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GROUND-WATER AND CONTAMINANT TRANSPORT MODELING:
GCARBER-WELLINGTON AQUIFER IN OKLAHOMA
INTRODUCTIGN

In establishing the National Center for Ground Water Research
(NCGWR), the United States Environmental Protection Agency recognized
that an effective way to approach long-~range ground water management
problems was to develop an exploratory research program in conjunction
with applied research efforts which were mission oriented. One applied
project to be addressed by the NCGWR in cooperation with the Environmen-
tal Protection Agency, the State of Oklahoma, and the Association of
Central Oklahoma Governments was the development of an implementable plan
for the protection, development, and management of the Garber-Wellington
Aquifer in Oklahoma.

The project described in this report was an integral part of Objec-
tive 600 of the work plan developed jointly by the Association of Cenrral
Oklahoma Governments' Garber-Wellington Association and the Environmental
Protection Agency's Robert S. Kerr Environmental Research Laboratory
(ACOG-GWA and EPA, 1980). Objective 600 was to evaluate present and
potential man-caused pollution sources in the Garber-Wellington Aquifer,
and Objective 606, in particular, was to develop submodels for pollutant
transport. The specific problems which were addressed include (1) trans-
port and fate of pollutants from major sources, and (2) salt water
upconing and the lateral movement of salt water in a local well setting.
This latter objective (606) was addressed in this project and will par-
tially fuifill the Natiomal Center for Ground Water Research commitments

to the Garber-Wellington Study.



METRCDS

The project focused on the implementation and/or modification of
egisting mathematical models which could be applied to the Garber-
Wellington Aquifer in Oklahoma.

Computer based literature surveys were conducted and an inicial set
of mathematical models for ground~water flow and chemical transport was
selected for potential applications to NCGWR projects. These models are
summarized in Table 1. The rational used in the initial selection of
numerical models was based on model availability, documentation, and
previous applications, as well as the experience o0f NCGWR personnel in
the coding and/or use of a specific model or numerical method.

The data requirements for several of the numerical models were
summarized and the availability of computer codes was assessed, If the
code for a given model was not available in the form of cards, magnetic
tape, or disc files, the model was not comsidered for application to the
Garber—Wellington.Aquifef.

The Trescott-Pinder Larson {(1976) potentiometric head model and the
Konikow-Bredehoeft (1978) solute transport model were selected for use on
the Garber-Wellington aquifer since these computer codes are well main-
tained by the U. 8. Geological Survey and the documentation is complete
and well written. The two models have been used to simulate changes in
the piezometric surface in the Yukon Well Field. The Konikow-Bredehoeit
solute transport model was also used to simulate the movement of contami-
nants from a variety of hypothetical sources of pollution. The examples

have been documented to include the development of aquifer parameters and



TABLE I

SELECTED MATHEMATICAL MODELS FOR
FLUID FLOW AND CONTAMINANT TRANSPORT

Model Reference

Cleary-Ungs (1978)

Green—-Cox (1966)

Gupta, et, al. (1975)

Konikow~Bredehoeft (1978)

Lyla (1980)

Prickett~Lonaquist (1971)

Schmorak-Mercado (1969)

Trescott (1975)

Trescott—Pinder~larson
(1976)

Willhite-Wagner (1974)

Description/Comments

Ten analytical models for fluid flow and

sclute transport; documentation and code
availble.

Two-dimensional finite—-difference/method~
of-characteristics model for miscible
displacement in a vertical plane; docu-

mentation available, but code not readily
accessible,

Three—-dimensional finite—element‘model
for fluid flow and solute transport; doc=-

umentation not readily accessible and
code nct available.

Two~dimensional finite-difference/method~
of=-characteristics model for solute
transport in a horizontal plane; documen-
tation and code readily available and
well maintained.

Two~dimensional fimite element model for

immiscible displacement of a salt-water/
fresh-waterinterface; documentation and

code available but contain many etrrors.

Finjte-difference model for one- tvuwo~, or
three-dimensional fluid flow; documenta-
tion and readily availsbie.

Analytical solutior for salt-water upcon-~

ing beneath a partially penetrating well
in a confined aquifer.

Three—dimensional finite-~difference
fluid-flow model; documentation and code
available.

Two~dimensional finite-difference model
for fluid flow in a horizontal plane;
documentation and code readily available
and well maintained.

Three-dimensional finite-difference nodel
for fluid-flow and heat traasport; docu—
mentation and code available.



preparation of input data, &s well as model calibration and interpreta-

tion of the results. The applicaticn of these models to the Yukon Well

Field are presented in detail in Part I of this report.

Fh

The Willhite-Wagner (1974) model was selected for implementaticn c
a three-dimensional model since one of the principal investigators had
been involved in the development of the computer code and was therefore
familiar with the structure and use of the model. The model was
originally developed for heat—-transpert in heterogeneous, anisotropic
confined or leaky agquifers. The code and documentation were-modified to
convert the model to a solute transport model for this project. The
mathematical development and documentation of the computer code are
discussed in Part II of this project completion report,

The Schmorak-Mercado (1969) analytical solution for salt-water
upconing beneath a partially penetrating well in a confined aquifer was
used as the basis for an analytical model to predict the rise in eleva-
tion of an abrupt salt-water/fresh-water interface beneath a pumped well.
Dispersion effects were superimposed on the rise of the interface eieva-
tion to yield the concentration profile across the transition zone and to
estimate the salinity of the pumped water., The potential for sait-water
upconing in the Garber-Wellington Aguifer was evaluated using this model
in conjunction with the field data for the Yukon Well Field., This work

is summarized as Part III of the report.



SUMMARY
The major portion of this project completion report has been divided
into the following parts:

I. Potentiomerric Head and Solute Transport Models for the Yukon
Well Field, Garber-Wellington Aquifer,

II. Numerical Model for Three=Dimensional Fluid Flow and Solute
Transport in Ground-Water Systems, and

III. Potential for Salt-Water Upconing in the Yukon Well Field.
Each of these parts of the report have been written as "stand alone"
documents. This choice of format was based on the broad scope and the

specific objectives of the project in relation to the overall work plan

for the Garber-Wellington Study.
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SECTICH 1
ABSTRACT
Personnel at the Association of Centval Clilzhoma Covernments,

Garber-¥Wellington Association (ACOG-GUA) requested the tramsfer of
technology on the use of selected matitemietical models that may be
applied to the fresh water zome of the Garber-Wellington Aquifer.
This research is part of 2z project funded by the National Center fcr
Cround-Water Research. 7Two nuwericzl models by the U, §. Geologicsal
Survey (1976, 1978) ané an analytical model by Cleary and Ungs (1970)
were selected., The well field used by the City of Yukon, Oklahoma was
selected because there were more detailed records concerning aquiler
properties, well construction and punping rates. lost of.these
parameters were averaged and entered into data sets for the variocu:z
niodels, Calibration was completed on 21l three models. Several
exauzples were set up to demonstrate how to sinulate the plezomeir:ic
hesd, drawdown and contaminant migration with detailed explanations on

the source of information and 2 reason for each example.



SECTION II
IRTRODUCTION
Purpcse

This report addresses technology transfer of selected analytical
and numerical models to users for simulating changes of pilezomeiric
head, drawdown and contaminant migration in an aquifer or a well fieid
within an aquifer. This is part of Cbjective 600 and 606 work plan
developed by the Association of Central Oklahomea Governments,
Garber-Wellington Association (ACOG-GWA) and the Environmental
Protection Agency's Robert S. Kerr Research Laboratory (EPA).
Objective 600 is to evaluate present and potentizl man-caused
pollution sources in the Garber-Wellimgton Aquifer and Objective 606,
in particular, is to develop submodels of pollution transport.
Potential users would include personnel at ACOG-GWA who plan to use
these models to protect, develop and manage the Garber-Wellingtom
Aguifer in Oklahoma.

Previous Investigations

Ingroduction

Jacobsen and Reed (1944,1949) first reported the use of Permian
red beds (Wellington Formation) as a source of usable ground water.
Hood and Burton (1968) described¢ the ground-water resources in
Cleveland andé Oklahomsz Counties. They also discussed-the thickness of
the fresh water overlying the salt water. Wichkersham (1976) preparec
a hydrologic atlas on the ground-water resources and chemical
parameters for the southern regions of the Garber-Wellington Aquifer.
Carr and Marcher (1977) prepared a report on the ground-water

resources and chemical parameters in the northern regions of the
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SECTION III
HYDROLOGIC DATA REQUIREMNERTS FOR THE !MODELS
Introduction

There are five major data input sets for the Trescott ancd Xonikow
ilodels. The data sets afe: starting head, storage coefficicnt,
transmissivity, recharge and pumping wells. Storage coefficients,
transmissivities, recharge rates and permeabilities of the individuci
scnd and silt layers are unkown. Therefore, average values vere used
for data inputs. Results of averaging the values for the different
parameters are shown in the generalize cross section in figure 2,
These average values were used for most data inputs oif the mocels, i.e,,
storage coefficients, {ransmissivity, recharge, etc.

Piezometric Surface

Starting head represents the water level or the piezometric
surface measured at the well, This date should be measured when the
well was completed and then on & continual basis teo aid in
calibration. Piezowetric surface measurements made in 1975 were
plotteé ané¢ contoured (see figure 3).

Sterage Coefficient

Storage coefficient values obtained by Engineering Enterprises
for well Y-P~4 were from 0.0005 to 0.0007, These are close to values
reportec by Wood and Burton (1968) (frowm 0.0001 to 0.0004}. A4An
average constant value of 00,0006 was used for the models,

Transmissivity

The transmissivity may véry from one area té ancther in an

aquifer. To obtain reliable data, a transumissivity should be

caleulated for each well. The transmissivity values for the Yukon
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where

~
u

coefficient of permeability

1=
)]

thickness of the aguifer

equation (1)} can be rewritten as:

q, = TW(dH/dL) (3)

q, = boundary recharge (Ft3/sec)
T = transmissivity

W

width of a node (Ax)
dl = head difference between nodes
dL = length between nodes (ay)
ti:erefore, by rotating recharge (qv) frow 2 vertical cross section

into & horizontal plane and setting it to & recharge rate per node

(QRE(I.J))
QRE(I,J) = qv/(w)(dL) (%)
(or)
QRE(I,J) = q /axdy (5)

Values of QRE(I,J} are computed for each node inside boundary
node, Recharge wvalues can be used as discharge values for the nodes
wihich are down-gradient by changing the sign of QRE(I,J). The units
of QRE(I,J) are in L/seconds.

Wells
The last major data input are pumping and/or injection wells.

The source of these data must be from accurate records of pumping
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SECTIOR IV
MODEL APPLICATIONS
Anaiytical licdel
Hodel Humber 9 is ome of the 10 analytical solutions developed by

Cleary and Ungs {1978). This particular model was developed to

[

simulate a2 confined aquifer with one recharge boundary (comstant hecd
and three impermeable boundaries (see figure 4). TLis model desizm ic
best suited for the hydrogeologic setting of the Yulon Well Field.
liodel Number 9 was used as an aid in calibrating the Trescott and
tonikow Models.
Trescott liodel

The Trescott llodel was originally used to simulate the changes in
the piezometric surface within the well field due teo punping. The
ADIP iterative solution is usec. Simulation results were compared gnd
calibrated with observed piezometric surface and drawdowm R
neasurements. The hydrogeologic data imputs for the Trescott Hocel
were transferred to the Honikow liodel. The advantages of imitially
using the Trescott lodel are: 1) it is easier to calibrate the
Trescott Model because it computes a piezometric surface; 2) a
cumulative mass balance is produced for each time step; 3) the cost
0of & simulation is significantly less.

Konikow liodel

The Konikow Hodei was used to predict a path and rate of
wmigration of a comservative contaminant from 2 hypothetical source.
This model only uses the ADIP iterative solutiom. The model was
originally written to handle 2 maximum grid sizé of 20 rows vy 20

columns, To accommodate larger grid sizes, all the common and

11
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dimension statements are changed in the source code. It is strongly
recommended that if any changes are made, these statements should be
changed to the same dimensions; otherwise, the solution may produce
erroneocus answers, In addition to the hydrogeologic data inputs frow
the Trescott Model, parameters used to characterize chemical travspor:
were added. Since-there is no documented contamination in the Yukon
Well Field, assumed values were used for chemical transport parameters
to demonstrate how the solute transport model can be usec to simulate
contaminant movement.
The Matrix Grid

Adnalytical Model

Because Hodel Yumber 9 is an analytical model, firite dimensiomns
are used. Points are specified according to their position in the X
and Y direction on the surface plane. In order to facilitate
comparisqn of results between analytical and numerical ;olutions, the
position of the points were located to correspond to tne center of
eachk node in the finite difference grid (see figure 5) which is used
ior the numericzl models. |
. ical Model

The grid can be developed in several forws for the two numerical
models. For this particular study, two finite difference grids were
developed. One grid was a spacing of 660 feet by 660 feet or 64 noces
per sguare nile (see figure 6). The second grid was a spacing of 264L
feet by 2640 feet or 4 nodes per square mile (see figure 7).,
Selection of the grid size will depend on the degree of detail
desired, the density of data control, and the cost for a simulation

run, The costs are much higher for z smaller grid spacing.
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Simulation Exauples
Several exazples are designed to demonstrate the ccpabilities ci
each model, A complete summary of different examples used for iouel
lumber 9, Trescott and Konikow Hodels are tabulated in Tables I, IZ
and III, respectively. The cost of & simdlation after the source code
was complled for each model and the length of a sirulation 1is

tabulated in Table IV.
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TARLY TI

SINMULATICN EXAIPLES USIHNG THE

FIWITE-DIFFERENCE MODEL By TRESCOTT, PIFDER, AND LARSO

FOR AQUIFLR SIMULATION IN TWO DIMNENSIONS

STHULATION TIME
PrR PUMPING PERIOD

OPTIONS
SELECTED

PARAMNETERS

28 days

30 win., 25 min.,
8 min., 3 min,,
3 min,

26 days, 31 days,
30 days, 31 days,
30 days, 31 days,

31 days, 30 days,
2 doys, 2 doys

ADI, CHEC,
IWUHE, HEAD

ADI, CHLC,
HUME, HEAD

RECH, ADI,
CIEC, NUME,
HEAD

RECH, ADI,
HEAD

Grid size: 13 x 223 node dimensions: 640 x 640 feet; conitant head;
storagze coefficient: 0,0006; transmmissivity: 0,00426 Ft“/Day; one
pumping period; one pumping well at 0.30 Ft”/Sec} time step: 24 hours.

Grid size: 32 x 32; node dimensions: 660 x 660 feet; constant heazd;
contoured head} storage coefficient: 0.0000; transmissivity:

0.0038 Ft“/Day; one pumping well; time step: 0.0205 hours, 0.0174 hours,
0.0055 hours, 0.0021 hours, 0.0021 hours; five pumping periods.

Grid size: 10 x 11} node dimensions: 2640 x 2640 feets starting head:
952 feet; storage coefficjent: 0.0006; tramsmissivity: 0.00426 Ft™/Day;
recharge rate: 1.35 x 10 ° Ft/Sec per node; nine puaping wvells;

time step: 24 hours; six puaping periods each pumping period
representing e month in 1981 starting with February.

Cric size: 10 x 11} node dimensions: 2640 = 2640 feet; starting head:
952 feet; storage coefficjent: 0.00063 transmissivity: 0.00426 Ft“/Day;
recharze rate: 1.85 = 10 ° Ft/Sec per node; nine pumping wells.

time step: 24 hours; four puuping periodsi 9 puuping wells fox

the first two pumping periods, 4 wvells for the third, 5 well for tie
fourth, : '

6T
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PULFLHG

tuys, 31
azys, 51
Ay 3]
Vears

[l o

80 days

180 days

PLILLOH

days,
duys,
dayba

SITTULATLON

VA

STEULATION B AVPLES LS ING TH
COUPUTLER HOREYL GLOUTIGN ALD BREDEHOEY) OF
THO-DINEHSTOIAL SOLUYY TRANSPORT
AWD DISTERSIGH 1I GrOULD YATLH

BXATILE

Londf£ill

in

jection
well

PARAVETEES

Cria sized 32 1 325 wode diwmensions: 660 = 660 feet; storiiug hcnﬁ:
G585 feet; storage cuefficécnt: 0.006G6; trancwissivivy: 0.00426 Fi™/liavy,
recharvge rate: 3.90 x 10 Fe/See per node; wine punping wells,

Grid sizes 32 2 32; noede dimensions: 660 2 600 feet; starting heagd:
955 feelt; storage coelficéeut: 0.006063 trauswissivity: 0.00426 Fe/pay;
rechinrye rates 3.90 x2 10 Fi/Sec per node: nine punplng wells,

Crid size:s 32 x 32; node diwensions: 660 » OGO feety stavting hoog:
258 feet; storape cocfficjents D,0000; tronsuissivicy: C.00426 v/ ey s
recharge rate; 3.9C = 10 7 ¥Fi/Secc per wvode; nine puwping wells.,

&
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TABLE IV

APPRONIIATE COST. OF A SIIULATICH
AND CVU DPEOCESSOR TIIE

GEI].JD SLIULATION TLIE oo HODEL
SIZE PEE PUIPING PERIOD CPTIONS 1OLTL 9' TRESCOTT KOIIROU
32 x 32 180 days RECH, CHEC, NUME, HEAD, ADI, 1 -—-- $5,57 $14.,96
puming period, injection well, proc. time = proc., time =
time step multiplier, 0.0052 hr. 0.01361 hr,
180 = 11 180 <ays RLCH, CiliiC, IMINE, HEAD, ADI, 1 m——= Q.60 $2.91
pukping period, injection well, proc. thee = proc., time =
time step nultiplier, 0.00358 hr, 0.00227 hr.
32 x 32 180 days ADI, 1 pumping period, boundary -—=- -—-- $13.78
source, time step multiplier proc., Lime =
0.0125 hr.
32 x 32 {28 days, 31 days, 30 | RECH, CHEC, HUME, HEAD, ADI, & ——— $4.,60 $75.82
days, 31 days, ' pumping periods, landfill prec. time= proc, time =
30U days, 31 days 0.00492 Lr. 0.071 hr.
. . Yok
20 x 8 28 days CLEC, NUIE, HEAD, ADI, 1 pumping | - §79.85 $0.55 w——-
period, constant head proc, times
0.00064 hr.
10 x 11 |31 days, 30 days, RECH, CUEG, NUME, HEAD, ADI, & -—-- $1.07 -
2 days, 2 days pumping periods ' proc, time =
{.00095 bhr,
The cost is the total of all of the following:
© Processor time m=t-ms-mmmemose e cpi hours at 5700.00
Processor storage =--—-—=w=-—-=--me-=——mco——o- K bytes hours at $0.60
Digl omCpsg ==~crmcm oot at $0.36 per 1000 ~----
I/0 cost (excluding printer/reader/punch)
CONINECE ~m o m o m e e e e lours at $1.50

¢ . . 4 . N - .
The nunber of rovs and ceolunms in the grid.
oo

sptoie options way pertain to One Or nmore wodels anc not to uther models.

Includes connection time of 0.349 hours.

1z



SECTICH V
CALIBRATION
Introduction

Calibration is critical for any type of simulation. The
calibration was conducted in two phases: 1) comparison of an
analytical solutionk to 2 numerical solution and 2) comparison of
field data with predictions made by the model. Comparisom of the
analytical solutior to the numerical solution should reveal similar
results. The error associated with an analyticzl solution involves =
computation of drawdown at a positional point; whereas, the numericazl
solution involves a computation of head and drawdown for 2 node are:z,

Amalytical vs. Humerical Solution

The data input for comparing an analytical withra numerical nocel
were organized into a matrix grid consisting of 8 columns by 20 rows
with 1 well pumping for 28 days. In both models, the area simulated
was 2.15 square miles using constant head ('x! side of figures € and
8}, The coné of depression e#tended over a large zrez of ] wuile cor
more (see figures & and 9)., The drawdown values in both models are
comparable. The vzlues located at nodes further from the pumping wvell
represented a difference in drawdown of about 6 feet. TheldifferenCE
in drawdown at the pumping well was 16 feet, In the numerical
solution, the boundzry nodes (no flow boundary) show an effect on the
cone of depression, z2s illustrated in figure £, but the shape of ihe
cone inside the bcundary nodes have the same shépe as the amalyticel
solution. Even though the differences appear large, it was felt thet
the available data is accurate enough to approximate the hydrogeclc:ic

characteristics of this aquifer,

22
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Trescott lodel

A simulation test of drawdown at 2 pumping well was set up to
simulate a pump efficiency test. The pumping rates were'changed
during the field test which caused 2 change in head zané correspondiug
drawdown. The different pumping rates were entered and the simulatioxn
run was performed. As time progressed in the simelstion, the
differences in observed anc calculated values were decreasing toc &
difference of 9 feet. These differences may be attributed to two
factors: 1) it was unknovm how long the pump was off before the
static water level measurements were made; it is possible that the
cone of depression had not fully reccvered wien the static water level
was measured; and 2) the radius of influence from adjacent wells may
have affected the drawdown messurements at this well. Therefore, it
was concluded that the weighted average rates were accurate emough to
simulate the cobserved dats Irowm the pump efficiency test.

Ionikow Hodel

Data input for the Trescott Model were transferred to the Jcuikou
liodel and resulting piezometric head changes were compared.
Uypothetical examples of potential chemical contaminatiun.were uszd in
subsequent simulation runs of the Ronikow locdel. Eachk example
cemonstrated the zbility of the Xonikow Hodel to move =z contaminant
plume from 2 peint source, i.e., landfills, injection well(s} or a line
source toward a sink such as a pumping well., There is no reported
evidence of contaminants entering the ground water from the surface or
subsurface in the Yukon Well Field. Therefore, the shape and location
of a contaminant plume produced by the model could not be calibrated

using actual field data.



SECTION VI

CONCLUSIONS

Overall, it was possible to model the Garber-Wellington Aquifer with
numerical 2-dimensional models. Based on available data, the drawdown re-
sults of the simulation for all models were similar to the observed results.
In order to achieve a higher degree of accuracy, pumping schedules and
corresponding water-level measurements need to be obtained from wells in
the Yukon Well Field and surrounding areas. Furthermore, hydrogeologic
parameters, i.e., piezometric head, permeability, porosity, etc., are
needed for individual sand layers of the confined aquifer. These are
necessary if more accurate results are required or if a 3-dimensional model
is to be used to simulate the aquifer.

To show what each model is capable of performing, several examples
have been run. The data set and selected results of each simulation are
included in the Appendices. The input parameters that have been changed

for each simulation are shown im Tables 2, 3 and 4.

25
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DATA DECK INSTRUCTIONS
Introduction

There are four groups of data input for the Trescott Model, Each
group will be addressed individually, The format presented by
Trescott, et. al, (1976) is presented hére with a more detailed
explanation of each optionm and input parameter used, This will
include source of data and calculation of imput data. Field locationms
and matricies of input data formats as well as ‘a cbmplete listing of
several data sets in the proper formatrs are includéd in the figures
and appendices.

The simulation example data sets in Appendices VI, VIII, X and
XI1 bave dashed lines and comments which are included in the right
margin of the data sets. These are only comments used for
clarification in this report and are not to be included in the data
set when the job is submitted.

Group I

Cards | and 7

Cards 1 and 2 provide the lheading (see figure 10)}. This can be
any title that the user wishes. In the test runs that were made, the
descriptive titles were used to help identify the simulation run.
ﬁavﬁ 3

Card 3 selects which ever options the user wishes ro use,
Qptiopn RECH

The option RECH can be used to enter a recharge rate in the

model area 35 a matrix. Other ways which the recharge rate can be
entered to the data set include the use of g¢opgstant head or jnjection

weils. If the recharge rate is to be entered in using injection wells

28
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or there is an injection well in the area under study, the imjection

rate

il 9

~

Diaw N Itmax Problem Dimension

L L LT L TR T L LS SR TS AT LA N AL

TN Ty LR T Y S L R R L L L I N T R S R Y LA Oy YR LNy

¥

s f B6 BENE'SECREGEEERE 'EEEFCEEERIaBEE HE0F OF ' PRGERAbERECRGNE SURERESERERENESES
AR R R R SRR SRR R EREREY] [7!'111111!]lll;lllll?llllillllilTIIllill!lll!l!llll
SRR NN ERERERD DA R TR BNl BARESNRBRERLNN 0 A HCMNNL Illlllll‘l
K\ JTARNSNZUERE SNRREY BIERNNOY RBY 9y DRSONHI0Q98 BALP9%5 S9339300RY HA0M9Ms

e R P T L L TR IR AT AR Y N SR YOI TR R IR R R S P v nabdlantdbuahinng

Group I

Figure 10

is entered in the pumping well matrix. The injection rate is a
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positive value, If constant head or injection wells are used, then

option RECE is not used or flagged. The first rows and columns inside

the boundary nodes are set as recharge nodes. ADL was used as

mentioned earlier. Option CHEC was used to compute a mass balance for

calibration purposes. Option NDOME was used to print 2 numeric map of

the drawdown. Option HEAD was used to print the head matrix so the

user could observe what value was being read into the model.
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Card & 1s used to define dimensions. This includes the pugber of

rows, the pumber of columng and the pumber of pumping wells with real
we jius. The real well radius is used to calculate the drawdown
for each well. Mazimum pumber of iterations was set at 50 to obtain
steady-state simulation.

Group 1I

This group of cards are used to establish the scalar parameters,
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In this group, all the cards that are underlined are required for data
input. The remainder of the cards are not required and can be
eliminated, depending on which options are selected.
Cards 1 and 2

In this case, Card ! was a blank card (see figure 11) because the
‘drawdown was printed in numeric form, Card 2 contains some control
parameters., The first one is the pumber of pumping periods. This can
be 1 or more. The next field is the pumber of time steps that must be

generated before head and drawdown maps are printed. The next field
is the error closure criterion. This depends on the degree of accuracy
that the user wishes, A value of 0,1 was used, The mext field used
is the gteady-state criteriopn. Once again, this depends on the user,
A value of 0.1 was used in this simulation. Because information was
either unavailable or the data input was not required to simulate the
Yukon Well Field, the next three fields were zero. The last field
input is required for a specific type of numerical solutiom; in this
case ADI was choosen and a value of 5 was selected., This number can
be obtained from figure 16 in the Trescott manual (Trescott, etal.,
1976).
Caxrd 3

Card 3 data input for HMAX was set to 1.0, The multiplication
factor for transmissivity was assumed to be equal in both directions
and the value assigned was 1.,0. This factor is multiplied with the
multiplication factor on the transmissivity matrix.
Cards &, 5 and &

Cards 4,5 and 6 were left blank since this run was initiated

using an imitial starting head matrix. In the event that an initial
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run is made and the cumulative volumes for mass balance are storsad,
then these cards (4, 5 and 6) must be added to imitialize a subsequent
simulation rum.
Group 111

The data on this group of cards 1s known as the Array Data. The
data can be entered in two ways. One way is by entering one number
that is constant throughout the entire area, i.e., starting head has the
same elevation throughout the entire area of study. The other way is
in the form of a matrix. A parameter card is placed before each data
matrix (see figures 12 - 14},
Perameter Caxd

The multiplication factor of the aumbers used in the matrix are
antered in field 1 - 10 on the parameter card., 1 or 0 is used as
flags in the other fields; field 11-20 -is marked if a matrix is to be
read, field 21-30 is marked with a 1 if the matrix is to be printed.
it is strongly recommended that the martix be printed te make sure
that the data array is being read properly. Field 31-40 is used to
identify the source of the data array, i.e., cérds or disk, Field 4i-50
ié- used to indicate whether or not the matrix is to be stored om
disk. This information must precede every matrix, Imn all examples,
the matrices were read from cards and were not stored on disks.
Cazd 1

Card 1 is used only if there is a previous rum for which the head
values have been computed., If an initial simulation is made, as in
the case of the Yukon Well Field study, this card is omitted., If

subsequent simulations are made, this card must be added as well as
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Cards 4,5 and & from group II.
Caxd 2

Card 2 is used for the starting head matrix. Where the head
values are constant, a matrix is not needed and the value is simply
added to the first field, However, where a gradient is described by a
contoured piezometric surface (see figure 15, 16 and 17), a matrix
will be required. A matrix for the head starting was used in some
examples for the Yukon Well Field,
Caxd 3

Card 3 is used for the storage coefficient. The value of the
storage coefficient was assumed to be comnstant across the emtire Yukon
Well Field area. A value of 0.0006 was reported for well Y-P-4 and
subsequently used in the model.. The first card is the parametsr card.
The first and last rows and columns are used to establish the boundary
conditions. If a comstant head is used, then the nodes which are to
remain constant need to be flagged in the storage coefficient matrix
by placing 2 minus sign in front of each comstant head node.
Caxd 4

Card 4 is used to input the transmissivity. A martix format is
chosen and the first card is the parameter card followed by the
matrix. The value of transmissivity must be in units of LZ/second.
Cords & 11

Cards 5,64+7,8,9,10,11 and 12 are omitted since the Yukon Well
Field is treated as a confined aquifer and there is mo
evapotranspiration,
Caxd 13

Card 13 is used for recharge., This card is used only when the
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RECH option is used., If RECH is not used, then this card is omitted.
It was decided for this study that the recharge values be entered
in the form of a matrix using the first nodes inside of the boundary
nodes. Positive numbers are used where the ground water enters the
study area and negative numbers are used for nodes where the ground
water leaves the study area., Positive and negative values are
determined based on the direction of the piezometric gradient (see
figures 15 and 17).
Carde 14 and 15
Card 14 is used to set the grid spacing in the xz direction and

card 15 is used to set the grid spacing in the y direction.

Group IV

Intxoduction

This group includes the parameter cards used to establish pumping
rates for corresponding pumping periods,
Card 1

Field 1-10, on card 1 (see figure 18), is used for the sequence
number of the pumping period, ie. pumping period number 2, pumping
period number 3 etc,. Field 11-20 is used for the sequence number of
the ﬁrevious pumping period., If the user decides to use this
numbering scheme, then card 1 of the group III must be entered at that
particular location of the data set, If the present pumping period
number is the same as the previous pumping period number, then card 1
of group III is not needed (see Trescott and etals, 1976). This was
done in all simulations using multiple pumping periods, Field 21-30

is. used to specify the number of wells, If zero wells are used then
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Figure 18
this number is zero; if there are to be 9 wells pumping during the
simulation, then the number 9 is entered. Field 31-40 is used to
represent the number of days that these wells will be pumped at a
specified pumping rate. Field 41-50 iz used to signify the number of
time steps for a particular pumping period. This term is referred to
as delt. This 1s dependent on the size of the initial time step in
hours, For example, if the time step, is 24 hours, then 30 time steps
would represent a pumping period of 30 days. ‘Field 51-60 is used to
represent a multiplication factor for delt, This factor is
recommended for simulation longer than 180 days. To increase the time
step exponeatially, values from 1.l to 1.5 should be used. Field

61-70 is> used to represent the initial time step.
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Data Set 1

This data set describes the location of the well by x and y
coordinates of each pumping node (see figure 18) and the corresponding
pumping rate (negative value) im 13/second. If the drawdown is to be
computed at the well, a real well radius is entered which represents
the radius of the well.

In appendix XII is an example to demonstrate how multiple pumping
periods can be entered and how selected wells can be turned on and
off. Various options which can be used in the Trescott and Konikow

Models are shown in Tables II and 1II, respectively.
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DATA DECK INSTRUCTIOQONS
Introduction

The hydrogeologic data imput for the Konikow Model are similar to
the Trescott Model. The only difference is that the Konikow Model
requires chemical transport parameters.

The data input format irn the publication by Konikow and Bredehoeft
(1978) is presented herein with a more detailed explamation of each
input parameter. Field location and matricies of input data formats as
well as a complete listing of several data sets in.the propef formats
are included in the figures and appendices.

Simulation example data sets in appendix XIV, XVI and XVIII have
dashed lines and comments which are included in the right margin of the
data sets. These are comments used only for clarification im this
report and are not to be included in the data set when submitted for
execution,

Card 1
Litle

This is the title card (see figure 19)., This can be any title the
user wishes. In the test runs that were made, a descriptive title was
‘used to identify the simulation,

Card 2

This card is used to select options for the desired simulation (see
figure 19}, The range of the selected options are set in this card,
RIIM

This is im field 1-4, It sets the number of time steps in the
pumping period., If the tramsient solution is used, a simulation larger

than 100 times the initial time step will require the use of a time step

L1



multipiier in card 3. For example, when the initial time step is &§400
seconds (1 day) and the length of a simulation is 365.25 days (1 year).
a time step multiplier is needed. If the time step multiplier is mot

used, the simulation will end at 100 days instead of 365.25 days.
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Figure 19. Cards 1, 2 and 3
Jidvid
This is in field 5-8. This sets the number of pumping periods. If
more than 1 pumping period is used, data set 10 must be completed. Data

set 10 starts the second pumping period and subsequent periods

thereafter.

X
This is in field 9~12. It sets the nmumber of nodes in the X

direction. If the matriz is larger than 20 nodes, this limit may be
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increased in the source code by changing all common and dimension
statements,
KX
This is in field 13-16. It sets the number of nodes in the y
direction. If the matrix is larger than 20 nodes, this limit may be
increased in the source code by changing all commorn and dimension
statements,
NPMAX
This‘is in field 17-20. This sets the maximum number of particles
that are to be used in the simulation, The maximum number of particles
for the area being simulated can be calculated by using equation 71 in
Konikow and Bredehoeft (1978):
NPMAX = (NX-2)(NY-2)(NPTPND) + (N_)(NPTPND) + 250
where
RX is the number of nodes in the X direction
NY ie the number of nodes in the Y direction
NPTPND is the number of particles per node
N is the number of nodes that represent fluid
sources, either at wells or at constant
head cells, ie, the number of ncdes that a
landfill occupies.
If the value for NPMAX is larger than 3200, all common and dimension
statements in the source code must be changed to accommodate larger
values of NPMAX.
HENT
This is in field 21-24, It specifies the number of times steps

before a complete print out of hydraulic and chemical and parameters is

25



printed.
A2

This is in field 25-28. This sets the number of iterations per
time step, The general range is from 4 through 7.
XIMOBS |

This is in field 29-32. This specifies the number of observation
points where the head, concentration and time are tabulated.. This shows
how the concentration in a contaminant plume changes for each time steﬁ
if the observation point is located in the direction of the contaminant
plume. These points can be located in any desired node. The source
code has a limit of 5 observation points. If more observation points
are desired, this limit may be changed in the source code.
L1IMAX

This is in field 33-36, It is the maximum allowable number of
iterations in ADI?. The range is usually from 100 through 200.
FREC

This is in field 37-40. ‘It is the number of pumping or injection
wells to be specified in data set 2.
NETPND

This is in field 41-44, It is the number of particles per node.
This is part of the method of characteristics which is placing a
traceable particle in a node. This particle is moved base on time and
velocity of the fluid for each time step, Schematic diagrams for

various numbers of particles in each node are shown below:




NCODES

This is in field 45-48, It is the number of identification codes.
These are used to flag which nodes have a contaminant source and a known
concentration rate which is leaching into the aquifer. These nodes are
treated as constant head (see appendix XV1I, drawdown map, figuredo).

If there are more than one contaminant source with different
concentrations entering the aquifer, these can be entered by assigning
two or more codes. The limit is 10 codes (0 - 9). If more than 10
NODEID's are needed, this limit may be increased by changing all common
and dimension statements in the source code.

NENIMV

This ié in field 49-52. This is the particle movement interval
(IMOV) option to have gll chemical paramters printed at the emd of a
specified time step. 0 specifies to primnt at the end of each time step.
NPNTYL

This is in field 53-56., This is the option for priating computed
velocities at the end of a time step., 0 = do not print; 1 = print for
the first time step and 2 = print for all time steps.

NEKID

This is in field 57-60. This is the option for printing computed
dispersion equation coefficients. The option definition is the same for
NPKRTVL,

NERELC

This is in field 61-64. This is the option for printing computed
changes in concentration., Specify 0 for do not primt; 1 to print
contentration.

NONCHY
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This i1s in field 65-68. This is the option to punch velocity data
on cards. The option definitions are the same for NPNTVL.
Card 3
This card selects options to be used for a desired simulation {sce
figure 19). The range of selected options is set in this card.
ZINT
This is in field 1-5., This sets the length of a pﬁmping period in

years,

This is in field 6-10. It is the convergence criteria in ADIP,
The range is usually TOL < 0.01.
20R05

This is in field 11-15, It is the effective porosity of the
aquifer.
EEIA

This is in field 16-20. This is the longitudinal dispersivity or
characteristic length of the contaminant plume in feet.
S

This is in field 21-25., It is the storage coefficient of the area
being simulated., If the tramsient sclution is used, a storage
coefficient value is entered. If the steady flow solutioa is used, then
the storage coefficient is set to zero.
TIMK

This is in field 26-30. This is the time increment multiplier for
trznsient flow problems. TIMX is disregarded if the storage coefficient
is zero.

ILNIT
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This is in field 31-35. This sets the size of the initial time
step in seconds., TINIT ie disregarded if the storage coefficient is set
to zero.

ZDEL

This is in field 36-40. This sets the width of the finite

difference cell in the x direction in units of feet.
XDEL
This is in field 41-45, This sets the width of the finite

difference cell in the y direction in units of feet.

DLIRAT

This is im field 46-50. This sets the ratio of the transverse to
longitudinal dispersivity.
CELDIS

This is in field 51-55. This is the maximum cell distance per
particle move., The ranmge is from 0 to 1.0.

ANFCIR

This is in field 56-60. This is the ratio of the tramsmissivity in

the y direction to the transmissivity in the x directiom.
Data Set 1

Yalue of NUMORS

This data set is for the location of the observatiom wells (for
field locations, see fiéure 20). It is the x and y coordinates of
observation points. This data set is eliminated if NUMOBS in card 2 is
0 (zero). The maximum pnumber of observation points for this source code
is 5., 1If more than 5 observation points are needed, the common and

dimensiorn statements in the source code may be changed.
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Figure 20. Data Sets 1 and 2

Data Set 2

¥Yalue of NREC

This data set is used to provide x and y coordinates of pumping

and/or injection wells (for field locations, see figure 20). The

pumping rate is a positive value (+) and the injection rate is negative

(=) in units of Ft3/sec.. If an injection well is used, the
concentration of the fluid is entered on the same card.

Data Set 3

, . e

This data set is an array for temporary storage of transmissivity



data in ftzlsec. (for field locations, see figure 21). For an
anisotropic aquifer, an input value of Txx is used and the program will

adjust for anisotropy by multipling T by ARFCIR.
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Figure 21. Data Set 3

Data Set &4

Thickness
This is the data set for saturated thickness of the aquifer, in

feet (for field locations, see figure 22). For the Garber-Wellington
Aquifer, this was an average thickness of the fresh water zome within
the confined interval.

Data Set 5
Recharge

This data set is for the recharge of the aquifer per node (for
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field locations, see figure 23). Calculation of a recharge rate is
discussed earlier im the recharge section. The volume of water encering
the simulated area has a mnegative value (-) where the discharged water
has a positive value (+).
Data Set 6

NORELD

This is the node identification matrix (for field locaticms. see
figure 24). This is used to define constant head nodes, ocher boundary
conditions and stresses. This data set was used to describe point

sources of contaminants.
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Figure 24, Data Set 6

Data Set 7



This data set is used to define the value of NODEID (for field

locations, see figure 25). This data set is used only when NCODES in

card 2 ig greater than 0 (zero). The value of NODEID is equal to ICODE.

NODEID values range from 0 through 9. The program sets leakance to
equal FCTRl. The concentration of the contaminant emtering the ground
water (CNRECH) is equal to FCTR3. If OVERRD is monzero, then RECE is

equal te FCTR3., If OVERRD is zero, then RECH in data set 5 is

preserved,
. ‘ : \
- Paraméter Card for NCCDES (Data set 7}
ICODE PCTR1 FCTR2 FCTR3
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Figure 25. Data Set 7
Data Set B
Pi i sure
This data set is used to describe the initiai water table or

piezometric surface (for field locations, see figure 26). It also can

be used to set a constant head in a stream or source bed. The units are

in feet.

Data Set 9
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Figure 26. Dpata Set 8
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This data set is used to set the initial concentration of the

aquifer (for field locatiomns, see figure 27).

Data Set 10
oL
This dats set is used for pumping periods greater than 1 (for field
locations, see figure 28). This allows time step parameters, print
options and pumpage rates to be modified for each pumping period of the

gimulation.

4
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Figure 28. Data Set 10
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TABLE V

INPUT PARAMETERS
FOR KONIKOW MODEL

CARD VARIABLE VALUE COMMENTS
NUMBER NAME SIMULATION '
INJ. LANDFILL BOUNDARY

1 TITLE This can be any description the user
decides to use,

2 NTIM 100 It is advised to set this to the
maximum value if a simulatiom is
longer than 100 days with an initial
time step of 86400 seconds.

RX 32
NY 32 All common statements were changed
. from 20 to 32.
NPMAX 3850 This limit was changed too.
NPNT 30 28 Arbitrarily chosen parameter,
NIT? 7
NUMOBS 5
ITMAX 200
NREC : 10 9 9 9 pumping wells for no. 1., 9 pumping
and 1 injection well for no. 2, 9
pumping wells for mo. 3.
NFTPND 4
NCODES 0 1 1 Landfill for no. 1 and boundary
source for mo. 3.
NPRTMV 0
NPNTIVL 0
NPNTD 0
NPDELC 0
NPNCHV 0
3 PINT 0.5 0.077 0.5 Changes with multiple pumping periocd
TOL 0.01
POROS .29
BETA 1 100
8 «0006
TIMX 1.1 1.0 1.1 Thie increases the time step
exponentially.
TINIT 86400 1 day.
XDEL 660
YDEL 600 Dimensions of each node.
DLTRAT 0.3, :
CELDIS 0.5 0.5 1.0
ANFCTR 1.0
data LX0BS, These can be placed in any
set 1 IYOBS location and even in nodes that
a pumping well,
‘data IX,1Y, See data for the Trescott Model.
set 2 REC, CNRECH
data INPUT,FCTR, See data for the Trescott Model.
set 3 VPRM
data INPUT,FCTR, 400 Average fresh water thickness.
set &4 VPRM
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TOR JONIKCW MCDEL (cont.)

CARD VARIBLE VALUE COMMENTS
MUVBER NAME SIHULATION
185, LANDFILL SOUNGARY

dgta I-PUT,FCIR, Sze data for the Trescott Model,
set 5 RECH
data IHPUT,FCTR, 0 1 2 1 is for tue landfill, 0 no scurces
sat 6 NODEID end 2 i1s for a boundary source.
data ICODE,ZCTRL, Defining the nodeid.
sat 7 FCTRZ,FCTRS,

OYERRD
data INPUT,FCIR, The ccntoured piezometric surface.
5et & T
data INPUT,FCTR, Inicial comcentration of tne aquifer.
set 9 COMC
data
serll For multiple pumping periods.



APPENDIX 1V
MODEL NUMBER 9 DATA SET FOR COMPARISION TO A

NUMERICAL SOLUTION {TRESCOTT MODEL)

6l



FRTER TYTLE P .
COMPARISTON OF ANALYTEICAL  TO NUMERICALL SOLUTION AT WELL Y-P-&
ENTER MODEL NUMBER

v
&

ENTER UNITS FOR LENGTH 7 ( 2 CHARACTERS)
i:"l’ .

ENTER UNTTS FOR TIME 7 (2 CHARACTERS)

]

READY

CALL “U11224F, GUTRF, LOAL .,

TEMPNAME AGSUMED A% MEMBERNAME

ENTER TITLE 7
COMPARIGION OF AN ANALYTICAL SOLUTION TO THE NUMERICAL SOLUTION

-~

ENTER MODEL NUMBER %

ENTER UNITS FOR LENGTH 7 ¢ 2 CHARACTERS)
L

ENTER UNITS FOR TIHE 7 (2 CHARACTERS)

ny

ENTER NUMBER OF X-FOSTTION FOINTS 7

EN LI O A=FULDL Y LUNY Y (F )
7

320 960 1600 2240 2BBO 3520 4160 4800 5440 4080 4720 7360

gOOO 8640 9280 9920 103560 11200 11840 12480
ENTER NUMBER OF Y-FOSITION FOINTS 7

+
8

ENTER & Y-FOSITIONS ?(FT)

o
L)

320 9640 1600 2240 2880 3520 4160 4800



ENTER NUMBER OF TIME VARIABLES 7
?
1
ENTER 1 TIME VARIABLES 7(DY)
?
28
" ENTER NUMBER OF WELLS ?
?
1
ENTER 1 X-FOSITIONS OF WELLS 7(FT)
? !
4080

ENTER 1 Y-POSITIONS OF WELLS 7(FT)
?

2880

ENTER 31 CHARGE RATES OF WELLS 7(FTXX3/DY)

'
25920 :

ENTER X~DIRECTION TRANSMISSIVITY TXX= 7 (FTXX2/0Y)
hrd

348,064

ENTER Y~DIRECTION TRANSMISSIVITY TYY= P(FTXX2/0Y)
P

368,064

ENTER STORAGE COEFFICIENT ST =7
- :

0006 .

ENTER X~-CORNER NODES OF AQUIFER X0y X1 = T(FT X0 <X1)
7
0 12800 | A

ENTER Y~-CORNER NOUES OF AQUIFER YOs Y1 = (FT YO <Y1)
ird .
05120

ENTER INITIAL FIEZOMETRIC HEAD HO= T(FT)
4? . )

258

ENTER NUMEBER 0OF SUMMATIONS NMAX =7

P

195

-



APPENDIX V
MODEL HUMBER 9 OUTPUT FOR COMPARISION TO A

NUMERICAL SOLUTION {TRESCOTT MODEL)
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COMPARISION OF AN ANALYTICAL SOLUTION TO THE NUMERICAL SOLUTION

ANALYTIC SOLUTION TO THE UNSTEADY STATE
TWO~DIMENSIONAL FLOW EQUATION FOR A CONFINED AQUIFER
WITH FINITE DIMENSTONSy ONE RECHARGE ROUNDARY AND THREE
' ZERO FLUX BOUNNDARIES

SYSTEM FARAMETERS
(UNITS F FT AND DY)

NUMEER OF SUMMATIONS USED FER SERIES

INMAX = 1935
STORAGE COEFFICIENT ¢ ST = 0.,6000000-03

TRANGMISSIVITY IN THE X DIRECTION 3 TXX = 0.368064D103 (85Q FT/0Y)
TRANSMISSIVITY IN THE Y DIRECTION ¢ TYY = 0.34680640403 (5Q FT/0LY)

INITIAL FIEZOMETRIC HEAD ¢ HO = 0,9380000+03 (FT)

X=-LORNER NODES OF AQUIFER ¢ X0 = 0,0 (FT)

' X1 = 0.,12800004+05 (FT)

Y-CORNER NODES OF AQUIFER ¢ YO = 0.0 {(FD)

@ 0,5120000404 (FT)

Y1

HENCEy THE CONFINED AGUIFER IS RECTANGULAR IN SHAFE» DEFINED
ALONG ST (X0»YO) -~ (XQrY1) RECHARGE EROUNDARY (I .E.yDRAWLOWN = 0)

ALONG (X0yY1) ~ (X1yY1)  ZERO FLUX
ALONG (X1rY1) = (X1yY0)  ZERD FLUX
ALONG (X15Y0) = (XOrY0)  ZERD FLUX
’
TOTAL NUMBER OF WELLS: NW = 1
WELL LOCATION AND ITS FUMFING(-) OR RECHARGE(+) RATE
1 XW(I)  (FT)  YWCI) (FT)  GL(I)  (FTXK3 07)
) 0.4080D404  0,2080IH04 O, 2Hyuu bl
. TIME = 28,000  bY

TRPLOTTING DRAWDGWN (F 1)
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ANALYTICAL MODEL 9 (28 DAYS)
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APPENDIX VI
TRESCOTT MODEL'S DATA SET FOR COMPARISON TO

ANALYTICAIL SOLUTION NUMBER 9
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p e ememen imom e T Ay o vt cm o g
LomTT e TR TTTT T A BT e ™ sl
A Lonor DESCRITTICEH ABRDUT THE DATA LETS
AT
ey

D QUTPUT I¥ THE APPENDICES

was aivided into several groups Separated by dashad

et
[
2]
[{+]
w
L]
-3
=)
[13]

commenits o the right sige identifiss the grotp numoer or

nes and comments must ve removed if a simulation

Only selected output from

gach dats set is incliuded iz this
report. The drawdown maps are represented as 3-D plots zand contourad
maps. In order to enhance the

3-D erffect, tne 2-D plots are inverted

{except for 3-D plots on odel Yumber 9).

In tiie Konikow ouiput, the drawdown and concentration maps were

modified in order t¢ specially correct the data location by column end

rows in the actuzl format. In the actual format, esach row is printed

Squares are used to highlight the position of pumping wells om the

Crawuown maps.
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//G11370F  JOB (77777,GHD-TR-TRES), 'GHD: SUBTRESG', TIME=(5,0),CLASS=
// MSGCLASS=X,NOTIFY=*

/¥PASSWORD 7

//TRES  EXEC PGM=TRES1,REGION=600K PARM: PARMS

//STEPLIB DD DISP=SHR,DSNAME=U11370F. TRESCOTT. LOAD

//*TOAF001 DD SYSOUT=A

//FTOGFO01T DD DISP=0LD,DSN=U11370F. TRIETRES.OUTLIST

//FTO5F001 DD »

K,

JCL USED AT 0SU

--------------- TEST PROBLEM ----=rmu=--- GROUP |
~ TITLE AND OPTIONS SELECTED
ADt CHEC NUME HEAD
20 8 1 50
GROUP 11: SCALAR PARAMETERS
1 7 .0t o1
1, 1. 1.
BLANK CARDS
-------------------------------------------------------------------------- ~==-===- GROUP 1I! :ARRAY DATA ---
958. STARTING HEAD (CONSTANT)
. 0006 1
0 -1 -1 -1 -1 =1 -1 0@
o 1t 1 1 1 1 1 0
6 1 1 1t 1 1 1 0
o 1 1 1 1 1 1 0
o 1 1 1 1 1 1 o0
01 1 1 1 1+ t 0
e 1 1 1 1 1 1t 0
¢ 1 1t 1 % 1 1 0 STORAGE GOEFFICIENT
9 1 1 1 t t 1 0
o 1+ 1 1 1 1 1 ¢ MATR I X
9 1 1 1 1 1 1 @
c 1 1 1 1 1 1 0
o 1 1 1 1 1 1 o
o 1 1 1 1 1 1 0
g 1 1 1 1 1 1 0
o 1 1 1 1 1 1 0
o 1™ 1 1 1 1 1 0
c 1 1 t+ 1 1 1 0
0.00426 TRANSMISSIVITY (CONSTANT)
640, GRID SPACING
640,
1 0 1 30 28 1 2y, GROUP |V
1 Y -.3 1, PARAMETERS FOR PUMPING
// PERI10ODS

TL



APPENDIX VII-
SELECTED QUTPUT FOR COMPARISON TO

ANALYTICAL MODEL NUMBER 9
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U. 8. G, s.
FINITE-DIFFERENCE MODEL
SIMULATION OF EggUND~HATER FLOW
JANUARY, 1975

AN W R HE BT 603 T N T B U A T T A T R HE I N O

--------------- TEST PROBLEM ==--=-w----

AT I BRI B N T T D B A R I B B 0 T B I T I R 036 T 20T T B N

SIMULATION OPTIONS: ADI CHEC NUME HEAD

NUMBER OF ROWS = 20
NUMBER OF COLUMNS = B
NUMBER OF WELLS FOR WHICH DRAWDOWN IS COMPUTED AT A SPECIFIED RADIUS = 1
MAXIMUM PERMITTED NUMBER OF ITERATIONS = 50
WORDS OF Y VEGTOR USED = 2532
NUMBER OF PUMPING PERIODS = 1
TIME STEPS BETWEEN PRINTOUTS = 7

. 1000000E-01
. 1000000E-01

ERROR CRITERION FOR CLOSURE
STEADY STATE ERROR CRITERION

[ ]

SPECIFIC STORAGE OF CONFINING BED = .0
EVAPOTRANSPIRATION RATE = .0
EFFECTIVE DEPTH OF ET = 1.000000
MULTi{PLICATION FACTOR FOR TRANSMISSIVITY IN X DIRECTION = 1.000000
IN ¥ DIRECTION = 1.000000
STARTING HEAD = 958.0000
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090000
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090000
coooo.o
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g0
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INIED144300 3DVHOILS

00
09060°0
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09000°0
09000°0
09000°0
09000°0
090000
0%00G°0
090000
090009
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ITERATION PARAMETERS:

SOLUTYION BY THE ALTERNATING DIRECTION IMPLICIT PROCEDURE

0.761D-02 0.258D-01 0.873D-01 0.295D+00 0.1000+01

PUMPING PERIOD NO. 1: 30.00 DAYS
NUMBER OF TIME STEPS= 28
DELT IN HOURS = 24.000
MULTIPLIER FOR DELT = 1.000

1 WELLS

-

| J PUMPING RATE WELL RADIUS
1 4 -0.30 1.00

SL
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ACo TR « - T A -

10
11
12
13

15
16
17
18
19
20

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
6.0
0.0

0.0

0.0

3.9

7.9
12.0
16.4
21.2
26.3
31.6
36.5
39.6
37.9
4.3
30.6
27.3
24.5
22.5
21.1
20.5

0.0

HEAD A

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
3.9 3.9 3.8 3.8 3.8
7.8 7.8 7.7 7.7 1.6

i2.0 11.2 11.8 11.6 11.5
16.4 16.3 16.0 15.8 15.6
21.2 21.0 20.6 20.1 19.8
26.5 26.4 25.6 24.6 24.0
32.4 33.0 31.2 29.2 28.0
38.9 42,5 37.4 33.4 31.4
u4.8 [61.0] 43.2 36.0 33.2
40.3 U3.8 38.8 34.7 32,7
35.1 35.8 34.0 32.0 30.8
30.8 30.7 29.9 28.9 28.3
27.3 27.1 26.7 26.2 25.9
24.5 24.4 24.1 23.8 23.7
22.5 22.4 22.2 22.0 22.0
21.1 21.0 20.9 20.8 20.8
20.4 20.4 20.3 20.2 20,2
0.0 0.0 0.0 0.0 0.0
ND DRAWDOWN !N PUMPING WELLS
WELL RADIUS HEAD DRAWDOWN
1.00 842,14 115.86

DRAWGOWN

.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
6.0
0.0
0.0

9L






TRESCOTT TEST RUN

YNODE

I agy o+ s - - o e s o 4t — o i n e PP - e e e+
-
3 -
]
& -
6 -
7 1
8
g
10 j
18
13 4
14 1
{5
16
17 -
i8
19 - o
20 ~t— T f i T 1 1
1 o 3 4 1Y 6 7
XNODE
LEGEND: DEPTH (] i - - 28 0 meeseee 30
’’’’’’’ 40 reremeen SR ————— 58 e 70

CONTOUR INTERVAL IS 10 FEET

Figure 32
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APPENDIX VIII
DATA SET FOR CALIBRATING THE TRESCOTT MODEL

AT WELL Y-6-P
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F/GII3TOF  Jop {27777, GHD-TR-TKES), *GHD: SUBTRESC' , TIME=(5,0), CLASS=K,

/7 MSGCLASS X, NOYV{FY=*#

/¥PASSWORD 7

//TRES EXEC PGM:LOADER, PARM-'S1ZE=600K" ,REGION=600K
//8YSLIB DD DESP=SHR, DSN=5YS1,.FORTLIB

//SYSLOUT DD SYSQUT=A

//7SYSLIN DD DISP=SHR, DSN=UT1370F, TRESCOTT. OBJ
//7¥TQ6F001 DD SYSOUT=A

//FTO8F001 DD DiSP=0LD,DSN=U11370F. TRTTRES. QUTLIST
//TTO5F001 DD #

THE GARBER-WELLINGTON STUDY, 13 JANUARY 1981.
CONFINED AQUIFER WITH CONSTANT IEAD.

JCL USED AT 0S4

i o B o A A o o o AN A ok P A AR ma P P e e e A e s e em L A i ke M MR e e A e el AL AR P A e AN L U AL S R My e e e g e A b e e e MR U e S e o S o e e A e e A

GROUP 1}
SCALAR PARAMETERS

- - A = . ey o At A o am R e e P R A RN AR e M e e ey o b e Ul e e A A A U ek e R A R S R R RS LR S W B mm  Te T Fm o e e mw  me W M TR R B e s R - e e T

AD!I CHEC NUME HEAD
32 32 1 50
5 2 0.1 0.1 0.0
1.0 1 1
10000 1
0 0 0 o 0 o
0 1t 0 0 G 0
0 0 0 0 0 0
0 0 0 0 0 0
¢ 957 956 955 g5h 953
952 954 956 958 960 961
966 268 970 971 972 97U
980 981 982 98h 986 988
o 957 956 955 954 952
951 953 955 956 958 959
963 965 968 969 969 970
976 aTi 978 980 982 984
0 956 955 954 952 951
950 951 953 954 956 o517
961 962 964 965 969 970
976 977 978 980 982 984
0 957 953 952 951 950
9L9 850 951 952 954 955
957 959 960 962 965 968
974 975 976 978 980 983
0 953 952 951 951 950
948 gu9 950 950 952 953
954 956 957 960 961 964
970 972 . 974 976 979 982
) 952 951 950 950 UG
9u7 948 948 949 950 950
952 953 954 957 959 261
967 969 971 9th 971 980
0 953 952 951 950 949
an7 an7 oug LY 49 943
950 950 952 954 957 359
964 966 969 971 974 978
0 952 951 950 9h9 948
9u7 ay7 an7 gh48 948 9u8
o4t 949 950 951 955 957
963 965 967 969 972 976
o 949 gL g 948 948 gug
946 946 9L 9L6 946 946
o945 ou7 gn9 950 953 956

963 965 967 969 972 975

oug
ano

ou8
959
979
9ha
ays
960
QT

GROUP 111
ARRAY DATA

cs
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0 o © 38 38 38 38 38 38 38 38 O
0
0 0 0 38 38 38 38 38 38 38 38 0
0
0 ©0 0 36 38 38 38 38 38 38 38 O
O
0 O ©0 38 38 38 38 38 38 38 38 0O
0
0 0 0 38 38 38 38 38 38 38 38 O
0
C 0 0 38 38 38 38 38 38 38 38 0O
0
0 ©o 0 38 38 38 36 38 38 38 38 O
0
0 0 0 38 38 38 38 38 36 38 3B 0
O © 0 38 38 38 38 38 38 38 38 O
0
0 0 v 3 38 38 38 36 38 38 38 0
0 0 © 38 38 38 38 38 38 38 38 O
0
0O 0 0 38 38 38 38 38 38 38 38 O
0
0
660. GRID SPACING
660,
1 0 1 .021 2 1.0 .5
1 W -.7532 .75
2 2 1 017 2 1.0 .42 GROUP |V
11 1L -. 7397 .15 PARAMETERS THAT CHANGE
3 3 1 .00556 2 1.0 .133 WITH £ACH PUMPING PER10D
1 W -.6795 .75
4 Y 00208 2 1.0 .05
1 W -.5838 .75
5 5 1 .00208 2 1.0 .05
1 W -.5280 75
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APPENDIX IX
SELECTED OUTPUT FOR CALIBRATING THE TRESCOTT MODEL

AT WELL ¥-6-P
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e

¥. 8. G. 8.
FINITE-DIFFERENCE MODEL
FOR
SIMULATION OF GROUND~WATER FLOW
JANUARY, 1975

W R K H N R N H RN R R H KW M RN 0 H KR H N BN MR R0 H I E B H KR N TR R H N R I H R N

THE GARBER-WELI INGTON STUDY. 13 JANUARY 1981. CONFINED AQUIFER WITH CONSTANT HEAD,

AW KA HR HOH R W NN W N H N R R R B R N W A H T e H N R N TR N R R R AR R R R R RN RN R R R AR R R

SIMULATION OPTIONS: ADI CHEC NUME HEAD

NUMBER OF ROWS = 32

NUMBER OF COLUMNS = 32

NUMBER OF WELLS FOR WHICH DRAWDUWN 1S COMPUTED AT A SPECIFIED RADIUS = L
MAXIMUM PERMITTED NUMBER OF ITERATIONS = 50

WORDS OF Y VECTOR USED = 14820

NUMBER OF PUMPING PERIODS = 5
TIME STEPS BETWEEN PRINTOUTS = 2

ERROR CRITERION FOR CLOSURE = . 1009000

STEADY STATE ERROR CRITERION = . 1000000
SPECtFIC STORAGE OF CONFINING BED = .0
EVAPOTRANSPIRATION RATE = .0

EFFECTIVE DEPTH OF ET = 1.0000600

MULTIPLICATION FACTOR FOR TRANSMISSIVITY IN X DIRECTION = 1.000000

IN Y DIRECTION = 1.000000

98 -
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5

tTERATION PARAMETERS:

DELX

i

660.0000
DELY

660. 0600

SOLUTION BY THE ALTERNATING DIRECTION IMPLICIT PROCEDURL

0.274D-02  0.1200-01  0.524D-01  0,229D+00 0. 1000+G1

PUMPING PERIOD NO, 1: 0.02 DAYS
NUMBER OF TIME STEPS= 2
DELT IN HOURS = 0.252
MU TIPLIER FOR PELT = 1.000
1 WELLS
1 J PUMPING RATE WELL RADIUS
11 14 ~-0.75% 0.75

76
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APPENDIX X
TRESCOTT MODEL'S DATA SET TO DEMONSTRATE

MULTIPLE PUMPING PERIQDS
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This data set has & pumpbing periods representing individual

montns beginninmg with February, 1981 through July, 1981



//G11370F JOB {77777,GHD-TR- TRES),'GHD :SUBTRESC', TIME=(5,0), CLASS=K,

// MSGCLASS=X, NOT } Fy=* -

/H*PASSWORD ?

//TRES EXEC PGM=LODADER, PARM="'S1ZE=600K", REGION=600¥

//5YSLIB DD DISP=SHR,DSN=5YS1.FORTL1B JCL USED AT OSU
//SYSLOUT DD SYSOUT=A

//SYSLIN DD DISP=SHR, DSN=U11370F. TRESCOTT. 08J

J*FTOAF001 DD SYSOUT=A

//FT06F001 DD DISP:OLD,DSN=U11370F.TR15TRES.OUTLIST

//FTO5F001 DD #

YUKON WELL. FIELD (TRESCOTT-PINDER- LARSON) SEPTEMBER 26, 1981. TWENTYTHIRD
SIMULATION, CONFINED AQUIFER WITH RECHARGE. TITLE AND OPTIONS USED
RECH AD1 CHEC NUME HEAD
10 11 9 50
: GROUP 11
6 15 1 0.1 0.0 5 SCALAR PARAMETERS
1.0 1 1 ‘
BLANK CARDS
------------------------ NemETeeeAEsmGmTmLEesesissscnen-msarremmeesrs—ce—me--ee==ae=--=== GROUP |I1; ARRAY DATA -
952 STARTING HEAD {CONSTANT)
0.0006 ]
o 1 11 1 1 1 1 1 1 0o
o 1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 1 0 STORAGE COEFFICIENT
o 1 1 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 0 MATRIX
o 1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 0
0.00u426 1
o 1 1 1 1 1 1 1 1 1 0
o 1 1 1.1 1 1 1 1 1 0 TRANSMISSIVETY
0 1 1 1 1 1 1 1 1 1 ©
0 1 1 1 1 1 1 1 1 1 0 MATRIX
0 1 1 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 1 0
1.0E-11 1
0 185 185 185 185 185 185 185 185 185 0
0-185 185 © RECHARGE MATRIX
0-185% 185 0
0-185 185 0
0-185 185 0
0-185 . 185 0
0-185 185 ©
0-185-185-185-185-185-185-185-185-185 O
2640 GRID SPACING
2640

------------------------------------------------------------------------------------- GROUP 1V: PUMPING=====n~

66



1 0 9 28 28 1.0 24,

Yy 3 -.203 75

4 i ~.20 15

5 i -.287 75 PUMPING PERIOD 1
6 i -.212 15

6 6 -.260 75

6 T -, 306 [ )

6 8 -, 229 75

T 9 -.273 V75

8 9 =211 15

2 2 9 3 31 1.0 24

) 3 ~. 1y .15

4 4 -. 12y .75

S y -, 245 ]

6 i -, 121 .15 PUMPING PERIOD 2
6 6 -.139 75

6 7 -.062 75

6 8 -.126 15

7 g -.260 5

8 9 -.212 75

3 3 9 30 30 1.0 24

4 3 -, 176 .15

iy i -, 067 LT5

5 4y -.150 .15

& [ -. 115 .15

6 6 -. 245 .15 PUMPING PERIOD 3
[ T -.382 75

[ 8 -.266 75

7 9 =-. 05 75

8 9 -.309 75

4 4 9 31 31 1.0 24

i 3 -.227 5

4 4 -.188 15

5 4 ~-.,297 .15

6 y -.213 .75 PUMPING PERIOD 4
[ [ -.220 75

6 7 -.272 75

6 8 -.0h8 75

7 9 ~. 307 75

8 9 -.252 75

5 5 Q 30 30 1.0 24

4 3 -.278. 75

h iy -.338 75

5 4 -.283 75 :

6 4 -.238 75 PUMPING PERIOD 5
G &6 - 317 75

6 7 - u3y 75

6 a -.417 75

7 g -.h93 75

& 9 - 437 75

6 6 9 31 i 1.0 24

I 3 -.335 75

I L -.251 5

5 L -.323 75

6 i - 212 75

(] 6 -.312 5 PUMPING PERIOD &
[ T - 420 5

6 8 -.354 [)

7 9 -. 449 5

8 9 - 38 75

00T



APPENDIX X1
SELECTED OUTPUT FROM THE TRESCOTT MODEL,

DEMONSTRATING MULTIPLE PUMPING PEROIDS
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v. S. G. S.
FIK)TE-DI FFERENCE MODEL
SIMULATION OF CROUND-WATER FLOW
JANUARY, 1975

R AL B H B AR R WP 0 B0 B 006 BB HE R B30 B R T P B HE 00 00 000 4 0 S0 B M H S B B S0 M 00003 0 A 360 0T 10 00 P W06 B R0 B 06 30 00 BB 30000 16 3000 1 100 1546 836 1

YUKON WELL FIE1D (JRLSCOTT-PINDIR-LARSON) SEPYEMBER 26,1981, TWENTYTHIRD SIMULATION, CONFINED AQUIFER WITH RECHARGE.

HERAHENRENHLE AR EHEH AR R R RN AR ERREREH U R H AR R R RN AR H LA RN NN R 8

SIMULATION OPTIONS: . RECH ADt CHEG : NUME HEAD
NUMBER OF ROWS = 10
NUMBER OF COLUMNS = 11
NUMBER OF WELLS FOR WHICH DRAWODOWN 1S COMPUTED AT A SPEGIFILD RADIUS = 9
MAXIMUM PERMITTED NUMBER OF ITERATIONS = 50
WORDS OF ¥ VECTOR USED = 1772
NUMBER OF PUMPING PERIONS = &
TIME STEPS BETWEEN PRINTOUTS = 15
ERROR CRITERION FOR CGLOSURE = 1.000000
STEADY STATE ERROR CRITERION = . 1000000
SPECIFIC STORAGE OF CONFINING BED = .0
EVAPOTRANSPIRATION RATE = .0
EFFECTIVE DEPTH OF ET = 1.000000
MULTIPLICATION FACTOR FOR TRANSMISSIVITY (N X DIRECTION = 1.000000
I{N ¥ DIRECTION = 1. 000000
STARTING HEAD = 952.0000

01



QW P NN F W N -

e

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0. 00060
0.00060
0.0

0.0

0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0

0. 00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0

0. 00060
0.00060
0.00060
0.00060
0.00060
0. 00060
0.00060
0.00060
0.0

STORAGE COEFFICIENT
MATRIX

o o - -

0.0

0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0

0.00060
0.00060
0. 00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0

0.00060
0.00060
0. 00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0

0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.00060
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

€0T



G.0
0.0
0.0
g.0
.0
0.0
0.0
0.0
6.0
G.0

0.0
0.00426
0.00426

0.00426 -

0.00426
0.00426
0.00h26
0.00426
0.00426
a.o0

0.0

0.00426
0.004h26
0.00426
0.00426
0.G04h26
G.00h26
0.00426
0.00426
0.0

0.0

0.00426

0.00426
00426
.00426
.00h26

00426
. 00426

o

O

0
0.00426
0

0

a.0

TRANSMISSt
MATRIX

VITY

- e e T r e S MR R mm R e e S BR A e

0.0

0. 00426
0.00426
0.00426
0.00426
0,00426
0.00426
0.00426
0.00426
0.0

0.0

0.00426
0.00426
0. 00h26
0.00426
0.00h26
0.00426
0.00426
0.00h26
0.0

0.0

0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.0

Q.0

0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.0

0.0

0.00426
0.00426
0.00u26
0.00426
0.00426
0.00426
0.00426
0.00426
0.0

0.0

0.00426
Q.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.0
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o0 QO QO QOQ OO0 oo oo Q0 O oo

AREAL RECHARGE RATE
. MATRIX

- - -

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.185E-08 0.18%E-08 0.185E-08 0.185E-08 0.185E-08 0.185E-08 ©0.185E-08 0,185E-08 0.185E-08

-0,185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185e-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.1855-08. 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.185E-08
-0,185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08

-0.185E-08 -0,185E-08 -0.185E-08 -0,185E-08 -0,185E~-08 -0,185E-08 -0.185E-08 -0.185E-08 -0.185E~08

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DELX = 2640.000
DELY =  2640.000

90T



SOLUTION BY THE AL TERNATING DIRECTION i1MPLIGIT PROCEDURE

S5 11ERATION PARAMETERS: 0.305D-01 0.7290-01 - 0.175D+00 0.4180+00 0. 1000+01

PUMPING PERIGD NO. 1: 28.00 DAYS

NUMBER OF TIME STEPS= 28

DELT IN HOURS = 24.000
MULTIPLIER FOR DELT = 1.000
9 WELLS

i J PUMPING RATE WELL RADIUS
u 3 -0.20 0.75
M y ~0.20 0.7%
5 y ~0.29 0.75
6 y -0.21 0.75
6 6 ~0.26 0.75
6 7 -0,31 0.75
6 8 ~0.23 0.75
7 9 -0.27 0.75
8 9 ~0.21 6.75

0T



-

QW P -~ W N

-t

DRAWDOWN

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 98.6 99.1 96.0 88.6 B0.8 73.8 &7.8 62.9 59.8
0.0 111.0 115.6 112.9 101.5 92.2 85.0 78.8 73.0 68.6
0.0 125.9 [1k9.7)[148.3) 122.1 110.9 104.7 98.4 91.0 85.0
0.0 124.9 137.9 [160.8} 137.5 13,5 134.2 128.6 117.2 107.8
0.0 117.9 127.7 [152.1] 143.3 [165.3)[179.3 fi7a. 5] 151.1 134.3
0.0 108.3 113.1 123.3 128.7 141.5 156.4 166.2[188.7]157.3
0.0 100.6 103.3 109.7 117.1 128.0 141.1 157.7[185.3]162.3
0.0 96.9 99.5 104.9 112,5 122.6 135.0 148.8 161.5 158.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEAD AND DRAWDOWN IN PUMPING WELLS

-------- . -

| J WELL RADIUS HEAD DRAWDOWN

4 3 0.75 720.38 231.62
) 4 0.75 741.82 210.18
5 4 0.75 712.06 239.94
6 i 0.75 732.91 219.09
6 6 0.75 109.80 242,20
6 T 0.7% 669.34 282.66
6 8 0.75 690.29 261.M
T 9 0.75 652.63 299.37
8 9 0.75 680,91 271.09

0.0
0.0
0.0
0,0
0.0
0.0
0.0
G.0
0.0
0.0

LOT
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APPENDIX XII
TRESCOTT HODEL'S DATA SET DEMONSTRATING

MULTIPLE PUMPING PERIODS
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111

TRESCOTT MODEL
This data set has 4 pumping periods, The first two correspond to
the months May, 198l and Junme, 1981, respectively. The second two
pumping periods demonstrate how to selectively turn pumping wells on

and off in the simulation.



J/GI13T0F  JoB (79777,GHD-TR=-TRLS), "GHD; SUBTRESC' , TIME=({5,0), CLASS=K,

/7 MSGULASS X, HOTIEvY=#

JHPASSWORD 2

J/TRES  EXLC PGH-LOADER, PARM-'S1Zt=600K" , REGION=600K

F/SYSLIE DD DISP--SHR, DSN=SYS1, FORILIB JCL USED AT OsU
F/SYSLOUT DD SYSQUT=A

//8YSLIN DD DISP=SIR, DSN=U11370F. TRESCOTT. 0BJ

JEFI06F00T DD SYSOUT=A

A/FTOGE00L DD DESP=0LD, DSN=UT1370F. TRSTRES. OUTLIST

//FTO5F00Y DD #

YUKON WELL FIELD (TRESCOTT-PINDER-LARSON) SEPTEMBER 26,1981. TWENTYTHIRD

SIMULATION, CONFINED AQUIFER WITH RECHARGE. TITLE AND OPTIONS SELECTED
REGH ADI CHEG NUME HEAD
10 1 9 50
‘ _ GROUP i
i 15 1 0.1 0.0 %5 SCALAR PARAMETERS
1.0 1 1

o e e o TR e A e e e e U e e R o M B e e i e v T B e W U R b P MR b M RE ek R AR e L e U Ak P S A A R e M A e B AR e W RN e R B e M e N A A T ML e T R e e s R L ke s T e Y e e R

BLANK CARDS

-------------------------------------------------------------------------------------- GROUP 1 11: ARRAY DATA -
952 , - START ING HEAD (CONSTANT)
0.0006 1
o 1 1 1 1 1 1 1 1 1 0
6 1 i 1 1 31 1 1 1 1 0 STORAGE COEFFICIENT
o 1 1 1 1 1 1 1 1 1 o0
¢c 1t 1 1 1 1 1 1t 1 0 MATRIX
o 1 1 1 1 1 1 1 1 1 0
o 1 1t 1t 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 ¢©
o 1 1 1 1 1 1 1 1 1 o0
0.00426 1
o 1 1 1 1 1t 1 1 1 1 0
o 1 1 1+ 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 0 TRANSMISSIVITY
o 1 1 1 1 1 1 1 1 1 o©
e 1 1 1 1 1 1 1 1 1 0 MATRIX
o 1t 1 1 1 1 1 1 1 1 0
o 1 1 1 1 1 1 1 1 1 o
o 1 1t 1 1 1 1 t 1 1 o0
1.0E-11 1
0 185 185 185 185 185 185 185 185 185 0 . RECHARGE MATRIX
0-185 185 0
0-185 185 0
0-185 185 ©
0-185 185 0
0~ 185 - 185 0
0~ 185 185 0
0-185-185-185-185-185-185-185-185~185 0
2640 ' GRID SPACING

e e e e GROUP |V-mmmmen -

Tt



1 0 9 n n 1.0 2h.

L 3 -.227 .15 PARAMETERS THAT CHANGE
4 Iy -.188 .75 WITH PUMPING PERIODS
5 b -.292 .75

6 4 =.213 .15

6 6 -.220 19 PUMPING PERIOD 1
6 T =-.272 .15

6 8 -.0u8 .15

7 9 -. 307 .15

8 9 -.252 .15

2 2 9 30 30 1.0 2h,

by 3 -.278 .75

b 4 ~.338 .15

5 L -.283 .15

6 by ~.238 .15 PUMPING PERIOD 2
6 6 =37 .79

6 7 -.h3y .15

6 8 .47 .15

T 9 -.493 .75

8 9 -.h37 .75

3 3 ] 2 2 1.0 2h

| ty -.338 .15 PUMPING PERIOD 3
6 4 -.238 .15

6 1 -. 434 .75

7 9 -.h493 .15

4 b 5 2 2 1.0 2k,

4 3 -.278 .15

5 ) -.283 .15 PUMPING PERIOD L
6 6 -. 3117 .75

6 8 -.m7 JT5

8 9 =437 .15

€1t



APPENDIX XIII
SELECTED QUIPUT FROM THE TRESCOTT MODEL,

DEMONRSTRATING MULTIPLE PUMPING PERIODS
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U. s. G, S,
FINITE~DIFFERENCE MODEL
SIMULAleN OF EggUND-HATER FLOW
JANUARY, 1975

EETE Y F T T T R P R g e e e e e e L P e PR E SRR AT TR EE LR R Y SRS 2 R P R R R T T PR R

YUKON WELL FIELD { TRESCOTT-PINDER~LARSON}) SEPTEMBER 25,1981. TWENTYTHIRD SIMULATION, CONFINED AQUIFER WITH RECHARGE,

R SIS I 0 A B A A0 S A 2 R B T 36 W6 3 6 I O AR I AL S A HE T T o A N A A A ARSI M I A I A T A A R

STMULATION OPTIONS: RECH AD} CHEC NUME HEAD
NUMBER OF ROWS = 10
NUMBER OF COLUMNS = L}
NUMBER OF WELLS FOR WHICH DRAWDOWN 1S COMPUTED AT A SPECIFIED RADIUS = 9
MAXIMUM PERMITTED NUMBER OF ITERATIONS = 50
WORDS OF ¥ VECTOR USED = 1772
NUMBER OF PUMPING PERIODS = L
TIME STEPS BETWEEN PRINTOUTS = 15
ERROR CRITERION FOR CLOSURE = 1.000000
STEADY STATE ERROR CRITERION = - 1000000
SPECIFIC STORAGE OF CONFINING BED = .0
EVAPOTRANSPIRATION RATE = .0
EFFECTIVE DEPTH OF ET = 1.000000
MULTYPLICATION FACTOR FOR TRANSMISSIVITY IN X DIRECTION = 1.000000
IN Y DIRECTION = 1. 000000
STARTING HEAD = 952, 0000

STT
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W R - T W N -

ey
=]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
c.o

0.0

0.00L26
0.00426
0.00b26
0.00426
0.00426
0.00426
0.00426
0.004256
0.0

0.0

0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00u426
0.00426
0.0

TRANSMISS
MATRIX

vITY

0.0

d.oouas
0.00426
0.00u426
0.00426
0.00U26
0.00426
0.00k26
0.00426
0.0

0.0

0.00426
0.00426
0.00426
0.00u426
0.00426
0.00426
0.00u426
0.00426
0.0

0.0

0.00426
0.00u426
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.0

0.0

0.00426
0.00426
0.00426
0.00426
0.00426
0.00u26
0.00426
0.00426
0.0

0.0

0.00U26
0.00u26
0.00426
0.00426
0.00426
0.00426
0.00426
0.00426
0.0

0.0

0.00u26
0.00426
0.00426
0.00426
0.00u26
0.00426
0.00426
0.00426
0.0

0.0

0.0

0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0

LIT
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forlon)

AREAL RECHARGE RATE
MATRLX

0.185E-08 0,185E-08 0.185E-08 0.18%E-08 0.185£-08 ©0.185£-08 0.185E-08 0.185£~08 0.185L-08

3. 185E-08 0,0 0.0 0.0 0.0 a.0 0.0 _ 6.0 0.185E-08
-0.185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185E-08 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0,185E-08
-0.185£~08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.185E-08
-0.185E~08 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.185E-08

~0.185E-08 =0.84E~08 -0, 185E-08 -0.185E-08 -0.185E-08 ~0.1850-08 -0, 185E-08 -0.185E~08 ~0.185E-08

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DELX = 2640, 000
DELY = 2640.000

8TT



SOLUTION 8Y THE ALTERNATING DIRECTION IMPLICIT PROCEDURE

5 ITERATION PARAMETERS: 0.305D-01 0.7290-017  0.175D+00 0.418D+00 0.100D+013

PUMPING PERIOD NO, t: 31.00 DAYS

- e e S -

NUMBER OF TIME STEPS= 31

DELT IN HOURS = 24,000
MULTIPLIER FOR DELT = 1.000
9 WELLS
| J PUMPING RATE WELL RADIUS
) 3 ~0.23 0.75
i 4 =0.19 0.75
5 y =0.29 0.75
6 4 -0.21 0.75
6 6 -0.22 0.75
6 i -0.27 0.75
& 8 =-0.05 0.75
L 9 =-0.31 0.75%
8 9 -0.25 0.75

61T



STORAGE
RECHARGE
CONSTANT FLUX
CONSTANT HEAD
LEAKAGE

TOTAL SQURCES

[T L T O 1|

D1 SCHARGES:

DISCHARGE-SOURCES
PER CENT DIFFERENCE

MAXIMUM HEAD GHANGE FOR EACH

1. 4600 0.0005

MAXIMUM GHANGE IN HEAD FOR THIS TIME STEP

EVAPOTRANSP IRATION
CONSTANT HEAD
QUANTITY PUMPED
LEAKAGE

TOTAL DISCHARGE

1

nonon

S

ITERATION:

A e kT A e A L P e o B R T e A A e A R e L R s

SIZE OF TIME STEP 1N SECONDS= 86400. 0C
TOTAL SIMULATION TIME N SECONDS= 5270u00.00
‘ MINUTES= 87840,00.
HOURS= 1464, 00
DAYS= 61.00
YEARS= 0.17
DURATION OF CURRENT PUMPING PERIOD IN DAYS= 61.00
YEARS= 0.17

|L*%3

13792568.0
-3.42

0.0

0.0

0.0
13792564.0

-

<O
DO

13792763.0
0.0
13792763.0

199.00
0.00

ITERATIONS: 1 1 1 1 1

RATES FOR THIS TIME STEP:

S| ORAGE

RECHARGE

CONSTANT FLUX
PUMP I NG
EVAPOTRANSFPIRATION
CONSTANT HEAD:

IN

ouT

LEAKAGE :

FROM PREVIOUS PUMPING PERIOD
TOTAL

SUM OF RATES

LI | I

H

|

It

L¥*3/7

3.2350
-0.0000

0.0
~3.2350

0.0

ceo o0
o0 o0

=0.0000

0Z1



[=RN" = B - - B - SRS . B ]

-

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

29.9 28.2
uh.5 4.3

61.9 IEIII
51.3 {12.7]

37.7 45.1

25,7 28.1

S~V E S
praRVale NN e W g FL]

~NhOhE
2 BN N o A

DRAWDOWN

0.0

22.

33.3
51.0
61.1.
63.8
48,1
36.4
31.8
0.0

WELL RADIUS

0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75

PUMP ING PERIOD NO,

15.7
24.7
39.3

0.0 0.0
10.4

HEAD

809.92
788.48
799.46
821.26
788.60
T45.73
752.64
725,39
Th3.90

NUMBER OF TIME STEPS=
DELT IN HOURS =
MULTIPLIER FOR DELT =

h WELLS

-0.34
=0.24
-0.43
-0.49

18.7
33.5 28.0
57.8 52.7 :
[85.3] [99.3] [96.6] 69.7 s50.9
58.4 69.6 81.3
43.5 53.7
37.7 46.3
0.0 0.0

69.4

0.0
6.2

13.8

0.0

HEAD AND DRAWDOWN 1M PUMP!NG WELLS

DRAWDOWN

142,08
163.52
152.54
130.74
163.40
206.27
199.36
226.61
208.10

2. 00 DAYS

24,000
1.000

PUMPING RATE WELL RADIUS

0.75
0.75
0.75
0.75

21,2
40.7

lﬁﬁlﬁl 71.3

57.7 69.6 63.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
g.0
0.0
0.0

12T



i TIME STEP NUMBLK = 2
S1ZE OF TIME STEP IN SEGONDS= 86100.00

TOTAL SIMULATION TIME IN SECONDS=  5443200,00

‘ MINUTES= 90720.00

HOURS= 1512.00

DAYS= 63.00

YEARS= _ 0.17

DURATION OF CURRENT PUMPING PERIOD N DAYS= 63.00

YEARS= 0.17

CUMULATIVE MASS BALANCE: L#*3
SOURCES
STORAGE = 14052284 .0
RECHARGE = -3.53
GONSTANT FLUX = 0.0
CONSTANT HEAD = 0.0
LEAKAGE = 0.0
TOTAL SOURCES = 14052280.0
DI SCHARGES:
EVAPOTRANSPIRATION = .0
CONSTANT HEAD = .0
QUANTITY PUMPED = 1H052H81 0
LEAKAGE = 0.0
TOTAL DI SCHARGE = 1H052481.0
0 SCHARGE-SOURGES = 201.00
PER GENT DIFFERENCE = . 0.00
MAXEMUM HEAD GHANGE FOR EACH ITERATION:
3.7502 0.0652 7
MAXIMUM CHANGE N HEAD FOR THIS TIME STEP = 3.816 .

ITERATIONS: 1 1

RATES FOR THIS TIME STEP:

STORAGE

RECHARGE

CONSTART FLUX
PUMP I NG
EVAPOTRANSP IRATION
CONSTANT HEAD:

LN

ourT

LEAKAGE ;

FROM PREVIOUS PUMPING PERIOD
TOTAL

SuUM OF RATES

ilh i nu

1]

fi

LE#3/T

1.5%030
-0. 0000
0.0
-1.5030
0.0

.

DD OO

0.
v
0.
0.
-0.

0000

ZTT



(=T = I - T Y B e

—

DRAWDOWN

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 30.4 31.4 29.7 23,5 16.9 1.5 7.1 3.6 1.2 0.0
0.0 1.3 45,4 45.7 34.8 26.1 20.1 15.0 10.4 6.5 0.0
0.0 53.2 67.6 52.5 41.0 35.2 29.5 22.7 16.% 0.0
0.0 51.7 62.2 76.7 62.1 59.1 59.6 53.7 42.5 32.8 0.0
0.0 uu.8 52.8 [73.1] en.8 78.7 87.6 71.0 53.3 0.0
0.0 35.9 39.2 6.8 49.9 59.8 71.7 82.7[106.6] 72.0 0.0
0.0 29.1 30.3 33.9 38.2 45.6 56.0 70.9 91.2 72.9 0.0
0.0 25.9 27.0 29.7 33.6 39.7 #8.6 60.1 71.1 66.3 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEAD AND DRAWDOWN IN PUMPING WELLS

1 J WELL RAD1US HEAD DRAWDOWN

4y i 0.75 788.20 163.80
6 i 0.75 820.26 131.74
6 T 0.75 745.26 206.74
7 9 0.75 723.94 228.06
PUMPING PERIOD NO. b: 2.00 DAYS
NUMBER OF TIME STEPS= 2
DELT IN HOURS = 24.000
MULTIPLIER FOR DELT = 1.000
5 WELLS
t J PUMPING RATE WELL RADIUS
i 3 -0.28 0.7%
5 4 ~-0.28 0.75
6 6 =0.32 0.75
6 8 -0.42 0.75
8 9 -0. 44 0.75

€CT



MAXIHMUM HEAD CHANGE FOR EACH

CUMULATIVE MASS BALANCL:

STORAGE
RECHARGE
CONSTAMT FLUX
CONSTANT HLAD
LEAKAGE

TOTAL SOURCES

DI1SCHARGES:
EVAPOTRANSP IRATION
CONSTANT HEAD
QUANTITY PUMPED
LEAKAGE
TOTAL DISCHARGE

DISCHARGE~SOURCLS
PER CENT DIFFERENCE

h.7578 0.0959

MAXIMUM CHANGE

U T T A

W oo

i

ITERATION:

IN HEAD FOR THIS TIME STEP =

SIZE OF TIME STEP IN SECONDS=
TOTAL SIMULATION TIME

DURATION OF CURRENT PUMPING PERICD IN DAYS=

L*#3

14351570.0
~3.6h

ag.0
0.0
0.0
6.0

.

1435156

oo

0.
0.

1435%1769.0
0

<

14351769.0

203.00
6.00

s — B A e e e By . ot Al A o ek WA A e m e

TIME STEP

1 2

ITERATIONS: 1 1

86400.00
IN SECONDS= 5616000. 00
MINUTES= 93600.00
HOURS= 1560.00
DAYS= 65.00
YEARS= 0.18
65.00
YEARS= 0.18

RATES FOR THIS TIME STEP:

STORAGE
RECHARGE

CONSTANT FLUX

PUMFP ING

EVAPOTRANSP IRATION

CONSTANT HEAD:

IN
out
LEAKAGE :

FROM PREVIOUS PUMPING PERIOD

TOTAL
SUM OF RATES

TR VO E I I

Lu®3 /7

L7320
. 0060
.0
L1320
.0

o0 OO0 O=0OC-

oo o0

~0.0000

2N



O OB O~ W W N =

—h
<

DRAWDOWN

0.0 0.0 0.0 0.0 ©0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 31.9 32.8 31.1 2u.9 18.2 12.7 8.2 4.5 2.1 0.0
0.0 42.7 46.5 6.1 36.1 27.6 21.4 16.3 11.5 7.6 0.0
0.0 54,3 72.2 53.0 42.4 36.7 31.0 24,2 18.4 0.0
0.0 53.1 63.1 63.2 60.3 60.1 55.1 44,1 3.7 0.0
0.0 46.3 53.6 67.8 65.5|82.9] 89.3 71.4 55.2 0.0

0.0 37.4 0.6 47.7 51.5 61.3 72,4 83.0 94.9 72.9 0.0
0.0 30.5 31.7 35.5 10.0 47.5 58.0 72.6 7.9 0.0
0.0 27.2 28.4 31.2 353 41.8 50.8 62.4 73.1 68.7 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEAD AND DRAWDOWN IN PUMPING WELLS

! J WELL RADIUS HEAD DRAWDOWN

b 3 0.75 812.34 139.66
5 4 0.75 802,39 149. 61
6 6 0.75 790.99 161.01
6 8 0.75 756.26 195.74
8 9 0.75 746,98 205.02

SZT



TRESCOTY
DEPTH
107
71
36
7.7
1% I B
10.9 : .
7.9 ‘
- 4.9
E 11 61 .98

11.9

2



TRESCOTT DRAWDOWN

YNODE
| -
2 -~ S -%.“—h“_'“"“'--\
[ - 2
3 - i O~
.’-”--------~~‘."‘5 . V ‘-\4‘
4 \ 2 -\\ 40 . hﬂ%h\““‘\\\
5 - 60 \
6 - il
7 - -
8 -
D
10 1 T
1 3 5
XNODE
LEGEND: DEPTH ) _— 20 40 e - %
T - - IR Lt - {09 ———— {20

CONTOUR INTERVAL IS 20 FEET

Figure 36
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APPENDIX XIV
KONIXKOW MODEL'S DATA SET DEMONSTRATING AN

IRJECTION WELL SIMULATION
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//G11370F JOB {77777,GHD~TR-KONI), "GHD: KONIKOW ', TIME={5,0), CLASS=K,

// MSGCLASS=X, NOTIFY=*
/*PASSWORD ?
7/¥ON]

//SYSLIB DD DI1SP=SHR,DSN=3YS1.FORTLIB
J/SYSLOUT DD SYSOUT=A
//SYSLIN DD DISP=5HR,DSN=U11370F, KONUPDAT.OBJ

EXEC PGM=LOADER, PARM='SI1ZE=600K" , REGION=600K

//%TO6F001 DD SYSQUT=A
//FTOGF00T DD DISP=0LD,DSK=U11370F. TR2ZOKON.QUTLIST
//FTO5F00Y DD *
THE GARBER-WELLINGTON AQUIFER STUDY.
323850 30

100

1

32

29

1.0006

T

1.186400 660 660

5

200

10

uy

INJECTION WELL, 09 JANUARY 1582.
0

JGL USED AT 0OSt

TITLE AND SPECG!FIED
PARAMETERS

- . 7 S T o S 8 S R T e e e e B W M A g e e A T SR AR R e A AN S M AL S e R A SR kS S e Ly L A

LOGATION OF OBSERVATION
WELLS

- . e e o AN N S L U R N e e e i B EE W e e e Ak AR Sy e ek N S S G M RS M M NN W T S G G T A S S S M AR EE Mmoo A e e o SRl

P

NODE LOCATION OF WELLS AND
PUMPING RATES OF WELLS

- Ak - - = A U e e D S W T o e o A R e A S e e D e

0
26

Q
26
o
h26

h26
426
426
426
426
h26
h26
u26
426
426
426
426
426
426
426
426
26
426
426
426
h26
h26
426
h26
h26
426
426
426

0
h26

426
426
u26
426
26
h26

h26
426
426
426
426
426
426
h26
L26
426
426
426
426
426
126
L26
426
426
u26
426
426

0
426

426
h26
h26
426
426
L26
426
426
h2é
426
426
426
426
426
h26
426
h26
26
426
h26
426
426
H26
426
W26
426
426
h26

0
u26

h26
424
426
126
426
h26
426
426
426
§26

h26
426
426
426
426
426

426
h26
426
426
426
U26

426
426
426

0
426

426
h26
326
426
y2é
L26
h26
nz26
426
4§26
426
426
u26
u26
4§26
26
26
u2é
W26
26
26
426
426
Y26
426
426
326
426

0
b26

426
bL26
26
b26
h26
na2e6
426
L26
h26
h26
h26
h26
y26
L26
U268
426
L26
U26
426
426
426
426
426
426
426
L426
26
u26

0
hz6

h26
k26
h26
426
426
426
426

426
426
W26
426
26
426
426
426
426
26
426
u26
426
26
h26
26
426
426
h26
426

0
h26

426
h26
h26
h26
h26
426
426
026
W26
26
426
426
426
26
h26
h26
426
426
U26
426
426
426
426
426
K26
426
426
426

426

426
426
0
h26
0
426
4]
h26
0
k26
0
426
0
L26
0
426
0
426
0
h26
0
426
0
h2e6
g
U426

426
426
426
426
426
426
426
h26
426
L26
426
L26
u26
Luze

hze
426
b26
L26
426
426
426
h26
y26
26
426
h26
h26
426

uz2e6
426
26
426
426
426
u26
26
u26
u26
26
u26
426
26

426
426
U426
426
y26
426
L26
h2é6
426
426
uze
426
426
uz6

426
426
u26
426
426
426
426
426
426
426
B26
26
426
26

u26
426
26
u26
h26
h26
h2e
h26
b26
U426
u2¢6
426
uz6
U426

426
426
426
uz6
426
L426
426
h26
426
b26
426
426
426
426

426
426
h26
426
426
426
b26
h26
426
h26
426
1426
426
h26

TRANSMISS IVITY
MARTRIX
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B S Y Sy Ny S O S SIS

CoOoCOoODSCooOooDoOoODoOoCoLUDoDOooDDO

) it ek ok b mah i weh o kb el o tid ek o ok mmd b o

B O it e S S S I ST S S S QU S Sy

L i o S Y Sy i Sy S (S i S S S G G S S S QU Gy

R R e e T T T g S PVt S G A A R W S QU S S P S Qi Qe gy

0
h2o

26
0
h26
0
L26
0
426
¥z26
L2
0

426

B N T A YU T e i T A i Y g G g Y

e I I T YT i v S gt S O S QU Qi gy R VS S S u g VT QI |

R e Qi r S RV VU Sy S WU GRS S Sy NPT QY

0
W26

v}
W26
0
k26
0
426
0

T . [ e iV R R S SR D A D e S SUPE VOR RS e g e ey

0
4z6

0
26
0
y26
-0
426
Q0
h26
y26
L26
]
yz6
o
426
0
426
0
h26
)
L26
426
0
426
u26

— v b ok gk ok il kb ol ol o kb o wd mh wd =t md wd k=) —d

0

b26-

426
320
0
k246
0
y26
0
w26
0
26
426
0

426

R S O g QS G Y G I i S

426
4]
Y26
4]
L26
426
uzé6
0
K26

[ N R S o R R I ., G Y S G S o ey S

0
h26

26
426
0
y26
0
K26
§26
4]
W26
0
426
Q
L26
0
426

426

0
k26
0
y26
0
K26
G
h26

0
426

426

0
u26
426
W26

0
K26

ODoOOLSoOCoO0OoOooDOoOORODoDoODDDoS0

0

[ R B ]

o & o o o o o o o

o e 0 0 oo o0 e o o o o 2 o O

o 0O & & 0o o 0 o o o o o o 0

o 0 0 0 0 o 0 0 oo o o o o o O

Cc oo O O o 0 o0 o o e e o o Q

o & o o o o oo o o o 2 o o o

c © o o o 9o 2o o o o o o o o o

c o o o o o o o0 o 9 o o o o ©

THICKNESS
MATRIX

0€£T



1 .00000001
0

0

i9

—
 C O £ o QO 0 o o 0 o o o o @ QO

-39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39
-39 -gg =39 -39 -39 -39 -39 -39 -39 -39

39
9
39
39
39
39
39
19
19
39
39

39
39

39

39

39

39

39

39 39

39

-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39

39
-39

39 39

39

39

39

39 39

RECHARGE RATE
MATRIX

39 39

TE€T



39
39
39
39
39
39
39
39
19
39
39
39
39
39
39
39 39 39 139

1 - 1.0
00000000000000000000
000060000300
0000000000000000G000
000000000000
00000000000000000000
000000000000
00000000000000000000
000000006000
00006000000000000600
06000G0000000
00000000000000000000
000000000000
00000000000000000000
000000060000
000060000080000000000
030000000000
00000000000000000000
000000000000
000000000000000000060
000000000000
00000000000000000000
0000000000400
0004G0000000000000000
000000000000
00000000300000000000
000030000000 '
000000000006000000000
ao0000000000

39

39

39

39

-39
-39
-39
-39
-39
-39
-39
~39
-39
-39
-39
-39
-39
-39
-39

39 -39

NODE

IDENTIFICATION
MATR I X

TE1



000040000000
00000000000000000000
000000000000

000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000
000000000000

e e e A ER R R R R A B o T T e b A e L e e el e R e T AR S WD W U S S SN MR RS AN N R W W TH RO T MR ST T T M ST W A MR T A lf AL MG T e

957.956.955.954,953.952.951.952.954.956.958,960.961.962.964.966.968.970.971,
972.974.976.978.980.981.982,984,986,988.990.

957.956.955.954.952.951.950.951.953.955,956.958.959.960.962.963.965.968.969.
970.972.974.976.978.979.980.982,984.986.989.

956.955.954.952.951.950.949.950.951.953.954.956.957.956.959.961.962.964.965.
969.970.972.974.976.977.978.980.982.984.987.

957.953.952.951.950.949.949.949.950.951,952.954.955.956.956.957.959.960.962.
965.968.970.972.974.975.976.978.980.983.986.

953.952.951.951,950.949.948. 948,949, 950.950.952.953.953.953.954.956.957.960.
961.964.966.969.970.972,974.976.979.982.985.

952.951.950.950.949.948.947.947.948.348.949.950.950,950.950.952.953.954. 957,
959.961.963.965.967.969.971.974,977.980,983.

953.952.951,950.949. 948, 94T . 9UT. 947,948 . 9UB. 949,949,949, 949, 950.950. 952, 954,
957.959.961.962.964.966.969.971.974.978.981.

952.951.950.949.948. 947 . 947 . 947,947,947 948, . 48,948 . 9u8. IU7. 948, 949.950.551.
955.957.959.961.963.965.967.969.972.976.979.

949,948,948, 9U8, OUT . FL6.946. 906 FH6.946. 916, 46, 946.9U6. 9U5.945.907.949.950.
953.956.960.961.963,965.967.969.972.975.977.

Ou8.9OuT7.947. U7 .96 FH6.906.946.986. 945,905,080, 943,.983.943. 943,945,943, 953,
956.959,960,962.963.965.967.969.972.974.976.

9u7.946.9U6. 946,945,945, 905 . it Ol Gt 9ny 943, 942, 942,902,942, 9l 94T . 951.
956.960.961.962.963.965.967.969.972.973.975.

OuS. o4l . Ol Ol QB2 902, 942, 941,981,942, 942,942,943, 083 . FU3 . OUL, G46,.9U8.952.
956.958.961.962.963.965.967.969.971.973.975.

943.943.042. 941, 940 940.939.939,.940.942. 943, 94k, 945, 916.947.948.950,952. 953,
955.957.959,.962.963.965.967.969.971.973.975. STARTING HEAD

EET



951,

.939,
L960.

L9959,
. 958,

Y39,
963,

961,
960.

.956.
».956.
.956.
5.956.
3. 956.
.956.
. 956.

.937.
. 969,

LB69.
L U069,
L9965,
L9063,
.963.
.963.
.963.
.963.
.963,
.963.
.963.
.963.
.963.
.963.
.963.
L963.

937.
g7,

970,

971

968,
966.
966,
966.
966.
966.
966,
966.
966.
966,
966.
966.
966.
966.

939

911

969.
969.
969.
969.
969.
969.
969.
969.
969.
969.
969.
969.
969.

LOh0. 9k ' ] -
g1 QU2 . 9L3.9UL GN5.906.947.949.950.952.

973.
913,
LTy,

975,
975.
975.

972,
972.
912,
972.
972.
972,
972,
972.
g12.
972,
972.
972,
g972.

MATRIX

AQUIFER

FET
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U.S.G.s. MITHOD=-0F -CHARACTERISTVIGS MODEL FOR SOLUTE TRANSPORT IN GROUND WATER
THE GARBER~WULL INGTON AQUITER STUDY. INJECTION WELL. 09 JANUARY 1982.
It NP UT DATA
GRID DESCRIFTORS

NX (NUMBER OF COLUMNS) = 32
NY {NUMBER OF ROWS) = 32
XDEL {X-DISTANCE IN FLEET) = 660.0
YDEL.  {Y-BISIANCE 1IN FEET) = 660.0

TIME  PARAMETERS
100

NTIM {MAX, NOG. OF TIME STEPS) =
NPMP {NO. OF PUMPING PERIODS) = 1
PINT { PUME ING PERIOD IN YFARS) = 0.500
T X {(TIME (NCREMENT MULTIPLIER) = 1.10
TINIT (INITIAL TIME STEP IN SEC.) = §6U00,
HYDROLOGIC AND CHEMICAL PARAMETERS

S ({STORAGE COLFFIGIENT) = 0.000600
POROS {EFFECTIVE POROSITY) = 0.29
BETA {CHARACTERISTIC LENGTH) = 1.0
DLTRAT (RATI0 OF TRANSVERSE TO

LONGITURINAL DISPERSIVITY) = 0.30
ANFCTR  {RATHD OF T-YY TO T-XX) = 1.000000

EXCCUTION PARAMETERS
NITP {NG. OF ITERATION PARAMETERS) = T
TOL (CONVERGENCE CRITERIA ~ ADIP) = 0.0100
I TMAX  (MAX.NO.OF ITERATIONS -~ ADIP) = 200
CELDIS {MAX.CELL DISTANGE PER MOVE

OF PARTICLES - M.0.G.) = 0.500

NPMAX (MAX, NO. OF PARTICGLES) = 3850
NPTPND (NO. PARTICLES PER NODE}) = L

PROGRAM OPTIONS

NPNT (TIME STEP INTERVAL FOR
COMPLETE PRINTOUT} = 30
NPNTMY {MOVE INTERVAL FOR CHEM.
CONCENTRATION PRINTOUT) = 0

NPNTVL {PRINT OPTION-VELOCITY

0=NO; 1=FIRST TIME STEP;
_ 2=AlLL TIME STEPS) = 0

NPHTD (PRINT OPTION-DISP,COEF.
0=NO; 1=FtRST TIME STEP;
2=ALL TIME STEPS)

NUMOBS (NO. OF OBSERVATION WELLS
FOR HYDROGRAPH PRINTOUT)

NREC  (NO. OF PUMPING WELLS)

NCODES { FOR NODE IDENT.)

HPNCHY { PUNCH VELOCGITIES)

NPOELC (PRINT OPT.-CONC. CHANGE)

oo
-
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°fT .



TIME INTERVALS (IN SECONDS) :
86400, 95 . . 104540406  .11500D+06 . 126500+06 .13915D+06 .15306D+06 .16837b+06 .18521D+06 .20373D+05
.228100+06 .246510406 .27116D+06 ,29828D+06 .32810D+06 .36091D+06 .39701D+06 .43671D+06 .48038D+06 528410406
.581260+06 .63938D+06 .70332D+06 ,77365D+06 .85102D+06 ,936120+06 .10297D+07 .11327p+07 ,12460D+07 . 13706D+07
-150760+07 165840407 . 18242D0+07 .20067D+07 .220730+07 .24281D+07 .26709D+07 .29379D+07 .32317D+07 .35549D+07
-39104D+07 . 43014D+07  .UT7316D+0T .52047D+07 .57252D+07 629770407 .69275D+07 .76203D+07 .83823D+07 ,92205D+07
-101430+08 . 111570408, 122730+08 . 13500D+08 . 148500408 .16335D+08 .17968D+08 ,197650+08 .21741D+08 ,23916D+08
.263070408 .28938D+08 .31832D+08 .350150+08 .38516D+08 .h2368D+08 .466050+08 .51265D+08 .56392D+08 .62031D+08
.68234D+08 .75056D+08 .825630+08 .908200+08 .999020+08 .10989D+0% .12088D+09 .132970+09 .14627D+09 . 16089D+09
.176980+09 .19468D+09 .21415D+09 ,23556D+09 .259120+09% .28503D+09 .313530+09 .344890+09 .37938D+09 .u41731D+09
-459050+09 .50495D+09 .555440+09 .61099D+09 .672090+09 .73930D+09 .81323D+09 894550409 ,9BU0O0D+O9 . 10824D+10

LOCATION OF OBSERVATION WELLS

NO. X Y
1 6 12
2 5 12
3 T i
4 T 7
5 6 18

LOCATION OF PUMPING WELLS

X Y  RATE{IN CFS) CONC.
y 4 0.2317 0.0
8 4 0.1957 0.0
8 8 0.2490 0.0
8 1 0.1952 0.0
9 7 =0.5000 0.0
o1 0.2488 0.0
17 1 0.3127 0.9
22 11 0.2400 0.0
25 15 0.3645 0.0
26 20 0.2948 0.0
AREA OF ONE CELL = 356D+06
X-Y SPACING:
660.00
660.00

LET



DRAVDOWH :
(Format Modified)

¢ ¢ 0o o 0o © o O © 0o o0 o0 0 9 O 0o 0 6 © © ¢ o0 o0 6 o0 0 o0 0 0 0 O
0 215 212 208 202 195 186 178 17% 164 159 155 151 147 144 141 138 136 133 129 125 122 119 116 113 109 105 103 61 99 5Y
0 221 218 216 207 197 190 184 174 167 162 157 153 150 146 14k 140 138 136 132 128 124 122 118 115 111 107 105 103 101 100
0 22n 224[231) 211 200 194 Q%6]17? 168 163 158 156 153 150 146 144 140 138 134 133 128 125 122 118 114 110 1¢7 105 103 102
0 226 220 218 209 200 191 TES 172 166 163 160 159 156 154 150 147 144 140 137 135 133 129 126 122 118 113 110 108 106 105
0 222 216 213 207 199 190 178 163 163 164 163 163 161 158 154 151 149 145 W3 138 136 132 129 124 121 117 114 112 110 109
0 222 217 212 207 200 192 178 1h0 161 166 168 168 166 163 160 158 154 150 148 145 141 137 133 128 124 120 118 115 11k 112
0 220 219 214 209 205 201 [BONW 177 174 175 17% 175 174 172 169 166 161 158 154 152 148 4y 138 133 128 125 121 118 117 116
0 224 219 21% 211 208 205 202 192 186 184 1854 185 185 183 179 177 172 166 161 160 157 151 145 140 134 130 125 122 121 120
0 223 218 215 213 211 209 208 201 195 192 192 194 197 193 190 189 182 176 170 169 169 163 155 148 142 137 132 329 126 123
0 224 220 217 215 214 215 [224] 209 202 199 199 202 [215] 202 201[213] 192 184 182 183[194] 175 165 156 150 14k 138 135 131 128
0 22% 271 219 217 215 215 215 209 205 203 202 203 205 202 200 199 192 187 185 186 188 179 172 164 158 151 W45 11 136 133
0 226 227 219 217 214 213 212 208 205 204 203 203 204 203 260 198 194 190 189 189 186 184 179 173 166 158 151 16 141 138
D 226 223 220 217 215 213 211 208 207 208 207 208 208 207 205 203 200 197 193 191 188 186 187 ﬂﬁﬁ 175 165 157 151 146 143
0 256 20k 220 219 216 213 212 210 210 209 210 210 209 208 207 204 202 198 196 193 191 190 193 [211] 185 171 162 155 149 7
o o 0o © o0 ©0 0 0o 0 o0 0 0 0o 0 0 o0 0 0 0 0 0191189 189 191 181 172 165 158 154 150
o © ¢ o © 0 6 0 6 ©o O ©6 0 O 0 0o O 0 0 0 0189 187 185 184 177 172 167 161 156 153
6 0o 0 o 0 ©oO O O © 6 O 0 06 0 0 0 0 0 0 0 0185 183 181 180 176 171 165 160 156 154
¢ o o o0 o0 ©O O O O © 0. 0 O © O 0 0 O 0 0 0182180 179 180 180 172 165 159 155 153
¢ 6 0 o 0 0 0 0 0 0O © 0 0 0 O 0 0 0 ©0 O 0179 177 177 181[A94]175 166 160 156 153
o6 0 06 o 0O O 6 ©0 ©6 0 6 0 0 0 0 0 06 © 0 0 0176174 173 175 175 170 163 158 155 153
00 0 0 0 0 06 o 0 6 o0 ©0 0 0o o 0 0 O 0 0 0 0174 171 169 169 166 164 160 157 154 152
6o o0 6 ©o© ¢ 0 0 0 © @ © © 0 0 0 0 0 0 0 0 0171 168 166 164 161 160 157 155 152 11
0 0o 6 © o 0 0 0 0 © O ©6 0 0 © 0 0 0 0 0 0169 166 163 161 158 157 155 153 151 150
o o 0 6 0 0o 0 O 0 ©o© 0 € 0 0 0 0 0 0 0 0 0167 164 161 159 156 155 154 152 150 1LY
o o0 0 0 0 6 o0 @ 0 ©0 0 0 0 0 0 0 0 0 0 0 0166 163 160 158 154 154 153 151 150 149
0 © 6 6 0 0 0 0 0 © 0 0 ©0 0 0 0 0 0 0 0 0165 162 159 157 154 154 153 151 150 WY
o o 0 o0 0 0 0O 0 ©0O ©0 0 O ©0 ©0 0 0 0 ©0 0 O 0165 162 160 158 155 154 153 152 150 149
© ¢ 0 O O 0O © © ©0 0 0 0 ©0 0 0 O0 0 0 0 0 0166 163 161 159 156 156 154 153 152 150
6 0 ©0 0 0 0 6 © ©0 0o ©0 0 0 ©0 0 O 0 0 ©0 0 0167 165 163 161 158 158 157 155 153 152
o 0 0 6 0 © ¢ © 0 0 0 06 0 0 066 0 0 0 ©O O 0168 167 165 164 161 161 160 158 156 153
6 o0 0 o o 06 o O 06 o 0O ©O o O O o o o 0O 60 o o 0 ¢ 0 0 o0 O 0 0 O

CUMULATIVE MASS BALANCE -~ (IN FT##3)

-0.21351£+08
0.46910E+08
0.25559E+08
0.25550E+08

RECHARGE AND INJECTHON
PUMPAGE AND E-T Wi THDRAWAL
CUMULATIVE NET  PUMPAGE
WATER RELEASE FROM STORAGE

0ot

LEAKAGE INTO AQUIFER = 0.0
LEAKAGE OUT OF AQUIFER = 0.0
CUMULATIVE NET LEAKAGE = 0.0
MASS BALANCE RESIDUAL = -5696.0
ERROR (AS PLRCENT) = =,12143E-01
RATE MASS BALANCE -~ (IN C.F.S.)
LEAKAGE INTO AQUITER = 0.0
LEAKAGE QUT OF AQUIFER = 0.0
NET 1 EAKAGE (QNET) = 0.0
RECHARGE AND INJECTION = =0.15023£+01
PUMPAGE AND E-T WITHDRAWAL = 0.33007£+01

NET W THDRAWAL ( TPUM) 0.33007E£+01

COOOOOODOCLOOODOOOOOOOOOOOODooo0l
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DRAWDOWN (180 DAYS)

DEPTH

23t -

154 -

77 -

TILT=70 ROTATE=65

(Inverse Image)

Figure 38
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DRAWDOWN (180 DAYS)

N

~J

N

-~

N
My}

N
N
FECRUSUIVE FUTVI SRR TUE NI RTUER ¥

32 B ke Slusu dbiey M Al R Rt Sunhk Rituy seninl Masus Snthts Sthali atsne el Sub Shuiie aaiithe Shem 2 | { L] | e | T ¥ ¥ v ™ 4 T

t 11 21 | 31

~ XNODE
LEGEND : DEPTH ———— 158 e {70 R 1.
T e - 21@ - T- Jp— 250

CONTOUR INTERVAL IS 20 FKET

201



CONCENTRAT ION

NUMBER OF TIME STEPS 30
DELTA T -137060+07
TIME(SECONDS) . 142120408

CHEM, T{ME( SECONDS)
CHEM. TIME(DAYS)
TIME(YEARS)
CHEM, T IME( YEARS )
NG. MOVES COMPLETED

0.14212E+08

0.16449E+03

0.45036E+00

0.45036E+00
1

Honwmnnus

CHEM{CAL MASS BALANCE

MASS IN BOUNDARIES
MASS OUT BOUNDARIES
MASS PUMPED IN
MASS PUMPED OUT
INFLOW MINUS OUTFLOW
INITIAL MASS STORED
PRESENT MASS STORED
CHANGE MASS STORED
COMPARE RESIDUAL WITH NET FL
MASS BALANCE RESiDUAL
ERROR {AS PERCENT)

coos

w3 dnnan

AND MASS ACCUMULATION:

o0 COCO0OOOC

SoSoCOoOQo

o
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THE GARBER-WELLINGTON AQUIFER STubY., INJECTION WELL, 09 JANUARY 1982,

TIME VERSUS HEAD AND CONCENTRATION AY SELECTED OBSERVATION POINTS
PUMPING PERIOD NO. 1

TRANSIENT SOLUTION

OBS.WELL NO, X Y N HEAD (FT) CONC. (MG/L) TIME (YEARS)
1 & 12
Q g45.0 0.0 0.0
1 gu43.3 0.0 0.003
2 941.0 0.0 0.006
3 938.6 0.0 0.009
4 936.0 0.0 0.013
5 933.2 0.0 0.017
6 930.2 0.0 0.021
T 926.9 0.0 0.026
8 923.4 6.0 0.031
9 919.6 0.0 0.037
10 915.6 0.0 0.0k
11 911.2 0.0 0.051
12 906.5 0.0 0.059
13 901.4 0.0 0.067
1] 896.0 0.0 0.077
15 890.3 0.0 0.087
16 884.1 0.9 0.098
17 877.5 0.0 a.1
18 870.5 0.0 0.125%
19 863.0 0.0 0,140
20 854.9 0.0 0.157
21 846.2 0.0 0.175%
22 836.9 0.0 0.195
23 826.9 0.0 0.218
24 816.1 0.0 0.242
25 804.5 0.0 0.269
26 791.9 c.0 0.299
27 718.2 0.0 0.332
28 763.5 0.0 0.367
29 T47.5 0.0 0.4o7
30 730.0 0.0 0.450
31 7111 0.0 0.498
i2 710.4 0.0 0.500

Zr1



HEAD (FT} CONC. (MG/L) TIME (YEARS)

OBS.WELL NO, X Y N
y
0 au8.0 0.0 0.0
1 oug.6 0.0 0.003
2 o9ug.7 0.0 0.006
3 948.3 0.0 0.009
4 947.4 0.0 0.013
5 946.0 0.0 0.017
6 oLy, 2 0.0 0.021
7 942.1 0.0 0.026
8 939.7 0.0 0.031
9 936.9 0.0 0.037
10 933.8 0.0 0.044
11 930.3 0.0 0.051
12 926.5 0.0 0,059
13 922.3 0.0 0.067
14 217.6 0.0 0.077
15 212.5 0.0 0.087
16 9207.0 0.0 0.098
17 900.9 0.0 0.111
18 894.4 0.0 0,125
19 887.2 0.0 Q.140
20 879.5 0.0 0.157
21 871.1 0.0 0.175
22 862.0 0.0 0.195
23 852.2 0.0 0.218
24 841.6 0.0 0.242
25 830.0 0.0 0.269
26 817.5 0.0 0.299
27 804.0 0.0 0.332
28 789.3 0.0 0.367
29 773.3 0.0 0.407
30 756.0 0.0 0. 450
kD 7371 0.0 0.498
32 736.3 0.0 0.500
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APPENDIX XVI
KONIXOW MODEL'S DATA SET DEMONSTRATING A

LANDFILL SIMULATICH



//G11370F JOB (77777,GHD-TR-KON1), "GHD: KONIKOW ', TIME=(5,0),CLASS=K,

// MSGCLASS=X,NOT|Fy=#

J¥PASSWORD ?

//KONI EXEC PGM=LOADER, PARM='S{ZE=600K',REGION=600K

//8YSLIB DD DISP=SHR,DSN=5YS1.FORTLIB JCL USED AT OsU
//SYSLOUT DD SYSOUT=A

//SYSLIN DD DISP=SHR, DSN=U11370F. KONUPDAT.OBJ

//*TOGF0O01 DD SYSOUT=A '

//FT06F001 DD DISP=0LD,DSN=U11370F. TR25KON.OUTLIST

//FTO5F001 DD *

THE GARBER-WELLINGTON AQUIFER STUDY, LANDFILL EXAMPLE. 09 JANUARY 1982 TITLE AND SPECIFIED
100 6 32 323850 28 7 5200 9 &4 1 0 PARAMETERS
077 .01 .29 100.0006 186400 660 660 .3 -5 1
96 .

97 LOCATION OF OBSERVATION
9 8 WELLS

9 9

8 8

4L 4y 203

4 8 .201

88 . 287 NODE LOCATION OF WELLS
811 .212 AND PUMPING RATES

1411 260

1711 . 306

2211 .229

2515 273

2620 211

1 0001

8

0 U26 W26 426 H26 U426 H26 L26 426 h26 U26 W26 L26 W26 W26 U26 426 U426 426 B26
426 426 426 U26 426 426 U26 U426 426 H26 426 O

0 426 U426 U26 U26 426 426 U26 L26 U26 426 W26 U26 W26 426 U426 426 426 U26 u26
426 426 426 426 U426 L26 426 426 426 426 426 0O

0 426 U426 U426 426 U426 U26 L26 U426 W26 L26 426 426 U26 L26 426 U26 426 W26 h26
426 426 426 426 426 Y26 426 U426 426 426 426 O

0 426 426 426 h26 U426 426 U426 426 L26 U426 W26 426 426 426 U26 U26 U426 W26 U26
426 426 426 U426 U426 L26 u26 U426 426 K26 u26 O

0 U26 426 426 26 W26 U426 U426 426 N26 U26 U426 L26 U26 L26 U26 L26 426 W26 U26
426 426 426 426 H26 426 U26 426 426 W26 426 O

0D 426 426 U426 U26 426 U26 UR6 L26 W26 L26 W26 426 U26 H26 U426 L26 426 L26 L26
426 426 W26 U26 U426 426 U426 426 426 426 L26 O

0 U426 426 U426 U426 U426 426 426 426 U26 U426 U426 L26 U426 L26 Y26 U26 W26 W26 426
426 426 26 L26 W26 426 L26 426 26 H26 426 O

0 U26 426 H26 N26 U426 426 U26 426 426 U26 426 L26 U26 U426 u26 h26 U426 H26 U426
426 426 h26 L26 426 L26 U26 U426 L426 W26 426 O

0 426 W26 426 W26 426 426 U26 U426 H26 U26 426 L26 U426 426 U426 U426 426 U426 426
U426 U426 426 hH26 426 U426 U426 U26 426 M26 U426 O

0 U26 426 U426 426 426 U426 W26 426 426 U426 W26 W26 U26 426 426 426 426 426 426
426 426 426 U426 W26 L26 U426 U426 h26 426 L26 0

0 426 426 426 26 U426 426 426 426 426 H26 U226 U426 W26 L26 U426 U426 426 426 u26
U426 h26 426 426 426 426 L26 426 426 426 W26 O

0 426 U426 426 426 426 426 U26 W26 426 U26 426 426 U426 W26 U426 426 426 L26 426
U426 426 h26 L26 h26 W26 L26 W26 H426 U26 U26 0

0 426 426 U426 h26 426 426 U26 426 H26 LU26 426 L26 426 U26 U426 426 U26 L26 426
426 426 426 426 h26 426 U26 426 L26 H26 W26 0 TRANSMiSSIVITY

0 W26 U26 426 W26 426 426 426 426 H26 U26 U26 L26 U426 U426 U426 U426 426 U26 U426 MATRIX

426 426 426 426 H26 426 LU26 W26 u26 B26 426 0O

0 0 0 0 0 0
0 426 426 426 U26 U426 426 U26 W26 426 W26 O
¢ © 0 0 0o 0 O © 0 o o0 0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Sv1
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O N [ Yt Sy Y P N PN [ R v Qv S | VIR g g g 3
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h26
4126
426
0
W26
0
h26
O
y26
0
L26

0
Lh26

PSR U QS g P ST G O T QS P S G

hze
u26
H26
0
K26
0
W26
0

426

kb ik ok vk vk kb bk wid ek i el

h26
¢}
426
0
h26
0
426
0
4126
L26
L26
0
h26
0
426
0
W26
4]
426
0
h26
0
426
0
Y26
426

U Y L U g T e g Y

P Sy QU (A A S G S W S N S S S S S S S QU W )

K26
0
W26
0
h26
0
426
Y26
0
ha6

26

P Y G U U T M S W U S T QPP YA WS S W S S i R T}

P VU S [ QU G S G WU QU S W G Y NV U N S g g

h2g
0
426
v}
H26
0
L2
0
Y26
0
h2e
0
hz6
4}
W26
Lze
K26
u26
0
426
h26

S e T Y Y G S S S gy

P N S e E I TR I G G i R g+

426
0
N6
0
426
uza

0
W26
Q

W26
0
126
426
0
326
0
u26
[¢]
L26
U426
4§26
0
W26
0
426

[ P Ry _ S Gy Y Y S R R P Y Y .

426
0
n26
326
0
u26
0
426
0
426

W26
u26
Lhz26

Q
5426

0
h2e
K26
Y26
y2é
yz26
u26

0
K26

0

o000 0OCOOOOOOOODOoDoODORCOCT

o o o 0 o o o o o o oo o o o

o o 0 Q o o0 o 0 o 0o o o Cc @

o o 0o o o o o e o o o <o o o

o o 0 o o o0 o 0 o o o e <

o o0 0O oo o0 o o o 0o o o o O

oo O o o o 95 o Cc 92 o 0 o o C

o 0 0 o0 o e 0o & o o 0 o o O

o o o o 0 o oc 0 o Cc o o Qe C°

THICKNESS
MATR I X

IFT



11 11 1 1 1 1 1 1 0
11111 1 1 1 1 1 0
LI R I I B S R R R
L R R R R D A D
LI I T S B TR R A D R 1
11 1+ vt 1 1 1 1 1 1 0
T+t 1 1110
1t 1 1 1 1t 1t v 1 1 0
11 111 1t 1 1 1 1 0
T 1+ 1 1 1 1 1 1 1 0O
LI N S T B T S R R 1
T 1 1t 1+ 1+ 1 1 1 1 1 0
L T R I I e ¢
L I S S DR D R R B S R
LI S S R R R R B B B ¢

1 .00000001
0

0
-39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39
-39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39

39

-39
39

-39
39

-39
39

-39
39

-39
39

-39
9 :

-39
39

-39
39

-39
39

-39 RECHARGE
39 MATRIX

-39
39

-39

39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 39 32 39 39
39 39 -39

L¥T



i9
39
39
i9
39
39
39
319
39
39
39
39

1 1.0

00000000000000000000

000000000000
0000000000000G000000
0000000430000
00000Q000000000000000
600000000000
G0000000000000000000
000000000600
080004300000000000000
000000000060
000000000006000000000
000000000000
003000001000000600000
000000600000
00000060000000600000
000000000000
00000000000000000000G
600000000000
0G000000000000000000
000000000000
06000 000000000000000
000600000000
0000000000000030006000
00000000000
00006000000000000000
000000000000
Q0000 000000000000000
GOGo00000000
00000000000000000000

39

39

39

39

39

-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39

NODE

IDENIF ICATION
MATRIX



00000000000000000000
000006000000

000000000000
060000000000
000006000000
0006000000000
000000000000
000000000000
060000000000
000000000000
000000000400
000000000000
000000000000
G0000000000
000000000000
000000000000
0030000000000

000000000000
1 1.0 10000000

- AR A S v e o A A e 7= S T W P e A SN W W e AL S A e e e AR A Gw R R e S N e G e S e e el S AN e e A R R

957.956.955,.954.953.952,951.952,954,956.958.960.961,962.964.966.968.970,971.
972.974.976.978.980.981.982,984.986.988.990,

957.956.955.954.952.951.950.951.953.955.956.958.959.960.962.363.965.968. 969.
970.972.974.976.978.979.980.982.984.986.989.

956.955.954.952.951.950.949,950.951.953.954.956.957,958.959.961.962.964. 965,
969.970.972.974.976.977.978.980.982. 984 .987.

957.953.952.951,950.949.949,949.950.951.952.954.955.956.956.957.959.960.962.
965.968.970.972,974.975.976.978.980.983.986,

953.952.951,951.950.949.948.948.949,950.950.952.953.953.953.954.956.957. 960,
961.964.966.969.970.972.974,976.979.982.985,

052,951,950,950.949, 948, 947.947.948.948.949.950.950.950.950.952,953.954,957.
959,961.963.965.967.969.971.974.977.980.983.

953.952,951.950.949. 948 947 . 947,947 . 948, 948,949,949, 949.949.950.950.552.954.
957.959.961.962.964.966.969.971.974.976.981.

952.951.950.949. 948,947,947, 947.947 . 947, 948, 946.948. 948,947, 348.949.950.951.
955,957.959.961.963.965.967.969.972.976.979.

945, OUB. 946 . 9UB. O4T. 946,96, D46, FU6. FU6. FU6 ., FUE. FU6, 946 . 945, 945. 94T . 949.950.
953.956.960.961.963.965.967.969.972.975.977.

ouB.9U7.947.907.946.946.946.906.946.945. 945,944,943 .943 . 943 . 943 . IN5.949.953.
956.959.960.962.963.965.967.969.972.974.976.

9LT7.906.946.946. 945,945,945, 944, 941, QUL oul QU3 . 942 942, 042, 342,944, 94T . 951,
956.960.961.962.963.965.967.969.972.973.975.

9h5. o4k, 94 QLY. 9L2 942 Oh2 941.9471.942.942.942 943,943 .943. 944 . 946.948.952,
956.958.961.962.963.965.967.969.971.973.975.

943.943.942,941,940.940.939.939. 940,942,943 . 940,945, 9L6. 947 .348.950.952.953.
955.957.959.962.963.965.967.969.971.973.975.

6vT



941.941,939.9359.936.937.937.937.939.940.942. 943 . 944, 945, 9U6,947.949. 950, 952,
954.,956.958.960.963.965.967.969.971.972.975. STARTING HEAD

MATRIX
957.958.95%9.961.963.966.969.9/0.9713.975.
956.957.95%8.960.961.965.969.971.973.975.
954.,955,956.9598.959.962,.965.968.9/1.974,
952,953.954.956.957.960.963.966.969.972,
951.95%2.953.955.956.960.963.966.969.972.
951.952.953.955.956.960.963.966.969.972,
951.952.953.955.9%6.960.963.966.969.972,
951.952.953.955.956.960.963.966.969.972,
951.952.953.955.95%6.960,963.966.969.972.
951.952.953.955.956.960,963.966.969.972,
951.952.953.955.956.960.963.966.969.972,
951.952.953.955.956.960.963.966.969.972.
9451.952.953.955.956.960,963.966.969.972.
951.952.953,955.956.960.963.966.969,972.
951,952.953.955.956.960.963.966.969.972.
951.952.953.955.956.960.963.966.969.972.

--------------------------------------------------------------------------------- INITIAL CONCENTRATION OF -~
0 0.0 THE AQUIFER

100 31 7 200 9 0 0 0 a 0 .085 186400
8 4 129 PUMPING PERIOD NO. 2

30 7 200 9 0 0 0 1 0 .082 186400 -

.150 PUMPING PERIOD NO. 3

0sT



.200

0 .082

0 1.58

186400

1.186400

PUMPING PERIOD NO. U4

PUMPING PERIOD NO, %

PUMPING PERIOD NO, 6

1sT
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SELECTED OUTPUT FOR A LANDFILL STMULATION

152



U.5.G.S. METHOD-OF-CHARACTERISTICS MODEL FOR SOLUTE TRANSPORT N GROUND WATER
THE GARBER-WELLINGTON AQUIFER STUDY, LANDFILL EXAMPLE. 09 JANUARY 1982
INPUT DATA
GRID DESCRIPTORS

NX (NUMBER OF COLUMNS) = 32
NY {NUMBER OF ROWS) = 32
XDEL {X-DISTANCE IN FEET} = 660.0
YDEL (Y-DISTANCE IN FEETY) = 660.0

TIME PARAMETERS

NTIM {MAX. NO, OF TIME STEPS) = 100
NPMP {NO. OF PUMPING PERIODS}) = 6
PINT { PUMPING PERIOD IN YEARS) = 0.077
TiIMX {TIME INCREMENT MULTIPLIER} = 1.00
FiNIT (INITIAL TiME STEP IN SEC.) = B&40O.
HYDROLOGIC AND CHEMICAL PARAMETERS
8 { STORAGE GOEFFICIENT) = 0. 000600
POROS (EFFECTIVE POROSITY) = 0.29
BETA { CHARACTERISTIC LENGTH) = 100.0
DLTRAT {RATIO OF TRANSYERSE TO
LONGITUDINAL DISPERSIVITY} = 0,30
ANFCTR (RATIO OF T-YY TO T=XX) = 1. 000000
EXECUTION PARAMETERS
NITP {NO. OF {TERAT!ON PARAMETERS) = 7
TOL { CONVERGENCE CRITERIA - ADIP) = 0.0100
ITMAX (MAX,.KO.Of ITERATIONS -~ ADIP} = 200
CELDIS (MAX.CELL DISTANCE PER MOVE
OF PARTICLES ~ M,.0.GC,) = 0.500
NPMAX (MAX, NO. OF PARTICLES) = 3850
NPTPND (NO. PARTICLES PER NODE) = y

PROGRAM OPTIONS
NPNT (TIME STEP INTERVAL FOR

COMPLETE PRINTOUT} = 28
NPNTMY (MOVE INTERVAL FOR CHEM.
CONCENTRATIOK PRINTOUT) = 0

NENTVL (PRINT OPTION-VELGCITY
0=NO; I1=FIRST TIME STEP;
2=ALL TIME STEPS) = 0

NPNTD (PRINT OPTION-DISP,COEF,
0=NO; 1=FIRST TIME STEP;
2=ALL TIME STEPS)

NUMOBS (NO. OF OBSERVATION WELLS
FOR HYDROGRAPH PRINTOUT)

NREC  (NO. OF PUMPING WELLS)

NCODES ( FOR NODE IDENT.)

. NPNCHV { PUNCH VELOCITIES)
NPDELC { PRINT OPT.-CONC. CHANGE)

#oHnh

CO=0wv O
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TIME

| NTERVAL
86400,
86400,
86H0G .,
86400,
86400,
86400,
86400,
86400,
86100,
86 400.

LOC

1.oC
X

by
In
8
8
14
17
22
25
26

AREA OF ONE CELL =

K=Y

S (1N SECONDS)
86H00.
86100,
86400,
86400,
86400,
B86LOO,
864100,
a86h00.
86400.
86400,

86000, © 86hH00.
s86H0OND, 86400,
86400, 86400.
86400, 86800,
86400. 86400.
86400, 86400,
864L00. 86400,
86h00, 86400.
86400, B6HOO0.
86400, 86400.

ATHON OF OBSERVATION WELLS

NO. X

N B PO =
(st el Rts R ol

Y

[s-R¥sl -t Rel

ATION OF PUMPING WELLS

Y RATE{ IN CFS) CONC.

0.2030
0.2010
0.2870
0.2120
0.2600
0. 3060
0.2290
0.2730
0.2110

M ot ot =
AT =i et ot 30 0 I

SPAGENG:
660.00
660.00

]
[

cCooLODoC
oo ooo

LB356D+06

86400.
86100.
85400 .
86400,
86400,
856400,
86400,
86400.
86400,
86400,

86400, #6100,

86400, 86400,
86400. 86400,
86400, 86400.
861400, 86400,
86400, 6100,
© 86400, 86400,
86400. 86400,
86400 . 86400,
86400, 86400.

g6h00.
86100,
86400.
86400,
86400.
86400,
86400,
86400.
86400.
86400,

86400,
86400,
86400,
864100,
86400.
86400.
864100,
86400,
86400,
86400,

86400.
86ho0.
86400.
86400,
86L00.
B6LOO,
86400,
86400,
86400.
86400.

¥eT



0 0
205
212
216
218
215
216
219
218
215
215
216
216
216
215

216
212
210
211
216
21y
210
210
211
211
213

QOO OQLLOooOoOLLOoDODOCOoOOoOoOooOR
N
—h
=

CoOCOoOCOODOoDOOOOQ
COoOO00COOOOoCOoOoOOooOC

DRAWDOWN

¢

202
204
218
209
206
206
208
208
209
209

oo OoOQOODO0O000Q0

o

202 196 184
209 205 190

195
196G
188
189
196
197
199
202
204
205
205
207

o0

SOOCCOOOoCOoOOOOO0

o
17
175
176
172
169
170
178
185
oM
197
200
201
202
203

oo

COoOCCOoOCOoOCDOoOOOoL0O0

cCoOQOCcOoOCCLoOOOOoOEO

0 0 0 0
147 136 129 125
138 129 126
[160] 135 125 123
T3I7 117 114 118
T 82 97 113
102 0 80 111
Iég|1o1 112 127
T62 143 141 146
80 167 162 163
186 178 177
199 191 186 186
197 192 190 190
197 194 194 195
198 196 197 198
0 0 o 0
0 0 Q O

c ¢ 9 o0

0 0 0 O
¢ 0 0 O
0 0 0o 0

0 o 0 O

0 0 0 0

0o 0 0 0
¢ 0 0 O

a 0 o 0O
0 0 0 O
0 0 0 0

o 0 0 0

0 0 0 ©

0 0 0 O
¢ 0 0 0O

CUMULAT IVE MASS BALANCE -- {iIN FT##3})

RECHARGE AND INJECTION

PUMPAGE AND E-T WITHDRAWAL
CUMULATIVE NET

CUMULATIVE NET

PUMPAGE
WATER RELEASE FROM STORAGE
LEAKAGE t{NTO AQUIFER
LEAKAGE OUT OF AQUIFER
LEAKAGE

MASS BALANCE RESIDUAL

ERROR

{AS PERCENT)

U I [ A TR ||

L]

~0.15685E+08
0.54435E+08
0.38750E£+08
0.25289E+08
0.13461E408

0.0
0.13461E+08

-144.00
~.26U454E-03

RATE MASS BALANCE -- (IN C.F.S.}

LEAKAGE INTO AQUIFER
LEAKAGE OUT OF AQUIFER
(QNET)
RECHARGE AND INJEGTION

NET LEAKAGE

PUMPAGE AND E-T WITHDRAWAL

NET WITHDRAWAL

(TPUM)

LT [ | I T £}

0.15515E+01
0.0
0.15915E+01
=0.10023E+01
0.42333E+01
0.42333E+01

0
123
124
124
123
123
127
139
155
169
181
188
192
195
201

SOo0COQoOoOoCOQoOOooS

0
123
125
126
128

COOOoOOoOoOOoQOOOT

0
123
126
128
132
137
143
155

{ FORMAT MODIFIED)

4]
124
126
130
134
140
Wi
159
173

187 188

COCOoOoOLOOLoOOOOD

200
201
202
206
208

(=)=}

[=]=Relwlelofelelolafa)elw) o))

0
125
128
131
135
141
149
161
174
189
204
203
203
207
209

=]

[ml=lefulafalofolalolalalalala).]

0 O
126 126
126 128
132 132
136 137
142 143
151 151
162 160
176 173
193 187
225} 201
207 200
204 202
208 208
209 209

oS0

CoOO0OCOOOOoCOoOoOOOoo
COOoOOOODOoCOoOOOR

0
126
129
132
136
142
149
159
170
182
194
197
200
207
208

= R ]

COoOoCOoOOoO0oO00O0OO00C0

0
124
128
130
135
2
149
158
168
179
193
197
201
205
207

QOCOQOOoOQOODCOoOoLD

0

PP IO N o ok ok b b oot ek o ok ok
OCOOOUOOWILSwWwWwwwNN
o ) it OO b O = OO AD A - DN

COOOCOOOODOoOoOoDO0OO0O

o 0
121 119
124 122
128 126
134 131
138 136
145 142
155 151
167 161

177

o

205 196
202 200
204 203
207 207
208 207
206 204
202 200
198 196
194 193
191 189
188 185
184 181
181 178
178 175
176 174
175 172
175 172
176 173
176 174
178 176
o 0

0
117
120
24
129
134
138
145
155
167
179
187
195
205
213
208
203
199
196
193
189
184
179
175
172
17
169
169
170
172
174

0

179 1711
190 181

205 193
235| 204
199
202 195
198 194
197 198
199 [215 ]
193 19
183 181
178 175
173 170
170 167
168 165
167 164
167 164
168 165
170 167

173 170
o 0

0
108
111
114
118
a2
127

132

138
147
155
164
173
181
188
189
189
188
189
193
185
178
173
169
167
165
164
164
165
167
170

0

0
106
108
11
115
119
124
128
134
42
150
157
165
172
177
181
183
181
181
181
178
174
170
167
165
163
163
163
164
166
168

0

0
104
106
109
112
117
122
126
131
138
146
153
159
165
170
172
176
175
174
XL
172
170
167
165
163
162
161
161
162
164
167

0

0
103
105
107
11
116
120
125
129
136
1L
m7
154
159
163
168
171
171
170
170
169
167
165
163
161
160
160
160
161
162
165

0

0
103
104
106
110
114
119
123
128
133
138
144
150
156
160
164
167
168
167
167
166
165
163
161
160
159
159
159
159
161
162

0

COCOOOO00OOOOO00OOOOOOODODOOOO00

RN



LANDFILL SIMULATION (180 DAYS)
| DRAWDOWN

DEPTH
235 -
167 4
76
°
32
22
XNODE

11

T80 ROTATE=65
(1 NODE = 680 FRET)

Figure 39
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32

22
YNODE
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LANDFILL SIMULATION (180 DAYS)

DRAWDOWN
- YNODE
;Wﬁmﬁm-nﬁ-w-wn—-n?,
it
4 - i | > L/>-""'
E i \\‘:\%ﬁ:—,’_’- - 180 --._.-h-""---—-.‘-w.
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3 w = '
18 -
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{
XNODE
LEGEND : DEPTH % ] mm———— BB e 1008
—— 150 —— 200 235

CONTOUR INTERVAL IS 60 FRRT
(1 NODE = 880 FEET)

Figure 40
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CONCENTRAT ION

KR
86400,

STEPS

T{ME
LTA 1

NUMBti O

t

156490408
156098 +08
181126403
L9587E+00
49587E+00

—— —,

M { SECONDS

ME { SECONDS

ME{ DAYS)

ML ( YEARS)

ME{ YEARS )
MOVES COMPLETED

¥

CHiM .}
T

CHEM . T

CHLM. }
NO.

CoOCOCoQoCooOLoODUoDOCOILLOOooo0CSoo
o000 OLOOOOOCOCORCLOLOQOOoOOOOoOC
CoCOQOoooLOOLOCODLOOCOoCoLooCCS oD
COOOQUOQOLOV0O0CLoOQOooCoDoOOCTOoO
00O SOCOoCoLLQODooOoODOoOO0o0000CCCO
COOOOOQOOOoOOOOCOCOLUOCOOOoODoooDoR
CoOooOoOoCoLOOooooooLoooooOoCoooooOQCo
COoOCOQCOUOoOooOCoOoOOCooOLOoLOoQoOooOoCoR
COooOCOQLCOCOLCLOOOCQOCOOCOOOOOOoOOD
OOOoDOoooOoCooDOOLLODOoOOOCRooCoCoD
SOOCOoOCooOLUoOoOOIOOLOLROOLLoRDLDoLoCoCooC
CCO0QOOLOOLOULOLCOLOLLOLLOOQOoOTOC
00000000000000000000000000000000
COoOCCoOOODOREOEIoOCCOOOOROOOEIOooC
COoOoOCoLOoOoCoOCoooOOoLLooooooOl0O0
NOOO00000000000000000000000000000
m00000000000000000000000000000000

w00000000000000000000000000000000
z
T00000000000000000000000000000000

<
w00000000000000900000000000000000
o
LOCOCOCOCOCOCOOOLOCLOLLOLLOLCLLLOQCoCO
COoOCLOUOoOOOCOOoooC ool oOQ

000006%7000000000000000000000000

SCoCoo

96
12296
18

5

2
el

NOCODCCLLRQOOOCOOoOCQOUOOOOR

i2

[y

SOCCOO COoOoLCooLooLLILCooooooooCC

12

COCOLOOCOO0OOOLCOOLOLLOCOOQLCQCOIoCosT
LOoOLOOoOQCOQOOOOOCOoToOooCOoTOoOoCoCoCoO0
CSOoOOoOLOOQUOROOOLOLQOoLLOQLoLLCLCOCoDl
CoOOCOOOLOLOOQLOOUOOCLOLLOLDOCCOOO
COoOLOOOOCOCQLOCLOQLOCOLOCLOOOCOO0
SO0QOCOOCOLLOLCOLCOOIOCCLUOooOOoCOOoO

COOQOLOOCOOLOoOOOOOoOLOooCOQLOCCOOQ

CHEMICAL MASS BALANCE
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YNODE

LANDFILL, SIMULATION (180 DAYS)

CONTAMINATION PLUME

~18

ll_[lll__!llj_..llll_lll_Jlll__lllllll!

‘;0000

LEGEND: CONC

L L]

XNODE

————— 20000

CONTOUR INTERVAL 1S 10000 MG/L
(1 NODE = 880 FEET)

Figure 42
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DRAWDOWN
0

213
219
224
228
228
231
237
239
239
251
244
245
2he
247

COOOCOCOLOROOLOCOoOOOOOCOOO0ODO0O0D0O0

OO0 oOOOOOO00

0
209
215
221
220
222
226
234
235
234
236
239
241
243
2u5

QOO0 DOOOCOoOOOoODO

0
203
211

214
214
219
236
229
229
232
235
237
240
2u1

COoOOCoOQoOOoOoOoDQDoOCD

0
194
199

a2y 202

200
200
204
212
216
221
226
231
234
236
238

COCO0OOOCOooODOoDR

0
184
186
187
183
181
183
193
202
212
221
2217
230
233
2315

oo

SCOoOQOLCCOoOLOoOO00O0O00Q

0

174
176
176
166
158
155
173
188
204
219
225
228
231
233

COOOOoOOLOQOLOOLDoOS

0 0 0

166 160 158

168 160 158

173j 155 151

151 134 138
128 95 118
09 0 97

s} 111 132

75 160 165

1 189 189

211 208

225 220 219
227 224 224
229 229 230
232 232 234

o
(=]}
[

CoOoROLOoLOoOOoLQO0
CoO0O0oOOooOoOoQool
COCOOCOOOOCOoOO00O

CUMULAT IVE MASS BALANCE -- (IN FT®*%3}

RECHARGE AND INJECTION

PUMPAGE AND E-T WITHDRAWAL
CUMULATIVE NET
WATER RELEASE FROM STORAGE

PUMPAGE

LEAKAGE INTO AQUIFER
LEAKAGE OUT OF AQUIFER
CUMULATIVE

NET

LEAKAGE

MASS BALANCE RESIDUAL
ERROR

(AS PERCENT)

Bnn i Hn

]
160
161
157
49
42
139
156
176
195
210
221
228
234
238

oOo0CoOOLOOOOOLOOeD0

-0.59559E+08
0.18103E+09
0.12147E+09
0.39270E+08
0.82331E+08

0.0
0.82331E+08

.13362E+06

.73783E-

RATE MASS BALANCE -- (1IN C.F.S5.)

LEAKAGE INTO AQUIFER
LEAKAGE OUT Of AQUIFER
{(QNET)

RECHARGE AND INJECTION
PUMPAGE AND E-T WITHDRAWAL
NET WI1THDRAWAL

NET LEAKAGE

(TPUM)

oo

[0 ]

01

0. 17488E+01

0.0

0. 17488E+01
~-0.10623E+01
0.29693E+07
0.29693E+01

0
165
165
164
162
160
163
174
190
204
218
227
232
239
243

0

OO0 OOOOOCOooLoS

0
172
173
173
17h
176
181
190
203
216
228
234
238
245
249

[=j=l~lelalalololofofalelelefo)e)s]

Q0
178
180
182
184
188
193
202
214
22

243
246
252
254

0

cCoOO0OOoOOoOCOOOo0OCR

0
185
187
190
193
197
202
211
222
234
244
247
251
258
260

0

COODoCOOOoOOO0O0O

0
193
195
197
200
204
210
219
229
239

250 [265]

COCOQOOoOOCOOOOOooOo

]
200
201
205
207
21

218

226
236
247

259
262
269
272

jafalelelalolwlelelaleYelolelekele]

{ FORMAT MODIFIED)
0

206
208
211
214
218
224
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240
250
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275
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0

OO0 O0OOQCOOOoOOoO
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212
215
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219
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281
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0
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269
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COoOOOCOCOOOOOOOOOOO0

0 0
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233 237
239 242
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264 270
278
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288 293
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297 306

0 318

0 325

0 329

0 333

0 336

0 340

0 343

0 345

0 347

0 349

0 352

0 354

0 356

0 359

0 361

0 363

0 O

0
226
229
232
237
240
245
251
259
271
283
290
296
302
310
318
32y
327
3in
334
338
3u0
342
3uly
us
u9
351
354
356
ik9
362

o

0
228
231
234
239
242
246
251
259
269
280
288
297
307
315
319
323
3126
330
kEL
336
3ja
iyo
3y2
34y
346
348
in
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356
360

0

a 0
230 230
233 233
236 216
240 240
243 243
2u47 247
252 251
259 258
268 267
277 275
286 284
296 293
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34
317
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337
337
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6 O
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LANDFILL SIMULATION (TWO YEARS)
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LANDFILL SIMULATION (TWO YEARS)
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Figure 44
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CONCENTRATLON
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LANDFILL SIMULATION (TWO YEAR‘E)

CONTAMINATION FLUME

YNODE
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: Ry
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.
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.
2
32 LA L B L L) T L B L A L l L) v | Ll ’
1 11 21 31
KNODE
LEGEND: CONC Q m—————— 30800
————— 60200 e 75138

CONTOUR INTERVAL 18 30000 MG/L
(1 NODE = 680 FEET)

Figure 46
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THE GARBER-WELLINGTON AQUIFER STUDY, LANDFILL EXAMPLE. 09 JANUARY 1982

TIME VERSUS HEAD AND CONCENTRATEION AT SELECTED OBSERVATION POINTS

PUMPING PERIOD NO,

TRANSIENT SOLUT{ON

OBS.WELL NO.
1

&

VIEWN =0WOE -~ EWN =

— ot

16

HEAD (FT)

866.3
865.2
864.0
862.7
861.4
860.1
B858.7
857.3
855.9
854.5

CONC. (MG/L)

WW=TN=IRNOOVOIOVNO

~NWODNW =AW -2 O

€0 00 = = VO VOV AN JTANAR
— —
(=] o]

kb wad
WM - O
[= 08 R8BSR Y]
oW~ oW

149.8
164.

182.0
202.0
225.1
252.0
283.3
319.8
362.5
Brz2. 4
470.9
539.4
619.7
714.0
824.5
954.0
1105.6
1282.6
1487. 4
1724.0
1998.5

TIME (YEARS)

0.629
0.653
0.680
0.710
0.743
0.778
0.818
0.861
0.909
0.962
1.019
1.083
1.153
1.230
1.315
1.408
1.510
1.623
1.747

L9T



y2
Lty

8531
8h2.2
852.2

2315.6
2584, 2
25810, 2

1.883
1.991
1.9



OBS.WELL NO.
5

NSOV~ E N -O

— b —

13

HEAD (FT)

947.0
822.2
823.6
824.0
g24.2
824.3
82y.2
824.1
az24.0
823.9
823.7
823.5
823.3
823.0
822.8
822.5
822.1
§21.8
821.4
821.0
820.5
820.0
819.4
818.7
818.0
817.2
816. 4
815.5
81,4
813.4
8i12.2
811.0
809.

808.2
806.8
805.2
803.6
802.0
800.3
798.6
796.

795.1
793.4
792.2
792.2

CONC. (MG/L)

NENONOEAVIANOWIN~NWODNWw =000

P

OV OOV ET WV~ wuwOOoOwWNo

PIPI NI A N b ot ok ok o mdh kb ok o ek ok e ad ad

31.1

16169, 2

TIME (YEARS)

1.991
1.991

69T



APPENDIX XVIII

ZONIKOW MODEL'S DATA SET FOR A

BOUKDARY SOURCE SIMULATION
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J/GT1370F JOB {77?77,GHD-TR~KON1), 'GHD:KONIKOW ', TIME={5,0),CLASS=K,

// MSGCLASS=X,NOT|Fy=#

/¥PASSWORD 7

//KON| EXEC PGM=1O0ADER, PARM='SIZE=600K"', REGION=600K

//SYSLIB DD DISP=SHR,DSN=SYS1.FORTLIB JCL USED AT 0OSU
//SYSLOUT DD SYSOUT=A

//SYSLIN DD D1SP=SHR,DSN=U11370F. KONUPDAT.OBJ

//*TO6F001 DD SYSOUT=A

//FTO6F001 DD DISP=0LD,DSN=U11370F, TRGKON, OUTLIST

//FTO5F001 DD #

THE GARBER-WELLINGTON AQUIFER STUDY. BOUNDARY SOURGE. 09 JANUARY 1982. TITLE AND SPECIFIED
100 1 32 323850 30 7 5 200 9 L 1 0 PARAMETERS
.5 .01 .29 100.0006 1.186U00 660 660 .3 L 1
97
29 4 LOCATION OF OBSERVATION
30 4 WELLS
29 3
30 3
4 4 2317
8 4 L1957
8 8 -2490
811 . 1952
JLAN .2488 NODE LOCATION OF WELLS AND
171 L3127 PUMPING RATES OF WELLS
2211 . 2400
2515 L3645
2620 .2948
1 L0001
0
0

0 426 426 U426 426 U426 U426 426 U26 U26 U26 W26 L26 L26 426 426 U426 U26 426 U426
426 426 426 W26 426 W26 U26 U426 h26 L26 426 0

0 426 U426 426 U426 426 h26 U26 426 W26 L26 U26 U426 W26 426 U226 H26 U426 426 hL26
h26 426 426 426 U426 W26 426 426 L26 H26 U26 0

0 426 U426 426 U26 426 W26 U26 L26 U26 U26 U426 U26 U26 426 W26 426 426 W26 426
h26 426 426 426 L26 426 W26 U426 U426 426 426 0

0 U426 U426 h26 U426 426 W26 U426 426 426 426 L26 W26 W26 426 426 H26 W26 u26 426
h26 426 426 426 L26 426 U426 426 U26 U26 426 O

0 426 426 426 U426 426 L26 W26 L26 W26 L26 426 U26 L26 426 426 W26 426 426 U426
26 L26 U26 H426 U426 L26 426 426 L26 L26 L26 0

0 426 426 426 L26 W26 426 U426 W26 U6 U426 N26 426 U426 U426 U26 U26 426 U426 L26
U426 426 U426 426 U426 426 426 U426 L26 426 U26 0

0 L26 426 U426 N26 426 426 426 L26 W26 u26 426 U426 L26 h26 426 U26 426 H26 426
426 426 426 L26 W26 426 L426 426 U426 U426 U426 0

0 U426 426 U426 426 426 W26 426 U426 U26 426 L26 W26 U26 426 UZ6 L26 U26 426 426
426 426 426 L26 L26 426 W26 426 426 426 u26 0

0 U426 426 U26 U26 426 W26 426 L26 U26 U426 426 U426 W26 426 UZ6 U26 426 W26 H26
426 426 h26 426 426 426 426 426 426 U26 426 0

0 426 426 426 U26 426 U426 L26 426 U26 L26 W26 U426 U26 U426 426 U426 W26 U26 426
B26 W26 426 426 L26 h26 W26 L26 426 U26 426 0

0 426 U426 U426 426 426 U26 L26 H26 U426 426 L26 U26 426 U26 L26 Y26 W26 U426 426
L26 426 426 h26 426 426 426 U26 W26 426 L26 g

0 U426 426 426 426 426 426 426 U26 L26 U426 426 u26 LZ6 L26 426 W26 B26 U426 426
426 426 426 h26 h26 426 426 U426 H26 h26 426 1]

0 426 426 826 426 426 426 426 426 426 426 U426 L26 U426 426 W26 U26 U426 L4126 426  TRANSMISSIVITY

426 h26 426 426 426 426 426 426 h26 U426 426 0

0 426 426 426 426 K26 U26 426 426 U6 U426 N26 U26 h26 U426 426 426 L26 426 426 MATRIX
U426 426 U26 426 426 426 W26 426 U426 426 426 0

0 o 0 0 0 0 o ¢ o 0 o 0 0 0 0 0 0 ]

0 0
0 426 426 426 426 426 W26 L26 W26 U26 U206 0
0

0 c 0 0 0 0 0 0 0 aQ (4 0 0 Q o o 0 o 0

TLT
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—_
-
-
-
-
-
—
o o 0 o o o o o o 0o o o o o o

1 .00000001
0

0

39

-39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39
-39 -39 -39 -39 -39 -39 -39 -39 -39 -39 -39

g
39
39
39
39
39
39
39
39
39
39
39

39
39

-39
-39
-39
-39
-39
-39
-39
-39
-39
~39
-39

-39
39 39 39 39 39 39 39 39 gg

39

39

-39 -39 -39 -39 -39 -39 -39

39 39

39

g 39

39

39

RECHARGE
MATRIX

ELT



39
39
39
3o
39
39
39
39
39
35
39
39
39
39
39
g 39 39 39

1 1.0
00Q00000000000000000
0000000000006
000000G00000000600000
000000000020
0000006 00000000000000
000000000020
00000000G00000000000
000060000020
00000000000000000000
0000000000620
000000 00000G0000600000
000000000020
Q00000 00000000000000
000000000020
000000 0G000000000000
0000600006020
000000 00000000000000
000000000020
00000000000000000000
000000000020
00000000000000300000
600600030020
0000000060000000060000
000000000020
00000000060000000000
000000000020
00006000000000000000
000000000020
000000a0000000000000

NANNNAMRASNANA

39 39 39

39

-39
-39
-39
-39
-39
-39
-39
-39
-39
-39
-39

-39

-39
-39
-39
39 -39

NODE

IDENT i FICATION
MATRIX

PLT



00000000000000000000
000000000020

000000000020
0000000600020
000000000020
0000200000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020
000000000020

000006000000
2 1.0 10000000

. . ok Yo i A L AR AR D o o S A P S i S Y o e A R A T o T v v b AR R D TR S e AR M M W T AR AR B S S R TS L ow s il AR R RS S oM R m

957.956.955.954.953,952.951.952.954.956.956.960.961.962, 964.966.968.970.971.
972.974.976.978.980,981,982.984.986.988.990.

957.956.955.954.952.951.950.951.953.955.956.958.959.960.962.963.965.968.969.
970.972.974.976.978.979.980.982.984.986. 989,

056.955.954.,952,.951.950.949,950,951.953.954.956.957.958.959.961.962.964.965.
969.970.972.974.976.977.978.980.982.984,987.

957.953.952.951.950.949,949,919.950.951,.952.954.955,.956.956.957.959.960.962.
965.968,970.972.974.975,976.978.980.983.986.

953,952.951,951,950.949,948, 948, 949.950,950.952.953.953.953.954.956.957.960.
961.964,966.969.970.972.974.976.979.982.985. :

952.951.950.950.,949. 948,947,947, 948,948, 949.950.95C¢, 950,950, 952.953. 954, 957.
959.961,963.965.967.969.971.974.977.980.983.

953,952,.951,950, 949 . 948, 947.947. 947,948, 948,949,949, 949, 949.950. 950,952, 954.
957.959,961.962.964.966.969.971.974.978.981.

952,951,.950.949. 948, 947.947. 947, 947.947.948, 948,948, 948,947 .948.949,950.951.
955.957.959.961.963.965.967.969.972.976.979.

949,948,948, 0u8. 94T , 9LA. OU6. 046, 946 . GU6.9U6. 946, 9U6. U6, 905, 905 OUT. 94D, 950.
953.956.960.961.963.965.967.969.972.975.971.

Qls, 9UT,947.907.946,956. 946, OU6. 9H6.9U5. 945 Gl OH3 943 . ONn3. 943, 945.909.953.
956.959.960.962.963,965.967.969.972.974.976.

9i7.946.946.9U6.945.945, 945, 90k, 94 Ol il gu3. 9L2 . G42 QU2 Gh2 . 9UL. 94T . 951,
956.960.,961.962.963,965.967.,969.972.973.975.

945,944 gkl Ol 942 Qu2 942,941, GU1. 942, 902 912, 943,943,943, Ul SU6.948.952,
956.958.961.962.963.965.967.96%.971.973.975.

9143.943.912.9041,940.940.939.939.9U0. 942,943, 9ul. 945, 946.947.948.950.952.953.
955.957.959.962.963.965,967.969.971.973.97H.

GLT



9hy.

" INITIAL CONCENTRATION OF

.939.
L9600,

.959.
7.958.
3. 956,
.954,
2.953
. 953,
.953,
.953.
.953.
.953,
L9503,
.953.
.953.
L953.
L953.
2.953.

939
963

961

960,
958.
956,
.955.

955,
955,

-938.
965,

.963.

g6t

959.
957.
956.
. 956.
L956.
- 956.
5.956.
.956.
.956.
5. 956,
.956.
3. 956.
956.
956.

937.
967.

966.
. 965,
962,
960,
960.
960.
960.
960.
960.
960.
960.
960,
960,
960,
960,
.963.

960

937,
969.

969.
969 .
965.
963.
963.
963.
963.
963.
963.
963.
963.
963.
963,
963.
963.

937.
971,

970,
911,
968,
966.
966.
966.
966.
966.
966.
966.
966.
966.
966.
966.
966.
966,

.g¥0.9h2.9h3.9HH.9%5.9&6.9“7.9”9.950.952.
9T,

L975.
975,
L9TY,
L972.
).972.
.972.
972,
972,
.972.
L972.
.972.
972,
972,
.972.
.972.

STARTING HELAD
MATRIX

AQUIFER

9LT
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SELECTED OUTPUT FOR A BOUNDARY SOURCE SIMULATION
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U.S.G.S. MLTHOD-OF-CHARAGTERISTICS MODEL FOR SOLUTE TRANSPORT IN GROUND WATER
THE GARBER-WELLUINGTION AQUIFER STUDY. BOUNDARY SOURGE. 09 JANUARY 1982.
I NPUT DATA
GRID DESCR1P10ORS

NX (NUMBER OF COLUMNS} = iz
NY (NUMBER OF ROWS) = 32

XDEL [X-DISTANGL IN FEET) =  660.0
YDEL [Y-DISTANCE iN FEET) =  660.0

TIME PARAMETERS

NTIM (MAX, NO. OF TiME -STEPS} = 100
NPMP {NO. OF PUMPING PERIODS} = 1
PENT ( PUMPING PERIOD IN YEARS) = 0.500
TMX (TIME INCREMENT MULTIPLIER) = 1.10
TINIT (INITIAL TIME STEP IN SEC.) = 86400.
HYDROLOGIC AND CHEMICAL PARAMETERS

S ( STORAGE COEFFICIENT) = 0.000600
POROS (EFFECTIVE POROSITY) = 0.29
BETA (CHARAGTERISTIC LENGTH) = 100.0
DLTRAT  (RATI0 OF TRANSVERSE TO

LONGITUDINAL DISPERSIVITY) = 0.30
ANFCTR (RATI10 OF T-YY TO T-XX} = 1.000000

EXECUTION PARAMETERS
NITP (NO. OF !TERATION PARAMETERS) = 7
TOL (CONVERGENCE CRITERIA - ADIP) = 0.0100
ITMAX (MAX.NO.OF ITERATIONS - ADIP) = 200
CELDIS (MAX.CELL DISTANCE. PER MOVE

OF PARTICLES - M,0.C.) = 1.000

NPMAX  (MAX, NO. OF PARTICLES) = 3850

NPTPND (NO. PARTICLES PER NODE) b
PROGRAM OPTIONS

NPNT (TIME STEP INTERVAL FOR

COMPLETE PRINTOUT) = 30
NPNTMY (MOVE INTERVAL FOR CHEM.
CONCENTRATION PRINTOUT)} = O

NPNTVL. {PRINT OPT{ON-VELOCITY
0=NO; 1=FIRST TIME STEP;
2=AlLL TIME STEPS) = a

NPNTD {PRINT OPTION-DISP.COEF.
0=NO; 1=FIRST TIML STEP;
2=All. TIME SYEPS)

NUMOBS {NO., OF OBSERVATION WELLS
FOR HYDROGRAPH PRINTOUT)

NREC {NO. OF PUMPING WELLS)

HCODES (FOR NODE IDENT.)

NPHCHY ( PUNCH VELOCITIES)

NPDELC (PRINT OPT,-CONC. GHANGE)

il

Wi

oCcavy D

I

BLT



TIME INTERVALS (IN SECONDS)
950

86400. 4o. L10u5uD+06 . 115000406
.22410D+06 . 2U651D+06 .27116D+06 .29828D+06
.58126D0+06 ,63938D+06 .703320406 .77365D+06
.15076D+07  .1658hD+07 . 18242D+07 .20067D+07
-39104D+07 . H3014D+07 . 4T7316D407  .520470+07
L101430+408 111570408 ., 122730408 . 135000408
-26307D+08 .28938D+08 . 31832D+08 .350150+08
- 682340408 ,75058D+08 .825630+08 .908200+08
.17698D+409 . 19468D+09 .21415D+09 .23556D+09
45905009  .50495D+09 .55544D+09 .61099D+09
LOCATION OF OBSERVATION WELLS
NO. X Y
1 9 T
e 29 b
3 30 4
i 29 3
5 10 3
LOCATION OF PUMPING WELLS
X Y RATE(IN CFS} CONC.
4 4 0.2317 0.0
8 i 0.1957 0.0
8 8 0.2490 0.0
8 11 0.1952 0.0
™ 1 0.2488 0.0
17 1 0.3127 ¢.0
22 1n 0. 2400 0.0
25 15 0.3645 0.0
26 20 0.2948 6.0
AREA OF ONE CELL = .4356D+06
X-Y SPACING:
660.00
660,00

. 12650D+06
. 328100106
.85102D+06
.220730+07
.57252D+07
. 1h850D+08
. 38516D+08
.99902D+08
.25912D+09
.67209D0+09

.139150+06
. 36091D+06
.93612D+06
.24281D+07
. 629770407
.16335D%08
.42368D+08
. 109890+09
.28503D+09
. 73930D+09

. 15306D+06
.39701D+06
. 102970+07
.26709D+07
.69275D+07
. 17968D+08
.466050+08
.12088D+09
. 313530409
.813230+09

. 16837D+06
.43671D+06
1132704067
.29379D+07
. 762030+07
.197650+08
.512650+408
.13297D+09
. 344890+09
.89U55D+09

. 18521D+06
. 48038D+06
+124600+07
. 323170407
.83823p+07
+217810+08
.56392D+08
. 146270409
. 379380+09
. 98400D+09

.20373D0+06
.52841D+06
-13706D+07
. 35549D+07
. 922050+07
.23916D+08
.62031D+08

. 16089D+09

.41731D+09
.10824D+10

6.7



CONCENTRATION

TOOOOCO0COOCOCICOCOOTOQOOCOCOOCCoC

CUNVYOANMNUONI MRS MmO NINID0DNno =0
CAMN RO SOrCNRO NS ON =T T T OVOCON M~
PR NI OOOO~ NN~ OoO=ND

[l ol ol ol el it el ol ol ol ol o ol ol ot ol el anlh ol oo

OO NN N e ——-— D

COoOOooOLOCOCOOOOOOOROOOLORO0LO0000
COOCOOOoOOOCOCOCooooOQLLOLoOOOOo0
COo0OCOCOooUoOoOOoOOCOLLO00RQOCTORR
COoOCOooLoOCoOLOLLLoooLOOOOOOUOCOooOOooe
COQOOOOCLOUODoOOLooOLOCIooCoCOQRO0
COCoO0o0OOLLCCOLOOEOLOIOOoOQoQOoO

COoOooOOCoOOoo0OLOLOooLoIIRLLOODUOS

AT OCOOOOCCOLUoLODCTLOOLLLOOOoCCOCOoOO
=

Y oococococoooccooococoooocooOooOCCOOCOC0
Wi

M00000000000000000000000000000000

o]
S Co0OOCOOCoOOITCoooCOOOaROoCooQOoeD

4t

ﬂ00000000000000000000000000000000

OO OOCOCCOOoLOOOO0OO00R00R

— OO0 oLUOCLooLLOLLOOCOUOo0o0

16049E+03
1

30
137060407
LH2120408

0. 142126408
0.

0.45036F+00
0.45036E+00

LI N A L VI VA

9
ME( SECONDS
ME ( DAYS)
ME{ YEARS)
ME({ YLARS)

ME( SECONDS
NO. MOVES COMPLETED

DELTA T
T

CHEM.T
T
CHEM. T

NUMBER OF TiME STEPS
CHEM. T

Foru

SoCOoOCoOCOOoCoOOooooCODLOeoROoOOoOOCC0O
Rl R Rl oo Yol o ok g o R § o o § o o Yoo oo Ron J o Rom R Ron Rom R R = Ror R =)
e Yoy e Yttt N f Y R R R R = T - N N R T N Y= R R Y]
COoooQLCOoCoooooORooOoLoOELLLOQOO
COCCooOROoOOOCoCooCoOOOOOOCCOOoOCOo0
So0QQLOOoOUOCooUEoRLOUCLooLCoCCCOo
SoOCO0LOUoOooLOOooLLOQoOoOCoLooood
jej=jojolelalslslolslofolelalofaloeloleleleflelelelebele]oebelo)e el
SC0OO0OCooCOLOoOOOOCoOLOLOoooQoo0
COoOQOoOOCoOOCoOoOOoooOLOOCoOOoOoIo0Co0
COOLCOCOLOOOLOOCOLLLOLoLLLLOOLODO0
R R o Jou You Yoo R ar o Jon § oo BaR o R Jow Yo Jou o B ov B J o B ow Rooe o B e on o J e Roe B o o o
COLOCOO0COoOoooOoooooooODoORDOOoQLOoCD0
COCCCOOCoOoCOoOCoooooooOCoOoCoCO0O0

COoOCOooooOoOooCCOCooCoDoooooOCcCoOoCQOR

CHEMICAL MASS BALANCE

=
Q
-
<
—
=
-
=
o
Q2
<
MONGE MmN eO
Ll i ] - =D
e L b
(IR PRI VER TS G NIRTT . g IR T
L= o Qv
DOMMr =000
Sty NNZ O™
NN ONONL
]]?11011K1¢6
OQODDOOONUO
3
' L
L LI [ | I LA TR n
e
%)
= .d
=z <
W cac =2~
[, R i i (D O
L —- L 00 O i = = T
_ QX T
e —D=C W
COI S0V =Jdxe
ST - v <L L
pogpen] v D B
SCOaINALO0
ChOWwWESLLN—-—W
8 2a=FELNACL
—EEE i i
23232 b =«
—-CanTg4ZTW &
Ol Gd &
DNNN AN ZEZENQ
NN ke = L LNOCE
TSI LI
MMMMIIPCWME
Qo

180



CONC

1839

>
i g
——
- ; eflmreegtmmin,
f S
Kl
—
4
P 4
r

181



BOUNDARY SOURCE (180 DAYS, MG/L)

YNODE

12
17
22

27

32 L L “¥ ¥ L Ehemnt 4 1 § ¥ L ey ¥ ¥ L J L ¥ T L ¥ ¥

XNODE
- LEGEND: CONC ——e %) e Y T 1900
-------- 1500 rmmmnnn SOBG ‘

CONIOUR INTERVAL I3 500 MG/L

Figure:' 48

Z8T



THE GARBER-WFLLINGTON AQUiFER STUDY, BOUNDARY SOURCE. 09 JANUARY 1982,

TIME VERSUS HEAD AND CONCENTRATION AT SELECTED OBSERVATION POINTS
PUMPING PER{10OD NO. 1

TRANSIENT SOLUTION

0BS,WELL NO. X Y N HEAD {FT) CONG. {MG/L) TIME (YEARS}
1 9 7

0 947.0 0.0 0.0

1 g9hl.8 0.0 0.003
2 941, 0.0 0.006
3 938.6 0.0 0.009
4 935.5 0.0 0.013
5 932.2 0.0 0.017
6 928.86 0.0 0.021
7 925.1 0.0 0.026
8 921.2 0.0 0.031
9 916.9 0.0 0.037
10 912.1 0.0 0.04b
" 907.0 0.0 0.05
i2 901.3 0.0 0.059
13 895.2 0.0 0.067
14 888.4 0.0 0.077
15 881.1 0.0 0,087
16 873.1 0.0 0.098
17 B64.5 0.0 0.111
18 855.2 0.0 0.125
19 845,1 0.0 0.140
20 834.3 0.0 0.157
21 822.8 0.0 0.175%
22 810.5 0.0 0.195
23 197. 0.0 0.218
2h 783.5 0.0 0.242
25 768.9 0.0 0.269
26 753.5 0.0 0.299
27 737.5 0.0 0.332
28 720.8 0.0 0.367
29 703.6 0.0 0.407
30 685.9 0.0 0.450
n 667.8 0.0 0.498
32 667.1 0.0 0.500
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OBS.WFLL NO. X Y ' N HEAD (1) CONG.[MG/L)  TIMU (YLARS)

3 30 Yy
0 984.0 0.0 0.0
1 984.8 0.0 G.003
4 985.2 0.0 0.006
3 985.5 0.0 0.009
b 985.7 0.0 0.013
5 985.9 0.0 0.017
6 986.0 0.0 0.021
7 986.1 0.0 0.026
8 986.1 6.0 0.031
9 986.1 ¢.0 0.037
10 986.0 0.0 0.04Y
11 985.9 0.0 0.051
12 985.7 0.0 0.059
13 985.5 0.0 0.067
Tk 985.3 0.0 0.077
15 984.9 0.0 0.087
16 984.6 0.0 0.098
17 984.1 0.0 0.111
18 983.7 0.0 0.125%
19 983.1 0.0 0.140
20 982.6 0.0 0.157
21 982.0 0.0 0.175
22 981.3 0.0 0.195%
23 980.6 0.0 0.218
24 979.9 0.1 0.242
25 979.1 0.1 0.269
26 978.3 0.1 0.299
27 977.4 0.2 0.332
28 976.5 0.2 0.367
29 975.6 0.3 0.407
30 97h . 7 0.5 0.450
3 973.7 0.7 0.U96
3z, 973.7 0.7 0.500
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INTRODUCTION

This document describes the revision of a numerical model for fluid
flow and heat transfer in ground water systems (Willhite, et al., 197%a,
1974b) to solve the solute transport equations for a conservative tracer.
The mathematical development of the partial differential equations describ-
ing solute transport is presented in Section A. This development parallels
the development of‘thé energy flow equations In Chapter 4, Volume I, of the
Willhite, et al. (1974a) report.

Section B contains the formulation of the finite-difference equations
for solute transport following an outline analogous to Sections 1.3.4 and
1.3.5, Volume II, (Willhite, et al., 1974b) which describe the formulation
of the finite-difference equations for energy flow.

Section C is basically a user's manual for the numerical simulaéion of
fluid flow and solute transport in ground water systems. This supplement
includes a summary of the computer program and subprogram functions, and
descriptions of the input data requirements and the computed results. The
program listings are presented 1n Section D and example problems are summa-—
rized in Section E.

The authors must emphasize that this document should be used in con-
junction with Volumes I and II of Willhite, et al. The purpose of this
report is to provide additional information relating to solute transport

in ground-water systems and not to replace the original report.
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Section A

SOLUTE TRANSPORT IN GROUND WATER SYSTEMS

Solute may be transported through a porous medium by the mechanisms
of convection and diffusion/dispersion. In addition, solute may be distri-
buted between the solid and fluid phases as a result of adscrption and/or
absorption phenomena. Two modelis can be used to describe the interchange
of.solute between the fluid and solid phases. 1In the first approach, the

-concentrations in the fluid and solid phases are to be considered as dis-
tinct variables. Mass transfer between the two phases occurs at the fluid-
solid interface and is approximated using an appropriate relationship for
the rate of mass transfer,

A second approach assumes instantaneous equilibrium between the fluid
and solid phases at any location and time. The concentration in the solid
phase is expressed in terms of the fluid phase concentration through an
appropriate "sorption isotherm.”

The second approach has been adopted for this project. In additiom

the sorption isotherm is assumed to be linear. In other words

s _ ¢ 4c | (A.1)
dt d dat
where
Cs = poncentration in solid phase,
1b solute/lb solid;
C = concentration in liquid phase,
1b solute/lb liquid; and
Kd = distribution coefficient.



The diffusion/dispersion mechanism is used to account for all sciute
transport mechanisms other than convection and linear absorption. An ef-
fective dispersion coefficient will be defined before proceeding to the
development of the solute transport equation. Let 9, qy, and q, be the
effective flux of solute in the x, y, and z coordinate directions, respec-—
tively. These fluxes are relaﬁed to the concentration gradients through

relationships analogous to Fick's Law given by

= _ oC
qx = Dx P~ {(A.2)
ac
= _ 96 A.3)
qy y 3y (
- aC
1, = Dz 3z (4.4)

In these equations D, is the effective solute dispersion coefficient in the

i

porous media and C is the concentration of the fluid phase.

A.1 - Development of the Mathematical Model

A differential volume of porous media through which fluid and solute
are flowing is shown in Figure A.l. Although only the x-direction components
of the flows are illustrated, solute enters and leaves the volume element by
convection and dispersion in the x, v, and z directions.

The solute transport equation is derived by writing a component mass
balance around the differential volume element. Writing the mass balance
over the time increment At,

solute in - solute out = solute accumulated

A2
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FIGURE A.l1 - Differential volume of porous media.



oV _Ci_Ayazpat - gV C L AYAZAL
XX xETAX NET SOLUTE
+ oV i AxAzAt - pV. C AxAzAt TRANSPORT
yly y |ytiy
X X BY CONVECTION
+ pV_C| _AxbyAt - pV_C| . AxAyAt
MR B e Al NET SGLUTE
+ AxAzAt - AxAzAt TRANSPORT
Gyly Uy |y+ay *
BY DISPERSION
+ q, zAxAyAt q, Z+AyAxAyAt

KET SOLUTE
- ADDED FROM
+ Qin Cin AxAyhzAt QOut C AxAyAzht
SOURCES/SINKS
{ . . 1
= lp C_ (1 - ¢) + pCh NET ACCUMULATION
S8 J AL
OF SOLUTE
TPl Tt QC¢) . DURING At
\
(A.5)
where
C = concentration in fluid phase,
1b solute/1lb fluid
CS = concentration in solid phase
1b solute/1b solid
Vx = fluid velocity in x direction, ft/sec
VY = fluid velocity in y direction, ft/sec
Vz = fluid velocity in z directiom, ft/sec
Qin = mass rate of fluid added per unit volume,

lb/ft3/sec



Q. ¢ = mass rate of fluid withdrawn per unit volume,
1b/£t>/sec

p = fluid density, 1b/ft3

p = bulk density of solid matrix, lb/ft3

$ = porosity or volume void fraction of porous media,
£e3/5e°
Dividing by AxAyAzAt and taking the limit as Ax, Ay, Az, and At approach

zero leads to

5 . 5 . 5 .
= (oVXC) 5y (pVyC) 32 PY,0
5 5 5 . . . .

-_— - — e — -+ -
ax Ix 9y qy 3z 3z Qin Cin Qout €

=2 loc. (1- 8 +pco (4.6)
3t { x 8 )

Equation A.6 can be written in vector notation as

= Ve (pVC) - Veq + Qin Cin - Qoutc

d - - .
=3t {DSCS (1 -¢) + DC¢) (A.7)
Expanding the convection term results in

- 7 - C TsloV) = T _
(pV) VvC C v+ (pV) Veq + Qin Cin Qout C

r

3
= 5¢ l

» a ] -
- + A8
DSCS (L -9 pC¢) (A.8)
From the continuity equation (Equation 3.15)

- oW + Q- Q= 5e (96) (8.9)

out

Substituting Equation A.9 into Equation A.8 yields

. d ; ; .
- (pV) VC + C [—5—5 (04) = q_ + Qout} - Vg

[DS&S (1 - ¢) + péé] (4.10)

A-5



Expanding terms gives

. 5 . . .
- (pV) VC + C'g; (p¢) - Qin C+ Qout
AL T Qin Cin - Qout ¢
oL ac
= C33 (pd) + (pd) ot

: ]
vz fa-o) b a-o
which simplifies to
- (pV) V+C = Veq + Qin (Cin - Q)

Now, in general CS = £(C) and
s s ac
at dCc 3t
For a linear sorption isotherm
dc . .
s _ K. = Mass of solute per mass of solid
dé d Mass of solute per mass of fluid
where kd is a distribution coefficient.
Thus,
2 o3¢
3t d 3t
and
CS = Kd C

Also, recall that the change in porosity with time is given by

3¢
ot

3C

o)

aC

S
at

8 . ]
pé == + o (1-¢)_BE+ ng-t-[ps (1 - ¢))

3h
= pga (1 - ¢) ot

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

(A.17)
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FIGURE A.Z2 - Region for solute transport model.



where a is the one-dimensional vertical compressibility and h is the
hyvdraulic head.
Substituting Equations A.15, A.16, and A.l17 into the acecumulation terms of

Equation A.12 yields

. aC . ap .
ac - &) —S - -5 _ 3¢
pe 3t + s 1 2 3t + Cs (1 ?) at Csps ot
= o4 2C - . 8C _ o . 8%
Po g ¥ g (1 - 8 Ky 5% - Ky Cog oy
S _ 3c
> ah
- [DSKdCDgG(l - ¢)) EYs (A.18)
Substituting Equation A.18 into Equation A.12 gives
- pVVC -~ V+q + Qin (Cin - C)
- " - 3¢
= {pst (1-4)+ "‘*’) 3t
- oK Coga (1 - ¢)| 22 (A.19)
s d ; 3t

which is the solute transport equation for a compressible porous medium

when p and Kd are constant.

A.2 - Boundary Conditions

The region included in the mathematical model of solute transport
processes is shown in Figure A.2. The region is thicker than the comparable
fluid-flow region shown in Figure 3.2 because solute transport to the over-
lying and underlying formations is included. Several boundary conditions
can be used in the model. These are

a) Impervious boundary,



b} Specified concentration, and

¢) Specified solute injection rates.
These boundary conditions are similar to those discussed in Section 3.2.2
for the fluid flow model with one major difference. In the solute trans-
port model, solute is transported through the boundaries by.two mechanisms,
convection and diffusion/dispersion.

Solute flux by convection and diffusion in & direction normal to the
boundary can be written aé

; aé
= —_ Phatied A
YBba = Y% T Pon Tmlb (A.20)

This relationship assumes that the coordinate direction is normal to the
boundary and serves as the basis for developing the following boundary

conditions.

Impervious Boundary

The term impervious boundary implies that there is no solute flux by
diffusion, or

3C| _
Don Bafp = ° (A.21)
An impervious boundary is not necessarily a zero solute-flux boundary as

solute may enter or leave the region if an is not equal to zero.

An impervious boundary can be simulated mathematically by setting

either Dbn or (BC/an)1b equal to zero. The numerical model described in

Supplement B handles an impervious boundary by setting Dbn = 0,

Specified Boundary Concentration

A boundary may exist where the concentration is specified or remains

constant. When the velocity of the fluid normal to the boundary is zero,



solute transport across the boundary is due to diffusion. The expression

used to approximate this boundary condition is given by

. -

. c, - C
_ b b-An
%n =" Pn T mm (A.22)
where éb is the boundary concentration, cb—An is the concentration in the

porous media at a distance b—-An from the boundary, and Dbn is an equivalent
mass dispersion coefficient for the region between b-An and b. Implementa-
tion of this boundary condition is similar to the method illustrated by
Equations B.41 through B.47 in Section B.

At boundaries where solute enters or leaves by convection, the convec-
tion term in Equation A.20 is known. The diffusion term may be evaluated

using either Equation A.21 or Equation A.22, and all parameters in Equation

A.20 are known or approximated.

Specified Solute Injection Rates

Injection wells are simulated as point sources in the mathematical
formulation of both the fluid-flow and solute-transport models. At the
point of injection, the concentration will be a maximum or minimum, and
the correct boundary conditions which apply in Equation A.19 at the poimt

of injection are
— =0; — =0; and — =0 (A.23)

However, since the numerical model discussed in Section B applies to a
finite volume of the porous medium rather than a point, the boundary con-
ditions described by Equation A.23 are relaxed. Further discussion of

boundary conditions is presented in Section B.

A-10



A.3 - Numerical Solution Techniques

The mathematical solute-transport model represented by Equation &.1%
and the approximate initial and boundary conditions 1s identical in form
to the energy transport model represented by Equation 4.16 in Volume I.
Thus, the same numerical solution techniques are used. The finite differ-

ence equations for the sclute-transport model are formulated im Section B.

A-11



Section B
FORMULATION OF THE FINITE DIFFERENCE

EQUATIONS FOR SOLUTE TRANSPORT

The partial differential equation for solute transport is given by
Equation A.19, or

- pVV+L - V+g + Qin (Cin -0

= [o K, (1-6) +p6] 2%
- [oSKdépga 1-] %%— (4.19)

Expanding the diffusion/dispersion terms using the Fickian model described

by Equations A.2, A.3, and A.4 gives

— oVveC
+a_i (Dx—g-}é) +3§ @, -g-g) +3% ®, g—é)
+ 00, (€, = O
= [p Kk, (1= & + o] %
- ioskdépga (1= 4] %% (B.1)

Equation B.l is identical in form to Equation 1.1-2, Volume II, for energy
transport. With the exception of the convective terms Equation B.1 is also
similar in form to Equation 1.1-1, Volume II, for fluid flow. Therefore,
space and time derivatives are approximated by Taylor series expansions
similar to those for the fluid-flow and energy-transport equations. The

finite difference approximations are summarized below.



Diffusion term. Expanding the dispersion term of Equation A.19% gives

g =24 4 24, 39
Via =g tay e (B.2)
or
<987 5¢ 3G
Ve = 5y L Dy ax] [ Dy By
3 3C
+ 5, [- D — (B.3)

Approximating the x—-component as

Jdim/e,3,% T %4-1/2,4,k
( ) = = (B.4)
i3,k
and substituting the appropriate term from Equation 1.3-59 leads to
3G
[D-—— -[-p, =
X 9% . X X7, .
(ﬁEb - 1+1/2;J,kAx *i-1/2,3,k (B.5)

X . .
i, i,k
which is identical in form to Equation 1.3-6. TFollowing derivations analog-

ous to Equatioms 1.3-7 through 1.3-15

C, . - C, .
[D aC =D :L‘i'l,_],k ls:l)k (B_6)
x ax i+1/2,3,k *i+1/2,3,k hx
C. . -C .
[D _B_I =D 1:Jak i-lsj:k (B-7)
Xy 1/0,5,k F1-1/2,3,k b=
ZDX DX
a i+l,j,k "i,3i,k
D - (B.8)
Xi41/2,5,k Cx + Dy
3> i+1,3,k i3,k
.'ZDx Dx
D i,j.k "i-1,i,k (B.9)

and

X, ..
i-1/2,35,% Xi,j,k Xi-l,j,k



K

e . X, . T, R T
- (39) = 1 [ i+l,j.k i,3,k ] (¢ iti, 1.k %llpk)
ax 14k Ax Kx + K AX
>3 1,5,k T1,3.k
2K K
X, X, . T, | - T, .
- 1 [ i,j.k l-l)Jyk ] ( i3,k 1"1539k) (B.10)
Ax ‘K + K Ax h
X, . X, .
i,j,k i-1,3,k

Similar expressions are obtained

Accumulation terms.

for the y- and z-components of dispersion.

The second term of the right hand side of Egquation 3.1

contains the time derivative of the hydraulic head, or

n+l n
h - h[
sh i3,k 1,5,k 3
5L, . AT 1.3-17
1,3,k
Now from Equation 1.3-57
M
3h 1 A
ah == 1 vy, (B.11)
ot 1,5,k At 7=1 i,j.k

Using a forward difference approximation similar to Equations 1.3-16

and 1.3-17 for the time derivative of concentration results in’

0

ln+l
-C

3C| |1 ,1.k

i3,k

. At
i, i,k

{B.12)

Finally, substituting Equations B.1l and B.12 into the right hand side of

Equation B.1 gives the finite difference approximation for the accumulation

terms, Or

.ln+1
c
11,9,k

. N

-C

i,jsk

(ps Ky (1-¢) + p¢)

ln+1

li!j ’k

p Kdoga (-4 ——-—-—’-l’—

At

: M IZ

ly

(B.13)
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Convection terms. The convection terms are perhaps the most difficult ex-

pressions to handle in the numerical solution of Equation B.l1. The finite
difference formulations are relatively straight forward, but consideration
must be given to the sign of the velocity components as well as their dir-
ection. In addition boundary conditions and wells requrie special handling.
The derivation will be jillustrated for the x-component; y- and z-components
are formulated in an analogous fashiom.

Expanding the x—component of convection in Equation B.l results in

3¢ ¢
oV (B.14)

The velocity at node i,j,k is taken as the arithmetic average of the values
at i+1/2,j,k and i-1/2,3,k, or

v + Vv

X . X, :
v _ _i+1/2,3,k i-1/2,3,k (B.15)

1,1,k 2

From Equation 3.8 of Volume I

k pg
v, - - P (g_i | (B.16)
i+1/2,3.k i+1/2,3,k i+1/2,3,k
and
k
A = = ( Xig)] G%%)l
i-1/2,5,k i-1/2,3,k i-1/2,3,k

Substituting Equations 1.3-13 and 1.3-17 into Equation B.1l6 and Equations
1.3-14 and 1.3-17 into Equation B.17 results in the following finite differ-

ence approximations:

kxpg kxpg
2( y )1 ¢ " )|
v _ i+1,i.k i,d.k
*141/2,3,k (Ezif) + (kxpg)
K |i+1,j,k H |i,j,k
h|, . ., - bl .
( i+1,3.k 1,J,k) (B.18)

Ax



and

kxpg kxog
2¢( m )l { . )I
v = - i,3.k i-1,7,k
*4-1/2,3,k (kxpg) N (kxpg)
vk 1,1,k
hi, ., - h]. .
1sJ_zk i-1,3,k
¢ e ) (B.19)

Substituting Equations B.1l8 and B.19 into Equation B.15 gives

k pg k_pg
ol ‘Xu)}

v _ i+1,3,k i,3,k
k pg kxog
)I + ( )!

i,3,k

.(hfi+1,j,k - hJi,j,k)

kxpg)l (kxog)I
i,k *
k pg k_pg
) ()

i:j,k i’l,j,k

(

M i-1,4,k

(hi,jsk - h i_l’ij)
Ax

(B.20)

Equation B.20 is the finite difference formulation of the x~component of
the superficial fluid velocity in the aquifer except at the constant exter-
nal head boundaries.

Although all boundaries are no-flow boundaries, there 1s a velocity-
component arising from the comstant external head boundary condition. The
volumetric flow rate per unit volume at a boundary is given by

n+l

-k ] (1.3-28)

Q = - COEFX|, . (B :
> R P

x(5,9,k
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From Equations 1.3-26 and 1.3-29 the equivalent velocity component can be

expressed as

n+l
| -h
= 2 iij!k i:j ’k 1
be * COEFX]i’j,k ax” [ = ] (8.21)
or
. ;1'1+l
V =+ COEFX|. . . Ax [H - hl ] (B.22)
xb l:.],k b!i,j,k li,],k

Whether the velocity component due to the constant head boundary condition

is positive or negative depends upon which boundary is being considered.

For example, consider the case where the external head H is greater
n+l i:j’k

than the internal head, h . Thus the term in brackets in Equation B.22
i,j,k

is positive. Now at i=2 (See Figure 3.3) under these conditions flow is in-
to the system and the velocity is positive in the x~direction. However, at
i = NX - 1 under these same conditions, flow is again into the system but
tﬁe velocify is in the negative x-direction. Thus the sign of this additional
velocity component must be adjusted for the appropriate system boundary being
evaluated.

Combining Equations B.20 and B.22 results in the finite difference form—
ulation for the velocity component in the x-direction, or

L k_Pg
)| (

'i+1,3,k

kxpg kxpg

B - )li,j,k

."!k
2] ( )|
1,3,k

h
( Ax



K_PE kxog

=) ——)
1.4,k Hooli1,9,k
k pg k_pg
0 +
iaj:k H li_l,jsk

hl, .. -h|, ..
( il’J;k Il—l,_‘j,k)
Ax

nt+l
b, -h ] (B.23)

+ COEFX!, .
1.3, Lk 1,3k

L Ax (1

Equation B.23 is used as the finite difference expression for the x-
component of velocity in Equation B.l1. Similar formulations are used for

the y- and z~-components.

k p k
(__X.uf)l (__Ip_g)i
v _ i, 44,k Y ik
.. kp k._p
Yil’:j sk (_.LE) | + ( g) !
Pl 5Lk 1,3,k
( !i,j+1,k - 1,3,k
Ay
k pg k _pg
(~L— )| )
_ 1,7,k i,i-1,k
k pg kK pg
( ) + ¢ )
Bl gk Mol g1,k
( i!j:k iisjulzk)
Ay
n+1
+ COEFY|, . . ay [ - h ] (B.24)
SRR L P
kzog kzog
( )l ( )[
v _ Poligker Mgk
zll,J »K (kng) + (kng)l
PR R ET "
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(—iadokHl £,1,k,
Az
(kng) (kng)
"I wl
_ i,3.k i,j,k-1
k pg kng
(T) + )
1i,j,k ii:jsk_l
h! |
( 13’-: 9k Ii)j!k_]-)
Az
1 [ Jhet1
+ COEFZ|, . , Az - h ] (B.25)
SRR P Ii,j,k

The spatial derivatives of concentration used in the convection terms
are approximated by either a forward difference or a backward difference
depending on the direction of the velocity component. The finite difference

expressions are given by

; Cliia . o - Cl. .
(_g_g)l = i+1, sk-AX i,j,k for V | < 0, (B.26a)
i’j:k * i’j’k
- ¢l .. -Cl. ..
(—g%}l _ l,l,k > 1"'1!1_)1{ for VXI i 0’ (B.26b)
1,3,k 1,3,k
e Ci. . -cl, .
(%g)l = l,]"'l,kA 1,J,k for V | < O, (3.273)
y 1,4,k ¥ y'i’j’k
: Cl, «, = Cl. ..
(‘2‘9)1 1,7,k n i,j-1,k for V l > 0, {(B.27b)
Y15,k J 7,3,k
: ci, . - cl, .,
28y BE %EY.5.2% Ldok oy <0, (B.28a)
3z’ | Az z|, .
i, i,k : i,j,k
and
. Cl, o - Cl, & o
(%)l = i,j,k = i,3.k-1 for V I > 0. (B.28b)
1,1,k 21,3,k



The two formulatiocns prevent cosciliations in the numerical solution of
the conduction-convection equation (Price, 1965). However, numerical disper-
sion may occur.

Rewriting Equation B.l in finite difference form

5 2% - :
T P Wl hi, . ., -hi, .
-0 [- i+1,j.k i, 1.k ( i+1,4,k 'l,J,k)
kXOg kxpg Ax
+ )i
o141, 4,k 04,k
kxpg kxpg
( ) _
o P g P lage Pligx Pl
k_rg k og Ax
M i)j’k ,J:k
| ¢ 4
aJ’k i- szk
+ COEFX]|  Ax (H.bl g . )] ¢ e )
k p k pg
<—-"—g—>| ('L)l 1 |
— o[- Mool o4,k Mo liqk ( 14, 4+1,k li,__‘j,k)
k _pg k_pg Ay
( ) + ¢ )
H ll,j-l-l,k W’ L3k
k _pg k_og
el (—E?_)l h| ~ h!
N 4,5,k 1,9-1k a9k 5oLk
k og k_pg Ay
( . )l + )f
1=j’k 1’.]"131(
,n+l
+ COEFY | L Ay (Hb! hi | k)]
s.]s 1,7
Cli g~ %31,k
( e )
k_og k_pg
=)
a7, . h!, . - hl,. .
-0 [__ s kil 11391( ( lLJ:k'H- lsjak)
k e k_pg Az
2" + (-£—)
vy Rl
J’k+l l’Jsk




-£— = o |
ool vl ez~ Meel
kng kng Az
el + 0
isjsk i,‘],k"'l
n+l
+ COEFZ|, , . bz ( - h )]
B3 ol T
(C|iL_j_,k B Chi,j_,k—l)
Az
Ql. . ]
1 ,k - !
AxAyAz (C|in Cli,j,k)
2D D .
! -l
2 “ige Mg Slan,gue @0
X ] + D Ax
*lit1,9,k li,j,k
2D D * -
.. . cl, . cl, . .
_;l.: ( xmls]!k Xll_l,:lsk ) ( llsj,k ll_]—sl,k)
Ax D + D Ax
XIisjsk x‘i“lsjsk
Do Dy c| - ¢
_i ( i,i,k 'i,j+1,k y ( i,j+l,k -i,j,k)
Ay D +D Ay
yli,j,k y‘l,j-}-l,k
2D D | .
EERPRNLAT % SRAL 5.5 SR IS 1Y S S5 I
Ay D + D Ay
Y\l i,k yli,j—]_,k
_}‘. ( 1isj:k szk+l ) ( i,j,k+l tisjsk)
Az D + D Az
2li e 2l gen
2D D A [ -
z|l. . . Ci{. . - L. .
__; ( ll::.l_:_k zll_:J JK-1 ¢ l];:] K IL:_J ’k""l)
Az D + D Az )
zli,5,6 hi,g,ke1
o+l .10
o -C
- . _ i, 3.k i,i.k
(pst (1-¢) + Py $) X
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M }Z
I v
-+ . " -
- (.:;n : e K. p ga (1-¢) (2l 1,0k (B.29)
.o s d At )
i,j,k

where the spatial derivatives for concentration have been written in back-
ward difference form in the convection terms.
Since this finite difference equation is quite unwieldy it will be comn-

venient to introduce the following shorthand notation.

g V
vex | ol (B.30)
1,3,k Ax
o VYI
_ i,i,k .
AIFIERN &y (B.31)
p Vzl
vezl - Dk (B.32)
i, i,k Az :
RHOPOR = p K, (1~9) + p ¢ (B.33)
EXPAN = ps Kd pgo (1-¢) A{B.34)

In addition operators are defined as

2D D l

12, > x|, . . .
b Clis =3 e ©lier s~ S50
J AX (Dx] + D l ) 535 !J,
1,3,k T,k
ZDX; Dx]
e unmmll L FIRYPRE S FRPS
AX + D ' ) » » 3 )

(Dx[ x
1,3,k l1-1,3,k

(B.35)
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1
2 ig v . .
A cl. . i,j+1,k i,3.k (01 -l )
yooR 2 +p ) BIFLES Tk
Yhsk o Yk
2 |
Tk Yig-nk 0 .
t 3 I PR PR
Ay© (D ; + D, } »1 74 30
.4,k Ti4,9-1,k
(B.36)
ZDZI Dzi
2 ol = 1,3,k 249,k " o )
z ik .2 ® + D ) i,5,k+1 i,3.k
2l 2k
2, D, |
1aj,k i,j k-1 : ;
+ : cl, . - ¢} )
bz" (@, +D,, y  hik-l 1,3,k
i,9,k i,3,k=1

(B.37)

Substituting Equations B.30 through B.37 into Equation B.29 results in

- iy - ] * _'
VCXi ,J k (Ciisj:k Cii'lajak) VCY] ,J,k (C‘i,j,k cli,j—l,k)
. . o Q| .
—VCZl i,j,k (Cli!j:k - Cii9jsk_ )+ AXAYAZ ( - Cl‘,j,k)
!2 '2 - '2
— l — —
By Cly g — 8y (Bl g0 -8y (Bl 50
-in+l in
c% -cC
= i3J’k i_tj_?k‘
RHOPOR AT
{n+l
C
M EZ 4 4 %
- EXPAN I ¥ R (B.38)
. s At
=1 i,j,k
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Boundary Conditions
As with the fluid-flow equations, two types of boundary conditions are

_considered.

No Diffusion. This boundary condition is completely amalogous to the no

fluid flow boundary condition for the fluid flow equation, or (see Figure
1.3-1)

D, =0 (B.39)
li+1/2,3,k

Following the same procedure leading to Equation 1.3-25, this is accomp-
lished by setting

Dx] =0 (B.40)
i+l,3.k

Constant External Concentration. Concentration at the aquifer boundaries

are assumed constant, as are the hydraulic heads. The rate of solute flux
across an aquifer boundary in the x-direction (or y~ and z-directions) is

computed from

.|n+1 « 1
C + C
é i,j.k i,ik
b]ij X 2
= - o (B.41
% =" Dy, L 53 ! (B.41)
i, i,k
where C is the concentraticn in a hypothetical grid block a distance

'i,3.k _
AL away from the center of grid block i,j,k, and Db is the effective mass
dispersion coefficient for the material in the interval. In terms of a vol-

umetric solute flow rate in the x-direction across a boundary, Equation 1.3-99

becomes

B-13



Ayhz D

bx;
_ 1,1,k
% hxhyhz
'1,3,k
. n+l .0
(C + C{ )
- i,3,k 1,3,k
%], ik 2
L AL ] (B.42)
X
or
q x|, . . Lc
P15,k L3k bl gk
.l .
TP
L.k 5 INEY Ty (B.43)
where
L —
QRi, . =3 K (B.44)
>3 Ax x|, |
i,3.k
and
Ax
D' === (B.45)
bx ALX %
Similarily, for solute transfer in the y- and z-directions
R
QY]i k-3 D (B.46)
sls AY yi. .
i, i,k
and
1
Q2ly 4 =3 Dy (B.47)
3]s Az ZI- .
i, i,k

These boundary condition terms are introduced into the numerical model as

additional source terms.
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One further simpliification can be made. Uniike the constant externzl
head boundary conditions (Equations 1.3-29, 31 and 32) the individuyal com-
ponents of the constant external concentration boundary terms are not re-
quired in the evaluation of other terms in either Equatiom 1.3-34 or Equa-
tion 1.3-96. Thus, the three components can be lumped into one overall

solute dispersion coefficient as

QEXCHG[i’j,k = QRly L et ezl (B.48)
and
Tl WL 5k [Cb'i,j,k
Lol .;n
: 1,1,k i Cli 1.k
S e ] (B.49)

In summary, the implicit finite difference equation describing solute

transport in the mathematical model depicted in Figure 3.2 is

. Iﬁ'l - . n+l . In+l . [n"‘l
- vex), .. (C -C ) - vey], ., (C - c( )
l’J’k isj ,k i_lsjsk l’J,k tj--s..] !k i,j-l,k
ntl antl p Ql. . . o0+l
k
- VCZ'i k<€ - Cl )+ Axa;Ai’ (Cjp = C )
D Mk kel 1,3,k
2 w1 2 .{n+l 12 o+l
~4a_ (C ) = 4 (C ) - A (C )
1,5,k 7 '1,3,k ‘ li,j,k
.in+1 171 "1’1"‘1
c -C M 7 cl
- i,j,k M3k _ oo X i3,k
= RHOPOR : EXPAN ,°) Y'i,j,k i
ol S|
Sy
_ . o, i.k i,k
QEXCHG[i’j’k (cbl 5 } (B.50)

1,3,k
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where the dispersion coefficients are equal to zero at all aquifer bound-

aries,.

Numerical Solution of the Finite Difference Solute Transport Equations
The finite difference equation for solute transport in the aquifer is
solved in the same manner as the fluid flow equations using the Douglas and
Rachford method (1936). Equatiom B.530 is solved using the same basic com-
putational algorithims used to solve Equation 1.3-108, Volume II, the finite

difference equation for energy flow.
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Section C

USER INFORMATICN

C.1 - Equipment and Operating System

The program is written in Fortran IV and has been run on the IBM
370/168 computer system at Oklahoma State University. Memory require-
ments are determined by a dynamic storage allocation system so as not
to exceed the maximum words of memory specified (MAXSZ in main prog-
ram); The RESTART and/or RECORD options use logical unit 01, a

magnetic tape or disk file.

Two IBM system subroutines are used. The first, ERRSET, is
called from the main program and is used to suppress underflow
warnings and tracebacks during execution. The second, ELAPSE, is
called from Subroutine TMNOW and is used to calculate the processor

time utilized during execution.

C.2 -~ Input data Requirements

Much of the required input data is in the form of arrays representing
porous media properties, initial values of hydraulic heads, and con-
centrations. These data are read from punched cards when a simulation
begins. The RECORD feature in the program allows all variable arrays
to be written on magnetic tape or a disk file at prescribed time
intervals in the simulat;on. The restart option permits resumption of
computations using data saved by Subroutine RECORD at a specified

time.



€C.3 = Input Data Descriprion

C.3.1 - Card Input Formats and Data
Cards 1,2 FORMAT 20A4/20A4 TITLE
Card 3, FORMAT 715

NX = Number of grid points in X direction

NY = Number of grid points in Y direction

NZ = Number of grid points in Z direction, solute transfer

model
NZA = Number of grid points in Z direction, fluid flow model

NMAX = Largest of NX, NY, NZ, NZA

1

IS0 = 1 if porous media is isotropic
= 2 if porous media is anisotropic

SOLUTE

0 if solute transport equations are not solved

> 0 if solute transport equations are solved

Card 4, FORMAT 6F10.0

DELX = Space increment size in X direction, feet

DELY = Space increment size in Y direction, feet

DELZ = Space increment size in Z direction, feet

DELT = Initial time step size, sec.

TMAX = Maximum time simulated, days

TINC = Multiplier for time step increases,

DELT .47 = TINC * DELT ,. DELT = constant if TINC = 1.0
DELTMX = Maxipum time step

If DELT ,; > DELTMX, DELT ., = DELTMX



Card 5, FORMAT
RHOW
TREF
NAQ

KFAQ

KLAQ

Card 6, FORMAT
RHOR

CPR

PORO

coMp

Card 7, FORMAT
CFILE
NFILE
NTAPE

RSTRT

TPRO

SAVE

2F10.0, 3110

Density of water, lbm/ft3

Temperature for fluid viscosity, CF

Number of layers in alluvium

K index of first active laver in the alluvium relative to

solute transport model grid

K index of last active layer in the alluvium relative to

solute transport model grid

4F10.0, 15

Density of rock, lb/ft3

Distribution coefficient (1lb solute/1lb solid)/(lb scliute/
1b fluid)

Porosity, volume fraction

Compressibility of porous media, psi

3110, 3F10.0

= First file read from magnetic tape or disk

File where first write occurs

Identification number of magnetic tape or disk

0 if arrays are read from punched cards

]

> 0 when data are read from magnetic tape or disk
= Maximum processor time for this computation, hundredths

of an hour

0 if data are not saved on magnetic tape or disk

> 0 if data are saved on magnetic tapeor disk. This SAVE
value causes initial values of arrays to be written on

tape or disk before calculations begin if RSTRT = 0.



Card 8, FORMAT 1046
AFMT(1) = Variable format
PROGRAM CONTROL TO GARD 9 IF RSTRT > 0
Deck 1 FORMAT AFMT(I), I = 1,10
(((COVERX (1,J,K), I=l, NX), J=1, NY), K=1, NZA) (See Note 1)
2

= Permeability, ft

Deck 2 FORMAT AFMT(1), I1=1,10 (Omit if SOLUTE < 0)

(((px (1,J,K), I=1, NX), J=1, NY), K=1, NZ) {(See Note 2)
= Effective mass dispersion coefficient 1bj /hr/ft
Deck 3 FORMAT AFMT(I), I=1,10
(((ss(1,J,K), I=1l, NX), J=1, NY), K=1, NZA)
= Specific storage coefficient, £t
Card 9 FORMAT 10A6
BFMT(1) = Variable format
Next card read is CARD 10 if RSTRT > O
_P_f—'_CEf’_ FORMAT BFMT(I), I=1,10
(((COEFX (L,J,K), I=1, NX), J=1, NY), K=1, NZA)
= Coefficient of exchange at boundaries in X direction,
1by/sec?/fe2
(((COEFY (I,J,K), I=1, NX), J=1, NY), K=1, NZA)
= Coefficient of exchange at boundaries in Y direction,
lbm/seczlft2
(((COEFZ (I1,J,K), I=1, NX), J=1, NY)}, K=1, NZA)
= Coefficient of exchange at boundaries in Z directiomn,

lbm/seczlft2



Card 10 FORMAT 1046
CFMT(1) = Variable format
Next card read is CABD 11 iFf RSTRT > 0.
Deck 5 FORMAT CFMT(I), I=1,10
(((HEAD (I,J,K), I=l, NX), J=1, NY), K=1, NZA)
= Constant head distribution at boundaries, feet
Deck 6 FORMAT CFMTI(I), I=1,10
(((PRES (I,J,K), K=1, NX), J=1, NY), K=1, NZa)
= Initial head distribution, feet
Deck 7 FORMAT CFMT(I), I=1,10 (Omit if SOLUTE < 0)
(((QEXCHG (I,J,K), K=1, NX), J=1, NY), K=1, NZ)
= Mass transfer coefficients on the boundaries,
lbm/sec/ft3
Deck 8 FORMAT CFMT(C), I=1,10 (Omit if SOLUYE < 0)
(((BCONC (I,J,K), I=1, NX), J=1, NY), K=1, NZ)
= Constant concentration distribution at boundaries,
1b solute/ldb water

Deck 9 FORMAT CFMT (I), I=1,10 (Omit if SOLUTE < O)

(({¥(1,J,K), I=1, NX), J=1, NY), K=1, NZ)

= Initial concentration distribution, 1lb solute/lb water

Card 11 FORMAT I5,F10.0

NWELLS = Number of injection wells

TLONGD = Total time that injection rates and/or concentrations remain
at current values, days



Card 12 FORMAT 1046 (Omit if NWELLS = 0)

DFMT(I) = Variable format
Deck 10 (Owit if NWELLS = 0)
Card_é FORMAT 215, Fi0.0

LOCX

1 coordinate of injection NODE

LOCY

J coordinate of injection NODE
CINJXY = Concentration of injected water, at node LOCX,
LOCY, 1b solute/lb water (May be left blank for
withdrawal)
Card B FORMAT DFMT(1), I=1,10
(Q(LOCX, LOCY, K), K=1, NZA)
= Injection rate at each node, ft3/sec

(Enter negative rates for withdrawal)

Card 13 FORMAT 215,4F10.0

MXITTS = Maximum iterations per time step

MXITCY = Maximum iterations per iteration cycle
ELIM = Convergence limit on fluid flow iterations, feet
CLIM = Limit for shrinking fluid flow matrix, feet
ETIM = Convergence limit on solute transport iterations, lb
CTIM =

Limit for shrinking solute transport matrix, lby

Card 14 FORMAT F10.0,I10,F10.0

SAVE = ( when data are not written on magnetic tape

> 0 causes data to be written on magnetic tape
NOUT = Number of times output is required at a specified time
POUT = Number of time steps between printed output commands

This output occurs independently of output via TOUT(I).
Data are not saved on magnetic tape.



Card 15 FORMAT 8F10.0

(TOUT(1), I=1, NOUT) = Times where output is printed and saved on
magnetic tape or disk if SAVE > 0, days

Note: Output is automatically saved on magnetic tape or disk, at
simulation time TMAX if SAVE > 0

Card 16 FORMAT 15,F10.0
NWELLS = Number of injection wells

TLONGD = Total time injection rates and/or concentrations remain at
new values, days

Deck_li

Card A FORMAT 215,F10.0
LOCX = I coordinate of injection NODE
LOCY = J coordinate of injection NODE

CINJXY = Concentration of injected water at node LOCX,LOCY,
1b solute/lb water (May be left blank for withdrawal)

Card B FORMAT DFMT(I), I=1,10
(Q(LOCX,L0CY, K), K=1,NZA)
= Injection rate at each node, ft3/sec
(Enter negative rates for withdrawal)
Card 16 and Deck 11 are read in pairs during the computations when
the total time simulated exceeds the current value of TLONGD. This
option allows step changés of the injection concentration at speci-

fied times.



Note 1:

IF IS0 = 2 Deck 1 Contains the following data

(((COVERX (I1,J,K), I=1, NX), J=1, NY), K=1, NZA)
= Permeability in X direction, sec™l

(((COVERY (I,J,X), I=1, NX), J=1, NY), K=1, NZA)
= Permeability in y direction, sec™l

(((COVERZ (1,J,K), K=1, NX), J=1, NY), K=1, NZA)

= Permeability in 2z direction, sec—1

Note 2:
IF IS0 = 2 Deck 2 Contains the following data
(((px(1,J,K), I=1, NX), J=1, NY), K=1, NZ)

= Effective mass dispersion coefficient in x direction,

lby/hr/ft
{({(p¥(1,J,K), I=1, NX), J=1, NY), K=1, NZ)
= Effective mass dispersion coefficient in y direction,
1b,/hr/ft
(((pzZ(1,J,K), I=1, NX), J=1, NY), K=1, NZ)

= Effective mass dispersion coefficient in z direction,
l1by/hr/ft



Figure C.3.1 Summary of Required Cards in Data Deck.

S e
{ DECK 11

CARD 16 {CARD A
( CARD 15 7 tCARD B
r CARD 14
( .CARD 13
f DECK 10
( CARD 12 gﬁgg é
f ARD 11
LT

{ss
DX IF 1SO =1

OX,DY,DZ IF 1ISO#1

COVERX IF ISO =1
COVERX,COVERX,COVERY,COVERZ IF ISO#1




C.3.2 - Secondary Storage Input Format

Data read from or written on magnetic tape are uniormated. Each
RSTRT or SAVE execution processes 17 files of data if SOLUTE > C,
i.e., the solute transport equations are solved. Only 11 files are

processed if the solute transport equations are not solved. As

written, the data are for anisotropic porous media. These files are

ordered as follows and are read or written in sequential order.

Data file File Number, NTAPE, NX, NY, NZA
1 COVERX = (sec) *

Data file File Number, NTAPE, NX, NY, NZA
2 COVERY = (sec) ~t

Data file File Number, NTAPE, NX, NY, NZA
3 COVERZ = (sec) .+

Data file File Number, FTAPE, NX, NY, NZA
4 s§ = fe 1

Data file File Number, NTAPE, NX, NY, NZA
5 COEFX = sec™l f¢™t

Data file File Number, NTAPE, NX, NY, NZA
6 COEFY = sec™l fr™t

Data file File Number, NTAPE, NX, NY, NZA
7 COEFZ = sec~l £t™%

Data file File Number, NTAPE, NX, NY, NZA
8 HEAD = ft

Data file File Number, NTAPE, NX, NY, NZA
9 PRES = ft

Data file File Number, NTAPE, NX, NY, NZA

10 DRAWDN = ft



Data file

11

Data file

12

Data file

13

Data file

14

Data file

15

Data file

16

Data file

17

File Number, NTAPE, NX, NY, NZ
DX = 1lb,/sec/ft

File Number, NTAPE, NX, KY, NZ
DY = 1b, /sec/ft

File Number, NTAPE, NX, NY, NZ
DZ = 1lb,/sec/ft

File Number, NTAPE, NX, NY, NZ
QEXCHG = 1b,/sec/ft3

File Number, NIAPE, NX, NY, N2
BCONC = 1b solute/lb water
File Number, NTAPE, NX, NY, NZ
F = 1b solute/lb water

TOQINJ. = Total mass injected, lby

TOQACC = Total mass accumulated in system, lbm

TOQEX = Total mass lost to surroundings, lbg

TOTAL = Total simulation time, seconds

TOINJ = Total fluid injected, cubic feet

TOOUT = Total fluid lost to surroundings, cubic feet
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C.4 - Program OQutput

Output from the computer program was designed to provide a
printed record of input data, selected computed results, and to verify

data transfer to and from the magnetic tape unit.

C.4.1 - Input Data

All data read from punched cards are printed prior to initiation
of computations. Arrays read from tape or disk files are also listed
before computations begin. Section E contains line printer output of
input data and arrays for a test problem. When data are read from
tape or disk, certain informatiom is printed as each array is read to
verify that the desired files were accessed. A sample of this output

is shown in Table C.4.l.

Table C.4.1

Printer Qutput Verifying Files Read From Magnetic Tape

STARTS WITH DATA IN FILES 52 - 68 READ FROM TAPE NUMBER 11224 ON LOGICAL UNIT 01

52 ON TAPE 11224 HAS COVERX{22,13,10)
53 ON TAPE 11225 HAS COVERY(22,13,10)

54 ON TAPE 11224 HAS COVERZ(22,13,10)

55 ON TAPE 1122L HAS SS (22,13,10)

56 ON TAPE 11224 HAS COEFX (22,13, 10)

57 ON TAPE 11224 HAS COEFY (22,13,10)

58 ON TAPL 11224 HAS COEFZ (22,13, 10)

59 ON TAPE 11224 HAS HEAD (22,13,10)

60 ON TAPE 11224 HAS PRES (22,13,10)}

61 ON TAPE 11224 HAS DRAWDN(22,13,10)

62 ON TAPE 11224 HAS DX (22,13,10)

63 ON TAPE 11224 HAS DY (22,13,10}

64 ON TAPE 11224 HAS DZ (22,13,10)

65 ON TAPE 11224 HAS QEXCHG(22, 13,10}

66 ON TAPE 11224 HAS BCONG (22,13,10)

67 ON TAPE 11224 HAS T {22,13,10)

68 ON TAPE 11224 HAS MiSC. DATA NEEDED TO CONTINUE CALCULATIONS AT A LATER TIME

D.17467968E+08TOQACC = 0.10641238E+08 TOQEX = =~0.60270898E+05 TOTAL = 0.31104000E+08

J = 0.19709473E+01 " TOOUT = 0.880234869E+06



Changes in the injection concentrations and/or rates can be made
at specilfied times during the simulation. At the time the
concentration/rates are changed, the printed output includes the new
rates and concentrations, the time at which the change starts, and the

time at which the next changes are to occur.

C.4.2 = Computed Results

Total and-component mass and balance results are printed out at
the end of every time step. All other output occurs at intervals
specified by the user on the input data cards. Output of computed
results is limited to the arrays listed in Table C.4.2. Other results
can be obtained by appropriate modifications of Subroutines MASBAL and

BALANC.

Table C.4.2
Computed Results Printed at Specified Time Intervals

Fluid Flow Model

SUMGAM = Drawdown during the previous time step, feet
DRAWDN = Cumulative drawdown in the active allowing layers, feet
PRES = Head distribution in active alluvium layers, feet

EXCHG = Water exchanged with the surroundings during last time step,
cubic feet

Solute Transport Model

F = Concentration distribution in overburden, alluvium‘and
underburden, lb solute/lb fluid

EXCHG = Distribution of solute exchanged with the surroundings

through the boundaries of the prototype, lb,, in Subroutine
BALANC only.
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There are two options available which enable the user to specify
when computed results are printed. The variable POUT is the number of
time steps between output commands on the line printer. The array
TOUT( ) contains specified simulation times at which output is

desired. Either or both options may be selected.

C.4.3 - Intermediate Output on Logical Unit 01

The user may save computed results and all arrays necessary to
resume calculations at some point in time. When the variable SAVE is
greater than zero, the printed output in Table C.4.3 is generated as
the arrays are written on logical unit 01 (assumed to be a tape or
disk) using Subroutine RECORD. Computed results are written when the
time simulated equals values specified in TOUT{ ). The variable POUT
does not cause output to be saved on logical unit 0l. The program has
an internal processor time check which terminates the program before
the processor time is exhausted. Computed results are written on tape
or disk when the program is terminated in this manner.

A second output option is available. The value of SAVE is read
in twice, once on Card 7 and again on Card 14. The read statements
for these cards occur before and after the initialization of the
arrays. It is possible to store these initial arrays if RSTRT and the
first value of SAVE are both equal to zero. The value of SAVE read
from Card 12 controls whether or not intermediate output occurs on

Logical unit 01 after computations begin.
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Table C.4.3

Printer Output After Data are Written on Magnetic Tape

FILE 86 ON TAPE 11224 HAS COVERX{22,13,10)
FILE 87 ON TAPE 11224 HAS COVERY{22,13,10)
FiLE 88 ON TAPE 11224 HAS COVERZ{22,13,10)
FILE 89 ON TAPE 11224 HAS SS (22,13,10)
FILE 00 ON TAPE 11224 HAS COEFX {22,13,10)
FILE 91 ON TAPE 11224 HAS COEFY (22,13,10)
FILE 92 ON TAPE 11224 HAS COEFZ {22,13,10)
FILE 93 ON TAPE 11224 HAS HEAD (22,13,10)
FILE 94 ON TAPE 11224 HAS PRES (22,13,10)
FILE 95 ON TAPE 11224 HAS DRAWDN{22,13,10)
FILE 96 ON TAPE 11224 HAS DX {22,13,10}
FILE 97 ON TAPE 11224 HAS DY (22,13,10)
FILE 98 ON TAPE 11224 HAS DZ (22,13,10)
FILE 99 ON TAPE 11224 HAS QEXCHG(22,13,10)
FILE 100 ON TAPE 11224 HAS BCONG (22,13,10)

FILE 101 ON TAPE 11224 HAS F {22,13,10) .
FiLE 102 ON TAPE 11224 HAS MISC. DATA NEEDED 7O CONTINUE CALCULAT!IONS AT A LATER TIML
TOQINJ = 0.52403248E+08TOQACC = 0,34933360E+08 TOQEX = =-0.71011137E+06 TOTAL = 0.93312000E+08"

TOINS = 0.1284594TE+02 TOOUT = 0.38838610E+07
FiLE 103 ON TAPE 11224 1S5 EMPTY
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C.5 - Offline Error Messages
Five messages are generated iﬁ the program when execution is
terminated by the program. Each message and its origin are presented
in this section. -
Message:
PROGRAM TERMINATED IN MAIN #**NZA IS GREATER THAN NZ
Origin: MAIK Program - MAINO520
Message:
*%*PROGRAM TERMINATED--COMMON REQUIREMENT EXCEEDS SPACE ALLOCATED IN
COMMON X (MAXSZ) ANb MAXSZ = XXXXXX STATEMENTS

Origin: MAIN Program - MAINd1530

Message:
TAPE NOT CORRECTLY POSITIONED FOR RESTART

**% FIPERM = XXXXX, CFILE = XXXXX
Origin: Subroutine RSTART - RSTRO360
Message:
FILE XXXXX ON TAPE XXXXX IS EMPTY
Origin: Subroutine RECORD - RCRD0400
Comment: A blank file is created when the program terminates in
RECORD. This is necessary in order to position the tape at
the first available free file space for subsequent write

commands .

Message:
PROGRAM FAILED TO CONVERGE IN MOTION AFTER XXXXX ITERATIONS

EQLD = XXXXXXXXXXXXXXX PROGRAM TERMINATED.

Origin: Subroutine MOTION - MOTN2910
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i

Message: i
*kxkk* TTERATION IN LAST TIME STEP EXCEEDS SPECIFIED MAXI_MUM,:"OF XX

PROGRAM TERMINATED *¥%kx% /
/
Origin: Subroutine Subroutine PREP -~ PREP4100 /

Comment: Program terminated if number of iterationg (NIT) at that
f

;

point exceed the maximum number of iterations in a time step (MXITTS).
i

NIT is computed in Subroutine MASS and is the numbejr of iterations

required to solve the solute transport. ]

4
’
i
fi
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C.6 - Program Termination

Execution of the program is terminat?d at one other location
which is not identified by printed output., This terminatrion occurs
in Subroutine PREP at location PREP 2900. Program terminated if
estimated processor time at the end of the next time step will exceed

the processor time specified in the input data (TPRO).



Section D

D.1 - Program Functions
Functions of the program and subprograms are subdivided into four
categories in Table D.l. Program names are listed in alphabetical order

following Table D.l with a brief statement summarizing the function each

program.
TABLE D.!l
Fluid Flow
Data Input . and Solute
Program Program : And Transport Auxiliary
Function Control Initialization Calculations Ioput/Qutput
Program - MAIN ADISP BALANC RECORD
Name
PREP APERM MOTICN RSTART
THMNOW COEXCHG MASBAL
CONC MASS
CONCON THOMAS
IDISP
IPERM
QTRANS
STORE
STRT
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PROGRAM NAME

FUNCTION

ADISP

APERM

BALANC

COEXCH

CONC

CONCON

CONHD

IDISP

IPERM

MAIN

MASBAL

MASS

MOTION

PREP

QTRANS

RECQRD

RSTART

Reads and/or writes anisotropic effective mass diffusion
coefficient matrices

Reads and/or writes anisotropic permeability matrices

Computes sclute material balances, writes concentration
and solute exchange distributions

Reads and/or writes fluid exchange coefficient matrices
Initializes the concentration distribution when RSTRT = 0
and/or writes the concentration distribution at the begin-

ning of the computation

Sets constant concentration boundary conditions and writes
values

Reads and/or writes constant head boundary conditions

Reads and/or writes the isotropic effective mass diffusion
coefficient matrix ‘

Reads and/or writes the isotropic permeability matrix

Entry peint to program, sets up size of variable arrays
through dynamic storage allocation

Computes mass balance after each fluid flow calculation
and outputs drawdown, head, and fluid exchange at the
model boundaries

Solves the solute-transport equation for one time step
using finite difference equations

Solves the fluid-flow equation for one time step using
finite difference equations

Controls the overall flow of data input, computatioms and
output for the numerical solution

Reads and/or writes the solute transfer coefficients at
the boundaries of the model

Writes selected arrays and other data on logical unit Q1
for resumption of computations with another computer run

Reads arrays written by Subroutine RECORD on logical unit

01 at a specified point in time in order to resume calcu-
lations
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PROGRAM FUNCTION

STORE Reads and/or writes the specific storage coefficient
STRT Beads and/or writes the initial head distribution
THOMAS Solves the tridiagonal system of linear equations by

Gassian elimination

TMNOW Calls system subroutine to calculate the elapsed proces-—
sor time
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D.2 PROGRAM LISTINGS

D.2.1 Variable Definitions

A

ABS(a)

ACCUM

DISP

AFMT
ALPHA

APERM

AQLIM

AY

BALANC

BETA
BFMT

CONC

BX

BY

3Z

Coefficient of tridiagonal matrix equation

Built-in function which determines the absolute value
the real argument enclosed in the parenthesis
Fluid accumulated in system in a time step, ft3

Subroutine which reads and writes anisotropic mass
dispersion coefficient matrix

Variable format specification for reading data
Head change in x=direction sweep

Subroutine which reads and writes anisotropic
permeability matrix

Labeled COMMON

Temporary variable used in setting up the coefficients
of the tridiagonal matrix equation, x-direction

Temporary variable used in setting up the coefficients
of the tridiagonal matrix equation, ¥y direction

Temporary variable used in setting up the coefficients
of the tridiagonal matrix equation, z direction

Coefficient of tridiagonal matrix equation

Subroutine which calculates solute mass balance at
every time step

Head change in y direction sweep
Variable format specification for reading data
Constant concentration boundary condition

Temporary variable used in setting up the coefficients
of the tridiagonal matrix equation, x direction

Temporary variable used in setting up the coefficient
of the tridiagonal matrix equation, ¥y direction

Temporary variable used in setting up the coefficient
of the tridiagonal matrix equation, z direction
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C = Coefficient of tridiagonal matrix equation

CFILE = Current file on magnetic tape or disk

CFMT = Variable format specification for reading data

CINJ = Concentration of injected or withdrawn fliuicd

CLIM = Minimum head change per iteration which is retainea

in the iterative solution. See Shrink feature

M

COEFX = Coefficient of fluid exchange with surroundings zt
node in x direction

1]

COEFY = Coefficient of fluid exchange with surroundings at
node in y direction

COEFZ = Coefficient of fluid exchange with surrcundings at a
node in z direction

COEXCH = Subroutine which reads and writes the values of the
exchange coefficient for each cell

CoMP = Compressibility of porous media

CONHD = Subroutine which reads and writes values of the
constant heads at the boundaries

CONC = Subroutine which sets the initial concentration
distribution and writes the array

CONCON = Subroutine which reads and writes values of the con-
stant concentration boundaries

CORV = Dummy variable
a node in x direction, £ft2 or fluid

t
t a node in x direction,
f fluid/fc)

COVERX = Permeability
conductivity
ft/sec - (ft

mm

Q

COVERY = Permeability at a node in y direction, £t2 or fluid
conductivity at a node in y direction,
ft/sec - (ft of fluid/ft)

COVERZ = Permeability at a node in z direction, £t2 or fluid
conductivity at a node in 2z directionm,

ft/sec ~ (ft of fluid/ft)

CPR = Solute distribution coefficient between solid and
liquid phases
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CTIM = Minimum temperature change in an iteration which is
retained in the iterative soclution., See Shrink
feature.

CX = Temporary variable used in setting up the coefficients
of the tridiagonal matrix equation, x direction

CY = Temporary variable used in setting up the coefficients
of the tridiagonal matrix equaticn, y direction

Cz = Temporary variable used in setting up the coefficients
of the tridiagomnal matrix equatiom, z direction

D = Coefficient of tridiagonal matrix equation

DELT = Time step, seconds

DELTL = Temporary variable used to store the time step size
DELT2 = Temporary variable used to store time step size

DELTA = Concentration change at every node in X sweep, iterative
golution of solute transport equation

DELTDA = Time step, days

DELX = Node spacing in x direction

DELY = Node spacing in y direction

DELZ = Node spacing in z direction

DIF1 = Difference between TOQEX and TOQINJ

DiFS = Difference between QINJ and QEX

DIFF1 = Difference between TOINJ and TOUT, ft3

DIFF2 = Error in total accumulation, ft3

DIFF3 = Difference between MASSIN and MASOUT, ft3

DIFF4 = Error in accumulation in a time step

DRAWDN = Cummulative drawdown per cell, feet

DX = Mass dispersion coefficient at a node in x directionm,
1by/sec/ft

DY = Mags dispersion coefficient at a node in y direction,
1oy /sec/ft

DZ = Mass dispersion coefficient at a node in z direction,
1by/sec/ft

D=6



EFCOEF = Arithmetic statement function which computes the value
of a parameter at the mid-point between two grid nodes
when the grid spacing is uniform

EITER = Solute loss due to inclusion of iteration parameter in
final solution

ELIM = Convergence criterion for iterative solution of fluid
flow equations :

ENEW = Maximum change in PRES in an iteration

EQOLD = Maximum change in PRES in an iteration

EPSILN = Concentration change at every node, y sweep

ETIM = Convergence criterion for iterative solution of the
solute transport equatiom, lbj :

EXCHG = Fluid exchanged with surroundings, ft3

EXPAN = Contribution of porous media compresibility to

accumulation of solute at a grid node

F = Concentration at a node

FIBAL = Temporary variable wnich holds the file number.of the
last miscellaneous data read or written on tape

FIBTEM = Temporary variable which holds the file number of the
last BCONC array read or written

FICOND = Temporary variable which holds the file number of the
last DX array read or written

FICOX = Temporary variable which holds the file number of the
last COEFX array read or written :

FICOY = Temporary variable which holds the file number of the
last COEFY array read or written

FICOZ = Temporary variable which holds the file number of the
last COEFZ array read or written

FIDRAW = Temporary variable which holds the file number of the
last DRAWDN array read or written

FIHCOF = Temporary variable which holds the file number of the
last QEXCHG array read or written

FIHEAD = Temporary variable which holds the file number of the
last HEAD array read or written
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FIPERM = Temporary variable is the file number of the last
COVERX array read or written

FIPRES = Temporary variable which holds the file number of the
last PRES array read or written

FISS = Temporary variable which holds the file number of the
last S5 array read or written

FITEMP = Temporary variable which holds the file number of the
last F array read or written

FLGEOF({I,V) = Subroutine provides a signal requesting a return to the
calling subprogram if an end-of-file condition occurs.
I is the logical file descriptor. V 1is non zero when
an end of file is encountered.

FLOAT( ) = Bullt=in function which converts the value of a fixed
point variable to a floating point value.

G = Temporary array used in solutiom of the tridiagomal
matrix.

GAMMA = Head change in z direction sweep

GDUMMY = Temporary variable

H = Iteration parameter, current iteration.

Hi = Jteration parameter, last iteratiomn

H2 = Iteration parameter at convergence of iterative solution
of fluid flow or solute transport equations

HA = Temporary variable representing the base value of the
iteration parameter for first iteration

HB = Iteration parameter representing the base values for
second through last iteration

HDUMMY = Temporary variable

HEAD = Constant head boundary condition at a node, ft

HMAX = Maximum value of iteration parameter computed from the
equations in Subroutime PREP

HMIN = Minimum value of iteration parameter computed from the
formulas in Subroutine PREP

I = Counter in x direction

i1 = Counter for solution of tridiagomal matrix equation
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IA ' = 3tarting location of A(NMAX) in blank COMMON

IALPHA = Starting location of ALPHA(NX,NY,NZ) in blank COMMON
1B = Btarting location of B(NMAX) in blank COMMON

IBETA = Starting location of BETA(NX,NY,NZ) in blank COMMON
IBCONC = Starting location of BCONC(NX,NY,NZ) in blank COMMON
IC = Starting location of C(NMAX) in blank COMMON

ICFILE = Index indicating the last file read from magnetic tape
-ICINJ = Starting location of CINJ{NX,NY) in blank COMMON
ICOEFX = Stafting location of COEFX(NX,NY,NZA) in blank COMMON
ICOEFY = Starting location of COEFY(NX,NY,NZA) in blank COMMON
ICOEFZ = Starting location of COEFZ(NX,NY,NZA) in blank COMMON
ICOX = Starting location of COVERX(NX,NY,NZA) in blank COMMON
1D = Starting location of D(NMAX) in blank COMMON

IDELTA = Starting location of DELTA(NX,NY,NZ) in blank COMMON
IDISP = Subroutine which reads and writes the isotropic mass

dispersion coefficient matrix

IDRAWN = Starting location of DRAWDN(NX,NY,NZA) in blank COMMON

IEQF = Temporary variable used to determine when an end of file
condition has been encountered while reading a magnetic
tape

IEPSIL = Starting location of EPSILN(NX,NY,NZ) in blank COMMORN

IEXCHG = Starting location of EXCHG(NX,NY,NZ) in blank COMMON

IFIRST = First node in x direction sweep

IG = Starting location of G(NMAX) in blank COMMON

IGAMMA = Starting location of GAMMA(NX,NY,NZ) in blank COMMGN

IHEAD = Starting location of HEAD(NX,NY,NZA) in blank COMMON

1I = Temporary index in Shrink section

IDX = Starting location of DX{NX,NY,NZ) in blank COMMON

IDY = Starting location of DY{NX,NY,NZ) in blank COMMON
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IDZ = Starting location of DX{NX,NY,NZ) in blank COMMON

ILAST = Last node in x direction sweep

IMAX = Number of storage locations in blank COMMON required
for variable dimensioned arrays

10UT = Index used to determine the value of TOUT where inter-
mediate output on the line printer and magnetic tape is
desired

IPERM = Subroutine which reads and writes the isotropic

permeability matrix

IPRES = Starting location of PRES({NX,NY,NZA) in blank COMMON
IQ = Starting location of Q(NX,NY,NZA) in blank COMMON
IQEXCH = Stérting location of QEXCHG{NX,NY,NZ) in blank COMMON
IR = Starting location of R(NMAX) in blank COMMON

150 = Dictomous variable for specification of porous medla

permeability and thermal conductivity

0L = isotropic permeability

02 = anisotropic permeability
1SS = Starting location of SS(NX,NY,NZA) in blank COMMON
ISUMGM = Starting location of SUMGAM(NX,NY,NZA) in blank COMMON
ISUMZT = Startirz location of SUMZET(NX,NY,NZ) in blank COMMON
IT = Number of time steps simulated
IT = Starting location of F(NX,NY,NZ) in blank COMMON in MAIN

= Time step number in ail other subprograms

ITCY = Number of completed iteratioms in a cycle

ITER = Labeled COMMON

IW = Starting location of W{NMAX) in blank COMMON

1z = Starting location of Z{NMAX) in blank COMMON

IZETA = Starting location of ZETA(NX,NY,NZ) in blank COMMON
J = Counter in y direction

JFIRST = First node in y direction sweep
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JJ
JLAST
K

KCK

KCOUNT

KEY

KFAQ

KFIRST

KLAST

KLAQ

KOUT

KT

KTAPE

KTINJ -

LIM]
LIM2

LIMIT

Temporary index in Shrink feature
Last node in y direction sweep

Counter in z dirction

Temporary variable used to check size of fluid flow
arrays in Z dirction

Variable representing the number of time steps between
full printed output of fluid flow and solute tramsport
results

Variable used to control whether or not an empty file
is written on magnetic tape if the program is terminated

Variable used to control when arrays are printed in
MASBAL and BALANC

Index of first aquifer layer relative to the grid
layout of the solute transport model

First node in z direction sweep
Last mnode in z direction sweep

Index of the last aquifer layer relative to the grid
layout of the solute transport model

Temporary counter of the number of printed outputs in
MASBAL and BALANC

Number of time steps

Variable used to cause printed output in MASBAL and
BALANC when intermediate results are saved on magnetic
tape

Variable which controls when the injection rates and/or
concentrations are changed

When KTINJ = 0, injection rates and/or concentrations
remain at previous value

KTINJ > 0, cards are read with the new injectiomn rates
and concentrations and time when next change in rate
and/or concentration is to occur

Counter for solution of tridiagonal matrix equation
Temporary variable
Temporary variable

Labeled COMMON
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LOCX

- LOCY

MASBAL

MASOUT
MASS
MASSIN
MAXSZ
MOTION
MXITCY
MXITTS
N

NAQ

NFILE

NFIT

NIT

NITCY

NMAX
NOFILE

NOUT

NTAPE

NWELLS

NX

NXL1

Coordinate of x node at a well

Coordinate of y node at a well
Subroutine which calculates the material balance at
each time step

Fluid leaving system in a time step, ft3

‘Subroutine which solves the solute tramsport equation

Fluid entering system in a time step, ft3

Maximum storage available in blank COMMON
Subroutine which solves the fluid flow equations
Maximum number of iterations per cycle

Maximum number of iterations per time step
Temporary index

Number of active layers in the fluid flow model

File number where mext write occurs on magnetic tape
or disk

Number of iterations to convergence in the fluid flow
model

Number of iterations completed in a time step or number
of iterations for solution of solute transport equation

Temporary variable used in calculating {teration
parameters

Maximum value of NX,NY,NZ
Temporary variable

Number of times at which tape and printed output are
requested

Identification number of magnetic tape which is used

for input and output of intermediate arrays at specified
times

Number of wells where injection/withdrawal occurs

Number of grid nodes in the x direction

Number of grid nodes in x direction minus }
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NY = Number of grid nodes in y direction
NYL1 # Number of grid nodes in y direction minus 1

NZ = Number of grid nodes in the z direction, solute
transport model

NZA = Number of grid nodes im the Z direction, fluid flow
model .
NZL1 = Number of grid nodes in 2z direction (solute transport

model) minus 1

oUT = Labeled COMMON

PARAM = [abeled COMMON

PORO = Porosity of porous media

PREP = Subroutine which controls overall computations

PRES = Hydraulic head at a node, ft of fluid

PXX = Temporary Qariable

PZZ = Temporary variable

Q = Rate of fluid injected/withdrawn per cell at each grid node
QACCUM = Solute accumulated in system in a time step, lby

QBOUN = Solute exchanged with surroundings in the last time by

dispersion, 1b,
QDUMMY = Temporary variable

QEX = Solute exchanged with surroundings in a time step by
dispersion and convection, lby

QEXCHG = Coefficient of solute exchange with surroundings at a
node

QINJ = Solute‘injected in a time step, lbg

QTRANS = Subroutine which reads and writes mass transfer

coefficients at the boundaries

R = Temporary variable used in solution of tridiagonal
matrix equation

KECORD = Subroutine which writes arrays on tape for resumption
of computations at a later time
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RHOPOR

RHOR

RHOW

RSTART

RSTRT

SAVE

SDUMMY

SIGN

SOLUTE

STRT

SUMGAM

SUMR

SUMZET

THOMAS

TINC

TLAST

TLIM

TLONG

TLONGD

Density of skaletal componeat of the porous media
Bulk density of porous media
Density of fluid

Subroutine which reads magnetic tape or disk to begin
calculations from data stored on magnetic tape or disk

Variable which controls calls to Subroutine RSTART
When RSTRT > O, program starts from data read from
magnetic tape or disk

When RSTRT = (0, all data ig read in on punched cards
A variable which controls writing on magnetic tape or
disk

When SAVE = {, no results are written

When SAVE = >0, intermediate output occurs om magnetic

tape or disk at specified times and when execution is
terminated by the program

Temporary variable
Coefficient indicating direction of velocity components

Dictomous variable for selecting solution of the solute
transport equation

{ 0 solute transport equation not solved

> 0 solute transport equations solved

Subroutine which reads and writes the initial head
distribution

Total change in head for a time step

Sum of residuals from iterative solution of fluid flow
or solute transport equations

Concentration change per time step at each grid node

Subroutine which solves the system of linear equations
when the coefficients are in tridiagomal form

Proportionate increase in time step per ilteration
Processor time at the beginning of last time step
Maximum processor time milliseconds

Maximum time that well injection/withdrawal rates and
concentrations remains at current value in seconds

TLONG in days
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TLONGO = Previous value of TLONGD
TMAX o Maximum time of simulation

TMNOW = Subroutine which returns the elapsed processor time
since beginning of execution

TNEXT = Estimated processor time at end of next time step,
milliseconds

TNOW = Elapsed processor time in milliseconds

TOACC = Total accumulation of fluid since the beginning of

injection, ft3

TODAYS = Cumulative period of simulation, days

TOINJ = Cumulative fluid injected, ft3

TOLD = Concentration change at a node per time step

TOOUT = Cumulative fluid leaving system, fe3

TOQEX = Cumulative solute exchanged with surroundiﬁgs

TOQINJ = Cumulative solute injected in system

TOSEC = Time in seconds which corresponds to the current value

of TOUT( ) which is in days
TOTAL = Cumulative period of simulation, sec

TOUT = Times where printed and magnetic tape output (If SAVE
> 0) are specified in the input data

TPRO = Maximum processor time in hundredths of an hour
TREF = Reference temperature for viscosity calculations
TS = Labeled COMMON

TTIME = Estimated simulation time at end of next time step
VCX = (pefficient of x direction convection term

vCY = Coefficient of y direction convection term

VCZ = Coefficient of z direction convection term

VisSCOos = Viscosity of fluid

VISW( ) = Arithmetic statement function which computes the

viscosity of water at the temperature specified in
the argument, 1b,/ft sec
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SCONV

YCONV

ZCONV

ZETA

Temporary variable used in the solution of the
tridiagonal system of linear equations

Dummy variable used to set up variable arrays in blank
COMMON

Temporary variable used to set up coefficients of
tridiagonal matrix equatiocn

Temporary variable used to set up coefficients of
tridiagonal matrix equation

Solution variables of tridiagonmal matrix equatiom

Temporary variable used to set up coefficients of
tridiagonal matrix equation

Concentration change from z sweep of solute tranmsport
equation
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D.2.2 Listings of Source Codes

The Fortran source codes for the programs and subprograms are listed
on the following pages. The programs and subprograms are listed in alpha-

betical order.
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- 812

810
8065

817

808

BOS

820

821

826

SUBROUTINE ADISP

THIS SUBROUTINE READS AND WRITES THE ANISOTROPIC EFFICTIVE

DISPERSION COEFFICIENT MATRIX

SUBROUTINE ADISP(NX,NY,NZ,NZ& /NMAX 6ALPHA,BETA,BCONC,COEFX,COEFY,

ADISO0010
ADIS0G20
ADIS0030
ADIS0040

1COEFZ, COVERX , COVERY , COVERZ ,DELTA, DRAWDN , EPSILN, EXCHG , GAMMA , HEAD , DXADIS0050
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R,W,Z)ADIS0060

THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME

ADISC070

DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,ADIS0C80
INY ,N2A),COEFY(NX,NY,NZA) ,COEFZ (NX,NY ,NZA) ,COVERX(NX,NY,NZ4} ,COVERYADISG090

2(NX,NY,NZA) ,COVERZ (NX,NY ,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN (NX,NY,NZA),

ADIS0100

3EPSILN(NX,NY,NZ) ,EXCHG(NX,NY,NZ ) ,GAMMA (NX,NY,NZ) ,HEAD (NX,NY,NZA},ADISO110
4DX(NX,NY,NZ) ,DY(NX,NY,N2} ,DZ(NX,NY ,NZ) ,PRES(NX,NY,NZ4) ,Q(NX,NY,NZAADISC12
5) ,QEXCHG (NX,NY,NZ) ,SUMGAM(NX,NY,NZA) ,SUMZET(NX,NY,NZ), S5 (NX,NY,NZAADISO130

6),F(NX,NY,NZ) ,ZETA(NX,NY,NZ) ,CINJ(NX,NY)
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME

ADISZ0140
ADISOL1E0

DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX) ,R(NMAX) ,W(NMAX) ,ADISC160

1Z (NMAX)

COMMON/PARAM/AFMT(20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY,DELZ,

ADISQ170
ADISC180

1ELIM,EXPAN,H1,HMAX ,HMIN, L, MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1,RHOPOR, ADIS0190

2RHOW, TOTAL, VISCOS

COMMON/SAVED/SAVE,, CFILE, NFILE ,NTAPE,,RSTRT,,KEND
REAL MASSIN,MASOUT,DX,DY,DZ
IF(RSTRT.GT.0.) GO TO 810

READ (5 ,AFMT) (((DX(I,J,K),I=1,NX),J=1,NVY
READ(5,AFMT) (((DY(I,J,K),I=1,NX),J=1,NY
READ(5,AFMT) (((Dz(I,J,K),I=1,NX),J=1,NY
DO 812 K=1,NZ

DO 812 J=1,NY

DO 812 I=1,NX
DX(I,J,K)=DX(I,J,K)/3600.0
DY(I,J,K)=DY(I,J,K}/3600.0
DZ(I,J,K)=DZ(I,J,K)/3600.0

CONTINUE _
OUTPUT OF DISPERSION COEFFICIENT MATRIX
WRITE(6,8065)

FORMAT (' 1ANISCTROPIC DISPERSION COEFFICIENTS, LB/SEC/FT')
DO 821 K=1,NZ

LIM1=1

LIM2=9

TF(NX.LE.LIM2)LIM2=NX

WRITE(6,808) K,(I,I=LIM1,LIM2)
FORMAT(//,3X,2HK=,12,//,4X,9(5X,12
DO 820 J=1,NY

WRITE(6,809) J, (DX(I,J,K),I=LIM1,LIM2)
FORMAT(2X,12,9¢(2%,E11.4))

CONTINUE

IF(LIM2.EQ.NX)GO TO 821

LIM1=LIM1+9

LIM2=LIM2+9

GO TO 817

CONTINUE

WRITE(6,826)

FORMAT (1H1,3X, 11HY-DIRECTION)

DO 831 K=1,NZ

e S NS
ol ol
[T |
o e
-
fun |
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ADIS02G0
ADIS0210
ADIS0220
ADIS0230
ADIS0240
ADIS0250
ADIS0260
ADIS0270
ADIS0280
ADRIS0290
ADIS0300
ADIS0310
ADIS0320
ADIS0330
ADIS0340
ADIS0350
ADIS0360
ADISO0370
ADISC380
ADIS0350
ADIS0400
ADIS0410
ADIS0420
ADTIS0430
ADIS0440
ADTS0450
ADIS0460
ADIS0470
ADIS0480
ADIS0490 -
ADISO500
ADIS0510
ADIS0520
ADISO530

ADIS0540



827

830

831

836

837

B40

841

LIMI=1
LIM2=9

IF(NX.LE.LIM2)LIM2=NX
WRITE(6,808) K, (I,I=LIM1,LIM2)
DO 830 J=1,NY
WRITE(6,809) J,

CONTINUE

IF(LIM2.EQ.NX)GO TO 831
LIM1=LIM1+9
LIM2=LIM2+9

GO TG 827
CONTINUGE

WRITE(6,836)
FORMAT (1H1, 3X, 11HZ-DIRECTION)
DO 841 K=1,NZ

LIM1=1
LIM2=9

IF(NX.LE.LIM2) LIM2=NX

WRITE(6,808) K, (I,I=LIM1,LIM2)

DO 840 J=1,NY

WRITE (6,809} J, (DZ(I,J,K),I=LIM1,LIM2)

CONTINUE

IF(LIM2.EQ.NX)GO TO 841
LIMI=LIM1+9
LIM2=LIM2+9

GO TO 837
CONTINUE
RETURN
END

(bY(1,J,K),I=LIM1,LIM2)
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ADIBOSS5
ADISCS56
ADISO57C
ADISQ530
ADIS0590
ADISG600
ADIS0610
ADISO620
ADIB0E3C
ADISGe40
130850
ADIS0680
ADISC670
I5068C
ADIS06%0
ADISO700
ADIS071
ADIS0720
ADIS0730
ADISQ740
ADIS0750
ADISG760
ADISO770
ADIS0780
ADIS0790
ADIS0800
ABIS0810
ADIS0820C
ADIS0830
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842

810
816

BO8

809
820

821

SUBROUTINE APERM APEROOLO

THIS SUBROUTINE READS AND WRITES THE ANISOTROPIC PERMEABILITY iggigggg
3
giggggTINE APERM{(NX,NY,NZ ,NZA,NMAX, ALPHA, BETA, BCONC, COEFX, COEFY, APER004D
1COEFZ, COVERX, COVERY , COVERZ ,DELTA , DRAWDN , EPSTLN, EXCHG , GAMMA , HEAD , DXAPERCO50
2,DY,DZ, PRES, Q, QEXCHG, SUMGAM , SUMZET, S5, F, 2ETA, CINJ , 4,8, C,D, 6, R, W, 2) APER0060
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME APERQ070
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX{NX,APEROCS0
INY,N24) , COEFY (NX,NY ,NZA) ,COEFZ (NX,NY,NZA) , COVERX (NX, NY,NZA) , COVERYAPER0090
2 (NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA (NX,NY ,NZ) ,DRAWDN (NX ,NY,NZA), APER0100

SEBSTLN(NX,NY,NZ) , EXCHG (NX, NY,NZ ), GAMMA(NK NV, N7}, HEAD (N, XV NZ4) , APERO110

ADX(NX,NY,NZ),DY(NX,NY,NZ),DZ(NX,NY,NZ),PRES(NX,NY,NZA),Q(NX,NY,NZAAPER0120
5),QEXCHG(NX,NY,NZ},SUMGAM(NX,NY,NZA),SUMZET(NX,NY,NZ),SS(NX,NY,NZAAPEROISO

6),F(NX,NY,NZ),ZETA(NX,NY,NZ),CINJ(NX,NY)
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME

APER0140
APERG150

DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX),W(NMAX),APEROIéO

1Z(NMAX)

COMMON/PARAM/AFMT(ZO),BFMT(ZO),CFMT(ZO),DELT,DELX,DELY,DELZ,

APER0170
APERC180

lELIM,EXPAN,Hl,HMAX,HMIN,L,MXITCY,MXITTS,NIT,NXLI,NYLl,NZLl,RHOPOR,APER019O

2RHOW, TOTAL,VISCOS

APER0200
COMMON/AQLIM/KFAQ,KLAQ, NAQ APER0210
COMMON/SAVED/SAVE , CFILE ,NFILE , NTAPE , RSTRT, KEND APER0220
REAL MASSIN,MASOUT,DX,DY,DZ APER0230
IF(RSTRT.GT.0.) GO TO 810 APER0240
READ(S,AFMT) (((GOVERX(I,J,K),I=1,NX),J=1,NY),K=1,NZA) APER0250
READ(S,AFMT) (((COVERY(I,J,K),I=1,NX),J=1,NY},K=1,NZA) APER0260
READ(S,AFMT) (((COVERZ(I,J,K),I=1,NX),J=1,NY),K=1,NZA) APER0270
DO 842 X=1,NZA APER0280
DO 842 J=1,NY APER0290
DO 842 I=1,NX APER0300
COVERX(I,J,K)=COVERX(I,J,K)*RHOW*32.17,/VISCOS APER0310
COVERY(I,J,K)=COVERY(I,J,K)*RHOW*32.17/VISCOS APER0320
COVERZ(I,J,K)=COVERZ(I,J,X)*RHOW#32.17 /VISCOS APER0330
CONTINUE APER0340
OUTPUT OF ANISCTROPIC PERMEABILITY TENSOR ~ APERG350
WRITE(6,816) APER0360

D=20

FORMAT('1 ANISOTROPIC PERMEABILITY TENSOR, (SEC)-1 ** ADJUSTED FORAPER0370
1VISCOSITY AND DENSITY') APER(C380
DG 821 XK=1,NZA APER(G390
M=K+KFAG-2 APER04Q0O
LIM1=1 APERG410
LIM2=9 APERC420
" IF(NX.LE.LIM2)LIM2=NX APERO430
WRITE(6,808) M, (I,I=LIM1,LIM2) APERO440
FORMAT(//,3X,2HK=,I2,//,4X,9(5X,IZ,6X),//) APERO4SQ
DO 820 J=1,NY APERO460
WRITE (6,809) J,(COVERX(I,J,K),I=LIM1,LIM2) APER0470
FORMAT(2X,12,9(2X,E11.4)) APER0480
CONTINUE APER0490
IF(LIM2.EQ.NX)GO TO 821 APERG500
LIMI=LIMI+9 APERO510
LIM2=LIM2+9 APEROS520
GO0 TC 817 APERO530
CONTINUE APER0540



826

827

830

831

836

837

B40

841

WRITE (6,826)

FORMAT (1H1,3X, 11HY-DIRECTION)
DO 831 K=1,NZA

M=K+KFAQ-2

LIM1=1

LIM2=9

IF(NX.LE.LIM2)LIM2=NX

WRITE (6,808) M, (I,I=LIM1,LIM2)
DO 830 J=1,NY

WRITE(6,809) J,(COVERY(I,J,K),I=LIMI,LIM2)
CONTINUE

IF(LIMZ.EQ.NX)GO TO 831
LIMI=LIM1+9

LIM2=LIM2+9

GO TO 827

CONTINUE

WRITE (6,836)

FORMAT (1H1, 3X,11HZ-DIRECTION)
DO 841 K=1,NZA

M=K+KFAQ-2

LIM1=1

LIM2=9

IF(NX.LE.LIMZ) LIM2=NX
WRITE(6,808) M, (I,I=LIM1,LIM2)
DO 840 J=1,NY

WRITE(6,809) J, (COVERZ(I,J,K),I=LIM1,LIM2)
CONTINUE

TF(LIM2.EQ.NX)GO TO 841
LIM1=LIM1+9

LIM2=LIM2+9

GO TO 837

CONTINUE

RETURN

END
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APERC350
APERO560
APERC370
APERO580
APER0590
APERC&00
APER0610
APER0620
APERDE30
APER0S40
APEROESD
APERO660
APERO670
APER0G80
APERO690
APERQ700
APER0O710
APERO720
APERG730
APERG740
APERG750
APERG760
APERO770
APERQ780
APERQ790
APEROS0O0
APERQE10
APER0OB20
APEROB30
APEROS4C
APERO850
APERO860
APERQ870
APERQ&80
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SUBROUTINE BALANC BALCO010
THIS SUBROUTINE CALCULATES THE COMPONENT MASS BALANCE FOR THE  BALC0020
AQUIFER AND PRINTS THE SOLUTION OF EQUATION OF CONSERVATION OF  BALCOC30
MASS BALCOC40

SUBROUTINE BALANC (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,BALCO0S0
1COEFZ ,COVERX ,COVERY ,COVERZ ,DELTA , DRAWDN , EPSILN,EXCHG, GAMMA , HEAD , DXBALCOG60
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM , SUMZET, SS,F, 2ETA,CINJ,A,B,C,D,G,R, W, 2)BALCO070
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME BALCOOSO
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,BALC0O090

INY,NZA) ,COEFY{NX,NY ,NZA},COEFZ (NX,NY,NZA) , COVERX (NX,NY,NZA) , COVERYBALCO 100

2(NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA (NX,NY ,NZ) , DRAWDN (NX ,NY,NZA), BALCO110

SEPSILN(NX,NY,NZ) ,EXCHG (NX,NY,NZ ),GAMMA(NX,NY,NZ),HEAD(NX,NY,NZA),BALCO120

4DX(NX,NY,NZ),DY (NX,NY,NZ),DZ (NX,NY ,NZ) , PRES (NX,NY,NZA) , Q(NX,NY ,NZABALCO130

5),QEXCHG (NX,NY,NZ) , SUMGAM(NX ,NY ,NZA) , SUMZET (NX,NY ,NZ) , SS (NX,NY ,NZABALC0 140

6) ,F(NX,NY,NZ),ZETA(NX,NY,NZ) ,CINJ(NX,NY)
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME

BALLO150
BALCO160

DIMENSTON A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX) ,R(NMAX),W(NMAX),BALCO170

1Z (NMAX)

COMMON/PARAM/AFMT(20) ,BFMT(20),CFMT(20) ,DELT,DELX,DELY,DELZ,

BALCO180
BALC0190

1ELIM,EXPAN,H1 ,HMAX ,HMIN, L, MXITCY ,MXITTS,NIT ,NXL1,NYL1,NZL1 ,RHOPCR, BALCO200

2RHOW, TOTAL,VISCOS BALC0210
COMMON/OUT/KEY,TOINJ, TOCUT,TOQINJ, TCQEX, TOQACC BALCO220
COMMON/AQLIM/KFAQ,KLAQ,NAQ BALC0O230
COMMON/ITER/H BALCO240
COMMON/WELLS/LCCX(530) ,L0CY(50) ,NWELLS BALCO250
- REAL MASSIN,MASOUT,DX,DY,DZ BALCO260
QINJ=0.0 BALCO270
QACCUM=0.0 BALCOZ280
QEX=0.0 BALCO290
QBOUN = 0. BALCO300
CONV = 0. BALCO0310
QTERM = 0. BALCO320
EITER = 0. BALCO330
H2 = H BALCO340
IF(NIT.3T.1) H2= H1 BALCO350
CALCULATE LOCAL ENTHALPY EXCHANGE WITH SURROUNDINGS BALCO360
B0 10 K=2,NZL1 BALCO370
DO 10 J=2,NYL1 BALCO380
B{J) = FLOAT(J-1)*DELY -DELY/Z2. BALCO390
LO 10 I=2,NXL1 BALCO4CO
A(I) = FLOAT(I-1}*DELX~-DELX/Z. BALCO410
EXCHG(I,J,K) =EXCHG(I,J,K)*RHCOW*(F(I,J,K)) BALCO420
CONV=CONV+EXCHG(I,J,K) BALCC430

QBOUN = QBOUN + QEXCHG(I,J,K)*(BCONC(I,J,K)-(2.*F(I,J,K)-SUMZET(I,

BALCO440

1J,K})/2. )*DELX*DELY*DELZ*DELT BALCO450
CALCULATE TOTAL MASS INJECTED IN CONTROL VOLUME BALCO460
QDUMMY = 0. BALCO4T0
SDUMMY=0. BALCO480
N=K-KFAG+2 BALCO450
IF(X.LT.KFAQ.OR.K.GT.KLAQ) GO TO 5 BALCO500
FAVE={2.0*F(I,J,K)-SUMZET(I,J,K})/2.0 BALCO510
QDUMMY=Q(I,J,K)*FAVE BALCOS20
IF(Q(I,J,K).GT.0.0) QDUMMY=Q(I,J,K)*CINI(I,J) BALCO530
SDUMMY=SUMGAM(I,J,N) BALCO540
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5

c

10

980

40

50

55
60
70

867

QINJ=QINJ+QDUMMY*RHOW*DELT

QACCUM=(RHOPOR*SUMZET(I,J,K) - EXPAN*SDUMMY*(F(I,J,K)))
1*DELX*DELY*DELZ +QACCUM

SUM OF RESIDUALS _

EITER =EITER+H2*(ZETA(I,J,K)-EPSILN(I,J,K))
1¥*DELX*DELY*DELZ*DELT

CONTINUE

QEX=CONV+QBOUN

TOQEX=TOQEX+QEX

TOQINJ=TOQINJ+QINJ

TOQACC=TOQACC+QACCUM

DIF1=TOQINJ+TOQEX

DIF2 =DIF1-TOQACC

DIF3=QINJ+QEX

DIF4 =DIF3-QACCUM

IF(XEY.GT.0) WRITE(6,980)

FORMAT (1H1)

WRITE(6,20) TOQINJ,TOQEX,DIF1,TOQACC,DIF2
WRITE(6,30)QINJ,CONV,QBOUN,QEX,DIF3,QACCUM,DIF4 ,NIT,EITER
TF(KEY.EQ.0) RETURN

OUTPUT OF WELL INJECTION/WITHDRAWL RATES/CONCENTRATIONS

IF (NWELLS.LE.0) GO TO 70

WRITE(6,40) _
FORMAT(1H1,5X, 4HWELL, 9%, 11HCOORDINATES , 9X, 14HINJECTION RATE,
1 3X,13HCONCENTRATION,/,19X,1HX, 11X, 1HY, 10X, 10HCU. FT/SEC,7X,

2 SHLB/LB,//)

NZAl = NZ& - 1
DO 60 L = 1,NWELLS
I=LOCX(L)
=LOCY (L)
QOUT=0.0
COUT=0.0
DO 50 K = 2,NZAl
N =K + KFAQ - 2
COUT = COUT + Q(I,J,K)*((2.0%F(I,J,N)-SUMZET(I,J,N))/2.0)
QOUT = QOUT + Q(I,J,K)
CONTINUE
TF(QOUT.LT.0.0) CINJ(I,J) = COUT/QOUT
XLOC = FLOAT(I-1)*DELX - DELX/2.0
VLOC = FLOAT(J-1)*DELY - DELY/2.0
WRITE(6,55) L,XLOC,YLOC,QOUT,CINJ(I,J)
FORMAT(6X,14,3X,2F12.0,3%,F12.4,3X,E12.4)
CONTINUE
CONTINUE
TODAYS = TOTAL/(24.%3600.)
OUTPUT OF TEMPERATURE
DO 871 K=2,NZL1
LIM1=2
LIM2=10
IF(NXL1.1E.LIM2) LIM2=NXL1
WRITE(6,1060) TODAYS
WRITE(6,1030) K
WRITE(6,1000) ( A(I),I=LIM1,LIM2)
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BALCCI50
BALCC380
BALCO370Q
BALCC58C
BALCO590
BALCO600
BALCO&1G
BALCCE20
BALCUOG30
BALLCO640
BALCOE50
BALCOe60
BALC0670
BALG0680
BALC0690
BALCG700
BALCO710
BALCO720
BALLCG730C
BALCO0740
BALCO750
BALCO760
BALCO770
BALCO780
BALCO79C
BALC0O800
BALCOS810
BALC0O820
BALCO830
BALCO8LO
BALCO850
BALCOB6O
BALCOB70
BALCO880
BALC0890
BALCOCS00
BALCOS10
BALCO%20
BALCOS30
BALCO340
BALC0950
BALCO960
BALCO%970
BALC0980
BALC0O9350
BALC1000
BALC1010
BALC1020
BALC1030
BALC1040
BALC1050
BALC1060
BALC1070
BALC108C



DO 868 J=2,NYL1 BALC1CS0

868 WRITE(6,1020) B(J), (¥F(I,J,K),I=LIM1,LIM2) BALC11i0Q
IF(LIM2.EQ.NXL1) GO TO 871 BALC1110
LIMI=LIM1+9 BALC1120
LIM2=LIM2+ 9 ) BALC1130
GO TO 867 BALC1140

871 CONTINUE ' _ BALC1150
QUTPUT OF EXCHANGE WITH BOUNDARIES BALC1160
WRITE(6,876) . BALC1170

876 FORMAT('l  MASS EXCHANGE AT EACH LOCATION - THIS TIME STEP, LB' BALC1180

1//) BALC1190
DO 881 K=2,NZL1 BALC1200
LIM1=2 BALC1210
LIM2=10 BALC1220

877 IF(NXL1.LE.LIM2) LIM2=NXLl BALC1230
WRITE(6,808) K, (I,I=LIM1,LIM2) BALC1240
DO 8806 J=2,NYL1 BALC1250
WRITE(6,809) J, (EXCHG(I,J,K),I=LIM1,LIM2) BALC1260

808 FORMAT(//,3X,2HK=,12,//,4X,9(5X,12,6X),//) BALC1270

809 FORMAT(2X,I2,9(2X,E11.4)) RALC1280

880 CONTINUE . BALC1290
IF(LIM2.EQ.NXL1) GO TO 881 BALC1300
LIM1=LIM1+9 BALC1310
LIM2=LIM2+9 BALC1320
GO TO 877 BALC1330

881 CONTINUE - BALC1340
RETURN BALG1350

20 FORMAT('O COMPONENT MASS INJECTED TO DATE',15X,E12.4,/, BALC1360
17X, 'TOTAL MASS EXCHANGED WITH SURROUNDINGS ' E12.4, BALC1370
2//,40X, BALC 1380
3'DIFFERENCE ',E12.4,//,7X, 'CALCULATED ACCUMULATION TO DATE', BALC1390
415X,E12.4,//,40%, "ERROR " ,23X,E15.56) BALC1400
30 FORMAT(////,7X,'MASS INJECTED IN LAST TIME PERIOD',13X, BALC1410
1E12.4,/,7X, "MASS EXCHANGED WITH SURROUNDINGS', . BALC1420
2/,16%, "CONVECTION',12X,E12.4,/,16X, 'DIFFUSION ',12X,E12.4,/, BALC1430
316X, 'TOTAL',32X,E12.4,//,40X, 'DIFFERENCE  ',El12.4,//,7X, . BALC1440
4"CALCULATED ACCUMULATION IN LAST TIME PERIOCD ',E13.4,//, BALC1450
5 40X, 'ERROR'.23¥%,E15.6,////,3X, '"NUMBER OF ITERATIONS',IS5,/, BALC1460
63X, 'SUM OF RESIDUALS',8%,E12.6) BALC1470

1000 FORMAT('0'///' VY',41X,'DISTANCE FROM ¥ AXIS ORIGIN',/' FEET',49X, BALC1480

1'FEET'/' ',6X, 9F12.0//) BALC1490

1020 FORMAT('C’,F6.0, 9E12.4) BALC1500

1030 FORMAT{'0',//' CONCENTRATION DISTRIBUTION FOR LAYER NUMBER',I3, ' BALC1510

1LB/LB WATER') BALC1520

1060 FORMAT('1TOTAL TIME SIMULATED ',F10.2,' DAYS") BALC1530
END BALC1540
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SUBROUTINE COEXCH COZX0010
THE MASS TRANSFER COEFFICIENTS WHICH DEFINE THE BOUNDARY COEX0C20
CONDITIONS ARE READ IN AND PRINTED OUT COEX0030

SUBROUTINE GCOEXCH (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,COEXC040
1GOEFZ ,COVERX, COVERY, COVERZ , DELTA , DRAWDN, EPSIIN, EXCHG , GAMMA , HEAD , DXCOEX0030
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 8S,F, ZETA,CINJ,A,B,C,D,G,R,W,Z)COEX0060
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME COEX0070
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,COEX008C
INY,NZA) ,COEFY (NX,NY,NZA),COEFZ (NX,NY,NZA) , COVERX (NX,NY ,NZA) , COVERYCOEX0090
2(NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN (NX,NY,NZA), COEX0100
3EPSILN(NX,NY,NZ) ,EXCHG(NX,NY,NZ ),GAMMA(NX,NY,NZ) ,HEAD(NX,NY ,NZA),COEX0110
4DX (NX,NY,NZ) ,DY(NX,NY,NZ) ,DZ(NX,NY,NZ},PRES (NX,NY,NZA) ,Q(NX,NY ,NZACOEX0120
5),QEXCHG(NX,NY,NZ) , SUMGAM(NX ,NY,NZA) , SUMZET (NX,NY,NZ) , SS (NX,NY ,NZACOEX0130

6),F(NX,NY,NZ),Z2ETA(NX,NY,NZ) ,CINJ(NX,NY)
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME

COEX0140
COEX0150

DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX) ,R(NMAX),W(NMAX) ,COEX0160

1Z (NMAX)
COMMON/PARAM/AFMT(20) ,BFMT(206) ,CFMT(20) ,DELT ,DELX,DELY,DELZ,

COEX017¢C
COEX0180

1ELIM,EXPAN,H1,HMAX HMIN,L MXITCY ,MXITTS,NIT,NXL1,NYL1 ,NZL1 ,RHOPOR ,COEX0 190

2RHOW , TOTAL, VISCOS COEX0200
REAL MASSIN,MASOUT,DX,DY,DZ COEX0210
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND COEX0220
COMMON/AQLIM/KFAQ,KLAQ,NAQ COEX0230
INTEGER CFILE COEX0240
IF(RSTRT.GT.0.) GO TO 790 COEX0250
READ(5,BFMT) (((COEFX(I,J,X),I=1,NX),J=1,NY),K=1,NZA) COEX0260
READ(5,BFMT) (((COEFY{I,J,K),I=1,NX},J=1,NY),K=1,NZA) COEX0270
READ(5,BFMT) (((COEFZ(I,J,K),I=1,NX),J=1,NY),K=1,NZA) COEX0280

" DO 812 K=KFAQ,KLAQ : COEX0290
DO 812 J=1,NY COEX0300

DO 812 I=1,NX COEX0310

N =K - KFAQ + 2 COEX0320
COEFX(I,J,N) = COEFX(I,J,N)/VISCOS COEX0330
COEFY(I,J,N) = COEFY(I,J,N)/VISCOS COEX0340
COEFZ(I,J,N) = COEFZ(I,J,N)/ VISCOS COEX0350

812 CONTINUE COEX0360
790 DO 800 K=1,NZA COEX0370
DO 80¢ J=1,NY COEX0380

DC 800 I=1,NX COEX0390
SUMGAM(I,J,K)=COEFX(1,J,K}+COEFY(I,J,K)+COEFZ(I,J,K) COEX0400

800 CONTINUE COEX0410
WRITE(6,806) COEX0420

806 FORMAT('1SUM OF COEFFICIENTS OF EXCHANGE WITH BOUNDARIES, 1/SEC', COEX0430
1'/FT HEAD',//) COEX0440

DO 811 K=1,NZA COEX0450
M=K+KFAQ-2 COEX0460
LIM1=1 COEX0470
LIM2=9 COEX0480

807 IF(NX.LE.LIM2)LIM2=NX COEX0490
WRITE(6,808) M, (I,I=LIM1,LIM2) COEX0500

808 FORMAT(//,3X,2HK=,12,//,4X,9(5X%,12,6X),//) COEX0510
DO 810 J=1,NY COEX0520
WRITE(6,809) J, (SUMGAM(I,J,K),I=LIM1,LIM2) COEX0530

809 FORMAT(2X,12,9(2X,E11.4)) COEX0540
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810 CONTINUE
IF(LIM2.EQ.NX)GO TO 811
LIMI=LIM1+9
LIM2=LIM2+9
GO TO 807

811 CONTINUE
RETURN
END
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SUBROUTINE CONC CONCOC1LO
THE INITIAL CONCENTRATION DISTRIBUTION IS SPECIFIED CONCOQ20
SUBROUTINE CONC(NX,NY,NZ,NZA,NMAX, ALPHA,BETA,BCONC,COEFX,COEFY, CONCCQ30

1COEFZ ,COVERX,COVERY,COVERZ ,DELTA , DRAWDN,EPSILN,EXCHG , GAMMA ,HEAD ,DXCONCOG40
2,DY,DZ,PRES, Q,QEXCHG, SUMGAM, SUMZET ,SS,F, 2ETA,CINJ ,A,B,C,D,G,R,W,Z)CONCO050
THREE DIMENSIONAL ARRAYS~-~SIZE SPECIFIED AT EXECUTION TIME CONCO0050
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC (NX,NY,NZ),COEFX(NX,CONCG0G70
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY ,NZA} ,COVERX(NX,NY ,NZA) ,COVERYCONCCOSC
2(NX,NY,NZA),COVERZ (NX,NY,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN (NX,NY,NZA}, CONC0O030
3EPSILN(NX,NY,NZ),EXCHG(NX, ,NY,NZ ),GAMMA(NX,NY,NZ),HEAD (NX,NY,NZA} ,CONCC100
4DX(NX,NY,NZ) ,DY(NX ,NY ,NZ2},DZ (NX,NY ,NZ) ,PRES (NX,NY,NZA) ,Q(NX,NY ,NZACONCC110
5) ,QEXCHG (NX,NY,NZ) , SUMGAM(NX,NY NZA) SUMZET (NX,NY NZ) 35 (NX,NY ,NZACONCG120
63 ,F(NX,NY,NZ),ZETA(NX,NY ,NZ) ,CINJ(NX,NY) CONCO130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME CONCO:&D
DIMENSION A(NMAX),B(NMAX),C({NMAX) ,D{NMAX) ,G(NMAX),R(NMAX) ,W(NMAX) ,CONCO150D
1Z (NMAX) ‘ CONCD160D
COMMON/PARAM/AFMT (20} ,BFMT(20),CFMT(20) ,DELT,DELX,DELY,DELZ, CONCOD170
1ELIM,EXPAN,H1 ,HMAX ,HMIN, L ,MXITCY ,MXITTS ,NIT ,NXL1,NYL1,NZL1 ,RHOPCR,CONCO180C

2RHOW , TOTAL,VISCOS CONCC150
COMMON/AQLIM/KFAQ,KLAQ,NAQ CONCO200
REAL MASSIN,MASOUT,DX,DY,DZ CONCC210
INTEGER CFILE CONC0220
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND CONCO0230
THE INITIAL TEMPERATURE IS ASSIGNED TO EACH CELL CONCO240
IF(RSTRT.GT.0.) GO TO 800 CONCO250
READ(5,CFMT) (((F(I,J K) I=1,NX),J=1,NY),K=1,NZ) CONCC260
WRITE (6, 806) CONC0270
FORMAT(1H1, 'INITIAL CONCENTRATION DISTRIBUTION, LB/LB',//) CONCO0280
DO 811 K=1,NZ CONCO290
LIMIi=1 CONCO0300
LIM2=9 CONCG310
IF(NX.LE.LIM2)LIM2=NX CONCO0320
WRITE(6,808) K, {(I,I=LIM1,LIMZ) CONCO0330
FORMAT(//,3X,2HK=,12,//,4X,9(5X,12,6%X),//) CONCO0340
DO 810 J=1,NY CONCO0350
WRITE (6, 809) J,(F(I,3,K),I=LIM1,LIN2) CONCO360
FORMAT(2X,12,9(2X,E11.4)) CONC0370
CONTINUE CONC0380
IF(LIM2.EQ.NX)GO TO 811 CONC0350
LIMI=LIMIi+9 CONC0400
LIM2=LIM2+5 CONCO410
GO TO 807 CONC0420
CONTINUE CONCO430
RETURN CONCO&40
END CONCO0450
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SUBROUTINE CONHD CNHDCG 10
CONSTANT HEAD BOUNDARIES CNHDOG20
SUBROUTINE CONHD(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, CNHDOO30
1COEFZ ,COVERX, COVERY ,COVERZ , DELTA , DRAWDN , EPSILN, EXGHG , GAMMA , HEAD , DXCNHD0040
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, 2ETA,CINJ,A,B,C,D,6,R, W, 2)CNHDOOS0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME CNHDOO&0
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX (NX,CNHBOO70
INY,NZA) ,COEFY(NX,NY ,NZA) ,COEFZ (NX,NY,NZA) , COVERX (NX,NY ,NZA) , COVERYGNHD0OO80
2 (NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA(NX,NY,NZ) , DRAWDN (NX,NY ,NZ4), CNHDO090
3EPSILN(NX,NY,NZ) ,EXCYG{NX,NY,NZ ),GAMMA (NX,NY,NZ),HEAD (NX,NY,NZA) ,CNHD0100
4DX(NX,NY,NZ),DY (NX,NY,NZ) ,DZ(NX,NY,NZ) , PRES (NX,NY ,NZA) ,Q(NX,NY,NZACNHDO110
5y ,QEXCHG(NX,NY,NZ) , SUMGAM (NX,NY ,NZA) , SUMZET (NX,NY,N2) , SS (NX, NY, NZACNHD0O120
6),F(NX,NY,NZ),ZETA(NX,NY ,NZ), CINJ (NX,NY) CNHD0130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME CNHDO140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX},R(NMAX) ,W(NMAX),CNHDO150
1Z (NMAX) CNHDO160
COMMON/PARAM/AFMT(20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY ,DELZ, CNHDO170
1ELIM,EXPAN,H1,HMAX ,EMIN, L, MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1,RHOPOR ,CNHDO 180

2RHOW,TOTAL,VISCOS CNHD0190
REAL MASSIN,MASOUT,DX,DY,DZ CNHD0200
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND CNHD0210
COMMON/AQLIM/KFAQ,KLAQ,NAQ CNHD0220
INTEGER CFILE CNHDO0230
IF(RSTRT.GT.0.) GO TO 800 CNHD0240
READ(5,CFMT) (((HEAD(I,J,K),I=1,NX),J=1,NY),K=1,NZA) CNHD0250
WRITE(6,806) CNHD0250
FORMAT(1H1, 'CONSTANT HEAD BOUNDARIES, FEET '//) CNHDO0270
DO 811 X=1,NZA CNHDO0280
M=K+KFAQ-2 CNHD0290
LIM1=1 CNHDO0300
LIM2=9 CNHDO310
IF(NX.LE.LIM2)LIM2=NX CNHD0320
WRITE(6,808) M, (I,I=LIM1,LIM2) CNHD0330
FORMAT{//,3X,2HK=,12,//,4X,9(5X,12,6X),//) CNHD0340
DO 810 J=1,NY CNHDO0250
WRITE(6,809) J,(HEAD(I,J,K),I=LIM1,LIMZ2) CNHD0360
FORMAT(2X,12,9¢(2X,E11.4)) CNHDO0370
CONTINUE CNHDO380
IF(LIM2.EQ.NX)GCO TO 811 CNHDO390
LIMI=LIM1+9 CNHDG400
LIM2=LIM2+9 CNHDO410
GO TG 807 CNHDO0420
CONTINUE CNEDO430
RETURN CNHD0440
END CNHDO0450
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SUBROUTINE CONCON CRCNOO 10
CONSTANT CONCENTRATION BOUNDARY CONDITIONS CNCNGO2Z0
SUBROUTINE CONCON (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,CNCNOO30
1COEFZ ,COVERX, COVERY , COVERZ ,DELTA, DRAWDN , EPSTIN,EXCHG , GAMMA , HEAD , DXGNCR G040
2,DY,DZ,PRES,Q, QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R, W, Z)CNCNOOS0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME CNCN0060
DIMENSION ALPHA(NX,NY,NZ);BETA(NX,NY,NZ),BCONC (NX,NY,NZ),COEFX (N3, CNCNOOT0
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX ,NY ,NZA}) , COVERX (NX ,NY ,NZA} . COVERYCNCKGG30
2(NX,NY,NZA),COVERZ (NX,NY,NZA) ,DELTA (NX,NY,NZ) ,DRAWDN (NX,NY,NZA), CNCNCO%0
3EPSILN(NX,NY,NZ) ,EXCHG(NX,NY,NZ ) ,GAMMA(NX,NY,NZ) ,HEAD(NX,NY,NZ4) ,CNCNO100
4DX (NX,NY,NZ) ,DY(NX,NY,N2) ,DZ (NX,NY,N2) , PRES (NX,NY ,NZA) , Q{NX ,NY ,NZACNCNO 11
5),QEXCHG (NX,NY ,NZ) , SUMGAM (NX ,NY ,NZA} , SUMZET (NX,NY ,NZ) , S8 (NX ,NY ,NZACNCRO 120

6) ,F(NX,NY NZ},ZETA (NX,NY,NZ),CINJ(NX,NY) : CNCNO130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME CRCKO140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX) ,W(NMAX) ,CNCNC150
1Z (NMAX) CNCNO 160
COMMON/PARAM/AFMT (20) ,BFMT(20) ,CFMT (20} ,DELT,DELX,DELY,DELZ, CNCNG170

1ELIM,EXPAN,H1 HMAX ,HMIN, L, MXITCY ,MXITTS ,NIT,NXL1 ,NYL1,NZL1,RHOPOR ,CNCNC 180

2RHOW , TOTAL,VISCOS CNCNO19C
REAL MASSIN,MASOUT,DX,DY,DZ CNCNO200
COMMON/SAVED/SAVE,CFILE ,NFILE ,NTAPE ,RSTRT,KEND CNCNOZ10
INTEGER CFILE CNCNO220
IF(RSTRT.GT.0.) GO TO 800 CNCNOZ30
READ(5,CFMT) (({(BCONC(I,J,K),I=1,NX),J=1,NY),K=1,NZ) CNCNQ240
WRITE(6,806) CNCN0250
FORMAT(1H1, 'CONSTANT CONCENTRATION BOUNDARY CONDITIONS, LB/LB',//)CNCNO260
DO 811 K=1,NZ CNCNO27¢C
LIM1=1 . CNCND280
LIM2=9 7 CNCNO290
IF{NX.LE.LIM2)LIM2=NX CNCNO300

WRITE(6,808) K,(I,I=LIM1,LIM2) CNCNO310
FORMAT(//,3%,2HK=,12,//,4X,9(5X,12,6X},//) CNCNO320
DO 810 J=1,NY CNCNO330
WRITE(6,809) J,(BCONC(I,J,K),I=LIM1,LIM2) CNECNG340
FORMAT(2X,12,9(2X,E11.4)) CNCNO350
CONTINUE CNCN0360
JF(LIM2.EQ.NX;G0 TO 811 CNCNQO370
LIMI=LIM1+S CNCNO380
LIM2=LIM2+9 CNCNDO3S0
GO TG 807 CNCN0O4DO
CONTINUE CNCNO&1C
RETURN CNCNO&20

END CNCNOD430
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FUNCTION EFCOEF (COEF1,CCEF2) ECOF0010

IF(COEF1.EQ.0.0.AND.COEF2.EQ.0.) GO TO 10 ECOF002G
EFCOEF=COEF1#COEF2/ (COEF 1+CCEF2) ECOF0030
RETURN ECO¥0040
EFCOEF=0. ECOFQ050
RETURN ECOF0060
END ECOF0070
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SUBROUTINE FLGEGF(I,IEOF)
DATA EOF/4H EOF/

READ(I ,END=99) FIND
IF(FIND-EOF) 1,2,1

IEOF=1

RETURN

WRITE(6,909)

FORMAT(1HO, ' -~EQOF ON DISK--SUB FLGECF')

RETURN
END

D-31
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LGFO03G
FLGFOO040
FLGFOCSC
FLGFO06Q
FLGEFOO7C
FLCFGO8C
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SUBROUTINE IDISP IDIS0OG10
THIS SUBROUTINE READS AND WRITES THE ISOTROPIC DISPERSION IDIS0020
COEFFICIENT MATRIX IDIS0030

SUBROUTINE IDISP(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCCNC,COEFX,COEFY, IDIS0040
1COEFZ,COVERX ,, COVERY ,COVERZ , DELTA, DRAWDN , EPSILN , EXCHG , GAMMA , HEAD , DXIDIS0050
2,DY,DZ,PRES,Q, QEXCHG, SUMGAM, SUMZET, SS,F,ZETA,CINJ,A,B,C,D,G,R,W,2) IDIS0060

THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME IDIS0070

DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC (NX,NY,NZ),COEFX (NX, IDIS0080
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY,NZA) ,COVERX (NX,NY ,NZA) , COVERYIDIS0090
2 (NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN (NX,NY,NZA), IDIS0100
3EPSILN(NX,NY,NZ),EXCHG (NX,NY,NZ ),GAMMA(NX,NY,NZ),HEAD(NX,NY,NZ4),IDIS0110
4DX (NX,NY,NZ),DY{NX,NY,NZ),DZ (NX,NY,NZ) , PRES (NX,NY,NZA} ,Q (NX,NY ,NZAIDIS0120
5),QEXCHG (NX,NY ,NZ) , SUMGAM(NX ,NY ,NZA) , SUMZET (NX,NY ,NZ) , S8 (NX,NY ,NZAIDIS0130

6) ,F(NX,NY,NZ),ZETA(NX,NY ,NZ),CINJ(NX,NY) IDIS0140
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME IDIS0150
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX) ,R(NMAX),W(NMAX),IDISC160
1Z (NMAX) IDISO170
COMMON/PARAM/AFMT(20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY,DELZ, IDISO180
1ELIM,EXPAN,H1,HMAX,HMIN, L ,MXITCY ,MXITTS,NIT,NXL1,NYL1,NZL1,RHOPOR, IDIS0190

2RHOW, TOTAL, VISCOS IDIS0200
REAL MASSIN,MASOUT,DX,DY,DZ IDIS0210
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND IDIS0220
INTEGER CFILE . IDIS0230
IF(RSTRT.GT.0.) GO TO 8065 IDIS0240
ISOTROPIC DISPERSION COEFFICIENT MATRIX IDIS0250
READ(5,AFMT) (((DX(I,J,X},I=1,NX),J=1,NY),K=1,NZ) IDIS0260
DO 812 K=1,NZ IDIS0270
DO 812 J=1,NY : . : IDIS0280
DO 812 1I=1,NX - IDIS0290
DX(I,J,K)=PX(I,J,K)/3600.0 IDIS0300
CONTINUE ' IDIS0310
OUTPUT OF DISPERSION COEFFIGIENT MATRIX IDIS0320
WRITE(6,83068) IDIS0330
FORMAT(1Hi, 'ISOTROPIC DISPERSION COEFFICIENT MATRIX,', IDIS0340

1 ' LB/SEC/FT") IDIS0350
DO 811 K=1,NZ IDIS0360
LIM1=1 IDIS0370
LIM2=9 IDIS0580
IF(NX.LE.LIM2) LIM2=NX IDISG390
WRITE(6,808) K, (I,I=LIM1,LIM2) IDIS0400
FORMAT(//,3X,2HK=,12,//4X,9(5%,12,6X),//} IDIS0410
DO 816 J=1,NY IDIS0420
WRITE(6,809) J,(DX(I,J,K),I=LIM1,LIM2) IDIS0430
FORMAT(2X,I2,5(2X,E11.4)) IDIS0&440
CONTINUE : IDIS0450
IF(LIM2.EQ.NX) GO TO 811 IDIS0460
LIMI=LIM1+9 IDIS0470
LIM2=LIM2+9 IDIS0480
GO TO 807 IDIS0450
CONTINUE IDIS0500
RETURN IDIS0510
END IDIS0520
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SUBROUTINE IPERM IPERGOLC
THIS SUBROUTINE READS AND WRITES THE ISOTROPIC PERMEARILITY IPEROG20
SUBROUTINE IPERM(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, IPEROC30

1COEFZ,COVERX,COVERY,COVERZ ,DELTA,DRAWDN ,EPSILN,EXCHG , GAMMA ,HEAD , DXIPEROO4LO
2,DY,DZ,PRES,G,QEXCHG, SUMGAM, SUMZET, SS,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)IPEROO5C
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME IPEROO6G0
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ},COEFX(NX,IPERGGTC
INY ,NZA) ,COEFY (NX,NY,NZ4) ,COEFZ (NX,NY,NZA) ,COVERX {(NX,NY ,NZA) ,COVERYIPERGGS0
2(NX,NY,NZA),COVERZ(NX,NY,NZA),DELTA(NX,NY,NZ),DRAWDN{hk NY,NZA), IPHEROOS
3EPSILN(NX,NY,NZ),EXCHG(NX,NY,NZ ),GAMMA(NX,NY,NZ),HEAD(NX,NY,NZA},IPERClO
4DX (NX,NY,NZ) ,DY(NX,NY,NZ),DZ (NX,NY,NZ) ,PRES (NX,NY,NZA) ,Q{NX,NY ,NZAIPEROL1G
5),QEXCHG(NX,NY,NZ),SUMGAM(NX,NY ,NZ4) , SUMZET(NX,NY,NZ),SS (NX,NY ,NZAIPERO 120
6),F(NX,NY,NZ),ZETA{NX,NY,NZ},CINJ(NX,NY) IPER0130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME IPERG14O
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX) ,W(NMAX),IPEROL50
1Z (NMAX) ' IPER{160
COMMON/PARAM/AFMT(10) ,BFMT(10) ,CFMT(10),DELT,DELX,DELY,DELZ, IPERO1I70
1ELIM,EXPAN,H1,HMAX ,HMIN,L,MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1 ,RHOPOR, IPERO 180

()

[}

2RHOW , TOTAL, VISCOS IPERC1S0
COMMON/AQLIM/KFAQ,KLAQ,NAQ IPERD200
COMMON/SAVED/SAVE,CFILE ,NFILE ,NTAPE ,RSTRT,KEND IPERG210
REAL MASSIN,MASOUT,DX,DY,DZ IPER0220
INTEGER CFILE IPERC230
IF (RSTRT.GT.C.)GO TO 8065 IPER0240
READ (5 ,AFMT) ( ((COVERX(I,J,K),I=1,NX),J=1,NY),K=1,NZA) IPER0256
DO 812 K= KFAQ,KLAQ IPERC260
DO 812 J=1,NY IPER0270
DO 812 I=1,NX IPERGZ230
= K - KFAQ + 2 IPER029¢
COVERX(I,J,N) =COVERX(I,J,N} * RHOW*32,17/VISCOS IPER0300
COVERY(I,J,N) = COVERX(I,J,N) IPERO310
COVERZ(1,J,N) = COVERX(I,J,N) IPER0320
CONTINUE IPERC330
OUTPUT OF ISOTROPIC PERMEABILITY MATRIX IPERO340
WRITE(6,8068) IPERG230
FORMAT (' 1ISOTROPIC PERMEABILITY MATRIX, (SEC)-1 **% ADJUSTED FOR ',IPERC360
1'VISCOSITY AND DENSITY ',//) IPERD370
DO 811 K=1,NZA IPERO380
M=K+KFAQ-2 IPERC350
LIMi=1 IPER040C
LIM2=9 IPERD&10
IF(NX.LE.LIM2)LIM2=NX IPER0O420
WRITE(6,808) M,{I,I=LIM1,LIM2} IPER0430
FORMAT(//,3X,2HK=,12,//,4X,9(5X,12,6X),//) IPERG&44L0
DO 810 J=1,NY IPER0450
WRITE(6,809) J,(COVERX(I,J,K),I=LIMi,LIM2) IPERD460
FORMAT(2X,12,9(2X,E11.4)) IPERC4T0
CONTINUE IPERO480
IF(LIM2.EQ.NX)GO TO 811 IPERG490
LIMI=LIM1+9 IPERO500
LIM2=LIM2+9 IPER0510
GO TO 807 IPERO520
CONTINUE IPERO530
RETURN IPERO540
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MAIN PROGRAYM MATNIG1G
THIS PROGRAM DETERNINES THE STARTING LOCATION OF DIMENSIONED MATNOOZS
VARIABLE ARRAYS AT EXECUTION TIME USING DYNAMIC STORAGE ALLOCATIONMAINGC3O
ON THE GE 635 MAINGO4LO
DISPOSAL OF HEATED WATER THROUGH GROUNDWATER SYSTEMS MAINOO30
GROUNDWATER AQUIFER MODEL DEVELOPED UNDER OWRR-KWRRI MATCHING  MAINOO60
'GRANT CONTRACT B-023~KAN AT THE UNIVERSITY OF KANSAS MAINOOTC
LAWRENCE ,KANSAS 1574 _ MAINODSO
PRINCIPAL INVESTIGATOR G.PAUL WILLHITE MAINOGSE
RESEARCH ASSISTANT FRANCISCO SIMONPIETRI MAING100
RESEARCH ASSISTANT JAN WAGNER _ MAING110
DEPARTMENT OF CHEMICAL AND PETROLEUM ENGINEERING MAING120
MAINO1I30

MODIFIED BY JAN WAGNER, SCHOOL OF CHEMICAL ENGINEERING, MAINO14C
OKLAHOMA STATE UNIVERSITY, STILLWATER, OK 74078 MAINO150
MARCH 1982 MAINO160
MAINO170

DIMENSION TITL(40) MAINO180
COMMON X(175000) MAINO 150
COMMON/PARAM/AFMT (20} ,BFMT(20) ,CFMT(20) ,DELT,DELX ,DELY,DELZ, MAING200
1ELIM,EXPAN,H1,HMAX ,HMIN,L,MXITCY ,MXITTS ,NIT ,NXL1,NYL1,NZL1,RHOPOR ,MAING2 10
2RHOW, TOTAL, VISCOS MAING220
COMMON/CLOCK/ TLAPSE , TNEXT , TNOW MAING230
COMMON/AQUIFR/ IS0, SOLUTE MAINGZ40
INTEGER SOLUTE MAINO250
REAL MASSIN,MASOUT,DX,DY,DZ MAING260
MAXS2=175000 MAINO270
ERROR HANDLING ROUTINE _ | MAINO280
CALL ERRSET(207,260,-1,1,0,208) MAING290
180=1 IF AQUIFER IS ISOTROPIC MAINO300
CALL TMNOW1 STARTS THE PROCESSOR TIME CLOCK RUNNING MAINO310
CALL TMNOW1 MAINO32€
AT EXECUTION TIME = LIMITS-(PROGRAM+BUFFERS+FCB4MISC) IN MAXSZ  MAIN0330
READ TITLE MAINO 340
READ(5,8) (TITL(I),I=1,40) © MAINO350
FORMAT (2044, / ,20A%4) MAINO360
WRITE(6,9) (TITL(I),I=1,40) ' MAINO370
FORMAT(1H1,2X,20A4,/,3X,2084,////1) MAINO380
READ DIMENSIONS OF ARRAYS MAING390
READ(5,10) NX,NY,NZ,NZA,NMAX,ISO,SOLUTE MAINOLOO
FORMAT(715) MAIND410
WRITE (6,20) NX,NY,NZ,NZA,NMAX,IS0,SOLUTE MAINO420
NX = NUMBER OF GRIS NODES IN X-DIRECTION MAIND430
NY = NUMBER OF GRID NODES IN Y-DIRECTION MAINO44O
NZ = NUMBER OF GRID NODES IN Z~DIRECTION MAINO430
NZA = NUMBER OF GRID NODES IN Z-DIRECTION TO STORE AQUIFER ARRAYS MAINO460
NZA MUST BE LESS THAN OR EQUAL TO NZ MAINO4TG
NMAX = MAXIMUM OF NX, NY, NZ MAINO48O
STORAGE REQUIREMENT FOR EACH ARRAY APPEARS IN ( ) MAINOA4SO
IF(NZA.LE.NZ) GO TO 15 MAING500
PROGRAM TERMINATED IF ERROR IS FOUND IN INPUT DATA MAINO510
WRITE(6,12) MAINO3520
FORMAT{' PROGRAM TERMINATED IN MAIN#*NZA IS GREATER THAN NZ') MAING530
STOP MAINO540
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15 NXYZ=NX*NY*NZ

NXYZA = NX*NY*NZA

NXY = NX*NY

TALPHA = STARTING LOCATION
IBETA = STARTING LOCATION
IBCONC = STARTING LOCATION
ICOEFX = STARTING LOCATION
ICOEFY = STARTING LOCATION
ICOEFZ = STARTING LOCATION
ICOX = STARTING LOCATION
ICOY = STARTING LOCATION
.IC0Z = STARTING LOCATION
IDELTA = STARTING LOCATION
IDRAWN = STARTING LOCATION
IEPSIL = STARTING LOCATION
IEXCHG = STARTING LOCATION
IGAMMA = STARTING LOCATION
IHEAD = STARTING LOCATION
IDX = STARTING LOCATION
DY = STARTING LOCATION
IDZ = BTARTING LOCATION
IPRES = STARTING LGCATION
IQ . = STARTING LOGCATION
IQEXCH = STARTING LOCATION
ISUMGM = STARTING LOCATION
JSUMZT = STARTING LOCATION
188 = STARTING LOCATION
IT = STARTING LOCATION
IZETA = STARTING LOCATION
ICINJ = STARTING LOCATION
iA = STARTING LOCATION
1B = STARTING LOCATION
IC = STARTING LOCATION
ID = STARTING LOCATION
iG = STARTING LOCATICN
iR = STARTING LOCATION
IW = STARTING LOCATION
12 = STARTING LOCATION
TALPHA = 1

IBETA = IALPHA + NXYZ
ICOEFX = IBETA + NXYZ
ICCEFY = ICOEFX + NXYZA
ICCEFZ = ICOEFY + NXYZA
IC0X = ICOEFZ + NXYZA
ICOY = ICOX + NXYZA
IF(IS0.EQ.1) ICOY=ICOX
IC0Z = ICOY + NXYZA
IF({IS0.EQ.1) ICOZ=ICOX
IEXCHG = IC0Z  + NXYZA
IGAMMA = IEXCHG + NXYZ
IHEAD = IGAMMA + NXYZ
IPRES = IHEAD + NXYZA

14 = IPRES + NXYZA
ISUMGM = IQ + NXYZA

OF
QF
OF
OF
OF
QF
)
oF
oF
OF
QF
OF
OF
OF
OF
oF
oFr
OF
GF
OF

OF

or
OF
OF
OF
or
OF
OF
OF
OF
oF
oF
oF
ar
or

ALPHA (NXYZ)
BETA(NXYZ)
BCONC (NXYZ)
COEFX (NXYZA)
COEFY (NXYZA)
COEFZ (NXYZA)
COVERX(NXYZA)
COVERY (NXYZ4)
COVERZ (NXYZA)
DELTA (NXYZ)
DRAWDN (NXYZA)
EPSILN(NXYZ)
EXCHG (NXYZA)
GAMMA (NXYZ)
HEAD (NXYZA)
DX (NXYZ)

DY (NXYZ)

DZ (NXYZ)

PRES (NXYZA)
Q(NXYZA)
QEXCHG(NXYZ)
SUMGAM (NXYZA)
SUMZET (NXYZ)
SS(NXYZA)
F(NXYZ)
ZETA(NXYZ)
CINJ (NXY)
A(NMAX)

B (NMAX)

C (NMAX)
D{NMAX)

G (NMAX)

R (NMAX)

W (NMAX)

Z (NMAX)
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MAINO330
MAINO5&0
MAINOSTO
MAINO580
MAINOS90
MAINCEGD
MAING610
MAINO620
MAINCE3D
MAINOG4O
MAINGE30
MAINO&60
MAINO&7C
MAINO68C
MAINO&9G
MAINO70C
MAINO710
MAINQ720
MAINO730
MAINO740
MAINO750
MAINO760
MAINO770
MAINO786
MAINO7S0
MAINOSOO
MAINO810
MAINO820
MAINQ&3G
MAINO84O
MAINOB5O
MAINGS60
MAINO870
MAING8E80
MAINGES0
MAINOSGO
MAINOS10
MAINOS20
MAINO930
MAINO94O0
MAINOS30
MAINOSEOQ
MAINGS70
MAINCSBO
MAINOSS0
MAIN1OCO
MAINIO10O
MAIN1O20
MAIN1O30
MAIN1040
MAIN1050
MAIN1060
MAIN1070

MAIN1CS80
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IDRAWN = ISUMGM + KXYZA MAINZIOSO
IsS = IDRAWN + NXYZA MAIN1IGO
MAINIL1O

ARRAYS REQUIRED TO SOLVE SOLUTE TRANSPORT EQUATION MAIN1120
IBCONC = ISS + NXYZA MAIN1IIZCO
IF(SOLUTE.LE.Q) IBCONC = 1 MAIN1ILLE
iDELTA = IALPHA MATN1250
IEPSIL = IBETA ' MAINLIISD
IDX = IBCONC + NXYZ MAINILTO
IF(SOLUTE.LE.Q) IDX = 1 MATINI18O
IDY = 1DX + NXYZ MAINZII9Q
IF(ISC.EQ.1.0R.S0LUTE.LE.C) IDY=IDX MAINIZO0C
IbZ = IDY + NXYZ MAIN1Z10
IF(IS0.EQ.1.0R.SOLUTE.LE.O) IDZ=IDX MAINIZ20
IQEXCH = IDZ + NXYZ MAINIZ30
IF(SOLUTE.LE.D) IQEXCH = 1 MAIN1240
ISUMZT = IQEXCH + NXYZ MAINiZ50
IF(SOLUTE.LE.O} ISUMIT = 1 MAIN1260
IT = ISUMZT + NXYZ MAIN1270
IF(SOLUTE.LE.Q) IT = 1 MAIN1280
IZETA = IGAMMA MAINIZ90
: MAINI300

TWO - DIMENSTONAL ARRAYS FOR WELL NODES MAIN1310
ICINI = IT + NXYZ - . MAIN1320
IF(SOLUTE.LE.Q) ICINJ = ISS + NXYZA MAIN1330
' MAIN1340

ONE - DIMENSIONAL ARRAYS IN TRIDIAGONAL MATRIX EQUATIONS MATIN1350
IA = ICINJ + NXY MAIN1I360
IB = JA + NMAX A MAIN1370
IC = IB + NMAX MATN1380
D = IC + NMAX MAIN1390
iG = ID + NMAX MAIN1400
IR = IG + NMAX MAIN1410
Iy = IR + NMAX MAINIL20
IZ = IW + NMAX MAIN1430
IMAY = IZ + NMAX MATIN1440

20 FORMAT(3X,43HLIMITS USED TO SET SIZES OF VARIABLE ARRAYS,/,3X, MAIN1450
15HNX = ,15,5X,5HNY = ,I5,5X,5HNZ = ,I5,5X,6HNZA = ,I5,5X,7HNMAX = MAIN1460C
2,15,//,3X,5HIS0O =,15,5K,8HSOLUTE =,15) MAIN14T70

WRITE(6,30) IMAX,MAXSZ MAIN1480
30 FORMAT(3X,35HCOMMON REQUIRED FOR VARIABLE ARRAYS,4X,110,/,3X, MAIN1490
1'COMMON STORAGE AVAILABLE',15X,I110,////) MAINISO00
IF(IMAX.LT.MAXSZ) GO TO 50 MAIN1510
PROGRAM IS TERMINATED IF AVAILABLE COMMON STORAGE IS TOO SMALL MAIN1520
WRITE (6,40) MAXSZ MAIN1530

40 FORMAT(3X, '***PROGRAM TERMINATED--COMMON REQUIREMENT EXCEEDS SP', MAIN1540
1 'ACE ALLOCATED IN COMMON X(MAXSZ) AND MAXSZ = ',16,"' STATEMENTS')MAIN1350

STOP MAIN15£0
50 CONTINUE ' MAINIZ70
CALL PREP (NX,NY,NZ,NZA,NMAX,X(IALPHA),X(IBETA),X(IBCONC), MATN1580

1X (ICOEFX) ,X(ICOEFY),X (ICOEFZ),X(IC0X),X(ICOY),X(ICOZ),X(IDELTA) ,X(MAIN1590
2IDRAWN) ,X(IEPSIL),X(IEXCHG) ,X (1GAMMA) ,X(IHEAD),X(IDX),X(IDY),X (IDZMAIN1600.
3},X(IPRES),X(IQ),X(IQEXCH),X (ISUMGM),X (ISUMZT),X(ISS),X(IT),X(IZETMAIN1610
4A) ,X(ICINT),X(I4),X(IB),X(IC),X(ID),X(IG),X(IR),X(IW),X(IZ)) MAIN1620
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160 CONTINUE MAIN1630
STOP T MAIN1640
END MAIN1620
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SUBROUTINE MASBAL MASBOG1C
THIS SUBROUTINE CALCULATES THE MASS BALANCES FOR THE AQUIFER MASBO020
AND PRINTS OUT THE SOLUTION OF THE EQUATION OF MOTION MASBOC30
SUBROUTINE MASBAL {NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,MASBOGLO

1COEFZ , COVERX,, COVERY , COVERZ , DELTA , DRAWDN , EPSILN , EXCHG , GAMMA , KEAD , DXMASBOC50
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R,W, Z)MASE0080
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME MASBOO70
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,MASB0080
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY,NZA) ,COVERX (NX,NY,NZ4) , COVERYMASE0090
2 (NX,NY,NZA) ,COVERZ (NX,NY ,NZA) ,DELTA (NX,NY,NZ) ,DRAWDN (NX,NY,NZA), MASBC100
3EPSILN(NX,NY,NZ),EXCHG{NX,NY,NZ ),GAMMA(NX,NY ,NZ) HEAD(NX,NY,NZA) ,MASE0110
4DX (NX,NY,NZ) ,DY(NX,NY,N2Z) ,DZ (NX,NY,NZ) ,PRES (NX,NY ,NZA) , Q(NX, NY ,NZAMASBO 120
5),QEXCHG (NX,NY,NZ) , SUMGAM (NX,NY,NZA) , SUMZET (NX,NY,NZ ), SS (NX,NY ,NZAMASE0130
6) ,F(NX,NY,NZ),ZETA(NX,NY ,NZ) ,CINJ (NX,NY) MASBO140
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME MASBG150
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX) ,W(NMAX),MASBO160
1Z (NMAX) MASB0170
COMMON/PARAM/AFMT (20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY,DELZ, MASBG180
1ELIM,EXPAN,H1,HMAX ,HMIN, L, MXITCY ,MXITTS,NIT,NXL1,NYL1,NZL1,RHOPOR ,MASB0190
2RHOW, TOTAL, VISCOS | , MASE0200
COMMON/AQLIM/KFAQ,KLAQ,NAQ MASB0210
COMMON/OUT/KEY , TOINJ, TOOUT, TOQINJ , TOQEX , TOQACC MASB0220
REAL MASSIN,MASOUT,DX,DY,DZ MASB0230
SUMR = 0, MASB0240
MASOUT=0.0 MASB0250
MASSIN=0.0 MASBC260
ACCUM=0.0 MASB0270
TOACC=0.0 MASBO280
NZAl = NZA - 1 . MASB0290
DO 513 K=2,NZAl MASRO300
DO 515 J=2,NYL1 MASEO310
B{J)} = FLOAT(J-1)*DELY -DELY/2. MASBO320
DO 515 I=2,NXLl MASBO330
A(I) = FLOAT(I-1)*DELX-DELX/2. MASBO340
HDUMMY = GAMMA(I,J,K) - BETA(I,J,K) MASBO350
IF(KFAQ.EQ.KLAQ) HDUMMY = GAMMA(I,J,X) - ALPHA(I,J,K) MASBO360
515 SUMR = SUMR + HI*DELX*DELY*DELZ*HDUMMY*DELT MASB0370
CALCULATE NEW HEAD DISTRIBUTIONS AND DRAWDOWN MASBO0380
DO 510 K=2,NZL1 MASZ0390
DO 510 J=2,NYL1 MASBO400
DO 510 I=2,NXL1 MASBO410
EXCHG(I,J,K) = 0. MASBO420
IF(X.LT.KFAQ.OR.K.GT.KLAQ) GO TO 510 MASBO430
N= K-KFAQ+2 MASBOLAD
DRAWDN(I,J,N)} = DRAWDN(I,J,N) - SUMGAM(I,J,N) MASB0L50
PRES(I,J,N)=PRES(I,J,N)+SUMGAM{I,J,N) MASBO&460
EXCHG (I,J,K)=(COEFX(I,J,N)+COEFY(I,J,N)+COEFZ(I,J,N))* (HEAD(I,J,N)MASBO470
1- PRES(I,J,N)  )*DELT*DELX*DELY~DELZ MASBO4B0
MASOUT=MASOUT+EXCHG (I, J,K) MASBO490
MASSIN=MASSIN+Q(I,J,N)*DELT MASBO500
ACCUM=ACCUM+SS (I,J,N)*SUMGAM(I,J,N)*DELX*DELY*DELZ MASB0510
TOACC=TOACC+SS (I,J,N)*(PRES(I,J,N)-HEAD(I,J,N))*DELX*DELY*DELZ  MASB0520
510 CONTINUE MASB0530

UPDATE TIME AND PRINTOUT RESULTS MASBO540
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866

867

808

809
B70

871

887

BE88

891

TOTAL = TOTAL + DELT
TODAYS=TOTAL/3600.0/24.0
DELTDA=DELT/3600.0/24.0
TOINJ=TOINJ+MASSIN
TOOUT=TOOUT+MASOUT
DIFF1=TOINJ+TOOUT
DIFF2=DIFF1~TOACC
QUTPUT OF TIME, QUANTITY INJECTED, MASS ACCUMULATION IN AQUIFER
DIFF3=MASSIN+MASOUT
DIFF4=DIFF3-ACCUM
QUTPUT OF TIME, QUANTITY INJECTED, MASS AGCUMULATION IN AGUIFER
WRITE(6,860) TODAYS,TOTAL,TOINJ,TOOUT,DIFF1,TOACC,DIFF2,DELTDA,
1DELT,MASSIN,MASOUT ,DIFF3,ACCUM,DIFF4 ,NIT
WRITE(6,516) SUMR
IF(KEY.EQ.0) RETURN
QUTPUT OF DRAWDOWN
WRITE (6,866)
FORMAT (1H1, 3X, 'DRAWDOWN DURING LAST TIME STEP IN FEET',//)
NZAl = NzA - 1
DO 871 X=2,NZAl
M=K+KFAQ-2
LIM1=2
LIM2=10
IF(NXL1.LE.LIM2) LIM2=NXL1
WRITE(6,808) M, (I,I=LIM1,LIM2)
FORMAT(//,3X,2HK=,12,//,4X,9(5%,12,6X),//)
DO 870 J=2,NYL1
WRITE(6,809) J, (SUMGAM(I,J,K),I=LIM1,LIM2)
FORMAT(2X,12,9(2X,E11.4))
CONTINUE
IF(LIMZ.EQ.NXL1) GO TO 871
LIMI=LIM1+9
LIM2=LIM249
GO TO 867
CONTINUE
OUTPUT OF CUMULATIVE DRAWDOWN
DO 891 K=2,NZAl
XT = K + KFAQ - 2
LIM1=2
LIM2= 10
IF(NXL1.LE.LIM2) LIM2=NXL1
WRITE(6,1060) TODAYS
WRITE{6,1040) KT
WRITE(6,1000) ( A(I),I=LIM1,LIM2)
Do 888 J = 2,NYL1
WRITE(6,1020) B(J), (DRAWDN(I,J,X),I=LIM1,LIM2)
IF{LIM2.EQ.NXL1) GO TO 891
LIMI=LIMi+ 9
LIM2=LIM2+ 9
GO TO 887
CONTINUE
OUTPUT OF PRESSURE
DO 881 K=2,NZAl
=K + KFAQ - 2
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MASBO550
MASB0O560
MASBO570
MASB0580
MASBO590
MASBO600
MASB0&10
MASB0620
MASBOS&30
MASBO0640
MASB0650
MASBO660
MASB0670
MASB06E0
MASB0690
MASB0700
MASBO710
MASBO720
MASBO730
MASB0O740
MASBO750
MASBO760
MASBO770
MASB0780
MASB0790
MASBOB0QO
MASB0810
MASB0820
MASBO830
MASB0840
MASB0850
MASB0860
MASB0870
MASB0880
MASBO890
MASBOSOO0
MASBO910
MASB0920
MASB(0930
MASB0940
MASB0950
MASBO960
MASB0S70
MASBG980
MASBO990
MASB100O
MASB1010
MASB1020
MASE 10390
MASB1040
MASB1050
MASB1060
MASB1070
MASB1080



LIM1=2 MASE103C

LIM2= 10 MASE1100
877 IF(NXL1.LE.LIM2) LIM2=NXL1 MASE1110
WRITE(6,1060) TODAYS MASE1120
WRITE(6,1030) KT MASB1130
WRITE(6,1000) ( A(I),I=LIMI1,LIM2) MASB1140

DO 868 J = 2,NYL1 MASB1150

868 WRITE(6,1020) B(J), (PRES(I,J,K),I=LIM1,LIM2) MASB1160
IF(LIM2.EQ.NXL1) GO TO 881 MASBE117C
LIMI=LIM1+ 9 MASB1180
LIM2=LIM2+ 9 ' MASB1190

GO TO 877 ' MAS51200

881 CONTINUE MASB1210
OUTPUT OF EXCHANGE WITH BOUNDRIES MASB1220
WRITE(6,966) MASB1230

966 FORMAT(1H1,3X, 'FLUID EXCHANGE AT EACH LOCATION - THIS TIME STEP, MASB1240
1 CU.FT.'//) MASB1250

DO 971 K=KFAQ,KLAQ MASB1260
LIM1=2 MASE1270
LIM2=10 MASB1280

967 IF(NXL1.LE.LIM2) LIM2=NXL1 MASB1290
WRITE (6,808) K, (I,I=LIM1,LIM2) MASB1300

DO 970 J=2,NYL1 MASB1310
WRITE(6,809) J,(EXCHG(I,J,K),I=LIM1,LIM2) MASB1320

970 CONTINUE MASB1330
IF(LIM2.EQ.NXL1) GO TO 971 MASB1340
LIMI1=LIM1+9 ~ MASB1350

. LIM2=LIM2+9 MASB1360
GO TO 967 MASB1370

971 CONTINUE , MASB1380
RETURN : MASB1390

516 FORMAT(3X,16HSUM OF RESIDUALS,8X,E12.6) MASB1400
860 FORMAT(1H1,25HTOTAL PERIOD OF INJECTION,16X,F9.4,7H DAYS (, MASB1410
1E10.3,9H SECONDS),//,7X,22HFLUID INJECTED TO DATE,24X,E12.4,/, MASB1420
27X,39HTOTAL FLUID EXCHANGED WITH SURROUNDINGS,7X,E12.4,//,40X, MASB1430

310HDIFFERENCE,3X,E12.4,//7X,31HCALCULATED ACCUMULATION TC DATE13X,MASBI440
4E12.4,// 40X ,5HERROR, 25X ,E15.6,////3X,26HLENGTH OF LAST TIME PERIOMASB1430
5D,15X,F9.4,7H DAYS (,E10.3,9H SECONDS),//,7X%, MASE1460
634HFLUID INJECTED IN LAST TIME PERIOD,12X,E12.4,/,7X,33HFLUID EXCHMASE1470
7ANGED WITH SURROUNDINGS,13X,E12.4,//,40X,10HDIFFERENCE,3X,E12.4,//MASB1480
§7X,43HCALCULATED ACCUMULATION IN LAST TIME PERIOD,3X,E12.4,//,40X,MASB149%0

95HERROR,23X,E15.6,////,3X,20HNUMBER OF ITERATIONS,IS) MASB1500
1000 FORMAT('0'///' Y',41X,'DISTANCE FROM X AXIS ORIGIN'/' FEET',49X, MASB1510

1'FEET'/' ',6X,9F12.0//) MASB1520
1020 FORMAT('0',F6.0,9F12.4) MASB1530
1030 FORMAT('0',//' HEAD DISTRIBUTION FOR LAYER NUMBER ',I3) MASB1540
1040 FORMAT('0',//,' CUMULATIVE DRAWDOWN FOR LAYER NUMBER ',I3) MASE1550
1060 FORMAT('1TOTAL TIME SIMULATED ',F10.2,' DAYS') MASB1560

END : . MASB1570
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30

SUBRQUTINE MASS ' MASSO010

THIS SUBROUTINE SOLVES THE EQUATION OF CONSERVATION OF MASS MASGI220
UTILIZING THE VELOCCITY AND HEAD DISTRIBUTIONS OBTAINED FROM MASS0030
THE SOLUTION OF THE EQUATION OF MOTION MASS0040

SUBROUTINE MASS (NX,NY,NZ NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, MASS0050
1COEFZ , COVERX , COVERY , COVERZ , DELTA , DRAWDN , EPSILIN, EXCHG , GAMMA ,HEAD , DXMASS0060
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)MASS0CT0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME MASS0080
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC (NX,NY,NZ),COEFX(NX,HASS0090
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY,NZA) , COVERX (NX,NY ,NZA) , COVERYMASS0 100
2 (NX,NY,NZA),COVERZ (NX,NY ,NZA) ,DELTA (NX,NY,NZ) , DRAWDN (NX,NY,NZA), MASS0110
3EPSILN(NX,NY,NZ) ,EXCHG(NX,NY,NZ ),GAMMA (NX,NY,NZ) ,HEAD(NX,NY,NZA) ,MASS0120
4DX (NX,NY,NZ),DY{NX,NY ,NZ) ,DZ (NX,NY,NZ) , PRES (NX,NY,NZA) , Q{N%,NY ,NZAMASS0130
5),QEXCHG(NX,NY,NZ}, SUMGAM (NX, NY,NZA) , SUMZET(NX, NY,NZ) , S8 (NX, NY, NZAMASS0140

6),F(NX,NY,NZ),ZETA(NX,NY ,NZ),CINJ(NX,NY) MASS0150
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME MASS0160

DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX) ,W(NMAX) ,MASS0170

1Z (NMAX) MASSG180
COMMON/PARAM/AFMT (20) ,BFMT(20) ,CFMT(20),DELT,DELX,DELY,DELZ, MASS0190

1ELIM,EXPAN,H1,HMAX , HMIN, L, MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1,RHOPOR,MASS0200
2RHOW , TOTAL, VISCOS MASS0210
COMMON/AQLIM/KFAQ,KLAQ,NAQ MASS0220

COMMON/START/I1 MASS0230

COMMON/LIMIT/CLIM,CTIM,ETIM MASS0240

COMMON/ ITER/H MASS0250

REAL MASSIN,MASOUT,DX,DY,DZ MASS0260

ITCY=0 MASS0270

I1=2 MASS0280

FLUID FLOW CONFINED TO THE AQUIFER KFAQ.IE.K.LE.KLAQ MASS0290

WHERE KFAQ = INDEX OF FIRST Z LAYER IN AQUIFER MASS0300

KLAQ = INDEX OF LAST Z LAYER IN AQUIFER : MASS0310
2.1E.KFAQKLAQ.LE.NZA -1 KFAQ.LE.KLAQ MASS0320
S MASS0330

FIRST ITERATION BEGINS MASS0340

EOLD=0.0 . ' MASS0350

CALCULATE ITERATION PARAMERER FOR FIRST CYCLE MASS0360

NIT=0 MASS0370

NITCY=NIT+1-ITCY*MXITCY MASS0380

H=HMAX* ( (HMIN/HMAX)** ((FLOAT (NITCY-1)}/ (FLOAT (MXITCY-2)})) MASS0390

H=H/ (DELX*DELY*DELZ)*1.E-05 MASS0400

CONTINUE MASS0410

X-DIRECTION SWEEPS MASS0420

DO 60 K=2,NZL1 MASS0430

DO 60 J=2,NYL1 MASS0440

DO 40 I=2,NXL1 MASS04350

SET UP COEFFICIENT MATRIX MASS0460

B(I)=(2.0/(DELX*DELX) )*EFCOEF (DX(I,J,X),DX(I+1,J,K)) MASS0470

C(I)=(2.0/(DELX*DELX))*EFCOEF (DX(I,J,K),DX(I-1,J,K)) MASS0480

XCONV = 0. ' MASS0490

YCONV = 0. MASS0500

ZCONV = 0. - MASS0510

QDUMMY = 0. MASS0520

SDUMMY = 0, MAS80530

IF(K.LT.KFAQ.OR.X.GT.KLAQ) GO TO 44 . MASSD540
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N=K-KFAQ+2 MASSO055C

IF(Q(I,J,N).GT.C.0) QDUMMY=Q{I,3,N) MASSO56C
SDUMMY = SUMGAM(I,J,N) MASS057¢
CALCULATE COEFFICIENTS OF THE CONVECTION TERMS--VCX,VCY,VCZ MASE0580
X-DIRECTICN COMPONENTS MASSQ590
SIGN=0.5 MASS0600
IF(COVERX(I+1,J,N).EQ.0.0) SIGN=-0.5 MASS2610

VCX=(-1.0*EFCOEF (COVERX(1+1,J,N),COVERX(I,J,N))*(PRES(I+1,J,N)-PREMASSC620
18¢I,J,N))/DELX-EFCOEF (COVERX(I,J,N) ,COVERX(I~-1,J,N))*(PRES(I,J,N}~-MASS0630
ZPRES(I~1,3,N))/DELX+SIGN*COEFX(I,J,N)*DELX*(HEAD{I,J,N)- PRES( MASS0640

31,3,N) ) }*RHOW/DELX MASS0&50
Y-DIRECTION COMPONENTS MASSD660
SIGN = 0.5 MASS0670
IF(COVERY(I,J+1,N).EQ.0.0) SIGN=-0.5 MASS0680

VCY=(-1.0%EFCOEF (COVERY(I,J+1,N),COVERY(I,J,N))*(PRES(I,J+1,N)-PREMASS0650
1S(I,J,N))/DELY-EFCOEF (COVERY(I,J,N),COVERY(I,J-1,N))*¢{PRES(I,J,N)-MASSO700
2PRES(I,J-1,N))/DELY+SIGN*COEFY(I,J,N)*DELY*(HEAD(I,J,N)- PRES( MASSC710

31,J,N) ) Y*RHOW/DELY MASS0720
Z-DIRECTION COMPONENTS © MASSG730
SIGN=0.5 MASS0740
IF(COVERZ(I,J,N+1}.EQ.0.0) SIGN=-0.5 MASE0750

VCZ=(-1.0*EFCOEF (COVERZ(I,J,N+1},COVERZ(I,J,N))*(PRES(I,J,N+1)-PREMASSC760
18(I1,J,N))/DELZ-EFCOEF (COVERZ(I,J,N),COVERZ(I,J,N-1))*(PRES(I,J,N)-MASS0770
2PRES(I,J,N-1))/DELZ+SIGN*COEFZ(I,J ,N)*DELZ* (HEAD(I,J,N)~ PRES( MASSC780

31,7,N) ) )*RHOW/DELZ MASS0790
32 IF(VCX.GE.0.) GO TO 34  MASS0800
FORWARD DIFFERENCE WHEN VCX IS NEGATIVE ' MASS0810
B(I)=B(I)- VCX : | MASS0820
XCONV = VCX*(F(I+1,J,K)-F(I,J,K)) MASS0830
GO TO 36  MASS0840C
34 XCONV = VCX*(F(I,J,K)- F(I-1,J,K)) MASS0850
C(I) = C(I) + VCX MASS0860
36 IF(VCY.GE.0.) GO TO 38 MASS0870
YCONV = VCY*(F(1,J+1,K)-F(I,J,K)) MASS0880
GO TO 42 MASS0890
38 YCONV = VCY#(F(I,J,K) - F(I,J-1,K)) MASS0900
42 ZCONV = VCZ*(F(I,J,K)-F(I,J,K-1)) MASS0910
IF(VCZ.GE.0.) GO TO &4& MASS0920
ZCONV = VCZ#*(F(I,J,K+1) - F(I,J,K)) MASS0930
44 A(I)=-B(I)-C(I)-(QDUMMY +#RHOW)/(DELX*DELY#DELZ)-QEXCHG(I,J,K)  MASS0940
1/2.0-RHOPOR/DELT+EXPAN*SDUMMY /DELT-H -  MASS0950
RIGHT HAND SIDES MASS0560
RESA=XCONV+ YCONV+ZCONV MASS0570
1 -(2.0/ (DELX*DELX) )*EFCOEF (DX (I,J,K) ,DX(I+1,J,K))*( MASS0980

2F(I+1,J,K)-F(I,J/K))+(2.0/ (DELX*DELX) )*EFCOEF (DX (I,J,K),DX(I~1,J,KMASS0990
3))%(F(I,J,K)-F(I-1,J7,K))-(2.0/ (DELY*DELY))*EFCOEF (DY(I,J,K),DY (I, JMASS1000
4+1,K))*(F(I,J+1,K)-F(I,J,K))+(2.0/ (DELY*DELY) )*EFCOEF(DY(I,J,K),DYMASS1010

5(I,J-1,K))*(F(1,J,K)-F(1,J-1,K)) MASS1020
CDUM = 0.0 MASS1030
IF(CINJ(I,J).GT.0.0) CDUM = CINJ(I,J) MASS51640
RHSB=-(2.0/(DELZ*DELZ ) )*EFCOEF (DX(I,J,K),DZ2(1,J,K+1)) MASS1050
1 *(F(I,J3,K+1)-F(1,J,K))+(2.0/(DELZ*DELZ))*EFCOEF(DZ(I MASS51060

2,3,K),Dz(1,J,K-1))*(F(1,J,K)-F(I,J,K~1))-QDUMMY *RHOW+*{(CDUM-F MASS1070
3(1,J,K))/(DELX*DELY*DELZ)-QEXCHG(I,J,K)*(BCONC(I,J,K)-F(I,J,K)) MASS1080
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4-EXPAN*SDUMMY *(F{(I,J,K))/DELT
D(I)=RHSA+RHSB
SUMZET(I,J,K) = 0.

40 CONTINUE

aaaoano

50
60

1) SINCE DELTA(1)=0 FOR ALL J,

THE BOUNDARY CONDITIONS AT I=

=N

OF D(2) IS REQUIRED

2} THE BOUNDARY CONDITION IS ELIMINATED FROM THE LEFT-HAND

SIDE OF THE EQUATION BY SETTING C(2)=0
C(2)=0.0
L=NXL1

CALL THOMAS(NX,NY ,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,CQEFY,

ARE HANDLED AS FOLLOWS--
» AND TIME, NO CORRECTION

MASS1090
MASS1100
MASSI110
MAS51120
MASE1130
MASS1140
MASS1150
MASS11is0
MASS1170
MAS51180
MASS51190
MAS51200

1COEFZ ,COVERX,COVERY ,COVERZ ,DELTA,DRAWDN ,EPSILN,EXCHG, GAMMA ,HEAD , DXMASS1210
2,DY,bZ,PRES,Q,QEXCHG, SUMGAM ,SUMZET ,S8,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)MASS1220

Z2(1)=0.0
Z(NX)=0.0

DO 50 I=1,NX

DELTA(I,J,K)=Z(I)
CONTINUE
Y-DIRECTION SWEEPS
DO 90 I=2,NXL1
DO 90 K=2,NZL1
SET UP COEFFICIENT MATRIX
DO 70 J=2,NYL1
B(J)=(2.0/(DELY*DELY) )*EFCOEF (DY (I,J,K),DY(I,J+1,K))
C(J)=(2.0/(DELY*DELY) )*EFCOEF (DY (I,J,K),DY(I,J-1,K))
QDUMMY = 0.
SDUMMY = 0.
IF(K.LT.KFAQ.OR.K.GT.KLAQ) GO TO 66
=K -KFAQ+2
IF(Q(I,J,N).GT.0.0) QDUMMY = Q(I,J,N)
SDUMMY = SUMGAM(I,J,N)
SIGN=0.5
IF (COVERY (I,J+1,N}.EQ.0.0) SIGN=-0.5

nu

MASS81230
MASS1240
MAS51250
MASS1260
MASS1270
MASS1280
MAS51250
MASS1300
MASE1310
MASS1320
MASS1330
MASS1340
MASS1350
MASS1360
MASS1370
MASS51380
MAS51390
MASS1400
MASS1410
MASS1420

VCY=(-1.0*EFCOEF (COVERY(I,J+1,N),COVERY(I,J,N))*(PRES(I,J+1,N)-PREMASS1430
~ 1S8(I,J,N))/DELY-EFCOEF (COVERY{I,J,N),COVERY(I,J-1,N)}*(PRES(I,J,N)-MASS1440

2PRES(I,J-1,N))/DELY+SIGN*COEFY(I,J ,N)*DELY*(HEAD(I,J,N)~-

31,J,N) ) )*RHOW/DELY

IF(VCY.GE.0.) GO TO 64

FIRST DERIVATIVE IS ZERO AT MAXIMUM OR MINIMUM
FORWARD DIFFERENCE WHEN VCY IS NEGATIVE

B(J) = B(J) - VOY

GO TO 66

64 C(J) = C{J) + VCY

66

70

A(J)=-B(J)-C{J)-(QDUMMY *RHOW)/(DELX*DELY*DELZ)~-QEXCHG(I,J,X)

1/2.0-REOPOR/DELT+EXPAN*SDUMMY /DELT-H
RIGHT HAND SIDES

D(J)=(-QEXCHG(I,J,K)/2.0-RHOPOR/DELT~ (GDUMMY =RHOW)/{DELX*

1DELY*DELZ )+EXPAN*SDUMMY
CONTINUE

€(2)=0.0

I=NYL1

/JDELT-2.*H)*DELTA(I,J,K)

CALL THOMAS (NX,NY,NZ ,NZA,NMAX ,ALPHA,BETA,BCONC,COEFX,COEFY,

MAS51450
MASS1460
MASS51470
MASS1480
MAS81490
MASS1500
MASS1510
MASS51520
MASS51530
MASS1540
MASS1550
MASS1560
MASS1570
MASE1580
MASS1590
MASS16G0
MASS1610

1COEFZ,COVERX, COVERY,COVERZ ,DELTA ,DRAWDN, EPSIIN,EXCHG , GAMMA , HEAD , DXMASS 1620

D-44



2,DY,DZ,PRES,Q,QEXCHG, SUMGARM, SUMZET, 8S,F, ZETA,CINJ,A,B,C,D,6,R, W, Z)HASS1630

Z(1)=0.0
Z(NY)=0.0
DO 80 J=1,NY
80 EPSIIN(I,J,K)=Z(J)
90 CONTINUE
C Z-DIRECTION SWEEPS
DO 120 J=2,NYL1
DO 120 I=2,NXL1
c SET UP COEFFICIENT MATRIX
DO 100 K=2,NZL1
B(K)=(2.0/(DELZ*DELZ) )*EFCOEF (DZ(I,J,K),DZ(I,J,K+1))
C(K)=(2.0/ (DELZ*DELZ) )*EFCOEF(DZ(I,J,K),DZ(I,J,K-1))
QDUMMY = 0.
SDUMMY = 0.
IF(K.LT.KFAQ.OR.K.GT.KLAQ) GO TO 96
N=K~KFAQ+2
IF(Q(I,J,N).GT.0.0) QDUMMY = Q(I,J,N)
SDUMMY = SUMGAM(I,J,N) -
SIGN=0.5 _
IF (COVERZ(I,J,N+1).EQ.0.0) SIGN=-0.5

MAESZ640
MASS1650
MASS1668
MASS167G
MASS1680
MASS1690
MASSi7060
MASS1710
MASS:720
MASS5i730
MASS:1740
MASS1750
MASS1760
MASSi770
MASS81i780
MASS1790
MASS1800
MASS15810
MASS1820
MASS1830

VCZ=(-1.0*EFCOEF (COVERZ(T,J,N+1) ,COVERZ(I,J,N))*(PRES(I,J,N+1)-PREMASS1840
18(I,J,N))/DELZ-EFCOEF{COVERZ(I,J,N),COVERZ(I,J,N-1))*(PRES(I,J,N)-MASS1850
2PRES(I,J,N-1))/DELZ+SIGN*COEFZ(I,J,N)*DELZ* (HEAD(I,J,N)~ PRES( MASS1860

31,J,N) ) )*RHOW/DELZ
IF(VCZ.GE.0.) GO TO 94
B(K) = B(K) - VCZ
GO TO 96
94 C(K) = C(K) + VCZ
96 A(K)=-B(K)-C(K)-(QDUMMY *RHOW)/(DELX*DELY*DELZ)-QEXCHG(I,J,K)
1/2.0-RHOPOR/DELT+EXPAN*SDUMMY /DELT-H
C RIGHT HAND SIDES
D(K)=(-QEXCHG(I,J,K)/2.0~-RHOPOR/DELT- (QDUMMY #RHOW)/ (DELX*
1DELY*DELZ)+EXPAN#SDUMMY  /DELT )®EPSILN(I,J,K)
2-H#*(2.%EPSIIN(I,J,K)-DELTA(I,J,K))
100 CONTINUE
C(2)=0.0
1=NZL1
CALL THOMAS{NX,NY,NZ,NZA,KNMAX,6ALPHA,BETA,BCONC,COEFX,COEFY,

MASS1870
MASS1880
MASS1890
MASS19500
MASS1910
MASS1920
MAS51936
MASS1940
MASS1950
MABS1560
MASS1670
MASS51980
MASE1990
MASS2000
MASE2010

1COEFZ,COVERX,COVERY,COVERZ ,DELTA ,DRAWDN,EPSILN ,EXCHG , GAMMA ,HEAD , DXMASS2028
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ ,A,8,C,D,G,R,W,Z)MASS203C

Z(1)=0.0
Z(NZ)=0.0
DC 110 XK=1,NZ
ZETA(I,J,K)=2(K)
ENEW=ABS (Z (X))
IF (ENEW.GT.EOLD)EOLD=ENEW
SUMZET(I,J,K)=SUMZET(I,J,K)+Z(K)

110 CONTINUE

120 CONTINUE
NIT=NIT+1
IF(EQOLD.LT.ETIM)GO TO 300

C ITERATIONS 2 TO M BEGIN HERE

IFIRST = 2
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MASS2130
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[ 9]

aoaan

130

500

510

520
530

540
550

560
570

700

140

TLAST = NXL1
JFIRST = 2

JLAST = NYL1
KFIRST =2
KLAST = NZL1
CONTINUE

SHRINK APPLIED TO I,J INDICES ONLY
FIND MAXTMUM VALUE OF I
DO 500 I=IFIRST , ILAST

IT = ILAST + IFIRST-I
DO 500 J=JFIRST,JLAST
DO 500 K=KFIRST,KLAST
CONTINUE

IF(ABS(ZETA(II,J,K)).GT.CTIM) GO TO 510
ILAST = II
FIND MINIMUM VALUE OF 1
DO 520 I=IFIRST,ILAST
DO 520 J=JFIRST,JLAST
DO 520 K=KFIRST,KLAST
IF(ABS(ZETA(I,J,K)}.GT.CTIM) GO TO 530
CONTINUE '
IFIRST = 1

FIND MAXIMUM VALUE OF J
DO 540 J=JFIRST,JLAST
JI=JLAST+JFIRST-J
DO 540 I=IFIRST,ILAST
DO 540 K=KFIRST,KLAST

IF (ABS(ZETA{I,JJ,K)).GT.CTIM) GO TO 550
CONTINUE
JLAST = JJ
FIND MINIMUM VALUE QF J
DO 560 J=JFIRST,JLAST
DO 360 I=IFIRST,ILAST
DO 560 K=KFIRST,KLAST
IF(ABS(ZETA{1,J,K)).GT.CTIM) GO TO 570
CONTINUE
JFIRST = J

WRITE(6,700) NIT,ITCY,IFIRST,ILAST,JFIRST,JLAST,KFIRST,KLAST
FORMAT(' CONC**NIT = ',I4,' ITCY = ',I4,' IFIRST = ',I4,' ILAST =
1",14," JFIRST = ',14," JLAST = ',I4,' KFIRST = ',I4,' XLAST = ',

214)
CALCULATE ITERATION PARAMETER
NITCY=NIT+1-ITCY*MXITCY

H1=HMAX® ( (HMIN/HMAX }** ( (FLOAT(NITCY-1))/(FLOAT (MXITCY~2))))

Hi=H1/(DELX*DELY*DELZ)*1.E-05
IF(NITCY.NE.MXITCY)GO TG 140
ITCY=ITCY+1

Hi=0.0

CONTINUE

EDLD=0.0

X-DIRECTION SWEEPS

DO 170 K=KFIRST,KLAST

DO 170 I=JFIRST,JLAST

SET UP COEFFICIENT MATRIX
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MASS82170
MASSZ13G
MASS2190
MASS2200
MASS82210
MASS52220
MASS2230
MASS2240
MASS2250
MASS2260
MASS2270
MASS2280
MASS2290
MASS2300
MASS2310
MASS2320
MASS2330
MASS2340
MASS2350
MASS2360
MASS2370
MASS2380
MASS2390
MASS2400
MASS52410
MASS2420
MASS2430
MASS2440
MASS2450
MASS2460
MASS2470
MASS2480
MASS2450
MASS2500
MASS2510
MASS2520
MASS2530
MASS2540
MASS2550
MASS2560
MASS2570
MASS52580
MASS2580
MASS52600
MASS2610
MASSZ2620
MASS2630
MAS52640
MASSZ650
MASS2660
MASS2670
MASS2680
MAS52690
MASS2700



c

144 C(I) =

160
170

2PRES(I-1,J,N))/DELX+SIGN*COEFX(I,J,N)*DELX* (HEAD(I,J,N)-

3

i

i

5,J,K),DX(I1-1,J,K))*(DELTA(I,J K) DELTA(I-1,J

DO 150 I=IFIRST,ILAST

XCONV =

B(I)=(2.0/(DELX*DELX) )*EFCOEF(DX(I,J,K),DX(I+1,J,K))
C(I)=(2. 0/(DELX*DELX))*EFCOEF(DX(I,J,K),DX(I-l,J,K))

QDUMMY
SDUMMY

IF(K.LT.KFAQ.OR.K.GT.KLAQ) GO TO 146

N=K-KFAQ+2
IF(Q(I,J,N).GT.0.0) QDUMMY =

SDUMMY = SUMGAM(I,J,N)

SIGN=0.5

Q(I,3,N)

IF(COVERX(I+1,J,N).EQ.0.0) SIGN=-0.5
VCX=(-1.0*EFCOEF (COVERX(I+1,J,N),COVERX(I,J,N))*(PRES(I+1,J,N)-PREMASS2830
18(I,J,N})/DELX~EFCOEF (COVERX(I,J,N) ,COVERX(I-1,J,N))*(PRES(I,J,N)-MASE2840

I,J,N)
IF (VCX.
B(I)
XCONV=
J,K)))
GO TO 146

) )*RHOW/DELX

GE.0.) GO TO 144
= B(I) - VCX
VCX*( (ZETA{I+1,J,K)-ZETA(I

C(I) + VCX

PRES({

MASSZ71C
MASSLZ7Z0
MASS2730
MASS2740
MASSZ750
MASS2760
MASS2770
MASS2750
MASSZ2760
MASE2500
MASS2810
MASEZ2820

MASS2850
MAS52860
MASS2870
MASS2880

»J,K))-(DELTA(I+1,J,K)-DELTA(I ,MASS28990

MASS2900
MAES2910
MASS2920

XCONV =VCX*((ZETA(I,J,K)-ZETA(I-1,J,K))-(DELTA(I,J,K)-DELTA(I-1,J MASS2930
1,K)))
146 A(I1)=-B(I)-C{I)-(QDUMMY
1/2.0-RHOPOR/DELT+EXPAN*SDUMMY /DELT-H1
RIGHT HAND SIDES

D(I) =

XCONV

*RHOW) / (DELX*DELY*DELZ ) -QEXCHG(I,J,K)

MASS2940
MASS82950
MASS2960
MASS2970
MAS52980

-(2.0/(DELX*DELX ) )*EFCOEF(DX(I,J,K),DX(I+1,J K)) (ZETA(I+¢ J,K MAES29%990
2)~ZETA(I,J,K))+(2.0/(DELX*DELX) )*EFCOEF (DX(I+1,J,K),DX(I,J,K))*(DEMASS3000
3LTA(I+1,J,K)-DELTA(I,J,K))+(2.0/(DELX*DELX))*EFCOEF(DX(I,J,K),DX(IMASS3010
4-1,J3,K))*(ZETA(I,J,K)-ZETA(I-1,T,K)}-(2. D/(DELX*DELX))*EFCOEF(DX(IMASS3020

J,K})

6=-H~(ZETA(I,J,K)-EPSIIN(I,J,K))
150 CONTINUE

C(zy=0.0
I1=IFIRST
I=ILAST

CALL THOMAS(NX,NY,NZ,NZA NMAX, ALPHA,BETA,BCONC,COEFX,COEFY,
1GOEFZ,COVERX,COVERY ,COVERZ ,DELTA ,DRAWDN,EPSILN ,EXCHG, GAMMA ,HEAD , DXMASS3100
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 858,F,ZETA,CINT ,A,B,C,D,G R, W,2)MABS3110

Z(13=0.0
Z{NX)=0.0

DO 160 I=1,NX

IF(I.LT.IFIRST.OR.I.GT. ILAST) Z(I)=0.
DELTA(I,J,K)=Z(I)

CONTINUE

Y-DIRECTION SWEEPS
DO 20C I=IFIRST,ILAST
DO 200 X=KFIRST,KLAST

SET UP COEFFICIENT MATRIX

DO 180 J=JFIRST,JLAST
B(J)=(2.0/(DELY*DELY) )*EFCOEF (DY(I,J,K),DY(I,J+1,K))
C(J)=(2.0/(DELY*DELY})*EFCOEF (DY(I,J,K),D¥(I,J-1,K))
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MASS3030
MASS3040
MASS3050
MASS3060
MASS3070
MASE3080
MASS3090

MASS3120
MASE3130
MASS3140
MASS3150
MASS3160
MASS3170
MASE3180
MASS3190
MASS3200
MASS3210
MASS3220
MASS3230
MASS3240



QDUMMY = 0. MAS33252
SDUMMY = 0. MASS3260
IF(K.LT.XFAQ.OR.X.GT.KLAQ) GO TG 176 MAS353270
N=K-KFAQ+2 MASS3280
IF(Q(I,J,N).GT.0.0) QDUMMY = Q(I,J,N) MASS3290
IF ( QDUMMY.LT.0.); QDUMMY=0. MASS3300
SDUMMY = SUMGAM(I,J,N) MASS3310
SIGN=0.5 MASS83320
IF(COVERY(I,J+1,N).EQ.0.0) SIGN=-0.5 MASS3320

VCY=(~1.0*EFCOEF (COVERY(I,J+1,N),COVERY(I,J,N) )}*(PRES(I,J+1,N) -PREMASS3340
'15(1,J,N))/DELY-EFCOEF (COVERY(1,J,N),COVERY (I,J-1,N))* (PRES(I,J,N) -MASS3350
2PRES(I,J-1,N))/DELY+STIGN*COEFY(I,J,N)*DELY*(HEAD(I,J,N)- PRES( MASS3360

31,J,N) ) Y*RHOW/DELY MASS3370
IF(VCY.GE.0.) GO TO 174 MASS3380

B(J) = B(J) - VCY . MASS3390

GO TO 176 MASS3400

174 €(J) = C(J) + VCY MASS3410
176 A(J)=-B(J)-C(J)-(QDUMMY *RHOW)/(DELX*DELY*DELZ)-QEXCHG(I,J,K)  MASS3420
1/2.0-RHOPOR/DELT+EXPAN*SDUMMY /DELT-H1 MASS3430

C RIGHT HAND SIDES MASS3440
D(J)=-C(J)*(ZETA(I,J=1,K)-EPSTIN(I,J-1,K))+(B(J)+C(J))*(ZETA(I,J,KMASS3450
1)-EPSILN(I,J,K))-B(J)*(ZETA(I,J+1,K)-EPSIIN(I,J+1,K)) MASS3460

- 2-(QEXCHG(I,J,K)/2.0+RHOPOR/DELT+(QDUMMY *RHOW)/(DELX*DELY* MASS3470
3DELZ)-EXPAN*SDUMMY . /DELT+2 .*H1)*DELTA(I,J,K) MASS3480

180 CONTINUE MASS3490
C(2)=0.0 MASS3500
I1=JFIRST MASS3510
I=JLAST MASS3520

CALL THOMAS (NX,NY,NZ,NZA,NMAX, ALPHA , BETA, BCONC , COEFX, COEFY, MASS3530

1COEFZ ,COVERX,COVERY ,COVERZ ,DELTA ,DRAWDN ,EPSTLN,EXCHG, GAMMA ,HEAD ,DXMABS3540
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET ,88,F,2ETA,CINT,A,B,C,D,G,R,W, Z)MASE3550

Z(1)=0.0 MASS3560
Z(NY)=0.0 MASS3570

DO 190 J=1,NY MASS3580
IF(J.LT.JFIRST.OR.J.GT.JLAST) Z(J) =0. MASS3590

190 EPSILN(I,J,X)=Z(J) ' MASS3600
200 CONTINUE MASS3610
c Z-DIRECTION SWEEPS MASS3620
DO 230 J=JFIRST,JLAST : MASS3630

DO 230 I=IFIRST,ILAST MASS3640

c SET UP COEFFICIENT MATRIX MASS3650
DO 210 K=KFIRST,KLAST MASS3660
B(X)=(2.0/ (DELZ*DELZ) Y*EFCOEF (DZ(I,J,K),DZ(I,J,K+1)) MASS3670
C(K)=(2.0/(DELZ*DELZ) )*EFCOEF(DZ(I,J,K),DZ(I,J,K-1)) MASS3650
QDUMMY = 0. MASS3690
SDUMMY = 0. MASS3700
IF(K.LT.KFAGQ.OR.K.GT.KLAQ) GO TO 206 MASS3710
N=K-KFAQ+2 MASS3720
IF(Q(I,J,N).GT.0.0) QDUMMY = G(I,J,N) MASS3730
SDUMMY = SUMGAM{(I,J,N) MASS3740
SIGN=0.5 MASS3750
IF(COVERZ{I,J,N+1).£Q.0.0) SIGN=-0.3 MASS3760

VCZ=(-1.0*EFCOEF (COVERZ(I,J ,N+1),COVERZ(I,J,N))*(PRES(I,J,N+1)-PREMASS3770
18(1,J,N)}/DELZ-EFCOEF (COVERZ(1,J,N) ,COVERZ(I,J,N-1) )% (PRES(I,J,N}-MASS3780

D-48



c

204 C(X)
206 A(K)=-

210

220
230

300

310

ZPRES(I,J,N-1))/DELZ+SIGN*COEFZ(I,J,N)*DELZ*{HEAD(I,J,N)- PRES{

31,J,N) ) )*REOW/DELZ
IF(VCZ.GE.0.) GO TO 204
B(X) = B(K) -VC3Z
GO TO 206

= C(K) + VCZ

B(K)~C(K)- (QDUMMY *RHOW)/ (DELX*DELY*DELZ)-QEXCHG(I,J,K)

1/2.0-RHEOPOR/DELT+EXPAN*SDUMMY /DELT-H1
RIGHT HAND SIDES

D(K)=(-GEXCHG(I,J,K)/2.0-RHOPOR/DELT~ (GDUMMY

1DELY*DELZ)+EXPAN*SDUMMY  /DELT

*RHOW ) / (DELX*
Y*EPSIIN(I,J,K)

2-H1*+(2.*EPSILN(1,J,K)-DELTA(I,J,K))

CONTINUE

C{2)=0.0

I1=KFIRST

1=KLAST

CALL THOMAS (NX,NY,NZ,NZA ,NMAX, ALPHA ,BETA,BCONC,COEFX,COEFY,

MASS3830
MASS3840
MASS3850
MASS3860
MASE3870
MASESE80
MASS3890
MASS3900
MASS3S10
MASBS3520
MASS3930
MASE3940
MAES3930

1COEFZ,COVERX,COVERY ,COVERZ ,DEL.TA ,DRAWDN ,EPSILN, EXCHG ,, GAMMA , HEAD , DXMASS 3960

Z(1)=0.0

Z(NZ3}=0.0

DO 220 K=1,NZ
IF(K.LT.KFIRST.OR.K.GT .KLAST}Z (K}=0.
ZETA(I,J,K)=Z({(K)

ENEW=ABS(Z(K))

IF (ENEW.GT.EOLD)EOLD=ENEW
SUMZET(I,J,K)=8SUMZET(I,J,K)+Z(X)

CONTINUE

CONTINUE

H=H1

NIT=NIT+1

IF(EQLD.GT.ETIM.AND.NIT.LT .MXITTS)GO TO 130
ITERATION STOPS WHEN CONVERGENCE CRITERION IS SATISFIED OR THE
MAXTMUM ALLOWABLE NUMBER OF ITERATIONS PER TIME STEP I8 REACHED
CONTINUE

CALCULATE NEW CONCENTRATION DISTRIBUTIDN

DO 310 K=2,NZL1

DO 310 J=2,NYL1

DO 310 I=2,NXLl
F{1,J,K)=F({I,J,K)+SUMZET(I,J,K)

CONTINUE

RETURN

END
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2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET,85,F,2ETA,CINJ ,A,B,C,D,G,R,W,Z)MASS35970

MASS3980

- MASS3990

MAES4000
MASS4010
MASS4020
MASS4030
MASS4040
MASS4050
MASS4060
MAS54070
MASS4080
MASS4090
MASS4100
MASS4110
MASS4120
MASS4130
MASS4140
MASS4150
MASS4160
MABS&4170
MASS4180
MASS4190
MASS4200
MASS4210



[ ]

e

140

6),F(NX,NY,NZ),ZETA(NX,NY,NZ) ,CINJ{NX,NY) MOTNO13G
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME MOTNC 140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G{NMAX),R(NMAX),W (NMAX) ,MOTNO150
12 (NMAX) o MOTNO 160
COMMON/PARAM/AFMT (20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY,DELZ, MOTNG170
1ELIM,EXPAN,H1,HMAX ,HMIN, L,MXITCY,MXITTS,NIT,NXL1,NYL1,NZL.1,RHOPOR ,MOTNO 180
2RHOW, TOTAL,VISCOS ' MOTNG190
COMMON/START/I1 MOTNO200
COMMON/TS/IT MOTN0210
COMMON/LIMIT/CLIM,CTIM,ETIM © MOTNG220
REAL MASSIN,MASOUT,DX,DY,DZ MOTNG230
CALCULATIONS FOR TIME STEP M+1 BEGIN HERE MOTNO240
SUMR=0.0 MOTNO250
ITCY=0.0 MOTNO260
FIRST ITERATION BEGINS MOTNO270
FLUID FLOW CALCULATIONS ARE RESTRICTED TO THE REGION 2 TO NZA - 1 MOTNO280
KFIRST=2 MOTNO0290
KLAST=NZA-1 MOTNO300
EOLD=0.0 MOTNO310
CALCULATE ITERATION PARAMETER FOR FIRST CYCLE MOTNO0320
NIT=0 MOTNO0330
NITCY=NIT+1-ITCY*MXITCY MOTNO340
HA = 0. MOTNO350
H= HA * 1.E-10 MOTNO360
CONTINUE MOTNO370
¥-DIRECTION SWEEPS MOTNO380
11=2 MOTNC390
DO 200 K=KFIRST,KLAST MOTNO400
DO 200 J=2,NYLl MOTNC&41C
SET UP COEFFICIENT MATRIX MOTNO4L20
DO 180 I=2,NXL1 MOTNO430
© BX=(1.0/(DELX*DELX) )*EFCCEF (COVERX(I,J,K} ,COVERX({I+1,J,K)) MOTNOL44O
CX=(1.0/ (DELX*DEILX) )*EFCOEF (COVERX(I,J,X),COVERX(I-1,J,K)) MOTNOGSD
AX=-BX-CX MOTNO460
CY=(1.0/(DELY*DELY))*EFCOEF (COVERY(I,J,K),COVERY(I,J-1,K)) MOTNO470
BY=(1.0/(DELY*DELY) }*EFCOEF (COVERY (I, J,K),COVERY (I, J+1,K)) MOTNO4B0
AY=-BY-CY MOTNO4S0
BZ={1.0/(DELZ*DELZ})*EFCOEF (COVERZ(I,J,K),COVERZ(I,J,K+1)) MOTNOS00
C2Z={1.0/{DELZ*DELZ})*EFCOEF (COVERZ(I,J,K),COVERZ(I,J,K-1)) MOTNO510
AZ=-BZ-CZ MOTNG520
A(I)=AX-(S5(1,J,K)/DELT+(COEFX(I,J,K)+COEFY(I,J,K)+COEFZ(L,J,K)) MOTNO530
1 +H) MOTNGS540

SUBROUTINE MOTION MOTNGO10
THIS SUBROUTINE SOLVES THE EQUATION OF MOTION MOTNOG20
SUBROUTINE MOTION (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,MOTNOGS0

1COEFZ ,COVERX , COVERY ,COVERZ ,DELTA ,DRAWDN , EPSTLN , EXCHG , GAMMA , HEAD , DXMOTNO040

2,DY,DZ,PRES,Q, QEXCHG , SUMGAM, SUMZET, $S,F,ZETA,CINJ, A, B,C,D,G,R,W, Z)MOTNOOS0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME MOTNOO6G
DIMENSION ALPHA(NX,NY,NZ},BETA(NX,NY,NZ),BCONG{(NX,NY,NZ),COEFX(NX,MOTNOC79

INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY ,NZA) , COVERX (NX,NY,NZA) , COVERYMOTNOOSO

2 (NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA (NX,NY,NZ) ,DRAWDN (NX,NY,NZA), MOTNOGSO

3EPSTIN(NX,NY,NZ),EXCHG (NX,NY,NZ ) ,GAMMA (NX,NY,NZ) ,HEAD (NX,NY,NZA) ,MOTNO 100

4DX(NX,NY ,NZ),DY (NX,NY,NZ),DZ (NX,NY,NZ) , PRES (NX ,NY ,NZA) ,Q(NX,NY ,NZAMOTNO110

5) ,GEXCHG(NX,NY,NZ) , SUMGAM(NX,NY ,NZA) , SUMZET (NX,NY,NZ), SS (NX,NY , NZAMOTNO 120

D~50



c

1890

185
200

210

220
250

252

259

E(T)=BX
C(I)=CX

RIGHT HAND SIDES
D(I)=-2.0%(CX#(PRES(I-1,J,K)- PRES(I,J,K))+BX*(PRES(I+1,J,K) -
1PRES(I,J,K))}+CY*(PRES(I,J-1,K)- PRES(I,J,K))+BY*(PRES(I,J+1,K)-
2PRES(I,J,K)) +CZ*(PRES(I,J,K-1)- PRES(I,J,K))+BZ*(PRES(I,J,K+1)-
3PRES(I,J,K)))-Q(I,J,K)/ (DELX*DELY*DELZ) - (COEFX (I,J,K)+ COEFY(I,J,KMOTNU61C
4)+ GOEFZ(I,J,K))*(HEAD(I,J,K)- PRES(I,J,K))
SUMGAM(I,J,K)=0.0

CONTINUE
I=NXL1

CALL THOMAS (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,
1COEFZ,COVERX,COVERY,COVERZ ,DELTA, DRAWDN,EPSTLN,EXCHG , GAMMA ,HEAD , DXMOTNOE 70
2,DY,DZ,PRES,},QEXCHG, SUMGAM, SUMZET ,SS,F,ZETA,CINJ ,A,B,C,D,G,R,W,2)MOTNOESD

DO 185 I=2,NXL1

ALPHA(I,J,K)=Z(I)

CONTINUE

Y-DIRECTION SWEEPS

DO 250 I=2,NXL1

DO 250 K=KFIRST,KLAST

SET UP COEFFICIENT MATRIX

DG 210 J=2,NYLi
BY=(1.0G/(DELY*DELY) )*EFCOEF(COVERY (I, J,X) ,COVERY(I,J+1,X))
CY=(1.0/(DELY*DELY) )*EFCOEF{COVERY(I,J,K},COVERY(I,J-1,K))

AY=-BY-CY

A(J)=AY-(88(I1,J,K)/DELT+(COEFX(I1,J,K)+COEFY(I,J ,K)+COEFZ(I,J,K))
1 +H)

B(J)=BY
C(3)=CY

RIGHT HAND SIDES
D(J)=-(85(1,J,K)/DELT+{COEFX(I,J,K)+COEFY(1,J,K)+COEFZ(I,J,K))
142 .*H)*ALPHA(I,J,K)

CONTINUE
I=NYL1

CALL THOMAS{NX,NY,NZ,6NZA /NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,
1COEFZ,COVERX,COVERY ,COVERZ ,DELTA , DRAWDN,EPSILN ,EXCHG, GAMMA ,HEAD , DXMOTNOS0O0
2,DY,DZ,PRES,(Q,QEXCHG, SUMGAM, SUMZET, S8,F, ZETA,CINJ ,A,E,C,D,G,R,W,Z)MOTNCO10

DO 220 J=2 ,NYL1

BETA(I,J,K)=2(1)

CONTINUE

BY PASS Z SWEEP IF GROUND WATER FLOW IS TWO DIMENSIONAL
IN THE HORIZONTAL PLANE

IF(KLAST.GT.2)
DO 252 K=KFIRST,KLAST
DO 252 J=2,NYL1

DO 252 I=2,NXL1
GAMMA(I,J,K)

G0 TO 301

Z-DIRECTION SWEEP

DO 300 J=2,NYL1

DO 300 I=2,NXL1

SET UP COEFFICIENT MATRIX

DO 260 K=KFIRST,KLAST
BX=(1.0/(DELX*DELX) )*EFCOEF (COVERX (I, J,K),COVERX (I+1,J,K))

GO TO 259

= BETA(I,J,K)

MOTNISE0
MOTRGEG0
MOTNCS7C
MOTNO056C
MOTNCSSG
MOTRCEG0

MOTNOEZE
MOTNG2Z0
MOTNGo40
MOTNGE30
MOTNO66D

MOTNOS90
MOTNC700
MOTNC710
MOTNG720
MOTNC730
MOTNG740
MOTNG750
MOTNO760
MOTNO770
MGTNO780
MOTNO790
MOTNOB06
MOTNOE1C
MOTNO820
MOTNGE30
MOTNOS84O
MOTNOS50
MOTNO&6G
MOTNO&70
MOTNO88O
MOTNO890

MOTNGS20
MOTNOS30
MOTNO940
MOTNO950
MOTN0O960
MOTNO970
MOTNOYBG
MOTN0990
MOTN1000
MOTN1010
MOTN1020
MOTN1030
MOTN1040
MOTN1050
MOTN1060
MOTN1070
MOTN108¢



c

1

CX=(1.0/(DELX*DELX) }*EFCOEF (COVERX(I,J,X),COVERX{I~-1,J,X))
BY=(1.0/(DELY*DELY))*EFCOEF {COVERY(I,J,K),COVERY(I,J+1,K})
CY=(1.0/(DELY*DELY) }*EFCOEF (COVERY(I1,J,X),COVERY(I,J~1,K))
BZ=(1.0/(DELZ*DELZ) )}*EFCOEF (COVERZ(I,J,X) ,COVERZ(I,J,K+1))
CZ=(1.0/(DELZ*DELZ))*EFCOEF (COVERZ(I,J,K),COVERZ(I,J,K~1))
AZ=-B7-CZ
A(K)=AZ-(88(1,J,X)/DELT+(COEFX(I,J,K)+COEFY(I,J,K)+COEFZ(I,J,K))
+H) :
B(K)=BZ
C(K)=CZ
RIGHT HAND SIDES
D(K)=-(85(I1,J,K)/DELT+(COEFX(I,J,K)+COEFY(I,J,K)+COEFZ(I,J,K))

1)*BETA(I,J,K)-H*(2.*BETA(I,J,K) -ALPHA(I,J,K))

260 CONTINUE

270
300
301

302

310

600
610

620
630

I1 = XKFIRST
L = KLAST
CALL THOMAS(NX,NY,NZ,NZA ,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,

DO 270 X=KFIRST,KLAST
GAMMA(I,J,K)=Z(K)
CONTINUE :
DO 302 K=KFIRST,KLAST
DO 302 J=2,NYL1
DO 302 I=2,NXLl
SUMGAM(T,J,K)=SUMGAM(I,J,K)+GAMMA(I,J,K)
ITERATIONS 2 TO M BEGIN HERE
IFIRST = 2
ILAST = NXL1
JFIRST = 2
JLAST = NYL1
CONTINUE
SHRINK APPLIED TO I,J INDICES ONLY
FIND MAXIMUM VALUE OF I
DO 600 I=IFIRST , ILAST
II = ILAST + IFIRST-I
DO 600 J=JFIRST,JLAST
DO 600 K=KFIRST,KLAST
IF (ABS (GAMMA(II,J,K)).GT.CLIM) GO TO 610
CONTINUE
ILAST = II
FIND MINIMUM VALUE OF I
DO 620 I=IFIRST,ILAST
DO 620 J=JFIRST,JLAST
DO 620 K=KFIRST,KLAST
IF (ABS (GAMMA(I,J,K)).GT.CLIM) GO TO 630
CONTINUE
IFIRST = I
FIND MAXIMUM VALUE OF J
DO 640 J=JFIRST,JLAST
JJ=JLAST+JFIRST-J
DO 640 I=IFIRST,ILAST
DO 640 K=KFIRST,KLAST
IF (ABS (GAMMA(T,JJ,K)).GT.CLIM) GO TO 650

D-52

MOTX1050
MOTN1100
MOTN1L1D
MOTN1120
MOTN1130
MOTN1140
MOTN1150
MOTN1ILI60
MCTNILT7O
MOTN1180
MOTN1ISO
MOTN1200
MOTN1210
MOTN1220
MOTN1230
MOTN1240
MOTN1250

1COEFZ ,COVERX,COVERY,COVERZ ,DELTA ,DRAWDN,EPSILN,EXCHG, GAMMA ,HEAD ,DXMOTN1260
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET ,S8,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)MOTN1270

MOTN1280
MOTN1IZ90
MOTN1200
MOTN1310
MOTN1320
MOTN1330
MOTN1340
MOTN1350
MOTN1360
MOTN1370
MOTN1380
MOTN1350
MOTN1400
MOTN1410
MOTN1420
MOTN1430
MOTN1440
MOTN1450
MOTN1460
MOTN1470
MOTN1480
MOTN1490
MOTN1500
MOTN1519Q
MOTN1520
MOTN1330
MOTN1540
MOTN1350
MOTN1560
MOTN1570
MOTN1580
MOTN1IS90
MOTN1600
MOTN1610
MOTN1620



640

- 650

C

c

C

660
670

311

CONTINUE

JLAST = JJ

FIND MINIMUM VALUE OF J
DG 660 J=JFIRST,JLAST
DO 660 I=IFIRST,ILAST
DO 660 K=KFIRST,KLAST

IF(ABS(GAMMA(I,J,K)).GT.CLIM) GO TO 670

CONTINUE
JFIRST = J
NIT=NIT+i

WRITE(6,700) NIT,ITCY,IFIRST,ILAST,JFIRST,JLAST,KFIRST,KLAST
700 FORMAT(' FLOW**NIT = ',14,' ITCY = ',I&,' IFIRST = ',I4,' ILAST =
1',14," JFIRST = ',14,' JLAST = ',14,' KFIRST = ',I4,' KLAST = ',

214)

1

CALCULATE ITERATION PARAMETER

NITCY = MXITCY - (NIT + 1 - ITCY * MXITCY)
HB=HMAX* ( {HMIN/HMAX}** ((FLOAT(NITCY-1))/ (FLOAT(MXITCY-2))))

IF(NITCY.EQ.MXITCY) HB=0.
IF(NITCY.EQ.1) ITCY = ITCY + 1
CONTINUE

H1 = HB * 1.E-10

EOLD=0.0

X-DIRECTION SWEEPS

DO 350 K=KFIRST,KLAST

DO 350 J=JFIRST,JLAST

SET UP COEFFICIENT MATRIX

DO 325 I=IFIRST,ILAST

GDUMMY = GAMMA(I,J,K) - BETA(I,J,K)

IF{KLAST.EQ.2) GDUMMY = BETA(I,J,K) - ALPHA{I,J,K)
BX=(1.0/(DELX*DELX))*EFCOEF (COVERX(I,J,K),COVERX(I+1,J,X))
CX¥=(1.0/(DELX*DELX) )*EFCOEF (COVERX(I,J,K),COVERX(I~1,J,K})

AX=-BX-CX

A(I)=AX-(8S(1,J,K)/DELT+(COEFX(I,J,K)+COEFY(I,J,K)+COEFZ(I,J,K)}

+H1)

B(I)=BX

C(I)=CX

RIGHT HAND SIDES

D(I)=~{CX*(GAMMA(I-1,J,K)-ALPHA(I-1,7,K})+AX*(GAMMA(I,J,K)
1-ALPHA(I,J,K) y+BX*(GAMMA(I+1,J,K)-ALPHA(I+1,J,K}))

2-H* (GDUMMY )
325 CONTINUE

I1=IFIRST
I=TLAST

CALL THOMAS (NX,NY,NZ,NZA,NMAX,ALPHA ,BET4 ,BCONC ,GOEFX,COEFY,

MCTN1830
MOTN184E
MOTN16350
MOTN1450
MOTN1570
MOTN1680
MOTN169C
MOTR1700
MOTNI7IO
MOTN1720
MOTN1730
MOTN1740
MCTN1750
MOTN1760
MOTR1770
MOTN1780
MOTN1790C
MOTN1800
MOTN1810
MOTN1820
MOTN1§30
MOTN1840
MOTN1850
MOTN1860

MOTN1870

MOTN1880
MOTN1890
MCTN1900
MOTN1G10
MOTN1920
MOTN1G30
MOTN1840
MOTN1950
MOTN1960
MOTN1I970
MOTN1980
MOTN1IG90
MOTNZ000
MOTNZO1G
MOTN2020
MOTN2G30
MOTN2040
MOTN2050
MOTN2G60

1CCEFZ,COVERX,COVERY,COVERZ ,DELTA , DRAWDN ,EPSILN ,EXCHG , GAMMA , HEAD ,DXMOTN2070
2,DY,DZ,PRES,(,QEXCHG, SUMGAM, SUMZET, 88,7 ,2ETA,CINJ,A,B8,C,D,G,R,W,Z2)M0TN2080

DG 330 I=IFIRST,ILAST

330 ALPHA(I,J,K)=2(I)

350 CONTINUE
Y-DIRECTION SWEEPS
370 EOLD = 0.
DO 400 I=IFIRST,ILAST

DO 400 XK=KFIRST,KLAST

SET UP COEFFICIENT MATRIX
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MOTN2080
MOTNZ100G
MOTN2110
MOTNZ120
MOTN2130
MCOTNZ140
MOTR2150
MOTN2160



(@ IR P

380

350
400

402

405

410

420

DO 380 J=JFIRST,JLAST

BY=(1.0/ (DELY*DELY) )*EFCCEF (COVERY(I,J,X},COVE
CY=(1.0/ (DELY*DELY) )*EFCOEF (COVERY(I,J,K),COVE
AY=-BY-CY

A(J)=AY-(88(I,J K}/DELT+(COEFX(I J,K)+COEFY(I,J,K)+COEFZ(1,J,K))

1 +H1)

B(J)=BY

C(J)=CY

RIGHT HAND SIDES
D(J)=-(CY*(GAMMA(I,J-1,K)-BETA(I,J-1,K))+AY*(G
1-BETA(I,J,K))+BY=(GAMMA(I,J+1,K)-BETA(T,J+1,K)
2-(8S(I,J,K)/DELT+(COEFX(I,J,K)+COEFY(I,J,K)+CO
3*ALPHA(I,J,K)+H1*¥(  -2.%ALPHA(I,J,K))
CONTINUE

11=JFIRST

I=JLAST

CALL THOMAS (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONGC

RY(I,J+1,K))
RY(I)J'}-,K))

AMMA(I,J,K)

)
EFZ{I,J,K))

,COEFX,COEFY,

MOTN2170
HOIN2180
MOTNZ190
MOTN2200
MOTN2210
MOTN2220
MOTNZ2230
MOTN2240
MOTN2250
MOTN2260
MOTNZ27C
MOTNZ280
MCTNZZS0
MOTN2300
MOTN2310
MOTN232C
MOTN2330

1COEFZ,COVERX,COVERY ,COVERZ , DELTA , DRAWDN ,EPSTIN, EXCHG , GAMMA , HEAD , DXMOTN2340
2,DY,DZ, PRES, Q, GEXCHG, SUMGAM, SUMZET, SS, F, ZETA,CINJ, A, B,C,D,G,R, W, Z)MOTN2350

DO 390 J=JFIRST,JLAST

CHECK FOR CONVERGENCE OF ITERATIVE PROCESS
ENEW = ABS(Z(J))
IF(ENEW.GT.EOLD)EQOLD = ENEW
IF(KLAST.EQ.2) GAMMA(I X}
BETA(I,J,K)=Z(1)

CONTINUE

IF(KLAST.GT.2) GO TC 410
IF(EOLD.GT.ELIM) GO TO 410
DO 405 K=KFIRST,KLAST

DO 405 I=IFIRST,ILAST

DO 405 J=JFIRST,JLAST

= z(J)

SUMGAM(I,J,K) = SUMGAM(I,J,K) + BETA(I,J,K)
IF(EOLD.LE.ELIM)GO TO 500

GO TO 460

IF(KLAST.EQ.2) GO TC 402

EOLD =

Z8WEEP BY PASSED IF PROBLEM IS TWO DIMENSIGNAL
IN THE X-Y PLANE

Z-DIRECTION SWEEPS

DO 450 J=JFIRST,JLAST

DO 450 I=IF¥IRST,ILAST

SET UP COEFFICIENT MATRIX

DO 420 K=KFIRST,KLAST

BZ=(1.0/{DELZ*DELZ))* (EFCCEF(COVERZ(1,J,K),COVERZ(I,J,K+1)))

$z=(1.0/(DELZ*DELZ))*{(EFCOEF (COVERZ(I,J,K},COV
AZ=-BZ-CZ

A(X)=AZ-(85(1,J,K)/BELT+{COEFX(1,J,K}+COEFY(I,J,K)+COEFZ(I,J,K})

1 +H1)

B{K)=BZ

C(X)=CZ

RIGHT HAND SIDBES

D(K)= '(SS(I J,K}/DELT+(COEFX{I,J,K)+COEFY(I,J

1 )*BETA(I,J,K) -H1*(2.%BETA(I,J,K)-ALPHA(I,J,K
CONTINUE
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ERZ(I,J,K-1)))

T,K)+COEFZ(I,J,K))
))

MOTN2360
MOTN237G
MOTN2380
MOTN2350
MOTN2400
MOTNZ410
MOTN2420
MOTN2430
MOTN2440
MOTN2450
MOTNZ460
MOTN2470
MOTNZ2480
MOTN245GC
MOTNZ500
MOTNZ510
MOTNZ520
MOTN2530
MOTN2540
MOTN2550
MOTN2560
MOTN2570
MOTN2580
MOTN2590
MOTN2600
MOTNZ£10
MOTNZ620
MOTN2620
MOTN2640
MOTN2650
MOTN2660
MOTN2670
MOTN2680C
MOTN2690
MOTN2700



£30
430
460

550

I1=KFIRST
I=KLAST :

CALL THOMAS (NX,NY,NZ,NZA ,NMAX,ALPH4 ,BETA,BCONC ,COEFX ,COEFY,

MOTRZ710
MOTN2T20
MOTNZ730

1COEFZ,COVERX,COVERY,COVERZ ,DELTA ,DRAWDN,EPSILN,EXCHG,GAMMA ,HEAD ,DXMOTN274C
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM ,SUMZET , 58 ,F ,ZETA,CINJ ,A,B,C,D,G,R,W,ZMOTNZ750

DO 430 K=KFIRST,KLAST

GAMMA(I,J,K)=Z(K)

ENEW=ABS(Z(K))

IF(ENEW.GT.ECLD) EOLD = ENEW
SUMGAM(I,J,K)=SUMGAM{I,J,K)+Z(X)

CONTINUE

CONTINUE

CONTINUE

WRITE(6,550) NIT,H,H1

FORMAT(' NIT = ',I3,' H= ',E15.7,'Hl1 = ',E15.7)
H = Hl '
IF(EQLD.GT.ELIM.AND.NIT.LT.MXITTS)GO TO 310

ITERATION STOPS WHEN CONVERGENCE CRITERION IS SATISFIED OR THE
MAXTMUM ALLOWABLE NUMBER OF ITERATICNS PER TIME STEP IS REACHED

IF(ECQLD.LE.ELIM) GO TO 500
WRITE(6,509) MXITTS,EOLD

MOTN2760
MOTRZT?TC
MOTNZYEO
MOTNZ79G
MOTN2800
MCOTNZB10
MOTNZE20
MOTN2E30
MOTNZ840
MOTNZE50
MOTN2860
MOTN2870
MOTN2880
MOTN2890
MOTNZ2900
MOTR2310

509 FORMAT(' PROGRAM FAILED TO CONVERGE IN MOTION AFTER ',I5,' ITREATIMOTN2G20

500

INS EOLD = ',E15.8,' PROGRAM TERMINATED')
STOP

CONTINUE

RETURN

END
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MOTN2930
MOTN2940
MOTN2950
MOTN2960
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SUBROUTINE PREP PREFPOO1O

DATA REQUIRED BY THE MODEL ARE READ IN AND PRINTED OUT PREPO020
COEFFICIENT MATRICES ARE ALSO SET UP IN THESE SUBROUTINE WHICH AREPREPQ030
TATER USED IN THE TOTAL AND COMPONENT MASS BALANCE SOLUTIONS PREPO040

SUBROUTINE PREP(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP00SO
1COEFZ, COVERX, COVERY , COVERZ ,DELTA , DRAWDN , EPSTLN , EXCHG , GAMMA , HEAD , DXPREP006Q
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, S$,F, ZETA,CINJ,A,B,C,D,G,R,W,Z)PREP0O70

THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME PREP00SO

DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX, PREPGO90
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY ,NZA) ,COVERX (NX ,NY ,NZA) , COVERYPREP0 100
2(NX,NY,NZA),COVERZ (NX,NY,NZA) ,DELTA(NX ,NY ,NZ) ,DRAWDN{NX,NY,NZA), PREP0110
3EPSILN(NX,NY,NZ) ,EXCHG (NX,NY,NZ },GAMMA(NX,NY,NZ),HEAD (NX,NY,NZA),PREP0120
4DX(NX,NY,NZ) ,DY(NX,NY,NZ) ,DZ (NX,NY,NZ) , PRES (NX,NY,NZA) ,Q(NX,NY ,NZAPREP0130
5) ,QEXCHG (NX, NY , N2 , SUMGAM (NX NY ,NZA) , SUMZET (NX,NY ,NZ) , S5 (NX, NY, NZAPREPO 140

6),F(NX,NY,NZ) ,ZETA(NX,NY,NZ} ,CINJ(NX,NY) PREPO150
CNE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME PREPC160
DIMENSION A(NMAX),B(NMAX),C(NMAX), D(NMAX) G(NMAX) ,R(NMAX) ,W(NMAX) ,PREP0170
12 (NMAX) PREFPO180
DIMENSION DFMT(20) PREPO1G0
DIMENSION TOUT(20) PREP0200
COMMON/PARAM/AFMT (20} ,BFMT(20) ,CFMT (20} ,DELT,DELX,DELY,DELZ, PREP0OZ210

1ELIM,EXPAN,HI ,HMAX ,HMIN,L,MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1,RHOPCR,PREPC220

2RHOW , TOTAL, VISCOS PREPC230
COMMON/AQLIM/KFAQ,KLAQ,NAQ PREP0240
COMMON/OUT/KEY , TOINJ, TOOUT, TOQINJ , TOQEX , TOQACC PREP0250
COMMON/SAVED/SAVE , CFILE ,NFILE, NTAPE,, RSTRT, KEND PREP0260
COMMON/TS /1T PREP0270
COMMON/CLOCK/ ILAPSE , TNEXT , TNOW PREPG280
COMMON/LIMIT/CLIM,CTIM,ETIM PREP0290
COMMON/VARZ/ 7K (30) PREP0300
COMMON/AQUIFR/1S0, SOLUTE PREP0310
COMMON/WELLS/LOCX (50) ,LOCY (50) ,NWELLS PREP0320
INTEGER SOLUTE PREP0330
REAL MASSIN,MASOUT,DX,DY,DZ DREPO340
INTEGER CFILE PREPG350

VISW{TP)=0.0672/(1.19344%(TP-47.183+8QRT (26174 .02+ (TP-47.183)**2)}PREPO360

1 - 120.) PREPO370
REWIND 01 PREPO380O
KOUT = 1 PREPC390
KT =0 PREP0400O
NFIT = PREPO41O
SPECIFY THE SPATIAL AND TIME INCREMENTS PREPO420
READ(5,1}DELX,DELY,DELZ ,DELT, TMAX, TINC ,DELTMX PREPG430
FORMAT(7F10.0) PREFO44LO
SPECIFY THE FLUID PROPERTIES OF THE SYSTEM AND THE INITIAL PREPO45D
TEMPERATURE PREPO460
READ(5,3) RHCW, TREF,NAG,KFAQ,KLAQ PREPO4TO
FORMAT{(2F10.0,3110) PREPO430
WRITE(6,770) NAQ,KFAQ,XLAQ PREPD4SQ
KCK = KLAQ + 1 PREF0500
RKCK = XLAQ + 1 PREPO510
IF(XCK.GT.NZ) STOP PREFP0520
IF(KFAQ.GT.KLAG) STOP PREPO530
VISCGS = VISW(TRED) PREFPO3540
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THE PHYSICAL PROPERTIES OF THE PORCUS MEDIA ARE SPE
READ(5,4)RHOR,CPR,PORG,COMP

4 FORMAT(4F10.0)
WRITE (6,7 )DELX,DELY,DELZ ,DELT, TINC ,DELTMX, TMAX ,RHOW,
1VISCOS,TREF

7 FORMAT(3X,23HSPATIAL INCREMENTS, FT.,/8X,7HDELX =

IFIED.

,F10.2, /8%, 7THDELPREPO®

u
o]

PREPOZ 3
PREPC360
PREPO57C
PREPC580
PREP25SC

00

1y = ,F10.2,/8X,7HDELZ = ,F10.2,/3X,28HINITIAL TIME INCREMENT, SEC.PREP0610
2,/,8%,7HDELT = ,F10.2,5X,7HTINC = ,F10.4,5%, PREP0E20
39HDELTMX = ,G12.2,5X, PREPGS30
L7HTMAX = ,F10.6,4H DY., PREPUS4D
5//3X,16HFLUID PROPERTIES,/,8X, 'DENSITY, LB/CU.FT. = PREPOESD
6G12.4, /8%, I\ITlAh VISPREPOSED
7CC8ITY,LB/FTSEC= ',G12.4,//,3X, 'REFERENCE TEMPERATURE, F', PREPUSTC
87X,'= ',G612.4) PREPOS80
WRITE(é,8) RHOR,CPR,PORO,COMP PREPO690
8 FORMAT(//,3X,23HPOROUS MEDIA PROPERTIES,/,8X, 'DENSITY, LB/CU.FT. PREPG700
1 = ' G12.4,/,8X,28HDISTRIBUTION COEF., LB/LB = ,G12.4,/,8X,8 PREPGT10
2HPOROSITY,17X,3H = ,612.4,/,8X, 'COMPRESSIBILITY, 1/PSI',3X,3H = , PREPGT2D
3G12.4) PREPO730
TMAX=TMAX*24 .%3600.0 PREPO740
EXPAN= RHCOR*CPR *RHOW*  COMP*(1.0-PORO)/1l&4. PREPGT750
RHOPOR=RHOR*CPR* (1.0-PORG)+RHOW*PORO PREPC760
READ(5,6) CFILE,NFILE,NTAPE,RSTRT,TPRO,SAVE PREPG770
6 FORMAT(3110,3F10.0) PREPO780
DATA FOR RESUMPTION OF COMPUTATIONS ARE READ FROM MAGNETIC TAPE  PREP0790
ICFILE=CFILE+16 PREPOBOO
IF(SOLUTE.LE.0) ICFILE = CFILE + 10 PREPOB10
WRITE(6,730) NFILE,RSTRT PREP0820
WRITE(6,732) TPRO PREPOR30
IF(RSTRT.GT.0.) WRITE(S6, 734) CFILE,ICFILE,NTAPE PREP084D
CINIT = 60. PREPO850
NZL1 = NZ - 1 PREP0860
NXL1 = NX - 1 PREP0&70
NYL1 = NY - 1 PREPOSE0
IF(RSTRT.GT.C.) PREPO&SO
1CALL RSTART(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP0S00

2COEFZ ,COVERX,COVERY ,COVERZ ,DELTA , DRAWDN,EPSILN,EXCHG , GAMMA , HEAD ,DXPREPQS 10
3,DY,DZ,PRES,Q,QEXCHG, SUMGAM ,SUMZET,8S,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)PREPLS20

COMPUTATION ARE DONE IN SINGLE PRECISION
DELT! = DELT
CONTINUE
NOTE--ALL NO FLOW BOUNDARIES ARE ASSIGNED ZERO PERMEABILITY
IF THE AQUIFER IS ANISOTROPIC THE PERMEABILITIES AND MASS
DIFFUSION COEFFICIENTS FOR EACH COORDINATE DIRECTION MUST
BE ENTERED.
AFMT IS THE INPUT FORMAT FOR THE MASS DISPERSION AND
PERMEABILITY DATA -
READ(5,5) (AFMT(I),I=1,20)
5 FORMAT(20A3)
IF(IS0O.NE.01)GO TO 15
ISCTROPIC AQUIFER
SUBROUTINE IPERM READS AND WRITES THE ISOTROPIC PERMEABILITY
MATRIX
CALL IPERM(NX,NY,NZ,NZA ,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,

119
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PREPOS30D
PREPOSLQ
PREP0950
FREP0960
PREFP0970
PREPOS80
PREP0S90
PREF1000
PREP1010
PREF1020
PREP1C30
PREFP1G40
PREP1030
PREP10&0
PREP1070
PREF1080
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1COEFZ,CCVERX,COVERY ,COVERZ,DELTA ,DRAWDN ,EPSILN, ZXCHG, GAMMA ,HEAD ,DXPREF1090
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM , SUMZET,85,F,2ZETA,CINT,A,B,C,D,G,R,W,2)PREP1100

SUBROUTINE IDISP READS AND WRITES THE ISOTROPIC MASS PREP111C
DISPERSION COEFFICIENT MATRIX PREF1120
IF(SOLUTE.GT.0) PREP1130

1CALL IDISP(NX,NY,NZ,NZA ,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP114G

2COEFZ,COVERX,COVERY,COVERZ ,DELTA, DRAWDN, EPSILN, EXCHG, GAMMA , HEAD ,DXPREP 1150

3,DY,DZ,PRES,Q,QEXCHG, SUMGAM,, SUMZET, SS,F,ZETA,CINJ,A,B8,C,D,G,R,W,Z2)PREP1160
10 CONTINUE PREP1i70
GO TO 20 PREP1130
ANISOTROPIC AQUIFER PREP119G

15 CONTINUE PREP1200
SUBROUTINE APERM READS AND WRITES THE ANISOTROPIC PERMEABILITY PREP1210
TENSOR PREP1220
CALL APERM(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP1230

1COEFZ , COVERX, COVERY , COVERZ , DELTA , DRAWDN , EPSTLN, EXCHG , GAMMA , HEAD , DXPREP 1240
2,DY,DZ,PRES,Q, QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R,W,Z)PREP1250C

SUBROUTINE ADISP READS AND WRITES THE ANISOTROPIC MASS PREP1260
DISPERSION TENSOR PREP1270
IF{SOLUTE.GT.0) ‘ PREP128&0
1CALL ADISP(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,C0EFY, PREP1250C

2COEFZ,COVERX,COVERY,COVERZ,DELTA, DRAWDN, EPSILN, EXCHG, GAMMA , HEAD, DXPREP 1300
3,0Y,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 85 ,F, ZETA,CINJ ,A,8,C,D,G,R,W,Z)PREP1310

20 CONTINUE PREP1320
SUBROUTINE STORE READS AND WRITES THE SPECIFIC STORAGE COEFFICIENTPREP1330
MATRIX PREP1340
CALL STORE (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONG,COEFX,COETFY, PREP1350

1COEFZ ,COVERX,COVERY ,COVERZ ,DELTA ,DRAWDN ,EPSILN,EXCHG, GAMMA ,HEAD ,DXPREP 1360
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 88 ,F,ZETA,CINJ ,A,B,C,D,G,R,W,Z)PREP1370

THE BOUNDARY AND INITIAL CONDITIONS ARE SPECIFIED PREP1380
SINCE ALL BOUNDARIES ARE NC FLOW BOUNDARIES MATRICES OF MASS AND PREP1390
HEAT TRANSFER COEFFICIENTS SPECIFY THE FLUX ACROSS THESE PREP1400
BOUNDARIES PREP1416
THE IMPUT FORMAT FOR THE TRANSFER COEFFICIENTS IS SPECIFIED PREP1420
READ{5,25) (BFMT(I},I=1,20) PREP1430
25 FORMAT(20A3) . PREP1440
MASS TRANSFER COEFFICIENTS PREP1450
CALL COEXCH(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFY,COEFY, PREP1460

1COEFZ , COVERX , COVERY , COVERZ , DELTA , DRAWDN , EPSTLN, EXCHG , GAMMA , HEAD , DXPREP 1470
2.DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R,W, Z}PREP1480
CFMT IS THE IMPUT FORMAT FOR THE CONSTANT HEAD BOUNDARY CONDITIONSPREP1490

AND THE INITIAL HEAD DISTRIBUTION MATRICES PREF1500
READ(5,30) (CFMT(I),I=1,20) PREP1510
30 FORMAT{20A3) PREP1520
THE CONSTANT HEAD BOUNDARIES USED IN CONJUNCTION WITH THE PREP1530
MASS TRANSFER COEFFICIENTS ARE SPECIFIED PREP1540
CALL CONHD(NX,NY,NZ,NZA,NMAX, ALPHA BETA,BCONC,COEFX,COEFY, PREP1530

1COEFZ, COVERX , COVERY, COVERZ , DELTA , DRAWDN, EPSTIN, EXCHG , GAMMA , HEAD , DXPREP 1560
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R,W, Z)PREP1570
THE INITIAL HEAD DISTRIBUTION IS ENTERED PREP1580
CALL STRT (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFY,COEFY, PREP1590
1COEFZ, COVERX, COVERY, COVERZ, DELTA, DRAWDN, EPSILN, EXCHG, GAMMA , HEAD , DXPREP1600
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 8S,F, ZETA,CINJ,A, B,C,D,G,R,W, Z)PREP1610
COMPONENT MASS TRANSFER COEFFICIENTS PREP1620
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35

51

52

IF{SOLUTE.GT.0) PREPIc3C
1CALL QTRANS(NX,NY,NZ,NZA NMAX,ALPHA,BETA,BCONC,COEFX,COETY, PREPI540
2COEFZ,COVERX,COVERY,COVERZ ,DELTA,,DRAWDN ,EPSILN,EXCHG,GAMMA ,HEAD ,DXPRE® 1650
3,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET,SS,F,ZETA,CINS ,A,B,C,D,G,R,W,Z)PREP165¢

THE CONSTANT CONCENTRATION BOUNDARY CONDITIONS ARE SPECIFIED PREP1E7D

IF(SOLUTE.GT.0) ' PREP165C
1CALL CONCON(NX,NY,NZ,NZA ,NMAX,ALPHA,BETA,RBCONC,COEFX,COEFY, PREPI550

2COEFZ ,COVERX ,COVERY,COVERZ ,DELTA ,DRAWDN ,EPSILN ,EXCHG, GAMMA ,HEAD ,DXPREP 1 750
3,DY,DZ,PRES,(,QEXCHG, SUMGAM, SUMZET, 88,F, ZETA,CINJ ,A,B,C,D,G,R,W,Z)PREP1710

THE INITIAL CONCENTRATION DISTRIBUTION IS ENTERED PREPI7Z20
IF(SOLUTE.GT.0) BREPIT30
1CALL CONC (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREPLI7L0

2COEFZ,COVERX, COVERY,COVERZ ,DELTA , DRAWDN , EPSIIN, EXCHG , GAMMA ,HEAD , DXPREP1750
3,DY,DZ ,PRES,Q, QEXCHG , SUMGAM, SUMZET, SS,F, ZETA,CINI,A,B,C,D,G,R,%, Z2)PREP: 760

IF(RSTRT.EQ.0. .AND.SAVE.GT.0.) PREP1770
1CALL RECORD(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP1780
1COEFZ ,COVERYX ,COVERY ,COVERZ ,DELTA, DRAWDN ,EPSILN ,EXCHG, GAMMA , HEAD , DXPREP 1750
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ,A,B,C,D,G,R, ¥, Z)PREP1800

DO 35 K=1,NZ PREP181C
DO 35 J=1,NY \ PREP1820
DC 35 I=1,NX : PREP1830
THE VARIABLE USED TO ACCUMULATE THE CONCENTRATION CHANGE OVER PREP1840
ONE TIME STEP IS SET EQUAL TO ZERO PREP1850
SUMZET(I,J,K) = 0. : PREP1860
IF(K.GT.NZA} GO TO 35 PREP1870
THE INJECTION RATE IN EACH CELL IS SET EQUAL TO ZERO PREP1880
Q(I1,J,K)=0.0 PREP1890
IF(RSTRT.GT.6.) GO TO 35 PREP1900
DRAWDOWN IN EACH CELL IS SET EQUAL TO ZERO PREP1910
DRAWDN(I,J,K)=0.0 PREP1620
CONTINUE PREF1930
WRITE(6,736) (AFMT(I),I=1,20) PREP1940
WRITE(6,738) (BFMT(I},I=1,20) PREP19530
WRITE(6,740) (CFMT(I),I=1,20) PREP1960
THE INJECTION WELLS ARE LOCATED AND THE RATE PER CELL IS SPECIFIEDPREP1G70
READ(5,50)NWELLS , TLONGD PREP1980
FORMAT(I5,F10.0) PREP1990
TLONG = 24.%3600.%*TLONGD PREP2000
TLONGC = TOTAL/ (24 .%3600.) PREP2010
WRITE(6,754) TLONGO,TLONGD PREP2020
IF(NWELLS.LE.0) GO TO 56 PREP2(3C
READ(5,51)(DFMT(I},I=1,20) PREP20G4C
FORMAT (2043) PREP2030
WRITE(6,742) (DFMT(I),I=1,20) PREP2050
WRITE (6,744) NWELLS PREP2070
DO 55 L=1,NWELLS PREPZ0&0
READ(5,52) LOCX(L),LOCY(L),CINJXY PREP20Y0
FORMAT(215,F10.0) PREP2100
IW = LOCX(L) PREP2110
JW = LOCY(L) PREP2120
CINJ(IW,JW) = CINJXY PREP2130
READ(5,DFMT) (Q(IW,JW,K) ,K=1,NZA) PREP2140
COUT = 0.0 PREP2150
QOUT = 0.0 PREP2160
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DO 34 X = 1,NZA PEEP2170

N=K+ KFAQ - 2 PREP2180
CoUt = COUT + Q(IW,JW,K)*F(IW,JW,N) PREP2190
QOUT = QOUT + Q(IW,JW,K) PREP2200

54 CONTINUE - PREP2210
IF(GOUT.LT.0.0) CINJ(IW,JW) = COUT/QOUT PREPZ2220
WRITE(6,746) L,CINJ(IW,JW),IW,Jw, (X,Q(IwW,JW,X),K=1,1) PREP2230
WRITE(6,747) (K,Q(IW,JW,X),K=2,NZA) PREP2240

55 CONTINUE PREP2250
56 CONTINUE PREP2260
BEFORE THE SOLUTION PROCEDURE BEGINS THE VALUES WHICH SPECIFY THE PREP2270
ITERATION PARAMETERS AND CONVERGENCE CRITERION ARE ENTEREL PREP2280
READ(5,60) MXITTS,MXITCY,ELIM,CLIM,ETIM,CTIM PREPZ250

60 FORMAT(215,4F10.0) PREP230C
WRITE(6,748) MXITTS,MXITCY,ELIM,CLIM,ETIM,CTIM PREPZ2310
NOUT = NUMBER OF TIMES AT WHICH TAPE AND PRINTED OUTPEUT ARE PREP2320
REQUESTED PREP2330
READ{5,65) SAVE,NOUT,PQOUT PREP2340

65 FORMAT(¥10.0,I10,F10.0) PREP2350
READ(5,68) (TOUT(I),I=1,NOUT) PREP2360

68 FORMAT(8F10.0} PREP2370
WRITE(6,760) NOUT, (TCGUT(I),I=1,NOUT) PREP2380
WRITE(5,750) SAVE,POUT PREP23SC
ACCORDING TO THE FORMULAS IN THE SPILLETTE AND NIELSEN (1967) PREP2400
PAPER THE VALUES OF HMAX AND HMIN ARE DETERMINED PREP2410
PX¥=(2.0%(1.0-3.1416%3.1416 /(&.0*FLOAT(NX*NX}))))/((DELX*DELX)/ PREP2420
1(DELZ*DELZ)+1.0) , PREP2430
PZZ=(2.0%(1.0-3.1416%3.1416/ (4 .0*FLOAT(NZ*NZ})})/{(DELZ*DELZ)/ PREP2440
1(DELX*DELX)+1.0) PREP2450
IF{PXX.GE.PZZ)GO TO 61 PREP2460
HMAX=PZZ PREP2470

GO TO 62 PREP2430

61 HMAX=PXX PREP2450
62 CONTINUE PREP2500
PXX=(1.0-3.1416%3. 1416/ (2. 0*FLOAT (NX#*NX)))/ ((DELX*DELX)/ PREP2510
1(DELZ*DELZ)+1.90) PREP2520
PZZ=(1.0-3.1416*3.1416/(2.0*FLOAT(NZ*NZ)))/((DELZ*DELZ)/ PREP2530

1 (DELX*DELX)+1.0) PREP2540
IF{PXX.LE.PZZ)GO TO 63 PREP2550
HMIN=PZZ PREP2560

GO TO 64 PREP2570

63 HMIN=PXX PREP2580
64 HMIN = HMIN/10. PREP2590
HMAX = HMAX*1.E04 PREP2600
HMIN = HMIN * 1.E05 PREP2610C
PARAMETERS ARE INITIALIZED AND COUNTERS ARE SET UP PREP2620
IF(RSTRT.GT.0.) GO TO 105 PREP2630
TOINJI=C.0 PREP2640
TOOUT=0.0 PREP2650
TOTAL=0.0 PREP2660
TOQINJI=0.0 PREP2670
TOQEX=0.0 PREP2680
TOQACC=0.0 PREP2650
105 NXL1=NX-1 PREP2700
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c
c

160

1100

1200

110

i12

114

116

118

NYL1=NY-
NZL1=NZ-
IT=1
KEND=0
I0UT =
TPRO =
TLIY =
TLIM = 0

REDUCE TLIM BY 10000 MILLISECONDS TO ASSURE INTERNAL TERMINATION
OF PROGRAM BEFORE PROCESSOR LIMIT

1
1

PROCESSOR TIME ON § LIMITS CARD IN HUNDREDTHS OF AN HOUR

PRCOCESSOR TIME IN MILLISECONDS
. 1*TPRO*350000.

TLIM = TLIM - 10000.

TNOW = ELAPSED PROCESSOR TIME IN MILLISECONDS
ESTIMATED PROCESSOR TIME AT END OF NEXT TIME STEP

TNEXT =
CALL TMN
CONTINUE

IF¥(IT.EQ.
IF(TNEXT.

GO TO 11
IF(SAVE.
sTOP

KEND = 1

CALL RECORD(NX,NY,NZ,NZA,NMAX,ALPHA ,BETA,BCONC,COEFX,COEFY,

w2

1) GO TO 110
GT.TLIM) GO TO 1100
0

GT.C.) GO TO 1200

C

IS REACHED

PREP2TLIC
PREF2720C
PREP2730
PREPZ74

PREPZ750
PREP2760
PREPZY7C
PR”D°78C

R'r'r\fjﬂ

PREP2830
PREP2860
PREE2870
PREPZEBD
PREP2&30
PREF2S00
PREP2910
PREP292C

1COEFZ,COVERX,COVERY ,COVERZ ,DELTA ,DRAWDN ,EPSILN,EXCHG, GAMMA , HEAD ,DXPREF2930
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)PREP2540

STCP
CONTINUE

ARRAYS SAVED ON MAGNETIC TAPE WHEN KTAPE GT 0O

KTAPE =

TLONG = MAXIMUM TIME THAT CINJ REMAINS AT THE CURRENT VALUE,SEC

TLONGD=TLONG IN DAYS

TTINME =
DELT1

IF(TTIME

TOTAL + DELT

= DELT
IF(TTIME.

LT.TLONG) GC TO 114
.EQ.TLONG) GO TO 112

DELT = TLONG - TOTAL

KCINJ = 10

KTAPE = 10

GO TO 116

KCINI = O

GO TG 116

DELTZ = DELT

TTIME = TCTAL + DELT

TCGSEC = 3600.%24 ,*TOUT(I0UT)
IF(TOSEC.GT.TTIME) GO TO 118
IF(TOSEC.LT.TTIME) KCINJ = O
DELT = TOSEC - TOTAL

DELT1 = DELT2 .
IoUT = IOUT + 1

KTAPE = 10

Kt =KT + 1

KCOUNT = FLOAT(KT)/POUT +0.01

IF(KCOUNT.EQ.KOUT) GO TO 120

IF(KCINS.

KEY =

GT.C) GO TO 122
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PREP2950
PREP2960
PREP2970
PREP2380
PREP2930
PREP30C0
PREP3010
PREP3020
PREF3030
PREP304D
PREP3030
PREP3060
PREP3070
PREP3080
PREP3090
PREP310C
PREP3110
PREP3120
PREP3130
PREP3140
PREP315D
PREP3160
PREP3170
PREP3180
PREP3190
PREP3200
PREP3210
PREP3220
PREP3230
PREP3240
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GO TO 140 PREP3250

120 XOUT = KOUT + 1 PREP3280
122 KEY = 10 PREP327C
140 CONTINUE PREP3280
IF(KTAPE.GT.0) KEY = 10 PREP3290

THE EQUATION OF MOTION IS SOLVED PREP3300
CALL MOTION(NX,NY,NZ,NZA ,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP3310
1COEFZ,COVERX,COVERY,COVERZ ,DELTA ,DRAWDN, EPSTLN,EXCHG , GAMMA ,HEAD ,DXPREP3320
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, 85 ,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)PREP3330
NFIT = NIT PREP3340
TOTAL MASS BALANCES ARE CALCULATED AND THE RESULTS ARE PRINTED OUTPREP3350
CALL MASBAL(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP3360
1COEFZ,COVERX,COVERY,COVERZ ,DELTA ,DRAWDN, EPSTLN,EXCHG, GAMMA ,HEAD ,DXPREP3370
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM , SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G,R,W,Z)PREP3380
NEXT THE EQUATION FOR COMPONENT MASS CONSERVATION IS SOLVED PREP3390
MASS IS BYPASSED IF CINJ EQUALS F(1,1,1) = INITIAL CONCENTRATION PREP3400

OF THE AQUIFER PREP3410
IF(SOLUTE.LE.0) GO TO 590 PREP3420
CALL MASS (NX,NY,NZ,NZA,NMAX ,ALPHA , BETA ,BCONC,COEFX,COEFY, PREP3430
1COEFZ,COVERX, COVERY,COVERZ ,DELTA,DRAWDN , EPSTLN,EXCHG, GAMMA , HEAD , DXPREP3440
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM , SUMZET,S$S,F, ZETA,CINJ,A,3,C,D,G,R,W, Z)PREP3450
MASS BALANCES ARE CALCULATED AND THE RESULTS ARE PRINTED OUT PREP3460
CALL BALANC(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, PREP3470
1COEFZ,COVERX,COVERY,COVERZ ,DELTA, DRAWDN, EPSILN,EXCHG , GAMMA ,HEAD ,DXPREP3480
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, S8 ,F,ZETA,CINJ,A,B,C,D,G,R,W, Z)PREP3490
590 CONTINUE PREP3500
CALL TMNOW2 PREP3510
WRITE(6,110531T,ILAPSE, TNOW PREP3520
1105 FORMAT('0 IME STEP NUMBER ',I5,' COMPLETEDR',/, PREP3530
16X, 'PROCESSOR TIME UTILIZED, MILLISECONDS',/, PREP3540
26X,'  THIS TIME STEP -- ',I6,/, PREP3550
36X, ' TOTAL -~ ' E15.4,/,1H1) . PREP3560
IF(XTAPE.GT.0 .AND.SAVE.GT.G.) PREP3570
1CALL RECORD(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COETY, PREP3580
1COEFZ,COVERX,COVERY ,COVERZ ,DELTA, DRAWDN,EPSILN,EXCHG, GAMMA ,HEAD ,DXPREP3590
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM , SUMZET, SS,¥,ZETA,CINJ,A,B,C,D,6,R,W, 2} PREP3600

A CHECK IS MADE TC DETERMINE WHETHER THE MAXIMUM SIMULATION TIME PREP3610
HAS BEEN REACHED. IF NECESSARY, THE LAST TIME STEP IS ADJUSTED  PREP3620

SO THAT THE SIMULATION STCOPS AT TMAX. PREP3630
IF(TOTAL.EQ.TMAX)GO TG 1100 PREP3640
IF(NFIT.GT.10) GC TO 710 PREP3650
DELT=TINC*DELT PREP3660
IF(DELT.GT.DELTMX) DELT=DELTMX PREP3670

710 IF(TMAX-TOTAL-DELT) 720,725,725 PREP3680
720 DELT=TMAX-TOTAL PREP3690
DELT1 = DELT PREP3700

725 CONTINUE PREP3710
NEW VALUES FOR CINJ AND TLONG ARE READ IN IF KCINJ .GT. 0 PREP3720
IF(XCINJ.EG.0} GO TO 727 PREP3730
TLONGC = TLONGD PREP3740
READ(5,50)NWELLS, TLONGD PREP3750
TLONG = 24.*3600.*TLONGD PREP3760
TLONGO = TOTAL/ (24.%3600.) PREP3770
WRITE(6,754) TLONGO,TLONGD PREP3780
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IF(NWELLS.LE.0) GO TO 636 PREPZ7SC
READ{5,51) (DFMT(I),I=1,20) PREP3ESE
WRITE(6,742) (DFMT(I),I=1,20) PREP35810
WRITE(6,744) NWELLS PREFP3820
DO 635 L=1,NWELLS PREP3830
READ(5,52) LOCX(L),LOCY(L),CINJXY PREP384LD
IW = LOCX(L) PREF3850
JW = LOCY(L) PREP2850
CINJ(IW,JW) = CINJXY PREPIETC
READ(5 DFMT)(Q(IW,JW,K),K=1,NZA) DREP3S80
CouT = PREP3850
QoUT = o.o PREP39CC
DO 634 K = 1,NZA PREP391¢
N =K+ KFAQ - 2 , PREP3520
COUT = COUT + Q(IW,J¥,K)*F(IW,JW,N) PREP3930
QOUT = QOUT + Q(IW,JW,K) PREP3940

634 CONTINUE PREP3%50
IF(QOUT.LT.0.0) CINJ(IW,JW) = COUT/QOUT PREP3960
WRITE(6,746) L,CINJ(IW,JW),IW,JW,(K,Q(IW,JW,K),K=1,1) PREP3570
WRITE(6,747) L,CINJ(IW, JW) IW,JW, (K,Q(IW,JW,K) ,K=2,NZA) PREP3980

635 CONTINUE _ PREP3990

636 CONTINUE PREP4000
TLONG = 24.%3600.*TLONGD PREPLO1C
WRITE(6,754) TLONGO,TLONGD PREP4C20

752 FORMAT(2Fi0.2) , PREP4030

754 FORMAT('OTHE INJECTION RATE AND/OR CONCENTRATION CHANGED ', PREP4040

1'AFTER TIME = ',F8.2, PREP4050
2' DAYS AND WILL REMAIN THERE THROUGH TIME = ',Fg8.2,' DAYS") PREP4060

727 IF(DELT.LT.DELT1) DELT = DELTI PREP4070
IT=IT+ 1 PREP40SD
IF(NIT.LE.MXITTS} GO TO 100 PREP409O

800 WRITE(6,780)NIT,MXITTS PREP4100

780 FORMAT('Qérimedek’ T3 "ITERATION IN LAST TIME STEP EXECEEDS SPECIFIEPREP4110

1D MAXIMUM OF',I3,' -- PROGRAM TERMINATED “eriichs’') PREP4120
STOP PREP4130
730 FORMAT('OFIRST WRITE COMMAND BEGINS AT FILE NUMBER ',I4,"' FOR THISPREP4140
1 COMPUTATION  *=#%% VALUE OF RSTRT = ',F10.0) PREP4150

732 FORMAT{'OPROCESSOR TIME FOR INTERNAL PROGRAM TERMINATION ',F5.C,' PREP4160
1HUNDREDTHS OF AN HOUR ') PREP4170

734 FORMAT('OPROGRAM STARTS WITH DATA IN FILES ',I4,' - ',I4,' READ FRPREP4180

10M TAPE NUMBER ',I6,' ON LOGICAL UNIT 61") PREP4190

736 FORMAT('1VARIABLE FORMAT AFMT( ) =',2043) PREP4200

738 FORMAT('OVARIABLE FORMAT BFMT( ) =',20A3) PREP4210

740 FORMAT('OVARIABLE FORMAT CFMT( ) =",20A3) ' . PREP4220

742 FORMAT('OVARIABLE FORMAT DFMT( ) = 20A3) PREP4230

744 FORMAT('ONUMBER OF WELLS =',I3,//,6X,'WELL CONCENTRATION', PREP4240

18X,'COORDINATES',BX,'RATE/CELL',/,ISX,'(LB/LB)’,7X,'I(X)', PREP4250
24X, 3(Y) " ,4%, 'K(Z) 7 ,4X, "(CU FT/SEC) ") PREP4260

746 FORMAT('0',5X,13,3X,612.6,3X,I5,3X,15,3X,I5,3X,F12.6) PREP4270

747 FORMAT(43X,15,3X,F12.6) PREP4280

748 FORMAT('OMAXIMUM ITERATIONS PER TIME STEP ', I5,10X,'ITERATIONS PEPREP4290

1R CYCLE ',15,/ PREP4300
2"OCONVERGENCE LIMIT ON FLUID FLOW ITERATION =',E15.8/ PREP4310
3"0ABSOLUTE VALUE CF SHRINK LIMIT-FLUID FLOW =',E15.8/ PREP4320
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4'OCONVERGENCE LIMIT ON CONCENTRATION ITERATION =',6E15.8/ PREP4330

5'0ABSOLUTE VALUE OF SHRINK LIMIT-CONCENTRATION =',E15.8) PREP4 340
750 FORMAT(' VALUE OF SAVE = ',F10.0,10X, 'PRINTED OUTPUT REQUESTED EVEPREP4350
iRY ',F5.0,' TIME STEPS',/,1H1) PREP4360
760 FORMAT ('OINTERMEDIATE RESULTS REQUESTED AT ',I5, ' TIMES '/, PREP4370
i8X, 'TIMES IN DAYS ',/(' ',F15.3)) PREP4380
770 FORMAT('OAQUIFER SIMULATED USING ',I4,' LAYERS FIRST LAYER IS AT PREP4390
1X = ',I4," LAST LAYER AT K = ',14) PREP4400
END PREP4410
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SUBROUTINE QTRANS OTHRNOG LT
COMPONENT MASS TRANSFER COEFFICIENT TERMS AT THE BOU\DA5¢ES QTENGCCC
SUBROUTINE QTRANS (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEF “OEFY QTRNOC30
1COEFZ,COVERX, COVERY, COVERZ DELTA DRAWDN,EPSILN,EXCHG, GAMMA HF D, DXQTRNGGAC
2,DY,DZ,PRES,Q, QEkCHC SUMGAM, SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G R,h Z3OQTRNOOSE
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME QTRNQOS0
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),CORFX{NX,QTRNOG7O
1INY,NZA),COEFY (NX,NY,NZA),COEFZ{NX,NY,NZA),COVERX(NX,NY,NZA) ,COVERYQTRNCCAO
2{NX,NY,NZA),COVERZ{NX,NY,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN (NX,NY ,NZ4), QTRNZD90
3EPSILN (NX,NY,NZ),EXCHG (NX,NY,NZ ),GAMMA(NX,NY,NZ) ,HEAD(NX,NY,NZA},QTRNGIGC
4DX (NX,NY,NZ),DY(NX,NY,NZ) ,DZ (NX,NY,NZ),PRES (NX,NY ,NZA) ,Q(NX,NY,NZA QTRV 110
5},QEXCHG(NX,NY,NZ),SUMGAM(NX,NY,NZA),SUMZET(NX,NY,NZ),SS(NX,NY,NZ%QT 120
6) ,F(NX,NY,NZ),ZETA(NX,NY,NZ),CINJ (NX,NY) QTRNO130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME QTRNG 145
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G{NMAX),R(NMAX) ,W(NMAX;,QTRNO15G
1Z (NMAX) : QTRNO160
COMMON/PARAM/AFMT(20) ,BFMT (20} ,CFMT(20) ,DELT,DELX ,DELY ,DELZ, QTRNOL70
1ELIM,EXPAN,H1,HMAX ,HMIN, L, MXITCY ,MXITTS,NIT, NXLl NYL1,NZL1, RHOPGR LQTRNC160
2RHOW, TOTAL, VISCOS QTRNG190
REAL MASSIN,MASOUT,DX,DY,DZ TRNO200
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND QTRNC210
INTEGER CFILE QTRNG220
IF(RSTRT.GT.0.) GO TC 800 GQTRNC230
READ(5 ,BFMT) ( ((QEXCHG(I,J,K),I=1,NX),J=1,NY),K=1,NZ) QTRNO240
800 WRITE(6,806) QTRNG2Z50
806 FORMAT(1H1, 'COMPONENT MASS TRANSFER COEFFICIENTS ON THE', QTRNG260
1' BOUNDARIES, LB/SEC/CU FT',//) QTRNG270
DO 811 K=1,NZ . QTRNO280
LIM1=1 QTRNO280
LIM2=9 QTRNO300
807 IF(NX.LE.LIM2)LIM2=NX QTRNC310
WRITE(6,808) K, (I,I=LIM1,LIM2) QTRND22C
808 FORMAT(//,3X,2HK=,12,//.4X,9(5X,12,6X),//) QTRNOZ30
DO &§10 J=1,NY : QTRNG 340
WRITE(6,809) J, (QEXCHG(I,J,K),I=LIM1,LIM2) QTRNO350
809 FORMAT(2X,I12,9(2%,E11.4)) ' QTRNO360
810 CONTINUE QTRNO370
IF(LIM2.EQ.NX}G0 TO 811 QTRNC360
LIM1=LIM1+9 QTRNG390
LIM2=LIM2+9 QTRNO4OO
GO TO 807 QTRN04 10
811 CONTINUE OTRNG420
RETURN QTRNO430
END QTRNO&L0
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SUBROUTINE RECORD - CREATES FILES OF ALL INPUT MATRICES RCRDOOLO
ON TAPE OR DISK RCRD0O02D
SUBROUTINE RECORD (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,RCRDOG30
1COEFZ ,COVERX, COVERY , COVERZ , DELTA , DRAWDN , EPSTLN, EXCHG , GAMMA , HEAD , DYRCRDO040
2,DY,DZ,PRES,Q,QEXCHG, SUMGAM, SUMZET, SS,F, ZETA,CINJ ,A,B,C,D,G,R,W, Z)RCRDOOSO
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME RCRDO060
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,RCRDO070
INY,NZA),COEFY (NX,NY,NZA) ,COEFZ (NX,NY,NZA) , COVERX (NX,NY,NZA) , COVERYRCRDC080
2 (NX,NY,NZA) ,COVERZ (NX,NY,NZ4) ,DELTA (NX,NY,NZ) ,DRAWDN (NX,NY ,NZ4), RCRDC0S0
3EPSIIN(NX,NY,NZ) ,EXCHG (NX,NY,NZ ) ,GAMMA (NX,NY,NZ) ,HEAD (NX,NY,NZA) ,RCRD0 100
4DX (NX,NY,NZ) ,DY (NX,NY,NZ) ,DZ (NX,NY,NZ) , PRES (NX,NY,NZA) , Q(NX,NY ,NZARCRDG 110
53 ,QEXCHG(NX,NY,NZ) , SUMGAM(NX,NY ,NZA} , SUMZET (NX,NY ,NZ), SS (NX,NY ,NZARCRD0120

6),F(NX,NY,NZ),ZETA(NX,NY,NZ),CINJ (NX,NY)
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME

RCRDO130
RCRDO140

DIMENSION A(NMAX),B{NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX),W(NMAX),RCRDO150

1Z (NMAX)

COMMON/PARAM/AFMT (20) ,BFMT (20} ,CFMT(2¢) ,DELT,DELX,DELY,DELZ,

RCRDO160
RCRDC170

1ELIM,EXPAN,H1 ,HMAX,HMIN, L, MXITCY ,MXITTS ,NIT,NXL1,NYL1,NZL1,RHOPOR ,RCRDO180

2RHOW , TOTAL, VISCOS RCRD0130
COMMON/START/I1 RCRD0200
COMMON/ SAVED/ SAVE , CFI1LE ,NFILE ,NTAPE ,RSTRT, KEND RCRD0210
COMMON/OUT/KEY , TOINJ , TOOUT, TOQINJ , TOQEX , TOQACC RCRD0220
COMMON/AQUIFR/ISO, SOLUTE RCRD0230
INTEGER SOLUTE RCRDO240
REAL MASSIN,MASOUT,DX,DY,DZ RCRDO250

INTEGER FIPERM,FICOND,FISS,FICOX,FICOY,FICOZ,FIHEAD,FIHCOF,FIBTEMRCRDO260

1,FITEMP,CFILE,FIPRES,FIDRAW,FIBAL RCRDO270
2,FIPERY ,FIPERZ,FICONY ,FICONZ RCRDO280
DATA EOF/4H EOF/ RCRDG290
NFILE = FILE WHERE NEXT WRITE IS TO OCCUR ON MAGNETIC TAPE RCRDO30GO
TAPE IS ALWAYS POSITICNED AT CFILE WHEN SUBRQUTINE RECORD RCRDO310
I8 CALLED*+NEXT WRITE IS AT FILE NUMBER NFILE RCRDO320
IF(CTILE.EQ.NFILE) GO TO 4 RCRDG330
IF(CFILE.GT.NFILE) GO TO 2 RCRDO3&40
NOFILE = NFILE - CFILE RCRDO350
DO 3 I=:,NOFILE RCRIC360
CALL FLGEOF(01,IEQF) RCRDO370

3 CONTINUE RCRDO380
GO TO 4 RCRDO390

2 WRITE{6,40) CFILE,NFILE RCRDO400
STOP RCRDO410
40 FORMAT(' TAPE NOT CORRECTLY POSITIONED FOR NEXT WRITE '/ RCRDO420
1' CFILE IS GREATER THAN NFILE**CFILE = ',I4,' NFILE =',I4) RCRDO430
4 CONTINUE RCRDO44O
CFILE = NFILE RCRDO450
TAPE IS POSITIONED AT FILE NUMBER NFILE IF NERROR EQ O RCRDO46BO
FIPERM = NFILE RCRDO4T0
WRITE (01) FIPERM,NTAPE,NX,NY,NZA RCRDO48O
WRITE (01} COVERX RCRE0O4390
WRITE{Ol1) EOF RCRDO50C
WRITE(6,10) FIPERM,NTAPE,NX,NY,NZA RCRDO510
FIPERY =FIPERM+1 RCRDO520
WRITE{G1l) FIPERY,NTAPE,NX,NY,NZA RCRDO530
WRITE{01) COVERY RCRDO540



WRITE(01) EGF

WRITE(6,41) FIPERY,NTAPE,NX,NY,NZA
112,")"

FIPERZ=FIPERY+1

41 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS COVERY{',I2,',',I2,',',

<
joe

<

S R
<

o)

%]

=l

I

<
s SAENa Lo dn
Y 3 = MDD O ] T A

[

WRITE(01) FIPERZ,NTAPE,NX,NY,NZA G600
WRITE(01) COVERZ RCRDOELO
WRITE(01) EOF RCRDOELD
WRITE(6,42) FIPERZ,NTAPE,NX,NY,NZA RCRD0ESD
42 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS COVERZ(',I2,',",I2,',', RCRDGELD
112,MYY RCRDOE50
FISS = FIPERZ + 1 RCRDUSSC
WRITE(01) FISS,NTAPE,NX,NY,NZA RCRDGS70
WRITE (01) SS RCRDUEEC
WRITE(01) EOF RCRDOESH
WRITE(6,14) FISS,NTAPE,NX,NY,NZA RCRDG? 00
FICOX = FISS +1 ' RCRDO710
WRITE (01) FICOX,NTAPE,N¥X,NY,NZA RCRDOT20
WRITE (01) COEFX RCRDOT G
WRITE(01) EOF RCRDO740
WRITE(6,16) FICOX,NTAPE,NX,NY,NZA RCRDO750
FICOY =FICOX + 1 RCRDO760
WRITE(01) FICOY,NTAPE,NX,NY,NZA RCRDO770
WRITE (01) COEFY RCRDO780
WRITE (01) EOF RCRDO79¢
WRITE(6,18) FICOY,NTAPE,NX,NY,NZA RCRDO8BOG
FICOZ =FICOY + 1 RCRDOS10
WRITE (01) FICOZ,NTAPE,NX,NY,NZA RCRD0O&20
WRITE (01) COEFZ ’ RCRDO&3G
WRITE(01} EOF RCRD0840
WRITE(6,20) FICOZ ,NTAPE,NX,NY,NZA RCRDO&S0
FIHEAD = FICOZ + 1 RCRDO&S0
WRITE (01) FIHEAD,NTAPE,NX,NY,NZA RCRDOS&70
WRITE (01) HEAD RCRDO8SO
WRITE(01) EOF RCRDOBIC
WRITE(6,22) FIHEAD,NTAPE,NX,NY,NZA RCRD0O9Y00
FIPRES = FIHEAD + 1 RCRDOJ1C
WRITE (01) FIPRES,NTAPE,NX,NY,NZA RCRDOS20
WRITE (01) PRES RCRDOS30
WRITE(G1) EOF RCRDOY94L0
WRITE(6,24) FIPRES,NTAPE,NX,NY,NZA RCRDOS30
FIDRAW = FIPRES + 1 RCRIOG60
WRITE(01) FIDRAW,NTAPE NX,NY,NZA RCRDOS70
WRITE(01) DRAWDN RCRDOS&0
WRITE(O1) EOF RCRD0OSY0
WRITE(6,32) FIDRAW,NTAPE,NX,NY,NZA RCRD10GO
IF{SOLUTE.LE.G) GO TO 100 RCRD1010
FICOND = FIDRAW + 1 RCRD1G20
WRITE (01) FICOND,NTAPE,NX,NY,NZ RCRD1030
WRITE (01) DX RCRD1C40
WRITE(01) EOF RCRD1050
WRITE(6,12) FICOND,NTAPE,NX,NY,NZ RCRD1G5G
12 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS DX (',12,',',12,',", RCRD1G70
112,31 RCRD1080
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43 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS DY

44 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS DZ

100

1

14

16

18

FICONY=FICOND+1

WRITE(01) FICONY,NTAPE,NX,NY,NZ
WRITE(O1) DY

WRITE(01) EOF

"WRITE(6,43) FICONY,NTAPE,NX,NY,NZ

112,)")

FICONZ=FICONY+1

WRITE(01) FICONZ,NTAPE,NX,NY,NZ
WRITE(01)DZ

WRITE (01)ECF

WRITE(6,44) FICONZ,NTAPE,NX,NY,NZ

112,57

FIHCOF = FICONZ + 1

WRITE(01) FIHCOF,NTAPE,NX,NY,NZ
WRITE( 01) QEXCHG

WRITE(01) EOF
WRITE(6,26)FIHCOF ,NTAPE ,NX,NY ,NZ
FIBTEM = FIHCOF + 1

WRITE (Ol1) FIBTEM,NTAPE,N¥,NY,NZ
WRITE (01) BCONC

WRITE(C1l) EOF

WRITE (6,28) FIBTEM,NTAPE,NX,NY,NZ
FITEMP = FIBTEM + 1

WRITE (01) FITEMP,NTAPE,NX,NY,NZ
WRITE(01) F

WRITE(O1) EOF

WRITE(6,30) FITEMP,NTAPE,NX,NY,NZ
FIBAL = FITEMP + 1
IF(SOLUTE.LE.O) FIBAL = FIDRAW + 1

WRITE(01) TOQINJ,TOQACC,TOQEX,TOTAL,TOINJ,TOOUT

',I12,', 012,00,

(\

!Izsr)"Izsr)‘!

WRITE(6,34) FIBAL,NTAPE,TOQINJ,TOQACC,TOQEX,TOTAL,TOINJ, TOOUT

CFILE = FIBAL
WRITE(O1) EOF
CFILE = CFILE + 1
IF(KEND.NE.10) GG TO 8
PROGRAM TERMINATES WHEN KEND EQUALS 10
WRITE A BLANK FILE FOR FUTURE USE
WRITE (C1) CFILE
WRITE(6,36) CFILE,NTAPE
RETURN
NFILE = CFILE
IF{SOLUTE.LE.0) WRITE(6,37)
RETURN
FORMAT STATEMENTS FOR FILE IDENTIFICATIO!

b

FORMAT('OFILE ',I5,' ON TAPE ',1I5,' HAS
112,39

FORMAT(' FILE ',I5,’ ON TAPE ',I5,' HAS S§
112,

FORMAT(' FILE ',I5,° ON TAPE ',I5,' HAS
112,39

FORMAT{' FILE ',I5,' ON TAPE ',I5,' HAS
11z,

D-68

COEFX {(',I2,',',12,","

COEFY (',I12,',',12,',",

RCRD10%0
RCREL1C0
RCRD1110
RCRD1120
RCRD1130
RCRD1140
RCRD1150
RCRD1150
RCRD117

RCRD1180
RCRD1190
RCRD1200
RCRB1210
RCRD122

RCRD12Z30
RCRD1240
RCRD1250
RCRD1260
RCRD1270
RCRD1280
RCRD1290
RCRD1300
RCRD1310
RCRD1320
RCRD1330
RCRD1340
RCRD1350
RCRD1360
RCRD1370
RCRD1380
RCRD1390
RCRD1400
RCRD1410
RCRD14290
RCRD1430
RCRD1440
RCRD1450
RCRD14s60
RCRDB1470
RCRD1480
RCRD1430
RCRD1500
RCRD151C
RCRD1520
RCRD1530
RCRD1540
RCRD1330
RCRD1560
RCRD1570
RCRB1580
RCRD15%0
RCRD16CO
RCRD1610
RCRD1620



20 FORMAT(' FILE ',T5,' ON -
112,‘)'§ ILE ',I5,' ON TAPE ',I5,' HAS COEFZ (',72,',',I2,',", RCRDi&30
22 FORMAT(' ' 15" ON RCRD1640
R ')?g FILE ',I5,' ON TAPE ’,I5,' HAS HEAD (',I12,',%,12,'," ORDIES
24 FORMAT(' " I3 ' ON RORD16
B g)?; FILE ',I5,' ON TAPE ',I5,' HAS PRES (',I2.',',12,'," RﬁRjﬁz?g
N LI Rl T o1 s
26 FORMAT(' ' 15, ON - RCRD 168!
e ')'§ PILE '.15,' ON TAPE ',15,' HAS QEXCHG(',12,','.12,'.'. chnlzgg
28 FORMAT(' ' 15 Pope o CRD17C0
112 Lrlil?)( FILE ',I5," ON TAPE ',I5,' HAS BCONC (',I2,",",I2,",' R:ngfi
s LI} y oy s Lo LY
50 FORMAT(' ' : - CRD1720
112 -??g FILE ',I5," ON TAPE ',I5," HAS ¥ (',12,',',12,"," inmaézé
s L R R S i/ au
32 FORMAT(' ! ! 1 ' RCRDL74C
112,)") FILE '.I5,' ON TAPE ',I5," HAS DRAWDN(',I2,",",I2,",", RCRD1750
34 FORMAT(' FILE ',15,' O Vore RCRD17€0
,15,' ON TAPE ',1I5,' HAS M L RERDife
INUE CALCULATIONS AT A LATER TIME '/' TO ISC. DATA NEEDED TO CONTIRCRD:?70
2 ' T15.8 ' . ' QINJ = ",E15.8, TOQACC = RCRD:
2 ',B15.8,' TOQEX = ',E15.8,' TOTAL =',E15.8/' oINT = ' Re 1780
363§é§ﬁ2%(' TO0UT =',E15.8) e YT RRprece
‘ FILE ',15,' ON TAPE ',15,' I 'y RERDLé00
' > s s S EMPTY ) ~ -
37 FORMAT(' NOTE: FILES ARE FOR ; ; RCRD1810
o FLUID FLOW EQUATION ONLY') RCRD1820
RCRD1830
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0

SUBROUTINE RSTART - READS IN INPUT ARRAYS FROM TAPE OR DISK FILES RSTROO10
FOR RESUMPTION OF CALCULATIONS RSTROGZO
SUBROUTINE RSTART (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY,RSTR0O030

1COEFZ , COVERX , COVERY, COVERZ ,DELTA ,DRAWDN , EPSILN, EXCHG , GAMMA , HEAD , DXRSTRO040

2,DY,DZ,PRES,Q,GEXCHG, SUMGAM , SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G,R, W, Z)RSTROOS0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME RSTRO060
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,RSTRO07Q
1NY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY ,NZA) ,COVERX (NX ,NY ,NZA) , COVERYRSTROC&0

2 (NX,NY,NZA) , COVERZ (NX,NY NZA) , DELTA(NX,NY .NZ) , DRAWDN (NX,NY.NZA), RSTRCOSO

3EPSILN(NX,NY,NZ) ,EXCHG (NX,NY,NZ ),GAMMA (NX,NY,NZ) ,HEAD (Nx,NY,NZA) ,RSTRO100

4DX (NX,NY,NZ3,DY (NX,NY,NZ) ,DZ (NX,NY,NZ) , PRES (N¥X,NY,NZA} , Q(NX,NY ,NZARSTR0110
5),QEXCHG(NX,NY,NZ) , SUMGAM(NX,NY ,NZA) , SUMZET (NX,NY ,NZ) , SS (NX,NY ,NZARSTR0120

6),F(NX,NY,NZ),ZETA(NX,NY,NZ),CINJ(NX,NY) RSTR0O130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME RSTRO140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX), G(NMAX) R(NMAX) ,W{NMAX) ,RSTRO150
1Z (NMAX) RSTRO16C
COMMON, PARAM/AFMT (203, BFMT(20) ,CFMT(20) ,DELT,DELX,DELY , DELZ RSTRO170
1ELIM,EXPAN,H1 ,HMAX ,HMIN, L, MXITCY,MXITTS,NIT,NXLI ,NYL1,NZL1 RHOPOR,RSTROlSO
2RHOW, TOTAL, VISCOS RSTR0190
COMMON/START/11 RSTR0200
COMMON/SAVED/SAVE,CFILE ,NFILE ,NTAPE ,RSTRT,KEND RSTR0210
COMMON/OUT/KEY, TOINJ, TOOUT, TOQINJ , TOQEX , TOQACC RSTR0220
COMMON/AQUIFR/IS0,SOLUTE RSTR0230
REAL MASSIN,MASOUT,DX,DY,DZ RSTRO240
INTEGER SOLUTE RS8TR0250
INTEGER FIPERM,FICOND,FISS,FICOX,FICOY,FICOZ,FIHEAD,FIHCOF,FIBTEMRSTR0260
1,FITEMP,CFILE,FIPRES,FIDRAW,FiBAL RSTR0270
NOFILE = CFILE - 1 : RSTRO280
IF(NOFILE.EQ.0) GO TO 6 RSTR0250
DO 3 I=1,NOFILE RSTRO300
CALL FLGEOF(01,IEQF) RSTRO310

3 CONTINUE RSTRG320
TAPE IS NOW POSITICONED AT THE BEGINNING OF FILE NUMBER CFILE RSTRO330

6 READ (01) FIPERM, ITAPE,IX,IY,IZ RSTRO340
IF(FIPERM.EQ.CFILE) GO TO 8 RSTRG350
WRITE (6,40} FIPERM,CFILE RSTRO360
STOP RSTRG370

8 READ (01) COVERX RSTRO380
READ(01) RSTRO390
WRITE(6,10) FIPERM,ITAPE,IX,IY,IZ RSTRO400
READ (0G1) FIPERY,ITAPE,IX,IY,IZ RSTRO410
READ (01) CCVERY RSTRO420
READ(01) RSTR0430
WRITE(6,41) FIPERY,ITAPE,IX,IVY,IZ RSTRO440
41 FORMAT(' FILE ',I5,' ON TAPE ',I53,' HAS COVERY(',12,',',I2,',", RSTRO450
112, RSTRO440
READ (0t) FIPERZ,ITAPE,IX,IV,IZ RSTRG470
READ(01) COVERZ RSTRC480
READ(01) RSTR0490
WRITE(6,42) FIPERZ,ITAPE,IX,IY,IZ RSTRO500
42 FORMAT(' FILE ',I3,' ON TAPE ',I5,' HAS COVERZ(',12,',',12,',", RSTRO510
112,00 RSTRO520
CONTINUE RSTRO530
READ (01) FISS,ITAPE,IX,IY,IZ RSTRO340
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READ (061) 8§

READ(01)

CONTINUE

WRITE(6,14) FISS,ITAPE,IX,IY,IZ
READ (01) FICOX,ITAPE,IX,IY,IZ
READ (01) COEFX

READ(01)

CONTINUE

WRITE(6,16) FICOX,ITAPE,IX,IY,IZ
READ (01) FICOY,ITAPE,IX,IY,IZ
READ (01) COEFY

READ(01)

CONTINUE

WRITE(6,18) FICOY,ITAPE,IX,IV,IZ
READ (01) FICOZ,ITAPE,IX,IY,IZ
READ (01) COEFZ

READ(01)

CONTINUE

WRITE(6,20) FICOZ,ITAPE,IX,IY,IZ
READ (01) FIMEAD,ITAPE,IX,IY,IZ
READ (01) HEAD

READ(01)

CONTINUE

WRITE(6,22) FIHEAD, ITAPE,IX,IY,IZ
READ (01) FIPRES,ITAPE,IX,IY,IZ
READ (01) PRES

READ(01)

CONTINUE

WRITE (6,24) FIPRES,ITAPE,IX,IV,IZ
READ (01) FIDRAW,ITAPE,IX,IY,IZ
READ (01) DRAWDN

READ(01)

CONTINUE

WRITE(6,32) FIDRAW,ITAPE,IX,IY,IZ
IF(SOLUTE.LE.0) GO TG 100

READ (01) FICOND,ITAPE,IX,IY,IZ
READ (01) DX

READ(01)

CONTINUE

WRITE(6,12) FICOND,ITAPE,IX,IY,IZ
READ(01) FICONY,ITAPE,IX,IY,IZ
READ{01) DY

READ{01) .

WRITE(6,43) FICONY,ITAPE,IX,IY,IZ

43 FORMAT(' FILE ',I5,"' ON TAPE ',15,' HAS DY

112,39

READ(01) FICONZ,ITAPE,IX,I1Y,IZ
READ(01)DZ

READ(01)

CONTINUE

WRITE (6,44) FICONZ,ITAPE,IX,IY,IZ

44 FORMAT(' FILE ',I5,' ON TAPE ',I5,' HAS DZ

112,"3")
READ (01) FIHCOF,ITAPE,IX,IY,IZ

(*,12,%,%.12,°,",

(' IZ H 1 12 T 1

RETRO55L

RSTRC3S0

RSTRO&GO
RSTROC 10
RSTROS20D

RETREGE3C
RETROS40
RETRO<3D
RETRS6EE
RETROGYO
RETROS30
RSTROE30
RSTRO70C
RSTRGY10
RETRGYZC
RETRC73C
RSTRO740
R8TRCT730
R3TRO750
RETRG770
RSTRE760
RSTRO790
RSTROE0O
RETROB1O
RSTRGEZ0
RSTRO836
RETRO840
RETR0O83C
RS8TRG8SD
RSTRGETC
RS5TRO880
RSTRO8S0
RSTRO300
RSTRC916
RETROS920
RSTROS30
RETRO940
RETRO%30
RETRO96T
RSTROS7C
RSTROS8G
RSTR09S50
RSTR1G0D
R8TR1010
RSTR1029
RSTR1C30
RSTR1040
RSTR1050
RETR1GEDQ
RETE1IL70
RETR1080



QQ

100

READ ( 01)

READ(01)
CONTINUE

WRITE(6,26)
(01)
(01) B

READ
READ
READ(01)
CONTINUE

WRITE (6,28)
(01)
(01)

READ
READ
READ(0O1)
CONTINUE

F

QEXCHG

CONC

FIHCOF,ITAPE,IX,IY,IZ
FIBTEM,ITAPE,IX,IY,IZ

FIBTEM, ITAPE,IX,IY,IZ
FITEMP, ITAPE,IX,IY,12

WRITE(6,30) FITEMP,ITAPE,IX,IY,IZ
FIBAL = FITEMP + 1

READ(OD)
CONTINUE

IF(SOLUTE.LE.O0) FIBAL = FIDRAW + 1
READ (01)

TOQINJ, TOQACC , TOQEX, TOTAL, TOINJ , TOOUT
WRITE(6,34) FIBAL,ITAPE,TOQINJ,TOQACC,TOQEX,TOTAL,TOINJ, TOOUT
FIBAL IS THE LAST FILE READ --
TAPE IS POSITIONED AT THE BEGINNING OF THE FILE WHICH FOLLOWED
THE LAST FILE READ

CFILE = FIBAL + 1

RETURN

FORMAT STATEMENTS FOR FILE IDENTIFICATION
',I5,' HAS COVERX(',12,','

10 FORMAT('
112, ")
12 FORMAT('
112,
14 FORMAT('
112,99
16 FORMAT('
112,
18 FORMAT('
112,79
20 FORMAT('
112,
22 FORMAT('
112,
24 FORMAT('
112,
26 FORMAT('
112,')")
28 FORMAT('
112,99
30 FORMAT{('
112,3")
32 FORMAT('
112,
34 FORMAT('

2 ',E15.8,

3E15.8,"

FILE

FILE

FILE

FILE

FILE

FILE

FILE

1

', I5,' ON
",I5,' ON
",I5,' ON
',I5,' ON
',I5,' ON
',I5,' ON
",I5," ON
",I5," ON
',I5," ON
',15," ON
',I5,' ON
",I5," ON
",I5," ON

TOGEX = ',E15.8,"

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TAPE

TOOUT =',E15.8)

',I5," HAS
HAS

HAS

' HAS
" HAS
' HAS
HAS

',I5,' HAS

D-72

TOTAL ='

DX

S8
COEFX
COEFY
COEFZ
HEAD
PRES
QEXCHG
BCONC
F

DRAWDN

{',12,','
(',12,',"
(',12,',"
(',12,',!
(',12,',"
(',12,',"
(',12,',"
(',12,',"
(',12,',"
(',12,","

(1912!’!1

RSTRi0S0
RSTR1100
RSTR11liC
RSTR1120
RSTR113G
RSTR1140
RSTRi150
RSTR11&0
RSTR1i70
RSTR1180
RSTR1190
RSTR1200
RSTR1210G
RSTR1Z20
RSTR1230
RSTR1240
RETR1250
RS5TR1260
RSTR1270
RSTR1280
RSTR1250
RSTR1300
RSTR1310
RSTR1320
RSTR1330
RSTR1340
R8TR1350
RSTR1360
RSTR1370
RSTR1380
RSTR1390
RSTR1400
RSTR1410
RSTR1420
RSTR1430
RSTR1440
RSTR1450
RSTR1460
RSTR1470
RSTR1480
RSTR14S0
R8TR1ZGO
RSTR1518
R3TR1520
RSTR1530
R8TR1540
RSTR1550
RSTR1560C
RSTR157C
RSTR1380

MISC. DATA NEEDED TC CONTIRSTR1IS590
INUE CALCULATIONS AT A LATER TIME '/' TOQINJ =

,E15.8/"

',E15.8, "TOQACC =
TOINJ = '

RSTR16C0
, RETRI1B1LD
RSTR1620



40 FORMAT(' TAPE NOT CORRECTLY POSITIONED FOR RESTART**FIPERHM =',

ICFILE =',15)
END

I

3,



STORGOLO
SUBROUTINE STORE . _ STORG020

STORAGE COETrTiIZIENT CRooa
:iggégégNE STgRE(NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, ST

: TOROOLO
1COEFZ coszx,COVERY,COVERz,DELTA,DRAWDN,EESILN,EXCHGéGéMEAéHiAg,g§2%8RgOSO
2.DY,DZ PRES,Q,QEXCHG,SUMGAM,SUMZET,SS,F,ZLTA,CIN{%?éw,TEMé R, D)STOR0030

THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXEGU O T e, SORO060
RT.NZA)  COREY (NK .Y NEAr CORF2 (NA Nv Nah) GOVERX (XA N3A)  GOVERYSTORD08G

o NX,NY,NZA), (NK,NY ,NZ4) , COVERX (NX, NY, N2 ; FOR00B0
;?iﬁhié)ﬁggi?gé;ERz(NX,N&,NZA),DELTA(NX,N%,NZ),QRAWDNE;?QQY§§Z§%A) sréggioo
3EPSILN(NX,NY,NZ) , EXCHG (NX, NY ,NZ ) , GAMMA (N ,NY,mig,EEA) NI STORCOC
4DX (N¥,NY,NZ) DY (NX,NY,NZ) ,DZ (NX,NY ,NZ) , PRES (NX,NY ,NZA) , ,

5),QEXCHG(NX,NY,NZ),SUﬁGAM(NX,NY,NZA),SUMZET(NX,NY,NZ),SS(NX,NY,NEASTQ S

D-74

6),F(NX,NY,NZ),ZETA(NX,NY,NZ),CINJ(NX,NY) STORO130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME STORG 140
DIMENSTION A(NMAX},B(NMAX),C(NMAX),D(NMAX),G(NMAX),R(NMAX),W(NMAX),STOROISO
1Z(NMAX) STOR0160
COMMDN/PARAM/AFMT(ZO),BFMT(ZO),CFMT(ZO),DELT,DELX,DELY,DELZ, STORO170
lELIM,EXPAN,Hl,HMAX,HMIN,L,MXITCY,MXITTS,NIT,NXLI,NYLI,NZLl,RHOPOR,STOROlBO
2RHOW, TOTAL, VISCOS STOR0190
REAL MASSIN,MASOUT,DX,DY,DZ STCRO200
COMMON/SAVED/SAVE,CFILE,NFILE,NTAPE,RSTRT,KEND STOR0Z 10
COMMON/ AQLIM/KFAQ, KLAQ, NAQ STORG220
INTEGER CFILE STORCZ30

THE SPECIFIC STORAGE COEFFICIENT IS READ IN UNDER AFMT STOR0240
IF{RSTRT.GT.0.)GO TO 8055 STORG250
READ (5, AFMT) (((SS(I,J,K),I=1,NX),J=1,NY),K=1,NZA) STOR0260
8055 WRITE(6,806) STOR0270
806 FORMAT(1H1, "SPECIFIC STORAGE COEFFICIENT, 1/FT",//) | STORC280
DO 811 K=1,NzA STORG290
M=K+KFAQ-2 STOR03Q0
LIM1=1 STOR0310
LIM2=9 STORG320

807 IF(NX.LE.LIM2)LIM2=NX STOR0330
WRITE(S,808) M,(I,I=LIM1,LIN2) STORO340

808 FORMAT(//,SX,2HK=,IZ,//,&X,Q(SX,IZ,6X),//) STOR0350
DO 810 J=1,NY STORO360
WRITE(6,809) 7, (S8{1,J,K),I=LIM1,LIM2) STOR0370

809 FORMAT(2X,12,9(2X,E11.4)) STORG380
810 CONTINUE STOR0390
IF(LIM2.EQ.NX)GO TO 811 TOR04Q0
LIMI=LIM1+9 STGRO410

- LIM2=LIM2+9 STOR0420
GO TO 807 STOR0430

811 CONTINUE STOR0440
RETURN STOR0450

END STORC460
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800
806

807

808

8G9
810

811

SUBROUTINE STRT STRTOO1S
INITIAL HEAD DISTRIBUTION STRTOU20
SUBROUTINE STRT{NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC, COEFX ,COEFY,  STRTOG30
1COEFZ ,COVERX, COVERY ,COVERZ , DELTA , DRAWDN , EPSILN,EXCHG, GAMMA , HEAD , DXSTRTO 0G40
2,DY,DZ,PRES,Q, QEXCHG , SUMGAM, SUMZET, SS,F,ZETA,CINJ,A,B,C,D,G,R,W, Z)STRTOGS0
THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME STRTO060
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC(NX,NY,NZ),COEFX(NX,STRTCO7
INY,NZA) ,COEFY (NX,NY,NZA) ,COEFZ (NX,NY ,NZA} ,COVERX (NX ,NY ,NZA} , COVERYSTRTO08D
2(NX,NY,NZA) ,COVERZ (NX,NY,NZA) ,DELTA(NX,NY,NZ) ,DRAWDN(NX,NY,KZ4), STRTOGOC
3EPSIIN(NX,NY,N2),EXCHG(NX,NY,NZ ),GAMMA (NX,NY,NZ),HEAD (NX,NY,NZ4), STRT0100
LDX(NX,NY ,NZ) . DY (NX,NY ,NZ) ,DZ(NX ,NY ,NZ} , PRES (NX ,NY ,NZA) , Q(NX ,NY , NZASTRTO 1 10
5),QEXCHG (NX,NY ,NZ) , SUMGAM (NX,NY ,NZA) , SUMZET (NX ,NY ,NZ) , S5 (NX,NY ,.NZASTRT0 12

6),F(NX,NY,NZ), ZETA(NX,NY,NZ),CINJ(NX,NY) STRTC130
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME STRTO140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D(NMAX),G(NMAX) ,R(NMAX) ,W(NMAX) ,STRTO1IS0
1Z (NMAX) STRTO 168
COMMON/PARAM/AFMT (20) ,BFMT(20) ,CFMT(20) ,DELT,DELX,DELY,DELZ, STRTO170
1ELIM,EXPAN,H1,HMAX ,HMIN,L,MXITCY ,MXITTS,NIT,NXL1 ﬁYLl,NZLl RHOPOR,STRTOISO
2RHOW, TOTAL,VISCOS STRTO1590
REAL MASSIN,MASOUT,DX,DY,DZ STRTO200
COMMON/SAVED/SAVE ,CFILE ,NFILE ,NTAPE ,RSTRT,KEND STRT0210
COMMON/AQLIM/KFAQ,KLAQ,NAQ STRT0220
INTEGER CFILE STRT0230
IF(RSTRT.GT.0.} GO TO 800 STRT0240
READ(5,CFMT) (((PRES(I,J,K),I=1,NX),J=1,NY),K=1,NZA) STRT0250
WRITE(6,806) STRTG260
FORMAT (1H1, 'INITIAL HEAD DISTRIBUTION, FEET',//) STRT0270
DO 811 K=1,NZA STRTO280
M=K+KFAQ-2 STRTO280
LIM1=] STRTC300
LIM2=9 STRT0310
IF(NX.LE.LIM2)LIM2=NX STRT0320
WRITE(6,808) M, (I,I=LIM1,LIM2) : STRT0330
FORMAT(//,3X,2HK=,12,//,4X,9(5X,12,6X),//) STRTO340
DC 810 J=1,NY STRTO350
WRITE(6,809) J,(PRES(I,J,K),I=LIM1,LIM2) STRT0360
FORMAT(2X,12,9(2X,E11.4)) STRTC370
CONTINUE STRTO380
IF(LIM2.EQ.NX)GO TO 811 STRTD390
LIM1=LIM1+9 ' STRTC4G0
LIM2=LIM2+9 STRT0410
GO TO 807 STRT0420
CONTINUE STRTC430
RETURN STRTO440
END STRT0450
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SUBROUTINE THOMAS THCMO01D

SOLUTION OF TRI-DIAGONAL MATRIX EQUATIONS THOMOC20
SUBROUTINE THOMAS (NX,NY,NZ,NZA,NMAX,ALPHA,BETA,BCONC,COEFX,COEFY, THOMOO30
1COEFZ,COVERX,COVERY,COVERZ ,DELTA,DRAWDN ,EPSILN, EXCHG , GAMMA ,HEAD , DXTHCMOCA0

-2,DY,DZ,PRES,Q, QEXCHG, SUMGAM, SUMZET,SS,F,ZETA,CINJ,A,B,C,D,G,R,W, Z) THOMOO50

10

20

THREE DIMENSIONAL ARRAYS--SIZE SPECIFIED AT EXECUTION TIME THOMGG60
DIMENSION ALPHA(NX,NY,NZ),BETA(NX,NY,NZ),BCONC (NX,NY,NZ),COEFX(NX, THOMOO70
INY,NZA) ,COEFY(NX,NY,NZA) ,COEFZ {NX,NY,NZA) , COVERX(NX,NY,NZA) , COVERYTHOMC0S0
2 (NX,NY,NZA) ,COVERZ (NX,NY ,NZA) ,DELTA(NX,NY ,NZ) ,DRAWDN(NX ,NY ,NZ&}, THOMOO90
3EPSILN{NX,NY,NZ) ;EXCHG(NX,NY,NZ },GAMMA(NX,NY,NZ),HEAD(NX,NY,NZA), THOMO 100
4DX(NX,NY,NZ),DY(NX,NY,NZ) ,DZ (NX,NY,NZ) , PRES (NX,NY,NZA) , Q{NX,NY ,NZATHOMO110
5),QEXCHG (NX,NY ,NZ) , SUMGAM (NX,NY ,NZA} , SUMZET (NX,NY ,NZ) , S8 (NX,NY ,NZATHOM0 120

6),F(NX,NY ,NZ),2ETA(NX,NY ,NZ) ,CINJ(NX,NY) THOMO13¢
ONE DIMENSIONAL ARRAYS--SIZE SET AT EXECUTION TIME THOMO 140
DIMENSION A(NMAX),B(NMAX),C(NMAX),D{NMAX},G(NMAX),R(NMAX) ,W(NMAX) , THOMO 150
1Z (NMAX) THOMO160
COMMON/PARAM/AFMT(20) ,BFMT(20),CFMT(20) ,DELT,DELX,DELY,DELZ, THOMO17G
1ELIM,EXPAN,H1,HMAX ,HMIN, L, MXITCY ,MXITTS ,NIT,NXL.1,NYL1,NZL1 ,RHOPOR , THOM0 180
2RHOW, TOTAL, VISCOS THOMO15¢
COMMON/START/11 THOMC200
REAL MASSIN,MASOUT,DX,DY,DZ THOM0210
SINCE C(I1)=0 OR X(I1-1)=0, LET C(I1)=0 AND SET R(I1-1)=0 AND THOM0220
G(I1-1)=0 THOM0230
IIM1 =11 -1 THOMO24$
R(IIM1) = 0.0 THOMO250
G(IIM1) = 0.0 THOMO 260
LL1=L-1 , THOM0270
DO 10 I=I1,LL1 . THOMO280
W{I)=A(1)-C(I)*R(I-1) THOM0290
IF(W(I).EQ.0.) W(I) = 1.0 THOMO300
R(I}=B(I)/W(I) ' THOMO0319
G(Iy=(D(I)-C(I}*G(I-1})/W(I) THOMO0320
W{L)=A(L)-C(L)*R(L-1) THOMO 330
IF(W(L).EQ.0.) W(L) = 1.0 THOMO 340
G(LY=(D(LY-C(L)*G(L-1))/W{L) THOMG350
Z(L)=G(L) THOMC360
DG 20 LBS=I1,LL1 THOMO370
I =5L-1LBS -1+ 1I1 THOMO380
Z(I)=G(I)-R{I)*Z(I+1) THCM0390
CONTINUE THOMO400
RETURN THOMO410
END THOMO420
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SUBRCUTINE TMNOW1 TNOWOG LD
SUBROUTINE TNOW USES SYSTEM ASSEMBLY LANGUAGE SUBROUTINE 'ELAPSE' TNCw020
TO CALCULATE THE PROCESSOR TIME UTILIZED IN MILLISECONDS. TNOWCO36
THE FIRSR CALL (FIRST EXECUTABLE STATEMENT IN MAIN PROGRAM) STARTSTNCWOO4LC

‘THE CLOCK AND INITIALIXES TIME TOTAL ELAPSED TIME, TNOW TNCWO0C50
COMMON/CLOCK/ILAPSE , TNEXT, TNOW TNOWQ06D
CALL ELAPSE(ILAPSE) TNOWOGTC
TNOW=0.0 TNCWOGE0
RETURN TNOW0OG90
ENTRY TMNCOW2 TNOWG1C0
CALL ELAPSE(ILAPSE) TREWO110
TNOW=TNOW+FLOAT (ILAPSE) TNOWO120
TNEXT=TNOW+FLOAT (ILAPSE) TNCWO120
RETURN ' TNOWO140
END TNOWO0150
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Section E
Example Probiems
Two example problems are included to enable the user to check the
performance of the computer program. The first problem is also usad to
compare the drawdown distribution obtained from the finite difference
model for fluid flow with the values of drawdown calculated using an
analytical model (Cleary and Ungs, 1978). The second problem includes

the solution of the solute~transport equations.

E.1- Drawdown in a Confined Aquifer of Finite Dimensions

The conceptualized grid system used to define parameters in the
finite difference model for fluid flow in the aquifer is shown in Figure
E.l.l. There are three no-flow boundaries and one constant head, or
recharge, boundary. The physical properties for the system are
summarized in Table E.l.l.

Computations were carried out for a total simulaticon time of 2§
days. The input data deck and the complete computer printout are
available on magnetic tape. The cumulative drawdown distribution after
28 days of pumping is shown in Table E.1l.2 for the first active layer in
the aquifer. The drawdown distribution predicted using the analytical
model 1s presented in Table E.l.3.

The drawdown calculated using the finite-difference model represents
the average drawdown ovér the volume of a grid cell while the analytical
solution yields the drawdown at a point., Differences between the two
sets of results are to be expected, and these differenceé can be
minimized by using smaller grid increments in the finite difference
model. The agreement between the drawdowns calculated using the finite-
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difference model and the values calculated using the analytical model are
considered to be sufficiently close to verify the fluid-flow portion of

the three—~dimensional solute transport model.



Table E.l.1

Parameters used to Simulate Drawdown in a Confined Aquifer

Prototype
Width 7,040 ft
Length 12,800 ft
Thickness 208 fc

Numerical Model

Grid Axis Number of Nodes
x 22
vy 13
y 7

Fluid Flow Parameters

Specific permeability
Porosity

Specific storage coefficient
Formation compressibility
Fluid compressibility
Pumping rate.

Initial head

Solute Transport Parameters

Formation Demnsity 167.0
Fluid Density 62.4
Distribution Coefficient G.0
Reference Temperature 60.

Grid Spacing
640 ft

640 ft
41.6 ft

0.77051 x 10~11 f¢2
0.35

0.28846 x 10™% fc-1
1.0 x 1074 psi“1
3.3 x 1076 psi-i
0.30 ft3/sec

958.0 ft

1by,/ft3
1by/£t7
by /1by

OF
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FIGURE E.1.1 - Grid system for drawdown in a confined aquifer with one
recharge boundary.
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Table E.1.2 - Results of Finite-Difference Model for Drawdown in a Confined Aquifer.

TOTAL TIME SEMULATED

CUMULATIVE DRAWDOWN FOR LAYER NUMBER

FEET

320.
960.
1600,
2240,
I 2880.
3520.
160,
hgoon,
5440,
6080.
6720,

.000%
0011
L0015
.0025%
.0028
.0032
.oo28
.0025
.0015
L0011
L0005

28.00 DAYS

960,

0.0027
0.0039
0.0057
0.0088
0.0110
0.0119
0.0110
0.0088
0.0057
0.0039
0.0027

2

1600,

0.0075%
o.0107
.01t
0.0251
0.0321
0.03%0
0.0321
0.0251
0,011
a.0107

0.0075

DISTANCE FROM X AXIS ORIGIN

S o o <O

<

u.

Q.

FELT
2240,

.0195%
L0281
L0454
L0667
.0867
L0949
L0867
L0667
Ghsh
0281
0195

0
0
0

o o o 2 o o

2880.

L0UG5
. U688
L1120
. 1691
.2219
L2hhy2
.2219
L1691
L1120
L0688
L0Uu65

o o o 9 o o C

0.
0.

0
o

3520,

L1017

. 1539

.2566
. 3970
.5328
.593h
.5328
3976

. 1539
L1007

2566.

160,

. 0.,2033

0.3137
0.5409
0.8657
1.1989
1.3607
1.1989
0.8657
0.5409
0.3137
0.2033

0,

4800.

L3614
.B752
.0315
. 7290
5175
.9645
L5175
L7290
0315
L5752
ot

4
&

4

3.

1
0
0

SHhO,

L5604
.9289
LTH79
L1191
L9177
. 2497
9177
1191
.Th79
.9289
. 56Ul



TOTAL TIME SIMULATED

28.00 DAYS

CUMULATIVE DRAWBOWN FOR LAYER NUMBER

Y
FECT

320. Q

960. 1
1600. 2.
2240, b,
2880. 8
3520, 13
h1o0. 8.
haoo. b
Shlo, 2
6080. 1
6720. O

6080.

L7539
. 2846
572
9258
.7920
L2692
7920
. 9258
.5u72
. 2846
L7539

0
t

2.
6.
13.
30.

G.

6720,

.8373
55
9979
2604
2712
h327
2112
.260h
. 9979
551

8373

2

7360,

L1539
L28ho
L5hT2
L9258
L7920
L2692
L 920
L9258
L5472
L28h6
.1539

DISTANCE FROM X AXIS ORIGIN

FEET
8000,

LBoh
.9289
LTu79
L1191
L9177
L2497
9177
MRS
LThI9
. 9289

Lh6UY

—

- NN R

0.

8640,

L3614
L5152
.031%

.7290-

5175
. 96hé6
L9175
L1290
L0315
5752
L3614

9280,

0,7033
0.3138
0, 5409
0.8657
1.1989
1.3607
1,198y
0.86507
0.5h09
0.3138
0.2033

9920.

g.1017
0,1540
0.2566
0.3977
0.5327
0.5915
0.5327
0.3977
0.2566
0. 1540

0.1017

10564 .

0.0u66
0.0689
0.1122
0. 1692
g.2221
0.2446
0.2221
0.1692
0.1122
0.0689
0.0466

11200,

0.0196
0.0284
0.0455
0.0673
0.0869
0.09354
0.0869
0.0673
0.0455
0.028h
0.0196



TOTAL TIME SIMULATED 28.00 DAYS

CUMULAT IVE DRAWDOWN FOR LAYER NUMBER 2

Y DISTANCE FROM X AXIS ORIGIN
FEET FEET
11840, 12480,
320. 0.0079 0.0038
960. 0.0114 0.0054h
1600. 0.0177 0.0084
2240, 0.0262 0.0122
2880. 0.0335 0.0150
3520, 0.0366 0.0161
H160. 0.0335 0.0150
4800, 0.0262 g.0122
54450, 0.0177 0.0084
6080, 0.0114 0.0054

6720, 0.0079 0.0038



Table E.1.3

EXAMPLE l: ANALYTICAL SQLUTION

ANALYTIC SOLUTION TO THE UNSTEADY STAT

TWO-DIMENSIONAL FLOW EQUATION FOR A CONFINED AQUI

WITH FINITE DIMENSIONS, ONE RECHARGE BOUNDARY AND
ZERC FLUX BOUNNDARIES

SYSTEM PARAMETERS
{UNITS OF FT AND DY)

NUMBER OF SUMMATIONS USED PER SERIES

STORAGE COEFFICIENT
TRANSMISSIVITY IN THE X DIRECTION

TRANSMISSIVITY IN THE Y DIRECTION
INITIAL PIEZOMETRIC HEAD

X-CORNER NODES OF AQUIFER ":

Y-CORNER NODES OF AQUIFER :

HENCE, THE CONFINED AQUIFER IS RECTANGULAR IN SHAPE, DEFINED
BOUNDARY (I.E.,DRAWDOWN

L]

o

: NMAX

ST

TXX
TYY

HO

X0
X1l
¥0
Y1

ALONG SIDE (X0,Y0) - (X0,Yl)  RECHARGE

ALONG (X0,Y¥1) - (X1,Yl) ZERO FLUX
ALONG (X1,Y1l) - (X1,Y0) ZERO FLUX
ALONG (X1,Y0) - (X0,¥0) ZERO FLUX

TOTAL NUMBER OF WELLS: NW

WELL LOCATION AND ITS PUMPING(~) OR RECHARGE(+)
I XW(I) (FT) YW(I)

L 0.6720D+04 0.3520D+04

(FT)

How ot

W

GL(I)

0.600000D-02
0.368064D+03
0.368064D+0C3

0.958000D+03

0
128000D+05
0
7

04000D+04

-0.2592D+05

(SQ FT/DY)
(SQ FT/DY)

(FT**3/DY)



TIME = 28.000 DY
PLOTTING DRAWDOWN (FT)

DISTANCE (FT)
320.0 960.0 1600.0 2240.0 2880.0 3520.0 4160.0 480¢C.0

- | ~emmmm |~ - . |--——-- |=-m—-- | -mmm - [——=>Y
320.90 l 0.000 0.001 0.001 0.001 0,001 0.006 0,001 ©.00:%
960.0‘i 0.002 0.003 0.004 0.006 0.007. 0.020 ©.007 $.0006

1600.0 l 0.007 0.009 (0.014 0.020 0.025 0.042 0.025 CC.02C
2240.0 l 0.019 0.027 0.042 0.060 0.075 0.094 0.073 GC.0&0
2880.0 i 0.048 0.070 O0.112 0.163 0.207 0.226 0.207 0.163
3520.0 l 6.108 0.163 0.269 0.403 (0.521 0.553 (0.521 0.403
4160.0 l 0.215 0.336 0.577 0.901 1.203 1.290 1.203 0.901
4800.0 l 0.374 0.610 1.103 1.826 2.567 2.836 2.567 1.826
5440.0 l 0.564 0.959 1.842 3.306 5.104 5.968 5.104 3.306
6080.0 l 0.?27 1.277 2.591 5.110 9,334 12.776 9.334 5.110
£€720.0 l 0.775 1.392 2.910 6.049 12.879 53.693 12.879 ©6.049
7360.0 l 0.728 1.277 2.591 5.110 9.334 12.761 9.334 5.110
8000.0 l 0.564 0.959 1.842 3.306 5.104 5.939 5.104 3.306
8640.0 i‘ 0.374 0.610 1.103 1.826 2.568 2.801 2.568 1.826
9280.0 l 0.215 0.336 0.577 0.901 1.203 1.255 1.203 0.901
9920.0 l 0.108 0.163 0.269 0.403 0¢.521 0.527 0.521 0.403

10560.0 l 0.048 0.070 0.112 0.163 0.207 0.215 0.207 0.163

11200.0 i 0.019 0.027 ©¢.042 0.060 0.075 0.101 0.075 0.0%0

11840.90 i 6.007 0.009 0.014 0.020 0.025 0.069 0.025 0.020

12480.0 l 0.003 0.004 0.005 0.007 0.009 0.064 0.009 0.007

i ' |
v
DISTANCE
DOWN (FT)
X

E-9



TIME

28.000

DY

PLOTTING DRAWDOWN (FT)

5440.0 6080.0 6720.0
- | - - |--->¥

320.0 -  0.001
960.0 ! 0.004
.usoo.o'l 0.014
2240.0 ! 0.042
2880.0 ! 0.112
3520.0 ! 0.269
4160.0 ! 0.577
4800.0 ~  1.103
5440.0 ! 1.842
6080.0 ! 2.591
6720.0 ! 2.910
7360.0 ! 2.591
8000.0 ! 1.842
8640.0 ! 1.103
9280.0 ! 0.577

i
9920.0 -~  0.269
10560.0 ! 0.112
11206.0 ~  0.042
11840.0 ! 0.014
12480.0 ! 0.005

v

DISTANCE
DOWN (FT)
X

0.027
0.070
0.163
0.336
0.610
0.959
172f7
1.392
1.277
0.959
0.610

0.336

0.163
0.070
0.027
0.009

0.004

0.108
0.215
0.374
0.564
0.727
0.775
0.728
0.564
0.374

0.215

0.108
0.0438
0.019
G.007

0.003

E-10
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E.2 = Solute Tramsport in a Confined Aquifer with One Recharge Boundary

The example problem for solute tramsport is basically an extencion
of the first example problem. The conceptual grid system is shown in
Figure E.2.1. A low permeability zone separates a "fresh-water” aquifer
from an underlying "saline™ aquifer. Fresh water is pumped from the
upper aquifer at a total rate of 0.3 fr3/sec and salt water is injected
into the lower formation at the same rate. A "window" in the low
permeability zone serves as a hydraulic connection between the fresh and
saline aquifers. The physical properties of the system are summarized in
Table E.2.1.

Fluid-flow and solute transport were simulated for a total period of
3 years., The simulation consisted of four computer runs utilizing the
restart options. The intermediate results were saved on Logical Unit 0l
at the end of each run, Parameters which changed from run to run are
summarized in Table E.2.2. Portions of the printed results are included
in Table E.2.3. The data deck and complete results for each of the four

runs are available on mganetic tape.
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Table E.2.1

Parameters Used to Simulate Scolute Transport in a
Confined Aquifer

Prototrype
Width 7,040 fr.
length 12,800 fr.
Thickness 332.8 ft.

Numerical Model

Grid Axis Number of Nodes Grid Spacing
X 22 640 ft.
y i3 640 ft.
¥ 10 41.6 ft.

Fluid Flow Parameters

Specific Permeability

Specific storage coefficient

Formation compressibility
Fluid compressibility
Pumping/Injection ratio
Initial Head

Sclute Transport Parameters

Formation Density

Fluid Density
Distribution Coefficient
Reference Temperature

Initial Concentration

1

0.77051 x 10=1 £t2 X#7
0.12343 x 10714 fr2 =7
0.28846 x 10~4 £~}

1.0 x 1074 psi’1

3.3 x 1076 psi”}

0.30 ft3/sec

958.0 ft.

67.0 1p_/ft3
62.4 1b_/ft
0.0 1b,/1b
60.0 COF

0.0 1b /1b, K=2,7

0.02 lby/lby K=8,9
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FIGURE E.2.1 - Grid system for solute transport in a confined aquifer
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RUN

Time and Output Parameters for Example Problem 2

Table E.2.2

Card 4 Card 7 Card 14 Card 15
DELT ™AY TINC CFILE NFILE RSTRT SAVE NOUT POUT TOUI{L
2700. 1.0 1.00 1 1 0. 10. 1 25,  3600.
2700. 3.0 1.25 18 35 10. 0. 1 25. 3600,
172800. 360.0 1.25 35 52 10. 0., 1 19.  3600.
2592000. 1080.0 1.25 52 69 10. 0. 1 25,  1080.

E-14



Table E.2.3

Partial Listing of Computer Printout
for Solute Transport in a Confined
Aquifer with One Recharge Boundary



9T-2

GARBER-WLLLINGTON AQUBFEﬁ SIMULATION
TEST FOR BR. WAGNLR

LIMITS USED TO SET SIZES OF VARIABLE ARRAYS
NX = 22 NY = 13 NZ = 10 N7A = 10 NMAX = 22
150 = 1 SOLUTE = 1
COMMON -REQUIRED TOR VARIABLE ARRAYS 54803
COMMON STORAGE AVAILABLE 175000
AQUITER SIMULATED USING 8 LAYERS FIRST LAYER 1S AT K = 2 LAST LAYER AT K = 9
SPATIAL INCREMENTS, IT,
DELX = 6110, 00
DELY = 610, 00
DELZ = 41,60
INETIAL. TIME INCREMENT, SEC,
DELT = 2592000.00 TINC = 1.2500 DELTHX = . 10E+08 TMAX = HEH#EERRUES DY,
FLUID PROPERTIES
DENSITY, LB/CU.FT. 62,10
INITIAL VISCOSITY, LB/FTSECS 7552E-03
REFERENGE TEMPERATURE, F = 60.00
PORQUS MEDIA PROPERTIES
DENSITY, L8/CU,FT, = 167.0
DISTRIBUTION COEF, LB/LB = -0
POROSITY = . 3500
COMPRESSIBILITY, 1/PSI = - 1000E-03

FIRST WRITE COMMAND BLEGINS AT FILE NUMBER 6

PROCESSOR TIME FOR INTERNAL PROGRAM TERMINATI
PROGRAM STARTIS WITH DATA
rIIL ON TAPE 1122h
ON TAPE 11224
ON TAPE 11224
ON TAPLE 11224
ON TAPE 11224
ON TAPE 11224
ON TAPL 11224
ON TAPE 11224
ON TAPE 11224
ON TAPE 11224
ON TAPL 11224
ON TAPE 11224
ON TAPE 11221
ON TAPE 11220
ON TAPE 11224

IN FILES 52 - 68
HAS COVLRX(22,13,10}
HAS COVERY(22,13,10)
HAS COVERZ{22,13,10)
HAS SS {(22,13,10)
HAS COEFX (22,13,10)
IAS COEFY (22,13,10)
IAS COEFZ (22,13,10)
HAS HEAD {22,13,10)
HAS PRES {22,13,10)
HAS DRAWDN(22,13,10)
HAS DX (22,13,10)
HAS DY {22,13,10)
HAS DZ {(22,13,10})
HAS QEXCHG(22,13,10)
AS BCONC (22,13,10)
ON TAPE 11224 NAS F {22,13,10)
ON TAPE 11224 HAS MISC,
INJ = 0.17867968E+08TOQACC =

TOINS = 0.197094730+01 TOOUT

(v Yo e o Re R AN AN RN, AN, RN, AW R ¥}
VISWNN -0 S S wN

&
i\

™
-~

fo Nt al etk nd i el sl et el el el

MM MM am T mmm
o
™

—_ T YT T T T T T T M T Y

-
-

DATA NEEDE
0.10641238E+08
= 0.8B0234690106

3 FOR THIS COMPUTATION #HR YVALUE OF RSTRT = 10.

ON 2. HUNDREDTHS OF AN HOUR
READ FROH‘TAPE NUMBER 11224 ON LOGICAL UNIT 01
D TO CONTINUL CALCULATIONS AT A LATER TIME

TOQEX = -0.60270898E405 FTOTAL =

0.31104000E+08



#% ADJUSTED FOR VISCDSITY AND DENSITY

{SEC)~1
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0,20L8E-0h
0,20n8E-04
0.0
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0.200h8E-040
0.2008L-04
g.2048L-0U

- 0.2048E-04

0.2048t-04
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0.20u48E-04
0.2048C-04
0. 20u8F-0L
0.20L48E-04
0.20U8E-04
0.0
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0.0

0.0

0.20h80-04
0, 20088-0h
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¢.20480-04
0,20U88-04
0.2048L-00
. 2008E-04
0.0
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0.,2048E-00
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0.200481L-0N
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0.20u48E-0N0
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0.0

0.0
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0.20u4B8E~0Y
0. 2048B8E-0N
0.20LBE-0N
0.204BE~-0N
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0.2048C-0b
0.20U8E-Dh
0.0
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0.0
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D.2885E-04
0.2885%€-04
0.2885E-04
0.2885E-04
0.2885E-04
0.2885E-04
0.2885E-04
0.2885L-04
0.2885E-04
0.28858-0h
0.2885E-0h
0.2885E-0h
0.2885E-04

10

0.2885E-0b
0.2885E-0b
0.2885E-0n
0.2885L-0h
0.2885L-04
0.2885E-0h
0.28850-04
0.2885E-04
0. 2885E-0h
0.2885E-04
0.2885E-~0h
0.28350-04
0.2885F~0h

19
0.2885E-041
0.2885E-04
0.2885L-04
0.2885E-040
0.2885L-04
0.2885%t-04
0.2885%1.-04
0.2885%L-04
0.2885E-0b
0. 2885L-04
0.2885E-DN
0.2885E-04
0.2885%E-04

SPECIFIC STORAGE COEFTICIENT,

0,2085L-04
0.2885E-04
0.2885¢-04
. 28B85E-00
0.2885E-00
0.2885F-04
0.2885L-0U
0.2885E-04
0.2885E-0h
0.2885E-0N
0.2885E~04
0.2885E-0h
0,2885kE-04

11

.2885L-04
.28BHE-04
.2885E-01
.2885E-0h
2885E-01
. 28851 -0
.2885E-04
.2B8HE-0Y
288HE-04
28850 -0
. 2BBSE~Ol
2885L-0
2885£-00

LOOOCOOToDODC

20

.2885E-04
.2885E-~04
2885E-0U4
.2B85E-04
L28850-04
.2885E-00
.2885L-0h
L2885 -0h
L2B85L~-0h
L 2BB5E-00
.2885E-00
.28850-00
L2B8HE-0h

CoCSooCooQooO0

V/FT

0.2885E-04
0.2885E-0h
0.2885E~04
0.2885E-04
0.2885L-04
0.2885L-0h
0.2885E-0N
0.28850-04
0.2885L-04
0,2885E-04
0.2885E-04
0.2885L-0k
0.2885E-0h

2

0.2885%E-04
0.2885E-0h
0.288%E-04
0.28850-04
0.28850-04
0.28850-0h
0.2885C-04
0.2885E-04
0.2885L-04
0.2885E-04
0.288%E-04
0.2885£~04
0.2885E-0h

21
0.2B85E-04
0.2885E-04
0.2885L-0h
0.2885L-0k
0.2885L-00
0.2885L-0U
0.2885E-0N
0.2885L-00
0.2885L-04
0.2885E-04
0.2885F-00
0.2885E-00
0.2885F-00

0.2885E-0h
0.2885E-00
0.2885EL-04
0.288%E-00
U.2885E-04
0.2885E-0h
0.2885L-04
¢.2885E-04
0.28851 -0l
0.2885L-04
0.28850 -1
0.2885L-04
0.2884%L-0h

13

0.2885E-00
0.2885E-0
0.2885E-0M
0.2885E~0M
0.28850-04
0.28850-00
0.2885L-01
0.2885E-0U
0.2885F-0N
0. 2885E-04
0.2885€~00
0.2885E-01)
0.2885L-04

22
0.28850-04
0.2685%E~-01
0,288%E-04
C.28850=-04
0,2885%C~-0h
0.2885FE-0h
0.2885£-00
0.28856~-0h
0.2885E-04
0.2885E-04
0.2885E~-04
0.2885L-04
0, 28850 -04

0.2885E-04
0.2885E-0U
0.2885C-0h
0.2885F-0h
0.2885E-0h
0.2885E-04
0.2885E-0h
0.2885E-0N
0.2885C-0h
0.2885E~-00
0.2885E-0h
0.2885E-04
(0. 2885E~04

1

0.2885E-04
0.2885E~04
0.2885L~04
0.2885E-04
0.2885L-04
0.28851-0U
0.2885E-0H
0.2885L-04
0.2885C-04
0.2885E-04
0. 2885E-04
0.28850-040
¢.2885E-04

o Yo R oa- Yo Row Jow oo - - Jon Ko o

(6.4

CLOCOCODD2CO

0.28850-04

0.2885E-00
0.2885E-0h
0.288%E-04
0.2885%E-00
0.2885E-04
0.2885E-04
0.2885%E-00L
0.2885C-00
0.2885%C~0h
0.288%0-004
0.2885E-0h
0.2885F-04
0.2885E£-04

16

0.2885E-04
0,2885E-04
0.2885E-04
0.2885E-04
0.2885L-04
0.28858-04
0.2885E-0h
0.2385E~04
0.2885E-04

0.2885E~04.

0.2885E-0U
0.2885E-0H
0.2885E-0U

0.2885E-04)
0.2885E-04
0.2885E-04
0.2885E-04
0.2885%E-0h
0.2885F-04
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0.2885%L~-0h

.0.2885E-01

0.2885(-01
0.2885C-00
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0.2885E-0U
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0.28851-04
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0.2885E-01
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0.2885E~04
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0.2885E-04
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0.2885E-0h
G.2885E-0h
0.2885E-0k
0.2885£-04
0.2885E-0h
0.2885E-00
0.2885E-01
0.2885E-04
0.2885EL~040
0.2885E-04
0.2885E£-04
0.2885E-0U
0.2885E-0h
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At

CONSTANT HEAD BOUNDARIES, FEET

K= 1
1 2 3 h 5 6 7 8 9
1 0.9580C+03 0.95%80L+03 0.9%800L+03 0,9580E4+03 0.9580E403 0.9580C+03 0.9580E+03 0.9580E+03 0.9580E+4D1]
2 0.9580E+03 0.9%80L+03 0.9580C+03 0.,9580E+013 0.9580E+03 0.95000403 0.9580E£+03 0.9580FE+03 0.9580E+03
3 0.9580E+03 0.95%80E+03 0.9580E+G3 0.9580FE+03 0.9580E+403 0.9580E+013 0.95%80E403 (.9580E+03 0.9580E+03
4 0.9580E+03 0.9580E+03 0,9580E+03 0.95B0E+03 Q.9580E+403 0.9580E+403 0.9580E403 0.9980E+03 0.95B0E+03
5 ¢.9580E+403 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E4+03 0.9580E+(3 0.9580E+03
6 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580€+03 0.9580E+03 0.9%80E+03 0.9580E+03
7 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 |, 0.9580E+03 0.9580E+03 0.9%80E+03 0.9580E+03 0.9580E+03
8 0.9580E4+03 0.9580E403 0.9580E+03 0.9580E+03 0.9580E4+03 0.9580L+03 0.9580E+03 0.9580E+03 0.9580E+03
9 0,9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 (. 9580E+03 0.9580E+03 0.9580E+03
10 0.9580E+03 0,9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.95080E+03 0,9580E+03 0.9580E403 0.95%80E+03
1 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E403 0.9580E+03 0.9580€E+03 0,9580E+03 0.9580E403 0.9580E403)
12 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.95B0E4+03 0.95801+03 0.9580E403 0.9580E+03 0.9580E+03
13 0.9580E+03 0.9580E+4+03 0.9580E+03 0.9580E+03 0.9580E£+03 0.95808+03 0.9580E+03 0.9580E403 0.9580E+03
K= 1
10 11 12 13 14 15 16 17 18
1 0.9580E+03 0.9580E4+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03
2 0.9530E+03 0.9580L4+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+403
3 0.9580E+03 0.9580L403 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E4+03 0.9580E403
& 0.9580E+03 0.9580E+03 0.9580E403 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03
5 0.9580E403 0.,9%80E+03 0.9580E+03 0.9580E£+03 G.9580L+03 0.9580E+013 0.,9580E403 0.9580E+03 0.9580E+03
6 0.9580E4+03 0.9%80E+03 0.,9580E+03 0.9580E403 0.9580E+401) 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03
7 0.9580E+03 G.9580E+03 0.9580E+03 0.9580E+4+03 0.9580E+03 0.9580E+03 0.,9580E+03 0.9580E+03 0.9580E+03
8 0.9580E+03 0. 95800403 0.9580E+03 0.9580E+03 0.9580E4+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03
9 0.95B80E+03 0.9580E4+03 0.9580E+03 0.9580E403 0.9580E+403 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03
10 0.95B0E+D3 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580£+03 0.9580E+03 0.9580E+03
" 0.9580E+03 0.9580E+03 0.9580E+02 0.9%80E+03 0.9580E403 0.9580E+403 0.9580E+03 0.9580E+03 0,9580E+03
12 0.9580L+03 0.9580E+03 0.9580E+03 0.9580E403 0.9580FE+03 0.95806+03 0.95800+03 0.9%80E+03 0.9580E+03
13 0.9580£+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0.9580E+03 0,95801.+03 0.9580E+03 0,9580E+03
K= 1
19 20 21 22
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0.2250£-23
0.4609E~-23
0.0

16

0.0

.0.8655E-21

0.3561E-17
0.B8812E-17
0.6TCHE-1Y
0.1218E~16
0.9167E-20
0.125hE-19
0.3613E-19
0.9308E-19
0.1946E-18
0.1479E-18
0.0

0.0

0.20326-19
0.3630E-19
0.4396E-19

TBOE~23

W1
pfe ]
[
m
1
N
N

OOOOOOOOCOODO
O—':NNE—*WU‘MN—‘O

A s o

Wt

-

m

1

N

n

17

By

.5535E-18
O 2531E~14
0.hUyohE-14
0.3160£-11
0.3033E-1h
0.2397E-17
0.04320L£-19
0.3587E-18
0.17468-17
0.8225E-148
0.2126F-18
0.0

0.0

0.1196L-18
0.13278-18
0.2002E-18

OOOOCOOOOOOOQ

« " o+ o#

J65E-23
156E-22
133E-22
603E-22
THQE-22
T98E-21
116E-21
733E-22
815E-22
008E-22
56TE-22

4 e s o

wa:-id-mm.a.-:g

N
-t
&

O-‘NN@S‘\—‘-‘—‘G\J"-—*O
=)
0
o
0

601E~12
511E 15

. e s

h69£ 17

OQOOOQOODOOOO

0.0

0.2499L-18
0.2h6G10-18
. 5696810



VARIABLE FORMAT AFMT({ ) =(6E12.5,/,6F12.5,/,6£12.5,/,hE12.5)

VARIABLL FORMAT BFMT{ ) ={6E12.5,/,6£12.,5,/,6E12.5,/,4E12.5)

VARIABLE FORMAT GFMT{ ) =(6E12,5,/,6(12,5,/,6012.5,/,0E12.5) ‘

THE INJEGT ION RATE AND/OR CONCENTRATION CHANGED AVIER TIME =  360.00 DAYS AND WILL REMAIN THERE THROUGH TIME = 3650.00 DAYS
VARIABLE FORMAT DFMT{ ) ={10f8.0)

NUMBER OF WELLS = 2

WELL CONCENYRATION GCOORDIYNATES RATE/CELL
(LB/LB) 1{X) J(Y) K(Z) (CU Fi/SEC)
1 L111877E-06 12 7 1 0.0
2 -0.060000
3 -0.060000
4 -0. 060000
5 -0, 06U000
6 -0. 060000
7 0.0
3 0.0
g 0.0
10 0.0
2 . 300000E-01 18 10 1 0.0
2 0.0
3 0.0
4 0.0
- 5 0.0
t 6 0.0
w 7 0.0
= 8 0. 150000
9 0. 150000
10 0.0
MAXIMUM [ TERATIONS PER TIME STEP 20 JTERATIONS PER OYCLE 5

CONVERGENGE LIMIT ON FILUID FLOW ITERATION

i

0, 10000000E~03
ABSOLUTE WALUE OF SHRINK LIMIT-FLUID FLOW = 0.10000003E-05
CONVERGENCE LIMIT ON CONCENTRATION 1TERATION = 0.10000000E-03
ABSOLUTE VALUE OF SHRINK LIMIT-CONCENTRATION = 0.10000003L-05%
INTERMEDIATE RESULTS REQUESTED AT 1 TIMES

TIMES IN DAYS

1080. 00400
VALUEL OF SAVE = 10, ‘ PRINTED QUTPUT REQUESTED EVERY 25, TIME STEPS



FLOWHHNIT =
NIT = 1 H=
FLOWFENIT =
NIT = 2 H=
FLOWRENIT =
NIT = 3 H=
FLOWHENIT =
NIT = L H=
FLOWHHNIT =
NtT = % H=
FLOWMH#NIT =
NIT = 6 H=
FLOWHEHRNET =
NIT = T 4=
FLOWH#NIT =
NIT = 8 H=

ce-d

1 ITCY = 0 IFIRST
0.0 H1 =

2 1TICY = 0 IFIRST
0.32295B80E-07H1 =

3 ITCY = 0 IFIRST
0.25004652E~06HY =

iy IFCY = 1 [FIRST
0. 19420403 E-05111 =

5 ITCY = T IFIRST
0.0 Ht =

6 ITCY = 1 VFIRST
0.4164320FE-08H1 =

7 ITCY = 1 FPFIRST
0.3229580E-07H1 =

8 ITCY = 1 tFIRST
0.2504652E~06H1 =

clloirtoiouonNoilciiol

2 11LAST
, 32295808 -07
2 1LAST
. 250U4652E-06
2 ILAST
LA9h2UNh3E-D5
2 ILAST
LG
2 1LAS]
ish320E-08
2 ILAST
.3229580E-07
2 ILAST
.2504652E-06
2 ILAST

L19U2u43E-05

21
21
21
21
21
21
21
21

JFERST
JUIRST
JFIRST
JFIRST
JEIRST
JFIRST
JFIRST
JFIRST

JLAST
JLAST
JLAST
JLAST
JLAST
JLAST
JLAST
JLAST

12
12
12
12
12
12
12

12

KFIRST
KFIRST
KFIRST
KFIRS1
KFIRST
KFIRST
KFIRST
KFIRS]

NN N NN

oM

KILAST
KLAST
KLAST
KLAST
KLAST
KEAST
KLAST
KLAST

L -I =R R - e



TOTAEL PERIOD OF INJECTION

FLUID INJECTED TO DATE
TORAL FLUID EXCUARGED WITI SURROUNDIRGS

DIFFERENCE
CALCULATED ACCUMULATION T0 DATFE
ERROR

LENGTI OF LAST TIME PER!IOD

FLUID INJECTED IN LAST TIME PERIOD
FLUID EXCHANGED WU TH SURROQUNDINGS

DIFFERENGE
CALCULATED ACCUMULATION IN 1ASTE TIME PERIOD
ERROR

NUMBER OF 1TERATIONS 8
SUM OF RESIDUALS 0.161910E+07

COMPONLCHT MASS INJECTED TO DAIL
TOTAL MASS EXCHANGED WITH SURROUNDINGS

DIFFERENCGE

9¢ -4

CALCULATED ACCUMULATEION YO DATE
FRROR

MASS INJLCTED IN LAST THIME PERIOD

MASS EXCGHANGED WITH SURROUNDINGS
CORVECTION ~0.1398E+05
DIFFUSHON n.o
TOTAL

DIFFERENCE
CALCULATED ACCUMULATION IN LAST TIME PERIOD

ERIOR

RUMDER OF 1TERATIONS 2
SUM O RESIDUALS 0.637G13E-01

TIME STEP NUMBER 1 COMPLETED
PROCLSSOR TIME UTILIZED, MILLISECONDS
HHS TIME STEP -- 11359
TOTAL -- 0. 154 7E40Y

390.0000 DAYS { 0.337E+08 SFCONDS)

21586401
L 10YTEHOT

0
O
0. 10V 7E+O7
0. 1014E+0OT
0.299081E+0h

30.0000 DAYS [ 0.259E+07 SFECONDS)

0. 1875E+00
0. 1369E+06

0.1369E+006
0.1369F+06
0.1281250+402

0.1892E+08
-0, 7Th258+05

0.1885E+08
0. 1160E+08
0.721353E+07

0.V O56E+07

-0.1398L+05
0. 14h2E+DT
0.99L6E+06
0. hUT0B9E+0G



FLOW*HNIT = © 1 ITCY = 0 1FIRS]Y
NIT = 1 H= 0.0 "1 =
FLOWHENIT = 2 11CY = 0 IFIRST
NIT = 2 H= 0.3229580E-07H1 =
FLOWHHNIT = 3 11Cy = 0 1V IRSY
NIT = 3 M= 0.2504652E~-06141 =
FLOW*¥NIT = b YICY = t VFIRST
NIT = J H= 0. 194241 3E-0501 =
FLOWHRNIT = - % |TCY = 1 IFIRSY
NIT = 5 H= 0.¢ Hi =
FLOWHENIT = 6 1TCY = 1 IFIRST
NIT = 6 H= 0.4164320E-08H1 =
FLOWEHNIT = 7 LICY = t [FIRST
NiT = T M= 0,3229580E~-07HI =
FLOWHEN|T = 8 ITCY = 1 IF{RST
NIT = 8 H= 0.2501652E~-06H1 =

L84

2 TLAST
L3229580E-07
2 FLAST
L25046520-06
2 |LASIT
L9li2i3E-05
2 1LAST
.0
2 1LAST
Aiou3e0eE-08
2 LLAST
.32295806-07
2 JLAST
L2504652E-06
2 TLAST

L9428 3E-05

21
21
21
21
21
21
21
21

JPIRST

-JFIRST

JFIRST
JFIRST
JFIRST
JEIRSET
JFIRST
JFIRST

NN NN RN NN

JULAST
JLAST
JLAST
JLAST
JLAST

JLAST =

JLAST
JLAST

12
12
12
12
12
12
12
12

KFIRST
KFIRST
KF IRST
KF1RST
KFIRST
KFIRST
KFIRST
KFIRST

MM NN N NN NN

KLAST
KLAST
KLAST
KLAST
KLAST
KLAST
KLAST
KLAST

L= ‘" I - T - B B



TO0TAL PERIOD OF THJECTION 1080.0000 DAYS ( 0.933£+08 SECONDS)

FLUID {NJECTED 10 DATE 0.1285%£+07
TOTAL FLUID EXCHANGED WITH SURROUNDINGS 0.3884E+07
D1 FFERENGE 0.3884E+07
CALCULATFD ACCUMULATION TO DATF 0, 3880E+07
FRROR 0. 421000E+04
LENGTH OF LAST TIME PERIOD 33.3320 DAYS ( 0.28BE+07 SECONDS)
FLUID {NJECTED IN LAST TIME PERIOD 0.0
FLUID EXCHANGED WITH SURRCUNDINGS 0. V12TEHD6
DIFFERENGT 0.1127E+D6
CALCGULATED AGCCUMULATION N LAST TIME PERIQD 0, 1127E+06
ERROR 0.2687500+02

NUMBLR O T TERATIONS 8
SUM O RESIDUALS -.245790F+01

3e-4



6E=d

DRAWDOWN DURING LAST TIME STEP

0.5601E-01
0.2098E~-02
0.3046E-~01
0.2176E-01
0.6037E-01
0.2079€-01
0.2569E-01
0.2945%E-01
0.3090E-01
0.317E-0
¢.3000E-01

N=0YEe-~-O\\JTETwN

-

T

.5624E~01
23118400
786E+00
989E+Q0

GUHEFQD

516E+00
5T5E+00

N=OWO~OAN oW

0

0

0.1

0.1

0.5
0.1599E+00
0.1741E+0D
0.1

0.1

0.1

0.1

—

K= 2

20
2 ~0.18708+01
3 -0.7951E+00
I -0.960T7E+00
5 ~0.8976EL400
6 -0.1118C+01
7 =0.3365E+00
8 ~0.486BE-01
9 0.5753C-01
0 0.1071E400
1 0. 1288E+00
2 0.1418E+00

e 0.5617C-01
3 0.165%0E-02
I 0.3055%E-01

0.3925E-01
0.0155E-01
0.4134E-0
0.4091£-D1
0.3685C-01
0.3767€E-01
0.4038E-01
0.3952E~01
0.3845E-01
0.3713E-01
0.3799E-01

12

0.2151E-01
0.2072E400
0. 1848E+00
0.2098E+)0
0.2280E-01
0.1700E+00
0. 19G7E+00
0.1870E+00
0.1789L£+00
0.1736E+00
0.1710E400

21
-0, TOUTE+00O
0. 1225E+00
-0.2924E+00
-0.2661E+00
-0.5841E+00
0.3081€E-01
0.2182E+00
0.2673£+00
0.2778E+00
0.2796E+00
0.2822E+00

0.398hE-01
0.3977E-01
0.3859E-01

IN FEET

0.49%8E-01
0.5386E~01
0.5192E-01
0.5675L-01
0. 4763E-01
0.53%3€~-01
0.%3%2C~01
0.52h2E-01
0.5395E-01
0.5169£-01
0.5291£-01

13

-0.3958E-01
0.2457E+00
0.1702E+00
0. 1906E+00

-0.2307E-01
0.1700E+00
0.2109E+00
0.2065L+00
0.2012E+00
0.1979E+00
0.1987E+Q0

4

0. 990 -01
0.5671£-01
0.5326E-01

0.6263E-01
0.7413E-01
0.6836E-01
0.7738E~-01
0.5%865E-01.
0.6755E-01
0.6848E~01
0.6794E-O1
0.6406E-D1
0.6608E~01
0.6796F-01

1h

-0.1786E+00
0.1689E+00
0.8224E-01
0. 1048E+00

-0, 1248E+00
0.1484HE+DO
0.2182C+00
0.2247E4+00
0,2226E+400
0.2210E+00
0.2179E+00

;)

0.6101E-01
0. 7h05%€-01
0.6926E-01

0.7215F-M
0.9524E~01
0.8478E-01
0.9609E~-01
0.658HE-01
(. 855401
0.8505E-01
0.8281L-01
0.8176E~-01
0.8255E-01
0.8243E-01

15

-0.5382E+00
~{. 1208E+00
~0.2185E+00
-0.1788E+00
-0,3957E+00
0.9344E-02
0. 1367E+D0
0.1735E+00
0.1897E£+00
0.1975E+00
0. 1979E+400

0.69086-01
0.9%24(C-01
0.8391F-0

7

0.7803t-01%
0. 1174400
0.1018E+00
0., 1175E+00
0.7255E-01
0.,1012E+00
0.1016E+00D
0. 9657E-01
0.9558E-01
0.9731E-01
0.9820E-01

16

-0. 1441+
-0.9188E4+00
=D. 1014E+Q
-0.9285E£+00
~0.1078E+01
-0.4330E+0G0
-0.1819E+00
~0.7250E-01
-0.1509E-01
0.1347E-01
0.2804E-01

195E+00

g1z2z2r-m
t
1045C+00

0.
0.
0

4

0.820UE~01
0. 14 1E+Q0
0.1239E+00
0.1396L£+00
0.7531E-01
C

197E+00
TU9E+00
133E+00
108E+D0
122E+00

7

.89%51E+00
LA483E+01
. T158E+01
L 1084E+07
.666BE+00
L1702E-01
.2581E400
0.3307E+00
0.3h97E+00
0.3532E+00
0.3556E+00

1 1
QOO ow

0.8032E-~01
0.1429F400
0.12011+00

9

0.8243E-01
0.1712E400
0. 1426E+00
0.1629£400
0.7433£-01
0.1318E4+00
0.1378E+00
0.1335E+00
0.1295E400
0.1272E+00
0.1287E+00

18

-0.1151E+01
0.1422E+01
0.1102E+01

0,1090E+01

-0.84G2E+00

-0. 105 1E400
0. 1530E400
0.2350E+00
0.2615E+00
0.2660E+00
0.2652E+00

. 79781-01
O.1726F400
0. 1h06E+0D

10

0.7258E-01
0,1997E+00
0.1608E+00
0.1812E+00
0.6345E-01
0. 1466E+00
0.1541E+400
0.1486E+00
0. 1434E+00
0. 1416E400
0.1392E+00

19

0. 11 7U4E+M
0.1670E+01
0.1373E+01
0.1391E401

-0.930LE+QO

'~0.1523E+00
0.1269E+00
0.2184E+Q0
0.2496E+00
0.2589E+00
0.2615E+00

10

G.73NSE-01
0.20280C400
0. 1623400



O%=32

TOTAL

CUMULAT IVE DRAWDOWN FOR LAYER NUMBER

TEET

320.

960,
1600.
2240,
2880,
3520,
1160.
4800,
Shhg,
6080,
6720.

TIME

SIMULATED

1
1

3zo.

L0662
.0918
L0911
o622
. 0988
L1120
L0999
0822
.0638
L0h6Y
1

0380

1080.00 DAYS

960.

2.1473
2.160h
2.186h
2.2136
2.2327
2.231h
2.2090
2.1733
2.132h
2.0955
2.071%2

3
i
3

3.
3.

W W

2

1600,

L2168
L2850
L2970
ne7
3886
. 3880
. 3538
.25888
L2105
.1h52

L1057

DEISTANCE FROM X AXI1S QRIGIN

FEET
2200,

4.2802
b, 3306
h. 262
. 5229
W, 6080
h.6140
h.55%3
0456
I, 3th6
h.,1978
h.1307

2880,

5.3237
5,110
5. 582h
5.7651
5.9217
5.95006
5,8597
5.6685
5. 406
5.2056

5.1338

A520.

6.3170
6.1659
6.7643
T.0979
7.3952
T.0770

7.3207

6.9861
6.5960
6.2699
6.0871

Hi6o.

7.1984
7.4052
7.9530
8.557¢2
q.1273
9.3767
9.0383
8.4h323
7.7635
7.2300
6.93167

nao0n,

7.8731
8.2653
g.094y
10, 1657
11,2730
11.7760
11,1733
10.0353
8.8943
8.0392
T7.5893

5uh0.

8.195%7
8.77T49
10.0520
11.8854
14.0796
15. 4819
13.970h
11.7613
9.8633
8.5627
7.9137



T7-8

TOTAL TIME SIMULATED

1080,00 DAYS

CUMULATIVE DRAWDOWN FOR LAYER NUMBER

FEET

320.

960.
1600,
2240,
2880,
3520.
ui60,
h800,
5kho,
6080,
6720.

6080.

T1.9755
8.73u7
10.5211
13.4206
17.7422
22.2971
17.6451
13.3380
10.3756
8.5767
7.7290

21

3.
-8998
.8112

6720.

.0233
.8608
.9un
13.
L2591
3s.
21,

75h3

5968
1951
512

.B681

10,

15

un

2

7360.

.Pu97
.953h
.7365

6166

. 0459
19,
15,
10.

6365
0507
7961

.8712
L0954

W W o & O 00O FowoMN

FEET
B00O.

. 7956
. 2379
. h868
. 3340
L7076
. 2087
. 8Lho
LI514
. 9256
L6703
L0521

-0

0.

—_

N W oW

2

DISFANCE TROM X AXIS ORIGIN
8640,

L0179
.0867
7868
L8312
L3151
L0304
. 6822
L7217
.7032
L9227
.5160

9280G.

L6847
L0673
.9523
L6145
L1642
L5355
Lah7y
.8173
. 3502
.1813

,01hh

9%20.

L8467
.8251
.2985
1269
.5830
.5090
0701
.0901
.3191
1882
5772

10560.

L6940
L1952
L1121
. 2601
L1448
L1343
L6030
.483h
. 5890
.5792
L5693

11200.

. 9895
.9010
.6016
. 8554
.6299
. 8060
. 3251
. 1438
L1311
. 098l
L0749



[Araat]

TOTAL THME

CUMULATIVE

Y

FEET

3z2o,
960.

1600. -
22h0, -
2880,
is2o0,
§160.
hB0o0,
5Hu0,
6080,
6720,

SlMULAT[D-

DRAWDOWN FOR LAYER NUMBIER

118h0,

-9.
10.

1986
0894

A0NT,
L7083
L8873
.Hh983
L2802
L1071
.0uas
L0164
.99ah

1080.00 DAYS

12480
-10.1518
-10.5616
-10.66805
-10.7518
-10.283%
-10.1321

~9. 8586
-9, 6157
~9.5890
-9.5470
-9.5296

DISTANCE

TROM X AXIS
FEET

ORIGIN



g7-d

TOTAL TIME SIMULATED 1080.00 DAYS

CUMULAT IVE DRAWDOWN FOR LAYER NUMBER 6

Y DISTANGE FROM X AX!S ORIGIN
FEET FEET
320. 960. 1600. 2240. 2880. 3520, 4160. 4800. 5h40,
320. 1.0662 2. 1466 3.2160 n.2787 5.3209 6.3142 7.1939 7.8694 8.1920
960, 1.0903 2.1603 3.2u32 t.3286 5.4085 6.4615 T.UM16 8.2600 8.7695
1600. 1.0893 2.1859 3.2945 4,206 5.5802 6.7610 7.9481 9.0903 10. 0469
2240, 1.1050 2.2134 3.3h52 h.5211 5.1617 7.0942 8.5524 10.1608 11.8771
2880, 1.0989 2.2309 3.385) h.6016 5.9179 7.3922 9.1233 11.2674 14,0710
3520, 1.1106 2.230M 3.3856 B.6121 5.9074 7.4729 9.3216 11,7679 15.4733
H160. 1.0991 2.2082 3.3518 4.5550 5.8565 7.3165 9.03h2 11.1678 13,9661
4800 1.0822 2.1723 3.2863 h. hu3y 5.6650 6.9811 8.4267 10,0291 11.7574
SHI0. 1.0628 2.1308 3.2097 4.3109 5.4369 6.5926 7.7582 8.8878 9.8559
60BO. t.0u69 2.0936 3.1437 . 1952 5.2122 6.2664 7.2239 8.0333 8.55U6

6720, 1,0382 2.0735 3,10 h.1283 5.1300 6.0848 6.9323 7.5837 7.9066



¥v-q2

TOTAL TIME

CUMULALIVE

Y
FEET

3z2a.
1960.
1600.
22h0.
2880.
asea.
H160.
Lsoo.
S5HhQ.
6080,
6720.

SIMULATED

1080.00 DAYS

DRAWDOWN FOR LAYER NUMBLR 6

6080.

7.9710
8.7299

10.5157

13.4128
17. 7301
22.28506
17.6367
13.3282
10.3671
8.5681
7.7209

6720,

7.0183
7.854h
9,9406
13,7855
21,2485
38,5799
21.183h
13,7413
9.8892
7.799%9
6.8581

7360.

19,6249
15.0398
0. 18%6
7.8585
6.0845

5.2483

DiSTANCE FROM X AX1S ORIGIN

FEET

. 1930
L2305
L1805
L3235
L7003
97T
.833h
L7384
.9137
L6621

L0369

8640,

-0.0195
0.0781
0. 7838
1.8%7h
3.309h
h.o197
3.6700
2.7134
1.68717
0.9061
0. 4996

9280,

2. 6816
-3.0790
-2.9556
-2.6380
-1.1680
-0, 55
-0.4612
-0.8342
~1.3695
-1.8024
-2.0343

9920.

-5.8396
~-7.8811
-8,3831
-9.3721
-5.5835%
-h.5158
-, 0831
-, 1095
-4, 3hhh
-1.5116

-4.5987

10560,

-7.6890
-9.%136
10,1387
11,4538
-8. 1475
=7.tu21
-6.6169
-6.5083
-6.6°83
6. 6066

~6.5944

11200,

-B.98U6
10.9069
11.6380
13.05%8
-9.6318
-5.8131
-8.3386
-8,1638
~8.1582
-8, 1246
~8.0980



oy-a

TOTAL TIME SIMULATED 1080, 00 DAYS

CUMULATIVE DRAWDOWN FOR LAYER NUMBER 6

Y DISTANCE FROM X AXIS ORIGIN
TEET TEET
11840, 12480,
3z20. -9,4952 -10, 1196
960. - ~10.098h -10.5700
1600. -10¢.4029 10,6819
2240, - -10.7326 ~10, 7663
2880, -3.8918 -10.2885
3520. ~9.6054 -10.1407
hi60. -9.29h6 -9.8714
4800, ~9.1252 -9.6936
5440, ~9.,0702 -9.6086
6080. -9.0375 -9.5676

6720. -9.,.0217 -9.5505



9%-d

TOTAL TIME

CUMULATIVE

FLILT

320.
960,
1600,
2240,
2880.
3520.
160,
hano.
Shno,
6080,
G720,

SIMULATED -

1080.00 DAYS

DRAWDOWN FOR LAYER NUMBLR

320.

~0.u4576
0. 4874
-0,h920
-0.5h03
-0.5573
-0.6313
-0.6771
-0.7191
-0,756h
~0.785%9
-0.8003

-1

-2.
-2.
-2,
2.
-2,

-2.

8

1600,

N5Te
L5383
.DY9R3
L7351
L8368
01h9
1872
373
ha09
5798

6297

DISTANCE TROM X
FFET

2240,

-2.0331
-2.1528
-2.281%
2.4ty
-2.5908
-2.8533
-3.%121
-3.350h
~-3.5512
-3.6970
-3.77u4g

AX1S ORIGIN

2880,

-2.60815
=2.8U75
=2.97hh
-3.2530
~3.u6%2
-3.8369
-1, 2080
-4, 5499
-4 Buo07
=5.0514
-5.1627

3520,

-3.1116
~-3.6363
-3.8117
~4.1935
-4, 4900
~5.0056
-5.5245
-6.1088
-6.h208
-6.7182
-6.8762

-l

-8
-9

niGe,

.2291
.H2he
. 766l
.2821
.6985
L4029
L1237
.8028
. 3806
L7981
L0173

w800,

-5.1270
=5.5127
5. 8474
~6.5356
-7.1166
=8.0755
-9.0739
-10.0221
-10.8253
~11.0L057
=11, 7096

5440,

-6.0860
-6.5881
=7.0190
~7.9695
-8.7765%
-10.0754
11,4620
-12.7834
-13.8946
=14, 689L
-15.1022



L=

TOTAL TIME

CUMULAT VE

"960.
1600,
22h0.
2880,
3520.
h160.
h80o.
5440,
6080.
6720.

SIMULATED

1080. 00 DAYS

DRAWDOWN FOR ELAYER NUMBER

6080,

~7.0606
~7.7132
-0.3h94
-9.5824
=10.7075
-12.4655
-14,3959
-16.2325
-17.7574
~18,8308
-19,3793

-7

~8.

-11.
-12.

-15.

<18

=20

20,
24,

6720,

L9756

8202

.692h

3560
ght
3280

L0302
. 5625
-22.

6305
o459
1529

-28.
-30.

=31

8

7360,

.0099

7873
5993

.h592

DISTANCE FROM X AX1S ORIGIN

FEET
8000,

LE22
6T
.9368
. 8906
L2
.B789
. 9902
L8101
. 5947
. 8006
. 7256

86h0,

-9.1684
=10.6673
=-12,3085
-15%.9718
-20.,5551
-27.,1433
-3h. 3658
-hi.éh!ﬂ
-46.7249
-h9.0498
-h9.6927

2280.

-8.9552
=-10.3239
-11.7475
-15.6721%
=22.4357
-31.5079

-h1, 7047

-52.2512
-60.7661
~61.8617
-61,1926

9920.

~10.1495
-8.0209
-8.U4971

-9.7563

-24,5583
-36.6689
-50.5060
=67.0257
-84.1088
~78.2877
-73.8342

10560.

-10. 1485
-9,5347
-10.1358
-11.6417
-25.9113
-39.6533
-56, 5160
~81.5863
131.1178
-9h . 0485
~82.6721

11200,

-11.98u6
~10,9913
-11.7155
-13.4047
-28.2967
-41.3788
-56.2813
-73.7892
-91,6523
-86.3309
~82,1101



TOTAL TIME SIMULATED 1080.00 DAYS

CUMULATIVE DRAWDOWN FOR LAYER NUMBIR 8

Y DISTANCE FROM X AXI1S ORIGIN

FEET FEET
11840, 12480.
320, 12,1644 -13.0572
960. -1, 25068 -15. 04585
1600, ~16.U010 -18.1894
22h0, -21.5744 -23.9355% .
2880, -29.8022 ~31.0977
520, “H1, N9 -n1,2287
h160, -53.5115 -52.2727
nano, -66.1560 -62.8206
Shho, -76.3064 -70.,9268
6080, ~78.39h9 -7h.68068

943

6720. -78.1578 -75.85%00



67-4

TOTAL TIME SIMULATED

HEAD DISTRIBUTION FOR LAYER NUMBER

FEET

320.

960.
1600.
2240,
2880.
3s520.
60,
4800.
5440,
6080.
6720.

950,
9y9,
T,
9hhy,
9N,
935.
9ho,
ghy,
9uT.
949,
9350.

6080,

0188
2588
4717
5693
2478
6934
3uh0
6521
6165
yi172

1080.00 DAYS

6720.

L9709
1326
.0h30
2363
L7312
L3948
L7957
.2388
. 0906
. 1824
. 1257

2

7360.

g52. 7hll}
952 . 0h00
a50.2563
gh7,3h25
9h2.9436
938.3528
gh2.9387
9hT7.1936
950, 1206
951.8979
952.7356

DISTANCE FROM X AXIS ORIGIN

955

954,
953.

951

ang.
ant.
9h9.
951,
953,
954,
95N,

FEET
8000,

. 1990
1561
5068
. 6582
r8r7
7817
HIGO
2407
0661
3196
9hi

BGH(,

0132
.go8y
. 2068
.1619
.6765
. 9604
.3108
. 2651
.2915
.0718
U790

960.

961

960.
960.
959.
958.

958.
959.
959.
960.

9280.

6802
.0618
gh78
6(189
1575
5305
Lhhog
8118
iys52
7771
0095

963

965.
966.
9617,
963.
962.
g62.
62,
962.
962.
962,

9920.

L8025
8208
29h2
1226
5767
5032
0645
0850
3137
g3z
5723

10560.

965.6899
967.4900
968.1077
969, 2554
966.1392
965.1292
964.5979
9641795
964.,5837
964.5740
96N, 5647

11200,

966.9856
968.8965
969,5969
970.8511
9267.6250
966.8018
966. 3201
966.1394
966.1262
966.0942
966.0708



TOTAL

HEAD DISTRIBUTION TOR LAYER KNUMBER

FEET

320.
960,
1600,
2200,
2880,
3520.
160,
haoo.
S5hho.
6080,
6720,

1IML.

SIMULATED

320,

956.9299
956.9053
356.905%8
956.8901
956.8972
256.880h3
956.8965
956.9138
956.9329
956.9h02
956.9578

1080, 00 DAYS

960,

955.8uU8Yy
955.8352
955.8098
955. 7824
95%5.76314
955. 7644

2

1600,

954, 7786
95h ., 7502
95h . 6992
guh,ehpe
9%, 6087
954, 607N
gnh, 6423
950. 7070
9hNh, 78H9
954, 8%08
954h.8901

D ISTANCE

953

9%3.
953.
953.
953.
953.
953.

FEE
2200,

L7151
6650
5696
hizi
1916
KR RN
380
.5500
.6816
. 7979
L8652

FROM X AXIS ORIGIN

2880,

952.6711
952.5842
a52.112h
95%2.2307
g952.074h0
952.0h439
952.1353
952.3269
952.55h2
952.7500
952.8606

3520.

951.6785

g951,2302
950,8967
950.5986
950.5176
950.0733
251.0083
9%1. 3982
951.72h9
951.9075

oo,

950.7969
950. 5496
950. 0425
9. 4368
9heR . B66T
ONB.G6TS
QuB. 9556
9Ng.5623
950.2312
950.7656
951,0581

h800,

950, 1223
9hg, 7290
94K . 89910
9n7. 8276
ghG. 7192
9h6. 2156
906.8186
Qu7.9%80
2h9., 0991
949, 9551
950, K055

suho,

9h9. 7986
gh9.2200
9h7.9407
9u6. 1069
9n3.9109
242 .%090
9ht, 0156
gh6.2273
ena. 13
949.4321
950.0806



TS-4

10TAL TIME SIMULATED 1080.00 DAYS

HEAD DISTRIBUTION FOR LAYIR NUMBIR s

Y DISTANCE FROM X AX!S ORIGIN
FEET FEET
t1ako, 12h80,
320. 967.4937 968.1475

960, 968.0845 968.557h

1600, 968.3975 968.6760
2240, 968.7043 968.THT3
2880, 967.8831 968.2791
3520. 967.5925 968.1270
4160, 967.2759 967.85h0
4800, 967.1025 967.671
540, 967.0449 967.5845
6080. 967.0112 967.5430

6720, 966.9941 967.5251



— -

—

FLUID IXCHANGE AT EACH LOCATION - THIS FIME STEP, CU.FT,

—
o

K= 2
2 3 h 5 6 7 8

2 0.26260400 - 0.0 0.0 Q0.0 0.0 0.0 0.0 0.0
1 0.26B6E4+04 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 Q.2685E+04 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5  0.27238+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0,27106E+04 0.0 0.0 0.0 0.0 0.0 .0 0.0
T 0.2738EH0H 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8  0.2708C+04 0,0 0.0 0.0 ¢.0 0.0 0.0 0.0
9  0.2665E+04 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0
0 0.2618E404 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.2578E400 0.0 0.0 ¢.0 6.0 0.0 0.0 0.0
2 0.2557E+04 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K=

i 12 13 14 15 16 17
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
i 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0
9 0.0 (.0 0.0 0.0 0.0 0.0 0.0 0.0
U 0.0 0.0 0.0 0.0 0.0 0.0 0.6 o0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
K= 72

20 21
2 0.0 0.0
3 0.0 0.0
Iy 0.0 0.0
S 0.0 0.0
G 0.0 0.0
7 0.0 0.0
8 0.0 0.0
9 0.0 ‘ 0.0
0 0.0 0.0
1 0.0 0.0
4 0.0 0.0
K= 3

2 3 4 5 G 7 B
2 0.2625r+0h 0,0 0.0 0.0 0.0 .0 0.0 0.0
3 0.26B70FON 0.0 0.0 0.0 0.0 0.0 0.0 0.0

f 0.26800+0% 0.0 0.0 0.0 0.0 0.0 a.n 0.0

e e e . .
=]

+ & s

CoOoOOROQOOOC
D020 20Q000Q0

—
]

CCcoQOoTTQQ0

oo o



£Ge-4

COMPONENT MASS INJECTED TO DATE 0.5240E+08

TOTAL MASS EXCHANGED WITH SURROUNDINGS -0.7101E+06
DI FFERENCE 0.5169E+08
CALCULATED ACCUMULATION TO DATL 0.3493E+08
ERROR 0.167598L+08
MASS INJECTED IN LAST TIME PERIOD 0.1617TE+OT
MASS EXCHANGED WITH SURROUNDINGS
CONVECTION -0.4206E+05
DIFFUSION 0.0
“TOTAL -0.U206E+05
Dt FFERENGE 0.1575E407
CALCULATED ACCUMULATION IN LAST TIME PERIOD 0. 1149E+07
ERROR 0. 42587584006

NUMBER OF ITERATIONS 2
SUM OF RESIDUALS ~.162206E+00



62

WELL

COORDINATES
X

6720,
10560,

Y

3520.
5hiig,

INJECTION RATE CONGENTRATION

Ccu. FT/SEC - LB/iB
~0. 3000 0. 1202E-0%
0. 3000 0.3000E~-0



g6-4

TOTAL TIME SIMULATED

1080.00 DAYS

CONCENTRATION DISTRIBUTION FOR LAYER NUMBER 2 LB/LB WATER

Y
FEET

320.
" 960.

1600,
2240,
2880,

1520.

4160.
u800.
5440,
6080,
6720.

2o,

0.7160£-25
0.1413E-23
0. 1171£-24
0.8023E-24
0.1080E-24
0.2050E-23
0.85h8E-24
0,1278E-23
0.2948E~-23
0.952HE-23
0.1289E-23

960.

0.1420E-22
0.887hE-23
0.3090£-22
. 1556€£-22
g.2168E-22
0.6713t-22
0.1038E-22
0.226hE-22
0.1454E-22
0.7323E-22
0.3062E-22

1600.

0.3326E-22
L2U55E-21
L1252e-21
L15630-21
L2153E-21
.2738E-21
L2032E-21

o O O o 9 o o

.2825E-21
0.1306E-20
0. 1685E-21
0.6354E-21

DISTANCE FROM X AXIS ORIGIN

FEET

22h0, 2880,
0.1064E-20 0.3810E-20
0.2921E~21 0. 1109E-20
0.3958E~-21 0. 1807E-20
0.1567E-20  0.2061E-20
0. 1h3E-20  0.2505E~20
0.9194E-2Y  0.9796E-20
0.8110E-21  0.4422E-20
0.3060E-20 0.4096E-20
0.2324E-20 0.808%E-20
0.8366E~21 0.9719E-20
0.1932E-20 0,1594E-19

0.6835E-20
0.735hE-20
0.978GE-20
0.1523E-19
G.1616E-19
0.1959E-19
0.1811E-19
0.4533€-19
0.4165E-19
0.2107E-19
0.2140E~19

4160.

0.1347E-19
0. 1290E-19
0.6507E-19
0.3611E-19
0.5512E~19
0.982BE-19
0.7056E-19
0.6930E-19
0.7008E-19
0.1256E-18
0.6506E-19

4L800.

0,.5741E-19
0.2937€-19
0.8146E-19
0.1997F-18
0.3597£-18
0.2u36E-18
0.4360E-~18
0.8062E-18
0.4276E-18
0.2027E-18
0.43TLE-18

5440,

0.250hE-19
0.9886E~19
0.1222E-18
0.2874E-18
0.1160E-17
0.1555E-17
0.1311E-17
0.1101E~17
0.838CE-18
0.6460E-18
0.1003E-17



9¢-4

TOTAL THML

SIMULATED

1080.00 DAYS

CONCENTRAT ION DISIRIBUTION FOR LAYER NUMBER 6 LB/LB WATER

FELY

320.
“960.
1600,
2200.
2880.
1520,
160,
HBoo.
S5h40.
6080,
6720,

320.

0. 3562E-08
0.1956E-08
0.3421E-08
0.U27BE~DB
0.4306E-08
0.,0472hE-08
0.666TE-08
0.5055E-08
0. 5004t -08
0.5608€~08
0.5385%E-08

Qo Qe 0 2 2o o o 2 @2

360.

L ING2E-07
LABTUHE-0T7
LA6T70E-07
.2283E-07
T163E-07
L222TE-07
2049007
.2098L-07
L21NIBE-07
L2123E-07
LPPHR2E-07

1600.

0.3528E-07
0.3763€-07
0.3891E~-07
0. 4099007
0.4232E-01
0. U46690-07
0.H9U9E-07
Q.5%0041E-07
0.5079E-07
0.5269€-07
0.Nh9987.-07

DISTANCE FROM X AXIS ORIGIN

FEET
22h0. 2880.
0.6407E~0T  0.9797(-0Q7

0,.6717E-07
0.7183t-07
0.75u410-07
0.8330E~-07
0.93781-07
0.9736E-~07
0.9589E-07
0.99%96E-07
0.997/0E-07
0.10270-06

0.1093E-06
0.1197E-06
0.1348E-06
0.1199E-06
0. 1564E-06
0.16600~-06
. 1737E-06
0. 1690E-06
0.1714E-06
0. 16271 -06

aszo.,

0.1636L-06
0,1700E-06
0.189hE-06
0.2172E-06
0,2412E-06
0.267hE-06
0.2827E-06
0.2875E-068
0.29h9E-06
0.2847C-06
0.2840F~06

4160,

0.2166E-06
0.2397F-06
0.2720E-06
0.3263£-06
0.39721-06
043011 -06
0, h651E-06
0. U52%E£-06
0.43820-06
0.U4u90E-06
0.h3276-06

4800,

0.2934E-06
0.3305E-06
0.3879E-06
0.4795E-06
0.6061E-06
0.7199E-06
0.7353E-06
0.6999E-06
0.66h0E-06
0.6526E-06
0.63650-06

5440,

3681E-06
n216E-06
.5315E-06

0.

0.

o
0.7T132E-06
0.9930E-06
0.1240E-05
0,12006-05%
0.103YE-05
0.1010E-0%
0.9571E~06
0.9307E-06



454

TOTAL TIME SIMULATED

1080.00 DAYS

CONCENTRATION DISTRIBUTION FOR LAYER NUMBER &6 LDB/LB WATER

FEET

320.

960,
1600,
2240,
2880,
3520,
h160,
K800,
5440,
6080.
6720,

6080,

0.3989E-06
0.4730E-06
G.65ThE-O6
G,1013E-05
0.1576E-05
0.2358E-05
0.1959E~05
0.1644E-05
0.1455E-05
0.1342E-05
0.12988-05

6720.

0.4254E-06
0.5108E-06
0.7375E-06
0.1170£-05
0.2311E-05
0.61UTE-05
0.3061€-05
0.2221C-05
0.1953E~05
0. 1844E-05
0.1850E-05

7360.

0.3766E-06
0.H513E~06
0.6589F-00
0.107T1E~05
0,1826FE-05
0.2923E-05
0.2775E~-05
0.2616L-05
0.2528E-05
0.2510E-05
0.2452F-05

FEEY

8000. 86h0.
0.27120-06 0.1565E-06
0.3329E~06 0.2230E-06
0O.0772r-06  0.3637E-06
0.8221E-06 0.1232E-05
0.1392E~-05% 0.1137E-05
0.2133E-05 0.1947E-05
0.25999E£-05% 0.2926E-05
0.2962E~-05 0.390hE-05
0.3266E-05 0.,4658E-05
0.3398E-05 0.u4821E-05
0

L 34bhE-05

0.1866E-05

DISIANCE FROM X AXIS ORIGIN

9280.

0.6972E~07
0.2931E-05
0.34B1E-05
0.3722E-04
0.12h5E-0%
0.1829E-05
0.3370E-05
0.52800-05
0.707T6E-05
0.7167E-05
0.6896E-05

9920,

0.04284E-06
0.1726E-03
0.1705E-03
0.1h52F-02
0.1661E-04
G.20%3E-05
0.4250E-05
0.8083E-05
0.1382C-0Ch
0.10970-04
0.9390E-05

10560,

3002E-07
.6HBUE-D5
.5013FE-05

0.

0

0

0.5803E-03
0.6024E-05
0.20U1L-0%
0.5011E-0%
0.1206£~04
0. 4113E-00
0.1611E~0l

0.1168E-0h

11200.

0.8950E~07
0.L029E~04
0.6837E-04
0.1175E-02
0.1121E-04
0.2075£-05
0.h555E-05
G.87T17E-D5
0. 1U57E-04
0.1210E-04
0.1075E-0b



TOTAL TIME SIMULATED

1080.00 DAYS

CONCENTRATION DISTRIBUTION FOR LAYER NUMBER 6 Lﬁ/LB WATER

Y
FEET

320.

960.
1600,
2240,
2880,
3520.
w160,
haoo.
suho.
60840,
6720.

11840,
0. 1040E-07
0.3927E-07
0.165UE-06
0. 5h4201-05
0.7501E-06
0,19236F-05
0.3833E-05
G.6U65E-05%
0.9057E~05
0.9639E-05
0.9432E£~05

12480.
0.2148E-07
0. 3248E-07
0.9234E-07
0.,2830E-06
0.8139E-06
0.1920E-05
0.3593E-05
0.5582L-05
0.7h21E-05
0.8289E-05
0.8521E-05

DISTANCE

FROM X AX1S ORIGIN
FEET



LB

MASS EXCHANGE AT EACH LOCATION - THIS FIME STEP,
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19-32

1224 HAS COVERX{22,13,1

FILE 69 ON TAPE 1 0}

FILE 70 ON TAPE 11224 UAS GOVERY([22,13,10)

FILE 71 ON TAPE 11224 HAS COVERZ(22,13,10)

FILE 72 ON TAPE 1122h HAS SS {22,13,10}

FILE 73 ON TAPE 11224 HAS COEFX (22,13,10)

FILE Th ON TAPE 11224 BAS COEFY (22,13,10)

FILE 75 ON TAPE 11224 HAS COEFZ (22,13,10)

FILE 76 ON TAPE 11224 HAS HEAD  (22,13,10)

FILE 77 ON TAPE 11224 HAS PRES (22,13,10)

FILE 78 ON TAPE 1122h HAS DRAWDN(22,13,10)

FILE 79 ON TAPE 11224 HAS DX (22,13,10)

FILE 80 ON TAPE 11224 HAS DY {22,13,10}

FILE 81 ON TAPE 11224 HAS DZ (22,13,10)

FILE 82 ON TAPE 11224 HAS QEXCHG(22,13,10)

FILE 83 ON TAPE 11220 HAS gconc {22,;;,10;

FI1LE 84 ON TAPE 11224 HAS 22,13,10

FILE 85 ON TAPE 11224 HAS MISC., DATA NEEDED TO CONTINUE CALCULATIONS AT A LATER TIME
TOQINJ = 0.,52403248E+08T0QACC = 0.349333600+08 TOQEX = -0.71011137C+06 TOTAL = 0.93312000F+08

TOINJ = 0O,128B4590TE+Q2 TOOUT = 0,38838610E+07

FILE 86 ON TAPE 11224 HAS COVERX(22,13,10)

FILE B7 ON TAPE 11224 ItAS COVERY(22,13,10}

FILE 88 ON TAPE 11224 IHAS COVERZ(22,13,10)

FILE 89 ON TAPE 1122h HAS SS (22,13,10)

FILE 90 ON TAPE 11224 HAS COEFX (22,13,10}

FILE 91 ON TAPE 1122h 1IAS COEFY (22,13,10)

FILE 92 ON TAPE 11224 1IAS COEFZ (22,13, 10)

FILE 93 ON TAPE 11224 HAS HEAD (22,13,10)

FILE 94 ON TAPE 11224 HAS PRES {22,13,10)

FILE 95 ON TAPE 11221 HAS DRAWDN{22,13,10)

FILE 96 ON TAPE 11224 HAS DX (22,13,10)

FILE 97 ON TAPE 11224 HAS DY ' {22,13,10)

FILE 98 ON TAPE 11224 HAS DZ {22,13,10)

FILE 99 ON TAPE 11220 IIAS QEXCHG(22,13,10)

FILE 100 ON TAPE 11224 HAS BCONC (22,13,10)

FILE 101 ON TAPE 11224 WHAS F (22,13,10} _

FILE 102 ON TAPE 11224 HAS MISC, DAYA NEEDED 710 CONTINUE CALCULATIONS AT A LATER TIME
TOQINS = 0.5240324BL+0BTOQACC = 0.349333G60E+08  TOQEX = -0.71011137E406  TOTAL = 0,93312000E+08

TGINJ = 0,1280W5907E+02 TOOUT = (1. 38838610E+07
FILE 103 ON TAPE 11224 |S EMPTY
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POTENTIAL SALT~WATER UPCONING

IN THE YUKON WELL FIELD

Introduction

The potential for salinization of the Yukon Well Field can be evaluated
using a relatively simple analytical model for the rise of a salt-water/fresh-
water interface below a pumping well. This approach is justified since data
are not available for concentrations of salt water underlying the fresh water.
In additicn, there does not appear to be a documented case of salt-water up-
coning on the Garber-Wellington Aquifer.

The mathematical development of the analytical model is presented in the
next section. The model is then used to estimate the potential for salt water

upconing below Well No. 5 of the Yukon Well Field.

Mathematical Development

McWhorter (1972) presented the equations which describe the flow in
saturatad aquifers which are underlain by a zone of saline water and pointed
out the difficulties in obtaining solutions to these problems. The complex-
ity of the flow phenomenon has led many investigators to idealize the system
as a fresh-water zone separated from an undsrlyving salt-water zone by a sharp

interface. In other words, the two fluids are assumed to be immiscible.

Upconing of an Abrupt Interface

The following discussion is based on the studies of Bear and Dégan as
repcrted by Schmorak and Mercado (1969). The basic assumptions underlying

the theoretical development are: (1) the porous medium is homogeneous and



nondeformable, (2) the two fiulds are incompressible, immiscible, and sep-
arated by an abrupt interface (a geometric surface), and (3) the flow onevs
Darcy's law. The non-linear boundary condition along the interface betwzexn
the two fluids conmstitutes the major difficulty with the immiseible formula-
tion of the problem. Bear and Dagan used the method of small perrtubaticns
to obtain an approximate solution for the position of the interface which
served as a tool for obtaining analytical solutions for cases involving smail
deviations from an initially steady interface.

For the case of upconing beneath a pumping well partially penetrating a
relatively thick confined aquifer as shown in Figure 1, Schmorak and Mercado
(1969) presented Bear and Dagan's solution for the position of the interface

as a function of time and radial distance from the pumping well as

X(r,t) = 9 ( 1 - 1 . ) (1)

2n{Ap/p)K d ke %
x L R%) 1+ 0?4+ Rz)
where R and 7 are dimensionless distance and time parameters defined by
1
T Kz ?
= — —_— 4
R d iK {(2)
X
and
(Ao/p)K
1=t (3
20d
Other notations are defined as follows (also refer to Figure 1):
d distance from the bottom of the well to the initial
interface elevation (L)
K ,K horizontal and vertical permeabilities, respectively
x’z
(L/t)
Q well pumping rate (L3/t)
r radial distance from well axis (L)
t time elapsed since start of pumping (t)

(2)
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X rise of the interface above its initial position (L)

Ap/p dimensionless density difference betwesn the two
fiuids -
» log = pp)/og
& porosity of the aquifer

Application of the method of small pertubations restricts changes in
the interface elevation to relatively small values. 1In terms of the physi-
cal problem, this restriction implies d<<1f and d<<ls. Although the govern-
ing differential equations have been formulated for a confined aquifer, the
results can be applied to unconfined systems if the drawdown is negligible
compared to the saturated thickness of the fresh-water zone.

The linear relationship, Equation 1, between the rise of the interface
and the pumping rate is limited to & certain "critical rise," Xcr' This
limitation arises from linear approximation of the boundary conditioms. As
the interface approaches this critical rise, the rate of rise increases.
Above the critical rise the interface reaches the pumping well with a sudden
jump. Muskat (1946) defines the zone of accelerated rise for X/d > 0.48 and
the critical rise within the limits of X/d ~ 0.60 to 0.75. Schmorak and

)

Mercado (1966) recommend application of the linear approximation for X/d < ~
0.5. Sahni (1972) investigated the zone of instability of the interface using
both numerical and physical models and recommended design criteria for skimming
wells.

An abrupt interface such that (1) salinization of the pumping well occcurs
only for X > Xcr=fd where f is the fractiomal critical rise, and (2} Equation
1 is valid for 0 < X < Xcr will be assumed in this report. Thus, the maximum
permissible pumping rate which will ensure salt-free water can be obtained

from Equation 1.

For r =0 and t » «

(&)



o) = — 3 ,
X(0,=) 2nd (8p/p)K_ ()

‘and
Qo = 21Td(Aa/D)KxXcr (5)

The time required for the interface to reach the critical rise at a

specified pumping rate, Q, estimated by rewriting Equation 1 as

28d 1
(x=%x ) = o N
cr (bo/P)K, 1- [ZW(AD/O)KXchr} /e ]

)
Substituting Equation 5 into Equation 6 vields
28d 1
{x=x ) = -1 (7
cr (Ap/p)Kz [ 1 Qmax /Q }

Equation 7 can be used to estimate the time required to reach a predetermined
salinity in the pumped water for pumping rates, Q, greater than the maximum

steady-s e pumpi ate .
teady-state pumping r , Qmax

Well No. 5

Data for Well No. 5 of the Yukon Well Field are summarized in Table 1.
The fresh-water and salt-water specific gravities have been assumed to be
1.000 and 1.025, respectively. The average pumping rate for this well has
been estimated at 112.2 gpm, or 21,600 ft3/day, with the bottom of the well
located 125 ft. above the salt-water/fresh-water interface.

Geologic cross sections developed from well logs indicated that the
salt water was confined by a low permeability shale zone. 1In an effort to
determine the effect of the "layered" geologic structure below Well No. 5,
upconing curves were computed using Equation 4 and the data from Table 1
for several values of vertical permeability. The maximum steady~state pump-

ing rate and times required for an abrupt interface to reach the critical

(5)



TABLE 1

Yukon Well Field
wWell No. 5

Depth of well 825,

i
tt

Depth to salt-water interface 950, ft

Distance from bottom of well to

initial interface 125, £t
Porosity 0.3
Permeability 3,34 ft/dy
Average pumping rate 21,600, ft3/dy
Specific gravity of fresh water 1.000
Specific gfavity of salt water 1.025 (Assumec)
Fractional critical rise 0.5 (Assumed)

(6)



use were.also calculated using Equations 5 and 7. The results of these cal-
culations are summarized in Figure 2 and Table 2.

As the vertical permeability decreases the rate of upconing decreases.
Thus, as the formation becomes more stratified in the horizontal plane, the
potential for salinization of the well during the life of the well field
~decreases,

These upconing simulations can only be interpreted qualitatively as a
result of inadequate field data. However, the results do tend to support
the hypothesis that salt water is counfined by the shale zones of the Garber-

Wellington formation in the area of the Yukon Well Field.

(7)



TABLE 2
Results of Simulated Upconing

Yukon Well Field
Well No. 3

Pumping Rate 112.2 GPM
Horizontal Permeability Kx 3.34 ft/day

Maximum permissible steady state pumping
rate to prevent salinization of well 21.29 GPM

Time to Reach
Critical Rise

Kz/Kx (Yr.)
1.0 0.58
0.75 0.77
0.50 1.15
0.25 | 2,30
0.10 5.76
0.05 11.53
0.01 57.63

(8
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Figure 2 - Simulated upconing for Well No. 5 Yukon Well Field
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