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This standard is issued under the fixed designation D 6170; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.4 was added editorially January 1999.

1. Scope

1.1 This guide covers a systematic approach to the determi-
nation of the requirements for and the selection of computer
codes used in a ground-water modeling project. Due to the
complex nature of fluid flow and biotic and chemical transport
in the subsurface many different ground-water modeling codes
exist, each having specific capabilities and limitations. Further-
more, a wide variety of situations may be encountered in
projects where ground-water models are used. Determining the
most appropriate code for a particular application requires a
thorough analysis of the problem at hand and the required and
available resources, as well as detailed description of the
functionality of candidate codes.

1.2 The code selection process described in this guide
consists of systematic analysis of project requirements and
careful evaluation of the match between project needs and the
capabilities of candidate codes. Insufficiently documented
capabilities of candidate codes may require additional analysis
of code functionality as part of the code selection process. Figs.
1- is provided to assist with the determination of project needs
in terms of code capabilities, and, if necessary, to determine
code capabilities.

1.3 This guide is one of a series of guides on ground-water
modeling codes and their applications, such as Guides D 5447,
D 5490, D 5609, D 5610, D 5611,D 5718 and D 6025 .

1.4 This guide offers an organized collection of information
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgement. Not all aspects of this guide may be applicable in
all circumstances. This ASTM standard is not intended to
represent or replace the standard of care by which the
adequacy of a given professional service must be judged, nor
should this document be applied without consideration of a
project’s many unique aspects. The word “Standard” in the
title of this document means only that the document has been
approved through the ASTM consensus process.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating to Soil, Rock, and Contained

Fluids2

D 5447 Guide for Application of a Ground-Water Flow
Model to a Site-Specific Problem2

D 5490 Guide for Comparing Ground-Water Flow Model
Simulations to Site-Specific Information2

D 5609 Guide for Defining Boundary Conditions in
Ground-Water Flow Modeling2

D 5610 Guide for Defining Initial Conditions in Ground-
Water Flow Modeling2

D 5611 Guide for Conducting a Sensitivity Analysis for a
Ground-Water Flow Model Application2

D 5718 Guide for Documenting a Ground-Water Flow
Model Application3

D6025 Guide for Developing and Evaluating Ground-Water
Modeling Codes3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 analytical model—in ground-water modeling, a model

that uses closed form solutions to the governing equations
applicable to ground-water flow and transport processes.

3.1.2 code selection—the process of choosing the appropri-
ate computer code, algorithm, or other analysis technique
capable of simulating those characteristics of the physical
system required to fulfill the modeling project’s objective(s).

3.1.3 computer code (computer program)—assembly of
numerical techniques, bookkeeping, and control language that
represents the model from acceptance of input data and
instructions to delivery of output.

1 This guide is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved Sept. 10, 1997. Published January 1998.

2 Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 04.09.
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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FIG. 1 Checklist for Ground-Water Modeling Needs and Code Functionality (continued)
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3.1.4 conceptual model—an interpretation or working de-
scription of the characteristics and dynamics of the physical
system.

3.1.5 functionality—of a ground-water modeling code, the
set of functions and features the code offers the user in terms of
model framework geometry, simulated processes, boundary
conditions, and analytical and operational capabilities.

3.1.6 ground-water modeling code—the non-parameterized
computer code used in ground-water modeling to represent a
non-unique, simplified mathematical description of the physi-
cal framework, geometry, active processes, and boundary
conditions present in a reference subsurface hydrologic system.

3.1.7 mathematical model—(a) mathematical equations ex-
pressing the physical system and including simplifying as-
sumptions; (b) the representation of a physical system by
mathematical expressions from which the behavior of the
system can be deduced with known accuracy.

3.1.8 model construction—the process of transforming the
conceptual model into a parameterized mathematical form; as
parametrization requires assumptions regarding spatial and
temporal discretization, model construction requires a-priori
selection of a computer code.

3.1.9 model schematization—simplification of a conceptu-
alized ground-water system for quantitative, model-based
analysis commensurate with project objectives and constraints.

3.1.10 numerical model—in ground-water modeling, a
model that uses numerical methods to solve the governing
equations of the applicable problem.

3.1.11 semi-analytical model—a mathematical model in
which complex analytical solutions are evaluated using ap-
proximate techniques, resulting in a solution discrete in either
the space or time domain.

3.2 For definitions of other terms used in this guide, see
Terminology D 653.

4. Significance and Use

4.1 Ground-water modeling has become an important meth-
odology in support of the planning and decision-making
processes involved in ground-water management. Ground-
water models provide an analytical framework for obtaining an
understanding of the mechanisms and controls of ground-water
systems and the processes that influence their quality, espe-
cially those caused by human intervention in such systems.
Increasingly, models are an integral part of water resources
assessment, protection and restoration studies and provide
essential and cost-effective support for planning and screening
of alternative policies, regulations, and engineering designs
affecting ground water.4

4.2 Many different ground-water modeling codes are avail-
able, each with their own capabilities, operational characteris-
tics and limitations. Furthermore, each ground-water project
has its own requirements with respect to modeling. Therefore,
it is important that the most appropriate code is selected for a
particular project. This is even more important for projects that

require extensive modeling, or where costly decisions are
based, in part, on the outcome of modeling-based analysis.

4.3 Systematic and comprehensive description of project
requirements and code features provides the necessary basis for
efficient selection of a ground-water modeling code. This
standard guide is intended to encourage comprehensive and
consistent description of code capabilities and code require-
ments in the code selection process, as well as thorough
documentation of the code selection process.

5. Code Selection Process in Ground-Water Modeling

5.1 Code selection in ground-water modeling is a crucial
step in the application of ground-water models (see Guide D
5447). Each ground-water project in which computer-based
modeling is performed should include a code selection phase.

5.2 Code selection is in essence the process of matching a
project’s modeling needs with the documented capabilities of
existing computer codes.

5.3 Selecting an appropriate code requires analysis and
systematic description of both the modeling needs and the
characteristics of existing ground-water modeling codes.

5.4 A perfect match rarely exists between desired code
characteristics or selection criteria and the capabilities or
functionality of available codes. Therefore, the selection crite-
ria are divided into the following two groups: essential code
capabilities; and non-essential code capabilities. If a candidate
code does not include the essential capabilities, it should be
removed from consideration.

5.5 The relative importance of the non-essential code capa-
bilities needs to be assessed. This may be done by assigning
weighting factors to the considered capabilities (for example,
using weights from one to five according their relative impor-
tance). Although such weighing factors are often not explicitly
mentioned in the code selection process, candidate codes are
often ranked implicitly using some kind of weighting of the
non-essential capabilities. Assigning weighting factors is a
rather subjective procedure; if a match is difficult to obtain,
reassessment of these factors may be necessary. Hence, code
selection may turn out to be a rather iterative process requiring
a significant level of professional judgement and experience.

5.6 Selecting the right code is critical in ensuring an optimal
trade-off between effort and result in a modeling project. The
result can be expressed as the expected effectiveness of the
modeling tasks in terms of prediction accuracy. The effort is
basically represented by the modeling costs such as incurred in
becoming familiar with the code, model schematization and
model construction, and model-based scenario analysis. Such
costs should not be considered independently from those of
field data acquisition, especially those required for the model-
ing effort. For a proper assessment of modeling cost, consid-
eration should be given to the choice of developing a new code
(or modifying an existing one) versus acquisition of an existing
code, the implementation and maintenance of the code, com-
puter platform requirements, and the development and main-
tenance of databases.

NOTE 1—The availability of or familiarity with a particular code, or
both, may lead to modeling overkill by using a pre-chosen code requiring
significant more preparation in data gathering and model construction than
necessary for the project. Such modeling overkill may also result from the

4 National Research Council (NRC), Committee on Ground Water Modeling
Assessment, Water Science and Technology Board,Ground Water Models: Scientific
and Regulatory Applications, National Academy Press, Washington, DC, 1990.
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user’s inability to limit the number of “essential” code features, or to
discriminate between non-essential code features.

NOTE 2—The belief that use of the “best” or most mathematically
advanced codes will automatically provide predictive reliability and
scientific credibility is false. The technical capability of the modeler or the
modeling team involved in the modeling project has the greatest impact on
the overall results.5

5.7 If different project questions need to be addressed, more
than one code might be needed, or different combinations of
functions of a single code may be utilized. This is often the
case when models are used in different stages of the project.
For example, in an early stage of a remediation project, a
model is used to assist in problem scoping and system
conceptualization, while during the design phase of the project,
a model is used to screen between alternative remediation
techniques and to detail the selected remediation approach.

5.8 If, as a result of the code selection process, a code is
selected that requires modification, proper quality assurance
procedures for code development and testing need to be
followed (see Guide D 6025).

6. Defining Modeling Needs

6.1 Following are major steps in evaluating modeling needs:
formulating the project-related modeling objectives; determin-
ing the required level of analysis (that is, modeling complexity)
and reliability in terms of prediction accuracy and sensitivity of
the project for incorrect or imprecise answers (that is, accept-
able level of uncertainty); conceptualizing and characterizing
the ground-water system involved; and analyzing the con-
straints in human and material resources available for the
study.

6.2 Project-related modeling objectives may include: pre-
liminary screening of sites for locating facilities that may
interact with the ground-water system; risk assessment for
existing or planned facilities; site performance assessment
based on technical design; environmental impact assessment;
optimal control of facility operation; and design of monitoring
network.5 Modeling objectives often constitute a subset of the
project objectives; some of the project objectives may not
require examination by means of computer simulation. Project
objectives are translated into modeling objectives by formulat-
ing model (or stress) scenarios and specifying the variables that
need to be computed.

6.3 A major element of the code selection process is the
formulation of the conceptual modelof the ground-water
system in the context of project objectives and constraints. The
conceptual model represents the general understanding of the
system being studied in terms of driving forces (stresses),
physical and chemical processes, interactions, geometric fac-
tors, and boundary conditions. An important aspect of the
conceptualization phase is the determination of the relative
importance of the system processes and stresses. The detail that
enters into a conceptual model should represent the site
characterization data base that will be used in the calibration
and predictive modeling stages of the project, (that is, all input

variables and parameters required to run the selected code
should be available).5

6.4 The conceptual model, no matter how complex will
always be a simplified representation of the ground-water
system. Furthermore, current limitations in scientific theories
(and their mathematical representation) and computer capabili-
ties may require additional simplifications in the conceptual
model to facilitate computer modeling.5 Combining the de-
scription of the conceptual model with the level of modeling
required, while taking into considerations these scientific and
technical limitations often leads to further simplification of the
conceptual model, a process that is sometimes calledmodel
schematization. Such simplifications may relate to the spatial
dimensionality of the model, the type of boundary conditions
and the geometry of the boundaries employed, the spatial
variability or zoning of the system parameters and stresses, the
mathematical description of the physical and chemical pro-
cesses of interest, and the representation of time (that is,
steady-state versus transient). A concise description of the
conceptual model used for code selection should include a
complete mathematical statement of governing equations and
boundary and initial conditions (that is, a mathematical model
of the ground-water system).

NOTE 3—Because code selection is a somewhat subjective process, the
danger exists that the availability of or familiarity with a particular code,
or both, leads to an attempt to force-fit the conceptual model or even the
study objectives into the mold of a pre-chosen code.5

6.5 Modeling, in its widest interpretation, does not always
require the use of computer codes. The level of analysis is
determined by project objectives and constraints. It may range
from qualitative screening of options and manual calculations
(for example, using Darcy’s law) to computer-based analysis of
“bounded” problems (for example, exceeding maximum con-
taminant levels) using analytical or semi-analytical models,
and defensible predictions complete with uncertainty analysis
using numerical models.

6.6 Based on the previous analysis, relevant model func-
tions are determined and translated in a set of informative,
well-defined descriptors. Fig. 1 can be used as a checklist for
this purpose. Further details on determining relevant functions
can be found in Simmons and Cole.5

6.7 Other Modeling Considerations:
6.7.1 Code Acceptance— An important issue in code selec-

tion is the general acceptance of the candidate code and the
model predictions made using it. Acceptance of a code is a
function of its perceived credibility and its efficiency in use.

6.7.2 Code Credibility— Ground-water modeling codes do
not always perform as described in the documentation or
claimed by the developers. Also, code documentation may not
always contain enough information to determine if the code is
appropriate for use under the particular circumstances encoun-
tered in the project. This may lead to concerns regarding the
predictive reliability of modeling results. A code’s credibility is
based on its provenpredictive reliabilityand theextent of its
(successful) use.The predictive reliability of a code is prima-
rily evaluated through review of a code’s theoretical founda-
tion and program structure, and through code testing (that is,
code verification). A code gains user confidence with a growing

5 Simmons, C.R., and Cole, C.R.,Guidelines for Selecting Codes for Ground-
Water Transport Modeling of Low-Level Waste Burial Sites; Volume 1 – Guideline
Approach, PNL-4980 Vol 1. Pacific Northwest Laboratory, Richland, WA, 1985.
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number of documented applications. This results from the
notion that most non-terminal software errors originally
present, have been detected and corrected. Yet, no program is
without programming errors, even after a long history of use
and updating. Some errors will never be detected and do not or
only slightly influence the program’s utility.

6.7.3 Code Use Effıciency—Code use efficiency is a func-
tion of its availability, operational characteristics, and docu-
mentation.

6.7.3.1 Code Availability—A code is considered available
when a executable version or the source code itself can be
obtained for use in a project. The software used in ground-
water modeling can be divided into two categories: public
domain software and proprietary software.

6.7.3.2 Public Domain Software—In the United States, a
code is considered in the public domain when its development
has been supported through public funds and no copyrights or
patents apply. Many of the ground-water modeling codes
developed by or with funding from federal or state agencies are
considered to be in the public domain. It is generally under-
stood that there are no restrictions in the use, modification and
distribution of public domain codes. Some ground-water mod-
eling codes developed for or by government agencies are
subject to restrictions in use and distribution, and thus are not
considered in the public domain. It should be noted that in most
other countries, almost all ground-water modeling software
developed with public funds are considered the property of the
funding agency. Certain restrictions in their use and redistri-
bution apply. However, they may be available at no or little
cost to any user.

NOTE 4—Restrictions in the use of public domain modeling software
may occur if the program includes calls to proprietary software, such as
mathematical or graphic subroutines. Such routines are often external to
the public domain software and their presence on the host-computer is
required to run the modeling software successfully.

6.7.3.3 Proprietary Software—If an institution owns the
copyright, trademark or patent of the software, distributes it
solely under license agreements, or states in the software and
documentation that the software proprietary, the software is
considered proprietary. Distribution of proprietary software is
subject to restrictions put in place by the owner of the software
rights. Typically, proprietary software requires an individual
license for each CPU on which it is installed, or is covered by
a site license arrangement. In most cases, copying of software
and documentation is only allowed for backup purposes. Note
that when the source code of a ground-water modeling program
has appeared in a publication, such as a textbook or journal
article, or is available in electronic form from the publisher,
their use and distribution is in general covered by copyright
protection laws.

NOTE 5—Sometimes, public domain codes are subject to rigorous
quality assurance procedures including version control schemes and strict
maintenance protocols. In such cases, the source code is not distributed to
prevent non-authorized, non-quality-assured modifications. Such controls
are also often in place with respect to proprietary software. When such
controls are absent (which is the case with most public domain software)
the user should establish the credibility of the considered version of the
candidate code. Some of the most popular public domain ground-water
modeling codes are in this category; numerous versions exist, available

from different commercial and non-commercial sources. It is also good
practice to ensure that the most recent version of the candidate code is
considered in the code selection process.

NOTE 6—Codes may have originally been released in the public
domain, while later versions have been released as proprietary codes. This
may be the case when the agency that provided the development funds no
longer supports the maintenance of the software and a private institution
has taken over that role. If the new, proprietary version includes
corrections of code errors or improvements in predictive accuracy and
reliability this new version should be selected for the project and the older
versions, if present, discarded.

6.7.3.4 User Support— After selecting a particular code for
the project, problems may arise that require external assistance
(that is, user support), typically provided by the software
developer or third-party vendor. Such problems may be related
to the following: the installation of the software on the user’s
computer; the operation of the modeling interface, if present;
the preparation of input files; the execution of the simulation
module of the software; and exporting and analyzing model
simulation results. Sometimes, runtime errors have their origin
in coding errors. More often, such problems can be traced to
user mistakes in model construction, input preparation, or code
execution.

6.7.4 Operational Code Characteristics—Executing a
ground-water modeling code requires the preparation of input
files containing the data needed for the simulation, as well as
operational instructions (often in the form of switch parameter
values). In numerical models, the input data set often includes
parameters which constrain or steer the solution, and thus
influence the accuracy of the results. Important aspects of code
operation include the structure of the input files (that is,
facilitating efficient preparation); the structure and information
content of the output files (for example, exporting results to
other software applications, completeness of simulation results
and computational progress); and the extent and effectiveness
of operational instructions (that is, to what extent can the
non-simulation functions or controls of the code be manipu-
lated through input).

6.7.4.1 Increasingly, ground-water modeling codes come
with a user-interface for preparation of input files, execution of
programs and program modules, and analysis of modeling
results. The presence of a user interface significantly increases
productivity by decreasing the time required to prepare and
modify input data sets, reducing the chance of errors in the data
set, and facilitating rapid analysis of the results of each
simulation run. Some of these interfaces consist of a stand-
alone (modeling) preprocessor, others include a shell program
from which various preprocessing, simulation and postprocess-
ing functions can be called. Some of the shell programs
provide extensive on-line help facilities, or even complete
on-line documentation.

6.7.5 Code Documentation—Documentation of a computer
code consists of the information recorded during the design,
development, and maintenance of the code to explain pertinent
aspects of a data processing system, including purposes,
methods, logic, relationships, capabilities, and limitations. It is
the principal instrument of communication regarding all as-
pects of the software for those involved in a modeling effort,
such as code developer, code maintenance staff, computer
system operators and code users.
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6.7.5.1 Documentation of a ground-water modeling code
should be informative, well-structured (that is, specific topics
are easy to find), and well-written (that is, topics are easy to
understand). It should include software installation instruc-
tions, a summary of code capabilities (that is, overview of the
code’s functionality), description of the development history
and the code’s theoretical framework, discussion of model
construction aspects, input preparation instructions (or refer-
ence guide), discussion of output options, sample model runs,
complete verification information, a trouble-shooting guide,
and an detailed index.

6.7.5.2 Good code documentation ensures scientific rigor
and implementation quality.5 Complete and well-written docu-
mentation shortens the learning curve for new users, provides
answers to questions from project managers, and supports
efficient code selection. Well-structured and indexed documen-
tation provides rapid answers for initiated users.

7. Describing Code Capabilities

7.1 Functionality descriptioninvolves the identification and
description of the functions of a simulation code in terms of
model framework geometry, simulated processes, boundary
conditions, and analytical capabilities. The functions of the
code are grouped and systematically described using a set of
standard descriptors6 (see Fig. 1). If necessary, the list of
descriptors may be adapted or expended to cover features
resulting from new research or software development progress.

7.2 The documentation of a ground-water modeling code
should include a summary section, called “functionality de-

scription” or “code functions and capabilities” that addresses
all pertinent descriptors from Fig. 1. This section should also
include additional details where the descriptors of Fig. 1 are
insufficient to describe all features and capabilities of the code.

7.3 Fig. 1 can be used as a checklist, if in reviewing a code
for potential use in a project, the documentation of the code
does not contain a section describing the code’s functionality in
sufficient detail.

7.4 The checklist presented in Fig. 1 can also be used for
determining project needs as part of a code selection process.

7.5 The format presented in Fig. 1 is designed to be
applicable to any ground-water modeling code. It includes a
brief overview description of the simulation code (that is,
authors, contact address, required computer platforms, etc.).
This is followed by a section that is divided into functionality
categories corresponding to sets of specific code functions.
Consistent use of the descriptors and their grouping presented
in Fig. 1 facilities efficient comparison of candidate codes.

8. Documentation of the Code Selection Process

8.1 Code selection in ground-water modeling is often an
integral part of a model application and as such documented in
the model application report (see Guide D 5447). The narra-
tive should provide the justification of the selected code. It
should list the “essential” selection criteria and include a
discussion of the relative importance of non-essential selection
criteria. Finally, the narrative should address the non-
simulation considerations that have influenced the code selec-
tion process.

9. Keywords
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