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ABSTHACT 

Present irrigation ofl'ictencies and reasonably at.Lai.n-

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-

gatlon season. 

The irrigation districts selected typify most irriga-

tion systems in the region, which was divided into 3 sub-areas 

having similar irrigation water use characteristics. IUv<~r 

diversion data, conveyance system seepage Joss 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. 

Pres~nt farm irrigation efficiencies varied from 11 

to 62 percent on the districts. Project irrigation effie-

iencies range d from 10 to 42 percent. By predicting attain-

able farm irrigation efficiencies of 60 percent, reasonably 

attainable project irrigation efficiencies were projected Lo 

rang0 from 35 to 51 percent. 

Low present farm irrigation efficiencies were aLtrib-

uted to over-Jrrigation 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 Afficiencies. 

xiii 
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CHAPTER I 

Introduction and History 

Preliminary development of irrigation systems bcq <1n 

after the 1870's in the Upper Snake River Hcgion of Idaho. 

Irrigation has grown since that time and presently encompas-

ses more than 2,300,000 acres 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 

needep 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 expense, 

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. Howe ver, 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 

bordering the river were cleared, tilled, and irrigated, 

other s ections of fertile soil at greater distances from the 

river channe l were d e veloped. Conveying water to these new 

·-- lands frequently required new channels to be cut through one 

or more older existing canal systems. Ofte n the new lands 

were situa£ed at highe r elevations tha n the older f arms, neces-

sitating longer channels beginning farther upstream on the 

Snake River. Intermingling and overlapping canal systems 

are common as a resul t. 

Since the early d a ys of deve lopment these systems 

have undergone many evolutionary changes. Most rock and tim-

ber divers ion dams have been replaced with massive concrete 

structures . Diversion headgates , also of steel and concrete 

construction have been added to improve water regulation. 

Other hydraulic structures in the cana l systems, that we r e 

initially of wooden construction, ha v e been for t he 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, combi11i.nq 

the smaller individual systems into larger operating enti­

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 more 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 ne wer systems has been in 

full operation less than 15 years (21). 

Prior to 1906, irrigators in the Upper Snake River 

area we r e at the mercy of nature, having no substantial stor-

age reservoirs. Their economic survival was entirely de-

pendent upon heavy runoff and sustaine d summer river flows. 

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

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

was later r ep laced by a combination earth and concrete dam which 

increased storage in the lake. Each year brought additional 

n e w dive rsion works to t he river c h a nne l 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 a n apprec iable· extent in the region. Fortun-

ately, construction of a new American Falls Dam is scheduled 

to commence in the near futur e . In spite of this restoration of 

the reservoir to full design capacity will not al low any addi-

c tional land reclamation in the Upper Snake Region. 

Palisades, Island Park, Grassy Lake, and Lake Walcott 

Reservoirs we re 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-

5 

gates. Finally, increased water demands and occasional sub-

normal runoff called for the construction of the large star-

age reservoirs. Each phase seemed initially costly, but 

only a 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 instance~ very little modification has taken place. 

In the beginning flood and border irrigation were 

common methods of irrigating 1n 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 border 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, 

nearly flat runs and lengthy fields do not allow border and 

flood irrigation to be efficient. In 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 1n this region. 

Food production on irrigated agricultural lands can 

only be expected 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 r easons exist for believing that this interes t 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 Snoke He-

gion alone, ot leost 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 

grazed, dry farmed, partially irrigated or lying idle. It 

8 

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 produ~tion on these lands is 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 ve nture. Unde r these conditions, only a n average of 

1,119,000 acre-feet of water per year can be e xpected to pass 

Milner Dam at the 1970 level of development (23). Assuming a 

mean diversion requirement of 5.0 acre fe e t pe r 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 construe-

tion of additional storage either on the river system or 

off stream. 

Construction of additional surface storage reservoirs 

1n 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 q uestions concerning geologic, 

engineering, and economic feasibility. Seasonally fluctuated 

storage aquifers of this nature and magnitude have until now 

rece ived limited research and utilizat ion in the United States. 

A more favorable alternative to expanding use of Idaho's 

water 1n the Upper Snake is to explore the effects of increased 

irrigation efficiency on existing irrigation projects on the 

Uppe r Snake River Sys tem. A number of questions must be ad-

dressed before a definite change in water use can be advocated 

or e ven predicted. However, preliminary investigation i ndi-

cates that increased irrigation a nd conveyance eff icie ncies 

would reduce average deep percolation and seepage losses and 

subsequently project diversion requirements from the river. 

Looking at the region as a whol e , increased water use effici e n-

cies could result in s ubstanti a l water savings, opening the 
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way to development of supplemental water supplies or nC'w n~­

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. 

2 . 

3. 

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

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

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 r e sponse 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 Uppe r Snake River 

Region can only e nhanc e the unde rstanding of the rive r syste m. 

In particular, the Idaho Department of Water Resources Re­

search Division, formerly the Idaho Water Resource Board, 

has d e velope d a compute rized rive r operations mod e l to sim­

ulate flows in the Snake River. This planning tool uses 

river return flow as an important input parameber. Conse-

q uently me a sure me nt o f r e tur n flow is e numerated a s the first 

res earch o b jective . 

De Sonneville (12) in association with the Water Re ­

s ource s Re s e arch Institute has d e velope d a digita l computer 

p rogram mode l o f the Snake Plain Aquifer. This unique r e s earch 
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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 

13 

viability and contribute significantly to future water use 

planning, it must be calibrated and updated frequently 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 conducte d 

to a large extent throughout the region. Most data that 

exists is confined to independent evaluations which have been 

limited to only local areas in the region suc h 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. Howe ve r, 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 b e 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 

?rimarily the problem addressed in this research study 

•, is one of the main deficiencies in real quantitative water use 

data. Lack of cons olidated, current data, and informa tion 

~ . - concerning various facets of irrigation water use in the Up-

per Snake River Region was the principal driving force be-

hind initia ting this research. These deficie ncies arc cat-

e gorized f or report ing pur poses as e ither s pecific o r genera l 

deficiencies. 

A l a ck of a ccurate data in four specific areas has 

e xiste d unt il this work was done in 1 974. Fe w previous mea-

surements of seasonal return flow have been done on most of 

the irriga tion distr icts, e xcept for 2 or 3 spec ial studie s 

c onduc ted on tracts in the extre me lowe r and central portions 

o f the r e gion (5,1) . Since t he ma jority o f inde p e nde nt ir-

riga tion dis tricts h a ve h a d no need to be concerne d with 

measure me n t s of return flow s to the Sn a ke River , data is 

sparse and l imited . Li k e wise , net water use data on typic a l 
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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
1 

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. 

T0 d ate , only limited in-depth studies of irrigation water 

use in thi s region have been conducted. Previous studies 

with s imila r objectives have been concerned primarily with 

evaluating individua l field or farm efficiencies (17,35,39) 

None the l ess , while they have provided valuable information 

and data, t he se inve stiga t i ons were not designed to analyze 

efficiencies from the large scale regional concept. Only 

geographically scattered, q uantita tive water use research, 

discussed i n 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 is geographically 

somewhat unique. 
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Secondly, the quantitative effects on water use due 

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 III 

Literature Review 

Published research 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 i~entify 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 examined in the following text. 

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

as the first attempt to define irrigation efficiency and 



r 

r 

18 

identify its contributing factors. However, Israelson 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, Ea, is: 

Ea = Vr(lOO%) 
Vf 

Where: Ea = water application efficiency in percent 

( 1) 

Vr = amount of wate~ in inches, stored in the root zone 

Vf = amount of water, in inches, delivered to the field. 

He continues by noting that water application efficiency is 

"clearly a dimensionlress 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 eleme nts of irrigation are controllable f ac t ors. He 

identified soil texture, soil d e pth, soil variability, and 

soil permeability as those factors being relatively indepen-

dent o f irrigator control--a concept still val id. In addi-

tion, Israelson outlined a me thod of analysis for measure -

ments of field irriga tion efficiency, or water application 

e ff i cie ncy. 
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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 connotatjons. 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 is computed to determine 

how well a particular goal is being reached". 

Willardson presented the concept of irrigation cf-

ficicncy as being related to both water application cffi-

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, 

Hanse n and Israelson (18) have defined water distribution 

efficiency, Ed' as: 

(2) 

Where : Ed water distribution efficiency, in p e rcent 

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

ds = average depth of water stored during the lrrl­
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, Ei, 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, 1n 

short assuming steady-state conditions, enables overall 

irrigation effic i ency to be wr itten algebraically as: 

vet + vl - R 
--~~~-----· _e x 100% w. 

l 

Where : Ei = overa ll irrigation efficiency in percent 

( 3) 
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V = the volume of water required for evapotrans­et pi ration 

v
1 

- the volume of water necessary for leaching on 
a steady-state basis 

Re the volume of effective rainfall 

w. = the volume of water diverted. 
l 

He further states that effective rainfall is "total rain-

21 

fall minus runoff and deep percolation that may occur during 

heavy rains or rains following a thorough irrigation." 

Water conveyance efficiency, E , according to Jensen 
c 

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: 

w d 
Ec = W X 100% 

r 

Where: E = water conveyance efficiency in percent c 

Wd = . amount of water delivered by the system 

W = amount of water delivered to the system 
r 

( 4) 

Water conveyance efficiency is strictly dependent upon the 

capability of the conveyance syste m to deliver water. See-

page losses, evapotranspiration losses to bank phreatophytes, 

operational losses, (r~turn flows), and direct surface evapo-

rational losses are the limiting consituents which gover n 

this efficiency. 

J ens e n defines un i t i rrigation efficiency, E , as 
u 

"the amount of water used by evapotranspiration plus the 

amount required for leaching purposes divided by the amount 

of wa ter delivered" o r algebraically: 
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vet + vl 

w. 
1 

X 100% 

Where: E = unit irrigation efficiency in percent 
u 

And: Vet and v
1 

are defined previously 

22 

( 5) 

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, Es, 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 E s c u 
Ep =1·00 100 100 X lOO% 

Where: Ep = project irrigation efficiency in percent 

E
5 

= reservoir storage efficiency in percent 

Ec = water conveyance efficiency in percent 

Eu unit irrigation efficie ncy in percent 

( 6) 

This composite term allows evaluations of entire irrigation 

systems on a total overall irrigation efficiency basis. 

Irrigation e~ficiency is d ependent 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 

dis tribut ion , field gradients, the irrigation ma nagement 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 (14) 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-

r ducted only to a limited extent from a total irrigation 

system approach. The majority of these investigations have 

bee n 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 budge t analysis on the e ntire 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, r eturn flows, canal seepage losses and evapo-
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transpiration was assembled in 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-

putc evapotranspiration using crop coefficients developed 

from the 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 irrigation 

field sets over night. 

Galinato (17) investigated irrigation efficie ncies 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 Gorder ch~ck irri-

gation methods. These efficiencies were actually obtained 

on fine sandy loam soils having gentle slopes ranging from 

near 0 to about l 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 stud~ 

the Bureau of Reclamation (39) 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. 

I!! Irrigation runoff recovery and pump-back systems 

have receivbd considerable attention as a practical method 

of increasing farm irrigation efficiency. Somerhalder .::md 

Fischbach (lS ) concluded that reuse systems could increase 

average farm irrigation efficiencies from about 65 percent 

to almost 92 percent, where the difference of 27 percent 

represe nt s lost field runoff. 

Other alternatives s uch as transition to total sprin-

kler irrigation a nd computerized irrigation scheduling (~/) 

are expected to boost irrigation efficiency. Actual values 

of increased irrigation efficiency due to the implementa-- tion of irrigation schedul i ng h a v e not been e valuated in 

r the urticlcs cited however. 
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In summary irrigation efficiency can take on numer-
~ I 

ous interpretations restricted only to the components com-

prising the defining equation. In additio~ wide variations 

in actual values of present irrigation efficiency have bee n 

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 arproach was designed to satisfy 

the purposes and objectives of the investigation presentt~d 

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-

ating point is defined by existing water usage and irrigation 

efficiency at both the farm and district level. After estab-

lishrne nt of the operating level from actual historic data, 

various parameters or conditions unique to each irrigation 

syslt!m wllicll affect irrigation efficiency Ciln be art.ifici,l] ly 

ucljust c d. Tho change in efficiency of the total system can 

be computed and a new synthetic operu.tin~ leve l crcu.t ed. 

Present operating 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 wate r in each d is tinct irriga-

tion unit. The major uses and losses in an irrigation sys-

tern as shown in Figure 1, page 30, include : diver s i011 S from 

a wate r source, s upplemental inflow, prec ipitation, system 
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return flow, evapotranspiration or crop consumptive uses, 

conveyance system seepage losses, and deep percolation of 

applied water beyond the root zone. These seven clements 

constitute a water in -- water out water budget. 

1\fter comt-Jiling data necessary to assemble tlle scvt.~ll 

system 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 

t-Jaramcters which significantly affect irrigation efficiency. 

The modifications introduced result in the creation of new 

input data to the system water budget producing new water 

use patterns and new values of irrigation efficiencies. Ln 

this manner, reusonable predictions of .attetinable .irriqclLion 

efficiencies for each sub-areo of the study region and sub-

sequent changes in dive rsions from the water sources are 

developed. 

Proce dure and Te chniques 

The initial step in the procedure included two activ-

1ties to ucllieve familiarization with the study region. First, 

attainment of o brief overview of the nature of i r rigation 

methods and t-Jractices in the region was accomplished. The sec-

ond st et> consisted of inventorying and geographically locating 

the individual irrigation districts in the region. 
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After familiarization, the dctcrmin,1rion of tlw ntunl>cr 

of irrigation systems and Lhc actual selt..~ct ion process Wl'l-l' 

begun. The following fundamental conditior1, outlining the 

selection ~rocess, was established. The number of irriga-

tion districts to be studied should be representative of 

the major sub-areas 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 chosen on a preliminary 

basis ~ccording 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 one 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 slx 

irrigation districts selected for pre liminary investi-

gation satisf i e d these criteria. 

r Arrange ments were ma d e with th e six prospective lrrl-

gation organiza tions to secure their p e rmis s ion and enlist 

the ir cooperation in participating in the study. A formal 

condition of study procedure was verbally ar r a nged in whic h 

- no direct r eference to the name of any one irrigation district 
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would appear in any publication associated with this rcsc<~rch. 

Therefore individual irrigQtion districts or systems will be 

identified by number only in this thesis. 'rhis 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 

~ctual data and in what amounts would be required to apply 

a complete water budget analysis to each irrigation district. 

In addition, available sources and methods of data procure-

ment were investigated. After initial study, the determi n-

ation was made that data would be needed on the following 

components of the water budget analysis: river diversions, 

supplemental inflow, return flows from the district to the 

river, including systems outflow not directly returned to 

the rivcr,·crop consumptive uses, conveyance system sec paqe 

losse s unJ d e ep percolution losse s b e low the active root 

zon es . A more comple t e and de tailed discus s ion of alter-

native sources for each of these components is presented 

in Chapter V. 
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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 ncres. I3c~tween 1\pril and October of 1974 dischanw 

data·werc collected at 63 different measuring stations spiln-

ning a distance of over 200 highway miles. 'l'hese stat ions 

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 degre~ of accuracy considered within the scope and intent 

of the study. Physical, budgetary, and manpower limitations 

influenced some phases of the data collection activities. 

llowc~ver, considcrin9 all aspects of the study, datu. collection 

was extensive and thorough. 

Desct: iptions of Sub-Areas and Irrigation Districts 

In this study, the Upper Snake River Region was scgre-

gated into three basic sub-areas; the Lower, Central and 

Upper Sub-areas running from South Ce ntral to Northeastern 

Idaho along the Snake River. Each sub-area and the selected 

irrigation districts included therein are briefly described 

concerning as~ects 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

graphica 1 information about each sub-urei1 und district an' 

presented in Table 1. Irrigi1ted i1Creagcs, wi1tcr sources, 

crop information, soil types, i1nd terrain i1re 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 

area. 

deep qorge bisect the i rr iqi1 ted port .ions of tlw sub­

Like the entire Snake River PL1teau, the u.rca 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 form~tions 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 clima tic conditions. Cl imatic var i -

ations between the 3 irrigation districts located in this 

reg1on are insignificant. However soil variations are not 
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TABLE 1. Su~ary of Climatic and Topographic Characteristics of Each 
Sub-Area and Irriga tion District (Taken from 29, 30, 31 ) 

Irrigation Districts 

Characteristic 1 2 3 4 5 

-
Associated 
Sub-Area Lower Lower Lmver Centra l Central 

Mean Annual 
Temperature 

(oF) 50 48 48 46 44 

!-1ean Annual 
Precipitation 

(inches) 10 8 9 8 7 

Frost-F~ee Period 
(Freezing Level E 32 °F) 115-135 115-135 115-135 100-125 10 0-125 

Range of 
Elevation 
(Feet above HSL) 3500-4000 4000- 44 00 4000-4400 4400 -4500 4600-4800 

' ' u i j 
~ 

6 

Upper 

43 

12 

95-105 

4800-5000 

w 
-.J 

' 
~ 
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'i'AEL:O 2. s~~~ary of Cro?s ~::OI¥.1, Soil Types, and Primary Water So~rces fo:: 

C:2.::a;;:.:::::: is tic 

Sub-Area 

Gru::;s Acrc:1ge 
(acres) 

:\2-r:. I::;:igated 
.:...:::::::-'"ase (acres) 

Pri::~ary Water 
So1.:rccs 

!·: ~ jcr C=:-o!)S 
.:ir.::·"'·:a 

t-!ajor Soil 
Typ·:!-" 

.~.·:c::ase 7e::rain 
s.:..::::E=-es (%) 

Eac~ Sub-Area a~d Irrigation District (Taken from 7,8,9,10,11,32,41,42,45) 

l 

Lower 

178,080 

151,368 

Snake River 

Sug<::: i>2e~s, 

Dry B,'<:"s, Peas 
Corn Silage 
Gr,:,in:.: 
Poca~oes 

AJ.falfa 
Pas~ure 

Sil:: Loum 
Sa:1Jy Loi1m 
Sand 

0-12 

2 

Lower 

14,563 

14,56a 

Sr.aice River & 
Dee~ ~~e.!..:.s 

St:.g~:: 3E:e-=s 
Dry Bea::s 
Peas 
Carr~ Si.la.;e 
G::-ains 
Pcr.~r..::.es 

Al:c.l!'a 
Pas:.u:-~ 

Silt 
Silt Loam 

0-12 

Irrigation Districts 

3 

Lower 

54,170 

42,794 

Sna:<e River 

s ·.~-;ar Beets 
Dry acans 
Peas 
Corn Silage 
Grains 
:>otatoes 
Alfal!:a 
?asture 
Orchards 

Loam 
Silt Loa..T, 
Sandy Loa:n 

C-4 

4 

Central 

6,000 

4,440 

Snake River 

Suc;ar Beets 
Corn Silage 
Grair.s 
Potatoes 
Alfalfa 
Pasture 

Loa:r, 
Fine Sandy 
Loa~. 

0-4 

5 

Central 

37,330 

33,597 

Sr.c.~e River & 
F looc Rig;, ts 

Sus;a:: Beets 
Peas 
Cor:1 Silage 
G::air.s 
Pota~ces 

Al: lfa 
P.o. s ·-.:re 
O::c ards 

Loam 
SEt Loam 
Fir.e Sar.dy 
Loa::~ 

G-4 

6 

Upper 

5,908 

5,375 

Fall River 

Potatoe s 
.:'.l:'alfa 
Peas 
G~·ains 

Cor;-, Silage 
Past.ure 
Orchards 

Silt Loam 

4-12 

rw 

w 
o:; 
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Chc:.racteris;:ic 

Sub-Area 

~Y?C of !rrig~;:ion 
Dul.ivcry Syi~em 

~ -n n 1 , !!I -, ·J 

TABLE 3. Summary of Physical and Operational Characteristics 
of Each Irrigation District* 

1 

I i Irrigation ri~tric~s : 

I 2 I 3 I 4 

Lower I -I LOwer Lc.~.er Central 

I ;):.lined I Ope:; Cr.annel 
Unli:.ed 
c:::en c:-.annel 

Cnlinec 
Open Channel 

t.;::linec! 
Ot'~n Channel 

Length of H<1in 
Can3l (mil<.:!s ). 

Length of Dis~ribution! 
Laterals (rniles) · 

54.7 

6S2.7 

I 19.3 71.3 8. 7 

I 
I 4.; .7 195 . 8 11.2 

M..;choa of Farm 
Deli·.rery 

A~e Far~ Deliveries 
Rcg\.ll<J.te.:: oy 
District ?crsonnel: 

Are All Deliveries 
Measured? 

Xajor Irrigation 
t-1-e t ::ods 

Concinuous 
Flow 

I Allot:r.ent 

I 
Yes I Y.:os 

I 

Yes 

?t:rrcw- 90% 1 

S;ninkler-10% I 

Yes 

Furro·..:- 9St. 
Sininkler-2! i 

Rotation 

Yes 

Yes 

E'u r rc·A·- 55% 
B::.::cer -44 % 
Sc;r i.-.K.:.er-1% 

*Dote given on this page is taken from (28) or from field invescigations 

Combination 
Demand-Rotation 

No 

No 

Border-79% 
Furrow-l6'f. 
Sprinkler-S% 

::1 ttl 

5 

Cen tral 

U:-:l ined 
Open Chc.nnc:l 

79.0 

64 .0 

Corr.bina<:ion 
Continuous 
Flow-Rotation 1 

Sorr:e 

~0 

Eorc!er-6 G ~ 
Fi...:rrov;-25~ 

S?rini<ler-15% 

6 

{.;?per 

';;r:lir.ed 
O:?en C!"lannel 

8.5 

0 .0 

.:ontinuous 
Flow 

~0 

Ko 

r;rir.i<l ·zr-85% 
·_::roft'-l G'i> 
or::.er-5!. 

w 
'Cl 
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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. l, 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. 

Irrigation 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 measured 

and regulated 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 1n the 

southwestern portion of the district. Return flow was meas-

ured a t twelve stations. 

District No. 2, located within Jerome and Minidoka 

counties contains 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 arc 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 l e vied 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 di scourage 

inefficient use of water and over-irrigation. 

Eluven stations as shown in Figure 4, page 41, wa r e 

es tablished to measure return flow on thi s district. 

As determined through field investigation, furrow 

irrigation is used on nearly all farms in District No. 2. 

Si lt loam soi ls make up the major soil group fo und in this 

district. 

Irrigation District No. 3, the second largest tract, 

containing about 42,794 irrigated acres , 1s situated entirely 

within Cassia County. The g e neral shape of the district is 

shown in Fig ure 5, page 44. Water is diverted to this dis­

trict out of Lake Walcott and distributed through approximate­

ly 267 miles of unlin e d canals and laterals. The river 
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Figure 3. General Service Area of Irrigation District No. 1 
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bounds the district to the north for about 25 miles of its 

channel length. Farm deliveries are all measured by sub-

merged orifices or weirs and are made on il r·ot:otion l><1:~ is. 

Furrow, border, and sprinkler irrigation mcLI!ods dre used 

on this project. Silt learns, learns, and sandy learns are 

evenly distributed throughout the irrigated lands on slopes 

of zero to four percent. 

For investigative purposes, the Central Sub-area is 

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 und Cilsl 

by low mountain ranges and foothills. Ldnds on both s i d<'!> 

of the river channel are irri9ated by W<llcl~ diverted fro111 LIH' 

Snake and have been in agricultural production longer Lh <HI 

the Lower Sub-Area tracts. Since this area also belongs to 

the Snake River Plateau, it is unde rlain 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 nea r the river in this sub-area arc) cons ider;JlJ l y 

smaller than those occurring in the Lower Sub-Area. 

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 tho 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-urc<~. PotZJtocs, 

smJll grains, alfalfa, suqdr bec~ts, and qr.tss p<1sLur0. ;~e-

count for the principal crops qrown on lh<·~;c li.liHh. I r · 1· I -

g .:1 t c d so i J , con s is U n g p r i rna r i 1 y o f 1 o d m so i I ~:; w i t h h i q h i 11 t , 11.; (' 

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 irrigation 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 centr<tl J3jnqhcll1 County irnmcdiiiU'lY Wl '~;l 

of I3LJckfoot and adjacent to the west b ,:1nl< of the Sn<lkl' l{iVl'r, 

Irrigation District No. 4, shown in Figure 6, page 47, diverts 

water to irrigate about 4,400 acres. Water is diverted and 

delivered through a twenty mil e long system o f one main cana l 

and six bra nching l a t e rals. This irrigation system operates 

on a combination demand-rotation farm delivery scheme. Flows 

into the distribution latera ls pass through measureme nt struc-

tures a nd a re regulated by district personnel. Howc~vcr , 

individual farm deliveries from the latcr.:1J~; arc~ not fll<'ilr>urcd 

or regulated by the irriyation district (41). Hcturn flDw 

leaves this distri ct a t only one point a s [;hown on Llw cJ i !;-

trict map, figure 6. 
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Irr]qut.ion District No. 5, Figure 7, 1-Jdgc 49, is lonq 

and narrow in shape, oeginni.ng north of Ici<dw Falls runnithJ 

south and wcs t through 13onncv i lle and Rinqlt.lnt Count i L~s, l'Ihli nq 

just north of the Blackfoot River. This system in <1ddiLion 

to flood water received, diverts water out of the Sn<1kc Hivcr 

to irrigate about 33,597 acres through a distribution ~ctwork 

of 143 miles and canals and laterals. A combination contin­

uous flow-rotation farm delivery operation is employed on 

this tract. In other words, manageme nt of water deliveries 

are made on <1 continuous flow basis to farms on the m<1ln 

canals and by a rotation arrangement to those farms recelv­

ing water from the smaller distribution laterals. Water 

delivered to the distribution canals and loterals is mcas -

ured <1nd regul a ted by distrlct personnel. 

portion o[ Uw ft1rrn turnouts <1rc regulated l>y the distr.i ct , 

most are regulated by ind .ividual farmt~rs. 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 f low meas urements. 

The Uppe r Sub- Area runs from north of Idaho Falls 

across the Snake River Fan into the Ilcnry's Fork area ncar 

St. Anthony. Land in this area is s upplied with irrigation 

water from the Snake River, t he Henry's Fo r k of the Snake 

Rive r, the Teton River, and the Fall River. These irrigate d 

l a nds have historically had the largest per acre diversions 
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of all the t~acts 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 underlyinq 

wa tcr tables arc ruiscd c 1 ose to the land surf ace, arc' 

used in areas of this portion of the region. 'I'his form of 

irrigution requires 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 

seasons are shorter than in the remaining region as shown 

by Tuble 1. Lands close to the river channels are flat with 

level to minimal s lopes. Moving out of the river valleys 

toward the eastern foothills, undulati.ng hills and larger 

lund gradients arc encountered. Soil cond.i.tions vary c on -

s idarably from the loa my sand s 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 effic iencies by Brockway (2 ) 

and Galinato (17) i n this area , only one district was c hosen 

for further study. The smallest district examined in this 

study was Irrigation District No. 6, which delivers wate r to 

abou t 5 ,37 5 acres . Th e genera l f e ature s o f t his district 

are s hown in Fig ure B, pag e 51. Hac tunqu] a r in sh a pc~ and 

oriented north to south; it is located in Fremont .J.nd Mudisun 



.. 
r 
• 

N 

Figure 8. General Service Area of 
Irrigation District No.6 

District Boundary 

River 

----) - · Main Canal System 

t Point of Diversion 

A Return Flow Gaging Station 

Inflow Gaging Station 

Excluded Land 



-: 

-

-

52 

Counties near Teton, Idaho. Unlike the five other systems, 

water supplied to this district is presently diverted out 

of Fall River near Chester, Idaho. llowevc·r, 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 

perce ntage of lands being irrigated on the tract, see Table 

3. Most irrigate d lands i n District No. 6 have slope s gre at­

er than two to four percent. The silt loam soils are uniform 

throughout the district. Farm deliveries ar e not me a sure d 

or regulat~d by distr ict personne l whose primary responsib­

ilities are to regulate flow and water level in the main 

canal (41). 

Data Colle ct i on Technique s a nd Proc edure s 

After determining what actual data would be required 

to compute a wa ter balance thr oughout the irrigat i on s eason, 

me thods o f e xtrac t i n g a nd a ccumula t i ng exis t ing sources of 

data we re e xamine d. The suitability of each source or me thod 

was e valua t e d according t o the obj e ctive s of the ' study. This 

exami n a tion a nd e valua tion p rocedure is explain e d i n the 

f ollowing discu ss i o n. 



I 

e 

r 

r 

53 

River Diversions and Supplementary Inflow 

The first element of data required were quantities 

of water diverted for irrigation purposes by each district. 

Since all diversions of irrigiltion 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, 

which 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 expected to alter 

actual water use patterns and subsequent efficiencies to u 

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 distributes 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 

r river diversions is lower than the mid-season frequency, there-

for the reliability of early and late season flows is consid-
' . 

ered to be lower. -
r Return Flows 

Measuring District return flows or outflows required 

the greatest amount of resources and effort. Fifty-three 

r 
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-

r. 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, 

-
r 
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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 lo0-

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 author, 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 100 percent of the return flow from any one district 

is impractical, if not impossible. 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 

c accumulated in this manner throughout the 1974 irrigation 

season on the six districts. 

-
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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 crop 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 £or 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 cxten-

sive additional data requirements and com~lications rcqujrcd 

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.ltpkc(O.Ol73t - 0.314) ( 7) 

Where: u = monthly consumptive use, feet 

t = mean monthly temperature, OF 

p = monthly percentage of annual daylight hours 

kc= 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 f - O.Oltp; 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 See page Losses 

Another essential component of the water budget is 

the amount of water los t through canal and late ral seepag e . 

Since ponding or seepage meter determinations were not prac-

ticable or feasible on the hundreds of miles of canals and 

laterals in the se six irrigation districts another indirec t 

method was utilized to estimate seepage losses. This me thod 

consisted of inventorying and collecting dimensional data on 

all canals a nd late rals in each irrigation district. Aerial 

photos be longing to the local office of the Agricultural Sta-

bilization a nd Conserva tion Service , U.S.D.A., in t he 
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TABLE 4. 

Group Name 

Sugar Deets 

Dry Deans 

Corn -Silage 

Field Corn 

Spring Grain 

Potatoes 

Vegetables 

Wint e r Grain 

Alfalfa 

Grass Pasture 

Orchards 

-- ·--

Common Crops Grown in Id<1ho Grouped by 
Similar Consumptive Use Requirements 
(from Sutter and Corey, page 3) 

Crops Included 

Sugar Deets 

Dry Beans 

Corn Silage 

Field Corn 

59 

Spring Wh~o.t, Ba rley, Oats, Hye 
Dry Peas, Grain, Ilay, Sweet Corn 
Seed, Mint, Other Grains, Other 

Potatoes 

Vegetables 

All Fall Seeded Grain 

Alfalfa, Alfalf<1 Seed, Other 
Legume Hay, Hops 

Grass Pasture, \vild Ilay, 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 calibrated micrometer lens and 
• 

a map distance meter, topsidths and reach lengths were ac-

cumulated on each individual canal and latcr~l 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-

mation was initially correlated with seepage rate coefficients 

for general soil clas s ifications developed by Worstell und 

Brockway (3). Computation of seepage losses is examined fully 

in Chapter VI. 

Deep Percolation Losses 

No direc t data collection of measure ments we re made 

1n determining this constituent of the water budget. Calcula-

tions of deep percolation losses is also examined 1n Chapter 

VI. 
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CHAPTER VI 

Computer Programs Us e d Jor Data Pruc<~ss in g: 

Two digital computer programs, writ.L<~n in F~>l·t.r:lll IV 

for use on an IBM 370/115 computer, were us<~d Lo L:ompi l<• :1ntl 

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 st a tion. 

To compute and sum daily discharges throughout the irrigation 

s e ason, a tape-stored program was used vja a remote term i nal 

at the Snake River Conservation Research C(!nter (SHCHC). Th i ~~ 

chapter discusses the 1mplementation and runetion or Llwsl' 

four computer programs. 

Polynomial Regression Program 

Twenty-seven discharge rating curves were develope d 

using a canned polynomial regression routine. This routine 

crea t e d ordinary second order corre lation equations betwee n 

pairs of simultaneous staff gage readings and disch a rges 

measured by current met e r me thod. The numbe r of data pairs 

used varied f rom three to s ix de pending upon availability 

and reliability of field data. Values for the index of de-

termination or the inde x of corre lation range d from about 

0.90 to 1 . 0 for the twe nty-seven e quation s . 

Generated channel and control section ratin g curve 

equation s , in addition to discharge equations from 
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rectangular contracted and rectangular suppressed weirs are 

acceptable in coefficient form to the accumulative disch;trge 

program. Daily staff gage readings from all G3 gaging sta-

tions were compiled and converted into daily flows using 

this program. Twenty-four hour and accumulative discharge 

in units of cubic feet per second and acre-feet constitute 

.i. • the primary output of this discharge program. Figure 9, on 

;;age 63, is a sample of the output from this JJrogram. 

Can<.tJ Ser!page Analysis Progr;tm 

Max i m u m , L' u 11 cIt ann c I ( or lJ as c ) d a i l y s n cpa g (' I o s s < 's 

fr(Jm !~ach distribution syst(~m arc~ ealcuJaL<~d by the S(~t'p<lgP 

- program. Individual losses from l~ach canal and total d.is -

r trict losses an; computed. Program input is composed of 

the following data elements: the irrigatioi\ district num-

ber, canal or lat e ral name, canal r e ach by township, range , 

and section number, calibrated lengths of canal reaches, 

sea J eel channel topwidths, and corr·espond i ng soil sccpag(' 

·' coetticie.1ts for lJac h canal n~ac h. Since SCS scaled aerial 
·• 

photos were use d, lengths and t o pwidths arc ca librated at 

~ inclws = !),280 feet and 1.0 unit= 25.0 f0 e t r espectively. 

r The 2 diff e rent scal e factors aro.c;e from using a map dis-

Lance whee l to me a s ure, in inches, canal r each J engths 

[ dirc c. tly [rom the photos and the microscope' Pquipped with 

a mi c rometer lens to mehsure channel topwidths in un-

- s peci fi e d units. Th e dimensional untt s of Llw sPupagP 

c () <.: 1 J.i c i c n t a r e g i v c n as I' c <J t p e r day . Input data 
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T i m c I n L (~ r v a 1 = 111 0 
Pn~vious i\ccumulalion of Acre FL. () 

EquaLion of llating Curv<~ 

i\ B c Hange 
-2.91 5.32 1.20 0.0 - 3.0 

Ave. Ace. 
Date Daily Cfs. Daily CJs. Acre Ft. 

10506 0.016 O.OIJ6 0.091 

r 40507 0. 21:3 0.289 0.181 
40508 0.111 0.730 0.875 
40500 0.612 1.:372 1.271 
10510 0.845 2.218 1.677 

.. 10511 1.051 3.268 2.081 
10512 1.258 1.526 2.1D5 
1051:-3 1.538 6.061 3.050 
10511 1.750 7.814 3.472 
10515 1. 9()5 9.77D :l. 898 
40516 2.182 11. 961 1.328 
I} 051 7 ~.101 11.362 1.7G2 
10518 2.622 1G.981 :i.200 
40519 .2. 8 115 19.829 5. 6·1:3 
40520 3.07_1 22.899 G.090 
4052] 3.375 26.271 6.6~B 

10522 ~3. 605 29.879 7. 151 
10523 :l. 838 ~33.717 7.612 
40521 G.510 10.256 12.971 
40525 6. 115·1 16.710 12.801 
110526 3.368 53.079 12.632 
40527 6.28:3 59.362 12. 16:3 
10528 6. 198 65.560 12.29·1 

Fi ~;u rc 9 

Discharge Program Sample OulpuL 

N ~~ 

1.0 2.0 

Ace. 
Acre Ft. 

0.091 
0.572 
J . ·1 118 
2.722 
lj . :399 
G.182 
8.978 

]2.028 
] 5. 500 
19.398 
23.72:i 
28.,187 
3:3.687 
39.3:31 
15.421 
52. 111 
59.265 
66.877 
79.8"18 
92.650 

105.281 
117.71<1 
130. O:lS 



specifications. the main seepage program, and an <'Xamplc or 

output are included in ApptJndix G. 

Output data given by tllc sc<~page program includes Lh<• 

following components: the irdgation district i<.ll~ntj fi<·ation 

number, canal or lateral name, canal reach location IJy town-

ship, range and saction numlJer, reach lengtl1, average width 

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

and accumulated reach length and seepage loss. Township, 

range and s(~ction numbers appear in dig·ital form. A sirnpl<• 

four-digit cod<~ distinguishes directions by assir~ning Llw 

numbers l, 2, ~3, and 4 to north, Qast, south and west. TIH' 

third township or rang<~ digit gives the <·. orn~sponding dirc•c-

Lion. Hcach length and average reach wi.dl.h anJ gi vett in f<~et, 

bu L f i gu r<;s for acc:umu I at ed reach 1 engt h n ppear in terms of 

miles. The unit, .feet per day, is again assigned to the 

reach soil seepage coefficient. Doth reach and accumulated 

seepage losses are assigned units o£ acre feet per day. 

Internally, this program computes av0rage channel Lop-

widths using two consecutive reach measurern<'nts a.L a time. 

WeLLed perimeters are subsequently calculaL<~d by multiplying 

topwidths by a dimensionless topwidth coefficient varying 

from 1.05 to 1.30. Reference to Figure 10, page 67 will de-

monstrate why and how these coefficients were selected based 

upon common unlined ea~th channel shape and dimensional rela-

tionship0. In short, as the width of a chann8l increases 

the amount <>f wetted perimeter contributed by side slopes 

r 
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diminishes. Table 5, page GCi, gives the four topwidth coer-

ficients and their C<>rresponding channel topwidth intervals. 

The intervals at which the coefficients change value W!~r<~ 

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: 

And 

A = L n C wp r w t 

Where: 

Sp = AwQCs__ 
13,560 

Where: 

A wp 

Lr 

Tw 

Ct 

Sp 

Cs 

Water Budget Program 

wetted area o£ the canal reach, 
square feet 

reach length, Jeet 

average topwidth or reach, reel 

topwidth coefficient 

seepage loss in reach, 
acre-feetjday 

soi 1 seepag<~ coc f ric i en L, 
feet/day 

( K) 

( 9) 

The water budget program listed in Appendix F, analyzes 

all components of total water use on each irrigation district 

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

irrigation season. The program was written to expedite analysis 

of irri.gation efficienc.ies and various other water use para-

mntcrs from Jnflow-outf'Jow data assembled for input. Thirty-

six related water US(~ components and three related irrigation 

efficiency variables are calculated for eacl1 district during 



- < 

-
r 

~ I. : 

r 
c 
.. 

TABLE 5. Relationship Between Measured Channel 
Topwidths and Topwidth Coefficients 

G(-1 

Average Cha~nel Topwidth, TW Topwidth Coefficient, Ct 

(feet) 

0 12.5 l. 30 

12.5 - 25.0 1.20 

2S.O- 200.0 l . l 0 

> 200.0 I . 05 
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Fi~ur<: 10. Dimen :donal Ht~latlonships Bt~LwcPn 
a Wid<) Canal Channel and a Narrow 
Canal Channel 

(a) Parabolic, Wide Channel 

Where Tw, > 200' 
Wetted Perimeter • b2 • 1.05 Tw1 

' ~~ ~ ~ --------------------------------
---------------b1---------------

(b) ParoboUc, Narrow Channel 
Where Tw2 ~ 12.5' 

Wetted Perimeter • b2 • 1.30 Tw2 

tb.toScale 
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the 1974 irrigation season. Both program input and output 

elements are described and discussed individually below. 

The following equation i.s fundamental to tlljs analy-

sis since this water budget approach is an in flow-out Llow 

water balance for each irrigation district: 

Qin - Qout + dS/dt = 0 

.:i 
" Where Qin = total system inflow 

r Qout = total system use and outflow 

dSjdt= change in system storage with time 

The relative significance of changes in system storage, or 

net soil moisture content of a district, during the first one 

or Lwo time intervals of the water balance can be obtained -
r by examining data from the Bureau of Reclamation ~tudy done 

during 1964 to 1968 on the Minidoka Project, Northside Pumping 

Division Unit A (39). Three years of soil moisture data co l-

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 

spr ing 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 
dSjdt = 12 inchesjfoot x (14,568 acres) (11) 

= 4,128 acre feet 

c 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 

r period, it appears to be a significant component. Similarly 
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irrigation efficiencies could be affected during the ittitinl 

time intervals if this storage term is meaningful. llowt'\'t'r. 

considering the .following thrc<~ !'actors r<~duc<~d the <'<>IIS<'­

fJU(~ nc<~ or this tQrm to th<~ seasonal waL<!t' bal:tnC<.'. 

First, 1,128 acr<~ f'c<~t should LH~ r<~cognized as :111 

upper limit representing the extreme sjtuation in which Llw 

entire soil profile of the irrigation district is raised to 

field capacity simultaneously; an unrealistic situation. 

Accardi ng 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 

intc~rval some irrigation eouJd ht~ assumed to have oecurrcd 

before the first time interval on these d.isLricts, redueing 

the total district soil moisture depJetion. 

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 l, 4, and 

5 during all periods of the water balance and certainly af~er 

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 

lo be negligible. Soil moisture measurements were beyond 
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TAULE 6 . 

Irrjgation 
Distr.ict 

Number 

J 

2 

~3 

5 

6 

Start in g D at c s for Hi v c r D j v (~ r s ion 
and the Water Balance Analysis 

70 

Starting Date Start ins and End in!]; 
of Season Dates for Wa tc.~r 
Diversion Balance Analysis 

~larch 25 April ] 5 to 
October 15 

April 22 May 1 to 
Sc~p t; f'mbc 1· );) 

Apri J 17* April 15 to 
Ocl()bl'r 15 

~lay 9 May 15 to 
October :30 

May 2 May 15 to 
September 30 

Jun<~ 2* June 1 to 
September 30 

* After Water Balance Starting Date, 
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the scope of this study and therefore, no ad.i ustmc•n t:-; W('r<~ 

made on the appropriate water balance input data. 

By substituting irrigation district water flow corn-

ponents for system inflow and outflow and omitting the dS/dt 

term, equation (10) becomes: 

(12) 

Where Qrd = river diversion 

Qif supplementary inflow to the district 

Qrf = return flow 

Qcu = consumptive use of crops 

Qp amount of effective precipitation 

Qcsl = canal and lateral seepage losses 

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 = Qcu - Qp (13) 

In modified form the equation for a complete water balance 

under steady state conditions is: 

(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 I:lud~et Program lnput VuriahlP!: 

----·-·--------------·---- ---------
Input Tc:rm 

1. 

2. Totnl District lrrl~atc<.l Acn~ag •J 

3. Startin~; and Closinp; Dates of the 
Data Collection Period 

4. Number of Crops Grown 

5. Specific Crop Percentage of Total 
Irrignte<.l Acreage 

6. Numb?r of Months in the Irrigated 
Season 

7. Inclusive Dates of Each 2-Week 
Time Interval 

8. Number of Days in Time Interval 

9. 

10. 

11. 

12. 

13. 

11. 

15. 

16. 

17. 

Nwnl.Jc:r of Days in the Appropriate 
Month 

Monthly Consumptive Irrigation 
Requirement for Each Specific Crop 

Coefficient of return Flow 

Number of Return Flow Gaging Stations 

Accumulative Seas onal Return Flow for 
Each Gasing Station 

Maximum Daily Conal Diversion 

Canal Diversion at 50% Seepage Loss 

Maximum Daily Seepage Rate 

Daily River Divers ion 

18 . Number of Days of River DiverDion 

19. Supplementary System Inflow De~ring Time 
Interval 

------- --·-··· ------·-------. ··--·---- .... 

Program Var!nl.Jle N:tmc• Units 

····-------
DISTNO 

DlSTAC acres 

DATE 

JCROP 

CROP 

JMONTH 

MONT II (l,K) 

TDD 

TDM days 

CON SUM inches/month 

COFHTF 

JHF 

RETFLW acre feet 

DIU MAX cfs 

DIUh!IN cfs 

TOTSEP acre feet/day 

DAYDIV cfs-day 

NUMDD 

RINFLW acre feet 
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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 suhsequent reasons. First, half a month was the shortest 

r 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 o f return flow readings were taken on a once pe r d a y 

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 percenta ges were derived by taking arithmetic av-

erages of previous two to five years of crop distribution 

r 
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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 

r 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 

(15) 

Where: Qrf = measured district return flow 

Qact = actual total district return flow 

Consequently, actual total return flow, unmeasured plus measured, 

for any district is: 

(16) 

The return flow coefficient is employed in this manner in 

the water budget program. Actual total district return flow 

r 
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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 is unrealistic 

and could be expected to introduce a significant source of 

error. lienee, the seepage loss rate correlation scheme is 

designed to allocate maximum seepage loss only at maximum 

seasonal riyer 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 pe rcent of the sea·­

son maximum daily level, twenty-four hour canal seepage losses 

are linearly interpolated between 50 and 100 percent of the 

calculated maximum or base daily rate. Examination of this 

water stage-seepage rat e simulation scheme by the following 

equations should clarify its function and operation: 
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S = 0.50Smax (17) 

+ qrd - qmin} 
S - 0.50Smax x {1 

Qmax- Qmin 
(18) 

Where: qrd = specific daily river diversion, cfs 

Qmin = 40% river diversion level, cfs 

Qmax = maximum or 100% river diversion 
level, cfs 

S computed daily seepage rate, 
acre feet per day 

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

The values of 50 percent of the base daily or maximum s e epage 

rate at 40 percent of the daily maximum river diversion were 

selcct<~d based upon knowledge of the irriguLion district's 

management qJ channe 1 water levels thro ughout an irrigu ti on 

season. No actual field data were used to directly develop 

these values. The seepage term, Qcsl• appearing as prog ram 

output is computed using this me tho d. 

Quantities of dai l y river diversion in cubic feet per 

s e cond-days are coded for input into the water budge t pro-

gram. Total di s trict supplementary inflow discharged into 

the irrigation district during a time interval is intoduced 

a s one total sum, in a cre f e et. 

Output information including calculat e d dat a is pre-

sent e d f o r e ach 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 the last three tables of output are discussed in the sub­

sequent paragraphs. Table 8 on page 78 li~ts all output var­

iables, program variable names, and their corresponding dimen­

sional units. 

Average crop distribution data is listed as both a 

percentage of 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 J>roduct 

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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'i'I\ULf: A. ll"al.•.'r lhull'<'t !'J·n1:r ''" Otll put \'arl:.tol•·" 
!'or J::tdl Jrt·i ,: :• t i.·!l l>lslril'l 

-----------
Output 'l'cn:t Pro[;r·arn \'a r i ab I c Name 

Irrigutiu11 Distrlc-t Numhrr UIST'IO 

Total lHO'<\ riel Irri~at('d A<'n•a~:c I>IS'L\C 

Data Collc·ction Pcri<ld DATE 

Dates of Ea<'i1 Timt> Interval M(INTII (I ,I\) 

/\umber of llil)s in Each Time· Interval TDO 

Cr•lp Distriuttt '"" by Percent CHOI' (I) 

Crop Distribution by Acres ACCROI' (J) 

Mon l hI y CPnsn:npt i vc I rr lr,a t ion Requ 1 rc·mP ntO'< CONSIJM (J,l) 

Bi-monthly ('onsumptivc lrri~:ation Requircmrnts CRPCO!'; (J,l) 

Bi-monthly River Diversions TOTlllV 

Ui r.1onthly Supplc•mcntary Inflcw RINFLW 

Ui-monthly Total District Inflow TlNFI.W 

Ui-monthly Consumptive Irrigation R~quircmcnt TOT CON ( l) 

Di-monthly A\'era~c Deep Perco lation Loss DEPE!tC 

Bi-monthly System S('epngc Loss TOT LOS 

Bi-monthly Total Di st rict Return Flow TOT RTF 

Ui-mnnthly Net District Water Usp GDUSAG 

Di-monthly Distrlct Conveyance Efficiency DISH'F 

Ui-monthly farm Irrigation Efficiency F'HMEFF 

HI - monthly Pro jec t lrri~ation Efficiency TOUEFF 

Total Annua~ Oi s trlct Return !'low YHRH' 

Total Annual River Diversion YRIJ!U 

'i'otal Annual Ill strict Inflow YRINFJ. 

Total (,nnual Con:<urnptivc lrrit;atlon R<•quircmcnt YHCON 

Total Annual System SAf'pag<> !.OS Sf'S YRSEI' 

Total Annu:~l D('ep Percolation Losses YROEP 

Total Annual Net !JiHtrl c t Water Use YRGDUS 

Av erage Annual OJ st ri ct Rf'turn Flow AVANHT' 

Avcral(c Annual RJ ver Diversion AVANDV 

Average Annual Consumptive Jrr· i ga tlon Requirement AVANCH 

Averar.e Ann u a 1 Total District Inflow AVANIF 

Av~·raf(r: Annual ~cepage Losses AVANSP 

An~ rage Annual IJrep l'e rcola t i un LossPs AVAN IJP 

Avernr: e: t\nnua 1 :.:ct District liatcr Usc AVANGU 

Avcr:q;c Annua l D1 r;l . ric t Cnnvt~ y~nce Efficli!ncy AVANDJ-: 

Av('rar;e Annu'll F:c rm lt·rigalioro EffJcJ,nc·y 

AVANDF 
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Where: qi = bi-monthly consumptive irrigation 
requirement for crop (i), in acre 
feet 

(19) 

= monthly consumptive irrigation re­
quirement for crop (i), inches 

= net acres of crop (i) 

d = number of days in the bi-month1y 
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 Qcir term in equation 14 on page 69. Accumulated 

daily and sea sonal rive r diversions are compiled similarly 

to obtain the Qrd term in the water budget equation, 13. 

This term is used in each time interval and at the end of an 

irrigation season for annu a l totals; its variables a re either 

bi-monthly or seasonal totals. 

Supplementary district inflow, Qif , represents all 

inflow to the district used for irrigation purposes other 

that rive r dive rsion. Values are print e d out in program 

output as single, time interval quantities and seasonal totals 

in acre fee t. Not all districts rece ive water in addit i on 

to rive r dive rsion s ; in which cas e, z e ros a ppe ar. Addit i on 

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

(20) 

Total district inflow therefore includes waL('r from al1 soUJ'<'('s 

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 
. I 

Qdpl = Qrd + Qif - Qrf - Qcir - Qcsi (21) 

Both bi-monthly and seasonal totals of deep percolation are 
I 

computed in this fashion by the program. 

Net district water use, Qnet, is defined as total in-

f 
flow to the district minus total return flow, for either 

time period. Mathematically: 

(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 loss on a per acre basis are com-

J puted for each irrigation district. These values are ob-

tained by dividing season totals of water budget componeuts 

by irrigated acreages of the appropriate district. 

District return flow fraction, Fr, is computed in 

percent as a comparator of return flow for irrigation districts. 



----------

81 

Expressed as an equation: 

Qrf 
= Qtf X 100% (23) 

Return flow fraction is the ratio of seasonal return 

flow to seasonal total district inflow expressed as a per-

cent age. 

·. ~ 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-

ficiency. Determination of these three functional parameters 

satisfies the second study objective. 

Average annual district conveyance efficiency, Ec, is 

defined mathematically: 

(24) 

Where: Qtf = total district inflow 

Qrf district return flow 

Qcsl= 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 
-J 

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, 

Eu, or algebraically: 

Qcl· r 
Eu = Qtf - Qrf - Qcsl x lOO% (25) 

Where: Qcir = consumptive irrigation requirement 

Qtf = total district inflow 

Qrf = district return flow 

Qcsl = 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: 

= Qcir Qtf - Qrf - Qcsl 
X 

Qtf - Qrf - Qcsl Qtf 
X 100% (27) 

Qcir 
100% 

Qtf 
X (28) 
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Where: E u average farm irrigation efficiency 

Ec = district conveyance efficiency 

Qcir consumptive irrigation requirement 

Qtf total district inflow 

Qrf = district return .flow 

Qcsl = 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 chang0s 

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. 



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 se~pago 

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 

coul.d increase irrigation effici e ncies are examined in Chap-

ter VIII. 

Distribution System Seepage Loss 

Present, or 1974 level, da il y 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 we r e 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

ficient s determined by Worstell and Brockway (3), which are 

denoted as SRCRC coefficients. These SRCRC coeff icients 
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TABLE 9. See page Coef ficients Us ed to Compute Present 
Distribution System Seepage Losses 

Irrigation 
Di s trj_ct 

Clays 
(cfd) 

Soil 

SU.t s 
(cfd) 

Type 

Loams 
(cfd) 

Sands 
(cfd) 

0.31 0.81 0.95 SRCRC 1.33 
Coefficients 

1 1.33 0.35 0.67 0.95 

2 0.67 

3 0.95 l. 33 

4 0.95 l. 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 for 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. Loam and sandy 

soils were assigned values corresponding to the SRCRC data. 

The seepage coefficient assigned to the re-regulating reser-

voir on the main canal system was estimated at 0.35 cfd, 

because or· 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 

modificat i on of these estimat e d seepage coefficients would 

not be warranted. 
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I3rockway and Worstell in field studjes found that 

ponded seepage rates could be estimated ut 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 

calculatjng 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 for loam 

soils. 

Combining the wetted areas obtained from photographic 

surve ys and the estimated seepage coefficients for each 

district in the seepage program yie lded present base daily 

seepage rates in acre~feet per day for each distribution 

system. Main canal seepage losses and the remaining dis-

tribution s ystem or lateral losses are listed in Table 10 , 

page 89. The total system fig ure, a sum of the two preceding 

losses, is 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 ll' i.th Simulated ~.lain Canal Linings 

Present Ba~e Unrein forced Buried Compacted Unrein force d 
Irrigation Distict Seepage Rate Concrete Plastic Clay Shot crete 
No. ( tU /DAY) ( AF /DAY) Merr.br;.,:-te (AF/DAY) ( A.F/DAY) 

(AF/DAY) 

l. ~lair. C:~nal 743.9 489.4 275.8 239.0 201 . 7 
ne~ainin; System 1642.5 1642.5 1642.5 1642.5 1642.5 
To t al Sy;,t.:m 238G.4 2131 . 9 1918.3 1881.5 1844 . 2 

2. ~:ain C:1.na1 29.9 18.7 5.9 3.6 1.4 
Rernain i~g System 30.0 30.0 30.0 30.0 30.0 
Tot al Sy s te1;: 59.9 48.7 35.9 33. 6 31. 4 

3 . lfain Can:ll 239.5 105.8 32.6 15 . 9 7.4 
Remainin~ System 162.5 162.5 162 . 5 162.5 162.5 
Total Sys tem 402 . 0 268 . 3 195 . 1 178.4 169 . 9 

4. ~fa in Can ~l 33.2 13.3 4.2 2.6 1. 0 
Remaining system 15.7 15.7 15.7 15.7 15.7 
Total S:;s r. e:n 48 . 9 29.0 19 . 9 18.3 16 . 7 

5 . Mai:1 C::.:-.<ll 352.2 137.4 48.2 26.1 9.8 
Remainl~ g System 100 . 4 100 .4 100.4 100.4 100.4 
Total System 452.6 237.8 148.6 126.5 110 .2 

6. !Jain Canal 23 . 2 10.7 3.1 1.9 0.7 
R0mai:1i~g Sys-;;e:r. 0 . 0 0 . 0 0 . 0 0.0 O.J 
Total System 23.2 10 .7 3.1 1.9 0.7 

· ~ 

X 
c 
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This first column is labeled "present base seepage" 

which are estimates of maximum daily losses for Irrigation 

Districts l 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 lining 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 seepage coefficients 

of each material. These values were used to compute new 

base daily seepage rates. Seepage coefficient valuesfor three 

of the lining materials 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 

tes~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 

see~age 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 

r 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 system loss occurs in these main canal 
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Ti\l3LE 11. Seepage Coefficients of Four Commonly Used 
Irrigation Canal Lining . Materials 

Lining Material Range of Values 

(cfd) 

Unreinforced Concrete1 0.07 - 0.83 

Buried Plastic Membrane2 0.05 - 0.22 

Compacted Clay or Thick1 

Compacted Earth 0.05- 0.13 

Unreinforced (Pnuematically1 

i\pplied) 1~" Thick 
Shotcrete 0.03 

1Reference 44 and 45. 

2Refercnce 46 

... ' 

Average Seepage 
Coefficient 

(cfd) 

0.42 

0.13 

0.08 

0.03 
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sect ions. Unreinforced shot·crete 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 

entire 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 bas e daily sys tem seepage loss. Base daily system 

seepage losses could theoretically be reduced, using shot-

crete lining, by approximately 76 percent. 

The distribution system o f District 6 is compos e d of 

only one ma i n canal, 8.5 miles long (through the irrigat i on 

district only). As a result, total system seepage losses 

could be r e duced with a shotcrete liner by about 97 percent 

r 
on this system . 

Present Irrigation Water Use Patterns and Irrigation Ef ficiencies 

.., Afte r completing the seepage analysis, irrigation water 

r 
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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 

delivery periods of each district. Net district water us e , 

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

quire me nt tables for each are located in Appendix B. The 

five major water use compone nts of the district water balances, 

total district inflow, total consumptive irrigation require­

ments, average dee p percolation losses, distribution s ystem 
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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 period 

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 1uiaimwn in October. The seasonal averap;e 

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 

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. Seepage 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 di s tricts, totaled 3.61 acre­

feet per acre during the study perio d. 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-feetjacre. 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 

di~trict. 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 efficiencies 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 feetjacre. Two wasteways carrying return flow out 

of this district also contained base flows maintained by 

groundwater inflow. To estimate this groundwater contribu-

tion throughout the study interval, flow measurements were 

r-
... 
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~-
made prior to and immediately following the irrigation season. 

During the summer, groundwater inflows were linearly inter-

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 

; _i 
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 1~ 

··l 
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 internlls o.f 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 were 

the lowest of the six districts investigated, averaging about 

ll 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 losses 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 ra~e of deep percolation 

loss calculated for all the six districts. 

Irrigation District No. 5 

r 
L: 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 

r acre o f s uppleme ntary i nflow for a combin e d total dis t rict 
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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 s e ason total system inflow and total return flow were 

higher than the quantities measured during this investiga­

tion period. An undetermined amount of irrigation took 

place prior to hlay 15 on the district using this flood water. 

District 5 yielded the greatest return 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 

discharge d dire ctly into the Snake River, most of this f low 

was received by adjacent downstream irrigation districts. 

The combined average seepage losses and return flow resulted 

in a district conveyance erficiency of 58 p e rcent a s a sea­

sonal average. 

Calculated farm efficiencies shown on Table C-9, Appendix 

C, ave raged 25 percent in District 5, ranging be twe en a low 

of 13 and a high of 40 percent throughout the season. The 

mean proj e ct irrigation e ff icienc y c omput e d wa s a bout 15 

percent. 
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District 5 is somewhat unique in comparison to the 

other five districts since it receives high volumes of suv-

plementary inflow while discharging correspondingly large 

quantities of return flow. Farms on this district have very 

long field runs with little, if any slope. The combination 

of these conditions with high intake rate soils would bP ex-

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 districtH. 

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 the 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 

season. 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 

pres ente d in Table 12, page 104, 
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~ 
1 
:1 'fable 12. Bi-Monthly He turn Flow Fractions (Perce11tages) 
J • 

1 
J 

Irrigation District Number Ti.we Period 

1 1 2 3 4 5 6 

] April 15-30 11.0 5.1 

May 1-15 7.2 19.0 2.8 

1 May 15-31 6.7 20.0 6.1 2.6 56.8 

June 1-15 7.2 17.1 10.3 5.3 22.7 22.9 

June 15-30 5.2 18.8 5.6 5.7 20.8 18.8 

l July 1-15 3.6 22.2 14.2 4.9 18.0 19.8 

July 15-31 3.8 20.9 14.3 3.4 10.1 14.6 
~ 

J August 1-15 5.0 21.7 14.7 3.9 35.1 24.5 

August 15-31 I 5.6 17.5 11.9 6.3 32.1 22.3 

September 1-15 7.4 · 19.9 15.7 5.0 28.7 20.0 

September 15- 3() 10.8 16.4 3.2 35.1 22.9 

October 1-15 14.3 17.7 6.6 

October 15-31 47.0 

Season Averages 6.5 19.8 8.6 5.2 26.8 20.4 
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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 limit of farm irrigation efficiencies 

for gravity systems which the other districts in the s ub-area 

could potentially approach in the future. This district, 

topographically and soil-wise, is not dissimilar from the 

other major districts in the sub-area. Th e 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 efficienc i es 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 district s . District 4 had simultaneously the lowest 
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TABLE 13. Present Irrigation Efficiencies 

Irrigation 
District 

1 

2 

3 

4 

5 

6 

Farm 
Irrigation 
Efficiency 

(%) 

39 

62 

25 

11 

25 

42 

District Project 
Conveyance Irrigation 
Efficiency Efficiency 

( %) - (%) 

59 23 

68 -12 

'76 19 

85 10 

58 15 

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 districts 

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. 

Conve yance ef ficiencies on all districts except District 

2, peaked during the mid-irrigation season and were in gene ral 

at their lowest during the beginning and end of the irriga-

tion seasons. Ret urn flows are the primary influence causing 

r 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: 

l. 

n 2. 

Changing main canal system seepage losses 

Simulated incremental reductions in river 

'I .- ,.~ 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-

r 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 rat es were calculated 

as describe d 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 

water 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 1 arger 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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TAnLE 14. Effect of Lining Main Canals on Seasonal Average Irrigation Efficiencies and Seasonal River Diversions 

I::-r1[;at1~n 

D1strict 
No. 

1 

2 

3 

4 

5 

6 

Efficiencies 
and 

Diversion ·Unit 

Far~ Irrigation Efficiency 
Conveyance Efficien y 
Project Irrigation fficiency 
Season River Divers on 

F~rm Irr:6ation Efficiency 
Conveyance Effic1ency 
Project IrriiatiGn Efficiency 
Sease~ River Diversions 

Far~ Irrigation Efficiency 
Conveyance Efficiency 
Proje~t Irrigation Efficiency 
Season River Diversion 

farm Irri~ation Efficiency 
Conveyar.ce Efficiency 
Project Irrigation Efficiency 
Season River Diversion 

i-urc1 Ir:·igation ::£ficier:~y 
Cor.vey:r.ce Efficiency 
Project Irrigation Efficiency 
Season n1ver Diversion 

Farm Irrigation Efficiency 
Conveyance Efficiency 
Project Irrigation Efficiency 
Season River Diversion 

a .o 

% 
% 

AF 

% 
% 
% 

AF 

rr :o 

% 
rr 
10 

AF 

% 
% 
% 

AF 

c: 
10 

% 
% 

AF 

% 
% 
rr ,o 

AF 

Present 
Operating 

Level 

38.74 
58.65 
22.72 

1,040,694 

G::.. 69 
67.57 
41.69 

52,614 

2·1. 57 
76 . 09 
18.69 

379' 104 

11.46 
85.37 

9.78 
62,538 

25.34 
58.40 
14.80 

297,366 

42.39 
69.90 
29.63 

23,301. 

Unrein forced 
Concrete 

Lining 

38.74 
60.90 
23.60 

1 '002' 115 

61.67 
6'9. 18 
42.66 

51,407 

24.57 
80. 18 
19.70 

359,767 

11.46 
88.79 
10.17 

60' 130 

25.43 
62.74 
15.95 

274,307 

42.38 
73.94 
31.34 

22,034 

02~rating Levels With 
Buried Compacted Unrein forced 
Plastic Clay Shotcrete 

Membrane Lining Linir.g 
Lining 

38.74 38 . 74 38 . 74 
62.95 63.31 63 .68 
24.39 24.53 2-1.67 

969,608 963,988 958,368 

61.69 61.69 6!..69 
7l.lG 71.48 71.96 
43.90 44.10 44.39 

49,957 49,735 49,404 

24.57 24.57 24.57 
82.60 83.18 83.46 
20.29 20.44 20.50 

3.49,217 346,7€2 345 , 599 

11.46 ll. 46 11.46 
90.42 90.79 9G . 97 
10.36 10.40 10.43 

59,045 58,804 58,684 

25.34 25.34 25.34 
64.85 65.40 65.79 
16.44 16.57 16.67 

265,583 263,188 261,512 

42,39 42.38 42.41 
76.31 76.66 77.00 
32.34 32.49 32.66 

21,348 21,251 2i,l43 

1--' 
~ 

c 
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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 7~ 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 wou1d 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 oi the district water balances. 

Therefore, any canal lining action coniined to the main 

~anal systems will modify project irrigalion efficiency 

up to about 7.4 percent 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 

r 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-

r. w 
crements for each time interval and re-run the water budget 

program. The primary tonstraint controlling this procedure 

r 
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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, page 113. 

During this analysis, district return flows were 

left unchanged for each round of reduced rive r diversion 

computations. This was done because no valid 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-

fie change in farm irrigation e fficienc y can be observe d 
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T.;i3i.E ~5. Cha~~es i~ Irrigation Efficiencies by Simulated Incremental Reductions in River Diversion 

1::-ri.bation Efficiencies Present Percent Reduction in Diversion 
District and Operating 

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

1 Season River Diversion (AF/YEAR) 1,0~0,694 988,659 936,625 832,555 728,486 
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* ">lOO.oo• 

· convcya~ce Efficiency (':{,) 67.57 65.87 63.98 59.48 
Project Irrigation Efficiency (%) 41.69 43.88 46.31 52.09 

3 Season River Div~rsion (AF/YEAR) 379' 104 360 , 149 341,194 303,283 265 , 373 
Farm Irrigation Efficiency (%) 24.57 26.30 28.28 33.33 ~0.56 

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 (AFJYEAR) 62,538 59,411 56,284 50,030 43.776 
Farm Irrigati0n Efficiency (%) 11.46 12.17 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 Irrigatjon Efficiency (;;,) 25.34 27.54 30. 15 37.21 ~8.58 

Cvnveyance Efficiency (~) 58.40 56.37 54. 13 48.88 42.27 
Project Irrigation Efficier.cy (%) 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 66.56 62.38 57.00 
Project Irrigation Efficiency (':{,) 29.63 31.19 32.92 37 . 04 42.33 

f-' 

* Some bi-monthly deep percolation values change sign at these levels. 
f-' 
~ 
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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 reduc~ion levels for District 2 

hence the first two levels are meaningful only. For the 

same reason, the 30 percent column for District l is not mean-

ingful. 

Combined Improved Irrigation Efficiency and Reduced Seepage 

Loss 

The third approach consisted of looking at the com-

bined effects of increased irrigation efficiency at the 

farm level and simultaneously reduced system seepage losses. 

Increased farm irrigation efficiencies were obtained by using 

the increme ntal 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 de ep percolation non-negativity con-

straint, uniform levels of reduced river diversion could 

not be obtained for e ach of the six d istricts. The predicted 

river diversion figures reflect a combine d reduction cause d 

by the incremental dec~eases in river diversion and the sup-

plementary inflow r e ductions cal c ulat e d from changes in the 

seepage losses. 
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TAbLe lGo Cha~~es Iu Irrigation Efficiencies Caused by Combining Canal Seepage 
Loss Reductions with Reductions in River Diversion 

Main Canal Liner Used 

Irrigation 
District 

System Par~meter Present 
Operating 

Level 

Reduced 
Ri\•er 

Diversion 
(%) 

Seepage 
Coefficient 

(cfd) 
); .) 0 

l. 

2 

3 

4 

5 

6 

Seasonal River Diversion 
Far~ Irri~atior. Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Base Daily Seepage Rate 

Seasonal River Diversion 
Farm Irrigation Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Ca~e Daily Seepage Rate 

Seasonal River Diversion 
Farm Irrigation Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Base Daily Seepage Race 

s~asonal River Diversion 
Farm Irrigation Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Base Dail~ Seepage Rate 

Seasonal River Diversion 
Farm Irrigation Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Base Daily Seepage Rate 

Seasonal River Diversion 
Farm Irri~ation Efficiency 
District Conveyance Efficiency 
Project Irrigation Efficiency 
Base Daily Seepage Rate 

Units 

(AF/YEAR) 
(~) 
(%) 
(%) 

(AF/DAY) 

(AF/YEAR) 
(%) 
(%) 
(%) 

(AF/DAY) 

(AF/YEAR) 
(%) 
(%) 
(%) 

(AF/DAY) 

(AF/YEAR) 
(%) 
(%) 
(%) 

(AF/DAY) 

(AF/YEAR) 
(%) 
(~) 
(%) 

(AF/DAY) 

(AF/YEAR) 
(~) 
(\C) 
(';) 

(AF/DAY) 

1,040,694 
38074 
58o65 
22o72 
2,386 

52,614 
61.69 
67057 
4lo 69 

60 

379,104 
24o57 
76009 
l8o69 

402 

62,538 
llo 46 
85037 

9o78 
49 

297,366 
25034 
58 0 °10 
l4o80 

452 

23,304 
42o39 
69o90 
29o63 

23 

20 

10 

30 

10 

20 

20 

Type 

Compacted 
Clay 

Compacted 
Clay 

Compacted 
Clay 

Compacted 
Clay 

Compacted 
Clay 

Compacted 
Clay 

Oo08 

Oo08 

Oo08 

OoOB 

Oo08 

Oo08 

*Return Flow Levels held conscant; Seepage Reductiocs Subtracted from river diversions 

, r-. 

Predicted• 
Operating 

Le\oel 

738,7°E 
6l.OH 
52 ol3 
32o0l 
1,881 

44,547 
72o39 
68oil 
49.30 

34 

233,031 
40o56 
74o98 
30 01 }. 

178 

52,550 
l2o98 
89o69 
lloG4 

i8 

225,671 
37o2l 
56o28 
20o94 

l26 

16,590 
59037 
70o 10 
41.62 

2 

-::1 

...... 
~ 

c.,, 
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The primary purpose of this table is to exemplify 

the compounding e£ feet of seepage reduction and improved farm 

irrigation efficiency upon project irrigation efficieneies 

and subsequently river diversions. For example on District 

l, the compacted clay lining raises the project efficiency 

from 29 to about 32 percent at the 20 percent river reduc-

tion level(compare 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 

concisen~ss 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. 

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 

ass~ption 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. 

These 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 dividing 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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T.\SLE 17 . Predicted !U\·.:r Div~rsior:s Due to Total District Conversion to Sprinkler Irrigation 

Present Percent 
P:-cser:t Potential Present Calculated Consumptive 1974 Reduction Reduction Predicted 

1:-r.:.;;at.:.or: Fa:-r.1 F:1nr. Conve yar:cc Project Irrigation River in 1974 in 1974 River 
.Jl.St . ::--io. Effi e;i ency Eff: cie r:cy Efficiency Efficiency Requirement Diversion Diversion Diversion Diversion 

(%) (';b) (%) (%) (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 44.7 575,391 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 45.65 70,864 379,104 8.86 223,871 59.1 155,233 3.63 

24.57 70.0::> 76.09 53.26 70,864 379. 104 8.86 246,051 64.9 133 , 053 3.11 

4 11.46 60.00 85.39 51.22 6,118 62,538 14.09 50,593 80.9 11,945 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 40.58 47.257 297,366 8 . 85 181,767 61.1 115.599 3.~4 

6 ~2.39 60 . 00 69.90 41.94 6,905 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 39 . 4 14' 112 2.63 

Total 1974 River Diversions (Acre-feet) - - - - - - - - - - - 1,855,620 

Totals at 60% Far~ Irrigation Efficiency (AF/YEAR) - - - - - - -- - - - - - - - 812,543 - - - - - 1,043,077 

Totals at 70% Fa~ Ir:-igation 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 level 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 d i stricts. 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 efficie ncy for planning 

purposes. Since District 6 is 85 percent sprinkler irrigated 

by direct pumping fromthe:main canal; changes in irrigation 

eff iciencie s and rive r divers ions may, under actual condi­

tions, be somewhat less than those figures shown on the table. 

The largest reductions in river diversion and improve­

me nts in irrigation e f f iciencies were s imulate d on Distri c ts 

3, 4, and 5. As shown earlier, these districts have high 

deep percolation losses which would decline by converting 

to s prinkl e r irrigation. 

The val ue s in the firs t a nd thi rd co lumn s i n Table 

18, page 120, are estimated maximum r e asonably attainable 
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TABLE 18. Maximum Reas onably Attainable Irrigation 
Efficiencies 

Irrigation 
District · 

l 

2 

3 

4 

5 

6 

Potential Farm 
Irrigation 
Efficiency 

(%) 

60 

60 

60 

GO 

60 

60 

'.' . 

Present District 
Conveyance 
Efficiency 

(%) 

59 

68 

76 

85 

58 

70 

Potential Project 
Irri~ation 
Efficiency 

(%) 

35 

40 

46 

51 

35 

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 ~ 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 uppronclt 

the 35 to 51 percent range in project irrigation cfficicn-

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 

Proper management and responsibl(: control of the div-

ersion and distribution of irrigation water on a district 

can improve. irrigation efficiencies and reduce river diver-

sion r equirements. Several means of improving irrigation 

efficiencies exist with current operational levels of irri-

gation districts in the Upper Snake River Region. 

Measurement of water within a distribution syst em is 

essential to maximize conveyance efficiency. Adequate con-

trol and management of the distribution system can be ach-

ieved only when measuring device s are used effectively to 

monitor flows within the distribution syst e m, A reduction 

in return flow and initial river diversions should occur 
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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 . 

. .• 
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Chapter IX 

CONCLUSIONS 

A total system water balance is an effective tc>ol 

for determining 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

ve stigated with this tool. A water balance technique is 

well .adapted to determining average irrigation efficiencies 

at both present operating levels and future predicted levels . 

Pre sent 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-

vers i ons ranged from 3.61 to 14.09 acre-fee t per irrig a t ed 

acre. Present farm irrigation efficiencies varied from 11 

to 62 percent. Reasonably attainable farm irrigation eff i c­

iencies o f 60 to 70 p e rcent could be achi e ve d o n the same 

districts by fully implementing sprinkler irrigation and 

taking other me asure s to incre ase effici e ncies. 

With the e xce ption of one irrigatio n di s trict, farm 

irrigation efficiencies on district s in the study are a are 

low. Three o f the six districts inve stigated are operat i ng 

a t f a rm irrigat ion ef fici e ncy levels at o r below 25 p e rce nt . 



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 delivery costs 

on District 2 may have .been a contributing Jactor to LhP 

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 simula ted 

reduction computed, using the 1974 water year as a basis. 

Main canal seepage losses are not large components of the 

water balance s in the six districts s t udi e d. The lowe r d i s-

trict conveyance efficiencies are constrained due to either 

high volumes of return flow or proportionally larger seepag e 

los ses in ihe dis t ribution laterals in the sys t ems. Tota l 

system seepage losses are appreciable components on three 

aistricts. Of all water balance components, the total system 

s e epage loss es inherently possess the large st probable error 

factor. Thi s is a critical factor since f arm irrigation 

efficiencies are sensitive to this component. 

District r e turn flow was a large compone nt of the water 

ba l a nces on t hree dis t r i ct s in t he investigat ion. The s ea-

sonal return flow fractions were less than 10 percent on the 
. ·;; 

other three districts. According to data collected on 

c 
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District 6, the conversion of a district to sprinkler irriga­

tion may not reduce the amount of return flow leaving the 

district. 

Substantial increases in flow measurement and regula­

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 dellveries 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 reducing 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. Presently, 

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 

l. 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. 
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Appendix A 

Crop Distributi~n Tables for each District 
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-- 3---
~27'1~. 

T(1TAL 
I ••.:L;:'W 
I ~~~ PL.+ 

Rt vr::>v. 1 
IAC-<rl 

7f:>1CC, 

.>5'> 0 3. 

38'106. 

33661. 

'•069:! . 

42 0~1. 

'·'2' 1. 
352')S, 

35057. 

75CT7 . 

2 z 1 q l. 

18'1 35. 

TOTAL 
((J';~'-''<P T I Vf 
1 R R : f. A!" !r•J 
Pf QI I! Pf •.ct~.,.. 

I t.C- FT I 

610.5 

29 6 2 . 1 

3159.6 

716~. 5 

73 64 . 5 

11?12.~ 

t27nt. z 
B 701. 5 

9231.6 

~127.7 

3127.1 

401. :J 

AV(P.AGE 
Df E P 
P~P(rLAT tnN 
Lr:JSS E S 
I t.C- F T I 

3777.5 

26 .. 15.2 

27722.1 

11as6.2 

2~no .2 

22?99,9 

~(.; 6'12 .9 

18066.7 

16637.2 

,~,,q .~ 

1~578.8 

11 •7 7. 3 

D tSn l llU TI ON 
SYST:: .... TOTAL 
SEEPAGE DIS TRICT 
L D~SfS RETIJQI-;FL()>I 
IAC-FTI IAC-FTI 

28)5.0 191.6 

5210.8 !01 ~. 1 

5667.7 2351:>. 8 

4932.0 3457. Q 

581 0 .3 2 296. 8 

S'l6?.2 )98').5 

6177.2 35 ~0 . 0 

5 17~.6 3 352. 6 

5214.3 3924.2 

4 -Jb5. I 40~3.2 

3630. 9 ze53.7 

330'-.3 3352 .6 

NET 
CISTPICT 
W4T f.q <J SE 
ITINF-RF.Tl 
I hC -F T I 

72ZJ. 

1~586. 

)6 549. 

30203. 

3€395. 

40051. 

)9t>51. 

31943. 

) 1131. 

z 18 3'·. 

19337. 

I 5 58 3. 

OIST;(ICT 
C O'<VE YA~CE 

EFF !C IE~CY 
It I 

57.63 

82.51 

79.37 

74 .93 

8':>.08 

!11.07 

17. '-3 

75.84 

1},')3 

c,n. 6 7 

10.13 

64.84 

Rlv(o O !V ~PSIJil L £V~ LSo ':C( C<tCI E"f OF 9.ETU9.NF•_ c w, :.:-.;') ~AX!"';J"' SEEPA::;E 9.&TE: 

~AX I"'~~ S( A$0~ AL Q(VE~ nivE•SIC~ ICFSJ 
R!V(< DIV !OFS I'W AT 5Ct SECPtG~ LOS S •H( !CFSI 
C~~rFJCIE~T ~F Q~~U~~FL ~ W (~I • 

'-'1 "! ... 11 '-t 1"~ 111 !~T S~ : ~ .'\~ E Q: A .. ( CA F-/')A'f ) 

JIVEQ~:~~ ~FJU~~ I S": ~6C!:~ c~: • 

l430. 
570. 

1),95 
402. 

1 oo • . ):> 

-. 

F&P.~ 

1~>.1G. 

EFF IC. 
('t) 

I 3. 91 

l':l.JS 

I 0 .23 

7 9.2:> 

72.60 

3 5.16 

36.L e 

32.H 

35.~: 

l 7. 60 

19.91 

3 .Z7 

rw 

P~OJECT 

IRRIG. 
U< :c. 
(1:1 

e .:~z 

8.32 

8.12 

2: . a e 

1~ .1 0 

Z6.50 

Z9.5b 

2 ... 65 

26,4 ~ 

LZ.?9 

14 . ·)'l 

z .12 

:..., 



~ ~ I r-1 -:'! :~:::i ~ ~ 
,. _ ... 'I "":"'11 :1 r'W 

S U v '4 A ~ Y ! .\ B L ~ 'J 0 • C-6 

T('T l.l A. ,. ,~1.1LL ~::"' : n~. ·JFLrw I AC-F T) 326!4. 
T,.,Tl.L t' "-;~~L P l VF o. rrv•o~ !O"' IAC-'TJ 379!04. 
T:!T ~ L A'l'• 1JAL T'Jft ;'!W (J!V~:l S!0\IC. + SUOPLE"'f'IT<~Yl I AC-F TJ H'l!04. 
Tr'!' AL A"'~I IJA l ('WSil~P'IVf !PRI G•\o 10'< REOUIO.EY~~T IAC-qJ 70864. 
re•~L A•:-..•IAL SY~•FM SF.EOA -~~ LOS~fS { /.(_ -C. T) '>th)4\. 
~f'~ Al -.~, .. ,,~L 0t"f0 PE~COtATION lJSSt:S lt(-F•J Z\7SR5. 
T:'! '!' l.l A'4~ 0 .\1 ~cy "!ST ~ ICT ...:r. T Et.:U$ C::: 1 ~c -' ~, 3464Q:. 

:.V~'~Gf ~ ' "I.J .\\ ~· ~T l' ~'"..;FL l 'W P FR ~r:R!: ll.F /~C l 0.7() 

~\··;fr-6r.~ A~' : "J"~ l r;vrR 11 I VF Q S I 0.\1 0 ER AC~ E (AF/ACl s.a.., 
""" c co :..r.:: A '>\' : ll.L (r';$LJ I.~rT !Vr !R '\!GAT l f'~ QfCU!RE'iENT ILF/ACJ l.b6 
AVF:l .'\r.F ;'<'IJ ~ l 1 ,- - "l I.,, ~·l '1w TO rliSTR!CT P~:t ACRE !AF/ACl 8.81\ 
Avra:,r.~ AN'Ilhl S F=r .\GF Lr~~ES PE;>. A(R f I AFO~l l. 36 

AV~Ql.';E A'I"'IJAl Cf<P PFo. rrl~ T! 0"< lOSSES ?t:ll ACilF IL~/AC) 5.08 
A';r~~ r. ~ A' ' 'l lhl >.£ T OIS~OI(~ \oiATE~ 'J~~ I'[~ ACRf I~~ I~:; l 8 •I :> 
AVC'l.".G= ~r·· ·· •-1!.. C"! ~ ·q: C' o:T!J=l~!f="L'1w F~AC~ 1(1 >4 I~~ ~. ~J 
!VcP.".G F' ~.,. .. I .\l r: q~ r.:r c:·p~VfY t. N:;: t: ~ F' T C i C .'\IC v I: I 76.J'l 
a v !=:) r . ... , ~ ~ '-N:J ~l f ,l ; \\ !R~ :r. ~T !ON ~°F!C!f~C Y 1..;1 14.~7 
AVCI='.!G~ t '-.: N'I.\ l PRnJf: T l R < I GA T l O'l ~Ff.lCl E :~ -: v 11:1 18.69 

:..• 



r.J :::'1 I ~ 

T I" I= 

PERIO" 
I ~"N • I 

W:.\Y 

JIJ-': f. 

JU~~ 

JIILY 

J'JL y 

lur.usr 

IUGVS T 

SE?TFWQto~ 

<.5PTf~C\fQ 

'1C~':If1~Q 

1(T ~ ~c:::-

:"J:'VC: uu.~c: 

1<-H 

1-1~ 

15-)0 

1-15 

15-31 

1-15 

15-31 

1-1 ~ 

15-30 

1-1 s 

I 'i- 3 l 

l - 1 " 

~ A~ ~~' 
., , !II --, I p I 

SliPPLf-
R ~ V"f: '1"flr 1\PY 
!l! Vf' P 5 I C'l ! "'"Ll'• 
!AC-FT) IAC-FT) 

f\ )0 .1. ;). 

~'I l. o. 

Rl22. o. 

5~)"1. o. 

1341. 'J. 

5523. 0. 

c;4°2. 1). 

~l/>4, 0. 

4714. o. 

) 7l?. ·)_,. 

971. 0. 

l). (). 

Table C-7 

DISTRICT II A T ~ R 8ALA~CE 

!PRJGAT!~~ "!STRICT IrE~•J<!CA•tGN NUM!~R 

!R>!GAT(D IC~EAG5 I~ T"!S ~!STR!~T 
--- 4--

4440. 

H'" r.L TOTLL IVfRA(;E 0 I ST~ !~t.;T!ON 
I'~ c Lf.I·.J C ;l'I ~U'<PT I VE !lE~P S YST~" T(l~ Al 
( SU0 l •• PR!r. AT!'l"l Of~(f'LATION SEf?• GE C'!STPICT 
Rl VDV. I REO~IRE'<5'1T LCJSS~S L~'SSES RfTU~NFLOII 

I A C-rT) CA(-FTJ !AC-FT) IAC-FTI IAC-FTI 

8 }')~. 165.2 7305.5 705.1 222.4 

8.lll. 7ll.4 6465.9 6"10.9 441.6 

8122. TIZ ,4 626.:..7 6B.O 46 7. 3. 

58 3<1. 1159.5 3 90'1, t) 505.7 Z84,7 

7 .l41. 12 36.8 s2z~.2 632.9 74~.9 

5 ~23. ?'11.5 '•0 \I. 9 5•JJ. 7 21 7. 3 

5<o'-~. 84~.4 J 7"1~. 7 50!>.8 344.9 

511>4. 225 .l 4103."1 .. 76.2 259.2 

.. 714. 225.1 )800,4 4<oS,S 153. 1 

2 7:2. 2') .2 2144. •J 367.5 17'l,t. 

921. 2 I. 5 74,4 392.0 4)Z.7 

0. o.o o.o o.o o.o 

NET 

.. .... ~ 

0 IS TR I C T 
IIATEFUSE 
(T!N<-RfT) 
!AC-FT) 

6 I 76, 

71)69. 

7655, 

~55<o. 

70"15. 

5 306. 

~ 14 T. 

4905. 

4 561. 

2 53 3. 

468. 

o. 

O!ST:UCT 
CO~VEYANCE 

E<F!C(Eo;cy 
ltl 

88.96 

~f>.37 

85.90 

66.<o6 

88.03 

87.00 

8'··""~ 

85.76 

87.30 

79.83 

10.42 

100.00 

~TVE~ DIVEO$[ ·)•; L!'VElS, C()EFF!C!~~r r.< R!:TUR"i<LQw, ~NO .~4XII'V" SEEPAG~ RATE: 

"AXIMJ'< SHS,J'iAL R!V5R "IvfPS!CN t<:FSl 
Qfy<~ n!vE~S!ON A• so= SEFP&GE LOSS RATE 
COEFJ:{Cif'tT !"if= OET'JR'li=L ") W (':) • 

MAX["''J>' INPUT SEEPAGE QATE I AF/DAYJ 

")JV[D S :o·~ ~('11. 1 (Ti r~~ ~::A-:.T r. ~ C:l • 

I CFS I . 301. 
120. 

0.98 
49. 

100.00 

~ rw 

~ARII P~'JJ5::T 

I !I.R I G. IR<!G. 
E FF lC. E<F!C. 
I~ I I:: J 

2.21 I. 97 

"','IZ ~.57 

10.21 8.71 

ZZ.? 1 1"1."-6 

19.1<o 16.25 

16.~1 14.37 

16.24 15.41 

5.08 ... 3 6 

S.H 4. 77 

0."13 ).74 

22 ... ~ 2.34 

o.o o.o 

f-' 
:_,, 
:_,, 



~ I .l r-:-1 ~ ~ -:n , ['I ~-'"' I , ~ 
.. . , 
lt.:. -:w ~ ·~~ 

SUM"A~Y "!" ~ ~ L E N ') • C-8 

T"T AL o\~"HIAl ~ :' T UC' ~~="l ':''ti I~C-FTJ 324<1, 
•nrAL A>;"I/Al Rtvrq o;v~PS!ON IAC-CT) 62538. 
l"T Al h"f',t.J~l t 'I<Lnw I} l V ~ ~ S l fit IS + SUPPLE1-4EII/TA~Y) ~~e-rr 1 62538. 
T{'T ~l ~\:'l '.:!l ("~. <:.ti~PT' IVF l RO.I GAT I fl'l qE:)Lif~="'!:"T lt.c-•r> o 1 1 n. 
TnT '· l ~ -'<',CJ ·' L c; v <,. '.:' ... ~r;F~l~Gf LOSS !:S < ... c-r r, ~'lJl. 
• - •. \t "'-~' _l .l' . "' r" ~!=c:'':r'Lt. 1" I!:'!-: VlS~r~ t .t.c-~ T 1 4 7JI,<j. 
... ""': ..... ! l ·' !1~• . ' IlL ,.~-: 7 :-'~~ T~ {(T WA•ER'. I~O c :.c- r r, 592WJ. 

f\ vc-::: .\(". F ,•. ',~ :· I l t Rt"'"'ll ~"~t"l~\J rr9 t.·:R F I~ F /A': l o. 73 

AV t"l='t.r,!= ~'· "'·' ~ L R 1 v r<:. 'J! V <00. S !:'IN ~ER ACA f ( ~CfACJ 14. oq 
AVf~.\GF A .. I''JA l C'''SU" PT I VF tPR Jl,.H rm~ Rt:OUI~E'-~f"• [:.F/lC I I. 33 
... vt"=tr r.~ ~N'~' ! 1\1 li'T Al l'lFL'lW TO DIST~ ICT PE ~ lCRE 1 Ac tlt:, 14.0'1 
tvE=o:.c.~ A•·'n .lt st-=f1tc,E LfiSSES P~'\ ~(;(F (~F/.ICJ l. 3 3 

.'\\1 r:: ~ r.c A.~·~ ~ I t.L rc: ~ ;> PFR("LATI;l'l L [)SS ES pco !(Q:"" ~~=!A C J 10.65 

.•. v-c-~ .: :. c ,\ •:•J•I \l ~- C T o:srR!C ~~r~R est: ~~R .!C (': ft.1=/~Cl 1'\.~5 
A'..' ec-.! r: c A'l' "l .\l r!STP. !CT G.F T UPi~ J: l 'hi r~A": r t0•J 1-:::r s.zo 
·"' vr- .. ~ r,r A. \!':J .".l rJSTR!CT r::~r :vEv~ :-.: c.~ tFF!C tE-.CY ( ~~ 8~. )7 
A\'r?~t.~C ! 'l';llll F~"-" IF'\ I C..\ T !11111 ofF lC I E"CY I t I 11.4~ 
Avc~~Gr A"NJAL O;l."'JEC T !UIGAT![''I EFF!Cl ENCY ( :J 9.78 

:...~ 



n -, t. . ...i ~ 

SUPDLf-
'TJUC P~vrr: ,,.~;\~ T!.~Y 

!)~o1r., ~~v~•str'' ! ·.:rL ·lw 
( ur": .. , ( .... ~- , ... 1 { 1\C-FT) 

"AY 1- 15 o. o. 

"AY 15-31 27681. 327~. 

JU~': t- t s 3)91>0. 4604, 

Jt.::l: I~- 3 0 3 Cl ~ ... ) l. ]J)'). 

JULY t-IS ~'156 I. 2061. 

JULY 1 s- 31 44R78. IS? 0. 

AUGUST 1-15 3~ Ql. b. Zl46. 

At;C::JS r IS-' I ?,4(17. .'fdO. 

C)i=;)T~WQ";Q 1-l < : ')} 4 s. 17'-2. 

C)~PT'~"'O.C:Q I~- 3J 2) 1)34. 18 7,). 

~ . at ~ -c.· 

Table C-9 

OISTPICT w .\ ! E R F\ALA~~E 

JO~J';H!r.'-1 OtSTOJCT IOF~TirtCATJON >jU,.6ER 
!~;>.JGAT~:J AC~EAGE IN TH! S C': STRICT 

--- 5---
33597. 

TOTAL T:)UL. AVERAGf Dt~TRI~UT(QN 

! ':F LC" C1N$U'1PTJVE n!::o SYSTE• TOTAL 
! SU Pl. • too 1r.!T JO'< rrocn!..~~ ra~ SF(I'~::;E r.IS"R!CT 
qt V':!V. 1 ~ E C'U l ~ 7 "'E ~T tr.ssE s LOS~FS 0 f T\IPNFL(l\1 
c•:-rr 1 !AC-FTJ JAC-f"TJ I~C-FTI !AC-Frl 

o. o.o o.o o.o o.o 

25"51>. 12'14.3 ~~1J.5 4113.5 14737.8 

38&54. 4672.7 19~77.4 534-<.0 81b~.o· 

416~1. 4672.7 22246.2 6043.<1 866 7. 8 

41622. 9254.7 1118)7.2 6 039.0 74<11.1 

4,0,40!>. 9811.7 25045.8 6774.1 4714.4 

360~?.. 671'1.6 11757.<. 5 342. 3 1Z7<.1.8 

3:0!7. 6644.9 10 !4 3. 2 4854.) 10374.4 

319~:>. .?30~.2 15615.2 4 p 83.4 9133. 3 

24'154. n -n.2 9899.1 3<194 ... 8752.2 

·~ 
~~ :I 

N!:T 
DI~TRICT DIST~ICT FA~" 

114!<:RUSE cc~:v~vA'IC.E lA~ I'>. 
[TIO!r-RETI EFF!ClE'ICY tFFIC. 
~~~-FTI ! t I ('[} 

o. 100.0J o.o 

1: 219. 27.37 18.22 

2911<;4. 63.51 1'LJ3 

32'l63. 64.66 17.36 

HI H. 67.4<1 37.9, 

41692. 75.24 28.27 

233<4. 49.92 34.64 

21642. 52.44 H.5a 

2280 7. 56.C1 12.611 

16202. 48.92 18.91 

OJV~O O!V~OSI~~ LEVElS. CC!~FIC!E~T CF k~TURNCLQ~ 1 AND MAXI~UM $EE~AG5 ~ATE: 

I'AX1'1·PI S[ASO~~Al ~!VER 01V!:<STC~ !CFSI 
RIVER DIV 0 ~Sl1' 1 AT 50"1; SEEP~GE Lf)S$ RATE tCFSJ 
CC1Ff='.C:!t;IE~ ; T r:c Ct:T I J~'O'"Lrw (~) • 
~Ax!~~H !~our S~EP~G~ ~AT~ tAF/~!Yl 

DlVE~S :c ·~ ~r rJCT :n'~ o::.r;T ,..,'{ ('t:J • 

15 30. 
t>l2. 

0.90 
45 ~. 

1 o~. no 

r:w 

P::>.GJ ~C T 
I D. A I 
~ F F! .... 
( ~' 

o.o 

4.1~ 

12.v'l 

I 1.22 

zz.z., 

21.2 7 

H.7,o, 

20.75 

7.ZZ 

9.25 

:...• 
--J 



n -., I r-1 O:...!::i 

T C~T hl A\1"~ 1 .'A l 
T'~"' .\L . '\~''IJ.".l 
Tt"\TAL A"'<' "'l 
TrT ~l 1\'l'll'.lt l 
Tf'•tt l':\11/\ L 
r r' •L ·''''' U·Il 
TnTAL A \l~·q.'.l 

.\VI:!:' ~G~ ·' \1 '~ . ' .! l 

AV~O,(:f A~· ~:;J ~L 

:.vf=-.:.r.r ~"'UAL 
AV~tAG!= ;. ..... ~HI' L 
AV<OAGE AN'l UAl 

Av<<Ar.E A 'J"~'J .-.l 
tv c:J tr.r:. t-;'J'IAt 
/I.V c~ .:.r.f' t."t"J '. 1 1\L 
~ .... C::) ~ ,-,f ~'l ': . l'l 

t.vc:f'~F A' ;'' '-'' l 
hV !"C' :.r.E A ~"'U 4l 

~ ~ .., , ]I 
..,.., 

I 

$U'I'IARY T A ~ l F ~ 0 • 

0~":" 1JQ.'JFL~"'\J ~ A~-C ..,., 

O)V~I:. D!VFAS !S'-1 (L(-<TI 

I'<'L"'" tr.IVE~S!CNS + SIJPPLE><ENTA<I.Y I ltC-FTI 
c 2":S:.P•P T 1 v ~ t>.RJC:Artml >tOUlqE><E'IT I ~C-FT) 
s y ~ ~<" ~~COAf";f lOSSfS ( AC- F T I 
:'rC"" P!': c-~ ~l:. r t I)'J !... .,ss~s (A( -C:.,. J 

'-'Er JIS'> :C' oo'lTE> U> ' (~C-rT I 

t CTIJ~'\:Cl Q• .. · ~"':-:: ~~~q c: (f. Cft':..J 

~! v E ::t ""I V: 'l S ! ~ .·~ .:l::Q_ ACq: (1. 0 /tC I 
r ~ ·IS!J.,.PT: \'r ; g ;:J! 0.1 T J 11\: :U OU 1 ~!:'<~:liT (AF/4(1 
T')T hl ! 'JI-=L lw Tl) DISn. ICT PE<I. ACRE (AF/tCl 
S<FPAGf L O<; <,f <, p~ Q_ !CF ~ !DF/ACI 

CUP PED(r.L .~TJON LOSS!'S P~R ACRE (tF/~C) 

f r. T nr s ,. :>! c .. ,..'6 T :Q u~c r:=!) AC ~. :; <~•t~CI 

rtsn tc• C)_ ~ 7U~t\.~l ~ -,.; nlC~!O'I I~ I 
rtsrqtc• C "':: ~vcv .!•;(:. t !=F'""iClC:~C.Y ( 1:1 
r:. =-,.. l q ". I G I T li''J ":FF IC l £'J~ Y I ~ l 
PQ'""JEC'':" !R~:r,:.TJG~ (F<;CJ E"'CY (~I 

C-10 

MS449. 
2'l7366 • 
319122. 
47257. 
41l89. 

l~'l227. 

233813. 

2.5'-

a. s~ 
1.41 
9.<.1) 
1. 4l 

c.. !4 
61"'11· 

2'-.7'> 
5~.4::1 

2S. 34 
l4. 80 

rY 

:_., 
X 



l'l ~ I r:'l 

Tl""'F" 
Pf~ I "fl 
(llo.lf1'-:.) 

Jtj'.;' 

Jll~!~ 

JULY 

J\ 1L v 

AUG J <; T 

At'C.II< r 

<EI'Tf"'!HR 

$~r"T.t""1Q.fR 

! - 15 

1'-3~ 

1-1 'i 

IS-31 

1-l ~ 

I~-~ I 

1-1 s 

1 ".i- 1J 

.::..__, ~ ~ ~ !II ......., 

SL1t'10L!'"-
>I v: ~ Mc>;T ARY 
~lvroq C'" I"! 0 L -,w 
(A(-rTI 1 A~- •r 1 

~ 1 ~~. 0. 

1H 7. J. 

1'-03. ll. 

'488. 1). 

' •)()~. o. 

291~. o. 

b'6. o. 

7411. o. 

Table C-11 

::II STRICT w 4 • E t SALA~:E 

:~~!;": .,YJ~,_ ~ C"tS'f~!C ... : n: '\:"' 1 ~1Ct.·:~"\ ~:U..,.9~Q. 

!l)t" :GAif:) ASq!::l\'~F. !\1 f~~S :-'iSrc::c_~ 
-- ~---

5375. 

TrT ~L TnTAL AV~Q.,\ <.~t DIST~ IBUTI!J .'I 
1 ~:r L 001 C8NSU'<PTII/[ OEfP SYSTE."' TOT~L 

( SU PL.+ I~R f(.AT 1·1'1 PF~C"LAT!r~ Sf<PAGE OISTPI~T 

lotl V0'J.) P ~- ~·J 1 R C'-•f .~:T U~SSfS LOSS~S '<t 7 ~~~ ~~l :JW 
(A(-<f) 1~ ( -rrr 1~(-FTl (A:-<'! 1~(-<T) 

71 70 . .:. :1 ~ .. 1 'li.J • .J l!T ... 4'lR. 0 

3377. 4 ~s. 1 I '1 1.\. S 316.6 633.7 

)41)). 1501.5 'lOS.O 318.5 674.S . 
34 8 '1. 16 :l l.6 10.:.7.1 32'l.O 510.2 

) 012. I 0 70.2 'l07. 9 2ee.o 7J'i. 7 

291 R. 1141.6 840.3 zss.s 65 I. J 

25}6. 309.'l \465.1 252.4 5o~.z 

2411. 30'1.Q 13J4. 7 l'-7 .Q 5 ~ 3. 1 

N~T 

OISTil.ICT orsnrcr 
W4T(RUSr (0'1\I~YA'ICE 

I T! ~ ... ~- ~ E T) FFF: C IE'< C'~' 
f ,..c- r-: J Ill 

16 7 j. 67.04 

2 741. 11. a 6 

2128. 70. 82 

l 'l78. 7S.?<. 

Z<b~. i,S.~J 

znr. 6 7. '11 

2027. 70 .oo 

~~~7. b~.'l8 

OJVE~ OIVFRSIC~ LEV~LS• CGEFFJCIEST C~ ~ETU~~FLC~, A~O M~XI~UM SEEPAGE ~ATE: 

"AXI~cJ .~ SEASO!lAL Rlv:P Dtv<•SIG.'< I:FSI 
O!Vfq ~IVERS!~'< &• ~C' s=<~!~: LCSS ~~TE IC~Sl 
C'J::r~ICIC~J ... 1.::: o:_•'.):J .•: =- ~.J f!'; = 
:o-·! x; I ·J ~ J"' ! '~ ;, C: S ~ ~ ;> "· G = ·"- ~ E. t t.. c I~ .e. Y ) 

~IJE 0 SI'J~ ~EOUCT!'J'l :A CTCR 1~1 • 

176. 
so. 

O.'l8 
n. 

lO::J.OO 

':'I rw 

F4 R'l PROJ~:T 
I R :<I r,. I RR I:;. 
=c~l':. ~ c ~ ! c. 
t :J ( ~ l 

33.33 2Z .) s 

l'l.?'l l4.3b 

62. 3l 44.1) 

ba .. ' r 4';.12 

54.10 3S. 6 5 

~ 1 .1>0 3? .I Z 

l7 ... b 12 .Z2 

1 't. 11 lZ.~~· 

:.,_-, 
·~ '-' 



rt -, t ~ 

T"T ~l 
T f""'T ~l 
~., .. ~ L 
TrT .!l 
T "!' ,\l 

' . 
r ~ ... r ! L 

AVro'c' 

.wro.•.c:r 
AV!= C' :. r-.~ 

.\\1 t .J t. :·, r 
t...vr: .1(. t: 

1.\'C::I:.(.t:: 

~Vf 0 .!(.~ 

AVC:Jl(.F 

!vr:-.\;.r 
!t\'c:: :'.Gr 

:. .. , ~-: •' r.; 

4.'1':' I 4.L 
l"<'.l!h~ 

~ ·'-'\ 'J.'.. L 
A''\:t:.\t 
f.,.-.;.•·l_r! l 
.'\'-:'.'.!At. 
._ .. , ... lll.l 

t. ~;"'II ~l 

~ '!•:· I.'.L 
t . •:•• 1\ L 
,'\ lo, • ~ ~ I ·' { 

'- ' .. ~.J ,, l 

.\'l'loiA( 

t.':tlj -~t 

A 'I'll' 4l 

A!;'l I Al 
,._ ~~-~· J ~ :.. 

,\ '.': - It L 

7'\'1 !I ITI ....., 

S ~~ ~ "' A ~ Y T ~ '3 L f: 1'1 0 • C-12 
-------------------------------------------

~: r~·::- ''rt r"'~ 
o 1 v'~ ~ !v<~s!,~N 
r·!rL["''.J COIV~Q.S!~~s • SUP~LE -~C'JT~OV) 
r ..... f";-;u"'P ... Jv:: iP.roli("".t."'!S~ R~"::i..rio.:.·-·::·~· 
sv~r~M s~e~t.~~ Lns~~~ 
~ff 0 Pl'-'C - ~L~.T i~'J L'J<;5ES 
•:<r DJ~rr-1rr ;.~Af!:QuS~ 

«ru~"rL Jw PEP ACq~ 

~:vfP ~rvr~~:n~ ~~o ~CQ~ 
r~,;c;.:_ ;o.-rrrv;- !I:~JG.\":'"J"'~ 'I:':C'J!:O~,·c~: 
7r·t.!.._ J~I=L:t~o.· T:J ~: lST!:I.t(T f."''=C:: .l::qc:: 
~~c~~~r Lrssrs PFR lC~~ 

rE'P P~ocnLA"IO~ LOSSES ~~R ACQE 
•:<~ ~)q91C • \.'l.TEC uSF PFQ AC~f 
"" [ 5 TRr CT rt~ -:-uf.'"''=L'l"..J F~ ".-:T !r")'J 

rr5r"tcr C1 '=vrv/\ .•:-:r ~~=· r ~rE'.i~"!' 
r~~:·· Jq=>I~:.rp···,, r;:F~:.:~E·,cy 
pr~J~(T !R~!CA~rn•J ~~~rsr~·~c~ 

IAC-~Tl 4 764. 
~~=-<~) 2 3 3·)'.. 
( ,,c -r r J 2 3 "} C/•. 
1 ·'~-r T 1 69 J~. 
I ~c -F •) 2 2 5o. 
(A(-F"T) ~385. 
( t(-CT) IR~40, 

u.<tz.~ l 

!,<tt.CJ 
1~</L(J 

I .~r If.: I 
I AF lAC I 

{A</A() 

l A'" lt.S J 
{ ~) 

( ~~ 

r • ~ 

( ~~ 

~ 

0.8'1 

4. ~I, 

1.16 
4. 31· 
0.4l . 
1.7~ 

3.4~ 

Z!J.t.<, 
67.<>~ 

'-l. 3'1 
."!I.(J;. 

~- I ":) L'l 

,..... 
~ J' 
:::) 



' J 

r-
r, 

Appendix D 

S(~asonal Irrigation Water Us(~ PaLLc•rns 

f o r <!a ( ·. h lJ is t r i c t ( F 1 g u rc~ s D 1 - 1)() ) 
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1974 Seasonal Irrigation Water Use 
Pattern for Irrigation District 
Number 1. 

1,040,694 AF 

~DEEP PERCO~ATION LOSSES 373,866 AF 

\.. >'\ SYSTEM SEEPAGE 
/ \ LOSSES 362,418 AF 

// \ ~--\ 

/ \ ;' \ ,/\ 
II \\ _..J------ . ...-.. ,,\ ~ I \ 

I /- ---.l.... ----- "' I I' ....... ,-..../ \ 
I / \ // I \ 'v-.........._ \ 

I , \ / ' \_ I/ ~-- ', ,../ --\ "" \ 
I, I ' ' \ f - \ 

/ /lCONSUMPTIVE IRRIGATION \\ ~' 
I I REQUIREMENT 236,461 AF \ '-

\ \ 
\ \ I r---

" ~-7 

\ 
£TOTAL DISTRICT RETURN FLOW 67,948 AF \ 

-------:__-------~-
' 

4f15 5f1 5fl5 6f1 6/15 7f1 7/15 8f15 9ft 9f15 10f t 1015 

TIME PERIOD (DATES) 



M 
0 - ... 
)( 

r t:i 
w ... 
w 
a: 

II 
(.) 
<( 

.-, 
\ -
r 
• 

8 

7 

5 

"' 

3 

2 

1974 Seaso na l Irrigation \~ate r Use Pa t te rn for lrr ignt i o n 
District Number 2. 

·TOTAL INFLOW S2,899 AF -z__. 

CONSUMPTIVE 
REQUIREMENT 

IRRIGATION _, \ 

21,964 ~ ,,------ \ 

. 7' \ 
EEP PERCOLATION 

LOSSES 13,640 AF 
/' 

I \ 
I \ r-··_/ 

I 
I 

I 

I \ 

I \ I I \ 
I \ 

,\ ,~, \ 
I 

I 

I \\ ,"" ', ( ~OTAL DISTRICT RETURN 10,441 AF 

' \ ," '~ ---- //'._, \ 
I \,/ /' ~-.., - -7--.._ "~/ '.... /// ~'---, 

....._........- ...... ....., ~ .......... , -
/ -------------- '--. '· ------ - ---....... __ -...__ ---- L SYSTEM SEEPAGE LOSSES 6,645 AF --.:::: 

0~-----,------~-----,--~--~~----r-~---r~----~----~--~--~~ 
511 5115 611 6115 71 1. 7115 611 6115 911 9115 

TIME PERIOD (DATES) 
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1974 Seasonal Irrigation Water Use Patter11 for Irrigation District 
Number :l. 

TOTAL INFLOW 379,10~ AF 

..... 
.... .... \)DEEP 

PERCOLATION LOSSES 217,685 AF , 
( 
I 

\ 

I \ 
\ I 
\ I 
\ I 
\ I 

I 
\ 

I 
\ 

I 
\ 
\ I , 
\ I 

I \J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I CONSUMPTIVE~,' 
I IRRIGATION 

1 REQUIREMENT ,.-- --

' 

··\ 
~ ' 

I ' 

;' \ 

' ' ' ' .... .. ..... 
' ' ' ' ' ' ' ' --

1 70,86~ AF I \ 
1 1 .......-- . -.--..._____, c~YSTEM SEEPAGE 

I ,.---- ---•• __.......... ~ ·--~' - ')OSSES 58,0~1 AF 

:/· _;' -~ ............... _,____ ---
~--/ ..... / ,_ . 

,• ~ ....._~TOTAL DISTRICT "' 
/ ./ RETURN FLOW 32,61~ AF , 

0~~--r~~--~~~~--~~--~~-.~~-.~--~~-,~---.~--~~-·~,~~-r----..J 4115 5;1 5/15 611 6115 'l1 7/15 811 8;15 9;, 9/15 1011 10;15 

TIME PERIOD (DATES) 
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197L: Seasonal Irri~ation W.1ter Use eilttern for Ir.rigatio\: Di f; tri c t 
Humher 4. 

50TAL INFLOW 62,538 AF 

' \ 
' \ 
' \ 

' \ 
' ----, 

I 
I 
I 
I 
I 
I 

I .. 
I I\ 

I I \ 
I I \ 
I I \ 
I I \ 
I I \ 
I I \ c .. / \ 

\. .... / ~ .... .... .... / 
DEEP PERCOLATION LOSSES 47,269 AF 

I 
\ 
I 

SYSTEM .SEEPAGE )CONSUMPTIVE IRRIGATION 
SES 5,901 AF RfQUIREMENT 6,118 AF 

/,.-··~ I 

~ ', ., jf\ TOTAL DISTRICT 
--'-~ . ~ " \ RETURN FLOW --r- , ..._. ---- ---. --:. I 3,H9 AF 

,' .....-- --........ -----~--------r -...___ ~~-- \ 
' \ 

01~~~~--~--~~--~----r----r----~--~----~~~~~~~--r-------~ 
Sfts 6ft 6f1s 1ft 7fts Bft Bfts 9ft 9fts toft 10fts tofJ1 

TIME PERIOD (DATES) 
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i\pp<~ndix Jo: 

Seasonal Variat: ions of Pt'CfWll L 

Irrigation Efficiencies for eac h !Hslrict 

(Figures El-E6) 
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1974 Seasonal Irrigation Water Use Pattern for Irrigation 
District Number 6. 

TOTAL INFLOW 2J,J04 AF 

(DEEP PERCOLATION LOSSES 

l~ 
I \ 
I \ 

9,JIS AF 

I \ 
/ \ lC~NSUMPTIVE IRRIGATION REQUIREMENT 

I \ .-)-·\ 
I \ ~· ·. 

I \ . \ 
/ ' I ·. ~~ ................ ~ 
I \ j' \ I '-.., 

I \ I '· 

I \: \ ./··\ / 
I -~ \ ~ I 
I . \ ·./ .. / ·., I 

I I \ ............ ../ 
I I \ ___ ,.,..... ............... t\ 

6,905 AF 

I ... ,. ............ _______ / \ 
I /--- -\f .. , TOTAL DISTRICT 

: -............... / --._ RETURN FLOW 

/f ............... / -.............. . 4,764 AF 

_/ ,. ...../ ·---c::::: .. _ .. _.. \ 

- --·-·-. \ --· -·-·-·- ··-··-·· 
---~SYSTEM SEEPAGE L~SSES 2,250 AF - · - ·· 

6Jl 6/15 1J1 7/1s .,. ''•s 9J1 9JIS 9JJo 

TIME PERIOD (DATES) 
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11i7tl Se a sonal Irrigation \-.later Us e Pa tterns for Irr i gation lJistrlct 
·Numb e r S . 

~
DEEP PERCOLATION LOSSE; 139,227 AF 

1 I 

/ ' 
I I 

/ I 
I I ,.., / 

/ ' , \ 
// ", I I 

/' ' / ' 
/ ' I 

I ', I I 
I '-._I I 

I \ 
I \ 

I \ 
\ 

I \ 
I \ /1', 

\ I 1 ' 

\/ \_......_ II \. 
'/._ (TOTAL DISTRICT V\. '-"' I \ 
I \·) RETURN FLOW I ..... _-"' I ' 

/ \ 85 . ~~9 A~ -...._~ \\ 

/ \__ ,,------,"""~ SYSlEM -------/ -- --- -;f. ', s SEEPAGE LOSSES 47,389 AF 

/ 7,' ~-·---/, "',----~ 
I --- --- "-. -....._ '\. ---- v .... __ ', ---- , -- ---~---- ~ -----

"------
' ' ,6-CONSUMPTIVE IRRIGATION REQUIREMENT 47,257 AF 

/ 

1;, 1115 e11 

TIME PERIOD (DATES) 
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Variation of Preseilt Irrigation Efficiencies Durin~ ti1c 197( 
Irrigatio~ Season, Irrigation District No. 1. 
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I \ 
I \ 

I \ 
I 

r, 
I ' I 'I 

I 
I 
I 
I 
I 
I I 
I 

: r--J 
I 

! /?_,.OJECT '"0GATOON 
I I EFFICIENCY 22.72 "lo 

/r-- ..... j 
I I 

/ r-_j 
I 

I 

\ 
/\ 

\ / \ 
\ / \ 
~ 

\ 
\ 

58.65 "lo 

\~FARM IRRIGATION 
\ EFFICIENCY 38.74 "/o 

\ 

TIME PERIOD (DATES) 
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Variation of Present Irrigation Efficieilcies During the 1974 
Irrigation Season, District Number 2. 

(~:!r~:CT CONVEYANCE 
~"CY 67. 57 "/o 

,.. 
I \ 

I "\ 

I " 
I \., 
I 

FARM fi 
IRRIGATIO"l I 
EFFICIENCY I 
61.69 ~/o 

/'\ 
/ \ 

// \ 
t' \ 

I \ 
I \ 

I \ 

, 
~\ /, 

\ 

I 

"" I \ I I ' I I """,/ 
/ 

\ 
\ I 

\ 
\ I 

\ I I \ I 

' I " 
IRRIGATION EFFICIENCY 41.69°/o 

5/t!!J 8/t fl/u 7/t5 1/t 

TIME PERIOD (DATES) 
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Variation of Present Irrigation Efficiencies During the 1974 
Irrigation Season, Irrigation District Number 3. 

DISTRICT 
CONVEYANCE 

(76.090/ol 

FARM IRRIGATION 

!
EFFICIENCY 

< 2 <4 . 51 °/o l ,....., 
., ....... ' 

I ' _........-, 
I '\./ 

\ 

'' I r- -, \ 
\ I I ' \ / \,/I ,.----\ \ 

I /'', / ' \ / 
I I v \ \...-"" \ 

'-._ I~ '~"'\\ ~' __ ,'/ PROJECT IRRIGAliON ___ , 
EFFICIENCY \\ 

· < 1 8 . 89 /o l ~ \ 

\ 

51 6/1 115 
6
/15 

Tl ME PER I 0 D ( DATES ) 

10/ 
/15 
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Variation of Present Irrigation Efficiencies Durin~ the 1974 
Irrigation Season, Irrigation District Number 4. 

CDISTRICT CONVEYANCE 
EFFICIENCY S5.37'lb 

lifts 1ft 1 /ts 7ft 7fts 8ft 1/ts 8ft 8/ls 10ft 10f1s 10f31 

TIME PERIOD (DATES) 
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Vilriation of Present Irrigation Efficie!1cies DurL:1g tiw l97LI 
Irrigation Season, Irrigation District Number S. 

DISTRICT CONVEYANCE 
EFFICIENCY 58.40% 

...... /\ 
...... \ 

FARM IRRIGATION / / \ 
( ~;;;-;;I~~CY 25.34% / \ '---- ~, / \ 

I ' / 

I 
I 

I ' / \ ',/ \ 

I 
I \ 

I ,__ \ 

/ I ~-- ~, , 
--./ I ~.,. \ \ /// 

;(_PROJECT IRRIGATION \ / / 

------....._ 

1 EFFICIENCY 14.80% v' ,r-----./ 

/ 
" / 

\ 
·---- -

0~~-r~------~----r-~--~--~---T--~---r------~------,-~----~~ 
51Js 6/1 6/ls 711 7f1s 81J 81Js 9f1 9f15 ,9fJo 

TIME PERIOD (DATES) 



~ 

n 
.. 

~ 
~ 

r. 

~ 

r 

n 

101~---------------------------------------------------------------~ 

90 

70 

60 

~ 

> 
~.5 
loU 

u 
i: 
lo. 

"' 
40 

30 

20 

10 

Variation of Present Irrigation Efficiencies During the 1974 
Irrigation Season, Irrigation District Number 6. 

)DISTRICT CONVEYANCE EFFIENCY 69,90% 

--1 ---
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' ' ' "" '- ,.., / I r-FARM IRRIGATION 
' / ,.) EFFICIENCY 42.39 'lb ...,.. I 

I 
I 
I 
I 
I 

I 

I 

\ 
\ 
\ 

\ / ;' . 
\ I ' (PROJECT IRRIGATION 
\ I , .,/ EFFIENCY 29.63% I 

\, /I 
"" \:; 

"" ·"'; 

\ \ 
' I 

\\ --\.--
\ \_ __ 

o'~u-,-~~~~--,-~---r~----~~--~~~~~~~----r---J 
6/J 6!15 111 1115 &f1 a11 5 9/J 9f1s 9130 

TIME PERIOD (DATES) 
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Water Budget Prog ram . 
With Sample Data Input File 



r.t -, (~ ~ ~ ~ 'LI "' 
......., -+_*I 

c . ....•.••••....•••••••••.••••••..••.•......•...•••....••...•••..••..•.. 
c 
c 
c 
CUPPE~ 

c 
S N A K E R l V E R w A T E ~ !I U 0 G E T PII.OGRAM 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
( 

c 
c 
c 
c 
c 
c 
c 
c 
c 

CO"~E tH: 

VARiABLE: 
AVt>i'l.F 
AVA'-:OV 
A\' .\~(.'"'Q 

AVA~ IF 
AVA~) P 
AV~"'~P 
AF A·'IC:;i. 

avt~ne 

~v~~·E 

AVA rl0 E 

T~IS P~~GII.A~ cc~~uTES A ST-~O"'T~LY A'IO TOTAL YEARLY 
!R~lG~TlD'I wATE~ ~4cA"'CE C"' 4'1 lR~lGATIO'I O!ST'1. !CT. 
THE P~:GRAM SUHS OR C~~PUTES THE FOLLCWl~G IRRIGATION 
WATER COHPO,ENTS: 

G~OSS RIVE• OIVERSIO~S 
~lJOI"L~"'f>lTARY CJIS~!CT INFLI)W 
TOTAL OIST~lCT INFLOW 
CP :JP CO'ISU"rT IV! I ,RlGAT IC' N ~EOUIRE"E.'ITS 

AV € P~~~ ~~~!~I:T ~LEP P~RC ,L~T:1H LOSS ~ S 

D!S"~i ~~ rt~~ SYSTE~ SEEDA~r LOSSES 
TUT~L i'l! ST: : r •ETUP'< FL C•S 
q::~ :)J$":"=!CT w._TE~ v:;!= 
ll!STO.!Co ce••v'::Y~'•C~ En!CIE~CY 

AVeRAGe F~<~ (q~l~~TlO'I cF>!ClE"'CY 
DROJECT I••l~~TIC~ EFFICIE"'CY 

DE F I'll! I ~'I : 
AVE~4~ ( A I~"-JAL RETU~VLC;< PEII. ACRE, AF/AC. 
AVERI~E ~~~U ~L ~:VE ~ ~~~r< S ICN PER AC<E, Af/&C, 
AVERA~t A~'I~.:.L CO,SU~P"iVE IRRIGATION REQUIRE 
l"E'IT, AF/AC, 
AVERAC! ~~ ~U IL TCTAL DTSTRICT !'IFLO~ PER ACRE, AF/AF 
AVERAGE ~~'-'V.:.L OISTR l8Uo l 'l .'l SEEPAGE L::lSSES PER AC•E 
AVE~AGS ~~~~AL OtEP PERCOLATI ON LOSSES PE~ ACRE, 
AVE~!~€ A~'<~~L RETU•~ FLCW AS A PE~CENTOr,E OF TO TAL 
Dl S~'ICT I ~FLIJ" 
Av;:;:>.:. !", ': A•."'.J A•_ ~: s~~ !C~ (~ •J VEYr..'JCE ErF IC !E .'l'.: Y, t 
AV~£;l~J E .H . . l•.::.L ;:;.:1~ 1~. ~!~4710N ~fFlClE';(Y, t 
A V t ~ ~ ·~ E II, 'I: Jt, ~ > ::: (" J : : ~ ! q l G ~ T I 0 \ E ° F I C 1 E 'K Y , 1: 

~-

-- , , ~ 

1--' 
-::t 
0) 



r!l ~ I ~ ':_,;j:. .., r-. 

c AVANG•J 
c 
c ACC~OP!Jl 

c t;OFRT~ 

c CROP!Jl 
c 
c CO'iSU'I I J, II 
c 
c 
c CRPCONIJ.Il 
c 
c DATE 
c 
c DAYDIV!Il • 
~ O~P~riC 

c D 1 S TN J 
c 015TA( 
c 01 SEF F 
c OIVH!N 
c 
c 
c I:' I v.'4All: 
c 
c 
c OIV~EO 

c FR~' E FF 

c GOUSAG 
c 
c JI\F 
c JC~ cJP 

c J~O'iTH 

c J !'\ "~HT 

c 
c ~o ·:nq: 1 
c 
c ~I IJ"". ("'' 'J 
c 

~ rs ~ 

AVERAGE ANNUAL NET DISTRICT WATE~ USE, AF/ AC. 

ACREAGE OF A SPECIFIC C~rP "J" 
COEFFICIENT ~F 1\ETU~NFLQw 
PERCENT OF TCT hL DIST !UC! ACUAGE U'>D ER SPECIF I C 
CROP "J", WHF~f "J" SUBSCRIPTS A P~RTICULAR CROP 
CONSU'IPTI VE 1 ~ 1\I~ATION REOU11\E'4E~T IN INCHES; 
WHrRE "J" IOENT(FI ES ~ PARTICULA~ C~UP AN D "l" 
REFERS TO THE ~ONTH 0~ BI-~N!HLY TI~E PERIOD 
CONSU~PTIVE IRRIGATION REOUIREH~NT, FOR CROP • J, 
TIME PERI OD • I 
BEGINNING AN~ ENDING OATES FOR THIS IRRIGATION 
SEAS ON FOR THIS ~!ST~I C T 

DAILY RIVE R DIVERSi a ~ !N CFS-DAYS FOR ANY "I" DAY 
DEEP PERC 0LAT10~ WAT F ~ L~SS F8R THE DISTRICT I~ AF, 
IR~IGATIJN UJSTRICT lOENT!~ltATICN NU'4 BER 
I~RIG.HEO 4CREAG E w! TfllN A CI;H JCT 
OIST~ICT CONVEYANCe EFF!~IE~CY ~ASED ON TINFLW, t 
LOWER LEVEL UF DAILY RI VER O!VERS!O~S IN CFS-CAYS 
AT WHICH SEEPAGE LCSSES A~E E~UAL TO 50t OF THE • 
BASE SfEPAGE RATE, TOTSEP 
UPPER LEVEL OF DAILY RiV ~ I\ OIV2RSI J~S IN CFS- J AYS 
Ai WHICH DAILY SEE~AGE L'lSSES i:~U~L lOO:t OF TH E 
BASE SfEP~GE R~TE, TJT~EP 

DIVERSION RE DUCT IC~ FACT CR, l 
AVERAt;f FAR~ I~OJ G H[()" •. PPLICATIC:N EFF!CI ~NCY, t 
NET DISTRICT WATER US E ITOT!L ~~~L OW- TOT~L RE TUR ~ 

FLOW l 
NU~RER OF WASTFwAYS IN THIS DIST~!CT 
NO. OF DIFFERENT C~J~S GROW~ IN THIS DISTRICT 
NU'41l(~ OF 'iG~THS IN THIS !R> !GAT ! ·1'i SEASON 
NU'I9 e R OF 81-~ (lNTIILY TI:·'·F P:~l:ns. lS ! 0 16 C~YS 
IN LENGTH 
A~Y OA~i!CULAO. '10~/T><t; l; ;;HE~EI I l l!)E 'I T !FlES A 
PA~ T!CUL4~ MCN T~ 

~J'I SE ~ rF DAYS aF o tvEastJ N :~ THIS r:~E PCRt 'lO , 
( 1 s J;l. 16) 

'. v' I 

'"" ·' ·~ , ~ 

,...... 
...J 
...J 



!!I -, I r"'::J ~ 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

":· __ "' "3 ., !'W -y ~ 

R~TFLII(I,Jl 

R'I~~CID 
R.: t~ t:L w 

T~(' 
... ,.... ... 
'-
TCIV[FF 

TClTL OS 

T I 'IFL W 
T(1TO.TF 
TllTCC'HII • 

T C T FL w 

TO~SE 0 

YRR TF 
YROIY 
Y~C ON 
YR: I;FL 
v~sro 

.,~ ~= ~ 

v~~.::J·JS 

\1~ S TE 

ACCUMULATIVE RETUR'I FLCW I~ ACREFE~T FO~ E~C~ "J" 
WASTE~AY. AT .THE E'ID OF Tt~E P~RIOD •t•. 
NU~Dn, CONVERSIO'I Til FLCATI'IG POINT ~CIOE 
SUPPLE~£~T~~y J'IFLO.; TO DIST~ICT ro•AT :s AD::!:J 70 
TH~ 'l.IVE~ ('I!VPS !C" TO 0~7~1' 7J~>L ::t~r~:CT I'<'L'":> 
IN AI', 
UJ~~E'l. QF CAYS :'1 B:-~rNTYLY Tl~E ~ERIJ~ 

~~JY3E'l. t.)F DAYS PE~ "0>.TH 
Avf>•~r rr7>L !ROIG~TION EFFICIENCY BASEO U~C~ TCTAL 
DISTRICT INFLOII, ~ 

TOTAL CANAL SEEPAGE LaSSES 1'1 AF FD~ THIS Tlw~ 

PERIOD !NU-~DD DAYSl 
~OTAL INFLOW 10 IRRIGATION DIST~ICT 
!07H ACTUAL RFTUR'I FLOW I >1 AC-FT. • 
TOTAL Cl<r:o C0'1SU'1P7!VE IPC\ IGHI(Jr, RE::LJIRE!'IE'IT 0 :1~ 
71'AF. p:;;(i•J') • I 
ACCU~ULATE~ RETUC\NFLCII OF ALL "ASTEwAYS 1'1 THIS 
~!STRICT IN ACOF-rEET, fnR O'lf T!~E STEP 
8~SE O~ILY SEE~AGE -~TE IN AF/JAY FQ~ r~:s 
DIST~ICT ICUM~oJTtD F~Q ,'< TtiE SEEP~C.t ~O.C:GKl~), FO~ 

THf. ENTI~E CANAL A~9 LATERAL OISRI8UTIO~ SYSTE~ 
T~TAL ANNUAL RFTUONrLO~ Fn; THt~ DISTRICT , IN AO, 
TJTAL AI;'IUAL ~11/ER GIVnSt:';'. 1·11 AI=. 
l ·JiAL 1\~;r~U.\l C(l'ISUurtTlY£. l'n~ tl.~T(S".f ~E~:Jlt:tE'"~..._T,c..F. 

T'JTAL AllNU.ll DISTRICT l~fl')W, !l.F, 
T~T.U Af'i'o;UAL CliSTO.ICT SfEP~G~ L!.JSSE:S, AF, 
TOaL ~'<":JA~ ::!S7RI~T CEE~ P~~C0L~qCN ~C'SSES, F, 
T)T~L ~N'o;!.JAL JISTRICT GKO!S •~TE~ USE, ~F. 

~E.lSU~EO ~ETURN FLOW rr-; A TIME PE~!OO FO~ A WASTE-
C WAY Pi AC-FT, 
c 
c 
c ~~~~------,_~-~----~~--~---~---------------------~---------------c 

I'ITEGEO. ~!ST'<J 

~luE~SlC~ C~OP(20J,OAYDII/ISOJ,ACCRQP(iOl 

~:. ':1 . r­. ...... 

-..] 

J.. 



II --, t t:':.1 ~ ~ ,.., :II -.., 

O!~~'lS!O'I/ CD'IISU~(50,50I,C'!PCCNt10,12J,T')TCO~I50J,OATEilOI 

['\J ~f'I/SlC'I/ ~E:'Jil')l 201 .I'.Q'lTH.I 12olol,P.ETFL~· t 30 ,)()) 
Ml=S 
~2 , 6 

":"W 

C <-------------------~E l::> C~RD------------
C ~=·~ >t~ST r.ArA CAR0 
c 
15 REA~tnl,l6.EN0•300.ERR•4lOJDlSTNO,::>lS!AC,D4TE 

TCTRTO • 0.0 
y~~TF•O.O 

YAINFL•O.O 
Y'l(C.'I=O. 0 
Y~SEP•O.O 

Y~:'l i 1t'~J. J 
YO::.!)[~=J,() 

Y~C.C' CJS=O.O 

c 
C <----------------------READ CAP.::>-------------
C READ Cll.CP D!STRIB~T!ON DATA 
2 0 R E AD I ~ 1 , 2 l , F R .~ • 4 1 0 I J C '! 0 P , I C I\ OP I J I , J • 1 , J C R 0 P I 
c 
C CC"P.JTE !':JtV!:-JAL CROP AC'l.E~GES I:.CCO.GPII ), AN') ~::ti~T CU~ C 0. 0~ 

C OJST~!~UT!~~S ~y ~E~CENTAGE AND 9Y ACoES. 
c 
; A W q, t T: ( ,... ~ • : '1 J !) ,'\ T E • I') I S T ~ :.J , D I S T A~ 

c 
23 wQ.tTEI~2.24J 

c 
DO 40 J• 1 ,JCilOP 

40 ACCROPIJI•CROPIJJ•J!STlC•.Ol 
c 
C rlli~T ou• CROP ~IS~~l 8 UT!D'II OAT& 
c 
Z 5 Wll I T;: P' 2 , 2 6 J I Co 0 PI J I , J • 1 , J CR C! P I 
27 WRITEI"2,2811ACCQ.I)~(J),J=!,JCilOPI 

c 
C COMPUTE CONSUMPTJV< USE FO~ EACH C~JP FOR EA:H TI~E PEq,IJD 

., row 

f-.' 
-.) 
<.:) 



n ......., t r:::t ":.:..., ~ ~ ,, ~ 
....., • ~ 

c 
100 ~~~T~I~Z.IOIJ 

c <-----------------------~EAO CARO--------------
QEAD NU~~ER OF ~O~THS IN T~E iR~ISATICN SEASON 

c 
90 REA01~l,?IJJ~ONTH 

J6 l'<"lT•2•J:"ONTH 
r>o qz 1 •l. ~J 

'lZ TOT(llNI !1 =O.J 
tJC: Ill l•l.J~l><~T 

c 
C <-----------------------~~10 CARD--------------
C 
C READ 6!-~0NTHLY PER!CO DATE, ~U~8ER CF DAYS IN Tl~E PER!OO, NU~tER 
C OF DAYS IN ~ONTH, CRJ~ CCNSU~PT!~E !RRISAT!ON REQUIREMENT 
c 
10~ READI .'il, lJI>oERR•41J,END•4081 t~O"TH( !,1() ,1<:•1,41 ,TOO,TO"'. 

li~DNSU~(J, !J,J•l,JCRCPJ 
OJ 110 J•l,JC~:'P 
('PC '1.'1 I J , l 1 • I I C J'/5 '."11 J , l 1 • A( ( ~ l)P ( J 1 • T 0 C 1 I ( T 0~ •I 2, J l 

ll 0 T 0! C ·J -; I l 1 • T Cl T C ·~'I I I I • C ".PC ON I J , l I 
Ill WR!TEI"2·ll2Jt~1~T>J(!,KI,K=l,4l,(CCNS:.J"<IJoll.J•l,JCROPl 

c 
c 
'15 WRITEI"Z·'~ol 

DO 11 3 I • 1 .JS I "'IT 
! 1 3 1o ~ I 'E I~· 2, 1 l'- 1 I "C'; T" I l , ~ J • '\ • 1, '• l , l C 'l. o~::: '> I J, I J , J • l, J C ~ 0 ~ I 
c 
C <-----------------------~cAD C!•D--------------
C REID C~ec•IC!~\T SF ~ET:.J~~ FL)~ 

c 
33 REAOI"<l, J4,Eil~•4IO,E-;0=4;J3JCCF~TF 

J9l"=J~I'~"/~+I 

DO 35 !•l,JS!r-1 
c 
C <-----------------------READ (1~0--------------
C READ NUM!ER JF ~~TURN FLOW WASTE~&YS, t~CU":.JLATIVE RETURN FLOW 

~ ., r.l 

:c 
0 



r.t ~ I C.!1 ~ ~ ~ ~- -ra , 

C RE60!NGS 
c 
35 R~AC'!'<l,31>,ER~•4101JRF. fRETFUl! J,J),J•l,J~FI 
c 
240 ·~C\l'~!'-'2 .24\IDI ST~:'l .~!STAC 

c 

I ~ 

C <-----------------------?~&~ CAR~--------------

C 
C READ !N ~AX!"U~ AND THE 40~ LEVEL RIVER DIVERSIONS, BASE DAlLY 
C SEEPAGE Q6TE, AND THE D!VENS!ON REDuCT!~N FACTO~. RIVER DIVERSION 
C LEVtlS t~E IN c<S-OAYS, BASE SEEDAGE RATE !S !N AF/O.H, AND THE 
C OlV!OS!O~ aEOUCT!O~ FAC7nR 15 !N t. IR~OUCTION !N DIVERSION • Q, 
C WH~~ D!V~~D • 100.001 
c 
41 RE~rt~l.~Z.E~Q~4l OJO:v~~x ,otvutN.TOTSEr.OtVQEQ 

oJ on 242 t~t.Js:~-.;T 

TOTL·J 'i, D.O 
T(')7i)I V•0 .0 
WASTE • 0.0 
T('TFUPO.O 

1>8 rr. 55 J•l,JRF 
c 
C SU~ Rf. TU ~N°L0w "EASURE .. ENTS 
c 
53 \16$ TE•C\~~FL'.-1 I +l,JJ-!RETFL\1( !, J I I 
55 TOTFLW•T1"FL\I+WISTE 

tr ! H1~f LW. ~T .OI G0 TO 1>5 
1>4 TOTRTC•Q,Q 

co Tn 51> 
1>5 C~'H!NU( 

57 Ti)T~TF•TlTFLw/COFRTF 

51> C:'JN"l'I~E 

c 
C <-----------------------READ CARO--------------
C R0 Aa !N DAlLY 1\!VER DIVERSION 
c 
30 REAcH"!l,3l,ERR=4lOINUMDQ,!D6YDIV!JI,J•l,,.,'\.J'-IDDI 

.. · .. • :1 Cl , 

':/:, 



~ -, I .. ~ ~ ':.:. ~-· ~ 1:1 . ra , 

c 
C <-----------------------R~AO CARD--------------
( 
C RE~n I~ SUPPLE~=sT~RY IN°LOw "C~ ~H!S !I~E PERIOD 
~6 REA'l(~l.~7,<~~·4lOl~!scLw 

c 
C (QYPUTE T~TAL !NFLC~ 0~ DIVERSIO~S TO niST,I(T FOR THIS TI~E 

C PERIC~ 

c 

c 
c 

CO SO J•l,'l\!"100 
TOTCIV•TnTDIV+DAYOIV(Jl 
I~ tD<Y~iV(Jl.~1.0l GO !C 4~ 
;F {0AYGlV(J).~T.D1V~t':JGJ ~~ 43 

C ~[fPA(,c :5 (>LC tl,ATE::l ~S ~0~ ::J< T-<~ !'AS~ DAILY sr,(PA(';E RoUE 
C WHEN '~E 40: LEVEL OF JIV~~S!~s EXCEEDS THE DAILY DIVERSinN. 
C IIHfN THf Ml'll~·J~ 'lAILY :l!VEO.S:"'J IS FXCEEDED TH~ SEE~AGF 15 P~O-

C RATED FR~"' 50t TC !OJ~ ~~ THE "'AXI~UH SEFPAGE RATE ($TATE~ENT 1431 
c 
c 

rAvsr~.,,.~~··~!SE"l 

G'": !'1 44 

43 n~Y~~· o. IJ.~O • I!:'<VJJV!Jl-DI'I'<!'ll/IDLV~AX-DIV''I'Il•O.SOJ l•"HSE~ 

44 C::'~T!":U~ 

45 TCTL~~·T1TLOS + OAYSEP 
r.a rn so 

46 OAYS~P•O.O 

47 TOJLnS=ilTLC5+0AY$ 0 P 
~0 CC~TJO.,:IJE 

c 
C CO~VERT TDT~IV !Q AC~ECE~T 
c 
51 !:7~!V = ~~!JTV•l.984•(~1VQ~~/10~.) 

c 
C caunt!T£ 'lET DISTqt:;T 'JSA';~ !'l!'IE'.SlOr<S - . RETURsFLJIISJ, TOTAL 
C SFcrACE L'lSSES, :JEEP PEI::OLA!IQ>i, DISHICT EFFICt:: .~:Y, A~l:l FAR~ 

, rw ~~ 

X 
~" 



I 
\ 

\ 

~ -, I ~ . ,} _, ~ "'' ., ., r!l -, 

C JORICAT!0"4 E•C!ClE'ICY FOI\ T><IS TIME PE~I10 

c 
TI~FLW•TOTQIV+~l~FLW 

IF ITOTOlV.~C.Ol GO TO 71 
70 GI"T(l>S 
71 T!NFLW • 0.0! 
75 CrNTt"•Jf 

r 

GOUSAG•TI~FLW-TOTH"F 

(' E"' ~ C • GOU ~ ~ ·~- I Tr~ T C 0'1 I l 1 + T !J• L 'l~ 1 
!'1~r-'f• ( I\(IIFLW-ITOT~ TF+TQ•LOSl I/TINFLW1 •100. 
FFUfFF• ITrTCn'it 1 JIIGDuSAG-TOTLCS 11 •too.o 
TOVEFF• !TQTCC'<( I I!T1NFLWI•!OO.O 
Y>RTF•Y~~TF+T~T~TF 

YOOIV•YR~IV+T,TOIV 

'I'Q(nP : ~vQC':~l+T,1TC"lN( I) 
yo 1 N F l • Y ~ 1 ~: F l + T I ~ lF l W 
YDSEP•YRS~D+T,TLDS 

YROEP•Y~OEP•JEPEQC 

Y~GJUS•YPGOUS+GOUSAG 

2 42 I;R! T E I ·• 2, 2 4 J I I v'l'IT HI ! , K I, K •I , 4 I, TOT!' IV, R I NFL W, T I NF l W, TOT COS I 1 l , 
l('fPFRC, TQrL OSo TOT< TF,GOUSA~oOISEFF ,FRME< c,TCvE•r 

r: 
C PRJ~T "lUT S~~~tG~ Vt~l!SI_ES A~~ CQ~F~t~l~~TS 
Z45 11RITFI~Z.Z46))!V•!X,,lV~IN,:JF~TF,TJTSfPoDIV~ED 

( 
r 

C Cn~PUT! AV!•aGE ~~~Uil !YEARLY! VALU~S 

c 
AVANI\F•Y~PTF/O!STAC 

AVANOV•YR0!V/~1STA: 

~VAN(~ • Y~C:~IDISTAC 
AVa~I"•Y~!'<•L!Jl~TaC 

tVaN~Q•IY'~TF/•R!~F~I•!OO.O 

tvt•;s?~Y~~EP/~!STJC 

AV~~ ~ ~~y~nEP/1JST!C 

AVA~~U•YqGJUS/OISTIC 

~ ~ 

,_... 
(XJ 
(..; 



~ 1 r.-1 --~ 

( 

~~ ~, ~ rw -, I 

A 'i ~'>DE • I I Y P 1 'l Fl- ( Y~ ~ T F +Y~ S ;:P I I f 'f'< 1 ~F L I *1 00. 
AVA'IFE• ( YRCfli'.U ( YI\GOUS-YR.SE~ I 1*100. 
AVA~DE•!YPCO~/Y~INFLI•1JO.O 

.-

2~0 W~{T~(~?,26l)YR~TF,y~rtV.Y~t~cl,YgC~~.YRS~~.YRDEP,Y~C~US,AVA~RF 

c 
c 
264 WO[•Etu2,7~51AV,'l0V,&VA~~~.AV&~!c,~vA~$P 

c 
262 WR.[Tf(~2,2~31AVA~C~,AVA'lGU,AVA"OQ,AV~'I~E,AVA~FE,AVA~)E 
( 

c 
C ERODR OI~ECTO~Y OUTPUT SCHE~E 

( 
c 

r.l") '" 2 5J 
408 ~a:K~~&CE ~1 

410 ~A(K$PA(< ~~ 

412 ~ft~(u1,4\~)°CC~R0 

416 WQ!Tf!ul,4171RECOQO 
c 
c <------------------RE&Cl CAO.D--------------
]c;r) O~A("( ..-1, ,">'>\) l .lo(~'JI) 

c 
!F!lufNC.E0.999IGO T~ 15 

rF ~ ~Fw ~T~TOj~T FJLL~WS, I "":•::- • Q9'1, THEN GO T~ PPI"JGQA~ START 

[F( [UcNf'. EO.BBSIGD TQ ):)0 

( IF N" r·cw DISTDICT c'~LDwS, :v~~~ • esa. cc r~ T~~ E~D 

16 F('r~&TI•1,!2,Tll,F6,J,T2;).!0!<.1 

21 cc~vA'I:2,T6,[0~S.ZI 

c 
l'l < Q< ~A'Il ' <l.f///f/,7)9,'WA~EO. ~~~a•;Cf ANtLYS!S :JF THE [QO[Gt.T[ 

1::)'1 DISPI('•,t,f39,551'_'1,//////,![5,'STARTI'lG AN:l ENDING :lt.TES 

~ 1'5 ~~ 

,_... 
00 
.:::. 



• -, I J C"J ~ ~ 
_..... 
·._ ... ... ~ ~ ~ I 

1~0°. THIS T J~f P>~JC)[):',T85.!0i'••///,~15,'l'!;;JGH!O'\ ')!~T~!CT lJE'IT 
I !FIC~!;n~ NJ~SF~ •',T37,[2,/I/,T~S. 'TJTIL ~~ ~ !GATED ~CREA~ 

1~ 'Jl'!'~q\1 "':'"·4lS ~!ST~lCT r',T~!H~7 .. QJ 
c 
~4 F!JR>4AT(1'"<1,///.!ll.l25('•'1.!///,T36,'C ~ :l P 0 IS T R 1 BUT 

1 I (1 N T! ~ L f N 0. 1',/,T3b,b4!'_'J,/, 
I//,T~6, •FI~>r lt'l= 0F F!Gu;E 
tS 1-."l f J ~~':'S ~~ O[ ;ICE"iT GF iiJT~i.. ~ I S~PICT t.C~E~ :-:-. :•.;.;}6.'",~ :(:" LI'~£ 

l ':'f' Ft:; L! ~~S ~'. :: 4C" C: S 1 .////,tx,•S, :,.~.e.R•,rtt.,'OR.Y ,";"2 S ,'C(1~~·.T1.7, 

1 • s" Q t ' : r. ' I .. 5.,' • -I ( "J T ~ ~ • ' T 6 z • I p '1 T A r :· ~ s I I T 7 ~ ' ' ~· y !ill_ •• ~ 11 • I :.. ~ r ~ L ;: .~ ' ' 
t T 1::! s' ' r: ~A s s ' ' T 1 t tl • I CQ. c -.1 .l ~ ::::: s •• I ' 1 X I I ~ [: T s I • T 1 .. ' I !l E.:..·: ~ 1 

• ';" 2 'S. ' s J L:. G!: I 

1 , r 3 7, • c.~.\ 1 N • , T 5~. ' 'jP At"~ ' , r 7b , • vE ~ E T l\ ttL E s • , r 1 0 s , • ::>~sTu :; E • • 1 , 
113? (. • , , 

c - • 
21> FO<'<!T(//,lX,F5.2oT14.F5.2oT?S,F5.2,T37,'5.2,T50,FS.2,T64,F5.2, 

l T 7 I • • 5. ; , T 9 1, F S. 2 , Tl J S, F 5. 2, T! l 8, c 5 • 2) 
c 
LS F r~ =:"~~'!"(//l/,c6. · ; ,t !J, f=6 ,.0,T 2 5,f-6 .. J,!')7,::f:..'),TSJ.F6.:-,Tb4,F6.0, 

1 T ? t-. • r !'- ... J • T <; ~ • c: {· . 1). T l J s. F 6. a. ~ l 1 2 . &:: h. 0 J 

c 
}I") 1 Ft"l~ u~ r ( 1 Y 1, T 3 Z r 'C R J D C : ,_, S U •<4 ~ T 1 V : U S E T A C: 

c 

1 L F \1 r. 2',1,T32.711'_'),1, 
1//.~32, 'FIGUPE5 SHCW ~ON7'"<LY CC~SUYPTI 

IV( (>0[ .-. P!~'"l P~QUJOfME-<TS !'I [>;C'"<ES'•/oT32,'4'<fl 3!-~C'"IT'"'LY CC-.SU" 
lPTJV~ USE I~ tC<>.EFEET F':<>. T11o ;J!STRJ(T '• /.T32, 'S~LOo' ~·O~EN L 1'1!: 
1~~ 0 C:t. (~~ ~~':'0 G':"""'l',II,T2t. 'SlJ~!.~',T)l,'')~Y' ,Tio.:O.':rlQ'.;', 
l T 'i. ::'' ' $ n ;J ~ •;G I • .,.. 1..2 • ' '..J ! ~s T :"' ~ I • "'7 1 ' ' ':"....,"' ,•. ':" ~ ::: ~- r r T 1\ 'j ' ' S '-" l l l I • T ') ~ • 
l I :. L c: .". :. =:.. I • -:- 11 1 ' ' G '" s s. I T 12 ? ' ' ;') ~ c ••l, ~ ~ s. 
! I I I T 2 ~ • ' 1'\ ~ = 7 s I ... "3: • ' sEA .'! s' IT 4 -J I I s: Lt. r. F ' ' T 5) I I G K 1\ t \1' I T ~ z •• r. ~A. 1 ". ' 
: T e ':- . ' vr ~. ~ '!" t. ~ l E s I I i 1 ll I ' p! s T1J:; ~ r • I • 1 ) ; [ I -I ) ' I I 7 2' ' { ~a·~;~) •. 2 X. 
1 I I ~ ~ .... ~ ) ' ) 

91 Fr.>~l~I!Zl 

lOA FOQ~~~~4~4,!17,F2.01F2.0 1 T21,1 0t:S.2) 

c 
112 FC~'-~!.'"'!/,l X ,4~4.~2l.~S.Z,!3!,~5.2,~40,FS.2,7501C:S.2,T62,F5.2, 

1T7<.,<S.?,Te5, 0 5.2.~93,FS.Z,T111, F ~.2,T12J,FS.21 

~ rw 

cr; 
c.; I 



n -, 1 r.::. "!:3 

'lb 
1 •. .~ 

H 
)I> 

c 
Z'ol 

c 

~~~, ~ Tl • '-:~ I 

F0°~AT!/,43(' ~'lolHl,/l 
F ~~ v.'\ T ( 1 X , 4 At. , TZ 0, c 7. ~ , T JO , ~ 7. ! • T 3 9, F 7.!. , r 49, :- 7. 1 , 16 1 , F 7. 1 , 

1 T 7), F 7, l , T3'•, F 7, l , T9 7, ~ 7 o l, T 1! 0, ~ 7, l, T !2 2, F 7, 1 , /) 
r:o.;v.\ ;- ( F-'· .z.) 
FC'"'~.,. ( 1 2 , Tl l , '>~ 1 O. 0, /, ~ F l 0. C, 1,1> F ~ O. 0 l 

f~DuAr(11'l,///,g0,'S U M M A R Y T A~ L E N 0 • 3', 
1/, T 41), 4) I '_' l , 
1//, T40,' !RO.!G~qQ'i DIS'!'O. !CT IO~NT !FlCA r[l"l'l NU"~E.~', SX, '---• ol2. •--
1-',/,Tt.C,'lRR.tG<\rE:'I ACRE~\GE I'J TH!i OtSTRJCT',~lX:,Fi,Q,///, 
1 ~ 4 :J , • r a r ·. L • , r '· q, • i ~r A L • , r t.2. • .\ v F:~ A cr: ' ~ r 7 5, • J t s-:- ~~ ~ ~ • ... ~7! C"\ • • ';'')6. 
t • ·::: r • , .' , ; J 1 • • S'J? ~L F.- • • r ~. :J, • I ·~ ~l ~ ... ·..{ • ! r t. 9, • '::: ~ ~ s·J.., :"~-:" : v ~ • , ";" 6 2, • s::: ~ ~ • , 
1 r 7 r.. • ~ v s- r ·~ • . r :-t. ~ , • 7·l r r. L • , r 'lA, • :) r ~ rr.- : c r • . r t J 1 , • c r ~ T ~- r r: r • • 7 t 1 ~, 

1 ' t: ~ R ~·I ' T t 2 6. I ~;}.':I j:. .: T I • I' T 2 • I T I '~ [= ' ' T 2 0 I 'R : v E P, ' ' T 3 1 ' ' '"'· c .~J TAP. y' 'T 4 0' 
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1 • n ! s ':'" R t c r • , ":'" q 6, • :...; .\ r E ~us F • , r 1 o 1, - r. S!":vf v :..1 sc E • , r 1 t n, I t R R 1 r... ' , r 12 6 , 
1'1~PIG.•,I,T2,'PCR!nO•,T70,'~:Vf?51~N',T)l,'I~FLO~',T40,'RIYnV.J', 

1 T 4 9 , ' ~='- r: 0' 't :l £ ~:: nr • • r f • .?. , • L n s s = s • ., T 7:;, • L c ssE s • , T c. 4 , • ~ ~ TlH-::~c L cw • , r g 6, 
1'(1JrJ~-F'::TI 1 1':"1J7, 1 fFFIC!E~;:y•,rtt8,'Efr-Ic.•,rt26,'EFr:~C .. 1 ,1. 
1 :2 , • ( _L( fl.•;. , • , r z o. • ( :. r:- f: r , • , .. ) 1 • • ( (1, c- F r , I I r 4 ~, • t t. c- F r 1 • , r ,, 9. • r:.. c- F r , 
1 • , '!' h: , • r ·' c-;: r 1 • , : 1 r; • • ~ .:. c - F r ~ • • r :-;:. , 1 ( ,.., c. - r. r 1 1 • :- g 6 • • r :. c- F r ) • • r 10 7 , 
1 ' ( '!':) I 'T 1 1 ~. I ( :: J •• ~ ~ 2 6 •• ( ·-~ J ' " I. 1) 2 ( I-. ) 'I I) 

•z FCRV5iCFlo.o,F1o.o.Fio.o.Fto.zl 
31 FC'~·-•~T(!l,Tll,oF!Q.O,/,Tll,oflO.O,/,T11,e.F10.0l 

67 F0"'1AT( Tl2,f9.0J 
c 
2 4 3 Fro 'I~ T ( ~? , 4 ~4 , T? 0, -0 7. 0 , T 29 , f'7. 0 , ~ 4 D, ~ 7 • 0, T S I, F 7, l, T 6 2, Fa. l , T 7 4, 

1 F 7 • l , '!" 13 5 , c 7. I , T l) t., F 7. 0 , T 1 0 7 , ~ 6 • Z , T l ~ 7 , F 6. 2, T l 2 ~. r- 5 • 2 , I l 
24b ~~~~~T(/t,l321'_'l,///,T~O,'~!VER Dl~r~S!O~ LEY~LS. COEF~!CIE~T C 

lF P~"ll~!'-1~ 11.1'~• A~'1 ~AX:I'.l!.~ ~'=EP:.C.f ?.AT~-:' ,II,Tt.O, "J..\Xl"~L.'~ SEA~tl~~AL 
lR:\•[a :)JvLr~si~t; [CFS' ::. 1 ,T~5.1=( •• 0,1,Tt,a.·~IV·~R OlVI:RSIG~; 6.T SO:: 
1S 0 1PH.;: l~SS ~·-~ (CFSJ •',T95.~&.C,/,T 1.r., 'CO':~~ICIE~~ OF ~ET!.'R,'<~ 
llOW f'=) ••.T91t;::4.2,1,Tt,Q.•M!.X!'~I_1!"~ INPUT SEEPhGE RATE [~FIDAYJ 

1•' ,TQ~,FI>.O,///,T40, 'f'IVEP.$1'1': REDUCT IG'l FACT•lR (~I •' ,T93,F~.ZJ 
261 °QP.'IAT11Yl,///,T40,'SUMMAO.'f TABLE NO. 4', 

~/,Tt,Q,431 '-'1,///, 

~ll~- ~ · ~ 

f-J 
c-~ 
Gl 



!!I -, 
' ~ ~ ~ ~ ~ . ~ -, I 

1 TlO,' TOTAL A"lN'JAL IIETURNFLOW' ,TbTo '!AC-FTI' ,T80.~7.0,/, 
lT!O,•TOTAL AN~AL ~IVER DIVERSION',T67o'!AC-FTI',T79,F8.0o/o 
lTlO,'TOUL A"li'IJAL INFLOW !DIVERSIONS+ SUPPLEMENTARY)', 
1 Tb7,'1AC--'Tl' ,T79,Fe.O,/, 
lTlO,•ToTAL AI'INUAL C~SUMPTIVE IRRIGAT!O~ REQUIREMENT', 
lTb7,• !AC:-FTI' ,TSO,F7.0,/, 
lTlO,'TOTAL ANNUAL SYSTE" SEEPAGE LOSSES',Tb7o 0 IAC-FTJ',TSO, 
1F7.0,/, 
1 T!O, 'TOTAL AI'II'I~AL DEEP PERCOLA.T ION LOSSES', T67, 'I AC-FTJ•, Tao, 
tF7.o,/, 
lTtO,•TOTAL ANNUAL NET DISTRICT WATERUSE',TbT,'IAC-FTI',T80J 
lFT.0,// 1 

lTlQ, 1 AVE~AGE ANNUAL IIETURNFLOW PER ACRE' ,Tb7, 1 IAF/ACl',T90, 
1F'o,2, II 

21>5 FOR~ATITtO,•A.VERAGE ANNUAL RIVER niVE~SIOI'I PER ACRE',Tb7, 
1'!AF/ACI 1 ,T89,F5.2,/o 
lTlO,•AVFRAGE Al""'UAL C:O"'S\JI'IPTIVE IRitiGATION REQUIREMENT', 
1 T67o'IAF/ACI' ,T90,Ft,,2,/o 
lTlOr'AVE~A(,E A~NUAL TOTAL INFLOW TO DISTRICT PER ACRE', 
lT61,' !AF/AC:I' ,T!l'l,F5.Z,/, 
lTlOo'AVE~AGE ANNUAL SEEPAGE LOSSES PER ACRE'rT67,'1AF/4CJ', 
1T9Q,Ft,,Z,/I 

26l FOR~ATITlOo'AVERAGE ANNUAL DEEP PERCOLATION LOSSES PEP ACRE' 
loTbT, 1 1.1."/hCI' ,T88,Fb.Z,/, 
lT!O,'AVE~AC,E A~NUAL NET DISTRICT WATER USE PER ACRE',T67,'!AF/ 
1ACI•,T89,F5.2,/, 
lT\O,'AVE~lGE AI'INUAL DISTRICT RETURNFLOW FRACTIDN',T67,'1~1', 

l TS9,F 5.7 ,f, 
1T10.'AVE'1.4GE t.'lNU.I.L DISTRICT CONVEYA"'CE EFFIC!ENCY',T67,' 1~1', 
\T89,FS.2o/o 

•· 
, rw 

~ 
(X) 

-...1 

~ 



:1 ..., I r-1 

~15 
~17 

251 

100 

-:!11 ~ , , 111 ~ • ~ 

tTtO,'AVE~AGE ANNUAl 
lF!>,Z,/, 

FAll.~ tii.R tCA Tt ON HF I tiENCT', T6T, 'It I', T~8, 

1 TlOo'AVERAGE ANNUAl 
loT89,F5,ZI 

FOil. MAT I ZOA41 
FOII.MATIIHI,'XXXXXXXXXX 
FO~MAT(t1l 

DEBUG SU~(HI( 
STOP 
END 

PROJECT IRRIGATION EFFICIENCT•.T67, 'It!• 

El'tROR IN l'tECORO 0 
0 ///,lHl,ZOA .. l 

--w .... ::w 

f-..1 
co 
co 



~ ~ • __ J r:-, ":::! ~~ ~11 ":':I 

01 1513611 APRIL 15 TO 
10 39~ 219~ ~u 1~7 1133 
06 
AD't!L 15-30 1530 13 0 
'lAY 1-15 1531 81 23 
""Y 15-31 1631 81 23 
JUI'j~ 1-15 1530 314 332 
JUNf 15-30 1530 314 332 
JULY 1-H 1531 723 746 
JULY 15-31 1631 723 746 
AUGUST l-15 153l 704 453 
aur,usT 15-31 1631 704 453 
S~PT~,.R~R 1-1 ') I '>30 326 b 
5~PT0'RFR 15-30 1~30 326 6 
!>CTO'I~ 1-15 1531 b" 0 

90 
12 0 0 

0 0 0 

12 H 93 
2112 2181 221 

12 271 352 
586 453Z 536 

12 588 1058 
93'1 6350 799 

12 'l28 1622 
12 80 8227 985 

12 1133 2206 
15JO '15 97 1078 

1? 1413 2'13'1 
1722 10329 1131 

!11 -, ~ 

OC T0!3ER 15, 1974 
571 0 2~80 1333 0 

b 1~ 74 2 0 
~0 229 277 85 0 
40 ZZ9 277 85 0 

227 590 643 415 0 
227 590 643 415 0 
641 .. 75 781 905 0 
641 4 75 181 905 0 
608 15 280 722 0 
608 15 280 722 0 
16 7 0 0 0 0 
lb7 0 0 0 0 

0 0 0 0 0 

0 0 
0 0 

199 6b 
11 Z10 

398 159 
440 bOb 

542 305 
70'1 92" 

626 387 
1020 1284 

815 <. 32 
1 3'• 7 152b 

870 433 
1797 1704 

-, 

~~ 33 0 
185 196 0 
185 1'l6 0 
495 409 0 
495 40'1 0 
746 635 0 
746 635 0 
&03 467 0 
!.03 467 0 
271 121 0 
211 121 0 

55 0 0 

218 0 
0 

782 539 
35 

1031 1335 
93 

153:1 23'11 
236 

2008 375'1 
40<. 

2 261 41)5? 
" 01 

2 36b 5507 
553 

1 
2 
3 
~ 

5 
6 
7 
8 
9 

10 
ll 
12 

• 1 3 
14 
15 
16 
17 
18 

19 
20 

21 
22 

23 
24 

25 
26 

27 
2a 

2'1 
30 

:'I rw 

,_. 
co 
<D 



~ -, I "' 
r-, ~, :!:3 ~ ~ 

12 1713 31!7q 
1963 11203 llq9 

12 1 q63 lt783 
2183 12131 1315 

12 21 7<1 5S41 
z.t,Jq 1)184 l45Z 

IZ 256q 6175 
2703 14721 1604 

12 zq64 1>701 
2'928 16 311 181!6 

12 3310 6882 
300S 17 784 2296 

3'150 n8o 2381'> 
16 701 q.t,4 

lloH 1694 
1800 188'1 

-2637 
IS 2'254 24~6 

3167 3177 
3317 3313 

-4 ~to 
lb 3343 3320 

3338 3328 
34'">S 3565 

-~416 

15 3630 27H 
3623 3616 
3455 3462 

-3920 
IS 3 56 5 3673 

3658 3651 

f!l --, . - ~ ' 

'llq 4SO 2582 
2068 1951 646 

1039 475 3152 
2499 2461 741 

1142 S36 3942 
26 72 Z9ZO 645 

1307 635 4637 
3312 3267 91~ 

!t.80 787 5611 
31'> 72 3749 963 

15 74 937 6411 
38 77 4162 1013 

10000 
1050 1080 1110 
17 73 I 768 1759 
1'175 1984 

28 30 3100 3167 
3182 3263 3353 
3327 

3340 3343 3330 
33 35 3331 3331 
36) 0 )6<.0 

3614 3610 3H7 
3532 3456 H75 
3535 

36 )6 3636 3£.<.8 
31>28 3715 3778 

6164 

6681 

7)76 

8173 

9019 . 
10140 

1285 
1779 

3164 
3.257 

3 35 5 
3421 

3626 
3459 

3663 
3775 

31 
32 

:n 
34 

3S 
36 

37 
36 

39 
ItO 

41 
ltZ 

43 
44 
4S 
46 
47 
48 
1,9 

50 
5t 
52 
53 
S4 
55 
56 
57 
58 
59 
60 
61 

. ..... • I ':11 rw 

I-' 
<.0 
0 



~ -, I .... r:, ~ ~ 'i'J ":1 ,. 

3770 37!>3 3177 
-9237 

1~ )820 382~ 3910 
'l89<1 3873 3!143 
3'102 39Z4 3940 

-1761 
16 H50 3Q43 39Zlt 

HOI 3'121 3922 
) 757 )7)4 3851 

-8075 
15 382<. 3839 31l25 

3 7~1 . 3701 31>83 
3529 35<. 3 3547 

-rte2 
1b 3 547 3534 35?4 

3515 3399 3352 
32<.8 3251 3241 

-7688 
15 3237 3240 3240 

3136 3110 3110 
2'140 282 .. 2788 

-8095 
1~ Z638 2571 2511 

21q5 Z2'55 2303 
2335 2338 2198 

- r5n 
1'5 2151 2071 2023 

l 779 1876 1913 
950 900 850 

-514'1 
'199 

-, 
' 

396'> 381>4 
38M 3925 

3875 3858 
3917 3927 
3851 

3806 3807 
31>70 3664 

3498 3'508 
3338 3278 
3228 

3217 3210 
3110 3072 

2381 2)38 
ZZ9'1 2Zb9 

1956 1852 
11 <tO 1050 

='-~ 

3857 
3908 

3876 
393 7 

3762 • 
3592 

35'>8 
3248 

3153 
3032 

22~5 

2253 

1783 
1050 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
7Z 
73 
H 
75 
76 
77 
78 
79 
eo 
81 
e2 
83 
84 
85 
86 
87 
88 
89 
89~ 

'lO 
91 

,. . ., 
~ 

f--1 
<.o 
f--1 



Appendix G 

Canal Seepage Program With Examples 

of a Sample Input Data File and . 
Sample Program Output 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c ,. 
'"' c ,. 
v 

c 
c 
c ,. ... 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
:: 
c 
c 
c 
c 
c 

r::J ~ L__:j 
~ 

-, , •• ~ I ., ~ .• -4 

··~·········~··························································· • • 
* * 
* 
* 
* • 
* • 
0: 

•··•···············•···•···················•··•··· 
C A N A L SEEPAGE P R 0 G R A 11 • 

···········································-······ 

*THIS PROGR~M WILL CALCULATE CA~AL SEEPAGE LOSSES FROM THE FOLLD 
~ ING DATA: TOWNSHIP NQ., TWN 
* RANGE NO., RAN 
* SEC TtiJN NO., SEC 
* SEEPAGE COEFFICIENT, FT/DAY, SPC 
* LENGTH OF CANAL REACH, (SCALE: 8" • 5280' ), SCL 
,. TOPWIDTH, (SCALE: 1.0 :z25'1,XlNI, WHERE N IS> 5 

• 
* Vt.R!ABLE: 
* ACRLEN 
• ACSEEP 
* AVG 
• 
* li NENO 
* NH'.( s\N 
* NAMOST 
* PAN 
* RL FN 
* D 
* * SEEP 
* SEC 
~ SPC 
* SCL 
• 
• WPA 
• TC 

DEFINITION: 
ACC~MULATIVE REACH LENGTHS FOR EACH CHANNEL, MILES 
ACCJMULATIVE SEEPAGE LOSS FOR EACH CHANNEL, AC-FT 
AVE~AGE TOP~IDTH OF THE WATER SURFACE BETWEEN TWO 
CONSECUTIVE REACH MEASUREMENTS 
ACCUMULATIVE DD-LOOP COUNTER 
NAME OF CA~AL OR LATERAL 
IRRIGATION DISTRICT NU~BER 
RANGE NUMBER AND DIRECTION CODE NUMBER 
REACH LENGTH, FEET 
NUMBER OF CROSS-SECTIONAL MEASUREMENTS PER SQUARE 
~TL E SECTION 
SEEPAGE LOSS, IN ACREFEET PER DAY, FOR A REACH 
SECT!O~ NU~B~R AND OIR ~CTIO~ CODE NU~BER 

SEE~AGE COEFFICIENT,CFD, OR FT/OAY 
CALIBRATED LENGTH OF CHANNEL PER SQUARE MILE SECTION 
IN TENTHS OF INCHES 
WETTED AREA OF A ~EACH, SQ. FT. 
TOPW!DTH COEFFICIENT 

• • 
• 
• 
* • 
• 
• • 
• • • • • .. 
• 
• 
• 
• 
• 
* • • .. 
• • 
• 
• 
• • • 
• • 
• 

':11 rw 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 
c 
c 
r 
c 
c 
c 
c 

f"1 :_:...., 

* TOTLEN 
* TOTSEP 
• * TWN 
* TOTWPA 
* * XI N) 

• • 

- ~ :....., :w ~ I G ~ :" • . 4' 

TOTAL LENGTH IN MILES OF ALL CHANNELS IN A DISTRICT 
TOT~L SEEPAGE LOSS IN ACREFEET PER DAY OF ALL CHAN­
NELS IN A DISTRICT 
TOWNSHIP NUMBER AND DIRECTION. CODE NUMBER 
TOTAL WETTED AREA IN SQ.FT. FO~ ALL ~HANNELS IN A 
DISTRICT 
UN-FORMATTED INPUT VARIABLE FOR DATA 

.., 

• • • • 
• • • • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DIMENSI~N XC50l,NAMDST(5Q),NAMCANC35l 
INTEGER TWN,RAN,SEC 
LINENO:zO 

3 CnNTINUE 
TOTLEN=O.OO 

It TOTWPA • 0.0 
TOTSEP•O.O 

16 WRITE(6,18l 

14 READ(S,l3)NAMOST 
12 WRITE(6,15lNAMDST 

17 WRITEC6,19l 
25 CONTINUE 

ACRLEN-=0.0 
ACSEEP=O. 0 

22 READ(5,23l~A~AN 
27 WR!TEC6,28)NAMCAN 

<-----------------------READ CARD---~--------

<-----------------------READ CARD--------------

X ELE~ENT OF THE N-ARRAY 

N NO. QF VALUES ON CARD, 

<----------------------READ CARD--------------

':-I rw 

f-' 
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Cl I . _ci L'1 -., '*_.__, ~, '::11 

CALL INPUT !X,Nl 
SAVE=X(61 
GO TO 51 

6 SAVE=X(NI 
5 CONTINUE 

• I '-.rW .-: 

c <-----------------------READ CARD--------------

c 

CALL INPUTIX,Nl 
51 TWN=Xtll 

RM;,.X( 2 I 
SEC=X(3l 
SPC=X(4l~O.Ol 

SCL=Xt51 

C END OF THIS IRRIGATION DISTRICT 
IFCTW~.E0.999lGO TO 100 

c 

c 

10 NN=-{N-21 
X(5l=SAVE 

C END OF CANAL OR LATERAL; START NEW CANAL 

c 

c 

20 IF!TWN.E0.99)G0 TO 25 

NX=(NN+ll 
DO 7 I=S,NX 

C END OF DATA; OPTIONAL 

c 

c 
c 

21 I~ITWN.EQ.951GO TO 150 

A V G" ( I X ( I I +X ( I + ll I * 2 • 50 I • 0 • 5 

C AVG ~ THE AVERAGE TOPWIDTH OF THE WATER SURFACE, USING TWO 
C CONSECUTIVE REACH MEASUREMENTS 
c 
c 

IF(AVG.LE.t2.51GO TO 42 
IF!AVG.LE.25.01GO TO 43 

~ 

,...... 
~ 
(.,, 



• ::1 I J ~ ~ ~ 
..., 

IFIAVG.LE.200.lGO TO 44 
IF<~VG.GT.200.lGO TO 45 

42 TC=l.3 
r.n rn 46 

43 TC=l.2 
GC' TO 46 

44 TC = 1.1 
GO TO 46 

45 TC:cl.05 
46 CONTINUE 
c 
c 
c 

:-. I ~ '.~ 

C THF PROGRA~ USES 4 SEPARATE COEFFICIENTS (1.05,1.10,1.20,1.301 TO 
C CONVERT TOPWIDTH TO WETTED PERIMETER. CROSS-SECTIO~ TOPWIDTHS ARE 
C AVERAGED CONSECUTIVELY FOR EACH ENTIRE CANAL REACH. 
c 
.c 
c 

c 
c 

D=N-5 
lFID.GT.O.OlGO TO 35 

30 RLEN=(SCL*5280.0)/(80.0J 
GO rn 38 

C QL~~ = REACH LENGTH OF CA~AL,FEET 
c 
c 

c 

c 
c 

35 RLE ~=(SCL*5280.0l/(80.0*Dl 

38 CQ ~ T!NUE 

~ ~A ~I~LE ~ ~!V G~rCJ 

C WPl :: WETTED PERIMETER AREA OF THE REACH OF THE CANAL 
C THE OIVISGR IN THE FOLLOWING SEEPAGF EQUATION ACCOU~TS FOR THE 
C FORMAT OF SPC ~EAQ IN WITH ITS DECIMAL DISPLACED 2 POSITIONS 

":'' rw 
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O"l 



:1 I :~ 11':"'1 :.!.:'I !.i.:J "!:'1 !'I ~ I 

C TO THE RIGHT. 
c 
c 

c 
c 

SEEP:(WPA•SPC)/(43560.) 

C SEEP = SEEPAGE, IN ACREFEET PER DAY 
c 
c 

c 
c 

AC~LEN• ACRLEN•IRLEN/5280.) 
39 TOTWPA s TOTWPA + WPA 

C ACRLEN = ACCUMULATED RLEN IN MILES 
c 
c 

c 
c 

ACSEE~•IACSEEP+SEEP) 

C ACSEEP s ACCUMULATED SEE?AGE 
c 
c 

LINFNO=!LINEND + 11 
TOTLEN=TOTLEN+(RLEN/5280.1 
TOTSEP=TOTSEP+SEEP 

~ 

7 WRITE!6,401TWN,RAN,SEC,RLEN,AVG,SPC,StEP,ACRLEN,ACSEEP 
IF!LIN~NO.LE.651GO TO 55 

c 
c 

52 WR!TE!6,59) 
LI 'II EIIJO=O 
GO TO 6 

55 CONTINUE 

C TOTSEP ~ TOTAL SEEPAGE LOSSES FOR THE ENTIRE DISTRICT 
c 
c 

GO TO 6 

.. 31 . rw "~='I 
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100 ~RITF.C6,~51TOTSEP,TOTLEN,TOTWPA 
LINE~O:a:Q 

GO TO 3 
150 CONTINUE 

-, .., ~ 

18 F 0 R "~AT I 1 H 1 , 40 X, 1 C A N A L S E E P A G E A N A L Y S I S 1 , 

1////,48X, 1 0IRECTION COOROINATES:•,4X,'l- NORTH',/, 
175X,'?- EAST 1 ,/,75X, 1 3- SOUTH',/,75X, 1 4- WEST') 

13 FOR~AT(5X,50A1) 
15 FOQ ."'AT(I/,1X,l32('* 1 ),11,55X,50Al,II,1X,132!'* 1 ),11) 
19 FORMATI1X,'TOWNSHIP',T18,'RANGE',T32, 1 SECTION 1 ,T48,'REACH', 

1 T 62,' AVE.' , T 7 5,' REACH' , T 89 , 'REACH' , T 115, 1 ACCUMULATED' , 1, 1 X, 
1 T 3 •• ( N 0. I • 'T 1 8 •• ( NO. ) • 'T 3 3' I (NO. ) I 'T 4 8' • LENGTH •• T6 2 •• REACH I • 

1 i7 5, ' SF. E PAGE 1 , T 8 9, 'SEEPAGE ' , T 11 Z, 1 R E AC 1-1 1 , T 12 2, 1 SEEPAGE ' , I, 1 X, 
l T 4 8, ' ( FEE TJ ' , T62 , • ~I 0 TH' , T 75, ' COE F F.' , T8 9, 1 LOSSES 1 , T 112, 1 LENGTH' , 
1 Tl 2 2' • LO ') SE s. 'lo 1X 'T 6 2' I ( != E E T) ' 'T 75' • ( F TID A y) I 'T 89. I ( AF IDA y) • ' 
1Tll2,'tMILF.Sl',Tl22, 1 (AFIDAY)',I,l32('-'),ll) 

23 FQDMAT(5X,35Al) 
28 FOR~AT(I,4X,35A11 
40 FORMATCT4,I3,T19,I3,T35,I2,T48,F5.0,T62,F6.1,T77,F4.2,T90,F6.2, 

1Tll2,F5.2,Tl22,F7.2l 
59 F 0 R 'lt.. T C ' 1 ' , 'T Oh'NS H [ P' , T 18, ' RANGE' , T 3 2, 'SECT I ON' , T 4 8, 1 REACH' , 

1-:-6 2 , • AvE. • , r 1 s, • REACH • • T a11, • RE :.cH • , T 11 s, • AC cuMuLATED • ,1, 1 x, 
1 T 3, ' C NO. l ' , T 1 8,' C NO. I ' , T 3 3, ' ( N 0. I ' , T 43, ' LENGTH' , T6 2, 'REACH' , 
1 T 7 5, ' S E [:>AGE' , TB 9, ' SF. EPA GE' , T 1 12, 'REACH' , T 12 2, 'SEEPAGE' , I, 1 X, 
1 T 4 8, ' C FE E T l ' , T6 2, ' WI 0 T H' , T 7 5, ' C OE F F. ' , T 8 9, 1 L n SSE S' , T 1 12 , ' LENGTH' , 
1 Tl2 2, ' LOSSES' ,/, 1 X, T 6 Z, ' IF E E Tl ' , T 7 5, ' I F T IDA Y) 1 , T 89, ' ( AF IDA Y l 1 , 
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