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Uli\PT!~R T 

TNTPCll1lJCT l ()'~ AN!l PURPOSE OF STUDY 

1ntrnduction 

In 18Gfl, 1'-lormon settlers established the first perm~ment 

irrigation-based a~~ricu I tural community in Idaho. Since that 

time many people have recognized the abundance of clean water 

and fertile Llnd in the: f;em State. Extensive irrigation devel-

opment has taken pl;Icc,so that today over 4 million acres of 

1 and are i r r i r; at c d i n t h c s tot c . 

In order to hrinp about this de-velopment, it was nccessory 

to stretch the limit which nature 1mposes upon the full utili-

zation of the st:1te' s 1·::1ter resource. Streamflows vary season-

ally: increasin~~ in th(' spring as snowpacks melt and decreasing 

g r e at 1 y i n m i cl - s u m me r ~l t the p e <1 k o f tt1 e i r r i g at i on s e as on . 

To help stretch these seasonal limits, storage reservoirs have 

been constructed to save excessive snowmelt during spring run

off for use during periods of peak use. 

Until recently, people generally have not been overly con-

cerned with the conservation of irrigation water in Idaho. This 

lack of concern has resu] ted in the overapplication of water to 

crons. The ovcr:1.pnlic:ation has not only increased water use 

and denlctecl water supnlies, hut hos also led to erosion .:mel 

leaching of soi 1 and nutrients and a deterioration in the qual

ity of surface and ).;round water wldch receive silt, nutrients, 

pesticides, and 11Crhicidcs from surlace runoff and subsurface 

drainage. 
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The efficicncv with which irrj\;ation water is used 1s 

dcnendent upon a number of physital, technological, and eco

nomic factors. Rrccnt trC'ncls to increase irrigation efficien

cy include replacement of surface systems with sprinkler sys

tems. Some oth cr cons c·r J1lcn ce s brought about by conversion 

to sprinklers include increased crop production and reductions 

1n irrigation labor ancl management costs at the cost of in

creased energy usc. 

Competition amoni' users of Idaho's available water sup-

plies will inevitably incre<Jse. This increase may be brought 

about in two ways. Prirnarilv, an increased number of users 

for existing sunpJies of water will result in an increase in 

competition. On the otl1cr hand, a decrease in the amount of 

available water in existing supplies will also result in in

creased co~petition. 

In order to satisfY the jncre.Jscd demand for water, it 

will be necessary to effectively allocate, develop, and use 

these existing suppl ics. 



The process of supplying water to an irrigated farm is 

usually accomplished through a distribution system. There 

are two levels of such systems. Tb;1 t at the farm or unit 

level, and that at tlw :Hojcct (IrrigJ.tion District or Canal 

Company) level. ln ordr•r to measure the effectiveness of a 

system, the efficiency of the system may be determined at 

the various levels. 

A number of st11dir·c; have concentrated on the determina-

tion of the cfficicncv of an individual irrigation project 

for a given irrigation season. Some attention has been given 

to irrigation cfficiencv analvsis of different projects in any 

given irrigation season 1/ 
( 8 ' 1 ~ )-,- l"he purpose of this study 

is to determine irrigation efficiencies of two basically dif-

ferent irrig~1tion projects Cor two years in which the amount 

of water available for irrigation differed significantly. 

By comparing the c·ilrjous efficiency terms, the effects 

that a drought year (s1ll:h as 1977) might have on these projects 

mav be determined. 

The two representative irrigation projects chosen for 

the comparison arc locilted in south central Tdaho. One pro-

ject (Salmon l\ivcr Cnnnl Cornnany, Ltd.) is an Irrigation Com-

pany. The other project (Wood River Valley Irrigation District) 

1s an Irrip;iltion District. 

The purposes for the existence of each project, herein 

r e f c r r c d t o ;1 s e ;1 c h s v s t c m , ;1 r e c s s c n t i ;1 1 1 v t h c s am e . These 

1/ ~umbers 1n parentheses refer to listed references. 3 
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are to distribute allocated water to farms for beneficial 

use by crops, to operate and maintain the distribution sys

tem, and to collect charges which are assessed. The distri

bution methods which each system employs are similar as both 

use canal and lateral systems to convey water from the source 

to the farm turnouts. 

There are, however, some basic differences between the 

two systems. The basic structure of each organization differs 

in the fact that the canal company holds the water rights and 

delivers water to the stockholderi. Each share of stock re

ceives a set amount of water, depending on the available sup

ply, and charges arc assessed according to the number of shares 

of stock a particular water user holds. The district, however, 

does not hold the water rights, and there are no stockholders. 

The actual water users hold the water rights, and charges are 

assessed by the district according to the amount of the water 

right and elate on which a particular right was established. 

Other differences exist, for instance the company must trans

port its water from the source through some 95 miles of major 

canals to the lands which it serves. The district, on the 

other hand, diverts directly from the source into its canals 

which deliver the ~ater to immediately adjacent lands. The 

·company has virtually no groundwater pumping to supplement its 

surface supply; hoKever, approximately twenty-five percent of 

the water <Ipplied to the district lands is pumped from a ground

water source. 



One other important difference exists 1n the fact that 

the company has hacl a historv of"'watcr short years to deal 

with,and the district is less familiar with working with 

water shortages. 

5 

In order to evaluate these effects, it was necessary to 

obtain various water use data during 1976, a water sufficient 

season, and 1977, a water short season. 

Specific objectives arc: 

1. To determine project irrigation efficiencies during 

the water short year and water full year for the two 

representative irrigation projects in the region on 

a bi-weekly basis. 

2. To determine statistical relationships between the 

project irrigation efficiencies of both systems for 

e;;tch of the two years and between both years for each 

system. 



CIL\P1TR II 

L l IE RATUR r 1\EVT !:IV 

The r e h a s b c en a l- on s i de r a h 1 e am o u n t o f r e s e arch de -

voted to the suh_iect of irrigation e-fficiency, and. many 

types of an:1lyscs arc used to compute the efficiency of a 

particular phase of an irrigation operation. Most studies 

have determined irrigatin efficiencv at the farm or field 

level; however, some investi,gators have determined irriga

tion efficiencies for entire irrigation projects. (8). 

In order to fulh- understand the meaning of irrigation 

e f f i c i en c y , the t e rm i r r i g a t i on m us t b e de fine d . Israelson 

defines irrigation as the apnlication of water to the soil, 

supplementing natural precipitation, for the purpose of sup

plying water to nrovidc a suitable environment for plant 

g row t h (1 ~lJ . Irrigation efficiency is then, in a general 

sense, the measure of the effectiveness of the method of irri

gation. 

Various Definitions for Irrigation F:fficiencics 

Israelson cites studies in 1~139 as the first attempt 

to define irrigation efficiency and to identify factors upon 

w h i c h c f f i ci c n c v i s h n ~~ e <1 • !' e a 1 s o r e r e r s t o con c e p t s p r e -

vious to this 1vhich enable the measurement of irrigation effi-

ciency as car1v as 1~1]~1. lle defines 1vater application effi-

ciency as "the ratio or the volume or water stored in the 

s o i 1 in one i r r i g at ion to t 11 e v o 1 u me o f w a t e r ci c 1 i v e r c d to 

the field". ~lathcrn;ltic:1lly stated: 

6 



E 
a 

where: 

v c 1 o n ". 1 1 v 1 r 

E Water :'\J'plication'Efficicncy (percent) a 

V Depth or water (inches) stored in the root 
r 

::nne 

7 

(1) 

vf ])cpth ol W<lter (jnchcs) delivered to the field 

Israelson also breaks down the factors which influence the 

application efficiency into two grot~s: those which are sub-

ject to such control. [ontrol1abJ·c factors include: land 

preparation, method of w;:rter anplic<ltion, and the rate of 

application. Foctors beyond irrigation control include: soil 

texture, soil depth, soil variability and intrinsic soil per-

meabili ty (20). 

Willardson (48) found some twenty definitions of irriga-

tion effic.iency, and prescnteu the concept of water distrihu-

tion efficiency, knm;n also as the uniformity coefficient. 

Willardson did not define water distribution efficiency; how-

ever, he did examine several methous of irrigation and showed 

that high application efficiencies were related to a high value 

of uniformity coefficient, estimating that furrow and border 

irrigation efficiencies of 60 to 70 percent arc reasonably 

attainable and may he increased to over 80 percent by usc of 

recovery systems. 

Water distribution efficiency 1s defined by Hansen and 

Israelson (21) as: 
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10n°o(l-Y/cl ) 
s ( 2) 

whc re: 

[d :\':1ter Di strihution Efficiency (percent) 

Y Average numerical deviation of depth of water 

stored during the irrigation 

d Average depth of water stored during the irri-s 

gation 

Meriam defines distribution efficiency as the percent ratio 

of the minimum depth of water infiltcred into the ground to the 

average depth infiltercd, where depth infiltered = depth of 

water stored at any point in the field (29). 

Hall goes on to describe many djfferent irrigation effi-

ciencies and the parameters on 1vhich these are based (15). Some 

of the most useful are: 

Operational Efficiency - The ratio of actual system appli-

cation efficiency to the ideal system application efficien-

cy. It is a measure of how well the system is operated. 

Season Application Efficiency - The ratio of the useful 

water applied during the entire irrigation season to the 

total volume delivered. 

Economic Irrigatl~n Efficiencr - The ratio of the total 

production under actual conditions to the expected produc-

tion under ideal conditions. 

For design p11rposcs the following arc valuable: 

Svstcm Application Efficiency- This is defined as the 
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application efficiency of a system at satisfactory out-

put. Satisfactory outnut is the outout obtained when 
.,. 

45 percent or some other designated percentage of the 

field has received adequate irrigation. This parameter 

is useful when it is not economically justifiable to 

achieve adequate irrigation of an entire field. 

Ideal Svstem Efficiency - This is defined as the high-

est application efficiency a system can attain as it is 

designed, and can be useful when comparing systems. 

Keller (26) defines several types of irrigation effi-

ciencies. lie starts by giving a general definition previous-

ly defined by Blaney and Criddle (3) where irrigation effi-

ciency is: "The percentage of (delivered) irrigation water 

that is stored in the soil and available for the consumptive 

use by crops. When the (delivered) water is measured at the 

farm headgate (or well), it is called farm-irrigation efficien-

cy; when measured at the field, it is designated as field-

irrigation efficiency; and when measured at the point of di-

version, it may be called project-efficiency. 

Keller then presents evidence which suggests that farm-

irrigation efficiency depends more upon management and the actu-

al irrigation facilities used than on the method of irrigation. 

Some of the most extensive work on the subject of irriga-

tion efficiency is reported hy Jensen (23). lle states: 

Irrigation Efficiency defined as E. is "The ratio of the 
l 

volume of irrigation \1/ater transpired by plants and evaporated 

from the soi1 and plant surface plus that necessary to regulate 
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the salt concentration in the soil solution, and that used 

by the plant in building plant flssue to the total volume of 

water diverted, stored, or pumped for irrigation." 

This definition takes into account all losses of water 

that occur after the water has left its natural course. 

Assuming that the conditions are steady state (by neglect-

1ng any water in the plant tissue, and any change in stored 

soil moisture) an algebraic expression for the overall irriga-

tion efficiencv r~-1 c~n he obtained: , L 

E. = (1\' + W - R )/\11. x 100°s 1 et l e 1 
(3) 

where: 

~- The overall irrigation efficiency in percent 
l 

for the farm, project, or basin as specified. 

W The volume of water vaporized by evapotranspi-et 

ration. 

w1 The volume of water necessary for leaching on 

a steady-state basis. 

R The volume of effective rainfall. e 

W. The volume of water diverted, stored, or pumped 
1 

specifically for irrigation. 

This definition of overall irrigation efficiency differs from 

previous definitions, primarily in the fact that he includes 

the leaching requirement (W 1) in the numerator. Reeve (34) and 

Fall (15) a1so rccogni:e the fact that certain parameters such 

as soil moisture tension ;1nd salinity arc essential in providjng 
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an environment in the ~oil which is suitable to plant growth, 

and should he reflected hy the eFficiency . 

.Jensen further hre;1ks irrigation efficiency into the 

following components: 

Reservoir Storage Efficiencv, E , is the ratio of the 
-------~ s 

volume of water delivered from a reservoir for irrigation, 

to the volume of water delivered to the storage reservoir--

surface or underground--for irrigation. 

Water Convcvance fifficiencv, E , is the ratio of the vol-- . c 

ume of water delivered by an open or closed conveyance sys-

tern to the volume of water delivered into the conveyance 

system at the supply source or sources. 

U~it Irriga~ion E(ficiency, E ' u 
is the ratio of the vol-

ume of irrigation water used in evapotranspiration in a 

speci.fied irrigated farm area, plus that necessary to 

maintain a favoTable salt conccntTation in the soil solu-

tion, to the volume of water delivered to the fclTm. 

In algcbTaic terms: 

(4) 

wheTc: 

E RcscTvoir stoTage efficiency in peTcent. s 

Wd Volume of wateT delivered fTom the Teservoir 

for i r rig ;lt ion. 

W Volume of water delivered to the reservoiT. 
r 



where: 

E Water conveyance ~fficiency in percent 
c 

WD Volume of water delivered by the system 

W Volume of water diverted into the system 
R 

Eu 
where: 

E Unit irrigation efficiency in percent 
u 

Wet Volume of irrigation water required for 

(5) 

(6) 

evapotranspiration in the specified irrigated 

area 

w
1 

= Volume of water required for leaching 

W. = Volume of water delivered to the area 
l 

Jensen further explains that the product of the component 

efficiency terms, expressed as ratios, gives the overall irri-

gation efficiency, E. (or project efficiency): 
l 

E. = (E /100) x (E /100) x (E /100) x lOOga 
l s c u 

where all terms arc previously defined. 

(7) 

Jensen goes on to point out that the key to evaluating 

any irrigation efficiency is accurate water measurement. Ih 

practice this may he a difficult objective to accomplish as 

actual water measurements may he biased. For example, the 

ditch rider may deliver more water than records indicate in 

12 

o r de r to k c c p go o d r e 1 a t i on s IV i t h t h c i r r i g a to r s . Natura 1 con -

ditions may ;l1so exist 1vhich prevent accurate measurement such 

as the accumulation of sediment in front of a we1r. 
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Jensen also brings out the fact that the maJor problem 

encountered when t rv i n ,, ' ,, to de t e rn\ i n e t h e u n it i r r i gat ion e f f i -

ciency, E ' u 
is the dctcrmin<ltion of \V t" c He describes various 

methods bv whjch W t c:1n be estimutcd. Most of the methods l1c ' c 

presents arc bused on sail sampling techniques. 

A method of cstim:1ting Wet for crops in Idaho has been 

u~ed by Sutter and Corey (41). They applied the modified 

Blaney-Criddle (3) method to determine the consumptive use of 

water by different crop:~ using climatologiccll data and geograph-

ical location within the state. Other methods for estimating 

the amount of water necessary for Wet have been determined by 

Penman and Jensen arHl lfaise (:)2). 

Factors Wh~ch Influcnc_c Irrigation rfficiencies 

"The objective of irrigation efficiency", as defined by 

Willardson (40), "is to show where improvements may be made 1n 

irrigation practice 1vhich will save water, labor, soil, and 

plant nutrients". 

Erie (12) points out that the present demand for water 

is not satisfied and that irrigated agriculture accounts for 

80-90 percent of all water consumed in the U.S. Therefore, 

it would seem that the greatest opportunity for water conserva-

tion is in this area as nearly 42 percent of water delivered 

to i r r i g at c d Ln'rn s j n t h c U . S . L s no t b c n c fi c i a 11 y us c d by 

plants. 

Eric (12) and Tyl('r (42) both conclude that irrigation 
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efficiency 1s dependent, to a large part, on irrigation 

management and the ability of the farmer. Other factors 

determined by Tyler (42) to influence irrigation efficiency 

arc: length of field head ditches, length of irrigation 

runs, crop distribution, field gradients, weather condi

tions and irrigating only for the purpose of conditioning 
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the soil. He proposed that 75 percent of the variation in 

irrigation efficiencies could be attributed to four factors: 

soil variation, irrigation frequency, duration of irrigation, 

and irrigating for soil conditioning purposes. 

Willardson and Bishop (SO) list some other factors on 

which surface irrigation efficiency is dependent. These are: 

amount of water applied, intake characteristics of the soil, 

and rate of advance. They also present curves which show 

efficiency~advance, and advance-infiltration relationships. 

Other studies which deal with advance-infiltration relationships 

are: Phillip and Farrell (33), Smerdon and Glass (36), and 

Wu and Bishop (54). 

Pair (30) lists the factors which affect the irrigation 

water application efficiency at any one site as: climate, 

soil, crop, water supply, topography, method of irrigation, 

labor, irrigation system design, and irrigation system opera

tion. lie predicts that as the cost and scarcity of water in

crease, it wi11 become more economical for the irrigator to 

invest in good \vater control equipment, proper land prepara

tion, correct irrigation system design, and adequate labor. 



Good water management practices will also cause farm and 

field water application cfficien~ies to increase. 

Upgrading Irrigation Efficiencies 

SteHart and Hagan (40) recognize the importance of the 

proper utilization of irrigation water and state: "Water 
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shortage in irrigated agriculture is becoming more common

place, and simultaneously more serious in its consequences." 

Clyde (9) emphasizes the importance of the efficient 

management of water supplies for irrigated agriculture and 

has determined that by increasing the irrigation efficiency in 

the Western States to an average of 50%, existing water sup

plies would be supplemented by approximately 25 million acre

feet without the construction of a single reservoir, diversion, 

or main can a 1. 

Jensen, Wright, and Pratt (25) describe how irrigated 

farms may be more effectively managed by the application of 

evapotranspiration technology in conjunction with the usc of 

digital computers. 

Hall (15) presents a discussion of the evaluation of the 

performance of an irrigation system, and distinguishes ln

adequacies due to design from those due to operation. "Design" 

id defined to include the physical characteristics of the sys

tem, whether intentionally designed or not. "Operation" is 

defined to include those characteristics of the system which 

are under the control of the operator such as discharge rates, 



period of the set, the condition 1n which the physical sys

tem 1s maintained, etc. 
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There have been a variety of ways proposed by which the 

efficiency of an irrigation operation may he increased. Jen--

sen (24) describes ho,~· computerized irrigation scheduling can 

raise the efficiency of overall irrigation system operations. 

Wiser (51) evaluates a model which uses climatological data 

to synthesize an irrig;1tion program which, if implemented, 

would lead to increased efficiency. 

Hall and Buras (l(J) present a simple graphical procedure 

based on dynamic programming a.nillysis which will permit deter

mination of the optimum policy for irrigation of homogenous 

lands under conditions of less than adequate water supplies. 

Brinser (4) discusses the intervention of government in the 

implementation of water resources planning for the purpose of 

more efficient water usc. 

Bagley (1) presents the concept of the competition-effi

ciency relationship, and gives examples of the effect of in

creased competition for water use on efficiency. He concludes 

that the law of price and demand suggests that increased compc-

titian leads to increased efficiency. This seems to suggest 

that efficiency will improve with time as competition for water 

use increases. 

Stc1.:art, llagen, and Pruitt (39) have added some insight 

to the problem of increasing existing irrigation efficiencies. 

They point out the fact that irrigation requirements arc some-



times estimated using methods which may tend to over-design 

the systems, resulting in highe~'investment costs and over 

irrigation. 
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Decreased seepage and operational losses would greatly 

enhance the efficiency of many irrigation projects. A major 

problem facing designers and managers of irrigation operations 

is the determination of these losses. Analytical studies, 

analogs, simulators, hydraulic models, and field tests have 

been used to shmv the relationships bet~Veen seepage and depth 

and shape of channel, position of the water table, and satu

rated permeability of the soil (10). 

Worstell (53) lists the principle methods by which seep

age and operational losses from distribution systems may be 

measured. The method hhich he developed relates a range of 

seepage losses to canal size (geometry) and soil texture. 

Other methods listed include: inflow-outflow measurements, 

ponding to operating depth and measuring the change in depth 

with change in time, and the usc of seepage meters to make spot 

measurements in different reaches of a canal system. 

There are several ways by which seepage losses may be 

reduced (10). Designers of unlined earth canals can design 

the canals as deep as permissil)le, as deep canals are more 

efficient in conveying water than shallow canals. Methods by 

which seepage may be reduced 1n existing canals include: the 

addition of chemical amendments to the soil (sodium carbonate 

on clays), lining the canal with a prefabricatecl material 



(butyl rubber, polyctln lene or pvc), and lining with more 

permanent materials (concrete or asphalt). 
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Evaporation control is anot,her method of improving irri-

gation efficiency. The majority of research has centered 

1 a r g e 1 y on t h c cl e \. e 1 o n men t an J us e o f m on om o 1 e c u 1 a r f i 1m s 

which inhibit the pas:~:1,;e of water v0por (10). 

A more prev;llcnt rneans of increasing irrigation effi

ciency is through automechanization. This makes it poss.ible 

to apply more water efficiently with a minimum of labor, us

ing automatic or semi -:lUtomatic control devices in combina

tion with convention:tl irrigation methods (10). 

The application of runoff reuse systems can increase 

irrigation efficiency. Fischback and Somerhalder (13) report 

that average efficiencies of automated surface systems in

creased from 65 percent- to 92 percent through the use of re

covery systems. 

Progr0ms to incrc;Jse irrigation efficiency have been 

developed, however, they have not been well accepted. 

reasons for this have been identifj eel (10) as: 

Some 

1) The irrigator has tended to optimize water usc in 

terms of econom1c efficiency, taking into account 

the cost of ~;-ater as compared with the cost of irri

gating, but not recognizing the inefficient use of 

fertilizer or decreased crop yjelds. 

2) Fear of losing part of the water right encourages 

that the full right be diverted. 



3) Lack of capi t ;1l may deter i ncreascd c fficiency. 

4) The technolog;: upon which recommendations for 

improved irrigation practices have been based docs 

not lend itsc1 f easily to the skills and under

standing of the irrigator. 
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Carlson (7) found that some fanners adopt new techniques 

more rapidly than othe1·s. Factors which correlate with the 

rate of adoption include: sources of information, benefits 

of the innovation, educational level of the farmer, age of 

the farmer, and size of farm. lie also emphasizes the impor

tance of the social structure in affecting the adoption of a 

new practice or idea. 

Hammond (17) refers to legal incentives which may lead 

to more efficient usc of irrigation Hater in Idaho. Under 

Idaho's wa.tcr law, un;1ppropriatcd water is diverted for bene

ficial use only. The ;1mount of water which an irrigator- may 

acquire is determined hy the needs of the proposed beneficial 

use. Limits on the anwunt of water which may be diverted arc 

given by the doctrines of priority (first in time, first in 

right) and beneficial usc. The date on which the water was 

first beneficially usc,J establishes the priority of the right 

relative to other rights on the same water course. Under the 

law an irrigator must use the water beneficially. 

If an irrigator w:tstcs water, under Idaho statutes he is 

guilty of a misdemeanor. Wasted Hater is any water which an 

irrigator diverts which he cannot economically and reasonably 
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put to beneficial use. The courts have deemed that some 

was t e i s r e a s on a b 1 e . The " r e as on a b 1 en e s s " o f the was t e i s 

dependent upon such variables as soils, technology, and econo

mics. 

The priority and beneficial use doctrines could then, if 

more adequately enforced, promote water conservation and in 

turn increase irrigation efficiency. 

Previous Studies Dealing with Irrigation Efficiency 

Numerous previous studies have been conducted which 

analyze various levels of irrigation efficiency under actual 

field conditions (5, 6, 8, 11, 14, 26, 27, 30, 31, 37, 46, 47). 

One such study involved 22 irrigation projects in the western 

u.s. (46). It revealed an average conveyance efficiency of 

62.4 percent, an average farm water~use efficiency of 57.9 per

cent, and an overall project-use efficiency of 36.1 percent. 

Claiborn (8) investigated the efficiencies of six irri

gation districts in southern Idaho. He determined that farm 

irrigation efficiency values varied from 11 to 62 percent and 

project efficiencies varied from 10 to 42 percent. 

Some studies comp;1red application efficiencies of sprink

ler and surface irrigation systems (27, 31, 37). Somerhalder 

compared efficiencies of srrinkler irrigation with surface 

systems (furro~) on alfalfa. The average sprinkler application 

efficiency was found to be 84 rcrcent. Surface application 



efficiency was 72 percc·nt (37). 

Pair (311 investigated the effects of irrigation 

methods on water application efficiency using controlled 

plots. llis results indicate: 

E for doh·n::; 1 ope border 36 °i1 a 

E for conto11r border 6 2 "a a 

E for sprinkler 61% a 
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These values arc representative of the results obtained 

from other similar studies, and illustrate the range of values 

of observed irrigation efficiencies. 



CHAPTER III 

DESCRIPTION OF STUDY AREAS 

Upper Big Wood River Region 

The Big Wood River heads 1n a rugged, mountainous sec-

tion of the Sawtooth National Forest. Flowing southward, it 

drops from an elevation of 8,572 feet at Galena Summit to 

Hailey (4 miles north of Bellevue), elevation 5,347 feet. 

Its drainage area above Hailey totals about 640 square miles. 

From Hailey, the river flows southwestward about 15 miles to 

Magic Reservoir, and then on to the Snake River below Hagerman. 

The primary agricultural industries in the area are the 

production of livestock and feed crops. Local stock raisers 

with access to adjacent forest and range grazing lands provide 

a substantial local market for local hay; however, much of the 

hay produced is exported. Other major industries include log

glng and mining. 

The climatic conditions of the area are considered to be 

semi-arid as normal annual precipitation at Hailey is 15.33 

inches. Snowfall during the year averages 81 inches. June, 

July, and August arc extremely dry. During the May-September 

g row i n g s e as on p r c ci p i t a t i on aver a g e s t h r c e inch e s , making 

irrigation necessary fnr satisfactory crop production. The 

frost free season last~~ an average of 103 days which limits 

crops largely to hay and grain. The average maximum tempera-

ture at !!ailey during .Tuly and August is 67°. The average date 

of the last klllinp; frust in spring is .June 4, and that of thl' 

earliest killing frost is September 17. 

22 



------------------------------

23 

The soils o! the :1rea .1.re fairly uniform gravelly 

silt loams. These :1re relatively high in organic matter and 

are natur:1lly fertile. Good crop yields are obtained under 

adequate irrigation. Topsoil depth averages 30 inches (rang

ing from 18 to ,18 inclH·;) over L1rgcr gravel and cobbles. The 

stones in the upper horizon for the most part are smaller than 

golf balls and account for 30 to SO percent of the soil mantle 

volume. 

Generzll1y, the topography of the area 1s ideal for irri

gated farmiwz; however, an area consisting of several hundred 

acres bordering the river and extending along the crest of the 

alluvial fan from ahou1 one mile south of Bellevue to the lower 

end of the valley has the irregular relief typical of channel 

erosion and fan deposition. This area is not cleared of natural 

vegetation. and has little agricultural value. 

Natural drain:1ge in the area is excessive, due to the high 

porosity of the.grave]Jy soils and subsoils, with the exception 

of several thousand acres ncar Gannett which are too wet for 

use of other than for pasture. These lands would probably be 

benefited if the water table could he lowered (4S). 

Primary crops grown in the area consist of hay, grain, and 

pasture. The hay/grain rotation carried out on most farm opera

tions averages 6 to R years of hay followed by 2 years of gra1ns. 

When the water supply is adequate alfalfa produces two cuttings, 

averaging 3. 5 to 4 tons per acre for the two cuttings. Grain 

yields averZlge :~5 to SO bushels per acre. When no water is avail-
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ble after July 15, yields are reduced about 25 percent. 
~ 

According to most farmers, the late season water accounts for 

the difference between 30 and 40-50 bushels of wheat, and 

between 2~-3 tons and 4 tons of alfalfa per acre. 

Water use in the area varies with the streamflow (61,000 

acre-feet diverted in 1934, a poor water year, to 182,000 acre-

feet diverted in 1951, an excellent water year). If equally 

distributed to all land, these diversions would have provided 

4 acre-feet per acre in 1934 to 12 acre-feet per acre in 1951. 

In years when streamflows are high, large diversions in 

excess of requirements are made in spring and early summer in 

order to achieve high soil moisture levels before water is shut 

off according to water right priority. This overapplication 

leads to some deep percolation losses which result in a re-

charging effect on the Silver Creek aquifer. 

If water is available, alfalfa receives six applica-

tions (three per cutting) and grain receives four or five 

applications. Four to six or more acre-feet per season is 

applied in a good water year. These high rates cause little 

damage to the gravelly soils other than leaching of plant 

nutrients. 

Water rights on tl1e Big Wood River were established by 

the S.C. Frost Decree, filed December 17, 1909. The decree 

does not specify the acreage appurtenant to each right, but 

lists only tl1e right holder, the priority, and the flow. Other 



diversions nwdc under permits and 1 il·cnses issued by the 

State Engineer ;ne gcn,·ra1ly 1 imitccl to flood flows (44). 

~ood Hiver __ y:J1lcy Irrigation District 
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The Wood River Valley Irrigation District. is a legally 

organized water user~; :1~;soci0tion controlled hy a three member 

Board of Directors and serves 32 stockholders. 

The district lays directly south of Bellevue, Blaine 

County, Idaho in 1vhat is known as the Bellevue Triangle. It 

includes some 8,177 acres with 6,~)}2 acres presently being 

irrigated from the cm;1 l sys tcm. (Sec Figure I) 

The actual cmal c;vstem consists of approximately 24 

miles of open canals 1\·i th water control structures. It is made 

up of three main can a 1 :~ with a common diversion point on the 

B i g Wood R i v c r . I! i g h s c c p age 1 o s s e c; tog e t he r w i t h in ad e qua .t c 

late season diversions account for an inadequate late season 

water supply from the canal system about 50 percent of the time. 

The area served by the district is undergoing significant 

land use and agricultural technological changes. Currently, 

approximately 14 of the land is sprinkler irrigated, !2 is sur-

face irrigated, and ~ is not irrigated. The conversion to 

s prink 1 c r has taken p 1 ;1 c e s inc e 19 7 2 . 

Approximately 2,000 acres of the area have received pre

liminary approval for •;\Jbclivis:ion. These subdivided parcels 

range from five to forty acres. 

The decreed ,,;atcr rights arc cLltcd between 1881 and 19S2. 

Records show rights for 1881 to 1902 decree to be 343.8 cfs. 

The 1902 and later rigltts total 100 cfs. 
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The water right~ ell\ the Wood I:ivcr Valley Irrigation Dis-

trict arc held by the st:ocklloldcrs :md not by the District. 

The years in which the ri ;:hts were established range from prior 

to 1883 to 1902 and c:~tablish the nmount which the user is asses-

sed. Cos t s f o r ,.,, ate r c l1 a r g e d b y t h c d i s t ric t for 19 7 6 and 19 7 7 

are assessed as follcl•,,:'.: 

1883 and pric'r rights $0.67/rniners inch 

1881 - 1885 '" ,p .62/rniners inch 

$ . 60/mine rs inch 

Jsg-7- 1891 $ .56/miners inch 

1 9 0 2 :1 n c1 1 a t c r s .31/rniners inch (flood rights) 

(In I d ah o , 5 0 m 1 n c r s i n' ~ h c s = l c u h i c foot p e r s e con d . ) 

The devcl0pmcnt of wells to supplement late season stream 

flows has increased in the last few years particularly in the 

south end of the project area. These have been developed on an 

individual farm basis, primarily i11 conjunction with the installa-

tion of sprinkler irri~·.ation systems. 

The area has the potential for further development of sup-

plcmental water from the known groundwater source. This develop-

rnent could occur on an individual fnrm basis (as in the past), 

or the Irrigation District could install wells to supplement the 

water supply by pumpin.': into the existing delivery system since 

the Idaho Department or Water Resources has recommended that no 

restriction on grounchv:Jtcr development be initiated at this time. 

Other methods 1<1l1i ,,·h have been proposed by which the amount 

of water av:dlahlc for irrigation might be increased include: 

the development of stor:tgc facilities hy the installation of a 

reservoir, and improved operation, m:tnagemcnt and maintenance 

of the delivery system. 
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Salmon Falls Creek Region 

The Salmon Falls Creek Regibn of south central Idaho 

lies on the southern edge of the wide and relatively level 

Snake River Plain. Basalt shields or broad swells in the area 

rise several hundred feet above the plain. The basalt plain is 

mostly mantled with soil ranging In depth from a few inches to 

several feet. The southern edge of area is marked by older 

rhyolitic material forming the Rock Creek flills. Small inter-

mittent and perennial streams flow from these hills and have 

deposited alluvial material as valley fill and as fans which 

extend several hundred to several thousand feet onto the plain 

( 4 3) . 

The soils in the region arc mainly developed from loess 

and range in texture from sandy loam to the predominating silt 

1 o am . On 1 y in s i g n i f i c n n t 1 y s m a 11 s cat t e r e d are as w i t h cons i de r -

able salt concentration occur in the region. The basic topo

graphy of the area is characterized by smooth, gentle slopes 

which are excellent for the purpose of irrigation. Natural 

drainage channels are dispersed throughout the project lands, 

providing go'od surface drainage, and resulting in very few drain

age problems. Some lands in the project exhibit localized high 

water tables, hut arc not extensive enough to be considered a 

significant problem (28). 

The semi-arid climatic conditions in the area arc represen

tative of most of the Snake River Plain. The average irrigation 

season lasts about 170 Jays. Annual precipitation averages nine 
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to ten inches, with <tbrlltt four inches falling during the irri

gation season. Tempcr:ttures at Twin Falls located five miles 

north of the area have ranged from a maximum of 106°F to a 

minimum of -30°F with :1 mean annual temperature of 49°F (43). 

The economy of the area is based on agriculture. Irrigated 

lands arc devotccl to c:1sh crops and forage production. The 

availability of extensive grazing lands in conjunction with a 

large portion of the forage production make the area valuable 

for beef cattle production (43). 

The agricultnra1-product processing plants in the area 

(sugar factories, packing plants, canneries, feed yards, seed 

plants, cheese factories, and dehydrating plants) rely almost 

entirely on the production from local irrigated lands. 

Gold miners were the first to settle in the area. 

deposits were placer·, however, and were soon depleted. 

Gold 

Cattle-

men replaced the miners, and by the early twentieth century 

irrigation and cattJe raising had become the basis of the are;:11s 

economy. Snake River h·ater was being applied to the Twin Falls 

South Side Irrigation Project by 1905. This project lies due 

north of the Salmon Falls Creek Region and is part of one of 

the largest single irrigated areas in the United States and one 

of the most successful developments under the Carey Act (43). 

Salmon River Canal Company, Ltd. 

The system begins at ~ concrete arch darn located on Sal

mon Falls Creek, which creates a storage reservoir with 180,000 

a c r e f e c t s t o rag c cap a L- i t y a v a i 1 a b 1 c . When the Salmon River 
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Canal Co., Ltd. constructed the darn in 1909-10 it was the larg-

est of its type in the country, with a height of 210 feet and 

a crest length of approximately '550 feet. Water is diverted 

through a tunnel driven 1000 feet through the east canyon wall, 

about 90 feet above streambed, to the main canal system (35). 

At the outlet of the f1rst tunnel the canal flows through an 

open cut section approximately 2600 feet long and through a 

second tunnel 1500 feet long. Main canals and main laterals 

within the system total approximately 300 miles. The design 

capacity of the 37-mi]e main canal is 600 cfs (28). 

The Salmon Palls Development began 1n 1908 under the Carey 

Act. The Twin Falls--Salmon River Land and Water Company and 

the State of Idaho segregated lands in the original project by 

contract dated April 30, 1908. The Salmon River Canal Co., Ltd. 

was formed- to operate and maintain the facilities constructed 

by the Twin Falls--Salmon River Land and Water Co., as well as 

to collect assessments and charges. Water was first delivered 

to Salmon Tract lands in 1911 (28). 

Original plans were to irrigate some 150,000 acres; however, 

shortly after completion of the reservoir, it became apparent 

that the water supply from Salmon Falls Creek had been greatly 

overestimated. In addition, large water losses had developed 

to the extent that the reservoir has never filled. After it 

became obvious that sufficient water was not available for the 

150,000 acres, the area to be irrigated was reduced to 72,000 

acres (2 8). 



When i t II' a:.; de t c r m i n c d t h: t t s u f f i c i en t w ate r was not 

available even 11·ith the reduction in area, land owners re-
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sisted p::~yments of the \vi!tcr contracts. Many suits resulted 

in State and Fcdcr:tl courts and extended even to the United 

States Supreme Court. On ~larch 1(1, El 18, a Federal Court 

decreed a further rcdtl\~t ion to 35,000 acres in what is known 

as the "Whi ffcn Cut", n:tmed after the "Carey Act" special 

agent who rccornrncJHled the reduction. The Federal Court decree 

also restraine(l the construction company from selling additional 

stock. At the time of the reduction, 60,050.65 shares of stock 

were limited to the :15,()00 acres, of which 31,060 acres have 

been classified hv the Bureau of Reclamation as arable. Of 

these arable lands there is, on the average, water available for 

only 18,450 acres (sec Figure II, p. 34) with an average appli

cation of 2.34 acre-feet per acre (28). 

Problems wl1ich have risen as a result of thc'limited water 

supply include interference with the supply from users 1n Nevada 

where nearly all the w:ttcr originates. Many lawsuites over the 

years were carried on between the Cmnl Company and the large 

ranches in Nevada owned by the Utah Construction Company. Fed

eral Court action in 1912 gave the Vineyard Land and Stock Corn-

pany a prior decreed right to Salmon Falls Creek water. In 1916 

a Federal Decree established the relative rights of the Canal 

Company and the Vineyard Land and Stock Company, but was not 

binding on other users (28). 

Water rights arc held hy the Canal Company and water 1s 

d i s t r i b u t e cl :1 c c o r d j n g t o t h c n u m b c r o f s h a r e s own e d by a us e r . 
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.During a full water year such as 1976, 1.167 acre feet are 

allocated 11er share at a cost to the user of $3.20 per share. 

During 1977, which was a water short year, each share was allo

cated 1 acre foot per share resulting in a reduc ion of 14.3%. 

The charge remained $3.20 per share for both years. 

Severe water shortages have existed since the beginning 

of the project and have caused the Canal Company to take actions 

to conserve and enlarge their water supply. In the middle 1940's 

negotiations were made to obtain .most of the ranches at the head

waters of the Salmon Falls Creek. This involved some 70,000 

deeded acres, a large area of grazing land, and accompanying 

right to 8,000 acre-feet of prior decreed water right in Salmon 

Falls Creek. The Canal Company acquired the water rights, and 

the cattlemen's association acquired the range rights (28). 

In 1945, a portion of the main canal was rerouted around 

a high water-loss area, and concrete control structures and 

pipelines were installed in smaller canals in other high water-

loss areas. In 1955, the canyon wall near the dam was grouted 

to reduce rescrvoi r leakage (43). 

Another controversy arose when other land owners in Nevada 

attempted to pre-empt the water in Salmon Falls Creek by claim

ing that it could not be transferred out of the State of Nevada. 

A settlement was finally reached in May, 1952 which prohibited 

increased usc of Salmon Fnlls Creek water in Nevada (by Federzll 

Court decrees 1n both Idaho and Nevada and official ruling bv 

the Nevada State Engineer) (28). 
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In 1~!67, the Secrctnry of the Tntcrior approved an appli-

cation for a loan under the Small Reclamation Projects Act, 

submitted by the Canal Company to improve its irrigation distri-

bution system. i\hout rive miles of the main canal were to be 

lined with a part or thf' loan. At the present, only about 1.12 

m i 1 e s h a vc he c n 1 inc Ll ( 1:l) . 

Although climatic conditions 1n the area are favorable for 

the production oF most cash crops such as sugarbeets, beans, 

and potatoes, limitation of water supply and the variation of 

available supply each year produce a situation where the growth 

of early maturing crops of low water requirement is desirable. 

In the upper nrca of the project there arc several large opera-

tions in which only hce r is produced. The majority of beef 

production, however, i~; undertaken in connection with forage 

crops gro1~·n on i rrigatcd lands. Beans constitute the largest 

single crop. Small grains are also extensively grown. In 

short water years, 1-J:1tcr is taken from hay lands and placed on 

cash crop lands (28). 

With adequate irrigation, average yields are: alfalfa--

4 to 5 tons per acre, grains -- 50 to 60 bushels per acre, 

and beans -- 20 hundredweight per acre (43). 

Rotation or crops (hay--beans--grain) is generally based 

on three year cycles, hut is dependent on the amount of water 

available. 

At present, a vast majority of the irrigated farms (ave

rage si:e of .:1hout 170 acres) in the area employ gravity surFace 

systems with water delivered on demand basis. 

is being sprinkler irrig.:1tccl each year. 

However, more area 
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CJIAPTER IV 

P ROCI.IHJRES OF ANALYSTS 

f_rojc_c_t___f_~ri :~~1tion Efficiencies (E. ) 
1-

The calculation nr a total Project Irrigation Efficiency 

(Ei) involves the calctllation of the Conveyance Efficiency (Ec), 

and Unit Irrigation J~rriciency (Eu), and when applicable, the 

Reservoir Storage Efficiency (Es) (23). In neither project was 

a reservoir considered part of the project since no reservoir 

is involved with the 1\'oocl River Irrigation District's System, 

and no d::tta were avail:Jble for Salmon Falls Creek Reservoir. 

Therefore, the term E was omitted from the overall Project Irri
s 

gation Efficiency (Ej) (See Equation 7). 

In the cases at hand: 

E. = (1: /100) X (E /100) X 100°6 
1 . c u (8) 

where: 

E. 
] 

E c 

E 
u 

Overal1 Project Irrigation Efficiency (~;). 

Conveyance Efficiency (~,) = (The quantity of 
water delivered hy the system)/(The quantity of 
water diverted into the stream) x 100~. 

Unit Irrigation Efficiency (%) = (The quantity 
of water consumtively used by crops)/(The quan
tity of water applied to the crops) x 100%. 

Effective rainfall was considered to he a part of the quan-

tity of water applied to the crops. Any precipitation rate under 

one inch per day was considered as effective rainfall. 

Salt accumttle1tion in the soils of either project is not a 

problem and, therefore, any leaching requirements were assumed to 

be insignificant. 
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Separate efficiency terms (E and E ) were computed on c u 

a bi-weekly basis using a water .~alance. Actual data required 

to compute these terms were determined to be: 

1) Diversion Records 

2) Delivery Records (when obtainable) 

3) Pumping Records (where applicable) 

4) Consumptive Use Estimates 

Diversion-Delivery and Pumping Estimates 

Wood River Valley Irrigation District (#45) daily diver-

sion records for each season were supplied by the watermaster 

for that area, however, no delivery records were available. 

These diversion records account for only part of the total 

amount of water applied to the district since there is a signi-

ficant amount of groundwater used. 

Actual pump tests were made to determine relationships 

between the amount of electric power consumed and the quantity 

of water pumped during the specified time periods of 1976 (18). 

Idaho Power Company officials were able to supply total 

power consumption estimates for the area during 1976 and 1977. 

From the increase in both the amount of power used and the aver-

age deptl1 to groundwater in the area (determined from well 

hydrographs contained in the Blaine Cot1nty Drought Summary Report 

(2)), estimates of amounts of water pumped during 1977 were 

determined according to the pro~cdures presented in Appendix A. 
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The amount of water delivered by the canal system ot the 

farms was based on the amount diverted and the amount lost to 

seepage (see Determination of Convcvance Efficiencies (E)). 
--------------------------~----------------------~c---

The quantity of water pumped from the aquifer during a 

specific period of tim~ was then added to the quantity of water 

delivered by the canal system during the same period to estimate 

the total quantity of water delivered to the farms or units. 

The Salmon River Canal Compan.y, Ltd, supplied daily diver-

sian and delivery records for both years. Since no groundwater 

is pumped for irrigation on this project, these were all the data 

necessary. 

All rainfall data were taken from National Oceanic and 

Atmospheric Administration records. Data taken at Hollister, 

Idaho were used as reference for the Salmon River Canal Company, 

Ltd.; and those taken at Hailey, Idaho were used as reference 

for the Wood River Valley Irrigation District. 

Determination of Consumptive Use Estimates 

Consumptive usc estimates were based on Penman's Equa-

tion (32) for the computation of potential evapotranspiration 

(ET ) on a daily basis using the procedure outlined in Appen
p 

dix B. 

A \liang 2200S computer system was programmed to compute 

potential ET on a daily hasis. A listing of the program is 

contained 1n Appendix C. Input to the program is as follows: 
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1) Average elevation of project (feet above sea level; 
4500 feet for Salmon River CJ.nal Co., 5100 for Wood 
River Irrigation District). 

2) i'-Ieo.n solar radiJ.tion for cloudless skies for month 
(Rso in lanleys). 

3) Date (month ;:md day). 

4) 

5) 

Maximum temperature for the day 

~!in i mum temper a ture for the day 

6) Relative humidity (%). 

7) Wind run (miles/day at 12 feet). 

8) Incoming solar radiation (Rs in langleys). 

All necessary temperature data were provided by National 

Oceanic and Atmospheric Administration (NOAA) Climatological 

Data. Minimum und maximum temperatures recorded at the Hailey 

Ranger Station, Idaho were used to calculate potential ET"at 

the Wood River Valley Irrigation District (#45) for 1976 and 

1977. Minimum and maximum temperatures recorded at Hollister, 

Idaho were used to calculate potential ET for the Salmon River 

Canal Company, Ltd. for 1976 only since actual ET estimates 

(based on Penman's Equation) for this area were available 

from the U.S. Bureau of Reclamation for 1977, making paten-

tial ET calculations for that season unnecessary. 

Solar radiation (H ) data, wind run data, and relative 
s 

humidity cbta taken at Kimberly, Idaho during 1976 and 1977 

were used in al1 potential evapotranspiration calculations 

for both projects clue to the fact that this is the nearest 

location at 1vhich data of this type were available. 

The relationship between solar radiation (R
5

) data taken 
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at Kimberly :1nd that t:ll~cn at the Bellevue Triangle (Wood River 

Valley Irrig:1tion District lies within this area) has been shown 

by Wright and .Jensen (SZ). Values for the Bellevue Triangle 

are proportion:Illy higher on Jays previous to May 15 and were 

adjusted accordingly Cnr all potentia] ET calculations for that 

area. After this date any differences between the values taken 

at the tKo areas here assumed to he insignificant. 

As p r c v i o tj s 1 y m c n t i on c d , d a i 1 v a c t u a 1 E T d at a b as c d on 

Penman's Equation were <Ivailab1e for Kimberly, fdaho from a U.S. 

Bureau of Rcclam:1tion irrigation scheduling program during the 

1977 season. These \\'ere used to determine consumptive usc csti-

mates for the S;llmon l~ivcr Canal Company for that season. 

To determine actu;Il consumptive usc estimates for each 

crop, it 1s ncccs:cary to adjust the potential ET by multiplying 

it by an appropri:1te crop coefficient: 

Actual Consumptive Usc 

For a Given Crop 
(Crop Coefficient) (Potential ET) 

U1) 

Crop coefficients vary according to the crop grown and 

the time of season. These coefficients were supplied by the 

U.S. Bureau of Reclamation from an irrigation scheduling pro-

gram. 

In order to compute the total consumptive use for an irri

gation proj cct, it is necessary to clcterrninc the irrigated 

area, the types of crops grO\vn, and the percentage of the total 

area covered by each crop. 

The pcrsonnc I at the Wood River Va1ley Irrigation District 
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were not able to provide this type of information. It was 

necessary to make a "windshield survey" with the aid of aerial 

photographs for each season. Th-is procedure established the 

necessary information for each year. 

The personnel at the Salmon River Canal Company provided 

all the necessary information in the form of crop reports for 

1976 and 1977. Listed on each report were the number of irri-

gated acres and the number of acres of each crop grown. 

Total consumptive use estimates for each time period were 

then made on the basis of the following equation: 

Total CU for the 
project over given 
period 

where: 

(ff Irrigated acres) (Potential ET-inches) 
((% Crop 1 x Crop Coefficient 1)/100 + 

(% Crop 2 x Crop Coefficient 2)/100 + 
(% Crop 3 x Crop Coefficient 3)/100 + 
(% Crop n x Crop Coefficient n)/100) 

n = Number of crops grown 

CU Consumptive Use in acre-inches 

Determination of Conveyance Efficiencies (E ) 
-----~--------~~~~~~~~~~~~~~~c-

In order to evaluate the conveyance efficiency (E ) of 
c 

a system, it is necessary to determine the total quantity of 

water diverted into a canal system and the total quantity of 

water delivered by the system. 

When only the diversion data were available, as was the 

case for the Wood River Valley Irrigation District, estimates 

(10) 
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must be made as to the arJlOunt of water lost to seepage m the 

canal system. 

Seepagc.Joss 1.s related to conveyance ef[iciency 1n the 

following way: 

Con v cyan c c I !- r i c i en c y = ( l - Seep a g c Los s ) x 1 0 0 % 

Canal secpaL;e c~;t i mates for the Wood River Valley lrri-

gation District 1vere m:rde using d;Jta taken from the Silver 

Creek Aquifer Study ~!odel (18). The maximum diversion for both 

Years was estabJ i shed :l!ld denoted as Q • When the actual 
max 

diversion (0) was less than 4 n % o f o 
'max' 

seepage losses were 

assumed to he equal to ll.S(Q). When the actual diversion (Q) 

was greater than 40~5 or Q scep<:tQC losses were assumed to 'max u 

follow the lineZJr reL1tionship: 

Can a I S e e p :1 g e ( c f s ) 0.7- (0.5 Q/Qmax) (11) 

F o r t h e cl e t e nn in a ti on o f the _!_~) t a 1 convey an c e e f f i c i en c y 

for a given time period on the Wood River Valley Irrigation 

District it was necessary to consider the quantity of ground-

water pumped as well a·~ canal •·:ater. The total conveyance effi-

ciency was then: 

E c 

E 
c (Total Water De1ivered)/(Total Water Diverted) 

-on-
CQ divcrtecl into can;:tl) x (1 - Seepage Loss) + (Q Pump'?~ 
--·----(C)cf.lvc'I:tcd into canal)+ (Q Pumped) 

When daily diversion and delivery records are available, 

as was the case for the Salmon Rive J' Canal Company, and there 

is no grounchvater pumped, the conveyance efficiency can be deter-

mined simply by dividing the sum of the deliveries for a g1ven 

period of time hy the sum of the diversions for the same period. 

(12) 

(13) 
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Determination of Unit Irri~ation Efficiencies (E) ----------- . " u-

Unit Irrigation Efficiencies ~ere determined on the basis 

of total water delivered by the system plus any effective rain-

fall during specified time periods; and consumptive use esti-

mates over the same periods. (See Equation 8) 

Determination of Eu for the Wood River Valley Irrigation 

District was based on consumptive use estimates for the area 

and the amount of water applied to the units or farms; where 

the amount applied equals the amount of water pumped from the 

Silver Creek Aqujfer plu::; the amount delivered by the canal 

system, plus the amount of effective rainfall. 

For the determination of E on the Salmon River Canal 
u 

Company, Ltd. lands only the farm delivery records, precipita-

tion records, and consumptive use estimates were needed. 

Determination of Correlation Coefficients 

One method of comparing two sets of paired variables (i.e. 

Project Irrigation Efficiencies) is to determine the correlation 

coefficients between the various parts of variables. 

A correlation coefficient (r) is a measure of the linear 

association between the variables. Values for the correlation 

coefficients are dimensionless and range between -1 and +1. 

If r is -1 or +1, the variables have a perfect linear re-

lationship. A negative value for r indicates that as one 
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variable increases, the other decreases. A positive value of 

r indicates that as one variable increases, the other also 

increases. If r 1s 0, then there would be no linear associa-

tion between the VC~riahles (:\8). 

The correlation coefficient r may be defined as: 
s 

where: 

s xy 

s 
X 

s 
y 

where: 

xy 
r = S S 

X y 

l 
n-1 

LX. y. -
l 1 

l:x.z -
1 

(2:x.)
2
/n 

1 

n - 1· 

2 l:y. 
1 

n - 1 

1 
n 

x. The independent variable. 
. 1 

v . Th c dependent 
' 1 

LX. LY. 
1 1 

n Number of pairs of variables (1 to i). 

(14) 

(15) 

(16) 

(17) 



CHAPTER V 

RESULTS 

Determination of Various Irrigation Efficiencies 

In order to statistically determine the correlations be

tween the project efficiencies of the two systems, similar time 

periods were used for both years. 

The common time periods used in all efficiency calculations 

were determined by the diversion records of the limiting season. 

Time frames established for the Wood River Valley Irrigation 

District weie May 11 through September 30 of each year. For the 

Salmon River Canal Company, Ltd., the time periods used were May 11 

through August 18, of 1976 and May 11 through August 29, 1977. 

Values for the project irrigation efficiencies estimated for 

the Wood River Valley Irrigation District ranged from 39 percent 

to as low as 5 percent over the two years. Unit irrigation effi

ciencies for the project ranged from 55 percent to 8 percent, total 

conveyance efficiencies ranged from89percent to 53percent, and 

conveyance efficiencies of the canal system ranged from 80 per

cent to SO percent. 

Estimated values for the Salmon River Canal Company, Ltd. 

ranged as follows: project irrigation efficiencies - 88percent to 

19 percent; unit irrigation efficiencies - 130percent to 4lpercent; 

and conveyance efficiencies - 75 percent to 53 percent. 

Water was diverted in the Wood River Valley Irrigation Dis

trict canals as early as April 8 during the 1977 season. These 

diversions were primarily used to raise the level of the 

44 
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water table in the area to aid in groundwater pumping, and 

not for application to crops. 
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Table 1 contains a list of crop cultural practices and 

dates on which these practices were estimated to occur. Crop

ping practices for both years were assumed to occur on the 

same dates. Dates for the various cultural practices on Wood 

River Valley Irrigation District lands were determined from 

Wright and Jensen (52). Dates for the various cultural prac

tices on Salmon River Canal Company, Ltd. lands were determined 

from a U.S. Bureau of Reclamation Irrigation Scheduling Pro

gram. 

Tables 2 and 5 list the diversions, total deliveries, 

and effective rainfall for the Wood River Valley Irrigation 

District during 1976 and 1977. It may be noted that diver

sions are generally higher during the early months of the 

season and. then taper off in relation to river flows. This is 

due to the fact that there is no reservoir storage to sup

plement late season flows. Canal conveyance efficiencies were 

generally lower during the 1977 season as a result of decreased 

canal diversions in 1977. 

Irrigated areas, cropping patterns, and consumptive use 

estimates arc shown in Tables 3 and 6. In addition to the 33 

percent reduction in irrigated area from 1976 to 1977, there 

was a considerable amount of alfalfa which was irrigated but 

on 1 y r e c i e v c d enough \\.a t e r t o pro d u c e one cut t in g . 0 the r t han 

this, actual crop breakdown remained relatively constant over 

the two se:-tsons. 
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Various efficiency values for the district are listed 

in Tables 4 and 7 for 1976 and ~J77. Although the conveyance 

efficiencies of the canal system were generally lower during 

1977 than 1976, the total conveyance efficiencies for the two 

years did not differ appreciably. The primary reason for this 

is that a higl1er proportion of the total water delivered dur

ing 1977 was pumped groundwater which was considered delivered 

at 100 percent conveyance efficiency. 



Table 1. General Summary of Assumed Crop Cultural Prac
tices - 1976 and 1977 - Wood River Valley Irri
gation District 

Dates Cultural Practices 

May 15 - 20 Spring grain being planted. 

July 10-15 Grain began heading. 

July 8 - 20 First crop hay cut. 

Sept. 5 - 15 Second crop hay cut. 

Sept. 5 - 25 Grain harvested. 

Salmon River Canal Company 

Dates Cultural Practices 

May 25 Beans planted. 

July 15 Grain began heading. 

July 15 First crop hay cut. 

Aug. 4 Pens harvested. 

Sept. 15 Grain harv.ested. 

Sept. 18 Second crop hay harvested. 

After Sept. 18 Potatoes, corn and beans harvested. 

47 
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Time Period --

~1a y 11-15 

16-31 

June 11-15 

16-30 

July 1-15 

16-31 

.-'..ug. 1-15 

16-31 

Sept.l-15 

16-30 

Table 4 

Wood River Valley Irrigation District 
Efficiencies -- 1976 

Total Conveyance Unit Irrigation 
Efficiencv ( 06) * Efficiency Ua) 

54 50 

76 24 

83 17 

75 31 

69 41 

68 33 

66 31 

62 31 

61 26 

53 27 

Project 
Efficiency (%) 

27 

18 

14 

23 

28 

22 

20 

19 

16 

14 

*Includes canal conveyance efficiency and pumped water efficiency at 100%. 

U1 
0 
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Time Period 

!'>lay 11-15 

16-31 

June 1-15 

16-30 

July 1-15 

16-31 

Aug. 1-15 

16-31 

Sept.l-15 

16-30 

Table 7 

Wood River Valley Irrigation District 
Efficiencies -- 1977 

Total Conveyance Unit Irrigation 
Efficiency ("s)* Efficiency Ua) 

62 47 

72 27 

73 16 

64 45 

70 55 

82 29 

89 26 

87 34 

89 30 

64 8 

Project 
Efficiency 

29 

19 

12 

29 

39 

24 

23 

30 

27 

5 

*Includes canal conveyance efficiency and pumped water efficiency at 100% 

(%) 

lJl 
w 
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There was a considerable decrease in the amount of water 

diverted into the Salmon River C~nal Company's system from 1976 

to 1977, as can he seen from the data contained in Tables 8 and 

11. This reduction led to an overall decrease in conveyance 

efficiencies from 1976 to 1977, and to a 27 percent reduction 

in the nu~ber of acres irrigated from 1976 to 1977 as can be 

noted from the data contained in Tables 9 and 12. No apprecia

ble changes in cropping patterns occurred over the two seasons. 

The data contained in Tables 10 and 13 indicate that the 

unit irrigation efficiencies exceeded 100 percent during the 

second two weeks of June for both years. During these time 

periods, consumptive use exceeded the amount of water applied. 

To make up for this, the high 'vater storage capacity of the silt 

loam soils was filled during previous irrigations, and the con

sumptive u:;e which exceeded the amount delivered during the low 

deliverv periods was supplied by the water stored in the soil. 

Unit irrigation efficiencies did change somewhat from 

1976 to 1977; and, project efficiencies generally decreased 

during 1977 as a result of decreased conveyance efficiencies. 
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Table 10 

Salmon River Canal Company, Ltd. 
Efficiencies -- 1976 

Total Conveyance Unit Irrigation 
Time Period Efficiency Us) Efficiency (%) 

P.fay 11-15 61 81 

16-31 73 70 

June 1-15 75 66 

16-30 68 130 

July 1-15 72 91 

16-31 73 71 

Aug. 1-15 69 62 

16-31 66 65 

Sept.l-15 64 70 

16-18 53 36 

Project 
Efficiency 

49 

51 

50 

88 

66 

52 

43 

43 

45 

19 

(%) 

\Jl 
-.J 
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Table 13 
Salmon River Canal Company, Ltd. 

Efficiencies -- 1977 

Total Conveyance Unit Irrigation 
Time Period Efficiency (9o) Efficiency 0) 

~lay 11-15 62 56 

16-31 63 50 

June 1-15 63 65 

16-30 60 110 
,, 

July 1-15 65 73 

16-31 65 66 

Aug. 1-15 61 84 

16-29 62 41 

Project 
Efficiency 

35 

32 

41 

66 

47 

43 

51 

25 

(9s) 

(j'\ 

0 



Determin;ttion ol V;1rious Correlation Coefficients 61 

Tables 14 through 19 contain the correlations for the 

var1ous efficiencies between 1976 and 1977 for the two pro-

jects. Tables 14 and JS contain two correlations (0.81 and 

0.77) relating the project efficiencies of each project be-

tween the two seasons. There is no significant difference 

between the two corre1ations which indicates that equally 

linear relationships exist between the two years for each 

project. 

Two correlations (0.75 and 0.7~t) contained in Tables 

16 and 17 relate the unit irrigation efficiencies of each 

project between the two seasons. Again, there is no signifi-

cant difference between the two correlation coefficients, indi-

eating the existence of equally linear relationships between 

the two years. 

The correlation coefficients determined between the 

conveyance efficiencies of each project over the two seasons 

are contained in Tables 18 and 19 and do differ significantly 

(0.02 and 0.53). This is due to the fact that the conveyance 

efficiencies for the Salmon River Canal Company were reduced 

in a more linear fashion during the 1977 season. The conveyance 

efficiencies lor .the Wood River Valley Irrigation District for 

1976 increase and decrease over the season varying approximate-

ly with c:maJ cliversions. Tn 1977, however, a higher proportion 

of the to L1 1 w at c r :1 p p 1 i e d was g r o u n cl w a t e r , an cl this prop or t ion 

increased throttl'h the season as the amount of canal wuter de-• <.,_) • 



creased. This resulted i.n a very low value for rand 

practically no J inear relationship between the district's 

total conveyance efficiencies faY the two years. 

The conveyance efficiencies for the Wood River Valley 

Irrigation District Canal System were computed for the 

two seasons as shmvn in Table 20. The correlation between 

62 

these conveyance efficiencies was determined to be 0.68 which 

is comparable to the correlation between the Salmon River 

Canal Company's conveyance efficiencies for the two seasons. 
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Tables 21 through 2R indicate the correlation between 

the v a r 1 o us e f f i c i e n c y t e rm s o f e a c h p r o j e c t f o r e a c h y e a r . 

Table 21 shows that a very ''low linear relationship (r 

equals 0.58) exists between the project efficiencies of each 

project during 1976. 

For 197--:, Tables 22 through 24 show that there are prac

tically no linear relationships which exist between the 1977 

project efficiencies (Table 22, r equals 0.15), 1977 unit 

irrigation efficiencies (Table 23, r equals 0. 31), and 1976 

unit irrigation efficiencies (Table 24, r equals 0.24). 

A relatively high degree of linear association is shown 

between the conveyance efficiencies of the two systems for 

1976 (Table 25, r equals 0. R6), however, almost no linear 

relationship exists between the conveyance efficiencies for 

1 9 7 7 ('I' a b 1 e 2 6 , r e q u a 1 s 0 . 0 8 ) . T h i s i s a r e s u 1 t o f the f a c t 

that the cpnveyance efficiencies differed considerably more 

over the two seasons for the Salmon River Canal Company than 

for the Wood River Valley Irrigation District. 

67 

F o r t h e p u r p o s e o f co mp a r i s on , the convey ~m c e e f f i c i en c i e s 

of the Wood River Valley Irrigation District's canal system 

were computed, and correlations between these ;:md the conveyance 

efficiencies of the Salmon River Canal Company, Ltd. were com

puted for eacl1 season as shown in Tables 27 and 28. There was a 

relativelyhlghamount of correlation between the canal conve

yance efficiencies of the two projects in 1976; however, there 

was essential Jy no correlation during the 1977 season. 



X, 
l 

\•: R \' r D 

-.-
i 

l:c rr ,? l t l ',_ r_,r. 
[l i :-: t ric: c 

?;-' i 

\[ lV 

) - l 'i 

:~ (~ ~ ·, ~ c '' ~l 1
.\· () c J :{ 1 \ 

1r • .J ~.tl·:1lJn :~i\·<;;r 

I r :· i :~ t t ion E f f i ~ 

l ) 2 s 

.1 1/ ss i)(] 

.; .\9 g ,) 
\ ; 

' -ll Jl 
:(\: 

r 0 ll 3 s 

r I) 3) 

r \-,,_[k,- [r:·ig:lticn 
ar:.1l L0FI['an\-, Ltd. 
'?ncics 

.Ju l v 

19 

~- 13 

l>Jrr'2ll~i·:n ~C~i·.ecr: :·.coli Pi·;er 1.-:tlle-.· Irri.~atirJn 
:Ji..;~:-:~: :1ncl S:1l :--n h;_i1.·~r C:Jn~~l Co;I:p:·tnv, LtJ. 

? rc • "'~ • f r r i '-' :1 t ~ c n E f f i c i en~ i e,; l J--

'[,I •; ' u:--te J ul ·: '\ u:: ll s t 

--------------

~·: h ~.- i ;> ~ •1 l ' l ' ='1 ~I_) " ' .)f; - -

·~ ~ '· ' ~ ) l h f) 1 - l ,l ) l 25 ,_ -

') l J •1 ~ 
:..: ~--

') 1 -; 1(1 
·,::-.-

' 
rJ l ,) 

,, 

68 

Sept . 

15 l -l 

19 



x. 
l 

\\R\ I D 

,. 
SRtC 

r_>) r r . l 'l t ~ ~ 1 [l n :_· t ',·, ~ 
0 i :l t 1' i c t .l. i1 rJ :.; ,'l 

I J Tl .l ~ = ;· r :. :~ .l t 

T'Jblc 23 

11 ·.'.'JOJ rh·.·c•r \.<~lle,· frriga~ion 

~ion Pi·:r.:r t~ .. inal ~,JmpJ.n~r, Ltd. 
rj T1 E ( f i c i 0 n c i '2 s 

. Jun c J ul , . .-\ugus t 

S!l :Cl .).) 31 31 

<lj ~ l 

t1 · J • ·_l l 

r r1. :; l 

C,:rr:ll<:i~.n f1,·2t\·;ccn ;\·(;c.J Ri1.·cr \':tllc:: Irri,~atio:l 

'::'i<~i .·: :tnd )·llrr,cn Ri1·er C:a:-~al Co<np:l:-~'·, LtJ. 
t':l~t lrri·.:!:ttir;n Efficic·n~:e~ l~l--

'1.•. T u l \' .\u~us t 

1 - lo -+ .) 
.,() 

~h ~II h~ I : il ' b () S' ~ ~ l 

s <i -l.~ 
X.\' 

- C1 ;). 
,, 

'(\' 

r ,, l 

:r ) ,. ('; 

69 

Sept. 



x. 
l 

\I R'."T D 

\' . 
1 

s :~r:r: 

l>)rr·•l 1:-i·1·~ :~~-~t-.-.·~'·-'11 TSood ~i\·cr \":_t~~,_;'.' t!~-ri~~:-tti·.:-n 

~~ i .3 t r : ·: t i il J ~ , 1 1 ··1 on K i \ · e :-- r:. 1 n :.1 l C c !:1 !) : l n \ · , L t ,j . 

.._T lt l V .\ug ·--ts t 

q • ... ) I .::'1 68 h () 

Sept . 

61 

.) ..) 

---------------------

s .l sc 

-I' .l) 

r = n :' () 

(\ 
.~ 

r 

(nr~cl:it~·1n :~~t:;c~n ~\cod Ri\·cr \"Jllc~· lrri~~ltian 

:li.::trL-·t li1J ~;tlrton qi\·cr Canal Cc-r7'~p·n~\·,· LtJ. 
. . . .. :1 :1 ~~- ~:· E f f i c i en c i c s 1 ~~ - -

'f:J·- June J \:; ._. \u~u~t 

,, hi 

r-.11 

-----------·-------·--------

' \ 

I~ I I 1 

70 



x. 
I 

'>.11.'. f D 

\' . 
1 

;;Rcc: 

.\. 

Corrr;l,!tinn F->...:':-... ~:,_·n ;·.ooc~ Ri\·cr \'all~~:>p Irrig:1tion 
[li_~tri.:_: tnd --):~l~~~n Ri'::.'r CJ.~lal C\Jr:tp:.H1\-, Ltd. 

r~.u1 Il ·ln\·c.".·.rn·:c Efficicn:ie.; 1'1-t, 

.Jur,c .] ull' ,\ugus t 

6 l 

.l 

s J .) 1 ) 
:\\' 

~ l - .s ~ 
X\' 

r f) -I) 

r 0 ll) 

Ti!hle ::3 

rrelatr';n :~ctht:Cil i·w·ood Ri\·cr \"al1c~- Ir·rig;;.tion 
li:::::·ict .·1nd S~ll;;lon Pi':er C:1nal (Cr:~p:Hl~:, Lt~.i. 

C,nl.l1 C:Jn'-·2'::-l.TlC':' Fffici,:nLi::.:~ lr_)--

, un e .J rrl \' 

; ,) 

j:1 td 

f) • ll 

~.I) I) 

II •1[ 

71 

Sep::. 

311 

) .) 



Clli\P1T 1\ VI 

SU~!~lt\RY AND CONCLUS TONS 

A drought year such as 1977 was expected to have a greater 

i~pact on the irrigation efficiencies of a project such as the 

Wood River Valley Irrigation District than on the irriga-

tion efficiencies of a project such as the Salmon River Canal 

Company, Ltd. This expectation stemmed from the fact that a 

large number of the years 111hich make up the history of the Sal

mon River Canal Company, Ltd. have been what may be considered 

water short years. , These water short conditions are a result 

of a combination of the following: 

1) Generally inadequate flows 1n Salmon Falls Creek, and 

2) A rel:Jtively long canal system which lies on fractured 

basalt with high seepage losses. 

The Wood River Vnlley Irrigation District 1s representative of 

the type of proj cct with a history made up of relatively water 

sufficient ye;trs. 

The question was then raised as to how each system might 

adjust in order to meet the consumptive irrigation requirements 

with a less than sufficient supply of water. 

In order for an irrigation project to adjust to meet drought 

conditions, it is necessary for project management to make cer-

tain dccis icms. 'l'I\'O b~tsic alternatives exist. The decision 

may be made to increasv the efficiency with which the project 

distributes or applies irrigation water through improvements 

s u c h as c <1 n ~ t 1 1 i n i n S' , t he ad o p t i on o f s p r ink 1 e r s y s t ems , or 

computer scheduling to determine how to irrigate most effectively. 
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A second alternative which management may decide upon is to 

decrease the number of acres irrigated in relation to the 

reduced water supplies. 

The managers of the Salmon River Canal Company, Ltd. 

have learned to deal with less than sufficient water supplies 

by altering the number of acres irrigated according to the 

available water supply. 

The range of values and seasonal averages of the various 

irrigation efficiencies for the two seasons in percent are: 

Eu 

Ec 

E. 
1 

Wood River Valley Salmon River 
Irrigation District Canal Co., 

1976 1977 197 6 

Range Mean Range Mean Range Mean 
17-so 28 8-55 30 36-130 77 

50-80 65 50-62 54 53-75 70 

14-27 18 5-39 16 19-88 54 

Eu = The farm or unit irrigation efficiency. 

Ec = The conveyance efficiency of the canal. 

Ei The project irrigation efficiency. 

Ltd. 

1977 

Range 
41-110 

60-65 

32-66 

Mean 
~ 

63 

43 

There IS no significant difference between the correlation 

coefficients calculated in Tables 14 and 15 (See page 63), or 

those calculated in Tables 19 and 20 (See pages 6~ 66). This 

suggests that the drought year had essentially the same negli-

gible effect on the Project, Unit and Canal Conveyance efficien-

cies for both districts. 



In order for the efficiencies to remain as consistent as 

they did from the water sufficient to the drought year, 
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some changes must have been made. No changes were made to 

upgrade the physical system of either project. No irrigation 

scheduling was employed to help better manage the water they 

did have. There was a 49 percent increase in the amount of 

water pumped to supplement surface supplies on the Wood River 

Valley Irrigation District lands from 1976 to 1977. This In

dicates the willingness to pay increased prices for water 

under drought conditions. 

The common decision which management made on each project 

was to reduce the number of irrigated acres to meet the 

drought conditions. The net result of this decision was rela

tively consistent irrigation efficiencies from water sufficient 

conditions to water short conditions. 

Accurate data of operating irrigation projects are diffi

cult to obtain under field conditions. Some possible weaknesses 

which may exist in the data used in this analysis are identified 

as: 

1) Windrun and relative humidity data taken at Kimberly, 

Idaho were used in Penman's Equation to establish consumptive 

use estimates for each area. These may have varied from the 

actual conditions which existed at these areas; however, Kim

berly was the closest location at which data of this type were 

available. 
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2) Crop reports furnished by the Salmon River Canal 

Company, Ltd. were estimates based on a formula supplied by 

the Bureau of Reclamation and may have varied from the actual 

cropping patterns and number of ~cres irrigated. 

3) Inherent accuracy of the water measuring devices used 

at both locations is limited to plus or minus five percent of 

the actual flow. 

4) Estimates of tl1e amount of water pumped onto Wood 

River Valley Irrigation District lands in 1977 were based on 

the increase of electric power consumed and the drop in the 

water table from 1976 to 1977 and may have varied from the 

actual amounts pumped 1n 1977. 

The author would suggest to the investigators of any simi

lar studies to make "windshield" surveys to establish actual 

cropping patterns and irrigated areas using aerial photographs. 

Using this method, accurate estimates of actual irrigated areas 

are obtairiable from the aerial photos and actual cropping pat

terns can be established firsthand. 

The amount of land irrigated on the Wood River Valley Irri

gation District was reduced 33 percent from 1976 to 1977. On 

the Salmon River Canal Company, Ltd. the reduction from 1976 

to 1977 amounted to 27 percent. 

The total amount of water applied to the Wood River Valley 

Irrigation District lands was reduced 44 percent from 1976 to 

1977 and this reduction amounted to 31 percent for the Salmon 

River Canal Company, Ltd. 
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The amount of water which ~as pumped onto Wood River 

Valley Irrigation District lands rose from 22 percent of the 
~ 

total amount applied in 1976 to 57 percent of the total amount 

applied in 1977. 

There arc many other ways by which the management of each 

project might have altered their systems in order to adjust 

or compensate for the lack of irrigation water during drought 

conditions. Improved operation, management and maintenance 

of their respective delivery systems would improve conveyance 

efficiencies and thus make more of the water diverted avail-

able for delivery. 

Both canal systems are located 1n soils with high permea-

bilities resulting in high seepage losses. There are several 

alternatives which would decrease these losses. Canal lining, 

either earth or concrete, could reduce seepage losses in each 

delivery system. The installation of pipelines would not only 

decrease seepage losses, but also decrease evaporation losses. 

Some canals could be consolidated in order to keep them flow-

ing at closer to design capacity and therefore make them more 

efficient, however, the benefits versus costs of these alter-

natives would need to be considered to determine the economic 

feasibility of such undertakings. 

Due to the fact that the Wood River Valley Irrigation 

District has no surface storage tl1ey are faced with the prob-

lem of inadequate lJtc season water supplies. There are two 

basic alternatives wl1ich would increase late season supplies. 
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The first is to construct surface storage facilities. This 

presents a problem for the district stemming from the fact 

that storage rights would be junlor to the Magic Reservoir 

water right (located downstream from the Wood River Valley 

Irrigation District). This means that water could not be 
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stored upstream of Magic Reservoir each year without providing 

an exchange supply for Magic Reservoir. An exchange supply 

could be provided by pumping in Hinter months from wells lo

cated 1n the Wood River Valley Irrigation District area, 

and diverting the pumped Hater into Magic Reservoir. Rather 

than create surface storage to offset inadequate late season 

supplies, management has made the decision to divert excessive 

amounts of water into the Wood River Valley Irrigation District's 

canals during peak flow periods in the spring. These lar~e 

diversions, when coupled with high seepage and deep percolation 

losses result in a source of recharge for the aquifer. This 

water is then stored in the aquifer for use when needed. Using 

the aquifer for storage in this manner would tend to discourage 

upgrading the canal system to reduce seepage losses. 

Improved maintenance and management can result in increased 

efficiency. These improvements may take the form of replacing 

deteriorating water control structures, improving and/or in

creasing the number of maintenance access roads, improving and/ 

or increasing the number of water measurement devices and em

ploying irrigation scheduling to determine the proper timing and 

amount of each irrigation. 
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Pressure hcacl = Tot3l hood - Static head 

1976 Avcr3ge Stntic !lead 
(from well hydrographs) 44 feet 

Pressure Head 86.2 - 44 

Pressure Head 42.2 feet 

For 1977: 

Assume Pressure head remained constant from 1976 to 1977. 

To t a 1 K \v - h r us e d 

Assume pump efficiency 

Average Incre:1se in 
S t a t i c ll c ad [rom 1 9 7 Ci 

(from well hydrographs) 

Average Static !lead 
19 7 7 

Total Head 
1977 

Total Acre-Peat pumped 
in 1977 

I n c r c as c in w a t e 1· 

pumped fr·om 1976 

4,089,780 

0.50 

30.8~ 

44 + (0.308) (44) 

57.6 feet 

42.2 + 57.6 

99.8 feet 

(.9~!) (4,089,780) (0.50) 
99. 8 

20,285 

20,285/13,606 

1.49 or 49~; 

Water pumped in 1977 

May June July August 

171 1693 3 39 5 18<1 5 1883 3238 3357 2040 

September 

2044 446 



Apnendix B 
--~----

Procedu_res for llctermining Various Components 
of l1cnman' s Equation for 

Estimating Pc1tential -Evapotranspiration 
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A Wang mini-computer system 2200s was used to calculate poten-

tial evapotranspiration estimates based on Penman's Equation (32): 

L1 R 
t,+y n 

where: 

+ _l_ (0.35) 
fl+ y 

Et Potential Evapotranspiration (mm/day) 

R Net Radiation (mm/day) 
n 

6 Slope of the saturation vapor pressure curve 
at mean air temperature 

y The constant of the wet- and dry-bulb psychrometric 
equation 

e a 

Mean windspecd at a height of 2 m In miles/day 

Saturation vapor pressure <1t mean air temperature 
in mm Hg 

Saturation vapor pressure at dew-point or the vapor 
pressure of the atmosphere in mm Hg 

Various components were determined as follows (22): 

f..= 33. 8o39 {O. 05904 (0. 00738T + 0. 8072) 7 - 0. 0000342} 

where: 

1, ~ 2~ 0 c - ,) " 

y 

where: 

c p 

c r 
_l) __ _ 
0.622Y 

R e co mm en de d v a 1 u e I o r t h c S p c c i f i c II c :1 t o f d r y 
a i r a t cons t :m t p r c s s u r e . 

0.240 ITcal a-loK-l 
'" 



P Atmoc;pheric Pressure at elevation Z (meters). 
1013 - 0. 10 S S x Z; in mb 

- 1 
Latent heat of vapgrization (cal g ). 
595 - 0.51T; (T = C) J 

From which the quantities 
/1. 

and may be derived. 
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The Net Solar Radiation (R ) was estimated from Incoming Solar 
n 

Radiation ( R ) s data using the following relationships: 

where: 

R Incoming Solar l~adiation (langleys). s 

R Net radiation density ( langleys). 
n 

a= The albedo, assumed to be 0.23. 

Rb = Net outgoing thermal radiation (langleys). 

Rb was estimated using the following relationships: 

where: 

R 
s 

Rb = { a R-- + b } Rb o 
so 

R Mean Solar Radiation for cloudless skies (langlcys) so 

a,b Experimental coefficients for net radiation 
estimation. a= 1.22, b = 0.18 for Southern 
Idaho. (22) 

R = bo Net outgoing 
( 1 an g 1 c ys) 

longwavc radiation on a clear day 

Rbo mav be calculated as follows: 

where: 

R = (a + b
1 bo · 1 

T 

e 
d 

J:xpcrirnental C:ocfficients, a 1 for Sotlthern Idaho. 
-.325, bl 

Snturation vapor pressure at mean dew point 
ternpcrat11rl' or water vapor pressure of the 
atmosphere (mb). 

-0.044 



To compute c (( 
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e = 
d 

where: 

rh 

e a 

rh x c 
a 

Rel ati \'C Humidity (decimal). 

Saturation vapor pressure at mean air tempera
ture (mb). 

To compute e (mb): 
a 

e a 

where: 

33. 86:iCJ {(0. 00738T + 0. 8072) S - 0. 000019 1. 8T + 48/ 
+ 0.001316} 

T = Temperature, (-51°C< T< 54°C) 

Windspeed data taken at Kimberly was taken at 12 feet and 

needed to be adjusted to a height of 2 meters using the equa-

tion (32): 

w 201 

where: 

w
201 

Windspeed at 2 meters above ground. 

w 
z 

Windspecd at specified elevation (z 
this case). 

Useful conversion factors include: 

l jnch l!g = :;:;, 864 mb 

12 feet 1n 

1 mrn l! 7 0 evnporation = 0.0171 langlcys (assuming heat 
'"' 

of vaporization of 585 cal/gm). 



Computer Pro.~ram Used to Determine 
PotcntTilT!~1potranspi ration Estimates 

The f~llowing 15 a computer program written 1n basic 

language for a Wang system 2200s mini-computer which is 
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based on Penman's Equation for potential ET estimates. Tape 

storage is pro vi cl e d f o r the f o 11 owing data : Date, Maximum 

Temperature, 1'-linimum Temperature, Relative Humidity, Wind 

Run, and Solar Radiation. 

The input data required arc: 

Z Elevation of project 1n feet above sea level. 

R3 R in 1anf.!leys. so " 

A$ llate (Month, Day). 

T2 Haximum Temperature 1n °F. 

1'3 Minimum Temperature 1n °F . 

. R Relative llurnidity in °6. 

W \Vinclrun in miles/day at 12 feet. 

RJ Solar Radiation in langleys. 

All data must be input on a daily basis. 

P r i n t o u t i n c lu de s the d a t e an d p o ten t i a 1 e vp o t ran s p i rat i on 

1n mrn of 11 2 0 per clay. 
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