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CONVERSION FACTORS, VERTICAL DATUM, AND ADDITIONAL ABBREVIATIONS

Multiply By To obtain
millimeter (mm) 0.03937 inch
millimeter per year (mm/yr) (.03937 inch per year
meter (m) 3.281 foot
meter per second (m/s) 3.281 foot per second
meter per day (m/d) 3.281 foot per day
kilometer (km) 0.6214 mile
s{uaTe meter ("12) 10.76 square (ool
meter squared per second (mzls) 10.76 foot squared per second
meter squared per day (m?/d) 10.76 fool squared per day
square kilometer (km?") 0.3861 square mile
cubic meter (m™) 35.31 cubic foot
cubic meter (m'q) 264.2 gallon
cubic meter per second (m’/s) 264.2 gallon per second
cubic meler per day (m /) 264.2 gallon per day
liter per second per meter (L/s/m) 4,831 gallon per minute per foot
kilogram per meter per second (kg/m/s) 0.6716 pound mass per foot per second
kilogram per meter per second squared (kg/m/s?) 0.6716 pound mass per foot per second squared
kilogram per cubic meter (km/m°) 0.0624 pound per cubic fom

Sea fevel: In this report, “sea level” refers to the National Geodetic Vertical Datumn of 1929 (NGVD of 1929)—
a peodetic datum derived from a general adjustment of the first-order level nets of both the United States and
Canada, formerly called Sea Level Datum of 1929,

The gtandard unil for trangmissivity (T) ig cubic meter per day per square meter times meter of aquifer thickness,
This mathematical expression reduces to meter squared per day.

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows:
“F= L")+ 32

Additional Abbreviations

RO = reverse 0smosis

SISRF = subsurface injection, storage, and recovery of freshwater
SUTRA = Saturaled-Unsaturated TRAnsport
mg/L. = milligrams per liter
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Preliminary Assessment of Injection, Storage,
and Recovery of Freshwater in the Lower
Hawthorn Aquifer, Cape Coral, Florida

By Vicente Quifiones-Aponte and Eliezer J. Wexler

Abstract

A preliminary asscssment of subsurface injec-
tion, storage and recovery of fresh canal water was
made in the naturally brackish lower Hawthom
aquifer in Cape Coral, southwestern Florida. A
digital modeling approach was used for this prelim-
inary assessment, incorporating available data on
hydrologic conditions, aquifer properties, and water
quality to simulate density-dependent ground-water
flow and advective-dispersive transport of a conser-
vative ground-water solute (chloride ion).

A baseline simulation was used as reference
to compare the elfects of changing various opera-
tional factors on the recovery efficiency. A recov-
ery elliciency of 64 percent was cstimated [or the
bascline simulation. Based on the model, the
recovery cfficicncy increases if the injection rate
and recovery ratcs are increased and if the ratio of
recovery rate to injection rate is increased. Recov-
ery elficiency decreases if the amount of water
injected is increased; slightly decreases if the
storage time is increased; is not changed signifi-
cantly if the water is injected to a specific flow
zone; increases with successive cycles of injec-
tion, storage, and recovery; and decreases if the
chloride concentrations in either the injection
water or native aquifer water are increased. In
everal hypothetical tests, the recovery efficiency
fluctuated between 22 and about 100 pereent.

Two successive cycles could bring the recov-
ery efficiency from 60 to about 80 percent. Inter-
layer solute mass movement across the upper and
lower boundaries seems Lo be the most important
factor affecting the recovery elficiency, A sensitiv-
ity analysis was performed applying a technigue in

which the change in the various factors and the
corresponding model responses are normalized so
that meaningful comparisons among the responses
could be made. The general results [rom the sensi-
tivity analysis indicated that the permeabilities of
the upper and lower flow zones were the most
important lactors thatl produced the greatest
changes in the relative sensitivity of the recovery
efficiency. Almost equally significant changes
occurred in the relative sensitivity of the recovery
cfficiency when all porosity values of the upper
and lower flow zones and the leaky conlining units
and the vertical anisotropy ratio were changed,
‘The advective factors are the most important in
the Cape Coral area according to the sensitivity
analysis. However, the dispersivily values used in
the model were extrapolated from studies con-
ducted at the nearby Lee County Water Treatment
Plant, and these values might not be representative
of the actual dispersive characteristics of the lower
Hawthorn aquifer in the Cape Coral area.

INTRODUCTION

Cape Coral, a coastal suburban community in wesl-
ern Lee County (fig. 1), is a fast growing city in south-
western Florida, with the population increasing at a rate
of 8.5 percent during the year ending in April 1989
(City of Cape Coral, Planning Division, written com-
mun.. 1989), The city had less than 500 residents in
1960}, but became the largest city in Lee County by 1983,
The number of permanent residents in 1990 was esti-
maled al more than 73,600, Temporary residents from
the northern United States and Canada typically increase
the population by about 20 percent during the winter
months (City of Cape Coral, Planning Division, 1988).

Introduction 1
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Figure 1. Location of the Cape Coral study area, wells, and the Lee County Water Treatment Plant site.

The rapidly increasing population has placed a stress
on the potable water supply lor Lee County, The upper
Hawthorn aquifer (also referred to as the mid-Hawthomn
aguiter) is the principal source of fresh ground waler in
Clpe Coral, This aquiler is moderately permeable and
has been subjected to severe drawdowns, particularly
during a recent 3-year drought period (1989-91). At
present (1994), the most reliable municipal water supply
1o Cape Coral (and nearby Pine Island) is brackish water
from the lower Hawthorn aquifer that is treated al a

2

52,990 m*/d reverse-osmosis (RO) plant, Drawdowns in
this moderately permeable aguiler have also been sub-
stantial. Increased population and water demunds in
Charlotte County to the north and upgradient of Cape
Coral could have an etfect on the amount of water
available in the two aquiters.

Demand for water is seasonal with peak use
occurring during the dry scason (November-April)
when monthly precipitation averages less than 51 mm
(National Occanic and Atmospheric Administration,

Preliminary Assessment of Injection, Storage, and Recovery of Freshwater in the Lower Hawthorn Aguifer, Cape Coral, Florida



1944-88). Lawn, goll course, agricultural irrigation,
and public-supply demands arc highest during this
period. Temporary water-use resirictions have been
implemented occasionally during recent years because
of drought conditions and could become permanent as
the demand for water becomes more acute,

Allernative water supplies or a means ol augment-
ing cxisting supplies is a major concerm (o waler-man-
agement officials. For this reason, the ULS, Geological
Survey, in cooperation with the City of Cape Coral and
the South Florida Water Management District, began a
study in October 1986 10 assess the leasibility of sub-
surface injection, storage, and recovery of freshwater
(5ISRE) in Cape Coral. The objectives of the study
were 10 (1) deline the runoft pattern of the freshwaler
canal system, (2) assess quantities of excess runofTl
occurring during the wet season, and (3) asscss the
[casibility of conserving the excess runofl through sub-
surfuce storage. This report involves the development
and testing of a digital model Tor asscssing hypothetical
SISRF tests in Cape Coral.

Although a site seems favorable for S1SRF, the
recovery efficiency al a particular site can only he
determined by establishing a Tull-scale test facility and
conducting tull cycle testing under various conditions.
Pilot tests are generally oo expensive for preliminary
assessments, such as this study. However, recent SISRT
tests conducted by the ULS. Geological Survey at the
Lee County Water Treatment Plant (Fitzpatrick, 1986a)
can provide information, which when supplemented
with less expensive computer-maodeling technigues,
yicld usable preliminary information on recovery
ellicieney for an S1SRF operation in Cape Coral.

Purpose and Scope

This report presents the results of a preliminary
assessment ol the subsurface injection, storage, and
recovery operation in the lower Hawthorn aquifer in
Cape Coral, Fla_, using a digital modeling technique.
Maodel simulations were made (0 assess: (1) recovery
efliciencies for injected water: (2) the ¢ffcet of repeated
cycles, length of storage period, injection rates, and
volumes of injected waler on recovery efficiency; and
(3} the relation between recovery efficiencies and the
uncertainty in values lor hydrogeologic propertics.
Hydrogeologic data from borehaoles in Cape Coral and
at the Lee County Water Treatment Planl were used
to estimate hydraulic characieristics of the lower
Hawthorn aquifer.

A modilied SUTRA (Saturated-Unsaturated
TRAnsport) ground-water flow and solute-transport
digital model was used for the simulations, Data from an
carlicr study at the Lee County Water Treatment Plant
were used to calibraie and test the model, and the model
was then applicd o simulate a hypothetical injection and
recovery operation in Cape Coral. Nearly 30 simulations
caleulated recovery efficiencies for various changes in
injection and recovery rates, volumes of water injected,
storage lime, and solute concentrations.

Description of Study Area

The city of Cape Coral occupics an area of 259 kin*
in Lee County, southwestern Florida (lig. 1). The
development of the area, originally a low-lying pine-
land subject to trequent flooding, began in 1958 and
continued to the early 1960°s with the construction of a
724-km drainage canal system that interlaces the entire
arca (Knapp and others, 1984).

The Cape Coral watershed is similar to most south-
ern Florida watersheds in that it is characterized by
sheetflow runoft conditions and swamp (ype vegeta-
tion. Surface-water runoff in these walersheds is exclu-
sively derived from rainfall. Rainfall is subdivided into
surface-water runoff, evapotranspiration, and natural
recharge to the shallow surficial aquifer. Some of the
recharge to shallow aquifers returns Lo the drainage
canals in Cape Coral, Many of (he canals (totaling
about 193 km in length) convey saltwater because they
are allected by tidal reaches of the Caloosahatchee
River and bays in the Gulf of Mexico. The remaining
canals on higher lands convey surface-water runofl col-
lected from the watershed. Although canals that convey
lresh surface-water runoft and those that contain sall-
waler are conmected. the movement of saltwalter inlo
the freshwater canals is impeded by a scrics of weir
structures with crests that are above sca level,

The freshwater canal system contains two different
systems, the north Cape Coral canal system and the
south Cape Coral canal system. The canal systems are
separated by U.S, Highway 78 with the northern system
bounded by Gator Slough, Diredge spoil obtained during
canal consiruction was used (o raise land surface as
much as 0.62 min some areas (Fitzpatrick, 1986b), H.R.
La Rose indicates that flow through the canals responds
Lo scasonal patterns (LS. Geological Survey, wrillen
commun., 1994). Records for the north Cape Coral canal
system indicate that canal Now (not including flood
peaks) ranges from 0,83 (0 2,83 m/s during wet seasons
and can be as low as 0.003 m?/s during dry seasons.
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Cape Coral has a subtropical climate with temper-
atures that are moderated by the Gulf of Mexico. The
average annual tlemperature is 23°C with monthly
averages ranging between 28°C in August and 18°Clin
January, Annual precipitation averages 1,372 mm.
Hurricanes have caused damage in the past with high-
velocity winds, rainfall, and tidal surges in Lee County.
Additional data on local climate are available in a
summary report by the Lee County Planning Depart-
ment (1977).

Subsurface Injection, Storage, and Recovery
of Freshwater Concept

Subsurtace injection, storage, and recovery of
freshwater in saline aquifery underlying southern Flor-
ida is a method of water-supply augmentation that has
received increased attention in recent ycars, The SISRF
concepl is particularly suited for southern Florida
where there is: (1) a surplus of freshwater during the
wet scason: (2) lack of suitable surface slorage reser-
voirs because of the high cost of land, low reliet, and
high rates of evapotranspiration; and (3) availability of
moderalely permeable aquifers near the surface which
contain brackish walter (defined in the table below).

The average monthly rainfall in Cape Coral is morc
than 178 mm during the wel scason (May-October).
Most of this water ultimately discharges to the tidal
reach of the Caloosahatchee River or Matlacha Pass
through an extensive network ol drainage canals total-
ing about 483 km. In the STSRT concept, part of the
surface freshwater discharge is intereepted, treated for
removal of suspended solids. chlorinated, and then
injected through wells into the lower Hawthorn aquiler
or deeper aquifers. Waler is stored in the aquifers for 3
1o 6 months and recovered during the dry scason
(November-April) to augment supply or meet peak
demand. This cyclic procedure of injection, storage,
and recovery is repeated on an annual basis.

Success of an SISRT cycle is measured by the
recovery efficiency—defined as the volume of mixed
injected and native aquiter waters recovered that meets
a prescribed chemical standard, expressed as a pereent-
age of the volume ol waler initially injected (Meyer,
1989). Most recent studies of SISRE, including this
study, have assumed the Florida Department of Envi-
ronmental Protection {1993) recommended level of
250 mg/L (milligrams per liter) for chloride ion as the
standard which is equivalent to about 500 1o 600 mg/L
total dissolved solids, Generally, the degree ol waler 13
expressed as a percent ol scawater in terms of total
dissolved solids. The U.S. Geological Survey has
adopted the following classification:

Total dissolved saliﬂﬁ

Classlification concentration Percent
. X seawater
(milligrams per liter)
Freshwaler = 1,000 =2.9
Slightly saline 1,000 - 3,000 29-4.6
(hrackish water)
Muoderately saline 3.000 - 10,000 8.0-24
(brackish warer)
Very saline (sultwaler) 10,0001 - 35,000 29 - 100
Brine =35.000 =100

Factors Affecting Recovery Efficiency

Merritt (1985) and Merritl and others (1983) studied
the potential for SISRF in southern Florida and des-
cribed a number of physical mechanisms that control
the recoverability of freshwauler and determine the suit-
ability of the receiving aquifer for SISRFE. The three
dominant processes are buoyancy stratification, mixing
due to hydrodynamic dispersion, and downgradicnt
displacement ol the injected freshwater.

Buoyancy stratification describes the tendency for
the lighter freshwater to rise through the aguiler as it
moves outward from the injection well and overrides
the denser, native saltwater. Native saltwater in the
lower part of the injection zone is drawn into the well
during recovery, whereas potable water remains in the
upper part of the zone. Buoyancy stratification is con-
trolled by several factors, including: (1) the density
contrast between native and injected waters, (2) perme-
ability of the injection zone, and (3) the thickness of the
injection zone (Merritt, 1985), Thesc studies indicate
that the effect of buoyancy stratification is smaller in
relatively thin aquifers of moderate permeability and
containing native water of low total dissolved solids
concentration. These type of aquilers, therefore, are
suitable for SISRE. Confinement of the injection zone
by low-permeability materials can also aid in limiting
the upward movement of freshwater.

Hydrodynamic dispersion is the mixing of solutes
between zones of high and low solule concentrations as
a result of molecular diffusion and mechanical disper-
sion, Molecular diffusion is caused by the flux of solute
particles from areas of high solute concentration (o
areas of low solute concentration. The effect of molec-
ular diffusion is independent of the fluid velocity.
Mechanical dispersion is caused by mixing of solutes
due to variations in fluid velocitics at the microscopic
scale. Enhanced mechanical dispersion or macrodis-
persion is caused by [uid velocity variations resulting
from local differences in hydraulic conductivity.

4 Preliminary Assessment of Injection, Storage, and Recovery of Freshwater in the Lower Hawthorn Aquifer, Cape Coral, Florida



Mechanical dispersion is dependent on the fluid velocity.
Al the relatively large fluid velocities during injection
and recovery cycles, the effects of mechanical disper-
sion arc generally greater than those of molecular
dilTusion.

Dispersive mixing causes the formation of a transi-
tion zone between the native and injected waters. The
size of this zone depends on the rate of injection, length
ol injection period, and the solute-concentration differ-
ence between native and injected waters. Because (luid
velocities are highest near the well, most of the mixing
ocecurs at the beginning of the injection process. As
injection continues, the transition zone moves outward
at continually decreasing fluid velocities, leading to
decreasing dispersive mixing, Merritt (1985) reportcd
that the growth of the transition zone did not keep pace
with the growth of the freshwater zone for long injec
tion periods, thus providing for enhancement of the
recovery by injecting larger volumes of water.

The efleet of downgradient movement of the
freshwater zone on recovery etficiency depends on the
length of the cycle and the regional ground-water [ow
velocities. 11 s possible to design multiple-well injec-
tion systems in situations where flow velocities are
high and storage periods are long, similar (o those
described by Merritt (1985) or Kimbler and others
(1975). These mulliple well systems can be used to
ollset the effects of downgradient movement,

The lower Hawthorn aquifer bencath Cape Coral
secms 1o meel most of the criteria for consideration in
an SISRF scheme. The aquifer has moderate perme
ability with mean valucs representing the vertical dis-
tribution of hydraulic conductivity that ranges [rom
21.3 to 414 m/d (cstimated using data from Missimer
and Associates, Inc., 1985), The aquifer, conlined by
low-permeability leaky units on the top and bottom,
has a thickness of about 60 m. The native waler is
brackish with chloride concentrations (500-600 mg/L),
total dissolved solids concentrations (greater than
1,000 mg/L.), and densities (1.001 kg/m?) not much
different from the treated surface water thal is proposed
to be injected. Rates of regional movement of ground
water are generally lower in the northern part of Cape
Coral and arc higher in the vicinity of the RO wells to
the south (fig. 1), Other factors in favor of SISRF are:
(1) the artesian heads to be overcome by forced pump-
ing are relatively low: (2) the aquifer is moderately
permeable, allowing reasonable rates of pumping bhe
maintained; and (3) well-construction costs would
probably not be much higher than for typical water-
supply wells in the area.

Another factor that can affect SISRF efficiency 1s
clogging of the aquifer around the injection wellbore.
This clogging can be caused by bacterial growth, sus-
pended sediments in the injected water, and chemical
precipitation of solutes caused by chemical reactions
between the injected fluid and the aquifer material or
native waler. Removal of sediments and disinfection of
the water would likely be required before injecting
surface waters, Geochemical models can be used to
predict the reactions likely to occur during rock-water
interaction and mixing of injected and native waters:
additional treatment requirements for the injected
waler could then be determined. However, the analysis
of the well-clogging potential was beyond the scope of
this study.

GENERAL HYDROGEOLOGIC SETTING

The geology of Lee County and the Cape Coral
area has been described by previous investigators,
including Wedderburn and others (1982), Knapp and
others (1984), and Missimer and Associates, Inc.
(1984). The upper 228 m of sediments in the Cape
Coral area are composed of the upper part of the
Suwannee Limestone of Oligocenc age, the Tampa
Limestone and the Hawthorn Formation of Miocene
age, the Tamiami Formation of Pliocene age, and
undillerentiated deposits chiefly of Pleistocene and
Holocene age (fig. 2).

The Suwannee Limestone underlying Cape Coral
is predominantly a very pale orange to tan medium-
graincd limestone, but tends to be sandy and slightly
phosphatic (Knapp and others, 1984). The top of the
unil generally dips to the south-southeast and ranges
from 183 m below sea level at the northemn border of
Cape Coral 1o about 229 m below sca level at the south-
castern end (Missimer and Associales, Inc., 1984), The
base of the unit lies between 274 and 366 m below sea
level although few wells in the area penetrate beyond
the upper part of the Suwannee Limestone.

Earlier reports by the LS. Geological Survey
divide the Miocene age sediments into lwo units, the
Tampa Limestone and Hawthorn Formation. Recent
studies (Wedderbum and others, 1982 Missimer and
Associates, Inc., 1984) refer to the Tampa Limestone as
the Tampa Formation and, although lithologically dis-
tinctive, include these sediments within the Hawthorn
Formation.

The Tampa Limestone is present from about 150 to
200 m below land surface and is described by Wedder-
burn and others (1982) as a very light orange to white,

General Hydrogeologic Setting 5
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Figure 2. Profile showing geologic formations, hydrostratigraphic units, and local aquifers underlying

Cape Coral (modified from La Rase, 1990).

biogenic, micritic, very fine grained limestone with up
to 10 percent quarlz sand. The Hawthorn Formation is
a predominantly clastic unit. The thickness of the for-
mation is ahout 150 m (Wedderburn and others, 1982).
The Hawthorn Formation consists of a series of highly
heterogencous, interbedded clayey phosphatic dolosilts
and phosphatic sandy dolomites and limestones
(Wedderburn and others, 1982). The upper part of the
Hawthorn Formation is a slightly sundy, dolomitic,

phosphatic limestone with a maximum thickness ol
46 m (Wedderburn and others, 1982). The top of this
bed is about 30 m below sca level beneath Cape Coral
and dips primarily 1o the southeast reaching 53 m
below sea level in the southeastern corner of Cape
Coral. Local names for zones within the upper part of
the Hawthorn Formation have been listed by Missimer
and Associates, Inc, (1984) and include the Cape Coral
clay, Lehigh Acres sundstone, and Tort Myers clay.
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Pliocene and Pleistocenc age sediments range from
6.1 to 12.2 m thick in the study arca (Missimer and
Associates, Inc., 1984). Locally, four geologic forma-
tions occur within these undifferentiated sediments:
(1) the Pamlico sand, (2) the Fort Thompson formation,
(3) the Caloosahatchee formation, and (4) the Pinccrest
member of the Tamiami Formation, Detailed strati-
graphic descriptions are given by Missimer and
Associates, Inc, (1984),

Hydrogeology of the Lower Hawthorn Aquifer

The lower Hawthom aquifer occurs inthe lower part
of the Hawthom Formation and the upper part of the
Tampa Limestone (fig. 2). The lower Hawthorn aquifer
in Capc Coral occurs from about 128 to 188 m below
land surface, having an average thickness of 60 m. How-
ever, the thickness of its watcr-yiclding zone is less than
30 m (La Rose, 1990). The lower Hawthorn aquifer is
confined by thick, leaky clay sequences above and
below. Because of this confinement and the higher heads
in the upgradient recharge area, this aquifer is considered
to be an artesian system with a producing capacity rang-
ing from 0.019 to 0.032 m*s in large-diameter wells
under natural flow conditions.

Although abundant water is available from the
lower Hawthor aquifer, high chloride concentrations
(greater than 5(0) mg/L) preclude its direct use for
public-water supply. Water from the lower Hawthomn
aquiler is used (0 [eed RO desalination plants in Cape
Coral. According to an interpretation of the hydrogeo-
logic system by La Rose (1990), recharge to the lower
Hawthorn aquifer comes from the mid-Hawthom aqui-
fer north of the study arca where the upper confining
unil pinches oul in Hillshorough, Polk, Manalee, and
Hardee Counties.

Hydraulic Characteristics of the Lower
Hawthorn Aquifer

Three individual flow zones in the lower Hawthomn
aquifer at the Lee County Waler Treatment Plant are
identified by Fitzpatrick (1986a) using data from geo-
physical logs (caliper, flow velocily, Nuid resistivity,
and fluid temperature) during pumping and injection
conditions (table 1).

The percentages of low [rom the individual zones
at the Lee County Water Trcatment Plant (table 1) are
estimated from caliper/velocity borchole studies con-
ducted by Fitzpatrick (1986a). The aquifcr is character-
istic of a leaky confined aquifer with hydraulic
characleristics as [ollows (Fitzpatrick, 1986a):

T'=17.526 % 107 m%s to 8.601 % 10~ ms,
§=1x10" and
K,fb" =0.01 per day = 864 per second

where,
T is transmissivity;
§ is storage coefficient;
K" is vertical hydraulic conductivity of the confining beds;
and
b" is thickness of the confining beds.

The hydraulic characteristics of the individual flow
zones at the Lee County Water Treatment Plant are esti-
mated using the following procedure:

QT = Q[ + Qz k Q:n, (1)
where,
Q, is the total flow rate through the well; and

Qi (i=1.2.3) represents the flow components from the
different flow zones,

Table 1. General hydrogeologic characteristics of flow zones and confining units in the lower Hawthorn
aquifer at the Lee County Water Treatment Plant and Cape Coral

Flow zones
Hydraulic
Intrinsl
and leaky Thickness Percent of conductivity nirinsle
Location cenfining units (maters) flow from (meters per permeabillity
{meters below this zone semng)a {square meters)
land surface)
Lee County Water 153.9-160.0 6.1 30 3T79 % 1(r;‘5f 3846 % 1(::1?5
Treatment Plant 160.0-167.6 76 5 5.044x 1077 5.140= 10 2
167.6-176.8 9.2 63 5.468 = 10 557210
Cape Coral 198.0-2133 153 34 1065 3 10°3 1085 10°1]
213.3-2225 9.2 2 1.041 = 10° LO6l = 107
270.5-2116 9.1 64 3.370 % 1074 3.435 % 107!

General Hydrogeologic Setting 7



For each flow zone;

dh.

[

@
where,
7 1s radial distance from pumping well;
dh; is the head change in the different flow zones; and
dr 1s the change in distance from the pumping well.
Assuming no head gradient among the (low zones,
dhjldr = dh/dr, and uniform head in the wellbore:

- . g R dh
and
T = Tl +T2+T3 = K1b1+K252+K3b3. 4)

Tor cxample, if T is the composite transmissivity csti-
mated from an aquiter test, assuming that equation 4
can be applied, Q/0, = T/T and T; = K;b; gives the
hydraulic conductivity of cach zonc. If T = 7.68 x 10~
m?/s (aquifer test), 30 percent of the total flow (Qr)
comes from zone 1 (flowmeter survey), and this zone
has a thickness of 6.1 m;

i & T, 230x107*(m>/5)
AT [
g 6.1 m

=3.775 x 10°% (m/fs),

The hydraulic conductivity (K;) values for the different
flow zones arc given in table 1. Aquifer matrix perme-
abilily (k;, intrinsic permeability) values from Lable 1
arc then computed using:

&)

where,

I is dynamic viscosity of the fluid [M/LT];
p is fluid density [M/L*]; and

g is gravilational acceleration [L/T?],

Although the general hydrogeologic ramework of
the lower Hawthom aquifer at the two sites (Cape
Coral and the Lee Counly Waler Treaiment Plant) is
similar, the magnitude of the hydraulic characteristics
is somewhat different. Analysis of flow velocity and
caliper borchole logs (fig. 3) in Cape Coral indicated a
similar flow zoning, occurring at different depths
below land surface and with dillerern thicknesses and
hydraulic coefficients (table 1). The upper flow zone
and the low permeability unit seem to be thicker in

o, ST
T, = —'T =0.30 x 7.68 x 10 4m%s) = 230 x 10 (m%s), Capc Coral, IJut tI}c qlSTI'lbUll()ll of flow across these
U hydrogeologic unils is almost the same (table 1).
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Figure 3. Percent of total flow estimated using velocity and calipar borehole logs for well L-M-2426 at Cape Coral.
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Apparent transmissivily values are estimated for
several wells in Capc Coral (table 2), using specific
capacity values from step-drawdown tests conducted
by Missimer and Associales, Inc. (1985), and the empir-
ical equation by Brown (1963). Estimated transmissiv-
ity values range from 149 to about 807 m%/d (fig. 4 and
table 2) with a geometric mean value of about 4 14 m*/d.
Valucs of hydraulic conductivity and intrinsic perme-
ability are estimated for the lower Hawthorn aquiler in
Cape Coral (table 1), using the geometric mean of the
Iransmissivity values and equations | to 5.

Table 2. Specific capacity and apparent transmissivity
values for wells completed in the lower Hawthorn aquifer at
Cape Coral

[Specific capacity values from Missimer and Associates, Inc.
(1985); apparent ransmissivity values estimated using the empirical
equation by Brown (1863)]

Well Specific capacity traﬁgl?':::i?\:lly
Identitication (liters per second
humber per meter) (meters squared
per day)
L-M-2417 4.74 496.7
L-M-2418 5.20 546.4
1.-M-24149 3.97 4098
L-M-2420) 5.55 RLENT
1.-M-2421 3.35 3477
[.-M-2422 4.57 4067
1.-M-2423 1.74 149.0
LM 2424 2.24 2335
L-M-2425 2.8 2732
1.-M-2420 7.64 807.2
L M.-2427 7.27 7R3
L-M-2428 4.14 397.4
Cieometric mean 4143
Standard deviation 203.7

THEORETICAL BACKGROUND

The abilily (0 assess whether SISRF could be an
ceonomical waler-supply alternative is enhanced by the
capabilily (o predict the movement of water and solutes
under the conditions of injection, storage, and recovery.
Digital models have been developed by the U.S. Geo-
logical Survey and others 1o simulatc the density-
dependent flow of ground water and the transport of
solutes in ground-water systems. These models can uti-
lize data on fluid and aquifer properties to estimate
recovery clliciencies under conditions expected at a
particular study area.
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Figure 4. Histogram of apparent transmissivity values

estimated from wells tapping the lower Hawthorn aquifer at
Cape Coral.

Simulation of density-dependent ground-water flow
and solute transport requires the solution of two govern-
ing partial differential equations subject o appropriate
boundary and initial conditions. The first equation
describes transient ground-water flow under conditions
where density differences due to solute concentrations
can affect flow. The second equation describes the
movement and spread of solutes within the (owing
ground waler using dala on the distribution of ground-
walcr velocities oblained by solving the first equation,
The two equations are solved iteratively, as the distribu-
tion of soluie concentrations needed 10 solve the [irst
cquation is initially estimaied and updated after solving
the second equation. The theoretical background of the
governing equations is discussed in the next section.

Density-Dependent Ground-Water Flow
Equation

The rate of ground-water flow is assumed (o be
governed by Darcy’s law, which when writlen in terms
of fluid pressure (rather than piczomelric head), is:

g = —k{Vp—pgz)/lt (6)

where,

g 15 specific discharge (flow rate per unit cross-sectional

area) [L/T]:

k is the intrinsic permeability of the aquifer materials [1L2];
V is the gradient operator [1/1.];
p s the fluid pressure [M/LT?];

p s the MTuid density | M/L:

¢ is the gravitational acceleration vector [L/17];

7 is the elevation above a reference datum [L]; and
It is the dynamic viscosity ol the fluid |[M/LT].

Theoretical Background 9



Using Darcy’s law and the principle of conserva-
tion of fluid mass, 4 mass-balance equation can be
written as:

d(np) .
= + 0
5 Ve (pg) o, (N
where,

i is aguiler porosity [dimensionless], and
O, 1s mass of Huid injecied (+) or withdrawn (-) per unit
time per unit volume of aquifer [M/L*T].

The dependence of fluid density on solute concen-
tration has an imporiant effect on the mass-balance
equation, which can be seen by expanding the first term
in equation 7:

d{np)  pdndp ndpdp ndpdc

ot T apar | apar | acar (®)
or
dnp) S ndpac )
i ot dedt
where,

¢ is solute concentration (mass of solute/mass of walcr)
[dimensionless|; and

S, is specific pressure storalivily of the aquifer

given by S; = [(1-n) a + n f] for an unconsolidating aquifer
[LT?/M] where,

a is compressibility of the aquifer solid matrix [LT%/M],
and
B is compressibility of water [LT?/M].

The determination of fluid pressures at any given
time, which atfects the rates of fluid movement,
requires the prior or simultaneous determination of the
rale of change in fluid concentration over time, The
specific discharge, as determined by Darcy’s law, is
also dependent on solute concentration through the
density and viscosity terms (eq. 6), which is only
slightly dependent on solute concentration.

A system of equations, such as equation 7, can be
simultaneously solved for a given set of boundary con-
ditions, aquiter properties, {luid densities, and rates of
recharpe or withdrawals from the aquifer. The solution
will be in terms of the pressure at all points in the aqui-
fer. The average pore velocity, v, can then be deter-
mined from the distribution of hydraulic head by
Darcy’s law:

Y. | (10)

where,

n is the effective porosity of the aquifer [dimensionless|.

Advection and Hydrodynamic Dispersion

Movement of solutes through a porous medium 1%
controlled by advection and hydrodynamic dispersion.
Advective transport describes the movement of solute
particles along the mean dircction of fluid flow at a rate
equal to the average pore-water velocity. Hydrody-
namic dispersion describes the spread of solute parti-
cles along and transverse to the direction ol average
fluid flow in response to molecular diffusion and
mechanical dispersion.

Molecular diffusion produces a {lux of solute parti-
cles from areas of high to low solule concentrations; its
effect is independent of the {luid velocity. Mechanical
dispersion is the mixing of solutes caused by variations
in fluid velocities at the microscopic scale, Velocity
variations are caused by several [actors, including; (1)
velocity distributions within the pote space, (2) varia-
tions in pore size, (3) diflerences in path lengths for dit-
ferent solute particles, and (4) the effect of converging
and diverging flow paths (Bear, 1979). Mechanical dis-
persion is dependent on fluid velocity, and at the rela-
tively large porc-water velocities expected during
imjection and recovery phases, the ellects are greater
than those of molecular diffusion. Fluid movement dur-
ing the storage phase is mainly from buoyancy forces,
and at these low velocities, molecular diffusion can
have a more significant role in solute movement,

Dispersive flux, J, can be described by Fick’s first
law as:

J=-D, V¢ (11
where,

¢ is the volumetric concentration of solute [M/1.3]; and
D, is the second rank lensor containing the coefficients of
mechanical dispersion [1.7/T].

Mechanical dispersion coefficients are related to
the average pore velocily by the dispersivity ol the
medium (Scheidegger, 1961). The cocfficients of dis-
persivity arc dependent on propertics of the medium
including permeability, length of a characteristic flow
path, and tortuosity. Tn an isotropic medium (with
respect to dispersion), the coelficients of mechanical
dispersion can be expressed in terms of two compo-
nents: (1) longitudinal dispersivity (o), which repre-
sents dispersion in the direction of the flow path; and
(2) transverse dispersivity (ouy), which represents dis-
persion in the direction perpendicular to the flow path.
Transverse dispersivitics are usually smaller than lon-
gitudinal dispersivities by a factor of 5 10 20 (Freeze
and Cherry, 1979).
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The nine components of the symmetric mechanical
dispersion tensor can be expressed in terms of v (the
average pore-water velocity vector) and the velocity
COmMpoNEnts vy, v, and v, (Bear, 1979). In a system
where ground-waler flow is horizontal (v,=0), the
components ol the mechanical dispersion tensor are:

Dy = (0 sz + oy 1’},2) /vl
L)X_}’ = D)L‘l' = rﬂ" - ('x’) le VV ! h"t

Dy, = (o v, + v ) 1 v (12)
Dg=Dy=Dy =Dy =0
D =ogphl

For radially symmetric irrational flow (vg=0) systeins,
subscripts x and y are replaced by r and z, respectively.
The hydrodynamic dispersion tensor can be writlen as:
D=0, + Dyl (13)
where,
Dy, is the second order hydrodynamic dispersion tensor
IL/T;
D, is the mechanical dispersion tensor |LY/T];
D is the coefficient of molecular diffusion |L%/T]; and
I is the identity tensor, :

Macrodispersion

Longitudinal dispersivities typically range from
0.100 to 10.00 mm in laboratory experiments with
homogencous materials and have been estimated as
much as 90 m [rom field studies of contaminant plumes
{Freeze and Cherry, 1979). The larger values in field
studics are related to increased mixing (on a macro-
scopic scale) because of local variations in aquiler
hydraulic and dispersive characteristics.

Most studies of radial injection have assumed that
macrodispersive fluxes can be represented by Fick s law
with a constant dispersion cocfficicnt. However, recent
studies of transport in porous media have indicated that
dispersion can increase away from the source and reach
an asymptotic value afier travel distances of hundreds or
thousands of feet (Gelhar and Axness, 1983). Dispersiv-
ities are scale dependent at short distances with values
increasing away Irom the contaminant source as larger
scale helerogeneities oceur (Gelhar and others, 1979).
Recent developments in the macrodispersion theory are
discussed by Anderson (1984).

In this study, aquiler dispersivity values were csti-
mated [rom the analysis of field test data from a previ-
ous study (Fitzpatrick, 1986a). Values of aquiler
dispersivity used in the different simulations and sensi-
tivily analyses are discussed in later sections. Limita-
tions of the advective-dispersive model must be
recognized along with the other limitations introduced
because of uncertainties in aquiler propertics,

Advactive-Dispersive Soluta-Transpnrt' Equation

A version of the variable-density advective-disper-
sive solute-transport equation modified for saturated
flow and conservative solute species presented by Voss
(1984) is:

d(npc)

7 = ~Ve(npve)+ Ve {nstDd [+ Dm)s VC]+ Q' c* (14)

where,

Q" is the volumetric injection rate per unit arca ol aquifer
[L/T]; and
o* is volumetric solulc concentration in the injected fluid

[M/L7].

When applying equation 14 to freshwater injection
in an aquifer, flow can be assumed to be cither: (1)
radially symmetric about the injection well (regional
flow is negligible), or (2) horizontal and the solute
concentration and fluid density are vertically uniform
(regional flow is considcred). In the latler case, the term
¢ represents the vertically averaged concentration at a
point in the aquifer. For this study, the first option was
used.

The term @ ¢* represents only sources of solule
mass. Withdrawals of fluid from the aquifer do not need
10 be considered in the transport equation because the
concentration of solute in the fluid withdrawn [roin the
aquifer c* is identical to the solute concentration ¢. The
source term from cquation 14 is incorporated as part of
the boundary conditions.

PRELIMINARY ASSESSMENT OF
INJECTION, STORAGE AND
RECOVERY OF FRESHWATER

Solution of the two goveming partial-differential
equations generally requires sophisticated digital mod-
els. These models vse numerical approximation tech-
niques that determine aquifer pressure and solute
concentrations at a finite number of points and at spec-
ilied time intervals, SUTRA (Saturated-Unsaturated
TRAnsport), a computer code based on the Galerkin
finite element technique (Voss, 1984), was applied in
this study. Modifications were made to the code to
compute the solution in terms of a regular rectangular
grid with the intention of minimizing computer storage
and time (apps. 1 and 2). Appendix | contains the hicr-
archic levels of subprograms in the original SUTRA
version and in the modified SUTRA version, hereafter
referred to as QSUTRA.
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Subprograms PLOT, CONNEC, BANWID,
NCHECK, and PINCHB were not included. All of
these subprograms, except for PLOT, were used in the
original SUTRA version to process information related
1o the irrcgularity of clement shapes forming the mesh
or grid. A new subprogram (FOPEN) was added (o
open files and assign unit numbers (apps. | and 2) (C.L
Voss, U.S. Geological Survey, written commun.,
1994), Subprogram SOLVER, which includes the algo-
rithms to solve the system ol equations (cqs, 7 and 13),
was substituted by subprograms SOLVEC and LSORA
(apps. 1 and 3). SOLVEC uscs the incomplete
(Cholesky-conjugate gradient method (Kuiper, 1987) (o
solve a system ol ground-water flow cquations (eq. 7).
LSORA uses the line successive overrelaxation method
(Young, 1954) (o solve a system of solute-transport
cquations (cg. 15). Some other changes to the code are
highlighted in the program listing (app. 2).

QSUTRA was tested by applying it 1o Henry's
(1964) density-dependent flow problem described in
Voss (1984, p. 196-203). This problem was sclected
hecause it provides a good opportunity to test the
capabilities of QSUTRA in solving nonlincaritics
occurring in variable density flow problems. Compari-
son of results from QSUTRA and SUTRA for Henry s
(1964) problem are presented in appendix 4. As shown
in appendix 4, concentration profiles from QSUTRA
and SUTRA are identical. Also, QSUTRA and SUTRA
estimates ol [lux across one model boundary compare
very well.

Simulations of [reshwater injection, storage, and
recovery in the lower Hawthorn aquifer were madc
using the QSUTRA code with a radial coordinates grid.
The following assumptions are made: (1) the elfect of
the background hydraulic gradient is negligible, (2) the
aquifer is divided into vertically adjacent layers char-
acterized in the model as homogeneous with respect 1o
the hydraulic and transporl characteristics, (3) the
hydraulic and transport characteristics are homoge-
neous along the radial dircction of flow, and (4) the
aquiter characteristics are isotropic along the hori-
zontal (radial) direction. Assumptions 2 and 3 are
made because of the lack of information on the spatial
variahility of the hydraulic and transport characteris-
tics. Estimates of the transporl charactleristics of the
lower Hawthorn aquifer were made using data from
previous freshwater injection tests (Fitzpatrick,
19864) conducted at the Lee County Water Treatment
Plant (fig. 1).

Grid Design

Although the configuration of the lower Hawthorn
aquifer at the Lee County Water Treatment Plant and
Cape Coral are similar, dilTerences on the thickness of
the flow zones and on the magnitude of the hydraulic
propertics precluded the use of the same model grid lor
both sites, Two finite-element grids were required. The
first grid was used for calibrating and testing the model
with data from field tests conducted at the Lee County
Water Treatment Plant and documented (Fitzpatrick,
1986a), The second grid was used to represent the
hydrogeologic conditions at the Cape Coral site. Trans-
port characteristics obtained from simulating Fitz
patrick’s tests were extrapolated o the Cape Coral area.

The Lee Counly Water Treatment Plant site grid
consists of 1,400 clements and 1,491 nodes (fig. 5A),
and the Cupe Coral grid consists of 2,100 elements and
2,201 nodes (fig. 6A). Both grids extend out radially (o
10,384 m (figs. 5A and 6A). The Cape Coral grid was
used to conduct hypothetical tests of freshwater injec-
tion, storage, and recovery in the lower Hawthorn agui-
fer in the study area (fig. 1). The grids are very fine
(2 m) in the vicinity of the injection well s0 as (o avoid
errors associated with numerical dispersion (artificial
dispersion introduced by inappropriale spatial discreti-
zation) and high aspect ratios (large difference between
sides of an clement), At a distance of 100 m, element
lengths increased to 4 and 8 m at 120 m [rom the well.
Beyond 160 m, element lengths were successively
doubled until & maximum length of 4,096 m was
rcached, The thickness of elements remained constant
(2 m). The part of the finite-element grids extending o
a distance of 160 m from the injection well is shown in
figures 5B and 6B, and the entire finite-clement grids
are shown in figures 5A and 6A.

Boundary and Initial Conditions

Boundary conditions were set at r=0), r=10,384 m.
z=144.8 m below land surface, and 7z=184.8 m below
land surface for the Lee County Water Treatment Plant
maodel, and set at r=0, r=10,384 m, z=186 m bclow land
surface, and z=246 m below land surface for the Cape
Coral model—the limits of the [inite-clement grids
(ligs. 5 and 6), Boundaries at the top and bottom of the
aquifer (upper and lower limits of the modeled zone)
were set constant for pressure and concentration, The
solute concentration was sel equal o the solute concen-
tration ol the native waler at these boundaries, and the
pressures were sel cqual (o the hydrostatic pressures at
the specific depths where the boundaries were located.
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One limitation setting of these types of boundary con-
ditions (constant pressure and concentration on top and
bottom) is that if injected or mixed water passes across
these houndaries, the model would be unable to con-
sider it during the recovery pumping because the con-
centrations along these boundaries are assumed to
represent a constant value, However, for the present
study, these boundary conditions yielded the best rep-
resentation of the actual aquifer in terms of approxi-
mating measured pressure and concentration changes
in observation wells and in the injection well during
recovery. Also, these boundary conditions would yield
more conscrvative estimates of recovery efficiency.
The lack of detailed hydrogeologic information beyond
these boundaries precluded the location of the bound-
aries larther from flow zones receiving the injection
water. An attempl was made to locate the boundaries
farther from the injection source by extrapolating the
hydrogeologic information, but the results were dis-
couraging in terms of matching field measured pressure
and concentration changes.

At r=10),384 m, no-flow/no-transport boundary
conditions were specificd. This boundary was inten-
tionally located far from the injection source 1o prevent
any effect that it might have on the determination of
pressures and concentrations in the aquifer segment
affected by the injection. Boundary conditions at the
well (r=()) were sct by specifying a mass flux cqual to
the injection rate. The flux was proportionally distrib-
uted among the boundary nodes along the length of the
injection zone using the aquifer hydraulic characteris-
tics (K) as a weighting factor. The solute concentration
in the injected water during injection was specified at
the well boundary (r=0). A flux average concentration
for water withdrawn during recovery was calculated
{rom concentration values at boundary nodes repre-
senting the well.

The hydraulic conductivity value of the upper and
lower confining zones was modified using the model to
replicate the effect of these leaky units on pressure and
concentration changes in the main flow zones (dis-
cussed later). Although more sophisticated boundary
types are currently available, they are not available in
QSUTRA, and this study lacks the field data to justify
their application. For large volumes ol water injected
(larger than those used in this study), the vertical and
horizontal boundaries can become invalid yielding
unrealistic model results.

Initial pressures were assumed to be hydrostatic
and set equal (0 an equivalent freshwater head of 10.49
m above sea level for the Lee County Walter Treatment

Plant model and 7.62 m for the Cape Coral area model.
Initial solute concentration was set equal Lo solule
concentration in the native water. For this study, fluid
densily was assumed to depend only on solute concen-
tration. Fluid density was calculated by the model
based on initial solute concentrations and the following
functional relation between density and solute concen-
tration:

P =p;+ (Prpi) HC-CHC-Cy] (15)
where,

p; is density of injected water [M/LY];

P, is density of native water [M/L]L;

C is solute concentration in the mixed water [M/LY];

C; is solute concentration in the injected water [M/L3]; and

C,, is solule concentration in the native water [M/L*],

Solute Source

Chloride ion, the dominant conservative anion in
the native aquifer water and the injected surface water,
was sclected as the solute to be modeled. Chloride con-
centrations in water samples from the lower Hawthom
aquifer ranged from 500 to 550 mg/L at the Lec County
Water Treatment Plant and from 350 to 750 mg/L in
Cape Coral (Missimer and Associates, Inc., 1985). The
model computes relative or normalized concentrations
that range from (0.1 to 1, where 0.1 represents concen-
tration in the injected water and 1 represents concentra-
tion in the native water.

Time Steps

Initial time-step sizes were kept equal or smaller
than 400 seconds to avoid numerical dispersion associ-
ated with a large time-step size. The time-step size was
increased during the injection phase in such a way that
the injected water front (neglecting dispersion) moved
a constant distance during each successive time step.
The final time-step size from the injection phasc was
used and kept constant for the entire simulation of the
storage period. During the recovery phase, the time-
step size was gradually reduced from its maximum
value as the injected water front moved closer to the
well. Generally, except for the first time step in cach
run, only two iterations per time step were needed to
resolve the nonlinearities of the density-dependent {low
equation (eq. 7).
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Model Simulation Results for the Lee County
Water Treatment Plant—Calibration
and Testing

Data from a study by Fitzpatrick (1986a) were used
in this study to define the hydrogeologic system and to
provide a basis for estimating the hydraulic and trans-
port characteristics for the lower Hawthorn aguifer in
Cape Coral. The conceptual model lor the Lee County
Walter Treatment Plant site was developed on the basis
of mterpretation ol velocity, caliper, fluid resistivity,
and fluid temperature borehole logs and interpretation
of aquifer-test data (Fitzpatrick, 1986a). The concep-
tual model consists of two main low zones and three
lcaky confining units (fig. 5). Aquifer hydraulic charac-
teristics, boundary conditions, and nodes subject to
them were previously described.

Two injection, storage, and recovery tests and
results (table 3) from the study by Fitzpatrick (1986a)
were useful in calibrating the model (lests 2 and 3).
Test 3 was used lor model calibration and test 2 for

and horizontal directions. Following the hydraulic
calibration, data on chloride concentration changes in
the two ohservation wells (1.-25330 and [.-3224) were
used to calibrate the transport model for effective poros-
ity and longitudinal and transverse dispersivities. The
model yielded beter results when using an effective
porosity of (.12, a longitudinal dispersivity (c;) of 3.0
m. and a transverse dispersivity (¢) of (.3 m for a ratio
of /e, = 0.1 (fig. 7B). However, the model did not fit
the ficld test data for the early arrival times of the
injected water front at well L-2530 (fig. 7B). Several
simulalions were made varving the effective porosity,
dispersivity values (06 and o), and the aquiler perme-
ability without obtaining a gnod match to the field data
[rom well L-2530, while simultaneously matching the
ficld data from well L-3224, This is probably because of
the nature of flow in a part of the aquifer, which accord-
ing to the borehole velocity logs (fig. 3), scems (o have
cavernous porosity, whereas the model is based on cqua-
tions that are developed for a porous media system.

Table 3. Results of two injection, storage, and recovery of freshwater tests conducted from a previous study in the lower
Hawthorn aquifer at the Lee County Water Treatment Plant

[Tesls conducted by Fitzpatrick (1986a). Recovery time indicales lime singe the beginning of recovery when chioride concentration of
recoverad water approached background concentration of native aquifer water]

Average Average

Alvélrﬂge chloride

Test injection rate recovery rate To::l “:h':'me Im:." ction Slt?rage Fie:.fuvery concentration of
number (cubic meters {cubic meters blle:'let ¢ d'me dlme dlme injected water
per day) per day) (cuble meters) (days) (days) (days) (milligrams per liter)
2 1.635 H99 26,160 & 47 50 171
3 1.123 218 T h 150 a4

109,571

model testing. Data for (est 3 were obtained for the
injection well (1.-3225) and two observation wells
(1.-2530 and 1.-3224), about 43 and 102 m, respec-
tively, from the injection well. The calibration of the
maodel was performed using the classical interactive
process in which the model variables were changed
within realistic limits, until a satisfactory match o the
measured data was obtained. Initial model varables
were sel according to data presented in table 1 and
information previously described in this report.
Increases in hydraulic head at ohservation wells
L-2530) and L-3224 were used to calibrate the hydraulic
variables. The permeability of the flow zones is assumed
to he isotropic, and no attempl was made to change it.
However, the permeability of the leaky confining units
was decrcased [rom an estimated value of 189 10 Vo
1.67 = 1073 m? (o obtain a satistactaory match between
observed and modeled head change data (fig. 7A). The
permeabilily 1s assumed to be isotropic in the vertical

Model results for test 3 were compared with
licld data at the injection well (L-32235) [or the
recovery phase. Although a satisfactory match was
obtained for breakthrough at observation wells
1.-2530 and 1.-3224, model predicted values for
recovery chloride concentrations at the injection
well (L-3223) were low compared to field measured
values. Different porosity values were assigned (o
the main flow zones and the leaky confining units in
an attempl 1o improve the model predictions at the
injection well while keeping a good match at the two
observation wells. A combination ol porosity values
ol 0.13 for the main flow zones and .05 for the
leaky confining units yielded satisfactory results
(Mg, 8), The charactenistics vsed in the calibrated
model and the fluid, solute, and rock matrix proper-
ties used in the simulations are listed in tables 4 and
3, respectively.

Preliminary Assessment of Injection, Storage and Recovery of Freshwater 15
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4 7., Observad and madel simulated head increase

_ the first 7 days of injection and chloride concentra-
1 breakthrough curves at observation wells L-2530 and
-224 during the injection phase of test 3 at the Les

County Water Treatment Plant.

The model was tested using chloride concentration
data at the injection well (L-3225) during the recovery
phase of test 2 (Fitzpatrick, 1986a). The test simulation
was made using the same hydraulic and transport
characteristics from the calibration run for lest 3. The
resulting chloride concentration breakthrough curve
produced by the model was low compared to the ficld
data (fig. 9). In an-attempt to provide a closer match of
the field data, the longitudinal and transverse dispersiv-
ity valucs were increased from 3.0 and 0.3 m to 5.0 and
(0.5 m, respectively. This change resulted in a good
maich of the ficld measured data by the model-gener-
ated data (fig. 9). According to the present knowledge
on the scale dependency of the dispersion coefficient
(Gelhar and others, 1979; Gelhar and Axness, 1983;
and Mercado, 1984), the value used Lo effectively sim-
ulate test 2 was expected to be smaller than its counter-
part for test 3. However, the dispersivity value from
test 2 was larger than that from test 3, but the difference
between the values was small (o7 =3.0m and =
0.3 m for test 3; oy, = 5.0 m and ¢ = 0.5 m for test 2).
No [urther atlempt was made in this study to explain
the differences in the dispersivity values between the
lwo tests because detailed field information was
unavailable.

Model Simulation Results for Cape Coral—
Effects of Operational Factors on Recovery
Efficlency

A series of hypothetical SISRF tests were made [or
the lower Hawthorn aquifer in Cape Coral using the
digital modeling technique. Estimaltes of the hydro-
logic and (ransport characteristics from the analysis of
previous test data (Fitzpatrick, 1986a) were used in a
baseline simulation with other faclors represented by
values from studics in similar geologic units. The
baseline simulation was used as a reference 10 study
the elfects of changing a series of SISRF operational
factors on the recovery efficiency. The hydrologic and
transport characteristics used in the bascline simulation
were selected ag the best possible representation of the
actual ficld valucs in Cape Coral. These characieristic
values might not necessarily represent the entire spatial
spectrum of possible values in the lower Hawthom
aquifer, Therefore, the characteristic values used in the
simulations are subject (o some uncertainty. The cffects
on the recovery cfficiency of the ratcs of injection and
recovery; volume of water injected; storage time: injec-
tion into selected flow zones; successive cycles of
injection, storage, and recovery; and chloride concen-
trations of injected and native waters were also studied
using the digital model,

Preliminary Assessment of Injection, Storage, and Recovary of Freshwater in the Lower Hawthorn Aquifer, Cape Coral, Florlda
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Figure 8. Observed and model-simulated chloride concentration in water recovered from injection well L-3225 during the
recovery phase of test 3 at the Lee County Water Treatment Plant (data from Fitzpatrick, 1986a).

Table 4. Characteristics of flow zones and confining units used to model the lower Hawthorn aquifer at the Lee County

Water Treatment Plant

Flow zones and leaky Permeaabliity Effective Specific pressure Longitudinal Transverae
confining units (meters {square porosity storativity (kilograms per dispersivity  dlspersivity
below land surface) meters) {percent) meter per second squared)'l {meters) (meters)
144.8-152.8 1.670 % 10713 5 136 % 10710 3.0 0.3
152.8-158.8 3,846 x 10712 15 1.68 x 10719 3.0 3
158.8-166.8 5.140 x 10713 5 136 % 10710 3.0 3
166.8-176.8 5572 x 1012 15 1.68 % 1010 3.0 3
176.8-184.8 1670 = 10713 5 136 10710 3.0 3

Table 5. Fluid, sclute, and rock matrix properties used in the

simulations

Property

Valua

Dynamic viscosity of native water,
in kilograms permeter per second

Dyynamic viscosity of injected water,
in kilograms per meler per second

Density of native waler,
in kilograms per cubic meter

Density of injected water,
in kilograms per cubic meter

Cocfficicnt of molecular diffusion,
in meters squared per second

Fluid compressibility,

in (kilograms per meter per second squan:d)'l

Rock matrix compressibility,

in (kilograms per meter per second aqu:tn:d)'1L

0.001

0.001

LOOL.D

1,000.1

50x 10710

44x% 1010

1.2 10710

Preliminary Assessment of Injection, Storage and Recovary of Frashwater
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Figure 9. Observed and model-simulatad chloride concentration in water recoverad from injection wall L3225 during the
recovery phase of test 2 at the Lee County Water Treatment Plant (observed data from Fitzpatrick, 1986a).

Baseline Simulation

A baseline simulation was made using the previ-
ously described model grid (fig. 6), estimaled hydraulic
and transport characteristics (tables 1, 5, and 6), and the
conditions presented in table 7. The growth of the
injected water body and the chloride distribution pro-
files (mixing zone) during the injection phase of the
baseline simulation are depicted in figure 10. Although
the injected water body in the lower main flow zong has
twice the radial extent of its counterpart in the upper
main flow zone, the difference between the chloride
distribution profiles of the two flow zones was not sig-
nificant (fig. 10). The injected water front was about 50
m from the injection well in the lower main {low zone

and 25 m from the injection well in the upper main flow
zone at the end of the injection phase (fig. 10D2). A vec-
tor representation of the pore-water velocity ficld was
generated by the model (fig. 11). This velocity vector
shows that the injected watcr, in general, is moving: (1)
horizontally outward along the two main flow zones,
(2) vertically upward from the upper main flow zone
into the upper confining zone, (3) vertically downward
from the lower main flow zone into the lower confining
zone, and (4) vertically upward from the lower main
flow zone through the middle confining zone into the
upper main flow zone (fig. 11). A similar veclor repre-
sentation was generated by the model during the recov-
ery phase, bul the vectors point in the opposite
direction (fig. 12).

Table 6. Characteristics of flow zones and confining units used to modal the lower Hawthorn aquifer at Cape Coral

Flow zones and leaky Permeabillity Effective Specific pressure Longitudinal  Transverse
zoenflning unlts (meters (square porosity storativity (kilograms per dispersivity  dispersivity
below land surface) meters) (percent) meter per second m:|uarm‘.l)'1 (maters) (meters)
186.0-195.0 1.061 = 10712 5 136 % 10710 3.0 0.3
198.0-214.0 1.085 = 1071 15 168 x 10710 30 3
214.0-224.0 1.061 = 10717 5 136 = 10710 2.0 A
224.0-232.0 3.435 x 10711 15 1.68 % 1070 a0 3
232.0-246.0 1.061 » 10712 5 1.36 107" 30 3
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Table 7. Conditions and results for recovery times and efficiencies for the baseline simulation and other simulations of subsurface
freshwater injection, storage, and recovery for the lower Hawtharn aquifer at Cape Coral

[Recovery time is when the preestablished chloride concentration limit of 250 milligrams per liter is reached]

lﬁjecﬁun Recovery Recovery rate/ Volume Chloride conconlratlons,‘
Simulation o€ rate Injectlnx tate of injected Injection Storage milligrams per liter Recovery Recovery
number  (cuble {cubic {dimension- water time time @——M time efficiency
melers meters less) (cubic  (days) (days) Injection  Native aquifer  (days)  (percent)
per day) per day) meters) water water
Baseline Simulation
1 1,635.2 1,635.2 1.00 49,053 an 0 S0 300 19.2 Gd

Changes in Rates of Injection and Recovery

2 408.8 4088 1.00 49,035 120.0 0 S0 SO0 761 63
3 B17.6 sl7.6 1.00 49,035 a0.0 {] 50 500 31.5 63
4 32903 3,270.3 1.00 49,055 15.0 4] 50 500 10.2 68
3 6.5400.7 6,540,7 1.00 49,055 7.5 0 50 500 6.9 92
Changes in Recovery Rate/Injection Rate Ratio
& 1,635.2 408.8 .25 49055 120.0 0 50 500 743 62
7 1,635.2 £17.6 S0 C 40,055 Al 0 50 500 375 63
] 1,633.2 3,270.3 2.00 49,055 15.0 i 50 500 0.2 68
9 1,635.2 £,340.7 4.00 49,055 7.5 0 50 500 10 03
Changes in Volume of Water Injected
10 1.635.2 1.635.2 1.00 12,264 7.5 0 50 500 T 100
11 1,633.2 1.635.2 1400 24,528 15.0 0 50 500 121 81
12 1.635.2 1,635.2 1.00 98,110 60.0 0 30 300 335 30
13 1.635.2 1,635.2 1.00 196,221 120.0 0 1] 500 518 43
Changes in Storage Time
14 16352 1,635.2 1.00) 49,055 30 5 50 500 19.2 6
15 1,635.2 16352 100 49,055 0 30 50 500 19.0 63
16 1.635.2 1,635.2 L.00 49,055 30 a0 50 500 18.6 62
17 1,635.2 1,A33.2 L.00 49,055 30 180 50 500 18.1 a0
Injection into Upper Flow Zone (198-214 meters)
18 1,635.2 1,635.2 1.00 49,055 30 0 a0 500 183 a1
Injection into Lower Flow Zone (224-232 meters)
19 1.635.2 1.635.2 1.00 49,055 30 0 50 500 18.6 62
Five Successive Cycles
20 1,635.2 100 - 49,055 30 180 50 500 143 61
1 1,635.2 £i35.2 100 49,055 30 180 50 5000 234 78
12 1,635.2 1,635.2 1,00 49,055 30 180 50 500 25.0 83
23 1,635,2 1.635.2 1.000 49,055 30 140 50 500 25.8 86
24 1.635.2 16352 1.00 49,055 in 180 5 500 6.6 89
Different Injected and Native Water Chloride Concentrations
23 1.635.2 1,635.2 1.00 49,055 30 0 100 500 16,0 35
26 1,635.2 L6352 1.00 49,055 30 0 200 500 9.0 30
27 1.635.2 1.635.2 1.00 49,055 30 0 50 1,000 107 36
2% 1,635.2 1,635.2 1.00 49,053 30 0 50 2,000 6.5 22
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Figure 10. Chloride distribution profiles at different times during the injection phase of the baseline simulation.

A 64 percent recovery efficiency value was
obtained for the baseline simulation [or the preselected
250-mg/L chloride concentration limit. The thickness
of the mixing zone al the end of the recovery phase
arew from 1.5 to 2 times compared to its thickness at
the end of the injection phasc (figs. 13 and 10D). Some
residual injected water was still inside the injection
zones al the end of recovery (fig. 13). A subsequent
injection phase would resull in a wider mixing zone
and a higher recovery efficiency.

A simulation was made with the same parameters
that were uscd in the baseline simulation but using no-

flow/no-transport boundaries at the top and bottom lim-
its of the model. This simulation was conducted to test
the effect on the recovery efficiency of using a constant
pressurc/constant concentration boundary condition to
represent interlayer solute mass movement across these
boundarics. The simulation yielded arecovery ellicicncy
of 83 percentage points, which is 19 percentage points
higher than the value estimated [rom the baseline simu-
lation (64 percentage points). This indicales that the con-
slant pressure/constant concentration boundaries are
important in the determination of the recovery efficiency
and that this type of houndary would yield more conscr-
vative estimates of the recovery efficiency.
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Figure 11. Vector field representing pora-water velocities in a radial section of the flow zones at the end of the injection phase
of the baseling simulation.
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Figure 12. Vector field representing pore-water velocities in a radial section of the flow zones at the end of the recovery phase
of the baseline simulation.

Rates of Injection and Recovery The results of the simulations indicated that when

The effect of the rates of injection and recovery on the injection rate was decreased by 25 and 50 percent

the recovery efficiency was studied with eight simula-
tions using different injection and recovery rates and
injection rale/recovery rate ratios (simulations 2-9 in
lable 7). In simulations 2 to 5, the injection rate ((;) and
the recovery rate (Q,,) were each changed by 25, 50,
200, and 400 percent tfrom the value used in the base-
line simulation, In simulations 6 to 9, the ratio of 0,/0,
was changed by 25, 50, 200, and 400 percent from the
baseline simulation ratio (Qg/Q; = 1).

while keeping Q,/Q, equal to 1, an insignificant
decrease in the recovery efficiency occurred (fig. 14
and table 7). However, when the injection and recovery
rales were increased by 200 and 400 percent, the recov-
ery efficiency increased from 64 pereent (for the base-
line simulation) to 68 and 92 percent, respectively
(fig. 14 and table 7). Although in a previous hypo-
thetical study (Merritt, 1985) no relation was reported
between the rates of injection and recovery and the
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Figure 13. Chleride distribution profile at the end of the racovery phase of the bassline simulation,
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Figure 14. Relation betwean recovery efficiency and
injection or recovery rate in the lower Hawtharn aquifer

for Qr/Qy = 1.

recovery elliciency, the injected solute mass was con-
fined by the upper and lower boundaries, keeping the
injected mass near the well region and precluding mass
migration across the upper and lower model bound-
aries. Because the mass of injecied waler was confined,
no vertical movement occurred, and therefore, the
duration and rate of injection and recovery were not
important. Leakance occurs in most confined aquifers,
and interlayer solute mass movement provides
mechanics for mass migration, thercby affecting the
recovery efficiency. '

For the recovery rale/injection rate (Qp/(Q;) ratios
of 25 and 50 percent, the recovery efficiency decreased
slightly (fig. 15 and table 7). For Op/Q; ratios of 200
and 400 percent, the recovery efficicncy increased from
64 percent (for the baseline simulation value) to 68 and
93 percent, respectively (fig. 15 and table 7). This rela-
tion can be explained by the [act that vertical mass
transfer in leaky aquifcrs can be significant. For [ast
recovery rates, the vertical migration of mass would be
smaller, providing for higher recoverability.
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Figure 15. Relation between racovery efficiency and
racovery ratefinjection rate ratio in the lower Hawthorn
aquifer.
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Figure 16. Relation batwean racovery efficiency and
volume of water injected in the lower Hawthorn aquifer.

Valume of Water Injected

The effect of injecting different size volumes was
studied using four simulations in which the injected vol-
ume was changed by 25, 50, 200, and 400 percent [rom
the baseline simulation value (simulations 10-13 in table
7). This was accomplished by decreasing or increasing
the injection time, while keeping the same injection rate
used in the baseline simulation. Results from these sim-
ulations show that for the range of injected volumes
tested in this study the recovery efficiency decreases as
the volume of water injected increases (fig. 16 and table
7). Initially, the recovery efficiency decreases at a great
ratc as the volume of water injected is increased, but an
asymptoic is approached at a recovery elficiency value
of about 40 percent (fig. 16); however, this result cannot
be generalized. Some investigators (Merritt, 1985;
Quifiones-Aponte and others, 1989) reported that the
relation between the volume of water injected and the
recovery efficiency can change direction for diffcrent
ranges of volumes of water injected. For instance, the
recovery cfficiency for a range of small volumes of water
injected can increasc as the volume of waler injected
increases, and the recovery efficiency for a range of large
volumes of water injecied can decrease as the volume of
injected water increases. The type of aquifer (confined or
leaky) and boundary conditions can also affect the rela-
tion between volume ol waler injected and recovery effi-
ciency. The leaky nature of the aquifer represented in this
study model provides for transfer of injected water into

low-permeability units. For longer injection times, larger
volumes of water would migrate into and across the low-
permeability units, thus reducing the potential for fresh-
water recovery.

Storage Time

The effect of storage time duration was assessed by
incrcasing the duration of the slorage time from the base-
line simulation value of O days. Four simulations were
made using storage times of 5, 30, 90, and 180 days
(simulations 14-17 in table 7). Resulis from the simula-
tions indicated that the storage time did not greatly affect
the recovery efficiency, showing only a 4 percentage point
decrease in recovery efficiency when the storage time
was increased from 0 to 180 days (fig. 17 and table 7).
However, the present model does not consider the regional
background flow, which, combined with the storage time,
could significantly reduce the recovery efficiency.
Quiriones-Aponte and others (1989) interpreted actual
SISRF tests and suggested that the recovery efliciency
gencrally decreascs as the storage time increases, bul the
rate of decrease in recovery elliciency would also depend
on the volume of water injected. When small volumes of
waler are injected, the slorage lime has a stronger effect on
reducing the recovery efficiency than when large volumes
are injected (Quinones-Aponte and others, 1989). The
cffect of storage time on the recovery efficiency would
become overshadowed by the effect of the volume of
water injected when the volume injected is large.
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Figure 17. Relation between recovery efficiancy and
storage time in the lower Hawthorn aquifer.
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Water Injected into Selected Flow Zones

The etfect of injection into selected flow zones on
recovery efficiency was studied by individually inject-
ing the same volume of water at the same rate (volume
and rate used for the baseline simulation) to cach ol the
two more permeable flow zones. Two simulations were
made—injection into the upper How zone (198-213.3 m)
and injection into the lower flow zone (222 .5-231.6 m).
The recovery efficiency did not change significantly;
however, the configuration of the lines of equal chlo-
ride concentration at the end of the injection phase for
both simulation cases revealed a sharp contrast
hetween cases (fig. 18) and compared to their counter-
part for the baseline simulation (figs. 18 and 10D).
Model results indicated that the recovery efficiency in
both cases decreased by a very small amount (simula-
tions 18 and 19 in table 7) comparcd with the baseline
simulation, which is not significant if the errors ussoci-
ated with the numerical method are taken into consid-
eration. Merritt ( |985) reported similar results;
however, to generalize these results, a more-detailed
study focusing on this aspect (injection into diflerent
flow zones) is needed.

When the injection well is open to all of the low
zones, a potential problem is the occurrence of inter-
flow from higher o lower permeability zones through
the wellbore during storage time. Waler [rom flow
zones under higher hydraulic pressure Hows through
the wellbore into low zones under lower hydraulic
pressure. This potential problem wus not asscsscd by
the model presented in this report; however, it should
be considered for the design of actual injection wells.

Successive Cycles of Injection, Storage, and
Recovery

Five consccutive simulations were made to study
the effect of successive cyeles of injection, storage, and
recovery on the recovery etficiency. The different fuc-
tors were not changed from the baseline simulation val-
ues: however, a storage time of 180 days was used for
cach eyele (simulations 20-24 in table 7). Results from
the preceding cycle were used as initial values for sim-
ulating the following cycle. Model results were similar
to those reported by Merritt (1985). The rate of
improvement on recovery etficiency with successive
SISRF cyeles was higher during the carly cyceles,
inereasing [rom about 60 0 84 percent during the first
three cycles (fig. 19). Recovery efficiency increased
trom about 84 to 88 percent for cycles 3,4, and 5
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Figure 18. Chloride distribution profiles at the end of a 30-
day injection period for the cases of injection into the upper
and lower flow zones.

(lig. 19). It can be inferred [rom Merritt (1985, fig, 12)
that the relation hetween recovery efficiency and the
number of SISRF cyeles approaches an asymptote alter
a certain number of cycles, where for practical pur-
poses, no improvement of recovery efficiency occurs.
The asymptote is reached al carlier eyvele numbers [or
aquifers having small longitudinal dispersivity values
(Merritt, 1983).
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Chioride Concentratlons In Injected and Native
Waters

Four simulations were made to study the effects
of different chloride concentrations in the injected
and native waters. The chloride concentration in the
injected water was changed in two simulations by
increasing the value used in the basgline simulation by
200 and 400 percent. The chloride concentration in the
native water in the remaining two simulations was
changed in the same manner. The recovery efficiency
in all of the simulations indicated reductions ranging
from 9 percentage points (from the baseline simulation
value) for 100 mg/1. of chloride concentration in
injected walter Lo 42 percentage points (from the basc-
line simulation value) for 2,000 mg/L ol chloride con-
centration in native water (simulations 25-28 in table
7). The analysis indicates: (1) the changes in the quality
of injected water could result in reduction of the recoyv-
ery efficiency; and (2) increascs in the chloride concen-
tration in native watcr because of sallwater intrusion,
upconing, or other factors can decrease the recovery
efficiency (table 7).

Sensitivity Analysis

Simulations were made to determine the sensitivity
of the model-predicted recovery efficiency to variation
in modeled aquifer characteristics, including pcrme-

abilily, ratios of anisotropy, longitudinal and transverse
dispersivities, molecular diffusion, and effective poros-
ity. The sensitivity analysis was conducted to asscss
the uncertainty of estimating the aquifer hydraulic and
transport properties. A sensitivity analysis provides
the means to identity the most important aquifer
characteristics.

The relative sensitivity approach developed by
Simon (1988) was applied in this sensitivity study.

In the relative sensitivity approach, modeled aquifer
characteristics are varied from an optimum or cali-
brated value by different arbitrarily selected percent-
ages. An objective function is used to represent the
overall changes in model results because of a change
in the optimum aquifer characteristic value,

Forthis sensitivity analysis, the recovery efficicncy
was used as an objective function. Relative changes in
the objective function values (recovery elliciency
values) were related to relative changes in the different
aquifer characteristics. Each of the selected aquifer
characteristic values was changed individually while
kecping the other values unchanged. According Lo
Simon (1988), the first relative change in the recovery
efficiency value from the baseline simulation value can
be defined by:

AC‘Vb (REFF‘. - REFFb)

REFFREL, = 1
' REFF,(ACV;-ACV}) (16)

where,
REFFREL; is the relative change in the recovery efficiency;
REFF; isthe recovery efficiency for a given change in
an aquifer characteristic value;
REFF, isthe recovery efficiency for the baseline
simulation;
ACYV; 15 the changed or modified aquifer characteristic
value; and
ACVy is the aquifer characteristic value used in the
baseline simulation.

Subsequent relative changes can be defined by:

ACV, (REFF .~ REFF, )

REFFREL. = .
‘ REFFb(AC.‘Vi—ACV‘._ 1) an

For this sensitivity analysis, the parameters were
divided into two categories—hydraulic and transport.
The general results from the two calegories, which are
described in the following sections, indicated that the
permeability values of the upper and lower flow zones
were the most important factors and produced the great-
est changes in the relative sensitivity of the recovery
efficiency (fig. 20A-C). In second place of importance,
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but of about cqual significance between them, arc
changes in the relative sensitivity of the recovery
etficiency, produced by changing all the porosity values
(porosity values of the upper and lower low zones and
the leaky confining units) and those produced by chang-
ing the vertical anisotropy ratio (fig. 20C). The lact that
permeability, vertical anisotropy, and porosity are the
most important factors indicates that the advection
process is the most important transport process for this
study, Another general observation is that the effect of
changing the characteristic values on the relative sensi-
tivity of the recovery efficiency increases when the
values are decreased and decreases when the values are
increascd For all cases (figs. 20A-C).

Permeability and Vertical Anisotropy

The aquifer permeability determines the specific
discharge or Darcy’s velocity (eq. 6), which in turn, is
combined with the effective aquifer porosity to deter-
mine the average pore-water velocity (eq. 10). The
average pore-water velocity is directly used in the
advective term of the transport equation (¢q. 14) and
indirectly used through the hydrodynamic dispersion
tensor (eq. 12) in the dispersive term of the transport
equation (eq. 14). Uncertainly in the permeahility
value would, therelore, alfect the advective and dis-
persive components ol the transport computations, The
sensilivity of the model to the permeability value was
limited to changing the magnitude of the permeability
lensor and the vertical anisotropy. Other Factors having
potential effects on the permeability, such as horizontal
anisotropy and heterogeneity, were not considered in
this analysis because of the lack ol available informa-
tion.

The magnitude of the permeability was changed in
three different ways: (1) uniform changes in all perme-
ability values, (2) changes in permeability valucs of the
leaky conlining units, and (3) changes in permeability
values ol the upper and lower How zones. The perme-
ability values of the upper and lower How zones (seem-
ingly the most important in the permeahility category)
produced the greater changes in the relative sensitivily
of the recovery elliciency when the calibrated value
was deereased or increased, but showed greater effeets
when the permeability values were decrcased (fig.
20A). Changes in the permeability value of the leaky
confining units indicated some sensilivily when the
value was increased or decreased by 25 percent, but for
greater changes the relative sensitivily was nol signifi-
cantly atfected (fig. 20A). Tt can be inferred from

figure 20A (hal a uniform change in the permeabilities
of model layers representing all flow zones and lcaky
confining units produced an insignificant elTect on the
recovery efficiency.

Vertical anisotropy, the ratio of vertical to horizontal
permeability, was also studied. Changes in the ratio of
horizontal to vertical permeability produced the second
greatest changes in the relative sensitivity of the recav-
ery efficiency in the permeahility category (fig. 20A).

Hydrodynamic Dispersion and Effective Porosity

The hydradynamic dispersion tensor describes the
combined effects of the flow field, aquifer matrix, and
molecular diffusion on the transport of solute particles
(eq. 13). Flow field and aquifer matrix cffects are rep-
resented by mechanical dispersion (eq. 12}, whereas
molecular diffusion is described by Fick’s law, The
effect of hydrodynamic dispersion on the relative sen-
silivily of recovery elliciency was studied through the
dilTerent components of the hydrodynamic dispersion
cocllicient, The longitudinal and transverse dispersivi-
ties represent the dispersive mechanisms of the pro-
cess, Although molecular dilfusion is also a component
ol the hydrodynamic dispersion coefticient, it is widely
recognized among scientists that the effect of molecu-
lar diffusion is negligible when compared to longitudi-
nal and transverse dispersivities. Therefore, no attcmpl
was made 1o study the clfects of changing the coethi-
cicnt of molecular diffusion in this study.

Twa different tests were made for the longitudinal
and transverse dispersivity values. Both dispersivily
values were simultancously changed by the same per-
centage in the first est, keeping the ratio of transverse
(o longitudinal dispersivity equal to /10, The ratio of
transverse (o longitudinal dispersivity was changed in
the second test, keeping the longitudinal dispersivity
value constant while changing the transversc dispersiv-
ity value. The results from the analysis indicated that
the uniform change in both transverse and longitudinal
dispersivity values produced more significant changes
in the relative sensitivity of the recovery efficiency than
when the ratio of transverse to longitudinal dispersivi-
ties was changed (fig. 20B). In hoth cases, the relative
sensitivity of the recovery efficiency decrcasced as the
dispersivity values or ratio of transverse o longitudinal
dispersivity were increased (fig. 20B8).

Effective porosity is a factor in the ground-water
hydraulic equation (eq. 7) and the advective-dispersive
solute-transport equation (eq. 14) in the storage term.
However, this porosity has a double ¢ffect on the
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advective dispersive solule-transport equation (eq. 14).
In addition to the effect on the storage term for the
transport equation, the effective porosity value is com-
bined with the specific discharge (obtained from the
ground-water flow equation) to determine the average
pore-waler velocities, which are used to represent the
adveetion term in the transport equation (eq. 14).

The effective porosity values were changed in
three different ways: (1) the porosity values of all the
different layers representing the hydrogeologic units
were changed by the same percentage from their cali-
brated values, (2) changes were made to porosity val-
ues of the upper and lower flow zones, and (3) changes
were made to porosity values of the leaky confining
units. Results from the analysis indicaied that the most
signilicant changes in the relative sensitivity of the
recovery elficiency (and seemingly the most important
in the hydrodynamic dispersion category) were pro-
duced by changing the porosity values of all layers
using the same percentage (figs. 20B and 20C). The
second most significant changes to the relative sensi-
tivity of the recovery efficiency were produced by
changing the porosity of the upper and lower flow
zones (fig. 20C), Smaller changes in the relative sensi-
tivity of the recovery efficiency were produced when
porosily values of the leaky confining units were
changed (fig. 200). These results suggest thatl a specific
combination of porosity values of the flow zones and
the leaky confining units is needed (o provide an
adequate representation of the transport syslern,

LIMITATIONS

Conlidence in the model and in the resulting simu-
lations is limited by a number of factors, These factors
can be segregated into two categories—ithe hydrogeo-
logic information and the aspects of the model code,
Among the hydrogeologic information, the most
important limiting factors in this study were lack of:

= Complete understanding about the spatial variability of
the hydraulic conductivity or permeability values
(heterogeneity),

Field information on changes in the magnitude of the
hydraulic conductivity or permeability in the horizontal
and vertical directions (horizontal and vertical
anisolropics),

« Feld informution on the porosity values,

+ Knowledge about the potential elfect of [Tuctures or
solution cavities on the Mow and transport processes
(result of effective secondary porosity),

Real SISRF tests in the Cape Coral arca, and

+ Assumptions made 1o represent the wop and bottom
boundary conditions as having constant solute
concentration and pressure,

The computer code (QSUTRA) used in this study
has some intrinsic limitations:

+ The fact that the code provides only for two-dimensional
simulations precluded the study ol the effect of
hackground regional flow on the displacement of the
injected water when the eylindrical (radial) coordinate
aption was used;

« When the Cartesian coordinate option is used, the
assumplion ol vertical homogeneity and isotropy must
be made, and such an assumption would be unrealistic
for the Cape Coral site; and

= In QSUTRA, the solute-transport equation for transicnt
compressible fluid flow is represented by an analogous
numerical expression where porosity. thickness, and
fluid density are kept constant by producing a mass-
balance error. This affects the determination of veloc-
ities and dispersion coelficients (Goode, 1990; 1992),
llowever, this intrinsic error is not expected to greatly
affect the simulation of field-scale problems in which
the uncertainty and variahility of the modeled aguifer
characteristics overshadow the potential cffects from
the intrinsic mass-balance error,

SUMMARY AND CONCLUSIONS

A preliminary assessment of subsurfuce injeclion,
storage, and recovery of freshwater (STISRF) was made
as a potential alternative Lo the growing walcer-supply
problems of Cape Coral in Lee County, soulthweslern
Florida. A digital modeling approach was used for this
preliminary assessment Lo rescarch the actual potential
of SISRT without having to spend the large amounts of
money required for real ficld testing of this technigue.

The hydrogeologic [ramework used lor this study
was modificd or developed from the interpretation of
data [rom previous studies. Aquiler characieristics
were estimated from interpretation of data from previ-
ous siudies. A combination of caliper and flow-velocity
borchole geophysical logs was usced 1o estimate the
percentages of flow entering dilferent low zones.
These percentages of low and information on the
aquiler transmissivily were used (0 eslimale perme-
ability values for the ditferent flow zones.

A peneral presentation was made of the density-
dependent ground-water flow and advective dispersive
solute-transport equations. A modified version of the
compuler code SUTRA (QSUTRA) and a cylindrical
coordinates grid were used for this preliminary asscss-
ment because of the lack of information required to
represent the real three-dimensional ground-water flow
and transport system.
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Dispersive characteristics were estimated on the
basis of data [rom a previous study at the Lee County
Water Treatment Plant. This was accomplished by cal-
ibrating a model for the Lee County Water Treatment
Plant site and testing this model using field data from a
previous study. A second model was made for the Cape
Coral area using local hydraulic characteristics and
adopting the dispersive characteristics estimated for the
Lee County Water Treatment Plant site model.

A series of 28 hypothetical tests of subsurface
injection, storage, and recovery of treshwater were
made for the lower Hawthorn aquifer in Cape Coral
using the digital modeling technigue to assess the effi-
ciency of this aperation in the subject aquifer. A base-
line simulation was used as reference to compare the
effects of changing some operational factors on the
recovery elliciency. A recovery efficiency of 64 percent
was estimated for the baseline simulation. This recov-
ery elficiency represents the total amount of water
pumped during the recovery phase before the 250)-
milligrams per liter chloride limit is reached divided by
the total amount of injected water. The effects of the
tollowing operational factors were assessed using the
model: rates of injection and recovery; volume of water
injected; storage time; injection into selected flow
zones; successive cycles of injection, storage, and
recovery; and chloride concentrations in injecied and
native aquifer waters.

A summary of the simulation results from the
madel, which is based on the limited knowledge of
the aquifer, indicates that the recovery efficiency
increased when the injection rate and recovery rates
were increased, and when the ratio of recovery rate to
injection rate was increased. Recovery efficiency
decreased when the amount of water injected was
increased; decrcased slightly when the storage time
wias increased; was nol changed significantly when the
water was injected to a specific flow zone; increased
with successive cycles of injection, storage, and recov-
ery; and decreased when the chloride concentrations in
either the injected water or native aquifer water were
increased. The different simulation results for storage
time might be unrealistic because the cylindrical coor-
dinates used in the model did not consider the regional
hackground flow, which was an important factor in
previous studics,

The higher recovery efficiencies were obtained for
three simulation tests for which the duration of injec-
tion and recovery phases was shorter. This is expected
because of the nature of the conceptual system in which

migration of the solute particles to areas beyond the
vertical boundaries will reduce the recoverability for
tests of longer duration. The recovery efficiency fluctu-
ated from its baseline value of 64 percent to an upper
value of about 100) percent and to a lower value ot 22
percent in all of the simulations,

Interlayer solule mass movement across the upper
and lower boundarics scems 1o be the most important
factor alfecting the recovery efficiency. A simulation
that was conducted with the same parameters vsed for
the baseline simulation, but representing the top and
hottom boundaries as impermeable (no flow and no sol-
ule transport), yielded a recovery efficiency value of 83
percentage points. This value is 19 percentage points
higher than the estimated value from the baseline sim-
ulation showing that this boundary is important in
determining the recovery efficiency, and that using
conslant pressure and constant solute concentration,
boundarics will yicld more conservative estimates of
the recovery efficiency.

‘The sensitivity analysis was performed applying
the relative sensitivity technigue in which changes in
the different factors and model responses are normal-
ized to make a meaningful comparison of the model
responses due to changes in the different factors, Two
categories of factors were recognized lor the sensitivily
analysis—aquifer permeability and hydrodynamic dis-
persion. Several combinations of changes were made
for factors of the two categories. For instance, a factor
was changed only for a specific flow zone. The general
results from the sensitivity analysis indicated that the
permeability values of the upper and lower ow zones
are the most important factors, producing the overall
greater changes in the relative sensitivity of the recov-
ery efficiency. Tn second place of importance, but of
about equal significance hetween them, are changes in
the relative sensitivity of the recovery efficiency, pro-
duced by changing all the porosily values (porosity val-
ues of the upper and lower flow zones and the confining
beds) and those produced by changing the vertical
anisotropy ratio,

Model resulis indicate that high recovery efficien-
cies (from 64 (o about 100 percent) can be achieved for
different SISRF operational schemes. Two successive
injection, storage, and recovery eycles can increasce the
recovery efficiency from 60 to about 80 percent. Com-
binations of different operational factors also can be
used to maintain high recovery efficiencies. The advec-
tive factors (pore-water velocities derived from perme-
ability and porosity values) were apparently the most
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important to the model scnsitivity in the Cape Coral
area. Iowever, the dispersivity values used for the
lower Hawthorn aquifcr in the Cape Coral area model
were not field values, but values that were extrapolated
from the model of the lower Hawthorn aquifer at the
Lee County Water Treatment Plant site. These disper-
sivity values might not be representative of the actual
dispersive characteristics of the lower Hawthorn aqui-
fer in the Cape Coral area. The model presented in this
report 15 a generalized version of the actual hydrogeo-
logic system and could be refined if additional informa-
tion on the advective and dispersive characteristics of
the aquifer is made available.
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APPENDIX 1. HERARCHIC LEVELS OF SUBPROGRAMS IN SUTRA NAD QSUTRA SHOWING
MAJOR CHANGES TO THE ORIGINAL CODE (SUTRA)
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Appendix I
QSUTRA Program Listing (Model Version 1284-2DICG Modified for Regular Grid)
[MODIFIED, Changes as per updated version of SUTRA, version V06902D; NEW, Changes
made as part of QSUTRA implementation, version 1284-2DICG]
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SUTEA M oA T N RO G HAM SUTRA-VERSION 1284-2D ALO.. ...

sRale
2
F

UNITED STATHES GEOLOGLICAL SURVEY ALO L.
GROUND-WATER FLOW AND ENERCY OR SOLUTE TRANSFORT STMUTATTON MODEL  AGD.....

Oy nn

o R70. .. ..
: IRBD ... ..
s B9 ... ..
- |AT00. ...

i [ALLO. ...
| |B120. ...
| 5 |8} T F P | [AL30.. ..
| | 1140, ...

[ATLHO, ...

[ALED .. ..

Saluraled Un=aluralbed TRANnspGrn: [B1/0. ...
== [A180....

a0 1

T

[

[A390. ...
[A400. ...
[AL1LD. ...

T

Complets cxplanaticon of function and wase of Lhis code [ AAZ0. ...

o [ALS0. ...
C [R200.0. ..
- | AT,
(ol I S S T S L S S R S S N U S S SR S |,.L\_’j’.y.:_]l_._
| —Fgaturatod and/or unasaturated groundwaler [low * R230....
o A o-moithner zingls species reacllive solute Transport h [ BAA0, ..,
! * or Lhermal energy transport * [AZ20. ...
o * ocntwo-dinmconafional areal or oross—-saclional simulal lon * | AZel. ...
o *o-reilher carteslan or radial/cylindrical coordinates - [AZTO. ...
[y * crxhybhric galerkin-tfinitae-alenant melhod and * [AEZR0. ...
(9 * inteqraled-finite-difference mothod * [awan, .,
[ * with two-dimsnsicnal guacrilatoral Finite olamanl s * [AZ00. ...
(] * —wfinlite-ditfercence timo discretization * [ASLC. ...
[ * -rnon-lincar iterative, sagquential o sleady-slLale * |A320. ...
(o3| * solution modes * [ASE0., ..
iy * -wFopbilonal £luid velocity calculation * A0, ..
[ ¥ -wophtional obseorvation wel ! oubpul * [AEL0 ...,
C| * -»modified for regular grid only - to minimize storage * | NEW
[ ¥oemoptional fluid mass ard solule mass or ensrgy budget * [ A30. ...
ol L T R O R S R SR T R T |&380, ...

|

|

\
o
| is given in | Ad30. ...
o | A440, ., .
. Voss, Clifford I., 1984, SUTREA: A Finite-Flemenl [A1Z0. ...
= Simulation Model for Sabturaled-Unsa_urated . |ndat. ..
- Fluid-DenslLly-Dependent Ground-Wator Tlow [AA70, ...

|

|
o with Energy Transport or Chomical ly-Reaclive [AABO. ...
o Single-Species Sclute Transporl, U.5. Geological [Ad50. ...
e Survey Water-Rescurces Investigations Report [AB00. ...
o B4-4369. : IALLIO. ...
o AL ...
(AB30. ...
|A510. ...
Users who wish teo bo notified of updales of Lhe SUTRA [ALSO. ...
code and documenlal lon may be added to the mailing [BLe0. ...
Dy sending g reguest to o [ADTO. ...
|BORO. ...
Chief Hydrologist SUTRA [AS90. ...
.5, Goological 3urvey [R600.. ..
€ 131 National Centor lAGLD .. ..
o Reoaton, Virginia 22082 |MG20. ...
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* % % o#

= o ow % %

LI A A A Ao A L T T R S A

The SULBA code and documenLalt ion ware proparod under 2
Survoy,
Lhe

Joint roascarch prodjs

epartment. of The Tn

Erngineering and Servi lanoratory, 1.0,

Engincoring and Services Center, Tyndall AF.T.

Floridsa, The SUTRA code and dooumentatlon are
r for unlimited disLribulion,

Aok Ak ok ok ok ok ok ok ok ok ok k& ok om kK

Cokhie U5, Geologic

IMPLICIY DOUBLZ PRECISION (A-R,0=7)
COMMON/FUNITS/ KO0O,K0,K1,K2, K3, K4, K5,K6,K7,K8
COMMON/LGE,/ REM, RV, IMV

OMMON/TORV/ RV

COMMOR /S LGEMY S TMY
COMMCN/DIMS/ NN, NE,NIN, IS,JT,NBIPF,NBIS, NPT (2), NFERC, NUBC,

NEOPF , NSO, NTHEN

r

*

Roaton, Virginis, and
Mir Foroe

A

”

A

A

"

"

K

E R R

COMMCMN/CNTRL1/ GNU,UP,DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC,

NPCYC, NUCYC, NFRINT, IREAD, ISTORE, NOUMAT, ITUNSAT, ITIME

COMMON/ORS,/ NORSN, NTOLRSN, NOBCYC, ITCNT
CHARACTER*L ULULEYI(B0), TTTTEZ (BQ)
CHARAITER* 6 SIMULA(Z)

CHARACTER*80 UNAME, ENAME, FNAME

INTEGER RMDIM, RVDIM, IMVDIM, RMDIMA, RVDIMA, TMVDMA

DIMENSION KRV (100),FNAME (8), IUNIT (8)

x

&

* % % ¥ H o o F o4 o+ ¥ B ¥ o+ ¥ o B ¥ 4 o= % A

*

R F A K K A Kk A kK Kk k Kk & Kk Kk & * % * % * % =

The three arrays that nood be dimensioned
are dimsnsioned as follows:

DIMENSLION  RM{ RMIETM), RV ( RVDIM), IMV(IMVDIM)
RMDIM >= NN* (NBIP + NBIS + 9)

EVDIM = (( NNV*NN + (NEV+E) *NE + NECHN*3

+ (NOBS+1)* (NTORS+2) %2 + NTOBS + S ))

IMVDIM >= (( NE*B + NN + NSOF + N3OU
= NBON*Z + NOBS + NTOBS + 12 )

whers:
NNV = 30

MEY 10
MECHN = NIPBC + NUBSC

NBIEF = 5
NBIS
NEIA

for a regular grid
9 for a regular grid
13 for a regular grid

X

m

*

*

£

.
wd ke okdkkhdkkk kb k kd Rk E kA A A AR AR R AR R AR ARAAANAANLN AN bk ko chk ko ko kA kAR

*

R

E A 5

s

EEE R S S

% ¥ ¥

|AG3D, ...
|A640, ...
[RES0. ...
| BEa0. ...
|AET70, ...
|REE0. ...
[BES0. ...
| AT700, ., ..
[A7LO. ...
[ATE20, ...
[AT30. ...
[ R740.0 ...
AYLDo. ..
ATED. ..
ATTOL ...
AVHD. ...
ATOOL ...
nE00. ...
AHTU. ...
MODIFIED

ARZOL ...

AEIC. ...

NEW

ASS0., ...
ASOD. ...
AYT0. ...
MODIFIED
NEW

MODIFIED
AO30.. ..
A%40.. ..
ARLH0D. ...
ASGD. ...
Y70 ...
AGED .., ..
AS90....
ALOO00. ..
AlOLOC. ..
ALOZ0. ..
A1030. ..
NEW

AE10O%0. ..
Al0&0. ..
ALO70. ..
A1080. ..
NEW

A1100...
All10. ..,
ALLZ0...
ATT130...
ALLAD. ..
ALLGO. ..
AlLl60. ..
AT170. ..
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o) F o KA
Clx & ands: * ok ALLHO. ..
Cpx o+ LIRS R ET
Cl= * NN = number of nodes in finite element mosh AR AalE00.L. .
ol IO NE number o elements in finite element mesh oAl OALZIOL .
Tpr o NOLS = number of observalion nodes in mesh S T I
ClE o NTOES maximum number of time with observallons ARl ALEZ0L L.
Clr o= NSOF = number of fluid mass sourc in mesh oW A1R250, .,
[ NEOU = number of energy or sclute ourco nodes oAl ATZGO. ..
Cp* ow NIFRC numpber of specificd prass in mesh Aok ALZT0. ..
C#w oA NUBC number of specifticd concentration or Lemperaturs = * | ALZAO. ..
s 4 nodes 1n mesh = kAT RY0, .,
ClFo* ALK ALZ00. ..
SRR Rl OALZLAL L.
Cl* * The Three arrays muat be given dimonsions just bholow. ok ATHARO.L ..
ClE o oAl ALZ3I0D. ..
ClE o ol ALEEDL L
c|* * REMEMEBER also to change the dimension values, * %] Al330.1MODIFIED
c|* * RMDIM, RVDIM and IMVDIM in the three assignment * *] Al330.2MODIFIED
C|*. * statements below the DIMENSION statement! * *| Al1330,3MODIFIED
C|*x = * %| Al330.4MODIFIED
C|* * AND ALSQ * *|  A1330.5MODIFIED
Cl* * Two files must be permanently assigned just below for * *| A1330.6MODIFIED
C|* * Your computer installation. One file captures error * %| Al1330.7MODIFIED
cl|* * output written during subsequient file cpening. The * *| Al330.8MODIFIED
C|#* #* other file contains the unit numbers and file names * ¥| Al1330.9MODIFIED
C|* * to be assigned as SUTRA input and output files * *| Al1331.0MODIFIED
Cl*x =* for each simulation. * *#| Al331.1MODIFIED
Cl*x * * *| Al331.2MODIFIED
Cl* * STANDARD ASSIGNMENTS TO BE MADE: * *| Al331.3MODIFIED
Cl* * for Error Output: * *|  Al1331.4MODIFIED
Cl* * Filename is contained in ENAME * %  Al331.S5MODIFIED
C|* * Unit Number is contained in K00 * *| 21331.6MODIFIED
C|* = for Simulation Units and Files: * *| Al1331.7MODIFIED
C|* * Filename is contained in UNAME * #| Al331.BMODIFIED
c|* * Unit Number is contained in KO * %| Al332.9MODIFIED
Cl* * * *| A1333,(MODIFIED
C|* *kkkhdhdkhhknkkkkhkdkx [ T ME N S T O N S Hrkrhkddhhhrkdrrhrhdsk *| A1341..MODIFIED
ﬂ__‘l.‘: ***“‘:L:'A"A“AJ\A***R**'k'f\"l"A‘A.‘J\"AA.*******'J:W'A"J-"A‘A'AA!\n**r*'ﬂ;h:p\:'}\"k.kAﬁ****ﬂr'ﬂ:&"&'w‘j\' J\‘ L:_l'_?:_«’lO.‘.
DTMENS LON EM(T100000), RV(2250000), IMV{L00000) AL3LO. ..
EMDIMA=1100000 MODIFIED
RVDIMA=2250000 MODIFIED
IMVDMA= 500000 MODIFIED
[
C|* **%%* S T ANDARD FILE ASS5IGNMENTS *kkxx *x| A1346,. . MODIFIED
C|* ERROR OUTPFPUT * *| Al1347, MODIFIED
ENAME = 'SUTRA.ERR' Al348. MODIFIED
K00 =1 Al349. .MODIFIED
| . SIMULATION UNITS AND FILES * *| A1350..MODIFIED
UNAME = 'SUTRA.FIL' Al1351. .MODIFIED
SDJGE00DE KO0 = 100 Al352. MODIFIED
KO = 99
* #| Al352 1MODIFIED
C mmm—— > Required Format of Unit KO * *| Al1352.2MODIFIED
* *| A1352.3MODIFIED
VAERIABLE FORMAT * *| Al1352.4MCDIFIED
- % x| A1352 SMODIFIED
ci* Unit Number for K1 (free format) * %| Al352 . 6MODIFIED
C|* File Name for Kl (ABO) * *| A1352.7MODIFIED
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c
c
c
c
c
c
c
C
C
c
-
o
-

o

OO nn

200

| * Unit Number for K2 (free format) * o*|
| * File Name for K2 (ABO) * |
| * Unit Number for K3 (free format) * |
| * File Name for K3 ‘ (AB0Q) * k|
| * Unit Humber for K4 (free format) L
| * File Name for K4 (A80) * k|
|* * *l
| * * x|
| * The last two lines need not be included if UNIT-EK4 will not * #|
| * be used. This file has six or eight lines. LR
I e I I R R e i
[H m & w ok Kk wm ok k ow ok ok w k xR kR & F & A A A K W K Wk Kk w
~=-=-> Programmers making code changes that affect dimensions must
---» check and change the following assignments for NNV and NEV:
..... ASSIGN UNIT NUMBERS AND OPEN FILE UNITS FOR THIS SIMULATION
CALL FOPEN (UNAME, ENAME, FNAME, IUNIT, NFILE)
L. TNFOT DATASET 1: INEUIT DATA EEADING
L BRY ME=-1 FOR SOTUTE TRANSFORT, ME=11 FOR ENERGY TRANSPFORT )
READ (K1, 100) SIMULA
100 FORMAT (5AE)
WRLT= (3, 110)
170 TORMAT (1117, 131 (L1#) 7/ /7 /3(L32(LH*Y /7770777
1 47¥, ' BEEg U o TTTTTT  RRERER AL/
2 4%, 55 B 1 10 O 11 A A A AR o S oY BAAR T/
3 4797, "ELRES o uu T RRER aa ARt/
4 49w, 550 U uu T R I AAAABAT S
3 A7x, "85 55 U T TT ER RR ALOAATS
o 47%, Y 5555 [maRN] Ll KR RRE  AA AR/
7 TS, 34¥,'I N T T ED S T ATEE '
g 'CoR O L OG T OCAT SURVIEL Y'Y ///
9 45, "SUBSURFACE FLOW AND THANSPORT STMUOLATION MODEL'/
* //59X, '-VERSION 1284-2DICG MODIFIED FOR A REGULAR GRID-'///
B SEM, T SATURATED-UNSATURATED =LOW AND SOTUTE OR ENERGY ',
E VOPRANSDPORT AV A (/S /TH, LA (LR ) )

115
116

l1za

130

1 ow TRANSSFORT SIMULATLON oA Ak wn )Y

TE(SIMULA (L)Y JNE. "SUTRA ") GOTo 115

TF(ATMULA (2) .EQ."SOLUTE") OTO 120

LE{SIMUTA () .RQ."ENERGY ') GOTO 140

WRITE (X3,116)

FORMAT (1H1/////20¥, '* * * * % EREOR 1N KIRST DATA CARD--',
e JATA TNFUT [IALTED FOR CORRECTIONS ok R R AT

ENDFILE (K3)

STOR

ME=-1

WRITE (K3, 130)

FORMAT (TH1/ /132 (1%} / /720K, ' ® = & & 50U R A 0L 1T,

2 FL3ZA{LH*Y )

140

GOTO 160
ME=+1
WRITE (K3, L50)

A1352.
Al352.
A1353.
Al353.
Al354.
A1355.
A1356.
Al357.
A1358.

Al13589.
A1360

BMODIFIED
9MODIFIED
.MODIFIED
SMODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED

AL3T70Q. ..

Al380

AL300. ..

A1400
Al401.
Al402.
Al403.
Al408.
Al1409.

Al1410
al4iz.
Al41l4.
aldle.

.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED

Al410...
nlazo. ..
A14E0.0 ..
AlLAAD. ..
Al4nh0. ..
A14e. ..
ALATO. ..
A1480. ..

ALNB0

AL5Q0. ..
ALELO. ..

RLLZ2O. ..

AlSeD, ..,
A1570NEW
ALRED, ..
AThS0. ..
ATE00., ..
Aleld, ..
AlGZ0. ..
ALE30...
Alasd. ..
ALGR0. ..
Aleal. ..
Aleal. ..
ALET0. ..
ALeEO. ..
Alaeql, ..,
ALTCO. ..
ALTLO. ..
Bl1720...
A1T730. ..
n1740. ..
BT TR0. ..
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40

1H0 FORMAT (LHL/ /132 (1114%) / /720K, '+ + + & = S0 TR A BN E
1 '5¥ TEANSZDPDORT SIMUL AT L ON woA O
2 AL3Z2(TH*) /)

160 CONTTNUR

=

... INPUT DATASRET Z: OQUTPUT UEADTNC

ELAT (K1,170) TITLEL, TITLRY

10 FORMAT (8CAL/RNRT)
WRITE (K3, 180) LLTLEL, TITLRZ

TRO FORMAL (/// /1%, 131 (1H=) / /26X, 80A1//26¥, 80R1/ /1%, 131 (1H-) )

....OUTPUT FILE UNIT ASSIGNMENTS
WRITE (K3,202) (IUNIT (NF), FNAME (NF),6 NF=1,3)

202 FORMAT(/////11X,'F I LE UNIT ASSIGNMENTS'//

1 13%, 'INPUT UNITS:'/

2 13¥,' SIMULATION DATA ",I3,4X, '"ASSIGNED TO ',RA80/

3 13%,' INITIAL COWDITIONS ',I3,4X, 'ASSIGNED TO ',6A80//

4 13X, 'OUTPUT UNITS:'/

5 13X,' SIMULATION RESULTS ',6I3,4X, 'ASSIGNED TO ', ABO)

IF (NFILE.EQ.4) WRITE(K3,203) IUNIT(4),FNAME (4)
203 FORMAT (13X, ' RESTART DATA ',I3,4X, 'ASSIGNED TO ', ASB0)
....INPUT AND OUTPUT DATASET 4: SIMULATION MODE OFTIONS

READ (K1, 200) IS,JT,NBI,NPINCH,NPBC, NUEC, NSOB, NSOU,NOBS, NTOBRS
NN=IS*JT

NE=(IS-1)#*(JT-1)
READ (K1,200) IUNSAT, ISSFLO, ISSTRA, IREAD, ISTORE, ITIME
200 TORMAT (1613)
WRLLTE (K3, 205)
205 FORMAT(/////11%,'s T MU L ATT ON MODE ',
1 'GPl L DN 8
IF (ISSTRA.FQ.1.AND . IS55FLO.NE.1) THEN
WRITE (K3, 210}
210 PORMAT(////11¥, "STRADY-STATE TRANSEQRT ALSO REQULIRES THAT '

1 'FLOW IS AT STRADY STATE.'//L1¥, "PLEASE CORRECT ISSFLO '

z '"AND TSSTRAZ IN THE INFUT DATA, AND ReRUN.'///////7

3 4%¥,'s I M ULATTIOHN HAL'TED DUE TO TNPUT ERROR")
ENDELLE (K3)
5TOP

CNDT®

TE(LUNSAT.EQ. +1) WRTITE (K3, 215)
IF (IUNSAT.FQ.0) WRITE (K2,216)

1 ' PROPERTTRES ARE USER-PROGRAMMED TN SUBROUTINE TN 3 A
216 FORMAT (11X, '-= ASSUME SATURATED FTLOW ONLY')
TF(TESKLOLEQ.HLLAND . ME . FQ.-1) WRITE(K3,219)
TF{IS5FLOLEQ. ' L.AND.ME . RQ. +1) WRITE (K3, 220)
LTE{IE25FLO.EQ.0) WRITE(K3,221)
218 FORMAT (11X, '- ASSUME STEADY-3TATE FLOW FIELD CONSTSTENT WITHE
1 PINITIAL CONCENTRATTON CONDITIONS')
220 FPORMAT (11X, '- ASSUME STEADY-STATE FLOW FLELD CONSISTENT WTTH
1 "INTITTAL T'EMPERATURE CONDITTONS')
221 FPORMAT (11X, '- ALLOW TIME-DEPENDENT FLOW FIELD')
IF (ISSTRA.EQ.+1) WRITE (K3, 225)
TP(TSSTRA.EC.Q) WRITE (K3, 226)
225 FORMAT (11X, '= ASSUME STEADY-STATE TRANSPORT')
A26 FORMAT (11X, '- ATLLOW TUIME-DEFENDENT TRANSPORT')
IF(IREAD.EQ.-1) WRITE (K3, 230)
I (IREAD.EQ.+1) WRITE (K3, 231)
230 FORMAL (11X, '- WRRM STARLD - SIMULATION TS5 TO RE 'y
1 'CONTTNURD FROM PREVIOUSLY-STORED LDATA')
231 FORMAT (11X, '~ COLD START - 2EGLN NEW SIMUTATTONT)
IF{ISTORE.EQ.+1) WRIIH (K2, 240)

r
L

r

r

Ty

i
r

1
£

ATTe0. ..
ATTTO. ..
ALT8O. ..
ALVS0. ..
A1800. ..
ALSLG. ..
ALEZ0 ..,
A1830...
ALE40 . .

ATHED

Al1850.5MODIFIED

Al851.
Al852,
A1853,
Al1854.
Al855.
Al1R56.
R1857,
R1858.
Al859.
AlB65.

.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
.MODIFIED
MODIFIED
.MODIFIED
-MODIFIED
.MODIFIED
.MODIFIED

A1B60NEW

NEW
NEW

A1870NEW
ATBHO, ..
A£1880...

n1200.

A1910. ..
AlBz0. ..
A1930. ..
ATS40, .,
A1%50...
AL260. ..
ALOTO. ..
ATHEO., ..

AL930

B2000. ..
AZ0L0. ..
‘ R2Z0OZC. ..
215 FORMAT (11X, '- ALLOW UNSATURATED AND SATURATED FLOW: UNSATURATED ", AZ030. ..
AZ040...
R205L0. ..

Az060

AZOTO

AZ0BO. ..
R2090. ..
AZ100., ..
AZ110...
AZ120. ..
AZ130...

AZ140.

A2150...
AZ1E0. ..
AZLT0. ..

AZ130..

AZ190

AZZ00. ..
L2210, .,
BAZZ0L ..
AZ230. ..
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1
4

1
3
5
/

P e ~ T S P e

=

1
255

=

[T o L |

TF(TSTORE.EQR.Q) WRITE (K3, 241)

FORMA'T (11%, '- STORE RESULTS AMIRKE FACIT TIME 3TEPR ON UNTT-6&',

' S BACK-UP AND FOR USE IN A SIMULATION RE-START')
FORMAT (L1¥, '- RO NOT STORE RESULTS vOR USE TN A ',
'RE-S5TART OF S1IMULATTON')

TP (ME.EU.-1)
WRITE (K3, 245) NN, NE, NPBC, NUBC, NSOP, NSOU, NOBS, NTOBS
FORMAT (////711%,'5 TMULATI ON CONTROL !

i

"W UMBEE R S'//11%,T6,5%, "NUMBER OF NCOUDES TN TINITE-',

TERLEMENT MEER' /11K, 16, 35X, "NUMBER OF TIEMENTS LN MESH
11%, TE, B¥, "EXACT KUMBEER OF NODES IN MESH AT WHTCI ',

v

TPRESSURE TS A SPECIFIED CONSTANT OR FUNCTION OF TTME'/

11¥,16,5x%, "EXACT NUMBER OF NCODES IN MRS AT WHICH ',
'EOLTTE CONCENTRATION IS A SPECILELED CONSTANT OR ',

VPUNCTION OF WIME'/ /11X, To, Wi, '"EXALT NUMBRR OF NODES AT',
' WHICH FPTUTD INFLOW CR CUTHFIOW TS5 A SPECIELEL QONSTANT',
'OR FUNCTLION OF TTME' /11X, I6,5%, "BEXACT NUMBER OF NODRS AT',
VWHTON A SOURCE OROSTNE OF SOLUTE MASS 15 A SFRCIFIED '

VOONSTANT OR TUNCTION OF UIME'//11X, 16, 5¥, "EXACT NUMBER OF

P

r

TNODES AL WHICH PRESSURE AND CONCENTRATTON WILL Bh ORSERVEDR',

A%, TE, b¥, "MAXIMUM NUMBER OF TIME STEPS ON WHTCH ',
'OBSERVALULONS WTTT, BE MADE'")

LE(Me R+ 1)
WRITE (K3, 255) NN, NE, NPBC, NUBC, NSOP, NS0U, NOBS, NTOBS
FORMAT (////7L1%, "5 1m0 TWATTIOHN O MNTROL !

r

"N UMRBELEERS'//LLX, 16,5, '"NUMRER OF NCDES LN FTNTTE-',

TELEMENT M=SH'/11¥, T6, 50X, '"NUMBER OF RIFEMENTS IN MESH
11%, T6, 5%, "EXACT NUMBEER OF NODES IN MESH AT WIICI ',
BRED
11¥, 16, 5%, "EXACT NUMBER OF NODRES LN MRS AT WHICH ',
'TEMERRATURE IS A SPECIFTRD CONSTANT QR ',

TFUNCLLON OF TTME'/ /11X, 16,353%, "EXACT NUMBER OF NODES

v

CURT, TS A SPECLELIED CONSTANT OR FUNCTLON OF TTME'/

AT

r

'WHTOHN TLUID INFLOW OR QUTFTOW IS A SEECLZIRED CONSTANT',
'R FUNCTICN OF TIME'/11¥, 06,5, "EXACT NUMBER OF NODES AT',
'WHICH A SOURCE OR SINK OF ENERGY T5 A SPECIFIED CONZSTANT',

VOOR FUNCTLION OF TIME'//L11X,I6,5X, "EXACT NUMBER OF NODRS

VAT WITCH FRESSURR AND TEMFFRATURE WILL EX ORSRRVLED'
JL1¥, L6, 5%, "MAXIMUM NUMBER OF UIME STEPS ON WHICH ',
'ORSLEVATLIONE WILL BRE MADLE')

VOATCULATE DIMENS LONS FOR FOINTERES

NRON=NFRCINUBC+1
NEOP=NSOF+1
NE0U=NE0U-1
NFINCH=1

NBIP=5

NBIS=9
MATDMP=NN*NBIP
MATDMS=NN*NBIS
NIN=NF*8
NOBESN=NOBS+]
NTORSN=NTORS+2
MATOBS=NOBRENA*NTOLSN
NE4 NE*4

SET UP POTNTRERS FOR BREAL MATRTCES

RI2A0. ..
AZ250, ..
RZZG0, ..

2270, ..
AR2ED ...
AZZG0, ., .
AZ200...
AZ310NEW
M23Z0...
AZA30...
AZ2310...
RAFI0. ..
AZZED. ..
A2300. ..
2400, ..
B2410. ..
AZ420, ..
n2430...
A2440. ..
AZAR0, ..
nEAEC, L,
AZ470. ..
nZ480. ..
AZ4G0. ..
AZLOD . L.
AZ510NEW

AZEERD .
AZ590. ..
B0, ..
AZGLD. ..
AAEZ0 L.
AZG30. ..
nZ6A0. ..
nEeho.L ..
A2h6a0. ..
AZGTOL ..
AZREO. ..
AZGRO. ..
AZTOO. ..
AZTLO. ..
AZT20, .
AZTI0L L.
AZIA0. ..
ALTHO . ..
AZ760NEW
NEW

NEW

AZT7T70NEW
AZ2TTONEW
A2TE0. ..
AZTHU. L.
AZE00. ..
AXBI0. ..
AZBZ2C. ..
AZ8I0. ..
AZBAO. ..
AERL0.L ..
AZ860Q, .,
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KEM1=] AZBTO, ..,

KRM2=KRM1+ MATDMP AZB80NEW
KRM3=KRMZ+ MATDMS AZ2890NEW
KRM4=KRM3+NN NEW
KRM5=KRM4 +NN NEW
KRM6=KRM5+NN NEW
KRM7=KRM6+NN NEW
c KRMA=KRM7+NN*9 NEW
C NOTE: THE LAST BOINIER IN THE ARQVE LLIST, CURRENTLY, KRMS, AZ900. ..
e MAY N E V E R BFE PASSED TO SUTRA. 11 POINTS TO THE AZ910. ..
C STARTING DLEMENT OF THE NEXT NEW MATRIX TO TF ADDED. AZGIED ., ..
C PRESENTLY, SPACE IS5 ALLOCATED FOR (7) MATRTCRS. AZG30. ..
c A2940. ..
o A2O50. ..
C.....5ET UP POLNTERS FOR REAL VECTORS AZYR0. ..
o AZ970. ..
C NNV IS NUMEER OF REAL VFCTORS THAT ARE NN LONG AZ9RO. ..
NNV=30 R2UH0, .,
o NEV 15 NUMBER OF REAL VECTORS THAT ARE NE LONG A3000...
NEV=1( A3070. ..
C A3020...
M2 1 A3030. ..
KRV (1)=1 A3D40., ..
M1=MZ+1 A3050. ..
M2 =M2 + ( NNV ) A3060. ..
DO 400 J=M1, M2 A30T0. ..
400 KRV (J)=KRV (J-1)+ NN AA0EO. ..
M1=M2+1 A3090...
MZ M2+ ( NEV ) A3100. ..
DO 410 J=M1,M2 A3110...
410 KRV (J) KRV(J-1)+ NE A3120. ..
M1=MZ+1 23130, ..
M2=M2Z 1 (3 A3140...
DO 420 J=M1, M2 A3ZLL0. ..
420 KRV (J)=KRV (J-1)+ NBCN AZL60. ..
M1=M¥+1 A3TT0. ..
M2 =M2 + (%) A3180...
DO 430 J=M1, M2 A3190. ..
430 KRV (J)=KRV(J-1)+ MATOBS A3200...
M2=M2+ (1) A3210...
KRV (M2) =KRV (M2-1) INTOBSN A3Z20. ..
M1=M2+] A3230. ..
M2=M2Z 4 (2 A3240...
DO 440 J=ML,MZ RAZED. ..
440 KRV (J)=KRV (J-1)+ NE4 A3260. ..
o NOTE: TEE LAST POINTER IN THE ABOVE LIST, CURRENTLY, KRV (J-49),  A3270...
o MAY N E V E R BE PASSED 10 SUTRA. TIT POLNTS TO TIHE A3ZB80...
C STARTLNG ELEMENT OF THE NEXT NEW REAL VECTOR TO BE ADDED.  A3Z90. ..
C PRESENTLY, SPACE 18 ALLOCATED FOR (48) VECTORS. A3300...
C A3310., ..
o A3320, ..
C.....3ET UP POINTERS FOR INTEGER VECTORS A3330. ..
C A3340...
KIMVI=1 A3350. ..
KIMV2=KIMV1+ NLIN A3360. ..
KIMV3=KTMV?+ NEINCH*3 A3IT0. ..
KIMVA=K My 3+ NSGP AZ3IR0. ..
KIMVS=KIMV4+ NAQU AZI00. ..
KTMYE=KIMV 4 NECN A3400. ..
KIMV7=KTMV&E+ NBCN A3410. ..
KTMV8=KIMV7 | NN A3420. ..
KIMVO KIMVE+ NOBSN L3430, ..
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I KETMV1(0=KIMV3 NTOBSN
o NOTE: THE LAST POINTEE TN THE AROVE LIST, CURRENTLY, KIMV1O,
™ MAY N E V E R BE FASSED 10O SUTEA. IT FOINTS TO TIL
I STARTING ELEMENT OF THE NEX1 NEW INTEGER VECTOR 10 BE ADDED
C PEESENTTY, SPACE IS ALLOCATED FOR (8) INTEGER VECTORS.
o
c
c CHECK FOR CORRECT DIMENSIONS
EMDIM = NN* (NBIP+NBIS+9)
RVDIM = (( NNV*NN + (NEV+8)*NE + NBCN*3
1 + (NOBS+1)* (NTOBS+2)*2 + NTOBS + 5 ))
IMVDIM = (( NE*8 + NN + NPINCH*3 + NSOP + NSOU
1 + NBCN*2 + NOBS + NTOBS + 12 }))
IF (RMDIM.GT.RMDIMA.OR.RVDIM,  GT RVDIMA.OR.IMVDIM.GT.IMVDMA) THEN
WRITE (*, *) 'MAXTIMUM DIMENSIONS EXCEEDED, PLEASE CORRECT'
STOP 101
END IF
o
Cuovnn PASS POTNTRERS TO MAIN CONTROL ROUTINE, SUTRA
CALL SUTRA (BEM(KRM1) , BM (KEMZ) , BM (KEM3) , RM (KEM4) , RM (KRMS) ,
1  RM({KRM6&), RM(KRM7),
1 RV (ERV (L)), kv(hmv(zk).RV(WRv(ﬁ)),R»(KRV(ﬂ)).HV(RRV(ﬁ)),
2 HV(KHV(&)} RV(K«V(T)},QV{ Rv{ ) ), BV (KERV(9)),RV KRV(lO}),
3 V(ERV(11}), RV(nhV(T’)) VIKRV(13)),BV{ERV(14)),RV(ERV(L13)),
4 VKRV (1)), RVI{KRV (17)), hV(th(TH)),R (KRV (L19)), hV(FRJ(; 1),
g HV(KHV(”’}) RV(LRV(zEJ),R (BRV (23)) , RV (hRV(éé)),ha(HhV(/ ),
& 1V(th(°u>) VI(EREV (27) ), RV (KERV (28)) , BV (KEV (£ 9]),RV{hRV(i 1),
b} VI(KRV{Z1)), HV(P RV (32)),BV(ERV(33)), RV (KRV (34)), R {rxav( =),
i RW(KRV{ h)) EV(ERV (37)), BV (KRV (38)), RV(FRV (309)) , RV (K (4u))
3 EV{KRV(41)),BV(KERV(42)), BV (ERV (13)) ,RV(KRV (44)), {V(r\HV(dﬂ)J
* BV (ERV(46)), BV (KRV (47)), BV (KRV (48) ),
1 [MV (KTMVL) , IMV(KIMVZ), 1MV (K1MV3), TM"(KIMVﬂ),lMV(NIMVh);
2 IMV (KELIMVE) , TMV (KTMYY) , IMV (KIMVE) , LMV (KTMV9) )
™
ol
ENDFILE (E3)
STOF
BT
C SUBRCUT LNE 5 U T LK A SUTRELR - VERSLON 1284-2D
[
oo F*Fx PURFPOSE
ookws MAIN CONTRGL ROUTTINE FOR SUTREA SIMULATTON.
CoAsk CROANIZES DATA LNEPUL, INTTTALTZATION, CALCULATTONS FOR
Co***  RACH TTME STER AND ITERATION, AND VARIOUS OUTPULE.
CoAsk CATLLE MOST OUHER SUBROUTTNES.
-

SUBROUTINE SUTRA( PMAT, UMAT, CWRK, CWRKZ, CWRK3, CWRK4, CWRKS,
PTTER, UITER, FML, UKL, UMZ, PVEL, 5T, SR,
¥, ¥, THTCK,VOL, FOR, 051, C52, 053, 8w, DSWDF, RIIO, 50F,

Lar [k

OIN, ULN, QUIN, PVEC, UVEC, RCIT, RUITML, CC, XX, ¥Y,
4 ALMAX, ALMIN, ATAVG, VMAG, VANG,
5 PERMXY, PERMXY, BERMYX, PERMYY , PANGLE,
& PBC, UBC, QPLITR, PORS,TIORS, OBSTIM, GXKEL, GRTA,
7 TN, TEINCH, IQ50F, LOQS0OU, IPHC,TUHC,INDEX,iUES,ITDHﬂ )

IMPLLICLT DOURTE PRECISION (A-H,0-%2)

CHARACTER*LQ ADSMOD

COMMON/FUNITS,/ K00,K0,K1,K2,K3,K4,K5,K6

COMMON/MODSOR/ ADSMOD

COMMON/DIMS/ NN,HNE,NIN, IS, JT,NBIP,NBIS, NPT (9),NPBC, NUBC,
1 NSOE, NSCU, NECN

wMWu“f”IME/ DELT, 'Sk, I'MIN, THOUR, TDAY, TWE=ZE,, TMONTH, TYEAR,

A3440.,
A3450. ..
AZA60., ..

LAZAT0. ..

A3480...
AZLQ0 ., ..
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
A3S00. ..
A3ZE10...

A3520NEW
A3RH30. ..
A3340...
AAnLO. L.
A35a0. ..
A3LT0. ..
L3580, ..
AEALH90. ..
AJG00. ..
AZGl0. ..
B3aA0. ..
AZG30. ..
A364D. ..
AZeD0. ..
A36aD. ..
AZR/0. ..
AZGHD. ..
AZEO0, ..
BlO.....
BAO. . ..

B130....
B140....
BLEO....
B160....
EL70....
B180....
MODIFIED
B190....
B200NEW
B210

B0 ...
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(ST

1 TMAY, DELTE, DELTU, DLTEM1 , DT TUMT, TT, ITMAX B230....

COMMON/CNTRLL/ GNU, UR, TMULT, I'IMAX, ME, ITSSTLO, TSSTRA, 11CYC, B240.. ..
1  NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME B250NEW
COMMON/PARAMS/ COMPEL, COMEMA, DRWDU, CW, G5, RHOS, DECAY, STOMAW, 81GMAS, B260. . . .
1T RHOWO, URHOWO, VISCO, PRODFT, PRODEL, PRODFD, PRODSO, CHT1, CHILZ B270. ...
COMMON/TITRRAT/ RPM, RUMAX, RUM, RUMAX, TTER, TTRMAX, [PWORS, TTWORS, 5080, ...
1 ICON, ITRMX2, OMEGA, RPMX2, RUMX2 NEW
COMMON/KPRTNT/ KNODAL, KELMNT, KINGTD, KPT.OTE, KI'LOTU, KVEL, KRUDG 5260, ...
COMMON/ORS/ NOBSN, NTOBSN, NOROYC, TTONT B300....
DIMENSZON QIN(NN), UTN (NN), LOS0E (NSOP) , QUTN (NN) , TOS0U (NSOU) B30, ...
DIMINSTON IIBC (NBUN) , FBEC (NION) , TURC (NECN) , UBC (NBON) , OFT.T TR (NBCN)  B320. ...
DIMENSION IN(NIN),IPINCH(1,3) B330NEW
DIMENS |ON % (NN), ¥ (NN) , THTICK (NN) , SW(NN) , DSWDP (NN) , RIIO (NN) , S0I (NN), B240. ...
1 POR(NN), PVEL (NN) B3L0. ...
DTMENSLON PERMXX (NE) , FRRMXY (NK) , PERMYX (NE) , PERMYY (NE) , PANSLE (NE), B260. ...
1 ALMAX(NE) , ATMTN (NE) , ATAVE (NE) , VMAG (NT) , VANG (NE) , BA70, ...
2 OXAT (N, 1), GETA(NE, 4) B280....
DIMENSION VOL (NN) , PMAT (NN, NBIP) ,PVEC (NN) , UMAT (NN, NBIS) ,UVEC (NN)  B390NEW
DIMENS TON CWRE (NN) , CWREZ (NN) , CWRES (NN) , CWRE4 (NN) , CWRKS (NN, 5) AQUT
DTMENSLON FML (NN), UM1 (NN) , UM2 (NN) , PLTER (NN) , UTTRER (NN} , nano., ...
L ROTT(NN), RCLTML (NN), CS1(NN), 082 (NN) , €83 (NN) BE11G. . ..
DTMENS LON CC(NN), TNDEX (NN) , X% (NN) , ¥Y (NN) naAnG. ...
DIMINGTON PORS (NOBSN, NTORSEN) , UORS (NCREN, NIGESN) , ORSTIM (NTOBSN)Y , 5430, ...
1 TORS (NGBSN), ITOBS (NTORSN) 3440.. ..
DATA 11/0/ B4ALO. . ..
B4KO. . ..
BEATO. ...
B480. ...
LINEPUY SIMULATTON DATA FROM UNLD-5 (DATASETS 3 THROUGH 15B) R490, ...
CALL INDATI (¥, Y, THLUK, FQR, ALMAX, ALMTN, ATAVG, PERMXK, PERMKY, B500. ...
1 PERMYX, PERMYY, PANGLE, SOP, IN) B510NEW
B550. ...
. JINPUY FLUID MASS, AND ENERGY OR SOLUTE MASS SOURCES BYHED. . ..
(DATASETS 17 AND L18) B570....
CALL ZERC (QIN, NN, 0.000) ThRO. ...
CALL ZERQ (UJIN, NN, 0.0010) HE90 . ...
CALL ZERO(QUTN, NN, 0. 0D0) HEOD. ...
IF(NEOR=-1,GL. 0. 0R.NSOU-1.0T.0) B610. ...
1 CALL SOURCE (QTN,UTN, TQS0L, QULN, I0S0U, IQSOPT, TOS0UL) BEZ0. ..,

Be30. ...

<o JTNFUT SPECIFIED FOAND U7 BOUNDARY CONDITIONS (DATASETS 1% AND 20)  TRE40. ...

LE{NBCH-L.GT.0) CATT, BOUND (LPBC, PBC, IURC, TIRG, TEROL, JUBCT) BaEO, ...

BOE0. . ..

CJERT O FLAG FOR TIME-RDEFENDENT SOURCES QR BOUNDARY CONDILTLONS . Le/0,, ..

WHEN IROT=+4, THEEE ARE NO TIME-DREFENDENT SPRECIFICATIONS. BO80. ...

IBCT=T080P  + 1 QB0UTHIEBCTI ITRCT B&HOAO. ...

/00, ...

CJINPRUT OBSERVATION NODE DATA (DATASET 21) B/10.. ..

L (NOBEN-1.0T.0) CTALL OBSERV (0, IOBS, ITOES, PORS, UORS, OBSTIM, 720, ...

1 BVEC, UVED, LAT01) B730....
WRITE (K3, 4000) NEW
4000 FORMAT(////////1¥,132(18H-)///42X,'E N D OF INPUT ', NEW
1 'FROM UNTIT- 5'//132(1H-)) NEW

B230,....

W INPUT THNTTIAL O BESTART CONDITTONS AND INITIALIZE PARAMETERS BEAC. . ..

(READ UNIT-45 DATA) RUS0, ...

CALL INDATZ (FVRC, UVEC, FML, UML, UM2, C51, 082,053, 5L, 8R, RCIT, SW, DSWDP, 3860, . . .

1 PLC, TRRO, LPBCT) BETO.. ..

GEAO. . ..

CLERT BTARTING TIME OF STMUTATION CLOCE BEY0, ., .

THEC TSTART BOOD. ...

TERCRO=150C RYID. ..,
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TSECUO=TEED BO9Z0. ...

TMIN=TSRC/ 60,00 BO93C. ...
THOUR TMIN/G0.D0 Rad0. ...
TOAY=TIOUR/24 .00 FA50, ...
TWEREE=TRAY /7 .00 Bo9G0. ...
TMONTH=TDAY /20,437200 EA70....
TYEAR=TDAY/365.2500 Beg0. ...
DELTO=DELT NEW
(o LO90. ...
L., QUTRIT TNTTTAT, CONDTTTONS OR STARTTING CONDITIONS EIOQO, ., .
Le {35 RACNE LY CALL PRLEOL (O, 0, 0, PVHC, UVEC, VMAC, VANG, 5W) B1OLD...
[ ! GLO20...
Coo e JERT SWLTCHES AND PARAMETERS FOR SOLUTTON WTTH STRADRY-STATE FLOW BLO30...
IF(ISEFLO.NE.L) GOTO 100D G1040. ..
MT=1 BIGSD. ..
MNOUMA =0 BLOGO. ..
IG8FLO=2 Bl070. ..
ITER O 10RO, ..
DLT?M1I=0DELTF RICY90. ..
DLTUMTI =0k BE1100...
BDOELE 0.0DD Gl110. ..
ROETU=0. 000 B1120, ..
GOl 1100 21130, ..
C B1140. ..

[ 51150...
(7 AKAEARRRNRN AR NEANEAR AR NN RN NN AN EARNR RN N A AL Ew b bk kb h bk bk a sk AR AAARL AR A(), , .
(ol CBECTN TTME STERE AARKAAANAALAARAAANA RN AR ANk bk bk dr kbt dmtddaatrp] 170, |
(7 *hkkkdhkdmakhnkkhkkmkkm kA hk kA kak kA h Ak A AR AR ARARNRARR AR KRR AL b Lk Lhk*kpn] |80,
100G 1r=11+1 Ello0...
ITEE O B1200. ..
MT,=() P1710, ..
HNOUMAT=C Blzz20C. ..
C..... SET NOUMAT TO OBTAIN U SOLUTION WITHOUT REFORMULATING THE MATRIX El230NEW
- BEGINNING ON SECOND TIME STEF AFTEER A PRESSUER SCTIITTON Blz40. ..
I TF THE SQTUTTON T2 MNON-TTRRATTVE (TTEMAX-1) Bl1Z50, ..
- IF (MCOD(IT-1,NECYC) JNELOLAND .MCD (IT, NECYC) JNELDLAND,TT.OT.2 Blzel. ..
o 1 VAND UTTEMAX LEQ. 1) NOUMAT=] BIZT0, ..
Covnnn CHOOSE SOLUTLION VARLARBLE ON T'HIS TTME STEPR: BLZ80. ..
- ML=0 FOR P AND U, ML=l FOR I ONLY, AND ML=X FORE 17 ONLY. BL290. ..
IF(IT.EQ.L.AND.ISSFLO.NE.2) GOTO 1005 B1300...
IT(MOD(IT,NFPCYCD) .NE.Q) ML=Z BI1310. ..
LE(MOD (LT, NUCYCY JNE.O) ML=1 B1320...
| S MULTIFLY TIME STEF SIZE BY DTMULT EACH ITCYC TIME STEPRS B1330. ..
C..... THE FOLLOWING CARDS WERE ADDED TO ALLOW FOR THE TIME STEP NEW
C..... TO YIELD A CONSTANT DISTANCE INCREMENT IN A RADIAL FLOW SYSTEM NEW
IF(ITIME.EQ.0) THEN NEW
IF (MOD(IT,ITCYC).EQ.0.AND.IT.GT.1l) DELT=DELT*DTMULT B1340. ..
END IF NEW
IF(ITIME.EQ.1 .AND. IT.GT.l) THEN NEW
c DELT0 = THE INITIAYL TIME INCREMENT NEW
C ITCYC = A FLAG -- FOR ITCYC>0, TIME STEFP SIZE IS INCREASED NEW
c FOR ITCYC<(Q, TIME STEP SIZE IS DECREASED, WHERE -ITCYC = NEW
C MAXTIMUM NUMBER OF TIME STEPFS IN PREVIOUS RUN NEW
C FOR ITCYC=0, TIME STEP SIZE IS HELD CONSTANT NEW
IF(ITCYC.GT.0) DELT=DELTO#* (2.0+%IT-1) NEW
IF(ITCYC.LT.0) DELT=DELTO* (2.* (-ITCYC-IT+1)-1) NEW
END IF NEW
U BET TIME STEE Slap 1O MAXLMUM ALLOWED S17F; DTMAX BL1350...
I (DELT.ET.DTMAX) DELT DTMAX B1360. ..
e nn. THCREMENT SIMULATION CLOCE, TSRO, TO LND OF NEW TIME SR 21370, ..
1005 TERC=TERC+DET,T 21380, ..
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THOUR=TMIN/ &0 . N0 BLAQO. ..
TDAY=THOUR/Z4 120 BL410. ..
TWEEK=TNDAY /7 .00 BLl4z0. ..
TMONTH=TDAY /30.4375D0 L1450, ..
TYBAR=TDAY /365 . 25LD0 BE1440. ..
C BL4R0. ..
. LR I'IME STEPR FOR P OAND/OR U, WHTCHEVER AKE SOLVED FOR Bl14eai. ..
o ON THIS TIME STER BLATG. ..
ID{ML-1) 1010,1020,1030 B1l480...
1010 DLITUMI-DELTY Bl4eG. ..
DLTPMI=NELTP BLGLOO. ..
GOTo 1040 B1510...
1020 DLTFM1L=DELTF 51320...
GOTO 1040 BLlo30...
1030 DLTUMI=DELTU Glh40. ..
1040 CONVINUE B1550. ..
DELTEP=TLEC-TERCFO B1560. ..
DETTU=TsrC-15RC00 Ll1h70. .,
[ SED PROJECTION FACTORS USED ON FIRST 1UERATION TCO EXTRAECQLATE B1S8O. ..
[ ANTAD ONFE-HATLE TIME STHEP BLS30. ..
BORTLP=(DELIE/DLTPML) *0. 50D0 Blald, ..
BOELUT- (DETTU/DTTUML) * 0. 5000 Blald. ..
BRORLEPLI=BDELF+1.0D0O H1620. ..
BUELUL-BDELT+1.0D0O Bl1630...
... JINCREMENT CLOCE FOR WHICHEVEERE OF P AND U WILL BZ SOLVED FOR BleAC. ..
C ON THIS TIME STRE Blebho. ..
IF(MT=1) 10&0,1070,1080 Rlaa0. ..
1060 [SECEO=TEEC 21670, ..
TSECU)=TIRC BleRO. ..
GOTO 109D BEl1e90. .,
1070 I'SECEO-TSLEC B1700...
GOTO 1090 BL710. ..
1080 TSECUD=1SEC B1720...
10580 CONTINUR BLl730...
[ Ll/al, ..
O = = = = = = = = = - e e e - - - - - - - - - - - - - = - - = = B1750, ..
[ BEGIN ITERATION - — — = — = = = — — — — — — - - - = - = = = B1760. ..
C - = = et - - e BL1770...
1100 TTER=L1ER+1 Bl1YBG, ..
C BL7R20...
IT (MT=1) 2000,2200,2400 BL&E00. ..
C... . 8HIFTD AND BET VECTORS TOR TIME STEF WITH BOUH P AND U SQLUTIONS 21810, ..,
2000 DO 202% TI=1,NN 21820...
FITER(L)=FVEC(I) E1830. .,
EVEL({(I}=PVEC(T) BL840. ..
TITER(T)=UVREC (L) GlaH0. ..
RCTTML (L) =RCIT(I) B18&O., ..
2025 RCIT(I)=RHOWOIDEWDUA (UITRR (T) —URHOWD) B1870, ..
Do 2050 IP 1,NPRC BI8E0D. ..
I-IARBS(TRRC(TEF)) BLBSO. ..
QFLITE (LEF) =GNU* (PRBC(IF)-FITER (T)) B1900, ..
2050 CONTINUE BLOL10. ..
I (ITER.GT.1) GOIO 2600 BLl920. ..
NG 2075 1=1,HN B1930., ..
PITER(T)=BDETFI*TFVEC (1) -BDELEP*EPML (1) BL940. ..
OITEERE (L) =BLELUL*UVEC (I)-BLRELIT*TIMI (T) BI195C. ..
FM1 (I) BVEC(I) Bl9ac...
UMEZ (T)y=UM1 (T) BL370...
2000 UM (T)=UVEC (1) GLl9R0. ..
GOTCG 2600 1990, .,
C.....58HIFT AND S5ET VECTORS FOR TTME STEP WLTH P SOLUTION ONTY 22000, ..
2200 DO 22245 T=1,HNN BE010. ..
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2450

247
2180

2000

3300
3350
3375
2400

[

1
2

FVEL(I)=FVEC(I)
FITER({L)=PVEC (1)

TF(TTER.GT.1) GOQTO 2600

Do 2250 1=1,HNN
FITER(I)=BDELFL*FVEC(1)-BDELF*FML (1)
UITER(I)=UVEC(I)

ROTTMI (T)=RCTT(T)
FCLIU(L)y=RHOWO+DRWDU= {(UITERE (1) -UEHOW()
EML (I) -PVEC(I)

GOTO 2600

SHLE'T AND SET VECTORS FOR TIME STERF WTITH 1T
IF(NOUMAT.EQ. L) GOTO 2480

DO Z425 T=1,NN

UITER(I) UVEC(I)

TF(TTRER.GCT.1) COTO 2600

DO 2450 1=1,NN

FITER(I)=FVEC (1)

BEVEL(I) EBVEC (I}
UTTERAT)=EDELIJI*TUVEC (I) -BDELU*TIML (I)
ROLIML (Ly=RCLLT (L)

DO 2475 IFP=1,NERC

I=1ARS (TFRC(TR))
QPLITR(IEP)=CGNU* (FBC (L) -PF1TER(L))
CONTINUR

Do 2500 L1=1,NN

M2 (T)-TM1{I)

UMT (T)=UVEC(T)

CONTINURE

INITIALIZE ARRAYS WITH VALUE OF ZERO
MATDME=NNANRETE
MATDMS=NN*NBELS

TE(ML-1) 3000, 3000,3300
CALL SRREO(PMAT, MATDME, 0. 0D0)
CALL ZERO(PVEC, NN, 0.00L0)
CALL ZERO(VOT, NN, 0.0D0)
IF(ML-1) 3300,3400,3300
TE{NOUMAT) 33450, 3350, 3375
CALL ZRRO(UMAT, MATDMS, (1. 0D0)
CALL YERO{UVED, NN, O, 000)
CONTINUE

SOLUTION ONLY

SEl UIME-DSPENDENT BOUNDARY CONDTTTONS, S0URCLE:S AND SINEDS

'OR THIS TIME STEF
TFATTER.FG .1 .AND . IGCT.NE. 4)

CALL BCLUIME (IFBC, PRC, TURC, URC, QTN, UTN, QUIN, IQSCFP, IQ50U,

IPBCT, IUBCT, IQSOPT, IQSOUT, UML)

LERTOSORPTTON PARAMETERS FOR TIIS TIME STEPR
L (ML NE L LOAND  ME RO . =1 CAND U NQUMAT .EQ. 0. AND .

1

ADSMOD . NE. "NONE Yy OCALL ARSORB(CS1,082,083, 5L, 3R, UITER)

(I DO RIEMENTWISE CALOULATIONS IN MATRIX EQUATION FOR P AND/OR U

I

LE (NOUMAT . B 0)

1 CALL ELEMEN (ML, IN,X,Y, HLCK,PLTER, UTTER, RCTT,RCTTML, POR,
ATMAX, ALMIN, ATAVE, PERMYY, PERMYY , FEERMY X, DERMY Y, PANGTE,
VMAG, VANG, VOL, PMAT, PVEC, UMAT, UVEC, GXSI, GETA, PVEL, CWRK)

7

3

v .. DO NODEWLSE CALCULATIONS IN MATHTX EQUATTON T'OR F AND/OR U
CALL, NOQDALR (ML, VOL, PMAT, EVEC, UMAT, UVEC, PLUTRR, ULTER, PMT, TUMT, TIM:2,

POR, QTN, UUTN, QUIN, CS1, 052,053, 51, SR, 5W, DSWDE, RHO, 900)
Coew  JBET SPRCIFIRD 1P AND U CONDTTTONS TN MATRIX EQUATION FOR P AND/OR UB2Z620...

B2020. .
B2030..

B2040...

B2050. .
BZ2060. .
BZ2070, .
B2080..
B20%0..
BA100. .
BZ110..

B2120...

B2130. .

Bz2140...

BA1450

B2160...
B2170...

L2180
BT 80

B2200, ..
BZ210...
BA220, .,
BZ230.,..
BZ240. ..
Bian0, .,
BZ260. ..
B0, ..
BZ280, ..
BZ220...
BZ300...
BZ310. ..
B2320. ..
BZ320...

BZ330

B2340...
B2350. ..
BE3a0. ..
B2370...

BZ380

BE330, ..
EZ400. ..
BZ410...
BRZ420. ..
BZ430. ..
LZ440...
BA450. ..
BZ460.

B2470NEW

L2480, ..
B2440, ..
BZ500, ..
BZ510...
B2520...
BZLAG. ..
BE540, ..
BZ550...
LZLE0.

B2570NEW

BALAO. ..
BZ5%0. ..
BZEO0. ..
BAa10. .
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4200 CONTINUE B2690. ..
[ B2700. ..
C CMATRIX EQUATION FOR P OAND/OE U ARE COMEFLETE, S0LVE EQUATIONS: G2/10...,

IF(ML-1) 5000,5000,3500 L2750, ..,
e SOLVE FOR P2 2760, ..
5000 IP3=0 B2770NEW
CALL SOLVEC (NBIF,PMAT,PMl,PVEC, CWRK, CWRK2, CWRK3, CWRK4, CWRK5) NEW
[ LLOB0OLUTION NOW LN PVED L27a0, ..,

IF (ML-1) 5300,6000,55%00 B2E00. ..
Co.. . 30TVE FOR U BEZR10. ..

5500 1PsS=1 B2820NEW

5700 CALL LSORA(NBIS,UMAT, UVEC, UITER, CWRK, CWRKZ , CHRKS) NEW
Cone [ SOLUTION NOW TH Uvad BEE6a0. ..

OO0 CONTINUE B0, ..
! L2880, .,
Cu e VIECK FROGRESS AND CONVERGENCE OF ITERATTONS B2890. ..
[ AND SET STOF AND GO FLAGS: B2900. ..
o ISTOR = =1 HNOT CONVERGHELD - STOP SIMUTATTON B2a10, ..
C | SO = 0 TTRRATIONS LEFT OR CONVRERGED - KEEP SIMITATING BEZO20...
Z I5TOF = 1 LAST TIME STEF REACHED - STOP STMUTATLON BZa30 ., ..
C TSTOR = 2 MAXKTIMUM TIME BEEACHED - STOF STMULATION Ba9AG. ..
- 10T 0 FOAND U CONVERCED, OR NO LTERATIONS DONE BZahi. ..
C TCOL = 1 ONLY P OHAS NOY YET CONVERCED TO CRITERION S29a60.. .
[ LGOI = 2 ONLY 1) HAS NOT YET CONVERGED TO CRITERION B2970...

10:0T 3 BOTH 1P AND U HAVE NOT YR CONVERGED TO CRITHERIA  B2SED. ..
L S31CP=0 G990, ..
130T Q) BE3000., ..
IF(TTRMAX-1) 7500,7/%00,7000 E3DL0. ..
OO0 ReM=0.00 L3020, ..
RUM-=(] .00 B3030. ..
TFWOES= B3040, ..
LUWORS 0 RAOSO, , .,
IT (ML-1) 7050,7050,741450 BI060. ..
FO50 O 7100 T=1,MNN BAOTO. ..
RE DABS (PVEC(L)-FITEER(I)) 3080, ..
IF(RP=-RIPM) 7100,7060, 7060 B3I050...
7060 RPM=RP? B3LOO. ..
TRPWORE=T B3110. ..
T100 CONTINUR B3120...
IFP(RPM,GU.RPMAX) TCOT=I1G01+1 B3130. ..
YLH0 TR (ML-1) 7200,7350,7200 L3140, ..
TEAO0 DO 7300 TI=1,HN R3150...
RU=DARS (UVEC(I)-UITER (T)) B3L60. ..
IF (RU-RUM) 7300,7260,7260 BA170...
7260 RUM=RU B3LRO. ..
TUWORS=T 53190, .,
700 CONTINUE B3200., ..
IF(RUM.CT.RUMAX) IGOI IGOT+2 E3210.,..
7350 CONTINUE B3220...
TF(TGOL.GT.O.AND.TTFR.LQ.LTRMAX) ISTOP==-1 B3230. ..
lH(IGDI.GT.O,ANU.lSTOP.EQ.O) GOTO 1100 B3240, ..
e B3z50. ..
Cownn. END TTERATION = - — = = — = = = « — — — — — — — « & - - - - - B32a0. ..
- = = = = = = = = - - - - - - & - - - - - - = = e DD - - - - - RAZ70...
C B3Z80...
THO0 CONTINUE E3200.,..
IF(ISTOR . NE,-L.AND.IT.EQ. I TMAX) ISTOP=1 B3300...
IF(TSTOP.NE.—l.AND.TSPC.GE.TMAX) ISTOR=2 B3310. ..
[ GA320., ..
[ LLOUTPUT RESULTS FOH 1TIME STEP BACH NIPHEINT TIME STERS BiZ330...
IE(IT.GT.l.AND.MDD(IT,NPRTNT).NE.O.AND‘ISTOP.EQ.O) EOTO 8000 B3340...
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Co.... PETNT F AND/OR 17, AND MAYRE 5W AND/OR V
CALL PR1ISOL (ML, 18TORF, TGOT, FVEC, UVEC, VMAG, VANG, 5W)

B3350. ..
B3360, ..

C.....CALCULATE AND PRINT FLULD MASS AND/OR ENERGY OR S0OTUTE MASS BUDGETB3370...

TF(KRUNG.FO. 1)
1 CALL BUDGET (ML, TBCT, VOL, W, DSWNR, RAO, 30F, QIN, PVEC, PML,

2 PBC,QPLITR, IPBC, I1OSOF, POR, UVEC, UM1, UMZ, UTN, QUTN, TQSOM, URC,
3 081,082,053, 5L, 8R)

000 CONTINUE

[

Covnns MAKE CBSERVATICNS AT ORERRVATTON NODES LACIH NOBUYC TIME STEPS
IF (NOBSN-1.57.0) CALL OB3ERV (1, IORE, TTORS,FORS, UOLE, OBSTIM,
1 EVEC, UVEC, I3TOR)

[

Cou L. L STORE RESULTE FOR POSSTETF RFESTART OF SIMULATION EACH TIME STRD
IF(ISTORE.NE.L) GOIO ELS0
CALT STORF{PVEC, UVEC, PM1, UM, 031, ROIT, 8W, PBC)
[
150 TC(ISTOE.ED.0) CGOTO L1000

RAZR0. ..
B3IZG0, ..
B3400. ..
BRE410. ..
B3500, ..
BARLO. ..
B3I520, ..
BE35320...
BEL40. ..
Babhi. ..
B3Is60, ..
B3570...
Bihai. ..
B350, ..,
BE6e00. ..

*******.**Hﬁ.*A.‘!‘J\.‘\A.A‘AA."a'\”j\'J‘"a'-')\."N‘.‘\"ﬁ‘\"}\:“"A"J’\::A"A'W'f\'ﬂ-'?\"»‘\"*"k:‘f'k*'ﬂ‘f******’******R**********in:%ﬁ‘l(.)_ .

B3a40. ..
EZ6E0. ..,
B3a6a0. ..

i.-i.....E:\'D TIME ='hE **fxddk sk dxkdxtt it b abAhahdhhbbabbndhnbbdhnbbndhbdbbtrapianon
(7 kA AR A AR AAARAAAARNNANANAANR RN R RN bR b w A b kb b kbbb b w kb mkdmtbanhaa hAARAANAATIEEA(, |,
»

C

C.. . COMPLETE OUTPFUT AND TERMINATE SIMULATLON

TF(TSTORR.TG.1) WRITE (K3, 5100)
BLO0 FORMAY(//////711%, "+%= TAST SOTUTTCN [IAS REEN STORED ',
1 TON UNIT 66 **+x1)

O
Covnn GUTEUT RESULTS OF OBSERVATTONS
R2O0 TP (NORSN-1.GT.0) CALL OBSERY (2, LOBS, LI0OBS, PORE, UORS, ORSTIM,
1 FVRC, UVEC, TETOR)
s
T OUTRUT END OF STMULATION MOSSAGE AND RETURN 70 MALIN FOR STOP

LE(LSI0r, G, 0y GOTO HA400
IF (IGOL-2) B230,8260,82%0
H230 WRITL (K3,8235)
B235 FORMAT (/////7/7//711%, "SIMULATION TERMINATED DU= 'O ',

1 'HNON-CONVERGENT FRESSURET,
o JLLM, Vrmkhmkhmbkd xkkkhkhkns hbn hn 1,
3 Tha A gk kAR AARA AL ARAAARRAT)

RETULRN
Breld TFI(MR) 8262,8262,8268
E262 WRLITE (KD, 82641)
BAR4 TORMAT (////////11K, "8IMULATION TERMINATELR DUR TG ',
'NON-CONVERCENT CONCENTRATION',
AVTM, Taakhakdakh whakhhkwnd dwm dhw |

el [0 —

Tk k ok ki ki mkkw hmamk ko kA a kA k)

RLETUREN

8266 WRITE (K3, 8268)

B268 TORMAT(////////1LE, "S1MULATION TERMTNATREDL DUE TO ',
1 "TNON-CONVERGENT TEMPERATURE',
2 ATTH, Pamkhmh ki h ok h kk ok ko ko kT
3 Podskkh ko ko mk ko womom ok ko ko kA

RETURN

8290 IF (ME) B2%2,8292,8296

B4R WRITH (K3, 8294)

8294 FPORMAT(/////// /11K, 'SIMULATION TERMINATED DUR TO ',

1 'HON-CONVERCENT PRESSURE AND CONCENTRATLION',
@ JL1M, T hmAhkhakha wokwhkwkkwk dww ko T
g PR KKK AR R K kR k ok ok wk ok kdk kwk kmkhmkAakAAAA )

RETURN
H296 WRITE (K3, 82928)

BAR/O. ..
BIGHEO, ..
B3G20. ..
RAVOO. ..
B2710., ..
BE720...
BIVE0. ..
B3T740...
BAYLO. L.
BITE0. ..
B3IT7TT70., ..
B3780...
BAYA0. ..
B3800, ..
B3810...
BABZD. ..
B3830. ..
B3840...
B350, ..
B38CO. ..
BAR/O. ..
BIHE0. .
B3890, ..
B3900, ..
B3910. ..
B3920, ..
B3030, ..
L3940, ..
B3950, ..
B3R60. ..
B397/0. ..
B3280, ..
B3950, ..
4000, ..
R4010. ..
BADZO, ..
L4030, ..
EAQLD, L,
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8298 FORMAT (////////11%, "SIMULATLION TEERMINATED DUE TO ', B405L0. ..

1 "NON-CONVERGENT BFRESSURLE AND TEMPERATURE', B40GO, ..
2 JUTH, VAshmbddsdd Hasdddanss Hxk Hx 1 BADOTO. ..
3 THEARARAR A AR R R A S FAkEaAkE kkx krk Ak xAERKAT) BRAORO. . .
RETURN BAQSRO, ..
C B4100. ..
8400 TT(TETOR.EQ.2) GOLO 8500 B4110...
WIRITE (K2, 8450) BALZ0. ..
8450 TQRMAT(////////1 1%, "8UTRA SIMULATION TERMINATED AT COMPLETION ', B4130. ..
1 "ORF T IME STEES'/ B4140. ..
el LLX, "HRNHE HRRNUANU AR ARk Ak hhhk 2k hhkkkhhdakd 1 BATS0. ..
3 Pk kwdk KA R KT BA1EQ. ..
ELTUEN B4170. ..
H500 WRITE (K3, 8550) B24180...
8550 FORMAT(//////7//11%, "8UTRA STMULATLION TERMINATED AT COMPLETION ', D[4190...
1 YOF TTME PERIODT/ B4Z00. ..
& L3, " heksnr AWK KRNKNA KRR RRN KRR R R hok khhxkkhonk 1 BAZ10. ..
3 Tk kaaw KEAK KA =AF20 ...
RETUREN 24230, ..
C BAZA0 ...
END B425L0. ..
C SUBROUTINE | NeooDooA T 1 SUTRA VERSION 1284-2D C10.. ...
C CAO0L ...,
kR A DURDPOSHE - Ca30.. ...
C o*x*  TO INPUT ,OUTRUT, AND ORGANIAE A MAJOR PORTION OF A0 L. L.
Cowxs  TOINIT-5 THRUT DATA (DATASET 5 THROUGH DATASET 14LT) CHOL ...
[ Cel.. ...
SUBROUTINE INDATI (X, ¥, THICK, POR, ALMAX, ALMIN, ATAV(, FERMXY, PERMXY, CUOL L.
1 FPERMYX, PERMYY, PANGLE, S0OF, IN) CEOL ...
IMELICIT DOURLE FRECTSTON (A-H,O0-2) COl.L. ...
CIARACTER*10 ADSMOL clioo.., ..
CHARACTEE* L4 UTYFE (2) cllo. ...
CHARACTER*6 STYPLE (2) CLlz0....
COMMON/FUNITS/ KO0O0,KO0,K1,K2,K3,K4,K5,Ké6 MODIFIED
COMMON/MODS0OR/ ADSMOD Cl30....
COMMON/DIMS/ NN, NE, NIN, IS, JT,NBIP,NEBIS, NPT (9), NPFEC, NUBC, Cl40NEW
1 NS0OF, NS0T, NECN C1h0. ...
COMMOCN/TTME/ DELT, I'skC, TMIN, THOUR, TDAY, TWERE, TMONTH, TYEAR, Cleld.. ..
1 TMAX, DELTE, DELTU, DLTPML, DLTUML , TT, TTMAX Cl70.0. ..
COMMON/CNTRLY/ GNU, UR, DIMULT, DIMAX, ME, IS5FLO, ISSTRA, ITCYC, CTBO.. ..
1 NPCYC,NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME Cl90NEW
COMMCN/ TTERATY/ RPM, REMAX, RUM, RUMAY, ITER, TTEMAY, TRPWORS, TUWORS, CE200... .
1 ICON, ITEMXZ, OMEGA, RPMXZ , RUMX2 NEW
COMMON/TENSOR/ GRAVX, GRAVY CATO. ...
COMMON/FARAMS /. COMPFL, COMEMA, DRWDU, CW, 05, RHOS, DRCAY, STOMAW, STGMAS, C220, .. .
1 RHOWO, URHOWO, VISCO, PRODEL, PRODS], PRODFO, PRODE0, CHLL, CHLZ2 C230.0...
COMMON/SATFAR/ PCENT, SWRES, PCRES, SSLOPE, SINCET CRAD.L ...
COMMON/KFRINT/ ENODAL, KELMNT, KINCID, KELOTE, KPT.OTI, KVEL, KRBUDG C230....
DIMENSION X (NN}, Y (NN), THICK (NN),POR (NN), SOF (NN) , IN (NIN) C260NEW
DIMENSTON FERMXX (NK) , PERMXY (NE) , PERMYX (NE) , FERMYY (NE) , FANGLE (NE)Y , C270....
1 ALMAX (NE) , ALMIN (NE) , ATAVG (NE) C280....
DIMENSION IIN(4) NEW
DATA UTYPE(1l) /' TEMPERATURES '/, UTYPR(2)/'CONCENTRATIONS'/ CEe0. ...
DATA STYFPE(1l) /'"ENERGY '/, STYPR(2)/"SOLUTE' / C300....
C C310....
INSTOFP=0 C3I20....
- C330.. ..
Cuwnnn INFUT DATASET o2: NUMERICAL CONIROL PARAMETERS C340,. ..
REATI (K1, 20) UP, GNU C350....
50 FORMAT(CGLO.0,G1%.0) CRel. ...
WRITE (K3, 70) UR,GNU C3T70....
TOOFORMAT(////L1IE, ' N UMTE R T O AT CO N ROL DATRMA// CEBO. ., ..
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1 1%, F15.5, 5%, ""ULSUREAM WHLGHTING" FACTOR'/ C390,...

2 11%,1201 5,4, 5%, "3FRCTFTED PRESSURE BOUNDARY CONDLLLION FACTOR') C400....
= Ca1d. ..
| S INZUT DATASET & TEMPORAL CONTROL AND SOLUTTON CYCLING DATA Cas0L ...

RERAD (X1, L100) ITMAX,DELT, TMAX, ITCYC, DTMULT, BIMAK, NFCYC, NUCYC CA30. ...
100 FORMAT(TH, “015.0,T10,C010.0,015%.0,2I%) C4da0. ...
WILLTE (B3, L20)  L'IMAXK, DELT, TMAX, TTCYC, DTMULT, DTMAX, NPUYC, NUCYC Caho. ...
140 PORMAT(LIOL////L1¥,'T E M P O R AL oM RGN A N D ', CAG0. ...

1 'S5 0 0T T ON oY oL I NG oA T A", CaT0.. ..

Z JALLE, LI5S, 35, "MAX IMUM ALLOWSD NUMRRR OF TIME STERZ' Ca480 ...

3 AL, LPDLS 4, 53X, "INITIAL TIME S1BE (LN SKOONDS) T cA80.,. ., .,

l 11w, 1P0 .4, b, "MAXTVIM ATTOWEDR SIMULATION UIME (LN SECONDS) ' CHO0....

b JALLH,ILE, 5%, "TIME Sl2k MULTIPLLIER CYCLE (THN TTME S5TLES) T [

o ATV, OFFT1h 0, Wi, "MULTIFLICATION FACTOR FOR 'IIME STRER CIHANGE' Ch20.. ..

7 A11w, 1Pn1E 4, 56, "MAKTMUM AT TOWED TIME STEFP (1IN SECONDSE) T ChAt. ...

g SALLH, LIS, B, "HLOW SCOLUTITON CYCOTLE (TN TIME STERI) ' ChAD. ...

G JLLH, ILS, ¥, "IRANSDORYL SOLUTLON CYCLE (TN TIME STEES) ') [0 01 I

[E(MNPCYC,GRL T LANDLNUCYO L GR. 1) GOTO 140 560. ...

WRITE (K3, 130) Coil. ...

150 PORMAT (//LL1¥, "> = * # ERROR DETECIED BEOTH NRCYD AND T, ChE0.. ..

] TNUCYC MUST TR SET GREATER TIAN OR EQUAL 1O 1.7) CHE0.L ...

INSTOP=1N3T0I=-1 CeO0. ...

140 TTHNPCYC.EQ.L.OR.NUCYC.EQ. L) GOID 160 Celo.. ..

WL'LE (K3, 150) CEEDL ...

THO TORMAT (/F/LLx, '* & * % REREOR DETECUED FTTHER NECYCD OR ', Cel3l. ...

1 'NUCYC MUST ZE SET TO 1.') cean. ...

INSTOP=THNSTORP -1 Ces0. ...

160 CONTINUE Ceal. ...

CLL L LUART MAXNIMUM ALLOWED TIME STESZ LN SIMULATION FOR CeTl. ..

I ATEADY-STATE FTOW AND STRADY-STATE TRANSPORTD SOLUTTON MODES Casl. ...

IF(IS5FLO.EQ. L) THEN S5 10 IR

NECYC=TTMAX 1 C700. ...

NUCYC=1 CPL0.. ..

LEMNDIF CTR0L L.

LE(LS5TRA RO, 1) TTMAX=1 CT30.. ..

I C740. ...

L. L L INPUT DATASET 7: CQUTPUT CONTROLS AND OPTIONS C750.. ..

READ (K1, 170) NPRINT, XNODAL, XELMNT, KINCID, KPLOTE, KFILOTU, EVEL, KBUDG C760.., ..

170 FORMAT (T&TH) CT70.. ..

WRITZ (K3, 172) HNERLINT CHROL L L.

172 FORMAT(////11¥E,'0 U T F UT CooN LR OLS A ND ', CTan. ..,

1 O T T 0N 53/, TR, B, "PRINTED QUTEUT CYCLE T, CEOG. ...

p "(IN TIME STEPZ)") LETO

TF(EMODAL.EQ. 1) WRITE(KZ,_.74) CB2C. ...

I (KNODAL.EQ. D) WRTTE (K3,174%) CRAC. ...

174 FORMAT (/11¥,'- PRINT NODE COORDINATES, THICKENESSES AND', cB40. ..

1 YOLROROSITIES") CRROL ...

Lt FORMAT (/L11¥, '— CANCHL PRINT OF NCODE COORDINATES, THICKNESSRS AND', 860, ...

1 " FOROSITIES'") CHRTO. L.

TF({EELMNT.EQ.11) WRITE (K2, 176) CRE0. ...

LE (KETMNT . RO.0) WRITEL (K3, 177) CEHO.L. L.

176 FORMAT (L1¥, '— FRINI ELEMENT RFEREMEARTTLITILES AND DISFERSLIVITIES') ca00. ...

10 PORMAT (11X, '- CANCEL ERINT OF BELEMENT PFEEMEABILITIES AND ', [0 O

"DTERRRETVITIES ) CR20L ...

IF(KINCLD.EQ.+1) WRTTE (K3,178) CR20.. ..
TR(ETNCID.EO.0) WRITE (K3, 17%) a4,

178 FORMAT (11X, '- PRINT NODE INCIDENCES IN EACH ELEMENT') CO50NEW
179 FORMAT (11X, '- CANCEL PRINT OF NODE INCIDENCES IN EACH ELEMENT') CO70NEW

TME=" SI030. ..
LE (Ml LFD.+1) TME= cLoa0. ..
LE(BEYEL.REO,+1) WRTTE (K4, 184) CLO80. ..
IT (EVEL.EQ.O) WRLT=E (K3, 1835) CT100.0 ..
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184 FORMAT (/11¥, '- CATCUTATE AND PRINT VELOCITIES AT RELEMENT ', Cc1lilo...

1 'CENTROQTDS ON HACH TIME STEF WITH OQUTERUT') CLLz0. ..
185 TORMAT (/11%, '- CANCEL PRINT OF VELOCITIES') CL130...
TF(KBUDG,ED,+1) WRITE(E3, 186) STYPE (TME) C1140. ..
[F (KBUDG.EQ.Q) WRITL (K3,187) C1150...
186 FORMAT (/171%, "— CALCULATE AND PRINT FLUID AND ',AR, " BUDGETS . cllan. ..
1 "ON OKACH TIME STEF WITI QUTFUT') [ A A I
187 FORMAT (/L11¥, "= CANCTL FRTINT OF BUDGELS') CL180. ..
C CcLLen. ..
|, THRUT DATASET 8: ITERATION CONTROTS D200, .,
READ (K1, 190) ITRMAX, RPMAX, RUMAX, TCON, ITRMXZ,6 OMEGA, RPMXZ, RUMX2 Cl210NEW
190 FORMAT(I10,2G10.0,2I10,3G610.0) ClZ220HNEW
IF (ITRMAX EQ.1) WRITE (K3,193) C1230NEW
1893 FORMAT(////711¥, "1 7 B R A ' 1 O N OO NTROT 7oA AT, CLER0L L.
1 SATTH, MO UTERATLON FOR NON-LINEARTTTIRS ') CLERD. L.
WETTRH (3, 193) ITEMAX, RFMAX, RUMAX CTER0, ..
19% FORMAT(////11¥,'T T F R A ' L O N CONTEOTL n A 1T A", CL290. ..
1 FA11H, 115, B4, "MAXIMUM NUMRBEE OF TTRRATICNHNS PER T1ME STEER', C1A00., .,
7 /lix,lPEi ,rY TAGGOTUTE CONVERGENCE CRITERION T'OR TTOW', C131a. ..
3 ! JGLU”TON‘f] TEDLS.A, 5K, "ABEOQLUTE CONVERGENCE Lnl\thON', CL2Z0. ..
4 'FPOR riANSPURT SOLUTION") CT330.., .,
WRITE (K3,1%51) ICON, ITRMXZ, OMEGA, RPMXZ, RUMXZ2 NEW
1951 FORMAT(////11¥%, ' I TERA T I V E SOLVER DATA A', NEW
4 //11X,I15, 5%, 'OPTION NUMBER FOR PRECONDITIONED CONJUGATE ', NEW
5 " GRADIENT SOLVER'/11X,TI15, 5X, NEW
6 'MAXTMUM NUMBER OF ITERATIONS FOR ITERATIVE SQLVERS'/11X, NEW
7 lF1E15.4, 5%, '"ACCELERATION FACTOR FOR LSOR SOLUTICN', NEW
2 /11%,1PD15.4, 5%, 'ABSOLUTE CONVERGENCE CRITERION FOR FLOW', NEW
3 ' SOLUTION'/11X,1PD15.4,5X, 'ABSOLUTE CONVERGENCE CRITERION', NEW
4 ' FOR TRANSFORT SOLUTION') NEW
CONTINIIT, C1E40.
(o T1350.
[ INFUT DATASET 9: FLULD FROPERTIES ClAa0.
READ (KT, 200) COMPEL,CW, SIGMAW, RIIOWO, URHOWO , DRWDU, VISCD C1370,
CooL.. [MNEL DATASET 10: SOLID MATRTY FROFERTIES 138
READ(KL, 200) COMPMA, CS, STGMAS, HHOS CL3a0
200 FORMAT(R3G10.0) L4000
IT{(ME.RO.+1) 1410,
1 WRLTE{K3,210}CDMPFE,COMPMA,CM,_J, L1500, REHOS, RIIOWO, DRWDT, URHOWQ, C1420.. .
2 SIGMAW, 510MAS CLaA0. .,
210 FTORMAT ( ///;llA,’L ON S T ANT FEOPERTTIES oo, C1a4n., ..,
1 ' b L 17 IZD AND S50 001 MATILRTI X' Cl4as0...
2 AAT1TE,IPD1E, 4, 5, "COMPRESSIBILITY OF PTUTOY /114, LeD1S. 41, 5¥, Claan, ..
3 'COMPRESSIBILITY OF POROUS MATRLIX'//11lX,1PDL5.4, L4, 1470, ..
1 'SRPECITTS HEAT CAPACLYTY OF FLUID',/L11¥,1FD15.4,5x%, CL4ad0. ..
o] 'ERRECTRIC HEAY CAPACITY OF S0LID CRATN'/ /13X, "RLULD VISCOSITY',C14490. ..
5] ' 153 CALCULATED BY SUTREA AS A FUNCTION WE TEMPERATURE IN ', CIs00. ..
7 TUNLITE OF [kg/{(m*s) '/ /118, 1PR15,4, 5%, "VISCO, CONVERSTON ', 1510, ..
8 'TACTOR TOR VISCOI11Y UNLLS, [dehlrnd units] = VISCO*T, Clhz0. ..
9 Vikg/ (m*Fs) 1/ /11K, IPDLGE L4, B, "DENSTTY OF A SOLID SRAIN' CTH30. ..
= //L3%, "FLUID DENSTTY, RHOW'/13x%, "CALCULATED BY 'y CLs4A0. ..

1 'SUTREA TN TEREMS OF TEMUERATURE, U, AS:'/13%, "REOW = REHOWO + ', CL1H%0...
2 'DRWDU (U-URHOWE) '/ /11X, IPDL1S .4, BHE, "FTLUILDLD BASE DENSITY, RIOWC' C1560...
3 F11¥, 1PDL5. 4, 5%, "CORFFTCTENT OF DENSLTY CHANCE WTTH ', CLIT0...

g 'TEMPERATURE, DRWDLU'/L11¥, 1PD15.4, 43, "TEMPERATURE, URHOWO, ', CT1ai0..,,
2 "AT WHICH FLUID DENSITY T8 A1 2SASk VALUE, RICWO! CLlse0...
& AALLE, IPDL Y 4, 5X, "THEREMAL CONDUCTIVITY OF TLUTR! CLenn. ..
7 ALL1M, 1FD1S .4, 85X, "I'HRRMAL CONDUCZTIVITY OF SOLT0D GRAIN') Cleld. ..

IF(ME.TQ.-1) CTeA0, ..
1 WRITE (K3, 220) COMELL, COMEMA, VTS00D, EHOS, RHOWD, DEWD, URTICWO, STGMAWC1E30 ., | .

S0 FORMAT(IN1////711%,'C O N 8 1 AN T FROPFRTLES OF', Cledd, ..
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1 ' FLUIED AN D S 0L LD M A THRT X!
@ /A1T¥,1PD1L .4, X, "COMERESSIBILITY OF FLULD'/11H, 1P0D15. 4, LY,
3 TCOMPERESSL21LLITY OF POROUS MATRTX!

1 A1, IRDTS L4, 0¥, 'TLUID VISCOSITY!

4 AALLKE,LPDLS .4, 5%, "TDENSLTY OF A SOLID GRATN'

5 /713, "TLUID DENSITY, RHOW'/13¥, "CALCULATED BY ',

] UTRA THN TEREMS OF S0OLUTE CONCENTREATION, U, AS:',

/ L3, "RHOW = RHOWOD + DRWDU#* (U-URIOW0O) '

g JALLE, LPDLS. A, 5%, "FLULD BASE DENSTTY, RHOWO®

El 11, TPDL .4, B, "CORFFICIENT OF DENSLTY CHANGE WITH ',

* YSOLUTE CONCENTRATTON, DREWRIT

1 JL1¥, LPDLS.4, 5%, "SOLUTE CONCENTRATION, URHCWO, ',

4 TAT WHTCH TLUID DEESITY I5 AT BASE VALUE, BRHOWD!

5 /L1, 015,04, 5%, "MOTRCULAR DTIFFUSTVITY OF S0OLUTE LN FLULD')

Can i LpEur UAJA B 11 ANSORPTTON RPARAMETERS
READ (KL, 0y ADSMODL, CHLL,CHILS
240 FDRMAT(AL(,LQLU m
[HA{MEL.BQ.+1) COTO 244
LE (ADSMOLY, BQ, "NONFE YyOGOTO XH4
WRITE (¥3,232) ADSMOD
23D FOEMAT(////VIN,'A D 8 O R P T IO
JA16x,A10,5X, "EQUTT.TRRTUM S0ORPET
COTO 236
234 WHTTE (¥3,2350)
B35 TORMAT (////711, A b 5 R P T T ON PARAMETEIRS'
AT e, 'NON—GOREING SOLUTE ")
236 LE { (ADSMOL, CTHONE ") LORE L (ADSMOD L EG. "LINEAR "y LOR,

Iy PARAMETETRESES
TON ISOTHERM')

1 (“DJMCD Lu TEREUNDLICH") LOR. (ADESMOD . EQ. "LANGMUIR ')) GOTO 238

WRITE (K3, 237)
237 FORMAT(//JI!, & % x % ERRCR DETECTED @ 1YDPE OF SORPTTON MODEL
1 V1S NGL SPECTFTRD CORRRCTIY.'/11¥, 'CHECH FOR TYEE AND ',
2 "EEELLING, AND THAT TYPE 15 LEp[—-JUSTTFTED IN INPUT FIELD')
INETORP=TNSTOR-1
228 IF{ADBMUD.EQ.‘LmNFAR ") O WRTTE (K3, 242) CHIL
24w FORMAT (11X, LPDLG.4, 5X, "LINEAR DISTRIBUTION CORFFTCIENT')
LE(ADSMDH.EQ,‘PRFUNPTTLH') WRITE (K3,244) CHIL,CHIZ
244 TORMAT (L1¥,1PD15.4, 5%, "FREUNDLLICH DISTRTRUTTON COETTICIENT'
1 J11%,1PD1 5.4, 9%, '"SECOND FREUNDLICH COEFFLICLIENT')
IF (ADSMOD . EC. "FREUNDTTCH' LAND.CHTZ .IE.0.D0) THEN
WRITE (K3,245)
245 PORMAT (L1, '* * # + ERROR DETECIED ;  SKECOND CORFFPICIENT ',
1 'MUST BE CRREATER TIAN ZERO')
INSTOP=1NSTOI-]
FNDTE
LE(ADSMOD RO, "TANGMUTE ') WRITE(K3, 246) CHLL,CHLZ
246 FORMAT (11X, 1PDL5.4,5%, 'LANGMUTR DTATRIRUTION COEFFICIENT'
1 J11¥,1FPDLS. 4, 5¥, 'SECOND LANGMUIR COEFFICTENT')

Covnns TNRUT DATA ;ET L2: PRODUCTION OF ENERGY OR SQLUTE MASS
248 HEAD (K1,200) FRODFO, PROD%J PRODFL, PRODEL
IF(ME.EQ.-1) WRTITE(K3,2L0) PRODIO,PRODSC, PRODF l, PROBRE]
ZEQO FORMAT(////11%,'"P R O DU O TTION AN D D.ECAY o F

1 'S PECILEGS MoA S ST//13K, "FRODUCTION RATE (+) ' /13X,

2 'MECAY RATE (=) '//L11¥,1PDL15%.4d, 53X, "4ERO-0RDER RATE O ZOLUTE
3 'MASS PRODUCTION/DECAY TN FLUID'/11X, 1PDL15.4, 5X,

4 'ZERO-ORDER RATE OF ADSORBATE MASS PRODUCTION/DECAY IN T,

=} '"TMMORBTLE PHASE'/11X, 1PD15.4, 5X, '"FIRSU-0RDER RATE O ZOLUTE
3 "MASS PRODUCTION/NECAY TN FLJID'fl'X 1pPDl15.4, 5%,

4 'TTIRST-0ORDER RATE OF AUDSORBALE MASS FRODUCTION/DECAY IN ',
5 VIMMOBEITTE FHASE')

IF(ME.EQ.+1) WRLITE{K3,260) PRCDFO,PRODS0

r

r

r

C1650. ..
CTleal. ..
1870, ..
Clesn. ..
Clesn. ..
L1700, ..
CL/L0. ..
1720, L.
1730, ..
CL740.0 ..
[ 20
Cl760. ..
o0 L.
CL7e0. ..
SEOD. L.
O I I
ClEzD. ..
CLE30. ..
18400 ..
CLEE0. ..
clEad. ..
[N RO
CLesE0., ..
oLash. ..
C1e00. ..
CLel0. ..
19200 ..
C1e30...
CLe40. ..
CLan0. ..
C1H60. ..
CLeT0. ..
CLes0. ..
C1e9d. ..
C2000. ..
CEQLO.L ..
C20E0. ..
CEQ30. ..
040, ..
C2050. ..
C2060. ..
CEQYOL ..
CA0R0. ..
2090, ..
CELOO. ..
CA110, ..
C2LED. ..
CR130...
C2140. ..
2150, ..
C21a0. ..
CELYDL ..
CA1E0. ..
C2190. ..
oR2O0. ..
CR210, ..,
C22ED. ..
CE230...
C2240. ..
CEEZR0L ..
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260 FORMAT(////11¥,'P R O D U C [ L ON AN D L a5 5 aor ', CR2dn. ..
1 'E N B R GY'/IEK, TPFRODUCTTON RATE (+) "/13X%, C2280. ..
'TOSE RATE (=) '//11X,1FDL5.4, 5%, "ZERO-0ORDER RATE OF RNERGY ', C2200...
'PRODUCTION/LCSS IN FLUID'/11X,1FD15%.4, 5%, 200...
'"SERO-ORDER RBATL OF ENRERCY FRODUCTION/LOCHES IN ', C2310...
'E0OLID GRATINS') FE%UU...
C.o. . BET PARAMETER SWITCHES 20K ELTHER ENERGY OR SOLUTE TRANSFORT
THR(ME)Y 272,272,274
[ FOR SOLUTE TRANSFORT:
272 CE-0.0N0
Cw=1,000

L) R S

S1GMAS- C.L0D0 F/ibo...
GOTG 2778 CE390, .,
o FOR ENERGY TEANSFORT: L94LL._.
274 ADSMOD- "HONE ' CAA10, .,
CIIT1=0.000 C2A20, ..
CHTZ2=0.000 CEA30.0 ..
PRODEL=0.0D0 C2440. ..
BRODST=0_000 CAA50., ..
| DTVTDE SLCGMA TO CANCEL MULTIPLICATTON BY RHOW*CW CcEAe0. L.
o 1IN SUBROUTINE ETLEMEMN. CE470. .
RO RIIOWOACW wRARG., ., .
STOMRW=S2 [ GMAW /1RG0 c2AR0. ..
SLGEMAS STOMAS/ROO CALDG, L,
208 CONTTMUE c2hHL0...
o CEhR0 ...
Crnn v INFUT DATASLET 12: ORTENTATION OF COORDINATES 0O GRAVITY CRARA0. L.
EEAD (KT, 200) GRAVE, GRAVY CREA0, ..
WRTTE (K3, 320) CRAVE, GRAVY C25R0...
320 bHHMAT(////llX,'C OO R T N A T R O R IENTMLMTIGCHN ' CELBR0. ..

1 'TO R AV LD Y'Y/, "COMPONENT OF GRAVITY VP’“(R' CE2ET0., .
7 /ljx,'IN tx DIRECTION, CRAVX'/11X,TPHT,.4,5X, CEREDL ..
3 'GRAVY -CRAV * D(RLFVATLON)/UX'ﬁ/lBX,'CDMPDNENT OF GRAVITY ', 2590, ..
4 VVRCTOR' /13K, "IN +Y DIRECTION, GRAVY'/11¥,1FPD14%.4, 5%, C2edd. ..
5 'GLRAVY =GRAYV 4 D(RTEVATTON) /DY ') CERTOD. .
I CZEZ0. ..
Coo oL INPULD DATASETS 144 AND 1403: NODEWTSE DATA CEGEOL L.
READ (KL, 330) SCALY, SCATY, SCALTH, POHREAL OAedl), .
330 FORMAT (LOX,4G10.0) CreR0, ..
DO dh T=1, NN Craal, ..

ERAD (=1, 4OP} IT,%(II),Y(IT), TOHICKE(TT),ROR(LL) CIZeto.
400 FORMAT (IS, 5%, 4G10.0) C2680NEW
HA(TTY=x(11) "SCALX CERO0. ..
Y(LL)=Y (II)*5CALY CAT00., .,
THICE(TT)=THTCR (L1) *SCALTH C271G. ..
FOR(TL)=UPOR(LL) *EFORFAC C2T20. ..
= SET SPECTFTC FRESSURE STORATIVITY, 20F. C2730. ..
450 =0OP(T 1) =(1.D0-POR(I IV ) *COMPMBIFOR(TT) *COMPRT, CETA0. L.
460 1K (KENODAL.EQ.Q) WERITE (K3,469) SUALX, BCALY, SCALTH, PORFAL CEEN0 L,
460 FORMAT (LEL////11¥,'N O D R I M F ORMATTION' //16K, CRTEDL L.
1 'ERINTOUT OF MNODE COORDINATES, THLCENESSES RND FOROSITIES ", CATT0, ..
2 ‘CANCERERU,'/#lGX,'SCALE FACTORS ' /33¥,1FD15H .4, 5%, "¥-3CAaLE" / C2780...
] 33K, LEDLE.4, 0¥, '"Y-5CRALE /5353%, 1FD15., 4, S5x, "I'HICKNESS FACTOR'/ cEen ...
z 33X, LFDLY .4, B, 'P)RJL\LY FACTOR") CAEO0, ..
IT (KNODAT FQ.+1)WELIE (K3, 4 70)(I,X{I),Y(i),THTCW(T),PDH(i),l=l,NN) CEELOL..
470 FDRMAT(lHL/f“lX ‘N O DL THNMFO=EMAT L O N'f/lEX, TEReE0 ...
L 'MODE', VM, "H', Tﬁn,'V',le,'%H_LhNb_q , 6X, '"FOROSTITY '/ / SABI0.L L,
o (11,14, (3x lDDlél ), 86X, 0PTA.L)) H‘84:').,_
[ CFHIO0L L.

Covan INFUT DATASETS 13A AND 15B: ELEMENTWISE DATA ‘WSUO...
READ (KT1,490) PMAXFA, PMINEL, ANGEAC, ALMAXE, ATMTNE, ATAVGE
490 FOEMAT (10X, 6GL0D.0)
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200

510

520

L0

hed

EEE

o

C

1000
1

2

TF (KETMNT . FQ.+1) WETTF (K3, 500)
FORMAT (IHL//11%,'® L 8 MENT INFORMATTIOMN//
11%, "ELEMENT', 4X, '"MAXIMUM', 9X, "MINIMUM', 12¥,

=

2 'ANGLE BETWEEN', 3%, ' MAXTMUM', 53, ! MINTMUM', 5%,
4 ' AVERAGE'/22%, "PERMEASBLLLTY ", 4%, 'PERMEABLILITY ', 1X,
i "1¥X-DIRECTION AND', 3, 'LONGTTURTNAL', 3%, 'TONCTTUDTNAT,' 3%,

[sa]

3%, "DISPERSIVITY ', 3X, '"DISFERSIVITY'/58%, ' (IN DEGREES) '//)
DO 550 LL-1,NE
READ (X1, 510) L, EMAX, EMIN, ANGTEX, ATMAX (1), ATMIN (1) , ATAVE (1)
FORMAT (I5, 5X, 6G10.0)
DMAX PMAXAEMANTA
EMTN=FMTN*EMTNEA
ANGLEX=ANGLEX* ANGFAL
ALMAY (L) =ALMAY (L} *ATMAXF
ATMIN (L)y=ALMLN (L) *ALMINF
ATAVEG (L) ATAVE (L) *ATAVEF
TF(XKELMNT.EQ.+1) WRLILE(K3,520) L,FMAX,PMIN,ANGLEX,
I ALMAX{L),ALMIN(L}, ATAVG(L)
FORMAT (11X, I7,2¥, 2 (1PDL4. 5, 2¥) , 4%, 2 (OFF10. 3, 5X))

.ROTATE PERMEARILITY FRCM MAXIMUM/MINIMUM T X/Y DIRECTIONS
RADIAX=1.745328D-0Z*NNGELEX

SINA=DSTN (RADTAX)

COBA=DOOE (RADIAK)
SINAZ SINA*SINA
CORAR=CORA*CO5A

PEEMEX (L) =FMAX*COSAZ+PMIN*SINAZ

FEREMYY (1) =FMAX*STNAY+PMIN*COSAZ

PREEMXY (L) = (PMAX-FMLN) *SINA*COSA

PERMYX (L) PERMXY (L)

PANGLE (L) RADIMX

CONTINIIT

[F(ERELMNT . RG.0)
1 WRITE (K3, 569) PMAXFA,PMINFA, ANGFAC, ALMAXF, ALMTNF, ATAVGEF
FORMAT (////711¥, ' T, B M B N T I NEORMATILOCN//

léx, "PEINTOUT OF ELEMENT PERMEABILITIES AND DISPERSIVITIES

'"PERMEABILITY FACTOR'/33X,1PD15.4, 5%, "MINIMUM PERMEABILITY

[y I S L R R

'UFACTOR' /33K, LPDLE. 4, 5K, "TRANSVERSE DISPERSIVITY TACTOR')

LEND SIMULATION FOR CORRRCTTONS TO UNTT-5 DATA TF NECESSARY
[F(INSTOP.8Q.0) GOIO 1000
WRITE (K3, 993)

TORMAT (/////7///171¥, "PLEASE CORRECT TNPUT DATA AND RERUN,',
] A2, LM UL AT L ON HALTED',

z JERZR, VEAREARAAREAARRA AR A R AKKEKK KK LKA )

ENDFILE (KE3)

STOF

IF (KINCID.EQ.0) WRITE (K3,1)

FORMAT (1H1////11X, ' M E S H CONNECTION DATA'//
1 16X, '"PRINTOUT OF NODAL INCIDENCES CANCELLED.')

IF (KINCID.EQ.+1) WRITE (K3, 2)

FORMAT(1HE1////11X, M E S H CONNECTTIOMN DATA',
1 ///11X, ' #%*%* NODAL INCIDENCES *%k%'///)

2 ' TRANSVERSE' /50X, "MAXIMUM PERMEABLLITY'", 3X, '"DISFEREIVITY',

'CANCELLED. '/ /16X, '5CALE FACTORS @' /H3¥,1FD1Y .4, LX, "MAKTMUM

'TACTOR' /33X, 1PDLL .4, 50X, "ANGTE FROM +¥ TO MAXWTMUM DTRECTTON',
VFACTOR' /33X, IPRIS .4, 5K, "TMAX LMUM LONGLTUDLINAL DISPERSLIVITY',
URACTOR' /33X, 1PD15.4, 5%, '"MINIMUM LONGITUDINAL DISFERSIVITY',

CE2890. ..
C2a00. ..
CEe10. ..
CAa20, .,
C2930. ..
CEY40n, .,
C2950. ..
CE960. ..
CE970. ..
CROB0. ..
CZ29930NEW
C3000. ..
CI0L0...
CAOZ0. ..
C3I030...
C3040. ..
C3050. ..
C30a0. ..
OE00.L L.
C3080.,.,.
C3090, ..
C3L00. ..
3110, ..
C3120. ..
CE1A0. L.
C3140. ..
C3150...
C316R0. ..
C3170...
CALRO. ..
C3Te0. ..
CR200.., .

C3210.0..
CIZZ0. ..

3300, ..
CEE10. ..
[ DEN 0
C33Z0...
23340, ..
33500, .
S3360. ..

CE3T0. ..
SA380. ..
C3E390...
34000 ..
C3410. ..
C3420...
NEW
NEW
NEW
NEW
NEW
NEW

NEW
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C..... CALCULATE INCIDENCES FOR REGULAR GRID NEW

NEX=IS-1 NEW
NEY=JT-1 NEW
NELEMN=0 NEW
DO 560 IE2=1,NEX NEW
DO 560 IEl=1,NEY NEW
NELEMN=NELEMN+1 NEW
NO=IEl+4 (IE2-1) *JT NEW
IIN(1)=NO NEW
IIN(2)=N0+JT NEW
IIN(3)=NO+JT+1 NEW
IIN(4)=N0+1 NEW
c NEW
c..... PREPARE NODE INCIDENCE LIST FOR MESH, IN. NEW
DO 570 II=1,4 NEW
III=II+ (NELEMN-1)*4 NEW
570 IN(III)=IIN(II) NEW
C NEW
IF (KINCID.EQ.0) GOTO 5&0 NEW
WRITE (K3, 650) NELEMN, (IIN(M),M=1,4) NEW
650 FORMAT (11X, 'ELEMENT', I6,5X%,' NODES AT : ', 6X, 'CORNERS ', NEW
1 5(1H*) ,41I6,1X,5(1H%)) NEW
c NEW
560 CONTINUE NEW
c NEW
C *x# NOTE: BANDWIDTH FCOR A REGULAR GRID IS FIXED NEW
WRITE (K3, 2500) NBIP,NBIS NEW
2500 FORMAT (////13X, 'BANDWIDTH FOR PRESSURE MATRIX, ',6 T4/ NEW
1 13X, '"BANDWIDTH FOR TRANSPORT MATRIX, ', I4) NEW
c NEW
c SET UP POINTER ARRAYS FOR MATRICES NEW
NPT (1)=-JT NEW
NPT (2)=1-JT NEW
NET (3)=2-JT NEW
NPT (4) =0 NEW
NPT (5)=1 HNEW
NPT (6)=2 NEW
NPT (7)=JT NEW
NPT (8)=1+JT NEW
NPT (9)=JT+2 NEW
C NEW
RETURN NEW
END : C3440
C SUBROUTINE S 0O U R C E SUTRA - VERSTON 1284-2D0 510.....
o) E20.....
O *** PURPOSE B30, .. ..
¢ *%% T READ AND CORCGANIZE FLUID MASS SOURCE DATA AND ENERGY OR EAD.....
¢ ww%  SOLUTE MASS SOURCE DATA. E50.....
) E60.....
SUBROUTINE SOURCE (QIN, UIN, IQS0P, QUIN, IQ80U, IQSOPT, I050UT) E70.. ...
IMPLICIT DOUELE PRECISION (A-H,0-Z) ERO. .. ..
COMMON/FUNITS/ KO00,K0,K1,K2,K3,K4,K5,K6 MODIFIED
COMMON/DIMS/ NN,NE,NIN, IS, JT,NBIP,NBIS,NPT(9), NPRC, NUBC, E90NEW
1 NSOF, NSOU, NBCN B100....
COMMON/CNTRL1,/ GNU,UP,DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC, ELl10NEW
1 NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME E120NEW
DIMENSION QIN(NN),UIN (NN}, IQ3CP(NSOR), QUIN (NN, TOSCU (NSO E130....
C ELl40....
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C.o.. L NBEQPI IS ACTUAL NUMEELR OF FLUID BQURCE MODES
e NECQUT TS5 ACTUAL NUMBEERE ©F SCLUTE MASS OR ENERGY SCURCE NOUIERS
NEOP L=NSOP -1
NEQUI-N5HQU=1
I QS30OPT=1
Los0oul=1
NIQE O
NTOU=0
IF(NEOFL.EQ.D) GOl 1000
TR (ME) a0, 40, 150
SOOWH TR (RS, 1000
LO0 PORMAT(LAL//// 715, LU T I S 0 U R OFER AT AT
AL, VEEEE NODEE AT WHICH FLULD ITHELOWS OR CIOTFLOWS ARE

s

2 'EPRCITIED w#%xt /11K, '"NODE NUMBER', 10X,
3 TRLULD ITNFTOW(+) /QUTPTOW (=) ', 5%, "SOTITE CONCENTRATION OF

FLL1¥, " (MINUS INDICATES', 35X, ' (FLULD MAZ SRCGNT) T,
1%, "INPLOWING FLUID' /12X, 'TIME-VARYING', 33X,
V(MASS SOLUTE/MASS WATER) ' /12X, "FILOW RATE OR'/L2X,
VOONCENTRATION) '/ /)
GO0 300
1530 WRITE(KZ, 200)
200 TORMAT(LHL////L1L¥,'F L U 1 D 5 O URCE LA AT
1 JAA/T I, v awws NODES AT WHICH TLUID INFLOWS QR QUIFLOWS ARW
PSPRCTETRD arax /11, "HODE NUMRBER', 103,

S

Ty

L 2

11, Y (MINUS INDICATES', BX, " (FLUID MASS/SECOND) ', 19K,
VOR O INFLOWTNG PTOTD /128, "TTMRE=-VARYTINC ' /12¥, '"TLOW OR' /12X,
'"TEMPERATURE) "/ /)

jap oy |

. LNEPUL DATASET 17
00 CONTTNUR
REAL (K1, 4000 10CE, QTNG, UTNG
400 FORMAT(IL0, 2615.0)
TF(IQCE.ED.D) GOTD 700
MTQF=NTR+1
LOB0r (NIQr) =TQCP
IF(IQUE.LT.O) Ios0pl=-1
[OP=TABI (TQUF)
GLIN (Lol ) =0LNC
UIN(IQE) UINC
(R (TQOF.CT.D) CGOTO 450
WRITE (K3, 500) LoCe
GO0 a0
A50 LR (QINC.EI. DY GOTOD 460
WRITE (K3, 00) 100k, QLNC
GOTO &00
440 WRTTR (K3, 500) IQCP,QINC, TINGC
EOD PORMAT (11X, 110, 13X, 12FR14.7,16¥,1FFE14.7)
a00 COTO 300
700 TR(NTQR.EQ.NSOPI) GOTC 890
Cenns END SIMULATION TF TEREFR NERD RE CORRECTIONS TO DATRSET 17
WRITE (K3, 750) NLQP, N3ODPL
TH0 FORMAT(// /11, "TIE NUMBER OF FLUID S0URCE NODES REAL, ', ThH,
1 COIs NOT BQUAL 1M THE NUMERER SPECTETRED, ', T4///7/
2 1%, '"PLEASE CORRECT DATA AND RERUN'/////7//7/
3 AEAX,'S T MULATTION nAaALTETD'
4 22K, ")
ENDEILE (K2)
STOF
GO0 LB (LOSOM.ED,=1) WRTTFE (K3,90M
SO0 TORMAT(////LL¥, "IdE SPECLELED 'T1ME VARTATIONS ART ',
1 "USRER-FROGRAMMED IN SURBREOUTINE L C T I M E .')

’
r

’
r

TELULL LNELOW (=) /OJTFLOW (=) ', 5%, "TEMPRRATIRT |DECGREES CELCIUST!

Llh0.. ..
Flad.. ..
EL70....
R180.. ..
E190..., .
EZ00.. ..
E21l0....
FE220....
E230....
BE40. ...
RS0, ...
EZ60....
E270.. ..
g0 ...
BE20. ..
L300.. ..
F3T0. ...
E3Z20....
L330....
E340....
EB350....
LAe0.. ..
F370.. ..
BE3B0. ...
E390....
4000 ...
EALO. ...
L420....
F430.. ..
EA10.. ..
R4h0. ...
EAGO. ...
E470....
F480.. ..
[ 1 S
ES00.. ..
ELLO.. ..
FEo20.. ..
ES30....
Lhd0.. ..
Foh0. ...
ES60....
BEST0. ...
E380....
ES9C. ...
LaO0....
Fett.. ..
B&20. ...
LE3I0....
Fedt. ...
BE&50. ...
E&6C. ...
ne/0.. ..
E680.. ..
L&a90. ...
OG0 ..
E710....
E720....
E730.0...
E740., ...
E750....
Eieal. ...
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« ET770.. ..

o E780....
1000 IF(NSOUILEQ.D) GOTO S000 E790....
IF(ME) 1045%0,1050,1150 EEO0....
1050 WRITE (K3, 1100 TRIO. ...
1100 FORMAL////////01, '8 O L U T R S 0OURCE DAT A FRZD. ...
1 AL, YRR AR NODES AL WEICE SQURCES OR STNKS OF SOLUTE ', ER3I0....
i "MASS ARE SPECIFIED #*#%%4' /711X, "NODE NUMEER', 10X, RRA0, ...

3 "SOLUTE SOURCE (+) /SINK (=) '/11x, " (MINUS INDICATES', 5, KHES0. ..
{SOLUTE MASS/SKCOND) ' /12X, 'TIME-VARYTNG' /123, ES60. ...
5] YSOURCE OR SINE) "/ /) E8/0....
COTO 1300 EREA0. ...
1150 WRLTE (K3, 1200) B8O, ...
1200 TORMART(////////11K,'"E N E R G Y SO URCCE LA AT EO00. ...
1 JAFALLK, VEEEr NODES AT WHICH SOURCES OR SINKES OF ', FO10. ...
z 'ENERCGY ARE SPFRCIFIED ****'//11¥, '"NODE NUMERER', 10X, E920....
3 "ENERGY SCOURCE (+) /SINK(-) ' /11X, " (MTNUS TNDICATES', 5X, E930. ...
4 " (ENERGY/SECOND) ' /12, "TIME-VARY LNE=' /12X, EB40. ., ..
5 TSOURCE OR SINK) '/ /) E950....
o F960. ...
[ INFUT DATASET 18 BOT70.. ..
1300 CONTINUE ES80....
READ (K1,400) TQOU, QULNG ES90....
TR(TQCU.=0.0) GoTo 1700 R1000. ..
NIQU=NIQUI1 B101C. ..
TOSOUINTOU) =1000 E1020. ..
[F(LOQCU.LT.0) IQS0UT=-1 R1030., .
LQU=IABS (IQCI ©1040...
OUTN (TQU) =QU LNC 1050, ..
LE(IQUU.GT.0) GOTO 1450 w1060, ..
WEITFE (K3, 1500) 1QCU EL070. ..
GOTO 1600 E1080., ..
1450 WRITE (K3, 1500) IQCU,QUTNC 1090, .,
1500 FORMAT (11X, I10,13%,1PE14.7) E11Q0...
1600 GOTO 1300 E1110...
1700 TR(NIQU.EQ.NSOUIL) GOTO L1890 E1120,..
Covun END SIMULATION TF THEREE NEED BE CORRECTIONS TO DATASET 18 E1120...
IF(ME) 1740,1740,1760 EL1140...
1740 WRTTE(K3,1750) NIQU,NSQUI E1150...
1750 FORMAT (////11¥, "THE NUMBER OF SOLUTE SOURCE NODES READ, ', T5, E1160...
1 'IS NOT EQUAL TO THE NUMBER SPRECTFIED, ', 1S5//// 1170, ..
z 11¥, '"PLEASE CORRECT DATA AND RERUN'//////7/ BE1180...
3 I2X,'S T MU L AT ILION HALTETD'"/ ELL190. ..
4 BN, - 1) E1200. ..
ENDFILE (K3) o T1210. ..
STOP E1220...
1760 WRITE (K3, 1/70) NIQU,NSOUL ELZ30...
1770 FORMAT (////11X, 'THE NUMBER OF ENERGY SOURCE NODES RERD, ', I4, m1240. .,
1 ' IS NOT EQUAL T THE NUMBER SPECIFIED, ',IL//// ®1250...
2 11¥, '"PLEASE CORRECT DATA AND RERUN'//////// El1260...
3 PRN,'5 I MULATTION HALTETD D'/ EL270. ..
1 22X, " ‘ " B1ZE80...
ENDFTILE (K3) o E1200. ..
SI0OE R1300. ..
1890 IF(IQSOUT.EQ.-1) WRITE (K3, 900) E1310...
& E13Z0...
3000 RLTUEN E1330. ..
o E1340...
END E1350...
o SUBROUL LNE B O U N T SULRA - VERSION 1284-2D F10.....
C FEOL ...
(o =%% PURPOSE T30.....
C o#*%* P READ AND ORGANTAR SPECTFIED PRESSURE DATA AND FADL ...
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O o#xs SPECTIFIED TEMPERATURE OR CONCENTRATION DATA. F30.....

I Fal.....
SUGROUTINE BOUND (LR, FRC, TURC, UBC, IPBCT, IUBCT) FT0. ...
TMRT.TCTT DOUBRLE PRECISION (A-H,0-7) FEO.....
COMMON/FUNITS/ K00,KO0,K1l,K2,K3,K4,K5,K6 MODIFIED
COMMON/DIMS/ NN,NE,NIN,IS,JT,NEBIF,NBIS, NPT (9),NFBC, NUEC, FOONEW

1 NGOE, NSOU, NBCN B0

COMMCGN/CONTRT1/ GNU, UP, DTMULT, DIMAX, ME, TESFLO, ISSTRA, L1CYC, FL10....
1 MPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, IUNSAT, ITIME F120NEW
DIMENSTON TRED (NBCN) , PBC(NBCN) , LUBC (NRCN) , TIBC (MBCN) FL130....

C T140.. ..

& FLS0. ...
IPECT=1 Flal....
TULRCT L F170. ...
[STORR=0 FLAO. ...
L 3TOFU=0 FLlO0.., ..
IFU=0 F200....
WRETTE (K2, 50) F210.. ..

50 FORMAT (1IK1////11%,'B O U N D AR Y CONDITIONS") Fzz20....
IT (NFPEC.EQ. Q) GOTO 400 FE30.. ..
WRTTE (K3, 100) Faal. ...

100 FORMATL (//11%, "#&*%% NODES AT WHLCH PRRESSURES ARE', F250....
1 ' SPECIFLED **=*1/) FRel. ...

LE (M) 107,107,114 F270....

107 WRITE (K3, 108) T2E0.. ..
108 TORMAT (11X, (A% WELL A5 SOLUTE CONCENTEATION OF ANY' F2al. ..
1 JL6¥, ! FLUID INFLOW WHTICH MAY CQCCUR AT 'THE FOINT' FA00....

2 /16%, ' OF SEECIFIED PRESSURE)'//12¥, "NODE', 18X, 'PRESSURLE', F310.. ..

3 13X, "CONCENTRATION'//) F320....

COTO 120 F330....

114 WRLITE (K2,11%) F3A0.. ..

115 FORMAT (11, (A% WELL AS TEMFERATURE [DEGREES CELCLUS] OF ANY'T350....

1 /18¥, " FLUID INNLOW WHTCH MAY OCCUR AT L[dE FOTNT' F3el....

2 J16¥, ' OF SPRCITIED PRESSURE) '//12¥, 'NODE', 18X, F370....

2 'PRESSURE', 13X, ' TEMPRERATURE'//) FAR0.. ..

C F2O0, ...
o INFPUT DATASET 14 F400....
120 IPU IEBU+1 F410....

READ (K1, 150} IPBC(LPU)Y,PRC(TPU),URBC(IFU) F420.. ..

150 FORMAT (TS5, 2C20.0) F430....
IT(IFBC(IFUY . L1.0) TRFRBOT=-1 r440....
ITF(TPRC(IPI) JEQ.O)Y G010 180 FA50. ...

IF(IPBC{TPUY .CGT.0) WRITE(E3,160) I1PRC(IRU),FPBC(IFU) UBC(TRD) FAGD. ...

IF(IBFBC(IPU) . LT.0) WRITE(K3,160) IFBC(LPU) r470....

160 FORMAT (11¥,I5, 68X, 1P020.13, 6%, 1FRZ0.13) Fa480....

GOTO 120 FA50....

180 TRPU=TRU-1 Fulo....

Le=110 FE10. ...

IF (IP.EQ.NFRC) GOTO 200 FE20....
ISTORPP=1 F530....

200 TF(TPRBCT.NE.-1) GOTO 400 Thal.. ..
IF (MEY 205,205,215 FES0. ...

2045 WRITE (K3, 206) F560....
06 FPORMAT (//12%, '"TIME-DEPENDFRNT SPECIFIED PRESSURF' /12X, "CR INFLOW ', FLY/D.. ..

1 "CONCENTRATION INDICATED'/12X, 'BY NEGATIVE NOLE NUMEER') FSEO. ...
GOTC 400 F390....

215 WRITE (K3,216) Fa00. ...
216 TORMAT (//11%, '"TTME-DEEENDENT SPECIFTRD PRESSURE' /12X, "OR INFLOW ', F6l0....
1 "TEMEERATURE INDTCATED' /12X, 'BY NEGAT VR NODE NUMBER') razi.. ..
400 TP (NURC.EQ.OQ) G070 2000 razi. ...

C Faad. ...
IF (ME) 300,500,550 FES0. ...
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H00 WRITE (KZ2,1000) FEEO. ...

1000 FORMAT(////711K, "**x% NODES Al WHICH ?OTUTH CONCENTRATTONS AHw ', THE7O. ...
1 'EPECLELIED TG BROITNDELPENDENT OF LOCAL FLOWS AND PIUID SOURCES',TAHEO. ...
Z ! ****‘f/?ﬂk,'NUDE',lEX,'GDNLmNLhA&lUN'/i) FES0L. L.
GOTD 1120 FROO.. ..

S50 WRITRH (K3, 1000
1007 FPORMAT (/ f/,"' TTH, "#=** NODES AT WHTCH UEMEERATIURES ARE ',
1 'SETOTETD 10 BE INDEPENDREND COF LOCAT FLOWS AND FLUID SOURCES! , I
2 PomkE 12K, NODRY, 155, "TEMEERATURRE '/ /)

'
Covnn INPUT DATASET 20
1120 TRU=11:U+1
REAL (KL, 140 WHH“(lPU),UBC(TPU)
LE{IUBD(TRUY . 1L, 0) IUROT=-1
IF (TURC(ILUY . hﬁ F) GOTC 1180
T (IUBC (IEW) . (0) WRLTE (K3, 1150) 1UBC(IPU) , URC (T
lE(lUBC(TPU). T.O) WRITE (K34,1150) LUBL (TR
LISO PORMAT (11X, 15, 63, 12020, 13)
Coo L1120
1T8HE LEU IFT-1 ..
TU=TF- L1 FHal. ...
_E{LJ.EQ.NUEC] GOTO 1200 F&70....
I5TORI=1 FTEAD. ...
L2000 IT(TURCU.NE,-1) COTO 2000 FHOD, ...
TF (M=) l‘U:,lLU‘,1R15 FOOD, L.
1205 WERLTE (K3, 1206) FoLO. ...
1206 FORMAT (//12%, 'TIMO-DERFNDENT SPECIFIED CONCENTRATION'/12x,'25 ', T920....
1 VINDLCATED TY NREGALLVE NODE NITMERER') FO30. ...
GOTO 2000 Ta40. ...
1215 WRITT (K3, 1216) F950....
1216 FORMAT(//11X, "TTM:-DEPENDENT SFROIFLED TEMETRATURE' /12X, 'I5 ', FOG0.. ..
1 "INDTCATED BY MEGATTVFE NODE NUMEBTR') TG0, L.
C FOE0. ...
Coonn. END SIMULATTON L THERE NEED BE CORRECTIONS 10 DATASET 19 0= 20 FO90. ...
000 IF(ISTORP.REQ.O0.AND.ISTORU, KO.D) GOTO 6000 FIoan., ..
IT(TS10PPLEQ.L) WRTTE (K2, 3000) IR, NRRO F1O10. ..
3000 FORMAL(////11%, "ACTUAL NUMBLR OF SPKCIFIED PREASURE NODES', FLDZ20. ..
1 " REAL, ', 153,', I3 NOT RQUAL U0 NUMGER SPRC_FIED IN', T1040. ..
Z UOTNREUL, ', IR) F1O40. ..
TF{MEY 3500, 3500,4600 FLOGO. ..
3500 IE(ISTORPU.RD. 1) WRITE (K3, 4000) LU, NURC f1060...
4000 FORMAT (////L1¥, "ACTUAT NUMBER OF SFECTFIKD CONCENTRATION NCDES', #1070...
1 " READ, 7,Th,', 1% NOT EQUAT, TO NUMEER SPRCTFLED IN', ELOBO..,
2 'OTNFUT, ', L3) F1080., ..
COTD 800 FLLCO. ..
4600 IF(LSTOPU.EG.1) WRITE(KI, 27/00) (U, NUBC FL110. ..
4700 FORMAT (////11X, 'ACTUAL NUMRBKR OF SPECITIED TEMPERATURE NODRS', T1120. ..
1 " RRAD, ', I5,', TS5 NOUOREQUAL TO NUMPER SPECIFIED TN', F1130. ..
2 OLNPUT, ', Th) #1140, ..
AHOD WRITE (K3, 5000) FL1bht. .,
W FORMAT (////11¥, "ELEAST CORRECY DATL AND KERUMN. '/////77/ F1160..
1 PRE,THE I MU AT L ON AT 1 B D'/ FLIL70. ..
2 2%, i ) ") TLIRO., ..
ENDEILR (K3) ) F1190...
STOP FLZ00. ..
F1210. ..
DOIF(IPRBOT.EG.-L.OR.TURCT.ED,-1) WRITE (K3, 7000) F1220...
) FDRMAT(//ffll},‘THH SPECIFIED TIME VARIATIONS ARR ', FL1230...
1 "USER-PROCGRAMMEL LN SUBRQUTTINE B C T I M E ') Flzan. .,

F1250, ..
F1Z260. ..
FRETURN T1270, ..
END F1Z280...
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MODIFIED
G130NEW
140, ..
G150NEW
G160NEW
GL70....
CIRO.. ..

G310....
G320....
G330....
G340....
G350....
E360....
z270.. ..
(G380....
G390....
G400, ...
GA10.. ..
G420.. ..
G430, ...
G440, ...
G450.. ..
G460, ...
GA70.. ..
G4g0. ...

GEOO. ...
GZ10....
ChZ20.0. ..
G240....
G550.. ..
Ghel....
G5370.. ..
GhEO. ...
G590, ...
G600, . ..

C SURROUTTHR o B 5 b ROV SUTRA - VHASTON 1284-20
o
¢ **= DURFCST
CoAha {1y TO READ AND ORGANTZR OBSTRVATION NODE DATA
o k= {2y 'TO MAEREE ORIERVATLIONS ON FPARTTCULAR TIME SThHIPE
owws (3} 10 QUTPUT ORSERVATIONS AFIKH COMPTLETION OF S1MULATTON
o)
SUBROUTINE OBSKEEY (TCATT, TORS, ITORS, PCES, UORS, ORSTIM, EVEC, UVRED,
1 [ETOR)
IMBELICI DOURIE PREDSISION (A-H,0-4)
CHARACTER"LZ UNAME (2)
CHARACTER*1(0 UNDERS
COMMON/FUNITS/ KO0O0,K0,K1,K2,K3,K4,K5,K6
COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIF,NBIS, NPT (9),NPBC, NUEC,
1 NEOP, NEOT, NTCH
COMMON /CNTRL1/ GNU, UP, DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC,
1 NECYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME
COMMON/TIME/ DELD, TSRO, TMIN, THOUR, TDAY, TWERK, TMONTH, TYEAK,
1 TWMAY, DELTE,DELTU, DLTPM], DTTOMT, TT, ITMAX
COMMON/QBS/ NOBSN, NTORSN, NOBCYC, LUCNT
NTMENSION INOB{G6)
DIMENSTON TORS (NOBSN) , FOBS (NORSN, NTORSH) , UOBS (NOBSN, NTOBSN) ,
1 OBSTLM(NIORSN) , TTOLS (NTOBSN) , PVEC (NN) , UVEC (NN)
OATA UNAME (1) /'CONCENTRATTON'/, UNAME (2) /' TEMPERATURE'/,
1 UNDERS/ Y '/,
1 TTCNT/ 0000/
C
Covnnn NOBS 15 ACTUAT, NUMRBER OF OBSERVA'TION NODES
ST NTOES I5 MAXIMUM NUMBEE QF TIME STEPS WTITH OBSERVATLONS
NOBS=NO35N-1
NIOBS=NTORSN-2
I0B=0
IF(ICALL=-T) 50,45%00,5000
-
Covnnn INTTTALIZATION CALL
C.. ... INPUT DATASET 27
50 CONTTNUR
JETOP=0
WRITE (K3, 60)
50 TOEMAT(////11%,'"O R 3 ERVATION M O DES")
RRAD (K1, 65) NOBCYC
f% FORMAT (I10)
WRITE {K3,70) NOBCYC
70 FORMAT (//11%, '*#*#+ NODES AT WHICIH OBSERVALICNE WILL BE MADE',
1 ' EVERY',TIh, ' TIME STERS **=**1//)
NTOBSP=ITMAX/NOBCYC
LF (NTORSP.GT.NTOES) WRITE (K3, 80) NTOBS, NLIOBSF, TTMAX
A0 TOBRMAT(//11%,'- W 2 R N I N G -'/L1X,
1 TNIIMBER OF OBSERVATTION STEPS SEFECIFIED ', TH,
2 ', 7% TESS THAN THE NUMBER POSSIBLE ',I5,','/
3 11%, "WITHTN TIE MAXIMUM NUMBER OF ALLOWED TIMR STEES, ', I3,'.'/G490....
4 11%, '"PLEASE RRCONFIRM THAT CBSERVATION COUNTS ARE CORRECT.'//)
100 RRAD (KL, 150) INCE
150 FORMAT (1&TS)
DO EUC IJ|_|=l;.l('-j
[F(TNOR(JT) .EQ.C) GOTO 250
IOB=108+1
TORS (IOB) =LNOE (JJ)
200 CONTINUFR
IT(IOB.LT.NOBSY GOTO 100
2530 TP (IOR.NE.NOBS) JETOR=]

WRTTE (K3, 3200) (I0Bs5(JJ),JI=1,N0L3)

Gel0.. ..
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300 FORMAT ( (11X, 16(3X,I6))) (3300

LE(JETORP.RQ. 0y GOTo 400 GE30. ...
Covnnn END STMULATION IF CORRECTTONS AKRNE NECESSAREY TN DATASKT 21 Cean., ...
WRETTE (K3, 3250) IOR,NGRS G630....
FH0 FORMAT (////11%, "ACTUAL NUMBER OF OBSERVATION NODES', E6l. ...
1 " READ, ',15,', 15 NOT EQUAL TO NUM2ER SPECIFILD TN', Gevn. ...

2 OTNPUT, IS/ /TTN, PRPTREASE CORRECT DATA AND HEHUN. ', Caio, ..

3 JALFPASAEREL,S T MU LATION HA LT EDRY/ GEO0. ...

1 22%, ! . ) GUO0. ..,
STOP ‘ - GFLO. ...
400 HETUREN G720.. ..
8 30, ...
... MAKE OZSERVATIONS RACH NOBCYD TIME STRRS G740, ...
500 CONTINUE G0
IE(MOD(TT, NORCYZ) \NE.CO.AND.TT.GT. 1, AND. ISTCR.RO.0) ERETUEN Crel.L L.
IF(IT.RG.0) RETURN G770....
ITCNT=11TCHNT+1 G780....
LIOBS(ITCNT ) =T1 G7S0. ..,
ORETIM (TTCND) =T5ED GHOO. ...
DoOo1000 JJ=1, HORS GELO. ...
L=L0BS(IT) GRRO. ...
EORS (IJ, TTCHNL) =EVEC (I) GH30L ...
TORE (JJ, ITCNT) =UVED (T) (3340, ...
1000 CONTTNUFR G50, ...
EETURN ZE60.. ..
(870.. ..
[ OUTETUT OLEREVAT IONS GHEO, ..,
5000 CONTINUR GRUD. ..,
MN=5 GO0, ...
IF(ME.EQ.-1) MN=1 GO0, ...
JTI2=0 GOZ0. ...
MT.OOL= (NOBS3) /4 G930, ...
DO 7000 LOOR=1, MLOOE D940, ...
J\T? =Jd:+l (;}950 [P
uJuJE"JJ’QIﬂ C:r.‘-”f)[_).. .
IT (LOOP, BD.MLOOFP) JT2=NORS 070, ...
WRTTE (K3, 59%9) (TORS(JJ),JJd=3J1, 7J2) GGRE0. ...
D999 FORMAT (1I1///5%,'0 B 5 E R V A 7T I O N ', GOS0 L,
1 Nooo Do D A T A'///23X, 108, "HODR ', 15,8%)) G1o00. ..,
WRITE (K3, 6000) (UNDEES, JJ=JJ1,JJ2) 1010, ..

6000 FORMAT ( AW A4 (8x,  ALD , 0 HEY) GLOZ0. ..
WRITE (K3, €001) (UNAME (MN), JJ=JJ1, JJ%) G1030, ..
G001 FORMAT (/1X, "WIME STEE',4X, "TIME(SEC) ', 4 (12X, "PRESSURE", 3¥, A13)) 1040, ..
DOOES00 LTT 1, ITCNT GLORO. ..
WELTE (K3, 6100) TTOBS (LTT), OBSTIM(TTT), Cloe0. ..
1 (FORS (JuJ, L1T) , UORS (T, TTT), JJ=JT1, 7T 1070, ..
G100 FORMAT (5X, I5, 1%, 1PDIY .3, 8 (1X, LFDL2.9)) GLORU ..,
GL00 CONTINUER G090, .,
7000 CONTINUR 1100, ..
RETURN 1110...
GLLzo. ..
1130, ..
END F1140...
SURROUL LNE T N oD oA T Z SULRA - VERATON 1284-2D H10.....
K., ...
PURPOSE K20.....
TO BEEAD INITIAT, CONDITLIONS FROM TINTT-55, AND TO a0 ...,
INITIATTZR DATA FOR EITIER WARM OR COLD START OF K50, ...

THE S1MULATION. EGO. ... .
K., ..

SUBROUTING INDATZ (PVRC, UVEC, BM1, M1, UME, 051, 052,084, 51, 3R, ROIT, A0, .., ..
il SW,DSWDE, PBC, LFBC, IPROT) KO0, ...,
TMPTICLY DOUBLE PREECTSTON (A-H,O-F) ELOO.. ..
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COMMON/FUNITS/ KO00,KO0,Kl,E2,K3,K4,K5,K6 MODIFIED

COMMON/DIMS/ NN,NE,NIN, IS, JT,NBIP,NBIS,NPT(9),NPBC, NUBC, K110NEW
1 NSOP, NSOU, NBCN Klz20....
COMMON/CNTRL1/ GNU,UP,DTMULT, DTMAX,ME, ISSFLO, ISSTRA, ITCYC, K130NEW
1 NPCYC,NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME K140NEW
COMMON/TIME/ DIELT, TSEC, TMIN, THQUR, TRAY, TWREEE, TMONTH, TYRAR, E150.. ..
1 TMAX, DELTE, DELTU, DT.TEMI , DITUMI, [T, [TMAX K160, ...
COMMON/BARAMS/ COMPET, COMPMA, DRWIIL, CW, 05, RHOS, DROAY, STGMAW, 51GMAS, K170, ...
1 SHOWO , UBHOWO, VISCO, PRODEL, PRODSL, PRODFD, PRODSO, CHIL, CHIZ KL80....
DIMENSION EVE((NN) UVEC(NN),PMW(NN),UMi(NN),UMR(NH),nm(NN),ﬂR(NN),K1%ﬂ.,,,
CET(NNY , CS2(NN) , CS2(NN) , ECLU (NNY , SWINKN) , DESWED (NN, E200.. ..
2 PBC(NHLN),lLBL(NfCN) Yzio.._.
c
C

IF (IREADY &S00, 000,620
Covan INFOT INITLAL CONDLITIONS FOR WARM START (UNIT-55 DATA)
500 READ(KZ,510) TYTART,DELTE,DELTU
510 FORMAT (4G20.10)

KEBO. ...

READ (KZ, 510) (BVEC(I),I-1,NN)
REREAD(KZ, 5100 (UVEC(I),1=1,MNN) E2890.. ..
BREAD(KZ,510) (PML (L), I=1,NN)
READ (K7, 5%10) (UM1(T), T T=1,NN)
HEAD (KZ2,510) (Cs1(l),Ll=1,NN)
READ (KZ2,510) (RCIT(I),I 1,NN)
RTAT (K2, 510) (8W(T)y, T=1,NN)
BRAD (K2,510) (PBC(IEU) ,IPU 1,NBCN)
9 CALT, ZRRO(CSZ, NN, 0.000)
o CALL ABERO(CE3, NN, 0.0DD)
CALL ZERO(SL, NN, 0.0D0)
CALL ZERO(SRE, NN, 0.0D0)
CALL ZERO (D WDF NN, 0.000
Do 550 T=1, '
S50 UMZ (1) UML{I)
GOTO 1000
C
Cee s ns INFUT INITIAL CONDITIONS FOR COLD START (UNIT-hLb DATA) E4h0. . ..
A0 READ(KZ,510) TSTART EAGO. ...
READ (KZ,510) (PVEC(I),I 1,HN) K470....
EEAL(REZ, 510) {UVEC(T), T=1,NN) RASO, ...
CoL L LBTART-UP WITH NO PROJECTIONS BY SETTING BRELP=BDELU=1.D-16 EARG. ...
I IN PROJECTION FORMULAE FOUND IN SUBROUTINE SUTRA. ES00.. ..
OELTE=DELT*1.D-16 ELl0.. ..
DELTU=DELT*1.0-16 KS20.. ..
[ INITLIALLZE SPECLELIED TIME-VARYING PRESSURES TO INITIAL FRESSURE ES30....
[ VALUES FOR START-UP CALCULATION OQF INFFLOWS OR QUTTILOWS H:40..“
C (ST QPLTTRE=0) K250, ...
L (LrBCry 680,740,740 K360....
6R0 DO 730 IF-1,NPRC a0, ...
L=1pRC (L) K280....
IF(I) 700,700,730 K590, ...
TO0 PRC(IF)-=FVLEC (-T) Kedo. ...
TA0 CONTINUER Reld. ...
CoL .. TNTTTATLTZE 1P, U, AND CONSLSTEND DENSLLY KEZ0. ...
TA0 Do 800 I=1,NN He30. ...
PM1(T)=PVEL(T) Redld. ...
UMI (L)y=UvEC (1) KaS0.. ..
UMZ {1} =UVEZ(I) Kaeo. ...
ROIT(T) =ROQWO+DRWDIT* (IVEC (T) =UURHOWD) Ka70....
800 CONTLNUE K680. ...
Cooo... THNITTAT AR SATUEATTON, SW(T) Kaso, ., ..
CALL ahhﬁ(ﬁw MM, 1. 000) E700.. ..
CALL ZERO(DSWDE, NN, 0.0DC) EVLO.. ..
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TEF(IUNSAT.NE.1) GOTG 990 K720....

IUNSAT=3 K730....
NG 800 1=1, NN K740....
BO0 IF(PVEC(I).LT.0) CALL UNSAT(SW(I),DSWDE(T),RELE, PVEC (L)) Kb, ...
590 CONTINUR K760, ...
CATT ARRO(CSL1, NN, 05) K77C. ...
o CALL SERO(CHZ, NN, 0. 0D0) K780, ...
C CALL ZERO(CS3, NN, 0.000) K90, ...
CALT AERO(SL, NN, 0.020) KEDO. ...
CALL ZERD(SE, NN, .00 KELO. ...
1000 CONTINDR E820....
C EE30....
Connns SET STARTTING TIM= OF SIMULATION CLOCK, TSRO K40, ...
TERC=T5TART K50, ...
C Ega0. ...
« Ka70. ...
RETTIEN KEA0, ...
mND K8G0. ...
I SUBROTTING PR 1 5 0O 0L SUTRA — VERSION 1284-2D L10.. ...
o TAO ...
okad PURFOSE Li0D.....
CoA=e ) PRINT PRLSSURF AND UEMEERATURE OR CONCTNTREA'T 1O TA0. . ...
CoFwE SOLUTTONS AND 10O OUTPUT INFORMATTON ON ['LME STEP, ITERATIONS, LE0. .. ..
CoAR A SATURATIONS, AND FTUTD VELOCLLLES. LED. .. ..
o L0, ... .
SURRCUTLINE PRISOL (ML, ISTOR, TGOT, PVEC, UVEC, VMAG, VANG, W) LED.....
IMPLLCIT DOURLE PRECTSTON (A-H, O-2) LE0.....
COMMON/FUNITS/ KO0O0,KO0,K1,K2,K3,K4,K5,K6,K7,KS MODIFIED
COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIP,NBIS,NPT(9), NFBC, NUBC, L100ONEW
1 HSOR, NSOU, NBON T110.. ..
COMMON/CNTRL1/ GNU,UP, DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC, L120NEW
1 NPCYC, NUCYC, NPFRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME L130NEW
COMMOK/TIMR/ DELT, 'S80, TMLIN, THOUR, TDAY, TWERK, MONTH, TYEAR, TV, L,
1 TMAX, DL, DELTY, DLTEML, DLTUMT, T7, L'THMAX L1sC. ...
COMMON/ ITERAT/ REM, REMAX, RUM, RUMAX, ITER, TTRMAX, TPWORS, LUWORS, T1GO.. ..

1 TCON, ITRMXZ, OMEGA, RPMXZ , RUMX2 NEW
COMMON/KPRTNT/ KCOOQED, KELINF, KINCID, KRTOTR, KELOTU, KVEL, KBUDG 0L ...
DIMENSTON PYEC (NN), UVEC (NN) , VMAG (NF) , VANG (NE) , SW (NN) L1BO.. ..
C Lia0....
C.o.... OQUTEDT MAJOR [HEADTNGS FOR CURRENT TIME STEE LEOO. . ..
IF(IT.CT.0.OR, I58FLO. KD, 2 OR.ISSTRA.TG. 1) GOTO 100 210, ..
WRTTE (K2, 60) L2200, ..
60 FORMAT (1HL////11%,"T N L 1 1 A& L CONDITTONS', L230. ...
1 Fl1%, " ") L2400, ...
TP (TREAD.EQ.-1) WRITE (K3, 65) - L230....
63 FORMAT (//11%, "TNITIAL CONDLTIONS RETRITVED FROM STORAGE ', T260. ...
1 YOM O UNLT 55.') L270....
OTD 500 L2800 ...
C TG0, L.
100 IF(IGOT.NRE.0,AND.ISTOF.EQ.0) WRITE(K3,150) ITER,IT L300, ...
150 TORMAT(/////// /11K, VITERATION ', T3, ' SOLUTION FOR TIME STRF ', [4) L310....
[ L320....
IF(ISTOP.TQ.-1) WRITE (K3, 250) IT,ITER T330.. ..
250 FORMAT (1TH1//11X, 'SOLUTION TOR TTIMR STl ', 14, L3O, ...
1 " NOT CONVERGED AFTER ', T3,' 1TERATIONS.') L3600, ...
(™ T360.. ..
TF(TSTOLR.GE.0) WRITE({K3,350) TT L370....
350 FORMAT(1U1//11%, "RESULTS FOR TIME STER ', T4/ TAHD, ...
1 11¥%,' ) L2390, ...
TF(TTRMAX.ED. 1) GOTO 500 LAOD. ...
IF (1STOF.GE.OANDLIT.GT. 0} WRITE (K3, 355) ITER Ldl0. ...
LF(IT.EQ.D.AND . TSTCGR, GR, 0, AND, ISSFLO.ES.2) WRTTE (K3, 355) ITER L420. ...

64 Preliminary Assessment of Injection, Storage, and Recovery of Freshwater in the Lower Hawthorn Aquifer, Cape Coral, Florida



355 FORMAT (11X, ' (AFTER ', I3, ITERATIONS) ') LA30. ...

WIRLTE (K3, 450) REM, TRWORS, RUM, TUUWORS T440. ...

250 FORMAT(//11¥, "MAXIMUM P CHANGE FROM PEEVIQUS TTFRATION ', LAS0. ...

1 10#0314.5, " AT NODE ', I%/11¥, "MAXIMUM U CHANGE FROM PREREVTQUS ',  L4e0....

2 CITERATION ', 1PDI4,5," AT NODE ', I49) T470. ...

- LA80, ...
SO0 IF(ITT.RQ.C.AND.ISSTLO.LED.2) GOTO G680 L4%0....
IF(ISSTRAVED. L) GOTD 800 SO0, L.

WRTTR (K3, 550) DELT, TH5EC, TMIN, THOUR, TDAY, I'WEEE, L510....

1 TMONTH, 'YRAR ' Lh20....

B0 OFORMAT {///7L1X, "UIME NCREMENT ', T27,1PD15.4, " SECONDS'//11X, TEA0. ...

1 '"ELADSED TIME :',U27,10015.4, 0 SECONDS', /T2, 1PD15.4, " MINUIES'LS40. ., ..

2 ST, 1PDLG. 4, Y HOURS'/T27,1bPD1S.4, " DAYS'/T27,1FD1h.4, " WEEKS'/LS30....

3 27,1015 .4," MONTOS' /T2, 1PD15 .4, ' YEARS' LLG0. ...

C 570, ...
Cownn s CGUTPUT PEESSURLES OR TRANSIENT FLOW SOLUTION (AND RPOSSIDBLY, LE&80. ...
0 wATHHA_JUN AND VETOOTTY) Lu90. ...
TF(ML.EQ. 2 AND ISToPr,.GE.0) GOUIo 700 L&QO, . ..
LE{IESFLO,.CT.0) COTO 700 Leld....
NRITE{Y3,6JO) (L, LvBeC{l),I=1,NMN) TEED. ...

A50 FORMAT(///11¥,'P R E 5 5 U R B BR, G (TNODET, 1)/ LE3D. ...

1 (75,6 (1%, T4, 1%, LTPFR1Y.8))) Ledl. ...
IEfluNaAT.Nh.U) WETTF (K4, 85%1) (I,5W(I),I 1,NM) Lebhh....

Bl FORMAT( f//llx 5 C0A ' U R AT T O MN'//BX,E('NODE',17x)/ TEA0D. ...
(¥, (ix,_é,_x,_Pqu 211 LE70, ...
IE(EVEL.EQ.T.AND.TT.CT.0) WRITE (K3, 655) (L, vMAG(L), L=1,NF) LeE0. ...

T (EVEL.EG. L. AND., 1T, &r 0) WRLTE (K3, 656) (T, VANGI(L),L 1,NE) L&D, ..,

655 HORMAT(///11¥,'T L U I D v B L O o T T ¥v// L700...

1 Ll¥,'™M A N 1 1T U LR AT CENTROID OF ELEMENT'// IO

i B3, 6 ("ELEMENT ', 14X) / (7%, & (1X, L4, 1x, 1PD15.8))) L720....

GEe FORMAT(///114,'F T, U T D v B L O oL oo owrg/ T30 ...

1 11¥,'A N &0 L L IN DEGREES FROM +xX-AXTS TO FLOW DIRECTION ',  L740....

2 AT CENTROTDRD OF LLEMENT'// L750....

3 K, G{TELEMENT T, 14X) / (7%, 6(1¥,I4,1¥,1FDL5.8))) L/el....

(OTO 700 T

- L7780, ...
Cuvnnn OUILPUT PRESSURRS FOR STRADY-STATE FLOW SOLULLON L780....
FH0 WRITE (K3, 690) (L,PvBEC (L), 1=1,NN) TEO0. ..
EO0 FORMAT(///11¥,'s T B A D Y - &5 ' A T L PR OB 5", LEIO....

1 s U R R'//EM,6(NORRY, 1Y)/ (7H, 6(1K, 11, 1, 10T 8) ) L&20....
TT(IUNSAT.NE.CQ) WRLTE (K3,651) (T,3W(T),T=1,NN) Ta30. ...

GOTO 1000 L841C. ...

i TEL0. ...
CLL L L OUTPUT CONCENTRATIONS OR TEMPERATUERS FOR LB&EO., ...
C TRANSTENT TRANSEORT SOLUTION L&70....
F00 LE(ML.EOQ.TAND.TSTOR.GE.DY GOTO 1000 LE80. ...
IF (M=) 720,720,730 LESC. ...

TEOD OWRTTR (K3, /25 (I UVEC(I), 1=1, NN) Laoo., ...
TS FORMAT(///01¥,'C 0N O EON T ROAT 1O NWN'//BH, Lalo. ...

1 BONODE", L7X) /{74, 6 (1K, T4, 1%, TPD1IL.8)) ) Taezn. ...

GOTC 800 LY930, ...

730 WRLLE (K3,735%) (T,UVEC(T),T-1,NN) Ledo. ...
YAy TORMAT(///11x,'r & M I E R A T U E E'//BX,0('NODE', 17X)/TaL0. ...

L (7H,6 (1%, T4,1%,TT1H.9))) Leao. ...

GOTO 800 Le70....

o T980. ...
[ OUTRUT CONCENTRATIONS OR TEMPERATURFS FOR [R5 120 I,
“ STRADY-STATE TREANSPORT SOLUTION L1ooo. ..
00 IF(ME) 820,820,830 L1010, ..
G20 WRTTE (¥3,8325%) (I,UVEC{I),.1=1,HNN) 110200, .
525 FORMAL(///11¥,'s T = A D ¥ = 5 1T A T E Coo0 N o', L1o30...

1 vTOON T ROA T L O NU//HX,6('NODE', L7X)/ 11040, ..
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(7T¥,6 (1%, 74, 1%, 1PDL5.8)))
COTO 400

830 WRITE (K3, 835%) (I,UVRI(1),1=1,NN)
435 POEMAT (///11%,'3 1 ¥ A D Y - 5 T & 1 & T E M P',
1 "R K A T U R OREY//BY,E("NODE',LT7H)/
e (76, 601X, T4, 1%, F1L.8)))
L LODUTFUY WRELOCITIES FOR STRADY=-STATE FLOW SOLUTION
900 TR(ISSFLOLNELZ.OR.TT.NF, T LOR.KVEL.NE.1) GOTO 1000
WE TE (K2, 925) (L, YMAG (L), L=1, NE)
WRITE (X3, 950) (L, YANG{L),L 1,NL)
925 TORMAT(///1l%,'s T L A D Y - 5 T A T T ',
] 'L T D v E L O o T T w'//
z 11¥,"™™ A2 G N L 'I'"UDE AT CENTROID OF ELEMENT'//
3 D, E(TELEMENT', LAX) /(4,6 (1%, 14, 1%, LPD15.8)))
950 FOEMAT(///11¥,'5 T &£ A D Y - 5 T & T K ",
1 'TOOT U LD v O oL T YAy
2 Ll¥,'"n N & 7. F LN DEGREES TROM +X¥-AX¥TS 10 #LOW DIRECTION ',
3 AT CENTROLD OF ELEMENT'//
4 DX, E(TELEMENT 'Y, 14X) S (V¥ 6 (1%, 14, 1, LPDLS . E)))
YO0 RBETURN
FND
SUBROUTINE P TR T SUTRA - VERSION 1284-2D
xEA RITRPOSH
* k&

LR
* ok &
ko ok
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1

1

TO FILT, AN ARKAY WITH A CONSTANT VALUE,

SUBROUTINE ZRREO (A, LADIM,EFILL)
IMELICIT DOUBLE PRECISION (A-II,0-7)
DIMENSTON A(IADIM)

FLILL AERAY A WITH VALUE IN VARIALRLE 'FTT.L!
DO 10 T=1,1AD1M
A(T)y=rILL

RETUEN
END
SURROULLNE Lo T 1 M E SUTRA - VERELON 1234-2D

PURPOSE
JSER-FROCRAMMED SUBROUTINE WHICH ATTOWS I'HE USER TC SPRECITY:
(1) TIME-DEPENDENT SFRCTFTED FRESSURES AND TIME-DERENDENT
CONCENTRATTONS OR TEMPERATURLES OF TNFLOWS AT THESE POINTS
{(2) TIME-DEPENDENT SPFECIFIED CONCENTRATLONS OR TEMEFERATURES
(3) TIME-DEPENDENT TLUTR SOURCES AND CONCENTRATTONS
OR TEMFERATURES OF LNFLOWS AT THESE FOQTINTS
(4) TIME-DEP=NDENT ENERGY OR 30TUTE MASS SOURCES

SUBROUTTINF RCTLIME (LPBC, PEC, TURC, URC, QTN, ULN, QUIN, IOSOF, TOSOU,
IFBCT, IUBCT, IQSOFT, IQSOUT, UVEC)
IMPLICIT DOUBLE PRECISION (A-H,0-7)

COMMON/FUNITS/ K00, ,K0,K1l,K2,K3,K4,K5,K6,K7,K8B
COMMON/CNTRL1/ GNU,UP,DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC,
NPCYC, NUCYC, NERINT, IREAD, ISTORE, NOUMAT, IUNSAT, ITIME

COMMON/DIMS/ NN, NE,NIN,IS,JT,NBIP,NBIS,NFT(9),NPEC, NUEC,
NSOR, NSOU, NBUN

COMMON/WLIME/ DELT, TSRO, TMIN, 'HOUR, TDAY, TWERE, TMONTH, IYEAR,
TMAY, DELTE, DELLY, DLTPML, CLTUML, TT, I TMAX

DIMENSLION IBBC(NBON), PRO(NBCN) , LUBC (NBCN) , URC (NBCN) ,

L1030, ..
L10&0. ..
L1070, ..
TLTO80, ..
LID%0. ..
L1100, ..
L1ILO...
L1120, ..
11300, .
n114a. ..
LI150...
LI1&D. ..
TI170...
L11EO. ..
L1130, ..
T20a, ..
LIz10...
L1220, ..
Llz30...
L1240, ..
L1250, ..
T1Ee0. ..
LIZ70...
L1280...

M120. ..,
M130....
M140. ...

N130NEW
NT140. ...
MCODIFIED
NEW

NEW

N150NEW
N1&0.. ..
N1fO.. ..
N18O....
NT190. ...
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OTNA(NHY , UTN (NN, QUIN(NN) , IQS0P (HS0F) , LOSOU (NSOTT)
DIMENSION UVEC (NN)

DEsINLDTLION CF RFQUTRERD VARIADLES

MK o= HXACT NIOMEER OF NODES IN MEISH

NFBC EXACT NUMBER COF SPRCTFTRED FRESSURE NODES

NURC = BXACT NUMEBER OF SPECLELED CONCENTRATION
CR TEMFERATURE NODES

1T NUMBER OF CURRENT TIME STEZEF

ToLC TIME AT END OF CURHEENT 'TIME STEF IN SECONDS
TMTHN = TIME AT LEND OF CURRENT 'T'IMp S0P TN MINUTES
THOUR = TTME AT END OF CURRENT TIME SUkl TN HOURS
TDAY TIME Al END OF CUREENT TTME STEEF IN DAYS
TWEEK = TTME AT END OF CURRENT T1ME STEF TN WELHD
TMONTE = [LME AT END OF CURERNT TIME STEE LN MONTHS
TYEAR TIME AT END OF CURRENT TTME STEDR IN YEARS

SPRCTFTRED FREESSURLE VALUE Al 10 (I'H) SPRECITIED

FRESSURE NODRE

UBC (1Y) = SPRECTFIED CONCENTRATION OR IUEMUEFRATURE VALUE OF ANY
LMNELOW OCCURRTNG AT IR (TH) SPECLIHIED PREEETTRL NODE

IFRC (IE) = ACTUAL NODE NUMBEZ OF IP(TH) SEECLELED FPRESSTURL NODE

[WHEN NODE NUMBER T=TPRO(TP) I5 NEGATIVE (T<0),

VALULS MUST BE SFPECIFIED FOR PRCO AND UBCZ.]

PEC(LLE)

URC(TUP) = ZPFECIFIED CONCENTRALION OR TEMPERATURE VALUR AT
TU(TH) SPECTFIED CONCENTREATITON OR TEMPERATURE NODE
(WHERE TUR=TI+NFRECO)
TURC (TUZ) AUTUAL NODE NUMBEER QF TU(TH) SPRCIFLED CONCENTRATION
QR TEMPEREATURE NODE (WHERE L1UpP=LU+NFRC)
[WHEN NODE NUMEEE [=TUBC(TU) IS NEGATIVE (1=0),
A VALUL MUST BE SPECIFLIED FOR TURC. |

IQSOE (IQF) = NOLE NUMBRR OF TQF (TI) FLUID SOURCH HNODE.
[WHEN NODE NUMBER T=TQSOF (IQF) I3 NEGATIVE (T<0),
VALURES MUST BE SPECIFIED FOR QIN AND [UIN.]
QTN (-T) SPECIFIED FLUILL SOURCE VALUL AT NODE (-1)
UIN(-T) = SPECIFIED CONCENTRATION CR TREMPERATURE VALUE OF ANY
INFLOW OOCTURRING AT FLUID SOURCE NODE  (-T)
1OS0U (LQU) = WNORE NUMBER OF IQU(TH) ENERGY OR
SOLULTE MASS SQURCE NODE
[WHEN NODE NUMEREE |=Tg30U(IQU) IS NEGATIVE (T<0),
A VALUE MUST BE SPECLFIED FOR QUIN. ]
QUIN(-1) = SPRCTFTED ENERGY OR S0OLUTE MASS SQURCE VALUE
AT NODE (=1)

NEORPT T8 ACTUAL NUMBER OF FLULD SOURCE NODES
NE0L L=N30P-1

CNEOUT I8 ACTUAL NUMBER OF ENRERGY OR S0OLUTE MASS SQURCE NODES

MEOUL=NZOU-1

NAOO. . ..
NEW

MATO. ...
NZ220. ...
N220....
240, ..
NZZ0.. ..
N260. ...
N2TO L.
N2280. ...
MZ290. ...
NI0D. ...
N310....
NEZ20.. ..
N3Z0.. ..
N310.. ..
NAh0.. ..
NIGO. ., ..
N3T70.. ..
wigo. ...
MN3%0. ...
N4OO0. ...
M410. ...
NAZO. ...
NAZO. ...
NA40. ...
NaLl.. ..
MAGD, ...
N470.. ..
Nar0.. ..
N490, ...
NZ00....
N310....
N520....
NL30.. ..
NOdl. ...
N550.. ..
N5ECQ. ...
NGO,
N580....
NH%0.. ..
WEi0. ...
ME1O. ...
NEZ0. ...
NE3I0, ., ..
N&d0. ...
NeL0.. ..
N&ERD.. ..
Me70, ...
N&e80.. ..
NE90 .. ..
NT700....
N710....
N720....
NT30. ...
N740....
N7L0. ...
NT7&0. . ..
N770....
N7E0.. ..
N790. ...
NECOD. ...
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100

300
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LEECTTON (2 :

L (IFBCT) 50,740,240

LEECTION (1) :  SET I'IME-DEPENDENT SFECIFIED PRESSURFES OK

CONCENTRALLONS (TEMPERATURES) OF INFLOWS AT SPECLELED
PRESSURE NODES

CONTINUFR

noO 200 LE 1,NPLRC

I-IFEGC(TR)

IF(T) 100,200,200

CONTLNUE

NOTE @ A FLOW AND TRANSFORT SOLUTTON MUST OCCUR FOR ANY
TTIME STEP IN WHICH PRC( ) CHANGES.

DLRO(TE) = (( ))

UBC(IE) = ({ )

CONTTNUR

LE{IUBZT) 250,440,440

SET TIME-DEFENLDENT SPECIFILD
CONCRENTRATIONS (TEMPRRATURES)

CONTTHUE
DO 100 ITT=1, NURC
ITUF ITI+NFHC
I TUBC(TUM
TF(Ty 300,100,400
CONLINUE
NOTE : A TRANSPORT SOTUTTON MUST OCCUR FOR ANY TIME STRR
LN WITICIH TURC () CHANGES. TN ADDLTION, IT TPTLUTH PROPERTILS

NE10. ...
NE20. ...
NE30....
N&E40. ., ..
NESD. ...
HE60. ...
N80, ...
NEED. ...
NS0, ...
ME00. ...
Malo. ...
Naz0. ...
N930. ., ..
NOA0. ...
NahO. ...
MU0, ...
MGTD. ...
M50, ...
NeS0, ...
NLCOO. ..
N1O7T0., ..
NTOZ0. ..
N1OZ0, ..
NLD4A0. ..
N1050. ..
M106e0. ..
NLO70. ..
N1080, ., .,
MLIOS0. ..
L1000, ..
N1110...
N1L120. ..
NT130,..
NLLAO. ..
NL1L1&G. ..
N1ileo. ..
NM1170C...
NL180. ..
NT190., ..

ARE SENSLITIVE TO 'Y THEN A FLOW SOTUTTON MUST OCCUR AS WELN1ZO0. ..

UBC(TUR) = (¢ 1)
CONTLNUE

TR (IQEOET) 450, 640, 440

SAROTTON (3) @ 8ET TTME-DEUPENDENT TLUTD 30URCES/SINKS,

QI CONCENTRATLONZ (TEMERERATURES) OF SOURCE TTUTD
CONT LNUE

**%% THE FOLLOWING MODIFICATION IS MADE TO
TURN OF WITHDRAWL WELLS WHEN AVERAGE
FLUID CONCENTRATION IS GREATER THAN CMAX

N1210. ..
N1220, ..
N1Z230. ..
N1240 ..,
NT1250, ..
N1z260. ..
NL270. ..
M1Z80G. ..
NLIZ90...
NLZ0OO. ..
N1310. ..
NT13E0. ..
N1IZZ30...
N1320, ..
N13E0. ..
NL3a. ..
N1570...
NEW

NEW

NEW

NEW

NEW




noo

0ono

P S

NEW

FIRST CALCULATE VOLUME AVERAGED CONCENTRATION NEW

CMAX=0.9980 NEW
CBAR=0.0DO NEW
QTOT=0.0D0 NEW

DO 605 IQF=1,NSOPI NEW
I=IQSOP (IQP) NEW
I=IABS (I) NEW
CBAR=CBAR+UVEC (I) *QIN(I) NEW
OTOT=QTOT+QIN(I) NEW

605 CONTINUE NEW
CBAR=CBAR/QTOT NEW
WRITE (K6,606) TDAY,CBAR NEW

606 FORMAT (1HO, 10X, 'VOLUME AVERAGED SOLUTE CONCENTRATION', NEW
+' AT TIME STEF ',F10.2,' =',F10.4) NEW

IF (CBAR.LE.CMAX) GO TO 610 NEW
NEW

CBAR EXCEEDS CMAX, TURN OFF THE WELLS AND NEW

EESET IQSCOPT SO PROGRAM DOES NOT RETURN HERE NEW

IQS0PT=+1 NEW
WRITE (K3, 608) DELT, TSEC, TMIN, THOUR, TDAY, TWEEK, TMONTH, TYEAR NEW

608 FORMAT(///11X, 'TIME INCREMENT :',KT27,1PD15.4,' SECCNDS'//1l1lX, NEW

1 '"ELAPSED TIME :',T27,1PD15.4,' SECONDS',/T27,1PD15.4, ' MINUTES'NEW

2 /T27,1PD15.4, ' HOURS'/T27,1PD15.4,' DAYS'/T27,1PD15.4,' WEEKS'/NEW

3 T27,1PD15.4," MONTHS' /T27,1PD15 .4, ' YEARS') NEW

CATI. RUNDAT (TDAY) NEW

607 FORMAT (1HO, 10X, 'CONCENTRATION EXCEEDS MAXTMUM VALUE (',Fl10.4, NEW

1 ')'/1H ,10¥, '"WELLS AT R=0 ARE TURNED OFF '/) NEW
Do 600 Lob=1, N501] N1380...
T=TQL0F (IOF) N13890. ..

I=IABS (I) NEW
OTN{(T) = 0.000 N1440. ..
JIN(Ll) = 0.,0Dnu NL4A70. ..
OO CONTINIZ N1480. ..

NEW

RESET FLAG TO KEEP TIME STEF SIZE CONSTANT (MODIFIED NEW

VERSION ONLY) HNEW

ITCYC=0 NEW

NEW

€10 CONTINUE NEW
- - ‘ - - = = = N1490,..
————————————————————————————————— - N1&500...
N1510. ..
N1Z20...
M1u30. ..
N1E40, ..
NLZ50...
NLlo60...
G40 TR (TOROUT) 50,840, 840 N1L/0. ..
_____________ . - = = = = = = = = — — — - = = - — — N1580...
- - - - - - - - - - = - = = - = - - - - - R e T - N1580...
LLERCTTON (4) - SET TIME-DEPENDENT SOURCES/STNES N1600. ..
OF SOLUIE MASS OFR ENERCY M1&10, ..
HNlaz0...
R0 CONTTNUR N1630. ..
Do 800 IoU=1,NS0U] N1&a40...
T=TOR0OUT (IO N16h0. ..
FOLY 700,800,800 N16a6a0. ..
T00 CONTLINUR N1&670. ..

b
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C NOTE @ A TRANSPORT SQLUTTON MUST OCCUR FOR ANY N1&680. ..

C TIME STEP LN WHICH QUTIN( ) CHANGES. N1&e90, ..
C QUIN(-T) = ({ ) N1T7C0. ..
200 CONTTMUER N1710...
S - - = = = = = = = - — - - - - - - - - - — — - - N1720...
[ - - - - - - - - - T A Ac T § R
[ N174G. ..
I NL7h(. ..
I N17/60.,.
[ N1770...
C NL1780. ..
[ NT 790, ..
B340 CONT MNUE NLI&OO. ..

o NIg10, ..,
EETURN NT1820, ..

END NI1B30,. ..

[ SURROUTLNE A D5 O OB SUTEA - VERSTON 1284-2D O10.....
[ QA0 ...
C *F=* PURFOSE O30, ...,
Co#Rs  TO CALCULATE VATURS OF EQUILIBRIUM SORPILON PARAMETERS FOR Q0. ...,
OoA%= LINEAR, FRREUNDLLCH, AND LANCMUTE MODELS. ChL L.,
c CH0.L ...,
SUBROUTINE ADRGORB (CS51, 082,083, 5T, 5%, V0L L.
IMPTLTCIT DOUBLE PRECTSTON (A-H,0-%2) 080.. ...
CHARACTER*10 ADSMOD 0500 .. ..
COMMON/MODSOR/ ANEMOD 0100, ., .,
COMMON/DIMS/ NN, NE,NIN, IS,JT,NBIF,NBIS, NPT (9), NEBC, NUBC, 0110NEW

1 NE0OP, NS0T, NLON Olz0. ...
COMMON/PARAMS/ COMPEL, COMEMA, DRWDU, CW, C5, RHOS, DRCAY, SLGMAW, SIGMAS, 0130, .. .

1 RHOWO, URHOWD, VISCO, FRODEL, PRODSL, PRODFO, PROLDED, CHIL, CNTZ CL40. ...
DIMENSION CS1 (NN}, CS2 (NN) , CS3 (NN) , 3T (NN) , SR {NN) , T (NN) OLY0., ..

r Cled. ...
Coww  WNOTE THAL THE CONCENTRATION OF ADSORBATE, ©S(L), I8 GIVEN BY: QLT7G. ...
I TE(L) SIATYAU(LY + 5R{(I) OIBO.. ..
[ oLa0. ...
[ N SORPTION QRO L,
IF (ADSMOD NT . "NONHE Yy COTO 450 0210, ...

DO 250 T=1,NN O230., ...
CEL(T)y=0.,00 0230, ...
CE2(L)y=0.D0 Oz40. ...
CE3(I)=0.00 P50, ...
SL(T)Yy=0.00 D260, ...
SE(1L)y=0.D0 QZ70. ...

250 CONTINUL O280....
COTO 2000 D290, ...

(i O300, ...
Cenn LINEARE SORPTION MODETL Q310. ...
450 TF(ADSMOD.NE. "LTINEAR Yy OTO Y00 OF20. ..,
o 5080 I-1,NN OR20. ...
CEL({I)=CUT1*HHOWO CEA0. ...
CHE2(T)=0.00 0350.. ..
CE3(L)y=0.20 0360, ...

SLII) ~CHTT*RHOW(D 0370....
SR(T)Yy=0.,D0 D3R0.. ..
CONTINUE 0390, ...

OTO 2000 GA00. ...

I O410. ..,
. JEPREUNDLTCH SCQRPTLION MODEL 0420, ..
IF (ADRSMOL  NE, "FREUNDLICH') GO0 950 CAZ0. L.
CHCH=CHI1/CHIZ CA40. ..
DOHLZ=1.D0/CHT2 CaAN0 ...,
EHZ=RHOWO**DCHT# OA60. ., ..
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120

730
140

1000

2000

R
(7 k=x
CoAAEK
(7 kx*
Cokmk
SR
[ kA

CHT2F- ({1.DO-CHIZ) /CHLIZ)
CHIZ=CHT1**DCHTR

o 750 1=1,HN
IF(UJ(1)) 720,720,730

UC-1.0D0

GOTO 740
UCH=U (1) **CHLZw
RII=RH2*TICI

CE1 (1) =CHCHART
Cs2(1)y=0.00

KQ%( ) =0.00
SLIL)=CHL2*RU

.R(I) 0.00

CONTTNUR

OO 2000

CLANGMUIR SOREFTION MODEL

[F (ADAMOD NE . "TANCMUTR ')y GOTO 2000

Do 1000 1=1, KN

DD 1. D0 CHIZ*FRHAOWI*U (L)

F“W(_) (PHIl*RHOWD)/(DD*DD]
S2(Ly=0.00

F‘%(_) O.DO

SL(L)=0C51 (1)

SR(I)=CSL (LY *CHLZ*RHOWO*U (1) *U(T)

CONTINUE

KETURN

LND

SUBROUTTNE E L E M E X SUTRA — VRERSTON 1284-2D
FURFOSE

O CONTROT, AND CARRY QUT ALL CALCULATIONS FOR BACH ETEMENT TY
OBTATINING ELEMENT LNFORMATLION FROM THE BASTS TUNCTION ROUTLINE,
CARRYING OUT GAUSSTAN TINTEGRATION OF FINLITE ELEMENT TNTEGRATS,
AND SENDING BESULTS OF FITEMENT TNTECGRATICNS TO GLOBAL AZS
REOUTINE. ALSCO CALCULATES VELOCITY AT RACIH RLEMENT CENTROLD FOR
FETNTER QUTFUT.

SURBROUTINE ELEMEN (ML, LN, X, ¥, [HICK, PTTRER, UTTER, RCIT, RULITML, POR,

1 ATMAR, ATMTN, ATAVG, FREMNX, PERMXY, PERMY X, PEREMYY, FANGT.T,

2 VMAG, VANG, VOL, PMAT, PVEC, UMAT, UVEC, GXSI, GETA, PVEL, CWRK)
[MEELTCTT DOURTE PRECISION (A, 0-2)

COMMON/FUNITS/ K00,K0,K1,K2,K3,K4,K5,K6,K7,K8
COMMON/DIMS/ NN,NE,NIN, IS,JT,NBIP,NBIS, NPT (9),NPBC, NUBC,

1 NEGP, NSOU, NRON
COMMON/'TEHNE0OR/ GRAVY, GRAVY
COMMON / BPARAMS / bUMPPH,LUW’MA,DHWDE,CW,CS,RHQ%,]EPAY,ELGMAW,S\GMAS

1 RIIGWO, URHOWC, VISCO, PRODEL, PRODS] , FRODFO, FRODSD, CHIL, CHIZ
COMMON/TTME/ DELT, TSEC, TMIN, THOULR, TDAY, TWEREK, TMONTIT, TYELR,

1 TMAX, DELTE, DELTU, DTTFMT, DT TUMT, IT, ITMAX
COMMON/CNTRL1/ GNU,UP, DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC,

1 NEBECYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME
COMMON/KPRTINT/ ENODAL, KELMNT, KINCID, K LOTE, KFTOTH, KVEL, KBUDG
DIMEMNSLION LN(NINY , X (NN), ¥ (NN}, THTOHE (NN) , EITER (NN) ,

1 OTTEE (NN) , BRCIT (NN) , RCLITML (NN) , POR (NN) , PVET. (WNN)

DIMENSLIOM PEAMXX (NE) , PREEMXY (NE) , FRERMYX (NE) , FEEMYY (NE) , PANGTE (NZ) ,

1 ALMAMX (ME) , ALMIN (NE) , ATAVG (NK) , VMAD (NT9) , VANG (NE) ,

e CHST(NE, 4}, BETA(NE, 1)

DIMENSION VOL (NN), PMAT (NN, NBIP),PVEC (NN), UMAT (NN, NBIS) , UVEC (NN)
DIMENSION CWREK (NN)
DTMENSION BELOWE (1, 4), DELOWE (4) , BTRANT (4, 4) , DTRANE (1, 1) , vOLE (4)

0470, ...
0480, ...
G490, ...
Qs00. ...
0510....
OhZ20. ...
O530.. ..
Q540. ...
Ohh. . ..
OLED. ...
Q570....
onB0., ...
0580, ...
0e00. ...
Cel0. ...
a2l ...
Ce30.. ..
D640, ...
CRb0, L.,
ceel. ...
Oe70. ...
Cee0. ...
oes0. ...
CQFO0. ...
G710, ...
0720, ...
O730.. ..
DAL L.
o750, ...
FlG.....
PAC. . ...
B3G.....
PAC. . ...
B50.....
a0, ...
PYOL ...
PEOL. ...
BSO. ...,
PLOO.
F110. ...
PLZ0....
F1l30NEW
PLA0. ...
MODIFIED
F1l50NEW
PLGO. ...
P10 ..
F1a0. ...
190, ...
PEOO. ...
BILO..
PZZONEW
FP230NEW
FEAQ. ...
BaLO. ...
PEE0. ...
BZ70.0...
Pﬂﬂﬂ....
290....
P300NEW
NEW
FAl10. ...
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DIMENE LON F(4,4),W(4,4),DET(4) ,DFDXC(4,4),DFDYGE(4,4), B320....

1 DWDXGE(4,4) ,DWDYE (4, 1) BF330.., ..
DIMENSIION SWG(4), RHOG(4), VISCG (4), PORG (1) , VG (4) ,VYG (1), Fi40.. ..

1 RELEG (4) , RGXG(4) ,ROYG(4) , VGMAG (1) , THICKG (4) P350....
DTMENSLON RXXG(4) ,REYG (1), RYXG(4), BRYYG(4) FIad. ...
DIMENSION BXXG(4),BAYG (4) ,BYXRC(4) , BYYG (1), P370....

1 EXG(4),EYG () 380, ...
DTMENS LON GHLOC (4) , GYLOC (1) B3G50, ...

DATA GLOC/0.577350260918962600/ PA00. ...

DATA INULIM/D/, TSTOF/0/, GXLOC/-1.00,1.00,1.00,-1.00/, 2410, ...

1 GYLOC/-1.00,-1.0C,L.D0,1.00/ F420, ...

o PAZ0. ...
Cow o WDECTDE WHETHER TO CALCULATE CENTROID VELCCI'IES ON THIS CATT EAAD .. ..
TVRRENT=0 BALO ...

L (MOD(IT, NFRTNT) ,EQ. O AND.ML.NR. ¥ AND, IT.NE.0) TVPRNT=1 Pa4aD. ...
IF(IT.RQ.1) LIVPERENT 1 A70. ...
KEVPRNI=1IVPLRNT I EVET, FABO. ...

[ Fasd, ...
[ ON FIRST TIME STEP, PREFPARRE GRAVITY VECTOR COMUPONENTS, 500, ...
I GXEL AND GBETARA, FOR CONSLSTENT VELOCTTIES, ERLIO. ...
I AND CHRECE ELEMENT SHAFTS E520.. ..
TE(TNT LMY 100, 100,2000 BE530.. ..

100 THNTIM=1 Foa0. ...
... LOOP THROUGH ALL ELEMENTS TO OBTAIN THE JACORTAN FESO, ...
e AT FACH CF THE FOUR NCDES IN EACH ELEMENT PE6E0. ...
DO 1000 L=1,NE F570....

Do 200 IL=1,4 PLal. ...
HLOC=CHLOC (LL) P5%0. ...
YLOC=GEYLOC (TL) FaOO. ...

CALL BASTE¥ (0000, L, XLOC, YLOC, TN, %, Y, F (1, IL),W(1,IL),DET (IL), P10, ..

1 DFLXG (L, IL) ,DEDYG {1, TL) , DWDXG (1, IL) , DWNYG (1, IL), P620....

2 PITER,UITER, PVEL, POR, THICHE, THTCKG (LL), VAG (IL) ,VYE(IL), FA30. ...

3 SWGE(TL) , RHOG (IL) , VISCG(IL) , PORG(IL) ,VOMAG (1L) , RELKG(IL}, Pea0. ...

4 PERMEX, FERMXY, FERMYX, FPERMYY, C.J11,CJ12,CJ21, CcJ22, BeLO. ...

5 GHEI,GETA,RCTT, RCITML, RGXG(IT) , RGYG(IL) ) Fae0. ...
GHEI(L, IL)=CJl1*GRAVICTL? “CRAVY F&ET0. ...

GETA (T, TL) =CJ21*GRAVE+CTZ 2 *GRAVY PE80. ...

Connn. CHECE FOR NEGATIVE- QR ZBRO-AREA ERRORS IN ELEMENT SIHARES F6S0O. ...
IF(DET(TT)) 200,200,500 F700....

200 ISTOP=15TOFP+1 F710....
WRITE (K3,400) TN((L-1)*4+IL),L,DET(IL) BIZO., ..

400 FORMAT (11X, "I'HE DETERMINANT OF THE JACOBIAN AT GAUSS POINT ',T4,P730....

1 "IN ELEMENT ',T4,' I5 NEGATIVE OR ZERQ, ',1PELG.7) F740.. ..

500 CONTINUE F750....
1000 CONTINUE P760.. ..
C B770....
TF(TSTOF.EQ.D) GOTO 2000 B780....

WEITE (K3, 1500) E/90. ...

1500 FORMAT (//////11%, 'SOME ELEMENTS HAVE INCORRECT GREOMETRY. ' EPBOO. ...
1 //11¥, "PLEASE CHECK THE NODE COCRDINATES AND ', FEL1O. ...

2 'INCIDENCE LTST, MAKE CORRECTIONS, AND THEN RERUN.'//////// BFRZO. ...

3 11¥,'s TMULATION HALTETLD'/ PE30. ...

4 11, ' ) PEAOQ. . ..
ENDFLLE (K3) P50, ...

STOP PEGO.. ..

C BRTO. ...
[ LOOF THROUGH ALL ELEMENTS TO CARRY QUI SPATIAL TNTEGHATION PHBO. ...
C OF FLUX TERME IN F AND/OR U EQUATIONS 890, ...
2000 IT(TUNSAT.NE.Q) IUNSAT=2 FO00. ...
C - = = = = = = = = — = = = = = = = et & & m & = = m e e e e e e = FO10, ...
e i T S T L X .
B === = = = = = = = = = - - - - - - - - - - - - - - L - - - - - - - - PO30....
DO 995%9 L=1,NE P940, ...
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XIX -1.D0

¥YTY¥Y=-1.D0

K&=0
e ns CORTATN BASTS FUNCTTON AND ERLATED INFOREMATION AT EACH OF
- FOUR GAUSE POLINTS LN THE ELEMENT

DOO2200 IYL 1,2
DO 100 THL=1, 2
KG=RG+1
HLOC=XLX*(LOC
YLOC YIY*GELOC
CATT, RASTSY (0001, T, X100, ¥YTL.OS, TN, ¥, ¥, (1, K0) ,W(l, K3),DET (K3,

1 DEDHG (1, KE) , DEDYG (1, KG), DWDXG (1, KG) , DWOYG (1, KG) ,
2 PTITER, UTTER, PVEL, BOR, THICK, THICKG (K3) , VEG {KGE) , VYG (KGE)
i SWG (KG) , RAOG (KG) , VISOE (KG) , BORG (KG) , VGMAG (KG) , RELEG (KG) ,
4 PT.EMXY, FRREMXY, PERMY Y, PERMYY, 0J11, CJL2, CU21, CJz22,
5 RS, GETA, ROTT, ROTTM, RGXEG (KG) , RGYE (KG))
2100 HIX--XIX
2200 YIV=-YIY
C
Chovens CALCULATE VELOCITY AT SLEMENT CENTROTD WHEN REQUIRED

IF(KEVPRNT-Z) 2000,2300, 3000
ZA00 AMAUM=0.0T0
AYRUM=0.00L0
Doo2400 KG L,4
AXSUM=AXSUM+VEC (KG)
2400 AYSUM-AYSUMEVYE (KG)
VMAG (T)) =LEQRT (AXSUMAAXSUM+AYSUM«AYSUM) /4. 000
[F (AXSUM) 2500,2700, 2800
ZEO0  AYX-AYSUM/AXSUM
VANG (L) DATAN (AYX) /1.7453259D-02
IF (AYSUM.LT.0.0D0) GOTO 2600
VANG (L) =VANG (L) +180, 000
GOTO 3000
P2E00 VANG(T)=VANC(T)-180.000
GOTO 3000
2900 VANG (L) -90.0D0
LE(AYSUM, LT, D, 0D0) VANG(T)=-40 000
GOTO 3000
DHO0 AYM=AYIUM/ANSIIM
VANG (L) =DATAN (AYX) /1 .7453280-02
[
C... . INCLUDE MESH THICENESS IN NUMERICAL INTEGRALION
000 DO 3300 RG=1,4
3300 DET (KG) =THLCKG (KG) *DET (KEG)
Iy
Cuvnn CALCULATE PARAMETERS FOR FLUTR MASS BALRANCE AT GAUSS POINTS
IF(ML-1) 3400, 3400,6100
3400 SWTEST=0.T0
o0 4000 xe=1,4
SWTEST=5WTEST+ SWE (KG)
ROMG=REOG (KG) *RETEG (K /VTSCO (KO
FX¥G (KG)=PRRMXH (1) *ROMG
RXY G (KG)=PERMXY (L) *ROMG
RYXG (KG) PEREMYX (L) *ROMG
RYYG(KG) =FERMYY (L) *ROMG
1000 CONTINUE

[ -]

C
o, CNTEGEATE FLOTD MASS BALANCE TN AN UNSATURATED ELEMENT
o USING ASYMMETRLIC WELGHLULING FUNCTIONS

TR(UR.TRE.T . OR=06) COTO 5200
IE(BWIEST=3,959300) 4200, 5200, 5200
4200 Do 2000 I-L,4

F2LO. ...
Pos0., ...
POT0.. ..
PS80, ...
PG990, ...
F1000. ..
plola...
PlOZ0. ..
P1030. ..
F1040. ..
plos0...
P1O&0. ..
FLO70. ..
21080, ..
F1oso. ..
1100, ..
P1110. ..
1120, ..
el130...
F1140...
PT16HO...
Pl160...
F1170...
PTTED., ..
pL1oo...
F1200...
rlrzro...
FL220...
FL230. ..
F1240...
P1230, ..
Fl2e0. ..
FI1270...
rlzea., ..
FL1290...
F1500. ..
Plz10...
F1320. ..
1330, ..
FL1240. ..
PL1350...
Fl360. ..
prizo, ..
PL1380...
F1380. ..
rlraao., ..
F1410...
1420, ..
F1430...
P14a0. ..
pl4z0, ..
FLAG0. ..
B1470...
F1480...
1480, ..
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DF=0.D0 F1370...

VO=0.0D0 PT1580, .,

DO 4400 EG=1,4 FLZ90D...

VOsSVO+HR (1, KGY *DET (K3 Fladl. ..

4400 DE=DF+ ( (RXXG (KG) *RGXC (KG) 1 REXYG(EG) *RGYG (KG)) F1&10...

1 *OWDHG (I, KGE) F1EED, ..

Z FARYXCG(KEG) *ROXC (RKQ)Y +RYYS (KG) *RGY G (KG) ) FLG30...

3 OWRYG (L, KGE) ) *DET (Ki3) Pladd. ..

Do A800 J=1,4 P165D., ..

BEF .20 FlEa0. ..

DO 4600 KG=1,4 Fla70. ..

4600 BE=BF 1+ (((REXG{EG) *DTDEG (T, KG) 1REYO (KG) *DFDYG (T, BG) ) ADWOKG (T, KG) F1680, .,

2 F(RYXG(KG) *DPDXG (), KE)HRYY G (XE) *DEDYG (J, KG3) ) *DWDYG (I, KO))FLla90. ..

2 *DET (KG) 700,
1800 BEFLOWE (I,.J) =0RF

HO00 DETOWE (1) =D

VOLE (T)=VD

EOTG G200

-
[ TNTREGRATE FLULD MASE BALANCE 1IN A SATURATED OR UNSATURATLED
o ELEMENT USING SYMMETRIC WRIGIHTING FUNCTIONS
3200 DO &O0D0 T=1,4 -
NFE=0.00 FL1/40. ..
VO D.DO plsoo. ..
no 5400 KG=1,1 FL1H10. ..
VO=VO+F (I, Ki3) *DET (KE) FIBZ2O0, ..
5400 OF DO (((REXEG (EO) *ROXC(EG) +REYG (XC) *ROYS(KG) ) *DFNDXG (1, KG) P1830., ..
2 b (RYRG(EG) AROXC (RQ) +RYYG (KG) *RGY G (KG) ) *DrDYG (L, KG) ) P1340. ..
3 DR (KRG Plau0. ..
DO 3800 J-1,4 Praen, ..
BT=0.D0 PL1E70...
DO L6000 KG=1,1 PL1EBO. ..
2600 BE=BF+ { (REXG (KG) *DTDEG (T, KG) tREYC (KC) *DFDYC (T, KG) ) *DFDEG (L, KGY 1890, ..
1 + (RYXG (KG) *DFDXG (J, KG) +RYYG (KG) *DEDYG(J, KG) ) *DEDYGE (I, KG) )PL900C. ..
2 *DET (KG&) r1910.., .
5800 BrLOWE (T, .J) =R Plo20...
VOLE (L) =vO BP1930...
6000 DFLOWE (I)=DF 121940, ., .
6200  CONTINUE 1950, ..
IF (ML-1) &100,2000,6100 Ploc0...
6100 TF(NOUMAT,EQ.1) GO0 9000 P1270. ..
™ 1980, .
C BFl%90...
Coo o  JCALCULATE PARAMETERS FOR ENERGY BALANCE OR SCOLUTE MASS BALANCE F2OOO. ..
C AT GAUSS FPOINTS p2010...
0 4000 Ke=1,4 F2020...
ESWE=PORG (KG) *5WG (KG) r2030...
RIOCWC=RHOG (KG) *CW F2040...
ESRCG=RSWG* RHOCWEG P20LO. ..
[F(VGMAG (KG) ) 6300, 6300, 6600 F2OB0D. ..
6300 BxG(KE)=0.0D0 PEOT0. ..
EYG(KG) =0.0D0 P2080...
DEXC=0.000 F2090...
DXYG=0,0D0 P210Q0. ..
DYXG=0.000 P2110...
DYYCG=0.000 F2120. ..
GOTO 6500 L2130...
6600 EXG(KG) =R5ROCHVRC (KG) P2140...
FEYG(KG)=2ERCG*VY (Ki) PETE0. .,
c L2160, ..
Covnn DISPERSIVITY MODDEL QR ANISOTROFTIC MERTA F2170...
Z WITIT FPRTINCTRAT DTSFRERSTIVITI®EES:  ALMAX, ALMIN, AND ATAVE P21E80. ..
VANGG=1.,570726227D0 P90, ..
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IF (VEG(KG) *VEG(EG) .GT.0.D0) VANGG=DATAN (VYG (KGQ) /VIG (KG) )

BE2200...

VEANCCE=VANGE- PANGLE (L) BP2210. ..
DCO=DCOE (VEANGGE) P2220. ..

NET=NS TN ( VEANGE3) P2230. ..

G EFFECTIVE LONGITUDINAL DISPERSIVITY IN FLOW DIRECTION, ALEFF P2240. ..
ALEFF=0.010 P2250...

IF (ALMAX (L) +ALMIN(L)) 6800,6800,8700 P2260. ..

6700 ALEFF:ALMAX(L)*ATMIN{L)/(ALMLN(L)*DCD*DCD+ALMAX(L)*DSl*DﬂT} P2270. ..
5800 DLG=ATLEFF*VGMAG { K1) BP2280. ..
P63 =ATAVGE (L) *VAMAG (KG) B2290. ..

C BP2300...
VZEMI-1.00/ (VEMAG (KG) *VGEMAG (KG) ) P2310...
V2TLTG=VZCML* (DLG-TTG) P2320. ..
VXZ2G=VEG (KG) *VXG (KG) FRA330. ..
VYZ2O=VYR{K3) *VYG (KC) p2340. ..

Covnnn DISPERSTON TENZOR P23G0...
DEXG=VZEMI* (DLG*VXZG+DTG*VYZ3) P2360. ..
DYYG=-V2GMT* (DTC*VE2G+DLG*VY2G) P2370...
DEYG-=V2ILTG*VIC (KG) *VYG (KG) P2380...
DYXC=DXY(3 P2330...

[ F2400. ..
O TN-PARALLEL CONDUCTIVITIES (DIFFUSIVITIES) FORMULA P2410. ..
6900 EEE=ESRCO*SIGMAW+ (1.D0-PORG (KGE) } *RHOCWCG*SIGMAS P2420...
C. ... . AID DIFFUSION AND DISPERSION TERMS TO TOTAL DISPERSION TENSOR BF2430...
BXXG(KG) =ESRCG*DXXG+ESE p2440. ..
BEY@(K3) =F2RCCG*DXYGE pP2450. ..

BYXE (KG) =RSRCCG*DYXG P2460. ..

7000 BYYG(KG) =ESRCG*DYYG+EZE P2470. ..
[ P2480. ..
Co.... INTEGRATE SOLUTE MASS BALANCE OR ENERGY BALANCE P2450. ..
c USTNG SYMMETRLIC WEIGHTING FUNCTIONS FOR DISPERSTON TERM AND P2500...
o US1NG EITHFER SYMMETEIC OR ASYMMETRLIC WETGHTING FUNCTTONS P2510...
C FTOR ADVECTION TERM P2520. ..
DO 8000 I=1,4 P2530. ..

DO 8000 J=1,4 P2540. ..

BT=0.D0 P2550. ..

DT=0.D0 P2560. ..

Do 7500 EG=1,4 P2570. ..
BT;BT+({BXXG(KG}*DFDXG(J,KG)+BXYG(KG)*DFDYG(J,KG))*DFDXG(I,KG]PEBBO...

1 +(EYXG(KG)*DFDKG(J,RG)+BVYG(KG)*DFDYG{J,KG))*DFDYG(I,KG))PES@O-..

2 *DET (KG) P2600...

7500 DT=DT'+ ( EXG (KQ) *DFDXG (J, KG) +EYG (KG) *DFDYG (T, KG) ) P2610...
1 *W(I,K3) *DET(KEG) P2620. ..
BTRANE(I,J)=BT P2630...

2000 DTRANE (I, J)=DT P2840. ..
000 CONTINUE P2650...
. P2660. ..
cC P2670...
[ SEND EESULTS OF INTEGRATIONS FOR THIS ELEMENT TO P2680...
[ GLOBAL ASZEMBLY ROUTINE P26S0. ..
9999 CALL GLOBAN(L,ML,VOLE, BFLOWE, DFLOWE, BTRANE, DTRANE, P2700...
1 IN,VOL, PMAT, EVEC, UMAT, UVEC, CWRK P2710NEW

C - - - T T BP2720...
Co- - - - - = - - - - - - - - - - - - - - - - - - e = == = = P2730...
C - - - - - - - - - - - - - - - - = - - - - - - - - - - - P2740...
¢ P2750. ..
C P2760., ..
RETURN P2770. ..

END p2780. ..

C SUBROUTINE B A & I & 2 SUTHA - VERSION 1284-2D Ql0.....
[ QA0 . ...
¢ *** PURPOSE Q30.....
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oo an

***  TO CALCULATE VALUES OF BASIS AND WEIGHTING FUNCTIONS AND THEIR Qd40.. ...
***+  DERIVATIVES, TRANSFORMATICN MATRICES BETWEEN LOCAT, AND GLOBAL 050.....
***  COORDINATES AND PARAMETER VALUES AT A SPECTFIED POINT IN A 060, ... .
¥k QUADRILATERAL FINITE ELEMENT. Q70.. ...
QBO0.....

SUBROUTINE BASISZ (TCALL, L, XLOC, YLOC, IN,¥,Y, F, W, DET, Q90. ...

1 DFDXG, DFDYG, DWDEG, DWDYC, PITER, UTTER, PVEL, POR, THICK, THICKG, Ql00. ...

2 VEG,VYG, SWG, RHOG, VISCG, PORG, VGMAG, RELEG, Q110....

3 PERMXX, PERMXY , PERMYX, PERMYY, CJ11, 0712, CJ21,CT232, 0L20....

4 GEET,GETA, RCIT, RCITM1, RGXG, RGYS) Q130....
IMPLICLT DOUBLE PRECISION (A-H,0-%2) Qlan._ ...
CCOMMON/DIMS/ NN,.NE,NIN,IS,JT,NBIP,NBIS,NPT(9),NPEC,NUBC, Q150NEW

1 N&SOP, NSOU, NBCN QLe0. ...
COMMON/CNTRL1/ GNU,UP,DTMULT, DTMAX,ME, TSSFLO, IS8TRA, ITCYC, Q170NEW

1 NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME Q1B80NEW
COMMON/SATEPAR/ PCENT, SWRES, PCRES, SSLOPE, STHNCET QLS0. ...
COMMON/PARAME/ COMPFL, COMPMA, DRWDU, CW, CS, RHOS, DECAY, STGMAW, S IGMAS, 0200, . . .

1 RHOWO , URHOWO , VIS0, PRODFL, PRODA1, PRODF(, FRODS0, CHI1, CHIZ2 Q210. ...
COMMON/TENSOR/ GRAVY, GRAVY Q220.., ..
NOUBLE PRECISTON XLOC, YLOC Q230. ...
DIMENSTION IN{NIN),6 X(NN),¥Y (NN), 6 UITER (NN), PITER (NN) , FVEL (NN) , 240, ...

1 POR (NN) , PERMXX (NE) , PERMXY (NE} , PERMYX (NE) , PERMYY (NE) , THICK (NN) Q250. ...
DIMENSLON GESI(NE, 4), GETA(NE, 4), RCTT(NN) , RCITML (NN) Q260....
DIMENSION F(4),W(4),DFDXS{4),DFDYG(4), DWDXG (4) , DWDYS (4) Q270. ...
DIMEMNSTON FX(4),FY(4),AFX(4),AFY(4), Q2800 ...

1 DFDXL(4),DFDYL(4), DWDXL (4) , DWDYL {4), Q290. ...

2 EDOW(4),YDW({4) ,XIIX{(4),YIIY(4) Q3I00. ...

DATA XIIX/-1.D0,+1.D0,+1.00,-1.D0/, Q310.. ..

1 YI1¥/-1.D0,-1.D0,+1.00,+1.00/ 0320, ...

C 0330....
« Q340..,..
Cunnnn AT THIZ LOCATION IN LOCAL COORDINATES, (XLOC,YLOC), D350, ...
o CALCULATE SYMMETRIC WEIGHTING FUNCTIONS, F(I), Q360. ...
C SPACE DERIVATIVES, DFDXG(1) AND DFDYG(I), AND Q370....
C DETEEMINANT OF JACOBIAN, DET. Q380., ...
o Q380....
HF1l=1.D0-XLOC Q400. ...
XF2=1.D0+XLOC 0410....
YF1=1.D0-YLOC o420.. ..
YF2=1.D0+YLOC Q430 ...

c Q440. ...,
[ CALCULATE BASTS FUNCTION, I. Q450 ...
FX({l)=XF1 Q460, ...
FX(2)=Xr2 Q4a70. ...
FX{3)=XF2 Q480. ...
FX{4)=XF1 Q490. ...
FY(1l)=YF1 Qh00. ...

FY (2)=YFI Q510.. ..
FY(3)=YF2 520, ...

FY (4)=YF2 Q530. ...

Do 10 1=1,4 Q540. ...

10 F(I)=0.250D0*FX{I)*FY{T) Q550....

- ohed. ...
o CALCULATE DERIVATIVES WITH RESPECT TO LOCAL COORDINATES. Q570....
Do 20 I=1,4 Q5R0. ...
DFDELA(T)=XTIX(I)*0.250D0*FY (1) 0590, ...

20 DFDYL(I)=YITIY(TI)*0.250D0*FX (I} R&EDO., ...

C Q610....
CL . CALCULATE ELEMENTS OF JACOBIAN MATRIX, CJ. QEZ20D. ...
J11=0.D0 QB30 ...
I12=0.D0 0640 ... .
CI21=0.D0 Q650.. ..
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CI22=0.D0

DO 100 IL=1,4
II=(L-1)*4+1IL

I=IN(II)
CI11=CT1I1+DFDEL (TL) *X(T)
CIL2=CT12+DFDEL(IL) *Y (1)
CJ21=CJ21+DFDYL (IL) *X(I)
CI22=CJ22+DFDYL(TL) *Y (T)

CALCULATE DETERMINANT OF JACOBIAN MATRIX.
DET=CT11*CJ22-CcTJ21*CT12

EETURN ‘1'0 ELEMEN WITH JACOBIAN MATRIX ON FIRST TIME STEF.
IF(ICALL.EQ.0) RETURN

CALCULATE ELEMENTS OF INVERSE JACOBTIAN MATRIX, CILJ.
ODET=1.D0/DET

CIJ11=+0DET*CJT22

CIJ12=-0DET*CJ12

CIJ21=-0DET*CJ21

CTT22=+0DET*CT11

DO 200 I_l.4
DFDXG (1) =CIJL1*DFDXL (I)+CIJ12*DFDYL(I)
DFDYG(T)=CIJ21*DFDXL(I)+CIJ22*DFDYL(I)

CALCULATE CONSISTENT COMPOMENTS OF (RHO*GRAV) TERM IN LOCAL
COORDINATES AT THIS LOCATION, (XLOC,YLOC)

ROXL=0.D0

RGYL=0.D0

RGXLM1=0.D0

RGYLM1=0.D0

DO 800 IL=1,4

Il=(L-1)*4+1IL

I=IN(TITI)

ADFDXL=DABS (DFDXL (IL))

ADFDYL=DAES (DFDYL (IL))

RGYL=RGEL+RCIT(I) *GXSI (L, IL) *ADFDXL

RGYL=RGYL+RCIT(I)*GETA(L, IL) *ADFDYL

RGEXLM1=RCGXIM1+RCITMI1 (I)*EXSI (L, 1L) *ADFDXL

RGYIM1=RGYIM14RCITM1(I)*GETA(L,IL) *ADFDYL

CONTINUE

TRANSFORM CONSISTENT CCOMPONENTS OF (RHO*GRAV) TERM TO
GLOBAL COQRDINATES

RGHG=CIJ11*RGXL+CLJ12*RGYL

RGEYG=CTJ21 *RGXL+CIJ22*RGYL

RGXGM1=CIJ11*RGHILM1+CTT12*RGYLML

RGYGM1=CIJ21*RGXLMI+CIJ22*RGYLMI]

CALCULATE PARAMETER VALUES AT THIS LOCATION, (XLOC,YLOC)

PITERG=0.D0
UITERG=0.D0
DEDXG=0.D0
DPDYG=0.0D0
PORG=0.D0
THICKG=0.0D0
DO 1000 TL=1,4
IT=(L-1)*4 +IL
T=TN(IT)

Q6e60. .

Qe70.. ..
0680. ...
0690....
0700....
Q710....
0720....
0730. ...
0740, ...
0750. ...
0760....
0770. ...
0780, ...
07590, ...
0800....
0810, ...
NB20....
0830....
QB40....
0850. ...
0860. ...
0a870....
DE80. ...
0890 . ...
0900, ...
0910. ...
0920....
0930....
Q%40....
0950. ...
Q960. ...
0970. ...
0980. ...
Q990....
Q1000...
©1010...
©1020...
01030...
01040...
©1050...
Q1060...
©1070...
Q1080...
©1080...
Q1100...
Q1110...
Q1120...
Ql130...
©1140...
Q1150...
Ql1160...
Q1170...
01180, ..
Q1180...
Q1200...
01210...
01220...
Q1230...
01240...
01250...
Q1260...
Q1270...
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DPDXEG=DPDXG+PVEL (1) *DFDXG (IL)
DEDYG=DPDYG+ PVEL (T) *DFDYG (TL)
PORG=PORC+POR{I)*F(IL)
THICKG=THICEG+THICK (I)*F(IL)
PITERG=PITERG+P1ITER (1) *F (IL)
UITERG=UITERG+UITER (I)*F(IL)
CONTTNUR

RH: = FUNCTION(UITER)
RHOG=RHOW(+ DRWDU* (UITERC-URHOWQ )
VISCS = FUNCTION{UITER)

VISCOsITY LN UNITS OF VISCO* {KG/ (M*SEC))
IF(ME) 1300,1300,1200 )
VISCG=VISCO*239.4D-07*(10.D0** (248 . 37D0/ (UITERG+133.15D0) )}
COTO 1400
FOR SOLUTE TRANSPORT. ..
VISCG=VISC0
CONTINUE

VISCG IS5 TAKEN TO BE CONSTANT

LSBT UNSATURATED FLOW PARAMETERS SWG AND RELKG

IF(IUNSAT-2) 1&00,1500,1600
IF(PTTERG) 1550,1600,1600 .
CALL UNSAT (SWG, DSWDPG, RELKG, PITERG)
GoTo 1700

SWGE=1.00R0

RELEG=1.0D0

CONTINUE

CALCULATE CONSISTENT FLUID VELOCITIES WITH RESPECT TO GLOBAL
COORDINATES, VXG, VYG, AND VOMAG, AT THIS LOCATION,

DENOM=1.D0/ ( PORG*SWG*VISCG)
PGX=DPDXG-REXGM1
EGY =T PV G-RGYGML
ZERO OUT RANDOM ROUYANT DRIVING FORCES DUE TO DIFFERENGCING
NUMBERS PAST PRECISION LIMIT

MINIMUM DRIVING FORCE TS 1.D-10 OF PRESSURE GRADIENT

(THTS VALURE MAY BE CHANGED DEPENDING ON MACHINE PRECISION)
IF(DPDXGEY) 1720,1730,1720
IF (DARS (POY/DPDEG) -1.00-10)
PGH=0,0D0
IF(DPDYGE) 1750, 1760, 1750
1F (DABS (PCY/DPDYGE) -1.0D-10)
PCY=0.0D0
V(= DENOM* (PERMXY (L} *PGH+PERMXY (L) *PCOY ) *RELKG
VYG=-DENOM* (PERMYX (L) *PGX+FPERMYY (L) *PGY ) *EELKC
VXEZ=VEG*VEG
VYGZ=VYG*VYQ
VCEMAG=NSORT (VEGA+VYGE2E)

1725,1725,1730

1755, 19755, 1760

AT THIE POINT TN T.OCAL COORDINATEZ, (XLOC,YLOC),
CATLCULATE ASYMMETRIC WEIGHTING FUNCTIONS, W(I),
AND EPACE DERIVATIVES, DWDXG(I) AND DWDYG(TI).

ASYMMETRIC FUNCTIONS STIMPLIFY WHEN @ UP=0.0
IF(UP.GT.1.0D0-06_AND _NOUMAT .EQ.0) GOTO 17%0

no 1780 I=1,4

W(I)=F(I)

DWDHEG (T) =DFDXGE(T)

DWOYG(T) =DFDYG(L)

CONTINUE

EETURN WHEN ONLY SYMMETRIC WEIGHTING FIINCTIONS ARE USED
RETIRMN

Q1280. ..
QL2%0. ..
QL300. ..
Ql310. ..
01320, ..
Q1330...
Ql340...
01350, ..
Q1360. ..
©1370. ..
Q1330...
nL390...
OL400. ..
R1410...
n1420...
D1l430...
n1440...
1450, ..
01460, ..
1470, ..
01480, ..
01490, ..
01500. ..
Q1510. ..
Ql520. ..
Q1530. ..
1540, ..
Q1550. ..
Q1l560. ..
NLI570...

(XLOC, YLOC)QLG80. ..

01590, ..
01600, ..
21610, ..
01620, ..
Q1630. ..
Ql1&d40. ..
01650, ..
Qlead. ..
Qle70. ..
Ql680. ..
Qles0. ..
QLl700. ..
Q1710. ..
Q1720. ..
Q1730 ..
N1L740...
N17%0. ..
DL760. ..
01770, ..
QL780. ..
01790, ..
Q1R00. ..
Qla81o. ..
Qlaz0. ..
ala30. ..
Q1840. ..
Q1l850. ..
Qlaen. ..
Q1870. ..
Q1880. ..
Q1850. ..
01900, ..



[ Ql910., ..
C..... CALCULATE FLUID VELOCITIES WITH RESPECT TO LOCAL COORDINATES, 01920, ..
Covnsn VXL, VYL, AND VILMAG, AT THIS LOCATION, (XLOC,YLOC). Ql1930...
1790 VEL=CIJL1*VXG+CIJI2L*VYQ 01940, ..
VYL=CILJI2*VEG+CIJIZ22*VYG Qle50. ..
VLMAG=DSORT(VEL*VAL+VYL*VYL) Q1960. ..
o Q1970. ..
AA=0.0D0 01980. ..
BE=0.0D0 Ql1990. ..
TF(VIMAG) 1900,1900, 1800 Q2000...
1800 AA-UP*VEL/VLMAG Qz2010...
BE=UP*VYL/VLMAG Q2020 ..
C Q2030., ..
1900 XIXI=_750D0*AA*EF]1*XF2 Qz2040., ..
YIYI=.7S50D0*BB*YF1*YF2 02050, ..
Do 2000 1=1,4 Q2060...
AFX (I)=.50D0*FX (I)+XITX(I)*XIXI Q2070. ..
2000 AFY (T)=.50D0*FY (T)+¥YIIY(T)*YIYI 02080...
- Q20%0. .,
O CALCULATE ASYMMETRIC WETIGHTING FUNCTION, W. Q2100...
DO 3000 I1I=1,4 Qz2110...
3000 W(T)=AFX(T)*AFY (I) Q2120., ..
C Q2130...
THAAX=0.5000-1.50D0*AA*XLOC 02140, ..
THBEY=0.%0D0-1.50D0*BR*YLOC Q2150., ..
Do 4000 1=1,4 ‘ Qz2160. ..
HOW(T)=XTI¥({I)*THAAX Q2170...
4000 YDW(L)=Y11Y(Ll) *THEBY Q2180., ..
C Q21%0. ..
Connnn CALCULATE DERIVATIVES WITH RESPECT TO LOCAL COORDINATES. Q2200. ..
DO 5000 I=1,4 Q2210. ..
DWDEL (I} =XDW(I)*AFY{(I) Q2220...
000 DWDYL (I)=YDW(I)*AFX(T) Q2230...
I Q2240 .
Cuvnnn CALCULATE DERIVATIVES WITH RESEECT TO GLOBAL COORDINATES. Q22%0...
Do 6000 1I=1,4 Q2260...
DWDXC(I)=CIJ1L*DWDXL (1) +CIJ12*DWDYL(TI) Qz2270., ..
G000 DWDYGE({I)=CIJ21*DWDXL(T)+CTI22*DWDYL (1) Qz2280...
o QZ2290...
o Q2300...
RETURN 02310...
BEND Q2320...
C SURROUTINE U N 8 A T SUTRA - VERSION 1284-2D R10.....
[ R20.....
C *** PURPOSE R30.....
¢ **x [ISRER-PROGRAMMED SUBROUTINE GIVING: R40 ... ..
C *** (1) SBATURATION AS A FUNCTION OF PRESSURE SW(PRES) ) RSO.....
¢ *** (2} DERIVATIVE OF SATURATICN WITH RESPECT TCO PRESSURE R&0.....
C *** AZ A FUNCTION OF EITHER PRESSUEE OR SATURATION R70.....
o Rk ( DEWDP(PRES), OR DSWDP(SW) ) R8O.....
£ *** (1) RELATIVE PEEMEABILITY AS A FUNCTION OF EITHER ROO.. ...
KA PRESSURE OR SATURATION ( REL(PRES) OR RELK(&SW) ) RLOO
O kE* R110
¢ *** CODE BETWEEN DASHED LINES MUST BE REPLACED T0 GIVE THE R1Z0
[ ***  PARTTCULAR UNSATURATED RELATIONSHIPS DESTIRED. R130
C R140
SUBROUTINE UNSAT(5W, DEWDFE, RELE, PRES) R1GO. ...
IMPLICTT DOUBLE PRECISION (A-H,0-7) RI1GD. ...
COMMON/CNTRL1/ GNU,UP, DTMULT, DTMAX,ME, ISSFLO, ISSTRA, ITCYC, R170NEW
1l NPCYC, NUCYC, NPFRINT, IREAD, ISTORE, NOUMAT, IUNSAT . ITIME R1BONEW
C R1%0....
o - - - - - - - - —-=-R200....
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< THREE PARAMETERS FOR UNSATURATED FLOW RELATIONSHIPS OF R210....
C VAN GENUCHTEN(1580) R220....
C RESIDUAL SATURATION, SWRES, GIVEN IN UNITE [L**0] R230....
o PARAMETER, AA, GIVEN IN INVERSE PRESSURE UNITS [m*{(s**2)/kg] R240....
C PARAMETER, VN, GIVEN IN UNITS [L**0] R250....

DATA SWRES/0.30D0/, AR/5.0D-05/, VN/2.0D0O/ R260....
C - = = = = = = = = = = - - - - - - - - - . .. - - - - - - - - - - —-R2T70....
C R2Z20....
C R290....
C R300....
C R310....
C R320....
C R330....

C******************‘*****************************************************RF‘Z‘QO
(_"*****'k*"C*******************************t****tt*****‘********************RBSD

Cen e SECTION (1): R360. ...
C EW V5. PRES (VALUE CALCULATED CON EACH CALL TO UNSAT) R370....
C CODING MUST GIVE A VALUE TQ SATURATION, SW. R380....
c R380....
C - = = = - = = - - — - - - - - - - & & & & e e = - - — - - — — — — — - RA0D....
C THEEE PARAMETER MODEL OF VAN GENUCHTEN(1980) R410....
SWEM1=1.D0-SWRES R420....
AAPVN=1.D0+ (AA* {-PRES) ) **VN R430....
VNF=(VN-1.D0) /VN R440....
AAPVNN=AAPVN* *VNF R450....

S W = SWRES+SWREML1 / AAPVNN R4&60....

S el T~ T A ) IR
(::*W********************r**w*r*r*t*wrtr**wwwwwwww’kww**wwww***************R,_g‘gg R
C**********r**r*r*1\-1\-***w-A-rrtw**wwwww*ww*www*w*w*g****w*'*****************R,igo .
c RS500....
[ R510....
C R520....
[ R530....
C RG40. ...
o R550....
IF(TUNSAT-2) 6&00,1200,1800 RE60. ...
C***********************************************************************RBVO. e
C****r**tww*wwww*wwwwwk**twwww**ww*ww*w*****w***************************RSSO_ e .
| S SECTION (2): RG90. ...
C DEWDP VE. PRES, OR DSWDP V3, sW (CALCULATED ONLY WHEN IUNSAT=1) R600....
C CODING MUST GIVE A VALUE TO DERIVATIVE OF SATURATION WITH Rel0....
C RESPECT TO FRESSURE, DSWDE. R620....
C R630. ...
600 CONTINUE R640. ...

C - = = = & 4 & 4 4 & m & - & = - & - = = = = = = = = = = = = — - - - - R&GR0....
DNUM=AA* (VIN-1.D0) *SWREML* (AA* (-PRES) ) ** (VIN-1.D0) REED. ...
DNOM=AAPVN* AAPVNN R6T70....
DsWDEP = DNUM/ DNOM R6BO. ...

C - - - = e e = = = e e e e e m e m e e e m — - — - - - - - - - - RB90....
GOTO 1800 R700....
C*********************************-n--n-**************w**r**r**********w****er'[.0 e s
(‘:‘k**‘k*********************************************1\-*********************R720 R
C R730....
C R740....
o R750....
C R760....
[ R770....
C R780....

(‘:***********************************************************************R'?QO

EEERE

(_'_'*'k'k'.l:'h‘:f\‘*'.l\"k'!\“k'k‘k'k*k'*‘.l:'A‘*'!r.k***‘*'%*'*‘.k*‘k*****'k*****"k*****‘k**A"**‘.t"*‘k****'k********RSOO

C.....8ECTTON (3): RE10. ...
I RELE VS. P, OR RELK V2. S3W  (CALCULATED ONLY WHEN IUNSAT=2) R820....
C CODING MUST GIVE A VALUE TO RELATIVE PERMEABILITY, RELEK. RE30. ...
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C

1200 CONTINUE

GENERAL RELATIVE PERMEABILITY MODEL FROM VAN GENUCHTEN(lQSO)
SWETAR=(SW-SWRES) /SWRM1
RELK = DSQRT (SWSTAR) *

1 (1.DO-(1.DO-SWSTAR** (1.D0O/VNF))** (VNF) ) **2.D0

R840....
RB50....
Ra2&0....
R870....
R880....
RE890. ...
R200....
R210....
R220....

Chhr kR kR Rk AR AR AR RN R KRR R AR KR AR AT R R A A hh kb kA kAR AR AN KENN AR A AR F*FRGI0, |
e EE R R E R e RS R R R AR EREREREREE R ARl R~ T N ) I

HeRsRe R NSRS R

r

RN RSN RO RS

iy

N

1800 RETURN

END

SUBROUTINE G L o B A N SUTRA - VERSION 1284-2D ¢

*** DURPOSE

**#* TO ASSEMBLE RESULTS OF ELEMENTWISE INTEGRATIONS INTO
*%% A GLOBAL BANDED MATRIX AND GLOBAL VECTOR FOR EOTH
***  FLOW AND TRANSPORT EQUATIONS.

SUBROUTINE GLOBAN(L,ML,VOLE, BFLOWE, DFLOWE, ETRANE, DTRANE,

1 TN, VOL, PMAT, PVEC, UMAT, UVEC, CWREK)

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
COMMON/DIMS/ NN,NE,NIN,I3,JT,NBIP, NBIS,NPT(%),NFRBC,NUBC,

1 NSOP, NSOU, NBCN
COMMON/CNTRL1/ GNU,UP,DTMULT, DTMAX,ME, ISSFLO, ISSTRA, ITCYC,

1 NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME
DIMENSION BFLOWE(4,4),DFLOWE(4),BTRANE(4,4),DTRANE (4,4} ,VOLE(4)
DIMENSION VOL(NN),PFMAT (NN,NBIF)  PVEC (NN) ,UMAT (NN, NBIS) , UVEC (NN)
DIMENSION CWREK (NN)

DIMENSTION IN(NIN)

Nl=(L-1)*4+1
NA=N143

....ADD RESULTS OF INTEGRATIONS OVER ELEMENT I. TO GLOBAL
P-MATRIX AND P-VECTOR
IF(ML-1) 50,50,150
50 IE=0
(NBHALF=1 FOR PRESSURE EQN)
NEHALF=1
NEWR=JT+2
Do 100 IT=N1,N4
ZERO OUT WORE ARRAY
DO 60 IR=1,NBWR
60 CWRK(IR)=0.0
IE=TE+1
IB=IN(II)
VOL(IB)=VOL{IB)+VOLE(IE)
PVEC(IR)=PVEC({IB)+DFLOWE(IE)
JE=0
Do 110 JJ=N1,N4
JE=JE+1
SAVE ONLY SYMMETRIC HALF IN CONDENSED FORM

R350....
R960....
R370....
R280....
R990....
R1000...
R1010...
R1020...

2110NEW
51200 ...
S1320NEW
S140NEW
8150....
S160NEW
NEW

2170, ...
5180....
51920....
s200....
5210, ...
5220....
5230....
5240. ...
5250....
NEW

NEW

NEW

8260....
NEW

NEW

NEW

2270....
B5280.. ..
5290....
8300....
5310....
S320.. ..
5330....
NEW
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JB=IN(JJ) -TB+NBHALF 5340....

IF(JB.LT.1) GO TO 110 NEW
CWRK (JB) =CWRK (JB) +BFLOWE (IE, JE) NEW
110 CONTINUE NEW
c ADD TERMS FROM WORK ARRAY TO GLOBAL MATRIX NEW
DO 120 IR=1,NBIP NEW
. NE=NPT (IR+4) NEW
120 PMAT(IB,IR)=PMAT(IE,IR)+CWRK(NR) NEW
100 CONTINUE NEW
IF(ML-1) 150,300,150 E360. ...
C 8370....
[ ADD RESULTS OF INTEGRATIONS OVER ELEMENT L TO GLOBAL 8380....
o U-MATRIX S350, ...
150 TF(NOUMAT.EQ.1) GOTO 300 5400, ...
IE=0 5410, ...
o {(NBHALF=JT+2 FOR TRANSPORT EQN) NEW
NBHALF=JT+2 NEW
NBWR=2*JT+3 NEW
Do 200 II=N1,N4 g420....
o] ZERO OUT WORK ARRAY NEW
DO 70 IR=1,NEWR NEW
70 CWRE (IR)=0.0 NEW
IE=1E+1 8430....
IR=IN{(IT) 5440....
O BOSITION FOR ADDITION TO 1-VECTOR 9450, ...
C UVEC (IB)=UVEC(IB)+ ({ ) S2460.. ..
JE=0 S470....
DO 210 JJ=N1,N4 2480....
JE=JE+1 2490. ...
JB=1N(JJ)-IB+NBHALF 2500, ., ..
c SAVE FULL ROW IN CONDENSED FORM NEW
JB=IN(JJ)-IB+NBHALF NEW
CWRK (JB) =CWRK (JB) +DTRANE ( IE, JE} +BTRANE (1E, JE) NEW
210 CONTINUE NEW
c ADD TERMS FROM WORK ARRAY TO GLOBAL MATRIX NEW
DO 220 IR=1,NBIS NEW
NR=NBHALF+NPT(IR) -1 NEW
220 UMAT (IR, IR)=UMAT (IR, IR)+CWRK (NR) NEW
200 CONTINUE NEW
C S520 .
300 CONTINUE 8530....
y S540. .
C 2550, .
RETURN H560.. ..
END a570....
o BUBROUTINE N O D A L E SUTRA - VERSION 1284-2D T10.....
C T20.....
¢ **%*% DURPOSE : T30.....
¢Co*** (1) TO CARRY OUT ALL CELLWISE CALCULATIONS AND TO ADD CELLWIGSE T40. . ...
o ohEH TEREMZ TO THE GLOBAL BANDED MATRIX AND GLOBAL VECTOR FOR TEO.....
O FEE BOTH FLOW AND TRANSPORT REQUATIONS. TED.....
O F** (2) TO ADD FLUID S0OURCE AND SCOLUTE MASS OR ENERGY SOURCE TERMS T0.....
O kEE TO THE MATRIX EQUATIONS. TAO. ... .
C T90.....
SUBROUTINE NODALE (ML, VOL, PMAT, PVEC, UMAT, UVEC, PITER, UTTER, PM1, UM1, T100....
1 M2, POR, QIN,UTN, QUTIN, C&51,C82,C53, 8L, SR, W, DEWDE, RHO, S0P) T110. .,
IMPLTICIT DOUBLE PRECISION (A-H,0-7) T120. ...
COMMON/DIMS/ NN,NE,NIN,I8,JT,NBIF,NBIS,NPT(%),NEEC,NUBC, T130NEW
1 NSOP, NSOU, NECN T140. ...
COMMON/TIME/ DELT, TSEC, TMIN, THOUR, TDAY, TWEEK, TMONTH, TYEAR, T150....
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TMAX, DELTF, DELTU, DLTEML, DLTUML, I'T, ITMAX

COMMON/ BARAME/ COMEFT,, COMEMA, DRWDU, CW, CS, RHOS, DECAY, STCMAW, SIGMAS,

RHOWO , URHOWO , VISCO, PRODFL, PRODS1 , PRODEQ, PRODS0, CHIL, CHIZ
COMMON/SATFARE/ PCENT, SWRES, PCRES, SSLOPE, SINCET
COMMON/CNTRL1/ GNU,UP, DTMULT, DTMAX,ME, ISSFLO, ISSTRA, ITCYC,

NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME

DIMENSION VOL(NN),PMAT (NN,NBIF), PVEC(NN) ,UMAT (NN,NBIS) , UVEC (NN)

DIMENSION PITER(NN),UITER(NIM), PM1 (NN), UML (NN), UM2 (NN) ,

1 POR(NM), QTN (NN) , UTN(NM) , QUIN(NN) ,CS1 (NN) , CS2 (NN) , €23 (NN) ,
2 SL(NN} , SR(NN)}, W (NN) , RHO (NN) , DEWDE (NN} , SOP (NN)
[
[
IF(IUNSAT.NE.Q) TUNSAT=1
C
ol DO NOT UPDATE NODAL PARAMETERS ON A TIME STER WHEN ONLY U IS
C SOLVED FOR BY BACE SUBSTITUTION (IE: WHEN NOUMAT=1)
TF(NOUMAT) 50,500,200
Covnn SHET UNSATURATED FLOW PARAMETERS AT NOLES, SW(T) AND DSWDP(1)
50 DO 120 1=1,NN
IF(TUNSAT-1) 120,100,120
100 IF(PITER(I)) 110,120,120
110 CALL UNSAT(SW(I1),DSWDP(I),RELE,PITER(I})
120 CONTINUE
C.....9ET FLUID DENSITY AT NODES, RHO(I)
(o EHO = T (UITER(I))
DO 150 T=1,NN .
150 RHO(I)=BHOWO+DRWDU* (UITER(T)-TTRHOWO)
200 CONTINUE
[
DO 1000 I=1,NN
SWRHON=SW (1) *RHO{I)
[
TF(ML-1) 220,220,230
[
[ CALCULATE CELLWISE TERMS FOR P EQUATION
CLoL.. FOR STEADY-STATE FLOW, 185SFLO=2; FOR TRANSIENT FLOW, ISSFLO=0
220 AFLN=(1-ISSFLO/2)*

1 (BEWRHON*SOP (I)+POR(I)*RHO (1) *DSWDE (T) ) *VOL(I) /DELTP
CEFLN=POR{T)*SW (I) *DRWDU*VOL (1)
DUDT=(1l-188FLO/2)*(UM1(I)-UM2 (L)) /DLTUML
CFLN=CFLN*DUDT

Cunnns ADD CELLWTSE TERMS AND FLUID SOURCES OR FLUXES TO P EQUATION
C LOAD TERMS ON DIAGONAL (NBHALF=1 FOR FPRESSURE EQN)
NBHALF=1
PFMAT(I,NBHALF) = PMAT({I,NBHALF) + AFLN
PVYEC(T) = PVEC(I) - CFLN + AFLN*PML(T) + QIN(I)
C
TF(ML-1) 230,1000,230
o
v CALCULATE CELLWISE TERMS FOR U-EQUATION
230 EPR&S={1.DO-POR{I))*RHOS
ATRMN={1-ISSTRA)} * (POR(I) *SWRHON*CW+EPRS*CS1 (1)) *VOL(TI) /DELTU
GTRN=POR (1) *SWRHON*PRODFL*VOL (1)
CEV=EPRS*PRODE1*VOL(TI)
GELTRN=GSV*SLI(I)
GERTRN=GEV*ER(T)
ETEN=(FOR{T) *SWRHON*PRODFO+EPRG*PRODS0 ) *VOL(I)
Cuenn CALCULATE SOURCES OF S20LUTE OR ENERGY CONTAINED IN
o SOURCES OF FLUID (ZERQ CONTRIBUTION FOR OQUTFLOWING FLUID)

QUR=0.0D0
QUL=0, (N0
IF(QIN(Ll)) 360,360,340

TLe0. ...

T70. ..
T180. ..
T190. ..
T200NEW
T210NEW
T220NEW

T230....

T240. ..

T250....
T260....
T270. ...
T280. ...
T220....
T300....

T310...

T320....
T330....
T340....
T350....
T3I60.. ..
T3I70.. ..
T320.. ..
T390....
T400....
T410.. ..

T420. ..
T430. ..

T440....

T4%0...
T460. ..

TATO. ...
T480. . ..
T4%0. ...
T500....
T510.. ..
TEZ0. ...
TG30. ...
TG40, ...
TGS0. ...
T560....
TE70.. ..

NEW
NEW

TREO. ...
TR0, ...
TE0O0. ...
TaEl0. ...
T620....
TE30....

Tad0. ..
T&50. ..
Te60. ..
Te70. ..
TeB0. ..
T60 . ..
T700. ..
T710...

T720....

T730...

T740....

T750. ..
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340 QUL=-CW*QIN(I) T760. ...

QUR=-QUL*UIN(TI) T770....
C..... ADD CELLWISE TERMS, SOURCES OF SOLUTE OR ENERGY IN FLUID INFLOWS, T780....
C AND PURE SOURCES OR FLUXES OF SOLUTE OR ENERGY TO U-EQUATION T750.. ..

360 IF(NOUMAT) 370,370,380 Ta800....
c LOAD TERMS ON DIAGONAL (NBHALF=5 FOR TRANSPORT EQN) NEW
370 NBHALF=5 NEW
UMAT (I, NBHALF) = UMAT(I,NBHALF) + ATRN - GTRN - GSLTEN - QUL T810....
380 UVEC(I) = UVEC(I) + ATRN*UML (I) + ETRN + GSRTREN + QUR + QUIN(T) T820....
C T830....
1000 CONTINUE T840....
[ T850....

RETURN T860. ...

END _ T870....
[ SUBRCUTINE B C B . SUTRA - VERSION 1284-2D Ul0.....
C : U20.....
C *** DURPOSE : U30.....
< o*** T3 IMPLEMENT SPECIFIED PRESSURE AND SPECIFIED TEMRERATURE OR udo. . ...
C ***  CONCENTRATION CONDITIONS BY MODIFYING THE GLOBAL FLOW AND us0.....
C ***  TRANSPORT MATRIX EQUATIONS. . Uel.....
C u7o.....

SUBROUTINE BCB (ML, PMAT, PVEC, UMAT, UVEC, IPBC, PERC, IURC, UBC, QPLITR) Us0. ...,

IMPLICIT DOUBLE PRECISION (A-H,0-2) Uugn. . ...

COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIP,NBIS,NPT(9),NPBC,NUBC, U100NEW

1 NESOP, NSEOU, NBCN - ulio....

COMMON/ TIME/ DELT, TSEC, TMIN, THOUR, TDAY , TWEEK, TMONTH, TYEAR, TJ120....

1 T™MAX, DELTF, DELTU, DLTPM1, DLTUM1, TT, ITMAX Ul3o....
COMMON/PARAMS/ COMPFL, COMPMA, DRWDU, CW, CS, RHOS, DECAY, SIGMAW, STGMAS, UL40. . ..

1 RHOWO,URHDWO,VISCD,PRODFl,PRODSl,PRDDFO,FRODHG,CHII,CHIB 7150, ...
COMMON/CNTRL1/ GNU,UP, DTMULT, DTMAX, ME, IS88FLO, ISSTRA, ITCYC, U1l60NEW

1 NPCYC, NUCYC, NFRINT, IREAD, ISTORE, NOUMAT, TUNSAT, ITIME U1l70NEW
DIMENSION PMAT (NN,NBIP),PVEC (NN),UMAT (NN, NBIZ),UVEC(NN), U180NEW

1 IPBC (NBCN) , PBC (NBCHN) , TUBC (NECN) , URC (NBCN) , QPLITR (NRCN) UlSs0. ...

C ua00. ...
C o210, ...

IF(NFBC.EQ.0) GoTOo 1050 U220....
C.o.... SPECTIFIED P BOUNDARY CONDITIONS U230.., .,

DO 1000 IP=1,NPEC T240....

I1=IABS(IPBC(IF)) U250....
C Uze0., ...

IF(ML-1) 100,100,200 U270....
Covnnn MODIFY REQUATION FOR P BY ADDING FLUID SQURCE AT SPECIFIED U280....
C PRESSURE NODE U290, ...

100 GINL=-CGNU J300....

GINR=GNUI*FBC({LP) u3lo. ...

c LOAD TERMS ON DIAGONAL (NBHALF=1 FOR PRESSURE EQN) NEW
NBHALF=1 NEW

FPMAT (1, NBHALF) =PMAT (I, NEHALF) -(3INL U3z0....

PVEC(I)=PVEC(T)+GINR J330....
- U340, ...

IF(ML-1) 200,1000,200 I350....
CL ... MODIFY EQUATION FOR U BY ADDING U SOURCE WHEN FLUID FLOWS IN u3el. ...
o AT SPECIFIED PRESSURE NODE U370....

(00 GUR=0.0D0 U380....
GUL=0 . 0D0 U3oo. ...
TF(QPLITR(IFP)) 360,360,340 7400, . ..

340 GUL=-CW*QPLITR(TIP) T410. ...
GUR=-CUL*UBC (IF) Jaz2o.. ..

360 IF(NOUMAT) 370,370,380 7430, ...

C LOAD TERMS ON DIAGONAL (NBHALF=5 FOR TRANSPORT EQN) NEW

370 NBHALF=5 NEW

UMAT (I, NBHALF) =UMAT (I, NBHALF) -GUL uddo. ., .,
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UVEC (I) =UVEC (I) +GUR
CONTINUE

IF(ML-1) 110Q0,3000,1100

LSPECIFIED U BOUNDARY CONDITIONS
MODIFY U EQUATION AT SPECIFIED U NODE T0Q READ: U =

1
2

1
1
1

1

1
2

IF{NUBC.EQ.0) GOTO 3000
DO 2000 TU=1, NUBC
IUP=IU+NPEC

T=TARS (TUBC (IUF) )

IF (NOUMAT) 1200,1200,2000
Do 1500 JB=1,NBIS

UMAT (I, JB)=0.0D0

LOAD TERMS ON DIAGONAL (NBHALF=5 FOR TRANSPORT EQN)

NBHALF=5
UMAT (I, NBHALF)=1.0D0
UVEC (I) =UBC { IUP)

CONTINUE
RETURN
END

SUBROUTINE BE U D G E

PURPOSE

TO CALCULATE AND QUTPUT FLUID MASS

ENERGY BUDGETS.

SURROUTINE BUDGET (ML, IBCT, VOL, SW, DSWDE, RHO, SOF, QIN, PVEC, PM1,
PBC, QPLITR, IPBRC, IQS0P, POR, UVEC, UM1, UM2, UIN, QUIN, IQS0U, UBC,

€gl,082,C83, 8L, BR)

TMPLICIT DOUBLE PRECISICHN (A-H,0-Z)

CHARACTER*10 ADSMOD

SUTRA - VERSION 1284-2D

AND SOLUTE MASS CR

COMMON/FUNITS/ KO00,KO0,K1,K2,K3,K4,K5,K6,K7,K8

COMMON/MODSOR/ ADSMOD

URC

COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIP,NBIS,NPT(9),NPBC,NUBC,

NSOP, NsOU, NBCN

COMMON/'TIME/ DELT, TSEC, TMIN, THOUR, TDAY, TWEEK, TMONTH, TYEAR,

TMAX, DELTR, DELTU, DLTEM1, DLTUML, IT, ITMAX

COMMON/ PARAMS/ COMPFL, COMPMA, DRWDU, CW, ¢S, RHOS, DECAY, SIGMAW, STGMAS,
RHOWO , URHOWO , VISCO, PRODF1, PRODS1, FRODFO, PRODS0, CHT1, CHIZ
COMMON/CNTRL1/ GNU,UP,DTMULT, DTMAX, ME, ISSFLO, ISSTRA, ITCYC,
NPCYC, NUCYC, NPRINT, IREAD, ISTORE, NOUMAT, IUNSAT

CHARACTER*13 UNAME(2)

DIMENSION QIN(NN),UIN(NN), IQSOP(NSOP), QUIN(NN) , IQ50U (NSOU)

DIMENSION IPBC (NBCN) , UBC(NBCN), QPLITR(NBCN) , PBC (NBCN)

DIMENSTON POR(NN) ,VOL{NN) , PVEC (NI) , UVEC (NN) , SW{NN) , DEWDP (NN) ,
RHO (NN) , SOP (NN) , PM1 (NN) , UM1 (NN} , UM2 (

NN) ,

CE1(NN),CS2 (NN),CS3 (NN), SL(NN) , SR(NN)
DATA UNAME (1) /'CONCENTRATION'/,UNAME (2)/' TEMPERATURE

MN=2
IF{TUNSAT.NE.0) IUNEAT=1
IF{ME.EQ.-1) MN=1

WRITE (K3, 10)

FORMAT(1H1)

LEET UNSATURATED FLOW PARAMETERES,

IF (TUNSAT-1) 40,20,40

20 Do 30 I=1,HNN

SW(T)

AND DSWDPE(I)

 ITIME

v

MODIFIED
X1lz0....
X130NEW
X140....
X150.. ..
X160....
X170....
X180....
X190NEW
X200NEW
X210....
X220, ...
X230....
X240....
X250.. ..
X260....
X270....
X280....
Xa290....
£300....
¥310....
X3z20....
®330....
X340....
X350....
X£360....
Xx370....

Appendix Il

a5



IF(PVEC(T)) 25,27,27 X380....

25 CALL UNSAT(SW(I),DSWDP(I),RELK, PVEC(I)) X390....
CGOTO 20 X400....

27 sW({Il)=1.0D0 X410, ...
DSWDP(I)=0.0D0 X420, ...

30 CONTINUE H430....

C X440....
Cuul .. CALCULATE COMPONENTS OF FLUID MASS BUDGET A0, ...
40 TF(ML-1) &0,50,1000 Hd4e0. ...

50 CONTINUE H470... .,
STETOT=0 .00 X480, ...
STUTOT=0.D0 ®490.. ..
QINTOT=0 .00 X500....

DO 100 1=1,NN K510....
STPIOT=STPTOT+ (1-TSSFLO/2) *RHO{I) *VOL (T) * X520....

1 (BW(I)*S0P(T)+POR(I)*DSWDP(I))* (PVEC(1)-FML{I))/DELTPE H530....
STUTOT=STUTOT+ (1-1SSFLO/2) *POR(T) *SW (1) *DRWDU*VOL.(T) * ¥540., ..

1 (UM1(1)-uM2{(I))/DLTUMI ¥550....
QINTOT=QINTOT+QIN{I) X560....

100 CONTINUE ¥570.0...

[ Xha0. ...
QPLTOT=0.D0 590, ...

DO 200 TP=1,NFBC X600, ...
I=TABS (TPEC(IP)) Xal0. ...
QPLITR(IP)=CNU* (PRC{IP)-PVEC{I)) HE20....
QPLTOT=QPLTOT+QPLITR (IP) X630....

200 CONTINUE Xed0., ...

C A650....
C.o... QUTPUT FLUID MASS BUDGET HEED. ...
WRITE(K3,300) 1T,STPTOT, STUTOT, UNAME (MN) , QINTQT, QPLTOT 70, ...

300 FORMAT(//11X, 'F L, U I D MASESE BEUDGETT ATER TIME', X&680....

1 ' BTER ', T5, ', IN (MASS/SRCOND) '///11X,1PD15.7,5%, HE90. ...

2 'RATE OF CHANGE IN TOTAL STORED FLUID DUE TC PRESSURE CHANGE', X/700....

3 ', INCREASE({+)/DECREASE(-)',/11X,1PD15.7, 5%, XI10.. ..

2 'RATE OF CHANGE IN TOTAL STORED FLUID DUE TO *,AlY, ' CHANGE', X720....

3 ', INCREASE(+) /DECREASE(-)"', X730....

3 /11X, 1PD15.7, 5%, '"TOTAL OF FLUID S0OURCES AND SINKS, °, Xrao. ...

4 '"NET INFLOW(+)/NET OUTFLOW(-)'/11X, 1FD15.7,5X, X750....

5 '"TOTAL OF FLUID FLOWS AT POINTS OF SPECIFIED PRESSURE, ', H760....

6 'NET INFLOW(+) /NET OUTFLOW(-)"') XI10....

< X780....
IF(IBCT.EQ.4) GOTO &00 X780....
NSOPT=NSOP-1 ®800.. ..
INEGCT=0 X810....

DO 500 IQP=1,N2S0PT Xaz20.. ..
I=I0S0P(TOF) X8330....

IF (I} 325,500,500 X840, ...

32% INECCT=TINEGCT+1 HA50....
IF(INEGCT.EQ.1) WRITE(K3, 350) K860, ...

150 FORMAT(///22X, "TIME-DEPENDENT FLUID SOURCES OR SINES' //22X, R70, ...

1 ' NODE', 5X, "INFLOW(+) /OUTFLOW{-) ' /37¥, " (MASS/SECOND) '/ /) XB880....
WRITE (K3, 450) -I,QIN{(-T) XB20....

450 FORMAT (22X, I5,10¥, 1PD1&.7) X900....
00 CONTINUE X910....

C HO20....
A0 IF(NPBC.EQ.0) GOTO 800 O30, ..,
WRITE (K3, 650) ¥940. ...

G0 FORMAT(///22X, 'FLUID SOQURCES OR SINKS DUE 10 SPECIFIED PRESSURES', X950, ...
1 //22%, NODE',SX, "INFLOW(+) /QUTFLOW(-)"'/37%," (MASS/8ECOND) ' /YE960. ...

Do 700 IP=1,NPRC EQT0....
I=IABS (IPBC(IP)) X980.,...
WRITE(K3,450) I,QPLITR(IP) X990, ...
700 CONTINUE X1000. ..
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Coonn CALCULATE COMPONENTS OF ENERGY OR SOLUTE MASS BUDGET

800
1000

1

1550
1
1500

Lo b = 0 0 =1 O U Lo Bd

IF(ML-1) 1000,4500,1G00
CONTINUE

FLDTOT=0.D0

SLDTOT=0.D0

P1FTOT=0.D0

Pl1=sTOT=0.00

FOFTOT=0.D0

FOSTOT=0.D0

QOUTOT=0.10

QIUTOT=0.,D0

.SET ADSORPTION PARAMETERS

IF(ME.EQ.-1.AND.ADEMOD.NE. " NONE

CALL ADSORB(CS1, 082,083, 8L, SR, UVEQ)

DO 1300 I=1,NN
RERV=POR(T) *SW(I)*RHO(I)*VOL(1)
EPREV=(1.D0-POR{I) ) *RIOS*VOL (1)

NDUNT=(1-ISSTRA) * (UVEC (1) ~-UML (1)} /DELTU

FLDTOT=FLDTOT+ESRV*CW*DUDT
SLDTOT=SLDTOT+EPRSV*(S1 (T) *DUDT
P1IFTOT=FP1FTOT+ESRV*FRODF1

PLSTOT=P1&TOT+EPRIV* PRODS1* (SL(I) *UVEC (T)+SR{I))

POFTOT=POFTOT+ESRV* FRODFO
POSTOT=P0STOT+EPRSV* PRODS0
QOUTOT=0QUTOT+QUIN (I)
IF(QIN(L)) 1200,1200,1250
OIUTOT=QIUTOT+QIN (1) *CW*UVEC (I)
CoTo 1300

QIUTOT=QTUTOT+QIN(I) *CW~UIN(I)
CONTLNUE

OPUTOT=0.T0

DO 1500 TP=1,NPBEC

IF(QPLITR(IP)) 1400,1400,1450
T=TABS (IFBC(IP))
QPUTOT=0PUTOT+QPLITR (IR) *CW*UVEC (1)
GOTD 1500
OPUTOT=QPUTOT+QPLITR (IP) *CW*UBC ( IP)
CONTTNUE

TF{ME) 1550,1550,1615%

OUTEUT SQLUTE MASE BUDGET

WRITE (K3, 1600} IT,FLDTOT, SLDTOT, PLFTOT, PLSTOT, POFTOT, FOSTOL,

QIUTOT, QPUTOT, QQUTOT

FORMAT(//11X,'s C L U TE EUDGET

AFTER TIME STEP

'L TI5,

L IN (SOLUTE MASS/SECOND) '///11%,1PD15.7,5%, "NET RATE OF ',
' INCREASE (+) /DECREASE (-) OF SOLUTE'/11X,1PD15.7, 5%,
OF ADSORBATE' /11X, 1PD15.7,

'NET RATE OF TNCREASE(+) /DECREASE(-)
C¥, 'NET FIRST-ORDER PRODUCTION(+)/DECAY (-)

1PDL5.7, 5X, 'NET FIRST-ORDER PRODUCTION(+)/DECAY(-) OF ',
'ADSORBATE' /11%, 1PDI1S.7, 5%, '"NET ZERO-CEDER PRODUCTION(+)/',
‘DECAY (-) OF SOLUTE' /11X, 1PD1%5.7,5X, 'NET ZEREO-ORDER ',
'PRODUCTION (+) /DECAY (-) OF ADSORBATE'/11X,1PD15.7, 5K,

'NET GAIN(+)/LOSS(-) OF SOLUTE THROUGH FLUID
JL1X, 1PD15.7,5%, "NET GAIN(+)/LOSE(-)

OF SOLUTE THROUGH

'INFLOWS OR OUTFLOWS AT POINTS OF SFECTFIED PRESSURE!

/11X, 1PD15.7,5%, '"NET GAIN(+) /LOSS(-)

'SOLUTE SOURCES AND SINES')
GOTO 1645

OF SOLUTE THROUGH

OF SOLUTE' /11X,

T

r

SQURCES AND STNES!

X1010...
®1020...
X1030...
H1040...
Z1050...
£10&60. ..
Z1070...
H1080...
X1090. ..
Xx1l100. ..
X1110...
®1lz0...
X1130. ..
H1140...
®1150...
X1160. ..
1170, ..
1180, ..
xl190...
H1200...
E1210...
K1220...
X1230...
£1240. ..
X1250...
H1260...
H1z270....
¥1280...
®1290...
X1300. ..
X1310...
X1320...
X1330...
X1340. ..
X1350...
¥1360...
HX1370. ..
X1330...
X1390...
®1400. ..
X1410. ..
H1420...
X1430. ..
H1440...
X1450...
X1460. ..
K1470...
¥l4s80...
®14%90...
X1%00. ..
X1510...
X1%20...
¥1530...
X1540. ..
X1%50. ..
#1560, ..
1570, ..
X1580. ..
X1590. ..
1600, ..
X1610...
X1620...
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Covnn OUTPUT ENERGY BUDGET X1630...
1615 WRITE (K3, 1635) IT, FLDTOT, SLDTOT, POFTOT, POSTOT, QIUTOT, QPUTOT, QOUTOTHLE40 . . .

1635 FORMAT(//11¥,'ENER G Y BUDGET AFTER TIME STEP ',IL5,X16%0...
1 ', IN (ENERGY/SECOND) ' ///11X, 1PD15.7,5%, '"NET RATE OF ', X1660...

2 'INCREASE (+) /DECREASE (~) OF ENERCY IN FLUID' /11X, 1PD15.7, 5%, X1&670. ..

3 'NET RATE OF INCREASE(+)/DECREASE(-) OF ENERCY IN S0LID GRAINS'X16820...

4 /11X, 1PD15.7, 5%, '"NET ZERO-ORDER PRODUCTION (+)/LOSE(-) OF ', X1690...

5 '"ENERGY IN FLUID'/11X, 1FD15.7,5X, 'NET ZERO-ORDER ', X1700...

3 '"PRODUCTTION (+) /LOSS (=) OF ENERGY TN SOLLD GRAINS' X1710. ..

7 /11X, 1PD15.7, 5%, "NET GAIN(+)/L0OSS(-) OF ENERGY THROUGH FLUID *,X1720. ..

2 'SOURCES AND SINES' /11X, 1PD15.7,5X, '"NET GATMN(+) /LOSS(-) OF ', ¥1730...

9 'ENERGY THROUGH INFLOWS OR QUTFLOWS Al POINTS OF SPECIFIED ', X1740...

* 'PRESSURE! /11X, 1PDLS.7, 5%, '"NET GAIN(+) /LOS2(-) OF ENERGY *, 1750, ..

1 'THROUGH ENERGY SOURCES AND SINES') X1760. ..

C X1770...
1645 NEOPI=NZOP-1 X1780. ..
IF(NSOPL.EQ.D) COTO 2000 X1790. ..
1IF{ME) 1649,1649,1659 xX1800. ..

164% WRITE (K3, 1650) Xxla1o0...
1650 FORMAL'(///22X, 'SOLUTE SOURCES OR SINKS AT FLUID SOURCES AND °, ®1820...
1 'SINKS'/ /22X, NODE', 8X, 'SOURCE (+) /STNK(-) ' /32X, X1830...

2 '(SOLUTE MASS/SECOND) ' /) 1840, .,
GOTO 1e80 X1850...

1659 WRITE(K3, 1660) X1860. ..
1660 FORMAT(///22X, 'ENERGY S0URCES OR SINES AT FLUID SOURCES AND ', X1870. ..
1 "SINKES'/ /22K, ' NODE', 8X, 'S0URCE(+) /SINK(-)'/37X, X1880. ..

2 ' (ENERCY/SECOND) ' /) ¥1890...
1680 DO 19500 IQP=1,NsS0PT X1900...
I=TARS (TQSQD(1QP)) X1910. ..
TF(QIN(LI)) 1700,1700,1750 X1920. ..

1700 QU=0QIN(I)*CW*UVEC{I) A1830...
COTO 1800 H1940...

1750 QU=QIN(I)*CW*UTN(I) X1850. ..
1800 WRITE (K32,4%0) I,QU H1960. ..
1900 CONTINUE ¥1970...
C X1980, ..
2000 IF(NPEC.EQ.0) GOTO 4500 H1950. ..
IF(ME) 2050,2090,2150 X2000. ..

2090 WRITE(KE3,2100) X2010...
2100 FORMAT(///22X, 'SOIUTE S0URCES OR SINKS DUE TOQ FLUTD INFLOWS OR ', X2020...
1 'OUTFLOWS AT POINTS OF SPECTFIED PRESSURE' / /22X, ' NODE', BX, X2030...

2 "SOURCE (+) /SINK (-) ' /32X, ' (BOLUTE MASS/SECOND) '/) E2040. ..
COoTO 2190 X2050., ..

2150 WRITE(K3, 2160) H2060. ..
2160 FORMAT(///22X, 'ENERGY SOURCES OR SINKS DUE TO FLUID INFLOWS OR ', X2070...
1 '"OUTFLOWS AT POINTS OF SPECIFIED PRESSURE'//22X, ' NODE', 8%, X2080. ..

2 'EQURCE (+) /SINK(-) ' /37X, ' (ENERCY/SECOND) ' /) X2090, ..
2190 DO 2400 TP=1,NEBC ¥2100, ..
I=IABS{IFRC(IP)) ¥2110. ..
IF(QPLITR(IP)} 2200,2200,2250 ¥2120. ..

(00 QPU=QPLITR(IP)*CW*UVEC (T) X2130...
GOTO 2300 X2140...

S50 QPU=QPLITR(TIPR) *CW*URBC({IF) X2150. ..
00 WRITE(K3,450) 1,0QPU X2160. ..

) CONTINUE ¥2170. ..
X2180. ..

IF(IBCT.EQ.4) GOTO 4500 X2190...
NEOUTI=N50U-1 2200, ..
INEGCT=0 X2210...

DO 3500 IQU=1,NsS0UT H2220...
I=IQS0U(IQU) H2230. ..
TJF(I) 3400,3500,3500 X2240...

31400 INEGCT=INEGCT+1 H2250...
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Nnaoannoa

3450
2455

3460
3465
3475
3490
3500

4500

* k&
L
* ok *

100

110

IF(ME) 3450, 3450,3460 X2260. ..
IF (INEGCT.EQ.1) WRITE (K3, 3455) X2270. ..
FORMAT{///22X, ' TIME-DEPENDENT SOLUTE SOURCES AND SINKS'//22X, ¥2280. ..
1 ' NODE', 10X, 'GAIN(+)/LOSS(-)'/30X,' (SOLUTE MASS/SECOND)'//) X2290...
GOTO 3475 X2300...
IF(TNEGCT.EQ.1) WRITE(K3,3465) X2310...
FORMAT (// /22X, ' TIME-DEPENDENT ENERGY SOURCES AND SINKS'//22X, X2320...
1 " NODE', 10X, 'GAIN(+)/LOSS(-)'/35%,' (ENERGCY/SECOND)'//) X2330...
CONTINUE X2340. ..
WRITE(K3,3490) -I,QUIN(-I) X2350. ..
FORMAT (22X, IS, 10X, 1PD15.7) X2360. ..
CONTINUE ¥®2370. ..
X2380. ..
¥2390...
CONTINUE X2400. ..
X2410...
RETURN X2420. ..
END X2430. ..
SUBROUTINE & T 0 R E SUTRA - VERSION 1284-2D Y10.....
¥20.....
PURPOSE ¥Y30.....
70 @TORE RESULTS THAT MAY LATER BE USED TO RE-START Y40.....
THE SIMULATION. YS50.....
Y60.....
SUBROUTINE STORE (PVEC, UVEC, PM1, UM1,CS1,RCIT, &W, PBC) ¥Y70.....
IMPLICIT DOUBLE PRECISION (A-H,Q-7) Y80.....
COMMON/FUNITS/ K00,KO0,Kl,K2,K3,K4,K5,K6,K7,K8 MODIFIED
COMMON/DIMS/ NN,NE,NIN,Id,JT,NBIP,NBIS,NPT(9),NPBC,NUBC, Y9ONEW
1  NSOP,NSOU, NBCN Y100....
COMMON/TIME/ DELT, TSEC, TMIN, THOUR, TDAY, TWEEK, TMONTH, TYEAR, Y110....
1 IMAX,DELTP, DELTU, DLTPM1, DLTUML, IT, I'TMAX v120. ...
DIMENSION PVEC (NN),UVEC (NN), PML (NN),UML (NN) ,CS1 (NN) , RCIT(NN), Y130....
1 SW(NN),PBC (NECN) Y140....
Y150....
.REWIND UNIT-66 FOR WRITING RESULTS OF CURRENT TIME STEP Y160....
REWIND (66) ¥170....
Y180....
.STORE TIME INFORMATION ¥190....
WRITE(K4,100) TSEC,DELTP, DELTU ¥200....
FORMAT (4D20.10) ¥210....
¥220....
. .STORE SOLUTION ¥230....
WRITE(K4,110) (PVEC(I),I=1,NN) v240. ...
WRITE(K4,110) (UVEC(I),I=1,HNN) Y250....
WRITE(K4,110) (BPML(I),I=1,NN) Y260. ...
WRITE(K4,110) (UM1(I),I=1,NN) ¥v270....
WRITE(K4,110) (CS1(I),I=1,NN) Y280....
WRITE(K4,110) (RCIT(I),I=1,NN) ¥290....
WRITE(K4,110) (SW(I),I=1,NN) ¥300....
WRITE(K4,110) (PBC(IP), IP=1,NBCN) Y310....
FORMAT (4 (1PD20.13)) ¥320....
¥330....
ENDFTLE (K4) Y340....
¥Y350....
RETURN Y360....
END ¥370....
SUBROUTINE F O P E N SUTRA - VERSION 0690-2D Z10....MODIFIED
%20....MODIFIED
PURPOSE : Z30....MODIFIED

* Rk u

L A J

% & &

LE 2

OPENS FILES FOR SUTRA SIMULATION.
OPENZ2 ERROR OUTPUT FILE,

READS FILE NUMBERS AND NAMES,
CHECKS FOR EXISTENCE OF INPUT FILES, AND WRITE2 ERROR MESSAGES.

z40....MODIFIED
z50....MODIFIED
Z&0....MODIFIED
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C
SUBROUTINE FOPEN (UNAME, ENAME, FNAME, TUNIT, NFILE)
CHARACTER*B0O FN,UNAME, ENAME, FNAME
LOGICAL I=
COMMON/FUNITS/ K00,KO0,K1,K2,K3,K4,K5,K6,K7,K8
DIMENSION FNAME (8),IUNIT(8)
C
C.....0PEN FILE UNIT CONTAINING UNIT NUMBERS AND FILE ASSIGNMENTS
TU=K0
FN=UNAME
INQUIRE (FILE=UNAME, EXIST=I8)
IF(IS) THEN
OPEN (UNIT=IU, FILE=UNAME, STATUS="'0OLD’' , FORM="'FORMATTED" ,
1 IOSTAT=KERR)
ELSE
GOTO BOOO
ENDIF
IF (KERR.GT.0) GOTO 9000
c
C.....READ FILE CONTATINING UNIT NUMBERS AND FILE ASSIGNMENTS
NFILE=0
100 READ(KO,*,END=200) IU
READ(KO,150,END=200) FN
150 FORMAT(AB0)
NFILE=NFILE+1
IUNIT(NFILE)=IU
FNAME (NFILE) =FN
GOTO 100
200 CONTINUE
C.....CHECK FOR EXISTENCE OF INPUT FILES
c AND OPEN BOTH INPUT AND OUTPUT FILES

DO 300 NF=1,NFILE
IU=IUNIT (NF}
FN=FNAME (NF)
IF(NF.LE.2) THEN
INQUIRE (FILE=FN, EXIST=IS)
IF(I&) THEN
OPEN(UNI?EIU,FILE=FN,STATU5='OLD',FORH=IFORMATTEDI'IOBTATHKERR)
Z450.. .MODIFIED
ELSE
GOTO 8000
ENDIF
ELSE
OPEN(UNITIIU,FILE=FN;STATUS='UNKNQWN',FORH='FORMATTED',
IOSTAT=KERR)
ENDIF
IF(EERR.GT.0) GOTC 9000
CONTINUE
Kl=IUNIT(1)
K2=IUNIT(2)
E3=sTUNIT(3)
K4=TUNIT(4)
E5=IUNIT(5E)
K6=IUNIT(6)
ET=IUNIT(7)
K8=IUNIT(B)
RETURN

1
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Z70....MODIFIED

290....MODIFIED
Z100...MODIFIED
Z110...MODIFIED
Z120.. ,MODIFIED
Z130...MODIFIED
Z140...MODIFIED
Z150., .MODIFIED
Z160.. .MODIFIED
2170...MODIFIED
Z180...MODIFIED
Z1%0...MODIFIED
Z200...MODIFIED
£210...MODIFIED
Z2220...MODIFIED
2230, ..MODIFIED
Z240., .MODIFIED
Z2250...MODIFIED
4260...MODIFIED
Z2270...MODIFIED
Z380...MODIFIED
Z290.. .MODIFIED
Z300...MODIFIED
Z310...MODIFIED
Z320...MODIFIED
Z330...MODIFIED
Z340...MODIFIED
Z350...MODIFIED
Z360...MODIFIED
Z370...MODIFIED
Z380...MODIFIED
Z390...MODIFIED
Z400, ., .MODIFIED
Z410.. .MODIFIED
Z2420.. .MODIFIED
Z430...MODIFIED
Z440...MODIFIED
Z460. . .MODIFIED
Z470...MODIFIED
Z480,. . .MODIFIED
Z490...MODIFTED
Z500. . .MODIFIED
4Z510...MODIFIED
Z520..,MODIFIED
Z530.. .MODIFIED
Z2540.. .MODIFIED
Z550.. .MODIFIED
Z560., .MODIFIED
Z570...MODIFIED

Z580...MODIFIED
Z581...MODIFIED
Z582, ., .MODIFIED
Z583 .. .MODIFIED
Z584.. .MODIFIED
Z590...MODIFIED
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c Z600...MODIFIED

C.....0PEN FILE UNIT FOR ERROR MESSAGES Z610.. .MODIFIED
BO0OO OPEN (UNIT=K00,FILE=ENAME, STATUS="UNKNOWN',6 FORM="'FORMATTED")

Z620...MODIFIED

C.....WRITE ERROR MES3AGE AND ZSTOF Z6320...MODIFIED

WRITE (K00, 8888) FN Z&40...MODIFIED

B888 FORMAT('* ER R O R *'/'THE FILE:'/ABQO/'DOES NOT EXIST!') Z650...MODIFIED

ENDFILE (K00) Z660...MODIFIED

STOF Z670...MODIFIED

c Z680...MODIFIED

C..... OPEN FILE UNIT FOR ERROR MESSAGES Z690.. .MODIFIED
9000 OPEN(UNIT=K00,FILE=ENAME, STATUS='UNKNOWN',6 FORM="'FORMATTED') Z700...MODIFIED

C.....WRITE ERROR MESSAGE AND 3TOP Z710...MODIFIED

WRITE (K00, 99%9) IU,FN Z2720...MODIFIED

9999 FORMAT('* ER RO R *'/'UNIT ',I3/'ASSIGNED TO FILE:'/ABO/ Z730...MODIFIED

1 'CANNCT BE OPENED!') Z740.. .MODIFIED

ENDFILE (KOO0} . Z750...MODIFIED

STOF Z760...MODIFIED

c Z770...MODIFIED

END Zz780,..MODIFIED
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Appendix Il

Subprograms SOLVEC and LSORA Used to Solve System of Equations
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c SUBROUTINE NEW SO0OLYVE
C.vs. . SUBROUTINE NEW S0LVE
o
C.....PURPOSE: SCOLVE FLOW EQUATIONS USING THE INCOMFPLETE
c CHOLESKY-CONJUGATE GRADIENT TECHNIQUE
c
C.....80LVE SYSTEM OF EQUATIONS FOR FLOW
C

SUBROUTINE SOLVEC (NBW,A,OLDH,RHS,P,R,AP,XKl,AB)

IMPLICIT DOUBLE PRECISTON (A-H,0-Z)

COMMON/FUNITS/ KO00,X0,K1,K2,K3,K4,K5,K6,K7,K8

COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIP,NBIS,NPT(9),NPBC,NURBC,

1 NSOP, NSOU, NBCN

COMMON/ITERAT/ RPM, RPMAX, RUM, RUMAX, ITER, ITRMAX, IPWORS, TUWORS,

1 ICON, ITRMX2, OMEGA, RPMX2, RUMX2

DIMENSION A (NN,NEW),OLDH(NN), RHS (NN)

DIMENSION P({NN),R(NN),AP(NN),XEKl(NN),AB(NN,5)
C

EPS1=RPMX2
c

C.....INITTALIZE Rl AND P1l, AND STORE OLDH IN RHS FOR ITERATIVE SOLUTION
CALL MATMLE (A, OLDH, R, NBW)
DO 20 I=1,HN
R{(I)=RHS(I)-R(I)
RHS (I)=0OLDH(I}

20 CONTINUE
IDC=0
CALL SDCOME(A,AB,R,F,NBW, IDC)
IDC=1
CALL SDCOMP (A,AB,R,P,NBW, IDC)
C
Cenuns BEGIN ITERATIVE LOOP -- SOLUTION MUST CONVERGE IN NN ITERATIONS
NN1=NN+1
Do 30 ITR=1,NN1
CALL MATMLD (A,P,AP,NBW)
C
C.....FORM DOT PRODUCT OF P AND AP AND STORE IT AS LAMDA

XLAM=0.0
DO 110 K=1,NN
110 ELAM=XLAM+F (K) *AP (K)
IDC=1
CALL SDCOMF (A,AB,R.XKl,NBW, IDC)
c
C.....FORM DOT PRODUCT OF R AND XK1 AND STORE IT AS RR1
RR1=0.0
DO 120 K=1,NN
120 RR1=RR1+R({K) *XK1l(K)

C.....UPDATE H (BUT STORE IT IN RHE)

Coonn. UPDATE R AND XKI AND CHECK MAXIMUM ERRCR
ALPHA=RR1/XLAM
RMAX=0.0
Do 40 J=1,NN
RHS (J) =RHS (J) +ALPHA*P (.J)
R(J)=R(J)-ALPHA*AFR (J)
RABS=DAB3 (R(J)})

40 IF(RABS.GT.RMAX) RMAX=RARS
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c

CHECK TF METHOD HAS CONVERGED
IF(RMAX.LT.EPS1) GOTO 70

CHECK IF USER SPECIFIED ITERATION LIMIT IZ8 EXCEEDED
IF(ITR.GE.ITRMX2) GOTO 50

IF (MOD(ITR,10).EQ.0) WRITE(6,533) ITR,RMAX

C.....UPDATE F AND GO ON TO NEXT ITERATION

120

a5
30
70
29

50
o8

533

oo aonn

oo

100

1

1

IDC=1
CALL SDCOMPE(A,AB,R,XKl,NBW, IDC)
FORM DOT PRODUCT OF R AND XK1 AND STORE IT AS RR2
RRZ2=0.0
DO 130 K=1,HNN
RRZ=RR2Z+R(K) XK1 (K)
BETA= RR2/RR1
DO 35 J=1,HN
P(J) =XK1l (J) +BETA*P (J)
CONTINUE
CONTINUE
WRITE(K3,9%) ITR
FORMAT( /10X, 'ICCG METHOD CONVERGED IN',I5,' ITERATIONS')
GO TO 60
WRITE(K3,98) ITRMXZ2
FORMAT(//,5X, 'FATLED TO CONVERGE AFTER ',I&,' ITERATIONZ'/

/+5X, 'PROGRAM WILL STOP')
FORMAT(1H , 3X, 'RMAX AT ITERATICN',IS5,' =',lPlEl5.5)
STOP 151
RETURN
END

SUBROUTINE MATMLF-- WRITTEN BY E.J. WEXLER
PURPOSE: TO MULTIPLY A VECTOR B BY A NN X NN BANDED MATRIX
WITH ONLY THE UFPPER NON-ZERCO BANDS OF A STORED.

LOooP THROUGH ALL ROWS OF MATRIX A

SUBROUTINE MATMLP (A,B,C,HNBW)

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

COMMON/DIMS/ NN,NE,NIN,I8,JT,NBIP,NEIS,NPT(9),NPEC,NUBC,
NSOP, NSOU, NBCN

DIMENSION A (NN,NBW),B(NN), ¢ (NN)

DO 100 K=1,NN

SUM=0.0

DO 300 J=1,NBW

NETJI=NPT(J+4)

IC1=NPTJ+K-1

IC2=K-NPTJ+1

IF(IC1.LE.NN) SUM=SUM+A(K,J)*RB(IC1)

IF (J.LT.2) QOTO 300

IF(IC2.GT.0) SUM=SUM+A(IC2,J)*E(IC2)

CONTINUE

C(K)=8UM

CONTINUE

RETURN
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END

SDCOMP--MODIFIED BY E.J. WEXLER TO DO AN INCOMPLETE
CHOLESKY DECOMPOSITION OF A SYMMETRIC BANDED MATRIX
S20LVE DOEE THE FOWARD AND BACKWARDS SUBSTITUTION

moaon
3

SUBROUTINE SDCOMP (A,AB,R,XKl,NBW,IDC)

IMPLICIT DOUBLE PRECISION (A-H,O-Z)

COMMON /FUNITS/ KO00,K0,K1,K2,K3,K4,K5,K6,K7,K8
COMMON/DIMS/ NN,NE,NIN,IS,JT,NBIP,NBIS,NPT(9), NPBC,NURC,
1  NSOP,NS0U, NBCN

DIMENSION A (NN,NBW),AB(NN,5),R(NN),XKL (NN)

c
IF(IDC.GT.0) GOTO 300
C
Cuovunn DECOMPOSE SYM. MATRIX A AND STORE IN AB
DO 100 K=1,NN
Do 100 J=1,NBW
NPTJ=NPT(J+4)
IC1=NPTJI+K-1
IF (IC1.GT.NN) GO TO 100
SUM=A(K,J)
DO 10 L=2, NBW
NPTL=NPT (L+4)
IC2=K-NPTL+1
IF (IC2.LT.1) GO TO 10
IC3=NPTJ+NPTL-1
M=J+L-1
IF (M.GT.NBEW) GO TO 10
NPTM=NPT (M+4)
IF (NPTM.NE.IC3) @0 TO 10
SUM=SUM-AB(IC2,L)*AB(IC2,M)
10 CONTINUE
IF (NPTJ.EQ.1) THEN
c STOP IF DIVIDING BY ZERO.
IF (SUM.LE.0.0) THEN
c WRITE (*,120) K,SUM
c WRITE (K3,120) K,SUM
STOP
END IF
ADIAGN=1. /DSQRT (SUM)
AB (K, J) =ADIAGN
END IF
IF (NPTJ.GT.1l) AB(K,J)=SUM*ADIAGN
100 CONTINUE
RETURN
a
C W RN R NN
¢ ENTRY SSOLVE
c
C..... FORWARD SUBSTITUTE FOR LOWER TRIANGLE
300 DO B0 EK=1.,NN

S8UM=R(K)

DO 60 J=2,NBW
NPTJ=NPT(J+4)
IC2=K-NPTJ+1
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c

IF (IC2.LT.1l) GO TO 80
SUM=8UM-AB (IC2,J) *XK1(IC2)

60 CONTINUE
80 XK1(K)=SUM*AB(K,1)

C.....BACKWARD SUBSTITUTE FOR UPPER TRIANGLE

nooaoaooaonoanoon

1

DO 110 E=1,HNN

I JT=NN-E+1

SUM=XK1({IJ)

DO 90 J=3,NBW

NPTJI=NPT (J+4)
IC1=NPTJI+IJ=-1

IF (IC1l.GT.NN)} GO0 TO 110

80 SUM=SUM-AB(IJ,J)*XK1(IC1l)
110 XK1 (IJ)=SUM*AB(IJ,1l)

RETURN

120 FORMAT (1H1,5X,'**ERROR**',5X,'DIVIDE BY ZERO AT LINE ',I4,' IN DE
1COMPOSITION ROUTINE', 3X, 'SUM =',lPlEl3.5)

END

SUBROUTINE LSORA
SOLVE SYSTEM OF EQUATIONS FOR TRANSFPORT

LINE-SUCCESSIVE OVER-RELAXATION TECHNIQUE (LSOR)
A = FULL ASYMETRIC MATRIX
B = RUS (SOLUTION IS8 LOADED INTO B AT END)
X0 = INITIAL GUESS
X = SOLUTION VECTOR
AA = WOREKE ARRAYS FOR LSOR SOLUTION
LOAD X0 INTO X AS INITIAL GUEESS
SUBROUTINE LSORA (NBW,A,B,X0,X,XFP,AA)
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
COMMON/PFUNITS,/ KO00,K0,K1,K2,K3,K4,K5,K6,K7, K8
COMMON/DIMS/ WN,MNE,NIN,IS,JT,NBIP,NRIS, NPT(9),NPEC, NUBC,
N2OP, NSOU, NBCN

COMMON/ITERAT/ RPM, RPMAX,RUM, RUMAX, ITER, ITRMAX, ITPWORS, IUWORS,

TCON, ITRMX2, OMEGA, RPM¥ 2, RUMX2
DIMENSION A(NN,NBW),B(NN),X0(NN),X(NN),AA(NN,5),XP (NN)
EPZ=RUMX2
DO 5 I=1,NN
AP (T)=X0(I)
X(I)=XFP(I)

BEGIN ITERATION LOOP
ITERL = 0
ITER1 = ITER1l + 1

C.....L00P THROUGH ALL I

DO 50 I=1,I8
II=(I-1)*JT

LOAD COEFFICIENTS FOR LINE INTO AA
Do 20 J=1,JT
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JI=IIL+J
AA(J,1)=A(JT,4)

AA(J.2)=A(JJ,5)

AA(J,3)=A(JJ,6)

DD=B (JJ)

Do 30 K=1,3

NPTK=NPT (K+6)

IC1=JJ+NPTK-1

IF(ICLlL.LE.NN) DD=DD-A(JJ,EK+6)*X(IC1)
NPTK=NPT (K)

IC2=JJ+NPTEK-1

IF(IC2.GE.1l) DD=DD-A(JJ,K)*X%(IC2)

a0 CONTINUE

AAM(J,4)=DD
20 CONTINUE
C

C.....S80LVE ROW EQUATIONS USING THOMAS ALGORITHM
CALL THOMAS (AA,JT,NN)

c

Coann LOAD NEW BLOCK VALUES INTO X ARRAY
DO 45 J=1,JT
JI=II+J

X(JT)=XP(JJT) + OMEGA*(AA(J,5)-XP{JJ})
45 CONTINUE

50 CONTINUE

c

C.....FIND LARGEST CHANGE AND STORE NEW VALUE FOR X(I) IN XP(I)
DIFMAX=0.0

DO 40 I=1,NN
DIF = DAB3(X(I)-XP(I))
IF(DIF.GT,.DIFMAX) DIFMAX=DIF

XP(I)=X(T)
40 CONTINUE
c
C.o.... CHECK FOR MAXIMUM NUMBER OF ITERATIONS
IF (ITER1.GT.ITRMX2) THEN
WRITE (K3,901)
901 FORMAT (5X, 'MAXIMUM ITERATIONS EXCEEDED, PROGRAM WILL STOP')
BTOP
END IF
c
C.....CHECK FOR CONVERGENCE
IF (MOD(ITER1,10).EQ.0) WRITE (K3,105) ITER1l,DIFMAX
105 FORMAT (5X, 'MAXIMUM DIFFERENCE AT ITERATION NUMEER',I5,' = ',
1 1F1E12.5)

IF (DIFMAX.GT.EP3) GO TO 10

C.....CONVERGENCE ACHIEVED
WRITE (K3,101) ITER1
101 FORMAT (10X, 'LSOR METHOD CONVERGED IN',I5,' ITERATIONS'/)
c LOAD SOLUTION INTO B
DO 70 I=1,NN
70 B(I)=X(I)

RETURN
END
c
C SUBROUTINE THOMAS ALGORITHIM

o8 Preliminary Assessment of Injection, Storags, and Recovery of Freshwater in the Lower Hawthorn Aquifer, Cape Coral, Florida



THOMAS ALGORITHIM FOR A TRIDIAGONAL MATRIX

noan

SUBROUTINE THOMAS (A,N,NN)

IMPLICIT DOUBLE PRECISTON (A-H,0-Z)

DIMENSION A(NN,5)

DO 10 I=2,N

A(I,2) = A(I,2)-A(I,1)*A(I-1,3)/A(I-1,2)

A(I,4) = A(I,4)-A(I,1)*A(I-1,4)/A(I-1,2)
10 CONTINUE
c
C.....BACK SUBSTITUTE

A(N,5) = A(N,4)/A(N,2)

Nl=N-1

Do 20 I=1,N1

NI=N-I

A{(NI.5) = (A(NI,4)-A(NI,3)*A(NI+1,5))/A(NI,k2)
20 CONTINUE

RETURN

END

A(1,1),A(I,2),A(I,3) ARE THE DIAGONALS OF THE MATRIX
A(I,4) I8 THE RH3, A(I,5) IS THE SCOLUTION VECTOR
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Appendix 1V
Comparison of Results from SUTRA and QSUTRA for Henry's (1964) Seawater
Intrustion Problem [See Voss (1984, p. 196-203) for details on prablem]
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Comparison of concentration profiles for Henry's (1964) problem using QSUTRA and the original SUTHA codes.

Comparison of mass flux across the model boundary for Henry's (1964)
problem using QSUTRA and the original SUTRA codes

[Fluid sources or sinks due to specified pressures]

QSUTRA SUTRA

Inflow(+)/outflow(-) Inflow(+)/outflow(-)
Node (mass per second) Node (mass per second)
221 2.0505180D-03 221 2.0445683D-03
222 3.9052976D-03 222 3.8945305D-03
223 3.6464678D-03 223 3.6372692D-03
224 3.1973050D-03 224 3.1903238D-03
225 2.4313601D-03 225 2.4270948D-03
226 1.0648645D-03 226 1.0642539D-03
227  -1.8302268D-03 227  -1.8264702D-03
228 -7.0298556D-03 228 -7.0211951D-03
229 -1.5196096D-02 229 -1.5180209D-02
230 -2.8955106D-02 230 -2.8933956D-02
231 -2.9209879D-02 231 -2.9197070D-02
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