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ABSTRACT

Preéent irrigation cfficiencies and reasonably attain-
able irrigation efficiencies were evaluated in a study con-
ducted on independent irrigation districts in the Upper Snake
River Region of southern Idaho. Irrigation water use was
investigated on six irrigation districts during the 1974 irri-
gation season.

The irrigation districts selected typify most irriga-
tion systems in the region, which was divided into 3 sub-areas
haviné similar irrigation water use characleristics. River
diversion data, conveyance system seepage loss data, crop
distribution and return flow data were compiled. Deep perco-
lation losses and irrigation efficiencies were derived using
an inflow-outflow water balance analysis.

Present farm irrigation efficiencies varied from 11
to 62 percent on the districts. Project irrigation effic-
iencies ranged from 10 to 42 percent. By predicting attain-
able farm irrigation efficiencies of 60 percent, reasonably
attainable project irrigation efficiencies were projected (o
range from 305 to 51 percent.

Low present farm irrigation efficiencies were atilrib-
uted to over-irrigation caused by long field runs combined
with high intake rate soils. Lining main canal systems to
reduce seepage would not significantly increase project irri-
gation efficiencies. Large decreases in river diversion

could be obtained by increasing farm irrigation efficiencies.

xiii
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CHAPTER I

Introduction and History

Preliminary development of irrigation systems began
after the 1870's in the Upper Snake River Rcgion of Idaho.
Irrigation has grown since that time and presently encompas-
ses more than 2,300,000 aéres in this region which reaches
generally east and north upstream from Bliss, Idaho (24).
This area encompasses the eastern half of the Snake River
Plateau in Southern Idaho. The gentle sloping lands and
fertile valleys of this region comprise one of the richest
irrigated agricultural areas in the United States. Prior to
the 1870's, dense sagebrush and native grass associations
covered most of the present farmlands.

The early irrigators in the eastern portion of this
region were organized primarily into small independent ditch
companies, occasionally memberships consisted exclusively of
relatives. Because of the staggering number of manhours
needed to bring river water onto each acre of land, the major-
ity of irrigation systems were initially not large. Compared
to most large acreage irrigation projects of present day,
these early developments were small; generally less than
10,000 acres.

Heavy sagebrush and solid lava rock had a great in-
fluence upon the size of these projects. The construction
crews, consisting of the hopeful farmer-stockholders of the

companies, had only slip scrapers pulled by horses, moldboard
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plows, picks, shovels, and explosives to excavate the canals.
Surveying to put the canals on proper grade was done using
a hand-held spirit level. To minimize effort and expensc,
conveyance channels were designed to follow the natural con-
tour of the land. This practice eliminated the need for
flumes, siphons, or other hydraulic structures. However, it
did lengthen canals and provided few straight reaches of
channels.

Irrigable lands immediately adjacent to the river
were usually put under irrigation first. As these lands
bordéring the river were cleared, tilled, and irrigated,
other sections of fertile soil at greater distances from the
river channel were developed. Conveying watecr to these ncw
lands frequently required new channels to be cut through onc
or more older existing canal systems. Often the new lands
were situated at higher elevations than the older farms, neces-
sitating longer channels beginning farther upstream on the
Snake River. Intermingling and overlapping canal systems
are common as a result.

Since the early days of development these systems
have undergone many evolutionary changes. Most rock and tim-
ber diversion dams have been replaced with massive concrete
structures. Diversion headgates, also of steel and concrecte
construction have been added to improve water regulation.
Other hydraulic structures in the canal systems, that were

initially of wooden construction, have been for the most
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part replaced by stronger, longer lasting materials such as
steel and concrete. However, major over-all project renov-
ation, such as consolidation of paralleled canals, combining
the smaller individual systems into larger operating cnti-
ties, and channel alignment have not been implemented to any
significant degree. Some of the smaller systems have been
combined, but many exist essentially as they did 90 years
ago.

Technological advancements in hydraulic and irriga-
tion engineering have been used extensively in designing
the ﬁore recently constructed irrigation systems on the
Upper Snake. Those systems in the western portion of the
region fall most often into this category. Conveyance
efficiencies have increased along with the reduction of
operational and other system water losses on these later
irrigation systems. One of the newer systems has been in
full operation less than 15 years (21).

Prior to 1906, irrigators in the Upper Snake River
area were at the mercy of nature, having no substantial stor-
age reservoirs. Their economic survival was entirely de-

pendent upon heavy runoff and sustained summer river flows.

That year, the Jackson Lake impoundment was created by the con-

struction of a log crib dam at its outflow. This structure

was later replaced by a combination earth and concrete dam which

increased storage in the lake. Each year brought additional

new diversion works to the river channel for new canal systems

and more irrigation of the land. The demands for the valuable
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waters of the great river were growing with each new year.

In the spring of 1919, the prospect of a water crisis
arose. Before this time, coordination of river operations
had been non-existent. This crisis demanded that coordin-
ation to insure uniform river diversions be instituted im-
mediately to insure the survival of the rapidly expanding
agricultural industry. Following several seasons of rela-
tively low flow, with river operation coordination, the
founding fathers of the Upper Snake were convinced that
additional storage of substantial magnitude was indeed
warranted. This overwhelming concurrence of opinion was
the birthright to the construction of American Falls Reser-
voir, designed to contain in excess of 1,700,000 acre-feet
of water. The dam was completed in 1926 and the reservoir
filled in 1927. However, since the latter part of the 1960's
when the dam was condemned due to concrete deterioration,
pool elevation has been restricted to 2/3 of maximun capa-
city limiting storage to 1,200,000 acre—feet. Loss of
500,000 acre—feet of live storage has at times curtailed
water use to an appreciable extent in the region. Fortun-
ately, construction of a new American Falls Dam is scheduled
to commence in the near future. In spite of this restoration of
the reservoir to full design capacity will not allow any addi-
tional land reclamation in the Upper Snake Region.

Palisades, Islana Park, Grassy Lake, and Lake Walcott

Reservoirs were all constructed to insure that the agricultural
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production of this region would not diminish in the future
below normal runoff years.

Irrigation development on the Upper Snake River has
essentially evolved in 3 phases. First, canal and distri-
bution systems were carved out of the virgin soil. Second,
relatively lower water levels in the river in subsequent
years resulted in diversion dams being built at most head-
gates. Finally, increased water demands and occasional sub-
normal runoff called for the construction of the large stor-
age reservoirs. Each phase seemed initially costly, but
only é few years had to pass before their benefits were fully
realized by the people living in the Upper Snake.

On-farm irrigation methods and practices have in some
areas gone through as much evolutionary change as the diver-
sion and storage systems on the river, however, in a number
of instances very little modification has taken place.

In the beginning flood and border irrigation were
common methods of irrigating in the eastern section of the
region and today these methods still prevail. Soils of
this section tend to be highly permeable while in the west-
ern half soils generally contain larger fractions of clay
and silt. Because of their higher silt and clay fractions,
these soils are not as permeable as those in the eastern
section. Furrow and bo;der irrigation have been and are the
dominant forms of irrigation in the lower or western region

of the Upper Snake. Sprinkler irrigation is becoming more

popular in most all areas of the Upper Snake, and is normally
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satisfactory on all except the heavier clay soils.

Depending upon soil type, ground slope, length of
run, and management practices, border and flood irrigation
can be quite efficient. Normally, highly permeable soils,
neérly flat runs and lengthy fields do not allow border and
flood irrigation to be efficient. 1In addition, sufficiently
large streams of water are needed to achieve satisfactory
irrigation of croplands. The combination of high infiltra-
tion rates, large stream flows, and long field runs often
results in excessive deep percolation and comparatively
large water diversion requirements. Likewise, furrow irri-
gation under similar conditions would in all probability
result in low water use efficiencies. Sprinkler irrigation
usually functions well over high infiltration rate soils and
has in many instances reduced water requirements drastically.

On soils with moderate to low infiltration rates,
furrow and border irrigation can be efficient means of ir-
rigation, if land slopes and lengths of run are commensurate
with soil permiability. Water requirements and deep perco-
lation should be significantly lower under these conditions
compared to some existing conditions with flat slopes and ex-
cessive field lengths. Reduction of excessive deep percola-
tion should decrease leaching of valuable soil nutrients con-
siderably, enhancing yields, reducing fertilizer requirements,
and augmenting monetary returns to the water user.

Irrigation is not the only use for Idaho's water

resources; other uses should not and definitely will not
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be overlooked in future water resource utilization studies.
Industries, municipalities, water quality enhancement schemes,
recreational locations, and fish and wildlife requirements
are all competitors for this water. Each will no doubt re-
ceive serious consideration in allocating future water sup-
plies on the Upper Snake River. The latter four uses can
likely be expected to require greater quantities of water
compared to municipalities and industries on the Upper Snake
in the future. However, all these nonagricultural demands,
including industries and municipalities, should grow at least
somewhat in correlation with irrigation development in this
region. But, none of these individual uses in all probability
should exceed irrigation in.overall quantitative demand in
the foreseeable future in this region.

Food production on irrigated agricultural lands can
only be expécted to accelerate in the years ahead, barring
any catastrophic reduction in world population growth. As
nations around the world raise their standard of living,
they also begin competing for higher protein foods, including
foods grown under irrigation, on the world export markets.
Foreign demand has accelerated recently for commodities such
as wheat, dry beans, sugar, potatoes, and beef. Countries
which had previously shown no interest in purchasing such
commodities are placing large export orders for these items.
Few reasons exist for believing that this interest will dis-

sipate in the future. Consequently demand for more land to
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be put under irrigated cultivation has been mounting and
will continue to do so.

Idaho has thousands of acres lying idle that could
be put under intensive production. In the Upper Snake Re-
gion alone, at least 3,824,400 acres of potentially irrig-
able land along with 396,000 acres of land in need of sup-
plemental water existed as of July 1972 determinations (22).
Substantial "potentially irrigable land" also exists down-
stream of Bliss, Idaho within the state. For the most part
these lands above and below Bliss, are presently being
grazéd, dry farmed, partially irrigated or lying idle. It
is the author's opinion that these lands are not being util-
ized to fulfill, in economic terms at least, their highest
and best use. Without'sufficient water for irrigation, agri-
cultural production on these lands 1s severely inhibited.

As pointed out previously, present reservoir storage
capacity is not adequate to support any new large scale
reclamation development anywhere in the Upper Snake River
Region. Annual river discharges in excess of existing res-
ervoir capacity are not sufficiently reliable to insure
against massive crop failure on a major irrigation develop-
ment venture. Under these conditions, only an average of
1,119,000 acre—feet of water per year can be expected to pass
Milner Dam at the 1970 level of development (23). Assuming a
mean diversion requiremént of 5.0 acre feet per acre, only an

additional 224,000 acres can be supplied under present
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irrigation diversion requirements. It must be recognized
that this could take place feasibly only with the construc-
tion of additional storage either on the river system or
off stream.

Construction of additional surface storage reservoirs
in this region is highly improbable in the foreseeable future,
since few good dam sites remain in the region. In addition,
vigorous support of a major new dam building project is not
likely to be generated under present public sentiment. Cre-
ation of a vast underground storage reservoir might appear to
be an alternative to expanding water utilization on the Upper
Snake. However, numerous unknowns surround this concept in
water storage, including major questions concerning geologic,
engineering, and economic feasibility. Seasonally fluctuated
storage aquifers of this nature and magnitude have until now
received limited research and utilization in the United States.

A more favorable alternative to expanding use of Idaho's
water in the Upper Snake is to explore the effects of increased
irrigation efficiency on existing irrigation projects on the
Upper Snake River System.. A number of questions must be ad-
dressed before a definite change in water use can be advocated
or even predicted. However, preliminary investigation indi-
cates that increased irrigation and conveyance efficiencies
would reduce average deep percolation and seepage losses and
subsequently project diQersion requirements from the river.
Looking at the region as a whole, increased water use efficien-

cies could result in substantial water savings, opening the
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way to development of supplemental water supplies or ncew re-

clamation projects.
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CHAPTER II

Objectives and Problem Elements

Research objectives serve to define the limits and
boundaries within which the actual research activities occur.
The objectives of this study were coordinated to assist in
satisfying the purposes of the investigation. In general the
objectives of this study were to obtain various water use data
during an irrigation season which would be representative of
regional and local irrigation water use trends in the
Upper Snake River Region. Subsequently this data is used to
develop reasonable predictions of future water use trends.
This investigation, involving the prediction of attainable
irrigation efficiencies was created with three major research
objectives, specifically:

1. To obtain accurate, consolidated data on present
return flows to the Snake River from typical ir-
rigation systems.

2. To determine current water use and irrigation
efficiencies for selected irrigation tracts of
typical sub-areas of the region.

3. To develop predictions of reasonable attainable
changes in irrigation water use patterns and
irrigation efficiencies for these irrigation
systems and their associated sub-areas.

These three objectives directly relate to future water

resource planning and decision making activities in this re-
gion, the remaining portion of the river basin, and the entire

State of Idaho. Information and data assembled herein should

be useful to the state administrative and planning agencies
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involved in developing a state water plan for Idaho.

The Upper Snake River Region is a complex hydrologic
system sensitive to changes in internal water use patterns.
General components of the system include: watershed, stor-
age reservoirs, distinct reaches of the river channel, ir-
rigation diversion works, and the large underground aquifer
commonly referred to as the Snake Plain Aquifer. The behav-
ior of each component, not being mutually exclusive of the
others, has a definite influence upon the response of each of
the other components and consequently the entire hydrologic
system. Therefore, the system must be examined as a whole
when water use modifications occur or are evaluated. Further-
more, data describing the actual responses of the system to
any specific modification is lacking. Supplementary hydro-
logic or water use data collected on the Upper Snake River
Region can only enhance the understanding of the river system.
In particular, the Idaho Department of Water Resources Re-
search Division, formerly the Idaho Water Resource Board,
has developed a computerized river operations model to sim-
ulate flows in the Snake River. This planning tool uses
river return flow as an important input parameter. Conse-
quently measurement of return flow is enumerated as the first
research objective.

De Sonneville (12) in association with the Water Re-
sources Research Institute has developed a digital computer

program model of the Snake Plain Aquifer. This unique research
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13
operations tool will undoubtedly play an important role in
evaluating the impacts of future water use trends on this
region. But, in order for this computer model to maintain
viability and contribute significantly to future water use
planning, it must be calibrated and updated freqguently with
current and more advanced data. Much of the water use data
collected in this project will be directly utilized by the
Snake Plain Computer Model.

Of equal importance and value, the second objective
of this research is to provide accurate information on pre-
sent irrigation efficiencies and the current nature of agri-
cultural water use in the Upper Snake River Region. Studies
concerning these two related subjects have not been conducted
to a large extent throughout the region. Most data that
exlists 1is confined to independent evaluations which have been
limited to only local areas in the region such as the quan-
titative investigations done by Galinato (17), Tyler (35), and
the Bureau of Reclamation (39). In addition, the Soil Con-
servation Service (41) has conducted a Type IV Study on a
number of irrigation systems in this region. However, this
study was done in primarily a qualitative manner and no at-
tempt was made to obtain measured data. A definite need has
existed for a quantitative, broad encompassing examination
to be conducted simultaneously over the entire region; a

need met by this research effort.

Proper planning of any system must be founded upon well
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established present operating conditions and accurate jus-
tified predictions of future operating levels. To assist
evaluation of future water resource planning and expansion
of irrigated agriculture in the Upper Snake, this study
develops predictive data concerning reasonable changes in
irrigation efficiencies as stated in the third objective.
various alternatives were examined in this study and are

reported later in this thesis.

Problem Elements

Primarily the problem addressed in this research study
is one of the main deficiencies in real quantitative water use
data. Lack of consolidated, current data, and information
concerning various facets of irrigation water use in the Up-
per Snake River Region was the principal driving force be-
hind initiat}ng this research. These deficiencies are cat-
egorized for reporting purposes as either specific or general
deficiencies.

A lack of accurate data in four specific areas has
existed until this work was done in 1974. Few previous mea-
surements of seasonal return flow have been done on most of
the irrigation districts, except for 2 or 3 special studies
conducted on tracts in the extreme lower and central portions
of the region (5,1). Since the majority of independent ir-
rigation districts have had no need to be concerned with
measurements of return flows to the Snake River, data is

sparse and limited. Likewise, net water use data on typical
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irrigation tracts has not been collected before on a broad
scale. Water use data that has been cited has frequently
been based solely on volumes of river diversions only.
Supplementary inflow and river return flow has often been
neglected opening the possibility of misleading water use
interpretations. Studies, such as those examined in the
next chapter, of actual irrigation efficiency levels are
limited and localized. Evaluations of irrigation effecien-
cies from the total system or total district concept have
not been universally conducted previously. Finally, in-
sufficient canal seepage loss data exists on the irrigation
systems that consitute this region. Measurements of actual
seepage losses on irrigation districts within this region
are limited. Indirect methods of seepage loss determination,
such as those conducted in this study, have been done only
on a few systems in the Upper Snake River Region.

Two general deficiencies in data can be identified.
To date, only limited in-depth studies of irrigation water
use in this region have been conducted. Previous studies
with similar objectives have been concerned primarily with
evaluating individual field or farm efficiencies (17,35,39)
Nonetheless, while they have provided valuable information
and data, these investigations were not designed to analyze
efficiencies from the large scale regional concept. Only
geographically scattereé, quantitative water use research,

discussed in Chapter III, has been carried out at the irrigation
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district level on the Upper Snake River Region. Conse-
quently the research done in this study 1s geographically
somewhat unique.

Secondly, the quantitative effects on water use duc
to variations in irrigation practices throughout the Upper
Snake River Region have not been comparatively studied
except to a rather limited extent. An attempt is made in
this study to identify some of these effects. However,
additional research concerning these aspects is warranted to
obtain conclusive results.

In summary, this study was conducted with the goal of
providing accurate, consolidated data and information on
irrigation water use on typical, representative irrigation
tracts located in the Upper Snake River Region. Simultan-
eously, the study attempts to reduce each of the four spe-

cific areas:-of data deficiency.
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CHAPTER IIT

Literature Review

Published rescarch on the subject of irrigation ef-
iciency is relatively extensive. Numerous studies have been
carried out analyzing the components of the term, the sensi-
tivity of it to various factors, and particularly methods of
analysis. The overwhelming majority of these studies have
been conducted at the individual farm or field level. This
is understandable when realizing that most studies intend
to identify specific elements constituting irrigation ef-
ficiency at the farm level. Only limited emphasis has been
directed at analyzing irrigation water use from the system
concept; focusing attention upon a complete distinct irri-
gation unit comparable in size to an irrigation district or
project. Some studies concerning the relationship of field
or farm efficiency to overall system efficiency have been
published (26). System analyses of irrigation districts
have been prevously conducted but not necessarily for the
primary purposes of evaluating irrigation efficiency.
Moreover, some investigations of irrigation efficiency have
included a portion or section of their work devoted to a
prediction oriented analysis of irrigation efficiency. To-
gether with the concepts and definitions of irrigation ef-
ficiency, these subjects are exémined in the following text.

Studies in 1939 by Israelson (25), are normally cited

as the first attempt to define irrigation efficiency and
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identify its contributing factors. However, Israclson rc-
fers to previous concepts and measurements of irrigation
efficiency developed and compiled as early as 1919 and 1926-
27.

Israelson defined water application efficiency as
"the ratio of the volume of water stored in the soil in one
irrigation to the volume delivered to the field." Mathe-

matically, water application efficiency, E, is:

Eq = Vr(100%) (1)

Vf

Where: Ega water application efficiency in percent

Il

Vy

il

VE
He continues by noting that water application efficiency is
"clearly a dimensionless quantity which is not a direct func-
tion of crop responses to irrigation". The influencing fac-
tors inherent to water application efficiency, according to
Israelson, can be divided into those subject to irrigation
control and those not subject to such control. Land prepar-
ation, method of irrigation water application, and time and
rate elements of irrigation are controllable factors. He
identified soil texture, soil depth, soil variability, and
soll permeability as those factors being relatively indepen-
dent of irrigator control--a concept still valid. In addi-
tion, Israelson outlined a method of analysis for measure-
ments of field irrigation efficiency, or water application

efficiency.

amount of water, in inches, stored in the root zone

amount of water, in inches, delivered to the field.
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Since Israelson, numerous articles have been writ-
ten on the subject of irrigation efficiency (14,43,26,44,
15,27,16), and consequently irrigation efficiency has
been given assorted definitions and connotations. New con-
cepts of efficiency have also been developed, such as con-
veyance efficiency, farm efficiency, project efficiency, and
water distribution efficiency. Willardson (43) found 20
definitions of irrigation efficiency and noted that to pro-
perly distinguish between definitions, the elements contained
in each equation of efficiency must be specified. He sum-
marized the situation regarding irrigation efficiency defin-
itions by stating that "efficiency 1is computed to determine
how well a particular goal is being reached”.

Willardson presented the concept of irrigation cf-
ficiency as being related to both water application effi-
ciency and water distribution efficiency, known also as
uniformity coefficient, however, he felt that they were not
related in a strict mathematical sense. He used Israelson's
definition of water application efficiency but, did not
specifically define water distribution efficiency. However,
Hansen and Israelson (18) have defined water distribution
efficiency, Ed’ as:

Eq = 100 (1 -Y/dy) (2)
Where: Ey = water distribution efficiency, in percent

Yy = average numerical deviation in depth of water
stored during the irrigation

dg = average depth of water stored during the irri-
gation.
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Examining several methods of irrigation, Willardson showed
that high water application efficiencies were coupled to
high values of uniformity coefficient or water distribution
efficiency. Furthermore, high values of uniformity coeffi-
cient are difficult to achieve under conditions of light
water application, high intake rate soils, and spacial var-
iation of soil intake rates.

Jensen (26) summarized previous work and concepts by
defining and redefining irrigation, irrigation efficiency,
water conveyance efficiency, unit irrigation efficiency, and

project irrigation efficiency. He defined irrigation as

"the application of water to the soil supplementing natural
precipitation for the purpose of supplying water essential

to plant growth." Irrigation efficiency, Ej accordingly,

is "the ratio of the volume of irrigation water transpired
by plants and evaporated from the soil and plant surface
plus that necessary to regulate the salt concentration in
the soil solution, and that used by the plant in building
plant tissue to the total volume of water diverted, stored,
or pumped for irrigation". Neglecting that water stored
in plant tissue and any change in stored soil water or, in
short assuming steady—state conditions, enables overall
irrigation efficiency to be written algebraically as:

v + V, - R
et 1 Ce
E; = T x 100% (3)
i

Where: Ei

overall irrigation efficiency in percent
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Vet= the volume of water required for evapotrans-
piration

V, = the volume of water necessary for leaching on
1 X
a steady-state basis

R_ = the volume of effective rainfall

wi = the volume of water diverted.
He further states that effective rainfall is "total rain-
fall minus runoff and deep percolation that may occur during

heavy rains or rains following a thorough irrigation."

Water conveyance efficiency, Ec, according to Jenscn

is the "ratio of the amount of water delivered by a convey-
ance system to the amount of water delivered to the con-

veyance system at the source of supply" or in equation form:

Vg
Ec = 7= x 100% (4)
r
Where: E, = water conveyance efficiency in percent
Wd =. amount of water delivered by the system
wr = amount of water delivered to the system

Water conveyance efficiency is strictly dependent upon the
capability of the conveyance system to deliver water. See-
page losses, evapotranspiration losses to bank phreatophytes,
operational losses, (return flows), and direct surface evapo-
rational losses are the limiting consituents which govern

this efficiency.

Jensen defines unit irrigation efficiency, Eu’ as
"the amount of water used by evapotranspiration plus the
amount required for leaching purposes divided by the amount

of water delivered" or algebraically:
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\Y% + Vv
et L
Eu = __TV—— x 100% (5)
i
Where: Eu = unit irrigation efficiency in percent
And: Vet and Vl are defined previously

Obviously, unit irrigation efficiency differs only from over-
all irrigation efficiency by the effective rainfall term.

He has combined mathematically, reservoir storage,
efficiency, water conveyance efficiency, and unit irrigation

efficiency to formulate the term project irrigation efficiency,

Ep. Reservoir storage efficiency, Eg, is defined as "the
ratio of the volume of water delivered from the reservoir
for irrigation, to the volume of water delivered to the

reservoir." The composite equation resulting from combin-

ing the three efficiencies is:

=

E_ E

S C u
= = = _2 6

Where: Ep = project irrigation efficiency in percent
Es = reservoir storage efficiency in percent
E_. = water conveyance efficiency in percent
E, = unit irrigation efficiency in percent

This composite term allows evaluations of entire irrigation
systems on a total overall irrigation efficiency basis.
Irrigation efficiency is dependent upon a number of
parameters in addition to those already mentioned. Tyler (36)
has cited these factors affecting farm irrigation efficiency:
length of field head ditches, length of irrigation runs, crop

distribution, field gradients, the irrigation management ability
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of the farmer, weather conditions, and irrigating for soil
conditioning purposes only. He presumed that 75 percent of the
variation in irrigation efficiencies could be due to these
four factors: soil variation, irrigation frequency, dura-
tion of irrigation, and irrigating for soil conditioning
purposes. Farmer ability and crop distribution between row
crops, and forage crops were also listed as significant
components affecting irrigation efficiency. Along with
Tyler, Erie (l14) attributes irrigation management or farmer
ability with having considerable influence upon irrigation
efficiencies. Irrigation management deals most frequently
with the questions of when to irrigate, how much to apply,
and in what manner should water be applied. Irrigation
scheduling virtually eliminates these first two questions

Irrigation studies based upon the application of a
water balance or water budget type analysis have been con-
ducted only to a limited extent from a total irrigation
system approach. The majority of these investigations have
been carried out primarily to research water quality char-
acteristics as opposed to actual water usage patterns. How-
ever, chemical balances have been used successfully and since
similar data is required in each, the same procedure can be
applied to water use type water balances.

Sylvester and Seabloom (33) carried out a water in--
water out budget analysis on the entire irrigated portion of

the Yakima River Valley in Central Washington in the early
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1960's. Their work was conducted primarily to determine
changes in water quality in the Yakima River caused by ir-
rigation return flow. Although they calculated the actual
usage by evapotranspiration, they did not determine any
values of irrigation efficiency. Obviously, the determin-
ation of irrigation efficiencies can be normally accomplished
by simple manipulation of the data components of a water
balance.

Brown, et al and Carter, et al, (5,6), have carried
out water balance determinations for several consecutive
irrigation seasons on 2 large irrigation projects in South-
ern Idaho. Their work has been aimed at collecting water
quality and sedimentation output data in addition to some
actual water use pattern data. They monitored concentra-
tions and the rates of inflow, seepage outflow, and sur-
face return'flow on a -total of about 360,000 acres.

Brockway and deSonneville (2), developed a complete
water budget analysis for a 96,000 acre tract near Rigby in
eastern Idaho during the 1970, '71, '72 irrigation seasons.
The water budget procedure provided the necessary data to
allow development of a systems simulation model of ground-
water movement through the irrigation tract. Measurements
of field irrigation efficiency for both border and furrow
irrigation was conducted during initial stages of data col-
lection on the tract. In this study detailed data on canal

diversions, return flows, canal seepage losses and evapo-
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transpiration was assembled 1in order to generate a water
balance for the 17 irrigation districts comprising the
tract. Canal diversions were obtained from USGS daily re-
cords during the irrigation season. Return flow including
system outflow data was collected by field measurements dur-
ing the irrigation season. Utilization of aerial photographs
to determine total wetted areas along with field measurements
of seepage rates enabled total canal seepage losses to be
computed. The Penman combination equation was used to com-
pute evapotranspiration using crop coefficients developed
fromithe measured crop distribution.

From field investigations, Brockway and De Sonneville
determined average values of field irrigation efficiency
ranging from 50 percent on compacted furrow irrigated pota-
toes for light applications of about 2 inches of water to
less than 20 percent on uncompacted furrow irrigated pota-
toes during early season irrigation. They estimated that
these efficiencies would decrease considerably, later in
the season due to the obstruction of furrows by fallen po-
tato plant vines causing increased furrow intake rates.

These investigators attributed the low irrigation efficiencies
principally to long field runs accompanied by high intake

rate soils, poor field leveling, and excessive 1irrigation
field sets over night.

Galinato (17) investigated irrigation efficiencies on

10 seperate fields in the Snake River Fan area near Rigby,
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Idaho during the 1973 irrigation season. All data was col-
lected on loam soils, and on crops of barley, alfalfa, and
potatoes. He found water application efficiencies ranging
from 19 to 32 percent, with a mean of 24 percent, for bor-
der irrigation of alfalfa and barley. For furrow irriga-
tion of potatoes efficiencies ranging from 47 to 58 percent
with a mean of 51 percent were found. Clearly Galinato's
data substantiates the earlier findings of Brockway and
De Sonneville. He similarly attributes the low efficien-
cies found to high water intake rate soils, long field
runs; and long set times.

Most irrigation researchers concur that irrigation
efficiencies generally found in the western states are much
lower than they could or should be. However, opinion is
divided on how much these efficiencies can be reasonably
increased.

Willardson (43), estimated that furrow and border ir-
rigation efficiencies of 60 to 70 percent are reasonably at-
tainable but may be further increased by runoff recovery
systems to over 80 percent. Together with Bishop (44),

Wilardson predicted 60 percent attainable irrigation ef-

ficiencies under most conditions. Likewise Hanson and Israel-

son (18) have stated that surface irrigation efficiencies in
the range of 60 percent and sprinkler irrigation effi-
ciencies around 75 percent are feasible.

Jensen and Howe (28) in contrast, have reported that

water application or farm irrigation efficiencies of 80 to
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95 percent should be easily attained with border check irri-
gation methods. These efficiencies were actually obtained
on fine sandy loam soils having gentle slopes ranging from
near 0 to about 1 percent located near Scottsbluff, Nebraska.

Present irrigation efficiencies vary considerably
depending upon where measurements were made. Farm irrigation
efficiencies ranging from 31 to 52 percent were reported by
the Bureau of Reclamation (40) for conventional surface irri-
gation systems in Nebraska and Colorado. In a similar study,
the Burecau of Reclamation (3Y) found from field data that pre-
sent’farm irrigation efficiencies on the Minidoka Project,
Unit A, near Paul, Idaho ranged from 36.3 to 43.7 percent.
Attainable farm irrigation efficiencies on the same study
area are predicted to vary from 51 to 64 percent.

Irrigation runoff recovery and pump-back systems
have receivéd considerable attention as a practical method
of increasing farm irrigation efficiency. Somerhalder and
Fischbach (L%) concluded that reuse systems could incrcasc
average farm irrigation efficiencies from about 65 percent
to almost 92 percent, where the difference of 27 percent
represents lost field runoff.

Other alternatives such as transition to total sprin-
kler irrigation and computerized irrigation scheduling (27/)
are expecfed to boost irrigation efficiency. Actual values
of increased irrigation efficiency due to the implementa-
tion of irrigation scheduling have not been evaluated in

the articles cited however.
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In summary irrigation efficliency can take on numer-
ous interpretations restricted only to the components com-
prising the defining equation. In addition, wide variations
in actual values of present irrigation efficiency have been
measured. Ascertaining values of attainable efficiencies
is highly dependent upon local soil conditions, irrigation
methods and systems, and irrigation management attitudes, to

name a few contributing factors.
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CHAPTER IV

Study Approach and Procedures

Basic Approach Philosophy

The basic study approach was designed to satisfy
the purposes and objectives of the investigation presentoed
in Chapter II. Before predictions of attainable irriga-
tion efficiencies could be made, it was deemed necessary
to establish the current operating levels or present irriga-
tion efficiencies of each irrigation district. This oper-
atiné point is defined by existing water usage and irrigation
efficiency at both the farm and district level. After estab-
lishment of the operating level from actual historic data,
various parameters or conditions unique to each irrigation
system which affect irrigation efficiency can be artificially
adjusted. The change in cfficiency of the total system can
be computed and a new synthetic operating lcvel created.

Present opcrating levels or irrigation efficiencies
could best be evaluated by applying a total water budget
analysis individually to a select number of typical irri-
gation systems in the study region. A total water budget
analysis implies accounting for all major uses and signi-
ficant losses of irrigation water in each distinct irriga-
tion unit. The major uses and losses 1n an irrigation sys-
tem as shown in Figure i, page 30, include: diversions from

a water source, supplemental inflow, precipitation, system
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return flow, evapotranspiration or crop consumptive uses,
conveyance system seepage losses, and deep percolation of
applied watcr beyond the root zone. Thesc scven clements
constitute a water in -- water out water budget.

After compiling data necessary to assemble the scven
systcm components, the water balance was used to compute
various water use parameters and efficiencies. Present
operating levels could then be established. The next step,
using economic reasoning and technical feasibility as guide-
lines, consists of artificially modifying those system
paraﬁeters which significantly affect irrigation efficiency.
The modifications introduced result in the creation of new
input data to the system water budget producing new watcr
usc patterns and new values of irrigation cfficiencics.  In
this manner, reasonablc predictions of attainable irrigation
efficiencies for each sub-arca of the study region and sub-
sequent changes in diversions from the water sources are

developed.

Procedure and Techniques

The initial step in the procedure included two activ-
1ties to achieve familiarization with the study region. First,
attainment of a bricf overview of the nature of irrigation
methods and practices in the recgion was accomplished. The scc-
ond step consisted of Inventorying and geographically locating

the individual irrigation districts in the region.
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After familiarization, the determination of the number
of irrigation systems and the actual selection process woere
begun. The following fundamental condition, outlining the
selection process, was established. The number of irriga-
tion districts to be studied should be representative of
the major sub-arcas of the region. However, simultaneously,
the number of districts should not overload research man-
power and resources. Under this condition, the number of
systems to be selected for study was set at six.

Individual districts were chosecn on a preliminary
basié according to the following criteria: districts should
be considered typical and representative of the systems com-
prising each sub-area of the region; all prevalent farm ir-
rigation methods should be represented by at least onec ir-
rigation district; the irrigated acreage of the systems
should not be a restrictive consideration, i.e. districts
should(not be chosen on a common size basis and; the nature
and complexity of the water conveyance and distribution system
should pose minimum field measurement difficulty. The six
irrigation districts selected for preliminary investi-
gation satisfied these criteria.

Arrangements were made with the six prospective irri-
gation organizations to scecure their permission and enlist
their cooperation in participating in the study. A formal
condition of study procédure was verbally arranged in which

no direct reference to the name of any one irrigation district
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would appear in any publication associated with this research.
Thercfore individual irrigation districts or systems will be
identified by number only in this thesis. This agreement
was incurred in order to obtain and use viable information
and data on each irrigation district from the Soil Conserv-
ation Service, U.S.D.A.

The next procedural step involved determining what

actual data and in what amounts would be required to apply

a complete water budget analysis to cach irrigation district.
In addition, available sources and methods of data procure-
men£ were investigated. After initial study, the detcrmin-
ation was made that data would be needed on the following
components of ;he water budget analysis: river diversions,
supplemental inflow, return flows from the district to the
river, including systems outflow not directly returned to
the river, crop consumptive uscs, conveyance system scepage
losses and deep percolation losses below the active root
zones. A more complete and detailed discussion of alter-
native sources for each of these components is presented

in Chapter V.



-

B

3 739 T &3 ™.

J

o |

CHAPTER V

Data Collection

During eight months of 1974, data required for this
study were collected on six independent irrigation districts
located in the Upper Snake River Region of Idaho which is
shown on the Study Area.Map, Figure 2, page 35. These six
districts have a combined total irrigated acreage of just
under 300,000 acres and vary in size between 5,900 and
178,000 acres. Between April and October of 1974 dischargoe
data-werc collected at 63 different mcasuring stations span-
ning a distance of over 200 highway miles. These stations
are marked on the irrigation district maps on Figures 3
through 8, pages 39, 40, 41, 42, 43 and 44. Collection
efforts were directed at obtaining the best possible data
to a degree of accuracy considered within the scope and intent
of the study. Physical, budgetary, and manpower limitations
influenced somc phases of the data collection activities.
llowever, considering all aspects of the study, data collection

was cxtensive and thorough.

Descriptions of Sub-Arcas and Irrigation Districts

In this study, the Upper Snake River Region was segre-
gated into three basic sub-areas; the Lower, Central and
Upper Sub-areas running from South Central to Northeastern
Idaho along the Snake River. Each sub-area and the selected
irrigation districts included therein are briefly described

concerning aspects of geology, topography, climatology,
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general soil types, cropping patterns, and district opera-
ting procedures. This information is summarized in Tables 1,
2 and 3 on pages 35, 36 and 37. Various climatic and topo-
graphical information about ecach sub-area and district arc
presented in Table 1. Irrigated acreages, watcer sources,
crop information, soil types, and terrain arc presented in
Table 2. Physical and operational characteristics are given
in Table 3. Only general variations in irrigation practices
and methods in use throughout the region were examined.

The Lower Sub-area includes those lands lying immed-

iately on either side of the Snake River, running east and

south from Bliss to the Rupert-Declo vicinity. The river
and decep gorge biscct the irrigated portions of the sub-
areca. Like the entire Snake River Platcau, the arca is

underlain by thick basalt formations and the extensive Snake
Plain Aquifer which discharges into the river forming Thou-
sand Springs. Land lying 10 to 30 miles south of the river
is confined by a short east-west range of low mountains.
Exposed barren lava formations generally 5 to 25 miles north
of the river border the sub-area in that direction.
Topographically this sub-area lying on the plateau
consists primarily of open level plains, slightly rolling
hills, and occasional gentle sloping buttes. Warm dry sum-
mer and precipitation that is evenly distributed throughout
the seasons characterize climatic conditions. Climatic vari-

ations between the 3 irrigation districts located in this

region are 1insignificant. However soil variations are not
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TABLE 1. Summary of Climatic and Topographic Characteristics of Each
Sub-Area and Irrigation District (Taken from 29, 30, 31)

Irrigation Districts

Characteristic o1 2 3 4 5 6
' Associated
Sub-Area Lower Lower Lower Central Central Ucper

Mean Annual
Temperature
(°F) 50 48 48 46 44 43

Mean Annual
Precipitation
(inches) 10 8 9 8 7 : 12

Frost-Free Period
(Freezing Level = 32°F) 115-~135 115-135 115-135 100-125 100-125 95-105

Range of
Elevation
(Feet above MSL) 3500-4000 4000-4400 4000-4400 4400 -4500 4600-48C0 4800-5000

LE
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ABLE 2. Summary of Crops Jrown, Soil Types, and Primary Water Scurces for

Each Sub-Area and Irrigation District (Taken from 7,8,9,10,11,32,41,42,45)

Irrigation Districts

Chzracteristic 1 2 3 4 5 6
Sub-Area Lower Lower Lower Central Central Upper
Gross Acreage’

{acres) 178,080 14,563 54,170 6,000 37,330 5,908
Net Irrigated
Acreage (acres) 151,368 14,5638 42,794 4,440 33,597 5,375

Primary Water

sotYeEes
¥z3cr Cross
SLCwa

Masor Soil

e Terrain

Snake River

Sugar ocl2ets,
Dry Beans, Peas
Corn Silage
Gruinz

Fotacoes
Ajfalfa

Pasture

5il: Loam
Sandy Loam
Sand

Snaxke River
Deen Wells

Sugar 3eats
Dry Beans
Peas

Corn Silage

Grains
Pctctces
» -
NHnl.o.ciaa
Pascturs
Silt

Silt Loam
0-12

Snake River

Sugar Beets
Dry Beans
Peas

Corn Silage
Grains
2otatoes
Alfalfa
rasture
Orchards

Loam
Silt Loam
Sandy Loam

Snake River

Sugar Beets
Corn Silage
Grains
Potatoes
Alfalfa
Pasture

Loam
Fine Sandy
Loam

Srake River &
Floocd Rights

Sucar Beets
Peas

Corn Silage
Grains
Potatces
AlZzifa
Pzsguure
Orchards

Loam

Silt Loam
Fire Sandy
Loan

6-4

Fall River

Potatoes
Sl€alfa
Peas

Grains

Corn Silage
Pasture
Orchards

Silt Loam

8¢
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TABLE 3. Summary of Physical and Operational Characteristics
of Each Irrigation District*
; i !
Irrigation Districts '
Characteriscic 1 2 3 4 5 6
:
. i |
Sub-Area Lower Lower i Lower Central Central , Upper
{ 1
. i
Trpe of Irrigation i Unlined Unlined Unlined Unlinecé Unlined i Unlirned
D livery System cen Channel Open Crannel Cgen Channel Open Channel Open Channel ;| Open Channel
Length of Main
Canal (miles). 54.7 19.3 713 8.7 79.0 §.5
]
Length of Dls\.rlbz_t;onl
Laterals (miles) i 652.7 46.7 195.3 11 .2 64.0 1 0.0
Mecthoa of Farm Continuous Allotment Rotat:ion Combination Combination | Continuous
Delivery Flow Demand~Rotation | Continuous l Flow
Flow-Rotationt
Are Farm Deliveries : !
Regulated by !
District Personnel?  Yes Yes Yes No Some i No
i
Are All Deliveries i
Measured? Yes Yes Yes No No © No
. . - i - -~ t ~
Major Irrigation rurrcw-90% Furrow-9¢% | Furrcw-35% Border-79% Border-53% ' Sgrinkler-85%
M=thods Sprinklier-10% Sprinkler-2% i 3Bcrder-44% Furrow-16% Furrow-235% Turrow-1C%
{  Sprinkler-1i$ Sprinkler-5% Sprinkler-15% : Border-5%

*Date given on this page

is taken from

(28) or from field investigations

6¢€
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negligible on the 247,000 acres comprising all 3 districts.
Irrigated soils are variable in type, texture, and depth
throughout the area. The general soil groups consist of
sandy loams, silt loams, loams, and sands (10,8).

Major crops grown in the sub-area arc listed in Table
2, page 36. Furrow irrigation is the most popular water ap-
plication method in all three districts.

Irrigation District No. 1, shown in Figure 3, page 42,
largest of the six districts with a net irrigated acreage of
151,368 acres, lies in Minidoka, Jerome, and Gooding Counties.
Irriéation was started on this tract in 1909 (5). Water
from the Snake River is diverted at Milner Dam and distrib-
uted to the irrigated farms through 747 miles of unlined can-
als and laterals. Farm deliveries are 100 percent measurcd
and regulatced on a continuous flow basis (41). According
to the Soil Conservation Service (41), approximately 90
percent'of all lands within this district rely on furrow or
corrugation methods of irrigation while the remaining 10 per-
cent are sprinkler irrigated as shown in Table 3. The major
soil types found in this district include silt loams, loams,
and fine sandy loams and sands located principally in the
southwestern portion of the district. Return flow was meas-
ured at twelve stations.

District No. 2, located within Jerome and Minidoka
counties contalns approximately 14,568 irrigated acres. This

system is the newest of the six districts, and has been irri-

gated only since 1957. Most of the water used in this district
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is pumped from the Milner Pool on the Snake River, although
a portion of the water pumped from deep wells located with-
in the tract. Water is delivered to the farms on an allot-
ment basis (35), by approximately 64 miles of unlined can-
als and laterals. All farm deliveries are regulated by the
district and are measured over Cipolletti weirs. The pric-
ing schedule used by this district to charge farmers for
irrigation water is unlike the traditional flat rate opera-
tion and maintenance charges levied by other districts in
the study area. A minimum charge is assessed for the first
three acre-feet of water delivered in the irrigation season.
Additional water is then allotted at a higher cost per acre-
foot to the farm. This pricing schedule tends to discourage
inefficient use of water and over-irrigation.

Eleven stations as shown in Figure 4, page 43, were
established to measure return flow on this district.

As determined through field investigation, furrow
irrigation is used on hearly all farms in District No. 2.
Silt loam soils make up the major soil group found in this
district.

Irrigation District No. 3, the second largest tract,
containing about 42,794 irrigated acres, is situated entirely
within Cassia County. The general shape of the district is
shown in Figure 5, page 44. Water is diverted to this dis-
trict out of Lake Walcétt and distributed through approximate-

ly 267 miles of unlined canals and laterals. The river
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bounds the district to the north for about 25 miles of 1its
channel length. Farm deliveries are all mcasurcd by sub-
merged orifices or weirs and are made on a rotation basis.
Furrow, border, and sprinkler irrigation mclhods are uscoed
on this project. Silt loams, loams, and sandy loams are
evenly distributed throughout the irrigated lands on slopes
of zero to four percent.

For investigative purposes, the Central Sub-area 1is

designated as that irrigated territory between American Falls
Dam, straddling the river north and east to about the Bonne-
ville-Jefferson County Line. This area is bounded to the
west by exposed lava outcroppings and to the south and cast
by low mountain ranges and foothills. Lands on both sides

of the river channel are irrigated by watcer diverted from the
Snake and have been 1n agricultufal production longer than
the Lower Sub-Area tracts. Since this area also belongs to
the Snake River Plateau, it 1is underlain by basalt formations
and the Snake Plain aquifer. Most areas of the Snake River
Plateau are known to contribute recharge, due to the combin-
ations of deep percolation losses and geologic formations,

to the Snake Plain Aquifer; this area is no exception. Land
gradients near the river in this sub-arca arc considcerably
smaller than those occurring in the Lower Sub-Arca. ‘Thesc
flat, broad irrigated areas are infrequently interrupted

by gradually sloping buttes and rifts. Hills and draws be-

come more prominent moving south and east towards the foot-

hills of the mountains.
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Summers are warm and dry with precipitation occurring
throughout the year. Growing seasons or frost-free periods
are shorter than those of the Lower Sub-arca. Potatoces,
small grains, alfalfa, sugar beets, and grass pasturce ac-
count for the principal crops grown on these lands. Trii-
gated soil, consisting primarily of Toam soils with high intakoe
rates, along the flat lands adjacent to the river do not
vary considerably over this sub-area. Located in this Central
Sub-Area are Irrigation Districts No. 4 and 5, together total-
ling about gross 43,330 acres. The most prevalent methods
of ifrigation found here are, in order of popularity, border,
furrow, and sprinkler irrigation. Major differences in soil
and climatic ocnditions are not significant between these
two irrigation districts.

Located in central Binghan County immediately woest
of Blackfoot and adjacent to thé west bank of the Snake River,
Irrigation District No. 4, shown in Figurc 6, page 47, diverts
water to irrigate about 4,400 acres. Water is diverted and
delivered through a twenty mile long system of one main canal
and six branching laterals. This irrigation system operates
on a combination demand-rotation farm delivery scheme. Flows

into the distribution laterals pass through measurement struc-

tures and are regulated by district personnel. However,
individual farm deliveries from the laterals arce not measuroed
or regulated by the irrigation district (41). Return flow

leaves this district at only one point as shown on the dis-

trict map, Figure 6.
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Irrigation District No. 5, Figure 7, page 49, is long
and narrow in shapc, beginning north of Idaho l'alls running
south and west through Bonneville and Bingham Counties, cending
just north of the Blackfoot River. This system in addition
to flood water received, diverts water out of the Snake River

to irrigate about 33,597 acres through a distribution network

% ™

of 143 miles and canals and laterals. A combination contin-
uous flow-rotation farm delivery operation is employed on
this tract. 1In other words, management of water deliveries
arc made on a continuous flow basis to farms on the main
canais and by a rotation arrangement to those farms recciv-
ing water from'the smaller distribution laterals. Water
delivered to the distribution canals and latcerals 1s mecas-
urcd and requlated by district personnel. An undetermined
portion of the farm turnouts arc regulated by the district,
most are rc¢gulated by individual farmers. In conjunction
with non-regulation of farm deliveries, most deliveries are
not measured (41). Six stations shown on the district map
were used for return flow measurements.

The Upper Sub-Area runs from north of Idaho Falls

across the Snake River Fan into the Henry's Fork arca ncar
St. Anthony. Land in this area is supplied with irrigation
water from the Snake River, the Henry's Fork of the Snake
River, the Tecton River, and'the Fall River. These irrigated

lands have historically had the largest per acre diversions
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of all the tracts in the Upper Snake River Region (20).
Flat terrain, long irrigation runs coupled with high intake
rate soils result in high irrigation water application
rates (17,2). Sub-irrigation methods, in which underlying
water tables are raised close to the land surface, arce

used in arcas of this portion of the region. This form of
irrigation requirces extremely large diversions of water.
Consequently, this region also furnishes large amounts of
recharge to the Snake Plain Aquifer (13).

In this sub-area, elevations are higher and growing
scasons are shorter than in the remaining region as shown
by Table 1. Lands close to the river channcls are flat with
level to minimal slopes. Moving out of the river valleys
toward the ecastern foothills, undulating hills and larger
land gradients arc encountered. Soil conditions vary con-
siderably from the loamy sands ncar the central river val-
leys to the silt loam soils, lying on the surrounding acres.

Since a considerable amount of field data has already
been collected on irrigation efficiencies by Brockway (2)
and Galinato (17) in this area, only one district was chosen
for further study. The smallest district examined in this
study was Irrigation District No. 6, which delivers water to
about 5,375 acres. The general features of this district
are shown 1in Figure 8, page 51. Rectangular in shapce and

oriented north to south; it is located in Fremont and Madison
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Counties near Teton, Idaho. Unlike the five other systems,
water supplied to this district is presently diverted out
of Fall River near Chester, Idaho. Illowever, upon comple-
tion of the Teton Dam Project, this district will abandon
the present delivery canal and a wood stave inverted siphon
section from Fall River. Water will then be supplied by the
Teton River through new delivery works to the head end of
the system (41). Fifteen points were established to measure
return flow on this district.

This open channel system is somewhat unique to this
study in that sprinkler irrigation accounts for the largest
percentage of lands being irrigated on the tract, see Table
3. Most irrigated lands in District No. 6 have slopes great-
er than two to four percent. The silt loam soils are uniform
throughout the district. Farm deliveries are not measured
or regulated by district personnel whose primary responsib-
ilities are to regulate flow and water level in the main

canal (41).

Data Collection Techniques and Procedures

After determining what actual data would be required
to compute a water balance throughout the irrigation season,
methods of extracting and accumulating existing sources of
data were examined. The suitability of each source or method
was evaluated according to the objectives of the'study. This
examination and evaluation procedure is explained in the

following discussion.



-

T™T™S ™

. |

4 |

River Diversions and Supplementary Inflow

The first element of data required were quantities
of water diverted for irrigation purposes by cach district.
Since all diversions of irrigation water during the irriga-
tion season from the Snake River are measured daily by U.S.
Geological Survey personnel and are reported annually, col-
lecting these data was simplified to an extent on at least
three of the six districts. Additional data collection ef-
forts employed on the other three districts are discussed in
the following paragraphs. Early season and late season flows,
whicﬁ are normally not recorded by Survey personnel, are
recognized as possibly having potential influence upon total
district water use. Before-season irrigation applications
using these unmeasured ‘diversions could be cxpected to alter
actual water use patterns and subsequent efficiencies to a
limited degree. This occurrence was not recognized as being
potentially significant during the initial start-up of data
collection activities.

Irrigation District No 2 also obtains a portion of
its irrigation water from deep wells. In this case daily
pumpage records from the district were secured to supplement
data supplied by the U.S.G.S. District 5 receives substantial
amounts of flood water particularly early in the irrigation
season which it distribptes for irrigation purposes. After
flood waters recede, the district continues to receive a

significant amount of supplementary inflow at two separate
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locations on the district perimeter. To measure these flows,
a measuring device and rating section were established at
each location. A gaging station was required at the point
of inflow of the main canal on Irrigation District No. 6.

A rating section was developed here to measure actual river
diversion to the district. This eliminated concern for up-
stream unregulated wtihdrawals of irrigation water from this
canal.

Early and late season frequency of measurements of
river diversions is lower than the mid-season frequency, there-
for Ehe reliability of early and late season flows is consid-

ered to be lower.

Return Flows

Measuring District return flows or outflows required
the greatest amount of resources and effort. Fifty-three
separate point sources yielding significant return flow
were located and inventoried on the six districts. Few of
these point sources possessed any measuring device, which
lead to determining an appropriate method for gauging dis-
charges. Before most spring return flows began, rectangular
contracted weirs, automatic stage recorders, and metal staff
gages were installed at sixty point sources of return flow
and three inflow gaging stations. ARS personnel from the

Snake River Conservation Research Center, SRCRC, at Kimberly,
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Idaho assisted the writer in completing the installation of
numerous gaging stations.

The next big step was to organize and arrange the log-
istics of the actual return flow data collection. Assist-
ance of irrigation district personnel and part time help was
employed to help this investigator collect return flow data.
Flow readings were taken on a one to two day frequency at
49 stations. The remaining fourteen stations, equipped with
stage recorders, were serviced and maintained by ARS personnel,
the quthor, and several other individuals.

At various gaging stations, current meter flow measure-
ments were conducted periodically to provide gage height ver-
sus discharge data for developing channel rating curves.

Field surveys of each district, made to inventory re-
turn flow point sources, substantiated the fact that measure-
ment of lOOIpercent of the return flow from any one district
is impractical, if not ihpossible. Therefore by enlisting
assistance from personnel in each district, and maps when av-
ailable, estimates of the portion of return flow being mea-
sured versus actual return flow were developed for each dis-
trict. This factor denoted as the coefficient of return
flow will be defined in Chapter VI. Return flow data was
accumulated in this manner throughout the 1974 irrigation

season on the six districts.



.

T

56

In this investigation the term "return flow" applies
to all water leaving the designated irrigation district boun-
daries, whether it returned directly to the Snake river or to
some other waterway. The portion of return flow directly
discharging into the Snake River varied from 100 to 0 percent
on the six districts.

Because farm surface runoff entering the conveyance
system is considered to be operational waste, farm irrigation

efficiencies computed are higher than actual.

Crop -Consumptive Irrigation Requirement

The initial phase of determining crop water usage con-
sisted to compiling crép distribution data for each irriga-
tion district. Records from the Upper Snake River Office of
the U.S. Bureau of Reclamation in Burley, Idaho supplied
from two to five years of crop distribution data which were
averaged to give reasonable mean crop distribution percentages.
Gross acreages for each district were obtained from De Sonne-
ville's date (12), Bureau of Reclamation records, and Soil
Conservation Service data (32). These acreages were given
previously on Table 2, page 38. The gross acreage given for
District No. 1 is 4,500 acres less than that given by De
Sonneville since that amount of land was excluded from this
water balance analysis.

Several methods for determining evapotranspiration

data were initially proposed including using De Sonneville's
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Penman computer routine and using consumptive use data de-
veloped for Idaho by Sutter and Corey (34). Due to exten-
sive additional data requirements and complications rcquirced
by the Penman computer routine, the compiled data of Sutter
and Corey was felt more suitable to this study.

Sutter and Corey combined the modified Blaney-Criddle
method of calculating monthly crop consumptive use and
average monthly rainfall data to compute consumptive irriga-
tion requirements for 42 climatic areas in Idaho. The
modified Blaney-Criddle formula they used is:

u = OO.ltka(0.0l73t - 0.314) (7)

Where: u monthly consumptive use, feet

t = mean monthly temperature, OF

p = monthly percentage of annual daylight hours

ke= crop growth stage coefficient
The following three assumptions taken directly from Sutter
and Corey must be made when using this formula: 1) seasonal
or monthly consumptive use is proportional to the climatic
factor, f, where £ - 0.0ltp; 2) crops are not limited by an

inadequate water supply at any time during the growing season;

3) all factors other than temperature, percentage of daylight

hours, and growing season are similar from location to location.

By totaling daily rainfall for each month and subtract-

ing this amount from monthly consumptive use, they obtained

values for consumptive irrigation requirement. The assumptions
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incurred here are that rainfall over all six districts in
1974 was not abnormal and all rainfall was considered effect-
ive. Sutter and Corey wrote a digital computer program in-
putting average daily weather data permitting a frequency
analysis to be made on the input informatisn. Using a
distribution-free statistical analysis method they ranked
consumptive use and consumptive irrigation requirements in
20, 40, 50, 60 and 80 percentiles in addition to listing
minimum, maximum, and mean values. To make their information
universally applicable to all areas in Idaho, various crops
were categorized as shown in Table 4, page 59. These mean
monthly values for consumptive irrigation requirements for
various crops were used to supply crop water use data to the

water budget analysis.

Distribution Seepage Losses

Anoﬁher essential component . of the water budget is
the amount of water lost through canal and lateral seepage.
Since ponding or seepage meter determinations were not prac-
ticable or feasible on the hundreds of miles of canals and
laterals in these six irrigation districts another indirect
method was utilized to estimate seepage losses. This method
consisted of inventorying and collecting dimensional data on
all canals and laterals in each irrigation district. Aerial
photos belonyging to the local office of the Agricultural Sta-

bilization and Conservation Service, U.S.D.A., in the
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TABLE 4.

Common Crops Grown in Idaho Grouped by
Similar Consumptive Use Requirements
(from Sutter and Corey, page 3)

Group Name

Crops Included

Sugar Beets
Dry Beans
Corn -Silage
Field Corn

Spring Grain

Potatoes
Vegetables
Winter Grain

Alfalfa

Grass Pasture

Orchards

Sugar Beets

Dry Beans

Corn Silage

Field Corn

Spring Wheat, Barley, Oats, Rye
bry Peas, Grain, Hay, Sweet Corn
Seed, Mint, Other Grains, Other

Potatoes

Vegetables

All Fall Seeded Grain

Alfalfa, NAlfalfa Seed, Other
Legume Hay, Hops

Grass Pasture, Wild Hay, Other
Grass Hay, Clover Seed, Other
Legume Seed

Deciduous Orchards (without cover)
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appropriate counties were used to obtain this data. Using
a microscope equipped with a caaibrated micrometer lens and
a map distance meter, topsidths and reach lcngths were ac-
cumulated on each individual canal and lateral for the first
five of the irrigation districts. Actual field measurements
incorporated with a U.S. Geological Survey topographical
map supplied similar data on Irrigation District No. 6.

General soil type information was then collected from
Idaho Water Resource Board Special Soil Surveys (7,8,9,10,11)
and Soil Conservation Service maps (42,45). Soil type infor-
matién was 1initially correlated with seepage rate coefficients
for general soil classifications developed by Worstell and
Brockway (3). Computation of seepage losses is examined fully

in Chapter VI.

Decep Percolation Losses

No direct data collection of measurements were made
in determining this constituent of the water budget. Calcula-
tions of deep percolation losses is also examined in Chapter

VI.
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CHAPTER VI

Computer Programs Used for Data Processing

Two digital computer programs, written in Fortran [V
for use on an IBM 370/145 computer, werc uscd Lo compile and
analyze water flow, crop irrigation requirement, and canal
seepage data collected earlier in the study. Two other cata-
logued programs were also employed in the data processing
phase. A catalogued polynomial regression program was used
to develop channel rating curves for each flow gaging station.
To compute and sum daily discharges throughout the irrigation
seusoh, a tape-stored program was used via a remote terminal
al the Snake River Conscrvation Research Center (SRCRC). This
chapter discusses the implementation and function ol thesce

four computer programs.

Polynomial Regression Program

Twenty-seven discharge rating curves were developed
using a canned polynomial regression routine. This routine
created ordinary second order correlation equations between
pairs of simultaneous staff gage readings and discharges
measured by current meter method. The number of data pairs
used varied from three to six depending upon availability
and reliabiliti of field data. Values for the index of de-
termination or the index of correlation ranged from about
0.90 to 1.0 for the twenty-seven equations.

Generated channel and control section rating curve

equations, 1in addition to discharge equations from
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rectangular contracted and rectangular suppressed welrs are
acceptable in coefficient form to the accumulative discharge
program. Daily staff gage readings from all 63 gaging sta-
tions were compiled and converted into daily flows using
this program. Twenty-four hour and accumulative discharge
in units of cubic fcet per second and acre-fect constitute
the primary output of this discharge program. Figurc 9, on

vage 63, is a sample of the output from this program.

Canal Seepage Analysis Program

. Maximum, full channel (or basc) daily scepage losses

from each distribution system are calculated by the seepage

program, Individual losses from cach canal and total dis-
trict losses arce computed. Program input is composcd of
the following data elements: the irrigation district num-

ber, canal or lateral name, canal reach by township, range,
and scction number, calibrated lengths of canal reaches,
scaled channel topwidths, and corresponding soil scepage
coefltficieats for cach canal recach. Since SCS scaled acrial
photos were used, lengths and topwidths are calibrated at

8 inches = 5,280 feet and 1.0 unit = 25.0 feet respectively.
The 2 different scale factors arose [rom using a map dis-
tance wheel to measure, in inches, canal reach lengths
direcctly from the photos and the microscope equipped with

a micrometer lens to measurce channel topwidths in un-
specified units. The dimensional units of the secepage

coclificient are given as fcet per day. Input data
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Time Interval = 1440
Previous Accumulation of Acre IFt, = 0

Eguation of

-2.91

Date

40506
40507
40508
405609
10510
40511
10512
40513
405141
40515
40516
10517
40518
40519
40520
4052]

40522
40523
405241
40525
10526
40527
40528

RIS I~ H OO0 00

W w

(o))

Rating Curve

3 C Range
5.32 1.20 0.0 - 3.0
Ave. Acc.

Daily Cfs. Daily Cfs. Acre I't.
. 046 0.046 0.091
. 243 0.289 0.481
.A11 0.730 0.875
.612 1.372 1.2741
.845 2.218 1.677
. 051 3.268 2.084
.258 1.526 2.4956
. 538 6.064 3.050
.750 7.814 3.472
. 965 9.779 3.898
. 182 11.961 1.328
.101 11.362 1,762
.622 16.984 5.200
. 8415 19,829 5.613
.071 22.899 G.090
.375 26.274 6.693
.605 29.879 7.151
.838 33.717 7.612
. 510 10.256 12.9071
A5 16,710 12.801
. 368 53.079 12.632
. 283 59.362 12.463
. 1908 65.560 12.2941

I'ipgure 9

Discharge Program Sample Output

L.

63

Acce.
Acre TI't.

12.

-

15.
19.
23.

[}
<

33.
39.
45.

592

99,
66 .
79.
92 .

105
117
130

. 091
.072
148
L1722
L399

5. 182

.978
028
500
398
725
.87
687
331
421
114
265
877
818
650
.281
.744
. 038
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specilfications, the main scepage program, and an example of
output are included in Appendix G.

Output data given by the secpage program includes the
following components: the irrigation district identification
number, canal or lateral name, canal reach location by town-
ship, range and section number, reach length, average width

of the reach, reach scepage coefficient, reach seepage loss,

and accumulated reach length and seepage loss. Township,
range and scction numbers appear in digital form. A simple

four-digit code distinguishes directions by assigning the
numbers 1, 2, 3, and 4 to north, cast, south and west. The
third township or range digit gives the corresponding direce-
tion. Reach length and average reach width are given in feet,
but figures for accumulated rcach length appear in terms of
miles. ThQ unit, feet per day, is agalin assigned to the
reach soil seepage coefficient. Both reach and accumulated
seepage losses are assigned units of acre feet per day.
Internally, this program computes average channel top-
widths using two consecutive reach measurements at a time.
Welttced perimeters are subsequently calculated by multiplying
topwidths by a dimensionless topwidth cocefficient varying
from 1.05 to 1.30. Reference to Figure 10, page 67 will de-
monstrate why and how these coefficicents were selected based
upon common unlined earth channel shape and dimensional rela-
tionships. In short, as the width of a channcl increases

the amount of wetted perimeter contributed by side slopes
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diminishes. Table 5, page 66, gives the four topwidth coef-
ficients and their corresponding channel topwidth intervals.
The intervals at which the coefficients change value werce
approximated by trial and error calculations ol the ratios
of wetted perimeter to topwidth of some typical known chan-
nel dimensions.

Actual seepage losses are calcualted in the program

from these two equations:

Awp = LerCt (8)
Where: AW = wetted area of the canal rcach,
p square feet
Ly = reach length, feet
Tw = average topwidth of reach, fcet
Cy = topwidth coefficient
_ AwpCsg _
And Sp 13560 (9)
Where: Sp = seepage loss 1n rcach,
acre-feet/day
Cg = s01l seepage coeflicient,

feet/day

Watcer Budget Program

The water budget program listed in Appendix Y, analyzes
all components of total water use on each irrigation district

using a two weck or bi-monthly time interval throughout the

irrigation season. The program was written to expedite analysis

of irrigation efficiencies and various other water usec para-
maters from inflow-outflow data asscembled for input. Thirty-

six related water use components and three related irrigation

efficiency variables are calculated for each district during
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TABLE 5. Relationship Between Measured Channel
Topwidths and Topwidth Coefficients

Average Chaannel Topwidth, Tw Topwidth Coefficient, Ct

<

£

1

3 3

(fTeet)

0 - 12.5 1 . 30
12.5 - 25.0 1.20
25.0 - 200.0 1.10

> 200.0 .05




Figure 10. Dimensional Relationships Belween
a Widoe Canal Channel and a Narrow
Canal Channel

(a) Parobolic, Wide Channel
Where TW1 > 200"’
Wetted Perimeter = by « 1.05 Tw,

Tw

N
1 A

(b) Parobolic, Narrow Channel
Where Twq 5 12.5'
Wetted Perimeters by s 1.30 Tw,

D

Not to Scale



S T/ 2 ™M ™

B |

¥
-

68v
the 1974 irrigation season. Both program input and output
clements are described and discussed individually below.

The following equation is fundamental to this unaly;
sis since this water budget approach is an inflow-outflow
water balance for each irrigation district:

Qin - Qout + dS/dt = 0

Where Qjp = total system inflow

Qout = total system use and outflow

dS/dt= change in system storage with time
The relative significance of changes in system storage, or
net éoil moisture content of a district, during the first one
or two time intervals of the water balance can be obtained
by examining data from the Bureau of Reclamation study done
during 1964 to 1968 on the Minidoka Project, Northside Pumping
Division Unit A (39). Three years of soil moisture data col-
lected on fifteen different fields and crops were analyzed
yielding an average soil moisture depletion (difference be-
tween field capacity and moisture content prior to the first
spring irrigation), of about 3.4 inches per 3 foot soil hori-
zon. Using District 2, with silt loam soils as an example:

_ 3.4 inches
dS/dt = 12 inches/foot X (14,568 acres) (11)

4,128 acre feet

Since this figure is approximately equal to the first time
interval total inflow for the district and amounts to about
7.8% of the river diversion for the entire water balance

period, it appears to be a significant component. Similarly
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irrigation efficiencies could be affected during the initial
time intervals if this storage term is meaningful. Howoever,

considering the following three factors rceduced the conse-

quence ol Lhis term to the scasonal water balance.

First, 4,128 acre f(ecel should be recognized as an
upper limit representing the extreme situation in which the
entire soil profile of the irrigation district is raised to
field capacity simultaneously; an unrealistic situation.

According to Table 6, page 70, only two of the six
districts began diverting river water during the first time
intervals of the water balance. Since diversion had already
begun on four of the districts prior to the initial time
interval some irrigation could be assumed to have occurrod
before the first time interval on these districts, reducing
the total district soil moisture depletion.

As a third factor, an examination of soil types re-
veals that the probable average water holding capacity of soils
on the other five districts is less than or equal to those
found on District 2.

Considering these three factors allows omitting the
storage term, dS/dt, from equation 10 for Districts 1, 4, and
S during all periods of the water balance and certainly after
the first time interval on all six districts. This assump-
tion is realistic based upon these cited factors. During
the remaining time intervals of the water balance, the net
change in soil moisture for the entire districts was assumed

to be negligible. Soil moisture measurements were beyond
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TABLE 6.

70

Starting Dates for River Diversion
and the Water Balance Analysis

Irrigation
District

Starting Date

of Scason

Starting and Ending
Dates for Water

Number Diversion Balance Analysis

I March 25 April 15 to
October 156

2 April 22 May 1 to
September 156

3 April 17%* April 15 to
October 15

4 May 9 May 15 to
October 30

) May 2 May 15 Lo
September 30

6 Junce 2% June 1 to

* Aftecr Water

Balance Starting Date

September 30
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the scope of this study and therefore, no adjustments were
made on the appropriate water balance input data.

By substituting irrigation district water flow com-
ponents for system inflow and outflow and omitting the dS/dt

term, equation (10) becomes:

Qrd * Qif * Qp - Qrf - Qcy - Qecsl - Qdpl = O (12)
Where Qrq = river diversion

Qif = supplementary inflow to the district
Qrf = return flow
Qcu = consumptive use of crops
Qp = amount of effective precipitation
Qes1l = canal and lateral seepage losses
del = deep percolation losses

*all variables are in terms of acre feet

Combining the precipitation and consumptive use components
in the new-equation results in a single consumptive irriga-
tion requirement term, Qcir, defined by Sutter and Corey as:

Qcir = Qecu - Q (13)
In modified form the equation for a complete water balance
under steady state conditions is:

Qrd * Qif - Qrf - Qcir - Qesl - Qgp1 = O (14)
This equation defines the pertinent components of the water
budget program. .

The nineteen input components and terms for each dis-
trict required by the Water budget program are listed in Table
7, page 72, Except for those terms discussed in previous

chapters, the remaining input terms are described in the
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TABLE 7. Water Budget Program lnput Variableu

Input Term

Program Varfable Nuamco

72

Units

10.

11.
12,

13.

14.
15.
16.
17.
18.

19,

Irrigation District Numbcr
Total District Irrigated Acrcage

Starting and Closing Dates of the
Data Collection Period

Number of Crops Grown

Specific Crop Percentage of Total
Irrigated Acreapge

Number of Months in the Irrigated
Season

Inclusive Dates of Each 2-Wcek
Time Interval

Number of Days in Time Interval

Number of Days in the Appropriate
Month

Monthly Consumptive Irrigation
Requirement for Fach Specific Crop

Coefficient of Return Flow
Number of Return IPlow Gaging Stations

Accumulative Seasonal Return Flow for
Each Gaging Station

Maximum Daily Canal Diversion

Canal Diversion at 50% Seepage Loss
Maximum Daily Sccpage Rate

Daily River Diversion

Number of Days of River Diversion

Supplementary System Inflow During Time

Interval

DISTKNO

D1STAC

DATE

JCROP

CROP

JMONTH

MONTH (I,K)

TDD

TDM

CONSUM
COFRTF

JRF

RETFLW
DIUMAX
DIUMIN
TOTSEP
DAYD1V

NUMDD

RINTLW

acres

days

inches/month

%

acre fect

cfs

cls

acre feet/day
cfs-day

acre fecet
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following paragraphs.

Data collections periods approximated the beginning
and ending dates of the normal irrigation seasons for all
six districts. The specific dates are given along with the
other data later in this chapter. In addition, the inclu-
sive time intervals, spanning either fifteen or sixteen days,
are also listed throughout each irrigation season. A var-
iable giving the number of days in each month is read into the
program to calculate correct proportions of bi-monthly con-
sumptive irrigation requirements.

The approximate two week time interval was chosen for

these subsequent reasons. First, half a month was the shortest

practical period of time in which inflow-outflow conditions
could be assumed to approach steady-state. Secondly, since
monthly consumptive irrigation requirement data is utilized,
a shorter than bi-monthly time step would increase the error
probability involved with using such data. Third, because
seasonal trends and average variations in irrigation effici-
ency are of interest to the study, shorter time steps would
offer limited additional benefit. Finally, because the maj-
ority of return flow readings were taken on a once per day
frequency, a 15 day period should tend to compensate for
random fluctuations in the discharges.

The number of crops grown and their associated dis-
tribution percentages Qere derived by taking arithmetic av-

erages of previous two to five years of crop distribution
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records collected as described in Chapter V. Corresponding
monthly values for crop consumptive irrigation requirements
were obtained directly from Sutter and Corey's publication.

Those variables directly relating to return flow com-
putations in the program include: the number of return flow
gaging stations, accumulative quantities of seasonal return
flow, and the coefficient of return flow for the correspond-
ing irrigation district. Separate return flow gaging sta-
tions ranged in number from one to fifteen on the irrigation
districts. Accumulative values of seasonal return flow in
acre feet are used since these values can be taken directly
from the output generated by the SRCRC accumulative discharge
program.

To estimate actual or theoretical total district return
flow, the coefficient of return flow, Crf, was incorporated

into the program. This coefficient is defined by

Arf
Co o = 15
rf 7 Qact L8]

Il

Where: Qprf measured district return flow

Qact = actual total district return flow

Consequently, actual total return flow, unmeasured plus measured,

for any district is:

drf
dact = Crt (16)

The return flow coefficient is employed in this manner in

the water budget program. Actual total district return flow
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appears in program output rather than the value for measured
return flow. Multiplying the return flow coefficient times
the listed value of return flow gives the measured flow.

A linear correlation scheme was written into the main
program to approximate changes in seepage losses arising from
nonconstant canal and lateral wetted channel areas caused by
fluctuating water levels and flows in the channels. This
scheme was considered necessary since the maximum seepage
loss occurs only at maximum river diversion for each irriga-
tion ‘district. Utilization of this daily seepage flow rate
in the water budget analysis as a constant 1s unrealistic
and could be expected to introduce a significant source of
error. lence, the seepage loss rate correlation scheme is
designed to allocate maximum seepage loss only at maximum
seasonal river diversion. When river diversions are equal
to or less than 40 percent of their seasonal daily maximum,
the seepage rate is reduced to one half its base daily val-
ue as computed by the seepage program. Consequently, when
river diversions range between 40 and 100 percent of the sea-
son maximum daily level, twenty-four hour canal secpage losses
are linearly interpolated between 50 and 100 percent of the
calculated maximum or base daily rate. Examination of this
water stage-seepage rate simulation scheme by the following

equations should clarify its function and operation:
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It drd £ 9min
S = 0.508max

If drd > 9min
S - 0.50Spmax X (1

Where: qprg
Amin

Qmax

Smax

The values of 50 percent

76

(17)

Ard - qmin]

18
dmax- 9min ( )

specific daily river diversion, cfs
40% river diversion level, cfs

maximum or 100% river diversion
level, cfs

computed daily seepage rate,
acre feet per day

base daily seepage rate computed
by the seepage program, acre feet
per day

of the base daily or maximum seepage

rate at 40 percent of the daily maximum river diversion were

selected based upon knowledge of the irrigation district's

management of channel water levels throughout an irrigation

season. No actual field data were used to directly develop

these values. The seepage term, Q.g), appearing as program

output is computed using this method.

Quantities of daily river diversion in cubic feet per

second-days are coded for input into the water budget pro-

gram. Total district supplementary inflow discharged into

the irrigation district during a time interval is intoduced

as one total sum, in acre feet.

Output information including calculated data is pre-

sented for each irrigation district by four tables in the
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water budget program. The first tables, in Appendix A, list
crop distribution data. Crop consumptive irrigation require-
ments‘are arranged by time interval in the second tables in
Appendix B. The third table given in Appendix C catalogues
eight functional water use components and values for three
mathematically related, irrigation efficiency terms for each
time interval throughout the specified irrigation season.
Annual totals and seasonal averages of water use and efficiency
terms are displayed in the last table in the program print-out,
also Appendix C. The analytically significant figures included
in tﬁe last three tables of output are discussed in the sub-
sequent paragraphs. Table 8 on page 78 lists all output var-
iables, program variable names, and their corresponding dimen-
sional units.

Average crop distribution data is listed as both a
percentage 0f net district irrigated acreage and as an acreage
figure in program output tables numbered A-1 to A-6 in Appendix
A. Net irrigated acreages for each district were obtained
from the River Basin Study Unit of the Soil Conservation Ser-
vice (32). These net acreages are gross acreages adjusted
for farmsteads, waste ground, and right of ways, etc. The
number of acres under any one crop is calculated as a product
of the crop distribution percentages times the net irrigated
acreage. Individual bi-monthly crop consumptive irrigation
requirements are subsequently computed by the following equa-

tion in the program:
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Output Term Program Variable Name Units
Irrigation District Number DISTNO -
Total District Irrigated Acrcage DISTAC acres
Data Collection Period DATE -
Dates of Each Time Interval MONTH (1 ,K) -
Number of Days in Each Time Interval TDD days
Crop Distribution by Percent CROP (1) %
Crop Distribution by Acres ACCROP (J) acres
Monthly Consumptive Irrigation Requircments CONSUM (J,1) inches
Bi-monthly Consumptive Irrigation Requirements CRPCON (J,1) acre feet
Bi-monthly River Dlversions TOTD1V acre feot
Bi monthly Supplementary Inflow RINFLW acre feoot
Bi-monthly Total District Inflow TINFLWY acre feot
Bi-monthly Consumptive Irrigation Requircment TOTCON (1) acre fcet
Bi~monthly Average Deep Percolation Loss DEPERC acre feet
Bi-monthly Systom Scepage Loss TOTLOS acre fect
Bl-monthly Total Distrlct Return Flow TOTRTF acre fect
Bi-monthly Net District Water Use GDUSAG acre fect
Bl-monthly District Conveyance Efficiency DISKEFF %
Bi-monthly Farm Irrigation Ffficiency FRMEFF %
Bi-monthly Project Irrigation Efficiency TOUEFF %
Total Annual District Return Flow YRRTF acre feet
Total Annual River Dlversion YRDIU acre feect
Total Annual District Inflow YRINKIL, acre fcot
Totul f4nnual Consumptive Irrigation Requirement YRCON acre feet
Total Annual System Secpage Losses YRSED acre fect
Total Annual Decep Percolation Losses YRDEP acre feet
Total Annual Net Disgtrict Water Use YRGDUS acre feot
Average Annual District Return Flow AVANRT acre feet/ncere
Average Annual River Diversion AVANDV acre fect/ncre
Average Annual Consumptive Irrigation Requirement AVANCR acre feet/acrc
Average Annual Total District Inflow AVANIF acre feet/acre
Average Annual Scepage Losses AVANSP acre feet/acre
Average Annual Deep Percolation Losses AVANDP acre feet/acre
Averagce Annual Net District Water Use AVANGU acre feet/acreo
Average Annual District Conveyance Efficiency AVANDE B
Average Annunl Farm ITrrigation Lfficlency AVANFE %
Average Annual Project Ilrrigation Efficiency AVANDI %
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Ir 25 d
U4 = T3 m hd¥
Where: gj = bi-monthly consumptive irrigation
requirement for crop (i), in acre
feet
Ly = monthly consumptive irrigation re-
quirement for crop (i), inches
ai{ = net acres of crop (i)
d = number of days in the bi-monthly
period, days
m = number of days in the month in which

this time period occurs
This equation accounts for the 15 or 16 day time period dif-
ferences by the d/m factor. Crop consumptive irrigation re-
quirements are summed for all crops during each time interval
and are accumulated throughout the season to obtain an annual
consumptive irrigation requirement total. These values con-
stitute the Q¢ir term in equation 14 on page 69. Accumulated
daily and seasonal river diversions are compiled similarly
to obtain the Qrq term in the water budget equation, 13.
This term is used in each time interval and at the end of an
irrigation season for annual totals; its variables are either
bi-monthly or seasonal totals.

Supplementary district inflow, Qjf, represents all
inflow to the district used for irrigation purposes other
that river diversion. Values are printed out in program
output as single, time interval quantities and seasonal totals
in acre feet. Not all districts receive water in addition
to river diversions; in which case, zeros appear. Addition

of river diversions and supplementary inflow yields total
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district inflow Qtf for any time period where:

Qtf = Qrd * Qif (20)
Total district inflow therefore includes water from all sources
flowing into the irrigation system.

Realizing that all but one component, deep percolation
loss, Qdpl, has been generated from external field data in
the water budget program, equation 14 can be solved for this
term of

Qdpl = Qrd * Qif - Qrf - Qecir - @Qesi (21)
Both bi-monthly and seasonal totals of deep percolation are
compﬁted in this fashion by the program.

Net district water use, Qpet, 1is defined as total in-
flow to the district minus total return f(low, for either
time period. Mathematically:

Qnet = Qrd - Qrf (22)
This quantity represents all water consumed or lost during
an irrigation season or period by an irrigation district.

Average annual totals for river diversion, return flow,
consumptive irrigation requirement, total district inflow,
net district water use, total distribution system seepage
loss, and deep percolation losson a per acre basis are com-
puted for each irrigation district. These values are ob-
tained by dividing season totals of water budget components
by irrigated acreages Qf the appropriate district.

District return flow fraction, Fry, is computed in

percent as a comparator of return flow for irrigation districts.
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Expressed as an equation:

- Qrf - Qrf
'  Qrdq + Qif Qgr

F x 100% (23)

Return flow fraction is the ratio of seasonal return
flow to seasonal total district inflow expressed as a per-
centage.

The three most useful and meaningful output compon-
ents of the water budget program are the average annual fig-
ures for district water conveyance efficiency, farm irriga-
tion efficiency and the composite project irrigation ef-
ficiéncy. Determination of these three functional parameters
satisfies the second study objective.

Average annual district conveyance efficiency, LEg, is

defined mathematically:

_ Qtf - Qrf - Qesl
= Qs x 100% (24)

Ec

total district inflow

Where: Qtf

district return flow

Qrf

Qcs1™ canal and lateral seepage losses
District conveyance efficiency reflects the influence of system
water management via return flow quantities and system seep-
age losses on district water use or river diversions to the
system. This efficiency term is dependent upon both the phys-
ical characteristics of the distribution system and water
management behavior of the district. To a degree, it is

somewhat dependent also upon irrigation practices of farms
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in the district if return flow also includes water received

as surface field runoff.

The ratio of the amount of water consumptively used
by farm crops to the amount of water delivered to the farm
is defined as average unit or farm irrigation efficiency,

Iy, or algebraically:

Q @
E o2 x 100% (25)

u - Qtf - Qrf - Qesl

Where: Qcir = consumptive irrigation requirement

It

Qt f total district inflow

Qrf district return flow

Qes1 = canal and lateral seepage losses
Farm irrigation efficiency is strictly dependent upon farm
irrigation practices and irrigation water application man-
agement. Deep percolation rates are also reflected in this
characteristic. Only district-wide averages of farm irri-
gation efficiency can be computed in this water budget pro-
gram.,

Because the objective of this study was to analyze

irrigation efficiency from a total sytem or irrigation dis-
trict concept, a total project irrigation efficiency term

was considered appropriate. Project irrigation efficiency,

Ep, in equation form is defined as:

Ep = Ey x E¢ (26)
- Qeir | Qtf - Qrf - Qesl
Qif = Qrf = Gool X et X 100% (27)
= Qeir
x 100% 28
Qi (28)
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Where: Ey = average farm irrigation efficiency
Ec = district conveyance efficiency
Qeir = consumptive irrigation requirement
Qtf = total district inflow
Qrf = district return flow
Qesl = canal and lateral seepage losses

From equations 24, 25, 26, project efficiency is obviously
a composite product of conveyance and farm irrigation ef-
ficiency. Jensen, in Chapter III, defined project irriga-
tion efficiency in similar equations. This definition dif-
fers-from the Jensen formulas by the ommission of the res-
ervoir storage efficiency term. Project efficiency is an
overall system operational index dependent upon all system
parameters affecting irrigation efficiency.

Present levels of and reasonably attainable changes

in these three numerically related irrigation efficiencies

for each irrigation district are investigated in the following

chapter. Other water use parameters are also examined to
develop a complete irrigation water use analysis of present

and future operating levels.
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Chapter VII
PRESENTATION AND ANALYSIS OF DATA

Before present operating levels or reasonable predic-

tions of changes in irrigation water use patterns and irriga-

tion efficiencies could be evaluated, base daily system seepage

losses were determined using the seepage program. Present
(1974) levels and possible future reductions of canal system
seepage losses.are presented first in this chapter. Present
irrigation water use patterns and irrigation efficiencies
developed from 1974 data are then examined for each of the
six districts. Expected reasonable changes in the conveyance
and distribution systems and on-farm irrigation methods that
could increase irrigation efficiencies are examined in Chap-

ter VIII.

Distribution System Seepage Loss

Presént, or 1974 level, daily base seepage rates were
computed by the seepage program for each district. Because
of different soil types found in the districts, various seep-
age coefficients were used. When justifiable, coefficients
were modified to yield better reasonable estimates. Seep-
age coefficients used on canals and laterals in each dis-
trict are listed in Table 9, page 86, along with the coef-
ficients determined by Worstell and Brockway (3), which are

denoted as SRCRC coefficients. These SRCRC coefficients



e

TABLLE 9.

86

Seepage Coefficients Used to Compute Present

Distribution

System Scepage Losses

Irrigation Soil Type
District
Clays Silts Loams Sands
(cfd) (cfd) (cfd) (cfd)
SRCRC 0.31 0.81 0.95 1.33
Cocefficients
1 0.35 0.67 0.95 1.33
2 - 0.67 - -
3 - - 0.95 133
4 - - 0.95 1.33
5 - - 0.95 1.33
(§) - - 0.97 -
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were used as a guide and when better seepage coefficients
could not be determined or estimated.

On District 2 all distribution channels were assigned
an average seepage coefficient of 0.67 cfd based upon ponding
test data developed by Brockway and Worstell (4) on this
district.

Three general soil types were categorized fér purposes
of assigning seepage coefficients on Irrigation District 1.
Because Districts 1 and 2 are adjacent to one another,
soils classed as silts in both districts were assigned the

same seepage coefficient, 0.67 cfd, rather than using the

more generalized SRCRC seepage value of.0.95 cfs; 4Loam and sandy

soils were assigned values corresponding to the SRCRC daté.
The seepage coefficient assigned to the re-regulating reser-
voir on the main canal system was estimated at 0.35 cfd,
because of" the known occurrence of fine particle deposition
and accumulation which lowers permeabilities on the reservoir
bottom.

Only two soil types, loams and sands, with correspond-
ing seepage coefficients were categorized and assigned to
distribution channel reaches in Districts 3, 4, and 5. No
specific seepage tests were made on these districts, so a
modification of these estimated seepage coefficients would

not be warranted.
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Brockway and Worstell in field studies found that
ponded seepage rates could be estimated at 56 percent of
the rate obtained from inflow-outflow analysis. The dif-
ferences between the two methods is attributed to unavoidable
system operational losses, such as headgate leakage. The
gross seepage coefficient for the main canal system on
District 6 was developed similarly from inflow-outflow data
for a two week time interval after the end of the 1974 irri-
gation season. By assuming that all farm headgate diversion
had ceased, that the conveyance channel was full, and by
calculating the total wetted area of the main canal channel,
an inflow-outflow seepage loss coefficient of 1.73 cfd was
computed. The actual seepage rate was taken as 56 percent
of the inflow-outflow value or 0.97 cfd. This estimate
compares closely to the SRCRC value of .95 cfd fof loam
soils. .

Combining the wetted areas obtained from photographic
surveys and the estimated seepage coefficients for each
district in the seepage program yielded present base daily
seepage rates in acre~feet per day for each distribution
system. Main canal seepage losses and the remaining dis-
tribution system or lateral losses are listed in Table 10,
page 89, The total system figure, a sum of the two preceding

losses, 1is also given in the table.
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TABLE 10. Base Daily Seepage Rates Used to Calculate System Seepage Losses in the Water Budget Program

Loss With Simulated Main Canal Linings

Present Base Unreinforced . Buried Compacted Unreinforced

Irrigation Distict Seepage Rate Concrete Plastic Clay Shotcrete

No. (AF/DAY) " (AF/DAY) Membrane (AF/DAY) (AF/DAY)

(AF/DAY)

1. Main Canal 743.9 489.4 275.8 239.0 201.7
Femaining System 1642.5 1642.5 1642.5 1642.5 1642.5
Total System 2285G.4 2131.9 1918.3 1881.5 1844.2

2. Main Conal 29.9 18.7 5.9 3.6 1.4
Remaining System 30.C 30.0 30.0 30.0 30.0
Total Svstem 59.9 46.7 35.9 2.6 31.4

3. Main Canal 239.5 105.8 32.6 15.9 7.4
Remaining System 182.5 1625 162.5 162.5 162.5
Total System 402.0 268.3 195.1 178.4 169.9

4. Main Canal 33.2 133 4.2 2.6 1.0
Remaining system 1547 15.7T 157 15.7 156.7
Total System 48.9 29.0 19.9 18.3 16.7

5. Main Caznal 352.2 137.4 48.2 26.1 9.8
Remainirg System 100.4 100.4 100.4 100.4 100.4
Total System 452.6 237.8 148.6 126.5 110.2

6. Main Canal 23.2 10.7 3.1 1.9 0.7
Remaining System 0.0 0.0 0.0 0.0 0.0
Total System 23.2 ' 10.7 3.1 1.9 0.7

68



a—

m (~1 ‘ ;';} '_:, -._’ o

90

This first column is labeled ''present base seepage"
which are estimates of maximum daily losses for Irrigation
Districts 1 through 6 during 1974. These values were used
in computing present level water balances for each district
as described in Chapter VI.

Simulated main canal lining projects to upgrade con-
veyance efficiencies were examined. The seepage loss reduc-
tion analysis was confined to lining only the main or larg-
est canal systems in each irrigation district. Lining of
the distribution laterals would be subject to stringent
questions of economic feasibility, which is beyond the scope
of this study.

Four commonly used canal 1ining materials were sel-
ected for use in the seepage reduction portion of this ana-
lysis, Table 11, page 92, lists each lining material and
the associated range and average value of secpage coefficlents
of each material. These values were used to compute new
base daily seepage rates. Seepage coefficient values for three
of the lining matérials were taken from Bureau of Reclamation
studies (44,45). Coefficients for buried plastic membranes
were taken from work done by Hickey for the Bureau of Recla-
mation (46). All coefficients were obtained from ponding
tests of different lined irrigation canal sections in the West-
ern U.S. No attempt has been made to select the most suit-

able type of liner for each channel.
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Base daily seepage rates were then re-calculated by
simulating the installation of each lining material in the
main canals of Districts 1 through 6. The results of these
computations occupy the last four columns of Table 10.
The distribution lateral seepage losses remained constant
while the seepage losses in the main canals were reduced
by the simulated lining of the channels. Total system base
daily seepage rates decreased accordingly. Pneumatically
applied, unreinforced shotcrete is discussed because it
offers the maximum reduction in permeability of the four
seepage reducing materials. The use of the shotcrete liner
in the following discussion does not imply that it would
be the most suitable liner for any or all of the channels.

The seepage loss in the re-regulating reservoir of
District 1 was not changed during the seepage reduction
analysis. .The section of main canal with simulated liners
measured 54.7 miles in total length. Present seepage loss
in the main canal amounts to about one-third of the total
system loss in this district. Consequently the maximum
simulated reduction in main canal seepage loss (unreinforced
shotcrete) reduced the total system loss by just 23 percent.

The main canal system, for purposes of evaluation,
in District 2 consists of four channel sections having a
combined length of about 19.3 miles. Approximately half of

the present total systém loss occurs in these main canal
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TABLE 11. Seepage Coefficients of Four Commonly Used
Irrigation Canal Lining. Materials

Average Secpage

At Dt QETRE R ]

! Lining Material Range of Values Coefficient
(cfd) (cfd)
] 1
! Unreinforced Concrete 0.07 - 0.83 0.42
1 Buried Plastic Membrane? 0.05 - 0.22 0.13
had Compacted Clay or Thickl
. Compacted Earth 0.05 - 0.13 0.08
| 1

Unreinforced (Pnuematically
Applied) 14" Thick
i Shotcrete 0.03 0.03

] 1Reference 44 and 45.

2Reference 46
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sections. Unreinforced shotcrete lining along this reach
reduces the total system loss by about 48 percent.

A larger portion (about three-fifths) of the total
system seepage loss in District 3 is attributed to 71.3 miles
of main canal system. The present base daily system seepage
loss is reduced by a maximum of 58 percent by the simulated
shotcrete lining on the main canal system.

The present base seepage loss in the main canal of
District 4 comprises almost seven-tenths of the present base
total system loss. The simulated shotcrete lining of the
entife 8.76 miles of main canal reduces the total system
seepage loss by approximately 66 percent.

Four branching channels comprise the 79.0 miles of
main canal system on District 5. The losses in the main
canal system amount to more than three-fourths of the computed
present base daily system seepage loss. Base daily system
seepage losses could theoretically be reduced, using shot-
crete lining, by approximately 76 percent.

The distribution system of District 6 is composed of
only one main canal, 8.5 miles long (through the irrigation
district only). As a result, total system seepage losses
could be reduced with a shotcrete liner by about 97 percent

on this system.

Present Irrigation Water Use Patterns and Irrigation Efficiencies

After completing the seepage analysis, irrigation water
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use patterns and irrigation efficiencies for the 1974 study
season were compiled and evaluated using the water budget
program. Water balances for each of the six districts,
located in Appendix C, were developed for the 1974 irriga-
tion season. Appendices A, B, D, and E are numbered consec-
utively beginning with District 1 through District 6.
Appendix C is numbered consecutively similar to A, B, D,
and E except that there are two tables per district.

The starting and ending dates for the water balances
correspond to the normal irrigation seasons or primary water
deliQery periods of each district. Net district water use,
total inflow minus return flow is given also in each dis-
trict water balance table. The three irrigation efficiency
terms are computed for each time period and for the entire
seasons, appearing in both the district water balance and
the summary water balance tables grouped in pairs in this
appendix. The second table in each pair, '"Summary Table',
summarizes for the season data given in each preceding
"District Water Balance' Table.

Graphs presenting additional information and data
during the 1974 study period are located in Appendices D
and E. Crop distribution tables for each district are pre-
sented in Appendix A. The crop consumptive irrigation re-

quirement tables for each are located in Appendix B. The

five major water use components of the district water balances,

total district inflow, total consumptive irrigation require-

ments, average deep percolation losses, distribution system
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seepage losses and total district return flow, constitute
the '"seasonal irrigation water use patterns'". These water
use patterns are plotted in Graphs D-1 through D-6 and are
found in Appendix D. Seasonal variation of the three irri-
gation efficiency terms is displayed on Graphs E-1 through
E-~-6 in Appendix E.

For organizational purposes, the following section
discussing present water use patterns and 1974 efficiencies,
is broken up into six parts in which each district is dis-

cussed individually.

Irrigation District No. 1

The water balance for this district was evaluated
from April 15 to October 15 or six months during 1974.
Because approximately 4,500 acres were omitted from the
district for this study, the river water diverted to that land
appears as negative supplementary inflow. Net river diver-
sions to the study area were 6.88 acre feet per irrigated
acre during the study period. Total district return flow
remained fairly constant throughout the study period reach-
ing a minimum during the peak irrigation water use pefiod
in July. The time variation ofthe five major water balance
components, total district inflow, total consumptive irriga-
tion requirement, average deep percolation losses, distrib-
ution system seepage losses and total district return flow

is shown clearly in Graph D-1 in Appendix D.
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District conveyance efficiency, which is a function
of both total district return flow and distribution system
seepage loss, ranged from about 38 to 64 percent. Graph E-1,
Appendix E, shows that conveyance efficiency peaked during
July and fell to a minimum in Oc%obér. The seasonal average
conveyance efficiency was 59 percent.

Throughout the season farm irrigation efficiency ranged
from about 6 to 62 percent, peaking during mid-irrigation season.

The seasonal average farm irrigation efficiency for Irrigation

m

District 1 was 39 percent. The project irrigation efficiency,
the product of farm and conveyance efficiencies, followed

a pattern similar to farm irrigation efficiency. Project
efficiency ranged from about 2 to 40 percent and averaged

23 percent for the entire season. Average annual seepage
losses were 2.39 acre feet per irrigated acre on this dis-
trict. Seebage losses account for roughly 29% of all water
diverted to this district. Consequently, the irrigation
efficiencies in this district are heavily dependent upon the

seepage term in the water balance.

Irrigation District No. 2

Four and one-half months, May 1 to September 15, were
used as the water balance period on this district. River

diversions, lowest of all six districts, totaled 3.61 acre-

feet per acre during the study period. Because of late season
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data collection inconsistencies the study period terminates
on September 15. River diversions after this time amounted
to an additional 0.22 acre-feet/acre. The first time period
shown (April 15-30) on Table C-3, Appendix C, is a pseudo
time period used because the program functions with only an
even number of time periods. All figures in the April 15-30
row are zero or meaningless in the district water balance.

The deep wells used to supply supplementary irrigation
water were used only once during the season. AS shown on the
1974 seasonal water use pattern graph, total district return
flow.peaked during mid-season and reached minimum values
at the beginning and end of the season. Total return flow
constitutes about 20 percent of the total district inflow
on this tract. In\the author's opinion this relatively
high return flow rate is due more to topographical charac-
teristics rather than the water.management policies of the
district. The location of the district centrally on a
gently sloping mound about 6-8 miles in diameter causes return
flow to leave in all four directions around the perimeter
of the tract.

District conveyance efficiency ranged from 64 to 70.5
percent and averaged 68 percent during the season. Since
return flow is a larger term in the water balance than is
distribution system seepage loss, it effects conveyance

efficiency to a greater degree.
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Relatively high values of farm irrigation efficiency
were computed throughout the irrigation season ranging from
about 30 to 80 percent with a seasonal average of 62 percent.
During July farm irrigation efficiency varied between 75
and 80 percent. The unique water pricing arrangement of
this district economically discourages over-irrigation and
therefore encourages higher irrigation efficiency at the
farm level. This could be a possible contributing factor for
District 2 achieving the highest farm irrigation and project
efficiencies of the six districts studied. Also the earlier
cutoff date for the water balance may have improved the
average seasonal farm irrigation efficiency to a degree.
Project efficiencies varied from 20 to about 54 percent with
a seasonal mean of 41.7 percent. Graphs D-2 and E-2 in
Appendices D and E show the seasonal water use patterns and
the variations in irrigation efficieéncies throughout the

study period.

Irrigation District No. 3

The water balance on this district, Tables C-5 and
C-6 in Appendix C, was compiled from April 15 to October 15
during 1974. Total river diversions during this period were
8.86 acre feet/acre. Two wasteways carrying return flow out
of this district also contained base flows maintained by
groundwater inflow. Terstimate this groundwater contribu-

tion throughout the study interval, flow measurements were
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made prior to and immediately following the irrigation season.
During the summer, groundwater inflows were linearly ihter—
polated and subtracted from the total wasteway discharges.

No alternative method for estimating actual groundwater
inflow to these wasteways was available.

From the season totals it can be seen that canal
seepage loss is a larger factor influencing conveyance
efficiency than is total district return flow on this tract.
Conveyance efficiency averaged 76 percent with a range of
58 to 82.5 percent.

Farm irrigation efficiency ranged from a minimum of
about 3 percent to a maximum of 38 percent during the season.
The seasonal mean value of farm irrigation efficiency on this
district was 25 percent. This lower value of farm irriga-
tion efficiency is attributed to the combination of moderate-
ly high intake rate soils, long field runs and flat field
gradients. The combined project efficiency averaged 19

percent for the water balance period.

Irrigation District No. 4

Irrigation District 4 diverted 14.09 acre feet per
irrigated acre of water from the Snake River between May 15

and October 31 of the 1974 irrigation season. The largest

.three intervals of diversion occurred during the beginning of

this water balance period as shown on Table C-7 in Appendix C.
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Consequently farm irrigation efficiencies were lower during
this time. Farm irrigation efficiencies on this tract werc
the lowest of the six districts investigated, averaging about
11 percent throughout the irrigation season. During the
season, farm irrigation efficiencies peaked at only 23 per-
cent. Low irrigation efficiencies at the farm level can
be attributed to the compounding factors of high intake rate
soils, long field runs, and land slopes of near zero through-
out this district. Only a small portion of the land in this
district is sprinkler irrigated.

District conveyance efficiency averaged 85 percent
during the irrigation season. Because of low mean farm
irrigation efficiency the project efficiency averaged only
10 percent during the study period. The combined return flow
and seepage losées accounted for only 2.06 acre-feet per
irrigated acre of the initial river diversion or total dis-
trict inflow. The largest portion of the river diversion
was lost through deep percolation, calculated at an aver-
age of 10.65 acre-feet per irrigated acre during the irriga-
tion season. This was the highest rate of deep percolation

loss calculated for all the six districts.

Irrigation District No. 5

Between May 15 and September 30, 1974, this district
diverted 8.85 acre-feet per irrigated acre of water from the
Snake River in addition to distributing 0.65 acre feet per

acre of supplementary inflow for a combined total district
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inflow of 9.50 acre feet per acre. How flow rates of

supplementary inflow water from upstream flooding, and

high return flow were observed at five locations on the

district boundaries, approximately two weeks prior to the

first time interval on the water balance table. However,

no actual measurements of these flows were made at that

time. Because of these flows it should be concluded that

the season total system inflow and total return flow were

higher than the quantities measured during this investiga-

tion period. An undetermined amount of irrigation took

placé prior to kay 15 on the district using this flood water.
District 5 yielded the greatest refurn flow fraction

of all districts in the study, almost 27 percent of the total

system inflow left the district as return flow, Table 12,

page 104. Only a small fraction of this return flow was

discharged directly into the Snake River, most of this flow

was received by adjacent downstream irrigation districts.

The combined average seepage losses and return flow resulted

in a district conveyance efficiency of 58 percent as a sea-

sonal average.

Calculated farm efficiencies shown on Table C-9, Appendix

C, averaged 25 percent in District 5, ranging between a low
of 13 and a high of 40 percent throughout the season. The
mean project irrigation efficiency computed was about 15

percent.
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District 5 is somewhat unique in comparison to the
other five districts since it receives high volumes of sup-
plementary inflow while discharging correspondingly large
gquantities of return flow. Farms on this district have very
long field runs with little, 1f any slope. The combination
of these conditions with high intake rate soils would be cx-
pected to yield the somewhat lower irrigation efficiencies at

the farm level.

Irrigation District No. 6

Irrigation District 6 used 4.34 acre feet per acre
of water diverted from Fall River in the Henry's Fork Basin
of the Snake River during the period June 1 to September 30,
1974. The district used the second lowest per acre amount
of river water compared to the other five districts.

The summation of seepage and return flow losses was
1.31 acre feet per acre through the irrigation season and
investigation period, Table C-12, Appendix C. As a result
the district conveyance efficiency was computed to be 70
percent.

The farm irrigation efficiencies on this district
averaged a little more than 42 percent but ranged from 17
to 62 percent during the water balance period shown by Table
C-11, Appendix C. Since this district is nearly all under
sprinkler irrigation, the seasonal farm average irrigation

efficiency calculated was less than the value expected.
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During July and August, however, the farm efficiencies were
considerably higher varying from 54 to 62 percent. As des-
cribed earlier an inflow gaging station was established on
the district's boundary and main canal upstream from an old
wood stave inverted siphon. This siphon carries thé entire
flow of the main canal into the district across the Teton
River Canyon, a distance of approxiamtely 3/4 of a mile,
In previous years, leakage through this siphon has been
appreciable at certain times. Unfortunately no leakage
measurements were made across the siphon during the 1974
seasdn. Consequently the lower than expected values in
irrigation efficiency may be partially attributed to this
unknown siphon leakage.

Average annual project efficiencies averaged about
30 percent thoughout the investigation period.

The season average return flow fraction on this dis-
trict was 20.4 percent, second highest in the study. This
may be an indication that the predominance of sprinkler irri-
gation may not necessarily result in low return flow frac-
tions occurring subsequently.

The variation in return flow throughout an irrigation
season is an important component of any water budget. The
bi-monthly return flow fractions, which are return flow as
a percentage of the same period total district inflow are

presented in Table 12, page 104,
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Bi-Monthly Return Flow Fractions (Percentages)

Time Period

Irrigation District Number

April 15-30

May 1-15

May 15-31

June 1-15

June 15-30

July 1-15

July 15-31
August 1-15
August 15-31
September 1-15 |
September 15- 30
October 1-15

October 15-31

Season Averages

=

11.

10.

14.

2

19,
20.
17.
18.
22.
20.
21.
17.

-19.

19.

[&1]

e

(1]

10.

14.

14.

14.

14.

15.

16.

17.

[

47 .

[

56.
22.
20.
18.
10.
35.
32.
28.

35.

o))

22.

18.

19.

14.

24,

22.

20.

22.

20.
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Season mean irrigation efficiencies for each district

are summarized in Table 13, page 106.

Discussion of Sub-Areas

In the Lower Sub-Area of the Upper Snake River Region
calculated irrigation efficiencies on the three districts
ranged from 25 to 62 percent as shown in Table 13. Most
districts in the sub-area could be expected to be operating
close to or within this range of efficiencies since these
three study districts are typical and representative of this
area., District 2 with the highest farm efficiency repre-
sents perhaps the upper 1limit of farm irrigation efficiencies
for gravity systems which the other districts in the sub-area
could potentially approach in the fufure. This district,
topographically and soil-wise, is not dissimilar from the
other major districts in the sub-area. The irrigation ef-
ficiency of District 3 is probably indicative of the opera-
ting levels of irrigation districts located in the eastern
portion of the Lower Sub-Area, except District 2. Those
districts in the central and western portions of the Lower
Sub-Area are probably achieving irrigation efficiencies com-
parable to those measured on District 1.

The lowest project irrigation efficiencies, 10 and
15 percent, in this investigation occurred on the two dis-
tricts in the Central Sub-Area. This occurred primarily
because farm irrigation efficiencies were lower on these

two districts. District 4 had simultaneously the lowest
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TABLE 13. Present Irrigation Efficiencies
Farm District Project

Irrigation Irrigation Conveyance Irrigation
District Efficiency Efficiency Efficiency

(%) (%) (%)

1 39 59 23

2 62 68 42

3 25 76 19

4 11 85 10

9 25 58 15

6 42 70 30
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overall farm irrigation efficiency and the highest conveyance
efficiency. Both farm irrigation and district conveyance
efficiency were lower on District 5. The performance of
District 5 is representative of those irrigation districtis
south of the Bonneville-Jefferson County line on either side
of the Snake River to the Bingham County line. This dis-
trict probably represents an average to upper operating
limit of most districts in the Central Sub-Area. Those
districts south of the Bonneville-Bingham County line to
American Falls and those districts in the Snake River Fan
Area.are probably operating at or above the performance
level of District 4.

Irrigation District 6 as pointed out in Chapter V
is not representative of the districts lying on bottom lands
in the Upper Sub-Area. Since very high rates of diversion
and low irrigation efficiencies have been previously meas-
ured in portions of this area, District 6 should represent
a potentially higher irrigation performance level for the
sub-area. It is doubtful that more than one or two of the
irrigation districts in this area are achieving anywhere near
the 42 percent farm irrigation efficiency measured on Dis-
trict 6.

Conveyance efficiencieson all districts except District
2, peaked during the mid-irrigation season and were in general
at their lowest during the beginning and end of the irriga-

tion seasons. Return flows are the primary influence causing

conveyance efficiencies to follow this trend.
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Chapter VIII

Reasonably Attainable Irrigation Efficiencies

The analysis of reasonable and attainable changes
in irrigation efficiencies was approached using four pro-
cedures involving manipulation of the water balances for
each district. The third procedure consisted of combining
two of the initial approaches. Changes in irrigation ef-
ficiency were examined by the following procedures:

1. Changing main canal system seepage losses

2. Simulated incremental reductions in river

diversions

3. Combination (changing seepage losses and

reducing diversions simultaneously)

4. Conversion to sprinkler irrigation

Each of the four simulated changes is discussed
separately in the following text. The next section of
this chapter examines estimates of maximum reasonably at-
tainable irrigation efficiency levels for each district.
Water control and management contributing to irrigation

efficiency are discussed last in the chapter.

Reducing Main Canal System Seepage Losses

After new base daily seepage rates were calculated

as described in Chapter VII, the water budget program was
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run with the original 1974 data files except for four new
base daily seepage rates introduced for each district.
These primary computer runs reduced the bi-monthly seepage
loss component and the total district seepage losses were
then subtracted from each corresponding 1974 equivalent to
obtain actual reductions in the seepage component. To
restore and hold farm irrigation efficiencies constant at
their present (1974) levels, the differences between the
bi-monthly seepage components were then subtracted from the
appropriate bi-monthly supplementary inflow figures. The
wate? budget program was run a second time with the new
supplementary inflow values and the new base seepage rates
for each lining material. The secondary run computed changes
in conveyance and project efficiencies while holding farm
irrigation efficiency constant at existing 1974 levels.

Such a constraint is logical since changes in canal seepage
losses would not necessarily mean a change in farm irrigation
efficiency except on perhaps water deficient tracts. None

of the irrigation districts investigated in this study fall
into such a category.

The results of this analysis are given in Table 14,
page 110. Some minor variation in farm irrigation efficiency
appears in tne table; however, it is relatively insignificant
compared to the larger change observed in the conveyance ef-
ficiencies. This minor variation is due to the internal
adjustments made in the water balance during the secondary

computer runs.
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TABLE 14. Effect of Lining Main Canals on Seasonal Average Irrigation Efficiencies and Seasonal River Diversions

Operating Levels With

Irrigation Efficiencies Present Unreinforced Buried Compacted Unreinforced
District and Operating Concrete Plastic Clay Shotcrete
No. Diversion “Unit Level Lining Membrane Lining Linirg
Lining

1 Farm Irrigation Efficiency % 38.74 38.74 38.74 38.74 38.74
Conveyance Efficiency % 58.65 60.90 62.95 63.31 63.68

Project Irrigation Efficiency % 22.72 23.60 24.39 24.53 24.67

Season River Diversion AF 1,040,694 1,002,115 969,608 963,988 958,368

2 Farm Irrigatioa Efficiency % 61.69 61.67 61.69 61.65 61.69
Conveyance Eificiency % 67.57 69.18 71.16 71.48 71.86

Project Irrigation Efficiency % 41.869 42.66 43.90 44.10 44 .39

Seasonr River Diversions AF 52,614 51,407 49,957 49,735 49,404

3 Farm Irrigation Efficiency % 24.57 24.57 24.57 24 .57 24 .57
Conveyance Efficiency % 76.09 80.18 82.60 83.18 83.46

Project Irrigation Efficiency % 18.6¢ 19.70 - 20.29 20.44 20.50

Secason River Diversion AF 379,104 359,767 348,217 346,7€2 345,599

4 Farm Irrigation Efficiency % 11.46 11.46 11.46 11.46 11.46
Convevance Efficiency % 85.37 88.79 90.42 80.79 9GC.97

Project Irrigation Efficiency % 9.78 10.17 10.36 10.40 10.43

Season River Diversion AF 62,538 60,130 59,045 58,804 58,684

5 Farm Irrigation Lificiency % 25.34 25.43 25.34 25.34 25.34
Conveyance Eificiency % 58.40 62.74 64.85 65.40 65.79

Prcject Irrigation Efficiency % 14.80 15.95 16.44 16.57 16.67

Season River Diversion AF 297,366 274,307 265,583 263,188 261,512

6 Farm Irrigation Efficiency % 42.39 42.38 42,39 42.38 42.41
Conveyance Efficiency % 63.90 73.94 76.31 76.66 77.C0

Project Irrigation Efficiency % 29.63 31.34 . 32.34 32.49 32.66

Season River Diversion AF 23,304 22,034 21,348 21,251 21,143

OTT
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In general this table shows that the impact of lining
the main canals in any of the districts did not change
district conveyance efficiency more than about 74 percent.
The greatest percentage change was observed on District
5 with a 7.4 percent difference between the present and dis-
trict conveyance efficiency obtained with the unreinforced
shotcrete lining. Consequently the largest improvement
.in project irrigation efficiency occurred on this same
district. River diversions would be reduced by about 12 per-
cent under this simulated operating condition.
' The important conclusion drawn from this table is
that main canal seepage loss on any of the six districts
is not a large component of the district water balances.
Therefore, any canal lining action confined to the main
canal systems will modify project irrigation efficiency
up u;about’?fipercent and would not be an effective measure

for large reductions in river diversion requirements.

Simulated Incremental Reductions in River Diversions

An analysis of the effect of changes in farm irrigation
efficiency on river diversions throughout the irrigation
season was made. The most convenient manner in which to
study this response was to reduce river diversions by in-
crements for each time interval and re-run the water budget

program. The primary constraint controlling this procedure
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was to avoid invalidating the water balance for any time
period by causing the deep percolation term to become neg-
ative. Therefore, a maximum reduction of 30 percent was
observed by trial and error methods to satisy the constraint

on all but two of the districts. Four increments of river

diversion reduction, 5, 10, 20, and 30 percent, were selected.

The results of this portion of the investigation are sum-
marized in Table 15, pége 113.

During this analysis, district return flows were
left_unchanged for each round of reduced river diversion
computations. This was done because no valild criteria for
reducing the return flow could be determined. With grad-
ually increasing reductions in diversions it is recognized
that changes in conveyance system operation would occur;
thereby increasing the conveyance efficiency before farm
irrigation'efficiency reached unreasonable levels. As a
result, as the total district inflow drops, district con-
veyance efficiency tends to decrease also since return flow
is held constant. The decreases in system seepage only
slightly offset the effect of declining total district in-
flows. This situation is not of great concern since the
primary purpose here is to study the river diversion - farm
irrigation efficiency relationship. From the table a speci-

fic change in farm irrigation efficiency can be observed
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Changes in Irrigation Efficiencies by Simulated Incremental Reductions in River Diversion

Irrigation Efficiencies Present Percent Reduction in Diversion
District and Operating

No. Diversion Unit Levels 5% 10% 20% 30%

1 Season River Diversion (AF/YEAR) 1,040,694 988,659 936,625 832,555 728,486
Farm Irrigation Efficiency (®) 38.74 42.68 47.51 61.41 86.79*
Conveyance Efficiency (%) 58.65 56.28 53.63 47.22 38.77
Project Irrigation Efficiency (%) 22,72 24.02 25.48 29.00 33.64

2 Season River Diversion (AF/YEAR) 52,614 49,983 47,352 42,091 36.830

’ Farm Irrigation Efficiency (%) 61.69 66.81 72.39 87.57* >100.00*

"Conveyance Efficiency (%) 867.57 65.87 63.98 59.48 -
Project Irrigation Efficiency (%) 41.69 43.88 46.31 52.09 -—

3 Season River Diversion (AF/YEAR) 379,104 360,149 341,194 303,283 265,373
Farm Irrigation Efficiency %) 24.57 26.30 28.28 33.33 40.56
Conveyance Efficiency (%) 76.09 74.83 73.43 70.11 65.84
Project Irrigation Efficiency (%) 18.69 19.68 20.77 23.37 26.70

4 Season River Diversion (AF/YEAR) 62,538 59,411 56,284 50,030 43,776
Farm Irrigation Efficiency (%) 11.46 1217 12.98 14.97 17.67
Conveyance Efficiency (%) 85.37 84.60 83.74 81.71 79.10
Project Irrigation Efficiency (%) 9.78 10.30 10.87 12.23 13.98

5 Season River Diversion (AF/YEAR) ' 297,366 282,498 267,629 237,893 208,156
Farm Irrigation Efficiency (% 25.34 27.54 30.15 37.21 48.58
Cunveyance Efficiency (% 58.40 56.37 54.13 48.88 42.27
Project Irrigation Efficiency (%) 14.80 15.52 16.32 18.19 20.54

6 Season River Diversion (AF/YEAR) 23,304 22,139 20,974 18,643 16,313
Farm Irrigation Efficiency (%) 42.39 45.65 49.46 59.38 74.26
Conveyance Efficiency (%) 69.90 68.32 66.53 62.38 57.00
Project Irrigation Efficiency (%) 29.63 31.19 32.92 37.04 42.33

(]
* Some bi-monthly deep percolation values change sign at these levels. Z;
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in terms of the incremental reductions in river diversions
for each district.
Negative deep percolation values were encountered
at the 20 and 30 percent reduction levels for District 2
hence the first two levels are meaningful only. For the
same reason, the 30 percent column for District 1 is not mean-

ingful.

Combined Improved Irrigation Efficiency and Reduced Seepage

Loss
The third approach consisted of looking at the com-
bined effects of increasqd irrigation efficienqy at the
farm level and simultaneously reduced system seepage losses.
Increased farm irrigation efficiencies were obtained by using
the incremental reductions in river diversion procedure.
Simultaneously, the corresponding seepage data developed
using the simulated compacted clay lining on main canals
was introduced into the water budget program. Running the
program with the modified 1974 data files produced the re-
sults summarized in the last column of Table 16, page 115.
Because of the deep percolation non-negativity con-
straint, uniform levels of reduced river diversion could
not be obtained for each of the six districts. The predicted
river diversion figures reflect a combined reduction caused
by the incremental decreases in river diversion and the sup-
plementary inflow reductions calculated from changes in the

seepage losses.
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Seepage Reductiors Subtracted from river diversions

- Ld I ™1 T ™M =22 m ™ -~ Ty W "4 M ™
TALLE 18. Changes In Irrigation Efficiencies Caused by Combining Canal Seepage
Loss Reductions with Reducrtions in River Diversion
Main Canal Liner Used

Irrigation . System Parameter Present Reduced Predicted*

District Operating River Seepage Operating

No. Units Level Diversion Type Coefficient Level

(%) (cfd)

Seasonal River Diversion (AF/YEAR) 1,040,694 20 738,741
Farm Irrigation Efficiency (%) 38.74 - Compacted 61.41
District Conveyance Efficiency (%) 58.65 - Clay 0.08 52.13
Prcject Irrigation Efficlency (%) 22.72 - 32.01
Basc Dally Scepage Rate (AF /DAY ) 2,386 -— 1,881
Seasonal River Diversion (AF/YEAR) 52,614 10 44,547
Farm Irrigation Efficiency (%) 61.69 - Compacted 72.39
District Conveyance Efficiency (%) 67.57 - Clay 0.08 68.11
Project Irrigation Efficiency (%) 41.69 - 49.30
Cuse Daily Seepage Rate (AF/DAY) 60 - 34
Seasonal River Diversion (AF/YEAR) 379,104 30 233,031
Farm Irrigation Efficiency (%) 24.57 - Compacted 40.56
District Conveyance Efficiency (%) 76.09 -— Clay 0.08 74.98
Project Irrigation Efficiency (%) 18.69 - 30.41
Base Daily Seepage Rate (AF/DAY) 402 -— 178
Seasonal River Diversion (AF/YEAR) 62,538 10 52,550
Farm Irrigation Efficiency (%) 11.46 - Compacted 12.98
District Conveyance Efficiency (%) 85.37 - Clay 0.08 89.€9
Project Irrigation Efficiency (%) 9.78 - 11.64
Base Daily Seepage Rate (AF/DAY) 49 -— i8
Seasoral River Diversion (AF/YCAR) 297,365 20 225,671
Farm Irrigation Efficiency (%) 25.34 -— Compacted 37.21
District Conveyance Efficiency (%) 58.40 -— Clay 0.08 56.28
Project Irrigation Efficiency %) 14.80 - 20.94
Base Daily Seepage Rate (AF/DAY) 452 -- 126
Seasonal River Diversicon (AF/YEAR) 23,304 290 16,3590 —
Farm Irrigation Efficiency (%) 42.39 - Compacted 58.37 !1
Distric: Conveyance Efficiency (%) 69.90 -- Clay 0.08 70.10 ¢
Project Irrigation Efficiency <) 29.63 -— 41.62
Base Daily Seepage Rate (AF/DAY) 23 - 2

o |
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The primary purpose of this table is to exemplify
the compounding effect ol seepage reduction and improved farm
irrigation efficiency upon project irrigation efficiencies
and subsequently river diversions. For example on District

1, the compacted clay lining raises the project efficiency

)

from 29 to about 32 percent at the 20 percent river reduc-
tion level(éompare Tables 15 and 16). Various combinations
of potential farm irrigation efficiency levels and canal
liners which reduce system seepage losses could be inves-
tigated in detail, but to minimize confusion and maintain
conciseness in this discussion, only one combination was in-
vestigated for each district. Because main canal seepage
losses are small components of the water balances, exten-

sive evaluation of various liners and diversion levels is

not warranted.

2

Conversion to Sprinkler Irrigation

The last procedure, examining the impact of districts
converting largely to sprinkler irrigation, is considered
to be the practical upper limit of average farm irrigation
efficiency attainable on the six districts in this study.
To assume that sprinkler irrigation will replace surface
irrigation as the major irrigation method implies that
energy for pumping should not be a limiting factor. Such

a presumption may not be realistic at the present time.
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Sprinkler irrigation efficiencies fall normally
between 60 and 70 percent on the type of soils found in the
Upper Snake River Region. Hence, these two values were
chosen as reasonable levels of potential average farm irri-
gation efficiency for the six districts. Most soils in the
study area are adaptable to sprinkler irrigation, including
soils on the six districts studied.

Table 17, page 118, presents the results of this por-
tion of the predictive analysis. In this procedure, the
assumption was made that no major changes occur in the
operation and functioning of the irrigation distribution
systems. For analytical purposes, sprinkler pumps would pump
directly from the existing canals and laterals in each dis-
trict. Based upon these assumptions, conveyance efficiencies
would remain at 1974 levels.

Thesé unchanged conveyance efficiencies appear in the
third column of the table. Calculated project efficiency
is the product of multiplying the second and third columns:
similar to the previous manner in which it has been calculated.
Column five lists the 1974 seasonal consumptive irrigation
requirements for each district. The next to the last col-
umn is calculated by dividiﬁg the consumptive irrigation
requirement in column five by the decimal fraction of the
calculated project efficiency (column four). This new
predicted river diversion (next to last column) is subtracted

from the 1974 diversion (column six) to obtain the reduction
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TALGLE 17. Predicted River Diversions Due to Total District Conversion to Sprinkler Irrigation
Present Percent
Present Potential Present Calculated Consumptive 1974 Reduction Reduction Predicted
Irrigacion Farm Farm Conveyance Project Irrigation River in 1974 in 1974 River
Dist. No. Effiglency Eff:ciency Efficiency Efficiency Requirement Diversion Diversion Diversion Diversion
(%) (%) (%) (%) (AF) (AF) (AF/ACRE) (AF) (%) (AF) (AF/ACRE)
1 38.74 60.00 58.65 35.19 236,641 1040,694 6.88 368,739 35.4 671,955 4.44
38.74 70.00 58.65 41.06 236,641 1040,694 6.88 464,803 44.7 575,891 3.80
2 61.69 60.00 67.57 40. 54 21,964 52,614 3.61 0 0 52,614 3.61
61.69 70.00 67.57 47.30 21,964 52,614 3.61 6,178 11.7 46,436 3.19
3 24.57 60.00 76.09 45.865 70,864 379,104 8.86 223,871 59.1 155,233 3.63
24.57 70.00 76.09 53.26 70,864 379,104 8.86 246,051 64.9 133,033 3.11
4 11.46 60.00 85.39 51.22 6,118 62,538 14.09 50,593 80.9 11,545 2.69
11.46 70.00 85.39 59.76 6,118 62,538 14.09 52,300 83.6 10,238 2.31
5 25.34 60.00 58.40 35.04 47,257 297,366 8.85 162,500 54.6 134,866 4.01
25.34 70.00 58.40 40.88 47,257 297,366 8.85 181,767 61.1 115,599 3.4
o 42.39 60.00 69.90 41.94 6,305 23,304 4.34 6,840 29.4 16,464 3.C6
42.39 70.00 69.90 48.93 6,905 23,304 4.34 9,192 38.4 14,112 2.63
Total 1974 River Diversions (Acre-feet) — = = = = = = ~ - = = 1,855,620
Totals at 60% Farm Irrigation Efficiency (AF/YEAR) - = = = = = = = = = = = = = = 812,543 - - - - - 1,043,077
Totals at 70% Farm Irrigation Efficiency (AF/YEAR) - - = = = = = = = = = = = - = 960,291 ~ - - - - = 895,329
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figures listed in column seven. The summation of reduc-
tions in river diversions for all districts at each opera-
ting leével is given at the bottom of the table.

Significantly reduced river diversions and improve-
mentsin project irrigation efficiencies resulted on at
least four of the districts. The predicted changes in
irrigation efficiency are least on District 2. Because
of the high percentage of measured return flow which is
direct farm surface runoff on this district, the calcula-
ted farm irrigation efficiency under present conditions,
62 percent, is higher than actual. Therefore, it is believed
that a 60 percent farm irrigation efficiency is a reason-
ably attainable farm irrigation efficiency for planning
purposes. Since District 6 is 85 percent sprinkler irrigated
by direct pumping fromthe:main canal; changes in irrigation
efficiencieé and river diversions may, under actual condi-
tions, be somewhat less than those figures shown on the table.

The largest reductions in river diversion and improve-
ments in irrigation efficiencies were simulated on Districts
3, 4, and 5. As shown earlier, these districts have high
deep percolation losses which would decline by converting
to sprinkler irrigation.

The values in the first and third columns in Table

18, page 120, are estimated maximum reasonably attainable
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TABLE 18. Maximum Reasonably Attainable Irrigation
Efficiencies

Potential Farm Present District Potential Project

Irrigation Irrigation Conveyance Irrigation
District” Efficiency Efficiency Efficiency

%) (%) (%)

1 60 59 35

2 60 68 40

3 60 76 46

4 (610) 85 51

5 60 58 35

6 60 70 42
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irrigation efficiencies that are achievable by each district
in the study. No modifications in the existing distribu-
tion systems, which might alter seepage losses or district
return flows are assumed. It has been observed that on
districts now converting to sprinkler irrigation that either
pumping from the canal is used or the canal water source

is abandoned and groundwater sources are developed. The
values are summarized {rom data given in Table 17. These
attainable irrigation efficiencies are predicted if sprinkler
irrigation evolved as the major irrigation method on each
district. However, the attainment of such levels of irri-
gation efficiencies may be achieved with other than sprinkler
irrigation methods.

Low existing distribution system efficiencies on
Districts 1 and 5 cause potential project irrigation effici-
encies to be lower relative to the other districts. Dis-
trict 4 which is presently operating at the lowest farm irri-
gation efficiency level, could attain the highest potential
project irrigation efficiency as shown in Table 18.

Irrigation Districts in the Lower Sub-Area should be
capable of attaining potential project efficiencies in the
range of 35 to 46 percent. This is reasonable because the
districts chosen in this study are representative of most
irrigation districts found in this portion of the Upper

Snake River Region.
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Districts 4 and 5 are representative of most irri-
gation districts located in the Central Sub-Area. There-
fore, districts in this sub-area could be expected to approach
the 35 to 51 percent range in project irrigation efficlen-
cies.

District 6 is not necessarily representative of most
irrigation districts located in the Upper Sub-Area.
However, it does serve as an example of the potential operat-

ing levels achieveable ‘with sprinkler irrigation in this area.

The predicted attainable project irrigation efficiencies

for this area are estimated in the 42 percent range.

Control and Management of District Water Distribution

r’ Proper management and responsiblc control of the div-
" ~ersion and distribution of irrigation water on a district

can improve irrigation efficiencies and reduce river diver-

sion requirements. Several means of improving irrigation

b |

efficiencies exist with current operational levels of irri-

jos |

gation districts in the Upper Snake River Region.

Measurement of water within a distribution system is

essential to maximize conveyance efficiency. Adequate con-

trol and management of the distribution system can be ach-

-1

ieved only when measuring devices are used effectively to

monitor flows within the distribution system, A reduction

M

in return flow and initial river diversions should occur

e |
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in systems where water measurement is conscientiously em-
ployed. Water measuring devices are essential to insure
uniform deliveries and flow regulation at the farm head-
gate. In the Central and Upper Sub-Areas of the Upper Snake
River Region, water measurement after the initial river
diversion is limited and irregular. Few measuring devices

were observed on Districts 4, 5, and 6.



Chapter IX
CONCLUSIONS

A total system water balance 1s an effective tool
for determihing irrigation efficiencies and determining water
use patterns on large irrigation districts. This method
possesses the flexibility to analyze water use on any type
or size of irrigation system or district. The impact of
altering components on the total system can easily be in-
vestigated with this tool. A water balance technique is
well .adapted to determining average irrigation efficiencies
at both present operating levels and future predicted levels.

Present water use patterns and irrigation efficiencies
found on six typical irrigation districts in the Upper Snake
River Region are variable, During the investigation periods,
which approximated the normal irrigation seasons, river di-
versions ranged from 3.61 to 14.09 acre-feet per irrigated
acre., Present farm irrigation efficiencies varied from 11
to 62 percent. Reasonably attainable farm irrigation effic-
iencies of 60 to 70 percent could be achieved on the same
districts by fully implementing sprinkler irrigation and
taking other measures to increase efficiencies.

With the exception of one irrigation district, farm
irrigation efficiencies on districts in the study area are

low. Three of the six districts investigated are operating

at farm irrigation efficiency levels at or below 25 percent.
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In five of the districts deep percolation losses were the
largest outflow component in the 1974 water balances devel-
oped.

The unique pricing schedule for water declivery costs
on District 2 may have been a contributing factor to the
higher farm irrigation efficiencies measured.

Lining of main canal systems with various seepage re-
ducing materials would have limited effect on decreasing
river diversions on most of the districts. A 12 percent de-
crease in seasonal river diversions was the maximum simulated
reduétion computed, using the 1974 water year as a basis.
Main canal seepage losses are not large components of the
water balances in the six districts studied. The lower dis-
trict conveyance efficiencies are constrained due to either
high volumes of return flow or proportionally larger seepage
losses in the distribution laterals in the systems. Total
system seepage losses are appreciable compqnents on three
districts. Of all water balance components, the total system
seepage losses inherently possess the largest probable error
factor. This is a critical factor since farm irrigation
efficiencies are sensitive to this component.

District return flow was a large component of the water
balances on three districts in the investigation. The sea-
sonal return flow fractions were less than 10 percent on the

other three districts. According to data collected on
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District 6, the conversion of a district to sprinkler irriga-
tion may not reduce the amount of return [low leaving the
district.

Substantial increases in flow measurement and rcgula-
tion are needed to provide more control and management of
irrigation water in Districts 4, 5 and 6. Additional measure-
ment and control of flows on the other three districts would
probably increase irrigation efficiency on these systems,
Before uniform farm del’iveries and better regulation of dis-
tribution system flows can be achieved, numerous measuring
structures and devices are needed within all these systems.

Upgrading irrigation efficiencies on only these six
districts, representing 252,142 acres, could potentially re-
sult in about 960,000 acre-feet of water remaining in the
river for other uses. At a diversion rate of 3.5 acre-feet
per acre per year, an additional 274,000 acres could be put
into agricultural production on Upper Snake River lands.,
Simultaneously, non-beneficial over-irrigation would be re-
duced on presently irrigated lands on the six districts.

Before changes in irrigation systems or irrigation
practices can be anticipated, stronger incentives to increase
irrigation efficiency must become apparent to farm operators
and the management of irrigation districts. Visible econ-
omic benefits from redqcing over-irrigation would be expected

to encourage farm operators to re-evaluate their irrigation
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programs and systems. Economic gains or benefits must out-
weigh costs before irrigation districts can justify taking
action to increase their conveyance efficiencies. DPresently,
economic or other incentives provide farm operators and irri-
gation districts with little reason to alter their current
practices and operating levels in the Upper Snake River Region

of Idaho.
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Chapter X
RECOMMENDATIONS

1. Seepage loss in distribution systems can be an
important component of the water balance. More refined pro-
cedures for accurately assessing system seepage losses are
needed. Additional data should be collected to identify the
relationship between water levels in the channels or diver-
sion rates and the actual seepage rates.

2. Additional research is needed to investigate the

influence of water costs upon irrigation efficiencies in the

Upper Snake River Region. Data collected in this study raised

the question of the allotment water pricing policy being an
effective incentive to increase farm irrigation efficiencies.
3. Irrigation efficiencies are now known only on a
fraction of the districts in this region. Furthermore, the
data collected in this study represents only one year of
investigation. Additional studies of a similar nature are
needed for periods exceeding one irrigation season to estab-

lish solid average values of irrigation efficiency.



™8 I

ry

™

»

m

BIBLIOGRAPHY

Brockway, C.E., Unpublished research data on water
management survey in Jefferson County, Idaho, Univer-
sity of Idaho, Kimberly, Idaho, 1971.

Brockway, C.E. and de Sonneville, J., '"Systems Analysis
of Irrigation Water Management in Eastern Idaho', Re-
search Technical Completion Report, Water Resources
Research Institute, University of Idaho, Moscow, Idaho,
October, 1973, p. 9.

Brockway, C.E. and R.V. Worstell, Personal Communica-
tion and Unpublished Data Analysis, Snake River Con-

servation Research Center and University of Idaho Ex-~
periment Station, K%mberly, Idaho, respectively, July
1974.

Brockway, C.E. and R.V. Worstell, '"Field Measurements
of Seepage Losses'', Proceedings of the Second Seepage
Symposium, Pheonix, Arizona, 1970.

Brown, M.J, D.L. Carter and J.A. Bondurant, '"Sediment
in Irrigation and Return Flow Waters and Sediment In-
puts and Outputs for Two Large Tracts in Southern
Idaho", J. Environmental Quality, contribution from
the Agricultural Research Service, USDA, Western Re-
gion, with the Idaho Agricultural Experiment Station
cooperating, 1973.

Carter, D.L., J.A. Bondurant and D.W. Robbins, '"Water
Soluble NO3-Nitrogen, POg-Phosphorus, and Total Salt
Balances on a Large Irrigation Tract', Proceedings,
Soil Science of America, Vol. 35, No. 2, 1971, p 331-
335.

Chugg, J.C., H.L. Hansen, and M.A. Fosberg, '"Special
Soil Survey--Twin Falls County'", Idaho Water Resource
Board Report No. 2, University of Idaho Agricultural
Experiment Station, Moscow, Idaho, September, 1967.

p- 8-10.

Chugg, J.C., H.O. Harwood, and M.A. Fosberg, '"Special
So0il Survey--Bingham County", Idaho Water Resource
Board Report No. 4, University of Idaho Agricultural
Lxperiment Station, Moscow, Idaho, December, 1967.

p. 10.




o o

bt |

il

10.

11.

12.

13.

14.

15.

16.

17,

18.

130

Chugg, J.C., W.G. Perrin, M.A. Fosberg, '"Special Soil
Survey--Power County'", Idaho Water Resource Board Re-
port No. 10, University of Idaho Agricultural Experi-
ment Station, Moscow, Idaho, September, 1968.

Chugg, J.C., D.G. Van Houten, and M.A. Fosberg, '"Special
Soil Survey--Minidoka County', Idaho Water Resource
Board Report No. 3, University of Idaho Agricultural
Experiment Station, Moscow, Idaho, January 1968.

Chugg, J.C., V.S. Webb, and M.A. Fosberg, 'Special
Soil Survey--Bonneville County', Idaho Water Resource
Board Report No. 7, University of Idaho Agricultural
Experiment Station, Moscow, Idaho, September, 1968.

p 1-2.

De Sonneville, J., ''Development of a Digital Ground-
water Model With Application to Aquifers in Idaho",
Thesis presented to the University of Idaho, Moscow,
Idaho in partial fulfillment of the requirements for
the Degrec of Doctor of Philosophy, August, 1974.

p. 107-109,

Ibid. P. 117.
Erie, L.J., "Management: A Key to Irrigation Efficien-

cy'", Journal of the Irrigation and Drainage Division,
ASCE, IR3, September, 1968, p. 285-293,.

Fischbach, P.E. and B.R. Somerhalder, "Efficiencies of
an Automated Surface Irrigation System With and Without
a Runoff Re-Use System'", Transactions of the ASAE, Vol
14, July-August, 1971, p. 717-719.

Fok, Y.S., and A.A. Bishop, "Expressing Irrigation
Efficiency in Terms of Application Time, Intake Rate
and Water Advance Constants', Transactions of the ASAE,
Vol. 12, No. 4, 1969, p. 438-442.

Galinato, G.D., "Evaluation of Irrigation Systems in
the Snake River Fan, Jefferson County, Idaho'", Unpub-
lished Masters' Thesis, University of Idaho, Moscow,
Idaho, May, 1974.

Hansen, V.E. and O.W. Israelson, Irrigation Principles
and Practices, Third Edition, John Wiley and Sons, Inc.,
New York 1962, p. 289.




s |

ad.

r

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29,

30.

131

Hickey, M.E., "Investigations of Plastic Films for Canal
Linings', Water Resources Technical Publication, Research
Report No. 19, U.S. Bureau of Reclamation, 1969, p. 27.

Idaho Department of Water Administration and the U.S.
Geological Survey, "Water Distribution and Hydrometric
Work, District No. 36, Snake River, Idaho", 1966, p. 18.

Idaho Water Resource Board, "Interim State Water Plan;
Preliminary Report, Idaho Water Resource Board, Boise.
Idaho, July 1972, p. 185.

Ibid, p. 84-88.
Ibid, p. 17-19.

Idaho Water Resouree Board, ''Preliminary Inventory of
the Water Resources of Idaho, Water Resources Research
Institute, University of Idaho, Moscow, Idaho, Septem-
ber, 1968. p. 188.

Israelson, O.W., '"Water Application Efficiencies'',
Journal of the American Society of Agricultural Engin-
eers, ASAE, February, 1939, p. 55-56.

Jensen, M.E., "Evaluating Irrigation Efficiency", Jour-
nal of the Irrigation and Drainage Division, ASCE, IR1,
March 1967, p. 83-93.

Jensen, M.E. "Programming for Greater Efficiency', Op-
timizing the Soil Physical Environment Toward Greater
Crop Yields, Academic Press, Inc., New York and London,
1972, p. 133-161.

Jensen, M.E. and O.W. Howe, '"Performance and Design of
Border Checks on a Sandy Soil'", Transactions of the
ASAE, Vol. 8, 1965, p. 141-145.

Pacific Northwest River Basins Commission, Climatological
Handbook--Columbia Basin States, Temperature, Vol. 1-4A,
Pacific Northwest River Basins Commission, Vancouver,
Washington, June, 1969, p. 1.

Pacific Northwest River Basins Commission, ''Climatolog-
ical Handbook--Columbia Basin States, Temperature",
Vol. 1-B, Pacific Northwest River Basins Commission,
Vancouver, Washington, July, 1969, p. 415.



7w

M ™ Ty ™M ™

31.

32.

33.

34.

35.

36.

37.

38,

38.

40.

41.

132

Pacific Northwest River Basins Commission, "Climatolog-
ical Handbook--Columbia Basin States, Precipitation',
Vol. 2, Vancouver, Washington, September 1969, p. 6.

Stewart, D., Personal Communication, U.S. Soil Conser-
vation Service, USDA, Boise Office River Basin Unit,
April 1975.

Sylvester, R.O. and R.W. Seabloom, "Quality and Sig-
nificance of Irrigation Return Flows', Journal of the
Irrigation and Drainage Division, ASCE, IR3, September
1963, p. 1-18.

Sutter, R.J. and G.L. Corey, '"Consumptive Irrigation
Requirements for Crops in Idaho'", Bulletin 516, Univer-
sity of Idaho Agricultural Experiment Station, Moscow,
Idaho, July, 1970.°

Tyler, C.L., "Water Use Studies, Minidoka Project",
Summary Report 1957-1962, Department of Agricultural
Engineering, University of Idaho, Moscow, Idaho, April
1963.

Ibid, p. 29.

U.S. Bureau of Reclamation, '"Linings for Irrigation
Canals', U.S. Bureau of Reclamation, USDI, Denver,
Colorado, July 1952, p. 10-13.

U.S. Bureau of Reclamation, '"Linings for Irrigation
Canals'", U.S. Bureau of Reclamation, USDA, First Edi-
tion, Denver, Colorado, 1963. p. 21-22.

U.S. Bureau of Reclamation, "Use of Water in Federal
Irrigation Projects, Minidoka Project, Northside Pump-
ing Division Unit A, Idaho'", Summary Report, Vol. 1,

U.S. Bureau of Reclamation, Region 1, Boise, Idaho,
January 1971.

U.S. Bureau of Reclamation, "Use of Water on Federal
Irrigation Projects, 1968", Detailed Report of Region
7, U.S. Bureau of Reclamation, Denver, Colorado, March
1969.

U.S. Soil Conservation Service, "Snake River Basin Type
IV Study'", Unpublished field data obtained from the
State Office, U.S. Soil Conservation Service, Boise,
Idaho, 1974. '



a

42.

43,

44,

45.

U.S. Soil Conservation Service, Personal Communication,
Fremont-Madison Soil Conservation District Office, St.
Anthony, Idaho, March, 1974.

Willardson, L.S., "Attainable Irrigation Efficiencies',
Journal of the Irrigation and Drainage Division, ASCE,
IR2, June, 1972, p. 239-245

Willardson, L.S. and A.A. Bishop, ''Analysis of Surface
Irrigation Application Efficiency', Journal of the
Irrigation and Drainage Division, ASCE, IR2, June 1967,

p. 21-36.

Wood River Resource Area Council of Governments, ''Resource
Conservation and Development Project', U.S. Soil Conser-
vation Service, USDA, Boise, Idaho July 1973.



=

poess.

‘

*

ia

Appendix A

Crop Distributioen Tables for each District
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ce Qovr 0I STRI3uUuTTIT N TABLE, NO. A-1

FIAST LINF OF FIGURES ARE UNITS CF FERCENT CF TOTAL DISTRICT ACREAGE
HEXT LINE OF 7{GURES APRE ACRFS

SUGAR CFY CAEN SPRING WiINTER POTATOES SuaLt ALFALFA GRASS ORCHARDS
Age TS AEANS SILAGE GRAIN GRAIN VEGETABLES PAZSTURE

3.946 21.94 4.81 14.07 11.33 5.78 0.0 24.60 13.33 0.0
Sats, 33210, 7281, 21297, 17153. 8749. 0. 37539. 20177. 0.
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FIRST LINT OF FIGURFS ARE UNITS DOF PERCENT OF TOTAL OISTRICT ACREAGE
MEXT LINE JF FIGURES ARE ACRES

Susa? oPY ChRs: SPRING wWINTER PATATCES SMALL ALFALFA GRASS QRCHARDS
SERTS REANS STURSE CRIAIN SRATN VIGEITABLES PASTURE

o 10.006 2.37 29 .47 4.71 8.26 0.0 25.72 2.05 0.0
2529. 1466, 365, 4293. 686, 1203. Q. 3747, 299. 0.
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FIRST LINE UF SINURES ARE UNITS OF PERCENT OF TOTAL DISTRICT ACREAGE
NEXT LINT OF FIGURES ARE ACRES

SUGAr CRY CORN SPRING WINTER POTATCES S™aLtL ALFALFA GRASS CRCHARDS
REETS BEANS STLAGE GRAIN GRAIN VEGETABLES PASTURE

13.16 19.49 12.60 1).46 6.96 0.56 2.0 25.61 10.98 0.18
5632, 8341, 5392, 4676, 2978. 240G. J. 10960. 4699. 17.
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NEXT LINE OF FIGURES ARE A(CRES

2Ry CI%N SAEING WINTER PCTATQES SMatL ALFALFA GRASS ORCHARDS
FrANS SILAGE can GRAIN VEGETAGLES PASTURE
3.24 0.0 1.93 15.82 6.31 13.20 0.0 19.80 34.65 0.0
366. 2. 88. 7C2. 280. 535, D 879, 1538. O.
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0.0 J.%. 13.19 14,86 32.20 0.0 23.15 1.59 0.0
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Appendix B

Crop Consumptive Irrigation Requirements Tables

for éach District
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neg =g 3 21race CIalw GRAalN YESETABLES PASTURE
TETTTRY Taivye) T TTTTToT STt TTT T T T TR ToTTTTTTTTT T T e - -
L4 il 15-30 S.i 2.C 0.04 o. 1% V.74 0.2 0.9 D.es V.33 J.3
A Prast® Yeirl 0.3 D50 2.29 2.17 0.85%5 0.0 1.65 1.96 0.0
vav 1931 ST N 0.21 0.40 2.29 2.717 0.85 0.0 1.85 1l.56 0.0
JUNE =15 3.14 1,52 2.27 5.9 6.4 4.15 0.0 4.95% 4£.09 3.0
1NE 15=30 LR 3.2 2.27 5.90 6,63 ©el9 0.0 4,95 4.09 Q.9
y =15 T 23 roen S.4t 4,75 T.81 9.05 0.0 T.46 6.35 Q.0
L 14-31 1.23 T.45% b.n1 4,15 7.81 9.05% 0.0 T.46 6.35 0.0
AnGYst . 1=15 7.C% 4,53 6.08 C.l5 2.9¢C T.22 0.0 : 6.03 4.07 0.0
AUSLST 15-31 T7.0% 4.53 6.0d Q.15 2.80 T7.22 0.0 6.03 5.67 0.9
TEPTRwNC2  (-18 J.2¢ 0.26 1.67 0.9 0.v Q0.0 0.0 2.71 1.21 0.2
SEFTEVAND %=1 3.2% 0.06 1.67 9.9 0.0 J.0 0.0 2.71 1.21 0.0
T{TIRES 1-1% O.t4 0.0 0.0 9.0 0.0 0.0 0.0 0.55 0.0 0.0
D . T T T T Ty ~ =
aezy 15-392 323 9.0 18.2 124.2 5253.8 7.3 0.0 638.2 277.4 0.9
axde 1=1% 19,8 3ui.n 117.%4 196¢C .0 19155 299.9 0.0 280C. 1594.7 _0.0
“sy 15-31 2C7.8 371.5 125.3 2097.7 204%,2 319.9 0.0 2937.0 1721.0 0.0
JusE 1-15 720.3 4596, 685.56 5235.6 4594.8 1512.9 0.0 1742.5 3432.6 0.0
Jyne 15-30 72C.3 4595.1 688,45 5235.6 4594.8 1512.9 0.0 7742.5 3433.6 0.0
JULY =15 17TELT 9987.2 1881.2 £079.2 54C0,° 3192.7 0.0 11292.1 5166.4 0.2
July 15=31 135%.6 1055%.8 20C7.3 4351.1 5769.5 340S.5 0.0 12044.,9 5510.8 9.0
LAV A g =15 1533.) 60652 1745.0 128.3 1936.5 2547.1 0.9 9127.5 3799.5 .0
anCusT 15-21 180%.8 646715.6 1904.9 137.4 2365, 4 27156.9 0.0 9736.0 4052.8 0.0
S3EPTEv¥RER  1=-15 gia.l 83.0 50%.6 0.0 0.0 0.9 0.0 4236.8 1017.3 Q.0
CLDPTEvEFD 15-30 a10.1 23.0 LCHh.H 0.9 C.0 J.0 0.0 4238.8 1017.3 0.2
OCT7HER I=1% 152.9 D.2 0.2 0.9 0.0 9.2 0.0 832.5 0.9 C.0

oS

————— —

gttt



tnavysy

APR I L
Ay
MAY
JUNE
JUNF
JuLy
JuLy
AILGUST
AUGUST

SEPTEVvRER

HAY
JUNE
JUNE
JULY
JuLy
AUGHIST
AUGUST

SE>TENRER

15-39

15=31

=15

S'IGAR
YA

114.2
121.1
338.3
338.3
753.6
803.8
729.1
777.7

391.0

FIGURES SHON MQAONTHLY CCNSUMPTYIVE
AMD PU-MOATHLY CNMSUMPTIVE ySF

RELOW QRCXEN LIAE

bey CORN
REANS SILAGF
2.0 0.2
0.16 2.79
0.16 V.78
2.95 2.51
2.95 2.51
7.65 6.81
7.65 6.31
S.12 6.19
S.1?2 6.19
0.33 1.78
S 8w o= s A
. 0.0 0.2
9.5 11.0
19.1 11.7
1897.1 36.1
1ec.t 36.1
452.1 94.3
482.2 101.1
302.6 86.2
322.7 1.9
20.2 25.45

FOR EACH

SPRING
GRai Ny

592.7

1021.4

1021.4

573.0

611.2

v E u

S E T A3 L E

CATP GEORWN

WINTER
GRAIN

T7.42

96,3
100.6

183.5

295.3
219.2
68.3

72.9

IRRIGATICN REQUIRGBMENTS IN INCHES
IN ACCEFFEY FN® THE CISTRICT

"

POTATOES SuALL ALTALFA GRASS
VERFTARLES PASTURE
0.0 0.0 0.3 0.0
0.33 0.0 2.38 2.28
0.38 0.2 2.38 2.28
2.33 0.0 5.95% 4.18
2.33 0.2 5.06 4.18
8.08 0.0 7.73 6.59
§.08 0.0 7.73 6£.59
8.02 0.0 6.15 4.76
8.02 0.0 6.15 4. 16
3.05 0.0 3.09 1.47
0.0 0.2 0.9 0.0
18.4% 0.0 359.6 27.5
19.7 0.0 383.6 29.3
116.8 0.0 783.4 $2.0
116.3 0.0 TE3. 4 52.0
392.0 0.0 1167.9 79.4
413.2 0.0 1265.7 85.6
339.1 0.0 923.2 57.3
415.1 c.0 991.1 61.1
1529 0.0 Lfl2.6 12.3

T TR

QRCHARDS

el



(MONTH)
APR L

uay

vaY

JUNE
JUNE
JuLy

JULY
AUGUST
AYCUST
_Q_:pVC\JQ:O
CEPTFMIALR
CCTNRER

N~ A =
EEL

wAY

MAY

JUNE

JUNE

JuLy

JULY
AUGUST
AUCUST
SEPYEVAFQ
SERTEVRER

ACTOmER

(neys)

15 30

115

15 31

15 31
1 15
15 30

115

15 0

115
15 3l
1 15

15 31

SUGAR
REETE

254.3
271.3
753.2
T51.2
1a78.2
1720.0
1623.7
1731.9
17%.1
376.3

152.1

el
n
=

FICURFS SHNwW
AND AT =MONTHLY CONSUMPTIVE USE
DELOW QROKEN LINF

ory
3CANS

S3.2
57.%
1025.2
1025.2
2572 .8
2754.3
1721.9
1836.7
116.7
116.7

NeD

CONSUVMP T VE

cneN
Sivass

44,9
171.8
183.2

563.19

FRR £ACH CROP GSOwY

106%5.9
597.4
637.3

2.0

0.0

—

AINTHLY (CMSUMPTIVE

b 5% £ 4
3 TARLE N9 . pes
[RR IGATION REQUIREMENTS IN INCHES
IN MIREFFET FOR THE D1STRICT
WINTER PATATIES SMALL ALFALFA
GIAlIN VISETABLES
o S i i —————————— e
0.82 0.0 2.0 0.5%
3.41 0.38 0.0 2.38
3.41 0.8 0.2 2.38
6.%2 2.33 0.0 5.95
&.42 2.13 0.9 5.05
7.42 8.08 0.0 7.13
T.42 8.08 0.0 7.73
2.47 8,02 0.0 Aa15
Z.47 8.02 0.0 6.15
c.0 .25 0.0 3.09
0.0 3.05 0.0 1.99
0.0 0.9 9.9 n.56
~ = “~ s~ “~ s = ~ =
101.9 0.3 0.0 266.6
%33.5 3.7 0.0 1051.8
436.8 3.9 0.0 1121.9
795.7 23.3 0.0 2306.1
796.7 23.3 0.5 2305.1
R91.1 78.1 0.0 3416.0
950.5 83.3 0.0 2643.7
296,6 17.5 0.0 2717.8
316.4 82.7 0.0 2897.0
e 32.5 0.9 1421.9
9.0 20.5 0.2 1411.0
9.0 0.2 0.2 247.5

b

GAasS 02 HARDS
9aASTIURC
0.40 0.45
2.28 1.87
2.28 1.29
L.18 3.97
5.18 3.917
6459 5.30
5.59 6.29
4.76 €a25
4. 706 3.25
1.47 2.66
1.47 2.66
2.0 0.¢%
T N N - ~ 1
78.3 lo&
432.0 5.7
460.8 6.3
8l8.% 12.7
gig.s 12.7
124A.6 19.%
1331.8 20.9
901.9 16.3
9572.9 17.4
2537.38 £.5
237.3 .5
3.9 .4

PP1

™|
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CRrROQOP CONSUHMPT 1 VE U S E TABLE NO. B<g

FIGURES SHOW VYONTHLY CCNSUMPTIVE (RRIGATICN REQJUIREMENTS IN INCHES
AND RI-MONTHLY CONSUMPTIVE JSE IN ACREFEET FJR THE DISTRICT
PELOW JROKEN LINE  FOR EAIH CRTP CREWN

SinAR pey cnan SPRING WINTER SOTATOES SMALL ALFALFA GRASS OPCHARDS
REETS BEANS STLAGE GRAIN caa N VEGETABLES PASTURE

(MONTH)  {7aYS) TTTTTTTTTTT T T T T T T T T T T T T T T T T T e e T T T T T
JUNE 1-1% 9.0 0.0 0.75 3.02 4.59 2.95 0.0 3.21 7.65 c.C
JUNE 15-30 3.9 943 0.75 1.02 4.50 0.95 0.0 3.21 2.65 0.0
JuLY 1-1s 0.0 5.0 5.2a 7.36 7.8 6.89 0.0 641 5.65 2.0
JuLy 15-31 0.0 0.0 5.28 7.36 7.48 6.89 0.0 5,67 5.45 0.0
AUGUST 1-1% 3.9 0.0 4.9 1.91 2.30 6.5% 0.0 4.92 3.66 2.0
AUGUST 15-31 0.0 0.0 4.99 1.91 2.30 6.53 0.0 4.92 3.56 2.0
sgorevpze  1-15 0.0 0.0 1.36 0.9 9.9 2.08 9.0 2.03 0.30 0.0
SEPTERES 15-30 0.0 0.9 1.36 0.9 9.0 2.08 0.0 2.03 0.80 0.0
WO W B B ® o om w om o o m w m ow w e wm mw vm o e i mw w m e e mw mw myl e mw vw vm m w m o e el
JUVE 1-15 0.2 0.0 2.1 99.) 159.4 112.2 0.0 eT.4 26.9 0.0
JUNE 15-30 0.9 0.0 9.1 99.0 159.4 112.2 0.9 87.4 26.9 0.0
JuLy 1-15 0.0 0.0 0.6 213.5 251.4 787.5 0.0 170.5 57.9 0.0
Juy 15-11 0.0 0.0 0.6 249.1 268.2 840.1 0.0 181.9 61.7 0.9
AUGHST i-15 0.9 0.0 0.5 60.5 94,3 T4b.4 0.0 129.7 33.9 2.9
AUGUST 15-31 0.3 0.9 c.6 IS 120.4 196.2 0.9 133.3 a1.5 n.2
SEOTEMACR  1-i5 0.9 0.0 0.2 2.2 5.0 245.7 0.9 55.3 8.3 0.0
SEPTEVALP 15-30 0.0 2.9 0.2 9.9 2.0 265.7 9.0 55.3 3.8 3.0
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Appendix C
Present. Operating Lovel
Bi-monthly and Seasonal Water Balances ftor cach Districl
Including Irrigation Efficicncies

(Tables are arranged in pairs; two for each district)
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MAY
MAY
JUNE
JUNE
JuLy
JULY
AUGYST
AJOUST

SEPTEVAER

15=231
1-15
15-31

1-15

SEPTEMRIR 15-30

A TaRER

1-15

RIVFR
NIVFERS IO
LAZ=-FT)

471743,
91893.
103319,
10%029.
1o9ra7r.
115505.
123294,
119167,
107644,
92365.
67716,

45218,

suPPLE-
MENTARY
INELOW

(&C-FT)

-8075.
-71%2.
-70683.
-£99s.,
=1513.

~5149.

-e

b 1§

Table C-1

DIl sSTRTCT ¥ AT ER B AL ANCE

IRPICATION DISTRICT I[NENTIFICATIAN NUMBER = L

IRRIGATED ACRFAGE (% THIS DISTRICY 151368,

TOTAL TOTAL - AVERAGE OISTRIBUTION NET

[MFLOA CONSUMPTIVE DEEP SYSTENM TOTAL OISTRICT OISTRICT Farx PODJELCY
[SUPL.*s IRRIGCATION PERCCLATICN SEEPAGE  (ISTRICT WATERQYSE CONYIYANCE [RRI5. [R5,
RIYyAV.) REQUIPEMENT (NSSES LNSST S PET JRANFLAW  {TINF-&RET) ECFICIENCY EFFIL, EFFIC.
(AC-FT) (AL-FT) (aC-FT) (AC-FT} (AC-FT) (aC-FT) (%) () )
45106, 1676.5 18233.6 20195.9 4950.9 40156. 44,25 B.40 3.72
87083. 9197.2 £2332.6 29279.8 6273.3 808l10. 59.17 17.85 10.5%
935603, 9810.3 43321.4 337158.9 6702.2 ° 92301, 59.37 16.59 9.35
e5103. 28587.2 27319.5 32359.0 $361.3 83265, $8.73 St.l13 30.36
100559. 28537.2 32892.6 33819.7 525040 95330, 6lale 46.%) 28 .63
107744, L2741.5 25832.6 35270.5 3898.9 103845. 63.65 62.33 39.57
115213, 45590.9 27557.8 37644.4 4425.6 110793. 63.49 62.33 33.57
103015. 2T033.4 36812.6 33924.0 5195.6 37329, 62.93 42.39 26.29
999%3. 22833.9 31789.1 33574.3 5505.6 96352, 60.72 47.61 23.90
84C00. 6555.3 41821.0 29331.2 6192.2 77308, ST.71 13.73 T.32
62143, 6655.8 25133.8 23653.1 6700.0 55643, 51.16 20.96 12.71
Lllbh. 986.6 14770.2 196427,7 5911.1 35254, 33.22 6.25 267

PIVE® DIVERSIIN LEVZLS. COEFFICIENT OF FETURNFLCW,

MAX TV SEASAMAL RIYEC "IyrCIny (CFS) o«
RivIY DIVESSITN AT SQT S£I0aG7 |LDSS Y87 (CFS) =
CACEE A TESLT AL DD SrsDi ! x

Ayl 1D T SIEPAGE 2aTT (AF/CAY) =

DIVFRSICN RECLCTINN FATITR (X)) =

AND MAXTMUYM

2953,

1527,
3.7

2375,

10C.cC

SEEPAGCE RATE:

™

6bl

o |
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SUMMARY T A8 L E N O c-2
TATAL  APNJAL  PETIRNMELNW (AC-F7) 67968,
TOTaAL VT NMYFRSTAN (an~-FT) 11262356,
TATAL THMALOY (D TVERSIONS ¢ SUPPLEMENTARY) (&C-FT) 1040674,
ThTAL At Sieprive TRRIGATIOAN  REQUIREVENT (2l-F7) 2364561,
T AL SYSTEV  QEEPATE  NSSES (as-r7y 362413,
TOYAL DEP  PERCSLATION LISSES (AC-FT) 373365,
TATAL  AMNYAL  NST O P1STRICT  wWATERUSE (aC-%T} 972746,
AVFRAGE  ANNIAL RETURINFLOW  PER ACPE rac/saz) 0.45
AVERATE  ANNJAL RIVER TIVF2SION 2ER ACPRE (er/aC T.54
AVFIALE CONSUMPT TyE IPRIGATION RREQUIRFVENT (ac/7a7%) 1.56
VL S SRS YATAL  INFLAOW TN OISTRILY  prc ACRE 2C/8T) 6.88
AVERAGE  ANMNIJAL  STERAGE ILNSSES PER’R ACRE (as /740 2.39
AVE2ALS  ANN'TAL DFFP PERCOLAYION LOSSES PER  ACRE tAF/7aC) 2.47
AVIRAAF  ANNJUAL O NET DISTRICT WATER USF PFR  ACRE [(rF/7AC) 6.43
AVI2ALE  ANMUIAL DISTRICT RETUWNFLOW  FRACTION (=) 6.53
AVEDAOE  ARN' 1AL NISTRICTY  COINVSYANTE EFFICIENCY ) 58.55
AVFRACE AN AL From TOQIGATION FEFFICIENCY (%) 33,74
AVEZAAE  pNAAL PRINECT IRJIGATION  EFFICIENCY 2y 22.72
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Table C-3

IOR ICATTIAN NIST2ILT TRFSTIFICATIAN NUMIER —— P=--

PR IZATEN ACRFASE IN Twi§ DISTRICY 1464563,

TrT AL TOTAL AVERAGE DISTRIARYTIO! NET

SUPPLE=  [NFLOA CNNSUMPTIVE NFEEP SYSTEM TOTAL DISTRICT pIsTRICT FARM PROJECT

TIME RIVFe MENTARY (SUPL.e+ IRRIGATION PEFLCOLATION SEEPAGE DISTPRICT WATERUSE CONVEYANCE IRRI[G. 12213,
PERECD DIVERSION IMNFLOW FIvVCv.) REQUIPEMENT  LOSSES LNSSES RETURNFLOW (TINF=RET) EFFICIENCY EFFIC. EFFILC.
(4N} (AC-F7) (AC-F7) (AC-FT) (taC-fFv) CaC-FT) (aC-FT) (AC-FT) (aC~-FT) 2 (&4 [
AP 1L 15-30 0. 0. Ve 2.0 0.2 0.0 0.0 0. 1CJ.00 0.0 0.0
vAY 1-15 6123, 9. 4123, 1190.2 1571.1 S17.7 783.7 3339, 66.98 43.10 28.87
¥AY 15-31 6206, 0. 6206. T 1269.5 2910.7 175.7 1259%.0 4956, 67.36 30.37 20 .65
JUNE . 1-15 S769. 0. ST67. 27i48.7 1354.20 722.5 '776.2‘ 4793, 70.5%5 66.T4 67,09
JUNT 15-39 LI AN 0. APON, 2716.7 2045 .7 832.4 1297.5 5599%. 69.11 57.00 39.39
JULY 1-15 7618, T4, T492, 3T18.1 12264.5 383.4 1666.2 5826 65.97 75.23 69.63
JULY 15-31 1368, 0. 7365. 3965.9 9712 883s.8 1538.7 5826, 67.06 80.33 53.85
AUGUST 1-15 6258, J. 6254, 2561.38 1568.1 773.1 1357.5 49C0. 46,02 62.03 47.9¢6
AUGUST 15-31 f676. c. S56Th. 27132.5 122%.0C 723.9 993.7 L6E8Q. 67.173 69.26 43,15
SERTEMAES (=15 2905, J. 2925, 1092.6 166.5 463.2 577.5 2327. 66.2) 58.77 37.51

RUIVID DIVERSICN LEVELS, COZFSICIENT OF RETUANTLCa, AND VAX MM SZEDLGT RATCL:

VAY IMUM O SEASONAL CIVER SIVIRSITY (ZFRS) = 255.

PIVEe NOJVFESINN AT 53% SCES2GE LOSS PATE (CFS) = 100.

CPE=FICIENT NF RETIRYLFLDA (%) = 0.80

MAX]MIM O INPUT SEEPAGE RATIZ (AF/CAY) = 69.

DIVEZRSION REIULTICH Fal™er (3) = 102.30

1
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TOT AL
LEARE 1N
TRTAL
TRAL
TOTAL
TATAL
TnTa

AVERAGFE

AVEZLGF
AVFRALF
ayrone
BYFOATE

AVERAGE
BYERAGE
AVFECAGE
AVER 2L GE
Ave2ranc
Ayeranc

AMMUAL
ArNIAL
ANNUIAL
ANNUAL
ANNTIAL
LNNIAL
ANNUAL

ANMNUAL

ANMIIAL
ANMINL
AtINTIAL
AN AL

AMNIAL
ANNITAL
ARNUAL
ANNUAL
AtNJAL
IS LAY

S U MM ARY TABLE N 0O
RETURNFL Ow (AC=-FT)
2IVEQR NIVERSICN (AC-F7)
INFLOW  (DIVERSIONS ¢ SUPPLEMENTARY) (AC-¢7}
COANSUMOT TVE IPRIGATION REQUIREMENT {AC-FT)
SYSTEM SEEOAGE LOSSES : (al-F7}
nEEn PERCOLAT [AN LNSSES (AC-FT)
NET OISTRICT WATERUSE {AC-FT)
RETURNFLOW  PER  ACRE (aFsaC)
FIVER  NlveEISINN  nee ACa g (AF/7Af)
CONSUMPT IV I IRRIGATION REQUIREVENT (aF/eC)
TAT AL INFLOA YO DISTSICT PER  ACRE (ArF/aC)
SEFeAGT  LASSES PER ACPE {AF/AC)
DEFP?  PCPCOLATION LOSSES PER  ACPRE (AF/LC)
PET DISTRICT WATEC USE PEP ACRE (AF/AC)
DISTRICT RETURNFLIW FRACTION (&)
CISTRICT CONVEYANCE FFFICIENCY (]
FARM  [0RIGATION SEFICIENCY ()

rINYELT ICRIGATION ECFITIENY

%)

C-4

10541
52616,
52488.
21964,

s6al.
13640.
42246

3.6t
t.51
3.62
0.4%

0.94

2.90
19.82
67.57
61.67
a1.6¢
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YIME
PERIOD
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May

JUNE

NS

JuLy

JULY
AUGUST
ALCUST
SEoTpease
qEpTEVErD

TCTaRLE

1S

32
15
31
15
0
15
31

15

pIvee

DIVEFSICN

(AC-F™)

75815,
315603,
33906,
33661,
662,
42041,
%3211,
35295,
35057,
25377,
22191,

laais,

ELIN
HCNTARY
INFLOW

(AC-FT)

0.

0.

-

DT STRI
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Table C-5

IRR ICATION DISTRICT

IRRIGATED ACREAGS

TOTray TATAL
[MELOW CUNSUMPTIVE  DEEP

(SUPL .+ 1RRIGCATION

IDENTIFICATICN NUMBER

TN THIS DISTRICT

AVERAGE

RIVDV,) REQUIREMENT LNSSES
(AC-FT) (4C~FT}

7615,
35603,
38906,
33661,
40692,
42051,
43231,
35295,
35057,
25877.
22191,

18935.

RIVE® OIVERSIIN LEVELS,

613.5
2962.1
3159.6
1364.5
7364.5

11932.6
12731.2
870Ll.5
9231.6
127.7
3127.7

401.2

(AC-FT)

37177.5
264615.2
27722.1
1735%6.2
25220.2
22799.9
2L692.9
18066.7
16637.2
14661 .4
12573.8

11R77.3

PEPCOLATION

e

MAXTMUM SCASOINAL QIVER DIVERSICN
RIvEe DIVEFSINN AT S5CX SELPAGE LOSS RATE
NE RETURNFLOW (%)

COEFFICIENT

MAXTMIM NPT SEE2AGE RATL

JIVERSION RFOUCTICY FalT2R (%

— Y
42796,

DISTRIBUTION NET
SYSTEM ToTaL ClSTRICT DISTRICTY FARM PROJECT
SEEPAGE DISTRICT WATERUSE CONVEYANCE LIRR[G. IRRIG.
LOSSES RETURINFLOW (TINF-RET) EFFICIENCY EFFIC. EFFIC.
(AC~-FT) (AC-FT) {AC-FT) (%) (%) ()
2835.0 391.6 7223, 57.63 13.91 2.22
5210.8 lGl6}7 . 34588. 82.51 12.08 8.32
56867.7 2356.8 36549, 79.37 10.23 8.12
4982.0 3457.9 30203. 74.93 29.20 1.38
5810.3 2296.8 38395. 82.028 22.60 18.10
5969%.2 19872.5 400Sl. Bl.O7 35.16 28.50
6177.2 3580.0 39651 . 77.43 38.18 29.56
5174.6 3352.6 31943, 75.84 32.51 26 .65
5214.3 3924.2 31133. 73.93 35.31 26 .43
4365.1 4063.2 21834, 63.67 17.60 12.29
3630.9 2853.7 19337. 70.73 19.91 14.99
3304.3 3352.6 15583. 64.84% 3.27 2.12

(CFS) =

(AF/DAY) =

(CFS)

CCEFSICIENT OF RETURNFLCW,

AND MAXIMUM SEEPAGE RATE:

1430.

570.
0.95

402.

100.30

—a
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Torey
TATEL
TOTAL
TOTAL
ToTaL
TnvaL
TaTag

AVE?ACGE

AvEracs
Aveeanc
AVEIAGF
AVFRACGF

AVERASE
AVFRAGS
AVERAGE
AVERAGF
ayeapanc
AVEFAGF

AVENIAL
ANNUAL
ANNYAL
ANMUAL
ANNITAL
ANNUAL
ANNUAY

AMIAY

ArItAL
ANNIEL
annJAt
ANNJAL

ANIAL
AV AL
Arerag
Aty
ANNIAL
ENNTAL

REVURMNELNW

PIVFR T[IVFPSION

TR OW (DIVE2SINNS ¢ SUPPLEMENTARY)
CAMSUMPT IVE  [RRIGATINON RENUIREVENT
SYSTFM  SEEPASE  LQOSSES

DFES  PERCOLATION LIJSSES

NET  DISTRICY WATERUSS

RETURNFLUW  PER  AfRE

FIVER DIVERSION PER  ACRE
CONSUMPT TvE JRRIGATINON RECUIREMENT
TETAL  IMOLAW TO DISTRICT  PER ACRE
SEEPAGE  LCOSSES PER  AQRE

CEF® PFRCCLATION LOSSES PER ACRF
AET OISTRICT waTE2 USE PER  ACRF
CISTRICT  PeaTuRNFLAW FRACTION
CISTRIZT  CANVEYENIS EFFICIENCY
FASM  [RRIGATION EFFICIENCY

PRNJELT IRRIGATION FFFICIENTY

(AC-FT)
(AC-€T)
(AC~-FT)
(AC-FT)
(AC-5T)
2C=-F™)
(aC-¢7)

(&F/aC)

{aF/aC)
(AF/aC)
tar/saC)
tAF/7AC)

(a=/7aC)
tas7a0)
(§-4]
(3}

)
(%)

32614,
379104.
379104.

70864,

S804l
2175RS.
346491 .

8.35%5
1.66
8.84
1.36

5.08
8elDd
9.9
16.09
26,57
18.69
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Table C-7

DT STRICT WATER B ALANCE

IRRIGATIAN QISTRICT INENTIFICATION NUMBER ——fm—

IRPIGATED ACREAGCE [N THlS DISTRICT 4440,

TOT AL TOTAL | AVERAGE DISTRIBUTION NET

SUPPLE=-  [MELDW  CONSUMPTIVE DELP SYSTEN TOTAL DISTRICT  DISTRICT FARNM PROJECT

Tive R'VER MENTARY (SUPL.+ TIRIZTATINN OFRLMLATION SEEPAGE  DISTRICT WATERUSE CONVEYANCE [RRIG. IRRIG.
FERION OIVERSICH INFLOW  RIVDV,) REOQUIREMENT LOSSES LNSSES  RETURNFLOW (TINF-RET) EFFICIENCY EFFIC. EFFIC.
(M7N L) (AC-FT) (Al-FT) (AC-FT) (AC-FT) (AC-FT) (AC-FT) (AC-FT) (AC-FT) (&4) (3) <)
“AY 18-11 a301, 3. 8393. 165.2 7305.5 705.1 222.4 8176, 88.96 2.21 1.97
JuneE 1-1% 3111, 0. 8311, T12.4 6465.9 690.9 441.8 7869. 86.37 Q.92 8.57
JUNE 15-30 B122. 0. 8L22, Tl2.4 6264.7 6£73.0 467.3° 7655, 85.90 10.21 8.77
JuLy 1-15 5839, 0. 5839. 1159.5 33R9.0 505.7 286.7 5554, 86.46 22.97 19.26
JuLy 15-31 T361. Be 7341, 1236.8 522542 632.9 245.9 7095. 88.03 19.14 16.25
AUGUST 1-15 5523. 0. 5523. 793.5 4011.9 503.7 217.3 5306, 87.00 16.51 16.37
AUGUST 15-31 s492, J. 5492, 84h,4 3793.7 506.8 344.9 Sl4T. 84.49 18.24 15.41
SEPTFYRER  1-15 Sl64. 9. Sl164. 225.1 4203.9 476.2 259.2 4905. 85.76 5.08 4.36
SEPTENARFR 15-30 4714, 0. 4714, 225.1 3890.4 445,5 153.1 4561. 87.30 S.47 4,77
CTANER 1-15 2112, J. 2T T2 20.2 2144.3 367.5 179.6 2533, 79.83 0.93 d.74
NrT5acss 15-31 921, 0. 921. 21.5 74,4 392.0 432.7 468. 10.42 22.45% 2.3%
Nfyewvuce L=1i8 0. Q. J. 0.0 0.2 0.0 0.0 . 109.00Q 0.0 0.0

RIVE2 DIVERSION LEVELS, COEFFICIENT NF RETURNSLOW, AND MAX[MUM SEEPAGT RATE:

MAXIMUM SEASINAL RIVER NIVERSICN (CFS) = 301.

RIVER  NIVERSION AT 503 SEFPAGE LQOSS RATE (CFS) = 120.

COEFE[CIFNT OF QETHRNFLSW () = 0.98

MAX[MJM INPUT SEEPAGE RATE (AFS/CAY) = 49.
—
N

DIVEPSI(WN REAUCTION FAITOR () = 102.00 <7
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TATAL
vOaTAL
TATAL
TOY AL
TAT AL
vmraL

ATy
AVERAGF

AVEREGF
AVECAGE
AVERZGE
LVERAGE

AVEIaNnC
sveane
avecearnc
AvVE~aAGe
AVEREAE
AVERAGE

o=

ANNLIAL
ANNUAL
ANNUAL
ANMU R
ANNUAL
ANA fAT
ANCC1AL
A%ray
ANNUIAL
AMMIAL
ANNTYAL
aregat

annyrey

AN AL
ANA AL
ANNUIAL
ANNJAL

3 T T m — (.

RITUSNFLOW

RIVFR  DIVEPSION

THMELOW  (DIVERSIONS ¢ SUPPLEMENTARY)
COLSUMPTIVE  JRRIGATION REJUIREVENT
Sysrrw SRHFPAGE LOSSES

NEFE SEPCCLATION LOSSES

NTT O DISTRICT  WATER'SF

REYUSMEOL W PR LIRF

RIVER  NDIVERSION PER  ACRE
COPSUMPTIVE  IPRIGATINN REQUIREMENT
TOTAL  TNFLOW  TO DISTRICY  PER ACRE
SEFPEGE  LOSSES PSR ACRF

€EP  PERCALATIONN LOSSES PED ACRT
ACT DISTRICT™ WATER USF  FER  ACCE
CISTRICT S&FTUPKFLOW FRAZCTIOY
CISTRICT CNRVEYANCE  EFFICIENCY
FARM  IRAIGATION EFFICIENCY

PRNJECT IRRIGATION EFFICIENCY

(AC-FT)
(AC-FT)
tAC-FT)
(AC=FT)
{AC=FT)
{AC-FT)
(AC-7T)

(AF/AZ]

(acsac)
[AF/7AL)
(acrar)
(LE/7AC)

3249.
62538,
625138,

6tl1a.

5931.
47269.
59287

14.09
1.38
14.09
1.33

10.6%
13.35
5.20
85.37
11,46
9.78

OG I
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Y uc

scairn

UL |

MAY 1-15
MaAY 15~31
JUNE 1-15
JUNE 15-39
JULY 1-15
JULY 15-31
ALGUST 1=15
ALGUST 1531
gFaTcwang  |-1%

szprEuaca 15-3)

eyvee
~versIen
(AT-7T7)

2?7681,
331940,
395)1.
19561.
44R78.
31946,
27407,
1248,

23Nn34.,

m % | «

Table C-9

oI sSTRICTY WA

[RPRIGATION DISTRICY IDFNTIFICATION NUMBER

e B

PROJECT
12R1%.
EFFIC.
)

IRRIGATED ACREAGE IN THIS DISTRICTY 33597.

TOTAL TOoTAL. AVERAGE DISTRIRUTION NET
SUPPLE- IMFLCHA CANSUMPTIVE NESDO SYSTEM TOTAL DISTRICT DISTRICT FARM
MENTARY  (SUPL.e IRRIAATION PCOCOLAYION SFEPAGE NISTRICT WATERUSE COMVEYANCE [RRIG.
INFL W QIVIV.) REQUIREMENT LASSES LNASSES OFTURNFLOW (TINF-RET) EFFICIENCY EFFIC.
{AC~FT) (2C-FT)} (AC-FT) (aC-rT) (AC-FT) (AC-FT) (AC-FT) () te)

0. 0. 0.0 0.0 0.0 0.0 T 0. 100.09 0.0

3275. 25956, 1294.3 58lJ.5 4113.5 14737.8 11218, 27.37 18.22
4694, 38656, 4672.7 192877.4 534%.0 8763.0' 298G5¢6. 63.51 19.93
23390. “l62l. 4672.7 2224642 6043.9 8667.8 32963, 64,66 17.36
2061. 41622, 9254.7 18837.2 6039.0 7491.1 34131. 67.49 32.94
1528. 464605, 9871.7 25045.8 6774.1 4T714.4 41692. 75.24 28.27
2146, 36092. 6227.6 11752.0 5342.3 12767.8 23324, %9.82 34.64
2610. 32017. 6664.9 10143,2 4854.3 10374.4 21642. 52.64 39.53
1742, 31970, 2308.2 1561%5.2 4“PB83.4 9183.3 22807, 56.C3 12.88
1873. 24954, 2303.2 9899.1 3994.4 8752.2 16202. £8.92 18.91

RIVER  DIVERSION LEVELS. CCEFFICIENT CF KETURNFLOW, AND MAXIMUM SEEPAGE RATE:

MAXTWIM SEASNNAL 2 IVER DIVEISICN (CFS) = 1530.

RIVER DIVERSIIM AT S0% SEEPAGE LNSS RATE (CFS) = 612.

COFFFICIENY NF CSFETIRNELAW () = C.90

MAXTMYM INOYT SEEPAGE RATE (AF/DAY) = 452.

DIVERSICN ELYLCT INYN FaCTAR (%) = 103.90

0.0

©.33
12.90%
1L.22
22.2+%
21.27
17.76
29.75

7.22

LG
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TOTAL
TerAL
TATAL
YOY AL
TOT21
TET AL
TOTAL

AvERagE

AVFCACGE
AVETAGLT
AVEFAGE
AVF2AGE

AVECAGE
BVERLARE
AVER:=CC
AVERAGE
AVFEZpGF
AVETAnE

ANNIIAL
ANNIJAL
ANNIAL
ANNUIAL
AVNUAL
AMNUAL
ANMUIIAL

ANNAL

ArriAl
ANNJAL
ANMUAL
ANMUAL

ANN AL
ANNTIAL
AL
ANINIAL
ANl
ANMIJAL

SUMMARY T AB

-2 |

LE N

C~-10

RETYRNEL MW

BRIVER DIVERSIC

INFLAW  (NIVERSIONS ¢ SUPPLEMENTARY)
COMSUMPTIVE  [RRIGATION REQUIRENMENT
SYSTFM  SEEOAGE  LOSSES

DFCY PESCALATION  LISSES

MET  DISTRLCY  wATEUSE

CETYRNEL QW OER  alRE

FIVER "IyERSINN O9FRQ  ALRE
COMNSYMPTIVE  [92I5ATI0ON  REQUIREMENT

tac-=7)
(2C-FT)
(LC-FT)
(AC-FT)
(AC-FT)
(al-F7)
(AC-FT)

(2c/2C)

(£574C)
taF/aC)

TATAL IMFLIW TO DISTRICT PER  ACRE (AF/aC)

SEFPAGF LOSSES PER ACFE

CEFP  PEPCPLATION LOSSES PER  ACRE
FET NISTRICT w8TZR UST [ ACRZ
PISTRAICT  LCTYINFLYW  FRACT IO
PISTRICT  CANvevayle SFFICIENCY
FaoM  IRRCATION  EFFICIENTY

PRNJECT  TRRIGATICN EFEICTENCY

t2F/7AC)

{EF/AT)
(aFz7acy
3
)
(%
(31

85449,
297366,
319322,

47257.

473189,
139227.
233813.

{‘



Table C-11
DI STRICT wav<eer 8 AL ANCE
12RIGATION DISTRICT IDINTIFICATION NUVSER —— -
100 TGATEN ACREAGE IN THIS ~{STRIqT 5375,
TrTAL TATAL AVERAGE DISTRIEUTION NET
SUPPLT~  [NFLOA  CONSUMPTIVE DEEP SYSTEM  TOTAL OISTRICT  OISTRICT  FARM PROJEZT
TIvF apves MENTARY  (SUPL.+ [RRIGATIIN  PESCOLATION SESPAGE OISTRICT WATERUST  CONVEYANCE [RXIG. [RR!3.
PFRFN AIVFRSION  IMELIW  RIVAYV,)  PEQUIREMENT  LOSSES LOSSES  BETURNFLOW (TINE-RET) EFFICIENLY “CFIZ. FEFIC.
tuoN.) (aL-FT7) (AC-ET) tAC~-FT) (AC-FT) (22~-FT) (&C-FT) {AC-€T) (AC-T7) (7 [ 3 )
JuNE 1-15 217a. 9. 2170, 435.1 919,32 2174 498.0 1673, 67.06 33.33 22.35
Juse 15-39 1377, 2. 3377, 435.1 1941.5 316.6 633.7 2743, 71.36 19.99 14.36
JuLy 1-15 1403, 0. 3403, 1501.5 908.0 318.5 676.5 2128, 70.82 62.31 46,13
:
Juuy 15-31 %88, 0. 3483, 1601 .6 1047.1 329.0 510.2 29718, 75.9¢ 63.47 45.92
auGusT 1-15 a0z, 0. 3002, 1079.2 907.9 288.90 135.7 2265, £5.00 54.10 35.65
aucusT 15-11 2918, 9. 2918. 1141.6 840.3 285.5 651.0 22¢7. 67.91 $7.60 37.12
SEFTEMBLR  1-15 2516, 0. 2515, 309.9 1465.1 25244 503.2 2027. 79.00 17.46 12.22
SEPTEMRER 15-10 2411, 0. 2411, 309.9 1304.7 242.9 553.1 1naT. 66.98 19.19 12.84

PIVER DIVFRSICM LEVELS. CCEFFICIENT CF RETURNFLCWe AND MAXIMUM SEEPAGE RATE:

MAX IMUM SEASONAL RIVEP DIVFRSINN (IFS) = 126.
QIVER  NIVERSITZN AT SCI SES2L5¢ LCOSS RATE (CFS) = 50.
COTORICICEN™T C 9E™yaN=L 24 (¥ = 3.98
MAX POV INRUT SEEPAGS TATE LAC/DAYY) = 23.

NIVERSION REDUCTIIY FACTCR (3} = 100.00



TAT AL
TAT 8L
AT
Yf",\_L
TATAL
N

Tarag
AVFRAGF

AVERAGE
AVERnE

AVEvanF
AVFZ Al

AVERLGE
AvEoige
AVEDAQLF
:\_’f:‘af"f
AvVERAGE

~VETaGr

AMNTAL
ANNUAL
AN G,
AV Ay
AMRray
AuRirag
AR
ANMOAYL

B Lo 5%
LRSI ERNE
Ar ey
ENMOAL

ANNUAL
ANFIAL
array
ANLIAL
ANMg L
ANy

-3

oy ™

S MM ARY T A8 L ¢ N D . C-12

IESTURVPL LW (AC~FT) T64,
Rivear Jlvesian (L22-¢7) 23394,
UITLOY (DIVERSINANS SUPBLEMENT R V) (aC-rrm) 233C4.
(Sl SATE- Rt EVE IPRIGATICN REAU@zwzyr (22-rv1) 6905,
SYSTEM  SEEDASE | ngqEg LaZl-F=) 2253.
DFE2  PrRC AT ON LOSSES (LC-FT) 9385.
HEY  DISTRICTY WAT LRUSH (2C-FT) 18540,

RETURNFL OW  PER  ACRE LAF/40)

BIVER  Drvragsiny  seo Afers tacsac) .

QSIS b & BVE S IfRIGaT Iy REQUISEVENT (AF/af)

TOTAL INFLAW T3 ©T1STRICT pog ACQE  (aF/acy

SECORRE  LOSSCS PER ACRE {AF/aC)

CEZ P ProcnLaTioN LOSSES PER  ACRE tacsac)

NEY DISTRICT WATER USE PFR  ACRE (AF/472)

NISTRICTY RETUFNTLOW FRACTINN (1)

PISTRICT  CNvrvanar CRCICTENDY ™

Fage  IRafraTiny FEFEICIECY %3

FRmgzcr IRR 1A T 1Ny EREICLENEY (7

0.89

c.34

1.28

6.34

0.42
.

1.75
3.45
22,44
67.99
42.39

27.67

5.0 |

ooz, |

1

s~ =

09Vl
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Appendix D
Seasonal Irrigation Water Usc Palterns

for cach District (Figures D1-D6)
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ACREFEET X 10°

124

10 4

84

~
n

64

24

1974 Scasonal Irrigation Water Use
Pattern for Irrigation District
Number 1.

S

4

/

/

LTOTAL INFLOW 1,040,694 AF

DEEP PERCOLATION LOSSES

SYSTEM SEEPAGE

373,866 AF

LOSSES 382418 AF

/

/ZCONSUMPTIVE IRRIGATION

REQUIREMENTY 236,461 AF

\\—/

——

T TOTAL DISTRICT RETURN FLOW 67,948 AF
R

-—'———_‘—__‘---

415  S5)

5/15

o /1

6is 1 7hs 8/

TIME PERIOD (DATES)

8/15

9/1

T Y -~
915 104 105
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ACREFEET X 103

81

34

1974 Seasonal Irrigation Water Use Pattern for Irrigation
District Number 2.

* TOTAL INFLOW 52,699 AF -—Z—’

CONSUMPTIVE IRRIGATION _
REQUIREMENT 21,964 AF -
| e A\
/// \
EEP PERCOLATION ’ \
LOSSES 13,640 AF

/ \
/ \ /
/ \
/
21 / I‘\ 7D )
/ /// 3 y & TOTAL DISTRICT RETURN 10,441 AF %
/ 7/ \
/ \ / \ —
¢ A\ 7/ —— P,
‘ \N s / ~
% ) // \\ /7\ o~ N
.- AN
. 4
\\/ T~ ~ // \ ~ )
14 " ~
/ - —— T~ \ s ~
- = — —— ~
- — T A \\\ \
—— {__SYSTEM SEEPAGE LOSSES 6,645 AF = -~
0 v N~ v v ~p- .t T 7
5 515 61 6,15 e 715 81 8/15 91 s

TIME PERIOD (DATES)
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ACREFEET X 10%

5
1974 Seasonal Irrigation Water Use Patterun for Irrigation District
Number 3.
4.51
TOTAL INFLOW 379,104 AF
4
3.5+
3-4
2.54
24
1.54
]
I
i
{
14 !
|
CONSUMPTIVE K ' -
l‘ IRRIGATION —\7 bl ‘\\
h REQUIREMENT ,___ __ \
h 70,864 AF / \
! / PR SYSTEM SEEPAGE
o —\
_ / Y - o PR, A LOSSES 58,041 AF
5 | '/——’ ,' S -\\
I
R
L. ~— TOTAL DISTRICT \
/ ~ RETURN FLOW 32,614 AF .
e / \\
4a5 51 Sns 0 6y Sns 0 7w Tns 0 &y 845 9y 945 10,y 10yy5
TIME PERIOD (DATES)
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ACREFEET X 103

8-

7

34

2

1

1974 Seasonal Irrigation Water Use Pattern for Irrigatiou District
Number 4.

SOTAL INFLOW 62538 AF

\
\
\
\
\
\
\
o
2
\
/\
DEEP PERCOLATION LOSSES 47,269 AF
\
\
\
SYSTEM SEEPAGE CONSUMPTIVE IRRIGATION
LOSSES 5,901 AF REQUIREMENT 6,118 AF
.———-"-\
~
;/ . ——- TOTAL DISTRICT
grrra— _ \\ RETURN FLOW
. o ) \, 3,249 AF
’ - ——
T~ X TeS—
/ ~— —_—
— — \_-\(J

= —

T

61 " 6ns 71 Ins 0 By Bus 0 9y | 9)5 V0 10,5 7 103,
TIME PERIOD (DATES)

5/15
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Appendix IS
Seasonal Variations of Present
Irrigation Efficiencies for cach District

(Fipures E1-EG)



N T

. |

103

ACREFEET X

3

~N
1

lw

1974 Seasonal Irrigation Water Use Pattern for Irrigation
District Number 6.

TOTAL INFLOW 23,304 AF

LOSSES 9,385 AF

/ \ CONSUMPTIVE IRRIGATION REQUIREMENT 6,905 AF
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1574 Seasonal Irrigation Water Use Patterns for Irrigation District

-Number 5.

JTOTAL INFLOW 319,322 AF

DEEP PERCOLATION LOSSES 139,227 AF
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Variation of Present Irrigation Efficiencies During the 1974
Irrigation Season, Irrigation District Number 3.
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Variation of Present Irrigation Lfficiencies During the 1974

Irrigation Season, Irrigation District Number 4.
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Appendix I

Water Budget Program
With Sampic Data Input File



-

i

v

oo

c

C

C:

C

[«

C

C

€ COMMENT:
&

C

C

€.

C

e

G

[«

c

C

C

o

c

c

C

C

C VARIABLE:
G AVANRF
€ AVANDY
(7 AVANTR
d

C AVANIF
C AVANSP
C AV ANDP
c AFANCR
C

c AVAMNDE
C AVANFE
€ AVANIE

UPPER SNAKXKE RIVER

® 6 88000 00009090090 40056200000400000000ccctecIancsasecacessssctocsssRanaa

“ ATER B8UDGET PROGRAM

THIS PROGRAM CC%2UTES A 3T-MONTHLY AND TOTAL YEARLY
TRRIGCATION wWATER JALANCE ON AN [RRIGATION DISTRICT.
THE PRCGRAM SUMS OR COMPUTES THE FOLLCWING IRRIGATION
WATER COMPONENTS:

GROSS RIVER DIVERSIONS

SUPPLEMENTARY DISRICT INFLOW

TOTAL OISTRICT INFLOW

CPOP CONSUMPTIVE [3IRIGATICN REQUIREMENTS

AVERACS DISTRICY N EP PERCIALATION LOSSES

DIS™RI3UTIIN SYSTEM SEZEPAGE LOSSES .

TUTAL DISTICT SETURN FLCAS

NEY JISTRICT wiTEI USF

DISTRICT CONvIYANCTD EFFICIENCY
AVERAGE FaARM [RIICATION cFFICIENCY
PROJECT INFIGATICN EFFICIENCY

DEFINITION:
AVERAGE ANNUAL
AVERAGE aNhuaL
AVERAGE ANNUAL
YENT, AF/aC.
AVERAGE ANNUAL
AVERAGE ANNUAL
AVERAGE aANMUAL
AVER AGE ANNUAL

CISTIICT INFLOwW

AYZR AGE ANN AL

AVAEIASE ArIUAL

AVERAGE AMAL

RETUINFLCw PER ACRE, AF/AC.
2UIVER TIVEISINN PER ACRE, Af/AC.
CONSUPTIVE IRRIGATIDN REQUIRE

TCTAL DISYRICT INFLOW PER ACRE. AF/AF
DISTRIBUTION SEEPAGE LOSSES PER ACRE
OLEP PERCCLATION LOSSES PER ACRE,
RETUSN FLOCW AS A PERCENTAGE OF TOTAL

DISTIICTY CONVEYANCE EFFICIENCY, ¥
Fa24 [23[GATICON EFFICIENCY,
PICIZTT TRIIGATION EFFICIENCY, ¥

9LT
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AVANGY -
ACCROPL U]
COFRTF -

CROPLIY =

CONSUMIJ, T)

CRPCONLJI, 1)

DATE

DAYDIV(]) =
DEPERC =
D1STND =
OISTAC =
DISEFF =
DIVMIN -

CIvMAX -

OIVRED =
FRMEFF
GDUSAG

JRF
JCRUP
JHYONTH
JBMNTT

MONTHED)

ATIMAD -

AVERAGE ANNUAL NET DISTRICT WATER USE. AF/AC.

ACREAGE OF A SPECIFIC CRCP =y~

COEFFICIENT OF RETUINFLOW

PERCENT COF TCTAL DISTRICT ACIEAGE UNDER SPECIFIC
CROP "J", WHFRE ™" SUBSCRIPTS A PARTICULAR CROP
CONSUMPTIVE [RRIGATION REQUIREMENT IN INCHES:
WHERE =J'* [IDENTIFIES A& PARTICULAR CRUP AND *=(*™
REFERS TO THE MONTH DR BI-MCNTHLY TIME PERIOD
CONSUMPTIVE I[RRIGATION REQUIREMENT, FOR CRCP = J,
TIME PERIND = 1

BEGINNING AND ENDING DATES FOR THIS IRRIGATION
SEASON FOR THIS DISTRICT

DAILY RIVER CIVERSINN IN CFS-DAYS FOR ANY ™["™ DAY
OEEP PERCOLATION WATER LNSS FOR THE DISTRICT IN AF,
[RRIGATIIN DISTRICT IDENTIFICATICN NUMBER
IRRIGATED ACREAGE WITHIN A CISTRICY

DISTRICT CONVEYANCE EFFICIENCY BASED ON TINFLW, %
LOWER LEVEL OF DAILY RIVER DIVERSIONS IN CFS=CAYS,
AT WHICH SEEPAGE LCSSES ARE EQUAL TJ 50% OF THE
BASE SEEPAGE RATE, TQTSEP

UPPER LEVEL OF DAILY RiVER DIVZRSIONS [N CFS-DAYS
AT WHICH DAILY SEEPAGE LNSSES Zaual 1003 OF THE
BASE SEEPAGE RATE, TATSEP

OIVERSICON REQUCTLIOCN FACTCR, 3

AV ERAGE FARMY [RRIGATION APPLICAT[CN EFFICIENCY, ¥
NET DISTRICT WATER USE (TOTAL INFLOW = TOTAL RETURN
FLOW)

NUMARER OF WASTFWAYS [N THIS DISTRICT

NO. OF DIFFERENT CRJPS GROWN [N THIS DISTRICT
NUMBER OF MONTHS IN THIS IR2IGATIIN SEASON

NUMBER QOF BI-PONTHLY TIMF PERI3DS. 15 7O 16 DAYS
IN LENGTH

ANY CARTICULAR MONTHUI): WHERE(]) IDENTIFIES A
PARTICULAPR MCNTH

NJMBER NF DAYS OF DIVERSION IN TRIS TIME PERIND,
(15 2R 18)

d
d

|

LLl
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RETFLW(I,J)

RNUMDD »
RINFLW =
TaC =
oM 2
TOVEFF =
TOTLOS u
TINFLW 3
TOTRTF =

TATCCN(L) =
TCTFLW L

TOTSE® =

YRRTF
YRDIV
YRCON
YR INFL
YRSEP
YRQEP
YRGOuUS
WASTE

ACCUMULATIVE RETURN FLCW IN ACREFEET FOR EACH =J™
WASTEWAY., AT _THE ENO OF TIME PERIQD “~I%,

NUMDD, CONVERSION TO FLCATING POINT MIDE
SUPPLEMENTARY INFLOA TO OISTRICT THAT [S ADZED O
THE JLVER DIVERS ICN TO CRTATN T)7aL CISTRICT INFLTR
IN AF, .

NJMBER DF CAYS IN BI-WONTHLY TIME PERIDD

NJV3ER OF DAYS PER MONTH

AVEIANE TOTAL IRRISATION EFFICIENCY BASED UPCN TCTAL
DISTRICT INFLOW. %

TOTAL CANAL SEEPAGE LUSSES IN AF FOR THIS TImE
PERIOD (NUMDD DAYS)

TOTAL INFLOW 10 JRRIGATION DISTRICT

TOTAL ACTUAL RETURN FLOW IN AC~FT. .
TOTAL CRE® COMSUMPTIVE IRQIGATIAON RECUIREMENT ENR
TIME PIRIVD = 1

ACCUMULATED RETUANFLCW OF ALL WASTEWAYS IN THIS
DISTRICT IN ACRF-FEET, FNR ONE TIME SYEP

BASE DAILY SESPAGE RATE [N AF/DAY F0R TH(S

DISTRICT (CUMPUTED FROM THE SEEPAGE PROGKAM), FOR
THE ENTIRE CANAL AND LATERAL ODISRIBUTION SYSTEM
TOTAL ANNUAL RETUBNFLOW FOR TRIS DISTRICT , IN AF,
TOTAL ANMUAL RIVER CIVEISION [N AF.

TITAL AKNUAL CONSUMPTIVE 19RJGATICN REQUIREHMENT J4F.
TOTAL ANNUAL DISTRICT INFLOW, AF.

TOTAL ANNUAL ODISTRICT SFEPAGE LUSSES, AF,

TOTAL ANNYAL TISTRICT CEE® PERCILATICN LOSSES. ar,
TATAL ANNUAL JDISTRILT GROSS «ATER USE. 4F,

MEASURED RETURN FLOW [N A TIME PERIUD FOR A WASTE-
WAY IN AC-FT,

R e e e B L e e

INTEGER DISTND

NIMENSTICH CROP(20)+DAYDIV(SO ). ACCROP (20}

~
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DIMENSION CONSUM(50.50),CRPCONC1C,12),TITCONIS0) (DATE(10)
DINENSION REZORD(20) 4 MONTHI12,4) ,RETFLWI30,30!
M1=5
N2:6

I ————————- READ CaRDm=mmmmmmm—mm -
REZD FIRST CATA CARD

READ(™1,16,END*300,ERR*410)0ISTND,DISTAC,DATE

TCTRTE = Q.0

YRRTF=0.0

YRINFL=0.0

YRCON=Q.0

YRSEPa0.D

YROiV=2D.D .
YROE2=0.0

Y*60JS=0.0

READ CRCP DISTRIBUTION DATA
READ(M1,21,ERR=4101JCRIPL(CROPLJ) J=1,JCRCP)

COvPJTE IMDIVIZUAL CROP ACREAGES (ACCRTP(I}., AND PRINT QUT £202?
DISTRIBUTICNS 3Y PERCENTAGE AND 8Y ACRES.

WRITI(MZ, (7?2INDATE,DISTNYLD1STAL
WRITE(M2,24)

00 40 J=1,JCROP
ACCROP (J)=CROP(J)*DISTACS*.01

FRINT QuT CROP NISTRIBUTION DATA

WRITZI(M2,26)(CR0°(J),J=21,JCROP)
WRITE(™2,28) ACCRN2(J),J=1,JCROP)

COMPUTE CONSUMPTIVE USE FOR EACH CRJP FOR EAZH TIME PERIDD

GLT



WPITE(M2,101) .
emmmemmmem = —mmme—=—_READ CARD-m===—m===——==
QEAD NUMYER OF MONTHS IN THE [RRIGATICN SEASON

REAN(ML 4,311 JMONTH
JBIUNT =2 MONTH
PO 92 1=1.%0
TOTCON(I1=0.0

02 111 1=1.J31MNT

READ BI~-“ONTHLY PERICD DATE, NUMBER CF DAYS IN TIME PERIQJD, NUMEER
OF DAYS IN MONTH, CROP CCNSUMPTIVE IRRIGATION REQUIREMENT

READ(ML 416 4ERR241J,END=608) (MONTH(I (X)sKel,4)oTDD,TOM,
LOCONSUMd, 1), 0=1,JdCRTP)

02 110 J=1,JCR7P

CIPCANII LTI =((CINS'MIJ,1)®ACCROP(JI®TDC)/(TOM*12.))
TOTCONC D) aTOTCONIT)«CRPCONLILT)

WRITE(M2,112) (MAINTH(1,K),X=21,4),{CCNSUM{Js1)eJ=1,JCROP)

WRITE(M2,96)
DO 113 I=1,J8[¥NT
WRITE(M2, 1i4) [MONTHI %) oXx1,4),1CROCTNLJ,1)4,321,0CR02)

T ———— READ C420--==- ———————
READ COEEFICIENT OF ETUIN FLIW

READ(M]1,34,ERR=2610,END=608)C2FRTF
J3IM=JBI"INT+]
DG 35 1+1,J8IM

L —~READ CARQ=mm=mmmm—=mm—=m
READ NUMBER JE RETURN FLOW WASTEWAYS, ACCUMULATIVE RETURN FLOW

OR1



M "M 1 ;: 32 M

w

»
<

AR N aNalaNaNaNala NaRa N PN NN o N el

o

READINGS
READ(Y1,36,ERPuG1OIJRF. (RETFLWL 1. J),J" 1, JRF)
WRITE(M2,261)DISTND, DISTAC

Cmmmm e —————————— PEAD CARD==mmm=—m——————

READ IN MAXIMUM AND THE 40% LEVEL RIVER DIVERSIONS, BASE DAILY
SEEPAGE RATE, AND THE DIVERSION REDUCTION FACTQ2. RIVER DIVERSION
LEVELS ARE [N CFS=-DAYS, BASE SEEPAGE RATE IS IN AF/DAY., AND THE
DIVERSION REQUCTION FACTOR IS IN T. (REDUCTION IN OIVERSION = O,
WHEN DIVRED = 100.00) -
REAN(M],%2,ER32410)DIVYAX,0OIVYIN,TOTSEP.DIVRED

DO 242 1=1.J31MNT

TOTLS=0.0

TyOolv=0.0

WASTE = 0.0

TOTFLW=0.0

o0 55 J=1,JRF

SUM RETUNFLOW MEASUREMENTS

WASTE=RETFLWI 41, JI=(RETFLW(I,J))
TOTFLW=TITFLW +WASTE

IF (TOTFLW.GT.O) G2 TO 65
TOTRTF=20,0

GO TN 56

CONTINUE

TOTRTF=TOITFLW/CNFRTF

CONTIMNUE

Cmmm e e READ CARQ===m=m=m=mm—ee
READ IN DAILY RIVER DIVERSION

READ(M1,31,EQRR=410INUMDD,(DAYDIVIJ),J=1,NUNDD)

181
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READ IN SUPPLEMENTARY INFLOW €CR THIS TIME PERIOD
REAN(ML 46T, ERR=GL0IRINELW

COMPUTE TOTAL INFLOW OR DIVERSINNS TO DISTRICT FCR THIS TIME
PERICD

00 SO J=1,NUMDD

TOTCIV=TOTOIV+0AYDIVI(J)

IF (DAYDIVIJI.7FR.0) G0 T3 45

TF (DAYDIV(I).OT.ODIVMINIGS T2 43 .

SEEPAGE IS CALCULATED AS SOT OF THE 8ASFE DAILY SHCPAGE RATE

WHEN THE 40% LEVEL OF DIVERSIDN EXCEEDS THE DAILY DIVERSINN.

WHEN THE MIMNIMYM DATLY DIVERSINY IS FXCEEDED THFE SEEPAGE [S PRO-
RATED FROM 50% TJ 103% OF THE MAXIMUM SEFPAGE RATE (STATEMENT €43)

PAYSIO= (1) ,5)8TATSED)

Gh T 46 .

DAYSFPe (0,50 o ((DAYDIV(JI=DIVHINI/(DIVYAX-DIV¥IN)30.50)1%TNTSED
CCNTIMUE

TOTLOS=TITLOS + OAYSEP

GO TN SO

DAYSEP=0.0

TOTLNS=TITLCS+NDAYSFEP

CCNTINUE

CONVERTY TOTRIv YQ ACREFEZY
TTT0IY = TATIIVE1.984% (DI VRED/100.)

COvOUTE NET CISTRICT USAGE (NIVERSIONS -.RETURNFLIWS), TOTAL
SESPAGE LNSSES, OEEP PERCOLATICN, DISTFICT EFFICIENCY, AND FARM
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IPRIGATION EFCICIENCY FOR THIS TIME PERIND

TINFLW=TOTDIVeRINFLW

IF (TOTNDIVL.EC.D) GO TC 71

GO TO 7S

TINFLW = 0,01

CONTINUE

GDUSAGC=TINELA=TOTRTF
NECFRC=GDUSAS=(TATCON(T)+TOTLAS)

PISECF e ((TIMNFLW-(TOTRATF+TOTLOS) I/ TINFLW)®100.
FRMEFF= (TOTCANCT) Z(GDUSAG-TOTLOS))*100.0
TOVEFF= (TOTCCNLI)/TINFLWI®100.0
YPRTF=2YRRTF&TATQTF

YeDIVaYRNIVeTATDIY

YRCOM=YRCONTOTCANLT)

YO INFL=YRIMFLOTINFLW

YOSEP=YRSFO4TATLNS

YRDEP=YRNEP+DEPERC

Y26DUS=YRGDUS+GDUSAG

WRITE (42,263 (YONTHIT X} K31 ,4),TOTDIV,RINFLU.TINFLW,TOTCONLT),

10EPFRC, TOTLOS, TOTRTF,GOUSAG,DISEFF FRMEFE,TCVEFF

PRINT NUT SEEDPAGE VA2TASLES AND COSFFITIENTS

WRITE(M2,266))IVHAXDIVAIN,ZIFRTF,TITSEPLDIVRED

COMPUTE AVERAGE AMNUAL (YSARLY) VALUZS

AVANRFsYRRTF/DISTAC
AVANOVaYRDIV/DISTAZ

AVANCR = YRCZIM/DISTAC
AVAMIF=YINFL/DISTAC
LVANPRa (Y2RTF/VYRINFL)}®100.0
AVANSPzYRSEP/NISTAL
AVANDO=YRNEP/NISTAC
AVANGU=YRGDUS/NISTAC

==

€81



250

264

262

sl iolats]

AVANDEa ({YRINFL-(YRRTF+YRSEP)) /YR INFL ) *100.
AVANFEs { YRCNN/(YRGOUS~YRSEP) )*100.
AVANOE=(YPCON/YR INFL)*120.0

WRITE(MY2,261) YRRTF,YRNIV.YRINEL ,YRCON, YRSEP,YRDEP, YRCOUS s AVANRF

WRITE(M2,2A5 ) AVANDV, AVANCR, AVANTE, AVANSP

WRITE(M2,253)AVANDD?, AVANGU, AVANDR , AVANDE, AVANFE,AVANIE

ERRDR DIRECTORY QUTPUT SCHEME

60 T 259

AATKSPACE M

RACKSPACE M}

REAN(V],415)RFCARD

WRITE{M2,417)RECORO

EAN(M], 261 ) IMEND

IF{IYENC.EQ.9591G0 T2 1S

IF A NFW NISTRICT FILLOWS, IMEND »« 999, THEN GO TO PPNGRAM START
IF(I¥END,.£Q.8831G0 TO 300

IF N? MEW DISTRICTY S2LLONS, IVEND = 838, GO T2 TRZ END

FOPMATITI,124T1LeF6.0.T22, 10260}
FORPVYAT(12.76,1075.21)

FORMAT(LNLW/// /774739 "WATER  RALANCE  ANALYSIS 2JF THE IRP[GAT!
LON DIST21CT*,/eT39,55(" _*1.////77+715,*STARTING AND ENDING DATES

-3
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d

N}

91
104

112

1F02 THIS TIME PERIDN:',T85.1084,///,715,"1RIGATION DISTRICT TIENT
LIFICATINN  NUM3ER *4,737,12./7/4T15,'TOTAL TRIGATED aCREAS

18 WITHIN THIS NISTRICT e TAS5,FT7.0)

FORMAT (1ML ,// /41X 125(%0"} 4/ ///4736.°C R 2 P D1 STRIBUT
1 1 0N T AR L E N O . 1P 0/ oT36,6060" _"14/,

1774726, *FIRST LINE CF FIGURE

1S AT UNTTS 2F PLRCENT OF TOTAL OISTRICT ACREAGE®,/.T316, *AEXT LIMNE
U CF FISURES A2% AC2ES1.//// 1X+"SUAARY ,T14,"DRY ,725,'COAN' ,TAT,
1P SPRING Y "59, "WINTER !, T62, 'PATAT TS, TT6, " "WaALLY T3], ' ALFILFSY,
LT105, " #ASSY , TI1B8.  CRCAARDS o/ 41X, RESTS s T1a, ' BEANS" . 725, SILAGE?
14737, "GRAIN' TS50, 60 AIN,T76,' VEGETARLES » T135,"2ASTUSE" o/,
L132¢0_*))

[

FORMAT(// ¢ 1XeF5.24T140FS5,24T25,F5.2,737,5.2,T750,F5.2,T764.F5.2,
LT74.F5,24T91,F5.2,T105+4F5.2,T118+455.2)

FRAMAT(// /060207 13,F6,0,T25.F46.0.737,56.24T50.F6.0,T64,F6.0,
1T78.,F 6. 0.TG1.F60NTIDSF6.0,71124.F6.0)

£0EMAT (141,T32,'C R J P CCNSUNMPT I VE U S E TAC
L v F NCo. 2% /9 T32, 711 ")/
1//7.732, TFIGURES SHOW MONTHLY CONSuvPTI

LVE IRIZATION REQUIREMENTS IN INCRES®y /4732, *AND 31-MCNTHLY CONSUM
1PTIVE USE IN ACREFEET FCR THE DISTRICT'./.T32, "SELOX BRIKEN LINE
1500 € CH CRID GROWM' G // 4 T214"SUGARY, T3 1. "DRY", T4, r 200N,

ITGED, P SPRINGY ¢ TR2 . T INTIR Y (772, 122 A0S, TG, PSMALLY.T9S,

1P2LEa =8, 7101, 'GRasSS W T122, ' 33CARDSY

Lo/ oT20  "AZETS T YL BEAMSY W T4, *SILLCEY, TS5, "CRAIN',TEZ,*ARATIN',
LYBSe VLT TASLE S TLLL ¢ CPASTUSE i s LIZL® L Mhs £ T2 * | MONTH)Y 5 2Xe
1°(avs))

FORMAT(]2)
FORMAT(L424,T1T7.F2,0,F2.0,721,10F5.2)

FOAMAT /) 1Xebd6 s T214F5.24731455.2+740.F5.247504%5.24T624F5.2,
1T74,F5.24T85,55.2,793,F5.2,T111,F5.2,T123,F5.21)

81
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=



2461

C
&2
31
67
C
263

—
FORMAT(/443(°" ~f)41H1,/)

VAT (LIX 686 T2 0+ T ol T30sFTolaT39,FT.1,749.77.1.T61.FT.1,

1773, 0Tl o040, FToleT27,. 870 1eT110,57.1.7122,F7.1./)

EORVATIFAL2)

FOUMAT(L2,TI1 44651000/ 0AF10aCe/¢6FL0.0)

FOPMAT (111 4///»T40.*S U M M ARY TABLE NO . 3%

17,740,430 _"),

177,740, IRRIGATION DISTRICT IDENTIFICATINN NUVAEL? 6K '===*,12,%==
1=/ TSC.PIRATIGATED ACREAGE IN THIS ODISTRICT 4 LIXeFT,04/7/s

1760, " TAT AL T4, "TOTALY 4 TH2 "AVERAGEY . TTS5, P DISTAIIUTIONTY \T96,
LONET a7l e " SUPPLE~T o TR, CINEL " 2762, COUSYMPTIVE S, T02,'C2EPY,
LTTR QY ST E T4, TTATALY W TNR,PDIATRICT,T1D7,"01571CT, 7118,
LrUEARMY (T126e  PRAIECT /o T2, " TIME ,T20L'RIVER "y 731, "MIMNTARYY,T4Q,
LegSUmL e oThu, "IRRIGATION' (762, " PERCOLATIONY o T?5, *SESPACE, TAS,
1'DISTRICT 796, “WATERUSFE 'y Y107, 'COUMVEYAHCE* , TLIB,* IRRINA,7,T126,
LOLERIG, Yy /T2, tPCRINDY,T20, *NIVEPSION' 4TI, *INFLOA",T40, *RIVNV.) ",
LTAG, PREQUIIAEMENTE (TH2 ¢ LNSSES » TS+ LOSSES 4 T26, "RETURNFELLW® (TGS,
LU InF-FET ), TIDT,, P EFICTENIY o TI8, "ErTIC "y T128, 'EFFICL" o/,

IT2,  (MON ) o T20, " (AC-FT)*, "314* (AC-FT)*,T42, *{AC=-FT)",T49,° (AC=-FT)
10182, (AC=AT  TT0 " LAC—FT) ' T24, M AC=ST} I, 7G6,* [AC-FT)*,T107,
LX) "y TLLS 9 {T) 7126, () /e 1320 )t /)

FCRMAT(F10.0,F12.0,F10.0.,F10.2)
FORUAT(I2,TLL6F10.0¢/75T11,6F10.0,/7,TL1,6F10.0)
FORMAT(T12,F9.0)

FRAMAT (T2 4884 3 T20.FTo0 T2 FT0sT40FT.0eTSLeFTolsT42,FB8.1,T74,
1F7 .1 TB5,FT.l yTO04F Toa0sT1I07sF6.2,TLLT7,F6.2:TL25.F5.2.7/)

266 FCRMATU//7, 1320 _*)4///T40,"RIVER DIVERSION LEVELS. COSFFICIENT C

261

1F PEYURNSY O}, AND MAXIHUM SEEPAGE PATF:Y,//,T40, "HaAXIMUM SEASONAL
TRIVER DIVIRSINN (CFS)  =!',TI5,F6,0,/,742,'2[VIR DIVERSION 4T 502
1SEFPAGE LSS RATR (CFS)  =1,T95,60.Ce/TH0, "COCTFICIENT OF RETURNFE
LLOW (X)) =%, T99,F&.2,/4,TA0, ' MAX] MM INPUT SEEPAGE RATE (AF/DAY)
120 ,T95,F6.04///,T40,'"DIVERSINN REDUCTIOGN FACTIR (%)} 3°,793,F8,2)
FOPMATULIHL W/ /77,4,7640,'S U M M AR Y TABLE N D . 4%
S/ Ta0ee30 Vel / /.

& |

' TS T

u6T
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26%

263

1TLO,*TOTAL ANNUAL RETURNFLOW® +TO6To ' (AC=FT)*yTBY:FTaQ4/y
1T10,'TOTAL ANNUAL RIVER DIVERSION' +T67+*(AC~FT) " TT9.,F8.0+/7,
1T10,*TOTAL ANNJAL INFLOW (DIVERSIONS ¢ SUPPLEMENTARY}®,

1 TOT. ' LAC-FT)* ,TT9,FB8.0./

1710, *TOTAL ANNUAL CONSUMPTIVE IRRIGATION REQUIREMENT®,

IT4T7 " (AC-FT)* ,T80,FT7.0./,

1T10,'TOTAL ANNUAL SYSTEM SEEPAGE LOSSES*.T6T.'{AC-FT)*',T80,
LF7.0+7/, -

1T10,*TOTAL ANMUAL DEEP PERCOLATION LOSSES'T6T,*(AC-FT}*, T80,
1FT.04/0 .

1TI0,*TOTAL ANNUAL NET ODISTRICT WATERUSE®.T6T,'(AC-FT)*,T8O,
LFT7.00/7¢

1T10.*AVERAGE ANNUAL RETURNFLOW PER ACRE®,T67,'(AF/AC)*,T90,
LF4,.2, /1

FORMAT(T10,'AVERAGE ANNUAL RIVER DIVERSION PER ACRE®,T67,
L'CAF/ACY 4 T894F5.24/¢

LTI, *AVFRAGE AMNUAL CONSUMPTIVE IRRIGATION REQUIREMENT®,
LT67+(AF/AC) 4 T90,F6.2,/«

LTI0,*AVERAGE ANNUAL TOTAL INFLOW TO DOISTRICT PER ACRE®,
ITET.* CAF/7ACY® TBI,F5.2./,

1710, *AVERAGE ANNUAL SEEPAGE LOSSES PER ACRE’,TH65T,°(AF/AC)®,
1T90,F4.2./)

FORMAT(TI0,*AVERAGE ANNUAL DEEP PERCOLATION (LDOSSES PER ACRE?
1eTO6T " LAS/AC)? ,TBBFH.24/s

1710, AVERAGE ANNUAL NET DISTRICT WATER USE PER ACRE',T&7T,°*(AF/
L1AC)* o T89,F5.24 /s

ITIO,*AVERAGE ANNUAL DISTRICT RETURNFLOX FRACTIDN®T&T7,*(%)°,
1TA9,F5.2.7,

1T10."AVERAGE ANNUAL DISTRICT CONVEYANCE EFFICIENCY!,T&7,'(2)°*,
1789 ,F5.2¢/ ¢

L8T1
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415
417
251

300

1T10,*AVERAGE ANNUAL
LF8.24/0

1 T10,"AVERAGE ANNUAL
1,789,F5.2)
FORMAT{20A4}
FORMAT(IH L, *XXXXXXXXXX
FORMAT(13)

DEBUG SURCHX

sSTOP

END

FARM

PROJECT

ERROR

IRRIGATION

IN

RECORD

TRRIGATION EFFICIENCY®,T6T,'(3)',.T48,

EFFICIENCY'»T67,°(X)"

¢ 3///y1H1,20A%)

&

88T



'5‘"]!1!"1':"‘!”1‘!1‘1"!!”)1"1‘:‘]":‘" " T ™

ol 151368 APRIL 1S YO OCTOB€ER 1S, 1974 1
10 394 2194 481 1407 1133 578 0 2480 1333 o 2
0% 3
AORIL 15-30 1530 13 [} 6 14 T4 2 0 . 33 o] 4
MAy 1-15 1531 a1 23 40 229 2717 85 0 185 196 V] 5
MAY 15-31 15631 8l 23 40 229 277 85 0 185 196 o] 6
JUNE 1-15 1530 314 332 227 SS90 643 415 0 495 409 0 7
JUNF 15-30 1530 314 332 227 590 643 415 0 495 409 0 8
JUuLyY 1-15 1531 723 746 641 &T5 781 905 0 746 635 &) 9
JuLry 15=-31 1631 723 746 641 4TS5 781 905 0 T46 635 0 10
aUGuUsST 1-15 1531 704 453 608 15 280 722 O 603 487 0 11
AUGUSTY 15-31 1631 704 453 608 15 280 7122 0 603 467 .0 12
SEPTEMRER 1-1% 1%30 326 6 167 0 o [+] 0 271 121 0 .13
SEPTEMAER 15-30 1530 326 65 167 0 0 [} o 271 121 0 14
OCTO3ER 1-15 1531 64 0 0 0 o o ] 55 . 0 0 15

90 16
12 0 o 0 0 238 0 17

[+] [} 0 0 o} 0 18

12 T4 93 199 &6 T82 539 19
282 2181 221 11 Z10 35 20

12 271 352 398 159 1331 1335 21
586 4532 536 440 606 93 22

12 588 1058 542 305 1532 2391 23
939 6350 799 709 924 236 24

12 928 1622 826 387 2008 3759 25
1280 8227 985 1020 1284 404 26

12 1133 2206 815 432 2261 48%7 27
1500 9597 1078 1347 1526 =0l 28

12 1413 29139 870 433 2366 5507 29
1722 10329 1131 1797 170« 553 30

681



n 3

12

12

12

12

12

12

16

15

16

15

15

1963

2183

2479

2703

2928

3005

3950

1713
1203

1963
22131

2179
13184

2569
14721

2964
16311

3310
17784

1580
701
1473
1800
-2637
2254
3167
33Lr
-48.0
3343
3338
3495
-3416
3630
3623
3455
-3920
3565
31658

3879
1199

4783
1315

5541
1452

6175
1604

6701
1886

6882
2296

2386

964
1694
1889

2466
3177
3313

3320
3328
3565

2734
3616
3462

3673
3651

929
2068

1039
2499

1142
2872

1307
3312

1480
3672

1574
3877

1G0o00
1050
1773
1975

2830
3182
3327

3340
3335
3630

3614
3532
3535

3636
3528

.

450
1951

475
2461

536
2920

638
3287

787
3749

937
6162

1080
1768
1984

3100
3263

3343
3331
3660

3610
3486

3636
3715

2582
646

3152
7461

3942
845

4637
915

4611
963

6411
1013

1110
1759

3167
3353

3330
3331

3577
3675

3648
3778

-3
6164 31
32

6681 33
14

7376 35
36

8173 37
38

9019 39
° 40
10140 41
42

43

1285 44
1779 45
46

I%4

3164 48
3257 49
50

1

3355 52
3421 53
54

55

3626 56
3459 57
58

59

3663 80
37175 61

061



i |

€

13
16
15
16
15
13
15

299

R |

3770
-923r7
3820
3899
3902
-7761
3950
3901
3757
-8075
3824
37151
3529
-T1e2
3567
3515
32648
-7688
3237
3136
2940
-8095
24638
2195
2335
-1573
2151
1779
950
-5149

i |

3753

3820
3873
3924

3943
3921
3734

3839

.3701

35643

3534
3399
3251

3240
3110
2824

2571
2255
2338

2071
1876
900

|

rrr

3910
3843
3940

3924
3922
3851

3825
3683
3547

3524
3352
3241

3240
3110
2788

2511
2303
2198

2023
1913
850

3364
3869

3875
3917
3851

3806
3870

3498
3338
3228

3217
3110

2381
2299

1956
1140

3864
3925

38358
3927

3807
3664

3508
3218

3210
3072

2338
2269

1852
1050

3857
3908

3876
3937

3762
3592

3548
3248

3133
3032

2255
2253

1783
1050

62
63
&4
&5
66
&7
68
69
70
Tl

* 72

73
T4
75
76
77
78
19
80
81
82
83
84
85
86
87
88
89
893

91

-a

1

o T3

I61
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Appendix G
Canal Seepage Program With Examples
of a Sample Input Data File and

Sampfe Program Output
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TEXREATSRBAEEEXXEX SRR AR SRR R B E R KRR SR TRk ER F R R KGR R R KRR RS K&

LR BE B BE EECIE AR BE IR R BE- K R SR R SR KBRS EE IR K I S R R R 2R

. CANAL SEEPAGE PROGRAM .

© 02 00 CCOOEOL 000 CO00COODOOOOO® OPOOODOO OO OO . Sase e

TRIS PROGRAM WILL CALCULATE CANAL SEEPAGE LOSSES FROM
ING DATA: TOWNSHIP NO., THN

RANGE NO.s RAN

SECTION NO.s» SEC

SEEPAGE COEFFICIENT, FT/DAY, SPC

THE FOLLO

LENGTH DF CANAL REACH, (SCALE: 8" = 5280'), SCL

TOPWIDTH, (SCALE: 1.0 =25'),X(N), WHERE

VARIABLE: DEFINITION:

ACRLEN - ACCUMULATIVE REACH LENGTHS FOR EACH CHANNEL, MILES

ACSEEP - ACCJMULATIVE SEEPAGE LOSS FOR EACH CHANNEL,

AVG - AVERAGE TCPWIDTH OF THE WATER SURFACE BETWEEN TWO
CONSECUTIVE REACH MEASUREMENTS

LINENO - ACCUMULATIVE DOO-LOOP COUNTER

NAMCAN = NAME NF CANAL OR LATERAL

NAMDST - IRRIGATION DISTRICT NUMBER

PAN - RANGE NUMBER AND DIRECTION CODE NUMBER

RLEN - REACH LENGTH, FEET

D - NUMBER OF CROSS—SECTIONAL MEASUREMENTS PER SQUARE
MILE SECTION

SEep - SEEPAGE L0SS, IN ACREFEETYT PER DAY, FOR A REACH

SEC - SECTION NUMBER AND DIRECTION CODSE NUMBER

SPC - SEEPAGE COEFFICIENT,CFD, OR FT/DAY

SCL - CALIBRATED LENGTH OF CHANNEL PER SQUARE MILE SECTION
IN TENTHS OF INCHES

WP A - WETTED AREA OF A REACH, SQ. FT.

TC - TOPWIDTH COEFFICIENT

N IS >S5

.

AC-FT

LR BE R BN BE SR B BE SR BF 3K 2R S R BE BE BE SR K BE BF BE N IR AR BE R IR SR 2 SR B R R 3R

€61
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&3

ONOOOOOOOO0

OO0

16

14

i7
25

22
27

TOTLEN =~ TOTAL LENGTH IN MILES OF ALL CHANNELS IN A DISTRICT *

TOTSEP = TOTAL SEEPAGE LOSS IN ACREFEET PER DAY OF ALL CHAN- *

NELS IN A DISTRICT *

TWN - TOWNSHIP NUMBER AND DIRECTION CODE NUMBER *
TOTWPA - TOTAL WETTED AREA IN SQ.FT. FOR ALL CHANNELS IN A

DISTRICT %

X(N) - UN=-FORMATTED INPUY VARIABLE FOR DATA *

%

- *

XXX EEARAEERRRA RS KA SRR X B RR XX SRS RXTR BB XSRS AR AR RS RR R ERE X KRR K KK

DIMENSION X(50),NAMDST (50) ,NAMCAN(35)

INTEGER TWN,RAN,SEC

LINENO=0

CONT INUE

TOTLEN=0.00

TOTHPA = 0.0

TOTSEP=0.0

WRITE(6,18) )

—==READ CARD~==m—m—emm—mmm

READ{S+13}NAMDST
WRITE{6,L5)NAMDST

WRITE(6,19)
CONTINUE
ACRLEN=0.0
ACSEEP=0.0
e G 5 e e o s READ CARD=—=—=—==———ceee
READ(5,23 INAMCAN
WRITE(6,28)NAMCAN

X - ELEMENT OF THE N-ARRAY

N = NC. OF VALUES ON CARD,

{-= ---~READ CARD

Vel

_-s



(I B s )

s NeNelaNaNe]

51

10

20

21

CALL INPUT (X,N)
SAVE=X{6)
GO 70 51
SAVE=X(N)
CONTINUE

CALL INPUT(X,N)
TWN=X{1)
RAN=X(2)
SEC=X(3)
SPC=X(4)%0,01
SCL=X(5)

END OF THIS IRRIGATION DISTRICT
IF(TWN.EQ.9991G0 TO 100

NN={N=-2)
X{5)=SAVE

END OF CANAL OR LATERAL; START NEW CANAL
IF{TWN.EQ.99)G0O TO 25

NX={NN+1)
DO 7 1=5,NX

END OF DATA: OPTIONAL
IF{THWHN.EQ.95)1G0 TO 150

AVG={(X(I1)+X{1+41))%2.50)*0.5

AVG = THE AVERAGE TOPWIDTH OF THE WATER SURFACE, U

CONSECUTIVE REACH MEASUREMENTS

IF(AVG.LE.12.5)G0 TO 42
IF{AVG.LE.25.0)G0 TO 43

- —— o e . i

SING THO

o

-

G661



2 ™

1

R

&
S won

»
4]
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(@] e X EaNaKal

[aEaNaNeNa

30

3%
38

IF(AVGL.LE.200.1G0 TO 44
IF(AVG.GT.200.)G0 TO 45
TC=1.3

GO T 46

TC=1.2

GO TO 46

TC=1.1

GO TO 46

TC=1.05

CONTINUE

THE PROGRAM USES & SEPARATE COEFFICIENTS (1.05,1.10,1.20,1.30) TO
CONVERT TOPWIDTH TO WETTED PERIMETER. CRDSS-SECTION TOPWIDTHS ARE
AVERAGED CONSECUTIVELY FOR EACH ENTIRE CANAL REACH.

D=N-5

IF(D.GT.0.01G0 TO 35
RLEN=(SCL*5280.0)/(80.0)
GO 1O 38

RLEN = REACH LENGTH OF CANAL,FEET

RLEN=(SCL*5280.01/(80.0%*D)
CONTINUE

APA{TLENFAYGRTC)

WPA = WETTED PERIMETER AREA OF THE REACH OF THE CANAL
THZ DIVISGR IN THE FOLLOWING SEEPAGE EQUATION ACCOUNTS FOR THE
FORMAT OF SPC READ IN WITH ITS DECIMAL DISPLACED 2 POSITICHKNS

961
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QOO0

OO0 O

39

52

55

TS om ™™ = T I

TO THE RIGHT,

SEEP=(WPA*SPC)/(43560.)

SEEP = SEEPAGE, IN ACREFEET PER DAY

ACRLEN= ACRLEN®#(RLEN/5280.)
TOTWPA = TOTWPA + WPA

ACRLEN = ACCUMULATED RLEN IN MILES

ACSEEP=(ACSEEP+SEEP)

ACSEEP = ACCUMULATED SEEPAGE

LINFNO=(LINENO + 1)
TOTLEN=TOTLEN+(RLEN/S5280.)
TOTSEP=TOTSEP+SEEP

WRITE(6,40)TWN,RAN,SEC,RLEN,AVGySPC,SEEP ,ACRLEN,ACSEEP

IF{LINEND.LE.651G0 TO 55
WRITE(6,59)

LINENO=0

GQ TO 6

CONTINUE

TOTSEP = TCTAL SEEPAGE LOSSES FOR THE ENTIRE DISTRICT

GO 70 6

L61



m 3 ft. MM ™ 7Y "3 3y @ T30 .72 TR .7 R " 3

100 WRITE(64,ASITOTSEP,TOTLEN,TOTHWPA
LINEND=O
GO 10 3

150 CONTINUE

18 FORMAT(1H1,40X,'C A N A L S EEP AGE ANALYSTI S,
1//777+48X,'DIRECTION COORDINATES:*,4X,*'1l — NORTH',/,
175X,'2 = EAST '3/ 475X9%3 = SOUTH®,/,75X,"4 ~ WEST')

13 FORMAT(5X,50A1) '

15 FORMAT(// 41X 132("%%),//¢55X+50AL,//41X,132(*%%),/7/)

13 FORMAT(1X,*TOWNSHIP* ,T18,'RANGE®*,T32,*SECTION®,T48,*REACH*,
1T62+*AVE.* s TTS+* REACH' yT89,'REACH*,T115, YACCUMULATED "4/, 1X,
IT3)"{NO) 'y T18y " (NO)} 'y T33,°(ND.)"9T48,'LENGTH* ,T62,°*REACH?,
1775, SFEPAGE" yT89,*SEEPAGE *»T112,*REACH*,T122, 'SEEPAGE ", /,1X,
I1T48, ' {FEET) y TO2 3 'WIDTH' o T75,* COEFF.*,T89, * LOSSES*,T112,'LENGTH',
1T122, *LOSSES o/ e 1X T6E2,* {FEET) * 4 TTS,*(FT/DAY)*,T89,* (AF/DAY)",
IT112, " TMILES) "y T122,(AF/DAY) '/ +132(*_"13,77) .

23 FOPMAT(S5X,3541)

28 FORMAT(/,4X,35A1)

40 FORMAT(TSG «I33T19,13,T735,12,T489)F5.0+T6824F6e13TTT9F2.2+T90,Fb.2,
1T112,F5.2,T1224F7.2)

59 FORMAT('1',*TOWNSHIPY,T18y 'RANGE",T32,°*SECTION"",T48, *REACH"*,
17624 "AVE. "y T7S5,'REACH y T89y*REACH? ¢ T115,*ACCUMULATED*,/,1X,

173, (NOL)Y*yT18y ' {NOe)} ' 9gT33,"(NDL)*"oT4&8, ' LENGTH',T62,*'REACH',
1T7S5,"SEE2AGE® y T89S, SFEPAGE?" yT112,REACH'4T122, *SEEPAGE*, /41X,
1T48, " (FEET) "y T62y *WIDTH® 4y TTS,*COEFF ", T899, LOSSES? yT1124*LENGTH",
1T122, ' LOSSES o/ IX s TO2, " {FEET) * o, TTS,*(FT/DAY)?*,T89,*{AF/DAY)"*,
1T112, "(MILES)Y *3T122,* (AF/DAY) ', /,0132("_*1,7/)

65 FURMATU///7777/7:5X,TOTAL DISTRICT CANAL SEEPAGE LOSSES (AF/CAY)

1 ='yFl6.2,//,5X,? TOTAL LEMGTH CF ALL  CHANNELS (MILES)
1- =V G TR, FTe24//

15X, '"TOTAL WETTED AREA OF ALL CHAMNELS (SC.FT.) =',T64,F12.0)
STGP

END

86T

3M2041  *ONCCOE*=0084 'UNDEFINEDFILE®' CONDITION RAISED
NC DD STATEMEMT (*OMFILE'= CARDS)
[N STATEMENT 9 AT (OFFSET +000156 UN PROCEDURE WITH ENTRY PAGLST





