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ABSTRACT

This report describes the development, calibration and
use of a quantitative, predictive management model for the
groundwater in the Utah portion of the Cache Vzlley in northerw
Ucah.  The quasi~three-dimensional finire difference computer
mode]l was adapted from the U.S. Geological Survey's Trescott and
Larson model and simulates the groundwater levels and flows in
the groundwater basin. The variable spacing grid systew is 23
nodes x 38 x 2 and represents the complex natural system by a
Simpler approximation with one unconfined and one confined
aquifer and the appropriate boundsry and initial conditions.
River nodes, spring nodes, and constant head nodes were developed
to simulate the real interactions of the aquifers with streams,
springs, and reservoirs. Evapotranspiration from the land
surface is also represented by the program. The program was
calibrated by adjusting the model parameters such as transmis-
sivity, stotativity, leakance, river nodes, spring nodes, etc.
until the predicted values of head and flow were nearly the same
ag the observed conditioms. <Calibration was done in two gtages:
first a steady-state comparison with 1969 counditions and then a
transient-state comparisou with the water level change maps of
1969 to 1972. The calibrated medel was then exercised to predict
the groundwater system response o various assumed scenarios of
groundwater recharge and draft. Thus the model provides a rool
to guide future groundwater development and management towards
the best alternatives.
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INTRODUCTION

Groundwater is potentially & major
source of water supply in Cache Valley,
Utah and Idaho; but presently it is only
lightly utilized. Mostly surface water
has been used in the past, but as the
demand for water 1is iuncreased by a
rapidly expanding population, more
industriea, and increased irrigation,
the groundwater resource will be more
fully develaped. For planning and
management during this development
period, knowledge of the groundwater
systems must be expanded.

Numerical modeling provides a
quantitative tool for groundwater
management applications. It helps
structure our understanding of ground-
water systems and can be used in study-
ing groundwater problems. A model
mathematically describes aquifer
behavior and is uszed to simulate aquifer
responae to various well locations and
pumping rates. The methods and toels
presented in thias study are applicable
to similar groundwater problems in other
locations of Urah and elsewhera.

This report describes application
of a quasi-three-dimensional finite-
difference computer wmedel to simulate
the groundwater levels and flows in the

Utah portion of the Cache Valley, a
major groundwater basin ian Urah.
GCache Valley was selected for the study
because an operatiomal groundwater model
is needed during the developmental
period to help state officials evaluate
propogsed withdrawals from the ground-
water basin gs well as possible recharge
methods and other management schemes.
From information obtained by modeling,
development can be guided towards more
complete amd economic utilization of
groundwater in conjunction with surface
wakter resources,

The computer program used is the
U.S. Geological Survey's Trescott
and Larson Model (1975, 1976). Soume
modifications were made to this pre-
gram in order to adapt the model to
the groundwater conditioms in Cache
Valley.

Due to funding limitations and lack
of participation by Idaho agencies, this
model study includes only the Utah
portion of Cache Valley. The northern
boundary of rthe area modeled is at the
Utah-Idaho state line, but boundary
conditions were generated to represent
the groundwater inflow from Idaho into
Utah.






GROUNDWATER CONDITIONS IN CACHE VALLEY IN UTAH

Cache Valley ig a north-south
oriented structural valley in north-
eastern Utah and southeastern Idaho
(Figure 1). Cache Valley is surrounded
by mountains which consist of the Bear
. River Range on the east, the Bannoek,
Malad, and Wasatch Ranges on the west,
the Portneuf Range ou the north, and
South Hills on the south. The wvalley
floor, which ranges in zltitude from
about 4,400 to 5,400 feet above mean sea

level, is approximartely 60 miles long
and mostly 8 to 16 miles wide. Of the
approximately 660 square miles in the

valley, about 365 are in Utah and 295
are in Idaho. The floor is a low flat
plain bordered by gentle alluvial
slopes, terraces, and deltas left by
ancient Lake Bouneville, and alluvial
fans (Bjorklund and MeGreevy 1971}. The
Cache Valley drainage basin, a segment
of the Bear River Basin, includes
approximately 1,840 square miles, with
about 1,180 in Utah and 660 in Idaho,
mostly of mountainous terrain.

Geology

Cache Valley is bounded by north-
striking, high angle normal faults and
is composed of downthrown fault blocks
covered by deposits of Cenozoic age. In
parts of the valley, the maximum verti-
cal displacement of the fault blocks
probably exceeds 10,000 feet. A gravity
survey of Cache Valley indicates a
maximum thickness of Cenozoic rocks of
about 8,000 feet. The bedrock of the
Cache Valley watershed consists of
Precambrian, Paleozoic, and Tertiary
rocks of limestome and dolowite,
shale, sandstone and canglomerate,
quartzite and phyllite, and velcanie
tuff (Bjorklund and -McGreevy 1971 and
Beer 1967).

and high—-level alluvial

Cache Valley was a bay of ancient
Lake Bonneville during a part of Pleis-
tocene time. The name "Lake Bonneville"
is given to the lake that occupied the
bagin during the last major glacial
state, the Wisconsin, which began about
75,000 years age (Bjorklund and McGreevy
1971)., The valley fill deposits include
unconsclidated quaternary, clastic
sediments of gravel, sand, gilt, and
clay, which were derived from the
surrounding watershed, and precipitates
accumulated in former Lake Bommeville.
The pre-Lake Bonneville, Lake Bonne-
ville, and post-Lake Bonneville group of
gediments of the Quaternary age form the
Cache Valley fill. (See the geoclogic
map and Section on Plate 4 of Bjorklund
and McGreevy 1971.) The alluvial Ffan
gravels of the pre-Lake Bonneville
deposits are exposed along the foothills
on both east and west sides of the
valley, particularly at the mouth of
Blacksmith Fork and Logan Canyons. The
Lake Bonneville group is divided into
the Alpine, Bonneville, and Provo
formations. Each represents depositsg of
Lake Bonneville at different stages,
consisting of lacustrine gravel, sand,
silt and clay, cthat are exposed exten-
sively cthroughout the valley floor. The
Provo formation in¢ludes an older gravel
and sand member, and a younger silt and
clay member. The gravel and sand member
forms many deltas, bars, and spits.
These deltas form important groundwater
recharge zones in Cache Valley. The
post-Lake Bonneville deposits consist of
slope wash and flood-plain alluvium,
fan gravels
deposited along the mountain fronts, and
overlie the silt and clay member of the
Provo formation. The sandy flood-plain
alluvrium 1is exposed along the major
streams of the valley, particularly che
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Bear, Cub, Little Bear, and Logan
Rivers. The slope wash i3 exposed
on the west side of the valley near
Trenton, and =along the south flank
of the valley near Wellsville aund
consists of silts and sands (Beer 1967).
Two referenced reports by Williams
(1958, 1962) give more geclogic details
about Cache Valley.

In Cache Valley, deposits related
to Lake Bonneville and earlier lakes
play an important role in the occurrence
of groundwater and the many related
topographic features affect the occur-
rence and movement of groundwater,

Hydrology and Climatology

The best sources of groundwater in
Cache Valley are from the unconsolidated
deposits. Some locations have a water
table and others artesian counditions.
The general rtelatiorn of confined,
unconfined, and perched groundwater inm
Cache Valley is illustrated in Figure 2.
The diagram directly represents condi-
tions near Logan, Utah, and generally
applies to the entire valley (Bjorklund
and McGreevy 1971),

Confined groundwater underlies more
than 200 square miles in Cache Valley
and occurs in those locations where
permeable water-bearing aquifers of sand
and gravel are overlain by relatively
impermeable beds of lake~bottom clay and
stlt. Within about 130 square miles of
the area, the artesian pregssure is great
enough to force water above the land
surface, causing wells to flow. Only a
few square miles of this area are
in Idazho, most are located in Utah
(Bjorkland and McGreevy 1971, plate
3). The confining beds retard upward
movement of the water and maintain it
under artesian pregsure caused by the
higher elevations of the recharge areas
along the sides of the wvalley. The
confining beds are partially permeable,
however, and the groundwater must be
modeled as occurring under leaky-aquifer
conditions.

Along the mountain fronts near the
marging of Cache Valley, the groundwater
is unconfined along a narrow strip where
the confining beds that overlie the
principal aquifers are discontinuous or
abgent. The boundary of the confining
layer is generally gradational rather
than abrupt.

In" moast of the area of flowing
wells, a water table in an aquifer above
the confining layer is near the land
surface. The shape and the slope of the
water table is generally about the game
as that of the land surface. Local
perched groundwater bodies are also
common in many parts of Cache Valley.
They develop above the main water table

where beds of clay or other materials of --

low permeability intercept water
percoclating downward (see Figure 2).
Some of the perched groundwater bodies
are seasonal and paorly defined. Their
water 13 generally not tapped by wells,
but perched water is ofteu encountered
when drilling wells on the alluvial
slopes and fans and in excavations for
conatruction (Bjorklund and McGreevy
1971).

The well-defined seasons {warm and
wet springd, warw and dry summers, coel
and wet autumns, cold and damp winters),
large daily temperature changes, and
moderate precipitation are character-
istics of the climate of the Cache
Valley. The growing season ordinarily
lasts about 150 days from May through
September. Snow usually covers the
valley floor during December, January,
and February. The wvalley normally
receives 10 to 20 inches of precipita-
tion annually, and 20 to 30 inches fall
in the mountainous area surrounding the
valley. The rtunoff uwsually has its
maximum volume during May or June and
results mostly from melting snow which
accumulated during the winter on the
surrounding mountains (Bjorklund and
McGreevy 1971 and Beer 1967).

Groundwater Budget Analysis

Over any finite period of time,
the quantity of water entering Cache
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Figure 2. Relation of confined, uncoufined, and perched groundwater in Cache Valley
(from Bjorklund and McGreevy 1971).

Valley is equal to the quantity leaving
the valley plus or minug the change in
storage within the valley. Since much
of the groundwater reservoir in Cache
Valley is overflowing, and the change in
groundwater storage over the years has
been small or negligible, the total
recharge in Cache Valley is about
equal to the total discharge and 1is
estimated to be about 280,000 acre-feet
per year (Bjorklund and McGreevy 1971).
The Utah portion, estimated from the
model calibration of this project, is
about 170,000 acre—feet annually. Items
cf inflow and outflow of groundwater
are given in Table 1. Deep subsurface
out flow from Cache Valley is negligible.

Groundwater Couditions by Areas

Bjorklund and McGreevy (1971) used
land use data (see their plate 4) along
with geologic and hydrologic conditions
to subdivide Cache Valley into 11
principal areas of generally similar
groundwater conditions as showm in their
Figure 13. Seven of those areas
are within the model region as shown in
Figure 3. The boundaries are uot
sharply distinct, and the areas blend
into each other. The dotted lines which
delimit the areas are not lines of
separation but approximatiomns of where
general conditions change. Outside of
these areas, groundwater occurs locally



Table 1. Groundwater budget analysis, Cache Valley, Utah.
Utah & Idaho (USGS) Utah
(acre-feet) (acre-feet)
Recharge

Seepage from Irrigatiom System
Subsurface Inflow

Seepage from Streams and
Infiltration of Rainfall

Total

Discharge
Pumpage ( from Wells)

Evapotranspiraticn

Accretion of Groundwater Lo Streams
Rivers and Springs

Total

100,000%

72,000

32,000% 18,000
148,000 80,000
280,000* 17¢,000
29,000% 24,000
108, 000* 63,000%
143,000 83,000
280,000+ 170,000

*From Bjorklund and McGreevy (1971); other azmounts are eatimated from cthe

groundwater modeling in this study.

in slope wash and alluvium, in sandstone
and conglowerate of the Salt Lake
formation, and in fracture and solution
openings in older rocks.

The above informacion on areas of
similar groundwater conditions was
helpful at an early stage of the study
in setting up the simulation model and
estimating some parameters, especially
for the values of transmissivity and
hydrauvlic conductivity of different
aqui fer systemz, Brief descriptions of
the areas of similar groundwater
conditions in Cache Valley in Utah are
excerpted from Bjorklund and McGreevy
(1971) and given below.

Smithfield-Hyrum-Wellsville area

Coarse fan and delta deposits of
Summit Creek, Logau River, Blacksmith
Fork, and Little Bear River coalesce to
form this complex aquifer system in the
Smithfield-Hyrum-Wellsville area in Utah

(area 1, Figure 3). This aquifer system
is the largest and wmost productive in
Cache Valley and is an overflowing
groundwater basin where the shallow
water table is so high that groundwater
flows from many seeps and springs into
the surface water streams. The system
is very permeable, and the trapsamis-
sivity raunges from 10,000 ro 330,000
ft2 per day. Both confined and un-
confined aquifers are present.

Little Bear River area

south of Hyrum

This unconfined aquifer system
extends southward from Hyrum along
the flood-plain and terraces of the
Little Baar River {area 2, Figure 3).
The groundwater recharge is mostly by
seepage from streams and canals and
from irrigation. The thin aquifer is
very permeable and the estimated
transmissivities are up Co about 15,000
fe2 per day.
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Wellsville to Newton area

Groundwater counditions are poorly
known in this area which lies along the
west side of Cache Valley from southeast
of Wellsville to near Newton (area 3,
Figure 3). Groundwater is both confined
and unconfined. The fill is pre-
dominantly low permeability and fine
grained, but it includes some permeable
sands and gravels.

Lower Little Bear River-
Benson-the Barrens area

This area i3 in the central part of
Cache Valley along the lower part of the
Lictle Bear rtiver and near Benson and
the Barrens (area 4, Figure 3). The
Quaternary deposits are predominantly
clay and silt but have thin beds of sand
and fine gravel that contain confined
groundwater. In most of this area,
artesian pressures are high, and heads as
much as 62 feet above the land surface
have been measured. The hydraulice
connection between the water-producing
beds is poor.

Cub River subvalley area

This aquifer system extends along
the Cub River from near Franklin
to a few miles south of Richmond (area
5, Figure 3}, The groundwater 1is
mostly confined and some wells flow.
Transmissivities probably range from

about 1,000 to 4,000 £t per day in
most of the area. The gravel deposits
of the Cherry Creek and High Creek
alluvial fans are thicker, and their
transmissivities are higher.

Fairview-Lewlston~Trenton area

The reworked sand and silt de-
posited from near Fairview to Cutler
Reservoir, as the Bear River eroded into
its delta near Preston, formed this
principal water-bearing material in the
area from near Fairview and lLewiston to
near Trenton f{area 6, Figure 3).
Groundwater is unconfined and is near
the land surface., The transmissivity is
probably less than 1,000 fe2 per day.
Potentially productive aquifers may lie
beneath the delta deposits in the older
deposits, but they have not been ex-
plored east of the present Bear River
channel .

Weston Creek subvalley area

This 1s one of the major aquifer
systems in the Idaho part of Cache
Valley (area 7, Figure 3), and a small
portion extends into Utah. The ground-
water ia both confined and unconfined.
The Ltransmissivity is estimated to be
about 30,000 £t? per day in the area
southeast of Weston. The proportien of
permeable water-bearing materials
decreases southward and eastward from

near Weston.






MODEL DESCRIPTION

A groundwater model represeats the
heads, flows, and hydraulic losses
in a geologic enviromment with equations
containing hydroleogie and hydraulic
parametera. Computer golution is usaed
to simulate the response of the ground-
water system to natural conditiomns
and human development.

Flow in a porous saturated medium
in three dimensions may be expressed by
the partial differential equation

3 8h, 3 3h 3 3h

ax (Kxx Ix + Iy (Kyy ay) + dz zZ dz
3

=5 Biux,y.2.0) (D

8 dt

where h is the hydraulie hesd [L]} at
time, t, Kyy, » Kz, are the principal
components of the hydrauliec conductivity
tensor aligned with the ceoordinate axes
[L/t], 85 is the specific storage
[1/L]), x, ¥, z are the coordinate
directions [L], and w{x,y,z,t) is a
source term for inflow or withdrawal per
unit wyolume of an aquifer. In most
cases, analytical solution is not
possible for Equation 1. However, a
variety of numerical techniques have
been developed for uge with high-speed
digital computers to approximate solu-
tions of partial differential equations.
These methods have greatly enhanced
capabilities for modeling groundwater
flow. The computer program applied in
this study uses finite-difference
approximations to solve Equation 1.

Computer Program

The finite-difference and Ffintte-
element methods are the two major

11

numerical techuiques used to obtain
approximate solutions. Most of the
available groundwater model computer
codes are based on one of these two
methads.

Because numerocus groundwater
comput er programs 4are available troday,
the first question in beginning a study
is, "Which one should be used?" Caon-
siderable effort was aspent to find a
general program which could be easily
adapted to portray the Cache Valley
groundwater systems. Because of the
complex geologic sgituation in Cache
Valley, 2 three-dimensional model is
rreferred. Two tested three—dimensional
modals were available when the study
began; one from USGS using the finite-
difference method (Trescott 1975 and
Trescott and Larson 1976), and the other
from the University of California,
Davis, using the finite-element method
(Gupta et al. 1975).

The finite-—-element method re-
produces the complex geometry of ground-
waiver aquifers more conveniently and

more accurately. Often it requires
fewer nodal points to represent the
discrerized aquifer to the same level

of accuracy, thus cutting down on
storage, executlon and input/output
costs (Townley and Wilson 1980).
However, when this project began, the
finite-element computer codes were in
somewhat early stages of development.
Furthar wark on ageuracy, numerical
stability and comvergence properties,
and 1its consistency with the physical
system was needed. On the other hand,
the finite-difference program from Che
USGS was well-documented and easily
available to the user. Most important,
this code has beeu widely used and
coutinuoysly improved to accommodate



various computer systems. After com-
paring the two, it was decided to use
the codes from USGS which are based on
the finite-~difference method.

The USGS computer program as
documented by Trescott (1975) and
Trescott and Larson (1976} permits the
use of variable grid spacing and uses
the strongly implicit procedure (SIP) to
solve sgimultanecusly the set of equa-
tiens which results from the finite
difference equation at each grid point
in the context of the appropriate
boundary and initial conditions over the
region of interest. The porous medium
in which the flow is to be simulated may
be heterogeneous and aunisotropic and
have irregular boundaries. One or more
layers of nodes can be used to simulate
each hydrogeologic unit. The uppermost
hydrologic unit may have-a free surface.
Stress on the system may be in the form
of well discharge (or recharge) and
recharge from precipitation. Changes
were made in the program to adapt it for
use in the Cache Valley model. For
example, river nodes and spring nodes
were developed te represent the actual
rivers and springs and evapotranspira-
tion simulation was programmed for use
in appropriate areas of the model.

Later on the 1983 version of the
three-dimensional finite-difference
groundwater simulationr program was
obtained from the USGS. In this im—
proved version the programming has been
modified cto give increased capability
and to be easier to understand. Because
of the very large amount of input data
needed for groundwater simulation, the
USGS streamlined the method to handle
the imnput data. Input to the program is
specified in independent files, one
basic package with 12 major optionms.
For example: recharge, rivers, drains,
and evapotranspiration are major options
handled by separate packages (McDonald
1982). Each option has its own input
file. A given file is needed only if
the corresponding major option is going
to be used and is specified by the
user.
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The Drain package and River package
of the 1983 USGS model perform Che same
function as the spring nodes and river
nodes adapted by the project for use in
the Cache Valley model. The evapotran-
spiration package of the USGS model
defines a linear relationship between
the evapotrangpiration rate and the
depth below the land surface just as is
used in the Cache Valley wmodel (see
Figure 12). Two additional solution
packages for Equation ]l are included
besides the SIP package of the earlier
versions. The SSOR package uses rthe
sliced-succesasive overrelaxation method.
The DE4 package, uses a direct solution
mettod, but can only be used for two-
dimensional models (one aquifer layer).
Thus, the new version of the program has
improvements that make it easier and
faster to use and make its basic
capabilities wuch the same as used in
the Cache Valley madel.

The large number of arithmetic
calculations and the excessive com-
puter storage required for- numerical
golution of the three-dimensional
groundwater flow equations of multiple
aquifer systems usually precludes
solving the equations in three dimen-
sions, To adequately represent tran-
sient flow im multiple layers, each
layer must be represented by a number
of nodes. This greatly increases
the number of nodes used Cto repre-
gent the system as well as the computer
time required for solution. When the
hydrologic system can be represented
by aquifers in which flow is assumed
to be ouly horizontal between c¢on-
fining layers in which flow 1s assumed
to be only vertical, the fully three-
dimensional problem is reduced to a
quasli three-dimensional problem by
eliminating the layers of nodes repre-
senting the confining beds. One can
then solve the two-dimensional equations
for each aquifer with the aquifers being
coupled through their vertical leakage
(Bredehoeft and Pinder 1970). In the
Cache Valley model, each hydrolegic
unit is represented by one layer of
nodes. For this approach, Equation 1 is



multiplied by b, the thickness of the

unit, becomes

3 3h ] oh 9 ah
ax(Txx 9x + 3y(Tyy oy b Bz( zz Bz)
= 8 Y + bW (%,¥,2,t) (2)
where
T T are transmissivity tensor
Xx?
(L2471
s is the stovage coefficient
[dimensionless]

For a quasi three-dimensional
model, the third term in Equation 2
is replaced by the flow through the
confining layer into or out of the
ad jacent aquifer and is given by

K
= = — (h . -h,. - 3
q L ¢ (1,3,k+L) (1ank)) (3)
where
K is the hydraulic conductivity of
the confining layer (L/t]
L is the thickness of the confining
layer [L]
h is the hydraulic head in aquifer
L]
k is the index in the z directiom
This guasi three-dimensional wmodel

minimizes the computer-memory regquired
for the simulation.

Selection of Model Grid System

The construction of the grid system
for the model required considerable
effort because of rhe complex geologic
conditions in Cache Valley. As a first
step in gaining understanding of the
groundwater and subsurface geology, a
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"peg" model of the basin was constructed
on the assembled 1:25,000 topographic
maps utilizing the best well logs from
the files of the Logan District Office
of the Utah Water Rights Division and
from the selected hydrologiec data
reported by McGreevy and Bjorklund
(1970) for Cache Valley. Each peg
represented one well with information om
well depth, well yield, water level, and
stratigraphic information. Additional
information on geohydrologic sections in
Cache Valley, Utah and Idaho, came fFrom
a USGS open file report (McGreevy and
Bjorklund 1971). Finally some valuable
assistance came through consultations
with Dr. J. Stewart Williams, a retired
geologist, of Logan, Utah.

Data are insufficient for complete
definition of the aquifer system witth
all the individual hydrogeologic umits.
local artesian aquifers do not persist
laterally, and for all practical pur-
poses c¢annot be separated. The most
efficient and reasonable modeling
approach is to combine several hydro-
geologic units intoc a larger unit with
equivalent overall storage properties.
Thusg, for the model, the groundwater
system was divided into an artesian
aquifer overlain by a confining bed,
which in turm was overlain by an un-
confined water-table agquifer,

The grid used to model the aquifer
is shown in Figure 4. A block-centered,
finite~difference grid with variable
grid spacing was used. The grid con-
sigted of 23 rows and 39 columns, or 897
nodes for one aquifer layer. The grid
gpacing ranged from 0.5 mile to 2 miles
on a side. Since the gquasi three-
dimensional approach eliminates the
layer of nodes representing the con-
fining bed, two layers of nodes were
used, one represents the confined and
the other the unconfiuned aquifer.

In designing the grid systenm,
smaller {(or shorter) grid spacings
were used in areas where a large number
of wells are located, the hydraulic
gradient is steep, or the transmissivity
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or hydraulic conductivity varies greatly
over short disrances. A restriction on
the spacing ratio x:;/xj-; < 1.5 between
any two adjacent grids was followed in
order to reduce truacation errors and
Teaulting convergence problems. The
grid system was not changed during che
calibration.

Parameters

Required input data were obtained
by collection and interpretation from
historical data, field measurements,
reasonable assumptions and estimations,
and by varying values during calibration
until a best—fic condition was obtained.
Some parameters, such as the type of
model, grid system, initial water
levels, ground surface elevations,
bottom elevations of water table unik,
and boundary conditious, were get before
the model was consCructed and were not
varied. Other parameters were changed
during calibration. These were trans-
missivity, hydraulic conductivity
{(unconfined aquifer), storage coeffi-
¢ient, recharge, leakance {cthe resis—
tance to vertical flow in the confining
bed), maximum evapotranspiration rate,
river node coefficients and spring node
coefficients.

The values for some parameter
matrices were obtained by overlaying the
grid on a map of plotted parameter
values. For example, the initial head
matrix was obtained by overlaying the
grid on a map of the initial potentio~
metric asurface and determining the head
value at each node. The ground surface
elevations, river node elevations, and
spring node elevations were obtained
from 1:25,000 topographic maps by using
the same procedure. Detailed deserip-
tion of how these parameters were
cbtained are presented in later sec-—
tions.

Boundary conditions and recharges

The model can represent twe kinds
of boundaries: constant head and
constant flux. Zero-flux boundaries,
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where nodes have zero transmissivity
{hydraulic conductivity), are set along
the entire border of each layer of the
model a5 a computational expediency; and
consequently, the flux across the outer
border is zero. Won—zero constant head
or coustant flux boundaries are then
placed just inside rhis border at
gselected points to represent inflows and
out flowg, Cutler Reservoir and Hyrum
Reservoir are represented by constant
head nodes using the local normal depths
of the reservoirs as heads. The river
channels of the Bear River and the Cub
River upstream from their junctiom to
the Idaho-Utah state line are also
repregented by constant head nodes. 1In
this area these channels are cut deeply
into the ancient lakebed sediments and
the constant head nodes represent the
natural coanditions better than would
river nodes, and also separate the two
ad jacent but independent shallow,
unconfined aquifers. This representa-
tion is adequate so long as the water
levels in the rivers do not change
greatly during the year. .

In Cache Valley, the principal
recharge areas are along the margins
of the wvalley and are underlain by
permeable unconsolidated materials
ineluding beds of gravel and sand.
Runoff infiltrates where the streams
flow from the canyens onto coarse-
grained deposits to recharge the under-
lying groundwater reservoir. Most of
the recharge is from perennizal streams
that provide a2 constant source, but some
water is contributed by intermittent and
ephemeral streams as well as by direct
rainfall and snowmelt along the mountain
front. Recharge £rom irrigation water
comes Ffrom the seepage under irrigatien
canals and ditches and from icrrigated
land. Most of the recharge takes place
along the edges of the valley where
water infiltrates most readily and where
much irrigation water 1s applied.
Recharge occurs also by water moving
directly into the aquifers from rocks
in the adjacert mountains as subsurface
inflow (Bjorklund and McGreevy 1971).
Recharge from the wmountains aund other



sources alang the edge of the valley
were treated as constant finite-flux
boundaries and recharge "wells" were
placed just inside the no-flow boundary
at nodes where the recharge is assumed
to take place (see Figure 5). 1In the
lower parts of the valley, some infil-
tration reaches the shallow unconfined
aquifers, but infiltrated water does not
reach the confined aquifers because of
the upward artesian gradient. The
northern boundary of the area covered by
the model is the Utah-Idaho state line.
According to Bjorklund and McGreevy 1971
about 4,000 acre-feet of groundwater
moves annually from Idaho into Utah.
This ineludes 3,000 acre-feet in the
area west of Bear River near Weston,
Idaho and 1,000 acre-feet in the Cub
River subvalley mostly east of Cub
River. Recharge wells were assigned at
nodes in those areas to simulate the
flows.

The amount of water initially
assigned to a recharge well was calcu-
lated by the equation:

Recharge = T x L x H x 365
x conversion factor dependent
on recharge units

(4)

where
is transmissivity [£t¢ per day]
is width of the grid cell [ft]

is the hydraulic gradient [ft per
fe]

and reasonable estimates were made for
the parameters from hydrologic and
hydrogeologic data. These recharge
estimates were then adjusted by trial-
and-error during calibration.

The bottom of the confined aquifer
is assumed to be impermeable to gimulate
the negligible subsurface outflow from
Cache Valley.
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Initial water levels for the

confined aquifer

In the model, wmany hydrogeologic
units are combined inte a single
layer confined aquifer with equivalent
storage properties. The potentiometric
head of the hypothetical -combined
coufined aquifer represents an average
for the actual aquifer system.

The potentiomerric surface contour
map of March 1969 from plate 4 in
Bjorklund and McGreevy (1971) is the
most complete water level contour
map of the entire model area available
for calibration. An apparent anomaly,
in the form of a mound on the potentio-
metric surface in the middle of Cache
Valley about 5 miles northwest of Logan,
probably results from differences in
artesian pressure in wells of different
depths. Wells in the vicinity of the
mound tap sand and gravel artesian
aquifers at depths ranging from 480 rto
760 feet below land surface, whereas
wells in the surrounding area tap
aquifers at much shallower depths
(Bjorklund and McGreevy 1971). Another
shortcoming of this map is that it only
shows the unconfined or perched water
levels in two areas-~-the Little Bear
River area south of Hyrum and the area
between the Bear River and the Cub River
channel south of the Idaho-Utah state
line.

Bacause of the deficiencies of the
map, adjustments were made based on
interpretation of other data ro produce
the 1969 map shown in Figure 6. The
geohydrologic sections related to the
model area were examined from the agpen
file report by HMeGreevy and Bjorklund
(1971). Water levels of two wells in
the Bear River delta between the Bear
River and the Cub River were measured
with the help of Mike Turnipseed
of the Division of Water Rights, Logan
office. All the well informarion from
the Division of Water Rights and from
available reports and measurements were
carefully studied. The water levels
used to draw the contour map of Figure 6
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have been taken from the wells which
demonstrate consistency in depth and
flow rate. Thus, the estimates of the
potentiometric surface plotted on Figure
6 were bagsed on all the information
available as adjusted by consideration
of related data and reasonable judgment.

A model grid system map was over-
laid on the modified piezometric con-
tour map of Figure 6 and the pilezometric
head at each node was recorded to give

the initial well water levels for the
confined aquifer in the model.
Initial water levels for the
unconfined aquifer
The geologi¢ conditions in Cache

Valley in Utah provided a basis for
separating the unconfined groundwater
aquifer into three regions. The first
region is the area east of Bear River,
west of Cub River, and south of the
gtate line. The deposits in Cthis
area are the reworked sand and silt as
the Bear River eroded into its delta
near Preston. In most of the area, the
sand and silt is approximately 30 feet
thick and covers lake-~bottom clays that
have very low permeability. GCroundwater
is unconfined and is near the land
surface. The water level contour wmap
in this area is given on plate 4 in
Bjorklund and McGreevy (1971). The
starting head for the model at each node
was estimated by overlying the model
grid on the contour map.

The water table is near the land
surface in a second region that covers
most of the area with Flowing wells in
Cache Valley (see plate 3 in Bjorklund
and McGreevy 1971)., This shallow
aquifer is partly recharged by water
seeping upward from the artesian aqui-
fers and partly by water seeping down—
ward from irrigation canals, ditches,
irrigated fields, and infiltrated
rainfall. The aquifer is discharged by
evapotranspiration, irrigation, springs,
and natural and artificial draims. The
shape and slope of the water table in
this second region is presumed to be
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generally about the same as the wet or
damp land surface in the artesian
areas (Bjorklund and McGreevy 1971).
The starting water table head for each
node was estimated from the ground
surface elevation.

The third unconfined region is the
local perched groundwater zone south of
Hyruwm. This shallow water table is
perched in thin deposits of gravel
on layers of silt or interbedded clay.
The perched wakter table contour map
shown on plate 4 in Bjorklund and
McGreevy (1971) was adjusted to obtain
initial head values.

A water level contour wap including
the three different unconfined regions
in March 1969 is shown on Figure 7.
Nodea between fthe three unconfined
aquifer regions are assigned as constant
head nodes in the model and are shown as
the dashed lines in Figure 7.

Transmissivity of the confined aquifer

The boundaries of the primgipal
groundwater aquifer and of areas where
groundwater conditions are generally
dimilar (Figure 3) were outlined
on a grid system base map. The major
rivers and streams were also drawn on
the same base map. Transmissivity
values determined by pumping and re-
covery tests, as listed in Leports
or publications or in test records
obtained from the Water Rights Division,
were collected and marked on the base
map dccording te their locations,
Starting from those nodes where the
transmissivity values were already known
from aquifer rests, estimates were made
of the transmissivity values for the
nearby areas. In general, transmis-
sivity values decreased from the moun-
tains toward the valley floor, but
higher values occurred along rivers and
streams.

The tramsmissivity values range
between 330,000 and 1,000 ft? per day
over the model area. The initial

transmissivity estimates were varied
during the c¢alibration of the model
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until the set of Lransmissivitlies was
obtained which minimized the difference
between the simulated and observed
potentiometriec surfaces. Figure 8 shows
the transmissivity c¢ontours of the
coufined aquifer as adjusted by calibra-
tion of the model.

Hydraulic conductivity of the
unconfined aquifer

The geologic map of Cache Valley of
Utah and Idaho shown on plate 1 inm
Bjorklund and McGreevy (1971) delimit
the different geologic units for the
model region. The description of the
composition and water—-bearing properties
of each geologie unit formation are
given in Table 4 in the same document.
A grid system base map was overlaid
on the geologic map, and the initial
values of hydraulic conductivity were
then assigned to each node according to
the aquifer properties. The calibration
procedure was similar to that already
described for the confined aquifer and
values were in the range from 0.00005 to
0.002 feet per sgecond after adjustment
by the calibration. The hydraulic
conductivity contour map of the un-
confined aquifers with interval value
0.0002 is showa in Figure 9.

Storage coefficient

For steady-state aquifer condi-
tions, ne changes ocecur with passing of
time. To represent such coaditions
during model calibration a storage
coefficient of zero was set at all the
nodes of all the layers to eliminate the
time dependent term in Equation 1. 1In
transient—state calibration, however,
initial storage coefficients were
assumed and rhen varied in order to
improve the agreement of measured with
calcul ated water levels.

Generally for confined aquifers,
the storage coefficient values range
between 0.001 and 0.00001, while 1in
unconfined aquifers, the range is 0.5
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te 0.05. In the Cache Valley the
observed storage coefficients for conm-
fined aquifers cover only part of che
expected range. The confined aquifer
storage coefficients were aobtained by a
pracedure similar to estimate transmis—
sivity values. The estimation process
began by marking storage coefficient
values from aquifer tests on a grid
system base map, Storage coefficient
values at nearby nodes were based on
geologic and hydrologic information.
The values of the storage coefficients
so obtained for the confined aquifer
range from 0.0001 to 0.0004, as shown in
Figure 10.

Since little information was
available ¢oa storage coefficient values
for the unconfined aquifers, an esti-
mated initial value of 0.l was used for
each node i1 the storage coefficient
matrix. During the calibration no
changes were made in the unconfined
aquifer storativity because the water
levels are not sensitive to variation in
the unconfined storage coefficients.

Leakance

Since horizontal flow in the
confining bed was ignored, the aquifer
dystem was simulated as a quasi three-
dimensional model with resultant savings
in computer time and sctorage. The
confining beds were not represented by
layers of nodes; instead, the flow
through the confining bed was incor-
porated in the vertical compeonents of
hydraulie conductivity of the adjacent
aquifers, In usual modeling prac-—
tice where adequate leakance data are
available, this 1s accomplished by
comput ing the trial leakance (TK)} values
using Equation 5 and then inputing these
into the model:

K - 2(szz)]fc+l
(1,j,%) (szz)k Zk+1 + (bK

(bK, )\

zz
zz)k+l

Z

(3}
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where

K,z = vertical hydraulic conduc—
tivity for the confining
bed [L/t]

b = thickness of the confining
bed [L}

A = thickness of the aquifer

(L]

i,j,k = nodal point indices in x,
¥, and Zz directious

The leakance values are them equal
to the ratio K,,/b for each confining
bed and leakance 13 defined as the
vertical hydraulic conductivity (ft/s)
per unit cthickness (ft) betwesen layers
of the model.

Since few data on leakance were
available for Cache Valley, Equation 5
could not be used to obraim trial
leakance values, Instead the same
initial value (1 x 10710 ft/gec per ft)
was assigned at all the nodes. Then
the leakance was varied during the
steady-state calibration to improve
agreement between measured and calcu-
lated potentiometric surfaces. Leakance
values strongly affected both the
convergence to a salution and also the
water level, This sensitivity of the
model to the leakance values gave a goed
basis for adjustment of the leakance
during calibration. The final wvalues
resulting from the calibration ranged
from 3.5 x 10712 to 3.5 x 10°9 feet
per second per foot and are tabulated in
Appendix C.

Bottom elevation of
water table unit

The thickness of the water table
unit ranged from 30 feet to about 200
feet depending on che different geologic
units and locations (see Table 4 1in
Bjorklund and McGreevy 1971). The
thickness in the center of Cache Valley
is about 50 feet and increases toward
the edges of the valley. To obtain the
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bottem elevationm of the water table
unit, the model grid system was plotted
on the 1:25,000 topegraphic map. The
ground sgurface elevation for each node
was determined from the contour lines,
The water table aquifer thickness was
estimated from Bjorklund nd MeGreevy
(1971) based on other nearby geologic
dacta. The bottom elevation of the water
table unit for the each neode was then
calculated from the ground surface
elevation by substracting the estimated

thickness of the water table umit.

River node leakage

The total accretion from ground-
water to streams 15 estimated to
be aboutb 140,000 acre-feet annually
within the Cache Valley. Many streams
or creeks originate at springs within
the valley, collect additional water
from springs, seeps, and drains along
the way, and flow to the Bear River or
one of its tributaries. The principal
rivers and creeks that originate outside
the valley, gain flow withim the
valley from springs and seeps along
their coursgses or from tributaries
that originate within the valley (Bjork-
lund and McGreevy 1971).

The effects of the streams on the
groundwater were simulated by the method
described . by Prickett and Lennquist
(1971, p. 33) using Darcy's law. The
method assumes Lhat a pervious layer
forms the bed of the stream and sepa-—
rates the stream from the aquifer.
Seepage from the stream to the aquifer
becomes constant when the water level in
the aquifer falls below the bottom of
the streambed. Under these assumptions,
the rtate of flow through the streambed
per unit grid block area 1s calculated
by the equation

Rpiyer = (K * &4 * (RH-PH1)/b]/8X;0Y;
= RC * (RH-PHI) (6)

where
QRriyer 18 the infiltration rate of

the stream into the aquifer



(taken as positive when the
flow is from the stream to
the aquifer) [ft/sec]

is the hydraulic conduc-
tivity of the streambed
[fr/sec]

13 the thickness of the
gtreambed layer [ft]

is the area of the stream-
bed within the medel cell
(£e2] :
RH is the elevation of the
river surface [ft]

PHI is the head in the top
layer aquifer or the
elevation of the bottom of
river bed, whichever 1is
greater [ft]

ig the river node coeffi-
cieat, representing K¥A/
(b&X:4Y;) and varied during
the calibration [1/sec]

RC

The 75 river nodes in the wmodel
(Figure 11) are used to simulate inter-
action with the rivers including Bear
River, Logan River, Blacksmith Fork
River, Little Bear River, Spring Creek,
Summit Creek, and High Creek. 1In these
locations the infiltration rates depeud
on river stage and groundwater elevation
as io Equation 6. River nodes ounly
exist in areas with unconfined aquifers,
dand mostly occur in the central valley
floor. Where streams exit from canyons
and recharge the groundwater by infil-
tration directly into coarse beds near
the mountains, conditions are better
represented by constant finite flux
nodes as explained earlier and summa-
rized in Figure 5. The river channels
of Bear River and Cub River upstream of
their junction are treated as constant
head nodes instead of river nodes in
order to separate the two unconfined
aquifers and to more realistically
represent infiltration conditions in
that area.
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Spring nodes leakage

In Cache Valley, wmany springs,
seeps, and drains discharge water from
the shallow unconfined aquifers.
In the flowing well areas, part of the
discharge moves upward from the artesian
aquifers into the shallow unconfined
aquifer (Bjorklund and McGreevy 1971).

Spring nodes were assigned in the
model wherever one or more relatively
large spring was located within a grid.
The flow rate per unit grid block of the
spring node (ft3/sec) is simulated by

= -~ FLD * (PHI - ELD) (7

QRspring

where sign represents water dis-
charge from the aquifers.

FLD is a spring node coefficient
varied during the calibration [ftzfsec].

PHI 1s the water head level of the
unconfined aquifer [ft].

ELD is the altitude of the spring
above mean sea level as determined
from topographic maps or with a hand
level where necessary [ft].

There are 2] spring nodes assigned
in the wmodel (see Figure 11). Most of
the springs are assigned the spring
altitude and discharge in McGreevy and
Bjorklund (1970).

Evapotranspiration

The annual evapotranspiration
from the 22,440 acres of wet lands
in Cache Valley in Utah is estimated
to be about 63,000 acre-feet (Bjorklund
and McGreevy 1971), which iuncludes
evaporation from the land surface
and transpiration by phreatic vege-
tation. It occurs mostly in the wet
meadow lands in the lower parts of
the valley, where the potentiometric
surface of the groundwater reservoir is
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above the land surface (Bjorklund and
McGreevy 1971).

The three-dimensional computer
simul ation model obtained from the USGS
did not include evapotramspiration. In
Cache Valley, evapotranspiration is an
important groundwater loss. To better
match the true situation, evapotran-
spiration was added to the model by
modification of the computer code.
To avoid numerical difficulties or
oscillations during convergence, evapo—
transpiration was treated as a linear
function of depth below the land surface

(Figure 12) {Trescott et al. 1976) in
the relationship:
QET
L. = - QBT o . _ g .
RETS, i,k QET ETDIST (GI,J Bi,j,k)
0
where
RET; j x = evapotranspiration rate
[ftY/sec per fr2]
QET = maximum evapotranspira-
tion rate [fr3/sec per
fFr]

ETDIST = depth below ground sur-
face at which evapotran—
apiration ceases [ft]

Gi,j = pround surface elevation
at node i,j [ft]
Hj i,k = water level elevation at
node 1,7,k
Pumpage

At present, there are totally about
2,950 wells, including both flowing
and pumping wells, in Cache Valley
within Utah (Logan District Office

oET

EVAPOTRANSPIRATION
RATE lRETI | W
ly

Q |
Q ETOIST
DEPTH BELOW LAND SURFACE

(G j-Hij k!

The linear relationghip be-
tween the evapotranspiration
and the depth below the land
surface.

Figure 12.

for 83, 3,1261,j)
for (ETDIST>(Gj j-Hi, j,1)3 H; 5 k<Gi,jl
for [ETDISTC(Gi, +-Hi,j,x)]

(8)

of the Utah Water Rights Division).
Detailed ianformation on discharge,
pumping duration, and drilling logs
are not available for many of the
wells, egpecially for smaller private
wells. Without discharge data, it tis
impossible to sum the discharge from the
wells within a grid c¢ell for a node
total. An approximate method for
estimating well discharge by node was
subgtituted.

First, all the discharge wells
in Cache Valley were classified as
"large" or "small” wells according
to whether the flow rate was greater
than 350 gallons per minute. The large
wells were identified amd located
individually on the grid system map.
The number of small wells in each grid
cell (node} is tabulated in Figure 13.
An annual mean discharge of small wells
was estimated by subtracting from
the total annual pumpage reported in
"Groundwater Conditioms in Utah" the
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Total number of "small" wells within each grid cell.

Figure i3.



annual discharge from all the large
wells and then dividing by the total
number of small wells. The total
pumpage for each cell was then taken
as the product of meao small-well
diseharge, times the uaumber of small
wella, plus the discharge of the large
wells within the cell.

Most large irrigatiou and municipal
wells are pumped at full capacity for
3 wmonths or less, usually starting when
surface water supplies diminish in mid
June, through August or September. Some
of the large wells are used only in dry
years. A detailed review of electric
power use records would be one way to
reconstruct the pumping history of large
wells. From a personal communication
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with the Preston Office of the Utah
Power and Light Company, it was learned
that existing power company records
summarize the total power usage from
the pumping of both groundwater from
well and surface water from rivers and
canals. There is no way to identify
groundwater pumping power separately
except by detailed analysis of old
records.

Because the resources for such a
study were not available, an alternative
method was used to estimate larger
well pumpage. Guided by the pumping
@isqaries of a few typical large wells,
it 18 assumed that the large wells are
pumped at rated flow rate during 4 hours
each day for 5 months of the years.



HODEL CALIBRATION

The purpose of c¢alibration is to
matech observed groundwater conditicons
with the simulacion as closely as
possible by adjusting the medel pavam-
eters within hwyirologically reasonable
limita, The model is calibrated by
repetitively running the computer
program using available hydrogeologic
data, noting differences between simu-~
lated and recorded conditions and
varying selected model parameters to
improve the match, T1f the model can be
calibrated to reproduce historical field
measurements, then one has greater
confidence in its ability to predict
what will happen to the groundwater
under various assumed conditiocns in the
future.

Developing the Cache Valley model
involved both a steady-state calibration
and a transient-state calibration.
First, under steady—state conditions
starting from assumed Mareh 1969 heads,
the model parameters were adjusted so
that the iterative solurion closely
matched the potentiometric surface of
March 1969 in Figures 6 and 7. The
transient-state calibration includes two
gteps: first, a simulation to reproduce
the potentiometric surface of March 1969
after adding the non-zero storage
coefficient values to the parameters
determined from the steady-state cali-
bration; and secoad, simulations under
transient conditiomns to match year by
year the annual water level change maps
from 1969 through 1972. Besides Lhe
agreement between the calculated and
historical water levels, another
cheelt on the accuracy of the simulation
was to compare computed recharge and
discharge values with the historical
water budget analysis for each pumping
period.
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Steady-State Calibration

Groundwater levels in the main
aquifer in Cache Valley in Utah have not
changed significantly since 1935,
although sensonal fluctuations gccur
(Bjorklund and McGreevy 1971). The
valley is an overflowing groundwater
basin, where water levels are stabi-

lized. The hydreographs in plate 2 of
Bjorklund and McGreevy (1971) also
indicate that the natural recharge-

discharge relationship has not been
changed much by the withdrawal of water
from wells.

The steady-state simulation was
calibrated against the water level maps
of March 1969 and using these same water
levels as the initial values in the
computation. The aquifers were nuot
truly in a steady-state condition during
1969, but the assumption of the steady-
state conditlons 1s quite reascnable as
water-level changes were small and local
in nature during 1969.

During the steady-state calibra-
tion, a storage coefficient of zero
was set at eavery node, thereby elimi-
nating the time dependent term in
Equation 1. After a series of steady-
state calibrarions were done, the
sensitivity of the model to variations
in the hydraulic parasmeters was better
understood than before the calibratiom.
In the Cache Valley model, the first
and most 1ilmportant parameter to be
ajdjusted was the vertical hydraulie
conductivity or leakance, because of its
important role in the iteration con-
vergence in the model. This sensitivirty
is easy to understand because upward
leakage to the water-table aquifer is
the principal means of natural discharge



from the artesian aquifer over 200
square miles of the Cache Valley area.
The leakage could not be measured
directly, so leakance values were varied
at many nodes during calibrations in
order to balance the total recharge and
discharge. The general calibration
procedure for adjusting leakance values
proceeded by steps. First, a multipli-
cation factor of leakance value common
to all nodes ("FAC", see Appendix B) was
adjusted until the maximum difference
between computed and observed values
became swmall. Then more detailed
individual variation for each node was
done to improve the convergence and
further reduce the error differences.

The aquifer rcransmissivity and
horizontal hydraulic conductivity also
strongly affect the model. These
parameters are adjusted according to the
following guidelines: If the calculated
water levels in an area are lower thaun
obgerved water levels, then the trans-—
migsivity and hydraulie conductivity
values at nearby nodes should be de-
creased; but if the calculated water
levels are higher, larger valuea should
be uged. Other parameters such as river
node coefficients, spring node coeffi-
cients and the recharge flow across the
boundaries were also adjusted. The
maximum evapotranspiration rate is a
sensitive parameter aund is varied during
.. the calibration by comparing Lthe com-
“puted value to the reported 63,000
acre-feet of total annual evapotran-
spiration in Cache Valley im Utah. It
is assumed that 1969 is an "average"
evapotranspiration year.

The computed steady-state water
level maps are shown 1in .Figures 14 and
15 for the confined and uncounfined
aquifers respectively. The comparison
betwean computed and observed water
levels after steady-state calibration
showed the maximum absolute difference
in the confined aquifer was about 7 feet
and in the unconfined aquifer was about
g feet. The mean absolute difference
was about 1.8 feet in the coufined
aquifer and about 2.3 feet in the
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unconfined aquifer. The map showing the
computed differences between the steady-
state calibrated water levels and the
observed water levels is given in
Appendix E. Along the edge of the
basin, steep groundwater gradieats
sometimes caused difficulty in matching
water levels.

Trangsieut-5tate Calibration

The transient-state calibrations
began by using the observed water level
conditions of March 1969 as initial
values as shown in Figures 6 and 7.
The parameter values resulting from
the steady-state calibration were used
as starting values along with the
assumed mnon-zero storage coefficients.
Parameters were adjusted in successive
simulations to reproduce the March
1969 conditions. The calculated water
level conditions of March 1969, afrer
transient-state calibration adjustments
are shown in Figures 16 aud 17. The
maximum absolute difference value
between the computed and the initial
observed water level was about 8 feet in
the confined aquifer amnd about B feer in
the uncounfined aquifer. The mean
absolute difference value was about 1.66
feet in the confined aquifer and 1.64
feet in the wunconfined aquifer. Com-
paring with the mean difference values
of 1.79 feet and 2.30 feet from the
steady-state calibration, the overall
water level agreement for cthe condition
of March 1969 was somewhat improved
by the transient-state calibration.

The next step 1n transient-state
calibration started from the calculated
water level condition of March 1969 and
sinulated the effects of three succes-
sive one year periods. Model parameters
were adjusted to achieve the best match
year by year with water level change
maps until March 1972. Those maps showm
in Figures [Ba, 19%a, and 20a were taken
from the water level change maps as
shown in the annual reports on "Ground-
water Conditioms in Utah." Except for
the parameters whose values do physical-
ly change from year to year {(the storage
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coefficients, total pumpage, pumping
pattern and recharge flux for each
pumping period), the parameter values
were not changed during the transient-
state calibrations. The parameter
values, primarily pumping pattern and
recharge flux, were then adjusted until
computed water level changes matched
observed changes as closely as possible.
The calculated water level change maps
for the coufined aquifer for each of the
3 years are shown in Figures 18b, 19b,
and 20b.

The transient-state calibration was
started from the calculated water levels
rather than the observed for two tea-
sons: first, the observed values were
already in the solution ready for the
next step; and second, starting from
calculated values accumulates errors iIn
the camputation and is thus a more
difficult test of the model. The model
was not sensitive to variation 1in
storage coefficients. A sensitivity
study showed that storage coefficients
up to 100 times larger or smaller than
those used in other simulations did not
seriously change model predictionmns.

The comparison between observed and
computed water-level changes for some
observation wells over a2 few years are
shoun in Figure 21. The model does
respond well to different pumpage rates,
different pumping patterns and different
recharge for each pumping period. While
the total amount of annual discharge
from the wells was quite well known,
other information such as pumping
patterns and recharge for each year were
not available and had to be assumed
first and then adjusted in the calibra-
tion process.

The transient-state model parameter
input data for generating rthe water
level conditious of March 1969 and the
resulting computer output are listed
in Appendices C and D,
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USE OF THE MODEL FOR MANAGEMENT PURPOSES

Three predictive simulations were
made to examine the effects of alterna-
tive levels of groundwater development.
All three began from the calculated
water level configuration of March 1969.
The boundary conditions and initial
conditions were not changed except for
the three levels pf development repre-
senced by the sets of wells shown in
Table 2. All the new walls were asaumed

to pump water entirely from the confined

aguifer.

The first management study examiuned
the effect of drilling two wells,
one located arf the mouth of Smithfield
Canyon (at 18,30} with pumping rate of
3000 gallon per minute {gpm) and another
located next to the Natural Resources
Building on the campus of Utah State
University (at 20,21) with 4500 gpm.
Both wells were arbitrarily assumed to
pump for & hours a day for 5 months of
the one year simulationm.

The next higher level of unew
development assumed eight additional
irrigation wells, each with a flow rate
of 2250 gpm and the same pumping
schedule as before. The locations for
the welle are shown in Table 2 and
Figure 4.

The third predictive simulation
assumed the same wells as the second
simulation, but the flow rates were
twice as large for all wells except the
well at node (18,30) where the flow was
four times as large. The additional
wells and pumping rates imn the simula-
tions are somewhat arbitrarily chosen to
represent what might bhappen if such
development took place.

The Cache Valley groundwater model
computes annual c¢hanges in water level

Table 2. New well locations and pumping
rates for three predictive
simul ations.

Well
location Maximum

Preditive (node Pumping rate

Simulation number) {gpm}

1% (20,21) 4500
(18,30) 3000

2 (20,21) 4500
(18,30) 3000

{ 8,13) 2250

( 8,14) 2250

( 9,13) 2250

( 9,14} 2250

( 8,26) 2250

( 8,27) 2250

{ 9,28) 2250

{9,27) 2250

3 {20,21) 9000
(18,30} 12000

(8,13 4500

( 8,14} 4500

( 9,13) 4500

, (9,14) 4500

( 8,26) 4500

( 8,273 4500

(9,27) 4500

{ 9,26) 4500

45

*Locations and pumping rates of the
wells in simulation 1 were provided by
the Logan 0ffice, Utah Division of Watrer
Rights.



in one increment for the year. Irriga-
tion wells may pump only during the
irrigation season. Municipal wells wmay
pump more or less continuously. The
model converts the pumping rate into a
uniferm rate per year. For example, if
a well is pumping 4 hours each day for
the 5 irrigation months at a flow rate
of 10 cfs or 4500 gpm, when converted
into a uniform rate per year, the rate
will be 0.685 c¢fs for the entire year.

The water level drawdown maps for
the confined aquifer caused by the
additional wells under the three year-
long management simulations are shown in
Figures 22, 23, and 24. Comparison of
these maps with the observed and com-
puted water level waps, Figures 6, 7,
i4, 15, 14, and 17, shows how the
Cache Valley model can be used to
estimate the response of the groundwater
basin to various development schemes.
The Cache Valley model is available as a
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tool Lo assist in the better under-
standing and management of the ground-
water basin.

Those wishing to apply the model in
solving Cache Valley groundwater manage-
ment problems should become generally
familiar with the program documentation
provided by Trescort (1975) and Trescott
and Larson (1976). Moreover, the
appendices of this report are especially
valuable for those wishing to use the
Cache Valley model.

Appendix A gives a complete listing
of the computer program. Appendix B
describes in detail all the necessary
input data and their preparation.
Appendix C lists the model input for
the Cache Valley model and contains
the parameter couditiomus, Appendix D
presents the Cache Valley model computer
output for the transient-state calibra-
tion of March 1969.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Orderly groundwater development Lo
supply inereasing demands requires
better information on aquifer systems
and tools that can be used to predict
how they will respond to different
wanzgement plans. Quantitative predic-
tion contributes to more efficient water
use decisions. This report desgecribes
the development, calibratioun, and use of
a quantitative, predictive wmanagement
model for the groundwater basin of Cache
Valley in northern Utah.

More physical information and field
data simplify model calibration. In
Cache Valley, complicated geologic
conditions, a large number of pumping
and flowing wells without discharge
informatiou on pumping rates and pumping
patterns, and limited informationm omn
other parameters added to the work
required in calibrating the model.

The development of the Cache Valley
groundwater model as described abave
illustrates how a model can be adapted,
calibrated, and applied, given compli-
cated hydrologic, hydraulic and geo-
logic conditions in the model area and
limited historiecal data and field
measurements. The model represents a
complex natural system with one un-
confined and ¢une confined aquifer. The
single layer confined aquifer represents
several real aquifer layers by using
equivalent storage properties. The
potentiometric head of the hypothetical
single confined aquifer represents
average head conditious over several
separate confined aquifers. River
nodes, spring nodes and constant head
nodes are used to simulate real inter-
actions of rivers, streams, springs or
reservoirs with the aquifers. The
river channels of the Bear River and
Cub River were represented by constant
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head nodes rather than river nodes, as a
strategy to separate the two unconfined
aquifers and save computer time and
storage. Modification of the computer
code by adding "evapotranspiration" was
necessary because phreatic evapotran-—
spiration plays such an important role
in groundwater conditions in Cache
Valley. The large number of wells and
the sparse information about well
discharge and pumping duration required
lumping the drafts from wmany small
wells together at nodes so as to keep
the total annual draft in linme with the
known water budget. This method is
believed to be accurate enough for the
model construction under the limitations
of time and finmancial support For the
project.

The mouths of the Logau River and
Smithfield Canyon are two of the major
groundwater recharge zones. Large
amounts of water enter the basin there
because of the high transmissivity (over
100,000 ft2 per day) and the avail-
ability of recharge from the rivers.
Smaller amounts of recharge occur
at the mouths of smaller, iuntermittent
or ephemeral streams, such as Blacksmith
Fork, Providence Canyon, High Creek,
Cherry Creek, BSummit Creek, Spring
Creek, etc.

The quantity of water entering
Cache Valley 1is equal to the quantity
leaving the valley plus or minus the
change in storage within the valley.
Under natural conditioms, the c¢hange in
groundwater storage is small, and
discharge is approximately equal ¢to
recharge. Deep subsurface outflow from
the valley 1is believed to be negligible.
The average annual amount of water
withdrawal from wells in Cache Valley is
abour 26,000 acre-feet, and about 82



percent of the amount is in Utah. This

percentage is an average mmber esti-
mated from cthe records of the past
years. According to the model, the

amount of recharge into the confined
aquifer less the pumpage is the total
amount of upward leakage, since there is
no subgurface putflow and an impermeable
bottom boundary is assumed in the model.
This amount of upward leakage is about
58,000 acre-feet annually apnd represents
a conservative estimate of the addi-
tional groundwater that can be withdrawn
from the confined aquifer. However, in-
creased withdrawals will lower the head
and diminish the discharge from some
flowing wells in the artesian areas.
Increased withdrawals would also dry up
some wet areas and reduce nouproductive
evapotranspiration. This pumping could,
however, have an adverse effact on
wildlife wet lands habitat and would
have to be managed carefully. The model
provides a quantitative tool for calcu-
lating these effects.

The Smithfield-Hyrum-Wellsville
area (area 1 in Figure 3) is the largest
and most productive aquifer system in
Cache Valley. Although this overflowing
groundwater area is the most intensely
developed in the valley, little long-
term change in water levels has occurred
(Bjorklund and McGreevy 1971). This
area has great potential for further
groundwater development because it has
high transmissivity (from about 10,000
to over 100,000 ft2 per day) and is

supplied large amounts of water by
recharge from rivers and streams into
permeable sands and gravels at the

canyon mouths. Other significant
recharge is from the irrigation canals
which are located aloug the edges of the
valley where water infiltrates most
readily. Probably the best sites for
developing future large wells are around
the mouths of Smithfield Canyon, the
Logan River, and Blacksmich Fork. The
water level change maps resulting from
the predictive simulations shown in
Figures 22, 23 and 24 give some indica-
tion of water level changes under future
development.
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The grid system map, shown in
Figure 13, summarizes the locations and
numbers of existing wells within each
grid cell area. This map is helpful in
visualizing the effects of well pumpage
on drawdown. The cobserved water level
change map from March 1969 te March 1970
in Figure l18a shows three regions
with more drawdown than surrounding
areas. Comparing this with the well
location map of Figure 13, these regions
are alsp observed to have more wells.
Apparently, the larger drawdown resulted
from larger pumpage because of the many
wells in the region. While there is no
evident overdraft, in some of these
intensive pumping centers, attention
should be given to controlling local
development 80 as to reduce the extra
drawlown due to well interference.

Te improve the model and increase
the reliability of 1its predictions,
future groundwater investigations in
Cache Valley should include more de-
tailed study of the geologic formations,
especially for the Bear River delta
area, south of Utah-Idahe state line and
between the Bear River and Cub River.
channel. No really deep wells have been
drilled in this area. Potentially
productive coufined aquifers should lie
beneath the delta deposits in the older
deposits, but they have not been ex-
plored. More effort should go into
collecting accurate well 1logs for all
new wells that ara drilled.

Another region needing more in-
vestigation is near Benson where some
deeper wells are located. The more than
1000 feet thick Quaternary deposits need
further definition. In the present
model, the simulated water levels of the
confined aquifer in this area are
somewhat lower than the observed water
levels in the deepesat wells, due to the
upward groundwater gradient in the
deeper aquifers that is not now simu-
lated.

An expanded observation well
network wneeds to be established where
water levels can be measured in each



layer annually or monthly. Well pumping
tests alse should be done near Benson,
Wellsville, Amalga, and in the Bear
River delta area near the state line in
order to obtain better aquifer charac-
teristics informatiom. More complete
data on discharge schedules for both
pumping and flowing wells should be
¢collected to improve the estimates of
the total draft and its digstribution
during tha year. '

Afrer several years of collect-
ing additional data, it could be used
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to recalibrate and te improve the
present yearly model. It might also
be possible, using the new data and
simulation information from the im-
proved yearly model, to develop a
more useful monthly or seasonly mod-~
el for the Cache Valley in Utah.
The model should also be extended to
cover the portion of Cache Valley in
Idaho. The techniques and methods
developed for the Cache Valley model
could also be applied to other geo-
logically and hydrelegically similar
areas.
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ANOnnNGo

ano o0

FINITE-DIFFERENCE =ODEL COR CIMAMATIOH OF GrfakM-wates il I
THFEE DIHENSIONS: SEPTEMEES. (7% ¥V F.C. "FESCITT. 1. €. 7. €,
LITH CONTRIFUTIONS TQ MAlM- DATAL AMD SOUVE Br S.F. LAFSOW

SPECIFICATIONS:

CHAFALTER -HHAHE-THET ( [OFT

CHARACTER T2 IDRAL+ THEAD  SrDr IORL e TDND TUATER - TGRE r TP 2R 0P ITV
CHARALDTER E3ICHK: IEQM: IEVAP - TAL T IDNFF ) INNFF

DIHEMSION Y(30100) LIS pHEATHG I T3 Y - HAME (8] p IHF T 20  LEFY (92 3)
1,00M(33

COMMON SINTEGR. I0r JOrKOeIlr S Ml r e de K HPER K THr I THA LEROTHIKF 1 H
AU o MUMT » IFIHAL « ITo KT IKEAD » [DRAL IFLD e TEFR T2 r J2o K2 r THAK - TTHX L MO
SHr IDK1 ¢ IDWCr IWATER s TORE» TP r 3P+ 10 JOr KOy TR SRS IFUL A TPUDITX 21D
3¢ IEDH» IEVAP ¢ TALT s TIMFP e THAPE
SSPARAMS THWAXCDLT: DELTr ER=r TEST » UM S OR - OET EVDIST
CEARRAY. IC(IS) P LEVEL L {7 LEEL DD

DATA HARME/2xdH A SpAHTART JHIMO ¢ JHHEADr3H -4H STQrIHRAG
1ErdH COEr AHFFIC-AHIENT » 2¥4H rAH TR r4HANSHr AHTSST » $HVIT! SH4H
2 g4H TXrdH  HY e SHDRAUJHLIC »AHCOHD p AHUCTI e JHIITY e 2X3H 7 JHBOT
ITedHOA Er dHLEAr AHTION, 2234 AW Re4HECHA»AHRGE r<HPATErIH LA
4o WD G dHURFA P ACE Eo SHUEA » AHTTORL"

DATA INFT/IH{IOG 844,03 » AHIEF L r FHO0 . 47 r SHC 192G IHE, 00 ©

DATa IOFT/4H IH0» P T2 7 p 3L e D AHOF & o r a4 T AHK D)7 HF S Sr WD Y -
a4 e IO SH e IS r p AHLAF R p4H 570 AHIH ¢ p AHTX P 1 e AHFT ) p4HS) ) =34
3 r A THO s AH ¢ 150  AHAOE L #4HT . 549 dHIIH pSHAD0r r AHIOEL P SH2 30 ¢ AHY
FraAHOLHOr SHr 18 r 1 dHIOEZ pdHL 3 0 AHCAH rdHr S p p IHLOEL pdH1 . Jhp 1y

DEFTIHE FILE 2¢BrI320¢UrkNK)

===READ TITLEr FROCRAH SIZE AND OPTIDHG—
READ (5¢200) HEAIND

URITE (4r170} HEADHG

FREADCS s 240318 J3r KOs ITMAX - ICHe NSP - T
JFITOEIDIKG.LT . 30000 GO TO S2411
WRITE{&e S22 10 MO r KD

S2412 FORKAT(ENCEEDED DIMETSION 31T
T

STOP
T URITE(&r 1890 I0- 23, W0 TTHAN Iy 955 - IR TY

na

FEAD (52100 TDRAUrTHEAD (P D« TOK L JIRZ - TUATER - IORE « ZF4J14 ZF2 2T
LrlEOH IEMAF, TALT « TDHFF - IMAF

WRITE (3rZ20) I0RAD. ZHEAD-1SU0- 0K : 10WTr JUATER - IOEE - TR - VPU2- 17
1¢ IEfGH, ITAP (ALT - ZDHFS o [HAFF
IERFw=(

IHQarSP

—COMFUTE DIMENSIONS FOF AFPR/§--—
Ji10-1

Il=[l=1

Ki=f-1

I[2=lf-2

12 -2

¥Iand-2

TRANEHAF 2L D S0}

DA L CH )

ITAXL=ITHAX L

1SIZ=IQrIOTRD

IKI=ICT D

TRIwHAXO? TRL¥KL - LY

IEUMeIRISITwL

Li{Z)wl

[ 33 [=2r14

IF {1.ME.B) GO TO 20

LiBI=ISd

ISUM= T SIR [T

[F ¢Ik!.ED.1) GO 7O 10

IK=1o

10 IN=l

I5Lr1m TS+ T
L{1='=ISH
TSU= ISR x]
LiZ0) =I5l
TSI ISUH+TTHE:
LiZ1ulsi
ISUMwISUM=3 KD
L{Z2¥=I5 M
ISR IS e
L{2Tywisln
IF (IUATERJE.ZCHELGall S0 70 4
1SN ISUMSING
L TwItim
IS T oM T
IF=Id
S
GO T T

A3 JSumEiSier
Lr2nmitun
1RimarciEe ]
I=rl
JE=L

O LN ATSLA
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SobpydaHpHdBsEE Y SR HERE B HHE ddY B HH DA HE U HHE HE B BHY By dDEaYddd B d HHdH bHHHE BN N HEHE MM M BHE HBH B uE i u i

on

IF t(IoFRE-HE. Iﬂ-l("") G0 TO &0
ISUme 15U+ I5IT
10=[a
A= J20
Ka=xD
G 10 70
3 ISUM=ISLM-1
Ios]
X=1

K=1
70 IF(HSF.ED.0) GO TD 73

73 IF(WRIVLWEN.OY (O TO 77

Lt2=l5um
LU= 1FH-HRTY
LI m[Em

7

b
;
I
B
3
8
d
i

IQ-I‘!-[E!.I'\'"SI..

Li3ay=[SLH

ESLH =TSRt ISI0

LIFI IS

TSUM [SIA-15TT

TR IF FIENP.0E . [CHRID)Y GO TO &5

LTS

I =[S ~1K1

7P URITE raslG) 10N

—=—Pafs INITIAL ADIRESEES OF ARPAIS TO SIBRQUTIHES-—

Lideailal
L17=L[12}
L19=L 119}
LII=L (3}

LT

L34, (342

LYZ=L{33)

L35m {53

CALL TATATCY(LLYYILDY (7 OLT0a £ILAZs FILSD rTELEY S TIL YL FILIY - TLLPY
Ll sy - YL 28 s YALIT) p 2 LEBY o TLL2D p T DA oY L8] ¢ ALIS) P ILITI 1L
20D TALDT e TAL IO - WL IL Fp FEL 23 o (LT D e YALIZ P A TILJANL FILTE) p P ELTAN)
L1E=LC1R)

LI0=L{T)

CALL STEPCYSL 1Y c Y TL3 0 FIL T e d4L 85 oW (LS 5 FELAY - FLT) s HPLDY s £ILAY 1 (¢
LTV TILLAD 'V ILIT 3 TUL 12 p¥ (LAD? s T ILID2 D

LiD=L{103

Lidsbtpty

Li2=L 112}

L13eL (13}

Lia=L L3142

CALL SOEIT/LASHALTY e (0L
AYILISha ALY
2203 f TSN e VILI3) s Y 1L T8 ¢ (1_--‘.-.1:._
IelSP ERTUSTILIA) e L2830

CALL COEFIYALITwerLDY s /LY r 0 {L3) o W ILTY o FOLBS e FELT? p (1 LA V(20
IFLIS) e LS o LA™ Fa YL LT WL TAY e £4L 240 FPLIEN

TS e CAL L eI T e FOLAY i
AUSA-S Y LU B S b ENY ol
ILIRY VLAl T

]

L33~ f31s

L4

CALL ClECr\'l"r'L' IR i LT SO TR IR "'-r'u'-r"'“-' g,
1.7{Ly R LS IR Bae ) o e EEN L W}

] Mo ) L1l b L"Il-'l'" ’o‘-!""""

AT S AFFTI R N S R
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2388233323282 82k HEHEbHHHHBHYBHHEEEHREERHHENERHEHN Y so Sh ey S HEB B HH B HHEHH H Y HHHHEH HHHHH S HE H B HH BHYHR Y e gl g ga

(1 lalnl

nn oo nn

an

ahhoDbno o a0 Do 00 0N On

anana

START COMMITAT T0urG

==«READ AMD WRITE Da¥a FOR GFOUFS IT D [IT—
GALL DATALH
TRH=1
HII=10E¥Y
DO 80 K«1/KD
LOC=L{2Y=(K-1}FHI S
B0 CALL ARRAYLYILOC) ~JHFTLL » 23 IDFT L1 L) rHAMES 1D IRH. DLMY
DO 70 Kelrkd
LOC=L(S)+(K-13vH] )
CALL ARRAVCTILOC) r [HFTULr 12 JOFTEL 2! rHAMEC 73 TRMy [N
DO 100 X=1rKP
LOC=LCA) =1~ 12 aMId
LLIsLL)P)eR-1
UL {190 K-
LLOwL {17 =2 KD -1
CALL ARRAT{TCLOCY r IMFTEL 32 JOFTO1 /) P NAME 130 e IFN DU}
TOLLLI=DUN{L1Y
L2 ym e 2)
TILLI=DM(T)
100 URITE (4rTE3) KeYILL1} e FILLZ},¥ILLI}
IF (ITK.HE.ICHKILGE? QO TD 12%
DO 110 K=krK!
LOCwL (D) e tH=12EN]
110 CALL ARRAYIT{LODCHr IHFT 112 r JOFTCL + 30 »AAFEC1D) » TR DUNY
170 IF (IUATER.HE. JO®4) €O TR 130
s

]

CALL ARRATCYIL » IHFTCI s L2 r JONTE L3y e NAHEL S o [RH e DUN)

CalL PREAT{TILSA r IMFTIL L3 e JOFTELp 1y rNANE LD ) o IBNe DY
130 IFCIORE.HE.IQWI(T) D TO 122

D0 131 nelel0

LOC=L (25) +(K-1)WNL)
131 ALl AFRATIYILIC) rIIFT’In!)nlﬁ(lni)n“l!"hlmru’
132 IF(IEWMP.HE. ICKOI2Yy (O TO 10T

R=x?

CALL FRRATITILIAY » IMFTOL 2 e JOFT (L1 ) rHAPMES 433 o TR DUHY
135 CALL nbaT

IF(HSPHE. 2} CALL DDATI(HNSM)

IFtHRIV.ME.O) CALL DOATIIHRTM

—COMPUTE TRAHSAISAIMITY FOR LIF‘OIF'INED LATER—==
IF (TUATECR.EQ. [OC(a) Y CALL TRAIG

~—{QMPUTE T COEFFICTENTS—
CALL TCOF

—COMPUTE  ITERATION PARAHETERS —==
cAL 1TER
G TQ 142

~—GEAN FECINWFGE FLUX FOR A HEU FIFFING FIRIUD——
A9 [0 141 Ka] KD
LOC=L (T3 rK=-130IT )
141 CALL ARRATCTILOC) s TMFTA 112 e [OF T2 a0 -HAME (T2 TFNTiED

—FREAD TIME FARNETERS AND PP ]NO Dals FOR MEU SUHPING FEPLOD-
43 CM HEUWEF

K=o
IF [l

——5TART HEU TIME STEP CORMFUTAT JOMG ==
120 CALL HEUSTP

—9qTaRT PEU ITERATION [F MAX[HLM HO. ITERATIONS HOT EXCEELED—
CALL MEMTITA

== fRILUT QUTPUT AT DESIGHATED TIME STEFG===
CALL OuTFuUT

— AST TIME STEF TN PUMFPIM) PERIOD 7-—
1IF ¢(1Fimal.HE.L) GO TO 120

—{HECK FOR MEU PUMPING FERIQD—
1IF (r.LT.MPER] GO TO L40

aroe
—fORPAT Y~

140 FORTAT (@I140%

A20 FORFAT {/0°.SAXy"UDRDS QF SCTDR ¥ USED =4 I7)

180 FORMAT £°4°,4T0y "HUNRER OF RIMG =, [%°40X, 'HUMEER OF COLLME =* (1%
usm‘mn QF LATERS = » L5/ 393, ‘MY MM FERMITTED MUMEBER OF ITE
SRATIONS =, IR//4BY) ‘HUHBER OF COMSTANT HEAD HODES =741y
3 S STLr 'HUMBER OF SFRIHO HODES -'rr.s-

LS8 THUNECR OF RIVER HODES = I3

190 an'l'»:"..m.ﬂ:

200 FORMAT (D20h4)

210 FORMAT £140M 12033

o0 FORMAT ("-9IAAATION OFTIONSD  “+13{ad-T(M)

T30 FORMAT (1HOs 44X DIRECTIONAL TRAMZMISSIVITY PULTIPLICATION FACTORS
1 FOR LATER®«+I3r/p 7&Xr'% =* 15, F/78%e 'Y =015, 0/ 742, T u' 025,72

EMD

SUBROUT (HE DATAT{FHIpSTRT s OLTs T 5o TRy TT T e LELY, » DELX r DELY - DELT MG
1T FERM«BOTTONs GREw | Do FLD » E2 D r [DR s RHFT RPr Ar BUELL rrAMELL » 770F s GFHD D

FEAD AND WRITE IWTA

SFECIFICATIDHS!

FEAL =4 IDrIDReMUFLL

CHARACTER 23 THFT-IOFT. I

CHARALTER 10X AREL - TLAREL » T[TLE rMERN

CHARAUTER TAICHK-"F 1P VFIrPIDIT, IEOMr IEMAP, [AL Ty [0 - [MEF
OWRACTER ZAIDRAU, IHEAT TFLOr 1[0 1 TN IUATER - IDFE: IFULY [P [TK
CHAPACTER w157 FRNT ¢ BLAHK

COMON THTEGRY 10w JOROr T 0 J2 K1 Ir JrM-HRFER NTH LTHA, LENG TH - R

60



2585283822282 88 80 82802032 Rz e R R R R 22 R R0 2R 02 28 ka2 22CEa 2022832 IRR2E823R232228288

“wht oh N

nn

LUEL ¢ MINTy IF TRAL » IT KT IHEAD r jORAM s IFLOw IEFRy 10 S22 TRAX TTIX LS HC
T TOKL P LORT w IWATER s TORE « [P r 7 ¢ 104 K e KO r IKr B K5 IFUM » TRUZ S TTK - THO
3 IEOMs IEVAP  TALT o TIWFPr TP

COHHOM /SPARANY THL yCOLTr DELT « DRR ) TEST » SUH » SUIMP 1 DR OET » ETDI ST

OhHOM /SMSRAY.. TOMK18) LEVELL (I rLEVELT{Y)

W SO/ ETRLXT « JTORT - ORET » CHAT » CHD T »RFLXT s PP T - CFLUXT » m
COMON /PR XLAPEL (I YLABEL ANy TITLEC 37 01 s MESUR P FRNT L L0 r FLANE
16801 s DIOTTLLR2Y ' 16 o VF2CS T UFI(?) o XSCALE  OEHCH r SYHCL Y s XHILED )
TYMCLIZ rNACAY rHE fHZ P MO TOCALE Y FALT1IFACTS

DEMEMSION PHLLIO JOrX0Yr TIAT(I0N QNS e QLDIIIrJO:KDYs T{I0r KD
Lhr ACID KO}y TRIIOr J0.KD)r TCLIQe JO4KO}r TH{IN,M.53) s UELLIIOS
2I0eK0)r TELXC 202 s DELY(IOYr PELZ(KO1s FACT(KOr1), FERMLIP+JP)s BOT
TTOMC{IP P QREA IO, KDY e TFA I3 rA 109 S0F r IH (&Y s TOFT LY IHETLD2
4 o JDCEGrJOrRaYa FLOOI 2L DL  IDREIDS OrKOY +RH (L) yPC L2 E PRDELD
SePAELL IO, JO KOy aHUELL S IOy D05 000 s RLF L1009 J0#K0) rTRND(IOr 2O}

FETURH

LR LA R R e R L L LI CEE R
ENTRY BalnIN
orarEs

——=FEAD MH0 WRITE SCALAR FARAMETERS—

EEAD (3,330 HPERyKTH»ERR (LEHOTH OET - ETDIST

WRITE (4r340) MFER.KTH ESROET-ETDITT

FEAD {4300 WSEAEr (SUALErDINCHrFACTL  CLEELLCDY # Iml o 230 FALTR - 7LE
IVELI{ LY r Im1p 7} + MESUR

IF {XSCALF.HE.O.) WRITE {A+470) NSCALE TSCALE rMESUP-MESUR DIHCHrFA
ICTE+LEVEL L (FACTILEVELD

—READ CLMULATIVE MAS9 R AMCE D

READ (3430} “smlP‘"T-G‘LWIWIWT CHDT LT STORT-ETFL
1XT P SFLXT

IF 1]DWL.EQ.TCHEZ 4}y GO TD 0

IF (JFUL.E. 1CHNeE)) GO TO 20

——kEAD IHITIM. HEAD 'WWLUEDS FROM CaRIG—
00 10 K=l O
g 10 (=1.10
19 READ 3,350} [PHI!Te 0uK)- mle 0}
o T3 Ja

~=—READ [HIYZAL HEAD AND MAST BALANCE PARAWETEFS FOM DISK—
20 READ 141 PHEL SR P PLUPT r LT  ORET r CHST » OMBT « RFLXT -5TOR T ETFL

30 WRITE (44300 SUm
D0 40 X=] (KO
WRITE 40y K
DO 40 I=1.I0
40 WRITE (3rTNO} LefPHILL JrK)wJmly 0O

o [ 40 K=lsKd
DO &) I=LrI0
&0 =1
WELL{IrJeM)md.
TRCL s JrKow),
TCLIrdrK?=0.
IF (X.ME.KD} TR{I,JeN)=d,
IMUE

R O e T T A
ENTRE ARRAYIAINFTr JOFT.IHeIRN:TF?
T LI XY PO
READ {Z+.J333 FAC» I'AR IFSMTF  TRECS {RECD
1CaARIREC S+ TR s [FRMH+1
GO TO (T0:70¢PQ- PO L20r120s IC
D} 80 Iwi.19
0 8 =i,
60 AtledinFal
URITE £4:200) IN«FACIR
0 TD 140
90 JF {IC.ED.33 URITE (43P} IH:K
DO ELD IskeID
FEAD {J«[1FTY (ACI J)r Joti )
0 FirR
[00 AL rJdehiIsJraFAL
110 TF {1€.£0.3) WRITE (4«I0FT) Ia7{ACE, 12 e 1000
GO TD LAO
120 FERD (2718 A
IF {1C.E0.4) LO TQ 149
WRITE (43980 [HeK
D0 134 Ie=lrZ0
130 URITE {&sJOFT® IrdALTrJ)pJmiy 13}
142 IF (IRECD.ER-1) URITE {3°IRM) A
IEN=[RH+1

3

RETURT

TURY L5ty ATEY ERLAE kYR

ENTAY nOAT

TERLE LAY F Y TR AT LAY

0 150 Ke1uKS

DO 1Z0 [=1.]10Q

0pa IS0 fml, )0

IF (I.EQ. 1.0 1.E0.I8.0R. J.EQ.L.OR. J.EC. X0 T{l+]-x)wh,

1F C1TRL ME. IO L a3 Wi | FUTGHE. ICHKEAY Y PNLET) Jap d=GTRT/ I- JpKY
1F (K.JE.E2.0R, [UATER OE. ICHK {a)} GO TD 122

If 11.E(1.0R.I.E0.10.0F, J.EG. | .0R«J.ENJG) FERMITy J144,

%0 GO TRE

rerabennn rrnrnnsaprienrry DA sovaninnnirrn i n i aaans

RERD 15-3301 fN:-I')AR-I
IF tI/a@ Efl. 1) READ (3. m’ TDELXC Jhe Jm], 200
DO 17D =)0
IF {IVARE.LY GO TO 140
DELXC 1y mDELY [ J}»FaAC
GO T¢ 170
167 DELtiJIwFAC
170 COMTIMNUE
1F LIMARLEQ. 1 AHT TPRHLIE. 11 UPITE (A 350 SIELX! )« Ju]« 400
IF {T'VAR.E0.0) URTTE (43001 Fal

eerrnsaners DELY tamusttaucrirrrrassisnatarninn

EAII' t!- 3!01 F»\Cl l'JAerPﬁi

Gl



IF (INAR.ED.1) READ {3,130} {IXLY{L}eIal,I0)
00 170 I=1,I0
IF (IVARIE.T) GO TO 180
DELY{ I m(ELY{]) wFal
G Y0 1¥0
180 DELY{T)=Fal

170 CONTIMZ
IF (1AR.EQ.1.AND IPRN.ME. 1) URITE (4r380) (DELY{I)eTalrTo
IF {IWAR.ET.9) URITE {4,310 Fal
C rbumnrrrrrcasabanddnnnnnnninnn DELT cubanabnaqannnsnnansanianpraan
READ IZrFJO! FACI'MAR,IPRN
IF (TVaR.E0.17 HEAD {ZrI30) (DELICXIeKwlrKOD
DO 2L0 Ksl.KO
IF (LUAR.HE.1} 5O TO 200
DELZ {M )y =DELZ (K }OFAL
g TG 210
200 DEL2K) =FAC
COWT [HUE
IF (IUAR,EQ.L.AND, IFANHE 1} WRITE €4,399) (DE1L 20X} oH=2sHOY
IF {IVARLED.OF WRITE (4-220) FAl

—=INLTIALIZIE WARIABLES=—=
| D
Dty

Fmy
H=2.
K=y

ana

=,

IF [XSCALE.HE.D.) CALL nap
RETURN

T

EMTRY DDAT{HSP)

LS YT

[ 1]
DEDL KeldKO
™ o) I=1.10
READ T14s (IDCLe Lok r Jul JO)
%10 FORMAT (B20L .00
DO SO0 J=ts]
IFFIDL Yy ¥K).EQ.Q.) GO TO ZO
IPtl=JvE) = FLOATC(HK)
MR ]
=30 COMTIMUE
301 CONTIMKE
HK =M -1
IFIHK.ED.HSF) O TD =20
FRINT 15 eHIHEP
=13 E%H‘I’ {* ERFDROcadK . HE NS HEm TSt "HEF= 13D

FERD TIQFAL

FRINT =M FAC
FORMAT [ 1H01GLQ. 41

FEAD 30« {FLALTIrInlaH5F)
FOFPATI W2, 40

PRIMT %G {FLOLI)»Iwm] s HGPY
FORMATL/ p I 1XsF5.02 )2
00 Z=D I=1.HEP
FLDETF-FLDLI) uFAL

CIOMTIMLE

FEAD TMrFal

PRINT 321.FaC

READ T30r (ELD{LI) nInl HTPY
PRINT 404 (ELDLI ¥, Ll HS?)

R ER

8

ELD: L1eCL DL I} aFAC

TEXETIETNT
EWTRY DDATIIHRIVY
TTCEEY!

MK=]
00 Z81 K=1,KO
o B0 I=irlp
READ S10+{1DRCIr 1K)+ mle 00D
M0 ZBO Jmi.)g
IFCTDR{ T, JeK> (ED.O. Y (O TO ZBO
IDR(I»JdeX) = FLOAT{H)
N = K+ |
T80 {ONT [
A1 T IIE
LR
IF (M. ED. !RI'JJ GO TO 400
FRINT SEZ M HRIY
;%‘N‘ ERRORENEINK . HE . HRTV HE4 IS “HRIV  [5)

READ J30sFal
FRIMT 521 ,FaC
PEAD ZX0p {(FHLT3: Lule MBIV
FRINT Z4Q:{RH{I) rIwl MR['M)
00 410 ImirtRIV
ALQ RMII} = FHiI)WFAC
READ J1DrFAC
PRINT %3] .Fac
READ SAO«(RP{TY) I=LMRIVY
FRINT 2404 (RBL[}r1*LrNRIV)
DO &30 IwisRIV
AX RBLTY = FPR{L)SFAC
READ T304 Fag
FRINT 321-Fac
READ 32%- (RC{L'+ L1 -HRIV)
T3 FORMAT{ 1DFE.4)
FRINT AT%stRCs 1Yy IrlatRIVY
41% FORHAT! *1141)%.FA.033)
D3 &30 I=lsNRIY
&30 RC{I)~ACCISAFAL
1:] RETWFW

AR R TR PEEEFEEEE R R R P R E R EEE R R AR R R b e e b R e Rt ey ret  r e R et E R e Y R L b
3 &

o c mersiEEEEII I ITaRERREEE et

o8 c w—=ALAD TIME FARAMETERS AHD ﬂ"l”ﬂ MTA FUR -1 NEI-I' m-rnn PEPIQD-
r- ] c S RN TR A PR Y

(] ExTRY

] C SRR EIINTRITXALER
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Fird
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2523232822823 832822R2R0238R22288808R0388885888 3328288838188 888ER

288228222 RR222 B B3ERR20RIRE
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aa

anana

aacGna

FEAD (S 3307 AP+ RFALr HREL r THAX (MUMT r COLTr DELT

=——LOMPUTE ACTUAL DELT AMD MAFIT—=
DT=DELT. "4,
TH=d.3
00 220 Is)sMUMT
DTuCOLTIOT
THerTHOT
IF (TM.GE.THAXY GO TO T30
20 CINTINE
GO To 240
- ﬁ;'mmr
240 URITE {4400 Ky THaX HIT yDELTCOLT
ﬂT-ﬂTm

ol o '

—READ aiD URITE UELL PUNPTHD RATEE—
LRETE [4:410} HEL
1F (sl .E0.Q) O TO 250
IFULALT.ED.IOW(1T) ) G TO 241
DO 20 t1=)eMEL
READ (33303 Kpls JoAEELL4Tr JeN)
URITE (&e420) XrIrJrudDllsIedeX)

S WL Ty e Ky [ Ly SR A{DEL L JIIOELT L 2
od TO 240

— AL TERHAT IVE—
741 DO X531 K=l,KO
DO 1 Is=leTg
™| 31 ML X
RCFA{IrJrKim.
HUELL{Trd K=,
b3 BRI Y
READ{S » X300 ALTEYL ( WILEL y B, FEUELL »HCF ¢ CFL
IF{AELLENL.FF92.) 50 TQ 240
DO J&F [TwleHbuEl
READSS.JT30) XelrJrBUELLIL4JpR}
Ll Ly Frm b uBUELL S [ Jr K} BPUC
A2 LATTESCArd20) XalrJrBELLY Y r JeRY
DO 24T IT=1.HCF
READLZ + X3I0) Xr IIJIRCF‘IIJIKJ
FCF D oKy =RCF{ Te JoK) ICFC
247 WMITELA 470" Kels HPACF(14JK?
URTTE{&r258) PAELL/HEUEL » B FPELL »WCF »CFC
255 FORMAT £ 1HOr&D10. 43
DO 243 Xel KD
DO 233 I=L- 10
43 READ S 4407 (HELLIT oMl olr M)
440 FORMAT {2Q04.0)
T JéA KalsKD

B8

0 2id =iy
264 UELL AT s Jal)mORIELL (L r o0 RAURLL »DURLL (1 » 1o K} WFELELLARCF (T e Jo K2 7
YEPELXC JIADELTYEEY Y
-]

290 FIRHAT (MO -FXC &My’ =*o015,7* FOR LAYER,1IX)

70 FORPAT (1ML -43X, 5340 ° HATRIXMr LATER rII/45Xr42("-")}

JOO FORMOT (0"« T2Xr'DELX &' ¢[13,.72

310 FORMAT [0« Tx«"[ELY 01%.73

J20 FORMAT [0+ " "DELZ =*u{01%.7)

90 FORMAT (BOLO.0F

40 FORHAT (0 r31%r"HUMBER OF FUMPING FERIOPY =*,L3.747%: ‘TIFE STEFS P
1ETUEEH PRINTOUTS w4 I%//31%r ‘ERFOR CRITERIA FIR CLOSURE =".GLZ, ™
z&g;;E’MIWIM‘HU RATE w015, 784y "EFFELTIVE DEFTH OF €T =
3 A

S5 FUORMAT (70 ¢ I3y 0 20FA. LACTE 2OFS. 100

350 FORMAT {DF10.4)

T70 FORMAT (1H1s44X.AGHGRID SFACING TN POOTOTYFE IH X DIRELTIOM/4 ™Ha 4D
A=y A0T0% [2F 10,00 )

200 FORMAT (1H-r 44X, 40HGRID SFACTIHO [N FROTOTYFE TH T DIRECTIOHA 1™, 4D
104=" 0070 12F 10.0})

TP0 FORMAT { 1H-»4a040rCRID SPACIND IH PROIOTYFE IN Z DIRECTIOM. 4™Xr M
17 =21 700" 1 F10.0))

400 FORMAT (*-'+30X, ' FHPIMD FERIQOD HO.*pZdr"t"-FL0. 2. ¢ DAYS . TIXNsIB("
1=-*3/753%, "HUREER OF TIME STEFS= ¢ I& S9N "TELT IH HOURS »°(F149.1°"
2R SMULTIFLIER FOR DELT =+ F10.3)

ALO FORMAT (7= pADNrIdr’ UELLS' AATKPL =" 2 /H0Re KT PO 17,9 ) ]}
\NPIND RATE' /)

4"0 FORraT {41%,3110,2F13.3}

FORWAT 4“="p40Xr* COMFTIUATIDH - HEAD AFTER * ¢G0T+ SEC WP 00D
1' SATrZHLY =72}

9 FORNAT (1" /TR0 "LIETIAL  HERD MATRIX: LATER™ r I/ T8X 300 -7+

150 FORMAT (4020.19)

440 FOFMAT (3G10.9.31010.0. 721,13 AB)

479 FORPAT (70° -30%, "ON ALFHAMERIC MAP: " "10%:r *MULTIFLICATION FAZTQP FO
iR X DIBENSION -'»GI.L?!!DK- 'II.I..TEF‘I.IU\HM FACTOR FOR v DIFENSTTH
2t 015, 27550 AP SENE IN UMITT OF  “sALL 0% "HUHEER OF “-a5.° P
JER [HCH »°G15%. 7/ 41X, ‘M TIFLICATIDN FACTOR: FOR [P0 =° -G =
4* PRINTED FOR LAYEFS* yPI2°47% "MATIFLICATION FACTOR FOR HERD a’.
!.!E.,Sfa?-' FRINTED FOR LAYERS  »?IT

SUGRCUTIHE STEF(FHL)STRT LD T34 TR TC» T WELL - (ELX-DELY rDELZFRCT
10D, TESTH

IHITIALLLE DATA FOR A MEW TIME S9TEP AlD PRINT RESULTS

SPECIF1CAT [OHS:
OWRACTER FBXLALEL - MLAREL - TLTLE r HETUF

CHARACTER #4ICHK WF Y oW F 2003  DIOIT  TEQN  TEVAP - TALT - TSy [P F
CRARACTER: BAIDRAL IHEAD, TFLG. (et 10K IUATER P IORE r IPYy TP, ITF
CHARRCTER 115TMFRNT r BLANK
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14, 12 COMHON ZINTEGR/ 10+ J0rKO# 1101 K1r ] rJs XeHPER s KTHr ITHAX LEHOTH, K« N

13. 12 AL pHNUMT s [FTHAL » LT KT ¢ IHEAD I DRAU - EFLOr 1ERRr 125 J2# K20 THAX e T TRDEL 1 HC
1b. 12 M IDKLr DK IGATER r 10RE s IP ¢ JP r I0r JO+ KO IKr I e RS e IFU1 IFUZ I TR [HO
17 13 I [EQH IEVAF r IALT IIVFF r I
19, 12 COMOH 7SFARAHY TrbX s COLTr DELT ERR r TEST » SUM e SUMFP OR- OET fETDTST
19 13 COMMDH /BARRAY/ TCHRE14)»LEVELLCF) LEVELZIF)
=0 12 Comty 70/ ETFLXT: STORT«SRET ¢ CHST+ CHDT r PFLXT « PUHPT LFLUXT ¢ SFLXT
o+ 13 COHHOH JFRY JLABEL () p YLABEL IS s TITLEC ) r XHLMESURSFRIIT (1220 » FLANK
-—_ 12 10400 DIQITCITZI 4 VF T LAY rVFRLA) s VFIIT ) 1 A SCALE rDIMCH SYACLT I XHOLOD 3y
=3 12 TTHLLIAY Had 43 o H1 oMo MO YSCALErFACTE fFACTZ2
24, 12 c
-7 12 DIMERSICH FHICIOwJOrKOY+ STRTSIOr 20,KO0)r OLDLIOF20:X2) e T{19: 0000
= 12 13r SCID-J0uN0)r TR{IOrJO KDY r TCLIOr N XOYr THLIKr JoeKdir WELLIIOr
= 12 200:KO0Yr DELX(I): DELY(LOY: DELI(KD):r FACTIED»I)r DDMCIMAXIr TESTS
=B, 12 J{ITHAL)» ITTOIZO)
= 13 FETURH
. 12 C AR RN PR FAdAE L b EammEEm R R Rl B n s AR AR R R PANA RN AR
3. 12 ¢
. 1o ENTRY HEMSBTF
3. 12 < IR FEREX LETENET T Y
. 12 KI=KT+L
I=. 12 IT=0
T 12 DO 10 K=1:K0 -
37. 12 ] 10 T=ke10
38. 12 03 Lo Jelr0
Jr. 12 10 DT+ JoKY=PHI(Lr JoX}
. 12 DEL ToCDLTYDELT
al. 12 SUH=SUN-DELT
&2 13 SRS DELT
A3 12 DATSP=SLINP /BA40D .
14 12 YREPw0ATSP /345,
45. 12 .
I8 12 SMTH=HRAEAD .
al. 12 DAYS vHRE 4,
48. 12 TRS =TS 343,
17, 12
LN 12 c
12 c —FPRINT DUTFUT AT DESTGHATED TIME STEFS-——
12 < ILLEYFAITENEFRNRTLT O
12 EMIRT QUIFUT
i2 c TASRIINANFRUAR TR O YN
12 IF An[.EG. IRy IF1MALRY
12 ITTOLRTI=IT
12 IF (IT.LE.ITHAXY CD TO 9
12 IT=IT-1
12 TTTOLRT =T
13 1ERS=2
12 c
12 c ——1F HaxIMM 1TERATIONSG EXCEEDED/URITE RESIRTS OM DISX OR CARDE—
12 IF (IDe2,EQ.IOKIZIY URITE {4} PHI»SUMSUHFFUMPT  CFLUXT f(RET » CHST
12 1 rCHOT f RELXT » STORT (ETFLIT » SFLXT
12 TF (IAURLEQ.ICHN (Y)Y URITE (7,270} Si:SimP . PAONPT OFLUKT » ORET  CHST
12 1 ¢ CHDT «RFLXT « STORT ETFLAT » SAAYT
12 e
12 20 IF (IFLD.EQ. Iu«un CH.I. CHECK
12 1F {1ERFR.E0.2! GO TO h
12 IF (HOD(KT-KTH) .HE. Q. Nm IFTHAL . HE. 1) FEETURH
12 30 WRLITE (62100 KTiDELT SR SHIHHRS r DATS r TRS r DATSF P RSP
12 IF (IFLO.ED. TCHE{1}) Cnll GRITE
12 ITulTs]
12 URITE (4»180) tTESTI(D 1/ [T)
1= 13=1
12 I3=0
12 T2 ISalSea0
12 TA=HIHG (KT IS)
12 WHITE (4+240) [IrI=TdrIa)
12 WITE (4r250)
12 URITE (4,750) <ITTO(I)»IwISe[42
13 WRITE (4«340)
12 TF{KT.LE.IS} G0 TO 313
12 IAnI3+a0
12 o0 TD 3153
13 c
12 c —FRINT HWFS—
12 =3 IF (XSCALE.EQ.0. GO TO 7o
13 IF (FACT1.EQ.Q.} GO TOD 5O
12 o0 4O IA=1.7
12 II-LEELL1!TAY
12 +IF {I11.E0.9) 00 T SO
2 A3 CALL PRNTAC(L:1I)
13 o IF {FACTZ.EQ.0.} O TO 7O
12 0G &0 la=1r
17 ITaLEVELZLIA)
2 IF {I1.E0.7} 5O TO 79
12 &3 CALL FRNTAFZsIIX
1z 70 IF LIDPAM.NE.[CHKIT)) GO TO 23
12 C
12 c —FRINT DRALDON-—
12 DO P9 Kelsn
12 WURITE [4e200) K
12 [0 =9 I=1rIOQ
12 PO 30 w0
12 BY DIMEI=STRTLI JeFI=FHI{I¢ JeKD
12 PO WRITE 440170 I, C(DDN{JYsd=l-JD2
13 C
13 C ===tEED [Frdldud RETUEE]Nl AMHPING FEPIOD 7—-
15 =3 IF (TOHPF.MELICIRALIY Y GO 10 100
13 00 75 Falehd
13 g =3 [=l-70
13 D 95 rule 2
13 ¥5 SIRT{Is JrK}wFHL 11 oK)
12 100 IF (IHEADJE.ICHK(D) Y GO TO 12D
12 c
f c —=PRINT HEAD HATRIX—
12 D0 110 KelshD
12 WRITE {&r190) F.
1z DO 110 Ismi,IO
12 110 URITE {4¢LT0Y Tr(PUILTs JeRisJulr D)
iz
e c =~==URITE G DTEK=-—
[ =4 120 IF (IERR-EG.ZY GO TD L3O
12 TIF (KP.LT.NFER.OR.IFIMAL (HE .1} RETURH

64



IF {IDRQ.EQ, ICHK(T)2 URITE (47 PuIyEUMSLHPFOPT, CFLDT ORET s CHST
1+ CHDT r RFLAT « ITQRT - ETFLXT) BALXT

——PUNCHED UTFUT
130 IF (IFU2.HE.JICKLP)) GO TO 150
IF (IERR.EQ.2Y OO 10 140
URITE {7»230% SUHsSUMPeFUMPT « CFLIECT « ORE Ty O4S Ty CHO T r RFLXT STORT A ETF

LT SFLXY
140 DO 1340 K=l KD

0O 179 I=1:I0
150 WRITE L7 220)  (PHICTerKdriml, X0}
140 [F 11EFR.EQ. DY STOP

RETUFN

[217]

——FORHATE—

aanon

170 FORMAT (/07 rTariT i1 e F7.20/ 00 LICINSFT. 2000

180 FORMAT (“OWAKIMUM HEAD CHAHIE FOR EACHM ITERATIOMN'#Y “oJ207-"27("%
19r10F 42,422

190 FORMAT 171" «I0r "HEAD MATRIZ, LAYER® »T X4 JI0 =" 2F

200 FORMAT (°1° 303X ° DRALDOUN e LATER' p [/ 87X 1B =" 3}

210 FIRMAT (AHLr4XS207 =" 27150 "\ 1 LAX: " TIME STEP HUMBER = r'[?rl‘xi'\
14/45A e B2 WA/ 2PHSTSE OF TIME 9TEP 1N SECIHDS=,Fi4, 203 “10
2TAL SIMULATION TIME IM SECONDS=‘ rF14,3/7P0% rBHMIHUTES=eF 14, 2050 dH
mm-.ru....mx-mvs-.ru.‘.wm; EART = F14. 054 052, *DURATION

OF CLREENT FUMFING PERIOD IN DAYB=’ rF14.2700%, "TEARSE " FL4, 2772

g Fm'l’ (10FE. 8}

TI0 FOPPAT (AG2C. L2

240 FORMAT {"QTIME 9TEP !‘,40I1)

50 FORMAT 1'QITERATIING*r4012)

F&0 FORAAT 1° 4 M041*="))

END

SUBRDUTINE SOUELPHT «STRTOLD To2r TR 10 TR e uELL » DEL e (LT rDEL= e FAC
LTeELsFL e QL Vo X1 p TESTIORE s FEFRH ¢ IDFLDELD » IDR + R s FC e REr ISPRQ
Z2IRIV» BOTT Ot r GRHD }

SIUTIQN BY THE ETROMALY TPPLICIT PROCEDLRE

aaann

SPECTFICATIONT!

REAL x4 ID:IDR

FEAL  FHT RO B e Qo FrHe S r Sy PHOP U2 M EH « RHO | RO r MO XPRRT YRART
REAL  ID(r PR+ IFAR T s LMAX e XT o T w I7 » DEH 0 TYH, TCH

REAL  ErALsPLrQuvAdCrDr By TUAL DL rFES»SUPH LTy TPHI

CHARACTER wA [CHKr TEQH r IEVAP s TAL T r IDHFP » JHAFP

CHARACTER FAIDRA s IMEAD . IFLD» IDNCL » TINCT » JUATERy IORE « IPUL » T2, T

O rOH FINTERRY [QrJOrRDyELr J1aKT eI v Jri o NPFER A THs [ TRAX :LEHGTH 207+ H
IUEL +MUMT y LFIMAL s TT e KT 2 IMEAT LORAI IFLO« IERR - 120 2 K2 r THAX r LTHX 1/ HT
THrIDK L TDICE: JUATER » IORE s TP+ I 4« E0» K10 P T0r TKr 2205 LPUL ) TFUR2 JTK « THOD
TrIEQM: [E4AP . TALT r IDHFP . [HARP
COMHCH  /SPORML THAXCDL T« DELT » ERF.r TEST » SUH» UMW » OF IETETOIST
CORMOM /SARRAY/ TCHCE L4 PLEVELLCR)  LE ML P)

OTHENSION FHIfLYr STRT12, QD1 TILde S€1)r TROLY}« TCLLXr TR}
le UELLE1)y DELXC2Y, DELYE1)» DELI(I}» FACTING:3)» RMOF(20}r TESTI(
D13 EOTTOMCI Y EL AL 2 pFLLLTsCLEL) " L7e X1 11) rGREL LY

T4 IDCL Yo FLDELY s ELDE 23 s FERMUL 2 o 1DRELI fRHOL) sRCA(1)-RBELY

iEc1)

RETURH

:
it
|

otk
—COFUTE AHD FATHT [TERATION PARAMETERG-—
WATTE f&r2402
UMTM=1 . ED

NT 3. 041573002 42, 2020

YTal. Ll A1T7I0a2 ¢ 2. eIy

ZT3. 141572080/ £ 2. AKO WK}

FHDL ~).EQ

FHOZ=0.EQ

FHOZ=Q.EQ

DD S0 K=l+KO

D0 40 [=2e[1

o0 aQ el 01

Hrelr(d=1pe]De (K-123HI)

IF (TiH}.ED.O.2 GO TQ 40

D=TRLH=IDY *DELXY J)

FotRIN}SDELNLTY

PuTC(H-1)/DELTII]

HrTCLH}TELTIT)

S, ED

=0, ED

IF iKHE 1) ZoTRIN-HIDADELITKD

IF AXK.HE K91 SU=TKINLTELIARY

TXH=AMAX 1L 0uF?

Triearax1iBsH)
TZr=arAL) L5 2

DEHANINL(DIF}

IF (D31 EQ.OWED) DT

1F (DEM.ED.O0.EQH GO 'O 20

RHOL=AMALL (RHOL r TYN/DEH Y

PEHAINL{ B H)

IF {DEM.EQ.0.EQ) [DEN=TYH

IF {DEM.E0.N.E7Y GO TD 35

FHR2epax ] (RHOD - TXITEH)

20 [EH=pATHL{S). 71
IF {DEM,EQ.Q.EQ) DEH=TIH
IF (DEM.ED.0.€0% GO TO 1D
FHOIwAHAX ) (RHOZ s TXHSDEHY

40 CONTINeIE
JFARTwXT/ L L.ED-FIIL Y
YPART=TT/ 1 1.ERHRY)
PARTwXT (1 . EDeRHOD)
UMIN=AMIH] IUMER  XFART ¢ TFART « IPARTY

4
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17 LHAX =1 . E=LmIH

17 READ P77 HMaX

17 ¢ FORATI{F10.3)

17 FRINT 998sHHAX

7 F¥H FORMAT {1X» THHOI=»F L. T)

17 IFIHMAN.HE.Q. ] WMAXwHra

L7 Plu—l,

1% DD 50 T=t.LENMGTH

17 Pl=Plel,

17 S0 RHOP{I)m].EQ={1.[o=dadmeiPI/F2N

12 URITE (4,230} LENGTH» {RHDP L)y Jml LENGTHY
17 RETURN

12 ) NN AR R EEE P AR RN R R AN A AN R I PP n v A A A AR R Ra
17 L

17 C —INTTIALIZE DaTa FOR A NEW ITERATIDN—
1z &% IT=IT=1

17 IF ({IT.LE,IYAAx) GO TO o

17 - WRITE 14,2201

17 CALL CuTeut

L7 70 IF [MCDCIT LEMOTHYY 80,50

17 c FLOAL T ST STk

17 EWNTRT HEWITA

17 c LR N RO

17 BO HTW=O

17 20 HTH=HTH+1

17 HEI=I0LD

17 UmRHOP (HTHY

1? TESTI(1T+11w=0,

17 TESTa).0

w PlG=0,

17 B0 LoD T=leHT

| g ELII}uQ.

7 FLiTI=0.

GLITIwd.

17 JiLiwD,

34 c Lo X1t11w0.

1.2

17 C —COfPUTE TRANSHISSIYVITY AHD T COEFFICIENTS FOR UPPER
17 c HYDRILDOIT UMIT W 1T 15 UNCOF THED—
1 IF (JUATER.HEL. [O{4)) GO TO LLOD

17 CALL TRAHI(G)

17 [

17 c =—{HDOSE 3IF WORNAL O REVERSE ALGORITHM—
17 119 IF (MODCIT 23 12001290170

1? 120 00 120 K=1,KD

17 D0 1%0 =211

17 DO 130 J=lsii

17 HA=I+i 11310

17 NepargzetK-LIENI)

17 HIA=M+1

17 HIB=N-1

17 N inap[Q

17 MSA=H-T0

17 HGAHT

17 HAR=H-HI .}

17 N2, AMT )

17 C

17 4 =—SNIF CRFUTATIONSG IF HODE OUTSIDE MOORL ——
17 e 1F (TiW}.E%,Q..OR-H{H}.LT.0.1 G TD 130
17

17 C —COPUTE CIEFFICTENTY—

17 D=TR{NJB} /TELXT I}

17 FeTR{H}SDELYLS)

17 B=TCANIPY/DELYL]Y

17 H=TCAH)/DELY (T2

t7 S0 ,.EQ

127 Tw.EQ

1) IFUX.EQ.1} GO TO 1241

17 T=TH(HKE)

17 TFOLEQH.EQ. TCHCEL1}) Tul Dl 240D

1> 131 IFIK.E0.X0) OA TO 122

1> SU=THiH}

17 IF¢IEDM . EQ, TORKITL)) SUwEl TELT(K)

17 172 RMD=giM1 s DELT

1 OF=],

17 VIR » Q.

L7 [7- B -

1r E10p=0.

17 ETOD=b.

17 JF{IGRE ED. TOHK(7 )} OROFETH)

17 TF (K.HE.XO.DRR.IEHFHE. [CHK{ 107 GO0 TD 173
17 &

17 C —COMFYTE EFLICIT AND IMPUICIT PARTS OF ET RATE-~—
17 TIF (PHICH) .LE.CRHD{HG)-ETOIST! €O T 127
17 IF (FHL{K).GT.AMD(MAY} TO TQ 127

17 ETQO=QET/ETDIST

17 ETOD=ETQER{ETDIST-GRHTY HMa )

17 GO TD 123

7 127 ETCD=OCT

17 123 TF(IRIV.LE. ¢! GO TD 172

| g HDATFTXCIDR{NY)

17 TF{ND.EQ.0Y GO TD 1°5

17 1F{FHI(H}.OT.RB(HOY,AHDFHI(H) LT-RHIND}Y) GG TO 123
g 1F(PHI (M) . GT.RH(WD} GO TQ 134

[ A = DAr RCINDINTRMIHD) — RB{HD)}

L7 GO 10 1S

17 126 UReRTIND?

17 OR={IR »RT {0 1 RRMTHDY

17 GO TO 175

1r 173 R = RCIHD?

17 RN +RT [HD) TR0

17 125 IFUISFRY,LE.O) GO Ta 130

17 WD=IFIXIIDLN) }

17 IF{ND.ED.O} GO TD 1%

17 [F{ELDINDY JOT.FHI{N)) GO 70 132

17 X = FLEB{D

17 OF = UReFLD{HD}NELOI(ND)

17 C

7 C ~—51F NOFMAL ALCDRITHRN--—

17 = —FORUARD SUESTITUTE:, COMFUTING THTEFREDIATE 'ECTOR V—
17 1M E = =p -b -F -H -5 -T 040 -ux -ixRk -£1ah
17 IF {X.NE.K1) GO TO 131
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17 IF (PHI(N).GE.POTTONIMMA) ) GD TO 131

17 IFCPHI(HKAY -0E  BDTTOM(HAA ) ER-DR-SUYRDTTOMCMMAY
17 IF{FHLIMKAY .CE, MOTTOMI A2 ) GO TO 127
17 E=Ls 31
17 SU=0
17 G0 T 131
17 137 E=E+5U
by 131 IF IK.HE.KO} 0D T 173
17 LF {FPHL{MND).CE.ROTTORC(HR) ! GO 70 133
17 IFLPHICH] JGE. BOTTOMIMAY ) GR=DR=TEMOTTOM (HHn}
17 TF{FHI{N} .QE.JOTTON(MN > GO TO 137
17 EsEsI
7 133 I=0
. t7 153 CONTTNUE
17 BL=B/ (] U (ELINTD)~CLIHIP) 2 Y
17 CL=D/{ L. A FLINJB) 0L (HJP Y}
17 C=BLAEL{NID)
17 GaCl 1F1L LMY
7 W= wE, (HJ8Y
17 UG (NID)
L7 IF (K,EU.1) GO TD 180
1? ALwZ {1 HUR{EL HNB ) »FL (D2 7>
17 A=al, TEL (Hach)
17 TU=ALIFL (HICD'}
> DLwE X { A DL TUS ) ~CLTEL A B = DL IFL {HT DY ~AL Y00 F HED Y
1? EL{HIa{F=Uaqa=l}) T
L7 FL{N)=(H-UB{0+TUY »/Th
i Eidie{D-Eiu) T
17 SFH=D, EQ
17 IF {N.NE.X0) SUPHsSIMPHT (MG
17 REZ=-BYFHI[ND}= mrmn:-{w:tm-rm:mn:-m—mmr:m-s:.wzw
17 AHI(HCRY-LEL L [HS—FKr DM} -9 +ETTD
\? M= (RES—AL FU{NRB) ~BL M HTBY -CL W HIB )T
Iy & ML
17 140 DLwEsLEKeC ORI} -CL KEL {HLIB)-BLIFLFHIBY
17 EL(H s F=uety. L
17 FLANI={H-USG) /L
17 G CH] = { U {LAM) Y/TL
17 SFH=0, E0
17 UF AK.HE 200 SUPHeSUIFPHI (MG}
17 REA =~ (PHT (NI D) ~[XFHI {HIB ) -E*PHI {H) -F OPHE (HA ) -HEPHTTHIA ) -SUPH-AEL
7 1L ¢H I —RHOECLD (H) -OR +ETGD
17 U{N) ={RES-BL FV{NIBD)—CL¥V{MIB) ! /DL
g 120 CONTTHUE
1?7 [
17 c — ol SUESTITUTE FOR VELTOR XI-—
17 DA 140 KalrKO
4 R 0—K+1
17 00 140 I=1,T2
L7 13=lg-1
17 00 140 J=te )3
17 0=
1?7 X+ { JI-1 3010+ {T-1 ) THE)
17 IF (TiH).EQ.0..OR-5{M).LT.0.) GO TO &0
i? GXI=0.ED)
L7 IF {FJ.ME, KO} GLXI=GLIMIIXI(HNIN
t; FI{H}=HHY—ELIHI LR tHe DO —FL (HY X T iHe 1) =0 XL
1 c
L} c —COMPARE MAGHITUDE OF DHANGE UITH C.OSIRE CRITERTA—
12 TOHRSARI{XI M) )
12 IF {TCHK,.LE.PIGY OO TO 120
17. 110 = ToHE
17 IR = 1]
17 Al = 0O
17 KN e Y
17 MIGE = XTiM}
17 1ZZ PHI(HI=PHE(H)+XTIHY
17 L&0 CONTIHE
17 PRINT Z51r1IM»JBeKKNrDIOR
17 IF¥ {PIQ.OT.ERR) TEJT=1,.
17 TEITILIT+1)=Bl0
12 1F (TEST.E0.0.) RETURM
17 & To &0
17 c 4 A R P BN TR AR IR E R AT N r A e b b A AR BB A
17 L7 DO 200 XX=LiKG
17 KaKg-KK+1
17 0 200 II=1,12
12 fa10-TL
k4 Kl 220 J=l 01
17 Haaal+ J=11010
12 Hebiriis (=1 ) SHT.J
17 HIdmpes]
17 HIlsr=1
17 Wihapbe 10
17 W10
17 HetA =L
17 HWRBart=nld
1; e LG e T
1
290, 17 C —EKIP COFUTATIONG TF MODE QUTSIDE ACUIFER—
J81. 17 IF (TEHY.ED.Q. .DR.S(HT.LT.9.) GO §0 290
82. 17 c
283. L7 c —COMPUTE COEFF ICIENT 5—
284, L7 De=TRHJIB) ADELXL J?
285, 1 FeTREME, 'DELYCI)
84, 1 B=TC(HIB) /TELTIL?
2p7. 17 HaTCIH) /DELYLI)
g8, 17 Sl EQ
8%, 17 Tmy, EQ
0., 17 [FiK. Eu ll ao 1O 171
o1, 17 Z=TK(HK|
. 17 IF{IEQN. En.:u-l(tun I=I/TELIIN)
%3 17 171 IF{X.E0.KGY GO TO 172
2F4 1? SUsTHiNE
. 17 IF{IEQH.EQ. ICHKI11})} FU=SLLTELTIR?
04, 17 172 FHO=9¢HY/DELT
2P 17 Read.
0. L VKR = Ou
P9, 17 ux = 0.
3. 17 ETQE=0,
T 17 ETOD=0.
o2, 1 IFLIORECEQ, ICHKIT Y} QRDOREFHE
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IF {K:HE.KG.0R, IEVaP.HE. IOK(ID)Y 60 TO 172

—COPUTE EXFLICIT AND IMPLICIT PARTS OF ET RATE—
TF APHI{W) .\ E.GRND(HRAY-ETDIST) GO TO 173

1F {PHI{N),.OT.GRNDIHHA)) GO TO 177

ETUB=QET/ETO[ST

ETODmETQR ¥ {ETDIST-CRHD{HMAY)

0T 173

177 ETUD=ET
L¥3 IFCRIRIVLLE.O) GO TO 175

WD = IFINCICALHY)

IF(ND.ED.OY GO TO 175

IFtPHT{N} JOT . RB{HDY . AND . FHT(HY.LT.FH{HDY Y GO TO 174
TFEPHT N} QT AHINDTY GO TD LS
O = DR = RCIND)YARH(HDY-RB(HD1Y
0] TO 173

\RR=RLLHD)

OR=QR 2L (HDYTRH (HD Y

G0 o 173

\nR = RCIMD?

CR0R +RC (MDD} YRHIMD }
IF(ISFRG.LE. Q) CO TO 180

ND= IFIX{ID{H))

IF{ND.ED.O} GO TO 160
TF{ELD(HDY . 01' FHI(H)} OO TD 80
X = FLD{HD

ORw (R » FI.DIN‘D)IE.UUIDI

—=SIF ROAERSE ALGORITHA—
—FORMARD SURSTITUTE, COMPUTIHD JIITERI'E:IIATE YETTOR '—
180 E = - =0 =F =H -8 -I -RHO -UX -JR -ET0D
IF .ELKD) OO TO 161
IF iFM1iN] ,GE,BOTTOR(HMA)) GO TO 181
IFIPHI(HNGA) LCE . DGTTON(HAAY) DR-(F-SA BT TOM TN}
TFIPHTTHCAY JOE . BOTTON(NHA) Y GO TO 177
E*Er50
G0 7O 184
179 Emf+3)
181 IF IREFOY GO TO \E]
IF {FHLIMKBY.GC.BOTIOHTMMA)) GO TO 143
IF(FHIC(H) . CE. BOTTOMCHHAY ) QR~OR+I8BOTT M LAY
IF(PHT (M) . GE. BOTTOM(MMA}? OGO TO 182
E=Es2
182 I=d
181 COHTIMUE
vH" (L« MR (EL[HIA) +GLIHTA? 1}
CL=D/C L« o (FL AR $GL{HIPY 33
CeRL1EL{HIAY
DaCLIFL {HIB)
WU=CL G (HIBD
UmBe oL (HAY
If (K.EQ.KQ} GO TO 199
AL=RL 1. ihtﬂ.iﬂioﬂl’lﬂi”l
A=pl 3EL (HKA)
TU=fd rFL LHEAY
TLwEHUT{ CAT+AMAM TU U AL TG (A Y =B FL (1A -TLYEL (LIPS
EL{RI=F-UB{CsAl 1Tl
FLIN) = [ B—UX[DaTLH 1700
GLCHI=[T-um (UL 3L
IFHI=D.ED
IF {X.NE.1} TPHle2eml ()
FES=-FPHI tHI D)= [WFHT CHID) =EXFH L EH) =F OH ] (NN Y —HPHI (HIA) -SURFHI (M
1KA) =ZFHI—ELL [ N} ~THOIL D) -OR+ETOD
V{H}=[RES—AL FVLHKA) —BL 1 tHTA Y ~CLTNID 1) T
o TO0 200
190 DLwCvun(Co0Ul+U)-BLIFLINTA-CL 2EL {H W)
AN ={F-Lha) /[
FL{N)a{ DG} /DL
GL Ny = - W U DL
2pHi=].ER

IF (K:ME.1) ZFHI=IWFHI(HKR)

RESa=EPHI (HIB) =DFHL(HJBY-EWPHT TMY -F W] i) =R (HIA) =2PHI-UEL
LLANY—RROxOC Dk Ry ETOD

UiHI# (RES=BLEM{NTAY-CLEVIHIE? /T

00 COMTIHLE

=== MK SUESTITUTE FOR VECTOR XI—
D0 210 K=K

m 119 I= 1k

DO N0 Jrlr 2

L,

Jo—-1
H=Ts{ D-1}aI0+{K-L1wnld
1F {T(H}.ED.0. DR, 9{H).LT.8.} GO TO 210
A XI=d, £
1F {MHE.1) GEAT=0LNYMEIC(H-HID)
ZL{HNI=JiHY~EL rI T EH+ 101 -FLIH Y TX I (H-1) -GLN]

—OMFARE MAOHITUDE OF DHAMGE LUITH CLOSURE CRITERIA——
TOHR=ARS (NI} )}

IF (TCHK.LE.PIOY) GO TO 2O%

PIO = TOHL

TIH = I

LMo 43

KEH « K

BIGH = XIfM)

0% Pl tHI =] [H +X ) THY

EIt

=

g

CONT LIME
FRINT =315 LINs JJN) KNHrBIGS
FORPAT ¢17,3110.620.7)

IF t910.407.ERRY TEST=L.
TESTI IT+L)=BID

IF (TEST.EQ.0,} RETURM

© TO &0

—FDRHATE—

FORMAT (*OEACEELED FERNITIEQG MUMRER OF ITERATIONS /" “(3FI"1'}))
FORHAT (/771H0: 15 201 [TERATION PARAMETERS Dy $E15. 7000, 6EL 5.0/ 1
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SN i382223383338083238292538338322530583E035282 2382323258823 3882338088583882328883828338388u%s
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[xlelolrly]

240 FORMAT ('-‘r“!r SOLUTION BY THE STROMGLY IMPLICIT FROCEDURE ' 4TX

(L5 [ aih ]

=]
SUEROUTIHE COEF (PHI«STRT rOLD To5e TR TC o TR LELL + D1 Y r DEL Y« DELT, FACT
1 FERN, BOTTOM {ORE )

CMPUTE GOEFF ICTENTS

SFECIFICATIOMT!
CHARACTER xalCHK: 1EQH: IEVAFr TALT r TP r INAFP
salDRALy [HEAD IFLD s IDK1 « IDFr TUATER TORE  TAPULr TFPI2. ITK

CORN JINTEGR IDr JOrKOrTLhr 21 KL sl r JeiCr HFER e KTHr ] THAY « LEHIFTHr P+ H
1LAEL » UM 1F JRAL » T T, KT THEAD: ORI r IFL Oy IERR, I3 12, X2 THAY» ITMTL (NC
ZHr L1ONLy IO r LUATER r IDRE » IF« JFy 107 X1 K0 IK r B 00 r IFUL ¢ TPLEE ¢ ITICe 1D
Ie LECNr IENWP» IAL Ty IT0SP r INAFP

Ty CTL T ¢ DEL T » ERR TEST » M SUMP O OKT > ETDIST
COMNON /SARRAYS TCHNG &) (ALEVEL 14 ¥ LEVELICP)

DPIMENAIDN PHILIONJ0N0Y e STRTIICHXKOYr DLDCIO AP 0NGY: TIIOr KO
1¥r SLT0rJOrKO}r TR{IOrJOKOYy TEC100 JOrKOD e TKAIK, MKSYr WELLEIO
200-K0)r DELXECION s DELYCTONr DELIIMC)s FALTING:IYr PERMLIP.JP), BOT
mwnt;r‘..r:-nunnn-m)

"""'"'"""'iéﬁiﬁiﬁ'i&}""""""'ﬁiié'fﬁi’r"""""'"“
I 19 R THED==—

EMTRY TRANI(HY)
EFTETRTEL

o 10 1~z.u
DO 10 =3,
IF tPﬂm:m: £0.0,) 10
'rlI-J.Km-?ﬂh‘lu.Jnm-llu.J.lto'.u SOTTCHLT )
LF (T{IrJsx01.GT.0,) ¢Q TO LO
IF (UELL{TsJsKO}.LT.G.) URITE {dodd L4 JoKO
IF AR L2y eNOY.GE.00 Y WRITE (4270 Ir oKD
PERNCI s Jing,
Trisl.R0 =0,
TR sd-1 K0 Y=,
TRETr oG =,
TCL 1, JeKs ) =0,
HATOTER T E N
IF {KD.HE, 1> TH(Lrtal1}=d,
FHIC T JhhO 1w EZ0

10 CONTINUE
I {M1.00.17 RETURH

T CDEFFICTENTE—-
LA LEa e e raila sl ede )y
ENTAY TCIF
TR EEF TTT R Y P
H1=)
H KD
Ha=]

20 OO 40 K=H1.M2

o) 40 11,11

DO 0 JwlpJr

IF tT(ledsM? \EDLD.} GO w 49

IF {Tile b1 ¢K7.EQ.0.) OO TI
Tﬁth.m-t".utI»Jq.m-ruu.xl)/tTu-J-Knbﬂ.‘tutll-ru.»luml
10ELXE ) )RFACT (KL )

30 IF (Trl+irWK1.ED.0Q.) GO TO &)

Tl e K3l 2 AT 1w p RFAT LT r Jr R33N (L p oMY IDRL YOI o1 2T (L0 ] r N2
1DELYCT Y paFalTiN: 2}

CONTINE

IF {X0.E0,1.0R.ITK.EDQ. ICHKE10}) RETURN

o0 TH K=Haymi

00 =0 I=2,11

DO 20 J=d )L

IF (TiTl,'K+12.E0.0.7 O TO S0
TA=TLI iR XFACT I IY
TamT{lrdeK* L }AFACTIK 13}

T rd YA 2L AT TL ) A TLNDEL ZAK 41 3+ TR DELT (K3 )

*w

20 COMTINUE

40 FORHAT (7=’ s20{ %)« "UELL"+213-* IH LAYER rIds " GOES [RT-r20( W)}
70 FORMAT (’=7s20("4”)y'HODE' 12[3¢" IH LAYER'sIZ»”" GUES DRY 201 37}

%ﬂl’: CHEDAULAPHT + STRT p LD 7+ 5 TR, TC y TR o ABELL - DEL X+ DELT rDEX-:F i1
10T« JFLO r FLIA DR ¢ 1D LD ELD e TDR ¢ RH RG 2 BB [5FR0 0 ERIV 90 TT0H: GRMD
IRLF)

COFFUTE A WLUFETRIC MALAHCE 211340
mM11T25
SATHAY
FELIFICATIOND;

FEAL 14 1D DRy FLO
CHARALTER w4 ICHK r IEOH » TEWAF s [ALT v TDNFP « [HAPP
CHARACTER #4 [DRAUS IMEAD: TFLO: T0K Ly IDICT: IWATER r ZGRE ¢ IFUL ¢ LFU2, ITK

TOPH ZTHIEGRY 1Gr20K0» 11 J1 ek 1e Le I X r HPER e KTHr TTHAT : LENTTH IO OO0 14D
ULy HUMT p IFTNAL p 1T ¢ KT # THEAD » 1DPAL S TPLD 1ERR r [ 7 J2r K22 e (ALK, TTHXY OO0 ] ABD
My IDN L. [DR2 TUATER « IO TP P IO r Ko ®0r [ r XX KSo TP - I 1T 1N

3 [EDHr TEVAP ¢ TALT » IDNFF r [P

CORNMOM "SPARAN THAX, COLT s DELT - ERR» TEST 30 SV OR T/ ETDTST

COsnOH f'm?’l ICHK( LAY (LEVEL L CO V. LEREL2¢9) GOQLIELO
TIHHOH FCX ETFLCT »STIRT ORET (DHE T OHOT » RFLYCY y FLAFT » CFLUXT » SFLXT

DIFENSION FHT! IO JOrKOY: STRTC(IB JOrX2) ¢ DLDLTOS N KDY s Tr I 0MKD
13 541Gy 0 KOs TROIO0 KaKOYe TCLIO00KDYr TR IKy MoK e WELZ 12
2MK0}e DELX{O), DELY(IO)» DELZCKOY, FACTLRT:3%: FLO'NCH»1?: FLO
ILHCH) rORE L TA, X0 rKOY O () OO F 8  OREFLX R s FUFF (S),

8 IDMTOr 20 RC ) FLDE 2 hELDUY Y pITRE AT O RO PRI -FEEL -RBLLY .

% EFLUNA03»510R{A} »FLLASD} - AUFLLOLLE) rFLXM (@Y EOTTOMI LF- P}

A INDEXL (720 INGEXT (T 3 0 DFLUEFT VETFLUX (D)
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TrGRADL 1D 01 «RCF L1020 rKD)
FETURN

8% 5

g

SE

3% 3

100

110
e

130

AFPETI AN X ALEE ERRY Q0011550
EWTHT O®CN S0113550
LTSI TN QUNLLYTD
=== lHITIALLZE “aRIABMLES— DOGLITEC
00 % KeliKG ey
BTORIK =) o001 1409
CFLUK{K} =0 0011417
PUHP (K) = &M11629
MREFL-((K)=0 11430
CHOZ X = AL &)
CHD 1K) = 20011450
FLUX{X) = 0 YO0\ 1440
RUFLUXCK) =)

FLENIK} = O 3311480
ETFLUX(K =0

COMTIHUE 0011672
W=D

EIFTR=0

R TR=)

FLUKS 0

FL

STORTR=D

ORET

CHOTR=-]

CHITRwO

FUHFTR=O

CFLYTReG

I1s0

HASS ALCUMULATIONE FROW FREVIOUS Pusw [0 PERTDI—
IF (IHAFF.HE.ICHK{1S)) GO TD @
ETFLXT=0

FFLXTed
EFLXT=
STORTeY
GRET=]
CHOT=O
Qar=p
PP Te)
CFLULDT =
FER=Y

LR L L L e P T T P PR TR i1 B - i L)

—-LOHFUTE RATES.STORAGE AT FUMFAGE FOR THIS STEf==-

IF IT['[-J-IH €0.0.3 G0 TO 0
AREA=DELX (4] AL T{TY

VoL ~AREASCES T{1)

TF iN.HE.KO.OR.ID{IsJoR},EDQ.0F GO TD ¥
DNeFHEL Lo dsK~1)

IF (PHECT JoKO-1) LT, EOTTOM(I v J)) DH=BOTTORCL, J)
Xu{PHILLrJr K1 =DN)BTKL I+ JsK-L IRAREA

K=t

IHDEX1 (X} wT

COMT

IF {9¢IrJeX).0E.0.) OD TO 10

P FLOU RATES TO AND FROM CORISTAHT HEAD JOUNDARTES—
=wlIel

FLOUC 1w}
FLOIITr L=
FLO(ITr27a1
SLOLITr]I=)
IF ISCIe VoK) lT 0w ORTiIsJ-1:0),EQ.0.7 (0 TQ 30
X iPHIC L e &Y FHICT s J= LK} FUTRA Y a e L N SDEL YLD}
IF{TEQH. 3. ICHR411Y) X=tTDELI(NY
FLOUGTTI=FLOUCEI ) +X
IF (X3 10.30,20
CHDL (K} =CHD1 (K #X
oo TO 10
CHI (K =CHDD t e
IF (SCIrdoLeKY.LT.2, DR T{IrJo1,K),EQ.D:1 GO 10 &0
An{PHILT, Jr Ky PHILT, 1K A IDEL T (IIRTRE T w JiK
TF{JEQH 0. TOWELL2 Y X=EIDELT(K?
FLDULTZ>=FLOU! 1158
IF (X3 &0,40.-Z0
CHOL1 (KI=CHOL LK)+ X
GO TO 40

CHIZ{K}=CHEZ K b+ X
TIF 1K ET.1) GO TO 90
IF [ DedsB=12LTaQs QR T doK-11,EQ.0.) GO T
DH=PHILL rdrK=1)
IF (K.EQ.KO-ADFHELIr JsK=12 ,LE. JOTTOMCT + 12D DH=BOTTORA L. 2
X FHE LT JeRI=[H) ATKE L JoN=1 3 WaREA
FLIMGELY wFLOU [T o
IF X1 70:50,80
CHOL EK) =CHDL () +K
GO Td 70
CHD2LKI=CHDZ (K ) +%
IF iX.E0.N0) GO TO 12O
IF 49Tl ) LT.0. ORuT(IrJuX=1) ,EQ.0.0 GO TO 120
URPPHICY 20y
IF {KEGL.KO-1.AND . FHLIT e JuK) LT BOTTOME X2 073 LP~BOTTOM(LF Jt
X (LP-FHIET ) 1Ko 1 I FATK (L) JIK)TAREA
FLOUCITY =F LI IT 20X
IF X} 106, 1204810
CHDL (K> =CHOL ER ) 4 X
Ga ¢ 120
CHPTIR mCHOZ (N X
IF (80T =lrdeK) b T.0. .00, T{T-1r JIK},EQ.2. ) &0 TO 150
X-iP‘HI(l’-J:KJ-P‘Hl(l-lrJ;l’l?!TCU-I»J-K)IIEL‘((JI
IF{IEQH.ED. ICHNLL1)) t=xXpporn
FLOJCIT Y aFL DT TT2 +X
LF 4XY L30. 159,110
CHDL LX) =D X ) &%

70

00012990
ORI
So012119




19 m T 1% 00012480

iy 140 CHOZK} =CHD2{K) =% 012450

1¥ 152 TF (80T 1+JrX) LT Q= ORTCI#Llrs kK ) .EQ.D0 ) GO TO 220 D0 1 23207

iv XA{PHEL T v X —PHTC[# 1 JoX) TCL T p Je R ROELX LY

1v LFCTEQM, £, ICHIC L)) Xaxap| TiKY

¥ FLOULTT ) mfL MIETT Yot

1y IF (X) 180, 200170 0012570

19 160 QDL =0OmLKI+X QOO12T4)

19 a3 TO 229 OO 12=5%]

¥ 170 CHID IN) =CHITZ (K] +X GONTIEY

T o Ta o0 LOOL 3570

17 c -—CHECK FOR EQUATION BEIND SOLVED—

1?7 180 IF(IEGM.ED. [OKC11)) GO TO 213

i c

1P C —EUATIIN 4——

17 c ——REQWRGE AND \JEL L Se—— BOOLTIR

17 IF(IORE . EDY. ICHKI T ¢ CREFLY K »OREFLI (K +HORE( ] r J« K} TFEA

19 IF (UELLIT 1K) SVOr2I02 190 001260

15 190 PLIW K =PUMP (O LUELL (T Js KIRAREA—REF (T2 JrK)} )

19 R CK ) =CFLLX (K= RCF £ Ir Jr KN

1¥ C SO0 THT0

"7 c —ORFUITE OLUME FROM STORACE —— SO0 I660

17 e STOR(K) w3 TIROO)+S v Jr KIRUD (L r Jo K -FHIC I+ JeK Y VXARER W0L1TATR

1% GJ TO e

17 c

19 c “—EMMATIN I—

4 c ——RECHARGE Al MELLS-—

v 217 IFIIORE.EQ. I1O7 Y OREFLUOC) m@PEFL LN 40RE( T - JrK) T urE

1y EFALIEY L (Tofem)) 222,204,214

17 214 PRPIRYaF P (K (WELLL [r Jy K1 VL UME-RCF (T r Jr KV}

3.4 CFLLCK ) wCFLADE (K3 WREF (T r o k?

19 [

v c ——=CIFFUTE VOLARE FROM ST

17 18 ll‘CR(N)"FTGI(KNSIIIJIKJ llM(I:J»K}WIEIIJ-KH“ﬂ.H

19 0% IFIK.JE.KO.OR. 1EMFP HE . 10 10)) oo TO 217

1% c

iv L= —=COrFUTE ET RATE —=

v lf{PH‘(lv.hk:l-G ORHDL S r H-ETD151> O 10 "0

17 0-0 D

19

19 - IF(H‘I!II;J!K).LE DIy (O TO 218

17 rra-u;-r

v @

Lid oy ETD-CE'VE'TDISH(PHH!rJ-momlsr-'umm'th

17 217 ETFLLAL(K y=ETFLIR (X)) ~ETQRAREA

19 2ty IF(IRDTM.LE.O) 00 1‘0 212

¥ c

1% c ~=efOHPUTE LEAKATE TO RDAR——

1P HD = IFLRLIORLE, 3)ENY

¥ 1F{ND.ED.0Y GO TQ 222 03012710

1% IF{PHLLI,JoK) OT.AFINDY ) GO TO 311 0ogL2TT0

1% RUFLLES{ () =RC EHDS £ PH EHD —AB D Y ) PAREA LU (K

19 GO TG 212 013710

17 L RUWLLXCR 1 RHEDP=FHI E o Jo K Y | SAREATRE (HIV #RUFLLIEINY

v 212 IF (1SPRULLE.O} GD TO 200

ie c

17 G =—{THPYTE LEAKAGE TO SPRIM)—

19 HD w IFIX{IDLL, IrR)D

19 IF{HD.ET.4A) GO TO X292 e 1 3P

ir LF (CRLDONg O PHEL T 3KY) 20 1D 229 00 1TEN0

¥ FLLI{ K P oFLLIXCK } s LDCHD ) 3AREANCELD IND} - STRT(I. JiMID 40012810

1% FLN{K o LK »F LD HDO) TAREAI(ELDIHDY - FHIC[r PKD 2 0010820

19 20 COMTIME Ox017870

19 C A egnndd e r T Eras e e dd e dan s p s JOONITENO

19 [+ L d i ]

v < —=LTHPUTE CUHILATIVE LS TDTALS: AHD DIFFERENCES~—— GoGLTEEN

1r FUFT=,

17 D0 221 xeirKQ 2001 ZEB0

¥ ETFLXT=E TFLXT-ETFLUX N 270017

17 ETFTReETFTR +ETFLIK{K}

17 P wRPLXY -RUFLINK IVDEL S

17 R FTR=RW TR=RUFLICCLK }

1? FLUXT = FLXN{X} » FLLXS

19 SFLXT = SFLT - ALK DET

19 FLIETR = FLVXIKY ¢ FLUNTR

iv STORT = STORT » STORIKY

9 HTORIN? = STORCKHTELT

1hd STORTR = STORTR » STOR/KY

19 OFET = QRET + OREFL((K)}IDELT

19 ORETR = ORETR * DREFLI (X}

v CHDT = CHOT -~ CHDLEK)IDELT

17 HDTR = CHOTR » OB}

3 OHEIT = CHEF v CHDZCKIXDELT

Il CHITR = CHSTR = CHD2IX)

12 FUHPT = FUHPT - PURPIK)IDELT

19 PEFTR = FLIPTR * FURF(N)

17 CFLINT » CFLIET » CFLINUAKMPELT

v o7 CFLXTR*CRLYTR WEFLUAN

ir TOTLL=STORT +0FE T 0¥ LUST+CMET o P LGP T

i¢ TDMMTOHHTQETFLTT REFL (T WRFLXT

17 SUHR » ORETR + CFLATR-CHSTRHOIDTR+PFUHPTRIETFTR = FLUXS +

1¥ 1STORTR*RWFTR

19 ﬂlﬁ'"ﬁﬂ_-‘lﬁﬂ.l MO

¥ FERCHT »0 011120

17 IF tl’l:ll'l.. Eﬂ-l‘.l 1 G0 10 o 013130

19 FERCHT=DIFF/TDIL2¥105.

1? 0 RETURH 0011129

19 [ ek damaaaaa aearnaama dAdeiaaiEN YN asanE R R At ik D0 1D

1% C 0013170

v c ==afRINT REDILTS-== 0013180

1¥ [H TCONTIA TR T A T ok Tk ool

ie EMTRY CWRITE 00013200

LY c 2 e 20 Is

19 [~ on1I200

v WRITELS, 240} STORTRe CRETP: 910RT. LFLATR ¢ FET: FUMPTR- CFLUXT: 0001710

v IRVFTRy ST IFLP T  LHS TR nTIJTLl.JDIDTR-F‘I.I.I'KTP-FLU.(Srﬁ-'LXT rETFIR;

19 SCHDT FUMF T« SRR SFUT  ETFLIT » TOTLS » PIFF - FERCHT

19 URITEC&» I00) LIS

9 IO FORHAT(//430H RATES OF COMFONENTS FOR EACH LAYER ™ el 013778

v T 271 K=ieKD ot P o]

¥ URITELS+L0} K+ CWDIC(K)r CHU2IKI DREFLN{K}r FIRF(K}r 13200
oo 17 1 CFLLH(K e STORIK) r RUFLUXINY e FLYNIK) » ETFLLMC(R?
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HElE

L]
.23

drdigrana

J'ﬂ:‘"lﬂflllo'
B33 34

34

K

EREI S

RERSRG38RRGRRIGAR3AAFIRISAARIEGRRAFAIERRABAI2AFRAIGERS

TI1 CONTINUE wIDoe

310 FORMAT{4H LAYER,IXs8H CMOUTe OL1.%,7H CHIM=)G1l,3r8H DRE«.011.%° 2017320
ledH FHE=011,3/8H CFLMw.J11.5vH  STOR=0L1, 5, /79X ATVER=: DM1TT¥
T 0113 mlm-.uu.u-m EYwr011.57

IF [WCH.EQ.9Y GO TO W1 130
URITE (52702 WD
URITE {&r250F (HIFIXCIFLOCI ¥y m)r ) -FLOUIT Y +T=1eHCH)
C 0N 80
c —LOMPUTE YERTICAL FLIU— QOO A0
240 NG, L0100
Yolrs QoL 341d
JF tX0.EQ,1] RETURH QML HI
DO =4 I=24(1 Q013430
00 =0 2L 0001 3440
XoXe{FHICDrdo 1 =PHIA Do o 23 0TXK4Ta Ao LT ODELXL JYWDELYITY
H2=FHLIL r JaXL Y
IFCPHI(T v uXLY LT BOTTOM(] - 13} HOw-EOTTOR:LrJ?
IF(FHICL r UL LT BMOTTOMIL v J2 . AND FHI T s KO} .LT EOTTOMAT. ¥} OO
1T0 3¢
Ty e (HS-PHIC Ty L RO AT T r Ja KL Y TDELCE JIEDEL YT
0 COHTIME 01350
URITE (4»TM0) Yo% D001 TSI
DO A} I=lrkX G001 T30
L] VRITE? 8, 620 INDEXI LI - THDEXT{ 1) f DFLUNET Y 11T
42 FOFMATI ') yBY SPRIND r213%5,.£15.77 00T
SPy .0 0001 I570
D0 &4 I=L:IHO 11500
&4 SPLReSPUNDFLAN( T} 00133
43  LRITE(é, 8415FTK 0001 T500
& FORHATLTQ’ P TOTAL SFRIMG LKAGE FOHRQ WD LAYER «E@X,7? e i )
RETWFH G001 TADD
< o
c —F R T S e DOOLIAA0
C 1T
C 000 1 3440
c 00123470
C 0001 1407
[+ DOO 150

LY FORFAT 470 s 10Xy “CIRUAATTVE ANSTS PALANCEL s LXK, "L LT r 2300 "RATES FOONIT20
10R THIS TIME STEF: "wl&0 LT AT A€ = 1y LR 700 " = " 347000, “SOU0DI1 3710
SRLES! Y rAPXy “STORAGE =* ,F23). 4/00) Bt~ )y AHXs "RECHARGE = 1F20. 4/ T4 200013720
B¢ STORAGE = pFI0.2¢ 30 "COMBTANT FLUX »* ¢ F2O. 4240 "RECHARGE =, FOO001TTI0
A QuZr AL "PUNPING =" fF20, 472150 "TINSTANT FLUX =" (F2, 2310 " RI
ER =AY "COMSTANT HEAD =7« F20.2, 34X *CONSTANT HEAGMI1 TS

A5Ky IN ® sF20.4/21°0 *TOTAL SOORCES =’ «FOOLI e

“LEAKAGE: “ 720X ¢ “ DTSCHARDE S, * v 450y “FROM 1T

I P20, 40K 10T =" AR TATAL = o F20 47100011700

A RIVER LEARAGE ' FO0.0 20X "EVAFOTRANSP IFAT ION = (F20.4721%
¥ "COMSTANT MEGD = «F20.2/19%: "GUAHTITY PUMPED =* (F20.2: 4%, ‘S OF
% RATES &*.FDO. 4/20Xr “SPRIND LERRAGT = FO0, DAL AX ‘EVATTRAISP TRATI
M = P20 21K " TOTAL DISCHARGE =r rl-“".""l"!r‘ﬂl ~SIRCES
= P20, LN "PER CENT DIFFEREHCE =' F20.2/.°)

I70 FORMAT (1“2 'FiU RATES TD COMSTANT MEAD WODES: -/ v O =377 7, 00003030
AZ0TH ‘K A% T2 e 7 rDAp "RATE (LELIATI" 0/ 2 JAPKr =" r e * = AN P01 3840
Bt LI = 10k 7 d ooo a0

200 FORMAT /(13 3(110, 21%,018,7)1) 29913840

IO FORMAT ("1« ‘FLOM TD FOP LAYER =*,013.7¢" FLOU TO POTTON LATER 300|170
179G19,. 7" FOSITIVE 'IPUARD- Q013880

Q0011890

*rF20.2

SUBROUTIME FRHTAT (PWIrSTRT» T, UELL yDELX r DELT?
PRINT HAFS OF DRAVTORH 4ND HYTRALL 1C HEAD

onooon

SPECIF [CATIONS!
RENL K.ZrXM1

ER TENLABEL r TLABEL r TITLE  MESUR
unu:rr.n- RALCHKVF L o' 2 0F 1 DIDLTr TEUH: LEVAP « TALTs TIHPP , I MARP
CHARACTER #ALDRAL s THEAD » IFL O+ TINCL - [ORT » IWATER Y [ORE « TP APUZF 1T
DiACTER 2 1ETH: PRHT « MLAHK

COON 7 [HTEGR, IO J0sKOr 11 ¢ J1aR 2 Ta 20 Ky HFER 7 KTH TTHAY LENTTH . KF rH
1UEL s HUMT 7 IFTHAL , I TrmTr THEAD r LDRAL » [FL O« IERR IZr J2r K2 r LA TTPEL 1 HT
He LK1y LDK2 r IUATER IGREx [P JP ¢ IO O+ KO r TR ¢ K e K50 TPUL 5 TPU, L TR, THND
A IEOH ¢ JEVP s TALT » IDMFF [HOFP

SFRS LARL {3 e YLAREL (62 TITLECAY o 2041  FESUR - FRAT L1207} 1 BLANK
100 pDIGLTLLIDY v UF LT e WF204) W TLT7) o XSCALE, DTHOH STHLLZ Y r INC 1000
TIHOLII s HACAY o W1 oM M TSCALErFRCT1 P FALT2

DIMENSION FHICIOr KO}y STRTCIOJOrKO) r A{T0030:X07 r WELL(TOrJOrK
102y DELXL30)r DELY(IONr T(IOPJOrKO)
RETURN

n

Y e L Y R T RN TR ]

—IMITTALITE VARIAKLES FOR PLOT—
I CEASTA L O TALNKE KLY

n anan

FEATY NN AL E XX
YR M0,

UIDTH=0.

M L0 w2yl

1
20 TDIRSTDIPOELY {1}
30 ESF=DINCHYISCALE
YLF oD IHCHLY SCALE
HTO=TDINYSF
IF (HTIOTSF, 'LE.'!"DIH—I:UJ(II‘I:,I HYD=HT+ 1
IF (D.LE.12) GO T
PUEHDINA(I2, ‘I‘I‘SC-‘I.'E)
WRITE 143303 DINCH
IF OVSCALE.LT.1.0) URITE ¢5:340)
GO TO 10
A0 DA PTIVNSE
1IF (M¥[eass ,LL WIDTH-[ELXLJEY 2, HAD=iiDeL
[ LTI ]
(Ll fe ) ol o
H&RHTH
HESH W tiel
Mad L feis 23—
I LTI
IR Rty |
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HC S THY B2
PO RHE 1 1t
HEwHAKD T e
LAIHDIQIT oA
VW2 11=DIOITIHDY
UFE{T)=DIQITIHES
TLABEL (1} =HESLR
TLABEL {4 )wE LR
DO &0 [=1.HE
N == T
Hirw]-2
1F THNY.GE . H4Y 60 TO =0
THA T ) =TS RHNY S YSCALE
50 IF fHX.LY.0) GO TG 40
ML T ) = SF DL YSOALE
COHT IHUE
RETURN

R T LR T PR R R RN L

ERLEERA TR TRy
ENTRT FRNTA{HO:LA)
T A S AT T

—UARTAMES THITTALITED EACH TIFE & PLOT I1 REAESTED=—
DIGTeUIPTH-DEL XS 1120,
pa_sl}

a0 "aon

L=l

TSy

IF (MILEG 1) URTTE (6+300) (TITLE(I)} Ists3)sLA
IF tHOLETH 2} WALTE (4:3001 (TITLECIY»I=dsd}sla
o0 290 lel.H4

—L.OCATL X aXEE—

IF {1.E9.1.0%.1.E0.K4) GO TO 7O
FRNTL1 ) wSTHILD)

FRHT (180 ) w5THL 12y

TF {(1-L)/7H1NI.NE,I-1} GO TO FO
PRHTIT )»STR(14)

PRNT (HE)=STHLLA)

T ™

no

(311}

—4,DCATE ¥ AXES—
70 DD BO J=i,1B

IF L0J~ 1) ArTEHZERL -1} FRRTCIY»STHEL )
B0 IF {FJ-1)/HDWL.HE.J-1) FRHTEI»GyMLLd)

—COMFUITE LOCATION OF MIDES AND DETERWIME AFFROFRIATE SYMEOL—
) 1F (DIST.LT.{, . DR.DIET.LT.Z=XN1#1SF) 0O TO 240

TLEHeDELY{Z) 2.

™ 0 L=l lL

JUTLEHRND VEF*] .5

TF (TilrlhiLAY.ED.D.) GD TD 130

IF €3IL,hsLA)LLT. 0.} GO TO 21D

ITHDX )=y
GO 0 {100,515, HO

100 Km(STRT{LsJUrLAY—FHE (L rLIs LA YRFACT?
-T0 CYCLE SYMBOLS FOR DRAWDOUN: PEMOVE C FROH COL. 1°DF PENT Caad-
KentOD(K, 10,3
Ga o 120

110 K=FHI{Lr I LA aFae I

120 IF (K} L30.140. |40

138 IF 1 -2.GT.0) PRHNT(J-2}=5THi13)
He—H+,3
IF {H.LT 1901 GO TO 1Z0
&0 TO LYO

140 HaK+.S

IF {M.LT.100 [ TO 120

IF (H.QT. 779 I 70 1™

IF $J-2.07.0} FRNT(J=21"5rHLINDNC)
00

an

nn

150 THER1-TODL{Ny 16)
IF {1MDX1.EQ.01 THPAL=10
~TD CYCLE STHBOLS FOR DRAUDOUM: REMAME C FROM COL, 1 OF ME(T CARD-
IF (NG.EQ.L) GO T3 170
INQET4N 10
IF (IHDX2.QT.p} GO 1O 180
INDIZ=10
IF (INDX.ED.G) THDVC=1%

aa

160 IF [J-1.0T.07 FRNT (J-1)=5HtIHQ)
PRNT [J¥wSTR{INDOX] )
oo T X0
190 DO 20 11w1,3
Jiw F-T+11
09 IF (JI.GT.0} PRMY(JLI=STALILY
219 [F (9L rLJalA) LT40. ) PRNTLJF=5THI14)
220 YLEW=TLEH+{DELY(L) ¢ BELY(L 12}/ 2.
0 A1ST=plST-(DEL Xt I} ~ B X (L1002,
Jym =1
IF LL.ER.Q) GO TO 240
IF [(DIST.OT.Z-XH1&NSF) 00 T0 230
240 CONTIHE

[ —=FRINT AXED LABELS: &HU STHROLS—
IF (I-MALLL).EQ.Q) GO TO 240
IF AtI-LIANTHI-(1-1]) 27020, 200
250 [laeb*(I-1)/4
WAITELSVFL) [BLANKILS ¢ =] cHCY s ICFPHTED) p 0] c HOY r XM T1 146D
it fa 280

3583383823338 R8883 3 R4R333a5R88833333383RARAAITARAZARAZIAAABRRIIXERGRIIAGAGAIREARIGARIIABARSBAREAZRNR

2ab LFITE .l-éuw-__‘) {EA A P n ) MC Y g ¢ FFHT (3 Jml 12 - 0L ABEL (LLY
LisktL«1
0 10 299
70 WRITE {&6:VFT) CEBLANKE ) pJul MOy IFFHT (1> . Jul-HAY
[
c ——CONFUTE HEW CALUE FOR I AND IN[TIALITE PRNT—-
0% 280 ZrZ-2, WXHLEASE
- O T90 JulHE
o 290 FRHTSJISTHL1S)
-3 [
-3 C -—=wEBER & LAREL T AXIR AHD FRIMY LEGEND—-
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22228838 RARZAGRIIRRISA

oagnoc

anon

URITE f&F1) BLANC ) p JalsHEY o CTHEI S 5 T w1 s HED
UAITE ¢45329% (TLAMEL{I'rlmlra}

IF (HG.EO. 1) WRITE {419 FACT1

1F _(ROLEQ.D) LRITE {4s]1QY FARCTD

FETURNH

—FORBAT G

300 FORFAT {717 AFXs 308y "LAYER s [4/73
310 FORMAT {"0EXPLANATION'/#* "el1f°="3//7" R & CORASTANT HEAD BOLROWRY'/

1* ¥ = VALLE EXCEEDED 3 FIGURES'/* MULTIPLICATIOH FACTOR = FB.J)

T20 FORMAT {-0‘.J9d,&A8]
TIO FORHAT (70°»TSXs 184°3° )}, TO FIT AP WULTHIN 12 JHCHES: DTHCH REVIZ

1ED TO/ 01379 13 LOCT T Y

340 FORMAT {°0° 43N, 'NOTE] OEMERALLY SCALE SHIXKD BE OR = 1.0}

EHD
ROCK [DATA

SFECIFICATIONSI

CHARACTER rTLATEL f TITLE ;HEELIR
CHARACTER XAICHK,\F1,VF2,\F3,DIOIT
CHARALTER X 15YH: FANT r BLAHK

OHOH /SARRAY/ ICHKC14) (LEVELLI9) (LEELD (7}

COMMON AFR/ XLASEL A v TLADEL (83 » TLTLELSD v XM1 s MESUR FFNT £ 10007 p PLAMK,
13403, DIDITUIZZ) w2 F 114 ) W2 SE) VP () r XSCALE s DINCH  EYRUL 7 /2N010Q) ¢
TTHLLIY s HACA) yHL i M2 M3 TSCALE FFACT 1 rFACTD

DATA ICHI/ DRAU" r "HEAD" 1 "HASE ", *IN1 " 1 “DRCI* + *UATE” » RECH’ » "PUNL* » °P
102 o TTRR" ) “EOND’ « * CORP~ 4 “ALT 1 "DHPF "y “ AR 1707/

DATA BYPHL/Y 1720203130 7008007870 1270001 000y 1070 100 e AT armt s 1t
1R

DATA PRHT/1228¢ */oH1sH2e RS XNL G0 10+ 15T, ATITITITI 1! BLAHE 500
1_*/HATAY 2000/

DATA XLABEL/” X DIS- *» TAMCE IW’r” HILES */»YLABEL/"DISTARCE’»’
1FOR1 QR-»CTOIN I : +o¥ DIRECTs1OH. N 7 'EI‘LEE: ) .-;.'rm.r_"n.nr

DATA '.Fl.."'(I.H ety
DATA WF2r {1H *¢'x*

1 10
‘rTALrlT s Xe R
DATA W'llm'r'v'l' LA L T TR ot N

TETET A EEHAYTY

END
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Appendix B

Program Input Data Documentation

DATA DECK INSTRUCTIONS

Group I: Title, Simulation Options and Froblem Dimenaionsa

This group of carda, which are read by the main program, contains data re-
quired to dimension the medel. To specify an option on card & punch the characters
underlined in the definition. For an optiom not used, that sectiom of card 4 can
be left blank.

¥ote: Default typing of variables applies for all data input.

CARD COLUMNS FORMAT VARIABLE DEFINITION
1 1-80 2044 HEADING dny title the user wishes to print
on one line at the start of ouCput.
2 1-52 13A4 "
3 1-10 I1Q I0 Number of rows
11-20 I19 JO Number of columns
21-30 19 KO Number of layers
31-40 110 ITMAX Maximum number of iterations per
time step
41-50 I10 NCH Number pf constant head nodes
51-60 I10 NSP Number of spring nodes
61-70 Ii0 KRIV Number of river nodes
4 1-4 A4 IDRAW DRAW to print drawdown
6-9 Ab IHEAD HEAD teo print hydraulic nead
11-14 Al IFLO MASS to compute a mass balance
16-18 Al IDK1 DKl to read initial head, elapsed

time, and ma2ss balance parameters
from unit 4 on disk
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CARD COLUMNS FORMAT

4 21-23 A3
26-29 Al
31-34 A4
36-39 Al
41-44 Ad
46-49 A4
51-54 Ad
56~-59 Ad
61-63 Al
66-59 Ad
71-74 Ad

VARIABLE

IDR2

IWATER

IQRE

IPT]

IPU2

ITK

IEQN

IEVAP

IALT

IDNPE

IMAPP

76

DEFINITION

DK2 to write computed head, elapsed
time, and mass balance parameters
on unit 4 {(disk)

WATE if the upper hydrologic unit
i3 unconfined

RECH for a conatant recharge that
may be a function of space

PUNL to read initial head, elapsed
time, and ma9s balance parameters
from cards

PUN2 to punch computed head,
elapsed time, and mass balance
parameters on cards

ITKR to read the value of TK(I,J,K)
for simul ation in which counfining
layers are not represented by
layers of nodes. TK(I,J,K) = K,./b

EQN3 if equation 3 (page 3, USGS
Open File Report 75-438) is being
solved; otherwise it 13 assumed
that equation 4 is being solved (to
represent a hydraulic unit by one
layer of nodes).

EVAP to permit discharge by evapo-
transpiration,

ALT to have alteruative method for
well pumping rates (wodified for
Cache Valley Model), besides the
initial method.

DNPP to compute drawdown between
each pumping period.

MAPP to compute mass balance for
each pumping period.



Group 1I: Scalar Parameters

The paramet
are required as

ers required in every problem are underlined. The other parameters
noted; when not required, their location on the card can be left

blank., The G format ias used to read E, F and I format data. Minimize mistakes by
always right-justifying data in the field. TIf F format data do not contain signi-
ficant figures to the right of the decimal point, the decimal point can be omitted.

CARD COLUMNS FORMAT VARTABLE - DEFINITION
1 1-10 G10.0 NPER Mumber of pumping periods for the
simulation
11-20 G10.0 KTH Number of time asteps between print-
onts
Note: To print only the results for the final time.stEP in a pumping

21-390

Note:

31-40

41-30

51-60

2 1-10

11-20

21-30

31-40

41-49

period, make KTH greater than the expected mumber of time steps.
The program always prints the results for the final time step.

G10.0Q ERR Error criteria for closure (L)
When the head change at all nodes on subsequent iteratiomns 1s less

than this value {for example, 0.0l foot), the program has converged
to a solution for the time step.

Gl0.0 LENGTH Number of iteration parameters

G10.0 QET Maximum evapotranspiration rate
(L/T)

G10.0 ETDIST Depth at which evapotranspiration

ceases below land surface (L)

¢l0.0 XSCALE Factor to convert model leanth unit
to unit used ir X direction on maps
(e.g. to comvert from Feet to
wmiles, XSCALE = 52B0)

For no maps, card 2 is blank

Gl0.0 YSCALE Factor to convert model length unit
toc unit used in Y direction on maps.

G10.0 DINCH Number of map units per inch

Gl0.0 FACTI Factor to adjust value of drawdown
printed*

911 LEVEL1(I) Layers for which drawdown maps are

te be printed. List the layers
gtarting in column 41; the first
zerp entry terminates the printing
of drawdown maps.
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CARD COLUMNS FORMAT VARTABLE DEFINITION

2 51-60 Gl10.0 FACT2 Factor to adjust value of head
printed*
61-69 911 LEVEL2(I) Layers for which head maps are to

be prinred. List layers starting
in coglumn 61; the first zero entry
terminates the printing of head

maps.
71-78 A8 MESUR Neme of map lenmgth uvnit
3 1-20 G20.10 SUM
21-40 G20.10 SUMP
41-60 G20.10 PUMPT Parameters in which elapsed time
and cumulative volumes for mass
61-80 G20.10 CFLUXT balance are stored. For the start
0f a simulation insert three blank
4 1-20 G20.10 QRET cards. For continuation of a pre-
vious run using cards as input, re-
21-49 G20.10 CHST place the three blank cards with
the first three cards of punched
41-60 G20.10 CHDT output from the previous run. Using
data from disk for input, leave the
61-80 620.10 RVFLXT three blank cards in the data deck.
5 1-20 G20.10 STORT
21-40 G20.10 ETFLXT
41-60 G20.10 SFLXT
*Yalue of drawdown FACT 1 or Priated
or head FACT 2 Value
0.01 . 1
0.1 5
52.57 1.0 53
10.0 526
100.0 ko
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Group ILIT:

Array Data

Each of the following data sets (except data set 1) comsists of a parameter
card and, if the data set contains variable data, a set of data cards. If the data
set requires data for each layer, a parameter card and data cards (for layers with
variable data) are required for each layer.
five variables:

Each parameter card cantains at least

CARD COLUMNS FORMAT VARIABLE DEFINITION
Every 1-10 Gl10.0 FAC If IVAR = 0, FAC is the value
Parameter agsigned to every element of
Card the watrix for this layer.
If IVAR = 1, FAC is the multi-
plication factor for the follow-
ing set of data cards for this
layer.
11-20 G10.0 IVAR = 0 if no data cards are to be
read for this layer.
= ] if data cards for this layer
follow.
21-30 G10.0 IPRN = 0 if input data for this layer
are to be printed. )
=] if input dara for the layer
are not to be printed.
Trans—-
missivity
Parameter 31-40 Gl0.0 FACT(K,1) Multiplication factor for trans-
Cards also missivity in x directiom
have these
Variables
41~50 G10.0 FACT(K,2) Meltiplication factor for trams-
missivity in y direction
51-60 Gl0.0 FACT(K, 3) Multiplication factor for hy-

draulic conductivity in the z
direction. {(Not used when con-
fining bed nodes are eliminated
and TK walues are read)

78



CARD COLUMNS FORMAT VARIAZLE DEFINITION

Every 61-70 G10.0 IRECS = 0 if the matrix is being

Parameter read from cards or if each

Card element is being set equal to
FAC.

= ] if the matrix is to be
read from disk (unit 2).

71-80 G10.0 IRECD = 0 if the matrix is not to be
stored on disk.

= ] if the wmatrix being read
from cards or set equal to FAC
is to be stored on disk (unit
2) for later retrieval.

When data cards are included, start each row on a new card. To prepare a set
of data cards for an array that 1s a function of space, the general procedure is to
overlay the finite-difference grid on a contoured map of the parameter and record
the average value of the parameter for each finite~difference block on coding forms
according to the appropriate format. Ino general, record oaly significant digits
and nc decimal points (except for data set 2); use the multiplicatior factor te
convert the data to their appropriate values. For example, if DELX ranges Erom
1000 to 15000 feet, coded values should range from 1-15; the mulrtiplicatiecn factor
{FAC) would be 1000.

DATA SET COLUMNS FORMAT VARIABLE DEFINITION

1 1-80 8F 10.4 PHI(I,J,K) Head values for coatinuattion of
a previous run (L)

Note: For a new simulation this data set 1s omitted. Do not include a parameter
card with this data set.

2 1-80 8F 10.4  STRT(I,J,K) Starting head matrix (L)

3 1-80 20F 4.0 S (1,J1,K) Storage coefficient (dimension-
less)

Note: This matrix is alse used to locate constant head boundaries by coding a

negative number at constant head nodes. Ar these nodez T wust be greater rthan

Zero. If equation 3 is to be solved, read specific storage instead of storage

coefficient.
4 1-80 106 8.0 T(1,J,K) Transmissivity (LZ/t)

Note 1) Zero values are required around the perimeter of rthe T matrix for each
layer for reasons inherent in the computational scheme. This is done
automatically by the program.

2} See the previous page for the additional requirements on the parameter
cards for this data set.
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3) 1f the upper active layer is unconfined and PERM and BOTTOM are to be read
for this layer, insert a parameter card for this layer with only the
values for FACT on it., If equation 3 is to be solved read hydraulic
conductivity instead of transmissivity.

- DATA SET COLUMNS FORMAT VARIABLE DEFINITION
5 1-80 20F 4.0 TK(I,J,K) Kyz/b
Note: This data set is read ouly if specified in the options. The number of

layers of TK values = K' - 1. See the discussion of the treatment of confining
layers,

6 1-80 20F 4.0 PERM(I,J) Hydraulic conductivity (L/T)
{see note 1 for data ger 4)

7 1-80 20F 4.0  BOTTOM(I,J) Elevation of bottom of water-
table unit (L)

Note: Data sets 6 and 7 are required only for simulating unconfined conditioms in
the upper hydrologic unit.

8 1-80 20F 4.0 QRE(I,J,K) Recharge rate (L/2)

Note: Omit if not used

9 1-80 8F 10.4  GRND{I,J) Ground surface elevation

10 1-80 8G 10.0 DELX(J) Grid spacing in-'x direction (L)
11 1-8¢ 8¢ 10.0 DELY(I) Grid spacing in y direction (L)
12 1-80 8G 10.0 DELZ(X) Crid apacing in z direction (L)
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Group IV: Spring Node Data Deck

This data deck contains arrays indicating the nodes which have springs and
specifying the leakage factor and elevation of spring in each node.

ARRAY COLUMNS FORMAT. DEFINITION

ID(I1,J,K) 1-80 380G 1.0 Indicator array for cells containing
a spring node, 1 for spring, 0 for
no spring.

FLD{ND) 1-80 40F 2.0 Leakage factor for each spring node

ELD{ND) 1-80 20F 4.0 Elevation for each spring node

The FLD, ELD arrays each preceded by a multiplication factor (FAG) card.

VARIABLE COLUMNS FORMAT DEFINITION
FAC 1-10 G 10.0 The multiplication factor for the

following set of data cards
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Group V: River Node Data Deck

This data deck contains arrays indicating the nodes which have rivers and
specifying the leakage factor and elevation of streammbed and elevation of the
bottom of the streambed layer.

ARBAY COLUMNS FORMAT DEFINITION

IDR(I,J,K) 1-80 80G 1.0 Indicator array for cells containing
a river uode, 1 for river, D for no
river

RH({NRIV) 1-80 20F 4.0 River water level for each river
node

RB{(NRIV) 1-80 20F 4.0 Bottom elevation of the streambed

layer for each river node

RC(RRIV) 1-80 10F 8.0 Leakage factor for each river node

The RH, KRB, RC arrays each preceded by a multiplication factor card.

VARIABLE COLUMNS FORMAT DEFINITION
FAC . 1-14a G 10.0 The muitiplication factor for the

following set of data cards

HMAX 1-10 F 10.5 - Maximum iteration parameter, of the
sequence of parameters ccmputed by
the equations in the problem are all
close to 1.0 and if this results in
slow convergence or even divergence,
bypass the computatioms in the model
and insert HMAX=0.99863 may give a
satisfactory rate of couvergence.
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Group VI: Parameters that Change with the Pumping Period

The program has two options for the simulation period:

1. To simulate a given number of time steps, set THAX to a value larger than
the expected simulation period. The program will use NUMT, CDLT, and DELT
as coded. If NUMT is greater tham 50 change the dimension of ITTO in
subroutine STEP to the appropriate size.

2. To simulate a given pumping period, set NUMT larger than the number re-
quired for the simulation period (for example, 50). The program will
compute the exact DELT (which will be < DELT coded) .nd NUMT to arrive
exactly at TMAX on the last time step.

CARD COLUMNS FORMAT VARIABLE DEFINITION
1 1-10 Gl0.0 Kp Number of the pumping period
11-20 G10.0 RPM1 Number of the previous pumping
period

Note: KPM1 is currently not used.

21-30 Gl10.0 NWEL Number of wells for this pumping
period

31-40 Gl10.0 TMAX Number of days in this pumping
period

41-50 G10.0 NUHT Number of time steps

51-60 Gl10.0 CDLT Multiplying Ffactor for DELT

Note: 1.5 is commonly used.

61-70 G10.0 DELT Initial time step in hours
The following data set depends on the variable IALT. DATA SET A is the case of
original program, DATA SET B is the case of program modified for Cache Valley
Model.

If NWEL = 0 the following set of cards is omitted.

DATA SET A (NWEL cards)

COLUMNS FORMAT VARTABLE DEFINITION

1-10 G10.0 K ' Layer in which well is located
11-20 G10.0 I Row location of well

21-30 Gl10.0 J Column location of well

31~40 ¢10.0 WELL(I,J,K) Pumping rate (L3/t), negative for

a pumping well.
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DATA SET B

CARD COLUMNS FORMAT VARIABLE DEFINITION
2 1-10 G10.0 AWELL Average discharge for "small" wells
11-20 Gl10.0 NBWEL Number of "big" wells
21-30 G10.0 BWC D?scharge multiplicati?n factor for
big well for each pumping period
31-40 Gl0.0 FEWELL Time length factor of pumping for
big well
41-50 Gl0.0 NCF ﬁumber of recharge constant [lux
nede
51-60 Gl0.9 CFC Multiplication factor for constant
flux
(NBWEL Cards)
COLUMNS FORMAT VARTABLE DEFINITION
1-10 G10.9 K Layer in which well located
11-20 GiU.O I Row locarion of well
21-30 Glo.o0 J Column location of well
31-40 G10.0 BWELL(I,J,K) Pumping rate (L3/t), negative for
"big" well, negative value
(NCF Cards)
1-10 Gl0.0 R Layer in which well located
11-20 Gl0.0 I Row location of well
21-30 Gl0.0 J Column locaticn of well
3140 G610.0 RCF(I,J,K) Recbafge constant flux rate (L3/c),
positilve value
DATA SET COLUMNS FORMAT VARIABLE DEFINITION
1 1-80 206 4.0 NWELL(I, J,K) Total number of "small" wells,

within the cell, for sach node

For each additional pumping period,

another set of group VI cards is required

{that is, NPER sets of group VI cards are required).
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Appendix €

Model Input Data ¢of Transient-state Calibration of

March 1969
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Model Output of Transient-state Calibration of

March 1969
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Appendix E

Steady-state Drawdown Difference Map
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