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ABSTRACT

A hydrologic model for the Sevier River Basin above Sevier Bridge Reservoir was
developed. The model considers large space increments on a monthly time increment.
Additional data would improve the reliability of the model developed for some subbasins.
A daily hydrologic model was also calibrated to the Circle Valley Subbasin. Data require-
ments for a daily model using small space increments seem to negate the possibility of
the micro-model, for the present at least.
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PHASE I

Introduction

The Utah Division of Water Rights and the
Utah Water Research Laboratory have entered into
a cooperative agreement to evaluate the effects of
installing more efficient irrigation conveyance and
application systems on other users in the Sevier Ri-
ver Basin. The objective of the first phase of the

project was to calibrate a hydrologic simulation mo-
del for the selected subbasins in the Sevier River Ba-

sin. The hydrologic model described by Hill et al.

(1973) was selected for application to the Sevier Ri-

ver Basin.

The specific objectives of the first phase were
to:

1. Inventory and organize monthly hydrologic
data for the Sevier River Basin.

2. Calibrate a monthly hydrologic model for
the Sevier River Basin.

3. Perform limited management studies in the
basin utilizing the monthly model.

Accomplishments

Subbasin Development

The first step in model development is that of
spatial resolution of the entire Sevier River Basin. A
survey of literature showed that the basin had been
divided into six subbasins by the U.S. Department of
Agriculture (1969). These subbasins are indicated by
letters "A" through "F" in Figure 1. In a study un-
dertaken at the Utah Water Research Laboratory,
Duane Jensen (1970) divided the basin into eight
subbasins (Figures 2 and 3) on the basis of available
field data from stream gaging stations. The present
study, however, required modifications in the num-
ber of subbasins in order to satisfy the current needs
of system definition and the availability of records
for calibrating the model. Accordingly, the Sevier
River Basin is divided into six subbasins excluding
the Delta area. The boundaries of each of the sub-
basins are discussed below, beginning with the sub-
basin upstream of the Delta Subbasin.

Sanpitch Subbasin

This subbasin includes the drainage of the San-
pitch River and all the irrigated land in the upper
and lower Sanpitch areas. A portion of the area
within the lower Sanpitch which includes the acre-
age of land irrigated by the diversions below Chester

was, however, excluded from the present study due
to inadequate hydrologic data for modeling purposes.

Salina Subbasin .

This subbasin comprises the drainage of the
Sevier River between the USGS gaging stations at
Sigurd and at the junction of Sanpitch and Sevier
Rivers. It essentially considers the drainages of Sa-
lina Creek and Willow Creek.

Sevier-Sigurd Subbasin

This subbasin includes the irrigated area be-
tween the river gage near Sigurd and the USGS river
gage above Clear Creek.

Marysvale-Piute Subbasin

This subbasin includes the drainage areas be-
tween the gaging stations above Clear Creek and the
USGS gaging station at Circleville.

East Fork River Subbasin

The drainage areas of East Fork River and Ot-
ter Creek constitute this subbasin.
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Figure 3. Divisions of subbasins continued.
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Circleville Subbasin

This subbasin contains the drainage area of the
Sevier River above the USGS gaging station at Circle-
ville.

Data Collection and Processing

In order to calibrate the hydrologic model, ef-
forts were made to collect the hydrologic data for
all subbasins for a uniform period of three years.
The periods during which hydrologic records are av-
ailable for the various subbasins are listed in Table 1.

Table 1. Available hydrologic record.

This table shows that streamflow records were avail-
able for the water years 1962-64 for all subbasins
except the Sanpitch River Subbasin, for which the
available records included water years 1971-73.

Data on canal diversions have been obtained
from River Commissioner's reports for these years.
Vegetation and cropping patterns have been adopted
from the published data by the Soil Conservation
Service (1973), while annual climatological summar-
ies published by the U.S. Department of Commerce
(1961-73) have been used for temperature and pre-
cipitation data.

Stream Flow Measurements Canal emperature
Subbasin Gaging | Years of Record Di ana-' and
Station | Available WErSIONSIp Lecipitation
Sanpitch 2155 1970—~'73 | All years
2100 1954— 173 nmoon
2085 1964—~'73 noon
2159 1964173 nmoon
2162 1965+'73 oo
2162-1 1964173 noon
2164 1959173 noon
Salina 2060 1960—~'73 1961—173
2050 1914173
Sigurd 1942 1957—173
1940 1960—+'73
Marysvale -Piutel 1910 1914173
1800 1949—-173 Partly not
available
during 61-62
Circleville 1763 1961—~173 a Panguitch
1745 1939173 Circleville
East Fork 1839 1961—'73
1850 1957—173
1875 1961-64
1971173
1880 1934—+173
1844-5 1961-1965
1873 1964—'73

3Data for some of the canal diversions is not available for period 1967.



Model Calibration

Calibration of a hydrologic model is part of the
model verification process. It involves adjustment of
model parameters in the various equations used to de-
scribe the system (Hill et al., 1973) until a satisfactory
fit is achieved between observed and computed stream
flow. Once the model is calibrated using the data for
a particular period, it can be tested using a second and
independent set of data from the same hydrologic un-
it (the same subbasin) to determine the level of agree-
ment between the observed and predicted output
functions.

The model was calibrated using the data for wa-
ter years 1962-64 for all subbasins except the Sanpitch
Subbasin for which the data for the water years 1971-
73 were used. The hydrologic inflows, outflows, and
canal diversions are indicated by Table 2, while the
crop distribution or vegetation patterns is shown by
Table 3. The calibration program followed the pro-
cedure outlined by Hill et al. (1973). The calibration
results are described herein for the various subbasins.
Table 4 lists the optimum values of the various para-
meters obtained during the calibration process.

Circleville Subbasin

Represented by Figure 4 are the computed and
observed outflows from this subbasin, with a correla-
tion coefficient (R) of 0.97 for the three years of cal-
ibration period (36 months; n = 36). Calibration
studies indicated that the conveyance and irrigation
efficiencies are approximately 55 percent, while the
contribution of groundwater to surface runoff is
about 50 percent. The large contribution of ground-
water to the surface flow may indicate a larger than
normal salinity contribution from this subbasin since
the groundwater system normally has a higher con-
centration of dissolved solids than does the surface
system.

East Fork Subbasin

Reservoir storage significantly affected the cal-
ibration of this subbasin. Of the three major reser-
voirs, namely the Tropic, Otter Creek, and Kooshar-
em, records of changes in storage are available only
for the Otter Creek Reservoir. This resulted in limit-
ing the subbasin to the irrigated area south of Otter
Creek Reservoir for calibration purposes. Significant
quantities of ungaged inflow are contributed by the
various creeks joining the main stream between the
gaging stations on the East Fork River at Ruby's Inn
and on the Otter Creek Reservoir. The ungaged in-
flows have, therefore, been apportioned between the
increases in storage of the Otter Creek Reservoir in

the winter months and the observed streamflow in
the main stem of East Fork River in the summer
months.

Figlire 5 represents the observed and computed
outflows and indicates that the high flows have a
closer cotrelation than the low flows, with an over-
all R = 0.975, n = 36. Some of the variations in the
predicted and observed outflows may be attributed
to the transmountain diversions from the Tropic Ca-
nal into the Colorado River drainage, for which ade-
quate data are not available. The results of calibra-
tion indicated that there is an insignificant ground-
water contribution to surface runoff from this sub-
basin.

Marysvale-Piute Subbasin

Represented by Figure 6 are the computed
and observed outflows from this subbasin, with an
R value of 0.973, n = 36. Calibration studies indi-
cated that the conveyance and irrigation efficiencies
are approximately 40 percent, while the contribution
of effluent groundwater is about 20 percent of the
surface runoff .

Sigurd Subbasin

Of all the subbasins within the Sevier River
system, the Sigurd Subbasin has the most irrigation.
Figure 7 represents the computed and observed run-
off from this subbasin. The simulated outflows are
significantly low in summer months, while in the
winter months the predicted outflows are higher than
the corresponding observed values. The variation is
probably due to the increase in storage of Rocky Ford
Reservoir in the winter months and the correspond-
ing reservoir releases in the summer months. This
feature could not be represented in the calibration of
the model because adequate records showing these
storage changes were not available. The computed
and observed outflows have, however, a correlation
of R = 0.946, n = 33. The calibration results indicate
an irrigation efficiency of 80 percent. The proportion
of effluent groundwater contribution to surface run-
off is approximately 75 percent. It is likely that the
applied irrigation water has undergone recycling with-
in the irrigated areas. The substantial amounts of ef-
fluent groundwater contributing to the surface out-
flow is also indicative of the potential water quality
degradation in this subbasin.

Salina Subbasin

The Salina and Sanpitch Subbasins are intercon-
nected in terms of the land use, diversion channels,
and the individual runoff contributions to the Sevier
River. However, the Salina Subbasin can be separated
from the Sanpitch Subbasin with the assumption that



Table 2. Inflows, outflows, and canal diversions.

Circleville

East Fork

Piute-Marysvale

Sigurd

Salina

Sanpitch

Stream inflows
{(Main stem)

Tributary

Sevier River at
Hatch

Panguitch

East Fork Sevier
River at Ruby's Inn

Antimony Creek
Otter Creek above
Reservoir

Sevier River at
Kingston

East Fork River at
Kingston

Sevier River above
Clear Creek

Clear Creek above
diversions

Sevier River near
Sigurd

1. Salina Creek
near Salina

2. Rocky Ford
Canal

3. Westview
Canal

Oak Creek near
Fairview

Pleasant Creek near
Mount Pleasant

Stream outflow

Sevier River at
Circleville

East Fork River
Near Kingston

Sevier River above
Clear Creek

1. Sevier River near
Sigurd

2. Rocky Ford
Canal

Sevier River below
Sanpitch River

1. West Point drainage
2. Make of the river

3. Ephraim Olsen ditch
4. West drainage canal

Canal
diversions

West Hatch

East Hatch

Upper Wilson
ditch

Long & East
Bench

East Panguitch

Barton Lefevre

Tebbs Ditch

McEvan Canal

Bear Creek
Canal

Marshall ditch

Whittakar ditches

Tropic Canal
Allen ditch

Cannon ditch
Parker ditch
Loss Creek Canal

West Canal

Old Kingston Canal

Dalton-Thompson
Canal

Junction Canal

Junction middle ditch

Kingston main canal

Nielson-Howes ditch

Joseph Cove high line
Clear Creek Canal
Monroe South bend
Canal

Sevier Valley & Piute
Canal

Joseph Canal

Wells Canal

Monroe Canal
Elsinore Canal
Brooklin Canal

Richfield Canal
Annabella Canal
Vermillion Canal

Rocky Ford Canal
Westview Canal
Gunnison Fayette
Canal

Dover Canal

1. Diversions in upper
Sanpitch

Precipitation &
Temperature
gaging stations

Circleville
Panguitch

Bryce Canyon

Piute dam
Marysvale

Richfield

Salina

Moroni

Major Reservoir
storage
considered

Otter Creek
Reservoir

Piute Reservoir

Exports

Imports

Transmountain
diversions




Table 3. Crop distribution and vegetation patterns by subbasin.?

Description Circleville East Fork Piute- Sigurd Salina Sanpitch
Marysvale
Cropping Alfalfa 6470 4270 5860 19900 16435 24530
pattern Pasture 4900 3330 5470 7900 6514
Meadow Hay 1870 1140 1645
Barley 1150 760 1045
Corn 40 1900 1550 660
Sugar Beets 1140 930
Grain 6750 5581 7520
Vegetation | Wet Meadow 2810 360 2970 5460 3170
. 15508
Phreatophytes 860 960 1570 2150 6640
Water surfaces 430 2660 200 840 1200 --

4Figures are in acres.



Table 4. Optimum value of parameters obtained after calibration.

OPTIMUM VALUES

Param- Description (Mnemonic) Piute-
eter Circleville | East Fork M Sigurd Salina | Sanpitch
arysvale
1 Snowmelt rate 0.225 0.15 0.5 0.15 0.15 0.15
2 Temperature above which 30 15 20. 18 . 21.0 24.
snow melts, F
3 Temperature é)elow which 40 34 30.5 29. 28, 44,
snow falls, F
4 Initial snow water content 0. 0. 0. 0. 0. 0.
inches
5 Stream correlation .1 0. 60 0.5 0. . 45 1. 24
6 Snow correlation 2500 0. 3200 2700 2400 4500
(acre-feet/inch)
7 Precipitation correlation 400 0. 3000 0. 1500 0.
(acre-feet/inch) '
8 Precipitation threshold above 0. 0. 1.5 0. 0.5 0.
which surface runoff occurs
(inches)
9 Coefficient for influent flow 0.3 0. 0.1 0.08 0. 45 0.1
from stream
10 Coefficient for influent flow
from stream 0. 0. 0. 0. 0. 0.
11 Smoothing coefficient in
groundwater function 10. 10. 10. 10. 10. 10.
12 Initial groundwater flow rate
(acre-feet/month) 3000. 1000. 2800, 3000. 2000, 2500,
13 Proportion of groundwater 0. 1.0 0.4 0. 0. 0.

outflow that does not return

to stream surface as effluent

groundwater in the basin
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Table 4. Continued.

OPTIMUM VALUES
Param- Description (Mnemonic) . . Piute- ) . .
eter Circleville] East Fork Marysvale Sigurd Salina Sanpitch
14 Efficiency of delivery and 0.55 0.4 0.4 0.8 0.3 0.6
application
15 Soil moisture capacity (inches) 7.5 8.5 6.0 6.0 8.0 6.0
16 Critical soil moisture level 3.0 2,0 2.0 3.0 2.5 2.5
below which ET becomes
limited because of moisture
stress (inches)
17 Initial soil moisture level 6.0 8.5 4.5 3.5 4.0 4.0
{inches)
18 Agricultural groundwater 3.0 0.5 0.5 3.0 5.0 0.5
return flow delay time
(months)
19 Initial agricultural return 4.0 2.0 4.0 2.0 5.5 4.0
flow rate (inches/month)
20-27 0.
28 IC for spring flow 1000.
29 Canal conveyance efficiency 0.8
30 Adjusting coefficient for PPT on phreatophyte land 0.8
31 Proportion of phreatophyte use from groundwater 0.6
32 Spring flow adjusting coefficient 1.0
33 Consumptive use on urban land 1.0
34 Consumptive use on undeveloped land 1.0
35 Coefficient for GW recharge and surface runoff 1.0
36 K for calculating spring flow 15.0
37 GWIN used in calculating spring flow 0.
38 Groundwater inflow adjusting coefficient 1.0
39 Municipal and industrial adjusting coefficient 1.0
40 M & I consumptive use adjusting coefficient 0. 35
41 Proportion of surface runoff gaged 0.40
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_ the flow of Sanpitch River is negligible in most parts
of the year. The corresponding land use patterns have
been suitably estimated for calibration purposes. Re-
cords of the storage reservoirs and diversions above the
stream gage at Salina Creek, and the details of flow
from the Redmond Lake are, however, not available.
Data deficiencies cause a less accurate estimate of the
ungaged inflows to the subbasin. The computed and
observed outflows from this subbasin are shown by
Figure 8. The predicted outflows in summer months
are lower, and those in the winter months are higher
than the corresponding observed values because of
the lack of reservoir storage data.

The results of calibration show that the irrigation
efficiency is only 30 percent. The proportion of ef-
fluent groundwater entering the surface runoff is about
70 percent, again indicating the potential degradation
of water quality for use in the downstream reaches.

Sanpitch Subbasin

Monitoring the groundwater system, transmoun-
tain diversions and the reservoir-pond storage signifi-
cantly affected the calibration of this subbasin. It
was therefore necessary to modify the hydrologic mo-
del to incorporate the effects of spring flow on the
system as a whole. There are 13 transmountain di-
versions to the drainagearea of this subbasin, of which
flow data are available for only three. Data are also
lacking for the discharge of the flowing and pumped
wells, and the quantity of spring flows within the
subbasin. Changes in storage of Wales Reservoir and
other surface ponds in the valley were not available.
Groundwater inflow through the bedrock, and the
discharges of the pumped and flowing wells were es-
timated from published data (Robinson, 1971).

Subject to the above restrictions, the computed
and observed outflows at Chester are shown by Fig-
ure 9, with R = 0.67, n = 33. The Sanpitch Subbasin
was the most difficult to calibrate and provides less
accuracy in prediction than do the other subbasins.
The difficulty encountered in calibrating this subba-
sin is mirrored in the low R value. The calibration
results indicated that only a portion of the surface

15

runoff is represented by the observed gages. The dis-
agreement between the observed and computed out-
flows is most likely due to lack of data regarding the
reservoir/pond storage. However, the calibration
studies indicate the extent of recycling of water with-
in the basin. More data on the groundwater system
will result in better definition of the system and im-
proved calibration of the model.

Conclusions

A study of the water management alternatives
in the Sevier River Basin can be accomplished through
the application of a hydrologic simulation model to
each of the subbasins. The hydrologic model has
been verified for all of the subbasins of interest. The
model predicts groundwater and overland flow con-
tributions to surface runoff and thereby gives an in-
dication of water recycling in the system.

The models resulting from the first phase of
study provide a functional tool that can be utilized
in making future management decisions in the Sevier
River Basin. The models can be easily altered to rep-
resent new cropping patterns, irrigation efficiencies,
and distribution practices and thus provide data for
future decisions and directives.

Consistent with the improvements made during
Phase II of this research, the model can be used in a
variety of management alternatives. Some of the
more important ones are:

1. Estimating water available for downstream
users resulting from changes in upstream irrigated
acres, irrigation deliveries, or storage capacities.

2. Estimating return flow quantities which
may indicate some degree of salinity control from
irrigated agriculture.

3. Estimating water availability changes result-
ing from management scheduling alternatives or phys-
ical changes in the delivery system.
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PHASE II

Introduction

Phase II of the study of the water-land use man-
agement model involved the following activities per-
taining to both the monthly model and a short time
and space increment model.

1. The existing monthly model was improved
to adequately represent some of the hydrologic pro-
cesses such as seepage from canals, spring flows, and
seepage returns to canals as water available for further
diversions. However, the conclusions indicated in
the report submitted for Phase I study with respect
to the Sanpitch Subbasin are still maintained. This
subbasin needed more definition of the in-basin pro-
cesses.

2. The feasibility of development and opera-
tion of a short time and space water management mo-
del for a select agricultural area was investigated.

3. Conceptual development of a short time in-
crement model was accomplished.

4. Existing data and required additional data
were identified, and recommendations for a required
data collection system for the additional data were
made.

Feasibility of a Short Time and Small Space
Increment Model

The resolution of a mathematical model of the
hydrologic system depends upon the size of the space
and time increments. Consideration of model resolu-
tion must be made with respect to the problems to
be solved and the available data or the physical and
financial ability to collect the required data.

Inspection of the available data for the Circle
Valley Subbasin disclosed that most of the data were
measured on a daily time incrmeent. Since a weekly
time increment would have been formed by summing
the daily increments, the decision was made to inves-
tigate the feasibility of short term modeling on a
daily time increment. The combination of measured
data plus possible synthesized data gave credence to
the assumption that a daily model for Circle Valley
was feasible (Figure 10).

However, it seemed much easire to collect
the temporal data for small time increments than to

obtain the data required for small space increments.
This was so because the small time increment data
for a large subbasin can be collected from the same
number of stations required to collect data on a
large time increment for the large subbasin. Con-
versely, it is so desirable to have (at least) inflow and
outflow from each subbasin division plus measures
of the division characteristics in small space incre-
ments, This requires additional stations for each sub-
basin division.

In spite of additional difficulties, it appeared
feasible to operate a short term (either daily or week-
ly) model on a selected subbasin of the Sevier River
Basin. With this in mind, the conceptual develop-
ment of a short term model was approached.

Modeling Concepts

For many hydrologic models, continuity of
mass is the only link between the various processes
within the system. Continuity of mass is expressed
by the general equation:

Input = Output + Change in Storage . ... (1)

A hydrologic balance is the application of this equa-
tion in order to achieve an accounting of physical hy-
drologic quantities within a particular unit. Typical
hydrologic quantities which might be applied to a
particular unit are listed as follows:

Inflows Outflows Storages
Precipitation Overland Snow
Surface inflow (river runoff Soil moisture

main stem, tribu- Subsurface  Surface reser-
taries, snowmelt, interflow voirs
imports, spring Groundwater Groundwater
flows, pumped outflow storage
groundwater) Exports

Subsurface inflows

By means of the continuity equation and the applica-
tion of appropriate translation or routing functions,
it is possible to predict the movement of water within
a system in terms of its occurrence in space and time.
These same basic concepts apply to the operation of
any dynamic system, and are, therefore, applied to
the short time and space increment model. Only the
valley floor is used for modeling purposes, and no at-
tempt is made to describe the processes of the ad-
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joining watersheds which change the inputs to the
model area.

Some of the specific processes which are con-
sidered in the development of a short time and small
space increment model are discussed briefly as fol-
lows.

Inbasin use processes

The inbasin use process is primarily the crop-
land evapotranspiration, and the model should iden-
tify this process accurately. Cropland consumptive
use consists of two parts:

1. Consumptive use of the growing crops, and

2. Evapotranspiration by the vegetative phreat-
ophytes. This could be apportioned to the available
water from the surface and the contribution from the
groundwater separately.

The hydrologic processes which are associated
with the inbasin uses are canal diversions, groundwa-
ter pumping, spring flows, and effluent groundwater
movement. The quantities of pumped water and
spring flow signify the extent of recycling of water
within the basin.

Canal diversions

Quantities of water diverted through the canals
consist of surface and subsurface inflows from devel-
oped and undeveloped lands, streamflows (gaged and
ungaged), reservoir releases, pumped groundwater,
and spring flows. Accuracy of estimation or measure-
ment of these quantities will, therefore, have direct
effect on the model predicted results.

Irrigation efficiency

The overall irrigation efficiency consists of the
conveyance or canal efficiency and the application
efficiency, plus the losses due to spills and tailwater
runoff. All the quantities except the application ef-
ficiency are continuous with respect to time. Water
application periods vary with crop growth and season
consistent with the consumptive use requirements
of the crops. The components of irrigation efficiency
are, therefore, variant within the time increment of the
model, and their dynamic effects will be attenuated in
a monthly time increment model.

Runoff components

The total surface runoff is represented by an ov-
erland flow component and a subsurface component.
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The effluent groundwater flow must also be apportion-
ed between groundwater outflow from the model area
and its contribution to surface channels within the farm
area. The relative proportions of each of these proces-
ses will, however, change with time and spatial resolu-
tion of a model.

Inbasin use processes considered in the model

1. Potential daily consumptive use. Representa-
tion of the various inbasin hydrologic processes in a
short time and space increment model depends on a-
vailability of adequate field data, and the particular
questions to be answered by the model. The consump-
tive use process, however, needs careful consideration
in any short time increment model. Choice of a method
to computer the potential daily or weekly consump-
tive use again depends on available data. Dutt et al.
(1972) utilized the modified Blaney Criddle method
based on average daily temperatures to predict daily
consumptive use of growing crops and achieved satis-
factory results. As an initial approach to represent
the potential evapotranspiration of growing crops,
with minimum data requirements, modified Blaney
Criddle method based on average daily temperatures
is, therefore, adapted in this model.

2. Irrigation efficiency. The model considers the
conveyance efficiency, spills, and tailwater runoff. Ap-
plication efficiency, however, is not required to be con-
sidered for model calibration, but would be necessary
for management studies after a complete model is de-
veloped. A listing of the computer model developed
based on the above concepts is shown in Appendix A.

Data collection and processing

In an attempt to calibrate the daily time incre-
ment model, efforts were made to collect the requisite
hydrologic data for the agricultural area of Circle Val-
ley of the Circleville Subbasin. The reasons for choos-
ing this area are:

1. Riley et al. (1966) attempted to model the
Circle Valley area on a monthly time increment using
an electronic analog computer for the year 1962 and
achieved reasonable agreement between the observed
and computed outflows from the area.

2. Streamflow diversion data are available on a
daily basis from the River Commissioner's report.

3. Climatological data are taken from the pub-
lished records of the U.S. Department of Commerce
(1962) for daily temperature and precipitation records.

4. Estimates of groundwater pumping rates for
the Water Year 1962 and vegetation and cropping pat-
terns are taken from the report published by Riley et
al. (1966).



Model calibration

Calibration of a daily model of an agricultural ar-
ea using the historic record differs significantly from
the calibration of a monthly model for the same area.
Some of the important considerations are:

1. The return flow delay time. A zero delay in
a monthly model could still mean a delay up to 30 days
in a daily model, depending upon the spatial extent of
the area represented by the model, in addition to other
factors.

2. Exports. Canal diversions often run beyond
individual farms, thus accounting for a significant quan-
tity of export water often ungaged to downstream
farmers. In a large space and time increment model the
effect would be dampened.

3. Effluent groundwater. Local variations of
groundwater conditions have significant impact on the
effluent water from a small spatial unit, compared to
a larger spatial resolution model in which this effect
may be much less.

4. Model parameters might show variation over
a period of time from season to season. These are af-
fected by irrigation scheduling, snow storage, and crop-
ping pattern (double cropping, as an example). Para-
meter optimization procedure, therefore, needs addit-
ional considerations for a small space and time incre-
ment model.

In view of the above considerations, model cali-
bration was approached. Typical calibration results
showing the observed and computed runoff from the
area is shown byFigure 11for the month of December
1962. The computed runoff has a close agreement
with the observed values on a daily basis.

Development of a Data Collection System

As outlined in the above discussion, it is feasible
to develop a short time and space increment model.
However, representation of the dynamic nature of the
hydrologic system over a shorter space and time incre-
ment will require more precise measurements and dense
network of measuring stations at the boundaries of the
individual farms in order to identify the various inba-
sin use processes. The nature of measurements, and
the costs involved with them, will depend primarily on
the questions to be answered by the model. The model
developed herein is preliminary with a specific purpose
of examining the feasibility of such a model. Consis-
tent with the requirements of the Utah Division of Wa-
ter Rights, the model, however, needs improvement in
many respects.

22

The preliminary model outlined has identified
the necessity of a detailed data collection network.
The purpose of any data collection network is to be
able to identify the inflows and outflows while de-
fining the various inbasin use processes. Described
below is a check list of daily data collection program
required for a small time and space increment model.

1. Measured or estimated values of inflows to
and outflows from the farm area, both surface and
subsurface.

2. Identify the inbasin use processes such as
groundwater pumping, and seepage returns.

3. Climatological data such as panevaporation
records, solar radiation index, estimates of weekly or
daily crop growth coefficients to be able to compute
the consumptive use of crops.

Costs

The major cost of extending a small space and
time increment model to the entire Sevier River sys-
tem would be that of data collection. Each space un-
it should have a measurement of input and output for
proper characterization. Precipitation gages should
also be increased. Perhaps not one for each space un-
it, but more than one or two for each present subba-
sin.

To extend the data collection system to the en-
tire subbasin, the following assumptions are made:

1. The present subbasins will be divided into
ten smaller units for a total of 60 units.

2. The surface outflows from each unit can be
measured at one point.

3. Twelve additional weather stations would be
sufficient.

4. The average cost of each surface outflow
measurement structure would be $1,500.

The cost of equipment would be:

Surface inflow 1500x 20 $ 30,000
Surface outflow measuring 1500 x 60 90,000
Precipitation equipment 1000 x 12 12,000
Radiation equipment 1000 x 6 6,000
Deep percolation measuring 1000 x 6 6,000

$144,000
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Labor Costs

Equipment installation 20x 1000 § 20,000
60 x 1000 60,000
12 x 500 6,000
6 x 500 3,000
6 x 1000 6,000
$ 95,000

Data Collection/2 Years
Labor $ 20,000
Travel 10,000
$ 30,000

Model Application

60x 1000 § 60,000

$329,000

To extend the small space and time increment
to the presently modeled area for a two-year period
would cost an estimated $330,000. Overhead costs
have not been included. Changes in the assumptions
would cause increment cost increases. For example,
if a unit outflow must be measured at two places in-
stead of one, the estimated cost would be $3,000 in-
stead of $1,500 for that unit. Characterization of
groundwater outflows could easily require additional
money. Smaller or larger space increments would
force the estimate up or down depending on the
scale. Any conceived shortcuts for measuring could
reduce the costs. The $330,000 estimate should be
considered as conservative in performing the desired
measurements in a conventional manner.

Conclusions and Recommendations

The daily model for Circle Valley did prove suc-
cessful, but because of the lack of data on other sub-
basins, it is doubtful that this type of model could be
extended without a great deal of data gathering. The
following recommendations should be followed and
answered before a daily model is prepared for the to-
tal drainage.

1. Development of a hydrosalinity model for
the Sevier River system. Modifications will have to be
made in the model outlined in Phase I of this study,
as discussed in this report.

2. An extensive listing of questions concerning
the Sevier system which need to be answered in order
to determine the degree of resolution required in fu-
ture model development studies.

3. A plan for the solution of current and unex-
pected future problems.

4. Data collection to help resolve the antici-
pated problems.

5. A priority listing of problems requiring so-
lution with an expected requirement of resources to
solve the problem.

6. Use of current models by the Division of
Water Rights personnel which may require adaptation
to another system and instruction of use.

7. Development and use of models consistent
with problems, available data, and resources.
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APPENDIX

SMALL SPACE AND TIME
INCREMENT MODEL
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OO0

LA 2
LA R

LA A
LX A

122

10
11
99

1
102

3

MANAGEMENT  wwMHNGMNTww
DAILY MODEL= HYDROLOGY
REAL | ABL,MIC,MES,KS,M8,MCS
COMMON/BLK1/CONV,CNV,CONPYV,SPAC,SCAC,0BH,DBJ,DAH,BASID(5),IR,C8YV,
1WH,XKG,IDTA,SMAV,PR(45),NPR,PDL(12),EKC(12),PKC(12),CPKC(16,12),
2NSB,HDG (15),0UTD(48,32),LABL (48),IRES, MMUAY ,NMQ,
JITX,MDAY(31),VAD(12),TM(31)
COMMON/BLK2/AGW(732),DP,RES(14) ,KMN,KMX, JMN, JMX,8MAX,SMIN,PET,
{RAV,ARD ,RSF,CiL ,MANG, TOL AF ,CONVV,CONVY,NUT (48,13),8MLV(12),
3CONUR,CONIN,CM8(12),1Q60, IQSPR,PKCMI(12),IDTM(12) ,REL
COMMON/RLK3/ HD(12,31,1)
KR= READ FROM CARDS
MRz READ FROM MAG TAPE
READ(6,108) KR,MR
CONTIMUE
FORMAT(1615)
READ (KR, 10R)ITY, IPL
IF(ITY)99,1,3
GOTO(4,5, 9,11),I7Y
ITY=1 READ OATA WITH DATPR IPL=1 BASIC OnNLY =2 SUREASIN ONLY
23 MANAGEMENY =4 KESERVUIR UATA
=5 ACREAGE DATA AND PAR
2 SET=UP PARAMETERS
AND OPFRATE AND PRINT
=3 OPERATE AND PRINT WITH DATA IN
z4 CALIERATION CALL CALBRT ETC,
Call DATPR(IPL,KR,MR)
GOTN
OPERATE SIMULATION MODELS AND PRINT RESULTS
TENT®Y
IRET=1
GOTO 1@
IENT=2
IRET=1
CALL HYDSM(IENT,IRET)
GOTO 1
CALL CALBRT (KR,MR)
G0 TO
STOP
END
CALTIBRATION **CALBRT+w
SUBROUTINE CALBRT(KR,MR}
REAL | ABL,MIC,MES8,KS,M5,MC8
COMMON/BLK1/CAONV,CNV,CONPY,SPAC,SCAC,0BH,0BJ,0AH,BASIN(3),1IB,C8Y,
1WH, KG,IDTA,SMAV,PR(45),NFR,PDL(12),CKC(12),PKC(12),CPKC(16,12),
2NSB,HDG(15),0UTD(4%”,32) ,LABL(48),IRES,MMDAY ,NND,
JITX,MDAY(31),VAD(12),TM(31)
COMMON/BLK2/AGW(732),DP,RES(14) ,KMN,KMX , JMN, IMX,SMAX,SMIN,PET,
{RAV,ARD,RSR,CNL,MANG, TOLAF,CONVY,CONVE,QUT (48,13),8MLV(12),
ACONUR,CONUN,CMS(12),10G0,IQSPR,PKCMI(L2),IDTM(12),REL
COMMON/BLK3/ HD(12,31,1)
DIMENSION XIN(5,45),XMN(45),XPM(45),0F(45),0BI1(5),NOP(4)
1yPL(45),PH(45),NL (45)
CONTINLE
FORMAT (1615)
READ(KR,122)ITY,IPL
IF(ITY,.LE,?) GO TN 89
G0T0(4,5, 9,11),ITY
ITY=1 READ DATA WITH DATPR IPL=! RASIC ONLY a2 SUBBASIN ONLY
a2 READ INITIAL VECTD
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o000

10

11

13

14

in2

13
103
1p4
105
126
107
128

AND OPERATE AND PR
23 OPERATE AND PRINT WITH DATA IN
=4 CALIBRATION READ BOUNDS AND LEVELS,ETC,
CALL DATPR(IPL,KR,MR)
GO TD
READ (KR, 1%1) (XINC(CL,L),Lel,NPR)
FORMAT(10FR, 1)
NOB L=t,NPP
PRCLI=XINCL, L)
OPERAYE SIMHLATIOM MORELS AND PRINT RESULTS
IENT®1
IRET=]
TPep
GO YO (@
IENT=22
IRET=1
IPs?
CALL HYDSM{IENMT,IRET)
GO TN
INPLT PATTERN SEARCH BOIINDS AND LEVELS
READ(KR,tap)NPH, {NOP (L), L=1,4)
READCKR, 141) (PL(L), L= {,NPR)
READ (KR, 191) (PH(L),Ls 1,NFR)
READ (KR, 1082) (NLCL) L= 1,MPR)
CONTINIIE
nBI(1)=08J
OH = OBH
AH = QAH
INITIALIZE MINIMUM CONDITIONS
PHMN=0RJ
PRMNE(ORJ
D014 L=),NFR
XMN(LY=XINCL,L)
XPM(L)EXINCL,L)
DFCLY=PH(L)=PL (L)
TAKE MEW PAGE WRITE PH,PL, NL
WRITE(6,102)
FORMAT(1H1///719X,3HPAR,8X,2HPH,BX,2HPL,8X,2HDF,8X,2HNL// /)
NO15 Lei,NPR
WRITE(6,1@3)L,PH(L),PLCLY,DF (L), NLCL)
FORMAT(15X%,17,3%X,3F17,3,17)
FORMAT (1M1 //208X,5HPHASE, 13,2X,5HPMINS,F12,1)
FORMAT(5X,10F7,3)
FORMAT(///6X%X,13HIP LV PAR, 10X ,3H0BJ,8%,3H0BH,8X,3H0AH//)
FORMAT (5%,13,2X,13,F11,3,5F11,1)
FORMAT(5X,I3,2H %,I13,F11,3,5F11,1)
BEGIN PHASE | 00P
No9e K=1,NPH
TAKE NEW PAGE WRITE PHASE ONE INITIAL VECTOR
WRITE(6,104)K,PHMN
WRITE(6,175) (XIN(K,L),L=s1,NPR)
WRITE(6,196)
BEGIN PAR LOQOP
DOBE J=1,NPR
NLO=aNL (J)+4
IF(NLO.LE.2) GO TO 8@
DIsXIN(K,J)+,7005
D2axIN(K,J)=, 0005
BEGIN INCR LOOP
DO7al=1,NLD
IF(I.GT,1) GO TO 4n
XNL=NL CJ)

NSeDF (J) /XN
DS=DF (J) /7XNL 29



42 X1=(T=t)
PR(JY=PL(J)+DSwXI
D3zPR(J)
IF(N3=N2)49,41,4!
41 IF(D3I=D1)42,42,49
42 IF(NDP(K))49,64,49
OPERATE MODELS AND DFTERMIME QRJECTIVE FUNCTION
49 CALL HYDSM(3,3)
WRITE(6,197)J,1,PR(J),NRI,08BH,0AH
GD TO AS
64 ARITE(6,128)J,1,XIN(K,J),0BT(K),0H,AH
0BJ=0RT (X)
IF NEw PAR, INITIALIZE LOCAL MIN
65 IF(I.GT,1) GO TO 67
PRMN=OB.I
XMN(J)=PR(J)
Cx |LOCAL AND PHASE MINS
GO TN 51
67 IF(OBJ=PRMN)SZ,51,51
52 PRMM=ORJ
XMN (J)=PR (J)
51 IF(ORJ=PHMM)E2,70,70
52 PHMN=0BJ
NO53L=1,NPP
53 XPM(CL)SPR(L)
70 COGNTYINUE
RESET PR(J) TO FIXED LEVEL FOR NEXT PAR,
IF(NOP(K)=1)71,72,72
71 PRCJ)sXIN(K,J)
GO TO BY
72 PR(J)=XMN(])
82 CONTINUE
NOQOP=NOP (K)
IF (NOOP,EG.1) GO TO 83
81 DOB2Ls1,NPR
82 PR(L)=XMN(L)
CALL HYDSM(1,3)
PRMN=ORJ
SELECT REST VFECTYOR FOR NEXT FHASE
83 1F (PRMN=PHMN)A4,86,86
84 DOBS5L=1,NPR
XINC(K+1,L)=xXMI(L)
85 PR(LI=XMN(L)
GO TN AR
86 DOB7L=1,NPR
XINCK+1,L)=sXPM(L)
87 PR(L)sXPM(L)
88 CALL HYDSM(1,1)
0BI(K+1)=0BRJ
OH=0BH
AM=0AM
9@ CONTINUE
WRITE OUT INITIAL VECTOR TABLE
NHPzNPH+1
WRITE(6,120) (OBICL) ,L=1,NHP)
109 FORMAT(IHL//27X,1SHINITIAL VECTQRS//12X,5HPHASE,7X,1H1,9X,1H2,9X,
11H3,9X,144,9%,1H5//12X,3H0BJ,S5F1@,2/)
WRITE(6,110)
110 FORMAT (12X ,3HPAR/)
NPTeNPH+1
D091 L31,NPR
91 WRITE(6,111)L, (XIN(M,L),Mel,NPT)
111 FORMAT(12X,13,5F10,3)
30



g9 RETURN
END
£ w*%+SUBRROUTINE DATPR waww
SURROUTINE DPDATPR(IPL,KR,MR)
REAL LARL,MIC,MES,KS,MS5,MCS
COMMON/BLK1/CONV,CNV,CONPY,SPAC,SCAC,NBH,UBJ,0AH,BASID(5),IB,C3V,
1WH, KG6,IDTA,SHAV,PR(45),NPR,PDL(12),CxC(12),PKC{12),CPKC(16,12),
2NSB,HDG(15),0UTD(48,32),LABL (48),IRES,HHDAY , NMO,
IITX,MDAY(31),VAD(12),TM(31)
COMMON/RLK2/AGW(732),DP,RES(14) ,KMN,KHX, JMN,IMX,SMAX, SMIN,PET,
{RAYV,ARD,RSR,CHNL,MANG, TOLAF,CONVY,CONVL,NUT (48,13),5MLV(12),
2CGNUR,CONUN,CMS(12), 1060, IUSPR,PKCMI(12),IDTM(12) ,REL
COMMOM/RLK3/ HD(12,31,1)
DIMENSIGN N(12),CAC(16),11(16),DCA(16),PCAP(16),FMT(1@),0L0(12,32),
11%x(12)
ww IPL=1 BASIC DATA ONLY
*v IPL®2 SUBBASIN DATA OMLY
w% IPL =3 MANAGEMENT DATA OhLY
#% IPL=d4 RESERVOIR DATA ONLY
we IPL=% ACREAGE AND PARAMETERS ONLY
www JTXz @ we PRINT DAILY DATA
1 GOTN(1¢,20,300,400,22),1PL
13 READ(KR,12PIN3B,NMO,ITX
MMDAY=zP
READ (KR, 1201} (MDAY (M) ,M=1,NMO)
DO 5 Isi,NMO
5 MMDAY=EMMDAY+MDAY(])
109 FORMAT(1615)
171 FORMAT(2044)
READ(MR,161) (KDG(1),I=21,13)
READ(MR,1%1) (VAD(I),I=!,12)
READ(MR,171) (LABL(1),I=1,48)
READ (MR, 102) (PKEMI(1),I=1,12)
READ(MR,102) (CMS(I),I=1,12)
Crev*xPEAD IN PRAPORTION DAYLIGHT HOURS AND IUSE COEFFICIENTS
REAND (MR, 102) (POL(I),I=1,12)
192 FORMAT (1¥X,12F5,3)
DO 11 L=1,16
11 RFAD(MR,122) (CPKC(L,1),Ir1,12)
C #w* WRITE INITIAL DATA
WRITE(6,103)
123 FORMAT({H],544,1215)
WRITE(6,1A)NSR,NMO,ITX ,MMDAY
WRITE(6,170) (MDAY(I),I=1,NMD)
WRITE(6,118) (HOG(1),181,15)
WRITE(6,11R) (VAD(I),I®1,12)
WRITE(A,112) (LABL(I),I=®1,d48)
117 FORMAT(1X,2¢2A4)
WRITE(6,102) (PDL(I),I=21,12)
WRITE(B,1@2) (CMS(I),I=1,12)
WRITE(A,102) (PKCMI(I),I81,12)
DO 12 L=1,16
12 WRITE(S8,172) (CPKE(L,I),Is1,12)
19 RETURN
C #w% READ SUR=BASIN DATA
2@ READ(KR,1#4) (BASID(I),I=1,5),NPR,MANG,IQGO, IASPR,IRES,IB
REAND (KR, 102) WH, TOLAF
READ(KR,225) (PR(I),I=1,NPR)
174 FDRMAT(5A4,121I5%)
C #=+ READ CROP ACREAGES
D021 Isi,16
21 CAC(I)=u,n
186 FORMAT(1®Y,13,F7,0,13,F7,08,13,F7,0,13,F7,2,13,F7,8,13,F7,0,13,F7,.0

31
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1)
SPAC=#,d
SCAC=2,0
PEAD (KR, 1m6) (11(I),DCACI),I=1,11)
READ(KR,I?6) (I1(I),DCA(LI),1=212,18)
DO 25 1=1,16
LzI1(1)
IF(LY25,25,2?
22 CACCL)Y=PCA(T)
IF(l=12)23,24,24
23 SCAC=SCAC+rAC (L)
GoTn 25
24 SPACaSPAC+CAC (L)
25 CONTINUE
READ URBAN LAND AREL AND UNDEVELOPEOD LLAND AREA
READ (KP,35¢) URLND,UNDLND
TOTA=IRLND+UNDLND+SCAC+SPAC
CONVYETOTA/L1Z,
CONV1=s(TOTA=SPAC) /12,
350 FORMAT(1OF8,.7)
et COMPUTE PRNPORTIOMS
NC 28 I=s1,16
TF(T=12)26,27,27
26 PCAP(I)=CAC(I)/S5CAC
GOTRD 28
27 PCAP(I)=CAC(I)/SPAC
2R CONTINUE
*¥% COMPIITE SCALE FACTORS
Csvs1,2/SCAC
CONvVaSCAC/12,¢
CONPVEBSPALC/12,0
CNV=12,2/S8SCAC
CONURsURLND /L2,
CONUNsUNDLNDZL2,
*x COMPUTE WEIGHTED USE COEF,
00 35 I=1,12
SPKC=2@,0
SCKC=r,0
DO 34 L=t,16
SCP=CPKC (L, I)*PCAP(L)
IF(l,=-12)32,33,33
32 SCKLCsSCKC+SCP
GOTO 34
33 SPKC=SPKC+SCP
34 CONTIMUE
CKC(I)=SCKC
385 PKC(I)=SPKC
=wx WRITE OUT DATA UP T0O THIS POINT
WRITE(6,1023) (BASID(I),I=1,5),NPR,MANG,IRGO,IQSPR,IRES,IB
WRITE(6,198)WH, TOLAF
IF(ITX) 502,502,503
502 WRITE(E,2a7) (PR(CI),I=1,NPR)
207 FORMAY(1X,14F8,3)
205 FORMAT(19FR,3)
WRITE(A,107)
WRITE(6,1@7) CSV,CONV,CONPV,CNV
1G7 FORMAT(//18X,4F15,7//)
WRITF(6,2Mn6) (CAC(I1),I=1,11),3CAC
208 FORMAT(1AF8,0)
WRITE(S,1028) (PCAP(1),Is1,16)
16 FORMAT(/12X,7F18,5/)

WRITE(S,107) 0



WRITE(6,102) (CKC(I),Im1,12)
WRITE(6,108)
WRITE(6,102) (PKC(I),I31,12)
WRTTE(6,1087) CONUR,CONUN,TOTA
WRITE(6,108)
503 CONTINUE
IF(IPLLEQH)RETURN
C #»* INPUT HYDRCOLOGIC DATA
READ(kR,10¢) (N(I),Is1,12)
DO 361=1,NMO
™(I)=r,
JJsMDAY (D)
DO 37L=),JJ
DO 38K=1,12
I8 HD(I,L,K)=,2
37 CONTINUE
36 CONTINUE
DO 72 1I=1,12
NNEN(I)
IF(NN,LE.®)GOTO 71
IF(I.6T.2)60T0 5@
C w* INPUT TEMP AND PPT
XCaNN
coL=l,M/XC
READ (MR, 1641) (FMT(L),L=t,12)
DN 49 | =1 ,NN
DO 48 Jz1,NMO
JJeMDAY (J)
READ (MR,FMT) (DD (J,K) K=l ,JJ)
DN 47 Kel,JJ
47 HO(J K, 1)erMD(J,K,I)+DDN(J,K)=CDL
4% CONTINUE
49 CONTINUE

c COMPUTE AVERAGE MONTHLY TEMPERATURE
IF(I,EQR.,1) GN TO 52
GO T0 54

52 DO 53 II31,NMOD
JJaMDAY (I1)
xneJJ
ChMel, /XD
DO 53 K=1,JJ
53 TM(II)aTM(II)#HD(IT,K,1)+CDM
54 CONTINUE

GATO 7@
C #+ INPUT STREAMFLOW DATA
57 MzI=2

READ (MR, 161) (FMT(L),L=1,12)
Do %9 L=1,NN
Do 51 J=1,NMD
JJesMDAY (J)
51 READ(MR,FMT)IIX(J), (DD(J,K),K=21,J])
85 Do 57 J=1,MMOD
JJsMDAY (J)
D0 56 K=1,JJ
IXP=IX(J)
56 HDCJ,K,T)=HD(J,K,I)+DD(J,K)*10,*wIXP
57 CONTINUE
59 CONTINUE
78 CONTINUE
C w++ WRITE DATA BY TYPE AND MONTH
C #+ HYDROLOGIC ww
IFCITX) 504,5G4,8)1
574 CONTINUE
33



Do RA 1el,12
DN 79 Jsi,NMP
JJaMDAY (J)
79 WRITE(S,19Q)I,J,(HD(J,K,I),Ke1,JJ)
129 FORMAT(2X,13,I5,6F11,2/12%X,6F11,2/712X,6F11,2/12X,6F11,2/12X,
16F11,.2/12%,6F11,2/)
80 CONTINUE
81 WRITE(6,1A2) (TM(II),II=1,NMO)
99 RETLRN
G ww% READ CARDS FOR CANAL MANAGEMENT
3pB READ(KR,I1pR) (IOTM(I1),I=1,12)
Jn) FORMAT(LI?X,7F12,0)
WRITE(6,302)
3e2 FORMAT(1HA, 10X, {AHMANAGEMENT //)
WRITE (KR, 1@0) (IDTM(1),I=1,12)
C #*% READ CARDS FNR RESERVOIR MANAGEMENT
READCKR,373) (SMLV(I),I=1,12)
WRITE(6,303) (SMLV(I),I=1,12)
3n3 FORMAT(17X,12F5,2)
RETURHN
400 READ(KR,301) (RES(I),I=1,14)
ARITE (6,3014)
374 FORMAT (MM, 12X, 9HRESERVGIR //)
WRITE(K,107) (RES(I),I=1,14)
RETLRN
END
Chwew HYDROLOGIC STMULATION #wwHYDSMwww
SUBROUTINE HYUSM(IENMT,IRET)
REAL LABL,MIC,MES,KS,M5,MCS
COMMON/BLKY/CONV,CNV,CONPY,SPAC, SCAC,0BH,0RJ,0AK,BASIN(S),IB,CS8V,
W, KG,IDTA.SHAv.PRCAS),NPR,PDL(I?).CKC(12)pPKC(12J,CPKC(15112):
2NSB,HDPG (15),00UTD(48,32),L.ABL(48),IRES,MMDAY,NMD,
JITX,MDAY(31),VAD(12),TM(31)
COMMON/BLK2/AGW(732) ,DP,RESC14) ,KMN, KMX, JMN, JMX,SMAX,SM[N,PET,
{RAV,ARD,RSR,CNL,MANG, TOLAF,CONVV,CONVL,NUT(48,13),5MLV(12),
3CONLR,CONUN,CMS(12),1060,IQ8PR,PKCMI(12),10TM(12),RFL
COMMON/BLK3/ HD(12,31,1)
DIMENSION DNP(732)
IPRTagp
IFCIEMT#IRET LE,3)IPRTEY
c INITTALIZE OQRJECTIVE FUNCTIONS
ORH=7,@
OgJ=z0,7
NAH=z9 , @
EMS2sMIC
NASE=D
SMKW1BPR(4)
C1=PR(9)
CKGaPR(19)
C2=PR(1®)
CKG1=PR(14)
GW1EPR(12)
NG2ICeGW!
MCS=PR(15)
MESsPR(16)
MIC=PR(17)
M§=MIC
SM1=PR(17)
ARF{2PR(18)
AGTIC=sARF1
SPRIC=PR(27)
ECVePR(21)
EAP=PR(14)
34



XKG=PR (34)
PTWEPR(35)
PSP=PR(36)
SKGePR(37)
GWCNIC=PR(J38)
JJJ=MDAY (1)
DG 9L=1,JJJ
XJ=JJJ
9 AGW(CL)=SKG/XJ
C #+¥% PR(18)= AG 6% RETURN FLLGCW DELAY TIME (DAYS)
IDTASPR(18)
o INITTALIZE ANMNUAL VALUES
DO 17 L=1,48
18 oUT(L,13)=0,0
NG 11 I.=1,MMDAY
LLLalL+MMDAY
11 AGWCL)=AGK(LLL)
C DN FGR EACH MONTH
DN 20m J=1,NM0
JJ=MDAY (J)
Nno 7 1=1,48
7 QUTD(I,JJ+1)=8,
c NQ FOR EACK DAY
NGO 19 KKat,J1J
KC1=zn
KeKEK
C INSFRT A wwwbwswnw
20 CALL HSP(T ,J,K,1)
fALL HSP(PPT,J,K,2)
CALL HSP(RIV,J,k,3)
CALL HSP(TRR,J,K,4)
CALL HSP(CLOR,J,K,5)
caLL HSP(CNL:J'K'GJ
CALL HSP(CGGI,J,K,7)
CALL HSP(APUM,J,K,9)
CALL HSPCEMIDIV,J,K,10)
ARNEG 7
R5R=0,2
RAVzQ, P
QRIV2RIV+TRB
TEMP=T
GWINZCGI*PR(3G)
EMIDIVSEMIDIV*PR(31)
CFEMI=PKCMI(K)*PR(32)
CALL EPGT(T,MDAY,PDL,CKC,PET,ETP,ETPH,TM,J,PKC,JJ,PHET)
2 CONTINUE
IF(IRES,.,EQ.”IGOTO 14
CalLlL RESRV(K,1,ETF,IPRT,J,JJ)
c DETERMINE RAIN,SNOW AND SNDWMELT
14 RAIN=R 2
SNMYsp 0
IF(T=PR(3))15.16,16
15 SNWIZSNW1+PPT
GOTO 17
16 RAINSPPT
17 IF(T=PR(2))19,19,18
18 IF(SNK1,LE,#,R)G0TO 19
SNW23SNHIWEXP (=PR(1)*(T=PR(2)))
SNMTaSMWi=SNKW2
IF(SNWL,LT,SNMT)SNMT=ESNKHY
SNWIsSNWI=SNMT
19 RPSMEZRAIN&SNMT

RPMTERPSM
PMT=RPS 35



RMPHEKPMT#PR (22) %wCONPV

IF MANGe=) LIMIT QCNL TO WAD BUT UES GAGED RECORDS
¢ USE QCNL AS RECORDED
1 CALC QCNL AND USE WITHOUT LIMIT YO SATISFY PET
2 CALC QCNL BUT LIMIT TO waAD

IF (MANG) 5,5,4

QACNL =CNL

GO TO 6

MANAGEMENT STUDY CANAL DPIVERSIONS

PUT LEACHING HATER REGD IN (KD(J,K,8))

4 ETP1=FETP

C whw
36
37

38

185

186

187
139
292

IFCIDTM(I)) 35,35,36

5 ETN=Q,

GO TC 38

ASSUME THRESHOLD SM T0O BE UNIFORM OVER THE MONTH
ETNEETP{=RPMT=(MS=CMS(J))

IF(ETN,L.T.®,) ETN=A,

APPLICATION EFFICIEMCY IS PR(14)

CANAL CONVEYANCE EFFICIENCY IS PR(21)=ECY
ACNLSCNL+* (ETN*CONV) / (EAPw (1 ,=PTW)* (ECV=PSP))
CHLERACNL

CALCULATE UNGAGED FLNWS

PNETs (PHET=RPSM)«CONPY
IF(PNET LY ., A)PNET=0,0
PKNG=PR (7)) (PPT=PR(8))
IF(IB,GT.A)YPWNGSPR(7)»(RAIN=PR(B))

IF (PHNG LT W, @)PHUNGED, ]

PSUNGEPR(6) *SNMT+PWNG
UNGaCOR®PR (5) +PSUNG

AUNGSUNG

MANAGEMENT STUDY RESERVOUIR OPERATION
IF(IRES,EQ,A)GOTO 113

CALL FESRV(K,2,ETF,IPRT,J,JJ)

CONTINUE

CALCULATE IMFLUENT GW

IF(QRIV) 116,116,117

STGWe2,

GH TO 118

STGWa (C1=C2+«ALOGIA(ORIV))*QARIYV

GIF=STGH

CALCULATE RUNQFF AND CONSUMPTIVE USE FROM LAND AREA OF URBAN AND
UMDEVELOPED LLAND AND PROPORTION TO GW
PCPURLISRPMT» (CONUR+CONUN)
URUNCUSRPMT* (CONUR®PR (25)+CONUN®PR(26))
URSF=aPCPURU=URUNCU

URGWBURSF»PR(27)
RINERIVIUUNG+APUM+TRB*RSR+URSF=STGW=URGHW
CALCULATE PHREATA?HYTE USE
PHSF=ETPH*CONPV=RMPH

1F (PHSF,GT,.2,) GO TO 186

QINaQIN=PHSF

PHSF=@,

PHGW=RA,

50 TO0 292

IF(QIN,GE,PHSF) GO TO 187
PHGWSQIMYPR (23)

DIFaPHSF=PHGW

IF(QIN,GE,DIF) GO TQ 189

PHSFaQIN

GO TO 299

PHGWEPR(23) *»PHSF

PHSFaPHSF=PHGW

QAINEQTN=PHSF
! 36



QSI=QIN
ASPRESPRIC*FR(24)
EMSPRaM§
c SAVE IMITIAL DP FOR ROUTING IN DDP
DO 85 Tai,MMDAY
DRP(I)=AGK(I)
85 CONTINUE
Ce*r CALCULATE SPRING FLOW BY ITERATING HERE Tn 30tg
119 QGSPR1=NSPR
MSBEMSPR
WADEQIN+ASPR
IF (WAD,LT,.Q,) WwAD=Q3,
CAaLL URBEMI(WAD,EMIDIV,CFEMI,EMICU,EMIRF)
Caws IF MANG =02 OR 1 DD NOT LIMIT GCNL TO wWAD
IF (MANGEG, A, OR,MANG,FQ,1) GO TO R7
TF(CNL,LE,®AD) GO TO 87 .
CML=WAD
87 CONTINUE
GWONECNL w (1 ,=ECV)
SPILLECNLwPSP
QCVaCNL=GWCNeSPILL
THTRBQCV*PTH
ADTVERLV=~THTR
QIGS=RPMT+ADPTV/CAONV
NAPSEBRDIV
STRaWAD=CNL+TWTR*SPILL
c COMPUTE SOJL MNISTURE LEVEL
WAGSaNIGS
SM28SMI+WAGS=PET
NDPzSM2=PR(15)
IF(DP)41,43,49
41 IF(SM2 =PR(1K))42,43,43
42 ETT=SMI+WAGS=PR(16)
IF(ETT,LT,0,R) ETT=0,0
ETB=PET=ETT
IF(SMZ.LT.ﬂo)SMQ'ﬂcW
SMGe (SM2+PR(16)) 7,5
IF(ETT LE.?,0@01) SMGm (SM2+SM1+HAGS)*7.5
DO 45 NSM=1,14
ETCGETRB*«SMG/PR(16)
SMHBPR(16)=ETC
IF(ETT.LE,.?2,2201) SMHeSM{+WAGS~ETC
SH2r (SMH+SMG) *0, 5
IF(ARS (SM2=SMG) ,LT,%,205) GO TO 44
IF(SM2,LT,2,m) SMR5D,”
SMGa§M2
45 CONTINUE
44 AETEETT+PR(16)=5M2
YF(ETT,LE,R,0901) AET=SMI+WAGS=SM2
GNTO 48
43 AET=PET
48 DPmii @0
GOTO &S
49 AET=PET
SMREPR(15)
Cwwx CROPLAND DP ROUTED TO GW
55 KIDTAeK+IDTA
62 AGW(KIDTA)=DP
62 CALL GWROUT(ARF2,ARF1,XhG,AGW(K))
ARFzARF2%CONYV
GWIR=ZARF ‘
[ ROUT SEEPAGE WATER FROM CANALS
CALL GWROUT (GWECN,GWCNIC,PR(39),GWCN)
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Chww

333

325

83
84
A

32
nd

23

Cwww

Chww

365

370
387

21

336

CALCULATION OF SPRING FLOW
DUMSP2GKEN+GWIR*STGWHLIRGH
OPTION TO ALLOW QSPR TN BF 2
TF(IQSPRIIAI,3N2,373

SPIN=PR (29)«GWIN+DUMSP

CALL GWROUT(SPROUT,SPRIC,FR(28),SPIN)
QSPRePK (24) *SFROUT

KC1=2KC1+1

IF(xKC1,6T,75) TYPE 508§

FORMAT (//7&HKCL = 75//)

IF (ABS(QSPR=NSPR1)=TOLAF) 301,301,119
RESTORE AGW TN NEXT ITERATION
NO B84 I=1,MMDAY

AGW(I)=DDP(I)

CONTINUE

6N TN 119

SPRIC=SPROUT

G0 TO 324

QSPRen,

ARF{=ARF2

SMAV= (SM1+SM2) %G, 5

SM1asmM2

SM=SM]

GUCNTCeGWCN

CALL HSP(GAG,J,KK,8)

ROUTIKG QF 6w THROUGH BASIN
GGWEGWIN+DUMSP =GP IMaQSPReFPHGHK
CALL GWROUT(RU2,0G2IC,CKG1,GGHW)
LIMIT Qo2 TO BE GE ¢
IF(INGN)38K,365,330

IF(Qo2) 37¢,380,38@

Nnz=9,

NGN=Q02

AG2IC=n02

CHGW2GRW=RGD

GWNePR13)wAED

GEF=QG0=GWN

PROPORTION OF GAGED SURFACE RUNQFF SRF
SRFaSTR+G_F

WEXFzSRF¥PR(33)

N80 SRFmUEXFP

DIFFa QSO=GAG

NAHzZOAH+NIFF

SCALLE DIFF AND QBH TO INCHES OVER CROP AREA
ARTFFeQIFF«CNY
QBHaORH+ANIFF*ADIFF
CALL DOUTC( ) IF TPRT »>n
EMIDSEMIDIV

URUC=URUNCL

RF=EMIRF

EMIC=EMICU

WAGS=2WAGS«COMNY

AETT=AET*CONY

XSMeSMaCONYV

calL DoOUT

IF(IPRY)S35,535,21

CaLL DOUT( K, &, TyJrJdd)
CALL DOUTC K, 2, PPT,J,JJ)
CALL DOUTC( K, 3, SNW1,J,JJ)
CALL DRUT( K, 4, PHET,J,JJ)
CaLL DOULTC K, 53, PET,J,JJ)
CALL DOUT(KK, 6, AET,J,JJ)
CALL DOUT(KK, 7, SMyJ, 30 38



CALL DQUT (KK, B,RIV,J,J))
CALL DOUT(kK, 9,TRR,J,JJ)
CALL DOUT (KK, 1a,UNG,J,JJ)
CaLL DOUT(KK,11,9FUM,J,J])
CALL DPOUT(KK,12,Q8PF,J,J.])
CALL DOUT(xK,13,RSR,J,JJ)
CALL DOUT(XK,14,URSF,J,JJ)
CALL DOUT (KK, 15,URGHW,J,JJ)
CALL DOUT(KK,16,G8I,J,JJ)
CALL NOUT(KK,17,waAD,J,JJ)
CALL DGUT(KK,193,8TGk,J,JJ)
CalLl COUT(XK,22,CHGW,Jt,JJ)
CaLL DOUT(KkK,21,GEF,J,JJ)
CALL DOUT(KK,22,EMID,J,JJ)
CALL DOUT(KK,23,RF,J,JJ)
CabLlL POUT(KX,24,CNL,J,J0)
CALL DRUT(KK,25,4CV,J,JJ)
CALL DOUT(KK,26,GKCN,J,JT)
CALL COUT(KK,27,QAPS,J,JJ)
CALL POUT(KK,28,Q0IRF,J,JJ)
CALL DOUT(KK,29,WAGS,J,JJ)
CALL DOUT(KK,3®,AETT,J,JJ)
CALL DOUT(KK,31,Xs8M,J,J])
CALL DOUT(kK,32,DP,J,JJ)
CALL DOUT(KK,33,PHGH,J,J])
CALL DOLT(KK,34,PHSF,J,JJ)
CALL DOUTY(K®,35,ARF,J,J0)
CALL DOUT(XK,36,8TR,J,J0)
CALL DOLT(KK,%7,5RF,J,JJ)
CALL DOUT(KK,38,WEXF,J,J])
CALL DRUT(KK,39,Gw0,J,JJ)
CAaLL DOUT(KK,4R,850,J,JJ)
CALL DOUT(kX,41,GAG,J,JJ)
Call. DOUT(kKk,42,DIFF,J,J)
[ COMPUTE OBRJFCTIVE FUMCTICN
535 DRJsWH*0ORH
TF(TTX FU, 0, AHD,IPRT,.GT,.A) GO TN 195
GO TN 19Mm
166 CaLL PRNT(K,J,Jd)
192 CONTINUE
2063 COMTINUE
ITX=1
IFCIPRT)1G7,197,198
195 CALL PRMT(K,J,J1)
197 RETURN
END
C *+ SURROUTINE TO CALCULATE DAILY ET BY MQUIFIED BLANEY=CRIDLE
SUBROUTINE EPOT(T,MDAY,PDL,CKC,PET,ETP,ETPH, TM,J,PKL,JJ,PHET)
NIMENSINDN MDAY(12),PDLC12),TM(12),PKC(12),CKC(12)
c PDL,CKC ARE MUNTHLY VALUES
TTsT
c COMPUTE POTENTIAL EVAPTRANSPIRATION
EKTe@,A173%TT=0,314
IFCEKT LT, P3)EKT=R,3
XJJsJJ
FYFeEKT*TT*PDL (J)/XJJ
PETaCKE (JIYETF
ETPsPET
PHET=PKC (J)*ETF
ETPHaPHET
RETURN
END
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r SUBROUTINE FQR M+] CU

SUBROUTINFE URBEMI (WAD,DIV,CF,CU,RF)

TF(RIV.GY, WAD) DIVakWAD

CU=DTIV*CF

RF=PTVaCll

WANEWAD=CL

2U RETURN
END
o GROUND WATER ROUTING SUBROUTINE

SURBROUTINE GWROLUT(Q02,601,XKG,NI)

IF(XKGJLE,.?12) GO TO 1

QDz=AI+(AN1=OI)wEXP (=1,/XKG)

Gn 70 2

1 qanz2any
2 RETURN
NG
CrenwnSURRNUTINE HSP seww

SURRNDUTIME HSP(D,J,K,I)

COMMON/BLKI/Z HD(12,31,1)

NaHD (J,K, 1)

RETIRM

FMND

Conwd e SURRNAUTINE DOUT wwwww

SUBRODUTINE DOUTC(K,L,XD,J,JJ)

COMHMOM/BILK1/RONYV,CNV,CONPY,SPAC,SCAC, 0B ,030,784,BA81ID(5),1I8,08Y,
{WH, KG,INTA,S8MAV,PR(45),NPR,PPL(12),CKL(12),PKC(12),CPKC(16,12),
oMSB , HOG(15),NUTD(48,32),LABL (48),IRES,MNDAY, MO,
ITITA,MRAY(31),VAD(12),TH(31)

CUGMMON/BLK2/AGW (732) ,DP,RES(14) ,XKMN,KMX, IJMN, J1iX,8MAX,SMIN,FET,
1RAV, ARD ,RSR,CNL ,MANG, TOLAF,CONVY,CONVL,0UT(48,15),5ML.v(12),
3CONUR,CONUN,EMS(12),I06G0, IGSPR,PKCMI(12),10TM(12) ,REL

AQUTD (L ,K)=XD

XMOaNMD

XJjaJlJ

IF(L=7) 1,1,2

{ CONTTINUE
GO TO (3,2,%,2,2,2,5),L
2 0UTR(L,JJ+*1)=2NUTO(L,JJ+1)+XD
GO TO 4
3 AUTDCL,JI+)eqUTD(L,JJ+1)+XD/X]
G0 70 4
NUTD (L, JJ+1)=%D
CONTINUE
IF(KEQ.JJ) GO TN 1@
GO TO 9@
120 QUT (L, J)=0UuTR(L,JI+1)
XpJ=auT (L, )
IF(L.=7) A1,81,8¢@
Bl CONTINUE
GO TN (85,84,90,87,80,80,97),L
B2 OUT(L,13)=0UTCL,13)+XDJ
GO TO 90
85 QUT(L,13)3CUT(L,13)+XDJ/XMOD
90 RETURN
END
CorwewSUBROUTINE PRNT whwwiw
C *% SUBRNUTINE FOR WRITING OUT DATA ww#PRNTwwxk

SUBROUTINE PRNT(K,J,JJ)

REAL LABL,MIC,MES,KS,M8,MC8

COMMON/RLK1/CONY,CNV,COMPY,SPAC,SCAC,08H,0BJ,0AH,BASID(S),IB,CSV,
{WH, K5,IDTA,SMAV,PR(45),NPR,PDL(12),CKC(12),PKC(12),CPKC(16,12),
JITX,MDAY(31),VADC(CL12),TM(31)

H o



c

c

1

1@
ng2

5n2

1
1

el s ] Ui
e
- N

11
n3
2]

5

81

W

COMMON/BLK2/AGW (732),0P,RES(14) ,KMN, KMX, JMN, JMX, SMAX, SMIN,PET,

1RAV,ARD,RSR,CHL,MANG, TOLAF,CONVV,CONVY,DUT(48,13),8MLV(12),
3CONUR,CONUN,CMS(12),106G0, IASPR, PKCMI(12),IDTM(12),REL
COMMON/BLKA/ HD(12,31,1)
IJPRTFe1

NT=1

NTT342

NT1=a7

NT2:z8

NT4=z8

ITX=0 PPINT DATILY VALUES
TTe] PRINT MONTHLY VALUES
JF(k,EQ,1) WRPITE(E,10m) (BASID(I),1=1,5),J
FORMAT (1M1 //20X,544,10%,15)
FORMAT( //5X,A4,7(6X,44))
TFCITYY 2v0,2%0,201
IF(IPRTF=2)2,2,4

WRITE (6,371)

GnTo S

WRTITE (K, 3¢3)

Li=]

FORMAT (/42X ,5AWATER )

FORMAT (740X, 9MRESERVODIR )
L2s6

L3=1

Ldz7

pnog2 LLst,2
WRITE(A,101)(HDG(Y),I5L3,L4)
NO 1@ T=sNT,NTY
WRITE(6,132)LABL(I), (QUT (I, L), L=L1,L2)
FORMAT(EX,A4,7 (F111,3))
TF(IPRTF.FR.3) GN TO 5@2

DC 9 I=NT4,NTT

WRITE(6,143) LABL(I), (OUT(I,L),L3Li,L2)
IF(IPRTF.EG,1) GO TO 105

GO 1O 5m2

No 31 I=NT2,NT3
WRITE(6,163)LABL(I), (PUTCI, L) LEL1,L2)
FORMAT(6Y,A4,7 (F10,2))
CONTINUE

Li=7

Lem1d

L3r8

L4515

IF(LL,FG.2) GO YO 5,1
WRITE(B,520)

FORMATCLHL)

CONTINUE

CONTINUE

IF(IRES.LE,2)GOTO 81
ET UP TO QUTFUT RESERVNIR
IF(NT,GEL42)G0TQO 81

IPRYFe3

NT=43

NTTe42

NT!=43

NTR2=d4

NTlz50

GOTO 1

IF(J,NENKN)GATOBS
IF(IRES.LE.M)GNTO 84
RITE RESFRVOIRP EXTREMES

TKMNs ¢

41



TKMX=]

IF (KMN,GT ,6)TKMNB2

TF(KMX ,GT,6)TKMXxa2

WRITE(6,4vtn)

470 FRRMAT(//30X, 1BHRESERVOIR EXTREMES )

KIsKMY+TIKMY

WRITE(6,421) SMAX,HDG(KI), JMX

KIsKMM+TKNN

WRITE(A,471) SMIN,HDG(KI),JMN

4n1 FORMAT(//35X,Filn.0,6H ACFY ,Ad,I6)

84 WRITE(F,4p2)NANH
42 FORMAT(/3CX,4H0AHs,F12,7)

85 RETURN

o PRIMT DAILY DUTPUT

2002 CONTINUF

TF(K,EN,1) WRITE(5,202) (VAD(I1),I=1,12)

202 FORMAT(AX,12A6/)
273 FNRMAT(213,3F6,3,9F6,0)

WRITE(6,223) J,k,0UTD(2,K),0UTD(I,K),UTD(6,K),0UTD(1@,K),
10UTD (16&,K),DUTD(24,K),0LTDR(35,K),0UTD(37,K),0UTD(21,K),0UTD(42,K),
20UTH(41,K),00TD(42,K)

RE TURN

END

Ce* RESERVOIR STIMULATION «% RESRVwwww

SUBRROUTINE RESRV(K,IOQP,ETF,IPRT,J,JJ)

REAL L ARL,MIC,MES,KS,MS,MCS

COMMOM/BLKL/CONV,CNV,CONPV,SPAC,SCAC,NBH,DBJ,0A4,8ASIC(S),IB,C8V,
1WH, XG,J0TA,SHMAV,PR(45),NFR,PDL(12),CKC(12),PKC(12),CPKC(10,12),
2NSB,HDG(15),01TD(48,32) ,LABL (48),IRES,MMDAY,NMC,
ATTX,MDAY(31),VAD(12),TM(31)

COMMON/BLK2/AGW (732) ,DP,PES(14),KMN,KMX, JMN, JMX,8MAX,SMIN,PET,
1RAV,ARD ,RSRF,CNL ,MANG, TOLAF,CONVY,CONVL,0UT (48,13),8MLV(12),
YCONYR,CONUN,CHS(12),1060, IGSPR,PKCMT(12),IDTM(12) ,REL

COMMON/BLK3/ HD(12,31,1)

JeMn,,Kz DAY,ETF=MOD BC TEMP FACTOR

RAVERES WATER AVAL, FOR CANAL DIv,

ARNDSACTUAL CANAL RELEASFE (WATER)

RSR=TOTAL RELEASES (WATER)

IF{I0P=2)12,34,30

10 JK3J+K
TF(JK,NEL.2)GOTO 13
C INITIALIZF FIRST DAY, FIRST MONTH

STISRES(1)

CSTISRES(2)

SMAX=STI

SMIN=STI

JMNg TYRR =1

JMYX s JMN

KMN=12

KMX=12

o SET UP DAILY DATA

13 CALL HSP(RTIN,J,K,11)

CALL H8P(FPT,J,K,2)

RAVen 0

ARDaC 1

FEVPzCPKC (16 ,K)*ETF

DSEPEPPT=EVP

CALL AREA(STI,Al,RES)

c OPERAYE RESERVOIR
32 CALL HSP(REL,J,K,12)

EXRS=¢,¢

RERaREL+ARD

ST=STI+NST 4

oDooOoO00



CALL ARFA(ST,AE,RES)
AV=(AT+AE) /2,1
NSTxRINNHSR+DSEP*AV/12,P
ST=STI+0ST
IF(IOP.NE,1)ROTO 32
COMPUTE WATER AVAILABLE FOR IRRIGATION
PAVEST=RES (3)
TF(RAY,LE,0,00)RAVE=0D,0
RETURN
CHECK EOM STNRAGE AGAINST MAX AND MIN

%2 IF(ST,GT,RES(4))GO TO 33
IF(ST,LT,RES(3)) GO TN 34
GaTn 4an

33 EXRS53ST=RES(4)
RSReRSR+EXRS
ST=rRES(4)
rOTH AR

34 STCh2ST+RSR=RES (3]
IF(STCK)35,35,37

35 ST=8T+RSRK
RERz2M, P
APD=2A,G
IF(ST.LTa2,7)STeRa, 0
LOTC 40

37 RER=STCK
ST=RES(3)
RSRYXZRSR=REL
IF(RSRX)4pn, 40, 3R

38 IF(ARD)EA,AP,509

59 IF (ARD=RSRY)4™,47,62

62 DARD=ARD
ARMEIRSFX
CNL=CNL=DAPD®ARD
G070 4n

6" ARD=n, R
INITIALIZE NEXT DAYS STORAGE

44 NS=5T=STI
STTeSTI
§T1=ST
SET UP oUT IF IPRT GT @
TF(IPRT)Sw,50,41

41 CALL DOUT(k,43, EVP)
CALL DOUT(K,44, DS)
CALL DOUT(K,45, 8T)
CALL DOUT(K,d46, REL)
CALL DCUT(K,47, RSR)
CALL DOUT(K,48, ARD)
CHECK EXTREMES

50 EMXzST=SMAYX
TF(EMX LE,A.B)50T0 51
SMAX=ST
IMXeTYRB+J=~1
KMX =K
GaTC 52

51 FMNeSMIN=ST
TF(EMNLE,2,m)G0 TO 52
SMINEST
JMN=IYRB+ =1
KMN=K

82 RETLRN
END
SURBROUTINE AREA(S,A,RES)
DIMENSIOQON RES(14)

43



10
12

TF(S.LT,3,0) 530 T 1,
TF(S.L.T,RES(R)) GO TQ |
C4sRES(11)
AeRES(G)+RES(1U)»8wwC4
GnTe 12

C2sRES(7)
AsPRES(S)+RFS(A)*Sw#w(2
6NTo 12

A=RES (5)

RETURN

EnD
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