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Documenting a Ground-Water Modeling Code
This standard is issued under the fixed designation D 6171; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope replace the standard of care by which the adequacy of a given

1.1 This guide covers suggested components of the docirofessional service must be judged, nor should this guide be
mentation of a ground-water modeling code. Documentation ofPPlied without consideration of a projects many unique
a ground-water modeling code consists of textual and graphic&SPects. The word “Standard” in the title of this document
information recorded during its design, development, andneans only that the document has been approved through the
maintenance regarding its capabilities, development history®STM consensus process.
thc'eor'etlcql foundation, opera'tlon, and' v'erlflcatlon. It is theZ_ Referenced Documents
principal instrument for those involved in its development and

i2-1 ASTM Standards?

use, such as code development and maintenance staff, networ ! ) ) )
managers, code users, and project managers, to communicatéDF6|5_?:JI Terminology Relating to Soil, Rock, and Contained
uids

regarding all aspects of the software. ) o
1.2 This guide presents the major steps in preparing the D 5447 Gmde_ for Applllcatlon of a Ground-Water Flow
Model to a Site-Specific Probleim

documentation of a ground-water modeling code. It discusses 4 i
the various documentation audiences and addresses the role o2 5490 Guide for Comparing Ground-Water Flow Model
printed documentation versus documentation in electronic _Simulations to Site-Specific Information y ,
form. D 5609 Guide for Defining Boundary Conditions in
1.3 This guide is one of a series of guides on ground-water _ Ground-Water Flow Modeling o
modeling codes and their applications, such as Guides D 5447, P 5610 Guide for Defining Initial Conditions in Ground-
D 5490, D 5609, D 5610, D 5611, and D 5718. Water Flow Modeling " .
1.4 This guide is not intended to be all inclusive. If offers a D 5611 Guide for Conducting a Sensitivity Analysis for a
series of options and considerations, but does not specify a _Ground-Water Flow Model Application
course of action. Documenting certain codes may require D 5718 Guide for Documenting a Ground-Water Flow
supplemental information or replacement of documentation ~Model Application
sections by more apprc_)priate ele_ments. This_guide should nat Terminology
be used as a sole criterion or basis of comparison, and does not . . .
replace or relieve professional judgement in preparing or 3.1 Definitions of Terms Specific to This Standard:

evaluating documentation of ground-water modeling software, 3-1-1 computer code (computer programjhe assembly of
1.5 This standard does not purport to address all of thenumerical techniques, bookkeeping, and control language that

safety concerns, if any, associated with its use. It is thd€Presents the model from acceptance of input data and

responsibility of the user of this standard to establish appro-nstructions to delivery of output.

priate safety and health practices and determine the applica- 3-1-2 functionality—of a ground-water modeling code, the
bility of regulatory limitations prior to its use. set of functions and features the code offers the user in terms of

1.6 This guide offers an organized collection of information Model framework geometry, simulated processes, boundary

or a series of options and does not recommend a Spec”:i{.;onditions, and analytical aljd operational capabilities. _
course of action. This guide cannot replace education or 3-1-3 ground-water modeling coeethe non-parameterized
experience and should be used in conjunction with profession&°MPuter code used in ground-water modeling to represent a

judgment. Not all aspects of this guide may be applicable in all?on-unique, simplified mathematical description of the physi-
circumstances. This guide is not intended to represent of@! framework, geometry, active processes, and boundary
conditions present in a reference subsurface hydrologic system.

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock 2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
and is the direct responsibility of Subcommittee D18.21 on Ground Water anctontact ASTM Customer Service at service@astm.org.Afoual Book of ASTM

Vadose Zone Investigations. Standardssolume information, refer to the standard’s Document Summary page on
Current edition approved May 1, 2004. Published June 2004. Originallythe ASTM website.
approved in 1997. Last previous edition approved in 1997 as D 617¢.- 97 3 Withdrawn.
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3.2 For definitions of other terms used in this guide, see 5.3 Code testing is an integral part of code development.

Terminology D 653. During the programming phase, testing is focused on indi-
o vidual algorithms, subroutines, functions, and other program
4. Significance and Use elements. At the end of the initial programming phase, the code

4.1 Ground-water modeling has become an important methis extensively tested.

odology in support of the planning and decision-making 5.4 The preparation of the program documentation starts at
processes involved in ground-water management. Groundhe beginning of the code development process and is integral
water models provide an analytical framework for obtaining anyg a|| stages of code development. Specifically, documentation
understanding of the mechanisms and controls of ground-watejt theoretical foundation, code design, capabilities and pro-

systems and the processes that influence their quality, espgram structure are best prepared and evaluated during the
Increasingly, models are an integral part of water resourceggarding the operation and performance of the code are best
assessment, protection, and restoration studies and prOV'%‘?epared before and during initial testing by code developers.

essential and cost-effective support for planning and screening 5.5 The final step in code development is independent
of alternative policies, regulations, and engineering deSignPeviéw and testing

affecting ground-wate(1).*
4.2 Successful ground-water management requires that dg- Code Documentation Requi i
cisions be based on the use of technically and scientifically” quirements
sound methods for data collection, information processing, and 6.1 Following are the main purposes of software documen-
interpretation, and that these methods are properly integratethtion (3): to record technical information that enables system
As computer codes are essential building blocks of modelingand program changes to be made quickly and effectively; to
based management, it is crucial that before such codes are usaskist the (potential) users in understanding what the program
as planning and decision-making tools, their performancés about and what it can do, so that they can determine whether
characteristics are established and their theoretical foundatioit,serves their needs; to enable code users to effectively apply
capabilities, and use documented. the program to their project(s); to facilitate auditing and
4.3 Good code documentation ensures scientific rigor anderification of program operations, that is, code evaluation; to
implementational quality in the development of a cd@g enable programmers and system analysts, other than software
Complete and well-written documentation shortens the learneriginators, to work on the programs; to provide software
ing curve for new users, provides answers to questions frordevelopment managers with information to review at signifi-
project managers, and supports efficient code selection. Welkant developmental milestones so that they may determine that
structured and indexed documentation provides rapid answesoject requirements have been met and that resources should
for initiated users. This guide is intended to encourage comeontinue to be expended; to reduce the disruptive effects of
prehensive and consistent documentation of a ground-wat@ersonnel turnover during development and use of the soft-
modeling code. ware; and to facilitate understanding among developers, users
4.4 Earlier surveys of computer models and assessment ahd project managers by providing information about mainte-
specific models indicate that the documents that are suppose@dnce (that is, required software modifications), training, and
to describe and explain these models and their use are lackirgeration of the software.
in detail, inconsistent in their contents, incomplete with respect g 2 pocumentation of a ground-water modeling code may
to user instructions, inefiicient with respect to indexing andpe comprised of several elements such as internal or published
structure, and often dificult to obtai(8). This still applies 1o~ reports, published articles, textbooks, electronic texts, and
the documentation of many of the ground-water modelingspfiware help systems. If a program’s documentation consists
programs recently released or frequently uged of more than one such element, it is recommended to include

5. Code Development Process in Ground-Water Modeling gof:iirt:grqt;}it)er:enmng all elements that constitutes the code’s

2.1 In ground-water modeling, code development consists 6.3 Documentation of a ground-water modeling code should

of th_e following: definition of design criteria a.nd determining b? informative, well-structured (that is, specific topics are easy
applicable software standards and practices; the develop_met% find), and well-written (that is, topics are easy to under-
of algorithms and program structure; computer programming, and) ' '
preparation of documentation; code testing; and independen%6 4 D tati ¢ d-wat dell de should
review of scientific principles, mathematical framework, soft- ©-4 Documentation ora ground-water modeling code shou
ware, and documentaticf, 4) mclude. sections on the foIIowmg_S): devglopment purpose;
5.2 The development of a specific ground-water _modeling}heoret'(|33| fr:;mework; Imatzl?matlga‘/bg'c methods ang com-
code may be part of a research or development project, bas®yter algorithms employed; model construction and site-

on an existing mathematical model, or derived from an existingPecific data required to control the code; analysis of the
set of modeling codes. sensitivity of computed variables for variations in model

parameters; verification conducted and operational evaluations
performed; example applications and demonstration test cases;
“The boldface number given in parentheses refer to a list of references at the eHBSta"atlon' Input pre_par:_:ttlon, and code execution instructions;
of the text. and methods to review input data and results. A summary of
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code capabilities (that is, an overview of the code’s function- 6.5.3.3 Model Construction—A description of ground-water

ality), a description of the development history, a trouble-model construction requirements and considerations, that is,
shooting guide, and a detailed index are also useful elements obnsiderations in translating a user problem into a code’s input
code documentation. format (for example, grid design and accuracy, boundary and

6.5 Comprehensive software documentation typically coninitial conditions, time step selection and accuracy, and appli-
sists of four types of manuals providing information aimed atcation limitations).
project managers, software users, (problem) analysts, and6.5.3.4 Specific Data RequiremertsA description of the
programmers, respectivel{6). In ground-water modeling, type of information required by the program, including a
such information is often included in a single document,description of spatial and temporal distribution, the overall data
containing specific sections for the different audiences; frestructure, the data media, general data limitations, and specific
quently, the program user is the same as the problem analytput parameters (that is, their meaning, typical range, and use
(that is, the hydrogeologist). in the code, including restrictions or bounds on the values). It

6.5.1 Project managers find important information in aShould address issues related to unit conversion and format

summary section containing a general description, a discussidiPnversion, if applicablg. . o
of code development history, a testing report, and a discussion 6.5.3.5 Output Descriptior-A general description of the
of current and future applications. output structure, types of (optional) output, and names and

6.5.2 The user's instructions section, sometimes publishe@haracteristics of output files.
as a separate user's manual, contains a comprehensive descrip6-5.3.6 Control Parameters-A description of all code op-
tion of code functions and capabilities, code input data requireeration control parameters, including solution parameters,
ments and format, types of output and output controls, codeutput option selection parameters, and other user-selectable
execution details, sample runs, and a trouble-shooting guidéode function switches.
and code verification and performance evaluation information. 6.5.3.7 Input Formats—Many programs require a specific

6.5.3 An effective user's manual enables the (non-order in which the input needs to be prepared. In addition,
programmer) user to perform the fOIIOW”an 3) thorough|y some codes require the input data to follow a predetermined
understand the inner Workings of the code; accurate|y formutormat. The user’'s manual should include a deSCfiption of all
late a problem in terms of code input required; prepare the dat@Put formats, if this information is required to prepare the
for code input (data requirements, data preparation, descriptidRPut files for the program.
of input formats, array dimensions, and problem size limita- 6.5.3.8 Verification and Performance EvaluatiorA dis-
tions); run the code to obtain desired output (for examplecussion on the performed verification (that is, type of tests,
discussion of execution and output control parameters, selecompleteness of testing, test problem descriptions, and evalu-
tion of data units and corresponding file requirements, listingation of test results7).
of computer requirements and installation instructions, discus- 6.5.3.9 Example Simulations-The presence of detailed dis-
sion of numerical precision of the code and accuracy ofcussions of example or verification problems in the user's
results), and provide information for interpretation of output.manual is a major benefit to the unacquainted user. Such
Such a user’'s manual includes a complete set of operatingiscussions should cover model construction, selection of input
instructions, as well as instructions with respect to modeparameters, the input data as they appear in the input file(s),
construction. and a hard-copy of relevant parts of the output file(s).

6.5.3.1 General Description-A comprehensive description  6.5.3.10 A practical user's manual includes a section con-
of what the model is supposed to do (typically called “codetaining run-time error messages, an explanation of possible
functions and capabilities” or “code functionality”), why it has causes, and instruction in how to correct them.
been developed, what its intended use is, and the generalg.5.3.11 Table of Contents/IndexA detailed table of con-
magnitude of its applicability in terms of major assumptionstents and a comprehensive index improves the use of a user's
and limitations. This section is also the appropriate place tenanual.
describe the relationship to other software required for its g5 4 The programmer’s instructions should contain code
preparation, operation, or output analysis. specifications, a code description in terms of objectives and

6.5.3.2 Theoretical Foundation/MethodologyA detailed  structure, program flow, a description of coded routines and
description of how the model accomplishes its intended puralgorithms, a description of data flow and data handling, source
pose. These details are preferably provided in the sequence ligting, and error messages. This includes information on the
which they are performed in the code. It includes the theoretifollowing: computer language, operating system/development
cal model and the underlying assumptions, as well as thelatform, compiler/linker version; files names, file structure,
mathematical representation (that is, the mathematical modeljormat/type, contents and operational purpose; flow charts
The mathematical description should include the simplificatepresenting code logic, file usage; parameter/variable lists
tions made to the theoretical model, the mathematical expregpames, type-integer, etc-, meaning, units); initialization and
sions (that is, governing equations, boundary conditions, andode array dimensioning procedures; routines and functions
solution methods), the logic of the model, and the compute(brief description, size, entries, common arrays and variables);
algorithms. In many instances, it will be useful to include ause of libraries, if present; and a description of potential
flow chart of the general workings of the program. problems, including for porting to other systems. The code
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itself should be efficiently structured and internally well- 7. Keywords
documented; where possible, self-explanatory parameter, vari-

able, subroutine, and function names should be used. 7.1 computer code; documentation; ground-water modeling
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