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CHAPTER 1

INTRODUCTION AND SCOPE OF STUDY

1.1 Study Area

The likelihood that irrigated agricultural acreages will increase
in eastern Arkansas is high. This results from faverable agricultural

spils, climate, and the availability of significant water resources.

Most of the eastern Arkansas region is underlain by the Mississippi
Alluvial Aquifer, a Quaternary deposit of unconsolidated sands and
gravels, Numerous rivers flow through the region. The study area
within Arkansas is shown as the shaded area in Figure 1.1 {(Ludwig,

1988).

Hstoric use of groundwater for agriculture and other uses has
overstressed the aquifer and caused significant cones of depression.
Maintaining current withdrawal rates is not desirable and may be impos-
sible over the long-term. To assure a sustained yield of groundwater,
its use should decrease. However, projected water demands for agricul-
ture are significantly greater than current use. Increased groundwater
use could result in more severe depressions, locally inadequate
saturated thickness, economic hardship, and litigious entanglements.

State and federal agencies wish to avoid these consequences.
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The plaﬁning process can be aided by a knowledge of a) regional
sustainable yield of groundwater, and b) feasible surface water use
that will cause acceptable consequences. As a part of the Eastern
Arkansas Regional Comprehensive Study (EARCS), this report provides such

information.

1.2 Report Objectives

This report provides optimal future groundwater and surface water
use strategies for the EARCS area. A "strategy” for a 1595-cell area in
a single decade refers to a set of 1595 cell-by-cell volumes of
groundwater plus the accompanying set of 1595 cel]—by—cefl volumes of

surface water.

Strategies are obtained through a series of steps, First, much
of the alluvial plain north of the Arkansas River is divided into 1595
cells. Each cell is three-miles by three-miles in size. Second, a
finite-difference computer optimization/simulation model is developed
for the study area. The model utilizes information on the physical
system and anticipated future demand for water. Average climatic
conditions are assumed. The model computes the water use strategy that
maximizes the total combined volume of groundwater and surface water in

each decade. Assuming validity of assumed hydrogeologic and climatic




conditions, the computed optimal groundwater use is sustainable forever.
In addition, average annual streamflow resulting from computed
groundwater and surface water use strategies should not decrease below

acceptable levels.

Next, the volume of unsatisfied future water demand is computed as
the difference between the projected water demand and the optimal
sustainable water supply. The importation of water from other sources
is required in cells that have unsatisfied demand. In the third and
final step, a monthly allocation model is applied. This involves the
use of monthly demand data. The allocation model determines the monthly

pumping, surface water and unmet water demand.

More precisely stated, the report objectives are:

a) compute optimal annual future water use strategies for two
projected water demand data sets;

b) quantify the annual future imported water requirement for
agricultural, municipal, and industrial users;

and

¢} describe the monthly water use and imported water requirement

that are in harmony with the optimal annual strategies.

1.3 Organization of the Report




This report has six chapters and extensive appendices.
Introductory materials are included in Chapter I. Chapter Il presents
the data sources of the physical parameters and water demands of the
EARCS area. The third chapter introduces the optimization model
formtlation that is applicable to the study area. In Chapter IV, the
computational experiments that involve alternative scenarios and
analysis of the corresponding results are presented. Sensitivity
analysis is also included in Chapter IV. Chapter V deals with the
monthly allocation of groundwater and surface water based on the annual
strqtegies. The last chapter, Chapter VI, provides a summary of the
major conclusions drawn from the study. In addition, the final chapter
also provides recommendations for planning purposes based on the project
study results. The cell=by-cell values of optimal annual pumping,
surface water use, and unsatisfied water demand for alternative

scenarios are included as Appendices A, B, and C, respectively.




CHAPTER I1

DATA SOURCES
2.1 Estimates of System Parameters and Water Demands

The data used in the computational models was obtained from a
variety of sources. Detailed published data is not repeated in this

report. However, the sources of the data are credited below.

The U. S. Geological Survey (U, 8. G. S.) provided the EARCS area
boundary definition data. Within Arkansas, the study area encompasses
the part of the aquifer that is north of the Arkansas River. The study
area also inclu&es the Missouri bootheel. Figure 2.1 shows the
finite-difference cell system provided by the U. 8, G. S. for modeling
purposes {Ludwig, 1988). The EARCS area does not include the inactive
cells. Inactive cells are shown in Figure 2.1 as: a) cells with the *
symbol, b) Crowley’s Ridge cells designated with the C symbol, and

¢) cells that do not have a designated two-digit basin code number.

All physical system parameters used in the models are determined
by the U. 8. G. 8. (Ludwig, 1988). Parameter calibration was
accomplished by Ludwig (1988) through the use of a groundwater
simulation model (McDonald and Harbaugh, 1984). For each cell in the

EARCS area, the U. S. G. S. provided data on: a) historic (1982) water
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Figure 2.1 Finite-difference Cell System for the Study Area
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levels, b) hydraulic conductivity, <¢) river conductance, d) river
stage, e) ground elevation, f) aquifer bottom, and g) aquifer top.
The U. S. G. 8. also provided estimates of the historic recharge across
the northern boundary of the study area and supplied the water demand
data in the Missouri portion of the study area (personal communication:

Gus Ludwig, Carmen Baxter, and John Terry).

The Soil Conservation Service (S. C. S.) provided estimates of
water demand in each Arkansas cell in the EARCS area (Soil Conservation
Service, 1986). Data from the S. C. S. include: a) current and
projected annual total water demand, b) current and projected
agricultural demand on both monthly and annual bases, ¢) current
(1982) ﬁonthly and annual surface water demand, and d) current (1982)
monthly and annual tertiary aquifer demand. Two sets of data for the
projected or future water annual total demand are supplied by the
S. C. 8.. The first set includes the future water demand in the
absence of conservation measures. The.second set includes estimates of
water demand assuming that conservation practices are implemented.
Similarly, data on projected agricultural demands on both monthly and
annual basis are provided for both the with and without conservation

scenarios.

The U. S. Army Corps of Engineers (C. O. E.) provided estimates of

the minimum acceptable streamflow at selected river locations in the




study area. The C., 0. E. provided data on inflow to rivers, at their
points of origin, from outside the area, or from overland inflow. All
the data from the C. O. E. is included as Appendix M of an accompanying

report {Cantiller and Peralta, 1988).

2.2 Data Bank Development

The data required as input to the management model in this report
comes from different sources, and is obtained in varied units and
formats. When systematically organizing the data for this modeling
effort, minimal data handling and data manipulation are desirable.
Accordingly, each data set is virtually left unaltered except for the
addition of header records that a) identify the source of data, b)
record the format code for reading purposes, ¢) provide the conversion
factor necessary to convert the data from the its current units to the
units required by the model, and d) specify the type of parameter or

parameters included in the data file.

2.3 Summary

The data required to adequately represent the EARCS area in a
mathematical medeling formulation comes from different agencies. A data
bank that organizes the data for subsequent modeling efforts has been

developed at the University of Arkansas.




CHAPTER TI1

CONJUNCTIVE WATER USE AND SUSTAINED GROUNDWATER YIELD
OPTIMIZATION MODEL

3.1 Assumptions and Types of Cells

The EARCS area is defined by a set of 1595 finite-difference cells
for modeling purposes. Each cell is classified into different
categories: a) constant head or variable head cell, b) river or
non~river cell, and ¢) confined or unconfined aquifer cell. The
governing equations and bound constraints that are applicable to a

particular cell are determined in accordance with its cell categories.

Each cell may be classified either as a variable head or constant
head cell depending on three factors: head elevation, groundwater
pumping, and recharge. (By ’'recharge’ is meant inflow from outside the
system or by intentional injection. It does not mean recharge due to
deep percolation or stream/aguifer interflow.) The upper and lower
limits associated with these three factors specify the cell type. A
variable head cell is any cell that has a varying head elevation.
Groundwater pumping is allowed in variable head cells. However, the

recharge is fixed at zero. In contrast, a constant head cell is any

10




cell that has unchanging head elevation. There is no groundwater
pumping in this type of cell. Recharge may be either positive or
negative in sign. (Negative recharge values mean that the direction of
flow is into the aquifer. Positive recharge means discharge from the
aquifer.) Typically, constant head cells represent cells along the
periphery of the study area. In the EARCS area, however, only the cells
in the northern boundary are constant head cells. Out of 1595 cells in
the study area, only 21 cells are constant head cells. The rest of the

cells are variable head cells.

The apbropriate upper limit on surface water in any cell depends on
whether or not that cell is a river cell. We assume that future use of
wat;r from reservoirs and unmodeled bayous will be the same as current
usage. Thus, non-river cells provide surface water at ftheir current
rates. River cells are potential sources of additional surface water.
They have the capability of supplying surface water in excess of their
current rate. Some river cells are also designated as control or
effluent cells. All computed strategies must result in average
streamflow at control cells that is not less than prespecified minimum

acceptable discharge rates.
Cells are classified as confined or unconfined to properly compute

saturated thickness. The saturated thickness e¢f a confined aquifer cell

is determined in a manner different to that of an unconfined aquifer.

11




When the initial head elevation is lower than the top of the aquifer,
unnconfined aguifer conditions exist. In this case, the saturated
thickness is the difference between the the initial potentiometic
surface elevation and the base of the aguifer. When the initial head
elevation is higher than the top of the aquifer, the cell is considered
a confined aquifer cell. The saturated thickness is computed as the

difference between the agquifer top and aquifer base.

Ludwig (1988) considered that vertical movement of water could
occur in all cells. As is commonly done, all cells were treated as
stream/aquifer cells. The degree of deep percolation that could occur
in a cell is 2 function of vertical hydraulic conductivity and assumed
"river stage' values. Both data types were obtained from Ludwig (1988).
For non-river cells, vertical conductivity is very small by compariscn

with river cells.

In calibrating a finite difference model for the EARCS area, Ludwig
(1988) obtained best results when assuming insignificant flow between
" the modeled Quaternary aquifer and deeper formations. Thus,

two-dimensional flow is simulated in this study.
Peralta and Cantiller {1988) compared alternative model

formulations for maximizing the sustained yield of groundwater for a

situation such as the one considered by this study. They compared a

12




simple iterative steady-state optimization model with a more realistic
combination model that used both steady and unsteady flow equations.
They found that if pumping was not permitted to decrease with time,

the iterative steady-state approach yielded answers very similar to
those from the more sophisticated model. In addition, they found that
the simple model required about one third the computer memory and
processing time of the more complex model. The iterative steady-state
approach was used in this study. As is reported later, even the simple
model required about 12 MBytes of memory and over two hours of CPU time
on an IBM 4381. This significantly taxed the Univ. of Arkansas system.

No alternative formulation was felt to be possible for this study area.

Another approximation technique was used in order to maximize total
sustainable pumping for the study area. To achieve global optimality of
an optimization problem such as this, all constraint equations must be
linear, This means that transmissivity must be treated as temporally
constant, although it may vary in space. However, the study area
exhibits both confined and unconfined regions currently, and will
probably have even more unconfined areas in the future. As
transmissivity decreases, sustainable groundwater extraction rates
usually decrease. Because transmissivity is a function of head and head
is a function of transmissivity, currently existing transmissivities

cannot be used for determining optimal pumping rates.

13




To avoid using the indicated nonlinear constraint equations,
another iterative procedure was utilized. As explained in section 3.3,
when computing optimal strategies, we use the conservative (smallest
expected) transmissivities that would exist in the future if a maximum
sustainable pumping strategy were implemented. In this way, global
optimality is obtained for a linear surrogate of the nonlinear problen.
Later, the acceptability of the modeling procedures used in this study
is demonstrated through the use of unsteady simulation models. Using
steady~state simulation for optimizing sustained yield planning is not

uncommon {Peralta and Killian, 1985).
3.2 Management Model Formulation

The water management problem addressed in this report is the
determination of optimal regional use of surface water and sustainable
groundwater yield. The management goal is to maximize available water
while maintaining various system variables at acceptable levels., This
management problem is mathematically formulated as:

Maximize Z = Y Y (g. . + s. ) vV oiel, jed ..... (1)
b

subject to:

14
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[JAS

V {m,n)eD ...............

Voiel,jed ... .. ...

Y oiel,jed ... ... . ... ..

V oiel,jed ... ...

Voiel,jed ... ...

V (i,j)eX ... .. .. ......

Y (i,j)eY ...l

Y iel, jed, (i,j)el(k),

and cell m,n is the most

15




downstream effluent cell

in river reach k ........ {10)

the objective function (LB/T),

row index of a finite-difference cell,

column index of a finite-difference cell,

set of row indices of the cells in the study area,

set of column indices of the cells in the study area,

row index of a finite-difference effluent cell,

column index of a finite-difference effluent cell,

set of row index and column index pairs of effluent cells,
set of row index and column index pairs of nonriver cells,
set of row index and column index pairs of river cells,
river reach index,

set of row index and column index pairs of cells in river
reach k,

the steady-state groundwater pumping in cell i,j (L3/T),

surface water in cell i,j (L3/T),

lower limit on effluent (discharge to next downstream river
reach) in cell m,n (LSIT),

effluent in river cell m,n (LBIT),

upper limit on effluent in river cell m,n (L3/T),

16




lower limit on groundwater pumping in

upper limit on groundwater pumping in

lower limit on potentiometric head in

potentiometric head in cell i,j (L)},

upper limit on potentiometric head in

lower limit on recharge in cell i, j (L3/T),

recharge in cell 1,j (L3/T),

upper limit on recharge in cell i,j (L3IT),

cell

cell

cell

cell

i,j (L3m,
i (3,

i,j (L),

i,j (L),

tower limit on surface water in cell 1i,j (L31T),

upper limit on surface water in cell 1i,j (L3/T),

harmonic midpoint transmissivity between cell i,j and

cell i+1,j (L2/T),

harmonic midpoint transmissivity between cell i,j and

cell i,j+1 (L2/m),

river conductance in cell i,j (Lz/T),
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iy = river stage in cell i,j (L),

Py i = influent into river cell i,j from cutside the river reach
(wrry,

and

0§ = overland inflow into the river in cell i,j (L3/T).

The midpoint transmissivities are computed using the following:

b. . b. .
1,] 1,)+1
]

J

t = 2 a S = (11)
i,j i,] [ bj,j + bi,j+1

i i Disl,j

t. . =2 a, ., [ 2 LT (12)
1,] 1,] L bl,J + b1+1,J ]

where: b, j is the initial saturated thickness (L), and

a, i is the hydraulic conductivity of cell i,j (L/T).

The computation of saturated thickness has been discussed in section 3.1

of this Chapter.

The decision variables in the model are the cell effluent, pumping,
surface water, recharge, and potentiometric head. Model solution is
based on the assumption that all other parameters are known. In
essence, the saturated thickness in each cell is assumed to be invariant
throughout the decades. Although this may not be realistic, the size of

the problem area has made this assumption a computational necessity.
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3.2.1 Objective Function

Equation (1) is the mathematical representation of the objective
function. The sum of utilized groundwater and surface water is
maximized. The absence of weighting factors in the objective function
implies no difference in the relative importance of groundwater and
surface water. This means that the source of water to satisfy water
demand is not a management issue.- The goal is to utilize as much
available water as possible, while satisfying prespecified constraint

conditions on the decision variables.

3.2.2 Constraints and Bounds

The constraint set is included in Equations (2) through (10). The
lower and upper bounds on effluent, pumping, head, and recharge are
presented in Equations (2-5) respectively. Equation (2) applies only to
effluent cells., In the EARCS area, there are sixteén (16) effluent cell
that are constrained by BEquation {2). The lower limit on stream
discharge at effluent cells have been provided by the C. 0. E.. The
upper limits on effluent have been arbitrarily set to 100 times the
minimum value. Groundwater pumping is fixed at zero for the 21 EARCS

area constant head cells. Therefore, Equation (3) serves to bound the
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pumping in the 1574 variable head cells only. The restriction on head,
Equation (4), applies to the same cells because the constant head cells
assume fixed potentiometric head elevation. In the EARCS study area,
the minimum saturated thickness is included by setting the lower limit
on head to be the base of the aquifer plus 20 feet in each cell.
Equation (5) applies to 21 constant head cells while the recharge of all
other cells are fixed at zero. No feasible strategy could be computed
if recharge across each cell of the northern boundary was constrained
not to exceed the current rate. This results from slight data
inaccuracies. As demonstrated later, permitting up to twice as much as
current recharge always yielded optimal strategies. All strategies
repérted in this report, except sensitivity runs A and B, permitted up
to twice the observed recharge rate in each cell of the ﬁorthern
boundary. It should be noted that lcosening this bound in this manner
did not, in any other the reported scenarios, cause total recharge along

the northern boundary to exceed the currently observed rate.

Equations (6) through (8) are the constraints for lower and upper
limits on surface water. The lower limit on surface water is set to
the current surface water use in all c¢ells regardless of cell type.
However, Equation (7) is exclusively used to specify the upper bound
on non~river cells. In the EARCS area, this upper bound is also equal
to the lower bound. This effectively fixes the surface water in

non-river cells to the current surface use. A different set of upper
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bound constraints is applied to river cells. Equation (8) specifies
that in river cells the sum of groundwater pumping and surface water be
bounded by a defined upper limit. For the EARCS area, this upper bound

is defined as the sum of groundwater and surface water demand.

Equation (9) is the two-dimensional steady-state equation that
governs each cell in the study area. The stream-aquifer interflow
component of this equation appears as two separate terms, one on each
side of the equation. The equation is written in this way for
convenience. EKquation (9) essentially ensures mass balance in each

cell.

Equation (10) .is the river reach mass balance equation. It
assures the sum of all inputs to any river reach is equal to the volume
of water that goes out of that river reach. There are sixteen (16) such

equations for the EARCS area.

3.3 Iterative Procedure for the Computation of Appropriate
Transmissivities

Appropriate transmissivities are needed in the solution of the
mode]l described in section 3.2 of this Chapter. An iterative procedure

to obtain these transmissivities is discussed in this section.
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The data for historic water levels does not necessarily define a
steady-state potentiometric surface. It is therefore possible that
substantial changes in saturated thickness would be observed when this
data is used. To ensure the validity of steady-state assumptions, it is
important to base the models on appropriate head elevations. Moreover,
it is desirable to use conservative estimates of these head
elevations, To accomplish this task, an iterative procedure is

recommended.

The iteration is started by using the hisforic water levels in
estimating the saturated thickness. The optimization/simulation model
presented in section 3.2 is solved while using the water demand for the
fifth decade as data. ‘The optimal head from this model is taken as the
initial head for the second iteration. The iteration is continued until
the largest difference in the current iteration’s initial head and
optimal head is generally less than one foot. In all cases, the final
difference is less than 10% of the minimum saturated thickness. The
optimal heads from the final iteration are then used to compute
:transmissivities assumed for the optimization model to develop the
maximum sustained yield water use strategies. As a result of using
these transmissivities in developing all reported optimal strategies,
pumping never had to decrease in a cell due to transmissivity

decreasing with time.
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3.4 Summary

This Chapter presents the mathematical formulation of the
optimization/simulation model for eastern Arkansas. The objective
function and the constraining equations are described in detail. The
lower and upper limits on the decision variables are also discussed in
relation to cell type and classification. The model is discussed in the
context of its utility to the EARCS area. Chapter III also presents an
iterative procedure to compute the appropriate transmissivities. The
transmissivities obtained from this procedure lead to fairly ’safe’
strategies——we expect them to be sustainable if other utilized data is

accurate.
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CHAPTER IV

OPTIMAL ANNUAL WATER USE-SUSTAINED GROUNDWATER YIELD STRATEGIES

4.1 Testad Scenarios

The management model that is formulated in Chapter III has been
coded and tested at the University of Arkansas Computing Center., All
runs used MINOS (Modular In-Core Nonlinear Optimization System), an
optimization code that solves large and sparse problems efficiently
{Murtagh and Saunders, 1987). The computer models are actually written
in CAMS (General Algebraic Modeling System). GAMS is a pre-processor
computer language that Includes MINOS as one of its possible
optimization codes. Initially a product of the World Bank (Kendrick and

Meeraus, 1985), GAMS is now a propriety product of GAMS Development

Corporation.

The modeling efforts for the EARCS area required extensive data
from several agencies. Moreover, considerable changes in data are
needed to run models for various scenarios. For these reasons, a
computer package, VIIMA (Virtually Interactive Large-scale Model for

Arkansas), was developed. VILMA is designed to facilitate the creation
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of the decade-by-decade optimization/simulation models (Cantiller and

Peralta, 1988).

In this report, a "scenario" refers to a series of decade-by-decade
stfategies from 1990 to 2030. Two sets of scenarios each are reported
for models that utilize water demand data with conservation {CMA and
CON scenarios) and without conservation (SMA and SUB scenarios).
Therefore, four different scenarlos are presented. Each scenario is
based on the management problem formulation discussed in Chapter ITI.
However, the established lower bound on groundwater pumping in each cell

differs from scenaric to scenario:

a) CMA scenario - lower bound on pumping equals the M & I
(municipal and industrial) demand,

b) CON scenario - lower bound on pumping 1iIs zero,

c) SMA scenarioc - lower bound on pumping equals the M & I demand,

and

d) SUB scenaric - lower bound on pumping is M & I demand in the
first decade, after which, the lower limit
equals the optimal pumping of the preceding
decade's strategy.

The summary of results of the computer runs for the CMA, CON, SMA,

and SUB scenarios are presented in Tables 4.1, 4.2, 4.3, and 4.4;

respectively. The GAMS models generated by VILMA for each run involved

14,404 equations and 6,397 variables. (Because of a peculiarity of the
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GAMS /MINOS interface, some bounds are described in the model as
equations, resulting in more equations than one might expect.)
Typically, after recent Univ. of Arkansas computer system upgrades, a

run requires about 8,300 seconds of CPU (Central Processing Unit) time.

4.2 Analysis of Results

Results shown in Tables 4.1 to 4.4 are organized by water demand,
sources, aquifer volume balance and river volume balance. In these
tables, ’'groundwater pumping' refers to extraction from the Quaternary
aquifer, Extraction from the Tertiary aquifer is considered to be
constant in time and is depicted only in the second row as ‘deep aquifer
demand' ., ’'Stream-aquifer interflow' refers to all vertical movement of
water, except for pumping. It includes deep percolation at non-river
cells and stream-aquifer interflow at river cells. ’'River stream-aquifer

interflow’ refers to vertical movement at river cells only.

Results of the CMA, CON, and SMA scenarios are obtained from
successful model runs. However, in the SUB scenario, the runs for the
fourth (2020) and the fifth (2030) decades failed to provide feasible
results. 1In these cases, the strategy of 2010 is taken as the best
possible solution. The values of unmet needs are then abtained by

subtraction. It should be mentioned that noneof the strategies can
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fully satisfy all anticipated demand in any decade,

In the CON and CMA scenarios one may note that projected municipal
and industrial demand is unusually low in the 2020 decade. This demand
data was provided by federal agency as was all other demand data used in

this study.

The CMA scenario results show a definite increase in groundwater
pumping from decade to decade. The same trend is observed in the CON
scenario. The surface water alsc increases through the decades in the
GON and CMA scenarios. Comparing the results of Tables 4.1 and 4.2,
the groundwater pumping in the CMA scenario is observed to be higher.
The CON scenario appears to compensate for this by providing more
surface water. As a result, more imported water is needed in the CMA
scenario in each decade. This is expected since the model has more
freedom to spatially allocate groundwater in the CON scenario than in
the CMA scenario., In this, and subsequent comparison between scenarios,
note that the scenario with the more restricted bounds on variables

will generally yield less total water than another scenario.

The SMA scenario results in Table 4.3 show a similar increasing
trend in groundwater pumping from the first to the fifth decade. The
same is indicated in the tabulated results for the first three decades

of the SUB gcenario. Comparing the results of the SMA and SUB
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Table 4.1

Summary of Optimal Steady State Solutions for the CMA Scenario
(acre-ft per year)

EARCS AREA TOTAL YALUES 1990 2000 2010 2020 2030

Water Demahd C.581,116 5 848,938 6,177,345 6,449,296 6,760,397
Deep Aquifer Demand 59,535 59,585 55 585 59_585 59,585
Quaternary Aquifer Demang 5 521,538 5,789,354 6,117,761 6.309,717 6,700,813

DEMAKDS
Municipal and Industrial Demand 38,103 40,959 43,362 1,200 47,998
Agricultural Demand 5 543,013 5,807,979 6,133,983 6,435,006 6,712,399
SOURCES
Groundwater Pumping 3,697,917 3,947,121 4,197,644 4,394,633 4,610,769
Surface Water 1,104,789 148,284 , 201,084 249,541 293,949
lmported Water 718,832 693,949 719,033 745,538 796,095
AQUIFER YOLUME BALANCE
Groundwater Pumping 3,697,517 3,047,121 4,197 644 4,394 632 4,610,769
Stream-hAquifer interflow -3, 643,680 -3.893,010 -4,143,480 -4,340,420 -4,556,670
Recharde 54,041 54,112 -54,165 54,712 -54,007
RIVER YOLUME BALANCE

River Influent 364,216,700 | 384,216,700 | 384,216,700 | 384,216,700 | 384,216,700
River Overland inflow 101,250,900 { 101,250,900 | 101,250,900 | 161,250,900 | 101,250,900
River Surface Water - 703,828 - 747,323 - 800,123 — 548,580 - 897,988
Hiver Siream-Aquifer intefflow -1,056,660 1,148,940 1,743,110 -1,316,700 -1,403.490
System Ef(luent 483,707,100 | 483,571,400 | 483,424,400 | 483,307,360 | 483,171,100
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Summary of Optimal Steady State Solutions for

Table 4.2

(acre-ft per year)

the CON Scenario

EARCS AREA TOTAL VALUES 1930 2000 2010 2020 2030
Water Demand 5,581,116 5,848,938 6,177,345 _6,449,296 &,760, 397
Deep Aquifer Demand 59,585 59,585 59, 585 59,585 59,585
Quaternary Aquifer Demand 5,521,538 5,789, 354 6,117,764 6,389,712 6,700,813

DEMANDS
Municipal and jndustrial Demand 38, 103 40,959 43,362 14,200 47,998
Agriculiural Demand i 5,54),013 5,807,979 5,133,983 6,435,096 6,712,399 |
SOURCES
Groundwiler Pumping 3,693,930 3,942,953 4,193,555 4,394,518 4,608,469
Surface Water 1,111,330 1,155,402 1,208,623 1,282,551 ,302,24
[mported Kater 716,279 690,999 715,583 742,643 790, 102
AGUIFER YOLUME BALANCE
Groundwater Pump ing 3,693,930 3,942,953 4,193,555 4,394,518 4,608,469
Stream-Aquifer Interfiow -3,639,700 -3,888,780 -4,139, 240 =4, 340,260 -4,554,150
Recharge -54,233 -54,178 -54 215 -54,25% -54,320
RIVER YOLUME BALANCE ’
River Enfluent 384,216,700 384,216,700 384,216,700 304,216,700 384,216,700
-River Overiand inflow 101,250,900 101,250,900 101,250,900 101,250,900 101,250,900
River Surface Water ~-710,169 —754,441 - 807,662 ~ 851,590 -901,280
River Stream-Aguifer Interflow -1,051,730 -1,143,510 -1,237,390 -1,314,760 -1,397,790
System Effiyent 483,705,500 483,569,600 483, 422,500 483,301,200 483,168,500
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Table 4.3

Summary of Optimal Steady State Solutions for the SMA Scenario
(acre-ft per year)

1990

EARCS AREA TOTAL YALUES 200G 2010 2020 2030
Water Demand . 5,149,504 7,033,131 7,926,252 8,813,210 9,702,367
Deep Aquifer Demand 59,585 59,585 59,585 59.58% 59,585
Quaternary Aguifer Demand 6,089,920 5,978,547 7,866,668 8,753,626 9,642,183

DEMANDS
Municipal and Industrial Demang 42,259 45,400 48,039 '49.401 53,174
Mricultural Demand 6,107,245 6,992,731 7,878,213 §,763,71% 9.649,19)
SOURCES
Groundwater Pumping 3,505,118 4,458,991 4,982 305 5,467,387 508,29
Surface Water 1,172,637 1,302,346 1,432,043 1,561,750 691,453
lmported Water 1,012,165 1,217,210 1,452,320 1,724,489 2,043,034
‘ AGUIFER YOLUME BALANCE
Groundwater Pumping 3,905,118 4,458,991 4,982,305 5,467,386 5,908,291
Stream-Aquifer Interflow -3,851,050 -4, 404,820 -4,928,140 -5,413,220 -5,854,140
FRecharge -54,071 =54 173 =54, 166 -54, 166 -54,149
RIVER YOLUME BALANCE
River Influent 384,216,700 384,216,700 304,216,700 384,216,700 384,216,700
River Overland 1nflow 01,250, 90( 101,250,900 101,250,500 101,250,900 101,250,900
River Surface Water —771,67¢ - 901, 385 -1,031,082 -1, 160,789 -},290,497
River Stream-Aquifer Interflow -1,072,350 -1,268,22 -1,456,590 -1,635,510 -1,805,770
System Effluent 483,623,600 483,298,000 482,979,900 482,671,200 482,371,300
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Summary of Optimal Steady State Solutions for

Table 4.4

(acre-ft per year)

the SUB Scenario

EARCS AREA TOTAL YALUES 1990 2000 2010 2020 2030
Water Demand 5,14%,504 7,038,137 7,926,252 8,813,210 9,702,367
Deep Aquifer Demand 59,585 59,58 59,585 59,565 5¢,585
Qualternary Aquifer Demand 5,089,920 6,978,547 7,866,668 8,753,626 9,642,783

DEMANDS
Municipal and Industrial Demand 42 259 45,400 48,039 49 451 53,174
Mgricultural Demand 6,107,245 6,992,731 7,878,213 8,763,719 9,649 193
SOURCES
Groundwater Pumping 3,905,118 3,919,134 3,930,132 3,930,132 3,930,132
Surface Water 1,172,637 1,302,986 1,433,134 433,14 433,14
Imorted Water 1,012,165 1,756,427 2,503,402 3,390,360 4,279,517
AQUIFER YOLUME BALANCE
Groundwater Pumping 3,905,118 3,919,314 3,930,132 3,930,132 3,930,132
Stream-Aquifer Interfiow -3,851,050 -3,865,030 -3,875,990 -3,875,990 ~3,875,990
Recharge -54,071 -54,108 -54,146 -54 146 -54,146
RIVER VOLUME BALANCE
River Influent 384,216,700 | 384,216,700 | 384,216,700 ] 384,216,700 | 384,216,700
River Overland Inflow 101,250,900 101,250,900 10} ,250,9¢0 101,250,900 101,250,900
River Surface Water ~771,676 - 902,025 -1,032,173 -1,032,173 -1,032,173
River Stream-Aquifer Interflow -1,072,350 -1,081,010 -1,0688,040 -1,088 340 -1,088,040
System Efflyent 483,623,600 483,484,600 483,247,400 483,347,400 483,347,400
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scenarios, the groundwater pumping in the SMA scenario 1s significantly
higher in each decade. Moreover, the imported water needs of the SMA
scenario are lower than the unmet needs of the SUB scenario. These
results indicate that the strategies of the SMA scenario utilize more

available water than those of the SUB scenario.

The G-ratlo, T-ratio, and the area’s average final saturated
thickness are presented in Tables 4.5, 4.6, and 4.7; respectively, for
comparison purposes, The G-ratio is defined as the ratio of the area'’'s
total optimal pumping to its teotal groundwater demand. On the other
hand, the T-ratio refers to the ratic of the total provided water to

the total water demand.

Table 4.5 shows that in the CMA and CON scenarios, there is an
increase in the G-ratio from the first to the third decade. The trend
is reversed during the fourth and fifth decades. A decade-by-decade
comparison of G-ratios reveals higher values in the CMA scenario, Table
4.6 shows that the T-ratios of the CON scenario are slightly higher in
all décades. Therefore, the CON scenario provides more total water than
the CMA scenario, even though the CMA scenario provides more

groundwater.

Finally, the average final saturated thickness are comparable in
the CMA and CON scenarios. Neote that the reported saturated thicknesses

are those of the final steady-state potentiometric surface that would
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Table 4.5

G-Ratio for Alternative ScenaTios

DECADE SCENARIO
CMA CON SMA SUB
1990 0.7288 0.7280 0.6921 0.6921
2000 0.7389 0.7382 0.6828 6.6001
2010 0,7403 0.7396 0.6716 0.5297
2020 0.73986 0.7398 0.6583 0.4732
2030 0.7374 0.7370 0.6426 0.4274
where:

G-Ratio = total optimal pumping / total groundwater demand

Table 4.6

T-Ratio for Alternative Scenarios

DECADE SCENARIO
CMA CON SMA SUB
1890 0.8698 0.8703 0.8338 0.8338
2000 0.8801 0.8806 0.8256 0.7483
2010 0.8825 0.8830 0.8154 0.6818
2020 0.8833 0.8838 0.8030 0.6127
2030 0.8812 0.8821 0.7881 0.5562

where:
T-Ratio = total optimal pumping plus surface water / total water demand
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Table 4.7

Average Final Saturated Thickness for Alternative Scenarios (ft)

DECADE SCENARIO
CMA CON SMA SUB
1950 78 78 76 76
2000 77 76 72 76
2010 75 75 69 5
2020 74 74 67 75
2030 73 73 65 75
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ultimately evolve if the pumping strategy of a particular decade were
continued for a long period of time. These are mot the gaturated

thicknesses that would exist during the particular decade.

Both scenarios that use projected water demands in the absence of
conservation measures show decreasing values of T-ratio and G-ratio
with time. Based on these ratios, the SMA scenarioc provided
significantly more water than the SUB scenarie. Analysis of the
resulting final saturated thickness (Table 4.7) indicates that the SUB
scenario maintained higher wvalues of final saturated thickness. This is
so because the SUB scenaric assumes the same pumping strategy for each
of the last three decades. Once again, the reported saturated
thicknesses and heads are those that would ultimately evolve, and may not

exist by a particular decade.

Comparing total groundwater pumping values in Tables 4.1-4.4 with
final saturated thickness in Table 4.7 illustrates that as total pumping

increases, final saturated thickness decreases.

The analysis of results was based on the study area's total
values. A cell-by-cell comparison of strategies 1s not attempted.
However, the cell-by-cell GAMSOP (Genetral Algebraic Modeling System
Qutput Processor) listing of the stfategies are included in Appendices
A, B, and C. GAMSOP and instructions for its use are available at the

University of Arkansas Computing Center (1988).
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Table 4.8

Description of Sensitivity Runs

PARAMETER VARIED

recharge factor
recharge factor
hydraulic conductivity
hydraulie conductivity
river conductance
river conductance
tiver influent

river influent
overland inflow
overland inflow

river cell effluent
river cell effluent
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VARIATION FROM
MODEL CON2010.

100% decrease
100% increase
20% increase
20% decrease
20% increase
20% decrease
20% increase
20% decrease
20% increase
20% decrease
20% increase
20% decrease

COMMENT

infeasible
optimal
infeasible
optimal
optimal
optimal
optimal
optimal
optimal
optimal
optimal
optimal




Table 4.9

Summaty of Optimal Steady State Solutions for Feasible
Sensitivity Runs (acre-ft per year)

EARCS AREA TOTAL YALUES B ] £ F G
Nater Demand 6,177,345 6,177,345 6,177,345 6,177,345 6,177,345
Deep Aquifer Demand 59,585 59,585 59,585 53,585 59,585
Quaternary Aquifer Oemand 5,117,761 6,117,761 6,117,761 6,117,761 6,117,76

DEMANDS
Municipal and Industrial Demand 43,362 43,362 43,362 43,3162 43,362
_Agricultural Demand £,133,983 6,133,983 6,133,983 £,133,983 6,133,983
SOURCES
Groundwater Pumring 4,290,151 4,211,602 4,302,437 4,019,952 4,193,555
Surface Water 1,207,950 1,198,717 1,208,621 1,208,532 1,208,621
[mported Water 619,660 707,441 606,700 889,216 715,583
AQUIFER YOLUME BALANCE
Groundwater Purping 4,290,151 4,211,602 4,302,437 4,019,952 4,193,555
Stream-Aquifer Interflow -4,233,590 -4,157,890 -4,247,850 -3,966,200 -4,139,40
Recharge -76,560 -53,708 -54 504 -53,750 -54 215
RIYER YOLUME BALANCE
River Influent 384,216,700 384,216,700 384,216,700 384,216,700 461,060,000
River Overland Inflow 101,250,900 101,250, %00 101,250,900 101,250,900 101,250,900
River Surface Water 806,990 197,757 807,662 807,632 807,662
River Streas-Aquifer Interflow -1,246,840 -1,1562,600 -1,172, 410 -1,304,020 -1,237,190
System Effiuent 483,413,800 483,517,200 483,487,500 483,355,900 560,265,900

EARCS AREA TOTAL YALUES H 1 J K L
Hater Demand 6,177,345 6,177,345 6,177,345 6,177,345 6,177,345
Deep Aquifer Demand 59, 585 59,585 59,585 59, 585 59,585

aternary Aguifer Demand 6,117,761 6,117,761 6,117,761 6,117,761 1 6,117,761
DEMANDS
Hunicipal and Industrial Demand 43,362 43,362 43,362 43,362 43,362
Agricultural Demand 6,533,983 6,133,583 65,133,983 5,133,983 6,131,983
SOURCES
[ Groundwater Pumping 4,193,555 4,193,555 4,193,555 4,193,555 4,193,5%5
Surface Water 1,208,623 1,208,623 1,208,623 1,208,623 1,208,623
imported Water 715,583 715,583 715,583 715,583 715,583
AQUIFER YOLLME BALANCE
Groundwater Purping 4,19),555 4,193,555 4,193,555 4,191,555 4,193,555
Stream-Aquifer interfliow -4,139,340 -4,139,340 -4,139,340 -4,139, 340 -4.139,340
Recharge -54,715 -54,21% -54,215 -54,215 -54,215
RIVER YOLUME BALANCE
River [nﬂuer_tt. 307,373,300 304,216,700 384,216,700 384,215,700 384,216,100
River Overiand Inflow 101,250,900 | 171,501,100 81,000,740 | 101,250,900 | 101,250,900
River Surface Water BO7, 662 807,662 807,662 807,662 807,662
River Stream-Aquifer Interfiow 1,237,390 1,237,390 -1,237,390 1,237,390 1,237,390
System E£ffluent 406,579,200 | 503,672,700 | 463,172,400 | 483,422,500 | 483,422,500
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4.3 Sensitivity Analysis

This section presents the results of sensitivity runs made on model
CON2010. Table 4.8 provides a list of the parameters that were
systematically varied. Table 4.8 also shows the degree of variation
that was implemented in each run. The results of the feasible

sensitivity runs are presented in Table 4.9,

The experimental results show that when the recharge factor is
reduced to 1, the model fails to converge into é feasible strategy. The
same effect is observed when a 20% increase in hydraulic conductivity is
in effect: Sensitivity run B shows that the system can provide about 2
percent more water (compared with run CON2010) when the permitted
recharge at constant head cells is increased (when recharge at each cell
can be up to 3 times as much as observed in 1982). Surprisingly, Run D
indicates that a decrease in hydraulic conductivity increases
groundwater use slightly (0.4 percent). However, surface water use
decreases and, as expected, total water use decreases. surface water
and lower unmet water demand. Higher river conductance values (Run E)
result in increased flow from stream to aquifer and enhanced total
system performance. On the other hand (Run F), a decrease in this
parameter adversely affects the the total available water from the area.
Results show that the EARCS area is completely insensitive to tested
variations in river influent, overland inflow, and lower limit on

effluent.
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4.4 Summary

In this chapter, a tabulated summary of results is presented for
each one of four alternative scenariocs. Results show that the
groundwater pumping wvalues increase with decade in all scenarios. A
comparison of demand and total optimal conjunctive water use yields the

following.

Total demand of SMA and SUB is greater than that of CMA and CON, ie.

demand is greater if conservation measures are not implemented:

SMA = SUB > CMA = CON

Total provided water is greatest for the SMA scenario and is from 5 to
28 percent greater (first to fifth decade respectively) greater for the
SMA than for the CMA scenario. CON and CMA scenarios provide about the
same volume of water. In fact, total provided water in the CON scenario
is never more than 0.2 percent greater than that of the CMA scenario.
Furthermore, total provided water ranges from being equal in SMA and SUB
strategies in the first decade, to being 20 percent greater for SMA than
for SUB in the third decade, to being 42 percent greater for SMA than

for SUB in the fifth decade.

SMA > CON -~ CMA > SUB

Consideration of the ratios of total provided water to total water
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demand (T-ratio) shows that the raties for CON and CMA are very similar.
These scenarios have better T-ratios than the SMA scenario, which in

turn is better than the SUB scenario,

CON ~ CMA > SMA > SUB O 1 15 ]

If no conservation measures can be implemented, the SMA strategies
are preferred to the SUB strategies, because numerical infeasibility
prevented SUB strategies from being developed for all decades. If
conservation measures can be implemented, CMA strategles are preferable
to those from the CON scenarie, because they assure that municipal and
industrial demand can be satisfied in all decades. Equation (15) shows
that if conservation measures can be implemented, CMA strategies are

preferred to SMA strategies.
Results of the sensitivity runs indicate that the model is

sensitive to changes in the aquifer parameters. However, no

significant effect is observed to result from varying streamflow values.
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CHAPTER V

CONJUNCTIVE ALLOCATION OF WATER RESOURCES

5.1 Monthly Allocation Model

The solution of the optimization model described in Chapter III
results in the optimal annual volumes of groundwater and surface water
to be used in each cell. The sum of optimal groundwater and surface
water is the optimal amount of available water. The annual unsatisfied
demand is the difference of the total water demand and optimal available
water. The annual unsatisfied demand is met by importing water from
other sources., A better knowledge of the distribution in time of the

unsatisfied demand is needed for system diversion design purposes.

The monthly allocation model serves as a post-processor to the
management model described in Chapter III. Thus, the optimal annual
groundwater and surface water use in a particular decade is assumed to
be known. Furthermore, the cell-by-cell annual unsatisfied demand is

computed prior to allocation.

In this report, municipal and industrial use is given the highest
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priority. This means that in each cell, the avallable water is
allocated to M & I use to the extent possible before considering other
types of water demand. More specifically, in each cell, optimal
groundwater is first alloted to M & I use. If the optimal groundwater
volume is insufficient to fully supply the M & I demand, the remaining
unmet M & I demand is obtained from surface water. Any final remaining
unmet demand is reported as the annual M & I unsatisfied demand. We
assume that any unsatisfied M & I demand will be provided by import from

other sources.

In each cell, the optimal groundwater volume less the amount
allotted to M & I use is available for agricultural use. The optimal
surface water volume less the amount allocated for M & I purposes is
likewise available for agriculture. Allocation of the water resources
to agriculture is accomplished by alleting as much of the available
groundwater at the end of the irrigation season as possible. This
allocation proceeds backward in time from September to April.
Subsequently, available surface water is allocated beginning with April
and p&oceeding to September. In the event that agricultural demand is
net met, the unsatisfied demand will need to be provided from imported

water.
The distributicn in time of available water and unmet water

needs may be accomplished in two ways. The option to implement the

menthly allocation model in VILMA (written in GAMS) may be chosen. This
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option is applicable if available groundwater is sufficient to satisfy M
& I demand. Alternatively, one may use the FORTRAN computer program,
ALLOCATE, shown in Appendix D. All monthly results in this study are
obtained using ALILOCATE. Data input format for ALLOCATE is found in

Appendix E. Sample output from ALLOCATE is shown in Appendix F.

5.2 Analysis of Results

Results of the allocation of water resources for the CMA, CON, SMA,
and SUB scenarios are presented in Tables 5.1, 5.2, 5.3, and 5.4;
respectively. The tabulated results for the CMA and CON scenarios show
a definite trend of increasing agricultural groundwater use in each
month from the first decade to the fifth decade, The trend of
increasing use through thevdecades is also observed in the monthly
surface water use. The monthly groundwater use in the CMA scenario is
generally lower than that for the CON scenario in all decades. However,
the monthly agricultural surface water allocation in the CMA scenario is
generally higher. In spite of this, the monthly unsatisfied demand

remains higher in the CMA than in the CON scenario.
The CMA scenario guarantees enough groundwater supply for M & I,

This is confirmed in results shown in Table 5.1. There is no surface

water component in the reported M & I use in this table. Similarly,
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Table 5.1

Summary of Conjunctive Water Allocations for the CMA Scenario
(annual values in acre-ft per year, monthly values in acre-ft per month)

EARCS AREA TOTAL VALUES 1990 2000 2010 2020 2030
APRIL 1,793 3,669 5,45 7,202 8,520
TOTAL MOHTHLY MAY 267,802 304,659 339,26 367,104 390,895
AGRICULTURAL, . JUNE 681,773 743,049 796,506 848,915 883,008
GROUMDWATER JULY 1,270,281 | 1,343,675 | 1,417,122 | 1,478,512 | 1,533,719
USE AUGUST 1,246,669 | 1,310,196 | 1,383.27 (454,487 [ 1,512,045

__['strreveer 91,495 700,914 712,67 724,213 238,18
ANRUAL AGRICULTURAL GROUNDWATER USE 3,659,814 | 3,906,162 | 4,154,282 | 4,380,433 | 4,562,177
ANRUAL M & | GROUNDWATER USE 38,103 40,959 43, 362 14,200 47,998 |
TOTAL GROUNDWATER USE 3,697,017 | 3,947,121 | 4,197,644 | 4,394,633 | 4,610,769
APRIL 26,797 21,610 78,486 29,254 29,987
TOTAL HONTHLY MAY 287,084 290,515 295,398 299,412 302,819
AGRICULTURAL JUNE 230,42 236, 4¢ 246,83 756,720 765,872
SURFACE WATER JULY 300,2 24,132 A7, 128 368,722 387,890
USE [AVGUST 223,876 232,284 244,898 755,875 266,511
SEPTEMBER 36,350 36,682 38,147 39,557 40,87%
ARNUAL AGRICULTURAL SURFACE WATER USE | 1,104,789 | 1,148,284 | 1,701,084 | 1,249,541 | 1,293,949
ANNUAL M & T SURFACE WATER USE 0 1] 1] 0 0
TOTAL SURFACE WATER USE 1,104,789 | 1,148,784 | 1,701,084 | 1,249,541 | 1,293,949
APRIL 98 111 152 219 285
TOTAL MONTHLY HAY 70,11 72,70 80,502 91,587 103,490
UNSATISFIED JUNE 3,15 67,572 183,774 4,230 217,152
AGRICUL TURAL JULY 5,95: 238, 360 742,807 253,560 265,180
DEMAND [AUGUST 208,924 96,496 193,786 88,716 197,674
SEPTEMBER 20,554 8,709 18,013 17,206 17,314
ANNUAL AGHICULTURAL UNSATISFIED DEMAND | 718,832 £93,949 715,013 745,538 796,095
ettt -

ANNUAL M & | UNSATISFIED DEMAND 0 [1] 0 [ 0
TOTAL UNSATISFIED DEMAND 718,832 693,949 719,033 745,538 796,095
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Table 5.2

Summary of Conjunctive Water Allocations for the OON Scenario
(annual values in acre-ft per year, monthly values in acre-ft per month)

EARCS AREA TOTAL YALUES 1950 2000 2010 2020 2030

APRIL . 794 3,669 5,351 7,202 3,920
TOTAL MONTHLY HAY 268,466 ] 304,711 340,595 367,044 352,096
AGRICULTURAL JUNE 681,582 743,618 797,976 849,107 884,868
GROUNOWATER JULY 271,811 | 1,346,450 | 1,418,200 | 1,480,920 | 1,635,658
USE AUGUST 2248,815 [ 1,311,568 384,534 1,455,604 | 1,515,258

| | SEPTEMBER 91,891 200,838 213,270 224, 301 234,687 |
ANHUAL AGRICUL TURAL GROUNDWATER USE 3,664,358 | 3,911,294 | 4,160,026 | 4,384,178 | 4,571,487
ARRUAL W & | GROUNDWATER USE 29,572 31,659 33,529 10,340 36,987
TOTAL GROUKOWATER SE 3,693,930 | 3,942,953 | 4,193,555 { 4,394,5\8 | 4,608,469
APRIL 26,652 27,45 28,333 29,244 29,834
TOTAL MONTHLY HAY 286,147 789, 44 294,334 299,029 301,485
AGRICULTURAL JUNE 230,165 236,23 246,531 256,490 265,632
SURFAGE WATER JULY 300,076 324,612 AT, 484 368,502 387,660
USE AUGUST 223,876 237,284 244,498 255,875 266,511
SEPTEMBER 36,390 36,682 38,147 39,557 40,879
ASNUAL AGR1CULTURAL SURFACE WATER USE | 1,103,302 | 1,146,697 | 1,199,426 | 1,248,698 | 1,292,00
ANUAL W § | SURFACE WATER USE 8,028 8,705 9,19 3,853 10,239
TOTAL SURFACE WATER USE 1,131,330 | 1,155,402 | 1,208,623 | 1,252,563 | 1,302,241
APRIL 243 26 305 2 38
TOTAL MONTHLY MAY 10,30 13,123 80,230 92,029 03,614
UNSATISF1E0 JUNE 63,602 167,242 182,503 194,264 5,532
AGRICULTURAL JULY 54,603 235,665 741,971 25),392 63,472
DEMAND AUGUST 208,779 194,724 197,524 187,600 89,461
SEPTEHBER 20,157 18,786 17,415 17,118 16,809
ANNUAL AGRICULTURAL UNSATISFIED DEMAND] 715,776 690,404 714,947 742,636 789,326
ANNUAL H % | URSATISFIED DEMAND 503 595 636 7 177
I TOTAL UHSATISFIED DEMAND 716,279 690,999 715,583 742,643 790,103
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Table 5.3

Summary of Conjunctive Water Allocations for the SMA Scenario
(annual values in acre-ft per year, monthly values in acre-ft per month)

EARCS AREA TOTAL YALUES 1950 2000 2010 2020 2030

APRIL 2,175 4,438 6,869 9,084 11,179

TOTAL MONTHLY HAY 278,2 337,602 382,607 475,546 456,380
AGRICULTURAL JUNE 695, 11 187,084 881,838 957,856 | 1,017,099
GROUNDNATER JOLY 1,332,696 | 1,510,754 | 1,673,045 | 1,828,101 | 1,967,691

USE AUGUST 1 946,060 11,535,228 | 1,719,690 ! 1,896,546 | 2,071,535
SEPTEMABER 08,59 238,484 270,218 300, 662 331,234

AANUAL_AGR1CULTURAL GROUNDWATER USE 3,662,859 | 4,413,591 | 4,934,266 | 5,417,696 | 5 855,117
ANNUAL W § | GROUNDWATER USE 42,25 45,400 48,039 49,49 53,174
TOTAL GROUNDWATER USE 3,905,118 | 4,458,991 | 4,982,305 | 5,467,387 | 5,908,291
APRIL 28,159 30,504 32,626 34,591 36,310

TOTAL MONTHLY [HAY_ 307,993 322,230 340,140 357,383 374,412
AGRICULTURAL JUNE 247,579 273,537 300,863 328,812 356,998
SURFACE WATER JULY 307,275 348,002 388,302 429,995 471,268

usE AUGUST 246,720 262,942 319,167 355,392 391,620
SEPTEMBER 39,910 45, 130 50, 345 55,577 60,791

ANNUAL AGRICULTURAL SURFACE WATER USE | 1,172,637 | 1,302,346 | 1,432,043 | 1,561,750 | 1,691,458
ANNUAL B & | SURFACE WATER USE 0 0 [ 0 0
TOTAL_SUAFACE WATER USE 1,172,637 | 1,302,346 | 1,432,043 | 1,561,750 | 1,691,456
APRIL 38 113 z2 684 1,447

TOTAL MONTHLY HAY 103,653 135,458 182,996 233,19 295,668
UNSATISFIER JURE 273,605 309, 366 376,976 462,714 564,993

AGR I CULTURAL JuLY 376,41 445,425 529,978 621,577 728,429
DEMAND { AUGUST 266,66 795,979 329,976 371,546 415,028
SEPTEMBER 27,723 30,862 32,174 34,775 37,249

ANNUAL AGRICULTURAL UNSATISFIED DEMAND | 1,012,165 | 1,217,210 | 1,352,320 | 1,724,490 ! 2,043,034
ARNUAL & 1 UNSATISFIED DEMAHD 0 o 0 0 6
TOTAL UNSATISFIED DEMAND 1,002,165 | 1,217,210 | 1,452,320 | 1,724,490 | 7,043,034
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Table 5.4

Summary of Conjunctive Water Allocations for the SUB Scenario
(annual values in acre-ft per year, monthly values in acre-ft per month)

EARCS AREA TOTAL YALUES 1950 2000 2010 2020 2030
APRIL S 2,178 39 106
TOTAL MONTHLY MAY 278,211 69,219 1,01
AGRICULTURAL JUNE 695,119 576,361 436,922
GROUNDWATER JULY ;332,696 1,452,587 1,441,636
USE AUGUST 346,060 1,335,874 1,701,910
SEPTEMBER 208,596 240,443 272,293
AHNUAL AGR[CULTURAL GROUNDWATER USE 3,862,859 3,874,623 3,883,877
AHNUAL M 3 T GROUNDWATER USE 42,259 44,511 46,255
TOTAL GROUNDWATER USE 3,905,118 3,919,134 3,930,132
APRIL 28,159 30,492 32,603
TOTAL MONTHLY MAY 302,993 322,074 339,940
AGRICULTURAL JUNE 247,579 273,538 300,852
SURFACE WATER JULY 307,275 348,005 388,697
UsE AUGUST 246,720 282,942 319,167
SEPTENBER 39,910 45,116 . 50,328
ANNUAL AGRICULTURAL SURFACE WATER USE 1,172,637 1,302,167 1,431,587
ANNUAL M & | SURFACE WATER USE [ 819 1,547
TOTAL SURFACE WATER USE 1,172,637 1,302,986 1,433,134
APRIL 98 4,430 7,007
TOTAL MONTHLY HAY 103,653 403,997 534,792
UNSATLSF 1ED JUNE 237,60 520,089 821,903
AGRICUN, TURAL JULY 376,41 503,590 761,592
DEMAND AUGUST 266, 665 295,334 347,755
SEPTEMBER 21,723 28,918 30,116
ANNUAL AGRICULTURAL URSATISFIED DEMAND | 1,012,)65 1,756,357 2,503,165
ANNUAL N 3 | URSATISFIED DEKAND 0 10 237
TOTAL UNSATISFIED DEMAND- 1,012,165 1,756,427 2,500,402
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there is no annual M & I unsatisfied demand in any decade. However, as
seen from the optimal annual strategies, guaranteeing M & I needs

results in an Iincrease in the overall volume of needed imported water.

Results of the SMA and SUB scenarios support the conclusions made
in Chapter IV. The system performance in the SUB scenario is inferior
to that of the SMA scenario. It should be noted that mo allocations are
reported for the last two decades of the SUB Scenario. As discussed in
Chapter IV, the optimal annual available water in the fourth and fifch
decades of this scenario is assumed to be the same as that of the third
decade. Therefore, the monthly allocation of groundwater and surface
water in the fourth decade is based on the optimal amounts of available
water in 2010 as applied to the water demands of 2020. Similarly, the
monthly allocation for 2030 ig based on the amounts of available water

in the third decade.

Tables 5.1 through 5.4 present summaries in terms of area totals
of the monthly allocation in the EARCS area. The detailed cell-by-cell
allocations are not included here to keep this report within

manageable size. They are included on attendant magnetic tapes.
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5.3 Summary

The results of the monthly allocation of available water provide
information that is important for planning long-term conjunctive water
use systems. Specificially, monthly water resource allocation is
performed such that the allocation is in harmony with the annual volumes
of available water. The use of the methodology discussed in this
Chapter is recommended for coarse planning of conjunctive allocation of
water resources. Because only annual and monthly average data is used in
this effort, more detailed verification of the daily streamflow that may
result from strategy implementation is desirable for actual system

design.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

6.1 Report Summary

A mathematical optimization/simulation model of the Quaternary
Mississippi Plain Alluvial Aquifer in eastern Arkansas is presented.
The model maximizes the tdtal annual allocation of surface water
resources énd sustained groundwater yield for this 13,000 square mile
area. Through an iterative steady-state approach, the model
appropriately considers the development of unconfined conditions while
simultaneously assuring the sustainability of any computed optimal
groundwater extraction strategy. The model develops optimal strategies
for anticipated time-varying demands of the five decades between 1990

and 2030. Resulting unsatisfied future water demands are also reported,

30




Four tested scenariocs Include twe which assume the implementation
of on-farm water conservation measures (CMA and CON) and two which do
not anticipate increased conservation practice (SMA and SUB)}., The CMA
and SMA scenarios assure that M & I demand will be satisfied in all

decades. CON and SUB scenarios do not.

Optimal future groundwater and surface use strategies are presented
and the results are analyzed. The allocation of monthly groundwater
pumping and surface water use is also reported. The allocation model
ensures that the sum of monthly values are in harmony with the annual

optimal strategiles.

6.2 Conclusions and Recommendations

In general, since water demand increases with time, optimal
groundwater and surface water use increases with time also. However,

physically available water is insufficient to fully satisfy the water

demand in any scenario.
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Review of results indicates that strategies from the CMA scenario
provide greater groundwater pumping than those from the CON scenario,
However, GON strategies provide slightly more total water (up to 0.2
percent more), If conservation measures will be implemented by water
users, the CMA scenarioc is preferred between the two scenarios because

it satisfies M & I demand in all decades.

Strategies from the SMA scenario provide significantly more water
than those from the SUB scenaric. Since SMA strategies also satisfy M &
I demand in all decades, the SMA scenario is preferred to the SUB

scenario.

By the year 2030, CMA strategies satisfy 88 percent of demand,
while SMA strategies provide 78 percent of their greater demand. If
avoiding or minimizing the need for physical diversion systems is a
goal, the CMA scenario is preferred over the SMA scenario., Whether it is
a realistic option depends in part on the ability of the state to

influence on-farm water use.
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Implementing a presented pumping strategy will probably not induce
more total groundwater flow across the Missouri-Arkansas border than is
currently occuring. Strategy implementation will result in the eventual
evolution of a steady-state potentiometric surface, Each such surface
will provide at least 20 feet of saturated thickness in each cell,
Figure 6.3 demonstrates the dynamic evolution of heads from current to
ultimate steady-state heads if the SMA scenario is implemented. This
figure is created by comparing heads simulated using an unsteady
simulation model (McDonald and Harbaugh, 1984} for the partially
unconfined aquifer system. The 'target’ heads are those computed by the
optimization medel. 'Simulated heads’ describe unsteady response to
pumping at the appropriate optimal rates for the first four decades,
followed by pumping at the optimal fifth decade rate for the last

sixteen decades,

Assuming average hydrologic conditions and accurate aquifer
parameters, implementing a presented strategy should assure that average
annual streamflow at critical control cells does not drop below
prespecified levels. Estimates of flow from the rivers to the aquifer

based on the optimal steady-state potentiometric surface are greater
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than will occur when the actual surface is higher than the ultimate
steady surface to which it is evolving. Actual streamflow increases as
flow to the aquifer decreases. Thus average streamflow based on optimal
steady-state interflow is consetrvative. Actual average streamflow will
probably be greater than the computed value during the next fifty

yedars.

Building conveyance systems for the time-varying diversion of
surface water from rivers within the area should be preceeded by more
detailed modeling of flow in those rivers. Currently available data is
inadequate for thils task. Once such data is available, a model that
optimizes allocation of a dynamic stream-aquifer system can be utilized

{Peralta and others, 1987).
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APPENDIX A

Optimal Annual Sustainable Groundwater Use Strategies
for Alternative Scenarios in Five Decades

{(parts a, b, and ¢ in each strategy)
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APPENDIX B

Optimal Annual Available Surface Water Use Strategies
for Alternative Scenarios in Five Decades
(parts a, b, ¢, and d in each strategy)
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APPENDIX C

Unsatisfied Annual Demand {(Additional Water Needed)
of Agricultural, Municipal and Industrial Users
for Alternative Scenarios in Five Decades
(parts a, b, and ¢ in each strategy)
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APPENDIX D

ALLOCATE Program Listing



anAaanAafRNAINNiNINAangnAOnNOANAnNAnNNNONnNnnNn

nitaonnnNnAnnnAannan

non

10
10
L L]

a0

LR TN R RN R R A R N N N R RN R RN RN LD T N Yy | ALLGDOV1O

ALLOOOZO

"ALLOCATE" ALLOGD3O

ALLOGOAD

ALLOOOSO

CONJUMCTIYE WATER ALLOCATION PROGRAM ALLOOESD

ALL0007S

[14 ALLOOORD

ALLODOND

HOSSETIM ATARMK]A AlLLoO10D

ALLOO1IO

aLLo0129

UMDER THE SUPERYIBION OF AlLoO138

aLLo0Y40

OR. M. C. PERALTA ALLOO1BO

ALLSOIBO

ALLOOD1TO

UNIYEREITY OF ARKANGAS ALLOOIBO

JUNE 1028 aALLOGIND

ALLOO20O

ALLoo210

[ PR IR RS RET AR IR IR R RN RPN RINITRETTNYY ALLOO220

ALLDezde

ALLooZs0

THIS PROCRAM ALLOCATES AVAILARLE GROUND-WATER PROM SEFTENMBER BACK ALLOGESD

TO APAIL TD SATIEFY MONTHLY WATER DEMANDS, 1P AVAtLARLE GROUND- ALLoDINO

WATER IS NOT ENOUGH TO SATIEFY THE MANDS , THEN CALEULATES MONTWLYALLOOZTO

TOTAL SURFACE-WATER-MERD FOR EACH LL. THEW ALLOCATES BURPACE- ALLoG280O

WATER 1O SATISFY CBC MONTHLY BURFACK-WATER-NEED FROM APRIL TO ALLOcZRO

SEPTEMBEN. ALLORIRS

IF AVALABLE BRDUND-WATER AND SURPACE-WATER IS NOT ZNOUGH TO ALLODIYO

SATISFY WATER DEMAND, CALTCULATES CBE MONTHLY UNSATISFIED DEMANDS ALLoG32S

TO BE IMPEATHED FROM OTHER SQURLCEE AND COMPARES THEM WITH * JUY ALLODIZO

ALLOOI 4D

THE RESULTS OF CONJUNCTIVE ALLOCATION FPROGRAAM ARE TADLER FOR ALLOOJSG

CELL BY CELL MOKTHLY AND AMNUAL GROUND-WATER, SURFACE-WATER, ALLOOZNO

M & 1, AND TMPOATED-WATER-NEED. ALED A SUMMARY TABLE OF THE AlLLooX7T0

FINAL RESULTS. ALLooclse

ALLecI%O

ALLOGADD

DIMENSION HEADNS(30),NAME[2) ALLODATD

NEAL » & SWA{98,82),CPIws,52),7Ur(en,82), ALLOOAZD

" APRWNIGP.B2] AMAYW{ B2 B2}, AJUNW|sS,82), ALiooslO

s AJULW(SB.E2],AUGWNISS . B2), SEPWN(SS,52), ALLocsso

¥ RGPRIEN,BZ).RGPE[E 2).aGra{en, 82}, ALLOGABOD

* RG*I(86,.82) RGr2( 2).hG*ti0e K2}, ALLOoO4BO

e ECPE{SE . S2).CPRLX Leralog, 821, ALLDOATO

* GPI{#S,%52),.CP2(86,52) GP1168.82) ALLDOAND

* SURFEIBS,.E2) . SUAFS|{08, 52] . JUAFS] ALLODARND

" SUNAFI(R3,B2) SURFIIRE V1], .2UAF1{ ALLOOBOO

* RIWAS(O8,.52) RIWAE(UK,82) ASwas(s ALLOORIO

2 REWAX|GS,.52) AEWAZ(SE, 52) ASwaT( AlLLooB2o

= ESWHNE{S88.52)  ESWNS(%E 82) . R5wna| ALLOODEJO

o ESWNI(SB.B2) , ESWNZ[EN,52),.E5WwmT(a ALLOOBAO

» $2),3WAS( 55,52 ,swhsi{BSs, 82),

- $2),SWAT(96,52), TEMAT{GS, 52},

[ E2),TOTA(S s2), ALLOOCETD

. § 2),TOTI{88 B2} ACRCI(SN,52), ALLOOSBO

* TDTAC[98,52) GPMAIISS, $2) , SWHAI[SS, K2), RMATISI NG ,82) ,TWAD([S8,52)} ,ALLODEEO

a TACGP{NS,.82) TAGEW(OE £2) . TAGIMP({SR 82), TCNEED! SR ,52) ALLOOSDO

REAL » & ALLOOS1O

®» TCHCGP{GE,B2),.YCECSWI S8,82).TCRCIMIES, B2) COCYT(08,B2), TAMAL, ALLOOGE20

» T&1,TGz, TE3I, TGd, TGE, TER, TSAFY, TIRF2, TERF3, TSAr4, ALLOOSDO

v TERFE, TSRFE, TSWAY1, TSWAVZ, TEWAYI, TSWAYAR, TSWAVS, TSwAvS, ALLooR4O

*  TESWI, TEEWX, TESWY, TESwA, TESWE, TESWE, TGP, TSWAY, TISw , ALLOOWUSD

* TEWw ., TAPRN, TMAYN, TJUNN, TJULN, TAUGN, TEEFN, TN1D, TALL, ALLDOSROD

*  TALCY, TALEZ, TALC3I, TALES, TALECS, TALCE,TAMEED,TOTEWA, ALLOOSTO

« TE1,TS3, TS, T34, TEE, 7TES,TSMAI,TRTSWA, TOTSWIU,TEMAL, TOTGWY, ALLODOESO

o TIMPY TIMAT TIMPY, TIMPE, TIMPSE TIMPE, TRMAT, OWAD, TOTIMA, TOT 1My, ALLOOESO

" TAWAD, THMANDT, TOTAL,SYTOT, DSUM, 2DIF, ALLDGTOO

A ANT, ANZ,ANI, AN4 ANS,ANS,AMT ANG,AND ALLooTre

alLeorie

ALLOOTIO

amsnse DEFINITION OF YARIADLES +rraa ALLOOTRO

ALLOGOTSO

RGFT TO RGPS AEMINING MONTHLY GP APTER BATISFYING DEMAND IN AC-FT ALLOOGTNO

GFY1 TD GPE MONTHLY GRAOUND-WATER IN AL-FY ALLOO?TO

SWA1 TD SWAS MONTHMLY SURFPACE-WATER [N AC-FT ALLOOGTSOD

ESWNL TD & MONTHLY UNBATIBFIED DEMAND IN AC-FT ALLOOTSO

SURFT TD B MONTHLY SURFACE-WATERN-NEED [N AC-PT ALLocROO

Y61 TO TE® ANMUAL MONTHLY CROUNB-WATER ALLOCATED IN AC-FT/YR ALLODB1D

TE1 YO 788§ AMMUAL MONTHLY SURFACE-WATER ALLOCATED IN AC-FT/YR ALLOOS20

TiMPT TO & ANNUAL MORTHLY IMPDRTED-WATER-NEED IN AC-FT/YR ALLOOSA3O

ANT TO ANE ANMUAL MONTHLY TOTAL WATER ALLOCATED IN AC-FT/YR ALLOCAdO

ALLoO38O

ALLOORED

WRITE(S, 10) ALLooA7Q

FOAMATI/ /000 87 ) /// /28R, *CONJUNCTIVE WATER ALLOCATION') ALLOORSD

WAITE{S, K 50)
FORMAT(////
WRITE($ 30}
FORMAT [ /729
WAITE(S, a0])
KFORMATL/ /)

IR, "BY*////32N,HOSSEIN AIARMNIA')

X, "UNDER THE SUPERYIS[ON OF°//32X,."DA. R, £. PERALTA’) ALLOOCHZO

ZBN, "UNIVERSITY OF ARKANSAS///7/0BM, 'JuUNE 1848°/7/}

seces READ AMD PRINT HEADING vsc2a

READ|S,30]
FORMATIZN,32

WAME , HEADNG
A8,304s)

ALLOO#IO
ALLOORAD
ALL®
ALLOGIRO
ALLOOTTO
ALLOORAS
ALLOOS3O




-4
c

an

ann

onn

0

L0

WAITE[S, 801 HEADNG
FORMAT[/73Das/f//f13c { n" 1/}

TAMAL = ©
TANEED » ©

dEERARADARSS

PR 70 fr1,.80

READR|?.®

DD 80 [¢1,E8

CALL MANDI(GP SWA APRWK AMAYW AJUNW, AJULW, AUCWH
SEPWN TOTAG, GFMAL , SWMA] AMAID, TWab , CBCTT]

READ ZIUT TABLE

| NS 175 3 R TN

REAQ{T,*] I.lZUT(I,J},

oo O 1,58

READIY,*) P, (2UT(1,.4),

FROM CAMEDP DUTPUT

det,13)
Jr13,24)

Je2B, 281}

oo 109

og 110

nesse ALLOCATE

151,88
100 MEAD(T,s) I,(20T{
tr1,88

110 READIT,s) I,[2UT{

DO 300 139,88

DO 200 Jvi,B2
MGPRi{I, J)sGP[], J) -
1F(AEPRlI, ) . LE. O,
GRR(3, J)osEPWHI(T J)}

RCPE
1IF(R
1.4 3}

RGPA

cral

1
1F(nGP

[1
-1 4
1,
i
1

L ]
o

a
9

3
o

JIsRGFELT,J)
[1,J4) .LE. o,
}raUGWRIE, J)

J)SAGPERII,J}
11,4) .LE. O.
JraJuLwlI, J)

JIeRGPSI[] J)
(1,Jd) .LE. o,
I AJUNW([I,J)

yamGEPRLI,J}

1,4
GP2[!,Jd) .LE. ©.
1,4}

sAMAYWIT,J)

RGPILT ,J)emEP2(1,J)
IF{RGPI(I J} .LE. O.

IFIRGPYI{I,J) .GT. 10.} WRITE[S,120) I, J,.RGPIL], )
120 FOAMAY[ /20X, *munn WAANING:

L] HEED’ 218 ,F10_2)
GPI[I,JIsAPRWN[T, J])
GO0 To 200

1ae Gre(1,4) EP{1,d)

BUAFB(I,J}s-RGPELT
SURFE(]),J}rAVGWN]]
EURFa{l,J])
SURFI(],J] raJUNW(]
SURFZ(3,J)eaMAYW[ ]
SURFI(], . J)vaAPRWNI]

0 YO 200

149 CPE{I,J]l sACPSII,J]
SURFE[L J}s-REPS(T, I
BURRAI Y, 2)naJdULwiL, J
SURAFI{I,J)radunwil, o

EURFZIY, S)

MAYW( T, J

SURFI{I,JlcaPRWN(L , J
GD TD 200

1808 ara{r,d) amGPE(],
SURFAL],2)a-REP4[]
SURFI(L, ) saduaw]]
SURFZII J)samaryw(]
SURFTIL, J)sAPRWN(]

<+)
ad
.o
ool
o

G0 TO 200

180 GrElL1.J) aAGre|1,J)
SURAF3(I, d)c-RGP3I(] , J]

EURFZI1,4)

AMAYWI L, J

1.J), Jv3T.a8)

F.d), Jed9,82)

SEPWNLL,J)
°) &0 TO 130

o AUGWNIL,J)
&) &GO TO 180

« AJULWII,J}
o) GD TD 130

- AJUNWI], 2)
] GO TR 180

-~ AMAYW(I,J]
&) GO TO 170

- APAWNIIL, J)
8) G0 TO 130

}
)
]
)
)
1
]
)
)

1

SURAFY(] , JlsAPRWNIT , J}
cQ T0 100

170 Gr2{1,4]) AREFII,
SURFZI(T,J)z-RGP2[], .4
1.4

<)

SURFPI[(L JizAaPRWH|
cb TO 200

180 Gridl,Jd] emGP2(I1,4)
SURFI[) Jys-mMGraLl,J)

200 CONTINM

demsvaw

MONTHLY SURFACE-WATER ALLOCATED

1
i

D-3

MDMTHLY CROUND-WATER FPOR REACH CELL sxmes

AVAILANLE CROUUND-WATER I3 MORE THAN

T YL ]

sssapasnezasn

aLLo1000
aLLo10ic
ALLo1020
aLLRVed0
ALLOTOAQ
ALLOIOED
aLLo108D
aLLo1070
aLLo1oae
ALLo100R
ALLO11OD
ALLOV130
ALLOol1120
AlLlo1120
ALioltao
ALLOTIED
ALLG1180
ALLe1170
ALLo1t1BO
ALLDIVPO
ALLO1Z0OD
ALLO121®
ALLO122D
ALLO122O
ALLO1X4D
ALLOV 2RO
ALLG124D
ALLO137TO
ALLO12BO
ALLO12I90
ALLO1J0D
ALLo1310
ALLO1320
ALLOY33O
ALLOt340
ALLoiYRO
ALLOi1300
ALLOI3TO
ALLOV IO
ALLGYIINO
ALLOVADD
ALLOIA1O
ALLO1420
ALLO 4]0
ALLDTAARD
ALLD14ED
ALLoT1490
ALLG14T0
ALLD1250O
AlLLOov43¢0
ALLO1EOD
ALLOTRIO
ALLOT1E2D
ALLO1EID
ALLOTRAD
ALLOTERES
ALLOT1EED
ALLO1ETO
ALLO1EAD
ALLOYERO
ALLOTRDO
ALLO1810
ALLOT1EZO
ALLG1830
ALLG1RAD
LiLLo11%0
ALLOYEED
ALLOISTO
ALLOTSSO
ALLO1830
ALLa1700
ALLE1T1O
ALLO1T20
ALLD1730
ALLOTTAD
ALLO1TERO
ALLG170O
ALLO1T7?0
ALLO1780
ALLD179O
ALLODYEOO
AlLLOo1B1G
ALLOTS20
ALLO18]O
ALLO18a80
ALLO1B%O
ALLOIASD
ALLOTATE
ALLOT1&BG
ALLoi1bfC
ALLGIROC
ALLDi18VD
ALLoiR30
ALLG19IO
aAlLothao
aLLe -}
ALLOIDBO
ALLO1RTO
ALLOYRAG
ALLOoYDSO




10

130

c
240

o0 %00 1:1,88

o0 300 Jxi, %82
RIWAI{L JIosSWALT . J] = Sunrifr, J)
rF(rRswal1l!.J) LE. 0.0} GO 7D 220
SWA1[I, J)aSURFI[1,J}
aswaz(l,JIoR3WAI(I,J] - surF2(1,J]

1 {mswa2ii,gi

LE. 2.0) go Tp 240

swazil,J)sSURFP2({l,J])

REWAJ (1. S)onSWAZ[T J) - SURFI(I,J)
IF{RSWAIL] ,J} .
SWAI[1,J]sSURFI(I,2)

LE. .0} CD TO 250&

RSWAA{ I, J)>RIWAI(1.J) - SURFALTI ,J)
IFIRSWAR[], 2}
EWAALI,J)sSURFSEL )

LE. 9,0)] GO TO 280

REWAB([],J)saswaall),J) - suRFE(],J}

IF{MEWwAB (1, J)

LE, ©.0) G0 T0 2170

SWAS[]1 ,JIvSURFSII,4)

REWAS{] , J)oRSWAS(T ,J) - SURFE([],J)

IF(RSWARLT, J)
IFIRIWARIT, ]

cg TR 3

SWA1(I,Jd)
ESWNI(T, J)
ESWN2IT 4]
ESWNE(1,4)

ESWNA(], J)rSURPA
ESWNER[1,J)sSUAPE]

IZWA |
=AW

cSURF

1,
3]
sEURF2(
i

o
t
1
1
1
1

LE. &0.0) GO TU 220

ET. 5.0) WRITEIE,210) 1,0, ASWAR(T, 4]
FORMAY[ /20N, 'sun® WARMING: AYAILABLE SUAPACE-WATER 1E NORE THANALLOZ22BO
NEED',21E,Fi6.2)

SWAETI ,JIVESURFSII,J) + RESWAR[L,J)

ESWNERLL, JI:SURPS[],J)

DEUM ¢ ESWHI[L J)+ESWNZ[T, JI+ESWNBIT, JI+ESWNAlL, J)

CESWHE [T, )+ESWNB{T u) + REMAIZ{I,J)

IDIF v 20T
1IF{zDIF

t1,4)
-

B.8) WRAITE(8,220) t,J,201F

FOAMATI/UX,'ZIUT

1IFIIDIF
G TD JooO

swaz(1,J4)
ESWNI({I . J)

o}

ESWNILI,J)rSURFI{
ESWNA[T,J)rSURPA{

ESWNE{I,J|*SURFE[I,

1
RSWAZ{
1
1

DSUM

= UWsaYT, FOR CELL ‘.12,3x,12,"
ESWNO[1,0) + Eswns(l,J) + I01°P

WY
1,4}
M)
)
]

o
o
o

ESWNR{I, J)'SURFE([I J}

DEUM 3 ESWNTIT Q)sEBWNZ([I,J)+ESWNY(L JisESWNall,J)

+EEWNE( ], J)oEBWNE{1,J) » RMAIS(I.J)

201f = RUT
IF{2DIF
1F(ID1PF
50 70 300

11,9}
LGT.
-ME.

L.E L]

©) WRITE{S,230) 1,4.2DIF
TSWNA[I,J) v ESWNE([l,J) + 2ZDIF

3
280 SWAI(!,J) 'REWAZ(I,J)
ESWRI[1.J)1-REWAS(T ,J}
ESWNA{I,J)ISURFA(Z, J)
ESWNS{I J)'SURFB[I, J)
ESWNS[I, J}vSURFR{I, J)

€

c

50

7o

k21

DSUM 2 ESWNT{I , J)+ESWNZ{I,J}+ESWNI(L J]+ESWNa(l J)

+ESWNELT, J)+ESWNEL]  J} +« RMALISZ{I, J)

IDIF » TIUT
1IPF(20]1F
rizerr

G0 TO Jovo

SWARLT,J)

DEUM & ESWNLI(I JI-ESWHZI] ,JIoRBWNIII, JI+ESWNRIT,J)

1.4)
BT,
-NE.

5.
o)

DI UM
o) WRITE(8,230) I,J,201F
ESWNE{I,2] » ESWNE[I,J)

TRIWAR(1,d)
ESWNA]] J)r-REBWAR(].J)
ESWNS(1,JSURFRITI J)
ESWNE( Y, JIvSURFR{1,J)

» SESWNS [, J)+RSWNALT,0) + RMAIZ(1,J)
ZOLF ¢ FUTIT,J)
HAs I
IFLIDLIF . NE.

8 TO oo

SWAS(],a)

DSUM v ESWNILI, J)eESWNRZIL, 2)oRawWHI[] J)ea8WN][L 0}

DS UM
.0} WRITE{D,230]1,J,2D1F

} EEWNEB|I . J) v ESWNBII,J] + 2DIF

imswasil, J)
ESWNE[],J]z-REWAS(]1,.J)
ESWNS{!,J)xSURPR{],J)

+ESWHS [ 1, JI+ESWNB{], J) + RMALIS(T,J)

ID1F & ZUT
AL
IFLIDIF

ea TO 300

SWAS[1,4)

DIUM ¢ ESWNI(T JI+ESWHI(T,J)elswNI(T JiesEswaalTl J)

[REE
SBT.
CNE.

5.
o

DEUM
Q) WRITE[E,230) I.,J4,IDIF

¢+ ZIDIF

ESWNE[I,u) = ESwNsil t) + ZDIF

SRSWAS (I ,J)
ESWNEI] , J]s-REWAR[].J])

SESWNS [T JI+ESWNRIT  J) +« RMALIZ|I,J)

205K 5 ZUT
trFfzorr
1F(zoLP

CONTINUE

it,4]
LGT.
NE.

oSum

§.0) WRITE{S,230) 1,4,2D1F

o]

ESWHE[I,J) s ESwhail, J)

+ ZDIF

tLraL))

AillLDz000
Al1L02010
Allozozo
dLLezodo
AlLo20c4d0o
AlLLo20850
ALLozONC
ALLO20TO
ALLOZabo
ALLDZ000
ALrLo2100
AlLLoz110
ALLO2120
ALLO2130
ALLeZ140
ALLD21SO
ALLOZ2180
ALLO2t17TO
ALLOoZ2V180
ALLO210O
ALLO2Z200
ALLOZ21D
ALLO2220
ALLD2230
ALLOZ240

AlLilo2zEO
ALLOI2T7O
ALLOD2280
ALLO22WO
ALLOZ2300
AlLLO2310
AlLioz320
ALLO2IXO
AlLLo2340
ALLoz3zs0
ALLOZ2SD
ALLOo2370
ALLO2380
4LLO23%O
ALLo2a00
ALLOJAYO
ALLO2a20Q
ALLO2430
ALLO2as0
ALLOZ48D
ALLo2add
ALLOZ2a70
ALLO2ado
ALLOZADO
ALLo2B0O
ALLOZETO
ALLOZ020
ALLOZEIO
ALLoZRd0
ALLozESO
ALLD2EED
ALLO2870
ALLOZ2EAD
ALLO2ENO
ALLO2800
ALLO2810
ALLOZ020
ALLOZNIO
ALLOZIAD

ALiozsdo
AlLLoZESO
ALLBZTOQ
ALLOoaTiO
aALLOZT720
ALLOZ?73O
ALLOZT740
ALLOITISO
ALLo2780
ALipITTO
ALLOZ27RO
ALLOZTEO
ALLD280O0
ALLO2B10
ALLO2820
AlLLoCZ330

ALLOZR7O
ALLO2RSO
ALLOZI®D
ALlLO2900
ALLOZ®1D
ALLo2330
ALLOZ¥3O
AlLLoZa4O
ALLOoZ2980
ALLO2980O
atLo2970
ALLOZBBO
ALLOZIBO




noanonn

00

20

[ 1-1.]

1o
20

700

TE1
182
vea
TGA
TEE
TEH
51
75z
TE3
TRA
TSH
TSE ¥
TImMEA
TIMFZ
TIMRY
TIMES
TIMES
TIsMES
TRMA)
pwal = o

DO 400 [v1, &8
bo  avco Js1,82
TAGGP (I, JIeGRS I, JI+GP2IT J}+CGPI[T, Ul+CRal], J)+GPEIT, VI*GPreI1, )
1A=swtt Jieswar(n, Jloswaztl SICEWAI[T. . Jemwaall, d])
YSWAB[T,J]eSwAR(], ]
TAGJnr(l JIsESWNI (], J)+ESWNZ[] , JI+ESWNI(L ,J)
cESWNAT T, JIeuswHE (I, J)og:un.(: gl

TCICEPII.JI' TACGR{],J)scrMal(1,d}

TERCEWll J)n TAnswll.Jloswnnlll.Jl

TEECIMIL,J)e TAGIMPL], J)+RMALIIIL, V]

TOTGW & TOTGW + TAGGMI1,J)

o momm oy

TREers r 000000000000

4000000

TOTSW ¢ TOTSW + TAZIW(I,J])
IUT = ZUT + TAGIMP(I,J)
TAWAD = TAWAD + TDTAG[I,J)
TIMPMALIS TIMPMAI® RMALZ(I,J)
TOTWAD v TOTWADs TWAD{1,u4)
TE1 5 T61 + Ge1(1,Jd})
TE2 1 TGX + gR2(1,J}
TEY v TGI + @r3I(I,J)
TEZA 1 TGA & GPA{I,J)
TGS s TGE + GPE{I.U)
TCE 2 TGE « CPSf{I,Jd)
TGMAT * TGMAT + GPMAI(I,J)
TSI ¢ TS1 + SWAI(D,4])
TE2 1 TS2 + BWA2(I,J)
TSI 1 TSI + twaAl([1,J)
T4 ¢ TSH + SwWAR([T,J)
TER v TS ¢ BWAB[1,J)
TSE 1 T3E ¢ SWAS(I,J)

TEMA] » TSMAI « SWMAI|(], J)
TIMPY = TiMPY + ESWNI(I,J])

TIMPZ = TiMP2Z +» ESWN2(],J)
TimMery 3 TIMPI + !lwll!l,d)
TIMP&E » TIMPE & ESWNS[[,J)
TIMPS » TIMPE ¢ EswNS(1,J)

TIMPE B TIMPE + ESWNG(D,J)
TRMAT = TRMAI + RMAIX{1,J)
DWAD » DWAD & CBETTII,J)
CONTINUE
TOTGWAITO1+TG2¢TCI+TGASTLR+TEE
TOTGWUITE1¢TEZ*TEI+TCA+TER 4TGRO TEMAL
TOTSWASTE1+TSZ+TEA+TEA+TIS+ TSR
TOTEWUPTEI+TEZ+TEI+TSASTER+TEROTEMAL
TOTIMATTIMPI+TIMPI+TIMP S TIMP AT IMPE*TINP S
TOTIMULTIMP I+ TIREI4T IMPI4TIMPA+TIMPE*TIMP B4 TRMAL
TAWADS TOTGWA+TOTSWA+TOT IMA
THMANDI S TGMAT+TEMA] ¢« TRMAL
TOTALsTOTGWUSTOTSWUSTDT IML
BYTRT = TOVAL + OWAD
WRITE!S, 500)
FORMAT(//28X, " =m  BURFACE-WATER REPORT wssnnma’/132(°_<1//
x,°01°,2x," APR',TX, "MAY ", TX, " JUN',TX, 'JUL’,TX, ‘AUET, X,
CSEP’ BN, CTAGEW' ER, "SWHMAL’,EX,_ "TOTEW /132(°'_’}/)
Ba 3¢ vy, a8
DO BTO  Jr1,52
WRITE(S 83} 1,J,
SWAI(],J] SWAZ([I,J) ,3WAS{1,J). . SWaAA{],d)} SWAS{L J) SWAS(I,J}
JTAGEWI T, J) SWMAL LT, J), TCRESWIT, 4]
FORMAT[2X,132.2X,132.2X,12r10.2}
CONT I NUE
WRITE[W,820) 7TS1,T$2,TS3,T548,TSE, TSS TOTAWA, TEMAL, TOTSWU
FORMATI132(°_"1/3%, "ANNUAL",10F10.1)
WRITE(S,B00])
FORMATL//28X,'*30832a GROUND“WATER REFOGART -cl--t-'fluzl’ )7
X, 00 LN, YL RN, CARRY L TN, CMAY TN, CJUNT L TR, T UL ", TR, TAUGT , TX
'l!p'.lx,'rnsaw'.sr.'swnnl-.s:,-rcr:w-/1:z(-_'1/)
RO 810 Ir7, 48
Do s1o Jr1,B2
WRITE[S, 58) I.d,
GPE(L, ), 6P211,J),CPA0L,d), CPAlT, J),GPEL], ], Cr811.4)
LTAGEP(1,J)  GPMAT[I,J), TEREGPLT,J

/

EONTINUE
WRITELS, s20) TE!,T62, TG, TGA, TES, TEE, TOTGWA, TGMAI.?UTGWU
FORMAT(132(_ 'IISI *ANNUAL ", 10# 10,

WRITELS,Y00)

ALLOdoGO
ALLOIO1O
ALLOJolO
ALi¢3030O
ALL®3oac
ALLOIORD
ALLOJCeO
ALL23070
ALicloas
ALLDJjOR®
ALlodi100
ALLedil1o
ALLOZ12O
ALLO3130
ALLO31aD
ALLOZtED
ALLOZ 13D
ALLOZtYO
ALLOZ13D
ALLOZ1%0
ALLO3200D
ALLOIZ1O
ALLOI220
ALLOZ2I3O
ALLOIZ40
ALLO32RO
ALLOI20O
ALLOoJ270
ALLO32a80
ALLDI2DO
ALLO230C
AlLLO2I10
AiLlOoJi20
ALLOZI3IO
ALLO3ZAD
ALLO3ZBO
ALLDI380
ALLOIIYO
ALLG3240
ALLO3INO
ALLOJAQOD
ALLO3410
ALLDJAZO
ALLOJADO
ALLOJ 44O
ALLG3ARO
ALLOJARO
ALLOIATOD
ALLOJARD
ALLTIANO
AlLiLoJkod
ALLOJN1O
ALiO3820
ALLOZS]O
ALLOJSAO
ALLOISEROD
ALLO3INSO
ALLOIBTO
ALLO3BAC
ALLOIBRC
ALLO3SOO
ALLODEEO
ALLGIERS
ALLO3EBIO
ALLDIS4O
AlLLOJaSO
ALLO3IES®
ALLOIETO
ALLo3Sa0
ALLCaSRO
ALLOI IO
ALLOIT1O
ALLO3IT20
ALLOITIO
ALLOXTSRO
ALLOIT7SO
ALLOITRO
ALLO3ITTO
ALLOJ 73D
ALLSITHO
ALLOJ MO0
ALLo3sr1o
ALLo3aae
AlLo3ad0
ALLO3aaO
ALLOIaSO
ALLOJARO
ALLOINTO
ALLO3SA0D
ALLOXBRO
ALLOIBOO
ALLOAR1IO
ALLOIR2O
ALLOJNIOD
ALLOZNAD

FORMAT{//28X, '*vasaa UNSATISFIED-WATER REPORT rsessnan’/932(°_*)//ALLOISSO

o1 L3R, S R, CAPRS TR, TMAY T TN, CJUNT TR, CJUL Y TR, TANG T
SEPC SN, CTAGIMT,EX, " RAMAL’ SX,CTOTIM /§320°_-)/)

BD 716 Ini,0E

PD T1o Jrt, 82

ALLOJIBRO
aAlLLoXS8%0
ALLOJIBBO
ALLOJNNO
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720

860

410

420

430

[ 1]

200

10

140

WRITEIB, 88 1.4, ALLOAOOOD

v O ESWNIT], J) ESWNILL ) ESWNT(], J) ESWHALT J) BSwNE(§,J) , BESWNS(],JIlALLOADIO
a L TACIMP{T,J) RMAIZI(L,Jd) TCRECIM(I,J} ALLO4O2O
CONTINUE ALLOAD3OD
WRITE(S,T20) TIMPY TIMPY TIMPI, TIMRS, TIMPESE, ALLOADSD

. TIMPY TOTIMA,  TAMAL , TOT I MU ALLOAOED
FORMATIU3Z('_"i/3X, ANNBAL" YDF10.1] ALLOAOSO
wa1TE(S, s00] ALLOAOTE
FonunT['1'l/|:21'-’}llzsl ‘EAREARADAL ANNUAL REPORY AlLLo&ose

©  AABRRARREA'//NA21'_"171) ALLGsONO
WRITZI(S,810) DWAD ALLD&10O
FORMAT{/B%, " TOTAL TERTIARY s/ ,F3.1) ALLoat1e
WRITE[N,82C) TOTOWA, TGMAL , TBTSWU ALLoa 120
FORMATI/BX, "TOTGWA 1’ ,F10.9, 85X, 'TGMAT AlLLDA130

s LF10. @, BN, "TOTEWU = Fi0.0) ALLO& 140
WRITE{K,830) TOTSWA,TSMAI,  TOTSWU ALLCATEO
FORMAT!/EX, "TOTEWA 7', F10.06,8X,"TEMAL r° ALLO4180

. LF10.0,BX,'TOTSWY ¢ Fi10.0) ALLOA1TO
WRITE($,840] TOTIMA,TRMAL, TOTIMU ALLOATRO
FORMAT(/BX, 'TOTIMA =" F10.0 EX,"TRMA] - ALLDATDO

. LJEVO L 8,80, CTOTIMY * P10, 0) ALLO4A2OO
WRITE(E,880) TAWAD, TMAMPI,TOTAL,OVTOT ALLoazZ1e
FORMATL/SX ,*TAWAD «=* F10,0,4X, ' THANDE o * ALLOAZ2O
LF10,8, 89X, TOTAL »*,F16.0,uX, 'DYERAL TOTAL LR LN Y ALLO42IO

s /3n/t300°8*}) sLLO824O
WRITE{§,000) NaME ALLOAZBO
FOAMAT(///8R, 'SUNMARY OF QUTERMARY CAOUND-WATER, BSURPAC-ALLCAZIO

SWATER AND UNMBATISFIED DEMAND [(AC-FT) FOR BCENARID ‘L IAMS /130 _)1ALLOARTD

ALLO&ZRO
TR, OHAY TR, CJUNS L TR, CQULY L TX, FAUG TR, ALLeazso
L «CTOTAG" 80X, M & I°, 08X, TOTAL /132("_ 'III ALLOA3ZOO
WRITE(S,220) TG1.YG2,TG3, TG4, 108,788, Y0TowA , Temat , TOTGwWY ALLOAZLO
rnknATl/ll B, ax, jor18.0) ALLO4320
wul?lll.lsol 111.132.783.Tl‘.fll.tll.TnTswu,rlnAl.TuTluu E-TETT ]
FORMATI/BN.'3° 84X, 10F10.0) ALLOAI&O
wu:tl(l FAOITIMP Y, TIMPZ, TIMPY, TIMPA , TIMPE, TINPE, ALLoazse
TOTIMA, TRMAI, TOTINUG BLLOAIRG
ronnnflfl! Tur,an, 10£10.0) ALLO&2I70
ANY » T&1 = TSI + TiMpYy AlLLoalao
ANZ * 1:: * TSI + TiMPZ ALLDAZNO
ANI * TCI + T3 + TIMP3 ALLOAAOD
ANA 3 TES + TS4 + TIMPA ALLodao
ANME t TGS + T3S o TIMPS ALLOSA2O
ANS * TGO + TS$ TIMFS ALLOSAZO
ANT = TDTEWA » raTswA + TOTIMa aALLD o
ANS % TEMATI + TEMALl + TRMal ALLOSARO
HE ¢ TOTGWU + TOTSWU * TOTIMU ALLOSASO
WRITE[G,RNC)ANY  ANT ANI, AN, ANE ANG,ANT, ANS, ANS
FORMAT( /XX, "TOTAL',2X,0F10.0//2%, 330{ a")}
sTor .
aInNd
SUBROUTINE MANDIIBP,SWA, APRWN, AMAYW, AJUNW, AJULW, AUGWN , ALLOARIS
- SEPWN, TOTAG, GPMAL, SWMAT , RMAID, TWAD,CBETY) ALLOAS 2O
ALLO4830
SAEAANANESES M il PROGARAM RasEakEESASER AL LO4A% 40
’ ALLOARED
ALLOAGNO
ALLOAETO
4 FORTRAN PAOGNAM TCO READ TOTAL &,.5, ANP MEI, TOTAL MONTHLY
WATER DEMAND FOR EACH CELL.THEN COMPUTING TOTAL SROUND-WATEN, lLLoi!oo
SURFPACE-WATER AVAILABLE AND IMPDRTED-WATEN WEED FOR EACH CELL. ALLOASIC
REAL » & SwaA(ss,52) GFriss,.52), ALLOAES®
* APRWMIUGS, B2}, AMAYW[ SN, 52} AJUNWI{SS,82), ALLO&SEO
- $2] ,AUVEWN{80,82) ,SEPWNISS 82]), ALLOASID
- 2) RMATZI6E,52) RMATII(98, B2) , RGP[0S,52] , ASW(SE, 82], ALLoARED
- .82, Twabp( B2).CrMAL $2)},SwWwMAT(S8,52), AlLLo#
= (S2),CHCTT(B8,.82),T0T2{88,82) TOTT(88, 52} ALLO& YOO
ALLoaTi0
tasex DEFINITION OF YARIANLES nsRaxn ALLOATZO
ALLOATIO
SWA AVATLABLE SURFACE WATER IN AC-FT/YR ALLO&TO
14 AVAILAWLE CRADUND WATER IN AC-FT/YR ALLO&TED
AP RWN ALLO4ATSD
AmMATw ALLO&TTO
AJunw MONTHLY RGAIC. WATER DEMAND EXCLUCING TERT, IN AC-FT ALLOATSO
AJULW ALLOSTIO
AUBWN ALLOSROD
STPWH ALLOSRID
MATY ANNUAL M & I WATER OEMAND IN AC-FY/YR aLLo4R20
AMAL2 M a1 WHICH CANNDT BE SUPPLIED BY GF IN AC-FT/YR ALLOS23O
AMALZ M & 1 WHICH CANNOT RE SUPPLIED BY 5w AMD SHOULD 3K ALLosgap
IMPORYED FROM DTHER SOURCES IN AC-FT/YR ALLOARED
RGP REMINING GP APTEM SATISPFYING M & § 1IN AC-FT/YR sLLOARRO
REW AEMINING 3W AFTER SATISPFYING M & I 1IN AC-FT/YR
GPMAT M & | WATER SUPPLIED 8Y GP IN AC-FT/YR
SWHAL M & 1 WATER SUPFLIRD SY SW IN AC-FT/YR
TWAR TOTAL ANNUAL WATER DEMAND tM AC-FT ALLOAIoe
ALLDABIO
ALLOADR0O
DO 3 =1, w8 ALLOARIO
b 32 Jr1, 832 ALLOABAO
SWALL,J) o 0
GPr{1,J) » o
APRWN(L,J) 1 ©
AMAYW([I,J) *» o
AJUNWIT,J) » @ ALLOANDD




AJuiw(l,Jl » o ALLDBOCD
Auswe[1,4] r o ALLOBOIQ
SERWN({]I L] 5 o ALLOBO20
MATIEE d) 5 & ALLOSO3O
mMalzll,d) v © AlLLoSodO
RMAIS[f,J) = @ AlLlLoSOSO
nGe[1,Jd) 1 0 aLLososg
Asw(l,Jd) ¢ @ ALLOSOD7Q
TOTARID, 4} = o ALLOWOSD
TWapil,Jd) v o ALLOBDY®
GPMAIID,J] s o ALLOE 100
swmallln,d) » o ALLOE112
] CONTINUE ALLGB 120
TERT = & ALLOB130

< . ALLOB 140

€ sws® CALL MONTHLY TOTAL WATER NEED FOR EALCH CELL s+ss ALLGS 15O

c ALLOS 180

c atLes17e

CALL PREMAI{APRWN, ANMAYW, AJUNW, AJULW, AUCWN , SEPWN, alLoEr00
* CPCAC,CRCTY MalY, TOYT2,70TY) aLLo

€ ALLoS200

3 ALLOS210

€ #sun READ TOTAL SAOUND-WATER AvAlLASLE FOR EACH CELL saxa ALLD¥2ZO

4 ALLOB23O
Do 4

: 4 [¥.21 I, 16Pr{1,d), J¥1,12)
oo % Isy,Be ALLOS 28O
] READ[Y,=] I.(GPIT.J)}, Jrt1d, 3a) aLLOS27O
| Do Ir1, B8 ALLOE2SO
| [] READ(Y,®=) I,(GP{1,J), Je3s,28) ALLOB2DO
: BG T Is1,B8 ALLOBIGR
kd READ(?,*) I,.0Gr{1,Jd], Je27, 88) ALLOBT10O
20 & lx1,88 ALLOEI2O
5 READ{T,*) I, [GriL,d], Jsan, E2) ALLOE3XI®

3 ALLOBIAD

4 »ses READ TOTAL SUMFACRE-WATER AVAILAGLE FORA EACH CELL swesx ALLOBISO

€ ALLOS3NO
oo ¥ Is1, 88 ALLOS3TO

L READ(T, =} I.ISWA(l . 4], Jrei, 1] ALLoB3s0
DD 18 Iy, A8 ALLOSIRO

16 READ{7,.%) I, iBswall,Jd], Js12,22) ALLOS 4GS
DY 1% I11,38 ALLOBAID

11 READ(T,=) I, [3wWA(I,J), Jr23,2%) ALLOSA20
Bo 12 1n1,88

12 READ[{7,%) I, (SWA(].Jd), Jr3a,ad)
po 1Y Yri, &8

13 AEAD(7,.%) 1,[SWA[I.J}, Jiak,B2)

[ ALiLoEaTo
90 20 Iat,EB AlLloSado
op 2¢ Je1,8532 ALLEE4SO

TAFR v TAPR + apRwel(1,J)} ALLRESOO
THAY o TMAY » arYwil, J)} ALLPERIO
TJUN » TJUN + Agunwil,kJ) ALLOES 20
TJUL = TJUL + aJULWi(I,J)
TAUG = TAUG + AUQGWNIT,J]
TEEF ¢ TSEPF + 2EPwNiT J)
TRAT o YERT + CACTTII.J] ALLOERAO
20 CONTINUE ALlL08870
1 1) PORMAT(3X,12,3%, 12,8X,11F10,2) ALLOES SO

[ ALLOSERO

[4 ALLOESOOD

[ ALLOES1D

c ALLGBE2O

c *nsm  ALLDCATIWE CP & SW FOR M 4 | DEMAND ssssan ALLOSE3O

e ALLOSBAO
peg S0 Ir1,68 ALLOSSS0
g 3¢ Jri,E% aLLoSseo

RGP, J)zcpll, J) - MA[T,J) ALLOBBTO
1FiRGP(I,. 3] .LE. ©) GO YO JO ALLof

CPMAI(S,.J) » MARI[I,J) ALLOSERD

GrII.JIvmGril,J]) ALLOS 10O

SWMAILI,J) » 0.0 ALLOBZ1O

AMAIZ[I,J) = ©.0O ALLOE720O

AMAID[I,J)=x0. 0 ALLOETIO

Gp TO 39 ALLOETAG

[ ALLESTSO

30 GPMAIII,J)s BP{2,J) aLLeETso

Gri1,J} s o.0 ALLESTTE

RMATIZ{], J}s <RGPI1, ) ALLOSTHO

RSW{I, Jirswall,Jd) = AaMalIall.J) ALioSTRO

IF(RSW(I,J) .LE. ©} GO TO 49 ALLOS 3OO

SWMALLI,J] = AMAIZ2II, N} ALLOBAIO

SWA(T, JEsmawW(1,J) ALLOB32O

RMAII([L ,J)se. 0 aLLosade

ca To 38 ALLOBSAD

c ALLOBESO

a0 EWMAT (], )8 Swall,J) AlLLDSasD
SWA(I.J) & 0.0 ALLOSATO
RMAL3(L, U] -RSW(L,J) ALLOBd MG
[ 1] CONTINLE ALLeSd%e

c ALLOoESOD

c ALLOBB 1D

e aLLosPiO
AWAD * &, 0 ¢
TCPRAL +» O
TSWMAL 1 & -

TAMAL & ©.0

ALL2SMSD
TOTWAD * &.0 ALLOSN?0
[:F-] 70 I:1.,.88k ALLS
Do TO Jevy .82 ALLOSSSO



%

anonntonAnnn an

o

ann

arnoAadINnNonNnannNnapnNnAanNnnn

1

3o

SR AEEN -

7011311,4) EAPRWRIL, JILAMAYW T, J|+aJUNWI ], J)*AJULWI L, J)«AUCWNIL, JJALLOEOOD
+sEpwNl) , J] ALLOBOYO
TWAHII.J) » TOTAGE1,J} “GPMAT{], J)eswmAL (I JIeRMATI(T, J] aLLOBOZO
TEPMA] ¢ TCPMAT ¢ GPMAI(I,J) ALLOGO4O
TSWHA] 1 TSwHal + SwMal[Il ) ALlLOwOST
TAMAI ¢ TRMAI ¢ RMAII(L,J) ALLosobo
CONTINUE ALiLoBETO
AWAD 2 TAPASTHMAY+TJUN+TJIUL+TAUGHTSEP ALLOeOLE
TOTWAD + AWAD + TGFMAL * TSwMAL + TAMAL iLLosono
AETURN aLLos100
IND ALios110
ALLOBt20
ALLTR130
SUBSROUTINE PAEMAIICY ,E2.C3,C4,.CE,CH, COCAG, CRCTYT CMAL, TRTZ, TOTY] ALLES 140
AlLLOS iSO
sssumzERE FREMAIL PROCRAM FRAEERERRED ALLOEIBD
ALlostrO
ALLog130
AlLiLosiso
samy a4 FORYRAN PROCRAM TO READ TOYAL WERD AMD SUBTRACT DEEF SF  Alioszee
AND YD CALCULATE M & I MNEED, ALLOS210
ALLORZ20
ALLOE230
ALLOKZAO
REAL = & THNEW[SE 82),0TI(SE . 52)},.0TH(0E, l!l,Ta?!(ll 1), ALLCEZED
2) ALLo#200
ALLOB2TD
ALLOS2RO
ALLG#Z9O
lll $23, EHlllt' B3] ,cacac(ss,B2), tlcTTlli 52}, ALLOSIOG
llaunnlll. a) Totaiss,s32), ALLGS31O
TNAI,T:!.T:!,Tt!.TE T:l.rcl.rnllrs.vl\.rl:.rla,rll,ris.ftn_ ALLOB32O
TAGNID,TEY,TE2,TCE, TES, TEE, TS ALLOSI3D
ALLOS34D
CATA ®Y,FT . F3,.FA FE,FPE/0.008018,0.113180,0., 19584p,0,333070, ALLDEIED
0.307388,0,048730/ ALLOE3SO
ALLOE370
AFREFEFR CEFENITION OF YARIARLEE scxpaamnm ALLOS2SO
ALLOG29O
A1 TO AD HMONTHLY AGRIE, WATER DEMAND IN AC-FT ALLOBdCD
AT oRISIMAL TOTAL AGRIC, WATER DEMAND IM AC-FT ALLosatp
a5 DRIGINAL TOTAL WATER DEMAND IN AL-FT ALLOB420
" TD BE MOMTHLY TEATIARY WATER DEMAND IM AC-FYT ALLOS 430
*t TD PR MONTMLY PROPOATION L[F SUM DF 5 MONTH AND TETAL
AGRIC, DEMAND!AT) ARE DIFPFERENT IN AC-F7Y
&1 To CB ADJUSTED MOMTHLY AGRIC. DEMAND IN AC-FT
le0UuND CELL INDICATOR ALLOIITO
TE1 TO TCH AMNMUAL MONTHLY AGRIC., DEMAND [N AC-FT/YR ALLORARD
T#Y TD TE$ ANNUAL MONTHLY TERTIARY OEMAND IN AC-FT/YR ALiLORasO
TMAL TOTAL M & | WATER DEMANDG IN AC-FT/YR ALLoNSBO
TAGRID TOTAL AGRIC. WATER DEMAKD IN AE-FT/YR ALLONS 1O
TOEEPE TOTAL TERTIARY WATER DEMAND 1IN AC-FT/YR ALLODE2O
caCAG CELL BY CELL AGRIC. WATER DEMAND 1IN aAC-FT/YR ALLOSSIO
CBCTT CELL BY CZLL TEMT. WATER OEMAND IN AC-FT/YR ALLOBRAD
CMA L CELL BY CELL M § I WATER DEMAND IN AC-FI/YR ALLOSERO
THEW HEW TOTAL WATRR DEMAND IN AC-FT/YR ALLORESO
TeT2 SUM BF M & | MLUS ASRIC, WATER DEMAND EXCLUOING TERT.ALLGSSTO
TOTY SUM DF M & 1 PLUS AGRIC. WATER DEMAND INCLUOLNG TEAT.ALLOBEAD
oTN DIFFERENCE BETWEEN NEW TOTAL AND DRIGINAL ToTAL ALLONSRO
ALLownco
oD 10 Iv1.66 ALLOBS1O
0D 10 Jri, B2 ALLOSSZO
TRQUND(L, U} » @ ALLOSS3D
A1{1.J] = © ALLOSBAO
Al(l.J] » o
A3(r,d3 = 8
As(1,d) ¢ p ALLoan?o
AB[I.J) ¢ o ALLOSSAD
ABlI.J) & @ ALLOBSSO
2{1.4) v o ALLOBTOO
22(1.4} 1 o ALLOSTIO
211, J} & © ALLOET20
Ba{1,J} = © ALLORTI0
BE(l.J] = o ALLOBTRO
NE(1,J) = O ALLOBTSD
FI[I,d) ¢ @ ALLOBTSEO
*201.4) ¢ 0 ALLOS?TO
rIl1.J) v 0 ALLOS7RO
raf1. 2 v o ALLOBTID
PE(I,J) = o ALLOBSDOD
PEl1.J) 1 © ALLSBRI1O
AT{1, 41 = o ALLOSBZO
Aslr,J]1 s & ALLOS330
COCAG{1.4) v o ALLOSMAO
emcTT{I,J) = o
CMATET,J) + &
THEW(] ) ¢ ©
Totz(l,J) = &
Toraft.J) « ¢
ori1,J) = @ ALLOSROC
DTN(L,J) = © atLoemnie
CONTIMUE sALLON920
ALLCENIG

taman AEZAD JPOUND INDITATOR sasvss

og 20 Jv91,08

READLT, =) T.(IBOUND(T,J] , Js1,28)}
eo J0 111,38

READ[7,%) 1, (IBAUND{T,J)
ot a0 [e1, 88

trze,82)

ALLODTOQO




40

nnannn

100

116

annan

140

ae
202
403
d04
ws

408

100

og 45 Ja1,.52

WRITEIR, =] L, o, 1B0UND][L.J)

sswesa

mEAD [§,t] 1.Jd,41
e ATII,J)}.AB[1.Y)
tE|

IF{1 .EQO. &¥
o TO 100

FORMAT|12,16,24%X, 78.0,5(F8.0},21LPP.0})

11.2),a2

1B0UND(
Av{1,
az]1
azxi1
Ad ]
AR

AR{l

Leeeeece
g faafe i

ALLOTQIO
ALLDT7O20
ALLDTOIG

AFAD CRICINAL AGRICULTURAL PEMAND [NCLUDING TERTIARY rssavdiLOTO40

ALLDTOBO
ALLOTORD
ALLO7o%0
ALLOTOBO
ALLOTORO
ALLoTi0D
ALLo¥110
ALLoY120
ALLO7Y]0
ALLe7140
ALLOT IS0
ALLOTI80
ALLOTITO
ALLaTIBOD
ALLOTI®G
ALLOT200
ALLOTZY10
ALioT220

(I, JF, A3[1,d0, 84001 ,0),a8{8, J} A8(1,d)

A1 BT, B} BT TR ti1e

20000000

LEGQ. I4) GO TD Naw

webdu  READ TRRTIARY WATER DEMAND FROM CELLODISY . RPT FILE ssess aLL07230

READIS, 2, ENOrE08) ], J, W1[TI.J).D2(1,J).9201,.J),0810,41,

» BEITI,JF,0001,4)

IPLIBOUNDIT. I} .GT. 0) GO YD 140

LLIR N
CBCTT{I.J)eD1(Y,J)*02
L)

o TO ¥

FORMAT(//,12,8X,12,200,6(F8.2))

TDT *
Do Yoo le1.4s
DD Yoo Jr1,%2

pT(l.JhvaTil, 2)-(A0]
[ ]

P1(1.J) .

AR{i,d) =
TREW(1,J}
oTell,J)sATII,J

TDT = TDOT +
CONTINUE
T8t = 0
Ta2
a3
Ta A

A R Y N TN YT TR ]

0000000000

™

-
TEZ -
T3 *
TR *
ThS *
THE = TRE »
Toeerc ¢ TDE
CONTINUVE

THa ]

g1li,J)
rzil,d)
53(1,d)
1al1,d4)
RS}, 4}
J]

3CT

*
I,Jd)
]

AlLLo7240
ALLOYING
ALLo7280
ALLO7370
ALLGY2a0
ALLOT20O
ALLOTI00
aLie7d:io
ALLOT3ZD
ALLO7320
e ALL&7340
(3.9)*BaNT, Jlepa(2,J)+RB1]1,2)%08(1,J]) ALLOT7IED
ALLOG7300
ALLOTITO
AtLDY38D
ALLGTINO
ALLO7a00
A2{0,d)+a2(),Jena(T J)*aB{I JI+AS{1, J]]} ALLOT41D

ALLOTAZO

ALLOT430

ALLOTAAD

ALLOTABO

ALLOTASS

ALLOTATE
] Go T8 so1t - ALLOTASO
;I.Jl ALLOTASO
[

Co TO 4032 ALLOTISOO
I.J) ALLOTE 1O

) EO Tp aox ALLOTE2O
{1,9) ALLO7EI0
] EB TQ aos ALLOTERAD
1.4} ALLO758O
) &b Tg 4B ALLO7E40
F1.4]) ALLOTEY0
1 &0 TO acs ALLOTERO
(1,4 ALLOTSSD
ALLOTEOR
aLLOTE1D
aLLOTRZO
ALLOT7E30
! ALLOTS4D

ALLDTSO

ALLCTESD

ALLOTRYTO

ALLO7ESO

ALLOTRRO

aALLOTIOO

ALLOTTIO

ALLOTTZO

AlLLoT7aC

ALLOTTéD

ALLOTTSO

ALLOT?%0

ALLOTYTO

ALLGY 730

ALLOTIRO

ALLOTEOD

ALLG7S10

ALLOTS20O

ALLOT S0

ALLOTS4O

ALLOTABO

ALLOTESO

ALLOTRTO

ALLO?T -]

ALLOTENG

ALLGTHOD

ALLOTSIO

o1 ALLO7920
Wl ALLOTRIO
ol ALLOTRAC
J) aLlo7v80
o+
o)
{1

TLi,J)

ALLG7309
ALLO7970
Lo ALLe7nae
ALLO799D
ALLOBOOO

"uswoaw
[N TR

i




[ 2]

s anrn

210

at
LE]

220
a1

222

TE1
TC2
TC3
TCa
TCE
TCs

TOT2{1, J]rEM,

»

TOTI([1.4)

-
CONTINUE

a

x
'
T
x
'
'

TC1 +
TL2 »
TE3 +
TCA +
TEE +
TCE »

A I
30

1(I,u)+c2(1,J})+
T,J)+C8iT, J)+C0LT,J)
o
-
.

READI® ,2) N1

{

3
C2i1,J)eCA(T,J)eCa 1, J)eTulT, aleCuitl. g}
RZ2 t[,J)+D!ll.di‘ll(I.J)‘IIII.JIGUIII.JJ

"eFs FPRINT CBL ADJUSTED MONTHLY DEMAMD IF S1GNAL IS + vase

IF(NY .LE. @) GO TD &2

WRITE(S, 210

PORMAT{/*ASRICULTURAL DEM* , IX,"APRIL", B
.'JULT'.Ql,‘IUHHST',SI,’IlPTlH.ll'.:k.‘TBTABD'
‘TERTIARY "

pa &
Do B

1
o

"t
=1,

z
WRETE(S,3) 2,4,C11(12

COCABLT,d},CRCTTLY, ), CMAILT
fﬂlﬂlf[:',l?.ll,lz.ll.

conTINUE

TAGNID = TCI+4TCI+TCI+TOA+TCR4

TWAD

TOTALS

, "MAY " BN, TJUNE", K

l'.!!.'TﬂTlLD:lT!D‘.‘I,'TBTIL’IT!II'“'I)

). E210.4), 0
), Tevar:
1I0re.

T

t

" TAGHNID + TMal

IF{NT .LE

WRITE(N,210)

WRITE!

.220) TE1,TC2,TCA,TCA, TCH,TCE,

TWAD ¢+ TDERPFrG

. @) GO TD 222

WRITE(6,221) T81,TE2,T0),TH&, 7O, TEN, TOEERE, TOT
FORMAT[/1BX,11F 10, 0)
FORMAT{/t2207_*) /%

AETURN
EHD

BN, LEFTOVEA

« “MOMTHLY TERTIAAY®,7F10.1,
1

IR/

D-10

AT, VT,C800,d),€002,4],
). 1l

ALiosolo
ALLOBO20O
ALLOB030
ALLOAMGED
ALLOMOSO
ALLOBOSD
ALLGSOTD
AlLLosORD
ALLosORD
ALLos100
ALLE3M10
AlLoa120
AlLLoa130
ALLOB1AO
ALLoR15O
ALLO3180
ALLOB170
ALiomtac
ALiLos 10D
ALLopapo
AiLlosato
AlLcaz20
AlLLBa230
ALLDE240
AlLLos2s0o
ALLOS280O
ALLoS2T0O
ALLasza0
AlLLoazso
ALLo3300
ALLOBD1O
ALLORIZO
ALLOAXIO

TAGNID, TDEEFG, TMAL, TWAD, TOTALALLORI4D

ALLOMIED
ALLoIBO
ALLoO#370
ALLOSTSO
ALiosano
ALLOBAGO




APPENDIX E

Data Input Format for Program ALLOCATE
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These are the definitions and FORMATS for input data to the conjunctive
Water Allocation program "ALLOCATE", required by different computing device

units.

UNIT 5

This unit reads NAME and HEADING of the OUTPUTS. It also reads cell by
cell monthly and annual total agricultural water and total water demand including
M & I, from nnSUB.TXT or nnCON.TXT files.

Card 1: FORMAT (2X, 2A4, 30A4)

Field 1-2 ¢ NAME, name of each run.

Field 3-34 : HEADING, 120 character information about each run.

Card 2 - (N9+1) where N9 is the number of card images describing water demand

in the cells: FORMAT (12, Ie6, 24X, F6.0, 5F8.0, 2F9.0)

Field 1 I, row number.
Field 2 : J, column number.
Field 3 : Al, April agricultural water demand including tertiary water

in ac-ft/yr.

Field 4 . A2, May agricultural water demand including tertiary water
in ac-ft/yr.
Field 5 : A3, June agricultural water demand including tertiary water

in ac-ft/yr.

Field 6 : A4, July agricultural water demand including tertiary water
in ac-ft/yr.
Field 7 : A5, August agricultural water demand including tertiary

water in ac-ft/yr.
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Field 8 : A6, September agricultural water demand including fertiary

water in ac-ft/yr.

Field 9 : A7, Total agricultural water demand including tertiary water
in ac-ft/yr.
Field 10 : A8, Total water demand including tertiary and M & 1.

Last Card : FORMAT (freeformat *)
Field 1 1 N1, signal for printing cell by cell adjusted monthly water
demand as follow;
-if Nl< 0, print is not needed.

-if N1> 0, print is needed.

'U_nit_7
This unit is used for GAMSOP QUTPUT® files which are being used by the
ALLOCATE program.
Card 1-66 : FORMAT (freeformat *)
Field 1 : 1, row number.
Field 2-29 : IBOUND, cell indicator to identify cell type as follows;
- positive integer for active cells,
- negative or zero for nonactive cells.
Card 67-132 : FORMAT (freeformat *)
Field 1 : I, row number.
Field 2-25 : [IBOUND, same as above.
Card 133-462 : FORMAT (freeformat *)
Field 1 : I, row number.
Field 2-13 : GP, available ground-water in ac-ft/yr.
Card 463-792 : FORMAT (freeformat *) |
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Field 1 1, row number.

Field 2-12 : SWA, available surface-water in ac-ft/yr.
Card 793-1122 : FORMAT (freeformat *)

Field 1 : 1, row number.

Field 2-13 : ZUT, unsatisfied water demand in ac-ft/yr.
Unit 8

This unit is used for CELLDIST.RPT file which contains cell by cell monthly
tertiary water demands.

Card 1 to the end of stack: FORMAT (//, I2, 6X, I2, 29X, 6F8.2)

Field 1 : I, row number.
Field 2 : Jd, column number.
Field 3 : Bl, April tertiary water demand in ac-ft/yr.

Field 4 : B2, May tertiary water demand in ac-ft/yr.

Field 5 ¢ B3, June tertiary water demand in ac-ft/yr.
Field 6 : B4, July tertiary water demand in ac-ft/yr.
Field 7 : B5, August tertiary water demand in ac-ft/yr.
Field 8 : B6, September tertiary water demand in ac-ft/yr.

¢. NOTE: GAMSOP OUTPUT contains many tables, of which ALLOCATE uses four files,
namely BOUND, GP, SSW, and ZUT. Each table contains row and column numbers, and
asterisk for nonactive cells. Column numbers and blank 1ines should be removed

and asterisks changed to zero, prior to inputing the tables into ALLOCATE.
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APPENDIX F

Sample Qutput From Program ALLOCATE
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ssesres SURFACE-WATER REPORT #sssxsuan

I J APR MAY JUN JuL AUG SEP TAGSW SwMatl TOTSHW
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

56 10 14,99 172.89 420.80 2210.67 1973.63 174,95 ° 4968.00 0.0 496H .00
56 11 28.00 329.00 183,98 0.0 - 9.0 0.0 540,96 0.0 540,96
56 12 63.99 554,11 0.0 0.0 0.0 0.0 618.10 0.0 618.10
56 13 73.01 495,81 0.0 0.0 0.0 0.0 %68.82 0.0 568.82
56 14 14.01 L 17.00 0.0 0.0 0.0 0.0 31.09 0.0 31.01
56 15 61.01 717.1%  1024.20 2374.33  2203.3% 224,05  B604.00 0.0 6604 . 00
56 18 47.00 828.868  1180.54 636.80 0.0 0.0 2691.00 0.0 2691.00
56 17 42.36 T40.44  10%8.48 562.94 0.0 0.0 2404 .20 0.0 2404. 20
56 18 40.43 T16.17  1023.00 529.31 0.0 0.0 23208.90 11.00 2319.90
56 19 48.95 £63.2% 12932.28 828.79 0.0 0.0 2773.30 11,00 2784.30
56 20 48.9% 8%8.29 122%.28 422.3% 0.0 0.0 25%4.90 11.00 2565.80
56 21 44,18 781.04  1116,04 399.64 0.0 0.0 2340.90 0.0 2340.90
56 22 3.81 60,41 83.82 58,15 0.0 0.0 208.20 0.0 208.20
= 56 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o . . . . . . . . . . .
57 10 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 .
5% 114 12.01 144, 11 206.20 3105.33 3077.31 307.0% 6852.00 0.0 6852.00
57 12 12.00 138.00 420.00 3014.00 2930.00 286.00 6797.00 0.0 6797.00
57 13 50,01 564.09 0.0 0.0 0.0 0.0 804,10 0.0 £G4 . 10
57 14 25.00 287.00 196.06 0.0 0.0 0.0 £08.08 0.0 508,08
57 1% 57.99 323.09 0.0 0.0 0.0 0.0 381.08 0.0 381,08
s1 16 49.8% 787,88  1131.65  2927.02 2924.92 932.97 81%4.30 0.0 8154.30
57 17 2%.38 449.68 642.56 903.78 - 0.0 6.0 2021.40 0.0 2024, 40
57 18 41,42 726.40 1036.84 S48.54 0.0 0.0 23%3.20 0.0 2353.20
57 19 36.73 650.48 . 929.50 423.73 . 0.0 0.0 2040, 40 11.00 20S1.40
57 20 25.29 447,18 ' 639.24 229,23 0.0 0.0 1341.00 0.0 1241, 00
571 21 19.74 250.82 801.02 211.82 0.0 0.0 1083.00 6.0 1083.00
57 22 0.0 . 0.0 0.0 68.80 0.0 0.0 66.80 0.0 66.60
57 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANNUEL  32602.7 330939.7 J00852.%5 G3BA6D6.7 319167.4  50328.0 1431586.49 1547.0 1433133.8

NOTE: 1In this and two subsequent tables, units are ac-ft. For each cell I, J, we see monthly agricultural surface
water allotment, total ammual agricultural surface water allotment, anmual surface water allotment to M & I, and total

annual surface water allotment. Subsequent two tables are analogous for groundwater and unsatisfied water demanc
(need for imported water).
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e ans GROUND-WATER REPQRT swvswsss

1 J APR MAY JUN Jut AUG SEP TAGGW GWMAL TOTCW

1 1 0.0 0.0 0.0 0.0 Q.0 C.0 Q.0 0.0 Q.0

1 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.¢
56 10 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
856 11 0.0 0.0 178.04 39%55.00 2991.00 106,00 ~ 7230.04 0.0 7230.04
56 12 0.0 153,68 1064,61 373%5.33 3089.39 204.91 8227.90 0.0 B227.,90
56 13 0.0 124.30 1217.20 3073.33 2928, 31 310.05 7651.18 0.0 7651.18
56 14 G.0 0.0 131.35% 244,33 136.31 0.0 511.99 11,00 522.92
56 15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11,00 11.00
56 16 0.0 0.0 0.0 372.82 3087.%0 335.82 A776. 14 11.00 3787, 14
56 17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.00 11.00
56 18 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 .0
S6 19 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 c.0
56 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 21 0.0 0.0 0.0 2160.32 2587,.78 273.84 5021.92 11.00 5032.92
56 22 0.0 0.0 0.0 147.21 272.79 31.15 451,18 11.00 462,16
56 23 0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0
57 10 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 ¢.0
57 11 0.0 0.0 0.9 0.0 0.0 0.0 Q.0 11.00 11,00
57 12 0.0 0.0 6.0 0.0 0.0 0.0 0.0 11.00 11,00
57 13 0.0 0.0 826,2t 3831.33 3179.31 208.05 8044.90 11.00 2055.90
57 14 0.0 0.0 125.94 3071.00 3220.00 369.00 6785.94 i1.00 679G. 94
57 15 0.0 336.68 973.61 198%.33 1646.39 130.91 5072.92 11.00 5083.92
57 {6 0.0 0.0 0.0 0.0 6.0 0.0 Q.0 11,00 11.00
57 17 0.0 0.0 0.0 1421.80 2802.20 313.32 4337,32 11.00 434822
57 18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.00 19.00
57 19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 20 0.0 0.0 0.0 Q.67 1487.29% 157.21 1645, 12 11.00 1656. 12
57 21 0.0 0.0 0.0 990.92 1182,52 125,96 2298.40 11,00 2310.40
57 22 0.0 0.0 0.0 8.65 109.35 15.09 131.08 11.00 142 .08
57 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ANNUAL 106.2 31011.0 436921.5 1441635.8 1701909.7 272292.6 3B83876.7 46255.0 3930134.7

See NOTE on page F-2.




semens UNSATISFIED-WATER REPORT sewwsen

MAY JUN JUL AUG TAGIM RMAL TOTIM
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 2 0.0 0.0 0.0 0.0 0.0 0.0 0.¢ 0.0
56 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 11 0.0 0.0 108.00 0.0 0.0 108.00 0.0 108 .00
56 12 0.0 8.00 0.0 0.0 0.0 38.00 0.0 33.00C
S6 13 0.0 2,00 0.0 0.0 0.0 232.00 0.0 232.00
56 14 0.0 .11 103.8%5 G.¢ 0.0 252.00 0.0 252,00
56 15 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0
56 1§ 0.0 0.0 0.0 2064 .68 0.0 2064 .66 0.0 2084.686
56 17 0.0 0.0 0.0 2192.84 2750.14¢ 5243, 96 0.0 5243.96
56 18 0.0 0.0 0.0 2134.81 2658.51 5004, 12 0.0 5084.12
56 19 0.0 0.0 0.0 2587.85  3209.97 6149.84 0.0 149,84
56 20 0.0 0.0 0.0 249%.83  2828.83 5620.92 0.0 5620,92
56 21 0.0 0.0 0.0 108. 28 0.0 107.00 0.0 107.00
56 22 0.0 0.0 0.0 37.08 0.0 57.00 0.0 57.00
56 23 0.0 0.0 0.0 0.0 0.0 0.0 11.00 11.00
57 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
57 1t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 13 0.0 33.02 12.98 0.0 0.0 46,00 0.0 46.G0
57 14 0.0 . 0.0 88.00 0.0 0.0 88.00 0.0 8a.00
57 15 0.0 22.00 0.0 c.0 0.0 22,00 0.0 22.00
57 1§ c.0 0.0 0.0 0.0 Q.0 0.0 0.0 c.0
57 17 0.0 0.0 ¢.0 63.08 0.0 63.00 0.0 63.00
57 18 0.0 0.0 0.0 2150,90 2680,.86 5136. 16 0.0 5136.186
57 19 0.0 0.0 0.0 1999,71 2419.71 AE84.32 0.0 4684,32
57 20 0.0 ©.0 0.0 i301.62 0.0 1301.68 0.0 1301.68
57 21 0.0 Q.0 0.0 11.00 0.¢ 11.00 0.0 11.00
57 22 0.0 0.0 0.0 10.78 0.0 11.06 c.0 11.00
57 23 0.0 0.0 0.0 Q.0 0.0 0.0 11.00 11.00
ANNUAL 7006.7 534791.9 B821903.4 7161592.2 J47188.2 30115.8 2503165.2

See NOTE on page I'-2.

237.0 2503402,
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4884855848 ANNUAL REPORT 5584855455

TOTAL TERTIARY = 59%80.68

TOTGWA = 2883877, TGMAT = 4€253. TOTGWY = 23930132,
TOTSWA =  §421587, TSMAT = 1547, TOTSWU « 1433134,
TOTIMA = 2503165, TRMAL = 237, TOTIMU = 2503402.
TAwWAD = 7818629, TMANOIL = 48039, TOTAL = 7866868, OVERALLTOTAL = 7926228,

LR R A AL R AR AR R E R PR A R R Rl R R S R RS AL R LR R I AR L) PSR R RER R R NN AN RN ]

SUMMARY OF QUATERNARY GROUND-WATER, SURFACE-WATER AND UNSATISFIED DEMAND (AC~FT) FOR SCENARIO GSUB2010

APR MAY JUN JuL AUG SEP TOTAG M I TOTAL

G 108, 31011, 436922, 1441636, 1701910, 272293, Je8da77, 48258, 3930132,
$ 32603, 319940, 300882, 380897, 319187, ‘50320. 1431587, 1347, 1433134,
u 7007. 534792, 821903, 761892, 347788, 30118, 2303188, 237. 2503402,
TOTAL 39718. 05743, 1559677, 2591823, 21388832, 352736, 7818829, 48039, 7866668,

[
LR R R R A R R A L R R R R R R AR L R R R AR IR LRI Rl R IR A R RN L]

NOTE: All units are ac-ft. Total Tertiary groundwater use is the first column. TOTGWA, TGMAI and TOIGWU are
annual regional allotment of Quaternary groundwater to agriculture, M & I and the sum of the two. The next
two rows have analogous information for available surface water and imported water, respectively. The final
row in the top table contains sums of the preceeding rows. "Overall total” includes Tertiary and Quaternary
groundwater, surface water and imported water. Overall total reported in such outputs may be slightly
different than the value in the first row of tables 4.1-4.4. This results from ‘data flaws. The sum

of monthly tertiary use in CELLDIST.RPT did not always equal the annual tertiary use in the same file.




