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EXECUTIVE SUMMARY 1 

Under contract to the United States Department of Energy (DOE), International Technology Corporation 
(IT) developed a groundwater flow and transport model to support Remedial Investigations (RIs), 
Feasibility Studies (FSs), and Remedial Design activities of the remediation program at the Fernald 
Environmental Management Project (FEMP) site. This document evaluates this model and presents a 
model improvement program plan. In addition to this document, a stand-alone groundwater modeling 
report that defines the historical development of the model has also been prepared. Activities are 
underway to implement the tasks identified in this improvement plan. The overall approach to model 
improvement is set by the accuracy needs of the eventual users of the model. 

Regulatory criteria applicable to the modeling process at the FEMP were identified from the review of 
applicable regulations and guidance from the United States Environmental Protection Agency (US EPA), 
Ohio Environmental Protection Agency (Ohio EPA), DOE, and United States Nuclear Regulatory 
Commission (NRC). No agency has developed comprehensive criteria for modeling; nevertheless, these 
combined criteria provide some direction for modeling activities. These criteria cover the code selection, 
the model-oriented collection of data from site characterization activities, model application, evaluation 
of model results, and maintenance of a modeling quality assurance program. 

The evaluation of the present groundwater model resulted in these significant findings: 

1) The tasks outlined in the 1988 IT Work Plan for development of the present FEMP flow and 
transport model have been completed. 

2) The Ohio and US EPAs have many concerns about the accuracy and appropriate use of the 
present FEMP flow and transport groundwater model. 

3) The current conceptual model represents a reasonable hypothesis of the natural system but 
uncertainties do exist (Le., heterogencits, geochemistic). The most uncertain parameter in the 
model development is the source term. 

US and Ohio EPA comments on three FEMP model application reports and an assessment of the present 
model to applicable regulatory criteria were used to develop the improvement plan. The following major 
improvement tasks are recommended: 

1) Model Design - Expand the domain of the solute transport model to the east and create higher 
vertical resolution. Key model parameter values need to be refined with site-specific data. 

2) Model Comparisons with Field Data - Review the distribution factor, recalibrate the flow and 
solute transport models, and perform periodic model performance evaluations. 
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3) Model Uncertainty Analysis - perform geostatistical analysis on water level and chemical data and 
sensitivity analysis on transport parameters. 

4) Model Applications - perform capture zone analysis for major water supply wells, define report 
content, and define a post-audit program. 

These improvement tasks are divided into short-term and long-term efforts based on schedule 
requirements for different applications. The short-term effort is driven by the need to have an improved 
model for the CRUS risk assessment process by September 1993. The long-term activities are additional 
performance evaluations, and post-audit activities to continue to check the accuracy of the model. The 
shortAterm part of the plan covers the use and improvement of the model between now and August 1993. 
The long-term.part of the plan starts in September 1993 and continues throughout the remediation 
process. It is also recommended that there needs to be close communication with the US EPA and the 
Ohio EPA during the model improvement and future applications. 
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1 

INTRODUCTION 

A groundwater flow and transport model has been developed to support Remedial Investigations (RI), 
Feasibility Studies (FS), and Remedial Design activities at the Ferndd Environmental Management 
Project (FEMP - formerly the FMPC) site. The plan for development of this model (referred to as the 
"present model" in this report) is refined in the Work Plan-Groundwater Flow/Solute Transport Modeling 
(IT 1988). A description of model development is recorded in the Groundwater Modeling Report - 
Summary of Model Development @OE 1993b). 

This report presents a formal evaluation of the present model which is the flow and transport model using 
the SWIFT code and calibrated to 1986 flow data and 1990 uranium data. This evaluation focuses on 
modeling issues identified by the United States Environmental Protection Agency (US EPA), the Ohio 
Environmental Protection Agency (Ohio EPA), and internally by the United States Department of Energy 
(DOE) and its contractors during applications of the model over the last 3 years. This evaluation results 
in a model improvement program that recommends activities for improving the present groundwater 
model. By evaluating the FEMP flow and solute transport models, model limitations and uncertainties 
are better defined and an approach to using the present model to support FEMP activities is established. 

1.1 Study Objectives and Approach 

The objectives of this evaluation are: 

1) To identify model application limitations and to establish acceptable applications (and 
methodology for these applications) of the present groundwater model. This is necessary because 
the present model will continue to be used for acceptable applications while improvement 
activities are in progress. 

2) To establish a program of model improvement activities that will lead to acceptance of the FEMP 
groundwater model and all necessary model applications by the Ohio and US EPAs. 

3) To set a baseline for further modeling efforts. 

The approach taken in this report for meeting these objectives consists of the following steps: 
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Ffow/Sofufe Trunsport Modeling (Modeling Work Plan - IT 1988) are summarized and compared 
to the program that was actually implemented to determine whether the objectives have been met. 

2) Modeling criteria is established through a review of regulations, regulatory guidance, modeling 
literature, and previous US and Ohio EPA comments. These criteria set the basis for the model 
evaluation and improvement activities. 

3) Based upon these reviews and a summary of model development to date (DOE 1993b), the 
present groundwater model is evaluated. This evaluation compares the present model with the 
identified modeling criteria to determine if the criteria have been met and to conceptualize 
additional modeling tasks. 

4) Plans for short- and long-term model improvement activities are developed and documented. 
These plans define the additional tasks necessary to meet project goals. 

1.2 Groundwater Fate and Transport Modeling 

Figure 1-1 shows the present groundwater fate and transport modeling domain for the FEMP. The fate 
and transport model defines the transport of contaminants from the source through the applicable 
pathways to the theoretical receptors. The conceptual model consists of three primary processes: 

source term definition 
vadose zone transport 
saturated zone transport 

1-2 shows the modeling process with more detail on the current methodology for modeling and 
the proposed CERCLAIRCRA Unit 5 (CRUS) improvements. The source term development process will 
be the same for CRUS 1,2,4,  and 5. For input terms for vadose zone transport, the current process uses 
the HELP model to define infiltration rate and EQ3/6 to determine leachate concentration. The proposed 
CRUS modeling process will use a new glacial till model for determining infiltration rate and will rely 
on direct leachate or TCLP data for leachate term definition. For vadose zone transport, the one 
dimensional codes STlD and ODAST will be replaced by a more sophisticated glacial till model. SWIFT 
input will be improved by using a model of Paddy's Run to define loading rates. Finally, saturated zone 
transport will be refined by improving the present SWIFT model (Le., the subject of this report). 

J 

Figure 1-3 presents the approach that will be taken to complete the fate and transport modeling for 
CRUS. Over the last several months, groundwater modeling and risk assessment issues have been 
reviewed and integrated. Based upon this review, three primary categories of activities have been 
identified: 
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Groundwater Fate and Transport Modeling Approach 
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1) 
2) Additional fieldwork 
3) Global model improvement 

The development of new models 

With these new models, additional collected data, and the improved SWIFT model, the fate and transport 
modeling for the CRUS risk assessment can be successfully completed. 

The global model improvement program is being undertaken to refine the present SWIFT flow and 
transport model so that future applications will be accepted by review agencies. Figure 1-4 shows a flow 
chart of the overall model improvement program with the present report highlighted. This figure shows 
two parallel activities, preparing a stand-alone groundwater modeling report @OE 1993b - extracted from 
the former Groundwater Report DOE 1990al) and performing an evaluation of the existing model 
culminating with a model improvement plan. After review by the US and Ohio EPAs, defined 
improvement activities will be implemented and a "final" groundwater model will be developed. The 
"final" model will be refined on a continuing basis by long-term improvement activities. 

1.3 Model Application Objectives 

Model application objectives are divided into short- and long-term objectives. Short-term applications 
of the groundwater model need to support characterization and baseline risk assessment studies. Long- 
term applications need to compare the effects of remediation scenarios for feasibility studies and support 
design efforts for final remediation. 

1.4 Program Approach 

The following concepts have governed the approach for designing a model improvement program: 

1) Successful model applications need to consider accuracy. If the accuracy is known, appropriate 
steps can be taken to evaluate the resulting uncertainty. There is no perfect numerical 
groundwater model of any site. By necessity, groundwater models simplify the natural system. 
A model can only be as accurate as the data, assumptions, and governing equations on which it 
was developed. Refinement of groundwater models is a natural progression over the course of 
a site characterization and remediation project. As more data becomes available during site 
characterization and predicted results are compared to field results, an opportunity is available 
to refine and improve the accuracy of the model. 
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A balance must exist between the ideal model and practical considerations. The present model 
is being used for various forms of analysis to support the remedial investigation. While the best 
possible model is desirable, a degree of practicality must govern improvement activities based 
on resource constraints and overall accuracy considerations. For example, if other sources of 
uncertainty in the risk assessment process far exceed the model uncertainty, then there is little 
value in further model refinement. The understanding of the uncertainty of predictions may in 
many instances be more important than reducing the uncertainty. With this understanding, the 
model can be applied in an appropriate manner and its limitations can be defined. 

3) Proposed improvement activities need to build on the existing data and present model framework. 
Several years of analysis have lead to a reasonably sophisticated and refined model. Future 
improvement activities should focus on further refinement of the present model as necessary to 
meet the site remediation goals and regulatory criteria. 

4) Short-term and long-term efforts need to be defined. Short-term efforts (between now and 
August 1993) are driven by the need to have an adequate model for the risk assessment process 
(especially the CRUS risk assessment which has more sources and must assess more complicated 
pathways than the other operable units). The long-term activities (after August 1993) are 
extended verifications and post-audit activities to continue to check the accuracy of the model. 
The model must be ready to support the risk assessment for the CRUS RI in August 1993. 

I 

5 )  There needs to be close communication with the US EPA and the Ohio EPA during the planning 
and implementation of improvement activities. 
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SECTION 2 1 

2 

SUMMARY OF FEMP GROUNDWATER MODELING 

This section summarizes the groundwater model development program and model applications to date 
relying on previous reports (DOE 1990a, DOE 1990b, DOE 1991, DOE 1992a, DOE 1993a, and DOE 
1993b). This information is not intended to be comprehensive, but rather to provide a convenient 
summary for the reader. For more detailed analysis, see these reports. 

This section discusses the past progress in developing the present SWIFT flow and transport groundwater 
model for the FEMP. Figure 2-1 shows a timeline for major activities in the groundwater modeling 
program at the FEMP. This figure also shows data collection, model development, model improvement, 
and model application activities since 1986 including the proposed future activities. 

The following subsections review: 

1) FEMP hydrogeology 
2) 
3) 
4) 
5) 

Selection and verification of the SWIFT groundwater and transport code 
Construction and calibration of the present groundwater flow and transport model 
Results of model applications to date 
Comparison of the IT Work Plan to the Implemented Groundwater Modeling Program 

2.1 FEMP Hydrogeology 

The Great Miami Aquifer is a major buried valley aquifer underlying the FEMP site. The buried valley 
varies in width from about 1/2 mile to over 2 miles, having a U-shaped cross section with a broad, 
relatively flat bottom, and steep valley walls (Figure 2-2). Extensive deposits of sand and gravel fill this 
valley, ranging in thickness from 120 to 200 feet to only several feet along the valley walls. A clay 
interbed, 5 to 15 feet thick, occurs approximately 130 feet below the land surface and, where present, 
divides the aquifer into upper and lower sand and gravel units. 
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Figure 2-3 shows the generalized directions of groundwater flow in the Great Miami Aquifer. 
Groundwater enters the FEMP study area from three separate flow systems: the Dry Fork Section of the 
New Haven Trough to the west, the Shandon Tributary to the north, and the Ross Section of the New 
Haven Trough to the northeast. Groundwater exits the FEMP study area either by flowing east to the 
Great Miami River upstream from New Baltimore or by flowing south through the branch of the bedrock 
charhel west of New Baltimore. In either case, the Great Miami River ultimately receives all the 
groundwater in the study area. 

The Southwestern Ohio Water Company (SOWC) has large-volume pumping wells near the "Big Bend" 
meander of the Great Miami River east of the FEMP. These pumping wells produce a pronounced cone 
of depression that lowers the water table in the area surrounding the pumping wells. Groundwater 
elevation maps indicate that this cone of depression influences groundwater flow patterns beneath the 
FEMP. In particular, a groundwater flow divide is created such that groundwater underlying the northern 
portion of the FEMP flows east toward the SOWC wells and the Great Miami River. Groundwater from 
the southern and southwestern portion of the FEMP continues to flow along the natural gradient to the 
south-southwest through the buried valley. Near the southwest corner of the FEMP, a groundwater 
component from the west is also present. This causes the recharge from certain reaches of Paddy's Run 
to flow east-southeast until the regional southern component of flow is encountered. 

Paddy's Run affects local groundwater flow along the western boundary and in the area south of the 
FEMP. Increases in flow in Paddy's Run lead to the formation of a groundwater mound typically 
centered on monitoring wells just southwest of the K-65 Silos and adjacent to Paddy's Run. During the 
dry months, Paddy's Run provides little recharge to the aquifer. In contrast, after heavy or sustained 
rainfall, large amounts of stream water infiltrate the aquifer from Paddy's Run and create a mound in the 
local water table. This groundwater mound changes the direction of flow patterns. For example, 
groundwater that normally flows to the east in the vicinity of Paddy's Run will be forced locally to flow 
to the west when this seasonal mounding occurs. 
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2.2 Groundwater Flow and Transport Code Selection and Verification 1 

The code selection, code verification, and summary of the development of the present groundwater flow 
and transport model are presented in three separate reports (IT 1988, IT 1990, DOE 1993b). The 
selection of the code was based on the following requirements: 

1) Three-dimensional code capability 
2) Contaminant transport capability 
3) Adequate verification of the code 
4) Code availability 
5) Ability to model water table conditions 
6) Ability to model decay chains 
7) Ability to model adsorption and decay 
8) Option to consider density and viscosity variations 
9) Convenience of model application 

The Sandia Waste Isolation Flow and Transport (SWIFT) code was selected as meeting these 
requirements. The selected computer program was originally SWIFT I11 Version 2.25 (UNIX based) and 
later it was updated to SWIFT/386 Version 2.52 (PC/DOS based). 

To supplement earlier studies and to meet International Technology Corporation's (IT'S) internal 
procedures, a comprehensive verification study of the SWIFT 111 code was completed and a report issued 
(IT 1990). This study compared the results of SWIFT I11 test simulations with MODFLOW (MacDonald 
and Harbaugh 1984) and GEOFLOW (IT 1986). This study was coordinated with a parallel study 
completed by GeoTrans. Tables 2-1 and 2-2 summarize the test problems used for flow and solute 
transport verification by both IT and GeoTrans during this process. 

2.3 Groundwater Model Construction and Calibration 

The construction and calibration of the present groundwater flow and transport model over the last 5 
years are described in two documents (DOE 1993b and IT 1988). The construction and calibration of 
SWIFT have involved: 

1) 
2) 
3) 
4) 

Construction of the present FEMP groundwater flow and transport model 
Calibration of the present flow model 
Calibration of the present solute transport model 
Simulations of a uranium plume 
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2.3.1 Construction of the Present FEMP Groundwater Flow and TransDort 
Model 

The present groundwater flow and transport model uses the SWIFT/386 Veston 2.52 code. It is a three- 
dimensional, finite difference computer model. Steps in the development of the present model have 
included (DOE 1993b): 

1) Construction and calibration of a regional, two-dimensional, steady-state, groundwater flow 
model 

2) Construction and calibration of a regional, threedimensional, steady-state, groundwater flow 
model 

3) Application of twodimensional analytical solute transport models to help strategize the numerical 
solute transport model 

4) Construction of a local, two-dimensional, transient solute transport model 

5) Construction and calibration of a local, three-dimensional, transient solute transport model with 
uranium concentration data from the monitoring wells 

A regional flow model covering a defined area of 25,000 by 32,000 feet (Figure.2-4) included boundaries 
defined by regional flow patterns. The three-dimensional regional flow model consists of a 44 by 51 by 
5 layer uneven grid with block sizes varying from 2,000 feet square to 250 feet square. Smaller mesh 
intervals were defined at locations where there was a large hydraulic gradient (for example at the SOWC 
water wells). 

A local solute transport model was created within the regional grid to provide increased resolution within 
the site boundaries and areas of identified plumes. The local model, consisting of a 78 by 102 grid, 
covers an area of 9,750 by 12,750 feet, with constant model cells 125 feet on a side (Figure 2-5). The 
grid size resulted from the stability constraints imposed by using a uranium dispersivity of 100 feet. A 
literature review (DOE 1993b) determined this dispersivity. The grid was sized to accommodate 
dispersivities as low as 62.5 feet, or half the distance of the local area grid size of 125 feet. The 
interrelationship between the local and regional models was established by importing head values into 
the boundary cells (as a constant head boundary) of the local model predicted by the regional model. 
Thus, transient solute transport was superimposed on steady state flow model conditions. 
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The three-dimensional regional and local models contain five layers. The uppermost two layers represent 
the upper and lower parts of the upper buried valley aquifer that underlies the area. The middle layer 
represents a clay interbed that is present in the immediate vicinity of the FEMP site, and the lowermost 
two layers represent the upper and lower parts of the lower buried valley aquifer. Where the clay 
interbed is not present, the middle layer is assigned the same characteristics as the uppermost two layers. 
All of the layers extend laterally into bedrock at the edges of the buried valley. 

Pumping wells are located in the area spanned by both the local and regional models. These include the 
SOWC wells (regional model only), FEMP production wells, and three industrial wells located south of 
the FEMP site. Pumping from each of these wells was assigned at historically determined rates to the 
proper cell and layer in the model. 

2.3.2 Calibration of the Present Groundwater Flow Model 

The calibration of the present groundwater flow model was performed by comparing hydraulic heads 
calculated by the model against heads measured in monitoring wells throughout the area (DOE 1993b). 
An initial flow calibration was performed using the regional flow model. A local flow recalibration (see 
DOE 1993b, Section 6.3.2) was performed for the modeling of local solute transport. Estimates of 
hydraulic conductivity and recharge were initially input to the model and then varied within a previously 
established range (IT 1988) to adjust model-computed heads to agree with observed monitoring well 
heads. The monitoring well heads used for calibration were measured in the Spring of 1986. 

Groundwater flow conditions simulated by the model reproduced the observed flow conditions throughout 
the study area within the established criteria. Based on water levels from 55 wells, the arithmetic mean 
residual (observed head minus calculated head at the monitoring well) for the calibrated flow model was 
0.21 feet. The mean of the absolute values of the residuals was 1.08 feet. The resulting potentiometric 
surface ftom the local model is shown in Figure 2-6. 
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2.3.3 

The calibration 

Calibration of the Present Solute TransDort Groundwater Model 

of the present solute transport groundwater model (DOE 1993b) involved the following 

Designating appropriate cells as source cells where uranium may enter the groundwater system 
based on the current understanding of historic patterns of uranium release 

Dividing the model time into source loading periods corresponding to historic records of intervals 
during which source loading was probably significantly different from other periods 

Introducing reasonable initial estimates of uranium source loading, based on historical records, 
for each source cell 

Establishing initial estimates of longitudinal and transverse dispersivity, as well as a distribution 
coefficient for uranium 

Adjusting source loading, source loading periods, dispersivities, and the distribution coefficient 
until concentrations calculated by the model are close to concentrations measured in the field 

The DOE (DOE 1993b) attempted calibrations with distribution coefficients corresponding to retardation 
factors of 1,6, and 9. However, based on results of geochemical studies (DOE 1993b, Appendix A) and 
the goals of the solute transport calibrations, a retardation factor of 12 was selected as the most 
representative. Thus, the distribution coefficient was set at 0.022 cubic feet per pound, which 
corresponds to a retardation factor of 12. The constraint was to keep the dispersivities as close to 100 
feet as possible and to keep the distribution coefficient as low as possible. The preference for a 
dispersivity of 100 feet was based on estimates by Anderson (Anderson 1984, 1989) and Borg et al. (Borg 
et al. 1976). Similarly, the geochemical investigation (DOE 1993b, Appendix A) found that the uranium 
occurs in complexes which have neutral or negative charges; such charges imply low retardation, hence 
the desire to keep the distribution coefficient low. The geochemical investigation included site-specific 
investigations using analytical data and geochemical speciation models. 

Because the plume is narrow and has high concentration gradients away from the center, the concentration 
patterns could be matched by having either a sufficiently high retardation factor or a sufficiently low 
dispersivity. Calibration with a retardation factor of 12 yielded the preferred longitudinal dispersivity 
of 100 feet and transverse dispersivity of 10 feet. The model uses transverse dispersivity for vertical 
dispersivity, so the calibrated transverse dispersivity tends to be low. 

The objective of the calibration was to produce a representative simulated plume. Statistical analyses that 
checked the calibration compared predictions against monitoring data from wells that yielded detectable 
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uranium in all samples. The calibration compared predicted concentrations against mean concentrations 
measured at the individual wells. Quarterly sampling involving multiple rounds provided the monitoring 
well data. Each well had a variable number of sampling rounds with most having four or five rounds. 
The majority of these wells used data from the 1988 and 1989 Resource Conservation and Recovery Act 
(RCRA) sampling rounds collected over a 2-year period. The calibration aimed at reducing the difference 
between the calculated uranium concentration and the measured mean concentration at each well. As 
many calculated concentrations as possible were brought within the 95 percent confidence interval of the 
mean (as determined at each target monitoring well). 

With data collected up to April 1990, the calibration (DOE 1993b, Subsection 6.3.3.2) brought most of 
the calculated concentrations in Layer 1 into range (the 95-confidence interval). Only the concentration 
at Well 2061 and the concentrations at a few wells upgradient from known sources, upgradient of Paddy's 
Run, and south of the FEMP fell outside the range. Several concentrations at wells screened in lower 
layers also could not be brought into range. 

2.3.4 Simulated Plume 

The DOE (DOE 1993a) has used the present groundwater flow and transport model to simulate uranium 
concentrations for 1989. The calibrated solute transport model simulated a uranium plume centered 
approximately 500 feet south of the FEMP with a peak concentration above 400 pg/l in model layer 1 
(Figure 2-7). The model shows that the majority of contamination is located within the upper half of the 
Great Miami Aquifer, with most of the uranium residing in the upper three model layers. The plume's 
10 pg/l boundary extends from the FEMP's production area in the north to New Haven Road in the south 
and from just west of Paddy's Run to approximately 1,500 feet east of Paddy's Run Road. 

2.4 Model Applications to Date 

The present FEMP groundwater flow and transport model has been used to date to support several 
removal actions and RI/FS activities. These applications are summarized in the following subsections. 

2.4.1 South Plume Removal Action 

Because of the migration of a uranium plume off site, the DOE (DOE 1990a and DOE 1993a) initiated 
a removal action. This plume is termed the "South Plume" because the principal direction of expansion 
has been to the south. 
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South Plume EEKA 

The DOE (DOE 1990a) submitted the South Plume Engineering Evaluation/Cost Analysis (EE/CA) in 
May 1990. After the public comment process and resolution between the US EPA and the DOE, it was 
finalized in November 1990. A groundwater modeling investigation was undertaken in 1990 to determine 
number, placement, and pumping rates of interceptor wells for the South Plume EE/CA. The modeling 
work used an interim calibration of the solute transport model which used a retardation factor of 9 to 
simulate the uranium plume. 

The South Plume EEKA groundwater modeling tested several possible scenarios for dealing with 
uranium-contaminated groundwater. These included a no-action alternative, an alternative water supply 
alternative, and a pumping alternative with a goal of plume interception. The South Plume EEKA 
selected an alternative which included groundwater pumping and discharge, an alternative water supply 
for two industrial users, installation of an interim advanced wastewater treatment system, and enhanced 
monitoring and institutional controls. The original location of recovery wells, based on groundwater 
modeling simulation (DOE 1990a), was along New Haven Road just west of its intersection with State 
Route 128. 

South Plume Modeling Report 

Subsequent to finalizing the EE/CA, information obtained from a separate RI performed by another site 
(the Paddy’s Run Road Site IpRRS]), identified additional concerns in the South Plume area. The PRRS 
contaminants extended near the original location of the proposed recovery well field along New Haven 
Road. As a result of these conditions, it was necessary to relocate the well field to an area north of the 
PRRS. Additional groundwater modeling to support preliminary design efforts at the revised location was 
also identified as a task. This requirement formed the basis of the South Plume Modeling Report (DOE 
1993a). 

The South Plume Modeling Report was used to set the initial design parameters of the recovery wells at 
the revised locations and to establish an acceptable hydraulic conductivity range for use of the model 
through the use of sensitivity analysis. 

Design, Monitoring. and Evaluation Program Plan 

The Design, Monitoring, and Evaluation Program Plan (DMEPP) was developed pursuant to the 
requirements of the South Plume Removal Action - Part 2 and 3 Work Plan (WEMCO 1992a). This 
program plan defined a program of design confirmation, monitoring, and system evaluation activities 
associated with the South Plume groundwater recovery system. Because of the dependencies of the design 
and operation of the recovery system on the model, the DMEPP includes a pump test on one of the 
recovery wells. The results of this pump test will be used for model recalibration and refinement. The 
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DMEPP also includes a periodic performance evaluation on the model to evaluate the adequacy of the 
model and to make necessary changes to the model based on these evaluations on a continuing basis. 
Figure 2-8 shows a flow chart of the DMEPP activities. 

2.4.2 R I M  Fate and TransDort Modeling 

An important application of the present FEMP flow and transport groundwater model has been to support 
the risk assessment process in the RI/FS. The RI Report for each CRU contains a baseline risk 
assessment while the FS for each CRU contains risk assessments for each remedial alternative. In 
addition, an FS Comprehensive Response Action Risk Evaluation (CRARE) will be included in the FS 
report for each CRU. The CRARE will address the cumulative impacts of selected (or leading) operable 
unit remedial alternatives for the whole site. The CRARE will be originally developed for the first 
scheduled CRU FS with subsequent revisions for the remaining CRUS. 

2.5 Comparison of IT Work Plan Requirements with Present Model 

The Groundwater Flow/Solute Transport Modeling Work Plan (IT Work Plan) submitted by IT in June 
1988 defines the program for the development of the present FEMP groundwater flow and solute 
transport models to support the ongoing, sitewide RI/FS for the FEMP site. The IT work plan consists 
of eight sections: 

1) Introduction 
2) Background 
3) Model Code Verification 
4) Model Data Base 
5) Model Development 
6) Model Application 
7) Report Preparation 
8) Schedule 

The IT Work Plan defines the progressive development, calibration, and application of a flow and solute 
transport model. Several activities (such as preliminary model development, RI field sampling, code 
verification, geochemical study) are conducted in parallel and subsequently linked after completion. The 
overall model development process presented in this work plan is shown in Figure 2-9. This figure 
shows a multi-phase process to design, assess the accuracy, and to apply the flow and solute transport 
models consisting of the following steps: 

1) Historical regional and site data, as well as modeling studies conducted by IT (IT 1987) and 
GeoTrans (GeoTrans 1985), were used to build a preliminary flow model. 
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2) A refined flow model was created based on the preliminary model, additional R. and literature 
. field data, and the model verification study. 

3) A solute transport model was built using the same data sets and the results of a separate 
geochemical modeling effort. 

4) The built models were used for defining additional field monitoring, preparing the RI Report 
(understanding current situation and performing the RI risk assessment), and the FS risk 
assessment. 

Figure 2-10 shows the model development process, as defined in the IT Work Plan, in more detail. First, 
the two-dimensional flow model was to be built, refined, and calibrated. Next, the one-dimensional 
(analytical) and two-dimensional solute transport models were to be developed in parallel with the three- 
dimensional flow model. Finally, the three-dimensional numerical solute transport model was to be 
constructed and calibrated. 

The following subsections summarize the major modeling program elements described in the IT Work 
Plan. Following these summaries, the proposed program is compared to the program that was actually 
implemented. Please refer to the original work plan (IT 1988) for a more detailed description of each 
of these elements. 

2.5.1 Code Selection and Verification 

IT selected SWIFT I11 to execute the numerical modeling during an earlier model code selection study. 
Four codes were found--SWIFT 111, GEOFLOW, SWENT, and PTC--which met the criteria (see 
Subsection 2.2). SWIFT I11 was chosen from the four model codes based on the established selection 
criteria. At the time of model selection, no verification study of SWIFT I11 had been documented. A 
verification study was therefore proposed and implemented by IT (IT 1990). This verification involved 
creating site-relevant problem sets which could be solved by both SWIFT I11 and other numerical codes 
and analytical solutions. At the time of preparation of the IT Work Plan, only one- and twodimensional 
comparisons had been accomplished. Additional verification simulations for the two-dimensional solute 
transport model and three-dimensional flow and transport model comparisons were described in the work 
plan. In addition, the IT Work Plan defined an approach, QA requirements, and a report format for the 
rest of the verification. 
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2.5.2 Groundwater Flow Model 

Table 2-3 lists the criteria in the IT Work Plan defined for judging the acceptability of a calibration run 
in the modeling effort. The absolute difference between computed and observed groundwater levels, as 
well as the standard deviation of the difference, were defined as measures of model performance. Two 
other tests of model performance were prescribed. The first was to evaluate the model results in the 
immediate vicinity of the major pumping wells. A second test of model performance was a consistency 
of flow rates and directions throughout the model area in comparison with observed and postulated 
conditions. A sensitivity analysis was also planned for the two-dimensional model. The two-dimensional 
sensitivity was to be carried out as a series of model runs, each representing a variation from the 
calibrated flow model resulting from a change in either a single parameter or a simplified combination 
of parameters. 

The development of a three-dimensional model was prescribed which would account for the vertical 
gradients induced by pumping action, the vertical variability of important hydraulic properties or 
stratigraphy, and the effects of the partially penetrating wells that pump from depth. The same types of 
input data required by the two-dimensional model were also to be used by the three-dimensional model. 
According to the IT Work Plan, the calibration of the three-dimensional model is very similar to the two- 
dimensional calibration process; and only the hydraulic conductivity in the principal aquifer layers, the 
river leakage rate, and the pumping rate of the SOWC wells were to be varied. 

2.5.3 Solute Transport Model 

The IT Work Plan required the preparation of both one- and two-dimensional analytical models to 
evaluate the effects of flow rate, retardation, and dispersion on contaminant migration. Two 
representative chemical and radiological constituents are defined for the solute transport model. Only 
uranium and a soluble tracer were considered in this work plan. 

The IT Work Plan required that the location and loading rates of each source be established in 
conjunction with an independent geochemical program (DOE 1989). The effective porosity and the 
longitudinal and transverse dispersivity were to be taken from published literature for similar 
hydrogeologic settings and aquifer material. However, each factor would be varied during the course 
of model calibration. The retardation factor would be initially established through a combination of field, 
laboratory, and geochemical modeling studies. The geochemical program would be used as a reference 
in estimation of the retardation factor. 

The IT Work Plan also required that trend analysis be executed to establish a reasonable fit to observe 
uranium concentrations at critical receptor locations by adjusting source strengths, velocity vectors, 
retardation coefficients, and dispersivity within acceptable ranges of values. 
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3-D Flow Predetermined 2-D Flow 
Criteria 1986 1986 

(2DFLOW) (3DFLOW) 

Table 2-3 - Statistical Tests for Flow Model Calibration 
as Modified from DOE (DOE 1993b, Tables 5-2 and 5-6) 

Standard Deviation of 
Differences (ft) 

Standard Deviation of 
Differences (ft) 

Regression Coefficient 
Between Measured and 
Computed Values 

Nearest Neighbor 
Autocorrelation Unit 
Normal Deviate 

~ 

5 2  1 .OS0 1.083 

5 3  0.20 1.365 

1 f0.05 1.02 0.937 

< 1.645 0.636 0.673 

Mean of the Absolute 
Residuals (ft) 1 f0.5 1 0.083 1 0.326 
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Two-Dimensional Solute Transport Model 

According to the IT Work Plan, a two-dimensional SWIFT 111 solute transport model was to be based 
on the analytical modeling study. The initial steps in developing a two-dimensional solute transport 
model were the selection of an appropriate grid system and the assignment of meaningful boundary 
conditions. A smaller grid was to be established for the solute transport model to enhance computational 
efficiency. The numerical model would use the same input parameters as the analytical model. The main 
goal for the twodimensional solute model was to obtain horizontal distribution patterns. Isoconcentration 
maps for uranium in groundwater would be developed based on the May 1988 sampling program to 
compare with model predictions. 

Model calibration and sensitivity analysis were the two primary work objectives according to the IT Work 
Plan. The model calibration process would be initiated by the application of the two-dimensional solute 
transport model to predict the concentration pattern resulting from a hypothetical release of a unit mass 
of material from a given source. The predicted concentrations at key monitoring points would be 
compared to observed concentrations at the same locations to estimate the actual mass that would have 
had to be released to cause the observed condition. A range of model parameters would be used to 
establish a probable range of source conditions; and this range of source conditions would be compared 
to the actual mass of the release, as estimated from the geochemistry program, to evaluate the source- 
pathway-receptor relationship. 

The two-dimensional sensitivity analysis would be limited to the key parameters, including the 
longitudinal and transverse dispersivities, the retardation factors, and the source strength leading to the 
use of the three-dimensional solute transport model. 

Three-Dimensional Solute TransDort Model 

The IT Work Plan defined the vertical layers to be used in the three-dimensional solute transport model 
as identical to those used in the three-dimensional flow model. Boundary conditions along vertical 
boundaries would be the same as those used in the three-dimensional model with appropriate adjustments 
to account for the vertical layering. The source terms from the till would be assigned to the upper layer 
rather than distributed vertically. The three-dimensional solute transport model would be run as a 
transient case using steady state flow conditions, and the latter would be provided from the three- 
dimensional flow model. 

According to the IT Work Plan, essentially the same input data as for the two-dimensional solute 
transport model would be used, including the best-fit parameter values established in the model 
calibration. Distinct parameter values would be assigned to vertically layered cells, and an additional 
parameter (vertical dispersivity) would be introduced to account for vertical dispersion. Literature values 
would be used as the initial values of the vertical dispersivity. 
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The IT Work Plan proposed that the calibration of the three-dimensional solute transport model would 
rely on the results of the two-dimensional model calibration. One additional criterion for acceptance 
would be the degree to which the model results reproduce observed vertical concentration profiles in 
addition to the horizontal concentration patterns. The vertical dispersivity and the geochemical properties 
of any interbeds would be the two principal fitting parameters. 

The effect of parameter uncertainty would be the principal target of the sensitivity analyses. The interbed 
properties would be the focus of the sensitivity analysis using the three-dimensional solute transport 
model. A check of the influence of source term and the interaction between the river and the aquifer on 
the model results would also be made. 

2.5.4 Model ADDlication 

The IT Work Plan defined RI/FS direct applications of both the groundwater flow and solute transport 
models. Two general types of applications are discussed, namely evaluation of the current situation and 
support of risk assessments. 

Evaluation of Current Situation 

The IT Work Plan states that the two- and three-dimensional flow models would be used to develop 
statistically based groundwater elevation contours for the vertical layers of interest over the model area. 
Several uses are described for the flow model, including: 

1) 
2) 
3) 
4) 

Rate and direction of flow 
Water balance at major pumping wells 
Interaction with Great Miami River 
Area of influence of production well 

Due to the high dependence of the model results on the ambient hydrologic system and any induced 
forcing functions, the plan describes the testing of a range of input parameter values, including: 

1) 
2) 
3) 

Varying pumping rate (SOWC wells, Albright-Wilson well, and FEMP production well) 
Varying river elevation (low flow condition, mean annual flow condition, and flood condition) 
Varying recharge (Paddy’s Run only and entire model area) 

The analytical solute transport modeling (Geotrans 1987), along with numerical solute transport modeling, 
would be used to study the rate of migration and dispersion of radionuclides and chemicals away from 
the various sources. Based on the model results, isoconcentration profiles for selected times would be 
developed for various depths being monitored at the FEMP (2000-,3000-,4000-Series) well elevations. 
Plots of concentration versus time at selected locations were to be produced. . 
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Suouort to Risk Assessment 

Model applications to support the risk assessment are defined in the IT Work Plan, including: 

Evaluation of the significant pathways associated with past and current releases. 

Augmentation of the existing data base by filling in the gaps between the single point 
observations. 

Locations of maximum concentration, possibly resulting from the integration of the contributions 
from multiple sources, as well as the approximate extent of any contaminant plume. 

The groundwater flow and solute transport model will be used to predict whether concentrations 
in groundwater at critical receptors will increase and whether other receptors will be impacted 
to a significant extent. ’< 

Evaluation of the technical feasibility of remedial actions. 

Full application of the solute transport model and prediction of the future conditions with various 
remedial action alternatives. 

2.5.5 ComDarison of IT Work Plan to the lmolemented Groundwater Modeling 
Proaram 

The modeling program has generally followed and fulfilled what was proposed in the IT Work Plan. 
Model code selection and verification and model development were performed. The model development 
proceeded in a similar manner as described in the work plan with the establishment of both two- 
dimensional and threedimensional flow models. Development of analytical and numerical solute 
transport models were performed for two- and threedimensional cases. Model calibration was performed 
for flow and solute transport models. Sensitivity analyses for flow models were completed and 
documented. However, sensitivity analysis for the solute transport model was presented for only the 
three-dimensional model. 

For model application, site characterization was performed based on the calibrated groundwater flow and 
solute transport models. Key issues proposed in the IT Work Plan for flow model application were 
explored, including: 

1) The evaluation of the rate and direction of the groundwater flow 

2) 
3) 

Water balance at major pumping wells 
Interaction with Great Miami river . ,  . .  .‘. L 
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4) 
5) ’ Characterization of the current site flow field 

Area of influence around the recovery well 

Also, the pumping rate of the wells existing in the study area, the river elevation, and the recharge from 
Paddy’s Run were varied to test the dependence of the model results on the ambient hydrologic system 
and any induced forcing functions. The solute transport model was also used to study the rate of 
migration and dispersion of radionuclides and chemicals away from the various sources. Analytical 
solutions, including STlD and ODAST, were used to study contaminant movement in the vadose zones. 

The solute transport model has been applied to date in many instances to evaluate the significant pathways 
associated with past and current releases in the support of risk assessment. Risk assessment activities are 
an ongoing focus of the program. The existing data were augmented to fill in the gaps between the single 
point observations. Model applications, such as defining the locations of maximum concentration 
resulting from multiple sources, as well as the approximate extent of any Contaminant plume, are 
ongoing. 
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SECTION 3 1 

2 

REGULATORY MODELING CRITERIA 

This section provides a summary of applicable federal and state regulations and guidance concerning the 
use of groundwater flow and contaminant transport models at the FEMP. This summary is based upon 
a more complete review of the regulations and guidance of the US EPA, the Ohio EPA, the DOE, and 
the United States Nuclear Regulatory Commission (NRC) which is presented in Appendix A. Appendix 
A has reviewed the federal and state laws, regulations, and guidance that apply to groundwater flow and 
transport modeling. Because each agency has focused on its own unique challenges, the review shows 
that no one agency has developed a comprehensive set of criteria. 

Only the CERCLA and RCRA requirements are directly applicable to the FEMP remediation. The DOE 
and NRC regulations and guidance predominantly apply to siting and development of low level disposal 
facilities, not remediation. However, a discussion of these requirements is provided because they could 
constitute CERCLA Applicable or Relevant and Appropriate Requirements (ARARs) or To Be Considered 
(TBCs) for a particular FEMP project. Unless or until they are invoked for a project, they are not legally 
binding on the FEMP remediation program. 

The modeling evaluation approach outlined in Section 4 will follow the criteria defined in this section. 

3.1 Summary of US EPA Modeling Criteria 

The current US EPA modeling guidance gives few details on model design requirements or quality 
assurance activities regarding model and data development, documentation, and maintenance. The US 
EPA guidance focuses mainly on model selection criteria. Despite incomplete guidance, the US EPA 
suggests the application of groundwater and transport modeling to analyze alternatives and to assess risk 
for CERCLA. As part of RCRA programs, the disposal facility design process may require modeling 
to show no effect on a drinking water source. The RCRA constituent of concern clause also suggests the 
need for geochemical modeling when naturally occurring or alternate sources are involved. Such 
modeling could help determine the source of a constituent and the potential for an exposure and health 
risk. The SDWA outlines criteria that consider the Time of Travel (TOT) of contaminants to a public 
water supply and attenuation of contaminants during transport. Given the need to assess risk, the rules 
ultimately require some assessment of uncertainty and overall model accuracy with regards to travel time 
and other performance measures. 
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3.2 Summary of Ohio EPA Modeling Criteria 

The Ohio EPA has developed regulations and guidance to protect the state's interest in the CERCLA, 
RCRA, and SDWA processes. These regulations and guidance outline the presentation and demonstration 
of data accuracy, groundwater modeling, compliance with specific performance objectives, and risk 
assessment reports. The Ohio EPA emphasizes the need to show that one has enough data to evaluate 
alternatives and risk assessments. The Ohio EPA requires that calculations document, justify, and use 
inputs that yield the fastest possible TOT. The Ohio EPA defines the need for a well defined paper trail 
to support the calculations that assess the TOT and other performance objectives. Finally, the Ohio EPA 
suggests three main applications of groundwater modeling: to integrate and interpret site data as part of 
a Groundwater Quality Assurance Plan (GWQAP), to evaluate alternatives and assess risk for a RI/FS, 
and to assess compliance with performance objectives related to PWS wells. 

3.3 Summary of DOE Modeling Criteria 

DOE Order 5820.2A covers the management of all radioactive' wastes and requires performance 
assessments as part of the low level waste (LLW) disposal facility design process. This Order indicates 
that models will be used to conduct the performance assessments. The Order also states that monitoring 
should be used to validate or modify the models used in performance assessments. 

3.4 Summary of NRC Modeling Criteria 

While not directly applicable to the FEMP, the NRC regulations and guidance supplement areas not 
discussed by the US EPA including more detailed requirements for model uncertainty analysis and 
modeling quality assurance. While these regulations and guidance do not apply to the FEMP as a matter 
of law, DOE Order 5820.2A implicitly draws upon much of the philosophy and direction of the NRC. 
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SECTION 4 

EVALUATION OF THE PRESENT FEMP FLOW AND TRANSPORT 
GROUNDWATER MODEL 

This section compares the present FEMP flow and solute transport groundwater models with the modeling 
criteria defined in Sections 2 and 3 and to US and Ohio EPA comments to define needed model 
improvement activities. This section first presents a summary of regulatory comments on the 
groundwater model to establish US EPA and Ohio EPA's concerns. The present FEMP groundwater 
flow and transport model is then evaluated in terms of the following elements of the modeling process 
(see Figure 4-1): 

1) Model Design 

2) 
3) Model Uncertainty Analysis 
4) Model Application 

Model Comparisons with Field Data 

Figure 4-1 further categorizes these elements into subelements. 

4.1 Regulatory Comments 

Comments were received from the US EPA and the Ohio EPA on the CRU2 RI Report (DOE 1992b), 
the CRUS Initial Screening of Alternatives Report (DOE 1 9 9 2 ~ ) ~  and the South Plume Removal Action 
Groundwater Modeling Report (DOE 1993a). The discussion below summarizes the comments on each 
report in terms of the above four elements of the design process. 

4.1.1 CRU2 Remedial lnvestiaation (RI) ReDort 

Appendix B presents US and Ohio EPA comments related to the groundwater model on the CRU2 
Remedial Investigation Report. The US and Ohio EPA comments on this report focus heavily on model 
design issues with some comments on model comparisons with field data, model uncertainty analysis, and 
model application. The comments on model design deal mainly with model construction issues such as 
mesh design, definition of source terms and boundary conditions, and use of correct model inputs. In 
particular, the Ohio EPA is concerned with the limited vertical discretization in the groundwater model 
and its averaging effect on leachate concentrations in the aquifer. The Ohio EPA also has noted that these 
mesh issues may also interact with the loading rates and how they are defined. 
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together as source terms. The Ohio EPA wants the DOE to discuss how it varied the calibration 
parameters, what determined an acceptable calibration, and what statistics it used for the local model in 
contrast to the regional model. The Ohio EPA requested that the statistical measures performed for the 
regional model also be developed for the local model. 

The Ohio EPA also has a number of comments on issues related to model application. Their comments 
focus primarily on presentation concerns. The Ohio EPA wants to see specific figures that show uranium 
concentrations at different depths and contours for particular uranium isotopes. They also want figures 
to show groundwater flow directions at the time of different sampling events. Finally, the Ohio EPA 
wants the DOE to summarize the mass of nuclides in the unsaturated and saturated zone, both in the 
sorbed and dissolved fraction, and how much has actually decayed. 

4.1.2 CRU5 Initial Screeninq of Alternatives Report 

Appendix C presents two Ohio EPA's comments on the CRUS Initial Screening of Alternatives Report. 
The Ohio EPA notes that it has not approved the FEMP site groundwater model, and consequently, 
conclusions are invalid and output from this model should not be used. The Ohio EPA states that the site 
model fails to predict the existing South Plume concentrations and/or flow conditions. However, Ohio 
EPA notes' that DOE has outlined a plan to correct the identified problems with the model. 

4.1.3 South Plume Removal Action Report 

Appendix D gives the complete set of comments from and responses to the US and Ohio EPA on the 
South Plume Removal Action report. These comments deal directly with issues related to model design, 
comparison of predictions with field data, model uncertainty analysis, and model application. 

Model design comments show concern for overly constrained representations of the hydraulic conductivity 
domain. Specifically, one comment discusses the lack of site-specific hydraulic conductivity data used 
in the model. The comments question the use of regional data instead of site specific data and its effect 
on how accurately the model predicts contaminant concentrations. Other comments note that this lack 
of data and uncertainty in the model has implications for the design of recovery well locations. One 
comment suggests that there is a need for contingency wells in case the deficiencies in model input data 
incorrectly predicts system performance. 

Several Ohio EPA comments and one US EPA comment deal with issues involving comparisons of 
predictions with field data and model uncertainty. The US and the Ohio EPA are concerned about 
misplaced confidence that the model can accurately predict the effect of well pumping on chemical 
migration. Similarly, the US and Ohio EPAs believe that the DOE has overstated accuracy of particle 
tracking analysis. Comments also indicate that the DOE has misplaced confidence in the simulated plume 
near Paddy's Run wherelarge residuals exist in uranium measurements. These comments show concern 
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2 

2 

' 
1 

2 

1 

for the effect of the assumed recharge distribution on predicted heads in layer 1. Given these limitations 
of the current model, these comments state that model results cannot replace good data. These comments 
also question the validity of averaging well concentrations over time for calibration of the model. 

Several Ohio EPA comments and one US EPA comment deal with model application and presentation 
related issues. These comments show regulatory concern about difficulty in inspecting the simulated 
effects of currently proposed well field through comparison of predicted present plume and the 70-year 
predicted plume. These comments also suggest that a lack of detail on the predicted hydraulic head map 
restricts the interpretation of the simulated capture zone. These comments state the need for a no action 
(baseline) scenario map within the report to show the effects of various pumping scenarios on the PRRS 
plumes. The US EPA also cites a lack of sufficient documentation concerning calibration of the 
groundwater flow model. 

4.1.4 Summarv of Requlatorv Comments 

Overall, these comments show that the Ohio and US EPAs have many concerns about the accuracy and 
appropriate use of the site groundwater model. These comments have stated a need for additional vertical 
layers to conservatively estimate aquifer concentrations of contaminants. These comments suggest that 
site-specific data is needed to reduce the uncertainty of the flow and transport model. Comments also 
express concern about the calibration of the model. These comments suggest the need for better planning 
of the model applications and better presentation of results. Finally, concerns are expressed about 
misplaced confidence in the use of the model and the validity of using a model with recognized 
deficiencies. 

4.2 Evaluation of Model Design 

Model design includes definition of the conceptual model; formulation of the mathematical model; 
creation of a model structure; derivation of constitutive coefficients (hydraulic conductivity, storage 
coefficient, retardation, dispersivity, etc.); and definition of boundary and initial conditions (Figure 4- 1). 
To define the conceptual model, sampling activities identify flow and transport processes, structural 
heterogeneities, and geochemical processes. The formulation of the mathematical model involves 
basically the selection of the governing equations and the computer code based on the conceptual model. 
To construct the model, one must simplify the site structure and associated hydrogeologic parameters. 
An analyst must develop constitutive coefficients, such as hydraulic conductivity, specific storage, and 
porosity; boundary conditions, such as aquifer geometry and piezometric (total) head, contaminant 
concentration, and mass flux along or across the aquifer boundary; and initial conditions, such as head 
and concentration distribution at a particular point in time. These inputs depend not only on how the true 
values from the real world are collected by the analyst, but also on the amount of aggregation or 
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averaging performed in the model formulation (e.g., the size of the grid elements) and the model 
structure. 

The next five subsections evaluate the model in terms of the categories presented in Figure 4-1. 

4.2.1 ConceDtual Model 

Data collected from several investigations have been used to develop a conceptual model for the Great 
Miami Aquifer system (see Section 2.1). The Draft Groundwater Report (DOE 1990) reviewed the 
literature of previous studies on the geology and hydrogeology of the area. The Sitewide Characterization 
Report (DOE 1992a) and the Groundwater Modeling Report Summary of Model Development (DOE 
1993b) describe the present conceptual model of the Great Miami Aquifer system. 

The current conceptual model represents a reasonable hypothesis of the natural system. Hundreds of 
borings and seismic geophysical analysis have defined the overall structure of the aquifer system. The 
defined sources and sinks correspond reasonably well with the collected data and other analogous 
hydrogeologic settings. Field data from borings, well logs, and water level data have been used to 
establish potential flow paths and direction. The current conceptual model apparently contains a coarse, 
yet reasonable, representation of heterogeneities, such as layering, at the site. 

A recognized weakness is present. To date, only steady state flow parameters have been used to define 
boundary conditions for the local flow field. With transient effects apparent in Paddy’s Run, the Great 
Miami River, surface recharge, and constant head boundaries, consideration of possible transient effects 
needs to be made. For long time scale applications (such as those that are used in risk assessments) the 
steady state flow assumption is valid. However, other smaller scale applications of the model may need 
to consider transient effects. 

4.2.2 Mathematical Model 

The definition of the conceptual model has played a key role in the selection and formulation of the 
mathematical model for the present FEMP flow and solute transport model (see Subsection 2.2). The 
SWIFT code (three-dimensional groundwater flow and solute transport) was selected to model flow and 
solute transport based upon established criteria (IT 1988). IT and others (DOE 1990) have completed 
verifications of the SWIFT code. These verifications have shown that SWIFT results compare well with 
analytical codes and other numeric codes. 

While there are some inaccuracies associated with the mathematical aspects of any code, these 
inaccuracies represent only a small fraction of the uncertainty associated with the overall modeling effort 
(e.g. , from the conceptual model interpretation, parameter estimation, and model aggregation). No 
additional code verification effort is necessary. However, procedural type code verifications are 
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necessary when the code version changes or the computer platform changes. 
described under Subsection 4.4. 

These activities are 

4.2.3 Model Structure 

Model Grid 

The present solute transport grid (78 by 102) extends over the production areas, Paddy’s Run, and the 
South Plume area; however the eastern grid boundary is very near the eastern site boundary. The domain 
of the solute transport model grid needs to be expanded to the east because flowpaths from the northern 
portion of the site are directed toward the east and because certain risk assessment simulations show 
constituents leaving the model grid in this direction. Therefore, it is likely that simulated pumping will 
occur at the eastern edge of the site near the present grid boundary. Introduction of recovery wells in 
the eastern part of the grid would invalidate the currently assumed constant head boundary conditions. 
Theoretical receptors may exist to the east. Therefore, the SWIFT grid should be extended eastward to 
reduce boundary interference effects and to predict long-term transport more accurately. 

Vertical Discretization 

Presently, the model has five vertical layers covering approximately 170 feet of saturated aquifer. Two 
effects may be the result of this coarse layering. First, maximum concentrations determined in the risk 
assessment process may be underestimated by the relatively large block size. Two, the calibrated solute 
transport model has over predicted contamination at depth. A lack of vertical discretization in the 
numerical model may cause much of the over-prediction of uranium in the lower layers. 
Oversimplification of hydrologic structure both in the vertical variation of hydraulic conductivity and by 
a lack of numerical vertical discretization probably contribute significantly to the over prediction. The 
model averages concentrations over the entire block: therefore as the model steps through time, 
contaminant transport quickly takes place from layer 1 to layer 2. Correction of this problem may 
require the use of more vertical layers or blocks in the SWIFT code. The addition of layers needs to be 
tempered by resulting long run times. Layers may also be better matched to screen intervals of the 2000, 
3000, and 4000 series wells. 

4.2.4 Constitutive Coefficients 

The values and origin of constitutive coefficients are described in another report (DOE 1993b, Table 4-1). 
Values of these parameters are derived from earlier studies performed in the region and from the 
literature. In general, these values provide reasonable estimates of parameter values in the model. 

Certain key aquifer parameters need to be refined with site specific data. Hydraulic conductivity and 
storativity need to be directly measured at the FEMP site through a large-scale pump test. The design 
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confirmation program of the DMEPP (see Section 2) has required this pump test (DOE 1993~). A seven 
level observation well and a large number of 2000 and 3000 series wells will be monitored during the 
pump test to define horizontal hydraulic conductivity and to obtain a qualitative idea of vertical flow 
parameters. Slug tests at the multi-level observation well will provide some relative basis for assessing 
the vertical distribution of horizontal hydraulic conductivity. 

4.2.5 Boundarv and Initial Conditions 

The FEMP regional flow model has constant head boundaries within the aquifer and at the Great Miami 
River, no flow boundaries at bedrock interfaces, and constant flux boundaries for recharge at the surface 
and at production wells (DOE 1993b). Constant head boundaries were based on historical water 
elevations from wells in the vicinity of the boundary. River elevations were based on a HEC2 model run 
of the Great Miami River. Locations of bedrock boundaries were based on well logs, seismic analysis, 
and stratigraphic correlations. Pumping rates were set with information from well owners while recharge 
rates were based on various studies. Recharge rate and constant head boundaries were altered during 
calibration (DOE 1993b). 

Constant head values were imported from the appropriate cells of the solved regional flow model to set 
boundary conditions for the solute transport (local) grid. Uranium source terms were defined to some 
degree with historical data (DOE 1993b, Table 4-2); however, final loading rates and time periods were 
set based upon the calibration process. Initial aquifer uranium concentrations were set at zero. 

In general, the boundary conditions are appropriate for the system being modeled. The most uncertain 
parameter in the model development is the source term. Source loading history is an extremely difficult 
parameter to estimate due to the uncertainty of site history, sampling uncertainties, and transport 
unknowns. While the basis of these source terms was established to some degree on the conceptual model 
and site history, a large uncertainty remains in the source locations, loading strengths, and time 
distribution of loading strengths. Source locations, loading periods, and loading strengths were all varied 
substantially during the calibration process. Source term calculations need to be improved for the vadose 
zone, Paddy’s Run, and to account for biotic transport (see Figures 1-2 and 1-3). 

Efforts are underway to build a till model, a Paddy’s Run model, and a biotic transport model to define 
source terms to and from SWIFT. The DOE plans a series of field sampling and experimental activities 
that should help develop a model of the till overburden (Le., the unsaturated flow portion of the 
conceptual model). Since waste management activities have been conducted on the till overburden, this 
activity should also help define existing source loading terms to the aquifer. Data generated by these field 
sampling and till model building activities should be used to define flow and transport processes that 
move constituents from the surface down to the Great Miami Aquifer. The Paddy’s Run model will 
better define the source term strength within Paddy’s Run and transport from Paddy’s Run to the aquifer. 
The biotic transport model will provide source terms for various scenarios for each CRU and the entire 
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site. The biotic transport model will pay particular attention to the up-take into plants and consequently 
to animals to help quantify the health risk to humans. These modeling efforts should also define possible 
ranges in the source term parameter that would serve as inputs to the uncertainty and sensitivity analyses. 

4.3 Evaluation of Model Comparisons with Field Data 

This section discusses the comparison of predicted model outputs with field data. Two types of activities 
perform this comparison: model calibrations and performance evaluations (Le. , extended verifications or 
"validations" - Figure 4-1). The matching of model output against historical field data is called 
calibration. Calibration is defined as the process of adjusting model parameters (material properties, 
boundary conditions, and initial conditions) until the model confirms the analyst's understanding of the 
system. In contrast, performance evaluations calibrated output with independent field data. The sections 
below describe the criteria and needs for future comparisons with field data and related sensitivity 
analyses. 

4.3.1 Calibration 

Flow Model Calibration 

The present FEMP flow model is calibrated to 1986 water elevation data. Since that time, additional data 
has been collected at existing wells and new wells have been installed (and'water elevations measured). 
The flow model should be recalibrated based on the latest available data including the South Plume pump 
test. 

As part of this calibration effort, the flow model calibration criteria needs to be updated. Checks on the 
calibration include both quantitative and qualitative comparisons. Quantitative comparisons include 
comparison of model predictions with field measurements both in time and space and by interpreting the 
mass balances. While previous work plans have emphasized similar statistical tests (IT 1988, Table 5.3) 
to evaluate calibration results, such tests must be based on some idea of site-specific parameter variation 
(NRC 1990, p. 231). Consequently, the calibration criteria must be reviewed and updated to reflect 
current conditions. Criteria needs to built on statistical, geostatistical, and sensitivity analysis results. 

Solute Transuort Model Calibration 

The present solute transport model is calibrated using data up to April 1990. Target values for wells 
were set by averaging multiple samples collected over several years. Two calibrations were performed; 
the first calibration set the uranium retardation factor to 9 and used a simple outlier test. The second 
calibration set the uranium retardation factor equal to 12 and used a confidence interval method. 
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Dispersivities were held reasonably constant during the calibration. Source terms (time and loading rates) 
were varied until a reasonable match with the data sets was obtained (DOE 1993b). 

The solute transport model needs to be recalibrated for the following reasons: 

1) Similar to the flow model, additional data has been collected at monitoring wells that were in 
existence during the original calibration (see DOE 1993b). In addition, new monitoring wells 
have been installed and sampled. These data show the southern extent of the south plume to be 
farther north than was believed during the original calibration. The calibration needs to be 
updated to reflect these latest data. 

The original calibration using an estimated retardation factor of 9 resulted in a reasonable match 
to the monitoring data (except for the South Plume southern extent as described above) with most 
of the contamination at the higher model layers. Based on the results of a geochemical study 
(DOE 1993b, Appendix A), the retardation factor was revised upward to 12 to fall within the 
studies range (approximately 11 to 40). The calibration using the retardation equal to 12 resulted 
in more uranium simulated at depth (which does not'match monitoring data) and a much larger 
historical mass loading to the aquifer. The geochemical study miscalculated the retardation factor 
by using a grain density instead of a bulk density in the retardation equation. In fact, 
geochemical studies indicate a range of retardation factors from approximately 8 to 33, indicating 
that the original R=9 calibration was within range. Further calibration efforts need to consider 
these factors. 

As part of this calibration effort, the solute transport model calibration criteria need to be updated in a 
similar manner as the flow model criteria. In some instances, the method used in the original calibration 
of simply maximizing the number of wells within the confidence interval lead to erroneous results. In 
addition, calibration criteria need to consider total mass of uranium in the aquifer. The calibration 
criteria must be reviewed and updated to reflect current conditions. Criteria needs to build on statistical, 
geostatistical, and sensitivity analysis results. 

4.3.2 Model Performance Evaluation 

A performance evaluation (extended verification) simply repeats the calibration process and uses the 
criteria described above with one essential difference: the performance evaluation takes the calibrated 
model and compares model predictions with an independent set of field measurements. These 
independent field measurements should involve multiple conditions that have true uniqueness. Unique 
conditions include high and low recharge, conditions before and after pumping or installation of a cutoff 
wall or cap, flood stages for major surface waters such as the Great Miami River, or the installation of 
drains. 
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A single performance evaluation was performed on the two-dimensional flow model (DOE 1993b). Using 
a 1988 water elevation data set under a drought condition, a reasonable match of a model simulation was 
made varying only factors related to this drought condition (constant head boundaries, recharge, and river 
stage). This performance evaluation supports the validity of the two-dimensional flow model. 

Performance evaluations of the three-dimensional flow and solute transport models need to be performed. 
The South Plume recovery system will provide stressed conditions to perform some of these evaluations. 
The DMEPP (DOE 1993c) has defined a requirement for annual comparisons of model predictions to 
field data. Other appropriate site situations should also be used for these performance assessments of the 
model. 

4.4 Evaluation of Model Uncertainty Analysis 

Traditional methods of model accuracy assessment compare predictions to historical field measurements 
and evaluate goodness-of-fit after the fact. Calibrations and model performance evaluations generally 
constitute these traditional methods (see Section 4.3). Although important indicators of model 
performance, such methods do not truly measure prediction errors. For example, one cannot easily 
distinguish between a good comparison based on an artificially manipulated and an over parameterized 
model from one based on an accurate description of the dominant transport processes. Rather than just 
focusing on measurement errors (e.g., differences with historical field measurements), model accuracy 
assessment needs to consider error from natural heterogeneity and structural differences between the 
model and the real world. 

Uncertainty analysis activities are needed to better understand the potential range of model output. If the 
potential range of model output is quantified, the model can be used appropriately. Figure 4-1 divides 
uncertainty analysis into two steps. The first step is to estimate the spread or variance in model inputs. 
The second step consists of estimating confidence intervals of the key performance measures based on 
the anticipated application of the model (for example, groundwater travel time and the maximum 
concentration in the aquifer for the risk assessment process). Sensitivity analyses should estimate the 
change in outputs resulting from changes in specific inputs, that is, the sensitivity partial derivatives. 

Although model sensitivity analysis has been performed as part of the model development and during 
certain applications (for example, DOE 1993 a and b), no more formal or extensive uncertainty analysis 
has been conducted to date. 

4.4.1 Model Desian Uncertaintv 

The two steps of model uncertainty analysis are described below: 

,. -. 
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Uncertainty in the Conceptual Model 

While the conceptual model is reasonable, uncertainties exist in interpretations and selection of input 
parameters. Flow and transport processes, the effect of heterogeneity, and geochemistry can be possible 
interpretations of the conceptual model. The derivation of parameters for the conceptual model (DOE 
1993b, Figure 2-1) shows variation in the selected values. General uncertainties that should feed into the 
uncertainty analysis simulations include: 

1) Certain waste characteristics and source and rechargehfiltration terms that interact with the Great 
Miami aquifer 

2) Certain variations in hydraulic conductivity and dispersivity across the site 

3) Certain interpretations of how uranium distribution coefficients and associated retardation 
coefficients vary across the site "* 

Uncertaintv in the Mathematical Model 

Uncertainty in the mathematical model relates to how well the governing equation models a given process 
and how well it structures the domain of the site. The mathematical uncertainties can be characterized 
through parallel calculations with different numerical codes or analytical solutions. Previously, the DOE 
(DOE 1990) has shown that SWIFT has been extensively verified and compared with other codes. These 
verifications have shown that SWIFT results compare well with analytical and other numerical codes. 
The DOE (DOE 1990) also has partially addressed the question of structure when it used relatively 
simpler models to develop a general understanding of model conditions at the FEMP. Specifically, they 
checked the sensitivity of results to one- and two-dimensional models and thereby helped generate initial 
estimates of input parameters for calibrating the more complex three-dimensional models. They also 
investigated indirectly the uncertainty in boundary conditions through sensitivity analyses with their two- 
dimensional codes. 

Uncertainty in Model Structure 

Uncertainty in model structure includes the effects of varying block size and the assumptions inherent in 
building the mathematical model from the conceptual model. Mesh and block size impact model results 
because of the effect of averaging parameters in the finite difference method. The original mesh size was 
selected based upon several factors, for example, degree of resolution, total domain that needed to be 
covered, run times, and numerical dispersion. 
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Mesh size has been and will be altered to support particular applications requiring more detailed results. 
For example, mesh was refined in the South Plume area to a 62.5-foot by 62.5-foot grid to support the 
recovery system evaluation process. Any such mesh refinement activities need to perform sensitivity runs 
to understand the impact of grid size reduction. 

Uncertainty in Constitutive Coefficients 

Estimates of model inputs and their variance or uncertainty are needed to define overall uncertainty. 
Values for various model inputs have been estimated during the construction of the SWIFT site model. 
The derivation of constitutive coefficients (DOE 1993b, Figure 4-1) shows variation in most of these 
parameter values. These input values have been estimated from field data and from literature values. Key 
constitutive coefficients that account for the majority of flow and transport variation include hydraulic 
conductivities, dispersion coefficients, and retardation factors. Data sets that estimate these parameters 
should be reviewed and evaluated. Geostatistical approaches like kriging should estimate not only the 
inputs but their variance. Geostatistical techniques should include ones such as ordinary kriging with 
linear regression and cokriging with two or three attributes (Zimmermann et al. 1991). 

Uncertainty in Boundarv and Initial Conditions 

Finally, estimates of the uncertainty and response derivatives for boundary and initial conditions including 
source terms are needed. Flow and transport process identification has relied on historically derived 
source loading schedules and spatial locations. Data has been collected from a large number of 
monitoring wells over several years during the course of remedial investigations at the FEMP. Additional 
data has been collected since the derivation of the model parameters in 1989 and 1990. A large 
uncertainty exists in the magnitude and time phasing of the source loading, as well as in terms of location 
of application throughout the site. 

Uranium and other important constituent concentrations need to be defined in terms of spatial and time- 
phased distribution as source terms. These data sets need to be further analyzed with statistical and 
geostatistical techniques to better understand time and spatial distribution of data sets. Geostatistics 
should first be used to estimate the spatial variation and related uncertainty (i.e., variance) of water levels 
and uranium concentrations. These geostatistical studies may identify additional locations for data 
collection to optimize the model calibration effort. 

4.4.2 Predictions of Confidence Intervals 

Uncertainty analysis simulations predict confidence intervals for performance measures such as 
groundwater travel time and maximum concentration in the aquifer. The process of determining the 
uncertainty of output performance measures should be phased and designed to meet the needs of the 
model user. Initially uncertainty analyses should start out as simplified propagation of uncertainty ws . "  
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using sensitivity analysis to vary key aquifer parameters within conservatively established ranges. If the 
risk assessment effort can accept the output distribution bands, then the uncertainty analysis effort should 
stop. If the risk assessment effort needs a narrower band of uncertainty, then further efforts need to be 
planned and conducted. These efforts may include collection of additional data to reduce input 
uncertainty, recalculation of input and output uncertainties and sensitivities, change to a more 
sophisticated methodology for calculating uncertainty of performance measures, model redesign (e.g., 
the grid), or recalibration. If the output distribution proves acceptable, then the risk assessment effort 
can use the model's output of confidence intervals for various performance measures. Otherwise, this 
process continues iteratively until the risk assessment effort accepts a probabilistic output distribution from 
the groundwater modeling effort. If the uncertainty analysis expands to include a substantial number of 
simulations, then it may be necessary to use simpler models to define uncertainty of performance 
measures. Output from these simpler models will need to be correlated with SWIFT output. 

Sensitivity Analvsis 

Sensitivity analysis varies input parameter values in order to understand the effect on selected output 
parameters. Sensitivity analysis not only supports the uncertainty analysis process described in this 
section, but also may support the comparison with field data process for calibration (Section 4.3), and 
support specific applications (Section 4.5). 

Sensitivity analysis has been performed as part of the model building effort (DOE 1993b). For the two- 
dimensional flow model, the recharge, hydraulic conductivity, and river leakage factor were varied in 
sensitivity runs for different aquifer zones. For the three-dimensional flow model, sensitivity analysis 
was performed on hydraulic conductivity layers 4 and 5, river bed leakage factors, recharge rates at 
certain locations, and the north boundary condition. For the solute transport model with the retardation 
equal to 9, sensitivity analysis was performed on dispersity ratio (longitudinal versus transverse) and 
hydraulic conductivity of the clay interbed. In all cases, the output parameter was the calibration criteria, 
specifically, the mean residual, and the mean absolute residual. 

Sensitivity analysis has also been included in model applications. For example, the design of the South 
Plume recovery system (DOE 1993a) varied hydraulic conductivity and assessed this impact on the 
effectiveness of recovery well capture. With this analysis, a range of hydraulic conductivity at which 
simulated capture met the objectives was determined and the system designers obtained important 
information on the uncertainty inherent in the model application. 

For the uncertainty analysis, the first phase should be sensitivity analysis on the'key transport parameters, 
namely horizontal hydraulic conductivity, dispersivity, and retardation. Variation of these parameters 
over defined ranges should account for the majority of the uncertainty on the maximum concentration in 
the aquifer and the time of travel, the risk assessment performance measures. The ranges of these 
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parameters should be established based upon analysis of available data attempting to identify realistic but 
conservative ranges. 

4.5 Evaluation of Model Applications 

The model has been and will be used at the FEMP for many applications. The three primary categories 
of these applications are characterization, risk assessments and design support studies (Figure 4-1). In 
addition, applications must follow a quality assurance program to guarantee the quality of the modeling 
process and supporting documentation. These applications are summarized in the following subsections. 

4.5.1 Characterization S U D D O ~ ~  ADDlications 

Model applications that support characterization efforts include: 

Investigation S U D D O ~ ~  

Investigation support may estimate groundwater flow and transport to help locate monitoring wells or to 
support other investigatory activities. Particle tracking simulations define potential flow paths and help 
delineate subsequent monitoring well locations. 

Miscellaneous Assessments 

The model may be used to assess unique situations, for example, the capture zone analysis of an existing 
well. No applications of this type have been performed with the present model. 

4.5.2 Risk Assessment ADDlications 

Several types of risk assessment applications are performed with the model, including: 

Baseline 

The baseline risk assessment, conducted as part of the RI, determines the impact of leachate generated 
from waste areas (without remediation) on the aquifer. The RI/FS has scheduled baseline risk 
assessments for each CRU. To date baseline risk assessments have been performed for CRU1, CRU2, 
and CRU4. These assessments have used a fate and transport modeling process that includes source term 
development at each waste area, transport through the vadose zone, and transport through the aquifer (see 
Section 1). The performance measures in the aquifer include maximum concentration and travel time to 
the boundary. 
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Alternatives Evaluation 

As part of the FS, the risk based impact of different remediation alternatives on the aquifer are compared 
with the model. Feasibility studies will be prepared for each CRU. Feasibility studies are presently in 
different stages of development for the different CRUS. 

ComDrehensive ResDOnSe Action Risk Evaluation 

The CRARE assesses the cumulative impact of residual levels of contamination after remediation for all 
operable units. CRAREs will be prepared as part of each CRU feasibility study. The CRAW will use 
the leading remedial alternatives for each CRU to determine residual concentrations and the presence of 
engineered units. Each successive CRARE will become more refined as feasibility studies for the 
different CRUS are completed. These assessments use a fate and transport modeling process that includes 
source term development at identified zones of remedial contamination and engineered units, transport 
of leachate through the vadose zone, and mixing and transport through the aquifer (see Section 1). 

Performance Assessment 

As part of the design process, the risk based impact of any designed facilities will be determined. This 
process accompanies Title I1 and Title I11 design. Releases from the facility and the failure of the facility 
will be modeled to determine the impact of such occurrences on groundwater. No performance 
assessments have been performed to date. 

4.5.3 Desian S u ~ ~ o r t  ADDlications 

Model applications that support design efforts include: 

ODtimization of Selected Alternative 

A modeling study may be performed for specific situations where modeling compares engineering design 
options for a selected alternative. An ongoing study at CRUl is an example of this type of study. This 
study compares several options for remediating the waste pits and evaluates the impact of these various 
alternatives on groundwater. 

Groundwater Recoverv Design 

An important use of the model is the support of design of groundwater remediation systems. Design of 
these systems will take place in stages, including conceptual, preliminary, and final design. To date the 
model was used to design the South Plume Groundwater Recovery System and to help size the Advanced 
Wastewater Treatment (AWWT) System. The model was used to screen options for the pumping rate 
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and location in the original South Plume EE/CA (DOE 1989). The model was used to select the final 
location, to investigate pumping options, to evaluate well capture, and to explore the sensitivity of 
hydraulic conductivity variation on well capture (DOE 1993a). In sizing the AWWT System, the model 
set preliminary locations of recovery wells on the east border of the site to create a hydraulic barrier for 
eastward migrating contamination. 

4.5.4 Model Qualitv Assurance 

Each organization that performs modeling needs a quality assurance program and appropriate procedures. 
Because multiple organizations currently use models, a method of quality assurance across all 
organizations is needed. The next sections divide the quality assurance process into seven categories: 

1) Code Development and Documentation 
2) Configuration Control 
3) Model Maintenance 
4) Model Application Plan 
5) Presentation of Results 
6) Technical and Peer Reviews 
7) Post-Audit Assessments 

Code Develoument and Documentation 

The SWIFT code has been developed and documented according to the quality assurance requirements 
of NUREG-0856 (Reeves et al. 1986a, 1986b, and 1986c) and Ward et al. (1984). IT (1990) performed 
verification of the code for situations specific to the FEMP site model. Internal procedures for code 
verification on particular computer platforms are needed for each organization performing modeling. 

Confieuration Control 

Appropriate quality assurance procedures are needed to enter and maintain data in the model data base 
(configuration control). Data should be evaluated for its intended use and appropriateness. Data should 
be collected under control of a quality assurance program. The data base should use specific procedures 
to maintain data quality. Procedures should control data collection and management to ensure consistent 
compliance with planned steps for collection and management. A data management procedure should be 
written and appropriate personnel trained in its use. This procedure should assure identification, storage, 
maintenance, traceability, legibility, and retrievability of key data from the model data base. Finally, the 
procedure should detail the steps required to change or add to the data in the model data base. 

The FEMP presently has a quality assurance program for collecting and managing data that meets these 
,. v requirements (WEMCO 1992b). 
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Model Maintenance 

Model maintenance procedures are needed to assure the reliability, retrievability, traceability, and storage 
of models. The word "model" in this context includes both computer codes and associated data inputs. 
Written procedures should track code and data input changes and describe how to test modified codes and 
data inputs. Basically, the procedures should apply to all quality assurance procedures used in model 
development and documentation and require accurate record keeping and reporting of changes. For 
results presented in final reports, the procedures should require saving of key input and output files for 
inspection and possible re-use. The paper trail should also include reports and files related to the 
improvement and testing of the model. The procedures should require updated instructions for using the 
code and preparing input data files. Improper documentation could prevent a code from being adequately 
reviewed and could propagate errors in code use. Documentation should start at the beginning of a new 
software development or improvement project. 

Presently, contractors to the DOE have been performing the modeling. These contractors should have 
procedures covering model maintenance. If multiple organizations perform the modeling, additional steps 
are needed to assure that the different-organizations are using the same model. 

The model application plan is the first step in assuring quality in a model application. The application 
plan should address the certain specific issues and be subject to technical review. For each type of 
application (e.g. , risk assessment, alternative evaluation, and design support), the plan should address the 
performance measures required by the particular application. Each of these types of analyses should have 
different goals and objectives and therefore the focus of each plan should accordingly change. It should 
not be necessary to write a plan for each analysis if a group of analyses fall under the "same type of 
analysis. 'I 

Presentation of Results 

Because of the variety of analyses which should be performed, the analyst should document each step of 
the modeling process in a final report. The report should document the completion of the work conducted 
in accordance with the model application plan. The report should outline application objectives, provide 
background on model development and calibration, show the results of simulations, discuss model 
limitations and uncertainties, and summarize conclusions. Figures and tables should summarize 
significant results. Appendices can show detailed output and supporting documentation. 
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Technical and Peer Reviews 

Each organization should conduct its own review of the modeling efforts. For example, NRC (NRC 
1991b, p. 6.1.5.1-3 through 4) describes the reviews they should conduct for modeling results. Qualified 
(internal and/or external) personnel independent of original work should perform fully traceable and 
documented reviews. Technical reviews should interpret and judge documents, material, or data that 
involve accepted practices and standard techniques. Peer reviews should interpret and judge documents, 
material, or data that go beyond existing techniques or represent the state of the art. 

Post-Audit Assessments 

Post-audit assessments provide a vehicle to compare model predictions with field data over long periods 
of time. The model that results from the calibration and performance evaluation should predict flow and 
transport conditions at smaller intervals of time. Collection of new field data at these same time intervals 
should determine and help interpret the discrepancies with the previous predictions. The post audit should 
be conducted after several of the prediction intervals have passed to ensure significant changes had time 
to occur. The evaluation of the results of the post audit are similar to the methods used for the 
calibration and performance evaluation. 

No model post-audit program presently exists at the FEMP. Post-audit assessments need to supplement 
the performance evaluations described above. The first audits should be performed 5 years after 
calibration. Subsequent audits will need to be performed. 
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SECTION 5 

4378  
1 

2 

SHORT-TERM MODEL IMPROVEMENT PLAN 

This section presents the short-term program of tasks necessary to improve the FEMP groundwater 
model. The objective of the short-term program is to create a model that is capable of supporting the 
CRUS risk assessment by September 1993. These short-term tasks have been selected based on the 
discussion presented in Section 4. 

. 

The short-term model improvement activities will focus on model structure changes; geostatistical 
analysis; geochemical parameter review; a recalibration and performance evaluation program; sensitivity 
and uncertainty analysis; capture zone applications; and establishment of report content and format for 
the RI fate and transport modeling presentation. These short-term modeling activities have been 
organized into the following four categories: 

1) Model Design 

2) 
3) Model Uncertainty Analysis 
4) Model Applications 

Model Comparisons with Field Data 

These tasks are defined in more detail in the following subsections. 

5.1 Model Design 

5.1.1 Extend TransDort Model Area 

The solute transport model will be extended to the east for the following reasons: 

1) To prevent model boundaries from interfering with calculated heads and concentrations when 
simulated pumping takes place on the eastern part of the site. 

2) To establish locations of receptors on the grid (i.e., presently simulations predict that transport 
of contaminants leave the computer grid just east of the site). 

3) To use more realistic boundary conditions on the solute transport grid, namely the SOWC wells 
and the Great Miami River. This will improve the flexibility of the flow portion of the solute 
transport grid. 
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Presently, the solute grid is 78 by 102 in the XY plane. To expand the grid to the Great Miami River 
will require a 78 by 145 grid using the same grid size. 

5.1.2 Increase Vertical Resolution of Transport Model 

An additional layer may be added to the solute transport model grid following vertical mixing zone 
calculations and initial review of solute transport calibration. If determined necessary, this layer will be 
added to the upper part of the model (i.e., model layer 1) where the majority of the contaminants are 
located. This additional layer will provide a more conservative estimate of the immediate impact by the 
source terms on the aquifer and a higher resolution for the vertical contaminant concentration profile. 

It is estimated that, if fully implemented, these horizontal and vertical grid expansions will add 
approximately 30,000 blocks and execution times will be increased by approximately 75 percent. 

5.1.3 Develor, Glacial Till Model 

A more sophisticated model of the glacial till will be developed to improve the definition of sources that 
migrate through the glacial till as well as to support other characterization and remediation efforts of the 
till. This modeling effort is already underway and is due to be completed in August 1993. Output from 
this model will define the source terms to the SWIFT aquifer model. Incorporating this output into the 
SWIFT model should be reasonably routine since linkage between these models and the SWIFT model 
has been considered during this model building effort. 

5.1.4 Develop Paddv’s Run Model 

A independent and smaller scale model of Paddy’s Run will also be developed to improve the definition 
of source terms that migrate from Paddy’s Run to the aquifer. The Paddy’s Run model will calculate the 
runoff contributions from the waste units to Paddy’s Run and define the stream bed interactions between 
specific contaminants and the basal sediments. This model will provide source terms for understanding 
flow and transport relationships between surface and subsurface contaminant concentrations. This 
modeling effort is already underway and is due to be completed in May 1993. Output from this model 
will help define the source terms to the SWIFT aquifer model. 

5.1.5 Develor, Biotic Transport Model 

A biotic transport model will also be created to improve the definition of contaminant transport through 
biological pathways. While output from this model will not directly define source terms in the SWIFT 
aquifer model, it will support the overall delineation of fate and transport of contaminants through the 
different media and support the risk assessment effort. 

: .  
I . .  
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I 5.2.1 Review and Update Calibration Criteria 

5.2 Comparisons with Field Data 

Calibration criteria will be updated and/or developed to define quantitative and qualitative criteria for the 
calibration effort. Quantitative criteria includes the definition of both target locations and statistical 
parameters (and acceptable ranges of these parameters) for calibration of the flow and transport models. 
In addition, qualitative comparisons between monitoring data and model predictions will be required. 
Qualitative criteria include evaluation of correspondence among model simulations and the physical 
structures of the hydrogeological system. Qualitative features include, but are not limited to, the pattern 
of heads and concentrations. 

Both steady state and transient flow calibration criteria will be developed since the flow model will be 
calibrated with the South Plume pump test results. Recent water elevation data measured prior to the 
pump test will be analyzed to select an appropriate time series of data to represent steady state cond-itions 
and for developing target head values. It is expected that quantitative criteria for the flow model will 
include measures of mean residual, maximum residual, variance of residual, and spatial correlation of 
residuals. Also, criteria for water mass balances will be defined. 

For the solute transport model, criteria will be established for matching model results to -target 
concentrations. Previous solute transport (uranium) calibrations used a limited, pre- 1990 data base for 
developing calibration criteria. Uranium concentrations were statistically analyzed to define a sample 
mean and a 95 percent confidence interval of the population mean. Calibration attempted to minimize 
residuals and maximize the number of model results within the target confidence intervals. Due to the 
small number of data (less than four) in many wells, the 95 percent confidence intervals were much larger 
than the ranges of measured concentrations and thus meaningless in many wells. 

Since additional data became available, the latest and all existing data will be compiled and evaluated to 
redefine the solute transport calibration criteria. Both data range and 95 percent confidence interval of 
mean for each monitoring well will be considered as the target range. An attempt will be made to 
balance two primary calibration targets: (1) concentrations at particular blocks representing location of 
measured data, and (2) total mass of contaminant in the aquifer. To assist in this effort, necessary 
statistical analysis of existing uranium concentration data will be performed. 

5.2.2 RecalibrateNalidate Flow Model 

The flow portion of the model will be calibrated first to a steady state condition measured before the 
South Plume pump test. The calibration criteria will be a "steady state" set of heads and acceptable 
ranges. Constant head boundary conditions may also be redefined based on this data set in the extended 
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model area. Other types of boundary conditions (e.g., constant flux condition) will also be considered 
based on available data. Results from the pump test, defining hydraulic conductivity and possibly 
hydrogeological boundaries, will be incorporated as initial values for hydraulic parameters in the model 
at the beginning of the steady state flow calibration effort. 

Transient calibration, which matches the model simulated and measured drawdown vs. time data 
measured during the pump test for the pumping well and observation wells, will be performed following 
the first successful steady state flow calibration. Since the transient calibration will need to adjust some 
hydraulic parameters that can also affect the steady state model results, the transient and steady state flow 
calibrations will become an iterative process. 

The overall flow calibration is complete when the calibration criteria are met and the analyst is satisfied 
for both the steady and transient cases. An approach of keeping the model simple without over 
complicating the zonation of parameters will be followed during the calibration. 

During the calibration, residual error will be determined and statistical parameters will be calculated and 
compared to the established criteria. Graphs will show these residuals on twodimensional planar 
contours, on cross sections, as a variation in time along with predicted and measured state variables, and 
on sample scattergrams that compare predicted versus measured data along a line of agreement (line of 
zero residuals). Water balances will be performed to obtain results within the established criteria. 
Finally, the model results will also be evaluated against the qualitative criteria defined. 

A transient flow model prediction will be performed, after the overall flow calibration is done, by 
simulating the stepdrawdown portion of the pump test. The only model parameter that will be changed 
in the calibrated flow model for this simulation is the pumping rate. Therefore, this simulation can be 
used as the validation of the calibrated flow model and to further characterize the accuracy of the 
calibrated flow model. 

5.2.3 Review Geochemical Parameters and Existina Solute Transport 
Calibrations 

The derivation of the distribution factor (Kd) for uranium will be assessed to select the most appropriate 
Kd for the solute transport model. Available data related to Kd will be compiled and reviewed. These 
data will be statistically analyzed to determine common statistical parameters and, if appropriate, 
geostatistical parameters. Results of all the existing solute transport calibration runs (specially the two 
final calibrations with retardation factor = 9 and 12) will be reevaluated by using the updated calibration 
criteria. A range of acceptable Kd will then be determined based on the review of geochemical data and 
the existing calibration runs. If necessary, as determined by the data, multiple zones may be created for 
Kd in the updated solute transport model. 
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5.2.4 Recalibrate Solute TransDort Model 

After the flow model is successfully recalibrated, the flow model's impacts on the solute transport model 
will first be evaluated with all the current transport parameters remaining unchanged. This evaluation 
will be performed for all the accepted solute transport calibration runs from the review described in 
Subsection 5.2.3. If none of these existing sets of transport parameters (Le., Kd, dispersivity, and source 
loadings) remain acceptable according to the updated criteria, the solute transport model will need to be 
recalibrated. In a similar manner, as the flow model, residuals will be calculated and analyzed during 
the calibration. Mass balances will be calculated based on uranium predicted to be present in the aquifer 
(both dissolved and adsorbed states) versus the required source loading. 

Based on experiences in development of the current model, the ranges of acceptable solute transport 
parameters along with the recommended representative value of each parameter will be determined instead 
of just a single set of transport parameters. 

After the information (Le., retardation factor and dispersivities) learned through the history matching 
during the calibration has been incorporated into the solute transport model, historical source loading 
terms will be decoupled from the model in most of the future model applications including the sensitivity 
analyses. Results from .the glacial till model and Paddy's Run model will be inserted as future source 
terms. Also, the monitoring data will be contoured and directly inserted as initial concentrations in the 
model applications. By decoupling the historical source term and directly using the monitoring data as 
the initial conditions after the calibration, the model application becomes more modular and flexible. 

5.3 Uncertainty Analysis 

5.3.1 Perform Geostatistical Analvsis 

Geostatisical analysis will be conducted to understand and correlate the spatial distribution of key data 
sets. These data sets include the water elevation data and the uranium analytical data from the 2000, 
3000, and 4000 series monitoring wells. Calculations will include the sample semivariogram, and kriging 
and cokriging estimators along with their estimation variance. This analysis will be used to help 
determine calibration criteria and to identify areas of the site where lower confidence exists in the 
analyzed data sets. 

5.3.2 Perform Sensitivitv Analvsis on Kh, Kd, and DisDersivity 

Sensitivity analysis will be performed on horizontal hydraulic conductivity (Kh), distribution coefficient 
(Kd), and dispersivity (a) in order to understand the effect of variation of these parameters on the 
maximum concentration and transport of a normalized plume. For this study, a theoretical source will 
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be applied to a SWIFT model cell and ranges for these three parameters will be established based upon 
previous data, the literature and the South Plume Pump Test. The initial run will be a baseline case using 
the model calibrated values of these parameters. Sensitivity runs will vary Kh, Kd, and a over the 
defined ranges to assess theoretical differences in maximum concentrations and travel time (the risk 
assessment performance parameters). Results will show the theoretical uncertainty bands on these 
performance measures. Output from sensitivity runs will be evaluated to determine the impact on the 
flow calibration criteria and the impact on solute transport in both the horizontal and vertical planes. 
Results of the uncertainty analyses will be used to define safety factors for clean-up goals and remedial 
designs. 

5.4 Model Applications 

5.4.1 Perform CaDture Analvsis on Existina Wells 

The model will be used to analyze the capture zone of drinking water wells with significant pumping rates 
that may potentially be impacted by plumes from the site. Two wells have been identified for this 
analysis; the South Ohio Water Company wells located east of the FEMP on the east side of the Great 
Miami River and Knollman’s well located south of the FEMP just south of Willey Road. 

Pumping rates will be determined by available records. Capture zone analysis will consist of three steps: 

1) Hydraulic impact will be assessed by contouring drawdown at both baseline (non pumping) and 
pumping conditions. 

2) Capture zones will be defined by seeding many particles in a small diameter circle around the 
well and running the particle tracker in reverse. 

3) Forward tracking will be conducted to confirm the results of the reverse tracking. A plane of 
particles will be defined at some distance upgradient from the well. The particle tracker will be 
run to determine if any particles breakthrough from these locations. 

Figures will show predicted drawdowns, reverse and forward capture results in both the X-Y and the Y-Z 
planes. 

5.4.2 Establish ReDort Content 

As part of the quality assurance effort, the content of modeling application reports will be formally 
established so that there is a complete and consistent coverage of the important modeling elements in the 
documentation. This format will define the necessary contents, the general format, and the degree of : 
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detail. Some differences in format will be defined for different applications of the model. For example, 
a risk assessment application report will require different sections and analysis than a feasibility study or 
a design report. Once report content is established, subsequent reporting efforts will follow this format. 

5.4.3 Define Post Audit Proaram 

As part of the quality assurance effort, a post audit program will be formally established containing the 
following elements. This post audit program will define a program that will periodically assess the ability 
of the model to make time dependent predictions over a long time period. Requirements will be 
established for the timing and content of the post audits. It is expected that the first post audit will be 
conducted after a minimum of 5 years after model calibration. Simulations from the model will predict 
flow and transport conditions at defined intervals of time. These predictions will be compared with field 
data collected at these same time intervals. The evaluation of the results of the post audit will use the 
same methodology as the calibration. 

5.5 Schedule of Activities 

Subsection 1.2 describes the overall model improvement program. As shown on Figure 1-4, the 
Groundwater Modeling Report - Summary of Model Development (DOE 1993b) and this present report 
are prepared in parallel and submitted to the Ohio and US EPAs at the same time. After completion of 
the short term activities, the long term activities will commence and continue through the completion of 
the project. 

Figure 5-1 summarizes the schedule of activities starting April 1993, for the short-term model 
improvement effort. Figure 5-1 also breaks down activities into model design, comparisons with field 
data, model uncertainty analyses, and model application. These activities have already started and will 
end with a summary report in August 1993. Letter reports will be prepared at the end of each task. 
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SECTION 6 1 

LONG-TERM MODEL IMPROVEMENT PLAN 3 
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The long-term model improvement activities will focus on refinement of the "improved" model, 

model, an incorporation of refined output parameters from the other supporting models, and a post-audit 
The model, improved with the short-term activities, will be used for the various applications 

The long-term model improvement activities will continue the review and integration of 
existing data into the assessment of model uncertainty for fate and transport applications. 
needs of the model users, more sophisticated determination of uncertainty measures may be conducted. 
The following sections discuss these activities. 

The 
refinement activities include performance evaluations (i.e., extended verification or "validation") of the 

program. 
at the FEW. 

Based on the 

I 
6.1 Performance Evaluation 

IS 

16 Periodic performance evaluations will be performed during the long-term improvement program. The 

13 

14 

performance evaluation helps show that the model can predict groundwater flow conditions under a set 17 

1s 

19 

of hydrogeologic stresses that differ from those of the original calibration. Using a data set that is 
independent from the data used to calibrate the original model, the performance evaluation repeats the 
calibration process using the established criteria defined in the short-term program. These independent 

high and low recharge, conditions before and after pumping or installation of a cutoff wall or cap, or 
These different 

20 

field measurements should involve multiple conditions that are truly unique. Unique conditions include 

flood stages for major surface waters such as the Ohio and Great Miami rivers. 
hydrologic conditions significantly "stress" the calibrated model and serve as appropriate unique 

The performance evaluation will test whether one calibration with one set of flow and 

21 

n 
23 

24 

25 conditions. 
transport rates and hydraulic conductivities and other data can predict the state variables under another 
set of system stresses. Based upon the results of the performance evaluation, a decision will be made as 
to whether the model accurately reproduces these different conditions and whether recalibration is 

26 

27 

2s 

necessary. If it is, the model will be recalibrated in accordance with the description in Subsection 5.2. 29 

30 

There is no guarantee of anomalous conditions in the next couple of years. Therefore, a convenient set 31 

of conditions for the first performance evaluation is the South Plume recovery system pumping. The 32 

South Plume recovery system water level monitoring data will be used as a different set of conditions 33 

! (i.e., pumping of the South Plume) for the performance evaluation. Since the recovery system start-up 
is scheduled for August 1993, data from the first 6 months of operation will be available in early 1994. 

34 

35 

36 

31 

38 

39 

Other aquifer monitoring data collected during this period will also be incorporated into this analysis. 

Other verification exercises will be tied to anomalous conditions. It is expected that one additional 
performance evaluation will be performed within the next 5 years. 
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6.2 Post Audits 

Post-audit assessments will be conducted at intervals of several years after completion of the modeling 
studies. These audits will be started after a minimum of 5 years and will be conducted every 5 years. 
The short-term effort of model improvement (see Subsection 5.4.3) has defined a task to define the details 
of the post-audit program. The long-term program will comply with this post-audit plan. 

6.3 Source Terms Refinement 

Results of the Till, Paddy's Run, and Biotic Transport Model may also be refined over time with 
additional data collection or performance evaluations. Therefore, these models and their output terms 
may potentially be changed. If this occurs, the SWIFT aquifer model will also need to be updated with 
these revised source terms. Future source terms will also change based on the latest definition of leading 
alternatives for remediation of the different CRUS. 

6.4 Model Uncertainty Analysis 

The need for further uncertainty analysis will be established by the model users on an application-by- 
application basis. In formulating plans for a particular application, the performance measures and the 
degree of understanding of 'the uncertainty of these performance measures will be established. Then the 
specific application will include supporting simulations to assess model accuracy regarding the identified 
performance measures. 

The long-term effort will reduce model design uncertainty by narrowing the input parameter distributions. 
New data from the hydraulic conductivity distribution studies and the representative geochemical analysis 
will be available to help refine input distributions. Also, routine monitoring data and possibly other 
supporting data (treatability studies or engineering studies) collected since the previous uncertainty 
analysis will also be available. 

The long-term model improvement effort will use either a simple confidence band or a more sophisticated 
stochastic technique to perform probabilistic predictions as required by the risk assessment activity. The 
selection of approach will depend on the need for a narrower uncertainty band than was defined in the 
short-term uncertainty analysis. The simple band approach will be more conservative by using simple 
minimum and maximum values of input parameters translating to higher output uncertainty. If confidence 
intervals of additional performance measures are defined by the risk assessment group, then these 
performance measures will also be addressed. 
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6.5 Quality Assurance 

The quality assurance and procedural type requirements defined in Subsection 4.5 will be followed over 
the course of the long-term program. In particular, quality assurance procedures will track changes to 
the baseline groundwater model as improvements occur and control the use of the model. The project 
and the organizations performing modeling will comply with these requirements. 

6.6 Schedule of Activities 

Figure 6-1 summarizes the schedule of activities for the long-term model improvement effort. These 
activities will start in September 1993 and continue through the end of the project. 
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APPENDIX A 

REGULATORY MODELING CRITERIA 

This section reviews Federal and State regulations and guidance concerning the use of groundwater flow 
and contaminant transport models to develop criteria for model improvement and application. This 
section reviews the regulations and guidance of the US EPA, the Ohio EPA, the DOE, and the United 
States Nuclear Regulatory Commission (NRC). This section discusses the regulatory modeling criteria 
following a format that breaks the modeling process into model design, model uncertainty analyses, model 
comparisons with field data, and model application. 

Only the CERCLA and RCRA requirements are directly applicable to the FEMP remediation. The non- 
CERCLA regulations and guidance predominantly apply to siting and development of low-level waste 
disposal facilities, not remediation. However, they .could constitute CERCLA Applicable and Relevant 
and Appropriate Requirements (ARARs) or To Be Considered (TBCs) for a particular FEMP remedial 
project. Unless or until they are invoked, they are not legally binding on the FEMP remediation 
program. 

1 .o MODEL DESIGN 

Model design defines the conceptual model, formulates the mathematical model, and simplifies the site 
structure, constitutive parameters, and boundary/initial conditions for model use. This section identifies 
model design criteria as derived from a review of Federal and State laws, regulations, and guidance. 

1.1 United States Environmental Protection Agency Regulations and 
Guidance 

US EPA regulations and guidance that affect model design come from Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) (Superfund), Resource and Conservation and 
Recovery Act (RCRA), and the Safe Drinking Water Act (SDWA). 

CERCLA 

Because of the large number of available models, CERCLA provides guidance for model selection (US 
EPA 1988b). This 1988 guidance represents a significant advance in the US EPA modeling program 
because it defines the model selection process. 
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RCRA provides limited model design guidance through its regulations on the design of a groundwater 
monitoring system for hazardous waste storage, treatment, or disposal (TSD) facilities (40 CFR Sections 
264.97, 264.98, 264.99) and clean up of contaminated conditions at active facilities in any area where 
there was historic disposal of either hazardous or solid wastes (40 CFR Section 264.100). RCRA 
encourages the use of assumptions that over-predict releases and concentrations 'I where time and/or 
resources are limited" (US EPA 1986, p. 150). The US EPA gives preference to numerical models over 
analytical models (US EPA 1986, p. 158). The US EPA's RCRA guidance lists publicly available models 
(US EPA 1986, p. 158). 

SDWA 

The 1986 Amendments to the SDWA contain provisions for the Wellhead Protection (WHP) Program. 
The WHP Program assists states in protecting areas surrounding wells against contaminants that may have 
adverse effects on human health (SDWA, Section 1428[a]). Wellhead protection could be an issue at the 
FEMP because of the proximity of the Southeast Ohio Water Company Wells. The US EPA 
Administrator has issued technical guidance (US EPA 198%) that states may use to determine the extent 
of such areas of protection in accordance with Section 1428(e). The provisions affect model design 
through the interrelationships among various wellhead delineation criteria and physical processes (Figure 
A-1). The SDWA Amendments in Subsection 1428(e) define wellhead protection areas (WHPAs) as "the 
surface and subsurface area surrounding a water well or well field, supplying a public water system, 
through which contaminants are reasonably likely to move toward and reach such water well or well 
field." It is not clear whether the site has been designated a WHPA by the State or not. 

The US EPA (US EPA 198%) established guidelines for the delineation of WHPAs, and developed 
delineation criteria, criteria thresholds, and delineation methods. Delineation criteria represent conceptual 
standards that form the technical basis for WHPA delineations. The US EPA (US EPA 198%) identified 
five criterion: (1) distance, (2) drawdown, (3) time of travel, (4) flow boundaries, and (5) assimilative 
capacity. Figure A-1 relates WHPA delineation criteria and physical processes. Note that the distance 
criterion often represents an arbitrary policy decision, past experience, or non-technical considerations. 
Hence, this criteria does not relate directly to flow and transport modeling. In contrast, the last four 
criteria relate to various aspects of flow and transport modeling as indicated by Figure A-1. The 
drawdown criterion relates to the "cone of depression" or "area of influence concept." The time of 
travel criterion deals with the maximum time for a groundwater contaminant to reach a well. The flow 
boundary criterion applies mainly to small aquifer systems where the total travel time to the boundaries 
is small or zone of influence caused by pumping rapidly reaches a boundary. Assimilative capacity deals 
with how the saturated and unsaturated zones attenuate contaminants. 
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1.2 Ohio Environmental Protection Agency Regulations and Guidance 

The Ohio EPA's Division of Ground Water (DGW) established procedures to review hydrogeologic 
portions of RI/FS Work Plans and Reports for the Division of Emergency and Remedial Response (Ohio 
EPA 1990b). With regard to model design, the guidance on solid waste disposal facility siting criteria 
states that all calculations should use inputs that yield the fastest possible time of travel (TOT) given the 
range of hydraulic conductivities @PA 1991a). 

1.3 United States Department of Energy Orders 

The DOE low-level waste disposal order (DOE 1988a, Chapter 3) recommends review of NRC low-level 
waste disposal standards that pertain to model design. The requirement to use monitoring measurements 
(DOE 1988a, Chapter 3, Paragraph 3b) can serve as the rationale to have modeling guide the sampling 
program so that it can provide data for model design. These criteria will be discussed in the next 
subsection. 

1.4 United States Nuclear Regulatory Commission Regulations and 
. .  Guidance 

Through its regulations, the NRC has also provided guidance to define the issues surrounding process 
and parameter identification, model selection, estimates of model inputs, assessment of model accuracy, 
model application, and evaluation of model results in relation to low level waste disposal licensing. 
Guidance includes requirements that the disposal site shall be capable of being characterized, modeled, 
analyzed, and monitored (NRC 1988a). This includes various standard review plans (SRPs). 

The SRPs that guide NRC staff in their license application evaluations provide additional criteria for 
groundwater and solute transport modeling. These SRps (e.g., NRC 1983, 1988a, 1988b, 1988c, 1991a, 
1991b, and 1991c) and other guidance show that NRC staff look for specific technical evidence in their 
evaluation of the defensibility, suitability, and appropriateness of groundwater flow and transport models. 
Criteria that apply to model design include: 

1) Describes completely the conbinant  transport pathways between the engineered disposal unit 
and .the site boundary and existing or known future groundwater user locations (NRC 1991b, p. 
6.1.5.1-4) 

2) Estimates and justifies the physical and chemical input parameters used in the transport models 
to calculate radionuclide concentrations (NRC 1991b, p. 6.1.5.1-4) 
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3) Describes the data and justifies the manipulation of any data used in the analyses (NRC 1991b, 
p. 6.1.5.2-3) 2 

1 

2.0 MODEL UNCERTAINTY ANALYSIS 
3 

4 
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This section identifies model uncertainty analysis criteria as derived from a review of Federal and State 
laws, regulations, and guidance. Model uncertainty analysis is the calculation of uncertainty or 
confidence intervals of model output, specifically for certain performance measures. 

2.1 United States Environmental Protection Agency Regulations and IO 

Guidance 11 

CERCLA 

The US EPA (US EPA 1992) has issued final guidelines for exposure assessment under CERCLA. These 
guidelines describe the role of uncertainty analysis in assessing model outputs. The guidelines also 
discuss how uncertainty results from parameter uncertainty, sensitivity of inputs to outputs, and 
propagation of these uncertainties and sensitivities through a given model. These guidelines describe both 
qualitative and quantitative techniques to evaluate model uncertainty relating to the risk assessment. 
Quantitative methods include sensitivity analysis, analytical uncertainty propagation, probabilistic 
uncertainty analysis or classical statistical methods. These guidelines further state that the degree of 
uncertainty analysis is dependent on the requirements of the assessment. 

RCRA 

The US EPA (US EPA 1986, p. 158) recommends uncertainty analyses for RCRA TSD permitting 
through sensitivity analyses: "The sensitivity of the model output both to the measured and assumed input 
parameters should be determined and incorporated into any discussion of model results." 

SDWA 

The model uncertainty analysis with respect to SDWA criteria in the WHPA context depends on the 
uncertainty in meeting the criteria thresholds discussed in Table A-1 . Criteria thresholds represent limits 
above or below which the selected criteria will cease to provide the desired protection. A state's choice 
of a criterion usually combines technical and administrative considerations. The US EPA (US EPA 
1987b, Section 3.2) gives examples of such criteria. 

_ .  
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2.2 Ohio Environmental Protection Agency Regulations and Guidance 

The Ohio EPA addresses model uncertainty analysis only indirectly from the viewpoint of model design 
in its "Review of Work Plans and Reports Generated During the Remedial Investigation and Feasibility 
Process" (Ohio EPA 1990b, pp. 4-6). Part II.A.3 of Ohio EPA (Ohio EPA 1990b) shows that the agency 
will review whether the sampling program will generate enough data to develop and evaluate the 

. alternatives fully. 

2.3 United States Department of Energy Orders 

The DOE (DOE 1988a, Chapter 3) only implies the need for uncertainty analyses because these DOE 
orders require performance objectives and performance assessments involving flow and transport 
modeling. The dose requirements (DOE 1988a, Paragraph 3a) implicitly require that the performance 
assessments use uncertainty and sensitivity analyses to develop confidence intervals for the groundwater 
travel time, maximum concentration in the aquifer, and cumulative release to the accessible environment. 

2.4 United States Nuclear Regulatory Commission Regulations and 
Guidance 

Performance standards for lowilevel waste disposal facilities are described in 40 CFR 191 and 10 CFR 
61. To be licensed, a disposal facility must meet certain requirements. For example, 10 CFR Part 61 
requires that one can model the site. 

Various SRPs (e.g., NRC 1983, 1988a, 1988b, 1991a, 1991b, and 1991c) and other guidance show that 
NRC staff look for specific technical evidence in their evaluation of the uncertainty of the groundwater 
and transport models. Specifically, NRC staff want evidence that gives the calculated radionuclide 
concentrations and groundwater travel time at appropriate distances down gradient from the site, including 
associated uncertainties in the methods and data (NRC 1991a, 6.1.5.1, p. 6-7). 

3 .O MODEL COMPARISONS TO FIELD DATA 

Federal and State regulations give some guidance regarding the comparison of predicted model outputs 
with historical field data. Three types of activities perform this comparison: (1) model calibrations, (2) 
performance evaluation (i.e., extended verification or "validation"), and (3) post audit assessments. 
Calibration matches predicted against historical field data. Performance evaluation uses the calibrated 
model to predict new results and compares them with independent data measured over a longer period 
and at different times. Post audits compare model predictions with field data collected several years after 
completion of model study. 
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United States Environmental Protection Agency Regulations and 
Guidance 

US EPA (US EPA 1986;~. 158) gives brief guidance on how to use field data in the calibration of the 
groundwater model. Van der Heijde and Park (van der Heijde and Park 1987) discuss the use of data 
in performance evaluations. These field data should represent a totally independent set of field 
measurements (as opposed to those used in the calibrated model) that involve multiple conditions at 
uniquely different hydrogeologic stresses. 

Van der Heide (van der Heide 1987) gives guidance on quality assurance programs for collected data that 
would be used in model comparisons. 

3.2 United States Department of Energy Orders 

For low-level waste facility siting, the DOE @OE 1988b, Chapter 3) states that: "(3) where practical, 
monitoring measurements to evaluate actual and prospective performance should be made at locations as 
required, within *and outside each facility and disposal site. Monitoring should also be used to validate 
or modify the models used in performance assessments." 

3.3 United States Nuclear Regulatory Commission Regulations and 
Guidance 

For low-level waste facility siting, NUREG-0856 (NRC 1983) and the NRC (NRC 1991b, p. 6.1.5.1-4) 
require comparisons with field data or data from well design experiments to demonstrate that the model 
correctly accounts for major processes and can accurately represent the geohydrologic system. 

4 .O MODEL APPLICATION 

Model application involves the use of the model to make predictions to support investigatory or design 
efforts. Quality assurance is also included in this section because adequate execution of related technical 
and scientific tasks requires reproducible and defensible modeling results. The following subsections 
review the guidance for model application and related model quality assurance as given by Federal and 
State regulations. 
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4.1 United States Environmental Protection Agency Regulations and 
Guidance 
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The US EPA (US EPA 1986, p. 156) sees uses of modeling, although with recognized limitations. For 
example, it says "modeling results should not be unduly relied upon in guiding the placement of 
monitoring wells or in designing corrective actions." In contrast, the US EPA's RCRA alternative 
concentration limit guidance (US EPA 1987a, p.4-6) states that "[allthough not required for an ACL 
demonstration, mathematical simulation models of groundwater flow and contaminant transport can be 
extremely useful tools for the applicant.. .'I 

The Superfund program allows modeling to predict concentrations in groundwater for an assessment of 
risks at the site (US EPA 1986a, 1988a) and to predict the concentration for an assessment of the residual 
risk after implementation of the preferred remedial action (US EPA 1988a). 

The US EPA (US EPA 1992, Section 3.5.3.3) gives some brief guidance on the use of quality assurance 
in modeling activities. Specifically, US EPA (US EPA 1992, Section 3.5.3.3) deals with obtaining, 
installing, and using a model. Van der Heijde (Heijde 1987) has also outlined several elements of a 
model quality assurance program. 

4.2 Ohio Environmental Protection Agency Regulations and Guidance 

The DGW addresses model application through its guidance and policy entitled "Groundwater Guidance 
on Solid Waste Siting Criteria: Minimum Distance from a Public Water Supply Well, Ohio EPA (Ohio 
EPA 1991a)." The Ohio EPA (Ohio EPA 1991a, pp. 1-2) places restrictions on the siting of a sanitary 
landfill facility (SLF). An SLF cannot lie 'I.. .within the surface or subsurface areas surrounding a public 
water supply well through which contaminants may move toward and may reach the public water supply 
within a period of five years." This rule protects public water supply (PWS) wells by mandating a 5-year 
water TOT. This TOT provides time to assess and remedy possible releases of leachate at an SLF. The 
Ohio EPA (Ohio EPA 1991a) explains how to show compliance with this rule and what criteria may 
exempt a facility from this rule. 

All four of the following final guidance and policy documents issued by the DGW deal indirectly with 
various model application and documentation and review aspects of model quality assurance: 

1) Review of Groundwater Quality Assessment Plans 

2) Guidance on Solid Waste Siting Criteria: Minimum Distance from a Public Water Supply Well, 
Ohio EPA (Ohio EPA 1991a) 
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3) Significant Zone of Saturation, Ohio EPA (Ohio EPA 1991b) 

4) Procedures for DGW Review and Comment on Sanitary Landfill Facility Permit-to-Install 
Applications, Ohio EPA (Ohio EPA 1991c) 

The Ohio EPA (199Oa) establishes policy and procedures for DGW review of groundwater quality 
assessment plans (GWQAP) submitted for hazardous waste land disposal and other similar types of 
facilities. In terms of model application, these requirements suggest specific uses of groundwater and 
transport modeling that would help integrate and interpret site specific data. Furthermore, modeling 
would also help define additional data needs that ultimately will be used to evaluate alternatives. 

4.3 United States Department of Energy Orders 

The DOE (DOE 1988a, Chapter 3) deals primarily with model application and only indirectly with model 
quality assurance by reference of various NRC regulations which are discussed below. Specifically, DOE 
5820.2A, Chapter 3, outlines performance objectives and performance assessment requirements for the 
management of low-level waste (LLW). It states or recommends that the DOE: 

Must analyze Federal and State regulatory requirements to determine application to each LLW 
management facility. 

Review standards imposed by NRC with a caution that these usually do not directly apply to DOE 
operations. 

Should consult NRC and US EPA regulations to determine "what, if any, application they have 
to the management of LLW at DOE facilities." However, the DOE (DOE 1988a, Table 2) 
remains unclear as to what type of DOE LLW facility is not regulated by 40 CFR 190 and 191. 

Must analyze the regulations on a case-bycase basis for each facility. 

Must assess performance as part of design process and use a "systematic analysis of potential 
risks posed by waste management systems to the public and the environment, and a comparison 
of those risks to established performance objectives (DOE 5820.2A, Attachment 2, p. 3). 

. -  . , , P'  
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4.4 United States Nuclear Regulatory Commission Regulations and 
Guidance 

Regulation 10 CFR 61 stipulates key standards for model applications that evaluate facility performance. 
These regulations contain reference to limits on: 

1) Cumulative releases of radioactivity to the accessible environment 

2) Radionuclide concentrations in special sources of groundwater 

3) Groundwater travel time requirements from the disturbed zone to the accessible environment 

NRC guidance requires various model application and model quality assurance efforts. NRC (NRC 1983, 
1991c) has comprehensive guidance to define a process for reviewing model applications. These efforts 
include the use of a quality assurance program to ensure adequate quality in the developed and maintained 
computer codes and data generated for and by these codes including a catalog of changes and the most 
updated version of the codes in use (NRC 1991c, p. 1). The NRC requires a description of the 
contaminant transport models used in the analysis, including modeling procedures and complete 
documentation of the codes as required in NUREG-0856 (NRC 1983; 1991b, p. 6.1.5.14). Also, the 
guidance requires that evidence exists that justifies, documents, verifies, and calibrates any equations or 
program codes used in the analyses (NRC 1991a, p. 2-9). Also, NRC guidance requires evidence of peer 
review and management approval to ensure a systematic record of reviews for most geotechnical data, 
flow and transport calculations analyses (NRC 1988b; 1991~). The NRC guidance considers the 
maintenance of a quality assurance program on both the computer codes and the data that goes into these 
computer codes. 

NRC (NRC 1991a, p. 9-5, 3rd paragraph) guidance suggests that measures include those that ensure 
verification of accuracy of data input to computer codes. NRC (NRC 1991c, p.34) suggests that these 
data should be defined, controlled, and verified. In addition, the intended use of these data should be 
documented as part of the planning process. This model data base should help the NRC evaluate the 
“defensibility, suitability, and basic conservatism ‘I of the modeling results (NRC 1991b, p. 6.1.5.1-3). 
A model data base should be developed that follows these suggestions. Model inputs should consist of 
raw site data, performance assessment data, and engineering design data. Site data should include 
regional and site data from current activities and past site studies. NRC (NRC 1988c, Table 1) lists tests 
and procedures necessary to evaluate or document approximately 70 important parameters for licensing 
a low-level radioactive waste disposal site. 
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307. 

308. 

304. 

247. 

Commenting Organization: U.S. EPA Commentor: Gene Jablonowski 
Section #: 5.3.3.1 Pg. #: 5-13 Line #: 9 Code: C 
Original Comment # 24 
Comment: It should be clearly stated how attenuation, the loss of contaminants from the plume, could be 

a factor that would affect radionuclides with relatively long half-lives (> 1000 years) or low 
mobility. 

Response: Agreed. 

Action: More discussion will be provided in the revised (Phase Il) RI concerning the attenuation 
of radionuclides with relatively long half-life (> 1,000 years) or low mobility. 

Commenting Organization: U.S. EPA Commentor: Gene Jablonowski 
Section #: 5.4.7 Pg. #: 5-61 Line #: 20 Code: C 
Original Comment # 25 
Comment: This section should not only summarize the contaminant transport information for the 

individual waste areas, but also the cumulative contaminant transport effects, if they exist, of 
all the OU 2 waste areas combined. 

Response: See CommentlResponse No. 304. 

Action: See action to CommentlResponse No. 304. 

Commenting Organization: U.S. EPA Commentor: Gene Jablonowski 
Section #: 5.3.1 Pg. #: 5-9 Line #: 4 Code: M 
Original Comment # 21 
Comment: In calculating the resuspension rates and the highest on-site and off-site airborne particulate 

concentrations for each of waste areas, calculations should have been performed to determine 
areas on-site and off-site that are maximally affected by the cumulative effects of all the waste 
areas. 

Response: Agreed. 

Action: Issues regarding appropriate modeling protocol and procedures used in the draft RI air 
transport analysis are unresolved. In the event that the modeling effort requires revision, 
Section 5.3.1 will be revised to include the cumulative effects of all the waste areas. 

Commenting Organization: C.S. EPA Commentor: Saric 
Section #: Appendix B Pg. #: B-52 Line #: 37, 38 Code: 
Original Specific Comment #221 
Comment: The text states that conceptual models were used to simulate ground-water flow. This 

statement appears to be inaccurate because only one model was used to simulate ground-water 
flow at the site. DOE should check and correct this statement, if necessary. 

Response: Comment noted. 

: ? 
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Action: The text will be checked and corrected, if necessary. 

250. Commenting Organization: U.S. EPA Commentor: Saric 
Section #: Appendix B Pg. #: B-82 Line #: 23 
Original Specific Comment #224 
Comment: The text should define the term "normalized concentration." 

RespoIlSe: Agreed. 

Action: Normalized concentration will be defined in the revised text. 

4378 

Code: 

251. Commenting Organization: U.S. EPA Commentor: Saric 
Section #: Appendix B Pg. # B-97 Line #: 10 Code: 
Original Specific Comment #225 
Comment: DOE should provide examples of the constituents referred to in the statement "peak 

concentrations of some constituents . . . can be expected to be quite low." The range of the 
expected low concentrations should also be provided. 

Response: Agreed. 

Action: A list of constituents and ranges of concentrations will be provided. 

252. Commenting Organization: U.S. EPA Commentor: Saric 
Section #: Appendix B Pg. #: B-157 Line #: 18 Code: 
Original Specific Comment #226 
Comment: The phrase "of the contaminant plume" should be revised to read "of the concentrations in the 

contaminant plume. " 

Response: Agreed. 

Action: The text will be corrected. 

331. Commenting Organization: OEPA Commentor: 
Section # Pg. # Line#: Code: 
Original Comment # 4 
Comment: The RI report fails to determine whether any of the waste units are contributing to 

groundwater contamination presently. Significant groundwater contamination does occur near 
a number of the waste units. The resolution of the waste units as groundwater contamination 
sources can not be put off until the OU5 RI, since the OU2 ROD should be complete before 
the issuance of the that RI. 

Response: Agreed. 

Action: See action to Comment/Response No. 22. 

2. SDecific Cmment - #1-119 
(Commentor: Ohio EPA and GeoTrans) 
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353. Commenting Organization: OEPA Commentor: 
Section #: Pg. #: P4-29 Line #: 21-27 Code: 
Original Comment # 22 
Comment: DOE has not included figures illustrating ground water flow based upon the quarterly 

Phase I1 RI Report sampling events. Additionally, the text does not include a 
technical discussion of ground water flow gradients or directions. As a result, it is 
impossible to evaluate MW 2052’s adequacy as an upgradient monitoring well. 

Agreed. The same comment was received from the US EPA. Response: 

Action: The revised (Phase n) RI Report will contain an expanded discussion of the 
hydrostratigraphic features. 

4378  

386. Commenting Organization: OEPA Commentor: 
Section #: Pg. #:5-21 Line #:3 1-36 Code: 
Original Comment # 55 
Comment: Ohio EPA has identified many problems with the SWIFT I1 model as it has been used 

by DOE. DOE is currently taking action to fix some of these problems. As such, it 
is not suitable for use for the OU2 RI fate and transport modeling. Once the model 
input is corrected, then it can be used for this process. 

A global groundwater model improvement task based on USEPA and OEPA 
comments is currently underway. However, the problems associated with the 
current groundwater model may not be critical to the type of model applications 
in the OU 2 RI report. 

Response: 

Action: Necessary justifications of the type of model applications in OU 2 RI using the 
current model and the needs of model sensitivity analyses will be determined for 
the revised (Phase II) RI Report. 

428. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: 5.4.1.3 Pg. # Line #: Code: C 
Original Comment # 97 
Comment: Is it possible that vertical mixing is only on the order of a few feet or less thus 

questioning the vertical discretization used in the groundwater transport model. If the 
size of the grid blocks is significantly greater than the vertical mixing of the plume, 
the model will result in geometric mixing and underprediction of the level of the 
concentration. In other words, by applying relatively coarse vertical grids, the model 
will undercalculate the concentration level. Has this been sufficiently explored? In 
the regional model this was less of an issue as the scale of the transport plume was 
greater. 

RespoIlSe: The corrected contaminant loading terms from ODAST and the measured vertical 
contaminant concentration profiles will be used to study the selection of the size 
of the vertical mixing 
current groundwater model is suftiuent to support the risk assessment. 

zone. It is expected that the vertical resolution of the 
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Action: The size of the vertical mixing mne will be discussed in the revised (Phase II) RI 
Report text. 

429. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: 5.4.1.3 Pg. #: 5-26 Line #: 31 Code: E 
Original Comment # 98 
Comment: What uranium is presented in the contour plot? Is it U-238 or all isotopes added 

together. This should be more clear both in the text and the figures. Also what 
model layer is this? It appears to be the topmost layer. 

Response: Comment noted. 

Action: The text of the revised (Phase rr) RI Report will be clarified with regard to 
presentation of the results. 

445. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: B.3.7.2 Pg. #: Line #: Code: M 
Original Comment # 114 
Comxpent: It would very useful to provide summary tables or plots of the mass in place. It is 

difficult to understand just how much of the material actually leaches, how much is in 
the vadose zone (sorbed and dissolved) and how much is within the groundwater flow 
system (sorbed and dissolved) and how much actually decayed. A semi-log plot might 

. be useful here. 

Response: Comment noted. 

Action: A discussion of mass balance of the contaminant in the model simulations will be 
presented in the revised (Phase II) RI Report. 

446. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: B.3.7.2 Pg. #: Line #: Code: M 
Original Comment # 115 
Comment: There should be some discussion or displays of the concentration level at different 

depths. It is difficult to understand and accept the areal contours without some 
indication of the vertical mixing. A vertical plot would be extremely useful. 

Response: Comment noted. 

Action: Representative vertical profile of contaminant concentrations will be provided in 
the revised (Phase II) RI Report. 

448. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: B.3.7.1 Pg. #: B-104 Line #: 19 Code: M 
Original Comment # 117 
Comment: How were the parameters varied? What determined acceptable recalibration? What 

were the final values? How did these vary from the regional model? What is the 
importance of these changes? Does this say something regarding the calibration 
efforts of the regional model? It seems that the local model was recalibrated with 
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greater emphasis on matching the local monitor wells. Why not provide the statistics 
as was provided in the regional model calibration? 

Response: Comment noted. 

Action: The development of the regional and local groundwater model will be described 
in detail in the Groundwater Modeling Report to be submitted in April, 1993. 

449. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: B.3.7.1 Pg. #: B-104 Line #: 9-30 Code: M 
Original Comment # 11 8 
Comment: There is no discussion of the perimeter boundary conditions. It must be assumed that 

the calibrated heads from the regional model were interpolated to for Dirichlet 
(prescribed heads value) boundary conditions. This should be more clearly stated as 
this has definite implications regarding the limitations of mesh refinement. For 
example, the local area model must be used with caution in modeling any additional 
sources/sinks at wells. Furthermore, the model can not be easily used to simulate 
transient groundwater flow. 

Response: See CommentDtesponse No. 448. 

Action: See action to Comment/Response No. 448. 

450. Commenting Organization: OEPA Commentor: GeoTrans 
Section #: B.3.7.2 Pg. #: B-105 Line #: 33-35 Code: M 
Original Comment #119 
Comment: How were the loading rates defined? Was the interpolation performed using the log 

of the concentration? Was there a check on the preservation of, i.e. the area under 
the curves? Could the approximation of the "spikes" to a uniform value for a 
specified period of time result in an additional numerical mixing and loss of artificial 
reduction in the calculated peak concentration? 

Response: 

Action: 

Comment noted. 

The revised (Phase II) RI Report will clarify the use of the ODAST model and 
the source term determination process. 
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Commenting Organization: Ohio EPA 

Section: Page: 6-2 Lines: 1, 2, and 3 

4378 
Commentor: 

Comment Code: 

Comment No. 27 

Comment: This is representative of the SWIFT III model, which was not approved by the Ohio EPA 
(see comment 18 above). Figure 6-1 is not representative of the existing south plume 
contaminant concentrations and/or flow conditions. Please correct. 

Response: Figures 6-1 and 6-2 are representations of the studies done for placement of the South 
Plume EE/CA (now South Plume Removal Action) well fields. They are not necessarily 
required to support the ISA text and will be deleted. However, they cannot be replaced 
with maps displaying more recent data as this would not be representative of the data 
used to perform the initial study. 

Action: Figures 6-1 and 6-2 and any references in the text to these figures will be deleted from 
the ISA report. 

Commenting Organization: Ohio EPA Cementer: 

Section: Page: 3-88 Line: 16 Comment Code: 

Comment No. 18 

Comment: SWIFT I11 model output data has not yet been approved by the Ohio EPA. 

Response: A report is in preparation describing the SWIFT I11 groundwater model and its 
application results which will be provided to the agencies for approval in late spring. 
Additionally, a model improvement effort is underway to address agency concerns 
regarding SWIFT I11 and its application at the FEMP. This approach is consistent with 
that present US EPA representatives at the January 7 ,  1993 TIE meeting. 

Action: The SWIFT I11 groundwater model reference and associated text and figures will be 
deleted from the ISA. 

February 26, 1993 Response from Graham E. Mitchell, Ohio EPA 

The DOE’S responses to Ohio EPA comments on the CRUS ISA Report were acceptable, with the 
exception of the comment listed below: 

r * ‘  
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1) Page 13 original comment 27 - Conclusions based upon data obtained through the groundwater 
modeling process are invalid. If accurate site-specific data nullifies the conclusions of the South 
Plume EE/Ca, then the conclusions should be revisited and revised accordingly. This is not a 
criticism of the model but on the process and assumptions. At the groundwater meeting held in 
Cincinnati on January 7, numerous problems with the groundwater modeling process were 
discussed and the DOE outlined a plan to correct these problems and produce a model calibrated 
to actual field data. 
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Department oi Energy 
Fernaid Environmental Management Proiecr 

P.O. Box 398705 
Cincinnari. Ohio 45239-6705 

(5 131 738-6357 
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SEP 1 5 1992 
DOE-2694-92 

Mr. James A .  Sar ic ,  Remedial Project Director 
U.S. Environmental Protection Agency 
Region V - 5HR-12 
230 S o u t h  Dearborn Street  
Chicago, I l l i n o i s  60604 

Mr. Graham E. Mitchell, Project Manager 
Ohio Environmental Protection Agency 
40 S o u t h  Main S t r ee t  
Dayton, Ohio 45402 

Dear Mr. Saric and Mr. Mitchell: 

TRANSMITTAL OF RESPONSES TO UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
(U.S. EPA) AND OHIO ENVIRONMENTAL PROTECTION AGENCY (OHIO EPA) COMMENTS ON THE 
SOUTH PLUME REMOVAL ACTION GROUNDWATER MODELING REPORT 

References: 1) Let ter ,  J .  A .  Saric t o  J .  R .  Craig, "Approval of  the S o u t h  
Plume Removal Action Groundwater Model i n g  Report, 'I dated 
June 5, 1992 

2)  Letter ,  G .  E .  Mitchell t o  J .  R .  Craig, " S o u t h  Plume Removal 
Action Groundwater Modeling Report," dated May 20,  1992 

This l e t t e r  transmits the Uepartment of Energy's responses t o  U.S. EPA 
comments (Reference 1 )  and Ohio EPA comments (Reference 2 )  on the S o u t h  Plume 
Removal Action Groundwater Model ing  Report. 
Enclosures 1 and 2. 

The responses are provided as 

I f  you or your s t a f f  have any questions, please contact me FTS 513-738-6159 or 
C .  J .  Fermaintt a t  FTS 513-738-6157. 

S i  ncerel y,  

FN:Fermaintt 

Enclosure: As Stated 

% . ;  \ 

ro jec t  Manager 

106 



cc  wlenc. : 

J. J. Fiore, EM-42, TREV I 1  
S. Frush, EM-424, TREV I 1  
K. A .  Hayes, EM-424, TREV 11 
L. Jenson, USEPA-V, AT-18J 
P. Harri s, OEPA-Dayton 
M. Proffitt, OEPA-Dayton 
T. Schneider, OEPA-Dayton 
L. August, GeoTrans 
T. W .  Hahne, PRC 
R. Bowser, WEMCO 
J. P. Hopper, WEMCO 
L. Kahill, Radian 
AR Coordinator, WEMCO 
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- T. i * a 
< k S .  RESPONSE TO U . S .  EPA COMMENTS ON THE 

U.S. DEPARTMENT OF ENERGY’S 
SOUTH PLUME REMOVAL ACTION GROUNDWATER MODELING REPORT, APRIL 1992 

:Zornment 1 :  The model ing report probabiy overstates the accuracy of particle 
tracking analysis. For example, page 4-4 o f  the modeling report 
states that the revised location of the groundwater extraction 
wells will deflect the organic contaminant plume by less than 1 
foot and the inorganic plume by a maximum of 20 feet. The U.S. 
Department of Energy (DOE) Ground Water Report (dated December 
1991) described particle tracing as a function of the three 
dimensional groundwater flow model. The smallest cells used in 
the south plume area of interest (rows 10 through 19 and columns 5 
through 10) are 250 feet by 500 feet. Unless the model code i s  
capable of tracking particles within individual cells the accuracy 
is overstated. In addition, it is also unclear if the model code 
account for other factors which reduce the accuracy of particle 
tracking, such as dispersion and diffusion. Additional 
information could be provided to support the conclusions o f  the 
particle tracking analysis. 

Response: See DOE response to OEPA Comment tl. 

Action: A s  stated in response Comment #1 made by the Ohio EPA. 

Comment 2: The Ground Water Report generally lacks sufficient documentation 
concerning calibration of the ground-water flow model. 
dimensional ground-water flow model was calibrated to 1986 ground- 
water elevation data. The ground-water flow model was not 
calibrated to 1988 data as was the two dimensional ground-water 
flow model. Both models should be calibrated to 1988 data to 
confirm that the ground-water model accurately represents drought 
conditions. 

The three 

Additional calibration checks should be conducted with the most 
complete data set available such as 1991 or 1992 ground-water 
elevation data. Additional calibration of the three dimensional 
ground-water flow model is required because layer 1 of the model 
has only one observation point and layer 2 has no observation 
points in the area of interest in the south plume.(rows 10 through 
19 and columns 5 through 1 0 ) .  In addition, layer 2 o f  the ground- 
water flow model has only two observations points south o f  Fernald 
Environmental Management Project (FEMP)  property. Because further 
remedial actions will be required in the south plume (as well as 
other areas of F E M P ) ,  an additional post-calibration verification 
audit should be completed. 

1 
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RESPONSE TO U.S. EPA COMMENTS ON THE 
U.S. DEPARTMENT OF ENERGY’S 

SOUTH PLUME REMOVAL ACTION GROUNDUATER MODELING REPORT, APRIL 1992 

I t  i s  n o t  possible t o  make a point-by-point check on the model’s 
calibration because the Ground Water Report presents only  the 
residuals between modeled and observed measurements. DOE should 
provide a table which  presents b o t h  the observed (water level 
elevatton and uranium concentration) and the modeled measurements. 

See DOE response t o  OEPA Comment t 5 . .  

As stated in DOE response t o  OEPA Comment #5. 

Response: 

Action : 

Comment 3 :  A review of the calibration o f  the contaminant t r a n s p o r t  model was 
not conducted; however, as w i t h  the ground-water flow model, the 
most complete data set should be used t o  calibrate the model or a t  
least  perform a post-cal ibration verificatfon a u d i t .  

Response: 

Act i on ; As stated t n  OOE response t o  OEPA Comment #5. 

Comment 4 :  To provide a check on the accuracy of the model t o  predict future 
remedial actions, the ground-water f l o w  model should be run  t o  
simulate the effect that pumping from the south plume extraction 
wells will have on the water table. Ground-water elevation data 
for speciftc monitoring points should be modeled so that the model 
predictions can be verified by future field observations. 

DOE concurs w i t h  U.S. EPA comment. The predicted effect  tha t  
pumping from the south plume extraction wells will have on the 
water table i s  reported i n  the South Plume Removal Action 
Groundwater Modellng Report (Figure 14). 
actually pumping, fleld observations will be used t o  verify the 
predictfons which were made using the model. 

The recently submitted South Plume Removal Action - Design, 
Monitoring, and Evaluation Program Plan (DMEPP), defines a program 
of  model validation using pump t e s t  and i n i t i a l  operation of the 
well f ie ld ,  and routine monitoring t o  verlfy model predictions. 

Response: 

Once the wells are 

Act i on : As stated I n  the response. 
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Enclosure 2 

RESPONSE TO O H I O  EPA COMMENTS ON THE 
U.S. DEPARTMENT OF ENERGY’S 

SOUTH PLUME REMOVAL ACTION GROUNDWATER MODELING REPORT. APRIL 1992 

General Comments 

Comment 1: The conclusions reacnea i n  the aoove-nentionea rworr s2em to piace 
too much credibility on the ability of the moael to accurately 
predict the effects of well placement variation on the cnemical 
migration. The current model lacks the requirea level o f  
calibration to accurately differentiate between the alternate well 
schemes. For example, on page 5-1, line 8, the model is not 
accurate enough to reliably state that the currently proposed well 
field will deflect the inorganics plume by less than 20 f e e t .  The 
position of the plumes is simply not that well known. 

Response: DOE agrees that predictive results obtained from the FEMP local 
flowjtransport Todel are limited. This limitation is due. in part, 
to the need for further calibration work. The FEHP transDort node1 
i s  not satisfactorily calibrated south of Willey Roaa. Until 
additional site specific data is obtained for the model domain. :y,Lk2 

pertaining to the SP, until the model mesh is further refined, until 
the northern PRRS plume boundaries are better delineated, and until 
additional calibration work has been conducted, predictions made , 1 

using the FEMP local uranium transport model will remain ;:;e .-w, L ;,n 
L@& 

questionable. 
. “.I,& The SP recovery well ‘field locations are not based on the FEHP local 

,,,4.~*, uranium transport model. Instead they are based on the FEMP local . . ’  
flow model, field based uranium contour plots, and particle 
tracking. Because of these inherent uncertainties, the recovery 
system has been designed in a conservative manner with excess 
pumping capacity, excess force main capacity, and additional stubs 
for future well connections. A periodic evaluation program will 
determine i f  the system is acnieving its objectives and changes will 
be made based on the results o f  this waluation (see OMEPP for 
further explanation). 

... 

Groundwater model ing was performed for the South P1 ume (SP) Removal 
Action (simulated flow vectors, 1 inear velocities, and uranium 
concentration values) in an area where well control was sparse and 
where time predictions were queried. Recovery wells are being 
designed in a line normal to the axis of the plume. These recovery 
wells are best viewed as barrier wells with a significant capability 
o f  arresting uranium builduD at the proposed recovery location. 
They are based on the FEMP local flow model. Partic1.e’ tracking 
(STLINE) was imposed on the locai flow reaime as estimated by SWIFT 
I11 governing flow equations under steady sxate conditions. 
Particle tracking results have been compared ana integrated with 
fi’eld characterization data south of GIilley Rd. 

1 
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RESPONSE TO OHIO EPA COMMENTS ON THE 
U.S. DEPARTMENT OF ENERGY'S 

SOUTH PLUME REMOVAL ACTION GROUNDWATER MODELING REPORT, APRIL 1992 

The extent 3f the uranium plume in the South Plume Area is best 
determinea usin9 iield-based uranium contour plots. South of Willey 
Rd, :veil control (for modeling purposes) is believed to be 
satisfactory along c h e  eastern frontage of Paddys 2un Rd. Predicted 
water levels near Paddys Run appear to be adequately Calibrated. In 
the case of transport though, only three wells have been calibrated 
for uranium in wells south of Willey Road. Risk assessment time 
plots generated from FEMP local flow/transport modeling, over time 
intervals of 5, 10, 20, . . . years at best postulate a southeasterly 
component and a moderate uranium concentration gradient on the 
western edge of the SP. 

Because of the 1 imi ted we1 1 cal i brations for extrapol ating uranium 
transport and the conservative approach to stress advective 
transport o f  uranium. particle tracking (STLINE) :vas ernpnasizea in 
the SP well recovery field design. Particles seeded in the 
uppermost model layer suggest that the proposed configuration of SP 
recovery wells will have the least impact on the PRRS plumes. The 
cell size of the mesh south of Willey Rd. preclude accurately 
predicting particle deflections of the order of 20 ft. The particle 
tracking is initially constrained. by the output flow vector and 
velocity from a SWIFT I11 cell. That output is generated from 125 
ft cells. This mesh cell size of the SP improved the numerical 
stability in solving the governing flow equations but is too coarse 
to be employed in other routines to predict particle deflections of 
20 ft. 

Action : 

Comment 2: 

The modeling report will be revised to stress the use of the FEMP 
regional flow and FEMP local flow/solute model a s  an optimization 
tool rather than an accurate predictor of deflections in the PRRS 
plumes. Text will also be revised to emphasize the accuracy of the 
model' predictions being made using the various groundwater model 
codes. 

Additional site specific data will be obtained from the South Plume 
area during a planned pump test and the installation of additional 
monitoring wells under Parts 2 and 3 of the South Plume Removal 
Action. Work is proceeding (Part 5 of the South Plume Removal 
Action) to further delineate plume boundaries in the South Plume 
Area. further calibration work is also planned (see response to 
OEPA comment g 5 ) .  

The discussion on model sensitivity on page 4-7, lines 25-35 clearly 
indicates that the model i s  overly constrained i n  its ability to 
represent the groundwater flow system. The model does not include 
the local hydraul ic variabil i ty on the scale of tens and hundreds of 
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feet, thus i s  not the referencea sensitivity analysis (i.e, 
variation o f  hydraulic conductivity and recharge) are not provided 
in the report. 

Response: Flow parameters imported from the FEMP regional flow model to the 
FEMP local flow model might be off-scale in some areas of the model 
domain if localized hydraulic variability in those areas i s  high. 
Site specific hydraulic data to support modeled input parameters is 
sparse.south of Willey Rd. However the calibrations of water levels 
on the western side of FEMP toward the SP area are less than 1 ft 
uti1 iring, for example, a hydraul ic conductivity (K,) of 450 ft/day 
in model layer 1 of the FEMP flow model. A 1 imitea number of wells 
though were utilized in the calibration of the SWIFT 1 1 1  FEMP 
regional flow model with April 1986 data. However flow predictions 
made using SWIFT 1 1 1  continue to march at 95% confidence intervals 
the water levels measured in wells along Paddys gun. The pronounced 
flow gradient patterns along Paddys Run are also 'repeated. 
Elsewhere in the SP area, well control is too soarse to confirm 
whether the FEMP local flow model is predicting flow patterns 

. .adequate1 y . 

Sensitivity analyses are necessary to assess how (1) changing 
hydraulic parameters, particularly in model layer 1 of the Great 
Miami Aquifer affect model performance; and ( 2 )  localized hydraulic 
parameters influence model performance. 

Sensitivity analyses were conducted on the regional FEMP flow model. 
Sensitivity o f  horizontal hydraulic conductivity, for example, was 
performed on two interim calibrated runs prior t o  completion of the 
final 1986 regional FEMP flow model calibration. Secause the runs 
were only on model layer 4 and 5 ,  and associated with the FEMP 
regional f low model, it is uncertain how variable conductivities and 
recharge impact the FEMP local flow model performance in the SP 
area. Model performance by the FEMP regional flow system apparently 
is not sensitive to horizontal hydraulic conductivity, for example, 
because o f  the infl'uence of the seepage o f  the Great Miami River. 
This is not unexpected but the river's influence may be limited in 
the area of the SP. A S I / I T  (1990) does show that Darcian velocities 
increase 13 % up to a distance of about 7250  f t  from the SOWC 
collector field but those velocity vectors are not situated in the 
S P  area. Still local differences in hydrauiic parameters may 
influence the SP predictions. 

. ' I. . ,A 
1' 

. "r; 
. .;c 
. *e 
j.._., 
. _.. * .  

The range of horizontal/isotropic hydraulic conductivities that were 
bracketed by the sensitivity runs are attached; additional 
horizontal/isotropic hydraulic conductivities are provided that are 
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in ASI/IT (1990) ana other reports. 

Act i on : 

Comment 3: 

Response : 

Action : 

Comment 4: 

Res ponse : 

Presently there is a task underway to validate the groundwater model 
in the vicinity of the south plume. This task is part o f  the design 
confirmation program as described in 'the South Plume Groundwater 
Recovery System, Design, Monitoring, and Evaluation Plan (Rev. 0, 
July 15, 1992). This task consists of a pump test, monitoring the 
groundwater elevation effects over the first quarter of the 
operation of the recovery well system, and validating the SWIFT site 
model using these data. Data collected from this validation process 
will be factored into model re-calibration work as deemed 
appropri ate. 

Sensitivity analyses will be performed for the upper model layers 
within the FEMP local f?ow/transport models. Spatially weighted 
statistical measures will also be performea to quantify the degree 
of uncertainty surrounding the wells south of Willey Rd. 

The report w i l l  be revised to emphasize the limitations o f  the 
modeling near the SP. 

The Groundwater Report (ASI/IT, 1990) shows the predicted present 
plume (Figure 21-27) and the 70-year prediction (Figure 21-32), 
whereas this report shows the present plume (Figure 13). There is 
now way to easily inspect the simulated effects of the currently 
proposed well field. To illustrate the simulated effects o f  the 
proposed recovery well withdrawals, the report should display the 
predicted plumes at 5 or more years with and without the proposed 
well fields. 

DOE concurs with Ohio €PA comments. 

The report will be revised with figures and appropriate text 
describing the SP uranium transport with and without the planned 
recovery well field south of Willey Rd. Each figure will show output 
o f  the predicted uranium concentrations at 5, 10, 20, and 70 year 
interval s. 

The predicted hydraulic head map (Figure 15) should include greater 
detail (i.e., a contour interval of 0.1 ft. on a separate.smaller- 
scale figure) in the region near the well field. This will allow a 
better interpretation of the simulated capture zone. 

The accuracy of the hydraulic heads or water table elevations for 
model layer ! are constrained by the FEMP regional flow model. 
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Calibrated flow vector fieids in the FEi*!P locai flow model in the SP 
area may have srror bars greater than ! ft. This is actually 
uncertain because the sensitivity runs ;./ere limited to the lower 
layers of the moael ana do not have a bearing on model layer 1 .  

During pumping of the SP recovery weil field the water table 
conditions will change and the drawdowns in the new potentiometric 
surface probably can be modeled with greater accuracy. 

Act i on : DOE concurs with OEPA comment. The modeling report will be revised 
to include a predicted drawdown map with a smaller contour interval 
to obtain better definition of the drawdown i n  the vicinity of the 
recovery wells. The scale of the predicted potentiometric map will 
be enlarged to depict finer contour intervals. 

Comment 5 :  There appears to be too much credibility placed on the predicted 
well performance in figures 1 6  to 18. The simulated plume is a 
gross generalization near Paddy’s Run. In the Groundwater Report, 
the two uranium measwements in layer 1 have residuals o f  - 3 5 . 5 4  and 
161.88 (Figure 2 1 - 1 1 )  and i n  layer 2 a residual of -116.19 ug/ i s  
reported (figure 2 1 - 1 2 ) .  Predicted concentration reductions in this 
area of the model are suspect as evidenced by the fact that 
deviations between measured and simulated uranium concentrations are 

The FEMP transport model is not satisfactorily calibrated south of 
Willey Rd. Three wells were utilized in model layer 1 and one was 
outside the 05% confidence limit. They are not triangulated across 
the predicted extension of the SP across Willey Rd. 

. on the order of the simulated well field concentration changes. 

Response: 

The SP recovery well field locations were not based on the FEMP 
local uranium transport model. They were based on the FEMP local 
flow model. Particle tracking (STLINE) was imposed on the local flow 
regime as estimated by SWIFT I11 governing flow equations under 
steady state conditions. Model results were compared and integrated 
with field characterization data south of Willey Rd. DOE agrees 
that the modei needs to be recalibrated but because of the SP 
recovery well field locations are n o t  based on the FEMP local 
uranium transport model, the recalibration will not be addressed in 
the SP report. 

Action : The SWIFT I 1 1  FEMP local transport model will be re-calibrated using 
available and representative wells south o f  Nilley Rd. and utilizing 
the original hydraulic parameters. This may improve the residuals 
and/or point out differences with the field-based uranium contour 
maps. Further, preparations wi 1 1  be made to perform a spatially 
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s t a t i s t i c a l  ana lys i s  o f  t he  uranium concent ra t ions  o f  the  S ? .  This 
w i l l  a s s i s t  determining b e t t e r  t he  s p a t i a l  var iance  o f  u r a n i u m .  I t  
has not been determinea y e t  i f  a s epa ra t e  r epor t  f g r  t h i s  acrivity 
w i l l  be issued or i f  t he  work wi l l  be. appended t 3  an e x i s t i n g  or 
planned document. 

Comment 6:  

Response : 

Act i on : 

Comment ? :  

The predicted heads i n  l a y e r  1 o f  the local  t r a n s p o r t  model ( f i g u r e  
6 )  a r e  c l e a r l y  impacted by the assumed recharge d i s t r i b u t i o n  
(groundwater r e p o r t ,  f i g  20-15) and are not the same as those 
appearing i n  t he  groundwater r e p o r t  ( f i g u r e  20-19) i n  t he  area e a s t  
of  the v i l l a g e  of f e r n a l d  and just west of t h e  bedrock " i s l a n d . "  
The importance of t h i s  i s  t h a t  the s p a t i a l  a l l o c a t i o n  o f  the 
recharge i n  th i s  area s i g n i f i c a n t l y  determined the  convergence of 
the plume as i t  c ros ses  Route 128. Furthermore. the degree o f  flow 
convergence d i r e c t l y  determines the  pred ic ted  e a s t e r l y  d e f l e c t i o n  of 
the p a r t i c l e s  from Paddy's Road Run S i t e .  The s e n s i t i v i t y  and 
importance of the recharge v a r i a t i o n s  should be addressed and not 
simply dismissed on page 4 - 7 .  

The pred ic ted  water  t a b l e  e l e v a t i o n s  of the G14A shown i n  f i g u r e  6 
a r e  iden t i ca l  t o  those  i n  Figure 20-19 o f  the Groundwater Report 
(ASI/IT, 1990). The i s o p l e t h s  i n  the area e a s t  of f e r n a l d  and west 
o f  the bedrock " i s l a n d "  a r e  a n  a r t i f a c t  of the contouring package. 
The contouring program ex t r apo la t ed  po in t s  o u t s i d e  the  model's 
a q u i f e r  c e l l s  and caused the contours t o  bend. The sp l in ing  
func t ion  i n  t h e  contouring packages tend t o  " p u l l "  contours  toward 
the margin. This i s  evidenced by the flow arrows shown i n  the same 
f i g u r e ,  which do not flow ou t  from the bedrock b u t  flow near 
p a r a l l e l  w i t h  the model bedrock boundary. These same contours  were 
d e l e t e d  from f i g u r e  6 of the  Removal Action r e p o r t  due t o  their  
anomalous na ture  b u t  were not ed i t ed  o u t  of t he  a r a f t  Groundwater 
Report (ASI/IT, 1990) .  

No ac t ion  requi red ,  as noted i n  response.  

Resul t s  of the 72-hour a q u i f e r  t e s t  conducted i n  t h e  v i c i n i t y  of 
a l t e r n a t e  !water suppiy well AW-1 suggest t h a t  the  hydraui i c  
conduc t iv i ty  of the Great Miami Aquifer i n  the south plume area  may 
be much g r e a t e r  than t h a t  used i n  the  model. I f  t h i s  i s  the case,  
much higher pumping r a t e s  wi l l  be requi red  for plume capture .  DOE 
r e p o r t s  t h a t  t he  proposed recovery we1 1 l o c a t i o n s  liJi 11 be' opt imum i n  
any event (page 4 - 7 ,  1 ines  2 5 - 2 6 ) .  However, i f  t h e  pumping r a t e s  
need t o  be doubled or t r i p l e d  t o  achieve the  d e s i r e d  plume capture ,  
w i l l  the Part 3 IAWWT system have adequate c a p a c i t y ?  DOE should 
conduct a bounding t y p e  a n a l y s i s  of  i t s  72-hour pump t e s t  t o  
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estimate a range o f  hydraulic conductivity consisrent with the test 
data; ana then report its results. Yhat are the consequences for the 
removai action if the hydraulic conductivity in the south plume area 
is significantly higher than estimated by DOE? 'Ahat contingency 
options are available to deal with the consequences? 

Results o f  the 72-hour pump test, designed to confirm water supply 
for Albright & Wilson Co., did not quantify hydraulic conductivities 
for the Great Miami Aquifer. The test was not Conducted long enough 
to stress the aquifer. A pump test conducted to the north at 
Production Well-2 (within the modeled domain) by the USGS in 1962, 
resulted in a horizontal hydraulic conductivity (K,) calculation of 
267 ft/d. It is possible that the K, is actual larger due to the 
partial penetration of the test !well used durina the 1962 test. A 
higher vaiue (450 ft/day) has been employed in the FEMP flow model .'l.... ... A). 
for the upper moael layer. 
recovery design as it represents the high end value for the .. * "  

calibrated upper model layer where the pump inlets are planned. , ..t ___.... . - -- _. 

Each of the five recovery well screens/casings are designed for 800 

each, but will be capable of operating at an upper range of 650 gpm 
if necessary. At 400 gpm, the capture zone analyses suggest that a 
hydraulic barrier be achieved. The IAWWT i s  designed for a SP .. _.._ 
pumping rate of 2000 gpm at 140 ppb uranium. A margin of safety is , ~ 

available i n  the event that flow and/or the concentration o f  uranium '.:;Lc 
is greater than anticipated. Operating parameters for the IAWWT may ' . *  

need to be revised to increase thruput in the event that the margin 
of error is too great. Continuous evaluation o f  ail factors (i.e., 
actual rate & concentration from the south plume. ;Jaste pit runoff 
control project, existing waste-streams) affecting the makeup of the 
1700#/yr will be conducted, when the systems are operational, to see 
if further adjustments are required. 

The DMEPP has defined a program of periodic monitoring and system 
evaluations to determine if the recovery systern is meeting the 
removal action objectives. Based on these results, system 
modifications will be implemented as necessary. 

Response: 

This value was a l s o  utilized in the SP , ,  

. ,. .. 

gpm. The pumps are designed to be operated at a nominal 400 gpm 
a- 

,,* ' 

Action: 

S 0 e c i f i c C ommen t s 

Comment 8: ?g . f l -1 ,  Line $36. 1lercury is not a contaminate associated with the 
Paddy's Run Road Site (PRRS) ana should be removed from this line. 

Response: DOE concurs with OEPA comments. 
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Action : blercury wi 1 1  b e  deleted per che comment 

Comment ? :  Pg.31-4. The last sentence in this paraarapn appears to be 
misstated. Part 3 'was expanded to.ensure that no more than 1,700 
lbs .  of uranium would be discharged annually to the Great Miami 
River . 

Response: D O E  concurs with OEPA comments. 

Act i on  : The line will be corrected to read "...no more than 1700 pounds per 
year . . . "  as per the comment. 

Zornmenr: i3: Pg.fl-J. "xi11 n o t "  Xnould be chanaea to roflecL ;robability 
associated with rnoael in? efforts. Vhile this may appear trivial, 
Ohio  EPA wants to stress the limits o f  numeric noaeling to OOE. A 
model i s  at best a t o o l  which can help a hydrogeologist make 
decisions which are based upon a sound knowledge of the hydrogeology 
of a site. A model can never be a substitute for good data. 

Response: D O E  concurs with OEPA comments. 

Act i on : The 1 ine wi71 be changed to read "Groundwater flow and solute 
transport modeling has been performed t o  determine a location where 
pumping of the recovery well field is predicted to not significantly 
affect the PRRS piume and to not draw PRRS contaminants into the 
recovery we1 1 s. :I 

Comment 11: P c ~ . # l - 4 ~  LinesZO. It is unclear to Ohio EPA i f  this i s  based upon 
actual data or a model prediction. This should be clarified by OOE. 

Response: The 1 ine will be changed to stress that the data cited is based both 
on actual field observations and on model predictions. 

Act i on : Line ~ 2 0  will be revised as per the response. 

Comment :2:  Pg.2-9, Lineol. DOE should give specific references: do not simply 
reference "scientific 1 iterature". 

Response: DOE concurs with OEPA. 

Act i on : The references of Anderson (1984: 1989) and Bora (1976)  will be 
added to this line and included in the references. 
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Comment 13: Pg.52-9, L i n e ~ 7 .  If geochemical investigation showea "that uranium 
is in complexes wnich have neutral or negative charges; sucn charges 
imply low retaraation." then wny does DOE use a retardation factor 
of 12 in the ground water model? This should be explainea in detail 
by OOE ana shouid be supported with the appropriate field data. 

Response: Site specific differential uranium leaching analyses for aquifer 
solids taken from split-spoon cores in the SP were collected to 
assist in the determination of  retardation factors. South of Willey 
Rd., there were 3 samples collected from 2000-series wells and 1 
sample collected from 3000-series wells. In combination w i t h  
analytical results from groundwater in these wells, the arithmetic 
mean of uranium partitioning from solid to water was calculated as 
2.38 l/kg (t/- 1 . 4 2  l/kg). The corresponding retardation factor is 
2 5 . 7 5  (t/- 2 sigma = !0.98 - JO.52) ernploying a porosity of 0 .25  and 
a bulk density of 2.5C g/cc. 

This leaching technique recovers iron (FE) and manganese (MN) from 
any coatings on grains during the analyses. As a result, the uranium 
represents both recent urani um presumably from product rel eases at 
FEMP plus background uranium adsorbed onto solids in the GMA. 

Aqueous.speciation modeling of the groundwater in the GMA near the 
S P  suggest a predominance o f  uranium carbonate complexes UO,(CO,),-', 
UO,(CO,),-', UO,(CO,)a and/or UO,(H,PO,),. The predominance of negative- 
charged and neutral -charged uranium speciation i n the sampl ed 
groundwater would suggest lower potential for uranium retardation. 
These complexes would tend to be repel 1 ed by negatively-charged 
clays in the GMA. 

However, the presence of some Fe-compounds on aquifer solids i n  
1 imited spl it-spoon cores would suggest that uranium may be retarded 
from entering into solution. The influence of Fe and Mn leaching 
influenced the selection of retardation factors of 9-12 into the 
FEMP local transport model. Equally significant, was the observation 
that lower retardation factors would have resulted in uranium 
predictions beyond the presently observed distribution of uranium 
south of Willey Rd. 

Retardation is variable and competes with other geochemical 
processes that are difficult to model locally without site specific 
data south of Willey Rd. The governing equations of transport are 
dependent greatly on dispersivities which were estimated from the 
literature. 

Action: The report will' be revised to reflect the uncertainties associated 
with the model transport equations and emphasize the limited 
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laboratory analyses of aquifer solids and groundwater south of 
Willey Rd. 

Commenr 14: Pg.#2-9, Lines~l7-31. A groundwater plume may not have a true mean 
concentration. If the concentration changes in time it may be, and 
probably is, related to temporal changes in geochemistry. Therefore, 
it is technically incorrect to average concentrations over a two 
year period of time for the sake of calibration. 

Time-averaged data were employed in the calibration of uranium at 

slice at the well. Nith few wells available for calibration south of 
Willey Rd, in particular, multiple sampling rounds was the only 
viable substitute. . 

Response: 
- each well. It does not represent a mean of rep1 icates at one time- 

Aqueous speciation modeling suggests that the predominant uranium 
complexation will be carbonate or phosphate. It is unTikely that 
radical changes in speciation of uranium complexes will, occur during 
the time-averaging period. Absolute concentrations will vary though 
as desorbtion occurs between the aquifer solids and the water 
column. 

Selected time-series sampling and statistical autocorrelations will 
be employed to more fully measure absolute uranium concentration 
fluctuations. In the past, general inspection of uranium 
concentration vs. time plots for most wells did not exhibit great 
fluctuations. A 95% confidence limit on the time averages was 
employed in the calibrations. Outliers were not treated because the 
steady state modeling adjusts uranium predictive values to a normal 
distribution. The FEMP local transport model was not run under a 
transient mode. Dynamically changing uranium concentrations in the 
SP are difficult to predict under the present model design. 

Act i on : The report will be revised to emphasize the uncertainties associated 
with time-averaging and the limitations of the FEMP local transport 
model i ng . 

Comment IS: Pagei3-1, Lines~24-29: It is unclear to Ohio EPA as to how DOE 
determined that the error in the model indicates that source loading 
was greater i n  the past. Ohio EPA believes that this error could 
al so represent incorrect values for attenuation and hydraul ic 
conductivity. 

FEMP 1 oca1 transport model predictions of uranium are cal ibrated on 
a few wells south of Willey Rd. The residuals are poor and it is 
unclear if the input parameters are accurately reflecting the 

Response: 
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-. transport processes beneath parts of FEtlP. ,ne gross Geometric 
patterns of the S P  component at FEMP match the observed gross 
patterns. Site specific parameters, such as'retaraation of uranium. 
dispersivity, ana hydraulic conductivity, ;lay significantly 
influence local perturbations of the SP. 

The residuals are probably a combination of SWIFT 111 model 
performance, lack of site specific model input parameters, and 
uncertain loading patterns of uranium at FEMP. 

Observed geochemical parameters including uranium distribution 
suggest at least two loading source regions for anomalous 
contamination on the western FEMP area ( i  .e.' Waste Pit area and the 
SSOD area). The existing SP has either separated from its loading 
term under rhe waste pits and/or i s  sourced from nistorical releases 
in the SSOD area. There is an observed gap between the SP and the 
waste pit area. Present uranium data in the waste pit area suggest 
continued fingering between the 2000 and 3000-series depths. 
Transport from the 1000-series to the 2000 series depths appears to 
have been slowed. Presumably past loadings at the 2000 series have 
since been transported to the present S P  configuration. Or that with 
the aid of Paddys Run losing reaches has allowed contamination to 
enter the water table of GMA near the confluence of the S O D .  

Act i on : The report will be revised to emphasize the uncertainty of the FEMP 
local transport model to simulate changes in the distribution of 
uranium. 

Comment 16: Pg.Rt3-1. Linesi38-3-2. This section describes nodeling of the 
alternate water supply area. DOE does not have any site specific 
hydrogeologic data for this area. Such data is necessary for model 
cal i brat i on. 

Response: A water-supply type pump test was performed in AWS- I .  The water 
table drawdown was measured on a datalogger for u p  to 72 hours in 
observation piezometers. The drawdown was minimai and time-drawdown 
plots could not resolve hydraulic parameters such as conductivity. 

Nevertheless, particle tracking superimposed on the FEMP local flow 
model suggested no influence of the AWS-1 pumping (500 gpm) on the 
present observed configuration of the S P  uranium. 

Action: The report will be revised to clarify the appiicability of the 
water-supply well testing and the FEMP regionai and local flow 
model i ng. 
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Comment 1 7 :  Pg.e3-2, Lines=27-33. The Ohio EPA recommends ',hat DOE develop 
conringen.cies wnicn will allow for the installation of additionai 
caoture wells if it is determined that they are necessary to meet 
the goals of the interception system. Site specific data for this 
area will not be obtained until after the first recovery well is 
installed. A s  a result, DOE has used a ground water model which is 
not capable of accurately determining contaminant concentrations to 
provide information on the location o f  interception wells. T h i s  was 
deemed by GeoTrans to be an unacceptable use of the ground water 
model. This practice i s  inverse of the accepted use o f  ground water 
models. Ground water models are intended to provide a hydrogeologist 
with tools to take existing site specific hydrogeologic data and 
extrapolate out the effects of time and influence. Once the 
conceptual moael is created, the standard scenario for modelina i s :  

1 .  Estimate hydrogeologic values based upon pub1 ished data 
for the general area. 

2 .  Obtain site specific data. 

3 .  

4 .  Calibrate the model based upon observed data and 

Input site specific data into the ground water model. 

existing site specific data. 

5 .  Verify the model over time. 

Because DOE did not input site specific data and use regional area 
data, the effectiveness of the model is greatly reauced. !ihen such 
a moael yields conramlnate concentrations twice those wnich are 
observed, the only logical concluslon is that the confidence in the 
ground water model to represent real conditions is further 
minimized. 

Response: The design of this well field provides pipe stubs and flow 
capability for the installation o f  additional capture wells i f  it is 
determined that they are needed to meet the goals of the 
interception system. It has been suggested that 
alternative/additional recovery wells be orientated longitudinal to 
the axis of the plume. Capture zone analyses were performed on 
transverse well recovery fields at New Haven Rd. and at incremental 
distances toward lJilley Rd. The combination of. aaequately 
calibrated regional flow modeling, particle tracking on the FENP 
local flow model, observed SP uranium concentrations, and the 
general position of the PRRS piumes is sufficient to plan the first 
transverse recovery we1 1 f i el d. .. 
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This first well fiela should act as a barrier ana arrest the axial 
portion of the plume. Site specific data acauirea during the pump 
testing will be usea to better aetermine moael parameters and thus 
improve predictive capabilities of the FEMP local flow model. In 
parallel, additionai geochemicai analyses are needed to better 
constrain the moaeled geochemical input parameters to the FEMP local 
transport model. 

It i s  arguable whether the transport model ing wi 1 1  ever accurately 
reflect the contamination transport processes. It may ultimately be 
necessary to rely more heavily on particle tracking. 

The FEMP local flow model will be refined with a finer.mesh and will 
benefit from the results o f  the SP pumping. Particle tracking will 
be seeded at more numerous incrernenrs throuqnout the t,hickness o f  
the GMA. 

The existing FEMP regional flow model has performea reasonably well. 
The residual water levels are about 1 foot and the simulated 
gradients are similar to those observed. It is recognized that the 
input data and scaling of the FEMP local flow model from the FEMP 
regional flow model will probably need to be modified after the SP 
pump test is completed. Residuals will be continuously improved as 
more wells become available. 

Act i on : Additional modeling will be conducted using results of the SP pump 
test coupled with a finer model mesh. 

Comment 18: Sectioni4.0. In order to allow the reader to better visualize the 
affects of various pumping scenarios on the PRRS plums. a current 
state or no action (baseline) scenario map should be provided within 
the work plan. 

Response: A no-action alternative uti1 izing particle-tracking and 5-year 
predicted uranium concentration maps with text 1;iill be. amended to 
the report. 

Act ion : A s  noted in the comment. 

Comment 19: Page 4-1, Section 4 . X .  The Ohio EPA comments on the modeling effort 
apply to this section as well as the ones previous. However, the 
actual final locations of the interception weils appear to be 
acceptable based upon the limited data wnich exists. These locations 
could change if the assumptions prove to be incorrect. A S  a 
safeguard, Ohio €PA recommends the use of a ground water monitoring 
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program specific 1s Khe 1nKerCegtiCn s y s t z n  KO determine the effects 
of the system upon t k e  FEMP plume and the PRRS plume. Eecause the 
advanced !vaste water treatment system is not cesicjned to treat 
contaminates founa in the PRRS glume. the conaition closeiy 
resembles a wellhead protection issue.  It i s  imporrant to closeiy 
monitor the PRRS plum to guarantee early warning of its impact on 
the interception system. 

Response: The present Part 5 hydropunching program and Part 2 piezometer and 
monitoring well installation program are specifically designed to 
verify the vertical depth of the proposed five well recovery system. 
Provisions for future flexibility in system reconfiguration are 
being provided in the well field design. T h e  Design, Monitoring, 
and Evaluation Program Plan (OMEPP), recently issued for U.S.  EPA 
ana O h i o  EPA review. defines detailed programs t~ periodically 
monitor and evaluate the  operation o f  the recovery v e i l  system so 
that South Plume Removal Action objectives are continually met. The 
OMEPP also includes provisions to modify the system based on the 
evaluation findings. 

\ 
Act i on : None beyond those currently planned and discussed in the response. 
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Attacnmenr 

Great Miami Aquifer !!orizonrai Hydraulic Conauctivi t i e s :  

f t / d  2eference 

330 
328-534 
120 

326-371 
312-323 
267 
334-403 
774 
270-446 
100-280 
2 0 ( ? ) - 5 2 0  
270-370 
334-403 
318-397 
133-4 19 

3 18-368 

Dove (1961) 
Smith (1962) 
K1 aer ( 1968) 
Kazmann (1950) 
Shaefer and Wal ton( 1956) 
Klaer and Kazmann (1943) 
Speiker and Norris(1962) 
Lewis (1968) 
Smith (19601 
Speiker (1968) 
Papaaopouios (1984) 
ASI/IT (1990) 
Dames and Moore (1985) 
CH,M-Hi 7 1 (1987) 
Geotrans (1985) 
Fang (1992) 

Source 

pumo test 
pump test 
pump test 
pump test 
f l  ow-net anal ysi s 
pumo test 
pump test 
pump test 
pumo test 
2st 1 rnatea c 

pump test 
.?; 2 

est 1 mated 
estimated 

% %  pump test - -  
2s ti mated 
estimated 

, ? 

15 




