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ABSTRACT:

The Task Committee on Contaminated Ground Water Modeling was approved in
September 1990 by the Executive Committee of ASCE's Environmental Engineer-
ing Division with the express purpose of assessing widely used models of contam-
inated ground water. I n order to accomplish this, the committee first surveyed the
professional community to determine which models are in frequent use; it then clas-
sified these models according to a unified set of criteria that they had developed.
Based on these criteria, the task committee created guidelines for the application of
the models that include the capabilities and limitations of each model. Thi s mono-
graph represents the valuable information compiled by this task committee.
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MANUAL S AND REPORTS ON ENGINEERIN G PRACTICE

(As developed b y th e ASC E Technical Procedures Committee,
July 1930, and revised March 1935, February 1962, April 1982)

A manual o r report in this series consists of an orderly presenta-
tion of facts on a particular subject, supplemented b y an analysis o f limi-
tations and applications o f these facts. It contains information useful to the
average engineer in his everyday work, rather than the findings that may
be useful only occasionally o r rarely. It is not in any sense a "standard,"
however; nor is it so elementary or so conclusive as to provide a  "rule of
thumb" for nonengineers.

Furthermore, material i n this series, i n distinction fro m a  paper
(which expresses only one person's observations or opinions), i s the work
of a committee or group selected to assemble and express information on
a specific topic. As often as practicable the committee is under the direc-
tion of one or more of the Technical Divisions and Councils, and the prod-
uct evolved has been subjected to review by the Executive Committee of
the Division or Council. As a step in the process of this review, proposed
manuscripts ar e ofte n brought befor e th e member s o f th e Technical
Divisions and Councils fo r comment, which ma y serve as the basis fo r
improvement. When published, eac h work shows the names of the com-
mittees b y whic h i t wa s compile d an d indicates clearl y th e severa l
processes through which it has passed i n review, in order that it s merit
may be definitely understood.

In Februar y 196 2 (an d revise d i n April , 1982 ) th e Boar d o f
Direction voted to establish:

A series entitled 'Manuals an d Report s o n Engineering Practice, '
to include the Manuals published an d authorized to date, future
Manuals of Professional Practice, and Reports on Engineering
Practice. Al l such Manual o r Report material o f the Society would
have been refereed in a manner approved by the Board

Committee on Publications and would be bound, with applicable dis -
cussion, in books similar to past Manuals. Numbering would be con-
secutive and would be a continuation o f present Manual numbers. In
some cases of reports of joint committees, bypassing of Journal pub-
lications may be authorized.
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FOREWORD

The Task Committee on Contaminated Ground Water Modeling was ap-

proved in September 1990 by the Executive Committee of ASCE's Envi-
ronmental Engineering Division. The task committee was formed with the

express purpose of assessing widely used models of contaminated ground
water. Udai P. Singh of CH2M Hill initiated the formation and activities of
this task committee and served as the contact member of the Executive
Committee through the publication of this monograph. In 1992, this task
committee was named as the Division's Ground Water Quality Committee.

The two principal objectives of this committee have been to: (1) survey
the professional community to determine which models are in frequen t
use, and classify those models according to a unified set of criteria devel-
oped by this task committee, and (2) develop guidelines on the application
of these models that describe capabilities and limitations. This monograph
presents the valuable information that the committee has compiled.

The original task committee was organized int o five groups, le d a s
follows:

• C . Harold Emmett, Jr., P.E., ATSDR: Task I. Conduct a survey of profes-
sionals to determine which ground water quality models are in frequent
use.

• Lakshm i N. Reddi, Ph.D., P.E., Kansas State University: Task II. Develop
criteria for classifying the models.

• R . Lee Peyton, Jr., Ph.D., P.E., University of Missouri-Columbia: Task III.
Review, evaluate, and classify the models.

• Bija y K. Panigrahi, Ph.D., P.E., P.G., Remedial Engineering & Science,
Inc.: Task IV. Document input parameter requirements and implementa-
tion guidance.

• Asho k Pandit, Ph.D., P.E., Florida Tech: Task V . Summarize mode l
capabilities and limitations.

V
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QUALITY OF GROUND WATER

Other committee members who significantly contributed to the prepara-
tion of this monograph include:

• Abnis h C. Amar, Ph.D., P.E., Entech Engineers, Inc.
• Brenton M. Hamil, P.E., Florida Department of Transportation
• Charle s S. Hebson, Ph.D., P.E., Robert G. Gerber, Inc.
• Jame s H. Jensen, P.G., PEER Consultants
• Daniel E. Medina, Ph.D., P.E., Northeastern University
• R . Kerry Rowe, Ph.D., P.E., University of Western Ontario

The fina l draft , based o n fou r year s o f effort , wa s reviewed fo r th e
Society by an independent Blue Ribbon Panel consisting of :

• Charles B. Andrews, P.E., S.S. Papadopulos & Associates, Inc.
• Chester R. McKee, Ph.D., P.E., In Situ, Inc.
• Miguel A. Medina, Ph.D., P.E., Duke University
• Jame s W. Mercer, P.G., Geo Trans, Inc.

Model developers who commented on the final draf t included R. Kerry
Rowe of the University of Western Ontario, Leonard R Konikow of the
U.S. Geological Survey, Thomas A. Prickett of Thomas Prickett & Associ-
ates, Milovan S. Beljin of the University of Cincinnati, Clifford I. Voss of the
U.S. Geological Survey, Chunmiao Zheng of the University of Alabama,
Sumant Gupta of CH2M Hill, and Brendan M. Harley of Camp, Dresser
and McKee, Inc. Steven C. McCutcheon, P.E. of the USEPA Environmental
Research Laboratory in Athens, Georgia edited the final manuscript. The
standing committee integrated all comments into the final version of the

report.

Sayed M. Sayed, Ph.D., P.E., Chair
Committee on Ground Water Quality

vi

https://www.civilenghub.com/ASCE/123886974/Quality-of-Ground-Water-Guidelines-for-Selection-and-Application-of-Frequently-Used-Models?src=spdf


CONTENTS

Foreword i x
Glossary x i

Chapter 1 Important Findings 1

Chapter 2 Organization and Background 5
2.1 Committee Organization 5
2.2 Uncertainties in Applying Models 6
2.3 Organization of This Monograph 8

Chapter 3 Ground Water Modeling Survey 1 1
3.1 Available Survey Data 1 1
3.2 Approac h and Procedures 1 1

3.2.1 ASC E Survey 1 1
3.2.2 EP A Survey 1 2
3.2.3 Geraghty and Miller Survey 1 3
3.2.4 Brookhaven National Laboratory Survey 1 4

3.3 Widely Used Models 1 4
3.3.1 ASC E Survey 1 4
3.3.2 EPA Survey 1 5
3.3.3 Geraght y and Miller Survey 1 7
3.3.4 Brookhaven National Laboratory Survey 1 7

3.4 Frequency of Usage 1 7
3.5 Training and Education 1 9
3.6 Technical Support 2 0
3.7 Other Problems Noted in the Surveys 2 0

3.8 Selection of Models for Further Evaluation 2 2

Chapter 4  Classification Criteria 2 3
4.1 Three Groups of Classification Criteria 2 3
4.2 Classification Criteria Based on Usage or Purpose .... 24 24

https://www.civilenghub.com/ASCE/123886974/Quality-of-Ground-Water-Guidelines-for-Selection-and-Application-of-Frequently-Used-Models?src=spdf


viil QUALIT Y OF GROUND WATER

4.3 Classification Based on Function or Process
Modeling 2 7

4.4 Classification Based on Simulation of Aquifer

Characteristics and Solution Techniques 3 1
4.4.1 Characteristics of the Porous Media, Ground

Water, and Contaminants 3 1
4.4.1.1 Porous Medium 3 1

4.4.1.2 Mobile Fluid(s) 3 3
4.4.2 Assumptions of Dimensionality 3 6
4.4.3 Solution Techniques 3 7

Chapter 5  Classification of Ground Water Models 3 9
5.1 Introduction 3 9
5.2 Procedure 4 0
5.3 Results 5 0

Chapter 6 Model Parameters 5 3
6.1 Guidance on Parameter Selection 5 3
6.2 The Questionnaire and the Response 5 4
6.3 Parameter Specification 5 9

6.3.1 Hydrogeologic Properties 5 9
6.3.1.1 Geometric Configuration 6 6
6.3.1.2 Heterogeneity and Anisotropy 6 6
6.3.1.3 Storativity 6 6
6.3.1.4 Porosity 6 6
6.3.1.5 Permeability 6 7
6.3.1.6 Fractur e Spacing and Aperture 6 8

6.3.2 Hydrauli c Properties 6 8
6.3.2.1 Hydrauli c Head and Flow Gradient 6 8
6.3.2.2 Pressure Head 7 0
6.3.2.3 Other Hydraulic Properties 7 0

6.3.3 Mass Transport Parameters 7 0

6.3.3.1 Advective Velocity, and Dispersion and
Diffusion Coefficients 7 1

6.3.3.2 Retardation Factor 7 4
6.3.3.3 Henry's Law Constant 7 5
6.3.3.4 Rat e Constants 7 5
6.3.3.5 Contaminant Strength 7 6

6.3.4 Dimensionality and Solution Techniques 7 6
6.3.4.1 Model Dimensions 7 6
6.3.4.2 Spatial Discretization 7 6
6.3.4.3 Temporal Discretization 7 7
6.3.4.4 Convergence Parameters 7 7

6.4 Specification of Boundary Conditions 8 0

https://www.civilenghub.com/ASCE/123886974/Quality-of-Ground-Water-Guidelines-for-Selection-and-Application-of-Frequently-Used-Models?src=spdf


CONTENTS

6.4.1 Mathematical Boundaries 8 2
6.4.1.1 First Type or Dirichlet Boundary 8 2
6.4.1.2 Second Type or Neumann Boundary 8 2
6.4.1.3 Third Type or Cauchy Boundary 8 3

6.4.2 Hydrogeologic Boundaries for Flow Models 8 4
6.4.2.1 Barriers and No-Flow Boundaries 8 4
6.4.2.2 Surfac e Water Bodies 8 5
6.4.2.3 Leak y Boundaries 8 5
6.4.2.4 Other Boundaries 8 6
6.4.2.5 Sources and Sinks 8 7

6.4.3 Boundary Conditions for Transport Models 8 8
6.4.3.1 Exterio r Boundaries 8 8
6.4.3.2 Contaminant Sources and Sinks 8 8

6.5 Model Setup and Calibration 8 9
6.5.1 Formulation of Conceptual Model 9 0
6.5.2 Relative Significance of Parameters 9 1
6.5.3 Limitations and Quality of Input Parameters ... . 92
6.5.4 Calibrated Data and Sensitivity Analysis 9 5

6.5.4.1 Model Calibration 9 6

6.5.4.2 Sensitivity Analysis 9 7

Chapter 7 Model Evaluation 10 1
7.1 Introduction 10 1

7.1.1 Description of Questionnaires 10 2
7.1.2 Response to Questionnaires 10 2

7.2 Model Applicability 10 3
7.2.1 Flow Models 10 6
7.2.2 Transport Models 10 6

7.3 Model Usability 10 9
7.3.1 Key Model Assumptions, Strengths and

Limitations Identified by Model Developers ... 110
7.3.1.1 Flow Models 11 0
7.3.1.2 Transport Models 11 6

7.3.2 Ke y Model Strengths and Limitations
Identified by Model Users 11 9
7.3.2.1 Flow Models 12 0
7.3.2.2 Transport Models 12 0

7.3.3 QA/Q C Procedures Used for Model Runs 12 7
7.3.4 Ways in Which Models Are Used Incorrectly .. 127
7.3.5 Citations Describing Sensitivity of Model

Parameters 13 2
7.4 Model Accessories 13 2

7.4.1 Pre- and Post-Processors 13 2

ix

127

110

https://www.civilenghub.com/ASCE/123886974/Quality-of-Ground-Water-Guidelines-for-Selection-and-Application-of-Frequently-Used-Models?src=spdf

	Contents
	Foreword

