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INTRODUCTION

Due to growing concern about future groundwater supplies,
the Salt River Valley Cooperative Study was initiated,- in
1978, as a cooperative effort between the Department of Water
Resources (DWR) (formerly the Arizona Water Commission),
Municipal Water Users Association (MWUA-Phoenix, Tempe,
Scottsdale, Mesa, and Glendale), Salt River Project (SRP), and
several other agencies. Av cooperative study allowed the
agencies involved to .minimize duplication of effort and
maximize the use of existing data on the groundwater resource.

The purpose of the study was twofold, (1) to establish a
groundwater data base, and (2) to develop a computerized
groundwater model of the valley that could be used by the
participating' agencies in their groundwater planning and
management programs.

CHAPTER I DESCRIPTION OF THE MODELING EFFORT

The study consisted of two phases. Phase I included the

initial data collection and compilation efforts. It
culminated in the production of the "Interim Report:
Groundwater Resources Study, Executive Summary" (June,

1979). 1Included in the report was a discussion of amounts of
groundwater in storage, aquifer characteristics, well
production characteristics, water quality and data needs in
the Salt River Valley (SRV). The report also described the
groundwater data base which resulted from the data collection
efforts. The data base consists of parameters used as model
input and include water levels, specific yield,
transmissivity, pumpage, and recharge. Although it was
initially designed to include data for the years 1957-1977,
due to information deficiencies, the data base is complete
only for the years 1964-1977.

Phase II of the study, started in July 1979 and completed
in June 1980, was designed to use the data collected to
develop and calibrate a groundwater model of the Salt River
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Valley aquifer system. Due to difficulties with the available
data, the groundwater model was calibrated only for the period
1972-1977.

The purpose of this report is to provide documentation on
the technical aspects of the computer model, including
discussions on input parameters, estimation techniques, and
results of calibration. The data collection methods and the
techniques used for data estimation are described in detail.
Changes in values of input parameters, which were required to
calibrate the model, are also discussed.

THE MODEL

The model wused for the Salt River Valley (SRV)
Cooperative Siudy is a modified version of the U.S. Geological
Survey (USGS) three-dimensional groundwater flow model. The
model uses the strongly implicit procedure (SIP) iterative
numerical technique to solve the set of simultaneous finite
difference equations defining groundwater flow describea by
Trescott, 1975 (Ref. No. 42). This part of the model, known
as the SOLVE Subroutine in the program documentation, was used
exactly as published. Modifications to the program, involving
mainly data input and output, were made to make the model more
efficient for the computer system used by the DWR and do not
change the solution technique.

The model 1is designed to solve the set of finite
difference equations approximating three-dimensional
groundwater flow. It has the capabilty, through input
options, of being used as a two-dimensional model, which is
how it was used in the SRV Cooperative Study. This option was
chosen because of the lack of data on aquifer parameter
variaton with depth and 1lack of an adequate subsurface
geologic model of the study area.



THE MODELING PROCESS

The standard approach in modeling of groundwater flow
involves building a mathematical model of a basin ‘and
calibrating the model by attempting to simulate historical
groundwater conditions. Calibration is a trial and error
process of adjusting the model input data as reasonable and
necessary to best simulate observed groundwater level
fluctuations. The wvalues arrived at for the various
parameters in the final calibration are acceptable only if
they are reasonable measures of the prevailing geologic and
hydrologic conditions.

Calibration of the SRV model was attempted only for the
period 1964-1977. Data were not sufficient to model the SRV
prior to eernsive groundwater development (steady state
condition) or throughout the history of development.
Calibration started with the earliest period of record for
which reliable pumpage data existed - approximately 1964 -
when the first detailed pumpage estimates were available_for
the SRV.

GENERAL MODEL INPUT AND RESULTS

Modeling the historical response of a groundwater system
requires information on groundwater elevations, aquifer
transmissivities, recharge, pumpage and other types of
discharge and aquifer storage properties (specific yields or
storage coefficients). 1In addition to the physical parameters
used in the solution of the flow équations, the model area
must be subdivided into discrete units, time intervals must be
selected, and physical boundaries of the system must be
defined.

In a finite-difference model, the general geographic
distribution of the input parameters is defined by an
orthogonal grid system and described by a unique set of
coordinates. The system used to model the SRV was a 79 by 48

grid with each individual grid member (node) representing one
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square mile. This grid is similar to the township-range grid,
and the two grid systems match within one-half mile throughout
the model. For descriptive purposes, it can be assumed that
they coincide.

The time intervals used for simulation periods were
predominantly controlled by the availability of pumpage
estimates. The best combination of information on these two
parameters provided three periods in which data were suitable
for simulation. The three consecutive periods are 1964-1969,
1969-1972, and 1972-1977.

Model boundary conditions were used to establish the
physical limits of the groundwater system and to simulate the
conditions of flow where it existed. Two boundary conditions
were modeled in the SRV--no flow and constant flow. Mountain
fronts were considered no flow boundaries because the rock-
types the mountains are comprised of are relatively
impermeable and very little recharge occurs. In areas where
the SRV is connected to other basins, groundwater flow acfoss
arbitrary boundaries was treated as constant flow. Values of
inflow and outflow, as\ appropriate, were estimated on the
basis of flow net analyses for these boundaries.

CHAPTER II SPECIFIC MODEL INPUT PARAMETERS

The values for parameters described herein are first
approximations, based on analyses of the basic data gathered
during Phase I of the study. Every effort was made to gather
actual measurements or observations for each of the input
parameters; when this was not possible, values were
estimated. The following parameters are described in
detail: water-level elevation, specific yield,
transmissivity, pumpage, and recharge. The data input file
which was established as a result of the data collection
efforts, and data sources are described. Due to the extensive
nature of the recharge file, it 1is described in detail

according to source type.



WATER-LEVEL ELEVATIONS

A parameter necessary for groundwater modeling efforts is
water—-level elevation. Water-level elevations are needed for
each active node in the system. Active nodes are those
involved in the finite-difference approximatation equations.
Water-level elevation data are necessary for the beginning of
each simulation period for each active node in the model, and
water-level elevations for the end of each period must be
available for comparison to the water-level elevations
calculated by the model.

Data Sources

Water-level data are available for most years as far back
as the early 1900's. However, total coverage of the study
area for any single year is available for only a few years
between 1957 and 1977.

In the last 25 years, major programs have been developed
to determine static -water 1levels in wells during the
nonirrigation (winter) season. However, these programs have
been sporadic. Water-level measurements for the entire SRV
made during the early 1960's roughly coincide with the first
detailed estimates of pumpage for the entire SRV. Because of
the lack of data for the entire model area prior to this time,
data collection efforts were concentrated on the period from
the early sixties to 1978. Water-level elevation contour maps
for 1964, 1969, 1972 and 1976-1977 are avéilable from previous
work. The 1964 and 1969 maps were produced by the USGS. The
1972 map was produced by the Bureau of Reclamation as part of
their study of the Central Arizona Project (CAP) service
area. The USGS, in 1976, initiated an intensive basic data
collection effort of the entire SRV which was published in two
reports by Laney, Ross and Littin, 1978 (Ref. No. 25) and
Ross, 1977 (Ref. No. 38). The water-level elevation contour
maps from these reports (See Plate No. 1) were modified for
use in the model study.
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Data Input

Water-level elevation values for each node were
determined from contour maps, and, where available, values
were determined from field measurements. In nodes where more
than one well had been measured, an average value was used.
Nodes without measurements were assigned values interpolated
from the contour maps. Values from the node map have been
included in a computerized water-level file for use as

beginning and/or ending water 1levels for each simulation
period.

. SPECIFIC YIELD

Specific yield is a measure of an aquifer's storage
capability. It is an important parameter in groundwater
modeling because it is the controlling factor in the amount of
water level change that occurs as a result of changes in
storage in a given node. There are only two sources of water
in modeling, water reléased from storage and water derived
from recharge. 1In the SRV, recharge is less than half of the
total water withdrawn; therefore, storage release is the
predominant source of water. In as much as storage release is
the predominant source of water to the model, and water level
changes are required for water to be released from storage,
the model is very sensitive to withdrawal from storage. Minor
changes in specific yield may cause significant water level
changes. Specific yields have been estimated for each of the
active nodes in the model grid.

Data Sources

Input values for specific yield in groundwater modeling
studies are always based on estimates. Actual measurements of
specific yield are difficult to obtain. Estimates of specific

yield come from (1) aquifer tests, (2) volumetric changes in



storage analyzed using the simple equation: volume of
dewatered sediment divided into the volumetric difference
between water removed and water returned, and (3) comparisons
of aquifer material types to experimentally obtained specific
yield values of similar aquifer materials.

The SRV model study used a computerized version of method
number three, the DWR Aquifer Parameter Program. This method
was used because of the lack of long-term aquifer testing
information, and volumetric determinations of specific yield
are complicated by the lack of reliable information on
recharge. The DWR Aquifer Parameter Program utilizes the
driller's description ‘of aquifer material to assign an
empirically determined specific yield value (Davis and others,
1959, Ref. No. 15). A weighted average specific yield value
for each driller 1log was calculated from the individual
specific yield values assigned to each material type listed in
the 1log. The specific yield values for each well were
plotted, and zones of very low (.01 - .05), low (.06 - .10),
moderate (.1 - .20), and high (.20 - .25) specific yield were
delineated. Specific yield values for each node were assigned
according to the specific yield zone map. Driller logs for
this effort were collected frcom the USGS well files, DWR well
files, and irrigation district's, cities', and private water

companies' files.

Data Estimates

Of the several input parameters used 1in the modeling
process, specific yield is one of the least reliable because
of the difficulty in obtaining measured values. Therefore, it
is one of the first parameters to be evaluated and changed in
the calibration process. The range of values used in the
modeling effort is considered to be reasonable when compared
to values estimated by other researchers. However, site

specific values can have significant errors.



Error may be introduced into an estimate of specific
yield from inaccuracies in the driller's identification of the
aquifer material types. There are enough logs, however, so
that general 1lithologic patterns can be seen and logs that
misrepresent the lithology of any area appear as anomalies
when presented in map form. Anomalous specific yield values
are readily apparent and not used in the analyses.

Error is also introduced in specific yield values for
each driller log material type because the assigned values are
averages. For example, clay is assigned an average specific
yield of 3 percent whereas different types of clay may
actually range from 1 percent to 5 percent. This error is
considered minor and generally does not affect the relative
values of low. to moderate specific yield.

A specific yield zone map was generated from
approximately 2,000 driller logs in the SRV. A zone map was
used instead of contoured data because contours do not
adequately reflect the random variation in specific yield of
the interbedded aquifer materials of basin fill sediments.
Aquifer material changéé occur over distances of a few feet
and are not adequately represented by contours on a map scale
of one-half inch to the mile. Contours also imply variations
in specific yield are separated by intermediate values, which
is not always the case. The zone map represents areas Of
similar specific yield, not gradational changes from high to

low or vice-versa.

Although the specific yield wvalues used are not
absolutely correct, the relative distribution of 1low,
moderate, and high specific yield values are good. The good
representation of the distribution of relative values provided
by the DWR program is one reason for choosing this method of
parameter estimation.



Data Input

The specific yield value required for each node in the
model 1is that which is representative of the interval where
water was released from or taken into storage during the
simulation period. The specific yield of the zone dewatered
or saturated during the period 1957 to 1977 was calculated for
each driller log throughout the valley. In areas where no
water level changes were experienced, specific yield was
calculated for the interval from the static water level to

approximately 50 feet below that water level.

Specific yield values generated and used as input ranged
from 3 percent in the central portion of the alluvial basins,
which is predominantly clay and sandy clay, to 25 percent in
areas of abundant sand and gravel, such as along the Salt
River. The specific yield values used as input are averages
for each node from the zone map.

TRANSMISSIVITY

Transmissivity is a measure of the ability of an aquifer
to transmit water. In the model it determines at what rates
water will flow into and out of nodes.

Data Sources

Three sources of transmissivity data were available to
the study. Values were obtained from (1) aquifer tests (2)
estimates based on specific capacity values, and (3) estimates
from the DWR Driller Log Program.

Data Estimates
Salt River Project Aquifer Test Program.

Salt River Project's pump test program calls for
performance testing of all or selected wells within the
Project boundaries every summer. In the summer of 1979, a

cooperative program was initiated between the SRP, DWR, and
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the USGS to obtain transmissivity, specific capacity and water
quality data. Approximately 170 wells were tested between May
and September of 1979. The typical test involved pumping .the
well for 24 hours and making measurements of the water-level
recovery following shutdown until levels returned to near the
static level. Transmissivity was calculated by straight-line
techniques using either direct recovery or residual
drawdown. Specific capacities were also calculated for each
well and were used to determine the relationship between
transmissivity and specific capacity. The tests were not long
enough in duration, nor were there sufficient observation
wells available to allow computation of specific yield data.

Transmissivity/Specific Capacity Relationship

Outside of the SRP boundaries, pump test data to
determine transmissivity were scarce. Since specific capacity
data, in these areas, were more abundant, the relationship
between specific capacity and transmissivity was analyzed
using aquifer test data from the 1979 SRP test program. The
relationship. which resulted from this analysis was used to
estimate transmissivities wutilizing specific capacity data
from the areas outside SRP boundaries. This analysis was
based on the fact that transmissivity and specific capacity
are physically related because both are functions of the
ability of the aquifer to transmit water. A plot of
transmissivity and the corresponding specific capacity values
yielded a straight line on log paper indicating the paramaters
were indeed related. A standard statistical program entitled
"Curve-fitting", developed by Hewlett Packard, 1976 (Ref. No.

21), was applied to these data and resulted in the equation:

1.085
Transmissivity = 1972 x (Specific Capacity) 1.0185° This

relationship was wused to estimate transmissivity where

specific capacity data were available, and pump test data were
not.

10
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The specific capacity data gathered for this study are
generally reliable and accurate. With the exception of the
SRP data, most of the specific capacities were derived from
winter static water levels and from summer pumping levels.
The predicted tranmissivities from these specific capacities

were compatible with available field transmissivity values.

DWR Driller Log Program

Transmissivity and specific capacity values were
unavailable for some areas of the valley. Therefore, the DWR
Driller Log Program was used to generate transmissivity values
to fill data gaps. The DWR Driller Log Program assigns
permeability values to each aquifer material type in the same
manner in which specific yield is assigned. Transmissivity of
each aquifer material type is calculated by multiplying the
permeability of each described unit by the thickness of the
material. The transmissivity values calculated for each
material are summed from the water level to the total well
depth to obtain a total transmissivity for the well. Static
water-level data circa 1957 were used in the calculation of
total transmissivity.

Transmissivity estimates from the DWR Driller Log Program
have been wused with success in several other modeling
efforts. However, the computer estimates are still considered
the least reliable source of data on transmissivity.
Transmissivity values from aquifer tests and estimated from
specific capacity data from field tests were used for
comparison in several areas to assess the accuracy of the DWR
Driller Log Program. Results were favorable; most generated
values were within the relative transmissivity ranges chosen

for mapping.

Data Input

A transmissivity map was produced showing zones

corresponding to ranges of transmissivity. The ranges of

11
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transmissivity used are: 1less than 25,000; 25,000 to 100,000;
and greater than 100,000 GPD per foot. A grid map was placed
over the zone map and an average transmissivity value .was
assigned to each active node. These transmissivity values
were used as input for each node.

PUMPAGE

Pumpage is an essential parameter in modeling calcula-
tions. A concerted effort was made to obtain comprehensive
pumpage data for all of the water users in the Salt River
Valley. In general, water users in the SRV do not measure
pumpage directly, but estimate it on an annual basis from
power records or from records of number of hours a pump
operated. Although a considerable volume of pumpage data was
obtained, many gaps in the data exist.

Data Sources

The following water users provided data directly to‘the
Department or the U.S. Geological Survey: Buckeye Irrigation
District, Roosevelt Wa&er Conservation District, Roosevelt
Irrigation District, Salt River Project, Maricopa County
Municipal Water Conservation District No. 1, Magma Engineering
and Natural Gas Company, Luke and Williams Air Force Bases,
and the Cities of Chandler, Glendale, Mesa, Phoenix,
Scottsdale, and Tempe. In addition, numerous private water
companies provided information including Adaman Mutual,
Clearwater, Carefree, Litchfield Park, Sun City, North Valley,
Arizona Water, Desert Sage, and Desert Hills.

Data Estimates

Although data was requested for the period 1957-1978, in
many instances records were not available for particular years
during this period or the water user had purchased a well and
was uncertain of its pumpage history. In these cases, pumpage

values were estimated by averaging data from years with

12



records. If a well had been purchased and the construction
date and the pumpage history were uncertain, the well was
assumed to have existed and been pumped since 1957.

Data Input

Pumpage is input to the model as the total pumpage per
node. Files for the SRV model consist of total pumpage by
node by calendar vyear for the years 1957-1978. Pumpage
estimates for 1978, however, are not complete and values
listed in the file need to be updated. - Model documentation
files include, in addition to grid designation for each node,
the township, range, and section number for each node.
Appendix Table No. A-1l is a listing of the pumpage values used
in the model.:

RECHARGE

Recharge varies considerably over the model area
depending upon location and corresponding land use pattefns.
Recharge increases near river beds and decreases near hard
rock areas and basin bouhdaries. Recharge is larger for nodes
containing irrigated 1lands than for nodes of urban or
undeveloped lands.

Data Sources

.

Recharge to the SRV was considered to occur from six
sources: agricultural irrigation, non-agricultural
irrigation, sewage effluent, flood flows, canal seepage, and
subsurface inflow. Actual measurements of recharge from any
of the potential recharge sources considered for this study
are sparse to non-existent. Data on the distribution of
recharge are also sparse, and data on the distribution by
section are non-existent. Thus, recharge values for all types
of recﬁarge had to be estimated. Each type of recharge was
estimated using different types of data. Consumptive use by

crops and irrigation application rates were used to estimate

13
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potential recharge from agricultural and non-agricultural
irrigation. Water budget analyses were used to estimate
recharge from sewage effluent, canal seepage, and flood

flows. Flow net analyses were used to estimate subsurface
inflow.

Crop distribution, acreage data, and application rate
data were collected from Salt River Project files for Project
lands and from the Department's files on Central Arizona
Project applications for other irrigation districts and some
private irrigators. Canal transmission ‘loss data were also
gathered for Salt River Project canals. Flood flow data were
used from U.S. Geological Survey records. Additional data
were also gathered from consultant reports from various
projects throughout the SRV. Additional details on the type
of data used and their source are included in the following
descriptions of the estimation techniques used for each of the
recharge types.

Data Estimates

Despite tedious aﬂalyses performed to obtain recharge
figures for input into the model, values for this parameter
are considered the weakest of all the data types used. This
is due primarily to the fact that both recharge values and
distributions had to be estimated because of the lack of
measured data.

The lack of data includes items of the water budget that
result in water being attributed to potential recharge that
may actually be lost. These items of the budget include some
evaporation losses, soil retention, excess irrigation
application runoff as tailwater, bank storage in flood flows,
and others. Thus, estimates of potential recharge derived
from the simple water budget are higher than actual
recharge. The values estimated for the project were not used
as direct input to the model. 1Initial input was 50 percent of

the estimated value and the original estimates served as an

14
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upper limit to potential recharge as calibration progressed.

The recharge data developed for the SRV included an
estimate of maximum potential recharge from each source "for
each node. The estimation technique for recharge from each of
the six sources are described below.

Agricultural Irrigation

Recharge from agricultural irrigation was determined for
irrigation districts and privately owned irrigated lands. The
method of estimating potential recharge from agricultural
irrigation varies among irrigation districts and private
irrigators, mainly because of the difference in record keeping
practices among these groups.

Irrigation Districts - For irrigation districts cropped
acreages were obtained from Department files from data
submitted by each district that applied for Central Arizona
Project (CAP) allocations. Some files contained maps which
displayed actual crop locations so estimated recharge values
could be distributed \accordingly. However, most files
contained only total acreage for each crop with no indication
of cropping patterns. In these instances, recharge values
were distributed evenly over irrigated lands in the district.

The year 1969 was selected as a base year for
agricultural irrigation data. Cropped acreage and
distribution patterns were available for many of the
irrigation districts for that year from the CAP
applications. Lands in these districts constitute the bulk of
the total irrigated land in SRV. For all irrigation districts
other than SRP, the yearly potential recharge total was
distributed by node for the years 1957-1977 according to the

‘crop distributions indicated in the 1969 data.

However, data from SRP included detailed irrigated
acreage data for 1969 and a detailed irrigated acreage map for
1975. The irrigated acreage distribution patterns of the two

15
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years were compared by percentages of total acreage
cultivated. In general, the patterns for the two years were
quite similar, the major difference occurring in T1S, RA4E,
where 7.8 percent of irrigated land went out of cultivation
between 1969 and 1975.

Using these two years as guidelines, the recharge values
were distributed within SRP boundaries for 1957-1969 according
to the 1969 distribution and distributed for 1970-1978
according to the 1975 data. The amount of recharge for each
node was estimated using a simple water: budget: potential
recharge equals application rate minus consumptive use. The
amount of water each district applied to crops was calculated
by multiplying the acres of individual crop type by the
appropriate application rate for that crop. Application rates
for each crop type were obtained from an unpublished working
file report provided to the Department in 1973 by Erie,
French, and Harris, 1965 (Ref. No. 17). The amounts of water
applied per crop were summed to yield the total water applied
per district.

As a check on theofetical application rates, total water
applied was compared to the water delivered to each district
as reported in the CAP application file. Overall the
calculated applied water values for the SRV basin were high by
about 7 percent. This is a good correlation and well within
the measurement error associated with the delivery estimates
used in the CAP applications.

Consumptive use values used in the water budget analysis
were values from studies done by the University of Arizona in
Maricopa, Pinal and Pima Counties reported by Erie, French,

and Harris, 1965 (Ref. No. 17). In areas where «crop
distributions were not available a weighted average
consumptive use value was used. It was assumed cropping
patterns were similar throughout the SRvV. The weighted

average consumptive use of the crop types reported in 1969 was
55 percent of the total water applied.
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Privately Irrigated Lands - Privately irrigated lands are
those 1lands where water is not delivered by an irrigation
district but by individually owned wells. Data on crop and
cropping patterns were not available for these lands.
Recharge from these 1lands was estimated by applying the
weighted average consumptive use values developed for
irrigation districts of 55 percent. Thus, 45 percent of the
total estimated private irrigation pumpage was estimated to be
the maximum potential recharge on these lands.

Values of maximum potential recharge ranged from 1.2 to
2.5 acre-ft per irrigated acre. Delivery figures for
organized irrigation districts do not include correction for
irrigation tail water, thus delivery figures in the districts
are higher than actual crop deliveries. Values of maximum
potential recharge used in the model include double cropping
effects where data were available.

The reliability of recharge values for agricultural
irrigation was reduced\ by lack of specific data for each
farming operation. For example, although application rates
may vary significantly among farming operations, one standard
application rate per crop was used in these estimates.
Furthermore, crop distribution patterns are often unavailable
resulting in annual recharge estimates being evenly
distributed over the irrigated area. The inability to deal
accurately with these factors reduces the reliability of these
estimates, and as recharge estimates for agricultural
irrigation generally constitute the largest portion of total
recharge per node in most nodes, the reliability of the total
recharge data used in the model are similarly reduced.

Non-Agricultural Irrigation

Recharge from non-agricultural irrigation originates from
sources such as residential lawn irrigation and irrigation of

parks, playgrounds, golf courses, industrial lands, townsites,
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and tree rows. As with agricultural irrigation, determination
of recharge values was based on consumptive use and
application rate information on the plants involved (primarily
grasses) and with the resulting estimates applied over the
respective irrigated non-agricultural lands.

Available data indicate the consumptive use of Bermuda
grass 1is about 3.6 AF/acre. In 1978 the average urban SRP
user received 4.76 AF/acre for lawn flood irrigation.
Assuming that other grasses consume about the same amount of
water as Bermuda, this would leave a residual amount of 1.16
AF/acre, or 25 percent of the applied water, available as
potential recharge. In 1978 the total water delivered for
non-agricultural irrigation by all types of such users in the
SRP area was*93,300 acre-ft. Potential recharge then equals
23,300 acre-ft. This was considered the total non-
agricultural irrigation recharge for 1978 and was apportioned
according to acreage distributions for this type of
application found in a portion of the MAG 208 study.  The
fiqures generated were applied to all model years assuming few
changes in non-agricultural distribution with time. Non-
agricultural irrigation recharge was attributed only to
acreages within the SRP boundaries as lawn irrigation outside
the SRP boundary is assumed to be sprinkler type with a
minimal application rate leaving an insignificant residual
amount for recharge.

The reliability of the recharge figures used for non-
agricultural irrigated lands are subject to problems similar
to the recharge figures for agricultural irrigated lands;
primarily the lack of specific data for the amount and the
distribution of application to ‘these irrigated areas.
However, the effect of the inaccuracies on model calibration
are very small because of the relatively minor amount of

recharge water involved.
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Sewage Effluent

Effluent is discharged into the Salt River Channel from
sewage treatment plants at 23rd Avenue and 91lst Avenue.
During the simulation period 1972-1977, discharges from these
plants averaged 37,300 acre-ft per year and 73,370 acre-ft per

year, respectively.

Recharge from sewage effluent occurs between the 23rd
Avenue treatment plant and the Buckeye heading. Sewage
effluent from 23rd Avenue is conveyed to the Salt River
Channel in a ditch to a point near 51st Avenue. From 51st
Avenue the effluent follows the river channel to the Buckeye
heading. A water budget study by Halpenny and Green (1975)
estimated that about 80 percent of the 23rd Avenue effluent
entered the éroundwater system as recharge between the 23rd
Avenue and the 91lst Avenue plants. The report also stated
that before the 1966-1967 flooding, 35 percent of the
remaining flow in the Salt River Channel from the 23rd Avenue
and the 91st Avenue effluent percolated to the groundwater
between 91st Avenue and. the Buckeye heading. After 1967, the
recharge in this reach 6f the Salt River Channel decreased to
26 percent due to river bed rechannelization. The 26 percent
figure was used to calculate recharge between 91st Avenue and
the Buckeye heading for the period 1972-1977.

The nodes which received recharge from sewage effluent
were determined from locations of the effluent discharge
channel as shown on topographic maps. Total potential
recharge estimates were then evenly distributed among the
nodes in the two reaches for each year of the model simulation

periods.

Flood Flows

Flood flows in the Salt-Gila River System in the SRV are
another important source of recharge in the SRV. During
periods of high runoff the normally dry channel of the Salt

River carries large volumes of water resulting in considerable
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infiltration losses in the channel. 1In order to estimate the
amount of recharge from flood events, annual river Fflows
volumes were obtained from USGS surface water records
published by U.S. Geological Survey, 1961, 1970 and 1972-1975,
(Ref. Nos. 50, 51, 52, 53, 54, 55, 56, and 57). These
references provided flow measurements at the following points:

1. Salt River below Stewart Mountain Dam

2. Verde River near Scottsdale

3. Gila River near Laveen

4. Agua Fria River at Avondale

5. Gila River below Gillespie Dam

6. Diversions at Granite Reef into the Arizona and South
Canals (This data was obtained from unpublished SRP
water balance sheets for the years 1957-1974.)
Recharge 'from river flow was determined using the
following equations:

A. Salt River flow (1) + Verde River flow (2) - canal
diversions (6) = channel flow downstream from Granite
Reef,

B. Gila River flow (5) - Agua Fria flow (4) - Gila River
flow (3) = Channel flow at Gillespie Dam from Salt
River,

C. Channel flow downstream from Granite Reef (A) -
Channel flow at Gillespie Dam (B) = total amount
available for channel recharge in model area.

A total of 74 model nodes underlie the Salt River Channel
from Granite Reef to the confluence of the Salt and Gila
Rivers. The total amount of streamflow loss available for
recharge was equally apportioned among these nodes. Total
streamflow loss recharge ranged from zero in non-flood years
to 330,000 acre-ft in 1973. 1In the western portion of the SRV
downstream of the confluence of the Salt and Gila Rivers, the
static water levels are generally at or near land sur face;
therefore, infiltration from excess stream flow is negligible

in this area.
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Canal Seepage

Canal seepage is a source of substantial potential
recharge in the SRV due to the number and extent of unlined
canals. Seepage estimates were made for the Salt River
Project canal system, which includes many of the major canals
in the model area. Although other irrigation districts also
maintain canal systems, seepage could not be estimated for

these because the necessary records are not available.

Potential recharge from canal seepage in the SRP system
was calculated by subtracting flow measurements at lateral
heads from flow at the heads of main canals. The resultant
values were distributed equally among model nodes along the
length of the systenmn.

The canéls considered in this analysis were: Granite
Reef to Arizona Falls below Powerhouse, Arizona Canal below
Powerhouse, Grand Canal below Powerhouse, Tempe-Western-
Kyrene-Highline Canal System, East Branch Consolidated Canal
System, Eastern Canal, and Granite Reef Dam to the Diversion
Gates. Since evaporat}on losses were not considered, the
seepage values generatéd here represent maximum potential
recharge.

Subsurface Inflow

Recharge in the SRV is not confined to infiltration of
water on the surface. A small amount of recharge is also
derived from subsurface inflow in those areas on the perimeter
of the SRV including northwest of Beardsley, northern Paradise
Valley, Florence Junction, west of the San Tan Mountains, and
near Komatke. Near Buckeye, boundary conditions vary.
Northeast of BuckeYe, boundary flow is generally toward the
SRV west basin and the cone of depression near Luke Air Force
Base. However, there is an area of outflow along the Salt
River Channel east of Buckeye in section 30 TIN R3E. Both
components of flow were calculated. Results showed that there

was a small net inflow along the boundary in this area. This
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net inflow was applied as recharge to the appropriate boundary

nodes.

Flow for each boundary node was input as constant flow
and was cstablished in the following manner: (1) total flow
across the boundary was determined by flow net analysis using
a weighted average transmissivity for the 1length of the
boundary; (2) the flow for each node was calculated using
transmissivity, node width, and hydraulic gradiénts obtained
from water-level maps. The results of the calculations from

one or both methods of analysis have been .listed in Figure 1.
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FIGURE 1

Subsurface Inflows
By Site Locations
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1100
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*Computed values were not reliable due to errors in the water-

level maps.

**In the Buckeye area the boundary is complex.

the Luke-Goodyear area.
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River Channel groundwater flows toward the cone of depression in
In the vicinity of the river channel
groundwater flows down the natural drainage of the Gila River.
Both components were considered in the analysis.
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In general, the 1964 water-level elevation contour map,
from which flow net calculations were made, was the earliest
reliable map. In northern Paradise Valley, the 1964 map .was
insufficient due to a lack of data in T4N, R4E, near the model
boundary. As a result, the 1976 map was used to determine
subsurface inflow in this area. The flow estimate for the
Northern Paradise Valley area is less than reported by
Arteaga, White, Cooley and Suthiemer, 1968 (Ref. No. 3). The
difference is due to the location of the cross section used
for the flow net and different estimates of transmissivity
made during SRV Cooperative Study.

Anomalously high flow rates were calculated in the area
just west of the San Tan Mountains. Flow from this area to
the north was calculated to be about 96,000 acre-ft/yr on the
basis of flow net analyses using data from the USGS 1964
contour map. A flow of this magnitude was considered highly
unlikely. It was suspected that this map showed contours of a
perched zone (appearing as a groundwater dome) rather than the
regional aquifer. The flow volume used in the model, 2,000
acre-ft/yr, which was ‘obtained from a flow net analysis
performed on the 1964 Bureau of Reclamation groundwater
elevation map prepared for the Central Arizona Project
environmental reports, appeared far more reasonable
considering the hydrologic conditions of this area. This
discovery led to changes to the groundwater elevation node
maps in this area for the years 1964, 1969 and 1972. Portions
of the 1964 and 1972 USGS maps were recontoured to remove the
contours of the perched =zone.

Outflow occurs in only one small area, north of Buckeye,
where the model boundary crosses a groundwater divide in the
Buckeye-Liberty area. To the north of Liberty there is a
remnant of the natural gradient to the west out of the modeled
area. Most of the subsurface flow, however, has been reversed
due to intense pumping in the Goodyear-Avondale-Luke area.
Since the amount of outflow was small, it was subtracted from
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total inflow to yield a net inflow into the modeled area; this
net amount was applied as recharge along the boundary.

To sum up this discussion then, subsurface inflow values
are estimates as are all of the recharge values used in the
modeling effort. These estimates are based on groundwater
elevation contours and other data which may not be reliable.
These values cannot be improved significantly until additional
water-level data, water use data, and aquifer data from pump
tests become available.

It is essential to stress that, in general, all types of
recharge are estimates of the maximum potential water
available for recharge. The values calculated for the
modeling process were intended for use as the upper limit of
recharge available in the calibration phase of the model
only. The values indicated should not be construed as
absolute estimates of actual recharge.

Data Input

The original recharge estimates from each of the various
sources were summed for each node and varying proportions of
the total were used as model input. The values represent the
maximum potential recharge per node per year, and are listed
in Table A-2.

CHAPTER III MODEL RESULTS

The results of the model effort are discussed in terms of
the calibration period and accuracy of the resulting model.
The capabilities of the calibrated model are discussed in
Chapter 1V.

After data input for the model was prepared, numerous
model runs were made to calibrate each of the four originally
selected simulation periods. During the calibration process,
each of the five basic input data types were carefully
evaluated and reasonable changes made as required. After much
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effort, it was determined that the input data would allow
calibration for only one simulation period, 1972-1977. The
values of the data that yielded the best match of model -and
measured (and estimated) values in the calibration process are
presented in tabular form. These values are considered to be
the best estimates of various types of data currently
available.

Knowledge of the accuracy of the calibrated model is
imperative for its use as a management tool. The accuracy of
a model 1is judged in terms of its ability to reproduce
measured water-level configurations within a given error
range. The selected error criteria and the water levels
produced by the model are discussed in detail in the following

.

sections.

CALIBRATION OF THE MODEL

Calibration of the model involved adjusting the values of
the model input parameters so that the differences 1in
calculated versus measured groundwater elevations for the end
of the simulation period were minimized. The order in which
the different types of data were to be changed was based on
initial assumptions as to their reliability, and the changes
were limited to stay within reasonable limits for the value of
each parameter. This order, from the most to the 1least
reliable, was as follows:

groundwater elevations
pumpage

transmissivity
specific yield
recharge

bW
L] L]

In addition to decisions on changes in the hydrologic
parameters involved in calibration, a decision had to be made
as to when the model was sufficiently calibrated. Models
cannot be calibrated to 100 percent accuracy because a model
is never as complex as the system simulated. One of the
functions of the modeler is to simplify a complex system by
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dividing it into less complex components which can be defined
by approximations (mathematical in this case). Models are
judged to be accurate (or sufficiently calibrated) when -the
simulated results approximate the measured results within
acceptable error criteria. Acceptable error, different for
each model, 1is generally defined by the modeler and is
dependent on the accuracy of the input data. The errors
associated with each of the data input types indicate the
accuracy that may be achieved. For example, if water-level
elevations are accurate to within plus or minus 10 feet, the
model should not be expected to be more accurate.

The acceptable error criteria is generally controlled
solely by the accuracy of the input data. However, the number
of calibration attempts to reach the error criteria is
controlled by the sensitivity of the model to changes in input
data. Shortcomings of the model, such as inadequate data or
wrong assumptions in the conceptual model, may make it
impossible to reach the desired error criteria. 1In this case,
calibration attempts are terminated when reasonable changes in
the input parameters ceése to make significant improvement in
the model results.

In the SRV model study, the average error was one of the
criteria used to evaluate model accuracy for calibration.
Error 1is defined as the difference between the calculated
water levels and the measured water levels at the end of the
simulation period. This indicator is only a guide and must be
evaluated with full consideration of the distribution of error
in the system. Understanding the areas where large errors
occur and the reason for the errors 1is important to the

interpretation of the model results.

A value of ten feet was chosen as acceptable error
because it represents the possible error in water-1level
elevation data. It is unreasonable to expect the model to
calibrate closer than the possible errors in the primary input
data.
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Calibration changes in the input parameters were made
only within reasonable values, reasonable values being the
estimated range of minimum to maximum for each parameter
described in the data collection efforts, and documented
ranges of wvalues in published 1literature. (Example:
estimates of specific yield used in calibration ranged from
.01 to .25). Within these criteria, much of the model did not
calibrate to within the acceptable error criteria. Much of
the model did, however, react as the natural system did and
errors did not exceed the acceptable error by large amounts.

It was originally assumed that recharge values would be
changed first followed by specific yield, if it became
necessary. However, contrary to what would be expected,
initial calibration attempts indicated that several areas in
the valley had water-level rises or insufficient declines in
areas of large development. Model runs for the periods 1964-
1969, 1969-1972, and 1972-1977 all showed significant problems
with calibration. Many areas in the model simulation declined
where the water-level contour maps showed rises. Normal
calibration procedures ' (varying recharge, specific yield
and/or transmissivity) would not cure the problem. To achieve
water-level elevation rises required by the initial
calibration attempts, inflow would have to exceed outflow,
i.e., recharge would have to exceed pumpage. As the data
gathered for estimating these parameters indicated that this
was impossible, groundwater elevations and flow patterns were
reviewed.

There are several possible explanations for these
problems. There could be errors in groundwater elevation
data, coding, and contours; or water level rises may not occur
throughout the aquifer,that is, the water level rises may only

occur locally in perched zones.

In an attempt to identify which of these problems existed
in the water-level data, the actual measurements used in the

original maps were gathered and plotted. Measurements for the

28



1964 and 1969 maps were sparse and were little help in
determining why there were major differences in these maps.
Thus, attempts to calibrate 1964-1969 and 1969-1972 periods
were abandoned.

The water-level data obtained from the U.S. Bureau of
Reclamation records for the 1972 water-level map revealed no
apparent errors and the data obtained matched the contour maps
in most cases. However, on close inspection of the 1972 and
1976 contour maps, it became clear that the contours on the
maps were drawn employing different assumptions. Contour maps
are drawn ing the available data and an assumption of how the

groundwater flow system works, i.e., the contours are drawn to
predetermined patterns employed by the various authors, none
of which have the benefit of an actual model. The problem
with the 1972 to 1977 simulation period was partially solved
by recontouring the 1972 map using the 1976 to 1977 USGS maps
by Laney, Ross, and Littin, 1978 (Ref. No. 25) and Ross, 1978
(Ref. No. 38) as a guide, as it was felt that these authors
had the most and best data available to them when they drew

\

the maps.

After recontouring the 1972 water-level data, the model
simulated water levels were in much better agreement with the
measured data; therefore, calibration resumed as originally
envisioned. Recharge was added or subtracted to nodes
according to what the model required to reach calibration. If
the model calculated more decline in groundwater elevations in
a particular node than actually occured, recharge was added
based on the ptevailing geologic and hydrologic conditions and
judgement. Where the model calculated too little decline, or
calculated more rise than actually occured, water was removed
from the node usually by reducing the recharge from that
initially estimated for the nodes in question. The initial
recharge values were considered maximum potential values; and,
therefore, areas that required additional recharge were
scrutinized, and more water was added only if additional
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sources of recharge were found to exist.

In order to alter the effects that changes in pumpage or
recharge had on groundwater elevations, the specific yields of
the nodes involved were modified. For example, if reasonable
decreases in recharge didn't result in a corresponding
lowering of groundwater elevations, the specific yield was
lowered, providing this change was judged reasonable.

Transmissivity was changed when it was necessary to
change the rate of flow of water from one area to another or
simulate gradient changes. However, it was found that changes
in transmissivity did not have significant effects on the
model.

As changes to recharge, specific yield, = and
transmissivity were sufficient to calibrate the model for the
simulation period 1972-1977, and because of the reliability of
the pumpage data collected, pumpage values were not changed
from the initial input values.

CALIBRATED RESULTS

Final Recharge Values

The SRV has several complex recharge mechanisms. The
Salt River Channel, where large amounts of recharge occur, is
a good example. Initially, it would appear that flood flows
are the source of the recharge in the channel. Closer
inspection shows recharge sources in the river channel also
include sewage effluent discharges from the 91st and 23rd
Avenue treatment plants, urban runoff and irrigation
tailwater. Estimating recharge from agricultural irrigation
is also more complex than simply computing the residual from
application rate and consumptive use. Several potential
sources of recharge are associated with agriculture, such as
canal seepage and tailwater which may or may not be reused.
Because of this complex system, recharge values used for model
calibration can only be approximately determined. Only the
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two largest sources, streamflow from effluent and flood flow
and agricultural irrigation, appear to have direct correlation
with the recharge distribution used in model calibration. -

Flood Flows (River Channel Recharge) - The highest recharge
values associated with flood flows are found in the Salt River
Channel. In the Salt-Gila River Channel, average annual
recharge is about 1,250 acre-feet per channel mile per year
during the 1972 to 1976/77 simulation period. Flood flow
recharge in the Salt River Channel, estimated in acre-feet per
~square mile per year, occurs along the southern border of the
Salt River Indian reservation, in the area north of Tempe-Mesa
and in the areas south of Maryvale and Tolleson.

In the West Basin, an area of high recharge values
outside the Salt River Channel, in the central part of the
basin, is presumably associated with flood flows from the New
and Agua Fria Rivers. However, there 1is considerable
agricultural development in this area which contributes to the
total recharge. Evaluation of the proportion of the total
recharge attributable to flood flows of the New and Agua Fria
Rivers is not possible due to the lack of detailed stream flow
data for this area.

Recharge From Agricultural Irrigation and Canal Seepage - 1In
the East Basin, recharge other than flood flow recharge occurs
primarily in the Salt River Project area and in the Queen
Creek area. Two small areas of high recharge, where values
exceeded 2,000 acre-feet per square mile per year during the
1972 through 1976/77 simulation period, are located south of
Mesa and Chandler. The high recharge was presumably due to a
combination of agricultural irrigation and canal Seepage.
Another area of high recharge 1is 1located in northern
Scottsdale, possibly due to seepage from the Arizona Canal.
In the central portions of the SRP and Queen Creek,
agricultural area average annual recharge values range between
1,000 and 2,000 acre-feet per square mile per year. In other
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agricultural areas of the East Basin recharge values generally
range from a few hundred to two thousand acre-feet per square
mile per year.

In the West Basin, agricultural areas contribute
significant recharge to the groundwater system in the Buckeye
area, north of the Gila River Channel, the Goodyear-Tolleson
area, and the McMicken Irrigation District. All of these
areas are near major stream channels of the Salt, Agua Fria or
New Rivers and thus, the amount of recharge from agriculture
versus the amount from flood flow infiltration is difficult to
assess. In some areas, such as northeast of Buckeye, water
quality changes have indicated that irrigation return flow is
contributing nitrate rich waters due to the use of sewage

_effluent for crop irrigation. However, it is difficult to

evaluate the ©proportion of recharge from agricultural
irrigation (using effluent as part of the supply) versus the
recharge from effluent discharge in the river channel and
transport in unlined canals because both sources are high in
nitrate concentration. In areas away from the stream
channels, recharge in the West Basin is similar to that in the
East Basin and average annual recharge ranged from a few
hundred to a few thousand acre-feet per year per square mile
during the 1972 to 1976/77 simulation period.

The SRV Cooperative Study has attempted to define the
types of recharge and the maximum potential values associated
with each type. However, the model uses only total recharge
in the finite difference approximation, thus the values used
in the modeling effort are reasonable but are only estimates
which satisfy this modeling effort. For that reason, no
attempts have been made to separate the final recharge values
into the recharge types used to estimate the total. Table A-3
lists the calibrated total recharge values.

Final Specific Yield Values

Most of the changes made in specific yield values during
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calibration were small in absolute terms, but large
relatively. For example, if specific yield for one node is
changed from 10 percent to 12 percent, an absolute increase of
only 2 percent, the relative change is an increase of 20
percent which is the degree of response felt by the model.

The general patterns of specific yield, throughout the
SRV, based on the ranges initially established have changed
little during calibration. Specific yield values are moderate
to high (10 to 25 percent) along the present and historic
river channels. Present channels include Salt, Gila, Agua
Fria and New Rivers. Also included are the apparent ancestral
channels of the Salt River in the Mesa-Chandler area and old
channels of the Agua Fria and New River near Union Hills. Low
to moderate values of specific yield (0 to 10 percent) are
found in the central portions of the East and West Basins,
such as the southern Paradise Valley and the Glendale and
Beardsley areas. Table A-4 lists specific yield values that
were used in the final calibration attempt.

Final Transmissivity Values

Transmissivity values range widely over the modeled
area. Initially, three transmissivity value ranges were
established to aide in identifying relative transmissivity
zones. The ranges considered for this study were: 1low: less
than 25,000 gpd/ft (gallons per day per foot); medium: 25,000
to 100,000 gpd/ft; and high: greater than 100,000 gpd/ft.
Table A-4 also lists, by township, range, and section numbers,
transmissivity values used in the final calibration attempt.

During the calibration effort, it was found that order of
magnitude changes in transmissivity are necessary to cause
significant changes in the water-level elevations calculated
by the model. Because of this insensitivity, transmissivity
patterns were not changed significantly from the initial data
input. Transmissivity values were low to moderate at the

bases of mountain fronts and high in areas along river
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channels, similar to specific vyield. There were 1low
transmissivity values throughout northern and central Paradise
Valley, parts of the Glendale-Deer Valley area, and the Luke
Air Force Base-Litchfield Park area. There are indications
that there may be low transmissivity values in some parts of
the southeastern SRV, based on results of the DWR Aquifer
Parameter Program. Calibration did not change the
transmissivities in this area because there was little change
in water levels and very little stress in this area during the
simulation period.

One area that required significant changes in
transmissivity values was the area between the cone of
depression near Luke Air Force Base and the Salt River
Channel. Extensive pumping in the Luke area and large amounts
of recharge in the southern part of the area, along the Salt
River, have produced a steep gradient between the river and
the cone of depression. The steep gradient in this area is
primarily due to the layering of the aquifer materials. ~The
coarse grained river sediments collect large amounts of
recharge which are not readily transmitted to the lower
portions of the aquifer which are comprised of much finer
material. Thus, a steep gradient is necessary to move water
from the river channel area to the Luke area. The variation
in sediment type with depth and the steep gradient of the
water-level surface indicate that the groundwater flow is
primarily vertical in this area. The transmissivity values
used in this study are predominantly estimates of horizontal
flow characteristics of the aquifer and do not adequately
represent the aquifer system in this area. In order to
approximate the vertical flow occurring in the aquifer system,
a series of low transmissivity nodes was placed between the
river and the cone of depression near Luke. These changes in
transmissivity values were one to two orders of magnitude
lower than the original estimates. The manipulation of
transmissivity in this area improved the simulation but did

not completely correct the problem because the two-dimensional
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solution is not adequate to simulate a three-dimensional
system.

Final Pumpage Values

Pumpage values estimated for the model study are based on
the best available data from each of the water users. No
changes in pumpage patterns or values were made during
calibration (See Table No. A-1).

MODEL ACCURACY

The accuracy of the SRV Cooperative Study model may be
evaluated by the model's ability to duplicate observed water
levels and to reproduce the water table configurations
measured in the real system. The difference between measured
and simulated water levels is called error; ideally, the
entire model area should calibrate to within the plus or minus
a ten-foot error criteria.

Table No. A-5 is a 1listing, by township, range, and
section, of beginning (1972), measured ending (1976-1977), and
calculated ending (1976-1977) water-level elevation values.

lso listed are the differences in measured and calculated
ending water level. This difference is the error used in
evaluating model performance.

Plate No. 2 shows the areas where the error is greater
than 25 feet. Close inspection of the geology and hydrology
of the areas of significant error indicates similar
geoﬁydrologic patterns. The largest errors occur where
groundwater levels are very near the land surface and are
adjacent to the areas of steep gradients such as north of the
Goodyear-Avondale-Tolleson areas and near the Tempe Narrows in
the Scottsdale area. Both of these areas have a large source

* of recharge along the Salt River Channel adjacent to a major

cone of depression. Also, both are characterized by
significant vertical variations in aquifer material.
Typically, very coarse river alluvium overlays sandy clay or
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silty clay in the areas of recharge (the river channel) and
intermixed sand, silt, and clay in the cones of depression.
The reason for the large error associated with this geologic
configuration 1is the 1layered system beneath the river
channel. The layers 1in these areas have large relative
differences in vertical permeability (possibly two to three
orders of magnitude). Most of the test data in the area are
from wells that are open to the highly transmissive Salt River
gravels; the wells do not penetrate the underlying fine-
grained units. Even though the system is under water-table
conditions, the communication between the upper and 1lower
material is poor; and over short periods of time, it appears
to be two systems.

The two-dimensional model used for the SRV modeling
effort does not reflect this system well. The model is
intended to simulate horizontal flow, not the vertical flow,
which apparently is occurring in these areas. The water
recharged in the river channel is affécted by changes in
vertical permeability, which the two dimensional model used
does not portray. The 5igh horizontal permeabilities used in
the model, as estimated from test data, allow recharged water
to be transmitted to the nearby withdrawal areas too
readily. This lowers the simulated water levels beneath the
river channel and raises the simulated water 1levels in the
withdrawal area opposite of what is observed in the measured
water levels.

Problems such as these may possibly be modeled using
layered two-dimensional models or three-dimensional models.
However, these models require more information for the various
layers than is available at this time. With implementation of
the data collection efforts outlined in the "Data Improvement"
section, a subsequent attempt at layered or three-dimensional
modeling may be possible.

In addition to error, a comparison of the contour

configurations of simulated and measured elevations are
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helpful in assessing the model's accuracy. The configuration
of the simulated water-level elevation contours should be very

similar to the measured water-level elevation contours. Plate

No. 3 1is a contour map of simulated 1976-1977 water-level
elevations. Comparison of this map with the USGS water-level
elevation map, Plate No. 1, indicates that the spatial
relationships of the contours and the direction of flow are
correct. However, some of the gradients are different due to
the errors described above. The similarity of these maps
indicates the model is reacting to stress and changes in
stress in the same manner as the real system in most of the
area. The differences in gradients and magnitudes of the
respective declines and rises in the model are the results of
poorly defined aquifer parameters, water-level data and
recharge or pumpage information.

As can be seen from comparison of the maps, the SRV model
is sufficiently accurate to obtain a general understanding of
the system and its response to stress or changes in stress in
most of the modeled area. However, when the model is used as
a planning tool, those areas where errors exceed 25 feet over
the simulation period must be reviewed carefully because
predicted values in these areas will be less reliable. The
model can be improved with additional work and reorientation
of some of the data gathering efforts to provide information
on vertical head differences.

CHAPTER IV MODEL DEVELOPMENT AND CAPABILITIES
As developed for Phase II, the computer programs for the

model of the SRV required changes to input parameters on a
node by node basis. Predictive modeling requires the
capability to change input data arrays, especially pumpage and
recharge, over 1large areas and many nodes to evaluate
alternative plans for the future. To simplify the use of the
model for predictive uses requires flexibility and ease in
input data changes. Recent changes have been made to the SRV

Cooperative Study model in preparation for its use as a
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planning and management tool. These changes consist of
modifications to the programs that manage the data base and
changes to the model's program.

The modified data base programs identify pumpage and
recharge by type, by 1location and by year. Two types of
pumpage are listed, agricultural and municipal. Recharge is
separated into five types: recharge related to agricultural
applications; recharge related to municipal uses (effluent);
natural recharge and flood flows; canal seepage; and
residential irrigation. These changes allow the data base to
be searched to provide useful summaries of historic pumpage
and recharge by type and will provide a base for modifications
of extrapolations of the data as desired for use in projecting
future conditions.

The model's program has been modified to allow predictive
runs to be made with the model wutilizing user-selected
projection period lengths and output formats. The user can
select from options for the printing of drawdown maps and
section by section information on aquifer parameters, pumpage,

recharge, and water level changes.

There are a variety of uses for which the model has an
immediate application. These applications consist of short-
term projections, five to ten years in length, to simulate
relative effects of changing pumping amounts and locations.
For example, pumping patterns of municipal or agricultural
well fields can be determined to minimize short-term water-
level declines, and thus, minimize power consumption.
Installation of new wells or well fields can be simulated to
determine interference effects on other groundwater users in
the immediate vicinity. Although the model deals only with
water quantities, the supporting data on water quality can be
used in conjunction with model projections to evaluate
potential changes in groundwater quality in a well field over
time. Short-term simulations minimize the cumulative effects
of the errors in the model. As better and more plentiful data
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become available in the future, the 1length and detail of
future projections can be expanded.

Accurate depictions of future conditions further into the
future are dependent upon how accurately the future demands
for water and recharge from the various sources can be
predicted, as well as the accuracy with which aquifer
conditions are described in the model. Aquifer conditions
vary areally and with depth so that as water 1levels decline,
the data in the model describing current conditions becomes
less and 1less appropriate. Knowledge of these changing
conditions can be obtained through continued, careful data
collection and analysis as new wells are drilled throughout
the area.

Multiple.model simulations can be made to compare the
impacts of a variety of alternative development plans, or to
plan data collection efforts necessary to improve the accuracy
of the model. Used in this fashion, model predictions of
water-level change will provide precise information on the
difference in impacts between alternatives or the sensitivity
of the model to data efrors over any time period, short or
long.

CHAPTER V_RECOMMENDATIONS

The data deficiencies encountered 1in this study and
recommendations concerning these deficiencies are categorized
according to 1) data needs; and 2) data improvement. Prior to
completion of this model, Senate Bill 1001, the Groundwater
Management Act, was enacted by the State Legislature. The
legislation has placed added responsibility on the modeling
study cooperators and other water users in the SRV. As a
result of this act, water users in the Phoenix AMA are
required to furnish data to the DWR on their annual
groundwater pumpage, new well construction data, and aquifer
test data. Thetfiling of such data in compliance with the law
will allow updating of the SRV model through expanded data
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collection efforts necessary to monitor compliance with the
management plan.

The data collection and reporting techniques recommended
in this section were developed in response to provisions of
the new law. These procedures as they are developed will be
coordinated with the Phoenix AMA reporting requirements to
provide maximum use of data and to prevent duplication of
effort.

DATA NEEDS

In order to make the model more reliable, certain data
needs must be satisfied. Two periods of time may be
established as having different data requirements: 1) the
period since‘the last calibration (1977 to 1982); and 2) the
future periods.

Updating the model for the current period would require
the continuation of data collection efforts initiated for this
report. This effort will include the collection of pumpage
information for the intervening years, 1978 through 1982, an
inventory of new wells drilled since 1978, and an examination
of changes in 1land use patterns since 1978. Information
collected during the floods of 1978, 1979, and 1980 and
additional water quality data would also be evaluated.

Future data needs center around the three-dimensional
nature of the aquifer system. For example, delineation of
changes in hydraulic head with depth would define the vertical
flow components that occur in the system in response to
stress. Changes in water quality and permeability with depth
also need to be identified. These poorly quantified items
should have a high priority in future data collection
programs.

Presented below are the types of data required. These
data requirements apply to both the current and future
periods. The requirements include physical well data, pumpage
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data, irrigated acreage data, well test data, and water
quality data. The appropriate unit of measure for each data
type requested is included in parenthesis, and the proper
form, for data required by the new code, is referenced.
Copies of the forms referred to are included in the appendix.

Physical Well Data (Required by A.R.S. 45-600) Form - Well

Driller Report

Local number and state 1location (township, range,
section, 1/4, 1/4, 1/4, section of well)

Driller and other logs
Construction and Performance data

Date drilled

Depth (ft)

Casing diameter (in)

Depth cased (ft)

Perforated interval(s) (ft)

Type of perforation(s)

Method of drilling (cable tool, rotary, etc.)
Static water level (ft)

Status of well

Active \
Abandoned

Pumpage Data (Required for a Well with Greater Than 35 GPM

Capacity, A.R.S. 45-632) Form (Not Yet Available)

Amount of pumpage (acre-ft)
Method of measurement (type of metering device)
Use of water pumped

Agricultural irrigation

Industrial
Municipal
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Irrigated Acreage Data (Required by A.R.S. 45-465) Form -
Grandfathered Rights Application

Acreage by crop (if possible)
Distribution/location patterns of crops

Crop application rate (acre-ft per acre per year)
Estimate of tailwater lost from system (acre-ft)
Estimates of canal/lateral losses (acre-ft)

C Note: The data listed were required by law for
Grandfathered Rights Applications. However,
the requirement was for the application
period only; and some of these data are
voluntary. The data, if gathered and kept
by the water user, will be very helpful in

{ future modeling and planning efforts.

Well Test Data (Required by A.R.S. 45-600) Form - Completion
Report -

Well performance tests

Static water 1level (feet below land surface); this
should not be a flash static; data and method of
measurement (airline, sounder, etc.)
Pumping water level (feet below land surface)
Discharge (gpm); method used (orifice, flow meter)

{ Specific capacity (GPM/ft of drawdown)

Aquifer testing (not required by law) if available

Static water level (feet below land surface); this
should not be a flash static; data and method of
( _ measurement (airline, sounder, etc.)
Pumping water level (feet below land surface)
Discharge (gpm); method wused (orifice, venturi
meter) :
Specific capacity (GPM/ft of drawdown)
) Time drawdown data
( Distance drawdown data
Description of observation well including all
physical well data as mentioned in category A
Distance to observation well

Water Quality (Not Required by Law)

b Sample depth

Sampling Procedure

Results of chemical analyses

Name of testing lab

Well location and date of analyses for each sample
€ Discharge when sample taken

Duration of pumping prior to sampling
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DATA IMPROVEMENT

In addition to the expanded groundwater data collection
efforts in the future, there is also a need to improve the
quality of data. For example, many problems encountered in
this modeling effort have been related to water levels or
groundwater elevations. Water levels should only be measured
in wells where sufficient physical well data, such as the well
depth, diameter, and perforated intervals are available. This
type of information can be used in identifying, and therefore,
separating measurements of regional water levels from perched
water levels. It is also useful to include information such
as the proximity of pumping wells as a means of establishing
the validity of static water-level measurements.

Careful documentation of data gathering and testing
procedures cannot be underestimated. A description of the
steps used in data gathering «can provide information
concerning bias in the data, if any exists. Standardized
procedures should be followed, standard terms should be used
in discussing results and standard dimensional units should be
used in reporting data. This will produce a consistent data
base that is efficiently stored with a minimum of error and is
useful to a variety of interests.

This can be done by establishing and using standard
groundwater data collection procedures as described in a
variety of standard methods manuals. An excellent example of
this type of manual is "National Handbook of Recommended
Methods for Water-Date Acquisition" (U.S.G.S., 1980).

CHAPTER VI CONCLUSIONS

The SRV Cooperative Study has developed a comprehensive
data base comprised of groundwater, aquifer, and water use
data collected from most of the major water users in the Salt
River Valley. This aggregate of information has been used to

build and calibrate a two-dimensional groundwater flow model
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of the aquifer systems of the Salt River Valley. The
groundwater model accuracy is generally good and simulates
groundwater flow conditions for the years 1972 thru 1977.
During the modeling efforts, several data deficiencies were
noted which affect the accuracy of the model and 1limit
understanding of the aquifer system in portions of the SRV.
Notwithstanding these deficiencies, the SRV model is the best
analytical tool available for evaluating conditions and
response of the aquifers in the SRV. As such, the model may
be used for planning purposes for the near future, ten years
or less, with confidence that the model will react similar to
the actual system, although the amount of change the model
predicts must be evaluated in 1light of the potential errcr
associated with the model.

The SRV Cooperative Study model can be significantly
improved with data gathered in a program such as the one
recommended in this report. Periodic update of the SRV model
using data collected in the efforts described, and using the
knowledge gained from the collection efforts, will provide a
better planning tool.' It will provide more accurate
simulation and longer simulation periods. This will improve
the confidence level with which the model may be used, and
extend the projection time period that can be modeled with
confidence.
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GLOSSARY OF TERMS

A number of terms used in this report are defined
below. The definitions were modified from Lohman and others
(1972).

Aquifer -- A geologic formation, group of formations, or part
of a formation that contains sufficient saturated
permeable material to yield significant quantities of
water to wells and springs.

Artesian aquifer -- See confined aquifer.

Confined aquifer -- An aquifer in which groundwater is
confined under ©pressure significantly greater than
atmospheric pressure; artesian conditions. Synonym:
artesian aquifer.

Discharge -- The processes by which water leaves an aquifer.

Flow line -- The path that a particle of water follows in its
movement through saturated, permeable rocks.

Groundwater divide -- A ridge in the water table or other
potentiometric surface across which groundwater does not
flow.

Groundwater model -- A mathematical representation of a

groundwater flow system.

Head -- The height above a standard datum of the surface of a
column of water that can be supported by the pressure at
.a given point in an aquifer. In this report, head is
referred to National Geodetic Vertical Datum of 1929.

See potentiometric surface.
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Hydraulic conductivity -- The rate at which water is
transmitted through a unit cross-sectional area of an
aquifer under a unit hydraulic gradient. It describes
the ability of the aquifer material to transmit water,
and it may have substantially different values in the
horizontal and vertical directions.

Hydraulic gradient -- The change in static head per unit of
distance in a given direction.

Potentiometric surface -- A surface representing the hydraulic
head in an aquifer. 1In an unconfined aquifer this is the
water table. 1In a confined aquifer, it is represented b§
the level at which water would stand in tightly cased

wells.
Recharge -- The processes by which water enters an aquifer.
Specific capacity -- The specific capacity of a well is the

rate of discharge of water from the well divided by the
drawdown of water level within the well.

Specific yield -- Of a rock or soil has been defined as the
ratio of (1) the volume of water which the rock or soil,
after being saturated, will yield by gravity to (2) the
volume of the rock or soil.

Steady state model -- A model of a system in equilibrium, in
groundwater modeling a model of an aquifer system in
which inflow to the system equals outflow from the system
with no change in storage. Usually used for calibrating
transmissivity or hydraulic conductivity.

Storage -- In groundwater hydrology, this term refers to water
detained in a groundwater reservoir.
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Storage coefficient -- The volume of water an aquifer releases
from or takes into storage per unit surface area of the
aquifer per unit change in head. 1In a confined aquifer,
the storage coefficient reflects release from storage due
to compression of the aquifer and expansion of water.
See also specific yield.

Transmissivity =-- The rate at which water is transmitted
through a unit width of an aquifer under a unit hydraulic
gradient, It describes the ability of the entire
thickness of an aquifer to transmit water.
Transmissivity is the product of hydraulic conductivity
and thickness of the aquifer.

Unconfined aquifer -- An aquifer having a water table.
Synonym: water-table aquifer. See water-table aquifer.

Water budget -- An accounting of the recharge, discharge, and
storage changes in a hydrologic system.

Water-level elevafion -- Elevation of the water level above
mean sea level. See also head.

Water table -- The water surface in an unconfined aquifer at
which the pressure is equal to atmospheric. It is the
water level in wells that penetrate the uppermost part of

an unconfined aquifer.

Water-table aquifer -- See unconfined aquifer.
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