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GROUNDWATER MODELING

AT CCR SITES



GROUNDWATER MODELING AT CCR SITES 

Geosyntec has extensive experience in addressing the requirements of the Coal Combustion 
Residual (CCR) Rule at sites with impacted groundwater. We assist electric power industry clients 
in developing cost effective, and defensible monitoring and corrective action programs based 
on CCR unit-specific conceptual site models, groundwater flow models, and contaminant fate 
and transport models. We have provided these services both as lead consultant and as a peer 
firm joining the client’s existing engineering team for in-progress projects.

WHO WE ARE

Geosyntec develops best-in-class capabilities and client 
reputation, and provides innovative and thoughtful solutions

We are internationally known for our technology leadership, specialized 
experience, and exceptional client service. Our professionals continue to 
develop new technology applications and practice capabilities. Our applied 
research partnerships with leading universities and other organizations have 
helped produce innovative, cost-effective, and reliable methods for evaluating 
risk, treating recalcitrant and emerging compounds, and recovering resources 
(e.g., water and biosolids) to support our client’s goals. 

Our private sector clients come from a variety of industrial sectors including 
agriculture, manufacturing, chemical, pharmaceutical, technology, power 
and utility, real estate, law, mining, and oil and gas. Our public sector clients 
include municipal, state/regional, special districts, and national governments.

30%

MASTER’S DEGREE
58%
BACHELOR’S DEGREE

DOCTORATE DEGREE
12%



Geosyntec modeling and data visualization services encompass essential components to effectively deliver 
complex and technical content in a way that decision makers, regulators, stakeholders, and the general 
public understand. We select and build models to address specific objectives, recognizing that “one size” 
does not fit all situations. Whether a model is complex or simple, our commitment to quality assurance 
program ensures technical accuracy and alignment with measured data. 

Geosyntec develops quantitative Conceptual Site Models (CSMs) by evaluating and incorporating results 
of historic and current hydrogeologic investigations, groundwater data, river elevations, groundwater 
chemistry data, GIS information, recharge studies, environmental and geotechnical reports, as well as 
focused field and laboratory investigation results. These quantitative CSMs are seamlessly transferred 
to three-dimensional (3-D) numeric groundwater models which are used to simulate past Site conditions 
(calibrate the models to pre-closure conditions) and evaluate and predict groundwater conditions in the 
future. We utilize a variety of technologies to visualize modeling results, ranging from simple 2-dimensional 
representations and graphic design schematics, to 3-D digital imagery and solid models (e.g. 3-D printing 
technology), to animations (4-D).

CONCEPTUAL SITE MODELS



ALTERNATIVE SOURCE DEMONSTRATIONS 
The CCR regulation allows for Alternative Source Demonstrations (ASDs) 
when site exceedances appear to be caused by factors other than a release 
from a CCR facility. Geosyntec has completed dozens of ASDs for both 40 
CFR Part 257 Appendix III and Appendix IV CCR groundwater constituents 
for utilities in a variety of hydrogeologic settings around the United States. 
These demonstrations have integrated existing information on the site setting, 
engineered barrier systems, operational history, and groundwater monitoring 
data, along with new environmental forensics data and interpretations, to 
produce a more robust CSM. This enhanced CSM provides the framework 
for the ASD. We have utilized geochemical forensic methods such as stable 
isotope analysis and associated fingerprinting of multiple sources and isotope 
mixing analyses, Stiff and Piper diagrams, geochemical reaction modeling 
to simulate the mobilization of naturally occurring constituents from aquifer 
solids, ion ratios and correlations, and other supporting demonstration 
techniques. These demonstrations, when accepted by regulators, have 
allowed our clients to avoid entering more rigorous phases of groundwater 
monitoring (i.e., Assessment Monitoring for 40 CFR Part 257 Appendix IV 

constituents) and have eliminated the need for groundwater corrective measures. An important side benefit of ASD for existing 
CCR units is that it supports a change in the groundwater statistical analysis methods from inter-well methods (comparison to 
upgradient background well data) to intra-well methods that are more forgiving and compare the compliance well data to prior 
data from that same well, which can be greater than upgradient background wells in some cases.

MONITORED NATURAL ATTENUATION 
Geosyntec has authored guidance documents and completed field pilot tests 
on the subject for the Interstate Technology and Regulatory Council (ITRC) and 
the Electric Power Research Institute (EPRI). 

Most stations are located near major rivers and hence there are alluvial 
sediments adjacent or underlying CCR management units that often provide 
significant attenuation capacity. Our demonstrations include work plans 
submitted for peer review scrutiny by regulatory agencies to present the 
technical rationale for the demonstrations. Aquifer solids often provide most 
of the attenuation capacity. Therefore, we collect samples of the aquifer solids 
and test them in the laboratory to evaluate the mechanisms and capacities 
of the aquifer solids to attenuate the mass of inorganic CCR constituents that 
migrate to the aquifer. 

In MNA evaluations we fully utilize our own SiREM laboratory (www.siremlab.com) for analyses of the stability of the attenuated 
CCR constituents relative to changes in groundwater composition over time as pre-development (background) conditions 
return to the affected area. We also perform treatability studies to evaluate feasibility of enhanced in-situ remediation that may 
lead to long-term MNA as a viable post-closure remedial option. 

Geosyntec has been scoping and completing demonstration projects for 
monitored natural attenuation (MNA) of CCR inorganics at many major coal-

fired electric utilities stations throughout the United States.



It is generally understood that some state and federal regulators are skeptical of groundwater modeling, including fate and 
transport (F&T) modeling for inorganic constituents at various CCR disposal units throughout the United States. Therefore, clients 
need an experienced and qualified team of scientists and engineers to develop groundwater models in support of CCR disposal 
units closure design that are based on site-specific parameters and utilized in a transparent and defensible manner.

Our detailed understanding of the CCR Rule requirements, extensive experience with CCR site assessment and remediation, 
and use of data analysis, modeling, and visualization tools, enables us to provide defensible solutions in a cost-effective manner 
at sites where it is required to address groundwater impacts. We utilize groundwater models to evaluate and design a variety of 
groundwater remedial actions including MNA, Bioremediation, Permeable Reactive Barriers, In-situ Chemical Oxidation, In-situ 
Stabilization, Hydraulic Control (Interceptor Trenches and Drains, Vertical and Horizontal Extraction Wells, Pump-and-Treat), 
and their various combinations.

GROUNDWATER MODELING
IN SUPPORT OF CLOSURE DESIGN

GROUNDWATER FLOW MODELS

Coal ash basins have been used to store coal ash at coal-fired power plants throughout the country. 
Recent regulations provide guidance for closing these ash basins and, when desired, constructing landfills 
for the disposition of CCR. In some instances, ash basin closure involves an evaluation of the relationship 
between the bottom of the ash and the seasonal high groundwater table. In other instances, sources of water 
to the subsurface may be changed as a part of a closure plan which can alter groundwater flow patterns. In 
addition to geotechnical engineering for closure options and environmental investigations for groundwater 
flow and impact evaluation, Geosyntec has also provided groundwater flow modeling services to evaluate 
and design new on-site landfills at various CCR facilities. Specifically, we have been using flow models to 
do the following:

• Streamline site characterization and field 
investigations.

• Evaluate changes to groundwater flow directions 
and elevations due to closure of ash basins 
including complete or partial ash removal.

• Predict seasonal high groundwater elevations 
for post-closure conditions.

• Evaluate groundwater dewatering alternatives at 
future on-site and off-site (greenfield) landfills to 
house excavated ash.

• Design groundwater extraction (capture) systems.
• Perform groundwater particle tracking (flow 

delineation).
• Select groundwater monitoring locations and 

develop monitoring plans for post-closure 
conditions.

We use a variety of analytical and multidimensional 
finite-difference, finite-element, and final volume numeric 
models which are recognized, accepted, and verified by 
the broad base of industrial, governmental and academic 
users, including, but not limited to the following saturated 
and variably saturated (unsaturated) flow models and 
graphic user interface (GUI) programs: MODFLOW, 
MODFLOW 6, MODFLOW-USG, FEFLOW, PMPATH, 
VS2DRTI, HYDRUS, Groundwater Vistas, GMS, and 
Processing MODFLOW.



CONTAMINANT FATE AND TRANSPORT MODELS
In some cases, simple advective/dispersive modeling may be sufficient to simulate F&T of constituents such as lithium 
that have little potential to react with aquifer solids. In other cases, Geosyntec has evaluated permanent sequestration of 
constituents by aquifer solids (such as adsorption) and accounted for this mechanism by utilizing industry-standard F&T 
numeric models such as MT3DMS, RT3D, MODFLOW 6, MODFLOW-USG, and VS2DRTI which can simulate various 
sorption isotherms. Preferably, we measure site-specific partitioning coefficients in our SIREM laboratory using groundwa-
ter and soil samples collected from the subject site, and taking into consideration Eh, pH and other geochemical factors 
that contribute to sorption of a COC. 

A typical example is a F&T model of arsenic (a redox-sensitive metalloid) which can simulate its spatially variable and 
time-varying sorption for pre- and post-closure conditions. Arsenic concentrations can be substantial in CCR pore water 
(i.e., generally between approximately100 µg/L and 1,000 µg/L), mostly due to the presence of an arsenic source (i.e., 
coal ash) combined with anaerobic conditions within CCR basins. However, as the more mobile arsenite (As[III]) migrates 
into downgradient groundwater, it generally encounters more oxidizing conditions, which facilitate its attenuation as 
arsenate (As[V]) through sorption onto and/or coprecipitation with iron oxides and oxyhydroxides. This generally leads to 
an arsenic footprint in groundwater downgradient of a CCR basin that is very limited in extent. The extent of the individual 
redox zones will be site-specific, but arsenic attenuation generally occurs within about 100 ft to 200 ft of an ash boundary. 
If the downgradient aquifer is anaerobic, arsenic may be mobile for a longer distance. Generally, if the aquifer matrix 
contains substantial iron concentrations under aerobic conditions, arsenic mobility is very limited due to strong sorption 
under these conditions which can be successfully demonstrated by a standard F&T model.



At Geosyntec, we believe technology leadership and client service are 
the foundations for producing solutions of exceptional value.

REACTIVE TRANSPORT MODELS
The F&T of inorganic constituents in the subsurface is often complex and requires an in-depth 
understanding of chemistry, hydrogeology, and data science. In the context of inorganic chemicals 
often encountered at CCR sites (e.g., arsenic, cobalt, molybdenum), their behavior is typically 
affected by several simultaneously occurring physical and chemical reactions. In these settings, 
reactive transport models serve as a powerful tool to evaluate potential site-specific mechanisms 
that influence the F&T of COCs from a source to a destination.

Geosyntec uses a variety of industry-standard computer programs to develop site-specific reactive 
transport models. For many sites and constituents, 1-dimensional (1-D) reactive transport models 
using the USGS software PHREEQC offer important insights into the F&T of constituents. For 
more complex sites, PHREEQC can be coupled with site-wide or focused flow models to generate 
3-D models that can simulate various degrees of heterogeneity of porous media, and ground-
water sources and sinks (e.g., recharge, surface water-groundwater interactions, groundwater 
extraction). MODFLOW-USG and PHT3D, a reactive multicomponent transport model coupled 
with MODFLOW and MT3DMS, are examples of models we typically use.

Reactive transport models are robust and can 
be developed to include reaction mechanisms 
such as dissolution, precipitation, surface com-
plexation, ion exchange, adsorption, and de-
sorption. Mechanisms of importance at a 
particular site are selected and calibrated based 
on site-specific water chemistry data (e.g., com-
pliance well monitoring information, or focused 
sample collection), solid/aquifer matrix data 
(e.g., whole rock analysis, XRD, SEM), and 
hydrogeologic information. 

Geosyntec has extensive experience in developing 
PHREEQC-based reactive transport models. 
Some examples of relevant applications include: (i) 
monitoring precipitation and fouling in ground-
water extraction and injection systems; (ii) evaluating the role of ion-exchange in calcium exceed-
ances at a CCR site; (iii) evaluating the mobilization, and fate and transport of metals including 
cobalt, molybdenum, and arsenic in groundwater; (iv) demonstrating that MNA is a viable remedial 
alternative; and (v) simulating effects of in-situ remedial alternatives such as injection of reactive 
fluids and amendments for immobilization of COCs.
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JOSUE GALLEGOS, P.G.  |  12 YEARS OF EXPERIENCE

M.S. Geological Sciences
Mr. Gallegos is a professional geologist who specializes in geologic field investigations, 
quantitative hydrogeology, and groundwater modeling. During his 12-year professional career, 
Mr. Gallegos has been involved in numerous environmental and geotechnical projects for 
industrial, utility, and federal clients at various sites including wind farm sites, coal power 
generating stations, CCR ponds, landfills, CERCLA Superfund sites, state-listed hazardous 
sites, and federal related sites. Mr. Gallegos has extensive experience assisting clients with 
site contaminant characterization, geologic investigations, aquifer characterization, CSM 
development, feasibility studies for site remediation and closure, remediation and closure  
design, geologic modeling, and groundwater modeling. He is experienced working in various 
geologic settings including fractured bedrock, valley and ridge, fault zones, karst bedrock, 
complex alluvial aquifers, and coastal environments. He has implemented well installation, 
slug testing, long and short-term pumping tests, dye tracer tests, packer testing, and borehole 
geophysical investigations. He has experience developing geologic and groundwater models 
using EVS, LEAPFROG, AQTESOLV, PEST, MODFLOW, and MT3DMS. Mr. Gallegos’ 
areas of expertise include the development of 3-D flow and transport models to evaluate 
flow regimes, chemical transport, remedial design alternatives, dewatering designs, and CCR 
pond closure designs.

TODD HAGEMEYER, P.G.  |  30+ YEARS OF EXPERIENCE
M.S., Hydrogeology
Mr. Hagemeyer has more than 30 years of experience performing and managing groundwater 
remediation projects for a wide range of contaminants including those associated with sites 
impacted by CCR. He has extensive experience with hydrogeologic site characterizations; CSM 
development; complex groundwater F&T modeling; and selection, design, implementation, 
monitoring, and optimization of remediation systems. Mr. Hagemeyer has provided his expertise to 
quantify and manage environmental liability at portfolios of sites, including those impacted with CCR; 
as well as groundwater modeling with MODFLOW and/or MODFLOW MT3D to evaluate alternatives 
remedial strategies at specific sites in the portfolios to guide senior management decision making.

RYAN FIMMEN, Ph.D.  |  15+ YEARS OF EXPERIENCE
Ph.D., Geochemistry; M.S. Chemistry
Dr. Fimmen has more than 15 years of experience as an environmental consultant providing 
consulting services in the fields of remediation of soils, sediments, and groundwater; F&T of CCR 
residuals; research and development of environmental remedial technologies; litigation support 
and expert report preparation; and environmental technology evaluation, verification, and 
certification. His experience includes consulting to power sector clients for coordinating effective 
field-scale investigations, laboratory analyses, data reduction/interpretation, and the preparation of 
high-quality reports and technical memoranda for submission to clients, state and federal regulators, 
and publication in peer-reviewed journals. Furthermore, Dr. Fimmen recently served as the primary 
author for the Electric Power Research Institute’s technical guidance document “Framework and 
Demonstration for Monitored Natural Attenuation at Coal Combustion Product Sites.”

JULIE CHAMBON, Ph.D., P.E.  |  14 YEARS OF EXPERIENCE
Ph.D., Environmental Engineering, M.Sc., Environmental Engineering
Dr. Chambon has extensive experience developing numerical groundwater F&T models to 
support a wide range of practical applications, including simulations and evaluation of coal ash 
pond closure options such as: concrete cofferdam, dewatering, covers, in-situ stabilization/
solidification (ISS) wall, slurry wall, and extraction wells for CCR ponds at power generating facilities.  
Dr. Chambon utilizes a variety of numerical groundwater modeling packages, involving simplified 
to large complex models, each tailored to the specific needs of the projects and clients. She is the 
lead modeler on several sites with complex groundwater flow conditions, including multiple CCR-
regulated sites. Dr. Chambon is highly proficient in multiple numerical modeling packages such 
as MODFLOW, MODFLOW-USG, MODPATH, MT3DMS, FEFLOW, including the MODFLOW 
packages RIV, SFR2, DRN1, WEL, RCH, EVT, GAGE, GHB, and HFB.
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HARIPRASAD PARTHASARATHY, Ph.D., P.E.  |  10 YEARS OF EXPERIENCE
Ph.D., Civil and Environmental Engineering
Dr. Parthasarathy has 10 years of academic and industry experience in evaluating the source, 
transport, and fate of inorganic contaminants in the subsurface. His focus areas include metal 
geochemistry, data science and statistics, and process engineering primarily for utility and industrial 
sector clients. On CCR projects, Dr. Parthasarathy utilizes his academic and industry experience 
to provide holistic groundwater remediation support and has extensive experience in 
groundwater characterization, data collection and statistical analysis, ASDs, corrective measures 
assessments, and design of remedial alternatives. Dr. Parthasarathy is proficient in geochemical 
modeling and statistical software including PHREEQC, Geochemist’s Workbench, MINEQL, Visual 
MINTEQ, and Sanitas. He has served as a project manager, statistical analyst, or lead 
geochemical modeler for several CCR sites across the United States. 

DENISE W. TRIPP  |  30+ YEARS OF EXPERIENCE
M.S., Civil Engineering
Ms. Tripp has more than 30 years of consulting experience in hydrogeology and geotechnical 
engineering. The focus of her work is technical analyses related to hydrogeologic factors that affect 
groundwater flow and contaminant transport from hazardous waste disposal sites in support of 
litigation and remediation under a variety of federal and state regulations. Her areas of expertise 
include the application of groundwater flow and chemical transport models to evaluate regional 
and local flow regimes, hypothetical and historic releases, and remedial alternatives. Ms. Tripp is 
proficient in a variety of modeling programs including MODFLOW, MT3DMS, PEST, Groundwater 
Vistas, WhAEM and SEVIEW.

NEVEN KRESIC, Ph.D., P.G.  |  40+ YEARS OF EXPERIENCE
Ph.D., Geology/Hydrogeology; M.S., Hydrogeology
Dr. Kresic has more than 40 years of experience as a professional geologist specializing in 
groundwater engineering and modeling, development, and remediation; karst and fractures rock 
hydrogeology; water resources evaluation; and expert witness testimony.  His decades of groundwater 
and surface water-related consulting experience derives from major projects in the United States, 
Eastern Europe, Middle East, North Africa, and South America. Dr. Kresic has worked with United 
States and international clients, including federal, state, and local agencies; industries such as 
water, transportation, and power utilities; and oil, petrochemical, chemical, mining, and construction 
companies. He was a Senior Fulbright Scholar at the USGS in Reston, Virginia and 
conducted research on modeling of flow, and contaminant F&T in fractured rock and karst aquifers. 
In addition to numerous scientific and professional papers, Dr. Kresic has authored and co-
authored seven books in the hydrogeologic sphere. He is a founding member of the Ground Water 
Modeling Interest Group sponsored by the National Ground Water Association, and former Co-
chair of the Karst Commission of the International Association of Hydrogeologists. He is past Vice 
President for International Affairs of the American Institute of Hydrology and was Vice-chair of the 
Groundwater Management and Remediation Specialty Group of the International Water 
Association.  Dr. Kresic is a principal hydrogeologist for site characterization in support of closure 
design at sites with CCR ponds, including groundwater modeling and groundwater monitoring.

ALLISON KREINBERG  |  13 YEARS OF EXPERIENCE
M.S., Environmental Sciences
Ms. Kreinberg is a Senior Scientist with more than 13 years of experience in site assessment, 
geochemical modeling, and bench treatability testing. She manages groundwater flow model 
interaction with our geochemical testing and MNA demonstrations; and has completed geochemical 
modeling in PHREEQC and Geochemist’s Workbench to generate mixing models, calculate 
saturation indices, and understand redox-sensitive constituent behavior. Ms. Kreinberg has 
extensive experience in statistical evaluation and geochemical interpretation of CCR compliance 
sampling under both federal and state CCR programs. She has completed numerous CCR 
ASDs, many of which have focused on natural variation in site groundwater and geochemistry. 
Additionally, she has served as the primary investigator for several MNA demonstrations at 
CCR sites for both conservative and reactive constituents of concern. Ms. Kreinberg has 
designed and implemented field and laboratory testing plans to develop geochemical conceptual 
site models. These plans have included x-ray diffraction, sequential extraction, bench adsorption/
desorption testing, and microbial sequencing.



CONTACT

Find solutions at Geosyntec.com

Neven Kresic, Ph.D., P.G.
nkresic@geosyntec.com
(202) 424-9425

Todd Hagemeyer, P.G.
thagemeyer@geosyntec.com 
(678) 202-9509

ABOUT GEOSYNTEC
Geosyntec is a consulting and engineering firm that works with private and public sector clients to address new 
ventures and complex problems involving our environment, natural resources, and civil infrastructure. We deliver 
solutions through Geosyntec and our seamlessly integrated divisions, SiREM, Savron, and Applied Technology & 
Management. With a combined staff exceeding 1,700 engineers, scientists, and related technical and project support 
personnel; we serve our clients from more than 90 offices in the United States, Canada, the United Kingdom, Ireland, 
Sweden, the United Arab Emirates, and Australia.




