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ANALYZING AND PREDICTING IRRIGATION DIVERSIONS 

IN SOUTHEASTERN IDAHO 

ABSTRACT 

by Sung Kim, M.S. 
University of Idaho, 1981 

A study was done to analyze the daily water flow data 

from two large irrigation districts located in the Upper 

Snake River region of southeastern Idaho and to develop a 

methodology for predicting daily water diversions. Data 

collected during the 1978, 1979, and 1980 irrigation sea-

sons were used for this study . 

Crop consumptive water use was estimated by the com-

bination method on a daily basis. Crop consumptive use 

estimates varied greatly on a daily basis, and the patterns 

were quite different from year to year. 

Seasonal irrigation water use amounts were different 

for different years for the different districts, but the 

seasonal water use patterns were similar for different 

years and districts. 

Graphical and statistical methods were used to deter

mine fluctuations and relations among inflow, outflow, 

evapotranspiration, and precipitation. A slight change 

of evapotranspiration resulted in a rather large change of 

inflow. A weekly cycle was found to exist within outflow$, 

but no significant frequency was found within inflows . 

ix 



Relationships between time and diversion requirements 

were established. Based on the time effects, proper con

sumptive irrigation requirements were estimated at the 

district level. 

A computer program was developed for predicting water 

diversions for the study area and did a reasonable job. 
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CHAPTER 1 

INTRODUCTION AND OBJECTIVES 

Introduction 

Economic and social development depends on increased 

agricultural production. Increased production can be 

brought about by creating additional lands through new 

irrigation projects or improving present irrigation systems 

and practices for efficient water use and continued produc

tivity. 

Any successful irrigation project depends upon a suit

able water supply for crop requirements. There must be 

enough volume to supply the seasonal requirement and ample 

flow rates to meet the peak use demand. It is necessary 

to calculate the consumptive use of the crops in an area 

as a · first step in determining irrigation water require

ments. In addition to consumptive use, a certain amount 

of water should be allocated for losses in administration, 

conveyance, and application. At the same time additional 

water may be needed to maintain a favorable salt balance . 

A farm operator may be able to control the delivery 

of water to his farm if he has control of the diversion. 

For example, he can manage the timing and quantity of 

direct water supply from a well or a stream. In this case 
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only the water source or the water rights can limit both 

the timing _ and amount diverted for use. However, most 

water is delivered to farms through a supply system oper

ated by a water user association or irrigation district. 

The management of an irrigation district must consider many 

factors in determining the proper diversion requirements. 

If too little is diverted, irrigators' needs are not met; 

and if too much is diverted, water is wasted. 

As efficient irrigation saves water and energy, there 

have been many studies with the objective of improving 

various aspects of irrigation systems such as supply, 

distribution, and application of water. The studies have 

dealt with both irrigation system design and irrigation 

water management. 

Mathematical models and procedures have been developed 

to assist in system design and water management. It is 

also noted that the overwhelming majority of these pro

cedures are intended for use at the individual farm or 

field level. Only limited emphasis has been directed to 

analysis of irrigation water use at the district level. 

Most system analyses of irrigation districts have been 

previously conducted, but not necessarily for the primary 

purpose of determining diversion requirements (Brown 

et al., 1974; Carteret al., 1971; Brockway et al., 1973; 

Claiborn, 1975). A program has been developed by Buchheim 

and Brower (1981) to forecast water diversions to meet 

irrigation requirements. 
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The irrigation models and procedures developed for 

on-farm systems consider and predict the dynamic varia-

tions in the systems on a short-term basis. On the other 

hand, most of the systems analyses of irrigation districts 

have considered variations only on a long-term basis which 

ranges from two weeks to an entire season. 

For efficient operation of an irrigation district, 

short-term variations in water use need to be considered. 

It would be beneficial to use dynamic procedures to con-

sider daily variations in diversions as related to water 

use in district irrigation systems. Even though it might 

be impossible to match demand and supply exactly, a daily-

based analysis would contribute to more efficient irriga-

tion on a project-wide basis. 

Objectives 

The objectives of this study were to analyze the 

dynamic variations between inflow and outflow on a daily 

basis for two irrigation districts and to develop a daily 

diversion prediction model for the irrigation districts . 

Specific objectives were 

1. To determine factors which influence the diver
sion inflow and outflow from a district. These 
factors include evapotranspiration, canal seepage, 
on-farm deep percolation, irrigation period, and 
lag times within the system. 

2. To develop a model for predicting diversion 
requirements on a daily basis for the irrigation 
districts and apply the model to the study area . 
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CHAPTER 2 

LITERATURE REVIEW 

Farm Water Delivery Administration 
Organizat1ons 

Most irrigation water in the western United States is 

delivered to farms through a supply system operated by a 

water-user organization. Accordingly, it is necessary to 

understand water-user organizations. The following organi-

zations are classified by Riebel (1967): 

1. Mutual irrigation companies. 

2. Commercial companies . 

3. Irrigation districts. 

4. Water conservancy districts . 

An understanding of the delivery policy by any of 

the organizations is needed to determine the actual opera-

tions of the delivery systems of an irrigation project . 

This delivery policy is called a scheduling system or 

schedule. Districts or associations select the schedule 

after considering the legal, physical, and economic factors 

along with the resulting apportionment of the costs of the 

water supply, distribution, and application systems. 

Schedule types may be broadly classified as demand, rota-

tion, or continuous flow. Combinations of two or more of 
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these methods may be used in any system depending on the 

location of the farm with respect to the distribution 

system, the s~asonal water requirements, and the available 

water supply. An alternate classification is to broadly 

group the schedule types into either rigid (predetermined) 

schedules or flexible (modifiable) schedules. If the flow 

duration is variable, further combinations can be defined. 

Schedule types are classified as follows by Replogle 

et al. (1980): Rigid scheduled may be (1) fixed amount

fixed frequency, (2) fixed amount-variable frequency, or 

(3) varied amount-fixed frequency. Flexible schedules may 

be (1) demand, (2) frequency demand (24-hour duration), or 

(3) limited rate demand. 

The fixed amount-fixed frequency delivery schedule is 

generally the least desirable from the user's viewpoint. 

The other two rigid schedules can, theoretically, be optim

ized for a specific crop on specific soil and field condi

tions. However, uniform conditions are unlikely to exist 

for much of the service area. On a project or district 

basis, rigid schedules often result in low project irriga

tion efficiencies, drainage problems, leaching of soil 

nutrients, and wasted labor on the farm. All of these 

rigid schedules are frequently modified by using reservoirs 

either on-farm or at the district level to provide a modi

fied flexible schedule. 

• 

• 
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The limited rate demand schedule is a flexible 

schedule that is highly practical for the water user. It 

enables the user to irrigate each crop, usually when needed, 

and to use a stream size that is economical and efficient 

for the particular situation. Thus, differences in soils 

and crop requirements can normally be accommodated. An 

irrigation project employee - -usually a ditch rider--may need 

to be on call 24 hours a day to reduce operational spillage 

as the farmer changes his flow rate or finishes irrigating. 

This need does not occur when the system has an automated 

canal or closed or semiclosed pipelines for delivery coupled 

with suitable reservoirs. 

Replogle et al. (1980) have reported that nearly all 

large projects in the northwestern United States operate on 

a type of limited rate demand schedule. They report that 

in some cases it is possible to deliver water on a straight 

demand schedule during part of the season and change to one 

of the modified demand systems or even to a rigid schedule 

during peak crop water requirement periods . 

Further details about delivery policy can be found in 

Riebol et al. (1967) or Replogle et al. (1980}. 

Irrigation Efficiencies 

A considerable amount of research has been devoted to 

the subject of irrigation efficiency, and many types of 

analyses have been used to compute the efficiency of a 

particular phase of an irrigation operation . 



8 

The following irrigation efficiency terminology is 

selected from that adopted by the On-Farm Irrigation Corn-

rnittee of the Irrigation and Drainage Division of the 

American Society of Civil Engineers (1978). 

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, leaching requirements, environmental 
control, and pesticide and fertilizer application 
or management water. 

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

3. Water Conveyance Efficiency, CE, is the ratio of 
the volume of water delivered to the point of use 
by an open dr closed conveyance system to the 
volume of water introduced into the conveyance 
system at the supply source or sources. 

4. Unit Irrigation Efficiency, UE, is the ratio of 
the volume of irrigation water required for bene
ficial use in a specified irrigation area to the 
volume of water delivered to the area. 

5. Reservoir Storage Efficiency, SE, is the ratio of 
the volume of water available from the reservoir 
for irrigation to the volume of water delivered 
to the storage reservoir--surface or underground-
for irrigation. 

6. Farm Irrigation Efficiency, FE, is the product of 
the component terms expressed as ratios: 

FE = SE·CE·UE 

The overall irrigation efficiency for a project 
or a river basin can be expressed in a similar 
manner. 

• 

• 

• 
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Additional discussions and definitions of irrigation 

efficiency terms can be found in articles by Burman et al. 

(1980). 

Irrigation Water Requirements 

The designer or operator of an irrigated system must 

determine irrigation water requirements, R, for both short 

periods and on a seasonal basis. The units of R usually 

are volume per unit area or depth. The irrigation water 

requirement is defined by Doorenbos and Pruitt (1977) as 

the depth of water needed to meet the water loss 
through evapotranspiration, ET, of a disease-free 
crop growing in a large field under nonrestrict
ing soil conditions including soil water and 
fertility and achieving full production potential 
under the given growing environment 

The requirement R also can be stated as: 

R = ET - Pe + (other beneficial uses) (2-1) 

where 

ET evapotranspiration 

Pe effective precipitation 

Other beneficial uses include germination of seeds, climate 

modification, freeze protection, fertilizer application, 

depression of soil temperature, and dust suppression . 

Burman et al. (1980) have presented a flow chart out-

lining the sequential steps for estimating irrigation water 

requirements from climatic data (Fig. 2-1) . 
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FLOW CHART 

Select Method Based on: 
Location and Climate 
Data Availability 
Long - or Short - Term Estimate 

or: Penman, Blaney-
Jensen- Haise, Criddle 
or Blaney- Cr iddle (U.S . 
(FA0-24 Version) Version) 
Methods Method 

~lect Reference I 
Calculate f 

Crop Foe tor 
i 

oro Grass j Alfalfa .---+ 

Calculate Calculate 
Reference ET, Reference ET, 

Eto Err 

i .} 

Deter mine 
Appropriate Crop 

Coefficient, Kc 

+ t 

Calculate Crop ET, 
Et • Kc · E to or E f • Kc Etr 

tlmate Effective c:l 
Rainfall 

- t 
Determine LeachinQ or 

Other Requirements 

Determine or 
Select K 

Value 

Calculate 
Crop ET, 
Et • K · f 

~ 

l 

Fig. 2-1.--Typical flow chart for estimation 
of irrigation water requirements 
from climatic data (from Burman 
et al., 1980, p. 194) 
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The term evapotranspiration may have different mean-

ings in various parts of the world and even in the same 

country. The following definitions are given by Burman 

et al . (1980). 

Evapotranspiration, ET, is the combined process 
by which water is transferred from the earth's 
surface to the atmosphere. It includes evapora
tion of liquid or solid water from soil and plant 
surfaces plus transpiration of liquid water 
through plant tissues expressed as the latent 
heat transfer per unit area or its equivalent 
depth of water per unit area. 

Potential evapotranspiration, PET, is the rate at 
which water, if available, would be removed from 
the soil and plant surface expressed as the latent 
heat transfer per unit area or its equivalent 
depth of water per unit area. 

Crop Versus Potential ET 

The relationship between the ET of a specific crop (ET) 

at a specific time in its growth stage and potential ET 

(PET) is of practical interest to the designer or operator 

of an irrigation system. The relationship has led to crop 

coefficients: 

K c 
ET 

PET (2-2) 

where K is referred to as a crop coefficient which incor
c 

porates the effects of crop growth stage, crop density, 

and other cultural factors affecting ET . 
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Reference Crop Evapotranspiration 

Because of the ambiguities of potential evapotranspira-

tion, reference crop evapotranspiration, Eto or Etr' is 

frequently used. Doorenbos and Pruitt (1977) use Eto to 

replace potential evapotranspiration as "the rate of evapo-

transpiration from an extensive surface of 8 to 15 em, 

green grass cover of uniform height, actively growing, 

completely shading the ground, and not short of water." 

An alternate definition, Etr' widely used in the 

western United States, is presented by Jensen et al. (1974). 

Etr represents: 

The upper limit or maximum evapotranspiration 
that occurs under given climate conditions with 
a field having a well-watered agricultural crop 
with an aerodynamically rough surface, such as 
alfalfa with 12 inches to 18 inches of top 
growth. 

Actual ET is estimated using the following equation: 

ET or ET = K . E c to (2-3) 

Determining Evapotranspiration 

Evapotranspiration can be measured in the field or 

estimated from climatological and crop data. Direct field 

measurements are very expensive and are mainly used to 

provide data for calibrating method used to estimate ET 

using climatic data. 

Lysimeters (evapotranspirimeters) provide a direct 

measurement of ET. By this method evapotranspiration can 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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be determined accurately over periods as short as one hour . 

A detailed summary of the use of lysimeters for evapotrans

piration can be found in an article by Harrold (1966) and 

in World Meteorological Organization (1966) Technical Note 

No. 83. 

Numerous methods have been developed to estimate ET 

(Jensen, 1974; Doorenbos, 1977; Penman, 1967; Thornthwaite, 

1948; Blaney and Criddle, 1962). Some of the estimating 

equations are very simple and require relatively little 

data, but they must be calibrated or tested for any new 

area. Other equations are very comprehensive and require 

considerable amounts of data. 

Water Balance in an Irrigation District 

Irrigation systems analysis involves the quantification 

of all water entering and leaving an irrigation area in 

terms of a water balance equation. Irrigation studies based 

upon the application of a water balance or water budget 

type analysis have been conducted. The majority of these 

investigations have been carried out primarily to research 

water quality characteristics or water-use efficiencies. 

Brown et al. (1974) and Carter et al. (1971) have 

carried out water balance studies for several consecutive 

irrigation seasons on two large irrigation projects in 

southern Idaho. Their work has been aimed at collecting 

water quality and sedimentation output data in addition 

to some actual water-use pattern data . 
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Claiborn (1975) evaluated irrigation efficiencies in 

the Upper Snake River region of Idaho. He investigated 

water use on six irrigation districts during the 1974 irri

gation season. He derived deep percolation losses and 

irrigation efficiencies by using an inflow-outflow water 

balance analysis. The project irrigation efficiencies 

ranged from 10 to 42 percent. 

Worstell (1978) evaluated irrigation efficiencies 

during a water-short year, 1977, and a year when water was 

not short, 1976, for two irrigation projects in Idaho. He 

also determined statistical relationships between the proj

ect irrigation efficiencies of both systems for each of the 

two years and between both years for each system. Average 

seasonal irrigation efficiencies of the two irrigation 

districts were 18 and 54 percent in 1976, and 16 and 43 in 

1977. There were no significant differences between the 

irrigation efficiencies measured in the two different years. 

Kharchenko and Katz (1970) developed methods for 

establishing a water balance on irrigated land in the USSR. 

They divided irrigated territories into areas where under

ground runoff is prevailing in water balance expenditure 

elements and where underground runoff is practically absent. 

Tseitlin and Pol'skii (1976) investigated the water 

balance of channels used intensely for irrigated lands in 

the USSR. In this study, the complex process of water and 

moisture exchange which occur directly from irrigated lands 
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are eliminated from consideration~ The inflow of water 

into the river channel and consumption of water from the 

channel within the investigated reach are compared in the 

channel balance . 

Buchheim and Brower (1981) developed a computer pro-

gram to forecast water diversions to meet irrigation re-

quirements on a daily basis. They integrated on-farm 

scheduling with system management referred to as system 

scheduling. However, their study did not involve consider-

ation of time-dependent relationships within an irrigation 

district. 

Fleming (1975) stated that a water balance is a 

time-dependent relationship which must be computed as a 

continuous function in order to fully understand catchment 

response. However, previous studies dealing with irrigation 

districts have been carried out without considering time-

dependent relationships. Owing to the difficulties of 

measuring or estimating variations during short time periods, 

those studies have been based on long time periods ~,! ranging 

from two weeks to one year. 

Time Series 

A set of observations arranged chronologically is 

called a time series. Time series have been observed in 

connection with quite diverse phenomena and a wide variety 

of researchers. There may be several possible objectives 
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in analyzing a time series. These objectives may be clas

sified as description, explanation, prediction, and control. 

Numerous studies have utilized time series in dif

ferent applications. A review of time series literature 

can be found in articles by Chatfield (1975). Box and 

Jenkins (1970) have made an important contribution by 

describing the approach to time series analysis, forecast

ing, and control. 

Yevjevich (1972) applied time series to hydrologic -

processes. He classified hydrologic data into four types 

according to the practice of measurement and reporting of 

data. The four types are (1) historical data recorded in 

time, (2) field data recorded in space, (3) empirical data 

recorded in time or space or both, and (4) concurrently 

measured data on two or more variables recorded in time or 

space or both. 

When successive observations are dependent, future 

values may be predicted from past observations. If a time 

series can be predicted exactly, it is said to be deter

ministic. However, most time series are stochastic in that 

the future is only partially affected by past values 

(Chatfield, 1975). 

According to Unny et al. (1981), hydrologic time 

series and in particular stream flow time series are 

described depending on the time interval between successive 

observations as daily, monthly, or yearly time series. The 
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properties of daily stream flow time series are different 

from yearly and monthly time series in the sense that these 

time series are described by the presence of rapid ascen

sion to peaks and exponential recession. The nature of 

daily time series is influenced by the cause and effect 

relationship in the rainfall-runoff process in short 

intervals of time. Thus, a proper model for daily stream 

flow time series should consider the deterministic transfer 

relation between rainfall and streamflow. 

Though irrigation processes within an irrigation 

district have a similar cause and effect relationship as 

within a watershed, time series analysis applied to irri

gation process is not found in the literature . 

Correlation 

Linear Correlation 

A correlation coefficient (r) is a measure of the 

linear association between two variables. Values for cor

relation coefficient are dimensionless and range between 

-1 and +1. If r is -1 or +1, the variables have a perfect 

linear relationship. A negative value for r indicates 

that as one variable increases, the other decreases. A 

positive value of r indicates that as one variable in

creases, the other also increases. If r is 0, there is no 

linear association between the variables (Ott, 1977) . 
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Autocorrelation 

The investigation of the sequential properties of a 

series by autocorrelation analysis is now considered a 

classical statistical technique. It is used to determine 

the linear dependence among the successive values of a 

series that is a given lag apart (Yevjevich, 1972). 

The autocorrelation coefficient, rk, is 

= 
Cov (X., X. k) 

1 1+ 

where 
(Var Xi · Var ~i+l)l/Z 

Cov = covariance 

Var = variance 

k = lag 

X. = variable of data set 
1 

which is equivalent to 

where 

N- k 
X.)( t: xi .. kl 

l i=1 

N = number of observations in the series 

(2- 4) 

The following confidence intervals are suggested by 

Chatfield (1975). Upper and lower confidence intervals at 

90 percent significance level are defined by: 
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-1 + 1.645 /Kf=k 
N-k 

-1 + 1.645 /Kf=k 
N-k 

confidence limit at lag k 

confidence interval at lq.g 

observations in series 

(2-6) 

k 

Interpreting the meaning of a set of autocorrelation 

coefficients is not easy. If a time series is random, 19 

out of 20 of the values of rk can be expected to lie within 

the confidence interval at the 95 percent significance 

level. If a time series contains a certain fluctuation, 

then the correlogram (a plot of correlation coefficients 

versus lag) will exhibit an oscillation at the same fre-

quency. 

The analysis of a time series which exhibit a long

term change in mean depends on whether one wants to (1) 

measure the trend or ( 2) remove the trend in order to 

analyze local fluctuations. To analyze local fluctuations, 

an approach of this type is sometimes adequate, particularly 

if the trend is fairly small, but sometimes a more sophis-

ticated approach is desired. The following techniques for 

removing trend were proposed by Chatfield (1975): 
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1. Curve-fitting 

2. Filtering 

3. Differencing 

Of these techniques, differencing is particularly useful 

for removing a trend. It is simple to difference a given 

time series until it becomes stationary. This method is 

particularly stressed by Box and Jenkins (1970). According 

to Chatfield (1975), first-order differencing is usually 

sufficient ~o obtain an apparent stationarity, so that the 

new series Y1 , ... , YN-l is formed from the original 

s erie s X 1 , . . . , XN by : 

Lag Cross Correlation 

( 2- 7) 

Assuming that two series Xt and Yt are correlated 

means individual observations in the two series are cor~ 

related in the same time period. This is known as simple 

correlation or as lag zero cross correlation. The latter 

term is used since consideration can also be given to lag 

k cross correlation. Lag k cross correlation is the cor-

relation between one random variable at one time point and 

a second random variable k time point later (Yevjevich, 

1972). 

The cross correlation coefficient can be calculated by 

substituting Y. k for X. k in the autocorrelation equation l+ l+ 

(2-5): 
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rk = lag k cross correlation coefficient 

N number of observations in the series 

k = lag time 

X., Y. = series of data 
l l 

The confidence interval for cross correlation is computed 

by Equation (2-6) . 

t .. ~ -1n 
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CHAPTER 3 

DESCRIPTION OF THE STUDY AREA 

General Description 

The study was conducted in two irrigation projects, 

the Idaho Irrigation District and the Snake River Valley 

Irrigation District. These are located in Bingham and 

Bonneville counties in southeastern Idaho (Fig. 3-1). Crops 

presently grown in the study area are potatoes, grain, and 

alfalfa for both hay and pasture. Border, furrow, and 

sprinkler irrigation systems are used to apply water to 

these crops (Tables 3-1 and 3-2). 

The topography of the study area is uniform, with an 

average slope of 0.002 m/m at an elevation of 1370 to 

1460 m. Major soil types of the study area are silt loam, 

loam, and sandy loam textures. The soils are excessively 

well drained and have high porosity and permeability. Soil 

series patterns and locations in the study area are given 

by Yoo and Busch (1981). They obtained soil survey maps 

from Soil Conservation Service offices to define the soil 

patterns of the study area, then digitized and composited 

boundaries of each soil series with area maps generated 

from low level infrared aerial photographs (Yoo and Busch, 

1980) . 
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Table 3-1.--Crop distribution in the Idaho Irrigation 

• District and the Snake River Valley Irrigation 
District 

Total Irrigated Crop distribution (%) 
District area area 

• (ha) (ha) Potatoes Grain Alfalfa Pasture 

Idaho 
Irrigation 14,051 11,565 27.2 40.0 19.0 13.8 
District 

• Snake River 
Valley 8,892 6,951 26.4 39.9 23.2 10.5 Irrigation 
District 

Total 22,943 18,516 26.9 39.9 20.6 12.5 •• 

• 
Table 3-2.--0n-farm application system distribution in the 

Idaho Irrigation District and the Snake River 
Valley Irrigation District 

• Application system (%) 

Hand-move Side-roll Center-
District Border Furrow pivot sprinkler sprinkler sprinkler 

• Idaho 
Irrigation 52.7 10.5 26.2 9.0 1.6 
District 

Snake River 

• Valley 49.5 5. 8 31.0 12.0 1. 7 Irrigation 
District 

Total 51.5 8. 8 27.9 10.2 1.6 

• 

• 
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The climate of the area is considered to be semi-arid, 

with very low rainfall and high temperatures in the summer 

and low temperatures in the winter. Average annual rain-

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

monthly rainfall of 34 mm occurs in June, and the minimum 

monthly average of 12 mm occurs in July. Mean annual maxi-

mum and minimum temperatures are l4°C and -0.5°C, respec-

tively. Mean maximum and minimum temperatures, during the 

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

are 30°C and -l2°C. The length of growing season in the 

Idaho Falls area is 120 days, and the average frost-free 

season is May 15 to September 19 (Khanjani, 1980). 

Irrigation water is supplied from the Snake River and 

delivered through a canal network. According to Netz 

(1980), the farmers almost always operate canal headgates 

at the farm delivery site when they feel water is needed. 

Diversion darns on the river raise the water level enough 

so that pumping is not necessary to supply the canals. 

Idaho Irrigation District 

In 1899, Charles Tantphus requested and was appro

priated 100,000 miner's inchesl/ of water, to be diverted 

from the Snake River for the Idaho Canal Company. In 1905, 

the Idaho Irrigation District was formed, and in 1930 the 

Idaho Canal was enlarged to convey an additional 8,500 1/s 

l/In Idaho, 1 miner's inch is 1/50 cfs (= 0.566 1/s). 
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to carry the Boomer decree and several laterals were added 

around that time (Carter, 1955). 

Presently the Idaho Irrigation District operates and 

maintains over 160 km of major canals and over 24 km of the 

Sand Creek, which supplies water to 11,500 ha of land in 

the area. 

The Idaho Main Canal provides the major source of water 

to the entire system of canals in the Idaho Irrigation 

District. Water is diverted out of the Snake River about 

13 km north of Idaho Falls near Bear Island. It is trans

ported by ·means of the Idaho Main Canal to Idaho Falls where 

its waters are dispersed into several smaller canals for 

distribution throughout the district. The Main Idaho Canal 

discharges waste water into the Blackfoot River 60 km of its 

origin at the Snake River. The present capacity of the 

Idaho Canal is 45,000 1/s (Netz, 1978) . 

Snake River Valley Irrigation District 

In 1885, William Dye and Lorenzo Firth in concert with 

George King and Henry R. Whitmall obtained water for their 

land. They started at a point on the east side of the Snake 

River about 8 km downstream from Idaho Falls in Bonneville 

County. In 1889, the capacity of this canal, the Cedar 

Point Canal, was tripled and the water rights decreed. From 

that time on, the canal was called the Snake River Valley 

Canal (Carter, 1955) . 
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Presently the Snake River Valley Irrigation District 

operates and maintains over 80 km of major canals that 

supply water to over 6,900 ha of land. 

The main Snake River Valley Canal provides the major 

source of water for the entire Snake River Valley Irriga

tion District. It parallels the Snake River for about 5 km 

to attain an elevation high enough for deliveries in the 

district. It is nearly 32 km from the point that the Snake 

River Valley Main Canal diverts water from the Snake River 

to the point where the water distribution ends (Netz, 1980). 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

29 

CHAPTER 4 

DATA ANALYSIS 

A major objective of this study was to determine the 

factors which influence the diversion inflow and the outflow 

from an irrigation district. To determine the influences of 

various factors, water flow data, crop water requirements, 

and precipitation data were analyzed statistically and 

graphically. 

Data for the 1978 and 1979 crop years were analyzed to 

develop the data analysis procedures used in this study . 

Data for the 1980 crop year were used to test these pro-

cedures. 

Consumptive Irrigation Requirements 

Estimating Equations and 
Input Data Requirements 

Many methods of determining evapotranspiration (ET) 

have been proposed. The methods may be broadly classified 

as those based on combination theory, humid1ty data, radia-

tion data, and miscellaneous methods which usually involve 

multiple correlations of ET and various climate data (Burman 

et al., 1980). 

In this study, a computer program written by Allen and 

Erpenbeck (1979) based on a modified Penman combination 
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method was used. Jensen (1974) stated that combination 

methods are the most accurate methods for a wide range of 

climatic conditions. Estimates obtained with a combination 

equation are reliable for periods from one day to one month. 

The modified Penman equation used for estimating an 

.alfalfa based reference ET can be written as: 

where 

(4-1) 

. 2 
= the reference crop ET in cal/cm 

6 the slope of the vapor pressure-temperature curve 

r = the phychrometric constant in mb/C 

2 Rn = the net radiation in cal/cm 

G = the soil heat flux to the surface in cal/cm2 · d 

wf = the wind function (dimensionless) 

(ea - ed) = the mean daily vapor pressure deficit in mb 

15.36 = a constant of proportionality in cal/crn
2 · d 

Further details of calculations can be found in articles 

by Burman et al. (1980), Jensen (1974), and Wright (1978). 

Input data used for estimating ET are described below: 

1. · Climatological data: Maximum temperature, 
minimum temperature, dry-bulb temperature, wet
bulb temperature, solar radiation, and wind 
velocity data were used as input data. These 
data were measured at Ricks College Weather 
Station located at Rexburg, Idaho, about 42 km 
north of Idaho Falls. 

2. Crop coefficients: Crop coefficients for Kimberly 
in southern Idaho were used. These were recently 
developed by Wright (1979). 
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3. Other data: Beginning of growing season or plant
ing date, effective cover date, and end of growing 
season or harvest date, and total area for crops 
were used as input data. These data are listed 
in Table 4-1. 

Results 

Monthly average ET values and accumulated ET values 

are listed in Table 4-2. Though large fluctuations are 

apparent in the 1979 data compared with the 1978 data, there 

is approximately a 4 percent difference in the total 

accumulated values. The accumulated ET values for 1980 were 

much higher than the values for 1978 and 1979 (Table 4-2) . 

Average daily ET estimates from May through October 

in 1978, 1979, and 1980 in the study area are shown in 

Fig. 4-1. Due to large day-to-day variations in ET, the ET 

data were graphed after smoothing. The procedures and com-

puter program for smoothing data are listed in Appendix B. 

In 1978, 1979, and 1980, the peak ET occurred in July, and 

decreases occurred in the first part of August due to wheat 

harvest. In 1979, decreases in ET existed at the end of 

June and in the first part of August. These decreases 

appear to be associated with precipitation which occurred 

with 3 or 4 days duration. 

Daily ET values for the different crops and the refer-

ence crop in 1979 are shown in Fig. 4-2. For winter wheat, 

spring wheat, and alfalfa, the peak ET occurred at the same 

time with approximately the same value. Harvest times are 

shown as rapid drops in the curves . 
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Table 4-1.--Beginning of growing season or planting date, 
effective cover date, end of growing season or 
harvest date, and total area for crops in the 
study area 

Date (month, day) 

Crop 

Winter wheat 

Spring wheat 

Alfalfa 

Potatoes 

Pasture 

Total 
are a Beginning of 
(ha) growing season 

or planting 

3700 Apr 16 

3700 

3800 

SOlO 

2310 

Apr 20 

Apr 10 

May 10 

Apr 21 

Effective 
cover 

Jul 09 

Jul 19 

May lS 

Jun 29 

Jun OS 

End of growing 
season 

or harvest 

Aug OS 

Aug 2S 

Sep 10 

Sep 10 

Oct OS 

Table 4-2.--Average monthly evapotranspiration in the study 
area during the 1978, 1979, and 1980 growing 
seasons 

ET (mm/day) Total Year (mm) May Jun Jul Aug Sep Oct 

1978 2. 3 S.l 6.1 4.1 1.4 0.71./ S6S.9 

1979 2.4 3.7 6.1 3.9 2. 0 0.4 S87.2 

1980 2.3 S.4 7.0 4.6 1. 8 o.s 667.3 

. !/Average ET was calculated by daily ET data measured 
from October 1 through October 11. 
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Fig. '4-1.--Average daily evapotranspiration in the 
study area during 1978, 1979, and 1980 
crop years. (a) 1978, (b) 1979, 

• (c) 1980 . 
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Fig. 4-2.--Daily evapotranspiration of the crops in the 
study area during the 1979 crop year. (a) 
winter wheat, (b) spring wheat, (c) potatoes. 
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• Fig. 4-2.--Continued. (d) pasture, (e) alfalfa, 
(f) reference crop. 
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Description of Flow Data 

Water flow data were collected to establish water 

balances for the Idaho Irrigation District (IID) and the 

Snake River Valley Irrigation District (SRVID). During the 

irrigation seasons in 1978, 1979, and 1980, all flows 

except river diversions entering and leaving the districts . 

through canals were measured by the U.S. Bureau of Reclama

tion. Diversion data measured by the U.S. Geological Survey 

personnel were obtained from the Watermaster of District 

No. 01 on a daily basis (District No. 01, Snake River, 

Idaho, 1978, 1979, 1980). 

The schematic diagram in Fig. 4-3 shows gaging 

stations, station numbers, and the names of the canals 

measured at the district boundaries. The IID diverts water 

from the Snake River through the Idaho Canal. It also 

obtains excess water from upstream districts through Little 

Sand Creek, Ammon-Lincoln Canal, Sand Creek, and Henry's 

Creek. Some of the excess from the IID is wasted into the 

Blackfoot River through the Idaho Canal (Station #20, Fig. 

4-3). Other excess water is transferred to the SRVID 

through Quigg Lateral, Allen's Branch, Butte Arm Canal, 

Little Sand Creek, and Sand Creek. The SRVID obtains water 

·from Snake River through the Snake River Valley Canal and 

also receives excess water from the IID. Excess water from 
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DOWNSTREAM CANALS AND LOCATIONS 
RECEIVING EXCESS WATER 

s. Idaho Highline Canal 'i 
7. Idaho Highline Canal c: 

~ 

8. Idaho Highline Canal 
(.) 

0 
9. Sand Creek .c: 

~ 

20. Blackfoot River "0 

10. Snake River Valley ( S .R. V.) Canal 

11. East S.R.V. Canal 

1~. Little Sand Creek at S. R. V. 
Irrigation District 

13. Little Sand Creek at S. R. V. 
Irrigation District 

14. Sand Creek at S.R.V. 

Irrigation District IDAHO 
15. Reservation Canal IRR!fiAT!ON 
16. Reservation Canal DISTRICT 
19. East Blackfoot Canal (28,577 ACRES 8 SAND f.REEK 

21. Reservation IRRIGATED LAND) 

Sand Creek 

~R \Jjl 

1 ...J 
<'( 

> 
o2 3 
.,; j 

v 
19 21 20 · 

Fig. 4-3.--Schematic diagram of canal network in the study 
area 
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the SRVID flows into the Reservation Canal, East Blackfoot 

Canal, and Sand Creek. 

In this study, total inflows and total outflows were 

used on a daily basis to analyze relationships between them. 

Measuring periods for each station are shown in Tables 4-3 

and 4-4. The total discharge volume for any period of time 

is calculated by summing all inflows or outflows of a 

district for the period. 

Description of Discharge Data 

Monthly accumulated flows for the measured canals are 

shown in Tables 4-5 through 4-10. From these tables, the 

following observations can be made: 

1. Total diversion inflow in 1979 was about 10 per
cent greater than in 1978 for both the liD and 
SRVID. 

2. Diversion supplied approximately 90 percent of 
the total inflows in the liD and 80 percent in 
the SRVID. 

3. Peak inflows occurred in July; however, peak 
outflows occurred in August. 

4. The total outflow was about 20 percent of the 
total inflow for the liD and 27 percent for the 
SRVID. 

5. More than 65 percent of total excess water was 
wasted from the liD through the Kearney Waste and 
Sand Creek, and more than 84 percent of total 
excess water from the SRVID was wasted through 
Sand Creek into the Reservation Canal. 

Hydrographs of total inflow, total outflow, moving 

average ET (MAET), and rainfall for the IDD and SRVID in 

1978, 1979, and 1980 are shown in Figs. 4-4 through 4-9. 
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Table 4-3.--Measuring stations, station numbers, and 
measuring periods of inflow and outflow in 
the Idaho Irrigation District 

Inflow 

Station Measuring period 

No. Name 

1 Idaho 
Canal 

6 First 
Sand 
Creek 

7 Ammon
Lincoln 
Waste 

Starting 

7805o5l/ 
790503 
800501 

780624 
790501 
800424 

780627 
* *!:_/ 

8 Little 780624 
Sand at 790510 
Green 800509 

9 Henry's 780803 
Creek 790426 

800501 

Ending 

781105 
791031 
801031 

781106 
791028 
801028 

781104 
* 
* 

781030 
791028 
801103 

781106 
791030 
801104 

!/Year, month, day. 

Outflow 

Station Measuring period 

No. Name Starting Ending 

10 Quigg 
Lateral 

780627 

* 

11 Allen's 
Branch 

780713 
790510 
800503 

12 Butte 780627 
Arm 790509 
Waste at 800510 
Anderson 

13 Kearney 780802 
Waste 790509 

800502 

14 Sand 780628 
Creek nr 790509 
F ieldings 8 0 04 2 4 

15 Idaho 780706 
Waste 790601 
into 800502 
Blackfoot 
River 

781009 
* 
* 

781106 
791028 
801105 

781028 
791030 
801105 

781107 
791030 
801104 

781106 
791030 
801104 

781028 
791029 
801105 

~/Measuring station was withdrawn in 1979 and 1980 
due to slight inflow . 
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Table 4-4.--Measuring stations, station numbers, and 
measuring periods of inflow ,and outflow in • the Snake River Valley Irrigation District 

Inflow Outflow 

Station Measuring period Station Measuring period • No. Name Starting Ending No. Name Starting Ending 

2 Snake 7805141/ 781110 15 Cedar 780701 781105 
River 790504 791031 Point 790510 791029 
Valley 800501 801031 into 800503 801103 • Canal B lac:::kfoot 

Canal 

10 Quigg 780627 781009 16 Cedar 780621 781105 
Lateral * * Point 790601 791022 

*'!:_/ * into 800523 801105 • Reservation 

11 Allen's 780713 781106 19 Sand 780615 781101 
Branch 790510 791028 Creek 790501 791029 

800502 801105 into 800514 801120 
Reservation • 

12 Butte 780627 781028 21 Odd Ball 780621 781105 
Arm 790509 791030 790509 791031 
Waste 800510 801105 800430 801105 
at 
Anderson • 

13 Kearney 780802 781107 
Waste 790509 791030 

800502 801104 

14 Sand 780628 781106 • Creek 790509 791030 
near 800424 801104 
Fielding 

1:/ Year, month, day. • 
2/M . . - easur1ng station was withdrawn in 1979 and 1980 

due to slight inflow. 

• 

• 
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Table 4-5.--Monthly accumulated flows in the Idaho Irrigation District during the 1978 
crop year 

3 Monthly accumulated flow (1000 m ) Total . :_station 
Apr May Jtm Jul Aug Sep Oct Nov (1000 m3) (%) 

Inflow 1 *y 36,277 83,414 100,063 72,356 44,559 29,305 * 365,975 (89.3) 
6 * * 1,837 2,749 3,369 5,113 6,904 2,130 22,101 (5. 4) 
7 * * 203 1,235 1,261 384 1,105 128 4,316 (1.1) 
8 * * 543 2,035 2,546 2,688 1,299 * 9,110 (2.2) 
9 * * * * 2,723 2,801 2,478 241 8,243 (2. 0) 

Total * 36,277 85,997 106,083 82-,544 55,544 41,090 2,499 409,746 (100.0) 
(Percent) (8. 9) (21.0) (25. 9) (20. 0) (13.6) (10. 0) (0.6) (100.0) 

Outflow 10 * * 223 798 768 602 58 * 2,450 ( 4. 0) ..j::::. 

11 * * * 930 1,264 1,182 1,094 158 4,628 (7.6) 
f---1 

12 * * 80 838 919 534 514 * 2,885 ( 4. 7) 
13 * * * * 5,985 3,660 3,320 381 13,346 (21. 8) 
14 * * 232 3,683 6,478 7,481 7,671 1,100 26,645 (43.5) 
20 * * * 2,698 3,370 2,616 2,638 * 11,322 (18.5) 

Total * * 535 8,946 18,784 16,075 15,294 1,639 61' 2 76 (100.0) 
(Percent) (0. 9) (14. 6) (30. 7) (26. 2) (25. 0) (2. 7) (100.0) 

Inflow - * 36,277 85,462 91,137 63,470 39,470 25,794 860 348,470 
outflow (10.4) (24. 5) (27. 9) (18.2) (11. 3) (7.4) (0. 2) (100. 0) 

(Percent) 

!/No measurement during the month. 



Table 4-6.--Monthly accumulated flows in the Idaho Irrigation District during the 1979 
crop year . 

3 Monthly accumulated flow (1000 m ) Total Station 
Apr May Jtm Jul Aug Sep Oct Nov (1000 m3) (%) 

Inflow 1 * 1:/ 51,940 80,731 101,539 71,573 70,115 35,424 * 411,322 (91.0) 
6 112 3,160 2' 572 1,776 3,124 1,267 858 * 12,870 (2. 8) 
7 * * * * * * * * 
8 * 1,743 2,344 2,443 3,196 1,669 1,262 * 12,657 (2. 8) 
9 150 2,347 2,251 2,059 3,528 3,059 1,837 * 15,231 (3.4) 

Total 262 59,190 87,898 107,817 81,421 76,110 39,381 * 452,080 (100. 0) 
(Percent) (0.1) (13.1) (19. 4) (23.8) (18. 0) (16. 8) (8. 7) (100. 0) 

Outflow 10 * * * * * * * * ~ 
N 

11 * 340 200 180 57 48 9 * 834 (0.8) 
12 * 501 838 836 957 928 756 * 4,815 ( 4. 9) 
13 * 3,866 6,678 6,569 8,579 6,700 7,381 * 39,773 ( 40 .1) 
14 * 4,051 6,285 5,651 7,976 4,143 8,675 * 36,799 (37.1) 
20 * 1,412 3,355 1,793 4,769 2,128 3,433 * 16,890 (17. 0) 

Total * 10,170 17,355 15,030 22,337 13,947 20,273 * 99,111 (100.0) 
(Percent) (10. 3) (17.5) (15.2) (22.5) (14 .1) (20. 5) (100.0) 

Inflow -
outflow 262 49,020 70,"543 92,787 59,084 62,163 19,108 * 352,968 

(Percent) (0 .1) (13. 9) (20. 0) (26. 3) (16. 7) (17. 6) (5.4) (100. 0) 

l/No measurement during the month. 

• • • • • • • • • • • 
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Table 4-7.--Monthly accumulated flows in the Idaho Irrigation District during the 1980 
crop year 

3 Monthly accumulated flow (1000 m ) Total Station 
Apr May Jun Jul Aug Sep Oct Nov (1000 m3) (%) 

Inflow 1 *1:1 34,839 69,372 101,610 69,988 45,063 27,528 * 348,400 (90.9) 
6 575 1,871 1,620 1,138 1,147 1,317 645 * 8,313 (2. 2) 
7 * * * * * * * * 
8 * 2,990 2,754 1,560 1,684 2,659 1,348 42 13,037 (3.4) 
9 * 3,237 2,578 1,784 2,759 2,162 1,051 130 13,701 (3.6) 

Total 575 42,937 76,324 106,092 75,578 51,201 30,572 172 383,451 (100.0) 
(%) (0.1) (11.2) (19. 9) (27.7) (19. 7) (13. 4) (8. 0) (0. 0) (100.0) 

Outflow 10 * * * * * * * * +:::-

11 * 1,565 1,243 1,890 1,101 607 769 98 7,273 (6. 3) 
(.N 

12 * 293 428 555 623 322 371 19 2,611 (2. 3) 
13 * 6,304 6,086 5,212 6,798 5,827 5,601 494 36,322 (31.4) 
14 428 7,694 5,136 2,344 6,343 6,016 2,741 393 31,095 (26. 9) 
20 * 7,693 6,565 4,740 8,315 5,014 4,947 870 38,414 (33.2) 

Total 428 23,819 19,458 14,741 23,180 17,786 14,429 1,874 115,715 (100. 0) 
(%) (0. 4) (20. 6) (16. 8) (12. 7) (20. 0) (15. 4) (12.5) (1. 6) (100. 0) 

Inflow -
outflow 147 19,118 56,866 91,351 52,398 33,415 16,143 -1,702 267,736 

(%) (0.1) (7.1) (21. 2) {34.1) (19.6) (12. 5) (6.0) ·c-o.6) (100. 0) 

-
l/No measurement during the month. 



Table 4-8.--Monthly accumulated flows in the Snake River Valley Irrigation District 
during the 1978 crop year 

3 Monthly accumulated flow (1000 m ) Total Station 
Apr May Jun Jul Aug Sep Oct Nov (1000 m3) (%) 
--

Inflow 2 *y 16,081 54,156 59,233 45,102 30,941 31,260 * 236,773 (82.6) 
10 * * 223 798 768 602 58 * 2,450 (0. 9) 
11 * * * 930 1,264 1,182 1,094 158 4,628 (1.6) 
12 * * 80 838 919 534 514 * 2,885 (1.0) 
13 * * * * 5,984 3,660 3,320 381 13,346 ( 4. 7) 
14 * * 232 3,683 6,478 7,481 7,671 1,100 26,645 (9. 3) 

Total * 16,081 54,692 65,482 60,516 44,400 43,918 1,639 286,727 (100. 0) 
(%) (5. 6) (19 .1) (22.8) (21.1) (15.5) (15. 3) (0. 6) (100.0) 

..j:::. 

Outflow 15 * * * 470 1,027 354 585 194 2,630 (3.4) 
..j:::. 

16 * * 62 294 562 359 878 146 2,300 (3.0) 
19 * * 5,306 11,421 19,474 14,750 13,482 * 64,432 (84.5) 
21 * * 387 1,014 1,777 1,511 1,987 223 6,889 (9. 0) 

Total * * 5,744 13,198 22,841 16,974 16,932 562 76,252 (100.0) 
(%) (7.5) (17. 3) (30. 0) (22. 3) (22.2) (0. 7) (100. 0) 

Inflow -
outflow * 16,081 48,948 52,284 37,675 27,426 26,986 1,077 210,476 

(%) (7.6) (23. 3) (24. 8) (17. 9) (13. 0) (12. 8) (0.5) (100. 0) 

!/No measurement during the month. 

• • • • • • • • • • • 
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Table 4-9.--Monthly accumulated flows in the Snake River Valley Irrigation District 
during the 1979 crop year 

3 Monthly accumulated flow (1000 m ) Total Station 
Apr May Jtm Jul Aug Sep Oct Nov (1000 m3) (%) 

Inflow 2 *y 40,571 52,480 58,886 45,298 37,743 25,966 * 260,943 (76. 0) 
10 * * * * * * * * 
11 * 340 200 180 57 48 9 * 834 (0.2) 
12 * 501 838 836 957 928 756 * 4,815 (1. 4) 
13 * 3,866 6,678 6,569 8,579 6,700 7,381 * 39,773 (11.6) 
14 * 4,051 6,285 5,651 7,976 4,143 8,695 * 36,799 (10. 7) 

Total * 49,329 66,480 72,122 62,866 49,562 42,806 * 343,165 (100. 0) 
(%) (14. 4) (19. 4) - (21.0) (18. 3) (14. 4) (12. 5) (100.0) 

.+:;:::. 
U"l 

Outflow 15 * 255 696 312 379 661 1,025 * 3,328 (3.6) 
16 * 218 190 174 677 746 667 * 2,673 (2. 8) 
19 * 7,604 12,565 13,888 20,986 14,063 12,658 * 81,764 (89.0) 
21 * 417 764 920 1,320 731 1,039 * 5,190 (4.6) 

Total * 8,495 14,214 15,294 23,362 16,202 15,389 * 92,955 (100.0) 
(%) (9 .1) (15. 3) (16. 5) (25 .1) (17. 4) (16. 6) (100.0) 

Inflow - * 40,834 52,266 56,828 39,504 33,360 27,417 * 250,210 
outflow (16. 3) (20. 9) (22. 7) (15. 8) (13. 3) (11. 0) (100. 0) 

_l%) 

!/No measurement during the month. 



Table 4-10.--Monthly accumulated flows in the Snake River Valley Irrigation District 
during the 1980 crop year 

Monthly accumulated flow (1000 m3) Total Station 
Apr May Jun Jul Aug Sep Oct Nov (1000 m3) (%) 

Inflow 2 *y 32,979 41,227 60,782 46,355 35,387 29,667 * 246,397 (26 .1) 
10 * * * * * * * * 
11 * 1,565 1,243 1,890 1,101 607 769 98 7,273 (2. 2) 
12 * 293 428 555 623 322 371 19 2,611 (0.8) 
13 * 6,304 6,086 5,212 6,798 5,827 5,601 494 36,322 (11. 2) 
14 428 7,694 5,136 2,344 6,343 6,016 2,741 393 31,095 (9.6) 

Total 428 48,835 54,120 70,783 61,220 48,159 39,149 1,004 323,698 (100.0) 
(%) (0.1) (15.1) (16. 7) (21.9) (18.9) (14. 9) (12.1) (0. 3) (100. 0) 

..p:.. 
0\ 

Outflow 15 * 886 871 378 833 931 1,936 141 5,976 (5.4) 
16 * 275 877 372 574 514 601 78 3,291 (3.0) 
19 * 10,471 14,916 8,156 24,656 17,326 15,542 5,362 96,429 (8 7.2) 
22 4 623 764 292 482 850 1,575 274 4,864 (4.4) 

Total 4 12,255 17,428 9,198 26,545 19,621 19,654 5,855 110,569 (100.0) 
(%) (0. 0) (11.1) (15. 8) (8. 3) (24.0) (17. 7) (17. 8) (5. 3) (100. O) 

Inflow -
outflow 424 36,580 36,692 61,585 34,675 28,538 19,495 -4,851 213,138 

(%) (0.2) (17 .2) (17. 2) (28. 9) (16. 3) (13. 4) (9.1) (- 2. 3) (100.0) 

l/No measurement during the month . 

• • • • • • • • • • • 
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Fig. 4-4.--Daily flow rate, moving average ET, and 
precipitation in the Idaho Irrigation 
District during the 1978 crop year . 
(a) inflow and outflow, (b) moving 
average, (c) precipitation . 
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Fig. 4-5.--Daily flow rate, moving average ET, and 
precipitation in the Idaho Irrigation 
District during the 1979 crop year. 
(a) inflow and outflow, (b) moving 
average ET, (c) precipitation. 
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Fig. 4-6.--Daily flow rate, moving average ET, and 
precipitation in the Idaho Irrigation 
District during the 1980 crop year . 
(a) inflow and outflow, (b) moving 
average ET, (c) precipitation . 
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Fig. 4- 7.--Daily flow rate, moving average ET, and 
precipitation in the Snake River Valley 
Irrigation District during the 1978 crop 
year. (a) inflow and outflow, (b) moving 
average ET, (c) precipitation. 
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·~recipitation in the Snak~ River Valley 
Irrigation District during the 1979 crop 
year. (a) inflow and outflow, (b) moving 
average ET, (c) precipitation . 
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Fig. 4-9.--Daily flow rate, moving qverage ET, and 
precipitation in the Snake River Valley 
Irrigation District during the 1980 crop 
year. (a) inflow and outflow, (b) moving 
average ET, (c) precipitation. 
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Rainfall and ET volumes were calculated by multiplying 

measured and estimated depths by the appropriate areas. 

The following things are shown in these graphs: 

1. More fluctuations occurred in inflow, outflow, 
and MAET in 1979 than in 1978 and 1980. 

2. During May, more rainfall occurred in 1978 and 
1980 than in 1979, and more inflow was supplied 
in 1979 and 1980 than in 1978 . 

3. Peak outflow may be related to rainfall. 

4 . 

5 . 

6 . 

For outflow, a frequency exists. 

Outflow may be related to inflow with some lag 
time . 

Inflows are much greater than MAET with a slight 
change of MAET resulting in a large change in 
inflow. 

Total inflow, total outflow, evapotranspiration, and 

precipitation data for the study area are listed in 

Appendix A. 

Statistical Analysis 

One method of comparing two sets of paired variables 

is to determine statistical relationships between the vari-

ables. The relationships are characterized in statistical 

terms by the correlation coefficients, standard deviations, 

confidence limits, and tests for significance . 

Table 4-11 contains the mean, standard deviation, 

total, minimum, and maximum of the different variables as 

computed by Statistical Analysis System (SAS, 1979). From 

these results, the following effects can be noted . 
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Table 4-11.--Mean, standard deviation, total, m1n1murn, and 
maximum of inflow, outflow, ET, and precipita-
tion from May 16 through October 31 in 197B 
and 1979 

Daily average depth.!? (mm/ day) 

Variable Tota.l 

Mean Standard Minimum Maximum (mm) 
deviation 

IIB'!:._/ 20.14 7.16 3.19 33.55 ~; ~,441 

IOB 3.03 2.33 0.00 B.93 516 

SIB 24.10 6.0B 4.65 35.06 4,097 

SOB 6.40 4.25 0.00 22.33 l,OB9 

II9 22.15 7.40 2.79 3B.60 3,766 

I09 4.92 2.02 0.00 11.11 -836 

SI9 2B.05 5.Bl 7.32 3B.l9 4,772 

S09 7.67 4.01 0.2B 22.33 1,304 

ETB 3. 2 7 2.41 0.00 B.26 556 

ET9 3.22 2.32 0.00 9.BB 549 

PCB 0.5B 2.14 0.00 15.24 99 

PC9 0.66 2.25 0.00 14.22 113 

l/Daily average depth = total volume per day/total area. 

~/II8 = Idaho Irrigation District inflow total in 1978. 
II9 = Idaho Irrigation District inflow total in 1979. 
I08 Idaho Irrigation District outflow total in 197B. 
I09 Idaho Irrigation District outflow total in 1979. 
SI8 Snake River Valley Irrigation District inflow total 

in 1978. 
SI9 Snake River Valley Irrigation District inflow total 

in 1979. 
SOB Snake River Valley Irrigation District outflow total 

in 197B. 
S09 Snake River Valley Irrigation District outflow total 

in 1979. 
ETB Evapotranspiration of study area in 197B. 
ET9 = Evapotranspiration of study area in 1979. 
PCB Precipitation of study area in 197B. 
PC9 = Precipitation of study area in 1979. 
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1. Inflow has less coefficient of variation 
(standard deviation/mean) than outflow. In other 
words, inflow has less fluctuation than outflow. 

2. Regardless of the year, standard deviations are 
nearly the same for ET and precipitation . 

Linear Correlation 

Linear correlations between the variables as computed 

by SAS (1979) are shown in Table 4-12. The restilts show 

that: 

1. Generally, there are negative correlations between 
inflow and outflow on the same day. However, 
owing to the lag time from the diversion to the 
waste, these negative relationships do not neces
sarily mean that increasing inflow results in 
decreasing outflow. 

2. Significant positive correlation exists between 
inflow and evapotranspiration. On the other hand, 
outflow and evapotranspiration are negatively 
correlated. 

3. There are no significant relationships between 
precipitation and the other variables on the same 
day. Even though insignificant, precipitation and 
evapotranspiration are negatively correlated . 

4. With the exception of precipitation, significant 
correlation exists between variables regardless 
of years and districts . 

Autocorrelation 

Autocorrelation coefficients were computed to investi-

gate the sequential properties of the inflow and outflow 

in the study area. A computer program was developed to 

compute the autocorrelation coefficients and the confidence 

intervals for a set of data. This program is listed in 

Appendix C . 



Table 4-12.--Correlation coefficient and probabilities among inflow, outflow, 
evapotranspiration, and precipitation 

CORRELAl ION COEFFICIENTS I PRO~ > IRI UNOtR HO:RHO=U I N = 170 
118 108 SIS S08 I I 9 109 Sl9 S09 ET8 ET9 PC8 PI I 

I 18 1.00000 -0.17495 0.85121 0.01623 0.77319 -0.04562 0.71119 0.06524 0.85€12 0.74338 -0.08048 -0.01242 
0.0000 0.0225 0.0001 0.8336 0.0001 0.5547 0.0001 0.3979 0.0001 0.0001 0.2968 0.8723 

108 -0.17495 1. 00000 0.19998 0.86900 -0.27312 0.27423 -0.46213 0 • 3 c 4 5 1 - 0 . 3 3 5 2 3 - 0 . 2 2 5 ~~ 4 0.05413 0.06257 
0.0225 0.0000 0.0089 0.0001 0.0003 0.0003 0.0001 0.0001 0.0001 0.0002 0.4832 0.4176 

SIR 0.85181 0.19q<l8 1. 00000 0.338€8 0.56280 0.13400 0.44611 o. 21331 0.64920 0.533E8 -0.14941 O.OlG7 8 
0.0001 0.0029 0.0000 0,0001 0.0001 0.0815 0.0001 0.0052 0.0001 0.0001 0.0518 0.8281 

SOB 0.01623 0.86900 0.33868 1.00000 -0.15212 0.33679 -0.30793 0.43728 -0.14399 -0.20446 -0.00915 0.14497 
0. 8 3 3f., 0.0001 0.0001 o.oooo 0.0477 0.0001 0.0001 0.0001 0.0610 0.0075 0.9058 0.059 3 

I I 9 0.77319 -0.27312 0.56280 -0.15212 1.00000 -0.27123 0.7759G -0.03034 0.7576g 0.71449 0.03253 -0.02032 
0.0001 0.0003 0.0001 0.0477 0.0000 0.0003 0.0001 0.6945 0.0001 0.0001 0.6737 0.7926 

109 -0.04562 0.27423 0.13400 0.33679 -0.27123 1. 00000 0.10653 0.77664 -0.06528 -0.25721 -0.02643 0.22311 
0.5547 0.0003 0.0815 0.0001 0.0003 0.0000 0.1668 0.0001 0.3977 0.0007 0.7322 0.003 4 

VI 

Sl9 0.71119 -0.4G813 0.44611 -0.30793 0.77596 0.10653 1.00000 0.25952 0.75737 O.E€430 0.02530 0.07310 
0\ 

0.0001 0.0001 0.0001 0.0001 0.0001 0.1€68 0.0000 0.0006 0.0001 0.0001 0.7433 0.3434 

S09 0.06524 0.36451 0.21331 0.43728 -0.03034 0.776€4 0.25952 1. 00000 o.02E3f -o.oe9EE O.Ou975 0.17361 
0.3979 0.0001 0.0052 0.0001 0.6945 0.0001 0.0006 0.0000 0.7330 0. 2439 0.5194 0.0236 

ET2 0.856U~ -0.33523 0.64920 -0.14399 0.75769 -0.0€528 0.75737 0.02636 1.00000 0.75792 -0.20392 -0.0319G 
0.0001 0.0001 0.0001 0.0610 0.0001 0.3977 0.0001 0.7330 0.0000 0.0001 0.0076 0.6790 

ET9 0.74338 -0.28544 0.53368 -0.20446 0.71449 -0.25721 0.66430 -0.08986 0.75792 1.00000 -0.067f1 -0.126 96 
0.0001 0.0002 0.0001 0.0075 0.0001 0.0007 0.0001 0.2430 0.0001 0.0000 o. 3810 0.0990 

PC8 -0.08048 0.05413 -0.14941 -0.00915 0.03253 -0.02643 0.02530 0.04975 -0.20392 -0.067€1 1.00000 -0.0'19 5 ~ 
0. 296'8 0.1~832 0.0518 0.9058 0.6737 0.7322 0.7433 0.5194 0.0076 0.3810 o.oono 0.8003 

Pr.9 -0.01242 0.06257 0.01678 0.14497 -0.02032 0.22311 0.07310 0.17361 -0.031gf -0.126q6 -0.01954 1. 0000 0 
0.8723 0.4176 0.22B1 0.0593 0.792E 0.0034 0.3434 0.02313 0.13790 0.0990 0.?003 0.000 0 

Note: The variable names are listed in Table 4-11, p . 54. 
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For inflow and outflow data, it was simple and effec-

tive to use the first-order differencing technique de-

scribed in Chapter 2 to remove the trend. After removing 

the trend by differencing using Equation (2-7), autocor-

relation coefficients were calculated on a daily basis. 

Figures 4-10 and 4-11 are the autocorrelograms. From these 

graphs the following relationships can be found . 

1. In the series of inflow data, most correlation 
coefficients lie between the confidence inter
vals. It can be interpreted that no particular 
frequency exists within the series. 

2. In the series of outflow data, the correlation 
coefficients at 7 days and 14 days are signifi
cantly higher than zero. Consequently, it can be 
said that the water use in the study area fluctu
ates on a weekly cycle . 
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AUTO CffiRELATIQ~ 

.AUTO ~RELATIO.~ 

Fig. 4-10. - -Autocorrelograms of inflow and outflow 
in the Idaho Irrigation District. 
(a) inflow, (b) outflow. 
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AUTO CORRELATION 

AUTO CORRELATION 

Fig. 4-11.--Autocorrelograms of inflow and outflow 
in the Snake River Valley Irrigation 
District. (a) inflow, (b) outflow . 
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CHAPTER 5 

DIVERSION REQUIREMENTS 

Water Balance in an Irrigation District 

Different approaches to water balance investigations 

and computations are greatly influenced by a wide variety 

of physiographical conditions. A generalized water balance 

equation for an agricultural watershed can be written in 

the form of the following equation (Fleming, 1975): 

where 

Pt total precipitation over the land 

Et =total evapotranspiration fromfue land 

Rt total surface runoff from the land surface 

Gt = total subsurface runoff from the land 

underflow to deep percolation 

(5-1) 

~S = change in storage of water in the atmosphere 
t and land 

( ... )time= a function of time 

Fleming stressed that the water balance is a time dependent 

relationship which must be computed as a continuous func-

tion in order to fully understand catchment response . 
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For analyzing the irrigation process, several water 

balance models have been proposed. The following equation 

is fundamental to developing an inflow-outflow water 

balance for an irrigation district. 

(5-2) 

where 

Qin = total inflow and precipitation 

Q total water use and outflow tu 

change in storage with time 

The components of Equation (5-2), such as Q. , Qt , and ~St ln . u 

have been quantified in various degrees to obtain more reli-

able water balance information for an irrigated area. 

Kharchenko and Katz (1970) developed an approach to cal-

culate a water balance on an annual basis. Their model 

considers water movement and variations in three different 

zones, the surface, subsoil, and ground. The use of this 

model may result in more accurate water balance, but it 

requires a great deal of input data. 

Claiborn (1975) developed a water balance model to 

investigate irrigation project efficiency in southern Idaho 

using the following equation: 

(5-3) 

where 

• 

• 
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river diversion 

supplementary inflow to the district 

Q = amount of effective precipitation p 

surface return flow 

Q = consumptive use of crops cu 

Q = canal and lateral seepage losses csl 

deep percolation losses 

He estimated deep percolation losses using Equation (5-3), 

then evaluated project efficiency on a bi-weekly basis . 

He assumed that the net change in soil moisture was negli-

gible as Equation (5-3) does not include a storage term, 

~St. Channel and bank storage terms were employed by 

Tseitlin and Pol'skii (1976) in their water balance model 

for irrigation canals. 

Water Balance Model for 
Inflow Prediction 

Previous investigations have been carried out to 

establish a water balance itself or to evaluate various 

irrigation efficiencies on a long-term basis ranging from 

two weeks to an entire season. Also, due to omitting daily 

variations in the components of the models, any use of 

water balance models for predicting inflow has been as a 

system planning factor. 

For more efficient management of an irrigation dis -

trict, a procedure or modelis needed which is useful in 

predicting inflow on a daily basis. Being able to predict 
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inflow .would allow for better management of the water 

resource. If it is possible to account for daily varia-

tions in the system, daily in f low can be predicted using 

an inflow-outflow water balance model. 

By modifying Equation (5-2), the inflow to an irri-

gated area can be obtained as: 

(5-4) 

Daily variations of the components of Equation (5-4) can 

be considered to develop relationships between components 

with respect to time. Equation (5-4) with time elements 

can be written as: 

Q. (tl) ln (5-5) 

where 

t 1 , t 2 , and t 3 = time elements 

To predict Qin(t 1 ) from Qtu(t 2) and 6St(t 3), it is necessary 

to have reasonable cause and effect relationships relating 

the variables. Since these are time dependent variables, 

it is also important to investigate the relationships among 

the time variables, such as t 1 , t 2 , and t 3 . 

For more practical use, the following equation can be 

obtained from Equation (5-5). 
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E + E + D + S + Q - P + 6S ) . (5-6) c t p p out e t t1me 
where 

where 

Q = total inflow in 

E c evaporation from canals 

Et evapotranspiration from cropped area 

Dp = deep percolation losses from irrigated fields 

s p s~epage losses from conveyance systems 

Q = total outflow out 

P = effective precipitation e 

6St = change in water storage within district 

( ... )time= function of time 

Q = inflow at divers~on headgate div 

inflow from other upstream districts or 
other land 

Q - return flow from irrigated fields rt -

Q t = excess water from conveyance system ex.ou 

A schematic diagram of water balance in an irrigation 

district is shown in Fig. 5-l. The dotted lines depict 

the return flow or excess water which is wasted into the 

river directly . 
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Fig. 5-1.--Schematic diagram of water balance 
in an irrigation district (symbols 
are described in Equation 5-6) 
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To predict inflow using Equation (S-6), it is important 

to develop cause and effect relationships among variables, 

especially the necessary time dependent relationsship. 

Time Effects of Diversion 
Requirements 

The ultimate purpose of an irrigation district is to 

deliver water to irrigators at such times and in such quan-

tities that are beneficial. The problem of how and when to 

deliver water to the farm has two major aspects that can be 

somewhat in conflict. One is the effective operation of 

the system above the point of delivery. The other is the 

effective irrigation of the farm below it (ASCE, 1980). 

Furthermore, a general plan of irrigation district operation 

involves consideration of existing and potential water 

rights, state laws, compacts, and other related factors, 

such as agreements with agencies for flood control, con-

servation of fish and wildlife, and development of recrea-

tional facilities. 

Determining the proper diversion requirement at the 

desired time is one of the greatest management problems of 

an irrigation district. To solve this problem within an 

irrigation district by being able to predict diversion re-

quirements one or two days in advance would aid district 

management and provide for more effective use of water. 

A simplified irrigation delivery and water use pro-

cedure is shown in Fig. S-2. In an irrigation district 
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AET 

LE GEND. 

AET = accumulated evapotranspiration 

I = irrigation period 
p 

M = district manager 

F = farmers 

Ld = diversion lead time 

s
1

, s2 , s3 = subarea 

L = conveyance time 
c 

Oout 

Fig. 5-2.--Schematic diagram of irrigation pro
cedures with time variables in an 
irrigation district 
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which uses a demand type of delivery schedule, a farmer 

first orders water to the manager. The manager then 

governs the diversion rate to sufficiently supply the 

water orders . 

When a farmer orders water, he has to determine the 

time and flow rate needed for irrigation. The time and 

flow rate are strongly related to soil water deficiency 

which can be estimated from evapotranspiration (Et) and 

irrigation period (Ip). 

Since a conveyance time (L ) exists to convey and c 

deliver irrigation water from the diversion point to a field, 

a diversion lead time (Ld) should be set in advance of field 

irrigation time. The conveyance time is different depending 

on the location of each field. Therefore, the diversion 

lead time should ideally be determined differently for each 

field or subarea in order to divert the irrigation water 

required. 

However, due to management constraints in an irrigation· 

district and difficulties in determining conveyance time, it 

is not practical to use a different diversion lead time for 

particular subareas within a district. Hence, most irriga-

tion districts have used a fixed diversion lead time. The 

fixed diversion lead time may be greater or less than the 

actual conveyance time. For example, if the conveyance time 

from the diversion point to the end of the district is 3 

days and the fixed diversion lead time is 1 day, some fields 
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for which the conveyance times are greater than 1 day cannot 

receive water at the time it is needed. Therefore, it is 

important to know the irrigation period, diversion lead 

time and conveyance time, and the relationships among them 

to relate diversion requirements to water demands. 

Consumptive Irrigation Requirement 
in an Irr1gation District 

The consumptive irrigation requirement is equal to the 

net water requirement which is calculated by the difference 

between Et and effective precipitation. 

day 

The consumptive irrigation requirement from day k to 

k+L must be predicted to determine the diversion 
c 

requirement on day k. For example, if a district conveyance 

time is 3 days, the district can be divided into three dif-

ferent subareas each with the conveyance time for subareas, 

s
1

, s2 , and s3 , being 1 day, 2 days, and 3 days, respec-

tively (Fig. 5-3(a)). Diversion inflow on day k, Qd. (k), 
lV 

will be used at s1 on day k, s2 on day k+ 1, and s3 on 

day k + 2. The consumptive irrigation requirement for each 

subarea c
1

, c2 , and c3 (Fig. 5-3(b)), must be calculated 

based on the day water actually reaches that area. 

The irrigation period must be considered in determining 

the diversion requirement. Optimal irrigation periods can 

be estimated by considering the application system, soil, 

crop, and other factors (Khanjani, 1980). The amount of 

water needed for irrigation can be derived from the soil 

water deficiency which depends on the irrigation period. 
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1.-Ld ~ Lc ~ 

I I 
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Fig. 5-3.- - Schematic diagram for determining 
diversion requirements 
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The accumulated consumptive irrigation requirement, 

ACIR, for a given period is equal to the net water require

ment for that period. For a known irrigation period, 

ACIR is calculated by: 

where 

ACIR(k) 

ACIR(k) 

accumulated consumptive irrigation 
requirement for day k 

I irrigation period 
p 

actual evapotranspiration on day i 

P (i) = effective precipitation on day i 
e 

The daily average accumulated consumptive irrigation 

requirement for day k, DACIR(k), is: 

DACIR(k) ACIR(k) 
I p 

(5-7) 

(5-8) 

A dependable diversion lead time is needed to operate 

an irrigation delivery system effectively. Hence, the 

consumptive irrigation requirement for each field needs to 

be estimated in advance of irrigation. Assume that the 

diversion lead time of a district is 1 day and the con-

veyance time is 3 days to a downstream subarea. The con-

sumptive irrigation requirement of different subareas, such 

as s
1

, s
2

, and s3 , have to be estimated at different times 

due to the required conveyance time. On the average for 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

73 

three subareas, the consumptive irrigation requirement 

associated with the diversion requirement for day k should 

be estimated on day k-1 for s1 , on da~ k for s2 , and on 

day k+l for s3 . 

The daily consumptive irrigation reqmirement for an 

irrigation district as affected by lead and conveyance times 

and associated with the diversion on day k, Qd. (k), is 
lV 

obtained as: 

where 

Q (k, k+1 -1) c c 
1 = 1 

1 
1 c 

c 

k-1 +1 - 1 
d c 

L: 
j=k-1d 

k-1 +1 -1 
d c 

L: 
j=k-1d 

cl 
I 
p 

DACIR(j) (5-9) 

daily consumptive irrigation require
ment for the district to be satisfied 
by Qd. (k) 

lV 

1 conveyance time c 

Ld diversion lead time 

Daily Diversion Requirements 

The daily diversion requirement on day k can be 

estimated by adding the daily consumptive irrigation 

requirement to daily water losses considering other 

effects (Fig. 5-3). Water losses due to management, 
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seepage, deep percolation, and other effects such as 

weekly cycle and holidays must also be determined. 
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CHAPTER 6 

PREDICTING DIVERSIONS 

Daily water diversions can be determined by the method 

outlined in Fig. 5-3 and described in Chapter 5. To apply 

this method to the study districts, the effects of time and 

water losses must ·be quantified. 

Determining Time Effects 

Conveyance Time 

The expected outflow from an irrigation district can 

be estimated from inflow and water use data. Water use 

includes consumptive irrigation requirements and water 

losses. The consumptive irrigation requirement is related 

to the diversion inflow on a specific day and can be esti-

mated using Equation (5-9). The expected outflow can then 

be estimated using the following equation . 

where 

Qe
0

(k) = expected outflow from Qdiv(k) 

Qdiv(k) = diversion inflow on day k 

( 6 -1) 

Q (k,k+L -1) = consumptive irrigation requirements 
c c from Qd. (k) (from Equation 5-9) 

lV 
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Q1 (k,k+Lc-l) =water losses from Qdiv(k) 

L = conveyance time c 

The expected outflow Qe
0

(k), represents the amount of 

water lost from an irrigation district. Since Qe
0

(k) is 

derived from Qdiv(k), the value of Qe
0

(k) is related to 

Qd. (k). However, the actual outflow Q t(k+L ) at the 
1V OU C 

downstream end of the district resulting from Qdiv(k) will 

occur on day k+Lc. The actual outflo~, Qout(k), lags 

behind expected outflow, Qe
0

(k), by a conveyance time, Lc' 

as shown in Fig. 6-1. 

w Expected outflow 
~ 
ro 
H 

~ 
0 
~ 
~ 

~Lrl Time 
w 
~ 
ro 
H 
~ 
0 
~ 
~ 

k k+L Time c 

Fig. 6-1.--Lag time between expected 
outflow and actual outflow 
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The lag, L , that exists between the two series 
c 

Qe
0

(k) and Qout(k) can be determined by computing the cross 

correlation coefficient for the two series. A computer 

program for calculating lag cross correlation coefficient 

is listed in Appendix D. 

The conveyance time was estimated by the lag cross 

correlation using Equation (2-8) after removing the trend 

using Equation (2-7). The lag , cross correlation between 
{ 

the actual outflow and expected outflow was estimated for 

each of three overlapping periods. The duration of each 

period is 90 days and the starting days are May 16, June 16, 

and July 16. Lag cross correlation coefficients for each 

period at the same lag are nearly the same for each district 

as shown in Fig. 6-2. It can be seen that the conveyance 

times are nearly the same for each period in the study area. 

Significant coefficients exist at a lag of four days 

for the Idaho Irrigation District, and at a lag of one day 

for the Snake River Valley Irrigation District. The sig-

nificant coefficients at lags of 7 and 14 days are due to 

the weekly cycle effects described in Chapter 4. Hence, 

the conveyance times can be determined statistically as 

4 days for the Idaho Irrigation District and as 1 day for 

the Snake River Valley Irrigation District. 

Irrigation Period 

The optimal irrigation periods of the study area were 

estimated by Khanjani (1980). He estimated the irrigation 
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Fig. 6-2.--Lag cross correlograms for the Idaho Irrigation 
District (IID) and Snake River Valley Irrigation 
District (SRVID). (a) IID in 1978, G.b) IID in 
1979. Periods 1, 2, and 3 start May 16, June 16, 
and July 16, respectively, and each period 
continues 90 days. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

•• 

• 

• 

• 

• 

• 

79 

c 
0 
R 
RQJ.25 

----
c 
0 
EQJ.OO 

F 

-0.25 
@-E) period 3 
+--+ period 2 
~ period 1 

-QJ. 5.42) 

(d) 
0.50 

c 
0 
R 
R0.25 

9-0% u. c. 1. 

c 
0 
E0.00 
F 

-0.25 90% 1. c. 1. 
e----9 period 3 
+--+ period 2 
~ period 1 

-QI.~ 

Fig. 6-2.--Continued. (c) SRVID in 1978, (d) SRVID 
in 1979 . 
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periods for each soil series, cropping pattern, and type of 

irrigation application systems. Most of the estimated 

irrigation periods ranged from 4 to 8 days. Therefore, a 

6-day period was selected as the average irrigation peridd 

for the study area. 

Diversion Lead Time 

Most of the irrigation districts in the western United 

States require that water orders from farmers be placed a 

certain time in advance to allow for adjustment of diversion 

flow rates. The advance time, or lead time, Ld, used in the 

districts in the study area is 24 hours. Thus, a lead time 

of 1 day was assumed. 

Water Losses and Other Effects 

Total Water Loss 

To predict water diversion, it is necessary that water 

losses be estimated. In this study, the total water loss 

was estimated from measured and estimated data using 

Equation (6-2). 

Q
1

(k,k+L -1) = Q. (k)- Q (k,k+L -1)- Q t(k+L) c ln c c ou c ( 6-2) 

where 

= total water loss from an irrigation 
district 

Q. (k) ln total inflow on day k at the diversion 
point 
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consumptive irrigation requirement from 
an irrigation district 

total outflow at the end of an irrigation 
district on day k+L 

c 

The total loss includes water losses due to management, 

seepage, and deep percolation. 

The following regression model was considered for pre-

dieting the total loss in the study area: 

where 

co, cl' and c2 = regression coefficients 

k = time variables 

( 6- 3) 

Generally, the water-use pattern for a district is 

different for the first and last parts of an irrigation 

season. Thus, a multiple linear regression model was 

applied to the period between May 16 and September 15. 

Regression coefficients and the correlation coefficients 

for the total water loss equations are shown in Table 6-1 . 

The regression coefficients of 1978 were used for predict-

ing total water loss . 

Other Effects 

A significant weekly cycle was found by analyzing the 

outflows using the autocorrelation method as described in 

Chapter 4. Thus, weekly effects should be considered in 

---------, 
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predicting water diversion. In this study, the daily water 

use coefficients of a week listed in Table 6-2 were assumed 

to account for weekly effects. 

The holidays also affect water use within an irriga-

tion district. However, these were not considered in this 

study. 

Predicting Diversions 

Procedure 

The procedure for predicting diversion requirements 

is shown by the flow chart in Fig. 6-3,and a computer pro-

gram listed in Appendix E was developed by the procedure 

described as follows: 

1. Calculate the consumptive irrigation iequirements. 
For this calculation, actual evapotranspiration, 
effective precipitation, irrigation period, lead 
and lag times, and weekly effects are considered 
(Equation 5-10 and Table 6-2). 

2. Assume a diversion requirement. Since the pre
dicted diversion requirement lS affected by the 
assumed value in this model, a reliable value 
must be supplied as an assumed value. 

3. Predict total losses (Equation 6-3 and Table 6-1). 

4. Determine the diversion requirement by summing the 
results of steps 1 and 3. 

5. Compare the assumed diversion requirement with the 
predicted one. If the difference is less than an 
assumed error limit, accept the predicted value. 
If not, adjust the assumed value and repeat 
beginning with step 3. 

The input data are: 

•• 

• 

• 

• 

• 
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Table 6-1.--Multiple regression coefficients and correlation 
coefficients for the total water loss equations 

Regression coefficients 
District 

Intercept.!/ and year Inflow Time1/ 
(Cl) cc2) 

IID78 125.21 0.88774 -5.61871 

IID79 -410.68 0.83588 -1.84493 

SRVID78 236.75 0.78058 -4.78205 

SRVID79 1329.88 0.28395 -5.19403 

llunit = 1000 m3/day. 

Correlation 
coefficient 

(R2) 

0.90 

0.77 

0.63 

0.50 

~/Time variable is the daily sequential order 
starting from April 1 . 

Table 6-2.--Assumed daily water use coefficients of a week 
for the study area 

Sun Mon Tue Wed Thu Fri Sat 

Coefficient 0. 7 1.2 1.1 1.0 1.0 1. 2 0.8 
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INPUT data 

CALCULATE consumptive 
irrigation requirement 

ASSUME diversion 
requirement, Ql 

PREDICT 
total water loss 

PREDICT diversion 
requirement, Q2 

DERTERMINE diversion 
requirement 

Fig. 6-3.--Flow chart for determining 
diversion requirements 
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1. Time effects, such as irrigation period, convey
ance time, diversion lead time. 

2. Average daily evapotranspiration data for the 
district and effective precipitation data. 

3. Weekly water use coefficients . 

4. The minimum outflow from an irrigation district 
(a constant value). 

5. Other data such as size of the district, starting 
date, total water loss coefficients, and allowed 
error limit . 

In this study, 37,000 m3/day and 25,000 m3/day were used 

as the minimum outflows for the IID and SRVID, respectively, 

and 12,000 m3/day was used as the allowed error limit for 

prediction. 

Prediction 

The diversion requirements were predicted for the 

period from May 20 to August 8 in · l978, 1979, and 1980 for 

the two irrigation districts. The diversion requirements 

for 1980 .were predicted using parameters obtained from the 

1978 and 1979 data. The daily predicted diversion require-

ments and the actual diversions are shown in Figs. 6-4 and 

6-5. From these figures, the following observations can be 

made: 

1. The predicted inflows resemble the crop consump
tive irrigation requirements more closely than 
the actual inflows. 

2. The predicted inflows have greater fluctuations 
than the actual inflows . 

3. Some of the predicted inflows are greater than 
the system capacities of the irrigation districts . 
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4. The predicted inflows are generally higher than 
the actual inflows for the IID while the pre
dicted inflows for the SRVID were lower than 
the actual inflows. This implies that it may 
be possible to more effectively divert the water 
used in these districts. But it is hard to 
prove this fact since only two years data were 
analyzed and used to develop the model param
eters. 
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Fig. 6-4.--Predicted inflow and actual inflow from May 20 
through August 8 in the Idaho Irrigation 
District. (a) 1978, (b) 1979, (c) 1980 . 



88 

------- - -

~ 0.5 ' 

~ ~ 

I 
SNA~E RV.IRR.~IST.j 

30.0 

predicted 
inflow 

actual inflow 

0 ~t~~--~~~~~--~~~~-~~~--L~~~L-~~~~~ 
MAY 

MAY 

MAY 

JUN JUL AUG SEP OCT 
CROP YEAR 1978 

SNAKE RV.IRR.DIST. 

JUN JUL AUG 
CROP YEAR 1979 

predicted 
inflow 

actual inflow 

SEP OCT 

SNAKE RV.IRR.DIST. 
\ 

~ r' 1 
I I I I lv,;,....\\ 

I : I I \ 
I I \ I 'v. \J I 1 .h 

I } 

v 

JUN JUL AUG 
CROP YEAR 1980 

predicted 
inflow 

actual inflow 

SEP OCT 

Fig. 6-5.--Predicted inflow and actual inflow from May 20 
through August 8 in the Snake River Valley 
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(c) 1980. 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

The daily water flow data and crop consumptive water 

use data for the 1978, 1979, and 1980 irrigation seasons 

were analyzed to determine the relationships among them 

for the Idaho Irrigation District (IID) and the Snake River 

Valley Irrigation District (SRVID). A methodology for pre

dicting daily water diversions was developed for an irriga

tion district and was applied to the liD and SRVID. 

Crop consumptive use estimation varied greatly on a 

daily basis, and the patterns were quite different from 

year to year. However, the total consumptive use during 

the 1978 and 1979 crop growing seasons were nearly the same . 

Seasonal irrigation water use amounts were different 

for different years for the different districts, but the 

seasonal water use patterns were similar for different 

years and districts. Total diversion inflow in 1979 was 

about 10 percent greater than in 1978. Approximately 90 

and 80 percent of total inflows were supplied from diver

sions, and total outflows were about 20 to 27 percent of 

the total inflows for the liD and SRVID, respectively. 

Graphical analysis was used to determine various 

fluctuations and relations among inflow, outflow, 
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evapotranspiration, and precipitation. Outflow fluctuated 

more frequently than did inflow. A slight change of 

evapotranspiration resulted in a rather large change of 

inflow, and inflow was related to precipitation. 

Various relationships among variables were determined 

by statistical analysis using linear correlation. Gen

erally, negative correlations existed between inflow and 

outflow, and between outflow and evapotranspiration on the 

same day. Also a positive correlation existed between 

inflow and evapotranspiration on the same day. 

Autocorrelation was used to determine frequencies 

within the inflow and outflow of the irrigation districts 

studied. A weekly cycle was found to exist within outflows, 

but no significant frequency was found within inflows. 

Thus, present irrigation schedules of diversions for the 

IID and SRVID can be adjusted to more precisely meet demand 

with weekly cycles. 

Relationships between time and diversion requirements 

were established. Based on the time effects, proper con

sumptive irrigation requirements were estimated at the 

district level for each of the districts. Multiple linear 

regression equations were also developed to estimate total 

water losses due to management, seepage, and . deep percola

tion for the districts studied. 

A computer program developed for predicting water 

diversions for the IID and SRVID did a reasonable job in 
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predicting daily diversions. The predicted values appeared 

to be more closely related to the consumptive irrigation 

requirements than the actual inflows. Therefore, the 

developed method could be used as a beneficial method to 

save irrigation water. It must be noted that the predicted 

values need not be close to the actual inflow for the 

districts. The predicted inflow is the one which the 

district should divert to meet its requirement effectively 

if the prediction is correct. However, the actual inflow 

is what the district diverted, which may or may not be 

based on actual requirements. 

Several recommendations for more effective use of the 

developed procedure are: 

1. More accurate method for predicting water losses 
would be desirable. It could be obtained by 
analyzing more reliable data from a long period. 

2. As concluded, a weekly cycle exists in outflows. 
This weekly cycle should be accounted for in a 
time series model or analyzing farmers' requests 
for a period. 

3. Since some of the predicted inflows were greater 
than system capacities, a reasonable method 
should be developed to limit the predicted 
inflows. 

4. Due to the limited amount of data available, the 
parameters obtained are not applicable to other 
crop years. More data would be necessary to 
develop more general parameters for the model . 
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APPENDIX A 

DAILY DATA FOR INFLOW, OUTFLOW, 

EVAPOTRANSPIRATION, AND 

PRECIPITATION IN THE 

STUDY AREA 
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Notes: 

IID the Idaho Irrigation District 

SRVID = the Snake River Valley Irrigation District 

(1) Month Date 

(2) Daily inflows of IID in 1978 (1000 m3/day) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

( 17) 

(18) 

(19) 

" " -

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

Daily 

outflows of IID in 1978 (1000 m3/day) 

inflows of IID in 1979 (1000 m3/day) 

outflows of IID in 1979 (1000 m3/day) 

inflows of IID in 1980 (1000 m3/day) 

outflows of IID in 1980 (1000 m3/day) 

inflows of SRVID in 1978 (1000 m3/day) 

outflows of SRVID in 1978 (1000 m3/day) 

inflows of SRVID in 1979 (1000 m3/day) 

outflows of SRVID in 1979 (1000 m3/day) 

inflows of SRVID in 1980 (1000 m3/day) 

outflows of SRVID in 1980 (1000 m3/day) 

Daily evapotranspiration of IID and SRVID in 
(mm/day) 

Daily evapotranspiration of IID and SRVID in 
(mm/day) 

Daily evapotranspiration of IID and SRVID in 
(mm/day) 

Daily precipitation of IID and SRVID in 1978 
(mm/day) 

Daily precipitation of IID and SRVID in 1979 
(mm/day) 

Daily precipitation of IID and SRVID in 1980 
(mm/day) 

indicates no measurement or no estimation. 

1978 

1979 

1980 



(1) ( 2) ( 3) ( 4) ( 5) (6 j (7) ( 8) (C)) ( 10) ( 11) ( 12) ( 13) ( 14) ( 1 5) (Ud ( l7) ( 1 d) ( l. g) 

-z;zn---=---=----=----=-----::-- - - - -- - - - u:-u -z.5-u-:c--u-:n 
4UZ - - - - - - - - - - - - - - l.. 3 2.'> 0.5 G.U 
403 - - - - - - - - - - - - - - iJ. 7 c.u u.o u.o 
404 - - - - - - - - - - - - - - O.d 5.1 u. f.) C.5 
405 - - - - - - - - - - - - - - 1.2 0.0 o.o c.o 
'tJ6 - - - - - - - - - - - - - - 1.) 2.5 u. 3 v.i3 
407 - - - - - - - - - - - - - - 0.7 10.2 G.J O.J 
4vo - - - - - - - - - - - - - - L.3 s. l. u.u c.o 
40<.J - - - - - - - - - - - - - - J.7 o.o 1 • ~ '•. 3 
410 - - - - - - - ·- - - - - - - 0. t. o.o 0.5 '. l 411 - - - - - - - - - - - - - - 1.0 J.O ().\) c.o 
4ll - - - - - - - - - - - - - - 1.1 J.O u.u o.u 
41.3 - - - - - - - - - - - - - - l.'* o.o o.o o.o 
414 - - - - - - - - - - - - - - 3.2 o.o o.u G.U 
1tl5 - - - - - ·- - - - - - - - - 1.4 7.6 0.1.) c.u 
416 - - - - - - - - - - - - - - 1.5 1J.2 o.o t:.O 
417 - - - - - - - - - - - - - - 2. 1 o.o 0. l) u.U 
41.8 - - - - - - - - - - - - - - 2.3 u.u U.:.J u.o 
41<.J ·- - - - - - - - - - - - - - 3.1 o.o u.o c.o 
420 - - - - - - - - - - - - - - 3.8 2.5 l). J c.O 
421 - - - - - - - - - - - - - - 3.1 5.1 o.u J.U 
422 - - - - - - - - - ·- - - - - 2.3 o.o o.o 0 .0 
423 - - - - - - - - - - - - - - 2. 1 o.o u.c c.o 
424 - - - - - - - - 38.2 32.1 32.1 - - - 1 • 7 u.u u.o 2.0 
425 - - - - - - - - 35.9 31.0 31.0 - - - J.2 0.0 1). 0 2 .5 
426 - - - - 25.7 ·- - - 37.1 2f!.7 28 .. 7 - - - 2.4 "1.6 IJ • C c. c f--1 
42.7 - - - - J2.8 - - - 37.7 .1().2 30.2 - - - L.U o.o u.o G.O 0 
428 - - - - 4'-J.2 - - - 35.6 14.7 14. l - - - 3. 1 o.o o. o 0.0 N 
42.<.J - - - - 55.3 - - - 44.0 34.9 34.<; - - - 2. 1 2.5 o. o G. J 
430 - - - - 99.3 - - - 61.3 44.4 44.4 2.1 - - 2.2 1u.2 O. J 2 .? 
501 - - - - 78.3 - - 10.2 510.2 152. 8 669.6 0.2 1. 4 0.7 2.2. ? • i 0 .() 0 .0 
502 - - - - 106 .. 9 - - 15.4 ?33.5 2<.J7.3 745.<; o.o 2.1 1.4 2.2 o.o o.u C. R 
503 - - - - 67(:. .. 9 - - 43.5 515.3 293.7 755.2 14.7 1.2 0. 1 2.6 o.u U.8 7.4 
504 - - - - 78l.3 - 401.2 S8.1 508.2 255.1 694.4 13. 1 1.7 0.4 2. 1 o.o u.o o.o 
505 332.8 - - - 101!).2 - 616.5 144.6 S L6. l 311. !i 744.1 9.9 2.0 o.o 3.2 12.. l o.o c. o 
506 665.5 - - - 1146.8 - 626.4 161.0 5 86. 1 388.3 H27.<; 6.3 1.2 0.5 2.2 G.O o. c u.o 
507 665.5 - - - 1238.9 - 621.4 170.7 652.3 335.4 8~5.2 7.'5 1.4 1.3 1.3 o. o LJ.O 1.8 
SUo ll 30. 3 - - - 124!).5 - 6tl5.l 14 7. b 6ll. 1 329.6 U4U.O 9.5 1.9 1. 1 2.0 o.o u.o t .b 
5JSI 1130. 3 - - - 1240.9 257.9 1006.5 18 0. 1 703.7 3/6.5 892.4 11 .. 6 2.9 1 • It 1.1 o.o 2.5 2. 5 
510 1UJ.3 - - - 1433.2 315.1 120 "(.8 174.9 l54.5 357.5 877.5 Li.l 2.5 1.7 1.2 5. t U.J 0.5 
511 1096.1 - - - 1638.9 462.4 13!3 5. 9 260.3 7 7 5. 1t 425.5 927.8 13.4 2.9 2.2 1. 4 5. 1 0 .0 1L.2 
512 105Cj.3 - - - 1659.3 361.7 14<19.0 238.1 7 82- '• 392.9 9 05.1 12.0 .3.2 2.2. 2.j O.J 0 . 0 u. ~) 
513 105 '-i .J - - - 1<:193.9 401.2 1692.6 14tt.8 78£: , 0 347.6 856.C 12. 1 ~.2 2.1 2.8 u.o 0 ,, 

• v u.o 
514 105"1.3 - 264.2 - 2013.3 544.1 1740.7 Ud.~ rr1. a 302.4 78Y.S 102.1 J.4 3.1 3. 7 o.o 1. 8 c.u 
515 1U5C1.3 - 525.9 - Ul82.6 43E.4 1950.1 249.0 776.0 282.8 732.1 69.1 2.6 3.4 l.b o.o o.o 2 .5 
5lb 1059 • .3 - 525.9 - 2009.1 484.9 2256.7 511.0 813.1 421.5 798.2 60.8 l. 4 2.4 1 • '• J.O o.o 14.5 
517 1370.0 - 525.9 - 2279.4 581.4 2248.9 583.6 766.8 4'16.2 839.2 13·~t.l 1.2 3.2 1.8 10.2 o.o L.O 
518 137\J.\.) - 525.9 - 2427.7 4C6.'1 21l3.0 39 3. 8 768.3 503.7 863.7 113.4 0.9 3.3 1.'-J lU.2 u. o 2 . 8 
519 l37U.J - ~2?.<J - 2386.1 391.0 2093.1 245.8 7 so. 6 455.1 821.0 242.7 2.~+ 3.5 3.6 o.o u.o u.o 
520 1370.0 - 5 i 7. 4 - 23<H. 9 )66.2 2045.8 239.8 7/4.5 34:j.3 729.7 379.) 2.6 4.1 3. 'J o.o o.c ~ . o 
521 1370.0 - 807.3 - 2383.4 305.3 llJ95.1 263.0 810. 1 391 .4 7 8 3.7 355.9 3.7 J.e 4.J o.u u.c d.O 
522 139 7.0 - 8]6.l - 24't4. 1 165.2 l<.J92.2 149.0 763.1 356.2 791.4 34(3.2 2.0 ).!l t. 6 o.o 1).0 l . j 
523 1575.6 - 94'1.3 - 2522..2. 181.8 2075.7 141:).3 742.5 36 "/.0 817.4 368.6 2.0 4.0 1.5 o.o J.O c ,. • :> 



( l ) (2) ( 3) (4) ( 5, ( 6) (7) ( 8) ( 9) ( 10) ( ll) (12) { lJ) ( 14) (1 :II ( l6) ( 1 7) ( 1 ~) ( 1 Cj) 

"524T77L. 3 '1:>4.2 =---21o/:~1l~:~1u71~--2o1:u--734:T--s76:a--9~2.:r--5;h:o--2:3--J:i--2:2--z:3-T2:~-1~:7 
51..S 1/Su.o - 1027.6 - 2929.7 454.] 2.29'.>.1 520.2 7"t5.8 613.0 8S8.d t,:.1.2 2.2 4.J l.CJ \.).1.) ' J. u 1 j. t 
526102.2 - 1076.4 - 2S5u.8 532.9 '2.375.7 4G5.2 l64.6 56'J.<J 7tiJ.C 5!.9.) 1... 7 J.O 2.2 u.u ·j. J 1lt. ':> 
51..7 l6<J'j.4 - 1169.4 - 3014.3 634.6 2441.4 ,, l1 .. 1 1l'J.O 5 ft '). 3 773. 1 511.0 3.0 4 .. 3 1.0 \Jo (J l).') J.J 
51.8 l67t.O - lLo4.<J - 2to2.3 576.4 2'f41.6 472.9 714.3 49-..1 7 '' 9. 1 47 7. J 2..9 2.4 z.o J.i) 2.J u.o 
51..9 1~00.6 - 1357.8 - 2648.1 612.2 2461 ... J 512.3 6';)5.1 391. 3 £i66.S 3'16. 6 2.7 3. 7 1...3 J.tJ r: . l (;.5 
':>10 1..1l':>.O - 1568~2 - 260':1.() 73C.3 2.47't.'1 5 72. 5 612.3 356.1 6't I. 2 38().2 1...5 LA 2.'/ 10.2 ().~ 3.d 
531 2405.C - 1~<;7.6 - 2L59.3 7 .:; 8 • j 2 53 4 • 6 53?.8 593. -, 2 76.9 5~7.4 330.4 J.3 ~.7 2.6 \).0 ;) • u l.5 
6 ·:H 2565.b - 1636.7 - 245t3.3 624.6 2383.2 414.0 73t.;.1 ,, 4 3. 4 73"t.4 417.d lt.(; 1.2 2.b u.u 0.0 j .j 
60-i 26'.Jl.2 - 1631.9 - 2423.3 53C.6 /.306.6 30'2..0 743.8 474 • .3 73b.5 4 H'.>. 4 2.'-1 O.K ?..4 l).(J u.o (J. 1..} 

6J3 26l7.d - 1695.4 - 27~9.9 534 .. 3 2219.7 251.8 66(:.4 404. 1 703.2 4'-1 1. 8 l...u 5.0 ).<) :) • 1 J. J Lc 
604 2 .178.0 - 1739.4 - 2751.9 430.6 2242.3 3 tl. CJ 599.3 3bl.4 710.0 4:1<.1.5 4.2 Z.H 1.6 u.u O.J :;..b 
tJ05 2.422.0 - 1744.4 - 2S06.0 2 9 (; • 8 2 l't 5 • 6 318.2 5 7C";. 6 356.t o'/5.7 423.7 5.2 j.'J Z.h c.u u.o (..5 
606 2';20.J - 1773.7 - 3171.0 314.9 203?.0 381.9 626.4 502.0 HCB.7 432.2 5.2 3.3 3.2 1). u O.u \J. 0 
6'J7 2642.2 - 1837.4 - 303'2..0 617.5 2222.Y 69 4. 1 636.1 55'•·' U4'1.7 ?OI.J 3.7 !. 4 3.0 O.J 5. 1 U.CJ 
608 2l.l3tl.O - 19'13.9 - . 285d.1 751.3 222a.o 809.8 744.4 .536.1 826.3 4d2.0 4.h 4.2 4.1 o.o J.O u.o 
601..} 2813.5 - 2060.0 - 2778.3 592.1 2270.7 628.3 721.3 476.1 766.2 1t 73. 3 4.3 4.5 5. l U. d 1).0 0 . ·J 
olO l..b62.5 - 20CJO.O - 25U.5 690.6 2336.2 663.5 899.3 363.4 6<1!J.l 436.6 2. I b. l ?.d Lo5 u.u ~J. 0 
td1 2862.'; - ld03.1 - 2514.5 411.7 2201.1 41 G. 5 1122.7 364.7 765.'1 2'J9.1 4.1 5. lj 5.6 o.u u " . .) c.u 
612 2862.5 - 1871.7 - 2755.6 36~.() 2213.8 295.8 L288. 5 408.4 844.3 316.3 6.~ u.J {,. 4 o.o J.() U.J 
613 2CJt0.3 - 18o6.3 - 3231.2 264.0 2143.1 1SI.O 1408.9 30 1t. 8 oco.o 3iJ 7. 6 4.'1 <t.4 6.', u.u o.o 0 .0 
6l4 .~03J. 1 - 1ti~2.0 - 3136.2 152.7 2108.5 1<15.5 1407.6 277.0 846.0 3'2.b.j 5.i:l 5.9 4.5 u.J j. ~) G.O 
615 J OB2 .7 - 19.;7.4 197.0 3122.d 149.5 209Si.d 212.2 L607.2 32 7. 7 9<;1(J.3 2.73.6 5.J 0.2 0.9 J.() u.J Li.~ 
616 3253.9 - 1852.0 29'1.0 3123.5 193.8 2080.5 2't6.J 1602.3 3::SfJ.2 ')':15.2 2. "("1.'• 3.'1 6.7 '·2 J.J 0.0 Lei 
611 3131.5 - 1o6L.b 421.t 3306.3 4"/7.ti 2272.5 )<j8.5 1618.2 243.0 <.i48.0 2.75.3 4. J 5. 1 'J.Cj u.o u.u ;.;.() 
61.8 283&.0 - 18S7.0 414.2 3309.6 563.2 2220.2 465.1 1&37.1 182.'-) Ub~.2 12tJ.8 5.7 2.5 6.4 J.J ':. . ;-, u. l) 
6 I. 9 2 7 1·5. 7 - 1837.4 't01.5 3133.7 7:;0.6 2211.7 427.4 1656. 1t 2.2t..5 8<;5.'j 140.2 4. I 4.6 I.J.it 0.0 6 • 1 u .n 
620 2dl3.5 - 1803. 1 2D.1 2C,86.0 840.4 2L03.d 513.0 1650.7 214.4 9?4.2 139.? ~.'J 5.2 7.0 c.v 0. ,j L.J 
62.1 2'160.3 - 1d08.0 ]32.3 3056.0 1103.1 2420.6 775.8 16"70.5 .24lJ.5 44 'Jo -1 1 tJL 6 t.O O.b 7.1 1...:5 I. o v. J 1-" 
622. 2.911.3 - 1o42.3 326.6 3023.5 1207.3 2433.6 920.2 1121.3 1t0 5. 8 1126.6 2 7 u. 1 bo3 3. 7 7.4 (;. •J 1.5 c.c 0 
61..3 2.886.<; - 1724.8 2S8.0 2S1~.3 94S.5 2278.0 730.1 1703.2 352.0 1013<J.9 273.3 ~-1 0 ' • :.J G.3 U.J u. ·J v. O VI 
624 2728.4 - 1749.3 333.G 24ti3.0 1108.0 2314.2 812.0 1624.2 279.4 1091.9 223.1 5.0 1 • '.} b.3 O.J 0. \) (j . :J 
61..5 2.744.6 - 1749 • .3 511.5 2443.6 t;52.6 2166.9 632.6 1o04.6 226.3 1127.1 170.7 6.2 2.9 8 .7 u.J o.o G.J 
62.6 3232.4 - 1'558.~ 606.5 2713.0 545.6 L083.0 373.4 1589.2 171.2 103f3.6 10 3. ;) ~.) 1.3 9.J J~V l).C L.U 
61..7 JJJ1.0 81.3 1703.3 512.3 3113.5 390.0 2050 . 4 294.U 1595.0 150.5 1C57.4 10.3.1 6.4 ?..4 lO.Cl O.J J.J L.O 
6L8 3Q6j.d 19 l. 6 1 'J 6 1. 7 333.2 3263.3 415. 1t 203d.2 28 j. 6 1615.0 202.0 10()9.5 7b.6 t.: • 3 1. 9 1.'7 U.J !). ~ u.u 
6L9 3 -J 47.1 132.8 1<701.8 270.1 3j07.3 62E.3 2221.5 4S'•·2 l.640. 3 22'i.) ll.14.6 114.5 {; • 1 lj. '• 1..•. 2 u.u u. O Li. O 
630 jltJ3.0 12 8. 2 1941.1 212.4 3262.5 635.6 2222.5 7 6 'J. j t765.S 1~6.0 lOE4.0 114. u 8.3 l.d j.a o.u u.u (). () 

101 J2o2.5 ll&.o 202.0.d 3::i0.3 3221.6 11e.o 2445.3 lObtl.4 17B7.2 78.0 1051.0 110.8 5. 1t 6.0 4.3 G.O 0 " • v 'J. j 
7l) 2. 31.. !J 1. 7 173.4 2010.d 517.9 314~.7 6?3.<1 2344.6 854.3 1736.5 21<-J.6 1118.1 116. 7 4.8 5.2. :,. • 7 ().\.) J.U 12.1 
"/03 2 (193.9 194.5 200/.3 516.7 31<:13.4 505.5 2173.0 6Qc;.~ 1764.3 38J.u 1234.3 1 7l., 5.5 ~-0 S.9 J.J 1). 0 G.:; 
7U4 2'l7l.J 210.4 1CJ98.d 3?6.0 3241.<1 SG7.4 2124.3 443.3 16d 1t.7 451.7 1298.5 259.2 4.Y 4.5 6.5 u.o u.c ll.O 
7u5 3493.2 2lb.O 2001.5 513.t: 3268.8 405.2 2116.3 28S.1 1647.4 47').7 l2UD.O 274.4 5.2 4.J lO.t. u. i) u.c u.U 
7v6 32.19.6 d2.9 1'180.7 364.1 3229.9 461.4 2202.6 303.8 1635.1 4tl8.2 1238.c; 2"/9.7 <t.J 6.J 7 • d 2 . :i 'J . I) r).U 
I ·.Jl 3274.2 12d.9 202?.0 268.6 32J5.o 346.1 2074.7 3 7 l. (1 1647.2 44o.4 1216.3 2 2 u. '} 5. 1 s.s 3. 1 0.0 o.c 0 . ') 
70d 3;77.2 2.01.2 20C0.8 35U.O 3112.0 42S.l: 2267.7 435.0 1721.8 40u.3 ll46.a 132.4 ~. j 5."1 '·b J.u J.U L.O 
7 ·J"' 3254.4 282.1 19 ':i 2 • 4 392.'t 320/..1 40S.B 2303.~ 3'10.8 16)0.3 34!:i.1 10o3.s ..,:;.5 ).d C'J. 6 I. l LJ.O J,J u.•.J 
7l0 3149.2 231.4 2U17.2 · J!:il.6 3623.3 411.7 235<1.5 351.5 1G80.7 t.9d.'1 1111.6 l Lit. 6 l. 4 3.3 (.). ~ ().0 J.() L • J 
7ll 32 33.2 221...9 20?<1.0 279.1 370?.1 402.5 2.360.2 356.7 L7ll.7 200.1 1u C"JL.1 1~'t.4 7.2 6.0 to.9 J.v J.() L.u 
712 3!:116.3 131.4 2074.7 .218.-j 3740.2 3'11.1 2406.6 3'• l. fj 1 7 1 'i. 0 140. I. 10t4.5 1 ul. 6 u.6 D • 1t 6 • ~; u.u () .\) ~. •J 
7U 3dl9.'5 .245.6 2197.9 2 It 7 o 6 3 5 fj 9 • 1 386.1 2 4 /J.Q 37.6 llJ7.3 197.2 10S9.8 ll;. 3 ').6 6. 'J -,. ') o.o J. ) :) • u 
7tft 37'>3.2 21H.9 2.174.2 233.6 3670.0 29S.) 2212.7 2 <J <j. l) 17Jl.9 150.9 10t5."7 12 3. 3 7. 1 7.2 ,.!J u.~ .J.C -:_.L) 

115 J77v.6 247.8 2154.9 2 1 8 • 4 3 7 8 I~ o 9 417.2 2306.j 354.5 1714.3 92.0 1048.0 85.8 4.0 '. 6 ti. 1 (). :') J.G L . \J 

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



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ill (12) (13) (14) (15) (lt.;) (17) (lb) (l<;) 

7T~1~:2-~b1:n-2.3ts.o s,J:;-)~-~~:1-13]l~cl:;-114~:9---9o:7-TTibT:1---u~.9 -6:Tj--7:6--~:r--o:o--o:c--o:o 
111 3181.4 313.9 2206.5 53g.3 4101.4 11c.2 22a6.6 2oo.6 1762.7 H9.7 10b8.7 46.3 1.1 6.6 e.3 u.o o.o o.o 
11s 3783.8 234.9 2175.0 360.9 4202.7 168.6 2306.8 212.9 1768.9 17U.3 1134.9 114.1 l.d 6.7 a.3 o.o o.o o.o 
7L~ 3751.1 191.6 2130.~ 3S5.0 4292.0 233.9 2445.6 267.4 1685.9 152.9 1140.0 123.2 S.5 5.d 7.5 0.0 0.0 U.O 
720 3730.7 204.3 2145.4 338.6 4463.7 29f.3 2433.4 341.8 171~.0 222.1 1206.7 168.7 5 .1 6.8 b.~ O.J C.O O.U 
721 3641.~ 421.4 2144.4 556.3 4247.4 337.8 2412.8 344.0 1715.5 186.6 1175.2 187.9 5.J 6.2 7.0 o.o u.o o.o 
7L2 3245.1 498.6 2096.4 o79.6 4302.0 951.7 2655.0 172.4 1701.6 128.4 1117.S 1!4.0 7.1 2.5 1.2 u.O 1L.4 0.0 
723 3092.4 602.1 2117.7 JS5.6 3108.3 1160.4 257L.J 1213.7 1736.8 13o.5 1096.9 103.2 7.4 7.4 8.~ O.u O.U o.c 
724 3206.1 347.2 1978.5 549.8 2900.6 962.0 258S.4 1125.4 1741.7 123.2 l0d2.9 62.3 H.O t.5 6.3 u.O U.J 0.0 
725 345b.7 248.3 2016.0 219.4 2792.9 742.3 2530.9 8G8.6 1776.9 1S2.J 1117.4 41.1 7.6 6.b d.3 J.O J.O C.u 
726 3546.2 206.2 2042.9 189.1 2662.3 653.2 2448.8 680.6 1711.2 251.4 1~17.6 125.2 7~1 7.1 7.h u.U o.o c.o 
121 3463.3 195.5 2123.2 237.6 2565.2 5o5.5 2313.5 461.4 1766.0 297 .9 1243.6 234.1 1.0 a.J 6.5 o.o o.o c.a 
72d 3324.3 324.4 2205.8 39~.0 3080.5 557.5 2275.2 506.5 1/90.6 279.9 1226.3 252.4 2.5 5.2 8.8 O.J 0.0 0.0 
729 3315.8 457.2 23b1.2 6C9.2 3020.8 609.2 2174.2 524.6 1715.5 21Y.6 1210.0 2lb.1 4.8 4.2 6.4 0.0 0.0 2.0 
7ju 326S.3 120.2 2437.0 882.4 339o.6 420.6 2111.1 3?5.7 1714.3 2~6.3 l2ub.7 1d6.6 0.a 1.2 1.2 u.u o.o o.c 
731 3207.4 643.9 2250.3 715.4 3846.7 162.7 2010.5 181.1 1801.1 307.0 1253.3 141.8 1.3 7.0 5.~ u.O J.J G.O 
dOl 312e.2 44o.u 2156.8 551.5 3855.3 296.5 2121.2 23~.6 1723.9 352.4 1233.3 1~6.9 6.9 6.7 5.8 u.a u.c c.s 
ci02 3087.7 545.1 2367.0 471.7 3S60.4 236.1 210J.5 220.4 1627.1 393.7 1203.4 256.3 7.l 7.3 10.5 0.0 O.c 0.0 
803 JU95.b 394.1 21g5.6 483.1 4170.1 422.2 2ld8.7 318.2 1i61.9 419.4 1216.4 360.7 6.7 Y.~ b.7 0.0 0.0 0.0 
804 2987.0 364.6 2086.7 4Hl.7 3422.7 618.2 2220.0 589.8 1533.1 399.5 1159.2 424.6 6.9 8.2 6.4 J.U O.J L.G 
805 2Y3S.9 372.6 2055.8 478.8 3650.7 756.5 2239.4 719.2 1553.1 318.6 L078.7 311.3 5.o 6.6 7.1 J.O 0.0 J.O 
d06 3179.0 663.5 2234.7 747.2 ~~52.9 807.5 2352.1 SOt.~ 1592.0 380.9 1118.4 4~9.7 4.d 5.0 6.2 U.O U.O ~.0 
807 3248.1 108.7 2260.d ~13.0 3324.3 552.2 2146.8 55d.O 1547.1 3~8.3 1113.9 403.8 ?.l 1.7 6.1 u.u 0.0 0.0 
808 3110.3 530.9 2091.8 611.2 3520.6 689.6 2251.3 6SC.5 1542.9 463.5 1150.5 463.2 5.0 3.9 6.6 0.0 1.U O.U 
809 JU88.5 459.5 2022.6 567.9 3711.6 828.1 2444.1 1052.5 1360.9 431.2 1106.C 456.1 5.~ 5.8 6.7 O.G J.O 0.0 
810 3065.0 603.8 2124.8 718.5 3212.6 728.1 L322.S 9?0.8 1j75.7 470.d 1120.6 425.9 4.1 5.1 5.0 0.0 u.C C.O 
8L1 3UL2.4 ao8.2 2276.1 907.o 287J.5 668.4 2174.0 960.5 1356.2 46a.o 1138.1 525.9 5.4 o.o 6.7 o.u o.u ~.c 
812 293o.u 828.6 2273.5 1059.3 3043.7 Y~C.8 2363.8 1304 • .3 1298.6 305.4 1038.9 39~.8 J.a 2.2 o.1 s.1 2.u c.u 
813 3221.8 1032.4 2382.4 1519.3 2b61.3 1284.7 2335.7 1535.q 1271.3 252.0 972.1 273.5 2.4 1.9 5.0 0.J 14.2 G.C ~ 
Hl4 2976.2 1017.4 2306.7 1552.3 2167.9 1137.S 2264.5 1552.1 1267.0 265.7 995.0 319.5 ~.8 3.7 4.3 0.0 4.1 1.0 0 
815 2579.4 822.4 1991.8 971.0 2127.2 1121.5 2375.8 1444.9 1370.1 374.3 1058.2 4J9./ 6.0 4.0 2.8 o.o o.o 15.7 ~ 
816 2579.2 788.8 1939.9 838.6 1~51.8 1034.6 2011.5 1198.1 1271.·9 460.1 987.3 669.8 0.0 3. 7 5.4 7.o O.G J.J 
817 2275.0 692.8 1825.2 861.S 182J.4 94S.8 1934.2 S97.3 1282.2 563.3 1065.2 68J.O ?..7 2.9 2.o 0.0 O.J G.b 
818 2313.0 677.9 1835.6 922.6 174~.8 759.9 1111.1 836.7 1334.2 535.0 1062.1 7u5.8 3.9 3.3 1.3 o.o o.J 0.0 
HlY L306.6 712.2 lti05.8 903.0 1819.0 831.6 17~7.3 858.2 1060.5 ~69.9 g78.0 624.9 4.5 2.j 1.5 O.U U.O 15.L 
820 2335.4 644.1 1656.5 859.5 1869.7 81~.2 1842.8 H88.1 834.6 509.7 915.2 613.~ 4.2 J.7 j.4 u.J 6.3 v.J 
e~1 221~.e 679.6 1627.2 717.6 1b24.7 748.3 1ao2.d 73d.l 834.1 371.4 a4~.t 49b.6 2.~ 4.0 4.a c.u o.3 ~.c 
82L 2034.6 501.9 1516.2 541.9 1826.6 733.9 1811.7 626.4 818.U 3~3.4 838.G 5?.2.0 1.6 4.0 4.4 0.0 u.J G.u 
d23 2259.3 445.8 1513.2 564.9 1720.7 632.9 1764.2 544.6 8~3.8 350.1 dlb.6 4~5.4 4.0 3.3 4./ 0.0 o.o u.o 
824 2336.9 589.3 1675.7 637.6 1771.5 595.3 1775./ 504.1 862.3 37J.2 848.1 411.6 4.8 3.q 5.1 J.U J.U L.C 
825 2287.1 586.l 1750.7 636.8 1S04.3 50S.4 1777.7 495.7 824.7 279.4 761.5 41 7.3 4.4 4.7 2.7 U.J J.G 0.0 
826 2193.8 53!.9 1722.4 548.0 2102.3 597.2 1824.7 522.6 1oos.s 212.1 J65.s 4J5.o 3.1 2.2 2.9 o.o o.J u.a 
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1101 446.0 324.2 324.2 114.2 - - - - 13.0 24G.O 152.7 32U.7 - - - 0.0 O.U C.U 
llJ2 51~.0 3zq.6 32S.6 113.0 - - - - 21.2 231.6 l37.g 32U.O - - - 0.0 0.0 J.O 
llOj ~62.7 323.2 323.2 107.4 - - - - 20.1 186.4 10S.7 252.0 - - - U.U 3.3 U.O 
1104 382.% 244.5 244.5 106.9 - - - - - 9H.2 10.2 150.4 - - - U.O S.1 0.0 
1105 2~6.0 211.7 211.7 121.4 - - . - - - - - 119.3 - - - u.o o.u u.o 
1106 2S6.5 206.2 206.2 - - - - - - - - 111.0 - - - 0.0 U.U C.O 
1107 - - - - - - - - - - - 124.5 - - - o.o 0.0 0.3 
11C8 - - - - - - - - - - - 130.0 - - - 0.0 O.C 0.0 
ll OY - - - - - - - - - - - 1J5.e - - - 2.5 U.U U.O 
1110 - - - - - - - - - - - 162.3 - - - 5.1 o.o 0.0 
11 11 - - - - - - - - - - - 144. [J - - - 5. 1 0. 0 6. 3 
uu - - - - - - - - - - - lJ4.2 - - - u.o o.o 2 .8 
1111 - - - - - - - - - - - 116.8 - - - c.o o.~ o.o 
1114 - - - - - - - - - - - 102.9 - - - o.o o.o c.o 
lllS - - - - - - - - - - - 9b.1 - - - 2.5 0.0 O.CJ 
1116 - - - - - - - - - - - '-17.1 - - - o.o 0.0 u.o 
1117 - - - - - - - - - - - 94.6 - - - o.o o.o c.o 
1118 - - - - - - - - - - - 95.5 - - - 0.0 O.J u.O 
1119 - - - - - - - - - - - 102.0 - - - o.o 1.3 c.o 
112.0 - - - - - - - - - - - - - - - 0.0 o.o o.u 
1121 - - - - - - - - - - - - - - - o.o o.o c.o 
1122 - - - - - - - - - - - - - - - 5.1 0.0 l.d 
1123 - - - - - - - - - - - - - - - O.Ll 0.3 U.O 
1124 - - - - - - - - - - - - - - - 0. u u. 5 u. u 
112.5 - - - - - - - - - - - - - - - o.o 1..0 (;.t) 
1.126 - - - - - - - - - - - - - - - 0.0 1.5 ll.O 
1121 - - - - - - - - - - - - - - - 0.0 u.o o.o 
lUd - - - - - - - - - - - - - - - 2.5 J.O 0.0 
1129 - - - - - - - - - - - - - - - 2.5 o.o o.o 
ll 30 - - - - - - - - - - - - - - - 5. 1 0. 0 (.). 0 
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APPENDIX B 

PROCEDURES AND COMPUTER PROGRAM 

FOR SMOOTHING DATA 
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The following is a computer progr am for smoothing one 

t i me series, {Xt}' into another, {Yt } ' by the linear 

operation 

where {a } are a set of weights. In order to smooth out 
r 

local fluctuations and estimate the local mean, the weights 

should be clearly chosen so that a = 1, and then the 
r 

operation is often referred to as a moving average. Moving 

averages are often symmetric with s=q and a.=a .. The 
J - J 

simplest example of a symmetric smoothing filter is the 

simple moving average for which a =l/(2q+l) for r=-q, ... , 
r 

1 
2q+l 

t+q 
I 

i=t-q 
X. 

l 
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APPENDIX C 

COMPUTER PROGRAM TO COMPUTE AUTOCORRELATION 
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APPENDIX D 

COMPUTER PROGRAM TO COMPUTE LA G CROSS 

CORRELATION COEFFICIENTS 
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:!. t)(' PEM ~'i'l~'i~'i'i'i~~~~'i~'i'l'i'l~'iY~~'l'lY'l~~Y'i~~~~'l'lYY~~'lYY~'l'i'l'l~~'i~ 
••' • •• • •••••••• • • o ou • • • •ho• • •• • ••• • •••-••• -ooonon • uo.ooo.oo••Hooo o oo o ooo-onoooooo o oooooooo oooooo ou•ooouo oo o oo ooooo • oooooooo• • •• • ••••Oo oo • - • -•Uoo• o oo 

J t (' PEM THIS PROGRAM COMPUTE LAG CROSS CORRELATION AS A 
TECHNIQUE FOR INVESTIGATING RELATION BETWEEN TWO HYDRO 

C:T t.\f.;•T T 1"-.IC: f-,lf"i i'tl i t::·ro.ln T l'-.lf:: 1"-.ln M".J oOO 0 0 0 0 0 0 .•• 0 0 ·~ 0 0 Ooo •• "! 0 0 ... • ••. 0 0 ••• ooo 0 0 ••• 0 0 -~ .• "I 0 0 •••• 

N U M f.7~ E:: R 0 F ! ... t~ G T T M r.:· t r:: 1 11::- c~ c: '1 ~~· .............. -· ........... :-· .. 
'.} (~ L U E 0 F E f~ C H T I ME ~=~ E r-;~ I E ~3 ., X ( I ) :, Y ( I ) ··~ o::: 1...1 P ! ... I E f.) BY 

THE RIGHT SIDE DISK_ 
140 REM OUTPUT CROSS CORRELATION FACTOR ~ CONFIDENCE INTERVAL 

FOR LAG TIME( FROM 1 TO K ~~ 

160 DIM XC:244),YC:244),R(50),P1C:50~,P2C:50),Z(244~ 
180 READ X~: REM _____ ___ _____ READ FIRST FILE 
190 READ Y•: REM -~ --- - --- - -- - READ SECOND FILE 
2 :!. () f.)~~ T r.~ 
22(' L'~ATA 

23(' !)(~ T ~! 

! ... o~~r.) 
! ... O(.~f.:' 
L. o~~P 

f.)[ 
r~c 

!::"tC 

DF'Ef-.! 
X ( ."! 

DF'E~-! 
240 DATA LOAD DC Yf't 

r.;· :·-<~· 

F: Y'f. 

245 READ K1 : REM --- - - - ~- - ---READ LAG INTERVAL FOR COMPUTING 
256 READ M1.,M2: REM ____ _____ READ STARTING AND ENDING DATE 
260 FOR I=M1 TO M2 : J1=I-M1~1 : X(J1)=X(!) · Y<J1)=Y(I) : NEXT 
I : . PEM .............. .. ...... ........ ...... ........ f.) I FFEf-;:c I ~-!G 
3f.~(' r-;:EM 
3 9 (' N :::: ~1? -·· M J ~- ~-

410 FOR K=0 TO V1 
k" 'j :::: ~( -~ ., . . .... . ~ ·-

430 S!,S2.,S3,S4,S5=0_0 
440 FOR I= 1 TD N 
~- .~·(' S J. ::::~~: ~- + )( ( I ) 
46(1 ~:?::::~~2+ Y (I) 

470 S3=S3+X(!)f2 
480 S4=S4+Y(I~t? 
4-9(1 NEY.:T I 
S 0 (' N :!. :::: ~--!- ~( 

510 FOR !=1 TO N1 
~:.20 I j_ ::::I+!< 
530 S5=SS+X(I)*Y<I1) 
~-~· r) NEXT I 
~- ~~- ("t U 1 :::: ~: :!. .IN : 1...1? :::: ~:. 2 .I N : U ·.3 :::: ~:;:: 3 . l ?···! : U i.~. :::: ~3 .. ~ .. I N 
S t.· 0 F: ( !< 2 ) :::: ( ~:;: ~- / ~-! 1 ···· o::: :!. ·)!: ~:: 2 / N 1'· :2 ! / ( ( U "."3 ···· U 1 t 2 ) ·:D: ( U 4· -· U :2 1'· 2 ) ) 1· .. ~:;. : P E t·1 
.. __ .. _ .... _ .............. ...... .. .. .. _ .. .. .... .... .... .. .. .. CDi'~PUTE CLiEFFICIEt··!TO::: 
570 P=1.64S*C:N-K)t ~ S ~ REM - --"--"COMPUTE CONFIDENCE INTERVAL. 
~;. 8 (\ p 1. ( ~(:?. ~ :::: ( - :!. 4· p ) / ( ~-! 0000 ~:: } 

5 ~; 0 P 2 ( !< 1 :' :::: ( .... :!. -·· P ) / ( N ···· !< ) 
6('(' ~-!EXT ~( 



f:.·2(' F'P I NT 
f.: 3 c) F' f;~ I ~·! T 
6ii:O F'Fr: I t··!T II L?=!G CC!!~:F;:E! ... ~::~ T I 0~·! II 
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6 ~.(\ F'P I NT II I ~·!FL. 01:.1:::: II .~ :Y.: ~:. y II ()I...!T F ! ... Ctt·.l:::: II ; Y<!=· 
f.:·f::·(' Pf.~INT 11 ~3Tr.~r-;:Tit··!C f.>!::!TE::::II .~ t·~~., 11 Et··! f.)I!'·.!G [)(.~!TE:=''; t·i2 
!.:·~70 PPINT 
68t:) PP I ~··!T 
690 PRINTUSING 730 
700 PRINTUSING 740 
710 FOR K1=0 TO V 
2 ) : t,! EXT ~( j. 

715 PRINT HEX(0C) 
72t) C:OTO :2 ~;.(' 
73t)? 
7~·('~ 
7 ~.(\~~ 
7f.:.c) ENf.:' 

! ... r~G(V) 

' f.~···:> ::;: ~( ., + ., 
• • • .... 0 • uo ·~ 

7 7 (' oAT A " E T 7 <.=> ~~ (~ s II II f.~ N I M r.r·, 9 II 

7 r.:. r, k. 1 r~· r k ... :> \ P 1 { ~( ·-:-, ·., 1=· ':i r ~~ . "···:···· .. , ...... " .. ,. - .... " .. 'I"-···· 

CO~·!F .. I t··!T 1·.1! ... 
UPPEP 

·~~f. .. ~t-f.f.#~ 
LD~··' 

·~· f~ .. t.t- t~ t.!- # 
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APPENDIX E 

COMPUTER PROGRAM TO PREDICT IRRIGATION 

DIVERSIONS ON A DAILY BASIS 



• 
120 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

i (l(s !:;~Et1 

:!. :!. ( \ f;:EM 

t :2(\ F;:EM 

1 -.z:r·~ f.: EM 

·t .<{.r) r-;:EM 

1 r::.(' Fo:Et-'! 
:1. so f.: EM 

:! . {:.i) G:EM 
1 ?r) PEM 

1 ~:~ (' f~:EM 

1 ~ir) F:EM 

:!.('(' ~:E!~ 

:?. :!. (' f.: EM 

:22r) f::Et~ 

:2 t~. (' Fo: E ~1 
2 ~·(' PE!'1 
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******************************************************* 
THIS IS THE PROGRAM TO COMPUTE THE DIVERSION WATER 
REQUIREMENT ON DAILY BASIS .. 
I t··!PUT L·t~ T ~~ t~RE G I 1..JE!:;:f··! !~ T THE Et··!!:) OF TH I·:::: f·f::OG:~:r.!M ~ ... ,I TH 
f.)~) T r.~ C 0 t1 ME t··! D .. 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. I t··! r-:· t.t T f.) !-::! T (.~ .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

l .. NAME OF D!STRICT(LIMIT 20 CHARACTERS) 
? .. IRRIGATED AREA OF THE DISTRICT, A1, IN ACRES 
3dAVERAGE IRRIGATION PERIOD, I9, IN DAYS 
4 .. AVERAGE APPLICATION EFFICIENCY, F1, IN PERCENTS 
SLADVANCE LEAD TIME, A9, IN DAYS 
6 .. CON 1·.lEYt!NCE T !ME:, C9,. I~·! D(.~y·~: 

? .. DAILY WATER USE COEFFICIENTS .(FROM SUNDAY TO 
~::~~ TI.JRf.)(:~ Y) ., ~··' ( I ) , f-.!0 £.\I ME~·!~: I Ot··! 

R Q~~P6~~ rn~~~TrT~hlT~ ... .. ... .... .... • • • ••• .... ·- ... .... • • • .................. y 

R q~~P6~~ rn~~~TrT~MTQ ... .. ••• ........ . • • ... .... • .......... . - ................ y 

YE~:Tf::.f.:f.:'A ·y·,. ~~ !) I '..JEf.:~: I ON, 
YE~:TEf::!)AY ,· ~~ CO~·!'-.JE .. 'f. A~·!CE !... 0~::·::: 

9 .. M!NIMUM OUTFLOW 
10 ~ DATE, DO, AND DAY, D1 

EX.. MAY, 1 >>> 501 SUNDAY >>> 1 
~::: r::~ T U G~ f.~ r.~ Y > > > ? 

:!. l .. E I.J (.~~ F' 0 T p (.:! ~-! s p I F: ?~~ T I 0 t··! "! E (\ , I N ~1 t1 
1~ PR~rTPTT6TTnN Pi TN MM 
.... ·~·· l . • • .. ..... ... ••• • • ..... . ... ..... :.r . - "J ••• • • • . . .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. C) L'"f r-:· L' .. r .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. " .. .. .. .. .. .. 
1 .. NAME OF THE DISTPICT AND TOTAL AREA 
? .. Dt.~TE 
3 '· G~ ~~! I N F 0!!... !... 
4dACCUMU!...ATED AVERAGE ET FOR DIVERSION 
S .. DEEP PERCOLATION 
~: ... f::EEPt~GE 
'? ,. 0 I '..JEP~:: I ON ~~Jr..~ TEG: f.:EqtJ I RE~~Et··!T 

PPOGRAMED BY SUNG KIM (6/20/81) 
PEFEPENCE M .. £::.. THESIS, "f.)t~ I LY t .•. t(.'~ TER !:)EMAND PREDICT I Ot··! 
MODEL FOR IRRIGATION DISTRICT'', AGR .. ENGR .. 7 UNIV_ OF 
I f.)F~HD :, :!. ?H ~-

270 REM ****************************************************** 
?8(' f.:Et1 
290 DIM W(7),E0(244),R0(244),Nt40 7 W1(244) 7 E1(244),E:2(244)rL(244) 

n ( .. !1.i.1.i. ·, 
y ... • •••• • • • 

300 REM **********READ INFORMATION A80UT DISTRICT************* 
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-z. ·t r, ~=:· r.:- M r~· r.:- 6 n ~,16 i'tl r.:- n ~==· n T c:: T ~=:· T ,-- T TnT t.:. 1 6 r.;· r.:- tl • ~=:· r.:- 6 n i\! <1=. t.'l ·1 
••• ••• •• • • •••• • • • • ··- • • ••• • • • • • • •••• -· • - · ••• ... • • • - - • y • ••• • • • .... • • • • ·-· • • • • • .... • • ·- • • • 1 • • ••. 

·.·~ 2 ("! r.:: EM P ~::!-~!f.) r.~ 1•. J E f.: 0 C E I ~:f.: I Cr.~ T :f. C1l'·! !=· !:: ~: I D f.) , ?~ D 1•. J A?'-! C E ! ... E AD T I ME y 

C U ~-! 1·. ·' E y· t~ !'! C E T I ME : r.;: E !-~f.) I 9 ,. i~~ 9 , C 9 
~~n R~M ~r.:-6n 1 n~~ rn~~TrT~MTq·~r.:-6n rn r1 r? •.• •. .. .• . . .•.•. • • . .••• . . .•• .•.• ••. ••• ... .•• .•. ..•.. . •. - · .•.•..•.•• ·- . . • .... . . ... .. ... '/ ...... 7 ....... 

"!l:.c) !?E?"! f~:f:::(.~f.) FI!:;:~:·r l:~~::.~;: t...fM!.t·-!G 0! 1-.JEP·:::IO~-! y (~~·!!::' i~INIMf...tt~ OUTF'!...tJI .. _t: f.:Er.:~r.> 

r\r, MC? 
..... 'I • .. 

3 ~::-0 ~:EM Ft:f::.(.:~f.> !::'(~ J: ! ... Y !_._It'! TE~;: U~:.E c·OEF rIC I ENT ~~: FDf-;: T :::: ·t TO ? : PE!-~D 1_,_1 ~ I ) 
: r·-!E ><T I 
'3~:A 

3 ~-=· ~; . 

~;: E (.~ !) f.)~.:. 

1:;·1::· 6n 1::-<1:. r.;·<t:. . ....... .... ..... :' ... 
3 !:· (\ f' f.: I NT II f.) I ~::: T r-;: I c T :::: If ; ~-! <!:. : ~;. !:;: I ~-! T II T 0 T (.:~ !... ~~ p E ¢~ :::: II ; r.:~ :! .. : II (.~ c r-;: E ·:::: II 

370 PRINT :PRINTUSING 640:f'RINTUSING 6S0:PR!NTUSING 660 
380 REM ************READ DAILY DATA************************** 
381 DATA LOAD DC OPEN F y~ I 

382 DATA LOAD DC OPEN F y~ I 

383 FOR I=1 TO 244 
3f:~!.!. \·.':!. (I> ::::f.:\9: r.:,9 ::::[)9+ 1 
3 f~ ~:. I F f.:' 9 < P THE t··! 3 P ~7 
3P :~· f.)~.i::::[\9 --7 
3f:P' ~-!EXT I 
390 FOR !=I9 TO 244 :E=O 
39:!. FOR J=:!. TO !9 : V=I -J~1 

f.) AT r-~ !... or.:~r.) 
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