OVERVIEW

Adventus Americas Inc. staff offer proven expertise (more than
54 years experience and more than 200 projects) in solving
complex groundwater remediation problems using creative
modeling methods and sophisticated software. Adventus
modelers have conducted model audits that demonstrate the
validity of long-term modeling predictions. We have provided
clients with cost-effective remediation solutions, used models to
promote stakeholder decisions, for water resources
management, and to predict benefits and risks of alternate
remedial solutions (examples shown in figures on this page).
Our clients have found that money invested in modeling services

saved them hundreds of thousands of dollars in overall
remediation costs. Simulation of Solvent Plume in Alluvium and
Fractured Bedrock, Showing Water Levels

and Fracture Zones
MODELING SERVICES

Many contaminated sites already employ models to evaluate site
conditions. Working where possible with existing site models,
modeling services offered include:

Conceptualization of site conditions

- Evaluating and making full use of site data
- Enhancing understanding of site conditions

. . e Simulated Low Eh Zones Redistributed by
Remedial design and optimization: Groundwater Recirculating Well in

Perchlorate Plume

- Optimal remedial design parameters
- Time required for cleanup
- Natural attenuation in untreated plumes
- Contingency plans for attaining cleanup goals
- Criteria for reduction or shutdown of active remediation
- Reduction in monitoring program
Remedial performance evaluation
Water resources management
Risk-based closure

Conceptualization/animation/interpretation of data
Predicted Reactive Zone Development from

Environmental impact and natural resource damage analyses Multiple Injection Points in Pesticide Plume

Liability estimation

Allocation of remediation costs

Litigation support

Monitoring design optimization and justification.
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It has been found that many models pay for themselves by
reducing remediation costs, reducing data needs, and increasing
the understanding of existing data.

REMEDIATION DESIGN PROBLEMS

Subsurface sources and flow conditions are rarely ideally
characterized. The uncertainty in site conditions translates into
uncertainty in remedial design, costs and effectiveness. While
pilot tests and data for other sites may be used to approximate
full-scale remedial design, site-specific results may exhibit
incomplete reactive coverage (channeling due to preferential
flow paths), incomplete degradation (due to inadequate
residence time or variations in groundwater flow rates or water
levels) or inadequate reactive zone positioning (due to poor
understanding of sources, flow paths and groundwater
volumes). Extended remediation duration or production of more
toxic daughter products can result.

MODELS FOR REMEDIATION DESIGN

Groundwater modeling helps predict the typical remediation
problems described on the first page, so they can be avoided with
appropriate site-specific remedial design. Also, by predicting
remediation problems, groundwater modeling helps forecast the
actual cost of site closure, which gives you the ability to make an
informed decision when choosing a remedial strategy.

Rapid, in situ groundwater and soil remediation depends on
focused application of reactive materials in or down gradient of
contamination source areas, aided by an understanding of local
flow rates, heterogeneities and flow paths. Uncertainties in site-
specific conditions can be reduced by source area data collection,
pilot testing and modeling. Both natural and enhanced
(hydrofracturing, pneumatic injection or forced gradient) flowpaths
will affect the speed, duration and coverage of in situ treatment
(examples shown in figures on this page). In addition, for sites
requiring In Situ Biogeochemical Stabilization (ISBS), changes in
flow paths may need to be accounted for in passive treatment
design. For sites with simple geologic conditions, analytical
solutions will aid in the design of in situ remediation coverage and
duration. For complex sites, existing groundwater models may
need to be refined or a source-area model prepared.

MODELING REMEDIATION WITH EHC ™ AND ISBS

EHC™ and ISBS modeling analyses based on lab and field data
can be used to optimize remediation design to site-specific
conditions by predicting:

EHC™ and ISBS injection requirements
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Reactive Material Injection into
Uniform Conductivity Aquifer

Reactive Material Injection into
Randomly-Varying Conductivity Aquifer

Reactive Material Injection into
and Extraction from Randomly-Varying

Conductivity Aquifer
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COl half lives and residence times in treatment zone
Duration of EHC™ effectiveness

EHC™ treatment in conjunction with

groundwater recirculating wells

Changes in flowpaths due to ISBS treatment
Enhanced down gradient attenuation rates
Remediation duration

Optimal monitoring of treatment coverage and
remediation progress.

SPECIALTY SERVICES
Specialty modeling services include the use of:

(1) Parameter-estimation software to predict unmeasured or
uncertain data (predictive uncertainty was assessed in
model illustrated on this page)

(2) Predictive and stochastic analyses to quantify the accuracy
of predicted answers

(3) Finite-element and fracture models for complex geology.

(4) DNAPL and LNAPL models to assess source area cleanup.

(5) Optimization models to reduce costs of hydraulic
containment.

MODELING SOFTWARE

The modeling tools typically used for these analyses includes codes
capable of analyzing NAPL and saturated and unsaturated flow,
solute transport, inverse groundwater analyses, heat-coupled and
density-coupled flow, and salt water intrusion:

MODFLOW, MODFLOW-SURFACT, FEFLOW, MT3D, RT3D,
TARGET, PHREEQC, FLOWPATH, AQTESOLV, TRUST, BPRISC,
BIOSCREEN, BIOCHLOR, MODPATH, LNAST, OILVOL, HSSM,
HELP, VLEACH, SESOIL, MOCDENSE, DK3D, MODMAN,
MODOFC, PEST, MINTEQ, Interactive Groundwater, APIDSS,
various surface water models (HOTJET, CAPTURE); programming
languages: FORTRAN, Visual Basic, and C; MODFLOW Processors:
Visual MODFLOW, GMS, Groundwater Vistas.

MODELING CLIENTS

A list of Adventus’ modeling clients (within the last 2 years) follows:

Alcoa, Inc Phelps Dodge Corporation
Ciba Chemical Corporation Southwest Groundwater
Citgo Petroleum Corporation United States Army Corps
Clear Creek Associates of Engineers

ERM URS Corporation

Merck & Co CH2M Hill

Visit our Web Site at www.adventusgroup.com

Modeled Visualization of Basin

Hydrogeology
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