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ABSTRACT

A HYDROLOGIC MODEL OF THE BEAR RIVER BASIN

As demands upon available water supplies increase, there is
an accompanying increase in the need to assess the downstream con-
sequences resulting from changes at specific locations within a hydro-
logic system. The problem is approached in this study by hybrid
computer simulation of the hydrologic system. Modeling concepts
are based upon the development of basic relationships which describe
the various hydrologic processes. Within a system these relationships
are linked by the continuity-of-mass principle which requires a hydro-
logic balance at all points. Spatial resolution is achieved by consider-
ing 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 pro-
grammed verification procedure whereby model coefficients are evalu-
ated for the particular system.

In this study the model was synthesized on a hybrid computer and
applied to the Bear River basin of western Wyoming, southern Idaho,
and northern Utah. Comparisons between observed and computed outflow
hydrographs for each subbasin are shown. The utility of the model for
predicting the effects of various possible water resource management
alternatives is demonstrated for the number 1, or Evanston subbasin.
The hybrid computer is very efficient for model development, and the
verified model can be readily programmed on the all-digital computer,
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J. Paul.
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CHAPTER I

INTRODUCTION

General

Of the total precipitation falling on watersheds
throughout the world, an average of approximately
85 percent returns directly to the atmosphere through
evaporation and use by mountain vegetation. The
remaining 15 percent moves from the watersheds as
runoff and becomes available in the valleys to be
used by man for irrigation, industry, recreation,
and many other requirements. The very rapid
growth of these requirements in recent years has
led to an increasing need for additional usable
water resources.

Several grandiose and costly schemes have
been suggested to supplement existing water re-
sources in the western United States. The enormity
of the engineering, social, and legal aspects of
implementing one of these schemes certainly shifts
the realization of the proposed resource supplement
well into the future. However, the need for addi-
tional water resources protrudes from immediate
future requirements and refuses to disappear even
though ignored. Alternative methods must then be
identified in order to satisfy or appease the imme-
diate future requirements.

Alternate methods of supplementing water
resources must be almost immediately applicable,
relatively inexpensive, and effective. Some of
the methods proposed to fill the immediate need
include groundwater mining, conjunctive use of
ground and surface water, and more efficient use
of existing supplies. The research work described
in this report has focused on the efficient use of
existing supplies.

Efficient use of water in a dynamic system
implies that the system be described with sufficient
accuracy to quantitatively predict depletions re-
The next

sulting from water use in the system.

step is to realiétically alter the system parameters

and points of use to determine system configura-
tions which produce increased benefits and/or
decreased water use. The ultimate result of this
method is to determine the system configuration
which maximizes the benefits per unit of water
resource depletion. Water use includes the con-
sumptive use of water and the addition of undesir-
able elements to the water. This report, however,
deals with the hydrology and consumptive use of
water in the Bear River basin.

System simulation is a tool currently employed
by many researchers to increase the definition of
dynamic systems. Since hydrologic systems, like
the Bear River basin, are certainly dynamic, the
tool of simulation modeling was employed to gain
increased system definition. The various processes
within the model are linked by the continuity of
mass principle, which requires a hydrologic
balance at all points. The computer is essential
for the solution of the time-dependent differential
equations of the model and for the selection of

coefficients required during calibration and testing.

Scope of Study

The scope of this study is limited to de-
scribing the hydrology of the Bear River basin and
demonstrating the possibility of increased efficiency
of water use through selection of proper manage-
ment alternatives.

Objectives. The objectives of this research
project were as follows:

1. To simulate the complex hydrologic flow
system of the Bear River basin.

2. To demonstrate the applicability of the
simulation model to efficient water resources
planning in the Bear River basin by evaluating
various alternative management possibilities sub-

ject to selected constraints.



Procedure

To meet the objectives of this study the fol-
lowing procedure was followed:

1. Basic hydrologic data for the Bear River
basin were assembled and analyzed,

2. The Bear River basin was divided into ten
subbasins based upon the available hydrologic data
and the physical characteristics of the basin.

3. A simulation model was verified for each
subbasin. These subbasin models were then linked
together to form the rnodel of the entire basin.

4. Three management alternatives were
applied to a single subbasin (Evanston) to demon~
strate the use of the model in selecting management

alternatives.

Discussion

Several problems were encountered during
the modeling of the ten subbasins. These problems
stemmed from the lack of adequate data required
to verify proposed model configurations. Deter-
mination of ungaged surface and subsurface flows
always presents a problem, but this problem can
usually be solved if other data requirements are
satisfied. Correlation techniques provide satis-
factory estimates of temporal and spatial distri-
bution of ungaged flows. Records of water diversion
for irrigation use were lacking in all of the sub-
basins. Irrigation diversions are important because
they alter the hydrologic system, and thus affect
strearn depletions, groundwater inputs, evapo-
transpiration losses, and irrigation delivery
efficiencies. Records for other required inputs
were adequate for formulating satisfactory models.

The Bear Lake and Malad subbasins presented
the largest problem in the verification process,
The Bear Lake subbasin seems to have a large
amount of ungaged inflow and evaporation losses
from the lake surface are high. Flow records,
diversion records, and data for correlation are

lacking for the Malad subbasin. Because of this

problem the Malad model could not be satisfactor ily
verified. Fortunately, however, the subbasin does
not include any of the main stem of the Bear River,
and inflows of the Malad River to the Bear River
are gaged., All other subbasins could be satis-
factorily verified. Until sufficient data are avail-
able, the Malad subbasin will be deleted from
management studies,

Managermient applications were demonstrated
in the four upper subbasins by changing land use
patterns. Perhaps the most significant change in
land use would be the complete removal of phreato-
phytes and this alternative was demonstrated in
one of the management runs. Other possible
management schemes, not yet tested by the model,
might involve the construaction of additional
reservoirs, enlargement of existing reservoirs,
alteration of reservoir operating rules, and various
combinations of reservoir operation and land use
patterns. Export of water from the basin could be
studied though, at present, there are no facilities
to perform sizable exports. The management
schemes shown are to demonstrate the capability
of the model to predict system responses to pro-

posed or desired changes within the system.



CHAPTER 1II

THE BEAR RIVER BASIN

Description of the Study Area

The boundaries and subbasins of the Bear Riv-
er bagin are shown in Figure 2.1, which also indi-
cates the location of the existing streamflow mea-
suring stations.

The Bear River (USBR, 1970) originates in
Utah but flows through parts of Wyoming, Idaho, and
Utah before entering the Great Salt I.ake. This in-
terstate river is the largest stream in the Western
Hemisphere which terminates before reaching the
ocean. The river winds and twists about 500 miles in
a U-shaped course to cover the 90 airline miles from
its origin to its mouth. Included in the Bear River
basin are 7,465 square miles of mountain and val-
ley lands.

From its Utah origin the river flows for 20
miles down the north slopes of the Uinta Mountains,
Utah's east-west mountain range, Near the Wyoming
border the river enters the Bear River Valley, the
first of five major valleys. The valleys are separa-
ted by narrow canyons or gorges which form ideal
locations for hydroelectric power generation.

The Bear River Valley is the highest and long-
est valley in the Bear River basin., The valley is
narrow, five miles or less in width, and ex-
tends for nearly 100 miles along the western border
of Wyoming. However, a significant portion of the
valley lies in Utah and Idaho.

Near the Idaho border the river flows westward
to enter the Bear Lake Valley which is about 50 miles
long and 12 miles wide, The south end of Bear Lake
valley is occupied mostly l;y Bear Lake and Mud Lake.
Bear Lake is about 20 miles long and averages seven
miles in width, while Mud Lake, at the north end of
Bear Lake, is about three miles in diameter. Bear

River did not naturally flow into Bear Lake, but in-

let and outlet canals have been constructed north of

the lakes to facilitate hydroelectric power generation.
A combined active storage of these two lakes of about
1,450,000 acre-feet provides a complete control of
the flow in Bear River at that location.

The river flows northwest from the Bear Lake
Valley through several miles of hilly and broken graz-
ing lands and through a narrow channel near Soda
Springs, Idaho, into Gem Valley. In the narrow lava
channel are located the Soda Reservoir and hydro-
electric power plant. Gem Valley is a broad agri-
cultural area which was formed in the northern and
central portions by a lava flow plain. Originally, the
Bear River flowed north through Gem Valley to the
Snake River. However, lava flows eventually turned
the course of Bear River south toward the Great Salt
Lake. Gem Valley south of the lava flow is about 500
feel lower than the central portion. This drop is used
for power generation. The southern portion of Gem
Valley is also called Gentile and Mound Valley. At
the scuth end of Gem Valley the river enters the
Oneida Narrows, a canyon about 11 miles long, which
forms another power generation location.

From Oneida Narrows the Bear River enters
Cache Valley, one of the more highly developed val-
leys in the Bear River basin., The river enters Cache
Valley from the northeast, meanders southward, and
leaves the valley through a gorge into the Lower Bear
River Valley. Cache Valley is about 45 miles long
and 10 miles wide. Several tributaries enter Cache
Valley and combine with Bear River prior to leaving
the valley. The gorge followed by the river in leav-
ing Cache Valley forms a good location for power
generation.

The Bear River continues through the Lower
Bear River Valley and into the Great Salt Lake. The

Lower Bear River Valley is part of the generally flat
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Salt Lake Valley that drains toward the Bear River.
The Malad River enters the Bear River in the Lower
Bear River Valley from an origin some 50 miles to
the north.

Valley elevations range from 7, 800 feet near
Evanston, Wyoming, in the Bear River Valley to
4,200 feet at the Bear River Bay in the Lower Bear

River Valley.

Climate

Wide seasonal and diurnal temperature vari-
ations characterize the typical mountain continental
climate of the Bear River basin. The high valleys
have long hard winters and short cool summers.
The climate of the lower valleys is generally more
moderate. The average frost-free season varies
from about 30-days in the higher valleys to over 150
days in the Lower Bear River Valley. Precipitation
is heaviest in the mountain sections with the majority
of precipitation coming as snow. About one-third of
the annual precipitation occurs during the growing

season which results in the irrigation water demand

on the Bear River and its tributaries.

Soil Materials

Soils in the Bear River basin have been deposited

by winds, lakes, and streams, The parent materials
are quartzites and sandstones in the upper valleys;
limestone, dolomites, and sandstone in the central
valleys; and tuffaceous sediments, limestone, shale,

and basalts in the lower valley.

Surface Flows

The maximum annual flows normally occur
during the snowmelt period in May or June, but can
alsoc appear in April or July. The maximum dis-
charge at the Utah- Wyoming border of 2, 860 cfs
occurred on June 12, 1965, The maximum discharge
recorded at the Harer station near the lower end of
the Upper Bear River Valley was 4,440 cfs on

May 7, 1952. The maximum flow in the Lower Bear

River Valley near Corinne was 7,200 cfs on May 3,
1952, The maximum flows result from melting snow
and spring rainstorms. After the snow has melted,
the river flow drops to a low level and remains fairly
constant through the remainder of the year. Minimum
flows have occurred in April, September, October,
and November., Local, high intensity, summer
thundershowers cause high flows in tributaries but
seldom cause record setting flows in the main stem.

Diversion of water from the main stem of the
Bear River and its tributaries has increased since
about 1860. The consumptive use associated with
the increased diversions has affected river flows
throughout the entire basin. The average flow near
the upper part of the river near the Utah- Wyoming
state line is about 135,000 acre-feet pér year. The
average annual flow at the Harer station east of
Dingle, Idaho, is about 367,000 acre-feet. Near
Corinne, Utah, the average annual flow of the Bear
River is nearly 1,174,000 acre-feet. The length of
records used to obtain these estimates is not equal,
and the flows are partly controlled; but the compar-
ison does portray the relative magnitudes of flow at
successive downstream points along the course of the
Bear River.

The quantity of water used consumptively by
irrigated crops is usually much less than the total
quantity applied. Water used consumptively by
evaporation and plant transpiration is lost to the
basin., Part of the water applied, but not used
consumptively, either percolates to the water table

or returns directly to the stream as overland flow.

These waters becorne available for reuse.

Land Use

The land use in the Bear River system ranges
from pasture and meadow hay in the upper reaches
through pasture, alfalfa, and grains in the middle
reaches to potatoes, sugar beets, and small truck
Pasture, alfalfa,

garden items in the lower reaches.

and grains are also grown in certain areas of the



lower subbasins. In addition, lakes, rivers, and

marshes occupy significant areas withir; the Bear
River basin. The water-loving vegetation which bor-
- ders these water bodies is classified into the general

category of phreatophytes. Becaﬁse phreatophytes
deplete the water supplies they were considered in
the model. Municipalities and dwellings cover many
acres in the baslin. Land use statisti;s are summa-

rized in Table 2. 1.

Subbasins

In developing a hydrologic model, spatial res-
olution is achieved by dividing the total area into
specific spatial increments or subbasins. Increasing

the number of subbasins within a particular area in-

creases the spatial resolution of the model, and there-

fore, its general utility. However, this trend also
increases model complexity, so that data and computer
requirements are also usually substantially increased.,
The selection of the appropriate spatial increment is,
therefore, an important phase of hydrologic model-
ing, and is based upon many considerations, the

most important of which is data availability, land
and water use patterns, and the resolution required
in answering questions relating to basin planning and
management problems. In this study the Bear River
basin was divided into 10 subbasins, and each of
these is outlined in Figure 2.1. Only the valley
floor was included in the hydrologic model of each
subbasin with surface and subsurface flows to this

area being included as inputs to the model.

Table 2. 1. Summary of water related land use in the Bear River basin {all units in acres).
Crops Subbasins Evanston Randolph 7 . ~ie Thomas Bear Soda Oneida Cache Malad Tremonton
Fork Lake Valley
01 0z 03 04 05 0b 07 08 a9 10

Alfalfa 1 2599 1916 577 425 8959 2677 11873 52429 8006 17803
Pasture 2 8823 5518 9076 7435 12347 3703 5381 27563 7254 13750
Other hay 3 19835 40025 18982 130064 20121 6098 2367 G058 753 1158
Small grains 4 314 1213 510 319 16098 3022 7927 50020 5064 16645
Corn 5 42 36 2469 182 6513
Sugar beets 6 1471 4827 137 8612
Potatoes 7 1363 289 a1 72
Orchard 8 392 2093
Peas 9 0 0
Tomatoes 10 3 507
Small truck 11 46 466 Ha3 217
Idle 12 0 a
Beans 13 275 217
Total 31571 48672 29145 21243 51613 15500 30884 152008 21487 67587
Open water B 632 884 0 291 21283 848 597 7518 1172 934
Marshes, tules, cattails Cl1 £049 2145 68 720 7307 0 0 15863 1738 3092
Grasses, willows, cottonwoods C2 3523 765 1344 149 3100 2880 1233 1377t 2930 4525
Grasses & med. density trees Cc3 261 608 15 0 2636 0 0 5776 9 2698
Low water table, light density C4 2434 2073 803 924 8030 1890 1003 7775 163 9506
Total 745¢ 6475 2230 2134 42356 5624 2835 52700 6023 20755




CHAPTER 11
THE HYDROILOGIC MODEL

Sirmulation is a technique for investigating the
behavior or response of a dynamic systermn subject to
particular constraints and input functions. This
technique has been applied by means of both physical
and electronic models. Physical models and analog
models consisting of electrical resistor-capacitor
networks have been used to investigate hydraulic and
hydrologic phenomena for many years. However,
sirnulation by means of high-speed electronic com-
puters is a relatively new technique,

The advantages of sirnulation include the fol-
lowing:

1. The system can be non~destructively
tested, which is of practical interest in the hydrologic
design of structures such as large dams and flood
control works in a river basin.

2., Proposed modifications of existing systems
can be tested for improved performance, This is
especially desirable if the original system is in
operation, since operation time will not be lost
during testing.

3. Hypothetical system designs may be veri-
fied at minimum expense, thus paying large divi-
dends if the proposed system turns out to be inef-
ficient,

4. Simulation provides insight into the system

being studied and is thus a powerful teaching device.

Formulation of a Hydrologic Model

Model Requirements

The fundamental requirements of a computer
model of a hydrologic system are:

1, 1t simulates on a continuous basis all
important processes and relationships within the
system it represents. ‘

2. It is non-unique with respect to space.

This implies that it can be easily applied to different
geographic areas with existing hydrologic data.

3. It is capable of answering questions con-
cerning perturbations in the system or of accurately
predicting outputs resulting from varying input and
process parameters.

The general research philosophy involved in
the development of a simulation model of a dynamic
system, such as a hydrologic unit, is shown by the
flow diagram of Figure 3.1. In addition to predicting
system responses to particular input functions and
parameter changes, the process of model develop~
ment provides for improvement of system relation~

ships.

The Conceptual Model

The hydrologic model utilized in this study
is a modified version of that developed in earlier
studies involving the computer simulation of a com~
plete watershed unit (Riley et al., 1966 and 1967).
Simplification was achieved by including only the
valley bottorn lands of each subbasin.

The basis of the hydrologic model is a funda~
mental and logical mathematical representation of the
various hydrologic processes and routing functions.
These physical processes are not specific to any
particular geography, but rather are applicable to any
hydrologic unit, including all of the subbasins located
within the Bear River basin. Experimental and
analytical results were used whenever possible to
assist in testing and establishing some of the mathe~
matical relationships included within the model.
Under a model verification procedure, equation
constants are established which calibrate or fit the
model for a particular drainage area. Average
values of hydrologic quantities needed for model

verification were estimated in one of three ways:



(1) From available data, (2} by statistical correlation
techniques, and (3) through verification of the model.
A flow diagram of the hydrologic system is
shown by Figure 3,2. As this flow chart indicates,
the total input to a subbasin is the combination of
surface and subsurface inflows of water obtained by
summing river and tributary inflows, precipitation,
and imports from other basins. Depletions from the
subbasins accur through evapotranspiration, muni~
cipal and industrial consumption, and exports. The
residual quantity is a combination of surface and
subsurface outflow of water from the area. Sub-
surface flows may undergo various time delays as
they move through the system., Each parameter
and process depicted by Figure 3.2 is discussed in

some detail in the following sections.

The HydrologicBalance

A dynamic system consists of three basic
components, namely the medium or media acted
upon, a set of constraints, and an energy supply or
driving force. In a hydrologic system, water in any
one of its three physical states is the medium of
interest. The constraints are applied by the physical
nature of the hydrologic basin, and the driving
forces are supplied by direct solar energy, gravity,
and capillary potential fields. The various functions
and operations of the different parts of the system
are interrelated by the concepts of continuity of
mass and momentum. Unless relatively high velo-
cities are encountered, such as in channel flow, the
effects of momentum are negligible, and the conti-

nuity of mass becomes the only link between the

various processes within the system.

Continuity of mass is expressed by the general

equation:

Input = Output + Change in storage
A hydrologic balance is the application of this
equation to achieve an accounting of physical, hydro-
logic measurements within a particular unit.
Through this means and the applicationA of appropriate
translation or routing functions, it is possible to
predict the movement of water within a system in
terms of its occurrence in space and time.

The concept of the hydrologic balance is pic-
tured by the block diagram in Figure 3.2. The inputs
to the system are precipitation and surface and
groundwater inflow, while the output quantity is
divided among surface outflow, groundwater outflow,
and evapotranspiration. As water passes through
this system, storage changes occur on the land sur-

face, in the soil moisture zone, in the groundwater

zone, and in the stream channels. These changes
occur rapidly in surface locations and more slowly
in the subsurface zones,

In the course of model development, each of
the system processes must be described mathemat-
ically as completely as possible. The flow chart of
Figure 3.2 is a schematic representation of the sys-
tem processes and storage locations and their rela-
tionship to each other. In the model each box and con-
necting line is represented by a mathematical expres-

sion,

Time and Space Increments

Practical data limitations and problem con-
straints require that increments of time and space
be considered during model design. Data, such as
temperature and precipitation readings, are usually

available as point measurements in terms of time
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and space; and integration in both dimensions is
usually accomplished by the method of finite incre-
ments.

The complexity of a model designed to repre-
‘sent a hydrologic system largely depends upon the
magnitude of the time and spatial increments utilized
in the model. In particular, when large increments
are applied, the scale magnitude is such that the
effect of phenomena which change over relatively
small increments of space and time is
For instance, on a monthly time increment, inter-
ception rates and changing snowpack temperatures
are neglected. In addition, the time increment cho~
sen might coincide with the period of cyclic changes
in certain hydroelogic phenomena. In this event net
changes in these phenomena during the time interval
are usually negligible. For example, on an annual
basis, storage changes within a hydrologic system
are often insignificant, whereas on a monthly basis,
the magnitude of these changes are frequently
appreciable and need to be considered. As time
and spatial increments decrease, improved defi-
nition of the hydrologic processes is required. No
longer can short-term transient effects or appreci~
able variations in space be neglected, and the
mathematical model, therefore, becomes increas-
ingly more complex with an accompanying increase
in the requirements of computer capacity and
capability.

For the study of the Upper Bear River basin
discussed by this report, a monthly time increment
and large space units (subbasins) were adopted.
Selection of the subbasins was based on hydrologic
boundaries and points of data collection., It was
felt that the selection of the subbasins and the
monthly time increment would satisfy the require-

ments of a general planning-management model for

the basin,

insignificant.
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System Processes

Surface Inflows

The basic inflow or input of water into any
hydrologic system originates as a form of precipi-
tation. However, for simulation models of valley
floor areas, direct precipitation input to the system
is greatly overshadowed by river and tributary
inflows,

Streamflow is defined as that portion of the
precipitation which appears in streams and rivers
as the net or residual flow collected from all or a
portion of a watershed. When unaffected by the
activities of man, such runoff is referred to as
matural or virgin' flow. Except in headwater
reaches, no streams in the Bear River basin now
carry natural flows. Artificial diversions and
regulatory action in lakes and reservoirs affect
the regimes of every stream within the basin.

The surface water inflow component consists
of flow traveling over the ground surface and
through channels to enter a stream. At the stream,
surface runoff usually combines with other flow
components to form the total surface runoff hydro-
graph. Within the runoff cycle {Chow, 1964}, sur-
face runoff begins to occur when the capacities of
vegetative interception, infiltration, and surface
retention are reached. Continued precipitation
beyond this point serves as a source for surface
runoff. Small basing have different runoff charactér-
istics than do large watersheds, and the character-
istics peculiar to each basin must be evaluated on
an individual basis,

For each subbasin in the Bear River basin, a
limiting rate of surface runoff exists for any partic-
ular time period. Surface runoff is assumed to

occur when the threshold or limiting rate of surface

water supply, consisting of snowmelt, rainfall,



canal diversions, or any combination of these, is
exceeded.

This concept of surface runoff is particularly
important when precipitation is considered as the
initial water input to the watershed. Riley and
Chadwick {1966) indicate that for particular condi-
tions there exists a limiting or threshold rate of
surface supply, Rtr’ at which surface runoff, Sr’

begins to occur. This relationship can be written:

Swr = Wgr‘ - Rtr y (swr?' 0y . . (3.1}
in which
Swr = rate of surface runoff during a
particular time
Wgr = rate at which water is available at
the soil surface
Rtr = limiting or threshold rate of surface

water supply at which surface runoff
begins to occur
When considered for a model time increment
of one month, an average value of the threshold

surface runoff rate, R, , is probabilistic in nature,

depending essentially z;on soil surface conditions,
soil moisture, storm characteristics, and rate of
available water, Wgr'

In this study only the valley bottorm lands are
considered in the model, and it is assumed that no
surface runoff from precipitation occurs from these
relatively flat areas. Under this assumption, the
rate at which precipitation is available at the soil

surface at no time exceeds the threshold rate for

surface runoff to occur. Thus,
= < . . B . «
SWr o, (Wgr_ R.tr) (3. 2)

The model does provide for surface runoff from
agricultural lands due to irrigation application
rates which exceed soil infiltration rates. This
runoff quantity constitutes a portion of the irrigation

return flow,
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Surface runoff from the surrounding water-
shed areas is condentrated in stream channels, and
therefore enters the model (valley bottom) as tribu-
tary flow. That part of the inflow rate which is
measured or gaged is designated as Qis(m).

Unmeasured surface inflows to the model are
estimated by a correlation technique which considers

three hydrologic parameters, namely a gaged tribu-

tary inflow rate, precipitation rate, and snowmelt

rate. Thus, in functional form:
Q0 =fla, m, B, W ] . . . (.3
in which
Qis(u} = estimated rate of unmeasured
surface inflow
qisfm) = measured rate of surface inflow
from a particular tributary area
Pr = gaged precipitation rate in the form
of rain on the valley floor
Wsr = estimated snowmelt rate in terms

of water equivalent
If empirical correlation factors are included in the

preceding equation, the expression becomes:

Qis(u) = kuqisim} + kaPr + kbwsr . (3.4
in which ku, ka, and kb are correlation factors
relating ungaged surface inflow rate to,respectively,
a gaged surface inflow rate, precipitation rate, and
snowmelt rate. Each of these factors is established
through the model verification process for a particular
subbasin.

With reference to the measured tributary
inflow rate, qis(m), used in Equation 3.4, this
quantity might refer to either the total measured
tributary inflow or a specific stream within the
area, The main criterion for selecting the gaged
area is that the watershed exhibit the same general

runoff characteristics as that of the ungaged area.



The second independent term in Equation 3.4
refers to the rates of precipitation occurring on the
valley floor in the form of rain. Because it is
assumed that the influence of snow upon the surface
runoff is restricted to the melt period, only rainfall
is considered by the equation. Generally, a direct
plot of rainfall against runoff for individual storms
yields a low correlation because of the variable
nature of the factors affecting runoff {Chow, 1964).
However, when mean monthly values of precipitation
and runoff are considered, many of the transient
processes are smoothed and reasonably good cor-
relation of runoff with precipitation is achieved.

The third independent term of Equation 3.4
considers the influence of snowmelt upon surface
runoff, Snowmelt rates on the valley floox are pre-
dicted in the model by Equation 3. 9. This process
is discussed in further detail later in this chapter.

The total surface inflow rate to the model
{valley floor) is estimated by summing the measured

rate and estimated ungaged rate from Equation 3. 4.

Thus,

Q= Qm+Q (0. . . . .. (3.5)

is

in which Qis refers to the total surface inflow
rate, and the two independent quantities are as

previously defined,

Interflow

Interflow is defined as the lateral movement
of moisture through the plant root zone. The process
ig discussed in further detail at a later point in
this chapter. Interflow rate, Nr’ is not treated as
a separate identity in the hydrologic model of the
valley bottoms, but is considered as being a part
of the surface runoif from irrigation. In most
cases, small interflow rates are encountered in
flat lands. Furthermore, for a model time incre-~
ment of one month, interflow usually produces an
insufficient delay time to enable this quantity to be

distinguished from surface runoff.
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Groundwater Inflow

Groundwater or subsurface inflow refers to
those waters which enter the model area or valley
floor beneath the ground surface. Much of this water
is subsequently discharged as effluent flow ini:o the
main channel of the valley, and thus provides a
"base flow' for the stream. Discharge from the
groundwater basin of the valley floor alsoc occurs by
way of spring flows, pumped waters, and consump-
tive use by phreatophytes.

Essentially, all groundwater is constantly
in motion though velocities may range from several
feet per day to only a few inches per year. This
groundwater movement is basically confined to
permeable geologic formations called aquifers
which serve as transmission conduits. Movement
and volume of groundwater runoff may bhe calculated
through application of Darcy's Law, providing ade-
guate data are available, However, subsurface flow
data are sparse within the Bear River basin, Time
and spatial distribution of groundwater flows in this
study were estimated by an empirical approach
through the model verification procedure. For the
steep watersheds near the headwaters of major
drainage divisions, groundwater inflows to the valley
floors were usually sufficiently small to be neglected.
As the study proceeded downstream to lower subbasins,
it generally became apparent through the time dis-
tribution of the water inputs to the model in relation
to the recorded outflow that groundwater inflow rates
were appreciable, Correlation procedures and
transport delays were then used to estimate and
gsimulate groundwater movement into the subbasin.
This water was then distributed with time through
use of long transport delay networks on the computer.
The required delay setting of these networks was
established during the model verification process.

Hence, the rate of groundwater inflow was described

as follows:

Qig(u):kcqis‘ B ).



in which
Qig(u) = rate of total unmeasured inflow to
the groundwater system
kc = coefficient relating the rate of un-
measured groundwater inflow to a
measured surface runoff rate
q = rate of surface runoff {either total

is
measured tributary inflow or mea=

sured tributary inflow or measured
inflow from a repreisentative tri-
butary)
For some subbasins a subsurface outflow, as
groundwater movement under the outflow gage in the

streambed alluvium, was determined by the model

verification process. The time and spatial distribution

of this outflow formed a component of the ground~
water inflow or input to the adjacent downstream

subbasin,

Total Inflow
Total inflow rate to the valley bottoms con~-
sists of the summation of the surface and ground~

water flow rates. The surface inflows for the most

part have already been summed and are concentrated

in stream channels as they enter the valley floor or
agricultural areas. Gaged surface inflow rates are
available from surface water records published by
the U. S, Geological Survey. These records were
utilized wherever possible.

The remaining two components of total inflow,
namely ungaged surface inflow and groundwater
inflow, are estimated from Equation 3.4 and 3.6,
respectively., Therefore, the total inflow, Qi’ to
a given subbasin within the Bear River basin is
given by the following expression:

Q=0 +0Q . . . . ... .. 3.7
i is ig

in which the terms Q’is and Qig are given by

Equations 3.5 and 3, 6, respectively.
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Precipitation
The uyltimate source of water input to any

hydrologic unit is precipitation in one form or
another. Precipitation is considered to be any
moisture which emanates from the atmosphere and
falls to the earth.

Precipitation input to the hydrologic system
varies with respect to both time and space and it is
therefore necessary to convert point measurements
from climatological stations into an integrated or
averaged monthly value over a finite area, Common
spatial integration techniques include the Thiessen
weighting procedures and the isohyetal method (Lins-
ley, Kohler, and Paulhus, 1958}, A modified iso-
hyetal technique was used to estimate precipitation as
a function of time for each subbasin. Some precipitation
data are available for all subbasins adopted in this
study.

Two forms of precipitation, rain and snow,
are considered in this study. Air temperature is
used as the criterion for establishing the occurrence
of these two forms. This criterion is not an ideal
index for determining the form of precipitation since
no one temperature exists below which it always
snows and above which it always rains., However,
the surface alr temperature appears to be the most
suitable single index of precipitation form now
available.

Based on investigations by the U. S, Army
(1956) at a surface air temperature of 350}?, there
is a 50 percent chance that precipitation will be as
snow, whereas at 32°F the probability is 95 percent
of precipitation falling as snow, However, in this
study a double standard was used because average
monthly temperatures provided the criteria. Snow
was assumed to fall below about BSOF, and snowmelt
was assurmed to occur above about 300F. This assump-
tion provided for the occurrence of snowfall and snow=
melt during the same month, These threshold tempera=

tures varied in the different subbasins.



A part of the precipitation falling on an area
is stored on the vegetative cover. Because most of
this water later returns to the atmosphere through
the evaporation process, vegetative interception is
regarded as a loss. Interception losses which occur
over a long time period, such as a month, are gener=-
ally expressed as a fraction of the total precipitation
for that period {U.S. Army, 1956). That part of the
precipitation which reaches the ground, namely the
difference between the total precipitation and the
interception losses, is generally labeled as "effec~
tive precipitation’ for the area.

The magnitude of the interception loss is
basically a function of the type and density of the
vegetative cover within the area. Interception

losses for forested areas may be considerable, while
_interception losses for sparsely timbered and grass
covered areas might be small. Since the model of
this study includes only the valley floors, which are
essentially flat, agriculturally oriented areas, inter-
ception losses are neglected, and all precipitation
is assumed to be effective,

Some of the precipitation which reaches the
ground is retained in depression storage. This
form of storage includes puddles and other depre~
sions in the soil surface. Water leaves depression
storage through either direct evaporation or as
infiltration into the soil. Thus, for models involving
large time increments, such as a month, abstractions
to depression storage need not be treated separately
but can be assumed to be a part of the total evapo-

transpiration and infiltration loss from the total

precipitation guantity.

Temperature

Air temperature is an important parameter in
a hydrologic system because it can be utilized as a
criterion for establishing the form of precipitation,
and as an index of the energy available for the snow-
Tempera-

melt and evapotranspiration processes.

ture varies according to both time and space. To
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obtain average temperature values for the valley
floor, or a portion thereof, within a particular
subbasin, requires that point measurements be
utilized for estimating an effective or average
temperature value for an area. One approach to
this problem of spatial integration is to construct
isothermal lines for particular time periods and to
relate these to selected index stations (Riley and
Chadwick, 1967). However, in this study average
temperatures for a particular area and a given time
period (one month) are estimated by an arithmetic

average of temperature measurements taken in the

subbasin.

Snowmelt

Although rational formulas which include the
various factors involved in the snowmelt process
have been developed, data limitations often prohibit
a strictly analytical approach to the process. Ration~
al models include fundamental processes, such as
those which relate to energy transfer, and require~
ments for input data are high. An additional restric~
tion to the analytical approach for snowmelt compu=
tation is a large modeling time increment such as a
month. Many of the short-term, transient phenomena
which occur within a snowpack cannot be represented
in a macroscopic model of this scale. An empirical
relationship was, therefore, adopted for this study
model.

Riley et al. (1966) proposed a relationship
which states that the rate of melt is proportional to
the available energy and the quantity of precipitation
As a differential equation the

stored as snow,

relationship is written:

a[w _(v)] RI
s =~k (T -T, ) s Wity . . {3.9)
———-———dt s a b """—RI 8

h

in which the undefined terms are:
k -
s

T =
a

a constant
surface air temperature in degrees

F



the radiation index on a surface pos~
sessing a known degree and aspect
of slope

RI = the radiation index for a horizontal
surface at the same latitude as the
particular watershed under study

snow storage in terms of water .

equivalent

F at which melt begins to occur.

In this study T, was taken as being

equal to 32°F, ’

Riley et al. (1966} report reasonable agree-
ment between predicted snowmelt rates from
Equation 3. 9 and observed values. They used a
value of ks equal to 0.10 based on studies using
data from several snow courses in the Rocky
Mountain area where average snow depths are high.
It has been found, however, that the value of ks is
somewhat inversely dependent upon snowpack depth.
In other words, as the snow depth decreases pack
melt rates increase for a given energy input. Thus,
ks is relatively larger for areas of shallow snow-
pack depth and relatively smaller for areas where
depths tend to be large. The radiation index para~-
meter allows adjustment to be made for variation
of the total insolation with land surface slope and
aspect. However, since only the valley floors are
included in the modeling area, it is assumed that the
topographic surface of the area is essentially hori-
zontal, This assumption simplified Equation 3.9 in
that RI5 becomes equal to RIh and their ratio
goes to unity.

The independent variables on the right side
of Equation 3.9 can be expressed as either continuous
functions of time or as stép functions consisting of
mean constant values for a given time increment.
For this study a time increment was utilized and
integration was performed in steps over each

successive time period. Hence, the final values

of Ws{t} at the end of a particular time period
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assumed base temperature in degrees

became the initial value for the integration process
over the following period. On this basis, and setting
the ratio RIS;"RIh equal to unity, the differential
form of Equation 3.9 becomes:
1
Ws( .
aw 1
£ T -32 t . . (3.1
J v, K, (T,32) [ a (3.10)

WS(O) Ws

W (1) = W (0) exp [ -k (T -32)] . . @(.11)

Canal Diversions

Canal diversions profoundly affect the time
and spatial distribution 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
downward to the groundwater basin or is intercepted
by 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 over=-
land flow and/or interflow. This composite irri-
gation efficiency factor is given by the following

expression.

Wd
Eff=1000—"% . . . . . . . .. (3.12)
W
tr
in which
Eff = water conveyance and application
efficiency in percent
Wdr = rate at which diverted water enters

the soil through seepage and infil~

tration



W =

tr total rate at which water is diverted

from the stream or reservoir

Records of water diversion to the agriculture
lands within each subbasin were found to be lacking.
Adjustment of these records was necessary in many
cases to get a realistic application rate for the
irrigafed acreage.

As already indicated, a portion of the water
diverted for irrigation returns to the streams as
overland flow and interflow. Although the large time
increment allows this water to be treated in the
model as a single identity, it is important to distin-
guish between the two componénts. Overland flow
(often terméd 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. Inter-
flow 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 pro-
file 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 times consisting of usually only a few days.

The distribution of canal diversion within the hydro-

logic system can now be expressed as follows:

OF =(1-Eif/I000)W_+N ., ., ., (3,13)
r tr r
or
= (W _-W + N . .
OF = (W _-W, )+N_ . . .. (3.14)
in which
OFr = total of overland flow {(from
irrigation applications at rates
exceeding infiltration capacity rates)
and interflow rates
Nr = interflow rate

All other iluantities have been previously defined

under Equation 3.12.
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It is pointed out that evapotranspiration losses
do not appear as such in Equation 3.13 and 3. 14.
These losses are, however, considered because they
are abstracted from the infiltration quantity repre-

sented by W . . The evapotranspiration process

dr
will be further discussed in a subsequent section,

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 avail-
able 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 infiltration,
which is the passage of water through the soil surface
into the soil profile. The water available for infil
tration at the soil surface is derived from three
sources, namely, effective precipitation in the
form of rain, Pr, snowmelt, Wsr’ and irrigation

water, W As springtime temperatures rise to

the point :: which melting occurs, all snow cover
on the land is assumed to melt and 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 Wdr’ Thus, the total
water available for infiltration into the soil, Wgr’

can be written as:



+P + W e e v o« . . (3.1B)
r T s

in which all quantities are as previously defined,

Available soil moisture quantities. The

maximurn 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, meta-
bolic, and transpiration pull (Thorne and Peterson,
1954). These forces basically define the soil mois-
ture 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 approxi-
mately 15 atmospheres of pressure. At field capac-
ity 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
func tion 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 so0il 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 McCulloch et al. (1967). Illustrative
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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 process, Fr' Abstractions or depletions
from available soil moisture storage occur through
evapotranspirational losses, ETr, and deep perco-
lation, Gr' The assumption is made, however, that
deep percolation does not occur until the soil mois~
ture capacity is reached. Thus, the soil moisture

storage existing at any time, t, can be stated:

Ms(t)Z(Fr—ETr ~Gr)dt e .. (3.16)

Each of the three terms on the right side of this

equation 15 discussed in the following sections.

Infiltration

As already indicated, additions to available
soil moisture occur through the process of infiltration,
Fr' Factors which influence the infiltration rate
include various soil properties and surface character-
istics, A molsture gradient induced by the adhesive
properties of the soil particles also influences
infiltration rate,

In this study, the rate of infiltration into the

soil is given by the following equations

F_o= Wgr, (Wgr =R ). . .. (3.17)
and
F = >
. Rtr’ (Wgr Ri:r} e e e . . (3,18
for which all terms were previously defined. The

quantity Wgr is Equation 3.17 is given by Equation
3.15.

Evapotranspiration

The second term on the right side of
Equation 3.16 represents depletion from the soil

moisture storage through the evapotranspiration



process, ETr. Consumptive use, or evapotrans-
piration, is the sum of all water used and lost by
growing vegetation due to transpiration through
plant foliage and evaporation from the plant and
surrounding environment such as adjacent soil sur~
faces. Potential evapotranspiration is defined as
that rate of consumptive use by actively growing
plants which occurs under conditions of complete
crop cover and non-limiting soil moisture supply.
The evapotranspiration process depends upon
many interrelated factors whose individual effects
are difficult to determine. Included among these
factors are type and density of crop, soil moisture
supply, soil salinity, and climate. Climatological
parameters usually considered to influence evapo-
transpiration rates are precipitaﬁon, temperature,
daylight hours, solar radiation, humidity, wind
velocity, cloud cover, and length of growing season.
Numerous relationships have been developed for
estimating the potential evapotranspiration rate.
Perhaps one of the most universally applied
evapotranspiration equations is that proposed by
Blaney and Criddle (1950},

This equation is written

as follows:

U=k . . . . . . ., .« . . . {3.19
in which
U = monthly crop potential consumptive

use in inches

k = monthly coefficient which varies
with type of crop and

F = monthly consumptive use factor
and is given by the following
equation:

E=E L 320

in which

t = mean monthly temperature in de-
grees F

P = monthly percentage of daylight

hours of the year
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A modification to the Blaney-Criddle formula was
proposed by Phelan et al, {(1962), wherein the
monthly coefficient, k, is subdivided into two parts,
a crop coefficient, kc, and a temperature coefficient,
kt' The relationship describing k‘t is an empirical
one, depending upon only temperature, and is
expressed as:

k =(0.0173T_ -0.314) . . . . . . ((3.2])
where Ta is the mean monthly temperature in
degrees ¥. The crop coefficient, kc' is basically
a function of the physiology and stage of growth of the
crop. Typical curves which indicate values of kc
throughout the growth cycle of particular crops are
shown by Figure 3.3 which is for alfalfa. Similar
kc curves are available for many agriculture crops
(Soil Conservation Service, 1964).

Thus, the modified Blaney-Criddle equation
for estimating potential evapotranspiration rates is
written as follows:

Tap

t 100

=k k
cr [

(3.22)

Because of its simplicity, low data require~
ments {only surface air temperature is needed), and
applicability to the irrigated areas of the Western
United States, Equation 3,22 was adopted for this
study model, Since the time increment selected
for use was one month, the variables on the right of
Equation 3,22 represent mean monthly values although
these parameters could be expressed as continuous
functions instead of the indicated step functions.

Thus, Equation 3.22 estimates the mean potential
evapotranspiration rate during each month.

The growing season was assumed to begin
and end when the mean monthly air temperature
reached a value of 32°F, Evapotranspiration losses
from the agriculture area during the non-cropping
season were estimated from Equation 3.22. For

many crops it was necessary to extend the kc

curves to include the non-growing season (West,



1959). Because the kc curve for grass pasture
seems to represent a reasonable set of values for
native vegetation (Riley et al., 1667), this curve
was used as a guide in the development of a similar
kc curve for phreatophytes.

Effects of soil moisture on evapotranspiration.

As was discussed earlier, as the moisture content
of a soil is reduced by evapotranspiration, the mois-
ture tension which plants must overcome to obtain
sufficient water for growth is increased. It is
generally conceded that some reduction in the evapo-
transpiration  rate occurs as the available quantity
of water decreases in the plant root zone. Recent
studies by the U, S. Salinity Laboratory in California

(Gardner and Ehlig, 1963) indicate that transpiration

occurs at the full potential rate through approximately

the first one-third of the available soil moisture
range, and that thereafter the actual evapotranspira-
tion rate lags the potential rate. When this critical
point in the available moisture range is reached,

the plants beginto wilt because soil moisture be-
comes a limiting factor. Thereafter, an essentially
linear relationship exists between available soil
moisture quantity and actual transpiration rate.

The actual evapotranspiration rate is expressed by
Riley, Chadwick, and Bagley (1966} in accordance
with the end conditions which accompany the two

following equations:

ETr = ETcr’ { Mes < Ms(t)s MCS] . (3.23)

and
M_(t)

ETr = ETcr Mes, (0 = Msft) b3 Mes) . (3.24)
in which

ETr = actual evapotranspiration rate

ETcr = potential evapotranspiration rate

Mes = limiting or threshold content of

available water within the root
zone below which the actual be~-
comes less than the potential

evapotranspiration rate
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Ms(t} = quantity of water available for
plant consumption which is stored
in the root zone at any instant of
time
s root zone storage capacity of
water available to plants

Because they are differential with respect
to time, both Equations 3.23 and 3.24 are easily
programmed on the computer, In the integrated

form Equation 3.24 appears as:

ET
cr

M
e

M_(2) = Ms(l) exp[ - (tz‘tl)] . . f{3.25)

s
in which Ms{l) and MS(Z) are the soil moisture

storage values at time t, and tz, respectively.

1
Hence, when conditions are such that the available
soil moisture storage reduces the potential evapo-
transpiration rate, the actual consumptive use rate

can be expressed by combining Equation 3. 22 and

3.24 to read:

M Ty
s a

M kat 100 A R
es

3.26)

Equation 3.26 is programmed on the computer to
estimate actual evapotranspiration rate, The
equation reduces to Equation 3.22 when Ms > Mes
so that ETr = ET .,

cr
Effects of slope and elevation on evapotrans-
piration. In that they affect the available energy

supply, land slope (degree and aspect) and elevation
influence the evapotranspiration process. Riley
and Chadwick (1967) considered the effects of slope
by introducing a radiation index parameter. These
same authors also introduced an elevation correction
into Equation 3. 26. This adjustment is necessary
for watershed studies since surface air temperature
becomes a less reliable index of the available
energy with increased elevation above the valley
floor, However, because the model of this study
was confined to the relatively flat valley floor areas,
the effect of both slope and elevation on the evapo-

transpiration rate is neglected.



Deep Percolation

The final independent term, Gr, of Equation
3.16 represents the rate of deep percolation, Per-
colation 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 satur-
ated soil under normal drainage conditions. Thus,
the rate of deep percolation, Gr’ is most rapid
immediately after irrigation when the gravity force
dominates, and decreases constantly, continuing at
slower rates through the unsa’curateé 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 a lack of data in the study area
regarding deep percolation rates in the unsaturated
state, and in order to simplify the model, the assump-

tion 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:
G =F -ET ,[M =M 3.
r r cr [ s(t) cs] (5.27)
G =0, [M ()< M (3.28)
r ] cs

in which all terms are as previously defined,

River Qutflow
Using the continuity of mass principle
(Equation 2. 1) the hydrologic balance is maintained

by properly accounting for the quantities of flow
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at various points within the system. The appropriate
translation or routing of inflow water through the
system in relationship to the chronological abstractions
and additions occurring in space and time concentrates
the water at the outlet point as both surface and sub-
surface outflow. As mentioned earlier, active net-
work delays on the computer simulate the long trans-
port time necessary for groundwater inflows and deep
percolating waters to be routed to the outflow gaging
station.

Thus, the total rate of water outflow from a

subbagsin is obtained through the summation of

various quantities as follows:

Qo N Qis B Wtr * OFr + Qob B Qe ' (3. 29)
in which

Qo = total rate of outflow from the
system

Qis = rate of total surface inflow to the
subbasin including both measured
and unmeasured flows

Wtr = total rate at which water is diverted
from the stream or reservoir

OFr = total of overland flow and interflow
rates

Qob = rate of outflow from the ground-
water basin of routed deep per~
colating waters and subsurface in-
flows to the subbasin

Qe = rate of water diversions from

surface sources for use outside
the boundaries of the subbasin,
Exports to other drainage basins
fall within this category.

If subbasins are selected such that there
exists no flow of subsurface water past the gaged
outflow point, the hydrograph of surface outflow,
Qso’ is given by Equation 3.29. This situation is
assumed to exist at reservoir sites within the basin
because of construction measures taken to eliminate

subsurface flows under the dams which create the



reservoir. For this reason, whenever possible,
subbasing were terminated at the outfall of a reser-
voir, These sites thus enabled a check to be made
on groundwater inflow rates to the subbasin as pre-
dicted from verification studies inveolving models
for one or more upstream subbasins.

For many subbasins the termination or out-
let point was taken at a Geological Survey gaging
station, and in several of these cases groundwater
flow occurs in the streambed alluvium beneath the
surface channel._ For these basing, the total system
outflow can be written as:

= + S e .
Q=0+, (3.30)

in which
Qsc = rate of surface outflow from the
subbasin
ng = rate of subsurface or groundwater

outflow from the subbasin
Surface outflow rates, Qso’ can be compared to the
recorded values, but subsurface outflow rates,
ng, are unmeasured and must be predicted or
estimated. In this study it was assumed that the
subsurface outflow rates were directly proportional
to the total outflow rates, and ng was therefore

estirnated by the following relationship:

ng:kd Qo. e e e e e e e (3.31)
in which
kd = a coefficient determined by model

verification representing the per-

centage of total outflow which

leaves the basin as subsurface flow.

Because of storage and permeability effects,

fluctuations in groundwater flow rates tend to be
much less extreme than in the case of surface
flows. The value of kd in Equation 3,31 was,
therefore, not maintained as a constant, but was
expressed as an inverse function of the surface
flow rate, Qso' During the spring runoff period,

for example, the predicted increases in subsurface
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outflow rate, ng, from Eguation 3.31 were con~
siderably less extreme than the increases in observed
or computed surface flow rate, Qso' Relationships

expressing k., as a function of Qso were developed

d
for each subbasin through the model verification

process,
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CHAPTER IV

THE COMPUTER MODEL

A computer model of a hydrologic system is
produced by programming the mathematical
relationships and logic functions of the hydrologic
model as described in the previous chapter., The
model does not directly simulate the real physical
system, but is analogous to the prototype, because
both systems are described by the same mathematical
relationships. A mathematical function which
describes a basic process, such as evapotranspira-
tion, is applicable to many different hydrologic
systems, The simulation program developed for
the computer incorporates general equations of the
various basic processes which occur within the
system. The computer model, therefore, is free
of the geometric restrictions which are encountered
in simulation by means of network analyzers and
physical models. The model is applied to a partic-
ular prototype system by establishing, through a
verification procedure, appropriate constant values
for the equations required by the system,

Electronic computers fall into one of three
general classifications, namely analog, digital,
and hybrid. The computing components of an analog
computer execute the basic operations of addition,
multiplication, function generation, and, most
important in the study of dynamic or time variant
systerns, high-speed integration. By connecting
computing components through a program ''patch
panel,” it is possible to form an electronic model
of a differential equation or a series of differential
equations which describe the dynamic performance
or operation of a physical system.

The general-purpose digital computer processes
information which is reported by combinations of
discrete or instructive data, as compared with the

“analog computer which operates on continuous data.

While the analog computer is a ''parallel' system
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in which all problem variables are operated on
simultaneously, the digital computer is basically a
""sequential'’ system performing step by step operations
at high speed.

The djgital computer is useful in processing
large quantities of data or in solving complex mathe~
matical problems which can be converted to a large
number of simple arithmetic operations by the operator
or by the computer. The digital computer can perform
sequences of arithmetic and logical operations, not
only on data, but also in its own program, and is,
therefore, an immensely powerful device for pro-
cessing or manipulating large amounts of discrete
data and for performing precise arithmetic cal-
culations at high speed.

In analog simulation, the operator communi-
cates with, or controls, the simulation by means
of hardware controls, while viewing the continuous
problem solution, The digital computer programmer
communicates with the computer primarily through
"software' or programming languages. The design
of software has become of equal or greater signifi-
cance than hardware design. The development of
"higher-order" or problem-oriented languages, in
which one pz:ogramming statement triggers a large
number of sequential computer operations, has
helped to simplify the interface probiem between
the user and the digital system,

The hybrid computer combines the memory
and logic capabilities of the digital with the high
speed and nonlinear solution capabilities of the
analog. In addition, the high speed iterative solu-
tions and graphic display which are characteristics
of the hybrid computer provide close interaction
between the hydrologist and the model. These

features make the hybrid a very powerful computer

in the development and verification of simulation
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models. Two views of the Electronic Associates

Incorporated (EAI) 590 hybrid computer available
at the Utah Water Research Laboratory are shown
by Figure 4.1.

The computer simulation model of the Bear
River hydrologic system was programmed on the
hybrid computer. The digital portion of the model
was coded in FORTRAN IV (EAI subset), and the
analog portion was programmed for the EAI 580
computer. Because an analog computer operates
within specific voltage limits, in this case + 10
volts, it was necessary to scale the analog compo-
nent of the model such that these limits were not
exceeded., The basic data were input to the diéital
computer, which processed and controlled the
operation of the hydrologic mass balance meodel
programmed on the analog component of the hybrid
computer. Monthly values of input and output data
were printed as stipulated in the program by the
on-line printer as the simulation proceeded.
Graphical output at various points within the model
was obtained by connecting the X-y plotter to the
appropriate terminals on the analog patch-board.

As mentioned earlier; the computer program

is general in nature, and is applied to a particular

prototype system by a verification procedure.

A general view of the program control structure
is shown by Figure 4.2. As illustrated by this
figure, the program contains several subroutines,
each of which is controlled by the main program,
labeled OPVER. Program OPVER performs the
following two functions: (1) establishes the various
options available for performing the hydrologic
simulation, and (2} controls the operation of the
modified pattern search for calibrating the model
for a particular subbasin. The five options avail-
able through OPVER are as follows:

1. Simulation of an entire system of sub-

basins without exiting from the simulation

subroutine, HYDSM.
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2. Input only basic data which are considered
to be common for all subbasins that may
be subsequently run.

3. Input and operate with data for a particular
subbasin, Option 2 must have been pre-
viounsly selected.

4. Rerun the last simulation performed.
Options 2 and 3 must have been previously
selected.

5. Perform pattern search on subbasin data
presently in memory. Options 2 and 3

must have beén previously specified.
The subroutine interaction is illustrated by

Figure 4.3. Program OPVER establishes the entry

and exit conditions for HYDSM, which in turn calls

the particular subroutines needed to perform the
operations specified by OPVER., OPVER also calls
the analog potentiometer subroutine POTST without
going through HYDSM during the pattern search
operation. A listing of the digital program, a flow
chart of the analog program, flow charts for OPVER
and the primary subroutines, program notations,

and general instructions for use of the model are

given in Appendix B.

OPVER
MAIN-1
L———! POT ST
HYDSM " SUBDAT
BASIC HYDSM-1 CARDS-1
RESRY ANALOG
OPERATION
AREA
Figure 4.2. General view of the program control

structure.
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OPTION 1
COMPLETE SIMULATION

OPVER
ENTRY POINT MAIN-1
INPUT RUN OPTIONS FOR
OATA SETUP, SIMULATION
OK PATTERN SEARCH

HYDSM
HYDSM-1

OPTION 2
READ BASIC DATA ONLY

BASIC
READ BASIC DATA

SUBDAT
CARDS-1
READ SUBBASIN DATA

OPERATE
FOR ALL YEARS
FOR ALL SUBBASINS

RETURN TO
OPVER MAIN-1

HYDSM
HYDSM - 1

OPTION 3
READ SUBBASIN DATA
AND OPERATE

BASIC
READ BASIC DATA

HYDSM
HYDSM - 1

OPTION 4
RERUN WITH DATA AS 1S

RETURN T0
OPVER MAIN-1

SUBDAT
CARDS - 1
READS SUBBASIN DATA

OPERATE
AND PRINT

RETURN TO
OPVER MAIN - 1

Figure 4.3, A flow diagram of the subroutine interaction for program OPVER.

HYDSM
OPERATE AND
PRINT

RETURN TO
OPVER MAIN-1

OPTION 5
PATTERN SEARCH

SET UP BOUNDARY
CONDITIONS, STEP SIZES
AND ITERATION LOOP

HYDSM
OPERATE

COMPARE OBJFN AND SAVE
VECTOR OF LOCAL MINIMUMS

AND VECTOR OF GLOBAL MINIMUM

OUTPUT BEST SOLUTION
VECTORS AT END OF
EACH OF ITERATIONS

RETURN TO
OPVER MAIN-1




CHAPTER V

APPLICATION OF THE HYDROLOGIC MODEL
TO THE BEAR RIVER BASIN

Verification

The general hydrologic model discussed in
the previous chapter is applied to a particular
basin through a verification procedure whereby the
values of certain model parameters are established
for a particular prototype system. Verification of
a simulation model is performed in two steps,
namely calibration, or system identification, and
testing of the model. Data from the prototype
system are required in both phases of the verifica-
tion process. Model calibration involves adjust-
ment of the model parameters until a close fit is
achieved between observed and computed output
functions, It therefore follows that the accuracy
of the model cannot exceed that provided by the
historical data from the prototype system,

Evaluation of the model parameters can follow
any desired pattern, whether it be random or
specified. In this study, each unknown system
coefficient is assigned an initial value, an upper
and lower bounds, and the number of increments to
cover the range. The first selected variable is
varied through the specified range while all other
variables remain at their initial value. The values
of the objective function {(measure of error) for
each value of the variable are printed, and the value
which produced the minimum is stored. After
completion of the runs for the first variable, the
variable is reset to the initial value and the second
variable is taken through the same procedure,
After all coefficients havé been varied, the set of
values which produced each local minimum is run
and the resultant objective function value is com-
pared with the smallest attained in all previous
runs. The vector which produced the minimum

objective function value is selected as the initial
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vector for the next phase and the process is repeated
until a coefficient vector is found which produces a
reasonable correspondence between computed and
observed outflows, The algorithm used to implement
the many trials required for model calibration is
included in Appendix B as part of the digital computer
source program for the model,

It should be noted that the choice of the vari-
able vector for each phase is based on the judgment
and experience of the programmer. However,
selection of all variable vectors following the first
choice is fempered by the experience gained during
the first phase and subsequent phases of the pro-
cedure. Thus, model verification effectively uses
all previous experience, including that gained during
the verification procedure.

Calibration of the model of this study was
based on three years of prototype data. Model
output was compared to measured output by comput-
ing the sum of the squared deviations, which became
the objective function for the pattern search pro-
cedure described previously., The final parameter
vector that was selected to represent the system
was that which minimized the objective function in
the calibration procedure. The three years of
data required 36 monthly solutions of the simultane-
ous system of equations in terms of water quantities
as a function of time. Ideally, calibration data
should cover a wide range of input values, such as
those corresponding to a dry, a wet, and an average
year.

Comparisons between the observed and com-
puted output values from the calibrated model are
shown by Figures 5.1 through 5.9. The verified
model coefficients are shown in detail in Appendix
C. When values of the model coefficients which

produce acceptable reproductions of the cutput



function from a prototype system have been
established, the model is said to be calibrated for
that system. It is then assurmed that the model is
capable of predicting realistic system outputs

corresponding to various input functions and sys~-

tem parameters.

Sensitivity Analysis

A sensitivity analysis is performed by
changing one systemn variable while holding the
remaining variables constant and noting the
changes in the model output functions. If small
changes in a particular system parameter induce
large changes in the output or response function,
the system is said to be sensitive to that parameter.
Thus, through sensitivity analyses it is possible to
establish the relative importance with respect to
systemn response of various systemn processes and
input functions. This kind of information is useful
from the standpoint of systermn management, system
modeling, and the assignment of priorities in the
collection of field data.

The computer model that was developed
under this study performs a sensitivity analysis
during calibration. The final phase of the model
calibration procedure sets out the most meaningful
sensitivity analysis since at this stage all parameters
are near their final values, Careful study of the
outputs from the verification procedure in Table
5.1 reveals the results of the sensitivity analysis,
For example, a seven-fold inc‘rease in variable 11
reduced the objective function by about 40 percent,
while increasing variable two by something less
than double produced a four-fold change in the
objective function. On the other hand, a four-fold
increase in parameter 13 caused very little change
in the objective function. Therefore, variable 13
would be given a low priority for more thorough

However, variable two would be

Table

scrutinization,

given a high priority for additional study.
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5.1 shows the sensitivity of the variables for the
Evanston subbasin, Similar analyses were made
for each subbasin of the Bear River basin. Table
5.1 also indicates the gradient of the objective
function for each variable parameter, or the rate of
change of the objective function per unit change in
any variable. This information is useful for
establishing parameter values which minimize the
objective function, and for estimating the sensitivity
of this function to changes in the variable parameters.
For each phase of the calibration procedure, initial
values of the gradient for each variable are set

equal to zero.

Table 5.2 is a printout from the computer
program and represents a phase of the calibration
process. The table presents the variable parameter
number, the terminal values at each end of the
range, the increment by which each parameter is
changed during the calibration procedure, and the
number of runs needed to cover the range. In this
case, the initial and final vectors are almost identi-
cal because they represent the last phase of the
verification procedure. Previous phases in the
calibration procedure would show more differences
between corresponding parameter values in the

initial and final vectors.

Management Opportunities

Opportunities for management of water in the
Bear River basin are widely varied and range from
a change in cropping patterns to water storage and
export. Actual implementation of a management
scheme will depend on benefits gained as compared
to the costs of implementation. The simulation
model developed under this study does not make
comparisons of benefits and costs, but does predict
changes in the system output associated with given
management alternatives. The management schemes
tested in this study do not begin to cover the possible

combinations, but do demonstrate the capability of



Table 5.1. Sensitivity of Evanston subbasin variables.
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the model to rapidly test many possible schemes.
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The ability of the model to predict outflow
characteristics under various management conditions
is demonstrated for the Evanston subbasin. The pre-
dicted total annual outflows under actual conditions
for 1954, 1955, and 1956 are given in Appendix C
as being 72,183; 92, 544; and 150,918 acre-feet,
respectively. The computed outflow hydrograph on
a mean monthly basis is shown by Figure 5. 1.
Studies were then conducted to investigate the
changes induced in this hydrograph by three entirely
different sets of assumed conditions within the sub-

basin.

Case 1

Conditions were changed in the model to
represent the removal of all phreatophytes from the
subbasin. In addition, it was assumed that sufficient
irrigation water was applied to support potential
evapotranspiration rates and to maintain available
soil moisture levels at no less than 2.5 inches.
Precipitation, temperature, a.nd stream inflow data
for the years 1954, 1955, and 1956 were input to the
model. The computed outflow hydrograph under
these conditions for this three-year period is shown
by Figure 5.10. The corresponding predicted total
annual outflows from the subbasin are 93, 341;
113,227; and 163, 983 acre-feet, respectively, as
shown in Appendix D, Evanston 1-1. The negative
surface outflow quantities in this case indicate
diversions of more irrigation water than was avail-
able in the river, and are, therefore, an indication
of the storage required to satisfy the water require-
ments during the irrigation season. In the restricted
case where irrigation diversions are limited to the
water available in the stream, the computed total
annual outflows are 111, 313; 125, 508; and 181, 826
acre-feet for 1954, 1955, and 1956, respectively
(Appendix D, Evanston 1-2). Corresponding mean
monthly discharge values during this three-year
period are shown by Figure 5.10. It is interesting

to note that total outflow quantities under the
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Figure 5.1. Computed and observed monthly outflow from Evanston subbasin 1954, 1955, and 1956.
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Figure 5.2. Computed and observed monthly outflow from Randolph subbasin 1954, 1955, and 1956.
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Figure 5.3. Computed and observed monthly outflow from Cokeville subbasin 1954, 1955, and 1956.
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Figure 5.5. Combuted and observed monthly outflow from Bear Lake subbasin 1954, 1955, and 1956.
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Figure 5.6. Computed and observed monthly outflow from Soda subbasin 1954, 1955, and 1956.
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Figure 5.7. Computed and observed monthly outflow from Oneida subbasin 1954, 1955, and 1956.
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Figure 5.8. Computed and observed monthly outflow from Cache Valley subbasin 1954, 1955, and 1956,
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Figure 5.9, Computed and observed monthly outflow from Tremonton subbasin 1954, 1955, and 1956.
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Figure 5.10. Management of Evanston subbasin, Case 1,

35



OQutflow, in thousands of acre-feet

OQutflow, in thousands of acre-feet

60

80+

60 -
Observed J——
Restricted eavannvuen
Unrestricted weemwesmens
40 4

L“ —
1955 1956
YEAR

Figure 5.11. Management of Evanston subbasin, Case 2.
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restricted water supply case appreciably exceed
those of the unrestricted case. Under the conditions
of restricted supply, water storage in the plant root

zone was considerably reduced, and average evapo-

transpiration losses were approximately 20 percent

below potential,

Cases 2 and 3

Under Case 2 crop acreages within the subbasin
were reduced to 25 percent of the present area and
phreatophytes were reduced to 75 percent. For
Case 3 the cropland was increased to 125 percent
of the present area while phreatophyte acreage was
For both of these cases

held at the present value.

the model was operated under the two assumptions

of first an unrestricted and then a restricted irrigation !

water supply. Model output functions for the four
conditions described previously are given by Appendix
D and Figures 5,11 and 5,12,

For the conditions of unrestricted irrigation

water supply, the sum of the negative flows during
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the irrigation period indicate storage requirements
either by reservoir or in soil moisture. The
operation of the model with 30 or more years of
historical streamflow, precipitation, and tempera-~
ture data would provide a realistic estimate of
reservoir storage requirements to meet crop needs
within the subbasin., A study of this nature would
also facilitate the establishment and testing of
suitable operating rules for any proposed reservoir
or system of reservoirs within the subbasin. The

effects of water export on reservoir operation could

also be prédicted.

The testing of various possible management
alternatives for each subbasin within the Bear
River model could be accomplished in the same
manner as has been demonstrated for the Evanston
subbasin, Using the model, management effects
as reflected in the output functions of a particular

subbasin may be traced throughout the entire Bear

River basin.






CHAPTER VI
SUMMARY AND CONCLUSIONS

Increasing demands upon the available water
resources of the nation have produced a2 need for
the efficient utilization of these supplies. Related
to good management practices is the evaluation of
various alternatives in terms of their likely down-
stream effects on both water quantity and quality.
Quantitative evaluation of these downstream conse-
quences is difficult because of the complex and
variable nature of the parameters which describe
a hydrologic system., However, the advent of
modern high-speed computers has made possible
the application of simulation techniques to complex
systems of this nature,

In this report, a general hydrologic model is
proposed and is synthesized on a hybrid computer.
The basis of the model is a fundamental and logical
mathematical representation of the various hydro-
logic processes.. Spatial definition is achieved by
dividing the modeled area into specific space incre-
ments, or subbasins, for which average values of
space variable model parameters are applied.
Temporal resolution is obtained by selecting a
specific time increment over which average values
of time varying parameters are used. The ultimate
in modeling would utilize continuous time and space
definition. However, the practical limitations of
this approach are obvious. The complexity of a
model designed to represent a hydrologic system
largely depends upon the magnitude of the time and
spatial increments used in the model. In model
development it is, therefore, necessary to select
increments which are consistent with time, budget,
and computer capability constraints, and at the
same time provide sufficient resolution to consider

the kinds of questions which might be asked of the

model.
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Computer simulation of hydrologic systems
has many practical applications in the areas of both
research and project planning and management. As
a research tool the computer is valuable in the pro-
cess of investigating and improving mathematical
relationships. In this respect, the computer is
applied not only for its calculating potential, but
also for its ability to yield optimum solutions.
Simulation is also ideal for investigations of hydro-
logic sensitivity. Problems range from the influence
of a single factor upon a particular process to the
effects of an entire process, such as evapotranspira-
tion, upon the system as a whole.

In many ways computer simulation can assist
in planning and development work. Models can pro-
vide the designer with runoff estimates from the
input of recorded precipitation data, In addition,
simulated streamflow records from statistically
generated input information enable the establishment
of synthetic flow frequency distribution patterns.

In the area of water resource management,
computer simulation permits the rapid evaluation
of the effects of various management alternatives
upon the entire system. These alternatives might
involve such variables as watershed treatment,
including urbanization, the construction of storage
reservoirs, and changes in irrigation practices
within a basin,

In this study the computer model was applied
to the hydrologic system of the Bear River basin of
western Wyoming, southern Idaho, and northern
Utah. To provide spatial resolution the basin was
divided into 10 subareas or subbasins, and each was
modeled separately. The submodels then were
linked into a single model of the entire basin., The

time increment selected for the model was one month,



and time varying quantities, therefore, were
expressed in terms of mean monthly values. The
model was calibratAed for the Bear River hydrologic
system by adjusting model parameters until close
agreement was achieved between simulated and
corresponding gaged outflow hydrographs for each
subbasin. Data for one subbasin was inadequate
for satisfactory model calibration. The calibration
procedure was incorporated into the hybrid com-
puter program of the model so that this process was
implemented largely by the computer itself. Differ-
ences between observed and computed hydrographs
were evaluated on the basis of the sums-of-squares.
This technique of model verification is accomplished
more quickly and is more objective than was the case
with the manual procedure used for previous studies
of this nature. The agreement achieved between
observed and computed outflow hydrographs from
each subbasin in the model is illustrated by

Figures 5.1 to 5.9, inclusive.

The utility of the model for predicting the
effects of various possible water resource manage-
ment alternatives within the Bear River basin was
demonstrated for the number 1 or Evanston subbasin.
For example, on the assumption that all phreato-
phytes were eliminated from this subbasin the model
predicted that the average annual discharge would
be approximately 139,500 acre-feet. This'figure
may then be compared with the average annual
discharge of 107,500 acre-feet under present
conditions. Similarly, to meet the annual con-
sumptive use demands of the existing crops within
the subbasin during the dry year of 1954 would
require an estimated 8, 660 acre-feet of reservoir
storage. These and other management studies
are illustrated by Figures 5.10, 5.11, and 5.12.

Because of its fast turn-around and graphical
display capabilities and its ability to solve differ-
ential equations, the hybrid computer is very

efficient for model development and verification.

However, for operational studies many models,
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once verified, can be readily programmed for solu-
tion on the more common all-digital computer. The
analog component of the Bear River model developed
under this study, for example, now could be repro-
grammed for general application of the entire model
on a digital computer.

In conclusion, it is again emphasized that a
model is limited by the availability of the field data
used in the verification process. As further data
become available, the model can be improved in
terms of both the accuracy with which it defines
individual processes and its time and spatial resolu-
tion. Modeling is, therefore, a continuous process,
with each phase providing further insight and under-
standing of the system, and thus leading towards
additional refinement and improvement of the model.

For each simulation study certain constraints
or boundary conditions limit the degree of achievement
during any particular phase of the overall program.
The most important of these limiting features are the
extent to which research information and basic input
data are available, the degree of accuracy established
by the time and spatial increments adopfed for the
model, equipment limitations, and the necessary time
limit imposed upon the investigation period.

The model presented by this report represents
a particular phase in the development of a simulation
model of the hydrologic system of the Bear River
basin. Further development of the model will continue
and other related dimensions, such as water quality
and economics, will be added. However, the model
is now capable of answering many questions pertain-
ing to the management of the water resources of the
basin. The study has demonstrated the soundness
and validity of the computer simulation approach to
hydrologic problems within the Bear River basin, and
has provided a firm basis for extending the model to
include additional dimensions encountered in the

comprehensive planning and management of water

resource systems.
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* See Appendix B for an explanation of the variables.
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* See Appendix B for an explanation of the variables.
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APPENDIX B

USER INSTRUCTIONS FOR THE

HYDROI OGIC SIMULATION PROGRAM, OPVER

The computer program titled OPVER is a main
driving program for linking the various subroutines
required for simulating the hydrology of a river bas-
in, In addition, a pattern search algorithm is incor-
porated within it. A flow chart of OPVER is shown
in Figure B.1.

The operating instructions for OPVER are sum-
marized as follows:

1. Load OPVER with the core image loader.
Upon loading, the teletype should type
MAIN 1 and the computer should be in
PAUSE mode.

2. Ready the card reader, line printer, and
analog computer. Insure that the proper
patch panels are in place on the analog
computer, and that a properly set-up card
deck is in the read hopper.

3. Place the analog computer in SP and DIG
MODE and set logic mode to R and time se-
lector to 107, Insure that counter O is set
to 1 for FAST operation {line printer out-
put only) or 10 for SLOW operation (x-y
plotter output}.

4, Push RUN-SINGLE-RUN (RSR) buttons
whereupon card reader should start and
option selected will be performed, For
options 1 and 2, go to step 5. For option
3, go to step 7. For option 4 go to step 9,
and for option 5 go to step 11.

5. Teletype will type HYDSM 1 and computer
PAUSES,

6. Insure proper data for option specified is
in card reader and RSR. For option 1 and
2, BASIC data {(Group 2 cards) should be
read by the card reader,

7. Teletype will type CARDS (I} for options 1
and 3 and MAIN 1 for option 2, and then
PAUSE. Insure that data for subbasin I
(Group 3 cards) are in hopper and RSR to
continue for option 1 and 3. For option 2,
return to step 2.

8. Teletype will type RESET DB, Set SSW D
if desire reruns each year, SSW B if de~
sire reruns each subbasin, and SSW C if
desire acre-feet table.
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9. Push RSR and analog computer will oper-
ate for specified time after which teletype
will print MAIN 1, CARDS (I+1), or RESET
DB and computer will PAUSE., For MAIN
1, CARDS {I+1), and RESET DB return to
stpes 2, 7, and 8, resepctively, Set or
reset SSW D, B, and C as specified in
step 8 and set SSW E if desire to use re~
corded inflow for QRIV and QGLI rather tha
than upstream subbasin simulated outflow
for these inflow values, (When using SSW
E option, all inflow data must be acre-feet. )

10. Analog computer will operate for specified
time and teletype will respond as in step 8.
Follow appropriate option outlined in step
8 to continue,.

11. Card reader should have input the informa-

tion necessary for the pattern search oper-

ation of the program (Group 4 cards) and
upon completing all phases specified tele-

type will print MAIN 1. Return to step 2

to continue further operation,

The operating procedure is shown schematically
in Figure B,2, The input data necessary for a run

may be classified as:

1. Control cards for OPVER specifying the
desired option.

Z. Basic data consisting of labels for row
and column headings for printed output
and other data that is common to all sub~-
basins that may subsequently be run.

3. Subbasin data needed to define the specific
simulation desired.

4, Boundary conditions and options necessary
to control the pattern search.

The deck set up for a typical pattern seach run
is shown in Figure B. 3. Detailed instructions for pre~
paring the cards for each of the four groups of data
are given in Tables B.1, B.2, B.3, and B. 4 respec-
tively. Notation used in the program is given in
Table B. 5. A list of input data for a sample problem
is shown in Figure B. 4. Input data for each subbas- -
in is listed in Appendix A. Representative output may
be observed in Appendix C. The program for the ana~-
log portion of the model is shown as Figure B.5 and
a listing of OPVER and all of its subroutines is given
in Figure B. 6, Flow charts for the major subroutines
HYDSM, BASIC, SUBDAT and RESRV are also in-
cluded in Figures B.7, B.8, B.9, and B.10 respectively.



TTY TYPES

HYDSM
OP-PRINT

SUBDAT

POTST

HYDSM
OP-PRINT

] MAIN-1

READ ITY

READ NPH,

PH, NP

READ XIN

COMPUTER PAUSES
| RSR TO CONTINUE

IF ITY =1

u
w

ITY SPECIFIED OPVER OPTIONS

INPUT ALL DATA
MAKE A STMULATION RUN THRU ALL
SUBBASINS - OUTPUT RESULTS - RETURN
INPUT DATA COMMON TO ALL
SUBBASINS - RETURN
INPUT DATA FOR ONE SUBBASIN -
SIMULATE - OUTPUT RESULTS - RETURN
REPEAT STMULATION USING DATA PRES-
ENTLY STORED IN MEMORY - RETURN
OPERATE IN ITERATIVE MODE USING
PATTERN SEARCH TO CALIBRATE THE
MODEL - CONTROL REMAINS IN DPVER

NWR, PL, fm—m—m— e e —— — — — =

SET
XIN =

PL

XIN = INITIAL
VECTOR OF HYDRO-
LOGIC PARAMETER

I

INITIALTZE
PARAMETERS

&

PERFORM NPH PATTERN
SEARCHES SELECTING
BEST PARAMETER VECTOR
AT END OF EACH PHASE
OUTPUT VARTOUS INTER-
MEDIATE RESULTS

WRITE FINAL

Figure B, .

RESULTS

POTST

HYDSM
OP ONLY

POTST

Flow chart of hydrologic simulation program OPVER,
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SPECIFICATION OF PATTERN SEARCH
CONTROL AND BOUNDARIES
NPH = NUMBER OF PATTERN SEARCH < 5
NPR = OPTION WHICH ALLOW INPUTING
AN INITIAL PARAMETER VECTOR IF
> 0, OTHERWISE START AT LOWER
BOUNDARY CONDITION VECTOR
PL = VECTOR SPECIFYING LOWER BOUNDS
PH VECTOR SPECIFYING UPPER BOUNDS
NP VECTOR SPECIFYING NUMBER OF INCREMENTS




LOAD OPVER WITH
Cl LOADER

|

TTY TYPES MAIN-1 |

AND PAUSES

l

SET UP ANALOG
COMPUTER

l

PUSH RUN-SINBLE-RUN
T0O READ OPVER
OPTIONS CARD

TTY TYPES HYDSM-1
AND PAUSES

l

PUSH RSR TG
READ BASIC DATA

READ CARDS AND
PERFORM PATTERN SEARCH

= == HYDSM 1

TTY TYPES CARDS 1
AND PAUSES

PUSH RSR TO READ
SUBBASIN DATA

TTY TYPES RESET 0B

AND PAUSES -

SET SENSE SWITCHES
D FOR RERUNS EACH YEAR

B FOR RERUNS EACH SUBBASIN

¢ FOR ACRE-FEET .TABLE

E FOR READING QRIVE & Q6LI
RATHER THAN USING QSD
& QGO FROM UPSTREAM
SUBBASIN

PUSH RSR TO DPERATE
ANALOG AND OUTPUT TABLES

Figure B.2.

NO .

LAST
SUBBASIN ?

p- == CARDS I

- = RESET DB
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Schematic diagram of operating procedures for OPVER,
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PATTERN SEARCH BOUNDARIES
GROUP 1 CARBS AND INITIAL VECTOR

hh*x‘Nh‘--*““‘"~t~. 13 1 . ‘\\

5 PATTERN SEARCH OPTION '\

HYDROLOGIC DATA
FOR EVANSTON SUBBASIN
* Ze——— GROUP 4 CARDS

EVANSTON TEST 0000 \\\
3 SUBBASIN DATA AND OPERATE \\\

BASIC DATA GROUP

6

6 10 1954 3
\\\\ ~€——— GROUP 3 CARDS

2

BASIC DATA OPTION AN

-«—— GROUP 2 CARDS

Figure B.3. Deck setup for typical OPVER run.
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Table B,1. Preparation instructions for OPVER option control

cards - group 1 cards.

Column Format Mnemonic Description
1-5 Is ITY OPVER option specifiction:

if ITY =1 simulation
= 2 read basic data only
= 3 read subbasin data
and operate for
specified period
rerun last subbasin
= 5 perform pattern
search

1
S

Input device number for subbasin data
Output device number for simulation

Number of subbasins
First year of simulation
Number of years of simulation

13 element vector of column
headings for output tables; i.e.

20 element vector of row titles
Must correspond
to elements as shown in sample
output shown in Figure

Vector of proportion of daylight
hours for months in the same order

Array of consumnptive use coefficient
for crops for modified Blaney-
Criddle equation. Fourteen cards
required, one for each crop. jis

Array of consumptive use coefficient

Table B.2. Preparation instructions for BASIC data - group 2 cards,
Card Format Mnermonic Description
1 (515) INP
I0UT
output
NSB
LYRO
NYR
2 (13(1XA3)) Vk
JAN,, FEB,, ANN
3 (20A4) VARLBi
for output tables.
4 (12F 5. 3) PDL.k
as vector V
51~514 {10X12F5.2) WKCjk
crop, k is month
- 10 .
6,-6 (10X12F5.2) chJ.k

Seven cards

required, one for each phreatophyte.
j is phreatophyte, k is month

for phreatophytes.
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Table B.3.

Card Format Mnemonic

Preparation of subbasin data cards - group 3 cards.

Description

1 (10A4, 415) BASID.

IRES
MANG

JRES

JCONV
2% (10X10F7,0)

RES

3% (10X3F7.0) CTM

CMS
BAREA
4% {10X10F7.0)

RESG1

5 (10X7(I3,F10.0))Ilj, DCAj

6 (10X7(13, F10.0)11,, DCA,

40 column page heading

>0 specifies reservoir
operation option of HYDSM

>0 specifies management option
of HYDSEM

>0 specifies reservoir operation
on canal diversions - not
presently implemented

>0 specifies conversion factors
to be read from card for
converting input data to inches

10 element vector of reservoir
operating parameters. Needed
only if IRES > 0. See Table B.5-C
for detailed element breakdown.

Termperature for management
of canal diversions
Management parameter for
soil moisture storage

Base area for which the model
parameters were developed.
Needed only if MANG >0

10 element vector of canal

reservoir parameters, Needed
only if JRES > 0. Not implement

at present

Vectors of crop number and area
in acres for jt Crop corres-
ponding to WKC,, . Exactly 2
cards are required. If DCA, =0,
neither I1, nor DCA, need be
punched J

Vector of phreatophyte no and
area in acres for phreatophyte j
corresponding to j":h phreato-
phyte in PKC.k. One card re-
quired J

% These cards are required only if an option parameter for them

is greater than zero.

Table B,3, Continued.
Card Format
7 (12F6.2)
8 (12F6.2)
9 (815)
10% (8F10.2)
%11, %
111 118 (10A4)

Mnemonic

Description

DIG1

SKAL

SKF

PH

CVR,
J

FMT

10 element vector of digital
meod el parameters. See Table
B.5-A for detailed element
breakdown.

Scale factor for soil moisture
phase of analog simulation
Scale factor for channel phase
of analog simulation. If SKF
is read as 0, it is set to 2.0
by the program

12 element vector of analog
model parameters. See
Table B, 4-B for detailed
breakdown

Vector of the number of stations
with NYR years of data of type
1 which are to be read in and
used by the program. Data types
correspondence is as follows:
1 = temperature stations

= precipitation stations

stream correlation station

canal diversion stations
gage outflow stations
gage river inflow stations
subsurface inflow stations
minimum monthly outflow
stations {used only if
IRES » 0)

H

0 -1 O U o W N e

Vector of conversion factors to
convert input data to inches,
Needed only if JCON >0, If
JCONV = 0, program assumes
that all input flow data is in
acre-feet

40 character format specification
card followed by (NYR* N,)
cards of input data fortype 1
above. A set of these cards for

a particular type data are included
only if N, 0
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Table B.4. Preparation instructions for pattern search specifiction

cards - group 4 cards.

Table B.5.

A, Digital parameters, DIG(I).

Notation for OPVER and its subroutines.

Input by SUBDAT.

Snowmelt rate exponent

Irrigation efficiency (decimal)
Consumptive use coefficient (=1.00)
Precipitation ungaged inflow coefficient
Snowmelt ungaged inflow coefficient
Surface stream ungaged inflow coefficient
Precipitation threshold for runoff (inches)
Snowfall temperature (°F)

Snowmelt temperature (°F)

Initial snow water content (inches)

Input by SUBDAT.

Smoothing coefficient for groundwater
Cropland groundwater return flow delay

Soil moisture capacity (inches)

Initial cropland groundwater return flow (inches)
Initial groundwater inflow (inches)

Threshold separating high and medium
Groundwater outflow ranges -

Threshold separarting medium and low

groundwater outflow ranges

Fraction groundwater outflow, high range
Fraction groundwater outflow, medium range
Fraction groundwater outflow, low range
Critical soil moisture level (inches)

Initial soil moisture storage (inches)

Card Format Mnemonic Description
I Mnemonic Description
1 (315) NPH Number of phases to be run
during pattern search. 1 < NPH <5 1 KSs
NPR Option specifying initial search 2 CIR
vector If NPR = 0 start at lower 3 CKC
boundary 4 Cl1
> 0 Input initial vector 5 C2
from cards 6 COR
NWC Option specifying monthly weight- 7 PTH
ing coefficients for calculating 8 TS
OBJ = S W_ (DIFF_)2 9 TSM
R R 10 SNW
If NWC = 0 use WR= 1.0
> 0 Input WR from cards
B. Analog parameters, PH(I).
2 (12F6.2) WR Vector of monthly weighting
coefficients for calculating OBJ I Mnemonic Description
Needed only if NWC > 0
10 KG
3 (9F6. 2) PL1 Vector of lower bounds for the inflow (< 1.0)
digital parameters. See Table B.5-A 11 DTA
for a detailed descriptionl =1 to 9 time (months)
12 MCS
4 (9F6. 2) PH1 Vector of upper bounds for the 13 QGTIC
digital parameters. 1 =1 to 9 14 QG2IC
15 QH
5 (915) NP1 Number of steps for each digital
parameter. 1 =1to 9 16 QM
6 (12F6. 2) PH1 Vector of lower bounds for the 17 CGH
analog parameters. See Table B.5-B 18 CGM
for a detailed description. 1 =10 to 21 19 CGS
20 MES
7 (12F6. 2) P PH Vector of upper bounds for the 21 MIC
analog parameters 1 = 10 to 21
8 (1215) NP'I. Number of steps for each of the
analog parameters 1 =10 to 21
U (9F6. 2) XIN1 Vector of initial digital parameter
1 =1 to 9 needed only if NPR > 0
103 (12F6. 2) XIN1 Vector of initial analog parameters

1 = 10 to 21 Needed only if NPR > 0

* These cards are required only if an option parameter is greater than zero



Table B, 5.

C. Reservoir operation parameters, RES(I).

Continued.

when IRES > 0.

{+

W

O~ hun

Lo JEN]

D. Subbasin hydrologic input data, DUM(J, K, L.).

Mnemonic

STI

STMN
STMX
ER

CA
Cl
c2
STB

C3
C4

Input by SUBDAT

RES(I) Description

Initial storage volume in reservoir
{acre-~feet) at time 0

Minimum usable storage {acre-feet)
Maximum storage (acre-feet)
Desired accuracy level for successive
area computation

Reservoir area at STMN = 0, {acres)
Constant in area equation one
Exponent in area equation one

Break point storage between area
equation one and two (acre-feet)
Constant in area equation two
Exponent in area equation two

Input by SUBDAT.

J is the year, K is the month, and L is the data type.

L

1

Mnemonic

TEMP
PPT

QCOR
QCNL

QGAG

QRIV

QGLI

QR

Description

Subbasin monthly temperature data (OF)

Subbasin monthly precipitation data (inches)

Surface streamflow data for correlating
to obtain monthly ungaged surface inflow
{acre-feet)

Subbasin monthly canal diversions
{acre-feet)

Subbasin monthly gaged surface outflow
to be used for verification with OPVER
{acre-~feet)

Subbasin measured monthly surface
inflows {acre~feet)

© Subbasin measured or estimated monthly

groundwater inflows (acre-feet)
Minimum monthly outflow values for the
reservoir when IRES » 0 (acre-feet)

Table B, 5.

Continued.

E. ILabels on tables of printed output, OUT(K, 1.}, K is the month
and L is the data type.

L

w3 O WU WD

10
11
12

13

14

15
16
17
18
19
20
21

Mnemonic

TEMP
F

PPT
QRIV
QUNG
QCNL
QSIT

QIGS

QGLI

SNW
SNMT
ETPH

ETP

ET

MS
DP
QTO
QGO
Qso
QGAG
DIFF
oBJ
OBA

Description

Monthly temperatures (OF)
Blaney-Criddle F

Monthly precipitation {inches)
Measured monthly surface inflow
Monthly unmeasured surface inflow
Monthly canal diversions

Surface water available for transfer
through the basin

Surface water applied to soil moisture
storage of the agricultural area
Monthly measured or estimated ground-
water inflow

Snow storage at end of month
Monthly snowmelt
Evapotranspiration from the phreato-
phyte area

Potential evapotranspiration from the
crop area

Actual evapotranspiration from the
crop area

Soil moisture storage at end of month
Monthly deep percolation after delay
Total monthly outflow from basin
Groundwater outflow from basin
Surface outflow from basin

Gaged surface outflow from basin
Difference between QS0 and QGAG
Sum of squared differences (DIFF)
Algebraic sum of annual differences

P4



2 INITIAL DATA IN =1~ GROUP 1 CONTROL CARD

& 6 10 19%¢ 3 4 =

JAN FEB MAR APR NAY JUN JLY AUG SEP OCT NGV DEC ANN

TEMP P PPTQRIVQUNGGCNLGSITQIGSAGLI SNWSNMTETPH ETP ET M8 DP QTG0 GGO GSOQGAG
@6 67 83 90 10y 102 184 98 84 78 66 63

AL ALFA L €3 74 86 99 112 119 110 105 99 9@ 79 68

Az PAST 2 55 66 81 8BS 1p2 99 93 91 87 8¢ 74 58

A3 ABHA 3 55 66 81 94 1@% 115 112 i85 95 84 77 62
A4 SMGR 4 29 29 28 74 1318 127 73 42 19 22 28 29
A5 CORN S 29 28 28 22 68 73 9% 196 189 95 g9 @9
A6 SUBT 6 20 29 28 22 %8 9% 186 128 111 19z 2% 29
A7 POTA ? 20 20 28 22 3¢ 42 8B 131 134 22 29 29
A8 géi: : 84 74 86 98 1g& 113 111 188 9% ge 78 65 | GROUP 2 CARDS-BASIC DATA
AL® TOMALP 20 20 28 4% %p 7S ial §7 83 48 29 29 READ BY SUBROUTINE BASIC

All SMTRI1 29 29 28 37 82 77 82 78 81 40 28 29

A12 IDLEYZ

A13 BEANLY 2% 29 28 22 67 11 89 b4 28 25 29 29

Al4 BLANL4

~C1 {MWMC { 3185 18% 185 185 {85 (83 185 {85 8% (B85 (85 185

C2 LHWGH 2 65 80 113 {136 141 (42 142 141 138 1285 @2 75

CY JMWGT 3 56 .53 53 55 61 [1.] 77 B2 83 81 76 58

C4 / LHGY 4 35 33 33 34 38 42 48 51 31 50 47 42

B!(XQPNT 5 101 139 149 156 155 151 144 144 138 137 128 112

UR URBN 8

By OPWT 5 1#@ 170 190 {#@ 190 0@ 108 100 100 (@9 i1@0@ 109 —

3 SUBBASIN DATA IN OP AND PRINT _;F—GROUP 1 CONTROL CARD

EVANSTON
1 EVANS 7 1 2599 2 8823 3 19835 4 314
1 EVANS 7

1 EVANS & 1 632 2 ses 3 3523 4 281 5 2434
se 38 180 29 70 79 20 Jeo@ 2400 159 2808 200
1902 708 11@8 20 1] 1 [ 29 -1} 22 25e 250

1 1 i 2 2 5
(10X12F4,1}
1TR 4 221 242 247 426 497 548 632 593 537 438 344 (74
1TR 5 122 147 283 342 473 549 621 634 521 420 229 204
1TR & 202 187 252 355 483 589 528 585 331 397 223 166
(19X12F4. 23
1A 4 89 34 75 {4 78 143 111 160 70 89 142 73
14 5 87 81 49 19 129 115 137 (15 128 40 82 189
14 6 121 35 ? 39 232 67 7L 38 2 94 14 83
(10%x12F5,8)

{ 1984 % 492 555 881 2970 1430 2040 202 77 33 7e 178 160
1 1958 5 16% 147 1904 3870 2070 188p 183 103 52 75 222 1080
1 19568 8 645 488 2580 2170 d720 632 266 216 43 68 181 148

(8X12F6,2)

{=4 84 ¢ 2 7 19824 36833 34202 11129 3394 2588 2634 e 0

(=4 85 a 2 2 @ 36064 41595 11260 5551 2789 2631 ) 0

{=d 56 [ 2 2 D 21047 44728 (7154 S137 2187 5 ) ?

1md 84 GROUP 3 CARDS

i=4 55 — SUBBASIN HYDROLOGIC DATA,
i~4 56 READ BY SUBROUTINE SUBDAT
(8X{2F6,8)

63 423 1890
214 2010 78@0
9

320554 4942 3873 4982 (2522 24528 S38¢ 654 38
820555 2640 2400 1387 $510 28740 20530 424 136

)
)
#20556 5982 4838 14500 14882 37898 37338 1317 87 ] 1362 2750
319554 8 28 2352 2208 3453 1a7e 112 ] ¢ 118 623 392
219555 e @ 1387 486F 3870 3840 23 8¢ 2 102 %99 8
219556 8 2 984 2u5¢ 3047 40%% 53t ¢ ¢ 242 1120 2
(ax12re,e)
210554 ® 2 @ sS4 1090 1018 {260 562 545 427 90 )
'RLELE: ¢ ? ? ® 333 1360 121@ 494 778 718 ) e
210556 ¢ ] 0 ¢ @ 1523 1650 1m6@ 535 530 2

[
011554 2340 2220 2540 7660 34180 15673 6120 2300 2200 1870 1930 2030
11555 1930 (720 19pe@ 3360 37470 33120 6740 3870 201¢ 2010 2050 243¢
211556 2152 1838 237¢ 6900 52640 50912 9460 27%0 1420 208y 2200 2190
212034 492 Sea 536 22%0 6(10 1549 431 238 283 354 388 341
212053 328 385 367 8p2 696n 349g 587 a8p 314 424 458 841
232058 502 438 852 2652 10782 4960 627 410 272 407 449 449
218054 492 558 881 2978 1433 2040 202 77 53 70 173 158
218258 165 147 194 3878 2072 1880 163 183 52 75 222 os8®v
218056 545 488 2%8e 2179 3720 852 268 218 43 &8 191 145

417254 2 26 184 758 533 B2 @ 2 2 2 2 2

217085 [ 3 |4 743 14@8 233 5 5 2 2 2 234

2170586 123 a8 548 1329 2420 272 @ 2 2 2 2
H] ORTIMAL VERIFICATION OF QNLY ——F-GROUP 1 CONTROL CARD
i 1 ]

1] 39 128 (44 20 a2 g2 3109 2300
99 Sa 108 a2 70 a7 29 3300 2600
38 1 U - S GROUP 4 CARDS-PATTERN
100 120 800 o0 20 0 20 14 20 20 250 2e0 l— SEARCH SPECIFICATIONS
1900 7ap 1200 40 20 a0 L} 28 00 o¢ 250 420 READ BY OPVER
i 5 4 4 i 1 i i i
14 38 ie9 a3 70 ;M @2 3200 2400
ipge 78n 110 22 20 ¢ 29 00 20 (44 252 239

Figure B.4. List of typical input data for OPVER.
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LS

+1

|
2 6T (19 QGTIC
i9 >—(17) Hb SKAL

-Q }%}ﬁ DELAY SEQUENCE
] .7 -MS
SKAL

-ETP (8 @ +1

MCS
SKAL |
SKF
Ca & —op
SKAL
Al QH
é SKF SKAL QG21¢
0 o SKF SKAL
(9
- QGLI
> \|\s SKF  SKAL
—
-Q60 3
SKF  SKAL ADC
0 aror ‘ SKF  SKAL
SKF SKAL . !
* NOTE: INTEGRATORS 00, 01, 30, AND 31 HAVE IC
MODE CONTROLLED BY AND GATE CIRCUIT ON THE LOGIC
QGAG PATCH PANEL. THE TRUTH TABLE FOR THIS CIRCUIT
. SKFE  SKAL IS AS FOLLOWS: @
—ig---=12) b anaLos mope  (13) ®)
——{14 414 'l op to | o
IC ol I |
7N Pt 81
—13 ~- - 13— HD 0 0 |
S r:y W— Ty
N N WHENEVER THE ANALOG GOES TO AD MODE, INTEGRATORS

00, 01, 30, AND 31 GO TO IC MODE.

Figure B.5. Analog computer program for use with OPVER.
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OPTINAL VERIFYCATION BY MOOIFIED PATTERN SEARCH = OPVER
REAL MIC,HS,MES

COMMON WKC (14,123 ,WK(22),POL(12),N(8),0088R),FRT(18),CVRIB),
IVI13),4010),BA8IG(10Y,PV (15}, 0UM( 3,12,8),PKC(7,12],80KC(12],
28PKCL12) ,11(14),0CA(14),CAC(14),PCALLIAT,PACL?),PPALT),0UTILY,240

3,016619) RES(185,RESCTIE),ROUT(4,13,2),XIM{ZLY

4,M2C,M8, ENS2, SKAL, 8KF, XIN(S,21),PH(21),PLL2S),0R(21),NP(21)
COMMON zNP,zauv,nss.Lyko,NvR,xREs MANG, JRES,CTH,CONV,CONY1, CONPY

$yMES, BKALY, SKAL2,8KALT , SPAL,8CAL, NYG,H(!?);CHS,BAREA
Cakl QSHYIN(IERR, 580}
CALL GSCC],IERR}
DO 45 (#1,12
W{L)=i,0
TYPE 289
FORMAT [BHMAIN 1/)
oty 23809
FORNAT(1818)
READ(8,100)1TY
IF(ETYI09,98,2
GOTOCN,6,7,8,2),17
ITY¥ey OPERATE ss GPIG!NAL PROGRAN RETURN AFTER 3@
2 INITIAL DATA ONL
3 SUBBASIN OATA IN OP AND PRINT
4 OPERAYE AND PRINT
5 OPTIMAL YERIFICATION OPERATE OWLY
1ENTSY
IRET=g
4 .88
IENTeg
IREYx{
J »B30
TENT®Z
IRETWZ

TENT®3
IRET*2
J e
REAQ NO OF PHASES {NPH) AND OPTIONS FOR READING XIN (NPR}
AND WEIGHTING COEFFICIENTS (NRC)
READ (8, LBAINPH NPR, NWL
IF NWC > 8 READ MONTHMLY WEIGHTING COEFFICIENTS FOR 08J
TF{NWE LGT, 8) READ(6,101) ({L),Lal/ 42}
INPUT DIG BOUNDS AND LEVELS
READ(S,101) (PL(L),Lut,9)
READ (8,101) (PH(L),L%§,8]
READ(8,108) (NPILY, Lot,B)
FORMAT(12F 56,23
INPUT BOUNDS FOR ANALDG
READ (8,181) (PL{L),Lw12,21)
READ (8, 184 (PR (L, Le12,21)
READ IS, 198) (NPIL),L¥18,21)
CONPUTE INCREMENTS
0028L31,23
XLENP (L)
XIMCLYIRPL (L)
XIN(E,L)wPLIL)Y
OR{LY = (PHIL) =PL(LII/XL
IF KPR GT @ INPUT XIN(,L}
La wPR
k8
0CY 927487

3,13
READ (8,113 tXINCI,L),Le1,9)
READ 08, $@1 (XIN{1,L},La10,21)
SET XIM AT INITIAL VECTOR
00 14 Laxi,2%
NTHIL)SXINCL L)
WRITE(8,102)
FORNAT{1HL,9X,38HPR NP Y PL Xin
0O0Z{Lsi,21
WRITE(S, 1BI)IL NP LL),PHILYPLILY, XINCL, LY DRLLY
FERMAT(7X,214,4F8,3}
MRITE(S,108)
FORMAT (1K1Y
ROBJ=5N0200,0
ROBaw(, @
DD FOR EALM PMASE
OD7PKe]  NPH
SET ALL PARAMETERS TO INITIAL LEVEL AND OPERATE
DIGITAL
06 27 Lwt,P
OIG(LI«XINIK,L)
ANALOG
00 28L¥10,21
VALSXINIK,L)
Cill POTST(L,v4L)
CONTINYE
OPERATE KITH PHMASE INITIAL DATA
CALL MYOSH(3,3,08J,0B4}
FORMAT(IME,F1B.2,F6,2,9F7,3)
WRITE(8,104308J,084, (XIN(X, L), Ly, 9
WRITE{6,181) (XIN(X,L),Le18,21)
WRITE{6,1B4IR0OBI ROBA, (XIMLLY,Lu1,9)
WRITECE, 1813 (XTMCLY 18,21
CHECK ROBJ AGAINST DBJ OF XIN(X,L)
IF(0BJ-ROBJI166,170,178
RoBJe0BS
ROBARDBA

00774}

J 182
178 IF(Kw1}171,171,478

174

17%
176

Figure

ROBJWDBY
ROBADBA

J v 180

DO 178 Leg 2y
AIN(K,LYnXTH(L)

B.6. List of digital computer program OPVER with all subroutines.
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RESEY PARAMETERS TO XIH
OIGITAL
00 177 Let,9
DIGCLYWXINCK,L)
ANALDG
DO 178 Lega, 21
VAL®XIN(K,L)
CALL POTST (L, vAL)
178 CONTINUE

OPERATE WITH BEST VECTOR

17

~

[4
180 WRITE(S,108)

o

o

CALL HYDSM{3,2,RUBJ,ROBA)
MRITE(S,184)R0BJ, ROBA,(XIN(K,L},L!!,Q)
RITE (8, 121) (XINCK,L) Lo i)
FoRna?{1HB(xlHPIX!HLSKSHP!Ria!8HDBJ1SXSNDBAl524HGR10}}
WRITE (S, 108)

00 POR EACH PARAMETER
DusdYay,2)

XINCK+ L, YIXIN{K, 2}

PARWPL (1)

NTSNP(I)+1

TF (NP CI) LE 1) NTE

DO FOR BACH LEVEL
00 359 Jei,NT

IF (1+0)48,48, 41
DIGLI}NPAR
L4

41 CALL POTST(I,PAR}
48 CaLL HYDSM(3, 3,087,084}
IF{J=1)8Y, 55,56
GRAORY,
POBJwOBY
DBJl-OBJ
50 10
GRABICUBJ-QBJl)!Dﬂ(I)
0BJ1w0BJ

57 WRITE(8,187)1,J,PAR,0BJ,0BA,GRAD
187 FORMAT(1X215,710,3,0F18,5}
CHECK OBJECTIVE FUNCTION IMPROVEKENT
IF {DBJ=POBJ) 48,48, 48
POBJROBY
FOBAROBA

XIN{Kes, I uPAR

CHECK OBJ AGAINSY MINIHUM ROBJ
1FLOBJROBJ) 149,48,48
ROBJ*0BJ

ROBA20BA

00 132 Lvi, 32
158 XIM(LY®XINK,L)

KIM(IyePAR

48 PARSPAR#DR{I)
59 CONTINUE

RESEY PARAHETERY

1F (1=9)%2,52,%3
QIGLIIRXIN(K, )

J .89
VALWXIN(K, 1)
CALL RPOTST{I,VAL)
CONTINUE
WRITE(S,128)
78 CONTINUE
END OF ALL PHASES OPERATE AND PRINT LAST TIHE
KeNPH+1
SET ALL PAHAMETERS TD INITIAL LEVEL AND OPERATE
DIGITAL
BO 127 L=i,9
127 DIGCLISXTN(K,L)
ANALOG
£O128Le R, 21
VALRXINGK, L)
CALL POTST(L,vAL)
CONTINUE
OPERATE ANO RETURN 08J
CALL HYDSM{3,3,08J,084)
WRITE(6,184308],084, (XIN(K,L),Lw1,8}
RRITE(S, 1013 (XINCK,L)},Ln10,2])
WRITE(6,1843R08.,ROBA, (XIK(L],Lul, 5}
HRTITE (S, 1813 (XIN{L),Lo1m,21)
1F (0BJ-ROBJ) 240,240,208
208 DO 2% Lwg,21
289 XIN{X,Li=xIM(L)
RESET PARNETERS TD XIM
OIBITAL
50 227 L»{,8
OIGCLIeXINIK,(L)
ANALDG
00228Lwi0,21
VALEXINIK,L}
CALL POTSTIL,vaL)
228 CONTINUE
248 WRITE (5,128
OPERATE &NO PRINT WITH FINAL DaTa
CALL HYDSM(3,2,08J,084)
WRITE(S,104308J,0B4, (XIN{X, L) Lo1,5)
WRITE(S, 1013 (XINCK, LY L®18,21)
WRITE OUT XIN T48LE
WRITE(S,201)
FORNMAT(IH], 320, 3HRINZ18Y,3H  1/)
NPRENPHe]
00 78 Ixi, 2!
78 WRITE{E,282)1, {XIN(L,I},L®1 NPP)
282 FORMATLIAX,IY,6F7,.3)

1
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3
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14
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12

o

22
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28

8
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Jo.t

CALL RYDSM(IENT,IRET,0BJ,0B4)
J -

99 8TOP

EHD



[ HYOROLOGIC SIMULATION MODEL « SUBROUTINE HYDSH

SUBROUTINE HYOSMCIENT, IRET,08J,084)

REAL MIC,MES,KS,KG,H8,MC8,NETPH

COMMDN WKL (14,12),WK(12),POL(12),N{8),0D(12),FMT(1@3,CVR(B),
V{183, A(10),BASIO(10),PVIIY),0UM( 3,12,8),PKCL7,[2),5HKC{12),
R8PKC (1R} 11 (14),DCA(14),CAC(14],PCACIA},PAC(7),PRALT),DUTLLS,21)
3,076¢19) RES(10),RESCL18),ROUT(4,13,2),XIH(21)

A MIC, ME ENSD, SKAL, SKF , XIN{S,21),PH(21),PLL21),0R(21),NP(2])

CONMON INP,TOUT, N8B, LYRO,NYR, IRES, MANG, JRES, CTR, CONV, CONVL, CONPY
LoMES, SKALL , SKALR, SKAL 3, B8PAC, SCAC,NYB, W{12) ,CN5, BARES

DIKENSION P(38),VARLB(21)

OATA PC1),P(23,PLY),P(4),FL),P(6),P(7),PLBY,P(S),PLIC),P(L1),
SPL123,PL13), P14}, PLI%), VARLBLR2L) /4HPO1S, 4HPBLL  4HPR12, 4HPBLY,
24HPOL4, 4HPALS, AHPR16, 4HPY17 ) AMPR18, AHPR1D, 4HPB2E, 4HPR2Y ) 4HPRR2,
34NPR23, 4HPOR4, AHDIFF /

4 OPT VER EXTRACT
NLL®2]
GDTE(7,8,15),TENT

7 TYPE %10
510 FORMAT(ZHHYDSR={(/)
OCY 25000

oo

2 A(I3nm,

CALL GWBDAR(A,B,8,1ERR)

CALL B8YDA -

CALL GRBADR{A,Q,18,TERR)
|4 INP I8 INPUY DEVICE, IOUT I8 DUTPUT DEVICE, N3B 18 NO OF 8UBe
c BASINS LYRO I8 THE BEGINNING YEAR OF SIKULATIUN AND NYR 1§ THE NO
< OF YEARS
4

CALL BASIC(VARLB)

¥RITE(6,207)
IF CIAET,EG, 1 IRETURN
INITIALYZE GRIV AND OGLI
OPT VER EXTRACT
800 3 Jup,NYR
00 3 Kei,i2 ¢
DUM (I K, 8)sd,
1 DUMLI K, 7 e,
3 CONTINUE ¢
t REPEAT PROCEDURES FOR EACH SUB=8ASIN
00 32 Is{,nN88

[2Ya)

C8R
24 Call SUBOAT(P,VARLE, 1)
cs®

WRITE(IOUT,207)
207 FORMAT(IHI)
IF §8w B ON DO ALL NYR YEARS BEFORE PARAHETER CHMANGES
BYPASS 88K 4,0 AND 6
IF S§8% D ON PAUSE EVERY YEAR TO ALLOW BETTING 8% i FOR RERUNS ¢
SNW2RDIG1R)
EHS2wMIL
14 TYPE 24%
245 FORMAT{OHRESEY 08}
ocT 28980
ENTRY POINT FOR OPT VER
15 PNICHMICOSKALY c
PHESwwNES#SKALL
CALL OWJDAR(PHIC,04,1ERRY
CALL OWJDARIPHES,d5,1ERR)
4 INITIALIZE OBJECTIVE FUNCTION
o08Jeg,0
0BAx3,0
c SET ANALDG TO INITIAL MODE
CilL OSICCIERR)
c REPEAT PROCEOURES FOR EACN YEAR
00 125 JUHYB,KYR
IFFat
SKW1wDIG (183
EMZLEMS
t IF 58Sk D ON PAUSE EVERY YEAR TO ALLOW SETYING S5k A,
4 IF $8W B ON IGNORE S§SW D
orY 223532
0CT @s3408

Oo0a

crever

Lo AND E

4 158
188 FORMAT (SMEEY A
TYPE 188
LT @28ufe
168 JISLYRO¥Jw)
c INITIZLIZE ANNUAL VALUES
Do 23 iL=g,21
23 0UT(13,L)a0,
BYORMMIY,
4 REPEAT CALCULATIONS FOR EACH MONTH
00 22 Kwi,12
TEMPWDUM (I, K, 1)
PRYXDUM (), K, 2)
GCORWOUM(2,K,3)
AGAGROUM (I, K, 8 e
ARIVEDUM2,K, 8)
AGLINOUM LI, K,?)

o

L
EKYo G133 TEMP 314
IF(EKT,LY,.3) EKTs,3
ETF®EXT«OUT{K,2) 0156 (Y)
ETPaSwKE (K)4ETF
SSPKC{KI«ETF
NEYPH&E
RPMYD, c
RPSMRPPY
SNNTHQ,
IFLYERP,BT,DIG(8))50T09
QIGC1030016 (10} «FPT
RPSHeQ,
g IFLTERP,LT,BIG(9})160T010
SKHTRDIG (1Y # (1, «EXP{eDIG(1) v (TENPOIG(93)Y)
TFIDIGLID) LY SHMTISNMTRCIG(10)
DIG(18)mDIG(14) =SNNT
18 RPMTRRPSMeSHHT

Figure B. &, {cont’d}
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MANAGEHENT 8TUDY CANAL OIVERSIONS

PUT LEACHING WATER REQD IN DUM{J,X,4)

LA MANG

A /9

ocY 927410

g .4
QCNLWDUN(J, K, 4)
J €

.
ETPISETP

NLL#19

DYMNTEHPCTH

LA DTH

SKP

J %1

J 3

ETPi#2,8
ETHEETR | =RERT= (HE=CHS)
IFLETN LY 8, JETHeD,
QCNL*DUNCI,K, 43 +ETHN/DIG (2
PCR{ARSH=DIGL7) )06 (43
1F(PL,LT.0.] PCx
SCADIG{S) #BNNT
QUNGBSCHPC+D1G (8) #0C0OR
QINEORIV+QUNG
WADSGIN=NETPH

1F (HANG,LY,2) 6O TO 87
IF(WAD LT, 8, )NADSE,

IF CICNL 6T, WADD GCNLEWAD
GoIvaDIG (2 #DLHL
QIGRARPHTHOOIY
GEITAWAD=GOTY
ACL)euQTo8oKALL
A(2)u=ETPeSKALY
A(3)s=QGLI*SKALS
AC4)s0SITHSKALY
PGAGRGGAG*3KALY

CALL UNJOAR(PGAL,08,1ERR)

TRANSFER 0ATA FROH DIGITAL YO ANALOG

CALL DWBDAR(A,29,4,IERR}
CALL G8TD4

TEST SENSE LINE TO PROCEED COHPUTATIONS

CALL ORLBB(ITEST,IERR)

IF{ITEST,E0,'200) 60 TD 1t

CALL QRLABCITEST,IERR)

IFLITEST,NE, '280) 60 70 12

CALL QS0P (TERR)

CALL QRLBB(ITEST,IERR}

IFCITEST,.EG, 1200} 6O 10 13

CALL GRBADR(A,®,5,IERR)

CALL QSH (IERR)

TRANSFER RESULTS BALK TD OIGITAL

GYDWA (1)#8KAL2

AGOw~A (2] #8XAL2

ETeeh (33 #SKAL

PRk 4] #8KAL

HErwh (X} #5XAL

Q8080050

1F IRES G 9 OPERATE RESERYOIR

La IRES

T

oct agraie

3 L3

3 .3

CaLL RESRY(J,K,R80,ETF,IFF)

DUTPUT THE RESULTS OF BIMULATION

CALCULATE DUTPUT ARRAY IN INCHES

ACCUNULATE SUMS FOR ANNUAL VALUES

CALL DOUT{DUT,X,1,TENPY

CALL QOUTLOUT, K, 3,PPT)

CALL QOUTLOLT,K,4,GRIV)

CALL DOUTLOUY,X,3,QUNG)

CALL DOUTLOUT,K,8,QCN0)

CALL DDUT(BUT,K,7,081T)

CALL DOUTLOUT,X,8,0165)

CALL DOUTIOUT,K,9,06LI)

CALL DOUT(OUT,K,108,016C10))

CALL DOUTIOUT,K,11,8NHT]

CALL ODUTIDUT,K,12,ETPH)

CALL DOUT(OUT,K,{3,ETF)

CALL DOUTIOUT,K,14,ET)

CALL OOUTIOUT,K, 13,48}

CALL DOUT(OUT,K,18,DF)

CaLL DOUT(OUT,K,17,670)

Call COUT{OUT,X,18,060)

Call DOUTCOUT K, 19,080}

CALL DOUT(DUY,K,28,06A6)

OYYnQSO~0GAG

CALL DOUT(OUT,K,21,0xX)

oUT(13,2)m0UTLI3,2I40UT(K,2)
CALCULATE 0BJ

OBJIROBJIeDUTIK, 211 4QUT LK, 210 #N (K

3
IF $Sw D ON KEEP ORIV AND RGLT UNCHANGES

IF $8w% B ON DO SAME
oLy azafise

J 28

4 + 20

OCY g2342n

J ~21

J 20
IF 58w E ON USE RECORDED INFLOW FOR GRIV AND QBLI

oCct g234le

J £ 22
QUHMLI,X,8)a0.0
OUMLI K, 7Y 80,2

J .
CUM(J K, 6)s050+CONY
DUM(J,K 7} 2QGO*CONY
CONTINUE
QUT(13,12e0UT(13,4)/12,
OUTUI3183e0UT{12,10)



QUT LY, 18)90UT(12,1 c SUBBABIN DATA INPUT « SUBROUTINE BUBDAT

uvcxa,m-ouma,xoz.omm 20) SUBROUTINE SUBDAT(P,VARLBE,1)
OBANOBA+DUT(13,21) REAL MIC,H8,MES
[ 8KIP PRINTING !F OPT VER COMMON WKE($4,12), WK (103 ,POLULRY,N{B),DO(12),FNT (30, CYRLB),
IF{IREY,EQ.3)GOTOZS VI3, A018) ,BABIOLIBY, PYLLE)  DUMC 3,12,8),BKE(7,42),SKKELIRY,
LLeg zsmcuz:.n(u).ncuu).ucun:Pcaun,mm.spun.ourua,n)
78 WRITE(S,2083 (BASIO(L),LmE,18),0J 3,016018),RES (16} ,RESCL10) ,ROUT{4,13,2), X IR}
206 FORMAT(1X{gA4,818) 4 MIC, RS EHSD, 8KAL  8KF, XINCE, 217 ,PH(213,PL{R1),DR(213,NP(24)
225 FORMAY[IRQ,7XIHVAR, 7 {7XA3)) COMMOHN INP,I0UY,N8B,LYRO,NYR, IRES, MAND, JRES, CTH, CONV, CONVY, CONPY
WRITE(IOUT,228) (V(K),K81,6) 1,MES, SKALS ) 8KAL2, SKALZ, SPAC, ACAC, NYB, M E12] , CNS, BAREA
168 00 82 Ls1,NLL OTHENSION PC18),VARLE{ZYD)
226 FORMAT(IXA4,7FL8.2} ¢8R
82 WKRITECIOUT,2263VARLBIL) » [OUT(K,L) ,K=1,6) 24 TYPE 282,1
“”EHDUWWN V(K1 KR7,13) 282 FORMAT(GHCAROSw,13/)
DD 8% Lwi,NL ¢ OPY VER EXTRALT
85 nnn!cxour,zze)vnuam (OUT(KeL) ,Ku7,13) 0CT 25000
IF{HANG,GT,B8) 5O T NYBui
NRITE(S, 2093087, naA 201 FORMAT(1PA4,815)
208 !annuumnwa,10!.4HEBJ-yF26.311H P 10X, 4M0BAR, F20,3) c apY VER EXTRACT
&8 WRITE(IOUT,207) READ(6,281) (BASIOCLY Lw1,10], IRES, MANG, JRES) JCONY
1rrez ¢ IF IRES BT 8 INPUT RES PARAMETERS
CALL RESRVIJ,K,08C,ETF,1FF) IF(IRES,GT,2)READ(8,358) (PES(L),Lel,10)
IFFsy c TIF HANG GT @ READ MANAGEMENT PARANETERS
IFLLLY?S, 75,77 1F (MANG BT, BIREAD(8,358) CTH, CM3, BAREA
¢ IF $3W € ON OUTPUT ACRE=FT TABLE [ 1F JRES GT @ REA0 CANAL RESERVOIR PARAMETERS
77 DCT 0Q3440 1P (JRES,GY,BYREAD(S, 380) (RESC (L) Lw1,18)
J 75 asp ram«n(wxwr?,a)
LLeg 215 FORMAT(8F10.2)
00 78 Led,NLL ¢ INFYT EROP ACREAGES FOR BASIN
00 78 Kni, 13 ouum,u
IF(L=12)82,85,82 54 CAC(II=R,0
81 DUT(K,L)2CONPYSOUT(K, L) 221 FORMATCLOX,13,F7.0,13,F7.8,13,F7.0,13,F7,0,13,F7,8,13,F7.9,
.78 113,£7,0]
82 DUT(K,L)WCONV¥DUT(K,L) anou,zancnm.aum Jut,14)
78 CONYINUE SCALeR
J e no 53:-@1.14
4 IF 384 A ON ENTER PARAMEYER YALUE CHANBES ON TTY Lels ]}
[+ IF S3W B BN AND J LY NYR 8XIP CHANGES IF{LLE.BYGOTOSS
78 COMTINUE CAt{L)=DCAC)
1F {J,EQ,NYRIGOTO7Y SLACESCACOLATIL)
4,128 55 CONTINUE
79 NyBuwy ¢ COMPUTE CROP PROPCHTIONS
HICaEMS2 47 00 52)wl,14
HSWEMS 2 62 PCA{JIWCAC(J)/3LAC
016G {18) #8NW2 ¢ INPUT PHREATOPHYTE ACREAGES
¢ RETURN POINY FOR OPT YER DD 61 Jai,¥
206 IF({IRET,GT,JIRETURN B1 PAC(J)uB,.B
125 CONTINUE ' READ(8,221) (11 (J),0CACI) ,JI81,7)
33 CONTINUE SPACHD,0
RETURN 00 62 Jwi,¥
ENG L1 (J
1F (L, LE,B)GOT062
PAC (LISCCA(Y)
SPALESPACIPALIL)
82 CONTINUE
¢ HYDRDLOGIC SIMULATION OUTFUT ARRAY ALLOCATOR ConyasCac iz,
SUBROUTINE DOUT(OUT,KsL, 0XX) CONPY=SPAE/12,
DINENSIDN DUT(13,21) [ COMPUTE PHREATOPHYTE PROPORYIONS
DUT (K L) s0xY 56 86 Jui,?
DUT{13,LIn0UT (13,L) ¢0Xx 56 PPALJ)WPAL 4] /8PAC
RETURH ¢ COMPUTE WEIGHYED USE COEF,
ENG ¢ CROPS
00 78 Jwi,12
stkese, o
00 s9LEl, 14
c BASIC DATA POR Be=f EVAPOTRANSPIRATIUN » SUBROUTINE BASIC 89 SERCASCKCNKE (Lo J) ¢PCACL)
SUBROUTINE BASIC (VARLB) 78 SWKC(J) #3CKE
REAL NIC,MS,MES 4 PHREATDPHYTES
COMHDN WKC(14,12),KK(12),POLC12),NC8), D012, FHT(18),EVRLE), 00 72iEi,12
$VLE3Y ,A(10) ,BASID(1R),PY I8, 0URY 3,12,8),PRC(7,12),8%K0(12), SCKC38,0
2SPKC(123;INH).OCAééﬁrC‘C(H%ePC;(;;J;;;%éI;y““!?}abuﬂlhﬁi) B0 Filwl,?
3016018} ,RES(18),RESTL1D),ROUT{4,13,2), w5CKC# “PEALL
4,MTC, N8, 482, SKAL SKF, XIN(B, 21) FH (21}, PL(21) DR (21} ,KP (21) L Tty A
CUMMON INP,10UT,NSB,LYRD,NYR,IRES, HANG, JRES, CTH, CONV, CONVY; CONPY 73 REAGLS,184) [DIGCL),Lu1, 18] SKAL SKF
1oMES, OKALL, ¥KALZ,S5KALI, SPAC,8CAC, NYB 4 {(2)L15,BAREA IFCSHFLLE.8,)SKFa2.0
. DIMENSION VARLB(21) 104 FORRATC12FE.2)
£s 5 %4a) (PR 18,213
1 READLE, 1PC) INP, 10UY,NS8, LYRD YR Hféféﬁ}é”” (LasLie,
100 FORKATILI615) HESWPK (28]
118 FORMAT(13(1X433) RHESE1 0, tMES=SKAL
READ(8,118) (V(1),101,13) LA RKES
111 FORMAY (2044) sKP
READ {8, 1113 (VARLB(1),Ivi,20) 1 .36
102 FORMAT(12F5,3) anas-sm&.-?nuz)
READ(S,102)  (POLIK),K¥1,12) LA RME
4 READ USE COEFFICANTS I
DO 52 Ist, 14 FT)
52 READ(6,220) (WKL (T,33,J%1,12) 1
220 FORMATLIOX12FY,2) 32 RMESWIM, #HES
DO 53 Iwi,? TYPE 1@5,PW{12),SKAL,RHES
53 READ({E,220) (PXC(T,J),088,12) 19% PORKATI{1H SKAL ERRDR,3F18,5/7
¢ WAITE TNITIAL DATA DET 32528¢
WRITE(S,208) 3 s
WRITELS, 119) (VII),1x1,13) 31 RSWHIC
RRITEC(S,111) LVARLE(I) Iwy,20) Rsmle.taa)th).L-hB)
uauetaimzaz’ontk).nx.m . c DRT VER EXT
00 5ep 1%1 WRITE anm 1,19
00 NRITE (8,220 CHKE (1,03, 9911122 c n;;xgg«:i‘“ {Larlvts
00 591 Isy L] RES,HANG, JRES, JUONY
s01 WRITE(8)286] (PRC(1, ), 481,120 sop FoETELR: OD1IRES, HANG, JRES)
csr IF{IRES.BT,8)WRITE(S, 224} [RESILY,L91,18)
226 FORMAT(IX{AAZ,81%) IF (KANG,EQ.8) GO TO 32
RETURN BCONVSBAREA/SCAL
END DIG{4)wOIG (43 +BLONY

Figure B. b ({cont’d)
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DIG(SINGIG(8)«BLONY
PR{ISIWPH (153 «BCONY
PH(L8)WPH (16 ¥BEONY
PH{17)#PHL{7)#BCONY
PH{IBIwPH{1B) wBLONY
PH19)wPH{{9) wBLONY
WRITE(S,21%) LTH,CHE,BAREA,BCONV
OFT VER EXTRALT
32 IFLJRES,GY,SINRITE (6,224 (RESC(L) Lol 18)
288 FORHAT!l!l@i4;3!5)
WRITE(I0UT,222) (CAL(I] J%1,14),SCAC
222 FORMAT(1X7FD,0/1XBF9,)
WRITE{IOUT,223) (PCALI),JIm1, 14),CONV
223 FORMAT(IX,7¥9,8/1%X7F9,5)
WRITE(IOUT ;222 (PAC(LI),J81,7),8PAL
WRITE(IOUT 223 (PPA(J),J91,7),CONPY
WRITE (TOUT,224) LONKE L) [ Jw1 00
224 FORMAT(1X13F6,2)
WRITELIOUT,224) (SPXCCJ) jJn1,342)
WRITELIOUT, 2243 {DIGIL) L1, 123, SKAL,SKF
WRITE(S,224) (PH{L],Ln10,21)
INITIALIZE DUM EXCEPT FOR QRIV AND 0GLI
00 88 Ilwg,NYR
DO 88 Jysi,12
QUHITI,JJ,8)00,
DO 48 Jei,8
B8 DUMCIT,Jd,0)e8,
READ DATA FOR BASIN I
IF JCONV GT @ « READ CONVERSION FACTORS FOR INFUY DATA
IFJCONY GT,BIREAD(S,213) (CYRLJI Ju1,8)
168 DO 97 Jx§,8
NNSN L)
IF(I=53232,232,238
232 IF(NN)G?,57,02
23% CYRMACONVY
IFLILEQ,8ICVYRS] D
IF{NNIRLBE,02
92 READ(B,285 1 (FHT(L),L*1,10
0 94 Lu, NN
DOSATITL,NYR
READLING ) FHTILOD{JIS), JIwy,12)
DoUSIymy, 12
S5 CUMCIT, 3, J)aBUN(TT,Jd,3)+0003d)
$3 CONTINUE
$4 CONTINUE
IF{I=3118,17417
OFT VER EXTRACT
18 XCaFLOAT (NN)
CVRS®] ,/¥C
6070400
17 CYRSRCONVY
IF(JLEQ,8)CVRSE] B
OPY VER EXTRALT
IF JCONV GY ¢ » USE CONVERSION FACTORS READ ON INPUT
480 IF{JCONV,GY,Q)CVRSECVRJ)
SCALE INPUT DATA YO INCHES
#1 009611, NYR
oD3IpAJIet, 12
380 DUMCIT, I, J)wbUM(IY, BJ,J)+CVRS
OPT VER EXTRACT
IF384 8 ON PRINT INPUT DAT&
LELYRO#ITw]
23% FORMAT({XI2,I%,12F6,2)
HEITE(IDUT,238)J,L, (DURLTT, JJ, 03,0081, 12)
98 CONTINUE
97 CONTINUE
162 SKAL1a{,/8KAL
SKAL2w3KF e SKAL
SKALI®), /SKALD
OETERMINE POT VALUES
CaLl POTST (22, 8kF)
D 15 L*1d,21
YAL®PH{L}
CALL POTST(L,VAL)
19 CONTINUE
WRITE(6,303)
393 FORHAT(41HBFOTS |8 THRU 24 BHOULD BE SET AS FOLLOWS)
HRITE(A,3823(PV (L) .L2%,15
WRITE(S,301)
CALL QSPSUIERR)
0 % Lsi,1%
PADRWF L)
CaLL BRARCPADR,PVAL,IERR}
3 PV(LIRPVAL
WRITE {8, 382) (PV(L) A¥1,15)
301 FORMAT(3SHOPOTS 1@ THRU 24 ARE SET AS FOLLOWS )
3@z FORMATLIXE¥FE,8)

{sR

c

RETURKN
END

POTENTIOMETER SEYYING ALGDRITHH « SUBROUTINE POTST
SUBROUTINE POTST(IXP,XV)

PEAL MIC,MS,HES

COMMON WKE (14,32) yWK{12),POL(I2),N(8),DD(12D FHT(}R) CYRTA),
IVEI3Y,AL323,BASID(12) ,PV(28),0UNL 3,12,8),PKC(7,12),8wkCl12),

28PKC (127 ,11€14),0CA(14),CACLLIAY,PCA(LA) (PACC73,PPA(Y),0UT(13,21)

3,0IG(18),RES(12),RESL(10),ROUT(4,13,2),XINI2Y)
4,MIC, M8, EMYZ,SKAL,SKF,XIN(B,21) ,PH({21),PLI2L),DR(21),RP(21)

COMMON INP,{OUT,NSB,LYRO,NYR,IRES, NANG, JRES CTH,CONV,CONVLCONPY

1,MES SKALL,SKAL2, SKALY, SPAL, SCAC,KYS
OIMENSION PTLS)

OATA PY{S3,PT(2),PT{3),PT(4),PT{3),PT(6),PT(7I,PT(8),PTI{M),PT 18},

\PT(l1)ePT(!E):P7[13];PT(lA}.PTflS)

FAMPOID, AXPRLL , AMPRI2, 4HPQ IS, 4RPB 14, ARPRLT  4WPR LS, 4HPELTY,

36HPB§814HP619,thﬁZﬂ:4HP521.4HP222 4HPB2I, 4HPRARA/
1T8wY%P=9
GaTHN,108,15,23,25,398,35,4¢,45,52,58,00,78), 17§
5 PvaLwy, /XY

Figure B, &, (contid}
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Ay (1) ePVAL

PADRSPY (1)

CALL GMPRPADR,PVAL,IERR)
PY{11)nPVAL

PAORSRT(L1)

3 L1080

PYALNY, /(1,89 XVaXV)

PY (2) mPVAL

PADRePT(2)

CALL GWPR{PADR,PYAL,IERR)
PYALS L,/ (4,0wx¥)

Py {3IsPVAL

PADNSPY(Y)

CALL OQWFR{PAOR,PYAL,IERR)
PYALDL, /18, B¥%Y)

PY(B) WPYAL

PADRSRT(8)

J a0
PVALBXV/SKAL
PYLAI WPVAL
PADREPT(4)

J LR
PyAL wX¥/8KAL
PVLIIRBVAL
PADRSPT(5)

3 W02
PYALEXV/ {SKAL*SKF)
BY(8)mPYAL
PADREPT(S)

100
PVALBXV/ (SKF #SKAL)
Pv{F)wPVAL
RADHAPY(7)

3 .08

PYALEYV/ (SKF¥SKAL)
PY(1B) #P VAL
PAOREPT{10)

3 .1ea

PYAL®XY
PYL12)WPVAL
PADRWPT((2)

J L1008

AyALEXV .
Py (13)=PVAL
PAORSPT{1Y)

1 .tee

PyALOXV

Pyl14) wPVAL
PADREPT {14}

J 182
PVAL¥Z,1#3KAL 7RV
PYLIS)PVAL
PADRAPT(LE)

4 181

aPTION FOR SETING POY 18
BVALNE,/ AV

By (D) aRVAL

PAORSPT (3]

CALL GWPR(PADR,PVAL,IERR
RETURN

ENG

RESERVDI® OPERATION ALGORITHM = SUBROUTINE RESRY

AUBROUTINE RESRVLJ,X,U80,EYF, IFF}

REAL MIL, HEY, K5, KG, MY, NCY

COMRON wxctxa,zz),ux(123 POL{12),N{8),0D(52),FHT(18),CVR(8),
1¥(13}, A(lﬁl,ﬂ*slbtlﬂz,PV(!S},DUH( 3,104 M)PRELT,13) ,SWKE(12)
2spxc(123.11(;4!,OCA<14),cac114) PLA(14),PAL(Z) (PPALY),OUT(13,R1)
3,0:&(1%3.?55(197;ﬁESctte).Rou7t4,13‘2)‘KIH(21)
A MIC MS, EMAR, SKAL, SKF YINCE, 211, PHI2L) ,PLIRI),DR(213,NP (20
COHRON :NP,xour.Nss,Lvno,uvn,:nss,nnnc,:aﬁs.crn,csuv.CONV\.coNPv
1, HES (SHAL L, SKALE, SKALD, SPAC, SCAC, NYS

J IS YEAR,K 18 HONTK,G80 18 3UBBASIN SURFALE QUTFLON,

ETF 18 HOD, B=C EVAP TEMP, FALTOR

IFFw1 OPERATE REMERVOIR RULES

IFFR2 PRINT JTH YEAR DATA

RETURN IF IRES »8

LA IRES

4 /8
ey 327418

8

3 + 99
IFFa] GRERATE
LA

$ sz

LT a7 402

3.

IF 18T MONTH OF 18T YR INITIALIZE RESV AND EXTREMES

JJIK#J

LA Jg

$ ’2

et 2zrdia
J .7
STI=RES(1)
SHAXNSTY
SHINNETI
JHNRLYROwy
PLELRES]
KHNx12
AM¥12

IF 137 73
IF 13T MOMTH OF ANY YR INIT ANNUAL TOTALS
LA

s 4



4

2

2
19
2

3

- @

@ o

5

@

oCT g27418

e

00 8 Lui,4

Rouf(L.zs.a)-a.B
ROUT(L,13,1)82

SET UP INITIAL ncu7au? VALUES
QINGSOCONY

QGRBDUM(J 4K (8}

S1e8TI

ices
EVKPICTPDPKC!?pK)
DCB2OUN (J,K,;2)wEV

OPERATE R!SERVD‘R ITERATION
ICsICe}

CALL AREA(SI,AR,RES)
OTSwQIN=QReOCHFAR/ 12,0
STa8I+0TS

CHECK EDM ST AGAINST STMAX AND STHIN

IF (8T, 6T, RES{3}IGOTOLY
TF{ST,.LT.RES(2))G0T014
ORRsOR

J 20
QRReQR+3T~RES (3)
STERES(3)

J 220
QOMuRES{2) o8
Q0DNIR=UOM
IF(Q0D,LT.2.0)50T0tS8
QRREQOD

$TsRES(2)

]
GRRag. 2

STERES (2] +Q0D
IF(RES(3),LE,8,0)8TxE,8

COMPUTE AVERAGE STUGAGE FOR KONTH
34 {371+37) /2,8

COMPUTE AVE AREA FOR MONTHM

CALL AREA(SA,AT,RES]

CHECK AGAINST GUESSED AVERAGE
ERsRES (4]

ACE{AT=AR) /AR

AKBABB{AC)

ACSER=K

La aC

kP

3 21

K 28

CHECK TTERATIONS
ICCeIC-22

LA ICC

4 10
WRITE(6,1B80)87,54,57
I1C EXCEEDS 3
FORMAT({2R EXCESS ITER,3F20.3)
SET UP FOR NEXT MONTH
QREQAR
Q80mQR/CONY
COMPUTE DUTPUT ARRAY
DAe8T/12.2
CALL RSOUT(L,K,1,37,04,R0UT)
DMeST=8TI
CALL RSOUT(2,K,1:0M,0H,ROUT)
OMREVAR®AR/12,8
CALL RSDUT(3,K,,0H,0H,ROUT)
OMEDUK(J,K,2) #4R/12,0
CALL RSOUT(4,K,1,0M,0M,ROUT)
CaLL REQUTLL, K, 2,0%N, 21N, ROUTY
CALL RBQUT(2,K,2,0R,0R,ROUT)
CALL RSOUT(I,X,2,EVAP,EVAP,ROUT)
INITIALIZE NEXT HONTMS 87
STIaSY
CHECK EXTREWES
EMXsST=§HAY
L EMX
KP
J .38
SHAYESY
IMXRLYPO*I=1
KHYsK

4 +32
ENNOSHMIN=ST
LA EMN

kP

J «33
SMINEST
JHNSLYRD4 Ju i
KRNEK

33 RETURN

Figure B. 6.
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IFFa2 PRINT RES DATA

JROLYROSI=]

WRITE(E,182) (BASIOCLY,L¥1,18) R
PORHAT(LX1B4A4,15///710% ,22HRESERVOIR DATA (AL~FT))
NRITE(S,183) (VL) ,L*1,8)

FORNAT (/4XSHMONTH, 7 (7XA3))
WRITE(S, (84 (ROUT(L,K, 17 ,Ke1,8)
WRITE(S, 105) (ROUT(2,K, 1) ,Ke}, 8]
WRITE(S, {B8) (ROUT(I,X,1]1,Ke), 6}
WRITE(8,187) (ROUT(4,K,1),XKe1,8)
WRITE(8,108) (ROUT{L,K,2),Ke1,8])

WRITE (A, 189) [ROUT(2,K,2),Ke),8)
WRITE(S, 118) (ROUT(Y,K,2),Kel,8)
WRITE(S, 183 (VIL),Le7,13)

WRITE{S,184) (ROUT({,K,1),Ke7,13)
WRITE(S,$85) (ROUT(2,K,8) ,Ke7,53)
WRITE(S,108) (ROUT(I,K, 1), K87, 1)
HRITELS,1087) (ROUT(4 K, 1) ,Ke?7,53)
WRITE(S,108) (ROUT(1,K,Q),Kn7,13)
WRITE(S,109) (ROUT(2,K,2) ,Kn7, 43}
WRITE(8,110) (ROUT(I,K,2),Kn7,13)

FORMAT (/2XBHSTORAGE ,/2XBHAT EOM ,7F1@,0)
FORMAT (/2XBNCHANGE , /2X8MIN SYOR ,7P10,0)
FORMAT ( /2XBHEYAP S /RXBHVOLUNME 77 42,0)
FORMAT[/QXBHPRECIP ,/2XBMVOLUNE ,7710,0)
FORMAT (/2X8H S ARXOMINFLOK ,7F(R,8)
FORMAT (/2X84 P F2XBHOUTFLOW ,7F10,@)
FORMAT (/2XBHEVAP P 72XBHIINCHES) 27X 10,2/}
JENYR WRITE EXTREHES

JEaNYR=}

Lk JE

A8
oCT 227418

1,78
KRITECS, 12839, SHAX, V LKHK) , JHX
WRITE (S, 12135, SHIN, V [KHN) , JHN

FORMAT (/758X IBHNAY STORAGE FOR, 13,74 YEARS:, F10,0,3KACFY,2%A3,15)
PORMAT(//71@X{SHNIN STORAGE FOR, I3, 7R YEARS®, FL3.3,BHAUFT,2XA3,15)

Lk JRES

A /8

OLY B2r418

J .88
WRITE{(S,128)
FORMAT(1M1)

RETURN
END

RESERVOIR OPERATION OUTPUT ARRAY ALLOCAYOR
SUBROUTINE RIOUTIL,K,N,DHM,04,ROUT)
DIMENSION ROUT(4,13,2)

ROUT(L,K,N)uDK

ROUT (L, 13, NIBROUT(L, {3, NY#0DA

RETURN

END

RESERVOIR SURFACE AREA ALGOMITHM = BUBROUTINE AREA
SUBROUTINE AREA(ST,AR,RES)

DIHMENSTION RES(12)

IF(SI,17,0,8150T018

TF(S1.LT.RES{8])BOTO}

C2eRES{1Q)

ARSRES (D) #8Tesl2

J 12

C23RES ()

ARSRES (81 oSToaC2+RES(E)
1

ARSRES (5]

RETURN
ENG



HYDSM
{1ENT, IRET, 0BJ, 08A)

YES RETURN TO
b
IRET = 1 7 { LN }

il QU R RN
|
| SUBDAT
| SET UP INITIAL CONDITIONS FOR
| ARALOG COMPUTER SIMULATION
|
I
o IF SSW B ON - DO ALL NYR YEARS BEFORE
ALLONING ANY PARAMETER CHANGES - BYPASS
| | TEST ON SSW D
PAUSE TG ALLOW SETTING IF S5W D ON - PAUSE EVERY YEAR T0
i ] SSH  C ANDE ALLOW SETTING SSW  FOR YEARLY RERUNS
| |
|
[F MANG > O, AND TEMP > CTM, COMPUTE CANAL
| - DIVERSIONS FROM POTENTIAL ET MINUS (RAIN AND
D SNOWMELT) PLUS LEACHING WATER REQUIREMENTS
| IF TEMP < CTM DIVERT ONLY LEACHING
| | : ;EMP o P* PR WATER REQUIREMENTS
PT = OUM {J, K, 2}
o e D Eg K ﬁ CALCULATE POTENTIAL ET FOR CROPS AND PHREATOPHYTES COMPUTE SNOW STORAGE
i USING HODIFIED BLANEY-CRIBOLE METHOD AND SNOWMELT
P QALY + DM (1, K. &) :
[ QLT = DM {4, K, 7)
|
P
i I ! GCNL = GONL # (ETP-RAIN-MELT)/CIR YEP =
i I
| } o N0
|
l l QYNG = (RAIN - PTH)
= - PTH) #(, + SNMT *C + QCDR*COR -
| | | “QIN = ORIV + QUNG ! 2 NO GIGS = (RAIN + MELT) + QONL*CIR
| | | QOIV = QUNL*CIR GSIT = QIN - QDIV - KETPH
| I YES
| [ CANRS TRANSFER ™ MONTH DATA TO ANALDG COMPUTER
| ! AND SET ANALOG IN OPERATE MODE
by o ASSIGN VALUES FOR MASS TRANSFER RESULTS FROM ANALOG TO DIGITAL -
BALANCE TABLE OuTPUT (QT0, GGG, ET, DP, AND MS) SET ANALOG ANALOG THRU WAIT
[ [N HOLD YES o
oy
| I IF SSW D ON - RECYCLE EACH YEAR
[ | seTuP 0s0 aNp gco AS gRiv IF SSW B ON - RECYCLE AFTER RUNNING
| . ] AND QGLI FOR NEXT SUBBASIN ALL YEARS OF STUDY
| IF 5S4 E ON - SET UP DUTFLOW OF PRESENT
P SUBBASIN AS INFLOW FOR
} NEXT SUSBASIN
P ] INTTIALIZE QRIV A0 eoLl WRITE OUTPOT
FOR HEXT SUBBASIN TABLE
| IN INCHES
|
|
1]
CONTINUE
I b ——— {END OF MONTH LODP) WRITE OJTPUT
TRBLE IN
U ACRE-FEET
I
E
| " NYB=1 vE5
I RESET INITIAL SOIL
Iy MOISTURE AND SNOW STORAGE
— 125 CONTIRUE
| _—— (END DF YEAR LOOP) w0
|
L

30 CONTINUE
{END OF SUBBASIN LOOP)
RETURN TO QPVER

Figure B.7. Flow chart of subroutine HYDSYM.,




BASIC
(VARLB)

READ INP, |~ 777777
I0UT, NSB
LYRO, NYR

READ ROW AND
COLUMN LABELS

READ PROPORTION

OF DAYLIGHT HOURS

INP = INPUT DEVICE NO.
4 IS HSPT READER
6 IS CARD READER
IOUT = OUTPUT DEVICE NO.

IS HSPT PUNCH
IS LINE PRINTER

ol

NSB = NO. OF SUBBASINS

LYRO = BEGINNING YEAR OF
SIMULATION

NO. OF YEARS TO BE
SIMULATED (<3)

NYR

FOR EACH MONTH
(POLi i=1, 12)

READ CROP CONSUMPTIVE
USE COEFFICIENTS
(WKcij’ j=1,12, 1 = 1,14)

READ PHREATOPHYTE
CONSUMPTIVE USE COEFFICIENTS
PKCi j J=1,12, i = 1,7

WRITE BASIC
DATA

—

‘ RETURN )

INSURE THAT SUBSCRIPT
ORDER FOR CROP USE
COEFFICIENTS IS THE SAME
AS WILL BE USED IN SPECIFYING
CROP ACREAGES IN SUBROUTINE

' SUBDAT

INSURE THAT SUBSCRIPT
ORDER FOR PHREATOPHYTE
USE COEFFICIENTS IS THE
SAME AS WILL BE USED IN
SPECIFYING PHREATOPHYTE

SUBDAT.
SUBSCRIPT NO. & MUST BE
RESERVED FOR FRESH WATER

IF RESRV IS CALLED

Figure B.8. Flow chart of subroutine BASIC.
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SUBDAT
{P, VARLB, I}

TYPE CARDS-T
PAUSE
RSR

READ BASID, TRES,
MANG, JRES, JCONV

READ PARAMETERS FOR READ PARAMETERS FOR RS
STORAGE RESERVOIR READ THRESHOLD TEMP SYSTEM TO SUPPL EMENT
SYSTEM FOR DIVERTING WATER, CANAL OTVERSIDNS

RES L=1, 10 CTH RESC, L=1, 10
READ PHREATOPKYTES TYPE COMPUTER CROP PROPORTIONS READ CROP TYPE AND
AND ACRES LAy 2 =1, 14 ACRES T, DCAg, J=1,14
oo, 0.1, 7
1
COMPUTE PHREATOPHYTE
PROPORTIONS
PRy =1, 14

!

COMPUTE WEIGHTED COMSUMPTIVE
USE COEFFICIENTS
SHKC, AND SPKCJ J=1, 12

1

=

READ DIGITAL MDDEL PARAMETERS
AND SCALE FACTORS FOR ANALOG

MODEL
big , t =1, 10, SKAL, SKF

READ ANALOG MODEL PARAMETER I
PH, L= 1

Hy L= 10, 2

TYPE
SKAL ERROR

T K = NO. OF STATIONS WITH
DATE OF TYPE L TO BE INPUT

COMPUTE CONVERSION
FACTORS FOR INPUT DATA

READ CONVERSION FACTORS
FOR ALL INPUT DATA -

ouM JREﬁD 2"”5’7 U?T*N?R CONVERT SUBBASIN WATER DATA
K=112,141, 8 TO INCHES OVER IRRIGATED AREA

WRITE CON-
VERTED TN~
PUT DATA

CALL POTST

RETURN 10
HYDSM

Figure B.9. Flow chart of subroutine SUBDAT,
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RESRY
J, K, 080, ETF, IFF

Tst HONT!
Ist YEAR

1

YEAR

HONTH

SURFACE QUTELOW

ETF = F FACTOR FOR

MODIFIED BLANEY-CRIDDLE

EVAPOTRANSPIRATION MODEL

IFF = 1 FOR RESERVOIR
QPERATION

= 2 FOR PRINTOUT

INITIALIZE STORAGE

INTIALIZE EXTREMES
SMAX AND 3MIN

NITIALTZE ANNUAL TOTALS

1c =0
QIN = QSO*CONY
QR = O {I, K, B}
ST = RES,
T
I6=1C+1

CALCULATE SURFACE AREA,

AR, AND CHANGE IN STORAGE,
DTS, AND END OF MONTH STOR-
AGE, ST

RELEASE EXCESS, QRR,
AND SET 5T = STHAX

DECREASE HMIN FLOW, QDD,
SET ST = STMIN UNLESS
STMIN = 0

|

CALCULATE AVERAGE
SURFACE AREA, AT

CALCULATE AVERAGE SURFACE
STORAGE FOR MONTH, SA

NG

TYPE EXCESS ITERATIONS
SI, 5A,sST

SET UP FOR NEXT MONTH -
CALCULATE GUTPYT ARRAY OF
STORAGE AT EQOM EVAP LOSS,
RELEASES, AND CHANGE IN
STORABE

SHIN = §T

ER = RES,, THE ALLOWANCE
PERCENT ERROR FROMW FIRST
APPROXIMATION TO AVERAGE
SURFACE AREA FOR MONTH K

CHECK FOR EXTREMES AND
RESET 1F NECESSARY

NG

RETURN

Figure B.10. Flow chart of subroutine RESRV,

e - ot o e e o o e e — — ENO OF COMPUTATION PART
OF SUBROUTINE
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APPENDIX C
MODIFIED INPUT DATA,

MODEL COEFFICIENTS, AND
OUTPUT DATA
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APPENDIX C

MODIFIED INPUT DATA,
MODEL COEFFICIENTS, AND-
OUTPUT DATA

This appendix includes modified input data, mod~
el variable values for each subbasin, and model out-
put for each subbasin. The first printout page lists
the modified input data and the coefficients for the
subbagin, Modified data includes the input data from
Appendix A but in a scaled and summed, where nec-
essary, form, The next three printout pages list the
subbasin outputs for the three modeled years. Four
printout pages are listed on one page of text in this
appendix. The modified input data and the output data
for one subbasin occupies one page of text,

The modified input data pages list the name of
the subbasin on the first line and indicate the use of
program options on the second line. The third and
fourth lines list the acreages of the crops in the sub-
basin according to the land use table and the total
crop acreage. The fifth and sixth lines give the frac-
tion of the total crop acreage for each crop. The
seventh line lists a conversion factor for converting
inches over the total crop area to acre-feet., The

68

eighth line lists acreage for each phreatophyte. The
ninth line gives the total phreatophyte acreage. Lines
ten and eleven list the fraction of total phreatophyte
acreage for each phreatophyte and the conversion
factor from inches over the phreatophyte acreage to
acre-feet., I.ines twelve and thirteen give weighted
values for crop and phreatophyte consumptive use
coefficients. Lines fourteen and fifteen are the veri-
fied values of the model variables. The next twenty-
four lines represent the input data for the years of
modeling, in this case 1954, 1955, and 1956. The in-
put data beginning with number one are temperature,
precipitation, streamflow for correlation purposes,
canal diversion, gaged outflow, gaged river inflow,
groundwater inflow, and reservoir storage or a dum-
my variable for any desired data. The last two groups
of data are the calculated and actual potentiometer
settings. The variables listed on the output data
printouts are defined in Appendix B and are given
here in units of acre-feet., The variables are given
for each month and an annual summary or average.
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1,47
388,32
2749,99
7%,78

»88

2%848,24

547

-1

386,32
3

283,54
&81.1e
925,66
11455,29
398,23
2916.10
51,38
2864,7¢
2479,99
384,71

4d), 47

DEC ANN
17,48 40,82
1,89 43,16
1922,38 27835.¢7
2528,89 112287.89
126,39 13395,3%
.22 121212,92
2485,59 653823588
80 58558,58

.22 ’
1928,.58  1928,58
o8 888,18
183,88 18397,23
528,05 42182,89
552,38 62317,2%
13165,82 13151,.8¢
64,23 3963.87
2492,17 729883,38
64,23 888,08
2427,94 7142%,26

233,94 2208.3)

JUN
58,90
6.0¢
1762,71
58311,98
518,07
44728,.98
38031,88
18758,58
<08

L]

+20
2896,27
12363,91
1237¢,9%
28987 ,568
32145
39193,98
25,89
Jog68,.28
41379,.98
-2213.70

DEC 4NN
8,68 3I7.49
1,94 48.27
2183,88 21128.24
2774,99 188512,87
114,84 18573,44
.88 $3397.92
2789,34 348521.82
.80 82958,48

%8 «3%
2551,98 2351.98
.28 11383,.38
182,20 15173.4t
581,86 38168,07
526,69 58289,.95
19957 ,86 18957.85
438,77 5582,43
3e95,95 151444,58
84,23 583,77
303,71 150846.90
2749,99 152132.87
281,72 =1271.%6



RANDOLPH RANDOLPH
[ [] 1
1916, 5818,  40Q25, 1213, [ 0, 0, VAR JAN
Q. 2, 8. 0, . 2, 0, 882, TENP 21,80
483938 11337 82234 ,02492 20009 MLl oooae (4 1,43
,20080 ,09PR2  ,00@P2  ,QB00¢  ,Q00R@  ,c0ee@  ,P00R0 PPT  3772,07
$4256,0900 GRIV  B481,09
884, 2148, 745, a8, 2073, - 28 [ QUNG 474,89
6475, QLN 1]
L3652 33127 L11814  L08369 32018 00002 00000 08IT  8729,19
536,5832% 0168 .
-1 88 79 W52 1,08 1,13 1,87 {01 e 82 75 50 aGLl .
VBB 1,02 119 1.29 1.32 1,32 1,32 101 1,@F 1,24 3,13 98 SNW  11397,338
1,38 ,48 1,08 @9 %0 A2 .02 d2,.00 26,%0 1,06 20,00 2,00 SNKT M
18,02 1,42 14,20 B2 90 40,00 1,00 08 %1 32 2,58 2,00 ETPH 297,39
1 1984 21,80 15,98 27,80 41,80 50,00 54,79 64,60 59,00 52,80 42,60 34,70 13,10 ETP 957,07
11998 7,80 11,50 19,70 38,00 47,60 54,40 02,10 82,80 52,20 42,80 25,78 26,40 £y 772,38
1 1986 19,30 (0,80 27,90 39,080 50,50 58,20 84,80 57,10 5£.50 42,32 24,00 17,08 M8 7406,98
2 1984 N i 1.92 W9 1,08 1,04 5,89 2,17 05 1,21 .92 00 op 49,81
2 1988 78 1.8 87 W26 1,78 1,87 (,88 1,37 .74 #34 1,12 2443 gTe  5703,7%
2 1936 1.84 48 +B3 o33 3,14 $32 198 «51 03 1,27 19 1,13 260 §227 .89
3 1984 5,85 3,71 7,82 8,43 12,30 8,76 7,42 8,80 4,60 4,084 4,20 4,11 asn 4479,88
3 1985 3,90 3,38 3.9% 4,48 14,10 9,08 6,57 5,47 4,47 4,43 4,38 6,36 UGAG  4885,99
3 1956 5,67 4,67 8,23 20,10 29,20 19,80 15,92 12,20 (p,18 9,88 7,57 s.e2 DIFF 414,13
4 1954 .88 ,0@ .28 2.48 15.%% 3,59 1.85 .48 L3858 @@ .88 .42
4 1938 ,p@  ,88 .02 5,08 20,88 11,80 3,80 L% L3200 .82 ,g2 VAR Ly
4 1956 .s¢ 8¢ .98 3,00 16,93 12,085 6,08 .45 .82 .pe .08 .02 TEMP 84,88
% 1934 1,28 1,39 2,53 2,87 LBy .51 18 41 .89 IS 21 .44 ¥ 6.71
5 1953 5.3 +38 JAF 2,84 1,88 2,28 L 45 w18 o1 237 1,87 PRY $084,28
5 1958 2,3¢ 1,82 7,39 4.2 9,99 7,88 +58 #33 «43 «20 82 84 QrRly 3583,99
€ 1954 5,34 1,31 2,29 4,853 8,44 32,48 87 .42 29 +38 o856 «85 QUNG 821,81
& 19583 83 LB 1,83 4,18 12,38 r.e8 98 52 38 £ 37 +87 2,88 7 [eENy 3288,7%
8 1958 1.84 1,57 4,38 6,85 18,98 11,88 .54 +73 45 38 1.81 (.83 GEIY ~14P8,.08
7 19%4 .88 .e2 .28 .08 .28 .B¢ .9¢ ,ge g2 .02 ,0¢ .00 GIGS  8320,45
7 1858  ,ge  ,8g ,o8 ,2¢ .28 .p¢ .02 .23 ,p@ .28 P2 .00 a6Ley .08
7 19358 20 482 + 28 +08 08 B8 100 288 81 <88 »28 <88 SHu B8
8 1834 228 22 82 28 -1 02 208 82 +28 82 88 «88 SNMT o2
8 1955 L8 g% ,p8 ,98 ,88 ,e® .,e2 .22 .28 .®% .82 ,e0 ETPH  3843,48
8 1958 Jon 8% 22 .22 «28 82 +22 #09 22 «28 .28 88 ETP  23483.17
ET 23498,26
FOTS 10 THRU 24 SHOULD 8E SET AS FOLLOWS s 2377%5,.%2
50080 31887 17857 ,6999% 80820 11 49,51
L80p082 1.80800 L1904 .S0027 ,Q2%0¢ GT0  wi523,98
18800 ,p0008 ,1999% 29999 ,7999¢ Gso »a88, 50
G830  -1186,47
FOTS 10 THRU 24 ARE SET AS FOLLOWS NGAG 805,99
L9997 L3LETH (17T L69U88 00006 DIFF  «1778,47
.22008 L99835 .11877 49989 ,02498
.09948 00008 ,199%8 ,29974 79988
] AL
OBA®
RANDOLPH 1995 RANDOLPH
VAR JAN FEB HAR APR MAY JUK VAR JAN
TEMP 7.89 11450 19,78 39,09 47,80 54,40 TEHP 19,38
F 3 . 1,83 3,18 4,89 5,54 ¥ 1,27
FET 31863,67 a481,59 1751 1934,88 79848,08 5367,81 PPY B8y ,83
QRIY I788.29 3442,89 4160,99 10820,87 42153,92 QB6Z! .55 QRIV 7891,98
GUNG 316,38 287.69 Jee, 42 7840,79 1143,90 778,75 ouNG 459,93
<18 <2 N W08 20280,080 41119,908 47049,38 QCNL e
03T 4R31,17  3882.54  4184,44  14382,17  504d,44  8738,31 Q31T  B8188,38
GIGS . W23 B3 24538,58 43802,20 27340,.23 3] oe
UGl . . 20 80 82 » 80 6Ll 08
SN FI?S, 11 11840.71  143%8,23 22 00 283 MR 21131,.78
SNHT .28 N1 . 14338,00 .22 .89 sHuT 22
ETPH 74,49 128,14 316,98 862,50  1749,48  2490,28 ETPH 163,57
ETP 342,43 613,28  1589.20  33536,81 (B783,95 (6839.49 £TP 847,31
ET 378,28 653,55  1604,17  3584,85¢ (DH23,28 [8841.7P ET 881,38
HS  18447,79 15BZ3,.85 1a280,27 J35192.92 U56619,.84 S36B19.64 S 20338,74
e B9, 4L 49.%3 38,62 49,381 §9.82 5128,41 oF 49,31
QTD  3986,74  382%,23  4188.98 14298,.98  308p.80 10B13,35 aTo  81i9,92
aG0  1148,67  1188.47 911,81 2931,89 198%.25 2237.82 960 1563,39
280 2832,07 2358.75 3247,96  11387,89 4288,54 8575,42 a8 £438,32
QGAG  2478,89  2879,99  1999,.80 825998  4420,90  9329.98 0646 §399,%8
DIFF 352.97 F8.TE 1247,87 387,898 =420.44  =734.35 HIFF  2943,85
VAR Ly AU SEP ot NOY OEC ANN VAR LY
TEHP 82,19 62,82 82,20 42,89 28,78 26,48 37,33 TENP 64,02
F 6,45 6.82 4,38 3,33 1,89 1.66 39,99 ' 5,83
PPY  7344.1%  8367.91  7857,43  2198,23  a%42,71 9937.19 52582.92 PRY 368373
QRIV  3881.99 247(.9%  1224.96 (326,99  3973,99 14498,98 122297,73 QRIV  8255,9%
GUNG 832,9% 439,867 382,60 358,36 35,68 315,92 12932,13 QUNG 1287,38
GCNL 1 4195,99 21859,11 1267 ,.91% « B2 20 88 166352,583 GCHL  24333,99
QSIT =3675%,68 «1343,.88  «795,53 927,74  4218,25 18758,98 448%7,88 31T «7194,33
a165 13832,3%  7317,82  7841.%8  zise.23 .82 <82 126782,87 0168 14644,9%
oGl «Be 28 »20 L08 N 88 08 6Lt &
SNU .82 N .20 JBB 4842,71  14479,91 14479.0% SNw e
SNHT 08 +B0 .00 20 .82 88 14388,23 SHNT B
EYPH  3497,83  3306,44  1793.07 958,81 311,41 283,95 15558,56 EYPH  3766,48
ETP  21361,21 19226.9% Gars, s5p 47 48,50 559,14 1231,31 so7er,37 EYP  22045,02
ET 213%9,.35 19230,38 9884,40  4772,92  1594,27 1287.69 98972,.82 ET  22983,33
H8  49412,80 37539,58 35%29.80 32084.79 31419,23 3Ig152.24 39192.24 NS 468739,33
0P 11318.37 &e3e,.52 438,39 386,87 178,24 178,24 23283,4% 0P 14538,84
OTH  5584,92  4834,29 415,89 574,33 4099,%7 188%2.96 67197,29 G0 7397,92
Q6D 1168,47  1889,25 19,80 277,26 998,23 2287.73 15289.21 GGO 423,98
080 4416,44 3I%4%,03 ~438,70 297,07 J1e9,33 8585,23 5i988,08 oso 5683,94
00AG 1782,99  1849,99 763,99 446,09  1539,9%  7599.98 4279n,.91 GBAG  2759,99
DIFF  2626,64 . 1895,04 «1198,78  «145.82  1589,33 985,24 917,18 CIFF  2923,94
ABJu 3,972 OBJs
OBA® 2,610 OBAw

70

reg MAR
19.9¢ 27,89
1,3 2,29
1908,31 4337,18
4349,99 326,98
463,49 7202,98

. «00
4891,44 1608Y,09
.8 13287 ,24

2 .00
13383,47 4173,74
B0 13207,04
221,74 444,07
1662,990 2228,49
772.38 211910
B874,17 178%3,02
49,84 49,81
s328,.58  14981,60
1548,87 287,77
4378,8% 12783,82
E560,89 10200,08
“129%,18% 2483 .84
AUG sep
55,08 52,88
B.88 4,43
L1190 3883,19
172199 1176,99
453,48 398,67
1948,87 1341,27
»1%42,83 »$71,72
877,84 4%48,77
<28 28

«28 88

«28 -1
2842,00 1681 ,84
16528,21 $o80,. 47
18848,81¢ 9991,48
15683,49  11457,01
2%,4% 59,41
#1584,87 «1812,8%

~438,78 377,28
“1128.88  «732,77

429,99 398,99
wi008,88 w1123,77
2,384

L3863
FEB HAR
10,80 27,%0
2] 2,28
1948,87 365,03
#378,99 18496,98
378,83 9211,09
00 -1
837,76 27269,59
08 17084,51
iyl 20
23278,683 A380,15
.08 17054,81
118,41 442,48
588,198 2216,42
574,33 2237.92
25848,82 43609,92
19,80 49,81
£575,18  27241,64
1366,32 5%08,70
5188,82 21785,93
8189,9% 20088.98
58,18 «B304,B2
AUS SEP
87,18 52,58
5,48 “d, 4%
2p88,35 121,67
298,99 1829 .39
289,88 818,31
1828,19 188,13
532,78 «125,1%
2889,8%  1078,78
«80 «28
a8 .28
N1 . 0¢
2822.54 182%,38
1823m4,19 9816,8%
15268, 41 9842,92
36450,82 2789883
5099,7¢ -9%,02
5%84,92 -377,28
1326,91 19,89
4288,0¢  -297,07
1439,99 530,99
2618,09 »828,06

10,438

11

4641.10

0T
42,50
3,32
4997,7%
1359,89
378,39
354
981,80
4907,78
4

+ 48

.
946,30
4688,04
4893,71
11734,27
49,51
$70,42
435,70
834,72
827,99
93,27

1656

APR
39,00
3.38
2140,.87
24538 ,86
4828,08
12588,00
22881,13
14014,42

17888,97
1189,94

oLy
42,38
3.2%
5181, 41
2288.92
783,61
<88
2188,.41
5181.44
.22

«82

+88
928,19
4857.91
4814,49
28261,28
«148,53
1991,25
732,77
1168,47
848,8¥
319,47

KAy
s0,00
5.8%
438,79
34244,94
1914,08
82067,60
4960,98
32549,39

571,94

NOV
34,72
2,29
a7,
2302.99
348,08

2119.18
174368,82
49,50
2198,32
752,57
1448,74
868,98
S38,74

MAY
50,50
8,10
12735,8)
7TR18,87
238,70
84895,99
4814%5,8)
41939,03
e

Jop

3.1
2038,74
12567 ,58
12578.97
38819,64
1498,25
49851,32
§941,9%
3INE05.37
48529.92
928,36

KOV
24,82
1,84
770.63
4121.98
814,87

4414,34
.88
778,83
.22
381,72
$518,.681
1594.27
26736,32
326.77
4594,68
599,23
5604,4%
2459.99
1144,45

JUN
54,70
8,57
7888,63
$9685,08
791,73
14881,03
168@.7¢
14421.10
.00
«20
.20
2524,52
16281.32
18289,64
39104,233
89,41
1663,%9
633,38
1818,83
2099,99
“{665,95
DEC ANN
13,18 42,21
<82 42,73
4218,43 58163,02
3458,98 96367,78
333,48 15227,.82
J88 93287,95
35%9,39 53313,83
.88 183732,.42
«22 <82
4815,43 4815,43
88 17448,79
138,98 16581,37
618,98 95902.25
633,35 95328,.89
16824,27 18804,27
58,41 653,33
3624,2% B2918,.12
1188,28 11942.22
24335,97 4897%,89
1819,99 39302.89
§15.97 1472,98
JUN
56,29
5,73
3731.51
472062,92
1606.17
ABBT 4,79
24178,23
25723,16
«22
11
1
270,21
17392,92
17433,02
55619.684
12588,97
35628,87
7387,34
29271,32
31888,94
~2648,82
REC ANN
17,08 38,43
1.87 43,22
4583,27 44169.79
4297.99 283334,5%%
535,38 23849,2%
«B88 134200,93
4863,38 141771,.80
B8 3122888,.84
«@ 28
5353,91 3383,91
+88 23443,88
168,95 16018,72
792,89 93482.17
811,99 $3834,60
25924,33  25924,33
168,33 34113.%7
4713.51 1748725,37

1818,33 36262,38
3783.47 (38613,00
3419.99 146529,62
283,48 =7916,64



N

2,
JB0a02 288
V00822 388

2,

03088 +880

» 81 %3}

1,84 1,04 1,02

+28 27

1,33 34
2,18 1.42

NIRRT
1,68 1,87
2,76 1,92
2,85 1,97
6,74 35,33
6,64 3,52
7.65 5,64
2,38 1,93
3,38 2,53
3.84 2,54
4,58 3,54

BAY
47,18
4,76
4396,43
30e46,96
1735,99
19551,43
24512,66
11544,88
1068,98
a4

.
388,04
431,28

618,88
6213,%59

26753,38

12z8,38

27294,97

2216.47
25278,%¢2

24819,56

1838.53

Nay
24,40
1,61
446889
6195,99
482,89

N1
6561,32
RT3
269,99
4468,89
KT
83,58
683,14
909,20
24113,48
24,90
7296, 92
572,79
6724,12
8045,99
-1325,86

COXEVILLE
2 ] ] H
577. em78, "  18sB2, s1a, 3,

. #, e, x “
L01879 31140 85120 01748 08020
.So2ae  ,esgee  .000pe 20820 22020

$2428,738

&, 88, 1344, -1 803,

2238e.
«20008  ,03049 80269  ,@0672 36022
18%,8333¢
54 (88,88 91 1,87 1,10 1,04 09
W72 L8189 83,97 .99 1,02
L4 ,3% 1,08 .88 ,25 ,8% ,0@ 33,88 25,32 (,%6
28,80 1,00 11,80 .28 L0 22,00 A.00 .08
{1954 19,45 18,45 25,18 40,50 49,40 53,95 84,44 58,78 52,48
§ 1985 6,95 12,42 18,25 33,55 47,15 53,8% 61,38 £1,9¢ 51,82
1 1958 18,35 13,40 24,40 38,45 50,35 38,80 63,85 58,20
2 1954 2,25 .28 1,98 .28 .48 1,35 45
2 1955 97 1.57 ¥ 79 1.81 1,460 ,81
21936 1,44 LP1 LMY .79 2,47 115,57
3 1954 3,20 3.84 5,89 12,70 4,81 4,11 2.%¢
319585 2.67 2,33 3,35 23,52 13,78 12.%8 4,20
31998 7,45 4,60 81,90 24,50 21.48 7,82 3,96
4 19%4  Lu8  BR L0082 5.88 14,28 0,76
4 1995 08 ,e8 .00 08 8,85 12,77 10,57
4 1938 .gp 0@ .90 82 18,82 28,94 10,37
s 1984 3,80 4,85 5.95 7,83 12,31 6,1% 4,28
5 1955 2,91 2,93 2,49 6,87 9,88 13,20 4,82
5 1938 £,26 4,39 27,88 22,46 34,58 4,78 7,71
6 1954 3,67 3,80 5.97 7,44 15,93 11,18 6,97
6 1985 2,68 2,29 2.29 6,44 12,37 16,36 7,44
6 1956 3,06 4,24 16,50 16,24 39,17 34,87 9,80
7 1954 1 A7 1,33 1,36 44 26 «00
71955 (38 L8R L3 1,28 .44 B9 44
7 1958 .88 %Y 2.28 {,P0 4.1 3§01 88
8 1954 .08 .08 .23 .82 .02 .08 .08
8 1988 g8 .84 .93 .Pp P2 .36 .28
B 1986 .2 .23 ,9¢ 0@ .8p .28 0@
POTS 18 THRU 24 SHOULD BE SET AS FOLLOWS
Le5¢00 82580 ,2%08p ,32380 2952
ABRRE (52380 16866 ,5p@ag  ,14285
L3829 ,op009 ,9U80P0 .97E2P 83999
POTS 18 THRY 24 ARE SET AS FOLLOWS
LG4925 62483 ,24945 523253 ,89939
,28028 52337 ,1659% ,4096¢ 14239
JB5047 28944 ,07028 ,46935 83047
COKEVILLE 1955
VAR JaR Fes HAR APR
TEMP 6,9% 18,12 18,28 33,58
F .45 . 1,58 3.01

PPYT  235%5,88  3513,13 782,91  1918,7¢

QRIV  6478,8%  3382.%9 538490 15649,98

QUNG 324,23 387,23 408,8¢  %ipb.1e

QLNL a2 K1) ,08 N

as1T  €782,7%  5853,31  5018,42 20601,38

a16s . .80 .62 18848,01

o6L? 897,99 1227,99 918,99  2938,99

SNW  4762,34  BB73, 48  9326,39 3¢%,09

INMT .20 N1 . 9821,30

ETPH 18,49 30,71 78,38 157,72

ETP 182,82 323,90 884,84 2227,74

[ 34 211.88 336,22 $a%,88  2844,78
M$  19537,32 19232,24 1831r.e4 267@9,72
op 12,48 24,90 24,90 24,50
9T0  7898,77  6773.93  £898,45  21040,57

0G0 618,19 835,43 335,43 165,85

030 s%E%,62  6238,45  §353,21 a1d%,e2

QGAG  7080,09  F128,9%  8479,99 215%59,57

DIFF  «104,37  «851,49 ~2116,97 ~{424,94

VAR JLY AUG SEP ocr

TEMP 61,55 81,52 51,58 42,48

F 6,42 5,94 4,32 3.38

PPT  1481,53  3294,87 344882  §627,26

ARIV  18B74,97 1209%5,98  8308,90  5529,%%

QUNG 512,83 335,16 233,15 331.52

QENL  25671,88 16126,89  BS49,19 .08

Q51T  8638,69  591¢,51  5uB8.6p 337,75

016§ 18466,85 17#939,08  6441,24  1627,26

Ly 1268,39 1128,99 .32 336,99

SNp 200 .82 .20 .0

SNMY ) N ] 00
ETPH 919,19 876,22 483,32 283,75
EYP 12146,59 10869,28  8%3;,04  2756,94
ET 12150,48 i0870.57  5841,17  2764,36
MS  25059,82 2511%,8% 25105.80 24916,62
DP  3748,87 859,96 6,22 74,71
aTQ  14921,84  7994.23  #1e1,%2  6363,0%

960 1108,23 822,60 473,17 473,17

080 12912.81  7371,63  8628,34  5889.83

QGAG  1§679,98  8p89,59  6149,09  7599,5¢

BIFF  1232.82 718,35 521,84 .171%,1%

DRI 13,578
0Ba= .186

2.
[N 29143,

28
o8
[
1]
78 58
98 84
21,008 2,088
2,50 °0

]
41,70 33,85 12,48
42,40 24,48 23,40

53,38 42,1% 24,70 14,98

87 1,18 99
W87 1,84 2,01
.52 .24 2.8
2,41 3,68 0,54
2,73 3,96 13,20
4,23 3,74 3%
.28 .p0  ,e0
L08 L0800
T T T
2.78 3,20 3,85
302 3.3 5,34
3,51 4,01 4,83
2,43 2,26 2,48
2,27 2,55 5.88
2.88 .14 3,37
A7 L3 .48
W3 L3 92
31,48 L4l
W00 .09 L0
«B8 .22 .08
L84 L0 ,00
JUN
53,85
5,49
4104,58
39742,94
1566,5%
261%87,63
31522,11
13259,79
2178,99
.22
<24
530,20
264,25
0102,47
25734,62
4488,97
37%569,39
013,40
34566,88
32289,98
2277,23
DEC ANN
23,48 36,24
1,47 38,98
4881,78 38544,23
13743,98 167932,71
$622,87 12947,65
.22 $02857,03
15283,52 142317,15
.08 6521796
2287.,95  14031.97
9353,68  9350,68
.97  9326,39
69,43 4341,¢6
647,02 5153],66
659,96 51682,38
23418,14 23416.14
12,45 18322,77
18349,58 165214,43
1319,82  13286,37
150298,68 (52924.06
12979,08 155119,71
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19893,90
138799,60
50648,72
25334,88
158419,18
25636,54
5446.0%
28,59
2395,31
12361,82
21744,84
21741,08
83726,98
9788,11
173495,43
123,79
173371,71
1588398,59
14541,21

LT
47,40
3,69
18747 .64
41219,87
19101,86
en

v
50958,32
19747,84
8440,03
]

.

9381,42
156358,77
15679,33
41379,12
10436,63

r222.22

HaY¥
57,18
5,78
12360,83
BIBRO. 78
50B84, 43
12413%,64
$8393.81
7424g,80
S448,98
.21
18,987
19401,0%
32528,82
82543, 44
88726,98
878, 1%
68501,3¢
123,79
68377,.89
87548,79
727.81

NOY
41,27
2,72
28297,98
38279 .88
129z2e,97
(1]

.
44027 ,89
25207 ,98
5446,98
.02

NT)
4972,85
7794,82
7437,72
41209,83

*321.43%

HMAY

57,37
3.79
Ja3se,er
137499,56
106036,56
104338,85
17318678
89979,87
5448,88
5l

28,54
19718,48
53117,98
53i88,1¢
88726,98
114%8,12
189824,4¢8
123,79
188700,74
185839 ,43
3881 ,26

NDY
31,48
2,87
2993,82
359,88
18452,32

.02
32619,11
8993,680
5446,95
oe

28

2643 ,07
5458 ,61
4484,28
48033,50
5399,66
63893,32
154,63
83733,88
£3573,81
164,88

Jun
82,83
a1
Z4R54,04
86769,78
375834,57
#6670,31
48217.88
59786,80
5446,5%
NT)
21
23291,31
£3524, 48
B5558,45¢2
82897, 48
4638,81
58138,87
81,85
56089,02
S5249,82
w182,80
0£C ARN
28,82 47,35
1.82 49,38
15034,16 192416,8%
34179.80 863035, 39
13873,82 386675,81
.28 336983,53
45909,21 64628],37
2395,25 382146,9)
8448,55 £3383,39
13430,14  13439,14
2395,81 49010.76
1944,50 195954,09
2972,32 3I78465,38
299,83 332764,81
40714.21 4A0714,21
340,18 28487,47
S1553,0) 732886,75
92,77 1328.82
51461,03 731856,87
50134,84 7347083,28
1329,18  =314%,37
Jus
84,31
11273,92
84309,75
98143,26
164673,3¢
85338,48
93611,60
5445,95
.08
24
26776,88
75875,43
75508 .85
68742.45
13360,07
83505,29
185,55
83809,73
32489,75
1319,98
DEC ANN
24,04 46,70
1,51 45,43
2204115 169742,15
43779,85 864802,75
15384,06 483925,43
0 513026,93
59323,46 928159,62
L80 421406,8%
5448,95 65363,39
22041,15 22041415
,88 £3934.87
1840,45 164858,2)
2787,41 360126,12
2834,27 360412,75
43203,76 43203.76
2613,25 110251,34
§7202,421101618,30
€1,85  1298,89
87148,561100319.75
70699,781805106,73
~3559,22 15212.93



TREMONTON
@ e @ i
178@3, 13759, 1158, 18649, 6543, 8512, ?
2093, [ 507, 217, Gy 217,
26342 228344 fAL7LE 24827 85836 12742 081
23088 Nl LPARTBR £OB32 60208 »2032% 202
o $8632,25%
$34, 3e52, 4328, 2698, s888, 2.
28735,
24802 LAERY L21821 12998 445821 22008 228
$1729,583
K44 32 IS 2 & «R8 1,08 98 B7 .78 72
T « 81 L5 1,89 1,16 1,18 1,18 (,18 1,18 1,18 31,43
L3¢ .35 1,88 38 40 W1 WB¢ 38,00 28,808 1,1¢
12,82 1,80 6,02 a2 20 24,00 17,88 +03 B4 1
1 1984 29,80 32,98 37,70 38,75 59,55 82,35 75,13 78,28 62,435
L1958 15,79 24,38 31,38 44,00 585,48 63,20 72,93 73,38 61,38
11958 3(,48 21,085 38,385 49,45 89,78 56,50 74,35 68,78 53,80
2 1984 1,33 W58 1,87 45 84 1,23 o34 17 1.99
2 1988 2,28 1.84 FE 1,21 1.32 2,18 «12 1.77 (11
2 19%8 2,88 38 JA1 118 2,08 82 35 288 +B4
$ 1984 1,21 1,82 1.29¢ 2,22 5.1 3,88 2.15 1,56 1,28
3 1658 24 B4 PO 1,42 5,28 8,086 2,87 1,8{ 1.38
3 I986 1,47 1,11 1.48 4,81 B.74 7,43 3,38 2.2} 1,79
4 1984 o S08 28 B8 5.8 9,90 {e.iP 10.1¢ &.69
4 19585 <08 22 B8 B8 5,80 7,00 10,82 9,16 7,78
4 1956 02 »82 B2 <88 6,80 12,48 10,92 12,408 7.9
5 1954 13,08 12,87 156,48 18,52 5,81 3,785 1,33 1.28 3,84
% 4983 (1,35 19,10 17,11 22,87 17,38 5,81 1,28 .84 2,92
5 1958 23,17 14,42 22,10 29,40 28,88 7,94 1,38 2,48 2,88
6 195¢ 12,14 13,04 15,96 17,22 12,38 12,24 9,39 9,26 B,H3
£ 1985 18,34 9,28 18,16 21.47 21,02 18,16 ©,83 &.02 9.24
£ 1956 20,88 13,37 22,29 28,99 33,44 14,88 19,01 10,85 8,68
7 1854 24 »00 28 + 89 + 89 .02 34 224 W28
7 1955 20 «EB 20 8% 80 .08 <08 00 22
7 1956 90 29 N1 0% L1 .08 20 51l .03
B 1954 +60 Nal N 1 20 » 38 08 51 22
a 1988 20 209 B 00 28 $02 1 228 £88
B 16358 1 #30 W82 Nl 28 W38 e 88 «09
BOTS 10 THRU 24 $HOULD BE SET AS FOLLOWS
1709 62880 L2508 28939 Q4000
FRABY  L50099 14688 ,500pD 42469
»19008 03808 ,040%2 ,a50r@ 79989
POTS 18 THRU 24 ARE SEY AS FOLLOWS
«O9867 62478 24987 20988 20008
D02%8  ,850984 ,188n7 49893 L, 42486
09987 ,02078  ,23879 (04949 ,79968
k]
TREMONTON 1398
-, VAR JaK FEB HaR aPR KAY
TENP 31,42 21,08 38,35 49,45 53,75
F 2407 1,41 3.18 4,45 6,23
2PT  1508688,07 2140,25 647 ,7¢ 6533,.46 11634,59
QRIV 117492,81 753%50,01 125548,93 182821,03 188359,43
SUNG reHe.84 53,88 $172,3% 2689 ,3%8 S415,62
ACHL 222 ¢a + 3 .22 3829¢.28
Q81T 123926,38% 75%%1,18 123618,60 1856656,78 163705,83
RIGS 15223,.88 WRe 0 11323,88 TEII,61  I2696,88
QGLY PRt ] 0@ 88 .22 P2
BNW SA36,73  11176.98 501,00 180 B¢
SNMY  15023,88 «B2  12678,98 se8,.20 i
ETPH 871,28 699,81 2i01,78 4853,58 39@%, 84
ETPR 1567 .86 12081,24 38%6,23 Q781,28 24098,8%
EY 1595,87 1333,8¢ 352,869 9762,93 24118.57
HE  33345,22  32148,02 33345,22  30628,8% 33358,57
o £§22,88 10367.98 3437 .88 4248,93 2882,%8
QY0 {%2€82,29 85583,75 1319508,84 (64759.8] 165639.84
q8o x284,2% 4482 .89 5282,73 $142.72 8142,72
Q30 125378,06 81181,8¢ (2869810 159817 ,86 160487,8¢9
SGAG 132532,03 79540,01 1245008,.8¢ 1865602,03 (82585,83
DIFF  ~%121,87 1561,08 298,00 «5982,8%5 2002.92
VAR LY aUG SEP 4] HOY
TEHR 24,38% s8.,785 83,82 58,80 32,48
¥ 778 8,860 5,26 3,96 2412
poy 1871,28 28,18 283,48 $518,6¢ 1830,48
SRIV  B5432,83 6383¢,81 48228,08 6as33.0¢ 8%734.01
QUNG 2081,23 1381,50 10%58,19 975,78 1379,.9¢2
QUK %9i38,82 28575,389 44454,75 22329.90 5632,25
RSIT  18485,45 17382,33  1783{.33 4d827.44 b28&|,37
DIES 3449781 32244,81 24725.56 17913.5% 4448,81
i1 24 02 - .82 « 22
Sax 22 g Nl a4 481,79
SNMT L83 «Be .08 B0 1348,77
ETPW  (5499,52 11833.20 8274,74 4487 .29 1164,89
ETP  49504,36 28624,686 (8228,75 $163,78 1942,081
€T  484Ba,28  28828,7& 18274,5% P284,48 1993,83
MS 708,71 31038,12 3334822 33345,22  333%8,97
op 231812 137,59 453,77 4372,69 7384,87
are  §12678,08 173%3,26 (270,76 490BD,.67 FQ245,3%¢9
Q60 715,083 $38,.04 938,04 2475%,19 3520,1%
B8C  11983,02 16418,22 {633%,72 d456314,56 66528,43
RGAG 76908,82 140Ra,07  (5150,00 d6820.00 647%50.20
DIFF 427302 24i8,22 1188,72 205,44 1775%,43
N6 16,964
0BAK - 387

2.
3. 67587,
28
22
2.
11
£33 + 46
1,84 £ 84
22,98 2.02
2,58 5,58
%e,38 43,28 29,10
50,15 30,60 28,80
39,80 32,45 26.85
49 1,65 1,09
248 1,35 2,41
258 «32 1,33
1.17 1,08 «98
132 1,15 1,57
157 3.38 1,28
.72 1,20 »86
3,38 1,18 20
4,00 1,80 .56
7.81 9,81 5,85
8,13 12,13 19,72
8,31 31,49 13,68
8,85 9,46 9,48
9.91 12.16 19,82
1e.7¢ 11,67 13.08
.30 82 N1
28 .09 ,00
W28 a0 ,02
-1 90 N
.08 .88 .00
84 0T W00
JUN
66,5¢
6,78
3494,99
BlA42,84
4604,62
38%75,38
44558,87
38708, 4%
186
.88
1]
11672,.287
34698,316
34775,28
33343,22
4497 ,68
48567,14
2887 .81
45899,52
447208,.02
1179.%52
bIas ANN
26,83 43,57
1,68 51,37
7492,89 57617,87
73728,41111869¢,58
284,38 33526.%)
3747.28 252981,87
71654,.45 9211¢4,62
204,88 218854,75
1 228
7972,.59 F972.89
L0e  28549,61
821.33 71@83,23
1318,58 17466%,60
1347,65 178141,58
33%545,22  3334%,22
3327 .64 49123,42
74858,.31 36845%,37
IUBT 67  408BI6,79
72873.64 927918,62
76984,B1 $32759.3%0
~6119,37 w~aB4ap,90

77

TREMONT

VAR
TENP

RPT
134
QUNG
QCNL
a3y
8168
46LI

3NN
SNHT
ETPH

ETP

TREMONT

VAR
TEMP
F

fPT
qRIV
SUNG
iR
as1iT
a168
a6LI
ER s
SuMT
FY8M
ETF

SNHT
ETPR

QGAG
DIFF

N

F8449,82
5249.86
<28
8%821,17
3249,56
821,34
1477,98
1512.58
333%8,.97

732208,21
=5364.35

Juy
78,13
7,81
1914,98
52034,00
1338,4%
55885,71
7187,78
3I3282.09
.30

» 22

» 8
15790,48
41284,72
41879,32
25314,87
4455,19
11558,5]1
715,03
16835, 48
7540 ,29
3285,47

NBJs
08As

on

Jan
18.72
1,83
12868,88
53282,0t
585,22

#22
58429,4¢
1

L 0Q
17383,51
e

435,64

783,93

787,83
3233%,84
3327 .84
£1857,73
3188,14
58467,59
£§3972,9¢
-3%82.42

sy
72,85
7.49
732,73
55420,928
1855,85
508258,28
¢3es,58
34159,57
.82

.82

02
14315,7%2
3741e,83
37429,13
38135,08
4083,93
13255,53
825,03
12430353
7280,00
5168,54

IBJs
Opasx

72450,01
2148,29

UG
76,25
6,74
857,48
%2190,00

12445,63
30116.27
30168,83
27418,7}

873,77
9055, 44

605,02
9350,41
6970,08
2380,414

5
-1

FEB

926%,.84
%z2224,07
387.18

88
5z2821.31
2

80
26%68,38

«
788,78
1218,38
1333,82
31378,89
453,77
52187,34
2635.11
49522,19
56910,83
=7407,8%

Ayt
73,32
7.83
3937 ,24
5¢243,.28
1124,189
51253,48
Q424,21
381856,64
L20

.22

.82
13753.59
33263 .49
31248,96
3335€.97
(@72, 54
12367,.9%
605,22
9762,93
1238¢,0¢
=517 ,06

12

HAR
37,74
3.42
18532,3¢
B9838,01
1768,22
2¢

*
89698,54
13862,87
«%8
145,79
2538,58
1999,87
3383,48
3382,64
33343,22

22750,29
~318,44

SEP
52,43
5.24
11208,17
49760,08
778,52
37172,84
21992,92
51653,23

2227%,98
1237 .85
21038,43
20810,0¢
528,42

2%
781

MBR
3138
2,67
438,67
91842,01
8389,82

«82
97958,81
19874,77

.82
113082,48
18874.72

$474,9%
248378
2543, 48
33348,22
2882,59
29829,42
4815,17
95814,25
98402,0%
585,77

sgp
61,38
5,18
£279,98
52873,01
855,83
43368,32
21341,86
39132,52
.32

280

« 88
7761,57
17895,26
17174,51
33358,97
3327 .84
24448,%8
1373,06
23273 .53
16490 ,07
6533,52

W524
L4918

18422,96
27198,7¢

7714,.28
§9275 .40

4878,.18
95299, 21
184220,91
»8993,79

oLy
50,50
3,93
2787 .96
49910,00
730,40
15207 ,07
37935,48
11151,88

«2628,67

1953

APR

ad, oL
3.96
5843,18
12a%8e,01
5368,17

.00
122787,48
18052,81
.28

93,081
11209,43
3566,67
7173,12
7177,81
33358,97
12114,28
134755,96
473¢,20
132025,76
127720.91
2325,74

oer
58.15
3.9
228,08
55830, 8¢
813.7¢
18586,42
42153,688
12%83,3%8

3352.17

55198,83
33887 .39
3811722
20

82

#18

8833 .48
23902.78
23898,55
F3348,22
176,87
IBATE, 88
192%,08
33331.47
31040,00
291,47

NOV
43,20
2,88
9321,37
53303,0]
660,00
6758, 69
48005,53
13036,65
.08

.00

o8
2240,18
3734,84
3767,68
33345,22
5362,73
53269,85
2005,12
50464,73
55270, 00
«4885,26

FAY

56, 4¢
5,69
7462,72
118430,23
330,99
31548,55
$6655,03
24923,04
.02

a1

92,99
7725.63
29515,83
20928, 42
33345,22
11027,38
187582, 28
4427 ,65
123874.56
$7578,81
Fi84,54

HOY
30,62
2.4¢1
7831,69
§8835.21
2357,21
6195,47
66396,27
7B42.78
'l
3498,41
4133,27
1298,48
1831,32
1897 ,.%8
33343,22
5747,75
72253, 1F
3685,16
68368, 83
63378,01
=-1.98

215,958

Jus
63,29
.44
12306,48
BY4%2,81
313%,80
42885,28
BafisB,.24
35849.,27
31

« 28

b1
12333,97
32725,68
38718.86
333438,22
5i97,73
59877 ,64
335,43
56542,50
5u872.29
672,28

j£34

28 8¢
1,87
11942.2¢
11155¢,83
31548,63
98
114387,26
6433,99
e

5984 ,52
6430,89
889,37
1461,19
1553,8)
33345,.22
5¢73,97
119245%,48
4867,74
114377,56
111403,03
3277,54

ANN

59,29
82,68
56826,359
767694,62
21131.087
285329,62
560162412
225575,81
.00
4433,82
18799,18
71732,28
174235,31
174412,71
33303,97
46353,30
604888,25
29811,32
575078,00
584859,62
“5581,88

ANN

45,77
48,66
P1E61,93
geegny,s2
31651.72
284577.59
745583,87
227332484
(34

By80.52
414498,58
86330.73

163243,99
163687,2%
33345.22
63417,81
826913,25
36301,60
7706)1,62
7582%9.87
123%1,82



ONEIDA

L] ]
11873,

@,

238443
20200
$2573,668
397,
2838,
21058
236,232a2

[ 1
5381, 2367, 7

18,29 4,%a 7,00 250

1954 {3
1955 13
19388 14
1954 1
19535

1938 ¢
1934 &
1838 3
1958 g
15382

1954 &
1985 %
§936 3
1954 3
1985 3
1958 3
1954

1955

OO O8N MR DR AN D b s G Gl R D D e e

POTS (@ THRU 24 SKOULD BE

12209
87520
. 10000

09997
.a7427
29899

ONEIDA

VAR
YEmP

F
PRT
aR1Y
QUNG
QCNL
as1Y
2168
118 4
SHW

027, 38, 1471, 138
", 8, 486, . .
L7423 07684 23687 00116  ,04762 044
.agesn ,00P02  ,Bi1%0%  ,po%d¢  .2¢eee 280
#, 1233, [ 1608, 2,
00028 43492  ,0c0008 35440 22000 Q08
LA8 .88 L8y 81 1,84 (.12 ,9% 87 77,67
W99 5,08 1,14 1,18 .28 1,22 1,23 1,24 1,23 1,22
.40 L83 1,00 .08 (%@ .92 .00 32,00 22,00 .78
3,e8 +08 B2 .80 402 J62
(10 26,18 28,80 44,40 52,10 34,30 67,20 82,70 86,850
L83 15,48 23,48 36,40 49,10 55,30 84,50 65,50 35,20
W82 14,88 27,98 41,70 52,08 30,00 83,00 81,80 32,62
W48 LB 2,23 1,12 1,39 2,58 ,82 1,48 (.34
W73 TP L82 1,82 2,38 3,68 58 2,47 1.58
W78 W71 L2378 2,48 (82 47 L1433
178,78 11,80 39,30 15,68 4,89 1,71 1.48 1,38
W76 3,33 4,73 23,60 42,18 20,20 3,28 3,44 1.82
W70 8,17 28,40 91,20 42,78 6,37 2,97 2,95 1,27
.28 «88 .08 00 8,48 3,18 3,38 3,38 2,48
1955 .82 .e8¢ ,88 0@ 2,88 7,58 3,%¢ 4,08 2.8
1956 .98 .88 .88 L@@ 4,78 8,88 8,22 4,80 3,i2
1954 9,36 9,44 14,72 18,18 17,49 19,12 28,75 23,98 16,80
1935 8,67 8,55 9,17 18,58 11,08 313,43 20,53 {68,04 18,58
1958 13,88 19,45 17,34 27,44 23,03 14,78 26,20 24,42 15,13
L87 5.3 9,86 11,42 18,43 19,51 27,25 22,18 13,43
18 5,78 8,18 14,32 9,83 15,290 38,31 17,43 15,87
63 6,89 12.42 22,45 21,48 16,99 25,41 23,48 12,31
82 3,00 3,79 3,p0 3,00 3,00 .o N2 .00
.62 3,06 3,08 3,06 3,.n¢ 3,00 J,@0 .00 300
.20 3,08 3,02 3,00 3,00 3,20 3I.P@ 3,08 3,00
.28 ,9¢ B¢ 98,00 ,00 .22 ,pe .20
.00 L0 00 .96 08 ,d® 08 .98 ,80
1956 .99 L0F L3¢ .de ,3@ .88 .20 .e¢ ,ee
SEY A8 FOLLOWS
.A30AS G585 (34990 ,02%00
.0R828  ,B3703  ,52000 .00000
00880 20000 ,000B0 ,79099
POTS 10 THRU 24 ARE SET A8 FOLLONWS
L23845  ,a5517 34924 02485
.00000 ,03717 ,4998% ,a0000
+00000 00000 .DAPAD .79974
1955
JAR FEB MAR APR MAY
13,84 18,42 23,40 38,40 49,18
¥ 1.83 1,84 3.27 4,98
1878,77  2033.19  2888,93  4169,33  5125.32
$3351,080 145845,81 13351,08 38864,85 233e7,11
193.%3 181,70 1683,61  3i127,20  2173.@7
o N1 .08 W08 72u8,28
13480,85 14048,18 14876,%8 39783,.12 22498,%3
.02 WBO 2889,29  79P4,21 12481,17
728,99 7720,99  Free.9v  Ir2e,.89  77ee,e9
2625,13  4658,33  3836,96 12,09 .80
+89 .80 208,29 3824,87 i2,89
83,98 79,04 158,08 288,77 758,49
341,72 442,79 953,83  2178,8%  7143,48
384,43 464,96  1911,62  2218,02  71%50,46
12943,75  12491,33 14432,88 18908,1% 18008,12
766,57 377,00 113,10 6,28 6.
21719,39 22796,M4 224%6,74 47(25,23 25058,53
50,28 38,26 25,13 58,28 50,26
21855,04  22745,78  22431,81 47Q74.96 29808,28
22318,08 22019,18 23813,33 47B24,47 3078780
~£53,04 728,59 ~1181,71  «740,%8  ~978,72
JLy AUG SEP (I3 NOV
64,50 65,50 58,20 48,90 28,80
€.70 8,28 4,83 3.58 1,88
1206,83 584,85  4014,91  4272,28  3448,7)
76413,87 44935,07 4P8S5D,07 14845,%% 19129,78
167,80 161,62 93,68 95,22  1788,4%
14185,16 12810,96  6691,%3 o0 .
68115,76 35013,82 36058,3% 14435,41 2076),88
9779,92 13131,43  8029,83  4272,28  3202,68
7720,99 720,99  77208,39  7720,9%  7728.99
.00 14 30 #00 246,10
Rl .ee .en .80 3202,80
1569,29  1%16,29 879,48 501,32 157,04
13260,08 11577,24 537,37 2988,48 870,87
13283,83 11573,9%  5944,36  3022,29 911,08
14539,78 15118,%4 18Q33,25 18029,69 18926,97
11468,43  2136,34  2789,81  2946,890  2781,84
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2613,2% 110251.%4
67202,421101518,50
61,85  1298,8%
67148,561190319,75
70699,7810851086,75
~3559 .22 1%5212,93



612, 7

247,

2742 001

0321 » 000
@

Bage »208
W78 W22

1,18 1,13

24 .08

2.
2. 87587,
(13
1]
8.
1]
«33 46
104 91
22,80 2,00
2.%¢ 3,50

TB.R5 82,45 50,50 43,20 29,10
73,30 61,35 %e.15 39,58 29,82

#17 1,99
1,77 §.11

.36 1,29

Hay

59,75
6,83
1163¢,58
188358,83
541%,82
38299,28
163798, 88
32698,88

165639.84
142,72
160487,69
16250¢8,9)
-20€2,92

HOV
32,43

66525, 43
64758,9¢
1775,43

TREHONTON
@ [ @ 1
17803, 15759, 458, 166485, 6513, 8
2093, [ 597, 217, 2,
26340 20344 21713 24627 09636 2l
$03096 WLl ) 00730 00321 Jo0ea0 “0
$5632,250
%4, 1092, 4528, 2698, 9308,
28788,
«D4%E0 14897 «21821 212996 LA983¢ N
31729.%83
+A4 8.1 58 W71 9B 1,08 89 287
+81 CB8 1,89 1,158 1,18 1,18 1.18 1,18
32 58 1,28 0D 48 « 11 82 36,08 28,02 {.3i
i8,80 1,80 4,80 + 28 3% 24,80 17.88 B3
1 1954 29,68 32,95 37,70 58,75 59.3% 62,35 75,18
1 1988 15,70 21,38 31,38 44,080 58,42 63,28 72,05
1 1956 31,48 21,.8% 3B,.35 49,43 39,75 68,50 74,35 88,7%
2 1954 1,33 38 1,87 .45 «84 1,83 34
2 1858 2,28 .64 6 1,21 1,32 2,18 12
2 1956 2,88 238 W11 1,18 2,88 82 3
3 984 1,21 3.82 1.2¢ 2,22 3,81 3,2% Z.1%
3 1953 B4 W81 W98 1,42 3,286 3,06 2,87
3 1936 1,42 1,11 .45 4,01 B.74 7,43 3,38
4 1934 oI N2 W28 .58 9.8% 9,00 18,10
4 1939 1 289 28 82 3,89 7,60 10,89
4 1588 198 «04 28 B8 5,80 19,40 10,58
5 19%4 13,00 12,87 (6,46 18,58 5,51 3,7% 1,33
5 1958 (1,33 19,190 17,11 22,67 17,39 9,51 1,29
S 1956 23,17 14,42 22,10 29,40 28,85 7,94 1,36
6 1984 12,14 13,04 15,96 17,22 12,36 18,24 9,38
6 1935 10,34 9,26 18,18 21,47 21,02 15,16 §,83
8 1988 20,86 13,37 22,29 28,90 33.44 14,88 19,01
7 1984 20 «00 08 )] .22 <22 o2
7 4958 ] 08 08 29 .22 » 00 BB
? 1938 51 K14 200 209 .88 08 08
B 1934 .88 .00 LAQ ,e;  ,80  ,2¢ .00
8 195 ,ee ,p2 .8 .28 B2 ,03 08
8 1938 08 .08 .22 B0 N <98 88
POTS 10 THRU 24 SHOULD BE SEY A5 FOLLOKS
LiBE33 8286 28038 ,2998% 80008
<ROGAT  L%9595 ,16866 50R@2 ,4249%
+120008  .23¢82 .p493@ .s3eed 7§98
POTS 13 THRU 24 ARE BEY AS FOLLOWS
29867 824705 ,249%7 299856 ,20006
L20080 L, 59P84 16807 ,49993 ,42488
09857 ,g2%7B  ,d39?9 ,04949 79988
TREHONTON 1558
VAR JhN FEB HAR PR
TEMP 31,43 2{,83 38,35 49,458
F 2.87 1,41 3,18 4,45
PPY  16288.07 2148.285 647,78  6533,48
GRIV 1(raca, 81 75358.21 125348,33 162821,03
GuNg r2g8.64 833,02 3172,39 2689 ,38
14 .an .82 .02 N1
G5IT 123000,.3% T7H3I51,18 1286:18,.67 16236456,78
GI6S  16223,88 PP 11323,88 7833,61
GGLI a2 .02 98 +82
SNW 9838,73 111786,98 5e1,08 80
SNMY 16423, 88 +32 (3675,98 00,20
ETPH 871,29 599,81 211,78 4883,58
ETP 1887 ,86 12¢e1,24 3356,23 976,28
EY 159%,07 1333.80 3622,8% 9762.93
M8 3334%,22 32148,92 33345,22 J06@8,85
op 6902,80 19367,9%5 3437,6% 4248,93
QTO 1A0B88,29 85583,79 131958,84 164759,8]
Q6n 5280.23 4482,69 5282.,73 JL142.72
QS0 125378,06 B81101,08 126698,18 15G647,p6
QGAL (A0520,03 79540,.081 124580,01 (58566¢,03
DIFF «5121,97 1561,08 2198,89 =~%982,9%
VAR ¥ AUG SEP oer
TEXE 74,558 68,75 63,80 80,80
¥ .78 8,60 5,29 3,96
Bar 1971,28 28,18 253,458 $818,468
ORIy 56432,7¢ 8¢832,.81 48728,82 6a8%2.02
QuNG 2081,23 1381,62 1658,19 r5.72
RENL  59138,.52 58575,39 24494.76 22572%.28
RSIY 1048%,45 17362,13 1793{,33 4e827,44
AIGS  M4497 M) 32244,61  24725.36 17914,38
AGLY 233 82 ] £ 00
SN« o P2 Lar .32 B8
SMHY 82 « 30 22 Jee
ETPH  15499,52 11833,20 8274,74  4497.29
ETP  40%%4,36 28624,66 18228,7% 9163,75
EY  40G4%4,28 28828,76 (8274,5% $2%4,18
MS  27%08,71 3:1035,12 33345,22 3334%,22
op 2310412 137.5¢ 453,77 4372,.69
WYo  1267B,28 173533,26 1727@,76 45089,67
agGo 715,03 939,04 935,04 2475,19
080  11983,82 16438,22 16335,72 46614,56
AGAG 7E50,83  14000,07 151%0,80 46820,00
DIFF 4273,82 418,22 118%,72 ~20%,44
nEde 15,954
11 .. 387

+49
248 1

147 ¢

8,13 32
6,31 11
8.86 9
991 12
10,78 it

28
1:14
«00
Y14
<08

JUN
86,5¢
6,78
3491.89
838423,41
4694,68
38875,39
44558,87
35788,43
N1

-1

.28
11673,87
34698.18
3477%,28
33343,22
407,68
485687,14
2667,61
45699 ,53
4472¢.0@
178,52

OEC
26,85
3,69
7493,89
73728.81
784,38
3737.28
71853,45
2644,58
48
7972.5%
2e
831,33
1316.5¢4
1347,55
33348,22
3327.,64
74858,31
3987 ,67
72872,64
76994,01
~6119,37

£3,90 50,82 32,43 26,8%

.83 .89
«33 2.1
32 1,33
28 98

13 19,72
+49 13,68

«16 19,82
87 13.08

.00 220
.29 22
.00 .82
.22 202
08 22

ANN

49,57
51,37
5761787
1118683,58
33826, 51
298961,87
921184,62
21865¢,75%
22
7972,5%
28%49,61
71283,23
174663,68
17514},5%9
33345,22
49103,42
968485 37
48538,7%
927918,62
932759, 50
-4849,92

77

TREMONTON
VAR JAN
TEMP 28,60
F 1498
PPT  7519.85%
GRIV  68420,04
QUNG  2851,186
QCNL .
Q81T 79449,.82
Q168 5249.66
a6LI .8
SNW 8521,17
SNMT  5240,88
EYRH B21.34
ETP  1477,.98
ET  1512.%8
H§  333%8,.07
op 82,52
GYD  72375.89
660 38208,18
680  888835,4%
GGAG  73228,9)
DIFF  #8384,53
VAR JLY
TEWP 75,18
F 7.681
PEY 18143,98
GRIV  3293¢,00
GUNG  133%5,40
QCNL  56885,71
asir  73187,78
916§  33202,09
AGLT 02
$NW 03
BNMT + 22
EYPH  45790,48
ETP  412684,72
ET 4127¢.32
8 25314,87
pe 445919
G710 11%57,51
60 718,83
080 18835.48
GGAG rBag.a8
DIFF 329%,47
LS
0Bsx
TREMONTON
VAR JAN
TERP 15,78
F 1,83
PPY  {2865,68
GRIV  58280,081
QUNG 583,20
QLML 22
G517 38428,%6
a16% 22
agLl B2
BMW 1793, %1
SHMHT J B2
ETPH 439,84
£TP 783,93
£T 797,33
M§ 3253394
bR 3327,.84
QY0 618387,7%
0G0 319,14
nsp  58467,59
RGAG  §397¢ .74
DIFF  «55%50%2,42
VaR JLY
TEY® 7z.88
F 7.49
Bpy 784,73
GRIV  55420,98
BUNG 1859,89
QLNL 62828,28
a81T 2388,58
8168 34139.%7
GGLI B33
SEW .28
SHNY .03
EYPH  14315.7%
ETR  37418,85
ET 37429,13
3 Ja1s55.08
o 4083,93
GTo  1325%.58
050 825,83
NSO 12430,35
UGAG 7289,00
DIFF 5159,84
N84
ORis

FEB
32,95
2.28
3284,86
73462,00
4269,48

.00
76854,03
9139,87
+ 00
é576,368
9139,87
1993,42
18588,32
1897,58
33340,22
2227,5%%
78753,48
412%,18
74638.331
72498,81
2148,.28

aUs
78,28
§,74
957,48

12448,6)
3e1i6,.27
36168,83
2r418.71

873,77
9958, 44

605,02
$358,41
£970.¢0
2382.41

FEB
21,35
1,43
265,84
32254.87
587,18

.00
52201,31
.37

.88
26568 ,56
a2
709,78
1218,36
1333,80
31378,89
453,77
52197 ,31
2695,11
49502,19
56912,81
-7287,81

AUG
73,38
7,83
9997 .24
3@247,88
1124,19
51253,46
g424,21
38186,64
id

.20

.87
13750,59
33263, 48
33248,98
33358.97
1972, 54
10387,9%
625,02
9762,.93
10380 ,00
-517,06

12

HAR
37,78
3.12
19832,3¢
89938,01
1769,22
.80
89698,54
13062,87
.20
148,79
2538,58
1999, 67
3383,48
3382,64
3334%,22
7854,06
98556,78
4125,18
92431,39
92730,00
318,41

SEP
62,4%
3,24
112068,17
49760,00
779,98
37172,84
21992,92
31653,23
00

o8

»0e
811,91
17848,01
17848,28
33348, 22
453,77
22275,38
1237 .58
21838,43
26518,99
528,42

915
.71

MAR
31,35
2,89
4328,67
$1342,81
8389,82
.0
97956,81
19574,77

28
13382.4%
19574,77

$474,9¢9
2495.70
2543,88
33345,22
2062,59
99829 ,42
4a215,17
95814,2%
96402,01
~58%5,77

SEP
61,15
5,18
6279,95
52078.,0
855,80
43368,32
21311,86

1849%,09
6583,52

J324
<481

4378,48
95%89,21
184220,01
=3902,7%

ory

37938,50

«2628.67

1955

&PR

44,68
3,86
5843,18
122882,y
5368.17
08
122783,48
18e32,81
-

93,01
11209,43
3366,87
7173412
7477.84
33358,97
12114.28
134755 ,08
4730,22
13205,76
127780.01
2328,74

oLr
52.1%
.91
2281 .06
$583¢,00
8ie,78
18886,42
42353,88
12523,.58

4%829, 00
332,17

HRY
59,85
8,01
475928
69640,91
Jige, 68
38198,23
33887,30
ASL47 .02

2291,47

NOV
43,2¢
2,838
321,37
53303,01
860,88
8738,69
46005,33
13038,8%
00

.00

+ 09
2248,18
3734,64
3767 ,68
33348,22
$362,73
53269,85
2885,32
58464,73
58270.0¢
-4895,26

HAY

56,40
5,65
7462,02
118438,83
33¢:.98
31540.58
$6655,83
24983,04
-82

«B81

92,98
7726,83
208943,83
20828,42
33345,22
t1e27,98
102%02,26
4427,69
1030874,58
979708,01
5184.54

NDV
30.6¢
2.91
7631,.69
68535,21
2367,24
£195,47
§8358,2¢
7%48,78
4
3498,41
4133,27
j338,48
1831,32
1897,5%8
33345.22
5747,75
T2353.1F
3685,16
68388,83
68370,01
-1.98

JUN
62,35
§,35
5829,37
37738,80
1217.3¢
5p600,25
21765,04
33789,00

19002,62
20740,42
25728,8¢
I3345,22

73,02
25603,83

$37%,28
24228.57
21142.09

3288,356

QEC
29,18
1.83
6167,31
33402,80
1293,99
3717,28
51782.99
3777,98
L
4433,82
1733,48
868,48
1426,87
1457 .56
33393,97
§737.79
58357,58
3832.63
55384,55
35%23,.29
-215.85

JUN
63,29
6,44
12386,465
8548d,81
3135.88
4280%5.28
546%8,24
35849,27
88

288

edi
12338,97
32725.69
J4z718.86
3334522
5197.73
59877 ,64
313%,13
$6542,.5¢
52879,00
672,50

DEL
29,8¢
1:87
11812.20
§1165¢,83
3546.63

©
=]

;1:3@7:26
5433,0%

o
5984,52
§432,89

889,37
1461419
1553,81

33345,22
5673,97
119245,28
4867,71
114377,86
111102,03
3277 .54

ANN
38.2¢9
32,68

£§8826,59
762694,82
21131.87
285328,62
56pi62.42
22%5575,81
V29
4433,82
16799,418
71732.25
174235,38
174412474
I3303,.87
46353,39
684889, 25
2patl. e
575878,108
584658 ,82
-3581,68

ANN
as8,77
48,08

P168L,93
220083,52
31651.72
2%4877,59
74538)3,87
227332.81
«08
898p,.52
41443,38
85633p,73
183243,98
153687.2%
A334%,22
$3417,81
B26913,25
36381,60
7re841,82
738259.87
123%1.82
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ANS A -
EVANSTON DASF { ey BYANSTON CASE 1 -
14 & VAR EIL]
35,22 2,30 3187{.7 f.78 TEMP 22,12
2598, RWZY, 19835, 314, LB 2. 2. r 1448
2. a, £ B, 8 2. 3, 3187%. PPT  1B1%,33
LOEZ3Z 27865 %2806 48204 g9ARE  ,20eaZ  ,2w0as QRIV  3323,99
36230 SREARDR LARRAR L2240 81088 B0 LHBEAAD QUKG 338,87
$2630,615 . ackL NI
i e W, °. 3. 2, A, ISIT 712,87
LN 4165 W20
JAnaad Jengon Jragra Mol »apedd 2 ¥HQ0R BB28 a6Li B0
L02320 SNx  59D€.48
55 oBH - 81 1,87 1,18 1,84 1,89 92 »82 75 11 ANHT wan
1 N . .2 N1 . -1 .34 ) B¢ .82 'L ETPI w00
«2€ 38 L.9D B ¢ .79 SO 32,40 24,08 1,59 20,43 2,08 ETP R37.78
10,00 7,80 11,00 .20 G0 i 33 wgu 11 B 2,58 2.0 ET 5£3.04
11984 27,10 23,20 24,77 4%, 60 49,72 54,80 65,29 58,30 53,79 23,80 4,40 17,42 My 5949.24
119985 12,20 14,70 264,30 34,20 47,30 54,90 62,10 63,00 52,108 42,40 22,00 20,42 np %52.389
1 1056 20,20 10,708 25,20 35,50 48,36 858,00 62.60 585,90 53,10 39,70 22,30 16,60 [<hds] az2h,42
2 1954 69 o4 75 .14 78 1,43 1,11 1,64 79 W89 1,42 738 060 84,23
2 1954 -2 R .49 19 1429 115 1,37 1,15 1,28 o 43 <82 1.88 e8n 4152,19
2 19%8 1,234 $39 oul? .39 2,32 .57 71 « 38 E2 194 ald +83
31984 18 L2133 1,320 LS4 (77 97 92,82 Le2 W08 ,96 vtp dLy
3 1958 e w5 PLLE A S 78 W7 .36 R W01 B2 D8 a4l TEMP £5,49
3 1948 224 .18 24 .82 1,41 o 24 18 .28 a1 «B% 23 L F 5,78
4 1954 7 ) .00 .08 23 02 a8 ] T «dd o0 122 PrY 229,31
4 1958 28 Rad $ed MLl -1} «20 i £ 00 ) o34 «BY 02 bLegY 512,99
41888 00 Le& .00 e ,23 dw @0 L,98 ,0@ L¢3 L0 &8¢ AUNE 150,57
% 1954 1,82 1,47 2,77 5,59 16,83 2,75 «29 »af 08 W33 39 o83 ACNL  X237B.25
5 19%%  p.en W31 1,12 5,38 12.31 9,25 w14 33 14 1% P99 &a36 asIT  =4104. %3
S 1956 2,27 1,E3 5,88 5,43 22,85 (5,72 L6942 0@ 8% B4 1,04 a1%s  15497,4%
5 1554 1,0 1,25 1,55 5,28 16,46 2,73 3,44 1.2¢ 1,17 1,87 98 % aaLY .-
B 198% .82 . 93 3,33 18,33 15,22 3.20 1,87 1,19 1.21 1,23 .68 Suw 2e
6 1958 1,20 .97 2,33 4,05 26,43 22,16 4,88 1,68 86 1,17 1.84 .93 SanT -F)
7 1954 on o ] .20 N « 24 £98 » 48 2d 230 By +48 ETO¥ 5.
FO19E8 08 a8 L6630 AT 38,38 M 3¢ L@@ 6B .83 €T 15722,57
71958 Le@ (At L@l 08 @3 33 A8 ,38 L,@F  L,38  .e¢  ,08 ET  $5187.13
8 {284 HE a3 Rl i 39 32 32 .33 + 99 288 B2 32 -] £532 65
41935 P em L PT R LAF A% 03 .88 L34 .83 4R .28 np 295,46
8§ 188 “a i R T 2% A8 5] s 88 3 »22 «B8 0 o7y =3RA8,72
. osn 25,69
PRYS 14 THRN ¢4 BHUULD SE STT a3 FOLLN#S @n =3852,42
PiRZAa pIRTs 73871 L R4008 ,2i0ge
LRBFAE L POuBn u238F L3220 L@309¢
SIOFAR eBERY 20602 ,25TAC 73999
POYS i@ THRL 24 akF SET A3 FOLLUWS
SH9987  Le12%y 03643 [S40A7  Lu3076
SANRET L0600 L, m23%5 45975 ,DARda
LAOBAE annar iennn 5508 79937
See Appendix B for definition of the variables
EVANSTON CASE | oy 1938 EVANSTOR CASE | wi
VA Y FES HAR AP HAY Jud yas Jat
TENE 12,08 14,70 24,34 34,23 47,30 8,39 Tou> 25,33
¥ B3 o 1,53 3,87 @,27 5,59 ¢ 1,33
8ry 145%,82 2131.,24 123%,14 495,87 3383,489 I028,59% PRET 3183,49
uRIY 442,05 2171.99 2458,09 $774.8%  4RZIZLIT  40B52,08 QRIY 3417.99
LIS 137, 118,12 153,23 THAN.GE 1838,79  148%,19 FuNg 520,54
AUNL 2 e a3 i W88 14778,43 sint i 1338.32
asys F573.34 2268,17 2613.2%  15623,46 493SB,77  3%032,%3 asIT 3427 .42
8168 o3 e L83 733,354 3184,8% 84a1,28 216S 5¢r, 82
asLl A 0 13:54 ID 08 LB 2511 .
e 343,10 5581,2% 584¢,28 78 -1 1] Suy 1SATRL4 4
Bumy A 27 W30 $53y.67 R -1 SneT 2]
ETPH A =47 203 283 «82 3L ETPH B
re 52,7 15,31 175,54 2234,47 GEPE,AC  (3304,72 ETo LTEN-IY
£1 172,52 825,60 123557 2257.35  oedl,S7  1A418,32 g1 852,34
e a12%,25 7517,3% 6538,75%  (1722.%2 $332 80 5583.75 e 122,60
o JE, 83 32,11 12,84 i5.2€ 32,14 $8,58 nE FLE
CTe 2669,7F 2273,75  2862.12  1ASBALAY 49443,83  35825.39 5T 3T,
raa S 51, 4F 54,23 73.09 BRLAS 23,09 el $1.33
(334 £T17 RE 2872,47 23i7,85 (53%0.Ga  498PA,06  35379,.83 S8 EAYLIS 5
var ALY aus SEF ne NOV DEC ENN ViAr Juy
TENR LEPR IS 6,22 s2.12 42,50 22,9¢ 23,42 37,17 TEMP LT
¥ fi,a3 G,24 4,37 3,27 1.51 1,28 39,48 F #.51
PET  36m4.35  2025.5% 337,57 19%2,36  21%37.3%  4735.54  29751,.96 PPT W67 ,0%
TNty 6F7E,00 4932,90 353,00 3245,99  2729,9¢  AIAY, eV 131227,87 ASTY  12702,7%
LU 1PR, 7S 81,368 41,97 59,24 179,37 53,19 12744,83 AUNE 20,13
ACRL Sn2rX, 47 248602,00 741824 194857 N R129,77  8ei18)1.@7 QCNL XiRan,an
GOIT  =1180,13  «4334,78 373,14 13E1,09  OuLK,87 442%,08 113471.51 S317 13%.7n
ALRT 13836,37  12374,55  5135,50 293662 14 834,31 55273,71 2165  13RE1L A0
LT Lo il « I8 o - » 68 99 o5kt T
'3”" D Wit L4 PRk 2187,35 §833,00 s423,00 Sum T
NPT Lo o L au ld L0 J8H EBed, 38 SAMT R
ETFu B I O ot ,an ¥ .08 ETPe L
EYF 13%47,73  12442,37 fpad,s) 79¢3,04 LRSS 614,74 SBB37,.25 ET®  1XR{4,72
FT  135838,90 12441,6% 423, 44 2941, 7w 347,85 b7i,6n dBAGS.14 EY  13%28,r3
M&  o6¥I,a S63F,uT §33L,TL AB4I,IN BP0/,.97  SH0N,86  6359,86 v¥s  E5L3,71
a» 12,26 42,11 32,1y 38,583 32,41 32411 389,689 ne 27,11
Yy =3194,771 -a3f24 BA 46,81 1331.78 uéwe,d1  4415.11 113227.03 Ty 167,07
Brn ZR.R% 25,63 77,37 51,38 54,23 41,38 352,38 364 27.%7
0% «132¢,30  ~4382,57 258,77 146,31 28246.17 4367,73 118674.62 330 88,92

80

FEB
24,20
1.62
894,51
3380,5¢
1233,27
SO0
a%34,27
1138,48
38
5787 ,8%
1145,46
o8
348,33
839,31
5378,17
826,69

4958, K&

UG
59,39
5,64
4209, 46
3176.99
5,82
172335.90
-3238,18
18683 ,48
N

28

81

P9
13729,18
1AKES, 98
558G ,.40
237,65
w3¢4ad4,56
54425
~3108,79

L
989,74
4475,0¢
173,63
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