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INTRODUCTION

At the present time the role of land and water resource plamming in
regource use is being subjected to a great degree of examination. As the
irrcreasing population has forced greater competition between incompatible
resource uses, Individuals and special interest groups have begun to react
more to proposed rescurce development.

Water resource planners must question whether previous concepts of
planning are adequate for the future. The public has already voiced the
opinion that the old methods are not good enough., Previous planning con-
sisted of designing structures at the best physical locations and detailing
the operation and use of these structures. Today very few of these sites
remain undeveloped. Increased recreational water use and waste production
have forced water planning to assume a much greater scope.

Again, it is doubtful that concepts in water planning have advanced
enough to provide an adequate product by today's standards. A tributary
within a river basin can no longer be analyzed separately, but must be
evaluated as part of a river system. Tributary management may have significant
effects far downstream or upstream. Alternative management plans can no longer
be evaluated by the benefit-~cost ratic because of intangible effectsf Choosing
among, alternqtives to be studied is no longer an obvious task. The interrelated
factors which must be considered in a system analysis are infinite. The need
for accurate data and proper study methods has mushroomed with broadened gcope
of planning.

It is the responsibility of water planners to use their experience -and:

ingenuity to relate to current concepts. Regardless of the many assumptions
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and cursory evaluations that must be made to treat these concepts, water
planning efforts can result in currently meaningful studies which can be
used ro regulate otherwise haphazard develcpment,

The following report is a description of one of the initial steps
taken by the water planners of the Idaho Water Resource Board tc more
adequately plan for water management in Idaho. A computer program was
developed to evaluate the hydrolegic effects of varving management plans
on a river system. In Idaho little basin-wide planning was done or con-
siderad necessary in the past. A mixture of individual, private and public
‘development has resulted in inefficient systems with many conflicts among
water uses and users. Lack of planning has resulted in misconceptions
of physical systems and their potential uses. Through the application of
the river operation program, many of these misconcepticns can be avoided.

The program was written to provide a balance between flexibility to
allow a wide range of applications and simplicity to permit ease of use.
However, despite the capabilities df the program itself, the program is
limited by the quality of the input data. In view of the magnitude of
water development in Idaho, many basins are very limited in land and water
data needed for proper planning. Often data must be estimated with very
little verification,

This report contains a description of the use of the river operation
program on the Upper Snake River along with a description of the operation
program itself. It is intended to be a guide for others who use the program.
Secondly, it can be used to gain a better understanding of how the program
operates for better interpretation and application of study restlts. Presently,
the program is also being used to study the management of the Bear River,
Wood River, Central Smake River (including the Boise and Payette), and the

Middle Snake River from Weiser to Lewiston. Separate descriptions of these




rivers will be added to this report when completed,
It should be emphasized that the river operation program is a planning
tool in hydrology and should not alone be used to evaluate alternatives.

Inputs must be brought together from all related land and water disciplines

for complete planning.




SECTION I. RIVER CPERATION METHODS-
GENERAL DESCRIPTION

The following report is & description of the IWRB Fortran IV river
operation computey program as of July, 1972,
PURPOSE

The TWRB river operation program was developed to enable the calculation
of flows and reservoir contents of a river gystem operated under varying
criteria of river basin management.

PRESENT CAPABILITY

Using monthly input data, the program can operate river system consisting
of up to 50 separate reaches. Operation of the river includes the following
for each reach:

a. Natural inflow accumulation.

b. 1Inclusion or exclusion of a reservoir of any size.

¢. Reservoir evaporation.

d. Assigned outflows.

e. Irrigation diversions and return flows.

f. Municipal and industrial diversions.

g. Flood control operation.

h. Reservoir étorage operation.

PRESENT USE

The program is now adapted for use on the Upper Snake, Wood, Central Snake,
Middle Snake, and the Bear rivers. Major tributaries such as the Henrys Fork,
Boise, Payette, and Clearwater are included in these segments. Total flows
and reservoir contents can be predicted on the Upper Snake, Wood River, Central

Snake, and Middle Snake for the périod of 1928 to 1968. Similar data can be
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obtained for the Bear River from Bear Lake to Bear River Bay for the period
of 1927 ro 1965. Results are in terms of 1000 acre-feelt per month.

GENERAL OPERATION

Organization: The basic unit of the river operation study is the reach,

a2 point-to-point section of the river for which all inflow and cutflow data are
known or estimated. The particular river system under study is divided into
reaches, and operational criteria are established for each reach depending on
study objectives. Figure 1 shows a sample river system configuration consisting
of eight reaches and three reservoirs. Operation takes place reach by reach in
downstream order with the outflow from the reach being operated becoming the

inflow to the next reach. As shown in Figure 1, a reach can receive the cutflow

of two or more other reaches. The number of reaches and reserveoirs is limited
only by the storage capacity of the cemputer system being used.

All reaches use the same decision procass for flow and storage allocation;
thus allowing 2 looping procedure in the computer program. Three passes are
made through the entire system for each month of operation. These three passes
attempt to satisfy diversion, discharge, and flood space requirements. Other
functional uses of water such as recreation, power, and water quality impose
constraints during the entire operation. Choice of input data determines the

impact of each water use function. For all operations, storage routing and travel

time effects are ignored.

The program consists of cne main program and five subprograms or subroutines.
The main program calls for input data, calculates all intermediate data used in
the subroutines, and calls for final output. The five subroutines perform (1) the
input of 511 indicators and system constraining data, (2) the initial reach. and
reservoir operation, (3) the identification and release of storage water for ‘

unsatisfied demands, (4) the routing of water from the storage location downstream
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to the point of demand and (5) the output and organization of final data. Each
of these subroutines is called as neesded by all reaches for all functiens. A
simplified flow chart of the entire operation is shown in Figure 2.

Main Program: Before calculations begin for the first year of cperation,

monthly gains and irrigation diversion requirements are entered in the main pro-
gram for each reach of the system. On the first pass, surface and groundwater
gaine are accumulated and routed downstream; all diversions are met, 1If possible,
and the remaining natural inflows are stored at the nearvest downstream reservoir.
On the second pass, an attempt is made to meet all assigned reach outflows; and
on the third pass, flood control space is provided, if needed. After the third
pass, flows calculated for each pass are totaled at ail reacﬁ end points and
calculations begin for the next month. The following paragraphs describe this
operation in further detail.

Initial Reach Operation:. A check is made to determine if there is a

negative groundwéter gain (channel loss) in the reach. If it is negative, the
loss is subtracted from the reach inflow before diversions are removed. 1If
positive, the diversions are subtracted first and then surface gain, groundwater’ﬁ
gain, and return flows are added. Diversions exceeding the reach inflow must be
satlisfied from upstream storage; the surface gains, groundwater gains, and return
flows cannot be used until they pass to the next reach. Before storage is called,
the entire reach inflow must first be diverted.

The outflow of z reach on the first pass can be expressed as:
OUTFLOW = REACH INFLOW - DIVERSIONS + SURFACE GAIN -+ GROUNDWATER GAIN + RETURN FLOW
The outflow is simply the result of adding and subtracting the various components
to the reach inflow received from the above reach. The calculated outflow will

become the reach inflow to the next reach. .



Figure 2. Flow chart of river
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Figurae 2. {(continued)
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Figure 2. (continued)
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_Figure Z. (continued)
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Diversions: Any number of diversionms can be included in one reach. Each
diversion is given a series of numbers representing the order of reservoirs to
be cailed on for storage. Together with the use of four reservoir storage levels,
these order numbers provide a method for varying the pattern of releases when two
or more reservoirs are physically capable of satisfying a diversion demand. The
use of these numbers and levels is further discussed under the RELESE subroutine.

Return Flows: Return flows are calculated immediately after a diversion has

teken place. Each diversion is given from omne to ten lag factors which are used

to determine the portion of the total diversiom which will return that month and
each of the following nine months. For diversions whose return flow had not been
removed from reach gains during reach gain derivation, lag factors of zero are

used (see data preparation section). The return flow is added to the system

when the appropriate month and reach receiving the flow is operated. Each
diversion can have only one return flow destination reach and one .set of lag
factors. Return flow from municipal and industrial diversions is returned the same

month to the reach of diversion and is assumed to be 45 percent of the diversion.

Assizned Flcws; Input data include three monthly flows assigned to the
outflow point of each reach. These values correspond to three reservoir storage
layers in each reservoir designated as a source for meeting flow requiremeﬁts
(see discussion of storage layers under RELESﬁ Subroutine description). On the
second pass through the system, all reach outflows geﬁerated by the first pass
are compared to the three assigned flows. For a particular reach, if the first
assigned flow is less than the generated flow, the amount needed to match the
assigned flow is withdrawn from the first storage 1ayer'of a reservoir designated
as the primary storage source., No reservoir will be lowered below the first

layer to meet the first assigned flow. Similarly, the second assigned flow is
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met from the second storage laver and the third assigned flow is met from the
third layer. Assigned flows must be of decreasing magnitude (for example,
layer 2 flow must be less than layer I flow). Only one assigned flow-storage
layer combination can be chosen for flow shortage designation when that assigned
flow cannot be met. The portion of the assigned fiow not satisfied appears in
the output as "assigned flow shortage."” The most critical flow is selected for
the shortage calculation and is identified by an input indicator (see data card
type 14, Table 1). If the remaining two assigned flows cannot be met, the
difference is ignored.
The sequencing of reservoir relesases is accomplished by a set of reservoir
order numbers given to each reach. A demand not satisfied from the storage
layer of one reservoir is transferred to the next reservoir in the order. After
all reservoirs have been examined for available storage, assigned flow releases are
routed downstream to the point of demand. These flows become availlable for storage
in downstream reservoirs or, if no storage exists, are passed through the system.
The assigned flow provision in the computer program can be used for several
different purposes. The flows might be used to regulate reservoir outflows for -
power, water quality, recreation, or other uses. As the reservoir contents decrease,
the flows for these uses can also be decreased. The first assigned flow can be a
very desirable flow while the third flow can be a minimum flow. When more than
one reservoir is involved, the assigned flows also provide a method for balancing
contents among reservoirs.

Flood Control: The procedure for determining flood control space required

is unique to each river system and must, therefore, be discussed relevant te the
system being operated. If storage space is needed in a reach, that amount is
released and routed downstream to the next reservoir or, if no storage space

remains downstream, is passed through the system.
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Reserveir Fvapcoration: The above operaticns are made for each month of the

year of operation. At the beginning of each month, reservoir evaporation for
that mwonth is calculated and removed from the reservoir pricr to operation.
Evaporation is based on the average monthly unit evaporation and the surface
area at the beginning of the month. Determining evaporation using beginning of
month contents introduces some errvor since average monthly contents will usually
be less or greater. However, the annuzl error will not be significant in most
river syvstems.

Reservoir and Reach Operation (RSROP): The RSROP subroutine allocates the

outflow after a reach has been operated. Before RSROP is executed, the main
program has added return {lows, groundwater gaing, and surface gains to the reach
inflow after diversions have been removed. The RSROF subroutine then identifies
the reach outflow and passes it on to the proper reach where it becomes a new
reach inflow. If the reach is a reservoir reach, RSROP will store as much of

the flow as possible. Any amount in excess of the maximum monthly reservoir
content is noted as a spill and becomes inflow to the next reach. If the reach
does not include a reservoir, the entire amount is passed on the next reach.

This subroutine is always used after any reach is operated, thus assuring that
all water being stored is initially at the wmost upstream reserveir locatiom.

-

Storage Release (RFLESE): When a diversion or instream reguirement cannot

be met by the existing flow, reservoirs which have been specified as potential
sources of water for a given reach are checked for available stevage in the

RELESE subroutine. The demand is withdrawn from these reservolrs in any desired
order, depending on choice of input data. Each reservoir hag three layers defined
by four levels from which water can be withdrawn (Figure 3). These levels
determine the amount of water available for withdrawal‘beﬁore the next reservoir
in the order is called upon. Levels can be chosep to represent flood space, power

head, recreation levels, or to provide buffer storage for other functions which
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have & varying priority of use. When the top laver has been exhausted in all
reservoirs, the second layer becomes available for use, and similarly when the
second layer is exhausted, the third can be used. The upper level is the
maximum monthly content, and the lower level represents the allowable monthly
drawdown. By varying these levels, any amount of storage {or none) can be
taken from a reservolr or sequence of rveservoirs before releases are made from
the uppermost reservoir.

Since reservoir orders ar

i
o

sgigned to esach diversion and reach, it can be
arranged so that a requirement can be satisfied by only a specific reservoir or
series of reservoirs. Demands remaining after all three layers in all available
reservoirs have been used are noted as shortages. Shortages can be made to occur
even though storage water remains by placing the bottom levei above the level of
dead storage. Similarly a reservoir can be prevented from filling by placing the
top level below the maximum storage level.

To use the reservoir layers as buffer storage for uses which are given a
higher priority than others, space is rezerved in the bottom one or two lavers
specifically for thoge uses. For instance, if a system contains both irrigatien
and municipal diversions, the availability of water for municipal purposes can
be assured by restricting irrigation releases to the top two layers and sizing
the bettom layer large enough %o provide municipal water over any water short
period {(see example, Figure 3). To accomplish this, each function is given a
"level limit number'” which indicates the maximum drawdown of that function's
available storage. An exception to this is the assigned flow function for which
there is a specific flow for each storage layer (see assigned flow discussion).
The level limit number must be greater than ona if storage is available because

the first level corresponds to the top of the reservoir (see Figure 3).
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Together with the assigned flows, the reservoir levels provide a method
of balancing contents when the river sgystem contains more than one reservoir.
If the system has a fleood control operation, the levels can be set to maintain
the desired flood space distribution among reservoirs. The level limit for
ficed control is automatically placed at the maximum menthly drawdown so that
a flood control operation can utilize all three storage layers 1f needed.

Release Routins (ROUTE): The ROUTE subroutine is called by the RELESE sub-

routine whenever storage water is taken from a reservoir. The amount of water
raeleased iz added to the flow in each reach between the reservoir and the reach
originating the demand. Storage releases for diversions are terminated within
the reach and, therefore, are reflected iu_the reach inflow, but not the reach
outflow. Releases for assigned flows and flood control are passed downstreanm
as inflew to the next reach. In this manner, all storage releases are routed
downstream and accounted for in the intermediate reaches between the reservoir
and the demand.

Input (USIN): Table 1 lists the required input data for the USIN subroutine

together with the proper format and variable name.

Qutput (USOUT): OCutput is made at the end of each year of operation by the

USOUT subroutine. Normally, output consists of monthly (1) total flows at key
points, (2) contents of all reservoirs, (3) reserveoir evaporation, (4) flood
control space provided, and (5) an annual summary of diversions, return flows,

and shortages. Optional output consists of a monthly breakdown cf the diversipns,
return flows, and irrigation and minimum flow shortages. These values are
summarized by branches of the system. A branch can include from one to several
reaches depending on the importance of the reaches. Printout headings vary with

river system and must be set vp individually for each river system.
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DATA PREPARATION

Reach Petermination: The first step in adapting a river system to the

operaticn program is to define the porction of the system which is to be cperated
and to divide the system into reaches. Normally, all gage points with sufficient
historical record are uvsed as division points between reaches. Af each location
where total flow is desired, 1t is necesgsary to begin a new reach; flows are
summarized only at the reach ferminal.

It may be necegsary or desirable to define reaches at locaticns other than
gaging stations. When two or more rveaches converge, the junction point must
terminate all reaches invelved, and a new reach must begin. This causes the
separate flows to be totaled and entered inte one reach. For every location
where a new or existing reservoilr is to be included, there must be a separate
reach for the reservoir itself. This arrangement is necessary because the
program logic assumes that all diversions in a reservoir reach are made directly
from the reservoir itself, not above or below the reservoir. Therefore, a reach
containing a reservoir should begin near the backwater and end directly below the
outlet.

The location of surface gains and return flows relative to nearby diversions
can also affect reach organization. Since these gaing are added to the reach
outflow after all diversions have been made, a reach should not include major
inflow from surface runoff or return flow in the upstream end togethef with
large diversions at the downstream end. This might cause storved water to be
used to satisfy a demand when, in fact, the demand could be met from the gains.

A system can include any number and arrangement of.streams which converge. Special
routines must be written for streams which diverge.

Reach Gains: Tributary and surface gains are added to each reach as a single
term, the reach gain. Derivation of the reach gain term requires identification

of the historical flow at each end of the reach and the diversion-return flow
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pattern in the reach. For each month of historical data, the total change in
flow from one end of the reach to the other is separated into its various parts.
The tributary and surface gains can be expressed as:

REACH GATN = OUTFLOW - INFLOW + GROUNDWATER - RETURN FLOW

+ DIVERSTON + EVAPCRATION 4+ CHANGE TN STORACE
+ ADJUSTMENT TC PRESENT CONDITIONS

In the above eauation, reach cutflow and inflow can generally be obtained
from existing records. Groundwater effects, which can be gains or losses, must
be obtained from detailed studies of the reach channel. Groundwater effects
that are small can usvally be ignored. ALl diversions or return flows which are
not identified will be reflected in the reach gain. For small diversions or any
stable diversion for which no reoperation is anticipated, it is not necessary
to make any correction since it will be accounted for properly in the reach
gain. The most vague term is usually the return flow. Based on the diversion
practices and topography, assumptions can be made to estimate the percent return
flow. Undefined return flows will be included in the reach gain. Evaporation
can be considered negligible unless the reach has an unﬁsually large surface
area because of a reservoir, natural lake, or swampy area that would vary during
reoperation of the system. If a reach contained a reservoir for any portion of
the historical period, the effects of storage must be removed from the reach
gain by adding or subtracting the monthly change in content.

1f, throughout the period of historical record, the river basin has under-
gone development which has significantly changed the magnitude of diversions,
an additional correction must be made to adjust the reach gains to a state
similar to the present level of development or other stable condition. This

~adjustment does not have to be made for diversions which have been removed from
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the reach gain, but only for those not identified and those made on tributaries
to the reach. TFor identified diversions (those which are operated), the
adjustment can be applied to the diversion, and the correction will automatically
be made during reoperation.

Diversions and Return Flows: The irrigation diversions which are identified

during the derivation of reach gains are adjusted to a stable condition and used
directly as imput data (data card type #37, Table 1). Additional irrigation
diversions representing future development can be in one of two forms: monthly
amounts constant from vear to year (data card type #22, Table 1), or simply as
new or supplemental acreages (data card type #25, Table 1}. Acreages that are
entered must be accompanied by corresponding total diversion requiremsnts in
acre-feet per acre. Fach diversion must be assigned a list of reservoir numbers
denoting which reservoirs can supply storage water for that diversion and the
order in which the reservoirs are to be called on. Each diversion is also given
a "level limit number" as described in the RELESE subroutine description.

A series of monthly factors must be derived to account for return flow:
from irrigation diversions. Each diversion can have as many as ten factors
which will lag the return flow over several months. The factors represent the
percent of the total diversion that is returned to the river each month following
the diversion. Return flow factors are necessary for all new or modified
diversions and for all diversions whose return flow was removed from the reach
gain.

Reservoir Characteristics: For all existing and proposed reservoirs, a

surface area-content table is needed to determine approximate monthly evapora-
tion. Several surface area values are taken at equal content intervals and used
as input data. The content interval is chosen such that straight line inter-

polation of the surface area curve will not result in significant error. Unit
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evaporation data are obtained from average monthly pan evaporation measurements
near the reservoir site. Other input data necessary for reservoirs are the
four content values which define the three release layers described under the
RELESE subroutine.

Flood Contreol: Flood control operations vary wilth river basin and, therefore,

data inputs also véry. Usually flood control operations require criteria which
are used to determine flood relsases. This criteria can be used in conjunction
with a forecast procedure or separately in the form of a fixed, content-release
patieru.

Period of Operation: The river system can be operated for as many years as

the necessary historical records are available. TIf possible, the period should
be of sufficient length to be representative of thé hydrologic characteristics
of the basin. Often the years of least runoff are of greatest interest. Tor
this reason, a shorter period of record can often be used for intermediate trial
and error studies of alternative levels of development to conserve computation

time.

SECTION TI., UPPER SNAKE RIVER OPERATION

INTRODUCT ION

The following section describes the adaptation of the general river
operation computer program to the Upper Snaké River system. Several changes
were made to the general program to account for conditions unique to the
Upper Snake system. All of the program features described in the Section I
are retained in the Upper Snake program, but some were not used.

Much of the material described in this section may be revised in the

future but at present is considered a fixed part of the operation. Criteria
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and data which are freguently varied for the purpose of studying management
alternatives are discussed under Individual study writeups.
OPERATION

Shown in Figure 4 are the reaches, diversions, and raeservoirs currently
operated in the Upper Snake system. Table 2 lists the 43 reaches which cover
the Snake River and tributaries from Jackson Lake in Wyoming to the King Hill
gaging station in Idahe. The tributaries operated are the Henrys Fork, Teton,
and Falls rivers. All other tributaries are nof specifically operated. ESeven
existing reservoirs are operated. These are: Jackson Lake, Palisades, American
Falls, and Lake Walcott on the main Snake; Henrys Lake and Island Park on the
Henrys Fork; and Grassy Lake in the Falls River drainage. A total of 38 diver-
sions are made throughout the system {see diversion section).

Output data are in units of 1000 acre-feet per month and can be produced
for a 41 year period, 1928 to 1968. Annual operation is successive with the
end of vear reservolr content being used to begin the next year.

REACH GAINS

The reach gains for the Upper Snake include all gains that could not be
identified as arising from a known or estimated source. During cperation the
gains are added to the reach outflow after diversions have taken place as des-—
cribed in Section I.

All reach gains above the Milner gaging station were derived by the USER,
Snake River Planning Office. The gains were found by correcting gage differ-
ences for diversions; return flows, and channel gain or loss to groundwater.
Reach gains for reaches including reservoirs were also corrected for change in
storage and evaporation. The derivation of each of these gains is given in

Table 3 along with the reach.in which they are added during operation.
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Table 2.

Reach
Number

D CD ot O W B e

Upper Snake Reach Descriptions.

Pescription

Above Henrys Lake Reservoir

Henrys Lake Reservoilr

Lake to Island Park

Island Park Reservoir

Island Park to Ashton

Above Grassy Lake Reservoeiy

Grassy Lake Reservoir

Grassy Lake to Sguirrel

Squirrel to Chester

Ashton to St. Anthony :
St. Anthony to confluence with North Fork Teton
Above Teton Regervolr site

St. Anthony to divigion of Teton River
North Fork Teton River

South Fork Teton Rivar above diversions
South Fork Teton River

Above Jackson Lake Reservoir

Jackson Lake Reservoir

Moran to Palisades Reserveoir
Palisades Reservoir

Irwin to Lynn Crandall Reservoir site
Beise to confluence of Snake and Henrys Fork
Mouth of North Fork Teton to Rexburg
Rexburg to mouth of Henrys Fork

Mouth of Henrye Fork to Idaho Falls
Idaho Falls to Shelley

Shelley to Blackfoot River

Blackfoot River to Blackfoot gage
Blackfoot to American Falls Reservoir
American Falls Reservoir

Neeley to Lake Walcott Reservoir

Lake Walcott Reservoir

Minidoka to Milner Lake

Milner Lake to Kimberly

Kimberly to Buhl

Buhl to Lower Salmon Falls

Lower Salmon Fallg to King Hill
Milner Lake

Lynn Crandail Reservoir site

Lynn Crandall Reservoir site to Heisge
Teton Reservoir site

Teton Reservoir site to St. Anthony
Canyon Creek
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TABLE 3
UPPER SNAKE REACH CAIN DERIVATION TO MILNER
(From USBR, Snake River Planning Office)

Reach

Pttt froosinan ot

1 Henrys Fork near Lake
& Content Henrys Lake

Eenrys Lake Evaporation

+ + +

3 + Hentys Fork near Island Park
-~ Henrys Fork near lLake
+ A Content Island Fark
+ Tgland Park Evaporation

5 + Henrve Fork near Ashton
- Henrys Fork near Tsland Park

5 Bstimated Grassy Lake Inflow

8 + Falls River near Squirrel
- Grassy Lake Inflow
& Content Grassy Lake
Grassy Lake Evaporation
Diversions Grassy Lake to Squirrel

+ o4+

0
4

Falls River near Chester

— Falls River near Squirrel

+ Diversions Squirrel to Chester
- Estimated Return Flow

10 + Henrys Fork near St. Anthony

- Henrys Fork near Ashton
Falls River near Chester
Diversions Ashton to St. Antheny
- Estimated Return Flow

4

12 Teton River near St. Anthony
50 cfs Channel Loss '
Canyon Creek

Canyon Creek Canal

Crosscut Canal

+ 0+

43 Canyon Creek

23 + Henrys Fork near Rexburg
- Henrys Fork at St. Antheony
- Teton River near S5t. Anthony
+ Diversions S5t. Anthony to Rexburg
~ Egstimated Return Flow



Tahle 3 (Cont.}

Reach
Number

17

14

21

40

26

28

29

31

4+

-+

P+ 4+ L+

_i..

'+ 4+ 4

Derivation

Snake River at Moran
& Content Jackson Lake
Jackson Lake Evaporation

Snake River near Irwin
Snake River at Moran

& Content Palisades
Palisades Evaporation

Snake River nsar Heise
Snake River near Irwin
0.824 of above difference

Snake River near Hedise
Snake River near Irwin
0.176 of above difference
Riley Canal Diversion

Snake River near Shelley
Snake River near HHeise
Henrys Fork near Rexburg
Diversiens Heise to Shelley
Estimated Return Flow
Groundwatey Loss

Snake River near Blackfoot
Snake River near Shelley
Diversions Shelley to Blackfoot
Estimated Return Flow
Groundwater Loss

Snake River at Neeley

Snake River near Blackfoot
AContent American Falls
American Falls Evaporation
Diversions Blackfoot to Neeley
Estimated Return Flow
Groundwater Gain

Snake River near Minidoka
Snake River at Neeley

A Content Lake Walcott

Lake Walcott Evaporation
Diversions Neeley to Minidoka
Estimated Return Flow

32



Table 3 {Cont.)

Reach
Number

38

Derivation

Snake River at Milner

Snake River near Minidoka
Diversions Minidoka to Miluner
Estimated Return Flow

33
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The reach gains from Milner to King Hill were determined by an alternate
method. The gain in the four reaches between the Milner, Kimberly, Buhl,
Lower Salmon Falls, and King Hill gaging stations largely originates from
sﬁring flow adjacent to the river. For the period of operation, 1928 to 1968,
the gain has increased significantly in all four reaches. In order to adjust
the gains to a wmore stable condition, an attempt was made to correlate these
gains with several factors that were consideradlpossible causes for the increase.
The historical gain data were analyzed for short térm response of two years or
less. Response of the gain due to occurrences greater than two years previous
to the historical gain were not analyzed. For the reaches Milner to Lower
Salmon Falls, the reach gains used im the correlation analysis were simply the
differences between gaging stations. In these reaches, little information is
available concerning gains and losses exclusive of the spring flows. The gains
used for the Lower Salmon Falls to King Hill reach were equal to the gage
difference minus the Big Weod River at Gooding.

Significant feiationships were found for the reach gains in all reaches
except for the Milnmer to Kimberly reach. Quantities used for the independent
variables were various combinaticms of (1) the sum of the Milner-Gooding and
Northside canal diversions, and (2) the sum of the discharges Big Wood River
below Magic Reservoir and the Little Wood River near Richfield. Table 4 gives
the equations which best approximate the annual historical gains in the three
reaches from Kimberly to King Hill. All equations contain a lag varying from
one to three months. For example, the Kimberly to Buhl equation relates the
October through September reach gaia to the preceding August through July
diversions of the Milner-Gooding and Twin Falls Northside canals, a lag of

two months.



Table L, Reach Gain Equetions - Kimberly to King Hill,

£13 gains in 1000 acre-feet per water year (Oct-Sep).

fimberly to Buhl (reach 35),

Garn = (z24é (%) + &7

where x = Aug~Jul sum of Milner-Cocding and Worthside canal
diversions.

Buhl to Lower Salmon Falls (reach 36).

Gain = 0301 (%) + 2466.5

where x = Jul-Jun sum of Big Wood below Magic Reservoir, Little
Wood near Richfield; and Milner-Gooding and Northside
canals. -

Lower Salmon Falls to King #ill (reach 37).

Grmy = OI7C (%) + 4HAST

where X = Sep=fug sum of Blg Weod below Magic Reservoir, Little
Wood near Richfield, and Milner-Gooding and Herthside
canals,
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The eguations in Table 4 were used with adjusted diversicns (see following
section) to calculate mew reach gains for the 1928-68 period of operation. This
caleulation is not a part of the river operation program; a change in the
adjusted diversions used by the equations would reguire external derivation
of new Kimberly to King Hill reach gains. Since the equations use only annual
values, monthly reach gains were estimated by applying the average historicél
(1928-68) monthly distribution to the armual values. For the Milner to Kimberly
reach, the 1970 monthly actual gain was used for the entire period.

A groundwater term was used in the derivation of five of the reach gains
above Milner. These values, listed in Table 5, are the estimated gain or loss
to the groundwater system via the river channel. In other reaches, the
groundwater term is either Insignificant or unidentified and, consequently,
is included in the reach gain data. During river operation, the groundwater
term is added back into the system (see Initial Reach Operation, Sectiom I).
All groundwater data were estimated by the USBR, Snake River Planning Office
in Boise.

DIVERSIOﬁS

There are more than 100 recorded canal diversions in the Upper Snake
system. To simplify calculations, these canals were divided into 38 groups.
Canal diversions weres grouped according to similarity of location and return
flow pattern. The historical data for these groups were adjusted upward or
downward to refléct present diversion practices. Some canals did not exist for
the entire 1928-68 period, and others have markedly changed in the timing and

quantity of diversions. Diversion data were analyzed month by month to delermine
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the nature of present and past diversion levels. Past diversions were adjusted
up or down by the ratio of present to past level. This method preserved the
year to year relationship among years for a particular month, but not necessarily
the month-to-month relationship within a year. Adjusted data were not allowed to
fall cutside of the high and low values of the present level period.

The 38 canal groups and the individual canals are listed in Table &. Group
nurwbers correspond to the diversion numbers in Figure 4. Also given in Table 6
is the reach number in which the diversions occur.

RETURN FLOWS

Return flows from irrigation are lagged from one to five months. The
percentage of return for all existing diversions is given in Table 7, along
with the reach which receives the flow. These percentages were estimated by
the USBER, Snake River Planning Office. Because few measurements cf actual return
flow from irrigation exist in the Upper Snake, the accuracy of Table 7 is limited
and the estimates should be used accordingly. The return flow factors were used
with historical diversicms in the reach gain derivation. For river reoperation,
they are used with adjusted diversions.

Diversions 280 through 310 have no return flow values. The return flow
from these diversions enter the Milmer to King Hill portion of the river for
which the entire gain, including return flow, was determined by correlation (see
Reach Gains section).
RESERVOIRS

The program has the capability of operating Jackson Lake, Palisades,
Henrys Lake, Island Park, Grassy Lake, American Falls, and Lake Walcott
reservoirs. TFor these seven existing reservoirs, total inflow, oﬁtflow, and

end~of-month contents can be generated. Inflow and outflow only can be generated
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at Lake Milner. Additional reservoirs can be added at any location by adding
an extra reach and deriving inflow data. Reservoir sites for which this has
heen done are the Lynn Crandall and Teton sites on the Snake and Teton rivers,
respectively.

Evaporation rates for the seven existing Upper Snake Reservoirs are given
in Table 8. These evaporation rates, together with historical change in content
values were used to calculate reach gains. The same rates are used during
recoperaticn along with new reservelr content values to determine evaporatilion
losses.

ASSTGNED FLOWS

Asgigned flow operation is identical te that described in Section I.

FLOOD CONTROL

Jackson Lake and Palisades are the only reservoirs operated for flood
controi. These reservoirs are used to control flows particularly in the
Heise to Reberts reach of the Snake River,

Actual flood routing through Jackson Lake and Palisades regquires day-to-
day operation and accurate computation of travel time., The daily forecasting
and operating rules were modified to produce approximate end of month reservoir
contents using only monthly data. From an examination of historical operation,
a monthly space reservation diagram was developed for the program similar to
the daily reservation diagram developed by the USER and Corps of IEngineers.
Table 9 gives the resulting flood space required in Jackson Lake and Palisades
as a function of runoff forecast at Heise and date of forecast. Since the
values chosen for this table are based on judgment, the table does not
necessarily reflect flood operation as originally designed, but does provide

an approximate method for medeling present operatiocn.
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e - (1000 ac-ft)

Heis

Flood control space required above

Table 9.
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Flood control operation takes place on the third pass through the system
after all diversions and assigned flows have been met. To eliminate uge of
hindsight, an estimated beginning of wmonth Heise forecast is used along with
Table 9 to determine the required end of month space. This space is compared
to the already available space and, if additional space is required, the correct
amount is released at Palisades. To prevent an artifically caused flood down-
stream, the release iIs limited to the nominal channel capacity at Heise
{abhout 20,000 cfs),. January through June forecastg of total runoff through’
July 31 at Heise were reconstructed for the 1928~68 period for use in the
flood operation. These forecasts, shown in Table 10, were derived by the
USBR, Snake River Planning Office.’

The balancing of fleood space between Palisades and Jackson Lake is achieved
through the use of the reservoir storage layers. The required release for
filood control as determined above is placed below Palisades as a demand. This
deﬁand then removes the storage from both reservoirs layer by layer, and
the correct balance is produced.

SPECTAL ROUTINES

Three special routines were added to the Upper Snake program to account

for unique operations.

(a) The reach gain from Grassy Lake to Sgquirrel on the Falls River
(reach 8) is allowed to enter above Yellowstone-Marysville diversion so that
diversion can utilize the gain.

(b) Demands arising from the Teton River reaches 13, 14, 15, and 16 can
utilize storage in Island Park.Reservoir via the Crosscut Canal which diverts

from the Henrys Fork {see Figure 4).



b9

Table 10. Forecasted runoff at Heise from date to July 31,
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In actual practice, the Crosscut Canal diverts to the Teton River and
alsc supplements Fall River Canal diversioms. The entire Crosscut Canal
diversion is rediverted by canals on the Teton River or by Fall River canals.
Because the computer program does not contain logic for rediverting a diversion,
a special routine was written for this operation. To simplify the operation,
the Crosscut Canal diversion is separated into two separate parts. The portion
diverted by the Fall River canals is considered 2 single diversion from the
Henrys Fork and is called '"TFall River via Crogscut’™ {Group 43, Table 6). The
remainder of the Crosscut diversion is not treated as a separate diversion.
Whenever a use on Teton River cannot be satisfied from natural flow, storage
from Island Park Reservoir can be utilized, if available, and the amount needed
is removed from the reservoir and added to the Teton at the Crosscut Canal outlet.
The stored water is then routed downstream and accounted for by the particular
use on Teton River for which it was released.

(¢} Lack of data concerning the division of flows between the North and
South Fork of the Teton River requires simplification of actual operation. The
general program does not contain logic for streams such as the Teton which
diverge. It was assumed, therefore, that all flows exceeding the canal diver-
gsion requirements on both forks pass through the South Fork of the Teton. In
reality, this flow represents the sum of the North and South Fork flows entering
the Henrys Fork.

ADDITTIONAL TNPUT DATA

Table 11 lists data card types 26 through 30 which are unique to the
Upper Snake system. With each variable is given the proper format and descrip-
tion. Data card types 1 through 25 are the same as given in Table 1 in the

General Description.
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OUTPUT

Primary and opticnal ocutput are as explained in Section I, Table 12
shows a sample form of the main output of flows and reserveolr contents,
Table 13 ldists the column headings and their descriptions. The summary
of diversions, return flows, and shortages is summarized by branches as
described in Section I. The reaches which were combined to form the
branches are listed in Table 14.

CONCLUSIONS AND RECOMMENDATIONS

Certain conclusiocns can be drawn from the experience gained in adapting

1

the Upper Snake River to the operavion program. It was found that the dat

fu

requirements of the prograwm can be cbtained for an actual river system. The
relationships among gains, diversions, flows, and reserveir contents do not
appear unrealistic. Consideration will be given to making some of the
special routines a permanent part of the general river operation program.

Many cof the data limitations were not studied in depth and should be
improved as soon as possible. In particular the diversion-return flow
relationships, channel losses, and Milner to King Hill reach gains should bé
studied further. Development of a groundwater model of the Snake River aquifers
would greatly assist in predicting the groundwater gains and losses to the ;iver.

Based on the success with the Upper Snake, it is recommended that the

portion of the Smake River below King Hill be completed as soon as possible.
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Table 14, Reaches grouped into branches - Upper Snazke River.

BRAMCY PEQCHES IWCLUDED
FELLS 6;) “:‘?) 8
TETON 12,93, 41, 42, 13,74, 15, 14

HENRYS FORK

RECOVE HEISE

HEISE — SHELLEY
SHELLEY - BLACKFOOT
BLACKFOOT - HEELEY

NEELEY-MINTDOKA

MINIDOKA-MILNER

MILNER ~ KING HILL

), R, B, H, 5, 0,1, 232
17,18, /9 2, R, B9, 4D
an, 24, 25, 2

27, 28

29, 30




APPENDTIX A
UPPER SNAKE BASIN - BASE STUDY
July, 1972

 Indicators and criteria were chosen to approximate a '"present condition"
study (1) to verify the capability of the opervation program to realistically
model a level of management, and {2} to provide a base study for evaluation
of subseguent studies of varicus manmagement alternatives.
CONCEPT

Conditions in the Upper Snake Basin are constantly changing as a result
of changes in man-made structures and method of control. A "present condition”
operation could consist of many different data sets and rules for data use.
For this study, general assumptions were made defining a present condition
operation which would best meet the objectives given above. The three basic
assumptions are: (a) the "present" is the year 1970 or any period immediately
preceding 1970 which indicates a stable condition for the particular data or
criteria being considered; (b) all present structural controls exist throughout
the entire period of operation; and (¢) zll structures are operated throughout
the period to reflect the type of operation prevailing in 1970,

The above assumptions determined partially or wholly the methods used to
derive hydrologic data for the Base Study and.in the gelection of operational

constraints.

EYDROLOGIC DATA
All reach gain, diversion, and groundwater data used in the Base Study

are as described in the Upper Snake River Operation description (Section II).

These data were derlved according to the present condition assumptions. Although

the data are subject to variation with study of objective, most or all of.the

data will aléo be used repeatedly in future studies.
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SYSTEM DESCRIPTION

The Base Study operation includes 44 reaches and 38 diversions as
described in Section 1II. No ad&itibnal reaches or diversions were added.

Table 15 lists the seven reservoirs which were operated together with
their initial, maximum, and minimum contents. The initial reservoir contents
used to begin the study were assumed equal to the 1965-6% average end of
September contents as shown in Table 16.

Figure 4 accurately represents.the system configuration for the Base Study.

INDICATORS AMND CONTROL DATA

Assuming a fixed configuration of reaches, diversions, and reservoirs,
operation of the river system can vary greatly depending on the choice of
indicators and other controlling input data. . These variables are:

(a) assigned flow reservoir call order

(b) diversion reservoir call order

(¢) diversion level limits

{d) assigned flows

{e) reservoir levels

The above variables were used as described in the Section I. They are
extremely interrelated and, therefore, cannot be chosen independently. For the
Base Study, the indicators were chosen by exzamination of the recent (1959-70)
discharge and content records, and by using trial and error methods to approxi-
mate the historical pattern of operation.

Tables 17 through 20 list all indicators and control data used in the Base
Study. The following paragraphs attempt to describe, in general, the redsoning
used in the selection of these numbers. It is possible that some of the indicators

did not control the operation because they were over-ridden by other criteria.
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The assigned flow reservoir call order {Table 17) lists the identification
number from Table 15 of the reservoir from which storage was specified to be used
in the Base Study to satisfy assigned flows. The numbers are given in the order
of priority of stored water use. In most cases for a given reach, all upstream
regervoirs were included. An exception to this is the Snake River below Henrys
Fork which did not utilize storage on the Henrys Fork in the Base Study. Also,
in most cases, the assigned outflow at a reservoir was used te regulate only that
reservoiy and did not urilirze storage further upstresam,

 The diversion reservoir call order is a similar storage source control for
irrigation diversions. fable 18 shows a separate call order for each diversion
operated in the Base Study. In the Upper Snake system, a stored water right in
one reservoir can physically be satisfied from another veservoir if other rights
are not harmed, Storage can be exchanged, rented, and/or borrowed among water
right holders. Because of these factors, diversions were mot limited to with-
drawal of storage from a single reservoir, but in general were satisfied from
all upstream reservoirs. Henrys Fork reservoirs were not called upon to supply
the main Snake River diversions because the Henrys Fork is in general operated
independently of the Snake. Diversions were allowed to use all three storage
layers (level limit 4) as shown in Table 18 because present cperation does allow
21l reservoirs to empty in vears of extremely low runoff,

Assigned flows and reservoir levels were chosen simultaneously in most cases
since they are interdependent in producing a desired operation. In general, the
maximum monthly storage in a reservolr was limited to the historical maximum for
that month. Also,'assigned flows from layer three were chosen as the approxi-
mate historical minimum. The term "historical® here means the actual measurements

during the 19592 to 1970 period. Duriﬁg this period, all reservoirs and most
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diversions did exist and all reserveirs had historically filled and reached a
normal operation. This peviod contained years ¢f both very high and very low
runoff. From cxamination of historical records, it was evident that nonreservoir
reaches often are important control points in the svstem operation. For these
points assigned flows were gelected in conjunction with upstream reservoir levels
as described in.the fellowing paragraphs. Tables 19 and 20 1ist the assigned
reach cutflows and the reservoir levels chosen for the Base Study. The lavels
and flows are discussed below for each reservoir, for non-resevvolr reaches, and
as a system. A basic assumption in using levels and flows is that there is a
correlation between discharge and reservoir content.

OPERATION OF CRITICAL CONTROL POINTS

Henrys Lake - Island Park: Henrys Lake and Island Park Reservoir levels

were chosen to achieve & balance in storage between the two rveservoirs through-
out the vear. The levels increase from November through May to simulate a
filling operation. Assigned flows decrease with decrease In content based on
the historical records. Assigned flows are small at Henrys Lake since that
reservoir is considered difficult to fill after a large drawdown. The minimum
flow at both reservolrs is equal to the leakape or slightly greater. If Henrys
Lake has not filled by Jume and Tsland Park has not filled by May, outflows are
reduced greatly. During the irrigation season, May through October, flows are
usually controlled by irrigation demands.

Grassy Lake: To reproduce actual operation of Grassy Lake, only the irriga-
fion diversions on Falls River were allowed to use this sterage. Maximum levels
July through September were set to achieve minimum drawdown. Because the

reservoir is offstream and used only for irrigation, no assigned flows were used.
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Jackson Lake - Palisades: Jackson Lake and Palisades reservoir levels

were chosen to achieve a balance of storage between the two reservoirs during
the flood control and irrigation season.

From October through February, control at both reserveoirs is based only on
a flow versus contents relationship. An attempt is made to store only a small
amount at Jackson Lake if its contents are near 600,000 acre-feet. During this
period, Jackson Lake storage is generally limited to about 650,000 for flood
control. At contents less than 650,000, storage is permitted and outflows are
reduced (reach 18). The level of Palisades Reservoir is maintained as high as
possible for power production and releases {reach 20) above 1500 cfs are desirable
for the same purpeose. |

From February to June, a large runoff forecast may result in releases for
filood control much greater than the assigned flows. During this period, the
levels serve as a balancing mechanism to provide the correct amounts of flcod
space in each reservoir. At least 200,000 zcre~feet of space is held in
Jackson Lake each year until late in April regardless of the forecasted runoff.
It is attempted to f£ill Palisades as soon after March 1 as possible and to fill
Jackson Lake by the end of May.

Irrigation demands contrel the Palisades outflow from June to Qctober while
the levels again bélance storage with Jackson Lake. The assigned flows at Jackson
Lake do control during the irrigation season when storage is being released from
Palisades., This procedure provides a smoother and more realistic reservoir
operation. At the end of the irrigation season, Jackson Lake is drawn down to
at least 650,000 acre-feet, but it is desirable not to go below 550,000 if

possible. Below this level, outflow is reduced significantly.
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American Falls: American Falls Reservoir is operated primarily for

irrigation. A secondary function of the reservoir is to provide flow for

power at Minidoka Dam (Reach 32) during the winter. From November to February,
as much as 3000 cfs is released if carryover has been good. It is attempted to
fill American Falls to 1,282,000 acre-feet by February and still maintain power
flows. Therefore, the levels rise each month to the one level of 1,282,000 in
February. Because of the danger of dam failure from ice loading, this level
cannot be exceeded until the ice layer melts and reduces stress on the dam.

It is assumed that the ice leaves about March 15 and that a level of 1,350,000

.e by the end of March. In February and March, outflows

[

gere~-feet ds attainab

i
3

are greatly reduced (about 200 cfs) if the reservoir is below the maximum levels.
There is no flood control operaticn at American Falls. Irrigation demands
control releases from April to October. The reservoir is normally full by the
end of April but in some years heavy spring diversions deléy filling. From
April through June, irrigation demands are allowed to use any amount of American
Falls storage before using storage further upstream. From July through October,
the American Falls levels were chosen in relation to Palisades - Jackson Lake
levels to simulate the historical release pattern. The levels chosen cause most
of the downstream storage to be used before drafting Palisades space and all of

it to be used before drafting Jackson Lake space.

Lake Walcott: Storage in Lake Walcott is used to provide head for power

production. By the end of December, the lake is drawn down to 40,000 acre-feet
to prevent ice bulldup against the top of the dam. This level is maintained
throughout the winter. When the ice danger has passed, the lake is gradually
filled, reaching near capacity by the end of April in a normal year. Releases

are generally controlled by the American Falls outflow. During the summer,
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contents are kept as great as possible for power head as flows past the dam
are downstream irrigation demands on American Falls Reservoir. Lake Walcott
storage is used for irrigation only after American Falls is nearly empty. As
shown in Table 18, Lake Walcott (reservoir 7) is the last reservoir in the
storage call order for all downstream diversions.

Reach 5 - Henrys Fork near Ashton: Except in yvears of large runoff, the

flows from June through September at the Ashton gage on the Henrys Fork are
fairly stable from year to year regaydless of irvigation demand. Flows ranging
from 1300 to 2000 cfs were assipned for these four months. These flows then
cause varying releases from Island Park and Henyys Lake depending on the gain
from Tsland Park to Ashton.

Reach 23 ~ Henrvys Fork near Rexburg: Assigned flows at Rexburg together with

those at Ashton are necessary to model present operation of the Henrys Fork system
in the late summer. TFlows in excess of diversion requirements pass Rexburg during
the irrigation season and ultimately add to the storage in American Falls Reservoir.
Flows of 1000 to 1200 cfs were assigned to the Rexburg gage. These are particularly
important in the month of September when releases are made in the Henrys Fork
expressly for prior rights on the main Snake River. 1In the winter, flows at

Rexburg are the result of return flows, natural runoff, and minor storage

releases.

Reaches 26 and 28 -~ Snake River near Shelley and Blackfoot: - The Upper
Snake Watermaster attempts to maintain approximate minimum flows paét Shelley
and Blackfoot on Snake River for irrigation below these points. To simulate
actual operation, a flow at Shelley of 5000 cfs was selected for May through
July, 4000 cfs in August, 3000 cfs in September, and 2000 cfs in October. At
Blackfoot, a flow of 1400 cfs was established in July and August and 1000 cfs

in September. Tor other months, Shelley flows alone are controlling. Fronm
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November to March, a 2300 cfs minimum was selected for Shelley. In vears of
good runcff, this flow is greatly exceeded.

Reach 38 - Snake River at Milper: The various entities which manage the

Snake River presently consider anv and all water passing Milner Dam as "waste."
The flows at Milner are, therefore, kept as small as possible while still
satisfying downstream power rights held by Idaho Power Company. From November
through March assigned flows range from 300 to 500 cfs to model this operation.

In most years, these flows are exceeded at Milner because of either power releases
at American Fallis for the Minidcka power plant or flocd releases above Heise
combined with natural inflow not storable at American Falls.

Unless flood releases are being spilled at American ¥Falls, flows past Milner
in May and June are almost zero as a result of the filling of upstream reservoirs.
In July, August, and September, about 300 cfs passes Milner in average or good
winter years to satisfy the Tdaho Power Company_storage'reiease of 45,000 acre-
feet from American Falls Reservoir. However, in short water years, this right
is usually not exerciged and flows approcach zero. ' 7

VERIFICATION

Indicators and control data were changed until the operation study produced
a reasonable reproduction of the 1959-1968 historical data. In verification
studies, actual September, 1958, end of month reservoir contents were used for
initial reservoir contents.

Average flows and reservoir contents produced by the present condition
operation are compared to the historical values in Table 21. Differences can
be explained by the generalized criteria necessary for the reoperation. Also
in some cases, the present condition data and comnstraints did not exist over the'

entire historical peried. Significant factors which have varied in the ten year




e
s

1°60eY 2°L% €£°2L 0°68 T*e02 1*g91 Y*01I1 &°96 656 866 6101 ¥*66
£2hZET  wtEd £° oy B*if 1012 L'gel &*11T Z2°8Be g4t g*68 £*86 2101 97001
Cvioy 43S any me NP AV Hdv HVW EE NYP a3d AN 10

D4NEX3Y WYIN WeI3 SAENIH I9¥YHISIQ

I*6%T 6*161 1*102
L

*Z%t &*91¢

9*00LY ¥*9%h L5995 6Cf 67606 H°L0L £°062 [*9€1 L°E11 @°ZEl

€°L0L% 'Lty $°6E9 9°0%8 ¥TZL8  276YL  6°L¥Z  S°%91 G wET S 0€T 6GEl
AVH Wy Uy G34 NY P 330 ACN 190

das any - ne Nnp
"ASTIH WYEN ¥IALY IHYNS I9uVHAS IQ -

avily

STEY6 0006 L2988 1'9gw  BYlEL

17028 17626 4°6111 0°9621 1°%801 £2°2591 £°€86

6°6YE 67Gwb  TUSEIT 9°LBZ1 BU060Y 96101 Z*ZODI 6816 £°S¢6 0°106 1°698 £°608

NOT AV dd v HYH HEE] NYT Ja¢ AON o0

Leog3as a0y e
NI®YT ¥73N MIGANISIW SIOVSIIvE SINIINDD

8°80% 87965 0°Z%9L 67ZY§ ETE89 $°ZES  2°07S 6£°126 1'EI6  Z2°H0C €096y 2" 68Y

86y 07182 17121 €008 E£°819 L GRY G*@LY 0*26% S'006 b EbLh 9768y H*QlY

dd ¥ VW 934 NV P 230 AUN Loy

415, any 1mnr NPT R
NVYUW v 3V NOSHIVE SINIINDD

{sedeloar Qo-gGs] 2ae SonyeA)
(23-2% 000T1)
*ele( 3Us3luol pur sBIBYOSIQ UOTIBOIITIBA

£pnig esed pue (BOTICISTH Jo vostiedwol 17 21q=L

PAEIIRAS

TYOTHOLSIH

AQNLS

TYOTEOISIH

AQnIS

TYOTYOISTH

- AQnIs

TYOTHOLSTH



72

¥ 5§19 €406 Z°98%»
£%%919  H°hHTI5  &°06Y
TwinlL 43S iy

9°6¢11  L°01 8*cl

RS A IS 0 2! G4

"

IvL0L | 435 any
Te82LY H°45H  1* 160
ZH07Ly  14%9%  ZC4Y9

vl REN any
PR %43 5*°914
GIGE LGS

43s a0y

B LGy

GrIIY

anr

¥ 508

F°108

ane

2 iin

1*%05

e

£*009
L0009

N

£9.66¢ 1*296 9°€T16¢ 0°569 L*0E9 L*Z1% L GBG  Z°%54S
6°996 27295 9726% L'6LS 6°0U9 T°g29 9°%iS  9°L8%
AY W Hd¥ HYW #3dd Nyl 330 AUGN 130

THIH OMIN 1Y HWIATIY IUYNS 30uvHISIO

6627

1TiEl

NOT

Ge09L

299k

N

6796l

9r59e1

NOT

"

f°88 5811 0°%L yeet? L*2L1 2*RZ1  $T6W ¥ HY

6°911 B 611 B'6H1 €°29T 0°2%1 ® L€l I1°6L *© G°2%
AV udy WvW 834 NP 330 ACN 130

WINTIW LY WAATE IHYNS FDUVHISIA

£GT1L 6£789€ ©*€01 8<6Le L 8%l €£°66  1*ZI1  Zteal

BezHL 0°GLE  Ze081 ¢pmam €*121 &°011 0%%6 87102
AT Helv HYW 234 N¥r 23 | >cz. 190

»mdmmr Ly WIATH INYNS FOUYHISIO

Zelewt L*1791 BG%eT L*T8ZT €°1271 %°€201 1°€ei 2°¢l%

66161 €£°9507 076967 17291 L 6611 9 1%6 6°9L9 0781
AV AdV YK 944 Nyl 294 ALIN (el

SIS NVIIYIWY € S3y mgng.zquuxuzq SINIINDD

«{penuIjuon) Ty 9TqEL

AQALS

TYOIYOLSIH

AINAES

T¥DINOLSTH

AQnas

TVOTHCLISIH

AQOLS

TYOTAOISIH



73

period are (1) gains below Milner, (2) diversions, and (3) the ice restrictions
at American Falls and Lake Walcott.
RESULTS
Reach gain and diversion data for the entire period (i928wl968} ware
operated using the same criteria developed from the verification period
(1958~68). Primary output showing discharges and reservoir contents (see
output discusgsien in Section II} was obtained for sach year. This cutput together

with summary listings of each major reach and reseyvoir are available upon

request from the Idaho Water Resource Board.




APPENDIX B

UPPER SNAKE COMPUTER PROGRAM LISTING
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