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MEMORANDUM

SUBJECT: OWPE Review of Ground Water Model Cpdes ,
FROM: Jack Stanton, Director ‘}1¢<§Zézq
CERCLA Enforcement Divigion, d&PE
{

TO: Addressees

At the request of your respective offices, the Office of
Waste Programs Enforcement (OWPE) initiated an independent review
of proprietary ground water computer codes previously employed
by the REM/FIT Contractor, Camp, Dresser, and McKee in conjunction
with the Price Landfill case in Region II. This review was
undertaken by Paul Van Der Heijde, Director of the International
Ground Water Modeling Center, Holcomb Research Institute in
Indianapolis, IN at the recommendation of EPA's Office of Research
and Development. The results of Mr. Van Der Heijde's review are
included in the attached document entitled "Review of Dynflow
and Dyntrack Groundwater Simulation Computer Codes, Report of
Findings" dated May 3, 1985. Based on an assessment of Mr. Van
Der Heijde's review, it is OWPE's opinion that the Dynflow and
Dyntrack computer codes are appropriate for use in simulating
ground-water flow and contaminant transport at the Price Landfill
site. This opinion is restricted to the technical underpinnings
of the Dynflow and Dyntrack computer codes and does not extend
to any specific application of the codes at the Price Landfill
site. Mr. Van Der Heijde's independent review and limited testing
of the codes showed them to be generally based on well-founded
theory and capable of accurately reproducing results of selected
test problems. '

However, the circumstances leading to your request and
Mr. Van Der Heijde's subsequent review and commentary also
underscored the present deficiency on the part of the Environmental
Protection Agency of not having procedures and criteria for
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reviewing and approving ground-water computer codes for selection
and application by its offices, contractors, or the regulated
community. For this reason, I believe it would be premature to
consider this memorandum a general endorsement of the Dynflow

and Dyntrack codes by the Environmental Protection Agency.
Rather, you should consider this as guidance and opinion by

OWPE, supported by sound technical review, that the codes are
appropriate to be applied at the Price Landfill site.

Under a separate memorandum Gene Lucero is advising key
offices in EPA of our review and the necessity to further address
the agency's need for sound ground-water model review procedures.
I am hopeful that this and subsequent memoranda will be helpful
in resolving uncertainties in the selection and application of
specific ground water model computer codes. I appreciate your
attention and patience during this review period. I believe
this has been an important educational experience for all
concerned.

Attachment

Addressees

w/attachment: John Wittenborn, DOJ
Sheila Jones, DOJ
Sam Multhrop, US Attorney
Walter Mugdan, EPA Region II
William Sawyer, EPA, Region II
Phillip Boxell, EPA, Region I
Robert Ogg, EPA Region II
John Moebes, EPA Region I
Russ Weyer, OERR



May 3, 1985

BUTLER UNIVERSITY

Holcomb Research Institute 4600 Sunset Avenue
International Ground Water Modeling Center Indianapolis, Indiana 46208

317-283-9458
Mr., Peter Ornstein
US EPA

Office of Waste Program Enforcement
Washington, DC 20460

Dear Mr. Ornstein:

Enclosed is the report of findings according to the 4th task in the scope
of work for the review of the DYNFLOW and DYNTRACK groundwater simulation
codes. This report includes the comments received on the draft report sent
to you February 20, 1985.

If you have any questions, do not hesitate to call me.

Sincerely,
“ e _'_'//
[—

Paul'K.M. van der Heijde
Director
International Ground Water Modeling Center

PVDH:b
enc,



GROUNDWATER MODELING NOTES

REVIEW OF DYNFLOW AND DYNTRACK GROUNDWATER
SIMULATION COMPUTER CODES

Report of Findings

by
Paul K.M. van der Heijde

for

U.S. Environmental Protection Agency
Office of Waste Program Enforcement
Washington D.C. 20460

IGWMC 85-17
May 3, 1985

INTERNATIONAL GROUND WATER MODELING CENTER

Holcomb Research Institute
Butler University, 4600 Sunset Avenue
Indianapolis, Indiana 46208



REVIEW OF DYNFLOW AND DYNTRACK GROUNDWATER SIMULATION COMPUTER CODES

Report of Findings, May 3, 1985

by Paul K.M. van der Heijde, Director
International Ground Water Modeling Center
Holcomb Research Institute

Butler University

Indianapolis, IN 46208

Introduction

By request of the Office of Waste Program Enforcement of the U.S. Envi-
ronmental Protection Agency, the DYNFLOW and DYNTRACK models developed by
Camp, Dresser and McKee, Inc., have been reviewed. This document and the
opinions expressed herein do not represent the position of the Agency on the
issues discussed. For the reasons stated below, this review should not be

construed to be a complete or comprehensive peer review.

The review, requested by EPA in support of its involvement in the Price
landfill case in New York, is aimed at evaluating the validity of the DYNTRACK
solute transport simulation code. As stated in the letter from Johanna
Miller, EPA, September 21, 1984, the objective of this review is "to comment
on the theoretical base and mathematical framework of the CDM model." Because
the heads required as input for the DYNTRACK code are generated by the DYNFLOW
groundwater flow code, both DYNFLOW and DYNTRACK are subject to this review.
The scope of work for this review is described in a letter by PRC Engineering,
Inc., Chicago, Illinois, November 21, 1984, through which organization this
review was subcontracted to the Holcomb Research Institute. According to the
scope of work described in that letter, the key elements of the review should
be:

(1) Review of all available documentation pertaining to the DYNFLOW and
DYNTRACK computer codes;



(2) Review of modeling theory, the assumptions underlying the models,
the equations describing the physics of the real system, the code
structures, and the solution techniques;

(3) Review the exercise of example problems of reviewers' computer

facilities; and

(4) If allotted time allows, develop additional test problems and run
them at reviewer's facilities to test the computer codes and to

determine their numerical and physical constraints.

The first three of these elements have been completed and are reported in
this document. The fourth element could not be carried out because of time

constraints.

The definition of the word model, as used in this report, includes the
mathematical framework and the computer coding. This definition does not

include the simulation of any laboratory or field experiment or field problem.

The standard groundwater model review process as carried out by the
International Ground Water Modeling Center (IGWMC) comprises evaluation of the
underlying theory, review of the user's manuals, and inspection and testing of
the computer code. To carry out a complete review, the Center requires
detailed documentation of the model, the computer code for implementation on
the Center's computer facilities, and a file with the original test data used

for the code's verification.

First, the theory underlying the model is reviewed; that is, its mathe-
matical rigor is assessed and an evaluation is made of the correctness of the
description of the modeled processes. Additional criteria include evaluation
of the numerical method from an application point of view, with respect to the
special rules required for proper utilization of the model (e.g., data assign-
ment according to node-centered or block-centered grid structure, shape of
elements, grid size variations, treatment of singularities such as wells,
approach to vertical averaging in two-dimensional models, or layered three-

dimensional models, and treatment of boundary conditions), and evaluation of



the ease with which the mathematical equations, the solution procedures, and

the final results can be physically interpreted.

The documentation is then evaluated through visual inspection, comparison
with existing documentation standards and guidelines, and through its use as a
guide 1in operating the relevant code at the IGWMC. Good documentation
includes a complete treatment of the equations on which the model is based, of
the underlying assumptions, of the boundary conditions that can be incor-
porated in the model, of the method used to solve the equations, and of the
limiting conditions resulting from the chosen method. The documentation must
also include a user's manual containing example problems complete with input
and output, programmer's instructions, operator's instructions, and a report

of the initial verification of the code.

The computer code is then reviewed and tested. In the review, attention
is given to the manner in which modern programming principles have been
applied with respect to code structure, optimal use of the programming lan-
guage, and internal documentation. To check for correct coding of theoretical
principles and for major programming errors ("bugs") in the code, the code is
run using problems for which an analytical solution exists. This stage is
also used to evaluate the code sensitivity for grid design for various domi-
nant processes and for a wide selection of parameter values. (Due to time

constraints, sensitivity testing was not incorporated into this review.)

Although testing numerical computer codes by comparing results for sim-
plified situations with those of analytical models does not guarantee a fully
debugged code, a well-selected set of problems ensures that the code's main
program and most of its subroutines, including all of the frequently called
ones, are being used in the testing.

To test special features that cannot be handled by simple close-form
solutions, as in testing irregular boundary conditions and heterogeneous and
anisotropic aquifer properties, hypothetical problems are used. Sensitivity
analysis is then applied to determine code characteristics. Finally, data
from field sites are used (if available) to validate the model. However, for
many types of groundwater models, including three-dimensional solute transport
simulation codes (as in DYNTRACK), no such complete set of testing technigues
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is currently available. Therefore, to test these three-dimensional solute
transport simulation codes, one- and two-dimensicnal analytical solutions are

used.

The code testing by the Center is also used to evaluate the user's guide.
Special attention is given during the code testing to the rules and restric-

tions ("tricks") necessary to operate the code.

General Comments on DYNFLOW and DYNTRACK

The DYNFLOW and DYNTRACK computer codes were reviewed by Paul K.M. van
der Heijde, at the IGWMC in Indianapolis. P. Srinivasan of the IGWMC assisted
in reviewing the codes and in evaluating their documentation. Additional
information regarding the operation of the codes was obtained during a meeting
with P.J. Riordan, R.P. Schreiber, and B.M. Harley of the Camp, Dresser and
McKee model-developing group at the CDM corporate offices in Boston, Massachu-
setts, December 4-6, 1984 and during a number of telephone conversations in
the period December 1, 1984 through February 15, 1985.

Preliminary reporting to EPA took place by letter of December 10, 1984.
Some of the reviewed documents were not received until the last week of Novem-
ber 1984, particularly the DYNTRACK user's manual. Upon his arrival at CDM's
offices in Boston, Massachusetts on December 4, 1984, the reviewer was pro-
vided with a significantly updated version of the DYNTRACK manual. Also, the
last two of the reviewed documents listed on p. 2 were first provided during
the meeting with the CDM modelers.

After a preliminary evaluation of the findings was reported on December
10, EPA decided to have a more thorough and independent evaluation of the
codes undertaken through implementation and test-running of the codes at
IGWMC's computer facilities. This code-testing was performed using the com-
plete set of examples presented in the documentation of the codes. To further
check the results of the simulations with analytical solutions, programs
developed and implemented at IGWMC were used.

As mentioned earlier, well-documented field data sets are scarce and have
not yet been developed for the purpose of testing three-dimensional solute
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transport models. Testing of the codes was therefore restricted to the

simplified hypothetical problems presented in the sample problem set.
The results of the inspection of the DYNFLOW and DYNTRACK source codes

and their documentation and of the evaluation of the run-tests of the codes

are presented in this report.

Documents Reviewed

Riordan, P.J., B.M. Harley, and R.P. Schreiber, Three-Dimensional Modeling of
Flow and Mass Transport Processes in Groundwater Systems. Proceedings
NWWA/IGWMC Conf. on Practical Application of Groundwater Models, Colum-
bus, Ohio, August 15-17, 1984, pp. 112-132.

Camp, Dresser and McKee, Inc., Details of the DYNTRACK model. Appendix D of
internal report, 1983.

Riordan, P.J., R.P. Schreiber, and B.M. Harley, Three-Dimensional Modeling of
Groundwater Flow. Internal report, Camp, Dresser and McKee, Inc.,
Boston, Mass., 1983.

DYNFLOW A 3-Dimensional Finite-Element Groundwater Flow Model; Description and
User's Manual, Version 3.0, (draft), Camp, Dresser and McKee, Inc.,
Boston, Mass., Nov. 1984.

'DYNTRACK, A 3-Dimensional Contaminant Transport Model for Groundwater Studies:
Description and User's Manual, Version 1.0 (draft), Camp, Dresser and
McKee, Inc., Boston, Mass. November 1984.

Code 1istings of DYNFLOW and DYNTRACK

Code listing of analytical solutions used to verify the DYNTRACK code

Computer log of test problems for DYNFLOW and DYNTRACK including test data and

complete listing of results



DYNFLOW

Description

DYNFLOW is a Galerkin finite-element model for simulation of three-dimen-
sional groundwater flow in saturated porous media. The code uses one-dimen-
sional, planar two-dimensional, and three-dimensional linear elements. The
model solves both linear (confined) and nonlinear (phreatic) groundwater flow
equations in terms of piezometric head, and it can accommodate changing aqui-
fer conditions during simulation. The code includes options to simulate a
hydraulic connection with a stream, dewatering schemes, the effect of ponding,
and seepage surfaces. Through use of the model's restart capability, various
changes in parameter values, boundary conditions, and stresses can be evalu-
ated during a simulation. The equations are solved by Gaussian elimination or
by a block or out-of-core solver.

.

Evaluation

Computer Code

The DYNFLOW code is based on a well-established quasi-three-dimensional
groundwater flow code, AQUIFEM-N. This widely used code is based on a
reliable and theoretically well-developed technique. Because of its many
options such as the use of various types of elements and its restart capabil-
ity, the code is quite versatile. To apply the DYNFLOW code to complex prob-
lems, a modeler must be familiar with all of DYNFLOW's characteristics and
application rules. The application of the current version 1is somewhat
restricted by the limited number of layers in which the vertical dimension can
be divided (a maximum of nine layers are hard-wired into the code). However,

it is rather simple to modify the code to handle larger problems.

The structure of DYNFLOW is logical and rather efficient. The use of
specially defined commands facilitates both interactive program execution and
user-friendly updates of data items, simulation parameters, and input—output

controls.



The DYNFLOW code is written using modern structured programming prin-
ciples. A1l sections of the code are explained internally by COMMENT state-
ments, e.g., the allocation of storage space, the assignment of upper bounds
of variables, and the listing of I/0 file information. The extensive use of
indentation facilitates easy comprehension of the code's segmented structure.
There is no apparant misuse of IF/GOTO statements. Except for a few places,
the constants are not hard-wired in the subroutines.

The use of ENCODE/DECODE, for processing of the code commands, 1imits the
code to ANSI FORTRAN-77 or extended FORTRAN-66.

The code contains many WRITE statements to log errors and warnings during
a run, which is considered good programming practice. Separate I1/0 files are
used to store head, permeability, grid data, etc., a useful adjunct to pre-
and postprocessing. Because subroutines are not documented internally and
independently, an understanding of previous sections of the code is necessary

at all points.

A program of this size should have documentation of its structure, in-
cluding description of the variables, to assist the user in understanding the

workings of the program. This documentation is lacking.

The code has been applied frequently by CDM in recent years. The experi-
ence obtained in applying the code has contributed to improvements, updates,
and modifications. The final result is a dependable and versatile code,
well-suited for use by experienced modelers in the analysis of various ground-

water flow problems.

During testing the code performed without problems. CDM provided the
reviewer with a complete set of input data and computed results for the given
test problems. The data sets provided by CDM were inspected to check the
representation of the analytical model. No major differences between the
specifications of the test problems and the data used in DYNFLOW were found.
The test data were used to run the DYNFLOW code on the reviewer's in-house
computer system (DEC Microvax-1). The results of these computations were
compared with those provided by CDM and with pertinent analytical solutions.
Using the original data set, the reviewer was able to produce the same results
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as obtained by the authors. The comparison with analytical solutions was
good. However, this analysis showed the need for a thorough understanding of
the code's operational characteristics in interpreting computational results.
It should be noted that the ponding subroutine has not been tested by the

reviewer. Further evaluation of this routine is needed.
Documentation

A complete statement of the objectives of the model must include the
basic flow equation and its underlying assumptions. Also necessary is more
extensive referencing regarding the derivation of equations, the definition of
elements and boundary conditions, and the discussion of the equation solution

methods.

The description of the code elements and the definition of the variables
(section 3) is too brief. The code structure, especially, needs more in-depth
treatment. The interactive commands for running the code and the explanation

of individual commands (e.g., reference manual) are detailed and well-written.

The application section should be expanded to contain instructions on
grid design, parameter selection, boundary conditions, the use of special
elements, calibration techniques, sensitivity analysis, restart capability,
and so forth. Such an extension is necessary because many of the situations
which can be simulated by the code require instructions on how to combine its

advanced features.

Currently lacking in the documentation are the complete input data sets
and Tistings of the results for the given tests. This information is essen-
tial to evaluate the author's claims with respect to accuracy of the program.
In additijon, without such information the user is unable to verify the proper

implementation of the code on the user's computer system.

DYNTRACK

Description

DYNTRACK is a computer model for the simulation of three-dimensional

solute transport in saturated groundwater systems. The model has two modes of
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operation. In the first, or particle tracking mode, it computes the path of a
single, conservative particle undergoing advective transport. In the second
mode, the model employs the random walk technique to simulate three-dimen-
sional advective—dispersive transport. In this mode, first-order decay and
linear adsorption isotherms can be accounted for. The random walk method
solves the transport equation indirectly through simulation of an analogous
process, tracing the paths of a statistically significant number of particles,
each with a predefined mass of the chemical constituent involved. The result
of the computations is a distribution of particles and thus of solute mass.
The dependent variable in the transport equation (concentration) is then
calculated by dividing the total particle mass in a certain volume by the
water volume of that total volume. In DYNTRACK the total volume is a volume

assigned to each node.

To displace the particles advectively, the velocities in the flow field
must be known. In the DYNTRACK code these velocities are generally derived
from the nodal heads computed by the DYNFLOW code. Because of this Tlink
between the DYNFLOW and the DYNTRACK codes, the computations in the DYNTRACK
code generally take place on the same element grid base as in the DYNFLOW
code. Also, due to this 1link, the velocity across an element boundary is
discontinuous in the DYNTRACK code.

The displacement of particles moving through more than one element during
a certain timestep is not corrected for changing velocity when the particles
leave the element where their displacement originated. To prevent cumulative
inaccuracies, the code checks for each timestep if at the end of that timestep
the particle is in one of the neighboring elements. If the particle is not in
this area, the code displays a "particle lost" message and a smaller timestep
must be chosen. This feature is also designed to assure conservation of mass
in the model.

This approach to displacement accuracy checking is combined with a
routine for the simulation of particles bouncing back from a no-flow boundary.
It is an efficient routine directly related to the required accuracy for that
location through linking to the element configuration (for high accuracy small
elements should be used). Although this feature is included in the code, it

is not documented in the manuals.



Through use of a retardation factor, the code can handle adsorption. 1In
the code this is an element property. To account for the loss of mass in the
liquid phase, the code corrects the calculated concentrations by dividing by

the retardation coefficient, resulting in an increase of the apparent volume.

The approximation of adsorptive processes by a retardation coefficient is
currently the most widely used approach to incorporate the effects of adsorp-
tion into solute transport models. However, desorption cannot be handled by
this approach and calls for a more complex representation of the matrix-liquid
interactions. The DYNTRACK code does not allow for desorption.

The code can also handle first-order decay. However, this is considered

a global property and cannot be assigned to the individual elements.

Fluid density differences resulting from variations in solute concentra-

tion are assumed negligible and are therefore not incorporated.

Evaluation

Computer Code

By taking an analogue approach to solving the transport equation, the
random walk method distinguishes itself from other numerical methods. Conse-
quently, its strengths and weaknesses differ from the more established
finite-difference method and finite-element method, and from the method of
characteristics. The strength of the random walk method lies in the analogy
used to represent the transport processes. This physically based analogy can
be used to analyze the pathways for the solute movement. In addition, the
stochastically based random walk representation of dispersion is a generally
accepted way of describing this complex phenomenon. The weaknesses of the
method are primarly those intrinsic to the use of an analogy and to the dis-
crete nature of the particle mass. Because of the discrete nature of the
particles and the application of stochastic principles, a large number of
particles is needed to obtain an accurate solute mass distribution. However,
no guidelines can be derived for the minimum number of particles theoretically
necessary to achieve a certain accuracy. The analogous approach resulting in
a solute mass distribution forces the user to interpret the results at the end
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of the simulation in terms of concentrations. Various approaches are possible
to map the particle mass over each volume element and convert it into a con-
centration distribution. The approach adopted for the DYNTRACK code results
in irregularly patterned concentration distributions. The developers of the
DYNTRACK code have therefore added optional routines to smooth the results.
However, such techniques might lead to a loss of information in the final

results.

For a modeled system in which significant dispersion occurs, back-scatter
(negative or upstream random displacement) can cause problems in models based
on the random walk method, especially in areas near the solute sources. Also,
the use of a finite number of particles can be the cause of scatter in the

results.

Finally, the random walk method is not suited for simulation of transport
of pollutants from extensive nonpoint sources relative to the scale of model-
ing. That is, contaminant sources should not exceed an area of a few elements
or nodes; otherwise an excessive number of particles would be needed to
achieve reasonable accuracy. Therefore, only simulation of distributed

sources of limited areal extent can be handled.

The theoretical treatment of the optional nonconservative processes
(adsorption and first-order decay) is in accordance with current theory.?

Further testing of these optional features has not been performed.

Like the DYNFLOW code, DYNTRACK i@;written using modern structured pro-
gramming principles. It is internally well "commented." Its flexibility is
obtained through use of a set of specially defined commands comparable with
DYNFLOW. Extensive use of error messages and debug options makes the code
dependable and facilitates its efficient use. Remarks made regarding the
programming of the DYNFLOW code also apply to the DYNTRACK code. The built-in

random number generator simplifies code transfer to various host computers.

1Bear, J. (1979). Hydraulics of Groundwater. McGraw~Hi1l, New York, NY, pp.
239-243.
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In the testing performed at IGWMC, the code was able, after modification
of some of the data sets provided to make them correspond to the input format
of the 1alest version of the code, to simulate variocus simplified problems
accurately. These tests focused on the simulation of advective and dispersive
transport processes and showed that the particle tracking routines and the
mass-concentration conversions were properly programmed. The analytical
solutions used. in these test problems were independently programmed and

implemented at IGWMC, except for the one in case V.

The six tests performed independently by the reviewer cover four cases
presented by the authors of DYNTRACK in the code's documentation. These tests

are:

(1) :CDM case I— Convection and dispersion in one dimension
Contaminant slug transport (SLUG1D-data)

(2) :CDM case II(a)— Convection and dispersion in two dimensions
Slug source (SLUG2D-data)

(3) :CDM case II(b)— Convection and dispersion in two dimensions
Continuous source (CONT2D-data)

(4) :CDM case III— Convection and dispersion in three dimensions
Slug source (SLUG3D-data)

(5) :CDM case V(a)— Two-well pulse test
Orthogonal grid (DOUB1T-data)

(6) :CDM case V(b)— Two-well pulse test
Bipolar grid (DOUBL3-data)

The tests (1) through (4) were carried out using the "SOLUTE" package of
analytical solution developed at IGWMC. The results of the analytical simu-
lations were compared with the results the reviewer obtained from the DYNTRACK
runs on the IGWMC computer system (see appendix).
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Tests (5) and (6) were carried out by reviewing the theory as documented
by Gelhar? and comparing it with the results provided by CDM as well as with
the reviewer's own DYNTRACK simulations (see appendix). These last two tests
clearly demonstrate 1inaccuracies and instabilities which might occur in
simulation of extreme hydraulic situations. It is not clear whether these
instabilities are a result of the method (e.g., random noise at low concen-
trations), or a result of grid design (limitation on directions of release of
contaminants from source). The case with the octagonal grid (5) shows a close
fit between theoretical and numerical results. This is clearly less the case
with the orthogonal grid. The shift between values computed at IGWMC and at
CDM is probably the result of differences in data sets used.

During the testing it became apparent that proficiency with the theo-
retical concepts and the structure of the code is prerequisite for a correct
representation of the simulated problems in the code's data sets. Thorough
understanding of the analogous character of the modeling method used in
DYNTRACK 1is necessary for optimal use of the various options of the code and

for adequate interpretation of the simulation results.

Documentation

The latest version of the DYNTRACK documentation contains much of the
information necessary to understand the principles on which the model is
based. It also contains extensive user's instructions regarding the input
data for the computer code. However, the section describing the computer code
itself is brief. Because the computer code is not included in the documenta-
tion, evaluation of the code structure is not possible. Additional flowcharts
and an extended discussion of the subroutines, including the pre- and postsim-

ultation processors, are necessary for such an evaluation.

The verification tests provided in the code documentation are incomplete;
1ittle mention is made as to how, or from where, analytical solutions have
been obtained, nor does the manual explain how the tests were performed. In
some of the test cases, smoothing (moving average, contouring) has been used

2Gelhar, L. (1982). Analysis of two-well tracer tests with a pulse input.
RWH-BW-CR-1318, Rockwell International, Hanford, WA.
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to represent the results. The effect of such techniques on the accuracy of
the results has not been reported by the DYNTRACK authors.

The application sections (modeling strategies and examples) in the user's
manual were not included in the version reviewed. Such sections should con-
tain instructions on how to design grids, how to introduce particles, how many
particles should be used, how to incorporate boundary conditions (concentra-
tions, solute fluxes), and so forth, and should discuss the relationship

between grid design and model accuracy.
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APPENDIX

DYNTRACK Test Runs

The results of the DYNTRACK test runs are presented without smoothing or
averaging, except in those cases where vertical averaging is mandatory (one-
and two-dimensional cases). The test runs were performed using 2,000
particles. Improvement in accuracies is expected when using a larger number
of particles (e.g., 10,000).
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20.9087

468

[y
»

OO m

1]

0.92187
18.2091

1200 m

1.%2468

18.00 m

O, GOOO0

TRl VR

4,00 m

29.7514

R )

P

.00 m

0.1409
16.4078

14,00 m

0. 4282

19.00 m

44
§d

44
54

O.0o00 ™

8. 900

S.oom
10790
7l L‘°°

t.oowm

4.6s0

V.eS

(-]

[Luoih

(1.3 50

100

T.ooe m

WL 4o
e.\so

o0 ™

1.950
W-qfo

T. 00 it

2c.000
). 3@@

J.oo“ﬂ

Lloco

17. 450

Hg.oe M

2$.)50
4,200

9,00»4

o, oo

16.900

A-2
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SLUGLD doata

HEEREEEA KGR F AT R AR FE AR AR E RN ERARNRERAAERF R EEERAE R R AR RS ERF

* *
¥ SLUG INJECTION IN TWO-DIMENSIONAL UNIFCRM FLOW *
*  MODEIl-: SLUG. BAS *
* *

x

ERAEEXFEAXERXELA XX ELEXXERXEARXE T EFXAXAREEX AT IR AR E XX A AR R A XS

LISER: F.bE.HM., van der Hel jde

LOCATION: IGWHC Indianapolis

DATE: February 10, 1985

IRNFUT DATA:

TOTAL SOILUTE MASS INJECTED. v e oo .3 25,00 kg
DARDCY VELOCITY. . v iue s enwnan . “eead .25 m/d .

EFFECTIVE POROSITY . n i i i v n e n e vt 29

LONGITULDINAL DISFPERSIVITY. v ene v cene 020 m
LATERAL DISFERSIVITY.iwevs e vwnn | 010 m
ARUIFER THICKMESS. v v v en s Cen e n e : 1.00 m
X—COORDINATE OF THE GRID ORIGIN.......1 0. 00 m
Y=CRORDINATE OF THE GRID ORIGIN.....w.: 0.00 m
DISTANCE INCREMENT DELX..civ s vannnweeas 1.00 m
DISTAKNIE INCREMENT DELY.w o v oo v eonnast 1.00 m
WUMBER OF HODES IN X-DIRECTIOM.......0.00 10
NUMBRER OF MNODES TN Y-DIRECTION. s ww oot S
TIME s e s i s s s v a e s s e annns : 4

L00 d



Source (6|°

< -—'@

Q.00 m
1.00 m
2.00 m
.00 m

4., 00 m

e

D, 00 m
1.00 m
2,00 m
200 m
4,00 m

Results Q-\-ow\ DYNTRACK are
with "*3{1.

coordinates

<

X—direction

OO0 m

0.01845

5.00 m

L2210

255
G1.80R20
55

COMNCENTRATION in

SO0 m

4991 .
2&E71.
4(::.::;1_ 7

18. 00

concentration

kag /M‘

The source s in X=2,y=§. Por tccle Mers 0. 0105

(ppm?

mg /1

T .00 m

-—p 0-‘ C‘|cr

level

1

level 2

avéera 36

SLV87 L AfTT-

***%****%%S%%*ﬁ**%k%%%%%*@ﬁ%i%%** RESULTS ##R2 A8 a 3 8 XA R KR ER AL ERARRARAR SRR R

Z.00 m

FIIE. P140
4991, 8010
765, 5176
I3 6345

O. 4254

-

oo

4,00 m

11485, 0200
» 280
5104
4251

£y e
u \_.'.u.l ~d

G.00 m
2.8IT77
SELET4AS
S.1520

R Y Y
Ul ol

O, 0029

Com pM’¢"

correc {;eal
Cocmd{nﬂ+€s

Xo

Yo

A NN o N o 2

'S

.o
6.2

.9y

6.1

Ly
0.3

o

. O

.1
%4
73
6.1
L &
0.4

.08

LYy
6..g

g~ N\ » & o »

2
2 ¢
{ 9!
o t12
o ‘;3

0
s

o o
o~

kS
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LLUOLD aAnta

EEFEREFE R XK AR KR ER A XA A E N E A RANRF AL IR I LR AR R XA AR S AR A AT S
*
* SLUGB INJECTION IN TWO-DIMENSYIONAL UNIFORM FLOW *
s #*
*  MODEL: EBLUG.EAS ¥
* #
EREHRRERENREREFH AR A AR FERA LSRR EARL R LSRR ERR AR AR D ARRR R RS
USSR F.toMe van der Hel jde
LOCATION: IGWME Indianapolis

DATE: February 10, 1385

INFUT DATA:

TOTAL SOLUTE MASE INJECTED. s v e cnew v awns 25.00 kg
DARCY VELOCIT Y. e r it i e e e s s mnmnwnuh QL&D mAid
EFFECTIVE PORDSITY . i i i s i i s e m e at 2D
LONGITUDINAL DISFERSIVITY. v n v ww s Q.20 m
LATERAL DISFERSIVITY. . i i v s v nannanes : O.10 m
AUUIFER THICENESS. v o v v i i s v v e e v e m s e wad 1.00 m
A-COORDINATE OF THE GRID UORIGIM...... .z O.00 m
Y~COORDINATE OF THE GRID ORIGIN.......: O.00 m
DISTANCE INCREMENT DELX. v e ene e enane : 1.00 m
DISTANCE INCREMEMNT DELY.w s e e e cnnaeenad 1.00 m
NUFBER OF NODES IN X-DIRECTION....... . 2 10
NUMBER OF NODES IN Y-DIRECTION. couw...s 5

TIME . i ee s e s nsas s s s snansrsarasnaens : g.o0 d

n



XRERE R XD

Sourca

O, 00
1. 00
2.00
2,00

4,00

. 0
4,00

N R RN X

(o,0)

X—=diyeotinmn

with Mj/(

DYNMIYACK . Scurce

6001'd.

COMNCENTRATION

e OO m

'

correcred

5 R

RC)«,‘”—-\ grom D\/NTRA‘CK are

€ © oy din ate> »

X, Yo

RESULTE

in

x= 9., y:f

I'\O‘L(—
3

O S R T L T T L

{ppm)

mg /1

SLUNG LD daten

DL 00 m

424, 7805
210.7757
121.7015

AR ET
25,100

LT
anw LI alanl

18545, 4000

244,8%51
:!'I"J

ey
E.5961

4,00 m

7150
S94%E
7780
1421

7.E088

.00 m

L8870

oy —

O2I0
5280

7755

g8&81

L’*C ior luve C(Omparcd

v Parbide mess v 0, 0125
/

thcenkra+Fom

level leovey 2 avernyc

& g ~J SN o O o |x
N AN A W NI oK

9

3

(3

4
4
Y
Yy
< °
6
]
\|

49
Q0
A\
(v
W3
“ﬂ
nus
tb

0.5

O.?
Ly
1§
4.\

5.
5.6

O.ﬁ OJﬂS

1. © ©.95

1.

2.3

3.35

4.95
$.35

(-2
3.0

2.6

5.1

k3
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) Cout2p dale

EERRE SRR EREE L BRAA AR R R E LR EEEEAEHEREEER A A EFE RS

* SOLUTE TRANSFORT FROM FOINT SOURCES ¥
* (N TWO-DIMENZIONAL UNIFORM FLOW *
x =
* MODEL: WiHPLUME #
* *
AAERRREAERAFEAEH A AL R SR AL A AR AR ERFRL LA AR T ERE

UEER: Foi.o M. van der Hel dde
LOCATIOM: IGWME Indianapolis

DATE: February 10, 1985

INFUT DATA:

DARCY VELDCITY e o v v i v e nvn s s ennowo e el
EFFECTIVE POROSITY. s et i v n e nnean s :
AEUIFER THICKNESS. o v i s st i et s s e nww e n t
LOMEBITUDINAGL DISPFERSIVITY . i a ot
LATERALL DISFERSINVITY . i e v i s v v wn v feeoet
RETARDATION FACTOR. . o v v v i nn e e w e cexwand +C
DECAY CONSTANT (lambdal «ve e nen e vans 0 17d
NUMREER OF FOINT SOURCES. o s s i e e s e r ot 1

m/d

SOURCE DATA:

SOURCE KDL 1

X—CODRDINATE OF THE SOURCE. cw s ea e e ows 0,00 m
Y-COORDINATE OF THE SOURCE. .c.voweon ot 0,00 m
THE SOURCE STREMGTH. .o s cs e vt e n e Lt 2.90 kg/d
ELAFSED TIME OF THE SOURCE ACTIVITY...: 20,00 d

GRID DATA:

X-COORDINATE OF THE GRID ORIGIN.......: D.00 m
Y-COORDIMNATE OF THE GRID ORIGIN..... . 0.0C m
DISTANCE INCREMENT DELX....c.... e et 1.00 m
DISETANCE ITNCREMENT DELY. v v cevenuannnss 1.00 m
NUMEBER OF HNODES IN X-DIRECTION. .......z 20 .
MUMRBER OF NODES IN Y-DIRECTION........: S -

Ao



ConT2p data

HEEAEAERFEFE AL A AIREAE LT XA AR R ARTEETRN RESIH. TS HAAAARAAHAAXNIEEAARF A AL L AR AR AL XARS R XSRS

Soufa.«
,C}-——w} A-direction CONCERTRATION in m/l (ppm)

v Y

Y, 00 1.00 m 2,00 m Za 00 m 4,00 m

Q.00 m -1, 0000 H5EF307 . D10, B TOR0
1.00 m = 1B86%. 4750 2211, P.2710

200 m S9.11&8 228,10 450.5890
Z.O00  0m 7. 2851 24, 49,0761
4,00 m D.545146 1.45522% 4.0127

DVYNT RALK 6
) 4.7 H.
SO ™ 7 2_ 3

1,00 w .y e . o
7.00 m S.00 m Q.00 m

Ty i e g al T5T
Thelt e

Q770

2EES. 5190

O, OO m
1.00 m

1
5.’"/“
1

2.00 m PLIE.8EEE 781.244%9
S.000 m 221.7Z258 27

:
[
. 5540

71,0490
16.8%%98 51
OVYNTRAIK Y.\ 4.3 1.9
0.00 ™ ) -7

L.oowm G000 m 11,00 m 12,00 m 1Z2.00 m 14.00 m

4,00 m

0,00 m 0510 2549, 2420,.586800 EEE4.8T0

1.00 m oDHaEn 205841 GE8&.ZFEH0 1899, 8670

2.00  m L & &) 109806150 1108.72440 0992, 85020

Z.,00  m : 28 AGG.EETE 47%1.55846 452 B8N
8&.551 7

1G4,

Dwn TV (K 8o ) (- 3.0 1l-0

0.V0 m 1.4y (.0 . 5 .3 .
5.

T.00 M 15.00 m 16000 m 17.00 m 18.00 m 192,00 m

4.00 m 121.8911% 125.7240%

0,00
1.00

200

L

2131.7970 1955, 3780 1745, 484G 1309.9860 1255.7E10
1791.512G 165&. 02350 1490, 2250 129565.86700 1083, 2890
1069.2850 10135.4140 GI0.7179 23.1912 &F 6. G2

51

J

)

333323

.00 4&0"3555 457, 0084 429, 0022 2ER. QLY SID. 9920
4,00 14460920 150.4159 147.852% 128, 2075 122.3755

DYNTRACK
0.00 m 1.5 1.2 . .5 0.9
100 1§ | 1.0 LY . 8

Porticly moss L0y

A
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FEEFAEFHREFFFERERF AR RIEAAREFERERENAE AT R AR A E LR REFH

E3

% GLUG INJFCTION TN THREE-DIMENSTIONAL UNIFORM FLOW

*  MODEL: SLUGZD. BAS

¥

LU X SO AaTol

FEFEAAEFERFEAELR R AT HE R B A AR FE AP ERHARR AR EERAEFARARR AR EEEES

LISER Fok.F. van der Heilide

LOCATION: IGWKME Indianapolis

DATE: Fetruary 10, 1985

IRFUT DaTA:

TOTAL SOLUTE MAZE INJECTED. o v v s e et 25,00 kg
DAY VELOCITY . s s v v v s s e nnnamnenat 0,25 m/d
EFFECTIVE POROSITY s v s v e nnnwns awsnmsnnt 25
LONGITULDINAL DISFERSIVITY . e s s e s e n e m et O.20 m
DIGFERSIVITY s s v s s v m s s v n e mnaw? D.10 m
DIGFEREIVITY i s s n e e v v s s e v emnant 0O.0% m
STANT (1amlbada) v e e e s caaeensenst 0 1/d
INCREMENT DELX. w s s s v s nwat 1.00 m
STANCE ITMCRERMERNT DELY . st v v v s wmnewas 1.00 m
CETANDE IRNCREMERNT DELZ. e v e s v anennnont 1.00 m
NLIMEER OF NODES IN K-DIRECTION. . .aa.at 15
v L IN V-DIRECTION. o v vasat

OF NODE
OF MODES

IN Z-DIRECTION.. ..o

e

oo

A :3A



1400

2,00

O, OO
1. 00

.00
4,00

DL 00

s Ld 13 =

[y Iy q
7 AT LTS

—
”

ONCERT

Q.5740

i

oA

S e WY WS FTWER VW VA

FAE KRR

SourcE wn [o'u,o‘]

O, 1G4

267
175,
5.
16,0615

-
"

5054

S 3 0E4

S.00 0 m




AARAAAARERERERRERRARF AR RS

y
0, OO

. OO0
2.00
E000
4,00
i QO

1.00
2.00
.00

0, OO
. 00
200

(:'J O
]
b

[B1}

b

"
T
e

X—direction

40id, 4

el

u
—
™~
;

JOLGOD m

L84, 2194
500, BE57
196, O3
41, 0906
46105
G. 2769

o~y

sFardsErrs RES

CONCENTRATION

1.00 m

014
4, 6102

41,0906
4.5102

ey
O.278

AlS

PR IR

maQ

B
Al w

24.

17.
&
1.
0.

/1 (ppm)

OO m

A0E8
ge7%
T

[RIOLA

30 om

LR ]
a7l

21946
164

014

ry
FH N

ATy
AR A

1696, 032

14%.
S .
i11.

1.

G202

1642

TTEE
e A
=09

U/Q_

5. 0

_—
75.76

573

5&. 1647
21.994%
A, H102

.51

%
0
7

.

173,00

7h.T7E
SH.16

7z
GE1d

m

e

e
VAN

42

21,9942
4.6102
0.51773

=11

FARERAARRRAARERRARF R SRS

=
B

OO m

(3720

19260322
14204202
58,1642
11.77%
1

209
0793

.00 m

2172

1/LI
267 . FA4T
b. 1641
& Z014
0. 3784

14,00 m

4.4028
7.857%
H.PEE
1

L AEST
. 146485
G, OOYS
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to————— o X—direction CORCENTRATION in mg/1 (ppm?

0. OO m 100 m 200 m H.O0 m A0 m

G 1482 de 37 A0 1.
O. 1oed . 4200 1.

[gad =
]

G.00 m
1.00 m

HOG4

2t

W m 0.0089
2 m 0Q.0019

Ll

O, 0010

S.00 m SH. 00 m 7. 00 m S0 m .00 m

1600915
11.7726
4.56102
D.9554
0. 1084

0O, G0&ED

1aei

b OOEY

10,00 m 11,60 m . wuom m 14,00 m
O.00 m 15, 0%17%
1.00 m 11,7758
2.00 m 4.5102
Z.00 0m 0. 9&6454
4,00 m 0. 1034
. 00 m 0. 0085

O, OO0D7

ALl
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HFRARREAFRKEFFFLEFLR AR RN A RAFFARARES RESULTE AEERSEAFARAARTARARAASAA SRS A L AR IR SRS

Frm———— w X—direction CONCENTREATION in mg/sl (ppmi

OO0 m 1.00 m 2.0 m JIL.00 m

0. 00 m
1.00 m

)
b D0OZE
0

S 0 m

4,00 m O

E e 0D m

Q.00 m P00 m

O.00 m 0., 1 0. 0425
1.00 m O 0E45 11
200 m O 01ED 0122

QORSE
QOO

00

O, OORE

G, DOOE

3. OO0

FL00  m O. 0oLl
4,00 m Cr, OOG]
J m 0. O0G0

5. O

10,00 m 11.30 m 12,00 m 12,00 m 14,00 m

OO0 m 0. 0011
1,60 m -
2000 m (- .
.00 m O, 0019 0. On0s .

4.00 m 0. 0000 SINTSIN O, OO00

5.00 m O e GO0

0. D0OO0 0, O
0. OO00 0. 0000 0, 0G0




LLUGID date

LTS #AXERAAFHAAARAAARA AT LA A RS AR RN RH S

RAEEHAERARARSFARSARRERA AR AR ALEEEH RE

e Xe-dllrection SOWCENTRA&TION 1in mgsl (ppm2

v Y

I
"
i

i

£

1.00 m .

0.t

. YO
O, OOO0 €. D000

. OO0 i [SENININISE

30 O OO0

() 0

S.00 m &0 m L0000 m S.00 m G0 m

O, 00 m O, 0000 O, OO00 0L GO0 O, i 3y Q00D
1.00 m O, QOO0 O, OO0 G, OO0 O, 0000 O, D000
200 m (SRS TRININ] O OO00 G, QOO0 O, OO00 O 0000
Z.00  0m 0. 0000 O G000 g i O, OO0 0. OO0
4,00 m G, 0000 0. OO00 O 0000 0. 0000 Cry OO0
5.00 m 0. D000 0. 0000 0, OO0 O, O000 0L 0000

TG00 m 11,00 m 1200 m 12,00 m 14.00 m
000 m 0 . OO0 G, QOO0 O, QOO0 O, OO0 O, D000
1.00 m O, OO0 0. D000 O OO0 O GOO0
.00 m O, G000 O, 0000 0. G000 0. OO0 0, QOO0
ZL00 m G OO00 (SIS ISTRIN] Q. 0000 [ S INTSIN] [STESIRININ!
4,00 m 0O, OO0 O, D000 0L OO0 O, 000 0L OO0
.00 m O, OOO0 O, OO0 O 0000 G, OO0 O OO0

ALY
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7.3

3
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EEECLER 4 QIO S5 o6

LW w L

%I N

pRacy

NECRT

[z}

al

WO L)) LI Ly Ll

L L
SR~

>
<

ws L b e D

1
1
1
1
1
1

o}
"

O S

000

=

LO0D0000
L 000000
LOOOD00
S0G00
00000000
OQCG0000
00000000
LO0GO0000
QUQOQQ00
LO0000000
6.00000000
F.00000000

o

O Uy N

O

B B OO I Sl

IR 8

.
I

&

[s2 38 es]

o

0000
D000

GO0O00
COC00000

LRV IRV

GoOoO0E

D004
GCOOHQOGO

A2o



Ny
e l‘_llle)l)l i

LODO0G000
QOO0

QOOO00

. " L
71 71 7.
L p) R ]
L e “tom
73 73 9.
z 74 10
7% 75 11
76 76 i
77 77 14
74 78 14

0

79
60
81

0y
L

63

R Y

Nl

et
3

DS =t L past
S )

jsaiExaines il cu RN

[ I N PR O

G0 ooonuo ( o
LO0GGG000 60000000
00000000 GLOO0O00G0
L000G000037 6.00CU0000
L0000000 6. 00000000
00000000 6.00000000

8%

L 00000

Josies]
N o
[ex g us]
N e
= O
1 ] "

g8 868
B 89
90 90
91 91 GOO0GH0 G.G
92 92 7.00000000 Bl
Q3 93 8.00000000 6.0
94 9006000000 6.“0f
95 10.0000000 . OO

[EXI LR N R I 3

1

96 11.00004G000 GLO0GOGOGN
97 12.0000000 HLO0OQEOHCG
9% 13.0000000 6.00000000
99 14.0000000 LLO00G0000
100 15.C000000 6000006000

A1



KOLE MuUufBErG

103
104
105

4] b

e [t e et ped e
-

—
e
—_—

f—
>
[
[

e

tes g
.

&
'3 B

e

. £

pray

10y L7,

O"”L'(?(, A
000 ;

[ R VA

B
~3 o
Pt b P et Tt e p

o0~

[ I« E I

3 b

SR ORI S S S S e

.o a 100
119 ilta 13 RRCLORE
120 120 14

a1 113

143 a2 16 5"
123 23 l?.CO”uuv” 5w
124 24 18.0005000 5
125 23 190000000 5.
1:3¢ 26 BO.UuO)“ y o

a7 27 0 g

[aR]

.

RN

oI o)
2]

IR ORI SR b
L3 L]

]
=3
et e Bt e el et b et e ped b

141 141 14.000u000
142 142 13.06000000
143 143 15.0000000
laa 144 17.0000000
143 143 1E.0000000
146 146 19.0000009
147 147 20.0000000
1483 148 0.00000000

L0000
0000000
L00000000
LODCQ0CG0
00000000
000Q0GGO0
DOGOD0CO
00000000

129 ; .
130 30 %, 4
131 31 4,¢ 4,
197 3205, 4.
135 132 6 4.
124 134 7.00000000 4, ;
135 135 8.00000000 4.000 y
136 136 9. 0000ﬂooo 4.0 ¥
137 137 10.0000005 4, :
138 128 ll.OOquOu 4L ;
139 39 2n0ﬁﬁn0ﬁm 4, INTVALS
140 140 13.0000000 4.00000000
V)
1

® ©

[ R A A e

~
3]
L}

14% 149 1.0006000600 3.00000000
1490 159 2.006006000 J.00000000

A2



™ O
—~

(ER)
g
;o
vy
2L
ey
s
-
Fars
oA
;R
e
)
vy
g6

3
~I

"~ ]
(xRN

Pt Ed ed b B ped b Jed et et Rl el pd et

=

P el et bt Lt et = B Lel et S
[Ee RN sl s sc i ss i s iR s A RN o v]
T UON] DY G o Gl b

192
193
194
193
196
197
194
199
200

Lh

1
“*
2
&

[0 I L W O O W B S

et bl el el et e e B
1

0000000
GOOGO0DT

=
e

o
4

i
o

18.0000000
19.0000000
20.0000000
0.00000000
1.0000000¢
2.00000000

0OOGOD0
L00000000
LO000G000
5. 00000000
7.00000000
8.00000000
9.00000000
10.0000000

DER SN - £

1

[T O IO S T oS O

N

=t b et e b et fed et bof p bt B RS

T T

Rl 4

Tho

I3

QOO0
OQLH

RV

3000000

LO0000000

COoaCoG0
u000>)00

20000

4 23



[ o]

3 k]

2.06G000

[ T S N T ST S )

)

PN

T
SRS RN

L000G000
GOO0O0NOD0E

L0000000
5. 0000000

0O000GY

00000CG
0000C00
OO00000

w

9.0000000




OYNTRA

GIE

[ S5 2 00 o B S
LIRSS S S I v B 40

=3
M
3

RS

70

8]
79
Qa0
&l
1£30)
90
91
92
93
G4

e
o

96
97
98
95)

100

B

O

LEVEL

-

uﬂ))OL4UU

0.0v'v£+iu
0. 0000E+0(

o~
[
z

000050
OOOOE+OL
O000E

TS O
M

> O

100
FANOE+GO

D00
0OF

.

Ca T
s

[l
B

N

i
+ 00

OROQRE+GD
W GODOE+0D
LO000EL0O0
COOD0E+QO
L0000E+00
. 100C

-0000E+Q0
DODOE+Q0
SCO00E+GO
COOOE+00
QO0QLE+00
Q000E+GO
OO0DE+(0
QQODE+GO
LO0000E+00
OQ000QE+00
1000

0000E+00
1000

C000E+0D
L2000

OO00QE+00
O.0000E+00
0.2000

0.0000E+00
0.0000E+00

2 O X

CTOOC COOOC OO TOOOOCOTOOOr:

<
L]

Ue ]

0.1000

DL 0000FE+L0
0.0000E+
DLO000E+
Q. Q000E
0.0000E+00
LEo0
0. 5000E:
DOOOE+0C
1600
CLEOOOE-0]

|IIIYI,__DI-_~‘-‘~01
02500

0. 1500
0.4000
0.5500
1500
Q.2000
0.50008
0.1000
0.5000E~01
5000 -
0.0000E
0.0000E+¢
0.2000

0.3500

0.5500
0.6500
0.9000
o5
0

5500
L0300
0.1000
0.2000
0.1000

0.

0

0.
0.
0.

0

LHO0
L4500
1000
1000
5000E-01
LOOOGLE 00

0.1600

0

0.

0.
0

w500
GE00
1.100
Q.VOU
2.350

24150
1.800
1.600

83500
LH300

0 0
0.1500
0.0000E+00Q
0.0000E+00
O0.Q000LE+00
0.Q0000E+00
0.1000
0.2000
0.4000
0.4500
1.050
0.9000
0.7500
0.35000
0.3000
0.2500

L& e e vt

ECF

o

'J

FORDS

0 lUuU

OGO L0
GROOE+G0
CLO000L+00
Q.0D00E+00
C.O0000E+00
DO000E+CO
G.00GOE+0C
D.G0O00E
0.0000E+0C
G O0000E+OL
0.0000LE+00Q
0.C000E+Q0
0.0000E+00
0.0000E+0D
0.0000E+00
0.2000

0.2000

0.0000E+00
0.0000LE+00

0.5000E~01 0.5000E-01 0.0000E+00

Ars



— e
fas

-

B I gy

HEONE SR SN R X .

g e gt
H

1
i
1
1
1
1
1
1

=~
f

U000 00
LOGOOE
QOQOE+OD
L1000

ol vReReReNeo
o

n“”UOL+00
ﬂ_l)OOOl 000

..O‘”JUL.“‘"
1000

0000E+00
0000E+00
GO00E+00
0000E+00
GO0OE+00
GOOOE+D0
LO000E+00
0.0000E+00
0.0000E+00
0. 000OE+00
0.0000E+00
0.0000E+0¢
0.0000E

1LO0000E
0.000IE+0D
0.03001.+00
0.0000E+0G
0.000DE+00

0.
0.
0.

S B i

[eReRolNe]

<

4
()

000

_4{|HU

2000
2000
S000E-01
0000E
QOUODE+(T
0000E+00
5000E~01
0000E+00
QUOOE+00
0OCOE+00
1000

DE+0Q
5000E-01
5O00E-01
5000E-01
0GOOE+00
0000E+0C

ELE
NRW

SOGHO0E+QO

OOQOE+00

U‘

YSTEM

|

[>Rele

0.
0.

G000
4000
4000
S000E-01
OOODE+DO
3000E-01
GO00E-01
QO00E+0C
1000
1300
1500
4000
2000
Q000LE+00
OOO00E+QO
0CO0E+00
SO000E-01
S000E-C1
000QOE+00

Arb

<

.l“ﬁﬂ

AO00E-01]
LO00OLE+00
CaQO00E-01
OO0+
L1000

LO0000E+GT
cu000E~01
L&00

G000E-C1
1600

S000E-01
0.0000E+00
Q. 9000E~-01
S000E-01
QOOO0E+0D
S000E~01

O SO T OO O

SO OC O

< OO

0.0000E+00
0L GO00E+0D

—

0.0000L+00
0.0000E+00
0.0000E+00
G.0R00E+QQ
0.0000E+00
0.0000E+00
0.0000E+00
O.O0000E+0D



o o - [

woey -
o -, i
VI R VR 2 ! "

OOE-+O0

INITIAL TOTAL -
FRESENT TOTAL ..
TRTAL MUMEBEE .
TUIAL MNUMBER “
INTTIAL TOYAL “s
PRESENT TOTA&L .

MO a

TOTAL PFARTICLE
TOTAL PARTIOCLE

2
o)

j R IR

P T R L B R VR

ELEMENT 1 & i

2



~yvp Qg¥nIs

S} <24 Wod

976 JYn9l4

o1

21 WLIA NOI3D3S NOISWISIO O-%

89°8Z 20-A0N-00

Z8/p /04

vl 104

(34

[L31)

(f. 1] @103

c!

[4)

A-L®



141—‘ e A X S

L3 ] D

P 12 20-A04-%0  3¢v0 10
= = - ’ 0-t
GSZA $=L %1 9% MiIA NOILIIS WIINIA ‘NOISHI4SIO oo zare ret L s
$310€2y PICINWIG —— .
Sqneay IMHAIYUY - 0ot
[ ] -
(9.4 903§
'Y 1 21 o ] 1 )
~ - v v - ol:l
1%
m e
I>dnoy 7] M" 8§09
—% = K1

4 z

e
i
[ ]

. i
-}
os X

hag



00l 6 ¥ [ O 4 v ) ‘ o1 6

| | I [ 1 - e 17T Uk
L A TTTTT _
_ 1531 3SNd T13IM-0ML . m ” | i
! ! | m
Nﬂ m JANSI4
; T T T Nl—I.C\ac = r—l
- K\ -n.:? 136 el Bl it Bk ! - 2 —
. o= W < ¢ V\v - . - . i M - o
i3 oe Saoiel1580  besat | MO TH'u ~
n>30 Suoijw|! 24| ool et 1 1 Sl Ml -
| | RN N & _ 1 _
JUU0N JR PN DRDURN SUNORNE AUOS SRR EUURE DR S i AU SUSIIN SUFSRE SO Y 1 e !
, | i A AR ~
! _ . SRR . H
| U DU RN S T " . _ - . . RN, ..Ir;“...l loll..lﬂlill 294 . .l!wr ..... ~ §e L—[ -
| R I LSS AU O N Y 1§ P - e ] 4 L
L e | I T WO D'M)
{ . B i . . . . ] Ty T -
o | -I “ 0°6=1002¢=1 SN SR 5 11 [ B
I o I A .;f g i ﬂA T ~
| | _ '
s _ ) AN T S L O A VX S S E Y B O B T BN SR
] | | ,
abeuasae dazs-g 2 yom pajjold auae sjutog : R R
v . - -
SHPT24 52t DM X 1 . i
: ¥}YP L L9Nho ["="0="'0 ] 1T )
o d 0798 = 0 T O O
; 08 = 1 |
. "= || S I N R [ e
_ : days awly 20" | S O A S S P
i SjuLod 33949stp p 3e Indut sajdLided 00Ul , _ ~ i ;
PL4D [BUODOUJA0 bulSn p|aLy MO|} [©D133403Yy] | i T :_ ) Tt
t ' | H 1 - —_ -
. | i S DO SR S L D S SO

e Y

LAY

ORI RN NN A

MW IEIVOIO

231



. - 1% _ .
Ll b8 £ 9 4 I : N 00l b ¥ £ 9 & v t 4 o6 8/ 9 ¢ : 1 = n_v ro

. _ 1 LT S o U Tl A N 1..@“.! T R 0T ‘ »T STV W 1@Juw.ﬂ(‘ = W IJ
1S31 3SInd 113M-0ML B / . , A . “orjvaiumasuoe, = ~n
. [
T TN W 3
I . MO TH'u ¥
| ] B e B
S SHG BN (R i :
T o N ) ) S B _10.30
o _ 1 )
1l St it D Al R el B 0°6 =10} 02 =1 dbesd g i S =TT
T | o AIEREN N NERE W
—— UV S P SO SR RGP £ - - - } + T :
_ RS RRI - “ ”
. i Lo fegi _
S O L z. e e e
| HizE A } iR
] _ " s 5 !
b it et B S indel ke AR B LR AR Snaeliadhh Bt - ﬁIIT. A j ” T ” m .
1°0 = aanidey jo snipey O \ | : i 00 FEU0H DN I
G0 = 34njde) 40 snipey 0 i
g1+ 98 =N @ =0 B RENE
QQ M MLN UC - TT ” i
.1 | ;
A.z.\;.& }2r 2R X I -o.mm 1 :
Y LIBnog 08 = 1
= 1" = e R S IR el s - o
dejs awi]  20° . i B T A ; i _ S SR
_ sjuLod 33842SLp G 3P 3ndul Sa|dil4ed 0001 _ R ) SN S SR R S—
pPL4D 4ejodLq buisn plal} MOj4 |eI133403Yy}) _ - _ . _ .
! U SN I . . L N I . N

L N N AL NI B By n.f“
Co e e INHLIHY OO0 ) 7

0ZEL 9V - ST



