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PREFACE

The N.R.C. version of the U.S.G.S5. Solute Transport Model (Tracy,
1982) has been modified in this study to incorporate opticns to {(a) solve
the ground-vater flov equation using the Strongly Implicit Procedure, (b)
simulate only the head distributions, (c) simulate a wvater-table aquifer,
(d) input either transwissivity or hydraulic conductivity, and (e) output
for use with SAS graphics programs. Stability, accuracy, and efficiency of
the modified model are checked by applying the model to a number of test
problems and comparing the results vith those from the original wodel. 1In
all cases, the modified model is found ta be stable, efficient, and capsable
of producing reliable results. For most of these problems, the Strongly
Implicit Procedure requires only about half the number of iterations than
the Alternating-Pirection Implicit Procedure to converge to a desired
solution. Thus, uging the SIP algorithm, it is possible to save a
considerable amount of coamputer time and; therefore, computer cost.

The modificationa lend thewselves fo a preprocessor program described
in Volume 2 of this report (Kent, et al, 1986) which is an interactive
program to be used in conjunction with this modified N.R.C. version of the
4.S.6.5, Solute Tranaport Model. This preprocessor enables users to input
data sets with a minimum degree of effort and confusion and provides
maximum flexibility in managing'the data.

The final report represents the completion of the contract with the
Environmental Préiection Agency entitled, "Mathematical Modelsz for
Transport and Transformation of Chemical Subetances in Subsurface
Environmenta", cooperative agreement number CR811142-01-0. The principal
investigators are Dr. Douglas C. Kent and Dr. Jan Wagner. Me. Lorraine

LeMaster is the principal programmer. The cooperation and assistance of



Chi-Chung Chang, for hia help in validating the modifications described in
this report, and M. M. Hoque, for his vork in the application of the SIP
algorithm for this project, is gratefully acknovledged. Appreciation is
also extended to the project officer, Carl G. Enfield, and to the entire

staff of the Robert S. Kerr Environmental Research Center.

The methods described herein can be used to estimate or predict the
concentrations in a contaminant plume. The value or accuracy of the
prediction can be no better than the estimate of the hydrogeclogical and
chemical paramefers that are used in the simulation. Because these
parameters can range within vide limits, so also can the prediction.
Furthermore, the prediction must conform to fundamental hydrogeologic
principles and common sense. The results of these predictive techniques
must not be allowed to take precedence over sound field investigatioé, data
collection, and interpretation at the study sit;s.

The infornatidn contained in this manual is believed to be correct at
the time of publication. Hovever, the authors assume no liability

regulting from the use of the methods described in thig publication.
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MODIFIED N.R.C, VERSION
OF THE U.S.G.S., SOLUTE TRANSPORT MODEL
VOLUME 1: MODIFICATIONS
1.0 INTRODUCTION

The purpose of this report is to describe wmodifications made to the
N.R.C. version (Tracy, 1982) of the U.S.56.S. Solute Transport Model
(Konikov and Bredehoeft, 1978).

The program modifications described in this manual are intended as a
companion to the manual titled "Modified N.R.C. Version of the U.S5.G.S.
Solute Transport Hodel Volume 2: Interactive Preprocessor" {(Kent, et al,
1986), prepared for the U.S. Environmental Protection Agency under a
contract entitled "Mathewaticasl Models for Subsurface Transport and Fate
Predictions. *

The project is providing a wvell documented set of tranasport and fate
models ranging from relatively simple analytical models to complex
numerical models. These wodels will be available on the EPA computer
network in a format vhich vould enable users to access the code, enter the
required data, run the médel, and receive the model results without

extenaive technicel system support.

1.1 Objectives

The broad objective of this project is to develop and/or modify
mathematical models in order to pro@ide'easier access to models vhich are
capable of predicting the prabable concentrations of chewical substances in
ground-vater systems resulting from the release of these subastances onto
the ground surface or into the aubsurface.

More specifically, the objectives of this project report are to

describe the modifications made to the N.R.C. version of the U.S.G.S.
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Solute Transport Model. The modifications vere made to improve its
floexibility and increase its capabilities.

This report contains the following:

(1) Prograw Documentation and

(2) User’'s Manual

Documentation of the program is developed to include (a) the
motivation for and limitations (sssumptiona) of the program modifications,
{(b) a description of the numerical wethods used in the modifications,

{c) listings of the source code or modifications, (d) one or more sets of
test data, and (e) guidelines for further modificatione which might be
required to enable the use of the model on a variety of cowmputer systems.

A master copy of all source codes are prepared on magnetic tape in a format
vhich is syastem independent. This type of program docuwentation has been
written for those vho have some background in mathematics and/or computer
gystems and languages. These documents are intended to serve as reference
manuvals for individuals wvho may be responsbile for maintaining, modifying,
or transferring computer codesg; as vell as users vho are aleo interested in
the details aof the computer codes.

The User’s Manual includes (a) practical iwmplications of assumptions
and restrictions vhich are incorporated in the mathewatical model, (b} the
type of computer resources vhich may be required (for example computer
mewmory, execution time, and input and oﬁtput devicea), (c) input data
requirements and forwats, and (d) detailed, step-by-step examples of
préctical problems. The user’s manual is written in layman terms for those
vho way not have a background or experience in numerical wethods or

computer programming.



The modifications described in thi= report were developed and tested
on an IBM 3081D computer. The modified model has alsa been tested on an
IBM-PC microcomputer. With 20x20 matrices, 512K random access memory is
necessary to execute the modified model. The modified model is a batch
program, as are previous versions.

A "user-friendly" preprocessor has also been developed to simplify
the creation of the data set necessary ta run the modified version of the
N.R.C. version of the U.S5.G.8. Solute Transport Model. The preprocessor is
interactive; that is, data ias actively requested by the computer and
entered by the modeler, wvhile the preprocessor is running. The
preprocessor ig described in the companion volume entitled " Modified
N.R.C. Version of the U.5.G.S5. Solute Transport Nodel YVolume 2:

Interactive Preprocesscr’® (Kent, et al, 1986).

1.2 History

The ground-vater flowv equation is coupled with the solute-transport
equation in the U.S.G.S. Solute Transport Model. The computer program uses
an Alternating-Direction Implicit Procedure (ADIP) to solve a asystem of
algebraic equations generated from a finite-difference approximation to the
ground-vater flov equation. The method of characteristics is used toc solve
the solute-transport equation. The method of characteristics uses a
particle tracking procedure to represent conveétive transport and a tvo-
step explicit procedure to solve a finite-difference equation that
describes the effects of hydrodynamic dispersioﬁ. fluid sources and ginks
and divergence of velocity.

Radiocactive decay and equilibrium adsorption are incorporated for the
U.S. Nuclear Regulatory Commission (Tracy, 1982). Procedures for

radioactive decay, linear isotherwm, Langmuir isotherwm, and the Freundlich
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igotherm are added to the Solute Transport Model developed by Konikaw and
Bredehoeft (1978). The K.R.C. version of the Solute Transport Kodel is
used in this project.

It is assumed that users vill have some background in hydrogeology,
soil science, or a similar field; and vill have a basic understanding of
the physical, chemical, and/or biclogical processes involved in a specific
problem to be addressed. With this background, the report (Volumes 1 and
2) is intended to introduce the user to the model or node]l adaptation and
areas of application and to provide tutorials on data requirements, model
access and execution, and the management and interpretation of model

output.

1.3 Applications

The modifications will enable various groups vithin federal and state
regulatory agencies, as wvell as the private sector, to apply a more
flexible version of the N.R.C. version of this model to the analysis of
gtudy sites such as those invoiving landfill or groundvater pollution
related to congervative and non congervative elements (eg. brine polluticn
and hazardous elementa). This model can alao evaluate the effects of
pumping and injection vells, recharge, constant head, nonhomogeneities in
the aquifer, dispersive coefficients, and no flow boundiaries in the

viecinity of the site.

1.4 Nodifications

The U.S.6.S. Solute Transport Model vag selected since it iz well-
documented and maintained. The modifications by Tracy (1982) which include
adsorpfion and first-order reactions were incorporated. Additional

modificationg vere made to the N.R.C. version of the U.S5.G.5. Solute
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Trangport Model; the modifications include optione for selecting (1) only
the potentiometric head calculations or the potentiometric head and solute
transport calculations, (2) vater-table or confined-aquifer conditions, (3)
adjustment of transwissivities after each time step to accommodate
unconfined flow, (4) calculation of the initial saturated thickness from
the bottom elevation and potentiometric head in an unconfined gystem, (35)
incorporation of the SIP iterative technique which is an option for solving
the fluid-flov equations, and (6) modification of model output for use with
SAS graphics pregrams. Previous versions use the ADIP technique to asolve
the fluid-flow equations. Detailed descriptions of the modifications

listed above can be found in the following chapter.



2.0 TECHNICAL INFORMATION

2.1 Introductionv

The computer program of the H.R.C. version of the U.S.G.S. Solute
Transport Nodel has been modified to incerporate the Strongly Implicit
Procedure (SIP), introduce an option to run only the flov model, simulate
either a confined or an unconfined aquifer, update the transnissivity for
an unconfined aquifer, provide an option for the input of either
transmissivity or hydraulic conductivity, provide an option for the input
of either saturated thickness or bottom elevation in an unconfined syatem,
and restructure the mass balance output for the flov model. The
significance of these wmodifications will be discussed in the following
gections. The implementations of the modificationa are discussed in
Section 2.3. Variablee used for the modifications are defined in Appendix
1II. Additional information regarding previous iaplementations and
modifications to the model may be found in docuwents by Konikow and

Bredehoeft (1978) and Tracy (1982).

2.1.1 Strongly Implicit Procedure (SIP)

The R.R.C. version of the U.S.G.S. Solute Transport Hodel solves the
ground-vater flov equation, using the Alternating-Direction Implicit
Procedure (ADIP) developed by Peaceman and Rachford (1955), to obtain head
distributions. The aeepage velocities are determined from the head
distributions. These seepage velocities are used in solving the advective
dispersive mass transport equation wvith storption and decay by the method
of characteristics (MOC).

Sowme techniques have proven to be more capable and faster than ADIP in

solving the flov equation for aquifers with irregular boundaries,



nonhomogeneous properties, and vater table-aquifers. One of these
techniques, the Strongly Implicit Procedure (SIP), vas developed by Stone
(1968) and used by Trescott, et al (1976). The present report documents
the development and implementation of the SIP algorithm as an alternative
to the ADIP algorithm for solving the flov equation in the N.R.C. version
of the U.5.G.5. Solute Tranasport Model. This algorithm is mathematically
more complex and relatively difficult to program, but it facilitates the
simulation of problems vhich cannot be efficiently solved by the ADIP
algorithe. For details of ihe development of the SIP algorithm refer to
Remaon, et al (1971), Stone (1968), and Trescott, et al (1976).

A sensitivity analysis regarding the performance of the SIP and ADIP

flov equations is discussed in Section 3.0.

2.1.2 Transmiasivity

Transmissivity is 8 function of the saturated thickness and hydraulic
conductivity of an aquifer. In an unconfined aquifer the saturated
Fhickness changes along vith the wvater table. Thesme chaﬂges are caﬁsed by
stresses such as pumpage, recharge, etc. It is necessary, therefore, to
update the transmissivity with time. A modification has been wmade in the
main prograw to perform this updating at the end of every time step of
gisulation. In the input section, a provision hae been included to allow
the input of either transmissivity or hydraulic conductivity data,
according to necemsity.

It should be noted that the hydraulic conductivity is considered
uniforwm vith regard to depth for this application. When dealing vith a
non-uniform gituation, the model may be appiied to a representative cross
section of the study site. Examples of cross sectional applications may be

found in the Master’s Thesis by Chang (1985).
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2.1.3 Hydraulic Head Simulation

It has been mentioned that the N.R.C. version of the U.S.G.S. Solute
Trénsport Model has a flov portion and solute transport portion. Ueing the
results of head distributions from the flov portion, the solute tranaport
portion predicts the concentration distributions of contaminanta.
Sowmetimes, it may be desirable to apply the model to predict only the head
distriputiona in an aquifer vhere there is no contamination problem or
during early stages of calibration. In these situations, it is useful to
use only the flow portion of the model to save the computer time and cost

of running the solute transport part of the model.

2.1.4 HMass Balance {(Hydraulic)

The format used in the mass balance for the flov portion of the model
did not diatinguish between recharge and injection. In the present
modification, recharge and injection are printed separately in the output.
Evapotranspiration has been dropped from the t;tles ;n the mass balance
because there is no provision for estimating tr;nsient evapotranspiration
from aquifers in the model. Leakage has been nodifieﬁ 80 that the
direction of flov is indicated uniformly throughout the mass balance
(negative for inflow, positive for outflov). These modifications clarify

the components of the mass balance output.

2.1.3 Saturated Thickness

Saturated thickness is a function of the bottom elevation and
potentiometric head in an unconfined aquifer. To aid the user in preparing
data, a provision has been made to allov the input of either the bottom

elevation or the saturated thickness for an unconfined aquifer. The
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initial input section has been wmodified to calculate the saturated

thicknesa if the bottow elevation i= input.

2.2 Solute Transﬁort Flov of Control

The flov of operations in the wodified H.R.C. version of the U.S5.G.S.
Solute Transport Model has been modified in the present study to provide
options such‘aa (a) head only simulation, (b) unconfined aquifer
simulation, and (c) incorporation of the SIP algorithm to solve the flovw
equation. These additions are shown in the flow chart (Figures 1 and 2).
Modifications made for this report are indicated by shaded boxes in Figures

1 and 2.

2.3 Specific Program Nodifications

The FORTRAN source code for the modified N.R.C. version of the
U.S.6.S. Solute Transport Model is reproduced in Appendix I. For reference
purposes, columns 73-80 of each line contain a sequentially numbered label
vithin each subroutine. MNModification= to each subroutine are itemized by
these label numbers in Appendix II and are deacribed in the following

sections.

2.3.1 HKamed Common Block;

The folloving changes to the common blocks have been made in all the
subroutines and in the nain-progra-. The integer variables FCON, IHEAD, and
ISOLY have been added to the common block PRMI. The functions of these
variables are described in Appendix IV. The tvo-dimensional array THICK
has heen added tc the common block HEDA. This array is used to update the
squifer thickness after esch time step vhen gimulating unconfined _
conditiona. The nev thicknesse is then used to update the transwmissivities

and the related harmonic means. Another two-dimensional array HJ wae added
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to the common block HEDB. HJ is used as a temporary array for storing the
predicted head distributions of the aquifer in the subroutine ISIP. HJ is
a double precision variahle and is declared as such in a REAL#8 declaration
of each affected subroutine. In the common hlock BALM one real variable,
TPAR, is added. This variable represents the total amount of recharge to
the aquifer from distributed sources (injection excluded) during the

gimulation period. The modified lines are listed in Appendix II-A.

2.3.2 Strongly Implicit Procedure (SIP)

To implement the SIP algorithm in the N.R.C. version of the U.S5.06.S.
Solute Transport Model, a new subroutine, ISIP, has been added to the
program. To incorporate ISIP into the program, some modifications vere
made to other subroutines. The flag used ta incorporate this option i=
ISOLY. The routines affected are the Main program and the subroutine
PARLOD. The changes to these routines are listed in Appendix II-B.

The acceleration parameter is set to unity in the implementation as
recommended by Stcne (1968}, It is indicated in the article that the use
of iteration parameters betveen 0.0 and 1.0 (as in this implementation)
caused a relatively dense cluster of decay factors near unity. Therefore,
no adjustiment (acceleraticn parameter other than unity) is necessary. This

wmay be altered, if desired, in the subroutines PARLOD (for input} and ISIP.

2.3.3 Transmiassivity

To update the transmigsivity for simulating an unconfined aquifer and
to provide an option to input either transmissivity or hydraulic
conductivity, the variablea FCON and THICKX are added as described in
Section 2.3.1. The flag TP is added to PARLOD to determine which matrix is

input. THICK is used for temporary storage of aquifer thickness during

'
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trangmiggivity updating in an unconfined aquifer. The routines that have

been modified are the Main program and subroutines PARLOD and OUTPT. The

lines modified are described in Appendix II-C.

2.3.4 Hydraulic Head Simulation

To include an option to simulate only the hgad distributions in an
aquifer system, flag IHEAD is added to the comwmon block PRNMI. The
modifications that have been made to the routines MAIN and PARLOD to

gsimulate the head only distributions are listed in Appendix II-D.

2.3.5 Massa Balance

To add the maas balance wodifications to the prograwm, variable TPQR
vhich represents the recharge to the aquifer, is included in the common
block BALM. All modifications required to the subroutines PARLOD, ITERAT,
and QUTPT are listed in Appendix II-E.

The mass balance calculations, performed in OUTPT, are as follows.
Injection and pumping are totaled in lines HS562-H568. Diffuse recharge and
discharge are calculated in lines H572-H578. The leakage ratee are
calculated in lines H582-H640 and H745. The cumulative and rate net
pumping are summed in lines H730 and H740. The mass balance residual and
error are calculated betveen lines H757 and H805 as follows. The sources
are the vater released from storage‘ninus the recharge, injection, and
leakage into the aquifer. The sinks are the sum of the pumping and leakage
out of the aquifer. The mass balance residual is the difference of the
sources and sinks. The error ie the residual times 100 and divided by one
half of the total sum of the vater through the system {(sum of the sources

and sinks).



2.3.6 Saturated Thickness

The option of entering either saturated thickness or bottom elevation
for an unconfined aquifer is provided by adding the integer flag BTN to
PARLOD. PARLOD is the only routine that has been modified. The changes

are listed in Appendix II-F.

2.3.7 Additional Modifications

To facilitate the future use of model results with a graphics program,
the changes noted in Appendix II-G were made to subroutines PARLOD, OUTPT,
and CHMOT. The routine, GRPH, vas added to write data to a data set that
can be used wvith languages designed for graphical analysis such as SAS
(1982)., A description of procedures and graphic producte are described in
a companion volume entitled * Modified N.R.C. Version of the U.S.G.S.
- Solute Transport Model VYolume 2: Interactive Preprocessor® (Kent, et al,

1986).



3.0 MODEL PERFORMANCE

3.1 Cowparison of SIP and ADIP Iterative Techniques

To demonstrate and compare the performance of the modified model (SIP
option) with the originalllodel (ADIP option) seversl teat problems vere
run. Two of the problems are taken from the originai manual for the
U.S.6.S. Solute Transport Model (Konikov and Bredehoeft, 1978}, the third
is taken from the manual for the N.R.C. version of the model (Tracy, 1982}.
A fourth test problem vas run to demonstrate the applicatione of the model
vith both SIP and ADIP options to an unconfined aquifer systew. The
results for this problem are reported in the * Modified N.R.C. Version of
the U.S.G.S. Solute Transport Nodel Volume 2: Interactive Preprocessor’
(Kent, et al, 1986). An error criteria (TOL) of 0.01 was used in both SIP
and ADIP runs for all test problems. Other values can be used to reflect
the accuracy of the field data. Larger values for TOL (eg. 0.1) can be
used to reduce the number of iterations which results in lover computer

costs. All simulations vere performed on an IBM 3081D computer.

3.1.1 Test Problem 1

This iz the second problem from the manual for the original version of
the U.S.G.S. Solute Transport Nodel (Konikow and Bredehoeft, 1978)., This
problem vas designed to de-onétrate the performance of the model on an
aquifer vhere the flov field is strongly influenced by wells. The problem
consists of one injection vell and one pumping well., The effects of these
vells are superimposed on a regional flov field vhich is controlled by two
constant head boundaries. The injection vell is a source of constant
concentration of 100 parts per wmillion. The initial concentration in the

flov field is zero. This is a confined, homogeneocus aquifer with a uniform



thickness of 20 feet and hydraulic eonductivity of 0.005 ft/sec. The
potentiometric surface varies uniformly from 80 to 100 feet. This example
vag run for both steady state and transient flov aimulationas to demonstrate
the performances of the SIP and ADIP options. A single time step vas used
in the steady state simulation for a pumping period of 2.5 years and in the
cagse of the transient flov simulation, 10 equal time steps for this pumping
period vere used. To control the constant head boundaries, the NODEID
matrix is used. For this problem the NODEID (ICODE) is designated as 2.
Figure 3 shows the NODEID matrix. The CPU tiwe required for each case, and
the mass balance error resulting from each, are presented in Table 1 for
steady gtate simulation and in Table 2 for transient simulation.

Table 1 indicates that the SIP algorithm requires fever iterations,
less CPU time, and is wmore accurate than the ADIP algorithm for steady
state simulation of the gite. Similar resulte are indicated in Table 2 for

the transient flov simulation.

3.1.2 Test Problem 2

Thig ia the third test problem froa the manual for the original
veraion of the U.S8.G.S. Solute Transport Nodel (Konikov and Bredehoeft,
1978). This problem vas selected to demonstrate the application of the
model with the SIP and ADIP options in a flov field vhere a patch source of
contamination exists and vhere the flov field is wmoderately influenced by
vells, The problem consistsz of one vithdraval wvell located in a regional
flov field (confined and homogeneoua) that is controlled by tvo conastant
head boundaries. The constant contaminant sources are three central nodes
(mee Figure 4) along the upgradient constant head boundaries. All the
parameters for thias flov field are the same as Test Problem 1 (gection

3.1.1) except the potentiometric head. The potentiometric head uniformly
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0 0 0 0 0 0 0 0
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0 2 2 2 2 2 2 2
0 0 0 0 0 0 0 0

Figure 3, - Nodeid Matrix For Test Problem 1

NCDEID CODES

ICODE# 1
ICODE 2
FCTR1 1.0
FCTR2 0
FCTR3 0
OVERRD 0




Table 1. - Computational Efficiency For Steady-State Problems

Iterations and

CPU Time Huan Balance Error (1)
SIP ADIP SIP ADIP
Total Total
No, of CPU No, of CPU
Test Ttera-~ | Time Itera- | Time Hydraulic Masa | Chemical Mass Hydraulic Mass Chemical Mass
Problem|tions (sec) tions {sec) balance error balance error balance error batance error
1 7 1.45 13 1.48 1.53B883E-02 =7.95201E+00 1.31100E-01 -6,86250E+00
2 [ 1.43 i3 1.48 8.80971E-03 -3,06842E+00 1.18518E-01 -3.05039E+00
3 2 4,03 1 3.95 9.000003+00 0.00000E+00 0,00000E+00 0.00000E+00




Table zf = Computational Efficlency For Tranaient

Test Problem 1

5-t

Iterations and
CPU Time Masa Balance Erroxr (%)
s1p ADIP SIP ADIP
Total Total )
No. of CPU No. of CPU

Time Itera- Time Itera- Time Hydzaulic Mass | Chemical Mass Hydraulic Mass Chemical Mass
Step tions (sec) | tioms (sec) balance error balance error balance erxor balance errorx
,1 7 1.90 13 2.02 2,16500E-02 =2,26953E+1 1.57739E-01 -2.26953E401
2 3 6 3,22388E-02 ~2.44461E+01 1.267004E-01 =2 44459E+01
3 2 3 2.50258E-02 =~T.74837E+0 7.17186E-02 -1.92833E+01
4 1 3 1.96135E-02 ~1,13217E+01 5.67972E-02 =1.31429E+01
5 1 1 1,53982E-02 -5.06631E400 | 4.74312E-02 =6.48212E+00
6 1 1 1.26792E-02 ~2.30856E+00 4;087253-02 ~4.43758E4+00
1 1 i 1.07680E-02 ~3,97417E+00 3.32994E-02 =5.89064E+00
8 1 1 9.35754E-03 -3.36166E+00 3.00519E-02 =6.00104E+00
9 1 1 8.27377E-03 =3.11102E+00 2.56867E-02 =5.72208E+00
10 1 1 7.42532E-03 =2,52546E+00 2.37322E-02 =-4,11345E+00




0 0 0 0 0 0 0
0 2 2 1 1 1 2
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 2 2 2 2 2 2
0 0 0 0 0 0 0

Figure 4, - Nodeid Matrix For Test Problem 2.

NODEID CODES

ICODE# 1 2
ICODE 2 1
FCTR1 | 1.0 1.0
FCTR2 0 100
FCTR3 0 0
OVERRD 0 0




varies from 75 to 100 feet. In this example, to control the conatant head
boundaries, 2 ICODEs are used for the NODEID matrix. ICODE 2 is used to
represent the constant head boundaries except the three central nodes along
the upgradient vhere the contaminant source patch exists. Thesge ihree
nodes are controlled vith ICODE 1 (see Figure 4).

The results from the steady state simulation of this problem wvere
reported in the U.S5.6.S5. Solute Transport sanual (Konikov and Bredehoeft,
1978). In the present study this problem was run for both steady state and
trangient flov simulations using the same pumping period setup as Test
Problem 1 (section 3.1.1l). The CPU tiwme required for and the mass bhalance
error resulting from each option (SIP and ADIP) for both steady state and
traneient flov simulations are presented in Tables 1 and 3, respectively.
Input data and the selected output for this test problem are presented in
Appendix VII. B

Table 1 indicates that the SIP algorithm requires fewver iterations,
lese CPU time, and is wore accurste than the ADIP algoritha for steady
state simulation of the site. Similar results are indicated in Table 3 for

the tranaient flov simulation.

3.1.3 Test Problewm 3

This problem ig presented in the manual for the N.R.C. version of the
U.S.5.5. Solute Transport Nodel (Tracy, 1982)., In the present study this
problem was gelected to demonstrate the performance of the SIP and ADIP
options in a solute transport problem vhere radiocactive decay and sorption
phenomena exist. This is considered a one-dimensional simulation. The
flov field is influenced by one injection vell and one vithdrawal wvell and

controlled by tvo constant head boundaries. The injection well is the



Table 3, « Computational Efficiency For Transient

Test Problem 2

Iterations and
CPU Time Mags Balance Error (%)
SIP ADIP SIP ADIP
Total Total
No. of CPU | No. of CPU
Time Itera~ | Time JItera- Time - Hydraulic Maas Chemical Mass Hydraulic Masa Chemical Mass
Step tions (sec) |[ticns {sec) Lbhla?ce errotr balance error balance error balance error
1 6 1.90 13 2.01 8.58178E-03 -1,13870E+01 1.33714E-01 =1.13756E+01
2 3 6 2,59461E-02 6.32174E+00 1.10818E-01 6.3452E+00
3 2 3 2.03862E-02 =7.09691E-01 6,32410E-01 =6.97257E~01
4 1 3 1.61486E-02 ~3.16578E+00 5.03580E-02 =3.13459E+00
5 1 2 1.27278E-02 1.74106E+00 4.21897E-02 =1.75011E+00
6 1 1 1.04736E-02 =2.05990E+00 3.64501E-02 =2.06982E+00
7 1 1 8.89435E~03 ~8,19606E+00 2.97079E-02 =8.24349E+00
8 1 1 7.71704E-03 -1.311926E+00 2.68048E-02 -1,12535E+00
9 1 1 6.81105E-03 ~1,47943E+00 2.39371E-02 ~1.48265E+00
10 1 1 6.12330E-03 -1.56466E+00 2.12051E-02 =1,56501E+00




contaminant source in this flov field and has a concentration of 500 parts
per million. In the NODEID matrix, the constant head boundaries are |
controlled by ICODE 2 (see Figure 5). This flov field is alao considered
to be a confined, homogeneous aquifer. Simulations vere made for both
steady state and transient flov. The CPU time required to run these test
problems and the resulting mass.balance error are presented in Table 1 for
steady state and in Table 4 for transient flov simulations. Input data and
the selected output for time steps 1 and 10 are presented in Appendix VIII.
Table 1 indicateg that the ADIP algoritha requires less time and fever
iterationg than the SIP algorithm for this one-dimensional, steady state
simulation. Results of the transient flow gimulation, in Table 4, also
indicate the ADIP algorithm is slightly more efficient than the SIP
algorithn. There are no significant differences in the accuracy of the

algorithme for either transient fiov or steady state simulations.

3.1.4 Conclusions: SIP va. ADIP

For Test Problems 1 and 2, vhich are relatively complex in nature, the
SIP algorithm requires (for steady state simulation) only about haif of the
number of iterations as the ADIP algorithm to converge to the desired
solution. For a leas complex problem, such as Test Problem 3 (cne-
dimensional), the SIP algorithm provides a rate of convergence similar to
that of the ADIP algorithm. In the cage of transient flov gimulation, the
SIP algorithm provides a signicantly faster convergence rate (fewver
iterations) than the ADIP algorithm for the first fev time steps of Test
Problems 1 and 2. Hovever, as the simulation proceeds, the number of
iterations required by each algorithm, and the difference between the
number of iterations for each algorithm, becomes insignificant. The

results are shown in Tables I, 2, 3, and 4. These results indicate that
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0 0 0 0 0 0 0 0 0 0 0

0 2 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

Figure 5. - Nodeid Matrix For Test Problem 3

! NODEID CODES

ICODE# 1

ICODE 2

FCTR1 0,3

FCTR2 0

FCTR3J 0

OVERRD 0




Table 4e = Cowputational Efficiency For Transient

Teat Problem 3

iT-¢

Iterations and
CPU Time Mass Balance Error (%)
SIP ADIP sIP ADIP

Total Total

Mo, of CPU | No. of CPU
Time Itera- Time Itera~ Time Hydraluic Mass | Chemical Mass Hydraulic Mass Chemical Mass
Step tions {sec) | tions {sec) balance \error balance error balance error balance error
1 2 4,095 1 4,025 -0,00000E+00 3.78286E+00 0.00000E+00 3.78286E+00
2 1 1 0,00000E+00 -1,53608E+01 0.00000E+00 -1.53608E+01
3 1 1 0.00000E+00 ~6.28198E+00 0.00000E+00 =5.58985E+00
4 1 1 0.00000E+00 -6.28198E+00 0.00000E+00 -6,28198E+00
3 1 1 0,00000E+00 ~1.03799E+00 0.00000E+00 -6.28198E+00
6 i 1 =9,55977E-06 ~7.,16792E+00 -9,55977E-06 =7.16792E+00
7 1 1 -7.16972E~06 ~2.42799E+00 =7.16972E-06 ~1.16792E+00
8 1 1 0.00000E+00 ~6.90429E+00 0.00000E+00 -6.90429E+00
9 1 1 0.00000E+00 -2.82789E+00 0.,00000E+00 ~6.90429E+00
190 1 1 0.00000E+00 =2.03537E+00 0.00000E+00 «2.03537E+00




SIP is, overall, a more poverful iterative algorithm than ADIP. Because
SIP generally requires fever iterations for a given simulation than ADIP,

computer time and cost should be less vhen the SIP technique is usged.

3.2 Seneitivity to Grid Orientation

A vord should be said with regard to the relationship of the SIP and
ADIP iterative techniques to the physical setup of the data for a
gimulation. This setup is in regard to the gradient and the X-Y grid
gystem. The tvo setups are vith the flov along the columns (X axis) and
the flowv along the rowe (Y axis). For an isotropic, homogeneous gite with
uniform gradient, no significant differences (differences of less than or
equal to 1%) vere found betveen the results of either iterative technique
or flov setup. With an anisptropic asite, however, significant differences,
related to the direction of flow, were found. The anisotropic
characteristics were accurately represented in the results vhen the flow
vag along the columns. Hovever, vhen the flov vas simulated along the
rovs, the anisotropy wvas apparently ignored. Those resultz matched the
igotropic szimulations. No aspparent explanation wvas found for this in the

program code and further analysie is beyond the scope of thig study.

3.3 Model Sensitivity to Particle Movemwent

The previous sections discussed the performance of the Solute
Transport Model in relation to different iterative techniques used to
determine potentiometric head. This section presents the results of a
genaitivity analysis of the parameters affecting particle movement.

The maximum cell distance per particle move (CELDIS) and the initial
number of particles per node (NPTPND) are the two execution parameters that

must be gpecified by the users to simulate the transport of solute in an
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aquifer system with the modified N.R.C. version of the U.5.6.5. Solute
Transpcrt Model. These two parameters influence the accuracy, precision,
and efficiency (computational time and cost) of the soclution to a
particular problem.

Konikov and Bredehceft (1978) performed sensitivity analyses on a
Honeyvell 60/68 computer using the ADIP algorithm to solve the flow
equation. For this study, the SIP algorithm is used to solve the flaw
equation for all the test problems and the program ig executed on an IBM
3081D computer. The results of this analyais may be useful to users in the
developmental stages of simulations especially in relation to CELDIS and
NPTPND.

Before discuseing the sepsitivity of particle movement, it is
important to diﬁcuss'briefly hov the stability criteria controls the gize
and number of gubtime steps (automatically generated in the program and
use& in the solute tranaport equation)} and hov the subtime steps may vary

according to the value of CELDIS.

3.3.1 Relation of Stability Criteria with Particle Movement
For an explicit finite difference solution of dispersion terms of the

golute transport equation, stability checks may be given as:

I 0.5 {

At <= Min |=wm e A §-I

(over grid) { D /7 (AX)” + D PN T:Y & Inli A § §
| XX Yy I
vhere

At = time increment (T),

Dxx = dispergion coefficient in the X direction (L2/T),

DYY = dispersgion coefficient in the Y directicn (Lle),
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4X = grid size in the X direction, XDEL, (L),
and AY = grid size in the Y direction, YDEL, (L).
This equation gives the maximum perwmissible time increment which is the
minimum of all the tiwe steps (A t) computed for each individual node in
the entire grid.

The second stability criteria relates the effects of wixing
groundvater of one concentration with injected or recharged water of
different concentration represented by the source terms. Thisg relationship

is given as:

i ¢ b I
At <= Min | memmmmm—e I
(over grid) '- ' _l 0...'......(2)
vhere
e = effective porosify, POROS, (dimensionlesa),
b = thickness of the aquifer, THCK, (L),
and W = volume flux per unit area (L/T). -

A third type of stability check involves the movement of points
computed for convective transport terms of the solute transport equation.
This relationship is developed as follovs:

dx: Atv II..IUI.III.I.I.-.I...DI.l...l(aa)
x
dy‘ Atv l.l...l.l.l...ll"l....0.-‘...(ab)
Y
vhere

dx = distance traveled in the X direction (L),

Q.
~
"

distance traveled in the Y direction (L),
V_ = maximum velocity in the X direction, VMAX, (L/T),
and ¥ = maximum velocity in the Y direction, VMAY, (L/T).
If dx is greater than 4 X or dy is greater than AY, it might be posaible

for particles to move beyond the houndaries of the grid during one time
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increment. Thus, for a given velocity field and grid, some restrictions
must be placed on the size of the time increment to assure that neither dx
nor dy exceed some critical distances tdx" and dy'). These critical
distances relate the dimension of the grid by:

dx’ = ¥ AX ceveecornssssccassnss (4a)

Y’ = Y AY teeerieerecereeasanas(4b)
vhere

Y = is the fraction of the grid dimensions that a particle vill be
alloved to wove, CELDIS, ( 0 <= y <= 1),

From equations 3 and 4 stability relationships may be obtained as:
At <= -.Y.'-_a-!, 'IC.II--..‘S.)

v -
X

At €2 YAY .vveveen..(SD)
v

Y
If the time steps used to soive the flov equation exceeds the smallest of
the time steps calculated by equations 1, 2, and 5, then the time step will
be subdivided into the appropriate number of smaller time incrementa vhich
wvill be used to solve the solute transport equation. Therefore, in every
time step (used to solve flowv equation) each particle movee a maximum
distance vhich is equal to the number of subtime stepa times v
{represented as CELDIS in the model).

In equation 3, the optimum size of the time step is dependent on the
value of Y (A X, A Y, vx. and VY are the parameters of the flowv equation).
If CELDIS is smaller, the totel number of time steps needed to solve the
solute transport equation increases and hence the efficiency of the model
decreagses. This relationship can be observed from the regults in athe

folloving sections.
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3.3.2 Methads for Particle Movement Seneitivity Analysis

The sensitivity of the medel to the number of (density) tracer
particles may be evaluated by varying the value of NPTPND and keeping
CELDIS constant. From the study by Konikov and Bredehoeft (1578), it was
determined that the accuracy (chemical mase balance error) of the sclution
ig directly proportional to the density (number of particles per node),
vhile the efficiency is inversely proportional to the density.

The influence of the maximum cell distance per particle move may be
evaluated by keeping NPTPND constant and running the mcdel with several
poagible values of CELDIS. Konikow and Bredehoeft (1978) reported that the
relationship hetveen CELDIS and chemical mass balance error is not as
gimple and straightforvard as for NPTPND. The effect of CELDIS on the
chemical masg balance error seems to be completely problem dependent. To
denonsfrate the effects of CELDIS and NPTPND for different problems, the
senaitivity of the modified model to these parameters has been analyzed for
Teet Prablema 1, 2, and 3. The results of the senaitivity analysis are

presented in the following sections.

3.3.3 Test Problem 1

Table 5 shovws trends for Test Problem 1 and indicates that the
efficiency increases vith the increase of CELDIS. On the other hand the
efficiency decreages vith the increase of NPTPHD. With respect to

accuracy, the table shows no regular trend relating to either the CELDIS or

the NPTPND.

3.3.4 Test Problem 2

For Test Problem 2, the trends of efficiency and accuracy are similar

{aee Table 6) tc that of Test Problem ! (Table S). Howvever, for Test
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TABLE

Effect of CELDIS and NPTPND on Efficiency (CPU time)

and Accuracy (Chemical Mass Balance Exror) of
Solution to Test Froblem 1,

[NPTPND 4 _ 5 8 ‘ 9
CPU Chemical Mass CPU Chemfcal Mass CPU Chemical Mass [wgi} Chemical Mass
CELDLS Balance Erroer % Balance Error % Balance Error % Belance Erroxr %
0.25 1F63 =4.10944E-01 1.97 ~9.46637E-01 - 2,15 -2.02629E-00 2,&7 =2.63050E-00
6.5 0.95 -Q.BSTkOE-OO 1.05 -2.06772E-00 1,19 7.93923E-00 1.42 -2.85956E-00
0.75 0.88 =4 .42353E-00 1.0 3,389685-00' 1.11 1.16942E+01 1.28 1.47898E-01
1.0 0.87 ~4.42353E-00 1.0 3.38968E-00 1.13 1,16942E+01 1.28 1,47898E-01




8T1-¢

TABLE 6.

Effect of CELDIS and NPTPND on Efficienmcy (CPU time)

and Accuracy {Chemical Mass Balance Error) of
Solution to Test Problem 2.

NPFTeND 4 _ 5 _ 8 )
CPU Chemical Mass CPU Chemical Mass, CrU Chemical Mass GPU Chemical Mass
ICELDIS Balance Error % Balance Erxror % | Balance Exror % Balance Error %
0.25 1.82 -3.07111E-00 2.00 -3.96768E-00 2.24 =44 58213E-00 2.46 ~3.94209E-00
0.5 1.09 =1.79803E-00 1.18 -2, 70483E-00 1.40 =2.45453E-00 1.61 -3.06842E~00
0.75 0.78 =2.87525E-01 0.85 4.70031E-01 ' 0.93 -8,00412E-02 0.99 -2.,08099E-01
1.0 0.68 9.26112E-01 0.73 -1.22564E-00 0,80 -2.83650E-00 0.84 ~7.57554E-00




Problem 1, efficiency increases more rapidly vith the increase of CELDIS
than does Test Problem 2. The meajor difference betveen Test Problems ! and
2 is the introduction of the contaminant source. In Test Problem 1, an
injection gource is used, and in Test Problem 2 a patch source of
contamination is used. The injection source of contamination may be

responsible for the relatively greater increase in efficiency.

3.3.5 Test Problem 3

For Test Problem 3, it is found (see Table 7) that the efficiency of
the model does not vary significantly with the CELDIS, but it does vith the
NPTPND. Similarly, the accuracy variee with the NPTPND wmore than that of
vith the CELDIS. HNo trend could be found vith regard to the variation in

accuracy.

3.3.68 Conclusions

A comparison between the variation of efficiency for Test Problems 2
and 3 are shovn in Figure 6. The variation of efficiency for Test Problem
1l is not shovn in Figure 6 because it has a trend similar to Teat Problem
1. Test Problem 3 is a one-dimensional problem and a radiocactive decay
term is considered in this problewm. These two factors may be responsible
for the differences observed (see Figure 6) between the results of Test
Problems 2 and 3.

It is clear from the results of the analysia'that the effects of
CELDIS and NPTPND differ from problem to problem. However, the effects of
CELDIS and NPTPND on the efficiency of the model follow & regular trend,
though the effects of these tvo parameters on the accuracy of the results

does2 not have any regular relationship.
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TABLE 1.

Effect of CELDIS and NPTPKD on Efficiency (CPU time)

and Accuracy (Chemical Mass Balance Error) of
Solution to Test Problem 3,

IEPTPND 4 5 8 9
CPU Chemical Mass CPU Chemical Masse , CPU Chemical Mass CPU Chemjical Mass
ICELDIS Balance Error % Balance Error % Balance Error % Balance Erroxr %
0.25 2.87 | -2,78318E-00 2.89 3.08818E-00 3.58 | ~2.65033E-00 3.94 | -2.17975E-00
0.5 2.88 -2,78318E-00 2.90 ~3.08618E-00 3.57 -2,65033E~00 3.94 -2,17975E-00
0.75 2.86 =2.78318E~00 3.2 ~3.08818E-00 3.57 ~2.65033E-00 3.94 -2.17975E-00
|
1.00 2.86 -2.78318E-00 3.21° =3.08818E-00 3.56 -2,65033E-00 3.93 ~2.17975E-00




CPU TME (SEC))

3.0

1.0

NPTPND =9 © —_ -— —
NPTPND =8 ©- - ' " an —0)

—0
emess = -0
NPTPND =9

LEGEND

© TEST PROBLEM 2
A TEST PROBLEM 3

05 l 1 | - |
0.0 026 0.50 075 1.00
CELDIS

Figure 6, Effect of CELDIS and NPTPND on CPU Time (Efficiency)
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Hodel users are assumed to be able to relate their problem to the
problems used in this analysiz and choose the approximate values of CELDIS
and NPTPND that would result in an efficient and aécurate solution. If a
problem is not comparable to any one of the test problems, the modeler may
wvant to perfors a gensitivity analysis in an attempt to determine the
appropriate values of CELDIS and HPTPND for the problem being considered.
However, because of the possible trade off between accuracy and efficiency
it recommended that the modeler start with NPTPND as 4 or S5 and CELDIS as

0.75 to 1.0 for maximuw efficiency (see Figure 6).
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xxxx TSQ FOREGROUND HARDCOPY =*+%
DSNAME=U112368C . KONIMOD . CNTL (MAIN )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C  SNOFLOATCALLS

c

OO0 O000O0NO0O0O0O0000000O00000

[eNeRe)

$STORAGE: 2

DISTRIBUTED BY LOW-LEVEL WASTE LICENSING BRANCH, NRC
LOGICAL UNIT “S§* IS INPUT

LOGICAL UNIT *&" IS QUTPUT

LOCICAL UNIT “7* IS OPTIONAL

2x 3 e 3 e 3 ok 3K 0 K N e 3 M e o e o o sk e Ol e 3 e o o I K E N K N R e e o0 o0 i o S 3 R R e e ok kR e ok N K
-

* SOLUTE TRANSPORT AND DISPERSION IN A PORQUS MEDIUM
- NUMERICAL SOLUTION --- METHOD OF CHARACTERISTICS
= PROGRAMMED BY J. D. BREDEHOEFT AND L. F. KONIKOW
> REVISED APRIL 19789, MARCH 13980

* REVISED DECEMBER 1980

* REVISED AUGUST 1981

= REVISED OCTOBER 1983

» RADIONUCIDE DECAY AND NONLINEAR SORETION MODIFICATIONS
* DEVELDPED AND IMPLEMENTED FOR US NRC BY J. TRACY
= AUGUST-SEPTEMBER 1981

* MODIFIED NRC VERSION

* OF THE USGS SOLUTE TRANSPORT MODEL,

- VOLUME 1: MODIFICATIONS

* BY

* D.C. KENT, L. LEMASTER, AND J. WAGNER

- FOR

* U.S. ENVIRONMENTAL PROTECTION AGENCY

* JANUARY, 1886

* % X F R X ¥ XK K F F E X N O K R K R B

S e 3 e o e e 2 ok e e ok K i R R K o8 i 3 sl e e e ok ok o 3 e 20 ok e e i o ok i 3 e ol e i ol N R ok ok o e e ok 3 W 3K R

CHARACTER*8 TITLE

REAL*B TMRX,VPRM,HI , HR,HC HK,WT,REC,RECH,TIM, AOPT

REAL*8 XDEL,YDEL,S,AREA, SUMT,RHO,PARAM,TEST, TOL,PINT ,HMIN,PYR

REAL*8 TINT,ALPHA1,ANITP

REAL*8 TMSUM,ANTIM,TDEL

REAL*8 HU

INTEGER FCON
COMMON /PRMI/ NTIM,NPMP NPNT,NITP,N,NX,NY NP NREC,INT,NNX,NNY,NUMO
1BS,NMOV, IMOV , NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND ,NPNTMV ,NPNTVL ,NPNTD ,N
2PNCHV ,NPDELC, ICHK, FCON, IHEAD, IS0LV

COMMON /PRMC/ NODEID(20,20),NPCELL{20,20),NPOLD(20,20),LIMBO(500),
1IX0BS(5),1YOBS{5)
2,NDECAY ,NSCRB

COMMON /HEDA/ THCK(20,20)},.PERM(2C,20),TMWL(5,50), TMDBS(50), ANFCTR
1, THICK(20,20)

COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20) .HI1(20,20) .HR(20,20),HC(20,
120) ,HK(20,20),WT(20,20),REC(20,20) ,RECH({20,20),TIM(100),A0PT(20).,T
2ITLE(410),XDEL,YDEL,S,AREA, SUMT,RHO,PARAM, TEST, TOL,PINT  HMIN,PYR
3,H4(20,20)

COMMON /CHMA/ PART(3,3200),CONC{20,20),TMCN(5,50),vX(20,20),vY(20,
120),CONINT (20,20}, CNRECH(20,20) ,POROS, SUMTCH,BETA, TIMV ,STORM, STORM
21,CMSIN,CMSOUT,FLMIN, FLMOT, SUMIO,CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF, VOLDCY , VOLSRE, SREBDCY

LE A R R R R R EE S Rt R 2R R it P R R )

---L0AD DATA---
INT=0
TMSUM = 0.0
N =0

CALL PARLOD
IF (IHEAD .EQ. O) CALL GENPT

e e e 33l e e e e i Tl o0 o e o e ol i e S NN ST R DN N N S K 3 T e K o ke 0 o o e i e ol ok e e e ok o ok

-=-=START COMPUTATIONS---
-==COMPUTE ONE PUMPING PERIOD---

L I I R
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DO 150 INT=1,NPMP
N =20 '
IF (INT.GT.t) TMSUM = TMSUM + PYR
IF (INT.GT.t) CALL PARLOD
IPCK=0 '
--=-COMPUTE ONE TIME STEP---
DO 130 N=1 ,NTIM
IPRNT=0
=-==LDAD NEW DELTA T---
TINT=SUMT - TMSUM
TDEL=DMIN1(TIM(N),PYR-TINT)
SUMT=SUMT+TDEL
IF (TDEL.EQ.(PYR-TINT)) IPCK=1
TIM{N)=TDEL
REMN=MOD (N, NPNT)
EE RS E RS FEEEERE SRR R SRS SR R LR R R R R R R R RS R ER R R R R RN N T2
IF (S.EQ.0.0.AND.ICHK.EQ.Q.AND.(N.GT.1.0R.INT.GT.1)) GO TO 101
IF (ISOLV.EQ.Q) GO TO 117
CALL ISIP
G0 TD 125
117 CONTINUE
CALL ITERAT
==~UPDATE THCK, TMRX=---
125 IF (FCON.EQ.O) GO TO 118
DO 111 IY=1 NY
DO 111 IX=1,NX
IF (THICK(IX,IY).EQ.C.0) GO TO 111
THCK(IX,IY) = THICK(IX,IY) - HI(IX,IY) + HK(IX,IY)
111 CONTINUE
NNX = NX - t
NNY = NY - 1t
DO 115 IY=2,NNY
DO 115 IX=2,NNX
IF (PERM(IX,IY).EQ.Q0.Q) GO TO {15
TMRX(IX,IY,1)s2 *PERM(IX,IY)*THCK(IX,IY)}*PERM(IX+1,IY)*THCK{IX+1,1I
1Y)/ (PERM{IX,IY)}*THCK(IX,IY)*XDEL+PERM{IX+1 IY)*THCK({IX+1,IY)*XDEL)
TMRX({IX,1Y,2)=2 *PERM({IX,IY)*THCK(IX,IY)}*PERM{IX,6 IY+i)*THCK(IX, IY+
11)/(PERM(IX,IY)*THCK(IX,IY)*YDEL+PERM(IX,IY+1)*THCK{IX,IY+1)*=YDEL)
===ADJUST COEFFICIENT FOR ANISODTROPY---
TMRX(IX,IY,2)sTMRX(IX,IY,2)*ANFCTR
115 CONTINUE
118 CONTINUE

IF (REMN.EQ.0.0.0R.N.EQ.NTIM.OR.IPCK.EQG.1) CALL OUTPT
IF (IHEAD .NE. O) GO TO 126
CALL VELO
101 CALL MOVE
EE R RS S ER S EEE L RS IR RS E R EE SR EE R I R TR IR R RN I TR E R )
-~-STDRE OBS. WELL DATA FOR TRANSIENT FLOW PROBLEMS---
IF (5.EQ.C.0) GO TO 120
IF (NUMDBS.LE.O) GO TO 120
J=MOD(N,50)
IF (JU.EQ.Q) J=SD
TMOBS(J)=SUMT
DD t10 I=1,NUMOBS
TMWL(I,J)=HK(IXCBS(I),IYOBS{I))}
TMCN(I,Jd)=CONC{IXOBS(I),IYOBS(I))
110 CONTINUE
s N N 2 N R MK R G N DI N e o I e 3 3 K A a ak Nt ok il ot e i sl e ok o 3 3 3k 3 i i i die i e i o a3 a3 3K 3K O ok O
~==QUTPUT ROUTINES---
120 IF (REMN.EQ.0.0.DR.N.EG.NTIM.DR.MOD(N,50).EQ.0.OR.IPCK.EQ.1)
1 CALL CHMCT
126 CONTINUE
IF (REMN.EQ.0.0.0R.N.EQ.NTIM.OR.IPCK.EQ.1) CALL GRPH
IF (SUMT.GE.(PYR+TMSUM}) GD TO 140
130 CONTINUE

LB B D B B B S R R A IR A I R O I A S 4 N I D R D R S S SR N N N Y S S Y N

32¢
321
325
330
336
34¢
350
360
370
381
390
400
406
410
420
430
435
436
437
438
438
440
44 1A
44 1B
4424
4428
4434
4438
4444
4448
445A
4458
4464
4468
447A
4478
4484A
448B
448A
4498
4504
4508
450C
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140

150

168

200
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~==SUMMARY OUTRUT=--

CONTINUE

NND = -4

WRITE (10,200) NND, NND

IPRNT=1

If (IHEAD .EQ. ) CALL CHMOT

CONTINUE

LEEEEEEEESE S EEESESEL SRR E SR ER RS R R R R R R ER L EEE T
ENDFILE(G)

IF (NPNCHV.EQ.O) GO TO 155

ENDFILE(7)

CONTINUE

STOP

AR L EEE RS S S EESESES SRR TR YRR RS R E RS R R R E R RS S R 2 200
FORMAT (1H ,214)

END

I-4

PEPRPEPERPRPRPPRRPEDEEBED D>



==== TS50 FOREGROUND HARDCOPY ====
DSNAME=U11236C . KONIMOD.CNTL (PARLOD )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C $NOFLDATCALLS
C $STORAGE:2

SUBROUTINE PARLOD
DOUBLE PRECISION DMIN1,DEXP,DLDG,DABS
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI,HR,HC,HK,WT,REC,RECH,TIM, AOPT
REAL*8 XDEL.YDEL,S.AREA,SUMT,RHO,PARAM, TEST,TOL,PINT HMIN,KPYR
REAL*8 FCTR,TIMX,TINIT,PIES,YNS,XNS,RAT,HMX HMY
REAL*8 TMSUM,ANTIM,TDEL
REAL*8 DXINV,DYINV,ARINV,PORINV

REAL*8 TINT,ALPHA1,ANITP

REAL*8 Hu

INTEGER OVERRD.TP.BTM

INTEGER FCON

COMMON /PRMI/ NTIM,NPMP,NPNT . NITP,N,NX,NY, NP ,NREC, INT ,NNX,NNY, NUMO
1BS ,NMOV, IMOV, NPMAX, ITMAX ,NZCRIT, IPRNT, NPTPND . NPNTMV, NPNTVL , NPNTD, N
2PNCHV, NPDELC, ICHK ,FCON, IHEAD, ISOLV

COMMON /PRMC/ NRDEID(20,20),NPCELL(20,20),NPOLD(20,20),LIMBO(500),
1IXOBS(5),IYOBS(5)

2 .NDECAY ,NSORBE

COMMON /HEDA/ THCK(2¢,20),PERM(20,20), TMWL(5,50), TMOBS(50),ANFCTR
1, THICK(20,20)

COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI(20,20),HR(20,20),HC(20,
120),HK(20,20),WT(20,20) ,REC{20,20) ,RECH(20,20),TIM(100) ,ADPT(20),7
2ITLE(10),.XDEL, YDEL,S,AREA, SUMT ,RHO, PARAM, TEST, TOL,PINT ,HMIN,PYR
3,HJ(20,20)

COMMON /CHMA/ PART(3,3200),CONC(2C,20),TMCN(5,50),VvX(20,20),.VvY (20,
120),CONINT(20,20},CNRECH( 20, 20) ,PORDS, SUMTCH,BETA, TIMV,STORM, STORM
21 ,CMSIN,CMSQUT,FLMIN, FLMOT, SUMIQ,CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT,SRBALF,VvOLDCY, VOLSRB, SRBDCY

COMMON /BALM/ TOTLQ,TOTLQI,TPIN,TPOUT,TPQR

COMMON /XINV/ DXINV,DYINV, ARINV,PORINV

COMMDN /CHMC/ SUMC(20,20),VXBDY{20,20),VYBDY(20,20)

DIMENSION TEMP{5},I0RDER(10)

DIMENSION TRANS(20,20),B0T(20,20)

DATA IQORDER/5.5.4,4,3,3,2,2,1,1/

DN COHDEOWEHRONDEOEOODC WM EODmDEEDmDETE D Do
©
(1]

C (AP E R R R R R RS R R R R TR SRS SR E AR SRR LR R LSRR RS TSRS EY B 220
IF (INT.GT.1) GO TO {0 B 230
WRITE (6,750) B 24C
READ (5,720) TITLE B 250
WRITE (6,730) TITLE B 260
WRITE (10,735) INT,N,TITLE 8 265
C R 2R R EE R RS R AR RS EREER R R R R R Rt R R R SRR R ) B 270
c -=-=INITIALIZE TEST AND CONTROL VARIABLES--- B 280
STORMI=0.0, B 290
TEST=0.0 8 300
TPQR=0.C 8 30t
TOTLQ=(. O 8 310
TOTLQRI=0.O B 315
TPIN = 0.0 B 317
TPOUT = 0.0 8 318
SUMT=0.0 B 320
SUMTCH=0 O 8 330
INT=0 8 340
IPRNT=0 B 350
NCA=Q B 360
N=C B 370
IMOV=0 B 380
NMOV=0 B 390
ICHK = O B 395
VOLDCY=0.0 USNRC



aao

VOLSRB=0.0
SRBOCY = 0.0

(3222 R 2R R RS R S R R PR 2R R R R R R R R R R RS T
=--LOAD CONTROL PARAMETERS-=--

READ (5,740) NTIM,NPMP,NX,NY K NPMAX,NPNT,NITP,NUMOBS, ITMAX,NREC, NPT
1PND,NCODES , NPNTMV ,NPNTVL ,NPNTD ,NPDELC , NPNCHY

READ (5,800) PINT,TOL,POROS,BETA,S,TIMX,TINIT,XDEL,YDEL,DLTRAT,CEL
1DIS,ANFCTR

READ (5,805) NDECAY,NSORB,DCYTIM,DENRDC, SORBGQR,SORBST, SORBAL

READ (5,740) ISOLV,IHEAD,FCON,TP,BTM

NANX=NX - 1

NNY =NY -1

NP =NPMAX

DXINV=1.0/XDEL

DYINV=1.0/YDEL

ARINV=DXINV*DYINV

PORINVE=1 . O/POROS

DCYLAM = 0.0

BLKDEN
SRBRAT
SRESAT
SRBALF =
IF (NDECAY.GT.O.AND.DCYTIM.GT.0.0)

1 DCYLAM = ALOG(2.0)/(365.25*86400,.0*DCYTIM}

IF (NSORB.GT.0) BLKDEN = DENRDC*(1.0-POROS)/POROS

IF (NSORB.GT.0) SRBRAT = SORBQR

IF (NSORB.EQ.2)} SRBSAT = SORBST

IF (NSORB.EQ.3) SRBALF = SORBAL

---PRINT CONTROL PARAMETERS---

WRITE (6,780)

WRITE (8,770) NX,NY,XDEL,YDEL

WRITE (10Q,785) NX,NY,NTIM,NPMP,K ISOLV, IHEAD,FCON,TP.ETM,

1 XDEL ,YDEL,PINT

WRITE (6,780) NTIM, NPMP PINT,TIMX,TINIT

WRITE (6,780) S,POROS,BETA,.DLTRAT,ANFCTR

IF (NDECAY.LT.1) WRITE (&,791)

IF (NDECAY.GT.0) WRITE (6,792) DCYTIM,DCYLAM

IF (NSORB.LT.1) WRITE (6,793}

IF (NSORB.GT.0) WRITE (6,794) DENRDC,BLKDEN

IF (NSORB.EQ.1) WRITE (6,795) SRBRAT

IF {(NSDRE.EQ.2) WRITE (6€,796) SRBRAT,SREBSAT

If (NSDRB.EQ.3) WRITE (6,797) SRBRAT,SRBALF

IF (ISOLV.EQ.Q) WRITE (€,811)

IF (ISOLV.NE.Q) WRITE (6,812)

IF (IHEAD.NE.O) WRITE (&,813)

IF (FCON.EQ.O) WRITE (6,814)

IF (FCON.NE.O) WRITE (6,815}

IF (BTM.NE.O) WRITE (&,816)

WRITE (6,870) NITP,TOL, ITMAX,CELDIS, NPMAX, NPTPND

IF (NPTPND.LT.4.0R.NPTPND.GT.9.0R.NPTPND.EQ.G.0OR.NPTPND.EQ.7) WRIT
1E (6,880}

IF (NITP.LT.1) WRITE (6,885)

WRITE (6,880) NPNT,NPNTMV,NPNTVL,NPNTD,NUMDBS, NREC, NCODES, NPNCHV ,N
1PDELC

WRITE (10,895) TOL,NUMOBS,NREC,NCODES

G0 TD 20

LR E LSRRI FEEEEEE R EE SRR EE RS E R ST IR SR SRR R RS SRR F R R RN IETEEEE N]
-~~READ DATA TD REVISE TIME STEPS AND STRESSES FOR SUBRSEQUENT

PUMPING PERIODS---

H ow i

[sReNeRe)
[*NeRoNeo

10 READ (5,1060) ICHK

IF (ICHK.LT.1) WRITE (6,1110) INT

IF (ICHK.LT.1) WRITE (10, 1095) INT,N,ICHK,ICHK,ICHK

IF (ICHK.LT.t') GO TO 20

READ (5,1070) NTIM,NPNT,NITP,ITMAX,NREC, NPNTMV NPNTVL,NPNTD,NPDELC
1, NPNCHV, PINT, TIMX, TINIT

WRITE (6&,1080) INT

ORI DDNEoE®EE®EONENED XD

630
695
700
701
710
720
730



WRITE {6,1090) NTIM,NPNT NITP,ITMAX K NREC,NPNTMV, NPNTVL NPNTD . NPDEL B 740
1C.NPNCHV ,PINT , TIMX, TINIT B 750
WRITE (10,1095) INT,.N,NTIM,NREC,PINT B 7585

R F R E R TR SRS RS SR EE RN R RS FES SRR EEE RS R EER R Y R RS R B ‘760
--=LIST TIME INCREMENTS--- B 770
20 DO 30 J=1.100 B 780
TIM(J)=0.0 B 780
30 CONTINUE B BOO
PYR = PINT*86400.0%*365.25 B 805
TIM(1)=TINIT B 810
IF (NPNTMV .EQ.0) NPNTMV = 998 B 815

IF (S.EQ.0.0) GO TO 50 B 820
DO 40 K=2,NTIM B 830
40 TIM(K)=TIMX*TIM(K=-1) B 840
WRITE (6.470) B 850
WRITE (6.480) TIM B 860
IF (TINIT.GT.PYR) WRITE (&,475) B BES
GO0 TO 60 B 870
50 ANTIM = NTIM B 882
DO 55 K=1,NTIM B 884
55 TIM(K)=PYR/ANTIM B 886
WRITE (6,480) TIM{{) B 880

A HE MK AW 3 e N T e O M 3 ole ok a3 e e St T e i a3 O ajc ke i ok O e N O K a3 i e ol e N K 3K R D o T e 0 e M R N N kM N B 900
---INITIALIZE MATRICES-~-- B 810
60 IF (INT.GT.i) GO TO 100 8 920
DO 70 IY¥=1,NY B 230
DO 70 IX=1,NX B 940
VPRM(IX,IY)=0.0 B 950
PERM(IX,IY)=0.0 B 960
TRANS(IX,IY)=C.Q B 962
BOT(IX,IY)=0.0 B 964
THOK(IX,IY)=0.0 B 870
THICK(IX,IY)=0.0 B 971
RECH{IX,I1Y)a0.0 B 980
CNRECH(IX,IY)=0.0 B 980
REC(IX,IY)=0.0 - B100C
NODEID(IX,IY)}=0O B1010
TMRX(IX,IY,.1)=0.0 B1020
TMRX(IX,IY,2)=0.0 81030
HI(IX,IY)=0.0 B1040
HR(IX,IY)=0.0 B1050
HC(IX,IY)=0.0 B 1060
HK(IX,1Y¥)=0.0 B1070
WT(IX,1Y)=0.0 B1080C
VX(IX,1Y)=0. 0 B1090
VY(IX,IY)=0.0 B1100
VXBDY(IX,IY)=C.0 ‘ B1110
VYBDY(IX,IY)=0.0 B1120
CONC(IX,1Y)=0.0 : B1130
CONINT(IX,IY)}=0.0 B1140
SUMC(IX,IY)=0.0 ; B1150

70 CONTINUE B1160
*t*sm-ztmttt*tt*:*t*t*n*:t*t*tmtt#*mtmmtt#mtt*t-**t**#tmattx*tm* B-' 170
~--READ OBSERVATION WELL LOCATIONS--- B1180

IF (NUMOBS.LE.Q) GO TO 100 B1190
WRITE (6,900} B1200

DO BO J=1,NUMOBS B1210
READ (5,700) IX.IY B1220
WRITE (6,810) J,IX,IY B1230
WRITE {10,1085) INT,N,IX,IY 81235
IXOBS(J}=IX B1240

80 IYOBS(J)=IY B1250
DO 90 I=1,NUMOBS B1260

DO 80 u=1,50 B1270
TMWL(I,J)=0.0 B1280

90 TMCN(I,J)=0.0 B1290

I-7
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100

110

120

130
140

150
160

180
195

200
210

ST IR TR SRS S SRR R RS RS RS R RS TR RSN RS SR SRR SR RN ERE SRS
---READ PUMPAGE DATA == (X-Y CODRDINATES AND RATE IN CFS)---
-=-=SIGNS : WITHDRAWAL = POS.: INJECTION = NEG.-=-~
-==IF INJ. WELL, ALSO READ CONCENTRATION OF INJECTED WATER---
IF (NREC.LE.Q) GD TO 120
IF (INT.GT.1.AND.ICHK.LE.O) RETURN
WRITE (6.210)
DO 110 I=1,NREC
READ (5,710) IX,IY,FCTR,CNREC
IF (FCTR.LE.Q.0) CNRECH(IX,IY)=CNREC
REC(IX,IY)=FCTR
WRITE (10,825) INT.N,IX,IY,REC(IX,IY),CNRECH(IX,IY)
WRITE (6,820) IX,IY,REC(IX,IY),CNRECH{IX,IY)
e 2 NC MR ME Mt e 3K MK K ks MR aic i N NK 2 N e WU O aie 3 N i ol 2 B o o ok K o Nk e W e o i NE AR K N 6 K 2 3 i 3K N o i R Nk K W
IF (INT.GT.1) RETURN
AREA=XDEL*YDEL
WRITE (6,690) AREA
WRITE (6,600)
WRITE (6.610) XDEL
WRITE (6,610) YDEL
E XL RS SRR SRR RS FREEFEEREEERETEERERFL R SRR RS ER RS R RE RS EREEEES ]
--=READ TRANS(FT=**2/SEC) OR PERM(FT/SEC) INTO VPRM ARRAY---
-==DEPENDING ON VALUE OF TP-—-
-~-FCTR = TRANS (OR PERM) MULTIPLIER ---> FT**2/SEC---
WRITE (€,530)
READ (5.85C) INPUT,FCTR
DO 1680 I¥Y=1,NY
IF (INPUT.EQ.1) READ (5,560) (VPRM{IX.IY),IX=1,6NX)
DO 150 IX=1,NX
IFf (INPUT.NE.1) GO TO 130
VPRM(IX,IY)=VPRM(IX,IY)*FCTR
GO TO 140
VPRM{IX,IY)=FCTR
IF (IX.EQ.1.0R.IX.EQ.NX} VPRM(IX,IY)=0.0
IF (IY.EQ.1.0R.IY.EQ.NY) VPRM(IX,IY)=0.0
IF (TP .NE. Q) PERM(IX,IY)=sVPRM{IX,IY)
CONTINUE
CONTINUE
32 2 2 2 R R LSRR RS R SRR RS RERE R 22T RERE SRR ESE R R E Y
---READ AQUIFER THICKNESS---
IF (BTM.EQ.0) WRITE (&.510)
If (BTM.NE.C) WRITE (6.520)
READ (5,550) INPUT,FCTR
DO 210 IY=1,NY
IF (INPUT.EQ.1) READ (5,540) (THCK(IX,IY),IX=1,NX)
DO 200 IX=1,NX
IF (INPUT.NE.1) GO TO 190
THCK(IX,IY)=THCK(IX,IY)*FCTR
G0 TO 185
IF (VPRM{IX,IY).NE.O.Q) THCK(IX,IY)=FCTR
THICK(IX,IY)=THCK(IX, 1Y)
IF (BTM.NE.OQ) BOT(IX,IY)=THCK(IX.IY)
CONTINUE
WRITE (€,50C) (THCK(IX,IY),IX=1,NX)
L2 R L ERE SRR IR EESREER ISR ER E S TR RS IR EENE E VR R TEREE TR
-=--READ WATER-TABLE ELEVATION---
WRITE (6,670)
READ (5,55Q) INPUT,FCTR
DO 350 Iv=1,NY
IF (INPUT.EQ.1) READ (5,660) (WT(IX,IY),IX=1,6NX)
DO 340 IX=1{,NX
IF (INPUT.NE.1) GO TO 330
WT(IX,IY)sWT(IX,IY)*FCTR
GO TO 340

330 IF (VPRM(IX,IY).NE.0.Q) WT(IX,IY)=FCTR
340 CONTINUE
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WRITE (6.880) (WT(IX.IY),IX=1,NX)

---CALCULATE SATURATED THICKNESS---

IF (BTM.EQ.Q) GO TO 356

WRITE (6,510)

DO 354 IY=1,NY

DO 352 IX=1,NX

THCK(IX,IY)=WT(IX,IY)-THCK(IX.,IY}
THICK(IX,IY)=THCK(IX,IY)

CONTINUE

WRITE (8,.500) (THCK(IX,IY),IX=1,NX)

CONTINUE
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~==COMPUTE PERMEABILITY FROM TRANSMISSIVITY---
~==COUNT NO. OF CELLS IN AQUIFER~--

--=SET NZCRIT = 2( OF THE NO. OF CELLS IN THE AQUIFER---
DO 250 IX=1, NX

DO 25C IY=1,NY

IF (THCK(IX,1Y).EQ.Q.0) GO TQ 250

IF (TP .EGQ. ©) PERM(IX,IY)=VPRM(IX,IY)/THCK{IX,IY}
IF (TP .NE. ©) VPRM(IX,IY)=PERM(IX IY)}*THCK(IX,IY)
TRANS(IX,IY)aVPRM(IX,IY)

NCA=NCA+1

CONTINUE

-=~WRITE TRANSMISSIVITY--=
WRITE (6,530)

DO 2855 IY=1,NY

WRITE (6,840) (VPRM{IX,IY),IX=1 NX}

AAQ=NCA*AREA
NZCRIT=(NCA+25)/50
WRITE (6,620}
DO 260 I¥Y=1i,NY ;
WRITE (6,840) (PERM(IX,IY),Ix=1,NX)
WRITE (6,630) NCA,AAQ,NZCRIT
ETT IR E R T2 SRS 2 R R ERES RS R E R R R R R RS R R A R R R RS L
--~SET UP COEFFICIENT MATRIX --~ BLOCK-CENTERED GRID---
~=-AVERAGE TRANSMISSIVITY --- HARMONIC MEAN---
-~=-MOVED SO THAT PERMEABLILTY OR TRANSMISSIVITY MAY--~-
~--BE INPUT AND CALCULATED PROPERLY---
IF (ANFCTR.NE.OQ.0Q) GO TO 170
WRITE (&,1050)
ANFCTR=1.0
PIES=3.1415927*3.1415927/2.0
YNSaNY *NY
XNS=NX*NX
HMIN=2 .0
bo 180 IY=2,NNY
DO 180 IX=2, NNX
IF (VPRM(IX,1Y).EQ.0.0) GO TO 180
TMRX(IX,IY,1)=2.0*«VPRM{IX,IY)*VPRM{IX+1,IY)/(VPRM{IX,IY)*XDEL+VPRM
$+(IX+1,IY)*XDEL)
TMRX(IX,IY.2)=2 . O*VPRM(IX,IY)*VPRM(IX, 1¥Y+1)/(VPRM(IX,IY)*YDEL+VPRM
1(IX,1¥Y+1)*YDEL)
~--ADJUST COEFFICIENT FOR ANISOTROPY---
TMRX(IX,IY,2)=TMRX(IX,IY,2)*ANFCTR
~==COMPUTE MINIMUM ITERATION PARAMETER (HMIN)---
IF (TMRX(IX,IY,1).EQ.0.0) GO TO 180
IF (TMRX(IX,IY.2).EQ.0.0) GO TOD 180
RAT=TMRX(IX,IY,1)*YDEL/(TMRX(IX,IY,2)*XDEL)
HMX=PIES/(XNS*(1.0+RAT))
HMY=PIES/(YNS*(1.0+(1.0/RAT}))
IF (HMX.LT.HMIN) HMIN=HMX
IF (HMY.LT.HMIN) HMIN=mHMY
VPRM(IX,IY)=0.0
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---READ DIFFUSE RECHARGE AND DISCHARGE---
WRITE (6.830)
READ {(5,550) INPUT,FCTR
DO 240 Iy=1,NY
IF (INPUT.EQ.1) READ (5,560) (RECH(IX,IY),IX=1 ,NX)
DO 230 IX=1,NX
IF (INPUT.NE.1)} GO TO 220
RECH(IX,IY)=RECH({IX,IY)*FCTR
G0 TO 230
IF (THCK{IX,IY)}.NE.O.0) RECH(IX,IY)=FCTR
CONTINUE
WRITE (6,840) (RECH(IX,IY},IX=1,NX)
T3 ITER R R 2R 2SN TR R R R RS S E PR R EES TR RS EREEERE R AR R SRS ]
---READ NODE IDENTIFICATION CARDS-~--
---SET VERT. PERM., SOURCE CONC.. AND DIFFUSE RECHARGE=---
---SPECIFY CODES TO FIT YOUR NEEDS---
WRITE (6,570)
READ (5,550) INPUT,FCTR
DO 28O IY¥=1,NY
IF (INPUT.EG.1) READ (5,840) (NODEID(IX,IY),IX=*1,6NX)
DO 270 IX=1,NX
IF (INPUT.NE.1.AND.THCK(IX,IY).NE.Q.O) NODEID(IX,IY)=FCTR
WRITE (6,580) (NODEID(IX,1Y),IX=1,NX)
WRITE (6,920) NCODES
IF (NCODES.LE.Q) GO TO 310
WRITE (6,930)
D0 300 IJ=1,NCODES
READ (S,850) 1CODE,FCTR1,FCTR2,FCTR3,OVERRD
DO 280 IX=*1,NX
DO 280 IY=1,NY
IF (NODEID(IX,IY).NE.ICODE) GO TO 290
VEBRM{IX,IY)=FCTR1
CNRECH(IX,IY)sFCTR2
IF (GVERRD.NE.O) RECH(IX,I1Y)=FCTR3
CONTINUE
WRITE (6,860) ICODE,FCTR1,FCTR2
WRITE (10,885) INT.N,ICODE,FCTR1,FCTR2,FCTR3
IF (OVERRD.NE.C) WRITE (6,1100) FCTR3
WRITE (6,590)
DO 320 Ivy=1,NY
WRITE (6,840) (VPRM(IX,IY),IX=1,6NX)
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DO 335 IY=1,NY
DO 335 IX=1,NX
WRITE (10,845) INT,N,IX,IY,BOT(IX,IY) ,WT{IX,IY), THCK(IX,IY),
1 TRANS{IX,IY),PERM{IX,IY),RECH({IX,IY) NODREID(IX.IY),VPRM(IX,IY)
---SET INITIAL HEADS---
DO 360 IX=1,NX
DO 360 IY=1,NY
HI(IX,IY)=WT(IX,1Y)
HC(IX,IY)Y=HI(IX,IY)
HR(IX,IY)=HI(IX,IY)
HK(IX,IY)=HI(IX,IY)

CALL QUTPT

TR R A R R R R M R R R R R R R R N
---COMPUTE ITERATION PARAMETERS-~--

~~=COMPUTE ADIP ITERATION PARAMETERS---~

DO 370 1D=1,20

AOPT(ID)=0.0

CONTINUE

IF(ISOLV.NE.O) GO TO 299

ANITP=NITP-1

ALPHA1 = 1.0

IF (HMIN.LT.2.0) ALPHA1= DEXP(DLOG(1.Q/HMIN)/ANITP)
IF (MMIN.EQ.2.0) HMIN = 0.0

I-10
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ACPT{ 1)=HMIN

DO 380 IP=2,NITP

AQDPT{IP)=AQPT(IP~1)*ALPHA1

GO TO 401

CONTINUE
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-~—COMPUTE SIP ITERATION PARAMETERS---

I2=NX-2

J2=NY-2

LENGTH= 10

W=0.0

PI=0.0

L2=LENGTH/2

PL2=FLOAT(L2)~1.0

WIDTH=FLOAT(I2)

YDIM=FLOAT(J2)

Dx=1./WIDTH

Dy=1_./YDIM
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-==COMPUTE AVERAGE MAXIMUM VALUE OF ITERATION PARAMETER---

DO 11 J=2,NNY

DO 11 I=2,NNX

PI=PI+{.0

W=W+1.0-AMINT( 2. *DX*DX/ (1. +ANFCTR*DX*DX/ (DY*DY) ),

2.*DY*DY/(1.+DY*DY/(ANFCTR*DX*DX)))

CONTINUE

w=w/PI
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---COMPUTE ITERATION PARAMETER IN GEOMETRIC SEQUENCE-=-=--- —————

PJ=~1.0

Do 21 I=1,L2

PU=PJ+1.0

TEMP(I)=1.0-{1.0-W)*=(PJu/PL2)}
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---0RDER SEQUENCE OF PARAMETERS---

DO 31 J=1,LENGTH

ACPT(J)=TEMP(IORDER(U))

CONTINUE

--=-PRINT ITERATION PARAMETERS---

WRITE (6,450)

WRITE (6,460) ADPT

L2 R ER L RS R 2R RS P YRS ERE SRR R 23 RS FT RS R R LRSS REE Y

---READ INITIAL CONCENTRATIONS AND COMPUTE INITIAL MASS STORED---

READ (5.550) INPUT,FCTR

DO 420 IY=1,NY

IF (INPUT.EQ.1) READ (5,680) (CONC(IX,IY),IX=1,NX)

DO 410 IX=1,NX

IF (INPUT.NE.1) GO TO 390

CONC(IX,IY)=CONC(IX,IY)*FCTR

GO TD 400

IF (THCK{IX,IY).NE.D.0) CONC(IX,IY)=FCTR

CONINT(IX,IY)=CONC(IX,IY)

STORMI=STORMI+CONINT{IX,IY)*THCK(IX,IY)}*AREA*POROS

CONTINUE
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-~=-CHECK DATA SETS FOR INTERNAL CONSISTENCY---

DO 440 IX=1 NX

DO 440 IvY=1 NY

IF (RECH(IX,IY).GT.C.0) WRITE (6.935) IX,IY

IF (THCK(IX,IY).GT.0.0) GO TD 430

IF (THCK(IX,IY).EQ.0.0) GO TD 434

WRITE (6,945) 1IX,1Y

G0 TO 440

CONTINUE

IF {(TMRX(IX,IY,1).GT.0.0) WRITE (6,940) IX.IY

IF (TMRX(IX,I1Y,2).GT.0.0) WRITE (6,950) IX,IY
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IF (NODEID(IX,IY).GT.0) WRITE (6,96Q) IX,IV

IF (WT(IX,IY).NE.O.Q) WRITE (6,970Q) IX,IY

IF (RECH(IX,IY).NE.O.0) WRITE (5.980) IX,IY

IF (REC(IX,IY).NE.O.0) WRITE (&,880) IX,IY
430 IF (PERM(IX,IY).GT.0.0) GO TO 440

IF (NODEID(IX.IY).GT.0.0) WRITE (6&,1000) IX,IY

IF (WT(IX,IY}.NE.O.O) WRITE (6,1010) IX,IY

IF (RECH(IX,IY).NE.O.0) WRITE (&,1020) IX,IY

IF (REC(IX.IY).NE.O.0) WRITE (6,1030) IX,IY

IF (THCK(IX,IY).GT.0.0) WRITE (6,1040) IX,IY
440 CONTINUE
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RETURN
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450 FORMAT (1H1,20HITERATION PARAMETERS)

460 FORMAT (1H ,/, 1PBE10.3/ 1P8E10.3)

470 FORMAT (1H1,27HTIME INTERVALS (IN SECONDS)) .

475 FORMAT (1HO,5X,65M*%* WARNING *** INITIAL TIME STEP IS LONGER TH
tAN PUMPING PERIOD/25X,34H***ADJUST EITHER TINIT GR PINT. ***/)

480 FORMAT (1H1, 15X, 1THSTEADY-STATE FLOW//5X,57HTIME INTERVAL (IN SEC)
1 FOR SOLUTE-TRANSPORT SIMULATION = ,1P1E12.5) '

490 FORMAT (3H , 10G12.5)

500 FORMAT (3H L20F5. 1)

510 FORMAT ( 1H1,22HAQUIFER THICKNESS (FT})

520 FORMAT (1H1, 19HAQUIFER BOTTOM (FT))

530 FORMAT (1H1,30HTRANSMISSIVITY MAP (FT*FT/SEC))

540 FORMAT (26G3.0)

550 FORMAT (11,G610.0)

560 FORMAT (20G4.1)

570 FORMAT ( 1H1,23HNODE IDENTIFICATION MAR//)

580 FORMAT (1H ,2015) )

590 FORMAT (1H1,45HVERTICAL PERMEABILITY/THICKNESS (FT/(FT*SEC)))

600 FORMAT (1HO, 10X, 12HX-Y SPACING:}

610 FORMAT (1H , 12X, 10G12.5)

620 FORMAT ( 1H1,24HPERMEABILTY MAP (FT/SEC))

630 FORMAT (1HO,////10X,44HNO. OF FINITE-DIFFERENCE CELLS IN AQUIFER =
1 ,14//10X,28HAREA OF AQUIFER IN MODEL = ,1P1E12.5,8H 5Q. FT.////1
20X, 47THNZCRIT (MAX. NO. OF CELLS THAT CAN BE VOID OF/20X,S56HPARTI
SCLES; IF EXCEEDED, PARTICLES ARE REGENERATED) = ,14/)

640 FORMAT (80It)

660 FORMAT (20G4.0)

670 FORMAT (1H1, 11HWATER TABLE)

680 FORMAT (1H ,20F5.0)

600 FORMAT ( 1HO, 10X, 19HAREA OF ONE CELL = ,1P1E12.4)

700 FORMAT (212)

710 FORMAT (212,2G8.2)

720 FORMAT ( 10A8)

730 FORMAT (1HO, 1048)

735 FORMAT (1M ,2I14/10A8)

740 FORMAT (1714)

750 FORMAT (1H1,77HU.S5.G.S. METHOD-OF-CHARACTERISTICS MODEL FOR SOLUTE
1 TRANSPORT IN GROUND WATER)

760 FORMAT (1HO,21X,21HI NP U T DATA)

770 FORMAT (1HO,23X, 16HGRID DESCRIPTORS// 13X, 30HNX {NUMBER OF COLUM
INS) =, T4/13X,28HNY (NUMBER OF ROWS) = 16/13X,29MXDEL (X
2-D§STANCE IN FEET) = ,F7.1/13X,29HYDEL (Y-DISTANCE IN FEET) = _F7
3.1

780 FORMAT (1HO,23X,16HTIME PARAMETERS//13X,40HNTIM  (MAX. NO. OF TI
1ME STEPS) = I6/13X,40HNPMP  (NO. OF PUMPING PERIODS)

2 = ,16/13X,39HPINT  (PUMPING PERICD IN YEARS) = F11.3/13X,3¢%8

IHTIMX (TIME INCREMENT MULTIPLIER) = F10.2/13X,39HTINIT (INIT
41AL TIME STEP IN SEC.) =,G10.2)
785 FDRMAT (tH ,8I14,3F14.3)
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790 FORMAT {1HO.14X,34HHYDROLOGIC AND CHEMICAL PARAMETERS//13X,1HS,7X,
{28H{STORAGE COEFFICIENT) =, 6X,F9.6/13X, 28HPDRDS (EFFECTIVE
2 POROSITY),8X,3H4= FB.2/13X,39MBETA {CHARACTERISTIC LENGTH)
3 = ,F7.1/13X,31HDLTRAT (RATIO OF TRANSVERSE T0/21X,30HLONGITUDI
4ANAL DISPERSIVITY) = ,F9.2/13X,39HANFCTR (RATIO OF T-YY TQ T-xXx)
5 = ,F12.8)

791 FORMAT {1HO, 1X,26H***NON-DECAYING SPECIES*%*)

792 FORMAT (1HO,1X,28HSPECIES HALF LIFE (YEARS) = ,1P1E10.3,
1 ’ 30H OR DECAY CONSTANT (1/SECS) = ,1P1E10.3)

783 FORMAT {1HO, 1X,25H***NON-SORBING SPECIES***)

794 FORMAT (1HO,1X,27HROCK DENSITY (GRM/CM**3) =  1P1E10.3,

1 24HBULK DENSITY/POROSITY = ,1P1E10.3)
795 FORMAT (1HOQ,1X,21H***_INEAR SORBTION***,

1 1X.29HDISTRIBUTION CONSTANT (KD) = ,tP1E10.3)
796 FORMAT (1HQ, 1X,23H***LANGMUIR ISOTHERM=>*x*,

1 X, 16HRATE CONSTANT = ,{P1E10.3,

2 1X ,22HSATURATION CONSTANT = ,1P1E10.3)
797 FORMAT (1tHO,1X,25H***FREUNDLICH ISOTHERM*==,

1 X, t6HRATE CONSTANT = ,1P1E10.3,

2 1X, 19HEXPONENT {(ALPHA)} = ,1P1£10.3)

BOO FORMAT {12G5.0)

805 FORMAT (2I5,5G10.0)

810 FORMAT (1H ,16X,I2,5%,I12,4X,I2)

811 FORMAT (1HO. 1X, 1SH***»ADIP USED+*x>=),

812 FORMAT (1HO, 1X, 14H*x**SIP USED»*=)

813 FORMAT (1HO, 1X,26H***HEAD ONLY SIMULATION®==}

814 FORMAT {1HO. 1X,22H***CONFINED AQUIFER**%)

815 FORMAT (1HO, 1X,24H***UNCONFINED AQUIFER»=*)

816 FORMAT (1HO, t1X, 18H***BOTTOM INPUT=**)

820 FORMAT (1M ,7X,214,3X,E9.3,.3X,F8.2)

825 FORMAT (1H ,4I4,2E%.3)

830 FORMAT {1Ht,39HDIFFUSE RECHARGE AND DISCHARGE (FT/SEC))

840 FORMAT (1H ,1P10E10.2)

845 FORMAT (1M ,414/3F10.4,3E10.2,110,E10.2)

850 FORMAT (I2,3G10.2,12)

860 FORMAT (1HO,7X,I12,7X,1P1E10.3,4X,1P1E10.3)

865 FORMAT (1H ,3I4,1P3E10.3)

870 FORMAT (1HO,21X,20HEXECUTION PARAMETERS//13X,39HNITP (NO. OF ITE

iR, PARAM - ADIP) = ,LI14/13X,39HTOL (CONVERGENCE CRITERIA)
2 = F9.4/13X,39HITMAX (MAX.ND.OF ITERATIONS) = ,14/13Xx,3
F4HCELDIS (MAX.CELL DISTANCE PER MOVE/24X,28HOF PARTICLES - M.0.C.)
4 = F8.3/13X,30HNPMAX (MAX. NO., OF PARTICLES),7X,2H= ,I4/12X,3
52H NPTPND (NO. PARTICLES PER NODE),6X,3H= ,I4)

880 FORMAT (1HO,5X,47H*** WARNING *** NPTPND MUST EQUAL 4.,5,8, OR 9.)

885 FORMAT (tHO,5X,38H*%* WARNING =*=** NITP MUST BE POSITIVE)

890 FORMAT (1HO,23X, 1SHPROGRAM OPTIONS// 13X, 30HNPNT {TIME STEP INTER
iVAL FOR/21X, 18HCOMPLETE PRINTOUT),7X,3H= ,14/13X,31HNPNTMV (MOVE
2INTERVAL FDR CHEM./21X,28HCONCENTRATION PRINTOUT) = ,14/13X,29HN
3PNTVL (PRINT OPTION-VELOCITY/21X,24HO=ND; 1=FIRST TIME STEP:/21X,.1
47H2=ALL TIME STEPS),8X,3H= ,14/13X,31HNPNTD (PRINT QPTION-DISP.C
SOEF./21X,24H0=ND; 1=FIRST TIME STEP;/21X, 17H2=ALL TIME STEPS),8X.3
EH= |, I14/13X,32HNUMBBS (NO. OF OBSERVATINN WELLS/21X,28HFOR HYDROGR
7APH PRINTOUT) = ,14/13X,3SHNREC (NO. OF PUMPING WELLS) = ,I5
8/13X,24HNCODES (FOR NODE IDENT.),9X,2H= ,IS/13X,25HNPNCHV (PUNCH V
9EL?CITIES).8X.2H= ,16/13X,36HNPDELC (PRINT OPT.~CONC. CHANGE) =
314

895 FORMAT (1H ,F9.4,314)

900 FORMAT $1HO.1OX.29HLDCATIDN OF OBSERVATION WELLS//17X,3HNOD.,S5X, 1HX
1,5X, 1HY/)

910 FORMAT (1HQ, 10X,28BHLOCATION OF PUMPING WELLS//11X,28HX Y RA
1TE(IN CFS) CONC./)

920 FORMAT (1HO,5X,.37HNO. OF NODE IDENT. CODES SPECIFIED = ,12)

830 FORMAT {1HO, 10X,41HTHE FOLLOWING ASSIGNMENTS HAVE BEEN MADE:/5X,51
1HCODE NO. LEAKANCE SOURCE CONC. RECHARGE)

935 FORMAT (1H ,5X,42H*** WARNING **=* RECH.GT.0.0 AT NODE IX =,I4,

1 6H, IY =, 14)

83820
8383¢
B3840
83850
B3860
B3870
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
USNRC
B3880
USNRC
B3890
B3821A
B38918
B3agic
B83891D
B3BS1E
B389 1F
B3895
83900
B39210
83920
B3925
83930
B3940
B3945
B3950
B3965
B3975
B3980
B3920Q
B4000
B4C10
B40O15
B4Q2¢0
B40C30
B404C
B4050
B4060
B4070
84080
B4080
B4100
B4110
B4120
B4125
B4130
B4 140
B4 150
B4160
B4170
B4180
B4 18¢
B4181
B4192



940 FORMAT (1H .S5X,&1H*** WARNING xx*= THCK .EQ.0 .0 AND TMRX(X).GT.0.0
1 AT NODE IX =,I4.6H, IY =,14)

945 FORMAT (1M ,5X,42H*** WARNING *»x THCK.LT.0.0 AT NODE IX =,14,
1 6H, IY =,14)

950 FORMAT (1H ,5X,61H*%* WARNING *x» THCK.EQ.Q.0 AND TMRX(Y).GT.0.0
1 AT NODE IX =,I4,8H, IY =,14)

960 FORMAT (1H ,5X,61H=** WARNING =*= THCK.EQ.0.Q AND NODEID.GT.0.0
1 AT NODE IX =,I4,8H, 1Y =,I4)

970 FORMAT (1H ,5X.56H*** WARNING *** THCK.EQ.O.Q AND WT.NE.O.0O AT N
10DE IX =,I4,6H, 1Y =,14}

980 FORMAT (1H ,5X,58H*** WARNING === THCK.EQ.Q.O AND RECH.NE.OQ.O AT
1 NODE IX =,I4,8H, 1Y =,14)

990 FORMAT (1H ,5X,58H*** WARNING »m= THCK.EQ.0.Q AND REC.NE.Q.QO AT
1 NODE IX =,I4,6H, IY =,14)

1000 FORMAT (1H ,5X,61H*** WARNING ==*+ PERM.EQ.0.0 AND NODEID.GT.0.0
1 AT NODE IX =,I4.6H, 1Y =,I4}

1010 FORMAT (1H ,5X,56H*** WARNING =*==*= PERM.EQ.Q.0 AND WT.NE.0O.O0 AT N
tODE IX =,I4,6H, 1Y =, 14)

1020 FORMAT (1H ,5X,58H*** WARNING ==*= PERM.EG.0.0 AND RECH.NE.O.O AT
1 NODE IX =,I4,8H, IY =,14)

1030 FORMAT (1H ,5X,58H*** WARNING *=* PERM.EQ.0.0 AND REC.NE.Q.O AT
t NODE IX =,I4,6H, 1Y =,I4)

1040 FORMAT (1H ,5X,58H=** WARNING *** PERM.EQ.0.0 AND THCK.GT.0.O AT
1 NODE IX =,I4,6H, 1Y =,14)}

1050 FORMAT (1HO,5%,45H*** WARNING »*=* ANFCTR WAS SPECIFIED AS 0.0/23
1X,34HDEFAULT ACTION: RESET ANFCTR = 1.0Q)

1060 FORMAT (I1)

1070 FORMAT {1014,3G5.0)

1080 FORMAT (1H1Y,5X%,25HSTART PUMPING PERIOD NO. ,I12//2X.7SHTHE FOLLOWIN
1G TIME STEP, PUMPAGE, AND PRINT PARAMETERS HAVE BEEN REDEFINED:/)

1080 FORMAT (1HO,14X,9HNTIM = ,I4/15X,9HNPNT = ,T14/15X,9HNITP =,
114/15X,9HITMAX = ,14/15X,9HNREC = ,I14/15X,9HNPNTMV =  I4/15X,9H
INPNTVL = ,I4/15X,9HNPNTD = ,I4/15X,9HNPDELC = ,I4/15X,9HNPNCHV =
3,14/15%X,9HPINT = ,F10.3/15X,9HTIMX = F10.3/15X,9HTINIT = ,F1
40.3/)

1095 FORMAT (tH ,4I4,F11.3)

1100 FORMAT (1H ,46X,1P1E10.3)

1110 FORMAT (1H1{,5X,25HSTART PUMPING PERIOD NO. ,12//2X,
1 23HND PARAMETERS REDEFINED/)
END
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*»xx TS0 FOREGROUND HARDCOPY **=*
DSNAME=U11238C . KONIMOD .CNTL {ITERAT )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C SNOFLOATCALLS
C S$STOURAGE:2

SUBROUTINE ITERAT
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI,HR,HC,HK, WT ,REC,RECH, TIM, AOPT
REAL*8 XDEL,YDEL,S,AREA,SUMT RHO,PARAM, TEST,TOL,PINT,HMIN,PYR

REAL*8 DXINV,DYINV,ARINV,PORINV
REAL*8 HJ

REAL*8 B,G,W,A,C,E,F,DR,DC, TBAR, TMK,COEF,BLH,BRK,CHK, QL .BRH

INTEGER FCON

COMMON /PRMI/ NTIM,NPMP ,NPNT NITP,N,NX,NY,NP,NREC, INT,NNX,NNY , NUMO
185, NMOV, IMOV , NPMAX , ITMAX ,NZCRIT, IPRNT,NPTPND , NPNTHMV , NPNTVL ,NPNTD, N
2PNCHV ,NPDELC, ICHK,FCON, IHEAD ,ISOLYV

COMMON /PRMC/ NODEID(20,20),NPCELL(20,20) ,NPOLD{20,20),LIMBO{S00).
1I1X0BS(5),IYOBS(5)
2,NDECAY ,NSORB

COMMON /HEDA/ THCK{20,20),PERM{20,2C),TMWL(5,50),TMOBS(50), ANFCTR
1, THICK(20,20)

COMMON /HEDEB/ TMRX{20,20,2),VPRM(20,20),HI(20,20).HR(20.20),HC(20,
120} ,HK(20,20),WT(20,20) ,REC(20,20),RECH(20,20), TIM(100},A0PT(20).T
2ITLE(10),XDEL.YDEL,S,AREA, SUMT ,RHD, PARAM, TEST, TOL, PINT ,HMIN, PYR
3,HJ(20,20)

COMMON /BALM/ TOTLQ,TOTLQI,TPIN,TPQUT,TPGR

COMMON /XINV/ DXINV,DYINV,ARINV,PORINV

DIMENSION w(20), B(20), G(20)

W R o M NG At a3 K 2l e s N o ol IR M b dic 3 N B e W MK SR mic 0 o aie afe 3K B s dje 3 S ok le M ME i aic M U air aje 3 3 e ol afe oM e

KDUNT =0

PQIN = 0.0

POOUT = 0.0

PQR = 0.0

--=COMPUTE ROW AND COLUMN---

-=-~CALL NEW ITERATION PARAMETER---
10 REMN=MOD ( KOUNT ,NITP)
IF (REMN.EQ.Q) NTH=0
NTH=aNTH+1
PARAM=AOPT(NTH)
LEAE R LT EEA S SRR EE LSS EEEE RS EEE SR ES 2R R SRR R RS R S S
-+«=ROW COMPUTATIONS=---
TEST=0.0
RHO=S/TIM(N)
BRK=-RHO
DO 50 IY=t,NY
D0 20 M=1,NX
W(M)=0.0
B(M)=0.0
G(M)=0.0

20 CONTINUE

DD 30 IX=1,NX
IF (THCK(IX,IY).EQ.0.0) GO TO 30
COEF=VPRM(IX,IY)

OL=-COEF*WT(IX,IY)

A=TMRX(IX=1,1Y,1)*DXINV

C=TMRX(IX,IY,1)*DXINV

E=TMRX(IX,IY-1,2)*DYINV

FaTMRX(IX,1Y,2)*DYINV

TBAR=A+C+E+F

TMK=TBAR*PARAM

BLH®-A-C~-RHO-COEF-TMK

IF (A.EQ.0.0.AND.C.EQ.0.0.AND.RHO .EQ.0.0.AND.COEF.EQ.0.0.AND.
1 TMK.EQ.0.0) GO TO 30

BRH=E+F-TMK
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DR=BRH*HC{IX,IY)}+BRK*HK(IX IY)=E*HC(IX IY=-1)-F*HC{IX,I¥Y+1}+QL+RECH

1{IX,IY)+REC(IX.IY)*ARINV

30

40
50

&0

70

8¢
80

100

110

W(IX)=BLH-A*B{IX~1)
B(IX)=C/W(IX)
G(IX)={DR-A*G(IX-1))/w(IX)
CONTINUE

--~BACK SUBSTITUTION---
00 40 J=2,NX
Iumy-1
IS=NX-IJ
HR(IS,1Y)=G(IS)-B{IS)*HR(IS+1,1Y)
IF (W(IS).EQ.0.0) HR{IS,IY) = HC(IS.IY)
CONTINUE
e e 3 M o A N o e e MK N i dic T S i N M N o 3 M W At e 3 B MK ol e 3K N N N 3 3¢ O 3 e e alc ol ke o e o o ok SN A ok e i 2l o i o ak Nk
~-~=COLUMN COMPUTATIONS---
DO 9¢ IX=1,NX
DO 60 M=1,NY
W(M)=0.0
B{M)=0.0
G{M)=0.C
DO 70 IY¥Y=1,NY
IF (THCK(IX,IY).EQ.0.0) GD TQ 70
COEF=VPRM{IX,IY)
OL=~COEF*WT(IX,IY)
ASTMRX(IX,IY=1,2)*DYINV
C=TMRX(IX,IY,2)*DYINV
EasTMRX({IX-1,1Y,1)*DXINV
F=TMRX{IX,1Y,1)*DXINV
TBAR®A+C+E+F
TMK=TEAR*PARAM
BlLH=-A-C~RHO~COEF-TMK
IF (A.EQ.0.0.AND.C.EQ.0.0.AND.RHD.EQ.0.0.AND.COEF.EQ.0.0.AND.
1 TMK.EQ.0.0) GO TO 70 .
BRH=E+F-TMK
DC=BRH*HR(IX,IY)+BRK*HK{IX 1Y )-E*HR(IX-1,IY)}~F*HR(IX+1,1Y)+QL+RECH
1{IX,IY)+REC(IX,IY)}*=ARINV
W{IY)®BLH-A*B(IY-1)
B{IY)=C/W(lY)
G(IY)=(DC-A*G(IY¥=1))/w(IY)
CONTINUE

-=-=-BACK SUBSTITUTION---
00 80 J=2,NY
IJ=J-1
IB=NY-IJ
HC({IX,18)=G(IB)-B(IB)*HC(IX,IB+1)
IF (W(IB).EQ.0.0) HC(IX,IB) = HR(IX,IB)
IF {THCK(IX,IB).EQ.0.0Q) GD TOD B8O
CHK=DABS{HC(IX,IB)-HR(IX,IB))
IF (CHK.GT.TOL) TEST=1.0
CONTINUE
CONTINUE
e MM o A T NN M N 3K N M i 3R KON i 3N s B I N s RN W e e K M o e N sl o 3 ale i dje N ol ol ot S0 e ol o ok i a3 Ol 3k
KOUNT=KOUNT+ 1
IF (TEST.EQ.0.0) GO TC t20
IF (KOUNT.GE.ITMAX) GO TO 100Q
G0 TO 10
e M 3l 3 o sk e e i 30 sk ok e N S M e IR i I e e e N e ok A e ko e i o e O NS N o G i ol S 3k ol e i o e oK ok e o
---TERMINATE PROGRAM -- ITMAX EXCEEDED-~--
WRITE (6,160)
D0 110 IxX=4,NX
00 110 IYy=1 NY
HK(IX.IY)=HC(IX,IY)
CALL QUTPT
sTopP

OO0 00O00O0
wm
p =%
(o]



s NeNo Ny 0

120

32
34

36

38

125
130

AN O e e ok e M ok Mt N ke N W R R M M R M RN Nk RN R AR E AR MR R RN E TR RN K

~-=-SET NEW HEAD (HK)}---

DO 130 IY¥=1,NY

DO 130 IX=1,NX

IF (THCK(IX,IY).EQ.0.0) GD TD 130
HR{IX,IY)=HK(IX,1Y)
HK(IX,IY)=HC(IX,IY)

--«CUMULATIVE PUMPAGE AND RECHARGE FOR MASS BALANCE---
IF (REC(IX,1Y).GT.0.0) GO TO 32

PQIN = PQIN + REC(IX,IY)

G0 TO 34

PQOUT = PQOUT + REC(IX,IY)

IF (RECH{IX,IY).GT.0.Q) GO TD 36

POR = POR + RECH(IX,IY)*AREA

GO TQ 38

PQOUT = PQOUT + RECH(IX,IY)=*AREA

-=~COMPUTE LEAKAGE FOR MASS BALANCE---

IF (VPRM(IX,IY).EQ.C.0) GO TO 130
DELQ=-VPRM(IX,IY)*AREA®(WT(IX,IY}-HK(IX,IY))
IF (DELQ.LE.0.0) GO TO 125
TOTLQ=TOTLQ+DELQ*TIM(N)

GO TO 130

TOTLGI=TOTLQI+DELQ*TIM(N)

CONTINUE

TPIN = TPIN + PQIN*TIM(N)

TPQR = TPQR + PQR*TIM(N)

TPOUT = TPOUT + PQOUT*TIM(N)

WRITE (6,140) N
WRITE (&, 150) KOUNT

LEE L EEFEE RS EZELE R RS RS Rl R R R EER LT

RETURN

i N e ol NG KN e R o O e a i M o o S ol ok ol e ol e R e R S e ol N S N i 3ok o ok e o e M Rk

140 FORMAT (1HO//3X,4HN = _114)
150 FORMAT (1H ,2X,23HNUMBER OF ITERATIONS = ,1I4)
160 FORMAT (1HO,5X,64H***  EXECUTION TERMINATED =-- MAX. NO. ITERATION

1S EXCEEDED e /26X, 21HFINAL QUTPUT FOLLOWS:)
END
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C1140
Ct150
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wxxx TS0 FOREGROUND HARDCOPY *®x*x :
OSNAME={11236C . KONIMOD .CNTL (GENPT )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C SNOFLOATCALLS
C S$STORAGE:2
SUBROUTINE GENPT
CHARACTER*8 TITLE :
REAL*B TMRX,VPRM,HI K HR,HC,HK,WT,REC,RECH, TIM,AQPT
REAL*8 XDEL,YDEL,$,AREA,SUMT,RHO,PARAM, TEST,TOL,PINT , HMIN,PYR
REAL*B Hu
INTEGER PTID
INTEGER FCON
COMMON /PRMI/ NTIM,NPMP ,NPNT,NITP,N,NX,NY,NP,NREC, INT , NNX A NNY , NUMO
1BS,NMOV, IMOV , NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND, NPNTMV, NPNTVL ,NPNTD, N
2PNCHV ,NPDELC, ICHK, FCON, IHEAD, ISOLV
COMMON /PRMC,/ NODEID(2C,2C),NPCELL(20,20),NPOLD(20,20).LIMBO(500),
1I1X0BS(5), IYOBS(5)
2 ,NDECAY ,NSORBE USNRC

O00QOoUOUoOOooDO
W
(1]

COMMON /HEDA/ THCK(20,20),PERM(20.20),TMWL(5,50), TMOBS(50),ANFCTR D 80O

1, THICK(2¢,20) D 91
COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI1{(20,20),HR(20,.20),HC(20, D 100

120) ,HK(20,20) ,WT(20,20) .REC(20,20) ,RECH(20,20),TIM(100),ACPT(20),T D 110
2ITLE(10)},XDEL,YDEL,S,AREA,SUMT ,RHO,PARAM, TEST, TOL,PINT ,HMIN,PYR D 120
3.HJU(20,20) D {125
COMMON /CHMA/ PART{3,3200).CONC(20,20),TMCN(5,50) ,VvXx(20,20),vY(20, D 130
120),CONINT(20,20),CNRECH{20,20) ,PORQS, SUMTCH.BETA, TIMV,STORM,STORM D 140
2I,CMSIN,CMSOUT,FLMIN,FLMOT, SUMIO, CELDIS,DLTRAT, CSTORM D 150
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF, VOLDCY, VOLSRB , SRBDCY USNRC
COMMON /CHMP/ PTID(3200) D 155
DIMENSION RP(8), RN(B), IPT{8) 0 180

c IR EEEEEREEEEE SRR E R ER R PR R R R R RS RN R R YT E RN RIS D 170
F120.30 D 180
F2=1.0/3.0 D 190

IF {(NPTPND.EQ.4) F1=0.25 D 200

IF (NPTPND.EQ.9) F1=1.0/3.0 P 210

IF (NPTPND.EQ.8) F2=0.25 D 220
NCHK=NPTPND D 230

IF (NPTPND.EQ.5.0R.NPTPND.EQ.9) NCHK=NPTPND-1 D 240

IF (TEST.GT.98.) GO TO 10 D 250

c LR LS ELE RS E R E RS LRSI R s st R R 2R R R RR SRR S ] D 260
¢ -==INITIALIZE VALUES--- D 270
STORM=0.C D 280
CMSIN=C.O D 280
CMS0UT=0.0 D 300
FLMIN=0.0 o 310
FLMOT=0.0 D 320
SUMID=0.0 D 330

c mmt*tmmt**anttt*n-t*tx_ttt*-*t#*t*-*-t*:*tx**t*:awwtmam;m*manxm* D 340
10 DO 20 IN=1 ,NPMAX D 345
PTID(IN)=Q D 355

Do 20 ID=1,3 D 365

20 PART(ID,IN)=0.0 o 370
DO 30 Ia=1.8 D 38¢
RP{IA)=0.0 D 380
RN(IA)=0.0 D 400

30 IPT(1A}=0 D 410

¢ -==SET UP LIMBO ARRAY--- D 420
DO 40 IN=1{,500 D 430

40 LIMBO(IN)=0.0 D 440
IND=1 o 450

DO 50 IL=1,500,2 D 4&C
LIMBO(IL)=IND D 470

50 IND=IND+1 D 480

c *tut*t#l*t#a-*B#*ﬂt*t#**#*:**t-mm*st*u*t*m**lmtt*******ﬂtmut*m& D 490
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c
c

~=sNSERT PARTICLES---
DO 410 IX=1,NX

00 410 IY=1 NY

IF (THCK(IX,IY).EQ.0.0) GD TO 410

KR=0

TEST2=0.0

METM= 1

NPCELL(IX,IY)}=0Q

NPOLD(IX,IY)=NPTPND

C1=CONC(IX,1Y)

IF (C1.LE.1.0E-08) TEST2=1.0

IF (VPRM{IX,IY).GT.0.08) TEST2=1.0

IF (REC(IX,IY).NE.O0.0) TEST2=1.0

IF (THCK(IX+1,I¥+1).EQ.0.C.OR.THCK(IX+1,I¥-1)}.EQ.0.C.OR.THCK(IX~1,

1IY+1) EQ.0.Q.OR. THCK(IX=-1,IY~-1).EQ.0.0) TEST2=1.0

IF ((THCK(IX,IY+1).EQ.0.O.OR.THCK(IX,IY~1).EQ.0.0.OR.THCK(IX+1,1IY)

1.EQ.0.0.0R.THCK(IX-1,IY).EQ.O0.Q).AND.NPTPND.GT.5) TEST2=1.0

CNODE=C1*(1.0-F1)

IF (TEST.LT.98.0.0R.TEST2.GT.0.0) GO TO 7O
SUMC=CONC(IX+1,IY)+CONC(IX-1,IY)+CONC(IX,IY+1)+CONC(IX, IY-1}

IF (NCHK.EQ.4) GO TO &0
SUMC=SUMC+CONC(IX+1,IY+1)+CONC(IX+1,IY=1)+CONC(IX-1,IY+4)+CONC(IX-

14,I¥=1)

60

70

a0
90
100

110

120

130
140

150

AVC=SUMC/NCHK
IF (AVC.GT.C1) METH=2

--=-PUT 4 PARTICLES ON CELL DIAGONALS---
DC 440 IT=1.2
EVET={-1.0)**IT
DO 140 IS=1,2
EVES=(-1.0)**15
PART(1,IND)=IX+F{*EVET .
PART(2,IND)=IY+F1=EVES
PART(2,IND)=~PART (2, IND)
PART(3,IND)=C1
KR=KR+1
PTID(IND)=KR
IF (TEST.LT.98.0.0R.TEST2.GT.0.0) GO TO 130
IXD=IX+EVET
IYD=IY+EVES
IPT(KR)=IND
IF (METH.EQ.2) GO TO 80
PART(3, IND)=CNODE+CONC(IXD,IYD)*F1
GO TO 90
PART(3,IND)=2.0*C1*CONC{IXD,IYD)/(C1+CONC(IXD,IYD))
IF (C1-CONC(IXD,IYD)) 100,110,120
RP{KR)=CONC(IXD,IYD)-PART(3,IND)
RN(KR)=C1-PART(3, IND)
G0 To 130
RP{KR}=0.0
RN(KR)=0.0
GD TO 130
RP{KR)=C1-PART(3, IND)
RN(KR)}=CONC(IXD,IYD)}-PART(3,IND)
IND=IND+ 1
CONTINUE

IF (NPTPND.EQ.S.0R.NPTPND.EQ.9) GO TO 150
G0 TG 160
--=PUT ONE PARTICLE AT CENTER OF CELL--~~-
PART(1,IND)=IX
PART(2,IND)=-IY
PART(3,IND)=Ct
PTID(IND)=S
IND=IND+1
~-~=PLACE NORTH, SOUTH, EAST, AND WEST PARTICLES~--
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500
510
520
530
540
5850
560
570
575
580
5§90
800
610
620
630
640
850
660
670
680
690
700
710
720
730
740
750
760
770
780
730
800
810
820
830
832
834
840

-{-1e}
880
890
a00
910
220
230
840
950
960
870
980
990
D1000
D+010
D1020
01030
01040
D1050
010680
D1070
D1075
D1090
D1100
D110S
D1110
D1120
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160

170
180
180

200

210

220

230
240
250

260

270
280

290

300

310

IFf (NPTPND.LT.8) GO TO 290
CNODE=C1=(1.0-F2)

DO 28O IT=t,2

EVET=(=1.0)*>IT
PART(1,IND)=IX+F2*EVET
PART(2,IND)=-1Y¥

PART(3,IND)=CH

IF (EVET.LT.O) PTID(IND)=g

IF (EVET.GT.0) PTID(IND)=8

IF (TEST.LT.98.0.0R.TEST2.GT.0.0) GO TO 220
IXDsIX+EVET

KR=KR+1

IPT(KR)=IND

IF (METH.EQ.2) GO TO 170

PART(3, IND)=CNODE+CONC({IXD,IY)*F2
GD TO 180

PART(3,IND)=2.0*C1=CONC(IXD,IY)/{(C1+CONC(IXD,IY})

IF (C1-CONC(IXD.IY)}) 190,200,210
RP(KR)=CONC(IXD,IY)=-PART(3,IND)
RN(KR)=C1-PART(3,IND)

GO TO 220

RP(KR)=0.0

RN(KR)=0.0

GO TO 220

RP(KR)=C1-PART(3,IND)
RN(KR)=CONC (IXD,IY)=PART(3,IND)
PART(1,IND)=IX

IND=IND+1

PART(2, IND)=IY+F2*EVET
PART(2,IND)=-PART(2, IND)
PART(3,IND)=CH

IF (EVET.LT.O) PTID(IND)=7

IF (EVET.GT.Q) PTID(IND)=8

IF (TEST.LT.98.0.0R.TEST2.GT.0.0) GO TO 280
IYD=IV+EVET

KR=KR+1

IPT(KR)=IND

IF (METH.EGQ.2) GO TO 23¢"
PART(3, IND)=CNODE+CONC(IX,IYD)*F2
GD TO 240

PART(3,IND)=2.0*C1*CONC(IX,IYD)/{CI+CONC(IX,.IYD))

IF (C1-CONC{IX,IYD)) 250,260,270
RP(KR)=CONC(IX,IYD)}-PART(3,IND)
RN{KR)=C1-PART(3, IND)

GD TD 280

RP{KR)=0.0

RN(KR)=0Q.0

GO TO 280

RP(KR)=C1~PART(3,IND)
RN(KR)=CONC(IX,IYD)-PART(3,IND)
IND=IND+ 1

IF (TEST.LT.98.0C.0R.TEST2.GT.C.0) GO TO 41¢
SUMPT=0.0O

-==COMPUTE CONC. GRADIENT WITHIN CELL---
00 300 KPT=1 ,NCHK
IK=IPT(KPT)
SUMPT=PART (3, IK }+SUMPT
CBAR=SUMPT /NCHK

--=CHECK MASS BALANCE WITHIN CELL AND ADJUST PT. CONCS,---

SUMPT=0.0

IF (CBAR-C1} 310,410,330
CRCT=1.0-{CBAR/C1}

IF (METH.EQ.1) CRCT=CBAR/C1
DO 320 KPT=1 NCHK
IK=IPT(KPT)

I-20

D1130
01140
01150
D1160
D14170C
D1180
D1190
D1192
D1194
D1200
01210
D1220
D1230
D1240
D1250
D1260
D1270
D1280
D1290
D1300
D1310
D1320
01330
D1340
D1350
01360
D+380
D1370
D1380
D1400
D1410
Di412
D1414
D1420
D1430
D1440
D1450
D1460
D1470
D1480
D1480
D1500
D1510
D1520
D1530
D1540
D1550
D1560
D1570
D1580 |
D1580
D1600
D1610
D1620
D1630
D1640
D1650
D1660
D1670
D1680
D1690
D1700
D1710
D1720
D1730
D1740



320

33¢

340

350

380

370

380

380

400
410

PART(3,IK)=PART(3,IK)+RP(KPT)}*CRCT

SUMPT=SUMPT+PART(3, IK)

CBARN=SUMPT /NCHK

GO TO 350

CRCT=1.0-(C1/CBAR)

IF (METH.EQ.1)} CRCT=C1/CBAR

D0 340 KPT=1,NCHK

IK=IPT(KPT)

PART(3, IK)=PART(3,IK)+RN{KPT)*CRCT

SUMPT=SUMPT+PART(3, IK)

CBARN=SUMPT /NCHK

IF (CBARN.EQ.C1) GO TO 410
~-=CORRECT FOR OVERCOMPENSATION---

CRCT=C1/CBARN

DG 380 KPT=1,NCHK

IK=IPT(KPT)

PART(3,IK)=PART(3,IK)*CRCT
-==CHECK CONSTRAINTS---

IF (PART(3,IK)-C1) 360,380,370

CLIM=C1=-RP(KPT}+RN{KPT)

IF (PART(3,IK).LT.CLIM) GO TO 380

GO TO 380

CLIM=C14+RP(KPT)-RN{KPT)

IF (PART(3,IK).GT.CLIM) GO TD 390

CONTINUE

GO TO 410

TEST2=1.0

DO 400 KPT=1,NCHK

IK=IPT(KPT)

PART(3,IK)=C1

CONTINUE

NP =IND

IF (INT.EQ.0) CALL CHMOT

XS E 22 RS SRR R R ER R Rt R R Rt R Es R it Rt R R Y S S

RETURN
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END
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D1750
D1760
D1770
D1780
D1780
D18C0
D1810
D1820
D830
D1840
L1850
D1860
01870
D1880
01890
01800
D910
01920
D1930
Dt940
01950
D1960
01870
D1980
D1980
D2coo
D2010
D2020
D2C30
D2040
D205C
02060
02070
D2080
D2090
02100
D2110-



==*% TE0 FOREGROUND HARDCOPY *®==
DSNAME=U11236C . KONIMOD.CNTL (VELD )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C SNOFLOATCALLS
C SSTORAGE:2
SUBROUTINE VELD
CHARACTER*B TITLE
REAL*8 TMRX,VPRM HI,HR,HC,HK,WT,REC,RECH, TIM, AOPT
REAL*S DXINV,DYINV,ARINV,PORINV
REAL*8 XDEL,YDEL.,S,AREA,SUMT,RHO,PARAM,TEST,TOL,PINT ,HMIN,PYR
REAL*8 RATE,SLEAK,DIV
REAL*8 HuJ
INTEGER FCON
COMMON /PRM1/ NTIM,NPMP NPNT.NITP,N,NX.NY,NP,NREC, INT.,NNX,NNY K NUMD
185 ,NMOV , IMOV ,NPMAX , ITMAX .NZCRIT, IPRNT ,NPTPND ,NPNTMV , NPNTVL , NPNTD , N
2PNCHV ,NPDELC, ICHK, FCON, IHEAD, ISOLV
COMMON /PRMC/ NODEID(20,20).NPCELL(20,20),NPOLD(20,20),LIMBO(500),
11X0B5(5),1YOBS(5)
2 ,NDECAY ,NSORB
COMMON /HEDA/ THCK{20,20),PERM(20,20),TMWL(5,50), TMOBS(50), ANFCTR
+,THICK{2C,20)
COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI(20,20),HR(20,20),HC(20,
120) ,HK(20,20) ,wT{20,20) ,REC(20,20) ,RECH(20,20),TIM(100) ,ADPT(20)}.T
2ITLE(10).XDEL, YDEL,S,AREA, SUMT ,RHO, PARAM, TEST, TOL, PINT ,HMIN, PYR
3,HJ(20,20)
COMMON /XINV/ DXINV,DYINV, ARINV,PORINV
COMMON /CHMA/ PART(3,3200) ,CONC(20,20),TMCN{5,50),vX(20,20),vy(20C,
120),CONINT(20,20) ,CNRECH{20,20) , POROS, SUMTCH,BETA, TIMV, STORM, STORM
21 .CMSIN,CMSOUT, FLMIN,FLMOT, SUMIO,CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF ,vOLDCY, VOLSRE, SRBDCY
COMMON /CHMC/ SUMC(20,20),VXBDY(20,20)},VYBDY(2Q,20)
COMMON /DIFUS/ DISP(20,20,.4)
c (e s 2 SRS VSRR R SRR FE SRS FEEEEES IR FTE R R E AR SR ER R TR EE R LY
c ---COMPUTE VELOCITIES AND STORE---
VMAX=1 .QE-10
VMAY=1 0E-10
VMXBED=1.0E-10
VMYBD=1 . QE-10
TMV = 1,CES*TIM(N)
LIM=0
MAXX = O
MAXY = O

DO 20 IX=1,NX
DO 20 1Y=1,NY
DO 10 I2=1,4
10 DISP(IX,IY,1Z)=0.0Q

IF (THCK(IX,IY).EQ.0.Q0) GO TC 20
DIST = 0.0
IF (NSORB.LT.1) GO TO 6
IF (NSORB.GT.1) GO TO 3
Ct*n **t*%*s***--:*mttsLINEAR SORBTIONmt:*mtxt*nmttt*
DIST = SRBRAT*BLKDEN
G0 TO &
3 IF (NSORB.GT.2) GG TD 4
c**t ‘****’*‘-‘*‘*“‘**LANGMUIR SORETION*‘**‘**'-****
DIST = BLKDEN*SRBRAT*SREBSAT/(1.0+SRERAT*CONC(IX,IY))**2.0
GD TO &
4 IF (SRBALF.EQ.C.Q0) GD TD 6
c*lt n**##**tlﬂ*!*ti!**FREUNDLICH SDRBTIDN"***"****
LOGCON = ~23.0
IF (CONC(IX,IY).GT.1.0E=-10) LOGCON = ALOG(CONG(IX.IY))
5 SREBEXP = (SRBALF-1.0)*LDGCON

I-22
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IF (SRBEXP.GT.23.0) SRBEXP = 23.0
DIST = BLKDEN*SRBALF*SRBRAT*EXF(SREEXF)
RETARD = 1.0/(1.0+DIST)
RATE=REC(IX,1Y)/AREA

SLEAK=(HK(IX, IY)-WT(IX,IY))*VPRM(IX,IY)
DIV=RATE+SLEAK+RECH(IX,IY)

-~-VELOCITIES AT NODES---
===X-DIRECTION=~~

DHX=HK(IX~1,IY)=HK(IX+1,1Y)
IF (THCK{IX~1,IY}.EQ.0.0) DHX=HK{IX,IY)}=-HK(IX+1,IY)
IF (THCK(IX+1,IY).EQ.0.0) DHX=HK({IX-1,IY)-HK(IX,IY)
IF (THCK(IX=1,IY).EQ.0.0.AND.THCK(IX+14,IY).EQ.0.0) DHX=0.0
GROX=DHX*DXINV*0.50
VX(IX,IY)=PERM{IX,IY)*GRDX*PORINV

1 *RETARD

ABVX=ABS(VX(IX,IY))
IF (ABVX.GT.VMAX) VMAX=ABVX
-==¥=-DIRECTION---
DHY=HK{ IX, I¥Y-1)=-HK(IX,IY+1)
IF (THCK(IX,IY=1).EQ.0.0) DHY=RK(IX,I1Y)-HK(IX,IY+1)
IF (THCK(IX,IY+1).EQ.0.0) DHYsHK(IX,IY=-1)~-HK{IX, IY}
IF (THCK{IX,IY=-1).EQ.0.O.AND .THCK(IX,IY+1).EQ.0.0) DHY=0.0
GRDY=DHY*DYINV*(.50
VY(IX,IY)=PERM(IX,1Y)*GRDY*PORINV*ANFCTR

1 *RETARD

20

30

40

50

ABVY=ABS(VY(IX,IY))
IF (ABVY.GT.VMAY) VMAY=ABVY

--=-VELOCITIES AT CELL BOUNDARIES-~~-
GROX=(HK{IX,IY)-MK(IX+1,1Y))*DXINV

PERMX=2 ,Q*PERM(IX,IY)*PERM(IX+1,1Y)/(PERM(IX, IY)+PERM(IX+1,1IY))

VXBDY(IX,IY)=PERMX*GRDX*PORINV
1 *RETARD
GROY=(HK(IX,IY)=HK(IX,IY¥+1))*DYINV

PERMY=2 Q*PERM(IX,IY)*PERM(IX,IY+1)/(PERM(IX,IY)+PERM(IX,IY¥Y+1))

VYBDY(IX,IY)=PERMY*GRDY*PORINV*ANFCTR

1 *RETARD
ABVX=ABS(VXBDY(IX,IY))
ABVY=ABS(VYBDY(IX,IY))

IF (ABVX.GT.VMXBD) VMXBD=ABVX

IF (ABVY.GT.VMYBD) VMYBD=ABVY

IF {DIV.GE.0.0) GO TO 20 .
TDIV={PORDS*THCK(IX,1Y))/DABS(DIV)
IF (TDIV.GE.TMV) GO TO 20

TMV = TDIV

MAXX = IX

MAXY = IY

CONTINUE

W 3 0 N 20 S O A O e e it ol K i S i e Dk O 2 o e e OB i o ok o e o o e ok e ok oK ok 3 3 s ol ok ol s e e 0 ok o o K

-=—PRINT VELOCITIES---

IF (NPNTVL.EQ.Q) GD TO 80

IF (NPNTVL.EQ.2) GO TO 30

IF (NPNTVL.EQ.1.AND.N.EQ.1) GO TD 30
G0 TO 80

WRITE (6.320)

WRITE (6,330)

DG 40 IY=1,NY

WRITE (6,350) (VX(IX,IY),IX=1,NX}
WRITE (6.340)

DO 50 IY=1,NY

WRITE (6,350) (VXBODY(IX,IY),IX=1,NX)
WRITE (6,360}

WRITE (6,330)

DO &0 IY=1,NY

USNRC
USNRC
USNRC
360
370
380
390
400
410
421
431
441
451
455
460
SNRC
470
480
480
501
511
521
531
538
540
SNRC
550
560

580
580
800
610
USNRC
E 620
E &30
E 640
USNRC
650
660
e70
680
690
700
710
722
724
725
726
730
740
750
760
770
780
780
800
810
B20
830
840
850
860
870
880
820
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[{s}

70

80

80

100

110

120

130

WRITE (6,350) (VY(IX,IY),IX=1,NX)
WRITE (6,340)

D0 70 1Y=1 NY

WRITE (6,350) (VYBDY(IX,IY),IX=1,NX)
===-PUNCH VELOCITIES---

IF (NPNCHV.EQ.Q) GO TD 110

IF (NPNCHV.EQ.2) GO TO 90

IF (NPNCHV.EQ.1.AND.N.EQ.1} GO TD 90
GO0 TO 110

WRITE (7.510) NX,NY,XDEL, YDEL, VMAX,K VMAY
Do 100 l¥=1,NY

WRITE (7,520) (VX{IX,IY),IX=1 NX}
WRITE (7.520) (vy(IX,IY),IX=1, 6NX)

e 2 0 W MR s ik R M acouie K Mo e of i s kol o N MR W S N O NI R o ol A DN i N TR ME N aic 20 R S 3 i e e e ok s ko N i e ok K ok ok m
-=~=COMPUTE NEXT TIME STEP---

WRITE (6.380}

WRITE (6,400) VMAX, K VMAY

WRITE (6,410) VMXBD,VMYED
TDELX=CELDIS*XDEL/VMAX
TDELY=CELDIS*YDEL/VMAY
TDELXB=CELDIS*XDEL/VMXBD
TDELYB=CELDIS*YDEL/VMYBD
TIMV=AMINY (TDELX, TDELY,TDELXB, TDELYB)
IF (AMAX1{VMAX,VMAY K VMXBD,VMYBD).LE.t.OE-10) WRITE(&.570)
WRITE (6.310) TMV,TIMV

IF (TMV.LT.TIMV) GO TOD 120

LIM=-1

GO TO 130

TIMV=TMV

LIM=1

NTIMV=TIM(N)}/TIMV

NMDV=NTIMV+ 1

WRITE (6,420) TIMV NTIMV,K NMOV
TIMV=TIM(N)/NMOV

WRITE (6,370) TIM{(N)

WRITE (6,380) TIMV

IF (BETA.EQ.0.0) GO TO 200
EEEEEEERER SRR LR SRR R RS R R ER SRR RS LY
---COMPUTE DISPERSION COEFFICIENTS---
ALPHA=BETA
ALNG=ALPHA
TRAN=DLTRAT*ALPHA
XX2=XDEL*XDEL
YY2*=YDEL*YDEL
XY2=4 _ Q*XDEL*YDEL
DO 150 IX=2,NNX
DO 150 IY=2 NNY
IF (THCK(IX,IY).EQ.0.0) GO TO 150
VXE=VXBDY(IX,IY)
VYS=VYBDY(IX,IY) .
IF (THCK(IX+1,IY).EQ.0.Q0) GO TO 140
--~FORWARD COEFFICIENTS: X-DIRECTION~--
VYE=(VYBDY (IX,IY~1)+VYBDY (IX+1,IY=1)+VYS+VYRDY(IX+1,IY¥))/4.0
VXE2=VXE *VXE
VYE2=VYE*VYE
VMGE =SQRT (VXE2+VYYE2)
IF (VMGE.LT.1.0E-20) GO TO 140
DALN=ALNG*VMGE
DTRN=TRAN®VMGE
VMGE 2= VMGE* VMGE
~==%X COEFFICIENT---
DISP{IX.IY,1)=(DALN*VXE2+DTRN*VYE2)/(VMGE2*XX2)
-~=XY COEFFICIENT---
DISP(IX,IY,3)=(DALN-DTRN)*VXE*VYE/(VMGE2%XY2)
--~FORWARD COEFFICIENTS: Y-DIRECTION---

200
210
920
930
940
950
960
97¢
280
290
E1C00
E1010
E1020
E1030
£1040
E1050
E1060
E1070
E1080
E1090
E1100
E1110
E1120
E1125
E113C
Et140
E1150
E1160
E1170
E118C
E1190
E1200
E1210
£1220
E1230
£1240
E1250
E1260
E1270
E128B0
E1290
E1300
E1310
E1320
E1330
E1340
E1350
E1360
E1370
E1380
E1380
E 1400
E1410
E1420
E1430C
E1440
E1450
E1460
E1470
E1480
E1490
E1500
E18510
E1520
E153C
E1540
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140

180

160

170

180

120

IF (THCK(1IX.IY+1)}_.EQ.0.0) GO TO 150
VXS=(VXBDY(IX-1,1Y)+VXE+VXBDY(IX=1,IY+1)+VXBDY(IX, I¥+1))/4.0
VYS2=VYS*VYS

VXS2aVXS*VXS

VMGS=SQRT(VXS2+VYS2)

IF (VMGS.LT.1.QE-20) GO TO 150

DALN=ALNG*VMGS

DTRN=TRAN*VMGS

VMGS2=VMGS *VMGS

-=~=-YY COEFFICIENT---
DISP(IX,IY,2)=(DALN*VYS2+DTRN*VXS2)/(VMGS2*YY2)
-==¥X COEFFICIENT---

DISP(IX,IY,4)=(DALN-DTRN)*VXS*VYS/(VMGS2*XY2)

CONTINUE

XTI R IR ER SRR TR R TR R SRR RS RS AR SRR R R R R RS RS S R REERERSE S S RS
-=-=ADJUST CROSS-PRODUCT TERMS FOR ZERO THICKNESS---

DO 160 1IX=2,NNX

DO 160 lY=2,NNY

IF (THCK(IX,IY+1}.EQ.Q.0.0R.THCK(IX+1,IV¥+1) . EQ.0.O0.OR.THCK{IX,IY~1
1).EQ.0.C.OR.THCK(IX+1,I¥=-1).EQ.0.0) DISP(IX,IY,3)=0.0

IF (THCK(IX+1,IY).EQ.0Q.0.0R.THCK(IX+1,IY+1).EQ.0.0.0OR.THCK(IX—-1,1Y
1}.EQ.0.0.0R.THCK(IX~1,I¥+1).EQ.0.0) DISP(IX,IY.4)=0.0

CONTINUE
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---CHECK FOR STABILITY OF EXPLICIT METHOD---

TIMDIS=0.0

DO 170 IX=2,NNX

DO 170 1IY=2,NNY

TDCO=DISP(IX, 1Y, 1)+DISP(IX,1IY,2)

IF {(TDCO.GT.TIMDIS) TIMDIS=TDCO

TIMDC=0.5/TIMDIS

WRITE (6,440Q) TIMDC

NTIMD=TIM(N)/TIMDC

NDISP=NTIMD+1

IF (NDISP.LE.NMOV) GO TO 180

NMOV=NDISP

TIMV=TIM(N)/NMOV

LIM=0

WRITE (6,430) TIMV,NTIMD,6NMOV

e o e W N M e o N N G o ue R O D o e O M e ol M N N N ol R o AR N ol sl o N e e N R K
-=--ADJUST DISP. EQUATION COEFFICIENTS FOR SATURATED THICKNESS---
DO 190 IX=2,NNX

DO 190 lY=2,NNY

IF (THCK(IX,I1Y).EQ.0.0) GO TO 180

BAVX=2 O*THCK(IX, IV)*THCK(IX+1, LY )/ (THCK{IX, IY}+THCK(IX+1,1Y)}
BAVY=2  O*THCK{ IX,IY)*THCK(IX.IY+1)}/{THCK(IX,IY)+THCK(IX,.I¥Y+1))
DISP(IX,IY,1)=DISP(IX,1Y,1)*BAVX
DISP(IX,IY.2)=DISP(IX,IY,2)*BAVY
DISP(IX,1Y,3)=DISP(IX,IY,3)*BAVX
DISP(IX,IY,4)=DISP(IX,IY,4)*BAVY

CONTINUE

EER R RS EREEE SIS RIS R R R ER R ER S EESS]

200 IF (NMOV.LT.2) GO TO 235

IF (LIM) 210,220,230

210 WRITE (6,530)

GO TO 240

220 WRITE (6,540)

GO TO 240

230 WRITE (6,550)

WRITE (6,560) MAXX,MAXY
GO TO 240

235 WRITE (6,580)

0 2 20 o e ok ok 3 e o 3R 0 M NC s ok 30K S e e ol M ok ol o S 6ok e ke ol S e o o ol ol e o o ofe o e i o e ok ol ol e e N O ol O e e

-=-PRINT DISPERSION EQUATION COEFFICIENTS--~

240 IF (NPNTD.EQ.C) GO TO 300

IF (NPNTD.EQ.2) GO TO 250

I-25

E1550
E1560
E157C
E 1580
E1890
E 1600
E1610
E1620
E1630
E 1640
E1650
E1660
E1670
E1680
E1690
E1700
E1710
E1720
E1730
E1740
E1750
E1760
E1770
E1780
E1780
E1800
E1810
E1820
E1830
E1840
E1850
E1860
E1870
E1880
E1890
E1800
E1910
E1920
E1930
E1940C
E1950
E1960
E1970
E1972
E1874
E1976
E2000
E2010
E2020
E2032
E2034
E2040
E20852
E2054
E2060
E2070
E2080
E209C
E2100
E2102
E2104
E2106
£2110
E2120
E2130
E2140
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s Ee N Ne

250

260

270

280

290

300

310
1
320
330
340
350
360
370
380
390
400
210
420
430
440
480
1
460
470
480
480
500
510
520
530
540
550
1
560
1
570
580

IF {NPNTD.EQ.1.AND.N.EQ.1} GO TD 250
G0 TO 300

WRITE (6,450)

WRITE (6,460)

DO 280 IY=1,NY

WRITE (6,500) (DISP(IX,IY,1),IX=1,NX)
WRITE (6,470}

DO 270 IY¥Y=1,NY

WRITE (6,500} (DISP(IX,IY,2),IX=1,NX)
WRITE (6,480)

DO 280 IY=1,NY

WRITE (6,500) (DISP(IX,IY.3),IX=1,NX)
WRITE (6,480)

DO 290 IY=1,NY

WRITE (6,500) (DISP(IX,IY,4),IX=1,NX)

3t ol e oM N i ok S sl 3 ok e ac o R o e ok e e e ol AR K R M it i R N 3K Sl R e 0N e i e i s o o e i o kR K

RETURN

R I E RS F SR E R IR PR s R RS2SR R LR R RS AR ERE RS R R R E R S )

FORMAT (1M ,19H TMV (MAX. INJ.) = ,G12.5/20H TIMV (CELDIS) =,
1P1E12.5)

FORMAT (1Ht,12HX VELDCITIES)

FORMAT {1H ,25X,8HAT NODES/)

FORMAT (1HO,25X, 13HON BOUNDARIES/)

FORMAT (1M ,1P10E12.3)

FORMAT (1H1,12HY VELOCITIES)

FORMAT {3H L 1tHTIM (N} = ,1P1E12.5)
FORMAT (3H , 1tHTIMEVELDC = ,1P1E12.5)
FORMAT (1M1,10X,29HSTABILITY CRITERIA --- M. 0.C.//)

FORMAT (1HO.8H VMAX = ,{P1ES.2,5X,7HVMAY =  1P1ES.2)

FORMAT (1H ,8H VvMXBD= ,1P1ED.2,5X,7HVMYBD= L 1P1E9.2}

FORMAT (1HC.8H TIMV = ,1P1ED.2,5X,8HNTIMV = ,I5,5X,7HNMOV = ,I5/)
FORMAT (1HO,8H TIMV = ,1P1E9.2,5X,8HNTIMD = ,I5,5X,7HNMOV =  I5)
FORMAT (3H . J1HTIMEDISP = ,1P1E12.5)

FORMAT (1H1,32HDISPERSION EQUATION COEFFICIENTS, tOX,25H=(D-IJ}*(B)

/(GRID FACTOR))

FORMAT {(1H .35X,14HXX COEFFICIENT/)

FORMAT (1H , 35X, 14HYY COEFFICIENT/)

FORMAT (1H ,35X,14HXY COEFFICIENT/)

FORMAT (1H , 35X, 14HYX COEFFICIENT/)

FORMAT (1H ,1P10EB.1)

FORMAT (214,2F10.1,2F10.7)

FORMAT (8F10.7)

FORMAT (1HO, 1OX,42HTHE LIMITING STABILITY CRITERION IS CELDIS)
FORMAT (1HO, 10X,40HTHE LIMITING STABILITY CRITERION IS BETA)

FORMAT (1HO, 10X,5BHTHE LIMITING STABILITY CRITERION IS MAXIMUM INJ

ECTION RATE)

FORMAT (tH ,15X,35H MAX. INJECTION OCCURS IN CELL IX = ,I3.6H IY =

,13)

FORMAT (1HO,SX,47H*** WARNING *** DECREASE CRITERIA IN E 230-260)
FORMAT { tHO, 10X,63H*TIME INCREMENT FOR SOLUTE TRANSPORT EQUALS TIM

1€ STEP FOR FLOW*)

END
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EE T &3

TS0 FOREGROUND HARDCOPY **xx

DSNAME=U11236C . KONIMOD . CNTL (MOVE )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C SNOFLOATCALLS
C S$STORAGE:2

SUBROUTINE MOVE
CHARACTER*8 TITLE
REAL*8 TMRX.VPRM,HI ,HR,HC,HK,WT REC,RECH,TIM,AQPT
REAL*8 XDEL,YDEL,S,AREA,SUMT,RHO,PARAM, TEST,TOL,PINT, HMIN, PYR
REAL*8 DXINV,DYINV,ARINV,PORINV
REAL*8 HJ

INTEGER PTID

INTEGER FCON
"COMMON /PRMI/ NTIM,NPMP NPNT,NITP,N,NX,NY,NP,NREC,INT ,NNX,NNY, NUMO
1BS,NMOV, IMOV ,NPMAX , ITMAX ,NZCRIT, IPRNT .NPTPND ,NPNTMV ,NPNT VL ,NPNTD,N
2PNCHV,NPDELC, ICHK, FCON, IHEAD, ISOLYV

COMMON /PRMC/ NODEID(20,20),NPCELL(20,20),NPOLD{20,20),LIMBO(5C0},
1IXOBS(5),IYOBS(S)
2,.NDECAY ,NSORB

COMMON /HEDA/ THCK(20,20),PERM(20,20), TMWL(5,50), TMOBS(50),ANFCTR
1, THICK{20, 20)

COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI(20,20),HR(20,20),HC(20,
120) ,HK(20,20) ,wT(20,20) .REC(20,20},RECH(20,20), TIM{100) ,ADPT(20),T
2ITLE(10), XDEL,YDEL,S,AREA, SUMT ,RHO, PARAM,TEST, TOL ,PINT ,HMIN, PYR
3,Hd(20,20)

COMMON /XINV/ DXINV,DYINV,ARINV,PORINV

COMMON /CHMA/ PART(3,3200),CONC(20,20), TMCN{5.50),VvX{(20,20),vY(20,
120),CONINT(20.20) ,CNRECH(20,20) , POROS, SUMTCH,BETA , TIMV, STORM, STORM
21,CMSIN,CMSOUT , FLMIN, FLMOT, SUMIQ, CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF, vOLDCY, VOLSRE, SRBDCY

COMMON /CHMC/ SUMC{20,20),vXBDY(20,20},VYBDY(20,20)

COMMON /CHMP/ PTID(3200)

R ETEESRES RN R R SESIRRLE R R AR R R RS R E R R R RS R R R R E R SR L3

WRITE (6,880) NMOV
. SUMTCH=SUMT-TIM(N)

F1=0.30

F2=1.0/3.0

IF (NPTPND.EQ.4) F1=0.25

IF (NPTPND.EQ.9) Fi=f2

IF (NPTPND_.EQ.8) F2=0.25

CONST1=TIMV*DXINV

CONST2=TIMV*DYINV

-~—MOVE PARTICLES "NMOV® TIMES---

DO &850 IMOVE=1,NMOV

10 NPTM=NP

~--=-MOVE EACH PARTICLE---
DO 580 IN=1,NP
IF (PART(1,IN).EQ.C.0) GD TO 590
KFLAG=0 ’

2 AR E R ER L ES SRS R SRR RS sl ER IR R R E 2 E R Y 2]

~--COMPUTE OLD LOCATION---

20 XOLD=PART(1,IN)

IX=X0LD+0.5
IFLAG=1

IF (PART(2,IN).GE.0.C) GD TO 30
IFLAG=~1

PART(2,IN)=-PART(2,IN)

30 YOLD=PART(2,IN)

Oo0on

IY=YOLD+0.5

IF (THCK(IX,1Y).EQ.0.0) GO TO 590

et A2 R R R R R RSS2 SRR RS R SRR R R EE S
---COMPUTE NEW [OCATION AND LOCATE CLOSEST NODE---
~-=LOCATE NORTHWEST CORNER---

IVX=XQLD

I-27
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410
420
430
440
480
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40

50

60

70

8C

20
100

110

120

130

140

IVYSYQLD
IXE=IVX+1
IYSsIvY+1
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---LOCATE QUADRANT, VEL. AT 4 CORNERS, CHECK FOR BOUNDARIES---

CELDX=X0LD-IX
CELDY=YOLD-TY
ICD=¢g
IF (CELDX.EQ.0.0.AND.CELDY.EQ.Q.0Q) GO TO 280
IF (CELDX.GE.0.Q.OR.CELDY.GE.O0.0) GD TO 70
=~=PT. IN NY QUADRANT---
VXNW=YXBDY (IVX, IVY)
VXNE=VX(IXE,IvY)
VXSWeVXBDY(IVX,IYS)
VXSE=VX(IXE,IYS)
VYNWaVYBDY (IVX, IVY)
VYNE=VYBODY(IXE,IVY)
VYSWavY (IVX,1YS)
VYSE=VY(IXE,IYS)
ICD=1
IF (THCK(IVX,IVY).EQ.0.Q0) GO TO 50
IF (REC(IXE,IVY)}.EQ.Q.Q.AND . VPRM{IXE,IVY).LT.0.09)} GO TO 40
VXNE =VXNW
IF (REC(IVX.IYS).EQ.O.O.AND.VPRM(IVX,1¥S).LT.0.09) GD TO 50
VYSWaVYNW
IF (REC{IXE,IYS).EQ.0.0.AND.VPRM(IXE,IYS).LT.0.09) GO TD 270
IF (THCK(IVX,IYS).EQ.0.0) GO TO &0
IF (THCK(IXE+%,1YS5).G7.0.0) VXSE=vXSW
IF (THCK{IXE,IVY).EQ.0Q.0) GO TO 270
IF (THCK{IXE,IYS+1).6T.0.0Q) VYSE=VYNE
GO TO 270

IF (CELDX.LE.0.Q.QR.CELDY.GE.0.Q) GO TD 130
~==PT, IN NE QUADRANT---
VXNW=VX{ IVX, IVY)
VXNE=VXBDY (IVX, IVY)
VXSWeYX(IVX,1YS)
VXSE=vXBDY{IVX,1YS)
VYNW=VYBDY(IVX, IVY)
VYNE=VYBDY(IXE,IVY)
VYSW=vY (IVX,1YS)
VYSE=VY(IXE,IYS)
1CD=2
IF (CELDX.EQ.Q.0Q) GO TO 120
IF (THCK(IXE,IVY).EQ.0.0) GO TO 100
IF (REC(IVX,IVY).EQ.O.O.AND.VPRM(IVX,IVY).LT.0.08) GO TO 90
VXNW=VXNE
IF (REC(IXE,IYS).EQ.O.0.AND.VPRM(IXE,I¥S).LT.0.09) GO TO 100
VYSE=VYNE
IF (REC(IVX,IYS).EQ.O.Q.AND.VPRM{IVX,I¥YS).LT.0.08) GO TO 270
IF (THCK(IXE,IYS).EQ.0.0) GO TO 110
IF (THCK{IVX-1,IYS).GT.0.0) VXSwsvXSE
IF {THCK(IVX,IVY).EQ.0.0) GO TO 270
IF (THCK(IVX,IYS+1).GT.0.0) VYSW=VYNW
GO TO 270C
IF (REC(IVX,IYS).EQ.O.C.AND.VPRM{IVX,IY¥S).LE.Q.Q9) GQ TO 270
IF (THCK(IVX,IVY).EQ.0.0) GO TO 270
IF (THCK(IVX,IY5+1).GT.0.0) VYSW=VYNW
GO TO 270

IF (CELDY.LE.O.Q.OR.CELDX.GE.0.0) GO TO 180
~==PT. IN SW QUADRANT---

VXNW=VXBDY (IVX,IVY)

VXNE=VX(IXE, IVY)

VXSW=VXBDY(IVX,IYS)

VXSE*VX(IXE,IYS)

530
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180

160

170

180

120

200

210

220

230

240

250

260

270

1270

VYNW=VY(IVX,IVY)
VYNE=VY (IXE,IVY)
VYSW=VYBDY (IVX, IVY)
VYSE=VYBDY({IXE,IVY)
ICD=3

IF
IF

{CELDY.EQ.C.Q) GO TO 180
(THCK(IVX,IYS).EQ.0.Q) GO TO 160

IF (REC({IVX,IVY).EQ.0.O.AND.VPRM({IVX, IVY]),
VYNW=VYSW
IF (REC(IXE.,IYS)}.EQ.Q.O.AND.VPRM(IXE,IYS).
VXSE=VXSW
(REC(IXE,IVY).EQ.0.O.AND.VPRM(IXE,IVY).

IF

(THCK(IVX,IVY).EQ.0.0) GO TO 170
(THCK(IXE+1,IVY).GT.0.0) VXNE=VXNW
(THCK{IXE,I¥S).EQ.0.0) GO TOQ 270
(THCK{IXE,IVY-1}.GT7.0.0) VYNE=VYSE
TO 270

(REC(IXE,IVY).EQ.0.Q.AND.VPRM(IXE,IVY).

(THCK{IVX,IVY}.EQ.0.0) GO TO 270
(THCK(IXE+1,IVY}.GT.0.0) VXNE=VXNW
TO 270

LE.

(CELDY .LE.0.Q.OR.CELDX.LE.C.0) GO TO 260

===PT. IN SE QUADRANT---

VXNWsVX(IVX, Ivy)
VXNE=VXBDY(IVX,IVY)
VXSWeVX(IVX,IYS)
VXSE=VXBDY(IVX,IYS)
VYNW=VY(IVX, IvY)
VYNE=VY(IXE,IVY)
VYSW=VYBDY{IVX, IVY)
VYSE=VYBDY{IXE,IVY)
ICD=4

IF

IF (CELDX.EG.0.0) GO TO 250

IF (THCK(IXE,IYS).EQ.0.0) GO TO 220

IF (REC(IXE,IVY).EQ.0.C.AND.VPRM(IXE,IVY).LT.
VYNE=VYSE :

IF (REC(IVX,IYS).EQ.O.0.AND.VPRM(IVX,IYS).LT.
VXSW=VXSE

IF (REC(IVX,IVY).EQ.Q.O.AND.VPRM(IVX,IVY).LT.
IF (THCK{IXE,IVY).EQ.0.0) GO TC 230

IF (THCK{IVX-1,IVY).GT.C.0) VXNW=VXNE

(CELDY.EQ.0.0) GO TO 240

(THCK(IVX,1¥5).EQ.0.0) GO TD 270
(THCK(IVX,IVY=1).GT.0.0) VYNWaVYSW
TO 270

(REC(IVX,IVY).EQ.Q.O.AND.VPRM(IVX,IVY).

(THCK(IXE.IVY).EQ.C.Q) GO TO 270
(THCK(IVX-1,IVY)}.GT.Q.0) VXNW=VXNE
TO 270

(REC(IVX,IVY).EQ.O.O.AND.VPRM(IVX, IVY).

(THCK(IVX,1YS).EQ.C.0) GO TO 270
{THCK(IVX,IVY-1).GT.0.0) VYNW=sVYSW
T0 270

LE.

LE.

IF (CELDX
IF (CELDX
IF (CELDX
IF (CELDX

.EQ.0.0C.AND.CELDY.LT.0.0) GO TO 80

.LT.0.0.AND.CELDY .EQ.0.0) GO TO 140
.GT.0.0.AND.CELDY.EQ.0.0) GO TO 200
.EQ.0.0.AND.CELDY.GT.0Q.0) GO TO 200

WRITE (6,890) IN,.IX, 1Y

CONT INUE

.09)
.09)
.09)

.09)

.09)

.08)

.09)

.09)

.08)

GO
GO
GO

GO

GO

GO

GO

GO

el

~== CHECK FOR ADJACENT NO-FLOW BOUNDARIES ---
@0 TO (1270.1275, 1280, 12858, 1290),ICD
GO TO 1280

IF (THCK(

IXE,IVY).EQ.0.Q) GO TO 1272

IF (THCK(IVX,I1YS).EQ.0.0) GO TO 1273
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T0
TO

TO

TO

TO

TO

TD

TO

TO

150
160

270

270

210

220

270

270

270

F1160
F1170
F1180
F1190
F1185
F 1200
F1210
F1220
F1230
F1240
F1250
F1260
F127C
F1282
F1290
F1302
F1310
F1320
F1330
F1342
F 1350
F 1360
F1370
F1380
F 1390
F 1400
F1410
Fi1420
F1430
F1440
F 1450
F 1460
F1455
F1470
F1480
F1490
F15Q0
F1510
F1520
F 1530
F 1540
F1550
F1562
F1570
F1582
F1590
F1600
F1g610
F1622
F1630
F1&64C
F 1650
F1662
F1870Q
F188C
F1690
F17C0
F1740
F1720
F1730
F1740
F1741A
F17418B
F1741C
F1742A
F17428



1272
1273
1274

1275

1277
1278
1279

1280

1282
1283
1284

1285

1287

1288
1289

1290

280
280

IF (THCK{IVX.IVY) .EG.0.0) GO TO
G0 TO 1290

VXNE=VXSE

IF (THCK(IVX,IY¥S).GT.0.0) GD TO
VYSW=VYSE

VXNW=YXSW

VYNW=VYNE

G0 TO 1290

IF (THCK{IVX,IVY).EQ.0.0) GQ TO
IF {THCK(IXE,1YS).EQ.0.0) GO TO
IF (THCK(IXE,IVY}.EQ.0.0) GO TO
GO0 TO 1290

VXNW=VXSW

IF (THCK(IXE.IYS).GT.0.0) GO TO
VYSE=VYSW

VXNE=VXSE

VYNE=VYNW

G0 TO 1280

IF (THCK(IXE.IYS).EQ.0.0Q) GO TO
IF (THCK(IVX,IVY).EQ.0.0) GO TO
IF (THCK(IVX,IYS).EQ.0.0) GO TO
GO TO 1280

VXSEaVXNE

IF (THCKI{IVX,IVY).GT.0.0) GO TOD
VYNW=VYNE

VXSWEVXNW

VYSWe=VYSE

GO TO 1290

IF (THCK(IVX.IYS).EQ.0.0) GO TO
IF {THCK(IXE,IVY).EQ.0.0) GO TO
IF (THCK(IXE.IYS).EQ.Q.0) GO TO
G0 TO 1290

VXSW=VXNW

IF (THCK(IXE,IVY).GT.0.0) GO TO
VYNE=VYNW

VYSE=VYSW

VXSEaVXNE

CONTINUE

LR EE R LR E RS E R ES R 2R R RS R AR R TS ET ]

-=-BILINEAR INTERPOLATIQN---
CELXD=X0OLD-IVX
CELDXH=AMOD(CELXD,0.5)
CELDX=CELDXH*2.0
CELDY=YOLD-IVY

LR E ST R LR RS R RS R S R R E RS R R R R R R R Y T

===X VELOCITY-~=-~
VXN=VXNW=( 1,0-CELDX }+VXNE*CELDX
VXSavXSW*(1.0-CELDX)+VXSE*CELDX
XVEL=VXN*{1.0-CELDY)+VXS*CELDY

-==Y VELOCITY-~~
CELDYH=AMOD(CELDY.C.5)
CELYD=CELDYH*2.0
VYWaVYNW*{ 1, 0~CELYD)+VYSW*CELYD
VYE=VYNE*( 1 _.0=-CELYD)+VYSE*CELYD
YVEL2VYW=*{ 1, 0=-CELXD}+VYE*=CELXD

GD TO 290
XVEL=VX(IX, 1Y)
YVEL=VY({IX,IY)
DISTX=XVEL*CONST1
DISTY=YVEL*CONST2
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---BOUNDARY CONDITIONS---
TEMPX=XOLD+DISTX
TEMPY=YOLD+DISTY
INX=TEMPX+0Q.5
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1277
1278
1279
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1282

1283
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1284

1287

1288
1289

1288
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F1742C
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F1742E
F1742F
F1742G
F1742H
F17421
F1742J
F1744A
F17448
F1744C
F1742D
F1744E
F1744F
F1744G
F1744H
F17441
F1744y
F1746A
F17468
F1746¢C
F1746D
F1746E
F1746F
F17466
F1746H
F17461
F1746y
F1748A
F1748B
F1748C
F1748D
F1748E
F1748F
F1748G
F1748H
F17481
F17494
F1750
F1760
F1770
F1780
F1790
F1800
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F1820
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F 1900
F1910
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300

310

320

330

340

350

380

370

380

390

98

INYsTEMPY+0 .5

IF (THCK(INX,INY).GT.0.0) GO TO 2330

I FFT R EE R R PRI R SRS R 2R R R R LR SRR R SRR ERR TR ER SR TS
--=X BOUNDARY---

IF (THCK(INX,IY).E£Q.0.0) GO TO 300

PART(1,IN)=TEMPX

GO TD 310

BEYON=TEMPX~IX

IF (BEYON.LT.C.0) BEYON=BEYON+0D.5

1F (BEYON.GT.0.0) BEYON=BEYON-0.5

PART(1, IN)=TEMPX-2.0*BEYON

INX=PART(1,IN}+0.5

TEMPX=PART( 1, IN)

LIS FIL IR IR RIS SRR EE RSS2 S EEE SRS 2 R R E S R R R R R E R LS RS
---Y BOUNDARY---

IF (THCK{INX,INY).EQ.D.0) GO TO 320

PART(2, IN)=TEMPY

GO TO 340

233213 s 2223122 R R 22 R 2 2R R R R R RS RS R LR R R TR RS T

BEYON=TEMPY-1Y

IF (BEYON.LT.0.0) BEYON=BEYON+0.5

IF (BEYON.GT.0.0) BEYON=BEYON-0.5

PART(2,IN)=TEMPY-2.0*BEYON

INY=PART(2,IN)+0.5

TEMPY=PART(2,IN)

GO TO 340

PART(1,IN)=TEMPX

PART(2, IN)=TEMPY

CONTINUE
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~=-=5UM CONCENTRATIONS AND COUNT PARTICLES---

SUMC ( INX, INY )=SUMC(INX, INY )+PART (3, IN)

NPCELL{ INX, INY )aNPCELL(INX, INY )+1

EE TR ET R R R RIS SR VRS ST SRR R ER PSRRI R LR RS EEEEERE RS TR

-=--CHECK FOR CHANGE IN CELL LOCATIDN---

IF (IX.EQ.INX.AND.1Y.EQ.INY) GO TO S80
---CHECK FOR CONST.-HEAD BDY. OR SOURCE AT OLD LOCATION---

IF (REC{IX.IY).LT.0.Q) GO TO 350 _

IF (REC(IX,IY).6T.0.0) GO TO 360

IF (VPRM(IX,1Y).LT.0C.08) GO TO %40

IF (WT(IX,IY).GT.HK(IX,IY)) GO TD 350

IF (WT(IX,IY).LT.HK(IX,I¥)) GO TO 360

GO TO 540
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---CREATE NEW PARTICLES AT BOUNDARIES---

IF (IFLAG.GT.0) GO TO 550

KFLAG=1

DO 370 IL=1,500

IF (LIMBO(IL).EQ.Q0) GO TO 370

IP=LIMBO(IL)

IF (IP.LT.IN) GO TO 380

CONTINUE

ER 222 R R ER SRS AR AR EE RS R RREREREEEEE SRR RS R RS YRR R SRS
~-~GENERATE NEW PARTICLE---

IF (NPTM.EQ.NPMAX) GO TO 600

NP TM=NP TM+ 1

IP=NPTM

G0 TO 390

LIMBO(IL)=O

IF (KFLAG.EQ.Q) GO TO 398

ITEM=PTID(IN)

GD TD 398

SUMC{IX,IY)=SUMC(IX,IY)+CONC(IX,IY)
NPCELL{IX,IY)=sNPCELL{IX,IY)+1

IF (NPOLD{IX,IY).GT.0) NPOLD(IX.IY)}=NPOLD(IX,IY)~1

F2110
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F2200
F2210
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F2300
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F2320
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F2360
F2370
F2380
F2390
F2400
F2410C
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F2440
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F2470
F2480
F2420
F2500
F2510
F2520
F2530
F2540
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F2560
F2570
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F2600
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c

3898

401

421

431

441

451

461

471

481

530

540
550

560

IF (IFLAG.GT.O) GO TOD 444
IF (KFLAG.EQ.O) GO TO 441
GO TO (401,411,421,431,441,451,461,471,481),ITEM
GO TO 441 :
PART{1,IP)=IX-F1
PART{2,IP)=IY=-F1
PTID(IP)=1

GO TO 530
PART(1,IP)=IX~-F1
PART(2,IP)=IY+F1
PTID(IP)=2

@0 TO 530
PART(1,IP)=IX+F1
PART(2,IP)=IY=-F1
PTID(IP)=3

GO TO 530
PART(1,IP)=IX+F1
PART(2,IP)=IV+F1
PTID(IP)=4

Go TO 530

PART(1,IP)=1X
PART(2,IP)=1Y

PTID(1P)=5

G0 TO 530
PART(1,IP)=1X-F2
PART(2,IP)=1IY

PTID(IP)=6

GD TO 530

PART(1,IP)=IX
PART(2,IP)}=IY-F2
PTID(1IP)=7

GO TO 530
PART(1,IP)=IX+F2
PART(2.IP)=IY

PTID(IP)=8

GO TO 530

PART(1,IP)=IX
PART(2,IP)=IY+F2
PTID(IP}=9

PART{2,IF)=-PART(2,IP)

PART(3,IP)=CONC(IX.IY)

PP LR R I T IR ER RSS2 NT R RN RS RS E R R ERE R R F R ER R ERE R R R S LT ]
---CHECK FOR DISCHARGE BOUNDARY AT NEW LOCATION---

IFLAG=1.0Q

IF (VPRM({INX,INY).GT.0.09 . AND.WT(INX,INY).LT.HK(INX,INY)) GO TO 56

10

IF (REC(INX,INY).GT.0.0) GO TO 560

G0 TO 580

EF S FE T SRR RSS2 PSSR EE SRR R SRS AR E R R R R SRR E R R E T
-==PUT PT. IN LIMBO IF PT. DENSITY NOT INCREASED---

IF (NPOLD(INX,INY).LE.O) GO TO 580

PART(1,IN)=0.0

PART(2,IN)=0.0

PART(3,IN)=0.0

SUMC( INX, INY)=SUMC( INX, INY )=-CONC({INX, INY)

NPCELL{INX, INY)=NPCELL(INX, INY)-1

NPOLD ( INX, INY )=NPOLD(INX,INY)-1

DO 570 ID=1,500

IF (LIMBO(ID).GT.Q)} GO TO 570

LIMBO(ID)=IN

GO TO 590

570 CONTINUE

580 IF (IFLAG.LT.O) PART(2,IN)=-TEMPY
S90 CONTINUE
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---END OF LOOP-=--
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GO TO 820
--=-RESTART MOVE IF PT. LIMIT EXCEEDED---
600 WRITE (68,7C0)} IMOV,IN
TEST=100.0
CALL GENPT
DO 610 IX=1,NX
DO 610 Iv=1,NY
SUMC(IX,IY)=0.0
610 NPCELL(IX,IY)=0
TEST=C.0
GO TO 10
L2 R s R R R 2 R R R T SRR EER SRR YRR R R RS R R R R R R R TS S
620 SUMTCH=SUMTCH+TIMV
--=ADJUST NUMBER OF PARTICLES---
NP=NPTM
WRITE (8,670) NP, IMOV
R ERE RS E SRR EEEE RIS EEE RS RS ERER SRR EE R R LR R E RS LS LES]
CALL CNCON
233 E R EREEEE RS SRR SRR R ERE ST RER R R EREES R R E SRR R R EE R RS LR Y]
-~-STORE OBS. WELL DATA FOR STEADY FLOW PROBLEMS---
IF {5.GT7.0.0) GO TO &40¢
IF (NUMOBS.LE.Q) GD TD 640
J=MOD ( IMOV,50)
IF (J.EQ.Q) us=50
TMOBS(J }=SUMTCH
DO 630 I=1,NUMOBS
TMWL(I,u)=HK{IX0BS(I),Iv0BS(1))
€30 TMCN(I,J)=CONC(IXOBS(1).IYOBS(1))
-==PRINT CHEMICAL QUTPUT---
IF (MOD(IMOV,50).EQ.0) IPRNT = 1
640 IF (IMOV.GE.NMOV) GO TO 660
IF (MOD(IMOV,NPNTMV) . EQ.0) IPRNT = =1
650 IF (IPRNT.NE.Q) CALL CHMOT
ER 2 E SRR R LR ER RS RIS EE RS SRR RS LR R FF R R E ST EEFF RN R R R
660 RETURN
MO SN o N NN M o A S SN S e ol OO B S i o ME S i e i 3 N 3l 3 i oje e ol e 3l g skl ol ok i e e o ale i e o ol o e N o N il N ok N K
670 FORMAT (1HO,2X,2HNP,7X,2H= ,8X,I4,10X,11HIMOV = ,8X,14)

68C FORMAT (1HO, 1OX,681HNO. OF PARTICLE MOVES REQUIRED TO COMPLETE THIS
690 FORMAT (1HO,S5X,S53H*** WARNING **=* QUADRANT NOT LOCATED FOR PT.

700 FORMAT (1HO,5X, 17TH *=~

i TIME STEP = ,14//)
1 NO. ,IS,1tH , IN CELL ,21&)

1,14,5X,8MHPT, NO.=,14,5X, {OHCALL GENPT/)
END

NOTE =r=, 10X, 23HNPTM.EQ.NPMAX -~- IMOV=
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=+*= TS0 FOREGROUND HARDCOPY *wew
DSNAME=U11236C . KONIMGD . CNTL (CNCON )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C SNOFLOATCALLS
C $STORAGE:2

SUBROUTINE CNCON
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI ,HR,HC, HK,WT,REC,RECH, TIM, AOPT
REAL*8 XDEL,YDEL,S,AREA,SUMT,RHO,PARAM,  TEST,TOL,PINT,HMIN, PYR
REAL*8 DXINV.DYINV,ARINV,PORINV
REAL*8 FLW
REAL*S HJ

INTEGER FCON

COMMON /PRMI/ NTIM,NPMP NPNT,NITP,N,NX,NY,NP NREC.INT,NNX,NNY, NUMO
1BS ,NMOV, IMOV,NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND , NPNTMV, NPNTVL ,NPNTD N
2PNCHV ,NPDELC, ICHK,FCON, IHEAD, ISOLV

COMMON /PRMC/ NODEID(20,20),NPCELL(20,20).NPOLD(20,20),LIMBO(500),
1IX0BS(5),IYDBS(S)

2 ,NDECAY ,NSORB

COMMON /HEDA/ THCK(20,20),PERM(20,20),TMWL(S,50),TMOBS(50),ANFCTR
1, THICK(20,20)

COMMON /HEDB/ TMRX(20,20.2).VPRM(20,20),H1(20,20),HR(20,20) ,HC(20,
120) ,MK(20,20),WT(20,20),REC(20,20) ,RECH{20,20),TIM(100) ,ADPT{20),T
2ITLE(10)},XDEL, YDEL,S,AREA, SUMT ,RHO, PARAM, TEST, TOL,PINT.HMIN,PYR
3,HJ(20, 20)

COMMON /XINV/ DXINV,DYINV,ARINV,PORINV

COMMON /CHMA/ PART(3,3200),CONC(20,20) ,TMCN(5,50),VvX(20,20),vY(20,
120), CONINT(20,20) ,CNRECH{ 20, 20),POROS, SUMTCH,BETA, TIMV, STORM, STORM
2I,CMSIN,CMSOUT, FLMIN, FLMOT, SUMIO,CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT,SREBSAT ,SRBALF ,VOLDCY ,VOLSRE, SREBDCY

COMMCN /DIFUS/ D1SP(20,20.4)

COMMON /CHMC/ SUMC(20,20),VvX8DY(20,20),VYBDY(20,20)

DIMENSION CNCNC(20,20), CNOLD(20,20) .

X2 2 2 2R ER R R R R T R R R R R E SRS E LTSRS YR

ITEST=0

NZERO=0

STORM=(Q.0

DO 10 IX=1,NX

DO 10 IY=1,NY

CNOLD(IX,IY)=CONC(IX,IY)

IF (THCK(IX.IY).EQ.0.0) GO TO 10

IF (NPCELL(IX,IY).GT.0.0)}

1 CONC(IX,IY)= O.5*{CONC(IX,IY) + SUMC(IX,IY)/(1.0*NPCELL(IX,IY}))}

10 CNCNC(IX,1Y)=0.0

s XN gl

TVA=AREA*TIMV
ARPCOR=AREA*POROS
R e R K R e R R R R R R S o Rl o o o ok ok R K
=~-—CONC. CHANGE FOR TIMV DUE TO:
RECHARGE, PUMPING, LEAKAGE, DECAY , SORBTION---

20 DD &0 IX=1,NX

Cexx

DO 60 IY¥=1,NY
IF {(THCK(IX,1Y).EQ.0.0) GO TO &0

CSTAR = CONC(IX,IY)

IF (NPCELL(IX,IY)}.GT.Q) CSTAR = SUMC(IX,IY)/{(1.0*NPCELL(IX,IY))
CKM1 = 2.0*CONC(IX,IY) - CSTAR

DIST = 0.0

If (NSORB.LT.1) GO TC 50

IF (NSORB.GT.1) GO TO 30

tt*t**tt*t*tt#t*t#LINEAR SORBTIGN-‘**'*'*"‘*‘*'

DIST = SRBRAT*BLKDEN

GO TO 50

30 IF (NSURB.GT.2) GO TOD 40

Cunw

RnhwmmnknnheRxknwk| ANGMUIR SORBTION**x%khkmmmunsn
DIST = BLKDEN*SRBRAT*SRBSAT/(1.0+SREBRAT*CKMt)x*2 0



40
Ckxx

50

G0 TO 50
1F (SRBALF.EQ.0.0) GO TO 50
e nrnwkxx ks xkxxFRELINDLICH SORBTION*®x= 2%k kknxx
LOGCON = -23.0
IF (CKM1.GT.1.0E-10) LOGCON = ALDG(CKM1)
SRBEXP = (SRBALF-1.0)*LOGCON
IF (SRBEXP.GT.23.0) SRBEXP = 23.0
DIST = BLKDEN*SRBALF*SRBRAT*EXP(SRBEXP)
EQFCTt=TIMV/((1.0+DIST)*THCK(IX,IY))
EQFCT2=EQFCT1/PORDS
DELC = 0.0
DELCR = CNRECH(IX,I¥) = CONC(IX,1Y}

-—--ACCOUNT FOR BOUNDARY FLOW=--
FLW = VPRM(IX,IY)*(WT(IX,IY)-HK({IX,IY))

---MASS IN BOUNDARY DURING TIME STEP---
IF (FLW.GT.0.0) FLMIN=FLMIN+FLW*CNRECH(IX,IY)*TVA
---MASS OUT DURING TIME STEP---

IF (FLW.LT.0.0) FLMOT=FLMOT+FLW*CONC{IX,IY¥Y)*TVa
IF (FLW.GT.O0.0) DELC = DELC + FLW*DELCR

-=-ACCOUNT FOR MASS PUMPED IN, OUT, RECHARGED, + DISCHARGED---
RATE = REC(IX,IY)}*ARINV
IF (RATE.GT.Q.0) CMSOUT=CMSOUT+RATE*CONC{IX,IY)*TVA
IF (RATE.LT.CQ.0) CMSIN=CMSIN+RATE*CNRECH(IX,IY)*TVa
IF (RATE.LT.0.0Q) DELC = DELC - RATE*DELCR
QRECH = RECH(IX,IY)
IF (QRECH.GT.Q.0) CMSQUT=CMSOUT+QRECH*CONC(IX,IY)*TVA
IF (QRECH.LT.0.0) CMSIN=CMSIN+QRECH*CNRECH{IX,IY)}*TVA
IF (QRECH.LT.0.0) DELC = DELC - QRECH*DELCR
DELDCY = 0.0
IF (NDECAY.GT.0O) DELDCY =

1 THCK(IX,IY)*POROS*CONC(IX,IY)*(EXP(-DCYLAM*TIMV)=1.0)/TIMV

IF (NDECAY.GT.0) VOLDCY = VOLDCY + DELDCY*TVA
IF (NDECAY.GT.OQ.AND.NSORB.GT.0) SRBDCY = SRBDCY + DIST*DELDCY*TVA
IF (NDECAY.GT.O.AND.NSORB.GT.0) DELDCY = DELDCY + DIST*DELDCY
DELC = DELC + DELDCY
DELC = DELC*EQFCT2
CNCNC(1IX,IY) = CNCNC(IX,IY) + DELC
-==CONC. CHANGE DUE TO DISPERSION---

-~-DISPERSION WITH TENSOR COEFFICIENTS---
DELCD = 0.0
IF (BETA.EQ.0.0Q) GO TO 55
X1=DISP(IX, IV, 1)*(CONC(IX+1,I¥)=CONC(IX,IY))
X2=DISP(IX-1,IY,1)*(CONC({IX-1,IY)-CONC{IX,IY))
Y1=DISP(IX,IY,2)*(CONC{IX,1¥Y+1)-CONC(IX,IY))
Y2=DISP(IX,IY=-1,2)*{CONC(IX,I¥Y-1)-CONC{IX,IY})}
XX4=DISP(IX,I1Y,3)*(CONC(IX,IY+4)+CONC{IX+1,1Y+1)~CONC(IX,IY-1)-CON
1C(IX+1,I¥=-1))
XX2=DISP{IX~1,1Y,3)*(CONC(IX,IY+1)+CONC(IX~1,IY+1)-CONC{IX,IY~1)-C
1ONC(IX=1,1IY=1))
YY1=DISP(IX,IY,4)*(CONC{IX+1,IY)+CONC(IX+1,I¥+1)-CONC(IX-1,IY)-CON
1C(IX=1,1¥+1))
YY2=DISP(IX,IY-1,4)*(CONC{IX+1,IY)+CONC(IX+1,IY¥~1)-CONC(IX=1,1IY)~-C
1ONC(IX-1,I¥Y-1))
DELCD = EQFCTI*(X1+X2+Y 1+Y2+XX1=XX2+YY1-YY2)*(1_0+DIST)

55 CNCNC(IX,IY) = CNCNC(IX,IY} + DELCD

--=-COMPUTE MASS OF SOLUTE IN STORAGE-~--

STORM = STORM + (CSTAR+DELC+DELCD)*THCK(IX,IY)*ARPOR
---COMPUTE CHANGE OF SORBED SOLUTE---

IF (NSORB.GT.0Q) VOLSRB = VOLSRB +

1 DIST*THCK(IX,IY)*ARPOR*(DELC+DELCD+CSTAR-CKMT)

60 CONTINUE

DO 80 IX=1,NX
DO 90 IY=1,NY

IF (THCK(IX,IY).EQ.¢.Q0) GO TO 80
APC=NPCELL(IX,IY)

IF (APC.GT.0.0) GO TO 8C

USNRC
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USNRC
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USNRC
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USNRC
USNRC
USNRC
USNRC
USNRC
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USNRC
USNRC
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80
20

100

110

120

130

140

180
160
170

180

270

IF {REC(IX,IY).NE.Q.0Q.OR.VPRM(IX,IY).GT.0.09) GD TO 90
NZERO=NZ2ERO+1
G0 TO 90
CONC{IX,IY)=SUMC(IX,IY}/APC
CONTINUE
--~CHECK NUMBER OF CELLS VOID OF PTS.---
IF (NZERO.GT.Q) WRITE (6,290) NZERO, IMOV
IF (NZERD.LE.NZCRIT) GO TD 110
TEST=89.0
WRITE (6&,300)
WRITE (&,320)
DO 100 IY=1,NY
WRITE (6.330) (NPCELL(IX,IY),IX=1,NX)
GO TO 110
IR SR R E RS LRSS RS ETY RIS ENENEE S SR F 2R E R R R ERE EREEEREE RS LR E S SR BB
~~=CHANGE CONCENTRATIONS AT NODES---
DO 130 IX=1,NX
DD 130 I¥=1, NY
IF (THCK(IX,IY).EQ.0.Q0) GO TQ 120
CONC(IX,IY)=CONC(IX,IY)+CNCNC(IX, 1Y)
SUMC(IX,IY)=0.0
IF (CONC({IX,IY).LE.0.0) GO TO 130
CNCPCT=CNCNC(IX.IY)/CONC(IX,IY)
SUMC(IX,1Y)=CNCPCT
GO TO 130
IF (CONC(IX,IY).GT.0.0) WRITE (6,310) IX,IY,CONC(IX,IV)
CONC(IX,IY)}=0.0
CONTINUE
P2 TSR AR TRERSEEFEE LTRSS R LT REEREREEFEE S SRR ERE R RS S
---CHANGE CONCENTRATION OF PARTICLES---
0O 180 IN=1, NP
IF (PART(1,IN).EQ.Q.0) GO TO 180
INX=ABS(PART(1,IN))+0.5
INY=ABS(PART(2,IN))+0.5
-==UPDATE CONC. OF PTS. IN SINK/SOURCE CELLS---
IF (REC{INX,INY).NE.O.0) GO TD 140
IF (VPRM(INX,INY).LE.Q.09) GO TO 150
PART(3,IN)=CONC(INX,INY)
GO TO 180
IF (CNCNC{INX,INY).LT.0.0Q) GD TO 170
PART(3, IN)=PART(3, IN)+CNCNC(INX, INY)
GC TO 180
IF {(CONC(INX,INY).LE.Q.0) GO TQ 160
IF (SUMC{INX,INY).LT.-1.Q0) GO TO 160
PART(3,IN)=PART(3,IN)+PART(3, IN)*SUMC({INX, INY)
CONTINUE
WRITE (6.280) TIM{N),TIMV, SUMTCH
R a2 S 3 EE L ERE SRR RS E R 2 2 R R R ERE R R R E RS R E
---COMPUTE MASS BALANCE FOR SQLUTE---
DG 270 IX=1,NX
DO 270 IY=t1,NY
IF (THCK(IX,IY).EQ.0.0) GO TO 270
SUMC(IX,IY)=0.0
NPOLD(IX,IY)}=NPCELL(IX,IY)
NPCELL(IX,IY)=O
CONTINUE
3 e 20 ol ol e e s o O i 3 o 3 T i e 3 e KN NN N K e N N i Rk K O ME N o i I O E M s i I N O i ol N0 3N ik ok ok K Ok
~---COMPUTE CHANGE IN MASS OF SOLUTE STORED---
CSTORM=STORM-STORMI
SUMIO=FLMIN+FLMOT-CMSIN-CMSOUT
R E RS R 2 R EESER R R TR R RS E RS R YRR S SR R R ER AR E R R R T
-=-=-REGENERATE PARTICLES IF “NZCRIT" EXCEEDED---
IF (TEST.GT.98.0) CALL GENPT
TEST=0.0
IF (NSDRB.GT.1) CALL VELNEwW (CNOLD)

e 40 N o e 0 N R e N N S i NN o i 3 e e ok ok 3 i o ok 3 4 ok ok ok i ok a5 a3 i ol 3 3 ok o ol ol o o ol i ol o o ke ROk
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RETURN G1790

A6 A A A Nk A A K N K 3 N XK NN e N P ok ok o ok ok ok s e 3 MO N WO R A K M K R K K MK G180OO
G1810

G182C

G1830

280 FORMAT (3H L AIHTIM(N) = ,1P1E12.5, 10X, 11HTIMy = ,1P1E12.5, G1840
110X, 9HSUMTCH = [ 1P1E12.5) G1850
29C FORMAT (1HOQ,5X,40HNUMBER OF CELLS WITH ZERD PARTIGCLES = ,I4,5X,9 Gi1869Q
1HIMOV = [ I4/) G1870
300 FORMAT (1HQ,.5X, 44H=xx NZCRIT EXCEEDED --- CALL GENPT wxx/) G1880
310 FORMAT (1MW ,5X,37H=***CONC.GT.O.AND.THCK.EQ.Q AT NODE = ,2I14.4X,7HC G1880
1ONC = ,1P1E10.4,4H *==) ) G1800
320 FOURMAT (1HO,2X,8HNPCELL/) G1910
330 FORMAT (1H .4X,2013) G1820
END G1930-
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%%k TCD FOREGROUND HARDCOPY ===
DSNAME=U11236C . KONIMOD . CNTL . {OUTPT )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C S$NOFLDATCALLS
C S$STORAGE:2
SUBROUTINE OUTPT
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI,HR,HC,HK,WT,REC,RECH, TIM, AQPT
REAL*8 XDEL,YDEL,S.,AREA,SUMT ,RHO,PARAM,TEST,TOL ,PINT HMIN,PYR
REAL*B HJ
INTEGER FCON
COMMON /PRMI/ NTIM, NPMP NPNT NITP, N, NX,NY,NP NREC, INT, NNX,NNY K NUMO
1BS,NMOV, IMOV ,NPMAX , ITMAX ,NZCRIT, IPRNT,NPTPND, NPNTMV , NPNTVL , NPNTD , N
2PNCHV ,NPDELC, ICHK ,FCON,IHEAD ,1S50LV .
COMMON /PRMC/ NODEID(20.20),NPCELL(20,20),NPOLD(2C,20),LIMBO(500)},
1IXOBS(5),IY0BS(5)
2 ,NDECAY ,NSORB
COMMON /HEDA/ THCK({20.20),PERM(20,20), TMWL{5,50), TMOBS(50),ANFCTR
1,THICK(20,20)
COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI(20,20),HR(20,20),HC(20,
120) ,HK(20,20) ,WT{20,20),REC(20,20),RECH(20,20),TIM(100),A0PT(20).T
2ITLE(10),XDEL,YDEL,S,AREA, SUMT,RHO,PARAM, TEST, TOL, PINT ,HMIN, PYR
3,HJ(20,20)

COMMON /BALM/ TOTLOQ,TOTLQI,TPIN,TPQUT,TPQR 127
DIMENSION IM(20),TRANS(20Q) 140
c EE R T ERE R TR ER RS R R AR R R TR E S SRR R R RS RER R R EE R RN F 150
TIMD=SUMT /86400, 160
TIMY=SUMT/(86400.0%365.25) 170
c -==PRINT HEAD VALUES--- 180

WRITE (6, 120)

WRITE (6, 130) N

WRITE (86, 140) SUMT

WRITE (6, 150) TIMD

WRITE (6,160) TIMY

WRITE (6.170)

DO 10 I¥=1,NY

10 WRITE (6,180) (HK{IX,IY),IX=1,NX)

IF (N.EQ.0) GO TO 110
C W e e o sl i o B M i R RN ol dic I AR K M M S o ok i 3 W S i i ol dic e 3 a ok aie o ok e o st o O ok e 0 i e N e B o o ok K o
o -=--PRINT HEAD MAP---

WRITE (8, 120)

WRITE (§,130) N

WRITE (&, 140) SUMT

WRITE {6, 150) TIMD

WRITE (6, 1680) TIMY

WRITE (6, 170)

DO 30 IY=1,NY

DO 20 IX=1,NX

20 IH(IX)=HK(IX,IY)+0.5

340
380
360
370
380

30 WRITE (6,190) (IH(ID),ID=1 NX) 320

C LEEEE RIS EEEREE RS SR EEEE SRS ERERT RY R EEE T FERER S ¥ EERE g FIE Py 400
c -=-=COMPUTE WATER BALANCE AND DRAWDOWN--- 410
Q@5TR=0.0 420
PUMP=( .0 430
PQIN=0C.0Q 432
PQOUT=0.0Q 434
TPUM=0Q .0 440
QIN=Q.O 450
QOUT=0.0 460
QONET=0.0 470
DELQ=0.0 480
PCTERR=(.0O 500

POR = 0.0 501

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIICIIIIIIIIIII
%]
B
(o]

WRITE (6,280) 510



32
34

36

38

40
50
80

70

80

85

95

20
75

100

DO BO IY=4,NY
DD 70 IXst,NX
IH{IX)=0.0
IF (THCK(IX,IY).EQ.0.0) GO TO 70
IF (REC(IX,IY¥}).GT.0.0) GO TO 32
PQIN=PQIN+REC(IX,IY)
GC TO 34
PROUT=PQOUT+REC(IX,IY)
IF (RECH{IX,1Y).GT.0.0) GO TO 3¢
PQR=PQR+RECH(IX,IY)*AREA
GO TO 38 -
PQOUT=PQUOUT+RECH(IX,IY )*AREA
IF (VPRM(IX,1Y).EQ.0.Q) GO TO &0
DELQ=VPRM(IX,IY)*AREA*(WT(IX,IY)=-HK(IX,IY))
IF (DELQ.GT.0.0) GO TO 40
QOUT=Q0UT+DELQ
GD TO 50
QIN=QIN+DELQ
ONET=QNET+DELG
DDRW=HI (IX,IY)-HK(IX IV}
IH(IX)=DDRW+0.5
QSTR=QSTR+DDRW*AREA*S
CONTINUE

~==PRINT DRAWDOWN MAP---
WRITE (6,300) (IH(IX),IX=1 NX)
CONT INUE

-~+PRINT THICKNESS MAP---
IF (FCON .EQ. O) GO TD 75
WRITE (6,310)
DO 85 IY=t,NY
WRITE (6,320) (THCK(IX,IY),IX=1,NX)
CONTINUE

—-=-PRINT TRANSMISSIVITY MAP-=--
WRITE (6,330)
DO 90 IY=1,NY
DD 95 IX=1,NX
TRANS(IX)=PERM(IX,IY)*THCK(IX,IY)
CONTINUE
WRITE (6,340) (TRANS(IX),IX=1,NX)
CONTINUE
CONTINUE
TPUM = PQIN + PQR + PQOUT
PUMP = TPIN + TPQR + TPOUT
TOTLON=TOTLQ+TOTLQI
SRCS=QSTR-TPIN-TOTLQI-TPQR
SINKS=TPOUT+TOTLG
ERRMBx=SRCS~-SINKS
DENDM=( SRCS+SINKS)*0.5
IF (DENOM.EQ.0.0) GO TO 100
PCTERR=ERRMB* 100 .Q/DENOM

~-~PRINT MASS BALANCE DATA FOR FLOW MODEL---

WRITE (6,240)

WRITE (6,215) TPGR
WRITE (5,211) TPIN
WRITE (&,212) TPOUT
WRITE (&,250) PUMP
WRITE (6,230) QSTR
WRITE (6,202) TOTLOQL
WRITE (6,203) TOTLQ
WRITE (6.260) TOTLON
WRITE (6,270) ERRMB
WRITE (6,280) PCTERR
WRITE (6.201)

WRITE (6,215) PQR
WRITE {(6,202) QIN
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o000 o]

110

120
130
140
180
160
170
18C
190
201
202
203
204
210
211
212
215

240
250
260
270
280
290
300
210
320
330
340

WRITE
WRITE
WRITE
WRITE
WRITE

(6.203) QQUT
(6.204) ONET
(6,211) PQIN
(6.212) PQODUT
(6.210) TPUM

IR 2RSSR R EEE RS R R PR R R AR ER R R R R R R Rl )

RETURN

R R R LR REE R R E SRR AR E R RER SRR R R R ERR S RS PR 2R LR

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

(1H%,23HHEAD DISTRIBUTION - ROW)
(1X,23HNUMBER OF TIME STEPS = ,1I5)

{8X, t6HTIME({SECONDS) = ,1P4E12.5)

(BX, 18HTIME(DAYS) = ,1P1E12.5)

(8%, 16HTIME(YEARS) = {P1E12.5)

(14 )

(1HO, 10F12.7)

(1HO. 2014)

{ 1HO,2X, 33HRATE MASS BALANCE -- (IN C.F.5.) //)
(4X,29HI.EAKAGE INTO AQUIFER = ,1P1E12.5)
(4X,29HLEAKAGE OUT OF AQUIFER = ,1P1E12.5)
(4X,29HNET LEAKAGE (QNET) = ,1P1E12.5)
(4X,29HNET WITHDRAWAL (TPUM) = ,1P1£12.5)
(4% ,29HINJECTICON = ,1P1E12.5)
(4X, 29HPUMPAGE = ,1P1E12.5)
(4%, 29HRECHARGE = ,1P1E12.5)

(4X,29HWATER RELEASE FROM STORAGE = ,1P{iE12.5)
( 1HO ,2X ,3BHCUMULATIVE MASS BALANCE =-=- (IN FT=*3)} //}
(4X,29HCUMULATIVE NET PUMPAGE = ,1P1E12.5)
(4X,29HCUMULATIVE NET LEAKAGE = ,1P1E12.5)
(1HO, 7X,25HMASS BALANCE RESIDUAL = ,1P1E12.5)
(14 ,7X,25HERROR (AS PERCENT) = ,1P1E12.5/)
(1H1,BHDRAWDOWN)

(3H ,2015)

(1H1, 17THAQUIFER THICKNESS)

(3H L20F5.1)

(1H1, 14aHTRANSMISSIVITY)

(3H ,20F5.2)

IIXTIIIIIIIIXE
©
IS
[ ]



*xxx TS0 FOREGROUND HARDCOPY ==xx>
DSNAME=U11236C . KONIMOD . CNTL (CHMOT )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER

C  $NOFLOATCALLS

C SSTORAGE:2
SUBROUTINE CHMOT
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI HR,HC . HK,WT REC,RECH,TIM,ACPT
REAL*8 XDEL,YDEL,S5.AREA,SUMT,RHO,PARAM,TEST,TOL,PINT HMIN,PYR
REAL*8 HJ
INTEGER FCON
COMMON /PRMI/ NTIM NPMP, NPNT ,NITP, N,NX,NY, NP,NREC, INT,NNX,6 NNY A NUMO
1BS ,NMOV, IMOV ,NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND , NPNTMV ,NPNTVL ,NPNTD N
2PNCHV ,NPDELC, ICHK ,FCON, IHEAD, ISOLV
COMMON /PRMC/ NODEID(20,20) NPCELL(20,20).NPOLD(20,20),LIMBO(500),
tIX0BS(5).IYOBS(5)
2,NDECAY ,NSORB
COMMON /HEDA/ THCK(20.20),PERM{(20,20), TMWL(5,50), TMOBS(50) ,ANFCTR
1, THICK (20, 20)
COMMON /HEDB/ TMRX(20,20.2),VPRM(20,20) ,HI(20,20),HR(20,20),HC{20,
120),HK(20,20) ,WT(20,20),REC{20,20)},RECH(20,20) ,TIM(100) ,AOPT(20}.,T
2ITLE(10).XDEL,YDEL,S ,AREA,SUMT ,RHO,PARAM, TEST, TOL ,PINT,HMIN,PYR
3,HJ(20,20)
COMMON /CHMA/ PART(3,3200).CONC(20,20),TMCN(5,50),VvX(20,20),vY (20,
120),CONINT(20,20) ,CNRECH(20,20),POR0OS, SUMTCH,BETA, TIMV, STORM, STORM

2] ,CMSIN,CMSOUT,FLMIN, FLMOT ,SUMID,CELDIS,DLTRAT,CSTORM 180

3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF , VOLDCY ,VOLSRE ,SRBDCY SNRC

DIMENSION IC(20) 160

c e L R e L L L I LI LTI TIITY, 170

TMFY=86400.0*365. 25 180

TMYR=SUMT /TMFY 180

TCHD=SUMTCH/86400.0 200

TCHYR=SUMTCH/TMFY 210

ERR1=0.0 212
ERR3=0.0

IF (IPRNT.GT.C) GO TO 100 220

c L L I P T 230

c ===PRINT CONCENTRATIONS--~- 240

WRITE (&, 160)
WRITE (6,170} N
IF (N.GT.0} WRITE (6,180} TIM(N)
WRITE (6,190} SUMT
WRITE (6,450) SUMTCH
WRITE (6,200) TCHD
WRITE (6,210) TMYR
WRITE (6,460) TCHYR
WRITE (6,3B0) IMOV
WRITE (6,220)
DO 5 Iv=1,NY
5 WRITE (6,245) (CONC(IX,IY),IX=1,NX)
WRITE (6, 160)
WRITE (6,170) N
WRITE (6,220)
DO 20 IY=1,NY
DO 10 IX=1,NX
10 IC(IX)=CONC(IX,IY)+0.5
20 WRITE (6,240) (IC(IX),IX=1,NX)

C a0 e ok 3 e e ok 3N ol 3K e K ok 3K ek K i ool OB e ke i e e o ok ol ek ok i e e e e e ok e ok o o i K K e ko e e R K

IF (N.EQ.O) GO TO 150

370
380
390
400

IF (NPDELC.EQ.Q) GO TO 50 410
¢ 420
c ---PRINT CHANGES IN CONCENTRATION--- 430

WRITE (6,230)
WRITE (6,170} N

440
450
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30
40
50

80

70

80

ac

100

110

120

WRITE (6.480) TIM(N)
WRITE (6,190) SUMT
WRITE (6,450} SUMTCH
WRITE (6,200) -TCHD
WRITE (6,210) TMYR
WRITE (6,460) TCHYR
WRITE (6,380) IMOV
WRITE (6,220}
DO 40 IY=1, NY
DD 30 IX=1,NX
CNG=CONC(IX,IY)}=CONINT(IX,IY)
IC(IX)=CNG
WRITE (6,240) (IC(IX),IX=1,NX)
LA R RS LSRR SRR SRR S22 R R RS RT R R R R RS R E Y LR S I
~==PRINT MASS BALANCE DATA FOR SOLUTE---
RESID=SUMID-CSTORM + VOLDCY - VOLSRB + SRBOCY
SUMIN=FLMIN-CMSIN
IF (SUMIN.EQ.0.0) GO TO &0
ERR1=RESID*100.0/SUMIN
IF (STORMI .EQ.0.0) GO TO 70
ERR3=-4100.0*RESID/(STORMI-SUMID)
WRITE (6,220)
WRITE (&,250)
WRITE (6,220)
WRITE (6,260) FLMIN
WRITE (6,270) FLMOT
RECIN=-CMSIN
RECOUT=-CMSOUT
WRITE (6,280) RECIN
WRITE (6,280) RECOUT
WRITE (6.300) SUMIOD
WRITE (6,310) STORMI
WRITE (6,320) STORM
WRITE (6,330) CSTORM
IF (NDECAY.GT.0) WRITE (6,333) voLDCY
IF (NSORB.GT.0) WRITE (6,335) VOLSRB
IF (NSORB.GT.0.AND.NDECAY.GT.0) WRITE (6,336) SRBDCY
WRITE (6,340)
WRITE (6,350) RESID
WRITE (6,360) ERR{
IF (STORMI .EQ.0.0) GO TO 80
WRITE (6,370)
WRITE (8,360) ERR3
****t********tk*llk*H**"**t*t:**!*#tt:**-mttﬁttﬂt**#*m-**t**t*!*
-==PRINT HYDROGRAPHS AFTER S0 STEPS OR END OF SIMULATION---
IF {(MOD(IMOV,50).EQ.Q.AND.S5.EQ.0.0) GO TO 100
IF (MOD(N,50C).EQ.0-AND.S.GT.0.0) GO TO 100
IF (S.EQ.C.O.AND.N.LT.NTIM.AND.INT.GT.Q) GO TO 100
GO TO 150
WRITE {8,390) TITLE
IF (NUMDBS.LE.O) GO TD 150
WRITE (6,400) INT
IF (S.GT.0.0) WRITE (6,410)
IF (5.EQ.0.0) WRITE (6,420)
~=-TABULATE HYDROGRAPH DATA--~
MDZ =0
IF ($.GT7.0.0) GO TO 140
NTO=NMOV
IF (NMOV.GT.50) NTO=MOD(IMOV,50)
GO TO 120
NTD=NTIM
IF (NTIM.GT.50) NTO=MOD(N,S0Q)
IF (NTD.EQ.C) NTD=5¢
DO 140 J=1,NUMOBS
TMYR=0.0
WRITE (6,430) J,IXOBS(J),IYOBS(J)
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o000

WRITE (&,440) MOZ,WT(IXOBS(J)},IYOBS{J)).CONINT(IXDBS(U).IYOBS{U)),

1TMYR

DO 130 M=1,NTO

TMYRsTMOBS{M)/TMFY

WRITE (10,445) INT,N,J. M, TMWL(J,M),TMCN(J, M), TMYR
130 WRITE (6,440) M_TMWL(J, M), TMCN(J, M}, TMYR
140 CONTINUE

LERE EEE ST LRSS ER SRR EL RS R R R RS2 R R L R R R L e R R R R R L]

150 IPRNT = O

RETURN
ISR EREERERERE 2SR RS R RS R SRR SRR 2R R R R 22 R R R R R Rk}

160 FORMAT (1H1, 13HCONCENTRATION/)

170 FORMAT (1X,23HNUMBER OF TIME STEPS = ,4I5)

180 FORMAT (8X,16HDELTA T = ,1P1E12.5)

190 FORMAT (B8X,16HTIME(SECONDS) = ,1P1E12.5)

200 FORMAT (3X,21HCHEM.TIME(DAYS) = ,1P1E12.5)

210 FORMAT (8X, 16HTIME(YEARS) = _{P1E12.5)

220 FORMAT {iH ) ’

230 FORMAT (1H1,23HCHANGE IN CONCENTRATION/)

240 FORMAT (1HO,20I5)

245 FORMAT (1HO,10F10.4)

250 FORMAT (1H ,21HCHEMICAL MASS BALANCE)

260 FORMAT (8X,25HMASS IN BOUNDARIES 2 ,1P1E12.5)

270 FORMAT (8X,25HMASS OUT BOUNDARIES = ,1P1E12.5)

280 FORMAT (8X,25HMASS PUMPED OUuT = ,1P1E12.5)

290 FORMAT (8X,25HMASS PUMPED IN = ,1P1E12.5)

300 FORMAT (8X,25HINFLOW MINUS OUTFLOW = ,4P{E12.5)

310 FORMAT (8X,25HINITIAL MASS STORED = ,{P1E12.5)

320 FORMAT (8X,25HPRESENT MASS STORED = ,1P1E12.5)

330 FORMAT (8X,25HCHANGE MASS STORED = ,1P1{E12.5)

333 FORMAT (8X,25HDECAY OF SDLUTE MASS = ,1P1E12.5)

335 FORMAT (8X,.25HSORBTION STORAGE (S) = ,1P1E12.5)

336 FORMAT {(8X,25HSODRBTION DECAY (5) = ,1P1E12.5)-

340 FDRMA; {1H ,5X,53HCOMPARE RESIDUAL WITH NET FLUX AND MASS ACCUMULA
1TION:

350 FORMAT (8X,25HMASS BALANCE RESIDUAL = ,1P1E12.5)

360 FORMAT (BX,25HERROR (AS PERCENT) = ,1P1E12.5)

370 FORMAT (1H ,5X,55HCOMPARE INITIAL MASS STORED WITH CHANGE IN MASS
1STORED: )

380 FORMAT (1X,23H NO. MOVES COMPLETED = ,11I5)

380 FORMAT (1H1,1048//) .

400 FORMAT (1HO,5X,65HTIME VERSUS HEAD AND CONCENTRATION AT SELECTED O

1BSERVATION POINTS//15X, 19HPUMPING PERICD NO. .14////)
410 FORMAT (1HO, 16X, 19HTRANSIENT SOLUTION////}
420 FORMAT (1HO, 15X ,21HSTEADY-STATE SOLUTION////)

430 FORMAT (1HO,20X,22HOBS.WELL NO. X ¥, 17X, tHN, 86X, 40HHEAD

1 CONC. (MG/L) TIME (YEARS)//17X.13,9%,12,3X,I2//)
440 FORMAT (1H ,58X,12,6X,F7.1,8X,F7.1,8X,F7.3)
445 FORMAT (1H ,414,3F7.3)
450 FORMAT (4H ,2X,21HCHEM.TIME(SECONDS) = ,1P1E12.5)
460 FORMAT (1H ,2X,21HCHEM.TIME(YEARS) = ,1P1E12.5)
END
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==xr TSO FOREGROUND HMARDCOPY *%xxx=
DSNAME=U11236C .KONIMOD .CNTL (VELNEW . )

C USE META COMMANDS (BELDW) WHEN COMPILED ON MICROCOMPUTER
C $NOFLOATCALLS
C $STORAGE:2

SUBROUTINE VELNEW (CNOLD) J 10
CHARACTER*8 TITLE J ot
REAL*8 TMRX,VPRM,HI HR,HMC HK,WT ,REC,RECH, TIM, ADPT J 20
REAL*8 XDEL,YDEL,S,AREA,SUMT,RHO,PARAM, TEST, TOL,PINT HMIN,PYR J 30
REAL*8 RATE,SLEAK,DIV J 40
REAL*8 HJ J 45
INTEGER FCON J 48
COMMON /PRMI/ NTIM,NPMP,NPNT NITP,N,NX.NY NP NREC,INT,NNX,NNY NUMO J 50
1BS,NMOV, IMOV,NPMAX , ITMAX NZCRIT,IPRNT NPTPND NPNTMV NPNTVL,NPNTD,N J &0
2ZPNCHV , NPDELC, ICHK,FCON, IHEAD, IS0OLY J o7
COMMON /PRMC/ NODEID(20,20),NPCELL(20,20).NPOLD(20,20),LIMBO{S0OD), J 80
1IX0BS(5),I1Y0BS(5) J 20
2.NDECAY  NSORB J 100
COMMON /HEDA/ THCK(20,20),PERM(20,20),TMWL(3,5C), TMOBS(50)},ANFCTR J 110

1, THICK(20,20) J o111
COMMON /HEDB/ TMRX{20,20,2),VPRM(20,20),HI(20,20),HR(20,20) ,HC(20, 4 120
120) ,HK(20,20) ,WT(20,20),REC{20,20),.RECH(20,20),TIM{ 100} ,A0PT(20).,.T J 130
2ITLE{10).XDEL,YDEL,S.AREA,SUMT ,RHO,PARAM, TEST,TOL,PINT ,HMIN,PYR J 140
3.HJ(20,20) J 145
COMMON /XINV/ DXINV,DYINV,6ARINV, PORINV J 150
COMMON /CHMA/ PART(3,3200),CONC(20,20)},TMCN(5,50),VX(20,20),VY(20, J 180
120),CONINT(20,20),CNRECH(20,20),POR0OS, SUMTCH,BETA, TIMV,STORM,STORM J 170
21,CMSIN,CMSOUT,FLMIN,FLMOT, SUMIO,CELDIS,DLTRAT,CSTORM J 180
3,DCYLAM BLKDEN,SREBRAT,SRBSAT,SRBALF, vOoLDCY, VOLSRB, SRBDCY J 190
COMMON /CHMC/ SUMC{20,20),VXBDY(20,20),VYBDY{20,20) J 200
COMMON /DIFUS/ DISP(20,20,4) J 210
DIMENSION CNOLD{(20,20) J 220

C o 3 ke ot 0 e ke o o kA e o e o e 3k A o M ol i N e S o gk ke ok o 3 k3o ok ke ok ol ke i o 3K ke o R ok a3k R J 230
€ |  mmemeesmmee—ae- UPDATE VELOCITIES AND STORE-~~==-=cw==u- J 240
VMAX = Q.0 J 250
TDIV = Q0.0 J 260
TDIS = 0.0 J 270
IXQMAX = O J 280
IYOMAX = O J 290

IF (IMOV.LT.2) ELPTIM = Q.0 J 300
ELPTIM = ELPTIM + TIMV J 310
TIMREM = TIM(N) - ELPTIM J 320
RATIOT = TIMREM/TIM(N) J 330

IF (RATIOT.GT.1.0E~-Q7) GO TQ 10 J 340
NMOV = IMOV J 350
RETURN J 360

10 DO 50 IX=1,NX J 370
DD S0 IY=1,NY J 380

DO 20 IZ2=1,4 J 390

20 DISP(IX.IY,12)=0.0Q J 400
IF (THCK(IX.IY).EQ.Q.0Q) GO TO 50 J 410
DISTN = 0.¢ J 420
DISTO = 0.0 J 430

IF (NSORB.GT.2) GO 70 30 J 440
Crux Amxxwahwkmkhnnknn] ANGMUIR SORBTION®* = mkmdkrmammn momt ke Mok Wl ok o 2k ok J 450
DISTN = BLKDEN*SRBRAT*SREBSAT/(1.0+SREBRAT*CONC(IX,IY))**2.0 J 460
DISTO = BLKDEN*SRBRAT*SRBSAT/(1.0+SREBRAT*CNOLD(IX,IY))**2.0 J 470

GO TO 40 J 480

30 IF (SRBALF.EQ.0.0) GD TC 40 J 490
Cxxn xempxhnhpnkhxkkxFREUNDLICH SORBTIOIN . ok fak e o b ok o s ook e sk o o o 0 ok o e o8 o ole K J 500
DIST = BLKDEN*SREBRAT*SRBALF J 510
LOGCON = -23.0 J 8520

IF (CONC(IX,IY).GT.1.0E-10) LOGCON = ALOG(CONGC({IX,IY)) J 530
SRBEXP = (SRBALF-1.0Q)*LOGCON J 540



[sNeXs)

40

50

60

IF (SRBEXP.GT.23.0) SRBEXP = 23.0

DISTN = DIST*EXP(SRBEXP)

LOGCON = -23.0

IF (CNOLD(IX,IY}.GT.1.0E=-1C) LOGCON = ALOG(CNOLD(IX,IY))
SRBEXP = (SRBALF-1.0)*LOGCON

IF {SRBEXP.GT.23.0) SRBEXP = 23.0

DISTO = DIST*EXP(SRBEXP)

RETARD = (1,0+0ISTO)/(1.0+DISTN)

---UPDATE VELOCITIES AT NODES=---

-=-=X-DIRECTION---

VX(IX,I1Y) = vX{(1IX,1Y)*RETARD

VX2 = VX{IX,IY)*vX{(IX,IY)

IF (VX2.GT.VMAX) VMAX = VX2
~~-Y¥-DIRECTION--~

VY(IX,IY) = VY(IX,IY)*RETARD

VY2 =vY(IX,IY)*vY{IX_ IY)

IF (VY2.GT.VMAX) VMAX = VY2

------ VELOCITIES AT CELL BOUNDARIES=-==---

VXBDY(IX,1Y} = VXBDY(IX,IY)*RETARD

VX2 = VXBDY(IX,IY)}*VXBOY{IX,IY}

IF (VX2.GT.VMAX) VMAX = VX2

VYBDY(IX,IY) = VYBDY(IX,IY)*RETARD

VYZ = wYBDY(IX,IY)*VYBDY(IX,IY)

IF (VY2.GT.VMAX) VMAX = VY2

RATE = -REC(IX,IY)/AREA

SLEAK = (WT(IX,IY)-HK(IX,IY))*VPRM{IX,IY)

DIV = RATE+SLEAK-RECH(IX,IY)

IF (DIV.LE.O0.0) GO TO 50

RTDIV = DIV/(POROS*THCK(IX,IY))

IF (RTDIV.LT.TDIV) GO TO 50

TDIV = RTDIV

IXOMAX = IX

1YQMAX = IY

CONTINUE

IF (BETA.EQ.0.0) GO TO 100
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==-=COMPUTE DISPERSION COEFFICIENTS---

ALPHA=BETA

ALNG=ALPHA

TRAN=DLTRAT*ALPHA

XX2=XDEL*=XDEL

YY2=YDEL*YDEL

XY2=4 O*XDEL*YDEL

DO 70 IX=2.NNX

DO 70 I¥=2,NNY

IF (THCK(IX.IY).EQ.0.0) GO TQ 70

VXE=VXBDY(IX,IY)

VYS=VYBDY (IX,IY)

IF (THCK(IX+1,IY).EQ.0.Q0) GO TO &0
-=-=FORWARD COEFFICIENTS: X-DIRECTION---

VYE=(VYBDY(IX,IY=1}+VYBDY(IX+1,IY-1)+VYS+VYBDY(IX+1,1IY))/4.0

VXE2=VXE*VXE
VYE2=VYE*VYE
VMGE=SQRT (VXE2+VYE2)
IF (VMGE.LT.1.0E-20) GO TO 60
DALN=A{NG*VMGE
DTRN=TRAN*VMGE
VMGE2=VMGE *VMGE
===XX COEFFICIENT=~-
DISP(IX,IY,1)=(DALN*VXE2+DTRN*VYE2)}/(VMGE2*XX2)
===XY COEFFICIENT---
DISP(IX,IY.3)=(DALN-DTRN)*VXE*VYE/(VMGE2*XY2)
~~-FORWARD COEFFICIENTS: Y-DIRECTION---
IF (THCK(IX,IY+1).EQ.C.Q) GO TO 7C

VXS=(VXBDY(IX=1,IY)+VXE+VXBDY (IX~1,IY+1)+VXBDY(IX,1Y+1))/4.0
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00

VYS2=VYS*yYS Jy1229Q

VXSZsVIXSTVXS J1230
VMGS=SQRT(VXS2+yYS2) J1240

IF (VvMGS.LT.1.0E-20) GO TQ 70 J1280
DALN=ALNG*VMGS J1260
DTRN=TRAN*VMGS J1270
VMGS2=VMGS *VMGS J1280
--=YY COEFFICIENT-~- J1290
DISP(IX,IY,2)=(DALN*VYS2+DTRN*VX52)/(VMGS2=YY2) J1300
==~¥X COEFFICIENT=--~ J1310
DISP(IX,IY.4)=(DALN-DTRN}*VXS*VYS/(VMGS2*XY2) J1320
70 CONTINUE J1330
*:ll!a*t**rw***'ﬂltttt*th***lt*ttttﬂtlmtt!t#ttt*mm**#**tmm‘*m#m**l! d1340
---ADJUST CROSS-PRODUCT TERMS FOR ZERCO THICKNESS-=-- J1350

DO 80 IX=2,NNX J1360

DO 80 IY=2,NNY J1370

IF (THCK(IX,IY+1).EQ.0.0.0R.THCK(IX+1,IY+1).EQ.0.O.OR. THCK(IX,IY=-1 J13BO
1}.EQ.0.0.OR.THCK{IX+1,1¥-1).EQ.0.0) DISP(IX,IY,3)=0.0 J1390
IF (THCK{IX+1,IY).EQ.C.0.0R.THCK{IX+1,I¥+1}.EQ.0.0.OR. THCK(IX-1,1Y 1400
1).EQ.0.0.0R.THCK{IX-1.1Y+1).EQ.0.0) DISP{IX,IY,4)=0.0 J1410
LR PP REIE T SRS SR SRR SRR R R E RS R RS E R E RS REEER LR LSS L] ‘J1420
-=-~CHECK FOR STABILITY OF EXPLICIT METHOD--- J1430
TDISP = DISP(IX,IY,1}+DISP(IX,IY.2) J1440

80 IF (TDISP.GT.TDIS) TDIS = TDISP J1450
I FE T FEFREEEERE SIS RIS R R RS S E SRR SRR AR EREESE RS SR LR B2 N d1460
‘-=~ADJUST DISP. EQUATION COEFFICIENTS FOR SATURATED THICKNESS~-- J1470
DO 80 IX=2,NNX J1480

DO 90 IY=2,NNY J1480

IF (THCK({IX,IY).EQ.0.0) GO TD 80 J1500
BAVX=2 O*THCK(IX,IY)*THCK{IX+1,IY)/(THCK(IX, IY)+THCK(IX+1,IY)) J1510
BAVY=2  O*THCK({IX,IY)*THCK(IX,IY+1)}/(THCK{IX, IY)+THCK(IX,I¥Y+1)) J1820
DISP(IX,IY,1}=DISP(IX,IY,1)*BAVX J1530
DISP(IX,IV,2)}=DISP(IX,IY,2)*BAVY . J1540
DISP(IX,IY.3)=DISP(IX,IY,3)*BAVX J1550
DISP(IX,IY,4)=DISP(IX,IY,4)*BAVY J1560

90 CONTINUE J1870
#tt*lm!*t**ﬂl&ﬂ.Klllll****H‘K*t*Hﬂﬂ##**mﬂ**lﬂ*ﬂ***‘*ﬂt**l*ﬂt*!ﬂt**lﬂm IJ1580
-~--COMPUTE NEXT TIME STEP--- J1590
100 VMAX = SQRT(VMAX) J1600
RTADV = VYMAX/(CELDIS*XDEL) J1610
TDIS = 2.0*TDIS J1620
RTMAX = AMAX1{RTADV,TDIV,TDIS) J1630
TIMV = 1.0/RTMAX ' J1640
NMOVRM = TIMREM/TIMvV + 1 . J1650
TIMV = TIMREM/{1.0*NMOVRM) J1660
NMOV = IMOV + NMOVRM J1670
WRITE (6,6000) NMOVRM.N J1680

IF (RTMAX.EQ.RTADV) WRITE (6,6010) : J1690

IF (RTMAX.EQ.TDIS) WRITE (6,6020) J1700

IF (RTMAX.EQ.TDIV) WRITE (6,6030) IXOMAX,IYQMAX J1710
RETURN J1720

EE SRR E RS R RS ER R EEERTEES SRS R R ERSEEE SRR RREEE SRS AR E LS d1730
------- QUTPUT FORMATS~===-=-- J1740

EE R R R R RS 2R R RS RE RS REREEEEERER LTRSS 2 R T d1750
6000 FORMAT (1H1, 10X,38HSTABILITY CRITERIA --- M.0.C. REQUIRES,I3, J1760
1S4HADDITIONAL PARTICLE MOVES TO COMPLETE FLOW TIME STEP =,13) J1770
6010 FORMAT (1H1,10X,42HTHE LIMITING STABILITY CRITERION IS CELDIS} J1780
6020 FORMAT ( 1H1, 10X,40HTHE LIMITING STABILITY CRITERIDON IS BETA) J1780
6030 FORMAT (1H1, 10X,SBHTHE LIMITING STABILITY CRITERION IS MAXIMUM INJ J1800
1ECTION RATE//15X,35H MAX. INJECTION OCCURS IN CELL IX = I3, 1810

2 64 1Y = ,13) J1820
END J1830~
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=xxx TS50 FOREGROUND HARDCOPY *®x*x
DSNAME=L11236C . KONIMOD . CNTL (IsIP )

C USE META CUMMANDé (BELOW) WHEN COMPILED ON MICROCOMPUTER
C  SNOFLDATCALLS
C $STORAGE:2

SUBROUTINE ISIP

DOUBLE PRECISION DMIN1,DABS,XI

CHARACTER*8 TITLE

REAL*B TMRX,VPRM,HI ,HR,HC ,HK ,WT,REC,RECH, TIM, AOPT

REAL*8 XDEL,YDEL,S,AREA,SUMT,RHO,PARAM,TEST, TOL,PINT,HMIN,PYR
REAL*B DXINV,DYINV, ARINV,PORINV

REAL*8 HJ

REAL*8 A,C,E,F,D,TBAR,CDEF,CHK,QL,CH,GH,EH,FH,HH,ALF ,BET,GAM, W
INTEGER FCON

COMMON /PRMI/ NTIM NPMP NPNT , NITP N, NX,NY NP NREC,INT,NNX,NNY K NUMO

1BS, NMOV, IMOV ,NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND ,NPNTMV ,NPNTVL ,NPNTD .N
2PNCHV ,NPDELC, ICHK, FCON, IHEAD, ISOLV

COMMON /PRMC/ NOGEID(20.20),.NPCELL(20,20),NPCLD(20,20).LIMBO(500),

11X0BS{5).IYDBS(5)
2,NDECAY ,NSORE

COMMON /HEDA/ THCK(20,20),PERM{20,20)},TMWL(5,50), TMOBS(5C),ANFCTR

1, THICK(2C,20)

COMMON /HEDB/ TMRX(20,20,2),VPRM(20,20),HI(20,20),HR(20,20) HC(20C,

120) ,HK{20,20) ,WT(20,20},REC(20,20),RECH(20,20),TIM(100),ADPT(20).,T
2ITLE{10),XDEL,YDEL,S,AREA, SUMT ,RHO ,PARAM , TEST . TOL,PINT , HMIN,PYR
3,HJ(20,20)

C
3s
c
c
40
45
c
c
50
80
70
c
c

COMMON /BALM/ TOTLQ,TOTLQI,TPIN,TPOUT,TRQR

COMMON /XINV/ DXINV,DYINV,ARINV,PORINV

DIMENSION DEL(20,20),ETA(20,20),X1(20,20),v(20,20)

L2 E 22 3 EEERE AR RSP EEEREFEEEEERERRS Rttt RET]
LENGTH= 10

KQUNT =0

PQIN = 0.0

PQOUT = 0.0 .

PGR = 0.0

I2=NX~-2

J2=NY-2

DO 35 I=1,NX

DO 35 J=1,NY

HJ(I,J)=HK(I,J)}

e W 3 W o sk ko3 N i N die e 3 B i 3 koA M sk dle om0 sl K mic N K Al e 3 o oA K i e e e S Nr o e o N i 3 a3k Ne W 3 o dle ok B oK
---TERMINATE PROGRAM -- ITMAX EXCEEDED~---

IF (KODUNT.LE.ITMAX) GO TO 50

WRITE (6,380}

DO 45 u=1,NY

DO 45 I=1,NX

HK(T.J)Y=HJ(I.J)

CALL OUTPT

sTOP

e ¢ 3 djc Ak e g 2k e Nc e Tk o o 3 e 2k e ok ok o 3 g e ke e o i 3 i ok IR i B K dle 3 e e e aik dir ol e 3k 0 Ok e 3 o ol o I oK e Ol 3¢ 0K B o DM ok K N
--~INITIALIZE DATA FOR A NEW ITERATION---

IF (MOD(KOUNT,LENGTH)) €0,80,70

NTH=0O

NTH=NTH+1

W=ADPT(NTH)

BIGI=0.0

TEST=0.0

o g 3 3 e 2 A NE 3 K T 3 e o o 2 N0 N N MR 3R N e e N e S e N o 2 e M M N ol dic i sl OR 3K ke 3k o e O e o aic aje ol e ai o ko
-==INITIALIZE S1P PARAMETERS---

DO 80 I=1,NX

DO 80 J=1,NY

DEL{I,Jd)=0.

ETA(I,J)=0.

V(I,J)=0,
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290

310
32C
330
340
350
360
370
380
380
400
410
420
430
440
450
460
470
480
480

§10
520
530
540
550



ao

100

210

220

230

240

XI1(1,d)=0.

KOUNT =KOUNT + 1

RHO=S/TIM(N)

P T RS R R E SIS ESE SR SRR RS FSS IR SIS 2SS R ERR R RS AR REE RS ER R D]
---CHODSE SIP NORMAL OR REVERSE ALGORITHM---

IF (MOD(KOUNT,2)) 100,240,100

DO 210 J=2,NNY

DD 210 I=2,NNX

IF (THCK(I.J).EQ.0.) GO TO 210

COEF=VPRM(I,J)

QL=-COEF*WT(I.J)

A=TMRX(I-1,d, 1)*DXINV

C=TMRX(I,uJ, t})*DXINV

E=TMRX(I.u=-1,2)*DYINV

FeTMRX(I,J,2)*DYINV

TBAR=-E-A-C-F-RHO-COEF

HH=DEL(I,J=1)*E/(1.+W*DEL(1,uy-1))
GH=ETA(I=1,J)*A/ (1. +W*ETA(I=1,J))

EH=E=W*HH

AH=A~W*GH

TBARH=TBAR+W*HH+W*GH

CH=C - WrHH

FH=F -W*GH

ALF=EH

BET=AH

GAM=TBARH-ALF*ETA(I,J~1)-BET*DEL(I-1,J)

DEL(I,J)=CH/GAM

ETA(I,J)aFH/GAM

DE=A*HU(I-1,J)=C*HJ{I+1,J)=F*HJ(I ,J+1)}-E*HJ(I,J~1)=-TBAR*HJ(I,J)~
1 RHO*HK(I,J)+QL+RECH(I,J)+REC(I,J)*ARINV
V(I,J)=2(D*1.00-ALF*v(I,u=-1)-BET*V(I-1,J))/GAM

CONTINUE

2 EF R EE S ES EE SRS S EERER RS ER AL R R ER SRR TR R R R R TSRS R
---BACK SUBSTITUTION FOR VECTOR XI---

DO 220 1=1,12

I3aNX-1

DO 220 J=1,J2

J3=NY-J

IF (THCK(I3,u3).EQ.0.0) GO TD 220
XI(I3,J3)=V(I3,J3)~(DEL(I3,J3)*XI(I3+1,J3)+ETA(I3,d3)*XI(I3,u3+1))
CONTINUE

3¢ 3e i e A 2 Nr ok e e o ok i N an e e o ok o g ak o 2 O 0 N e i 3 dle i ok N 3R N0 3 3 i o ol i 3 O 3 ol ok e 3 e e 3 DlC i O se e e e
~~=-COMPUTE MAGNITUDE OF CHANGE WITH CLOSURE CRITERIDN---

DO 230 J=2,NNY

DO 230 1=2,NNX

CHK=DABS(XI(1.J))

IF (CHK.GT.BIGI) BIGI=CHK

IF (BIGI.GT.TOL) TEST=1.

HJ(I,J)=HJ(I,J)+XI(I,J)

IF(TEST.EQ.1.0.AND . KOUNT.LT.ITMAX)GO TD 40

G0, TO 280

EE R 2 PR E R ER SR PR R R R R PR ER R R LR R R RS R R RN R TR EEEL RS E
---5IP REVERSE ALGORITHM---

DO 250 Ju=1,42

JeNY - JuJ

DO 250 I=2,NNX

IF(THCK(I,J).EQ.0.0)GD TO 250

COEF=VPRM(I,yJ)

QL==COEF*WT(IL,J)

AsTMRX(I-1,J, 1)*DXINV

CaTMRX(I,J, 1)*DXINV

E=TMRX(I,J-1,2)*DYINV

FaTMRX(I,J,2)*DYINV

A 26 e 3 W0 3 0 3 o ol ol e M 3 e o ok o e K K sl K B Sk ek I N I O M e e ole R D 0 3K i e W K ME M S 3l ol ok ol oK 3 ok ol ol e o e ok
-~~COMPUTE INTERMEDIATE VECTORS-FORWARD SUBSTITUTION--~~
TBAR=-E-A-C-F-~RHO-COEF
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560
570
580
580
ee)

620
830
640
650
660
670
680
680
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
230
940
950
860
a7e
980
290
K1000
K1010
K1020
K1030
K1040
K1C50
K 1060
K1Q70
K1080
K 1080
K1100
K1110
K1120
K1130
K1140Q
K1150
K1160
K1170
K1180
K1180
K1200
K1210
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HH=DEL(I,J+1}*F/(1.+W*DEL(l,Jd*1))
GH=ETA(I=1,J)*A/ (1. +W=ETA(I-1.4))

EM=F -WkHH

AH=4-W*GH

TBARH=TBAR+W*HH+W=GH

CHSC-W*HH

FH=E-W*GH

ALF=EH

BET=4AH
GAM=TBARM-ALF*ETA(I,J+1)=-BET*DEL(I-1.J)
DEL{I,J)=CH/GAM

ETA(I.J)=FH/GAM
Dr=A*My(I=1,J)=CoHJ(I+1,J)=F*HJ(I,d+1)=E*HJ(I,J-1)-TBAR*HJ(I, J}~

1 RHO*HK(I,J)+QL+RECH(I,J)+REC(I,J)*ARINV

250

260

270

280

232
234

236
238

280

360

V(I,u)=(D*1,00-ALF>*V(I,J+1)=-BET*V(I~-1,J))/GAM

CONTINUE

I TR RIS R NSRS R RSN SRR RS RS EL F S SRR SRR R R R R R R R R R L RS ES ]
~=-~BACKWARD SUBSTITUTION FOR VECTOR XI~--

DO 280 J3=2 NNY

DO 260 I=1,12

I3=NX-1
XI(I3,J3)=V(I3,J3)~-(DEL{I3,J3)*XI(I3+1,J3)+ETA(I3,U3)*XI{I3,d3~1)})
CONTINUE

PRSP E RS ERE R SR SRR SRR RS EER SRR SRR R R R R RS R R R R R R R R R R R R R
---COMPARE MAGNITUDE OF CHANGE WITH CLOSURE CRITERION---
DD 270 J=2.NNY

DO 270 I=2,NNX

CHK=DABS({XI(I,J))

IF (CHK.GT.BIGI) BIGI=CHK

HU(I ,J)=HJd (I, d)+XI(1.J)

IF (BIGI.GT.TOL) TEST=1.
IF(TEST.EQ.1.0.AND.KOUNT.LT.ITMAX) GO TD 40

CONTINUE

DO 300 J=1,NY

DO 300 I=1,NX

IF (THCK(I,J).EQ.Q.0) &0 TO 300

HK(I,J)=HJ(I,.J)

IF (REC(I,J).GT.0.0) GO TO 232

PQIN=PQIN+REC(I,J)

GD TO 234

PQOUT=PQOUT+REC(I,J)

IF(RECH(I,J).GT.0.0) GO TD 236

PQR=PQR + RECH(I,J)*AREA

GO TO 238

POOUT=PQOUT+RECH(I,J)*AREA

CONTINUE

EE R E R ERERE R RS L 2RSS R FRE SRS R R R IR EER RS R R R R RS REE E L
--=COMPUTE LEAKANCE FOR MASS BALANCE---

IF (VPRM(I,J).EQ.0.0) GO TO 300
DELQ=-VPRM(I , J)*AREA* (WT(I ,J)-HK(I,J))

IF (DELQ.LE.C.Q) GO TO 280

TOTLQ=TOTLQ+DELQ*TIM(N)

GO TO 300

TOTLQI=TOTLQI+DELQ*TIM(N)

CONTINUE

TPIN=TPIN+PQIN*TIM(N)

TPQR= TPQR+POR*TIM(N)

TPOUT=TPOUT+PQDUT*TIM(N)

WRITE (6,370) N
WRITE (6,390} KOUNT

LA RS EEE R ERES R E LRSS RS EEE R R RS RS TR R R R Y PR S Y

RETURN

e o e e e e e 3 e N e e ok o i o e R e e I N K O i e o i o e 0 i e o o e i ol 0 o e e aje 00 ok aje ol e o o e 3Kk Ok ke

FORMAT (1HO,5X,64H*** EXECUTION TERMINATED -~ MAX. NO. ITERATION
1S EXCEEDED **x/26X,21HFINAL CUTPUT FOLLOWS:)
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K 1220

K1230
K1240
K1250
K 1260
K1270
K1280
K1280
K 1300
K1310
K1320
K1330
K1340
K 1350
K 13680
K1370
K 1380
K1380
K1400
K1410
K1420
K1430
K1440
K1450
K1460
K1470
K148C
K1490
K 1500
K1510
K1520
R1530
K1540
K1580
K 1580
K1570
K1580
K1580
K1600
K1610
K1620
K1630
K 1840
K1850
K 1680
K1670Q
K1680
K1880
K1700
K1711
K1721
K1730
K1740
K1750
K1760
K1770
K1780
K1780
K 1800
K1B10O
K1820
K1830
K1840
K1850
K1880
K1870



370 FORMAT(1HQ//3X,4HN = , 114} K1880

390 FORMAT (1H ,2X,23HNUMBER OF ITERATIONS = ,1I4) K1890
400 FORMAT (1HO,10E12.7) K 1900
END K1g810-



===+ TS0 FOREGROUND HARDCOPY =®xxx
DSNAME=U11236C . KONIMOD . CNTL (GRPH )

C USE META COMMANDS (BELOW) WHEN COMPILED ON MICROCOMPUTER
C S$NOFLOATCALLS
C $STORAGE:2

SUBROUTINE GRPH
CHARACTER*8 TITLE
REAL*8 TMRX,VPRM,HI,HR,HC ,HK,WT,REC,RECH,TIM,AOPT

REAL*8 XDEL,YDEL.S,AREA,SUMT.RHO,PARAM,TEST,TQL,PINT,HMIN,PYR
REAL*8 HJ

INTEGER FCON
COMMON /PRMI/ NTIM NPMP ,NPNT,NITP,N,NX,NY,NP,NREC, INT,NNX, NNY, NUMO
185, NMOV, IMOV, NPMAX , ITMAX ,NZCRIT, IPRNT ,NPTPND, NPNTMV ,NPNTVL ,NPNTD ,N
2PNCHV,NPDELC, ICHK, FCON, IHEAD, ISOLV
COMMON /HEDA/ THCK(20,20),PERM(20,20), TMWL({5,50) ,TMOBS(50) ,ANFCTR
1, THICK (20, 20)

COMMON /HEDE/ TMRX{20,20,2),VPRM(20,20),HI(20,20),HR(20,20),HC(20,
120),HK{20,20),WT(20,20},REC{20,20).RECH(20,20),TIM( 100) ,AQPT{20),T
2ITLE(10),XDEL,YDEL,S,AREA,SUMT ,RHO, PARAM,TEST, TOL,PINT,HMIN,PYR
3,HJ(20,20)

COMMON /CHMA/ PART(3,3200),CONC(20,20),TMCN(E,.50),VX(20,20),VvY (20,
120) ,CONINT(20,20) ,CNRECH(20,20) ,PORDS , SUMTCH,BETA, TIMV, STORM, STORM
2I,CMSIN,GMSOUT, FLMIN, FLMOT, SUMIO,CELDIS,DLTRAT,CSTORM
3,DCYLAM,BLKDEN, SRBRAT, SRBSAT, SRBALF, vQLDCY, VOLSRE, SREDCY

REAL*8 IH(20)

DIMENSION TRANS(20}

c e o o W o S o O O A A O S R ke K S ol R e W B 180
TIMD=SUMT /86400. 200
TIMY=SUMT/(B6400.0%365,.25} 210

Cc ===PRINT HEAD MAP--- 220

WRITE (10,200) INT,N

WRITE (10,210) INT,N,SUMT,TIMD,TIMY
DO 20 IY=1,NY

DO 20 IX=1,NX

IH(IX)=HI(IX,IY) - HK(IX,IY) + Q.5
TRANS(IX)=PERM(IX,IY)*THCK({IX,IY)

20 WRITE (10,220) INT,N,IX,1Y, 290

1 HK(IX,IY),IH(IX}, THCK(IX,IY), TRANS(IX),CONC(IX,IY) 300

C E2 2 2 RS 2 R EE RS2 ER R ER R R R E 2R R R R R R S IR Y S 310
RETURN 320

C WM R sk 33K K e e e NP OM S aie mie 3K S S i o KO sl T e o S e ol e o S0 o ik e e B sl ok i 3 e ol K o aje i e o o o e o ok i a3 K Kk 330

200 FORMAT (1H ,214)

210 FORMAT {1H ,2I4,1P3E12.5)

220 FORMAT (14 ,414,3F10.4,E10.2,F10.4)
END

rcrerrFPrFrFrrECrEFEEFrFrEErCPRFCCrECCCTCCCCC P r
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APPENDIX II

FORTRAN IV PROGRAM CHANGES
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APPENDIX II-A
GLOBAL DECLARATIONS AND

NAMED COMMON BLOCKS

II-2



Delete and insert the folloving Fortran statements tao implement the

modifications described in this report.

Global Declarations

Ingert the following Fortran statements:

REAL+»8 HJ

as lines:
A 117 D 34 G 45 J 45
B &1 E 55 H 35
C 46 F 33 I 35
CHARACTER+»8 TITLE

as lines:
A 71 p 11 G il J 11
B 21 E 11 H 11
cC 1 F 11 I 1%
INTEGER FCON

ag lines:
A 118 D 36 G 46 J 46
B &8 E 56 H 36
C 51 F 36 I 36

Hamed Common, PRMI

Delete:
A 141 D 61 G 71 J 70
B 91 E 81 H 61
c 81 F 61 I 81

Insert the Fortran statement:

2PNCHYV, NPDELC, ICHK, FCON, IHEAD, ISOLV

as lines:
A 142 D 62 G 72 J 71
B 92 E 82 H e2

C a2z F 82 I &2

II-3



”

Named Common, HEDA

No deletions.

Insert the Fortran statement:

1, THICK (&0, 60)

as lines:
A 171 D 91 G 101
B 121 E 111 HE 91
C 111 F 91 I 91

Named Common, HEDB
No deletions.

Insert the statewment:

3, H1{60, 60}

&g lines:
A 205 D 123 G 135
B 155 E 145 H 125
C 1435 F 125 I 125

Hawmad Common, BALM
Delete:
B 186 C 146 H 126
Ingert the atatement:
COMMON /BALM/ TOTLQ, TOTLQI, TPIN, TPOUT, TPQR
as lines:

B 187 C 147 H 127

II-4
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APPENDIX II-B

STRONGLY INPLICIT PROCEDURE

II-5



Main Program

To implement the subroutine ISIP the folloving lines vere added to the
Main program.

Inmert:

A 436-A 439

Subroutine PARLOD
To add the subroutine ISIP, modifications to the subroutine PARLOD are

indicated below.

Delete:
B2960 _ B3960-83970
Inmert:
B 211 B 585 B2902 838918
B 212 B 586 B2951A-B2968B B3963-B3975
B 4635 B2872 B3891A

SIP iteration parameters are calculated in lines B2952B through
B2968B. Line B465 reads the velues for all of the integer flage that have

been added to implement the modificatione described in this report.
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APPENDIX II-C

TRANSMISSIVITY

1I1-7



Main Progranm

In this part of the program, updating of the transmissivities (for an
unconfined agquifer) after every time step is performed by the changes
indicated below.

Inmert:

A 441A-A 450C

Subroutine PARLOD

Line B&S i= replaced with line B67 to facilitate the declaration of
flag TP as an integer. TP dictates vhether the input is transmissivity the
hydraulic conductivity. TP and FCON are also read in line B465 as stated
in Appendix II-B.

All lines that have been deleted and added in subroutine PARLOD to
incorporate tran--iﬁaivity updgting and either transmiassivity or hydraulic

conductivity input options are listed belovw.

Delete:
B 85 B2010 B2050-B2170 B2250
Bi631i-B1i910

Ingert:
B &7 B 971 B2011 B2271 -B2278
B 465 Bl491 B2021 B2351A-B2359C
B 58a Bisll B2252 B3891D-B389S1F
B 589 B1632 B2254

Subroutine OUTPT

This subroutine vas modified as illustrated below to print the updated
transmissivity and saturated thickness vhen an unconfined aquifer is being
wodeled. |

Insert:

H 711-H 729 H1192-H1198
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HYDRAULIC HEAD SIMULATION
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Main Programs

The changes made to the main program are indicated below,

Delete:
A 280 A 680
Insert:
A 281 A 432 A 615 A 681

Subroutine PARLOD

The flag IHEAD is read 1n\lino B465lal astated in Appendix II-B. Other
changes are listed below.

Insert:

B 587 B3891cC
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MASS BALANCE
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Subroutine PARLGD
Ingert:

B 301

Subroutine ITERAT J

The changes to this subroutine are listed below.

Delete:
C1187 Ci210 C1215

Insert:
€ 194 ciai1 C1216 C1232A
C1187A

Subroutine OUTPT

The modifications made to in this subroutine for mass balance

nodifications are listed below.

Delete:
H 574 H 721 H1096 H1103
H 716 H 755
Insert:
H S01 H 740 H 766 H 887
H 575 R 757 H 841 H1095-H1110
H 730
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SATURATED THICKNESS
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Subroutine PARLOD

Line B65 ia replaced with line B67 (am previously described in
Appendix II-C) to facilitate the declarstion of the integer flag BTMN. BTM
is also read in line B4635 as stated in Appendix II-B. All changes made to
PARLOD to incorporate the input of either saturated thickness or bottonm

elevation for an unconfined aquifer are listed belovw.

Delete: -
B&3 B1940 B2630-B27350
Inmsert:
B 67 B1942-B1944 B3162~-B3168 B3891F
B4635 B2041-B2146 B3435 B4212 -B4214
B389A
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ADDITIONAL MODIFICATIONS
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Main Program
To implement the subroutine GRPH, the followving lines vere added to
the wain program.
Insert:
A 266 A 620 A 662-A 664 A 725
A 321

Subroutine PARLOD

Delete:
B2270 B3390 B3810 B3895
B3460
Insert:
B 2124 B123S Ba46l 83900
B 265 B139S B3591 B3925
B 564-B 565 B2022 B3683 B3945
B 640 : B2256 B3811 B412S
B 700 B258S B3815 B4191-4192
B 755 B2761-B2764 B3893 B4525

B 962-B 964 B3151

Subroutine CHMOT
Insert:

I 344-I 349 I1125 I1295 I1535
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DEFINITION OF SELECTED FORTRAN IV PROGRAM VARIABLES
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BTH

DEL

ETA

FCON

HJ

IHEAD

IORDER

IsoLy

LENGTH

PQR

TEMP

THICK

TP

TPQR

An integer flag used to indicate lov amaturated thickness is
input. For input of saturated thickness, BTN must equal
zero. For input of bottom elevation, BTM must equal 1. BTHM
equals zero if FCON equals zero.

Tvo dimensional array used in the SIP normal and reverse
algorithms for forvard subsitution.

Tvo dimensionsl array used in the SIP normal and reverse
algorithme for forward substitution.

An integer flag used to indicate the option of simulating
confined or unconfined aquifer, For confined aquifer simulation,
FCON must be equal tao 2ero and for an unconfined aquifer
gimulation, FCOH must be equal to 1.

A tvo dimensional array used for tewporary storage of hydraulic
head in subroutine ISIP (ft).

An integer flag used to indicate vhether the aimulation iz only
for hydraulic head or for solute transport. For only the
hydraulic head gimulation, IHEAD wmust be equal to 1 and for
solute transport simulation, IHEAD must be equal to zero.

Vector that indicates the order of the iteration parameters used
in the SIP algorithm.

This is an integer flag used to implement the option for
different solution algorithme for flow equation. To use ADIP
algorithm, ISOLY must be equal to zero and for SIP algorithm,
ISOLY must be equal to 1. '

Number of iteration parameters in SIP algorithm.

Rats of recharge from the dietributed source to the aquifer
(ft" /sec).

VYector for arranging the SIP iteration parameters in geometric
sequence.

A tvo dimengional array used in the main program to update
aquifer thicknesas for unconfined aquifer (ft).

TP is an integer flag to indicate the option of inputting the
hydraulic conductivity or transmissivity as an input variable.
For transmissivity, TP wmust be equal to zero and for hydraulic
conductivity, TP must be equal to 1.

Total asount of recharge to the aquifer from distributed sources
during the simulation period (ft7),

Tvo dimensional array used in SIP normal and reverse algorithms
for forvard substitution. '
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X1

Tvo dimensional array containing increwental head values in SIP
solution, during backvard substitution. If XI is leas than or
equal to the prespecified value for convergence, the iteration
proceas vill be stopped and the convergence is achieved (ft).

Iteration paramseter used in SIP algorithm. B
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Five variables have been added for the modifications made to the NRC
version of the USGS Solute Transport Model. These veriables allov for (a)
the choice of the iterative techniques to be used vhen solving the
groundvater equation, (b) the type of simulation (transport or head only),
(c) the type of aquifer, (d) the input of either transmissivity or
hydraulic conductivity, and ((e) the input of either saturated thickness or
bottom elevation for an uncontined aquifer. The data is contained on Data
Card 5; the input formats are given in Appendix IV, page IV-5. The

definition of the variables are:

ISOLY = 0 ADIP -- Alternating-Direction Implicit Procedure

1 SIP -- Strongly Imsplicit Procedure

Transport gimulation

IHEAD =
= Head only =simulation

-0

FCON Confined aquifer
=2

Unconfined aquifer

n
-0

TP = Transmissivity input

Hydraulic Conductivity input

- O

Saturated Thickness input

BTH
= 1 Bottom Elevation input

"
O
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APPENDIX V

DATA DEFINITIONS AND INPUT FORMATS



Card Column

Image

Format

Variable

Definition

1 1-80

10A8

TITLE

Description of problem

- D e T D D SR S R S D WR S W A S R M N R R G G g T 00 A R D G s s -

9-12

13-16

17-20

21-24

235-28

29-32

33-36

37-40

41-44

45-48

I4

i1

I4

I4

I4

I4

I4

14

I4

I4

NX

NY

NPMAX

NPNT

NITP

NUMOBS

ITHAX

NREC

NPTPND

NCODES

Maximum number of time steps in
a pumping period (limit=100)-=.

Number of pumping periads.
Note that if NPMP>1, then data
set 10 must be completed.
(limit=20)e,

' Number of nodes in x direction

(limit=20)e,

Number of nodes in y direction
(limit=20)+.

Maximum number of particles
(1imit=3200)e.

Time-step interval for printing
hydraulic and chemical output
data.

Number of iteration parameters
(usually 4<=NITP<z27).

Number of cbservation points to
be specified in a following data
get (limit=5)+,

Maximum allovable number of
iterationsa in ADIP or SIP (usually
100 <=ITMAX<=200),

Number of pumping or injection
vells to be specified in a
following data aset (limit=30)e,

Initial number of particles
per node {(opticns=4,5,8,9).

Number of node identification
codes to be specified in a
follovwing data get (limit=10)e.



Card Colusn Format Variable Definition
Image
A E R I I E I R I R R E I I I R A E EE E I E S AR IO I I TEREEIESEOXITIEEIZIRED

49-52 I4 NPNTHNV Particle movement interval
(INOV) for printing chemical
output data. (Specify O to print
only at end of time steps).

53-36 I4 NPNTVL Option for printing computed
velocities (O=do not print;
i=print for first time step;
2zprint for all time steps),

57-60 I4 NPNTD Option for printing computed
dispersion equation coefficients
(option definition same as for
NPNTVL).

61-64 14 NPDELC Option for printing computed
changes in concentration (O=do
not print; 1=print).

65-68 14 NPNCHV Cption to punch velocity data
{option definition same as=
for NPHNTVL). When specified,
programs vill punch on unit 7
the velocities at nodes.

- . T e T D D g T A D D D A D R A Y e ol

3 1- 3 GS5. 0 PINT Pumping period in years.
6-10 G3.0 TOL Convergence criteria in ADIP
(ugually TOL<=0.01).
11-15 GS5.0 PORDS Effective porosity.
16-20 G5.0 BETA Characteristic length, in feet

{=slongitudinal diapersivity).

21-25 G65.0 s Storage coefficient (set S=0
for steady flov problems).

26-30 GS.0 TINX Time increwent multiplier for
transient flow problems. TIMX
is disregarded if S=0,

31-35 GS5.0 TINIT S5ize of initial time step in
seconda. TINIT is disregarded
if S=0.



Card Column

Format

Variable

Definition

IS EE T E R S EE S SN I RS I I I E I I R I S I E E I I S IR S N T S F ST EEEF ST EEEEEIE I

G3.0

GS.0

G3.0

G3.0

G5.0

XDEL

YDEL

DLTRAT

CELDIS

¥idth of finite-difference cell
in x direction, in feet.

Width in finite-difference cell
in y direction, in feet.

Ratio of transverse to longitud-
inal dispersivity.

Maximum cell distance per par-
ticle move (value between 0 and
1.00,

Ratio of Transmissivity tensors
for anisotropic site
(T{yy) to Ti(xx)).

Image
36-40
41-45
46-50
51-53
36-60
4 1- 5

6-10

11-20

21-30

31-40

41-30

I3

F10.0

F10.0

F10.0

F10.0

DCYTINM

DENROCK

SORBST

V-4

If NDECAY=1 decay will be simu-
lated, if NDECAY=0 decay will not
bhe aimulated.

If NSORB=1 sorption will be
aisulated uasing a linear solver,
if NSORB=2 sorption will be
simulated using the Langmuir
solver, if NSORB=3 asorption will
be simulated using the Freundlich
solver, if NSORB=0 sorption will
not be simulated.

If NDECAY=1, DCYTIM=decay half
life, in years. If NDECAY=0,
DCYTIN=0,

If NSORB=1,2, or 3, DENROCK=denaity
of aquifer in gm/cmd. If
NSORB=0, DENROC=0.

If NSORB=1,2, OR 3, SORBQR is the
value of Kd, in ml/g. If NSORB=z0,

SORBQR=0.

If NSORB=2, SORBST is the sorbtion
saturation value for the Langmuir
solver. If NSORB=0, i, or 3,
SORBST=0.



Card Calumn Format VYariab

le

Definition

If NSORB=3, SORBAL is the value of
alpha for the Freundlich isotherw,
if NSORB=0,1, or 2, SORBAL=0.

D e e ol - - -

51-60 F10.0 SORBAL
’
S 1- 4 I4 ISOLY
3-8 I4 IHEAD
9-12 I4 FCON
13-16 I4 TP
17-20 I4 BTH

ISOLY=0 for ADIP algorithms and
ISOLV=1 for SI1P algorithm.

IHEAD=0 for solute transport
simulation. IHEAD=1 for only head
simulation.

FCON=( for confined aquifer
simulation. FCON=! for unconfined
aquifer simulation.

TP=1 for hydraulic conductivity
input. TP=0 for transmissivity
input.

BTM=1 for bottom glevation input
{unconfined aquifer simulation).
BTH=0 for gaturated thickness
input.

(BTH=0 if FCON=0.)

See footnotes at end of tahle.



Data Number of
get card images

Format

Variable

Definition

================8!====3=I‘8=8==========ISIISS==='=I"8==_====I=8=3==========

1 Yalue of NUMOBS

(limit=3)+

2 Yalue of NREC
(limit=5SQ)»

3 a.l

b.Value of NY
times the
ceiling of
NX/20
(limit=20Q)e

212

212,
2G8. 2

Il.
610.0
20G4. 1

IXOBS, IY0BS

IX, IY, REC,
CNRECH

INPUT, FCTR #+»

VPRM

x and y coordinates of
observation pointa.
This data set iz elimi-
nated if HUMOBS is
specified ag =0.

x and y coordinates of
pumping (+) or injec-
tion (-) wells, rate in
ft 3/, and if an
injection well, the
concentration of injec-
ted water. Thie data
get i= eliwminated

if NREC=0.

Parameter card for
transmissivity or
hydraulic conductivity.
If TP=0, array for
temporary storage of
tranamissivity data, in
ft 2/8. 1f TP=1, array
for temporary storage
cf hydraulic
conductivity data,

in ft/s. For an
anisotropic aquifer,
read in values of

T{xx) and the program
will adjust for aniso-
trophy by multiplying
T(yy) by ANFCTR.



Data Number of

set card images Format Variable Definition

- - -
FETEEE S S SIS S T E T EEFEIFEZEEEEEEEEE IR RS SEZEIEIEESIESSINSIIITTZITTSSI=S=S=SS

(limit=20)+

4 a.i 11, INPUT, FCTR #»»
G10.0
b. Value of NY 2663.0 THCK
timen the - Parameter card for
ceiling of THICK. Saturated
NX/26 thickness or bottom
(limit=20)» elevation of aquifer,
in feet. If BTN=0,
array for atorage of
saturated thicknese,
If BTN=1, array for
temporary storage of
bottom elevation.
a. 1 11, INPUT, FCTR =
: ' 610.0
b.Value of NY 20G4.0 WT
timens the Parameter card for
ceiling of WT. Initial water-
NX/20 table or potentio-
(limit=20)+ wmetric elevation, or
constant head in
stream or source
bed.
a.l 11, INPUT,FCTR =+
610.0
bh.Value of HY 20G4. 1 RECH Parameter card for
times the RECH. Diffuse recharge
ceiling aof (=) or discharge (+},
NX/20 in ft/=s.
(limit=2Q)+
a.l 11, INPUT, FCTR #»
G10.0
b.Value of NY 60I% HODEID

Parameter card for
NODEID. HNode identifi-
cation matrix (used to
define congtant-head
nodes or other boundary
conditions and
stresseg).



Number of
card images

Data
get

Format

Variable

Definition

CTESEESEEISE RS NS EE R E I I T E RS I S IR S S S T I S R SR S E TSI RS IEEIERESTIITTISSS

8 Yalue of NCODES

(limit=10)+»

9 a.l

b. Value of NY
times the
ceiling of
NX/20
(limit=20Q)+

10

I2,
3G10.2
I2

11,
610.0
20G4.0

ICODE, FCTR1,
FCTR2, FCTR3,
OYERRD

INPUT, FCTR =+

CONC

Instructions for using
NODEID array. When
NODEID=ICODE, program
seta leakance=FCTR},
CNRECH=FCTR2, and if
OVERRD ia nonzero,
RECH=FCTR3, Set
OVERRD=0 to preserve
values of RECH
gpecified in data

set 5.

Parameter card for
CONC. Initial concen-
tration in aquifer.

This data set allows
time step parameters,
print options, and
pumpage data to be
revised for each
pumping period of the
gimulation. Data set
10 i=s only used if
NPNP >1. The sequence
of cards in data set
10 must be repeated
(NPHP -1) times (that
is, data set 10 is
required for each
pumsping period after
the first).



Data Number of
set card images

Format Variable

Definition

a.l

b.1

c.Yalue of
NREC ++
(limit=50)+

11 ICHK

1014, NTIM, NPNT,

363.0 NITP, ITHAX,
NREC, NPNTNV,
NPNTVL, NPNTD,
NPNDELC,
NPNCHV, PINT,
TIMX, TINIT

212, IX, IY, REC,

2G8. 2 CNRECH

Paraseter to check
vhether any revisions
are desired. Set
ICHK=1 if data are to
be revised, and then
complete data set 10b
and c. Set ICHK=0 if
data are not to be
revised for the next
pumping period, and
skip rest of data set
10.

Thirteen parameters to
be revised for next
pumping period; the
parameters vere pre-
viously defined in

the description of
data cards 2 and 3.
Only include this card
if ICHK=1 in previous
part a.

Revision of previously
defined data set 2.
Include part c only

if ICHK=l1 in previous
part a and if NREC>O
in previous part b.

o ——— vk S G D D S T Wl e e G A - e -



#*Thege limits can be modified if necessary by changing the corresponding
array dimensions in the COMMON statements of the program.

++Any vells set during one pumping period continue pumping and injecting
during subsequent pumping pericds unless the ratee are explicitly reset
in those mubsequent periods.

##+The parameter card must be the first card of the indicated data sets. It
ig used to specify vhether the parameter is constant and uniform, and can
' be defined by ane value, or vhether it varies in space and wmust be
defined at each node. If INPUT=0, the data set has a constant value,
vhich i=m defined by FCTR. If INPUT=}, the data set is read frowm cards as
described by part b. Then FCTR is a multiplication factor for the values
read in the data set.
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UNITS SUMMARY TABLE
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VARIABLE UNITS »  CONVERSION =  UNITS
NTIN - - (limit=100)+
NPNP - - -

NX - - " (limit=6Q0)+
NY - - (limit=60)+
NPMAX - - ' (limit=9850)+
NPNT - - -
NITP - - -
NUMOBS - - (limit=3)+
ITHAX - - -
NREC - - -
NPTPND - - -
NCODES - - -
NPNTHV - - ' -
NPNTVYL - - -
NPNTD - - -
NPDELC - - -
NPNCHV - - -
PINT yre - yra
TOL - - -
POROS - - -
BETA - - -
s percent - percent
TINX - ) - -
TINIT sec - sec
XDEL ft - ft
YDEL ft - ft
DLTRAT ratio - ratio
CELDIS - - betr 0 & 1.0
ANFCTR ratio - ratio
DCYTIN yrs - yrs
DENRCCK gm/ca3 - gm/cm3
SORBGR ml/g - ml/g
SORBST - - -
SORBAL - - -
IsaLy - - -
IHEAD - - -
FCON - - -
TP - - -
IX0BS - - -
IYOBS - - -
IX - - -
1Y - - -
REC af/y . 001400463 ft3/a
CNRECH ng/l - ng/l
VPR

TRANS gpd/ft 1.54723 E-6 ft2/s

or PERM gpd/£ft2 1.54723 E-6 ft/s
THCK It - ft
WT ft - ft
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VARIABLE
RECH
NODEID
FCTR1
FCTR2
FCTR3
OVERRD
CONC

(gpd/ft2) /1t

mg/l
in/yr

mg/l

1.34723 E-6

26.7918 E-10

(ft/m) /1t

ng/l
ft/s

mg/l

+These linits way be modified by changing the corresponding array

dimensions in the COMMON statements of the program.
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INPUT AND SELECTED OUTPUT FOR TEST PROBLEM 2
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xxexx T50 FOREGROUND HARDCOPY =®=x»
DSNAME=U11236D . EX3KE .CNTL

//M11236D JOB (77777.TS0O-TR-KONI),KONIKOWRUN,

J/ TIME={0O,40),CLASS=A,

// MSGCLASS=X , NDTIFY==

/*PASSWORD 2777

/*JDBPARM ROOMsL

I

//KONI EXEC PGM=KONIGOG,REGION=1S00K

//STEPLIB DD DISP=SHR,DSN=U{1236C.KONI.LOAD
//FTOBFCOt DD DSN=U112360.EX3KB.OUTLIST ,UNIT=STORAGE,

// SPACE=(TRK,(10,10)),DISP=(MOD,CATLG),
/ DCB={RECFM=VBA,LRECL=133,BLKSIZE=7448)
//ETIOFO01 DD DSN=U11236D.EX3KE.GRAPH,UNIT=STORAGE,
/ SPACE={TRK, (10,10)),DISP=(MOD,CATLG),
// DCB=(RECFM=FB, LRECL=80,BLKSIZE=7440)

//FTOTFOC1 DD SYSOUT=B

//FTOSFOO1 DD =

TEST PROBLEM 2 FOR TRANSIENT SIMULATION WITH SIP OPTION
10 1 8 103200 1 10 2 100 1 8 2 10
2.5 0.01 .3 100. .005 t78.E5 900. 900. .3 .5

0 o] 0. C. 0. 0.
o ¢ 0o o©

N ]
~N s
»o

ge.o.,.

O QOO0O00DO: O

~0o0
"
89

éo
o ocobooOo- 0O
0000000000

Qo
QO OO0O0O0O0O0O- O

go
0 - 000000 O

éo
0 000000 O

éo
e
o- 00OO0OO- O

0o 000000 O

o
o -
ut -
o -
o -
o

OOOOOOOO_C)O
QOO0 00000O0
o™ -

¢Jo00000
0P H000000
04000000
o0joooo00
04000000
0H000000
0HOD000O
0000000000

[o]
-

1
QQ00Q0000
022111220
000000000
Q00000000
Q00000000
CC00000C0o
QOCOOOQ00
Q00000000
022222220
000000000

2 - 1. C.
1 1. 100.
o c

[e X o]
oo
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§.5.6.5. METHOD-OF~CHARACTERISTICS HID&L FOR SOLUTE TRANBPFORT 1IN GROUND WATER

TEST PROBLEM 2 FOR TRANSIENT SIMULATIGN WITN SIp OFTION

I NPT DATA

GRID OEBERIFPTORS

[ 1] {NUMBER QF COLUMNS]} ]
NY {MUMEER OF ROWS) 1 10
XORL (X-DISTANCE 1N FEET) @ 100 08
YDEL (v-DISTANCE 1N FEET) so0.0
TIME PARAMETERS

Ktim IMAX. w0, OF TIME STEPS)

NEMP INO. OF PUMPING FERIDOS]

PINT [PUMPING PERIOD IR YEARS)
TIMX [TIME ITNCREMENT MULTIPLIER]
TINIT (INITIAL TIME STEP IN SEC.)

HYDOROLOGIC AMD CHEMICAL PARAMETERS

5 [STORAGE COEFFICIENT]

FOROS [EFFECTIYE FORDSITY]

BETE |CHARACTERISTIC LENGTH]

DLTRAT (RATID OF TRANSVER3E TO
LONGITUDINGL DISPERSIVITY)

ANFCTR (RATID QF T-YY TO T-XX)

=2 ANON-DECAYING SPECIRSaun
SESHON-SORBING SPRCIESsasx
=23EIP USEDaws

SESCONFINED AQUIFERESS

EXECUTION PARAMETERS

NiTP {NO. BF ITERATION PARAMETEAS)
Tou [CONVERGENCE CRITERIA - &ADIP)
ITMAN (MAX . NG.OF ITERATIONS - ADIP)
CRLDIS [MAX.CELL DISTANCE PER MOYE
OF PAATICLES - M.B.C.)
NP A X IMAX. NO. DF PARTICLES)
NPTEND [ND. PARTICLES PER MODE)
+ PROGRAM GPFTIONS
NPNT {TIME STEF INTERVaL fOR
COMPLETE PRINTOUT! 1
MPNTMY [MOVE INTERVAL FOR CHEM.
CONCENTRATION PRINTOUT) x
NPNTYL (PRINT OFPTION-VELDCITY
CIND; 1aFIRET Time STEP;
21aLL TIME STHEPS)} .
NPUTD (PRIRT OFTION-DISP. CORF.
OsMO; 15FTRET TIME STEP;
22aLL TIME STEPS) L
NUMORS (NO. OF ORSERVATION WELLS
FORk WYDROQGRAPH PRINTDUT] «
NREL [NO. OF PUMPING WELLS) L]
NCODRS [FOUR NODE IDENT.)
NPNCHY [PFUNCH YELOCITIES) L
NPDELC (PRINT OPT.-CONC. CHANGE) =

TIME INTERVYALS
g 1-1-1-1 £ 2.0
9.00000E+00
C.00000E+00
0.00600K+00
0. 00000E+O0
©.000GOETO0
&.000Q0E+00

©.0000DE+D0

[-]

[-]

(IN SEZONDE)
0. 730008+07
©.00000R +00
©.00000F+00
©.o00000+00
0. 00000E+00
o . 00000+00

0. 7T9000R+0Y
0.000008+00
& . 0D0GOE+O00
@.vo000k+0a
0. 000008+00
o.200008+00 O.
0. 00000E+00 0, 00000E+00
0. 00000E+00 O .00000E+00
¢ . 000008 +00 ¢ . 00000ER+OD
¢.000002+00 o OO0QOGE+OO

.00000E+00
. SO00CE+00

LOCATTON OF DESERVATIDN WELLS

LI x ¥

1 | ] .

2 5 T
LOCATION DF FUMPING WELLS
x ¥ RATELIN CPE) -£-1 198
. ? C. 1008+ Q.00

AREA OF ONE CELL @ 4. 1000E+08
X-Y SPACING:

00,30

200. 00

8. 700008 +07
9.000008+00
a.o0000g+00
¢ .00000R+00
o.00000E+00
00000E+A0
¢ . 00000k +00

Q. 00000E+00 O.00000E+00
<. 00000E+00 0. CO0BOE+OO
0. 00000R+00 0. 00000R+00

10

1]

2.8500

1.00
6.78E*07

o, 008000
o.30
180.@

a.30
1.000000

1¢
$.0100
100

o.800
3200

oOON

0. 72000E+QT7 O .T7H00OE+QY
0.00000E+00 0. 0Q000DE+DQ
9.00000E+00 0, Q00COE+00
. 00000L+00 0. 000008 +00

0. 79000K+07
C.000Q0F+00
C.00000R+00
9.00000E+00
0.000000+00

N L *00 O. £+00
.00Q00E+O¢ D . 0Q0GOEYOO
o.000000+00
©.00000E+00
<. Q0OOOE+OD

Q
0.00000E400 O©.40000R+00
o
o
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Q. E+00Q
8.000000+00
¢ . 00000E+C0
¢ . 00000+ 00
2.00000R+00

0. 7TI000E+07
o,00000E+00C
@ .oconoE+ac
©.0Q000E+00C
¢ .00000E+QD
0.00000E+00
9. 00000E+O0O
2. 000008 +00
9. 000008 +00
©.000000+Q0C

9.
L
o.

L]
-}
a
Q

0.
0.
e.

TS000E+QT
0O00C0E+0D
000008+ 00

. 0000 f+00
. 000008 +00
. 00000k +00
. 0000QE+00

[L1-1-1-1-1 £ 1. 1.]
[-1-1-1-7 271
SOO0QOE+GO

. T9000E+07
¢ .0D00QE+*O0
. 0000QE+O0
<. 0000QE+00
Q.C0000E+00
9.000008+00
©.00000E+00
. 00000E+00
. 00000E+00
L -1-1-1-1-1 22-1-}



AQUIFER THISCKNESS (PT)

@.0 8.0 0.2 ¢.8 0.0 9.0
0.0 20.0 20.0 20.0 20.0 20.8
0.0 2¢.6 206.0 20.0 20.0 20.0
@.9 20.0 20,0 20.0 20.0 20.0
¢.0 20.0 20.0 20.0 20.0 20.0
0.0 20.0 26.0 10.0 20.¢0 20.0
2.0 20,0 20.0 20.0 20.0 20,0
0.0 20.0 20.9 20.0 20.0 20.0
.0 20.0 26.06 20.0 26.0 20.0
0.0 ©.&8 ¢.6 ¢.6 0.0 0.0
WATER TABLE
6. . e. [ 0. o.
&. 100, 190. 100. 100, 100.
Q. o. o. e. 0. °.
o. e. e. °. °. N
°. o. o. ©. °.
o. o. . o. o.
e, Q. o. o. °.
c. 0. . 0. 9.
o. TR. TH. . .
°. 0. o. 6. 6.
SMIBSIVITY MAP [FTarT/SEC])
.0QE+00 0.00E+0¢ O.00Fe00
0.0408%00 1.00E-01 1.00K-01
0.00E+00 1.00E-01 1.00K-O%
©.00E+00 1, 00KE-01
¢.00E+00 1.00£-01
o.coMs00 1 .00E-01
o.00l+00 1.008-01
0.008+00 1.00E-0O1
©.00E+00 1.00E-01
©.00E+00 0.00E+00 ©.008«0O
PERMEABRILTY MAP [FT/SRC)
C.00E+G0 ©.00F+00 O.00R+00
¢.00E+00 5.00E-03 §.00E-03
©.00E+00 §K.00E-02 5.00E-03
©.008+00 §.00E-03 §.00E-03
©.000+00 §.00E-03 ¥.00E-03
6.00E+00 §.00E-0X 5.00E-03
6.00R+400 $.00E-03 §.00E-03
0.00E+00 £.00E-03 §.00E-03
©.000400 $.00E-03 §.00E-03
0. 008+00 a.00R+00 S, 00E+00

.2 0.0
20.0 20.0
2¢.¢ 20.0
0.0 20.8
20.0 20.0
20.0 20.0
0.9 20.0
20.0 20.0
20.0 20.0

o.& 0.0

-
-4
o

e

o.
-]

o.
o.
0.
°o.
a.
o.
s

-]

@.008+00

t.00E-21
1.008-91
©._00E+DD

Q.00E*00
§.008-03
5.00k-03
% .o0k-03
5.008-0]
5.008-03
5.008-03
5.008-03
5 .00E-02
o.008+00

ND. OF FINITE-DIFFERERCE CELLS

ARBA OF aQUuIPER IN

sccocao0000D
9000000000

0000000000

. COE+Q0
-Q0E-O1
.00g-01
.aog-o1
. 00Kk-01
.O0E-01
.QoE=-01
1.008-01
t,.008-01
. ogE+a0

m v s

¢ . oak+00

IN AQUIFER

o, 008+00
1.o000-01
1.00&-01
t.00K~01
1.00E-01
1.90E-Q1
1.000-01
1.008-01
1.00€=-01
¢ .00R+00

0. 00K+00
$.00k-01
$.00E-03
5 . ooR-03
5.008-03
5.00E-02
5.008-03
5.00E-0X
5 . 0QR-023
©.008+00

MODEL * 4. .8I500E+0T SO. FT.

CRIT {MAX. NQ. OF CELLS THAT CAN BE:VQID OF

PARTICLES .

DIFFUSE RECHARGE AND

2, 008+00
o, o0E+00

2.00K+00
0. 00E+00
0.00E+00
0.00E+00
0. 00E+00
©.00E+00
©.00K+00
©.o0k+00
. 008+00
Q. 00E+00

DISCHARRER
0.00R+00
9. 00E+00
0. 00N+00
0. poE+00
0. 00R+0D0
0.00K+00
0.00R+00
Q. 0084+00
0.008+00
0.00%+00

o.00R+00
1.00E-01
1.00E-01
1.00K-01
1.000-01
1.00€-01
1.008-01
1.008~-01
1.008~01
o.00gk+00

©.008%v00
5.008-02
5.00E-03
5.00E-03
§.00E-03
§.0CE-03
§.00E-03
§.00E-0X
5 .00E-02
0.00E*00

1F EXCEEDED, ?llﬂiCL‘i ARE RECENERATED)

(rr/sec)

o.808+00
o.00k+00
0.a0k+00
0.a0k*00
. 20R+00
©.a0E+00
¢.aoRe00
o.00R+00
©.00Re00
0. 008+00

2. 008+00
¢.o0f+00
-aof+00
. OOE+00
.oolk+00
.oak+o0
-oaf+00
- GOE+00
0.00KE+00
o.oc0k+00

VIii-4

0.00H+00
Q.0O0E+00D
Q.00E+00
0.00E+00
0.008*00
¢ .00R+00
0. 0aE+0D
Q.000+00
0.00k+00
0.00F+00

. 00E+00
2.000+00
. 008400
©o.90k+00
o.got+00
¢.oc0l+00
¢ .00 +00
¢.00E+00
o.00k+00

o.00F+00
1.00E~81
1.00E~01
1.00E-01
t.00E-01
t.00E-01
1.00E-01
1.00E-01
1.006-01
0.008+00

.O0E+0E
.00E-03
.00¥-03
ooR-03
§.008-03
$.008-03
008-03
COE-03
s .008-02
©.00E+00

0.00R+00
<. 00K+00
0.00K+00
9. 00E+00
0 .00E+00
o.00k+00
o.ock+00
o .00E+00Q
. 00E+00
o, 008+00

o.00E+00
©.008+00
2. 00E+00
. 00E¥00
o. 00800
©.00E+00
Q. 008+00
. 00E+00
0.008+00
9.00¢+00

. 00E+00
o.00E+00
3. 00E+00Q
C.COE+00
9 .000+00
o.008200
Q. 008400
0.008+00
0.00E+00
0.008+00

0. 00T+00
o .00E+00
o .00+00
5. 00R+00
2. 008+00
2.008+00
9.008+00
0.000+00
2. 000+00
0. 00F+00



NODE IDENTIFICATION MaP

co0O0O00QO0
AWO0COOOND

NO. OF NODE ICENT.

THE FOLLOWING ASSIONMENTS W
LEAKANCE

oNoOOQOOOND
YRR

t.000R+00

oRNGOO000D=0
onmpoGOOD-0

1.0002+00

ONQOOGCOOOND
ORDODODOND

ceoRs sPECIFISD ¢

SOURCE CONC.

©.000E+Q0

1.0000+02

6000000G000

2

AVE DEEN MADE:

RECHARGE

YERTICAL PERMEASILITY/THICKNESE (PT/(FT2SERC})
<&

0.000+00 ©.008+00 O.00E+60 .O0E+00 ©.00E+00 ©.00E+00 OG.00E+00 5 00E+08 ©.00E+00
0.00R+00 1.008+00 1.008+00 1.0OR+00 1.00H+00 1.008+40C 1.00E+00 t oOR+00 0O.00E+00
0.00E+0¢ ©.008+00 O.0GE+00 O.00F400 0.00E¢00 O.COR+00 O.00F+00 0, 00E+00 ¢ OoE+D
G.00E+00 0.00E+40C ©_ 008400 O OOE+400 0. 00E+00 &.008+00 O.00E+00 0.000+00 0.00K+00
0.00E+00 0.000400 O.008+00 O.0CE+0G 0.00E40C ¢.000+400 O.0O0R+00 0.00E+00 O.00E+00
0.00E+00 0 .Q0R400 O.00R+00 O.00E+00 0.00E40C C.00B+00 ©.Q0R+400 O.00E+08 O.00E+00
0.00E+0C O©.00E+00 O.008+00 O.00K+00 O, 008400 ¢.00E+00 O .0OF+00C 0O . 00E+00 O, 00F+00
0.00E+00 O.GOR+00 ©.00E+00 ©.00E+00 O .00E+00 ¢.00F+00 & . 00R+00 0.00F+00 ©.00R+0C
0.008+00 1.00B+00 1.00H+00 1.00E+00 1.00K+00 1.00K+00 1.00E+00 1.008400 O.00E+0C
6.00E+00 ¢.00B+00 O.00E+0D 0.000+0Q0 ©.00F400 ¢.00R+00 O.00R+00 o 00E400 O._DOE+0O
HEAD DISTRIBUTION - ROW
NUMSER OF TIME STEPS 1 e
TIME[SECONDS) = ©.00000E+00
TIME[DAYS) :  0.00000E+00
TIME(YEARS) s ©,00000H+00
©.0000000 . o. °. o o. 0080000 o. o. 9. 1] . 0000000
©.0000000 100. @ 108,00 too. 00 104 . 0000000 100, & 100.0 o 104. c.
¢. 9000000 ©.0000068 0.06 Q. L ¢.00 ©. 0000000 o. Q. %0 . 8080000
6. 0500000 °.0 a. o. a0 °. ©. 0000000 . 00000060 8. 0000000 a. 0000000
©. o. 0. 0000000 ©.0000000 ¢ . 0000000 2.0000000 ©.0000000 &. 0000000 0.6006000
Q. oo 6. ° ¢ . 0000000 & . 0000000 0. 0000000 0. 000 Q. o0 2.6000000 2. 0000800
0. 0000000 9.0 e &. 00 0 .0000000 o . 0000000 o .0000000 ©. 0000000 . 0000000 o. 0600000
o. 0000000 0. 0000000 o.0 Q.

Q.0000000

ITERATION
». 523E-01
©.000E+00
©.000E+Q0
¢.000E400
o.0008+00
o, 000E+00

7.0

Q.

e 7§.90000000

o o.

METERS

9.8270-0!
©.0008+00
0. 000E+00
2. 0008+00
0.000E+00
¢, 200N+ 00

o.00

3.8158-01
0.0008+00
Q.0000+00
9. 000E+00
©.0008+00
9.000K+00

9 .51sk-01
¢ .000E+00
°.conk+00
Q.000E+00
©.0008+00

78 . 0000000 7%, 0000000

¢ . 0000000 o, L

7% . o0000C0

.83700-01 & . BT7TOE-O1
©.000E+200 0.0008+00
0.000E+0C0 0 .0008+00
O .000E+00 O.000E+00
0.000E+00 0. 0000+00

¢.2838-0
¢ . 000E+00
C.000R+0O0Q
o.o0ol+00
0.000E+00

©.000E+00 0 .000KE+00 ©.000H+00 0.000E+00

VII-5

©. 0000000 .
78 .0000000

0. 0000000

8.JEJE-01
¢.000R+00
¢ .000R+00
o.000R+00
©.Q000E+00
0.0008+00

¢.000E+00
0.000E+00
9.0000+00
9,.0008+00
9., 000E+00
¢, 000E+00

o, L]

7§ .0000000 a.00%00000

¢ . 0000000 0. 000008

0. 0008+00
8. 00000
&.o00E+00
0. o000i+r00
. 0008 +00
0. 000E+00



CONCENTRATION

WUMBER OF TIME STEPS ¢ o
TIME(SECONDS] * ©.000008+00
CHEM.TIMELSECONDSE]} : ¢ DoOOOR+OC
CHEM . TIME(DAYS) r  0.00000E+00
TIMEL YEARS ) . o.00000k+00
LHEM.TIMEL YEARS ) 1 0,00000E+00
MO, movES COMPLETRD o
. 0000 9.0000 0.0000 e.0000 o. 0000 ©.0000
o.0000 B, 0g00 ©.0000 o.e000 e. 0800 o.0000
0.0000 ©.0000 o. 0000 0. 0000 o.0000 ¢. o000
o .0000 ©.0000 e.0000 ¢.0000 ¢.o000 0. 0000
©.0000 ©.0600 o.o000 ©._0000 ©.9000 60000
°.0000 0.0000 0.0000 o.o000 o.0000 0.0000
¢ .0000 0.0000 ¢. 0000 Q. 0000 0. 0000 0.0000
&.0000 o.8000 6. 0000 Q.0000 o0.0000 ©. 0000
6.0008 ' 0.0008 o . 0000 &. o000 0.0000 9. 0000
0. 6000 ©.0000 2.0000 0. 0000 o.0000 0.0000
CONCENTRATION
NUMBER OF TIME STEPS = ]
e o L] ] o o L] ° [
@ L3 [ ] o L) o ° o
o L] ° o ] [] o ] ]
L) o o ° L] ] L] ] 6
) ° ] ° -] e ] o °
o L] [ L] ° ] © [} ]
@ -] ] ] o -] L] 3 Ll
° ° ° [] L) L] ] L] o
L] ° ] ] ] ° ] L) -]
& ° ° ] o L] o ] °
N = 1
NUMBER OF ITERATIONS = [}
o I
HEAD OISTRIBUTION - ROW
MUMBER OF TIME 3 t 1
TIME(SECONDS) = 7T.30000E+0¢
TIME(DAYS} 8. 143828401
TIME(YEARS) a 2.50338E-01
Q. Q. e, o0 G. 0 .0000000

¢ .90000000
©. 0000000
a. 0000000
0. 0000000
@.0000000
©. 0080000
o . 0000000
0. 0000000

74 . 5882312
an.8322188
25 . 2581883
$1.3804048
TE.2E78422
TE.Za0a2ow
TE. 0000002

19 . 90900 NY
4 . 5021404
a9 . vk3komr
a8 . 1424381
$1.0423084
TT.52348a8
75 . 07204803
75 .0000001

4 40R0281 4. 0822037

29 .5884179  a0.7T28021

45 . 0843384 aE.J180083

40 . 5374349 &1.1004018

T6.2173088  T7.7201288

7E.4773042 Ts. 0004852

1% .0000001 TH.0000001

0 .0000
9.0000
0.0000
8.0000
°.0000
(- -1
9.0000
9.0000
0.0006

Q. 0000

0.0000000
5. 8098993
4 . T181108
4% . 2280401
4% . 8248043
1. baau3v0
T4.TTITVAES
T8 _s8s3800

78 . 0200002

¢.0000 9.0000
5. 0000 o.0000
©.0000 9.0000
© . 0008 o . 0000
Q. 0000 ©. 0000
2.0000 o o000
& . 0000 &.0000
o.0000 o. 0000
& . 0800 3 .0080
0.0600 a.0000
e. Q. Q.

1% . 20N ESA
94 . TTI0TR2A
510.08081387
25.8803782
£2.2016432
T.1TITLY
78. 5188402

75 .0000002

22 . 0880904
94 ,850102807
$C. 1170784
35 .0841887
42._ 3652841
T .IE1T7008
Te.828430)

7% . 00000037

VII-6

e.0

9. 0000000
©.0000000
9, 0000000
C. 0000000
4. 0000000
Q.0800000
Q.0000000
0. 0000000

°.0000000



HEAD DI3TRIBUTION - mOW
NUMBER aF TIME STEPS 1
TIMELSREONDE] @ T _S90000B+0E
TIMEIDAYX) . M. 143E2E+0)
TIME(YEARS | t  2.50338E-01
] L] ° ° ] o L] ° ]
¢ 100 100 100 160 100 100 100 o
e AF % $% 3E 3% N &8 L
© %c 80 SO 80 w0 20 1D °
© AE A 8% A% 45 M0 s ]
o 81 81 &1 31 82 &2 &2 e
a 78 I8 TE TF TR TS 78 [
¢ 78 TE TR s T TP 77 ¢
¢ TS 7% 7% T 1S 7T 78 &
o [ ] L] ° ] ° L] Q
DRAWDOWN
e ) ° [ °
e ° ° o ]
o -94 Y1) -84 L]
& -0 -as 1) ]
o 58 -a4 -85 ]
° -s0 -a0 -2t -]
o -77 =17 -8 ]
o -7 -7% -8 ]
o ° L] ° ]
L [ o L] o
CUMYULATIYE MAES BALANCE -- [IN FTenu3)
RECHARGE T 8.000008*00
INJEET1DN 9. 000000400
PUMFACE r 7.000008+08
CUMULATIVE NET PUMPAGE r  7.100008+08
WATER ARLEASE FAOM STORAGE ¢ -1, AJIB0R+0T
LEAKAGE IMTO AQUIFER E -2.848180%07
LEAKAGE OUT OF AQUIFER = 7.201114+08
CUMULATIVE NET LEARAGE P =2,.22803E407
MASS BALANCE AESIDUAL : 1.23000E+03
ERROR [AS PERCENT) + 3.BR1ITRR-0O3
RATE MASS BALANCE -- (1IN C.P.%5.)
RECHARSE = &.00000R%00
LEAKAGE INTO AQUIFER . 3.7I8TTEYOO
LEAKAGE OUT OF AQUIFER ] 118I3E-Ct
NET LEAKAGE [ONET] T 2.81823W+00
INJEETION + 0.00000R+O0
PUMPAGE t 1.00000E+00
NET WITHORAWAL {TPUM) t  1.00000R+00
CONCENTRATION
RUMBER OF TIME STEPS = 1 .
DELTA T " 7.20000R+08%
TIME[SECDNDS ) t 7.90000R+08
CHEM, TIME(SECONDS]) : 7.800008+0%
CHEW. TIME(OAYS ) 1 §.14352801
TIME[YEARS) T 2.8033MR-01
CHEW. TIME{ YRARS } T 2.30338€-01
NO. MOVES COMPLETED = 2
©.2000 o. 0000 . 0000 ©. 0000 ©. 0000
o. 0000 0.0000 ©.3207 8. TR 5. 8828
0. 0000 0. 6000 ©.2208 31,7081 31,8813
o, 0080 0.0008 0. 0000 o.7088 o.88a2
5 .0000 0. 0000 ©.0000¢ °. 0000 °.g000
o.0000 a.a000 6. 0000 . 0000 o.8000
. 0000 o.0000 ©.0000 ©.0000 0.0000
©.0000 o, 0000 & . 0000 ©. 0000 °.0000
o, o000 o, 0000 o.0000 2.0000 9.6000
&.oono o. 0000 0.0000 o.0000 o. 0800
ViIi-7

0. 0000
SE.S817
24.%013
o.8082
& .o000
0. 0000
©. 2000
0.0000
o . 0000

0.0000
Q.307%
Q.1878
-0. 0037
2.0000
Q.0000
0. 0000
8.0000
o. 0000

©. 0000
0. 0000
0.0000
o.0000
o.0000
©. 0000
o . 0000
. 8000
o.0000

6. 0000

Q.0000
0. Q000
¢.c000
©.0000
a.90000
@ .0000
©.0000
o.0000
. 0000



CONCENTRATION

HUMBER DOF TIME STEPE

-]

o & © o ©°o O

-]

e o o o @

]

¢ ¢ ¢ a9 o

-]

°

]

CHEMICAL MASE BALANCE

COMPARE RESIDUAL WITHN NET FLUX AND MASS
188E+08

[ 2]

MARE In AOUMNDARIES
QUT ROUNDARIES
MASS PUMFED 1IN
MASS PUMPED OUT
InFLOw MINUS DUTPLOW
INIT1AL MASS STORED
PRAESENT MASE STORED
CHANGE MASS 3TORRD

MAZS BALANCE RESIDUAL

10

IAS PERCENT)

NUMBER OF ITERATIDNS

HEAD DISTRIBUTION
MUMBER EBF TIME STEPS
TIME(EECONDE !
TIME{DAYS |

TIME(YEARS }

L

0.8000000
o . 2060000

©. 0000000

ROW

13
)
13
[3

LX)

8. 9387927

18

¢ © o & ©o O 0

o L
L] L
° L
[ L]
L4 L]
2 Q
[-] Q
-] -]
[-] -
-] 1]

1.185088+0%
9.00000E+00
o .00000E+00

1.25808E+0%
0. 00000K+00
1.81028%+08

T
z
]
* 0.00000E+00
T
]
]
3

1.810258+08

r -1, 138708¢01

. 3ES40E+0T
131288402
. 500008 +00

o, 9000800

TEONOES
3JaTORO

4831837

ACCUMULATION:

95.0899808%
5. %a08781

1. 8589210

0.9

21.37E8133

8. 0811828

*2.1318302

2. 0000000
49 _FapeNEs
8. 1171430

#2.3269128

0.0000000
LI 1 E) ]
96. 1422088

92.3277423

0.0000000 7. 38307717 87 . TIANITEI 7. 0821288 47 .3TTESET 88 .2308270 88.3600449 23.5753083
0.0000000 £3.93822T72 33X . ERASEST 51 .O004NS122 A4X.8T124888 B4 . 5123787 A4 . TTATIEZ 4. .32RE304
0.0000000 $0.3827136 79.623II888  TT.3180918 79.8248072 $0.833E18e 21.288380% 3 23872
©.0000000 TT.5Z0E2T4 T77.218387E TH . TITE1E2 TT.3INV1IEE 77 .3101388 T4.0RBBOZE  TA.17909GO
0.0000000 TE. 8.0 3 TE.0000002 75.0Q000003 3. 3 7. b 4
0. 0000000 ¢.8000000 o. Q. - & L 0. 0000000 4. 5000000
HEAD DISTRIBUTION - ROW
uUMBEn OF TIME STEPS = 10
TIME(SECONDS} = 7. 88P8QE+0QY
TIME{DAYE) : 9. 1I31Z6E+O2
TIME(YEARS) t 2Z.50000E+00
- Q e L o L] -] -] <
¢ 100 100 100 104 100 100 100 o
o $5 BE 08 Bs 8 G 3B °
o 82 %2 82 32 82 #2 92 L
© &85 3E B3 AL M2 32 oY L
€ 84 84 3Y 34 a4 ak BB °
o 80 3¢ 1Y 0 &1 a [ 3] -]
e T4 MY M YT FYWE TR TR 9 1
e TS TE YE 7 TS TE % L)
-] ° e -] ] Q L] e -]

VII-8

9.0000000
Q.0000000
¢. 0000000
0. 0000000
2. 0000000
2.2000000
Q. 0000000
2. 0000000
Q. 9000000

0. 0000000



D RAWDOWN

o -] ] -] ° [} ]
° ° ] -] L] ° °
o ~-9¥ 48 38 9% -@S L}
o 81 41 =81 =11 o
a -7 87 8T 87 -87 °
a =83 82 =83 -83 -84 ]
o =719 -T8 -T% RO <80 °
e -77 78 =76 TT -TY °
[ ] L} ° ] e ° °
e ] L ° Q L] ° °
CUMULATIVE MASS BALANEE -- [IN FTesl}
RECHARGE = ©.00000E+00
INJECTION 1 ©.00000K+00
PUNPAGE E 7. A840K+07
CUMULATIVE NET PUMPAGE 2 T 8E840E+07
WATER RELEASE FROM STORAGE & -).88812E+07
LEAKAGE INTZ AOQUIFER . t =2.27383E+08
LEARAGE OUT OF ADULIFER « 1.33798N+08
CUMULATIYE NET LEAKAGE 3 ~8.3E8A3E¢0T
MASS SALANCE RESIDUAL = 1.30Z40E+04
ERROR (AS PERCENT) 1 8.123308-03
RATEZ MASS BALANCE -- (IN C.F.5.)
RECHARSE :  ©.000008+00
LEAKAGE INTO AGUIFER 1 2 _T7aBT1H+00
LEAKAGE OUT OF ACQUIFER a -1 TIE+00
NET LEAKAGE [oNET) L -0
INJEETION 1 ©.00000E+00
PUMPAGE :  1.00000E+00
NET WITHORAWAL {TrPUM) 1 1.000008+00
CONTENTRATION
MUMBER OF TIME STEPS = 1o
aELTE T 1 T.784008+08
TIMEISECONDS) *» 7. soge07
CHEM.TIMAISRCONDE] = 7.580408407
CHEM.TIMELDAYS) t  9.13128E+02
TIME[ YRARS) T 2.300000+00
CHEM. TIME! YRARS ) 1 2.80000R+00
NO . MOVES COMPLETED : 2
o, 0000 0. 0000 ©.0000 0. 0000 0, 0000 0.0000 e.cc08 0.o000 o.0000
°. o000 ¢.0338 1, 7408 8. 1823 . .0874 "8.221% 1.7082 ¢.0341 &. 0000
°.0000 6. 1000 3. 8902 195 0081 [T FLE] .. 6284 3.3182 & 0802 8. 0000
o0.0000 ©.2834 E.3181 1. 0408 5.3330 3. 4148 4. 8827 o.z2830 ©.0000
&. 0000 ©.a882 8.9788 88.122¢ 18,971 .. 5827 8431 °. 5082 °. 0000
0.0000 ¢.7073 19.778) 831.28484 0. 4337 3. 7008 0.a2%8 e. 8730 o.0000
©.0000 ©.7472 n.0819 $6.2821 T4 8078 #0.4178 2.3002 o.0580 o.0000
©.0000 a.4182 3.381% as. 9020 41.8722 22.9843 4.8828 °.3921 e. 0000
0. 0000 o.o5a8 o. 2888 18877 .50 ..5293 ©,.7113 o.074E o. 2000
°. 0000 o.e000 o, 0008 8. 0000 o .0080 0 .000e ©.0000 . 0080 o.g000
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CONCENTRATION

NUMBER OF TIME STEPS « 19
-] -4 a -] o L
L) -] 2 LS ] 1008 ”
a L] " 100 7’
Q L4 [ ] 3 (1] L ]
L L] [ ] a8 *7 [1)
L 1 1 3 L 1) To
-3 t [ [ 1] 7 a0
[-] L) 1 27 42 23
o a L] 2 hd T
o o < L] o o

CHEMICAL MASS BALARCE

MAES IN DOUNDARIES .
mMass OUT BOUNDARIES .
MASsS PUmrEs IN .
MASS PUMPED OUT .
INFLOW MINUS OQUTFLOW L
INITIAL MASS STORED &
PRESENT MASE STORED 3
CHANGE maAsSS STORED *

2 Q ]
2 -] L
3 L Qo
] -] ]
2 1 -]
10 1 -]
] 1 -]
3 -3 °
1 L) °
] L] ]

1. 7898 TE+OS
*3.083408+07
c. 00000800
=F. 34451008
s.414820v018
€. 080008400
4.550000+00
5. SER00RE~0%

TOMPARE REZIDUAL WITH NET FLUX AND- MASS ACCUMULATION:

MLSS BALAMCE ®ESIDUAL *
ERROR  [A$ PERCENT) L]

1 SI1TIE+Q8
*1. 58485400

TEST PROBLEM 2 FORk TRANSIENT SIMULATIDN WITH SIP OPTIOM

TIME VERSUS WNEAD AND CONCENTRATION AT SELECTED ONSERYATION POINTS

PUMPING PRRIDD WO.

TRANSIENT

ons wELL NO.

1

00S . wWELL NOD.

SOLUTION

4 ¥
& 4
1
x ¥
L 3 7

-

VIi-10

O L ARRABUN=O

OMBN-IRWEHUN-GQ

HERAD

trT)

tFrT)

CONC . (MG/L)

LN N-N RN
LESIER N RN ]

[ I XXX EF

comNc. [ME/L)

..-IOHOO‘OAO

=N
WU ANOO0QDD

~+n
LR
- -

TIME (YEARS)

0. 008
°.280
- 1-2)
0. 781
1.0014
1.382
1.802
1.782
2.003
2.253
2,500

TIME (YEARS)

N-T.11
.280
.801
LTB
.e01
.282
.Bo2
.TE2
-1
1.283
1,509

HLassB000



APPENDIX VIII

INPUT AND SELECTED QUTPUT FOR TEST PROBLENM 3
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»x%x TS50 FOREGROUND HARDCOPY ****
DSNAME=U112360 . EXNRC . CNTL

//M11236D0 JOB (72, TSO-TR-KONI) ., KONIKDOWRUN,

// TIME=(C,40),CLASS=A,

// MSGCLASS=X,NOTIFY=»

/*PASSWORD 7777

/*JOBPARM ROOM=L

/i

//KONI EXEC PGM=KONISOG,REGION=1500K

//STEPLIE DD DISP=SHR,DSNaU11236C . KONI . LOAD

//FTOGFO01 DD DSN=U11236C.EXNRC.OUTLIST,UNIT=STORAGE,

// SPACE=(TRK, (10, 10)) ,DISP={MOD,CATLG),
DCB=({RECFM=VBA,LRECL=133,BLKS]ZE=7448)

//ETI0FO0t DD DSN=U11236C.EXNRC.GRAPH, UNIT=STORAGE,

/7 SPACE={TRK, (10, 10)},DISP=(MOD, CATLG),
DCB=(RECFM=FB, LRECL=80,BLKSIZE=7440)

//FTOTFO01 DD SYSQUTsB

//FTOSFO01 DD *

TEST PROBLEM 3 FOR TRANSIENT SIMULATION WITH SIP OPTICON

10 1 20 33200 2 0 2100 2 8 1 10 1 0

4. 0.01 ©O.1 100..0005  113.E6 30. 3. .3 .2 1
1 1 33. 2.404 10.
1 6 0 0 ©
42
6 2
32 -.0075  500.
17 2 ©0.0075 0.0
1 1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 .03 .03 .03 .03 .03 .03 .03 .03 .03 .03 .02 .03 .03 .03
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 1
©.00.00.00.00.00.00.00.0¢.00.00.00.00.00.00.00.00.00.00.00.0
©0.050.50.50.50.50.50.50.50.50.50.50.50.50.50.50.50,50.50.0.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
1 1
©.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.0 0.0 0.0 0.0
0.0 14. 0.0 0.0 ©.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o 0.0
1 1
00000000000000000000
0 10000000000000000 10
00000000000000000000
1 0.3 .00 0. 0
o 0

VIiI-2

¢.0 0.0 0.0

o]

.03 .03 .03
¢.0 0.0 0.0

coo
0oo
coo
ooo
o000
ooco

o- O
SO
oOWwo
000
(e Neo N



U.S5.5.5. METHOO-QP+~CHARACTERISTICS MODEL POR SOLUTE TRANSPORT

TEST PROSLEM I FOR TRANSIENT SIMULATION WITH 3IP oPTION

1 hPruT 0AT A

GRID OESCRIPTORS

NK {NUMBER OF COLUMNS) * 20
ny (NUNBER OF ROWS] ' a
XDEL (X-DISTANCE IN FRET} = 6.0
YOEL [Y-DISTAMCE IN FERT) * Jo.0

TIME PARAMETEAS

HTIM [MAX. NO. ©F TIME STEPS)
NEMP [NO. OF PUMPINC PERIDOS)
FINT [PUMPING PERIOD Ik YEARS]

. TIMX [TIME INCREMENT MULTIPLIER)
TINIT [INITIAL TIME STEP IN 3SELC.}

#YDAROLOGIC AND CHEMITAL PARAMETERS

] {STORAGE CORPFICIENT} ]
PORDE {EFFRECTIVE PORDSITY) ]
WETA [CHARACTERISTIC LENGTH) .

OLTRATY (RATID OF TRANSVYERSE 7O
LONGITUDINAL DISPEREBIVITY] .
ANFCTR [RATIG QF T-¥Y TQ T-x%) z

18

1
4.000
1.00

0. 1IE+OR

0 .000500
¢.10
100.0

o.30
t.000000

IN GAOUND WATER

SPECIES MALF LIFE [YEARS) 7 3I.3006+01 OR DECAY CONSTANT {1/3ECZ) = &.688K-10

MOCK DENSITY |[GRM/CN®23) r 2 4048+00BULK DENSITY/PORDSITY 2

sss L INEAR SORETION=== DISTRIDUTION CONETANT (KD)
sssglP USEDes®
e+ CONFINED AQUIFER="®

EXECUTION PARAMETERS

NITP (NO. OF ITERATION PARAMETERS)
TOL {CONVERGENCE CRITERIA - AQIP)
ITMAX (MAX._NC.OPF ITERATIONS - ADIP)
CELDIS (MAX.CELL DISTANCE PER mOVE
OF PARTICLES -~ M.O.C.}
NPMAX (MAX. NO. OF PARTICLES)
HPTENG {NO. PARTICLES PER NODE)

PROGRAM DPFTIONS

NPNT [TIME STEP INTERVAL FOR
COMPLETE PRINTOUT) r
NPHTMY [MOVE INTERVAL PFOR CHEM,
CONGCENTRATION PRINTOUT) s
NPNTYL (PRINT OPTION-VELOCITY
owN0; tiFIRST TIME STEF;
ZVALL TIME STEPS) *
NPNTD (FRINT OPTION-DISF. LORF
ORNO; 1:FIRST TIWE STEP;
2sALlL TIME sTEPS] *
NUMOBS (MD. OF OSSEERVATION WELLS

FOR HYDROGRAPH PRINTOUT)
HREC [NO. OF PUMPING WELLS)
NCODES [FOR MOOKE 10DENT.)
. NPNCHY [PUNEH VELOCITINS}
NPDELC (PRINT OPT.-CONC. CHANGE)

TIME THTERYALS (IN SECONOS!
0.130000+08 0. 13000KE+048 ©.13000K+04
Q. 000G0E+00 . ¢0000K+00 C. 0000000
0.00000E+Q0 0.000008+00 O. [-1-]
0.00000E+00 0.000008+0C 0.00000E+00
$.00000E+00 ©.00000R+*00 0.00000KY00
Q. 00000E+00 0. 000000400 O.00000L+00
9 .0000CE+00 0. 0O0000R+00 0. 00000KYO0
0. 00000E+08 &, 00000R+00 0.00000E+90
0.00000E+0¢ 0.000008+00 c.0000OE+*00
9. 000008+00 0 ,00000E+00 O.00000%+00

[ X-X-X.X-N-N-X-E-K-3

1.0000+03

18
°.0100

100

DO -NN

- 130008+08 O
QGO00QE+DD ©.
gero0 O
00S00E+00 O.
cooookvod Q.
00000E+0D O
G000 +00 O.
.00000R+00 O
.O00A0E+O0 O

9.200
oo
*

130008+08
20000E+00
200008 +00

2.164E+01

0.13000K+08
°.00000+00
<. 00000R 00

QOOE+00

- & +00

0.13000E+08
0.00000E+0O
°.00000E+00
¢ . 00000N+00

-00

o. §+00

E+00
o00000E+00
C0000E+00
Q0000E+00

L E»00
o . 000008 +00
<. 000008+00
. 900000KE+00

LOCATION DF ORSERVATION WELLS

ND . | Y
1 a4 2
2 1 ] 2

LOCATION OF PUMPING WELLS

X Y RATEIIN £Fg) [ {11
3 2 -.780E-02 $400.00
7 2 °.780E-02 ©.00

AREA OF ONE CRLL 8. 0000E+02

K=Y SPACING:
310 . 000
30 . 000

+a0 0.

E+00

VILI-3

e. *00

o. QoK +00
0. 000008400
0. 00000E+00
0. 00000E+00
0. 00000E+00
C.D0000E+00

-]
[-]
Q
(-]
-]

-}
-]
o.
[}
¢

. 13J000E+08 0. 13000£+08
. 0QQO0QE+0O 0.00000E+00
.00000E+*00 &.00000E+00
.0C000E+00 O. OO000CE+OC
. 00000E+00 0. .00000E+00
. O0000E*HS O . 00000E+O0
. Q0000R*00 O . 00000E+OC

E+00 O QE+OO
. E+00 O, E+00
.O00QGE+OD 0. 00000K+00

¢.13000k+08
Q. 00000E+00
0. C0000E+O0
2.00000E8+00
9.00000CE+QD
2.00000R+00
0. 00000E+00
Q.00000E+00
2 .00000E+00
2.00000E+00



AQUIFEN THICKNESS (FT)
8.6 8.8 0.8 0.0 0.0 0
¢.0 50.0 85.0 §O.0 %6.0 8O
c.0 0.0 0.8 0.0 0.0 o

TRANSMIZSIVITY MAP {FTaFT/SEC)

.00k+00
.ook+00
. 008 +00
L SeE-02
.BOE+00
R-1.TR9-1)

oowao0

0.00E+00
©.008+00
1.008-02
3.008-03
Q. 008+00
¢.00K+00

0. 00H*00
Q. e0E+00
3.008-02
3.008-02
0. 000+00
0. 00E+00

PERMEARILTY MAP {(FT/SEC)

G .00R+00
¢ 00N+00
3.008-02
3.008-02
0.000+00C
©.000+00

0.00Ev00
0. 00E+00
1.00E-028
1.1 &3-11
o . a0k+00
G.008+00

.oof+00
.QOE+OQ
.O0E-02
- OOE-02
-O0E+00
. O0E+00

dowHOO

o.008+00
0.00E+00
4.00k-08
§.00f-08
0.008+D0
Q.00R+00

e. Q.
0. [- 8

o, 00E+00
G.00E+00
3.008-02
3.008-02
0. 008+00
¢ .oog+00

0. 0R+00
C.00R+00
5.00E-0A
4.000-04
o .008+00
¢ .00E+00

QF FINITE-DIFFERENCE CELLS IN AQUIRER = 18

0.005+00 0.00E+00 O. 00400
0.008+00 (.00E*00 O.00E+00O
Q.008+00 .O0E-04 ¥.008-04
§.00E-04 §.00R-04
©.000+00 0.00E+00 ©,.000+00
©.00R+30 O.00F+00 O OCOE+0OD

L1

ARELA OF AQUIFER

MICRIT

FARTICLES

DIFFUSE RECHNAAGE 4AND DISCHNARGE

o.00E~00
Q. 00E+00
0,00k+00
o.008+00
0. 00K+00
Q. OOE+00

o.coEr00
o.008*00
¢.00E+00
. 00RO
. O0R+00
¢.008+00

0.00E+00
o.o0l+00
0.008+00
6.0 00
©.00E+00
C.00E+00

NODE IDENTIFICATION MAP

-3 L
-} 1
[-] -]

NG. OF NODE

THME FOLLOWING ARBIGNMENTS HAVE BREEN mADE:

CODE NO. SOURCE CONC.

1

-] -
a -]
L L.

LEARANCE

IDENT.

L L
L] °
o ]

1.000E-01

IF EXCEEDED,

LFT/SEC)

0.008v00
9, 00E+00
0.00E+00
9.000+30
0.00E+00
9 .000+00

CODES SPECIFIRD »

0 ._000E+OO

VERTICAL PERMEASILITY/THICKNESS (FT/{FTYv3EC)!

Q. 008+00
¢ .00R+00
o, 00E+00
a.00E+00
0.00F+00
G.00E+00

o.00R+00
©.00E+00
J.008-01
0 .00E+00
o.00E+00
0.00R*00Q

2. 008+00
0.00R+00
9. 00k+v00
¢, 0ok+00
0.00E+00
9.008+00

o.00R %00
0.00E+00
¢.90Kkv00
o.90Rk+00
0. 000+00
¢.00R+00

IN mobEL L] 1. 82000K+08 30, PT,

(MAX. ND. OF TELLS THAT CAN RE ¥OID oOF
FARTICLES ARE ARGENERATRD)

D.00E+00 O,00E+00
0.00K+G0 O ,.00E+00
0.00E+00 §.00E+00
¢ .00E+00 0O.00f+00
9.00E+00 O.00F+00
0.00E+00 O.00R+00
¢ L)
-] -} -] L
[} o Q2
¥
RECHARGE
e.00R+00 O, O0GR+OD
6.300+00 0. .00E+00
Q.000+00 0.00E+00
0 .00F+0C¢ 0.00f*00
0.00E+00 0O, 00§+00
0.008%00 ©,00E+00

©.00E+O0
0 .00E+00
31.00E-02
3.00E-02
. 00E+00
Q.00E+00

¢.008+00
0.008+00
§.00E-04
4.00KE-04
©.00E+00
©.00E+00

©.aofkr00
0.00R+*00
¢.00E+00
¢ . 00E+00
¢ . Q0E+00
0.00E+00

000
- R -X-2

9.000+00
©.008+00
0. 00%v00
0.00k+00
0,00R+00
o.00K+00
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-]

Qoo
)
coo

.ook+00

o.
-8

o
Q

L
o
©
9
-]
L]

dog+00
dol+o00

- OOE+00
-OOE+00
5.

OOE-O4

§.00E-04
e.
©.o0ke+00

sak+00

Q0E+00

O.GDE+Q0
9.000+00
-
-]
(-]

col+00

.QO0R+00
. Q0gv00

o000
L-R-N-)

. 0GE+00
.00E«00
. O0E+00
. QoR+00
-Q0E+00
. HOR+00

[LX- A N R-X-

-]
-
8
]
[
-]

o.
Q.
o.
9.
o.
0.

o
o
3
o
-]

[-2-X -]
-
00

.00k+00
.0ok+00
LO0E-02
.20
. SOE+00
. eoE+008

=02

. OOR+0Q

. 00E+00
-00E-04
-cok-oa
.OOE+00
QOE+O0

¢ol+00
L1 £2-1.)
COE+00
QOE+00
VOE+OO
DOE+O0

o000
- N-X-1

O0E*00
. ogli+00
- 0OE+00
-ook-01
.OOR*00
.COE+00

LR
L
[-N-X-]
9049

°
ooo

4.00E+00
Q.90K+00
3.00E-02
0 .00k+00
Q.00E+00
0.008+00

0.008+00
o. 00400
8.00E-04
0.00E+00
©.00E+00
Q.00E+q0

-QOR+00
. 0QE+QC
. oQE+00
.cok+00
. oog+00
ooR+00

. X-X.-N.9-N -]

o000

QOE+Q0
.0CR+00
. D0E+00
.Q0R+00
. 00E+00
o.00%+00

[.E-X-X- K-

000
o090



HEAD DISTRIBUTION
NUMBER OF TIWZ STEPS =
TIME(SECONDS) 1
TIME(DAYS) x
TIME{ YERARS ) ¢

Q. 00000E+00
0.000008+00
¢.00000§+00

: 0.0000000 ©O.0000000
5.0000000 0.0000080  ©.0000000 4.0000080 ©.0000000  0.0900000  0.0800000 0. 0000000
000 . 8000000
. 0.0 4.0000000 ©.0000000 ©.00 ° 0. 2.0000800  0.000G000  ©.069
o.00 o 14, e o o o. °. oo o. 0.00 o.0000000 ©. °.
°.0 oo o. o .0 o o. 0. 0.00 0.0000000 ©.0000000 10.0000000 &.0000000
0.6000000 ©.0000000
0.0000000 ©.0000000 ©O.0000000 O. o.00 ¢ ©.0000000 0.0000000 0.0000000
o, 000 ©. eoe © 9.0006006 ©.0000000 0.0000000 ©.0080000 ©.00 °. o0 ©0.5080000
ITERATION PARAMETERS
$.838K-01 S.RIBE-01 8 _7ROE-01 ¥.7808-01 9.216€-01 9.214E-01 7. 188k-01 0.0008+00 0.000E+00
©.000E+00 0.C00E+00 O.DAGOE+00 ©.090+00 ©0.0008+00 0.000E+30 O, 000E+00 0.C00E+00 G.000E+00
0.000E+00 O.000E+00 O.C00E+0C 0.000E+00 ©.000f400 ©.000E+00 0.000E+00 ©.00CE+00 0.GOOE+I0 ©.000E+00
0.000E+00 O.000E+00 ¢.000E+00 0 .000E+00 . 0O0QE+00 O, 000E+0D 0.000E+00 O.DOOE+00 O.000E+00 0. 000E+00
o 0O0E+0D O0.000E+C0 O.000E+0C O.000E+00 O.000F+00 O.000E+00 O.000E+00 ©.000E+0C O.000E+00 ©.000+00
©.0000+00 O.000E+00 O.000E+00 0.000E+00 O.000E+00 0.000N+0C O.0C0R+00 O.000K+00 ©.000R+00 ©.000R+00
COMCENTRATION
NUMBER OF TIME STR®S = ®
TIME(SECONDS) * ©.00000E+00
CHEM, TIMEISECONDS] : ©.00000KE+00
CHEM. TEME(DAYS ) 1 0.00000E+00
TIME{YEARS] 1 ©.00000E+00
CHEM.TIME(YRARS) 1 0.00000E+00
WD. MOYES COMPLETED + o
o oooe 9.0000 o.o000 o.boto o.o000 ¢. 0000 o.0000 o.0000 0.o000 o .o000
8.0000 ©.o000 o.0000 o.0000 0.0000 o.o000 6.0600 o.0000 o.cooe 0.0000
a.0000 o_oooo ©.0000 ©.0000 0.0000 ©.0000 o.0000 °.0000 ¢.0000 c.o000
o. 0000 o.0000 o.0000 a.0000 o.0000 o.c000 o.0000 ©.0000 0.0000 o.0000
o.0000 o.ocao o.oc000 o.0000 0.0000 o.0000 ©.0000 ©.0000 0.0000 ©.occ0
o.0000 o. o000 0. 0000 o o000 ¢.0000 o.0000 o.9000 o.0000 o.0000 ©.0000
CONGCENTRATION
NUMBER OF TIME STEPS » o
-] -] -] L] L] -] -] L] L] -] -] -] -] L] - -] o -] a
Q ° o o o ° 0 o o o © ° ° o ° ° ° ° °
o L] ] -] -] -] -] -] -] -] [ ] o L] 9 -] -] o -] -]
N oz 2
NUMSER OF ITERGTIONS * 1
WEAD CISTRIBUTION - ROW
NUMBER OF TIME STEPS 1 2
TIME(SECONOS) : 2.80000E+a7
TIME[DAYS) . 3.
TINE(YEARS) = &.
. a. [ a, (-8 . 0. 9. 0.00 o.
°. °. 6. °. LB o, a.o006 o, 0. ©. 0000000
©.00000080 13.47084883 11.6911780 1X. 2177626 13 132I612  12.6820388 12.8TISZE4  12.2Z981171  12.0147087
11.7352943  11.4588828 11.1764716 10.8870802 10.8178488 10.3382374 10.0888268 10,0298148 10, 33 o
a. °. 0.0000000 0.0000G00 O. °. c.0 6. . ©.0000000
°. s 0. e e o. °. s o ©.o0o000 o. 0.00009 o.0000000
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HEAD OISTRIBUTION - ROW
NUMBER OF TIME STEPS 1 2
TIMEISECONDS] : 2.000008+07

TIME(DAYS) .
TIME|YEARS) .
] e e ] (] ° L}
o 18 14 18 131 13 12

L} [} L] -] [} -] o

] e -] ° L] [-] [-] L] [ L ° L}
12 12 12 1 " 11 11 1 10 19 10

-] L -] L L] [-] [-] L] [-] -] -] o

DRAWDOWN
L} o L o o © L] L] -] ° L] [} ] [] ]
] o 13 -13 -12 -tz 12 -12 11 <11 =11 1@ -10 <10 -tQ 3 | -8
L] o o ] [ [] o ° o L [} L] L] o ¢
CUMULATIVE MASS BALANCE -- [In FTae3])
RECHARGE F 0.00000Ev00
INJECTION E -1 ,.9500084+08
PUMPAGE 1 .880000+08
CUMULATIYE NMET PUMPACE + ©.00000B+00
WATER RELEASE FROM STORAGE * -3 . B81Z4E+01
LEAKAGE INTOD AQUIFER s -2, 1E+08
LEAKAEE OUT TOF AGQUIFER T 2.23008E+04
CUMULATIVE WNET LEAKAGE t -3.BE0S4AE+O1
MASS BALANCE RESIDUAL « o.00000KE+00
ERROA  (AS PERCENT) 1 0. 000008+00
RATE MASS BALANGE -- {IN C.F.$5. )
RECHARGE 1 0.0000QRE+DO
LEAKAGE INTO AQUIFER 5 3.82341E-04
LEAKAGE QUT OF AQUIFER t +3.82341R-04
#ET LEAKAGE {QuET]) *  0.00000E+00
tNaRETION t +7.500008-03
suMPAGE 1 7.50000E+03
NET WITHDRAWAL [TrPUM) T  0.00000E+00
CONCENTRATION
MUMBER OF TIME STEPS = T
DELTA T 2 1.300008+07
TIME(SECONDS) = 2. 80000H+07
CHEM. TIME[SECONDS] = 2. B0008E+07 -
CHEM._TIMEIDAYSR) » 3.00033E+02
TIMEIYEARS) T 8.23800R-01
CHEM.TIME! YEARS } r §.23884E-01
NO. MOVES COMPLETED 22
¢ . 0000 ©.0000 0.0000 o.ooat ©. 0000 0.0000 ©.0000 ®.0000 ©. 0000
9.0000 9.9000 ©.0000 9. 0000 0.0000 0.0000 0. 0000 0.0000 ©.gq000
©.0000 2.8077 $9.08%0 31.0170 9.02a8 t.8241 o.2818 6.0381 ©.0037
©.0000 0. 0000 0.0000 9.0000 o.0000 @.0000 0. 0000 0. 0000 ©.0000
c,0000 Q.0000 ©.0000 9. 0000 0.0000 . 0000 ©.0000 Q. 0000 . 0000
©.0000 o . o000 o.8000 0.0000 0. 0000 ¢. 0000 ©.0000 ©.0000 9. 0000
CONCENTRATION
NUMBER OF TIME STEPS 2
[} L] L] ° L] L] ° o o L] o o ] o -] L] ©
° 3 [ 1] 31 L] 2 ¢ o L] o [ o [} ° L
L] o @ o L] L] ] L] L] ° o ] L] L] L] o
CHEMICAL MASS BALANCE
MASS IN BOUNDARINS ©.00000K 00
MASS OUT UNDARINS -x.
MAZS in
MASS PUMFED QUT -3.485140-08

INFLOW MINUS OUTFLOW
INITEAL MAss STORED
PRESENT MAgE XTORED
CHANGE MAES SToRED

.79 [ 2441
©.000000+00
S.1J43TE+0O8
5. 1343708

ORCAY OF 3DLUTE MALS =4 ,.033550+0]

SORBTIOK STORAGE

()

SORETION DECAY (§)

1. 11008E+08

8. 7ITTIE+OR
COMPARE RESIDUAL WITH MET FLUK AND MASS

ACCUMULATION:

MASS BALANCE REZIDUAL =

1. 4978TE+OT
ERROR  (AS PERCENT) ¥

-1 .83808E+0

VIII-6

1113

0. 0000

. 000

. o000

-1l

ooo0



N o= 10
NUMBER OF JTERATIONS 1

HEAD BISTRIRBUTION - ROW

NUMEER OF TIME STEPS
TIME{SECONGS )
TIMELDAYS )
TIME( YRARS)

T
s

z 1.
T 4.000008+00

10
.26230E+08
4¥100E+03

0. 0000000 ©. 0000000 a. o . 6000 o. L] °.00 6. [-1.]
& Q. 0. 00 0.00 o. o, 0000000 ©. 0000000
0.0000000 13.0089087 137 .3708384 11 . 011T4QG 13.411782F 13, 1323812 12,.88520208
11. 7382043 11 . 4658329 11, TTS&TIE 10.3970802 10.5170433 10.3382374 10,0688280
[ Q. L 2.0000000 LB 9. ¢.0000000 0.0000000
o °. o Q¢.0000 <. 0000000 0. 0000000 ¢. 0000000 ¢. 0000000

WEAD OISTRISUTION - ROW

NMUMBER OF TIME ETEFS 10

TIME[SECONDS }
TIME(DAYS)
TIME(YRARK)

-] o -] L] [-] L]

@ 14 18 14 13 12

o o L L] L] e

DRAWD OWN
© a ° o L o ° L) L] o o [-] o
] 6 -+13 -13 -12 ~-t2 12 12 -1t 11 =171 =10 +10 ~-10Q
L 2 [] o L] o L] L] o o ° o o °
CUMULATIVE MASS BALANCE -- [IN FT=e3)
RECHARGE 1 0,.000008+00
INJECTION 1 9. A8TZTE+OS
BUMPACE T 9. 48T727E+0E
CUMULATIVE NET PUMPAGE 1 0.00000K+00
WATER RELEASE FROM STORAGE 1 -3 . S5128E+01
LEAXAGE INTO AQUIFER v o=1,114238+08
LEAKAGE OUT OF AQUIPER 1, 1133808
CUMULATIYE NET LIAKAGE + -3, SEE2SE+O1
MASS BALANCE RESIOUAL = 0.00000E+00
IRRCA IAS PERCENT) a o .0000GE+00
RATE MASS BALANCE -- {IN C.F.5.)
AECHARGE 3 0.00000E+00
LEAKAGE INTO AQUITER LR W F>TRT £1-1)
LEAKAGE DUT OF AQUIFER 1 -3, 823410-04
NET LEAKAGE IQNET) +  0,000008%00
INJECTION * =%, 500008-0)
PUMPAGE 1 7.9%00008-03
NET WITHORAWAL {Trum;) r 0.000000+00
CONCENTRATION
NUMEER OF TIME STEPS * 10
DELTA T ¢ 9.23040E+08
TIME(SECONDS ] 1.282308+08
CHEM.YIME(SECONDS) = 1.282300+08
CHEM. TIMR(DAYS? P 1.481008+0)3
TIME(YEARS ) T 4. 00000H+00
CHEM_TIMEIYRARS ) ¥ 4,.00000E+00
NO. MOYES COMPLETED = 1 ]
o.o0000 ©.0000 ©.0000 ©.0000 . 0000 ©.0000 o.ob000
©.0000 o.0000 ¢.0000 0.0000 °.0000 . 0800 &.0000
©.0000 34.1888 171.8018 119.3772 a5, 4886 38 .2288 2. 1883
e.7118 O.2484 a.orT4 0.0238 o.a0ss a.0017 c.0008
¢ ooov ©.0000 ©.o000 . 0000 ©.9000 0.0000 0. 0000
L -1-1-1.] o. 0000 0.0000 o.6oe0 0. o080 ?.0000 o.2000

1.28230E+02
1.48100K+0)

4. 00000E+00

Q L] ¢ -] a -] -] e ] -] o o

13 13 12 12 12 M 11 1t " 1% 10 10

] L -] -] o -] < L L] -] L -]

VIII-7

A1 []

0. 0080
¢.0000
10. 4521
o.o000
0.0000

¢.0000

9. 0004000 Q.0000000 o.0000000
0. 0. 00 <.00
12.8738248 12.28411 12.0147087
19.0294148 1. 13 o. (-1-}
©.0000000 2. 0000000 ¢ . 00600000
0. 0000000 .0 6.8 -]
e -] o °

-9 -% o -]

2 -3 ] °

-

0.o000 9.0000

o.0000 0.0000

L 1.90%4

©. 0000 o .0800

2. 0000 &. o000

¢. 0000 ©.0000



CONCENTRATION

NUMBER OF TIME STEPE 10
-] [} o ] L] ] o
o LL] 172 113 7o I 21
L] o L] L] L] L] ]

CHEMICAL MASS BALANCE

MASS 1IN EUUNDARIES LI
MASS OUT NOUNCARIES a -1,
MASS PUMPED 1A LI
MASS PUMPEDR QUT T -4,
INFLOW MINUS OUTF.OW T 4.
IHITIAL MASS STORAD LI -
FPRESENT MASS STORED T 2.
CHANGE MASS STORED = 2,
DECAY OF SOLUTE MASE T 8.
SORETION STORAGE (S} L N
SORRTION DACAY (3) LIS 3
COMPARE RESIDUAL WITH NET FLUK
MASS BALANCE RESIDUAL ¢ -9.
ERROR (A5 PERCENT) z +2.

ocaaonE+o0Q
A387320~-07
7I3adE+08
A218TE+O
TIZLIE+ON
S00OQE+QD
1248 TE+OR
1289 TE+OS
3T4TeEv04
[ 1-1} [ £2-T |
O2ITEE+0Y
AND MASE
§3A288+08
QIFITE+CO

o o [} L] o

2 1 L] ° e e

L] ° o L] o L
ACCUMULATION:

TEST PROBLEM 3 FOR TRANBSIENT SIMULATION WITH SIF OPTION

TIME YERZUS HEAD AND CONCENTRATION AT SELECTED OBRNRVATION POINTS

PUMPING PERIOD NO.

TRAMSIENT

SOLUTION

a8s . WELL NO.

1

ORS .WELL HQ.
2

X Y
& 2
X Y
[ 2

QRS -ABRIUN -0

DRt ASPLUN-=-0

-

y111-8

MEAD (FT)

-
)
Mudd A IO

HEAD {FT}

-] L -]
L) -] -]
L] -] o

CONC. (MG /L)

LY X
E N Y-

AW B =D =OND

[ ]
]
1
1
1

1
1
111
1S
112

CONC . [ME/L)

T IME

TIMR

{YEARS }

. 1-1-)
.41
. 828
.23
. 688
-1 1)
472
.
208
.70
. @00

SHUNNN=—-000

{YEARS)

. 000

. 080
472
&84
-298
T8
. 000

PHENNN= =000





