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INTRODUCTION

The Platte River Forum for the Future (PRFF) is an effort by the Nebraska
Natural Resources Commission (NNRC) to bring together representatives of
interests and agencies concerned with management of the Platte River and,
assisted by various computer technologies, to reach some degree of agreement
on the "best uses" of the remaining waters of the Platte. Simulation modeling
is being used in this effort as a focal point for developing a common under-
standing of the behavior of the Platte River system, synthesizing existing
information, identifying additional needed information, and analyzing the

potential consequences of various management alternatives.

The NNRC initiated the project in August 1982 by convening a workshop for
interested parties in Grand Island, Nebraska. This workshop was devoted to
construction of a preliminary simulation model describing the P]atﬁe River
system. A group of facilitators/modelers from the U.S. Fish and Wildlife
Service (FWS) assisted participants in translating their understanding of the
Platte River into the framework of the model. In October 1982, FWS personnel
began a process of training several people from Nebraska in the use of the
model. At that time, minor revisions and corrections were made in the model
and various development scenarios were prepared for discussion with partici-

pants at a second workshop, which was held in early November 1982.

The purpose of this report is to document the status of the PRFF simula-
tion model as of the end of the November 1982 meeting. We emphasize that the
intent is not to describe a final product. Except for minor revisions and

correction of obvious errors, the model described herein is that which existed

at the end of the August workshop. The model contains the foundation for a




comprehensive aid to decisionmakers, but at this time it is preliminary in
nature, needing refinement and verification before it can be truly useful in
analyzing management alternatives. The purpose of this report is to provide a
solid foundation for that important future work.

The report is divided into three basic parts. The first is a brief
overview of the various components of the model and how they fit together. It
is intended for those who are not particularly interested in the details of
model formulation. The second is a detailed discussion of the logic, assump-
tions, equations, and data used in constructing the model. This detailed
description is also referenced to specific sections of the third part, which
is a set of appendices containing 1istings of the computer code as it presently
exists.




OVERVIEW

SYSTEM MODEL

Resource development and management issues, such as those being addressed
by the PRFF, typically involve complex interactions among a variety of
economic, social, and environmental factors. Although some individual compo-
nents of such a system may be well understood, the complexity of component
interactions generally results in poor understanding of the system as a whole.
Simple representations of poorly understood systems can often provide valuable
insight into system behavior under different management or development alterna-
tives; they may not provide sufficient detail and credibility for actual
decisionmaking. The representation used in a simulation model must therefore
be sufficiently detailed and flexible to address all concerns adequately, yet
must remain simple enough to be understandable. Problem simplification for
better understanding is stressed in the early phases of the workshop modeling
process being used by the PRFF; addition of realistic compiexity is stressed
in later phases to provide a level of detail consistent with management and

decision needs.

The process of simplification, or bounding, was initiated in the PRFF
August workshop by describing management alternatives (actions) for the Platte
River, identifying performance measures (indicators) used to evaluate the
effects of those actions, and putting the actions and indicators in a manage-

able spatial and temporal framework.




Actions and Indicators

Actions and indicators identified at the August PRFF workshop are listed
in Table 1. For purposes of clarity they are organized into six major groups
corresponding to the submodels discussed in this report. The majority of the
actions pertain to potential water development and management decisions and
represent the parameters and/or mechanisms that can be changed when using the
model to test alternatives. The indicators represent a variety of environ-
mental, social, and economic outputs produced by the model for the purpose of

evaluating the relative desirability of alternatives that are tested.

Space and Time

The spatial area considered in the model s shown in Figure 1. It
includes the Platte River basin from the Julesburg (South Platte) and Lewellen
(North Platte) gauging stations in the west to the Louisville gauging station
in the East. The river itself is further divided into eight reaches at
additional gauging stations: (1) Julesburg to North Platte; (2) Lewellen to
North Platte; (3) North Platte to Brady; (4) Brady to Overton; (5) Overton to
Grand Island; (6) Grand Island to Duncan; (7) Duncan to North Bend; and
(8) North Bend to Louisville. Lines drawn approximately orthogonal to the
river from each gauginq station to the basin boundaries north and south of the
river are used to define 16 spatial subunits for use in calculating agricul-
tural production and groundwater levels. In addition, the model considers,
but in less detail, the Enders, Little Blue, and Big Blue proposed project

areas.

The basic time step of the model is 1 month; that is, most of the vari-
ables calculated by the model (e.g., stream flow, groundwater levels, agricul-
tural withdrawals and returns, municipal/industrial withdrawals and returns,
and wildlife habitat indices) are updated monthly. Economic variables (e.g.,

net returns to agriculture) are calculated only at the end of each simulation

year.




Table 1. Actions and indicators identified at the first PRFF workshop.

Surface Water Submodel

Actions Indicators

Alter interstate transfers Instream flows
Alter interbasin transfers Nitrate concentrations
Build storage reservoirs Urban and agricultural
Alter management of stored water withdrawals and returns
Alter withdrawal and return patterns Water available for meeting
Use water management to: water rights

1) stabilize existing uses Acres flooded

2) expand irrigated acres

3) maintain recharge rates

4) maintain water quality (nitrates)
5) maintain waterfowl habitat

Agriculture Submodel

Actions ' Indicators
Alter crop acreages Demand for agricultural water
Alter irrigation practices withdrawals
{(type and acreages) Crop yields
Change water utilization of crops Crop and irrigation practice
. . .o.a acreages
9 Subirrigated acreages

Water-use efficiency

Municipal/Industrial Submode]

Actions Indicators
Alter municipal/industrial water Municipal/industrial water
withdrawals requirements
Alter electric power water withdrawals Electric power water requirements

Electric power production
Human population

Flood damagea



Table 1.

(continued)

Wildlife/Recreation Submodel

Actions

Clear woody riparian vegetation
Alter channel width

Indicators

Acreages of four riparian

habitat types b
Relative amount of crane habitat
Relative amount of least tern

nesting habitatb
Relative amount of duck migration/

hunting habitatb

Relative amount of overwintering,
spawning, and production habitat
for channel catfish and a repre-

sentative forage fishb
Relative amount of habitat for a

generalized forest mamma]b

Recreation use-days for hunting,
fishing, boating, crane viewing,
and other general recreation .

Groundwater Submodel

Actions

Alter groundwater augmentation
D) 1nject10na
2) 1irrigation seepage
3) storage seepage
Integrate surface and groundwater
management -

Indicators

Groundwater levels

Urban and agricultural withdrawal
and recharge

Nitrate concentrations

Well yields

Groundwater exchanges with
Platte River




Table 1. (concluded)

Economics Submodel

Actions Indicators
Alter crop prices Economic costs and benefits of
Alter demand for agricultural water management alternatives
a Net returns to agriculture,
products - .
X B recreation, and electric
Alter a;a11ab111ty of state/federal power generation .
funds Level of industrial activity

Employment and income by
economic sector'C

Energy efficiences®

dldentified at the workshop but not included in the model due to lack of time
or information.

bRelative is defined as a proportion of the amount present in 1982.

’ cEmpToyment and income are included in the model only for the agricultural
sector.
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The length of projections produced by the model 1is chosen by the user
when the model is run. These may be as short as 1 month, or as long as
50-100 years.

Submodel Definition

Based on the discussions of actions and indicators at the August workshop,
the Platte River system was divided into six subsystems or submodels for more
detailed discussion by small groups of workshop participants. These subsystems
were surface water, groundwater, agriculture, wildlife/recreation, municipal/
industrial, and economics. Criteria used 1in selecting these subgroups

included:

(1) minimizing information transfers between submodels (each subgroup

considered a relatively isolated part of the whole system);

(2) efficient allocation of understanding (each subgroup represented the
concerns and subject matter expertise of a group of participants);

and
(3) equal distribution of work among the workshop facilitators (each
participant had an opportunity to incorporate an appropriate amount

of depth in his area of expertise).

Submodel Interactions

Following submodel definition, workshop participants discussed the inter-
actions between submodels by constructing a Looking OQutward Matrix. The six
submodels were arrayed as both the row and column headings of a matrix. For
each column of the matrix (i.e., for each component or submodel), participants
were asked what information they needed from all of the other components
(i.e., row elements within that column) in order to predict how their component

would behave under various management alternatives. In other words, they were



asked to "look outward" at the ways in which other hydrologic, biological,
economic, and social aspects of the system affect the areas of concern to
them.

The information from the Looking Qutward Matrix developed at the August
workshop 1is summarized in Figure 2. Boxes represent the six submodels and
arrows represent the information exchanges between submodels. This diagram
thus illustrates the basic structure of the PRFF simulation modei. The sub-
model descriptions that constitute the remainder of this report are simply
elaborations of the general theme shown in Figure 2. They describe, in each
case, how information from other submodels is used to produce both information
transferred to other submodels and indicator variables identified in the
bounding exercise (Table 1).

BRIEF SUBMODEL DESCRIPTIONS

Surface Water Submodel

Responsibilities. The Surface Water submodel is responsible for caliculat-

ing monthly Platte River flows in the eight river reaches under historical
conditions and changes in those flows as a result of alternative water develop-
ment projects. In addition, the Surface Water submodel produces flow-related
information required by other submode1s (e.g., maximum daily flow, number of
no~flow days, stream width, and acres flooded).

General structure. The Surface Water submodel is based on a regression

approach currently being used by the Nebraska Department of Water Resources to
predict the effects of proposed water projects on downstream flows. The
regression approach was developed from gauge data on river flow, diversions,
and tributary inflows for the period 1954-1979. The form of the model qs:
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D2 = aDl + b0 +cl +d

where
02 = flow at the bottom of a reach;
D1 = flow at the top of a reach;

0 = gauged diversions from the reach;
I = gauged inflows (e.g., tributaries) to the reach; and

a,b,c,d = regression coefficients.

Regression coefficients vary by reach and by month of the year. Other
inflows and outflows for a reach (e.g., ungauged tributaries, recharge to or
discharge from groundwater) are implicit in the regression. The equations are
applied successively to reaches moving down the river with the D2 calculated
for one reach being used as the D1 for the next Tower reach. Additional
diversions and return flows that might result from proposed projects of
interest are added to the 0O and I terms of the equations for the appropriate
reaches and months. For the workshop, another factor was incliuded in this
model. Additional recharge to or discharge from groundwater over historical
levels (i.e., the time period 1954-1979 from which regression coefficients
were determined) is added to the appropriate O or I term of the equation.
These values are calculated by the Groundwater submodel. The primary input
data for the regression model are historical flows at the Julesburg and

Keystone gauging stations.

Additional information required by other subgroups (stream width at Grand
Island, acres flooded in each reach, maximum daily flow in June at Grand
Island, number of days during the year that flow at Overton exceeds 3,800 cfs)
is computed from predicted river flow using regressions developed during the
workshop. Nitrate concentrations in surface water are crudely calculated from
the amount of surface water and nitrate concentration entering the top of a

12




reach mixing with an amount of water, if any, entering the river from ground-
water and its nitrate cecncentration. The calculated surface water concentra~

tion is then used as input to the next lower reach.

The regression model does a good job of implicitly representing a complex
water allocation procedure and producing good estimates of streamflows. The
model also does a reasonably good job of evaluating consequences of most of
the proposed water projects. However, as with all models, it will not answer
all questions for all people. Two questions arose during the workshop which
were concerned with the fact that water rights and operating rules for existing
reservoirs are implicit in the regression equations. First, the operation of
Kingsley Dam was evidently changed around 1973 as a result of wind damage to
the face of the dam. The extent to which this, or future changes in operating
criteria, might influence vaiues of the regression coefficients and predictions
of flow at the bottom of each reach is not known. Second, projects that would
alter seniority of existing water rights cannot be easily evaluated. For
example, the Twin Platte project as presently conceived would acquire a 1921
water right that would be senior to some of the water rights implicit in the
regression coefficients. A surface water model could be built to account
explicitly for reservoir operating and water allocation rules. This type of
model would be much more complex, might or might not gfve any better predic-
tions of streamflows, but would answer different types of questions concerning
future water management. OCne of the primary decisions the Platte River Forum
for the Future must make concerning the workshop model is what types of water
management questions are most important to address and what types of surface
and groundwater models are most pertinent to those questions.

Agriculture Submodel

Responsibilities. The Agriculture submodel is responsible for calculating

the following variables as model indicators (Table 1) or for use by other
submodels (Figure 2): (1) agricultural demand for surface and groundwater
withdrawals; (2) groundwater pumping for agriculture; (3) evapotranspiration

(ET) from subirrigated croplands; (4) crop yields; (5) crop acreages;

13




(6) water-use efficiencies; and (7) quantity and quality (nitrate concentra-
tion) of agricultural recharge to groundwater. One indicator, livestock

production, was identified but not included in the model.

The Agriculture submodel also incorporates, as actions (Table 1), aitera-
tions in the following: (1) acreage in various irrigation types; (2) crop
acreages; (3) water-use efficiencies; and (4) irrigation withdrawals. One
action, change in soil management practices, was identified but not incorpo-
rated except to the extent that changes in crop acreages, irrigation practices,

and water-use efficiencies imply different soil management policies.

Other submodels provide the following variables to the Agriculture
submodel: (1) quantity and quality (nitrate concentration) of surface water
diversions for agriculture; (2) quantity and quality (nitrate concentration)
of groundwater available for agricultural pumping; (3) depth to groundwater;
and (4) well yield.

General structure. Land in each spatial subunit is classified as one of

six water-use types: surface water-irrigated; groundwater-irrigated; dryland
production; subirrigated; pasture; and other. Six crops are distinguished for
the irrigated and dryland types: alfalfa; corn; milo or grain sorghum;
soybeans; wheat; and other. Two crops, alfalfa and native hay, are possible
for subirrigated land. Gradual changes in crop proportions are interpolated
from 1980 proportions and an estimate of crop proportions in 2020.

In the absence of specific projects or groundwater declines, general
increases in the amount of groundwater {rrigation are interpolated from
estimates of groundwater-irrigated acres in 1980 and 2020. Acres in each
reach are removed from groundwater irrigation due to groundwater declines
using a relationship based on average well yield in the respective spatial
subunits.

Irrigation water requirements are calculated from annual net crop water

requirements and a set of proportions to distribute the requirement over

14




months. These amounts of water are then divided by field irrigation
efficiencies, and delivery efficiencies in the case of surface water irriga-
tion, to obtain the volume of water needed. Surface water irrigators are
assumed to supplement surface water with groundwater if insufficient surface
water is available (as calculated by the Surface Water submodel). Groundwater
withdrawals (evapotranspiration) by subirrigated crops are assumed to equal
the respective crop irrigation requirements with reductions applied if there

has been a decline in groundwater in a given spatial subunit.

Average crop yields are calculated by interpolation between current
yields and projected future yields. In the case of subirrigated crops, these

yields are then reduced as a function of groundwater declines.

Monthly runoff and groundwater recharge are calculated from field and
delivery irrigation efficiencies for irrigated land during the drrigation
season; they are calculated from monthly coefficients applied to precipitation
for cases in which irrigation is not occurring. Nitrate concentrations in
groundwater recharge are obtained as a volume-weighted average of field
percolation (at concentrations specific to each crop) and irrigation delivery
losses to groundwater (at the concentration of surface water in each reach).

Municipal/Industrial Submodel

Responsibilites. The Municipal/Industrial submodel simulates three

general processes: (1) human population growth; (2) withdrawals and returns
of water for municipal/industrial use and energy production; and (3) electric
power production. Because water use for municipal purposes is 1in part a
function of water quality, a crude representation of nitrate concentrations in
municipal well fields 1is also incorporated. Quantity and quality (nitrate
concentration) of surface water and groundwater available are the basic pieces

of information utilized from other submodels.

General structure. In each reach, the monthly municipal/industrial

demand for water is calculated by multiplying the human population size times

15




an estimate of per capita water use. Current populations and projected growth
rates are used to make new estimates of human population size each year.
Monthly per capita water use is calculated from average annual per capita use
partitioned according to a seasonal water use pattern and an assumed increase
of 1 gal/day each year.

Water for municipal/industrial use is assumed to come from groundwater
sources. The amount pumped each month is the smaller of the calculated demand
and the amount of groundwater available. Return flows, which are assumed to

be discharged to the river, are simply a proportion of the amount pumped.

A crude estimate of the nitrate concentration in water pumped for
municipal/industrial purposes is obtained by taking a weighted average of the
concentrations in surface water and groundwater. The relative contribution of
surface water and groundwater to the well field nitrate concentration depends
on the direction of exchange between the groundwater reservoir and the river
(see discussion in the Groundwater submodel below). In a Tosing reach, where
water is moving from the river to groundwater, the relative contribution of
surface water to the well field nitrate concentration is assumed to be large.
In a gaining reach it is assumed to be small.

Both hydroelectric and thermal plants are considered in the energy produc-
tion section of the Municipal/Industrial submodel. A1l plants are assumed to
produce at their current Tevels with the exception of the thermal plant at
Sutherland, which is assumed to increase production at the rate of 2% per
year. Monthly production is obtained by multiplying annual production times a
monthly distribution pattern. Only thermal plants are considered to use water
consumptively. The amount of consumptive use in each month is obtained by
multiplying the number of megawatt-hours (MWh) produced times an average
consumption rate (600 gal/Mwh).

16




Wildlife/Recreation Submodel

Responsibilities. The Wildlife/Recreation submodel is responsible for

representing a varfety of actions and indicators (Table 1) and producing
several types of information required by other submodels (Figure 2). These
responsibilities can be grouped into three categories: (1) succession of four
riparian vegetation types, the amount of evapotranspiration expected from each
type, and the estimated value of each type in current (1982) dollars; (2) the
amount of wildlife habitat, relative to the amount present at the beginning of
the analysis (1982), for sandhill cranes, least terns, ducks, channel catfish,
a generalized forage fish, and a generalized forest mammal; and (3) the esti-
mated number of recreational use-days generated by hunting, fishing, boating,
crane viewing, and general activities, such as picnicking, swimming, and bird

watching.

For each river reach (Figure 1), estimates of riparian succession,
riparian habitat value, crane habitat, forest wildlife habitat, and recrea-
tional use-days are calculated once each simulation year. The remaining
variables are calculated monthly or in selected months as appropriate (see

detailed submodel description).

General structure. The riparian vegetation section of the submodel

addresses one of the two actions this submodel controls. Although this action
was identified in the bounding exercise as "clear woody riparian vegetation"
(Table 1), the approach taken is a more general one in which any of the four

riparian habitat types may be manipulated.

If no actions are impliemented during a model run, riparian succession
determining the number of acres in each reach in sand bar, wet meadow, shrub,
and riparian tree habitat types is calculated annually based on the following
assumptions. Sand bars are converted to wet meadow at a maximum rate of 5%
annually. The maximum conversion rate 1is decreased as a function of the
number of times during the year the maximum daily flow exceeds 3,800 cfs. Wet

meadow type is converted to shrub type in 3 years. Shrub type becomes tree
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type in 5 years. Tree type has no successional stages. Dollar values for
each habitat type'in geach reach are calculated based on estimated 1982 selling
prices. Finally, evapotranspiration (acre-ft/month) is estimated monthly for
each successional stage.

Crane habitat is estimated only in reaches 4 and 5 because there is
insignificant crane usage in the other model reaches. The relative (amount
estimated compared to amount in 1982) amount of crane habitat is calculated as
the minimum of the relative amount of feeding or roosting habitat. More
simply, the percentage loss (or gain) of each habitat type is used. Because
there is currently much more feeding habitat available than roosting habitat
and because the relative change in these habitats is used to indicate probable
trends in crane populations, the question of how fully cranes are utilizing
each of these habitats is not addressed. However, the unanimous opinion of
the subgroup participants was that cranes are currently saturating only a
small part of the available feeding habitat. Therefore, a 10% loss in feeding
habitat does not reflect the same potential for reduced capacity of the Platte
system to support cranes as does a 10% loss in roosting habitat. A better
estimate of the relationship of these variables to crane populations should be
included as a model revision. This deficiency does not produce unacceptable
model behavior under the conditions tested to date because feeding habitat,
which 1is estimated by the number of acres of subirrigated native bhay
(Agriculture submodel), tends to remain stable.

At the present state of understanding, sandhill crane roosting habitat is
defined as consisting of the following characteristics: (1) located within
3.5 miles of sufficient feeding habitat; (2) at least visually isolated from
human activities; (3) an unobstructed view (i.e., vegetation less than 1 meter
in height) of approximately 50 meters in all directions; and (4) a water depth
of less than about 0.5 meter (which usually occurs in the Platte River over
inundated sand bars in the river channel). In the model, proximity to feeding
habitat is addressed by the assumptions associated with roosting habitat
(i.e., all available feeding habitat occurs within 3.5 miles of the river).

Visual isolation from human disturbance is not addressed in the model because:
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(1) the general screening characteristics of the shrubs and woody riparian
vegetation usually meet this requirement; and (2) the sources of most human
disturbances are too local in nature to be addressed with the spatial resolu-
tion of this model. Unobstructed view is usually estimated in the.model by
the surrogate of active channel width. For the purposes of this model, the
conservative approach of the water surface width (Surface Water submodel)
during the months the cranes are present is used to determine channel width
and hence unobstructed view. At this point, the second action for which this
submodel is responsible is contained in the code as user controlled channel
width. The Surface Water submodel value for channel width can be overridden
with user input to represent such activities as riparian vegetation manipula-
tion for improving crane habitat. If this option is used, care must be taken
to coordinate vegetation manipulation for roosting habitat improvement with
the acreages of the various riparian habitat types and their successional
stages. A major omission in the current model is that calculated sand bar
loss is never linked to impact on available roosting habitat. This omission
can be easily corrected and should have a high priority among possible submodel

revisions.

Least tern nesting success is dependent on avajlability of nesting habitat
during July and August and is represented in the model as an "all or none"
condition. Sufficient habitat is available to accommodate all terns attempting
to nest if: (1) flows during the nesting months remain low enough to expose
sandbars; and (2) flows during the nesting months do not exceed the maximum

flow observed during June when nest site selection is assumed to occur.

Duck migratory habitat as a function of flow is calculated for two
periods, February to April and October to November. The Tlatter period is
important for waterfowl hunting activity. An attempt to estimate amount of
duck overwintering habitat based on water surface levels in the various reaches
did not result in satisfactory model behavior and is not currently in the

submodel.
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Relative amount of riverine habitat as a function of flow is calculated
for key 1ife stages (spawning, summer production, and overwintering) of channel
catfish and a representative forage fish (Cyprinid minnow). The channel
catfish is included in the model because of its importance to the recreational
fishery. Inclusion of a small cyprinid is justified because of dependence of

other species (e.g., waterfowl, other fish) on an aquatic forage base.

Habitat available to species preferring a forest habitat (e.g., whitetail
deer, squirrels) is estimated by the number of acres of shrub and tree habitat
(riparian habitat types) in the current year relative to the amount of these
habitats in 1982.

Recreational use-days are estimated using an approch that attributes
recreational activity to the land area on both sides of the river as well as
the river reach itself. Estimates are generated for boating, hunting, fishing,
general nonconsumptive activities (e.g., picnicking and swimming) and sandhill
crane viewing. Except for crane viewing, which is a function of both human
population and crane habitat availability, all estimates of future recreational
activity are based only on human population change in the various spatial

subunits.

Groundwater Submodel

Responsibilities. The Groundwater submodel computes three basic pieces

of information for each of the 16 spatial subunits (eight reaches, both north
and south of the river): (1) exchanges between the Platte River and the
groundwater 'reservoir'; (2) amount of groundwater in storage; (3) nitrate
concentrations in groundwater. Exchanges between the Platte and the proposed
Big Blue project area are also computed. The amount of groundwater in storage
is used to calculate water table elevation and depth to groundwater. Basic
information utilized from other -submodels dincludes: groundwater pumping,
recharge, nitrate concentrations in recharge, and evapotranspiration from

subirrigated lands (from the Agriculture submodel); groundwater pumping (from
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the Municipal/Industrial submodel); evapotranspiration by riparian vegetation
(from the Wildlife/Recreation submodel);.and nitrate concentrations in surface

water (from the Surface Water submodel).

General structure. The regression approach used in the Surface Water

submodel implicitly incorporates historic Tlevels of pumping, recharge, and
exchanges between groundwater and the Platte River; that is, all of these
processes were occurring during the period of record (1954-1979) from which
data were used to develop the regression coefficients. In projecting future
conditions, the Groundwater submodel therefore wuses only changes from
"historic" pumping and recharge levels to calculate additional changes in
groundwater in storage. "Historic" levels for the various pumping and recharge
factors can be set in two ways; they can be entered as data or they can be set
equal to the values calculated by the other submodels in the first year of

simulation.

Each of the 16 spatfal subunits is then treated as a linear groundwater
"reservoir". Pumping losses, evapotranspiration losses, and recharge gains
(produced by the other submodels) are subtracted from historic levels to
determine a net change in these factors. If the net change is positive (i.e.,
additional recharge exceeds additional pumping), groundwater is added to the
river; if negative (i.e., additional pumping exceeds additional recharge),
water is removed from the river to groundwater storage. The amount of water
exchanged in either case is calculated by multiplying the net change times a
coefficient (hence the term "linear reservoir') determined from the surface
area, average transmissivity, and storage coefficient of the aquifer. The ex-
change of water calculated in this manner thus represents only an increment,
due to additional changes in pumping and recharge, over and above that which

occurred historically.

The amount of groundwater in storage is then adjusted by the net change
in pumping and recharge and the amount of loss or gain to the river. The
height of the water table is calculated using the surface area of the subunit,

the elevation of the base of the aquifer, and a storage coefficient (inches of
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water per inch of soil). Nitrate concentrations in the groundwater are calcu-
lated by a simple mass balance, taking into account the average initial concen-
tration in the groundwater, loadings from agricultural recharge, and loadings

due to inflow (if any) of surface water from the Platte River,

The use of the net change in pumping and recharge factors from historic
levels to calculate changes in groundwater storage and exchanges with the
Platte River essentially implies anm assumption that groundwater Tlevels are
currently at steady-state, neither declining or rising. In the model, if
pumping and recharge in a particular subunit do not change from their historic
values (i.e., the net change from historic levels is zero), groundwater levels
remain the same and there is no additional (above historic) movement of water
to or from the Platte. This is the desired result in terms of exchange with
the river, because the regression approach used in the Surface Water submode]
implicitly incorporates historic section gains.and Tlosses. However, field
observations indicate that groundwater Tlevels are changing due to current
rates of pumping and recharge, which is inconsistent with the steady-state
assumption. Revisions to the Groundwater Submodel will likely have to deal
with this inconsistency.

Economics Submodel

Responsibilities. The responsibility of the Economics submodel s to

calculate economic indicators (Table 1) for the base scenario and various
proposed actions. The following economic attributes are included in the
model: (1) net returns to agriculture, water related recreation, and electric
power generation; (2) indirect economic impacts from the agriculture and
recreation sectors; (3) employment in the agriculture sector; and (4) costs
and benefits of alternative proposed actions.

The Economics submodel utilizes visitor use-days from the Wildlife/
Recreation submodel, electric power generation from the Municipal/Industrial
submodel, and groundwater pumping and crop production from the Agriculture

submodel to complete these calculations. However, the Economics submodel does
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not provide information to other submodels, even though in the real world
there obviously are feedbacks to other elements of the system. For example,
in the real world cropping patterns and irrigation practices are influenced by
expected net returns. But regional economic variables are very sensitive to
external market forces such as interest rates, the world demand for commod-
ities, and the level of national economic activity. Because movements in
these conditions are so difficult to predict, the influence of changes in such
things as commodity prices and net returns are not currently "fed back" to

other submodels.

General Structure. Net returns that might accrue to alternative water

management proposals are calculated for agriculture, recreation, and electric
power generation in the following way: (1) estimated crop prices are applied
to crop production provided by the Agriculture submodel, and crop production
costs are subtracted, leaving net returns or profits; (2) recreation use-days,
provided by the Wildlife/Recreation submodel, are multiplied by a net visitor
use value, resulting in net returns to recreation; and (3) net returns to
electric power generation are estimated as the amount of electricity generated
times its net price. The sum of net returns from agriculture, recreation, and

electric power generation provides an estimate of project benefits.

Project costs include the construction, engineering, contingency, legal,
and administrative costs of the project. These costs are amortized over the
life of the project and, along with annual operation, maintenance, and replace-
ment charges, are subtracted from annual benefits to provide an estimate of

net project benefits.

In addition to the direct benefits described above, indirect benefits may
accrue to a project. These indirect benefits can result from additional
economic activity generated by the project. For example, agricultural support °
industries are enhanced whenever net returns to agriculture increase. Expend-
itures 1in one sector ripple through the regional economy, leading to further

economic activity. These indirect effects are estimated in the economic
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submodel by applying multipliers to direct returns from agriculture and recrea-
tion. Both the agricultural multipliier and the recreation multiplier are
regional in nature, and do not vary among separate spatial subunits. In
future model refinements, more disaggregated multipliers should be estimated
for each project area by using input-output models already developed for the
study area. Accounting for indirect benefits in this way provides an estimate
of how gross regional products may change with alternative water policy
actions.

Benefits from various projects can be measured in terms of jobs as well
as dollars. In the current model, employment in agriculture is estimated by
assuming that each million dollars of gross returns in agriculture represents
12 jobs. More accurate estimates of agricultural employment as well as
estimates of employment in other sections of the regional economy should be
made from the input-output studies.

Both net benefits and gross regional products can be used to compare
different projects or modeling scenarios. Before such comparisons are taken
seriously, however, more careful estimates of economic parameters, more
accurate information from other submodels, and better correspondence between
project boundaries and geographical reaches would be needed. Hence, results
of the current economics submodel must be viewed as a format for making compar-
isons between alternative water resource allocation scenarios and not a tool

for making current water allocation decisions.
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DETAILED MODEL DOCUMENTATION

The following section presents a detailed description of the system model
and each of the submodels 1in computational sequence. Each section of the
description is referenced to one or more lines of code in the computer listings
found in Appendices A through G. Data shown in tables, figures, or text for
each submodel can also be found in SIMCON format (see SIMCON documentation) in
the appropriate appendix. Equations are written in FORTRAN notation using the
same variable names found in the computer code. Equations must therefore be
interpreted as FORTRAN replacement statements in which the value of the vari-
able on the left side is replaced by the value of the expression on the right

side. The same variable may thus appear on both sides, as in the equation:
X=X*Y

This is interpreted as: the new value of X (left side) is equal to the old
value of X times the value of Y. The old value of X may be: (1) the value
remaining from the previous time step; (2) the value computed earlier in the
submodel under discussion; or (3) the value computed in a previously executed
submodel. Subscripts pertaining to time (e.g., t-1, t, t+l) are therefore
omitted from most of the equations; they are implicit in the concept of a

replacement statement.

THE SIMCON SIMULATION CONTROLLER
The PRFF workshop model described in this report is presently being run

on an Amdahl computer, equipped with the Michigan Terminal System (MTS)
operating system, using a general simulation controller called SIMCON. The
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SIMCON package performs five basic functions: (1) reads a free-format data
set from a user-defined MTS file; (2) reads a set of FORTRAN COMMON statements
from a user-defined MTS file; (3) executes iteratively a user-defined simula-
tion model utilizing the data provided by the user; (4) preserves the results
of the simulation at the end of each iteration by writing the entire COMMON
block to a temporary MTS file (-DDSS#); and (5) accesses that temporary file
at the end of the simulation to allow the user to print or plot results.

In order to perform these functions for the PRFF model, SIMCON uses the
following MTS files (Appendix A): PLATTE.S, which contains the source code
for the model; PLATTE.D, which contains the data for the model; and PLATTE.C,
which contains the COMMON block for the model. In addition, the PRFF model
uses three other files: PLATTE.O, which contains the object module resulting
from the FORTRAN compilation of the file PLATTE.S; RCOEF, which contains the
regression coefficients used in the Surface Water submodel; and RDATA, which
contains historic flows at the Julseburg and Keystone gauges, historic gauged

inflows, and historic gauged outflows, also used by the Surface Water submodel.

THE $CONTINUE STATEMENT

Throughout the PRFF model, extensive use is made of the MTS SCONTINUE
statement. The form of the statement is:

SCONTINUE WITH FILENAME RETURN

This statement implicitly concatenates the contents of FILENAME at the Tocation
of the SCONTINUE statement at execution time and returns control to the next
line of the program. Its utility lies in the fact that it allows individual
modules (i.e., submodels) to be constructed independently and linked together
easily for execution.
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THE SLP FUNCTION

The PRFF model also makes extensive use of a function called SLP, which
simply performs an interpolation between the breakpoints of a piecewise linear

function (Figure 3). The function is called as follows:

YVALUE = SLP(XVALUE,XARRAY,YARRAY ,NPTS)
where

YVALUE = a variable containing the result of the interpolation;

XVALUE = the X value to be interpolated;

XARRAY = an array containing the X coordinates of the points in
the piecewise linear function;

YARRAY = an array containing the Y coordinates of the points in
the piecewise linear function; and

NPTS = the number of breakpoints in the function.

XVALUE, XARRAY, and YARRAY must be real variables; NPTS must be an integer.
No two elements of XARRAY can have identical values, since this would result
in an infinite slope. As indicated in Figure 3, the slope of the function is

assumed to be zero below the minimum and above the maximum value in XARRAY.

SYSTEM MODEL

The following section describes the program (PLATTE.S), data (PLATTE.D),
and COMMON (PLATTE.D) files for the PRFF system model. Computer listings of
these files can be found in Appendix A. In addition, the listing of the file
PLATTE.DEF in Appendix A contains definitions of variables used in the system

model. Line numbers in the following section refer to the appropriate files

in Appendix A.




Graphic Representation
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Figure 3. An example of the SLP function.
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The Program File (PLATTE.S)

The file PLATTE.S contains two basic subroutines that read data, read the
COMMON block, and execute the various submodels.

Subroutine UINIT (lines 1-10). Subroutine UINIT is called only once at
the start of each simulation. Calls to the subroutine DFAULT assign logical

unit numbers to specific MTS files. PLATTE.D (logical unit 1) contains the
basic data for the model. RCOEF (logical unit 15) contains the regression
coefficients used by the Surface Water submodel. RDATA (logical unit 16)
contains the historic flows at Julesburg and Keystone, historic gauged inflows,
and historic gauged outflows, which are also used by the Surface Water sub-
model. The call to CMREAD instructs SIMCON to read the COMMON block from the
MTS file PLATTE.C.

Subroutine UMODEL (lines 11-29). Subroutine UMODEL is executed once for
each iteration of the model. The variable ITIME, which 1is passed as a

parameter in the call to UMODEL, contains the number of the current iteration.
The COMMON block 1is concatenated in UMODEL (1ine 15) wusing the $CONTINUE
statement. The simulation year (IYEAR) and month (IMONTH) are calculated from
the number of the iteration using the FORTRAN functions INT and MOD, respec-
tively (lines 17-18). IYEAR is §1mp1y incremented by one at the start of each
12-month period. IMONTH, which varies from 1 to 12, is reset to 1 at the
start of each 12-month period. The simulation year is considered to begin in
January. The remainder of subroutine UMODEL (1ines 19-29) simply calls the
subroutines RIVER, AG, XMIND, WILD, GWAT, and ECON, which represent, respec-
tively, the Surface Water, Agriculture, Municipal/Industrial, Wildlife/
Recreation, Groundwater, and Economics submodels. Note that the Economics
submodel is called only at the end of each simulation year (lines 25-27). The
remainder of the file PLATTE.S contains only SCONTINUE statements that impli-
citly concatenate the MTS files containing the various submodels at execution
time. That is, the file RIVER.S contains the subroutine RIVER, and so on.
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The Data File (PLATTE.D)

The data file contains three basic parts. The first (lines 1-6) simply
constructs a complete data file by concatenating data files for each of the
submodels. The second (line 7) is a SAVE FILE command that instructs SIMCON
to preserve a copy of the data (i.e., make a copy of the COMMON block) on the
MTS file =S. The user can then return to the conditions represented by the
initial data at any time by using the SIMCON command:

RESET FILE=-S

The remainder of the file (lines 8-140) consists of a series of SIMCON MACROs.
A MACRO is simply a partial data set that can be implemented in SIMCON just by
typing the MACRO name. Note that each MACRO must be ended with a blank line.

In the PRFF model, these MACROs generally contain changes in variables
necessary to implement one or more projects that have been suggested as
scenarios. For example, the MACRO PRBEND (lines 8-23) contains the data
changes necessary to approximate the conditions of the Prairie Bend project.
Line 9 (IRES) implements a reservoir in reach 5 north of the river. Lines
10-13 indicate that the reservoir has 352,000 acre-ft of storage (STOMAX), a
surface area of 7,000 acres (SURFAC), a groundwater storage recharge rate of
2,000 acre-ft per month (STRCH), and first priority for filling among the new
projects being implemented (IPRIOR). Lines 14-19 set the additional monthly
diversions (ADDDIV) from regression reach 7 (see discussion of Surface Water
submodel below) and the additional monthly return flows (ADDRET) to regressicn
reaches 8 and 9. Lines 20-22 add 68,600 acres to the surface water-irrigated
category by removing 56,000 acres from groundwater irrigation and 12,600 acres
from dryland crops.

The COMMON File (PLATTE.C)

The file PLATTE.C simply constructs the model COMMON block by concatenat-
ing the COMMON files of the individual submodels.
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SURFACE WATER SUBMODEL

The general structure of the Surface Water submodel is diagrammed in
Figure 4. A more detailed narrative description is provided below. Line
number notations refer to the FORTRAN code file RIVER.S in Appendix B. Vari-
able definitions, data, and COMMON files are also 1listed in Appendix B.
Unless otherwise noted, subscript J denotes direction from the river, M or
IMONTH represents month of the year, and I is used for river reaches. In
general, I represents reaches for the regression equation prior to line 146 in
the FORTRAN code and represents reaches as defined at the workshop (Figure 1)
subsequently.

Read and Convert Historic Data for Current Month (Lines 16-41)

This section of code reads regression coefficients A(I,M), B(I,M), C(I,M),
ZZD(I,M) (Table 2) from file RCOEF (logical unit 15) and the historical average
monthly flows at Keystone (FK(M)) and Julesburg (FJ(M)) (Table 3) and gauged
inflows (RI(I,M)) and outflows (RO(I,M)) (Table 4) from file RDATA (logical
unit 16). The flows, inflows, and outflows are then modified by a historic
water year factor (Table 5) to simulate actual flows observed in the period
1950-1979. If the simulation run is longer than this 29-year period, the

sequence of factors is repeated.

Apply Regression Equations to Compute Flows (Lines 42-144)

Initialization (lines 42-49). A counter (ICOUNT) used in the diversion
deficit calculation is initialized and the initial values, if any, of diver-
sions associated with new projects (ADDDIV(I,IMONTH)) are saved.
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Figure 4. General structure of the Surface Water submodel.
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Table 2., Regression coefficients used in the Surface Water submodel {from Nebraska Department
of Water Resources).

- Reach 1 Reach 2
A B C ZZ0 A B Cc Zz70
Jan 1.059 0.000 0.000 7,888.58 Jan 1.189 0.595 0.000 4,606.50
feb 0.967 0.000 0.000 7,910.36 Feb 1.052 0.576 0.000 6,922.56
Mar 0.943 0.000 -3.915 10,053.98 Mar 1.029 1.316 0.000 86.06
Apr 0.997 0.000 -1.503 9,351.73 Apr 1.062 0.929 -0.917 4,094.49
May 0.932 0.000 -1.4h69 14,622. 41 May 0.962 0.814 -0.806 7,451.89
Jun 1.026 0.000 ~-2.097 18,800.47 ) Jun 0.989 0.465 -2.517 18,683.96
Jul 0.956 0.000 -1.095 8,528. 14 Jui 1.033 1.494 -2.436 4,563.23
Aug 0.934 0.000 -1.560 23,055.66 Aug 1.004 0.525 -1.180 13,587.51
Sep 1.028 0.000 ~1.629 14,982.03 Sep 1.046 0.111 -2.194 23,565.37
Oct 0.997 0.000 -1.054 8,295.04 Oct 1.049 0.354 -0.292 9,493.78
Nov 1.015 0.000 -0.237 8,538.23 Nov 1.053 0.482 ~-0.250 8,467.69
Dec 0.99Y4 0.000 0.000 8,486.38 Dec 1.045 0.538 0.000 7,502.86
)
S
Reach 3 Reach 4
A B C 2ZD A B C ZZD
Jan 0.638 0.000 -0.737 9,363.68 Jan 1.396 0.674 -0.513 -14,509.46
feb 1.084 0.000 -1.065 9,607.4Y Feb 1.156 0.829 -0.756 L468.72
Mar 0.934 0.000 -0.902 11,806.02 Mar 1.357 0.452 -0.379 -14,055. 44
Apr 0.718 0.000 -0.796 14,507.07 Apr 1.227 0.565 -0.437 -11,881.56
May 0.881 0.000 -1.174 19,008.35 May 1.167 0.968 -1.015 13,051.33
Jun 0.794 0.000 -0.724 15,802.76 Jun 1.209 0.934 -1.130 21,55%2.21
Jul 0.619 0.000 0.000 1,375:13 Jul 0.861 1.078 -0.829 -12,028.78
Aug 0.268 0.000 0.068 7,926.38 Aug 0.956 1.071 ~-0.897 -12,582.45
Sep 0.818 0.000 -0.343 7,146.47 Sep 1.022 0.977 -0.946 2,088.96
oct 0.950 0.000 -0.904 9,266.60 Oct 1.004 0.956 -0.576 ~25,091.93
Nov 0.872 0.000 -0.851 7,649.76 Nov 1.026 0.858 ~-0.684 -9,488.76
Dec 0.211 0.000 -0.166 7,671.37 Dec 1.076 0.228 -0.186 -12,065.24
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Table 2. (continued)

o Reach 5 Reach 6

A B C ZZD A B C 272D
Jan 1.090 -0.452 0.124 4,403.92 Jan 1.071 1.412 0.000 -19,579. 31
Feb 1.186 0.751 -0.610 2,600.86 Feb 1.125 1.135 0.000 -4,373.08
Mar 0.993 1.045 -1.289 9,077.09 Mar 1.043 1.198 0.000 -5,563.81
Apr 1.002 1.061 -1.254 8,803.10 Apr 1.057 1.087 0.000 5,074.88
May 0.973 0.112 -0.730 8,652.62 May 0.923 1.139 0.000 ;21061
Jun 1.048 0.631 -0.668 1,405.33 Jun 1.073 1.234 0.000 413.95
Jul 1.227 1.673 -1.328 719.28 Jul 1.319 0.956 0.000 2,933.22
Aug 0.815 0.897 -0.745 111.34 Aug 1.057 0.880 0.000 6,066.39
Sep 0.971 0.833 -0.921 4,679.70 Sep 1.128 1.024 0.000 105. 35
Oct 1.054 1.296 -1.213 3,948.06 oct 1.180 0.836 0.000 10,737.50
Nov 0.957 1.684 -1.624 5,420.74 Nov 1.361 0.757 0.000 14,221.15
Dec 0.964 -0.240 0.067 5,156.18 Dec 1.675 0.829 0.000 7,423.33

Reach 7 Reach 8

A B C Z2D A B Cc 272D
Jan 0.974 0.000 ~0.135 496.28 Jan 0.971 0.042 0.000 ~9,105.18
Feb 0.991 0.000 ~-0.215 3,507.34 Feb 1.055 1.357 0.000 -4,558.85
Mar 0.982 0.000 -1.233 9,875.44 Mar 0.814 ~-2.584 0.000 39,863.74
Apr 1.015 0.000 -1.095 1,661.22 Apr 0.975 0.811 0.000 9,209.86
May 0.965 1.833 -0.522 -1,905.03 May 0.872 1.697 0.000 6,718.37
Jun 0.912 3.176 -1.573 4,226.23 Jun 0.970 2.045 0.000 -5,373.34
Jul 0.987 2.292 -0.334 -9,992.24 Jul 1.199 0.835 0.000 -4,958.20
Aug 0.962 1.653 -1.145 -1,211.23 Aug 0.941 0.338 0.000 -2,838.29
Sep 0.917 1.928 -0.954 -2,612.30 Sep 1.000 0.764 0.000 -10,088. 14
Oct 1.031 0.000 -0.703 -5,679.23 Oct 1.145 1.317 0.000 -20,300.84
Nov 0.985 0.000 -0.534 -4,802.70 Nov 1.069 0.624 0.000 -7,339.58
Dec 0.944 0.000 -0.475 1,528.98 Dec 1.084 0.868 0.000 -16,955.55
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Jan
feb
Mar
Apr
May
Jun
Jul

Aug
Sep
octL
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
OoctL
Nov
Dec

Table 2.

{concluded)

o Reach 9 Reach 10
A B C ZZD A B Cc ZZD
1.112 0.000 0.000 -9,110.09 Jan 0.886 0.980 0.000 -1,012.19
1.250 0.000 0.000 -18,528.27 Feb 0.989 1.189 0.000 -2,260h.42
1.115 0.000 0.000 7,948.46 Mar 1.092 1.215 0.000 -3,724. 31
1.003 0.000 0.000 16,260.86 Apr 1.084 1.153 0.000 -899.56
0.896 0.000 0.000 22,016.79 May 1:137 1. 132 0.000 627.73
1.084 0.000 0.000 5,719.76 Jun 1.078 1.316 0.000 -6,425.14
1.094 0.000 0.000 3,155.74 Jul 1.211 1.181 0.000 -1,851.32
0.850 0.000 0.000 322.65 Aug 1.115 1.167 0.000 -432.86
1.015 0.000 0.000 -5,231.71 Sep 0.976 1.220 0.000 -4,914.77
0.978 0. 000 0.000 -488.37 Oct 1.137 1.014 0.000 ~-215.52
1.196 0.000 0.000 -10,123.79 Nov 1.084 1.022 0.000 -427.18
1.131 0.000 0.000 -7,573.34 Dec 0.925 0.967 0.000 -100.67
Reach 11
A B C F¥4)]

1.147 0. 449 0.000 g40.42

1.061 0.863 0.000 1,948.69

1.170 0.669 0.000 544,15

0.981 1.346 0.000 2,864.54

0.938 1.360 0.000 3,400.24

0.935 1.251 0.000 7,176.24

0.931 1.282 0.000 2,715.18

0.828 1.428 0.000 -2,044.82

0.819 1.57 0.000 -2,687.12

0.914 1.383 0.000 ~“671.79

0.997 1.209 0.000 -1,035.64

1.115 0.705 0.000 -1,305.62




Table 3. Average monthly flows at Keystone and Julesburg
(acre-ft) (from Nebraska Department of Water Resources).

Keystone (FK(M)) Julesburg (FJ(M))
Jan 1,691.82 29,113.07
Feb 2,337.48 29,672.88
Mar 9,207.27 29,000.01
Apr 11,069.51 28,372.68
May 40,081.50 63,652.59
Jun 54,775.05 68,039.78
Jul 96,632.85 14,432.37
Aug 72,960.37 8,022.98
‘ Sep 27,400.30 8,282.97
Oct 23,785.15 17,478.82
Nov 8,301.14 19,917.77
Dec 2,183.96 20,252.87
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Table 4. Average gauged inflows and outflows (acre-ft) (from Nebraska Department of Water Resources).

Reach 1 Reach 2 Reach 3
RI RO Ri RO RI RO
Jan 0.00 0.00 11,702.32 0.00 0.00 20,510.59
feb 0.00 0.00 11,030.00 0.00 0.00 24,829.72
Mar 0.00 95.68 12,335.92 0.00 0.00 26,342.87
Apr 0.00 2,210.54 12,070.77 201.76 0.00 24,585.19
May 0.00 10,306.43 13,643.02 3,176.73 0.00 21,360.78
Jun 0.00 13,472 44 13,095. 74 L,241.85 0.00 - 29,391.38
Jut 0.00 22,104.11 13,249.03 1,177.54 0.00 15,184.51
Aug 0.00 22,407.7Y4 14,307.09 7,042.83 0.00 7,858.35
Sep 0.00 13,852.08 14,538.12 4,912.10 0.00 5,168.37
oct 0.00 3,209.49 13,157.15 1,577.42 0.00 12,673.74
Nov 0.00 208.58 11,945.09 99.89 0.00 17,345.21
Dec 0.00 0.00 12,030.62 0.00 0.00 17,170.65
w
(00}
Reach 4 Reach 5 Reach 6
R1 RO R RO RI RO
Jan 61,439.58 h4,001.77 5,573.00 5,903.36 11,608.62 ~ 0.00
fFeb 59,326.15 75,303.96 ' 4,976.61 4,973.91 9,658.47 0.00
Mar 63,554.36 84,874.20 5,247.31 . h,776.91 35,569.42 0.00
Apr 62,948.21 83,784.33 5,639.09 6,562.91 56,257.00 0.00
May 98,290.87 92,800.23 7,012.76 15,665.60 58,600.05 0.00
Jun 101,447.89 97,919.24 10,083.52 25,124, 64 60,102.89 0.00
Jul 101,768.80 121,355.54 10,245.68 63,852.76 57,824.20 0.00
Aug 97,801.30 121,499.46 16,253.56 60,861.36 60,441.82 0.00
Sep 69,116.22 92,715.02 10,171.95 18,881.84 68, 412,42 0.00
Oct 46,525.08 78,289.48 4,138.87 5,935.65 56,700.28 0.00
Nov L7,645. 34 Th,124 .27 3,818.66 4,374,011 36,941.02 0.00
Dec 56,8u44.75 76,555.61 y,273.09 4,936.78 28,800.94 0.00
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Table 4. (concluded)
o Reach 7 Reach 8 Reach 9

R RO RI RO R RO
Jan 0.00 1,425 .48 1,281.16 0.00 0.00 0.00
Feb 0.00 1,396.44 1,197.54 0.00 0.00 0.00
Mar 0.00 2,494 .25 2,021.55 0.00 0.00 0.00
Apr 0.00 6,612.81 5,049.12 0.00 0.00 0.00
May 1,903.81 9,716.78 7,160.88 0.00 0.00 0.00
Jun h,314.52 11,281.35 8,807.08 0.00 0.00 0.00
Jul 3,635.50 11,163.61 6,691.59 0.00 0.00 0.00
Aug 3,u88.45 10,796.27 6,450.80 0.00 0.00 0.00
Sep 2,723.23 10,918.13 8,117.71 0.00 0.00 0.00
Oct 0.00 8,221.80 6,170.02 0.00 0.00 0.00
Nov 0.00 6,176.82 5,385.20 0.00 0.00 0.00
Dec 0.00 2,175.91 2,243.07 0.00 0.00 0.00

Reach 10 Reach 11

R RO R RO
Jan 113,050.94 0.00 41,984 .45 0.00
fFeb 1h0,056. 30 0.00 78,811.40 0.00
Mar 208,799.04 0.00 158,684.50 0.00
Apr 161,349.84 0.00 128,687.52 0.00
May 149,962.07 0.00 134,473.62 0.00
Jun 155,120.13 0.00 197,502.22 0.00
Jul 86,120.41 0.00 88,224.00 0.00
Aug 79,068.93 0.00 63,012.57 0.00
Sep 93,763.83 0.00 50,033.77 0.00
Ooct 118,381.96 0.00 51,757.25 0.00
Nov 127,620.73 0.00 44,170.00 0.00
Dec 112,690.59 0.00 39,231.79 0.00




Table 5. Historic water year factors (as a fraction of the
29-year average annual flow) (from Nebraska Department of Water

Resources).
Keystone Julesburg
Year(K) WYRFK(K) WYRFJ(K)

1950 0.58 0.54
1951 0.50 0.64
1952 2.04 0.94
1953 0.83 0.45
1954 0.77 0.23
1955 0.70 0.23
1956 0.88 0.18
1957 0.48 1.30
1958 0.35 1.85
1959 0.77 0.72
1960 0.60 0.57
1961 0.55 1.65
1962 0.37 1.33
1963 0.82 0.49
1964 0.72 0.22 ’
1965 0.35 1.87
1966 0.77 0.67
1967 0.66 0.79
1968 1.06 0.62
1969 0.66 1.70
1970 0.90 2.42
1971 2.99 1.71
1972 1.21 0.50
1973 3.90 3.80
1974 2.13 1.03
1975 0.91 0.81
1976 1.46 0.40
1977 0.73 0.34
1978 0.84 0.22
1979 0.45 1.69
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Set flow at the top of current reach (lines 54-58). For regression
reaches 1 and 2, flows at the top of the reach are set to FLOWK(IMONTH) and
FLOWJ(IMONTH), respectively. For all other reaches, the flow is set to the
flow calculated by the model at the bottom of the previous reach.

Check for diversion deficits (lines 59-78). Three potential diversion

deficits are calculated by the model. T1 represents a deficit if the water
entering the reach (D1(I)) plus gauged inflows (RET(I,IMONTH)) is less than
historical diversions (DIV(I,IMONTH)) (i.e., diversions for existing appropria-
tions). T2 is a check in case the regression produces a negative flow entering
a reach. If instream flow targets are considered in a model run (ISFT = 1),
then T3 represents a deficit if flow entering a reach (D1(I)) is less than the
specified flow target (FLOTAR(MREACH(I),IMONTH)). The array MREACH(I) is used
to convert flow targets specified by PRFF model reaches into the corresponding
regression reach (Table 6). This is necessary because the PRFF decided on a
spatial resolution appropriate to their needs, but somewhat different from the
spatial resolution used by the Nebraska DOepartment of Water Resources to
generate the regression equations. The deficit used for subsequent calcula-
tions is the maximum of T1, T2, and T3. The manner in which these deficits

are calculated should be re-evaluated when model revisions are made.

Eliminate diversion deficits (lines 79-106). The model assumes that

given existing appropriations, the regression equation will generate logically
consistent flows in all reaches based on historical data. This means that no
deficits should occur unless new projects are specified in a model run. When
new projects are included and cause deficits in a downstream reach, this
section of code decreases the diversion (ADIV(K,IMONTH)) of the lowest priority
upstream project by the lesser of the amount of the calculated deficit or the
amount of the diversion. If the deficit has not been completely eliminated,
diversions for the next lowest priority upstream project are decreased and so
on until the deficit is eliminated. The loop over regression reaches is then
restarted with the reduced project diversions. Otherwise, calculations for

the current reach continue.
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Table 6. Relation of PRFF model reaches to regressfon reaches.

Model reaches Regression reaches
1 Julesburg - North Platte 3 same
2  Keystone - North Platte 1 Keystone=Sutherland

2 Sutherland=North Platte
3 North Platte-Brady 4  same
4  Brady-Overton 5 Brady-Cozad

6 Cozad-Overton
5 Overton-Grand Island 7  Overton-Odessa

8 Odessa-Grand Island

6 Grand Island - Duncan 9 same
7 Duncan=North Bend 10 same
8 North Bend-Louisville 11 same

Currently, diversions associated with a new project are entered as data
by the user. The model alters these only if they create deficits. However,
the model should eventually include other constraints on new diversions. For
example, most scenarios received to date state maximum withdrawals (acre-ft)
for various months of the year (the data currently required), but also specify
that these withdrawals not exceed a certain rate (cfs) or a specified percent
of the flow.

Release water for instream flow targets (lines 107-115). If instream

flow targets are considered in the current model run (ISFT = 1) and flow in a
reach (D1(I)) 1is less than the specified target (FLOTAR(MREACH(I),IMONTH)),
then stored water is released from a specified reservoir to meet the target.
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The amount released (RELS) is the lesser of the amount needed to meet the
target (FLOTAR(MREACH(I),IMONTH) - DI(I)) or the amount of water available for
release (RELWAT). Released water is added to flow in the reach specified for
release (DI(IREL(3))) and subtracted from the appropriate reservoir storage
(STOWAT(IREL(1),IREL(2))).

Modify gqauged inflows and outflows due to changeé from historical
conditions (lines 116-133). Gauged inflows (RET(I,IMONTH)) and outflows
(DIV(I,IMONTH)) for a reach are modified in the model as a result of changes
from historical conditions in groundwater exchange (TDSCH(MREACH(I),K)), addi-
tional diversions (ADIV(I,IMONTH)) and return flows (ADDRET(I,IMONTH)) asso-
ciated with new projects, and additional municipal and industrial return flows
of pumped groundwater (RFAC * RETMI(MREACH(I)) - HRETMI(I,IMONTH)). '

Regression equation (lines 134-139). This section of code calculates

flow at the bottom of a reach based on a multiple regression model developed

by the Nebraska Department of Water Resources. The form of the equation is:

02(I) = A(I,IMONTH) * D1(I) + C(I,IMONTH) * DIV(I,IMONTH) +
B(I,IMONTH) * RET(I,IMONTH) + ZZD(I,IMONTH) +
TDSCH(I)
where
D2(I) = flow at the bottom of reach I (acre-ft);
D1(I) = flow at the top of reach I (acre-ft);

DIV(I,IMONTH)
RET(I,IMONTH)

diversions from the reach (acre-ft);

return flows or inflows to the reach (acre-ft);

TDSCH(I) = change in the exchange of surface water with groundwater
from historical conditions (acre-ft); and
A,B,C,ZZD = regression coefficients.

The Toop over regression reaches is continued until all flows have been calcu-
Tated.
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The regression approach used in this model does a good job of implicitly
representing a complex water allocation procedure and producing good estimates
of river flows. The model also does a reasonably good job of evaluating
consequences of most of the proposed water projects. However, as with all
models, the regression approach has some limitations. Specifically, the
implicit incorporation of water rights and reservoir operating criteria in the
regression implies that water management alternatives which include changes in
existing water rights or reservoir operations cannot be evaluated with this
model. Response to a recent questionnaire indicated PRFF participants felt
the model should be able to evaluate such alternatives. However, none of the

scenarios submitted to date have included these alternatives.

A surface water model could be built which ekp]icit]y accounts for
reservoir operating and water allocation rules. This type of model would be
much more complex, might or might not give any better predictions of stream-
flows, but would answer different types of questions concerning future water
management. One of the primary decisions the Platte River Forum for the
Future muyst make concerning the workshop model is what types of water manage-
ment questions are most important to address through the process and what type
of surface water model is most appropriate.

Specifying new water projects. Values for several variables must be

specified for each new project to be included in a simulation. This informa-
tion is listed in Table 7 because of potential confusion due to some informa-
tion being specified by regression reach and other information by PRFF model
reach (Figure 1). One limitation of the current model is that only one project
can be specified in a particular reach. Scenarios which include both the Twin
Valley and Prairie Bend projects are handled by specifying one large project
with storages, withdrawals, and the like equal to the sum of the two individual
projects.

Water project output variables (lines 140-144). Requested and actual
additional diversions for new projects (RADIV(I), AADIV(I)) are stored for

later evaluation.
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Table 7. Information required for new water projects (IR = regression
reach, IM = PRFF model reach, J = north or south of river, IMONTH = month

of year).
Information Model variable
Reach in which project is located IRES(IM,J) =1
Withdrawal priority with respect IPRIOR(IM)

to other projects (1 is first
priority and two projects cannot
have the same priority)

Additional diversions associated ADCDIV(IR,IMONTH)
with the new project by month
(acre-ft)

Additional return flows from the ADDRET(IR,IMONTH)
new project by month (acre-ft)

Maximum storage in the project STOMAX(IM,J)

. (acre-ft)
Surface acres associated with the SURFAC(IM,J)

new project

Convert flow calculations to model reaches (lines 145-154). This section

of code converts river flows calculated for regression reaches into flows for

corresponding PRFF model reaches for use by the other submodels.

Compute Annual Discharge (Lines 155-163)

Monthly flows for each reach are summed to give a total annual discharge.
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Compute Diversion Indicators for Model Reaches (Lines 164-182)

Diversions for existing appropriations (HDIV(I)), total additional diver-
sions for new projects (TADIV(I)), and total diversions (TDIV(I)) are computed

for each model reach based on calculations made earlier by regression reaches.

Compute Storage in New Projects and Available Agricultural Water
(Lines 183-213)

The amount of water in storage during a month (STOWAT(I,J)) is computed
as the storage at the end of last month, minus use of stored water last month
(STOUSE(I,J)), plus additional diversions for the project this month
(TADIV(I)). Agricultural use of stored water last month is computed as total
surface water irrigation in the reach (AGUSE(I,J)) minus that water provided
by existing water rights (HLDIV(I) * AGFAC(I,J,IMONTH)). The amount of water
available for agricultural use in the current month (AGWAT(I,J)) is the amount
in storage plus diversions during the month (HDIV(I) * AGFAC(I,J,IMONTH)).
Diversions for agricultural use in reaches 4 and 5 south of the river occur
primarily in reach 3 (AGWAT(3,2)). The model routes this water for agricul-
tural use with the variable AG45(K).

Stream Width at Grand Island (Lines 214-218)

Stream width at Grand Island (SWIDTH) is calculated as a function of flow
(cfs) at the bottom of reach 5 (BFLOWC(5)) by linear interpolation from
Figure 5. Data points defining Figure 5 are stored in the arrays XCFS and
YWIDTH.
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Figure 5. Stream width at Grand Island as a function of flow.

Nitrate Concentrations (Lines 218-234)

Nitrate concentrations in surface water (SNIT(I)) are crudely calculated
from the amount of surface water (TFLOWA(I)) and its nitrate concentration
(RNQ3D1(I)) entering the top of a reach mixing with an amount of water
(DSCH(I,K)), if any, entering the river from groundwater and its nitrate
concentration (GNIT(I,K)). It was assumed that nitrate concentrations entering
the model system at Julesburg and Keystone (RNO3IC(K)) would not change over
the course of the model run. The formulation also assumes that surface water
nitrate concentrations within Nebraska would change primarily as a result of
groundwater input, not as a result of changes in agricultural runoff. This

assumption should be re-evaluated.
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Consecutive No-Flow Days at Grand Island (Lines 235-241)

When monthly flow at Grand Island is less than 6,440 acre-ft in July or
less than 10,110 acre-ft in August, then there is a no-flow event of two or
more days (NOFLOW(K) = 1). These general rules were derived during the work-
shop by examining historical Grand Island gauge data.

Number of Days With Flow Greater than 3,800 cfs at Overton (Lines 242-248)

The number of days in a year with flow at Overton greater than 3,800 cfs

is calculated from a regression equation developed during the workshop:

SCOUR = 1.603 * ((TFLOW(4) / 1.0E6) ** 4.3)
where
SCOUR = number of days with flow > 3,800 cfs;
TFLOW(4) = annual flow at Overton (acre-ft); and
1.603, 4.3 = regression coefficients. ‘

This variable is used by the Wildlife/Recreation submodel to calculate scouring
of vegetation on sand bars.

Maximum Daily Flow at Grand Island (Lines 249-252)

The maximum daily flow at Grand Island (FLOMAX) is computed from a regres-
sion developed during the workshop from Grand Island gauge data:

FLOMAX = ((BFLOWA(5) / 1.0E-3) * 0.054) + 1.46
where
FLOMAX = maximum daily flow (cfs);
BFLOWA(5) = monthly flow at Grand Island (acre-ft);
1.06-3 = a conversion factor to thousands of acre-ft; and
0.054, 1.46 = regression coefficients.




Acres Flooded (Lines 253-260)

Maximum daily flow in each reach (QMAX(I)) is calculated from a regression

developed during the workshop:

QMAX(I) = (TFLOWC(I) * 1.5) + 535
where
QMAX(I) = maximum daily flow (cfs);
TFLOWC(I) = monthly flow (cfs); and
1.5, 535 = regression coefficients.

The maximum daily flow is multiplied by a factor to give urban acres flooded
and agricultural acres flooded. The factors (0.024 for urban, 1.52 for agri-

cultural) were crudely estimated from contour maps during the workshop.

AGRICULTURE SUBMODEL

The following submodel description is organized according to the sequence
of calculations illustrated in Figure 6. The sequence is executed iteratively
for all spatial subunits along the Platte as depicted in Figure 1. The sub-
model 1is not currently quantified for the spatial subunits corresponding to
out-of-basin projects (areas 9, 10, 11 of Figure 1). Land is classified, and

associated variables are subscripted, on four dimensions:

1. Adjacent river reach or project area, subscript IR (e.g., Overton to

Grand Island, Big Blue project area);
2. Direction from river, subscript ID (e.g., North or South);
3. Crop type, subscript IC (e.g., corn, soybeans); and
4. Water-use type, subscript IW (e.g., surface-water irrigated, dryland,

subirrigated).
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General structure of the Agriculture submodel.
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The class types and associated subscripts are listed in file AG.DEF of
Appendix C. The subscript IMONTH designates the current month (IMONTH =1 =
January). Unless otherwise noted, these are the subscript definitions used
throughout the Agriculture submodel description. Parenthetically noted line
numbers in the Agriculture submodel description refer to lines in file AG.S of
Appendix C.

Initialization (Lines 9-40)

Minimum well yields (1ines 10-19). This section is executed only in the
first month of the first year of simulation. The variable WYLDM(IR,ID),
annual minimum well yield in gallons per minute (gpm), is used in the first

month of each simulation year to modify groundwater-irrigated acreage. At the
point of use (lines 73-83), WYLDM(IR,ID) represents minimum well yield for the
preceeding year. In order to provide an initial condition for the first month
of simulation, WYLDM(IR,ID) 1is set equal to the current well yield
(WYLD(IR,ID), as provided by the initial conditions set in the Groundwater
submodel.

Zero annual totals (lines 20-29). These calculations are executed only

in the first month of each simulation year. Variables which will be accumu-
jated across months to yield an annual total, TPUMPA(IR,ID) and TWDEL(IR,ID),
as well as DDMAX(IR,ID), which represents a maximum monthly value throughout
the year, are given a value of 0.0 at the beginning of the first month of each
year.

Zero other cumulative variables (lines 30-40). These calculations are

executed at the beginning of every month of every year. Cumulative check
variables, CCHECK and TACRE(IR,ID), and two variables, AGN(IR,ID) and WNET
(IR,ID,IW), which are calculated each month as sums across crop types, are set
to 0.0. An integer form of the current year, IYEAR, is converted to a real
form, YEAR.
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Annual Changes in Crop Proportions and Water-use Types (Lines 41-89)

A1l of the calculations in this section are executed only in the first
month of each simulation year. Crop proportions and water-use acreages are
calculated by interpolation between initial (1980) conditions and estimated
future (2020) conditions. These values are then modified based on minimum
well yields 1in the preceding year (WYLDM(IR,ID) and any project-specific
changes (TCHANG(IR,ID,IW).

Long-term crop changes (lines 48-56). Crop proportions for the water-use

types of surface water-irrigated, groundwater-irrigated, and dryland are
calculated by linear interpolation between CROP1(IR,IW,IC), representing
initial (1980) proportions, and CROP2(IR,IW,IC), representing projected future
(2020) proportions. The amount of change in a crop proportion between CROP1
(IR,IW,IC) and CROP2(IR,IW,IC) values is thus proportional to the amount of
time between 1980, the start of the simulation, and 2020. Such linear inter-
polations are performed by the SIMCON function SLP (line 55) described in the
SYSTEM MODEL section .above. Crop proportions in other water-use types are
assumed to remain constant. Crop proportions for 1980 and 2020 (Table 8) were
estimated by Agriculture subgroup participants based on personal knowledge,
county agricultural statistics, and on results of the High Plains Study

(Nebraska Natural Resources Commission 1981).

Long-term water-use changes (lines 58-65). These long-term changes are

calculated by linear interpolation in a manner similar to that described above
for long-term changes in crop proportions. Values used for initial (1980) and
projected (2020) conditions (Table 9) were estimated by Agriculture subgroup
participants and drew heavily on results of the High Plains Study (Nebraska

Natural Resources Commission 1981).
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Initial (1980) and projected (2020) crop proportions.

Water-use scubscrips (IW) are as follows:

Table 8.

surface water-irrigated,

1l =

dryland.

groundwater-irrigated, and 3 =

2 =

Year 1980 (Initial) - CROP1(IR,IW,IC)

Crop type (IC)

Milo Soybean Wheat Other
(2) (3) (4) (5) (6)

Corn

Alfalfa
type (IW) (1)

Water-use

Reach (IR)

HrA A A A A A AN NNNNNENNNN N DN D)™
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Table 8. (concluded)

Year 2020 - CROP2(IR,IW,IC)
Crop type (IC)

Water-use Alfalfa Corn Milo Soybean Wheat Other

Reach (IR) type (IW) (1) (2) (3) (4) (5) (6)
1 1 0.15 0.60  0.10 0.05 0.05 0.05
2 1 0.15 0.60 0.10 0.05 0.05 0.05
3 1 0.15 0.60 0.10 0.05 0.05 0.05
4 1 0.15 0.60 0.10 0.05 0.05 0.05
5 1 0.05 0.65 0.10 0.20 0.00 0.00
6 1 0.05 0.65  0.10 0.20 0.00 0.00
7 1 0.02 0.60 0.08 0.30 0.00 0.00
8 1 0.02 0.60  0.08 0.30 0.00 0.00
1 2 0.15 0.60  0.10 0.05 0.05 0.05
2 2 0.15 0.60 0.10 0.05 0.05 0.05
3 g 0.15 0.60 0.10 0.05 0.05 0.05
4 2 0.15 0.60 0.10 0.05 0.05 0.05
5 2 0.05 0.65  0.10 0.20 0.00 0.00
6 2 0.05 0.65 0.10 0.20 0.00 0.00
7 2 0.02 0.60  0.08 0.30 0.00 0.00

. 8 2 0.02 0.60  0.08 0.30 0.00 0.00
1 3 0.30 0.05  0.10 0.05 0.50 0.00
2 3 0.30 0.05 0.10 0.05 0.50 0.00
3 3 0.30 0.05 0.10 0.05 0.50 0.00
4 3 0.30 0.05 0.10 0.05 0.50 0.00
5 3 0.30 0.05  0.30 0.10 0.25 0.00
6 3 0.30 0.05  0.30 0.10 0.25 0.00
7 3 0.05 0.20  0.30 0.40 0.05 0.00
8 3 0.05 0.20  0.30 0.40 0.05 0.00
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Table 9. Initial (1980) and projected (2020) acres (in units of
thousands of acres) in various water-use types. Direction subscripts
(ID) are as follows: 1 = north, 2 = south.

Thousands of acres by water-use types (IW)

Surface
water-=  Groundwater-
Reach Direction irrigated irrigated Dryland Subirrigated Pasture Other
(IR) (ID) (1) (2) (3) (4) (5) (6)
1980 1 1 0 55 144 0 123 40
1 2 10 124 123 6 125 5
2 1 0 0 31 15 1,081 5
2 2 40 3 90 0 50 0
3 1 1 5 12 2 410 0
3 2 0 38 21 10 160 5
4 1 45 195 109 25 346 0
4 2 15 78 48 17 230 15
5 1 15 385 - 72 23 187 48
5 2 100 144 - 35 15 58 8
6 1 0 175 15 20 60 30
6 2 0 52 18 10 46 12 ‘
7 1 0 152 237 19 46 20
7 2 0 55 90 10 30 11
8 1 0 67 39 10 0 12
8 2 0 93 833 0 28 141
2020 1 1 0 110 144 0 68 40
1 2 10 199 123 6 50 5
2 1 0 55 31 15 1,026 5
2 2 40 6 90 0 47 0
3 1 1 20 12 2 395 0
3 2 0 76 21 10 122 5
4 1 45 390 109 25 151 0
4 2 15 156 48 17 152 15
5 1 15 553 72 23 19 48
5 2 100 196 35 15 6 8
6 1 0 229 15 20 6 30
6 2 0 73 18 10 25 12
7 1 0 193 237 19 5 20
7 2 0 82 90 10 3 11
8 1 0 67 39 10 0 12
8 2 0 118 833 0 3 141
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Project-specific water-use changes (lines 67-71). Specific changes in

water-use types, such as those associated with a new development (e.g., dryland
to surface-irrigated or groundwater-irrigated to surface water-irrigated), are
represented as combinations of positive and negative entries in the matrix
TCHANG(IR,ID,IW). These changes are 1in addition to any long-term projected
shifts. The elements of TCHANG(IR,ID,IW), TYPEL(IR,ID,IW), and TYPE2(IR,ID,IW)
are in thousands of acres, which are then converted to acres in the variable
TYPE(IR,ID,IW) (line 69). The variable CCHECK is a summation of the elements
of TCHANG(IR,ID,IW), checking to see that simulated water-use changes conserve

the total number of acres.

Dry-well water-use changes (lines 73-83). The extent of groundwater
irrigation is assumed to be 11m1ted by well yields; lower well yields are
associated with a smaller number of groundwater-irrigated acres. This is
incorporated in the model as relationships between the fraction of the poten-
tial groundwater-irrigated acreage in each spatial subunit which is realized
(GWL(IR,ID)) and the minimum well yield (WYLDM(IR,ID)) for the previous year
in that spatial subunit. These relationships were estimated (best guess) by
subgroup participants (Figure 7). Data defining Figure 7 are stored in the
arrays XGl and YGl for IR = 6 and ID = 2, and XG and YG for all other spatial
subunits. The relationships are adjusted by multiplying the minimum well
yields by a calibration coefficient (WFAC(IR,ID)). The coefficient is used to
insure that initial conditions of minimum well yield and groundwater=-irrigated
acres are consistent. After GWL(IR,ID) is calculated (lines 77-78), the
fraction is used to reduce groundwater-irrigated acreage and to increase

dryland acreage by the aﬁpropriate amount (lines 79-83).
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MINIMUM WELL YIELD IN PRECEEDING YEAR IN GPM (WYLDM(IR,ID))

FRAGCTION OF POTENTIAL GROUNDWATER
IRRIGATION REALIZED (GWL(IR,ID))

Figure 7. Fraction of potential groundwater irrigation realized as
a function of minimum well yield.

Update and total (lines 84-89). Following the use of WYLDM(IR,ID) in the
preceding section, WYLDM is set equal to current well yield, WYLD(IR,ID), as

provided by the Groundwater submodel (line 82). The running minimum value of
WYLDOM(IR,ID) will be updated throughout the rest of the current year, in order
to be used in the first month of the following year. In the first month the
minimum value is set equal to the first month's value. Acreages (ACRE(IR,
ID,IW,IC)) of each water-use type (IW) and crop type (IC) for each spatial
subunit (IR,ID) are then calculated (lines 86-89) by multiplying acres in each
water-use type (TYPE(IR,ID,IW)) by the respective crop proportions (CROP(IR,ID,
iW,IC)).
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Total Acres Check and Update Running Minimum Well Yield (Lines 98-106)

These calculations are executed every month of every year. Minimum well
yield for the current year is updated based on the current month's value of
WYLD(IR,ID) provided by the Groundwater submodel (lines 98-99). A check on
conservation of acres is performed by recalculating the total number of acres
in each spatial subunit (TACRE(IR,ID)) as the sum of all the water-use and
crop types within that spatial subunit (lines 103-106).

Net and Gross Field Irrigation Requirements (Lines 108-122)

Net field irrigation requirements are calculated by muitipiying the
number of acres in each crop times the annual net irrigation requirement for
each crop (in inches), dividing by 12.0 to convert to acre-feet, and finally
multiplying by a decimal fraction representing the proportion of the annual
requirement that occurs in a particular month (lines 115-116). The values are
accumulated across crops to produce a total value (WNET(IR,ID,IW)) for each
irrigation type in each spatial subunit. Values for crop water requirements
(RNET(IR,IC)) and the seasonal distribution of these annual requirements
(SEAS(IMONTH)) were estimated by subgroup participants (best guesses). These
values are given in Tables 10 and 11, respectively.
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Table 10. Net crop water requirement (RNET(IR,IC)) in inches per year.

Crop type (IC)

Alfalfa Corn Milo Soybean Wheat Other
Reach (IR) (1) (2) (3) (4) (5) (6)

3 17.0 13.5 12.2 13.3 9.9 17.0
e 17.0 13:5 12.2 13.3 9.9 17.0
3 17.0 13.5 12.2 13.3 9.9 17.0
4 13.6 10,9 10,1 11.2 8.2 13.6
5 1Z2.9 10.4 9.6 10,7 7.8 12.9
6 12.9 10.4 9.6 10.7 7.8 12.9
7 12.9 10.4 9.6 10.7 7.8 12.9
8 12.9 10.4 9.6 10.7 7.8 12.9

Table 11. Seasonal distribution of net crop water requirement
(SEAS(IMONTH)).

Fraction of annual requirement (SEAS(IMONTH))

Jan Feb March April May June
0.0 0.0 0.0 0.0 0.15 0.35
July Aug Sept Oct Nov Dec
0.35 0.15 0.0 0.0 0.0 0.0

60




Gross irrigation requirements at the field (WGS(IR,ID,IW)) are then
calculated by dividing the net requirements (WNET(IR,ID,IW)) by field applica-
tion efficiencies (EF(IW)) (line 121). The application efficiencies were
estimated as 0.60 for surface water irrigation and 0.70 for groundwater irriga-

tion.

Surface Water Irrigators: Surface Water Use and Supplemental Groundwater
Pumping (Lines 124-134)

The volume of surface water needed for surface water irrigation (WDIV(IR,
ID,1)) is calculated by dividing the gross field irrigation requirement for
surface water irrigation in a particular spatial subunit (WGS(IR,ID,1)) by a
delivery efficiency (ED(1l)). The delivery efficiency (ED(1l)) was estimated as
0.80. The volume of surface water used (AGUSE(IR,ID)) is calculated as the
minimum of the amount needed (WDIV(IR,ID,1)) and the amount available
(AGWAT(IR,ID)) as provided by the Surface Water submodel. Surface water
delivered to fields (WDEL(IR,ID)) is then calculated by multiplying
AGUSE(IR,ID) by the delivery efficiency (ED(1l)). WDEL(IR,ID) 1is accumulated
throughout each year in the variable TWDEL(IR,ID)). If available surface
water is not sufficient to meet demand (WDEL(IR,ID) less than WGS(IR,ID,1)),
the deficit is met by supplemental pumping of available groundwater (GAVAL).
Available groundwater is calculated as the volume of the groundwater reservoir
(GWS(IR,ID)) provided by the Groundwater submodel times an availability coeffi-
cient (GA) which is arbitrarily set to 0.75 in order to keep pumping from
depleting the entire reserveir in one month. After a check to see that sup-
plemental pumping is not greater than available groundwater, the volume of
supplemental pumping required (SPUMP(IR,ID)) is subtracted from the groundwater
reservoir (GWS(IR,ID)).

Groundwater Irrigators: Groundwater Pumping (Lines 136-140Q)

Water available for groundwater pumping (GAVAL) is calculated by multiply-
ing the availability factor (GA) by the volume of storage (GWS(IR,ID)) as
updated by the subtraction of supplemental pumping. Groundwater pumping by
groundwater irrigators (GPUMP(IR,ID)) is the minimum of water required at the



field (WGS(IR,ID,2)) and available groundwater (GAVAL). The reservoir volume
(GWS(IR,ID)) is then updated by subtracting the pumped volume (GPUMP(IR,ID)).

Total Groundwater Pumping for Agriculture (Lines 142-144)

Total groundwater pumping for agriculture in each month (PUMPAG(IR,ID))
is the sum of supplemental pumping by surface water irrigators (SPUMP(IR,ID))
and pumping by groundwater irrigators (GPUMP(IR,ID)). PUMPAG(IR,ID) is accu-
mulated throughout the year as the variable TPUMPA(IR,ID).

Recharge and Runoff (Lines 146-192)

Explicit calculations of groundwater recharge (or deep percolation) and
runoff are made for three water-use types: surface water irrigation, ground-
water irrigation, and dryland farming (IW =1, 2, and 3, respectively).
Recharge and runoff from other water-use types are assumed to be implicit in

the calculations of the Surface Water and Groundwater submodels.

Dryland (lines 147-153). Groundwater recharge for dryland (IW = 3) is
calculated as follows:

DPERC(IR,ID,3) = FPERCD(IMONTH) * RAIN(IR,IMONTH) * (1.0 / 12.0)
* TYPE(IR,ID,3)
where
DPERC(IR,ID,IW)
FPERCD(IMONTH)

deep percolation or groundwater recharge (acre-ft);

fraction of precipitation which is deep percolation

from dryland (decimal fraction);

RAIN( IR, IMONTH)
TYPE(IR,ID, IW)

precipitation (inches); and

land (acres).

The values for FPERCD(IMONTH) and RAIN(IR,IMONTH), oresented in Tables 12 and
13, were estimated by Agriculture subgroup participants.
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Table 12. Fraction of precipitation which is groundwater recharge.
FPERCD(IMONTH) is applied to dryland (IW = 3); FPERC(IMONTH) is applied
to irrigated land (IW =1 and 2).

Jan Feb March April May June

Dryland (FPERCD(IMONTH)) 0.0 0.0 0.0 0.1 0.0 0.0
Irrigated (FPERC(IMONTH)) 0.0 0.0 0.0 0.1 0.0 0.0

July  Aug  Sept Oct  Nov  Dec
Dryland (FPERCD(IMONTH)) 0.0 0.0 0.0 0.1 0.1 0.0
Irrigated (FPERC(IMONTH)) 0.0 0.0 0.0 0.1 . 0.1 0.0

Table 13. Precipitation in inches (RAIN(IR,IMONTH)).

Reach (IR)
Month 1 2 3 4 5 6 7 8
Jan 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.75
Feb 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00

March 1.00 1.00 1.00 1.25 1.25 1.50 1.50 1.78

Apri] 1.75 1.75 2.00 2.00 2.75 2.50 2.50 2.75
May 3.25 3.25 3..25 3.25 3.50 3.75 3.75 4.00
June 3.50 3.50 4.00 4.50 4.75 4.75 5.00 5.25
July 2,75 2.75 2:75 3.00 3.00 325 350 3.00
Aug 2.00 2.00 2.25 229 2.50 3.00 3.25 3.50
Sept 1.75 1.7 2.00 2,25 2,50 3.00 3.00 3.00
Oct 1.00 1.00 1.00 1.00 1.25 1.25 1.50 1.75
Nov 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Oec 0.25 0.2% 0.25 0.25 0.25 0.50 0.50 0.50
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Runoff for dryland (IW = 3) is calculated as follows:

RUN(IR,ID,3) = FRUND(IMONTH) * RAIN(IR,IMONTH)
* (1.0 / 12.0) * TYPE(IR,ID,3)
where
RUN(CIR,ID,IW)
FRUND( IMONTH)

runoff (acre-ft);
fraction of precipitation which is dryland runoff

(decimal fraction); and
RAIN(IR,IMONTH) and TYPE(IR,ID,IW) are as previously defined.

Values for FRUND(IMONTH), estimated by Agriculture subgroup participants, are

given in Table 14.

Table 14. Fraction of precipitation which is runoff from
dryland (FRUND(IMONTH)).

Fraction of precipitation which is runoff (FRUND(IMONTH))

Jan Feb March April May June .
1.0 1.0 1.0 0.1 0.1 0.1

July Aug Sept Oct Nov Dec

0.1 0.1 0.1 0.1 0.1 1.0

Irrigated land: non-irrigation season (lines 154-172). This section

deals only with irrigated water-use types (IW = 1 and 2) and is executed only
in the months January - May (IMONTH = 1-5) and October - December (IMONTH =
10-12).

Recharge from surface water irrigation (IW = 1) is separated into two
components: OPERCF(IR,ID,1) is recharge from the field and DPERCT(IR,ID,1) is
associated with delivery losses. For these months, OPERCT(IR,ID,1) is set
equal to zero. DPERCF(IR,ID,1) is calculated as follows:

64




DPERCF(IR,ID,1) = FPERC(IMONTH) * RAIN(IR,IMONTH) * (1.0 / 12.0)
* TYPE(IR,ID,1)
where

DPERCF(IR,ID,IW) = deep percolation or recharge from surface water-

irrigated fields (acre-ft);
FPERC(IMONTH)

fraction of precipitation which is deep
percolation (decimal fraction); and
RAIN(IR,IMONTH) and TYPE(IR,ID,IW) are as previously described.

Values for FPERC(IMONTH), estimated by Agriculture subgroup participants, are
given in Table 12. Total recharge associated with surface water irrigation
(DPERC(IR,ID,1)) 1is the sum of the field (DPERCF(IR,ID,1)) and transport
(DPERCT(IR,ID,1)) components. Runoff from surface irrigated fields is calcu-

lated as one-tenth of precipitation:

RUN(IR,ID,1) = 0.1 * RAIN(IR,IMONTH) * (1.0 / 12.0) * TYPE (IR,ID,1)
where
RUNCIR,ID,IW) = runoff (acre-ft); and
RAIN(IR,ID,IW) is as previously described.

Recharge from groundwater-irrigated land (DPERC(IR,ID,2)) is calculated
by the same algorithm used for field percolation from surface water-irrigated
land (DPERCF(IR,ID,1)). The only differences are substitution of DPERC(IR,ID,
2) for DPERCF(IR,ID,1) and change in the water-use subscript (IW =2 for
IW=1). Likewise, runoff from groundwater-irrigated land (RUN(IR,ID,2)) is
calculated in the same manner as runoff from surface water-irrigated land,

altering the water-use subscripts to represent groundwater irrigation.

Irrigated land: irrigation season (lines 173-187). The transport compo-

nent of recharge associated with surface water irrigation (DPERCT(IR,ID,1)) is
calculated as a percolation efficiency for applied water (EPER = 0.9) times
the volume of water lost in transport (AGUSE(IR,ID) - WOEL(IR,ID)). The field
component associated with surface water irrigation (DPERCF(IR,ID,1)) is calcu-

lated as the water applied to the field in excess of crop requirements
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(SPUMP(IR,ID) + WDEL(IR,ID) - WNET(IR,ID,1)) times the percolation efficiency
of applied water (EPER = 0.9), times an additional reduction applied only to
surface water irrigation (EPER1 = 0.9). Total recharge from surface water
irrigation (DPERC(IR,ID,1)) 1is then obtained by summing the two components
(DPERCF(IR,ID,1) + DPERCT(IR,ID,1)). Runoff from surface water-irrigated land
is calculated as one-tenth of applied water in excess of crop requirements
(SPUMP(IR,ID) + WDEL(IR,ID) - WNET(IR,ID,1).

Recharge from groundwater irrigation is calculated as water applied in
excess of crop requirements (GPUMPIR(ID) - WNET(IR,ID,2)) times the percolation
efficiency of applied water (EPER = 0.9). Runoff from groundwater-irrigated
land in irrigation season is assumed to be 0.0.

Totals (lines 188-192). Total groundwater recharge from agriculture
(AGRCH(IR,ID)) and total runoff from agriculture (RETAG(IR,ID)) are calculated
as sums of recharge (DPERC(IR,ID,IW)) and runoff (RUN(CIR,ID,IW)) from the
irrigated (IW = 1 and 2) and dryland (IW = 3) water-use types. No explicit

calculation is made for recharge or runoff from other water-use types (IW = 4,
5, and 6). Nominal values for these types are implicit in the Surface Water
and Groundwater submodels; furthermore, these values are assumed to be rela-
tively small and constant over the period being simulated.

Nitrate Concentration in Agricultural Recharge (Lines 193-209)

The total loading of nitrate from field leaching (AGN(IR,ID)) is calculat-
ed by summing the following across water-use and crop types: a crop-specific
loading (1b-N per inch of percolating water) estimated by Agriculture subgroup
participants (RLOAD(IW,IC)) with values given in Table 15, times the fraction
of each water-use type in each crop type (CROP(IR,ID,IW,IC)), times the total
volume of percolating water from fields of each water-use type (DPERCF(IR,ID,1)
for surface water=-irrigated and OPERC(IR,ID,IW) for groundwater-irrigated and
dryland). Nitrate loading from transport losses (TGN(IR,ID)) is calculated
from the transport component of surface water-irrigated percolation (DPERCT(IR,
ID,2)) and the nitrate concentration of surface water (SNIT(IR)) provided by
the Surface Water submodel.
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Table 15. Crop-specific nitrate locadings (RLOAD(IW,IC)). A1l values
are in pounds of N as NO, per acre-inch of water percolating to

groundwater.
Crop type (IC)

Water-use Alfalfa Corn Milo Soybeans Wheat Other
type (IW) (1) (2) (3) (4) (5) (6)
Surface water-

irrigated (1) 0.1 7.5 4.5 0.1 1.0 0.0
Groundwater-

irrigated (2) 0.1 7.5 4.5 0.1 1.0 0.0
Dryland (3) 0.1 4.5 3.8 0.1 1.0 0.0

Average concentration (AGNIT(IR,ID)) is then calculated by a dimensiocnal
conversion factor (CON) times the total loading (AGN(IR,ID) + TGN(IR,ID))
divided by the total volume of percolating water (AGRCH(IR,ID)). Because
agricultural contribution to groundwater nitrate is a controversial topic,
several potential weaknesses of these calculations need to be stressed.
First, the crop-specific loadings of nitrogen per acre-inch of percolating
water (Table 15) are critical parameters in the calculation. There was some
disagreement in the Agriculture subgroup over these values and they need to be
better supported by experimental data. Second, estimating the percolating
volume for each crop by multiplying total volume of percolating water for each
water-use type by crop proportions in each water-use type may not be accurate
if application efficiencies and crop water-use efficiencies differ strongly
among crops. Finally, loadings and percolating volumes from water-use types
other than irrigated and dryland cropland may need to be explicitly calculated
in order to accurately represent the total effect on groundwater nitrate

concentrations.
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Evapotranspiration from Subirrigated Land (Lines 210-224)

The current value of depth to groundwater (DEPTH(IR,ID)) is compared to
the initial depth to groundwater (DEPI(IR,ID)) in order to calculate a dif-
ference (DD(IR,ID)) for the current month. This value is used in the relation-
ship (Figure 8) developed by Agriculture subgroup participants to caliculate a
multiplicative reduction (RED) in evapotranspiration from subirrigated land
for the current month. Data defining Figure 8 are stored in the arrays XSUB
and YSUB. The maximum value of this increase in depth to groundwater
(DDMAX(IR,ID)) during the growing season (IMONTH = 5-9) is also updated for
later use in calculating yield reductions. Evapotranspiration from subirrigat-
ed land is then calculated as follows:

ETS(IR,ID) = SEAS(IMONTH) * RED * (ACRE(IR,ID,4,1) *
ALET + ACRE(IR,ID,4,6) * HNET)

where

ETS(IR,ID)
SEAS( IMONTH)

evapotranspiration from subirrigated land (acre-ft);

monthly distribution of annual total evapotranspira-
tion (decimal fraction) (see Table 11);

ACRE(IR,ID,IW,IC) land (acres);

ALET = annual potential evapotranspiration from aifalfa
(ft);

HNET = annual potential evapotranspiration from native hay
(ft); and

RED = multiplicative reduction in evapotranspiration due to
Towered groundwater (decimal fraction) (see Figure
8).

Evapotranspiration from subirrigated land (ETS(IR,ID)) is then subtracted from
available groundwater in a manner similar to that previously described for
groundwater pumping (SPUMP(IR,ID) and GPUMP(IR,ID)).
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WHICH IS REALIZED (RED(IR.ID))

0 v : . v ;
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INCREASE IN DEPTH TO. GROUNDWATER IN FEET (DD(IR,ID))

FRAGTION OF POTENTIAL EVAPOTRANSPIRATION

Figure 8. Multiplicative reduction in evapotranspiration from
subirrigated land as a function of increase in depth to ground-
water.

Yields (Lines 225-238)

These calculations are executed only in the last month (IMONTH = 12) of

year.

Long-term yield changes (lines 227-233). Current crop yields (CYLD(IR,ID,
IW,IC)) are calculated by linear interpolation between initial (1980) crop
yields (YIELDI(IW,IC)) and projected year 2020 yields (YIELD2(IW,IC)) in a
manner similar to that described previously for long-term changes in crop
proportions and water-use types. Values for YIELDI(IW,IC) and YIELD2(IW,IC)
(Table 16) were estimated by Agriculture subgroup participants using personal

knowledge, current agricultural statistics, and the High Plains Study results
(Nebraska Natural Resource Commission 1981). A multiplicative yield reduction
for subirrigated land (YRED(IR,ID)) is calculated based on the maximum increase

in depth to groundwater during the growing season (DDMAX(IR,ID)) using a




relationship estimated by Agriculture subgroup participants (Figure 9). Data
defining Figure 9 are stored in the arrays XSUB and YSUB. This yield reduction
(YRED(IR,ID)) is then applied to decrease yields from subirrigated land.

With the exception of the reduction applied to subirrigated lands describ-
ed above, the crop yield calculations assume irrigated land receives full

irrigation and that there is no annual climatic variation affecting yields.

Table 16. Initial (1980), YIELD1(IW,IC), and projected (2020),
YIELD2(IW,IC), crop yields.

Cover type (IC)

Water-use Alfalfa Corn Milo Soybeans Wheat
type (IW) (tons/ac) (bu/ac) (bu/ac) (bu/ac) (bu/ac)
(1) (2) (3) (4) (5)
1980
Surface water=~
irrigated (1) 4.3 129.0 94.0 46.0 52.0 .
Groundwater-
irrigated (2) 4.3 129.0 94.0 46.0 52.0
Dryland (3) 2.7 51.0 59.0 37.0 35.0
Subirrigated (4) 4.3 o = = =
2020
Surface water-
irrigated (1) 6.5 180.0 150.0 60.0 81.0
Groundwater-
irrigated (2) 6.5 180.0 150.0 60.0 81.0
Dryland (3) 3.6 64.0 88.0 48.0 55.0
Subirrigated (4) 6.5 = = = =
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MUNICIPAL/INDUSTRIAL SUBMODEL

The general structure of the Municipal/Industrial submodel is diagrammed
in Figure 10. Line number notations in the following narrative description
refer to the FORTRAN code file MIND.S in Appendix D. Associated computer
files and variable definitions are also listed in Appendix D. Unless otherwise
noted, subscript I refers to river reach, subscript J denotes direction from

the river, and subscript K represents hydroelectric versus thermal power

olants.
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Figure 10. General structure of the Municipal/Industrial submodel.
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Compute Municipal/Industrial Pumping and Well-Field Water Quality (Lines 5-27)

Average annual per capita water use (lines 9-12). The average annual per

capita water use (PCWU(I)) is computed based on approximate current use (400
gallons/day) and an assumed rate of increase (DPCWU(I)) of 2% per year. This
per capita use rate needs to be refined to be made more specific, perhaps
using individual municipalities to determine current use and projected growth.

Population size (lines 15-18). Current populations and projected growth
rates (DROP(I)) (Table 17) are used to make new population (POP(I,J)) estimates
each year. These population estimates need to be checked for accuracy and

more realistic projections of growth determined.

Table 17. Relocation and construction crew estimates associated
with proposed water projects.

No. of Construction Duration

families crews (no. of Towns
Project relocated of individuals) construction impacted
Twin Valley 20 100 3-10 yrs. = Kearney,
Wood River,
Grand Island
Prairie Bend 6 100 3-10 yrs. Kearney,
Wood River,
Grand Island
Hastings,
Artell,
Little Blue 1 100 3-10 yrs. Mendin,
Campbell,
Funk
Ogallala,
Enders 0 20 3-10 yrs. Grant,
Imperial
Twin Platte N/A N/A 3-10 yrs. N/A
Plum Creek 4 100 3-10 yrs. Lexington
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Water quality (lines 19-24). The nitrate concentration in municipal well

fields (XNIT(I,J)) is the only water quality variable considered by the sub-
model. Information on the average surface water concentrations of nitrate
(SNIT(I)) and the groundwater concentrations of nitrate (GNIT(I,J)) for the
entire reach is available from the water submodels. A crude estimate of the
nitrate concentrations is made by taking a weighted average of these two
concentrations. The relative contributions of the surface water (PNIT(I,J))
and the groundwater concentrations (1. - PNIT(I,J)) to a municipal well field
nitrate concentration are assumed to depend on the amount of groundwater
recharge (DSCH(I,J)) in a given reach. The relative contribution from surface

water is calculated as:

PNIT(I,J) = 1. = (DSCH(I,J) / ZDMAX(I,J))
where

PNIT(I,J) = relative contribution of surface water to well field
nitrate concentrations;

DSCH(I,J) = amount of water moving between the surface water and
groundwater (acre-ft) where DSCH < O indicates ground-
water recharge from the river; and

ZDMAX(I,J) = the hypothesized maximum value of DSCH(I,J).

In the model, PNIT(I,J) is constrained to the range 0.10 to 0.90.

The equation for estimating nitrate concentrations is:

XNIT(I,J) = (SNIT(I) * PNIT(I,J)) + (GNIT(I,J) * (1. - PNIT(I,J)))
where

XNIT(I,J) = municipal well field nitrate concentration (ppm);
SNIT(I) = surface water nitrate concentration (ppm);

GNIT(I,J) = groundwater nitrate concentration (ppm); and

PNIT(I,J) = oproportional contribution of surface water nitrate to

well field nitrate concentrations.

74




This nitrate calculation is overly simplistic and should be refined if
well field nitrate concentrations are deemed to be an 1hportant indicator for
the PRFF. It may also be desirable to add other water quality variables, such
as dissolved oxygen, iron, manganese, total dissolved solids, hardness, and
organics. Some of these may be especially important if proposed projects
result in expanded agricultural land use or changes in agricultural practices
which might eventually affect municipal water supplies. Also, a much finer
spatial resolution is probably needed to make realistic predictions of water

quality in municipal well fields.

Municipal and industrial pumping and return flow (lines 25-30). In each

reach, the monthly municipal and industrial pumping of groundwater is calcu-

lated as:

PUMPMI(I,J) = POP(I,J) * PCWU(I) * TPROP(IMONTH) * UPOP(I,J)

where

PUMPMI(I,J) = amount of water pumped for municipal and industrial

use (acre-ft);

POP(I,J) = human population;
PCWU(I) = average annual per capita water use (acre-ft);
TPROP(IMONTH) = fraction of annual water use for the current month; and

UPOP(I,J) = fraction of the population residing in municipal areas.

The assumed monthly pattern of water use is shown in Table 18. The amount of
water pumped, which cannot exceed the amount in storage, is subtracted from
groundwater storage (GWS(I,J)). Municipal and industrial return flows to the
Platte River are assumed to be a fraction of the. amount pumped. Variation in
monthly return flows is in part due to varijation in pumping as demand increases
and partly due to seasonal factors (RFPROP(IMONTH)) (Table 19). Differences

in return flow proportion by reaches (DPROP(I,J)) are also considered.
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Table 18. Proportion of average annual per capita water use realized
in each month (TPROP(IMONTH)).

Fraction realized

0.50 0.75 0.75 1.00 1.25 1.75
July Aug Sept Oct Nov Dec
1.75 1.25 1.00 0.75 0.75 0.50

Table 19. Proportion of monthly municipal/industrial groundwater
withdrawals that eventually return to the river (RFPROP(IMONTH)).

Proportion returning

Jan Feb March Apri] May June .
0.50 0.50 0.60 0.70 0.75 0.85
July Aug Sept Oct Nov Dec
0.85 0.75 0.70 0.60 0.50 0.50
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Omaha Municipal and Industrial Water Demand (Lines 32-39)

The demand for municipal and industrial water for Omaha (XS) is considered
as a speciaT case. Demand is predicted using an SLP function based on the
projection diagrammed in Figure 11. Data points defining Figure 11 are stored
in the arrays ATIME and YTIME. This additional amount of water pumped is
added to the amount previously calculated for reach 8 and return flows are

calculated as described above.

Electric Energy Production and Water Use (Lines 40-54)

Annual energy production (lines 45-47). The annual energy production
(EOUT(I,K)) for facilities on the Platte River is assumed, in the model, to

remain constant, except for production at Sutherland which is assumed to

increase at a rate (DEOUT(1,2)) of 2% per year. Production estimates used in
the model are based on 1970 data from the Platte Level B Study (Table 20).
These estimates should be updated and a realistic scenario for future growth

in energy production determined.
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Figure 11. Average annual water use projections for the city of
Omaha water system until the year 2020.
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Table 20,

Energy production and water use.

HYDROELECTRIC

Plant Reach
Kingsley 2
North PlatLe 3
Johnston 1 4

JohasLon 2 U]

Jeffrey 4
Kearney 5
fotal

THERMAL

Plant Reach
Suthertand 1
Canady

Grand Island 6

Pine Street
Burdock
Burbick
PlatLe
Schuyler

Hal lam-Sheldon

Capacity (MW)

50.0
26.1
18.0
18.0
18.0

131.6

Capacity (MW)
1, 300.
108.

17.
39.
14.
100.

228.

1,817.

LCIE (< A =R = A

Annual
production {MWi)

N/A
7,463
86,846
116,462
123,150
620
h4,5u1

Production (MWH)

5,124,600
638,000

27,900
139,200
1,500

N/A
9,400
1,008,500
6,949,100

Withdrawals (cfs)

0

A}
1,382
1,102
1,394
__60
4,649

Withdrawals
{acre-ft/yr}

N/A
95, 600

11,300
24,400
N/A
N/A
1,500
151,000
283,800

Use (cfs)

OIC o © o © ©

Use

facre-ft/yr)

9,434
640

11,894




Energy production water use (lines 48-54). The primary consumptive use

of water in energy production is for cooling in thermal plants. It is assumed
in the model that hydroelectric plants do not have any consumptive use. The
consumptive use of water for cooling (PX) is calculated by multiplying the
estimated monthly production by the amount of water consumed per megawatt-hour
(EQUTW(I,K)). The model currently assumes that 600 gallons of water are
consumed in the production of one megawatt-hour. Annual energy production
(EQUT(I,K)) is converted to monthly production by multiplying by the proportion
generated in a given month (EQUTM(IMONTH)) (Table 21). The water consumption
needs for a reach are partitioned to the north or south side of the river
using EPL(I,J) and are added to the appropriate municipal and industrial
pumping (PUMPMI(I,J)) calculated earlier. A small return flow from power
plant cooling (PX * EOUTR(I,K)) is added to the appropriate return flows
(RETMI(I)).

Flood Damage and Relocation Costs

In conceptualizing the Municipal/Industrial submodel, several potentially
important factors were discussed which could not be adequately included in the
current model. The likelihood and effects of flooding in urban and rural
areas need to be further evaluated. If floods are likely to cause major
damage and if proposed water projects might significantly reduce economic
loss, then additional model refinement to include these factors should be

done.

The construction of proposed water projects could bring about significant
costs to some municipalities as displaced individuals relocate and as construc-
tion workers move into the area. Most towns could probably absorb these
relcoation costs with no need for additional infrastructures. However, some
towns, such as Artell, Mendin, Campbell, Funk, and Lexington, may require
additional educational and municipal facilities. A much better understanding

of other socio-economic impacts of potential projects must be developed.
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Table 21. Proportion of annual energy production gene»ated each month

(EOUTM(IMONTH)) .

Proportion generated
Jan Feb March April May June
0.06 0.06 0.06 0.06 0.08 0.11
0.13 0.13 0.11 0.08 0.06 0.06

WILDLIFE/RECREATION SUBMODEL

The following discussion of the Wildlife/Recreation submodel is organized
around the computational sequence illustrated in Figure 12. Line numbers in
parentheses refer to the file WR.S (Appendix E). Throughout the discussion,
subscript IR denotes a river reach (Figure 1), IA refers to direction from
the river, IM denotes the simulation month, IT denotes a riparian habitat type
(sand bar, meadow, shrubs, trees), IML denotes an age class within the meadow
type, and ISL denotes an age class within the shrub type. Additional informa-
tion on subscript values can be found in the file WR.DEF (Appendix E), which

also contains definitions of submodel variables.

Throughout this section, reference is made to the "relative" status of
variables (e.g., relative crane habitat, relative recreation use-days).
Relative should always be interpreted as the value of the variable during the
current simulation year divided by the value of the variable at the beginning
of the simulation (1982 conditions).
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Figure 12. General structure of the Wildlife/Recreation submodel.
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Riparian Vegetation (Lines 44-171)

Calculations contained in this section are executed annually except for

evapotranspiration, which is computed monthly.

Riparian Succession (Lines 49-122)

Riparian vegetation in each reach consists of four types--sand bar
(SAND(IR)), meadow (GRASS(IR)), shrubs (SHRUB(IR)), and trees (TREE(IR)).
Initial acreages for each type are shown in Table 22. Meadow is assumed to
have three age classes (GLAG(IR,IML)) and shrubs five age classes (SHLAG(IR,
ISL)); that is; meadow succeeds to shrubs in 3 years, while shrubs succeed to
trees in 5 years. Sand bars are converted to wet meadow at a rate (DSAND(IR))
determined by the number of scouring flows (Figure 13), which is calculated by
the Surface Water submodel as the number of times annually the daily flow is
greater than or equal to 3800 cfs (SCOUR). The SLP function (1ine 60) inter-
polates linearly between the points shown in Figure 13 using SCOUR as the
independent variable. Data values defining Figure 13 are contained in the
arrays XMED and YMED. Multiplication of this rate times the number of sand
bar acres (SAND(IR)) then yields the number of acres in the first shrub age
class (GLAG(IR,1)) (line 70).

Two strategies representing habitat manipulation by humans are available
to the wuser: (1) convert enough first-year shrubs (SHLAG(IR,1)) or trees
(TREE(IR)) to sand bar to offset the acres succeeding from sand bar to first-
year meadow; or (2) convert a specified acreage of first-year shrubs and/or
trees to sand bar.
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Table 22. Initial acreages of the four riparian habitat types.

Reach (subscript IR)

Habitat type

(variable name) 1 2 3 4 5 6 7 8

Sand bar 12,040 5,124 266 2,912 11,256 95,761 10,000 11,648
(SAND(IR))

Wet meadow® 7,224 6,832 266 2,912 5,628 6,384 2,520 2,912
(GRASS(IR))

Shrubb 9,632 6,832 1,596 4,368 5,628 4,788 5,040 5,824
(SHRUB(IR))

Tree 19,264 15,372 8,512 18,928 15,008 11,172 7,560 8,736
(TREE(IR))

aEven]y divided among the three meadow age classes (GLAG(IR,IML)).

bEven]y divided among the five shrub age classes (SHLAG(IR,ISL)).

0.051

0.03 4

0.01 -

o ¥ T 1 { )
0 5 10 15 20 25

NUMBER OF SCOURING EVENTS (SCOUR)

PROPORTION OF SANDBAR CONVERTED
TO WETMEADOW (DSAND(IR))

Figure 13. Rate of conversion of sand bar to wet meadow as a
function of the annual number of scouring events.
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To implement strategy 1, the user first decides whether the sand bar
losses are to be replaced from shrubs or trees. Then the appropriate switch
must be set to a value of 1 each year the strategy is to remain in effect (and
reset to 0O when nominal model operation is desired). If sand bar losses are
to be replaced from shrubs the switch is ISHMNT (line 85). If trees are to be
the source of sand bar replacement, the switch is ITRMNT (line 93). Note that
in both of these cases the switch activates the strategy in all reaches. This
should be changed to a reach-specific application as a submodel refinement.
The acreage converted from either shrubs (SHMNT(IR)) or trees (TRMNT(IR)) is
calculated as DSAND(IR) * SAND(IR) (lines 91 and 99).

The second strategy, return of user-defined acreages from first-year
shrubs and/or trees to sand bar, is implemented by specifying the desired
acreages 1in the variables SHRIP(IR) and TRRIP(IR), respectively. These
acreages are subtracted from the appropriate type (lines 117-121) and added to
sand bar (line 122). Note that the submodel currently does not protect against
the user attempting to remove more acres than are present.

Riparian Habitat Value (Lines 124-131)

The dollar value of each of the riparian habitat types (VALHAB(IR,IT)) is
obtained by multiplying the acreage in each type (SAND(IR), GRASS(IR),
SHRUB(IR), TREE(IR)) times an estimated 1982 selling price for each type
(DOLAC(IT)). Estimated 1982 selling prices are shown in Table 23.

Riparian Habitat Totals (Lines 133-142)

Total acreages of the riparian habitat types are found by summing the
individual reach contributions.
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Table 23. Estimated 1982 selling prices (DOLAC(IT)) for the four
riparian habitat types.

Habitat type (IT) Price ($/acre)
Sand bar (1) 300
Wet meadow (2) 1,250
Shrubs (3) 300
Trees (4) 300

Evapotranspiration by Riparian Vegetation (Lines 144-171)

Annual evapotranspiration (ET) by each of the riparian habitat types
(ETSDR, ETMDR, ETSHR, ETTRR) and a monthly distribution pattern
(ETDIST(IMONTH)) were estimated by workshop participants (Tables 24 and 25).

. Table 24. Annual evapotranspiration by the riparian habitat types.

Habitat type Evapotranspiration rate
(variable name) (acre-ft/acre/year)

Sandbar 2

(ETSDR)

Wet meadow 2

(ETMDR)

Shrubs 3

(ETSHR)

Trees 3

(ETTRR)
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Table 25. Monthly distribution of annual evapotranspiration
(ETDIST(IMONTH)).
Month Proportion Month Proportion
January 0.0 July 0.3
February 0.0 August 0.1
March 0.0 September 0.05
April 0.1 October 0.0
May 0.2 November 0.0
June 0.25 December 0.0

Monthly ET for each habitat type in each reach (ETSD(IR), ETMD(IR),
ETSH(IR), ETTR(IR)) is calculated by multiplying the annual total times the
monthly proportion (ETDIST(IMONTH)) times the number of acres in the type
(lines 151-154). Total ET for the reach (TETR(IR)) is then the sum of the
values for the four habitat types (1ine 155). ET north and south of the river
(ETR(IR,IA)) is obtained by dividing the reach total by two (1ine 160). This
value is then checked (line 164) to see that it does not exceed the amount of
groundwater present (GWS(IR,IA)) and subtracted from the groundwater supply
(1ine 168).

Flow Conversions (Lines 172-189)

During the first workshop, subgroup participants developed flow/habitat
relationships for reach 5 (Figure 1) for ducks, channel catfish, and forage
fish. However, time constraints prevented them from developing similar
explicit relationships for other river reaches. A temporary solution for this

problem was achieved in the fallowing way. Participants estimated the average
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flow in each reach as a proportion of the flow in reach 5 (ADJF(IR)) (Table
26). These factors are used (line 178) to compute an adjusted or surrogate

flow for each reach:

AFLOW(IR) = TFLOWC(IR) / ADJF(IR)

where
AFLOW(IR) = adjusted or surrogate flow (cfs);
TFLOWC(IR) = flow calculated by the Surface Water submodel (cfs); and
ADJF(IR) = the relationship or flow in reach IR to flow in reach 5

(Table 26).

The adjusted flows (AFLOW(IR)) are then used with the flow/habitat relation-
ships developed for reach 5 to estimate habitat in the other reaches (see
below).

Table 26. Relative magnitude of flows in each reach compared to the
flow in reach 5 (ADJF(IR)).

Flow relative Flow relative
Reach to reach 5 Reach to reach 5
1 0.5 5 1.0
2 2.0 6 1.0
3 0.5 7 3.0
4 1.0 8 4.0

One management option available is to operate the model system attempting
to satisfy flow requests for wildlife needs (see Surface Water submodel des-
cription). These flow requests are specified as reach- and month-specific
targets (TARFLO(IR,IM)) in cfs. For use by the Surface Water submodel, these
are first converted (line 182) to acre-ft/month (FLOTAR(IR,IM)) and then the
monthly subscript is dropped (line 186).
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Crane Habitat (Lines 190-230)

Crane feeding habitat (lines 198-210). The amount of crane feeding
habitat is estimated as the acreage of subirrigated native hay (ACRE(IR,IA,4,6)
from the Agriculture submodel). This assumes that: (1) subirrigated native

hay provides the majority of the wet meadows used by cranes for feeding; and
(2) most of the subirrigated native hay lies within 3.5 miles of the river
(the assumed maximum distance from the river that cranes range to feed). The
total acreage of subirrigated native hay in each reach (CRFR(IR)) is obtained
by summing the contribution on each side of the river (ACRE(IR,IA, 4,6)) from
the Agriculture submodel (line 201). The relative amount of crane feeding
habitat (CRFEED(IR)) is then calculated (line 206) by dividing the amount in
the current model year (CRFR(IR)) by the amount at the start of the model run
(CRFS(IR)). Crane habitat 1is calculated only for the migration periods
(February-May, October-November) (1ines 208-210).

Crane roosting habitat (Lines 213-223). Relative crane roosting habitat
(ROOST(IR)) is estimated as a function of either: (1) the river width (SWIDTH)
calculated by the Surface Water submodel; or (2) a user-specified river width

(VWIDTH(IR)). The latter option represents vegetation manipulation to improve
crane roosting habitat. The submodel first takes the maximum of SWIDTH and
VWIDTH(IR) (line 2]18) and then uses the result (RWIDTH) as the independent
variable in a linear interpolation (1ine 223) between the points in Figure 14
to determine relative crane roosting habitat. Data defining Figure 14 are
stored in the arrays XCR and YCR.

Overall crane habitat (line 227). The overall relative value of crane

habitat in each simulation year is the minimum of the relative feeding and
roosting habitats.

88




)

= 1.0 4

L

o=

ov

c 5

W O

: 2

S . 0.54

w <

> =

= @

< <

- =

151

[oud

o 1 L
0 250 500

RIVER WIDTH IN FEET (RWIDTH(IR))

Figure 14. Relative crane roosting habitat as a function of river width.

Least Tern Nesting Success (Lines 231-259)

June, July, and August are assumed to be the months critical to tern
nesting success. Scouting for nest sites occurs in June. Nesting itself
begins in July and is completed in August. If flows are too high during June,
there is no available nesting habitat (1ine 243). Once the terns have establ-
ished nests, flows greater than those observed at the time of nest site selec-
tion (FLO1) are assumed to drown out the nests (line 251):

IF(FLOMAX.GT.FLOT) TERN(IR) = 0.
where

FLOMAX

FLO1

TERN(IR)

maximum daily flow during July or August (cfs);

maximum daily flow during June (cfs); and

tern nesting success (%).




Duck Migration/Hunting Habitat (Lines 260-281)

Relative duck migration/hunting habitat (DHABM(IR)) is calculated for
both the northward (February-April) and southward (October-November) migration
periods (lines 268-272). The relative amount of habitat is calculated (1ine
278) by linear interpolation from Figure 15 using the adjusted flow as the
independent variable. Data defining Figure 15 are stored in the arrays XDM
and YDM.

Fish Habitat (Lines 282-347)

Calculations in this section are made during the appropriate months as

described below.
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Figure 15. Relative duck migration/hunting habitat as a function
of flow.
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Channel catfish habitat (Lines 286-307). Three periods of the year were
selected by subgroup participants to represent habitat requirements (CCAT(IR))
of three critical 1ife stages of channel catfish: (1) overwintering habitat--
January through May (lines 292-293) and October through December (lines 294-
295); (2) spawning--June (1lines 299-300); and (3) rearing or production-=July
through September (lines 305-306). The relative amount of each of the three
types of habitat is calculated by linear interpolation from Figures 16-18.
Data defining these figures are stored in the arrays XCCW and YCCW, XCCS and
YCCS, and XCCP and YCCP, respectively. In each case, the adjusted flow
(AFLOW(IR)) is used as the independent variable.
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Forage Fish (Cyprinid Minnow) Habitat (Lines 309-331)

An approach similar to that taken for channel catfish was used to estimate
relative forage fish habitat (CMINN(IR)). The three critical life stages are:
(1) overwintering=-January through April (1lines 315-316) and October through
December (lines 317-318); (2) spawning--May (lines 322-323); and (3) rearing
or production (1ines 328-329). The relative amount of each of the three types
of habitat is calculated by linear interpolation from Figures 19-21. Data
defining these figures are stored in the arrays XCMW and YCMW, XCMS and YCMS,
and XCMP and YCMP, respectively. In each case, the adjusted flow (AFLOW(IR))
is used as the independent variable.
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Figure 19. Relative forage fish overwintering habitat as a function
of flow.
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Forest Wildlife Habitat (Lines 332-347)

Relative forest habitat (FORSP(IR)) is estimated once annually (line 336)
as the total acreage of shrubs (SHRUB(IR)) and trees (TREE(IR)) divided by the
amount present at the start of the simulation (FORS(IR)). Current (1982)
values for FORS(IR) estimated by workshop participants are shown in Table 27.

Table 27. Initial acreages of shrubs (all age classes) and trees

(FORS(IR)).
Reach Acres Reach Acres
1 30,341 5 21,762
2 23,570 6 17,237
3 10,161 7 13,104
4 23,878 8 15,142

Recreational Use-Days (Lines 348-443)

Recreational use-days are calculated once annually (line 336).

Relative human population (lines 354-380). The initial human population

for each reach (POPS(IR)) is obtained by summing the contribution from each
side of the river (POP(IR,IA)) in the first month of the simulation (line 359).
The population in January of each simulation year (POPI(IR)) 1is obtained in
the same way (line 364). The relative population. in each reach (POPM(IR)) is
then POPI(IR) / POPS(IR) (line 3639). The sum (line 374) of these relative
reach populations (SPOPM) is used to determine the average (over all reaches)
change from initial conditions (OVIEW) (1ine 380). OVIEW is used only in the
calculation of the number of crane viewers and is an attempt to reflect the

relatively high mobility of that type of recreationist.




Recreational use-days without project effects (lines 383-395). Four

recreation categories are represented in the model: boating, fishing, hunting,
and general nonconsumptive activities (e.g., picnicking, swimming, bird watch=
ing). Initial estimates of numbers of recreational use-days in each of these

categories were provided by subgroup participants based on Nebraska Department

of Fish and Game records (Table 28). In the absence of any development:

projects, the number of use-days in each of these classes (HUNTR(IR),
FISHR(IR), BOATR(IR), VIEWR(IR)) is simply the initial value (Table 28) times
the relative population (lines 392-395). This assumes that the ratio of
recreationists to total population remains constant and that the distribution
of recreationists among the categories remains constant.

Table 28. Estimated initial (1982) numbers of recreational use-days
for boating, fishing, hunting, and general nonconsumptive activities.

Category (variable name)

Boating Fishing Hunting General
Reach (BOATS(IR)) (FISH(IR)) (HUNT(IR)) (VIEW(IR))
1 134,400 106,828 19,793 417,000
2 276,897 284,000 59,100 278,000
3 16,030 16,000 11,790 108,000
4 58,296 140,080 41,894 216,000
5 6,170 75,844 84,215 54,000
6 4,960 36,924 37,069 54,000
7 22,400 138,640 59,471 81,000
: 13,647 116,000 48,054 27,000
Total 532,800 914,316 361,386 1,235,000
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Recreational use-days added by new projects (lines 397-404). If a new

water project is implemented during a model run, the user may attribute
increased recreational use as a project effect (BOATP(IR,IA), FISHP(IR,IA),
HUNTP(IR,IA), and VIEWP(IR,IA)). Parameters available for user manipulation

are:

SURFAC(IR,IA) = added surface water (acres);

HACRE(IR,IA) = added land available for hunting (acres);
BPAC = boaters/acre of surface water;

FPAC = fishermen/acre of surface water;

HPAC = hunters/acre of available land; and

VPAC = general recreationists/acre of land available

for hunting.
The number of recreational use-days generated by a new project is calculated
as the product of added number of acres and recreationists/acre (lines 401-

404).

Recreational use-days north and south of the river including project

effects (lines 406-412). To provide data required by the Economics submodel,

recreational use-days for each category and reach are divided equally between
areas north and south of the river (BOAT(IR,IA)), FISH(IR,IA), HUNT(IR,IA),
VIEW(IR,IA)). Use-days attributable to projects are area-specific and are
added to the appropriate value (lines 409-412).

Update initial recreational use-days by category and reach (lines 414-

419). If a water project generates additional recreational use-days in any or
all of the use categories, the new use is assumed to affect the original base
of use-days (BOATS(IR)), FISHS(IR), HUNTS(IR), VIEWS(IR)). Therefore, project
generated use-days (BOATP(IR,IA), FISHP(IR,IA), HUNTP(IR,IA), VIEWP(IR,IA)) are
added to the initial estimates (lines 416-419).
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Total Use-Days By Reach and Category (Lines 421-426)

Total recreational use-days for the four use categories is the sum of the
relative use-days as a function of population change plus the use-days added
by water projects (lines 423-426).

Crane Viewing Use-Days (Lines 429-434)

Crane viewing use-days (CVIEW) differs from the four recreational use
categories discussed above by taking into account relative changes in crane
habitat. CVIEW is estimated once annually and only for reach five. As
discussed earlier, the relative population index used for this activity (DVIEW)
attempts to capture the non-local characteristic of people engaged in viewing
cranes. Crane viewing use-days are estimated (1ine 434) by:

CVIEW = CVIEWS * DVIEW * CRANE(5)
where

CVIEW

CVIEWS

relative number of crane viewing use days;

1}

initial number of crane viewing use-days (estimated
to be 20,000); and
OVIEW and CRANE(5) are as defined above.

Total Recreational Use-Days (Lines 436-442)

The total number of recreational use-days in all reaches (VISIT) is
obtained simply by summing the individual reach contributions (lines 438-439
and 442).

98




GROUNDWATER SUBMODEL

The following submodel description is organized according to the sequence
of calculations illustrated in Figure 22. Line references pertain to line
numbers in the FORTRAN file GROUND.S (Appendix F). Unless otherwise noted,
subscripts used in the discussion are as follows: I denotes a river reach or
project area (Figure 1), J denotes direction from the river, and K refers to
the simulation month. Additional information concerning these subscripts,
along with definitions of other variables used in the submodel, can be found
in the listing of the file GROUND.DEF (Appendix F). FORTRAN COMMON statements
and data used in the submodel are listed in the files GROUND.C and GROUND.D,
respectﬁve]y (Appendix F). Aquifer characteristics and initial conditions
used in the submodel are shown in Tables 29 and 30.

Initialization (Lines 1-7)

The submodel begins by storing the number of the current simulation month
(IMONTH) in the variable K. Loops over river reach or project area (line 5)
and direction (1ine 6) are begun, and values for RUNOFF(I,J) are set to zero.

Set Base Values for Calculating Changes in Pumping and Recharge (Lines 8-19)

In determining changes in groundwater levels, the Groundwater submodel
considers six pumping and recharge factors: recharge from water storage facili-
ties (STRCH(I,J)) from the Surface Water submodel; evapotranspiration by
subirrigated lands (ETS(I,J)), groundwater  pumping for irrigation
(PUMPAG(I,J)), and agricultural (including water delivery system) recharge
(AGRCH(I,J)) from the Agriculture submodel; municipal/industrial pumping
(PUMPMI(I,J)) from the Municipal/Industrial submodel; and. evapotranspiration
by riparian vegetation (ETR(I,J)) from the Wildlife/Recreation submodel.
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lable 29. Aquifer characteristics used

variabie names are

in parentheses.

in the Groundwater submodel.

Surface
clevation
{re above sea

Elevation of
base of aquifer
{ft above sea

Permeability

units and

Storage coefficient

(inches

of water/

Discharge
coefficient

level} level) {gpd/ft ) inch of soil) (dimensionless)
(SURFEL(1,d)) (AQEL({1,J)) (PERM(1,J)) {STC(1,J)) (DC(1,Jd))
3,360 3,100 250 0.25 0.019
3,170 2,850 Loo 0.25 0.010
3,430 2,875 200 0.25 0.001
3,325 3,100 250 0.25 0.070
2,915 2,300 200 0.25 0.002
2,850 2,300 200 0.25 0.006
2,590 2,100 275 0.25 0.001
2,590 2,150 375 0.25 0.004
2,085 1,850 250 0.25 0.001
2,175 1,950 750 0.25 0.008
1,663 1,550 500 0.25 0.003
1,640 1,450 675 0.25 0.055
1,485 1,300 325 0.25 0.001
1,465 1,275 500 0.25 0.004
1,220 1,100 1,000 0.25 0.055
1,241 1,100 1,000 0.25 0.001
1,655 1,375 750 0.25 0.001




g0z

Reach

1

w W NN

U]

Table 30.
names are

Direction

Initial conditions used
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Water table
clevation
(ft above sea
level)
(WTELIN(L,J))

in the Groundwater submodel.

Units and variable

bepth to
groundwater
(re)
(DEPTH(1,J))

Groundwater

in storage
(million acre-ft)

(GWSIN(I,J))

Well yield
{apm)
{(WYLD(},Jd))

Groundwater
nitrogen
concentration

(ppm)
(GNIT(1,d))
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South
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The regression approach used in the Surface Water submodel implicitly
incorporates historic levels for these factors, as well as historic exchanges
between groundwater and the Platte River; that is, all of these processes were
occurring during the period of record (1954-1979) from which data were used to
develop the regression coefficients. In projecting future conditions, the
Groundwater submodel therefore uses only changes from "historic" pumping and
recharge levels to calculate additional changes in groundwater in storage.
"Historic" or base levels for the pumping and recharge factors can be set in
two ways, depending on the value of the variable ISET. If ISET =0 (line 12),
base values for pumping and recharge are assumed to be set in the data file
GROUND.D. If ISET # 0, values of the pumping and recharge factors for each
month of the first simulation year are preserved as the base condition.

Preserve Nitrate Loadings (Lines 20-23)

At the start of each month, the total loading of nitrate (TNIT) is cal-
culated (Tine 22) by muitiplying the groundwater volume (GWS(I,J)) in acre-ft
times the groundwater nitrate concentration (GNIT(I,J)) in ppm (or mg/1) times
a constant (1.23345) to convert to kilograms. Similarly, the volume of water
in storage (TWAT) is preserved (line 23) as the groundwater volume in acre-ft
times a constant (1233450.) to convert to liters.

Changes in Pumping and Recharge Factors (Lines 24-30)

Changes in evapotranspiration by riparian vegetation (CETR(I,J)), evapo-
transpiration by subirrigated lands (CETS(I,J)), municipal/industrial pumping
(CMIP(I,Jd)), agricultural pumping  (CAGP(I,J)), agricultural recharge
(CAGRCH(I,J)), and recharge from storage facilities (CSTRCH(I,J)) for the
current month are calculated as the difference between the values for these
factors in the current month (computed by the other submodeis) and the base or

“historic" values.
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Net Change in Pumping and Recharge (Lines 31-34)

The cumulative (since the start of the simulation) net change in pumping
and recharge (DELTA(I,J)) 1is calculated by adding the net change from the
previous iteration to current changes in recharge and subtracting current

changes in pumping.

Gain or Loss to the River (Lines 35-45)

If DELTA(I,J) is positive (i.e., additional recharge exceeds additional
pumping), movement of water is assumed to be from groundwater to the river.
If DELTA(I,J) is negative (i.e., additional pumping exceeds additional re-
charge), movement of water is assumed to be from the river to groundwater. In
either case, the volume of water moving (DBSCH(I,J)) is calculated (line 36) as
the net change (DELTA(I,J)) times a discharge coefficient (DC(I,J)). Dis-
charge coefficients (Table 29), which reflect the surface area, storage coef-
ficient, and transmissivity of the aquifer, were determined by workshop partic-
ipants based on the method of Glover (1963).

If movement of water is into the river, the value of DSCH(I,J) is checked
to be sure that it is not larger than the amount of groundwater in storage
(1ine 38). If movement of water is from the river to groundwater, checks are
made to be sure that the value of DSCH(I,J) does not exceed river flow. For
spatial subunits north of the river, DSCH(I,J) is simply compared to river
flow (TFLOWA(I)) (1ine 41). For spatial subunits south of the river, DSCH(I,J)
is compared to river flow less any movement of water to spatial subunits north
of the river (lines 42-44).

Big Blue Project Area Exchanges (Lines 46-51)

River reach 6 is also considered to contribute water to the Big Blue
project area, which, in the present form of the model, is identified by the
subscripts I = 11 and J = 1. Contributions to the Big Blue area are handled
in the same manner as any other, with the exception that discharges to reaches
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6 North and 6 South are subtracted from the flow in reach 6 (line 49) before
checking to see that the discharge to the Big Blue area does not exceed the
water available (1ine 50).

Update Net Change and Groundwater Volume (Lines 53-55)

Recall that a positive value of DELTA(I,J) means that water moves from
groundwater to the river. When this occurs, the value of DELTA(I,J) is reduced
by the amount of that movement (1line 54). Conversely, if the value of
DELTA(I,J) is negative, water moves from the river to groundwater. In that
event, the value of DSCH(I,J) is negative (line 36) and subtracting the nega-
tive value (line 54) adds water to DELTA(I,J). A new value for the amount of
groundwater in storage (GWS(I,J)) is then calculated (line 55) by adding the
cumulative net change (DELTA(I,J)) to the initial volume of groundwater in
storage (GWSIN(I,J)) (Table 30). Again, DELTA(I,J) can be either positive or
negative.

Water Table Elevation (Lines 56-65)

A new value for water table elevation is calculated as (line 57):

WTEL(I,J) = WTELIN(I,J) + DELTA(I,J) / TACRE(I,J) / STC(I,J)
where
WTEL(I,J) = new water table elevation (ft above sea level);
WTELIN(I,J) = 1dnitial water table elevation (ft above sea level);
DELTA(I,J) = net change in pumping, recharge, and exchanges
with the river (acre-ft); and
STC(I,J) = storage coefficient of the aquifer (inches

of water/inch of soil).

The new water table elevation is then checked to see that it is not higher
than the surface elevation (SURFEL(I,J)) of the spatial subunit (line 59). If
it is, excess water is stored in the variable RUNOFF(I,J) (line 60) and the
water table elevation is set equal to the surface elevation (line 61). The
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value of RUNOFF(I,J) is then subtracted from the cumulative net change (line
62), added to the exchange with the river (line 63), and subtracted from the

volume of groundwater in storage (1ine 64).

Depth to Water Table (Lines 66-67)

Depth to the water table is calculated simply as the surface elevation

minus the water table elevation.

Well Yield (Lines 68-70)

Well yield is calculated from an empirical relationship suggested by
workshop participants. The saturated thickness in feet (THIK(I,J)) is first
computed (line 69) as the difference between the water table elevation and the
elevation of the base of the aquifer (AQEL(I,J)) (Table 30). Well yield fis

then calculated as:

WYLD(I,J) = THIK(I,J) * PERM(I,J) / WC
where
WYLD(I,J) = well yield (gpm);
THIK(I,J) = saturated thickness (ft);
PERM(I,J) = permeability of the aquifer (gpd/ft?); and
WC = an empirical constant (100).

Nitrogen Mass Balance {(Lines 71-87).

The total amount of nitrogen in storage (TNIT) is reduced by a rate
representing denitrification (CNIT, presently set at 1.).

Withdrawals from groundwater are assumed not to influence the nitrate
concentration. Therefore, only additions are considered in calculating a new
concentration. The nitrate loading from agriculture is calculated as the

agricultural recharge (AGRCH(I,J)) in acre-ft, times the nitrate concentration
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in agricultural recharge (AGNIT(I,J)) in mg/1, times a constant to convert to
kilograms (1.23345) and added to the nitrate loading (TNIT) from the previous
iteration (1ine 75). Similarly, the volume of water remaining from the prev-
ious iteration (TWAT) is incremented by the amount of agricultural recharge
(AGRCH(I,J)) and storage recharge (STRCH(I,J)) times a constant (123345.) to
convert to liters (lines 76-77). If movement of water is from the river to
groundwater, TNIT and TWAT are also incremented by that volume of water and
its associated nitrate concentration (SNIT(I)) (lines 78-81). Note that the
absolute value of DSCH(I,J) is used since movement of water from the river to
groundwater implies that DSCH(I,J) is negative. If the volume of water (TWAT)
is zero, then the new nitrate concentration (GNIT(I,J)) is set to zero (lines
83-85). Otherwise, the new concentration is calculated as the loading divided
by the water volume times a constant (1 x 10°%) to convert to mg/1 (or ppm).

ECONOMICS SUBMODEL

The general structure of the Economics submodel is diagrammed in
Figure 23. Line number notations in the following narrative description refer
to the FORTRAN code file ECON.S 1in Appendix G. Variable definitions, data,
and common files are also listed in Appendix G. Unless otherwise noted, the
subscript I refers to particular reaches of the river, J refers to the direc-
tion (North or South) from the river, IC denotes a crop type, IS refers to a
riparian habitat type, and IW denotes a water-use type.
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Figure 23. General structure of the Economics submodel.
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Initialization (Lines 7-28)

The first section of code initializes variables used by the Economics
submodel. TYEAR 1is set equal to the number of the current simulation year
(IYEAR) (line 7). The price per megawatt-hour of electricity (PRWATT) is set
equal to a base price ($98.80/megawatt-hour) plus an increase of $0.06 annual-
ly. Crop prices ($/bushel or $/ton) for alfalfa (PRCROP(1)), corn (PRCROP(2)),
milo (PRCROP(3)), soybeans (PRCROP(4)), and wheat (PRCROP(5)) are determined
by linear interpolation from Figure 24 (Nebraska Natural Resources Commission
1981) (lines 9-13). TYEAR is the independent variable in each case. ZTIME is
the X-array used in all five SLP functions. The Y-arrays are ALTIME, COTIME,
XMTIME, SOTIME, and WHTIME, respectively. A variety of variables are set to

zero and major loops are begun (lines 14-28).

Agricultural Costs and Returns (Lines 29-48)

Developments being considered in the Platte. River study are primarily
related to crop irrigation needs, and the most obvious economic implications
of development alternatives are in the agriculture sector. Net returns to
agriculture are equal to gross returns minus total costs. Gross returns are
the product of agricultural crop production and crop prices, and total costs

are the sum of field production costs and other irrigation costs.

Crop production (lines 29-30). Yields per acre (CYLD(I,J,IW,IC)) and the
number of acres of each crop grown in each spatial subunit for any simulated
year (ACRE(I,J,IW,IC)) are provided by the Agriculture submodel. Total produc=-
tion of each crop for each spatial subunit and time period (CPROD(I,J,IC)) is

the product of yields per acre and acres in production.
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Field production costs (lines 32-34). Field production costs (exclusive

of water delivery costs) depend on both crop type and water-use type. For
example, corn production is more costly than alfalfa, and it is less costly to
produce alfalfa on subirrigated land than on surface-irrigated land (Table 31).
Field production costs (COSTPR(I,J,IW,IC)) are computed by multiplying the
field production cost/acre (PRPR(IW,IC)) times the number of acres. These are
summed over water-use types and crops to obtain the total agricultural field
production costs for each spatial subunit (TCOSTP(I,J)).

Gross returns (line 36). Crop production is multiplied by crop price and

summed across all five crops to produce gross returns to agriculture for each
spatial subunit (AGGBEN(I,J)).

Table 31. Field production costs ($/acre) for each crop grown
in each water-use type.

Water-use type (IW)

Surface water- Groundwater= Sub-
Crop type irrigated irrigated Dryland irrigated
(IC) (1) (2) (3) (4)
Alfalfa (1) 121 121 8 . 117
Corn (2) 208 208 117 N/A
Milo (3) 127 127 103 N/A
Soybeans (4) 79 79 69 N/A
Wheat (5) 73 73 77 N/A
Native hay (6) 0 0 0 0
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Water delivery costs (lines 38-44). In addition to the field production

costs, other costs are incurred in delivering water to the field. In the case

of surface f{rrigation, the additional «cost for each spatial subunit
(COSTSW(I,J)) 1is calculated as the volume of water delivered (TWDEL(I,J))
times a price per unit volume (PRSW(I,J)) (lines 40-41). The amount of water
delivered to each spatial subunit is provided by the Agriculture submodel, and
the price per acre foot is assumed to be $15.00 for all spatial subunits.
This price can be changed in the model, and could be used to reflect dif-

ferences in the cost of delivering surface water to different spatial subunits.

Where groundwater is used, pumping costs are a function of the depth to
groundwater (from the Groundwater submodel) and the amount of groundwater
pumped (from the Agriculture submodel), as well as the average fixed cost per
acre-ft of water used and the variable cost of pumping water per foot of 1ift
(11nes 38-39):

COSTPU(I,J)

(DAFL(I,J) * DEPTH(I,J) + FPUMP) * TPUMPA(I,J)
where
COSTPU(I,J)

total cost of pumping ($);

DAFL(I,J) = variable cost of pumping (S$/acre-ft/ft of 1ift);
DEPTH(I,J) = depth to groundwater (ft);
FPUMP = fixed cost of groundwater irrigation ($/acre-ft); and

TPUMPA(I,J) = groundwater used for irrigation (acre-ft).

Total costs (lines 42-44). Field production costs for all crops, surface

irrigation costs, and groundwater idrrigation costs are summed by spatial
subunit to produce total agricultural costs for each spatial subunit
(TCOSTA(I,J)).

Net returns lines 45-46). Net returns to agriculture in each spatial
subunit (AGNBEN(I,J)) are calculated by subtracting total costs from total
gross returns.
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Indirect benefits (lines 47-48). In addition to direct benefits, indirect

benefits can accrue as a result of increased economic activity generated by a

development project. These indirect benefits to agriculture (AGMBEN(I,J)) are
estimated by applying a multiplier (AMULT, currently set at 2.55) to gross

returns.

Recreation Benefits (Lines 49-55)

Proposed projects could affect recreation through changes in wildlife
habitat and other resource characteristics. Recreational use-days for four
activities (hunting (HUNT(I,J)), fishing (FISH(I,J)), boating (BOAT(I,J)), and
crane viewing (VIEW(I,J)) are provided by the Wildlife/Recreation submodel.
Direct benefits to recreation in each spatial subunit (RECBEN(I,J)) are a
product of recreational use-days and a price per use-day (PRHUNT, PRFISH,
PRBOAT, and PRVIEW, respectively), currently set at $3.00 for each activity.
Indirect benefits (REMBEN(I,J)) are the product of direct benefits and a
multiplier (RMULT, currently set at 2.7).

Total Benefits (Lines 57-68)

Total direct net returns to agriculture (TANBEN), total direct and in-
direct gross returns to agriculture (TAMBEN), total direct benefits to recrea-
tion (TRCBEN), total direct and indirect benefits to recreation (TRMBEN),
total returns to electric power generation (THYBEN), and total direct gross
returns to agriculture (TAGBEN) are obtained by summing across all spatial
subunits. Returns to electric power generation are calculated as the product
of the amount of power generated in megawatt-hours (from the Municipal/
Industrial submodel) and the price per megawatt-hour. WATTHR is obtained by
summing EOUT(I,J). Note that the subscript J in EQUT(I,J) refers to hydro-
electric (J = 1) and thermal (J = 2) plants.

If returns to electric power generation are to be comparable with net

returns to agriculture, the price per megawatt-hour should represent a net
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price, after power production costs have been removed. It is assumed, however,
that the price currently used in the model is a total price, and that returns

to electric power generation are therefore gross returns.

Wildlife Habitat Values (Lines 71-79)

The Wildlife/Recreation submodel provides an estimate of the dollar value
(VALHAB(I,IS)) for each of four wildlife habitat types (sand bar, meadow,
shrub, and tree). These values are simply summed to obtain the value for each
reach (TVHAB(I)) and for the total study area (TVH).

Project Costs (Line 81)

Project costs include the construction, engineering, contingency, legal,
and administrative costs of each project. These costs are amortized over the

1ife of the project by using the following formula:

COSTK = CAPINV * (RINT * (1 + RINT) ** AMYR) / ((1 + RINT) ** AMYR-1)
where
COSTK = annual cost of capital ($);
RINT = real rate of interest (assumed 5%); and
AMYR = number of amoritization years (assumed 50).

These amortized costs should be added to annual operation, maintenance, and
replacement charges to provide an estimate of total annual project costs.
Some of these costs were very crudely estimated by participants at the work-
shop, but have not yet been activated in the simulation model (the CAPINV
variable is currently set at zero, as are operation, maintenance and replace-
ment costs). These costs have not yet been used because of uncertainty about
what is included in the costs of some projects and lack of a clear cut method
to relate projects to spatial subunits.
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Project Costs and Benefits (Lines 83-87)

Total project costs are subtracted from the sum of net benefits from
agriculture, wildlife/recreation, and electric power generation to provide an
estimate of the net direct benefit (TB(1l)) each project would have cn the
total study are (1ine 85). An estimate of the impact of projects on gross
regional product (TB(2)) is made by adding the direct and indirect (multiplier
times revenue) values for agriculture and recreation to the direct revenues

from electric power production (line 86).

Employment benefits (line 87). Benefits to people from various projects

can be measured in terms of jobs as well as dollars. Employment in agriculture
(EMPLOY) is calculated by assuming each million doilars of gross revenue in
agriculture represents 12 jobs. Hence, the variable RJOBS in line 87 of the

code is set at 12.
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RG=SU?REUTIHE COMTAINIHNG THE AGRICULTURE SUBMODEL
CFILE AG. .S
CHREAD=SUEROUTIME THAT READS THE SIMCON COMMON BLOCK FROM
THE FILE SPECIFIED IH THE PARAGMETER STRIMG
OFAULT=5UBROUTIME THAT ASSIGHS A LOGICAL I-0 UMIT NUMBER
TO AaM MTS FILE
ECOH=SUBROUTIME CONTAINING THE ECONOMICS SUBMODEL
CFILE ECON.S)
GHAT=SUBROUTIME COMTAINING THE GROUNDWATER SUBMODEL
(FILE GROUND.S»>
IMOHTH=THE HUMBER OF THE CURRENT SIMULATION MONTH
Y1 = JAHUARY. 12 = DECEMBER)
IHT=FORTRAN FUNCTION THAT RETURHS THE INTEGER PORTION
OF 8 REAL NUMBER
ITIME=THE NHUMBER OF THE CURRENT ITERATION
IVEAR=THE MUMBER OF THE CURRENT SIMULATION YEAR
MOD=FORTRAN FUMCTION THAT RETURNS THE REMARINDER RESULTING
zggﬂmgﬁ¥IDING THE FIRST ARGUMENT BY THE SECOND
RIVER=SUBROUTIME CONTAINING THE SURFACE WATER SUBMODEL
(FILE RIVER.S>
UINIT=SIMCON INITIALIZATION SUBROUTINE. EXECUTED ONCE
AT THE START OF EACH SIMULATION
UMODEL=SIMCON SUBROUTINE CONTRINING A USER-DEF INED
?gggkfIOEXECUTED ONCE FOR EACH SIMULATION

WILD=SUBROUTINE CONTARINING THE WILDLIFE-RECREATION SUBMODEL
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D1y

C...

C.....

SUBROQUTIHE TO READ DATA AND COMMOM BLOCK.

. .EXECUTED ONLY OMCE AT START OF EACH

SIMULATION.

SUBROUTIHE UINIT

CALL DFRULTC '1=FLATTE.D ‘>
CALL DFAULTC ' 15=RCOEF ‘)
CALL DFAULTC '16=ROATA ‘)
CALL CHREADC 'PLATTE.C ')
RETURM

END

SUBROUTINE CONTAINING USER-DEFINED MODEL .

. .EXECUTED OMCE FOR EACH ITERATION.

SUBROUTIME UMODELCITIME )
CONCATENATE COMMON BLOCK

$COMTINUE WITH PLATTE.C RETURN

S-S

CALCULATE YEAR AND MONTH (1 THROUGH 125
IYEAR=INTC(CITIME-1)>712. )+1
IMONTH=MOD(C ITIME-1),12)+1
CALL SUBMODELS IN SEQUENCE
CALL RIVERCITIME)

CALL ARG

CALL XMIND

CALL WILDCITIMED

CALL GHWAT

IFCIMONTH.NE . 12> GO TO 1

CALL ECON

CONTINUE

RETURM

END

CONCATENATE CODE FOR SUBMODELS
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$CONT THUE
FCONT INUE
$CONT IHUE
$CONT THUE
$CONT THUE
$CONT IHUE

32 FEB 19. 13933

MITH
WITH
HITH
WITH
WITH
WITH

RIVER.S RETURH
AG .5 RETURH
MIMD.S RETURN

HR . SOURCE RETURH
GROUND .S RETURH
ECON.5 RETURH

PAGE




—
no
(S2]

FPLATTE . C

S Ew A0 B8 SR S G g

16:8&8: 12 FEB 10, 1983 FAGE

COMMOM ITMOHTH, IYVEAR
FCOHTIMUE WITH RIVER.C RETURH
FCOHTIMHUE WITH mia.C RETURH
FCONTIMUE WITH MIMD.C RETURH
FCONTIHUE WITH MWR.COMMON RETURH
$CONTIHUE WITH GROUMD.C RETURN
FCOMTIMUE WITH ECON.C RETURHN
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FOONT INUE
$OOHTINUE
FOONT IHUE
FOONT THUE
$FCONTIHUE
$COHT ITHUE

16 FEB 10, 1983 FPAGE 1

MITH RIVER.D RETURH
WITH AG.0 RETURH
HITH MIND.O RETURH
WITH WR.DATA RETURH
HITH GROUNMD.D RETURH
WITH ECON.D RETURN

SAVE FILE=-S
NHLRD PRBEHD

OO WMEEOWUOmMmI

S IRES(S.1)=1
STOMAKC S, 1 )=352000 .
SURFACC S, 1 )=70040
STRCHC S, 1 »=20060 .
IPRIORCS)=1

ADDDIVC 7,1, . .8)=29500. 13900. 4600. 2200. 18008. 208. ©. 0.
ADDDIWE 7.9, ..12)=161080. 43100. 47000. 51600.
ADDRETC8.1...62=1530. 11206. 1070. 350. S5106. 1530.
ADDRETC S, 7. . .12)=2350. 6880. S51190. 5670. 2240. 1790.
ADORETC9.1. . .6)=68560. 6860. 6770. 5970. 5808. 5580.
ADDRET(9,7...12)=6730. 8050. 95010. 10800. 10148. 9500.
TCHAMG( S, 1,1
TCHANG(S., 1.2
TCHANG( S, 1,3

=68.6
-96.
-12.¢

)
2
=

MACRO SELLWAT
S QDDDIU(EJRLL)-ESGGG.

S ADDRET(2

;ALL>=8.0

MACRO BIG MAC

S ISFT=1

S IRELCALLI=2 1 2
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15:82: 18 FEB 18, 1383 PAGE

FLOTRR( 5. 53=226000 .
DPCHLE ALL .« ALL »=—. 84

ST 1@ '3 DPCHUCALL, ALL >=8. @'

HMEAN= .5
WZTD=.1

IHCRO LM

IRESC4.2 %=

MHORGC 4, 2=

STOMAR 4, 2)=3000006 .
.4 )=
(é.1...9

.5)=25000 .
HDDDIU*S-E .9)=0.0
ADDDIWVC 6,10, . .12 5=25000.
ADDRETC 6,ALL >=8. 8
SURFRC( 4, 2)>=950a0 .
ISFT=1
IREL\RLL)—4 2 8
ADDDIVCS,1...50=0.
ADDDIV(Y9.,6. . .9)>=50000.
AGFAC(6,1)=.5
AGFAC(6,2)=.9
STRCH( 4, 2)=2000

MACRO MINTAR
S FLOTQR(QLL,RLL>=B.

S
S
S
S

FLOTARC(4,1...6)=500. 750. 750. 1180.
FLOTAR(4,7...12>=3008. 300. 750. 1100.
FLOTAR(S,1...6)=500. 7508. 750, 1100.
FLOTARCS,7...12>=300. 300. 758. 1100.

n

1100. 300.
1160. 560.
1100. 300.
1109. 500.
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16:82: 16 FEB 18, 1333 FAGE 3

ACRO RAVETHR

FLOTAHRCALL . ALL >=8.

FLOTAR: 4. 1. . .6)=5a0. S00. 1100. 1100. 1160. 5060.
FLOTBRC4,7...12)>=500. S00. 1100. 1100. 1100. 500.
FLOTARCS, 1. . .6)=500. 500. 11008. 1100. 11060. 500.
FLOTAR(S.7...12)=500. S500. 1166. 11060. 1160. 500.

ACRO PETU

IRES(S.13=1

STOMARC S, 1 2=5128060.

IFRIORCS)=1

QDDDIU(?al...8)=51920. 24464. £096. 3872. 31€8. 6. 0. 0.
ADDDIVC?Z.9. . .12)=26336. 75856. 82720. 950816.

ADDDIVCE. 1. . .6)=2693. 1971. 1883. 616. 898. 2693.
ADDDIVCR.7...12)>=4136. 12109. 8994. 9975. 3942. 3150.
ADDDIVC S, 1. . .6)=15066. 12074. 11915. 10507. 10208. 9821.

NN =

OO NONnNm=

ADDDIVCS, 7. . .12)>=11845. 14238. 15857. 15008. 17846. 16720.
SURFACC S, 1 )=12320.

TCHANG(S,1,1)=123.6

TCHANG(S,1,2)=-111.

TCHANG(S,1,3)=-12.6

STRCH(S. 1)=2000 .

MACRO TWINPLATTE

S IRESC1,2)=]

S STOMAK(1,2>=165000.

S IPRIOR(1 =1

S ADDDIUC3, 1. . .95)=30000.

S ADDDIVC3,108...125=30060.
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ADORETC 3.1. . .5 »=15080,
ADORETC 3,16, . . 12 3=15068 .
SURFACC 1, 2)=5c88 .
TCHAHGC L . 2.1 =89 .
TCHAMGC 1. 2.2 3=-55.
STRCH: 1., 23»=2060 .

ACRO THINUALLEY

IRES(S. 1)=1

STOMAKS S, 1 )=160000.

IPRIQR(3)=1

ADDDIVCT. 1. . .8)=23600. 11120. 3680. 1760. 1440. 6. 0. 0.
BADODIVC?,S. . . 12)=12880. 34480, 37600. 41288.
ADDDIWC S, 1. . . €)=1224. 896. 856. 288. 408. 1224.
ADDDIVE S, 7. . . 12)=18680. 55084. 4868. 4536. 1792. 1432.
ADDDIVUCS,1.. . 6)=4688. 5488. 5416. 4776. 4640. 4464.
ADDDIVCS, 7. . . 12)=5384. 6472. 7208. B8640. 8122. 7600.
SURFACC S, 1 >=5600 .

TCHANGC S, 1,1 )=33.

TCHANG( S, 1,2 »=-55.

STRCH( S, 1 )=2000.

ACRO TAR
TARFLOCALL., ALL >=0.
TARFLOCS, | »=400.
TARFLO(S.2...5)>=1100.
TARFLO(S.6. . .9)=400.
TARFLO(S, 16)=1100.
TARFLOCS, 11. . .12)=4008.
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MACRD JUT
ITRMHT=1

[5FT=1
RODOIWCE. 1. . .3
ADDDIVCE, 18. . .1

MACRO UIT

ITRMNT=1

RDODIW R, 1.
ADDOIW 8. 1
TCHANG( 3. 2
TCHAMNGE S, 2.
IFRIORC 4)=1
IPRICR( S =2

MACRO START
RESET FILE=-S
AT P=1 DELETE
AT LIST

0O 0T UL

9.

DU INSI5180
h) =
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SURFACE MWATER SUEBMODEL VARIABLE DEFIHITIOHS
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UARIRBLES FRECEDED BY AM ¥ ARE CALCULATED BY
OTHER SUBMODELS -

UMLESS OTHERWISE HOTED, SUBSCRIPTS ARE AS FOLLOWS:
I=RIVER REACH
J=DIRECTIOHN FROM RIVER

1
3
3
)
18 IMOHTH OR M=MOMTH OF YEAR
11
12 I=1,11 REFERS TO REACHES IH REGRESSIOM EQUATICOHN
13 I=1=KEYSTOME TO SUTHERLAND
14 1=2=SUTHERLAHD TO MORTH PLATTE
_ 15 1=3=JULESBURG TO HORTH PLATTE
N e I1=4=HORTH PLATTE TO BRADY
1V I=5=BRADY TO COZAD
18 I=6=C0ZAD TO OUERTOHM
13 I[=7=0VERTON TO ODESSA
20 1=8=00DESSA TO GRAMD ISLAND
&1 I=9=GRAND ISLAND TO DUMCAN
ee I=10=DUNCAN TO NORTH BEND
23 I=11=NORTH BEND TO LOUISVILLE
2
25 I=1,8 REFERS TO REACHES IN THE PRFF SIMCON MODEL
26 [=1=JULESBURG TO NORTH PLATTE
27 [=2=LEWELLEN TO NORTH PLATTE
28 [=3=HORTH PLATTE TO BRADY
29 [=4=BRADY TO OUVERTON
20 [=3=0VERTON TO GRAND ISLAND
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11:81:45 MAR 21, 1983 PAGE

€=GRAND TSLAHD TO DUHCAH
7=0UHCAN TO HORTH BEHD
8=HORTH BEHD TO LOUTSUILLE

J=1=HORTH OF RIVER
J=2=S0UTH OF RIVER

IMONTH OR M=1...12=JAN.. .DEC

R(IJN)=§EgEﬁS?ION COEFFICIENT FOR FLOW AT THE TOP OF
AADIVC T 3=ACTUAL ADDITIONAL DIVERSIONS FOR NEW PROJECTS
CACRE-FT »--SEE RADIVCT >
ACFLOC I K »=URBAN ¢(K=1) AND AGRICULTURAL (K=2)> ACRES FLOODED
ADDDIVC T, IMONTH »=REQUESTED DIVERSION FOR NEW PROJECT IN
REACH I (ACRE-FT 2
ADDRETC I, IMONTH >=ADDITIONAL RETURN FLOW FROM NEW
PROJECTS (ACRE~FT)>
ADIVCT, IMONTH >=ACTUAL DIVERSION FOR NEW PROJECT (ACRE-FT)
AGFACCT, J, IMONTH >=FACTOR FOR PARTITIONING DIVERSIONS TO
NORTH AND SOUTH SIDE OF REACH
¥ AGUSECI., J)>=AGRICULTURAL USE OF WATER (ACRE-FT> <FROM
AGRICULTURAL SUBMODEL >
AGHATC T, Jo=WATER AVAILABLE FOR AGRICULTURAL USE C(ACRE-FT)>
AG45C I >=FACTOR FOR PARTITIONING DIVERSION IN MODEL REACH 3
TO AGRICULTURAL USE IN REACHES 4 AND S
BC1,M>=REGRESSION COEFICIENT FOR GAUGED DIUVERSIONS
BFLOWACT >=FLOW AT THE BOTTOM OF A REACH (ACRE-FT)
BFLOMCC I »=FLOW AT THE BOTTOM OF A REACH (CFS)
BREACHC I >=ARRAY TO CONVERT FLOWS AT THE BOTTOM OF A
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11:81:45 MaAR 21, 15983 PAGE 3

REGRESSION REACH TO FLOWS AT THE BOTTOM OF THE
CORRESFOHDING MODEL REACH
CCILM»=REGRESZION COEFFICIENT FOR GAUGED IHFLOWS
DIVE T . IMOHTH s=CALCULATED DIVERSION FOR A REACH (ACRE-FT )
¥ DSCHOMREACHY I 2, J5=GAIN OR LOSS TO THE RIVER IH CURREHT
MONTH CACRE-FT». IF DSCH IS MEGATIVE,
MOVEMENT 1S FROM THE RIVER TO GROUMDWATER.
IF POSITIVE, MOUEMENT IS FROM GROUHDWATER
TO THE RIVER.
<FROM GROUNDWATER SUBMODEL >
D1CI )=FLOW AT THE TOP OF REACH I C(ACRE-FT>
DZC I >=FLOW AT THE BOTTOM OF REACH I CACRE-FT)
FKCMO=AUVERAGE FLOW AT KEYSTOHE IN MONTH M (ACRE-FT)
FLOMAX=MAXIMUM DAILY FLOW AT GRAND ISLAND (CFS)
FLOTARCHMREACHC I 7, IMONTH)>=FLOW TARGET FOR INSTREAM
FLOWS (ACRE-FT)
FLOMJC IMONTH)=INPUT FLOW AT JULESBURG C(ACRE-FT)
FLOWKC IMOMTH)>=INPUT FLOW AT KEYSTONE (ACRE-FT)
FJ(M)=AUERAGE FLOW AT JULESBURG IN MONTH M CACRE-FT)
¥ GNITCI,J)=HITRATE CONCENTRATION IN GROUNDWATER <(PPM)>
<FROM GROUMDWATER SUBMODEL >
GWUNIT1CI >=NITRATE INPUT FROM GROUNDWATER FROM NORTH
SIDE OF RIVER (PPMXACRE~FT )
GHNIT2¢ I >=NITRATE IMPUT FROM GROUNDWATER FROM SOUTH
SIDE OF RIVER (PPMXACRE-FT)
HDIUC I >=DIVERSIONS FOR HISTORICAL C(I.E.. EXISTING)>
APPROFRIATIONS (ACRE-FT)
HLOTIUC I >=LAST MONTHS DIUVERSIONS FOR HISTORICAL
APPROPRIATIONS (ACRE-FT)
HRETMICI, IMONTH >=HISTORICAL M&I RETURN FLOW C(ACRE-FT)
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11:81:45 MAR 21, 1983 PAGE 4

TCOUMT=L0OR COUNMTER FOR CALCULATIMG DECKREASES IH
UPSTREAM DIVERSIOHS
INDEY=IHDEX OF ALLOCATIOH PRIORITIES FOR HEW FROJECTS
IH REVERSE CRDEFR
IFRIORC I »=ALLOCAHTION PRIORITY FOR HEW PROJECT IH REACH 1
IRESCI,J3=1 IF A HEW PROJECT IS LOCATED IH REACH I
IRELCK »=LOCATIOH OF RESERVOIR FOR SATISFYIMG IMNSTREAM
FLOWS. IRELC15>=MODEL REACH, IREL(25>=HORTH OR
SOUTH OF RIVER., IREL(3)>=REGRESSION REACH FOR RELEASE
ISFT=INSTREAM FLOW TARGET SWITCH (1=INSTREARM FLOWS ARE
CONSIDERED IH THIS MODEL RUM)>
MREACHC I >=ARRAY TO COHUERY REGRESSION REACH I TO
PRFF SIMCOM MODEL REACH
HOQG(I;J)=%JIEEH?HQ?RICULTURQL USE OF STORED MWATER
h aC
MOFLOWCK)>=1 IF 2 OR MORE COMSECUTIVE NO FLOW DAYS
AT GRAMD ISLAND IH JULY (K=1> AND AUGUST (K=2)
GMARCT =MAXIMUM DAILY FLOW (CFS)
FRADTIVC T )=REQUESTED ADDITIONAL DIVERSION FOR NEW
PROJECT (ACRE-FT)>
RELS=WATER RELEASED TO MEET INSTREAM FLOWS C(ACRE-FT)
RELWAT=WATER POTENTIALLY AUAILABLE FOR RELEASE TO
MEET INSTREAM FLOWS (ACRE-FT)
RETCI, IMONTH)=CALCULATED RETURN FLOWS TO REACH I C(ACRE-FT)>
¥ RETMICMREACHC I > )>=CURRENT M&] RETURN FLOW (ACRE-FT)
<FROM M&I SUBMODEL >
RFAC=FACTOR TO PARTITION ADDITIONAL INPUTS FROM GROUNDWATER
FROM MODEL REACHES TO REGRESSION REACHES
RICI,M)=ARVERAGE GRUGED INFLOWS TO RERCH I IN MONTH M (ACRE-FT)>

KNO3D1< 1 >=MITRATE CONCENTRATIONS AT THE TOP OF REACH I (PPM)
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RNOBICKK »=MITRATE COMCEMTRATIONS AT JULESBURG (K=1)

AMD KEYSTOHE (K=25
RU(IJHD=GQEEEGETGHUGED OUTFLOWS FROM REACH I IM MONTH M

{ACRE-FT >
RTWAT=TOTAL AMOUNMT OF WATER FOR CALCULATING HITRATE
COHCEMTRATIOH CHCRE-FT)
SCOUR=NUMBER OF DAYS IH YEAR WITH FLOW AT OUERTOM>=3808 CFS
SNIT( I »=NITRATE COHCENTRATIOH AT THE BOTTOM OF REACH I (PPM)
STOMARC L, J)=MAXIMUM STORAGE FOR HEW PROJECT (ACRE-FT)
SWIDTH=RIVER WIDTH AT GRAMD ISLAND CFT)
STGUSE(I;J)=925REFF¥QTER STORED IN NEW PROJECT IN REACH I
CACRE=F1)
STONAT(I;J)=?MgggTF?§ WATER STORED IN NEW PROJECT IN REACH I
F{ -
SURFACC T, J)=SURFACE ACRES FOR PROJECT IN REACH 1
TADIVC I >=ADDITIONAL DIVERSION FOR MEW PROJECT (ACRE-FT)
TDIF=TEMPORARY UALUE OF ADIV WHEN CALCULATING DECREASES
IN EXCESS UPSTREAM DIVERSIONS
TDIU(I)=32E2E g%gERSIONS IN REACH I (HISTORICAL+NEW PROJECTS)
TOSCHC I )=TOTAL DISCHARGE FROM GROUNDWATER TO SURFACE
WATER IN MODEL REACH I (ACRE-FT)

TEXKCES=EXCESS UPSTREAM DIVERSIONS (ACRE-FT)
TFLOWC I )=TOTAL ANNUAL FLOW (ACRE-FT)
TFLOWAC I )=FLOW AT THE TOP OF REACH I (ACRE-FT)
TFLOWCC I >=FLOW AT THE TOP OF REACH I (CF$)
TREACHC I >=ARRAY TO CONVERT FLOWS AT THE TOP OF A

REGRESSION REACH TO FLOWS AT THE TOP OF THE

CORRESPONDING MODEL REACH
T1=DIVERSIOH DEFICIT IF DIUCI,IMONTH> > WATER AVAILABLE
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(DICI+RETCI, IMOHTH >

2=DIVERSION DEFICIT IF DICI)> < 6.0
T3 ODIVERSION DEFICIT FOR IMSTREAM FLOW THRGETS

CIF DICI» < FLOTARCMREACHC I, IMOHTH )
WYRF JCK )=HISTORIC WATER YEAR FACTOR AT JULESBURG 19556-1379
WYRFK(K »=HISTORIC WATER YEAR FACTOR AT KEYSTOME 1956-1979
RCFE=X~ARRAY (CFS) FOR SWIDTH SLP-FUNCTION
YWIDTH=Y-ARRAY (FT> FOR SWIDTH SLP-FUMCTION
Z20¢ 1, M)=REGRESSION COEFFICIEMT-ERROR TERM
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. SUBROUTIHE RIVERCITIME
R S SR AR R R AR Rt ererroResratiszesesaszetsis

THIS SUBMODEL CALCULATES MOMTHLY FLOWS IM EIGHT
REACHES OF THE PLATTE RIVER BASED ON A MULTIPLE
REGRESSION AFFROACH DEVELOPED BY THE NEBRASKA
DEPARTMENT OF WATER RESOURCES TO PREDICT THE
EFFECTS OF PROPOSED WATER PROJECTS ON DOWNSTREAM
FLOWS. OTHER FLOW RELATED VARIABLES ARE ALSO
CALCULATED.

ERER R ARR OO O RR KRR KRR KK
CONTINUE WITH PLATTE.C RETURN .

K¥¥¥KREAD HISTORIC DATA
C..... AND CONUVERT TO CORRECT UNITS

CALL REWIHDC1S)
CALL REWINDC16)
IFCITIME.NE.1)> GO TO 16
c..... READ REGRESSION COEFFICIENTS
READC15,220)>CCACT,M>,BCT, MY, CCI,M>,Z20C1,. M)
1,M=1,12>,I=1,11)

f]

OO0

-

O
O

v s READ AUG. MONTHLY FLOW-KEYSTONE

READC 16,238 X FK(M>,M=1,12)

c..... READ AUG. MONTHLY FLOW-JULESBURG

READC 16,230 X FJ(M),M=1,12)

C..... READ AUG. GUAGED INPUTS AND OUTPUTS




6E 1L

FIVER. .S

L) Uaf a) 0a) o) fad 1 ) S8)

GRS R P N T

40

10:07: 27 FEB 22. 1583 PAGE 2

READC1E, 240 5 (RICI MO, ROCT, MY, M=1,125,1=1,11)
16 CONTINUE
c..... MODIFY AUG. MOHTHLY FLOWS, IHPUTS, AHD
sss s OUTPUTS BY HISTORIC WATER YEAR FACTOR--1956-1579
FLOKJC TMOHTH »=F J¢ TMOMTH »4WYRF JCMODC 1YEAR, 303 >
FLOWKC IMOMTH >=FK¢ TMOMTH »¥W'RFKCMODC IYEAR, 26 5)

L
Do 26 I=1,11
DIUC T, TMONTH >=ROC 1, TMONTH YXKYRFKCMODC TYEAR, 38))
RETC I, TMONTH>=RIC¢ I, IMONTH YXMYRFK(MODC IYEAR, 38))
@ CONTINUE
C
gxxx*anPLv REGRESSION EGUATIONS .
é 1COUNT=0
DO 25 I=1.11
ABIUC T, TMONTH Y=ADDDIVC I, IMONTH)
. 25 CONTINUE
g ..... LOOP OUER REGRESSION RIVER REACHES
30 DO 100 I=1,11
c..... SET FLOW AT TOP OF REACH
IFCI.EQ. 1> D1¢1 )=FLONKC IMONTH)
IFCI.NE. 15> DICT 5=D2¢ I-1)
IFCI.EQ. 3% D1¢35=FLOWJC IMONTH)
IFCI.EQ.45> D1¢45=D2(2)
C..... CHECK FOR DIVERSION DEFICIT ¢THE WAY THIS IS DONE IN

c...... THIS UERSION OF THE MODEL SHOULD BE CHECKED! | )
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10:332: 10 FEB 22, 1983 PAGE

T1=0.@
T2=0.0
T3=6.0
IS FLOW + OTHER INFLOWS < HISTORICAL DIVERSIONS?

IFCCDLCT »+RETCT, IMOHTH 2 5. LT . DIVUCT, IMOHTH? )
1 T1=DIUCI, IMONTH»~-CO1¢ T >+RETC T, IMOMTH 3
IF{DICI).LT.0.0)
1 T2=ABSCDICI)

...IF APFROPRIATE FOR THIS RUN C(ISFT=1), IS
....FLOW < INSTREAM FLOW TARGET?

IFCDICT ». LT .FLOTARCMREACHC I >, IMONTHD .
1 AHD.ISFT.EQ.1)T3=FLOTARCMREACH(T)
2 ,IMONTH>-DI1CI)

.. .DETERMINE EXCESS UPSTREAM DIVERSIONS FOR NEW PROJECTS

TEXKCES=AMARI(TL,T2,T3)
IFCTEXCES .EG.6.06> GO TO 60
IFCT.LE.ICOUNT> GO TO 80

.. .DECREASE UPSTREAM DIVERSIONS FOR NEW PROJECTS
....IN REVERSE ORDER ¢(OF ALLOCATION PRIORITY)> TO
... .ELIMINATE DOWNSTREAM DIVERSION DEFICITS

ICOUNT=I
DO 68 J=1,11
INDEX=12-J
DO 586 K=1,1
IFCIPRIORCKY.NE. INDEX)> GO TO S0
TDIF=ADIV(K, IMONTH >-TEXCES
IFCTDIF.LT.0.0> GO TO 40
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.....

......

90

TEXCES=0.0
ADTUC K, TMONTH »=TDIF
GO TO 76
TEXCES=TEXCES~ADIVCK, IMOHTH >
ADIUCK, TMOHTH »=6.0

COMT IHUE

CONTINUE

GO TO 3@

IFCO1CT 5. .LT.0.0)DIC1)=0.0

IFCDICI > LT.0.80D2(1-1)=0.0

IFCCOIVCT, IMONTH >+ADIVUCT, IMONTH) > . GT.CD1( I )+
RETCI, IMONTHY > » ADIVCT, IMONTH >=DI1C I >+
RETC I, IMONTHO-DIUCT, IMONTH

IFCADIVCT, IMONTH> . LT.8.8)ADIVC I, IMONTH >=0.0

IF APPROPRIATE FOR THIS RUN, RELEASE STORED WATER

TO MEET INSTREAM FLOW TARGET

IFCOL1CT ). GE . FLOTARCMREACHC T >, IMONTH> . OR .

ISFT.EQ.8)> GO TO S6

RELWAT=STOWATC IREL(1 2, IREL(2))

IFCIRELCL ) EQ.2)> RELWAT=1.6E6
RELS=AMINI(CFLOTARCMREACHC I >, IMONTH >-D1C 1)), RELWAT)
D1CIRELC3)>=D1( IREL( 3 >+RELS

STOWATC IRELC1 ), IRELC2 ) )=STOWAT( IRELC 1), IREL(2))-RELS

MODIFY FLOWS FOR ADDITIONAL GROUNDWATER

INFLUEHCE, DIVERSIONS, OR RETURNS OUVER

HISTORICAL CONDITIONS
GROUNDMATER

RFAC=8.35
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1

.....

1
1

1

100

é?(l.?EQS.DR.I.EQ.3.0R.I.EG.4)

AC=1.

TOSCHE 1 »=DSCHCMREACHC T 7, 1 »+DSCHCMREACHC 1 3,25
TOSCHC I »=TDSCH¢ I »¥RFAC

NEW PROJECTS
RETC 1, IMOMTH>=RET¢ I, IMOMTH »+ADORETC 1, IMONTH >
DIVCT, IMONTHY=DIVC I, IMOMTH »+ADIVC T, IMONTH >

ADDITIONAL M&I RETURN
IFCIVEAR .EQ. 1 J)HRETMIC I, IMOMTH »=
RFACXRETHMICMREACHC I >
RET¢ 1, IMOMTH »=RETC I, IMONTH >*{RFACX
(RETMICMREACHC I > >~HRETHMIC I, IMONTHY>>)
IF(RETC I, IMONTHY>.LT.0.0> RETCI,IMONTH)=0.0

REGRESSION EQUATION

DZC I y=ACT, IMONTH »4D1¢ I >+CC T, TMONTHXXDIVCT, IMONTH)
+BC I, IMONTH¥RETC I, IMONTH >+22DC I, IMONTH>+TDSCHC I )
IF(D2¢(I>.LT.0.> D2(1)=0.0

REQUESTED AND ACTUAL ADDITIONAL DIVERSIONS
RADIVC I )=ADDDIVC T, IMONTH >
AADTVC T >=ADIVC I, IMONTH)

CONTINUE

COMUERT FLOWS FROM REGRESSION REACHES TO SIMCON
.MOBEL. REACHES AND TO CFS

DO 110 I=1,8
TFLOWAC I >=D1¢ TREACHC I 3D
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BFLOMAC T 2=D2C BREACHC T 5 )

TFLOWCC T 2=TFLOWAC L 7%0 . 0168

BFLOWCC I >=BFLOWACT 740 . 6168
118 CONTINUE

C
CREEEFAMHUAL DISCHARGE (AC.FT.)> FOR PLATTE RIVER REACHES
C
DO 126 I=1,8
IFCIMONTH.EG. 1> TF(1)=0.6
C IFCIMOHTH.EG. 1> TFLOWCI »=6.0

TFCI 2=TFCT »+BFLOWACT )
IFC IMONTH.EG. 12 3TFLOWC I >=TFC 1)
126 CONTINUE

C
CX¥XKXCOMPUTE FOR SIMCON MODEL REACHES (FROM REGRESSION
C...... REACH INFORMATION> THE TOTAL DIVERSIONS.,ADDITIONAL
Cessnas DIVERSIONS FOR NEW PROJECTS, AND DIVERSIONS FOR
g ...... HISTORICALCT.E. EXISTING> APPROPRIATIONS

0o 156 I=1.,8

TADIVC I )=8.

= TDIVC ] >=0.

DO 136 L=1,11
IFCMREACHCL ) .EQ.ID> TBIVUCI)=
1 TDIUC T >+DIVCL, IMONTH >
IFCMREACHCL > .EQ. ) TADIUCT )=
1 TADIUC I >+ADIVCL, IMONTH >
136 CONTINUE
HDIUCT >=TDIVUCI >~-TADIVC I )
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158 CONTINUE
CHEFX¥CAMPUTE STORAGE IH HEW RESERUOIRS

160

AHD AUAILABLE AG HWATER

N0 170 1=1,8
DO 168 J=1.,2
STOUSEC1,.))=6.0
AGHAT(I,))=0.0
IFCIRESCI,J) . NE.1) GO TO 160
STOUSEC I, J)=AMAR1( .0, CAGUSEC I, JO-HLOTUC I )X
AGFACC T, J5 TMONTH > )
STOUSEC I, J)=AMINLC STOUSEC I, J), STOWATC I, J)>)
IFCNOAGC T, J).EQ. 1) STOUSECI,J)=0.0
STOMATC I, J)=STOWATC I, J)+TADIVC I )-STOUSEC 1,J)

IFCSTOWATCT, J).GT . STOMAXC T, J2)
STOWATC T, J)=STOMAK( I, J)
IFCSTOMWATCT,J).LT.0,.0)STOWATCI, J)=0.0
AGWATC I, J)=CHDIVC I 2XAGFACC I, J, IMONTH ) >+STOWATC I, J)
IFCI.EQ.4.AND.J.EQ.2)

AGWAT( 4, 2>=AGHAT( 4, 2 >+AG4S¢ 1 JXAGHAT(3,2)
IFCI.EQ.S5.AND.J.EQ.2)
AGWAT( S, 2)>=AGHAT( S, 2 >+AG4S5( 2 )XAGHAT( 3, 2)
IFCI.EQ.S.AND.J.EQ.2)
AGWAT(3,2)=8.0
IFCNOARGC I, J) . EQ. 1)

AGWATC T, J>=HOIVC I XXAGFACC T, J, IMONTH)

CONTINUE
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[

HLDIUCT »=HDIVCI >

176 CONTIHUE
é*****STRERH WIDTH AT GRAND ISLAHD

L

U

SHIDTH=SLPCBFLOWC(S), ¥CFS, YWUIDTH,6)

CHEXHKNO3 COMCEHTRATIONS

C

1

IFCRHO301< 1> .LE.@.05RNO3D1( I >=RNO3IC

DO 180 I=1.8

IFCT.EQ.1)> RNO3DIC I >=RHO3IC(1)
IFCT.EQ.25 RNO3D1C I »=RNO3IC(2)
IFCI.GT.2) RNO3DICT >=SNIT(I-1)

GWHITICI >=AMAXICCGNITC T, 1 DXOSCHC T,
GUNIT2C I >=AMAXICCGHITC T, 25%DSCHC T,
RTHAT=TFLOWAC I >+AMAXK1(0.8,DSCHC(I, 1
AMAX1(B .0, DSCH(I.,2) 7

IFCRTUAT .LE.0.8) RTUAT=0.0001
Sg%&%%)=((RHU3Dl(l)*TFLONﬁ(I))+GNNITl(I)+GNNIT2(I))
/

IFCSNITCIZ.GT.20. )SNITC(I)=208.

-y
2,0.80)
2,0.8)
)+

(
1
e
>

186 COMTINUE

C
8*****2 OR MORE CONSECUTIVE NO FLOW DAYS AT GRAND ISLAND
196 IF(IMONTH.EQ. 7 J)NOFLOWC 1 >=0

IFCIMONTH.EQ.7.AND. TFLOWAC(S) . LE . 6440. > NOFLOWC1)=1
IFCIMOMTH.EQ.8> NOFLOW( 2)>=0
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241 IF¢ IMOMTH.EQ. 8. AHND. TFLOWACS » LE. 18116, 7 HOFLOWC 2 ¥=1
242 C
=43 CEXLRKEHUMBER OF DAYS TN YEAR WITH FLOW AT
544 C. .. OJERTON »=366@ CFS
545 C
24 IFCIMONTH .HE. 12) GO TO 200
547 SCOUR=1 . 6634 ( TFLOWC 4 /1 . OE6 3¥¥4 . 3)
245 -200 CONTIHUE
2439 L
250 Exxxx*max DAILY FLOW AT GRAND ISLAMD
25z E FLOMAR=C¢ BFLOKAC S )71 . BE-3 7% . 054+1 . 46
y 254 CHXE¥¥ACRES FLOODED
5 255 ¢
256 D0 210 1=1,8
o257 QMAKC T )=TFLOWCC I Y1 .5+535.
P58 ACFLOC T, 1 )=, B24XGMARC T D
255 ACFLOC T, 2)=1 . 52XQMAXC 1 )
260 210 CONTINUE '
261 C
262 RETURN
263 220 FORMAT(FS.3,F6.3,F6.3.F9.2)
264 230 FORMAT(F10.2)
2€5 240 FORMATC2F10.2)
266 END




i

Lyl
TN b ot st ekt Pd ph o pmd g
G AD 20 =N U0 e T e A 00 7 T 0 ) o

o:l

-

P

19:a4:09

COMMON
COMMON
COMMOH
COMMON
COMMONH
COMMOH
COMMON
COMMOH
CQaMMON
COMMON
COMIOH
COMMOM
COMMON
COMMOH
COMMOH
COMIMON
COMMON
COMMOH
COMMON
COMMOH
COMMON

FEB 22, 1533 PAGE 1

MREACHC 11 3, FLOWKC 125, FLOWJIC125,01UC11,12)
RETC11.125.01¢115,02C11 5, ISFT

TEHCES, ADDDIVC 11,125, 0IVREDC 11,125

TDSCHC 11 2, ADDRETC 11,125, TFLOWAC 11 )
BFLOWALCE 3, TFLOWCCS ), BFLOWCC(8)

TREACHC 11 7, BREACHC 11 5, TFLOWCE )
AGFAC(8,2,127, IRES(8,2), STOWAT(8,2)

SWIDTH, SHITC11 5, FLOMAX, HOFLOW(2)

SCOUR, TADIW( 8 », TDIVUC( 8 », STOMAKX( 8,2

IPRIORC 11, IRELC 35, RELWAT, RELS

WETD, WMEAN, FJ(12),FK( 12
RIC11,125,R0C11,12)
AC11,125,8¢11,12),C¢11,123,2ZDC11,12)
IMDEX,T1,T2,T3,RFAC

HRETMIC11,12)

TFC12), KCFSC(6 ), YWIDTH(6 )

RNO3D1(8 >, RNO3IC(2), GWNIT1(8), GUNIT2(8),RTHAT
ACFLOC 8.2 ), AMAKC 8, SURFAC(11,2)

HOIUC 115, STOUSEC 11,2, HLOIV(11 ), ADIV(11,12)
AG45(2), ISEED, RADIV( 11 >, AADIV(11),NOAGC11,2)
WATFACC 2 5, WYRFJC 30 ), WYRFK(30)
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10:95: 27 FEB 22, 1583 PAGE 1

MREACHLALL»=2 2 1 3445 567 &
TFLOMWAL ALL 5=0.

ISFT=8 .
TREACHC ALL o=
EREACHC ALL »=
AGFACCALL , AL

- Q0=
p—

)
H'JFRC( HLL 1
AGFACCALL, 1
HGFARCCALL ., 1
AGFACCALL, 1
AGFACCALL., g

2

Do puub Podb Pumb

A Y

| oee®
Cee®

SO0

AGFACCALL,
AGFACCALL,
AGFACCALL ., 2, 9
IRESCALL ., ALL »=1

STOWATCALL . ALL »=0 .6

STOMAXCALL ., ALL »=0.0

YCFSCALL >=108. 250. 400. 800. 1200. 10000 .
YWIDTHCALL )=150. 200. 250. 325. S00. 800.
RHO3ICCALL)=0.€ 8.9

IPRIORCALL >=6

DIVRED(ALL.ALL >=0.0

WSTD=.3

WMEAN=1 .0

ISEED=35353

ADDRETCALL ., ALL »=8.

ADDDIVCALL. ALL )=6 .

AGHATCALL . ALL >=0.

SHITCALL »=8.9

SURFACCALL ,ALL.>=0.08

ONOOD IO G
———_——OEE | AU
©
&

o
CERENNNN =
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1@:05: 27 FEB 22. 1583 PAGE

AGESCALL >=8.6 1.6
HLOTUCALL >=06.0
HORGCALL . ALL =6

o

WYRFKC1 .. .16)=.56 .56 2.4 .83 .77 .76 .88 .48 .35 .77

WYRFKC11. . . 26)=.6€0 55 .37 .82 .72 .35

.77 .66 1.06 .66

WYRFKC21 .. 303=.98 2.99 1.21 3.90 2.13 .91 1.46 .73 .84 .45

WYRFJC1. .. 18)=.54 64 94 .45 .23 .23

.18 1.3 1.85 .72

WYRFJC11...267=.57 1.65 1. 33 .49 .22 1. 8? 67 .79 .62 1.7
WYRFJ(21...306)=2.42 1.71 .5 3.8 1.03 .61

.34 .22 1.69
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H5 . DEF 14:65: 944 MAR 28, 1983 PAGE 1
AGETCULTURE SUEBMODEL WYARIABLE DEFIHITIOHS

ST MmO ENTEE e EREST s eSS
e L R N Tr o wor ot me o v wom G s o e et s ot 0 s P BTN bnd o S S G G e s WS e S S

--URRIAELES FRECEDED EBY AM % ARE CALCULATED BY OTHER
SUEMODELS

—-—UHLEZS OTHERMWISE HOTED, SUBSCRIPTS ARE AS FOLLOWS:

IC=CEDOF TYPE

I0=DIRECTION FROM RIVERCFOR REACHES OMLY >
[MOHTH=MOMTH OF YEAR

IR=RIVER REACH

IH=HATER-USE TYFE

WHERE THE FOLLOWIHG DEFINE SUBSCRIPT VALUES++NOTE THAT
ﬁLkIPgSgéELE SUBSCRIPT VALUES ARE NOT USED FOR ALL
JARTHBLES .

IC=1=ALFALFA

IC=2=CORH

IC=3=MILO

1C=4=S0YEBEAN

I1C=S=WHERT

IC=6=0THER ., ASSUMED TO BE MATIUE HAY

I10=1=HORTH
10=2=S0UTH

IMOMTH=1...12=JAN. . .OEC

29l

D Q0 N O U B o] T o= 0 W0 00 =) T ) e e Fooly w050 00 020 =) i L0 o i o =

1
1
1
1
1
1
1
1
1
1
z
?
e
&
s
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Lo Mak 29, 1963 PAGE

F=1=LEHELLEH T3 HORTH FLATTE
= MILESEURG TO HORTH PLATTE
3=HORTH PLATTE TO BRADY
4=BRADY TO QUERTOM
=OVERTOM TO GRAHD ISLAMOD
E=bFHHD ISLAHD TO DUHCAM
IF=?=DUNIHN TO HORTH EBEHD
I1R=3=HORTH EEHD TO LOUISVILLE
IR=9=EHDERZ FROJECT AREA
IR=10=LITTLE ELUE FPROJECT AREA
IkR=11=E1G BLUE PROJECT AREA

IW=1=SURFACE WATER-IRRIGATED
IH=2=GROUHOWATER-IRRIGATED
IH=2=0RYLAND CROPLAMD
IW=4=SUBIRRIGATED
IN=5=PRSTURE

[W=6=0THER

1%

ACT=TEMPORAR'Y VARIARBLE

ACREC IR, ID. I, IC >=AREA BY CROP AND WATER-USE TYPE (ACRES)

AGHC IR, ID>=AGRICULTURAL MITRATE LEACHED TO GROUNDWATER
(LB-N/MOHTH >

AGHNITC IR, ID>=HITRATE CONCENTRATION IN TOTAL AGRICULTURAL
RECHARGE C(FPHM-N>

AGRCHC IR, 10 »=AGRICULTURAL GROUNDWATER RECHARGE
CACRE-FT/MONTH >

AGUSEC IR, ID >=SURFACE WATER USED FOR IRRIGATION
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LB 94 Mk 260, 1983 PAGE 3

CACRE-FT-MOIHTH
£ AGHATC IR, 1D =SURFACE WATER AVAILABLE FOR
IRRIGATION ¢ACRE-FT -MOMTH) <FROM SURFACE WATER SUBMODEL >
ALET=AHHUAL ET “FREOM SUBIRRIGATED ALFALFA (ACRE-FT/YEAR >
CCHECK=CHECK UARIABLE FOR COMSISTEHT UALUES OF
TCHAHG CALHAYS B2
COM=MULTIFLICATIVE COHVERSION FROM LB/ACRE-FT TO PPM
CROFC IR, I0. IM, IC)=PROFPORTION OF LAMD IH UARIOUS
CROFZ  C(DECIMAL FRACTIONS
CROF1C IR, IW, IC »=YEAR 1986, PROPORTIOW OF LAMD IH VARIOUS
CROFS COECTMAL FRACTION >
CROPZC IR, IW, IC »=YEAR 2620, PROJECTED PROPORTIOH OF LAND
IH UARIOUS CROFPS CDECIMAL FRACTIONW?
CYLOCIR, 10, IM. IC »=AHHUAL CROP YIELD (BU/AC FOR 1C=2,3,4.5
AHD TOHS~AC FOR IC=1,63
D¢C.J »=TEMPORARY AR ITABLE
00 IR 10 »=IHCREASE IH DEPTH TO GROUNDWATER FROM INITIAL
COMDITION CFTD
ODMAAC IR, T0 »=MAXIMUM VALUE OF DD DURING A GROWING
SEASON=IMOMTH=5. . .9 (FTJ
DEFICIR, ID=IHITIAL DEPTH TO GROUNDWATER (FT)
¥ GESEHEEELED)=DEPTH TO GROUNDWATER (FT)> <FROM GROUNDWATER
P '
DPERCC IR, 1D, IW »=DEEP PERCOLATION, TOTAL (ACRE-FT/MONTH)>
ODPERCFCIR, 10, IW)=DEEP PERCOLATIOH. FIELD COMPONENT
(ACRE-FT/MONTH >
ODFERCTC IR, 1D, IW»=DEEP PERCOLATION, TRANSPORT COMPONENT
C ACRE-FT/MONTH >
DUM=TEMPORARY UARIABLE
EOCIW»=IRRIGATION DELIVERY EFFICIENCY (ARCRE-FT DELIVERED~
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ACRE-FT ZEHT 5
EFCIM»=FIELD IRRIGATION EFFICIEHMCY (ACRE-FT UTILIZED/
ACRE-FT AFFLIED»
EFER=FERCOLATION EFFICIENCY <DECIMAL FRACIOH)
EFERL1=ADOITIONAL MULTIPLICATIVE REDUCTIOH IH PERCOLATIHG
MATER FROM SURFACE WATER IRRIGATION (DECIMAL FRACIOM)
ETZ0 IR, 10 2=EURPOTRAHSPIRATION FROM SUBIRRIGATED LAHD, IW=4
L HCRE-FT-MOMTH »
FFERCS TMOWTH »=FRACTIOH OF RAIM WHICH IS OEEP FERCOLATIOM,
AFFLIED TO IW=1.,2 ¢DECIMAL FRACTIOH J
FPERCOC IR, ID»=FRACTION OF RAIN WHICH IS DEEP PERCOLATIOH,
AFFLIED TO IH=3 (DECIMAL FRACTIOMD
FRUHOC THOMTH )=FRACTION OF RAIN WHICH IS RUMOFF,APPLIED
TO IW=3 COECIMAL FRACTION
GA=FRACTION OF GROUNDWATER RESERUDIR AUAILABLE FOR
FUMPIHG ¢DECIMAL FRACTIOHWD
LAVAL=AVAILABLE GROUMDWATER, TEMPORARY UARIABLE (ACRE-FT)
GPUMFC IR, 1D =GROUMDWATER FUMFPING BY GROUNDWATER
IRRIGATORS (ACRE-FT-MONTH?
GHLC IR, ID»=FRACTIOH OF FROJECTED GROUNDWATER-IRRIGATED
?gg???E“RERLIZED DUE TO DEPTH TO GROUNDWATERCDECIMAL
‘AL 1
¥ GUSCIR, ID)=UOLUME OF GROUNDWATER RESERUOIR (ACRE-FT)> <FROM
GROUHDWATER SUBMODEL >
HHET=ANNUAL EVAFOTRAHSPIRATION FROM SUBIRRIGATED
HATIVE HAY(ARCRE-FT/YEARR)
 IMOMTH=CURRENT MOMTHC ...12=JAN.. .DEC> <FROM SYSTEM MODEL>
¥ IYEAR=CURREMT YEAR <FROM SYSTEM MODEL >
PUMPAGC IR, IDX=TOTAL AGRICULTURAL GROUNDWATER PUMPING
CACRE-FT/MONMTH >




991

i1ia . DEF

W -

el o i e e S i i i I

el Cod Cad e Cod ad o) ed e Cod To) Tt Tod [l [ 0 Tl [ [

SRR Ex R I N T R AR R R e PR P2

XX

o gt b
RN S S N
NP = G

144
145
146
147
148
149
150

14:8a:44 MAR 2@, 1353 FAGE 5

FAIHC IR, TR =PRECIPITATION ¢ IMCHES/ZMOHTH

RED=MULTIFLICATIVE REOUCTION IH SUBIRRIGATED ET DUE TO
EEPT¥ TO GROUHOWATER ., TEMPDRH&Y YARIABLE <DECIMAL

PHCT IO

RETAGC IR, ID=AGRICULTURAL RUHOFF (ACRE-FT/MOHTH >

RLOADC TR, IC =AGRICULTURAL HITRATE LEACHING LOADIHG <(LB-H/
FCRE-THCH OF FERCOLATIHG WATER

RMETE IR, IC»=HET CROF IRRIGATION REGQUIREMEMT ¢ INCHES/YEAKR)

RUMHE IR, I0. IW »=RUHOFF FROM AGRICULTURAL LAMD (ACRE~-FT/MOMTH>

SEASY TMOMTH »=MOHTHLY DISTRIBUTIOW OF CROP IRRIGATION
RESUIREMEMT <(DECIMAL FRACTIOM?

$ SHITCIR=HITRATE COHCEMTRATIOM IN SURFACE HWATER (PPM-M)
<FROM ZURFACE WATER SUBMODEL »>

SFUMPC IR, 10 »=GROUHDWATER PUMPIMG BY SURFACE WATER-
IRRIGATORS ¢ACRE-FT/MOMHTH

TACREC IR, ID»=TOTAL AREA (ACRES)

TCHAMGC IR, 10, IW»=SPECIFIC CHAMGE IM ACREAGE., USED TO
FEFRESEMT SFECIFIC PROJECTS (ACRESX10%%3)

TGHC IR ID»=AGRICULTURAL HITRATE ADDED TO GROUNDWATER FROM
IRRIGATION DELIVERY LOSSES <(LB-H/MOMTH)>

TPUMP&C TR, 1D »=AHHUAL CUMULATIVE TOTAL GROUNDWATER PUMPING
BY AGRICULTURE., RESET YEARLY C(ACRE-FT>

TYFES IR, 10, IM)>=AREA BY WATER-USE TYPE (ACRES)

TYPELC IR, 10, IW)=YEAR 1988, AREA BY WATER-USE TYPE
¢ ACRES¥10%%3)

TYPEZC IR, 10, IW)=YEAR 2620, FROJECTED AREA BY WATER-USE TYPE
CACRES¥10%%3)

TUDELC IR, 1D »=ANHUAL CUMULATIUE SURFACE WATER DELIVERED
TO FIELDS., RESET VEARLY. (ACRE-FT)>

WDELL IR, ID)—SURFQCE WATER DELIVERED TO FIELDS (ﬂCRE—FTxNONTH)
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HOTW TR, T0. TH »=nGRICULTURAL DEMAMD FOR SURFACE WATER, BY USE
CACKE-FT-MOMTH 3

HFACT TR, ID»=CALIBRATION COEFICIENT APPLIED TO WYLDM
COECIMAL FRACTION

HGZC TR, 1D, IW »=GROSS IRRIGATION REGUIREMEHMT AT FIELD
L ACRE-FT-MOHTH X

MHETC IR, 1D, IM>=HET CROP IRRIGATIOH REGUIREMENT AT FIELD
¢ ACRE-FT-MOMTH »

¥ HYLDCIR, IDO=HELL YIELD (GAL/MIM)> <FROM GROUNDWATER
SUBMODEL >

HYLOMC IR, ID »=AHHUAL MIMINMUM OF WYLD (GAL/MIND

AGC T »=URLUES OF LYLDM USED TO DEFIME SLP RELATIONSHIP
BETWEEH WYLDM AHO GHL, EXCEPT FOR IR=6 & ID=2

HG1CT s=UalES OF WYLDM USED TO DEFIME SLP RELATIOMSHIP
EETWEEM WYLOM AMD GHL, USED FOR IR=6 & ID=2

HIUBCL »=URLUES OF DD USED TO DEFINE SLP RELATIONSHIP
EETHEEH DD &HMD MULTIPLICATIVE ETS REDUCTION

ATIMECK 5=UALUES OF YEAR USED TO DEFIHE SLP RELATIONSHIP
BETHEEH YEAR AHD CYLD, AND YEAR AMD TYPE

YEAR=CURREHT YEAR

YIELDICIW, IC)=YEAR 1988, AHNUAL CROP YIELDS (SAME
UHITS RS CYLD>

YIELDZC IW, IC)=YERR 2026. PROJECTED ANNUAL CROP YIELDS (SAME
UHITS #5 CYLD>

¥YGC I 3=UALUES OF GHWL USED TO DEFINE SLP RELATIONSHIP
EETHEEH WYLDM AHD GHWL,EXCEPT FOR IR=6 & ID=2

YG1CI »=UALUES OF GHL USED TO DEFINE SLP RELATIONSHIP
BETHEEH WYLDM AHD GHML.,USED FOR IR=6 & ID=2

TREDC IR, I0>=MULTIPLICATIVE REDUCTION IN YIELD DUE TO
DEFTH TO GROUNDWATER, USED FOR IW=4 (DECIMAL FRACTION)
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18:50: 22 MAR 21, 1983 FPAGE 1
CFILE AG. S
C
... PRFF A5 SUBMODEL. . . . ...... ... ... .....

SUBROUTIHE AG
- COMMOH BLOCK
f(DNTINUE WITH PLATTE.C RETURH

INITIALIZATION

———— — ——— —— O o G T ——— — S ST S T S G G ——— —
o — — S S D (et GG GO0 G G G - G SN G5S S G0 G D G G G SN Sm SNy

1ST MONTH OF 1ST YEAR
INITIALIZE MINIMUM WELL YIELDS
IFCIVEAR .HE .1 .OR. IMONTH.NE. 1) GO TO 379
00 378 IR=1.11
DO 378 ID=i.2z
WYLDMC IR, 10 5=WYLDCIR, IDD
378 CONTINUE
379 COMTINUE

C====================== 41—
c 1ST MONTH OF EACH YEAR
IFCIMOMTH.ME.1> GO TO 91
DO 92 IR=1,11
Do 92 ID=1,2
DDMAKXC IR, 1D )=0.0
TPUMPAC IR, 1D =0
TWOELC IR, 1D >=0
92 COHTINUE
91 COMTINUE

(Pt P P e PR E U Dbt

(‘JL"JO(’.H“-

------
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10:596: 29 MAR 1. 1983 PAGE 2

ALL MOHTHS OF ALL YEARS
CCHECK=0 .06
Do 28 IR=1.11
DO 39 ID=1.,2
AGHC IR, I01)=0.0
TACREC IR, 1D)>=06.8
no 99 IH=1.,6
WMETC IR, 1D, IW)>=0.0
S99 CONTIHUE
YEAR=IYEAR
AHNUAL CROP AMD WATER U‘E CHHNGES
18T MONTH OF ALL YEARRS

IFCIMOMTH.NE. 1> GO TO 299
DO 298 IR=1,11
: DO 298 1ID=1.2
ANHUAL LONG-TERM CROF CHANGES
OH DRYLAND, SURFACE IRR ACRES,GRNDWATER IRR ACRES

DO 201 IW=1,3
DO 201 1C=1.6
DC1>=CROP1C IR, IW. IC)
D(2)>=CROP2¢ IR, IW. IC)
CROPC IR, ID. IHW, IC>=SLP(YERR, XTIME.D,2)
281 COMTINUE

AHHUAL CHANGES IN WATER-USE TYPES
00 203 IW=1.6
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190:56: 2% MAR 21, 1983 PAGE

ACRES SLP:LOMG-TERM CHANGES
1 =TYFEL1CIR, 1D, IN
Oc 2 =TYPE2C IR, 1D, IW>
YPECIR, ID. IM»=SLP(YEAR, XTIME,D, 27

TCHAKHG : FROJECT-SPECIFIC CHAHGES
TYPEC IR, 10, IW»=TYPEC IR, 10, IW 3+ TCHANGC IR, 10, IW)
TYPEC IR, 1D, IN>=TYPECIR, ID, IU %1606 .
CCHECK=CCHECK+TCHANGC IR, 10, TW)

&83 CONTIHUE

DRY MWELL SHIFTS
FRACTION OF PROJECTED WHICH ARE REALIZED

WYLDMC IR, 10 >=WYLDMC IR, ID DXWFACC IR, ID)D
GWLC IR, I0)=SLPCHYLDMC IR, ID >, XG, %G, ?)
MOUEGML(6;2)=SLP(NYLDM(IR;ID);Xﬁl;YGl:?)
TYPECIR, ID, 3)=TYPECIR, 1D, 3>+TYPECIR, ID, 2%
1 (1.06-GUWLCIR,IDJ)
TYPEC IR, ID, 2>=TYPEC IR, 10, 2)~-TYPECIR, ID, 25X
1 (1.0-GWLCIR,ID>)
UPDATE AHD TOTAL
WYLDMC IR, 1D )=WYLDC IR, IDD
Do 306 IW=1.6
DO 388 IC=1,6
ACRECIR. ID, IW, ICH>=TYPEC IR, ID, INYXCROPC IR, ID. IW. IC)
200 COHTINUE
296 COHTINUE
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10:50: 22 MAR 21, 1583 PAGE 4
239 COMTINHUE

e e — — ——— — T e T S o e S Pt e D Bt e Dt Brd s S o St et S e
i e — S — s A — — ——— g TS} B Sae S S S —————

... BIG LOOP. . .ALL MONTHS OF ALL YEARS

Do 19696 Ik=1,11
DD 16606 I0=1.2

ANHUAL WELL YIELD MIMIMUMS
HYLOMC TR, 10 )=AMTHICHWYLDC IR, 1D, WYLDMCIR, ID )

TOTAL ACRES

DO 333 IW=1.6
DO 332 IC=1.6
THCREC IR, ID)>=ACREC IR, ID, IW, IC)+TACREC IR, I1D)
333 CONTINUE

HATER USE
IRR CROFS

NET IRR
DO 181 IW=1.,2
DO 162 IC=1.6
WHETC IR, 1D, IW)=WNETC IR, ID, IW>+ACREC IR, ID, IW, IC)
1 XRNETCIR, IC>%k(1.712. >X¥SERSCIMONTH)
1862 CONTINUE

GROSS IRR




€L1

121
122

1:-3
1Eé

1"5-.-‘
Ly

Tl

123
123

1309

121
132
133
124
135
26

b o—-
P DO X
(s KN

139
140
141
142
143
144
145
146
147
148
145
156

Dol o

plelelale

18:50: 22 MAR 21, 1383 FAGE o

WEEC IR, 10, IND=WHETC IR, 1D, TWI7EFCTU D
181 COMTIHUE

FOR SURFACE WATER IRKR OML'Y
DIVERT

WDIVCIR, ID, 1 >=WGSC IR, 10,1 »7EDC1)

AGUSEC IR, ID>=AMINTCWDIVC IR, ID, 1 3, AGWATC IR, IDJ)
WDELC IR, 1D »=AGUSEC IR, IDYXEDC 1 )

TWDELC IR, 1D >=TWDELC IR, ID)+NDEL(IR;ID)
GAUAL=GAFGUSC IR, ID >

SPUMPC IR, IDOY=WGSC IR, 1D, l)—NDEL(IR;ID)

SPUMPC IR. 1D )>=AMIN1(SPUMPC IR, ID ., GAVAL >

GHSCIR, ID>=GWSC IR, 10 >-SPUMPC IR, ID)>

GROUND WATER IRR ONLY

GAUAL=GHSC IR, 10 %GA
GFPUMPC IR, ID>=AMIN1CHGSC IR, ID, 27, GAVAL D
GWSC IR, ID>=GUSC IR, ID>-GPUMPC IR, ID)

TOTAL PUMPING
PUMPAGC IR, 1D »=SPUMPC IR, ID >+GPUMPC IR, ID >
TPUMPAC IR, ID >=TPUMPAC IR, ID >+PUMPAGC IR, ID)

FPERCOLATION AND RUNOFF
DRYLAND
ALL SEASONS

DPERCC IR, 1D, 3>=FPERCD( IMONTH »XRAINC IR, IMONTH)




= 190:58:29 MAR &1, 1983 PAGE [

151 1 %1.-12. MWTYPECIR, ID, 37

152 RUME IR, 10 3 »=FRUHDC TMOHTH ykRATHC IR, IMOMTH »%

153 1 ¢1.-12. WTYPECIR, 1D, 37

15¢ C IRRIGATED LAHD

s C HOM-IRRIGATION SEASOMAR¥EFXKKERERKEKIARKKEERIRKL

SiE (M

T IF ¢ IMOHTH.GE.6.AHD. IMOHTH.LE. 9 GO TO 220

153 C

3 C  SURFACE WATER IRR

160 DPERCFC IR, 1D, 1 )=TYPEC IR, 1D, 1 YAFPERCC IMONTH)

161 1 ¥RAIMCIR, IMONTH)¥C1.-12. )

1€2 DPERCTC IR, 1D »=0.0

163 DPERCC IR. 10, 1 )=DPERCF¢ IR, ID, 1 »+DPERCTC IR, ID)

164 . RUNCIR, 10, 1 )= 1¥RAINC IR, IMONTHMC1.712. DXTYPECIR, 10, 1)
~ 165 G
i i§5 E GROUHD WATER IRR

Ly

1653 DPERCC IR, 1D, 2 )>=FPERCC IMONTH JXRAINC IR, IMONTH)

1€9 1 ¥TYPECIR, 10,25%(1.712.)

179 RUHCIR, 1D, 2)=. 1XRAINC IR, IMONTH)¥(1./12. Y¥TYPECIR, 1D, 2)

izg - GO TO 221

(= 4

173 C IRR SEnconxx*x*xxxxxxxxx*xxx**xx*xxx*x*xxxxx*xxx

174 226 CONTINUE

175 C  SURFACE WATER IRR

176 DPERCTC IR, 10 »=EPER¥¢ AGUSES IR, ID)-WDELC IR, ID))

177 ACT=SPUMP( IR, ID>+WDELC IR, IDY-WNETC IR, ID, 1)

176 DUM=AMAK1CACT ., 0.0)

179 DPERCF( IR, ID, 1 Y=EPERXEPER] XDUN

160 DPERCC IR, 1D, 1 )=DPERCFC IR, ID, 1 )+DPERCTC IR, ID)
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18:58:22 AR 21, 1583 PAGE 7

FUHC IR, 10, 1 »=0UM4% . 1

GROUHD MWATER IRKR
ACT=GFUMP: IR, ID »-WMETC IR, ID, 27
OUM=AM~RE1CACT . 6.6)
DFERCC IR, ID, 2 >=EFER¥DUM

CHEEEEREE O KRR RO R AR R KOO KRR X

'

O

a0

221 CONTIHUE
TOTALS
AGRCHC IR, ID >=DPERCC IR, ID, 1 »+DPERCC IR, 1D, 2)+
1 DPERCCIR,1D,3)
i RETAGC IR, ID»=RUNC IR, ID, 1 »+RUHC IR, 1D, 2 >+RUNC IR, ID, 3>
t'u
DO 120 IC=1.6
LEACHING LOAD IN LB
AGHC IR, ID)D=AGNC IR, ID>+CROPC IR, ID, 1, IC Y¥RLOADC 1, ICX%X12 . X
1 DPERCFCIR, 1D, 1>+ CROP( IR, 1D,2, IC>%¥RLOADC2, IC )%
2 12 . ¥DPERCCIR,ID.2> + CROPCIR,ID,3, IC>¥RLOADC3, ICO>X12.
3 ¥DPERCC IR, ID, 35
126 CONTINUE
TRAMSFPORT LOAD
TGNC IR, ID>=DPERCTC IR, ID >¥SNITC IR >~CON
AVE CONC

DUM=AGRCHC IR, ID)

AGHITCIR, ID>=0.0

IFCOUM.LT.1.E-15)> GO TO 780

AGHITC IR, 1D >=CONXC TGNC IR, ID>+AGNC IR, ID > >~DUM
780 COHTINUE
SUBIRR ALTERATIONS




3 IF 19:59: 2% MAaR 1. 1983 PAGE =]

211 L DEPTH CHAMGE FROM IMITIAL
212 OoDs IR, ID»=DEPTHC IR, 1D -DEPICIR, 1D
2173 C MAx DROP
214 IFCIMOMTH.LT.S .OR. IMOHTH.GT .97 GO TO 856
213 DDMAKC IR, 10 )=AMAX1 CDDMAAC IR, 105, 0DC IR, 1D 35
=3 &%8 COMTIHUE
217 - RED=SLP(DODC IR, ID 2, ¥SUB, YSUB, 35
218 M
213 GRUAL=GH3C IR, ID Y¥GA
229 ETSCIR, ID »=SEARSC IMOMTH »XREDX( CACREC IR, 1D, 4, 1 )XALET >
221 1 + (ACRECIR, 1D,4,6>¥HNET > >
2z2 ETSCIR, 10 =AMIMICETSCIR, 10, GRVAL )
225 GUSC IR, T0=GWSC IR, ID>-ETSCIR, ID)
=24  ====s=cocossss s Ssss s s sS SRS SSS=S=
Z 225 C YIELD
o4 226 IFCIMONTH. ME. 12> GO TO 888
227 C LOAD SLP
228 D0 837 IW=1.,6
229 bDD 837 IC=1,6
2206 DCLO=YIELDLICIW, IC)
231 DC2)=YIELD2C IW, IC)
232 CYLDCIR, ID, IW. IC>=SLPCYEAR, XTIME,D. 2>
233 837 CONTINUE
234 YREDC IR, 1D »=SLPCDDMARXC IR, ID >, XSUB, ¥YSUB., 3)
235 CYLDCIR, 1D, 4,1 )>=CYLDCIR, 1D, 4, 1)XYREDC IR, ID)
236 . CYLDCIR,ID. 4,6)>=CYLDCIR, ID, 4,6)%kYREDC IR, ID)
237 €88 CONTINUE
238 16606 COHTINUE
2359 f o s s s rRrE NSRS NEEARS UK EERRE R

240 RETURN
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HGUSEC ALL - ALL >=8 .8

HLET=2.85
COM=. 37

CRIOPC ALL .

CROPC]. ..
CROPCT . . .
CROPCY . ..
CROFCT. ..
CROPCT . ..
CROPCL. ..
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CROPCT . ..
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CROPLCZ,
CROPI1L 3,
CROPLC 4.
CROP1¢S,
CROF1CE,
CROP1C Y.,
CROP1(8,
CROPZCAL
CROP’(I:
CROP2¢{ 2,
CRUP2(3;
CRUP¢(4a
CROP2(S,
CRUP°(6
CROP2(7?
CROP2¢ 8,
CROP2¢ 1,
CROP2(2,
CROP2¢ 3.2
CROP2¢( 4.2
CROP2(S,2
CROP2(6.,2

CROP2(?7.,2
CROP2( 8.2
CROP2¢1.3
CROP2(2,3
CROP2(3.,3
CROP2¢4,3
CROP2¢(S, 3
CROP2¢(6,3

s
s

3
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17:02:31 FEB 6, 1383 PAGE

CROP2(7.3.,1...6)>=.0
CROF2¢8.3,1.. .6)>=.0
SLDCALL ALL  ALL, AL
DEFIC1.ALL »=68. 70.
DERPICZ.ALL )»=55. 295.
DEFIC3.ALL »=7?5. 50.
DEPIC4,ALL>=40. 40,
DEPICS,ALL>=35. 25.
DERPIC6E.ALLY)=13. 40.
DEPIC7.ALL )>=35. 48.
DEPI(8,ALL>=28. 41.
DEPICS.ALL »>=56. 58.
DEPIC10.ALL >=506. 5.
DEFPIC11.ALLY>=88. 406.
EDC1...2)=.8 1.0
EF¢1...2)>=.€ .7
EPER=.9 .
EPER1=.9

FPERC(ALL >=0.
FPERC(4...5)=.1
FPERC(18. . .11)=.1
FPERCDCALL)=0G, 6. 0.
FRUHDCALL )= .1
FRUNDCL . . .3)=1.
FRUND¢ 12 5>=1 .

GR=.79

HHET=2.8%5
RAINCALL.ALL )=1.0
RAINCALL.,1)>=.5
RAINCALL.2)>=.8

2 .
2 .
L3

.3 .4 .03 .0
.05 .0

Qrof
o
o

.10. 0. 6. 6. 0.

.

.1
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RAINCALL.. 3D
Ralct. .. 3
RATHC 4. .
RAINCE.
RAIHCS, 1
RAIHCE., 2
RAIN(SG.3
RAIN(ALL
RAIHCALL
L
L
L
L.

25
1.0
=1.25
=1.9

3
3.
3
e

3

RAIHCAL
RAINCAL
RATHCAL
RATHCAL
RAINCALL.,
FRIN(RLL;l
RATMCY . .

RAIMCE. . 8;
RLOADC 1,1 .

RLOADC2, 1. . .
RLOADC 3, 1. C

1.

J=
5 )]
V.3
=.75
)=1 o
>=1.7
y4d=1.
»93)=3.
,6)=3.
s P)=2 .
1 80=2.
9)=1.
10)=
1

>
)
9.1
1

SN~
INE N

W
_~whm&» aaw

ot b gt =]
\DNNN-

RHETCALL , AL
RHETCALL., 1>
RMETCALL,2)
RMETCALL, 3>
4)>

3>

)

RHETCALL .,
RHETCALL.,
RHETCALL.6
SEASCALL >=0.

.9 9.
7. 17,

% H

Q'—‘\DF‘H‘PO‘VO\U\U\NN ll

7.

SEAS(S...9)=0. .15 .35 .30 .

TCHAMGCALL, ALL, ALL >=0.08



HG.D 17:82:31 FEB &, 1983 PHGE 5
121 S TYPELICALL,ALL, ALL 3=160 .
122 S TYPE1C1.1,1...65=6. S5. 144. 0. 123. 40.
123 8 TWYPE1¢1.,2,1.. &é3=10. 124. 123. €. 125. 5.
124 2 TYPE1€2,1,1.. . €»=06. 6. 31. 15. 1681. 5.
125 S TYPE1C2,2,1.. . 6»=46. 3. 96. 0. S0. B.
12 S TYFE1¢3,1,1.. .6)=1. 5. 12. 2. 4106. 0.
by S TYPE1¢3,2.1...€>=0. 38. 21. 10. 160. 5.
125 S TYPE1(4,1.1.. .6)=45. 195. 169. 25. 34€. O.
123 S TYPE1(4,2,1...6)>=15. 78. 48. 17. 230. 15.
138 S TYPE1¢S,1,1...6)=15, 385. 72. 23. 167. 48.
131 S TYPE1(S,2,1...6)=100. 144. 35. 15. 58. 8.
132 S TYPE1CE,1,1...6=6. 175. 15. 26. 60. 30.
1372 S TYPE1(6,2,1...63=0. 352. 18. 10. 46. 12.
134 S TYPE1(7,1,1...6)=0. 152. 237. 19. 46. 20.

o 135 S TYFE1(?7.,2,1...6>=0. S5. %90. 10. 30. 11.
« 136 S TYPE1(8.1.1...6)>=0. 67. 39. 10. 0. 12.

12 S TYPE1(8,2,1...6)=0. 93. 833. 6. 28. 141.
138 S TYFE2(ALL,ALL,ALL )=100.
123 S TYPE2(1,1.,1...6)>=0. 110. 144. 8. €8. 40.
140 S TYPE2(1,2,1...6)=10. 199. 123. 6. 3@. 3.
141 S TYPE2(2,1.1...6)>=08. 55. 31. 15. 1026. S.
142 S TYPE2(2,2,1...6)=40. €. 90. 0. 47. 0O.
143 S TYPE2(3,1.1...6)>=1. 286. 12. 2, 395. 0.
144 S TYPE2(3,2,1...6)=0. 76. 21. 16. 122, 5.
145 S TYPE2(4.,1,1...6>=45. 350. 189. 25. 151. 0.
146 S TYPE2(4.2.,1...6)>=15. 156. 48. 17. 152. 15.
147 S TYPE2(S,1,1...6)>=15, 833, 72. 23. 19. 48.
148 S TYPE2(S,2,1...6>=100. 196, 35. 15, 6. 8.

: 149 S TYPE2(€.,1,1...6)=8., 229. 15. 20. €. 30.

' 156 S TYPE2(6,2,1...6>=0. 73. 18. 106. 23, 12.
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17:62:31 FEB 1933

th

o

oo

CO~OOROUNG-

. gz2. 9a.
. 67. 39.

e

T?FEE(EJIa
TYFEZC 3,2,
“FHFLI»HLL
MFF‘I' (. & I:ILL
WFACC3 . ALL
WFACC4, ALL
WFACCS, ALL
WFACC &, ALL
WFACC7,ALL :
HFAC(S8, ALL »=1 .
WFACC 9, ALL >=1 . :
WFAC(16.ALL)=1.06 1.0
WFAC(11.,ALL)=1.0 1.0

o

* N W N e e ot PR et et

Wl

1
1
1
1.
i.
1
1
1

@@m&m@béaﬁhhh

RGC1.,.7)=100. 2006. 300. 400. S500. 7350. 850.
®G1(1...7)=75. 100. 200. 300. 4060. S00. 750.

“SUBCALL =8, 4. 5,
KTIMECL.. . 2)=1. 40.
YG(1.,..7)>=0. .85 .25 .6 .85
YGi¢i...7»>=.8 .1 .32 .35 .8
YIELDICALL,ALL )=0.0
YIELDIC(1,1...5)=4.
YIELDIC2,1...95)=4.3
YIELD1¢3,1...5)=2.7
YIELDIC4,1...5)=4.3
YIELDZ(QLL;QLL)=0.g
S
6

)

e
YIELD2(1.,1...5)=6.

YIELD2(2.,1...5)=6.
YIELD2¢3.1...5)=3,

193. 237.

129. 94.
129. 94.
51. 69. 37. 35.

PAGE

16. 3.
16. 6.

116. 833. 6. 3.

1.061.0
.92 1.0

19. 3.

11.
12.

141 .

46. 52.
46. 9H2.

180. 150. 66. 81.
i80. 1506, c@. 81.
64. 88. 48. 95.

20.
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MIHD  DEF 11:86: 47 MAR Z1. 1983 PAGE 1

1 MUHICIPAL AHO INOUSTRIAL UARIGBLE DEFIHITIOHS
4 UARIHELES PRECEDED BY fH # ARE CALCULATED BY

5 OTHER SUBMODELS

= UNLESS OTHERWISE NOTED., SUBSCRIPTS GRE fS FOLLOMWS:
5 1=RIVER REACH OR PROJECT HREA

3 J=DIRECTIOH FROM RIVER

10 K=HYDRGELECTRIC OR THERMAL POMWER PLANT

i1

E WHERE

12

14 I=1=LEKELLEM TO NORTH PLATTE

. T 1=2=JULESEURG TO NORTH PLATTE
S 16 1=3=HORTH PLATTE TO BRADY

17 1=4=BRADY TO OUERTON

15 1=S5=0UERTON TO GRAND ISLAND

19 1=6=GRAND ISLAND TO DUNCAN

2B I1=7=DUNCAN TO NORTH BEND

21 1=8=HORTH BEND TO LOUISUILLE

53 J=1=NORTH OF RIVER

24 J=2=S0UTH OF RIVER

Yok

26 K=1=HYDROELECTRIC PLANT

27 K=2=THERMAL PLANT
2
25 ATIME=X-ARRAY FOR XS SLP-FUNCTION ¢YEARS FROM 1962 TO 203@)

20 DEOUTC I, K>=ANNUAL GROWTH IN ENERGY PRODUCTION (DECIMAL




881

MIHO. DEF

— -

RN OURS s

& Le) ind ] e
A

1

s Tt

. e L
N da

T

=

fux

49
=

ad
-

=

53
94
29
56
o7
o8
w9
17%)

R

11:85:47 MAR 21. 1983 PAGE 2

FRACTIOH
DFCWLK T »=ANHUAL GROWTH IH AVERAGE AMHUAL PER CAHPITA WATER
USE CACRE-FT
OPOFC I )=aHHUAL FOFULATION GROWTH RATE (DECIMAL FRACTIOM >
OFROPS I, J»=FRACTION OF PUMPED MWATER WHICH 15 RETURH
FLOW-UARIATION BY AREA
§ DSCHCI. Jo=GAIM OR LOSS TO THE RIVER IM CURREHT MONTH
(ACRE-FT». IF DSCH IS HEGATIVE, MOUEMENT IS
FROM THE RIVER TO GROUHDWATER; IF POSITIVE,
MOVEMEMT 1S FROM GROUMDWATER TO THE RIVER.
<{FROM GROUHDWATER SUBHMODEL >
DX=TEMFORARY UARIABLE FOR CALCULATING PNITCI.J)
EQUTC I, K »>=ANNUAL ENERGY PRODUCTION (MEGAWATT-HOURS)
EOQUTMC IMONTH >=FRACTION OF ANNUAL ENERGY PRODUCTION
PRODUCED IN EACH MONTH
EQUTRC I, K)=FRACTIOM OF WATER FOR ENERGY PRODUCTION
WHICH IS RETURM FLOW
EQUTWC I, K)=WATER CONSUMPTION PER MEGAWATT-HOUR (ACRE-FT)
EPLC I, .J)=DESIGHATES WHETHER A THERMAL PLANT IN A REACH
IS NORTH OR SOUTH OF THE RIVER
¥ GHITCI, J>=GROUNDWATER NITRATE CONCENTRATION (PPM)
{FROM GROUMNDWATER SUBMODEL >
¥ GHSC I, J>=GROUNDWATER IN STORAGE (ACRE-FT)
<FROM GROUNDWATER SUBMODEL>
PCHUC I >=RUERAGE AMNUAL PER CAPITA WATER USE (ACRE-FT)
PHITC I, 4)=RELATIVE CONTRIBUTION OF SURFACE WATER TO
MUHICIPAL WELL FIELD NITRATE CONCENTRATIONS
POFC I, J)=HUMAN POPULATION SIZE
PUMPMIC I, J>=AMOUNT OF MUNICIPAL AND INDUSTRIAL
PUMPING (ACRE-FT)>
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FH=EMERGY FRODUCTIONH WATER COMSUMPTION (ACRE-FT)
RETMIC I »=MUHICIFAL AHD THDUSTRIAL RETURHM FLOW (ACRE-FT >
RFFROFC IMOMTH »=FRACTION OF PUMPED WAHTER WHICH IS RETURH
FLOW-MOMTHLY UARIATION
¥ SMITCI »=SURFACE WATER MITRATE COMCEMTRATION C(PPM)
<{FROM SURFACE WATER SUBMODEL >
TPRCOPC TMOMTH »=PROPORTIOM OF PCWUCT > USED DURIHG
EACH MOMTH
UPOPC T, J>=FRACTION OF THE HUMAM POPULATION RESIDIMG INM
MUMICIPAL AREAS
KMITC I, J>=NITRATE COMCEMTRATION IH MUMICIPAL WELL
FIELDS <(PFM2
AS=MUNICIPAL AHD IHDUSTRIAL PUMPING IH OMAHA (ACRE-FT)
YTIME=Y-ARRAY FOR XS SLP-FUNCTION(ACRE-FT PUMPED DAILY)>
ZOMAKC T, J>=HYPOTHESIZED MAXIMUM UALUE OF DSCH(I,J)> (ACRE-FT)
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13:93:13 FEB 1@, 1583 PAGE 1
SUEROUTIHE XMIND

FCONTIMUE WITH PLATTE.C RETURHN

MUMICIPAL, IMOUSTRIAL, AMD ELECTRIC EMERGY
LOOFP OVER REACHES

DO 1660 1=1.,8
..... FER CAPITA WATER USE
IFCIMONTH.GT.1)> GO TO 1065
FCWUC T 2=PCHUC I >+DPCWUC T >
1665 CONTIMUE
D0 1618 J=1,2
PUMPMICI, J)=0
..... HUMAN POPULATIOHN SIZE
IFCIMONTH.GT.15G0 TO 1006
POPC I, J)=POPC I, J>%(1+DPOPCI ))
1686 CONTINUE
..... WELL FIELD NITRATE CONCENTRATIONS
DX=DSCHC I, J >~ ZOMAKC T+ J)
PNITCI, J)=1-DX
IFCPHITCILJ) LT, (1@OPNITCI,
IFCPNITCT,J).GT. .98PNITCI,
‘ KHITCT, J3=(SNITCIDKPNITCI, J
..... MUNICIPAL & INDUSTRIAL PUMPING AND RETURN FLOWS
PUMPMIC I, J)>=POPC 1, J3XPCWUC I 2XTPROPC TMONTH >XUPOPC I, 4D
IFCPUMPMICT, J). GT .GWSC I, J))PUMPMICT, J)=GHSC I, J)
GWSC I, JO=GWSC I, J>-PUMPMICI, J)
RETMIC I »=PUMPMIC I, J2¥RFPROPC IMONTH >XDPROPC I, J)
1010 CONTIMNUE

J)=.10
J)=.90
;)+(GNIT(I;J)#(I-PNIT(I;J)))
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1668 COMTIMUE
OMAHA WATER USE

HE=2LP( IVEAR, ATIMEL.YTIME., € 5%30.

IFCARS . GT.GHS( 8,1 > )KS=GWS(B, 1)
FUMPMICS. 1 >=PUMPMI( 8., 1 )+XS
RETHMIC¢8)=PUMPMIC 8, 1 YXRFPROPC IMONTH >XDPROP(8, 1)

ELECTRIC ENERGY PRODUCTION AHMD WATER USE

DO 1166 I=1.8

DO 1626 K=1,2

IFC IMONTH.GT. 1)GOTO 1127

EQUTC 1, K>=EQUTC I, K>*(1+DEOUTCILK))
1127 CONTINUE

DO 1038 J=1,2

PX=EOUTC I, K 2XEQUTM( TMONTH DXEOUTWC I, KOXEPLCI, J)

PUMPMIC I, J)=PX+PUMPMICI, J)

RETMIC I )=RETMICI >+ (PK¥EOUTRC(I.K>)
1836 CONTINUE
1620 CONTINUE
1166 COMTINUE

RETURN

END
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Mk 15, 1983 FAGE 1

FORUE 11 0, DPCHIC 11 2, POPC 11,25, DPOPC1L )
ZOMEAEC 1L 20

AHITOLL 20, PHITOLL,25

FUMPMIC L. 20 TROFC12 7, RETHMIC 11 5

DFROFC 11,2 0 RFPROPC1Z ), TPROPC12Z)
ATIMEC €3, Y TIMECE 2

EOUTC 11,20, EOUTR, 11,25, DEOUTC 11,25, EPLC11,2)
EQUTHC 11,22, EQUTHMC L2 )

LFOPC1T. 20
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G BE a4 Mok 1S, 15 PAGE 1
PUE AL 1= T1E5T 4104 1324 21244 77632 5737 10909 31250 O
FOFCALL 2 osf080 853 470 2776 3248 960 5746 204599 0

-
it id

LFDFCRLL. 1= 38 @8 40 V3 ? £
UFOPCRLL . 2= 50 @ 6 a5 65 a 50
CFREOFC AL, L 2= 95 6 25 75 .8
OFROFCALL. 2= @ a a7 a5
YTIMECALL »=22 111 1e2 224 2
ATIMECALL =3 18 26 43 44 16
TREORCALL »= 28 75 V5 1. 1.

FHITCALL . /ALL = 268

FFFFHFfHLL'=,€H 58 €6 7B .75 .85 .65 .75 .70 .66 .56 .50
OFREOFPCALL . ALL 2= 564

EQUTCALL . 1 »=0 250600 147463 326458 626 0

EOUTOALL. 29=5124600 G 0 £38000 0 168600 9400 1000850 O

EDUTR(RLL,HLL}=@

EQUTRCALL, & = .61

EQUTHCALL, 1 =06

EQUTHC ALL. 2= . 0818

RETMICALL »=6

FUMFMICALL . ALL =6 :

EQUTMCALL»=. 06 .06 .06 .66 .08 .11 .13 .13 .11 .68 .86 .66
EPLCALL. 1= 0 @B | 1 @ :
EFLCALL.2»=1 B B 1 066B06106

PCLHUC ALL »= . 84

ZO0MARCALL s ALL »=10060 .

OPCHUC ALL »= . 6801

DEOUTC ALL . ALL =@

DECUTC 1.2 :=.02

PHITCALL, ALL »=a

DPOPCALL »=.02
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APPENDIX E. WILDLIFE/RECREATIONAL SUBMODEL FILES
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R SRR AR AR A AR AR A AR RN AR RIS IRA R AR A A RA SRR SAIGF LI II 222
PEEEEedist  PLATTE RIVER FORUM FOR THE FUTURE  KE¥4¥XEKKEF
ERS ST RN S S HOVEMBER 17, 1982 KEEEREEKEEK
FRERREERERE WILDLIFE/RECREATION SUBMODEL FEEXEEEEKER
PR R AP A RSP HR YRR AR LA R LA SV EANIHIA ST I AN S22 H SR I eI 7270
F P RS R ARSI IR A RN AR AR AR LIS RS LL L IA I IS SR ST S A S2 P S 0282200221

UARIABLE DEFINITIOHS
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UHLESS OTHERWISE NOTED., SUBSCRIPTS ARE AS FOLLOWS:
IA=DIRECTION FROM RIVER (FOR REACHES ONLY>
IL=L0O0P COUNTER FOR AGE CLASSES OF SHRUBS
IM=MONTH
IML=MEADOW AGE CLASSES
IR=RIVER REACH
I1SL=SHRUB AGE CLASSES
IT=RIPARIAN HABITAT TYPE

WHERE :

I1A=1=NORTH OF RIVER
1A=2=50UTH OF RIVER

27 IM=1...12 (JAN. . .DEC>
IML=1...3 (MEADOW HAS THREE AGE CLASSES)

961
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11:83:52 MAR 21, 1983 PAGE 2
IR=1=LEMELLEH TO HORTH PLATTE
IR=2=JILESBURG TO HORTH PLATTE
IR=3=HORTH PLATTE TO BRADY
IR=4=ERADY TO OVERTOM
IR=5=0VERTOH TO GRaMD ISLAMD
IR=6=GRAHD ISLAHD TO DUHCAN
IR=7F=DUHCAH TO HORTH BEMD
IR=8=NORTH BEMD TO LOUISUILLE

ISL=1...5 (SHRUB HAS FIVE AGE CLASSES’

IT=1=8AND BAR
IT=2=MEADON

I T=3=SHRUB
I1T=4=TKEE

e T I T e T r T T I r e T T Tt
R R R R R S S S e A S I i aE o 50 o o 7 a0 A o 1050 T e o o oA D 1200 G0 ot ot 8 S oo ) Gt 0 o B 50 o> (o Foh e o0 o0t

% ACRECIR,IA,4,6=SUBIRRIGATED HATIVE HAY < FROM
AGRICULTURE SUBMODEL »

ADJFC IR >=ADJUSTHENT OF FLOWS (CFS) TO REFLECT RELATIONSHIP TO
FLOW IN REACH 5. THIS IS USED TO ENABLE USE OF
FUNCTIONAL RELATIONSHIPS DEUELOPED FOR REACH S
TO BE USED IN OTHER REACHES. CURRENT UALUES (BY
;Egcg)‘SIZGGSI 2=2.01 3-—'0.5; 4*1.04 5=1.0, 6=1.0,

ﬁFLOH(IR)=EE22;Ig REACH ADJUSTED TO REFLECT RELATIONSHIP TO

BOATC IR, 1A )=BOATER USE-DAYS BY REACH AND DIRECTION
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11:83:52 MAR 21, 1983 PAGE 2

BDHTP(IR,IR}=EEHEE§TUSE—DRYS ADDED DUE TO A4 SPECIFIC
I
EOATR: IR »=BOATER USE-DAYS BY KEACH
BOATSC IR »=EOATER USE-DAYS AT START OF MODEL RUM.
EFHC=EDRTER USE-DAYS-SURFACE ACRE OF FLAT HWATER.
CURRENT UALUE=10.
CCHTC IR 3=CHAHMEL CATFISH HABITAT RELATIVE TO AMOUMT
FRESEHMT AT START OF MODEL KUN.
CMINNC IR >=CYPRINID MIMHMOW HABITAT RELATIVE TO AMOUNT
PRESENT AT START OF MODEL RUH.
CRANEC IR »=CRAHE HABITAT RELATIVE TO AMOUNT PRESENT
AT START OF MODEL RUM.
CRFEEDC IR »=CRAME FEEDING HABITAT RELATIVE TO AMOUNT
AT START OF MODEL RUN.
CRFRC IR »=ACRES OF SUBIRRIAGTED HATIVE HAY (ASSUMED TO BE THE
"WET MEADOWS" CRANES USE FOR FEEDING HABITAT)D.
UALUE OBTAINED FROM AGRICULTURE SUBMODEL UNDER
HSSUMPTION THAT ALL ACRES LIE WITHIN 3.3 MILES
OF EITHER SIDE OF THE RIUER.
CRFSC IR »=CRANE FEEDIMG HABITAT AT START OF MODEL RUN.
CUIEW=CRAHE UIEWIHG USE-DAYS.
CUIEWS=CRANE UIEWING USE-DAYS AT START OF MODEL RUN.
DHABMC IR >=DUCK MIGRATORY/HUNTING HABITAT RELATIVE TO
AMOUNT AT START OF MODEL RUN.
DOLACC IT)=UALUE/ACRE ($)> OF RIPARIAN HABITAT TYPES.
DSAMDC IR >=FRACTION OF SAND BARS CONUVERTING TO FIRST YEAR
MEADOW TYPE.
DUIEW=AVERAGE HUMAN POPULATION PER REACH RELATIVE
TO START OF MODEL RUN.
ETDISTC IR )=EVAPOTRANSPIRATION CET> (ACRE-FT/YR).,
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11:83:52 MAR 21, 1983 PAGE 4

MOMTHLY DISTRIBUTIOM OF AMMUAL TOTAL.
ETHLY IR »=EST (A4CRE-FT > FOR MEADOW TYPE.
ETHOR=HMAK EST (ACRE-FT» FOR MEARDOW TYPE.
ETROIR. IA»=MOHTHLY EST (ACRE-FT» FOR_SUBTRACTION FROM
GROUHDMWATER SUPPLIES. MOTE: FOR THIS UARIABLE
OMLY, IR=11 FOR COMPATABILITY WITH THE GROUHDHATER
SUBMODEL . UALUES FOR IR=9...11 ARE ALWAYS ©..
ETSDC IRD=ET CACRE-FT)> FOR SAHD BAR TYFE.
ETSOR=MAXIMUM ANHUGL ET (ACRE-FT» FOR SAND BAR TYPE.
ETSHCIR»=ET (ACRE-FT) FOR SHRUB TYPE.
ETSEHR=MAKIMUM ANHUAL ET CACRE-FT) FOR SHRUB TYPE.
ETTRCIRY=ET (ACRE-FT)> FOR TREE TYPE.
ETTRR=MAKIMUM AHHUAL ET FOR TREE TYPE (ACRE-FT/YR)
FISHCIR, IAD=FISHING USE-DAYS BY REACH AND DIRECTION
FISHPC IR, IA=HUMBER FISHIMG USE-DAYS ADDED DUE TO A
SFECIFIC PROJECT.
FISHRCIRD=FISHING USE-DAYS BY REACH BY REACH
FISHSC IR >=HUMBER FISHING USE-DAYS AT START OF MODEL RUN.
FLO1=TEMPORARY UARIABLE TO STORE JUNE UALUE OF FLOMAX.
X FLOMAX=MAKIMUM DAILY FLOW AT GRAND ISLAND IN CFS < FROM
SURFACE WATER SUBMODEL >
FLOTARC IR, IM>=ACRE-FT/MONTH REQUESTED TO MEET
INSTREAM FLOW MEEDS.
FORCIRJ=SUM OF SHRUEB AND TREE ACRES.
FORS(IR):ﬁggEEFRﬁnRUB AND TREE ACRES AT START OF
FORSPCIRD>=FOREST SPECIES HABITAT RELATIVE TO AMOUNT AT
START OF MODEL RUN
FPAC=NUMBER FISHING USE-DAYS/SURFACE ACRE OF FLAT WATER.
CURRENT URLUE=0.
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11:02:592 MAR 21, 1983 PAGE 5

GLAGE IR, IML »=ACRES OF MEADOM IM EACH AGE CLASS
GRA=S: [R»=ACRES OF RIPARIAH MEADOW TYPE.
¥ GWEC IR, A =GROUNDHATER TH STORAGE AT EHD OF CURREHT MOHTH
(HCRE-FT » < FROM GROUHDWATER SUBMODEL >
HACRES IR. I/ »=HUMBER OF GCRES ADDED BY @ HEW PROJECT AHD
AVAILABLE FOR HUMTING.
HFAC=HUMTIHG USE DAYS/SURFACE ACRE DUE TO ADDITION
OF HEW RESERUOIRS. CURRENT UALUE=6.
HUNTC IR, 16 0=HUHTING USE-DAYS BY REACH AHD DIRECTIONW
HUNTPC IR, IA>=HUNTING USE-DA'YS ADDED DUE TO A
SPECIFIC PROJECT.
HUNTRC IR )=HUNTIMG USE-DAYS BY REACH
HUNTSC IR »=HUMTIHG USE-DAYS AT START OF A MODEL RUN.
ISHUNT=SWHITCH (G=0FF, 1=0H; TO DETERMINE IF MECHANICAL
REMOUAL OF SHRUBS IS DONE TO MAINTAIN
SAND BARS .
ITRMMT=SWITCH (@=0FF,1=0H> TO DETERMIME IF MECHANICAL
MAINTEMANCE OF TREES IS DONE TO MAINTAIN
SAND BAKS.
X POPCIR, IA>=HUMAN POPULATION BY REACH AND BY AREA
< FROM MUNICIPAL~/INDUSTRIAL SUBMODEL XXX
POPICIR>=HUMAN POPULATION BY REACH (BOTH SIDES OF RIVER) AT
BEGIMMING OF MODEL RUN.
POPMC¢ IR >=HUMAH POPULATION RELATIVE TO NUMBER AT START
OF MODEL RUN.
POPSC IR >=HUMAN POPULATIONM AT START OF MODEL RUN.
ROOSTC IR>=CRANE ROOSTING HABITAT RELATIVE TO AMOUNT
AT START OF MODEL RUN.
RWIDTH=GREATER OF: CALCULATED WIDTH (SWIDTH)>, OR SET
VALUE (UWIDTH> TO REFRESENT MECHANICAL MANIPULATION
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OF RIPARIAH UVEGETATIOHN.
SHHDY IR »=ACRES OF SAMHD BAR .
SAMMTC IR »=ACRES OF SAHD BAR RECOVERED BY MAIMTEHAMCE .
¥ SCOUR=MHUMEER OF TIMES DAILY FLOW EQUALS OR EXCEEDS 3800 CFS
DURIHG A YEAR - NHOTE: CURREMTLY CALCULATED FOR
REACH 5 OHLY. < FROM SURFACE WATER SUBMODEL. >
SHLAGC IR. ISL »=ACRES OF SHRUB IH EACH AGE CLASS
SHMHTC IR>=ACRES OF SHRUB THAT MUST BE PUT BACK IWTO
SAHDERR TO MAINTAIN THE SAMD BAR ACREAGE .
SHREIPC IR »=ACRES ¢ OUER MAINTEHMAMCE > THAT ARE REMOUED FROM
SHRUB AMD PUT IHTO SAND BQRc
SHRUBC IR »=ACKES OF SHRUB TYPE.
SPOPM=SUNM OF UALUES FOR POPMCIR).
SURFACC IR, IA>=HUMBER OF SURFACE ACRES OF WATER ADDED BY A NEW
FROJECT AMD AVAILABLE FOR BOATING AND FISHING.
% SWIDTH=RIVER WIDTH IN FT AT GRAND ISLAND < FROM SUFFACE
WATER SUBMODEL >
TARC IRD>=TARFLOWC IR, IM)> —— FOR SUBSCRIPT COMPATIBILITY WITH
SURFACE WATER SUBMODEL .
TARFLOCIR, IM>=DAILY FLOW IN CFS NEEDED TO MEEYT INSTREAM
FLOW NEEDS.
TERHCIR)=TERH NESTING HABITAT ~ FRACTION OF AMOUNT
AUAILABLE AT START OF MODEL RUN.
TETRCIR>=TOTAL ET (ACRE-FT. ALL AGE CLASSES).
¥ TFLOWCCIR)=FLOW AT THE TOP OF THE REACH IN CFS < FROM
SURFACE WATER SUBMODEL >
TMED=TOTAL ACRES OF MEADOW TYPE FOR RIVER.
TREE=ACREE OF RIPARIAN TREE TYFE.
TRMHTC IR )=ACRES OF TREE HABITAT THAT MUST BE PUT BACK
INTO SAND BARS TO MAINTAIN THE SAND BAR ACREAGE.
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TERIFCIR »=ACRES OF TREES (QUER MAIMTEHMAHCE > THAT ARE

REMOVED AHD PUT IHTO SAHD BAR FROM TREES.
TERHD=TOTHL ACRES OF SAMD BAR TYPE FOR RIVER.
TSHREUB=TOTAL ACRES OF SHRUB TYPE FOR RIVER.
TTREE=TOTAL ACRES OF TREE TYPE FOR RIVER.
UALHABC TR, IT »=DOLLAR UALUE OF EACH RIPARIAH HABITAT TYPE

IH 1582 DOLLARS.
UIEWC IR, I )=GENERAL RECREATION USE-DAYS BY REACH
AMD DIRECTION
UIEWPCIR. 1A >=GENMERAL RECREATION USE-DAYS ADDED BY @ SPECIFIC
NEW PROJECT .

VIEWRC IR »=GEMERAL RECREATIOM USE-DAYS BY REACH
UIEWSC IR »=GEHERAL RECREATION USE-DAYS BY REACH OM BOTH SIDES

OF THE RIVER AT START OF MODEL RUH.
UISIT=TOTAL RECREATION USE-DAYS FROM ALL SOURCES (EXCEPT

CRAHE VIEWIHG> FOR REACHES 1 THROUGH 8.
UPAC=GENERAL RECREATION USE-DAYS OR HUNTING PER ACRE DUE
TO ADDITION OF A SPECIFIC NEW PROJECT.

UWIDTHCIR>=RIVER WIDTH (FT)> - USED TO ALTER WIDTH

OF RIVER FOR HABITAT MANIPULATION.
¥ WIDTHCIR)=RIVER WIDTH (FT)» < FROM SURFACE

WATER SUBMODEL >

R T e R s R S e r e e e e e e S R S s e e S s E s EE=ES=

S AND Y-AXIS UARIABLE

XK KFOLLOWING ARE THE K-AX
S FUNCTIONAL RELATIONSHIPS.

I
HAMES FOR THE UARIOUS F

FORMAT
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PREDICTED UARIABLE MAME, X-AXIS UARIABLE HAME,
YWe-AsIE UARIABLE HAME, HUMBER OF #%:'Y PAIRS.

CCAT: ¥CCP.YCCF., 4 - SUMMEFR PRODUCTIOH
(HMCCS,YCCS, 4 - SPAMMING
:RCCHL YCCH, 4 ~ OUERWIHTERIMG
CMIHH: XCMP.YCHMF.4 - SUMMER PRODUCTIOH
s XCMS, YCMS., 4 - SFAWNIHG
:BCHMW, YCMW. 4 — QUERWINTERING
DHAEM : %DM, YD, 4
DSAND : “MED, YMED. 4
ROO=ZT : XCR, YCR, 4
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¥EkFkrkkdkx EMD OF VARIABLE DEFIMITIONS  XKXKKKKKKKKEKKXK
FEXEXRRREXX FOR L2 222000000200
XREkkkkesky WILDLIFE/RECREATION SUBMODEL  RKXXXXXKKXKKEKKK
FRKERKRORK RO OO KRR KRR X
AR R RRRRRRRXK
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OHTIHUE WITH FLATTE.C RETURH

EP SV P LIS AARIADR A S IEIN I GVA G IR R GA 24224 SH 25542871
I PRSASRR AT ER AN NS IS EA SISV G ORI FI G LI A FSTIE SR 4224
¥

HWILDLIFE-RECREATION SUBROUTIME ¥X£¥¥EKKEK

HOUVEMBER 135, 1982

ORIGIHALLY BY: KENT AHDREWS
U S FISH & WILDLIFE SERVICE

FORT COLLINS,

2627 REDWING ROAD
COLORADOD 80526
(303) 226—-9432

FEEREREEKR
L2289 22% 0
AXEEEEREKK
b 22822222 %:
b 222222282
*EEKKREREKK

SRR RO R KOOI R K
CHEKRRRREOREE RO RO OO R R OO K

-

s

e o et v i B S ot P e S Y P s i S G AT e S A s dad s S P St S S i e S P Tttt + 1
S R T R S R N R R R R S S e T SR RS RN R N o o o = = o o = e e -

SIMULATION YEARR.

C
C
g ..... ZERO TEMPROARY UARIABLES AT MONTH 1 OF EACH
c

IF CIMONTH

CUIEN
SPOPM
TSAND

—

a.
a.
@

TMED = ©.

TEHRUB = @,

TTREE
VISIT

0.
9.

ME. 1> GO TO 30

DO 20 IR = 1, 8
CRFRCIRY = @.
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11:16:59 MaAR 21, 1983 PAGE
FOPICIRD = @.

N

SHMHTCIRD = 6.
SHMHTC IR D> = .
TRMHTCIR Y = @

00 16 IH= 1, 2
BOATFCIR. IA) =
FISHFCIR. IAY =
HUHTPC IR, IAY =
UIEWFCIR, IA» =

10 COHT IHUE
20 CONTIHUE
20 CONTINUE

e

C
Coutns RIPARIAN VEGETATION SECTION
C
C
C CALCULATE SUCCESSIOM - CALCULATE MONTH 1 OF
g EACH SIMULATION YEAR.
IF (IMONTH .GT. 1> GO TO S@
c DO 70 IR = 1, 8
C RATE OF SAND BAR LOSS BASED ON # OF TIMES
g FLOW IS EQUAL OR GREATER THAN 3800 CFS DURING YEAR
E SCOUR CALCULATED IN SURFACE WATER SUBMODEL

DSANDC IR = SLP(SCOUR.XMED.YMED, 4>
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11:1&: 59 MAF

MOUE YEABR CLASSES THROUGH MEADOW AHD SHRUB TYPES
HESUMING 3 YEARS FROM THE TIME LAMD EHMTERS
MEGDOM UMTIL IT BECOMES SHRUB AHD 5 YEARS
FROM THE TIME LAMD EMTERS SHRUB UHWTIL IT
EECOMES TREE.

GLAGC IR, 3D
GLAGC IR, 2)
GLAGCIR. 12
GRASSCIR)D

GLAGCIR, 2)
GLAGCIR, 1)
DSAMDC IR % SANDCIR)D
GRASSCIRY + GLAGCIR. 1D
GRASSCIRY = GRASSCIRY - GLAGCIR.3)
SHRUBC IR> = SHRUBCIR> + GLAGCIR.,3)D
Do 40 IL = 1., 4
IsL = 6 - IL
SHLAGC IR, ISL)> = SHLAGCIR,ISL ~ 1)
46  CONTINUE
SHLAGCIR. 1) = GLAGCIR, 3D

SET BACK SUCCESSION DUE TO MECHANICAL MEANS
CAM BE DONE JUST TO EQUAL LOSS OF SAND BARS
(SAMNT » OR THE AMOUNT REMOVED FROM SHRUB OR
TREE TYPES CAN BE SPECIFIED(SHRIP OR TRRIP).

IF (ISHMNT .EQ. ©> GO TO 5@
CALCULATE AMOUNMT OF SHRUB HABITAT THAT MUST

BE CONUVERTED TO SAND BAR TO EQUAL SAND
BAR LOSSES.
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11:16:5% MakR 21, 1983 PAGE 4

SHMHTC IR > = DSAMODC IR % SAHDC IR
-8  COMTIHUE
IF CITRMHT .EQ. 83 GO TO €0

CALCULATE AMOUMT OF TREE HABITAT THAT MUST
PE COHUERTED TO SAND BAR TO EGQUAL SAHD
Bk LOSSES.

TRMHTC IR > = DSAHDCIRY ¥ SAHDCIR)D
€0  COHTIMNUE

CALCULATE TOTAL ACRES TO BE ADDED TO SAND BARS

SAMHTCIRY = SAMNTCIRY + SHMHTCIR) + TRMNTCIR) +
1 SHRIPCIR? + TRRIPCIR)

CORRECT TOTAL ACRES OF SAND BAR TO REFLECT
MAINTENANCE ACTIVITIES.

SAHDC IR> = SANDCIR) ~ (DSANDCIRDXSANDC IR +
1 SAMNTCIRD

CORRECT THE APPROPRIATE HABITAT AGE CLASS AND
TOTAL HABITAT ACREAGE FOR SAND BAR
MAINTENANCE ACTIVITIES.

SHLAGCIR, 1> = SHLAGCIR,1)> — SHMNT(IR)> — SHRIP(CIR)
SHRUBC IR> = SHRUB(IR) - SHLAGCIR,3)> -

SHMNTCIR)> - SHRIP(CIR?
TREEC IR> = TREECIR)> + SHLAGCIR,S)> -
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11:16: 53 MAR 21, 1983 PAGE D

1 TRMHMTCIR? - TRRIPCIR)
SEMDC IR = SAMDCIRY + SHRIPCIR? + TRRIPCIRY

DOLLER UALUE OF EACH HABITAT TYFE BY REACH.
CALCULATE MOMTH 1 OF EACH SIMULATIOH YEAR

VALHABC IR, 1) = SAMDC IR JADOLACC L &

UALHABC IR, 27 = GRASSC IR Y¥D0OLACCZ)

UALHABC IR, 3> = SHRUBC IR »¥DOLACC 35

VALHABC IR, 4> = TREECIR¥DOLACC4)
78 CONTINUE

TOTAL ACRES BY SUCCESSIOM TYPECENTIRE RIVER)
CALCULATE MOMTH 1 OF EACH SIMULATION YEAR.

DO &6 IR = 1, 8
TSAND = TSAND + SANDC IR
THMED = TMED + GRASSCIR>
TSHRUB = TSHRUB + SHRUBCIR)D
TTREE = TTREE + TREE(IR)
80 CONTINUE
96 CONTINUE

EVAPOTRANSPORTRATION — CALCULATE MONTHLY.
DO 116 IR = 1, 8
DISTRIBUTE ANNUAL ET OF EACH HABITAT TYPE ACROSS MONTHS
DUM = ETDISTCIMONTH >

nnu
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11:16:5% MAR 21. 1983 PAGE &
ETSDC IR = ETSOR ¥ DUM % SAHDCIR D
ETMDC IR = ETMDR # DUM # GRASSCIR)
ETSHCIR? = ETSHR % DUM % SHRUBC IR
ETTR:IRY = ETTRR % DUM ¥ TREECIR?
TETR: IR = ETSDCIRS + ETMDCIRY + ETSH(IRY + ETTRCIR?D

o 1@ 1A =1, 2
DIVIDE REACH ET MORTH AND SOUTH OF RIVER
ETRCIR, IAD> = TETRCIR) 7 2.
CHECK IF EMOUGH GROUND WATER TO SUPPLY ET
ETRCIR, IAY = AMIMICETRCIR. IAY, GUSCIR, IADD
REMOUE ET FROM GROUND WATER
GUSC IR, IA> = GHSCIR,IA> ~ ETRCIR, IAD

166  CONTINUE
116 CONTIMUE

P =====================3===================

ADJUST FLOWS RECEIVED TO COMMON BASE OF REACH 35
AND COHUERT FLOW TARGETS FROM CFS TO AC FT

DO 138 IR = 1, 8
AFLOWC IRY = TFLOWCCIR) ~ ADJFCIRD
TFLOWC CALCULATED BY SURFACE WATER SUBMODEL .
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DO 126 IM = 1, 12
FLOTAHRC IR IMY = TARFLOCIR, IM>Y ~ 0.0168
UWISIOH BY 6.6168 COHUERTS FROM
CFS TO ACRE-FT- MOMTH.

TARCIR > = TARFLOCIR, IMD
CONT THUE

130 COHMTIMUE

.CRAHE HABITAT SECTIOH
DO 1786 IR = 4, 5

IF (IMONTH .NE. 1> GO TO 150
DO 1406 1A = 1, 2

CALCULATE TOTAL WET MEADOWS THIS YEARCASSUME ALL

140
WE

156

WET MEADOWS OCCUR MWITHIN 2.5 MILES OF RIVER)

CRFRCIR)> = CRFRCIR)> + ACRECIR.IR.4.6)
CONTINUE

T MEADOWS THIS YEAR RELATIVE TO START OF RUN.

CRFEEDC IR> = CRFRCIRY ~ CRFSCIR)

COMTINUE

IF ¢(IMONTH .EQ. 1> GO TO 160

IF CIMONTH .GT. S .OR. IMONTH .LT. 10> GO TO 160
IF (IMONTH .EQ. 12> GO TO 1¢é@
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11:16:59 MaR 21. 1333 PAGE 8

SET RIVER WIDTH (RWIOTH> TO GREATER OF : UALUE
CALCULATED BY SURFACE WATER SUBMODELC SHIDTH
DR UALUE SET (UWIDTH? DUE TO MECHAMICAL
HLTERATION .

RHIDTH = AMAXKLCUWIDTHCIR 3, SWIDTH)

ROOSTIHG HABITAT (RELATIVE TO START OF RUN)D
BASED OM RIVER WIDTH

ROOSTCIR> = SLPC(RWIDTH,XCR.YCR,4)>
RELATIVE CRANE HABITAT NOW.
CRAMEC IR) = AMINICCRFEEDC IR, ROOSTCIRD)

160 CONTINUE
170 CONTINUE

1 -t e S e St
..... TERM NESTING SUCCESS SECTION

IF (IMONTH .EG. 6> FLO1l = FLOMAX

IFCIMONTH .NE. 6> GO TO 181

DO 1886 IR = 1, 8

TERNCIRY>=1.0

CHECK TO SEE IF FLOW LOW ENOUGH TO LERVE
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EXFOZED HESTIHG HABITAT

IF CAFLOWCIRY .GE. (1560.%¥ADJFCIR> Y TERMCIRY = O,
186 COMTIHUE
151 CONTIHUE
IF {IMOHTH .LT. 7 .OR. IMOWTH .GT. 8> GO TO 1956

CHECK TO SEE IF MESTS ARE DROWMED OUT

DO 185 IR = 1, ©&
IF (FLOMAY .GT. FLO1> TERHCIR) = O.
185 CONTIHUE
196 COMTINUE
IF (IMOMTH .HE. 82 GO TO 210
DO 208 IR = 1, &
TERHCIR)> = @.
200 CONTINUE
210 CONTIHUE

..... DUCK HABITAT SECTION
DO 2406 IR = 2, 8
MIGRATORY & HUNTING HABITAT
IF (IMONTH .EQ. 2> GO TO 220

IF ¢IMONTH .EQ. 3> GO TO 220
IF ¢(IMONTH .EQ. 4> GO TO 220
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11:16:5% MaR 21, 1583 PAGE 16
IF <IMOHTH E@. 107 GO TO 220
IF ¢IMOMTH EG. 112 GO TO 226

GO TO 236

AMOUHT OF MIGRATORY/HUWTIMG HABITAT RELATIUVE
START OF RUM BASED OM FLOW

22 DHABMC IRY = SLPCAFLOWC IR Y, %DM, YD, 4 2

230  CONTIHUE
240 CONTIHUE

.....FISH HABITAT SECTION
CHANHEL CATFISH HABITAT
D0 256 IR = 2, 8 |
RELATIVE CHAMMEL CAT WINTER HABITAT BASED ON FLOW
IF (IMONTH .LT. 6> CCATCIR) =
SLPC AFLOKC TR >, XCCW, YCCW, 4)
IF (IMONTH .GT. 9> CCATCIR) =
1 SLPC AFLOKC IR >» XCCW, YCCW, 4)
RELATIVE CHANHEL CAT SPAWNING HABITAT BASED ON FLOW

IF (IMONTH .EQ. 6> CCATCIR) =
1 SLPCAFLOMC IR >, XCCS, YCCS, 4)
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260 CONTINUE

11:16:52 MAR 21, 1933 PAGE 11
RELATIVE CHAHMEL CAT SUMMER FRODUCTIOMCREARINGY HABITAT
EASED OM FLOW
IF CIMONMTH .GT. 6 .AHD. IMONTH .LT. 16> CCATCIR) =
1 SLPCAFLOWC IR 3, KCCP, YCCP, 4 5
250 COMTIMUE
FORAGE FISHC(CYPRIMID MIMHOW)> HABITAT
DO 2¢6 IR = 1, 8
RELATIVE FORAGE FISH WINTER HABITAT BASED ON FLOW
IF CIMONTH .LT. 5> CMINNCIR) =
1 SLPCAFLOWCIR ), KCMW, YCHMK. 4
IF CIMONTH .GT. 9> CMINNCIR) =
1 SLPCAFLOWC IR Y, XCMW, YCHW. 4)
RELATIVE FORAGE FISH SPAWNING HABITAT BASED ON FLOW

IF ¢IMONTH .EQ. 5> CMINNCIR) =
1 SLPCAFLOWC IR >, XKCMS, YCMS. 4)

RELATIVE FORAGE FISH SUMMER PRODUCTIONCREARING)> HABITAT
BASED ON FLOW

IF CIMONTH .GT. S5 .AND. IMONTH .LT. 18> CMINNCIR)> =
SLPCAFLOWC IR Y, XCMP, YCHP, 4)
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11:16:59 MAR 21. 1583 PAGE 12

P -+ - Tttt ]
..... FOREST WILODLIFE HABITAT SECTIOH

IF CIMOHTH .HE. 15 GO TO 320
00 =v0 IR = 1, 8

TOTAL HABITAT AVUAILABLE TO "FOREST" SPECIES
FORCIR> = SHRUBCIR?> + TREECIRD
FOREST HABITAT RELATIVE TO AMOUNT AT START OF RUN.

FORSPCIRY = FORCIRY> - FORSCIR)
270 CONTINUE

..... RECREATIONAL USE-DAYS SECTION
HUMAN POPULATION CHARACTERISTICS - CALCULATE
MONTH 1 OF EACH SIMULATION YEAR

DO 296 IR = 1, 8
DO 286 1A =1, 2

REACH POPULATION (MORTH + SOUTH> AT START OF RUN
IF (ITIME .EQ. 1) POPSCIR)> = POPSCIR> + POPCIR, IA)
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11:16:5% MAR 21. 1923 PAGE 13

REACH POPULATION (HORTH + SOUTH> HOW
FOPCIR. IA? O IH MUHICIPAL-THODUSTRIAL SUBMODEL .

FOPICIR)Y = POPICIRY + POPCIR,IAD
260  CONTIHUE

FOFULATION HOW RELATIVE TO START OF RUN
FOFMC IR Y "= POPICIRY 7 POPSCIRD

POFULATION (TOTAL FOR RIVER) RELATIVE TO
START OF RUM.

SPOFIM = SPOPM + POPMCIR)
298 CONTINUE

POPULATION ( AUERAGE PER REACH)> RELATIVE TO
START OF RUN

DVIEW = SPOPM -~ 8.

..... RECREATIONAL USE-DAYS ¢ INCLUDES — BOATING., FISHING,
HUMTING., GEMERAL HON-CONSUMPTIVE ACTIVITIES. AND
CRANE VIEWING).

USE-DAYS “NOW" BASED ON USE-DAYS AT START OF
MODEL RUN % POPULATION "NOW" RELATIVE TO
POPULATION AT START OF RUN.
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DO 216 IR = 1,

HUNTRC IR 3
FISHRC IR
EOATRCIR >
VIEHRC IR

HUMBER OF FISHERMEH.

LTI O I

19583
8

PAGE 14

HUHTSC IR ¥ POPMCIR D
FISHSCIR) % POPMC IR
BOATSCIR Y % POPMCIRD
VIEWSCIR Y ¥ POPMCIRD

HUHMTERS,

BOATERS .,

H#HD GEHERAL RECREATIOMISTS ADOED BY HEW PROJECTS.

DO 306 Ia = 1,

FISHPC IR, 1A
HUNTFPC IR, IA
BOATPC IR, IA
UIEWPC IR, IA

2
)
)

)

hunr

SURFACC IR, IAY> ¥ FPAC
HACREC IR, IAY ¥ HPAC
SURFACC IR, IAY> X BPAC
HACREC IR, IA> X UPAC

NUMBER OF "USE DAYS" NORTH WD SOUTH OF
RIVER ADDING PROJECT EFFECTS.

UPDATE

BOATCIR. IAD
HUHTCIR, IA)
FISHC IR, IA)
UIEWC IR, IAD

INITIAL C(OR

BOATSCIR )
HUNTSCIR D
FISHSCIR D
UIEWSC IR D

BASEL INE )

BOATSC IR
HUNTSC IR )
FISHSCIR)D
VIEWSCIR)

BOATRC IR 7
HUNTRCIR?> 7
FISHRCIR? -
UIEWRCIRY ~

+ BOATPC IR, IR)
+ HUNTPCIR, IR)
.+ FISHPCIR, IR)
+ VIEWPCIR, IA)

USE DAYS BY REACH

+ BOATPCIR. IAR)
+ HUNTPC IR, IA)D
+ FISHPCIR. IR
+ VIEWPC IR, IR)

nNRroN
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o TOTAL USE-DAYS BY REACH AHD BY CATEGORY .

BOATRC IR Y = BOATRCIRY + BOATPCIR, IAD
FISHRCIR Y = FISHRCIRY + FISHPCIR, IA
HUHTEC IR Y = HUHMTRCIR)> + HUMTPC IR, If4)

UIEMRC IR
200 CONTIHUE

CRAHE UIEWIHG USE-DAYS

RELATIVE CRAHE VIEWERS BASED ON RELATIVE POPULATION
AHD RELATIVE CRANE HABITAT

CUIEW = CUIEWS ¥ DUIEW % CRANE(S)
TOTAL RECREATION “USE DAYS" FOR RIUVER

UISIT = UISIT + BOATRCIR) + FISHR(IR) +
c 1 HUNTRCIRY + UVIEWRCIRD

310 CONTINUE
VISIT = UISIT + CVIEW
5 320 CONTINUE
C"—"==========================B===============================
c
CHERREINRRRRRAOKR KRR RO RRROROKRRORKK
(RFAEEF202 eIt e eses et et sveedss e etesssesseeiesseeeedsses
Cxxekkkskix END OF WILDLIFE-RECREATION SUBMODEL  XKEXKKIKKX
CRERERKKERREFRRRRRRK RO RO

VIEHRCIR) + UIEWPCIR, IAD

(s Ran Baw Run ¥ ou l
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COMMOH
COMMOH
COMHOH
COMMOH
COMMOH
COMHON
COMMOH
COMMOH
COMMONM
COMMON
COMMON
COMMON
COMMON
COMMOH
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

PAGE 1

BOAT(8,2),
BPAC, CCAT(S),
CRFR(BY, CRFS(S),
DSAHD(B ),
ETRC11,2)D,
ETTRR,

1983

AFLOWCE 2,
BOATS(B Y,
CRFEEDC S,

DOLACC4 D,

ETHOR,
ETTR(8 .,

FISHS(B), FLOI1

MaR 21,

ADJFC &3,
BOATRCS 3,
CRAHE( 8,
CUIEWS., DOHABM(ED,
ETOISTC122, ETMOCED,
ETSOR, ETSH(87, ETSHE,
FISHP(8,23, FISHR(S),
FLOTARCS, 127, FOR(B)>, FORS(B), FORSP(8)

FPAC, GLAGCS,3), GRASS(83, HACRE(S,2), HPAC
HUNT(8,2>, HUNTP(8,2%, HUNTR(8>, HUNTS(8)
ISHMNT, ITRMMT, POPI(8), POPM(8>, POPS(8)
ROOST(E), RWIDTH, SAMMT(8), SAND(8), SHLAG(8,3)>
SHMMT(8)>, SHRIP(8), SHRUB(8), SPOPM
TARCE 3, TARFLOCB,12), TERH(B), TETR(8), TMED
TREECS), TRMNT(8), TRRIP(8), TSAND, TSHRUB
TTREE, UALHAB(8,4), VIEW(8,2), VIEWP(8,2)
UIEWR(8)>, VIEWS(8)>, UISIT, UPAC, UWIDTH(8)
KCCPC4), YCCP(4)>, XCCE(4), YCCS(4)
KCCWC4 ), YCCWC4), KCHPC4)>, YCMPC(4)>
HCMSC4 3, YCME(4), XCMW(4), YCMW(4)
XCRC(4)>, YCR(4)>, KDM(4)>, YDM(4)>, KMEDC4),

BOATP(8,2)

CHMINMHCE )
CUIEW

DUIEHW
ETSD(8)
FISH(8.,2)>

YMEDC(4)




HR . O 11:31:11 MAR 21, 15983 PAGE 1
ADJFCRLL»=0.5 &, 6.5 1. 1. 1. 3. 4.
BOATEC L. . 42=1344008. 276897 . 16030. 55236
EORTSCS . . 80=6170. 49€0. 22400 . 1364?.
EFRC=19.

CCATCALL »=1.

CMINHCRLL >=1 .

CRAME=1 .

CRFEED(ALL)=D. 0. 6. 1.0 1.0 0. 0. 0.
CRFS(ALL)=0. B. 0. 21000. 15000. 6. 0. O.

0 20 = 0T U0 e L b T 00 (0 =T LT ) [

S
S
S
1 S CUIENS=20000 .
1 S DHABMCALL »=1 .
1 S DOLACCALLY=300. 1250. 300. 300.
1 S DVIEW=1.
1 S ETDIST(1...6)=0. ©. 8. .1 .2 .25
N 1 S ETDIST(?. 12)— 3 .1 .850. 6. 0.
= 1 5 ETR(CALL,ALL )=6.
1 S ETSOR=2.
1 S ETHMDR=2.
1 S ETSHR=3.
2 S ETTRR=3.
21 S FISHS(1...4,=106828. 284000. 16000. 140080.
22 S FISHE(S...8)=75844. 36924. 138640. 116000.
23 S FLO1=0.
24 S FLOTARCALL.,ALL)=0.
23 S FORS(1...4)=30341. 23570. 10161. 23878.
26 5 FORS(S...8)=21762. 17237. 131064. 15142.
27 S FORSPC(ALL >=0.
25 S FPAC=0.
29 S GLAGC1,ALL )=2408.
20 S GLAGC2,ALL >=2277 .
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11:21:11 MakR 21, 1383 PAGE

GLARGC 3. ALL »=83,

GLAGE 4. ALL =971 .

GLAGE S, ALL »=1876 .

bLHG'u.ﬁLL)~ 128.

GLAG( 7, HLL >=846a .

GLAGE 3. ALL 2=971 .

GRASSCL. . .4)=7224. 6€832. 266. 2912.
GRASS(S . . .8)=5628. 6384. 25z6. 2912.
HAECRECALL . ALL »=0 .

HPAC=0 .

HUMTSC L . . . 43=19793. 59166. 11790. 41894.
HUHTSCS . . .82=84215. 37069. 59471. 48034.
ISHMHT=0
ITRMHT=0
POPMCALL »=
POPSCALL )=

ROOST(QLL)=1

SANDCL . . .4)=12048. 5124. 266. 2912.
SAHHDCS . . .8)=11256. 95761. 10080. 11648.
SHLAGC 1, ﬁLL? 1926 .

SHLAGC 2, ALL »=13€6 .

SHLAG( 3, ALL »=319.

SHLLAGC 4, ALL >=874 .

SHLAGCS, ALL >=1126.

SHLLAGC 6, ALL >=5958 .

SHLAGC 7, ALL >=1008 .

SHLAGCB8,ALL )=1169.

SHRIFCALL =0

SHRUBC 1. . .4)=9632., €832. 18596. 4368.
SHRUB(S .. .B8)=5628. 47688. 5040. 5824.
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1:31:11 MAaR 21,
SURFACE ALL . ALL »=

1983

W

PAGE
6.

THRFLOCALL . ALL »=0.

TERMHC ALL »=a.
TREEC 1
TREELS .
TERIP{HLL )=0.
UTEWSCYL . .
UDIENS(S. .
UPHC=0.

YCCPCALL »=0.
YCCSCALL »=0,
YCCWCALL »=0.
YCMPCALL >=0.
YCMSCALL 3=0.
YCHMWCALL >=0.

¥CRCALL >=150.

YCRCALL »=. 01
¥DMCALL 5=1506.

YDMCALL >=.1 1.
15. 20. 23,

“MEDCALL >=0.
YMEDCALL >=.85

o 4 =19264
. E2=135008.

.43=417000. 278000 .
.85=540600.

UWIDTHC ALL »=86.
RCCPCALL =300 .
4 .7 1.
xccs<ALL>=3@e.9 :
RCCWC ALL =300 . €06

15372. 8512. 185z86.
11172, 7566. 873€.

108000. 216000 .
54000. B1000. 27000 .

£00. 1000. 10000 .
16000 .
1005 .
5000 .
306. 600. 5000.
363 ‘é00. se00.

1 .91,
250. 400. S00.

600. 1000.

€08. 1000.

2 .21,
ACHMPCALL >=100.

300. 2500.

15 .5 1.
XCHS(ALL)=160.5
RCMWC ALL =100 .

.1 .5 1.

750. 1000. 2000.
79 .29

.02 .91 .001
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GROLHDUATER SUBMODEL UARIABLE DEFIMITIONS
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UARIARELES FRECEDED BY AHM ¥ ARE CALCULATED BY
OTHER SUEBMODELS

UHLE=S OTHERWISE HOTED, SUBSCRIPTS ARE AS FOLLOWS:
I=RIVER FEACH OF PROJECT AREA
J=0IFRECTIOH FROM RIVER (FOR REACHES OMLY)
{(=MOMTH OF YEARR

HHERE

I=1=LEWELLEM TO HORTH PLATTE
I1=2=MJLESBURG TO MORTH PLATTE
1=3=HORTH PLATTE TO BRADY
=4=BRADY TO COUERTOM

=0UERTON TO GRAND ISLAMD
=GRAND ISLAHD TO DUNCAM
=DUNMCANM TO HORTH BEND
HORTH BEHWD TO LOUISVILLE
EHDERS PROJECT FAREA
=LITTLE BLUE PROJECT ARER
=BIG BLUE PROJECT ARER

HORTH OF RIVER
SOUTH OF RIVER

K=1...12=JAN. . .DEC

LI T I

I Tl ||
- i

e e L L
il
== 0 @M L

C
il
DO t=n
]
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AEDSCH=ABSOLUTE UaLUE OF DSCHCI, J) CAHCRE-FT
FGHI TS 1. Jo=HITRATE COMCEHMTRATION IM AGRICULTURAL RECHARGE
CFFM >
+ AGRCH T, J=AGRICULTURAL RECHARGE IM CURREHT MONTH CACRE-FT
LFROM AGRICULTURE SUBMODEL
QCRIN(I:J;K?=ER§EECE¥DITIDH FOR AGRICULTURAL RECHARGE
CACKRE~FT »
HOELS T, J2=AUERAGE ELEVATION OF BASE OF AQUIFER
(FT HEOVE SEA LEVEL Y
CAGPCT . =DIFFEREHCE IM AGRICULTURAL PUMPIHG BETHWEEN CURRENT
MOMTH AHD BASE COMDITIOHN (ACRE-FT)
CAGRCHC 1., J»=DIFFEREHCE IM AGRICULTURAL RECHARGE BETHEEM
CURREMT MOMTH AMD BASE COMDITIOHN CACRE-FT )
CETRCI, JOo»=DIFFEREHCE IN EVAPOTRAMSPIRATION BY RIPARIAN
UEGETATION BETHEEH CURRENT MOWTH AND BASE
CONDITIOH ¢(ACRE-FT >
CETSCI, J»=DIFFEREMCE IM EVAPOTRAMSFPIRATIOM FROM SUBIRRIGATED
Lﬁ?gg E%TNEEN CURRENT MOMTH AND BASE CONDITION
( ACRE~ )
CMIP(1.,.J =DIFFEREMCE IN MUHICIPAL-/INDUSTRIAL PUMPING BETWEEN
CURREMT MONTH AND BASE CONDITION (ACRE-FT)
CHIT=PROPORTION OF HITRATE PRESENT AT START OF MONTH
}EHZN$ENHINS AT EMD OF MOMTH (I1.E.. DENITRIFICATION.
CSTRCHC 1, J»=DIFFEREMCE IN RECHARGE FROM STORAGE FACILITIES
?EEEEE?T€URRENT MONTH AND BASE CONDITION
DCC I, J)=DISCHARGE COEFFICIENT RELATING DELTACI.,J)
TO AMOUNT OF WATER EKCHQNGED WITH RIVER
(DIMENSIONLESS >
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DELTAC T, Jo=CUMULATIVE HET CHAMGE FROM BASE COMOITIOM
FOF ALL EVAFOTRAHSFIRATION, PUMPIHG, AHD
RECHARGE FACTORS (ACRE-FT
DEFTHCT. 4=0EFTH TO WATER TARBLE (FT>
OZCHC T, Jo=GAIH OR LOSS TO THE RIVER IM CURREHT MOMTH
CHCRE-FT)>. IF DECH IS HEGATIVE, MOUVEMENT 1S FROM
THE RIVER IMTO GROUMDWATER: IF POSITIVE, MOUEMEMT
IS5 FROM GROUMDWATER TO THE RIVER.
pUMB=TEMPORARY UARIAELE USED IM COMPUTIMG EXCHAWGES BETHEENM
THE RIVER AHD THE BIG BLUE PROJECT AREA.
¥ ETRCI, JO=EVAPOTRAHSPIRATION BY RIPARIAM UEGETATIOW IH
CURREHT MOMTH (AHCRE-FT
{FROM WILDLIFE/RECREATION SUBMODEL >
¥ ETSCI. J=EVAFPOTRAHSPIRATION FROM SUBIRRIGATED LAMDS
IH CURREMT MOMTH (ACRE-FT )
{FROM AGRICULTURE SUBMODEL >
GHITCI. Jo=HITRATE COHCEHTRATIOM IN GROUNDWATER AT END OF
CURRENWT MOMTH <PFIM>
GNS(I,J)=?REEEDﬁ$TER IH STORAGE AT END OF CURRENT MONTH
 ACRE-FT 2
GHSTIHCT, Jo=INITIAL AMOUNT OF GROUNDWATER IN STORAGE
CACRE-FT)
¥ IMOHTH=MOMTH OF YEAR, WHERE 1=JAN. 12=0EC
<FROM SYSTEM MODEL >
ISET=PARAMETER THAT DETERMINES WHETHER BASE CONDITIONS
FOR EVAPOTRAMSPIRATION, PUMPING, AND RECHARGE
ARE SET BASED ON THE FIRST YEAR OF SIMULATION (ISET=1>
OF ARE READ IN AS DATA (ISET=0)
¥ IYEAR=SIMULATION YEAR <FROM SYSTEM MODEL>
PAGINCT, J,K)=BASE COHDITION FOR AGRICULTURAL PUMPING
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19: 3548 MAaR 21, 1383 PAGE 4

CACEE-FT 2
FERMY T. 3=PERMEABILITY OF AOUIFER (GPD/FT¥%27
FHIINC L. J. K =EBASE COMDITION FOR MUMICIPAL-ZIHDUSTRIAL
FUMPINHG <ACRE-FT >
£ PUMFAGE 1. J0=AGRICULTURAL PUMPIMG IH CURREHT MONTH
(ACRE-FT ) <FROM AGRICULTURE SUBMODEL >
+ PUMPMIC T, O=MUHICIFAL - IHDUSTRIAL PUMFING IH CURREWT MOHTH
( ACRE-FT» <FROM MUMICIPAL/IHDUSTRIAL SUBMODEL >
RIFIMC I, J,E)=BASE COHOITIOM FOR EUAPOTRAHSPIRATION BY
RIFARIAM VEGETATIOM (ACRE-FT?
RUMOFFC T, J3=AMOUNHT OF WATER MOUIMG TO RIVER IF GROUMDWATER
LEVEL BECOMES HIGHER THAH SURFACE ELEVATIOH
CACRE-FT >
¥ SHITCI »=MITRATE CONCEMTRATIOH IM RIVER <(PPM)
<FROM SURFACE WATER SUBMODEL>
STCC I, J»=AVERAGE STORAGE COEFFICIENT OF AQRUIFER
COECIMAL FRACTION)
¥ STRCHC I, J)=RECHARGE FROM STORAGE FACILITIES IN CURRENT
MOMTH CACRE-FT» <FROM SURFACE WATER SUBMODEL>
STRIMCI, J. K =BASE CONDITION FOR RECHARGE FROM STORAGE
FACILITIES (ACRE-FT>
SUBIMCI.J,K»=BHSE COMDITION FOR EUVAPOTRANSPIRATION FROM
SUBIRRIGATED LANDS (ACRE-FT)
SURFELC I, Jy»=AUERAGE SURFACE ELEUVATION (FT ABOVE SEA LEVEL)
¥ TACRECI,J»=TOTAL SURFACE AREA (ACRES)
<FROM AGRICULTURE SUBMODEL.>
¥ TFLOMWAC I >=RIVER FLOW AT TOP OF REACH (ACRE-FT)
<FEDOM SURFACE WATER SUBMODEL.>
THIK. I, J>»=SATURATED THICKHESS OF RQAUIFER C(FT)»
THIT=TOTAL HITRATE LOAD IN GROUNDWATER AT BEGINNING
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OF CURREMHT MOWMTH (KGO
THAT=TOTAL GROUHDMATER IM STORAGE AT BEGIHHIHG

OF CUREEHT MOMTH <L >
MC=f COMSTAMT USED IH COMUYERTIMG SATURATED THICKHESS

AHO FPERMERBILITY TO WELL YIELD (DIMEMSIOHLESS 75
WTELS I, ) =NATER THBELE ELEVUATIOW AT END OF CURREMT MOHTH
(FT ABOVE SE& LEVEL »
WTELIHC I Jo=IHITIAL WATER TABLE ELEVATIOH
(FT ABOVE SEA LEVEL >

WYLDC T, J=AVERAGE WELL YIELD (GPM>




GROLHD S

B2 a8d Pk 21, 1983 PALGE
SUBROUTIME GHMAT

FOOMTIHUE MITH PLATTE.C RETUEH

I = T L T

R
=

[ -

l‘.b] r'l_'l L

p—
&

0¢¢

F=TPIOHTH

EBEGIH REACH AMD DIRECTIOH LOOP

Do 1a I1=1.11

oo 1a a=1,2

RUMOFFC I . 13=0.

CUSET HISTORICAL UALUES AS BASE
FORE CALCULATIHG CHAHGES

IFCIVEAR .HE . 13 GO TO |

IF DOHE IMH DATA. SKIP THIS PART

IFCISET . EQ.G) GO TO 1

RIFIMCI. LK »=ETRCI, I

SUBTHC T, L E»=ETSCI,J)

PMIIHCT . 3, K 2=PUMPMICT . >

PAGIMNC T . J, K )=PUMPAGC T, 15

AGRINCT . JLK »=AGRCH T, J)

STRIMC I, JLE»=STRCHC(I.J>

COMT IHUE

SALE HITRATE LOAD AMD WATER

o CKG aMD L)

QP PO TQ 0 [t s bt et ot e

QW Q0N A B G P S 000 = T

(O EANE AREANR R

THIT=GHSC I, J2FGHITCI, J >kl . 23345
THAT=GWSC T, Jo>¥1233450.

CHAMGE IH PUMPING AND RECHARGE
CETRC 1. J0=ETR( I, J)-RIPINCI, J:K)
CETSC I, J0=ETSCI, J)-SUBINCI., J,K)
CHMIPC T, J)=PUMPMICI, J5>=-PMIINCI,J
CAGFC T, JO=PUMFAGC T, J>~-PARGINCI, J
CAGRCHC I, J »=AGRCHC I, J)“HGRINE ’

I
CSTRCHC 1., J»=STRCHC I, J>-STRINCI
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18:21:84 MRk 21, 1933 FPAGE 2

... .HET CHAHGE IH PUMPIMG AMO FECHARGE

DELTH(I,J§=DELTH(I,J)+CHGRCH(I»J)+CSTRCH(I;J?
1 ~CETR. I, J)>~CETSC 1,00
z —~CHMIPCT, J)-CAGPCT, J)

... .GAIH OR LOSS TO RIVER

OSCHC T, J»=DELTHCT, JXEDCCT, J)
IFCOSCHCT . UD.LT.06. 5 GO TO 2
OSCHE T, Jy=AMIHICDSCHC L, J2, GUSCT, J))
GO TO 3

2 COHTIHUE
DSCHC 1. Jr=AMTH1COSCHC T, J5, TFLOWARCT 2O
IFCJ.EQ. 15 GO TO 11
OUMD=TFLOMWAC T >-0SCHCT, 15
DSCHC I . J»=AMINICDSCHC T, J), DUMD >

11 CONTIMUE

.....BIG BLUE EXCHAMGES

IFCT.HE. 11> GO TO 12
IFCJ.HE. 1> GO TO 12
DUMD=TFLOMWA( 6 »~DSCH( &, 1 )~-DSCH(6,2)
DSCHC 11, 1 »=AMIN1C(DECHC 11 .1 5, DUMDD
12 CONTIMUE
3 CONTIMUE

... .UPDATE HET CHANGE AND TOTAL VOLUME

DELTAC T, J)=0ELTACT, JD-DSCHC T, J)
GWSC 1, J>=GHSINC I, J)+DELTACT, JD

... .MATER TABLE ELEUATION

WTELC T, Jr=WTELINCI, J)>+DELTACI, J>/TACREC I, J>/STCC1, J2

... .WATER CAH'T BE HIGHER THAN LAND

IFCUTELCTI, J).LE.SURFELCI. 42> GO TO S

RUMOFFC T, 10=CNTELC I, J>—-SURFELC 1, U XXTACREC 1. JIXKSTCCI . J)
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18:21:84 HAE 21 .

WTELC T, Jo=GURFELS T, J 5

DELTAL T, 1a=DELTAC T, J2—RUHOFFCT, )
DECHC T . Vo=0SCHC T . J 2+RUHOFFC T, 30
GHECT Jo=GHSC T, V-RUHOFFCT, 0
COHT THUE

CEFTH OF WATER TRBLE

DEFTHC T, J3=SURFELC T, JO-WUTELC T, 32

THIEC T, J0=UWTELC T, J-ARELCT, J)
WYLDCT . d0=THIKCT . JS5AFERMC T, J2/7WC
HITROGEH MASS BALANCE

DENITRIFY WHAT IS IN STORAGE
THIT=THITH#CHIT

oL ADO HEW COMTRIBUTIOHS

THIT=THIT+AGRCHC I, JO>¥AGNITC I, J)X1 . 23345

THAT=THAT+AGRCH( I, J 41233450 .
+STRCH( I, J)%1233450.

IFCOSCHC I, J).GE.@. ) GO TO 6

ABDSCH=ABSCDSCH( T, J3)

THIT=THIT+ABDSCH¥SNITC I >%X1.23345

THAT=THAT+ABDSCHX1233450 .

CONT IHUE

IFCTHAT.NE.B. 2 GO TO 7

GHMIT(I,J)>=0.

GO TO 1@

CONTIMUE

GHITC(I.J)>=1000000. KTNIT-TWAT

COMT INMUE

RETURH
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COMMOM FUHOFFC 11,20, TSETLRIPIHCLL, 2,120 ‘
COMMOH SUERTHC 11, 2,120 PMTINGC 11, 2,125, PAGINC LY, 2,120
COMMOM @GRIHC11, 20120 STRINC1L, 2,125, THIT, THAT

COMMOM GRS 11,2 G CETRO 1L, 20, CETSC11, 25, CMIFPC11,2)
COMMOH CAGRD 11,2 0, CAGRCHC 11,27, CSTRCHC 11,25, DELTAC 11,27
COMMOM STCO 11,2 5. SURFELS 11,25, DEPTHC 11,25, THIKC11,20
COMMOM SRELS 11,20, WYLDC 11,25, PERMCEL, 25, W0

COMMOH CHIT.GHITC11.25,8TRCHC11, 25, 05CH. 11,25 _
COMMOM WMTELC 11,20, WTELIMC11, 29, GHSIHCLL, 25,DCC11,27




2%

LRAUML . [

(N
a) [ TR0 0T =J 0T ) e T e

(==
BN

YA PO PO P PO b et it et e
LN B L PO = (S L0 00 =) 1T N

N
M

RIONGEORGROR ORIV R ORON GRS TG R RGR T RO R R ROt RV XN RSy R

11:53: 89 HAR 22, 1983

FRUMOFF AL ALL =8 .
MyLOCALL . ALL »=108606 .
RIFIMHCALL.ALL. ALL 5=0.
SUBTH ALL.ALL . ALL =6,
FMIINCALL.ALL . ALL >=6.
FAGIM: ALL . ALL . ALL 5=0.
AGRIHCALL . ALL . ALL )=06.
STRIMCALL . ALL. ALL =@
STRCHC ALL, ALL =0
THIT=0.

GHSC 1. ALL »=18106000. 24560000 .
GHECZ. [LL )=141560600. 9150600 .
GHEC 3, ALL »=€45000008. 25250000 .
GHEC 4. ALL »=81000000. 40300000 .

GUEC 5. ALL »=7300000. 18006000 .
GHECE, ALL )=7560000. 5180000 .
GHSC 7, ALL »=17786000. 7350000 .
GHS( 8, ALL »=3200000. 27380000 .
GHS(9.ALL)=0. 8.

GHEC1a,ALL »=0. 8.

GHS(11,ALL >=900006000. 0.
GHITCL,ALLD)=1. 1.

GHITC2,ALL)=1. 1
GHITC3,aLL)=2. 2.
GHIT(4,ALL)=3. 2.
GHIT(S5,ALL)>=6. 3.
GHIT(6.ALL)=12. 5.
GHIT¢C?Z.ALL)=13. 6.
GHIT(8,ALLI=3, 3.
GHIT(9,ALL)=0. 6.

FPAGE
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11:932:89 MAR 22.

GHITC1a. aLL »=6. 9.
GHIT 11, haLL»=2. @.
CETRCALL . ALL »=8.
CET=: ALl ., ALL »=0.
CHIFCRLL, ALL »=0.
CAGP{ALL » ALL »=6@.
CAGRCH: ALL . ALL »=6.
CSTRCHY ALL » ALL »=a.
DELTAC ALL . ALL »=a
DSCHCALL . ALL »=
Ocit.ALL »=0.019
DC< 2.A4LL =0 . 001
OCC 3, ALL =0 . 062
L4, ALL =0 . 061
DCCS, ALL »=0 . 061
Lcc 6, ALL »=0.0073
DCC?7,ALL »=0.0601
0C<8.ALL >=6.055
OCCO9, AL »=0. 0.
0Cli1a.ALL»=0. 0,

AR

DCC11LALL »=0.0081 6.
WTELIHC1, ALL »>=3300.
WTELINC2,ALL »=3375.
WTELIH(3, ALL »=2500 .
WTELINC 4, ALL »=2550.
WTELIH(S, ALL )=2636.
WTELIH(6,ALL >=1650.,
WTELIH(?,ALL )=1456.
WTELIH(8,ALL )=1200.

610
.8ve
. 806
. 004
. 608
.855
. 004
.061

)

WTELINCS,ALL)=0. 8.

3100.
3300.
2800 .
2550 .
2150.
1600 .
1425.
1200.

PAGE
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11:52:83 Hak 22,

MTELIH 18, AL »=0,
MTELIH: 11 . ALL >=157
MTELS ALL . ALL =6
STCC ALL, ALL »=0. 25

SURFELC 1, ALL »=23€8 . |
SURFELCZ, ALL >=324730.
SURFELY 3. ALL »=2573.
SURFELC 4, ALL »=2550 .
SURFELC S, ALL »=208875.
SURFELC 6. ALL »=1663.
SURFELC?, ALL »=1485.
SURFELCE, ALL »=1228.

8.
5. 8.

SURFELCS,ALL »=0. @.
SURFELC1@.ALL)=6. @,

SURFELC11,ALL)=1€5
DEFTHCL, ALL »=€0. 7
OEPTH(2.ALL »=55. 2
DEFTH(3,ALLY=75. ©
OEPTH(4.,ALL »=40. 4
DEPTH(S, ALL )=35. 2
DEPTH(6,ALLY=13. 4
DEPTH( 7, ALL »=35. 4
DEPTH( 8, ALL >=28. 4
DEPTH(9,ALL >=50. 35
DEPTHC 10, ALL =350
DEPTH(11,ALL )>=86.
THIKCALL ., ALL 3=0.
ABELC L. ALL )=3100.
AGELC2, ALL )=2675 .,
AGELC 3, ALL >=2300 .

9. 0.
a.
S.
a.
a.
9.
a.
6.
1.
Q.
96.
4@.

2850 .
3100.
23200.

PAGE
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ADELCY . ALL »=21080. 2150
ADELCS, ALl »=1856G. 1950
AREL S ALL »=195a. 1456
ACELC?  ALL »=1366. 1275
ACELCS, AaLL »=1100. 1100
ARELE . ALL =0, 4.
AYELY 13, ALL >=6. 6.
ACRELC 1L, ALL >=1375. 6.
FERM( L, ALL >=256. 400 .
FERM(CZ, ALL »=200. 2%50.
FERMC3, ALL »=200. 200 .
FERMC 4, ALL =275, 37V5.
FERMCS, ALL »=256. 758.
PERMCE, ALL »=560. 675.
FERMC( 7, ALL »=325. 500.
FERM(S,ALL »>=1000. 1000.
FERM(S.ALL >=@. 8.
PERMC10,ALL »=0. @.
FERMC11,ALL )=750. 8.
WC=100.

THAT=0 .

CHIT=1.

ISET=1

GWSIHC1,ALL )=18100008. 24566000 .
GHSIHC(2,ALL >=141560000. 5150000 .

GHSTIHC 3, ALL >=64500600 .

29250000 .

GHSIH(4, ALL >=81000000. 40360000 .

GHSIHCS, ALL »=73B80600 .

18000000 .

GHSIHMCE, ALL »=75000008. 3518000a.
GHSTIH(?7,ALL »=17780000. 7338000.
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ECON . [EF 11:24:55 MAR 21, 1983 PAGE 1

1 ECOMOMICS SUBMODDEL UARIABLE DEFIMITIONWS
3 UARIABLES FRECEDED BY AM ¥ ARE CALCULATED BY
§ OTHER SUEBMODELS
5 UHLESS OTHERWISE HOTED., SUBSCRIPTS ARE AS FOLLOWS:
2
3 I=RIVER REACH OR PROJECT AREA
10 J=DIRECTION FROM RIVER
11 I1C=CROP TYPE
1z IS=RIFARIAN HABITAT TYPE
13 IH=WATER-USE TYPE
14

N 15 WHERE

= 1
v I=1=JULESBURG TO MORTH PLATTE
1S I=2=LEHELLEM TO HORTH PLATTE
15 I=3=MORTH FLATTE TO BRADY
20 I=4=BRADY TO OVERTON
21 I=5=0VERTON TO GRAND ISLAND
22 I=€=GRAHD ISLAND TO DUNCAN
23 I=7=DUNCAN TO NORTH BEND
24 I=8=NORTH BEND TO LOUISVILLE
25 1=9=EMHDERS PROJECT AREA
26 I=18=LITTLE BLUE PROJECT AREA
27 I=11=BIG BLUE PROJECT AREA
28
29 J=1=NORTH OF RIVER
20 J=2=S0UTH OF RIVER
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11:34:55 MAak 21, 1983 PAGE

IC=1=ALFALFA

1C=2=CORH

IC=3=1IL0D

IC=4=S0YBEAN

[C=5=WHEAT

IC=6=0THER., ASSUMED TO BE MATIVE HAY

1S=1=6aHD BAR
1&=2=MEADOW
1S=3=EHRUB
1S=4=TREE

IW=1=SURFACE WATER-IRRIGATED
IW=2=GROUHDWATER-IRRIGATED
IW=3=DRYLAND CROPLAND
IN=4=SUBIRRIGATED
IW=5=PASTURE

IW=6=0THER

AGRICULTURE ($)

AGHBENC T, Jo=MNET RETURNS TO AGRICULTURE ($)
ALTIME=Y-ARRAY USED IN SLP FUNCTION TO ESTIMATE

FUTURE PRICES FOR ALFALFA
BEHEFITS FROM THE AGRICULTURE SECTOR

N

¥ ACRECI,J, IW, IC>=AREA BY CROP AND WATER~-USE TYPE (ACRES)
<FROM AGRICULTURE SUBMODEL >
AGGBEN > I, J>=GROSS RETURMS TO AGRICULTURE ($)
AGMBENC T, J>=DIRECT PLUS INDIRECT ECONOMIC BENEFITS FROM

AMULT=MULTIPLIER USED TO ESTIMARTE THE INDIRECT ECONOMIC
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AMYR=HUMBER OF AMORTIZATION YEARS USED TO ESTIMATE
AHHUAL FROJECT CAPITAL COSTS
¥ BOATC I, J»=HUMBER OF RECREATIOH USE-DAYS OF BOATIHG
LFROM WILDLIFE/RECREATION SUBMODEL »
CRPROOW T, .J. IC »=AGRICULTURAL CROP PRODUCTIOW (BUSHELS OR TOWS 3
CAPIHU=THITIAL CARITAL INUESTMENTY IH DEVELOPHMENT
PROJECTS €43
COSTE=MMNUAL COST OF CAPITAL OUER THE LIFE OF A
FROJECT C#5
COSTOP=ESTIMATED PROJECT COSTS FOR OPERATIOM,
MATNTEMANCE, AHD REPLACEMENY ($)
COSTPRCI, 4, IW. ICO=FIELD PRODUCTION COSTS FOR
AGRICULTURAL CROPS ($)
COSTPUCI, J»=COST OF PUMPIHG GROUMDWATER FOR
IRRIGATION ($)
COSTSHC T, J2=COST OF OBTHINING SURFACE WATER FOR
IRRIGATION (%3
COTIME='"-ARRAY USED IM SLP FUHCTION TO ESTIMATE
FUTURE FRICES FOR CORN
X CYLDCI,.J, IN, IC>=AGRICULTURAL CROP YIELDS (BUSHELS-/ACRE OR
TONS/ACRE ? <FROM AGRICULTURE SUBMODEL >
DAFLC T, H)=UARTABLE COST OF PUMPING GROUNDWATER
($/ACRE-FT/FT OF LIFT)
¥ DEPTHCI,J)>=DEPTH FROM SURFACE TO GROUNDWATER LEVEL (FT>
<FROM GROUNDWATER SUBMODEL>
EMPLOY=NUMBER OF PEOFLE EMPLOYED IN THE AGRICULTURE SECTOR
X EOUTCI, J>=ELECTRICITY GENERATED IN EACH SPATIAL SUBUNIT
(MWH>. NOTE THAT SUBSCRIPT J IN THIS CASE
REFERS TO HYDROELECTRIC PLANTS (J=1) OR THERMAL
PLANTS (J=2)> <FROM MUNICIPAL.~INDUSTRIAL SUBMODEL.>
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11:324:8%9 MRk 21, 1933 PAGE 4

¥ FISHCT, d»=HUMBER OF RECREATIOH USE-DAYS OF FISHIMG
“FROM WILDLIFE-RECREATIOHM SUBMODEL >
FFUHP=F£HED EGET OF PUMPING GROUHDWATER FOR IFRIGATION
L FSRCRE-FT 2
# HUMTC T, Jo=HUMBER OF FRECREATIOH USE-DAYS OF HUHTING
¥ IVEAR=SIMULATION YEAR <FROM SYSTEM MODEL >
PRECAT=PRICE OR URLUE OF BOATIHG ($/RECREATIOH USE-DAY)
FRCROFC IC »=FROJECTED PRICES FOR AGRICULTURAL CROPS
($-BUSHEL OR #%/TOH>
PRFISH=FRICE OF UALUE OF FISHIMG ($/RECREATION USE-DAY)
PRHUNMT=FRICE OR UALUE OF HUWTING ($/RECREATIOM USE-DAY)
PRFR( IW, IC>=FIELD PRODUCTIOH COSTS ($/ACRE »
FRSWC T, J)=COST OF DELIVERING SURFACE WATER TO THE FIELD
C$/ACRE-FT )
FRUIEW=FRICE OR UALUE OF UIEWIMG SANDHILL CRAMES
($/RECREATION USE-DAY >
PRUATT=FRICE OF ELECTRIC POWER ($/MWH >
RECBENH=DIRECT BEMEFITS TO RECREATION ($>
REMBEH=DIRECT PLUS INDIRECT RETURNS (OR BENEFITS)>
TO RECREATION
RINT=REAL RATE OF INTEREST USED IN AMORTIZING PROJECT COSTS
RJOBS=NHUMBER OF JOBS IM THE AGRICULTURE SECTOR FOR. EACH
MILLIOH DOLLARS OF GROSS RETURNS TO AGRICULTURE
RMULT=MULTIPLIER USED TO ESTIMATE INDIRECT ECONOMIC BENEFITS
IN THE RECREATION SECTOR
SOTIME=Y-ARRAY USED IN SLP FUNCTION TO ESTIMATE
FUTURE PRICES FOR SOYBEANS
TAGBEH=TOTAL DIRECT GROSS RETURNS TO AGRICULTURE SUMMED
ACROSS ALL SPATIAL SUBUNITS ($)
TAMBEH=TOTAL DIRECT GROSS RETURNS TO AGRICULTURE PLUS
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11:34:8% MaR 21, 1963 PAGE 3

IMDIRECT ECOMOMIC BEMEFITS IH THE AGRICULTURE SECTOR
SUMMED ACROSS ALL SPATIAL SUBUHITS (%)
TAHBEM=TOTAL DIRECT HET RETURMS TO AGRICULTURE SUMMED
ACROSS ALL SPATIAL SUBUHITS (%)
TEC1 >=TOTAL DIRECT PROJECT BEHMEFITS MINUS PROJECT COSTS (%)
TEC 2 5=TOTAL DIRECT PROJECT BEWEFITS PLUS IMDIRECT PROJECT
BENEFITS (%5
TCOSTEC T =TOTAL COSTS OF AGRICULTURE PRODUCTION, IHCLUDING
FIELD PRODUCTION COSTS AHD IRRIGATIOM COSTS ($)
TCOSTPCL, Jo=TOTAL FIELD PRODUCTION COSTS FOR AGRICULTURE <($)
THYBEH=RETURHS TO ELECTRIC POMER GEHERATIOH SUMMED ACROSS
REACHES AHD PLAHT TYPES
£ TPUMPAC T, J)=GROUMDWATER USED FOR IRRIGATION C(ACRE-FT)
<FROM AGRICULTURE SUBMODEL >
TRCBEH=TOTAL DIRECT BENEFITS TO RECREATIOHW SUMMED
ACROSS ALL SPATIAL SUBUNITS ($)
TRMBEM=TOTAL DIRECT BEHEFITS TO RECREATION PLUS INDIRECT
ECOHOMIC IMPACTS FROM THE RECREATION SECTOR SUMMED
ACROSS ALL SPATIAL SUBUNITS ($)
TUH=TOTAL VALUE OF RIPARIAN HABITATS SUMMED ACROSS ALL
SPATIAL SUBUMITS ($)
TUHABC 1 >=TOTAL YALUE OF RIPARIAM HABITATS IN A REACH ($O
¥ THWDELC I, J)=SURFACE WATER DELIVERED FOR IRRIGATION
. (HCRE-FT )
TYEAR=SIMULATION YEAR
% UALHABC T, IS)=UALUES FOR RIPARIAN HABITAT TYPES IN EACH
REACH ($)> <FROM WILDLIFE/RECREATION SUBMODEL >
¥ UIEMWCT, J»=RECREATION USE-DAYS OF SANDHILL CRANE VIEWING
<FROM WILDLIFE/RECREATION SUBMODEL>
WATTHR=TOTAL ELECTRIC POWER GENERATION SUMMED ACROSS ALL
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SFRATIAL SUBUHITS CMMUWH Y
MHT IME="-ARRAY USED IH SLP FUHMCTIOW TO ESTIMATE
FUTURE FRICES FOR MWHEAT
SMTIME=Y-&RRAY USED IH SLP FUHMCTIOW TO ESTIMATE
FUTURE FRICES FOR MILO
ZTIME=H-ARRAY USED IM SLP FUHCTION TO ESTIMATE FUTURE
FRICES FOR ALL CROFS
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SUEBROUTIHE ECOH
FCOMTIHUE WITH FLATTE.C RETURH
i
C BEMEFIT-COSTS
C AGRICULTURAL
(¥

TYEAR=IYEAR

FRMATT=98 .88+ TYEARX . 06 )

FRCROPC 1 »=SLFC TYEAR, ZTINME, ALTIN
PRCROPC 2 »=SLPC TYEAR, 2ZTIME, COTIHM
PRCROPC 3 0=SLPC TYEAR, ZTIME , KMTIN
PRCROFPC 4 »=SLPC TYEAR, ZTIME, SOTIM
PRCROPC S)=SLPCTYEAR, ZTIME, WHTINM

TAGBEH=0

TRMBEN=0

TRCBENH=06

TAMBEH=0

TANBEN=6

WATTHR=0.
TUH=06

DO Se66 1
Do 5616 J=
AGGBENC I, J
TCOSTAC T, J
TCOSTPCI,.J
D0 S56z8 IC=1.6

CPRODCI, J, ICH=0
0D 5038 IW=1.6

11

[

1,
1.2
)=0
=0
=0

CPRODC I, J, IC»=CYLDCT, J) TW, ICKACREC T, J. IW. ICO+

1 CPRODC Y- J. 1IC)H
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n

C PRODUCTION COSTS
COSTRRCT . 4, TW, 1C »=PRPRC IW, IC )¥ACREC T, J, TW, IC)
TCOSTFC I, J»=TCOSTPCI, J)»+COSTPRCI ., J, IW, IC )
S02a CONTIHUE
AGGBEHC 1, J»=CPRODC I, J, IC »¥PRCROPC IC »+AGGBEM( 1,4
SQz0 COMTIHUE
. GROUHD FPUMFPING COSTS
COSTFUCT . Jy=CDAFLC I, JX>XDEPTHC I, J)+FPUMP »XTPUMPACT ., J)
SURFACE APPLICAHTION
COSTEWC I, J=THDELC I, JXXPRSHCI, J D
COST BY REACH
TCOSTAC . J>=TCOSTACT, JH)+TCOSTPC I, J)>+COSTPUC T, J)+
1 COSTSWCI ., J>
HET BEMEFIT 8Y REACH
AGHBEMC I, 3>=AGGBENC I, J)-TCOSTACT ., J>
C MULTIPLIER
AGMBENC I . J =AMULTXAGGBENC( I, J?>
C RECREATION BENEFITS
IFCI.GT.85G0 TO Sea7
RECBENC I, J)>=CHUNTC I, J>XPRHUNT >4+C(FISH( I, J>XPRFISH)
1RECBEH(LJ)=§ES?E&()LJ)+(BORT(LJ)*PRBOAT)*-(UIEH(I,J)*
REMBENC I, J>=RECBENC I , J »RMULT
Csea? CONTINUE
g AGGREGATE

14

Do B

)

TAHBEN=AGNBENC I, J>+TANBEN
TAMBEN=AGMBENC I , J >+TAMBEN
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11:33:46 MAR 21, 1253 PAGE 3

IFCT GT.SO0G0 TO 5063

TRCBEH=RECEBEMC I, J»+TRCBEH

TEMEBEH=RECEEMHC I . J>+TRMBEH
Saus COHT ITHUE

WATTHR=HATTHR+EOUTCT, J

THYEEH=UAT THRAFRHUATT

TAGEBEH=TAGEEH+AGGBEHC I, )7
2016 COMTIHUE

!

HABITAT UALUES

TUHRBC | »=6
IFCT . GT.82G0TO 50039
DO 5160 1S=1.,4
TUHABC T »=TUHABC I >+UALHABC 1, I1S)

9100 COMTIMUE
TUH=TUH+TUHABC( I >

5069 COMTIHUE

5600 CONWTINUE

" COSTK=CAPIHUXCRINTXC 1+RINT >X¥¥AMYR >/ (1 +RINT XXXAMYR-1)

E AGGREGATE INDICATORS

TB( 1 )>=TANBEN+TRCBEN+THYBEN~COSTK
TB( 2 )=TAMBEN+TRMBEN+THYBEN
EMPLOY=RJOBSXTAGBEN-1 .E6

RETURN

END

oo
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COMMOH
COMMCH
COMMOH
COMMoH
COMMON
COMMON
COMMOH
COMMOH
COoMMOH
COMMON
COMMOM
COMMOH

COMMOM C

COMMOK
COMMON
COMMON

lj‘:‘.)

PAGE 1
FEMATT,.FRFISH, PRHUHT., PRBOAT.
STIMEC 16>, ALTIMECE >, SOTIMECE »
MHTIMECE ), HATIMEC & »
TRHBENpTRCEEN; TAMBEH, TAHBEH
TEL S 5, AGGBENC 11,2 )

FRSW(11,27
TCU’TQ(11;2);CPPOU(11:2;6)
TCUSTP(II;E):COCTPU(II 2);DHFL(ll 27,FPUMP
AGHBEMC 11,25, AGMBEMC11.,2), AMULT,RECBEM(11,2)>
REMBEMC 11,27, RMULST, TUHAB(11), TUH

THYBEH, TAGBEW, RJOBS, EMPLOY.,COSTK

OSTOP, CAPINU, RINT, AMYR

COSTSHC11,2)

PRUIEW, PRCROPL 6 )

COTIMECE >, XMTIMECE >, RMULT
WATTHR




058

ECQOH . [

KRN W SRR ([P A

-
@

PO N R DO PO DY D T et et ot gk ke ot ok ot s ot
BN P W= O A L0 = Ty U [ e

29

W
o

OOHOOUMWMUOWOEEU WD 00T o i

o
QO
d
-
ey
|
m

11:473: 23 MAR 21, 13

STIMELALL =8 5 16
WHT THEC fLL 9=
SOTIMEC ALL =6
COTIMEC ALL b=
SMTIMEC ALL b=
ALTIMECSLL »=
PRCROFC € 7=0
COSTOP=0
CAPINU=0
RINT=.@5
AMYR=5@
FRSUCALL , ALL »=15
FPUMP=55
DAFLCALL , ALL = 30
PRHUNT=3
PRFISH=3
PRUIEN=3
PRBOAT=3 )
AMULT=2.55\"
RMULT=2.7 ~
RJOBS=12
PRPR(1,ALL )=121 121 8
PRPR( 2, ALL )=208 208 11
PRPR( 3, ALL )=127 127 10
PRPRC 4, ALL )=79 79 69 O
PRER(S, ALL =73 73 77 ©
ALL.1)=4.3

PRPRCE., ALL
CYLDCALL,ALL,
CYLDCALL, ALL, ALL, 3>=94
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CYLDE [LL s (Ll ALL, 4 =46
CyvLDC ALL BLL . ALL , S =50
DyYLDC Ll BLL . ALL . €0=0
FUMPAGE ALL . ALL »=1006000
MOELS BLL . aLL »=100800
MATTHR=120006
DERPTHC ALL - ALL =30
ACRECALL . ALL, ALL, ALL »=6.
ACREC ALL, ALL, 1. ALL »=2000
ACRECALL,ALL. 2, ALL »=18000
HUMTCALL, ALL >=10
FISHCALL,ALL =10
UIEWCALL, ALL »=8
BOATCALL, ALL >=6
vaLHABCALL . ALL =100
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