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GUIDANCE FOR FATE AND TRANSPORT MODELING

PURPOSE:

The attached guidance document is to provide general guidelines for the application of fate and
transport models, including the planning and evaluation of models, and to promote the
appropriate use of models.

BACKGROUND:

Fate and transport models have become an integral tool for contaminated site investigations and
the selection of remedial techniques. Contaminated Sites Remediation Program (CSRP) uses
contaminate fate and transport models as a tool for predicting contaminant concentrations at
exposure points, and, to assist with the evaluation and selection of the most effective remedial
alternative.

APPLICABILITY:

This guidance provides general guidelines to CSRP staff for the application of fate and transport
models. This is not a substitute for professional judgment that must be applied in the selection
and application of modeling.

DI ION:

Contaminated Sites Remediation Program wants to ensure that modeling results are protective of
human health and the environment. The effective use of predictive fate and transport models as
management decision tools requires the establishment of their functionality, performance
characteristics, and applicability to the site being considered.

ACTION:
Contaminated Sites Remediation Program suggests the use of this guidance while conducting
fate and transport modeling at contaminated sites.

APPROVAL:
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Program Manager
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Introduction

Fate and transport models have become an integral tool for contaminated site
investigations and the selection of remedial techniques nation-wide. The Alaska
Department of Environmental Conservation, Contaminated Sites Remediation Program
(CSRP) uses contaminate fate and transport models to help determine site specific aguifer
characteristics, as atool for predicting contaminant concentrations at exposure points; and
to assist with the evaluation and selection of the most effective remedial alternative.

CSRP recognizes that the use of fate and transport models will increase, and regulatory
agencies will be relying on information obtained through modeling to assist with site
management decisions.

CSRP project managers want to ensure that modeling results are protective of human
health and the environment. At issue are the regulatory acceptance criteriafor
contaminant fate and transport models. The effective use of predictive fate and transport
models as management decision tools requires the establishment of their functiondlity,
performance characteristics, and applicability to the site being considered.

The purpose of this guidance is to provide general guidelines for the application of fate
and transport models, including the planning and evaluation of models, and to promote the
appropriate use of models. This guidance is not a substitute for professional judgment

that must be applied in the selection and application of modeling. This guidance considers
any predictive exercise that attempts to describe the future or the past movements of
transporting media and/or contaminants as a model, either qualitative or quantitative,
anaytical or numerical.

Model selection requires site-specific evaluation

A list of modelsfor use at al sitesis not considered appropriate and therefore is not
included with this guidance. The heterogeneous nature of transporting media,
contaminant type and distribution, and, site-specific nature of projects require that models
should be evaluated on a site-specific basis. Lists of fate and transport models, however,
are available from many sources. For example, USEPA’s Center for Subsurface Modeling
Support® at Robert S. Kerr Environmental Research Center, and, U.S. Geological Survey”
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maintain lists of models, downloadable softwares and manuals. The CSRP owns severdl
modeling packages that are used as review tools. Consultants are encouraged to inquire
asto the availability of a specific model within CSRP to ensure that CSRP project
managers are familiar with and have access to a specific model.

Although CSRP does not maintain an approved list of models, the CSRP recommends that
models with the following characteristics be selected for use:

1. The model should provide conservative predictions. With the uncertainty in model
parameters and unknowns in subsurface (for example, afew fractures are always
present in a porous medium) conservative prediction is critical.

The model should be technically sound and legally defensible

The mode is within the public domain

Model information and reviews are published in reputable technical journals

The model has received adequate peer review.

abrown

Public Domain Modeling Programs
CSRP prefers that public domain computer programs be selected to assist with the
remedial decision at a site for the following reasons:

1. ADEC project managers and term contractors are familiar with a number of public
domain modeling programs.
2. ADEC project managers and term contractors normally do not have the time and

resources to learn a unique computer modeling program for one specific project.

3. Proprietary modeling programs must be purchased by ADEC project managers and
term contractors, thus adding to the overall cost of the project.

4, All ADEC projects, including modeling aspects of the project, are considered
public information and must be available to the public for review.

5. By discouraging the use of proprietary models, it may seem that ADEC is
suppressing creativity in model development. ADEC, however, is a government
regulatory department, not a research organization. Review of numerical
technigues used and computer source code are very time intensive. ADEC lacks
adequate available resources to continuously evaluate new computer models. Itis
therefore unjustifiable for agency staff to review a modeling program every time a
consultant submits a new one or modifies an old one.

For this guidance, “public domain modeling programs” are defined as readily available,
widely distributed, and generaly accepted models. The mgority of the public domain
models have received extensive peer-review, and case histories describing their limitations
and drawbacks have been published in the scientific literature. Many of the public domain
modeling programs were developed by government agencies, such as, USEPA, USGS and
USDOD.

When a public domain program has been modified it can no longer be considered a public
2



domain program. A modified public domain mode can still be proposed for useif itis

peer reviewed, widely distributed, and generally accepted. Compared to public domain
modeling programs, proprietary modeling programs, without proper review and general
acceptance, provide alower level of confidence in making site cleanup decisions.
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Figure 1. Stepsin Contaminated Sites Model Application

Modeling Work Plan

Figure 1 outlines the steps involved in contaminated sites model application. A site
investigation must precede modeling at a contaminated site. If aresponsible party will use
modeling, a modeling work plan must be submitted to CSRP for approval prior to use.
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The modeling work plan may be a section of awork plan describing al proposed work at
acontaminated site. The proposed modeling work plan should include the following
components.

Modeling goals

The goals and reasons for the modeling should be specific and measurable. For example,
modeling might be conducted in order to predict benzene concentrations in groundwater
at a certain distance from a source of specified concentration, or, the prediction of vapor
concentrations arising from a well-defined source in an enclosed space of specific
dimensions. Having a specific goal helps determine, at alater time, if the modeling
exercise has achieved the goal.

Conceptual Site Model for Modeling

Based on available data, regiona inferences, and professiona judgement, a geologic and
hydrogeol ogic conceptua site model should be prepared and included in the work plan.
The conceptua site model should be graphical (maps, cross-sections, block diagrams) with
associated descriptions. If the conceptua site model will be simulating ground water flow,
it must indicate whether subsurface is a porous or afractured medium. The conceptual
site model must quantify the presence of permafrost and corresponding influence on fluid
flow. The conceptua site model must describe the temperature and pressure conditions of
the transporting media.  Finaly, the conceptual site model should also discuss data gaps,
assumptions, and uncertainties.

Technical Approach

Narrative should be included which describes technical considerations to achieve the
stated goal, such as, numerical or anaytical, modeling dimensions (1-D, 2-D or 3-D),
saturated or unsaturated flow, multiphase or single phase, reactive or non-reactive,
dispersion, retardation, and/or degradation.

Computer Model

The workplan should identify the computer model selected. Discussion of the abilities and
limitations of the model in general, and, also in terms of the site-specific conceptual model
should be included. Site-specific input parameters are preferred. The work plan should
reference the specific reports where the data has previously been presented in addition to
presenting the site-specific data, sample numbers, dates collected, and specific sample
locations. Non site-specific input parameters should have good justifications. The source
of these parameters should be identified, for example, USEPA’s Soil Screening Guidance
documents, ADEC Contaminated Sites' “Guidance on Cleanup Standards, Equations and
Input Parameters” or scientific literature. The work plan should specify if input
parameters have been assigned assumed values and justify the basis for the assumptions.
The fate and transport parameters should be for the temperature and pressure conditions
described in the conceptual model versus standard temperature and pressure conditions.
Submit computations to derive the parameter values at site-specific temperature and
pressure conditions from the standard temperature and pressure conditions. Boundary and
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initial conditions should be described.

Sengitivity analysis
A plan to compute model sensitivity with the variation of calibrated input parameters
within reasonable ranges to find more sensitive parameters.

Model calibration

A plan to calibrate the model to reproduce appropriate field-measured parameters. The
field-measured parameters will be different for different models and for different
transporting media. Calibration establishes that the model can reproduce field conditions.
Models have no predictive vaue if they cannot reproduce observed concentrations.

Model verification

Plan to reproduce a second set of field data using the set of calibrated parameter values
and stresses. Because of uncertainties in the calibration, parameter values of a calibrated
model may not represent the contaminated site conditions. If the parameter values
established during calibration are changed during verification, the model should be
calibrated again with the changed parameter values. By reproducing a second set of field
data, model verification establishes greater confidence in the model. With only one set of
field data, it may not be possible to verify amodel. A second set of field data collection is
often possible at sites with multiple observation wells. CSRP may accept a calibrated but
unverified model for predictions as long as careful sensitivity analysis of both the
calibrated and the predictive models are performed and eval uated.

Uncertainty analysis

Describe the uncertainty associated with the modeling of a given problem. The uncertainty
in modeling exists because uncertainties in transport mechanism, sink/source within the
transporting media, temporal and spatial variation of model parameters, initial and
boundary conditions, and, matrix heterogeneity.

Postaudit of modeling

Plan to conduct postaudit several years after the modeling study is completed. Collect
new field data to determine whether the prediction was correct. Analyze what went
wrong with modeling and meansto improve it. If site remediation work reduces risks
posed by the contaminated site to acceptable labels, and, monitoring proves that the risks
are acceptable, a postaudit may not be necessary.

Modeling Report

A final modeling report should describe model predictions, technical anaysis, input
parameters, results of parameter sensitivity and model uncertainty analysis. Critical input
and output files should be in the report’s appendix, aso in portable computer disks. The
report should have sufficient information for an independent reviewer to duplicate model
runs.



Modd Review

CSRP may hire aterm contractor to review the modeling work plan and modeling results.

In accordance with State law, all expenses incurred for project oversight, including
review of fate and transport models, must be reimbursed by the responsible party. If the
modeling program is not available within CSRP, the consultant must provide a copy to the
department, complying with any copyright laws. Model acceptance may require
contaminant levels monitoring, and, institutional controls.
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