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METHODOLOGY FOR OPTIMIZATION OF AN IRRIGATION 

SYSTEM WITH STORAGE RESERVOIRS 

ABSTRACT 

by Mohammad Javad Khanjani, Ph.D. 
University of Idaho, 1980 

A procedure was developed to specify optimal plans for 

an irrigation system with temporary internal storage. The 

procedure was used to develop plans for 1865 ha using farm 

service reservoirs. 

Daily potential and actual evapotranspiration for 

25 years were computed. Probability distributions of paten-

tial and actual evapotranspiration for 1-30 days duration were 

estimated. A log-normal probability distribution was found to 

best fit the data, and probability equations for different 

durations were computed. These distributions were used to 

determine possible irrigation intervals for different crops 

growing in different soil types. 

Costs of different types of irrigation subsystem corn-

ponents were computed including canal sections, farm service 

reservoirs, pumps, and sprinkler and gravity application sub-

systems. A marginal cost and benefit analysis was used to 

select the best irrigation intervals for all soil-crop corn-

binations. 



The time of occurrence of maximum evapotranspiration 

for each crop was analyzed and found to follow a log-normal 

distribution. The peak water requirement of each crop was 

Xlll 

computed to determine the peak water requirement of each sub

unit within the study area. 

Water-use information was used to compute the volume 

of interval storage needed within the system. Fifteen farm 

service reservoirs were located at 15 specified sites by con

sidering physical conditions and other restrictions. Costs 

and design capacities of farm service reservoirs and canal 

sections of the system were computed. 

By utilizing a mixed integer programming model, the 

locations of farm service reservoirs were optimized; and seven 

of the original 15 farm service reservoir sites were selected. 

A linear programming model was then used to compute the 

optimum capacity of each farm service reservoir, and para

metric programming was used to examine the effects of varying 

water costs of system configuration. 

The cost and design capacity of the irrigation system 

with seven farm service reservoirs was computed. The total 

cost was 32% less than the cost of the irrigation system with 

the 15 original proposed farm service reservoirs. 



CHAPTER 1 

INTRODUCTION AND STATEMENT OF PROBLEM 

Introduction 

The relationship of man and water has been complex, 

vital, and dynamic throughout history. The emergence and 

evolution of water resource oriented technology have helped 

to provide answers for man's dynamic and variable demand for 

water (Smith, 1975). 

1 

From the dawn of civilization and history, mankind has 

faced both droughts and floods because of the stochastic 

nature of hydrologic events. As a reaction to nature, mankind 

naturally has sought to overcome the problems of water short

age and excess by controlling it. Only those civilizations 

successful in controlling water have been able to continue and 

develop. 

History shows that hydraulic civilizations (a civili

zation which developed hydroagriculture on arid land) 

(Thomas, 1956) are among the oldest civilizations. Today the 

ancient remains of several hundred major hydraulic structures 

such as dams, irrigation channels, wells, Ghanats, and water 

mills indicate that man attempted to manage and utilize 

available water resources. Examples of hydraulic structures 

are abundant all over the world. Although it is difficult 
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to give special credit for water resource development to any 

particular inhabitant or location, water resource development 

in general gives proof of the struggle against the forces of 

nature. The remarkable people of Egypt built the Saddel

Kafara Dam during the third and fourth dynasty, sometime 

between 2950 and 2750 B.C. This large structure gives the 

history of dam building an excellent, brilliant beginning 

(Smith, 1972). The desert of Iran which does not have flowing 

rivers for irrigation has been watered by means of Ghanats for 

thousands of years. It is fascinating to see traces of water 

mills along irrigation channels built for the purpose of tak

ing advantage of low head hydraulic power. Many consider it 

a remarkable experience to see the dead dam of Kebar near the 

city of Qum, Save-dam, and many other old hydraulic structures 

in Iran (Smith, 1972). In the valley of the Euphrates and 

Tigris in Iraq lies the Nahrawain Canal, a large irrigation 

canal 10-16 m deep and 120 m wide (Fukuda, 1976). The Hope 

native Americans of Arizona, U.S.A., practiced and managed 

ditch-and-basin irrigation to utilize flood water from natural 

springs hundred of years ago. Hohokam, inhabitants of south

ern Arizona, around 500-600 A.D., built hundreds of miles of 

canals in the Salt River Valley for irrigation purposes 

(Gulhati, 1967). All of these traces of old hydraulic struc

tures as well as new existing ones show an incredible struggle 

to overcome problems of hunger and suffering brought about by 

lack of water. Through the ages, people have sought to improve 
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their lives and to harness the forces of nature. This strug

gle has taught them how to think, manage, and make effective 

use of available water resources. 

Some societies have witnessed improvements in water 

resource planning, construction, and management. They know 

how to use water for irrigation, transportation, fisheries, 

hydroelectric power, and other beneficial uses by using dif

ferent types of sophisticated equipment in the hydrologic 

system. Because of the complexity of water resource systems, 

interdependence with the environment and their multibeneficial 

nature, mankind still faces the challenge of improving its 

understanding about the complex dilemma of water resource 

management. 

There are many examples of the failure of water re

source projects because of short-sighted planning in evalua

ting projects structurally, economically, socially, politi

cally, and environmentally (Thomas, 1956). This problem 

cannot be governed by a single standard in every society or 

country because values change from society to society and 

because of institutional and cultural differences. The 

existence of bodies of water create an ecological equilibrium 

condition within its environmental system. People within the 

system, as well as those outside, have developed cultures, 

traditions, and institutions which correspond to their rela

tionship with the system. Any disturbance in the system must 

be carefully considered to minimize detrimental effects and 
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improve the quality of life without major sacrifice of natural 

resources and the environment. 

In planning a water-related project to improve the 

quality of human life and also national income, it is vital to 

evaluate each alternative economically, socially, and politi

cally according to the culture and institution of the bene

ficiaries. Principles and standards (Water Resource Council, 

1973) give a comprehensive criteria for the evaluation of 

water resource projects in the United States. Although each 

project must be economical, it is necessary to have some flex

ibility in the matter of benefit and cost, because there are 

many government projects in which a benefit-cost analysis 

would not apply. The purpose of the water resource planner 

should be to improve the quality of life and the environment. 

One of the oldest challenges in the production of food 

and fiber, and the improvement of the quality of life, has 

been to convey water to dry land for irrigation purposes and 

thus assure food production to some extent. Most of the old 

hydraulic projects as well as new water resource projects are 

totally or partially related to irrigation practices. Today 

almost every country is involved in irrigation practices to 

produce agricultural products. In 1965, irrigation water 

accounted for 41 percent of the water used and 83 percent of 

consumed water in the United States; in addition, it is pro

jected in the year 2000 that 70 percent of the consumed water 

will be for irrigation (National Water Commission, 1973). 
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Thus, irrigation can be seen to be a major consumer of water. 

On the other hand, there are several other demands for water 

which must be satisfied to some extent in a healthy society; 

that is, water has opportunity costs for several different 

uses which must be evaluated. Irrigation is one of those 

water consumers which is being accused of being less efficient 

and leading to over-consumption. Although irrigation systems 

have been planned, designed, and used all over the world for a 

long time, it is very hard to find less expensive and highly 

efficient irrigation systems. Today, systems analysis pro

cedures with the tools of operation research methods are being 

used extensively to evaluate existing systems and plan new 

irrigation systems. 

Although an irrigation system may exist within a 

multipurpose or multiobjective water resource complex system, 

it can be taken as an independent single system with related 

input to and output from the system. An irrigation system in 

turn is a complex system with several subsystems and compo

nents, or input and output vectors. The complexity of an 

irrigation system is increased by the stochastic and variable 

nature of most input and output components of the system, 

which makes it very difficult to completely analyze the sys

tem. In general, simulation study and operation research 

methods are two useful tools for dealing with the optimization 

of an irrigation system. 



6 

Statement of the Problem 

Overuse of water or low efficiency is one of the major 

problems of an irrigation system. Some of the problems are 

technical such as producing extra runoff and deep percolation 

by the irrigation application subsystem and seepage from the 

irrigation water distribution subsystem. Others may be mana-

gerial, such as the unavailability of water on demand and the 

failure of irrigation application subsystems or the unavail-

ability of an irrigator when water is available, causing a 

loss of extra water. 

The objective of this study is to utilize probability 

analysis and mathematical programming (operations research 

methods) in planning the design and operation of an irrigation 

network with a chain of internal water storage reservoirs 

(Farm Service Reservoir, FSR). An attempt will be made to 

eliminate water shortages during peak use, make water avail-

able on demand, minimize irrigation runoff by collecting it 

in FSR, and improve overall irrigation efficiency. Two 

specific objectives are 

1. To determine the best irrigation intervals and water 
requirements of the fields during peak water consump
tion by a stochastical analysis of potential evapo
transporation, and to complete a cost-benefit analysis 
of the irrigation application subsystem. 

2. To specify the locations and sizes of internal water 
storage reservoirs and to compute design capacity of 
each segment of irrigation distribution subsystem for 
the optimal least cost system. 
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Application of the Methodology 

This methodology can be used in planning a new irriga

tion system or developing rehabilitation plans with a chain of 

farm service reservoirs. By this method, an existing irriga

tion system can be evaluated and compared with an irrigation 

system with a chain of farm service reservoirs to examine the 

possibility of increasing the efficiency of the system. 
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CHAPTER 2 

WATER AS A MULTIBENEFICIAL RESOURCE 

"Water, water everywhere," "We never miss the water, 

until the well goes dry." The importance of water for numer

ous purposes has caused man to use water in various ways 

accompanied by different attitudes and understanding. The 

alternative ways in which water can be used are often such 

that interests of different groups of people conflict and 

numerous problems arise. All life is completely dependent on 

water although the degree of dependency changes from society 

to society in time and space, according to traditions and 

institutions. A discussion continues about some of the more 

beneficial uses of water. 

Domestic Use of Water 

Shallow ground water and surface water, lakes, rivers, 

and springs are usually the sources of water for isolated 

rural families, villages, and their livestock. Most urban 

people use modern collection, storage, and distribution sub

systems. The increasing urban population and their standard 

of living as determined by per capita income expand the demand 

for urban water use. For example, municipal facilities and 

processing subsystems for water supply as well as sewage dis

posal subsystems must be expanded rapidly with a growing 
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population. Estimates by the American Waterworks Association 

indicates that there are about 30 thousand water utility com

panies in the United States. The total population receiving 

water through municipal water processing subsystems has been 

estimated to be as many as 175 million (National Water Com

mission, 1973). 

Domestic water requirements vary from city to city 

depending on the population, climatic condition, degree of 

industrialization, and other factors such as social and cul-

tural practices. In a particular city, domestic water require-

ments change from year to year usually at an increasing rate. 

The average daily domestic water requirement in cities in the 

United States varies from 150 to almost 2,000 liters/day/ 

person (Linsley, 1964). 

Flood Control 

A flood is defined as "an overflow of lands which, 

although they are adjacent to water, are not normally covered 

by it, and hence are used in the same way that other lands 

are used" (U.S. Code, 1964) . In general, flooding causes 

economic and environmental loss and damages. 

Flooding occurs in hydrologic boundaries and is not 

limited by political boundaries. Flooded areas rarely coin

cide with existing political boundaries or such civil divi

sions as townships and counties. Peonle influenced by these 

political boundaries are generally unable to cope with the 

flood problem. The inadequacy of a local political body may 
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lead to the organization of levies and conservation districts 

or other legal bodies to solve some water-related problem ln

cluding the control of floods (Smith, 1969). 

Flood control is a responsibility that normally ex

tends beyond the financial and economic limits of the indivi

dual areas. The calamities and damages of the major streams 

in the United States such as the Mississippi River nearly 

always arouse widespread public interest and support in the 

cause of flood control (Smith, 1969). 

Hydropower 

Water is a good medium to absorb and transport solar 

energy from lower to higher elevations. Whenever precipita

tion produces surface runoff, potential hydropower is avail

able along river courses. The pattern of hydropower distri

bution depends on the physical condition of river courses and 

the size, shape, vegetative cover, and climatic properties of 

watersheds as well as the type, intensity, duration, and 

distribution of precipitation. Hydropower is a renewable 

resource, but water power must be utilized within the water 

course or transformed into another form such as electricity. 

The renewability, cleanliness, and other distinguish

lng features of hydropower have encouraged many people to 

support the thesis that they must develop the full potential 

of the nation's hydropower. Unfortunately this philosophy 

needs a great deal of economic, financial, social, and environ-

mental research to overcome some present problems. In the 
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United States the environmental problem is one of the major 

issues as a whole, and in the arid areas of the world sediment 

deposits substantially decrease the economic life of reser

voirs. 

Navigation 

Long before the advent of the steam eng1ne and the 

construction of the railroad, the only means of efficient 

transportation was through bodies of water. Waterways were 

the major trade routes which is one of the principal reasons 

why most of the large commercial centers of the world are 

located along seashores or large rivers (James and Lee, 1971). 

Large bodies of water such as oceans, seas, lakes, and rivers 

supply one of the most effective tradeways and cheapest means 

of mass transportation for bulky and heavy goods in today's 

world. 

Recreation 

Lakes, rivers, and streams have been the source of 

human relaxation and enjoyment in almost every period of 

history. Increasing income and decreased working time have 

allowed and encouraged more peonle to spend more time and 

money on leisure-time activities, and outdoor recreation has 

always attracted large numbers of people. Every forecast 

shows that the use of reservoirs and streams for recreational 

purnoses is increasing thus placing more demands on recrea

tional facilities along waterways (James and Lee, 1971). 
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Although activities such as boating, ice skating, 

swimming, water skiing, and fishin? require the direct use of 

water as a medium, they generally do not consume water dir

ectly. The value of many other outdoor activities is enhanced 

by water, although they are not involved in water-related 

activities. P~ong these kinds of recreation, camping and 

hiking can be mentioned (James and Lee, 1971). 

Fish and Wildlife 

Fresh and marine waters play a vital role in nroviding 

habitats for wildlife populations and water-related activities. 

Water resource development projects on the state and federal 

level have, at times, given little environmental consideration 

and caused damage to fish and wildlife resources. l1arshes 

have suffered from drainage and land-fill operations, thou

sands of miles of natural streams have been relocated or 

altered, and estuary habitat essential for marine life has 

been destroyed by dredging. 

The environment available to fish and wildlife should 

be carefully investigated in the planning and developing of 

any water resource project. Each new reservoir and channel 

improvement, or drainage ~f a swamp, can harm those snecies 

of fish or wildlife whose habitats are destroyed. However, 

each change creates a new environment which may be suitable 

for other species. The planner must weigh the tangible and 

intangible values of new species versus the existing ones if 

he is to predict the real benefit of new species (James and 

Lee, 1971). 
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Today federal legislation requ1res careful considera

tion of fish and wildlife in advance of any federally funded 

or licensed water resource project. The Fish and Wildlife 

Coordination Act gives the fish and wildlife "equal considera

tion" with other purposes in water resource projects (Fish and 

Wildlife Coordination Act, 1958). 

Irrigation 

Water is an essential ingredient in providing a suit

able environment for growing crops in the food production 

process. The necessity of irrigation occurs when there is a 

shortage of precipitation during the growing season of a crop, 

and drainage may be required to remove excess water from the 

root zone. Irrigation and drainage may be related to other 

agricultural activities such as temperature control, fertili

zer distribution, and desalinization resulting in the general 

control of environmental conditions for optimum crop yield 

(Fukuda, 1976). 

Some of the earliest of American irrigation occurred 

during the Spanish Era with Spanish missionaries practicing 

irrigation in California and the American Southwest. The Roman 

Catholic padres tried to introduce improved methods of irriga

tion for agricultural based life among the native Americans 

(Smith, 1975). 

The modern period of irrigation began when Mormon 

pioneers in the state of Utah diverted the water of City Creek 

onto the piedmont slopes of Salt Lake Valley on July 23, 1847. 



Other northern European pioneering attempts at irrigation 

preceding this venture included the irrigation of fields by 

Protestant missionaries near Walla Walla, Washington, in 
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1836 and Lewiston, Idaho, in 1847, as well as Fort Bend on the 

Arkansas River in Colorado in 1832. It was the industrializa-

tion of modern irrigation, not the date of the project, which 

gave the state of Utah the title of "Cradle of American Irri

gation" (Widstoe, 1947). 

Irrigation became an integrated part of agricultural 

activities as pioneer groups occupied the arid land in the 

western part of the United States. Irrigation in the western 

United States is directly related to the land development 

policies established by the Desert Land Act of 1877 which was 

designed to help bring man, water, and land together. This 

act helped new settlers to buy 640 acres of land providing 

them with a way of bringing purchased land under irrigation 

within three years. Because of many misuses and misunderstand

ings, the result of confusion about the provisions of the act, 

public sentiment was raised in favor of state intervention In 

the matter which culminated In the Carey Act of 1894. The 

Carey Act permitted the federal government to give each west

ern state an amount of land of not more than one million 

acres. In turn, the states assumed the responsibility for the 

irrigation and settlement of the donated land. The Carey Act 

was not more successful than the previous act because state 

officials often lacked the necessary interest in reclamation 
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projects. The Reclamation Act of 1902 put the federal govern

ment officially in the business of helping to solve the prob

lem of land distribution and of construction of irrigation 

projects (Smith, 1969). 

However, most of the irrigated areas in 17 western 

states of the United States are managed by private or indus

trial companies, rather than by the federal government. The 

privately developed areas comprise more than three-fourths of 

the total developed areas (Fukuda. 1976). 

Interrelationships of Alternative Uses 

The various alternative uses of water in a river basin 

may conflict with each other and also with the existing en

vironment. The allocation of water for each beneficial use 

has certain advantages and disadvantages to a society and 

environment, which is the basis of debate in any economic and 

political system. The criteria for optimization of the advan

tages and disadvantages of any alternative water allocation 

is a function of social desires and the technological develop

ment of a particular society. 

The planner of a water resource system should be aware 

of political and economic needs, accept some standards for 

environmental quality, and then suggest an optimal allocation 

of water according to a goal or goals defined by society. The 

diagram in Fig. 2-1 shows the interaction of different alter

native uses of water in a river basin. 
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CHAPTER 3 

SYSTEMS ANALYSIS 

Although the knowledge and understanding of a system 

1s a relatively new concept to man, people have always been 

exposed to the discipline of a system, and man has been a part 

or component of many different types of systems. 

Definitions of Systems 

The term system has been defined by many people from 

different disciplines and institutions; however, nearly all 

have tried to initiate or simulate a definition which is close 

to their particular discipline or which could best define 

their purpose in dealing with a system. Dooge (USDA, 1972) 

from the University College of Dublin critically reviewed some 

of these definitions and has given a relatively comprehensive 

definition of the term "system." His review is important be

cause it is related specifically to use in hydrologic and 

water resource systems. 

Dooge first compared the following definitions from 

different disciplines. Stafford Beer (1959) defined a system 

as "anything that consists of parts connected together." 

Other definitions include "an ordered arrangement of physical 

or abstract objects" (MacFarlane, 1964), "any entity, con

ceptual or physical, which consists of interdependent parts" 
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(Ackoff, 1962), ''a device which accepts one or more inputs 

and generates from them one or more outputs" (Drenick, 1965). 

Dooge also referred to other definitions from Bellman (1961), 

Doebelin (1966), Draper et al. (1952), Ellis and Ludwig 

(1962), Koenig and Blakwell (1961), Lee (1960), Lynch and 

Troxal (1961), Paynter (1952), Stark (1968), and Tustin (1957). 

Dooge, by considering the many definitions, gave the 

following definition of a system: "A system is any structure, 

device, scheme, or procedure, real or abstract, that inter

relates in a given time reference, an input, cause, or stim

ulus of matter, energy, or information and an output, effect, 

or response of information, energy, or matter." 

Classification of Systems 

A complex system or environment is a system which may 

be divided into several other systems or subsystems, each 

having a distinct input and output. Generally, the complex 

environment interacts with its subsystems and has some influ

ence on its internal behavior (USDA, 1973). A system or a 

subsystem may also be divided into various components, each 

of which is an input or output element. 

The state of the system is a general concept, and any 

change in any variable of the system produces a change in the 

state of the system. In some systems the state might be 

determined historically, while in other cases by some external 

factor which has not been included in the system under 
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examination. In still other cases, the state of a system may 

be determined stochastically by a random number. 

Memory of the sy~tem is the length of time that old 

input affects the present output. For example, runoff from a 

particular watershed may be correlated with a previous rain

fall over a certain period of lag time (USDA, 1973). 

Systems have been classified from the point of view 

of business and management by Ramnlingam (1976) as (1) physi

cal and abstract systems, (2) open and closed systems, (3) 

natural and manmade systems, (4) permanent and temporary 

systems, and (5) complex systems and subsystems. Dooge (USDA, 

1973) has classified systems with a greater emphasis on 

hddrologic systems. This classification has very little if 

any overlap with the Ramalingam classification. Dooge's 

classification is (1) zero, finite, and infinite memory sys

tems; (2) linear and nonlinear systems; (3) time-variant and 

time invariant systems, (4) continuous and discrete systems, 

(5) deterministic and stochastic systems, (6) causal systems, 

and (7) stable and unstable systems. A combination of these 

two different classifications may provide a valid procedure 

for classifying, describing, and analyzing systems. 

Systems Approach 

The systems approach to the solution of a problem 

involves viewing an organization as a component of a larger 

system or environment with which it interacts. In seeking the 

solution of a problem in an applied science, certain 



assumptions are necessary about the nature of a system and 

the physical laws that govern the system and its behavior. 

By combining assumptions with the input it is possible to 

predict the output. 
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In general, the relation between input and output can 

be represented either by a rectangular box in which the output 

as a function of time, y(t), is produced by input, x(t), or by 

general mathematical equations such as: 

y(t) (h(t), X (t)) (3-1) 

where h(t) denotes the overall "system" operation and t repre

sents time. 

The operation of the system can be divided into two 

general categories, input-output system and feedback system. 

Input-Output System 

In input-output systems, input is responsible for out

put, and previous output does not have any effect on present 

output. This type system can be shown by a rectangular box 

as: 

Input 
System I 

..____--J 

Output 
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or by a mathematical equation as: 

y(t) f(x(t), h(t)) (3-2) 

where f denotes a functional relationship. 

Feedback System 

In the feedback system, a portion of output returns 

to the system as an input and influences the succeeding out-

put. The past output is partially responsible for present 

output. An example of this type of operation can be found in 

the operation of an industrial lines system or an agricul-

tural production system. The principle of the feedback system 

is utilized in almost any discipline and institution. This 

system can be shown by a rectangular box as: 

) 

L "-----5-y_s_t_e_m ____ -JI : lOu tp u t 

Feedback • _ 

) 
Input 

or by a mathematical equation: 

y(t)n = f(x(t), h(t), h(t)n_ 1 ) ( 3-3) 

1n which n denotes the number of sequence. 
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Hydrologic and Water Resource Systems 

The entire hydrologic cycle can be considered as a 

closed, natural, permanent, physical, complex, time-variant, 

nonlinear, continuous, causal, and stable system. The amount 

of water which circulates within the system remains almost 

constant, with the solar system providing the driving force 

to run the system or to move water throughout the atmosphere 

and on or through rivers, lakes, and the soil to the ocean 

and back. A hydrologic complex system can be divided into 

several systems with each system divided into several sub

systems 1n time and space such as the atmospheric, ground 

water, and surface water systems. 

Water resource systems, as part of the hydrologic 

complex system, are systems that man is planning, designing, 

and improving for political, social, and economic purposes. 

These systems can be classified in many ways depending on the 

general condition of each particular system. Examples of 

water resource system schemes have been defined by Busch 

(1974) and Buras (1972). The flow chart in Fig. 3-1 shows 

schematically a water resource system which includes flood 

control, reservoir, irrigation, domestic water, hydropower, 

wildlife, and water quality subsystems. 

Different water resource projects may be considered 

as systems which have all the properties of the systems pre-

viously defined and classified. Each water resource system 

has some input, output, and operation activities, or system 
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operation, which link the input and output of the system. 

Although a water resource project is a system, only during 

the last two decades have research workers investigated or 

considered it as a system in the process of understanding 

its structure and operation. 
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Today modern water resource projects all over the 

world constitute very complex and complicated systems which 

are made up of different subsystems such as watershed manage

ment subsystems, reservoir subsystems, and water distribution 

subsystems. Levels of output and input for each subsystem 

and system depend on the state of the system which in turn 

depends on several constraints of time, space, management, and 

other resources. 

Systems Analysis 

Systems analysis is a means and tool used to investi

gate the nature of a system or physical laws which govern the 

system. It is also often aimed at determining effective ways 

of planning and allocating resources to a desired goal 

(Ramalingam, 1976). 

The objective of systems analysis and formulation is 

to define those combinations of input components which mini

mize or maximize a predefined objective and satisfy the 

decision maker in accordance with the requirement of the sys

tem specifications or other predefined criteria. Criteria for 

maximization, minimization, or optimization is a set of dif

ferent design parameters or constraints which are dictated by 
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the decision maker. Constraints may include legal, social, 

political, economic, technical, or material resources. It 1s 

clear that the optimal design may not be the best from the 

point of view of one or two sub-objectives, but rather best 

satisfies the overall combination of all expected functions 

and objectives. The importance of system optimization is that 

planners can be flexible in implementing almost all of the 

social, economic, and technical goals of a system. 

The optimal design may be obtained by operations 

research methods whose use in water resource planning and 

development have increased drastically during the last two 

decades. The Harvard Water Program was extremely helpful in 

demonstrating the use and application of operations research 

in water resources (Mass et al., 1962). Additionally, Bell

man (1962), Hall (1970), Buras (1972), and many other workers 

made a great contribution to the application of operations 

research methods in water resources. 

Model Study 

A system model, which is used to simulate an actual 

system, might be defined as a reproduction of the essence of 

a system without reproducing or rebuilding the system itself. 

Simulation or modeling is defined by Chorafas (1965) as 

"simply a working analogy." Dooge (USDA, 1973) says "a model 

may be defined as being a system which can produce some, but 

not all, of the properties of the prototype.'' The essential, 

important, and interesting characteristics of a system under 
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study are represented in a model which then may be studied 1n 

an abbreviated time and space. 

There are many different acceptable reasons why one 

may try to study a model of the "real thing" rather than the 

"real thing" itself. The motivations which are numerous vary 

from one field of study to another. The most common factors 

are time, money, and the desire to avoid risking an uncer-

tainty associated with tampering with the real object. 

One of the important aspects of system analysis is 

to evaluate and investigate the nature and operation of alter-

native policies which cannot be tested in an operating system 

because, especially in water resources, it might be costly, 

unsafe, and time consuming; it may also cause social and 

environmental problems. The possibility of trying different 

alternatives on a proposed system is impossible because the 

system does not exist. Therefore, a model of the system under 

study can be a very useful tool to examine and simulate dif-

ferent inputs or alternatives to the system. 

Phillips and others (1976) give the following instruc-

tions regarding the model building process: 

1. Formulation. In this step the goal and object of 
the model must be defined, including which properties 
of the prototype must be presented by the model and 
which must be ignored. Decisions should be made 
about the type of assumptions and cost of the model. 

2. Deduction. This step involves the operating technique 
of the model, which depends on the assumptions of the 
model necessary to solve a given problem with speci
fied accuracy and/or within given cost constraints. 



3. Interpretation. The conclusions obtained from the 
model must be translated into the real world and 
extended to the prototype by considering limitations 
and the nature of the model. 

The steps of modeling are shown diagramatically in 

Fig. 3-2. The dotted line indicates direct interpretation 

from the real system. 

Real System 

I 
I 
I 
I 
I 
+ 

L 

Formulation 
' Model 

Deduction 

~ 

Interpretation Model Model 
Conclusion ' Conclusion 

Fig. 3-2.--Steps toward model building 
(Phillips et al., 1976) 

The analysis of water resources system s1 often 

accomplished using a symbolic model as defined by Ramalingam 

(1976). Such a model employs letters, numbers, and other 

kinds of symbols to represent the condition of prototype. 
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The digital or analog computer is a good example. The govern-

1ng laws between symbols are generally defined by some type 
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of mathematical equations which are often called a mathe-

matical model or mathematical programming. 

Mathematical Model 

A mathematical model is a suitable means and tool for 

the analysis of complex water resource systems for optimal 

formulation of resource allocation and project operation. 

Operations research methods are tools used to optimize the 

mathematical model which 1s formulated for water resources or 

other projects. The use of the mathematical modeling and 

optimization procedures gives the planner and decision maker 

an insight into the behavior of a modeled system under various 

conditions or constraints. 

Pfaffenberger and Walker (1976) define mathematical 

programming as "the problem of optimizing a numerical function 

of one or more variables when they are constrained in some 

manner Specifically, the purpose of such a problem 

is to determine the values of n variables x 1 , x 2 , ... ' 
that optimize the functions" (objective functions). 

X 
n 

In other terms, the objective function can be written 

as 

z f(xj) where J 1,2,3, ... ,n 

subject to constraints 

g. (x.) {~ = ~} b. where 
l J l 

X. > 0 
J 

i 1,2,3, ... ,m and 

(3-4) 

(3-5) 

(3-6) 
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where Z = f(x.) is an objective function, x. are decision 
J J 

variables, g. (x.)'s are constraint equations, and b. denotes 
1 J 1 

resource availability. 

Pfaffenberger and Walker (1976) classify mathematical 

programming as: 

1. 

2. 

3. 

4. 

5. 

The functional relationship in the problems may be 
deterministic or stochastic. 

The functions f(xj) and g. (x.) may be all linear or 
at least one nonllnear. 1 J 

The functions may or may not be continuously differ
entiable. 

x. may be continuous or integer. 
J 

The optimization procedure may be static or dynamic. 

The best known mathematical programming procedures 

used to optimize different types of models in the field of 

water resources are linear programming, nonlinear programming, 

and dynamic programming with their extensions. 

Linear Programming 

Linear programming is a planning tool used to optimize 

linear objective functions subject to a set of predefined 

linear constraint equations. Linear programming meets the 

particular class of problems that has the following conditions: 

1. Decision variables are nonnegative, x. ~ 0. 
J 

2. The objective function, Z = f(xj) and constraint func
tions gi(xj) 's are completely l1near. 

3. The operating policies or rules governing the system 
should be expressed in a set of linear equalities or 
inequalities. 



as 

element, 

decision 

Linear programming 1n its general form can be shown 

Maximize/minimize Z C'X (3-7) 

Subject to constraints AX {~ = ~}B and (3-8) 

x. ~ 0 
J 

( 3-9) 

The matrix A is an (mxn) coefficient matrix; each 

a .. , defines lJ 
variable x .. 

J 

the allocated resource to the unit 

The coefficients C 1 = (c 1 , c 2 , ... , 

cj, ... , en) are corresponding coefficients of xj in the 

objective function which gives the cost, benefit, or value 
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per unit of xj. X is a (nxl) column vector of decision vari

ables, and B is a (mxl) column vector which designates the 

amount of available resources as inputs to the system. 

The problem is to select a set of alternatives for 

matrix, X, that satisfy the constraint equations, and 

maximize/minimize the objective function, Z. 

Phillips and others (1976) recommend the following 

basic steps as being necessary in constructing a linear pro-

gramming model: 

1. Identifying decision variables. 

2. Identifying all the constraints as a function of the 
decision variables in the form of linear equality or 
inequality equations. 

3. Identifying the objective function as a function of 
the decision variables which must be maximized or 
minimized. 



Features and Extensions of 
Linear Programming 

Linear programming has different features and exten-

sions which depend on the nature of the coefficient matrixes 

A, C', B, and decision variables x.. Some of these features 
J 

are deterministic linear programming, stochastic linear pro-

gramming, integer-linear programming, mixed integer-linear 

programming, and binary linear programming. 

Deterministic Linear Programming 

Deterministic linear programming which is one of the 
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most thoroughly explored mathematical models is used in almost 

every field of science and business and has numerous applica-

tions in the field of engineering and water resource planning. 

In the deterministic model all of the coefficients A, B, C' 

in Equations 3-7, 3-8, and 3-9 are predefined and constant, 

and decision variables, X, are continuous variables. 

Stochastic Linear Programming or 
Chance-Constrained Programming 

In this type of model at least one element of the 

coefficient matrix A, B, C' may be a stochastic or random 

number with known probability distribution (Charnes et al., 

1959). This formulation implies that at least one particular 

element of the coefficient matrixes must be satisfied at a 

given level of probability. As an example, the probability 

of AX 
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p{AX {~ = ~}B} ~ a 

is compared to a g1ven level of probability, a. 

The simplest chance-constrained programming contains 

only one constraint equation of stochastic nature. In general, 

chance-constrained programming becomes very complicated and 

impractical if several stochastic constraint equations must 

be satisfied at the same time (Anderson et al., 1977). 

Integer-Linear Programming 

Integer-linear programming is a linear programming 

model in which the decision variables are restricted to be 

integer numbers. Applying this constraint may be done for 

different reasons; some may be technical such as the size of 

pipe in a water distribution subsystem. 

If all of the decision variables must be integers, 

this program is called pure integer-linear programming; other

wise it is called mixed integer-linear programming in which 

some variables are continuous. 

Binary-Linear Programming 

Binary or zero-one linear programm1ng is a form of 

linear programming in which the decision variables are con

strained to equal zero or one. This constraint requires that 

some of the decision variables will be selected and others 

ignored. This model is interesting because of its applicabil

ity to problems that are not inherently binary and also 



because of newly devised algorithms to solve binary problems 

(Pfaffenberger and Walker, 1976). 

Solution of Linear-Programming 
Problems 

The graphical model is the simplest way to solve 

deterministic linear programming problems if the model has 
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only two or three decision variables. Although the applicabil-

ity of the graphic solution is limited, it provides a valuable 

insight into the understanding of linear programming. The 

simplex method is a very powerful tool for the solution of 

deterministic linear programming with an unlimited number of 

decision variables (Pfaffenberger and Walker, 1976). The 

simplex method is an iterative procedure which moves from one 

feasible solution to another without decreasing the value of 

the objective function if it must be maximized or without 1n-

creasing if it must be minimized. This procedure continues 

until an optimal solution is reached, if one exists. Computer 

packages such as Mathematical Programming System 360 (IBM, 

MPS, 1971) and Control Data Corporation (1973, 1975) are 

available for optimizing linear programming problems. 

Charness and Cooper (1959) suggest three different 

models to transfer stochastic linear programming into deter-

ministic programming problems which can be solved by a suit-

able procedure that depends on the nature of the problem. 

This suggestion has been used by many research workers who 

have solved stochastic linear programming problems (van de 

Panne, 1963). 
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A Branch and Bound algorithm (Agin, 1963) and the 

Cutting Plane Method (Gomory, 1960) are two important pro-

cedures used in solving pure integer and mixed-integer-linear 

programming problems. Most commercial computer codes for 

solving integer-linear programming problems are based on a 

Branch and Bound algorithm. Gomory (1960) has adopted his 

pure integer cutting plane algorithm to solve mixed-integer-

linear programming. Computer packages such as UIMIP (Yoo and 

Busch, 1980), IBM (1972), and Hughes et al. (1977) are avail-

able for optimizing mixed-integer programming problems. 

Balas (1965) has developed an implicit enumeration 

algorithm to solve binary linear programming. Ceoffrion 

(1969) has also described an efficient implicit enumeration 

algorithm to handle this type of problem. 

Duality Theory in Linear 
Programming 

The concept and theory of duality are one of the most 

important and interesting features of linear programming in 

view of theoretical and practical application. Every linear 

programming model has an associated linear program which is 

called its dual, and the solution of the linear problem also 

gives the solution for its dual (Pfaffenberger and Walker, 

1976; Ramalingan, 1976). 

The solution of the dual gives the value of a 

resource which is input to the primal model. This approach 

gives a relationship between the value of the decision 



variable and the marginal value of the resource or shadow 

price. The sum of the marginal values of the resources used 

in the product is equal to the price of the product. 

Sensitivity Analysis 1n Linear 
Programming 

In linear programming the optimal values of the 

decision variables are a function of the input coefficients 

A, B, C'. Generally, before running a linear programming 

model, the input coefficient values are provided. If these 
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coefficients somehow change, the values of the decision vari-

ables will change and/or the optimal solution will be altered. 

It is very difficult to predict the coefficient values of con-

straints in many situations. Post-optimal analysis or sensi-

tivity analysis is necessary to predict the effects of varia-

tion of a component of a coefficient matrix on the optimal 

solution. Parametric programming is a tool used to analyze 

the effects of jointly changing one or more elements in a 

linear programming model (Ramalingan, 1976). 

Applications of Linear 
Programming 

Literature has numerous examples of applications of 

linear programming in almost all fields of science and manage-

ment. A few of these applications in the field of water 

resource related practices are presented. Busch (1974) 

developed a methodology for obtaining least cost irrigation 

system specifications as a function of crop distribution and 
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the cost and efficiency of irrigation subsystems. Ridder and 

Eress (1977) used linear programming to optimize the conjunc

tive use of ground and surface water for each village in 

Veramin, Iran. Soltani (1972) used a linear programming model 

for selecting a modern surface irrigation application system 

versus a portable or semiportable sprinkler system in two 

projects in Iran. Skilled labor is included in his model as a 

major limiting factor to developing modern surface irrigation. 

Schmisseur (1976) applied a linear programming model to iden

tify the technical and economic effects related to fixed cost, 

base allotment, and responsive water pricing in three diverse 

operating irrigation districts in Oregon. Alley (1976) struc

tured a linear programming model by combining resulting linear 

difference equations from a two-dimensional artesian aquifer 

model with other linear physical and management constraints 

and a linear objective function. Solution of the model was 

used to determine optimal well distribution and pumping rates. 

Pugner (1977) used integer-linear programming to minimize the 

total annual cost of existing and future alternative sources 

related to water supply facilities with respect to capital 

investment and operation and maintenance costs. Rinaldi 

(1975), with integer-linear programming by a Branch and Bound 

algorithm, selected the optimal sequence for the building of 

a waste water treatment plant. Doyle (1977) used mixed 

integer-linear programming to evaluate alternative uses for 

storm water detention in flood plains and developing areas. 
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Other excellent examples of application of linear programming 

can be found in Thompson (1976), Lane (1976), Buras (1969), 

Charness (195~, Greenberg (1976), Aguado (1977), Narayanan 

(1977), Palacios (1976), Olson (1976), and Gibson (1976). 

Nonlinear Programming and Applications 

The assumption of linearity in linear programming is 

relaxed in nonlinear programming. If at least a single equa-

tion from an entire set of constraint equations or the objec-

tive function of a linear programming model is nonlinear, the 

model is considered as a nonlinear programming model. The 

solution cannot be obtained by using the Simplex Method Tech-

nique applied to linear programming; a special solution 

algorithm must be employed. 

Generally, nonlinear programming does not have a 

unique method of solution, but in general there are three 

broad categories used for the solution of nonlinear program-

ming models (Ramalingam, 1976). They are 

1. Unconstrained optimization problems. 

2. Equality constrained optimization problems. 

3. Constrained optimization problems with inequality 
constraints. 

Pratishthananda (1976) developed a nonlinear multi-

level transportation model to study large-scale allocations 

in awater resource system. Nayak and Arora (1973), by using 

nonlinear programming, developed an optimization technique for 

selecting the best site for the construction of a multi-purpose 
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reservoir system that would meet various water demands most 

economically. Bayer (1974) applied linear, dynamic, and non

linear programming to the solution of a r1ver basin water 

quality optimization for the Willamette River in Oregon. 

Panagiotakopoulos (1976) applied a linear programming model 

with concave and separable objective functions to allocate 

treatment requirements within a multiple treatment plant sys

tem along a stream. Other resources for application of non

linear programming are Mulvihill and Dracup (1974) and Pingry 

and Whinston (1973). 

Dynamic Programming and Applications 

Dynamic programming is a mathematical tool for the 

optimization of multi-stage processes. The basic concept 

comes from the principle of optimality by Bellman (1962) 

which states "an optimal policy has the property that what

ever the initial state and initial decision are, the remaining 

decisions must constitute an optimal policy with regard to the 

state resulting from the first decision." 

Dynamic programming is not an algorithm or a method by 

itself; rather, it is a solution procedure that involves the 

implicit enumeration of all possible solutions of a problem 

(Pfaffenberger, 1976). 

Dynamic programming possesses a certain advantage for 

analyzing water resource systems because nonconvex, nonlinear, 

discontinuous objective functions and constraint equations can 

be treated with little difficulty. Dynamic programming is 



more amenable to stochastic input 1n the analysis of water 

resource systems than other programming techniques. The 

functional nature of optimal policy and optimal return make 
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it ideally suited to system decomposition, particularly for 

dendritic branching systems such as are normally encountered 

1n water resource development (Hall, 1970). The shortcomings 

of dynamic programming are (1) the dimension of the decision 

variable must be as small as possible, (2) the objective func

tion and constraint equations must be formed by the sum or 

product of one decision variable (Hall, 1970). 

Buras (1972) gives an excellent example and reference 

of applications of dynamic programming in water resources. 

Allen et al. (1978) utilized the stagecoach problem to opti

mize an irrigation distribution subsystem in connection with a 

linear programming model. Velinkanov (1974) investigated the 

feasibility of applying dynamic programming for optimal 

distribution of water resources based on a study of a river 

development system that compromises water users and consumers. 

Mays (1976) utilized discrete differential dynamic programming 

(DDDD) in an optimization model to minimize the cost of layout 

and design of a storm sewer system. Hopkins (1976) developed 

a dynamic programming model to determine what contribution of 

downstream and upstream uses should be encouraged to provide 

flood protection through longer water retention. Hall (1968) 

utilized dynamic programming for irrigation scheduling which 

was used to determine a quantity of irrigation water which 
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maximized total net return from any crop with due allowance 

for the cost of irrigation. Other references in the applica

tion of dynamic programming in water resources are Fraise 

(1975), Cole (1971), Scherer (1977), Yen (1977), Garcia 

(1974), Grady (1977), and Wyatt (1974). 



CHAPTER 4 

DESCRIBING UNCERTAINTIES IN WATER 

RESOURCE SYSTEMS 
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Many hydrologic processes are so complex that they can 

only be explained in a probabilistic sense. Because hydro

logic events are uncertain, they must be treated as random or 

stochastic components. Methods of statistical analysis pro

vide useful tools for determining the uncertain character of 

a particular hydrologic event (Viessman et al., 1977). 

Statistical analysis includes two basic sets of prob

lems: (1) descriptive, which is a simple application of a 

statistical method that requires a few decisions and some 

risk, and (2) inferential, which entails decision-making risks 

and necessary knowledge and understanding about the nature of 

the applied method, system, and risk. The most common infer

ential problem is to describe the character of the population 

by studying some samples from the population (Viessman et al., 

1977). 

Risk 

Risk is defined by the American Heritage Dictionary 

(Morris, 1976) as a possibility of suffering, harm, loss, and 

danger. In water resource systems, risk often is related to 

the probability of exceedence (nonexceedence) for a random 



number of a population distribution (Shen, 1976). The level 

of risk can be changed by the decision of the designer or 

manager by increasing the size of the system and also by 

accepting the extra cost involved. This point needs a 

sophisticated analysis to justify the optimal level of risk 

for related benefits and costs of a particular subsystem. 

Probability Distribution 
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Phillips et al. (1976) define probability distribution 

as any rule that assigns a probability to each possible value 

of a set of random variables. There are different mathemati

cal probability or frequency distribution equations for dif

ferent sets of random variables to describe their behavior of 

occurrence. Many hydrologic events are defined by different 

mathematical probability distributions. It is hard to find a 

mathematical probability distribution that exactly represents 

the natural process of an event. However, mathematical prob

ability distributions are used for approximating and describ

ing the natural behavior or occurrence of an event. For a 

good estimation of a mathematical probability distribution 1n 

hydrology, several years' data must be studied. Although it 

is hard to find the best possible mathematical probability 

distribution by sample data, it is quite helpful in predicting 

hydrological phenomena and planning and designing a hydrologic 

related project. 

There are different types of probability distributions 

which describe discrete and continuous sets of random observa

tions: 



Discrete Probability Distribution 

The discrete mathematical probability distribution 1s 

attributed in general to those random events in which the 

outcome is success or failure, and the successive trails are 

independent from each other. The probability of success and 

failure is constant. 

Some of the major discrete probability distributions 

which have some application in hydrology are as follows (Haan, 

1977): 

1. Hypergeometric distribution 

2. Bernoulli Process 

a. Binomial distribution 
b. Geometric distribution 
c. Negative binomial distribution 

3. Poisson process 

a. Poisson distribution 
b. Exponential distribution 

4. Multinomial distribution 

Continuous Probability Distribution 

Continuous random variables are defined as those ran-

dom variables which take a continuous value or infinite value. 

Some of the most common continuous mathematical probability 

distributions with applications in hydrology are as follows 

(Haan, 1977): 

1. Normal distribution 

2. Uniform distribution 

3. Exponential distribution 



4. Gamma distribution 

5. Lognormal distribution 

6. Extreme value distribution 

7. Beta distribution 

Plotting Position of Cumulative 
Probability Distribution 
Function 
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Assigning a probability level to each available data 

point can be done by computing plotting position. Haan (1977) 

defined the plotting position as ''determining the probability 

to assign a data point." Gumbel (1958) has given the follow-

ing criteria for a plotting position formula or relationship: 

1. The plotting position formula must be such that all 
of the data can be plotted. 

2. The plotting position should lie between the observed 
frequency of m/n and (m-1)/n where n is the number of 
observations and m is the rank of observation with 
m = 1 from the largest (smallest) value to the small
est (largest). 

3. The data should be equally spaced on the frequency 
scale. 

4. The plotting position should be simple and easy to 
use and have intuitive meaning. 

Haan (1977) introduced three of the most common 

plotting position formulas as: 

1. California (Flow in California Streams, 1923) 

m/n 

2. Hazen (1930) 

(2m-l)/2n 

3. Weibull (1939) 

m/n+l 

(4-1) 

(4-2) 

(4-3) 
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Approximately all of the plotting position formulas 

g1ve similar values near the center of plotted plotting 

position, but they may give different values in the tails of 

plot which is very important when data are being extrapolated. 

Benson (1962), on the basis of the theoretical sam-

pling from extreme values and normal distributions, in a 

comparative study of several plotting position formulas, found 

that the Weibull (1939) formula provided estimates which were 

consistent with his experience; in addition, the Weibull 

plotting position formula meets all of the Gurnble requirements. 

Haan (1977) recommended the following steps in corn-

puting and drawing a plotting position of a set of random ob-

servations. 

1. Rank data from largest (smallest) to smallest (largest). 

2. Calculate plotting position from a suitable formula. 

3. Select the type of probability paper. 

4. Plot data on probability paper. 

Parameter Estimation of Mathematical 
Probability Distribution 

The parameters of the mathematical probability 

distribution can be estimated by utilizing the characteristics 

of a limited data sample. Several methods are used to esti-

mate these parameters, such as graphical, least squares, 

moment, maximum likelihood, and similar estimation methods 

(Haan, 1977; Shen, 1976). In general, the estimated parameter 

should be unbiased, regular, efficient, sufficient, and 
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consistent (Haan, 1977). In the field of water resources and 

hydrology, the estimates of most parameters must be unbiased 

and efficient (Haan, 1977). 

Some of the already discussed procedures are very 

complicated and time consuming. Chow (1951) has shown that 

many mathematical probability distributions can be reduced and 

defined in the form of a single equation such as: 

or 

where 

XT 
1 + CvKT x 

( 4-4) 

XT (1 + CvKT) X: ( 4-5) 

XT = magnitude of observation having a return period T 

X= mean of magnitude of events 

XT 

X 

c 
v 

= XT-mean ratio 

s 
= = coefficient factor 

KT = frequency factor with return period T 

S = standard deviation of sample 

For the purpose of identifying different points with 

different mathematical frequency distributions, Chow (1951, 

1964) gives different equations for KT. 



For a normal frequency distribution 

where 

X-M 
0 

= z 

Z standard normal deviation 

M = mean of population 

o = standard deviation of population 
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(4-6) 

Values of Z for different probability levels are g1ven 1n most 

statistical textbooks. 

Choosing the Best Possible 
Mathematical Probability 
Distribution 

In general, after plotting the plotting position of 

available data on a suitable probability paper, several mathe-

matical probability distributions may be assumed and plotted. 

The selection from among assumed mathematical probabil-

ity distributions is based on (1) visual comparison between 

the shape of the histogram of data and the assumed mathemati-

cal probability distribution, (2) chi-square test, and (3) 

Kolmogrov-Smirnov test (Shen, 1976; Haan, 1977). 

Application of l\lathematical 
Probability Distribution 

The mathematical probability distribution of a random 

event has the following uses: 

1. It provides an accurate interpolation mean between 
two observations of an event. 

2. It makes possible extrapolation beyond the range of 
available observations. 



3. It can be used to generate data. 

4. It makes easy computer manipulation of the behavior 
of a random event. 

Simulation Model 

In hydrologic and water resource studies, many dif-
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ferent types of statistical models are used. In general these 

models may be used to generate synthetic data or to regulate 

the system. 

Monte Carlo Simulation Model 

The Monte Carlo simulation model for data generation, 

which has been used in hydrology for a long time, helps to 

produce a large amount of data from known mathematical prob-

ability distributions to study the probability behavior of 

complex water resource systems. Random observation values 

might be produced from a known mathematical probability dis-

tribution. 

Markov Simulation Model 

The Monte Carlo model is useful when there is no 

significant serial coorelation between two events. In some 

hydrologic events, there is a good serial correlation between 

two events such as stream flow and the ground water table. 

The Markov model which is quite helpful comes from the 

mathematician A. A. Markov who introduced the assumption 

that the outcome of any trial is related to the outcome of a 

former trial (Haan, 1977). In the Markov model the 
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mathematical probability distribution is not necessary, but 

the serial correlation coefficient is an important factor. 

Several types of the Markov models, such as the simple first 

order Markov model Multisite Markov model, Markov chain model, 

and the Markov model with periodicity, have many useful appli-

cations in water resource simulation (Haan, 1977). 

Bayesian Model 

If a prior probability of P(A/Ek) and P(Ek) is known 

with the Bayesian formula or model, a posterior probability, 

P(Ek/A) can be found where P is probability and A and E are 

variables. 

Because the true value of a prior probability of 

population can never be found exactly, the application of the 

Bayesian approach of uncertainty in water resources may be 

conceived as a semi-objective approach (Sherr, 1976). Bayesian 

theory in an objective approach is quite a useful tool for 

predicting the posterior probability by having good informa-

tion about prior probability. 

Problems of Data Generation 

Data can be generated by limited information with 

Monte Carlo, Markov, and Bayesian models, but the quality of 

generated data is no better than input information and must 

be used cautiously. Fiering (1966) gives the following points 

concerning the usage of simulation models to generate data: 

1. Data generated by a model does not overcome the 
difficulty of biased or faulty data. 



2. Simulation cannot be a substitute for an analytical 
model. 
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3. It is not justifiable to rely on an observed sequence 
of random events when system simulation seems to be 
necessary. 
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CHAPTER 5 

IRRIGATION SYSTEMS 

An irrigation system is often part of multipurpose 

and multiobjective water resource developments. Developing an 

irrigation system requires special expertise and knowledge 

about many subsystems and components of the larger encompass

lng system. 

The irrigation system planner needs a thorough under

standing of soil-water-plant subsystems, crop-yield functions, 

the evapotranspiration process, agricultural drainage and water 

distribution subsystems, and many other related subsystems 

plus social and institutional problems. Careful understanding 

and consideration are vital in developing a successful and 

viable irrigation system. Some of an irrigation system's sub

systems and components may be investigated separately, but 

most have very specific interrelationships which require joint 

investigation in any comprehensive study. 

The importance of each subsystem and components within 

the irrigation system varies from system to system and in time 

and space. Therefore, different irrigation systems may have 

different types of subsystems and components used to convey 

and apply water. The solution of an irrigation system optimi

zation problem, or finding the best alternatives of each 



subsystem within an irrigation system, are a function of the 

technological, social, and political interests of all those 

affected. 

Plant-Soil-Water Relationships 
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The growth of agricultural crops is dependent on soil, 

water, and air. Soil provides support and nutrients, air 

satisfies respiration, and water constitutes a considerable 

fraction of plant cells, facilitates transportation of nutri

ents in and through the plant, and controls the temperature 

of the plants. 

Soil has a very active role in the growth of crops. 

~Iiller (1965) does not view agricultural soil simply as a mass 

of minerals, but rather as a mixture of organic and inorganic 

matter, water, air, and living micro- and macroorganisms. The 

contribution of each element in the soil must satisfy plant 

requirements for optimum growing conditions. 

The water in the soil system is held by different 

forces which determine movement and position of the mass of 

water in time and space. Most loosely held water in the soil 

may be drained under gravity or hydraulic forces, and this 

type of water is generally not available for plants. Hygro

scopic water which is tightly bound to soil particles by 

chemical bands is also not available for plants. Only 

capillary water, which 1s held in micropores of the soil, 

is available for plants. 



Water within the plant circulates continuously, from 

the root hairs which absorb water from the soil to the leaf 

stomata which transpire water. Mayer (1956) calls this con

tinuity a hydrodynamic system. The continuity of water in 

plant roots provides a means for nutrient transport and the 

control of temperature. 

Information about plant-soil-water relationships can 

be found in books by Taylor (1972), Israelsen and Hanson 

(1962), Jensen (1973), and Withers and Vipond (1974). 

Evapotranspiration 
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Evaporation and transpiration are similar hydrologic 

processes. The source of energy for both is the same, and 

both processes convert water from liquid to vapor. However, 

evaporation refers to vaporization of water from a free water 

surface or wet soil, and transpiration refers to vaporization 

of water from a plant's surface, namely leaves and young stems. 

It is almost impossible to measure these processes separately 

ln the field; therefore, they are jointly considered, combined, 

and called evapotranspiration. 

In the evapotranspiration process, pure water evapo

rates from plant and soil surfaces by the help of solar energy. 

This process leaves solute or mineral residue in the soil and 

plant. The first increases the salinity of the soil and the 

second supplies the nutrient requirements of the plant. Water 

also cools plant leaves as it is transpired. Therefore, evapo

transpiration helps to transfer minerals to the plant as food 
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and controls the environmental temperature. Evapotranspira

tion is a necessary process and cannot be eliminated, but it 

must be kept within the optimum range to produce maximum yield 

for a growing crop. 

There are two types of productive and nonproductive 

evapotranspiration. The first produces agricultural products 

such as food and fiber. The second is that which is consumed 

by weeds and evaporates from wet soil and water surfaces and 

does not enhance the economic worth of the agricultural pro

duct. However, it consumes water which is not recoverable 

and increases the cost of an irrigation system. 

Potential Evapotranspiration 

Penman (1956) defined potential evapotranspiration as 

"the amount of water transpired in unit time by a short green 

crop completely shading the ground, of uniform height and 

never short of water." Jensen (1973) gives a definition which 

seems more useful in arid and semi-arid areas, because of the 

advection effect on irrigated land. He defines potential 

evapotranspiration as "the amount of water transpired by well 

watered alfalfa (lucerne) with lQ to SO em of top growth and 

100 m of fetch under given climatic conditions." Fetch length 

is the length of area under the crop toward wind direction 

around the experimental alfalfa plot. 
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Actual Evapotranspiration 

Jensen (1975) defined actual evapotranspiration as 

"the sum of transpiration and water evaporated from the soil, 

or exterior portions of the plants where water may have accu-

mulated from irrigation, rainfall, dew, or exultation from the 

interior of the plant." 

Theoretically, potential evapotranspiration, PET, can 

be converted to actual evapotranspiration, AET, by: 

AET = CF · PET (5-l) 

where CF is a soil and crop coefficient (crop factor) which 

shows the influence of soil, crop, and cultural factors on the 

rate of AET, Jensen (1973) suggests an energy balance euqa-

tion in which the crop factor is based on the stage of plant 

growth, the time since irrigation or rainfall, and remaining 

available soil moisture. Doorenbos (1977) with a very compre-

hensive worldwide study defines the crop factor as a function 

of the frequency of irrigation, type of plant, and stage of 

plant growth. 

Estimation and Measurement 
of Evapotranspiration 

Evapotranspiration lS estimated and measured by 

several different means. Jensen (1973), Doorenbos (1977), 

and Valenzuela (1974) studied several methods and evaluated 

them. In general, some of the estimating equations are very 



simple to use with relatively little data, but they must be 

calibrated or tested for any new area. Some other equations 

which are very comprehensive need a considerable amount of 

input data which are difficult to obtain. 

The most common methods for measuring potential 

evapotranspiration are as follows: 

1. The soil water depletion method (Jensen, 1961). 

2. The tank and lysimeter method (Harold, 1966; WrviO, 
1966). 

3. The energy balance method (Tanner, 1942; Fritschen 
196 5) . 

The most common methods for estimating potential evapotrans-

piration are as follows: 

1. The water balance method (Lowey and Johnson, 1942; 
Thornthwaite, 1948). 

2. The mass transfer method (Dyer, 1961; Goddard and 
Pruitt, 1966). 

3. The combination method (Penman, 1956; Van Bauel, 
1966; Businger, 1956; Bartholic et al., 1970). 

4. The radiation method (Ivlakkink, 1957; Turc, 1961; 
Olivier, 1961; Jensen and Haise, 1963; Jensen, 
1966b). 

5. The evaporation method (Stanhill, 1961, 1962; 
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Pruitt and Jensen, 1955; Pruitt, 1960; Jensen et al., 
1961; Thompson, 1963; Linacre and Till, 1969). 

6. The temperature method (Blaney and Morin, 1942; Blaney 
and Criddle, 1952; Balney et al., 1974; Pruitt, 1960; 
Jensen, 1966a; Quackenbush and Phelan, 1965; Thorn
thwaite, 1948; Lowery and Johnson, 1942). 

7. The humidity method (Papadakis, 1966; Alpat'ev, 
1954; Ostromeki, 1965; Vitkevrich, 1958; Ivanov, 
1954). 



8. The multicorrelation method (Christiansen, 1969; 
Christiansen and Hargreaves, 1968). 

9. The reference crop method (Dorrenbos, 1977). 

Many research workers have estimated actual and 

potential evapotranspiration by considering combinations of 

the following factors (Valenzuela, 1974). 

1. Air temperature. 

2. Daytime hour percentage. 

3. Relative humidity. 

4. Solar radiation. 

5. Vapor pressure and vapor pressure slope. 

6. Elevation. 

7. Wind movement. 

8. Crop factors. 

9. Some type of constant coefficient. 

Variation of Evapotranspiration 

In general, evapotranspiration is influenced by the 

following factors: 

1. Atmospheric conditions which influence water evapo
transpiration such as solar radiation, air tempera
ture, humidity, and wind movement. 

2. Morphological physiological, and cultural factors of 
crops such as leaf shape, number, arrangement and 
behavior of stomata on the leaf, and stage of crop 
maturity and degree of coverage. 

3. Soil conditions including soil moisture status and 
soil aeration. (Doorenbos, 1977) 
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Some researchers such as Jensen (1973), Penman (1956), 

and Doorenbos (1977) have found some parameters very useful 

for predicting evapotranspiration. Most of the independent 

variables which affect evapotranspiration rate have a sto

chastic nature, changing in time and space. It is clear that 

when independent variables in a functional relationship change 

with stochastic or random pattern, the dependent variable will 

also change accordingly. The conclusion is that evapotrans

piration has a stochastic nature and changes randomly from day 

to day, although 1n general it follows an increasing and de

creasing pattern at the beginning and ending of each vegeta

tion season. 

Franzoy (1970) says "the effect of climatic variation 

on consumptive use can be drastic, and while the annual con

sumptive use can be the same from year to year, the peak daily 

use is subject to dramatic and often erratic differences." 

Pruitt (1972) investigated daily actual evapotranspiration 

data of a weighing lysimeter at Davis, California, and found 

that it closely followed a normal frequency distribution in 

mid-summer. Gray and Murray (1966) used an extreme value 

distribution to estimate the rate of potential evapotranspira

tion for design purposes. 

Basically, an irrigation system is planned and de

signed to satisfy water requirements of crops. One of the 

major components of crop water requirement is productive or 

actual evapotranspiration. Accuracy in estimating actual 



59 

evapotranspiration rate can greatly influence the success and 

failure of an irrigation system and also can help in the 

decision making-process regarding various aspects of irriga-

tion system planning and management. It is necessary to sup-

ply water to growing crops to satisfy evapotranspiration re-

quirements using proper irrigation scheduling. 

Irrigation Scheduling 

Irrigation scheduling is defined by Hart (1975) as a 

decision-making process by which the amount of water and the 

time of irrigation can be determined by direct or indirect 

measurement. Irrigation scheduling requires methods to pre-

diet the water requirement of the near future by considering 

soil moisture and crop characteristics and prediction of the 

future rate of evapotranspiration. Irrigation scheduling also 

helps to increase the efficiency of an irrigation application 

subsystem and benefit per unit volume of consumed water and 

decrease the cost of water supply. 

Several factors which affect irrigation scheduling 

must be fully considered to improve the accuracy of the 

decision-making process. 

1. Effective precipitation which is the portion of 
precipitation infiltrated into the soil and may 
postpone irrigation time. 

2. Evapotranspiration which is the major source of 
water consumption from soil storage. The rate has 
a great effect on irrigation scheduling which must 
be predicted for future scheduling. 

3. The stage of crop growth has a relatively large 
effect on the rate of evapotranspiration and 



scheduling. Generally, three stages can be shown 
1n an annual agricultural crop: 

a. Emergence of plant. 
b. Period of maximum plant coverage. 
c. Crop maturation. 
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4. Soil moisture status. Only a portion of soil water 
is available for plants, and this portion of moisture 
must be determined according to the character of the 
soil-plant-water relationships. Before this avail
able soil moisture can be evapotranspired, usually 
the soil reservoir must be refilled after a specified 
amount of water is depleted from the soil. The 
decision of this point depends on the managerial 
decision-making process, which must consider return 
of crop yield or optimum return versus the cost of 
applied water. Hall (1968) used dynamic programming 
for this type of decision-making process. 

Some of the soil-water terminology used in this study 

are defined (On-Farm Committee of ASCE, 1978) as: 

1. Field Capacity, FC, is the moisture remaining in a 
so1l after free drainage has practically ceased. 

2. Wilting Point, WP, is the moisture content of the soil 
after the plant can no longer extract moisture at a 
sufficient rate for wilted leaves to recover overnight 
or when placed in a saturated environment. 

3. Available Soil Moisture, ASM, is the difference at any 
time between the actual soil moisture content in the 
root zone soil and the wilting point. 

4. Soil Moisture Deficit, SMD, is the difference between 
field capacity and the actual soil moisture in the 
root zone soil at any time. 

5. Management Allowed Deficit, MAD, is the desired soil 
moisture deficit at the time of irrigation. 

An irrigation scheduling decision is made on the basis 

of the combination of experience, observation of plant and 

soil characteristics, and climatic conditions which are fully 

discussed by Hu (1976). 



Irrigation nfficiency 

In planning, designing, and operating an irrigation 

system, there is a major difficult problem 1n deciding water 

utilization efficiency, which is usually a "guess" factor; 

and designers face the problem of uncertainty in their cal

culations. In order to eliminate this uncertainty, system 

components are often designed for a higher capacity than is 

necessary. Apart fromfue harmful side effects, guesswork 

leads to investment that may be considerably higher than 

otherwise necessary. 
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The estimation of efficiency for projection purposes 

requires considerable engineering judgment, expertise and 

information about cropping pattern, irrigation application 

subsystem layout, texture and structure of soil, and finally, 

most important of all, the competency and care with which the 

water is applied. 

Irrigation efficiency is influenced by factors such as 

the rate of evaporation from wet soil and free water surfaces, 

transpiration of riparian vegetation along reservoirs and 

channels (non-productive use), seepage losses from reservoirs 

and channels, deep percolation losses, operational losses, and 

management waste. 

The following irrigation efficiency terminology has 

been adopted by the On-Farm Irrigation Committee of the 

Irrigation and Drainage Division of the American Society of 

Civil Engineering (1978). 



62 

1. Irrigation Efficiency, IE, is the ratio of average 
depth of water which is used beneficially to the depth 
of applied water. Beneficially used water is that 
which is used to satisfy soil moisture demands (SMD), 
leaching requirements, environmental control, and 
pesticide and fertilizer application or management 
water (MW). 

2. Application Efficiency, AE, is the ratio of average 
depth of water stored in the plant root zone to the 
average depth of applied water by irrigation applica
tion subsystem. AE does not give any indication of 
any under- or overirrigation at any part of the farm. 

3. Application Efficiency of Low Quarter, AELQ, is the 
ratio of the average depth of stored water in the 
plant root zone at the low quarter of the field 
(ADWLQ) to the average applied water (AAW). If ADWLQ 
of a field exceeds SMD then AELQ equals the ratio of 
SMD to AAW. When water for leaching requirement, LR, 
is needed it must be added to SMD. When the maximum 
return from a unit volume of water is desired, SMD 
can be set as a defined amount less than actual SMD. 
AELQ is a useful statement because it includes the 
concept of uniformity especially in the lower part 
of the farm where there is the possibility of under
irrigating. 

4. Potential Application Efficiency of Low Quarter, 
PAELQ, is the low quarter application efficiency when 
the low quarter of the farm is getting at least a pre
determined depth of water. In arid areas, this depth 
may be equal to Management Allowed Deficit (MAD). 
PAELQ can be estimated by theoretical analysis or by 
surveying existing nearby fields. The ratio of AELQ 
to PAELQ for a given field indicates the effectiveness 
of management or operation. 

5. Distribution Efficiency, DE, is the ratio of average 
depth of water infiltrated at the low quarter of the 
field to the average depth of infiltrated water. 

6. Coefficient of Uniformity, U.C., is the average depth 
of infiltrated water, minus its average deviation 
divided by itself. 

7. Storage Efficiency, SE, is defined by Israelsen and 
Hanson (1962) as the ratio of output water for bene
ficial use to the input water to a reservoir. 
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8. Conveyance Efficiency, CE, is the ratio of the output 
water to the input water in a conveyance subsystem. 

Irrigation efficiency is very seldom a precisely de-

fined value because many different factors influence irriga-

tion efficiency. Udeh (1978) assumed irrigation overall 

efficiency to be a stochastic component, using a probability 

distribution of efficiency to determine the optimal area to 

be committed to irrigation in Idaho. Hill et al. (1978), by 

an extensive study, show that fixed cost of application sub-

systems rise drastically when DE rises over 90% for trickle, 

sprinkler, and surface irrigation application subsystems. 

Worstell (1976), who reviewed almost 765 cases of channel 

seepage data across the United States, found that the average 

seepage varies widely within a given soil texture, and in-

creases where texture of top soil changes from clay to sand. 

He failed to find a general correlation between efficiency and 

texture of the top soil of the channel. Discussion about 

efficiency can be found in Bos et al. (1974), Goldberg (1976), 

and Hagen (1967). 

Irrigation Application Subsystem 

The purpose of an irrigation application subsystem is 

to distribute water over the soil to fill the soil storage in 

the usable range of the root zone to satisfy the needs of 

actual plant evapotranspiration and management water. In 

general, there are four logical possibilities for the distri-

bution of water on agricultural soil and one for soilless cul-

ture: 



1. To run water over the soil (surface irrigation). 

2. To run water into the soil and raise water by 
capillary action (subsurface irrigation). 
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3. To drop or rain water over the ground without damaging 
crops or soil (overhead or trickle irrigation) 
(Withers and Vipond, 1974). 

4. To water some inert media such as sand or gravel to 
raise crops (hydroponics). 

Economical irrigation requires the uniform application 

of water by an appropriate application subsystem at the proper 

time. Also any bad side effects such as raising the water 

table and accumulating salt should be prevented. The selec

tion of an irrigation application subsystem should be made by 

taking account of local physical, econom1c, and social condi-

tions such as land topography, soil character, farm size, 

crops and cropping pattern, local climate, source and volume 

of available water and water quality, cost and benefit of 

irrigation operation, and available skill and technology 

(Zimmerman, 1966). 

Surface Irrigation 

Surface irrigation methods, which have an advantage of 

being adaptable and flexible, can be used for different types 

of crops, soil, and management with relatively high application 

efficiency. The frequency of irrigation to cope with changing 

weather can be easily adjusted by this method. Surface irri-

gation does not generally require a great deal of capital 

investment and does not usually require energy for pumping. 



65 

The depth of infiltrated water in the surface irriga

tion method is a function of the slope, length of run, dis

charge, surface roughness, shape of the field channel, intake 

rate of soil, and horizontal and vertical permeability (With

ers and Vipond, 1974). Skilled labor is one of the major re

quirements to obtain high efficiencies with this method. Some 

references for surface irrigation are as follows: Strelkoff 

et al. (1977), Katopades and Strelkoff (1977), Bassett and 

Fitzsimmons (1976), Rath (1970), Powell et al. (1972), SCS 

(1974), and Wu (1972). 

Subirrigation 

In the subirrigation method, water is applied into the 

soil by underground porous pipes or open ditches spaced a cer

tain distance from each other. An impermeable layer is neces

sary at some distance under the porous pipe to create a water 

table at the bottom of the root zone. The water rises into 

the root zone by capillary action. The states of Idaho and 

California have several places where farmers are practicing 

subirrigation under favorable conditions. 

Some of the advantages of subirrigation include 

minimal loss of water by evaporation, low labor requirement, 

no problem for agricultural machinery operations, and irriga

tion of soil with a low water-holding capacity and high intake 

rate. Some disadvantages of subirrigation are that it may 

slow the germination of crops, cause a salinity problem, have 

a high initial cost, and require relatively precise land 
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grading. More information about subirrigation can he found 

in Israelsen and Hanson (1962), Withers and Vipond (1974), and 

Arar (1971). 

Overhead Irrigation 

The overhead irrigation method requ1res extensive p1pe 

systems to carry and distribute water over growing plants or 

to drop water close to the top of the soil. This method is 

classified broadly as either sprinkler irrigation or trickle 

(drip) irrigation. A pump is usually required 1n the system 

to provide sufficient operating pressure. 

Sprinkler irrigation has come into large-scale use 

during the past three decades in arid and semi-humid areas of 

nearly all countries of the world where irrigated agriculture 

is feasible. This method is one of the most flexible methods 

for most soil and topographic conditions for all types of 

crops. Water distribution patterns can be applied similarly 

to natural rainfall. Minimum land grading, the ability to 

irrigate soils with high intake rates, high application and 

distribution efficiencies, distribution of fertilizers and 

pesticides, and the ability to control temperature are the 

main advantages. High initial cost and plant damage with low 

quality water can be counted as disadvantages of this method. 

Pair et al. (1975) classify sprinkler irrigation as 

having either stationary or moving laterals. They give six 

types of sprinkler irrigation with stationary laterals: 



handmove, sideroll, end tow, sidemove, boom, solid set, and 

three major types of continuously moving laterals: circular 

center pivot, straight moving lateral, and traveler. 
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Trickle (drip) irrigation is the frequent slow appli

cation of water close to the base of the plant. This method 

can use low quality water for irrigation successfully by 

lowering soil tension to some point close to field capacity 

because of frequent watering. This method has many advantages, 

especially in arid areas such as Israel where the quantity of 

water is limited, the quality of water is low, and the rate of 

evapotranspiration is very high. Research in Israel has shown 

drip irrigation can increase the crop yield over sprinkler 

irrigation (Goldberg, 1976). Drip irrigation requires a very 

extensive pipe network and usually requires a pump and special 

filter system. The maintenance and operation of drip irriga

tion needs more expertise than the sprinkler irrigation 

method. Minimum land grading, minimum evaporation and deep 

percolation, high operation efficiency, weed control, and low 

operating pressure are the advantages. High initial cost, 

salt accumulation around root zone, and nozzle clogging can 

be disadvantages. There is some uncertainty due to lack of 

research about the extent of advantages and disadvantages of 

this method. 

Hydroponics 

Hydroponics (soilless agriculture) is the cultivation 

of plants in a container of dissolved inorganic nutrients 
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rather than in soil. This method can be applied in some 

regions of the world where the capital is available or where 

climate does not allow for open agriculture and water is very 

scarce. The advantages of this method are the possibility of 

producing food where normal irrigated agriculture is impracti

cal, there is very low evapotranspiration and no runoff or 

deep percolation, and there is the possibility of automation. 

The very high initial cost can be counted as the main dis

advantage (Achtnich, 1971). 

Irrigation Distribution Subsystem 

The distribution subsystem which provides a timely 

supply of water in sufficient quantity to all farms within a 

designated area should be efficient convenient to operate and 

maintain, and commensurate with farm pattern. 

The layout of the network is generally a function of 

topography, farm pattern, available technology, material, 

capital, and desired conveyance efficiency. Generally, the 

internal irrigation network begins below the primary reser

voir or river diversion and runs almost exclusively through 

the irrigated area. In the layout and design of irrigation 

distribution subsystems an important goal should be the reduc

tion of the overall length of the network to help to reduce 

the cost and volume of earth work. Depending mainly on 

topography, the nature of water supply, soil conditions, and 

farm deliveries, the irrigation network can be lined or un

lined canals or low or high pressure pipe. Often it is 
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possible to combine canal and p1pe components 1n the same 

system. Optimization procedures can be useful tools to plan 

and optimize the layout of an irrigation distribution network. 

Allen et al. (1978) utilized dynamic and linear programming 

1n optimizing the layout of an irrigation distribution network 

1n Idaho. Buras and Schwing (1969) optimized a main adueduct 

route by dynamic programming in a development project in Iran. 

The capacity of the irrigation distribution subsystem 

is a function of the available water in the crop growing sea-

son, the type of demand for water, the cropping pattern in the 

designated area, and the social and institutional structure of 

people within the area. Withers and Vipond (1974) show two 

different approaches to determine the capacity of canal sec-

tions as follows: 

1. The deductive method in which the capacity of a new 
distribution subsystem is simulated from another 
existing subsystem. By observation and measurement, 
the discharge in each canal section of an old dis
tribution subsystem can be adjusted according to the 
service area for the new irrigation distribution sub
system. This method seems reliable if the prototype 
can be found by considering physical, social, and 
institutional differences. 

2. The inductive method requires basic climatological 
data, an estimate of cropping pattern, information 
about water, law, and social and institutional 
factors. From this information, water duty (capac
ity of canal per unit area under the service) can be 
estimated and adjusted for related efficiency and 
water requirements. This method requires consider
able engineering judgment and expertise to be suc
cessful. The greatest shortcoming of this method 
is lack of reliable data in most of the study areas. 



Canal capacity at each section of a distribution 

subsystem can be defined as: 

where 

Lq A n n 
E LA 

n 

qavg = average capacity of subsystem at desired 
canal section (L/S) 

An area under crop n (ha) 

E = overall conveyance efficiency 

qn = water duty (L/S) 

n = indicator for type of crop 

(5-2) 

If An is constant, qave can be tabulated against qn 
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for different months; otherwise q can be tabulated against ave 

different cropping patterns to select peak q values which ave 

should be used as a basis in the design of a canal section. 

The design capacity of a distribution subsystem, after 

determination of water duty as a base, should take into 

account cultural practices of farm managers by considering 

regional water laws and social and institutional factors. 

This decision should be an optimization process considering 

the kind of demand, supply of water, technology, capital, and 

other important related regional variables. 

Generally, distribution of water among different farms 

is based on four types of demand, each of which has a distin-

guishing effect on the capacity of a distribution subsystem. 

These types of demands are as follows: 
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l. Continuous supply. 

2. Strict rotation. 

3. On demand. 

4. Mixtures of 2 and 3 or rotation with some fluctuation. 

It is highly desirable to have a continuous flow of 

water in a canal lateral with some seasonal fluctuation. This 

will decrease the cross section of the canal and minimize 

deterioration of unlined canals due to wetting and drying 

cycles. However, it is not convenient for most farm managers 

to irrigate continuously during the crop growing season as 

they need some time for other agricultural activities. In the 

case of power failure or failure of an application subsystem, 

it is possible that all of the water delivered to the farm 

could be lost. The farmer needs some type of flexibility to 

prevent unnecessary water waste. A solution to this problem 

would be the installation of a farm service reservoir to store 

water during off irrigation periods. 

Strict rotation or periodic water supply to the farmer 

can be arranged by dividing a canal into a set of smaller 

canals. Each canal serves a group of farmers during a certain 

time with a discharge several times more than that required 

for the continuous discharge case. The cost of the distribu

tion subsystem will increase and also the farmer must irrigate 

on a certain pre-set date. The capacity of each canal section 

can be defined as: 



Iq •A 
n n 

E IA n 

30 
D (5-3) 

where D 1s the rotational period in days per month for canal 

and the other terms are as previously defined. 
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Availability of water on demand to the farmer is ideal 

where the financial and economic feasibilities allow or where 

the farming method and irrigation application subsystem are 

very sophisticated. This type of distribution subsystem is 

very favorable to the farmer, but it costs much more and needs 

more care to prevent operational waste and to increase overall 

efficiency. 

Sometimes with careful investigation, it is possible 

to mix rotation and on-demand type of distribution subsystems 

to have a mixed subsystem within a reasonable range of cost 

and operational flexibility. 

Drainage Subsystem and Leaching Requirements 

It has been recently accepted that a drainage sub-

system is an almost unavoidable part of an irrigation system 

where natural drainage is insufficient. One must consider 

that many irrigation systems throughout the world have failed 

to function because of inadequate drainage. Where there is 

an inadequate or malfunctioning drainage subsystem, water 

tables are likely to rise, and salt will accumulate in the 

root zone. Both restrict and kill the root system and can 

decrease and finally destroy plant growth (Taylor et al., 



1972). van Schifgaarde (1978) says "to maintain a viable 

agriculture over time, all irrigated land needs drainage." 

The sources of excess water in agricultural land can 

be extremely varied, including precipitation, irrigation 
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water, surface and underground flow, seepage from nearby areas, 

channels, artesian aquifers, leaching water, and water for 

controlling the environment. The sources of salt may be the 

parent material of soil, low quality irrigation water, and 

underground water. 

Agricultural land drainage can be divided into two 

broad categories: surface drainage and subsurface drainage. 

Generally it is much easier to handle surface drainage prob

lems by channeling or using irrigation canals with some minor 

adjustments. Subsurface drainage subsystems require more 

related engineering judgment. The effectiveness of a sub

surface drainage subsystem depends on the drainage layout, 

material, and severity of the problem. Kirkham (1969), 

Luthin (1957, 1966), and Gover (1964) give several useful pro

cedures for drainage design. 

Generally in arid areas, irrigated land is affected 

by accumulated salt in the soil from different sources. These 

accumulated salts must be leached out by extra irrigation 

water or by heavy flooding at the end of each irrigation sea

son. The leaching water requirement is defined by Luthin 

(1975) as ''the fraction of the irrigation water that must be 

leached through the soil root zone of the plants in order to 
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prevent the soil salinity from exceeding a specified level.'' 

Leaching water on a farm depends on the tolerance of the crop, 

the salinity of the irrigation water, and soil. 

Today, because of extensive irrigation practices 1n 

many areas, the problems of degrading the quality of stream 

flow and underground water are increasing. Recovery of pol

luted drainage water still needs more research to be economi

cal and to prevent the rehabilitation of one project area at 

theexpense of destroying another area or degrading a river 

system. 

Computation of Runoff and Deep Percolation 

Runoff and deep percolation in gravity, and deep per

colation in pressurized irrigation application subsystems are 

frequent sources of water wastage. The reuse of runoff water 

is sometimes possible directly in some projects, but it can 

cause problems and decrease crop yields because of low quality. 

Runoff and drainage water can be mixed with inflowing irriga

tion water to improve the quality for irrigation and prevent 

degradation of stream flow. 

The problem of determining the amount of runoff is 

more simple than the problem of subsurface drainage water. 

The amount of drainage water depends on the source of recharge 

and soil characteristics and may be determined by a proper 

drainage function (Khanjani, 1977). 

Karmeli (1978a,b) developed a procedure for estimating 

runoff, deep percolation, and water deficiency for furrow and 



sprinkler irrigation application subsystems. lie regressed 

the dimensionless infiltrated depth of water (ratio of in

filtrated depth to maximum infiltrated depth) against the 

dimensionless fraction of area of irrigated land (percentage 

o£ land receiving a specific depth of water). ~lore informa

tion about runoff can be found in SCS (1974). 

Farm Service Reservoir, FSR 
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A farm service reservoir or farm pond provides a 

relatively temporary storage of water on the farm when water 

is available and cannot be used instantly due to time, labor, 

other agricultural activities, and/or a small rate of inflow. 

It would be greatly desirable for a farmer to have water on

demand by storing a small continuous flow in a farm service 

reservoir. Zimmerman (1966) says "the service reservoir has 

proved to be the greatest single water and labor saver of all 

irrigation projects." The farm service reservoir is used to 

collect water overnight and to irrigate in the daytime in most 

Asian countries, including Iran. The purpose of the farm 

service reservoir as used in this study is to collect water 

from all possible sources such as runoff, drainage water, and 

irrigation water from the wells or canals on a continuous or 

rotation basis. These water sources can be saved and used 

for irrigation whenever scheduling permits. This type of 

reservoir provides a flexibility for farmers in scheduling 

irrigation, regulates unsteady irrigation inflow, and also 

makes possible irrigation by a low continuous flow. The farm 
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service reservoir and types of associated structures are 

functions of engineering financial, economic, social, and 

institutional feasibilities. In general, farm service reser

voir storage can be constructed by (1) enlarging an existing 

irrigation channel by excavating or by building embankments 

and levees, or (2) excavating soilin a suitable place or 

building storage facilities on the ground. 

Zimmerman (1966) and Clark (1950) suggest several 

different kinds of possibilities for the design and construe-

tion of a farm service reservoir. It is clear that the site 

of the farm service reservoir should be selected with an eye 

toward topographic advantage to keep the reservo1r as high as 

possible and as close as possible to the irrigated areas. 

The capacity of a farm service reservoir for short

term duration of retention such as one or two days is a func

tion of irrigation durations or irrigation flexibility factor 

and actual evapotranspiration; however, on a long-term basis 

it is a function of actual evapotranspiration. The continuity 

equation in long- or short-term should be satisfied: 

0 (5-4) 

where I, 0, and t are volume of inflow, outflow, and time, 

respectively. The capacity of an overnight farm service 

reservoir can be computed as follows: 



1. Determine flexibility factor, F, on daily basis: 

IR 
F = 24 (5-5) 

where IR = irrigation duration per day in hours. 
The value 24-IR is the duration of retention time 
in an overnight farm service reservoir, FSR. 

2. Determine total land under irrigation and cropping 
pattern, Ai. 

3. Determine maximum gross peak consumptive use of the 
farm by considering the crop growing season of each 
crop and management water requirement, LGW .• 

l 
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4. Compute capacity of the farm service reservoir, V, as 

V = I-F · L (Ai · GW. ) 
Est l 

(5-6) 

where Est• A, and GW are farm service reservoir 
efficiency (storage efficiency), area under each 
crop, and gross peak consumptive use rate of each 
crop. 

The capacity of a farm service reservoir for a long 

term such as two or three months or one season can be deter-

mined as a function of gross farm water requirement. The 

gross water requirement for each month or shorter period can 

be determined for a certain probability of occurrence. The 

necessary volume of this type of farm service reservoir can 

be determined by applying a continuity equation and by some 

type of reservoir yield analysis such as a mass diagram 

(Hjelmfelt, 1975) and inflow-outflow analysis (James and 

Lee, 1971). 

Sometimes a failure in some irrigation subsystems can 

cause problems for irrigating according to schedule. This 



failure could be a result of maintenance and repair of irri-

gation distribution or application subsystems. The capacity 

of an emergency farm service reservoir could be computed in 

the following manner: 

1. Determine the duration of possible failure by esti
mation from prior data, B, or necessary duration of 
retention time of water in the FSR. 

2. The volume of emergency farm service reservoir, V, 
is 

v BIA.GW. 
l l 

(5-7) 
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CHAPTER 6 

ECONOMIC ANALYSIS OF IRRIGATION SYSTEMS 

Feasibility Study of Irrigation Systems 

Water has opportunity costs for several different 

beneficial uses which were discussed in Chapter 2. Each use 

may bring different kinds of tangible and intangible benefits 

to a community which could be important economically and so

cially. History has shown that an adequate supply of water 

is one of those important factors in the improvement of the 

social and economic life of any region. On the other hand, 

the abundance of water without judicious use may have no ad

vantage to a region and may create numerous economic and 

social problems. 

In this era, the growing demands of available water 

by different activities, including agricultural, dictate that 

agricultural irrigation decision makers plan for using irriga

tion water as efficiently as possible and increase the produc

tivity per unit volume of water by using contemporary tech

nology and applied science and also by considering availabil

ity of energy. According to Hogg and Davidson (1969), the 

efficient use of irrigation water is possible if (1) informa

tion is available to estimate the economic contribution of 

irrigation water in agricultural production, and (2) available 

information is useful in the decision making process. 
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Optimization of an irrigation system to give maximum 

benefit at minimum cost needs careful investigation of all 

alternative components of the system, each of which must be 

realistically justified. Any over- or under-miscalculation 

and misunderstanding can cause a failure of the system. 

In general, planners are faced with several alterna-

tives for each system component. According to James and Lee 

(1971), it is necessary for each alternative to pass engineer-

ing, economic, financial, social, and political feasibilities. 

The economic and financial feasibilities of a component can be 

tested in the following ways: 

1. A discounting technique may be used if the decision 
maker must choose only one of two alternatives. The 
most important discounting techniques are net present 
value (NPV), cutoff period (CP), pay-back period 
(PBP), net average rate of return (NARR), internal 
rate of return (IRR), and benefit-cost ratios 
(Sassone and Schafer, 1978). Although each of these 
methods may lead to the same evaluation, each has 
its own advantages and disadvantages. 

2. By using a mathematical programming technique, the 
decision maker, because of some constraints, can 
choose some combination of available alternatives. 
The mathematical programming tool may be used to 
optimize the best combination of alternatives for 
a desired goal. 

Cost-Benefit Terminology 

Some of the definitions which may be used are as 

follows: 

1. Fixed cost is defined as that group of costs in an 
ongoing activity whose total will remain relatively 
constant throughout the range of operational activ
ity. 
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2. Variable cost is defined as that group of costs which 
vary in some relationship to the level of operational 
activity. 

3. Total cost is the sum of fixed and variable costs. 

4. Average total cost is the ratio of total cost to the 
scale of size of activity. 

5. Marginal cost is the difference between successive 
total costs; however, it is not the cost of producing 
the last unit but the addition to the total cost when 
one more unit is being produced. 

6. Benefit is the measure of the effectiveness of tl1e 
action in achieving a goal. 

7. Marginal benefit is the difference between successive 
total benefits by increasing or decreasing one unit 
of output. 

8. Total benefit is the total induced benefit from result 
or-an act1vity. 

9. Average benefit is the ratio of total benefit to the 
scale of size of activity. 

Benefit and Cost Function of 
Irrigation Subsystems 

Specifications of the most economical alternatives 

for some irrigation subsystems, such as application subsystems, 

farm service reservoir or distribution subsystems, can be 

determined by discounting or mathematical programming tech-

niques. A valid question 1s "Although evapotranspiration is 

stochastic in nature, what is the best design capacity of an 

irrigation application subsystem or farm service reservoir 

subsystem?" This question can be answered by marginal benefit 

and cost analysis versus evapotranspiration demand. 

The output of each irrigation subsystem is direct or 

indirect and depends on the volume of water which is stored, 
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transferred, or distributed. This volume can be a common 

characteristic for almost all of the subsystems. According 

to Busch (1974), "Costs associated with system components 

must have common characteristics so that the values of alter

native components can be used to accurately compare these 

components." The supply or cost function of each irrigation 

subsystem, whenever necessary, can be developed on the basis 

of volume of output water from that particular subsystem. 

Therefore, the efficiency of each component has a direct 

effect on the cost function of a particular subsystem. 

A general cost function for a subsystem may be 

written as: 

and if E 

where 

TC = F + AQm 

Q/Q1 , then 

TC = total cost 

F = fixed cost 

A = cost coefficient 

Q volume of output water from subsystem 

m = exponent 

Q1 = volume of input water to the subsystem 

(6-1) 

(6-2) 

E = overall efficiency of the particular subsystem 
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Using I:quations 6-1 and 6-2, the total cost, TC, of an irri-

gation application subsystem should be computed as a function 

of maximum available water in the root zone, ~~W, which is 

transferred and distributed from the farm delivery point to 

the root zone during the peak evapotranspiration period by 

the irrigation application subsystem. Under this condition 

where 

AET 
= Ql = ----r = 

MAW 
E 

AET actual rate evapotranspiration. 

Cost functions of irrigation distribution, and farm serv1ce 

reservoir subsystems, can be computed using Equations 6-1 and 

6-2 considering the maximum capacity and related efficiency. 

If it is desired to compute the total cost function 

of two or three subsystems which are linked together, it is 

possible to sum their cost functions and substitute the final 

output for each individual output by using the proper overall 

efficiency. 

The same principle which was suggested to determine 

the total cost of an irrigation subsystem should be used to 

calculate the benefit of the subsystem. In other words, bene-

fit or demand should be a function of the volume of output 

from that subsystem. 

In general, estimation of cost is much easier and more 

reliable than the estimation of benefits, the reason being 

the relatively short time between planning and construction 
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compared to the longer time span between planning and realiza-

tion of benefits during the life of a system. It is also 

difficult to estimate projected benefits because operational 

costs and benefits are both subject to change. Considering 

these difficulties, every effort should be made to carefully 

estimate benefits before proceeding to a project or system 

analysis. 

In irrigation system planning, it is difficult to pro-

ject how the total benefits of the system can be divided among 

the several subsystems to determine the benefits associated 

with each individual subsystem. This is a major part of 

decision making and should be investigated by a "with-and-

without" or a "before-and-aftern analysis. Decisions about 

the type of analysis depend on the nature of a particular sub-

system and engineering judgment. 

To determine the benefit of allocated irrigation water 

to a give crop under existing conditions, the relationship 

between the yield of the crop and its use of supplied water 

must be known. In general, two major types of functional 

relationships between crop yield and consumed water are 

usually considered: 

1. Crop yield, Y, as a function of evapotranspiration, 
ET (Stewart and Hagen, 1973) or 

Y = A + B · ET (6-3) 

where A and B are constant coefficients which may 
change with time, space, and crop. 



? 
~ . Crop yield, Y, as a function of total depleted water 

from the root zone of the plant, X, which in general 
is a concave downward curve or 

Y = A + BX + CX
2 (6-4) 

where A, B, and C are constant coefficients and may 
change with time, space, and crop (Musick et al., 
1976). 

Hall (1968) says that "the magnitude of the losses 
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may depend almost as much on when the soil moisture deficiency 

occurs as on the total magnitude of the seasonal shortage.'' 

In other words, damage to a crop caused by water deficiency 

cannot be recovered at any other time during the growing sea-

son. The conclusion is that damage or loss of benefit is a 

function of total consumptive use and is a fraction of the 

total benefit attainable without water deficiency. 

Dimensionless Crop Yield-Water 
Funct1on 

As discussed, crop yield or benefit of irrigation can 

be estimated as a function of evapotranspiration or depleted 

water from the soil reservoir. If reliable data are not 

available for a given area, dimensionless crop yield-water 

functions can be developed by data from other similar areas. 

To obtain a dimensionless function, crop yield and depleted 

~ater should be divided by maximum crop yield and maximum 

depleted water, respectively, and dimensionless crop yield 

should be regressed against dimensionless depleted water, or: 

Y. 
l 

YY. 
l 

y---
max 

(6-5) 



where 

x. 
l 

y 

XX. 
l 

X max 

f (X) 

(6-6) 

(6-7) 

Y. ,X. = dimensionless crop yield and depleted water 
l l 

Ymax'Xmax = maximum crop yield and depleted water 

YY. ,XX. = actual crop yield and depleted water 
l l 

Crop Production and Benefit 
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Because of the stochastic nature of actual evapotrans-

piration, it is possible sometimes to apply water less than 

maximum actual evapotranspiration and satisfy the contemporary 

water requirement without any effect of water shortage on 

crops. The level of risk to apply less water and satisfy the 

actual evapotranspiration for different irrigation intervals 

and amounts of applied water can be computed as: 

where 

R Exp(N·log(P)) 

R level of involved risk 

N life of project in years 

P = probability of occurrence 

Crop production can be computed as: 

CP PR · Y (r. + (1-R)Y) max 

( 6-8) 

( 6-9) 
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where 

CP = crop production benefit 

PR = unit price of crop production 

Y = dimensionless crop yield 

Benefit-Cost Analysis 

By computing the benefit and cost of an irrigation 

application subsystem versus amount of actual evapotranspira-

tion or depleted water, the most economical design discharge 

or most economical irrigation interval can be estimated by 

one of the following methods: 

1. Find the amount of actual ET where the difference 
between benefit and cost is maximum. This method 
requires a trial-and-error procedure. 

2. Find the amount of actual ET where marginal benefit 
equals marginal cost. 



CHAPTER 7 

GENERAL MODEL AND PROCEDURE OF OPTIMIZATION OF 

AN IRRIGATION SYSTEM WITH CHAIN STORAGE 

Introduction 
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The past chapters included the introduction of multi

beneficial uses of water resource systems with specific 

emphasis on irrigation subsystems and their operations. The 

purpose of this chapter is to determine how to properly posi

tion each subsystem and component, to optimize the capacity 

of each farm service reservoir, FSR, and to compute the design 

capacity of the least cost irrigation network. The procedure 

will include a determinization of the mathematical probability 

distribution of potential evapotranspiration and the most 

economical irrigation intervals. The least cost of supplied 

water with a FSR chain in the irrigation system will be com

puted using linear programming. A schematic flow chart of 

the general methodology is shown in Fig. 7-1. 

Study Area 

The boundaries of the study area must be defined. 

Topography, soil, canal distribution maps, and climatological 

information should be collected. 
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STUDY AREA 

! 
PRODUCTION PROBABILITY 

FACTORS ANALYSIS OF 
PET 

l 
,, 

PROBABILITY 
ANALYSIS OF 

AET 

IRRIGATION ---; BENEFIT COST 
SUBSYSTEMS ANALYSIS 

,~ 

BEST IRRIGATION 
INTERVAL 

J, 
PEAK WATER USE 

OF EACH CROP 
PROB. ANALYSIS 

~ 
IRRIGATION 

OF PEAK WATER ,v- APPLICATION 
USE TIME EFFICIENCY 

GROSS FARM 
WATER REQUIREMENT 

RETENTION .I. STORAGE 
TIME $ EFFICIENCY 

REQ. VOLUME OF 
WATER TO STORE COST OF VOLUME OF RESERVOIR AVAILABLE 

INFLOW ;.v- CANAL,WATER 
RUNOFF MODEL TO 

OPTIMIZE FSR 
POST-OPTI.M. ...! 

ANALYSIS 'J, 

CAPACITY OF 
CANAL & FSR 

Fig. 7-1.--Flow chart for opt1m1Z1ng irrigation system 
with farm service reservoirs 
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Production Factors 

For this analysis, the following data and information 

about water, crops, soils, and management are necessary and 

must be collected from the study area. 

1. Water. The source, nature of availability, and qual
Ity of irrigation water should be investigated and 
the following information derived: 

a. Availability and frequency of inflow water into 
the irrigation system. 

b. Quality of irrigation water delivered and runoff 
from the farm, which could be mixed in a farm 
reservoir and may be reused for irrigation. 

2. Crop. The varieties of crops and cropping patterns 
are important factors in planning an irrigation system. 
The following information about the nature of crops 
is necessary and should be collected from the study 
area. 

a. The cropping pattern should be explored, because 
it has an important effect on irrigation water 
demand. Changes in cropping pattern may result 
in the adjustment of irrigation system capacity. 
Cropping patterns of the study area should be 
judged in such a way as to avoid drastic changes 
in irrigation system design capacity. 

b. The depth of root zone of each crop should be 
estimated during the peak potential evapotrans
piration. These data are used to compute maximum 
capacity of soil moisture storage available to 
plants. 

c. Maximum management-allowed soil moisture depletion 
should be determined for each crop in the study 
area, or judged from another area. 

d. Length of growing season should be determined for 
each crop. 

e. Sensitivity of each crop to water quality must 
be established. 

3. Soil. The soils of the study area should be studies 
ana-their characteristics must be determined for the 
following factors: 



a. Infiltration rate for a g1ven irrigation 
application subsystem. 

b. Texture, structure, and quality (salinity, 
alkalinity) of the soil. 

c. Available moisture holding capacity (mm/mm). 
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4. Management. Management information should be col
lected and analyzed for the following factors: 

a. Flexibility factor of irrigation or the percent
age of time used for irrigation system operation. 

b. Management water requirement (leaching, environ
mental control, operational waste, etc.). 

c. Cultural habits--when farmers prefer to irrigate, 
social and institutional problems which conflict 
with and affect irrigation system design and/or 
operation. 

Irrigation Application Subsystem 

The type of irrigation application subsystems in a 

study area can be selected by three general procedures which 

depend on management decisions and regional technology avail-

ability. 

1. Management prefers to have only one type of irrigation 
application subsystem (mutually exclusive), because of 
speciality, available technology, and other cultural 
or institutional preferences. Under this condition, 
the best irrigation application subsystem could be 
selected by a discounting technique which helps deter
mine the most economical application subsystem (Chap
ter 6). 

2. Management prefers to have a combination of several 
different types of irrigation application subsystems 
for irrigation of the same or different crops, because 
of different reasons as discussed in item number 1. 
Under this condition a mathematical programming tech
nique (Chapters 4 and 6) can be used to optimize a 
combination of irrigation application subsystems for 
a least cost, or a maximum benefit, according to 
restrictions imposed by management. 
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3. Management prefers to have a predetermined type of 
irrigation application subsystem. Under this condi
tion, the specified type(s) of irrigation application 
subsystem should be used for study. 

Efficiencies of Irrigation 
Subsystems 

The efficiencies of several different irrigation sub-

systems, such as the different types of efficiencies of irri-

gation application subsystems, farm service reservoir sub-

system efficiency, water distribution subsystem efficiency, 

and others defined in Chapter 5, must be computed or estimated. 

The efficiencies of some subsystems, such as the 

application subsystem, may be measured or determined theoreti-

cally with the help of the Karmeli (1978a,b) method or some 

similar method. If possible, efficiencies should be measured 

from similar existing subsystems. Expertise and engineering 

judgment should be used for the final decision. 

It should be mentioned that according to Udeh (1978) 

and Brockway (1973) that the efficiency of an irrigation 

system is not constant from year to year or within a single 

irrigation season. It varies according to cultural, climato-

logical, institutional, and managerial factors. 

In general, a long record and sufficient experience 

are necessary to make a reliable engineering judgment on the 

particular efficiency of a particular subsystem. 



Irrigation Water Requirement 

Mathematical Probability Distribution 
of Potential Evapotransp1rat1on, PET 

Potential evapotranspiration, as discussed in Chap-

ter 5, has a stochastic nature and varies with time for a 

given place. In order to analyze the stochastic nature of 

potential evapotranspiration in a given area for the purpose 

of this methodology, the following steps are necessary: 
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1. Compute potential evapotranspiration (PET). Daily 
potential evapotransp1ration can be estimated by one 
of the formulas introduced in Chapter 5 such as the 
Penman equation or Jensen and Haise equations 
(Jensen, 1973). Measured potential evapotranspiration 
data, if available, would also be excellent for anal
ysis. Data for several years are necessary to provide 
enough information to estimate a reliable mathematical 
probability distribution of PET. 

2. Compute accumulated PET for different durations. 
Accumulated PET for several durations such as 1, 2, 
3, 10, 15, 20, 30 days, and seasonal or any other 
duration which seems necessary should be computed. 

3. Choose maximum accumulated PET. For each year and 
different duration, the maximum accumulated PET 
should be selected; in other words, for each year 
there is one piece of data for a particular duration. 

4. Plot the histogram of PET for different durations. 
By comparing histograms of different durations of PET 
to the shape of the probability distribution function 
(PDF) of different known mathematical probability 
distributions, the best fit mathematical probability 
distribution of PET can be estimated. 

5. Compute plotting position. The plotting position 
should be computed with the Weibull (1939) formula or 
another more useful formula as discussed in Chapter 4. 

6. Select proper probability paper. Normal, Gumble, or 
another type of probability paper can be used for 
draft drawing of plotting position. The proper paper 
is selected based on estimation of a suitable mathe
matical probability distribution of PET. 



7. Assume mathematical probability distribution of PET. 
The assumption of mathematical probability distribu
tions for plotted position of PET should be tested 
by procedures discussed in Chapter 4. Finally, the 
most suitable mathematical probability distribution 
which can best describe the stochastic nature of PET 
for a given area can be defined. 
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8. Confidence interval of mathematical probability 
distribution of PET. For a predefined range of 
probability, the confidence interval can be estimated, 
if necessary, according to chosen mathematical prob
ability distribution of PET. Examples of the probabil
ity distribution of accumulated PET are shown in 
Fig. 7-2. 

Mathematical Probability Distribution 
of Actual Evapotranspiration 

Actual evapotranspiration of each crop in a study area 

can be computed as: 

AET = CF · PET (7 -1) 

where 

AET = actual evapotranspiration 

CF = crop factor (crop coefficient) 

PET = potential evapotranspiration 

The probability distribution of actual evapotranspiration for 

different durations can be estimated in the same manner as 

for potential evapotranspiration. 

Readily Available Soil ~loisture 

The readily available soil moisture (RASM) which here 

is the total moisture which can be stored in the soil to 

satisfy the actual evapotranspiration requirement of a crop 

can be estimated as: 
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where 

RASM RT · ASM · MAD 

RASM = readily available soil moisture (mm) 

RT = root zone depth of a particular crop (mm) 

ASM available soil moisture (mm/mm) 

(7-2) 

MAD = management allowed deficit for a particular 
crop (%) 

Irrigation Interval 

By estimating the probability distribution of actual 

evapotranspiration and assuming readily available soil mois-

ture equal to accumulated actual evapotranspiration, irriga-
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tion intervals can be estimated from Fig. 7-3 or from related 

equations of line shown in Fig. 7-3 for different durations. 

The duration of actual evapotranspiration is assumed to be 

equal to irrigation interval because when total soil moisture 

is depleted by actual evapotranspiration requirement, the 

soil storage should be refilled. 

Recurrence Interval and Level of 
Risk for Different Irrigation 
Intervals 

Several irrigation intervals based on different levels 

of probability to satisfy actual evapotranspiration require-

ments can be computed. The recurrence interval, T, and level 

of involved risk of success, R, can be determined by: 



LOGNORMAL OlSTRlBU1lON 

"a --C' 
m 
r-.,.-... 
C) 

~ lf'• 

:;T 

"-"' ..., 
c 
0 
+-' C\l 

I'll 
1.-

3 It z saa:aaassxsxs:t!Bil&sa ~ 
X X-

·; b X ,..,-;1'<.--~-7'--Jt""XJt~"""'"~AX"XX~ X A 
r.fl - + I I f * * t • •• k 

\ ~- I : \ : : ~ ::::.:~~=~t:~:: ~ ; ~~ 
w ~ \ 

~~. ~ ~ ~ ~ ~ .... ~~ •• .. . .. .. j(l~ y y )( )( )( 

" X )( \ 

I'll ::J Co 

+-' 
\..) 

.:::( -0 
-o .-._ 

Q) 01 
+-' a: 
ro r-

::J 
E 
::J 
\..) 
\..) 

.:::( 

"'I _,., 

;;!" 

,.., 

N 

tr_.) 

-.J 

... 
:l: 
(/) 
.:::( 
ce. 

' .\ "~ 

.~ • .,. .. ., ,-., 0 ~ o• • r ... ,, 14 •• •• •• 0 • •-•• -- ·- ..... .. I -

6 \ 0 e o eeJeee J0!}03eee e e e ~ ~ 
0 t 

i 

e 1!1 

·~ 

10 20 }0 ~0 50 60 70 30 
90 95 

Fig. 7-3.--ProbabilitY Distribution of Actual Evapotranspiration 

HIICENT GREATER ltWI • 0\ • OS • I .2 • 5 I 2 

DURAll ON 

l: 175 ORYS 

* 30 
llRYS 

~~ 2'.i [thY':. 

Y 2CI DFll 'j 

z 15 OfHS 
l< I 0 DRYS 
1' n DRYS 
~ 5 [lh15 

X \! OFiTS 

+ 3 OF.r':> 
A~ 2 liF.YS 
(!)I [lh 15 

98 99 99.8 99.'39 \,!) 
--J 



where 

T 

R 

1 
p 

Exp(N · log (P)) e 

T recurrence interval 

P = probability level 

N life of irrigation application system, year 

Most Economical Irrigation Interval 

(73-) 

(7-4) 

It is assumed that total available soil moisture is 

equal to actual evapotranspiration of different crops for 
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different durations with a certain probability and risk level. 

The most economical irrigation interval can be determined by 

using a cost and benefit analysis for irrigation application 

subsystem as was discussed in Chapter 6. The procedural steps 

are as follows: 

1. Compute the cost of irrigation of a crop with a 
particular application subsystem, for different 
amounts of applied water. 

2. Compute the benefit of irrigation for that particular 
crop on a particular type of soil, for different 
amounts of applied water. 

3. Compute the marginal cost and benefit for different 
amounts of applied water. 

4. Determine the most economical amount of applied water 
by computing a certain common point of marginal bene
fit and cost functions. 

5. Assume a duration of accumulated actual evapotrans
piration of assumed crop which is close to the eco
nomical amount of applied water as a most economical 
irrigation interval. 



Peak Water Requirement 

Computation of the Peak Water 
Requirement of a Single 
Crop, PWRS 
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By computing the optimal irrigation interval, INT, the 

readily available moisture for a particular plant in the root 

zone (RASM) and the peak water requirement for a particular 

crop, PWRS, can be computed as: 

PWRS 

Time of Peak Water Use 
of a Single Crop 

= 
RASM 
INT 

(7-5) 

The time of peak water use of a crop, PWUT, does not 

occur at the same time each year; it varies within certain 

dates as PWUT is a function of actual evapotranspiration. By 

probability analysis, the data of occurrence of PWUT can be 

determined within a certain range of a probability interval. 

Probability Distribution 
Analysis of PWUT 

By choosing a base date, sometime around seeding time 

or any other time, the time lag of maximum actual evapotrans-

piration of each crop of a farm can be individually computed 

for several years. By computing plotting position and defin-

1ng the related mathematical probability distribution as 

discussed for PET the date of occurrence of peak actual 

evapotranspiration for each single crop or PWUT can be 



determined within a certain range of probability interval, 

such as shown in Fig. 7-4. 

Peak Water Requirement of 
a i'-Iul ticrop Farm, PWRF 

By having the PWRS and PWUT during a growing season, 
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within a certain range of probability interval, the peak water 

requirement of a multicrop farm, PWRF, can be estimated as 

follows: 

1. Plot PWRS.A against two or three peak months during 
the growing season, where A is area under a particular crop. 

2. Sum the individual PWRS.A/E's by date and plot, or 

n 
PWRF = ( L: PWRS. A/E) t ( 7-6) 

1 
where n is number of available crops on the farm, 
t is time and E is irrigation application efficiency. 

3. Choose the maximum PWRF as peak water requirement of 
the multicrop farm for a certain date. 

The plot in Fig. 7-5 shows maximum PWRF versus time with a 
50% probability level. 

Features of Farm Service Reservoirs 

Duration of Retention Time of 
Farm Service Reservo1r 

The farm service reservoir, FSR, was defined and 

several possible structures and the computation of the capac-

ity of an FSR were discussed in Chapter 5. The duration of 

retention, the time which water must be retained in the FSR, 

is an important element in the computation of capacity of the 

FSR and the entire irrigation distribution subsystem. The 
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retention duration, in general, is a function of the frequency 

of inflow and outflow and managerial and technical feasibil-

ities. The duration of retention can be from a few hours to 

several months. Decisions about the length of duration reten-

tion time require careful studies about the nature of inflow 

to a farm, practices of the irrigator, managerial skills and 

practices, economic and socialfactors, and institutional and 

technical feasibilities (Chapters 5 and 6). 

Type and Structure of Farm 
Service Reservoir 

After determining the capacity of each FSR for differ

ent farms and the volume of water that must be provided for 

each farm during the irrigation season, there are several 

alternative types of FSR's that should be considered for each 

farm. It may also be feasible to build a FSR for each farm 

or several farms may share one FSR. The capacity of an irri-

gation distribution subsystem is a function of the optimum 

decision about FSR's. 

Site Selection for a Farm 
Serv1ce Reservo1r 

In each farm, one or several sites may be considered 

for construction of one or several FSR's to irrigate different 

crops. At each site several alternative structures are pos-

sible, and each should be considered according to engineering, 

financial, economical, and social feasibilities. For engineer-

ing feasibility, the geometry of the site, availability of 

construction materials, and technology; for social feasibility, 



104 

the acceptance by people and their culture and institutions; 

for financial and economical feasibilities, a discounting 

technique (Chapter 6) should be considered and used. Finally, 

one of the best structures should be selected for each pro-

posed site. It is also possible by using mathematical pro-

gramming techniques to determine the most feasible size and 

location of farm service reservoirs (Chapter 3). 

Optimization of Farm Service Reservoir 
Location and Size 

Optimization of Several FSR's 
in an Irrigation Project 

After determining the best FSR or FSR's for each site, 

an irrigation project or subarea may have several FSR's in 

different sites with different costs and benefits. An optimi-

zation procedure is necessary to increase the volume of the 

least cost FSR's and decrease the volume of high cost FSR's 

or optimize the greater system for least cost or maximum net 

benefit according to a set of given constraints from physical, 

financial, and managerial viewpoints. A linear programming 

model will be used as a tool for optimization of the least 

cost of supplied water with a chain of FSR's. 

Simple Model of FSR's 
and Farms 

For more clarification, the drawing in Fig. 7-6 shows 

four FSR's, RA, RB, RC, and RD with four farms, one downstream 

of each of them, labeled as FA, FB, Fe, and FD. FSR RA can 
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l I l 
Fig. 7-6.--Irrigation system with chain farm 

service reservoir 
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irrigate FA and may store water instead of FSR's RB, RC, and 

RD for downstream use. This stored water may be transferred 

to FB, FC, and FDon demand at some additional cost for trans-

port when needed. An alternative is to store water in FSR's 

RB, RC, and RD and allow FSR RA to store only the volume of 

water necessary for FA. FSR RB can store irrigation water for 

FB and may or may not store water for FC and FD. Continuing, 

FSR RD may or may not store water only for FD. Additionally, 

FSR RC may collect runoff and drainage water from FA, and 

FSR RD may collect runoff and drainage water from FC and FB 

and mix it with some inflow and reuse it for irrigation of FD. 

Thus Fig. 7-6 also shows a scheme of hypothetical management 

constraints which may vary according to different management 

decisions. 

Optimization of Linear Programming 
Model of Chain FSR's 

The purpose of optimization of the model is to deter-

mine the least cost irrigation system with chain FSR's within 

an irrigation project or along a lateral. It must be deter-

mined where water should be stored and transferred by a regu-

lar or some extra cost, based on the distribution of demand. 

After determination of the capacity of each FSR and the volume 

of water which must be transferred from one FSR to another 

farm or another FSR at some extra cost. The design capacity 

of each section of canal in the network can thus be deter-

mined. This design capacity may be based on continuous or 

rotation of water inflow. 



Inflow Water to Each FSR 

Possible sources of inflow for each farm service 

reservoir, FSR, may be: 

1. River diversion or wells. 

2. Transferred water from another FSR. 

3. Runoff from upstream irrigated land. 

4. Drainage and seepage water from surrounding land. 

5. Rainfall and other sources of available water. 

Outflow Water from Each FSR 

The possible outflow from each FSR can be accounted 

as follows: 

1. Gross irrigation water requirement of projected 
irrigable land. 
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2. Gross irrigation water requirement of other projected 
lands in which FSR's are eliminated during optimiza
tion of the model. 

3. Management water requirement. 

4. Evaporation and seepage from FSR's. 

Factors affecting inflow and outflow from an FSR are shown 

in Fig. 7-7. 

Decision Variables of Linear 
Programming Model 

The decision variables in the linear programming model, 

which must be optimized for the least cost supplied water in 

an irrigation district or lateral, are 

1. The volume of water which must be stored 1n each FSR 
for a given duration, RA, RB . 
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Evaporation Inflow Rainfall Outflow 

Sediment 

Fig. 7-7.--Factors affecting inflow, outflow, and capacity 
of a farm service reservoir 
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2. The volume of water which must be transferred from 
a FSR to a nearby farm in which the FSR is not justi
fied during the optimization process, TAB, TBC, . 

3. Runoff water from upstream farm(s) (if available), 
ROB, ROC, . . 

4. Drainage and seepage water from upstream or surround
ing land (if available), DRCD, . 

Objective Function of Linear 
Programming Model 

The objective of this linear programming model is to 

minimize the cost of supplied water, Z, and to determine the 

volume of water which must be stored and transferred from 

different sources. The cost of each decision variable is 

shown as follows: 

1. Cost of RA, RB, . . per unit volume of output 
water, CSi, which includes structural, operation, 
maintenance, and replacement (OMR) costs. 

2. Cost of TAB, TBC, . . per unit volume of output 
water, CTi, which is the costs for channel enlarge
ment and controlling subsystems to carry water to 
irrigated land as fast as possible so that water is 
available on demand. 

3. Cost of runoff water, ROC, ROD, • . from upstream 
land, CRi. This cost may be zero or minimal for 
collection minus some related benefits of runoff 
collection. 

4. Cost of DRCD .. drainage and seepage water col
lection, CDi. This cost depends on the physical 
features of the surrounding land, the cost of pumping 
operation, if necessary, minus some related benefits 
if applicable. 

Finally, the objective function of linear programming 

model can be written as: 



n 
Minimize (Z) = L (CSi • (RA + RB, + ... ) + CTi • 

i=l 

(TAB+ TBC + ... ) + CRi • (ROC+ ROD+ ... ) + CDi • 

(DRCD + ... ) 

Constraints of the Linear 
Programming Model 

(7-7) 
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In the hypothetical scheme of Fig. 7-6, two constraints 

are that water must flow downstream in an open canal subsystem 

and that each upstream FSR can only serve a downstream water 

requirement. The constraints can be relaxed for transporting 

water in the upstream direction if the cost of pumping water 

from a downstream FSR to an upstream FSR is to be considered. 

According to the above assumed constraint, the con-

straint equations of FRS RA and RB of this very simplified 

model are as follows: 

QAmin ~ RA (volume of water in FSR A) ~ QAmax 

(7-8) 

QBmin ~ RB (volume of water in FSR B) 

+ TAB (volume of transported water from FSR A) 



+ ROB (volume of incoming runoff) 

- TBC (volume of transported water to 

other FSR) ~ QBmax (7-9) 

QAmin is the minimum amount of water to be stored in 

FSR RA and is required only for FA; QBmin is the minimum 

amount of water to be stored in FSR RB from various sources 

such as river flow runoff, and drainage water that are re-
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quired only for FB. QAmax is the maximum volume of water from 

various sources which can be stored in FSR RA for the entire 

downstream demand, and QBmax is the maximum stored in FSR RB 

for the entire downstream demand of FSR RB and so on. 

Final Coefficient or Resource 
Matrix 

By considering Fig. 7-6 and the imposed constraints 

and interrelationships of different decision variables, the 

coefficient or resource matrix of the linear programming model 

can be written as Table 7-1. 

Design Capacity of Each Canal Section 
of Irrigation Distribution 
Subsystem (Network) 

After optimizing the linear programming model and 

determining the total volume of each farm service reservoir, 

the design capacity of each canal section can be determined 



Table 7-1.--Coefficient or resource matrix of linear programming 
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on a mix of continuous and rotation base. The design capacity 

of canal lS a function of the maximum rate of allocation which 

in turn may be some function of some institutional and legal 

factors. 

Design capacity, DQ, of each canal segment can be 

computed as: 

DQ capacity of FSR 
DT (7-10) 

where DT is duration of available inflow to the FSR, on rota-

tion base. On continuous base the continuity equation must 

be satisfied for inflow and outflow during the retention time 

(Chapter 5). 

The design capacity, ADQ, to transfer water from one 

FSR to other farms (if necessary) which do not have an FSR 

can be written as: 

ADQ = 
volume of transfer water 

IR (7-11) 

where IR is irrigating time. The sum of DQ and ADQ should 

be considered when both of the above conditions apply. 

Alternative Types of Farm Service Reservoirs 

Figure 7-8 shows an alternative for the same example 

of Fig. 7-6 by enlarging canals to store water without build-

ing several sets of FSR. The same type of linear programming 
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model can be developed and optimized for the arrangement shown 

in Fig. 7-8 and the capacity of each section of canal can be 

computed. 
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Fig. 7-8.--Irrigation system with enlarged canal as a 
chain farm service reservoir 

115 



116 

CHAPTER 8 

APPLICATION OF DEVELOPED MODEL 

Introduction 

The methodology developed and discussed in past 

chapters can be applied to planning new irrigation systems in 

a developing project or for planning rehabilitation of an 

existing irrigation system. 

The methodology presented in this study has several 

different steps. Each step has a particular goal and purpose 

and can be used independently to plan or to evaluate discreet 

components of an irrigation system. The following steps 

should be considered in the application of the entire method-

ology. 

1. Choose a study area within a definite geographic 
boundary. 

2. Obtain maps of topography, soils, canal system(s) 
and farm ownership. Aerial photographs would also 
provide useful information if available. 

3. Provide long-term climatological data to estimate 
evapotranspiration for different crops if actual 
evapotranspiration data are not available. 

4. Provide soil, water, and crop information which is 
discussed in the crop production factor section 
of Chapter 7. 

5. Provide cost data for proposed irrigation system com
ponents, farm service reservoirs, canal sections, 
application subsystems, and others as discussed in 
Chapter 6. 



6. Provide data for the values of agricultural crops 
grown in the study area. 
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7. Follow the steps described in Chapter 7 (see Fig. 7-1). 

Study Area 

For purposes of applying this methodology, part of 

the Snake River Valley Irrigation District (SRVID) was chosen 

because of the following considerations: 

1. The SRVID is being studied as a part of an ongoing 
project No. B-041-IDA of the Idaho Water Resources 
Research Institute conducted in the Agricultural 
Engineering Department at the University of Idaho 
entitled "Optimizing Project Systems for Distributing 
and Applying Irrigation Water." One objective of the 
project is to develop irrigation system rehabilitation 
plans and management criteria to improve irrigation 
system efficiency. 

2. Necessary data have been collected or are available. 
These include topographic and soil maps, aerial 
photographs, long-term climatological data, and other 
required data. 

3. The SRVID requires careful management to assure an 
adequate water supply during peak water use periods. 

Background and Description 
of SRVID 

The SRVID is located near the towns of Shelley and 

Firth, south of Idaho Falls in southeastern Idaho (Fig. 8-1). 

Irrigation of a small portion of the SRVID started in 1885. 

In 1896 the Cedar Point Canal was trebled in capacity and the 

water right decreed. From that time on, the area served was 

called the Snake River Valley Irrigation District (Carter, 

1955). 
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Today the Snake River Valley Irrigation District 

operates and maintains over 80 km of major canals. It sup

plies water to at least 6,950 ha of fertile land. The area 

served stretches nearly 32 km from the point where the main 

canal diverts water from the Snake River to the point where 

water distribution ends (Netz, 1980). 

Major crops grown in the area are potatoes, alfalfa, 

wheat, and pasture. Major irrigation application subsystems 

are gravity (furrow and border)and sprinkler (hand-move and 

side-roll). Most pasture land is irrigated with border sys

tems, and most of the other crops (alfalfa, wheat, potatoes) 

are irrigated using sprinkler systems. 
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The entire irrigation district is fed by the Snake 

River Valley Main Canal which is divided into the Cedar Point 

and the East and West branches. Each branch supplies part of 

the irrigation district. The SRVID canal distribution system 

is shown in Fig. 8-1. Major soil types in the study area are 

Bock and Bannak Series (USDA, SCS, 1973) with loam texture 

and good agricultural fertility. 

In general climatological terms, Shelley has a desert 

climate with very low rainfall and high temperatures in the 

summer and low temperatures in the winter. Average annual 

rainfall for the past 25 years is 242 mm. The maximum average 

monthly rainfall of 34 mm occurs in June which is 14% of the 

annual average, and the minimum monthly average of 12 mm 

occurs in July which is 5% of the annual average. Mean annual 
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maximum temperature and minimum temperatures are 13.89°C and 

-0.50°C. Mean maximum and minimum temperatures during the 

past 25 years occur in July and January, respectively, and are 

30.33°C and -12.00°C. Average monthly rainfall and tempera

ture patterns for Idaho Falls are shown in Figs. 8-2 and 8-3. 

Length of growing season in Idaho Falls north of 

Shelley is 120 days. Killing frost season is September 19 

to May 15 (USDA, 1941). 

Area under Investigation 

Approximately 1,865 ha of the SRVID were selected for 

application of the methodology. This portion of the SRVID is 

supplied by the Cedar Point Canal and the West Branch Snake 

River Valley Canal. The assigned area was divided into 24 

farmunits as shown in Fig. 8-4. 

Application of the proposed methodology follows 

according to the flow chart in Chapter 7 (Fig. 7-1). The 

included steps in order are determining the mathematical 

probability distribution of potential and actual evapotrans

piration, determining the most economical irrigation interval, 

optimizing the number and sizes of farm service reservoirs, 

and determining the design capacity of each channel section 

in the distribution system. 

Crop Production Factors 

Collected data and information for water, crops, and 

soil are discussed in this section. 
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Water 

The Snake River supplies water to the Snake River 

Valley Irrigation District by the Snake River Valley Main 

Canal. Diversion of water is shown in Fig. 8-5 (Idaho Water, 

1978). 

There is no complaint about the quality of water. 

According to the USDA (1977), from available data by Lewis 

(1959), and by discussion with local experts, the quality of 

water is excellent. 

Soil 

The SRVID is located on an alluvial fan. The upper 

layer of soil in the area is a loam of relatively shallow 

depth (76-152 em) underlain by gravel and coarse sands. 

Permeability of the upper layer is moderate and that of the 

lower layer(s) is very high. According to a USDA-SCS (1973) 

Soil Survey, seven major soil series are found in the area: 

Ammon (Am), Bannock (Ba), Bock (Bo), Heiseton (Hs), Paesl 

(Pe), Stan (St), and Wolverine (WOF). Bock (Bo), and Bannock 

(Ba) are the predominate soils in the district as shown in 

Fig. 8-6. Soil series of each farm unit are given in 

Table 8-1. Brief descriptions of the soils are given 1n 

Appendix B. 

Crop 

Major crops grown in the study area are grain, 42.51%; 

potatoes, 28.18%; alfalfa hay, 23.81%; and pasture, 5.5%. The 
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Table 8-l.--Distribution of soil series within farm units 
in the study area 

Farm Soil series 

unit Bannock Bock Heiston Stan Wolverine Comment 
No. ha ha ha ha ha 

1015 38.11 49.70 0 0 0 

1016 55.20 48.81 0 0 0 

1017 62.58 2.17 0 0 0 

1018 42.35 22.40 0 0 0 

1019 64.75 0 0 0 0 

1020 6475 0 0 0 0 

1021 56.82 4.69 0 0 0 

1022 26.18 42.61 0 0 0 

1023 98.51 8.29 0 0 0 

1025 65.16 0 0 0 0 

1106 26.72 79.31 0 0 0 

1109 19.69 159.18 0 0 0 

1110 0 70.42 0 0 0 

1111 41.76 22.99 0 0 0 

1113 0 64.75 0 0 0 

1114 14.66 50.09 0 0 0 

1117 16.39 48.36 0 0 0 

1207 0 42.57 14.90 0 0 

1211 14.26 51.70 0 0 0 

1210 6.89 39.51 19.16 0 0 

1212 7.60 53.10 0 0 0 

1214 20.14 0 53.26 19.47 25.15 

1216 16.22 44.72 0 3.81 0 

1217 15.65 0 0 46.36 2. 7 4 

Total 774.39 905.39 87.32 69.64 27.89 1864.63 

% 41.53 48.56 4.68 3.73 1.5 100.00 
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cropping pattern for each farm unit is shown in Table 8-2. 

Other required parameters of crops are g1ven in Table 8-3. 

Crop coefficients to estimate actual evapotranspira-

tion from potential evapotranspiration were obtained from 

Wright (1979). Table 8-4 contains the 25-year average monthly 

actual evapotranspiration and the distribution of water re-

quirements for each crop during growing season. 

Irrigation Application Subsystem 

For this study, no changes were assumed in the exist-

ing irrigation application systems. It was assumed that in 

the near future, farmers would not change their irrigation 

application systems. Under present conditions, 44.78% of the 

farms are irrigated by hand-move sprinklers, 16.30% by side-

roll sprinklers, and 38.92% by gravity systems (border, 34.52% 

and furrow, 4.40%). There are no center pivot systems in the 

study area. Data 1n Table 8-5 show the distribution of dif-

ferent irrigation application systems for each farm unit 

under present conditions. 

Irrigation Water Requirement 

Potential Evapotranspiration 
in the Study Area 

Because long-term data for potential or actual evapo-

transpiration were not available for the study area, daily 

potential evapotranspiration was estimated using 25 years 

record of climatological data. The Jensen-Haise Equation 
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Table 8-2.--Cropping patterns of different farm units in the 
study area 

Farm Crop 

unit Potatoes Grain Alfalfa Pasture Comments 
No. ha ha ha ha 

1015 24.09 40.28 13.70 0 

1016 13.76 38.47 25.97 3.34 

1017 0 45.30 7.50 5.04 

1018 9.01 40.55 6.37 2.71 

1019 15.99 37.48 2.26 0 

1020 31.33 31.36 0 0 

1021 0 33.75 15.88 5.81 

1022 0 26.45 23.61 11.08 

1023 46.61 44.22 22.68 5.69 

1025 0 28.13 18.99 2.41 

1106 20.26 33.91 40.80 0 

1109 73.78 52.38 24.81 0 

1110 47.32 4.99 8.86 0 

1111 25.47 30.09 6.77 0 

1113 7.21 39.09 9.80 1.13 

1114 29.86 16.62 8.56 1. 7 5 

1117 12.30 32.90 9.02 1. 76 

1207 15.24 25.29 0 3.47 

1211 33.60 2.10 17.72 1.15 

1210 0 3.80 26.13 16.60 

1212 7.74 18.05 25.10 4.53 

1214 15.41 15.22 31.08 0 

1216 16.47 1. 66 19.29 13.54 

1217 0 37.53 15.73 7.98 

Total 450.43 679.64 380.62 87.93 1598.72 

% 28.18 42.51 23.81 5 . 5 100.00 



Table 8-3.--Assumed root depth and management allowed 
moisture deficit of different crops in the 
study area 

Crop Moisture extraction Management allowed 
depth (mm) deficit, MAD (%) 

Alfalfa 1219.2 55 

Wheat 762.0 50 

Pasture 762.0 55 

Potatoes 762.0 35 
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Table 8-4.--Average monthly potential evapotranspiration (PET), crop coefficient 
(CF), and actual evapotranspiration (AET) for pasture, potatoes, 
wheat, and alfalfa in the study area 

Average Pasture Potatoes Wheat Alfalfa 

Month 26 yr 
PET CF AET 

% CF AET 
% CF AET 

% CF AET 
% (mm) (mm) (mm) (mm) (mm) 

Jan .35 0 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Feb 1. 93 0 0.00 o.oo .00 0.00 o.oo 0.00 0.00 0.00 0.00 0. 00 0.00 

r-.lar 10.69 0 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Apr 29.05 1 29.05 3.65 .10 2.91 0.59 0.90 26.15 7.12 0.80 23.24 2.95 

May 81.88 1 81.88 10.28 .10 8.19 1.65 1.00 81.88 22.29 1.02 83.52 10.59 

Jun 136.80 1 136.80 17.17 .50 68.40 13.80 1.02 139.54 37.97 1.02 139.54 17.70 

Jul 239.69 1 239.69 38.08 .80 191.75 98.70 0.50 119.85 32.62 1.02 244.48 31.01 

Aug 188.22 1 188.22 23.62 .80 150.59 30.39 0.00 0.00 0.00 1.02 191.98 24.35 

Sep 92.10 1 92.10 11.55 .80 73.68 14.87 0.00 0.00 0.00 1.02 93.94 11.92 

Oct 29.07 1 29.07 3.65 .00 0.00 0.00 0.00 0.00 0.00 0.40 11.63 1. 48 

Nov 5.34 0 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Dec . 56 0 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

815.46 - 795.81 100.00 495.52 100.00 - 367.48 100.00 - 788.33 100.00 
1-' 
V.J 
1-' 
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Table 8-5.--Distribution of irrigation application subsystems 
within farm units ln the study area 

Farm Irrigation application subsystem 

unit Border Furrow Hand-move Side-roll Comments 
No. ha ha sprinkler sprinkler 

ha ha 

1015 7.78 0 75.26 0 

1016 21.66 4.00 34.45 21.42 

1017 28.86 0 28.99 0 

1018 14.63 0 39.01 0 

1019 2. 2 6 0 37.48 15.99 

1020 0 0 0 62.70 

1021 29.09 0 0 26.35 

1022 61.15 0 0 0 

1023 11.65 0 5.34 102.22 

1025 49.54 0 0 0 

1106 0 0 94.99 0 

1109 24.81 0 126.18 0 

1110 0 0 61.18 0 

1111 15.37 15.01 0 31.94 

1113 13.12 7. 21 36.90 0 

1114 10.31 0 46.47 0 

1117 43.69 12.30 0 0 

1207 14.48 0 29.53 0 

1211 20.98 0 33.60 0 

1210 46.54 0 0 0 

1212 40.32 0 15.10 0 

1214 46.30 15.41 0 0 

1216 34.49 16.47 0 0 

1217 9.75 0 51.44 0 

Total 551.76 70.40 715.92 260.63 1598.70 

% 34.52 4.40 44.78 16.30 100.00 
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(Jensen and Haise, 1963) was used to estimate daily potential 

evapotranspiration. This equation is a well known method 

widely used in the western region of the United States for 

estimating crop water use. 

Nature of Data for Estimation of 
Daily Potential Evapotranspirat1on 

Daily potential evapotranspiration was estimated for 

25 years from climatological data which were provided by the 

following weather stations. Daily maximum and minimum 

temperature and rainfall data for 25 years (1-1-1952 to 

1-1-1976) were obtained from Idaho Falls FAA Station Index 

No. 4457 records. Rainfall and temperature data were read 

from the HISARS data storage system which is available at the 

University of Idaho Computer Center (Molnau, 1975). 

Hourly solar radiation data for 25 years (1-1-1952 

to 1-1-1976) were obtained from the Pocatello WSU AP Station 

Index No. 7211 records. Solar radiation data were read from 

the SOLMET data storage which is available at the University 

of Idaho Computer Center (USDC, 1978). 

It was assumed that the study area climatological 

pattern follows these two nearby climatological stations for 

daily temperature, rainfall, and solar radiation. 

Mathematical Probability Distribution 
of Potential Evapotranspiration 

The mathematical probability distribution of 

potential evapotranspiration (PET) was computed and plotted 

as described in Chapter 7. The available data were found to 
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best fit a log-normal probability distribution. The plot in 

Fig. 8-7 shows the mathematical distribution of PET for dif-

ferent durations. It was assumed that the actual evapotrans-

piration of pasture was equal to the PET during the growing 

season. 

Actual Evapotranspiration of 
Different Crops 

Daily actual evapotranspiration for four major 

crops, grain (wheat), hay (alfalfa), potatoes, and pasture 

were computed for 25 years (1952-1976) as: 

AET CF · PET (8-l) 

where 

AET = actual evapotranspiration 

CF = crop factor 

PET = potential evapotranspiration after rainfall 

Daily crop factors, CF, were computed by linear interpolation 

from the data presented by Wright (1978). Maximum accumulated 

actual evapotranspiration for 1-30 days duration and seasonal 

were computed for 25 years. 

Mathematical Probability Distribution 
of Actual Evapotranspiration 

Maximum accumulated actual evapotranspiration, AAET, 

was ranked and the plotting position computed by the Weibull 

(1939) equation and plotted on different probability papers. 
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By visual inspection and conducting the Kolmogorov-Smirnow 

test (Haan, 1977) at the 10% significance level, a log-normal 

distribution was found as the best fit for the data. It was 

found that the AAET of pasture, wheat, potatoes, and alfalfa 

best follows a log-normal distribution within the required 

range (1-99%). Plotting positions of logarithm of AAET of 

different crops are shown in Figs. 8-7 through 8-10. 

Mathematical Equations of AAET 

For a log-normal probability distribution, the mathe

matical probability equation can be written as: 

where 

y Z · S + M 

Y log (AAET) 

Z normal standard deviation 

S standard deviation of the logarithm of AAET 

M mean of log (AAET) 

(8-2) 

By using 25 years of data S and M for 1 to 30 days duration 

and seasonal AAET for wheat, alfalfa, potatoes, and pasture 

were computed and are given in Tables 8-6 through 8-9. Be

cause the crop factor for pasture was assumed equal to 1, then 

AAET of pasture equals the accumulated PET during the growing 

season. 
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Table 8-6.--Mean, standard deviation, and coefficient of 
variation of logarithm of actual ET (mm) of 
alfalfa for 1-30 days and seasonal duration 
1n the study area 
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1\o. Duration ~lean 
Standard 
deviation 

Coefficient 
of variation 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

26 
27 
28 
29 
30 
31 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

175a 

1. 06 2 
l. 353 
1.508 
l. 6 21 
1.711 

1.784 
1.845 
1.896 
1. 9 :·) 9 
1.977 

2.015 
2.049 
2.079 
2.107 
2.133 

2.158 
2.182 
2.204 
2.225 
2.243 

2.261 
2.279 
2.297 
2.313 
2.329 

2.343 
2.359 
2.374 
2.388 
2.402 
2.850 

0.03065 
0.02757 
0.03342 
0.03550 
0.03602 

0.03744 
0.03825 
0.03788 
0.03736 
0.03822 

0.03828 
0.03929 
0.03892 
0.03902 
0.03858 

0.03725 
0.03839 
0.04018 
0.03908 
0.03837 

0.03736 
0.03623 
0.03673 
0.03853 
0.03917 

0.03903 
0.03829 
0.03698 
0.03606 
0.03529 
0.05271 

0.02886637 
0.02037209 
0.02216171 
0.02189489 
0.02105173 

0.02098463 
0.02073284 
0.01997813 
0.01926550 
0.01932866 

0.01899923 
0.01917714 
0.01871885 
0.01852176 
0.01808250 

0.01726079 
0.01759932 
0.01823498 
0.01756291 
0.01710374 

0. 016521Cl4 
0.01589772 
0.01599405 
0.01666130 
0.01682189 

0.01665407 
0.01623073 
0.01557882 
0.01510235 
0.01469552 
0.01849542 

aSeasona1 duration is assumed to be 175 days. 



Table 8-7.--Mean, standard deviation, and coefficient of 
variation of logarithm of actual ET (mm) of 
wheat for 1-30 days and seasonal duration in 
the study area 
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No. Duration Mean Standard 
deviation 

Coefficient 
of variation 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

l 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

135a 

1.019 
1.299 
1.456 
1.563 
l. 645 

1. 7 0 8 
1.761 
1.809 
1.850 
1.884 

1.916 
l. 946 
1.973 
1.997 
2.020 

2.039 
2.059 
2.078 
2.095 
2.111 

2 .12 5 
2.138 
2.150 
2.161 
2.172 

2.182 
2.192 
2.201 
2.208 
2.216 
2.498 

0.03985 
0.04447 
0.04822 
0.05275 
0.05733 

0.06395 
0.06820 
0.06788 
0.06710 
0.06901 

0.07115 
0.07440 
0.07941 
0.08376 
0.08343 

0.08425 
0.08425 
0.08431 
0.08422 
0.08512 

0.08588 
0.08681 
0.08935 
0.09143 
0.09317 

0.09366 
0.09320 
0.09346 
0.09443 
0.09605 
0.09875 

0.03909260 
0.03423779 
0.03311088 
0.03374158 
0.03484922 

0.03745131 
0.03872906 
0.03751737 
0.03626470 
0.03662888 

0.03712874 
0.03823470 
0.04025393 
0.04193775 
0.04131168 

0.04132073 
0.04091578 
0.04056882 
0.04019178 
0.04031823 

0.04041836 
0.04060019 
0.04156489 
0.04231357 
0.04288930 

0.04292807 
0.04252064 
0.04247051 
0.04275985 
0.04334517 
0.03953993 

aSeasonal duration is assumed to be 135 days. 



Table 8-9.--Mean, standard deviation, and coefficient of 
variation of logarithm of actual ET (mm) of 
pasture for 1-30 days and seasonal duration 
1n the study area 
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----------------------~- ·-----------

No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

26 
27 
28 
29 
30 
31 

Duration 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
7~ 
~.) 

24 
25 

..:6 
27 
28 
29 
30 

175a 

Mean 
Standard 
deviation 

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

1.053 
1. 33 7 
1.500 
1.613 
1.703 

1.776 
1.837 
1. 88 
1. 93 l 
1.969 

2.006 
2.040 
2.071 
2.098 
2. 12 5 

2.149 
2.173 
2.195 
2.216 
2.235 

2.252 
2. 2 7 0 
2.288 
2.304 
2. 3 2 0 

2. 3 3 5 
2.351 
2.365 
2.379 
2.393 
2. 8 71 

0.03065 
0.03114 
0.033,~3 

0.03550 
0.03602 

0.03744 
0.03825 
0.03788 
0.03736 
0.03822 

0.03828 
0.03929 
0.03892 
0.03902 
0.03858 

0.03725 
0.03839 
0.04018 
0.03908 
0.03837 

0.03736 
0.03623 
0.03673 
0.03853 
0.03917 

0.03903 
0.03829 
0.03698 
0.03606 
0.03529 
0.05314 

Coefficient 
of variation 

0.02910357 
0.02329296 
0.02228904 
0.02201172 
0.02115780 

0.02108641 
0.02082933 
0.02006892 
0.01935156 
0.01941325 

0.01908050 
0.01925815 
0.01879636 
0.01859758 
0.01815533 

0.01732969 
0.01766886 
0.01830656 
0.01763118 
0.01716958 

0.01658472 
0.01595798 
0.01605423 
0.01672358 
0.01688420 

0.01671537 
0.01629012 
0.01563538 
0.01515694 
0.01474840 
0.01850830 

aSeasona1 duration is assumed to be 175 days. 



Reasily Available Soil 
Moisture, RASM 

Readily available soil moisture (RASM) 1n the soil 

storage can be computed as: 

where 

RASH RT · ASM · MAD (8-3) 

RT moisture extraction depth of a particular crop 
(mm) 

ASM = available soil moisture (mm/mm) 

MAD management allowed deficit for a particular 
crop (%) 

The ASM and MAD for different crops and soils from the study 

area are given in Tables 8-3 and 8-10. 

Table 8-10.--Available soil moisture 
of different soil types 
in the study area 

Soil type 

Bannock, Ba 

Bock, Bo 

Hayeston, Ha 

Heiston, Hs 

Paesl, Pe 

Stan and Wolverine, 
St 

Available soil 
moisture (mm/nlln) 

.15 

.17 

.12 

.13 

.19 

.14 
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Possible Irrigation Interval 

The accumulated actual evapotranspiration, AAET, of a 

particular crop for a given duration is equal to the water 

requirement of a particular crop for that duration. This 

water requirement should be satisfied from soil storage during 

the same period. It is assumed that for a particular duration 

AAET is equal to the RASM for the same duration. It lS 

assumed that when the AAET is equal to RASM then the duration 

of AAET can be taken as the irrigation interval during the 

peak water use period. 

Probability of Each Irrigation 
Interval 

By using Figs. 8-7 through 8-10 or Equation 8-2, Z can 

be computed for different durations. Only Z in the range of 

-3.9 to 3.9 is computed because Z out of these ranges does not 

have importance in the integration of normal density functions. 

For different durations or different irrigation intervals, 

several different values of Z were computed. 

By having irrigation intervals and computing the cor-

responding Z values, the probability of occurrence, P, of each 

irrigation interval was computed by using an error function 

(Spiegel, 1968, 1975). In noncomputerized computation, P can 

be obtained from standard normal density tables of any sta-

tistics textbook. The following equation was used to compute 

probability of occurrence P of each irrigation interval. 



Error function, EF 2 

/11 

z3 
(Z - -- + 

3.1! 

p (1 + EF)/2 

Recurrence Interval and Level of 
Involved Risk of Irrigation 
Interval 

The recurrence interval, T, was computed as 

T 
1 
p 

( 8-4) 

(8-5) 

(8-6) 

The level of involved risk, P, for the life of an irrigation 

application subsystem was computed as 

R Exp(N . log (P)) ( 8- 7) 

where 

N life of project 1n years 

146 

Irrigation interval, P, T, and R for different crops and soils 

are given in Appendix C. 

Most Economical Irrigation Interval 

Cost of Irrigation Application 
Systems 

The annual average cost of irrigation application 

systems was computed by the methods described by Allen et al. 

(1978). Annual cost was computed for gravity (border and 
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furrow) and sprinkler (side-roll and hand-move) systems for 

each soil in the study area. The required input to the pro-

gram includes soil, crop and cost data, and the output gen-

erated design specifications and the annual cost of each 

irrigation application system. Computation of cost of an 

application system for a particular soil and crop was repeated 

several times for different amounts of applied water. Output 

costs for varying levels of water application are shown in 

Appendix D. 

Cost of Pumping Irrigation 
Water to Sprinklers 

Annual costs of pumping irrigation water to sprinkler 

irrigation application systems for different crops were com-

puted using the pump cost estimating routine described by 

Allen et al. (1978). Annual pumping costs were computed 

according to average monthly actual evapotranspiration re-

quirements for wheat, potatoes, alfalfa, and pasture. The 

average monthly actual evapotranspiration is given in 

Table 8-4 for different crops. The program estimates annual 

cost of the pumping and regresses the annual cost against 

the discharge. The resulting general regression equation 

is 

AAPC A + BQ (8-8) 



where 

AAPC = annual cost of pumping 

A,B = constant coefficients 

Q = pump discharge (L/S) 

The coefficients A and B for different crops are given in 

Table 8-11. 

Table 8-11.--Annual pumping cost coefficient for 
different crops in the study area 

Crop 

Alfalfa 

Pasture 

Potatoes 

Wheat 

Cost of Farm Service Reservoirs 

A 

1051 

1054 

1076 

987 

B 

.2145 

.2145 

.2019 

.1703 

Annual costs of FSR's were estimated by the routine 

148 

listed in Appendix E. Input data consist of costs of excava-

tion, soil transportation, and geometry of the site. Pertin-

ent site input data are given in Table 8-13. 

Output of the program consists of the volume of 

storage, depth, width, cross section area, and average annual 



Table 8-12.--Pertinent input data to compute size and cost 
of farm service reservoirs 

Farm 
service . a reservo1r 

RA 
RB 

RC 
RD 

RE 

RBl 

RBZ 

RB3 

RB4 

RBS 

RDl 
RDZ 
RD3 

RD4 
RDS 

Length 
(m) 

451.2 

762.0 

609.6 

457.2 

914.4 

365.8 

457.2 

640.1 

731.5 

365.8 

365.8 

609.6 

365.8 

457.2 

914.4 

Base
depth 

(m) 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

Maximum 
depth 

(m) 

2.44 

2.44 

2.44 

2.44 

2.44 

1. 83 

1. 83 

1. 83 

1. 52 

1. 52 

2.13 

2.13 

2.44 

2.13 

2.13 

Seepage 
coefficient 

(mjmZ
day) 

.399 

.399 

.391 

.399 

.399 

.399 

.399 

1.140 

1.140 

1.140 

.399 

.399 

.399 

.399 

.399 

Side 
slope 
(m/m) 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

aRefers to farm service reservoirs in Figs. 8-19 
and 8-20. 

cost of the FSR. The program regresses average annual cost 

149 

against the storage capacity of the FSR. The general equation 

is 

ARC A + B · V (8-9) 

where 
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ARC = average annual cost of FSR 

A,B constants 

V = volume of farm service reservoir 

Coefficients A and B for different proposed FSR's in the study 

area are given in Table 8-13. 

Table 8-13.--Annual cost coefficients of farm service 
reservoirs 

Farm service 
reservoir 

RA 

RB 

RC 

RD 
RE 

RBl 

RB2 

RB3 

RB4 

RB5 

RDl 

RD2 

RD3 

RD4 

RD5 

A 

4224 

4613 

4467 

4224 

4074 

3433 

3780 

4439 

4684 

2972 

3252 

4495 

3625 

3803 

4202 

B 

58.9 

88.2 

74.4 

58.9 

114.6 

49.0 

55. 7 

58.0 

63.2 

55.0 

154.4 

67.6 

57.0 

62.1 

106.3 

Comments 

ARC = A + B · V 

where 

ARC = annual farm 
service reservoir 
cost 

A,B = constant 
coefficient 

V = volume of farm 
service reservoir 
(1,000 m3) 



151 

Cost of Canal Rehabilitation 

Average annual cost of canal rehabilitation or con

struction was estimated by a program described by Allen et al. 

(1978). In this study it was assumed that the existing canal 

can be rehabilitated. The rehabilitation of canals consisted 

of reshaping and resizing canal sections along existing routes. 

The required input data consisted of different cost and geo

metric data. Some of the geometric data is given in Table 

8-14. 

In this study, it was assumed FSR's would be included 

in the canal system by enlarging portions of an existing canal 

length. The costs of two lengths of canals were computed for 

each reach. A short length was estimated in conjunction with 

FSR in its reach. A long length was estimated in a case where 

no FSR was included. The program output gives design informa

tion for each reach and total and annual costs. The program 

regresses annual cost against the design capacity of a canal 

or: 

where 

ACC =A+ B · Q 

ACC annual cost of canal 

A,B constant 

Q = discharge of canal 

(8-10) 

Constant coefficients A and B for different projected canal 

reaches are given in Table 8-15. 
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Table 8-14.--Pertinent input data to compute size and cost 
of canal sections 

Canal . a 
sect1on 

ABL 
ABS 
BCL 
BCS 
CDL 

CDS 
DEL 
DES 
EEND 
BElL 

BBlS 
BlB2L 
BlB2S 
B2END 
B3B4L 

B3B4S 
B4B5L 
B4B5S 
B5END 
DDiL 

DDlS 
DlD2L 
DlD2S 
D2D3L 
D2D3S 

D3D4L 
D2D4S 
D4D5L 
D4D5S 
D5END 

Length 
(m) 

1763.0 
999.7 
972.0 
362.4 
794.9 

337.7 
176.8 
865.6 

1249.7 
1058.9 

693.1 
1071.7 

614.5 
1178.1 
1696.2 

964.7 
856.2 
490.4 

2842.0 
772.4 

406.6 
1271.3 

661.7 
862.6 
496.8 

881. 8 
424.6 

1799.2 
884.8 

1614.2 

Bottom 
elevation 
at outlet 

(m) 

1407.0 
1407.8 
1406.0 
1406.6 
1404.9 

1405.5 
1401.8 
1403.4 
1400.9 
1407.0 

1407.2 
1409.6 
1405.9 
1401.0 
1399.6 

1400.0 
1399.0 
1399.3 
1396.0 
1404.7 

1404.8 
1404.4 
1404.5 
1402.1 
1403.3 

1401.0 
1401.5 
1397.4 
1399.3 
1395.4 

Bottom 
elevation 
at inlet 

(m) 

1408.8 
1408.9 
1407.0 
1407.0 
1406.0 

1406.0 
1404.9 
1404.9 
1401.8 
1407.6 

1407.6 
1407.0 
1407.0 
1405.0 
1400.6 

1400.6 
1399.6 
1399.6 
1399.0 
1404.9 

1404.9 
1404.7 
1404.7 
1404.1 
1404.1 

1401.9 
1401.9 
1400.7 
1400.7 
1397.1 

Required 
minimum 
outlet 

elevation 
(m) 

1407.8 
1408.1 
1406.6 
1406.7 
1405.4 

1405.7 
1402.4 
1403.6 
1401.5 
1407.3 

1407.4 
1405.3 
1406.3 
1401.3 
1399.9 

1400.3 
1399.2 
1399.3 
1396.6 
1404.8 

1404.9 
1404.4 
1404.5 
1402.1 
1403.3 

1401.0 
1401.5 
1397.4 
1399.3 
1395.1 

Seepage 
coefficient 

(m/m-day)b 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 
1.140 

1.140 
1.140 
1.140 
1. 400 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

.399 

aRefers to canal sections in Figs. 8-19 and 8-20. 

bNetz (1980). 
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Table 8-15.--Annual cost coefficients for canal reach 
rehabilitation 

Canal a 
A B Comments reach 

ABL 3752 5.33 ACC = A + B Q 
ABS 2452 2.98 

BCL 1891 3. 2 7 where 
BCS 929 1. 22 

CDL 1274 3.60 ACC = annual cost of 
CDS 689 1. 56 canal reach 

DEL 3644 3.39 

DES 1477 2.90 A,B constant 

EEND 1766 7.93 coefficients 

BBlL 972 6.01 
Q = discharge (1,000 BBlS 944 6.01 3 

BlB2L 1109 4.46 m /day) 

BlB2S 811 2.46 

B2END 1103 3.39 

B3B4L 1239 16.51 

B3B4S 740 8.42 

B4BSL 1022 8.29 

B4BSS 789 4.90 

BSEND 1473 27.02 

DDlL 511 10.43 

DDlS 375 5.48 

DlDZL 991 11.11 

DlD2S 608 5.80 

D2D3L 1022 3.31 

D2D3S 730 1. 72 

D3D4L 1118 3.76 

D3D4S 692 1. 80 

D4D5L 1727 6.66 

D4DSS 1009 3.11 

DSEND 1451 11.41 

aRefers to Fig. 8-20. 



Benefits from Irrigation 
(Crop Yield) 
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Direct benefits derived from irrigation are the crops 

produced. The relationship of crop yield and applied water 

was estimated by calculating a dimensionless crop yield func-

tion for each crop. In computing the dimensionless crop 

yield-water functions, data from different reference sources 

for each crop were used: wheat from Schneider (1969), 

potatoes from Linsley and Franzini (1964), and alfalfa from 

Bauder (1978). For pasture, a linear crop yield-water func-

tion was assumed. 

Dimensionless crop yield water functions for wheat, 

potatoes, alfalfa, and pasture are shown in Fig. 8-11. Esti-

mated dimensionless crop yield-water function equations for 

different crops are as follows: 

where 

and 

Pasture 

Potatoes 

Wheat 

Alfalfa 

y = X 

y = 39.67 + 1.337x - .007475x2 

y 2 -42.52 + 1.578x - .0016795x 

y = -43.23 + 2.5 - .01254x2 

y dimensionless crop yield 

x = dimensionless applied water 

(8-11) 

(8-12) 

(8-13) 

(8-14) 
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where 

AY y . y 
max 

AY = actual yield 

y 
max maximum yield 

(8-15) 

The total crop benefits for various levels of water applica-
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tion were determined by estimating the crop yield and combin-

ing with the unit price and level of involved risk or Equa-

tion 6-7. Estimated maximum yield data and unit prices for 

the study area are listed in Table 8-16. 

Table 8-16.--Maximum crop yield and unit prices for the 
study area 

Yield Price Crop kg/ha $/kg 

Wheat 2175 .1143 

a 

Potatoes 10192 .07638 

Alfalfa 

Pasture 

a Farrell (1979). 

Best Economical Irrigation 
Interval 

3628 .04082 

3175 .03628 

The best irrigation interval for each crop-soil 

combination was computed by a marginal cost and marginal 

benefit analysis of each irrigation application subsystem. 

Annual benefits of irrigation for different crops and variety 
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of soil were computed, and annual costs of irrigating differ-

ent crops by different systems on different soils were cal-

culated. Marginal benefits and marginal costs were then 

computed. 

Optimal water depletion or actual evapotranspiration 

was determined by using a marginal cost and benefit analysis. 

By obtaining optimal actual evapotranspiration, the closest 

corresponding irrigation interval was selected as the most 

economical irrigation interval. The cost and benefit curves 

in Fig. 8-12 are for different irrigation application sub-

systems for wheat grown on Bannock soil. The plot in Fig. 8-

13 shows the marginal cost and benefit analysis of each irri-

gation application subsystem for wheat crop. This procedure 

was repeated for pasture, alfalfa, potatoes, and wheat on all 

seven soil types of the study area with three types of irri-

gation application subsystems--gravity, hand-move sprinkler, 

and side-roll sprinkler. 

Peak Water Requirement 

Peak Water Requirements of a 
Single Crop, PWRS 

Best economical irrigation interval for all combina-

tions of crops and soil types were estimated. The peak water 

requirement of each crop was computed as: 

PWRS RASM 
INT or AAET 

INT (8-16) 
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where 

RASM = readily available soil moisture 

INT = irrigation interval 

AAET = accumulative actual evapotranspiration 

The peak water requirements for each crop on the different 

soils with different irrigation application subsystems are 

given in Table 8-17. 

Time of Peak Water Use of 
a Single Crop 

As stated in Chapter 7, the occurrence of peak AET 
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varies from year to year. April first was selected as a base 

date, and the number of days after April first until the 

occurrence of maximum actual evapotranspiration of different 

crops for different durations for 25 years of record (1952-

197o) were numbered and plotting positions computed by the 

Weibull (1939) equation. Next, the plotting positions were 

plotted on different probability papers. After visual in-

spection and calculation of the Kolmogorov-Smirnow test (Haan, 

1977), a log-normal distribution was selected as the best to 

fit the data. Because the means and standard deviations of 

different durations were statistically the same for the data 

used, only the data for seven days duration were plotted. 

The mathematical probability distribution of the num-

ber of days after April first until maximum actual evapotrans-

piration occurrence for pasture, wheat, potatoes, and alfalfa 



Table 8-17.--Peak water requirement of different crops on different soil types with 
different irrigation application subsystems in the study area 

Soil Crop 

Bannock Pasture 
Ba Alfalfa 

Potatoes 
Wheat 

Bock, Bo Pasture 
Alfalfa 
Potatoes 
Wheat 

Hayeston Pasture 
Ha Alfalfa 

Potatoes 
Wheat 

Heiseton Pasture 
Hs Alfalfa 

Potatoes 
Wheat 

Paesl, Pe Pasture 
Alfalfa 
Potatoes 
Wheat 

Stan and Pasture 
Wolverine Alfalfa 
St Potatoes 

Wheat 

Irrigation application subsystem 

Gravity 

Irrig. 
interval 

(days) 

5 
7 
4 
4 
5 
8 
6 
5 
4 
5 
4 
4 
4 
6 
5 
4 
6 
9 
6 
5 
4 
6 
4 
4 

Peak water 
requirement 

(mm) 

12.57 
14.37 
10.00 
14.29 
14.25 
14.25 

7.56 
12.95 
12.57 
16.09 

8.00 
11.43 
13.62 
14.53 
6.93 

12.38 
13.27 

7.49 
8.45 

14.48 
14.67 
15.65 

9.33 
13.33 

Hand-move 

Irrig. 
interval 

(days) 

6 
7 
7 
4 
6 
8 
6 
5 
5 
6 
4 
4 
5 
8 
5 
4 
7 
9 
7 
5 
8 
8 
5 
4 

Peak water 
requirement 

(mm) 

10.48 
14.37 

5.71 
14.29 
11.87 
14.25 

7. 56 
12.95 
10.06 
13.41 

8,00 
11.43 
10.90 
10.90 
6.93 

12.38 
11. 38 

7.49 
7.24 

14.48 
7.33 

11.73 
7.47 

13.33 

Side-roll 

Irrig. 
interval 

(days) 

7 
7 
7 
4 
7 

10 
7 
5 
6 

12 
4 
4 
6 
8 
6 
4 
7 
9 
8 
5 
8 
9 
6 
4 

Peak water 
requirement 

(mm) 

8.98 
14.37 

5.71 
14.29 
10.18 
11.40 

5.67 
12.95 

8.38 
6.71 
8.00 

11.43 
9.08 

10.90 
5.78 

12.38 
9.95 
7.49 
6.33 

14.48 
7.33 

10.43 
6.22 

13.33 
I-' 
Q\ 

I-' 
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are shown in Figs. 8-14 through 8-17. The equation of rnathe-

rnatical probability distributions are as follows: 

Wheat 

Potatoes 

Alfalfa 

Pasture 

where 

Yw .07068Z + 1.908 

Y = .04273Z + 2.026 p 

Y = .06077Z + 2.007 
a 

Yd = .06077Z + 2.007 

(8-17) 

(8-18) 

(8-19) 

(8-20) 

Y logarithm of number of days after April first. 

Peak Water Requirement of a 
Multicrop Farm, PWRF 

The probability curves of time of occurrence of maxi-

mum actual peak evapotranspiration show that the maximum 

actual water requirement of wheat occurs in June, and pasture, 

alfalfa, and potatoes in July at SO% of probability level. 

By having peak water requirement of each crop and cropping 

pattern, water requirements for all 24 farm units were corn-

puted. It was found that although there was a variety of 

cropping patterns, the peak water requirement of all farm 

units occurs in July. The peak water requirement of farm unit 

No. 1023 is shown graphically in Fig. 8-18. Peak water re-

quirernents of the different farm units are given in Table 

8-18 and Appendix F 
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Table 8-18.--Cross water requirement and 
generated runoff of each farm 
unit in the study area 

Farm 
unit 
No, 

1015 

1016 

1017 

1018 

1019 

1020 

1021 

1022 

1023 

1025 

1106 

1109 

1110 

1111 

1113 

1114 

1117 

1207 

1210 

1211 

1212 

1214 

1216 

1217 

Gross water 
requirement 

L/S 

145.51 

178.08 

137.48 

120.71 

91.67 

87.11 

133.27 

163.35 

197.78 

139.88 

165.98 

248.41 

83.36 

144.03 

117.24 

88.69 

147.29 

80.23 

135.43 

94.26 

133.29 

193.54 

147.17 

134.60 

Cenerated 3 

runoff 
L/S 

2.53 

11.512 

16.227 

10.789 

.740 

0 

12.804 

29.118 

5.173 

27.664 

0 

8.100 

0 

6.972 

5.451 

3.374 

27.155 

8.462 

17.391 

7.543 

16.774 

32.139 

13.543 

7.205 

aEstimated by method described by 
Allen et al. (1978). 
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Features of Farm Service Reservoirs 

Retention Duration Time of FSR 

The retention duration time of water 1n all FSR's in 

this study was assumed to be 12 hours. It was assumed that 

all of the FSR's function as overnight reservoirs to allow 

farmers to irrigate only in the daytime. It was also assumed 

that during the night FSR's collect all of the runoff to be 

used on the following day. 

Type and Structure of FSR 

For the study area it was assumed that each FSR would 

be built in conjunction with existing canal systems to store 

and transport water. The reservoir would, therefore, be an 

enlarged portion of canal with an outlet water control struc

ture. This assumption increased the complexity of the problem 

because in each canal section two alternative canal lengths 

must be considered. If a reservoir is included in a given 

canal section, a short canal must be selected for use in con

junction with the reservoir. However, if a reservoir is not 

included, a longer canal with a length equal to the entire 

section must be used. 

Further assumptions are as follows: 

1. All of the farm service reservoirs are unlined. 

2. All of the canals are unlined. 

3. Water moves only downstream by gravity. 



Site Selection of Farm Service 
Reservoirs 
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All available data were investigated to determine the 

best possible locations for FSR's within existing canal sys-

terns. All physical barriers such as county roads, railroads, 

bridges, and also the suitability of land for FSR's were con-

sidered. The FSR's were located on the best possible places 

according to the available data. It was not attempted to 

consider all intangible benefits of each FSR. Because of com-

plexities of the problem only one type of FSR was considered 

at each site. 

The locations of 15 FSR's along the West Branch Snake 

River Valley and Cedar Point Canals are shown in Figs. 8-19 

and 8-20. 

Inflow and Outflow of Farm 
Service Reservoir 

Inflow to all of the FSR's was Snake River water 

supplied by the West Branch Snake River Valley and Cedar Point 

Canals. Also, runoff generated from nearby irrigated farms 

could be collected by some of the reservoirs. It was also 

possible for drainage and nonpoint sources of water to con-

tribute to the FSR supply. However, because of lack of 

reliable data, the contribution of drainage water to FSR 

storage was not considered. 

Each reservoir was assumed to store sufficient water 

to satisfy assigned farm units located downstream from the 

FSR. The size of the outflow stream is a function of the 
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assigned farm units, the overall efficiency of FSR, and con-

veyance canal sections. 

Capacities of FSR's and 
Canal Sections 

A total of 15 FSR sites were selected as shown 1n 
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Figs. 8-19 and 8-20. Assuming that all were used, the design 

capacity of each FSR and canal was computed and is shown in 

Tables 8-19 and 8-20. The design capacity of each FSR and 

canal section in Tables 8-19 and 8-20 is presented as a ref-

erence in order to compare the costs, capacities, and loca-

tions of FSR's and types of canals (short or long) in each 

canal section. In this computation the total cost estimated 

is $92,815 or $58 per hectare. 

0 timization of Farm Service Reservoirs-
Location an Size 

The peak water requirement of each farm unit was esti-

mated according to cropping pattern, soil type, irrigation 

application subsystem, and crop yield by economical analysis. 

Locations of 15 possible farm service reservoirs were deter-

mined, and the capacities of farm service reservoirs and 

canals were determined for the case using all FSR's. No 

alternative combinations of FSR's were yet considered as would 

be possible by eliminating some FSR's, increasing the capacity 

of others, and transporting water from one FSR to other FSR's 

or farms. Many different combinations with different total 

costs or different alternative combinations would be possible. 



Table 8-19.--Storage capacity and cost of farm service reservo1rs 

Net Gross Cost, $/1,000 m 3 Farm number 
Farm under 

service storage Storage storage 
Cost coverage of volume efficiency volume reservoir 

(1,000 m3) (1,000 m3) Constant Variable farm service 
reservoir 

RA 13.96 .80 17.45 4224 58.9 5252 1015,1016 

RB 9.84 .80 12.30 4613 88.2 5698 1017 

RC 8. 9 7 . 80 11. 21 4467 74.4 5301 1018,1020 

RD 12.80 . 8 0 16.00 4224 58.9 5166 1021 

RE 20.80 . 7 5 2 7. 7 3 4074 114.6 7252 1023,1025, 
1111 

RBI 7 .17 . 7 5 9.56 3433 49.0 3901 1019 

RB2 7.15 . 7 5 9.53 3780 55.7 4311 1106 

RB3 1. 80 .50 3.60 4439 58.0 4648 1109 

RB4 3.47 .50 6.94 4684 63.2 5123 1110 (1/ 2) 

RES 17.52 . 50 35.04 2972 55.0 4899 1207,1210, 
1211,1212 

RDl 3.58 .80 4.48 3252 154.4 3944 1022 

RD2 6.86 .75 9.15 4495 67.6 5114 1109 

RD3 3.84 .80 4.80 3625 57.0 3899 1110 (1/2)' 
1113 

RD4 6.36 .80 7.95 3803 62.1 4297 1114 

RDS 20.51 .75 27.35 4202 106.3 7109 1117,1214, 
1216,1217 

TOTAL 75914 f--' 
---.] 

..p. 



Table 8-20.--Dcsign capacity and cost of each canal section 

Net Net Gross Cost, $! (m 3 /S) transferred Canal water volume canal Conveyance canal 
section for 12 hr capacity efficiency capacity 

(1,000 m3) (m3/S) (m 3 IS) Constant Variable 

ABS 139.74 3.235 .97 3.335 2452 257.5 

BCS 108.34 2.508 .975 .2572 929 105.4 

CDS 97.12 2.248 .975 2.306 689 134.8 

DES 27.73 .642 .97 .662 1477 250.6 

BBlS 19.09 .442 • 96 2 .459 944 519.3 

BlB2S 9.53 . 221 .97 .228 811 212.5 

B3B4S 41.96 .971 .93 1. 044 740 727.5 

B4B5S 35.03 .811 .95 .854 789 423.4 

DDlS 53.39 1. 236 .97 1. 27 4 375 473.5 

DlD2S 49.25 1.140 . 97 1.17 5 608 501.1 

D2D3S 40.10 .928 .97 .957 730 148.6 

D3D4S 35.30 .817 .972 .841 692 155.5 

D4D5S 27.35 . 6 33 .965 .656 1009 268.7 

TOTAL 

Cost 
$ 

3311 
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The optimization procedure, by using a type of rnathe-

rnatical programming model, would be a tool to select the best 

possible combination. By supplying necessary data, it is 

possible to optimize the system for minimum cost and to deter-

mine the location and size of each FSR and the design capacity 

of each canal section. The model must be able to select 

alternative components subject to technical constraints such 

as optimum allocation of components, and the results should 

provide the minimum cost system that satisfies all technical 

constraints. Specifically, the model must consider: 

1. The constant and variable cost in decision variables 
in the form of A + B . Q. 

2. The selection of one of the two alternative canal 
lengths, long or short, depending upon whether a farm 
service reservoir is selected for a particular 
section. 

Justification for Use of 
Mixed-Integer Programming 

Mixed integer programming can be manipulated to con-

sider the specific conditions of selecting alternative corn-

ponents. Mixed integer programming is a suitable procedure 

that can be used to optimize the irrigation system. A soft-

ware package, such as UIMIP described by Yoo and Busch (1980), 

can be used to optimize such a problem. 

MIP Model 

A model for MIP was designed to cover the entire study 

area with 15 possible FSR's and 26 long and short alternative 

canal sections. The model had 82 variables of which 41 were 



integer variables and 83 constraints. The software package 

was too slow and costly to run the entire model. After 

several pr1mary runs, a decision was made to decompose the 

complete model into two smaller models: 

1. West Branch Snake River Valley Canal model with 68 
decision variables and 69 constraints which contains 
12 FSR's and 11 canal sections. 

2. Cedar Point Canal model with 14 decision variables 
and 15 constraints which covers 3 FSR's and 2 canal 
sections. 

This decomposition was possible because there is almost no 

water exchange between these two canal branches. The Main 

Snake River Valley Canal supplies water to both. 

MIP Solution for West Branch 
Snake River Valley Canal 
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The UIMIP package was used to optimize the irrigation 

system without any constraints to define specific locations 

of optimal FSR sites. Two solutions were obtained. In the 

first solution, farm service reservoirs RA, RB, and RD3 were 

selected, and the size of FSR RA was limited by maximum pre-

determined capacity. No farm service reservoir at the end 

of each canal branch was selected. In this solution all of 

the farm would be irrigated by farm service reservoirs RA 

and RB, except those farms downstream of FSR's RD3, RD4, and 

RD5 and those served by the Cedar Point Canal. The design 

capacity of each canal section was also computed, and total 

cost for this solution was $56,058. The capacity of FSR's 

and associated costs are shown in Table 8-21, column 1. 
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Table 8-21.--0ptimization of volume of farm service 
reservoirs 

MIP solution 

Farm MIP solution with FSR at 

service specific sites 

reservoir 
(1) (2) ( 3) 3 

(1,000 m3) (1,000 m 3) (1,000 m ) 

RA 125.8 50.1 125.8 

RB 6. 5 0 2.7 

RC 0 77.9 0 

RD 0 0 0 

RE 0 0 21.0 

RBl 0 0 0 

RB2 0 0 7.4 

RB3 11.5 

RB4 0 

RB5 35.0 

RDl 0 0 0 

RD2 0 0 0 

RD3 34.5 34.5 0 

RD4 0 0 0 

RD5 0 0 13.2 

FSR's cost 32,415 33,033 42,766 

Canal's cost 23,643 23,854 20,995 

Total cost 56,058 56,887 63,761 
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In the second solution of this model the capacity of 

FSR RA was decreased with a resultant increase in the capac-

ity of FSR RC and FSR RB was eliminated. In this solution, 

as in the first solution, there was no farm service reservoir 

at the end of the canal branch to collect runoff. The design 

capacity of each canal selection and total cost were computed. 

The total cost of the second solution was $56,887 which is 

only 1.5% higher than the first solution. Because of compu-

tational rounding error, it can be assumed that the costs of 

the two solutions are essentially the same, the only differ-

ence being a change in the configuration of the system. Farm 

service reservoirs' capacities and associated costs of the 

second solution are shown in Table 8-21, column 2. 

MIP Solution with FSR's Designated 
at Specific Sites 

There was no FSR at the end of the last section of 

any of the canal branches in the first MIP model. As a 

result, most of the surface runoff from application systems 

would be wasted at the end of each canal branch. Constraints 

were imposed onfue model to have an FSR located at the end 

of each canal branch. By specifying these FSR's, the type 

of canal at the end of each canal section was also implicitly 

determined as a short canal type. 

In this model there was only one solution. This 

solution specified the capacity of FSR RA to the maximum pre-

determined level. Optimum sizes for farm service reservoirs 
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RE, RB2, and RDS at the end of the canal branch were selected. 

FSR RB had very small capacity; by raising the upper limit on 

capacity of FSR RA, FSR RB may be eliminated. This solution 

gives the sites of the farm service reservoirs and also 

assigns an FSR at the end of each canal branch. This solution 

would provide more operational flexibility within the system. 

Canal capacities and costs were computed. The total cost for 

this solution is $63,761 which is 13.74% higher than the first 

solution in the first model. The capacity of farm service 

reservoirs and associated costs for this solution are shown 

in Table 8-21, column 3. 

The selected sites and capacities of FSR's for this 

solution are given in Table 8-21. Locations of FSR's for this 

solution are shown schematically in Figs. 8-21 and 8-22, and 

the picture of the MIP matrix is shown in Fig. 8-23. In 

Fig. 8-23, RA,RB, ... are capacities of farm service reser-

voirs RA, RB, ... ; ARA, ARB, ... are fixed costs for RA, RB, 

... , (Eq. 8-9); TABL, TABS, ... are volumes of water trans-

ferred from RA to RB by long canal (L) or by short canal (S); 

and ATABL, ATABS, ... are fixed costs for TABL, TABS, ... 

(Eq. 8-10). 

The constraint equations assure water transfer and 

delivery in the system. 
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MIP Solution for Cedar Point Canal 
with Constraint on Having FSR 
at End of Reach 

For the Cedar Point Canal, three farm service reser-

vo1rs and two canal sections were considered. Farm service 

reservoir RBS was imposed at the end of the branch. This 

model had 14 decision variables in which 7 are integer and 

15 constraints. There was only one MIP solution. MIP solu-

tion of optimal location of FSR and corresponding capacity 

are shown in Table 8-21, column 3 in cooperation with the 

West Branch model. Locations of FSR are shown schematically 

in Figs. 8-20 and 8-21, and the picture of the MIP matrix is 

shown in Fig. 8-24. Parameters in Fig. 8-24 are defined the 

same as for Fig. 8-23. 

Linear Programming Model 

As described, the MIP software required considerable 

computer time and is costly to run. When integer solutions 

are not required, existing LP packages such as MPS (1971) 

can be used. These packages are quite efficient and contain 

post optimal analysis procedures. 

Various amounts of runoff water from each farm unit 

and costs of supplied water were not included in the mixed 
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integer programming model because of large computer time costs. 

A decision was made to avoid excessive computer costs by first 

obtaining FSR locations and the type of canal in each section 

using the MIP procedure. Then these results were used as 

input data in a linear programming analysis. The MPS software 
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used was useful in performing parametric programming and 

post optimal analyses. 

Linear Programming Model in Conjunction 
with Mixed Integer Programming 

The linear programming model incorporated the final 

solution of the MIP model and costs of supplied and runoff 

water. This model had the following conditions: 

1. Only those FSR's and canal types which were selected 
by final MIP solutions were used. 
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2. Upper bound limits for decision variables in MIP were 
relaxed and a minimum size for FSR RB was imposed at 
6167 m3. 

3. Runoff water was entered in the model. 

4. Supplied water cost and runoff costs were imposed. 

5. Water was transported downstream only by gravity. 

6. Water balance equations in the model werethe same 
as in the NIP model. 

The picture of the linear programming model is shown 

in Fig. 8-25. This model provided the optimal capacity FSR 

under the given conditions. For the first run it was assumed 

that cost of runoff water and river wastes was equal to zero. 

The output from theLP model is shown in Tables 8-22 and 8-2::;, 

and the picture of the LP matrix is shown in Fig. 8-25. 

In Fig. 8-25, ROB, ROE, are volume of runoff 

reared by FSR RB, RE, ... ' WCA, WCB, ... are cost of water 1n 

FSR RA, RB, ... ; and TW 1s the total water cost in the system. 

Other variables are the same as defined for Fig. 8-23. 
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Table 8-22.--0ptimized storage capacity and cost of farm 
service reservoir 

ross 3 Farm number Farm storage Cost, $/1,000 m under coverage service volume Cost 
reservoir LP sol. of farm service 

(1,000 m3) Constant Variable reservoir 

RA 119.39 4224 58.9 11256 1015,1016,1017,1018 

6.17 4613 88.2 5157 1020,1021,1023,1025 

0 4467 74.4 0 1111,1019,1022,1109 

0 4224 58.9 0 1110(1/2),1113,1114 

1. 23 4074 114.6 4215 

0 3433 49.0 0 

9.53 3780 55. 7 4311 1106 

17.84 4439 58.0 5474 1109,1110 (1/2) 

0 4684 63.2 0 

35.03 2972 55.0 4899 1207,1210,1211,1212 

0 3252 154.4 0 

0 4495 67.6 0 

0 3625 57.0 0 

0 3803 62.1 0 

27.35 4202 106.3 7109 1117,1214,1216,1217 

TOTAL 42421 
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Table 8-23.--0ptimized design capacity and cost of each 
canal section 

Rotation flow Continuous flow computations Canal computations 
section 

(1) (2) (3) (4) (5) (6) 

ABS 81.55 1.888 6.167 .798 .97 6.358 
BCL 66.73 1.545 .97 0 
CDL 55.75 1.291 . 97 0 
DES 21. 44 .496 1. 23 1. 23 . 97 0 

BBlL 7.46 .173 .96 9.709 
BlB2S 0 0 9.53 .504 .97 9.825 

B3B4L 3.65 .084 .88 41.902 
B4B5S 0 0 35.03 .269 .95 36.874 

DDlL 19.84 .459 .96 32.570 
DlD2L 15.47 .358 .95 31.267 
D2D3L 7.83 .181 .95 29.704 
D3D4L 3.65 .084 .96 28.219 
D4D5S 0 0 27.35 1.252 .965 28.342 

TOTAL 

(l)Volume of transferred water from upstream farm 
service reservoir to downstream farm during irrigation 
(MPS solution), 1,000 m3/12 hours. 

( 2)Maximum canal design rate for Column 1, m3/S. 

( 3 )Volume of reservoir at the end of canal 
sections, 1,000 m3 (MPS solution). 

C
4 )Volume of runoff entered to reservoir, 1,000 m

3
/ 

12 hours (MPS solution). 

( 5 )Conveyance efficiency of each canal section. 



Table 8-23.--Continued 

Continuous flow Maximum Cost, $/m
3
/S 

computations design Cost 
capacity Constant Variable ( 12) 

(7) (8) rate (10) (11) m3js (9) 

52.054 .602 2.490 2452 257.5 3093 
34.616 .401 1.946 1891 282.5 2441 
33.577 .389 1. 680 1274 310.8 1796 

0. o. .496 1447 250.6 1571 

9.709 .112 .285 972 519.1 1120 
9.825 .114 .114 811 212. 5 835 

41.902 .485 .569 1239 1426.7 2051 
36.874 .454 .454 789 423.4 981 

32.570 .377 .836 511 900.5 1264 
31.267 .362 . 7 20 991 960.6 1683 
29.704 .344 .525 1022 286.0 1172 
28.219 .327 .411 1118 324.9 1252 
28.342 .328 .328 1009 268.7 1097 

20356 

( 6 )Column 3/Column 5 and minus Column 4 if 
necessary. 

C7)Design capacity rate of each canal section, 
1,000 m3 /day. 

( 8 )Design capacity rate of each canal section, m
3
/S. 

( 9 )(Column 2 +Column 8), maximum design capacity 
rate of each canal section. 

(lO)Constant cost. 

(ll)Variable cost, $/(m3/S). 

(l 2)Total cost. 
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Design Capacities of FSR's and Canal Sections 

By using the linear programming model in conjunction 

with the MIP model, the location of FSR's and size for each 

FSR and volume of water which would be transferred from one 

FSR to some other FSR's or farm unit(s) was computed. The 

total annual cost of the irrigation system for FSR and canal 

system was computed by summing the cost of FSR's and canal 

sections which is equal to $62,777 or $39.27 per hectare. 

The design capacity and cost of each canal section 

was determined by increasing the capacity of the canal to 

convey the extra water from FSR's during the 12-hour irriga-

tion period. The design capacity of each canal section and 

FSR with related costs are given in Tables 8-22 and 8-23. 

Parametric Programming and 
Postoptimal Analysis 
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Presently there is no charge for river water supplied 

to the irrigation district, and no water cost was imposed in 

the previous computations. To determine the effects of 

various water charges to the district, a variable water cost 

was assumed in the model. The cost of water allowed to change 

3 from: 0-12.15 per 1,000 m (0-$15 per acre-ft). The cost of 

runoff water from application systems was kept constant and 

equal to zero. Results obtained indicated that all runoff 

water instead of incoming water was used when river water 

3 costs increased from zero to $.81 per 1,000 m . There was 

no other major change in system configuration of FSR as the 

cost of water increased. 
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CHAPTER 9 

SUMMARY AND CONCLUSIONS 

Summary 

The main object of this study was to utilize prob

ability analysis and mathematical programming in planning the 

least cost design and operation of an irrigation system with 

a chain of farm service reservoirs. The purposes of these 

reservoirs are to minimize water shortage during peak water 

use periods and to make water available on demand. By having 

water available on demand, an irrigator can do a more effi

cient job of irrigating, and surface runoff can be collected 

in farm service reservoirs for reuse downstream. 

To achieve the objective, an area of approximately 

1,865 ha 1n the Snake River Valley Irrigation District was 

selected as a study area for application of the proposed model. 

The study area was divided into 24 farm units. Cropping 

pattern, soil type, quantity and quality of irrigation water, 

and existing irrigation application systems were considered 

and necessary data collected. 

Daily evapotranspiration values for 2: years (1952-

197L) were estimated, and frequency distribution of evapo

transpiration for 1 to 30 days and seasonal duration were 

estimated. A log-normal probability distribution was found 



193 

to best fit the data. Daily actual evapotranspiration of 

pasture, wheat, alfalfa, and potatoes were computed. Fre

quency distributions of these crops for 1 to 30 days and for 

seasonal use were estimated. A log-normal probability dis

tribution was again found to best fit the estimated actual 

evapotranspiration of the four crops. Mathematical probabil

ity equations for the prediction of actual evapotranspiration 

for different duration were developed. 

All possible irrigation intervals for different 

probabilities of occurrence were computed utilizing the mathe

matical probability equations of actual evapotranspiration 

and allowable soil moisture depletion data. By incorporating 

irrigation application subsystem characteristics, correspond

ing recurrence intervals were estimated. Costs and benefits 

of various irrigation systems were determined. 

Annual costs of irrigation application subsystems for 

each soil type and crop, for different amounts of applied 

water, were estimated. Annual costs were also estimated for 

canal rehabilitation and farm service reservoirs. Benefits 

of various levels of irrigation for each crop were estimated 

by dimensionless crop yield-water use functions and unit 

prices of crops, and by incorporating the level of risk in 

satisfying actual evapotranspiration requirements. By esti

mating the annual costs of irrigation application subsystems 

and benefits from different amounts of applied water, and by 

using a marginal cost-benefit analysis, the most economical 
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irrigation interval for each crop on a particular soil was 

computed for a particular irrigation application subsystem. 

The peak actual water required for each different crop-soil

irrigation application~stem were then determined. The time 

of occurrence of maximum actual evapotranspiration for each 

crop in the study area follows a log-normal distribution, and 

the mathematical probability equations were defined. 

The peak water requirement of each farm unit was com

puted as a function of cropping pattern, soil type, and irri

gation application subsystem. It was found that although there 

were a variety of cropping patterns, soil types, and irrigation 

application subsystems, the peak water requirement of all farm 

units occurred in July. 

The retention duration time of water in all farm 

service reservoirs was assumed to be 12 hours. Locations of 

possible farm service reservoirs and associated service areas 

were determined, and it was assumed that all of the reser-

voirs and canal sections were unlined. Design capacities of 

farm service reservoirs and canal sections were first com

puted by assuming that all of the possible farm service 

reservoirs would be used. Annual costs of farm service 

reservoirs and canal rehabilitation were obtained at $92,815 

or $58 per hectare. By increasing the capacities of some farm 

service reservoirs and conveying water from one farm service 

reservoir to other farm units and/or farm service reservoirs, 

many different alternative system configurations are possible, 
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and optimization procedures were used to find least cost farm 

service reservoir and canal system configurations. 

A mixed integer programming model was used to deter

mlne the best possible locations of farm service reservoirs 

in two canal branches in the study area. After using MIP to 

determine the best possible farm service reservoir sites, a 

linear programming model was used for postoptimal analyses. 

The linear programming model was used to optimize the capac

ities of farm service reservoirs and canal sections subject to 

various constraints. The annual cost of farm service reser-

voirs and canal rehabilitation were $62,777 or $39.27 per 

hectare, almost 32.4% less than the first computed cost. 

The effect of water cost on system configuration was 

examined by parametric programming for different water costs 

(0-$12.15/1,000 m3). By increasing the cost of inflow water 

to $.81/1,000 m3 it was found that all of the runoff water 

would be collected and reused. Further cost increases showed 

no effect on the configuration of the system within the 

specified range. 

Conclusions 

A methodology was developed to find the optimal least 

cost irrigation system incorporating internal water storage 

reservoirs. 

The developed methodology was applied to the Snake 

River Irrigation District. The best irrigation interval for 

all crop-soil-irrigation application subsystem combinations, 
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and the water requirement of each farm unit were computed by 

using stochastical analysis and cost benefit analysis of 

irrigation application subsystems. The methodology was effec-

tive in specifying the size and location of internal water 

storage reservoirs using mathematical programming techniques. 

The following specific conclusions were obtained 

through the application of this methodology. 

1. Actual evapotranspiration follows a probability 
distribution which is important to determine the 
design capacity of irrigation system components. 

2. The costs and benefits of irrigation should be con
sidered in selecting the design capacities of irri
gation components. 

3. The time of occurrence of maximum actual evapotrans
piration may follow a type of probability distribu
tion. 

4. Least cost combinations of alternative farm service 
reservoir types and their sites and different alter
native canal structures can be determined by using 
mixed integer programming. 

5. Linear programming can be used for sensitivity and 
parametric analyses of the model. 

6. Any type of constraints such as technical, social, 
or economical can be entered in the mixed integer 
or linear programming models. 

Technical, economical, and social constraints may be 

conjunctive use of ground water and surface water, access to 

farm, bridge location, and others, using farm service reser-

vo1rs for recreational and agricultural uses or some adverse 

effects such as human safety or mosquito problems. 
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Recommendations 

The mixed integer programming software which was used 

1n this study was very slow and costly to run. Also, it did 

not provide any facility for sensitivity analysis and/or 

parametric programming. It would be favorable to use better 

software in order to be able to optimize the whole system in 

one model and carry out sensitivity analyses and/or para

metric programming. 
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JENSEN-l-IAISE EQUATION 

The Jensen-Haise equation is: 

where 

PET CT(T - Tx) Rs 

CT 
1 = 

c1 + c2 CH 

CH = 50 mb 
( e2 - el) 

e 2 , e 1 = salurated vapor pressure at the mean maximum 
and mean minimum temperature, respectively 

c 2 = 7.6°C 

cl = 38 - (2°C . elevation in (m)/305) 

Tx = -2.5 - .14 (e 2 - e 1 )°C/mb - elevation (m)/550 

e 2 and e 1 are computed by Bosen's equation (1) or: 

e ~ 33.8639 [(.00738T + .8072) 8 - .000019/1.8T 

+ 48/+.001316) 

e saturated vapor pressure in mb at T average 

temperature in °C for: 

R solar radiation in lg/day s 

PET = potential evapotranspiration in lg/day 

Pet is converted to mm/day by dividing to AT where 



AT = 595 - .51 TA 

TA = average daily temperature 

Daily effective rainfall is deducted from daily potential 

evapotranspiration from here on, it is shown by PET. 
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(USDA-SCS, 1973) 
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SOIL DESCRIPTION 

Bannock (Ba). The surface layer is grayish brown loam 

that is slightly gravelly and 15 em thick. The subsoil is 

grayish-brown and light brownish-gray loam that is slightly 

gravelly and extends to the depth of 41 em. The substratum, 

in the upper part, is pale brown and light brownish-bray, 

strongly calcareous stratified, gravelly loam, and very 

gravelly sandy loam. This is underlain by very gravelly 

coarse sand at a depth of 91 em. 

Bannock soil is well drained soil with level to 

moderate slope. 

Bock (BO). The surface layer is grayish brown loam 

about 25 em thick. The subsoil is brown loam that extends to 

a depth of 38 em. The substratum is light brownish-gray and 

light gray, stratified alluvium that is mainly loam and fine 

sandy loam to a depth of 119 em. Below 119 em is very gra

velly coarse sand. 

Bock soil is well drained with level to very gentle 

slope. 

Heiseton (Hs) . The surface layer is grayish-brown 

sand loam 20 em thick. The underlying soil is light brownish

gray, dominantly fine sandy loam that extends to a depth of 

114 em. Below 114 em is underlain by light brownish-gray 

very gravelly coarse sand. Heiseton soil is moderately well 

drained, with level to very gentle slope. 
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Stan (St). The surface layer is grayish-brown and 

brown fine sandy loam 40 ern thick. The subsoil is pale brown 

fine sandy loam 33 ern thick. The substratum lS light gray 

fine sandy loam to a depth of 127 ern. It is underlain by 

light gray, very gravelly light sandy loam. Stan soil is 

well drained soil with slope of 0-4 percent. 



APPENDIX C 

COMPUTER PROGRAM AND OUTPUT SHOWING IRRIGATION 

PARAMETERS FOR THE SNAKE RIVER VALLEY 

IRRIGATION DISTRICT 

Computer program and output showing possible 

irrigation interval, peak period consumptive use, related 

probability level, recurrence interval, level of risk, 

annual evapotranspiration, and estimated number of irriga

tions for the Snake River Valley Irrigation District 
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0.01 ..;:A(l-l. 
0016 A(Ll=AIJI 
0017 AIJI=T 

'- I . · gg~s 100 ~~~TH~E __ _ 
0020 DO 16 J=l,N----------------------------~----------------------------~---~-----

, 0021 DO 17 l=l,t-; 
'- 0022 If ((}(JJ.NE.ACJII GO TO 17 
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I 
FORTRAN IV G C£iiEL_21_ STAT DATE = 80228 091TI725 PAGE 0001 

~ 0001 SUBROUTINE STATIN,Y,AM,ST,CVl 
~ t'------000 ~ -- Cfl~~~~~~rai/'~T~o6J-Iili.Q.MQ___DEV. AND COEEF. Of VARIA. 

0003 29 FCRMATI//1 
~ OC04 30 FORMATilOX,'MEAN IS 'tfl0.3) 

j 

..J 
0005 32 FORMAT I lOX •STANDARD OEVIATION_jS ',£j0.5 

C
oooa 34l'rRMATnDx-!-TtouncTENr1lrvARTATION rs • ,F to-'-.~----,.-.,--,-,---------- 1 

~ ggg~ ~~:8: ' . J .) 
88n- 10 -~~=~? rlaAN -----
0011 AM=AIVN 
0012 DO ll 1=1,N 

._ ,.J 
0013 11 DV=DV+IY(I)-AM)** 

D D" ~ORTI~l~~----~-------------------.----------------~ 

-~ ggu ~~liH~~30l AM ·· I ..J 

88l~ w~lttl~:~~l~sr-----------------------------------------------------------------------------------------------~ 
0019 WRITEI6,29l 
002~ WRITEI6t34l CV "' QQ21 REHJ'n.rL--------------------,---,-----,--------· """ C0022 END 
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"· 
, ~Tif/ilifvGTI\ifl21 1RIN DATE .: 80228 09/12125. PAGCOOOl / 

~ I 0001 SUBROUTINE IRINII\CROP,NSOIL,ROOT,AMW, A,B,AVW,MD,AMEAN 1 STANoNN 1 S1r 
1 
~ 

$ f - C C~~~~TES- ALCficssftfiF1RRTGi\"tiONINfERVATs • . __ .J 
I..- 0002 DIMEt.SlUN RUOTI100l,AMWI100),AilOOI 1 BilOOI,AVWilOOI,SlllOOI,S21100 

•I ,YREUJOI ,MHRI2UO) 

D
CQ3, _______ 01MENSLDN_MDU.OQL.AMEA.Nllilll.4.UANI IOO),ZN! I I 2 ) 0 AGWR( I 12 I 
004 DIMEh!.lON T 11001 oPRI lOOJ,RIS(lOOl 
CC5 WRITE16o29l ' · · · -

I..- 006 DO 10 I=l,NCROP · ·. 
CC7 Kl\=0 ·--- _ ___ _ ------------~~-----'--------------------- ___ __, OCOB DO 12 J=l,tiSCIL 

~ 

..,; 

0009 GWP=ROOTIII•AMWI IJ•AVWIJI 
OOIO KN=KN•1 """ 

~ 

1 

~h ~fHffiHii .1!!/l!~n~;- ~-- ---- --~- ----~-------~--~ ...# 

L__ggl5 W!l.lTEI6~27L.AMWU _ 
1 0016 WRITEI6o28l AVIIIJl 
~ 0017 wRITE l6r 301 GWR 
1 "-" 0018 CALL ZSTAIMD,AMEANrSTAN,GWRrZN,AGWR,PR,TrRIS,NN,YRErANIRI 
' 001 wRlTEL.6.t-AB.I.---------------------------------------------------, 
~ 0020 KM=O 
J "-" . ggg ~~d~JI~l~GE 3.9) GO TO 18 

02.1 lf1 Wll'll .LT-=J .• S.L..G!.'-.J.J..l-'-"'-------------------'---------------------
0024 IF IKH.EQ.l) GO 10 5 

J 

..., 

00?5 WRITEI6r42l 
0026 IFIM.EQ.11 GO TO 5 "-" ~ 

U
!J2 NF: 028 N=I1-LI~---~-------------------------~---~~--------------

Io.- o8~6 ~H~~= t:b00
" 

oB~z fV/H~~~-~41NF ,MD INI ,AGWkiNI,ZNINl ,PF.INI, TINI,RIS INlrYR£1 Nl ,ANI"'R'I"N'l-------------------------_J 

~ 

0033 5 CONTINUE 
0034 Nf=Nf+1 "' 

..., 

U
. 0 RUUtu!t4lt.E ,I'D l.M.l..t.AGWB IMI 1 ZNIMI tPBI !II, I !MI 1 RISJ..MI,YBEI ML.AtU.B. -----------

036 Kl~=1 . I 
\or 0037 18 CONTINUE I ...# 

03A WRITEI6r501 . 
03 WRl.J£ I 6 ,_ __i 

0040 12 ClNT Ir.UE 
0041 10 CCNTI~UE 
0042 23 fGRMATilOX,' NET hATER REQUIREMENT FOR DIFFERENT LEVEL OF RISK'/) 

___ 0043 24.FOP-"1AT 110X r!l_. __ LLCALLY _ ADOP_HO .. .CRQe..!_,_5X,2A'tl __________ _ 
, 0044 25 FCRMATilOX, '2. !>l.HL lYPE'r5Xo2A41 

.. l_88~~ ~~ ~~~~nH8~::~: ~~~l[;~~~~T0~EL~w!o 1~~E~I~l~ 1 ?·~ 1
1
•,F1o.zl 

gg~~ 2 ~ -~g~~~l~ ~?1 j!5..._AVAlJ..A£.LL..SD.lL..MUlSIURE il'Mil'~J.LL"--.L--'-....:....------

w 

OC49 30 FORMATI10X 1 '6. READILY AVAILABLE SCIL MOISTURE IMMI 1 oF10.2 
OG50 35 FnRMATI3115o2F10.0ll 
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, c=;-FORTRANIV G LEVEL 21 . ZSTA· DATE= 80228 09/12/25, L· --~- ·.:'-~~~- P~GE 0001 I 
¢ .. 0_001 .' ·. SUBROUTINE ZSTAII'D,AMEAN,STAN,GWR,ZN,AGWR,PR,T,RIS,NN,YRE,ANIRI .; ' • · ..... !·',, ·. · ~ 
$ t · C COMPUIES.PROBAI31 LLU_ LEVELEROIL_L ..• 

0002 DIMENSION MCilOOJ,AMEANllOO),STANl100I,ZNI112 ),AGWRI112. ), .. ,, 
.._. ggg~ 86M1~Sj~~ ~pool 1 PRI100J,RISI100),YREI200l,AN!RI200l ' :, . :· • ~ 

U
Q05 ZN.L_j~_lALQGl.O.i.GiiR.l.=.A!iEAliil.JJ/5TAN( II . 
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0010 IFIABSIZNIIIJ.LT •• 10l ZNIII=O.O 
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NET WATER REQUIREMENT fGR Ol~FERENT LEVEL Of RISK 

1. LOCAllY AOOPTEQ CROP WHEAT 
2. SOIL TYPE HONNCCK 
3. ROOT ZONE DEPTH ( M~ ) 762.00 
4. MANAGEMENT ALLOWED DEFICIT { I ) 0.50 
5. AVAILABLE SOIL MOISTURE tMM/MMl 0.15 
6. READilY AVAilABLE SOIL MOISTURE (MM) 57.15 

NO. IRRIGATION PEAK l* PROBABILITY REC UR.EtJC E RISK AN~·lUAL 
INTERVAL PEROD 11\iTERVAL ( z) ACTUAL 
DURING CONSUM. (YEARS) EVAPCT. 
PERIOD OF USE RATE ( 1·1:~) 
MAXI MUM lMM/OAY) 
CONSUMPTIVE 
USE (DAYS) 

1 3 19.05 6.233 1.0000 9999.0 100.000 1298.5 
2 4 14.29 3.670 0.9999 8128.5 99.754 724.9 
3 5 11.43 1.953 0.9746 39.4 59. 7o3 490.6 
4 6 9.52 o. 773 0.7803 4.6 0.700 375.1 
5 1 8.16 o.o 0.5000 2.0 o.ooo 310.5 
6 8 7.14 -0.769 0.2210 1.3 o.ooo 264.2 
1 9 6.35 -1.391 0.0821 1.1 o.ouo 229.3 
8 10 5.71 -1.841 0.0328 1.0 o.ooo 207.0 
9 ll 5.20 -2.239 0.0126 1.0 o.ooo 189.1 

10 12 4.76 -2.539 o. 0 o.o o.o 176. b 
11 13 4.40 -2.715 o.o o.o O.J 169.7 
12 14 4.08 -2.e6a o.o o.o 0.0 163.9 
13 15 3.81 -3.147 o.o o.o o.o 153. a 
14 16 3.57 -3.345 o.o o.o o.o 14/.0 
15 17 3.36 -3.586 o.o o.o o.u 139.2 
16 18 3.17 -3.809 o.o o.o o.o 132. 3 * FOR z GT. OR LT. ABSl3.9) RISK=lOO. %, PROB =l., REC. lfH [ R • = 9 9 9 9 • 

EST HI A TEO 
1Wl'-1BER LF 
IRRIGATION 

22.7 
12.7 
8.6 
6.6 
5.4 
4.6 
4.0 
3.6 
3.3 
3. l 
3.0 
2.9 
2.7 
2.6 
2.4 
2.3 

N 
VI 
1-' 



NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

* FOR 

NET WATER REQUIREMENT FOR DIFFERENT ~EVEL Of RISK 

1. LOCALLY ADOPTED CROP WHEAT 
2. SOIL TYPE BOCK 
3. ROOT ZONE DEPTH ( MM J 762.00 
4. MANAGEMENT AllOWED DEFICIT ( ~ J 
5. AVAILABLE SOIL MOISTURE fHM/MMl 
6. READILY AVAILABLE SOIL MOISTURE lMM) 

IRRIGATION PEAK l* PROBABILITY 
INTERVAL PEROO 
DURING CONSut-1. 
PERIOD OF USE RATE 
t<AAXIMUM (MM/OAY) 
CONSUMPTIVE 
USE (OAYSJ 

4 16.19 4.700 1.0000 
5 12.95 2. 901 0.9981 
6 10.79 1.623 o. 94 77 
1 9.25 0.739 0.7100 
8 8.10 o.o o. 5000 
9 1.20 -0.581 0.2805 

10 6.48 -1.053 0.1461 
11 5.89 -1.475 0.0701 
12 5.40 -1.808 0.0353 
13 4.98 -2.031 o. 0211 
14 4.63 -2.220 0.0132 
15 4.32 -2.495 o.o 
16 4.05 -2.700 o. 0 
17 3.81 -2.941 o.o 
18 3.60 -3.164 o.o 
19 3.41 -3. 3 72 o.o 
20 3.24 -3.522 o.o 
21 3.08 -3.650 o. 0 
22 2.94 -3.764 o.o 
23 2 .. 82 -3.786 o.o 
24 2.10 -3.822 o.o 
25 2.59 -3.871t o.o 

o.so 
0.17 

64.77 

RECURENCE 1\ISK 
INTERVAL (%) 
(YEARS) 

9999.0 100.000 
537.5 96. 341t 

19.1. 34. 169 
4.3 o. 537 
2.0 o.ooo 
1. 4 o.ooo 
1.2 o. 000 
1.1 O.JOO 
1.0 o.ooo 
1.0 o.ooo 
1.0 o.ooo o.o o.o 
u. 0 o.o 
o.o o.::> 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.u 
o.o o.o 
o.o o.o 
o.o o.o 
o.o O.J 

ANNUAL 
ACTUAL 
EVAPGT. 

( MMl 

916.3 
603.7 
455.1 
372.2 
317.0 
275.7 
247.6 
225.0 
206.6 
198 .J 
Hl9.9 
178.4 
170. 3 
161.2 
153.2 
146.2 
141.2 
137.2 
133. 7 
133.0 
131..9 
130.4 

l GT. OR LT. AB$(3.9) RISK=lOO. ~. PROB =1., REC. INTER. =9999. 

ESTIMATED 
NU~18ER CF 
I RR 1GAT HiN 

14.1 
9.4 
7.0 
5.7 
4.9 
4.3 
3.8 
3.5 
3.2 
3.1 
2.9 
2.8 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 
2.1 
2. 1 
2.0 
2.0 

N 
VI 
N 



NET WATER REQUlREME~T FOR DIFFERENT LEVEL Of RISK 

1. LOCALLY ADOPTED CRCP WHEAT 
2. SOIL TYPE HAYESTON 
3. ROOT ZONE DEPTH ( HM ) 762.00 
4. MANAGEMENT ALLOWED GEFICIT I ~ J 0.50 
5. AVAILABLE SOIL MOiSTURE lMM/MMl 0.12 
6. READILY AVAILABLE SClL MOISTURE (MM) 45.72 

NO. IRRIGATION PEAK Z* PROBA BlLl TY RECURENCE RISK ANNUAL 
INTERVAL PEROO INTERVAL (% J AL.TUAL 
OUR I NG CONSUM. {YEARS) EVAPOT. 
PERIOD OF USE RATE ( t4M) 
foiAXIMUM (MM/DAY) 
CONSUMPTIVE 
USE (DAYS) 

1 3 15.24 4.224 1.0000 9999.0 100.000 822.2 
2 4 11.43 l.B33 o.9o66 29.9 50.673 4 77.4 
3 5 q.14 0.263 0.6037 2.5 0.004 334.0 
4 6 7.62 -0.742 0.2290 1.3 o.ooo 265.8 
5 7 6.53 -1.4 79 o. 0696 1 .1 o.ooo 224.3 
6 8 5.71 -2. 196 o. 0140 1.0 o.ooo 190.9 
1 9 5.08 -2.836 o.o o.o o.o 165.1 
8 10 4.57 -3.245 o.o o.o o.o 150.4 
9 11 4.16 -3.601 o.o o.o o.o 138.7 

10 12 3.81 -3.ti41 o.o o.o O.'J 131.3 
* FOR z GT. OR LT. ABS(3.9) RISK=100. %, PRGB =1., REC. INTER. =<;99'-l. 

ESTHlATED 
NUHBEF OF 
I 1-\P, I GAT I Lr J 

18.0 
10.4 
7.3 
5.o 
4.9 
4.2 
3.6 
3.3 
3.0 
2.9 

N 
t.N 
t.N 



NET WATER REQUIREMENT FOR OIFFERENT LEVEL OF RISK 

1. LOCALLY ADOPTED CRUP WHEAT 
2. SOIL TYPE HEISETCN 
3. ROOT ZONE DEPTH ( MM ) 762.00 
4. MANAGEMENT ALLOWED DEF1ClT ( % ) 0.50 
5. AVAILABLE SOIL MOISTURE (MH/MM} 0.13 
6. READILY AVAILABLE 50IL MCISTURE lMM} 49.53 

NO. IRRIGATION PEAK l* PRUBABIL I TV RECUREr~CE RISK ANNUAL 
INTERVAL PEROD INTERVAL (%) ACTUAL 
OUR I NG CON SUN. (YEARS) EVAPCT. 
PERIOD OF USE RATE ( i4~1 ) 
~AXIMUM (MM/DAY) 
CONSUMPTIVE 
USE (DAYS) 

1 3 16.51 4.944 1.0000 9999.0 100.000 9613.6 
2 4 12.38 2.492 0.9936 157. 3 88. J2 7 554.5 
3 5 9.91 0.869 0.8076 5.2 l. 3<; 4 383.4 
4 6 8.2 5 -0.199 0.4213 1.7 O.JOO 300.8 
5 7 7.08 -0.969 0.1662 1.2 c. 000 252.4 
6 8 6.19 -1.684 0.0461 1.0 o.ooo 214.5 
7 9 5.50 -2.318 0.0102 1.0 o.ooo 185.8 
8 10 4.95 -2.742 o.o o.o o.o l6b.7 
9 11 4.50 -3.113 o. 0 o.o o.o 155.0 

10 12 4.13 -.3.374 o.o o.o o.o 146.1 
11 13 3.81 -3.498 o.o o.o o.o 142.0 
12 14 3. 5 1t -3.610 o.o o.o o.o 138.4 
13 15 3.30 -3.891 o.o o.o o.o 129.9 

* FOR z GT. OR LT. A8S{3.9) RISK=lOO. %, PROB =1., REC. INlER.. =9999. 

ESTU1ATED 
NUI·1 e EK CF 
IRRIGATION 

19.6 
11.2 

7.7 
6 .1 
5. l 
4.3 
3.0 
3.4 
3.1 
2.9 
2.9 
2.8 
2.6 

N 
Vl 
+:> 



NET WATER REQUIREMENt FOR DIFFERENT LEVEL UF RISK 

1. lOCALLY ADOPTED CROP WHEAT 
2. SOIL TYPE PAESL 
3. ROOT ZONE DEPTH ( MM ) 762.00 
4. MANAGEMENT ALLOWED DEFICIT ( ~ ) 0.50 
5. AVAILABLE SOIL MOISTURE (MM/MMl 0.19 
6. READILY AVAILABLE SOIL MOISTURE (MMl 72.39 

NO. IRRIGATION PEAK l* PROBABILITY RECURENCE RISK AtH,lUAL ESTIMATH' 
INTERVAL PEROD INTERVAL (;&) ACTUAL N Ut'lG E P CF 
DURING CON SUM. (YEARS) EV APi.JT. IRklGAliCt~ 
PERIOD Of USE RATE (MM) 
MAXIMUM { MM/DAY l 
CONSUMPTIVE 
USE (OAYSJ 

1 4 18.10 5.616 1.0000 9999.0 100.000 112~.4 15.6 
2 5 14.48 3.744 0.9999 13189.6 99.848 737.2 10.2 
3 6 12.06 2. 379 u.9913 115.1 83.980 540.4 7.5 
4 7 10.34 1.447 0.9261 13.5 21.523 437.3 6.0 
5 8 9.05 0.744 o. 7715 4.4 0.558 372.6 5.1 
6 9 8.04 0.139 0.5551 2.2 0.001 324.7 4.5 
7 10 7.24 -0.353 0.3619 1.6 0.000 290.3 4.0 
R 11 6.58 -0.796 0.2129 1.3 o.ooo 262.5 3.6 
9 12 6.03 -1.159 0.1232 1 • 1 o.ooo 241.7 3.3 

10 13 5.57 -1.422 o. 07 75 1.1 o.ooo 227.7 3.1 
11 14 5.17 -1.643 0.0502 1. 1 o.ooo 216.6 3.0 
12 15 4.83 -1.916 0.0277 1.0 o.ooo 203.5 2.8 
13 16 4.52 -2..127 0.0167 1.0 o.uoo 194.0 2.7 
14 17 4.26 -2. 3c a o.o o.o o.o 183. 7 2.? 
15 18 4.02 -2.591 o.o o.o 0.0 174.6 2.4 
16 19 3.81 -2.798 o.o o.o o.o 166.5 2.3 
17 20 3.62 -2.955 o.o o.o o.o l6CJ.7 2.2 
18 21 3.45 -3.088 o.o o.o O.J 155.9 -.. .., 

Le£. 

19 22 3.29 -3.208 o.o o.o 0 • .) 151. 7 2.1 
20 23 3.15 -3.246 o.o o.o o.o 150.4 2.1 
21 24 3.02 -3.293 o.o o.o O.J 143.8 2.1 
22 25 2.90 -3.356 o.o o.o O.J 146. 7 2.0 
23 26 2.78 -3.440 o.o o.o o.o 143.9 2.0 
24 27 2.68 -3.563 o.o u.o O.J 13().9 1 • 9 
25 28 2.59 -3.648 o.o o.o o.u 137.3 1 • (j 
26 29 2.50 -3.692 o.o o.o o.o 135.9 1 .9 N 21 30 2.41 -3.709 o.o o.o O.J 135. 4 1.9 V.l * FOR z GT. OR LT. ABS(3.9) RISK=lOO. %, PROB =1., REC. lNT ER. = 9999. Vl 



NET WATER REQUIREMENT fOR OIFFERENi LEVEL GF RISK 

1. LOCALLY ADOPTED CkOP WHEAT 
2. SOIL TYPE STAN 
3. ROOT ZONE DEPTH ( MM ) 762.00 
4. MANAGE~ENT ALLOWED DEFICIT ( i ) 0.50 
5. AVAILABLE SOIL MOISTURE lMM/MMl 0.14 
6. READILY AVAILABLE SOIL MOISTURE (MM1 53.34 

NO. I R R I GAT I ON P E AK l* PROBABILITY RECUP,ENCE RISK ANNUAL 
INTERVAL PEROD INTERVAL cu AC TU,\L 
DURING CONSUH. {YEAR$) EVAPOT. 
PERIOD OF USE RATE ( f-1M} 
1'-'AXIMU~1 (MM/OAYJ 
CONSUMPTIVE 
liSE (DAYS) 

1 3 17.78 5.612 1. 0000 9999.0 100.000 1127.4 
2 4 13.33 3.102 0.9990 1036.1 98.088 637.1 
3 5 10.67 1.431 0.9237 13.1 20.459 435.6 
4 6 8.89 0.305 0.6197 2.6 0.007 337.2 
5 7 7.62 -0.497 0.3094 1.4 o.ooo 281.0 
6 8 6.67 -1.210 o. 1131 1.1 o.oco 239.0 
1 9 5.93 -1.838 0.0330 1. 0 o.ooo 207.2 
8 10 5.33 -2.2 75 0.0114 1.0 o.ooo 187.5 
9 11 4.85 -2.660 o. 0 o.o o.a 171.8 

10 12 4.44 -2.942 o. u o.o o.o 161.2 
11 13 4.10 -3.093 o.o o.o o.o 155.7 
12 14 3.81 -3.226 o. 0 o.o o.o 151. 1 
13 15 3.56 -3.506 o.o o.o o.o 141.8 
14 16 3.33 -3.701 o.o o.o o.o 135.6 * FOR z GT. OR LT. ABS(3.9) RISK=lOO. %, PROB =1., REC. INTER. =9999. 

ESTlMATi:D 
~lUI'-iBEk Cf 
IRR.IGATICN 

21.1 
11.<t 

B.2 
6.3 
5.3 
1t. 5 
3.9 
3.5 
3.2 
3.0 
2.9 
2.8 
2.7 
2.5 

N 
lN 
C]\ 



NO. 

l 
2 
3 
4 
5 
6 ·r 
8 
9 * FOR 

NET WATER KEQUIREMENT FOR DI~FlRENT LEVEL GF RISK 

1. LOCALLY ADOPTED CRCP ALFALFA 
2. SOIL TYPE 60NNUCK 
3. ROCT ZONE DEPTH ( NM ) 1219.20 
4. MANAGEMENT ALLOWED DEFICIT ( ' J 
5. AVAILABLE SOIL MUISTURE lMH/MMl 
6. READILY AVAiLABLE SOIL MOISTURE (MMJ 

IRRIGATION PEAK Z* PHLBABlLI TY 
INTERVAL P EROD 
DURING C ONSU~1. 
PERIOD Cf USE RATE 
tJ AX I MU r~ (MM/OAY) 
CONS V·1 PT I VE 
LSE (DAYS) 

1 14.3"7 4.115 l.JOOO 
8 12.57 2.810 0.~975 
9 11. 18 1.690 0.9545 

10 10.0b 0.655 0.7439 
11 y .1 '-t -0 • .! 11 0.3758 
12 8.38 -1..175 0.1199 
13 7.74 -1.575 u. 0242 
14 7.18 -2. 669 o.o 
15 6. H -J.392 o.o 

0.55 
0.15 

100.58 

RECUREtJC E RISK 
INTERVAL (%) 
(Yl:ARS) 

9999.0 100.000 
403.1 9~.154 

22.0 39.38t-
3.9 0.269 
1.6 0.000 
1.1 o.uoo 
1.0 c.ooo 
o.o o.o 
u.o o.o 

ANNUAL 
ACTUAL 
EVAPOT. 

( M.'•l ) 

1166.5 
99?.6 
869.1 
166.5 
681.2 
613.8 
557.0 
51Z.Cl 
469.0 

l GT. OR LT. AB~(3.9) RI~~=lUO. %, PKOB =1., REC. n.r ER. = '1999. 

E: S T P.1 AT E.O 
NU~lBH: Of 
IRR IGAT ILf~ 

11.6 
9.<:1 
e.6 
7.6 
6.8 
6.1 
5 c:: .:J 
5.1 
4.7 

N 
Vl 
-....) 



NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 * FOR 

NET WAlEK REQUIREMENT FUR Ulf~ERENT LEVEL OF RISK 

1. lCCALLY ACOPTEO CROP AlfALFA 
2. SOIL TYPE BUCK 
3 • R 0 0 T l 0 N E DE P T H ( i•HI ) 12 1 9 • 2 0 
4. I..,A~lAGE=MENT ALLOwED OEF IC IT ( :C ) 
5. AVAILABLE SOIL MOISTURE (MM/MM) 
6. READILY AVAILAGLE SGIL MOISTUkE (MM) 

IRR.IGATIGN PEAK Z* PROoABILl TV 
INTERVAL PEROU 
DURING CONSUt.,. 
P0\1 00 OF USE RATE: 
MAX I I~U~1 ( :·1i'V DAY ) 
CONSUMPTIVE 
USE (CAYS) 

8 14.25 4.245 1.0000 
9 12.67 3.145 0.9992 

10 ll.4J 2.C77 o. 9811 
11 10.36 1.104 0. 86 51 
12 9.50 0.208 0.5824 
13 8.77 -u.578 0.2616 
14 8 .l 1t -1.276 0.1009 
15 7.60 -1.983 0.0237 
16 7.12 -2.711 o.o 
17 6.71 -3.247 o.o 
18 6.33 -3.649 o.o 

0.55 
0.17 

114.00 

RECURE:NLE RISK 
INTERVAL (%) 
(YEARS) 

9999.0 100 .ooo 
12 uo. 4 98.347 

53.0 6d. 303 
7.4 5. 514 
2.4 o.uc2 
1.4 o.ooo 
1.1 0.:)00 
1.0 o.ooo 
o.o o.o 
o.u o.o 
o.o o.o 

MJNUi\L 
ACTUAL 
EVAPLT. 

(Mf-1) 

1185.0 
1036.9 

'110.9 
80'1.4 
726.0 
65(}.9 
606.3 
55&.5 
509.4 
1t11.3 
454.6 

l GT. OR LT. ABS(3.9) RISK=lOO. %, PRQB =1., REC. INTER. =9999. 

EST H~ J\ TED 
hU~18ER Ut 
IRRlGATlGN 

10.4 
9 .l 
8.0 
7.1 
6.4 
5.8 
5.3 
4.9 
4 " • J 

4.2 
4.0 

N 
V-l 
00 



NET WATER REQUIREMENT FUR UlfF~RENT LEVEL UF RISK 

1. LOCALLY ADOPTED CRCP ALFALFA 
2. SOIL TYPC HAYE~TGN 
3. ROCT ZO~E DEPTH ( HM ) 121~.20 
4. MA~AGEMENT ALLOWED DEFICIT ( %) 0.55 
5. AVAILABLE SUIL MGISTURE (NM/MM) 0.12 
6. READILY AVAILABLE SCIL MUISTUkE (MM) 80.47 

NO. IRRIGATION PEAK Z* PRCBABILITY RECURENCE Rl:lK ANNUAL 
HiTERVAL PERCD INTERVAL (~} ACTUAL 
CURI"JG CONSUl". (YEARS) EVAPCT. 
PEP,JCD CF USE RATE ' """} r-· AX I MUt-1 ( Mr·UDAY) 
CONSUI-1PTIVE 
USE (l)AYS} 

1 5 16.09 5.399 1.0000 9999.0 100.000 13{,3.3 
2 6 13.41 3.238 0.9994 1652.6 98.797 1048.7 
3 7 11.50 1.582 0.9431 17.6 31.004 857.7 
't 8 10.0o 0.252 0.5S93 2.5 0.004 729.8 
5 9 8.94 -o. 904 o. 18.31 1.2 o. ouo 634.4 
6 10 8.05 -1.980 0.0300 1.0 o.ooo 563.5 
1 11 7.32 -2.848 o.o o.o o.o 501.0 
8 12 6.71 -3.642 o.o o.o o.o 45S.O * FOR l GT. OR LT. A8S(3.9) RISK=lOO. %, PR08 =1., REC. INTER. =99S9. 

E S T H-1 1\T 1: 0 
NU:·1BER CF 
IRRIGATILN 

16.9 
13.0 
10.7 
9. 1 
7.9 
7.0 
6.2 
5. 7 

N 
lN 
~ 



NET WATER REQUIREMENT FOk DIFFERENT LEVEL GF RISK 

1. LOCALLY ADOPTEU CROP ALFALFA 
2. SOIL TYPE HEISETuiJ 
3. ROnT ZONE DEPTH ( MM ) 1219.20 
4. MANAGEMENT ALLUWEO OEF IC IT ( % ) 0.55 
5. AVAILABLE SOIL MOISTURE (MM/MH) 0.13 
6. READILY AVA!LAoLE SOIL MUISTUkE (MM) 87.17 

NO. IRRIGATION PEAK Z* PRCJBABILI TY REtURENCE RISK ANNUAL 
INTERVAL PfROU INTERVAL (%) ACTUAL 
DURING CCNSUI-1. (YEARS) EVAPUT. 
PFRIOD (IF USE RATf ( W·l) 
1'-lAXIf~UI'-~ (MM/OAY) 
CONS u:., PT I VE 
USE (CAYS) 

l 6 14.53 4.lt6 1.0000 9'1~9.0 100.000 117J.b 
2 7 12.45 2.490 0.9936 156.7 87.980 951.7 
3 A 10.90 1.169 0.8768 8.3 7.554 815.8 
4 9 9.69 u.o o.soou 2.0 o.ooo 710.2 
5 10 8.12. -0.971 o. 16 59 1.2 o.ooo 629.2 
6 11 7.92.. -1.940 0.0262 1.0 0.000 559.4 
7 12 7. 26 -2.757 o.o o.o O.J 506.6 
8 13 6.71 -3.571 o.u u.u o.o 458.9 

* FOR l GT. OR LT. AbS(3.S) RlSK=lOO. %, PkOB =1., REC. INTER. =99'19. 

EST P~ATED 
rW/'18 f- R CF 
IRk lGAllLN 

13.5 
11.0 
9.4 
8.1 
7.2 
6.4 
5.8 
5.3 

N ..,. 
0 



rw. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 * F OIZ 

NET ftATER REQUIREMENT FGR DIFFERENT LEVEL UF RISK 

1. LOCALLY ACOPTED CROP ALFALFA 
2. SOIL TYPE PAESL 
3. ROOT ZONE DEPTH ( NM 1 1219.20 
4. MANAGEMENT ALLOWED DlriCIT ( ~ ) 
5. AVAILAiLE SGIL MLISTURE (MM/MM) 
6. RlADllY AVAlLAJLE SCIL MOISTURE lMMl 

IRRIGATION PE1\K l* PROBA Bl Ll TY 
INTERVAL PEROD 
DURING CCNSUH. 
PERIOD OF USE RAT[ 
MAXIIVUT-~ ( Mf-1/0AY l 
CONSur~PT IVE 
USE (DAYS) 

9 14.16 4. '•38 l. 0000 
10 12.74 3.::>41 0.9996 
11 11.58 2.366 0.9910 
12 10.62 1.438 0.9247 
13 9.8J 0.663 0.7463 
14 9.10 o.o 0.5000 
15 8.49 -0.731 0.2325 
16 7.96 -1.414 o. 07 57 
17 "1.49 -l.<Jc9 0.0234 
18 7.08 -2.447 o.o 
19 6.71 -3.065 u.o 
20 6.37 -3.5':78 o.o 

0.55 
0.19 

127.41 

RECURENCE RISK 
INTERVAL (%) 
(YEAH.$) 

9999.0 100.000 
2410.5 99.174 

ll.i.1 83.45 D 
13.3 20.909 

3.9 u.287 
2.0 o.ooo 
1..3 o.ooo 
1.1 o.uoo 
1.0 o.ooo u.o o.o 
o.o o.o 
o.o o.o 

AtiNUAL 
ACTUAL 
EVAPLT. 

tMM) 

1213.1 
1061.9 

943.3 
842.9 
767.2 
704.6 
647.8 
596.3 
55&.1 
526.u 
48.'3.0 
457.4 

l GT. OR LT. ABS(3.9) RlSK=lOO. %, PROS =1., REC. INTER. =9999. 

E SrI r.'AT ED 
NUi-18[f' GF 
lFRIGAliCN 

9.5 
8.3 
7.4 
6.6 
6.0 
5.5 
5.1 
4.7 
'•. 4 
4 .1 
3.e 
3.6 

N ...,. 
....... 



NET WATE~ R~UUlREMlNT FOR DIFFERENT LEVEL OF RISK 

1. LOCALLY ACOPTED CRGP ALFALFA 
2. SOIL TYPE STAN 
3. ROCT ZONE DEPTH I ~~ ) 1219.20 
4. MANAGEMENT ALLGWED DEFICIT ( % ) 0.55 
5. AVAILABLE SOIL MOISTURE (MM/MM) 0.14 
6. READILY AVAILAbLE SCIL MCISTURE (MM) 93.8b 

NO. IFRIGATIGN PEAK Z* P ROBA l:H L I TY RELURENCE RISK ANNU~l 
INTERVAL PEROlJ INlEf.,VAL ( :(; ) ACTUAL 
CURING CONSUtvi. (YEARS) EVAPUT. 
PERI CD CF USE RAT£ (MM) 
JIAAXH1Ut'. ( t·1M/DA Y) 
CONSUMPTIVE 
USE {DAYS! 

1 6 15.65 5.026 l. 0000 9999.0 lOU.JOO 1302.8 
2 7 13.41 3.332 0.9996 2319.9 <:19 ~ 141 l Jt J. 7 
3 8 11.73 2.019 0.971::.2 46.0 64.414 904.5 
4 9 10.43 O.S88 0.8127 5.3 1.581 788.5 
5 10 9.39 -0.129 0.4480 1.8 o.ooo 696.9 
6 11 8.53 -1.099 O.l35ti 1.2 0.000 619.5 
7 12 7.82 -1. (ns 0.0263 l. 0 u.llOO 559.5 
0 13 7.22 -2.744 o.o o.o o.o 507. "t 
C) 14 6.71 -3.437 0.0 o1a o.o 466.4 * FOR z GT. OR LT. ABS(3.9) RISK=lUO. %, PROB = ., REC. INTER. =99Y9. 

ESTIMATED 
NUNBER LJF 
IFRIGATIGN 

13.9 
11.3 
9.6 
8.4 
7.4 
6.6 
6.0 
~.4 
5.0 

N 
.!':> 
N 



NET WATER REQUIREMENT FOR DlfFERENT LEVEL GF RISK 

1. lOCALLY ACOPTEO CRCF PASTURE 
2. SCIL TYPE BONNCCK 
3. fCCCT ZONE Dt:PTH ( ~i~1 } 7&2.00 
4. ~ANAGEMENT ALLUwEO DEFICIT ( :.( ) 0.55 
5. AVAILABLE SUIL MG1STURE (MM/MM) 0.15 
6. READILY AVAILABLE SCIL MUISTURE (MMl 62.8t 

NC. IRRIGATION PEAK l* PRLJBAu!LlTY RECUR£:NCE RISK ANNUAL 
INTERVAL PF.ROO INTERVAL ( :t:} ACTUAL 
CURING CC N SUfvl. (YEARS) EVAPUT. 
PERICD CF USE RATE (MMl 
~AXI MU,_I (Mt-VOAY) 
CONSUMPTIVE 
LSE (CAYS) 

1 4 15.72 5.235 1.0000 9999.0 100 .ooo 1410.7 
2 5 12.57 2. 662 0.9961 257.4 92.511 1029.7 
3 6 10.48 O.c05 0.7212 3.7 0.171 800.5 
4 7 8.96 -a. S96 0.1596 1.2 0. 000 65H.l 
5 8 7.86 -2.352 o. 0 u.o o.o 557.5 
6 9 6.c:;u -3.543 o.o o.o o.o 481.9 * FOR l GT. OR LT. ABS(3.Sl RISK=lOO. %, PROB =1., REC. lNTEk. =9999. 

ESTIMATED 
NUHBER CF 
IRRIGATILN 

22.4 
16.4 
12.7 
10.5 
8.9 
7.7 

N 
+:> 
V-1 



NET WATER REQUIREMENT FOR DifFERENT LEVEL OF RISK 

1. LOCALLY ADOPTED CRCP PASTURE 
2. SOIL TYPE BUCK 
3. RCCT ZCNE DEPTH { MM ) 762.00 
4. MANAGEMENT ALLUWEO CEFICIT ( % ) 0.55 
5. AVAILABLE SCIL MOISTURE tMM/MMl 0.17 
t. READILY AVAlLA~LE SCIL MGISTURE lMMl 71.25 

NC. IRRIGATION PEAt<. Z* PROBABILITY RECURENCE R IS"- ANNUAL 
INTERVAL PEROO INTERVAL (%) ACTUAL 
DURING CONSLJH. (YEARS} EVAPOT. 
PERIGO CF USE RATE ( MM) 
f.1A XI MUM ( Mf·1/DA Y) 
CCNSUr-.1PT IVE 
LSE {DAYS) 

1 5 14.25 4.171 1.0000 9999.0 100.000 1238.5 
2 6 ll.8J 2.056 0.9801 50.3 66.920 950.1 
3 7 10.18 0.425 o. bb4:» 3.() 0.028 783.1 
4 8 8.91 -0.<;17 0.1797 1.2 o. ceo 664.5 
5 9 7.92 -2.C88 0.0184 l..O G.OOO 575.8 
6 10 7. l2. -J.C38 o.o o.o o.o 512.6 

* FCR z GT. OR LT. Au$(3.9) RISK:lOO. %, PROB =1., REC. Il'HE:~. :9999. 

ESTltJATED 
r~UMBER CF 
IRRIGATILN 

17.4 
13.4 
11.0 
9.3 
8.1 
7.2 

N ..,. ..,. 



NET WATER REQU1REME~T FOR DIFFERENT LEVEL OF RISK 

1. LOCALLY ADOPTED CRCP PASTURE 
2. SOIL TYPE IIAYESTCN 
3. ROOT ZOtJE DEPTH ( MfJ J 762.00 
4. MANAGEMENT ALLUWED OEF ICl T ( :l: ) O. 55 
5. AVAILABLE SCJL MCISTURE (MM/MM) 0.12 
6. READILY AVAILAblE SCIL MGJSTURE (MM) 50.29 

f\ c. IRRIGATICN PEAK l* PRGBABILITY RECURENCE R 1 Sl\. ANNUAL 
INTERVAL PEROD INTeRVAl ( ~) ACTUAL 
CURif\G CONSUN. (YEARSJ EVAPOT. 
PERICD OF USE RATE (t-IM) 
fJAXIMUM (MM/UAY) 
CCNSCMPTIVE 
LSE (DAYS) 

1 3 16.76 6.C40 1.0000 9999.0 1CO.OOO 1556.6 
2 4 12.57 2.505 0. 9o:; 39 163.4 88.445 1010.1 
3 5 10.06 u.c 0.5000 2.0 c.ooo 740.9 
4 6 8.38 -l.c;84 o.J237 1. 0 o.ooo 583.2 
5 7 7.18 -3.530 o.o o.o o.o 482.7 

* FGR l GT. OR LT. AB$(3.'1) RISK=lOO. %, PROU =l., REC. INTEk. =9999. 

EST IMAT£D 
NUt·1 B ER OF 
I Rf: I GAT I u; 

31.0 
20.1 
14.7 
11.6 
'1.6 

N ..,. 
Vl 



NET WATER REQUIREMENT FGR DIFFERENT LEVEL Of RISK 

1. LOCALLY ADOPTEO CROP PASTURE 
2. SOIL TYPE HEISETON 
3. ROCT ZONE DEPTH ( MM ) 762.00 
4. MANAGEMENT ALLUWED DEFICIT ( ' ) 0.55 
5. AVAILABLE SCIL MGISTURE lMM/MMl 0.13 
6. READILY AVAILAI3LE SCIL MCISTURE {MM) 54.48 

NC. IRRIGfiTICN PEAK l* PROBABILITY RECURENC E RISK ANNUAL 
IrHERVAL PEROD INTERVAL (%j ACTUAL 
CURII'\G CO NSU~l. (YEARS) EVA PCJT. 
PERICD CF USE RATE ( Ml"') 
~A X I !-1UM (MM/DAY) 
CONSUMPTIVE 
LSE (DAYS) 

l 3 18. u.~ 7.coo 1.0000 9999.0 100.000 1767.9 
2 4 13.62 3.484 0.9997 3905.3 Ci9.489 1138.7 
3 5 1 a. 90 o. s 37 o. 8256 5.7 2.162 833.7 
4 6 9.08 -l.C55 0.1457 1.2 0. C(jQ 653.4 
5 7 7.78 -2.621 o.o o.o o.o ~39.5 

* FOR z GT. OR LT. ABS(3.9) RISK=lUO. %, PkOB =1., REC. INTER. =99<.J9. 

ESTIMATEO 
NUMl>EP. l;f 
IRRIGATIGN 

32.4 
20.9 
15.3 
12.0 

9.9 

N ..,. 
0'1 



NET WATER REQUlKEME~T FUR DifFERENT LEVEL OF RISK 

1. lOCALLY ADOPTED CROP PASTURE 
2 • SO I L T YP E P A E S l 
3 • R 0 C T Z C N E DE P T H ( t-; f'J ) 1 o 2 • 0 0 
4. MA~AGEMENT ALLOhED DEFICIT ( ~ ) 0.55 
5. AVAILABLE SOIL MOISTURE (HM/MMl 0.19 
6. READILY AVAILABLE SCIL MOlSTURE (MMJ 79.63 

t\C. IRRIGATION PEAK Z* PROBABILITY RECURENCE Rl SK ANNUAL 
INTERVAL PEROD INTERVAL (%J ACTUAL 
CURING CON SUi1. (YEARS) EVAPOT. 
PERICD GF USE R.ATE: ( Mt-U 
!JAXIMUM ( MfVDAY} 
CONSUMPTIVE 
lSE WAYS) 

1 5 15.93 5.512 1.0000 9999.0 100.000 1459.3 
2 6 13.27 3.346 0.9996 2416.1 S9.175 1119.6 
3 7 11.3a 1.688 0.9543 21.9 39.198 c; 13. 9 
4 8 9. 9 5 0.359 0.6400 2.8 0.013 776.8 
5 9 8.135 -0.7<;5 0.2132 1.3 o.coo 674.5 
6 10 7.96 -1. 77't 0.0380 1.0 0.000 598.4 
7 11 7.24 -2.742 o. 0 o.o o.o 531.5 
8 12 o.64 -3.539 o.o o.o o.o 482. 1 * FOR z GT. OR LT. ABS(3.9) RISK=lOu. %, PROB =1., REC. I~TER. =9999. 

ESTIMAH:O 
NL:~1t3EP OF 
IRRIGATION 

18.3 
14 .l 
11.5 

9.8 
8.5 
7.5 
6.7 
6.1 

N ..,. 
-....] 



NET WATER REQUIREME~T FGR DIFFERENT LEVEL Uf RISK 

I. lOCALLY ADOPTED CRCP PASTURE 
2. SOIL TYPE STAN 
3. ~CCT ZONE DEPTH ( MM ) 762.00 
4. MANAGE~ENT ALLUWEO CEFICIT ( ~ ) 0.55 
5. AVAILABLE SOIL MOISTURE (MM/MM) 0.14 
6. READILY AVAILABLE SCIL MOISTURE (MM) 58.67 

NO. IRRIGATION PEAK Z* PRUBAB! Ll TY RECURENC E RISK ANNUAL 
INTERVAL PEROD INTERvAL (%} ACTUAL 
DURING CC ~ SUi-1. (YEARS) EVAPOT. 
PERIOD OF USE RATE (MMJ 
,_,AXIMUfl (HM/DAY} 
C C N S UM P T I V E 
IJSE (DAYS) 

l 4 14.6"1 4.391 l .. 0000 9999.0 100.000 1272.3 
2 5 11.73 1.830 o. 9664 2'1.8 50.4 73 930.0 
3 6 9.78 -o. 196 0.4224 1. 7 o.oco 725.8 
4 7 8.3B -1.779 0. 03 76 1.0 0. 000 ssa.o 
5 8 7.33 -3. 143 o. 0 u.o o.o 506.1 

* FOR z GT. OR LT. ABS(3.SJ RI5K=100. ~' PROB =l., REC. lf\iTER. =S9':J<i. 

ESTIMATED 
1\iU.V.BER CF-
If\RIGATICN 

21.7 
15.9 
12.4 
10.2 
8.6 

N .,. 
00 



NET WATER REQUIREMENT FOR UIFFERENT LEVEL GF RISK 

1. LCC ALLY ACOPTEO CRUP PUT ATUES 
2. SUIL TYPE uJNNLCK 
3 • R 0 C T Z ma: DE P T li ( rH·l ) 7 6 2 • 0 0 
4. ~AANAGCMENT ALLL.lwE!J OEF 1CIT ( % ) 0.35 
5. AVAILABLE SuiL MOISTURE (MN/MM) 0.15 
6. READILY AVAILAJLE ~CIL MOISTURE lMM) 40.00 

NO. !RRIGATIGN PEAK Z* PRUBAOILI TY f<..ELURE:NCE RISK AtlNUAL 
INTERVAL PEROO H:TERVAL (%) ACTUAL 
DURING coN sur". (YEARS) EVA?CT. 
PERIOD CF USE kATE ( Mt1) 
tv A X I ~1 U r·1 { i·lM/Dt\ Y) 
CONSUt-1PTIVE 
USE (DAYS) 

l 3 13.33 6.407 l. 0000 9999.0 100.000 937.2. 
2 4 10.00 2. 731 o. 9 'i68 31<>.3 93.C6J 643.1 
3 5 a.ov 0.177 0.5703 L.3 0.001 495.1 
4 6 6.6/ -1.857 0.0316 1.0 o.oco 40.2.0 
5 7 5.71 -3.565 o. u o.o u.o 337.5 

* FCR l GT. OR LT. A~S(3.9J RI~K=lOO. ~. PROB =1., REC. INTER. =9999. 

ESTIMATED 
f'lUHoER t;f 
IRk I GAT I Cl\ 

23.4 
16 .l 
12.4 
10.0 
8.4 

N 
~ 
<.0 



NET WATER REQUIREME~T FGR DIFFERENT LEVEL OF RISK 

l. LOCALLY ACGPTEO CROP POTATOES 
2. SOIL TYPE COCK 
3. ROCT ZWJE DePTH ( IH1 ) 762.00 
4. ~A~JAGEMENT ALLCWEO DEFICIT ( t ) O. 35 
5. AVAILABLE SUIL MOISTURE (HM/MMJ 0.17 
6. READILY AVAILAJLE SGIL MOISTURE {MMl 45.34 

NO. IR~lGI\TIOi~ PFAK Z* PR08Al3ILITY RECUREiJC E RISK At\NUAL 
INTERVAL P tkCO INTERVAL ( ~) ACTUAL 
OURII\G CCNSU~1. (YEARS) EVAPGT. 
PERIOD LF USE RATE (~iN) 
i"lA X I .'v1lJ r~ ( f'i~UOAY) 
Cm!SU1~PTIVE 
USE (DAYS} 

1 4 ll. 3 3 4.296 l.uooo 9999.0 l:Ju.OOO 755.0 
2 5 9.07 1.719 0.9';)72 23.4 41.673 57·:;.6 
3 6 7.56 -0.345 0.3649 1.6 J.oco 469.3 
4 7 6. 't8 -2.055 0.0199 1.0 c.ooo 393.9 
5 8 5.67 -3.534 u.o o.o e.o 338.6 

* FCR l G1. OR LT. AbS(3.9) RISK=lUu. %, PkOB =1., REC. INTER. =9999. 

ESTPI/ITED 
NU~i dl:F lf 
IRRIGATILN 

16.7 
12.8 
10.4 

8.7 
7.5 

N 
c.n 
0 



tjET WATER f\.EQUlREi-1ENT fGR DIFFERENT LEVEL OF RISK 

1. LOCALLY AOOPTCD CRCP POTATOES 
2. SOIL TYPE HAYESTGN 
3. RGCH ZONE Dt:PTH l Ml~ ) 762.00 
4. ,'•1ANAGE1-~UJT ~LL CW ED DEF IC lT ( t J 0. 35 
5. AVAILAbLE SLIL HOISTURE (MM/MM) 0.12 
6. READILY AVAILABLE SCIL MLISTURE (MM) 32.00 

~JC • IRRIGATION PEAK Z* PI<.OBA BlL I TY PECURtNCE RISK ANNUAL 
ltlTERVAL PEROD HilER. VAL (%) ACTUAL 
DUK.It\G CCNSUrl. lYE~RS) EVAPCT. 
PERIOD CF USE RAT[ (MM) 
~,1\XIMU~,~ ( Ht·1/DAY l 
CONSU11.1PT IVf 
LSE (DAYS) 

1 2 16.00 8.757 l.uuuo 9999.0 100.000 1192.3 
2 3 10.67 3.384 0.9996 2.76j.O S9.279 687.7 
3 't 8.00 o.c 0.5000 2.0 o.oco 483.2 
lt 5 6.40 -2.'j72 o.o 0.0 (J.J 373.6 

~' FCR z GT. OR LT. ~BS(3.9l RI~K=lGO. :, PRGtl =1., REC. INTER. =9"1'79. 

EST lt-1A TED 
NUI>i BER GF 
lP.F,IGATION 

37.3 
21.5 
15.1 
11.7 

N 
Vl 

"""' 



NET WATER REQUlhEME~T FOR DiffERENT LEVEL GF RISK 

1. LOCALLY AOGPTEC CRCP POTATOES 
2. SOIL TYPE HEISETGN 
3. RCOT ZOtJE Df::PTH ( t-1M l 762.00 
4. MANAGEMENT ALLOhEO DEFICIT ( ~} 0.35 
5. AVAILABLE SUIL MUISTURE (MM/MM) 0.13 
6. READILY AVAILAJLE SCIL MCISTURl (MH) 34.67 

NO. IRRIGATION PEl~K Z* PRUBAI:HLITY RECURU~CE RISI\. AtJNU.\L 
INTERVAL PERCO INTERVAL (%) AC TU.\L 
DURING CCNSUt1. (YEARS) EVAPOT. 
PERICD OF USE: RATE ( Mt-i) 
~AXI MUi·l ( l·l!VDAY) 
CONSt.:MPTIVE 
L.SE (DAYS) 

1 3 11.56 4.'tb9 1.0000 9999.0 100.000 768.4 
2 4 8.67 0.941 0.8266 5.8 2.216 53'.).4 
3 5 6.93 -1.586 0.0564 1.1 O.OGO 413.3 
4 6 5.7o -3.586 o.o (;.0 o.o 336.7 * F- GR l GT. OR LT. AC$(3.9) RI~K=LUO. ~t PROB =1., REC. Ir\TE:R. =99<;9. 

EST I'·1ATEC 
hU!V:dER Jf 
lRt\IGAfiCN 

22.2 
15.<t 
ll. 9 
9.7 

N 
U"1 
N 



NET WATER REQUIREMENT FOR UJFFERENT LEVEL OF RISK 

1. LOCALLY AOOPTEU CRGP POTATOES 
2. SOIL TYPE PAfSL 
3. ROUT ZCNE CEPlH ( fv'f>/,) 762.00 
4. t~ANAGEi·1ENT ALLCWElJ DCF IC IT ( -1: ) 0.35 
5. AVAILAbLE SOIL MOISTURE (MM/M~) 0.19 
6. READILY AVAILAULE SCIL MOISTURE (MM) 50.67 

NO. IRRIGATICN PEJ\K Z* PROBA81Ll TY RECUREt~CE RISK ANNUAL 
INTERVAL PERlJJ INTERVAL ( .g) ACTUAL 
DURING CONSUI'-i. (YEARS) EVAPOT. 
PER.ICO CF USE RAT£ ( Mt-1} 
1·1 J\ X 1 r, U M ( MI-1/L>A 'r') 
CCNSUi~Pl IVE 
USE (DAYS) 

1 4 12.67 5.687 l.OUOO 9999.0 100.000 87J.l 
2 5 10.13 3. 089 0.9990 992.0 98.J03 667.2 
3 6 B.45 O.t;<78 0.8409 6.3 :5.128 53o.6 
4 7 7.24 -0.714 0.2.377 1.3 o.ooo 451.9 
5 8 (_,. 3 J -;c: • UJ7 L.Ol44 1.0 o.ouo 388.6 
6 9 5.63 -3.491 o.o u.o o.o 340.0 * FCR z GT. OR LT. ABS(3.9l RI~K=lOO. ~. PRUB =1., REC. INTER. = 99':19. 

EST II~ A TEC 
NUI'·lB ( F LF 
I PR IGAT ICN 

17.2 
13.2 
10.6 

d.9 
1.7 
6.7 

N 
tJ1 
VI 



iJO. 

1 
2 
3 
4 

* FOR 

NET WAlER REQUIREME~T FOR DifFERENT LEVEL Gf RISK 

1. LOCALLY ADOPTED CROP POTATOES 
2. SOIL TYPE STAN 
3 • R 0 0 T Z UJ [ 0 l P T H ( ,1.1 r-1 ) 7 6 2 • 0 0 
4. ~1ANAGEr1ENT ALLOr; ED CEF IC IT { ~ ) 
5. AVAILABLE SUIL MOISTURE (MM/MMl 
6. READILY AVAILABLE SClL MOISTURE (MM) 

I R q I GAT I ON PEAK Z* PROBAbl L ITY 
INTERVAl P ERGO 
CURING CONSUt·1. 
PERIC~ CF USE KATE 
~'AX I "'lUi-1 ( ~HVDAY) 
C 0 N S U 1·1 P T l V E 
LSE (DAYS} 

3 12.45 5.4 72 1.0000 
4 9.33 l. 8 (,f. 0.9691 
5 7.47 -0.673 0.2505 
6 6.22 -2.691 o.o 

0.35 
0.14 

37.34 

RE:CURENCE RISK 
INTERVAL (~) 
(YEARS) 

999\j.Q 100.000 
32.4 53.373 
1.3 O.JOO 
u.o o.u 

AlmUfll 
t'ICTUAL 
EVAPUT. 

( t-It-: ) 

851.6 
588.7 
453.8 
36<j.1 

z GT. OR LT. AG$(3.9) RlSK=lOO. ~. Pkuti =1., REC. INTER. =99~)9. 

t.STlt-'.t,Ti:D 
NUJ'-10 E R Cf 
lRRIGATICf\ 

22.8 
15.o 
12 .2 

9.9 

N 
(Jl 

~ 



APPENDIX D 

COMPUTER PROGRAM TO COMPUTE THE COST OF 

FARM SERVICE RESERVOIRS 

All of the subroutines used in this program are 

described by Allen et al. (1978). 



RESERVOIR SUBROUTINE 

'-' 

~ 0002 

0003 
~ 0004 

0005 
0006 

~ 0007 
0008 
0009 

'-' 0010 
0011 
0012 

~ 
0013 

0014 

f THIS PROGRAM COMPUTES-COST OF RESERVOIRS- IN- OPEN CHANNEL ·---:-~·--'1-·oooooi&()""'"!"'"'"':"' ~- ,·. v--- J 
-~ _R.G.ALLEN FEB 1980 _____ _ ·--- ..:.00000181-~---------

00000190 c ' 00000200 
CCMMON UEXCf UEXSTo UEXSI~ UEXPT 1 UERC, UERST, UERSI, UERPTo 00000210. 

___ 
1

UBACK, UBFS , UBFSI, UBFPio .lJPREI"o .. UCOMP, UCOMB, CLN, CNSTRo----00000220~~..,.....-· 

E~~~NU~I8~:~~GrP~~:~~~IHAUL1oiHAUL2;WAGEMoSTELI~,CEMINX · 88888~~8. 
CCMMON CAN,TITLEC1li 00000250 

-Oifo!ENSION AI 50io CTANNI 500I;Qx-(500f--~-----------------88888H8-------------

8i~~~~f8~ ~~~1i~llob~~~~~~1001,XFI1001oC7911001oC80Cl001o ggggg~~g 
·- --- --6~M~~~ o~zg2?loi~LxDc 101 ~.:x(lcloi ____ ---------- 88g0g08~~g-~--. ------

DATA CN1,CN2/4HENu o4HSKII'/ 00 0320, 
KXQ = 0 00000330 
NN T ,. 0 ... _. ___ ------- ... -- ----·-- __ --- ...... ----- --------------· 00 000 340 -·--·- -

·. •;'... 

_______ ( 

255 FORMATI'1'o///l 00000350 
500 FORMAT(/,• TYPE THE FF INFCRMATION:•t 00000360 

'' ''READ---LINED CANAL''~ •• THEN REACH IOENTIFIER>>IF LINED CANAL'/00000370 
" "REAO--:-UNLINEO CANAL" ••• IF CANAL. IS NOT LINED 'J_____ 00000380_ 

502 FORMATIIt' TYPE THE FF OATA COMMON TO All REACHES'/ 00000398 -~' 
'' 1-PERCtNT CONTINGENCY COST, CANAL OR LATERAL STRUCTURES'/. 0000040 
'' 2-PERCENT CONTINGENCY COST , EARTHWORK'/ 00000410 
"3-PERCENT CONTINGENCY COST •. ROW'l. ... . .... --------·----- 00000420.----------------·------------- ------
'' 4-PERCENT CONTINGENCY COST, CANAL LINING'/ 00000430 
'' 5-CANAL STRUCTURES COST INOEX 1 BASE IS 1976 1 / 00000440 
'' 6-CODE FOR LINING MATERIAL USt:O :•/ · 00000450. 
:: -------------------·-------t ~f ~2R~f~j~~~~D PORTLAND CEI1•T88888~~g. 

. ' ' 121 REINFORCED PORTLAND CEM'l 00000480 
" 131 ASPHALTIC CONCRETE'/ 00000490. 

·-----504°~0RMATI/o 1 TYPE CHANNEL PROPERTIES!}LSHOTCRETE'II ... c: ______ • ___ --·· ~gggg~~g 
" 1-SIDE SLOPE OF CANAL'/ 00000520 
'' 2-BASE/OEPTH OF WATER RATIO FOR CANAL RESERVOIR'/ 00000530 

--- --------

------- · :: ~=~~H~~~ R~nHt ~~~~~~E~EANs~~~¥~ve~~te~T~'EA'/1 ggggg~n--· ··------------------
508 FORMAT!/,' TYPE HE FF DATA'/ 00000610 

'' 1-LIFE OF PROJECT, YEARS'/ 00000620 
:: ~=~~~~~aE 1 ~If~PlsR~T~hH~~E~r6RIGINAL coSl'll -- --- --- gggggug 

512 FORMAT(/,• >>AT THIS POINT, DATA ARE FOR SPECifiC REACH ONLY<<'/ 00000690 'I•' TYPE THE FF DATA FOR THIS REACH:'/ 00000700 
--- ----- ! ! ~:~Mf¥nN~E ~g~~ ~~~'VATION''- --.----~---~--------~---88888H~ ------------ --------· ----------------- ·--

'' 3-VALUE OF ROWt $/AC'/ 00000712 
'' 4-AREA FOR SEVtRANCE PAYMENT, AC'/ 00000713 
'' 5-UNI L,COS TS F.OR SEVERANCE_ PAY • .. $/AC'IJ. .. _____ --·------------- ____ 00000114 ____ -------- __ .. _____ ------ __ _ 

N 
:.n 
0 

J 

.J 

-.1 

J 

J 

..) 

..) 

...) 

-...J 

..., 

.J 

-.J 

,.J 



:'-

'-

~J 

'--

¥'-

"-' 

~ 

v 

'--

'-

'-' 

'-

'-' 

\..... 

'-' 

--~ FORTRAN 

-- ~ 

-----

0018 

0019 

0020 

0021 
0022 
0023 
OOZ't 

0025 
0026 
0027 
0028 
0029 
0030 
0031 

0032 
0033 

c·~ · r , • I -,~. I ·r.. . r-·' . ·:~--~ .. =~;,..,......~.t~·,.-"":"r" ... r- .... - ............ ~ .. ·. -~~ .. ·· ... ~&-·--~ ..... -~----,lit-':·.·""!·~~ 

I V G~ lEVEL 21 ·ones T.....,_ ________ DA TE ~. ~ 8006 7 - ~ ----13/05/32 --:--~- PAGE 0002 

--~-514;;o~~NMt~~r~el~~/h~'TA-~.~-'- -~--- ·~ ........ ----·--~-.- 88g8888g!f88 ~------·-··--
524 FORMATI/, 0 TYPE DATA fOR EARTHWORK--PRISM DATA'/ 0 113 

c 

'' 1-ROCK CUT SLOPE'/ 00001140 
:: ~=~~EtRc5¥\E~~~.~LOPE''- ----~-----~...,--.- - ---------- 8888tf~8 ~----_:.._- - ----. 
'' It-UPPER BANK WIDTH, FT'/ . . 00001170 . 
'' 5-LOWER BANK WIDTH, fT 1 / - 00001180 
! : -~~g=~:gA~Nf~~~~~~a~~J- WIDTH,_E.T.!L __ ··-· --,. _ ----. ----,"··-. gggggzg ... 
'' 8-FILL COMPACTMENT FACTOR'/ 00001210 

• '' 9-PERCENT ROCK TO BE USED IN FILL'/ 00001220 
:: l~:g5~~~Tn ~~~A~~~M~~Me~6e:::~~N~~~,V·''----- - ··· · ·-- ------·-r-- ggggg~g -----

526 FORHATI/f' TYPE DATA FOR TERRAIN CARD'/. 00001250 

: ·l=g!~¥~rh2!~i~~! 'n: ~- ------~------ - -- -- .. -- ----·---- --··- s&snn& 
' It-ROCK CENTER LINE CUT, FT'/ 00001290 
' 5-STA CODE 191 WHEN STA IS THE SAME AS THE PREVIOUS ONE'/ 00001300 

101 OTHERWISE'/ ...... ,. . ----- ----· . 00001310 ···--·--·-~ 
6-PRISH CODE 191 WHEN NEXT DATA IS A PRISM DATA'/. 00001320 

101 OTHERWISE'/ 00001330 
7-ENO CODE 191 WHEN NO TERRAIN DATA FOLLOWS'/ 00001340 

' .. 101 MORE TERRAIN DATA.f0LLOWS 1 //I -. .. _ . .... 00001350 
•--------START TYPING TERRAIN OATA-------- 1 / 00001360 
I . 00001370 

528 FORMAT( 1 TYPE MORE TERRAIN DATA' 000013BO< 
'I . . . . -···--· 00001390 --·-------·-530 FORMATI/o' --------END OF TERRAIN DATA--------'/1 D0001400 

532 FORMAT(/,• TYPE MINIMUM AC-FTt MAXIMUM AC-FT AND AC-FT lNT. 1 /I 00001410 
534 FORMAT(/,' ARE THERE SOME MORt REACH TO PROCESS--------'/ ODOD1420 

" IF "NO" TYPE •••• "END DATA" 'I . -· ___ ~- -~-··-·· 000011t30 . -•--. _. 
11 IF "YES" TYPE ••• , "SKIP---LINED CANAL" OR'/ 00001448 
" 11 SKIP---UNLINED CANAL" 1 //1 00001'o5 

~MH~~~soo1 
REAOI5 1501 CON,CAN,TITLE' 
WRITEI~,1501CON,CAN,TITLE 

00001460 
--·- . -- - --------- --- 00 0014 70 . 0000llo80 

00001490 
00001500 

. 150 FORMAT IA4,3X,A4tl7A4t 
IF ICON.EQ,CN11 lj0 TO 98 
IF ICON.EQ,CN21 GO TO 3 

C---READ CONTINGENCIES AND COST c 

-- ---- 00001510 -- ··- ----
' 00001520 

00001530 
000Dl540 
00001550 

~ c c 
~ 
c 
~- --
c 

INDEX 

00001560 
' CTGST • PERCENT CONTINGENCY COST fOR CANAL OR LATERAL STRUCTS.oogo1570 
' CTGER = PERCENT CONTINGENCY COST FOR EARTHWORK 00 01580 

CTGRW z PERCENT CONTINGENCY COST FOR RIGHT OF WAY, ETC. 00001590 
CTGLN c PERCENT CONTINGENCY COST FCR CANAL LINING 00001600 
CIOX • COST INDEX FOR CANAL/LATERAL STRUCTURES WITH A BASE 00001610 

YEAR IN JAN 1976 00001620 
• .LCOOE = CODE FOR LINING .MATERIALS . ---·------------· ggggl~~g 

WRITEI9e5021 ~-00001650 
00001660 

CALL INPUT(A,NCJ 
-·-------~-· ---~--·- --~·--'--· ... · ... 00001670 -- --·····-· 

N 
(.Jl 

---.) 

.J 

.J 

..J 

..) 

..J 

...) 

....) 

....) 

..J 

.) 

....) 

J 

...) 

J 

...) 



\,.. 

\,.. 

' . 
t-.-: 

'--

'-

'-...· 

'-

'--' 

I...-

'-' 

'-' 

\,.. 

"-' 

""' 

·-t~~·· -~: ~ '\?, • ~~·,''1:• ""':;.~· ., ".,....,_..~•J!,, ...... -.{''~'"·,...'~c~•;o•,..-v ~.,.~.,.,..-.;· ·~" ~ .. :"';,.. .,..·;"'··.::. ....... ; ........ o;:o;.rc_--,JI::I.·,: ..... ,..,.·i!'!!"..,... ~--"?. 

FORTRAN IV G LEVEL 21 · oncsr·---. -_ ----- oArE·-;;··aoo67 ·---·'.,-,-....-13/oshi----~--- PAGE ooo3 

0034 
0035 
0036 
0037 
0038 
0039 

0040 
0041 

0042 
0043 
0044 

0045 
----0046 

0047 

c 

c 

c c c 
c c 

c 
. c' 

C TGST • Alll ________ . ---·------'---··_. -·;:.:~-----·-
CTGER • Al21 
CTGRW "' A(3J 
CTGLN = A!41 

. 00001680 • 
---~~---.:.-~ 88881~88 ----------

00001710 
00001720 

fl8~E : -~\~!-,.--------.,..-~ ------------ ------------'----&&&&Hi&"-:;~· -.---:-------~- ----------- ------- .. 
WRITEI9 5081 
CALL IN~UTIA,NRJ 

1 TLFE a LIFE Of PROJECT 
1 RINT • ANNUAL INTEREST RATE IN PERCENT 
1 SVAL "' SALVAGE .VALUE AS A.~PERCENLOF. THE 

TLFE • Alll 
RINT a Al2l/ 100. 

00001750 
00002061 
00002070 ·----- --------------- ---
00002080 
00002090 
00002100 

ORIGINALCOSL ---- 00002110 
00002120 
00002130 
00002140 

SVAL •- A(3J __ _ .. ----------~· ------·-' --------------00002150 .. _________ -
00002160 . 
00002330 . 

3 CONTINUE . 00002340-
------WRITEI9,5121 ------ -----~--.. -------------· -·- --·-·----~ 00002350 c 00002360 

CALL lNPUTIA,NSI 00002370 

J 

J 

.J 

'J 

..J 

.J 

.j 

...J 

00002380 
1 PERK "' PERCENT OF ROCK EXCAVATION. . ·---- .. -- --- ----· OOOOHOO 

c 
~ 

/ 
...) 

--- ......... -----------

0048 
0049 
0050 
0051 
0052 
0053 

0054-

0055 

0056 

0057 

0058 
0059 
0060 
0061 

c c 
--- c c 

RWID • AOOIT10NAL WIDTH FOR RIGHT OF WAY,FT 00002410 
RVAL • VALUE OF ROW, $/AC 00002420 

1 ASER .. AREA FOR SEVERANCE PAYMENT AC 00002430 
UCSEV -•- UNIT. COST .SEVERANCLtAYI4EIH,S/AC ------------~-----00002440 

PERK:Aill 
RWIO=AI 21 
RVAL=AI3l --------------
ASER=AI4l --------------- --- -----

00002450 
00002460 
00002461 

... 00002462 
00002463 
0000246-\ UCSEVaA(51 

WRITEI9,5141 
C........ . . ---.. -

' 00002520 
-----·---~---00002530 

000025-\0 CALL INPUTIA,NLI 
c 
c c----

SLEN = Alll 

READ. 1 N 'cHANNEL. PROP ERTl ES 

Z • SIDE-SLOPE OF CHANNEL 

80002550 
0002560 

------ 00003lt10 
00003ltll 
00003412 
00003ltl3 

-~--- _____ ,__,....._ ___ _ 
c c 
C. 
c c c 

BH " BASE:OEPTH WATER RATIO _ . 
YMAX a MAXIMUM DEPTH OF WATER IN RESERVOIR 
SR .. SEEPAGE RATE FT/OAY/SQ.FT. WETTED AREA 

--~-----8888Ul~ ----- -----------

c WRITEI9o5041 

CALL INPUT! A, NP I 
c 

oooo3lt16 
00003417 
00 003lt 1 8 --·-. -- ... 
00003419 
00003lt20 
00003lt21 

___________ z •.AI11~----------

8H • A!21 
YMAXc AI 31 
SR .. Al41 

~------·----------- 00003422 -------~--------------- ----- ----. 00003423 . . 

c 
00003424 
00003425 
00003ltl6 

N 
U'l 
00 

._I 

J 

J 

../ 

J 

-' 

..) 

J 



'--
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b.J 

'-..-

\_. 

'-' 

'-" 

'-

'-

1,..-

~ 

.. -~ .. *···--.. ,.~ ... , .. --~-- -~~-r ___ .,."~·:,.....~ .... -,,, .••. ">f,.~· i'''l' .... ..,..,_. -- =.·;n-:~~ • .~;·•·-~•·' -.-..--""' ,.t'f.~#'-er'",.-,.~.,"~ 

FORTRAN IV G LEVEL 21 ------ - OlTCST ________ DATE--;,.- 80061 ------13/05/32---- -----:---- PAGE 000~ 

C---INPUT ONE PRISM CARD FOR EACH REACH. 00003~27 .. . _____ c __ REAO PRJ SH CARD. ' ----- 00003430 ---'----_;_ __ -
0062 WRJTEI9,5241 00003~40. c 00003450 
000 

-------· 0064 00t;5 
0066 
0067 

------ .. 0068 
0069 
0070 
0071 

---- 00 72 . ------
0073 
0074 

CALL INPUTIA,NOI . 00003~60 
S3 '"·AI 11------ ------~---------·- ---~-----~ ...... 00003470 .... _________ ------ .. -- .. --------
S4 '"Al21 ' . ,. I 1 00003480.' ' 
S5 • AI 31 ' . ; 00003490 , 
WL ,. A141 ... 00003500 . 
WR ... _AI5~ ------------ 00003510 :_ ____ ---------·· ------

~t : :~~~ 8888~~~8 
C2 • AIBI 00003540 
PCT • .. AI 91 ___ __;_____ --------- -------------- 00003550 ___________ ----------- .• -----

ICEMB'" All11 0000357 
CLCNG = AllOI 00003568 

( . " 0000358 \ 1 

~---~..READ .TERRAIN .. C.ARD_.___ • -----------:·------~ 8888j~gg ------ ----· ... -· 
0075 KM a 0 00003610 
0076 WRITEI9,5261 00003620 
0077 -------553 KM '" KM .+ 1 . . .. . ------------- -----···- ~-~-~----- 00003630 
0078 IFIKM.GT.liWRITEI9,52BI 00003640 
0079 CALL INPUTIA,NSI . 00003650 
0080 XSTAAHIKMI • Alll . 00003660 
0081 . ------------XSliKMI '"AIZ.L.------ ---~------------------ 00003670. 
0082 XZIKMI z A131 00003680 
0083 XFIKM) = Al41 00003690 
0084 C791KMI a Al51 , 00003700 

---- ggg~--------- ~~n~7 1 .. "ANt'----- -------. ---.---~---~-. --:------------· gggg~gg---------
oo87 IF IIPIKHJ.EQ.OIGO TO 553 00003730 
0088 · WRITEI9,5301 . . 00003740 

---- -- .. ... . E ---'cOMPUTE CANAL- EAR THWORK"U.SlNG .. USBIC PROGRAM;.--BR031 -- ---·---~--·- 8888H~8 
c 00003710 

0089 WRITEI9,5321 ~0003780 

0090 ______ .c ----CALL lNPUTIA;NHF - -------._----------:-----·----~---·o&ggngg 

0091 
0092 
0093 

009ft 
-----0095 

OO'i6 
0097 
0098 
0099 

c . 00003810 
Jo41NQ " AI 11 00003820 
~MB : ~a:- ---- -- -----------------··· ------ --- ----- ·· ------- gggg~g~g 

c 
WRITEI9,5661 

___ C_566 FORHATI/,• >»»»END Of DATA FOR THIS REACH««<«'IIIJ_ .. ____ _ 

00003850 
00003860 
00003878 
0000388 
00003890 
00003900 
00003910 ......... 
00003920 
00003930 
00003940 
00003941 
00003942 
00003943 

C COMPUTE COSTS FOR A RANGE OF DISCHARGES c 
.. KX z 0 

WRITE(6,760ICAN, TITLE 
WRITEI6,7931 

793 FORHATI //,4X,'AF',8Xt' OEPTH',4X,• AREA '•' B.Wl0',4X, 

:- --:~~~p•;ixr• TOT EARTH·C-ST 0~-~X,'LlNlNG CST',·-4XI ...... 
' ' TOT ~ST ,4x,•ANN CST'/ 

________ .... _ .J~~:;D~E-~T ; ·~~ '·~~i~!;_~~!~J.\~U!.•~-~l~:~x~fET $'~~9n '• 00003944 
00003945 ......... . 
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FORTRAN 

0100 

0101 
0102 

0103 
0104 
0105 
0106 

0107 
0108 
0109 

0110 

0111 

0112 
0113 

···-~~·.1"'f:""'· ....... ~!'>"T·,..,.. .. r~-f""l~~ , ...• -~-·-- .......... ,-:: . ._. . ._ ..-.-
·.....-,-:.-..·""""t.,~.'-

IV G LEVEL- 21- --------------·-- DlTCST --- DATE ____ 80067---------l3/05/32-;-----------PAGE 0005 -------~---------

C . - · ·. 00003980 
C .760 FORMAT llHl tilt T5 tA~ tl7 A~ .I l_ ____ -____ -- --- -- - ---~- ------- 8888~~~8 -------~-

c 
TSRT = O. , 00004010 
L TS • 0 00004020 
DO 49- KQ•MINQ,MAXQ,KNTQ -~~-. ---·--------------.--
KX = KX + 1 
Q "' KQ 

~---· 8%88t%~8 ---- ------
00004050 
00004060 

Y•SQRTI0*43560./ I ISH+ZI*SLENII_ _ ___ ---c ••• LIMIT Y TO YMAX AND ADJUST BH IF NECESSARY --------,_~ 8888z8~Y ------- - ---------- ------------- --
IFIY.GT.YMAXI Y=YMAX 
SH1=Q*43560./IY**2.•SLEN) - Z 

oooo4o72 
00004073 

..J 

..,) 

..) 

't 
:.J 

-.J 

..J 

c u~~~u;--- --- -- -____ / ______ - __ ~ 
L----COMPUTE ~EI~HT OF SANK--=~~:-:;:~-PEN-~~A~~E:·----------~-: unn~t··------- ~-- --- -- -- -- - -- --- ~ 
C--,---BASEO ON SR CURVE ------------00005280------- --------------- _ ----------
C TO USE USBR CANAL CURVES FOR FREEBOARD AND L1NING, USE 00005281 

SW=BHl*Y ______ _ 
WETTED PERIMETER 
WPER a SW + 2.*Y*IIl-+1**2.0l**ll./2.11 

c, 

C VELOCITY EQUAL TO 3. FPS. THIS WILL COMPENSATE 00005282 
C FOR SIZING DISCHARGE IN CfS 00005283 ...J 

QV=3.*C*43560./SLEN ------------------------ ------ ------------------- 00005284 __ -- ------- .. 
00005290 

If( QV.LE.l5.l FSC =1.2 00005300 
lfl QV.GT.15.ANO.QV.LE.1000ol FSC•.56 • QV ** .2745 00005310 

c 
-..J 

0114 -- ----- c· If I QV.GT .1000.1 f8C.,._l.l-*'-'IY---*-*-ol7.95. ____________________ 00005320------------
, 00005330 

---~--------·- ---- -·--

0115 
0116 

0117 
0118 
0119 

0120 

0121 

0122 
0123 
0124 

c c THEN COMPUTE TOTAL DEPTH 00005340 

612 YFB = Y + FSC 
IFILCODE.EQ.OI GO TO 226 

C-----COHPUTE HEIGHT OF LINING ASOVE c w.s. 

00005350 
------ --- - ---- 00005360 

' 00005370 
00005380 

' 00005390 
IFIQV.LE.40.1 HLNG • 0.5 -- ... ____ __ -------.----00005400------ _ 
IFIQV.GT.40.ANO.QV.LE.400.1 HLNG = 0.1 * QV ** 0.419 00005~10 
IF(QV.GT.400.I HLNG "0.275 * QV ** 0.25 00005420 

c 00005430 C-----CGMPUTE TOTAL HEIGHT .. Of_UNING. _ __: _______________________ ------ 00005440. ________ _ 
C , OOOOM~ 

YLN = Y + HLNG 00005460 
c 00005478 l - - -- ---- - -- ----- -------- -------------- ------ -- 8888~!~o ------------- · -- -- ------ -· 
c gooo5so~ C-----COMPUTE THICKNESS Of HARDSURFACE LINING 000551 
C-----BASED ON BR CURVES ; THICKNESS DEPENDS ON __ QV __ ' JYPLOLMATERIAL 0000552 c 00005530 
C GO TOI210,212,214,2161 1 LCODE 

C----,-U~RElNFORCED POR lLANO CEMENLCONCAETE c 
210 IFIQV.LE.200.ITHLN= 2.2 

IFIQV.GT.200 •• AND.QV.LE.500.1 THLN • 2.5 
IFIQV.GT.500 •• AND.QV.LE.l500.1 IHLN •.3.1 

00005540-
00005550 ----------- 8888~~t8 ---- --- ---- ---- - - - --- ---- -
8ogos58o 

0 05590 
- 00005600 ------
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21 Q1TCST---------OATE • 80067 --~-~~~--13/05/32 PAGE 0006 FORTRAN IV G LEVEL 

0125 
----- 0126 ---

. -·:l- ' 
}~f8~:&f:H88:i~~~N2v4~g:_~~~~~~THlN •.

3
:.:_ ___________ ~--~----8888~~~8 ~-------- __ . ----------- ___ --------- .J 

GO TO 218 00005630 
c 00005640 
C----REINFORCED PORTLAND CEMENT CONCRETE 00005650 

- ________ c ------------------------ -------- ----- -------------------00005660 -~- -------··-- ---------- ------ ---
0128 212 IFIQV.LE.500.JTHLNa3.5 . 00005670 
0129 IFIQV.GT.500 •• AND.QV.LE.2000.ITHLN • 4.0 -00005680 
0130 IFIQV.GT.2000.I THLN a lt.5 . 00005690 
OD1 _____ GO TO 218.. ____ · ______ : ___________ ____ , __ ---------- OOD05700. 

0127 

c . 00005710 
C-----ASPHALTIC CONCRETE 00005720 c 00005130 

0132--------- _ 2l't.IFIQV.LE.200.ITHLN•2.15 - --. ____ ----------·------- _ 000051lt0 ·--~--- --- __ ------- . -------- ___ __ 
0133 IFIQV.GT.200 •• AND.QV.LE.1500.JTHlN • 3.2 · ._,, 00005750 ' 
0134 IFIQV.GT.1500.1 THLN a lt.O · 00005760 
0135 GO TO 218 . 00005770 

0136 
------- 0137 

0138 
0139 
0140 
0141 

OH2 

0143 
0144 

0145 
0146 
OH7 

0148 

0149 

c ---------- _:.: _____ ~------------------ _________ _:_ _______ 00005780---------
c----SHDTCRETE . 00005790. c . 00005800 

216 IF I QV. LE.100 .JTHLN,.1.25 · go005810 
--.,..---- __ . IF I QV .GT .100 • .AND.QV .LE .200.ITHLN =- 1. 5 ---- ----------- -----------~-. 0005820- --- ---- -.- . - .. -- --

IFIQV.GT.200 •• ANO.QV.LE.400.JTHLN • 2.75 00005830 
JFIQV.GT.400 •• ANO.QV.LE.510.JTHLN ~ 3.15 · . 00005840 
IFIQV.GT .510.1 WRITE 161.2201 - · ' 00005850 

C 220 FORHATI/eTlO.'SORRY-. .,-~ O....SHOTCREILABOVE .. 510.CFS 1 ,/L. ______________ gggg~~t&--·--··--- ------- __ 
218 CONTINUE 00005880 

c 00005890 
~---- ~~7~ul5"~8~~~ ~6~ -~~A ~lUA EgNeo~R L~~A~~o~:gRIAL __ -------- gggg~~yg -------------------
~ . WHERE SIDE SLOPE. • 1.5 : 1 888&~;~g. 

THLN • THLN /12. . . ------- . . ------ --- OD005940 
VOL a(BW*THLN + 1t*.302775*THLN**2• + 1.8027756*YLN*THLN*2• + 00005950 

1 B.*THLN*2./12.1 * SLEN/ 27. 00005960 

------~.,.-.,.,...,.coMPUTE LINING COSTS __ ---------------------------------- gggg~;~g ___ ------------
CTL : VOL * CLN 00005990 
CTL • CTL + ICTL* CTGLN/100.1 00006000 

226 CCNTINUE 00006010 
. --. ------ ---------------------- ______ ,_ 00006020 - --·---------

CALCULATE CROSS-SECTIONAL AREA OF EXCAVATION 00006030 - ------. ~ 
ZREA c YFB*IBW + Z*YFBI 00006040 

_______ ~---:--COMPUTE EARTHWORK COST . --- ---------- ---- - ---- - - ·· --- 8888~U8 -- ----- · 
C--.,.--TOTAL/ROCK/COHHON EXCAVATiuN ogog6700 
c 0 0 6710 ------_ttHc ~~N~~~~A~F ~ zla oS3, S4,S5 ,wL,wR, we, C1o C2, PCT , _______ .. ______ gggg~ng 

_XSTAAH1 XS1fXZoXF 1C79,l80 1 1P. 1 AVEROWo , 000067~0 
TCOHoTKOC, FILoTI .. EH,KHoKI.Ioi"'AXQI 00006750 

0150-- _____ c_.,.. _ _:-VCLEAR•TCOH+TROC - ---- ---------- -·------ ----~-----------------~- ggggtJ~Y· 
0151 IFI TROC.EQ.O.ITROC • TCOH * PERK/100. go006170 

c 0006780 
-------. c --- - - - _____________ : --- --- ---------~---------------------· ----- ------- . 00006790 --- ---- . --
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. FORTRAN IV G lEVEL' 21 ----- ----- OITCST ··oATE-·-ii0067 _______ 13/05/32 ___ ----~-PAGE 0007 -------------

0152 CTEX = TCOH * UEXC + TROC * UERC : 00006800 
~ ---~ - ·------------~------------·---------------~---·-&&&&~us---·-----------------------

0153 

0154 

0155 
0156 

TCOHP • TCEM * UCOHP 00006830 
c 00006840 
c-----BACKFLLL .,._use 10 _ oF TEX'---------- -------------~~----~·- ooo06850 __ • ----------- __________ _ 
c . . . 00006860 . . 

TBACK = TFIL * UBACK ' . 00006818 
c 0000688 
C-----PREPARI NG FOUNOA T ION - .. FOR LlNEO CANAL ONLY ______ . • .. ----------------- 00006890 ·--- _______ • ~--- _______ .. _ 
c 00006900 

TPREP • ((TCOM + TROCJ * 20./lOOol * UPREP ' 00006910 
IFILCODE.EQ.OITPREP ~ O. 00006920 

J 

.) 

.) 

... /f\ 
I:....~ 

/ 

..) 

..) 

c - - -----~-------------------------------.:_ ________ oo006930 ____________________ ----------------------------

0157 

0158 

0159 

0160 

0161 

01~2 

' 0163 -

0164 

0165 

0166 

0167 

c-----TOTAL COST OF EARTHWORK ' 0000691t0 
c 00006950 

CTX • CTEX + TCOMP + TBACK + TPREP . 00006960 
c - -:.----------~---- ------ ________ :..... 00006970 --- ---------
c-----ADO CONTINGENCIES 00006980 
c 00006990 

FCER c CTX +CCTX* CTGER/100.1 00007000 
c c -----~--00007010 ---- -- ------·--- ----- ---------- -

C---COMPUTE COST OF DRAINAGE CROSSINGS 
TORA "' O. 

___ C ... STRUCTURE COST-'"· O ...... INO .. STRUCTURESL __________ _ 
FCSTR=O. 

c 
C-----COMPUTE RIGHT OF WAY AND RELATED COSTS 
c . . . -- - . 
C-----RIGHT OF WAY COST 

AVEROW ,. AVEROW + RWJD 
c 

CROW • AVEROW * SLEN. * RVAL/_It3560o.~.--c 
C-----SEVERANCE COST 
c 
c 
c 

_ .CSEV = .. ASER .. * UCSEV ----- ~-~-, ---------

C-----TOTAL COST 

C TCROW = CROW + C SEV 
c 
C-----ADD CONTINGENCIES 
c 

FCROW '" TCROW + IT(;ROW • CTGRW/100~) ----
C 
C-----COMPUTE TOTAl FJELD COST c 

FCSTR + FCER + TCROW + CTL + TDRA 

00007020 
. 00007030. 

00007040 
-·-----~----. 00007050- ---- --- -

. 00007051 
• gooo7490 

. 0007500 --------- --- ggggg~g --- ------ . -------~---
00007530 
00007540 
00007550 
00007568 
0000757 
00007580 
00007590 -·---
00007600 
00007610 

. 00007620 
• 00007630 

00007640 
00007650 
00007660 
000076 70 - ------------ -- - ---- -- --- -
00007680 
00007690 
00007700 

--- - ...... -- -- -- 00007710 
00007720 
00007730 

TFCONS ·= 
c 
C-----COMPUTE 
c ANNUAL COST EQUIVALENT 00007740 

c 

c 
CANN • 

&I 

- - -- ---- - -- --- ggg~n~s 
TFCONS * CRINT'• (1.+RINTI**TLFEI/CCC1.+RINTI**TLFEJ-1.00007770 

SVAL * .Ol*IFCSTR + CTLI*RINT/ICCRINT+l.•**TLFEJ-1.) 00007780 
-- ........ - 00007790 
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FORTRAN IV G LEVEL 21 . . 0 lTC S T --------· DATE • 80067 . -· ---. - --13/05/32 PAGE 0008 

0168 
... 0169 

0170 

0111 
0172 

0173 

0174 
0175 

0176 

0177 

0178 
0179 
0180 
0181 
0182 
0183 

0184 

0185 
0186 

. ~-----COMPUTE. SEEPAGE LOSSES 
C SEEPAGE c 

c 
c 

. c 

SEEP : SR * WPER*SLEN/43560. 
---- CTDP=O,. _. _ --------. ---------

CTANNIKXJ • CANN + CTOP 

C WRITE OUT RESULTS 
IFIKQ.EQ.MAXQIWRITEI6,7971 

00007800 . 
... -- --· . ----- -------· 00007810 --- -- . 

00007820 

L .. _ .... --- --

1 00007821 
• 00007822 

"--------------- 00007823 _____ " _______ ... 
00007824 
0000811t0 
00008150 

:_ ---· gggggf~8 
797 FORHATI//,T30, 1 COST SUMMARY FOR THIS MQM 1 1 

: 00008180 
00008190 
00008200 ·-·------
00008210 C. -- - - ------ ---- ------· 

c 

c 
c 

IFIKQ,EQ.MAXQIWRITEI6,7931 

WRITEI6 4011 Q,Y,ZREA BW,AVEROW SEEPtVOLEAR,FCERoCTL,TFCONS,CANN 
lt01 FORMATdx,F5.0t2Xo2F10.1of9,0oFS.O,F'I'.O,F9.0,FlO.O, _ .... ------------

* F9.0,F1~.0,F11.01 

00008220 
00008230 
00008231 
00008232 
00008250 

QXI KXI = KQ 

49 CONTINUE 

00008260 
----------00008270. 

00008280 
00008290 
00008300 

c c 
-- ... c c c DETERMINE LINEAR REGRESSION COEFFICIENT$ 

IFICTANNili.NE.O.IG.O TO 670 

---- . 00008390 
'00008400 

FOR THE DATA OBTAINED' 00008410 

GO TO 675 ...... _. --- _ ----------· 
670 CONTINUE 

CALL REGLIN IQX,CTANN,KXoAC,BC,RI 
675 CONTINUE 

e---Go wM T~A~f ~~~ 1 REACH ------- -- --~-----
c 

GO TO 1 
C ... 98 RETURN;--------'-----·-------------,-· 

END 

00008420 
------ --- ggggg~~g- ---- -

00008480. 
00008490 

- --- - &&&&n~& 
00008520 
00008530 

--------·- ggggg~~g . 
00008560 

_____ .,. ___ :~----~---·---- -·-··---· -----

-· ---. ---------------· 
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APPENDIX E 

MOST ECONOMICAL IRRIGATION INTERVAL 

Costs of different irrigation application subsystems, 

and crop benefits versus actual evapotranspiration and 

optimum irrigation interval for different crop-soil-irrigation 

application subsystem combinations. 
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SOIL TYPE BONNOCI( '' CROP TYPE ALFALFA . .J 

NO. IRRIGATION ESTI~ATED RISK A~NUAL PEAK ESTIMATED CO~T OF COST OF TATAL COST OF COST OF TAOTL CCST OF BENEFIT i 
INTERVAL NU~BFR OF ~ ACTUAL PERIOC NlJ~BER OF SIDE- PUMPING COST HA~D- PUMPING COST GRAVITY lSI -~ 

--~-~-DURING. ---1-RRLGAIION EVHO~CCI\SU~.--LAJ£RAL_-.ROLL Sf'___ill~i__!!lli/E SL_lSI 1$1 IRRIGA..__ ____ _ 
PERIOD OF I"Ml USE RATE OF SPRNKLR ll$1 lSI lSI 
MAXI~UM 1"1'/0AYI 
CONSUIIPTIVE _____ __use 1 D.A'tll_~ ____ _ ___ . _ ... . ~---~ . ~ __ ---~ __ · · 

1 7. 12. 100.CO 1166.50 14~37 9. (0~-39 83;85~-1'54-;23-----._0~-s6-P6-;T3-126~-6r-53;5B-lBO;oo-~~------
2 a. 10. 95.20 995.60 12.57 a. 62.30 77.45 139.75 3~.09 79.47 114.56 49.73 178.38 
3 9. 9. 39.40 86~.10 11.18 7. 54.77 71.05 125.82 l0.94 72.82 103.76 47.~0 157.8'5 

___ _4 __ 10. • __ 0.2.7 __ 766 .• 50 __ LC_.c6___1 .• _____5A~60 __ 71.05_125.6'5_30 .• .5~ __ 72.82 __ t03_.3B 4_5,_~8 ___ 139._71 ___ _ 
5 11. 7. o.oo 681.20 9.14 6. 46.91 64.65 111.57 25.95 66.17 92.12~3.95 13'5.15 
6 12. t. o.co 613.80 s.3B 6. 46.56 64.65 111.21 2~.oa 66.17 91.25 42.03 130.69 
7 13. 6. o.oo 557.00 7.74 5. 39.47 58.26 97.73 21.99 59.52. 81.51 42.03 126.17 ____ a __ l4 • __ O.CQ_5J.2..Jl0__1~18_5.____3_9._05 ___ 58~•2~ __ 97_._3_1 __ 20,,93 _ _59_.52_80_._45 4_0.10_122.02___ _ __ 
9 15. 5. . o.co 469.00 6.11 5. )9.21> . 58.26 97.52 21.49 59.52 ll1.01~0".10 117.52 -----· 

- -- --------cCieFnciTNfFck-sENEHt-ci:JRvE A. s .c 
0.6555E 02 0.1123E 00 -0.8796E-05 

________ (.OS LC.O££EL._QLHANO=M!l'LE_$P.JUNKLEILA...B._.._~-----------------

0.4640E 02 0.6979E-01 -0.1061E-05 

_ __QPJl M.UlLIRB.ualiillLlNJ£.RllALJ.S-----.3~EN.E~SLRAJJlLLS___Ld._6"-0 __ _ 

~--------------- -----------

------- .COS.LLO££F~OF--SIDE:-:!UlLL-5f'RlNKl£JL--L.B......_~~------~-----------------~---

0.5327E 02 0.9081E-01 -0.3897E-O~ 

_____ QtllJ'UlL.LllB.LGilllOlLlNIER.VAL_l.S __ ~.__AN.C_BfN£ELLCD.SL.RA.UO~~-LLL.l2'L ____________ _ 

CCSLJ:nEffl._ CE. GRAVIT'LJRR IG~Tl CN ~~1\tBoC __ ~"--------· ----~ 

0.3089F 02 O.l877E-Ol 0.5170E-06 
______ _flPTIMUILIRllGAllLN_lJ'ilERV.AL_l_s_ __ l._A!\C_BENEfll COSLRJ.IlQ_lS_3._it5Q _________________________ _ -· t-.L 
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SOIL TYPE BOCK 1 CROP "TYPE ALFALFA 

NO. IRRIGATION ESTIMATED RISK A~NUAL PEA~ ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL COST OF BENEFIT i 
INTERVAL NUMBER OF ~ ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HAND- PUMPING COST GRAVITY l$1 

----~--DURING .. __ lRR IGAIIOfL.__.EVAPQ._CCI\SUI'. _LA.URA.L ___ ROLL S~ __ U_l__t1.L_.J!OYE __5.e.____t.l_L__LSl IRRLGA~--------~-~-----
PERIOO OF (I'MJ USE RATE OF SPRNKLR 11$1 ' CSl lSI 
~AXII'UM (1'1'/DAYI 
CONSUI'PTIVE · 

1 ___ USES ~DAY .. U_T1 ~--160 .00-118~ :co·).- I, .25~-10-. --63. 89-85~69~149~5~--n: f0-8'7 ~94-12';:04~-~1;-6.,-- 180 .00-~~~~ -----
2 9. 9. 98.38 1036.90 12.67 9. 57.03 79.75 116.78 Jl.96 81.77 113.73 47.80 179.46 
3 10. 8. 68.30 91C.90 11.40 8. ~0.76 73.81 124.57 2R.27 75.61 103.88 45.88 16B.67 

___ 4 ____ 11. ____ 7 ~ _ ~..5 L__809~_4Q__lQ. 36 ~-7_. __ 't4~ 43_· _6 7. 87_112.. 3Q__24~'t2.__69. 44_93. 86___ 43._95__14 3. 05-----------
5 12. 1. o.oo 726.oo q.5o 1. 44.77 67.87 112.64 25.32 69.44 94.76 43.95 137.05 
6 11. 6. o.co 659.90 e.11 6. 38.34 61.93 100.21 z.t.tR 63.27 84.45 42.03 111.18 
7 14. 6. . 0.00 606.30 8.14 6. 38.58 61.93 100.'51 21.R3. 63.27 85.10 42.03 129.42 _____ a __.1_5. ~o. co_ss6.. so___1.fo__:___s L--3 2 .•. 12._5 5. 98 __ 8 8.1 o_.l7. se __ H_Lu __ 74 _._69 __ 40 .1 o __ 12 5. 37 ______ _ 
9 16. 5. o.co 5C9.40 7.12 5. 32.29 55.98 88.27 l8.04 57.11 75.15 40.10 120.97 

10 17. 5. 0.00 477.30 6.71 5. 32.46 55.98 68.44 tR.49 57.11 75.60 40.10 117.61 
11 18. 4. o.oo 454.60 6.33 5. 31.95 55.98 87.93 ll.ll 57.11 74.28 36.18 115.04 

COEFFICIENT FOR BENEFIT CURVE A,B,C 
~---o:-63771=: 02 o. 1 fs'4E'ao----~f:l(:i'6TE- 04 ----~-------

CCST COEFFJ. OF HAND-MOVE SPRINKLER A,B,C 
____ 0 .A85 8 LQ2.____.o_._l, 6..12L-.Cll___J)...l.51.7L-QS ______________ _ 

OPTIMUM IRRIGATION INTERVAL IS B. A~C BENEFIT COST RATIO IS 1.482 

COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 
____ (l.52.8(lE.Jl2. __ Q...6.5.65 E= C I 0. I 3 9!t.E=.O.!t. _____ _ 

OPTI~UH IRRIGATICN INTERVAL IS 10. A~C BENEFIT COST RATIO IS 1.289 

COST COEFFI. OF GRAVITY IRRIGATICN A,B,C 

0.1H2E .OZ- -.!l-.S628t;_,.oz__ ___ Q.4172E,-Cl5. ---------

OPTI~C~ IRRIGATION INTERVAL IS B. A~C BENEFIT COST RATIO IS 3.626 

------ ------- - ------
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SOIL TYPE HAYESTCN 1 CROP TYPE ALFALFA 

---- -~~--- -- --------------~-------~--~-------

NO. IRRIGATION ESTIMATED RISK A~NUAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL COST OF BENEFIT 
INTERVAL NUMBER OF % ACTUAL PERIOD NU~BER OF SIDE- PUMPING COST HA~D- PUMPING COST GRAVITY ($) 

----·--~--DURING __ lRRl_G.A.llQtL_____fVA PO~- CO~ SUI'. _LA lERAL __ ROLl. __ SL____I_jj______Ul__!IDVE _SP __ U I IS I IliBlGA-L---,--~-~-
PERIOD OF !I'M I USE RATE OF SPRNKLR I I Sl Ul · I Sl 
I'AXII'UM (~1'./DAYI 
CONSUMPTIVE 

---- c __ usE5 ~o4YS1_1t;~--1oo .oo-136! .1o -I 6. c9~ r:--9r.lr--s<J.~r6~87~-ot--'>7.48-92:ll~tt9-;-s<J-61~·2o-teo.oo-~~--
2 6. 13. 87.98 1048.70 13.41 10. 78.84 83.99 162.83 49.26 86.13 135.38 55.50 175.70 
3 7. 11. 7.~5 857.70 11.so e. 10.02 72.44 142.46 31.18 74.15 113.33 51.6~ 141.21 

___ ,._ ___ 8~ _____ 9. __ 0. 00~7 29_. ea____tC..J:6_ __ 1._____61 •. 0.3 __ 66 ._6_7_127 .?0 __ 31._23 __ 68 .17 _l0t.
1
4a ___ '< 7. 80 131.46 

5 9. e. o.oa 614.40 e.~4 1. 52.60 66.67 119.27 32.97 68.17 101. 4 45.88-124.92 
6 10. 1. o.oo 563.50 8.cs 6. 52.38 60.90 113.28 2~.14 62.18 90.32 43.95 118.96 
7 11. 7. o.co 501.00 7.32 5. 44.45 55.13 99.58 24.80 56.20' 81.00 43.95 112.74 

____ 1L_J2. 1. o.co 455.oo 6.71 s. 44.12 55.13 99_._25 23.99 56-ZO 80.19 42....0J__i_O.L5..Q, _____ _ 

_____________ ---CilEEELC:.l.E1il_EOJL..BHi£Ell_cuav~_B_ti... ______________________________ _ 

0.4253E 02 0.1566E 00 •0.3915E-04 

COST COEFFI. OF HAND-MOVE SPRINKLER A,B,C 
----o:-2Sl2E 02 0.130SECC----0:2e43E-04;:-------------------------------

OPTIMUM IRRIGATION INTERVAL IS 6. ANO BENEFIT COST RATIO IS 1~~49 

COST COEFF. OF SIDE-ROLL SPRINKLER A,e,c 
---~3546E 02 o.148qe· co -o.2743e~o4.------------------------------------------------------------------------

OPT!~~~ IRRIGATICN INTERVAL IS 12. A~C eENEFIT COST RATIO IS 1.084 

----------- -~------

COST COEFFI. OF GRAVITY IRRIG~TICN A,e,c 
----a-~ f29sCo2--o.I<J3te-o-1 ---o--:-21Be.::os ----------------- ----------- ---~ -- -

OPTI~U~ IRRIGATICN INTERVAL IS 5. A~C eENEFIT COST RATIO IS 2.899 
---------------------- --------- ___ _L.I_ 
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SOIL TYPE ~EISETCN 1 CROP TYPE ALFALFA 
·-' 

NO. IRRIGATION ESTI~ATEO RISK A~NUAL PEAK ESTIMATED COST OF COST OF ThTAL COST OF COST OF TAOTL COST OF BENEFIT r 
INTERVAL NU~BER OF t ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HANO- PUMPING COST GRAVITY lSI -

----~~~ l ~g oFJ.ruuuunN _ ____E¥~ ~~~~~ s~keh}l-~~:~ao~h¥_u_l___l$_1____1ffiY-h ~? "1 u • I RRH~A------------
~Axr~'uM 11'1'/DAYl 
CONSU~PTlVE 

----- i __ usE 6 ~ DAv.u_u;:--1oo. co -1 i 13-. ao--14 ~ s3--co-. --79~-'\ i--ss~74-n,s:2s·--.;r:-I4-9t-:1ll.7i2-;~ .,-----s7; 4 3-leo; orr--------------
2 7. 11. 87.98 957.70 12.45 o. 70.02 26.27 96.29 19.18 26.27 65.45 51.65 175.86 
3 B. 10. 7.55 815.80 10.90 7. 61.68 70.00 131.68 34.90 71.66 106.56 49.73 144.35 

____ 4 --- '1 B~___Q ~C Q___7l C.~ 20 __ <; .1: 9 __ .:1...__5 2 •. 60 __ 70AJ)0____l22 ~f>Q____JZ •. 9 ] __ 7l._66 __ Hl4_,_6 3 45, ~ 8_13 6. 56 ---------
5 10. 7. o.oo 629.20 8.72 6. 52.38 63.75 116.13 26.14 65.18. 93.3~43.95 131.52' 
6 11. 7. o.oo 559.40 7.92 5. 44.45 57.51 101.96 28.80 58.69 87.49 43.95 126.08 
1 12. 6. o.co 506.60 7.26 5. 44.12 57.51 101.63 23.99' 58.69 82.68 42.03 121.17 

___ a___u 6 o.ca 45R.9o 6.71 s. 44.40 57.51 101.21 24.74 58.69 83.43 4_2.03 1~.Q.!1 ______ _ 

-------------COE.llU:.l.ENT .. .J;tlR..-.aENE.ELL.CUR\I.E-.A., 8 ... ..._ __________________________ ~-------------· 

·0.6466E 02 0.1150E CO -0.1163E-04 

COST COEFFI. OF HAND-MOVE SPRINKLER A,B,C 

O.l342E 03 -O.l5.72E CO O.l30t:E-03 

OPTIMUM IRRIGATION INTERVAL IS 8. ANC BENEFIT COST RATIO IS 1.624 

COST COEFF. OF SlOE-ROLL SPRINKLER A,B,C 

O.l126E O_j ~~ .. 0.11i5E-0~3,_-----·-----------~----~---------------~--0.109Bt uu 

OPTIMUM IRRIGATION INTERVAL IS 8. A~C eENEFIT COST RATIO IS 1.285 
-------------- ·- . 

COST COEFFI. OF GRAVITY IRR!GATICN A,B,C 
--0~3530E oz--o .lOS4E-Oi ____ (l'. 7l22E-·OS 

OPTI~UM IRRIGATION INTERVAL IS 6. ANC BENEFIT COST RATIO IS 3.195 
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SOIL TYPE PASEL I CROP TYPE .ALFALFA· 

TATAL COST OF COST OF TAOTL COST OF BENEFIT 
COST HAND- PUMPING COST . GRAVITY ($) 

NO. IRRIGATION ESTIMATED RISK A~~UAL PEAK ESTIMATED COST OF COST OF 
INTERVAL NUMBER OF ' ACTUAL PERIOC NUMBER OF SIDE- PUMPING 

. ---- ___ OUR I NG .. _.....lRRl.GAlllliL......____.VA PO~_CCI\SUP' •. _LAIERAL __ .JUlLL .. SP ! Sl 
PERIOD OF I~Ml USE RATE OF SPRNKLR (($) 

~OYts{~l IS! IRRf~~----------------------
,.AX I"UM ~~~/DAY! 
COr-. SUMPTI VE 

--· r .. use9 ~DAYS '-1o .---·To(f.oo 12u: uf-T4 ~~6---fo-. --sz-~ 89-87.07--139; 96-Jt.: o9---89~ 29--123 ~38-4 9:-n--t eo~ oo -------- ------·---
2 10. 9. 99.17 1061.90 12.74 9. 52.78 80.99 133.77 30.~5 82.99 113.64 47.90 179.72 
3 11. B. 83.46 943.30 11.58 8. 46.93 74.91 121.R4 26.98 76.69 103.67 45.8R 174.13 

_____ 4 __ 12 7 ~ .. 2. 91 __ 842 .90.__10 •. 62..__7 ......____41 .• 04_68. 83 ___ ~09.81_23.21 ___ 70.39 ___ 93.. 60 __ 43. 95 __ 142. 56. 
5 13. 6. 0.29 767.20 ~.EO 7. 40.69 68.83 109.52 22.33 70.39 92.72 42.03 138.35 
6 14. 6. o.co 704.60 9.10 6. 35.37 62.75 98.12 20.01 64.08 84.09 42.03 134.93 
7 15. 5. o.co 647.80 8.49 6. 34.96 62.75 97.71 19.96 64.08 83.04 40.10 131.35 

__ a ___ 16. 5._. __ o.ca _596..30 __ 1 •. '16. __ 6.____35~1"---62. 75_97.8'L__H.46___64.oe __ 83...54_4o.Jo 121.56 _ . · 
9 11. s. o.ca 556.10 7.49 s. 29.76 56.67 86.43 16.65 57.78 74.43 40.10 ___ 124.19-- -------

10 lB. 4. O.CQ 526.CO 7.C8 5. 29.29 56.67 85.96 15.74 57.78 73.52 38.18 121.41 
11 19. 4. O.CO 488.00 6.71 5. 29.41 56.67 86.0A 16.95 57.78 74.73 38.18 117.55 

____ 12.._.__2 L. 0 CO 457.40 6 37. 5. 29 • .5..4..__56...6.1_..6..6....2l___l6.~1 57.I.fL__.14.J 9 38....1.8---.1.14.1.2__ _____________ _ 

______________ C.OE..E.f..lUE.NL.E!lR.....fi£N£El.L Cl!RVL.A._a • ....._ _____________ _ 

0.6527E 02 0.1077E 00 -0.6464E-05 

COST COEFFI. Of HAND-MOVE SPRINKLER A,B,C 
------~a.s3~oE o2 o.3o3bE-c1 o.2313e~o~~------------------------------------~--------~-------------

OPTIM~~ IRRIGATION INTERVAL IS 9. A~C eENEFIT COST RAiiO IS 1.498 

COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 

O.SOllE 02 o.7030E-01 o.4665E-05 

OPTI~U~ IRRIGATION INTERVAL IS 9. ANC eENEFIT COST RATIO IS 1.311 

COST COEFFI. OF GRAVITY IRRIG~TICN A,B,C 
---a ~~i o4Eo 2----o: 1t. 3 3e:.:or··--- e:-~ f1J"a 2 e-::o s ---------------

OPTI~L~ IRRIGATION INTE~VAL IS 9. ANC eENEFIT COST RATIO I5 3.729 

·-----~· ·······-···--··· 

·-----·-·-- __ ..t>-.)_ __ _ 
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SOIL TYPE STAN CROP TYPE ALFALFA 

-·----·~ ----- ------------ -·- -------

NO. IRRIGATION ESTI~ATED RISK A~NUAL PEAK ESTI~ATED COST OF COST OF TATAL CO~T OF 
INTERVAL NU~BER OF t ACTUAL PERIOC NU~BER OF SIDE~ PUMPING COST HA~D-

------ DURING __ __!Rl!LGAJ'IQlL _ __EVAPO.__CO~SUI', ___ LATERAL . __ ROLL. S.f' _ __L$l__U.)_l!._QYE SP 
PERIOD OF (~1'1 VSE RATE OF SPRNKLR (($) ({f 
~AXII'U~ ~~~/DAY) 
CCNSU~PTIVE 

COST OF TAOTL COST OF 
PUMPING COST GRAVITY 

($1 l$1 IRRIGA. 
($) 

8ENEJOIT 
I $1 

______ U.SE. lQA'i'S.L ___ · _ _ _ . . . ' · __ _ 
1 6. 14. roo.co-·ncz ;ao--15. 65--n:---ss:-llz-91-. <J<)-177~81-49. 7S-94-;5~44-;3o-sT;43--rao.oo--;-
2 7. 12. 99.14 1060.70 13.41 9. 70.38 80.04 150.43 40.56 82.13 122.69 5l.58 179.70 
3 8. 10. 64.41 9C4.50 11.73 8. 62.30 74.07 136.37 ,5.09 75.93 111.02 49,73 166.27 

______ 4 ____ 9 • ____ 9 • ___ r. 58_788 .so__1c • 43 __ _7 L _____ _s4 • .U __ 6A. 1o_122. s7 __ H. 94 69L 12 loo .66 41. so 137.26 s 10. a. o.oo 696.90 9.39 1. 54.60 68.10 122.10 30.55-69.72- oo.27-45.as-131.43 ____________ _ 
6 11. 1. o.co 619.50 e.53 6. 46.91 62.12 109.03 2~.95 63.51 89.46 43.95 125.97 
7 12. 6. O.CO 559.50 7.82 6. 46.56 62.12 108.68 25.0R 63.51 88.59 42.03 120.92 __ a __ t3. ~---n.·co_5o7~ ~to __ .1L.22 __ 5_. ____ 3_9._ft7._56,_l5_'!5_,_62 __ 2t._99 __ 5J_._31 79,3_0 __ ~.2 .o3 __ 115. R4 _____________ _ 
9 14. 5. o.oo 466.40 6.71 5. 39.05 56.15 95.20 20.93 57.31~8.24 40.10 111.33 -

-------COEFFIC fENT-FORBENE F n·-cuRvCt.;s,c 

0.2869E 02 0.1976E CO -0.5988E-04 

---------------- ----- -------- ~-

_______ C.fiSL . ..Ca.E£U._OF_l:iAI':ll.=l!.QV.L.SE.RINKlEB_A.._.!i,_~~-----------:---------~------- ------------------

0.4655E 02 O.t665E-Ol 0.5953E-05 

__ .llP.llMJ.:lLI.B.R.l.GALLOlL.llilE.R'LAL IS B....._Mlt.__f_fHEFIT COST RATIO IS l.4l..L_"'_·__ ·-----------·----------·-

______ C 0 S T C a EF E , C E.....S.l 0£-=.B..Cll.l._S_!'.RLNK LE.JL_A.._e_._c_ 

0.5532E 02 0.8355E-Ol 0.73q8E-05 

___ O£I.l!o'.U~RJliGAI1...C_N_INTll'lAL.lL_9_._M-_C_IiE.NE.£1L.k.O.S.LM.Il.O_lLW....,7L.A__-:-------------

COSLCDEUI .• OF GRAVJLY IRR!G~TICN A,e,C 

0.2796E 02 0.2870E-Ol -0.4615E-O~ 

_QP_T l~.1CM l.RR.l.GAT 1GL Il':llf.RVAL1.5. __ __6_,_}N_C_ fENEfl.LC0.5L.RAI10_1 L3_, 20!L ________ ~ 
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SOIL TYPE BONNOCK .~CROP TYPE PASTURE 

NO. IRRIGATION ESTIMATED RISK A~NUAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL COST OF BENFFIT 
INTERVAL NUMBF~ OF t ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HA~O- PUMPING COST GRAVITY (Sl 

------OUR I 'IG ------l~R-_lGA-T-ION-------.EVAP(h.-.CCNSU"'·--lA-TERAl--lWLL-SP-----4-S I I$) MOlff -Sil ____ (_U-------4~-l--l.RJU GA- -----
PERIOD OF · I~MI USE RATE OF SPRNKLR !lSI lSI !Sl 
"'AXII'UM 1~1"/DAYI 
CONSUT"PTIVE 

1 ---USE 4 ~ OAYS-~-23-:--100. 00--l/, l0~-7-0-lS~72- .. ll-. --l-3ZoJ-1--17:-fs--lSO :o9---R5~Sl--lB~ 97-l04 ~ 48--,74:75 -·i 40-: 00 ____ -- ----·-- ----
2 5. 17. 92.~0 1029.70 12.5J 9. 106.80 14.55 121.35 63.39 15.52 78.91 63.20 138.47 
3 6. 13. 0.17 800.50 1C.4R 7. 82.60 11.32 93.92 41.11 12.07 59.18 55.50 105.52 

---4---4 l-.-------{).00---f>58.-10--8TJl3----6-~-10.116--9.10--80.66-40.12--l0.35--50.-47-51.,65.--95.62---------------
5 8. 9. 0.00 557.50 7.86 6. 70.29 9.70 79.99 38.52 10.35 48.87 47.80 8R.01 
6 9. B. 0.00 481.90 · 6.98 5. 59.08 8.08 67.11> 32.48 . 8.63 41.10 45.88 81 0 83 

--------------------------
COEFFICIENT FOR BENEFIT CURVE A,B,C 

------o~st>-ZaE-40 o.l9~4-af---1}4----------~----------

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

COST COEFFI. OF HAND-MOVE SPRINKLER A,B,C 

0.1~44E 02 0.4710E-Ol 0.1110E-04 
-----~----------~-------------------------------------

OPTIMUM IRRIGATICN INTERVAL IS 6. A~O BENEFIT COST RATIO IS 1.843 

---~ ---------
COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 

0.2326E 02 0.94bOE-01 -0.21107E-05 

OPTIMUM IRRIGATION INTERVAL 1~ r. AND eENEF IT COST RA fi()Ts---r:·ns 

--- -----ca-srcoEi'-.=-~·:--·aF- GR.iv 1 Tv--iRRiG-Ai.-i cN---.\-.-o~c 
0.3015E 02 0.3264E-Ol -0.7047E-06 

oPr rMuM -~ RR 1 GArTo_N_!NreRvu--1-s--------s:-t~~-ceeNi:rlr cos-riitiT!ofsz·~os6 
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PASTURE ··: -- .... SOIL TYPE BOCK CROP TYPE ... ,; 

NO. IRRI~ATION ESTI~ATED RISK ANNUAL PEAK ESTI~ATED COST OF COST OP TATAL CO~T OF COST OF TAOTL COST OF 
INTERVAL NU~BER OF ~ ACTUAL PERIOC NUMBER OF SIDE- PUMPING CCST HA~O- PU~PING COST GRAVITY 

BENEFI~---------- i 
(S) _) 

----~M~f~%-oi=--1-RIUUUON ey~~M~~s~~fE-t~~~~h-KLR~h~P lSI IH---MUVf-slP lSI lSI Ill.R.f~t-----------
,.AXI~"U"' 1~"/DAYI 
CONSUMPTIVE .J 

_---!J£!0 t~YSl-. ------- ---- ----· --'---------------- -------- - -------- ------------ _______________ ------------
1 5. 18. 100.00 1238.50 1~.25 9. 107.59 16.50 124.09 65.34 17.63 82.96 63.15 140.00 
2 6. 14. 66.92 956.10 ll.87 7. 83.30 12.83 96.~3 48.86 . 13.71 62.57 57.43 134.38 -1 
3 7. 11. 0.03 783.10 10.18 6. 70.96 11.00 81.96 40.12 11.75 51.87 51.65 111.33 

---4-----B o ---.o .00----!>!>4 •. sO---a. 9].____4~---1 I.--C4--ll. • .o ()___82. 0"---40-42.-ll.J 5----52.1 z_____t.g. 1 J__-I.O 2 .ss ________ _ 
5 9. B. 0.00 575.80 7.92 5. 59.08 9.17 68.25- 32.38 9.79 -42.17 45,88 95.46 
6 10. 8. o.co 512.60 1.12 5. 59.58 9.17 68.75 33.82 9.79 43.61 45.88 90.07 

COEFFICIENT FOR BENEFIT CURVE .A,B,C 

-----C--qa9-S£- 01 o lB49E oo -o~~-tJJ.Ji4>---------------------------------------------

cosT coEFFI. oF H-AND-MOVE SPRTNKLER A,a,c 

0.3786E 02 -0.8342E-02 0. 3603E-04 

OPTI,.UM IRRIGATION INTERVAL IS ~· A~C BENEFIT COST RATIO IS 2.047 

COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 

0.5632E 02 0.2298E-02 0.4208E-04 

OPTIMUM IRRIGATION INTERVAL IS 1.. ANO eENEFIT cosTR'irioTs1-:Th 

COST COEFFI. OF GRAVITY IRRIGATICN A,B 

0.3005E 02 o.3130E-01 -0.3573E-05 

oPr IMu,. !RR IGATI oN rNrER-vALTs--s:-.it>c8E'N'EF'ir-·cosr--R:iXfo-fs-;f:-233 
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SOIL TYPE HAYESTON ,' CROP TYPE PASTURE 

~0. [~R!GAT!ON ESTIMATED RISK A~NUAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL COST OF 
INTERVAL NUMBER OF ' ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HAND- PUMPING COST GRAVITY 

----OUR ING- ----1-ll-RIG-ALUl!II--EVAPO~~Ot<S-UM,_LA TERAL---ROLL- Se.-U-l IS )__JjllV£.-.SP I Sl ( Sl IRR I-GA.-
PERIOD OF IMMl USE RATE OF SPRNKLR lUI Ul l$1 
MAXIMUM ~~~/OAYI 
CONSUMPTIVE 

BENEFIT 
( s l 

----------US£ IOA-Y.H- -- - -- - ----- ----- ----- ------- _____ ---------- ___ ___ __ ---- __________ ~------------

L 
..) 

1 3. 31. 100.00 1556,60 16.76 12. 175,85 18.60 194.45 113.84 19,92 133.76 90.15 -L4A.~O 
2 4. 20. ~8.45 1010.10 12.57 9. 128.30 13,95 142.25 75.89 14.94 90.83 68.98 ~ ~ 
3 5. 1S. 0.00 740,90 1C.C6 7. 99.22 10.85 110.07 56.53 11.62 68,15 59.35 96.59 

--4---------6 l-Z .C0--5a.3~~.-311--6-.------84.J!B--9.30--94-l1l--!t1-3L--9.9f>-___57.-2L-53 •. 5a_____a5.69----------
5 7. 10. o.oo 482.70 7.18 5. 71.04 7.75 78,79 39.18 8.30 47.48 49.73 77.96 

...) 

...) 

COEFFICIENT FOR BENEFIT CURVE A,B,C 

-0.1685E 02 0.2245E 00 -0,7900E-04 
...) 

..) 

-J 

0.8095E 01 ...) 

------m>-l-lMUM--lAA--l-GA-l-1 ON I~IT-~-S 5 • .U.~N-eJ;+L--~0-l-S--l---5~--------------'--------------

...) 

~ 

--------C-OS-1 COE F F, OF ---S-!~L-L--SJ>JU-NJU.EB---A-, £4(.____. ____ _:__ ___________ ----,----------,---

0.1276E 02 0.1482E 00 -0.20Z3E-04 ...J 

-----fi~LIMUM--1-lUU-Go\TION INTERVAL IS 6 MHo BE-N-E-F-U- COST RATIO IS .!l.-91o5------.,----------------------
...J 

...J 

..J 

...J 

------------------------
0, 3309E 02 0,3393E-01 0.1738E-05 ...) 

----OIU.U!-U!LlR.R-1-G-A.UO~T-ER.\IAL-1 S 4, --ANC-.aENE E.ILWS-LAAT I tJ,-..l.S-L..-8..1.! _____ ,;__ ______ _ -· 
1__, 

---- __ t>,l --
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SOIL TYPE HE I SETON ,' CROP TYPE PASTURE " . ~ • ~ " .f' ~···· ~ ' . 

~0. IRRIGATION ESTI~ATED RISK A~NUAL PEA~ ESTIMATED COST OF COST OF TATAL CO~T OF COST OF TAOTL COST OF BENEFIT 
INTERVAL NUMBER OF t ACTUAL PERIOD ~UMBER OF SlOE- PUMPING C05T HA~D- PUMPING COST GRAVITY IS) 

------OUR I NG---H-1-RRI-GA+-lON EVAPO.-CCI\SU14.--- LAT-ERAL-~LI.---SJ!---U-l---t-S.l--JW.V~SP I Sl IS I I.R.R.H;A-------------
PERIOD OF (MMl USE RATE OF SPRNKLR (($) Ul , lSI 
MAXIMUM 11'1'/0AYl 
CONSUMPTIVE 

-VSE-IOAYH- ---- --------- ---------·--------------- ----- --------------- --- --·-----------
1 3. 33, 100.00 1767,90 18.16 12. 177,65 20.40 198,05 11~.16 21.60 139,76 ~4.00 140.00 
2 4. 21. 99,49 1138.70 13.62 9. 129.11 15.30 144.41 77.87 16.20 94.07 70.90 139.86 
3 5. 16, 2.16 833.70 1C.~O 7. 99.96 11.90 111.86 58.35 12.60 70.95 61.28 · 97.09 

---4-- br l2.--4l~~-M3,-4~9~CS--f>-.-.--84-..-l!ll--l0-.-20---95,.0a-.r..1-3l-.--l-O-ao__s_a • .lJ.____5.3..58___.85.11------
5 7. 10. o.oo 539.50 7.78 5. 71.04 8.50 79.54 39.18 9.00 48.18 49.73 77.34 

COEFFICIENT FOR BENEFIT CURVE A,B,C 

-0.2409E 02 0.2150E 00 -0.6868E-04 

-GG~Of-WA#V-Jt{}IJ.E~RI NKI.-E-SLA..B-,-~,;----------'---------------------

o.5875E 01 0.8072E-01 -0.2826E-05 
-----QP.+-I-MW4-~P.-~GU-I-N+E~~S-.-At.lC-~E.f-IT COST RATI-O-~l-.S09! __________ ~------------

---------COSl--CO€-F~-S-l~=ROl.l..--4PRUIKLE-R---A,.R,l.--------~-------------------------· 

O.l262E 02 Q,1345E 00 -0.1615E-04 

-~4~~UM-I~RI~ EFIT COST RAI~~S-~~~------------------------

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

CQS.T rnFFI't_ 

-~---------- ------ ·--~- --
0.3023E 02 0,3640E-01 -0.2083E-06 

OPJ I.MUK --1 RRlCA U 0~! N IE R V AL-!S.-------4..-A"-C-8ENEF--lJ___J:.QS.LRAll 0..1-S---L. Bit-'•------·--· - ----------~ 
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SOIL TYPE PAESL CROP TYPE PASTURE 
....... ;:<""',- "~ ~-. 'f 

NO, IRRIGATION ESTIMATED RISK ANNUAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL COST OF 
INTERVAL NUMBER OF ~. ACTUAL PERIOD NUMBER OF SlOE- . PUMPING COST HAND- PUMPING COST GRAVITY 

BENEFIT 
( s l 

--------- g~~ l ~5 -of: ---Ua~AUON----£¥~ ~~-t~~s~~T e-1~ 'i~~KLR-'4-hF-U-l--l-S~OVf-JY 1 51 I' 1 1 R.Ii.f~t-----'-----------
"Ax li'UM (~1'/0AYJ 
CONSUMPTIVE 
USE .!OAYSL---- ------ --- ___ c __ ------------------- _______ ------------------~-------- _____ ___ _ _ __ -----------

1 5. 19. 100.00 1459.30 15.93 11. 105,30 16.50 121.~0 65.12 17.12 82.24 67.05 140.00 
2 6. 14. 99.18 1119.60 13.27 9, 84.11 13.50 97.61 41.39 14.01 57.40 57,4~ 139.86 
~ 1. 12. 39.20 913.90 11.38 a. 75.40 12.oo 87.40 41.60 12.45 56,05 53.58 122.24 
4 8- 10 O.!JJ.__.:__7.76-.8Q___IJ..'l5- 5-.80--10.50--76.30.--31.22--10.89--48-11--49.73-..102.15 
5 9. 9. 0.00 674,50 8,A5 6. 56,77 9.00 65,77 12.26 9.34 41.60 47,80 95.18 
6 to. e. o.co 594,40 7,96 6. 56,59 9.oo 65.59 1t.a6 9.34 4t.20 45.88 89.35 
7 11. 7, o.co 531.50' 7.24 5. 47.41 7.50 54,91 26.45 7.78 34.23 43.95 84.49 
A 12, 6. 0.00--482 10 6.64 5, 47.06 7,5.Q.__5_4--56 2S,S9 7,78 33.37 42,03---80~4r...7l-----

~~F~~~IENT~N~f~~URVE·~~~------------~---~-----------------------

O.t383E 01 0.1859E 00 -0,6lllE-04 

COST COEFFI. OF HAND-MOVE SPRINKLER A,B,C 
_-----------------------------------------------------0.1745E 02 0.3071E-Ol 0.8~86E-05 

OPTIMUM IRRIGATION INTERVAL IS 7, A~C BENEFIT COST RATIO IS 2.279 

COST COEFF, OF SlOE-ROLL SPRINKLER A,B,C 
O.t524E 02 0.8361E-Ol -0.7456~E--~0~5-----------------------------------------------------------

OPTIMUM IRRIGATION INTERVAL IS 1. A~C BEN~FIT COST RATIO IS 1,408 

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

COST COEFF!. OF GRAVITY !RR!GATICN A,B,C 

i 

.,/ 

._) 

....1 

..J 

..J 

...J 

..J 

. .J 

~ ~----- -----------
0.3124E 02 

--------------------- --------
0.2349E-Ol o.5B94E-06 

6. ANC BENEFIT LOST RATIO IS 2.281 OPTIMUM IRRIGATION INTERVAL IS 

--- --- i ~ 
--- _[::,.)_ 
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SOIL TYPE STAN. ._, CROP. TYPE. PASTURE 

NO. IRRIGATION ESTIMATED RISK A~NUAL PEAK ESTIMATED COST OF CO~T OF TATAL CO~T OF COST OF TAOTL CCST OF BE~EFIT 
INTERVAL NUMBER OF ~ ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HAND- PUMPING COST GRAVITY lSI 

--r 
0 UR I NG ~ -- --liUtlC'.t.T-Hlti.----lOVA P O~CCI\i S Ul!, --l A.TERAl---ROU.-Sl!-U.I I SJ.__J(()V~Sl!-U I ( S I I R RIG"--------
PERIOO OF C~MI USE RATE OF SPRNKLR ((Sl Ul 1$1 
MAXIMUM (1!,./0AY) 
CONSUMPTIVE 

--~SE lOAYSl--- ----~ -- ---·---~--------~- _____ ------~~-- ______________ -~--- --~-- _____ ---~- -----~------- --~ 
1 4. 22. 100.00 1272,30 14.67 130, 79,85 229,96 309.~1 72.81 239.0S 311.88 9.00 140.00 
2 5. 16. 50.47 93C,OO 11,73 100. 58,35 176.93 235.28 61.28 183,93 245.21 7,00 129.94 
3 6. 13. o.oo 752.80 9.78 86. 49.11 151.51 200.62 55.50 157.50 213.00 6.00 107.69 

~-4--------"1 t .00--598....00------8 ~38----1-2 O-.Jl.a-~--l-26~94--l67~82---S.l..45--l..l~94-l83....6l-.5-00--9 5. 98----------
5 8. 9. o.oo 506.10 7.33 71. 39.28 125.74 165.02 47.87 130.71 178.58 5.00 88.30 

._) 

._) 

-.I 

COEFFICIENT FOR BENEFIT CURVE A,B,C 

0,9783E 01 0.1835E 00 -0.6325E-04 . .) 

....) 

._) 

-------CO~~~~-WAN~~~~K~f~~~~------------------------------------------------------------------· 

0.1190E 03 0,8439E-Ol 0,5313E-04 ....) 

----~P+I~U~-IRR!GA++ON-*N+E~V~~ENE~~~CO~tLIUO~I~S>-(~~~-------------------------

....) 

....) 

--------~C~T COEFf OF~~~~P~~~~~.-~--------------------------------~----------

O.l079E 03 0.6846E-01 0. 7133E-04 ....) 

--· ---GP-~-I-R~~~N---1-#t£R-¥At.-IS B ANC BENEFIT COST RATIO IS 0,-5-3.8 

..J 

..J 

..J 

..J 

O.H32E 01 0,2547E-02 O,l638E-05 .; 

---OPJ IMUILlJUU~ l.ON..-HUE.RV.Al IS 4 A!IC-I!ENEF I I COSLRAlllLI.Sl5...60.6•------- --L 
_N 

-......} 

Q\ .,J 



SOIL TYPE BONNOCK 1 CROP TYPE POTATOES 
--r1 

NO, IRRIGATION ESTIMATED RISK A~~UAL PEAK ESTIMATED CCST OF COST OF TATAL COST OF COST OF TAOTL CO)T OF BENEFIT i 
INTERVAL NU~BER OF t ACTUAL PERIOC NU~BER OF Slr.E- PUMPING COST HANn- PU~PING COST GRAVITY ($) -~ 
OUR I NG. --~JJUU.GAI.lilt:L_ _ _EVA PQ,_ CC~ SUI', _LAlERAL ___ Jli)LL.S£.___LU __ L1L~QYE. SP ( S l ..ill--..lllP I GA.___ ___ _ 
PERIOD OF ~~~-l USE RATE OF SPRNKLR 1($) IS! IS) -~- ---
~AXIMUM ~~~/DAYl 
CONSUIIPT I VE ' ...1 

~-!:Sf I DAJ's.t_ _ . . . 
1 3. 24 ;-too. c6--937. ~o-·-n ~-B--170·;-----98 :72-68 ~; 40 -782 .lz--q,r:1t-7o5;;-ro-ll04 ~41--12. oo-77A. 5cr __ _ 
2 4. 16. 93,CO 643,10 1C.CO 125. 67,q7 511.13 579.10 71.31 527.14 604,45 9,00 778.49 
3 5. 13. o.co 495.1o e.co 98. 52.89 405.39 458.21! 6'l.oc. 417.90 41!6.96 . 1.oo 763.72 ...1 

_____ 4__6 • ___ ______to. __ o .co_~to2.. co __ t .•. e7 __ 83_._ __ n. U_349 ._'l
7
a __ J9.h6~_65o~_8l~360. 66_421.._4 7 __ 6. oo 746.12 

5 7. 9, o.co 337.50 5.71 70. 37.48 2-99.~ 336.8:> 8.06 308~-38 366.44 5.00--,28.65 __________ _ 

'--· ...J 

'--

'-
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'-
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J .... 
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.... 

.... 

...J 

-~------coeFffCIENrf'·aR-BENEF!TCulfvEA-;a-;c -,-----~---

o.6134E 03 0.4407E 00 -0.2826E-O~ ...) 

..) 

..) 

----~ .. C.OSLCD.E.£El~LtlMO-MOVE S!'JUNKll.lLA...a. --------------

C. 7785E 02 0.9019E CO -O.l347E-03 
._) 

__ _,Ou.rP..llM.U!Ll.RRLGAI.U:lLltilERliAI IS 7. All eENEFI.I._(.{l~':UL-------------------

._) 

._) 

----~----·f.Os.L.COE FE. OF SID ~.LL._Sl'RJNK.lEB. ___ ~ ,.B.._C,._~ • .__--------,-- ------·· ----~------
0.4490E 02 0.9120E 00 -0.1333E-03 ._) 

__ _.C.._.Po.olJIMU/LlRRl.GA.TICN INT.ER.'lAI IS 7. A~T COST RAu.T_..I..,_O_._!S.._.2.._, • ..,1...,.6._.~,__-------------------- ----· ·---------~ ., 
._) 

---c----------------------·------------
.._) 

__ msr COE FE I. OE..Ji.RA'ill.LLI\JUG~U..C_~_e_, "---'----------------------------

..J 

-..) 

-O.l602E CO O.lt67E-Cl -0.3938E-05 ~--
.) 

____ OPTIMUM .lRRlGA.IlC.N_INIE.RVALLS ___ lt,_AI\C_fENE.FlL.COSLRAUCJ,Sa1,295 _________ -------------- ··--·--- --L 
------------ ·---- --~-----------·-· ~----·- --~- ------ _l'.,l_ 
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SOIL TYPE BOCK ' CROP TYPE POTATOES 
,,. 

~~~-~i~~~euo~--~o~i~-i~i~-~~;;-~~7e:~ii~-~-o-c-~~~~~~~5~ ~n~_oF ~ei~~2~~~if-i~~~-OF ~8~~~2~ l~~t-L--~~i~~~~~-j~~-T--~-------i 
__ DVR I NG -~lGAUQN_ _ _EVA PQ.~CCI\ SUII, _LA_LERAL _ ROLLSl'___l_$1 I lL___!i_QYE_S~li____il_l ___ _lBJUGA .__ __ _ 

PERIOD OF I"Ml LSE RATE OF SPRNKLR f(Sl Ul lSI 
MA~l~UM 1~"/DAYI 
COr\SUMPT!VE 

_ .. USE !DAY.S.l 
1 4. 
2 5. 
3 6. 

__ 4 ___ 7.· 
5 a. 

17~ 
. 13. 
11. 
_9~ 
8. 

too;oo 
41.67 
o~c.o _oLeo 
o.oo 

155 ~00 -Tr;~3--9 .---125; !17-66.'36~92. 21--61~ 95-67;M-T37-;7.,--eo-;o6--77B. 50------
579.80 ~.C7 1. 97.75 57.59 155,34 52.89 58.71 111.60 69.06 779.99 
'tb9.30 - -l-56 6. 84.16 53.20 137.36 lt5.51 54.16 99.67 63.56 774.01 
391 ... 90 __ ~.it6__5J ___ ro._37 __ 4a.e2.~.119._l9 __ )1._1t8_'!9_._62 __ e~.lg_se.o6_762J_79· ____ _ 
338.60 5.67 5. . 70.29 48.82 119.11 J7.38 49.62 e,.o 55.31 750.22 

-------------c6eTF!i:TeNTFciC8fNEffi-cCR~E-A;s,c 

C,6404E 03 0.4455E CO -0.3484E-03 

_COSL_COE FE I. OLHMW-MDYE SPRlliKLE R'-"'-'-"c.LI.-"--------------~------------------

0.6854E 02 O.l538E-01 0.1013E-03 

____j}tllll.:lLlRJUGA.llillLUU£.RJ/AI 1 S b. bi\C eENEEl I COST RATIO IS 7 ,_880 

COSJ'_COil£..._f.f___5..IJ)_f=&!ll.L_SPRlN.Kl.EJL._A..Jh"-_._-----

0.8923E 02 0,3508E-Ol O.l347E-03 

--~O~P~I~!~XM-JRRlGAILnN-LNIERVAI IS 7, ANC BENEFIT COST RATI~Li~---------------------------------

___________ _LUST COEF~~E-GRAYLLY IRRIG~TICN __ ~L~.~~----------------------------------------------------

·Q.3~89E 02 O.S616E-Cl 0.2984E-05 

OPUMUILLil.IU_GA..I.ILti__lNIERV.AL_l_$. __ b..LM~Il_ BENEF_UL.OSLRAUlLlS12.285 ______ ----- _ 
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SOIL TYPE HEYESTCN .'CROP T.YPE POTATOES 

NO. IRRIGATION ESTIMATED RISK A~Nl!AL PE~K ESTIMATED COST OF COST OF TATAL COST OF 
INTERVAL NU~BER OF t ACTUAL PERIOC NU~BER OF SIDE- PUMPING COST HA10-

------· OUR I NG .. -----lJUUGA.IlON FVAPD~..CCI\.SU~, _LA.liRAL ___ .RQLL _ _Sp ___ LS_l___U_l_____MD.YE_SP 
PER lCD OF CI'MI USE RHE OF SPRNKLR II Sl lSI 
I'AXI~UI' 11'1'/0AYI 
CONSU~PTIVE 

COST OF TAOTL COST OF 
PUMPING COST GRAVITY 

lSI lSI IRRJ£AL--. 
IS I 

BENEFIT 
lSI 

usE 2 ~oAvs '--38 .---lao·. co ·u-; 2. 3o-- 16 ~ c-6--14 ~---2s4:n·--il r: 22 -135;94-161>. Sl--llz~ 'i0-21t3:41'117~Sr-778:so ---
z 3. 22. 99.28 987.70 10.t7· 10. 175,69 65,70 241.39 99.27 66.90· 166.17 93.~1 778.52 

L 

3 4. 15. o.co 483.20 a.co 1. 122.c6 54.06 176.12 65.42 54.90 12o.32 74.56 740.67 
----4--_-5.- --O~.Q.0._____3J3.....6.Q~.a___6~-LCL4.~l6___...5_0.._1..8_l_5_4.~.5Jll_ 5o. 90 Ul.b..!t.J__~6__...ll__1U .• 5 Q__ __ _ 

-------~- ---'--c.o.EH lC.l£1-lLF.CILl!E.NE E..l. LllJUL..A.~ B.,L 

0.6212E 03 Q,3121E CO -0.1520E-03 

COST COEFFI. OF HANC-~OVE SPRINKLER A,B,C 
~---- ·a~ 182 5ToT---=o:-ze77CCo~----o-;2!i ft:F--o3 

OPTI~UM IRRIGATICN INTERVAL IS 4. AI\C eENEFIT COST RATIO IS 6.743 

COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 
a~·i300E-03---=-o~-29-:f2Ec_o ___ o_;3H2E·.:-o'3 

OPTIMUM IRRIGATION INTERVAL IS 4. AI\C BENEFIT C~ST RATIO IS 4,536 

COST COEFFI. OF GRAVITY IRRIGATICN A,B,C 

·-, 

·a. t'i 7oe-o3---=o~-1a4oe·-o-a--·o~1673(.:.cf3 
OPTII'UM IRRIGATION INTERVAL IS 4. A~C PENEFIT COST RATIO IS10.971 
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SOIL TYPE HE I SETON CROP TYPE POTATOES .. .; 

NO. IRRIGATION EST!~ATED RISK A~NUAL PEAK ESTIMATED COST OF COST OF fATAL COST OF COST OF TAOTL COST OF BENEFIT 
INTERVAL NUMBER OF t ACTUA·L PERIOC NUMBER OF SIDE- PUMPING COST HA'I()- PUMPING COST GRAVITY (S) 
OUR I NG __ .-..l.B..B I GAil ON __.EVAP~CC~SUI'. _LAIERAL __ fUll.L_5P lSI IS l _1olilll.E__SP IS l I Sl IRRl_GAL_ ____ _ 
PERIOD OF O~Ml USE RATE OF SPRNKLR I I$) .. lSI I$) 
"A~I"t:" 11'1'/DAYI . 
CONSUMPTIVE 

L 
.._) 

1 - J.LS.EJ~o_A.'i'S..L 23. --leo. cc-76A. 40-11~ 56~0~---176.62- 68.1)0~45. ~l-T01~5~6a·.c;o--l To~·o2-96;56--77s. so·-----------
2 4. 16. 2.22 535.40 8.67 7. 122.84 56.30 179.14 67.14 56.02 123.36 77.31 778.83 
3 5. 12. o.co 413.30 6.~3 6. 104.76 52.10 156.86 55.51 51.86 107.39 66.31 765.02 
.L___fu__ _llh___!l.....O.Cl.___.llb. 70 5. 78 5. 87 • .8.1 47. 9.Q.__l_J_!;. 71 lt6.47 47.70 94.11 6Q_._a.l.__li.ll....l><O _______ _ 

-..J 

___ __~.C..LOu:Ef.EIUE.NI...f.CR_B.f.tiHJ.L.CUR.l/L.A ,_B_.L.______,,-----------------~--------------
O.b299E 03 0.4769E CO -0.3691E-03 

-i 

....J 

COST COEFFI. OF HANC-MOVE SPRINKLER A,B,C ...) 

0.65COE-a2·--o~:2''lllt:;'Ci o. UYifi>Flr-f 

OPTIMUM IRRIGATION INTERVAL IS ~. A~D eENEFIT COST RATIO IS 7.245 ...) 

._) 

COST COEFF. CF SlOE-ROLL SPRINKlER A,B,C ._) 

----o~il64oEo_2 ___ o.To9st oo o~-f265Fo3 --~------------------------------

OPTI~UM IRRIGATION INTERVAL IS ~~ ANC eENEFIT COST RATIO IS 5.441 ...) 

----------------------------·-·--- -· 

..J 

COST COEFFI. OF GRAVITY IRRIGATICN A,B,C ..J 

...J 
.__. 

J 
._) 

C.332SE o2 ---o-:7994E-CT ____ o:3279E-05 

OPTIMUM IRRICATICN INT~RVAL IS 5. A~C eENEFIT COST R~TIO 1511.428 ..J 

--..._._----~~--- ---L 
------- ~- ------ N -------co 

0 ..J 



SOIL TYPE PAESL ' CROP TYPE POTATOES 
- '1'1 ~ ..... 

,._, 

NO. ~~~IGATION ESTI~ATEO RISK A~NUAL PEAK ESTIMATED COST OF COST OF TATAL CO~r OF COST OF TAOTL COST OF BENEFIT 
INTERVAL NU~BER OF l ACTUAL PERIOC NUMBE~ OF SIDE- PUMPING COST HA~O- PUMPING CCST GRAVITY lSI 

_________ Ot;R 1 NG ____ LRRIGAUON ___ ____E\IA POA __ cc~su~. __ LATERAL _.R.DLL...SP_....UJ __ __u..L__l!il'IE. se_il_l __ U.l____j_.RJU GAL _____ _ 
PERIOD OF I~Ml LSE RATE OF SPRNKLR IISI Ul · · lSI 
~AXI~UM ~~~/QAYI 
CONSUMPTIVE 

. __ USE. !DAYS!___ ____ ... - __ 
1 4. 1s. 100 .co 870. 66 ___ 12~ ~7-n~---1-2a;T8--71 :·1e-199~<J6--'7l.4'7--n ;-25-14~. n- 87-~at------rlA. 50 
2 5, 14. 9A.CO 667.20 1C.13 9, 104.44 63.62 168.06 51.54 64.82 122.36 71.81 778.55 
3 6. 11. 3,13 538.60 8.45 7. 81.20 55.46 136.66 43.61 56.3'1 100.00 63.56 773.91 

_____ 4 ___ ] _g~_.c. CO_It51~ 90 __ 1. 24 ___ 6.___69._61__ 5 L._38_120 ~99 __ 31>._72_______52_.18 __ 88 • 98_58, OL_762, 40 
5 a. a. o.co 3€8.60 t.33 6. 69,54 51.38 120.92 16.62 52.18 88.8 55.31 749.79 
6 9. 7. . 0.00 34C.OO 5,63 5. 58,39 . 47,30 105.69 30.73 47.97 78.70 52.56 737.00 

'--
COEFFICIENT FOR BENEFIT CURVE A,B,C 

--~-6296£-D3 o,41Bb£_QO -0,2856E-03____ _______________________________________________________________ _ 

- - -- ~ ------- --

cosrci:iEFFT:-cFHAND-MOVESPR INiflER"A-;-8,-C 

'-- 0.4507E 02 0.9095E-Ol 0,2945E-04 

'--

'--

'-

'-

'-

'--

'-

~ 

\,.. 

.._ 

---OPt i iol t: M --~ R-Ri GATIONINTERVA[-TS--7-.-f,.t-c-e_ENEHfco STRA"tTI:nss--:-249 

--- ----COSTCOEFF-;CF--S-tOE-RCLLSPRTNKilR--A-;fr;t 

0.5479E 02 0,1442E CO C.2742E-04 · 

-----OPT ir-il:-MTRRIGATicN"""iNTERVAL--TS -8-.-AIICflENEFIT CO-ST-RATTO-t"S6~f6.---------------- ------

------------cbs T CoEFF'T~--oF--GRAV liYIRHGTTI CN--A";s·;c----
0.4109E 02 0.2153E-Cl C.3690E-04 

OPT l"lJ"- IRR i"GHTCN--HHERVACI S---6.--A~-[ -flENEF lt""COSf-RAfiO--l$12;183 ______ _ 

·-----~~-~· ---------

----- -- ---------W 
00 
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SOIL TYPE STAN CROP TYPE POTATOES 

NO. IPRIGATION ESTI~ATED RISK A~NUAL PEAi ESTIMATED CO~T OF COST OF fATAL COST OF COST OF TAOTL COST OF BENEFIT 
I~TERVAL NU~BER OF l ACTUAL PERIOC NUMBER OF SICE- PUMPING COST HA~O- PU~PING COST GRAVITY lSI 

____ Ot.:R I NG _ --1-RRLGAllillL--E.l/AP_fl_.__GC~SUI' ._.LAI.ERAL __ ltOLL . .SP_LS.L___LU_.IlOYE. SP I$ I IS I I RR I.GA .__ _____ _ 
PERIOD OF I~Ml USE RATE OF SPRNKLR (($1 . ' ISJ l$1 
"AXII'U~ 11'11/0AYI 
CONSU~PTIVE 

1 ... usE3 ~cAYS 1- z:l.--too ~co-asi -~~;o--n :4-s·-ro.--1 76.62-·'tz; id ___ 24e;n---ror~-.;z---·n:-7o-175:-22--q6, 56--718 ;so--·-----------· 
z 4. 16. 53.40 588.70 q,33 1. 122.84 58.54 181.3B 67.34 5q,66 121.00 77.31 778,54 
3 5. 13. o.co 453.80 7.47 6. 105.54 54.02 l5q.56 57.48 54,q8 112~46 69.06 764,35 

---"------6.- 10 O,.l:.Q.__369 10 t-,22 5. 87.87 49.5ll...___lll.3..1 46.41 5Jl.....30 q6,77 6Q.._6~4..LM ____ _ 

J 

---------~E~CJENL-EC~E~R~-~.a.u----------------------------------------------

0.6289E 03 0.4336E CO -0.3030E-03 -..1 

_) 

COST COEFFI. OF HAND-MOVE SPRINKLER A,B,C . .) 

------o:636i1:---oz--o--:-6630E-61 ___ o:7565-E-o·•4--'-------· 

OPTI~UM IRRIGATICN INTERVAL IS 5. A~C eENEFIT COST RATIO IS 6.985 -' 

----, 

COST COEFF. CF SIDE-ROLL SPRINKLER A,B,C 
------o.a463E o2 O. ii 5CE CO o.9o74E-o4 

OPTIMUM IRRIGATICN INTERVAL IS 6. A~C BENEFIT COST RATIO IS 5.362 

..) 

COST COEFFI. OF GRAVITY IRRIGATICN A,B,C ..J 

-------~ -~-- ----~----···-

. .) 

o. 'H t4E52---,r.-e59ae:.cr--:-o.to'loe-o4 __ _ 
OPTIMt.:M IRRIGATION INTERVAL IS 4. A~C BENEFIT COST RATIO IS 9.992 ~ 

----------------- ----- --- --L 
_ty 
00 
N .J 



\.. 
SOIL TYPE 80NNOCK CROP TYPE WHEAT 

>I 

NC. IRRIGATION ESTI~ATEO RISK A~~UAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL CCST CF 
INTERVAL NU~BER OF 1 ACTUAL PERIOC NU~P.ER OF SICE- PU~PING COST HA~D- PUMPING COST GRAVITY 

BENf'F IT 
( s) 

----- i _) 
OL:RING _JRR1GAJID1i~--EVAPO._LC~SU"·~LATERAL . RCLL .sJ> __ ._U.l___jf_L_llllVES~_$1 l$1 IRBlGA, ____ _ 
PERIOD OF C~MJ USE RATE OF SPRNKLR Cl$1 . (SI CSJ - -- ----------·--
"'AXP'U"' ~~~/Q,oiY) 
CONSU~PTIVE 

1 ___ US£'3 ~DAYs..L~n:-- --io-o.t<i-Tz'lfl-~-scf--1 s ~ c':>--37.--rsq:'js ---78:-37--2H;·q2-'lo-;oe--so;%-170 ~ 64-74-. 7'> -248. ~a ----
2 4. 13. 99.75 724.90 14.29 28. 116.23 ~5.31 181.'54 '5J.1l 66.96 124.27 53.50 ~48.39 
3 5. 9. 59.78 490,60 11.43 22. 9C.OB 56.60 146.68 4t.76 57.90 99.6& 47.30 196.75 

~-~ 4 ____ 6--~---·7.. __ a~7o __ .375.1o____.,.52._____19.~ __ 73.37_ 52. 25_125, 62 _34,114 53,37 118,21 4'3.9'5 94.20 s 1. 6. o.oo 310.50 e.16 16. 65.22 47.89 113.11- 2<J.26--48.84--78.10--42.o3--76.18 -------
6 a. 5. o.co 264.20 7.14 14. 56.~9 44.99 101.9A 25.17 45.82 70,99 40.10 62.78 
7 9. . 4. o.co 229.30 6.3'> 13. 48.71 43.54 'l2.25 22.'58 44.31 66.89 38.18 51.80 a ___ 10. _____ 4. ____ o.ca __ 207 .oo~- 5 •. 71 __ 11. ___ 44.98 _40,64 __ 85. 62___1'1.87 __ 41. 29 __ 61.16 __ 38. 18_ 44.10 _ 
9 11. 4. 0.00 189.10 5.20 10. 41.20 39.19 80.39 1A.M 39.78 58.47 38.18-17.95 -·------·-------

10 12. 3. o.co 176.60 4.76 9. 36.80 '37.74 74.54 1'5.90 38.27 54.17 36.25 33.32 
11 13. 3. o.co 169,70 4.40 9. 36.93 37.74 74.67 16.23 38.27 ·54.50 36.25 30.68 

___ J.2 __ 14. 3.------D..CO -l63.3Q __ _t,,ca_ ___ a~_.33.~Q______36.28_69.3B__H. 89_36~ 76__5L.65___36. 25 __ 28 .19 ________ _ 
11 15. 1. o.co 151.80 1.e1 a. 31.21 36.28 69.49 1S.t9 36.76 51.95 36.25 24.39 
14 16. 3. O.CO 147.CO 3.57 7. 29.33 34.83 64.16 13.71. 35.25 48.9A 36.25 21.59 
15 17. 3. o.oo 139.20 3.36 7. 29.43 34.83 64.26 ll.99 35.25 49.24 36.25 18.29 

__ -·---- -16 .. ----LB. --~----3~-~~-W-l32..J.Q_____J_.__u _ _b. 7 5 .5l 3 3. 38__5 __ a._8_9____U...'t2____33_.l4__~______3..6...2 5 ____ .1..5, 2 a_ 

____ ---LOEf.El.C.1HlL.£CLB.ElSE£ll_CUR 'VE.-Lll.._c___ ________ . 

-0.7270E 02 0.6413£ 00 -0.3008E-03 

'-

I..- COST COEFF!. OF HAND-MOVE SPRINKLER A·,B,C 
--- --o-.2568E o2 o~-f785EC-o--.:.o.5T99e--=-o4 __ _ 

\,; OPT!Mt:M IRRIGATICN INTERVAL IS 4. A~C eENEFIT COST RATIO IS t.832 

~ 

~ COST COEFF, OF SIDE-ROLL SPRINKLER A,B,C 
----·- ________ ....,__ _____ _ 

. ~..,.,.... ._ 

0.2589E-Ciz-----0-.-2998E-CO---o-:Tb6oE-::-03--------------~-----

""' 0PTJMUM IRRIGATICN INTERVAL IS 4. A~C eENEFIT COST RATIO IS 1.248 

\,; COST CUct t •· ,_. 1;RWITY IRRIGATJCN A,B,C 
o.3177E ·a2 _______ o.3on3E-Ol o.225tc-o~---- ------

----------- ·-------

---~------- ------- -· ~ 

N 00--
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\.1 OPTIMuM· IRRIGATION INTERVAL IS 4. A~C PENEF!T CO~T RATIO IS 4.278 
(..N ..) 
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SOIL TYPE BOCK CROP TYPE WHEAT 

. -- ----~-·- ~---~-

NO. IRR!GATICN EST!~ATEO RISK A~NUAL PEAK ESTIMATED COST OF COST OF TATAL CO~T OF COST OF TAOTL CCST OF 
INTERVAL NUMBER OF t ACTUAL PERIOC NU~BER OF SlOE- PUMPING CrST HA~O- PUMPING COST GRAVITY 

BENEFIT 
( s l 

-- ----- --- -- i _, 
OUR lNG _ __l_RRLGAI.ION_ _ ________EVA PQ._Cc~ SUI', _lATERAL ___ ROLL S_L_Ul __ _j_l_L_ fi!OVE S!'__LS_L__Ul ___ lRR I GA 
PERIOD OF · I~M) LSE RATE OF SPRNKLR ((S) Ul (S) 
MAXIMUM ~~~/OAYI 
CONSUIIPTlVE 

___ l __ _j.J.s£4 !on.sJ __ 14 ~~ocr.co~'l !6-:Jo--rr~ t9--3s--. --rn~t.3-ro~-74 --184~ 11---sl!. 96-72:-63 ___ 131; s?---::---57. 4 3--248. 6C- -
2 5. 10. 96.34 608.70 12.95 28. 92.14 61.53 153.67 44.03 63.04 107.07 49.73 246.32 
3 6. 7. 34.17 455.10 1C.79 23. 74.68 54.95 129.63 31.~0 56.19 89.69 42.03 183.74 

____ 4_~_7 • _____ 6~-- o~54 _ ___372 .2o __ 'l. 25 _zo • ___ 64~ 94 __ 51.00 __ 115._94_29. 98 _ _sz. oa __ ez.o6 __ 40. 10 _12A .o5 ______ _ 
5 8. 5, O.CO 317.00 8.10 t7. 55.11 47.05 102.16 24.20 47.97 72.17 40.10 110,63 
6 9, 5, o.co 275.70 7.20 16. 49,05 45.73 94.78 23.6~ 46.60 70.25 38.18 96.95 
7 10. 4. O.CO 247.60 6.48 1~. 45.48 43.10 88.58 11.19 43.86 63.05 38.1A 86.97 
8 ___ u. _____ 4. ___ o.ca _ z2s.ca __ s.e9 __ l3L___42,5L __ 41,79_B4.30 __ t9.to __ 42.49_61.59 ___ 36.25~_78.47 _ 
9 12. A. O.CO 2C€.60 5.40 12, 39.51 40,47 79.98 1R.20 41.12 59.32 36.25 72.00 

10 13. 3. o.co 198.30 4.98 11. 35.86 39.15 75.01 1~.62 39.75 55.37 36.25 67.79 
11 14. 3. o.oo 189.90 4.~3 10. 32.81 37.84 70.65 14.60 38.38 52.98 36.25 64.26 

__ 12--15~--- _ _3, ____ o.co __ 17B .4o __ 4.32 ____ 9~29L75 __ __36.52___66. 27_13.53____3 7.0L __ 50.54_36. 25_ 59.29 ________________ _ 
13 16. 3. O.CO 170.30 4.C5 9. 29.85 36.52 66.37 ll.?,O 37.01 50.81 36.25 55.69 
14 11. 3. o.co 161.20 3.e1 a. 26.75 35.20 61.95 12.61 15.64 4A.27 36.25 51.52 
15 18. 3, o.co 153.20 3.60 a. 26.84 35.20 62.C4 12.?7 35,64 48,51 36.2~ 47,75 

_____ 16. ___ 19. 1.___o.__co _146. 20_____3. 4 L_____8 .____z6.9l___ 35. 20_62. n ___ ll.ll_35. 64 __ 48. 75_36. 25 ____ 44.36 __ _ 
17 20. 3.- 0.00 141.20 3.24 7, 23,78 33,89 57.67 ll.A2 34.27 46,09 36.25 41oA8 
18 21. 2. O.CO 137.20 3.C8 7. 23.26 33.89 57.15 10.46 34.27 44.71 34.33 39.87 
19 22. 2. o.co 1~3.70 2.~4 7. 23.31 33.89 57.20 10.60 34.27 44.87 34.33 38.08 

___ 2_Q __ --2J _o_.c 0 I~~, QQ _ _2,1!2_______6..___2_~_19 _ _3_2_._5_1 _ _5_2._.__16 _ ____<1.3_L__3_2~-'lO 42 • 21___3.4.33~_3 7_.72 _______ _ 

-->.-----· --~----CD EEEl.C llliLF .CR____Il_EN EEl_L_ C l.liL~ E_A,_B,L_ 

-0.4507E 02 0.6399E 00 -0.3385E-03 

COST COEFFI. OF HAND-MOVE SPRI~KLER A,B,C 
------ C~2-c79Ei52 ___ o:-ia97E--oo--..:-o-.-756-6e-=-o4 ________________________________________________ ---- ----·-- -- --

OPTI~UM IRRIGATION INTERVAL IS 5. A~C BENEFIT COST RATIO IS 2.024 

COST COEFF. OF SIDE-ROLL SPRINKLER A,B,C 
o. i6o6t02---o:-32-29Cco---<f:T532-e-=-~f3·---------

OPTI~UM IRRIGATION INTERVAL IS 5. A~C eENEFIT COST RATIO IS 1.406 

COST COEFFI. OF GRAVITY IRRIGATICN A,B,C 
Q.3204E -02- -- 0.2l22E-Ol _____ o~:7603E-05 

OPTI~UM IRRIGATION INTERVAL IS 5. A~C BENEFIT COST RATIO IS 4,585 
- ------------ ... ----~----. 
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SOIL TYPE HEISETCN CROP TYPE WHEAT 

NO. IRRIGATION ESTI~ATED RISK A~~UAL PE~K ESTIMATED COST OF CO~T OF TATAL CCST OF COST OF TAOTL COST OF BENEFIT 
INTERVAL NU~BER OF t ACTUAL PERIOC NUM~ER OF SIDE- PU~PING COST HA~D- PUMPING COST GRAVITY CS) 

_ OLR I NG -~IR!UGA I LOIL______fVA PC_.__~COI\SUI', _LAHR AL -~ROLL ~S.I' ____ Hl __ l1J____MilyL5j>_____J_j I C S I I RBJ GA.__ 
PERIOD OF C~MI IJSE RATE OF SPRNKLR Cl$1 Ul CS) . 
MA~IMUM (~,.,/OAYI 
CONSUMPTIVE 

i __ _usE3 ~DAtiL_ zo~-Too;co-q6a-.o6--l6~51-3o .--r56-;9.,-lf~o9--- 22s. o~ll1~~99-,2~96--I'56;95-·~68. qa-- 248.60 
2 4, 12. 88.03 554.~0 12,38 23. 117.02 60.26 177.28 S6.31 61.70 118.01 53.58 239.87 
3 5, 8. 1.39 383,40 ~.q1 18, 90.30 52.53 142.83 40.57 53.65 94.22 45.88 126.40 
4-~-~>~ 6. __ o.ao_3co.8a _B.25 __ H. __ H.e5 47.88 .122. n 32,48 4A.a2 81.30 42.03 1oo.o3 
5 7, 5, o.cc 252.40~--1.C8 13. ~-64.88--44.79- 10'1,67-21.69~--45,60~--73.49-40.10~- 83,75--~-~~-
6 8. 5, Q.CO 214,50 6,19 12. 55.48 43.24 98i72 26.RO ·43,99 70,79 40.10 69,74 
1 9. 4. o.co 185.80 5.50 10. 50.25 40.15 90.40 21.78 40,77 62.55 38.18 58.17 
a·---- 10 --~-----"·--o .co ___ l6 1. 70 __ .4. s5 __ 9 ._~ ___ 45._61_ 39. 60 __ 84. 21_2o. H_39. 16_59 .• 49_38. 1a so. 37 
9 11. 3. O.CO 155.00 4,50. B. 4C.32 37.05 r1.H L1.22 37,55 54.77 36.25-44.61 

10 12. 3. o.co 146.10 4.13 a. 40.46 37.05 77.51 17.59 37.55 55.14 36.25 40.42 
11 13. 3. O.CO 142.CO 3,E1 7, 35.74 35.51 71.25 15.93 35.94 51,87 36.25 38,44 

--12---1.4 __3~D_,QQ __ ~BB. 40 3. 54~-1~•--3.5~ 86.___35.51 ___ 1l._37 __ lb.25___35_,_94_.52...1_9_· _36 .• 25_36,6~ --~~-~-~ ___ _ 
13 15. 3. o.co l29.qQ 3.30 6. 31.Q9 33.96 65.05 1~.46 34.33 48.79 36.25 32.42 

~~~~caEFFfc~NrFoR-sENEF~cuR~E A,a,c·~--~~~~~----~~~~~----~----~~---~------~------~----

-0.5313E 02 0.666BE CO -0,3609E-03 
-- ------~--- --~-~-

____________ COSLLOEf.EI~ OF__HAJ\ID.::.M.UVE__5PRINKLEF __ A .. .B • .c___.~~~~----

0.2451E 02 0.2147E 00 -0.8073E-O~ 

___ O£J~l!'!UILlRIUGAJJiltL1.NIEB.llAL.l.s____4A~ MC__f£Nff.JLW.SJ BAI!O IS 'l_._l_lZ___ 
-------------------~ 

----------- -- -- -------~. ---

________ -·-- CDST_Ln£H_L__cF__SIDE~L __ SPKINKLER ___ _A_._B_,~.___.._____~-- ------~-------~---·--------

0.2350E 02 0.3787E CO -0.1736E-03 

DPTI~U~ !RRLGAI!CN INTERVAL IS 4. AH eENEF l_T_CO~ST _Rt'_T_I_Q__l ~S.-::_1~·-1~?-----------

COST COEF.Fl. OF ~GRAV.IIY IRRIGATICN _ _A,B,C __ ._ ________ ~-~-----·----- -------~------··-

0.3055( 02 0,4100E-Cl -O.l222E-05 

OPT lf"C" I RRI GA II CN_ lNTERVftL __ l S~ ____ _4 • __ f!~C __ eENEF IT co·s T .~A Tl 0 l S 3.88 7 " ~-~-- ~----
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SOIL TYPE tiAYE S TON 1 CROP TYPE WHEAT 

._) 

NO. IRRIGATION ESTI~ATED RISK ~~~UAL PEAK ESTIMATED COST OF COST OF TATAL COST OF COST OF TAOTL CCST OF BE~EFIT 
INTERVAL NU~AER OF ' ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HAND- PUMPING COST GRAVITY lSI 
DURING ___ ....J.f\.RlGATION EVAPQ_.__Cc~SUf'l, ____LA.lERAL_ __ _RO.LL_ Sl'__lll ( Sl HOVE ~~I 1$1 IR~lGA_, 
PERIOD OF · lf'IMI USE RHE OF SPRNKLR lUI Ul lSI 
"AXIf'IU~ lfolf'I/OAYI , 

L 
CONSUMPTIVE .__1' 

1 __ use3 ~OA'i.S..L __ Ia.--t<>o .oo-a<2. 2o------u;24-"L3;--155. 23-67-;--sz-222 .7s-e<r~to-69~08~4lJ;rs-·6s--; 13-248.60 
2 4, 11. 50,67 477,40 11,43 18, 112.27 58.21 170.48 5S.80 59.42 115.22 51.65 209,35 
3 5. B. 0.00 334,00 ~.14 14. 91.81 50,76 142.57 41.53 51.70 93,23 45,88 127,41 
4 __ 6 6 ~o. c o_265 ~eo __ 7. 62_1 2 ._____:_______7 a. 3 o __ 4 1 .o 3_12.5 ._3 3 _____ 34, 24 _____ 41. B4 __ a2 ._o 8_42. o 3_______1_o 3. s 8----~-
5 1. s. o.co 224,80 t.s3 10. 65.40 43.30 10R.70 28.41 43.98 72.39 40.10 88.04 
6 8. 5. o.co 190.90 5.71 9. 59,42 41.44 100.86 26.70 42.05 68,75 40.10 73.66 
1 9. 4. o.co 165.10 ~.a8 a. 52.71 3'1,58 92.29 21.10 40.12 63.22 38.18 61.13 ___ a. _____ lo 4~ .oo __ l50.4o __ 4~57 __ 7.______________46.62.._____37,_72._84, 34 _ ______21._06________38.19 __ 59,25--------.-38,18 __ 54.47 ______________ _ 
9 11. 3. o.co 138.70 4.16 1. 46.15 37.72 83.87 19.87 38.19 58.06-36,25 48.40 

10 12. 3. o.co 131.30 3.el 6, 4C.o1 35.85 75.86 11.11 36.26 53.97 36.25 44.42 

COEFFICIENT FOR BENEFIT CURVE A,B,C 
--' 

----- ----=..0 ._AD_It_4E__Q2.___ 0. 6 7 2..l.E_j)Q ___ 0..38..D£=.03 

----------cos rcofFF r:----oF H A N'o- Mov'E-----sP'IffNt<tERif-;-s, c 
0.2f23E 02 0.2367E CO -O.l060E-03 

------OPT fpi;WTR.iH GAT I CN INTERVAL IS 4--:--TliCE!ENI:FiTCOS,...-u.nols----r.o7r.----------------.:__----------

---------.cc'ost-a:iH~EFsl DE-ROLL SPR!NI<UR-AIB,-,.--. ------------'-----

0.3l61E 02 0.3916E 00 -O.l945E-03 

---CPffMiJMIRRfGAfTtlN INTElfVAL IS 4. A'NC~l:FTI'"COSIIf~ro-Ts-T;"Jcr"S" 

-~ 

'- -1 

I,., -' 

---- ·---------- --COS T----COEFFt-;-- OF--GRAV fTY-IRR !GAT I CN--A;Il ;~ --

C,3040E 02 0.4749E-C1 -Q,6374E-05 

---OPT I MUM--~ RR (G)If I CN--!Nl'ERVALTS--4~----Af\t iltNE1'l'i'!:'oSrRAT I 0----l S----:f:'1'H 
-------- ____t-.), __ _ 

00 
'-' Q\ ...J 
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SOl l TYPE PAESL '.'CROP TYPE . WHEAT 
" 

NO. IRRIGATION ESTI~ATED RISK A~NUAL PEAK ESTIMATED CO~T OF COST OF TATAL COST OF COST OF TAOTL CCST OF BENEFIT i 
INTERVAL NU~BER OF 1 ACTUAL PERIOC NUMBER OF S!CE- PUMPING COST HA~O- PUMPING COST GRAVITY ($) 

___ OUR ING . __ ___L&&..LGAI.WN______E_VAP.ll.._CC~SUI",__LAIERAL .,.,RlllL.Se...____LSl __ .U.LJllY£ _Se...___..t$1 lSI l.B.RlGl\., ______ ---
PERIOD OF . lf"Ml USE RHE OF SPRNKL". I(Sl IS) · lSI 
MAXIMUM 1~1"/0AYI 
CONSUI"PT!VE . . 

.. ____ 1 _use 4 ! 0AY~L I6;-loa .·coll21!--;4o-i e·.l,r-~s~--lla.·34-,6;1A ~--194. 52 ---6z~at--rA;07-140~ae--6l :21l·- 248.60 _____ -----·-----
2 5o 1lo 99,85 737,20 14,48 28, 92,88 65,88 158,76 4$,8~ 67,39 113.24 51,65 248,51 
3 6. a. 83.98 540.40 12.c6 23; 75,37 58,52 133.89 JS.22 59.76 94.98 45.ea 232.14 

___ 4____7 ~21.52..._437.30___10..34_20. 6't.~94__54.lO __ ll9.04_2!J.'l8__55.18_84.16 __ 42.03_l49,53 __________ _ 
· 5 a. 5. o.56 372.60 s.c5 11. 55.11 49,69 104.ao 24.20 50.61 74.81 40.10 106.76 - · 

6 9. 5. o.co 324.70 e.c4 16. 49.o5 48.22 97.27 23.6~ 49,08 72.73 4o.1o 92.75 
1 10. 4. o.oo 290.30 7.24 14. 45.48 45.28 90,76 1q,92 46.03 . 65.95 38.1~ 82.56 

__ s.-..1 ~t.___o. ca_26 z.sa __ fl.s!L_j, 3... __ . 't2.5l_lt3. eo _ ___a6. 3 t__l?.l0 __ 44. 51_63 .61_38 .18 __ 73. 82.-·--··--------'--
9 12· 4. O.CO 241,70 t.C3 12. 39.51 42,33 81,84 18.20 42.9R 61,18 38.18 66.94 

10 13. 3. O,CO 227.70 5,57 11. 35,86 40,86 76.72 1S.62 41.46 57.08 36,25 62.12 
11 14. 3, o.co 216.60 s.11 10. 32.e1 39,39 12.20 14.60 39.93 54,53 36.25 58.1A 

--12--15. ___ .....3-__0.CQ..._2CJ,.5Q ___ ~.EJ ___ 9 •. --2'l._75_37_.92 ___ 67.67 __ 13.53_.38,40.-5L9]--..36.25 __ 5J,39 __________ ... _ .. _ 
13 16. 3. o.oo 194.00 4.52 9, 29.85 37,92 67.77 11.80 38.40 52.20 36.25 49,81 
14 11. 3, o.co 183.70 4,26 a. 26.75 36,45 63.20 12.61 36,88 49.51 36,25 45.81 
15 18. 3, O,CO 174.60 4,C2 8. 26,84 36,45 63.29 12.P7 36.88 49,75 36.25 42.17 

--16--19. :J.....__j),J:Q._l66.50 _ _3.8l __ 8._26.93__36 .• 45_63,JB___l3.1l--..36.S8 __ t,9.99.--..36.25. __ 38.85 _______ .. _. __ 
17 20, 3~ O.CO 160.70 3.~2 7, 23,78 34.9~ 58,76 lt.R2 35,35 47,17 36,25 36,42 
18 21. 3. o.co 155.90 3.45 7, 23.86 34,98 58.84 12.03 35.35 47,38 36.25 34,37 
19 22. 2. o.co 151,70 3.29 7. 23.31 34.98 58.29 10.60 35,35 45,95 34.31 32,55 

_-2JL..._.23~ ____!hQ()__.l5.Q_4Q 3._15_ _ _b.~Q...19 33,5!1_____5_].69 'L.37 33.8.~-20 34.33_.__31.9lL_ _______ .. _____ _ 

----COEEElC..lENT ECR BENFFlJ .. LVR~~au------------------------------------------------------

-C.6725E 02 0.6588E 00 -0,3305E-03 

COST COEFFI. OF HANO-MOVE SPRINKLER A,B,C 

o. 2 is 5·co2 o .163TCco----·a~Zi a E::o~,----
oPTI~LM IRR!GATICN INTERVAL IS 5, A~C EENEFIT COST RATIO IS 2,084 

COST COEFF. OF SICE-ROLL SPRINKLER A,B,C 
o.196CIE o2----6~ 268iE-co·----:.c-:·1o · -· - -------·----------·· 

OPTI~LM IRRIGATICN INTERVAL IS 5, A~C EENEFIT COST RATIO IS 1.472 

------------ ·-----------------

00 
-.....) 
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·-

""" 

\... 

---------------~---------- ---~ -------

SOIL TYPE STAN CROP lYPE WHEAT 

-------- ----~ 

NO. IRRIGATION ESTIMATED RISK A~NUAL PE~K ESTIMATED COST "OF COST OF TATAL Cn~r OF COST OF 
INTERVAL NU~BER OF t ACTUAL PERIOC NUMBER OF SIDE- PUMPING COST HANO- PUMPING 

___________ Dt:R lNG ___ 1.RRlGAll01L____EVA.I'Q._.COr-..SU~. _ ___L<\.IERAL ___ &QU_ S_P_ill ___ Ll_L_,I!.Q'If. Se _ __.___j_j_l 
PER IDO OF I~MI USE R~TE OF SPRNKLR I I Sl lSI 

TAOTL CCST CF BENEFIT 
COST GRAVITY !$1 
~...J..B..iil ~t_.__ __ _ 

MAX I~UM ~~~/DAY) 
CONSUI"PTIVE 

_____ _ll_Sf IDA.'t'S.l_ _ ___ .. ____ _ ______ ____ ___ _____ _ _ __ _ . _ 
1 3. 21. 1oo.co~74,40 11.1A 33. f61~og-ro;.91 2n·;co-- Ar.7.,--7r-;qz-I6~"57-----.o·,qo--24B;6o 
2 4. 12. 98.09 637.10 13.~3 24, 113.~2 61.93 175.25 54.49 63,32 117.81 53.59 246.74 
3 5. 9. 20.46 435,60 1C.f7 •2o. 8~.13 55.72 144.85 41.54 56,88 100.42 47.ao 137.89 

___ 4 __ -_b~ 1.___o .c t_337~2o ___ e. e9_.16 • __ 74. 71 ___ 49 .51._124. 22_H. 7!l __ ___so.44_84. 22 __ 4 3. 95_ 8 5. o8 _ --~-
s 7. 6. o.co 281.00 7.62 14. 65.43 46.41 111.84 29.46 47.22 76,68 42.03 69,33-
6 8, 5. O.CO 239.CO t.f7 12, 56.05 43.30 99.35 24.88. 44,00 68.88 40.10 56,38 
7 9, 4, 0.00 207.20 5,93 11. 57.16 41,75 98,91 22.0R 42.39 64,47 38.18 45,72 
a __ 1o._~---" • ____ o. CO__l87.so ___ s. 33____.1o • ___ 46. 87_40. 20 __ 87. 01 ~-20. 79_40. 78_61, 57_ 38. 18 1e. 65 
9 11. 4. C.CO 111.80 4,E5 9. 42.54 38.65 81.19 19.39 -39.17 58.56 31!.18--32.73 

10 12. 3. · o.co 161.20 4.44 a. 37.57 37.09 74.66 16.33 37.56 53.89 36.2<; 28.56 
11 11. 3. o.co 155.70 4.1o a. 37.70 37.09 74.79 16.67 37.56 54.23 36.25 26.34 

---lL-14 ~-D~.CQ __ l51~1o ___ 3. el __ -z_, __ __33~_3.Q__35~54 __ 68, 84_15~0.9_35. 95_5.1~04____36. 25 ___ _24, 45 
13 15. 3. o.oo 141.80 3.56 7. 33.41 35.~4 68.95 15.39 35.9~ 51.34 36.25 20.53 
14 16. 2. O.CO 135.60 3.33 6, 28.39 33.99 62.3R 12.18 34.34 46.52 34.33 17.84 

COEFFICIENT FCR BENEFIT CLRVE A,B,C 

__ ___-,-c~1H!t.L . .02 0....6.~01E._.G_!l ~3~~c£~a~----------------------------------------------------

--------- cosr_c_oEFF1-:-oi'-H"A"Ro~f.lovE-SPR INKLE R-A·;-a; c 

0.2536E 02 O.l949E CO -0.6698E-04 
----OPT!~l;M"TRR fGAtTCNINTE-RVALIS--- ~~DeENEF n·--ctisT-RATfo-Ts-·t-;· 74 '7 

-------- -·~--- - ------------ --------------------

------- COST-C"d"EFF--:-c,:·sfbE~ROLC-SPR-INKLE"R--A~B;c--.-~----------;·----~-----------~----~--------

0.2857E 02 0.3183E 00 -O.l221E-03 

OPT I~L:I" !RRIGAT!CN l'lTERVAL IS 4. AH~rEr-;EFIT cosT-RAT!o-ls-t.t76 

COST COEFF~. CF GRAVITY IRRIG,TICN A,B,C 

1).2969[ 02 0.4510E-Cl -O.lOOPE-04 

4~ A~C eENEFIT COST RATIC 15 ~.9)5 CPTIMCM.IRR1GATICN-lNTERVAL IS 
-· --- ~----·----
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APPENDIX F 

CROP WATER REQUIREMENTS 

Crop water requirements for each farm unit in the 

study area of the Snake River Valley Irrigation District. 
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UNIT NUMBER 1015 
-

NO. CROP ton APPL. SUBSYS. ACREAGE ETIMM/OAYl GWRIMM/OAYl IIIOAYSI RFIMM/OAYI 

1 POTATOES BOCK HAN 0-MVE 71.!! 3 7.56 10.08 6.00 o.oo 
2 GRAIN BA~NOCK HAND-MVE: 'l'J.52 14.29 19.05 4.00 o.oo 
3 ALFALFA BOCK HANO-I"VE 14.62 14.25 19.00 e. co o.oo 
4 ALFALFA BOCK GRAVITY 19.23 14.25 24.57 8.00 4.91 

r· . ·--· .. ~ ·-·· ···--- -·· ·-· ~--·- ... -- -· -- --· 

FARM NET WATER REOUIRE~ENT 

_MAX. WATER. DURING JUNE AND JvLY ARE 6.21 .1. 3' . ACRE-FEET .. 

TOTAL IRRIG. ACREAGE 205.20 DESIGN kAT. REO. 7.37 ACRE-FEET/DAY 3.72 CFS 10.95 MM/DAY 105.31 

FARM GROSS WATER REQUIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 8.47 10.18 ACRE-FEET 

TOTAL IRRIG. ACREAGE 205.20 DESIGN kAT. REO. 10.18 ACRE-FEET/DAY 5.14 CFS 15.12 "MIDAV 145.51 
TOTAL RUN OFF IS O.C894 CFS 2.530 L/S 

LIS 

LIS 

N 
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~ 
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NO. 
1....· 

1 
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3 
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5 
6 
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UNIT NUMBER 1016 
~ . -· . --- - _,__ - - -- -·- ··- -~------- -· . 

CROP SOIL APPL. SUBSYS. ACREAGE ETI~~/CAYl GWR(MM/DAYI IIIOAYSI RFIMM/OAY) 

POTATOES BANNOCK GRAVITY 9.89 10.00 29.41 4.00 2.06 
POT II TOES BM\NOCK · SIOE-RLE 24. ll R.9R 11.97 7.00 0 .oo. 
ALFALFA eOCK HAN 0-MVE 43.20 14.25 19.00 e.co c.co 
ALFALFA BOCK GRAVITY 20.97 14.25 24.57 a.co 4.91 
GRAIN . BAI\~OCK SIOE-iUE 28.1!3 .. 14.29 -~- 19.05 . -~:88 ------8:88---GRAIN BOCK HAND-MVE 41.92 12.95 17.27 
GRAIN BANNOCK GRAVITY 24.31 14.29 28.02 4.00 6.30 
PASTURE BANNOCK GRAVITY 8.25 12.57 24.65 '5.00 5.55 

.FARM NET. WATER RECUIRE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE 6.55 8.05 ACRE-FEET 

TOTAL IRRIG. ACREAGE 201.48 CESIGN kAT. REO. 8.05 ACRE-FEET/DAY 4.06 CFS 12.17 MM/OAY 114.99 LIS 

FARM GRCSS WATER REOliREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 9.97 

TOTAL IRRIG. ACREAGE 201.48 DESIGN kAT. REO. 12.46 
TOTAL RUN OFF IS 0.4068 CFS 11.512 L/5 

12.46 ACRE-FEET 

ACRE-FEET/DAY . 6.29 CFS 18.85 MM/OAY . 178.08 LIS 

N 
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UN IT NUMfl ER 1017 

CRrJP SOIL APPL. SUBSYS. ACREAGE ETI~~/CAY) GWRIM~./OAY) liiOAYSl RFIMM/DAY) 

GRAIN FIANNOCK HAND-,.VE 71.63 14.29 l9.0'i 4. 00 o.oo 
GRAIN HAf.NrJCK GRAVITY 40.32 14.29 28.02 4.00 6.30 
ALFALF.!. f\1\NNOCK GRAVITY 18.53 14.37 24.78 7.00 4.96 
PASTURE BA.'lNOCK GRAV !TV 12.45 12.57 24.65 5.00 5.55 

FAR~ NET WATER RECLIRE,.ENT 

MAX. WATER. DURING JUNE ANO JULY ARE 6.04 5.90 ACRE-FEET 

TOTAL IRRIG. ACREAGE 142.93 CESIGN ~AT. REQ. 6.04 ACRE-FEET/DAY 3.05 tFS 12.88 MM/OAY 

FAR~ GROSS WATER REQLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 9.62 9.54 ACRE-FEET 

TCTAL IRRIG. ACREAGE 142.93 CES!GN ~AT. REQ. 9.62 ACRE-FEET /DAY 4.86 CFS 20.51 P'M/OAY 
TOTAL RUN OFF IS 0.5734 CFS 16.Z27 L/S 

86.34 L/S 

137.48 LIS 

N 
\D 
N 
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NO. 

1 
2 
3 

'~ 4 
5 
6 

UNIT NUMBER 1 Olfl 

CROP r SOIL APPL. suesYs. ACREAGE ETIMM/DAYI GWR(MM/OAYI IIIDAYSI RFIMM/OAYI 

POTATOES flCCK HAN D-MVE 22.26 
GRAIN BOCK HAl\ C-I'VE 30.00 
GRAHl BA"'NOC K HAr>iD-~1/E 44.14 
GRAIN BANNOCK GRAVITY 26.07 
ALFALFA BAr.NOCK GRAVITY 15.74 
PASTURE P,ANNOCK GRAY ITY 6.69 

FARM NET WATER RECUIREMENT 

MAX. WATER. DURING JUNE AND JULY ~RE 5,34 

TOTAL IRRIG. ACREAGE 144.90 DESIGN kAT. REO. 

FARM GRCSS WATER REC~IREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 8.16 

7.56 10.08 6.00 o.oo 
12.95 17.21 s.co o.oo 
14.29 l9.0':i 4.00 o.oo 
14.29 28.02 4. 00 6.30 
14.17 24.78 7.00 4.96 
12.57 24.6':i s.co 5.55 

5,49 ACRE-FEET 

':i,49 ACRE-FEET/DAY 2.77 CFS 11.5'i 

8,45 ACRE-FEET 

TOTAL IRRIG. ACREAGE 144.90 CESIGN oAT. REQ. 8,45 ACRE-FEET /DAY 4.27 CFS 17.76 
TOTAL RUN OFF I) 0.3812 CFS 1C.789 L/S 

,.M/OAY 

MM/OAY 

78.50 

120.71 

LIS 

LIS 

N 
\.0 
V-1 
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UNIT NUMBER 1019 

CROP 

GRAIN 
POTATOES 
ALFALFA 

SC!L 

BANNOCK 
BM<NOCI< 
BANNCC I< 

APPL. SUflSYS. ACREAGE ETIMM/DAYl GWRIMI'IOAYl IIIOAYSI RFIMM/DAYl 

HANC-I'VE 
SICE-RLE 
GRAVITY 

92.62 
39.50 

5.58 

FARM NET WATER RE,U!RE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE 4.76 

TOTAL IRRIG. ACREAGE 137.70 CESIGN kAT. REQ. 

FARM GROSS WATER REQLIREMENT 

MAX. WATER. DUPING JUNE AND JULY ARE 6.40 

14.29 
~.71 

14.37 

19.05 
7.61 

24.78 

4.01) 
7.CO 
1.00 

o.oo o.oo 
4.96 

4.71 ACRE-FEET 

4.76 ACRE-FEET/CAY 2.40 CFS 10.53 

6.41 ACRE-FEET 

TOTAL IRR!G. ACREAGE 1l7.70 CES'GN ~AT. REQ. 6.41 ACRE-FEET/DAY 3.24 CFS 14.20 
TOTAL RUN OFF IS 0.0262 CFS Q.74C LIS 

M,./DA Y 

MM/DAY 

67.99 

91.6 7 

LIS 

LIS 

N 
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+:-
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NO. 

1 
2 

UNIT NUMBER 1020 

CROP 

POTATOES 
GRAIN 

SOIL 
Bll"l~WC K 
BANNOCK 

APPL. SUBSYS. ACREAGE ETCMM/DAYJ GWRCMM/DAYl IIIOAYSl RFCMM/DAYJ 

SIDE-RLE 77.42 5.71 1.b1 1.00 0.00 
SIDE-RLE 77.49 14.29 19.05 4.00 0.00 

FAR~ NET WATER RE,VIREMENT 

MAX. WATER. DURING JUNE ANO JULY ARE 4.15 4.57 ACRE-FEET 

TOTAL IRRIG. ACREAGE 154.91 DESIGN ~AT. REQ. 4.57 ACRE-FEET/DAY 2.31 CFS 8.99 MM/OAY 

FARM GROSS WATER REQUIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 5.53 6.09 AC~E-FEET 

TOTAL IRRIG. ACREAGE 154.91 DESIGN ftAT. REQ. b.09 
TOTAL RUN OFF IS 0.0000 CFS C.COO L/S 

ACRE-FEET/DAY 3.08 CFS 11.99 MM/OAY 

~65.33 

67.11 

LIS 

LIS 

N 
\.() 

(Jl 
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NO. 

1 
2 
3 
4 

UNIT NUMBER 1021 

CRCP 

GRAIN 
GRAIN 
ALFALFA 
PASTURE 

SOIl 

BANNOCK 
BANNOCK 
BAt;NOC¥. 
BA/IINOCK 

APPL. suasvs. ACREAGE ETIMM/DAYl GWRIMM/DAYI ll(DAYSI RfiMM/DAYl 

SICE-RLE 
GRaviTY 
GRAVITY 
GRAVITY 

65.12 
1!1.28 
39.21 
14.35 

FAR~ NET WATER REQUIRE~ENT 

MAX. WATER. DUQING JUNE AND JULY ARE J,31 

TOTAL IRRIG. ACREAGE 116.98 DES!GN "AT. REO. 

FARM GROSS WATER REC~IREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 8,25 

14.29 
14.29 
14.37 
12.95 

19.05 
28.02 
24.78 
25.39 

5.82 ACRE-FEET 

5,82 ACRE-FEET /DAY 

9.32 ACRE-FEET 

TOTAL IRRIG. ACREAGE 136.98 CESIGN oAT. REC. 9.32 ACRE-FEET/DAY 
TOTAL RUN OFF IS 0,4524 CFS 12,804 LIS 

4.00 
4.00 
7.00 
5.00 

o.co 
6.30 
4,96 
5. 7l 

2.94 CfS 12.95 

4. 71 CFS 20.75 

MM/DAY 

"M/DAY 

83.16 

133.27 

LIS 

L/S 

N 
(.() 

(]\ 



NO. 

1 
2 
3 
4 
5 
6 

'-

-.... 

-.... 

-.... 

UNIT NUMBER 1022 

CROP Sflll APPL. SUBSYS. ACREAGE ETI~~/OAYI GWRIMM/OAYI IIIOAYSI RF(~M/OAYI 

GRAIN BANNOCK GRAVITY 16.00 
GRAIN BCCK GRAVITY 49.36 
~LFhLFA I'ANNOCK GRAVITY 19.00 
ALFALFA BOCK GRAVITY 39.33 
PASTURE BANNOCK GRAV !TY 18.00 
PASTURE BOCK GRAVITY 9. 39 

FARM NET WATER REOUIRE~ENT 

~AX. WATER. DURING JUNE ANO JULY ARE 4.98 

TOTAL IRRIG. ACREAGE 151.08 DESIGN ~AT. REO. 

FAA~ GROSS WATER RECLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE '1.37 

14.29 2B.02 
12.95 25.39 
14.37 24.78 
12.67 21.84 
12.9S 25.3'1 
14.25 25.00 

6.18 

6.18 ACRE-FEET 

ACRE-FEET/DAY 

11.43 ACRE-FEET 

TOTAL IRRIG. ACREAGE 151.08 DESIGN ~AT. REO. 11.43 ACRE-FEET/DAY 
TOTAL RUN OFF IS 1.0289 CFS 2G.118 l/S 

4.00 6.10 
5.00 s. 71 
7.00 4.96 
B.OO 4.l7 
5.00 5. 71 
s.oo 5.13 . 

3.12 CFS 12.47 MM/OAY 

5.77 CFS 23.06 MM/OAY 

88.33 LIS 

163.35 LIS 

N 
(.,::) 

'-1 
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NO. 

1 
2 
3 
4 
5 
6 
1 
8 

UNIT NUMBER 1023 

CROP SOIL APPL. SUBSYS. ACREAGE ETC~MICAY) GWRCM~IDAY) ll.COAYSI RFCMM/OAYl 

PCTATCES STA'I SIDE-RLE 53. 10 6.22 8.29 6.01) o.oo 
POTATOES f<AII.NOCK SICE-RLE 48.88 5. 11 7.61 7,00 c.oo 
POTATOES BANNOCK HAt\ C-f"VE 13. 19 5.1l 7.61 1.00 o.oo 
GRAIN BAt\NOCK SIDE-RLE 102.27 14.29 19.05 4. 00 o.oo 
GRAIN BAM-<UCK GRAVITY 7.00 14.29 28.02 4. co 6.30 
ALFALFA BANNOCK SIC~-RLE 4fl.34 14.37 19.16 1. 00 - o.oo 
ALFALFA BflCK GRAY I TY 7. 71 14.25 2'•. 57 R,OO 4.91 
PASTURE BANNOCK GRAVITY 14.07 12.57 24.65 5.01) 5.55 

FAR~ NET WATER RECUIRE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE 7.76 9,87 ACRE-FEET 

TOTAL !RRIG. ACREAGE 294.56 CESIGN kAT. REO. 9.87 ACRE-FEET/DAY 4.98 CFS 10.21 MMIOAY 

FARM GRCSS WATER RtCLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 10.85 13.84 ACRE-FEET 

TOTAL !RR!G. ACRfAGE 294,56 DESIGN kAT, REQ, 13.84 ACRE-FEET/DAY 6.99 CFS 14.32 MMIOAY 
TOTAL RUN OFF IS 0.1828 CFS 5.173 LIS 

141.02 LIS 

191.78 LIS 

N 
\.0 
co 



NO. 

1 
2 
3 

UNIT NUMBER 1025 

CROP SOIL APPL. SUtlSYS. ACREAGE ETIM~/OAYl GWRIMM/DAYl IIIOAYSI RFIMM/DAYl 

GRAIN RANNOCK GRAVITY 69.52 14.29 28.02 4.00 6.30 
ALFALFA BANNOCK GRAVITY 46.93 14.37 24.78 7.CO 4.'l6 
PASTURE BANNOCK GRAVITY 5.'l6 12.57 24.65 5.00 5.55 

FARM NET WATER RECUIRE~ENT 

MAX. WATER. CURING JUNE AND JULY ARE 4.66 5.26 ACRE-FEET 

TCTAL IRRIG. ACREAGE 122.41 DESIGN I. AT. REQ. 5.26 ACRE-FEET/DAY 2.66 CFS 13.09 ~ 'fi~/DAY- ~- 75.15 L/S 

FARM r.ROSS WATER RECLIREMENT 

~AX. WATER. DURING JUNE AND JULY ARE 8.84 'l.79 ACRE-FEET 

TCTAL IRRIG. ACREAGE 122.41 DESIGN I.AT. REQ. 9.79 ACRE-FEET/DAY 4.<}4 CFS 24.37 "M/OAY 139.88 LIS 
TOTAL RUN OFF IS 0.9775 CFS 27.664 l/S 

N 
<..0 
<..0 
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NO. 

1 
2 
3 

UNIT NUMBER 1106 

CROP 

POTATOES 
GRAIN 
ALFALFA 

SOIL 

BANNOCK 
BCCK 
BOCK 

APPL. SUtlSYS. ACREAGE ET(MMIOAYl GWR(M~IOAYl IIIOAVSl RFI~~/OAY) 

HAI\0-"VE 
HAI\0-MVE 
HAI'\0-MVE 

50.07 
83.79 

100.82 

FAR" NET WATER RECUIRE"ENT 

MAX. WATER. DURING JUNE AND JULY ARE 6.59 

TOTAL IRRIG. ACREAGE 234.68 DESIGN ~AT. REQ. 

FARM GROSS WATER RF.CLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 8.78 

5.11 
12.95 
14.25 

7.61 
17.27 
19.00 

8.71 ACRE-FEET 

8. 71 ACRE-FEET /DAY 

ll.b 1 ACRE-FEET 

7.00 
5.00 
~.oo 

o.oo o.oo 
.o.oo 

4.40 CFS ll.31 MMIOAY 

TOTAL IRRIG. ACREAGE 214.~8 CESIGN ~AT. REQ. 11.61 ACRE-FEET/DAY 5.87 CFS 15.08 "MIOAY 
TOTAL RUN OFF IS O.CCOO CFS C.CCO LIS 

124.48 LIS 

165.98 LIS 

(.N 
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0 



NO. 

1 
2 
3 
4 
5 

'-

'-

"' 

UNIT NUMBER 1109 

CROP SOIL APPL. SUBSYS. ACREAGE ETI~~/DAYl GWRIM~/DAYl IIIOAYSl RFIMM/OAYl 

POTATOES BOCK HA'> D-MVE i82. 32 7.56 10.08 h.OIJ o.oo 
GRAIN Rncr. HANO-MVE 111.42 12.95 17.27 5.00 o.oo 
GRAIN HANNOCK HAND-MVE 18.00 14.29 19.05 4.00 o.oo 
AlFALFA BANNOCK GRAVITY 30.00 14.37 24.78 7.00 4.'16 
AlFALFA BCCK GRAVITY 31 31 14.25 24. 57. A.OO 4. q( 

FARM NET WATER REQUIRE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE R.fl4 12.19 ACRE-FEET 

TOTAL IRRIG. ACREAGE 373.05 CESIGN •AT. REQ. 12.19 ACRE-FEET/DAY 6.16 CFS 9.96 MM/DAY 

FARM GRCSS WhTER REC~IREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 12.42 17.38 ACRE-FEET 

TOTAL IRRIG. ACREAGE 373.05 DESIGN ~AT. REQ. 17.38 
TOTAL RUN OFF IS 0.2862 CFS E.1CO l/S 

ACRE-FEET /DAY 8.78 CFS 14.20 1'1'/Dil.Y 

174.25 LIS 

24 a .41 LIS 

VI 
0 
f-' 
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UNIT NUMBeR 1110 

CROP 

POTATOES 
GRAIN 
ALFALFA 

SC IL 

BOCK 
ROCK 
BOCK 

APPL. SUI3SYS. ACREAGE ET!MI'/DAY) GWRfMM/DAYl l!IOAYSI RFCMM/DAY) 

HAr-;0-MVE 
HA/'\0-I'VE 
HAND-MVE 

ll6.'l3 
12. H 
21.89 

FAR~ NET WATER REC~lREI'ENT 

MAX. WATER. DURI~G JUNE AND JULY ARE 2.14 

TOTAL (RR(G. ACRFAGE 151.16 CES!GN M~T. REQ. 

FARM GROSS WATER RECLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE 2.86 

7.51> 
12.95 
14.25 

10.08 
17.27 
19.00 

4.37 ACRE-FEET 

4.37 ACRE-FEET/DAY 

5.83 ACRE-FEET 

6.00 
'>. 00 
8.00 

2.21 CFS 

o.oo 
o.co 
o.co 

8.82 ~M/DA Y 

TOTAL IRRIG. ACREAGE 151.16 DESIGN oAT. REQ. 5.83 ACRE-FEET/DAY 2.9') CFS ll.76 MM/DAY 
TOTAL RUN OFF IS O.CCOO CFS C.CCO LIS 

62.52 LIS 

83.36 LIS 

(.N 

0 
N 



UNIT NUMBER 1111 

NO. CROf' SOIL APPL. SUBSYS. ACREAGE ET(M~/OAY) GWR(M~/DAY) II!OAYSl RF!MM/OAYI 

1 POTATOES OAN~WC K GRAVITY 3 7.10 10.00 29.41 4.00 2.01\ 
2 f'QTATOES BM!NOCK SICE-RLE 25.8~ 5. 71 7.61 7.00 o.oo 
3 GRAIN BUCK SIOE-RLE 20.00 12.G5 11.21 '5.00 o.oc 
4 GRAIN BA"<~JOCK SICE-RLE 43. 10 14.2'1 19.05 4.00 o.oo 
5 GRAIN !lr.CK GRAVITY 21.25 12.qs 2s.~q 4.00 5. 71 
6 ALFALFA BOCK HAND-~VE 16.14 14.25 1q.oo A.OO o.oo 

FAR~ NET WATER RECVIRE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE 4.83 5.72 ACRE-FEET 

TCTAL IRRIG. ACREAGE l64.D2 DESIGN ~AT. REQ. 5.72 ACRE-FEET /DAY 2.89 CFS 10.64 M.M/DAY 

FAR~ GRCSS WATER RECl!REMENT 

MAX. WATER. DURING JUNE AND JULY ARE 7.70 10.08 1\CRE-FEET 

TCTAL IRR!G. ACREAGE 164.02 CESIGN oAT. REO. 10.08 ACRE-FEET/DAY 5.09 CFS lR. 73 ~M/OAY 
TOTAL RUN OFF IS 0.241\4 CFS f.G72 LIS 

a 1. e3 

144.03 

LIS 

LIS 

V.J 
0 
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UNIT NUMBER 1113 

CROP SOIL APPL. SUBSYS. ACREAGE ETIMM/DAYI GWR(MM/DAYI IIIDAYSI RFIMM/DAYI 

POTATOES BOCI< GRA'/ITY l7. 81 7.% 20.43 6.CO 1.43 
GRAIN flOCK HANC-MVE 91. 1q 12.9'> 17.27 '5,00 o.co 
GRAI"1 Bf1CK GRAVITY 5.41 12.95 25.39 5.00 5. 71 
ALFALFA BOCK GRAVITY 24.27 14.25 24.57 13.CO 4.91 
PASTURE !lOCK GRAVITY 2.78 14.25 25.00 5.00 5.13 

FAR~ NET WATER REQU!RE~ENT 

MAX, WATER. DURING JUNE AND JULY ARE . 4.'18 5.23 ACRE-FEET 

TOTAL IRR!G. ACREAGE 141.45 DESIGN wAT. REQ, 5,23 ACRE-FEET/DAY 2.b4 CfS 11.27 MM/DAY 

FARM GRCSS WATER RECUIREMENT 

~AX, WATER. DURING JUNE A"1D JULY ARE 7.29 8.20 ACRE-FEET 

TOTAL IRRIG. ACK(AGE 141,45 CE~IGN kAT. REO. 8.20 ACRE-FEET/DAY 4.14 CFS 17.67 MM/OAY 
TOTAL RUN OFF IS O.l92b CFS 5.451 L/S 

74.77 LIS 

117.24 LIS 

lN 
0 
~ 
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UNIT NUMBER 1114 

CROP SOIL APPL. suesvs. ACREAGE ET!~~/OAYl GWR!M~/DAYl I I I DAYS I RF (MM/CAV) 

POTATOES f\fi~!JOCK HA!\0-I'VE v..oo 
POTATOES UCCK HAND-,..VE 37.78 
GRAIN RnCK HA~C-,.VE 41.06 
ALFALFA HfJCK GRAV I TV 21. 14 
PASTURE BOCK ~ GRAVITY 4.32 

FA~~ NET WATER RECUIRE~ENT 

MAX. WATER. DURINS JUNE AND JULY ARE 3.00 

TOTAL IRRJG, ACREAGE 140.30 DESIGN ~~T. REQ, 

FARM GROSS WATER RECciREMENT 

l'fiX. WATER. DURING JUNE AND JULY ARE 4.27 

5.71 7.61 7.00 
7.56 10.08 I\, CO 

12.9S 17.27 5.00 
14.25 24.57 R.CO 
14.25 25.00 5.00 

4.30 

4,30 ACRE-FEET~ 

ACRE-FEET/DAY 2.17 CFS 

6.21 ACRE-FEET 

o.oo o.oo o.oo 
4.91 

~ 5. 13 

9.34 1'1'/0AY 

TOTAL IRRIG. ACREAGE 140.30 DESIGN ~AT, REQ. 6.21 ACRE-FEET/DAY 3,13 CFS 13.48 I'M/OAY 
TOTAL RUN OFF IS 0.1192 CFS 3.374 LIS 

61.46 LIS 

8f!,69 LIS 

lN 
0 
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UNIT NUMBER 1117 

CROP SCIL APPL. SUBSYS. ACREAGE ETI~~/OAYl GWRIMM/DAYl IIIOAYSI RFIMM/DAYl 

POTATOES BOCK GRAVITY 30.40 7.56 20.43 b.CO 1.43 
GRh IN fJMHWCK GRAVITY 40.51 14.29 213.02 4.co 6.10 
GRAIN Br'CK GR~VITV 40.79 12.95 25.39 5.00 5. 71 
ALFALFA ClOCK GRAV !TY 22.29 14.25 24.57 A. CO 4.91 
PASTURE BOCK GRAVITY 4.30 14.25 25.00 5.CO s. n 

FARM NET WATER RECL!RE~ENT 

MAX. WATER. DURING JUNE ANO JULY ARE 4.61 5.12 ACRE-FEET 

TOTAL !RR!G. ACREAGE 138.29 DESIGN oAT. REQ. 5. 12 ACRE-FEET/DAY 2.58 CFS 11.28 ~I'./ DAY 

FARM GROSS WATER RECU!REMENT 

MAX. WATER. DURING JUNE AND JULY ARE 9.08 10.11 ACRE-FEET 

TOTSL !RRIG. ~CREAGE 138.29 CESIGN ~AT. REQ. 10.31 ACRE-FEET/DAY 5.20 CFS 22.71 MM/DAY 
TOTAL RUN OFF IS O.Q595 CFS 27.155 L/S 

73.14 LIS 

147.29 LIS 

(.N 

0 
Q\ 
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UNIT NUMBER 1207 

CROP SOIL APPL. SUBSYS. ACREACE ETCMM/DAYI GWRI""'IDAYI IICOAYSI RFC"MIDAYI 

POTATOES flOCK HAN 0-MVE 37.66 7.56 10.08 4.00 o.oo 
GRAI'l £lOCK GRAVITY 27.19 12.95 25.39 o;.oo 5. 71 
GRAPl flOCK H4NO-MVE 35.11 12.95 17.27 5.00 o.co 
PASTURE BOCK GRAVITY 8.58 14.25 25.00 5.00 5.13 

FARM NET WATER RECL!RE~ENT 

MAX. WATER. DURING JUNE AND JULY ARE 3.22 3.62 ACRE-FEET 

TOTAL IRR!G. ACREAGE 108.74 DESIGN oAT. REQ. 3.62 ACRE-FEET/DAY 1.83 CFS 10.14 I"M/DAY 

FARM GROSS WATER RECLIREMENT 

MAX. WATER. DURING JUNE AND JULY ARE o;. 11 5.61 ACRE-FEET 

TCTAL IRR!G. ACREAGE 108.74 DESIGN oAT. REQ. 5.61 ACRE-FEET/DAY 2.83 CFS 15.73 I"MIDAY 
TCTAL RUN OFF IS 0.2990 CFS 8.462 LIS 

51.69 LIS 

80.23 L/S 

V-l 
0 
'-] 



('"'

r_l ·l 

t••· 

r. '~ 

"-

NO. 

1 
2 
3 
4 

UNIT NU,..tlER 1210 

CROP 

GRAIN 
ALFALFA 
ALFALFA 
PASTURE 

5(11 L 

BOCK 

APPL. SUBSYS. ACREAGE ETIM,../CAYl GWRIM~/DAYl IIIDIYSI RF(MM/DAY) 

5.71 
flrC K 
HEISETOI; 
BOCK 

GRAVITY 
GRAY ITY 
GRAVITY 
GRAI/ I TV 

'l.40 
3<J. <;6 
25.00 
41.03 

FAR~ I;ET WATER RECU!RE~ENT 

~<AX, WATER. DURING JIJNE AND JULY ARE 3.23 

TCTAL IRRIG. ACREAGE 114.99 CESIGN ~AT. REC. 

FARM GROSS WATER RECLIRE,..ENT 

MAX. WATER, DURING JUNE AND JULY ARE 5.81 

12.95 
14.25 
14.53 
14.25 

25.39 
24.57 
27.42 
25.00 

5.30 ACRE-FEET 

5.30 ACRE-FEET/DAY 

9.48 ACRE-FEET 

s.oo 
R.CO 
6.0Cl 
5.00 

4. 91 
6.01 
5. l3 

2.68 CFS 14.06 M,../DAY 

TOTAL IRRIG. ACREAGE 114.99 C~SIGN •AT. REQ. 9.48 ACRE-FEET/DAY 4.79 CFS 25.12 ~M/OAY 
TOTAL RUN OFF IS 0.6145 CFS 17,191 L/S 

75.79 L/S 

135.43 l/S 

(.N 

0 
co 
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UNIT NUMBER 1211 

CROP SC'll APPL. SUI:IWS. ACREAGE ET!M,/CAYl GWR(MM/DAYl lltOAYSI RFtMM/OAY) 

POTATOES BAr-;nocK HANC-I'VE 35.24 
POTATOES BOCK HAN0-1'~E 4 7. 79 
GRAIN ACCK GRII 'I [ TY 5.20 
ALFALF~ IJnCK GRAVITY 43.78 
PASTURE BOCK GRAVITY 2.84 

FARM NET WATER RECUIRE,ENT 

MAX. WATER. DURING JUNE AND JULY ARE 2.12 

TOTAL !RR!G. ACREAGE 134.R5 DESIGN WAT. REQ. 

FARM GRCSS WATER RECCIREMENT 

~AX. WATER. OUR!~G JUNE AND JULY ARE 3.46 

5.71 7.61 7.CO 
7.56 10.0R I,. CO 

12.95 25.39 5.00 
14.2S 24.57 a. co 
14.25 25.00 5.00 

4.21 ACRE-FEET 

4.21 ACRE-FEET/DAY 2.13 CFS 

6.59 ACRE-FEET 

o.oo 
o.oo 
5.71 
4.91 
5.13 

9.53 '1'./DAY 

TCTAL !RR!G. 1\CREI\Gf: 1~4.85 CE~!GN ~AT. REQ. 6.59 ACRE-FEET/DAY 3.33 CFS 14.91 MM/OAY 
TOTAL RUN OFF IS 0.2665 CFS 7.543 LIS 

....,--

60.24 LIS 

94.26 lfS 

V1 
0 
\.0 
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UNIT r\IJ'~flE~ 1212 

CROP SCI L APPL. SUBSYS. AC~EACE ETIM~/CAYJ GWR(MI'/DAYI IIIOAYSI RFII'M/OAYl 

POTATOES BCCK HAND-I'VE 19. n 7,56 10.08 6,CO o.~o 
GRAIN BOCK iiANC-~VE 18. 19 12.95 17.27 -;.co 0.1]0 
GR ~IN BOCK GRAVITY 26.42 12.95 25.39 5,00 5. 71 
ALFALFA ElCC K GRAVITY 62.02 14.25 24.57 8,00 4.n 
PASTURE 80CK GRAVITY 11. 19 14.25 25.00 s.oo 5.13 

FARI' ~ET WATER RECUIRE,..ENT 

I'AX. WATER. OUR!~G JIJ~E A~a JULY ARE 4.02 5,53 ACRE-FEET 

TCTAL IRRIS. ACPEASE 11&.95 DFSIG~ ~AT. REQ. 5,53 ACRE-FEET/DAY 2.79 CFS 12.30 MM/DAY 

FAR~ GqOSS WATER REOLIREMENT 

MAX. WATER. DURIN: JU~E AND JULY ARE 6.84 9.11 ACRE-FEET 

TOTAL IRRIG. AC~[AGE 116.95 CESIGN ~IT. REQ. 9,33 ACRE-FEET/DAY 4.71 CFS 20.76 ,..,../DAY 
TOTAL RUN orF IS 0.5~27 CFS 16,774 LIS 

78,97 LIS 

133.29 LIS 

lN ,..... 
Cl 
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UNIT NU'1HER 1214 

CR!JP SCIL APPL, SUtlSYS, ACREAGE ETlM~/DAY) GWR(MM/DAY) IIIDAYSI RFCMM/DAY) 

PO HI TOES RA'J'WCK GRWITY 12.~0 10.00 2'1,41 4.00 2.06 
POTATOES STA~ GR~\IITY z~.~A 9. :n 12.44 4,CO o.co 
GRA Pi £l~~~~IDCK GRAVITY 12.50 12.95 2 5. 39 5.00 5.11 
GRAPI STAN GR~VITY 2S.07 13. '33 4'i,97 4.00 14.1)2 
ALFALFA BANNOCK GRAVITY 25.00 14,37 24,78 1,00 4,96 
ALFALFA STAN GRAVITY 57.80 15.65 26.98 6.00 5.53 

FAR~ NET WATER REC~IRE~ENT 

MAX. WATER. DURING JUNE AND JULY A~E 4,42 6.74 ACRE-FEET 

TOTAL IRRIG. ACREAGE 158.45 CESIGN ~AT. REC. 6.74 ACRE-FEET/DAY 3.40 CFS 12.96 I'M/DAY 

FARM GROSS WATER RECLIREMENT 

~AX. wATER. DUR I"'G JUNE AND JULY ARE 9. 71 13.54 ACRE-FEET 

TOTAL !RRIG. ACREAGE 158,45 CES!GN ~AT. REQ, 13.54 ACRE-FEET/DAY 6.84 CFS 26.05 ~M/OAY 
TOTAL RUN OFF IS 1.1356 CFS 32,139 LIS_ 

96.30 LIS 

193.54 LIS 
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UNIT NU~BER 1216 

CRCP ~riL AP PL. SUBSYS. ACREAGE ET(~~/OAY) GW~~~~/OAY) ll!DAYSI RF!~M/DAY) 

P'lTATOES BAN'•lOC K GRAV I TV 31.69 10.0'1 29.41 4.00 2.06 
POThHJES s r :, '~ GR~V!TY 'l.OO 9.B 12.44 4.00 o.oo 
G'<Al'J BM:Nr:JCr GRAVITY '•. 10 14.29 2H.Q2 4.00 6.30 
ALFALFA BA~NOCK GRAVITY 47.'>6 14.25 24.57 e. co 4.91 
PASTURE BAI\Nr:JCK GRAVITY 33.46 12.57 24.65 s.co 5.55 

FARM NET WATER REQ~!RE~ENT 

MAX. I<AER. DUPPlG JU':E A'!D JULY ARE 2. 7 2 5.0'l ACRE-FEET 

TCTAL IRRIG. ACit[AG:' 125.91 CESIGN kAT. R~O. S.O'l ACRE-FEET /DAY 2.'51 crs 12.32 ~M/DAY 

FARM GRCSS WATER RECCIREME'JT 

I'AX. WATEq. DURING JUNE AND JULY ARE 5.34 10.30 ACRE-FEO 

TOTAL IRR!G. ACReAGE 125.'l1 CFSIGN oAT. REQ. 10.10 ACRE-FEET/DAY 5.20 CFS 24.93 MM/DAY 
TCTAL RUN OFF IS 0.47q6 CFS 13. 54 3 LIS 

72.13 

147.17 

LIS 

LIS 

lN 
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VH T N•JMBER 1217 

CROf> ';rill A~ f>L. suesvs. ACqEAG~ ET(M~/OAYl GWRIMI'/OAY) l I (DAYS I ~F(t-',/OAYl 

CRt.!>; ~h\NOC~ H~~c-~v~ 2~.34 14.:>9 19.05 4.CQ o. ·10 
GRA PI ~ T A 'I II A~ 0-,M. VE 62.q9 13. B 17.77 4.01 o.co 
Gil.AIN f<J\·VHJCK GRAV !TY 4.?1 14.29 2R.02 4.CO 6.30 
ALF ALF fl SH'i HA~C-~VE 39.38 11.37 15. 16 J1.CO o.~o 
PASTURE STAN GRAVITY 19.57 14.67 40.75 4.00 ll.;>I 

FA~~ \!'T 141\TER REOLIRE~ENT 

M~X. WAT[P. DURING .IU~E AND JULY A~E 5.52 5. 'l6 ACRE-FEET 

TCTAL !RR!G. ACREAGE 151.19 CESIC"< I> AT. REQ. 5.96 ACRE-FEET/DAY 3.01 CFS !.2.01 t-'M/OAY 

FA~~ GqCSS WATER RECLIR~MENT 

"~X. WATER. CJtJ:l !'I:; JUf1E A'l~ JUlY AqE R.26 'l.42 ACRE-FEET 

TCTAL lqR[G. ACREAGt 15!.19 C'CS!Grli \.AT. R~Q. 9.4?. ACRE-r[ET /DAY 4.7~ Cf'S 18.99 1'"./0AY 
TOTAL RUN UFF IS 0.?546 CFS , • 205 LIS 

85.14 

134.60 

LIS 

LIS 

lN 
f-J 
lN 




