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ABSTRACT

As demands upon available water supplies increase within a river basin, there is an
accompanying increase in the need to assess the downstream consequences resulting from changes
at specific locations within the hydrologic system. This problem is approached in this study by
digital computer simulation of the hydrologic sysitem. Modeling concepts are based upon basic
relationships which describe the various hydrologic processes. Within a hydrologic system these
relationships are linked by the continuity-of-mass principle which requires a mass balance at all
points. Spatial resolution is achieved by considering the modeled area as a series of subbasins. The
time increment adopted for the model is one month, so that time varying quantities are expressed
in terms of mean monthly values. The model is general in nature and is applied to a particular
hydrologic system through a programmed verification procedure whereby model coefficients are
evaluated for the particular system.

In this study the model was applied to the Provo River basin of northern Utah, with
emphases being placed upon water rights and operation of storage reservoirs within the system,
including Utah Lake. The simulation model consists of three specific parts, namely: (1) parameter
optimization; (2) river basin management; and (3) Utah Lake operation. The parameter
optimization submodel identifies the model parameters for each subbasin through application of a
parameter optimization technique. The river basin management submodel, using the optimized
parameters, simulates the hydrologic response of the system to various water resources
management alternatives. The Utah Lake operation submodel is linked with the river basin
management submodel to comprise a combined Utah Lake operations model. Some comparisons
between observed and computed outflow hydrographs at various points within the Provo River
basin are shown. The utility of the model for predicting the effects of various possible water
resource management alternatives is demonstrated.

Wang, Bi-Huei; Felix, James I; Gold, Rick L.; Jones, Craig T.; and Riley, J. Paul.

A WATER RESOURCE MANAGEMENT MODEL, UPPER JORDAN RIVER DRAINAGE, UTAH
Research Project Technical Completion Report to the U.S. Bureau of Reclamation, Department of
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tion*/groundwater/watershed studies*/snowmelt/evapotranspiration/deep percolation/water
yields/hydrologic relationships/hydrologic research*/hydrology/hydrologic data/evapora-
tion*/water salinity management*/water resource planning and management*
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CHAPTER I

INTRODUCTION

This project was initiated in June 1970 with the
signing of a cooperative agreement between the United
States Bureau of Reclamation and the Utah Water
Research Laboratory at Utah State University to develop
a hydrologic simulation model for the Upper Jordan River
drainage. The main objective of the study, as outlined in
the original agreement between the two agencies, was to
develop and verify a hydrologic computer model for the
study area which is capable of determining the following:

1. Various water yields and outflows of the
systemn under different operation criteria.

2. The capacity of the proposed Jordanelle
Reservoir under various operation rules.

3. The water quality of Utah Lake as affected by
various methods of satisfying demands.

4.  The influence of different water management
alternatives on the groundwater flow in the
Utah Valley. including the variation of piezo-
metric pressure.

Due to the lack of data for sophisticated ground-
water analysis and the recognition of the importance of
water right constraints on the system, the original
agreement was modified in April 1972 to delete the
analysis of variation in groundwater piezometric elevation
and to substitute a consideration of important water right
constraints imposed on the system.

To accomplish the objectives, a hybrid computer
model first was developed for the Provo River Basin.
Under this initial step the capability of the proposed
hydrologic simulation model was tested and improved.
This model subsequently was programmed on a digital
computer for use by the Bureau of Reclamation, and
expanded to include the entire Upper Jordan River
drainage, with emphasis being placed upon the operation
of Utah Lake.

The simulation model discussed in this report
consists of three specific parts, each of which was
developed independently, and is capable of functioning as
a separate entity. However, when combined into a single
model, each of the three separate models becomes a
component or submodel of the whole, and is referred to
as such throughout this report. The three components, or

submodels, perform the following specific functions or
operations: (1) parameter optimization; (2) river basin
management; and (3) Utah Lake operation. The parameter
optimization submodel identifies the model parameters
for each subbasin of interest through application of a
parameter optimization technique. In this way, the
simulation model is calibrated for each subbasin in the
study area. The river basin management submodel, using
the optimized parameters, simulates the hydrologic re-
sponses of the system to various water resources manage-
ment alternatives. Represented by the model are rates of
flow at different locations along the stream of interest,
evapotranspiration and return flows from agricultural
lands, soil moisture variations, reservoir storages, ground-
water effluent flows, and other important processes in the
hydrologic system. Through the operation of the model,
reservoirs may be sized on the basis of different water
management alternatives subject to various water right
constraints.

The Utah Lake operation model was developed by
the Central Utah Project Office of the Bureau of
Reclamation to facilitate a study of the effects of the
Central Utah Project on the hydrology of the lake, and
particularly to evaluate the effects of diking within the
boundaries of the present lake. When this model is linked
with the river basin management model, the two become
components or submodels of the so-called combined Utah
Lake operations model. A water quality component was
also incorporated into the combined model to enable the
simulation of the variation of total dissolved solids in
Utah Lake as a function of different water management
schemes.

In this report, emphasis is placed upon the construc-
tion and application of the simulation model rather than
upon the numerical values of the simulated results.
Chapter IT includes a brief description of the study area
and the background behind the study, while Chapter III
describes the mathematical equations used to describe the
important hydrologic processes in the system. The com-
puter version of the simulation model together with a
discussion of the application of the model to the study
area, are presented in Chapter IV. Chapter V discusses the
results of the research and suggests the direction for
further study.






CHAPTER II

DESCRIPTION OF THE STUDY AREA

Location

The Upper Jordan River drainage, covering an area
of approximately 3,000 square miles, is located in the
central part of the State of Utah, as shown in Figure 2.1.
The area is part of the drainage system of the Great Salt
Lake, which in turn is a part of the Great Basin.

Climate

The climate of the Upper Jordan River drainage
may be described as temperate and semi-arid. Relatively
low precipitation, low humidity, and high evaporation
characterize the area. The summers are usually mild and
the winters are cold, particularly in the higher elevations.
The climatological characteristics of the area are sum-
marized in Table 2.1 (Huntzinger; 1971).

Precipitation

Generally, the precipitation in the area decreases in
a westerly direction from the Wasatch Mountains. In the
lower valleys surrounding Utah Lake, the average annual
precipitation varies from 12 to 16 inches. On the high
peaks of the Wasatch Mountains, the average annual
precipitation is more than 30 inches. The mountain
valleys receive from 15 to 20 inches of precipitation
annually.

Temperature

The mean annual temperatures on the valley floors
surrounding Utah Lake range from 40 to 50 degrees
Fahrenheit, while in the higher valleys of the Wasatch
Mountains, corresponding temperatures are between 35
and 45 degrees Fahrenheit. A good summary of the
temperature variation with respect to space and time
within the study area is given in Hyatt et al. (1969). The
locations of temperature and precipitation stations within
and adjoining the Upper Jordan River drainage are shown
in Figure 2.2, and the name of each station is listed in
Table 2.2.

Land Use
Agriculture is the largest user of land within the

Upper Jordan River drainage. There are approximately
220,000 acres of agricultural land in the area. Of this

acreage, more than 160,000 acres are irrigated. Alfalfa,
pasture, grain, corn, sugar beets, and orchards are rep-
resentative irrigated crops, with the largest amount of
irrigated land being used for alfalfa and pasture.

[n addition, some land within the basin is occupied
by settlements, with the largest of these being Provo. A
list of population within each urban settlement is found in
Huntzinger (1971).

Drainage System

The drainage system within the area includes Salt
Creek, Santaquin Creek, Payson Creek, Spanish Fork
River, Hobble Creek, Provo River, American Fork River,
Dry Creek, and all tributaries between these streams as
shown in Figure 2.2. Of these streams, the most important
ones are the Provo River and the Spanish Fork River. The
locations of important gaging stations for the streams
within the area also are shown in Figure 2.2, with the
name of each station listed in Table 2.2.

The Provo River, which drains an area of 680 square
miles, originates at the western end of the Uinta Moun-
tains, east of Kamas, Utah, and flows southwesterly about
60 miles past the south end of Kamas Valley, through
Heber Valley, down Provo Canyon, and finally discharges
into Utah Lake. The natural flow of the river averages
about 260,000 acre-feet annually measured at Vivian Park
below the confluence with South Fork.

The Spanish Fork River heads in the Wasatch
Plateau west of Soldier Summit, flows across the southern
part of Utah Valley, and also discharges into Utah Lake.
The natural flow of the river averages about 150,000
acre-feet annually at Castilla, three miles downstream
from Diamond Fork.

Reservoirs and Streamflow Regulations

Streamflow regulation has occurred along the Span-
ish Fork and Provo Rivers, but there is as yet little
regulation on any other streams within the area. Fifteen
small reservoirs have been developed at the headwaters of
the Provo River, which contribute about 8,000 acre-feet
of irrigation water annually. The Deer Creek Reservoir,
located at the lower end of Heber Valley, releases nearly
97,000 acre-feet annually to the Provo River and provides



NEVADA

LX)

e o m—

ARIZONA

Figure 2.1. Location of the Upper Jordan Drainage area.

g Salt Lake City

STATE OF UTAH

Location of Upper Jordan
Drainage Area

Upper Jordan River
Drainage Area

E— O ¢ Sm— oo Gm——" o & E— o o oune——

COLORADO



Table 2.1. Climatological characteristics of the Upper Jordan Drainage area (Huntzinger, 1971).

Elevation AMniizl Ahﬁﬁizlo Median frost free period®

Station ft. Precip., In. Temp., F Dates Days
Utah Lake (Lehi) 4497 9.82 48,6 May 16 to Sep 24 132
Provo 4545 12. 81 49.6 May 19 to Sep 22 127
Elberta 4690 10.22 50. 6 May 14 to Oct 1 141
Spanish Fork PH 4711 16.79 52.0 May 1 to Oct 15 168

Lower American

Fork PH 5044 16.45 52.2 Apr 30 to Oct 21 175
Heber 5593 15. 05 44.5 Jun 19 to Sep 4 78
Snake Creek PH 5950 22.25 43.3 Jun 10 to Sep 4 87
Soldier Summit 7460 16.09 38.7 Jun 19 to Aug 13 56

250 percent probable chance that 32°F will occur after indicated dates.

Table 2.2. Hydrologic measuring stations in the Upper
Jordan Drainage area.

Station No. Station Name
STREAM GAGING STATIONS
9-2820 Strawberry tunnel at west portal, near Thistle
10-1520  Spanish Fork near Lake Shore
10-1525  Hobble Creek near Springville
9-2725  Duchesne tunnel near Kamas
10-1535  Provo River near Kamas
10-1538  North Fork Provo River near Kamas
10-1540  Shingle Creek near Kamas
10-1545  Weber-Provo diversion canal near Woodland
10-1550  Proyo River near Hailstone
10-1590  Dear Creek Reservoir near Charleston
10-1595  Provo River below Deer Creek Dam
10-1630  Provo River at Provo
10-1650  American Fork (River) near American Fork
10-1665  Utah Lake near Lehi
10-1670  jordan River at narrows, near Lehi
WEATHER STATIONS

2057  Dear Creek Dam

2418  Elberta

3183  Geneva Steel No. 2

3809 Heber

4467 Kamas

7068 Provo Radio KOVO

7846  Silver Lake

8973  Utah Lake (Lehi)

municipal and industrial water in Salt Lake County
through the Salt Lake aqueduct. The Weber-Provo Diver-
sion Canal diverts Weber River water to the Provo River
basin, and excess water in the Duchesne River is diverted
through Duchesne Tunnel to the Provo River. The
Strawberry Reservoir, located in the Uintah Basin, also
provides interbasin export through the Strawberry Tunnel
into the Diamond Fork River, a tributary of the Spanish
Fork River.

Mona Reservoir provides the only significant regula-
tion of a minor stream in the drainage area. This reservoir
is located on Currant Creek at the northern edge of
Northern Juab Valley. It stores return flows from North-
ern Juab Valley and Currant Creek flows to supply the
Elberta-Goshen irrigation district in the Southern Utah
Valley.

Future Outlook

Operation studies in the Upper Jordan River drain-
age indicate that streamflows in the area need to be
augmented and regulated in order to provide sufficient
water for projected future requirements (U.S. Bureau of
Reclamation, 1964). These requirements include: (1) the
replacement storage required for stabilization of the 15
small reservoirs located at the headwaters of the Provo
River; (2) additional irrigation water for the area; (3)
water to maintain certain minimum streamflows for fish
life; and (4) a supply of 70,000 acre-feet for municipal
and industrial purposes in northern Utah County and Salt
Lake County. These additional water requirements led to
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the development of proposals which involve the
Jordanelle Reservoir and the interbasin importations of
water from Weber River, Duchesne River, and Strawberry
Reservoir. The Bureau of Reclamation has attempted to
evaluate these proposals and to select a proper plan for

development. However, the problem is so complex and
the possible alternatives so numerous, that additional
study still is needed to better understand the behavior of
the water distribution system, and to select a suitable plan
for developing and managing the available water resources.



CHAPTER 111

MATHEMATICAL MODELS

General Considerations

In essence, a simulation analysis is intended to
reproduce the behavior or performance of particular
variables and processes within the prototype system under
study. The more closely the simulation model approxi-
mates the real world, the more useful is the prediction
obtained from the model.

Simulation models are classified as being either
physical or mathematical in nature, depending on the
simulation technique. A physical model is a physical
representation of the prototype system under the appro-
priate time and space scaling rules of similitude. Mathe-
matical simulation is achieved by using arithmetic rela-
tionships to represent the various processes and functions
of the prototype system, and by linking these equations
into a systems model. A mathematical model is easily
synthesized by means of modern electronic computers.
Computer simulation has the following important ad-
vantages:

—

The system can be non-destructively tested.

2. Proposed modifications of existing systems
can be tested.

3. Many proposals can be studied within a short
time period.

4.  Hypothetical system designs may be tested for
feasibility or comparison with alternate sys-
tems.

5. Insight into the system being studied is

increased. In particular, the relative impor-

tance of various system processes and input
functions is suggested.

Model Development

In the development of a hydrologic simulation
model, mathematical expressions for the important
processes existing in the system are derived and linked by
the equations of conservation of mass and/or momentum.
For this study, advantage was taken of the simulation
models already developed by Riley et al. (1966 and
1967). These models were modified to include water right
constraints, and to provide for increased flexibility in
using the model to examine various possible water
management alternatives.

Time and Spatial Resolutions

The choice of time and spatial increments greatly
influences the complexity of model design. When large
increments are used, the effects of phenomena which
change over small increments of time and space are
ignored. As the time and space increments decrease,
improved definition of the various processes within the
system is required and the model becomes more complex.

Based upon the requirements of the study and the
data available, the following spatial and time increments
were employed:

1. The entire drainage was divided into seven

subbasins, of which six subbasins are in the
Provo River Basin.

2. A time increment of one month was used for

the entire study.

Hydrologic Balance

Interrelations of the various components of a
hydrologic system are achieved by the principles of
continuity of mass and momentum. Due to the relatively
low velocity of flows within a hydrologic system and the
large time increment adopted for the model, the effects of
momentum are neglected. Thus, the system is linked only
by the continuity of mass concept, which is expressed as:

... (3D

Applying this equation to a hydrologic unit yields a
hydrologic balance which is represented schematically in
Figure 3.1. Development of the hydrologic model consists
of representing, with mathematical expressions, the
physical processes which influence the terms in Equation
3.1.

Change in storage = inflow - outflow

Model Boundaries

A subbasin consists of a hydrologic unit within the
main drainage system under investigation. Thus, it is
possible to divide *a river basin into a series of subbasins
with water flows cascading from one to the other in the
downstream direction. In this study the modeled area
within each subbasin includes only the valley bottom (see
Figure 3.2). It is this area that is most subject to the
management activities of man, and exclusion of the
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Figure 3.2. Modeled agricultural area within the subbasin.



surrounding watersheds reduces the size of the model.
However, in modeling the valley bottom the surrounding
watershed areas are considered from the standpoint of
their surface and subsurface contributions to the valley
floors.

Model Components

A mathematical model which simulates a complex
system such as the hydrologic processes of a natural
watershed consists of a number of model components,
each of which describes a particular phenomenon. The
following is a brief description of the important com-
ponents of the model which are illustrated by Figure 3.1.

Precipitation

Precipitation is the original source of all inputs to a
hydrologic unit. Measurements of precipitation are re-
corded and published by the U.S. Weather Bureau. Such
records represent point measurements of precipitation and
the use of such data in the model requires converting the
data to an average over a specified area. The conversion
techniques commonly used include the Thiessen and
isohyetal methods. A modified isohyetal technique using
the normal isohyetal map was used to estimate average
precipitation for each subbasin.

Missing precipitation data are estimated by the
normal-ratio method (Paulus and Kohler, 1952) which
utilizes information from nearby stations as follows:

b oL
x 3
N N N —I
. _* R
P +N P +N_ P | - GD
a a b b c c
in which
X = the station with missing data
N = normal annual precipitation at each
station indicated
P = precipitation at each station indicated

over a desired period of time. Three
nearby stations are used in this example.

In the present study, precipitation was assumed to
occur in the form of rain or snow, and an air temperature
criterion was used to indicate the form of precipitation.
This index temperature was identified for each subbasin
through the model calibration procedure.

Snowmelt

Numerous theoretical and rational formulas have
been developed to calculate snowmelt based on various
factors, but all necessitate extensive data, and thus their
general use is restricted. For the large time increment used

in the present model of this study, an empirical relation-
ship presented by Riley et al. (1966) was considered
appropriate.

In this relationship the rate of melt is stated as being
proportional to an index of available energy and the
quantity of water stored as snow. Expressed in mathe-
matical form, the relationship is:

RI
-ks (Ta. - Tln) ﬁ— Ws ® - (3'3)
h
in which
ks constant
Rl = radiation index on a surface possessing a
known slope and aspect
Rl = radiation index for a horizontal surface
at the same latitude as the particular
watershed under study
T, = surface air temperature in degrees
Fahrenheit
Tm = assumed base temperature in degrees
Fahrenheit at which melt begins
W (1)= snow storage at time t in terms of water

equivalent

The ratio of the radiation indices in Equation 3.3
remains constant for a particular area. Thus, the two
constant terms can be combined to yield the snowmelt
coefficient:

RI

a
K =k == +. .« .. ....... (34
s 5 er G4

Substituting Equation 3.4 into Equation 3.3 and
solving the equation, the amount of snow storage at the
end of a particular time period can be expressed as:

W (1) = W_ (0) exp

I‘_Ks (Ta'Tm)} N ¢ )

in which W, (0) and W, (1) are the snow storage at the
beginning and end of the time period, respectively.

Temperature

Air temperature, T, , although not directly involved
with water quantities, is an important element for
hydrologic study. Air temperature is used as an indicator
to determine the form of precipitation and as a basic
parameter for calculating snowmelt and evapotranspira-
tion rates.

Temperature measurements are recorded and pub-
lished by the U.S. Weather Bureau. For the study area,
most temperature stations are located in the valley floor.



Temperature in the higher elevations was, therefore,
estimated by considering a lapse rate due to elevation
difference as:

T =T -L(El-EL) ... (3.6)
a a v
in which
Td = temperature in the higher elevations

T, = temperature in the valley floor

L = lapse rate, ©F/1000 feet
El, = elevation of the wvalley floor in
thousands of feet
El' = elevation of the higher land in
thousands of feet
Gaged Surface Inflow

A portion of the precipitation which falls upon the
land moves laterally both on the ground surface and
through the soil root zone until it reaches small channels.
When these channels reach a stream, they combine with
other flow components to form total streamflow.

Stream outflows, both computed and gaged, from
upstream subbasins, are treated as gaged inflows to
adjacent downstream subbasins. Within a subbasin, the
gaged streamflows that flow toward the modeled area also
are treated as gaged surface inflows to the model. Many
streams in the study area are gaged by the U.S. Geological
Survey, and recorded data were used for direct input to
the computer. The gaged surface inflow to a modeling
area is designated as Qgi.

Ungaged Surface Inflow

The remaining surface inflow consists of all ungaged
surface runoff toward the modeling area. This ungaged
inflow is estimated by a correlation procedure involving
gaged streamflow, rates of rainfall and snowmelt, and a
threshold rate for surface runoff. The relationship is
expressed as:

= S .. (37
ng KQ tK, (P +SM)+K, (3.7

in which

Qug = estimated rate of ungaged surface inflow

Qcor = measured rate of flow in a stream of
similar flow pattern

Pr = gaged rainfall rate

SM; = snowmelt rate which can be determined
by taking the difference of W; (1) and
W; (0) in Equation 3.5 for each time
increment

Ky = regression coefficient relating ungaged
surface inflow to gaged streamflow

Ky = regression coefficient relating ungaged
surface. inflow to rainfall and snowmelt
rates

K; = minimum base flow for ungaged surface
runoff

10.

Qcor in Equation 3.7 can be selected as the flow
either in a tributary of the subbasin being studied or in a
stream outside of the basin. The only criterion is that the
watershed of the selected stream exhibits the same general
runoff characteristics as the ungaged area being simulated.
The third term, K3, in the equation accounts for the
integrated effect of rainfall interception, initial infiltra-
tion, and groundwater effluent to the ungaged streams.

The total surface inflow to the modeling area is the
sum of the gaged and the ungaged components. Thus,

Qsizggi.l-ng' T

in which Qsi is the total surface inflow and the remaining
terms are as previously defined.

Groundwater Inflow

This quantity accounts for the subsurface inflow
from both the adjacent upstream subbasin and the
watershed area within the subbasin being studied. The
component from the watershed area within the subbasin is
estimated as a residual quantity and the routing character-
istics are established through the model calibration
procedure. Outflows from the adjacent upstream subbasin
already have been estimated. The total groundwater
inflow rate is designated by Qgy, Which is an ungaged
quantity.

Irrigation Diversions

During irrigation seasons, a large portion of the total
streamflow is diverted to irrigate crop lands. In addition,
water is often pumped from groundwater sources and
imported from other basins or subbasins to provide
sufficient irrigation water.

In the model, imports of water to the subbasin,
both from other subbasins in the drainage and from
outside the drainage basin, are treated as surface inflow
quantities. In cases where all or a part of the imported
water is applied to the land as irrigation, the imported
quantity is added to the in-subbasin stream diversions for
irrigation. Thus,

Wsd ch * W'il ........ ... (B9
in which

Wea = irrigation diversions from surface sup-
plies within the subbasin for use within
the area

Weqg = irrigation diversions from streams and
reservoirs within the subbasin for use
within the area

Wi = irrigation water imported to the sub-

basin for use within the subbasin

’
N
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Exports of water, Wy, from the subbasin, whether
for irrigation or municipal and industrial use, are treated
as separate surface outflow quantities.

The total water available for the irrigation of crop
lands within the modeled area is given by the expression:

A = + W .
Wvd \ch * Wii ! pi
= + W, ... (3.
WS q pi (3.10)
in which
Wqg = total diversions of irrigation water for
use within the subbasin

Wpi = pumped groundwater for irrigation

within the subbasin, and the other terms
are as previously defined

Municipal and Industrial Diversions

Total water used for municipal and industrial
purposes in a subbasin is, like the irrigation water, the
algebraic sum of diversions from streams, groundwater
pumping, and water that is imported for this purpose. In
mathematical form:

W ., =W _+W _+Ww. . ....3E1D
mi cmi prm imai
in which

Wni = total diversions of water for municipal
and industrial use within the subbasin

Wemi= municipal and industrial diversions from
streams and reservoirs within the sub-
basin for use within the area

Womi= groundwater pumped within the sub-
basin for municipal and industrial use
within the area

Wimi = water imported to the subbasin for

municipal and industrial use within the
area

If the terms representing diversions from streams
and reservoirs and from imports are combined into a
single term which represents diversions from surface
sources within the subbasin, Wi, Equation 3.11 be-
comes:

W . =W
mi

... .(312)

smi pmi °

Surface Return Flows

Canal diversions affect the time and spatial distribu-
tion of water within an irrigated area. A portion of this
diverted water is evaporated directly to the atmosphere, a
second part enters the soil profile through canal seepage
and infiltration on the irrigated lands, and the remainder
returns to the source as overland flow. Some of the water
which enters the soil profile is lost through plant
consumptive use. The remainder either percolates down-
ward to the groundwater basin or is intercepted by

11

drainage systems. Irrigation practices, therefore, alter the
distribution characteristics of a hydrologic system. The
irrigation efficiency factor used in this study includes
both the conveyance and application efficiencies. Thus,
multiplying total diversions by this factor provides an
estimate of that quantity of water which returns directly
to the stream as overland flow and/or interflow. This
composite irrigation efficiency factor is given by the
following expression:

W,
E{; P 100 —._—l—- . . . . (3.13)
W
o d
in which
Eff = water conveyance and application
efficiency in percent
W, = rate at which diverted water enters the
soil through seepage and infiltration
Wg = total diversion rate of irrigation water

for use within the subbasin

As already indicated, a portion of the water diverted
for irrigation returns to the streams as overland flow and
interflow. Overland flow (often termed tailwater) is
surface return flow or runoff from the end of the field
resulting from the application of water to the irrigated
land at rates exceeding the infiltration capacity of the soil.
Interflow is defined as that part of the soil water which
does not enter the groundwater basin, but rather which
moves largely in a lateral direction through the upper and
more porous portion of the soil profile until it enters a
surface or subsurface drainage channel. Both the overland
flow and the interflow return to the stream channels in
short distances and time consisting of usually only a few
days. The distribution of canal diversions within the
hydrologic system now can be expressed as follows:

Q= (1 - Eff/100) W, + N_. .. . .(3.14)
or
Q . .=(W.- WY+ N ... . (3.15)
r a 1 r
in which
Qi =  surface return flow which is defined as
being the total of overland flow (from
irrigation applications at rates exceeding
infiltration capacity rates) and interflow
rates
N = interflow rate

All other quantities have been previously defined
under Equation 3.13.

In model studies involving only the relatively flat
lands in the valley bottoms, and further, when a large time
increment, such as one month, is employed for the model,
it is unnecessary to distinguish between the two com-
ponents of surface runoff and interflow. Accordingly, in
this study no interflow, N;, is assumed to occur.

It is pointed out that evapotranspiration losses do
not appear as such in Equations 3.14 and 3.15. These



losses are, however, considered because they are ab-
stracted from the infiltration quantity represented by W;.
The evapotranspiration process will be further discussed in
a subsequent section.

Unlike agricultural water, much of the municipal
and industrial water which is not consumed is returned to
the streams by surface conveyance and does not enter the
groundwater system. In equation form, municipal and
industrial return flow can be expressed as:

Q =@ -BEf )W .. ... .. (16
in which
Qrmi = rate of municipal and industrial return

flow

municipal and industrial water use
efficiency which also is identified
through parameter optimization

Wmi is as defined in Equation 3.11.

Effm i~

The total surface return flow, Qg¢, thus, can be
expressed as "

Q =Q . +0Q e e e e e (3.17)
rt ri

Available Soil Moisture

The usual definition of available soil moisture
capacity is the difference between the field capacity and
the wilting point of the soil. Water within this range is
available for plant use, and is termed available soil
moisture. The field capacity is defined as the soil moisture
content after gravity drainage has occurred. Most of the
gravity water drains rapidly from the soil thus affording
plants little opportunity for its use. The wilting point
represents the soil moisture content when plants are no
longer able to abstract water in sufficient quantities to
meet their needs, and permanent wilting occurs. Available
soil moisture can be expressed in several units but in this
report it carries the unit of depth in inches.

Sources of available water. Basically, moisture in the
soil is derived from filtration, which is the passage of
water through the soil surface into the soil profile. The
water available for infiltration at the soil surface is derived
from three sources, namely, effective precipitation in the
form of rain, P;, snowmelt, SM;, and irrigation water,
W; . Because of the flat topography of the lands in the
valley bottoms, it is assumed that all water from rainfall
and melting snows on the land surface enter the soil
mantle through the infiltration process. In the case of
irrigated crops, the most important source of available soil
moisture is water which is diverted to the agriculture
lands. The rate at which water from this source enters the
soil profile through canal seepage and infiltration has been
designated as W;. Thus, the total water available for
infiltration into the soil, Wi; , can be written as:
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W =W HP sM ... . (313)

i T

in which all quantities are as previously defined.

Available soil moisture quantities. The maximum
quantity of water in a soil available for use by plants is a
function of the moisture holding capacity of the soil and
the average rooting depth or extraction pattern of the
plant.

The basic forces involved in the absorption of water
by plants are osmotic, imbibitional, metabolic, and
transpiration pull (Thorne and Peterson, 1954). These
forces basically define the soil moisture tension or “pull”
that must be exerted by the plant to remove water from
the soil. Of these forces the principal one is the osmotic
pressure created within plant root cells. Opposing these
forces are those exerted on the moisture by the soil
particles. The forces exerted by the plants vary with
different plants, soils, and climates, but the average
maximum force which plants can exert in obtaining
sufficient water for growth is approximately 15 atmos-
pheres of pressure. At field capacity where water is readily
available for plant use, the average soil moisture tension is
only about 0.1 atmosphere. However, the soil moisture
tension or “pull” plants exert in their quest for water is in
itself no indication of the amount of available water
contained by the soil. The actual amount of water held by
the soil at any given tension value is a function of the soil

type.

Determination of the soil depth effectively utilized
by a plant is based on the average rooting depth or the
average moisture extraction pattern. The soil moisture
available for extraction depends on the moisture holding
capacity of the soil and the extraction pattern. The
typical agriculture crop extracts 70 percent of its moisture
from the upper 50 percent of the soil penetrated by the
plant roots. Average or typical rooting depths for various
plants are reported by McCullock et al. (1967). Illustrative
depths include 4 to 6 feet for alfalfa, 4 feet for grains and
corn, and 2 to 3 feet for pasture. The average available soil
moisture capacity of the irrigated lands was estimated for
each subbasin.

Under normal circumstances, additions to available
soil moisture storage occur through the infiltration proc-
ess, Wji. Abstractions or depletions from available soil
moisture storage occur through evapotranspirational
losses, ET; , and deep percolation, DP; . The assumption is
made, however, that deep percolation does not occur until
the soil moisture capacity is reached. Thus, the soil
moisture storage existing at any time, t, can be stated:

- LR - D dt. . .(3.19)
M (t) = (W, - ET - DP_)

The processes of evapotranspiration and deep percolation
are discussed in the following sections.



Evapotranspiration

Blaney and Criddle (1950) developed a simple
formula for calculating evapotranspiration using tempera-
ture and daylight hours. This formula has been widely
applied in the arid western states of the country. The
equation is written as:

coefficient, K and a temperature coefficient, K¢. Ex-
pressed mathematically, it is:

The value of K; is obtained from an empirical
relationship depending on temperature and is expressed
as:

U=KF . ... .. .. .. ...... (3.20)
K = (0.0173 T -0.314) . .. ... (323)
in which =
U = monthly potential consumptive use Where T, is the mean monthly temperature in degrees
K = monthly coefficient which varies with Fahrenheit. The crop coefficient, K, is a function of crop
type of crop species and stage of growth. Values of K. are obtained
F = monthly consumptive use factor and is from crop growth stage coefficient curves such as the one
given by the following equation: shown in Figure 3.3 for dry beans. Similar K curves are
T P available for many agricultural crops (Soil Conservation
Fomo e e (3.21) Service, 1964).
100
in which The modification by Phelan (1962) of the Blaney-
T, = mean monthly air temperature in de- Criddle equation for estimating potential evaporation rate,
grees Fahrenheit ETp; , is expressed as:
P = monthly percentage of daylight hours of
the year —
T’LP
Phelan (1962) modified the Blaney-Criddle formula ET =KX, =55l - - (3.24)
by dividing the monthly coefficient, K, into a crop P
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Figure 3.3. Crop growth stage coefficient curve for dry beans.
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An additional coefficient, K, was introduced to account
for the effect of elevation on evapotranspiration as
suggested by Hargreaves (1973). Equation 3.24 then
becomes:

ET =K K KT P/1CO- - . « . . . (3.25)
pr a c t a

This equation was adopted for this study and was used to
estimate monthly potential evapotranspiration rates.

The actual evapotranspiration depends in part on
available moisture in the soil. Research at the U.S. Salinity
Laboratory in California (Gardner and Ehlig, 1963)
indicates that evapotranspiration occurs at the potential
rate through approximately two-thirds of the range of
available moisture in the root zone. When this point in the
available moisture range is reached, soil moisture becomes
a limiting factor, and thereafter, the actual evapotranspira-
tion rate lags the potential rate with a virtually linear
relationship between available soil moisture content and
evapotranspiration rate.

Based on this finding, Riley, Chadwick, and Bagley
(1966) expressed the actual evapotranspiration rate as:

ET =ET , whenM (t)2 M . .(326)
pr s es

r
and
M_(t)
®T = ET
* p¥ Mcs
when 0 <M (t) SM__ - - - - . (3.27)
S es
in which
ET: =  actual evapotranspiration rate
ETpr = potential evapotranspiration rate
Mes = limiting soil moisture content (measured
above wilting point) below which actual
evapotranspiration rate is less than the
potential evapotranspiration rate
Mg = soil moisture holding capacity measured
between the wilting point and the field
capacity
Mg(t)=  soil moisture in the root zone at any
time, t, measured above the wilting
point, and is given by
(t) = X C-ET )At . . .(328
Ms\i) /15(0) + (Wlt r) (328)
in which

M(0) = initial soil moisture measured above the
wilting point and the other terms are as
defined previously

For phreatophytes which grow mostly along stream
courses and on wet soils, the assumption was made that
the potential evapotranspiration rate always occurs. Thus,
evapotranspiration by phreatophytes is designated as
ETph.

Deep Percolation

The final independent term, DP, , of Equation 3.19
represents the rate of deep percolation. Percolation is
simply the movement of water through the soil. Deep
percolation is defined as water movement through the soil
from the plant root zone to the underlying groundwater
basin. The dominant potential forces causing water to
percolate downward from the plant root zone are gravity
and capillary. Water is removed quickly by gravity from a
saturated soil under normal drainage conditions. Thus, the
rate of deep percolation, DP; , is most rapid immediately
after irrigation when the gravity force dominates, and
decreases constantly, continuing at slower rates through
the unsaturated conditions. Because the capillary
potential applies through all moisture regimes, deep
percolation continues, though at low rates, even when the
moisture content of the soil is less than field capacity
(Willardson and Pope, 1963).

Because of lack of data in the study area regarding
deep percolation rates in the unsaturated state, and in
order to simplify the model, the assumption was made
that deep percolation occurs only when the available soil
moisture is at its capacity level. In most cases, this
assumption causes only slight deviation from prototype
conditions. Thus, for this model, the deep percolation rate
is expressed as:

DP =0, when M (t) = M ... .(329
T S cs

or
DP =(M (t) -M ) /at,
s C

o
when M (t) > M .. .(3.30)
s cs

in which M(t) is as previously defined and other terms
are

DP; =  rate of percolation

Mg = as defined in Equation 3.27

At = time increment

Net Groundwater Recharge

As already indicated, inflows to the groundwater
storage reservoir within a subbasin occur as percolation
from the agricultural lands, and as ungaged subsurface
inflows from both the watershed area within the subbasin
and the adjacent upstream subbasin. Thus, inflow rate to
the groundwater basin, Qgy, is given as follows:

ng = st + ng ....... (3.31)

in which
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Qg =  subsurface inflow rate to the modeled Assuming that a certain portion of the total
area from the watersheds within the  groundwater outflow joins the main stream as base flow,
subbasin this quantity is expressed as:

Qgo = subsurface inflow rate from the adjacent
upstream subbasin Qe beQ ga ... .(336)

The quantity Qg is further discussed in the next in which

section under the heading “Groundwater Outflows.” Qps =  baseflow
Subsurface inflows from the watershed areas within the Kpr =  base flow coefficient identified through

subbasin, Qg , are estimated by assuming that a certain
portion of the rainfall and snowmelt percolates into the
ground and that this percolated water is routed through
the subsurface soil according to a linear reservoir relation-
ship before it enters the groundwater storage. In mathe-
matical form, this recharge is expressed as:

the parameter optimization procedure.

The subsurface groundwater outflow component
(usually to the adjacent downstream subbasin), Qgo , is,
therefore, expressed as:

o) ... .(337)

go - an B Qbf‘

N =1 +(Q -1 EXP (<t/K ) . .(332)
S8 r 58 N 88 Surface Outflow
in which

Qg initial recharge rate to the groundwater The surface outflow from a subbasin is the flow

basin from the watershed areas remaining in the streams at the lower end of the subbasin.
t = time This quantity is composed of surface inflow to the
K¢ =  storage coefficient for subsurface rout-  subbasin which is not diverted, the return flow from

ing through the soil municipal, industrial, and agricultural uses, and the base
I; = rate of supply from percolation on the flow from groundwater. In equation form, the surface

watershed areas
I; is computed as follows:

outflow, Qqq , is expressed as follows:

I =G (P +8M) . cee 2 (333) O -G . 10 +0 40 -W
r v B so sl ri ‘rind Lf sd
in which
C; = a constant coefficient identified through SW 4+ W+ W -W + aAS . .(3.38)
the parameter optimization procedure smi 1 imi x
and the other terms are as defined previously,
The net recharge to the groundwater storage, Qgs,is  in which
thus expressed as: Q5o = surface outflows from the subbasin
Qi = surface inflows in streams
Q .=Q +DP -Q . -Q _....(334) Q =  irrigation overland and interflow
‘ gW * pi prod Qrmi =  municipal and industrial return flows
in which all terms are as previously defined. Qpf = base flow
Wsd surface diversions for irrigation
Groundwater Outflows Wemi=  municipal and industrial diversions from
surface supplies
The rate of outflow from the groundwater reservoir Wi imports for irrigation
is calculated by routing the net groundwater recharge, Wimi =  municipal and industrial imports
Qgf, in Equation 3.34 through a linear reservoir. In Wy = exports
equation form, this quantity is expressed as: AS =  change in surface storage within the
basin, with increases in surface storage
an = ng + (ano - ng) EXP (-’C/Kg) . .(3.39) here being assigned 4 negative value
in which Total Outflow
Qga total groundwater outflow including
groundwater effluent as base flow and If subbasins are selected such that there exists no
lateral groundwater outflow flow of subsurface watér past the gaged outflow point, the
Qgao =  initial total groundwater outflow hydrograph of total outflow, Qyc, is given by Equation
Kg = storage coefficient for the linear reser- 3.38. This situation is assumed to exist at reservoir sites
voir within the basin because of construction measures taken
t = time to eliminate subsurface flows under the dams which create

and Qg is as previously defined by Equation 3.34. the reservoir. For this reason, whenever possible, sub-
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basins are terminated at the outfall of a reservoir. These
sites thus enable a check to be made on groundwater
inflow rates to the subbasin as predicted from verification
studies involving models for one or more upstream
subbasins.

Where possible, the termination or outlet point of
subbasins is taken at a stream gaging station. However, it
is possible that groundwater flow occurs in the streambed
alluvium beneath the surface channel. For these basins,

16

the total system outflow can be written as:

t
in which

Qso
ng

Qozgsoi'ogo'

... .(339)

rate of surface outflow from the sub-
basin (Equation 3.38)

rate of subsurface or groundwater out-
flow from the subbasin (Equation 3.37)

N
~ 7



CHAPTER IV

COMPUTER IMPLEMENTATION

Electronic computers can be classified into three
main categories, analog, digital, and hybrid. The analog
computer consists basically of high-gain amplifiers used in
conjunction with simple resistor-capacitor circuits. In
addition, special devices, such as function multipliers,
function generators, diodes, and relays of various types
are used as auxiliary elements for simulation of more
complex systems. By connecting these devices through a
program “patch panel” so that the circuit equations have
the same mathematical form as the equations of the
problem, the prototype is simulated. Simulation of a
prototype system by using an analog computer has the
advantage that the dependent variables are treated in
continuous form, the computations are performed in
parallel, nonlinear functions can be handled easily, and
direct insight into the problem system can be gained by
the engineer.

In contrast to the analog computer, the digital
computer performs operations in a sequential manner, and
this does not have some of the advantages of analog
computer described above. However, the digital computer
is capable of “memorizing” coded instructions and numer-
ical data, and of performing logical operations and
decisions.

The hybrid computer combines the memory and
logic capabilities of the digital computer with the high
speed and nonlinear solution capabilities of the analog
computer. In addition, the high speed iterative solutions
and graphical display which are characteristic of the
hybrid computer provide close interaction between the
hydrologist and the simulation model. These features
make the hybrid computer a powerful tool in the
development and verification of simulation models. In the
present study, therefore, the EAI 590 hybrid computer
system available at the Utah Water Research Laboratory
was used to develop the initial model for the study area.

After the model had been wholly developed and
verified, it was converted into digital form for operation
on digital computers which are more generally available
than hybrid computers. The converted model consists of
three separate components, namely, a parameter optimiza-
tion submodel, a river basin management model, and a
component which represents the operation of Utah Lake.
Each of these model components, or a combination
thereof, is discussed in the following sections.
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The Parameter Optimization Submodel

Any mathematical model that simulates the
hydrology of a natural watershed contains a number of
parameters which require identification through model
calibration. An efficient approach to model calibration is
to incorporate an appropriate optimization technique into
the simulation model to determine the parameter vector
that provides the best objective function. In this study, a
direct search optimization method was incorporated into
the model, and two objective functions were selected to
provide the flexibility of calibrating the model by
emphasizing either the high flows or the low flows as
described in the following sections.

Basic Considerations

Optimization programs deal with the minimization
or maximization of an objective function subject to a set
of constraints. In general form, this operation is usually
stated as:

Hin, - - - - - X .. (41
min, f (Xl’ XZ' , 11) “4.1)
subject to a set of constraints, such as
G, (X, X,y - = -5, X ) by,
i=1, 2, - - - -, m
and
XZO’X’EO)""'—,XZO
1 2 n

However, the optimization procedure discussed here
does not optimize the use of water, but rather it identifies
those values of various model parameters which best
reproduce the observed historical streamflow functions.
The objective function for this optimization procedure is,
therefore, to minimize the simulation error, with the
constraints being the formulas used in the model for
simulating the hydrology and the restrictions on the
continuity of mass principles.

Objective Function

As mentioned previously, two objective functions
were included in the computer program to provide the
flexibility needed for calibrating the model by emphasiz-
ing either the high flows or the low flows. These two



objective functions are described separately as follows:
1. Emphasizing high flows:

n 12 2
2z p (Qso o) ad) 2
min 221 N=L N )
Q
gag
in which
Qg0 = simulated monthly surface outflow
Qgag = gaged monthly surface outflow
gag = mean gaged monthly surface outflow
n = number of years of simulation
N = number of months of simulation =12 n

The objective function of Equation 4.2 emphasizes
the high flows because the simulation error is measured by
the square of deviation which, for high flows, may be
small percentage-wise, but generally is large in magnitude
when compared to that of the low flows.

2. Empbhasizing low flows:

12

n
z z (Qso - Quag)/ang

S=1 N=1 ¢ )
N

min:

in which all terms are as previously defined.

This objective function emphasizes the low flows
because a small deviation during low flow periods may
constitute a large ratio for deviation versus gaged flow,
while a large deviation in high flows may constitute only a
small ratio.

Implementation

The parameters to be identified by the parameter
optimization model include the following:
Snowfall temperature
Snowmelt temperature
Soil moisture holding capacity
Limiting soil moisture for evapotranspiration
Coefficient for correlation streams in estimat-
ing ungaged inflows )
Subsurface storage coefficient
Groundwater storage coefficient
Snowmelt coefficient
Evapotranspiration coefficient

10. Irrigation efficiency

11. Municipal and industrial water use efficiency

12. Coefficient for rain and snowmelt in estimat-

ing ungaged inflow

13. Threshold for ungaged inflow correlation

14. Base flow coefficient, and

15. Infiltration coefficient
The procedures which are followed during the optimiza-
tion procedure are as follows:

1. Determine the range of values and the number
of increments for each parameter.
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2. Arbitrarily select a set of initial values for the
parameters, and use these values to simulate
the hydrology. Select as the objective func-
tion either Equation 4.2 or Equation 4.3, and
evaluate the objective function chosen on the
basis of the initial parameter values selected.
Tentatively store the value of the objective
function thus obtained as being the “best”
value.

3. Select the first parameter for examination.

4. Vary the value of the selected parameter over
the entire range while holding the remaining
parameters at their initial values. For each
change of the parameter value, the hydrology
is simulated and the objective function cal-
culated. This objective function is compared
with the best objective function stored in the
memory. The better of the two is then stored
in the memory together with its correspond-
ing parameter value.

5. Reset the parameter that has just been
examined to its initial value and select the
next parameter as the new parameter for
examination and repeat Step 4.

6. Steps 4 and 5 are repeated until all the
parameters are examined and the best value
for each parameter identified.

7. Use the best value identified for each para-
meter and operate the model to simulate the
hydrology and compute the objective func-
tion. Compare this objective function with the
best objective function in the storage and save
the better one together with its corresponding
parameter vector. This completes one phase of
the optimization.

8. Set the parameters selected in Step 7 as the
new initial parameters and repeat Steps 2
through 7 for second phase of the optimiza-
tion. The number of phases can be arbitrarily
preassigned but generally only two to three
phases are required. "

9. Arbitrarily select another set of parameters
and repeat Steps 1 through 8. This procedure
is repeated several times to ensure that the
optimal parameter vector obtained is reason-
ably close to the global optimal.

Table 4.1 shows an example of one phase of
optimization. The last column of the table indicates the
gradient of the objective function with respect to the
change in parameter value. This column is useful in
analyzing the sensitivity of the model in terms of the
influence of change in the model parameters on the
response function.

Appendix A shows a complete list of the computer
program for the parameter optimization submodel toget-
her with the necessary explanation for its application.

—~
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Table 4.1. Parameter optimization sample output.

Phase 1
PAR LVL PAR. V. OBJ GRAD

1 1 30.00 .02421

1 2 31.00 . 02465 . 00044243
1 3 32.00 .02469 . 00004151
1 4 33.00 . 02490 .00021237
1 5 34.00 .02521 . 00030635
2 1 24.00 .02163

2 2 25.00 . 02283 .00122253
2 3 26,00 . 02469 .00183722
2 4 27.00 . 02549 .00080181
2 5 28,00 .02618 .00068536
3 1 8.00 . 02528

3 2 9.00 . 02498 -.00030399
3 3 10.00 . 02459 -. 00028772
3 4 11.00 . 02441 -. 00027815
3 5 12.00 . 02406 -. 00035038
4 1 4,00 . 02469

4 2 5.00 . 02487 .00017751
4 3 6. 00 . . 02502 .00013689
5 1 .02 .01792

5 2 .03 .01871 .07888676
5 3 .04 .02010 . 13916715
5 4 .05 .02209 . 19945058
5 5 .06 . 02469 . 25973135
5 6 .07 .02789 .32001215
5 7 .08 .03169 . 38029408
5 8 .09 . 03610 . 44057673
5 9 .10 .04111 . 50085937
6 1 . 80 . 02469

6 2 . 90 . 02449 -.00201363
6 3 1,00 . 02429 -.00194668
7 1 1.40 .02615

7 2 1. 60 . 02469 -.00731933
7 3 1. 80 . 02345 -. 00620297
7 4 2.00 .02240 -.00524893
8 1 .15 . 02507

8 2 .16 . 02493 -.01356936
8 3 .17 . 02481 -.01257136
8 4 .18 . 02469 -.01164264
8 5 .19 . 02456 -.01078173
8 6 .20 . 02448 -. 00998899

19



Calibration of the Model

The parameter optimization program is applied to a
specific river basin by dividing it into subbasins, usually
based on the locations of stream gaging stations. Figure
4.1 shows the Upper Jordan River drainage and the
subdivision into which it was divided for this study. The
relatively high resolution adopted for the Provo River
basin was used because of the emphasis of this study on
that basin. After calibration of the model, some of the
subbasins in the Provo River basin were again divided into
smaller units to correspond to selected points of interest
along the river channel, as shown in Figure 4.2. The
parameter values for each of these smaller units were
assumed to be the same as those of the subbasin
containing the unit. Table 4.2 shows the results of
parameter optimization for each subbasin. The period of
record used for the optimization procedure was 1964
through 1967.

SUBBASINS FOR PARAMETER
OPTIMIZATION !
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In applying the parameter optimization program for
model calibration, change in resérvoir storage was treated
as equivalent gaged streamflows. An increase in storage
was treated as a negative inflow and a decrease as a
positive inflow to the subbasin containing the reservoir.
Precipitation and evaporation were treated as a positive
and negative inflow, respectively, to the subbasin.

Testing of Calibration Results

After the model parameters were identified for each
subbasin, the model was tested for the 20 year period
1950 to 1969. Land use conditions for 1965 were
assumed to apply throughout the entire test period (Hyatt
et al., 1968). Figures 4.3 through 4.5 represent some of
the results of this test and show comparisons between
simulated and observed hydrographs for the Provo River
at different locations for the period 1950 to 1953. As
indicated by these figures, generally good agreement was
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Figure 4.1. Division of the Upper Jordan River basin for parameter optimization.
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achieved between observed and simulated flows. However,
as shown by Figures 4.3 and 4.4, the model was not able
to duplicate the exceptionally high recorded outflows at
these stations for May 1952. These high runoff rates were
generated by a short period of high temperatures
accompanied by rain on a snowpack. The relatively short
period of high temperature conditions was not reflected in
the average monthly temperature used as input informa-
tion to the model. For this reason, the response of the
model was somewhat different from that of the real-world
system. In this case, improved agreement between ob-
served and simulated output functions at this particular
point in time could be achieved by incorporating in-
creased temporal resolution into the model.

The River Basin Management Submodel

The river basin management model, using the
optimized parameters, simulates the hydrologic responses

SUBBASINS FOR MANAGEMENT
STUDIES

UPPER JORDAN DRAINAGE AREA

-~
~" -
R

of the system being modeled to various water manage-
ment alternatives. The model simulates, or generates,
streamflow rates at different locations along the stream of
interest. System processes incorporated into the mode}
include evapotranspiration and return flow from agricul-
tural land, soil moisture variations, reservoir storages,
groundwater effluents, and other important phenomena in
the hydrologic system. The model also is capable of sizing
reservoirs on the basis of different water management
patterns, subject to various water right constraints.

Basically, the model consists of the mathematical
equations developed in Chapter III linked by the equation
of continuity. In addition, necessary logic routines are
included in the model to provide the flexibility of
studying the effects of different water management
alternatives subject to various constraints. Some im-
portant management principles included in the model are
described in the following sections and a complete list of
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Figure 4.2. Division of the Upper Jordan River basin for management.
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Table 4.2. Results of parameter optimization.

. Areas Areas
PARAMETER Francis 2 & 3 4,586 Area 7
Snowfall Temperature 40,00 32.00 35.00 37.00
Snowmelt Temperature 30. 00 26,00 25.00 33.00
Soil Moisture Holding 6. 00 10. 00 5.00 8.00
Capacity
Critical Soil Moisture 4,00 4,00 3.00 6.00
Ungaged Stream Corre- . 28 .06 .01 . 84
lation Coefficient
Soil Storage Coefficient . 20 80 1. 00 1.00
Groundwater Storage .40 1. 60 3.50 1.00
Coefficient
Snowmelt Coefficient .12 . 18 . 18 .10
Consumptive Use 1. 00 1.10 1. 24 1.20
Coefficient
Irrigation Efficiency .30 .50 . 60 .50
M & I Efficiency . 80 . 80 .90 . 80
Coefficient of Rain Plus . 04 .02 .01 .01
Snowmelt for Ungaged
Flow
Threshold for Ungaged .12 . 20 .03 .02
Flow Correlation
Base Flow Coefficient .40 .40 .32 .20
Infiltration Coefficient .02 .05 .01 .01
Initial Soil Moisture 4,00 4,00 2.00 4,00
Initial Base and Ground- 4,00 2.00 2.00 2.00
water Outflow A
Initial Watershed 3.00 2.00 2.00 2.00
Recharge

the computer program for the model is given in Ap-
pendices B and C, together with the necessary explana-
tions for its application.

Important Management Principles

1. Irrigation Diversions. Better management of
water within a river basin often can be accomplished
through improved management techniques. The computer

program provides two alternative ways of determining
irrigation diversions for the modeled area.

The first alternative is to calculate irrigation diver-
sions on the basis of available soil moisture and crop
consumption in such a way that the soil moisture is
maintained within the range between the critical soil
moisture level, Mgg, and the soil moisture holding
capacity, Mg . In equation form, this diversion is ex-
pressed as follows:

—~
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Figure 4.3. Computed and observed monthly streamflow from Francis Subbasin, 1950 - 1953.
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Figure 4.4. Computed and observed monthly streamflow from Area 2-3 Subbasin, 1950 - 1953.
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Figure 4.5. Computed and observed monthly streamflow from Area 4, 5, 6 Subbasin, 1950 - 1953.

ET =P _+SM_+ (W,) Eff
r r d

pr
or
ETP_’-'_
= —— - B X
Wo=g (P_+SM ) (44)
ff
in which
Wag = total irrigation water for the subbasin
ETp; = crop potential evapotranspiration
Eee = irrigation efficiency
P, = rainfall
SM; = snowmelt

If Equation 3.10 is introduced into Equation 4.4, the
expression becomes:

: + Wii) ..... 4.5)

(P +SM_+ W
r T p
in which the additional terms are
Wed = irrigation diversions from surface sup-
plies within the subbasin

Wi = irrigation imports
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All of the above terms are previously defined in Chapter
III. If export waters for irrigation use are diverted from
surface supplies within the subbasin, this quantity, Wy;,
must be added to W.q to obtain the total irrigation
diversions from surface supplies within the subbasin under
consideration.

The second alternative is to calculate the irrigation
diversion separately on the basis of irrigation requirement
and water right constraints and input the resulting
quantities to the model.

2. Municipal and Industrial Diversions. If municipal
and industrial diversions and the corresponding efficiency
of use factor are obtained, these values need to be input
to the computer program. In simulating the responses
associated with future water management priorities, the
anticipated municipal and industrial diversions need to be
estimated separately and input to the model.

3. Reservoir Management. Reservoirs are con-
structed for various purposes which include flood control,
recreation, supplying water to new users, storing high
flows for low-flow augmentation, and saving water which
otherwise would be lost from the system during periods of
high flow and low usage. The reservoir management
routine incorporated into this program allows simulation
of existing or proposed reservoir operations, including



releases for downstream water rights and storage of
exchange waters imported from outside basins.

Inflows to a reservoir consist of the outflow from
the subbasin immediately upstream from the reservoir and
the precipitation which falls directly on the reservoir.
Outflows from a reservoir consist of releases and spills to
the downstream channel, diversions from the reservoir
above the dam, and evaporation from the reservoir
surface. In the reservoir operating routine of the model,
the minimum reservoir release is specified for each month
on the basis of downstream water rights. This amount is
released from the reservoir and an examination is made to
determine whether this release is sufficient to meet all
downstream requirements. If a water deficiency is found,
the release is adjusted upward to meet the requirement,
providing sufficient water is available in the reservoir. In
high flow seasons, inflows to the reservoir may be so large
as to cause the reservoir storage to exceed the maximum
capacity. In this case, additional water is released from the
reservoir in order to bring the reservoir storage down to its
specified maximum capacity.

Under conditions when the reservoir storage ap-
proaches the minimum level, it is possible that stored
water quantities are not sufficient to meet both the
downstream requirements and the allowable diversions
above the dam. Under this situation, it is assumed that the
available storage is used to meet prior rights to the extent
possible.

4. Multiple Reservoir System. When there are two
or more reservoirs on a system, the management alterna-
tives increase. In the program developed under this study,
the operation of a sequence of reservoirs can be simulated
over a wide range of management alternatives. As in the
case of single reservoir, desirable flows at points below the
reservoirs can be assigned and the reservoir releases
adjusted to meet the requirement. In addition, a desirable
storage for each reservoir can be specified for each month
of the year, and the reservoir system operated in such a
way that, within limits imposed by available water
supplies, values in each reservoir are maintained at or
above the desirable level. Maintaining a reservoir at or
above a desirable storage enhances recreation opportu-
nities and water quality.

Figure 4.6 illustrates the manner in which the
desired storage and desired streamflow criteria are im-
plemented for a two reservoir system. The system
described is the Provo River basin with the proposed
Jordanelle Reservoir in operation.

Under conditions when storage levels in downstream
reservoirs are equal to or above minimum desired values,
the system model holds excess water in the most upstream
reservoir. When the storage in any reservoir drops below
its desired level, water is released from the closest
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Figure 4.6. Illustration of a two reservoir system.

upstream reservoir to raise the storage to the desired level.
If necessary, this process is continued in a sequential
procedure through other reservoirs in the upstream
direction. When all reservoirs drop below desired storage
levels, available active storage is held at the highest
reservoir possible on the stream system.

5. Desired Streamflow. Maintaining a minimum
streamflow requires at least one reservoir on the system.
The specified desired streamflow is designed to maintain
streamflows below a reservoir above a specified level so
that minimum fisheries, recreation, and other water
requirements are satisfied.

In the model operation, the simulated outflow from
a subbasin is compared with the specified desirable flow.
When the simulated outflow is less than the desirable
flow, additional necessary releases are made from one or
more of the upstream reservoirs.



Application

The river basin management model is a powerful
tool for studying both existing and proposed water
development systems within a river basin. In the case of
this study, the usefulness of the model was demonstrated
by assuming various development alternatives for the
Provo River basin, as shown in Table 4.3. Run 1 of this
table was designed to provide information on the degree
to which the present system of storages and diversions on
the river meet the water demands under the conditions of
full development of the Provo River Project. The results
of this run provide an indication of the water shortages
that might be experienced under these conditions, and the
expected demands on the Central Utah Project are thus
identified.

Runs 2 through 8 were designed to investigate the
effect of the Central Utah Project on the Provo River
system under different management alternatives. Among
the important elements studied in these runs are the
following:

1.  The proper size of the proposed Jordanelle
Reservoir as affected by various water man-
agement alternatives as indicated by Column
2.

2.  The impacts of various project demands on
the system, especially on the size of the
Jordanelle Reservoir, as indicated by Columns
3,4, and 6.

3. The influence of- water right constraints as
indicated by Column 7.

4.  The feasibility of supplying a minimum flow
for fishery and recreation as indicated by
Column 8.

5.  The effect of the proposed water right trans-
fer from the Olmstead Power Plant to the
Central Utah Project.

The input data used in these management runs
consisted basically of historical temperature, precipita-
tion, canal diversions, and gaged streamflows for the
period from 1929 to 1969. Other inputs to the model
included imported water quantities from the Weber and

the Duchesne River basins, and the demands of various
projects both within and outside of the Provo River basin.
These data were obtained from a separate study made by
the Bureau of Reclamation.

As was mentioned at the beginning of this report,
the main objective of this study was to construct a
generally applicable simulation model which is capable of
predicting the responses of water resources development
systems under a wide range of management alternatives,
rather than to conduct an in-depth management study for
a particular area. Available data, such as future project
demands, used in the management runs discussed previ-
ously, are tentative and subject to changes. Therefore, the
results of the computer runs set out by Table 4.3 are not
included in this report. It is emphasized, however, that the
simulation model applied well for each of these runs, and
it is expected that the model will apply equally as well for
a wide range of management studies in other river basins.

The Combined Utah Lake
Operation Model

There are certain specific problems associated with
the operation of Utah Lake in the system under investiga-
tion. These specific problems include:

1.  The effects of the diking of the Provo and
Goshen Bays on the operation of Utah Lake,
including:

a.  Storage quantities in the proposed
Jordanelle Reservoir. For example, dik-
ing will reduce the surface area of Utah
Lake and thus presumably reduce
evaporation losses from the lake. These
evaporation savings might be exchanged
for Provo River water which would be
stored in the proposed Jordanelle Reser-
voir.

b.  The water quality of Utah Lake.

2. The constraints imposed on the system by the
Utah Lake compromise level.

To provide a simulation model with sufficient
flexibility to answer these kinds of questions, the river
basin management model was combined with the Utah
Lake operation model developed by the Central Utah
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Table 4.3. Development alternatives for the Provo River Basin.

JORDANELLE RESERVOIR DEER CREEK RESERVOIR OTHER CONSTRAINTS
RUN Head of Provo
Storage Utah County Salt Lake River storage Storage Salt Lake | Bypass Flow Fishery [Olmstead
thousand acre-feef M&I1 County M&I stabilized? (thousand acre-feet)| City M&I Diversion
Initial: 0 Initial: 150.0 Natural Flow up to
1 Desirable: 0 o 0 no Desirable: 61,700 Plus 38, 300 none 429 cfs
Initial: 350.0{ Central Utah | Central Utah Initial: 150.0
2 Desi.rable: 170.0 Project Project Desirable: 70.0| 61,700
Maximum:  350.0 requirement |requirement yes Maximum: 150, 0| acre-feet none
Minimum: 3,0 Minimum: 2.8
Initial: 350.0/ Central Utah |[Central Utah Initial: 150.0 50 cfs
3 Desirable: 170.0 Project Project yes Desirable: 120.0{ 61,700 Jordanelle none
Maximum: 1, 000.0] requirement |requirement Maximum: 150. 0] acre-feet Irrigation Reservoir
Minimum: 3.0 Minimum: 2.8 Season to
Initial: 350.0 Central Utah Initial: 150.0 Natural Flow | Deer Creek
4 Desirable: 170.0 10, 000 af/yr Px:oject yes Desi‘rable: 70.0 61,700 Plus 38,300 Reservoir none
Maximum: 350.0 requirement Maximum: 150.0[ acre-feet acre-feet
Minimum; 3.0 Minimum: 2.8 60 cfs
Initial: 350.0f Central Utah|Central Utah Initial: 150.0| | 7TTTTTTTTTTT Deer Creek
5 Desirable: 170.0 Project Project Desirable: 70.0{ 61,700 Non- Reservoir
Maximum: 350.0| requirement [requirement yes Maximum: 150. 0] acre-feet Irrigation to pone
Minimum: 3.0 Minimum: 2.8 Season Murdock
Initial: 350.0| Central Utah|Central Utah Initial: 150.0 Fishery Canal
6 Desirable: 170.0) Project Project no Desirable: 70.0| 61,700 Only none
Maximum: 350.0| requirement [requirement Maximum: 150. 0| acre-feet
Minimums: 3,0 Minimum: 2.8
Initial: 350.0 Central Utah Initial: 150.0
7 Desirable: 170.0 Winter Project yes Desirable: 70.0| 61,700 none
Maximum: 350.0 Demand requirement Maximum: 150. 0| acre-feet
Minimum: 3,0 Minimum: 2.8
Initial: 350.d Central Utah Initial: 150. 0 . Above Plus
Desirable: 170.0 Project Desirable: 70.0 1,700 25 cfs
8 Maximum: 350.4 20,000 af/yr requirement yes Maximum: 150. 0] acre-feet Murdock to none
Minimum: 3.0 Minimum: 2.8 Utah Lake




Project Office of the Bureau of Reclamation to form the
combined Utah Lake operation model.

In applying this combined model, the hydrology of
the drainage just upstream from Utah Lake is simulated
by the river basin management model, which is now a
submodel of the combined model. The simulated results
are carried over to the Utah Lake operation model, which
is also a subroutine of the combined model, to simulate
the operation of the lake. The river basin management
model has been described previously in this report. The
Utah Lake operation model was developed in a separate
study by the Bureau’s Central Utah Project Office and the
documentation is available from that office. The detailed
description of this model, therefore, will not be repeated
here. However, a complete list of the computer program
for the combined model is given in Appendix D, together
with the necessary explanations for its application. In
addition, some elements which are unique to the com-
bined model are discussed in the following paragraphs.

Lake Evaporation
In the river basin management model, the modified
Blaney-Criddle equation (Phelan, 1962) was used to
estimate evaporation from reservoir surfaces. The adop-
tion of this equation was considered appropriate on the
basis of available data and the relative importance in the
7

Lake Evaporaporation, E, { Simulated)
(inches/ month )
'S
1

water budget of evaporation from upstream reservoirs,
such as Deer Creek and Jordanelle Reservoirs. In the case
of Utah Lake, however, the situation is different. The lake
has an area of 96,000 acres with an average depth of only
9 feet at the compromise level. The inflow to the lake
from all sources is rather moderate and is estimated at
600,000 acre-feet annually (USBR, 1964). Because of the
moderate water yield of the basin and the large area of the
lake, a small error in estimating the depth of evaporation
will cause a large departure of the simulated hydrology
from its actual magnitude. A more sophisticated and
accurate method for estimating evaporation from the lake
was, therefore, considered necessary and an effort was
made to derive an evaporation equation based on the
theories of mass transfer and energy budget as described
in Appendix E. The resulting equation was applied to
estimate the lake evaporation for the period of 1962
through 1969 in which the necessary data were available.
A water budget analysis of the lake during that period
indicated that the computed evaporation approximated
well the actual evaporation. To extend the method to the
period for which sufficient data, particularly solar radia-
tion, are.not available, the computed lake evaporation was
correlated to the pan evaporation data available at the
Lehi station near the lake. Figure 4.7 shows the resulting
relationship and this relationship then was used to
estimate lake evaporation in the simulation model.

E_=3.2177 +2.9786 SIN @ + 0.6271 COS ©
0= "o Ep - W,

D.F. = 88
R? = 0.98
M.D.= 0.624 x10 inches
AM.D.= 0.27 inches
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] 6 7
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W
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Pan Evaporation, Ep (at Lehi) (inches/month)

Figure 4.7. Lake and pan evaporation relationship, Utah Lake.
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Water Quality

In studying the variation of water quality in Utah
Lake. it was considered most important, at the present
stage of study, to analyze the budget of total dissolved
solids (or the lake. To estimate the flow of dissolved solids
to the lake, an attempt was made to correlate the total
dissolved solids (t.d.s.) content to water flow rates on an
individual stream basis. Unfortunately, the attempt was
not successful because of the limited salinity data avail-
able. The number of data points were so limited and the

plotting position of these points was so dispersed that no
conclusive relationships could be established between the
dissolved solids concentration and the flow rate. There-
fore, in the management studies conducted to this point,
the assumption was made that the total dissolved solids
concentration in the streams does not change appreciably
from year to year and for each stream an average
concentration was calculated for each month of the year
based on the available data. Table 4.4 shows the resulting
values. These values were used in the preliminary manage-
ment studies conducted under this project.

Table 4.4. Total dissolved solids content, in ppm, of the various inflows to Utah Lake.

Month
Source Oct. | Nov. | Dec. | Jan. | Feb, | Mar.| Apr. | May |June [July | Aug. | Sept.
Provo River L .
288.0 281.0 361.9 210.1|247.5|284.37| 295.2| 293.3
Inflow
Other Surface
593,2 >
Inflow 795.3 93.2
Gr(;znﬂtiv‘;/vater 851. 0
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CHAPTER V

SUMMARY AND CONCLUSIONS

In this report, a generally applicable computer
simulation model is proposed which simulates the
hydrologic responses of a water resource system to various
management alternatives. Under the study reported here
the model was applied to the Upper Jordan River
drainage. In total the model consists of three separate
components, each of which is capable of functioning as a
separate entity, or model, but which comprise submodels
of the overall model proposed. These three components
are: (1) the parameter optimization model; (2) the river
basin management model; and (3) the Utah Lake opera-
tion model. The first two submodels are general in nature
and can be applied directly to any river basin. The third
submodel, the Utah Lake operation model, was developed
specifically to simulate the operation of Utah Lake, but
with minor modifications still can be applied to other
locations. '

In applying the model to the study area, the area
was divided into several subbasins on the basis of available
data and desired degree of spatial resolution. For each
subbasin the model parameters were identified by apply-
ing the parameter optimization submodel. The identified
parameter values were tested by simulating subbasin
outflows for a 20 year period. As indicated by Figures 4.3
to 4.5, good agreement was achieved between observed
and simulated outflows for the entire test period. The
river basin management model was used to simulate the
hydrology of the river basin for various water manage-
ment alternatives. The major processes simulated by this
model include streamflows at different locations along the
stream of interest, evapotranspiration and return flows
from agricultural land, soil moisture variations, reservoir
storages and releases, and groundwater effluents. To
simulate the operation of Utah Lake, the hydrology for
the area above the lake was simulated by means of the
river basin management model and the results were carried
over to the Utah Lake operation model developed by the
Bureauw’s Central Utah Project Office. The resulting
so-called combined Utah Lake operation model thus has
the river basin management model and the Bureau’s Utah
Lake operation model as its two component submodels.
The combined model also is capable of simulating the
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variation of total dissolved solids in Utah Lake as affected
by selected water resources management alternatives.

In general, the model developed under this project
applied to the study area and produced meaningful
predictions for the management alternatives used to test
the model. It is expected that the model will function
equally well over a wide range of management alternatives
in any river basin to which it is applied. However, it is
important to realize that any hydrologic simulation
model, while providing much insight and understanding
for the system under investigation, is also subject to
certain limitations. For the particular model under discus-
sion, the major limitations are:

1. A large time increment of one month was
used for this model. This time increment
generally is adequate for water supply studies,
but is not suitable for analyses of
phenomenon, such as flood flows, for which
daily or even hourly variations are needed.

2. The model is deterministic in nature and the
management studies made have been based on
the historical records. The development of
such a model was desirable because it is
relatively easy to manipulate and it is capable
of providing average information regarding the
system. This kind of information is useful in
investigating plans for the proper management
for the system. However, it is necessary to
realize that all hydrologic processes contain a
strong stochastic element, and a historical
record is no more than a particular realization
of these processes over a limited time period.

3. The only water quality aspect considered in
this model was the total dissolved solids
content in the Utah Lake and its tributary
inflows. Rather crude approximations of
monthly salinity levels were developed for
surface and groundwater flows. In order to
improve and expand this aspect of the model,
additional salinity data are needed so that
predictive functions might be established for
various water quality parameters.
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APPENDIX A
PARAMETER OPTIMIZATION MODEL

The Parameter Optimization Model was designed to
be general in nature and not tied to a particular time
sequence or specific units of input. The program pre-
sented is based on input and output for each month of the
water year. The program is easily converted to a calendar
year by changing the output titles and using data arranged

on cards for the calendar year. The sample input is based .

on the water year so that the first month data on each
card is for October.

The program was designed for use on the EAI 590
hybrid computer. The program presented is completely
digital and contains logic statement peculiar to this
computer. For example, the program makes use of sense
switches which would have to be changed to “If” tests on
many digital computers. The flow charts for this program
indicate the intended logic of such controls.

A dummy scale area, ASCL, must be input when a
subbasin does not contain agricultural area. The
magnitude of ASCL must be chosen so the output will not
overflow or underflow the output format. There must be
at least one phreatophyte area within each subbasin.

Water which is imported to a subbasin can be
treated as an import or a gaged inflow. When water is
imported for
municipal and industrial use it should be handled as
VAR(5) or VAR(6). Such water will be designated to
those uses and will only enter the stream as return flow.

direct application to agricultural or -
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Water which is imported to the stream should be treated
as a gage inflow to the subbasin. Irrigation or municipal
and industrial water is exported by diverting the water in
VAR(7) and VAR(8), respectively, and then exporting the
water under VAR(11) and VAR(12).

The program has the ability to optimize the
parameters or simulate the hydrology for a set of fixed
parameters. This option is designated to aid the operator
in parameter selection. The program is limited to a
four-year study only by the dimensions of DVAR.

Cards outlined in the input data layout under I and
IT are total river basin data, the remainder of the cards
apply to particular subbasins within the river basin. The
sample input is for the Francis subbasin of the Provo
River. Extra cards have been added which refer to the
order outlined in the input data layout and should not be
confused with actual input. The sample data and sample
output are for the parameter calibration option. Not all of
the VAR(L) data are shown due to the amount of card
input for this subbasin.

The output from the program is in inches of water
over the agricultural area. The sense switches allow the
additional output of the results in acre feet.

The program listing and flow charts should be
referred to simultaneously when questions arise about the
logic within the program.



I. Basic Data

Col Identifier
Card 1-40 BSNM

1 41-45 NVR
46-50 NPR
51-55 NYR
56-60 INN
61-65 I0UT
66-70 NITX

II. Total Basin
Card 1-4
Vo5

45-48
49-52
53-56

77-80

Card 1-4

21-24
25-28
29-32

Format (10A

Data
OTL(1)
OTL(2)

OTL(12)
OTL(13)
OTL(14)

OTL(20)

INPUT DATA LAYOUT

The river basin name

Number of variables;
corresponds to number
of VAR(L) in Table A-1

Number of parameters;
corresponds to number
of PR(L) in Table A-1

Number of year to be
studied by the program

Input device indicator;
i.e., tape or cards

Output device indicator;
i.e., print or record
on tape

Maximum number of
iterations in loop inwolv-
ing the calculation of
soil moisture

4, 815)

Output title for VAR(1)
Output title for VAR(2)

Output title for VAR(12)
Output title for SIM(1)
Output title for SIM(2)

Output title for SIM(8)

Format (20 A4)

OTL(21)
OTL(22)

OTL(26)
OTL(27)
OTL(28)

Output title for SIM(9)
Output title for SIM(10)

Output title for SIM(14)
Output title for VAR(13)
Output title for SIM(15)

Format (20 A4)

The abbreviations used in the input and corres-
ponding output refer to the definitions of the VAR(L)'s

and SIM(L)'s given in Table A-1 and Table A-2, respec-
tively. The plus and minus sign on the abbreviations
indicate gains or losses to the system.

Card 1-5 DLH(!) Fraction daylight hours
3 for month 1
6-10 DLH(2) Fraction daylight hours

for month 2

56-60 DLH(12) Fraction daylight hours
for month 12

61-65 NCR Number of crop evapo-
transpirations to be
simulated, see Table A-2

66-70 NPH Number of phreatophyte
evapotranspirations to
be simulated, see Table
A-2

71-75 INPH Indicates which objec-

tive function to use (0

or 1)

0 - will use Equation
4.3 and emphasize
low flows

1 - will use Equation
4.2 and emphasize
high flows

Format (12 F5.3, 4I5)

Card 1-10 Crop identification
4 11-15 CCR(1,1) ko for crop 1 month 1
16-20 CCR(1,2) kc for crop 1 month 2

66-70 CCR(1,12) k. for crop 1 month 12
Format (10X, 12F5. 2)

This format is repeated for Crop 2, 3, ... NCR.
(For kc see Equation 3, 18.)

Card 1-10 Phreatophyte identification

5 11-15 CPH(1, 1) k, for phreatophyte 1

month 1

16-20 CPH(1, 2) k. for phreatophyte 1
month 2

66-70 CPH(1,12) k_ for phreatophyte 1
month 2

-~
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Format (10X, 12F5. 2) Card 1-10 APH(1) Acres of phreatophyte 1

This format is repeated for phreatophyte 2, 3, 3 11-20 APH(2) Acres of phreatophyte 2
... NPH, . .
III. Choose to Simulate the Hydrology or Optimize . .
the Parameters APH(NPH) Acres of phreatophyte
NPH
C 4 - i imu-
o d [boP 0 - Program ":;u simu 10 col TAPH Total phreatophyte
late the hydrology acres (sum of APH's)
for a single set of
10 col ASCL A dummy scaling area

parameters for NYR > -
ears for subbasin with no
1 }; 111 opti crop area (necessary
- rogram W1 Op 1- when IDCR - 0)

mize the parameters 10. 0
based on NYR years Format (8F10.0)

of data If IDOP = 0 input model parameter cards here
Format (2014) (Card 2 of VI).
- i f
IV. Subbasin Data Ca:d -4 NST(L EIXEI()IE;‘ of stations o
Card 1-20 SBNM Subbasin name 5-8 NST(2) Number of stations of
1 VAR(2)

21-30 AGAG Gaged area of the sub- . .

basin in acres (does not . .

include agricultural . :
area) NST(NVR) Number of stations of

VAR (NVR)
31-40 AUNG Ungaged area of the sub-

Format (20I4)
VAR's given in Table A-1

basin in acres (does not
include agricultural

area) Card 21-30 CONV(3) Converstion factor for
45 IDCR 0 - Indicates no crop 5 VAR(3)
land within subbasin 31-40 CONV(4) Converstion factor for
1 - Indicates crop land : VAR (4).
within subbasin . .

46-50 ADMS Tolerance desired in
the calculation of soil .
moisture, ADMS is in CONV(NVR) Conversion factor for
inches of water VAR(NVR)

51-60 ACOR Drainage area of the 10 col CAF Conversion of acre-feet
stream used for un- to inches of water over
gaged flow correlation, the agricultural acres
in acres or scaling area

61-65 TMP1 Temperature adjustment

in degrees Fahrenheit Format (8F10. 6)

used iIn snowmelt calcu- where:

lation for the ungaged CONV(L) Converts the units of
area; a positive number VAR(L) to inches of
for decrease (see water over the agri-
Equation 3. 6) cultural area. I VAR(L)
Format (5A4, 2F10. 0, I5, F'5, 3, F10.0, F5. 1) isg;;cre-feet, CONV(L)
DCR = i -
1 IDCR = 0, Skip Card 2 CAF = 12/TACR if IDCR = 1
CAF = 12/ASCL if IDCR = 0
Card 1-5 CWT(1,1) Weight factor to apply to
Ca;d 1-10 ACR(1) Acres of crop 1 . temperature station 1
11-20  ACR(2) Acres of crop 2 6-10  CWT(l,2) Weight factor to apply to
temperature station 2
ACR(NCR) Acres of crop NCR ) CWT(1, Weight factor to apply
10 col TACR Total crop acres (sum NST[1]) to temperature station
of ACR's) NST(1)
Format (8F10.0) Format (16F5. 3)
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Card 1-5 CWT(2,1) Weight factor to apply
7 to precipitation stationl
6-10 CWT(2,2) Weight factor to apply

to precipitation station 2

CWT(2, Weight factor to apply
NST[2]) to precipitation station
NST(2)

Format (16F5. 3)
For this study CWT(2,N's) come from Equation
3.2, but the program allows for any weighting factor
to be input.

V. Observed Data

Card 1-5 LYRO
1 410 SNOW

Starting year of data

Initial snow storage in
inches of water

Format (I5, F5.0)

Card 9-14 CORS(1, 1) Correlation streamflow
2 year 1 month 1
15-20 CORS(1, 2) Correlation streamflow

year 1 month 2

75-80 CORS(1, 12) Correlation streamflow
year 1 month 12

Format ( 8%, -3P12F6.1)

This format is repeated for year 2, 3, ...NYR.
The input format is for CORS in thousands acre-feet.

Card 4 IFMT(1) Read format indicator
3 for VAR(1)

8 IFMT(2) Read format indicator
for VAR(2)

4 (NVR) IFMT Read format indicator
(NVR) for VAR(NVR)

Format (20I4)

Input a 1 to 5 depending on which format on the
next card, Card 4 is appropriate. (See flow chart
for IPOD)

Card 1-16 FMT1
4

A specific input format

17-32 FMT2

A specific input format

65-80 FMT5 A specific input format

Format (5[4A4])

Card

The VAR(L) of Table A-1 are input at this point,
according to the formats specified on Cards 3 and 4.
For example, with IFMT(2) = 3 the program will read
all stations of VAR(2) according to FMT3. Card 4 of
IV specifies the number of stations for each variable.

Each card must contain twelve monthly values
and all stations of each VAR(L) must be punched with
the same format and in the same units.,

Starting with VAR (1) the data for year 1 to NYR
are input in ascending yearly order for station 1.
This is followed by NYR years of data for station 2,
3, ... NST(1). The ordering of the stations is not
important because they are summed to form DVAR.
Data for VAR(2), VAR(3), ..., VAR(NVR) are then
input in the same manner.

The VAR(L) data are input by year, station,
then variable. If any NST(L) = 0, that variable is
skipped. The sample input should make the ordering
clear.

If IDOP = 0, do not input remaining cards

VI, Parameter Input

Card 1-4 NPHS Number of phases of the
1 optimization to be run
(generally 3 or 4)

Format (2014)

Card 1-5 PRO(1) Initial value of PR(1)

2 6-10 PRO(2) Initial value of PR(2)
PRO(NPR) Initial value of PR (NPR)
Format (16F5, 2)
Card 1-4 NLV(1) Number of increments
3 for PR(I)

5-8 NLV(2) Number of increments

for PR (2)

. .
. .

NLV(NPR) Number of increments
for PR(NPR)

Format (2014)

If NLV(L) = 0 or 1, no Card 4 is to be input for
that parameter and it is therefore not optimized.

Card One card for each parameter with NLV(L) > 1,
4 input in ascending order.

6-10 PRL(L) Low level of PR(L)
7-15 PRH(L) High level or PR(L)
Format (5X, 2F5. 2)

The step size for each parameter during optimi-
zation is calculated as:
PRH(L) - PRI(L)
NLV(L)

N
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Table Al. Definition of variables and parameters. Table A2. Definition of variables and parameters.
L Variables Parameters Equation L Simulated Quantities Equation
1| Mean monthly Snowfall tempera- | Chapter 3 1 | Not used
temperature ture Precipia-
tion Sect. 2 [Snow storage 3.5 Wg(t)
2 Tota} r.non.thly Snowmelt tempera-| 3.3 3 | Snowmelt rate 3.5 W4(0) - Wg(l)
precipitation ture T
3| Gaged surface Soil moisture hold-| 3,27 4 | Phreatophyte evapo- 3.25 ETpr
inflow ing capacity Mcs transpiration
4| Gaged or estinmq Critical soil 3.27 5 |Crop evapotrans- 3.26,27 ET,
ted groundwater || moisture Mesg piration
inflow
- 6 [ Soil moisture 3.19  Mg(t)
5|Irrigation Ungaged stream 3.7
Import c‘o?relation coef- Ky 7 | Deep percolation 3.29,30 DP,
ficient
6(M & I Import Subsurface storage 3.33 8 Ungaged surface 3.7 Qug
s inflow
coefficient Kgg
Ret fl 3.15,16 it Qrms
7| Irrigation surface || Groundwater storage | 3. 35 9 |Return flow > Ori rmi
flow diversions || coefficient Kg 10 | Base flow 3.36  Quy
8| M & I surface Snowmelt coeffi- 3.4
flow diversions || cient Kg 11 | Water deficit SIM(14) - VAR(14)
9 |Irrigation Consumptive use 3,25 12 | Total outflow 3.39 Q4
pumpage coefficient K,
13 | Groundwater outflow 3.37 ng
10 | M & I pumpage Irrigation effi- 3.13 -
ciency Eff 14 | Surface outflow 3.38 Qg
1 g“gazmn M1 efficiency 3';6 15 | Deviation from ob- VAR(13) - SIM(14)
Xpor Effmi served surface out-
12 | M &I export Coefficient of rain |3.7 flow
plus snowmelt for | K
ungaged flow
13 | Gaged surface Threshold for sur- | 3.7
outflow face runoff K3
14 |Minimum stream || Base flow coeffi- 3.36
flow cient Kpf
15 Infiltration 3.33
coefficient Cy
16 Initial soil 3.28
moisture Mg (0)
17 Initial base and 3.35
groundwater out- Qgao
flow
18 Initial watershed 3.32
recharge ng
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MAIN PROGRAM

O

READY

A Pause

\

I CARD 1
Basic
Data

BSNM,NYR

TBDTA

IIT CARD 1
IDOP

"'

SET SSW A

&3 Pause

& Pause

STOP

TBDTA

II CARD 1 & 2
Output Titles

II CARD 3
(DLH(K) ,K=1,12),
NCR,NPH, INPH

DLH(K),
K=1,12

rn CARD 4
Crop
Coefficients

Crop
Coefficients

\~._ﬂ—"/”_-—

\
DO

IP= 1,NP

!
( II CARD 5

Phreatophyte
Coefficients

Phreatophyte
Coefficients

RETURN
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SBDTA

ENTER

SUB-BASIN
DATA

ﬁ) Pause

IV Card 1

IDCR , ADMS,
ACOR, TMP1

SBNM, AGAG,
AUNG, ACOR,
IDCR

v Card 2
(ACR(IC),IC=1

SBNM, AGAG, AUNG,

NCR) , TACR

(ACR(1IC),IC=1

TACR=0 INCR) , TACR

WCR(K)=0.

WCR (K)=WCR ()
+CCR(IC,K)
*ACR(IC) /TACR|

WCR(K) ,K=1,12

e

TV CARD 3
(APH(IP)

1P=1,NPH},
TAPH,ASCL

CAPH(ID),
1P=1,NPH),
TAPH

39

WCR(K)=0.

WPH (K) =WPH (K)
+CPH(IP,K)*
APH(IP) /TAPH

NPR

IV GARD 2
PR(JJ) ,JJ=1,

NPR

( IV CARD 4
NST(L),L=1,
NVR

NST (L) ,L=1,

IV CARD 6
CWr (1,M) ,M=1,
NST (1)

CWE (1,M) ,M=1,
NST(1)

1V CARD 7
CWT(2,M),
M=1,NST(2)

]

CWT (2,M)
M=1,NST(2)

RETURN

PR(JJ),JI=1,




V CARD 1

V CARD 2
CORS(J,K),
K=1,12

K]

K=1,12

h

V CARD 3
IFMT (L) ,L=1
NVR

f

V CARD 4
Five Input
Formats

DO
L=1,NVR

DO
J=1,NYR

DO
K=1,12

DVAR(L,J,K)
=0

V CARD 5

VAR(K) ,K=1,12
Using FMT1

2 p———

V CARD 5

CORS(J,K), |—

VAR(K) ,K=1,12
Using FMT2

3
V CARD 5

VAR(K) ,K=1,12
Using FMT3

N

VAR(K) ,K=1,12

CARD 5 |

Using FMT4

5
(U CARD 5
VAR(K) ,K=1,12

Using FMT5

DVAR(L,J,K)=
DVAR(L,J,K)
+CONV (L)
*VAR(K)

DVAR(L,J,K)=
DVAR(L,J,K)
+CWT (L ,M)
*VAR (K)

e i,

RETURN
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OPTM

OPTIMIZATION
—

VI CARD 1
NPHS

V1 CARD 2
PRO(JT) ,.1J=1,
NPR

(VT CARD 3 .

NLV(JJ) ,dJ=1,
NPR

PRL(JJ)=PRO(JJ)
PRH(JJ)=PRO(JJ)

& Pause

VI CARD 4
PRL(1J),
PRH (JJ)

Y

NLV(JJ)=1 j

BVC(JJ)=PRO(JJ)
BLV(JJ)=PRO(JJ)

(]

L—{PR(JJ)=PRO(JJ)

HYSM

OBJA=0BJ

GRAD=(0BJ-
0OBJO) /DPR

JJ ,KK,PR(JI),
OBJ, GRAD

OBJB=0BJ
BLV(JJ)=PR(JJ)

|

0BJO=0BJ

Yes

0BJ>0BJA

’,

No

OBJA=0BJ

1o

BVC(JJJ)=
PR(JJJ)

—

PR(JJ)=PR(JJ)
+DPR

¥

PR(JJ)=PRO(JJ)

0BJB=9999.
PR(JJ)=PRL(JJ)
FLV=NLV(JJ)
DPR=(PRH(JJ) -
PRL(JJ)) /FLV

NLVL=NLV (JJ)-+1

PR{JJJ)=
BLV(JJJ)

HYSM

JJ,KK,PR(JJ),
0BJ

Yes

OBJ>OJy -"

No

BVC (JJJ)=
PR(JII)

PRO(JJJ)=
BVC(JJJ)

1

PR(JIT)=
BVC (1JJ)

(]

IDOP=0

HysM

OBJA=0BJ

(]

IDOP=1

41

SET SSW C FOR
NEW VEC%OR

RETURN




HYSM

®

PR16=PR(16)
MS1=PR16 TSRD1=TSRD1
GBO=PR(17) +SRD1
RCO=PR(18) TSRD2=TSRD2
SNO=SNOW +SRD2
SNO1=SNOW
TSRD1=0.
TSRD2=0. -
TVAR=0.
FYR=NYR
% DF=12%FYR
TSRD1=TSRD1
/DF
XBR2=TVAR/DF
DF=DF-2
TSRD2=TSRD2
/ (XBR22*DF)
AVAR(L)=0 '
bo OBJ=TSRD1
L=1,15
ASIM(L)=0 No
SRD1=0 Yes
SRD2=0
LYR=LYRO+J-1 OBJ=TRSD2
AVAR(1)=AVAR(1)/12.
XBR1=AVAR(13)/12.
TVAR=TVAR+
AVAR(13)

RETURN

Output
Simulation
Results in

Qutput
Simulation
Results in
Acre

Feet

42

)

[
¥

O]
N



SIMH

&

SIM(1,K)=0.

(]

Compute Snow
Storage and
Melt for
Simulated Area

]

Compute Snow
Storage and

SIM(5,K)=ETP
*MS1/PR(4)

No
Yes
SIM(5,K)=ETP

£

MS=PR16+DAG
-SIM(5,K)

No SIM(7,K)=MS

-PR(3
SIM(7,K)=0 M_s=1£R)( 3)
| S —
DMS=ABS (MS

NITR=NITR+1
MS1=[PR(16)
+MS]/2

SIM(6,K)=MS
PR16=SIM(6,K)

Calculate
DIN, SK,DIC

Call ROUT

RCO=DOUT

(]

Calculate
DIN, SK,DIC

Melt for
Ungaged Area
Calculate
Phreatophyte
Evapotrans=
piration
Yes
No \
Calculate ETP=0
ETP,DTIR, DTIR=0
DAG DAG=0
Calculate
DTMI
Yes
No
Calculate Calculate
return £low return flow
Ag . tM&I from M&I
ASCL=TACR
Calculate
Ungaged Surface
Inflow
ves| SIM(7,K)=0
IDCR=0 STH(6,K)=0 | ——
SIM(5,K)=0
No
NITR=1

Call ROUT

GBO=DOUT

]

43

Calculate
Remaining
SIM Values

IM(14,K)

> DVAR(14,
J,K) SIM(11,K)
No =0
Calculate
SIM(11,K)

-

DO
L=1,NVR

AVAR(L)=
AVAR (L)
+DVAR(L, J,K)

ASTM(L)=
ASTM(L)
+SIM(L,K)

v

Calculate
SRD1, SRD2

RETURN
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PARAMETER OPTIMIZATION
PROGRAM LISTING

c PARAMETER OPTIMIZATION FOR HYDROLOGIC SIMULATION MODEL ==MPOP
COMMON/BLKS/ ASIM(15),AVAR(14),CCR(14,12),CONV(14),
1CORS(4,12),CPH(5,12),CKT(2,5),0DLH(12),0VAR(14,4,12)/BLK2/FNT{(4),
2'"72(4) FMTatl),FM74(431FM75<4) IFMT(14),NST(14),0TL(28),PR(18),
sann(1e), SBNM(5),SIM(15,12),VAR(12),
AWCR(12) ,WPH(12)
COMMON/BLK3I/ACOR, ADMS ,AGAG,ASCL, AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GBO,
11DCR, IDOP,INN, IOUT,LYRO,MS{,NCR,NITX,NPH,NPR, NVR,NYR,
go?dﬁzca,sx,suo.swow,snot,suwt,snox,saoa. TACR, TAPH, TMP{,PR1S
’
REAL MS$y
DIMENSION BSNM(12)
TYPE 209
288 FORMAT(SHREADY/)
ocT 25000
c INPUT BASIC DATA
READ(6,300) (BSNM(I),Is!,18),NVR,NPR,NYR,INN,IOUT,NITX
390 FORMAT(104A4,815)
WRITE(IOUT,2081) (BSNM(I),Im1,1@),NYR
201 FORMAT(1H1,10A4,5X,5HNYR »,12//)
CALL TBDTA
2 READ(INN,381) IDOP
391 FORMAT(2014)
c INPUT SUB=BASIN DATA
CALL S$BDTA
CALL IPOD
1F(IDOP,EQ,1) GO TO 3
glLL HYS"(G)
4

CALL OPTM
TYPE 1292
1202 FORMAT(1OH SET S8W A/)
ocT 258
¢ IF _SSW A ON, REPEAT SUB=BASIN OPERATION
0CT 823600
I .6
I .2
oCT 25000
STOP
END
c SUBROUTINE FOR TOTAL BASIN DATA
SUBROUTINE TBDTA
COMMON/BLK1/ ASIM(15) AVAR(14),CCR(14,12),CONV(14),

1CORS(4,12),CPH(5,12),CWT(2,5),0LH(12),0VAR(14,4,12)/BLK2/FNTL(4),
2FMT2(4)  FMTI(4) ,FMT4(4) ,FMT5(4), IPMT(14),NST(14),0TL(28),PR(18),

-

-~

o

3PRO(18), 8BNM(5),8IM(15,12),VAR(12),
4WCR(12) ,WPH(12)
COMMON/BLK3/ACOR, ADMS, AGAG, ASCL, AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GEQ,
11DCR, IDOP, INN, IOUT,LYRO,M81,NCR,NITX,NPH,NPR, NVR,NYR,
20BJ,RCO, 8K, SNO, SNOW, SNOY,8NW1,SRDY,8RD2, TACR, TAPH, TMP1,PR16
3, INPH
REAL MS}1

< READ OUTPUT TITLES

READCINN,382) (OTL(II),Il=},28)
302 FORMAT(20A4)
c INPUT DAY=LIGHT HOURS AND NUMBER OF CROPS AND PHREATOPHYTES
READ CINN,303) (DLH(K),K=1,12) ,NCR,NPH,INPH
383 PORMAT(12F5,3,4185)
WRITE{IOUT,203) (DLH(K),Ks1,12)
203 FORMAT(25H FRACTION DAY=LIGHT HOURS/12F6,3//)
IF(NCR,EG,B) GO TO 9
4 INPUT CROP COEFFICIENTS
WRITE(10UT,204)
204 FORMAT(18H CROP COEFFICIENTS)
00 8 ICwi,NCR
READ (INN,304) (CCRCIC,K),Ks1,12)
304 FORMAT(10%X,12F5,2)
WRITE(IOUT,285) (CCRCIC,K),K=1,12)
205 FORMAT(12F5,2)

o

INPUT PHREATOPHYTE COEFFICIENT
WRITE(I0UT,206)

206 FORMAT(//26H PHREATOPHYTE COEFFICIENTS)

1

207

Jes

208

306
209

-
-

210

1013
211
c

212

1306
213
18
3306
218
3a7
216
c

1327

217

PES

DO 1@ IPa;y,NPY

READ(INN,3@4) (CPH(IP,K),Kui,12)

WRITE CIOUT,205) (CPH(IP,K),Ks1,12)

RETURN

END

SUBROUTINE FOR SUB=BASIN DATA

SUBROUTINE SBDTA

COMMON/BLKL/ ASIM(15),AVAR(14),CCR(14,12),CONV(14),
ICORS(4,32),CPH(5,12),CWT(2,5),0LH(12),DVAR(14,4,12)/BLK2/FMTLI(4),
2FMT2(4) JFMTY(4) ,FMTA(4) ,FMT5(4) , IFMT(14) ,NST(14),0TL(28),PR(18),
3PRO(18), SBNM(5),8IM(15,12),VAR(12),
4WCR (12, WPH(12)
COMMON/BLK3/ACOR, ADMS, AGAG,ASCL, AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GBO,
110CR, 100P, INN, IOUT,LYRO,M81,NCR,NITX,NPH,NPR, NYR,NYR,
§OBJ,RCO,SK,SNO,SNON,!NOI,SNHl.SRDt;SRDZ, TACR,TAPH, TMP{,PR16
» INPH

REAL MS1

DIMENSION ACR(14),APH(7)

TYPE 207

FORMAT (15H SUB=BASIN DATA/)

OCT 26000

READCINN,308) (SBNM(IB),IBwy,3),AGAG,AUNG,IDCR,
FORMAT (544,2F16,0, I5,F5,3,F10.9,F5,1)
WRITE(IOUT,208) (SBNM(1B),IBs={,3),AGAG,ALUNG,ACOR,IDCR
FORMAT({H),5A4/,2X6HAGAG =,F108,8,2X6HAUNG =,F10,8,2X6HACOR =,F108,0
1,2X6HIDCR »,12)

IF (10CR,EG,2) GO YO {2

READ (INN,306) (ACRCIC),IC=1,NCR),TACR

FORMAT {8F10,0)

WRITE(IOUT,209) (ACR(IC),ICsy,NCR),TACR

FORMAT(11H CROP AREAS/(8F12,0))

COMPUTE WEIGHTED CROP COEFFICIENT

00 11 Ksi,12

WCR(K)w@,

DO §1 IC®:1,NCR

WCR(K)BWCR(K)+CCR{IC,K)*ACRCIC)/TACR

WRITE(IOUT,210) (WCR(K),K=®{,12)

FORMAT (//26H WEIGHTED CROP COEFFICIENT/12F6,2)

J 21013

TACRuD,

READ (INN,308) (APK(IP),IPmi,NPH),TAPH,ASCL

WRITE(IOUT,211) C(APH(IP),IPwi,NPH),TAPH

FORMAT(//19H PHREATOPHYTE AREAS/8F10,0)

COMPUTE WEIGHTED PHREATOPHYTE COEFFICIENT

DO 13 Key,12

WPH(K)uD,

DO 13 IPsi,NPH

WPH(K) WWPH(K)#CPH(IP,K)#APH (IP) /TAPH

WRITE(I0UT,212) (WPH(K),Ks§,12)

FORMAT (//34H WEIGHTED PHREATOPHYTE COEFFICIENT/12F6,2)
IF(IDOP,EQ,1) GO TO 15

INPUT MODEL PARAMETERS

READCINN,1386) (PR(JJ),JJmy,NPR)

FORMAT (16F5,2)

WRITE(IOUT,213) (PR(JJ),JJui,NPR)

FORMAT(//{7H PARAMETER VALUES/(8F8,2))

READ (INN,3306) (NST(L),Lm1,NVR)

FORMAT (2014)

WRITE (IOUT,285) (NST(L),Lui,NVR)

FORMAT (//37H NUMBER OF STATIONS FOR EACH VARIABLE/161%5)
READCINN,387) (CONV(L),Ls1,NVR),CAF

FORMAT (8F18,8)

WRITE(I0UT,216) (CONV(L),Lu{,NVR}

FORMAT (//19H CONVERSION FACTORS/(8F18,6))

INPUT STATION WEIGHT FOR TEMPERATURE AND PRECIPITATION
NST{aNST(1)

READ(INN,1307) (CWT(1,M),Ma1,NST1)

FORMAT (16F5,3)

WRITE(IOUT,217) (CWT(1,M),M81,NSTY)

FORMAT (//32H STATION WEIGHTS FOR TEMPERATURE/IX,12F5,3)
NST2aNST(2)

ADMS,ACOR, TMPY

CJ W O )

o~

o



READ CINN,1387) (CWT(2,M),May,NST2Y
WRITE(IOUT,218) (CWT(2,M),M81,NST2)

218 FORMAT(//34H STATION WEIGHTS FOR PRECIPITATION/{X,12F5,3)

36

oo
o

200

38
100
201

c
[+
1399

310

32

Sy

3
34
3

o

3

37
3

39
49

RETURN

END

SUBROUTINE TO INPUT OBSERVED DATA

SUBROUTINE IPOD

COMMON/BLKY/ ASIM(15),AVARC(14),CCR(14,12),C0NV(14),
1CORS(4,12),CPH(S,12),CHT(2,5),DLH(12) ,DVARC14,4,12)/BLK2/FMTLC4),
2FMT2(4),FMTI(4),FUTA(4) ,FMT5(4), IFMT(14),NST(14),0TL (28),PR(18),
3PROC18), SBNM(5),8IM(15,12),VAR(12),
4WCR(12) ,HPH(12)

COMMON/BLK3/ACOR,ADMS, AGAG,ASCL, AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GBD,
1IDCR, I00P,INN,IOUT,LYRO,M81,NCR,NITX,NPH,NPR, NVR,NYR,
ZOBdPZCO,SK +SNO, SNOW, SNO!.SNN!,SRD!;SRD?, TACR, TAPH,TMP!,PR!S

3,1

REAL M8}

READ (INN,389) LYRO,SNOW

FORMAT(13,F5,8)

INPUT CORRELATION STREAMFLOW

WRITE (10UT,200)

FORMAT(//17H CORR, STREAMFLOW)

DO 31 Jsi,NYR

READ (INN,18@) (CORS(J,K),Kai,12)
HRITE(IOUT,2@1) (CORS(J,K),Ks1,12)
FORMAT (8X, =3P 12F6, 1)

FORMAT (1X,=3P{2F6.1)

INPUT DATA FORMAT INDICATOR AND FORMAT
READ(INN,1309) (IFMT(L),Ls{,NVR)
FORMAT (2014)
READ(INN,31@) (FMTI(L1), Liwl,4), (FMT2CL2),L28,4),(FMTI(LI),L3n8,4
1), (FMTA(LA) LAa®1,4), (FMTS(LE) ,L581,4)
PURMAT(S!AAI)J
DO 32 Lmi,NVR
Do 32 J-s,NvR
DO 32 Ksy,12
OVAR(L,J,K) =0,
DO 48 Lwi,NVR
NSTNENST(L)
IF(NSTN,EQ,8) GO TO 4¢
LFMTaIFMT(L)
DO 42 Mmy,NSTN
D0 48 Jsi,NYR
GO 7O (33,34,35,36,37),LFMT
READCINN,FMT1) (VAR(K),Ks1,12)
J .38
g!ADt!NN,FHTZ) (VAR(K) ,Km1,12)
238
READ (INN,FMT3) (VAR(K),Ks1,12)
J .38
§EAD(§:N,FH14) (VAR(K) K=§,12)
.
READ (INN,FMTS) (VAR(K),K®3,12)
COMPUTE AVERAGE OR TOTAL MONTHLY DATA
D0 40 Kny,12
IF(L,LE,2) GO TO 39
3VlﬂthéJ.K)-DVAR(L,JrK)tCONV(L)'VAR(K)

DVARCL,J
CONTINUE
RETURN
END
PARAMETER OPTIMIZATION SUBROUTINE

SUBROUTINE OPTHM

COMMON/BLKY/ ASIM(15),AVAR(14),CCR(14,12),CONV(14),
iCORS8(4,12),CPH(5,12),CHT(2,5),DLH(12),0VAR(14,4,12)/BLK2/FMTL(4),
2FMT2(4)  FMTI(4) ,FMTA(4) FMTS (), IFMT(14),N8T(14),0T| (28),PR(18),
3PRO(18), SBNM(5),5IM(15,12),VAR(12),
AWCR(12),WPH(12)
COMMON/BLK3/ACQOR, ADMS, AGAG,ASCL ) AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GBO,
11DCR, IDOP, INN,IOUT,LYRO, M8} ,NCR,NITX,NPH,NPR, NYR,NYR,

1KISDVAR(L, 3, K)+CHT (L, M) «VAR(K)

c

20BJ,RCA,8K,SNO, SNOW,SNOY ,SNW1,8RD1,SRD2,  TACR,TAPH,TMPi,PR16
3, INPH
REAL MS1
DIMENSION BLV(18),BVC(18),NLV(18),PRH(18),PRL(18)
16 TYPE 219
219 FORMAT(13H OPTIMIZATION/)
0CT 25000
ASSIGN NO, OF PHASES
READ[INN,2387) NPHS
INPUT INITIAL VECTOR
READ (INN,1307) (PRO(JJY,JJs1,NPR)
1307 FORMAT(16F5,2)
WRITE(IOUT,220) (SBNM(IB),IBx=i,5)
220 FORMAT(iH1,5A44//)
INPUT OPTIMIZATION INDICATOR
READ (INN,2307) (NLV(JJ),JJ=1,NPR)
2327 FORMAT(2014)
WRITE(IQUT,221)
221 FORMAT(80H PARAMETER RANGE,NO, OF INCREMENTS AND INITIAL VECTOR'//
13X2HJJ, SXIHPRL , SX3HPRH, 3XIHNLY , 6X3HPRO)
INPUT PARAMETER RANGE
DO 19 JJm=yi,NPR
IF(NLY(JJ).GT.4) GO TO 17
PRL(JJ)sPRO(JI)
PRH (JJ)sPRO(JJ)
NLV(JJ)mt
J 418
17 READ(INN,308) PRL(JJ) ,PRH(JJ)
308 FORMAT(5X,2F5,2)
18 WRITE(I0UT,222) JJ,PRL(JJ)PRHCJIII ,NLVEIS),PROCIT)
222 FORMAT(I5,2F8,2,15,F18,2)
INITIALIZE OPTIMAL VECTOR
BYC(JJ)sPRO(JJ)
BLV(JJ)=PRO(JJ)
SET PARAMETER TO INITIAL VALUE
19 PRJJ)IWPROCII)
INITIALIZE OBJECTIVE FUNCTION
CALL HYSM(@)
08JAs0BJ
REPEAT OPTIMIZATION PROCEDURE FOR EAGH PHASE
D0 3@ I1Iwy{,NPHS
WRITE(IOUT,223) II
223 FORMAT(1W1,SHPHASE,13//10H PAR LVL,3X,7HPAR, V,,7X,3H08J,16%,4HE
{RAD)
OPTIMIZE EACH PARAMETER
DO 25 JJ=1,NPR
IF(NLV(JJ),LE,1) GD TO 25
0BJB#9999,
PR(JJ)SPRL (JJ)
FLYSNLV(JJ)
OPRe (PRH(JJ)=PRL (JJ)) /FLY
SEARCH FOR EVERY LEVEL
NLVLENLV(JJ) +¢
DO 24 KKsi,NLVL
CALL HYSM (J)
IF(KK,EQ,1) GO TO 20
GRAD= (0BJ=0BJO) /DPR
WRITE (10UT,224) JJ,KK,PR(JJ},0BJ,GRAD
224 FORMAT(215,F10,2,F10,.5,5%,F15,8)
J «21
20 WRITE(I0UT,224) JJ,KK,PR(JJ),08J
21 IF(08J,.G7,0B8JB) GO TO 22
0BJBw0BJ
BLV(JJ)WPR(JJ)
22 0BJORDBY
IF(0BJ,GT,0BJA) GO TO 24
0BJAROBJ
DO 23 JJJ=1,NPR
23 BVC(JJJJ'PRtJJJ)
24 PR(JJ)#PR(JJ)+DPR
PR(JJ)sPRO(JJ)
25 CONTINUE
00 26 JJJsy,NPR
26 PR{JJJ)EBLV(JIN)



9

27
28
223

©

3
228

-

1068
2068

CALL HYSM (@)
1F (0BJ.GT,08JA) GO TO 28
D0 27 JJJI={,NPR
BVC (JJJ)®PR(JIT)
WRITE(10UT,225) (BVC(JJJ),JJJnt,NPR)
FORMAT (1M1 ,344THE OPTIMAL FACTORS ARE AS FOLLOWS/(8F8,2))
DO 29 JJJ=y,NPR
PRO(JJI)RBVC (JID)
PR(JJJISBVC (JIJ)
SET IDOP TO @ TO PRINT OUT SIMULATION RESULTS
100Ps@
CALL HYSM (@)
0BJANOBY
SEY IDOP BACK TO § YO PROCEED FOR ANOTHER PHASE OF OPTIMIZATION
1D0Psy
CONTINUE
TYPE 226
FORMAT (25H SET S8W C FOR NEW VECTOR/)
ocT 25000
OCT 223400
o31
I .16
RETURN
END
HYDROLOGIC SBIMULATION SUBROUTINE
SUBROUTINE HYSM (JJ)

COMMON/BLK1/ ASIM(15) ,AVAR(14),CCR(14,12),CONV(14),

1CORS(4,12),CPH(5,12),CNT(2,5),DLH{12) ,OVAR(14,4,12)/BLK2/FNT1(4),

2FMTR2(4) ,FMT3I(4) ) FMT4(4) ,FMTE(4), IFMT(14),NST(34),0TL(28),PR(18),
3PRO(18), SBNM(S),8IM(15,12),VAR(12),
4WCR(12) WPH(12)

COMMON/BLK3/ACOR, ADM8, AGAG, ASCL , AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GB0,

11DCR, IDOP, INN,I0UT,LYRO,M81,NCR,NITX,NPH,NPR, NVR,NYR,
20BJ,RCO,8K,8ND, SNOW, SNOY, SNW1,SRD1,8RD2, TACR,TAPH,TMP{,PR16S
3, INPH

REAL MS1

PR16sPR(16)

MSiaPRi6

GBOsPR(17)

RCOsPR(18)

SNOsSNOW

SNO{sSNOW

TSRD1s0,

TSRD2w0,

TVARsQ,

REPEAY SIMULATION PROCEDURE FOR EACH YEAR
D0 86 Jsi,NYR

00 1768 Lay,NVR

AVAR(L)sS,

DO 2068 L»1,15

ASIM(L)®0,

SRD3 =g,

SRD2m0,

LYRSLYRO+J={

SIMULATE MONTHLY HYDROLOGY

CALL SIMH(J)

AVAR(1)sAVAR(1) /12,

ANNUAL STANDARD DEVIATION AND COEFFICIENT OF VARIATION
XBRi= (AVAR(13)/12,)

TYARSTVARAVAR(LY)

IF(IDOP,EG,1) GO TO 85

OUT=PUT SIMULATION RESULT

WRITE(IOUT,228) (SBNM{1B),1Bmsy,S),LYR

228 FORMAT(1H1,5A4,15/)

WRITE(IOUT,229)

229 FORMAT(70M VAR ocT NOY DEC JAN

1 FEB HAR)
00 69 L=1,12

69 WRITE(IOUT,232) OTL(L),(DVAR(L,J,K),Kn1,6)
232 FORMAT(6X,Ad,7F10,3)

00 79 L=2,14

e
S

70

234

?

-

7

n

1238
c

7

(]

IS

7
23

Pr

78
234

4

~

7

7

10
L]

o

236
87

LisLe12
WRITE(10UT,230)
WRITE (I0UT,23n)
HRITE(I0UT,230)
WRITE (10UT,231)
FORMAT (/80H

1 AUG SEPT
DO 71 Ls1,12
WRITE (I0UT,238)
DO 72 Lw2,14
LisLei2

WRITE (I10UT,230)
WRITE (10UT,230)
WRITE (10UT,230)
ASRD1=SRD1/12,

OTL (LYY, (SIMCL,K),Ks1,6)
OTL(27), (DVAR(13,J,K),Ke,6)
OTL(28), (SIM(15,K) ,Kat,6)

VAR APR MAY JUN Jub
ANN}

OTL (LY, (DVARCL,J,K) ,Ku7,12),AVAR(L)
OTL(L1), (SIMCL,K),Ka?,12),ASIM(L)

OTL(27), (DVAR(13,J/K),K87,12),AVAR(13)
OTL(28), (BIM(15,K) ,K87,12),ASIM(15)

ASRD2sSRD2/ (10, *XBR1+XBRY)

WRITE(I0UY,1235) ASRD|,ASRD2

FORMAT (/8H ASRD) w,F10,5,5%,84 ASRD2 =,F19,5)
IF S8W D ON, OUT=PUT ACRE=FEET

0CT @23429

J .85
CONVERT QUANTITIES TO ACRE FEET

DO 73 Ls2,13

AVAR(L)WAVARC(L)/CAF

00 73 Kksi,12

DVARCL,J)KIWDVAR(L,J,K) /CAF

DO 74 Lw1,15

ASIM(L)®ASIM(L) /CAF

DO 74 Kksi1,12

SIM(L,K)uSIM(L,K) /CAF

WRITE(IOUT,233)

(SBNM(1B),18%1,5),LYR

FORMAT (1H1,17HOUT=PUT ACREFEET,5X,544,1%)

WRITE(IOUT,229)
00 75 Lsi, i
WRITE(IDUT,234)

OTL (L), (DVARCL,J,K) Kni,8)

FORMAT(6X,A4,7F10,1)

DO 76 Ls2,14
LisL+12
WRITE(IOUT,234)
WRITE(IOUT,234)
WRITE(TOUT,234)
WRITE(IOUT,231)
DO 77 Lsy,12
WRITE(I0UT,234)
DO 78 Ls2,14
LisLesp
WRITE(IOUT,234)
WRITE({IOUT,234)
WRITE (10UT,234)

OTL (L1}, (SIMCL,K),Kn1,8)
OTL(R7), (DVAR(13,J,K) ,Kuy,6)
OTL(28) , (SIM(15,K),Ks},6)

OTL (L), (DVARCL,J,K) ,K87,12) ,AVAR(L)

OTLCLS), (BIMCL,K),K87,12),ASIM(L)
OTL (273, (DVAR(13,J,K),Ku7,12),AVAR(13)
OTL(28) 4 (SIM(L5,K) Ku7,12),A81IM(15)

WRITE (YOUT,1238) ASRDi,ASRD2
CONVERT QUANTITIES BACK TO INCHES

00 108 L#2,13
DO 10 K=y,42

DVARCL,J/KImDVARCL,J, K) ¢CAF
RESULTS OF RESERVOIR OPERATION

TSRD1sTSRDL ¢8RO
TSRD28TSRD2+8RD2

CONTINUE
FYRaNYR
DFu12,«FYR
TSRD1BTSRDY/DF
XBR2sTVAR/DF
DFeDFw2,

TSRD2sTSRD2/ (XBR2eXBR2¢DF)

08J=TSRDY

IF(INPH,EG,1) OBJaTSRD2
IF(1DOP.EG,1) GO TO 87
WRITE(10UT,236) OBJ

FORMAT(/6H 0BJ =,F10,6)

RETURN
END
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SUBROUTINE TO SIMULATE MONTHLY HYDROLOGY
SUBROUTINE SIMH({J)
COMMON/BLK3/ ASIM(135),AVAR(14),CCR(14,]}
1CORS(4,12) ,CPH(5,12),CWT(2,5),0LH(12),0VAR(14,4

2),CONV(14),
2FMT2(4),FH73(4),Fn74(4),FM75(4)uIFMT(14),NSTt145
1

N
12)/BLK2/FMTL(4),
1 0TL (28) ,PR(18),

3IPROC18), SBNM(5),8IM(15,12),YAR(12),

4WCR(12) ,WPH(12)

COMMON/BLKS/ACOR, ADMS, AGAG,ASCL, AUNG,BCF,BCK,CAF,DIC,DIN,DOUT,GB8,

1IDCR, IDOP, INN,IOUT,LYRO,M81,NCR,NITX,NPH,NPR, NVR,NYR,

§0?§;:CG,SK,SNO:SNOH,!NDL,SNNl,8R01;8RD2, TACR, TAPH, TMPL{,PR16

’

REAL MSi,HS

DO 68 K=§,$2

SIM(1,K)=0,0

SNOW 3TORAGE AND SNOW MELT FOR SIMULATED AREA
IF(DVARC(L,J,K)o6T,PR(1),AND.DVAR(1,J,K),GT.PR(2)) GO TO 31
IFCOVAR(L,J¢K)+LE,PR(1) AND,DVARC1,J,K) . GT.PR(2)) GO TO 50
SIM(2,K) sSNO+DVAR(2,J,K)

SIM(3,K) e,

RPMTEQ,

J 32

SIM(2,K)uSNO+DVAR(2,J,K)
SIM(3,K)m3IM(2,K)w (1, =EXP(«PR(B) ¢ (DVAR(1,J,K)=PR(2))))
IF(SIM(3,K)WBTLSIM(2,K)) BIM(3I,K)eSIM(2,K)
SIM(2,K)mSIM(2,K)=SIM(3,K)

RPMTESIM(3,K)

J 52

SIM(3,K)m8NO* (1,=EXP(=PR{8)«(DVAR(1,J,K)=PR(2))))
IF(SIM(3,K),6T,8NO) SIM(3,K)uSNO
SIM(2,K)sSNO=8SIM(3,K)

RPMTEDVAR(2,J,K) +SIM(3,K)

SNOmSIM(2,K)

SNOW STORAGE AND SNOW MELT FOR UNGAGED AREA
TUNGROVAR(1,J,K)=TMP1
IFCTUNG.GT,PR(L),AND,TUNG,GT,PR(2)) GO TO 4%
IFC(TUNG,LE,PR(1).AND.TUNG,GT.PR(2}) GO TO 4@
SNW{aSNO1+DVAR(2,J,K)

RPMT{s0,

J .42

SNW1e8NO1+DVAR(2,J,K)
SNMT1sSNWi® (), ~EXP (»PR(8) % (TUNG=PR(2))))
IF(SNMT, GT,SNN1) SNMT{nSNW1
SNW1aSNW]=8NMTY

RPMT1uSNMT]

J .42
SNMT1eSNO1w (S, »EXP(=PR(8) «(TUNG=PR(2))})
IF(SNMT1,GT,SNOY) SNMTiwSNOY
SNW{SSNO1=SNMTY

RPMT1sDVAR(2,J,K)#SNMTY

SNOJwSNWY

PHREATOPHYTE EVAPOTRANSPIRATION
BCFSDVAR(1,J,K) *OLH(K)
BCKs,@173+DVAR(L,J,K)=,314
IF(BCK.LT,.3) BCKs,d
SIM(4,K)wPR(9) *HPH(K) *BCK+*BCF
CROP POTENTIAL EVAPOTRANSPIRATION AND IRRIGATION REQUIREMENT
IF(IDCR,EQ,8) GO TO 54
ETPsPR(9) *WCR(K) »BCK+BCF
DTIR®DVAR(S,J,K)+DVAR(7,J,K)+DVAR(9,J,K)=DVARC(LL,J,K)
DAG=DTIR*PR(1Q) #RPMT
55
ETPsg,
DTIReg,
DAGRD,
DTMIBDVAR(6,J,K)+DVAR(B,J,K)¢DVAR(10,J,)K)=DVAR(12,J,K)

RETURN FLOW
IF (10CR,EQ,B) GO TO 56
SIM(9,K)=(1,=PR(10))*DTIR+(1,=PR(11))+DTH]
ASCLETACR
J «87
SIM(9,K)=(]1,=PR(11))«DTMI
UNGAGED SURFACE INFLOW
CCCui2,+AUNG/ (ACOR¥ASCL)

oo

S

SIM(8,K)sPR(5)*CCCPCORS(J,K)+PR(12) *RPMT{«AUNG/ASCL+
1PR(13)« (AGAG+AUNG) /ASCL

EVAPOTRANSPIRATION,SOIL MOISYURE AND PERCOLATION
IF(IDCR,EQ,2) GO TO 63

NITRay

SIM(S,K)SETP#MS1/PR(4)

IF(SIM(5,K),GT,ETP) SIM(S,K)=ETP
MSsPR164DAG=8IM(S5,K)

IF(M8,GT,PR(3)) GO TO 59

SIM(7,K)e0,

3,60
59 SIM(7,K)mMS=PR(3)

-

MSWPR(3)
OMS=ABS (MSeM81)
IF(OMS,GT,ADMS ,AND,NITR,LT,NITX) GO TO 6%

J 62
NITRaNITR+{
MS1s(PR(16)+M5) /2,
J .58
SIM(6,K) N8
PRIEWSTIM(S,K)

J .64

63 SIM(7,K)n0,

106
¢

6

]

IS

4

~

SIM(6,K)u0,
SIH(S,X) 0,

GROUNDWATER RECHARGE AND QUTFLOW
DINaPR({5)wRPMT1¢(AGAG#AUNG) /ASCL

SKePR(8)

DICsRCO

CALL ROUT

RC2sDOUT
ODINsDVAR(4,J,K)+DOUT#SIM(7,K)=DVAR(D,J,K)=DVAR(18,J,K)
SKaPR(7)

DICaGBO

CALL ROUT

GBOwDOUT

SIM(10,K)SPR(14)«DOUT
SIM(13,K)aDOUT=SIM(10,K)

SIM(4,K)uSIM(4,K) eTAPH/ASCL
SIM(14,K)RDVAR(3,J,K)=DVAR(?,J,K)=DVAR(B,J,K)=8IM(4,K)
14SIM(Q,K)I+8IM(10,K)+SIM(8,K)+RPMT+TAPH/ASCL
SIM(12,K)m8IMC13,K)+SIM(14,K)
SIMCIS5,KIBSIM(14,K3=DVARCLS, ,K)

CHECK AGAINST MINIMUM FLOW

1F(SIM(14,K) ,GE,DVARC14,J,K)) GO TO 1264
SIM(11,K)SDVAR(14,J,K)=SIM(14,K)

J .65

SIM(11,K)m,

CALCULATE ANNUAL SUMS

DO 66 L=1,NVR

AVARCL)®AVAR(L) «OVAR(L,J,K)

CALCULATE ANNUAL SUMS

D0 67 Lwi,18

ASIM(LIBASIM(L)I«SIM(L,K)

SRD{aSRD1+ABS(SIM(15,K))/DVAR(L3,J,K)

SRD28SRD2+SIM(15,K)sw2

CONTINUE

RETURN

END

SUBROUTINE FOR LINEAR RESERVOIR ROUTING

SUBROUTINE ROUT

COMMON/BLK1/ ASIM(15),AVAR(14),CCR(14,12),CONV(14),
1CORS(4,12) ,CPH(5,12),CWT(2,5),DLH(12),OVAR(14,4,12)/BLK2/FHMT1(4),
2FMT2(4) ,FMTI(4) ,FMT4(4) ,FMTS(4), IFMT(14) ,NST(14),0TL (28),PR(18),
3PRO(18), SBNM(5),SIM(15,12),VAR(S2),
AWCR(12)  WPH(12)
COMMON/BLK3/ACOR,ADMS, AGAG, ASCL, AUNG,BCF,BCK,CAF,0IC,DIN,DOUT,GBO,
110CR, IDOP, INN, IOUT,LYRO,MS],NCR,NITX,NPH,NPR, NVR,NYR,
20BJ,RCB, SK,SNO, SNOW,8NO§,SNWL,SRD1,SRD2, TACR, TAPH,TMP1,PRI6
3, INPH

REAL M8y

DOUT#DIN+ (DIC=DIN) «EXP (=1,/5K)

RETURN

END



8¥

OAKL 85 3,6 3,4 3.6 3,2 3.0 2,8 B,7 40,3 78,9 38,0 13,0 9,2
SAMPLE I"PUT AAKL 66 6.6 5.2 4.6 4.1 3.3 4,7 14,9 48,2 24.9 8.4 5,0 4.1
OAKL 67 1 42 37 35 29 39 57 354 7539 345 98 35
1, BASIC DATA - CARD 3
CARD 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3
PROVO 14 18 4 6 6 1@ CARD 4
(14%,12F5,1) (14X,12F5,2) (8X,+3P12F6,1)  (8X,12F6,1) (8%,12F6,1)
I1. TOTAL BASIN DATA CARD 3
CARD 1t VAR({) STATION 1 .
TEMP4PPTQRIVGGWI+IRI+MII+0IR+GMI+IRP+MIP=IRXeMIX SNSeSMTETPH =ET MS =pPaunGg  HEBER 1964 527 374 233 168 175 244 417 518 574 681 651 558 426
CARD 2 HEBER 1965 503 389 264 258 263 316 447 489 568 662 621 514 434
«QRF QBFGDEF GTO GGO QGSOGGAGDIFF HEBER 1966 492 391 296 194 198 350 431 541 597 683 655 586 451
CARD 3 HEBER 1967 459 388 2p6 229 243 379 409 493 565 681 668 545
.877 ,067 ,065 ,067 ,067 ,083 ,089 ,1M0 ,1Al ,102 ,096 ,084 14 5 1 VAR (2) STATION 1
CARD & KAMAS PPT 1964 124 178 55 163 12 B2 268 141 380 74 55 46
Al ALPAY 98 79 65 63 74 86 99 112 119 1ie 185 99 KAMAS PPT 1965 25 271 522 175 82 76 224 162 151 472 39 21p
A2 PAST 2 8@ 74 58 S5 66 81 86 @2 99 93 91 87 KAMAS PPT 1966 22 348 195 130 922 188 05 117 27 76 114 134
A3 AQHA 3 84 77 62 55 66 8% 94 129 115 11 185 95 KAMAS PPT 1967 198 2M3 292 242 84 176 245 418 267 64 74 140
A4 SMGR 4 22 29 29 29 29 28 74 118 127 73 4B 19 VAR(2) STATION 2
A5 CORN 5 99 29 29 20 29 28 22 62 73 93 106 129 HEBER 1964 77 174 43 207 25 126 168 202 355 87 44 29 1507
A6 SUBT 6 102 29 29 29 29 28 22 58 95 186 120 il HEBER 1965 27 224 547 179 a4 67 143 Bl (17 91 113 141 1767
A7 POTA 7 22 29 29 29 29 28 22 38 42 88 131 134 HEBER 1966 14 33t 21 60 199 46 65 154 66 20 72 169 {228
AB DORCH 8 98 78 65 64 74 86 98 108 {13 i1 106 99 HEBER 1987 120 188 322 338 46 175 338 238 202 58 78 53
49 PEAS 9 VAR(2) STATION 3
A10 TOMA1O 40 29 29 29 29 28 45 58 75 io1 97 83 st 1964 232 374 141 673 183 736 655 416 447 99 181 60
Al] SHTRi{ 4@ 20 20 9290 20 28 37 62 77 82 78 61 sL 1965 45 789 1295 598 285 258 537 239 246 265 428 494
A12 IDLE!2 35 30 25 25 25 30 33 38 39 39 39 39 SL 1966 @2 881 S99 261 338 3By 252 199 75 214 103 Q222
A13 BEANI3 25 29 29 29 29 28 22 67 i 89 75 28 St 1967 328 414 282 566 349 S04 658 547 332 7y 104 134
A3d4 BLANLS .
CARD S .
€1 HwM 85 185 185 185 185 185 1§85 185 185 185 (85 185 :
cé Husﬁ é izs },2 2 les ‘eu txu iss }4, {42 {4: }‘1 {;, THE REMAINING VAR(L) DATA IS INPUT UNTIL, IN THIS EXAMPLE, VAR({Y)
C3 MWGT 3 81 76 69 56 53 53 S5 61 68 77 82 83 STATION | DATA IS INPUT
C4 LWGT ¢ S8 47 42 35 33 33 34 38 42 48 Sy 51 .
C5 OPWT 5 137 128 112 181 130 149 156 {55 151 144 141 138 .
111, 100P VARC13) STATION 1
CARD 1 19641580 3,6 5.1 4.9 4,9 4.6 5,1 9.6 79,9 88.1 22,8 6,9 3,9
1 19651550 3,4 4,7 6,3 6,3 5.1 5.8 19,5 81,2 93.8 52,7 16,1 7.4
19661550 6,2 4,7 4.2 3,8 3.8 6.6 25.3 76,3 23.8 5,2 2,5 3,1
IV, SUBBASIN DATA 19671559 5,2 5.9 7.8 6,9 6,0 9.4 14,2 69,4 86,3 37,9 18,1 5,8
CARD ¢
FRANCIS 21376 109856 1 20 104320 5.2 V1. PARAMETER INPUT
CARD 2 CARD 1
1589 924 490 326 ) ) ] [) 2
e ] ] ] 0 ] 3329 CArD 2
CARD 3 4000 3poc 602 4pp 34 20 40 12 180 30 8@ 04 12 48 02 400
[} { 936 19 1 957 3329 400 300
CARD 4 CARD 3
{1 3 5 @ ® o & @ @ @a 2 0 1 @ 4 4 1 1 5 4 4 4 4 4 1 5 5 4 4
CARD 8 CARD 4
.003604686,003604586,003604686,003604686,003604686,003604686 | 36ce 4000
.003604686,083604685,0803604686,003604686,003624686,003604686,203604686,0036046868 g 2‘:2 323:
e ;b
CARD 7 : f“ 1ee
e 14
.5841,4963.2111 5 HA
V. OBSERVED DATA ie 28 50
EaRd fa £ 1§ eo ;”
1 12 20
tro 2 ° 4 20 o0
OAKL 64 3,7 3,4 3,8 2,6 2,8 2,3 4.6 44,1 56,5 19,2 7,3 4,7 13 21 @3

~r
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SAMPLE OUTPUT

PROVO NYR. & 4

FRACTION DAYsLIGHT HOURS
877 067 ,085 L0087 ,867 ,283 ,289 ,10@¢ ,i@i ,1@2

CROP COEFFICYENTS
o0 9 8

PHREATOPHYTE COEFFICIENTS .
1,85 1,88 1,88 1,85 1,85 4,85 1,85 1,88 4,88 1,88
1.25 1,02 78 .65 ,80 4,13 1,38 (.41 .42 .42
o84 78 L,680  ,56 ,83 .83 .58 .61 .88 .77
W80 47 42 30 33 33 34 L3842 L48
1,37 1,20 $.42 1,00 1,30 1,49 1,86 1.55 §,51 1,44
FRANCIS )
ABAG ® 1376, AUNG = 109086, ACOR =  {@4d2p, IODCR
CROP AREAS
1880, 924, 490, 328, LD 2,
2, 2. e. @, .1} 2.

WEIGHTED CROP COEFFICIENT
79 W72 8. B8 66 .78 .92 1,89 1,13 1,08

PHREATOPHYTE AREAS
- 1. 836, 19, 1. 987,

WEIGHTED PHREATOPHYTE COEFFICIENT
88 78,88 .85 .82 .52 .84 .62 .07 78

NUMBER OF STATIONS FOR EACH VARIABLE
] 3 5 @ L] L} 8

CONVERSION FACTORS
.,280008 000000 «003604 203004 0036804 0083604
803604 023604 003624 ,R20)004 203624  ,203604

" STATION WEIGHTS FOR TEMPERATURE
#9539

STATION WEIGHTS FOR PRECIPITATION
<384 408 ,211

CORR, STREAMFLON

3.7 3.4 3,8 2,6 2,8 2,3 4,6 44,1 56,5 19,2
J.6 I, 4 3.6 J,2 3,0 2,8 8,7 4,3 78,9 38,0
6,6 8,2 4,6 4,8 3,3 4,7 14,9 48,2 24,9 8.4
S.1 4,2 3.7 3.5 2.9 3.6 87

FRANCIS

PARAMETER RANGE,ND. OF INCREMENTS AND INITIAL VECTOR

35,4 75.9 34,5

33 PRL PRH PRO
1 36,00 40,08 4 48,00
2 28,00 32,08 4 3e,082
3 6,00 6,00 ! 6,00
4 4,09 4,80 i 4,00
8 28 38 S .34
(] .10 «350 4 .20
? 20 1,00 4 «40
8 .0 o4 4 o2
1] .80 f.20 4 1.00
10 .20 .60 4 »30
11 +80 80 1] 82
12 ' 20 o2 8 «24
13 Wi 20 -] W12
14 .20 .1 4 42
18 «01 «85 4 .82
16 4,00 4,00 i 4,00
17 4,00 4,00 1 4,00
18 3,80 3.00 1 3,00
PHASE ¢
PAR LVL  PAR. V, 0BJ GRAD
1 1 36,08 Bi424
i 2 37,0802 .01356 -,00027752
1 3 38,00 81402 .08806171
1 4 39,00 201409 «20006348
1 8 48,00 «Bi4p8 =-,000008141
2 1 28,00 01302
2 2 29,00 281336 20033720
2 3 38,00 «B1408 20072200
2 4 31.00 01384 00105862
2 s 32,020 81646 2021319685
] 1 .28 00922
-] 2 +30 «009587 2017849014
8 3 32 201110 «88103491
s 4 34 01408 14424972
s ] 368 291823 20740348
8 8 «38 82364 «27058863 -
[ 1 W10 81408
[4 ? 28 81408 32000404
[ 3 32 01408 20004708
8 4 «40 Bl408 20002278
[} 8 «30 21428 20000985
7 { .20 01408
14 2 40 1408 -,200080238
7 3 .80 21409 «00206324
7 4 «80 «2L4p9 20001874
7 8 1.00 «B1407 =-,00009288
8 1 «i2 81462
8 2 o1 81430 =-,03181038
[3 3 12 81408 «,2220077¢
8 4 43 01364 =, 04308402
L3 E] oid 01388 -,00746226
4 1 .80 23478
9 2 92 B1441 =-,20345232
9 3 1.00 01408 -,0833p105
@ 4 1.i0 «01376 -,92322593
] S 1.20 201347 -,20283002
18 1 20 01542
ie 2 «30 «01408 =,0133075¢
10 3 .42 01294 =,01142414
1@ 4 .50 204191 -, 81002503
10 5 80 201099 -, 00922393
12 1 .20 220918
12 2 82 00906 23880747
12 3 04 01408 20616793
12 4 86 021535 237382734
12 s .08 «83237 34088834
12 3 .10 04653 272824033
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13 1 .10 «21316
13 2 .12 .01408
13 3 .14 .01524
13 4 16 01664
13 ] “e18 01828
13 s .20 02016
14 1 .20 01178
14 2 .30 .21280
14 3 40 01408
14 4 .58 .81584
14 5 .80 ,01719
15 Il .01 .01278
15 2 .82 .01408
15 3 .83 .01856
15 4 .04 21721
15 5 .05 81905
THE OPTIMAL FACTORS ARE AS FOLLOWS
42,08 3p.00 6.20 4,00 34
1.00 .30 .80 .20 .12
4,00 3,00
FRANCTS 1964
VAR ocT NOV DEC
TEMP 49,501 35,120 21,888
«PPT 1,596 2,646 .832
ORIV 6,348 10,453 9.372
GGN] .000 .800 .00
+IR1 000 000 NIT)
+MI1 .008 L2880 000
+QIR .088 208 .000
*QMI 000 .000 200
+IRP 202 020 200
*MIP .80 ,220 000
«IRX .00 .220 000
-MIX .e08 209 .200
NS 008 1,429 2,262
*SHT .200 1,216 202
ETPH .478 .153 .84
-ET 1,836 NIt 2852
M8 3,950 4,884 4,412
-DP .eee 200 ,2080
OUNG 9,442 9,057 8,548
=QRF .200 200 200
114 .594 854 .004
GDEF .00 200 028
ato 17,7858 19,837 17,844
Q60 892 ,077 806
080 16,866 19,759 17,837
AGAG 12,976 18,383 17,862
DIFF 3,889 1,378 174
VAR APR MAY JUN
TEMP 39,168 47,904 53,915
+PPT 3,784 2,704 4,928
BRIV 14,858 211,055 251,607
aGwl 000 .08 000
+IRL ,000 800 .000
MIT 000 ,000 .200
+0IR .28 7.93¢ 23,430
+OM1 ,000 008 200
+IRP .008 808 .209
M1P 208 .20 200
=1RX NIt 2,162 6,488
-MIX .00 000 200
NS 4,827 539 ,238
*SNT 9,277 4,887 509
ETPH .19 L.430 655
-ET 1,168 2,696 3.829
] 6,000 §,000 6,000
-bP 5,899 5,824 . 6,687
QUNG 10,595 61,204 77,091
~QRF .029 4,037 11,859

045908582
08786077
«878014414
268207131
89412580

81992022
«01277346
01462640
281847960

12960934
«14771279
16872588
218373879

220
+40

9.588

1,797

AUG
61,148
752
23,790
<200
~200
»002
16,221
«800
200
<000
5,046
.000

.12
4,90

»000
.200
+200
«518
2.276
5,875
«200
18,723
4,289

252,961
37,596

P

Nt

GBF 3.732
GDEF .000
aTto 36,445
960 5,595
aso 30,850
664G 34,604
DIFF =3,754
ASRD1 » ,08373
FRANCIS
VAR oct
TEMP 43,113
+PPT 2,357
GRIV 7,938
OGHWI 000
+IRI 200
*NIT «200
+*QIR 000
*QMI 2000
+IRP 200
+MIP <209
=IRX .220
=MIX .000
SNS 009
+SHT N1
ETPH 334
=ET 1.142
k) 8,000
=DP 1,054
GUNG 11.23%
~QRF .000
QBF 2856
GDEF N1l
34} 21,652
Q60 1,284
Q80 20,368
G6AG 18,744
DIFF 1.624
VAR APR
TEMP 38,417
+PPT 3,504
ORIV 20,018
OGNI 022
+IRT 000
*MIT 000
*QIR 880
+QMI .0080
+IRP .000
*MIP <000
«IRX NI}
aMIX .0080
NS 3,882
«SMT 8,777
ETPH 2188
-ET 1,108
M8 5,000
-pP 5,672
GUNG 12,004
=GRF .000
QBF 3,986
GDEF .000
oTo 53,649
G0 5,979
080 47,669
QGAG 51,186
DIFF «3,516
ASRD! = ,0803¢
0BJ = ,0@89183

5.328
.000
284,409
7,992
276,116
288,014
=11,897

ASRD2 =

1967

NOV
36,163
2.992
10,093
«200
2000
020
800
200
«000
. 000

2,467
6,000
8,023
50,057
5,551
7,340
008
256,493
11,011
245,482
230,165
4,683

ASRD2 =

4.842
<200
330,140
7,263
322,876
317,872
5,303

30482

28,116
4,282

JUN

734
.000
88,525
1.104
87,423
82,186
5,236

136,617
12,768

+000
19,160
«200
19,162
21,828
2,468

AUG
62,745
1,038
29,918
200
»000
000
18,383
«002

33.884
=3.936

SEPT

20,907
=3.499

15,744

.
880,150
23,617
865,533
862,961
2.572

954,880
1,742

&

S

~



APPENDIX B

DATA PROGRAM

The date program and the river basin management
model are designed to be operated in conjunction. The
data program is used to prepare a data tape which is used
as part of the input for the river basin management model.

The time sequence of the data program must be the
same as the time sequence used in the river basin
management model. All sample input and output are
based on a water year but this program is not tied to any
particular time sequence.

The data program inputs the observed data as
outlined in the input data layout and illustrated in the
sample input. The program sums the stations for each
variable to form a single monthly quantity. The tempera-
ture and precipitation data are not summed but are
averaged using input weighting factors. The resulting tape
consists of one value for each of the subbasin and
reservoir variables, VAR(C) and RVAR(C), respectively,
for each month of the study.

The data for each variable, VAR(L), must be in the
same units within each subbasin. This requires all stations
of a particular variable to be input in the same units. This
restriction does not affect input data for different
subbasins. The reservoir variable, RVAR(L), data must be
input in acre feet.

Water input as irrigation or municipal and industrial
import will be designated to that use and will only enter
the stream as return flow. Export of irrigation or
municipal and industrial water is accomplished by divert-

51

ing the water in VAR(7) and VAR(8), respectively, and
then exporting the water under VAR(11) and VAR(12).

The values output on the tape are arranged by
month for each year. Within each month the data are
arranged according to subbasin. The subbasin data consist
of the VAR(L) data followed, when appropriate, by the
RVAR(L) data.

The program outputs a listing of the data which
appears on the tape. The listing output by the data
program differs from what appears on the corresponding
tape only in the additional output of headings for year
and month. These headings are output to aid in locating
specific input and, therefore, do not appear on the tape.

The sample input and output is for a three subbasin
case with a reservoir located in the second subbasin. The
sample input is supplemented with cards referring to the
location of cards in the input data layout. These cards
should not be mistaken for actual input.

The data listing is divided so the individual subbasin
data can be distinguished. The sample output corresponds
to the three subbasin case used as sample input. The
variable, VAR(L), data output consists of two lines for
each subbasin. The reservoir data, RVAR(L), for the
second subbasin follows on a separate line after the
variable data for that subbasin. The VAR(L) and
RVAR(L) are listing across the page in the same order
they appear in Table C-1.



INPUT DATA LAYOUT

I. Basic Indicators
Col Identifier
Card 1-6 NMDTA Data tape name
1
Format (3A2)
Card 1-4 INN Input device indicator
2 -8 IOT1 Qutput device indicator
for print
9-12 I0UT2 Output device indicator
for tape
13-16 NYR Number of years of data
17-20 NSB Number of subbasins
within the river basin
21-24 NVR Number of variables; cor-
responds to number of
VAR(1) in Table C-1
25-28 NRVR Number of reservoir vari-
ables; corresponds to num-
ber of RVAR(L) in Table.
C-1
29-32 LYRO Beginning year of data
Format (2014)
II. Input Formats and Format Indicators
Card 1-16 FMTI A specific input format
1 17032 FMmT2 A specific input format
65-80 FMT5 A specific input format
Format (5(4A4))
Card 4 IFMT(1, 1) Read format indicator for
2 Subbasin 1 VAR(1)
8 IFMT(1,2) Read format indicator for
Subbasin 1 VAR(2)
IFMT(l, NVR) Read format indicator for
Subbasin 1 VAR(NVR)
Format (20I4)
This input is repeated for Subbasins 2, 3, ...,
NSB. The options for IFMT(I, L) are to input a 1 to 5

correspondence to which format, FMT1 to FMT5
respectively, is desired from Card 1 above.
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This input is repeated for Subbasins 2, 3, ...,

£

Number of stations for
Subbasin 1 VAR(1)

~~

Number of stations for
Subbasin 1 VAR(2)

Number of stations for -

Subbasin 1 VAR(NVR) N

Number of stations for

Subbasin 1 RVAR(1)

Number of stations for

Subbasin 1 RVAR(2)

Number of stations for
Subbasin 1 RVAR(NRVR)

oy,
A

III. Number of Stations
Col Identifier
Card 1-4 NST(1,1)
1
5-8 NST(1,2)
NST(1, NVR)
NRST(1, 1)
NRST(1, 2)
NRST(1l, NRVR)
Format (20I4)
NSB.

IV. Station Weight for Temperature and Precipitation

Card
1&2

1-5 CWT(1,1,1)

6-10 CWT(1,1,2)

CWT[1,1,NST
(1, 1]

Weight factor to be ap-
plied to temperature
Station 1 Subbasin 1

Weight factor to be ap-
plied to temperature
Station 2 Subbasin 1

Weight factor to be ap-
plied to temperature
Station NST(1, 1) Sub-
basin 1

Format (16F5. 2)

The next card of this group contains the preci-

pitation weight factor for Subbasin 1l.

1-5 CWT(1,2,1)

6-10 CWT(1,2,2)

Weight factor to be ap-
plied to precipitation
Station 1 Subbasin 1
Weight factor to be ap-
plied to precipitation
Station 2 Subbasin 1



CWT[1,2,NST Weight factor to be ap-

(1,2)] plied to precipitation
Station NST(1, 2) Sub-
basin 1

Format (16F5. 2)

A similar set of cards is input for Subbasins

2,3,..., NSB.
V. Reservoir Indicator
Card 4 IRS(1) Reservoir indicator for
1 Subbasin 1
8 IRS(2) Reservoir indicator for
Subbasin 2
IRS(NSB) Reservoir indicator for
Subbasin NSB.
Format (2014)
Where:
0 - indicates no reservoir at the outlet of the
subbasin
1 - indicates a reservoir is at the outlet of the
subbasin
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VI. Observed Data

Card The following ordering of cards, each con-
1 taining twelve monthly values, is to be re-

peated for year 1, 2, 3, ..., NYR.
Subbasin 1

VAR(1) Station 1, 2, ..., NST(1,1)
VAR(2) Station 1, 2, ..., NST(1,2)
VAR(NVR) Station 1, 2, ..., NST(], NVR

If IRS(1) = 0, skip RVAR(L) input
RVAR(1) Station 1, 2, ..., NRST(1,1)
RVAR(2) Station 1, 2, ..., NRST(l, 2)
RVAR(NRVR) Station 1, 2, ..., NRST{1],\RVR)

This arrangement of cards is repeated for Sub-
basins 2, 3, ..., NSB before going to data for the
next year. {See sample input.)

The VAR (L) data is input with one year of
monthly data per card according to the format spec-
ified in cards 1 and 2 of II. As an example, if
IFMT (3,6) = 2 on card 2, VAR(6) data for Subbasin
3 is input according to FMT2 on card 1. When any
NST(I, L) or NRST(I, L) is equal to zero, no cards
are input for that VAR(L) or RVAR(L), respectively,
of Subbasin I.



DATA PROGRAM

'®

Mount ,Name,
and Position
the Tape

I CARD 1
NMDTA

F

Ll
é
[N

A\ Pause

II CARD 1
Formats For
Input Data

]

I=1,NSB

ﬁ

NSTN=NST (I,L)

IV CARD 1
Cwr (1,L,M),
M=1,NSTN

}

V CARD 1
IRS(I),I=1,

7

NSB
1

NMDTA

&

LYR=LYRO+J-1

DO
I=1,NSB

Do

I=1,NVR,

DO
K=1,12

DVAR(I,L,K)=0

[ I

NSTN=NST(I,L)

No

LFMI=
IFMT(I,L)

1fvz carp 1
VAR(K) ,K=1, 12

VAR(K) ,K=1,12
Using FMT2

VAR(K) ,K=1,12

-

—

Using FMT5

jNo

Yes

DVAR(I,L,K)=
DVAR(I,L,K)+

DVAR(I,L,K)=
DVAR(I,L,K)+
CWT (I,L ,M) *VAR(K)

VAR(K) .

NSTN=NRST (I,L)

DRVAR(I,L,K)
=0.

Yes
No

Qo

V CARD 1
RVAR(K) ,
K=1,12

DO
K=1,12

:DRVAR(I,L,K)=
DRVAR(I,L,K)+

RVAR(K)

DVAR(I,L,K),
L=1,NVR

DVAR(I,L,K),
L=1,NVR

[DRVAR(I,L ,K),
~=1,NRVAR

DRVAR(I,L,K),
1=1,NRVAR

-
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DATA PROGRAM LISTING

c PREPARE OBSERVED DATA IN PROPER FORMAT
DIMENSION CWT(8,2,5),DVAR(8,14,12) ,DRVAR(E,2,12),FMT{(4),FNT2(4),
IFMT3(4) ,FMTA(4) ,FMTS(4) ,1FMT(8,14),IRS(B),NST(B,14),NRST(8,2),
2VAR(12),RVAR(12)
DIMENSION NMDTA(3)

c
c INPUT BASIC INDICATORS
TYPE 189
199 FORMAT(34H MOUNT NAME AND POSITION THE TAPE/)
QCT 25¢0m

READ(6,99) (NMDTA(I),I=,3)
99 FORMAT(3A2)

CALL OMON(21,NMDTA(1),8,13)

READ(6,1@@) INN,IOT1,I0T2,NYR,NSB,NVR,NRVR,LYRO
108 FORMAT(2014)

READ FORMAT FOR INPUT DATA
READ (INN,101) (FMTL(L),L=1,4), (FMT2(L),L®1,4),(FMTI(L),L81,4),
L(FMT4CL) /Lm1,4), (FMTS(L),Luy,4)

101 FORMAT(5(4A4))

[2 X2 A4

[
c INPUT FORMAT INDICATOR FOR INPUT DATA
DO 2 Iwy,NSB
2 READCINN,12@) (IFMT(I,L),Ls1,NVR)
c
[ INPUT NUMBER OF STATIONS FOR EACH VARIABLE AND RESERVOIR VARIABLE
DO 3 Iaf,NSB
¢ 3 READ(INN,1@@8) (NST(I,L),L®1,NVR), (NRSTCI,L),Lat,NRVR)
c INPUT STATION WEIGHT FOR TEMPERATURE AND PRECIPITATION
DO 4 I=j,NSB
DO 4 Lwy,2
NSTNSNST(I,L)

4 READ(INN,1@2) (CWT(I,L,M),Mui,NSTN)
102 FORMAT(16F8,2)
INPUT RESERVOIR INDICATOR

oo

READ(INN,198) (IRS(I),Ist,NSB)
WRITE(6,98) (NMDYA(L),L=1,3)
98 FORMAT(1%,3A2)

c

c INPUT AND REARRANGE OBSERVED DATA
00 {9 Jei,NYR

LYRuLYRQ+J=1

D0 §7 Iay,NSB

DO 2@ L=1,NVR

DO 5 Kmi,12

DVAR(I,L,K)=a,

NSTNENST (I,L)

IF(NSTN,LE.®) GO TO 22

o

(3 X2l

14

15
16
21
17

251

2008

201
19

LFMTRIFMT(I,L)

DO 13 M=y ,NSTN

GO TO €6,7,8,9,18),LFMT

READ CINN,FMT1) (VAR(CK),Kk=1,12)

J 11
READ CINN,FMT2) (VAR(K) Kx1,12)
J .1t
READ (INN,FMT3) (VAR(K),Ksi,12)
J L1t
READ (INN,FMT4) (VAR(K),Ks1,12)

J .1

READ CINN,FMT5) (VAR(K) ,K=1,12)
DO 22 Ks1,12

IF(L,LE.2) GO TO 12
DVAR(;éL,K)-ovAR(I.L,x>ovAntK)
3,
DVAR(I,L,K)=DVARCI, L, KI#CHT (I, L M) #VARIK)
CONTINUE

CONTINUE

CONTINUE

IF(IRS(I),EQ,8) GO TO 17

DO 21 L®1,NRVR

D0 14 Ksi1,12

DRVAR(I,L,K) =0,

NSTNeNRST(I,L)

IF (NSTN,LE,B) 6O TO 16

DO 16 Mai,NSTN

READCINN,183) (RVAR(K),Kmi,12)

DO {5 K®i,12
DRVAR(I,L,K)=DRVARCI,L,K)*RVAR(K)
CONTINUE

CONTINUE

CONTINUE

OUTPUY DATA FOR MANAGEMENT STUDY
WRITE(IOT{,258) LYR

FORMAT(//7H YEAR w,14)

DO 18 Kui,i2

WRITE(IOT1,251) K

FORMAT (/44 K #,12)

DO 18 lmi,NSB

WRITE(IOT1,280) (DVAR(I,L,K),Lei,NVR)
WRITE(I10T2,200) (DVAR(I,L,K),L®1,NVR)
FORMAT (2FB8,3,5F8,0/10F8,0)
IFCIRS(I),LE.Q®) GO TO 18
WRITE(IOT1,201) (DRVAR(I,L,K),L=i,NRVR)
WRITE(I0T2,2081) (DRVAR(I,L,K),L=i,NRVR)
FORMAT (1@F8,2)

CONTINUE

CONTINUE

CALL OMON(18)

CALL GMON(135)

ocT 25mnQ

STOP

END



9S

SAMPLE INPUT

1, BASIC INDICATORS
CARD ¢
0BDTA2
CARD 2
6 13 6 28 3 13 21980

11. gNPUT PORMATS AND FORMAT INDICATORS

CARD 1

(14X, 12F8,1) (14X,12F5,2) (8x,=3P12F6,1) (BX,12F6,1)
2

CARD
1 2 85 & 3 3 3 3 O3 B3 3 3 B
: 2 3 3 8 3 3 3 3 3 3 O3 3

(8x,12rF6,4)

2 3 3 3 3 3 3 ¥ B3 B3 O3 B

111, NUMBER OF STATIONS

CARD
{1 3 6 @ e o & 8 @ o 2 o i [
1 3 8 o © 2 12 ¢ o o o @ 1 1 1
1 3 {1 © 9 @ 1 2 1 ) e 3 1 e @

Iv, STATIDN WEIGHT FOR TEMPERATURE AND PRECIPITATION
CARD { AND 2

49393
+5841,4963,2111

1,008
.5204,1809,3518
1,008

.6488,2014,3918

V. RESERVOIR INDICATORS
CARD 1
[

¥I. OBSERVED DATA
CARD ¢

VAR(i) STATION l;!UBBAS!N 1,YEAR
436 402 223 177 266 348 438 477 567 840 623 862
VAR(!, STAYION 1,8UBBASIN ,YEAR |
1950 208 1680 296 316 {tt 148 74 176 3@ 48 e 118
VAR(2) STATION 2,SUBBASIN 1,YEAR 1|
KAMAS PPT 1950 262 126 182 283 138 194 PE Q214 43 3J2 09 118
VAR(2) STATION 3,SUBBASIN },YEAR §
St 1950 502 247 753 894 278 7L 337 345 87 68 17 e

THE REMAINING VAR(L) DATA 18 INPUT TO SUBBASIN § POR YEAR § UNTIL,
IN THIS EXAMPLE, VAR(13) STATION § DATA I8 INPUT

VAR(C13) STATION 1,8UBBASIN 1,YEAR 1§
195018% 5,0 4,4 3.5 3,4 3,7 5,4 18,2 46,6 6e.2 18,9 7,8

THE INPUT OF VAR(L) AND RVAR(L) FOR THE SECOND AND THIRD SUBBASINS
FOLLOW THIS INPUT

SIMILAR DATA IS THEN INPUT FOR YEARS 2,3,,..4,20

432
1684

>

SAMPLE OUTPUT

0BDTA2

YEAR 219350

K sy
49,953

2,
43,599

2.
13600,
47,500

1680,

K w2
37,759

0.
42,199

B,
14800,
42,899

8.

K w3
20,948

a,
22,300
2.
13300,
28,399
Q.

K®d
16,625
2

.
17,699

o'
16700,
24,199

2.

Kes$
24,048

o‘
25,509

“'
14600,
34,208

Q.

Ke6g
32,687

0.
34,799

2,
17090,
42,399

8,

K =7
41,144
]

.
43,799
2,
20800,
49,099
3500,

2,133
Q.
2,372

.
1,966
2.

4,217
4,388
2.

0-
4,389
Q.

S.138
8,
4,878

.
4,818
e,

1,920
1,434

.
1.578

3,454
.
2,733

2.841

.

1,598
8,

1,303
)

1.428
1800,

.
3800,
2.

=100,

Seo.

1100,
[

.
4600,
2.

age,
400,
1108,
270!:
1600,
400,
1180,
[

1300,

408,

1see,
[

5700:
2.

=2302,
400,
2100,

.
1200,
2.

-1508,
420,
68eg,
LD
s9@0,
.

=700,
500,

\M

[N
Seo0,
2.
13620,

2,
13900,

8.
4400,
2.
14600,
@,
16800,
2.
3500,
0.
13300,
-0
18600,
2.
408,
@,
16700,
2,
183029,
0.
3700,
2,
14608,
2.
16300,
Q.
S4v0,
2.
17000,

0,
182e0.
Oo

147¢0.

7200,

s

N



APPENDIX C

RIVER BASIN MANAGEMENT MODEL

The river basin management model was designed to
be as general as possible in adaption to various time
sequences and units of input. The program was designed
for use on the EAI 590 hybrid computer. The program
presented is completely digital and contains logic state-
ment peculiar to this computer. The program, as pre-
sented, is operated for each month of the water year.
Conversion to a different time sequence requires the input
data and output headings which rely on monthly ordering
to be rearranged.

The input to the program is outlined in the input
data layout. The major portion of the input comes from
the tape created by the data program. A dummy scaling
area, ASCL, must be input for each subbasin which does
not contain agricultural area. It is suggested that the
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magnitude of ASCL be the same as used in the Parameter
Optimization Model. There must be at least one phreato-
phyte area within each subbasin.

The sample input and output is for the three
subbasin case used to illustrate the use of the data
program. A reservoir is located in the second subbasin in
the sample case. The sample input is supplemented with
cards referring to the location of cards in the input data
layout. These cards should not be mistaken for actual
input.

The output from the program is by month. The
subbasin output is followed by the reservoir output within
each month. The reservoir output is labeled according to
which subbasin contains the reservoir.



I. Basic Data

Card
1

Card

Col

1-6

1-16
17-19

20-22

23-25

26-28

29-31

32-34

35-37

38-40

41-43

44-46

12-14
15-17

INPUT DATA LAYOUT

Identifier

NMDTA Name of data tape pro-

BSNM
NSB

NVR

NPR

NSM

NRVR

NRPR

NRSM

NIND

NARA

NSIC

duced by data program
Format (3A2)

The river basin name

Number of subbasins
within the river basin

Number of variables;
corresponds to number
of VAR(L) in Table C-1

Number of parameters;
corresponds to number
of PR(L) in Table C-2

Number of simulated
quantities; corresponds
to number of SIM(L) in
Table C-3

Number of reservoir
variables; corresponds
to number of RVAR(L)
in Table C-1

Number of reservoir
parameters; corresponds
to number of RPR(L) in
Table C-2

Number of simulated
reservoir quantities;
corresponds to number
of RSIM(L) in Table C-3

Number of basic indica-
tors; corresponds to
number of IND(L) in
Table C-4

Number of areas; cor-
responds to number of
AREA(L) in Table C-4

Number of initial condi-
tions; corresponds to
number of SYIC(L) in
Table C-4

Format (4A4, 1013)

LYRO
NYR

IN1

IN2
10UT

Beginning year of study

Number of years to be
studied by the program

Input device code for
cards

Input device code for tape

Output device code

18-20 NITX Maximum number of
iterations in loop in-
volving calculation of
soil moisture

21-25 AJSO Tolerance in meeting
downstream demands.
If the total adjustment
to the release from a
reservoir is less than
this amount, no ad-
justment to the release
is made. AJSO is in
acre feet

26-30 ADMS Tolerance desired in
the calculation of soil
moisture, ADMS is
in inches of water

31-35 CAJS A multiplication factor
which can be used to
alter the adjustment to
the reservoir release
(See below)

36-40 ITOP Subbasin number of the
most upstream subba-
sin containing a reser-
voir

41-45 DAIJS An additive factor which
can be used to alter the
adjustment to the reser-
voir release (see below)
DAJS in acre feet

Format (15, 513, 3F5.2, 15, F5.0)

Where:
TAJS = CAJS*(SAJS + QAJS) + DAJS
TAJS = Total adjustment to previous reservoir
release

With CAJS = 1.0 and DAJS = 0 the adjustment
will consist of the exact downstream shortage to
desired amounts. The release of additional water
from an upstream reservoir effects many compon-
ents of the downstream hydrology which can result
in less than TAJS acre feet of water reaching the
downstream check point. If the new calculated TAJS
is greater than AJSO the program will iterate until
the total release is sufficient to meet downstream
requirements. The proper use of CAJS and DAJS
can reduce the number of iterations.

Card 1-4 OTL(l) SIM(1) Output title
4 5-8 OTL(2) SIM(2) Output title
OTL(L) SIM(L) Output title

Format (20A4)

o

N



Table C-1. Definition of variable. Table C-2. Definition of parameters.
Reservoir Reservoir
Variables Variables Parameters Parameters
L VAR(L) RVAR(L) L PR(L) Equation RPR(L)
1 Mean monthly Minimum reservoir 1 Snowfall Chapter 3 Minimum reser-
temperature storage temperature precipitation|voir storage
section
. ion f
z Tota-l r.non.thly D1vers1c.>n rom 2 Snowmelt 3.3 Lower break point
precipitation reservoir T
temperature m for surface area
3 Gaged surface equation
inflow 3 Soil moisture 3.27 High break point
holding M g for surface area
4 Gaged or estimated capacity equation
infl
groundwater inflow 4 Critical soil 3.27 Maximum reser-
. M .
5 Irrigation moisture es voir storage
import 5 Ungaged stream|3,7 Low range
correlation K, coefficient, Cl
6 Mk&I coefficient
import 6 Subsurface 3.33 Low range expon-
K t
7 Irrigation surface stora‘gc? ss ent, Cz
; i coefficient
flow diversions
7 Groundwater 3.35 Intermediate range
8 Mk&I surface storage Kg coefficient, c,
flow diversions coefficient
: . 8 Snowmelt 3.4 Intermediate range
9 Irrigation . .
coefficient Ky exponent, C;
pumpage
9 Consumptive 3,25 High range
10 M&I use K. coefficient, C;
pumpage coefficient
. i 10 Irrigation 3.13 High range
11 Irrigation s
efficiency Eff exponent, C,
export
< 11 M&I efficiency [3.16
12 M&l Eff ;
export 12 Coefficient of |3.7
in ol _
13 Gaged surface rain plus snow-|1K,
melt for un-
outflow
gaged flow
13 Threshold for |3.7
surface runoff |Kj
14 Base flow 3.36
coefficient Kpf
15 Infiltration 3.33
coefficient C
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Table C-3. Definition of simulated quantities. Table C-4. Definition of model indicators.
Simulated
Simulated Reservoir
Quantities Quantities Indicators Areas Initial conditions
L SIM(L) Equation RSIM(L) L IND(L) Area(L) SYIC(L)
1 Snow storage 3.5 Reservoir inflow 1 Number of Gaged water- |Initial snow
w S(t) cards shed area storage
2 Ungaged sur- (3.7 Reservoir 2 Number of Ungaged water -[ Initial soil
face inflow Q precipitation phreatophytes | shed area moisture, PR (16)®
ug
3 Imported VAR(5) + Reservoir 3 Irrigation Scaling area NOT USED
flow VAR(6) evaporation management
indicator
4 Return flow 3.15,16 Reservoir storage
Q.. +Q__. | diversion 4 Upstream Correlation Initial watershed
o ro reservoir stream drain- |recharge,
5 Base flow 3.36 Reservoir spill indicator age area PR(18)*
Qus flow -
5 Downstream Injitial ground-
6 Pumped and VAR(9) + Reservoir release reservoir water and basea
artesian flow VAR(10) indicator outflow, PR(17)
7 Deep 3.29,30 Reservoir storage 6 Initial reservoir
percolation DP, storage
8 Groundwater VAR(4) + 25ee Table A-1.
inflow QGRY(I-1)
9 Flow to 4,4 or
irrigation input data
10 Flow to M&I Input data
11 Exported flow |VAR(11) +
VAR(12)
12 Flow shortage [QDSIR(I)
- SIM(18)
13 Phreatophyte 3.25
evapcftrans- ETpr
piration
14 Crop evapo- 3.26,27
transpiration ETr
15 Soil moisture |3.19
Mg (t)
16 Total outflow |[3.39
Qo
17 Groundwater 3.37
outflow ng
18 Surface outflow| 3, 38
Qg0

~

.,

\/‘



Card 1-4 ROTL(1)

5.8 ROTL(2)

ROTL(L)

RSIM(1) Output title II. Model Indicators and Parameters for each

RSIM(2) Output title Subbasin
Card 1-8 SBNM(], L)
1
RSIM(L) Output title 11-15 IND(1, 1)

Format (20A4)

Card 1-4 OTLV(l)
5.8 OTLV(2)

9-12 OTLV(3)

13-16 OTLV(4)

16-20 IND(1,2)
VAR(1) Output title
(temperature)

VAR (2) Output title 21-25 IND(l, 3)
(precipitation)

VAR (3) Output title

(gaged inflow)

VAR (13) Output title
(gaged outflow)

Format (20A4)

DLH(1)

6-10 DLH(2)

56-60 DLH(12)

61-63 MSIR

64-66 MEIR

Fraction daylight hour
for month 1

Fraction daylight hour 26-30 IND(1,4)

for month 2

Fraction daylight hour
for month 12

First month of irriga-
tion when using manage-
ment option

Last month of irriga-
tion when using manage-

31-35 D(1,5
ment option IND(1,3)

Format (12F5. 3, 213)

Card This card inputs temperature adjustments in
8 degrees fahrenheit used in snowmelt calcula-
tion for the ungaged area; a positive number

for decrease (see Equation 3. 6).

1-10
11-15 TMPI1(1)

16-20 TMPI1(2)

TMPI1(I)

Identification 36-45 AREA(1,1)

Temperature adjustment
for Subbasin 1

Temperature adjustment

for Subbasin 2 46-55 AREA(L,2)

56-65 AREA(IL,3)
Temperature adjustment
for Subbasin I

Format (10X, 10F5, 2)

61

Name Subbasin | (L is
only for the "A" for-
mat width)

Number of different
crops in Subbasin 1

Number of different
phreatophytes in Sub-
basin 1

Irrigation management

indicator (0 or 1)

0 - will divert irriga-
tion water in amount
specified in input
under VAR(7)

1 - will calculate di-
version based on
need (will ignore
VAR(7) data if
it is input)

Upstream reservoir

indicator (0 or 1)

0 - indicates no reser-
voir in any upstream
subbasin

1 - indicates a reser-
voir in a subbasin
upstream from
this subbasin

Therefore IND{(1,4) is
always 0 because it is
the most upstream
subbasin

Downstream reser-

voir indicator

0 - no reservoir at the
outlet of this sub-
basin

1 - the subbasin con-
tains a reservoir
at its outlet

Gaged area of Subbasin
1 in acres (does not
include agricultural
area)

Ungaged area of Sub-
basin 1 in acres (does
not include agricultur-
al area)

Scaling area in acres.
Consists of total crop
area for subbasins
with crops. For sub-
basins with no crop
area it is a dummy
number



66-75 AREA(1,5) Drainage area of the The relationship, as outlined in the text (Eq.

stream used for ungaged 3.36) gives:
flow correlation, in acres Surface area = C; (storage capacity)
Format (2A4, 2X,515,4F10.0) As an example, suppose Figure C-1 was for
the reservoir in Subbasin 1. Then, from the graph:
Cazrd 1-5 PR(1,1) ll?R(l) value for Subbasin RPR(1,2) = 200 acre feet
RPR(1,3) = 2500 acre feet
6-10 PR(},2) PR(2) value for Subbasin RPR(1,5) = 37 (intercept)
1 RPR(1,6) = . 570 (slope)
RPR(1,7) = 370
. . RPR(1,8) = .121
: : RPR(1,9) = 16
RPR(1,10) = .531
PR(1, L) PR(L) value for Subbasin
1 Card 1-5 SYIC(1,1) Initial snow storage
Format (16F5. 2) 4 for Subbasin 1
6-10 SYIC(1,2) Initial soil moisture
The value of PR(I, L) comes from the para- for Subbasin 1 (PR(16)
meter optimization of the subbasin as determined in Table A-1)
from the parameter optimization program. (See
Table A-1 and Table C-2). 11-15 SYIC(1, 3) Open for use
. 16-20 SYIC(1,4) Initial watershed re-
D(1,5) = ]
I£ IND(1, 5) = 0 skip card 3 charge for Subbasin 1
Card 1-8 RPR(l,1) Minimum reservoir (PR(18) in Table A-1)
3 storage in acre feet for 21-25 SYIC(1,5) Initial base and ground-
reservoir in Subbasin 1 water flow for Subbasin
9-16 RPR(],2) Lower break point for 1 (PR(17) in Table A-1)
storage-surface area 26-35 SYIC(1, 6) Initial storage for re-
equation for reservoir servoir in Subbasin 1
in Subbasin 1 Format (5F5.2,F10.0)
17-24 RPR(]1,3) High break point for
storage-surface area SYIC(1,2), SYIC(1,4), and SYIC(], 5) come
equation for reservoir from parameter optimization,
in Subbasin 1
25-32 RPR(L,4) Maximum reservoir Card 1-10 Phreatophyte identifi-
. 5 cation
storage in acre feet for
reservoir in Subbasin 1 11-15 CPH(1) k, for this phreatophyte
33-40 RPR(1,5) Low range coefficient, Cj, month 1
for reservoir in Subbasin 1 16-20 CPH(2) k. for this phreatophyte
41-48 RPR(], 6) Low range exponent, Cp, month 2
for reservoir in Subbasin 1 . .
49-56 RPR(1,7) Intermediate range coef- * .
ficient, Cj, for reser- : :
voir in Subbasin 1 66-70 CPH(12) k. for this phreatophyte
57-64 RPR(1,8) Intermediate range ex- month 12
ponent, C,, for reser- 71-80 APH Acres of this phreato-
voir in Subbasin 1 phyte within the sub-
e .
65-72 RPR(L,9) High range coefficient, :i::‘ s agricultural
C,, for reservoir in
Subbasin 1 Format (10X, 12F5. 2,F10. 0)
73-80 RPR(1,10) High range exponent, Cp, This format is repeated for the IND(1, 2)

for reservoir in Subbasin
1

Format (4F8.0, 6F8.5)
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Card 1-10
6 11-15 CCR(1)
16-20 CCR(2)

66-70 CCR(12)
71-80 ACR

Crop Identification
kC for this crop month 1

kc for this crop month 2

k¢ for this crop month 12

Acres of this crop with-
in the subbasin's agri-
cultural area

Format (10X, 12F5.2,F10.0)

This format is repeated for the IND(1, 1) crops

in the subbasin.

Card 1-5
7

QDSIR(1, 1)

6-10 QDSIR(1,2)

56-60 QDSIR(L,12)

Desired streamflow at
the outlet of Subbasin 1
in cfs for month 1

Desired streamflow at
the outlet of Subbasin 1
in cfs for month 2

Desired streamflow at
the outlet of Subbasin 1
in cfs for month 12

Format (12F5.0)

If IND(1,5) = 0 skip card 8

Card 1-6
8

SDSIR (1, 1)

7-12 SDSIR(1, 2)

$7-72 SDSIR(1, 12)

Desired storage in acre
feet for the reservoir in
Subbasin | for month 1

Desired storage in acre
feet for the reservoir in
Subbasin 1 for month 2

Desired storage in acre
feet for the reservoir in
Subbasin 1 for month 12

Format (12F6. 0)

All of the cards under II are then repeated for

Subbasins 2, 3, ..., NSB.

III. Input Conversion Factors

Card 1-8
1

CONV(1,1)

9-16 CONV(l,2)

Conversion factor for
VAR(1l) Subbasin 1

Conversion factor for
VAR(2) Subbasin 1

Conversion factor for
VAR (NVR) Subbasin 1

CONV(1, NVR)

Format (10F8.5)

This format is repeated for Subbasins 2, 3,
..., NSB.

Where:
CONV(I, 1) Converts VAR(1l), precipitation
data, to inches of water
CONV(I, 2) Converts VAR(2), temperature
data, to degrees fahrenheit

The remainder of the CONV(I, L)'s convert
the input into inches of water over the agricultural
area in acres, If VAR(L) is in acre feet

CONV(I, L) = 12/AREA(], 3)

Card 1-6 CAF(}) Conversion from inches
2 of water over the agri-
cultural area to acre
feet for Subbasin 1

7-12 CAF(2) Conversion from inches
of water over the agri-
cultural area to acre
feet for Subbasin 2

CAF(NSB) Conversion from inches

of water over the agri-
cultural area to acre
feet for Subbasin NSB

Format (12F6. 0)

Where:
CAF(I) is calculated as:
CAF(I) = AREA(I, 3)/12.

IV. Consumptive Use for Open Water

Card 1-10 Card Identification

! 11-15 CWS(1) k. for open water

month 1

16-20 CWS(2) k. for open water

month 2

66-70 CWS(12) ke for open water

month 12
Format (10X, 12F5.2,F10.0)



V. Output Formats

Card 1-16 FMTI Output format 1
! 17-32 FMT2 Output format 2
49-64 FMT4 Output format 4

Format (16A4)

VI. Gaged Flow of the Correlation Streams (in
Thousands of Acre Feet)

Card 1-8 Identification

! 9-14 QCOR(},}) Correlation streamflow

for Subbasin 1 month 1

15-20 QCOR(}, 2) Correlation streamflow
for Subbasin ] month 2

75-80 QCOR(1,12) Correlation streamflow
for Subbasin 1 month 12

Format (8X, -3P12F6.1)

This card is repeated for Subbasins 2, 3, ...,
NSB. This completes one year of correlation stream
input. This set is followed by a similar set for year
2, 3, ..., NYR.

VII. The VAR({(I, L) and RVAR(I, L) data are read from
the tape developed using the data program. Note that
the input formats correspond to the formats used to
create the tape.
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Figure C-1. Reservoir surface area-storage capacity relationship.
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MAIN PROGRAM

7

MOUNT TAPE

I CARD 1
NMDTA

/\ Pause

SSW A FOR
INCH, B
FOR AF

CARD 2 and 3
Input Basic

ause

Data

QCOR(I,K),
K=1,12

1

LYR=LYRO
+J-1

ON
OTPTS

VAR(I,L)=
CAF (I)*VAR(I,L)

DO
L=1,NSM

SIM(I,L)=CAF(I)
*SIM(I,L)

]
[VAR3(1)=VAR3(I
*CAF (I)

O

VAR(I,L)=VAR
(I,L)/CaF(I)

SIM(I,L)=SIM
(I,L)/CAF(I)

(]

VAR3 (1)=VAR3(I)
/CAF(1)

O—

OTPTIR
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BSDTA

I CARD 4,5&6
Output Row
Titles

I CARD 7
(DLH(K)) ,K=1,
12) ,MSIR,MEIR

I CARD 8

T™P1(I),
I=1,NSB

Do
i=1,NSB

II CARD 1
SBNM,IND'S,
AREA'S

II CARD 2
PR(I,L),
1=1,NPR

IND(I,5)N Yes
>0

No
DO
L=1,NRPR,

II CARD 3
RPR(I,L),.
L=1,NRPR

RPR(I,L)=0

SYIC(I,L)
L=1,NSIC

WPH(I,K)=0
[]

TAPH(I1)=0
N=IND(I,2)

r IT CARD 4

(CPH(K) ,K=1,
12),APH

WPH(I,K)=

WPH(I,K)+

CPH(K) *APH
) |

/' 11 carD 3 |

TAPH(I)=

TAPH(I)+APH

WPH(I,K)=WPH
(1,K) /TAPH(I)

)
TACR(I)=0

DO
K=1,12

WCR(I,K)=0

No

N=IND(I,1)

pple}
L=1,N

I1 CARD 5
(CCR(K) }K=1,
12),ACR

DO
K=1,12

WCR (1,K)=
WCR(T,K)+
CCR (K) #ACR
Y
TACR(1)=
TACR(I)+ACR

SDSIR(I,K)=0

[ ]
WCR(I,K)=WCR
(I,K) /TACR(T)

II CARD 6
QDSIR(I,K),
K=1,12

II CARD 7
SDSIR(I,K),
K=1,12

("II1 caRD 2

CAF(I),I=1,
NSB

IV CARD 1

CWS(K),
K=1,12

f

V CARD 1
Output
Formats

RETURN

N
N4



ENTER

DO
I=1,NSB

VII TAPE
VAR(I,L),
L=1,NVR

DO
L=1,NVR

VAR(I,L)=
CONV (I,L)
*VAR(T,L

26 VII TAPE
_ RVAR(I,L),
L=1,NRVR, Lol NRVE

RVAR(I,L)=0

AJST(I)=0
PRLS (I)=
RVAR(I,1)

[]

TSAVA(1)=0.
TSAVA(2)=0.
I=0

IMX=0

Compute Surface]
and Groundwater
Inflow to the

Subbasin

Calculate

Phreatophyte

Evapo-

transpiration
|

< ETP=0
INDE;,I) Yes STM(T,9)=0
U DAG=0
No
ETP=PR(I,9)*WC
(I,K)*BCF*BCK
Yes IND(I,3)
=0
No
THMST Yes
and
TH2MEIR
No Calculate
VAR(I,7)
VAR(I,7)=0.
VAR(I,9)=0.
TaR(T, )
<0
Yes
VAR(I,7)
=0
Calculate
SIM(I,9)

SIM(I,9)=0

DAG=SIM(I,9)
*PR(I,10)+RPMT

Y

Calculate
SIM(I,4)

STM(T, 4)=
(1.<PR(I,11}
*SIM(I,10))

‘Calculate
‘Ungaged
iSurface Inflow
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RBOS (Continued)

O,
Yes
No

SIM(I,7)=0 MS1=SYIC(I,2
SIM(I:14)=° NITR=1 2
SIM(1,15)=0

SIM(I, 14)=ETP

*MS1/PR(I,4)

Yes

SIM(I,14)=0

Yes

SIM(I, 14)=ETP

|

MS=SYIC(I,2)+
DAG-SIM(I,14)

-PR(I,3)
MS=PR(I, 3

DMS=ABS (MS-MS1)|
MS1=(MS+
SYIC(I,2))/2

NITR=NITR+1

SIM(T,15)=MS

Calculate
DIN, SK,DIC

TRCO (I)=DOUT

Calculate
DIN, SK,DIC

TBGO (1)=DOUT

SIM (I1,7)=0

—

1

SIM(L,5)=
PR(I,14)*DOUT
SIM(I,17)=DOUT
-SIM(I,5)

Calculate
Surface Outflow

SAJS=0.
SAVA(I,1)=0.
SAVA(I,2)=0.

Calculate
SIM(I,18)

TSAVA(1)=TSAVA(L)

+SAVA(T,1)
TSAVA(2)=TSAVA(2)
+SAVA(T,2)

QSRY(I)=SIM(I,18)
*ARFA(I,3)/12

QSRY(I)=0

QGRY (I1)=SIM(I,17)
*AREA(I,3)/12

Complete
SIM Array

1

Complete
SYIC Array

RETURN




SNWMT

VAR(I,1)<PR(I,1

Calculate

SNMT=SIM(I,1)

SIM(I,1)=SYIC
(I,1)-SNMT
RPMT=SNMT

-._________________J

and
>
VAR(I,1)>PR(I,2 SN, e
SYIC(I,1)+
SIM(I,1)= VAR(I,2)
SYIC(I,1)
+VAR(I,2) Calculate SNMT=
SNMT SYIC(1,l)

SIM(I,1)=SYIC
(1,1)-SNMT
RPMI=VAR(I,2)
+SNMT

TUNG=VAR(I, 1)

SMW1=SYIC(T,3)]

]

Calculate
SNMT1

+VAR(T, 2)
SNW1=SYIC(I,3) 1
+VAR(I,2) Calculate =
RPMT1=0 [ SNMT1 SYIC(I,3)
SNW1=SYIC
No (I,3)-SNMTL
RPMT1=VAR
(I,2)+SNMT1
SNW1=SNW1
~SNMT1
RPMT1=SNMT1

SYIC(I,3)
=SNM1

=

Snowmelt in the
Simulated Area

Snowmelt in the
Ungaged Area



RRLS

Calculate
QS In CFS

QAJS=0

Calculate QAT
in Acre Feet

TAJS=CAJS*
(SAJS+QATS)
+DAJS

TAJS1=TAJS
TAJS2=0

;iii'll" Yes
No AJST(I)=0

AJST(I)=TAJSL

-SAJS

“'l||||ll"—§9
Yes

AJST(I)=
TAJS1+
RSIM(I,5)

SAJS=0

TAJS1=0
Yes
—]
No
IMl=1-1
0
II=1TOP,
M
AJST(II)=0.

TAJS1=TSAVA(1)
TAJS2=TAJS
-TAJS1

SAJS=SAJS
-TAJS2
TAJS=TAJS-SAJS Téjg;gfgSI
TAJS2=TAJS2 =
-sAJS
SATS=0

TAJS2=0
Yes
——n{
No
IMl=I-1
AJCO=0

DO
1I=ITOP,
IM1

AJST(II)
=0

AJST(II)=
SAVA(II,1)+AJCO

ST(II)=AJST(II)
RSIM(II,5)

AJCO=AJST(II)

AJST(I)=

AJST(I)=0

TAJS-SAJS

AJST(I)=TAJS
+RSIM(I,5)

¥
TAJS=TSAVA(1)
+TSAVA(2)
IND(I, 5) Yes
=0
AJST(I)
No =0
AJST(I)=TAJS

AJST(I)=TAJS
+RSIM(I,5)

1= Yes
TTOP
No
TAJS1=TAJS1 [TATS=TAJS-SAVA
~SAVA(I,1) (T,1)-SAVA(I,2
1=1-1 r=1-1
— ]
TAIS2=TAJSZ
-SAVA(T,2) .
g:i:?gAii' T=1707
1)- TSAVA(1)=0
SAVA(T,2) TSAVA(2)=0
I=1- f 3S08=0
AJST(I)=0
TAJS=0
RETURN

10




RSOP

NITR=1

RSIM(I,4)

=RVAR(I,2)
y

RSIM(I,1)=
SIM(I,18)*
AREA(I,3) /12

y

PRLS (I)=PRLS(I)
+AJST(T)

RSIM(I,6)=PRLS (1)

]

REVP=CWS (K)
*BCF*BCK
SIC=SYIC(I,6)

RSIM(I,2)=VAR
(I,2)%AR1/12
RSIM(I,3)=
REVP*AR1/12

i ]

Calculate
RSIM(I,7)

RSIM(I,5)=RSIM
(I,7)-RPR(I,4)
RSIM(I,7)=
RPR(I,4)

SAVA(I,1)

SAVA(I,2)=RSIM
(1,7)-RPR(I,1)
-SAVA(I,1)

SAJS=SDSIR(I,K,
-RSIM(I,7)

RSRT=RPR(I, 1)
-RSIM(I.7)

RSIM(I,4)=0
RSRT=RSRT~-
RVAR(I,2)

RSTR=RSTR~-
RSIM(I,6)
RSIM(I,6)=0

(1,6)—-RSRT
RSIM(I,7)=RPR
aIQ,)

RSIM(I,7)=
RPR(I,1)-

RSIM(I,3)
T

n

ENTER

. Yes [ CL=RPR(I,5)
S<RPR(I,2) C2=RPR(T,6)
No
S<RPR(I,3) D188
Cl=RPR(I,7)
No C2=RPR(I,8)
C1=RPR(I,9)
C2=RPR(I,10)
[———
AR=C1*Sk*C2

RETURN




144

RIVER BASIN MANAGEMENT
PROGRAM LISTING

[ RIVER BASIN OPERATION MODEL
COMMON AJST(8),AREA(E,4),0COR(6,12),TMPL(8),VARI(8),VARA(6),
1ACOR(E),  CAF(6),CCR(12),CONV(8,13),CPH(12),CW8(12),0LH(12),
2IND(6,5),0TL (19),0TLV(4),PR(6,15),Q0SIR(6,12) ,RSIM(6,7) ,ROTLC7),
3RPR(6,10) ,RVAR(€,12),SBNM(8,2) ,SDSIR(6,12),SIM(6,18),SYIC(6,6),
ATACR(6), TAPH(6),VAR(6E,13) ,WCR(6,12) (WPH (6,12} ,FMT1(4),FNT2(4),
SFMT3(4),FMTA4(4) ,USRY (6) ,06RY (6) ,8AVA(6,2) PRLS(6) ,TSAVA(2)
IMEIR, MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR ,NSIC,NSB,NSM,NVR,
COMMON ACR, ADMS, AJ50,APH,CAJS,DIC,DIN,DOUT, INt, IN2,10UT,LYR,
2NYR,8AJS,SK,BCF,BCK,ITOP,DAJS, 1505, TAJS
DIMENSION BSNM(4),NMDTA(3)

1 TYPE 199
199 FORMAT(11H MOUNT TAPE/)
0CT 250e0@
READ(6,99) (NMDTA(I),Is},3)
99 FORMAT(3A2)
CALL QMON(21,NMDTA(1),8,13)
<
TYPE 202
202 FORMAT(24HSSW A FOR INCH, B FOR AF/)
0CT 23000
c INPUT BASIC DATA

READ(6,12@8) (BSNM(II),IYw1,4),NSB,NVR,NPR,;NSH,NRVR,NRPR,NRSM,NIND,
INARA,NSIC,LYRQ,NYR, INL, IN2,IOUT,NITX,AJSO, ADMS,CAJS, ITOP,DAJS

190 FORMAT(4A4,1013/18,513,3F5%,2,15,F5,0)
CALL BSDTA

oo

REPEAT SIMULATION FOR EACH YEAR

DO 26 Jai,NYR

DO 2 Isi,NSB

READ (IN1,101) (QCOR(I,K) Kx1,12)

181 PORMAT(8X,=3P12F6,1)
LYRaLYRO#J=1

REPEAT SIMULATION FOR EACH MONTH
DO 17 Ksi,12

MNTHa9+K

IF(K,6T,3) MNTHaKe}

00

SIMULATICN OPERATION
CALL RBOS (K}

IF _8SW A ON, OUTPUT MONTHLY HYDROLOGY IN INCHES
OCT @23600

J 12

CALL OTPTS(FMTY{,FMT2,K)

oo oo

c IF SSW B ON, OUTPUT MONTHLY HYDROLOGY IN ACRE~FEET
18 0CT #235@9
J

ol

oo

OUTPUT MONTHLY HYDROLOGY IN ACREFEET
D0 15 I=i,NSB
DO 13 Lw2,NVR
13 VAR(I,L)=CAF(I)eVAR(I,L)
D0 14 Ls1,N8M
14 SIM(I,L)BCAF(I)eSIM(I,L)
VARIC(I)sCAF (X)) *VARI(])
15 CONTINUE
CALL OTPTS(FMTI,FMT4,K)
DO 52 Isi,NSB
00 3@ L=2,NVR
VAR(CI,L)®=VAR(I,L)/CAF(I)
00 51 Lwi,NSM
8% SIM(I,L)=SIM(I,L)/CAF(I)
VAR3I(I)sVAR3 (1) /CAF(D)
52 CONTINUE

o0

OUTPUT MONTHLY RESERVOIR QPERATION IN ACRE=FEET
16 CALL OTPTR (K)

(s Xz}

a0 oo

oo

oo

oo

17 CONTINUE
26 CONTINUE
J o

END

SUBROUTINE FOR BASIC DATA

SUBROUTINE BSDTA

COMMON AJSY(S),AREA(G,J),QCDR(S,12),TNP](6),VAR3(6);VAR4(6],
1ACOR(E), CAF(6),CCR(12),CONV(6,13),CPH(12),CHS(12),0LH(1R),
Z!ND(G,S),OYLCXQ),DTLV(A),PR(G,IS],ODSIR(S,lZJ,RSIH(6,7),RUTL(7J'
3RPR(6,10),RVAR(6,123,SBNH(G,ZJySDSIR(S:12),81H(5,18),$V1C(6;5)r
4TA€R(6),TAPH(G).VAR(S,iS),NCR(G,lZ),NPH(G;XZJ,FMTif‘!pFHTZ(‘),
5?MYS(4),FHT4(4)pOSRV(G)yQGRV(O),SAVA(G,E]:PRLS(S)rTSAU‘(23

COMMON ACR,ADMS, AJE0,APH,CAJS,DIC,DIN,DOUT,INY,IN2,I0UT,LYR,
1ME!R,HNTH,HS!R,NARA,NIND,NIYX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2NYR,8AJS,SK,BCF,BCK,ITOP,DAJS, 1808, TAJS

READ OUTPUY ROW TITLES

READ(CINL,1@0) (OTL(L),L®1,NSH)

READ(INL,128) (ROTL(L),L®!,NRSM)

READ{ING,100) (OTLV(L),Lui,4)
1P@ FORMAT (20A4)

READ AND CHECK FRACTION DAY=LIGHT MOURS
READ(IN1,181) (DLH(K),Kwy,12),M8IR,MEIR
101 FORMAT(12F5%,3,213)

INPUT UNGAGED WATERSHED TEMPERATURE ADJUSTMENT
READ(IN{,120) (TMP1(I),Isi,NSB)
120 FORMAT(10X,18F5,2)

INPUT MODEL INDICATORS AND PARAMETERS FOR EACH SUB=BASIN
2 DO 12 Iwy,NSB

1“5:2:;N10102) (BBNMCI,L),L®1y2), CINDCI,L) ,Lui,NIND), (AREACI,L), L0
N

102 PORMAT(2A4,2X,515,4F10,0)
READ(IN$,183) (PR(I,L),L®i,NPR)

183 FORMAT(16F8,2)
IFCIND(1,5),67.2) GO TO 41
DO 40 Lsi,NRPR

4% RPR(I,L)w0,

J 42
41 READ(IN1,104) (RPRCI,L),L®1,NRPR)
{84 FORMAT(4F8,0,6F8,5)

INPUT INITIAL CONDITIONS
42 READCINI,185) (8YIC(I,L),Lw),NSIC)
1085 PORMAT(SF5.2,F10,0)

COMPUTE WEIGHTED PHREATOPHYTE AND CROP CONSUMATIVE USE COEFFICIENT

00 3 Kumi,12

3 WPH(I,K)e2,
TAPH (1) =0,
NsIND(I,2)
DO 5 Luy,N
READ(INI,186) (CPH(K) ,K®1,12),APH

106 FORMAT (19X,12F5,2,F10,0)

D0 4 Kei,12

4 WPHCT, KINNPHCI,KY+CPH(K) ¢ APH

S TAPH(I)STAPH(I)#APH
DO 6 Kmi,12

6 WPH(I,K)SKPH(I,K)/TAPH(I)
TACR(1)s0,
DO 7 Kej,12

7 WCR(I,K)s0,
IFCIND(T,1),EQ.@) GO TO 11
NRIND(I,t)
DO 9 Lmi,N
READ(IN1,186) (CCR(K),Ksi,12),ACR
DO 8 Kmy,12

8 WCR(I,K)=WCR(I,K)#CCR(K)#ACR

9 TACR(I)sTACR{I)+ACR
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DO 10 Ksi,12

SDSIR(I,K)=a,
WCR(T,K)SWER(I,K)/TACR(I)
READCINE,1087) (QDSIR(I,K),Kn$,12)
FORMAT (12F5,0)

IFCIND(I,5),EQ,8) GO TO 12
READ(IN1,108) (SDSIR(I,K),K®1,12)
FORMAT(12F6,0)

CONTINUE

READ AND CHECK CONVERSION FACTORS
DO 20 Is1,NSB

READ(IN1,1@89) (CONV(I,L),L®1,NVR)
FORMAT(10F8,5)

CONTINUE

READ (6,108) (CAF(I),Iw1,N88)

READ CONSUMPTIVE USE COEFFICIENT FO OPEN WATER
READ(IN1,198) (CHS(K),Ksi,12)

READ OQUTPUT FORMAY

READ(IN1,310) (FMTL(L),Ln1,4), (FMT2(L),Lu4,4), (FMTICL) JLot,4),
1IFNTAC(L) Lo, 4)

FORMAT (16A4)

RETURN

END

SUBROUTINE FOR OPERATION STUDY

SUBROUTINE RBOS (K)

COMMON AJST(6),AREA(8,4),QC0R(6,12),THMP1 (6),VARI(E),VARA(S),
1ACOR(8), CAF(8),CCR(12),CONV(8,13),CPH(12),CWS(12),DLH(12),
2IND(6,8),0TL(19),0TLV(4),PR{6,15),QDSIR(S,$2) ,R8IM(6,7),RATL(7),
IRPR(8,10) ,RVAR(6,12) ,8BNM(S,2) ,SOSIR(S,12),8IM(6,18),8YIC(6,6),
ATACR(S),TAPH () ,VAR(6,13),WCR(6,12) ,WPH(6,12),FMT1(4),FMTR(4),
BFMTI(4),FMT4(4),Q8RY (6),0GRY (6),8AVA(6,2),PRLS(6),TSAVA(2)

COMMON ACR,ADMS, AJS0,APH,CAJS,DIC,DIN,DQUT,INJ,IN2,IOUT,LYR,
IMEIR MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVYR,NS1C,NSB,NSM,NVR,
2NYR, 8AJS,8K,BCF,BCK, ITOP,DAJS, 1308, TAJS

DIMENSION TRCO(7),TBGO(7)

REAL M81,M8

INPUT COMPILED DBSERVED DATA FOR EACH SUB=BASIN

DO 3 Isy,N8B

READ(IN2,100) (VAR(I,L),Lw1,NVR)

FORMAT (2F8,3,5F8,0/128F8,8)

DO 2 L®g,NVR

VARCI,L)WCONV(I,L)*VARCI,L)

IF(INDCI,5),6T,8) GO TO 51

DO 58 Lwi,NRVR

RVAR(I,L)ea,

J 3

READ(IN2,181) CRVARCI,L),Le1,NRVR)
FORMAT(10F8.2)

3 CONTINUE

4
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DO 47 Isi,NSB

AJST(I)nE,

PRLSCI)SRVAR(I,!)

TSAVA(1)m0,

TSAVA(2)mp,

1s0

IMXu®

Iuley

IF(I.GT.IMX) GO TO 60

J 81

1808sy

J§0Smy

IMXel

IF(I.LE.1) GO TO 49
VARI(I)sVAR(I,3)+GSRY(I=1)+12,/AREA(I,3)
VAR4(I)®VAR(I,4)+GGRY(I=1)*12,/AREA(I,3)
J .52

VARS(I)SVAR(I,3)

VAR4(I)mVAR(I,4)

oo

oo

o0 oo

oo

o0

7
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20

SNOW STORAGE AND SNOWMELT
CALL SNWMT (I,RPMT,RPMTS)

PHREATOPHYTE EVAPOTRANSPIRATION

BCFmVAR(I,$) #DLH(K)

BCKm,D173¢VAR(I,1)=,314

IF(BCK,LT.o3) BCKu,3

SIMCI,13)8PR(I,9) *WPH(I,K)vBCF*BCK*TAPH(I)/AREA(L,3)

CROP POTENTIAL EVAPOTRANSPIRATION AND WATER SUPPLIES
IFCIND(I,1),EQ,8) GO TO 1@

ETPePR(I,9)*WCR (I,K)+BCFBCK

IFCIND(I,3).EQ.@) GO TO ¢

IF(MNTH,GE.MSIR,AND MNTH,LE,MEIR) GO TO 8
VAR(I,7)wp,

VAR(I,9)w0,

J o9
VAR(T,7)ETP/PR(1,1@)=(RPMT#VAR(I,5)+VAR(I,9)=VAR(I,11))
IF(VAR(I,;7).LT.@8,) VAR(I,7)ed,
SIM(I,9)8VAR(I,5)+VAR(I,7)+VAR(I,9)=VAR(I,11)
IF(SIM(1,9),6E.0,) GO TO 70

VAR(CI,11)mVARCL,11)+5IM(1,9)

SIM(1,9)ma,

DAGRSIM(I,9)¢PR(1,10)+RPHT

J ot

ETPsO,

SIM(1,0)m0,

DAGed,

SIM(I,10)8VAR(I,E)+VAR(I,B)+VAR(L,10)«VAR(],12)

RETURN FLOW
IFCIND(I,1),EQ.2) GO TO 12
SIM(I,4)m(1,PRCI,10))#8IM(I, )@ C1,=PR(I,11))+SIM(I, 0)

J i3
SIM(I,4)m(1,=PRII,11))#8IM(I,10)

UNGAGED SURFACE INFLOW

SIMCL,2)PR(Y,S)*AREA(I,2) /AREA(I,4)*0COR(I,K)*12,/AREA(I,3)+
1PR(12121'RPMTI'AREA(!:2)/AR!A!1:3)0PRCI,13)'(AR!A(I,IJOAREl(l,ZJJI
2AREA(I,3)

EVAPDTRANSPIRATION, SOIL MOISTURE, AND PERCOLATION
IFCIND(I,1),EQ.2) GO TO 19

MS1s8YIC(I,2)

NITRs{

SIM(I,14)wETPwMSL/PR(I, 4)

IF(SIM(L,14),LT.2,) SIM(1,14)x0,
IF(SIM(I,14).GT,ETP) SIM(I,14)sETP
MSBSYIC(I,2)¢DAG=SIM(I,14)

IF(MS,GT,PR(I,3)) GO TO 15

SIM(I,7)=0,

J o186

SIM(I,7)sM8~PR(I,3)

M8®PR(I,3)

DMS=ABS (MS=MSY)

M81s (MS+SYIC(I,2))/2,

IF (DMS,GT,ADMS,AND,NITR,LT,NITX} GO TO 17

Joo.18
NITRENITR#{

J 14
SIM(I,15)aMS
«20
SIM(I,?7)=0,
SIM(I,14)m0,
SIM(I,15)=0,

GROUNDWATEP RECHARGE AND OUTFLOW
DINWPR(I,15)«RPMTw (AREA(I,1)+AREA(I,2))/AREA(T,3)
SKuPR(I,6)

DICa8YIC(I,q)

CALL ROUY

TRCO(I)=DOUT
OINBVARACI)+DOUT#SIM(I,7)=VAR(I,0)=VAR(I,10)
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SKsPR(I,7)
DICsSyIC(I,5)

CALL ROUT

TBGO(I)=DOUT
SIM(1,5Y=PR(I,14)«DOUT
SIM(I,17)sD0UT=SIM(I,S)

SURFACE QUTFLOW
21 SIM(I,18)=VARI(]) +SIM(I,2)+SIM(I,4)¢SIM(I,5)aVAR(I,?)=VAR(],B)~
1SIM(I,13)¢RPMT+TAPH(I)/AREA(I,3)

RESERVOIR OPERATION
IFCIND(L,5),EQ.08) GO TO 22
CALL RSOP (K,I,JS08)
SIM(L,18)=(RSIM(I,5)+RSIM(I,6))+12,/AREA(L,3)
J 23

22 SAJS=0,
SAVA(I,t)n0,
SAVA(I,2)we,

23 TSAVA(1)sTSAVA(1)+SAVA(I,1)
TSAVA(2)aTSAVA(2)+5AVA(I,2)
CalL RRLS(I,K,J508)
IF(JS0S,EQ,8,AND,IS08,ER,!) GO TO 44

40 QSRY(I)®SIM(I,18)+AREA(I,3)/12.
IF(QSRY(I),LT.8,) OSRY(I)s@,
GGRY(I)®SIM(I,17)#AREA(Y,3) /12,
IF(QGRY(I),LT,8,) GGRY(I)s2,
IF(I,LT,NSB) GO TO 4

COMPLETE SIM ARRAY

00 39 Isi,NSB

SIM(I,3)=VAR(I,5)+VAR(],6)
SIM(I,E)mVAR(I,S)¢VAR(I,10)

SIM(1,8)sVAR4(I)

SIM(I,14)aVAR(I,$1)¢VAR(2,12)

IFCINDCI,5).GEe1) SIM(I,11)8VARCI,$1)+VARCI,12)+RSIN(T,4) w12,/
1AREA(I,3)
8IM(1,12)2QD8IR(I,K)%1,08430,912,/AREA(],3)=8IM(],18)
IF(SIM(I,12),LT.2,) SIM(I,i2)we,
SIM(I,16)nSIM(I,17)+8IM(1,18)

RESET INITIAL VALUES

SYIC(1,4)e8IM(I,1)

SYIC(1,2)s8IM(I,18)

SYIC(1I,4)sTRCOCY)

SYIC(I,8)sTBGO(I)

IFCIND(I,S) EQ.1) SYIC(I,6)wRSIM(I,7)
39 CONTINUE

RETURN

END

SUBROUTINE FOR SNOW MELT

SUBROUTINE SNWMT (I,RPMT,RPMTL)

COMMON AJST(6),AREA(6,4),0C0R(6,12),TMPL(6),VARI(S),VAR4(6),
1ACOR(6), CAF(6),CCR(12),CONV(6,13),CPH(12),CWa8(12),0LH{L2),
2IND(6,5),0TL(19),0TLV(4),PR(6,15),0DSIR(E,12) ,RSIM(B,7) ,ROTL(7),
3RPR(6,10) ,RVAR(6,12),8BNM(6,2) ,SDSIR(6,12),8IM(6,18),8YIC(6,6),
ATACR(6) , TAPH(6) ,VAR(6,13) ,MCR(5,12) ,WPH(8,12),FMT1(4),FNT2(4),
SFMTS(4),PMT4(4) ,QSRY (8),QGRY (6),8AVA(8,2),PRLS(6),TSAVA(2)

COMMON ACR,ADMS, AJSO,APH,CAJS,DIC,DIN,DOUT,INS,IN2,I0UT,LYR,
SMEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC N8B ,NSM,NVR,
2NYR,SAJ8,8K,BCF,BCK,ITOP,DAJS,1808,TAJS

2 IF(VAR(I,1),GT.PR(Y,1).,AND,VAR(I,1).6T.,PR(1,2)) GO TO &

IF(VAR(I,1),LE.PR(I,1),AND.VAR(I,1).,GT.PR(I,2)) GO 10 58

SIM(I,1)98YIC(I,1)+VAR(I,2)

SNMTsQ,

RPMTsg,

J .7
SIM(I,1)=SYIC(I,t)*VAR(I,2)
SNMTBSIM(I,1)* (1, =EXP(=PR(I,8)«(VAR(I,1)=PR(I,2))))
IF (SNMT,GT,SIM(I,1)) SNMTaSIM(I,})
SIM(I,1)mSIM(I,1)=8SNNT
RPMTaSNMT
J o7

oo
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SNMT=SYIC(I,1)¢(1.=EXP(=PR(I,8)»(VAR(I,1)=PR(I,2))))
TF(SNMT,GT,SYIC(I,1)) SNMTsSYIC(I,!)
SIM(I,1)a8SYIC(L,1)=5NMT

RPMTEVAR(],2) +SNMT

TUNGSVAR(I,§)=TMP1 (1)

IF (TUNG,GT.PR(I,1),AND,TUNG,GT,PR(1,2)) GO TO 4}
IF(TUNG,LE.PR(I,1),AND,TUNG,GT.PR(I,2)) GO T0 99
SNWIaSYIC(I,3)+VAR(I,2)

RPMT {0,

J 42

SNWiSYIC(I,3)¢VAR(I,2)

SNMT12SNWiw (| =EXP(=PR(I,8) «(TUNG=PR(I,2))))
IFCSNMT{ GT,SNW1) SNMT1eSNW1

SNW{RSNWi=SNMTY

RPMT1aSNMTL

J 42
SNMT1eSYIC(I,3) % (1. =EXP(=PR(I,B)«(TUNG=PR(I,2))}))
IF(SNMTL.GT,SYIC(I,3)) SNMT1sSYIC(I,d)
SNWinSYIC(I,3)=SNNTY

RPMTLsVAR(CI,2) $SNNT}

SYIC(I,3)u8NKY

RETURN

END

SUBROUTINE FOR RESERVOIR RELEASE ADJUSTMENTS

SUBROUTINE RRLS(I,K,J808)

COMMON AJST(6),AREA(S,4),QC0R(6,12),TMPL(6),VAR3(6),VARA(S),
{ACOR(6), CAF(6),CCR(12),CONV(6,53),CPH{12},CH8(12),DLH(12),
2IND(6,5),07L(19),0TLV(4),PR(6,15),QDSIR(6,12) RSIM(6,7),ROTL(7),
3RPR(6,18) ,RVAR(6,12),8BNM(8,2),8D8IR(6,12),81IM(5,18),8Y1C(6,6),
4TACR(8) , TAPH(8),VAR(6,13),WCR(8,13) ,WPH(6,12) ,FMT](4),PNT2(4],
SFMT3(4),FMT4(4),Q8RY(6),QGRY(6),8AVA(6,2) PRLS(6),TSAVA(R)

COMMON ACR,ADMS, AJ30,APH,CAJS,DIC,DIN,DOUT,INS, IN2, I0UT,LYR,
IMEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR, NRSM, NRYR,NSIC,NSB,NSM,NVR,
2NYR,8AJS,8K,BCF,BCK,ITOP,DAJS, 1808, TAJS

CHECK FOR DESIRABLE FLOW AND ADJUST RESERVOIR RELEASE
QSSSIM(I,18)»AREA(T,3)/(12,430,+1,98)
IF(G8,LT,QDSIR(I,K)) GO YO 24

GAJSnE,

J .25

QAJS® (QDSIR(I,K)=Q8)#1,98+38,
TAJSsCAJSw(8AJS+QAJS)+DAJS
IF(1808,LE,2) GO TO 38
IF(TAJS,LE,AJS0) GO TO 42
IF(TSAVALL).LT.TAJS) GO TC 3@

SUFFICIENT WATER AVAILABLE IN RESERVOIRS
TAJS1sTAJS

TaJS2s0,

IF(IND(I,5).LE,@) GO TO 41
AJST(1)wTAJS1=8AJ8

IF(RSIM(I,5),6T7,8,) AJST(I)uTAJS1+RSIM(I,5)
J A4

AJST(I)m0,

SAJSE0,

IF(TAJS1.6T,8AVA(Y,1)) GO TO 50

J ' 28

IF(I,LE,ITOP) GO TO 28
TAJSIaTAJSL=8AVA(I,})
Isl=y

J 40

TAJS1sg,

IF(I,LE,ITOP) GO TO 37
IMisI=g

DO 29 II=ITOP,IM)
AJST(II) =2,

J 37

!
STORAGE LESS THAN DESIRABLE IN SOME OR ALL RESERVOIRS
TAJS1eTSAVA(Y)
TAIS28TAIS=TAJSY
IF(TAJS2,LE.$AJS) GO TO 90
TAJS=TAJS=8AJS
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TAJS2sTAJSR=8AJS
SAJS=O, ¢
J <91

SAJSe8AIS=TAJS2

TAJS8TAJS]

TAJS2s0,

IF{TSAVA(2),LT,TAJS2) GO TO 35
IFCIND(1,5),LE.2) GO YO &%
AJST(1)sTAJS=SAJS

IF(RSIMCI,8),GT,0,) AJST(I)RTAJS+RSIM(I,S)
J 65

AJSTY(1)e0,

SAJSwp,

IF(TAJS2,GT.8AVA(I,2)) GO TO 51§

J 33

IF{I,LE,1TOP) GO TO 33

TAJS28TAJS2=8AVA(],2)

;Ais-TAJs-SAVA(!,1)-5AVA(!'2)
slel

J 59

TAJS2e0,

IF(I.LE,ITOP) GO TO 37
IMizley

AJCOng,

D0 34 1I=ITOP,IM
IFCINDCII,S),LE.Q) GO TO 8@
AJST(I1)SSAVA(IL,1)+AJCO
IF(RSIM(IT,8),6T.0.) AJST(IL1)mAJST(II)+RSIM(II,S)
AJCOuAJST(II)

a0 oo

oo

J 234
AJST(11)80,
CONTINUE

J 37

STORAGE LESS THAN MINIMUM IN SOME OR ALL RESERVOIRS
TAJGWTSAVA(1)+TSAVA(2)

IFCIND(I,5),LE.2) GO TO 74

AJBT(I)aTAJS

jF(RSI:CI,S).GT.B-) AJST(I)mTAJS+REIM(I,S)

o oo

.
AJST(I)mE,
IFCILLE,ITOP) 6O TO 37
TAJSSTAJS=8AVA(I,1)=8AVA(I,2)
Islwy
J .70
IeITOP
TSAVA(1)wg,
T8AVA(2)s0,
Js0o8sp
J 38
AJST(I)W0,
ThAJSuD,
RETURN
END

SUBROUTINE FOR LINEAR RESERVOIR ROUTING

SUBROUTINE ROUT

COMMON AJST(8),AREA(S,4),0C0R(6,12),THP1(8),VARI(6),VARM(E),
1ACOR(E), CAF(8),CCR(12),CONV(6,13),CPH(12),CWS(12),DLH(12),
2IND(6,8),0TL(19),0TLV(4),PR(6,15),QDSIR(6,12),REIN(6,7),ROTL(7),
3RPR(8,108),RVAR(8,12),5BNM(8,2),SD8IR(S,12),81M(6,18),8YIC(6,8),
4TACR(6) yTAPH(6) ,VAR(6,13),WCR(6,12) WPH(6,32) ,FMTY(4),FMTR(4),
SFMT3(4),FMT4(4) ,GSRY (6),0GRY(6),8AVA(6,2),PRLS(6),TSAVA(2)

COMMON ACR,ADMS, AJS0,APH,CAJS,D1C,DIN,DOUT,INL,IN2,IOUT,LYR,
{MEIR,MNTH,MSIR, NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2NYR,8AJ8,8K,8CF,BCK, ITOP,DAJS, 1805, TAJS

DOUTSDIN+(DIC=DIN) «EXP (=1, /8K)

RETURN

END ¢

oo

SUBROUTINE FOR RESERVOIR OPERATION

SUBROUTINE RSOP (K,I,J80S)

COMMON AJST(6),AREA(6,4),QCOR(6,12),TMPL(6),VARI(6),VARA(S),
1ACOR(6), CAF(6),CCR(12),CONV(6,13),CPH(12),CH8(12),DLH(12),
2IND(6,5),0TL(19),0TLV(4),PR(6,15),G05IR(6,12) ,RSIM(6,7),ROTL(7),
3RPR(6,18) ,RVAR(6,12),SBNM(6,2),SDSIR(6,12),8IM(6,18),8YIC(6,6),
ATACR(6),TAPH(6) ,VAR(6E,13),WCR(6,12) ,WPH(E,12),FMT1(d),FNT2(4),
SFMT3(4),FMT4(4),8SRY(6),GGRY (6),8AVA(S,2),PRLE(6),TSAVA(2)

COMMON ACR,ADMS, AJBO,APH,CAJS,DIC,DIN,DOUT,INL,IN2,10UT,LYR,
IMEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2NYR,8AJS,8K,BCF,BCK, ITOP,DASS,1808,TAJS

NITRey

RSIM(I,4)wRVAR(I,2)

RESERVOIR INFLOW
RSIM(I,1)a8IM(I,18) «AREA(I,3)/12,

RESERVOIR RELEASE
PRLS(I)SPRLS(I)+AJST(I)
RSIM(I,6)sPRLS(I)

RESERVOIR EVAPORATION
REVPSCWS (K)#BCFeBCK
SICsSYIC(I,6)

CALL ARES(SIC,ARY,I)
RSIM(I,2)mVAR(I,2)¢ARL/12,
RSIM(I,3)sREVPvAR] /12,

-

RESERVOIR STORAGE
RSIM(I,7)8SICHREIM(I,1)+RSIN(I,2)=RSIM(I,I)=RSIM(I,4)=RSIM(I,6)

SPILL FLOW
IF(RSIM(I,”),LE,RPR(I,4)) GO TO 2
RSIM(I,5)sR8IM(1,7)=RPR(I,4)
:sln(!,7>-RPn(r.4J

.8
REIM(I,5)up,
IF(RSIM(I,?).GE,RPR(I,1)) GO T0 6
RSRTSRPR(I,1)=RSIM(I,7)
IF (RSRT,G6T,RVAR(2,2)) GO TO 3
RSIM(I,4)SRVAR(I,2)~R8RT
RSIM(I,7)aRPR(I, 1)
J o8
RSIM(I,4) w0,
RSRTERSRT=RVAR(I,2)
tF(RSRT,GT,RSIM(I,6)) GO TO 4
RSIM(I,6)sRS8IM(1,6) «RSRT
RSIM(I,7)8RPR(I, 1)

6

.

RSRTRRSRT=RSIM(I,6)
RSIM(I,6)ep,
IF(RSRT,GT,RSIM(I,3)) GO TO §
RSIM(I,7)uRPR(I,1)=RSRT

J .6
RSIM(Y,7)sRPR(I,1)=RSIM(I,3)

(=

S

>

CHECK FOR AVAILABLE AND DESIRABLE STORAGES
SAVACI,1)uRSIM(I,7)=SDSIR(I,K)
IF(SAVA(I,1).LT,08,) SAVA(I,1)s0,
SAVA(1,2)8RSIM(I,7)=RPR(I,1)=SAVA(I,})
IF(SAVA(I,2),L7,8,) SAVA(I,2)=@,
IF(RSIM(I,7).LT,8DSIR(I,K)) GO TO 8
SAJS=0,

J «9

SAJSWSDSIR(I,K)=RSIM(I,7)
IF{JSOS,EQ,8) I80Swp

RETURN

)

o ®

END

SUBROUTINE FOR RESERVOJR WATER SURFACE AREA

SUBROUTINE ARES(S,AR,I)

COMMON AJST(8),AREA(6,4),QCOR(6,12),THP1(6),VAR3(6),VARA(6),
1ACOR(6), CAF(6),CCR(42),CONV(6,13),CPH(12),CHS({12),DLH(12),
2IND(6,5),0TL(39),0TLV(4),PR(6,15),GDSIR(6,12),RSIM(6,7),ROTL(7),
3RPR(6,18),RVAR(6E,12),8BNM(6,2),SDSIR(6,12),8IM(6,18),SYIC(6,6),
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a0

-

4TACR(6), TAPH(6),VAR(S,13) ,WCR(6,12) ,WPH(6,12) ,FMT1(4),FMT2(4),
SFMT3(4) ,FMT4(4),Q8RY(6),QGRY(6),8AVA(6,2) ,PRLS(6),TSAVA(2)

COMMON ACR,ADMS, AJS0,APH,CAJS,D1C,DIN,DOUT,INY, IN2,I0UT,LYR,
{MEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSH,NVR,
2NYR,8AJS,SK,BCF,BCK,ITOP,DAJS, 1805, TAJS

IF(S,LY,RPR(I,2)) 60 TO 2

1F(S,LT,RPR(1,3)) 60 TO 1

C1aRPR(I,9)

C2=RPR(I,10)

3 W3
CIsRPR(I,7)
C2WRPR(1,8)
o3
CisRPR(1,8)
C28RPR(I,6)
ARaCieSweC2
RETURN
END

SUBROUTINE FOR OUTPUT SIMULATED HYDROLOGY

SUBROUTINE OTPTS(FMTA,FMTB,K)

COMMON AJST(6),AREA(6,4),8COR(6,12),TMP1(6),VARI(E),VARALE),
1ACOR(8), CAF(6),CCR(12),CONV(6,13),CPH{12),CNS{12),DLH{12),
2IND(6,5) ,0TL (19),0TLV(4) ,PR(6,15),GDSIR(6,12) ,RSIM(E,7),ROTL(7),
3RPR(6,18) (RVAR(S,12),8BNM(6,2),3D8IR(6,12),81M(6,18),5YIC(6,6),
ATACRCS), TAPH(8) ,VAR(S,13) , NCR(8,12) ,WPH(6,12) ,FHT1(4),FNTR(4),
SFMTY(4),FMT4(4) ,QSRY (6),QGRY (6),8AVA(8,2),PRLE (), TSAVA(R)

COMMON ACR,ADMS, AJSO,APH,CAJS,01C,DIN,DOUT, INS, IN2,10UT,LYR,
SMEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR ,N8IC,NSB,NSH,NVR,
2NYR, 8418, 8K,BCF,BCK,ITOP,DAJS, 1308, TAJS

DIMENBION FMTA(4),FHTB(4)

1F (MNTH,EQ,8) GO TO 1§

WRITE(I0UT,280) LYR,K

® FORMAT(//1X,3HL ®,I5,5%,3HK =,13)

3.2

WRITE(IOUT,201) LYR

1 FORMAT(//1%,3HL ®,1I5,2X,8HANNUAL)
WRITE(IOUT,202) ((SBNM(I,L),Ls1,2),1n1,N88)
2 FORMAT(/7H ITEM ,0(1X,2A4))

WRITE(IOUT,FMTA) QTLV(1), (VAR(I,1),Im1,N8B)

WRITE(IOUT,FMTB) OTLV(2),(VAR(I,2),I81,N5B)

WRITE (TOUT,FMTB) OTL(1),(8IM(I,1),1m1,NSB)

WRITE(IOUT,FMTB) OTYLV(3), (VAR3(I),In1,NSB)

DO 4 Lw2,NSM

WRITE(IQUT,FMTB) OTL(L),(SIM(I,L),Ini,NSB)

WRITE(IOUT,FMTB) OTLV(4),(VAR(I,13),1n1,N88)

SUBROUTINE FOR OUTPUT RESERVOIR OPERATION

SUBROUTINE OTPTR (K)

COMMON AJST(6),AREA(6,4),0C0OR(8,12),TMPL(6),YARI(8),VARA(6),
1ACOR(6), CAF(6),CCR(12),CONV(6,13),CPH(1R),CNS(12),0LH(12],
2IND(6,5%),0TL(19),0TLY(4),PR(6,15),0D8IR(6,12),RSIM(6,7)4ROTL(7),
3RPR(6,1@),RVAR(6,12),8BNM(6,2),808IR(6,1R),8IM(6,18),8YIC(6,6),
4TACR(6) ,TAPH(6) ,VAR(6,13),WCR(6,12),WPH(6,12),FMT1(4),FNT2(4),
SFMT3(4) ,FMT4(4),Q8RY(6),QGRY(6) ,SAVA(6,2),PRLE(6),TBAVA(R)

COMMON ACR,ADMS, AJSQ,APH,CAJS,DIC,DIN,DOUT,IN{,IN2,I0UT,LYR,
{MEIR,MNTH,MSIR,MARA,NIND,NITX,NPR,NRPR,NRSM,NRVR N8IC,NSB,NSH,NVR,
2NYR,SAJS,8K,BCF,BCK,ITOP,DAJS,I808,TAJS

NRS=9

00 ¢ 1ls$,NSB

NRSaNRS#IND(I,5)

IF(NRS,EQ.Q) GO YO 4

WRITE(I0UT,200)

@ FORMAY(//1X,9HRESERVOIR)

WRITE(IOUT,202) (ROTL(L),L®1,NRSM)

FORMAT(/9H SUB BSN,? (5XA4),4X,4HAJST)

DO 3 1s1,NS$B

IFCIND(I,5),EQ,@) GO TO 3

WRITE(IOUT,203) (SBNM(I,L),L®1,2),(RSIM(I,L),L8!,NRSM),AJST(])
3 FORMAT(1X,2A4,7F9,0,F8,0)

CONTINUE

RETURN

END

N -

s

~ -
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SAMPLE INPUT

I, BASIC DATA
CARD 1
0BDTA2

CARD 2

PROVD R. BASIN
CARD 3

1658 29 6§ 13
CARD 4

313 1518 2106 7 5 4 6
6 20 2000 g 1tom 2 ]

SNOWQUNGGIMPQRTNOBSEGWELGPRCOGHIGIRRAMNIGEXPQSRTETPHETCRSLMSGTOTGGHOGSOTADEY
CARD 5

ROINRPPTREVPRDIVRSPLRRLSRSTR
CARD

TEMPPRCPOGINRGOTY

CARD 7

.077 ,067 ,M63 ,n67 ,067 ,083 ,889 ,100 ,121 ,1A2 ,096 ,p84 4 10

CARD 8
TMPY 5,2 8,2 7,9

11, SOOEL INDICATORS AND PARAMETERS FOR EACH SUBBASIN

CARD 1

FRANCIS 4 4 -] ] ] 189036 3329

CARD 2

4928 3000 620 408 28 20 48 12 18 30 80 04 i2
3

CARD
IND(1,5)%0 SKIP CARD 3 POR THIS SUBBASIN
CARD 4

21376

@2 40@0 19@ Joz 4o@
CARD 5
€2 HWGw 2 1235 192 75 85 B2 113 136 141 142 142 {44
C3 MWGT 3 8t 76 69 56 53 53 35 61 68 77 82
C4 LWGT 4 L1] 47 42 35 33 33 34 38 42 48 51
€5 OPUT B 137 128 112 183 132 149 158 55 1351 144 143

CARD 8

AL ALFA 1 11 79 65 63 74 86 99 112 4§19 119 188
A2 PasT 2 8e 74 58 55 66 81 86 102 89 83 91
A3 AOHA 3 84 77 82 85 66 81 94 189 115 1i{p 103
A4 SMGR 4 22 28 29 28 28

28 74 118 127 73 48 19
CARD 7 (NOTE=THE FLOW IS SET NEGATIVE 30 THAT ACTUAL SIMULATIONS ARE OQUTPUT

WITH NO ADJUSTMENT BY THE RESERVOIR,)
-9958-9999-9999-9999-9999-9999-9999-9999=9999-9999-9999-9999
CARD 8

IND(1,5)892 SKIP CARD 8 FOR THIS SUBBASIN

REPEAT CARDS UNDER I1, FOR REMAINING SUBBASINS

A 2,3 7 4 2 [ 1 19200 198413 185314
3200 2690 1004 4PQ (1] 8¢ 160 i8 1@ se LI} -] 2e
=999999 9508 111000 9999599 1,85 6249 4,58 528

98 400 160 280 200

C2 HWGW 2 12% 102 78 68 88 113 138 141 142 142 141

C3 MWGY 3 84 76 89 36 53 353 55 61 L1] 77 82

Ca LWGT 4 50 47 42 35 33 N 34 38 42 48 53

CS OPWY 53 137 128 112 181 138 149 1356 1585 15{ 144 4§43

AL ALFA ¢ 99 79 68 63 74 86 98 112 119 110 @5

A2 PAST 2 .14 74 58 55 66 81 86 102 99 93 o1

A3 ADHA 3 84 77 62 55 66 81 §4 109 115 110 105
4

A4 SMGR 22 29 29 29 29 28 74 118 127 73 40
A5 CORN 5 99 29 28 29 29 28 22 68 73 93 106
At2 IDLEs2 35 g 25 25 25 30 33 38 39 39 38
A13 BEAN13 25 29 29 29 29 28 22 67 111 89 75
~9999=059929590=9999-099943059~0999=9999=9999=9999=0599=90%

9
80000 80000 8MAPP 8PCRQ 8MCAD 8@220 80020 80080 80080 80007 80000 88RRR

A456 12 5 [} 1 2 2 64487 18989
3500 2500 500 300 e1 iee 350 18 124 62 90 [ 3} 23
o2 20n Sa 2n@ 200

C1 HwMC 1 185 185 18% 185 185 185 185 185 (85 185 185
C2 HuWGw 2 125 1p2 75 65 8@ 113 136 141 142 142 14}
C3 MWGT 3 81 76 69 56 53 53 55 61 68 77 82
C4 LWGT 4 50 47 42 35 33 33 34 38 42 48 51
C5 OPWT 5 137 128 112 181 130 149 156 {55 151 144 14!

104320

4e

136
83
S4

138

89
a7
95

194320

40

187

136
83

es

104320

32

185
136
83
51
138

t

@1

8216
ist

811
1842
1038

459

17



LL

Al ALFA 1 90 79 65 63 74 86 99 112 119 11e i85 99 4121
A2 PAST 2 88 74 58 55 66 81 86 102 s 93 91 87 4480
A3 AOHA 3 84 77 62 55 66 81 94 129 {15 11p 108 9% 1537
A4 SMGR 4 22 29 29 29 29 28 74 118 27 73 42 19 3654
A5 CORN 3 99 29 29 29 29 28 22 60 73 93 16 109 2813
A8 SUBY 6 102 29 29 29 29 28 22 58 95 106 120 111 235
A7 POTA 7 22 29 29 28 29 28 22 30 42 88 131 134 136
A8 ORCH 8 90 78 (1] 64 74 86 98 108 113 111 (@6 99 2823
A2 TOMALG 48 29 26 29 29 28 45 50 75 101 97 83 44
A1l SMTRIY 40 29 9 29 29 28 37 62 77 82 78 61 137
A12 1DLE12 35 30 25 25 25 36 33 38 38 39 39 35 367
A13 BEAN1Y 23 29 29 29 22 67 11 -1 75 29 12

-9999-9999-9999-9999-9999-9999-9999-9999-9999-9999-9999 =-9999

I1I, INPUT CONVERSION FACTORS
CARD 1 REPEATED FOR THE SIX SUBBASINS

1. 1,.0036047,0036047.0836047,0036047.0036047,0036047,0036047,0036047
003!0‘7 Q836047 ,0036047,0036047

l-.0057259 0807259,0007259,0007259,0007255,80872589,0007250.0007239

-0057259 0007259,0007259,00087259

1, 1,.00068328,0006326,0006328,0006328,0006325,0006328,0006328,0006328
.B:Og&!l 0006328 eer6328,0006328
c

]

277,411377,51579,7
Iv, CONBUHPTIVE UBE FOR OPEN WATER

CARD 1§
cs OPWT 5 137 128 112 101 130 149 186 153 151 144 141 138
V. QUTPUT FORMATS

CARD 1
(11X A4, 2%, 8F9,3) C1X A4, 2%, 8F9,3) (1X,A4,2X,8F0,3)(1X,A4,2X,8F0,.8)
VI. GAGED PLOW OF THE CORRELATION STREAMS

ARD

INPUT QCOR FOR YEAR ONE FOR THE THREE SUBBA&!NS(IQSOJ
OAKL1950 St -44 38 36 33 37 60 778 236 83 65
0AKL1S50 81 44 39 36 33 37 136 460 776 236 83 63
OAKL 1950 34 a4 39 36 33 37 136 460 776 236 83 L]
THIS SET OF CARDS FOR ({95@ IS FOLLOWED BY SIMILAR INPUT FOR THE YEARS 1951=60

VII, THE VAR(I,L) AND RVAR(I,L) DATA ARE READ FROM THE DATA TAPE DEVELOPED
USING THE DATA PROGRAM

SAMPLE l)llTPUT

L = 1950

L = 19%0 K u
ITEM FRANCIS
TEMP 48,952
PRCP 1014,
SNOW 2.
GGIN 799.
QUNG 3648,
GIMP 8.
QRTN B.
GBSE 396,
QWEL e,
QPRC 184,
GGWI e.
QIRR 2.
QMNI e,
GEXP e,
QSRT N
ETPH 79,
ETCR 274,
SLMS 1664,
QToT 5642,
QGWo 594,
[-L1:0¢ Sp4s,
Q60T 4599,
RESERVOIR

SUB BSN, RGIN

A 2,3 13949,

L v 1950 K »
L o= 19%¢ K=
ITEM FRANCIS
TEMP 37,758
PRCP 591,
SNOW 233,
aGIN 1899,
QUNG 3p2y,
oIMP 2.
ORTN e.
08SE 285,
QwEL a2,
QPRC 188,
GGHT °.
QIRR 9.
aMNT 2.
QEXP o,
GSRT 0.
ETPH 51,
ETCR 172,
SLMS 1664,
atoT 4686,
QGHO 307.
asot 4378,
Q60T 4399,
RESERVOIR

suB BsN, ROIN

A 2,3 182760,

1

A 2,3
43,598
4482,

2,
8848,
336e,

14398,

RPPT
439,

16793,

REVP
243,

RDIV

ROIV
2,

RSPL
2.

RSPL
@,

RRLS
136002,

RRLS
14609,

RSTR
121369,

RSTR
122236,

AJST
2,

AJST
2,






APPENDIX D

COMBINED UTAH LAKE OPERATION MODEL

The combined model is composed of the Utah Lake
operation model developed by the Central Utah Project
Office of the Bureau of Reclamation and the previously
described river basin management model. Slight alteration
of both of the programs was necessary to combine the
models but the basic logic of the programs was not
affected. The combined program is tied more to operation
on a water year than any of the previously described
models.

The use of the data program was eliminated in the
combined model by directly inputing all data to the
combined model. The input of VAR and RVAR data was
altered so that all NYR years of data for each station
could be input as a group as outlined in the input data
layout. This is the same procedure used to input VAR
data to the parameter calibration model.

A set of indications was used to replace the use of
sense switches with “If”” statements and provide addition-
al logic tests. These indicators are outlined in the data
input.

The management portion of the program simulates
the Provo River flow, ungaged streamflow and ground-
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water flow to Utah Lake. Additionally, this portion of the
program tabulates the inflow to the lake from gaged
surface sources. This becomes input to the Utah Lake
operation portion of the combined model.

The original Utah Lake model was adapted to the
combined model by redefining the basic variable,
C(J,L,K). This allows certain variables to be transferred
from the management portion of the program. The basic
variables are listed in Table D-1. Calculation of precipita-
tion on the lake and a total dissolved solids balance, as
discussed in the text, were added to the Utah Lake
operation portion of the study.

The output from the combined program is com-
posed of two distinct portions. The management portion
of the program outputs results of simulation for the NYR
years followed by the output of the Utah Lake operation
for the same time period. The output for the management
portion of the combined program is the same as the
output for the river basin management model. The output
of the Utah Lake operation portion of the model is based
on a water year and consists of monthly values for the
C(J,L.K)’s.



INPUT DATA LAYOUT

I. Basic Data IV. River Basin Data
Card 1 same as I Card 2 Appendix C Card 1 same as [ Card 4 Appendix C
Card 2 same as I Card 3 Appendix C Card 2 same as [ Card 5 Appendix C
C .
II. Gaged Flow of the Correlation Streams Card 3 same as ard 6 Appendllx ¢
(in Thousands of Acre Feet) Card 4 same as [ Card 7 Appendix C
mn § ot Acre e Card 5 same as I Card 8 Appendix C
Col Identifier Card 7 same as II Card 1 Appendix C
e . Card 8 same as I Card 2 Appendix C
Cafd 1-8 Identification Card 9 same as II Card 3 Appendix C
9-14 QCOR(1,1,1) Correlation stream- Card 10 same as II Card 4 Appendix C
flow for Subbasin 1 Card 11 same as II Card 5 Appendix C
month 1 year 1 Card 12 same as IT Card 6 Appendix C
15-20 QCOR(1,1,2) Correlation stream- Card 13 same as II Card 7 Appendix C

Card 14 same as III Card 1 Appendix C
Card 15 same as III Card 2 Appendix C
Card 16 same as IV Card 1 Appendix C

flow for Subbasin 1
month 2 year 1

. . Card 17 same as V Card 1 Appendix C
. V. Input Variable Data Indications
Card 1 A dix B
75-80 QCOR(1,1,12) Correlation stream- Card 1 same as II Car ppendix
flow for Subbasin 1 With Only Four Formats
month 12 year 1 Card 2 same as II Card 2 Appendix B
Format (8X,-3P12F6. 1) Card 3 same as III Card 1 Appendix B
This card is repeated for year 2, 3, ..., NYR. Card 4 same as IV Card 1 Appendix B
This completes the correlation stream input data for VI. Input VAR and RVAR Data
jgfbafsms:.bb:'h‘l: Zset3l.s follo;;% by a similar set of The VAR and RVAR data described in Table
a for si PoTr e * C-1 are input at this point, These variables are
III. Indicators read in as DVAR and DRVAR in the program and
Coa 4 mAT - Lowwmemwnly b ston for each variale are summed o
1 hydrology of the ’ pectively.
Provo River in inches Each card must contain twelve monthly values
= 2 output monthly and all stations of a specific variable must be in the
hydrology of the same units and punched in the same format within a
Provo River in acre subbasin (refer to VI Card 1 Appendix B for use of
feet input formats for the variables).
= (3’ c:i_t;;zr?nly reservolr The following ending of the cards values, each con-
P taining twelve monthly values, is to be used:
8 NOUT =0 %iogra; outputs Subbasin 1
Fove Biver VAR(1) Station 1 Year 1,2,3,..., NYR
simulation

Station 2 Year 1, 2,3,..., NYR

= 1 program skips all
output of the Provo
River simulation
(overrides INAF)

Station NST(1,1) Year 1,2,3,...,NYR

9-12 IPR Subbasin number of the VAR (2) Stationl Year 1,2,3,..., NYR
most downstream sub- Station 2 Year 1,2,3,..., NYR
basin in the Provo .
River system .
13-16  IUL f}liesi‘i‘lﬁ?;“iiﬂ’iﬁ;? : Station NST(1,2) Year 1,2,3,...,NYR
Utah Lake (IUL= [PR+]) VAR(NVR) Station 1 Year 1, 2,3,...,NYR
Station 2 Year 1, 2,3,...,NYR

or

= 0 program operates *
as river basin
management model

with no lake operation

~ StationNST(I,NVR) Year 1,2,3,...,NYR
If IRS(1)=0, SKIP RVAR(L) input
Format (414) 80



RVAR(1) Station 1
Station 2

RVAR(2) Station 1
Station 2

.
.

RVAR(NRW) Station 1
Station 2

Year 1,2,3,...,NYR
Year 1,2,3,...,NYR

Station NRST(1,1) Year 1,2,3,...,NYR

Year 1,2,3,...,NYR
Year 1,2,3,...,NYR

Station NRST(1,2) Year 1,2,3,...,NYR

Year 1,2,3,...,NYR
Year 1,2,3,...,NYR

Station NRST(1,NRVR) Year L2,3,...,NYR

This arrangement of cards is repeated for sub-
basin 2, 3, ..., NSB. When any NST(I, L) or
NRST(I, L) is equal to zero no cards are input for
that VAR (L) or RVAR(L), respectively, of Subbasin I,

Input Data for Utah Lake Operation

Title card which will
appear at the top of
each page put in the
first 72 columns

Format (12A6)

VII.
Col Identifier
Card 1-12 TITLE
1
Card 1-8 CTDS
2
9-13 GWSC
14-21 SDEAD
22-26 NUMENT
27-31 NUGNT
32-36 KPPT
37-41 DLS

Conversion of ppm to a
desired unit

Groundwater salt con-
tent, ppm

Dead storage of Utah
Lake, acre feet

The number of values
to be in the area-
capacity tables of Utah
Lake expressed as an
integer

The number of values
to be in the area-
capacity tables of
Goshen Bay expressed
as an integer

Number of precipitation
stations to be input for
calculation of precip-
itation on Utah Lake

A dummy lake storage
used in calculating
total dissolved solids
when the lake content
is zero

Format (F8.5,F5,0, F8. 2, 315, F5, 1)
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Card 1-10
3
11-20
Card

4 is input at this point.

CPPT(1)

CPPT(2)

CPPT(KPPT)

The weighting factor to
be applied to lake
precipitation station 1

The weighting factor to
be applied to lake
precipitation station 2

The weighting factor to
be applied to lake
precipitation station
KPPT

Format (8F10, 0)

The lake precipitation, BPPT(I, J) data
NYR years of data are

input for station 1 with one year of monthly

data in inches of water per card.

The cards

are arranged in ascending yearly order. A
similar set is input for station 2, 3,..., KPPT.
This is the same technique used to input the
VAR & RVAR data to this program,

Format (8X, 12F 6. 2)

Card 1-6
5
7-12
13-18
19-24
25-34
Card
6
Card
7
Card
8

C(14,1,1)

C(13,1,1)

G(21,1,1)

(20,1, 1)

C(29,1,1)

Initial value of
C(14, L, K), thousands
of acre feet

Initial value of
C(13, L, K), thousands
of acre feet

Initial value of
C(21, L, K), thousands
of acre feet

Initial value of
C(20, L, K), thousands
of acre feet

Initial value of
C(29, L, K), in tons

Format (4F6. 1, F10.0)

AREAS(J)

Values of area of diked
lake from area-
capacity curve punched
10 numbers per card
for NUMENT values as
shown on Card 2

Format (10F8. 1)

CAP(J)

Values of capacity of
diked lake from area-
capacity curve as
explained in Card 6

Format (10F8, 1)

AREASG(J)

Values of area from
area-capacity curve
for Goshen Bay as

explained in Card 6



Format (10F8. 1)

Card CAPG(J) Values of capacity from
9 area-capacity curve for
Goshen Bay as explained
in Card 6
Format (10F8. 1)
Card SPILLS(J) 17 values of spill rates
10 from Utah Lake into

Jordan River based on
the elevation of the lake

Format(10F8. 1)

Card CH(J) Values of differential
11 change in water surface

elevation between
Goshen Bay and Utah
Lake to be used in
determining the value
of flow rate from the
lake to the bay

Format (12F6. 2)

Card ELEV(J) Values of elevation of
12 water surface in Utah
Lake to be used with
Card 11
Format (12F6., 2)
Card QQO(M, N) A table of discharge
13 values from Utah Lake

into Goshen Bay as
related to the elevation
of the lake and the
differential head
between the two bodies
of water

Format (111I5)

The relationship between CH(J), ELEV(J), and
QOQ(M, N) is given in Table D-1.
Card 9-14 DMND(1, 2) The demand placed on

14 Utah Lake‘from Jordan
River month 1

15-20 DMND(1, 3) The demand placed on
Utah Lake from Jordan
River month 2

75-80 DMND(1, 13) The demand placed on

Utah Lake from Jordan
River month 12

Format (8X, 12F6. 1)

Card 9-14 DMND(2, 2) The demand placed on
15 Utah Lake from the
Mosida area month 1
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15-20

75-80

Card 9-14
16

15-20

75-80

Card
17

Card
18

Card
19

DMND(2, 3)

DMND(2, 13)

The demand placed on
Utah Lake from the I
Mosida area month 2

The demand placed on
Utah Lake from the ~
Mosida area month 12 o

Format (8X, 12F6. 1)

QR TN(2)

QRTN(3)

QRTN(13)

WEVP(I, J)

Return inflow to Goshen
Bay from the Mosida
area month 1

Return inflow to Goshen
Bay from the Mosida
area month 2

Return inflow to Goshen
Bay from the Mosida
area month 12

The rate of evaporation

from Goshen Bay

expressed in feet, with

12 months of record on

each card, 1 card for

each year of the study —

Format (8X, 12F6. 2)

HISA(L,J)

Historical average
water surface area,
with 12 months of
record on each card,
1 card for each year
of the study, in thous-
ands of acres

Format (8X, 12F6. 1)

C(16,1,7)

Values to reduce the
lake inflow by with-
holding Goshen Bay
inflow, with 12 months
of record on each card,
1 card for each year of
the study, in thousands
of acre feet

Format (8X, 12F6. 1)



Elevation of Utah Lake

ELEV (N), N=1,11

5
am |QQQ(1,1) Q0 (1,2) . . ... QQQ (1,11)
(]
28 |eeQ @) 00 @2,2) .. ... Q00 (2,11)
% G~ . : .
o 8
9 g . .
G : :
Qv o
-U'UE . . .
330
T ©

QQQ (10,1) QQQ (10,2). . . . . QQQ (10,11)

QOQ (M, N) is a spillrate into Goshen Bay which depends on the
elevation of the diked lake and head difference. The CH (M) and
ELEV (N) are used to determine the position in the QQQ (M, N)
Table. The spillrate in CFS into Goshen Bay is found by interpo-

lation.

Table D 1. Determination of spillrate into
Goshen Bay.
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COMBINED UTAH LAKE OPERATION MODEL
PROGRAM LISTING

[

nonooon

no

ie

10

9

10

1e

10

1
1

RIVER BASIN OPERATION MODEL

COMMON/JOBTIT/ TITLE(12),1PAGE

COMMON/BLK1/AREA(7,4)

COMMON AJST(7) +QCOR(41,7,12),TMP1(7),VARIL7),VAR4(7),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CNS(12),0LH(12),
QIND(7,5),0TL(19),0TLV(4),PR(7,15),0DSIR(7,12),RSIM(7,7),ROTL(7),
3RPR(?,10) ,RVAR(41,12,7,2),$BNNM(7,2),SDSIR(7,12),5IM(7,18),
48YI1C(7,6),TACR(7),TAPH(7),WCR(7,12) ,WPH(7,12) ,FHT1(4),FNT2(4),
SFMT3(4),FMTA4(4),ASRY(7),QGRY(7),8AVA(7,2),PRLS(7),TSAVA(2)
6,CWT(7,2,5),AFMT1(4),AFMT2(4) , AFMTI(4),AFMT4(4)

COMMON ACR, AJSO,APH,CAJS,DIC,DIN,DOUT,INL,IN2,I0UT,LYR,
IMEIR,MNTH,MSIR,NARA,NIND ,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 SAJS,5«,BCF,BCK,ITOP,DAJS,1S08,TAJS,DVAR(L12),DRVAR(12),ADNS,
SIPR,TUL, LYRO,CAP($818) ,NUMENT,CAPG(1780) ,NUGNT,C(38,13,45)
1,NYR, INAF,
7VAR(41,12,7,13)

DIMENSION BSNM(4) ,NST(8,14),NRST(8,2),IFMT(8,14)

INPUT BASIC DATA

1 READ(S5,100,ENDS27) (BSNM(I1),11s1,4),NSB,NVR,NPR,NSM,NRVR,NRPR,

INRSM,NIND,NARA,NSIC,LYRO,NYR,IN],IN2,I0UT,NITX,AJSQ,ADMS,CAJS,

2ITQP,DAJS
@ FORMAT(444,1013/15,513,3F5,2,15,F5.9)

DO 2 Iwyi,NSB

00 2 Jei,NYR
2 READ(INt,181) (QCOR(J,I,K),K%1,12)
FORMAT(8X,=3P12F6,1)
INAF IS THE CONTROL ON TYPE OF QUTPUT FOR THE PROVQ RJVER
SIMULATION
NQUT IS THE CONTROL TO OUTPUT THE PROVO RIVER SIMULATION , NOUT=®
WILL OUTPUT RESULTS, NOUTe{ WILL RESULT IN NO QUTPYT OF THE
PROVO RIVER SIMULATION
IPR IS THE NUMBER QF THE LOWEST SUBBASIN IN THE PROVO RIVER SYSTEM
IUL IS THE NUMBER OF THE SUBBASIN CONTAINING UTAH LAKE
READ(IN1,99) INAF,NOUT,IPR,IUL
9 FORMAT(4I4)

CALL BSODTA

READCINL,102) (AFMTL(L) L®1,4), (AFMT2(L),Lo1,4), (AFMTI(L),Lel,4),
L (AFMTA(L) Lt 4)

2 FORMAT(5(4A4))

-

INPUT FORMAT INDICATOR FOR INPUT DATA
DO 3 Isi,NSB

3 READ(IN{,1@4) (IFMT(I,L),Lw1,NVR)

4 FORMAT(2014)

INPUT STATION NUMBER
DO 4 Iwi,NSB
4 READCIN1,$@4) (NST(I,L),L®i,NVR),(NRST(I,L),Lui,NRVR)

INPUT STATION WEIGHT FOR TEMPERATURE AND PRECIPITATION
00 5 Ia=i,NSB
00 5 L=1,2
NSTNENST(I,L)
5 READ(INI,103) (CWT(I,L,M),Ms1,NSTN)
3 FORMAT(16F5,2)

D0 19 Jsi,NYR
DO 19 K=i,12
DO 19 I=y,NSB
00 18 LL®3,NRVR

8 RVAR(J,K,I,LL)%0,0
D0 19 L=1,NVR

9 VAR(J,K,1,L)=0.0
D0 25 I=§,NSB
DO 2@ Lst,NVR
NSTNSNST(I,L)
IF(NSTN,LE,®) GO TO 20
DO 42¢ M#{,NSTN
00 320 J=i,NYR
LFMTRIFMT(I,L)
GO TO (6,7,8,9),LFMT

N~

oo oo

oo

oo

oo

oo

—~O0 ® N o

12
220
320
420

29

118

825
428
328
225

23

3

3
13

13

50

51
5

16
17
26

27

READCINL,AFMTY)
60 TO 11
READ(INL,AFMT2)
60 TG 11

READ (INL,AFMTY)
60 70 11
READ(INL,AFMT4)
DC 220 K={,12
IF(L.LE,2) GO TO 12

VAR(CJ, K, T,L)8VAR(J,K,],L)«DVARCK) «CONV(I,L)
GO TO 220
VAR(J,K,I,L)aVAR(J,K,I,L)*OVARCK) #CHT(I,L,M)
CONTINUE

CONTINUE

CONTINUE

CONTINUE

IF(IND(I,5),.,EQ,8) GO TO 25

DO 225 LL=1,NRVR

NSTNsNRST(I,LL)

IF(NSTN,LE.®) GO TO 225

DO 325 MMmi,NSTN

DO 425 JJ=i,NYR

READ(IN:I,180) (DRVAR(K),K=1,12)
FORMAT(8X,=3P12F6,1)

00 525 Ksi,12

RVAR(CJJS, K, I,LLISRVARCIJ, K, 1,LL)Y+DRVAR(K)
CONTINUE

CONTINUE

CONTINUE

CONTINUE

EONTINUE

COVAR(K) ,Ku1,12)
(DVAR(K) ,K=1,12)
(DVAR(K) ,Kn1,12)
(DVAR(K) ,Ku1,12)

REPEAT SIMULATION FOR EACH YEAR
00 26 J={,NYR
LYRELYRO#J=q

REPEAT SIMULATION FOR EACH MONTH
DO 17 Ksi,;12

MNTHEQ K

IF(KeGT43) MNTHEK=3

SIMULATION OPERATION
CALL RBOS (J,K)
IF(NOUT.EG.1) GO TO 17
GO TO (30,31,16),INAF

IF INAF = §, OUTPUT MONTHLY HYDROLOGY IN INCHES
CALL OTPTS(FMTL,FMT2,K,J)
GO Y0 16

IF INAF s 2, OUTPUT MONTHLY KYDROLOGY IN ACRE=FEET
DO 15 Iwi,NSB

DO 13 Lw2,NVR
VAR(J,K,I,L)eCAF(I)«VAR(JS,X,I,L)
DO 14 Le3,NSM
SIM(I,L)=CAF(I)«SIM(I,L)
VARI(I)aCAF (I)eVARI(])

CONTINUE

CALL OTPTS(FMT3I,FMT4,K,J)

00 52 1s{,NSB

DO 50 L®2,NVR
VAR(J,K,1,L)uVARCI,K,I,L)/CAFCI)
DO 51 L=1,NSM
SIM(I,L)sSIM(I,L)/CAF(I)
VAR3I(I)mVARI(I)/CAF (D)

CONTINUE

OQUTPUT MONTHLY RESERVDIR OPERATION IN ACRE=FEET
CALL OTPTR (K)

CONTINUE

CONTINUE

IFCIUL.GT,0) CALL LAKE

GO TO {

sToP

END
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SUBROUTINE FOR BASIC DATA

SUBROUTINE BSDTA

COMMON/BLKY/AREA(7,4)

COMMON AJST(7) yOCOR(41,7,12), THPL(7),VAR3(7),VAR4(7),
1ACOR(?), CAF(7),CCR(12),CONV(7,13),CPH(12),CH8(12),DLH(12),
2IND(7,5),0TL(19),0TLV(4),PR(7,15),QDSIR(7,82),RSIM(7,7),ROTL(7),
3RPR(7,1@8) RVAR(41,12,7,2) )SBNM(7,2),808IR(7,12),S8IM(7,18),
4SYIC(7,6),TACR(7),TAPH(7) JWCR(7,12) ,WPH(7,12) ,FMTL(4) ,FNT2(4),
SFMT3(4),FMT4(4) ,QSRY(?),GGRY(7),8AVA(?,2),PRLS(7),TSAVA(2)
6,CNT(7,2,5),AFMTL(4) ,AFMT2(4) ,AFMTI(4) , AFMT4(4)

COMMON ACR, AJS0,APH,CAJS,DIC,DIN,DOUT,INY,IN2,I0UT,LYR,
{MEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR ,NSIC,NSB,NSM,NVR,
2 8AJ8,SK,BCF,BCK,ITOP,DAJS, 1808, TAJS,DYAR(12) ,DRVAR{12),ADMS,

S$IPR,IUL, LYRO,CAP(181@) ,NUMENT,CAPG(1780) ,NUGNT,C(38,13,49)
1) NYR, INAF, .
TVAR(41,12,7,13)

READ OUTPUT ROW TITLES
READ(IN1,12@) (OTL (L) ,L®1,NSM)
READ (IN1,120) (ROTL(L),Lu},NRSM)
READ(CINY,188) (OTLV(L),L=1,4)
FORMAT (28A4)

READ AND CHECK FRACTION DAY=LIGHTY HOURS
READ(INL,1P1) (DLH(K),Ka{,12),M8IR,MEIR
FORMAT(12F8,3,213)

INPUT UNGAGED WATERSHED TEMPERATURE ADJUSTMENT
READ(INL,120) (TMPL1(I),I=},NSB)
PORMAT (18X, 1AF5,2)

INPUT MODEL INDICATORS AND PARAMETERS FOR EACH SUB=BASIN

00 12 Isy,N8B

READ(IN1,182) (8BNM(I,L),L®1,2),CINDCIsL),L®),NIND),(AREACI,L) Lo}
1,NARA)

FORMAT (2A4,2X,518,4F10.0)

READ (IN1,123) (PR(I,L),L®1,NPR)
FPORMAT (16F3.2)

IFCIND(I,5),6T,@) GO TO 44

DO 4@ Lw{,NRPR

RPR(I,L)%0,

GO TO 42

READ(IN1,184) (RPR(I,L),L®1,NRPR)
FORMAT (4F8,0,8F8,5)

INPUT INITIAL CONDITIONS
READ(CIN1,108) (8YIC(I,L),Lw1,NSIC)
FORMAT(5F5,2,F18.8)

COMPUTE WEIGHTED PHREATOPHYTE AND CROP CONSUMATIVE USE COEFFICIENT
DO 3 Ksi,12

WPH(I,K)nB,

TAPH(IYmE,

NSIND(I,2)

DO 3 Luy,N

READCINL,186) (CPH(K) ,Ke{,12) ,APH
FORMAT(10X,12F5,2,F10,8)

DO 4 Kug,12

WPH (I, K)OWPH(I,K)¥CPH(K) *APH
TAPH(I)#TAPH(I) +APH

DO 6 Kwi,12

WPH (T, K)SWPHCI,K)/TAPH(I)
TACR(I)w0,

DO 7 Kmi,12

WCR(I,K) =0,

IFCIND(Y,1),EQ.2) GO TO 1y
NBIND(I,1)

DO 9 Lui,N

READCIN1,106) (CCR(K),K»1,12),ACR
DO 8 Ksi,§2
WCR(T,K)mWCR(I,K)¢CCR(K) «ACR
TACR(I)®TACR(1)#ACR

DO 1@ Kmi,12

SDSIR(I,K)wd,

oo

oo oo

10
107

108
12

109
20

119

-

49

WCR(I,K)®=WCR(I,K)/TACR(I)

READ (IN1,1€7) (QDSIR(I,K),Kwi,12)
FORMAT (12F5.8)

IF(IND(I,5),EQ,0) GO TO 12
READ(IN{,108) (SDSIR(I,K),Ks1,12)
FORMAT (12F6,0)

CONTINUE

READ AND CHECK CONVERSION FACTORS
DO 2@ Imsg,NSB

READCIN1,189) (CONV(I,L),Lai,NVR)
FORMAT (10F8,5)

CONTINUE

READ{IN{,108) (CAF(1),1%],NSB)

READ CONSUMPTIVE USE COEFFICIENT FO OPEN WATER
READ(IN1,106) (CWS(K),Kmy,12)

READ OUTPUT FORMAT

READ(IN1,110) (FMTICL) , L®1,4), (FMT2(L),Ln1,4), CFMTICL),Lmi,4),
S(FMTA(L) L=y, 4)

FORMAT (1644)

RETURN

END

SUBROUTINE FOR OPERATION STUDY

SUBROUTINE RBOS (J,K)

COMMON/BLK1/AREA(7,4)

COMMON AJST(7) »OCOR(41,7,12),TMPL(?7) VAR (7),VAR4(7),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CWS(12),DLN(12),
2IND(7,5),0TL(19),0TLV(4),PR(7,15),QDSIR(7,12) ,REIM(Y,7),ROTL(7),
SRPR(7,10) ,RVAR(41,12,7,2),5BNM(7,2),508IR(7,12),8IM(7,18),
ASYIC(7,6),TACR(7) ,TAPH(7) WCR(7,12) ,NPH(7,12) ,FMT1(4),FHT2(4),
SFMT3(4) ,FMT4(4) yGSRY(7) ,QGRY (7),8AVA(7,2),PRLE(7),TSAVA(2)
6,CNT(7,2,5) ) AFNTL(4) ,AFMT2(4) ,AFMTI(4),AFMT4(4)

COMMON ACR, AJ80,APH,CAJS,DIC,DIN,DOUT, IN1, IN2,10UT,LYR,
IMEIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 SAJS,8K,BCF,BCK,ITOP,DAJS, 1508, TAJS,DVAR(12) ,DRVAR(12),ADMS,
$1PR,IUL, LYRO,CAP(1818) ,NUMENT,CAPG(1780) ,NUGNT,C(32,13,45)
1,NYR, INAF,

TVAR(41,12,7,13)

DIMENSION TRCO(?),TBGO(7)

REAL M81i,MS

Liwg

L2s2

L3sy

Lé4ng

[-LE]

L6s6

L7=?

Le=B

Lowg

Ligsip

Liysyy

Li2sy2

DO 47 Iwi,NSB

AJST(I)m0,

PRLS(I)®RVAR(J,K,I,1)

TSAVA(1) w0,

T8AVA(2)mD,

1s0

IMXs0Q

Inlsy

IF(I.GT,IMX) GO TO 8@

GO To 6¢

1808wy

J508sy

IMXs]

IF(I.LE.1) GO TO 49

VARI(I)®VAR(J,X,I,L3)+0QSRY(I=1)*12,/AREA(]I,Y)

VAR4(I)SVAR(J,K,I,L4)+QGRY(I=1)wi2,/AREA(],3)

G0 TO 52
VARI(I)=VAR(J,K,I,LY)

VARA(I)IWVAR(JS,K,I,L4)
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SNOW STORAGE AND SNOWMELT
CALL SNWMT (I,RPMT,RPMT!,J,K}

PHREATOPHYTE EVAPOTRANSPIRATION
BCFOVAR(J, K I, L1)#DLH(K)
BCKs,0173¢VAR(J,K,I,L1)=,314

IF(BCK,LT.e3) BCKm,3
SIM(I,13)%PR(I,9)+KPH(T,K)*BCF+BCK¢TAPH(I) /AREA(I,3)

CROP POTENTIAL EVAPOTRANSPIRATION AND WATER SUPPLIES
IF(IND(I,8),EQ.2) GO TO f@
ETPsPR(I,9)«WCR(I,K)#BCFeBCK
IF(IND(I,3),.EQ,@) GO TO §
IF(MNTH,GE,MSIR,AND,MNTH,LE,MEIR) GO TO 8
VAR(J,K,I,L7)n0,02
ZAR(J,K,I:LQJ'U.B

[}

VARtJ,x,:,L7)-ETE/PRc!.10) (RPMT#VARCI K, I,L5)4VARCI,K,I,L0)
1=VAR(J K, I,L81))

IFC(VARCI, K, 1,L7)LT,0,) VARCJ,K,I,L7)u0,0

SINCI,0)RVARCS, Ko T,L8) #VAR(IIK,T,L74VARES, K, 1,L0)=VARCI, K, Lkt
IFCSINCI,8) ,6E.0.) GO T0 7@

VAR (I, K, T,L1) BYARCI, K, T,L11) #8TH(T,9)

SIN(1,9)m0,

DAG!SIH(I,D)!PR(I;!G)ORPMT

60 TO 14

ETP=p,

SIN(1,9)s0,

DAGeQ,
SIM(I,10)aVARCS,K, I,LE)+VARCS,K,I,L8)+VARCJ,K,I,LL10)
1=VAR(J,K,1,L12)

RETURN FLOW

IFCIND(I,1),EQ,Q) GO TO 12

:é"(!.lg'(l.-PR(I,IE))'SIN(I 19)%(14=PR{I,11))¢8IN(I,30)
1

SIM(I,4)u(1,=PR(I,11))e8IM(1,10)

UNGAGED SURFACE INPLOW
SIM(I,2)8PR(I,5)~AREA(I,2)/AREA(I,4)*QCOR(J,I,K)*12,/AREA(I,3)
éP:éIEl!;;RPﬂfltAR!A(I,ZJ/AREA(! S)OPR(I 13)0(AREA(!,IJ*AR!A(I 2))/
AREA(I,

EVAPOTRANSPIRATION, S0IL MOISTURE, AND PERCOLATION
IFCIND(I/1).%G.2) GO TO 9
MS1a8YIC(I,2)
NITRmy

SIM(I,14)nETP*M81/PR(I,4)
IF(SIM(I,14).LT,08,) SIM(I,14)e8,
IF(SIM(I,14),GT.ETP) SIM(I,14)wETP
MERSYIC(I,R)+DAG=SIM(I,14)
IP(MS,6T,PR(I,3)) GO TO 15
SINC!.7J'B.

GO0 To

3!"(1.7)'HS'PR(!,3’

M8EPR(1,3)

DM8aABS (MSeMS4)

MS1s (MS+SYIC(1,2))/

IF (DMS,GT,ADMS,AND, N!TR LT.NITX) GO TO 1?7
GO TO 38

NITRENITR+{

GO TO 14

SIM(1,18)uMS

G0 t0 20

S$IM(1,7)00,

SIN(I,14)e8,

SIM(1,13)m0,

GROUNDWATER RECHARGE AND OUTFLOW

DINSPR(I,15) «RPMT# (AREA (I, 1) +AREACY,2)) /AREA(I,3)
SKwPR(T,6)

DICwSYIC(I,q)

CALL ROUT

TRCO(I)#DOUT

oo

oo

oo

on

DINaVARA (I)+DOUT+SIMCI,7)=VAR(J,K,1,L9)=VARCI,K,I,L10)
SKWPR(I,7)

DICaSYIC(I,S)

cA L ROUT

TBGO (1) »DOUT

SIM(1,5)9PR(1,14)DOUT

SIH(1.17)-DOUT-SIH(1,5)

SURFACE OUTFLOW
21 SIM(I,18)sVARI(I) +8IM(I,2)+SIM(I,4)*SIM(I,5)=VAR(JI,K,I,L7)
1=VAR(J,K,T,L8)=8SIM(I,13)+RPMT#TAPH(L) /AREA(I,3)

RESERVOIR QPERATION
IFCIND(I,5).EQ.0Q) GO TD 22
CALL RSOP (K,I,J808,
SIMCI, !B)I(Rs!M(!,SJ*RS!M(I,G)Jﬂzz.IAREAt!,b)
GO TO 23
22 SAJS=Q,
SAVA(I,1)s0,
8ava(l,2)we,
TSAVA{1)8TSAVA(L)«SAVA(T,1)
TSAVA(2)mTSAVA(2)+8aVAa(I,2)
CALL RRLS(I,K,JS08)
IF(J30S,£Q,0,AND,I808,EQ,1) GO TO 44
QSRY(1)mSIM(1,18)vAREA(T,3) /12,
IF(QSRY(1),LT,9,) GSRY(I)w2,
QGRY(I)88IM(T,17)vAREA(L,3) /12,
IF(QGRY(1),LT,8.) QGRY(I)=0,
IFCILNE,IUL) GO TO 80
IKaK*
C(1,1K,J)s8IM(IPR,18)«CAF(IPR)/{00E,
C{2,IK,J)sVARCJ,K,I,L3)«CAF(I)/s000,
C(3,IK,JIm8IM(I,2) ¢CAF (1) /1008,
CC4,1x,J)e8IM(I,17)¢CAF (1) /1008,
8@ IF(I.LT.NSB) GO TO 4

o

4

COMPLETE SIM ARRAY

DO 39 I=1,NSB

SIM(I,3)8VARCI Ky2 LS)@VARCI,K, 1,16
SIM(I,8)aVARCI K, 1,L9)¢VAR(I,K,1,L10)
SIM(I,8)3VARA(I)
SIM(I,14)aVARCI, K, I,LE1)VARCS,K, T L12)
IF(INDCY,5),6GE 1) SIMCI,14)wVARCI,K,T,L11)+VARCI,K,1,L12)
1#RSIM(T,4)#12,/AREA(L,3)
SIM(I,12)9GDSIR(I,K) ¢l ,08¢30,212,/AREA(T,3)=81IM(1,18)
IF(SIMCI,12),LT,0,) SIMCI,(2)w0,
SIM(I,16)m8IM(I,17)+8IM(1,18)

RESET INITIAL VALUES
SYIC(I,1)=8IMCI,1)

SYIC(I,2)s8IM(I,15)

Syic(1,4)sTRCO(I)

SYIC(I,8)sTBGO(I)

IFCINDCI,5),EQ.1) SYIC(I,6)mR8IM(I,?)

39 CONTINUE

RETURN
END

SUBROUTINE FOR SNOW MELT

SUBROUTINE SNWMT (I,RPMT,RPMTL,J,K}

COMMON/BLK Y /AREA(7,4)

COMMON AJST(7) +QCORC41,7,12),TMPL(7),VARI(7) ,VAR4(?),
1ACOR(7), CAF(7),CCR(312),CONV(7,13),CPH(42),CNS(12),0LH(12),
2IND(7,5),0TL(19),0TLYV(4),PR(7,15),8D8IR(7,12) ,RSIM(7,7)/ROTL(7),
3RPR(7,12) ,RVAR(41,12,7,2),8BNM(7,2),808IR(7,12),8IM(7,18),
4SYIC(7,68) ,TACR(7) ,TAPH(7) MCR(7.12) ,WPH(T7,1R) ,FMT1(4),FNT2(4),
SFMT3(4) ,FMT4(4),Q8RY(7),R6RY(7),8AVA(7,2),PRLE(7),T5AVA(2)
6,CHT(7,2,5),AFMTL(4), AFMT2(4) ,AFMTI(4) AFMT4(4)

COMMON ACR, AJ80,APH,CAJS,DIC,DIN,DOUT,INI,IN2,I0UT,LYR,
{MEIR, MNTH ,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 $AJS,SK,BCF,BCK,ITOP,DAJS,1505,TAJS,DVAR(12),DRVAR(12) ,ADMS,

SIPR, IUL, LYRO,CAP(1810) ,NUMENT,CAPG (4788) ,NUGNT,C(32,13,45)
L/ NYR, INAF,

7VAR(41,12,7,13)

Liey
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IF(VARCJ,KsTsL1)oGT,PRCZ,1),AND VARCS,K,I,L1),6T,PR(I,2)) GO TO 6
IF(VARCJ K, I)L1)4LE(PR(I,1) AND,VARCJ,K,1,L1),GT.PR(I,2)) GO TO &
SIM(I,1)m8YIC(L,1)+VAR(J,K,I,L2)

SNMTeO,

RPMTD,

GO TO 7

SIM(Y,1)sSYIC(I,1)+VARCJ,K,1,L2)
SNHT!SIM(Iyl)'(l-'ExP(-PR(I,8)'(VAR(J,K I,L1)=PR(I,2))))
IF(SNMT,GT.SIM(I,1)) SNMT=SIM(I,1)

SIM(I,1)aSIM(I,1)=8NMT

RPMTeSNMT

GO TO 7
SNMTeSYIC(I,1)¢(L,=EXP(=PR(I,8)«(VAR(J,K,I,L1)=PR(I,2))))
IF(SNMT,GT,SYIC(I,1)) SNMT=SYIC(I,1)
SIM(I,1)s8YIC(I,1)=ENMT

RPMTRVARCJ,K,I,L2)$SNMT

TUNGSVAR(J,K,I,L1)=TMP1(1}
IF(TUNG,GT,PR(I,1).AND,TUNG,6T,PR(I,2)) GO TO 4f
IF(TUNG,LE.PR(I,1),AND,TUNG,GT,PR(I,2)) GO TO 9@
SNW1sSYIC(I,3)+VARCJI,K,I,L2)

RPMTisg,

G0 TO 42

SNW1mSYIC(I,3)+VAR(J,K,I,L2

SNMTL{uSNWiw (i, =EXP(=PR(I, 8)0(YUNG-PR(1;233))
IF(SNMT1,GT,8NNWY) BNMTIISNHl

SNWiuSNWiwBNMTY

RPMT1mENMTY

GO TO 42
SNMT1w8YIC(I,3)w (1, =EXP(=PR(I,8)¢(TUNG=PR(I,2))))

IF (SNMT1.GT,SYIC(I,3)) SNMTisSYIC(I,)
SNWis8YIC(I,3)=SNMTY

RPMT1oVAR(J,K,I,L2)+8NMTY

SYIC(I,3)n8NN]

RETURN

END

SUBROUTINE FOR RESERVOIR RELEASE ADJUSTMENTS

SUBROUTINE RRLS(I,K,J808)

COMMON/BLKY/AREA(7,4)

COMMON AJST(7) ,QCOR(41,7,12),TMP1(7),
14ACOR(Y), CAF(7),CCR(12),CONV(?,13),CPH(12),CK5E(12),DLH(12),
2IND(7,5),0TL(19),0TLY(4),PR(7,15),Q081IR(7,12),R8IM(7,7),ROTL(7),
3RPR(7,18) ,RVAR(41,12,7,2),8BNM(7,2),808IR(7,12),3IM(7,18),
4SYIC(7,6) ,TACR(7) ,TAPH(7) ,WCR(7,12) ,WPH(7,12) ,FMT1(4),FNT2(4},
5?"?3(4)yF"T4(4)rQSﬁV(7):QGRV(73'SAVA(7y€)rFWLS(71'TSAVA(ZJ

6,CWT(7,2,8),AFMTL(4) ,AFMT2(4) JAFMTI(4) ,AFMTA(4)

COMMON ACR, AJSO,APH,CAJS,DIC,DIN,DOUT,INL,IN2,I0UT,LYR,
lMEIR,MNTH,MSIR,NARA NIND,NITX,NPR,NRPR)NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 SAJS,8k,BCF,BCK,ITOP,DAJS, ISOSyTAJS DVAR(12},DRVAR(12),ADMS,
SIPR,IUL, LYRD.CAP(lBlB),NUMENT,CAPG(l’!U)yNUGNT,C(Sl;lS,AS]

1 )NYR, INAF,
7VAR(41,12,7,13)

VAR3(7),VAR4(7),

CHECK FOR DESIRABLE FLOW AND ADJUST RESERVOIR RELEASE
Q8SsSIM(I,18) wAREA(I,3)/(12,%3@.v1,08)
IF(GS,LT.ODSIR(I,K)) GO TD 24

QAJSED,

GO TO 25

QAJSE(QDSIR(I,K)=QS)«1,08+30,

TAJSnCAJS# (BAJS+0AJS)+DAJS

IF(I1S0S,LE.B) GO TO 38

!F(TAJB.LE.AJSD) GO TO 42

IFC(TSAVA(1),LT.TAJS) GO TO 32

SUFFICIENT WATER AVAILABLE IN RESERVOIRS
TAJS18TAJS

TAJS2s2,

IF(IND(1,5),LE.0) GO TO 4}
AJST(1)sTAJSL=3AJS

IF(RSIM(I,5),67,0,) AJST(I)aTAJSI«RSIM(I,S)
GO 70 44

AJST(1)e0,

oo

oo

28

30

91
59

64
(1]
51

se
34

35
70

~
"D -

37

42
38

44 SAJSwD,

4% IF(TAJS1.6T.SAVA(I,1)) GO TO 5@
GO TO 28

IF(ILLE,ITOP) GO TO 28
TAJS1aTAIS{=8AVA(I,)
Isley

G0 TO 4@

TAJStis@,

IFCI,LE,ITOP) GO TO 37
IMiale|

00 29 II=ITOP,IM{
AJST(Il)s@,

Go TO 37

STORAGE LESS THAN DESIRABLE IN SOME OR ALL RESERVOIRS
TAJS1wTSAVA(L)

TAJS28TAJS=TAJSY
IF(TAJS2,LE,8AJ8) GO TO 9@
TAJSaTAJS=8AJS

TAJS28TAJS2e84JS

SAJS-G.

G0 Y0 91

SAJSnSAJS=TAJS2

TAJ8ETAJSYE

TAJS2m0,

IF(TSAVA(2),LT.TAJS2) GO TO 38
IFCIND(I,3),LE.0) GO TO 6%
AJST(I)sTAIS=SAUS
IFC(RSIM(2,5),67.0,) AJST(I)STAJS+RSOIM(I,S)
GO TO 65

AJST (1),

SAds=0,

IF(TAJS2,6T,34VA(I,2)) GO TO 8%
GO T0 33

IFCILLE,ITOP) GO TO 33
TAJS20TAJE2=8AVA(],2)
TAJSuTAIS=BAVA(I,1)=8AVA(I,2)
Inlay

GO TO $9

TAJS200,

IF(I.LE,ITOP) GO TO 37

xnx-! 1

AJcomp,

00 34 IImITOP,IMY

IF(IND(IX,S). LE ?) GO TO 8@
AJST(II)WBAVACIL,1)+AJCO
IF(RSIM(II,8),67,8,) AJST(II)SAJST(IIY+RSIM(II,S)
AJCO®AJST(II)

GO TO 34

AJST(II)m=0,

CONTINUE

G0 TO 37

STORAGE LESS THAN MINIMUM IN SOME OR ALL RESERVOIRS
TAJSRTSAVA(§)+TSAVA(R)

IFCIND(I,8).LE.Q) GO TO 71

AJST(I)mTAJS

IF(RSIM(I,5),G7,B,) AJST(I)®TAJS+RSIM(I,S)
GO TO 72

AJST(I)eo,

IF(I,LE,ITOP) GO TO 37
TAJSaTAJS=SAVA(I,1)=8AVA(I,2)

Islay

GO YO 7@

IsITOP

TSAVA(1)eD,

TSAVA(2)ap,

Jsosse

GO TO 38

AJST(])wa,

TaJSep,

RETURN

END
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SUBROUTINE FOR LINEAR RESERVOIR ROUTING

SUBROUTINE ROUT

COMMON/BLK{/AREA(7,4)

COMMON AJST(7) »QCORC44,7,12),TMPL(7),VAR3(7),VAR4(?),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CWS(12),DLH(12),
2IND(7,5),0TL(19),0TLV(4),PR(7,15),QDSIR(7,12),RSIM(7,7),ROTL(7),
3RPR(7,10) ,RVAR(41,12,7,2),8BNM(7,2),8DSIR(7,12),S5IM(7,18),
48YIC(7,6) ,TACR(7) ,TAPH(7) ,WCR(7,12),WPH(7,12),FMTL1(4),FMT2(4),
SFMTI (4) ,FMTA(4),QSRY(7),0QGRY(7),8AVA(7,2),PRLS(7),TBAVA(2)
6,CWT(7,2,5), AFMT1(4), AFMT2(4) 4 AFMTI (4) , AFHTA(4)

COMMON ACR, AJSO,APH,CAJS,DIC,DIN,DOUT,INY,IN2,I0UT,LYR,
AMEIR,MNTH,M3IR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 SAJS,8K,BCF,BCK,1T0P,DAJS,I808,TAJS,OVAR{12),0RVAR(12),ADMS,
SIPR,IUL, LYRO,CAP(1818) ,NUMENT,CAPG(1780@) ,NUGNT,C(30,13,45)
1,NYR, INAF,
7VAR(41,12,7,13)

DOUTBDIN® (DICoDIN) ¢EXP (=1, /5K)

RETURN

END

SUBROUTINE FOR RESERVOIR OPERATION

SUBROUTINE RSOP (K,I,J808,J)

COMMON/BLK 1 /AREA(7,4)

COMMON AJST(7) /OCOR(41,7,12) ,THPL (7) ,VAR3(7) ,VAR4(7),
LACOR(73, CAF(7),CCR(12),CONV(7,13),CPH(12),CHS(12),DLH(12),
2IND(?,5),0TL(19),0TLY(4),PR(?,18),QDSIR(7,12) ,REIMC7,7) ,ROTL LT,
3RPR{7,18) ,RVAR(41,12,7,2),3BNM{7,2) ,8081IR(7,12),8IH(7,18),
43YIC(7,6),TACR(7), TAPH (7}, HCR(7,12) ,WPH{7,12) ,FMT1(4) ,FNT2 (43,
BFMT3(4) FMT4(4) ,QSRY(7),QGRY(7),SAVA(7,2),PRLE(7), TSAVALR)
6,CHT(7,2,5) , AFMT1(4) ,AFMT2(4) ,APHTI (4) , AFHT4(4)

COMMON ACR, AJS0,APH,CAJ8,DIC,DIN,DOUT, IN1, IN2,I0UT,LYR,
{MEIR, MNTH,MBIR,NARA,NIND,NJTX,NPR, NRPR ;NRSH, NRYR ,N8IC ,HSB ,N8H, NVR,
2 SAJS8K,BCF,BCK, ITOP,DAJS,1308,TAJS,DVAR(12),DRVAR{12),ADMS,

SIPR,IUL, LYRO,CAP(1810),NUMENT,CAPG(1730),NUGNT,C{38,15,49)
1INYR, INAF,

TVAR(41,12,7,13)

Lg=2

NITRo}

REIM{Y,4)aRVAR(J,K,I,2)

RESERVOIR INFLOW
RSIM(I,1)08IM(1,18) vAREA(I,3)/12,

RESERVOIR RELEASE
PRLECI)aPRLB(1)+AJST(])
RSIN(I,6)0PRLI(I)

RESERVOIR EVAPORATION
REVPaCHE (K) *BCFwBCK
SICe8YIC(I,5)

CALL ARES(SIC,ARL,I)
RSIMLI,2)8VAR(J,K,X,L2)"AR /12,
RSIM(I,3)nREVPwARL/12,

RESERVOIR STORAGE
RSIM(I,7)=8YC+RSINM(I,1)+RBIM(I,2)=RSIM(,3)aROIM(I,4)REIN(I,6)

SPILL FLOW
TF(RSIM(1,7) LLELRPR(I,4)) GO TO 2
RSIM(I,B)uRSIN(I,7)=RPR(T,4)
RSINCI,7)mRPR(I,4)

60 Y0 6

RSIM(I,5)w0,

IF CRSIMCI,?7)GE.RPR(I,1)) GO TO 6
RSRYSRPR(1,1)*R8IM(I,7)

1F (RSRT,GT,RVARCJ,K,1,2)) 60 TO 3
RSIM(I,4)wRVARCJ,K,T,2) =RSRT
RSIM(I,7)3RPR(I, 1)

60 T0 6

RSIM(I,4)n0,

RSRTSRSRT=RVAR (J,K,1,2)

IF (RSRT,GT.RSIM(I,6)) GO TO 4
RSIM(I,6)mRE8IM(I,6)=RSRT
RSIM(I,7)=RPR(I,1)

60 TO 6

oo

W I

o

-

o A

a

292

RSRTuRSRT=RSIM(I,6)
RSIM(I,6)sa,
IF(RSRT,GT,RSIM(I,3)) GO TO 5
RSIM(1,7)aRPR(I,1)=RSRT

GO TO 6
RSIM(I,7)=RPR(I,1)=RSIM(],3)

CHECK FOR AVAILABLE AND DESIRABLE STORAGES

SAVA(I,1)®RSIM(I,7)=SDSIR(Y,K)

IF(SAVA(L,1).LT,3.) SAVA(I,1)m0,

SAVA(Y,2)5RSIM(I,7)=RPR(I,1)=5AVA(I,1)

1F(SAVA(L,2),LT,8.) 84AVA(I,2)sE,

IF(RSIM(I,7),LT,SDSIR(I,K)) GO TO 8

3aJseg,

60 70 9

SAJSa3DSIR(I,KI=RSIM(IN7)

1F (J305,EG,0) 1830880

RETURN

END

SUBROUTINE FOR RESERVOIR WATER SURFACE AREA

SUBROUTINE ARES(S,4R,1)

COMMON/BLK1/AREA(7,4)

COMMON AJ8T(7) sOCOR(48,7,12),TMPLC7),VARI(?) , VARG(F],
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CWS(12),DLH (iR},
2IND(7,3),0TL(19),0TLV{4) ,PR(7,15),QDSIR(7,12) ,RIIM(Y,7)ROTL(7)
3RPR(7,10) )RVAR(41,12,7,2),3BNM(7,2) ,8DSIRC7,12),8IM(7,50),
48YIC(7,6),TACR{7), TAPH(Y)  HCR(7,12) ,WAH(?,12) FMT{(4),FHTR(4},
SFMTYC4) JFMT4(4) ,QSRY (7) ,O6RY () ,3AVA(7,2),PRLS(7),TSAVALS)
B,CHT(7,2:8)  AFMYL(4) JAFMTE(4) ; ARMTS(4) ,aAFMT4(4)

COMMON ACR, AJ80,APH,CAJS,DIC,DIN,DOUT,INY, INS; Z0UT,LYR,
IMEIR,MNTH,MBIR,; NARA,NIND ,NITX,NPR,NRPR,NRSH,NRVR ;NSIC, NS, NSM,NVR,
2 8AJ8,8K,8CF,BCK, ITGP,DAJS, 1508, TASS,DVAR(I2) ;DRVAR({R); 4DHS,
SIPR,IUL, LYRO,CAP(1810) ,NUMENT ;SAPG (27803 ;NUGNT ,C (36, §5;45)
19NYR, INAF,
7VAR(41,12,7,13)

IF(S.LT.RPR(1,2)) GO TO 2

IF(8,LT-RPR(I,3)) GO TO }

C1nRPR(I,9)

C23RPR(I,10)

60 70 3

CL3RPR(I;7)

C2sRPR(I,8)

60 70 3
C1sRPR(I,5)

C2aRPR(1+6)

ARuC{e3wwC2
RETURN

END

SUBROUTINE FOR OUTPUT SIMULATED HYDROLOGY

SUBROUTINE OTPTS(FMTA,FMTB,K,J)

COMMON/BLK Y /AREA (7,47

COMMON AJST(Y) ,OCORC41,7,12),TMPL(7) VAR (7}, VARA(7),
1ACOR(7), CAF(7),CCR($2),CONV(7,13),CPH(12) ,CNS(12),DLACE2],
2IND(7,8),0TL (193 ,0TLV(4) ,PRC7 153 ,GDSIR(?,12) ,REINC7,73,ROTL(7),
3RPR(Y,18) \RVAR(41,12,7,2),8BNK(7,2),8D8IR(7,12) ,8IM (7,183,
4SYIC(7,6),TACRC7), TAPH(7) ,WER(7,12) ,WPH (7,125 ,FHTL (4] FNT2(Q),
SEMT3(4) FMT4(4) ,G8RY (7, GGRY C7) ,SAVA(7,2),PRLS(7),TSAVA(2)
8,CWT(7,2,5)  AFMTL(4) , AFMT2(4) ,AFNT3 (4) , APMT4(4)

COMMON ACR, AJ80, APH,CAJS,DIC,DIN,DOUT,IN, IN2; IOUT,LYR,
{MEIR,MNTH,MSIR,NARA;NIND,NI7%,NPR,NRPR,NRSM,NRYR,NSIC, NS, NSM, NVR,
2 SAJS,SK,BCF,BCK,ITOP,DAJS, 1508, TAJS,DVARCLIR),DRVAR(12), ADMS,
SIPR, TUL, LYRO,CAP (181D ,NUMENT ,CAPG (1788) , NUGNT,C (38, 13,45]
1,NYR, INAF,
7VAR(A1,12,7,13)

DIMENSION FMTA(4),FMTB(4)

IF(IUL,GT.2) NSBaNSB=1

Lisy

Lew2

L3843

WRITE (I0UT,200) LYR,K

FORMAT (//1X,3HL ,15,5X,3HK 8,13)

WRITE(I0UT,282) ((SBNM(I,L),La1,2),181,NSB)

FORMAT(/7H ITEM ,9(1X,2Ad)}

WRITE(TOUT,FMTAT OTLV (1), (VARCJ,K,I,L1),1851,NSB)

~

—
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WRITE(IOUT,FMTB) OTLV(2), (VAR(J,K,I,L2),1%1,N8B)
WRITE (IOUT,FMTB) OTL (1), (8IM(I,1),1s1,NSB)

WRITE (TOUT,FMTB) OTLV(3), (VAR3(I),Is1,NSB)

DO 4 Lw2,NSM

WRITE(IOUT,FMTB) OTLCL) ¢ (SIM(I,L),Iu1,NSB)
WRITE(IOUT,FMTB) OTLV(4), (VAR(J,K,I,L13),1s1,N88)
IF (IUL,GT,@) NSBuNSBat

RETURN

END
SUBROUTINE FOR OUYPUT RESERVOIR QPERATION

SUBROUTINE OTPTR (K) .

COMMON/BLKY{/AREA(7,4)

COMMON AJST(7) yQCOR(41,7,12),TMPL(7),VAR3(7),VAR4(?),
1ACOR(?), CAF(7),CCR(12) CONV(7,13),CPH(1R),CW8(12),DLM(12),
2IND(7,5),0TL(19),0TLV(4),PR(7,18),0D8IR(7,12),ROIM(7,7),ROTL(7),
3RPR(7,40) ,RVAR(41,12,7,2),SBNM(?,2),3D81IR(7,12),8IM(7,18),
48YIC(7,6),TACR(7),TAPH(7),WCR(?,12) ,WPH(7,12),FMT1(4) ,FMT2(4),
SFMTI(4) ,FMTA(4) yG8RY(7),QBRY(7),8AVA(7,2),PRLEL7),TSAVA(2)
8,CHT(7,2,8) ) AFMTL(4) JAPMTR(4) ,AFMTI(4),AFNTA(4)

COMMON ACR, AS80,APH,CAJS,DIC,DIN,DOUT,INI,IN2,I0UT,LYR,
IMEIR, MNTH,M8IR,NARA,NIND,NITX,NPR, NRPR, NRSM, NRVR,NSIC,NSB,N8M,NVR,
2 8AJ8,8k,BCF,BCK,ZTOP,DAJS, 1808, TAJS,DVAR(12),0RVAR(12),ADMS,
SIPR,IUL, LYRG,CAP(1840),NUMENT,CAPG(1788),NUGNT,C(32,13,45)
1/NYR, INAF,

TVAR(44,12,7,13)

IF(INAF.LT,3) GO TO 100

WRITE(IOUT,1€1) LYR,K

FORMAT (//4%,3HL »,15,58X,3HK =,I3)

NRS=Q

00 § Imi,NSB

NRSsNRS+IND(I,8)

IF(NRS,EQ,Q) GO TO 4

WRITE(I0UT,200)

PORMAT (//1X,9HRESERVOIR)

WRITE(IOUT,282) (ROTL(L),Ls1,NRSM)

FORMAT(/9H 8SUB BSN,7 (BXA4),4%,4KAJST)

DO 3 Imy,NSB

IFCIND(I,5),EQ.0) GO TO 3

WRITE(IOUT,283) (SBNM(I,L),Le1,2), (ROIM(I,L),Let,NRSM),AJST(I)

FORMAT (1X,2A4,7F9,0,F8,0)

CONTINUE

RETURN

END

SUBROUTINE « MODEL OF UTAH LAKE

SUBROUTINE LAKE

LIS A A . D I I I DR D DA T TR TR B R )

THIS PROGRAM IS WRITTEN TO DUPLICATE THE PROJECT OPERATION STUDY

FOR UTAH LAKE A8 IT WAS DONE IN THE 1564 DEFINITE PLAN REPORT

THE STUDY ASSUMES THAT BOTH PROVO AND GOSHEN BAY DIKES ARE

CONSTRUCTED AND IN OPERATION AS PLANNED

LR A I L A I T T D DT TR T T T T T S T T T

COMMON/JOBTIT/ TITLE(12),1PAGE

COMMON AJST(7) »OCOR(C41,7,42),TMPL(7),VARY(7),VARA(?),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CW8(12),DLHC12),
2IND(7,5),0TL(19),0TLY(4) ,PR(7,18),GDSIR(?,12),RSIN(7,7),ROTL(7),
3RPR(7,10) ,RVAR(44,12,7,2),8BNM(7,2),SD8IR(7,12),8INM(7,18),
48YIC(7,6) , TACR(7), TAPH(7),WCR(7,12) ,WPH(7,12),FHTL(4),FNT2(4),
SFMT3(4) ,FMTAC4) 4 QSRY(7) ,QGRY(7) ,SAVA(7,R) yPRLS(7),T8AVA(R)
6,CHT(7,2,5) ) AFMT1(4) ,AFMTR(4) ,AFMTI(4) ,AFMT4(4)

COMMON ACR, AJSO0,APH,CAJS,D1C,DIN,DOUT,INL,IN2,I0UT,LYR,
{METIR,MNTH,MSIR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRVR,NSIC,NSB,NSM,NVR,
2 SAJS,SK.BCF.BCK,ITOP,DAJS,1808,TAJ8,DVAR(12),DRVAR(12),ADMS,

$IPR, TUL, LYRD,CAP(1810),NUMENT,CAPG(178@),NUGNT,C(33,13,45)
1/ NYR, INAF,
TVAR(41,12,7,13)

DIMENSION MONTH(13) , TOTAL(33,41) , SUMTOT(33) , AVE(3Y) ,
L1AREAS(1818) , TOMD(2) , SPILLS(20) , AREASG(178@) , DMND(2,13) ,
2ELEV(11) , 000(319,11) , CH{1@) , TABLE(17) , KARD(i4) , GRIN(13) ,
IWEVP(13,41) , HISA(13,41) , APPT(43,41) , BPPT(13,41) , PPT(13,44)
4,CPPT(4)

DATA MONTH/3HSEP,3HOCT,3HNOV,IHDEC, IHJAN, SHFEB , SHMAR , 3HAPR , JHMAY,
§IHJUN, SHJUL  3HAUG, SHSEP/

- * L] Ll . L] L] . - L] v -

« w LI I
C wee THIS DATA STATEMENT IS AN ARRAY QF DIFFERENCES IN ELEVATION
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BETWEEN THE DIKED LAKE AND GOSHEN BAY

L] v - * « . - . L] L L ] - « * - - * » - - . w
DATA TABLE/A4,,3.5,3,,2¢5,2¢/145,1,¢0:5/049°0,58,21,,=1,5,22.,=2.5,
1=349)=3,5,=4,/

L] » - » L] « - - L] L] L] * v - - L ] - - L ] L] L] *
THIS TITLE APPEARS AY THE TOP OF EACH PAGE OF OUTPUTY

* » - L] L] . * - . . L] - L] - Ll . - * * L] * -
AREASELEGOS((C(22,L,K)),KKX)
READ(5,10) TITLE
FORMAT(12A6)

v * L] - " [ ] L] - - L] - - - * L] L] * . - - . L]
CTD8 = CONVERSION OF PPM TO A DESIRED UNIT
GWSC = GROUND WATER SALY CONTENT

SDEAD s DEAD STORAGE IN UTAH LAKE , ACRE=FEET

NUMENT & THE NUMBER OF VALUES IN THE DIKED LAKE AREACAPACITY
TABLES

NUGNY » THE NUMBER OF VALUES IN THE GOSHEN BAY AREA=CAPACITY
TABLES
KPPTs THE NUMBER OF STATIONS USED TO CALCULATED THE PRECIPITATION
ON UTAH LAKE

* L] * L] - - * - L ] * - L] L] L] . L] » .« * L ] « *
OLS = A DUMMY LAKE STORAGE USED TO CALCULATE TDS WHEN THE LAKE
CONTENT REACHES ZERD

READ(5,079) CTDS,GWSC,SDEAD,NUMENT ,NUGNT,KPPT,DLS
FORMAT(FB,8,r5,0,F8,2, 31%,F5,1)

L] . - * - L] - - -« - - L * L ] L] [ * - -« - . L]
THE FOLLOWING PORTION OF THE PROGRAM READS AND CALCULATES THE
WEIGKYED PRECIPITATION FOR THE DIKED LAKE IN PEET

CPPY(M) » THE WEIGHTING FACTOR TO BE APPLIED TO EACH PRECIRITATION
STATION

- * L] Ll ” L] * . L[] * - L ] - * v L] * . L] L ] v L]
DO 480 Kuy,NYR

DO 420 L=2,13

APPT(L,K)n0,0

READ (8,403) (CPPT(M),Mati, KPPT)

FORMAT (8F10,0)

D0 48R Mei,KPPT

READ(5,481) ((BPPT(1,J),1s2,13),J81,NYR)

PORMAT (8X,12F6,2)

D0 422 Kwi,NYR

DO 402 Ls2,13

APPT(L,K)SAPPT(L,K)#BPPT{L,K)I*CPPT(M) /12,

- - L] L] - - L] * L] * » L] L] » - - - L] - L] - -
THIS STATEMENT READS THE INITIAL CONDITIONS FOR COLUMNS 14 ,13,
24, 20, AND 29

- - . * L ] * L ] * . L] * * - - » « * - - L] - -
READ(8,12) C(14,1,1), C(13,1,1) , C(21,1,1) , C€(28,1,1), C(20,1,1)
FORMAT (4F6,.1,F10,2)

PORMAT (8X, 12F6,1)

FORMAT(8X,12F6,2)

READ(S,14,ERR=1288) (AREAS(J), Jui,NUMENT)

READ(5,14,ERRa1000) (CAP (J), J®i,NUMENT)

READ(S,14,ERRw1009) (AREASG(J),Jwi,NUGNT)
READ(5,14,ERR=10008) (CAPG (J), J®1,NUGNT) -
READ(5,14,ERR®1000) (SPILLS(J),Je1,17)

FORMAT (10FB,.4)

READ(5,01,ERR81000) (CH(J),Je1,10)

READ(5,91,ERRu1000) (ELEV(J),Jn1,11)

FORMAT (12F6,2)

00 98 Msi1,19

READ(5,92,ERRa1000) (QGO(M,N),Nst,11)

FORMAT(1115)

CONTINUE

DO 784 K=y ,NYR

DO 7082 Jsi,30

TOTAL(J,K)mp,0

CONTINUE

CONTINUE

- - - - . L] - - - - * - - - - - L] - L] - * -
ALL CALCULATIONS WITHIN THE PROGRAM DEFINE VALUES IN THE FORMAT
C(J,L,K) WHICH STANDS FOR A COLUMN NUMBER 'J', A MONTH 'L', AND
YEAR 'K!

C(1,)L,X) = PROVO RIVER INFLOW TO UTAH LAKE

C(2,L,X) » OTHER GAGED STREAM INFLOWS TO UTAH LAKE
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C wwe
C wew
C www
978
98763

C(3,L,K) ®» OTHER UNGAGED STREAM INFLOWS TO UTAH LAKE
C(4,L,K) » GROUNDWATER INFLOW TO UTAH LAKE
C{8,L,K) = TOTAL INFLOW TO UTAH LAKE = COLUMNS 1 + 2 + 3 + 4
C(6,LUsK) = THE AMOUNT OF JORDAN RIVER DEMAND THAT CAN BE
SUPPLIED
C{7,L,K) = THE SHORTAGE FOR JORDAN RIVER SUPPLY
C(8,L,K) w THE AMOUNT OF MOSIDA AREA DEMAND THAT CAN BE
SUPPLIED
Clo,L,K) = THE SHORTAGE FOR MOSIDA AREA SUPPLY
c(1e,LsK) = EVAPORATION FROM THE DIKED LAKE
CCig,LsK) s INCREMENTAL CONSUMPTIVE USE = USED TO MODIFY THE
INFLOW TO REFLECT CURRENT OPERATION
CC12,L¢K) = SPILLS TO JORDAN RIVER
C(13,L,K) » END OF MONTH ACTIVE CONTENT IN THE DIKED LAKE
C(14,L,K) = END OF MONTH WATER SURFACE AREA FOR THE DIKED LAKE
C(i5,L,K) ® WATER SURFACE ELEVATION IN THE DIKED LAKE AS IY
RELATES TO COMPROMISE ELEVATION
C(16,L,K) » GOSHEN BAY INFLOW WITHHELD FROM UTAH LAKE BY OIKING
C{17,L,K) = SPILLS INTD GOSHEN BAY FROM UTAH LAKE
C(18,L,K) = TOTAL INFLOW TO GOSHEN BAY
€(19,L,K) s EVAPORATION FROM GOSHEN BAY
€(2@,L,K) » END OF MONTH CONTENT IN GOSHEN BAY
€(21,L,K) a END OF MONTH WATER SURFACE AREA FOR GOSHEN BAY
€(22,L,K) ©» WATER SURFACE ELEVATION IN GOSHEN BAY AS IT RELATES
TO COMPROMISE ELEVATION
€(23,L,K) a PROVO RIVER YD8 INFLOW TO UTAH LAKE
€(24,L,K) o DTHER STREAM TDS INFLOW TO UTAH LAKE
€(25,L,K) = GROUNDWATER TD8 INFLOW TO UTAH LAKE
€(26,L,K) = TOTAL TDS INFLOW TO UTAH LAKE
€C27,L,K) = TOYAL TD8 OUTFLOW FROM UTAH LAKE
€(28,L,K) = END OF MONTH TDS PPM IN UTAH LAKE
C(29,L,K) o END OF MONTH TDS CONTENT IN UTAH LAKE
C(38,L,K) » CHANGE IN TDS CONTENT DURING THE MONTH
L L R T T T S T T S R S R R N I )
WRITE(S,802)
PORMATC{H1,BX,'THE FOLLOWING DATA ARE CONSTANT FOR EACH YEAR')

READ(3,13,ERR81800) ((DMND(Z,J),J=e,13),In4,2)

DO 580 Isy,2

YoMD (1) mE,

D0 382 Jw2,

rnnotxa-vnnncxaﬁonuo(!.J)

WRITE(6,601)

FORMAT(///8%, 'DEMAND FOR JORDON RIVER')

WRITE (6,6@2) (MONTH(J) ,Jm2,13)

PORMAT (BX, 12(5X,A3),4X, 'ANNUALT)

WRITE(6,6083) (OMND(1,J),Ja2,13),TDND (1)

FORMAT (8X,12F8.1,F18.1)

WRITE (8,604)

FORMAT(///8X, 'DEMAND FOR MOSIDA AREA')

WRITE(6,802) (MONTH(J),Jn2,13)

WRITE(6,6@3) (DMND(2,J),Ju2,13),TDMD(2)
READ(3,13,ERRS1080) (QRTN(J),Ju2,13)

TRTNSD,

00 3@y Je2,13

TRTNSTRTN#QRTN(J)

WRITE (6,606)

FORMAT(///8%, 'RETURN FLOW FROM MOSIDA AREA')
WRITE(6,602) (MONTH(J) ,J52,13)

WRITE(6,603) CQRTN(J),Jn2,13),TRTN

READ (5,37 ,ERRu1P@2) ((WEVP(I,J),I92,13),J84,NYR)
READ(5,13,ERRn1800) ((HISACL,J),1%2,13),J5L,NYR)
READ(5,13,ERR®1000) ((C(16,1,J),I82,13),Jui,NYR)

60 TO 978

READ(16,9808) (KARD(L) ,L®1,14)

FORMAT (43A6,42)

WRITE(6,998) (KARD(L),Lw1,14)

FORMAT('8', 'THE FOLLOWING CARD IS IN ERROR, PLEASE EXAMINE YOUR DA
1TAT,/,18X,13A6,A2 )

STOP ERROR

L] * L L L * - - - . - - - L] - v * L - - - "
THIS STATEMENT BEGINS THE DO LOGP FOR EACH YEAR

- 1 . * L] L - » - - - - - - * - » * . - L L]
DO 908 Kei,NYR ® CYCLE FOR EACH YEAR
FORMAT( )

Covr o ¢ » * % & o L 2N T « LI T B R
C ¢we THIS STATEMENT BEGINS THE DO LooP FOR EACH MONTH
Crexr v v ¢ v o ¢ ¢ % o« % v @ LI 2 T B T
EUMQSB M=2,13 L] tYCLE FDR EACH MONTH
E ]
LCNT=p
CC14,L,K) = C(Ld,L=1,K)
2 AVGAR(C(14,L,K)+C(14,Lm1,K))/2,
LENT s LCNT+y
C(18,L,K) = HEVP(L,K)9AVGA
PPT(L,K)®SAPPT(L,K)#AVGA
ADIFmAVGA=HISA(L,K)
CDIFep,35¢WEVP (LK)
CCS,L,K) & CCL,LsK) & CC2yL,K) + C(3,LoK) ¢ C(4,L,K)
Ctll.L,K) = ADIF#CDIF
Cl13,L,K) = C(13;L'l:KJ*E(S'L,KJ-DHND(1:L)-DNND(Z,L)nctlﬂyL,K]‘
1CC11,L,K) * PPT(L,K)
40 IF(C(13,L,K),6T,829,2) GO TO 8@a
IF(C(13,L,K).LT,=12,5) GO YO 3
C*rd ¢ v ¢ ¥ w ¢ » w ¢ % & ¢ *# ¢ ¢ v ¥ ¥ % ¢ 4 ¥
C wwe THE POLLOWING PORTION OF THE PROGRAM MAKES CALCULATIONS IF ACTIVE
C #we EQM CONTENT I8 BETWEEN 629,208 ACRE FEET AND =12,50@ ACRE FEET
Cove ¢ v & ¢ o ¢ ¢ & & o * ¥ € ¢ * * % & *« ¢ ¥ W
CALL CAPUTT((C(33,L,K)), CAPUTL,KXX)
C(i5,L,KIBCAPUTL
IFCCCIB,L ) LE,=7,5) CL1S,L,K) = C(L5,L,K) + 2,5
AREASELEUTL (CCCI5,L,K) ), KXX)
IF{LCNT,GE.8) C(14,L,K) & AREA
IF (AREA.EQ,C(14,L.K}) GO TO 4%
C(14,L,K) o AREA
GO0 T0 2
41 LCNTeQ
!FtC(l!,L K),GE,0, 0) GO TO 42
C ewe « ¥ & @ * ¢ 8 ¥ 9 v w ¢ s v w W
C eee THE 'DLLON!NG PORTION OF THE PROGRAM MAKES CALCULATIONS IF ACTIVE
C wwe ZOM CONTENT IS LESSER THAN @ ACRE FEET
Coae ¢ % % & % w o ¢ ¢ ¥ ¥ & % © ¥ 9 € « * w s ¥

on

~»

AvGas(C(14,L,K)*C(14,L=1,K)) /2,

C(18,L,K) & WEVPLL,K)wAVGA
PPT(L,K)BAPPT(L,K)2AVGA

ADIFwAVGA=HIBA (L/K)

LCNT 5 LCNT & ¢

C(11,L,K) ® ADIFeCDIF

CC13,L,K) 8 C(13,Lei,K) & C(8,L,K) = C(3@;L,K) ¢ C(84,LsK)
1+ PPTL,K)

IF(C{13,L,K),LT,=42,8) GO 70 85

CALL CAPUchtccls,L K)) s CAPUTL pKXX)
C(15,L,K)eCAPUTL

IF(CCI8,L,K)LTo=7,5) C(18,L,K) ® C(15,L,K) ¢ 2.5
AREAIELEUTL((CC!’:L;K?):Kl!)

IF(LCNT.GE.S) C(14,L,K) = AREA
IFCAREALEQG.C(14,L,K}) GO TO B2

C(14,L,K) s AREA

G0 10 3

IF(C13,L,K),LT,0,8) GO YO 83

C(15,L,K) & =12,2

CCi4,L,K) 5 33,0

AVGAW(C(314,L,K)+C(14,L=1,K))/2,

C(18,L,K) & WEVP(L,K)*AVGA

PPT (L K)RAPPT(L,K)*AVGA

ADIFeAVGA=HISBA(L,K)

C(11,L,K) = ADIFeCDIF

CCL3/LyK) ® C(13,L=1,K) + C(5,L,K) = C(L@,L,K) * CC4L,L,K)
1 + PPT(L,K)

GO TO 854

C18,L,K) » «13,3

C(14,L,K) » 6,0

AVGAR(C(14,L,K) + C(14,L=1,K))/2,

CU18,L,K) u WEVP(L,K)wAVGA
PPT(L,K)mAPPT(L,K) *AVGA

ADIPRAVGA=HISA(L,K)

C(11,L,K) = ADIFeCDIF

CCi3,L,K) ® CCL13,L=1,K) + C(5,L,K) = CC1@,L,K) + C(11,L,K)
1 ¢ PPT(L,K)
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IF(C(IS:L:K) LT,-12,8) GO TO 56

GO TO 51

T I R R T I T S S T B T T R

THE FOLLOWING PORTION OF THE PROGRAM MAKES CALCULATIONS IF ACTIVE

EOM CONTENT IS GREATER THAN 629,280 ACRE=FEET

M I R T e I T I B

CC13,L,K) = C(13,L=1,K) & C(5,L,K) = C(1@,L,K) *+ C(18,L,K)

1 « PPT(L.K)

CALL CAPUTT((C(lS:LrK));CAPUTL,KXX)

C(15,L,KIRCAPUT

AVERGE . (C(lS'LpK) + CC15,L=1,K)) /2.0

C(12,L,K) = SPILL (AVERGE)

DAYS ® DAYMON(L,K)

IF(CC12,L,K).6T,15080,) GO TO 81

CC12,L4K) = C(lz,LpK) * 1,98 « DAYS + ,@@¢

TOTDMD = DMND(1,L)+DMND(2,L)

IF (C(IQIL;K) +GE, TOTDMD} GO TO 82

GO t0 3¢

C(12,L,K) »(1500,0) * 1,96 + DAYS » ,004

CC13,L,K) & CCI3,L,K) = C(12,L,K)

CC12,L,K) » C(124L,K) = DMND(IVL) = DMND(2,L)

IF(C(13,L,K).6T,029,2) GO TO 8

AREA » 61,0

!F(LCNT.GE.U! C(14,L,K) = AREA

IF (AREALEG.CC14,L,K)) GO TO 83

C(14,L,K) = AREA

GO T0 2

CALL CAPUTT(CCCL13,L,K)),CAPUTL,KXX)

C(L8,L,KINCAPUTL

AREASELEUTL(C(C(15,L,K)) ,KXX)

IFCLCNT.GE,5) C(14,L,K) = AREA

IFCAREA.EQ,C(14,L,K)) GO TO 8555

CCi4,L,K) = AREA

GO TO 2

LI I R R T R T T T T T T T SR U SN SN T ]

AFTER CALCULATING VALUES FOR THE DIKED LAKE ABOVE, THE FOLLOWING

PORTION OF THE PROGRAM MAKES CALCULATIONS PERTINENT TO GOSHEN BAY
CE I T S I T TR T T TR ZEE T T T T TR T Y

C(iB,L,K) = C(16,L,K) * QRTN(L)

C(21,L,K) = C(21,L=1,K)

AVGBe (C(21,L,K)+C(21,L=4,K))/2,

CC19,L,K) = WEVP(L,K)wAVGH

€(20,L,K) = CC18,L,K) = CC19,L,K) + C(28,L=1,K)

IF(C(20,L,K) o LT.0.0) C(20,L,K) » B.B1

CALL CAPGOD((C(20,L,K}),CAPGOS,KKX)

C€(22,L,K)=CAPGOS

AREAIELEGDS((C(ZZpL;KJJ KKX)

LCNT = LCNT +

IF(LCNT,GE.5) C(?levK) = AREA

IF (AREA,EQ,C(21,L,K)) GO TO 9988

€(23,L,K) = AREA

GO TO 9999

TESTCH = C(15,L,K) = C(22,L,K)

IF(TESTCH,G6T,0,1.AND,C(13,L,X),GT,620,2) GO TO 997

GO TO 899

€(17,L,K) = EQL(TESTCH,C(15,L,K) )

LCNT n 0

CCL17,L,K) ®» CC17,L,X) * 1,98 « DAYS « ,@0%

C(18,L4K) » CC16,L,K) * C(17,L,K) * QRTNCL)

C(23,L,K) = C(21,L=1,K)

AVGBs (C(21,L,K)+C(28,L=1,K))/2,

C(i19,L,K) = WEVP(L,K)«AVGB

c(2a,L,K) = C(28,L=1,K) + C(18,L,K) = C(18,L,K)

IF(c(2e,L,K),LT,0.8) Cf20,L,K) » 0,01

CALL CAPGOO((C{20,L,K)),CAPGOS,KKX)

€(22,L,K)nCAPGOS

AREAIELEGUS((C(22'L K) ) KKX)

LCNT = LENT +

IF(LCNT,GE,.S) C(Zl;LuK) = AREA

IF (AREA,EQ,C(21,L,K)) GO TO 921

€(21,L,K) = AREA

GO TO 8534

DIFEOM ® C(13,L,K) = C(17,L,K)

IF(DIFEOM,GE,629,2) GO YO 922

923

83

8358

42

53

54

568

Cl13,L,K) = 629,2

C(17,L,K) » C(33,L,K) = DIFEOM
C(18,L,K) = C(16,L,K) * C(17,L,K) *+ QGRTN(L)
cea1,L,K) = C(21,L=1,K)
AvGBm(C(21,L,K)+C(21,L"1,K)) /2,
C(19,L,K) & WEVP(L,K)wAVGB

€(20,L,K) s C(20,L~1,K) + C(18,L,K) = C(19,L,K)
!FfC(QOyLyK) LT,0.08) C(20,L,K) = 0,01
CALL CAPGOU((szglLIK),,C‘PGUSIKKK’
C(22,L,K)uCAPGOS

LCNT & LENT + |

IF(LCNT,GE.5) C(21,L,K) = AREA

IF (AREA,EQ,.C(21,L,K)) GO TO 923
€(24,L,K) » AREA

GO 7O 920

C(43,L,K) » DIFEOM

C(6,L,K) = DMNDC(Y,L.

C(8,L,K) = DMND(2,L)

C(7,L,K) » 0,0

C(9,L,K) » 2,0

CALL CAPUTT(CCC13,L,K)),CAPUTL,KXX)

CCi5,L,K)NCAPUTL
LCNT = @

GO TO 899

LCENT = 2

C(8,L,K) = DMND(L,L)
C(8,L,K) w DMND(2,L)
C(7,L,K) = 0,0
C(8,L,K) = B,0

GO TO 899

Ci%,L,K) & 629,2
C(6,L,K) s DMND(1,L)
c(8,L,K) = DMND(2,L)
CC7,L,K) « 2,0
cto,L,K) = 2.8
€l12,L,K) = C(13

16€18,L,K) = CC13,L,K) + CCL11,L,K) # PPT(L,K)
C{15,L,K) = 9,8

LCNT s 2

GO 10 85

LCNT = @

C(6,L,K) = DMND(1,L)
C(8,L,K) = DMND(2,L)
C(7?,L,K) = 0,0
C(o,L,k) v 2,8

GO TO 8%

C(6,L,K) = DMND(1,L)
CCB L, K) = DMND(2,L)
C(7,L,K) v 2,0

C(o,L,K) = 2,0

CALL CAPUTT(CCC13,L,K)),CAPUTL,KXX)
C(15,L,K)SCAPUTL

GO TO 83

C(6,L,K) » D0

C(8,L,K} = 2,0

C(7,L,K) ® DMND(1,L)

C(9,L,K) = DMND(2,L)

C(i2,t,K) = 0,0

C(i5,L,K) = C(15,L,K) » 0,5

LCNTY = @

GO TO 85

C(6,L,x) = (DMNDC1,L)/(DMND(1,L)I+DMND(2,L)))*(CC13,L,K))
C(8,L,k) = (DMND(2,L)/(DMND(1,L)+DMND(2,L)3)*(CC13,L,K))
C(7,L,X) = DMND(1,L) = C(6,L,K)

C(9,L,X) = DMND(2,L) = C(8,L,K)

C(13,L,K) = 0,0

LCNT s B

GO TO 8%

C(1e,L,K) = C(13,L=1,K) + C(5,L,K) +12,5 + COIF « PPT(L,X)
C(13,L,K) & =12,5

C(8,L,k) » 2,2

C(7,L,K) = DMND({,L)
C(8,L,K) = 2,0
€to,L,K) = DMND(2,L)

rb=1yK) + C(5,L,K) = DMND(i,L) = DMND(2,L) =
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CUI3 LK) & «12,5

C(iS,L,K) " 0,0

LCNT w 8

GO TO 85

CCL3,L,K) = CC13,L=1,K) + C{3,L,K) = DMND{1,L) = DMND(2,L) =
1C(18,L,K) @ C(L1L,L,K) + PPT(L,K)

CALL CAPUTT((CCi3,L,K)),CAPUTL,KXX)

CC15,L,K) = CAPUTL

AVERGE s (C(18,L,K) + C(15,L=1,K))/2,0

C(12,L,K) = SPILL(AVERGE)

DAYS = DAYMON(L,K)

IF(C(12,LyK),GT, 1500,0) GO TO 34

C(12,L)K) = C(12,L,K)*1,98+DAYSv,00}

GO TO 35

C{12yL,K) = (1500,08)«1,58+DAYSv, 004

OLEFT wC(13,L,K) = 629,2

IF (DLEFT ,GE, C(12,L,K)) GO TO 32

€(i2,L,K)} = DLEFT

CC13,L,K) = CCLI,L,K) »C(12,L,K)

C(6,L,K) = DMND(1,L)

€(8,L,K) w DMND(2,L)

C(7,L,K) = DMND(1,L} = C(6,L,K)

C(9,L,K} = DMND(2,L) = C(8,LsK)

GO TC 85

C(23,L,K) w TDSL(CCL,L,K) L)

QOTHREC (2,L/K)+C(3,L,K)

C(24,L,K)sTD82(GOTHR,L)

C(25,L,K)nCTDS+GWSCHC(4,L,K)
C(26,L,K)mC(23,L,K)+#C(24,L,K)#C(25,L,K)
TLSRC(13,L,K)+C(12,L,K)+C(B,L,KI+C(8,L,K)*C(17,L,K}+SDEAD
IF(TLS,LE.2,2) TLSsDLS

c€(28,L,K) » ((CC26,L,K)+C(29,L=1,K))}/TLS)/CTDS
C(27,L,K)NCTDB*C(28,L,KI%(CCL2,L,KISCCE,L K)*C(B,L,KI*C(17,L,K))
STMESDEAD + C(13,L,K)

IF(STM,LE.0,2) 8TMEDLS

C(28,L,K)wCTDOS*C(28,L K)w8TH

C(SD.L,K)-C(ZQ,L,K)-CIRB L-l;KJ

L] * L d - L ] L] L] v - * L] . w « L] * °
THIS xs THE !ND oF THE DO LOOP FOR EACH MUNTH

- [ ] L] - - L ] L ] L ] - L * L] - L] « * . * . - »
CONTINUE

00 901 Lu2,13

00 982 J=i1,38

ROUND = 0.5

!FtC(J.L.K) LT+0, !) ROUND » «g,5

IF(J.EQ,10) GO TO 777

IF(J.EQ.18) 6O TO 777

IF(J.EO.lH) 60 YO 777

IF(J.EQ,22) 6O TO 777

CCJyL,K) ® PLOATCINT(C(J,L,K)*i@,@ + ROUND )) / 10,8

TOTAL(J)K) & TOTALLJ,K) ¢ C(J,L,K)

CONTINUE

CONTINUE

po 503 IL = 1,30

CCIL,1,K#1) & C(IL,13,K)

CONTINUE

KKuk

* - - * * - * L] * * - - * L ] * - » L] * » - L]
THIS 18 THE END OF YHE DO LOOP POR EACH YEAR

* ” * - * - * - - L] - * * * * L - * - * * *
CONTINUE

- L 4 » w L] L] v * * - * L ] - L ] L] L ] - . » L] * L ]
THE REMAINING PORTION OF THIS PROGRAM SUMS, AVERAGES, AND PRINTS
THE VALUES IN TABULAR FORM

w - . - L ] L ] L] - - w L] L . - - L] - * L » L ] *
DO 703 Lw=i,30

SUMTOT(L) = 2,0

CONTINUE

DO 9524 Kuy,KK

00 905 L»y,30

SUMTOT(L) = SUMTOT(L) + TOTAL(L,K)

CONTINUE

CONTINUE

DO 906 Is§,d0

AVE(1) = SUMTOT(I) / FLOAT(KK)

986 CONTINUE
4 DO § Imyi,NYR

CALL TITLES(Y)
WRITE(6,1@0)
WRITE(6,104)

180 FORMAT (38X, 'MINIMUM DRAWDOWNLEVEL AT 12,0 FEET BELOW COMPROMISE',

104

99

1/,33X%, " (UNITSS 1,000 ACRE=FEET)')

FORMAT(' 1,138('="),

1/,11!,86$"'):'UTAH LAKE OPERATION WITH PROYD AND GOSHWEN BAYS DIKE
207,10(1e"),

3/7/42%, V1 ,6(1=1), 'INFLOWS TO UTAH LAKE!',8('=!),1#1,2%,'v=eJORDAN R
4oomn!, 2X, ' weoMOSIDA A, ewe),2X,'wT,12('=1),'THE DIKED UTAH LAKE',
S§12(t=t),Vwt,/, 3%, "MONTH' , 00X, "SPILL",2X,ACTIVE',3X, 'EOM!,
6/7,4%,'AND!, 5%, 'PROVO',2X, 'OTHER' ,2X, 'OTHER! , 1 X, 'GROUND ', 3X, ' TOTAL'
745X, 'SUPP=1,2X, ' SHOR=!,8X, \SUPP=1,2X, ' SHOR="' ,5X, "W ,§,',2X, ' INCRM!
By3X, 70!, 6X, TEOM!, 4X, "W, 8, ,4X, "W, 8,1,/,3%X, ' YEAR!, 4X, 'RIVER', 2X,
9'GAGED',2X, 'UNGAG',2X, WATER',3x, "INFLO?,6%, ' IED', 3%, 'TAGE',

16X, 'LIED',3X,'TAGE!, 85X, "EVP,',3X, 'CONS',2X, ' JORDN' ,3X, 'CONT, ', 3X,
2VAREA',4X, 'ELEV!,
3/,127('=1),
47,14%, 187 ,6X, 121 ,68X, "3, BX, 4" ,7X,"3",9X,'6",6X,171,9%,'8',6%,'9"',
58X, 1107,5%,1147,5%,"12,6X,"137,5X,14"',5%,115",
8/,17({'=1))

DO 6 J82,13

IYR & LYROD « I

IF(JJLE.4) IYR s IYR = 2

IF(J.GT44) IYR » IYR = ¢

WRITE(6,$02) MONTH(J),IYR, (C(K,J,I),K=4,15)

182 FORMAT(Y ', A3,2X,14,4F7,1,F8,4,3X,2F7,4,3X,2F7,1,2%X,3F7,1,F8,4,

1F7.1,F8,2)

& CONTINUE

207

WRITE(8,207)

FORMAT(! !,138('=!))
WRITE(6,188) (TOTAL(X,1),Ks1,12)
WRITE(8,$03)

103 FORMAT(! ',//)

WRITE(8,109)

189 FORMAT(! !,130('=1),

3e2

1/7441%,42(' ),

//912X, ¢!, 16(1=1), I THE GOSHEN BAY', 17 ('et), Tt dx, 1t ,6(tu'),
31708 INFLOW AND OUTFLOW!,7(tw!),te!, 3X, ¢!, 3(te?), 1UTAK LAKE TDS!,
43(1=1), e, /,3X, TMONTH!, 12X, 'SPIL',25X, 'EOM!,37X, 'TOTAL',3X,
S'TOTAL',5X, 'EOM!, 4%, "EOM?, 4X, 'CHNGE ', /,4X, 'AND!, 85X, '60S,B ' ,3X,
S'FROM!,3X, "TOTAL',3X, "W.8,!,3X, TEOM! ,4X,'W,8,1,4X,TH,8,"',6X,
7'PROVO',2X, 'OTHER',1X, 'GROUND' ,4X, "IN=!,3X, 'R, OUT!,8%,'TDS!,4X,
81TDS8,8X, 'INY,/,3X, 'YEARY ,BX, "INFLO',3X,'UsLo'y3X, TINFLO',3X,'EVP!
9,3%, 'CONS',3X, 'AREA! ,4X, 'ELEV',6X, "RIVER! ,2X, 'STREM! ,2X, "WATER!,
14X, TFLOW' 3%, 'FLOW!,8X, 'PPM?,3X, 'CONT, ' ,5X,'TD8',/,127('="),
27,14%,1461,8%,'17"',6X,'18',58%,119",5%,'208",5x,'21"',5x,1221,10X,
31231,8X%,'24",5x,1'28",6X%,126',6X,1271,6%,128',6X,'29',6X%,'30"',
4/,127('="))

DO 66 Ju2,43

IYR « LYRO ¢ I

IF(J,LE.4) IYR = IYR = 2

IF(J4GT44) IYR » IYR = |

WRITE (6,382) MONTH(J),IYR, (C(K,J,1),Kui6,30)

FORMAT(Y ',A3,2X,14,2F7,1,F8,1,3F7,1,F8,2,4X,3F7,0,5F8,0)

68 CONTINUE

108
3as
5

185
88

WRITE(E,207)
WRITE(6,308)
$(TOTAL (30,1))

FORMAT(' 9,1X, 'WY YOTAL',4F7,1,F8,1,3%,2F7,1,2X,2F7,1,2X,3F7,1)

FORMAT(' 9,1X,'WY YOTAL',2F?,1,F8,1,F7,1,26X,3F7,0,2F8,8,16X,F8,08)
CONTINUE

CALL TITLES(!)

WRITE(6,100)

WRITE(8,101)

DO 88 Is1,NYR

IYR s LYRC + I = {

WRITE(6,1B5) IYR, (TOTAL(J,I),Js1,12)

FORMAT (! 7,5X,14,4F7,1,F8,1,3X,2F7,1,2%,3F7,1,2X,3F7,.4)
CONTINUE

WRITE(6,207)

C(TOTAL(K,1),Ks16,19),(TOTAL(K,I) ,K823,27),



€6

106
107

308
8ss

WRITE(6,106) (SUMTOT(J),Js1,12)

FORMATC' ',4X,'TOTAL',4F7,1,F8,1,3X,2F7,1,2X,2F7,4,2%,3F7,1)
WRITE(6,107) (AVE(J),Jm1,12)

FORMAT(' ',2X,'AVERAGE',dF7,1,F8,1,3X,2F7,1,2X,2F7,1,2%X,3F7,1)
CALL TITLES(1)
WRITE(6,109)
WRITE(8,109)

DO 888 Iwi,NYR

IYR = LYRO + I = 1|
WRITE(6,3858) IYR, (TOTAL(J,I),J%16,19),(TOTAL(J,1),J023,27),

'y8%,14,2F7.1,F8,1,F7,1,26X,3F7,0,2F8.0,16X,F8,0)

1 (TOTAL (32,1))

FORMAT (!
CONTINUE
WRITE(8,207)

WRITE(6,306) ((SUMTOT(J),J=16,19), (SUNTOT(J ),J»23,27),

1 (SUMTOT(30)))

3a6
307
208

FORMAT (' ', 4X,'YOTAL',2F7,1,FB.1,F7,1,20X,3F7,0,2F68,0,16%,F8,0)
WRITE(6,307) ((AVE(J),J=16,19), CAVE(J),Jn23,27), (AVE(30)))
FORMAT(' 1,2x,'AVERAGE',2F7,1,F8.1,F7,1,26X,3F7,0,2F8,02,16%,F8,0)
WRITE (6,208)

FORMAT (1H1)

A T T 2 T L TR R R I R A R A A A A Iy

C wee
C.eee

THIS FUNCTION SUB=PROGRAM WILL RETURN THE TDS CONTENT OF THE
PROVD RIVER

cG't'i"""""""t""t"i"til"""'.""ﬁi"'ti.ﬁ"t'lt"""i"""t"l"

N @ N

10
1

poe

12
13

FUNCTION TDS1(QY,L)

GO T0 (2,2,3,3,3,3,7,7,0,10,11,12,13),L
TDS1eQ1*CTDS+288,0

RETURN

TDS!'D!'CTDS‘Z!! ]

RET

roslno;-c7031331 9

RETURN .
TO81nQ1elTDSw210,1

RETURN

rost-aincrns-zd7 5

RETURN

TDS19Q1«CTDSw284,3

RETURN

TDS1wQ i «CTDS#205,2

RETURN

TDS1wQIeCTDS*293,3

RETURN

c"'!tﬁ"'t"’t"'ﬁi'"".'ti'9*D.tt",!'"!!’Q0'0'tt'Q."'""Q..i""."i.'i.!

C wwe
C www

THIS FUNCTION SUB=PROGRAM WILL RETURN THE TDS CONTENT OF THE
UTAH LAKE DRAINAGE AREA LESS PROVO RIVER

c."'t'Qitt'tt.!'f""""'l"i'Q""i.'.t"Qt!!tt'iQ"i.t'i"0".""‘."".'..

o

vew
see
e
(117
1117

ooooo

~

-
® o

FUNCTION TDS2(G2,L)
GO 70(2,2,2/2+2,2,2,2,3,3,3,3,3),L
TDS23Q2+CTDS#795,3
RETURN
TDS2=Q2¢CTDS#593,2
RETURN
L I I I L L L I T A O T T R T S S S T
THIS FUNCTION SUB=PROGRAM WITH ARGUEMENTS ELVA AND KXX RETURNS AN
AREA OF UTAH LAKE GIVEN AN ELEVATION 'ELVA' AND A STARTING POINT
KXx!
LI R T T T T T T R T S S S T R S TR TR
FUNCTION ELEUTL (ELVA,KXX)
D0 7 JuwKXX,NUMENT
KMeJ
EL = «13,35 ¢ !FLOAT(J))' .21
IFCELVA,LE,EL ) 60 TO
CONTINUE
KXuNUMENT
KMENUMENT
GO TO 1@
KM
KXuKMe
PKXo (ELVA=(=13,35¢(FLOAT(KX))* ,01))/ ,01
AREDIF ® AREAS(KM) = AREAS(KX)
ELEUTL = AREAS(KX) + (PKX » AREDIF)
RETURN

Coer v o v ¢ o ¥ ¥ & % * ¥ 4 ¥ v oW ow e oY oW oW v
C ##» THIS FUNCTION SUB-PROGRAM WITH ARGUEMENTS I AND J RETURNS THE
C wee NUMBER OF DAYS IN MONTH 'I! IN YEAR 'J!
Corr v % ¢ * % & & v & ¢ ¥ ¥ ¥ & ¥ E e e o e e
FUNCTION DAYMON(I,J)
GO T0(4,2,1,2,2,3,2,1,2,1,2,2,1), I
1 DAYMON = 30
RETURN
2 DAYMON = 31
RETURN
3 DAYMON = 2
IF(FLOAT( (LYRO#K)/4 ),LT, @.1 ) DAYMON = 29
RETURN
Coom o v o % & * * ¢ & & % o+ * ¢ € ¢ ¥ * o+ ¢ w %
C vev THIS FUNCTION SUB=PROGRAM WITH ARGUEMENT AVERGE RETURNS THE SPILL
C www RATE TO JORDAN RIVER BASED ON AVERAGE ELEVATION OF THE LAKE
C wee 'AVERGE!
Canr v v & * & &« v # + ¢ ¥ o € + ¥ * * & 4 % e
FUNCTION SPILL (AVERGE)
DO 10 Jwi,20
IF (AVERGE ,GE,TABLE(J)) GO TO 1
190 CONTINUE
11 IF(J.EG.Y) GO TO 12
KLeJ
KXukL=g
GO TO 13
12 KxmyJ
KLug
13 PKX=(AVERGE = TABLE(KX)) / 0,5
DIFF = SPILLS(KX) = SPILLS(KL)
SPILL » SPILLS(KX) ¢ PKX v DIFF
RETURN
C oo v v ¢ & % ¢ ¢ ¢ * L - L] " L] ' w L . - L v
C #e+ THIS FUNCTION SUB=PROGRAM WITH ARGUEMENTS ELVA AND KKX RETURNS
C ves AN AREA OF GOSHEN BAY GIVEN AN ELEVATION 'ELVA' AND A STARTING
C ewe PODINT 'KKX!
Crer ¢ & &« ¢ % ¢ ¥ €« ¥ 4+ ¢ % & v 4 ¥ ¥ W oe e v w
FUNCTION ELEGOS(ELVA,KKX)
D0 417 JsKKX,NUGNT
KMaJ
ELG » =13,18 « (FLOAT(J)) +« ,01
IFCELVA,LE . ELG ) GO TO 418
417 CONTINUE
KXSNUGNT
KMSNUGNT
GO TO 419
418 lFtJ Eﬂ 1) GO TO 4188
KM &
KX = Kﬂ-l
GO YO 419
4188 KMey
KX & J
419 PKX s(ELVA=(=13,15¢(FLOAT(KX)) ¢ ,01)) / ,B81
AREDIF = AREASG(KM) = AREASG(KX)
ELEGOS » AREASG(KX) ¢ (PKX « AREDIF)
RETURN
Cowe v v v v & & & * & * ¢ ® ¥ P e oE Y et % e
C #ws THIS FUNCTION SUB=PROGRAM RETURNS THE SPILLS 7O GOSHEN BAY BASED
C ewv ON THE DIFFERENCE IN ELEVATION BETWEEN THE DIKED LAKE AND GOSHEN
C #++ BAY 'TESTCH' AND THE ELEVATION OF UTAH LAKE 'ELELOR!
Coed o & ¢ ¢ o % & ¢ ¢ ¥ E e E R e o o e

435
436

437
438

FUNCTION EQL(TESTCH,ELELOR)

C(15,L,K) = ELELOR

DO 435 Imi,18

Mal

IF(TESTCH,GE,CH(1),AND,TESTCH,LE,CH(I+1) ) GO TO 436

CONTINUE

DO 437 Jsi, 14

NsJ

PP m ELEV(J#1) = ELEV(J)

IFCCC15,L,K) GELELEV(J) ,AND.C{15,L,K),LELELEV(J*1) ) GO TO 438
CONTINUE

X 8 (0QQ(M,N+1)=QQQ{M,N)/PP) % (C(15,L,K) = ELEV(J) ) + QQG(M,N)
Y » (QOQ(M*1,N*1)=Q0Q{Me1,N}/PP)e(C(15,L,K)~ ELEV(J))*OQG(M#X:N)



4]

EQL ® (Y=X) ¢ (TESTCH = CH(M)) / (CH(M#1) = CH(M}) + X
RETURN
SUBROUTINE TITLES(NO)

[ L T L L T T T
[ -

C « THIS SUBROUTINE USED ALONG WITH SUBROUTINE DAY, GIVES 5 VERSIONS .
c -

€C « THAT MAY BE USED WITH ALL PROGRAMS TO IDENTIFY THE QUYPUT, AND .
C v - .
C « ALSO IDENTIFY THE DATA CARDS, *
C « .
cC VERSION 1, CALL TITLES(1)=WRITES THE TITLE,THE JOB NO., .
[ THE DATE PROCESSED,AND PAGE NO, .
C o . .
[ VERSION 2, CALL TITLES(2)=WRITES THE TITLE,THE PAGE NO,, .
€ » SKIPS A LINE,THEN WRITES THE .
[ JOB NO,,AND DATE PROCESSED, 4
C Y
C v VERSION 3, CALL TITLES(3)«WRITES THE TITLE,THE DATE »
C e PROCESSED,AND PAGE NO. .
[ .
C VERSION 4, CALL TITLES(4)=WRITES ONLY THE TITLE,CENTERED .
C ON THE PAGE,AS LONG AS THE TITLE
C » 18 CENTERED IN THE FIRST 6@ L)
C COLUMNS ON THE GARD, .
cC -
C VERSION 5, CALL TITLES(S)=THIS VERSION I8 USED FOR PUNCH .
C = CARD VERFICATION ONLY, IT WRITES
[ NOTHING, *
C .
[ A T T T T T R T T

COMMON/JOBTIT/TITLE(12),1PAGE
DIMENSION DATE (@)
CALL DAY(DATE(S),DATE(2))
IF(NO,6T,1)60 TO 29@08
11111 WRITE(S,101@) TITLE,DATE, IPAGE
1010 FORMAT ({H{,18X,10A6,8H JOB NO ,248,14H PROCESSED ON ,248,
110K PAGE NO, ,14)
GO TO 19900
20008 IF(NO,GT,2)GO TO 3loeae
WRITE(S,1020) CTITLE(I),1n1,10),2PAGE, (TITLECI) ,1911,12),0ATE
1820 FORMAT(1H{,5X%,18A6,10H PAGE NO, ,I14/13X,9H (JOB NO ,2A6,
114H PROCESSED ON ,2A8,2H) )
GO TO 12000
32002 IF(NO,GT,3)G0 TO 48200
WRITE(6,1838) (TITLE(I),Ini,10),0ATE, IPAGE
1838 FORMAT (1H1, 18X, 18A6,20X,14H PROCESSED ON ,2A6,18H PAGE NO, ,I4)
G0 70 t@eep
42820 IF(NO,GT,4)60 TO 50209
WRITE(S,104@) (TITLE(I),Ing,10)
1840 ronnavtxnx,ssx.one)
GO YO i9@0p
3008@ IF (NC,GT,5)G0 TO 6poos
G0 TO teeee
60000 GO TO 1111}
18028 IPAGESIPAGE+}

RETURN
END
“OASM,IN DAY,DAY
$(1) AXRS
. CALL DAY(A,B)
. A 18 A 2 WORD ARRAY
. B I8 IGNORED
DAYw SSL A3, 36 « THIS MAY HELP LATER
ER DATES o AQ I8 MMDDYY
LDSL Ag,2 . REMOVE ZONE BITS
LSsL AL, 38 « CLEAR Ay
Lbsc AD, 4 o SHIFT FIRST T0O Al
MI, U AL,10 o« SHIFT INTO A2 AND SIZE
LDOSL 40,2 » MORE ZONE
Lbsc AR, 4 +« MOVE THE GOOD PARY
AR A2,AL « FORM THE SUM
Al M=1,42 o LOAD THE ALPHA MONTH
LsscC AB,12 » A@m YYXXDD Alw teMMMeuw=!

]
M

aoon

e X Ne¥e

Lpsc Ap,24

L8si AL,6

LXM, U Ay,039505

DS AB,*8,X11
JeXLL

AQwis DDeMMMenYYPS®
AQeis DDeMMMaYY
AQ=A{wDDuMMMeYYran
GIVE IT TO THE USER
RETURN

(?)
' JAN
' FEB
' MAR
' APR
' MAY
' JUN
'JuL
' AUG
' SEP
' oCY
! NOV
' DEC
END

LA LN ] L] L] L ] * - L ] - » - * -
*s+ THIS SUBROUTINE WILL RETURN THE ELEVATION UF UYAH LAKE SASED UPON
ewe THE END OF MONTH CONTENT 'EOM!

AL BN 2 » L] - * L ] * -« L) - * * * L] L] * L] * . . L ] *

SUBROUTINE CAPUTT(EOM,CAPUTL,KX)

COMMON AJST(7) sQCOR(41,7,12),TMP1(7),VARI(7),VAR4(7),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CHS(12),DLN(12),
2IND(7,5),0TL(19),0TLV(4),PR(7,15),QDSIR(7,12),R8IM(7,7),ROTL(7),
3RPR(7,16) ,RVAR(41,12,7,2),8BNM(7,2) ,SDSIR(7,12),8IM(7,18),
48YIC{7,6) TACR(7),TAPH(7) ,WCR(7,12) ,WPH(7,12),FMTL(4),FMT2(4),
SFMTI (4),FMT4(4),08RY(7),Q6RY(7),3AVA(7,2),PRLS(7),TSAVA(2)
6,CNT(7,2,8),AFMTI(4),AFPMT2(4),AFMTI(4),AFMTA(4)

COMMON ACR, AJSO,APH,CAJS,DIC,DIN,DOUT,INL,IN2,I0UT,LYR,
{MEIR,MNTH,M8IR,NARA,NIND,NITX,NPR,NRPR,NRSM,NRYR,NSIC,NSB,NSM,NVR,
2 SAJS,8K,BCF,BCK,1TOP,DAJS, 1808, TAJS,DVAR(12),DRVAR(L2) ,ADMS,
SIPR,IUL, LYRO,CAP(1818),NUMENT,CAPG(1788),NUGNT,C(38,13,45)
1,NYR, INAF,
7VAR(44,12,7,13)

IEOME1 ,DIvEQM + {,0

DO 314 JsIEQM,NUMENT

KysJ

IFC(EOM + $2,8) (LE, CAP(J) ) GO TO 315

CONTINUE

KXSNUMENT

KYaNUMENT

GO TO 316

315 IF(JLEQ,1) GO YO 3155

KY » J

KX u KY =

G0 TO 316

3185 KY = J

KxsJ

316 PKXu(EOM ¢ 12,5 = CAP(KX) ) / ( CAP(KY) = CAP(KX) )

CAPUTL & 13,35 ¢ ((FLOAT(KX)) + PKX) + .01

RETURN

END

L I R T T T R T SN T S S T T T TR S T
wew THIS SUBROUTINE WILL RETURN THE ELEVATION OF GOSHEN BAY BASED
¢ws UPON THE END QF HMONTH CONTENT OF 'EOM!

LA LN L ] L] * - * L] - L] - * - * v L L - L] - L - »

SUBROUTINE CAPGOO(EOM,CAPGOS,KKX)

COMMON AJST(7) ¢GCOR(41,7,82),TMPL (7) ,VARI(7),VAR4(7]),
1ACOR(7), CAF(7),CCR(12),CONV(7,13),CPH(12),CW8(12),DLR(12),
QIND(7,3),0TL(18),0TLV(4),PR(7,15),0D8IR(7,12),REIM(7,7),ROTL(7),
3RPR(?,1@),RVAR(4Y,12,7,2),8BNM(7,2),3081R(7,12),8IM(7,18),
48YIC(7,6) s TACR(7),TAPH(7),WCR(7,42),WPH(7,12),FMT1(4),FMT2(4),
SFMTS(I),FHTJ(QJ,05RY(7),GGRY(71oSAVA(?v?)rPRLS(7);TSAVA(2)

6,CWT(7,2,5) ,AFMT1(4) ,AFMT2(4) ,AFMTI(4) ,AFMTA(4)

COMMON ACR, AJSO,APH,CAJS,DIC,DIN,DOUT, INinNZ,lOUT,LVR,
1"EIR,MNTH,M$IR,NARA NIND,NITX,NPR,NRPR,NRSM, NRVH,NSXC NSB,NSM,NVR,
2 SAJS,SK,BCF,BCK,ITDP,DAJS,ISOS:TAJS.DVAR(IE);DRVAR(!Q):ADHS,
SIPR,IUL, LYRO,CAP(1818) ,NUMENT,CAPG(1780) ,NUGNT,C(33,13,45)
1,NYR, INAF,
7VAR(41,12,7,13)

31

'S

!

£
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4

i



S6

414

415

IEOMBEOM®4,5 + 1,0

DO 414 JaJEOM,NUGNT

KysJ 4158
IF { EOM ,LE, CAPG(J) ) GO YO 435

CONTINUE 416
KXaNUGNT

KY®NUGNT

GO YO 416

IF(J,EQ. 1) GO TO 4158

Ky = J

KX 8 KY=wi
GO TO 446
KY u J
KX ® J

PKX = ( EOM = CAPG(KX) ) / (CAPG(KY) « CAPG(XX) )

CAPGOS 8 =13,15 & ((FLOAT(KX}) ¢ PKX ) +
KKXuKX

RETURN

END

Y2}






APPENDIX E

EVAPORATION FROM UTAH LAKE

Simulation of Evaporation From a Shallow Lake

by

Bi-Huei Wang
J. Paul Riley

Introduction

In an attempt to simulate the hydrologic process of
the Utah Lake basin in central Utah, it was noted that the
evaporation from an open water surface plays an im-
portant role in the total hydrology of the area. The
outflow from the basin is regulated by a large lake at its
outlet. Because of the moderate water yield of the basin
and the large area of the lake, a small change in the depth
of evaporation from the lake causes a large change in the
outflow from the lake. This sensitivity of the total
hydrology to evaporation clearly indicates that, in
simulating the hydrology of an area of this nature, a small
error in estimating evaporation from open water surface
may result in considerable departure of the simulated
hydrology from its actual magnitude. The need for an
adequate method to estimate the evaporation is, there-
fore, rather obvious and, in fact, motivated the present
study.

There are numerous empirical and theoretical
methods available for estimating evaporation from open
water surfaces. Since Dalton (1802) first recognized that
the rate of evaporation is proportional to deficit in vapor
pressure, there have been many evaporation equations
proposed on this basis. Some important ones are those
proposed by Dalton (1802), Meyer (1915), and Harbeck
(1954, 1958, 1962). Blaney and Criddle (1950) proposed
a procedure using temperature and duration of possible
sunshine. Jensen and Haise (1963), based on measured
evapotranspiration and estimates of solar radiation for the
periods involved, calculated the ratios of evapotranspira-
tion to solar radiation and correlated the ratio to mean air
temperature. Practicing engineers often estimate lake
evaporation by applying a coefficient to pan evaporation.
All of these methods have been meaningfully applied to
particular areas, but are not applicable for locations where
the empirical coefficients are not available.

The theoretical approach to the evaporation prob-
lem includes applications of mass-transfer theory and

97

energy balance analysis. By applying the mass-transfer
theory, Thornthwaite and Holzman (see Linsley, Kohler,
and Paulhus, 1958, page 97) were able to arrive at the
following equation:

8331(2 (e, - e.)(

1 2 U._’—ll

&

) ... (B

E :
(T + 45}9. 9) 1n(z2/zl)

in which
E rate of evaporation in inches per hour
k von Karman’s constant

vapor pressure in inches of mercury

wind speed in miles per hour

mean air temperature in ©F

lower level

upper level

NN o

1
2

The energy budget approach to the problem leads to
the following equation:

Q -Q -Q +9 -Q
s T b v

6
E = pLe(l-!-R) ... (E2)
in which
E = rate of evaporation
p = density of water
Q = rate of the energy components
associated with the evaporation process
Le = latent heat of vaporization
R = Bowen ratio

Penman (1948), through simultaneous solution of
an empirical mass-transfer equation and the energy budget
equation, derived the following equation:

1
- A+ YyE Y . . ... E-3)
E o= Ty QAT VE) (
in which
A = slope of the saturation-vapor-pressure



vs. temperature curve at the air tempera-
ture, T,

E, = evaporation rate given by an empirical
mass-transfer equation, assuming the
water temperature Ty =T,

Qn = net energy exchange expressed in the
same unit as evaporation E.

Y = is defined by the Bowen ratio equation
T -°T

R = rY S a ... .. o e s (E-4)
e ~-e

S a
in which

es = saturation vapor pressure corresponding
to T

e, = vapor pressure of the air at T,

Each of the theoretical equations described above
has a sound theoretical basis and, therefore, is expected to
have a more general applicability to the evaporation
problem. However, the Thornthwaite-Holzman equation
needs vapor pressure and wind speed data at two levels
which are usually not available and the energy budget and
Penman equations contain empirical functions which limit
the applicability of the equations.

Van Bavel (1966) improved the Penman equations
by eliminating the requirement for the empirical function.
He tested the resulting equation with the experimental
data in Phoenix, Arizona, and claimed an excellent
agreement between the calculated and measured values on
both an hourly and a daily basis. The present study
follows essentially the same method but incorporates an
equation describing the variation of reservoir water
temperature, and thereby provides for an improved
estimation of energy and water exchange between the
water surface and the over-lying air.

Mathematical Model

As was mentioned in the previous section, there are
two fundamental approaches to the theoretical study of
evaporation from open water surfaces. One involves
application of mass-transfer theory and the other involves
keeping an energy budget.

Assuming a steady, uniform flow of air across a
free-water surface of infinite extent and a logarithmic
distribution of wind speed, the following equation can be
derived by considering the vertical flux of water vapor and
momentum,

(u, -u )(e -e_)
E = pe 2 - 1 1 2 . . (E'S)
° pc 2 ln2 (z,/2)
1 21
in which
E, =  rate of evaporation in g cm-2 sec-l
c; = a dimensionless constant in the wind
velocity distribution equation
e = . vapor pressure in the same unit as p
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total pressure in the same unit as e

wind velocity in cm sec-1

density of moist air in g cm-3

= ratio of the densities of water vapor and
dry air at the same temperature and
pressure (=0.622)

height above the water surface; and the
larger subscript indicates the higher
elevation

M Oess
|

From an energy balance consideration, the follow-
ing equation can be obtained

S T S T N (E-6)

p L (L+R)A
e e
in which

E = evaporation rate in cm sec-!

A = water surface area in cm?2

I, = rate of incoming sun and sky short-wave
radiation in cal sec-!

I, = rate of reflected short-wave radiation in
cal sec-1

I, = rate of net outgoing long wave radiation
in cal sec’l

I, = rate of energy advected into the water
body in cal sec -1

I, = rate of increase in energy storage in cal
sec -1

L. = latent heat of vaporization in cal g-1

Py = density of evaporated water in g cm -3

R = the Bowen ratio

Combining Equations E-5 and E-6 by using the
following relationship,

I = LEA......... ... (ED
e e o
in which
Ie = rate of energy used for evaporation in

cal sec-1, and by letting Ig=1I5 - I; - Iy, -
I+ Iy, the following equations are formed:
(A/v) IR/A + L Be

o1 d . . (E8)
E = TL @& /y) +1
e €
< 1
B =5 n’(z./z )
pCl n Z2 °
in which

eq = saturation vapor deficit at height z,

Zo surface roughness parameter as defined
by Van Bavel (1960) and the other
terms are as previously defined

The application of Equation E-8 requires tempera-
ture at the water surface in order to evaluate some of the
component energy terms included in Ig Water surface
temperature data are usually not available. However, for
shallow reservoirs, considering the stirring action by wind

—~



and inflowing streams, it seems reasonable to assume that
the temperature distribution is fairly uniform. On the
basis of this assumption, the variation of water tempera-
ture with respect to time can be expressed as

dT I
s

- 8 (E-9)
dt cp Vv
W
in which

Ts = water temperature in degrees C
c = specific heat of the water in cal g -10C-1
v = volume of the reservoir storage in cm3
t = time in sec

Pw density of the water in g cm-3
LetlIy =1, -1, -Ip-Ip- Lo

thenlg=1Ig -1 -I-Ip-To+1, =1 +1, - .(E-10)

Assuming that the temperature of the outflow from
the reservoir is essentially the same as that of the reservoir
storage and that the temperature of the precipitation can
be approximated by the wet-bulb temperature, the rate of
net advected energy, Iy, can be estimated by

o
Iv oy [i:l Qi
(T,-T)+P A(T -T )] - -(EID)
1 S r w 5
in which

n = number of inflowing surface and under-
ground tributaries

Qi = rate of tributary inflow in cm3 sec-1

T, = temperature of the inflowing water in
oC

Tw = wet-bulb temperature in °C

P, = precipitation rate in cm sec-1

Substituting Equation E-10 and E-11 into Equation
E-9,

dT

S
dt

n . | )
I = T, - P A(T «T
L+ cpw[i:1 Qi([,l rs) + Prx(’l ..ls)]

- (E-12)
cf V
w

The evaporation rate, E, then can be obtained by
solving Equations E-8 and E-12 simultaneously. The
advantages of the proposed method over the existing
methods are that it requires no empirical coefficient or
function and needs only measurements at a single level,
z9. The method also simulates water temperature in the
reservoir which allows an improved estimation of long
wave radiation and net advected energy in Equation E-8,
and at the same time provides another check on the
validity of the model.

Application

In applying the proposed method, careful deter-
mination of the energy components in Equation E-8 is
important. To estimate the short-wave radiation received
on the water surface, Ig, it is essential to have actual
measurements. The Weather Bureau has collected solar
radiation measurements at various locations throughout
the United States. Of the total amount of short-wave
radiation that reaches the water surface, a portion, I, is
returned to the air by reflection. The reflectivity of a
plane water surface is a function of the angle of incidence
of the energy and the index of refraction of the water (see
List, 1968, page 444) and may be computed from the
reflection law of Fresnel,

2
rsin‘2 (0. -0 ) tan (l); -

e L | (B13)

sin () F 3 ) tan (0, +0 )
1 I 1 r

v

reflectivity of the water surface
8; =  angle of incidence = sin-1 (sin ¢ sin § +
cos ¢ cos 8 cosh)

6, = angle of refraction

o = latitude of the site

8 = declination of the sun

h = hour angle of the sun

0; and 6, are related to the index of refraction, n,

of water by

n o= sin Gi/h‘in 91, ......... (E-14)
in which

n = 1.333 for pure water

Net back radiation, Iy, is defined as the difference
between the long wave radiation leaving the water surface
and the long wave radiation absorbed by the water
surface. Raphael (1962) suggested that it can be estimated

by

4 4
Ib = 0.970 ¢ (Tsa - B Ta YA. . .(E15
in which
T, = absolute temperature of the air in °K
Tsa =  absolute temperature of the water in °K
B = a radiation factor as shown by Figure
E-1
o = Stafan-Boltzman constant, 8.132 x

10-11 cal cm-2 min-1 oK~4

Afy in Equation E-8 is a dimensionless constant
depending on the ambient temperature and pressure
shown in Table E-1 and Equation E-16

A _ L0004,
Y ~ p Y ‘o
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Figure E-1. Atmospheric radiation factor,
Raphael, 1962).

Table E-1. Values of (4/y), at 1,000 mbar, temperature ToC.

B (see

1.0

in which
p = ambient pressure in m bar; and (A /)
= value in Table 1

With Equation E-13 through E-16 and Table E-1
available at hand, the mathematical model, Equations E-8
and E-12, was programmed on the EAI 590 computer and
incorporated in the hydrologic model for the Utah Lake
in Central Utah. The hydrologic model was constructed so
as to have lake storage and water temperature as outputs
for comparison with the corresponding observed data. The
model was operated on a daily basis for the period from
October 1965 to September 1968. Reliable solar radia-
tion, wind speed, temperature, precipitation and stream-
flow records are available for that period. The validity of
the model was tested by comparing the simulated and the
observed lake storage (see Figure E-2b for the period
October 1965 to September 1968). The limited water
temperature records were also used to check the variation
pattern of the simulated temperature as shown in Figure
E-3. Some temperatures observed in the summers were
not plotted in the figure because they were observed
nearly at the water surface and believed to be greatly
affected by the high temperature of the over-lying air and,
therefore, not representative of the average temperature
simulated. Water temperatures were not observed during
the winter months. However, if measurements were made

T (Aa/v) T a/y) T (a/v) T (A7) T a/y) T (aly)
o o [ ) o

0.0 0.67 10.0 1.23 20.0 2,14 30.0 3.57 40.0 5.70 50.90 8.77
0.5 0.69 10,5 1.27 20.5 2.20 30.5 3. 66 40.5 5.83 50.5 8.96
1.0 0.72 11.0 1.30 21.0 2.26 31.0 3.75 41.0 5.96 51.0 9.14
1.5 0.74 11.5 1.34 21.5 2,32 31.5 3.84 41.5 6.09 51.5 9.33
2.0 0.76 12.0 1.38 22.0 2.38 32.0 3.93 42.0 6.23 52.0 9.52
2,5 0.79 12.5 1.42 22.5 2,45 32.5 4.03 42.5 6.37 52.5 9.72
3.0 0.81 13,0 1.46 23.0 2.51 33.0 4.12 43,0 6.51 53.0 9.92
3.5 0.84 13,5 1.50 23.5 2.58 33.5 4,22 43.5 6.65 53.5 10.1
4.0 0.86 14.0 1.55 24,0 2.64 34.0 4,32 44.0 6.80 54.0 10.3
4.5 0.89 14.5 1.59 24,5 2,71 34,5 4.43 44.5 6.95 54.5 10.5
5.0 0.92 15.0 1.64 25.0 2,78 35.0 4.53 45.0 7.10 55.0 10.8
5.5 0.94 15.5 1.68 25,5 2.85 35.5 4. 64 45.5 7.26 535.5 11.0
6.0 0.97 16.0 1.73 26.0 2.92 36.0 4.75 46.0 7.41 56,0 11.2
6.5 1.00 16.5 1.78 26.5 3.00 36.5 4. 86 46.5 7.57 56.5 1.4
7.0 1.03 17.0 1.82 27.0 3.08 37.0 4,97 47.0 7.73 57.0 11.6
7.5 1.06 17.5 1.88 27.5 3.15 37.5 5.00 47.5 7.90 57.5 11.9
8.0 1.10 18.0 1.93 28.0 3.23 38.0 5.20 48.0 8.07 58.0 12,1
8.5 1.13 18.5 1.98 28.5 3.31 38.5 5.32 48.5 8. 24 58.5 12.3
9.0 1.16 19.0 2,03 29.0 3.40 39.0 5.45 49.0 8.42 59.0 12.6
9.5 1,20 19.5 2.09 29.5 3.48 39.5 5.57 49.5 8.60 59.5 12.8
10.0 1.23 20,0 2.14 30.0 3.57 40.0 5.70 50.0 8.77 60.0 13.1

(From Van Bavel, C, H.M.: Potential Evaporation: The Combination Concept and Its
Experimental Verification, Water Resources Res.,, Vol., no. 3, pp. 455-67, 1966)
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Figure E-2a. The comparison of simulated and observed lake storage, Utah Lake.
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Figure E-2b. The comparison of simulated and observed lake storage, Utah Lake.
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at the water surface, it is believed that they would plot
mostly below the simulated water temperature because of
the influence of the cold over-lying air.

The excellent agreement between the simulated and
observed storage hydrographs, and the reasonable agree-
ment between the simulated and observed water tempera-
tures indicate the adequacy of the model in simulating
evaporation from the lake.

Unfortunately, for many areas, the amount of
available solar radiation data is limited. To extend the
application of the proposed model to periods for which
no such data are available, the following procedure was
adopted:

1. Operate the model for the period in which
solar radiation and the other necessary data
are available.

2. Assume that the simulated evaporation esti-
mates accurately the actual evaporation, and
correlate this simulated evaporation to readily
available data such as pan evaporation.

3. Apply the resulting regression equation to
estimate evaporation for periods in which the
proposed model, Equations E-8 and E-12, is
not directly applicable.

For the area under consideration in this study, there
were three years of sufficient data available for operating
the model. An additional five years of data were made
available by approximating the local insolation with
measurements at Salt Lake City Airport which is located
40 miles to the north. Figures E-2a and E-2b indicate the
simulation results for the additional five-year period in
terms of the lake storage hydrograph. The observed
storage variation for the corresponding period is also
shown by the same figure. These results were considered
to be acceptable and the simulated evaporation was,
therefore, assumed to approximate the actual evaporation.
Monthly simulated evaporation data were then correlated
to corresponding pan evaporation data. Pan evaporation
measurements have been made at Lehi near the lake since
1923. Figure E-4 shows that relationship between the
simulated lake evaporation and the observed pan evapora-
tion. It is interesting to note that on the basis of this

relationship, the conventional constant “pan coefficient”
method of estimating lake evaporation tends to under-
estimate actual evaporation in the winter and over-
estimate it in the summer.

Discussion

The model described by this paper satisfactorily
simulated evaporation from an open water surface. The
model requires no highly empirical functions or co-
efficients and is easily incorporated in any hydrologic
simulation model. However, in the operation of the
model, it was necessary to set maximum limits on the rate
of water temperature change and on the rate of evapora-
tion. Without these limitations, the simulated water
temperature and evaporation performs wild variations
which are not physically realistic. This is probably due to
the assumption that the water temperature distribution is
uniform throughout the entire lake. The thermal con-
ductivity of water may limit immediate conduction of
heat from surface to bottom or from bottom to surface,
and thus, limits the maximum rate of change in average
water temperature. Similar conditions may exist in the
water vapor transfer between the water surface and the
over-lying air. The maximum limits established by the
model for the rate of temperature change and evaporation
serve to make some compensation for the possible errors
introduced by the assumption of uniform water tempera-
ture distribution. The maximum limits were identified
through the model calibration procedure.

The lake and pan evaporation relationship shown in
Figure E-4 is interesting in that it differs from the general
assumption of linear relationship between the two vari-
ables. As mentioned at the beginning of this paper, it has
long been the practice among many engineers to estimate
lake evaporation by applying a constant coefficient to the
corresponding pan evaporation. However, during winter
months, water temperatures in a large lake may be higher
than those in a nearby evaporation pan, and a higher than
annual average ratio between lake and pan evaporation
amounts is expected. In summer, the condition reverses,
and a smaller coefficient is, therefore, expected. The
relationship in Figure E-4 reflects this expected variation
of pan coefficient with respect to season.
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Figure E-4. Lake and Pan Evaporation Relationship, Utah Lake

s



	A Water Resource Management Model, Upper Jordan River Drainage, Utah
	Recommended Citation

	tmp.1330469079.pdf.9rLd5

