDE OF THE AQUITARD 
c.. . 
C...(3.5.5) RIVER LEAKAGE 
t...Il,I2,Jl,J2,HRBC,DENRBC,VISRBC,TRBC,CRBC 
C... 
C... CALCULATION INFORMATION 
c...(3.7.1) RDCALC (T= READ CALCULATION INFO. AT THIS TIME) 
T 

C... 
c...(3.7.2) AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 

T @ c... 
C.. . (3.7.38) DPTAS,DTTAS,DCTAS(MAX. CHANGE IN PRESSURE t5.OE+4 Pal, TEMP. (5 C1, 
C... MASS-FRAC.tO.251 ALLOWED), DTIMMN (MIN. TIMESTEP 
C... REP. [1.OE+4sl), DTIMMX (MAX. TIMESTEP Cl.OE+7sl) 
C... 7.2519 5 0.25 0.118 118.0 
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0.3 1.0 0.0005 0.0001 75.0 
C... 
C...(3.7.4) TIMCHG (TIME NEW TRANSIENT DATA WILL BE READ OR TERMINATION) 

7665. 
c... 0.0004 
C... 
C...PRINTWT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION METH., COND. AND 
C.. DISPERSION, P-T-C, LFLOU-BALANCE, WELL, B.C. (O=NONE, n=nTH TIMESTEP, 
C...-l=ONLY AT NEU DATA READ AND END OF SIMULATION) 
C.. .(3.8.1) PRIVEL, PRIDV, PRISLM, PRIKD, PRIPTC, PRIGFB, PRIUEL, PRIBCF 

0 0 .  0 0  0 0 0 0 
C... 
C. ..(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AND MASS-FRAC. ARRAYS; n l d d )  
c... 001 
C... 
C.. .(3.8.3) CHKPTD(T=CHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETWEEN SOR CHKPT. 
C... -DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 

C... 
C. ..(3.9.1) RDMPDT, PRTMPD (T=READ 8 URITE CONTROL DATA FOR MAP GENERATION) 
. F  F 
C... TRANSIENT DATA (PERIOD 5: 1991-1992) 
C. ..(3.1) THRU (T=SIMULATION IS THROUGH) 

C... UELL INFORMATION 
C... RDUFLO(T=READ UELL-FLOU-RATE), RDWHO (T=READ WELL-HEAD) 

C... 

C... 
C...BOUNDARY CONDITIONS INFORMATION 
C...SPECIFIED VALUES 
C...(3.3.1) RDSPBC,RDSTBC,RDSCBC (READ SPECIFIED-PRESSURE,TEMP.,MASS-FRAC. DATA) 

C... 
C...(3.3.2) PNP: PRESSURE AT SPECIFIED PRESSURE B.C. NODES BY i,j,k. 
C... 
C...(3.3.4) CSBC BY I,J,K RANGE (0.1-0.31; (0) - RDSPBC (3.3.1) AND 
C... 
C... SPECIFIED FLUX 
C.. . RDFLXP(FLUID), RDFLXHCHEAT), RDFLXSCSOLUTE) 

F O F  

F 

F F  

c...(3.2.2) WELL, auv, PUSUR, PUKT, TWSRKT, CUKT 

F F F  

T F T 
C... 
C...(3.4.2) PFFX, PFEY, PFFZ, (BY i,j,k) 
C...NORTH OF THE W R  (14 in/yr) 
C... 

1 9  43 49 
0. 1 0. 1 
1 13 19 42 
0. 1 0. 1 
14 14 24 42 
0. 1 0. 1 
15 16 30 35 
0. 1 0. 1 
1 11 16 18 
0. 1 0. ' 1 
1 9  12 15 
0. 1 0. 1 
1 4  10 1 1  
0. 1 0. 1 
38 40 80 80 
0. 1 0. 1 

35 40 65 79 
0. 1 0. 1 
38 40 59 64 
0. 1 0. 1 
32 40 5 5  
0. 1 0. 1 
27 40 1 4  
0. 1 0. 1 

C... 
1 2  50 54 
0. 1 0. 1 
1 7  73 80 
0. 1 0. 1 
.1 2 55 72 
0. 1 0. 1 
19 37 80 80 
0. 1 0. 1 

0. 1 0. 1 
29 34 65 73 

OOQ&.K.K 22 34 74 79 

(BEDROCK) FLUX=688/yr 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 

4 4  
-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

-0.0014 1 
4 4  

FLUX = 6 "/yr 



0. 1 0 0 7 3 6 0  0. 1 -0.0014 1 

80 80 4 4  
0.  1 -0.0023 1 

74 79 ' 4  4 
0.  1 -0.0023 1 

65 71 4 4  

FLUX = 10 " / y r  C... 
9 18 
0.  1 
9 21 
0.  1 
4 8  

. 0. 1 
9 28 
0. 1 

9 11 

0.  1 
65 

-0.0023 1 
73 4 4  

1 -0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
4 4  

-0.0023 1 
B E G I N  PAVED AREA (A&W il 2 " / y r  

4 4  
-4.57E-04 1 

4 4  
-4.57E-04 1 

4 4  
-4.57E-04 1 

C... 
C... 0. 

65 73 
0. 1 

12 14 
0.  1 

69 73 
0. 1 

65 73 
0. 1 

65 65 
0.  1 

68 68 
0. 1 

68 . 68 
0.  1 

68 68 

0.  1 
15 28 
0. 1 

-12 12 
0. 1 

12 12 
0. 1 

14 14 
0. 1 

13 13 
C... 

0. 1 
12 14 
0. 1 

13 14 

0.  1 
66 67 

0.  1 
65 65 

0. 1 

13 15 
0. 1 

13 14 
0.  1 

0. 1 
C... 

6 4 6 4  4 4  
0.  1 -4.57E-04 1 

63 63 4 4  
0.  1 -4.5%-04 1 

END PAVE0 AREA (A&U) 2 " / y r  
59 64 4 4  
0.  1 -0.0023 1 

BEGIN PAVED AREA (RUETGERS-NEASE) il 2" /y r  
59 60 4 4  

0.  1 -4.57E-04 1 
58 58 4 4  

0.  1 -4.57E-04 1 
END PAVED AREA (RUETGERS-NEASE)  il P / y r  

59 64 4 4 : 
0. 1 -0.0023 1 

61 64 4 4  
0.  1 -0.0023 1 

59 64 4 4  
0. 1 -0.0023 1 

55 58 4 4  
0.  1 -0.0023 1 

55 57 4 4  
0. 1 -0.0023 1 

55 58 4 4  
0 .  1 -0.0023 1 

C... 
C... 4 37 

0.  1 C... 
C... 

13 16 
0.  1 

13 15 
0.  1 

4 12 
0. 1 

c... 

13 16 
0.  1 

17 37 
0.  1 
4 12 
0.  1 

13 15 
0. 1 

16 40 
0.  1 

C... 
6 40 
0. 1 

11 40 

53 54 
0 .  1 

49 52 
0 .  1 

44 48 
0. 1 

37 42 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0023 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

FLUX = 14 " / y r  

4 4  
-0.0032 1 

4 4 .  
-0.0032 1 

4 4  
-0.0032 1 

4 4  
-0.0032 1 

4 4  

0.  1 
15 40 
0. 1 

15 15 
0. 1 

17 40 
0. 1 

38 43 
0. 1 

15 17 
0. 1 

19 40 
0. 1 

17 40 
0. 1 

17 40 
0. 1 

17 39 
0. 1 

40 40 
0. 1 

16 16 
0. 1 

15 15 

0. 1 

36 36 
0.  1 

29 37 
0.  1 

27 28 
0.  1 

12 26 
0. ' 1 

12 26 
0 .  1 

15 26 
0.  1 

22 28 
0.  1 

19 20 

C... 

C... 
C... 
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C... 
C... 

O /  
C... 

0. 1 
14 14 
0. . 1 
10 11 
0. 1 
12 15 
0. 1 
4 5  
0. 1 

6 40 
0. 1 

6 39 
0. 1 
40 40 
0. 1 
6 31 
0. . l  
2 26 
0. 1 
2 3  
0. 1 

0. 1 
19 23 
0. 1 
12 15 
0. 1 
12 18 
0. 1 
5 8  
0. 1 

6 10 
0. 1 

6 10 
0. 1 
6 7  
0. 1 
5 5  
0. 1 
1 4  
0. 1 
5 8  
0. 1 

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 
4 4  

-0.0032 1 

C...(3.4.3) UDENBC - DENSITY ASSOCIATED UITH SPECIFIED-FLUX (BY i ,  j,k) 
(BEDROCK) F LUX=6I8/yr C... 

O /  
C...(3.4.5) CFLX B.C. BY I,J,K RANGE 

1 40 60 

1 40 1 
62.4 1 

0.00 1 
1 13 

0.00 1 
17 40 
0.00 1 

1 12 
0.00 1 
18 40 
0.00 1 
19 40 

0.00 1 
20 40 
0.00 1 

1 13 
0.00 1 

1 15 
0.00 1 

1 40 
0.00 1 

16 16 
0.76 1 
13 13 
0.76 1 
13 13 
0.76 1 
17 17 
0.76 1 
13 16 
0.76 1 
18 18 
0.76 1 
14 19 
0.76 1 
16 19 
0.76 1 

C... 34 CELLS 

O /  

59 

58 

56 

57 

56 

53 

54 

53 

1 

59 

58 

57 

57 

56 

56 

54 

53 

80 

80 

59 

59 

58 

57 

56 

55 

55 

53 

52 

59 

58 

57 

57 

56 

56 

55 

53 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

C...(3.4.7) PSFX, PSFY, QSFZ (BY i ,j,-k) - (1990-1991) 9 CELLS 
14 15 59 59 4 4  
0. 1 0. 1 -0.784E-04 1 
14 15 58 58 4 4  
0. 1 0 .  1 -0.784E-04 1 
16 16 58 58 4 4  
0. 1 0. 1 -0.958E-04 1 
14 16 57 57 4 4  
0. 1 0. 1 -0.958E-04 1 
17 17 56 56 4 4  
0. 1 0. 1 -0.958E-04 1 

O /  
C... 
C...(3.5.1) ROLBC 
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c... 0 / 
C... 
C...(3.5.4) CLBC - SOLUTE MASS FRACTION ON THE OTHER SIDE.OF THE AQUITARD 
C... 
C...(3.5.5) RIVER LEAKAGE 
C.. .11,12,Jl,J2,tiRBC,DENRBC,VISRBC,TRBC,CRBC 

C... CALCULATION INFORMATION 
C...(3.7.1) RDCALC (T= READ CALCULATION INFO. AT THIS TIME) 

c... 

T 
C... 
C...(3.7.2) AUTOTS (T=AUTOMATIC TIMESTEP ADJUSTMENT IS DESIRED) 

T 
C... 
C.. . (3.7.36) DPTAS,DTTAS,DCTAS(HAX. CHANGE IN PRESSURE15.0E+4 Pal, TEMP. 15 Cl , 
C... MASS-FRAC.[0.25] ALLOUED), DTIMMN (#IN. TIMESTEP 
C... REP. [I .OE+4sI ), DTIMMX (MAX. TIMESTEP 11 .OE+7sI 1 

C... 
C...(3.7.4) TIMCHG (TIME NEU TRANSIENT DATA UILL BE READ OR TERMINATION) 

8030. 
C... 0.0005 
C... 
C...PRINTOUT INTERVALS FOR: VELOCITY,FLD. DENSITY, SOLUTION HETH., COND. AND 
C.. DISPERSION, P-T-C, LFLOU-BALANCE, MLL, B.C. (O=NONE, n=nTH TIMESTEP, 
C...-l=ONLY AT NEU DATA READ AND END OF SIMULATION) 

0.3 1.0 0.0005 0.0001 75.0 

c.. .(3.8.1) PRIVEL, PRIDV, PRISLH, PRIKD, PRIPTC, PRIGFB, PRIUEL, PRIBCF 

C... 
C...(3.8.2) IPRPTC (INDEX FOR PRESSURE, TEMP., AND MASS-FRAC. ARRAYS; nlnZn3) 

C... 
C...(3.8.3) CHKPTD(T=CHKPT. DUMPS), NTSCHK(# OF TIMESTEPS BETWEEN SOR CHKPT. 
C... DUMPS), SAVLDO(T=SAVE LAST CHKPT. DUMP) 

C... 
C...(3.9.1) RDMPDT, PRTMPD (T=READ & URITE CONTROL DATA FOR MAP GENERATION) 

C...(3.99.1) THRU (T= SIGNIFIES END OF SIMULATION) 

0 0 .  -1 0 -1 - 1  0 0 

00 1 

F O F  

F F  

T 
C...(3.99.2) PLOTUP, PLOTUT, PLOTUC (T=PLOT OBSERVED AND/OR CALCULATED PRESS., 

TEMP., MASS-FRAC.) 
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