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PLANNING OPTIMAL IRRIGATION DISTRIBUTION AND APPLICATION 
SYSTEMS: TETON FLOOD DAMAGED LANDS 

a 

Errata II 

(Corrections to computer programs) 

In SPNKLER subroutine, page B-19: 
replace lines 1560-1561 with the following 1 ines: 

C COMPUTE APPLICATION RATE (INIHR) AND FLOW RATE PER LATERAL (GPM) 
c 

IF(KODE.EQ.5) GO TO 40 
AR = TRAMC(L) I ((TSET(KT) - TMOV I 60.) ·k OAEFF I 100.) 
GPML = AR I 12. * LLEN * LSPA * 7.48 I 60. 
GO TO 41 

40 AR = TRAMC(L) I (FREQC(L) * 24. * OAEFF I 100.) 
GPML = AR I 12. * TOTA * 43560. * 7.48 I 60. 

41 CONTINUE 

In POWCST subroutine, page B-87: 
insert between lines 907 and 908 the following lines: 

C CALCULATE MONTHLY DEMANDS USING RATIOS OF WRQ TO WRQ(PEAK). 
C LOWEST POSSIBLE PUMPING RATIO IS 0.4*(PEAK DESIGN). 
C DEMAND RATIO .. (TURBINE OR CENTRIFUGAL) IS APPROXIMATED BY 
C (QRATI0)**.33. 
C NOTE: ALL MONTHS ARE ASSUMED TO HAVE MAXIMUM DESIGN DEMANDS 
C EXCEPT FOR BEGINNING AND ENDING MONTHS OF SEASONS LONGER THAN 
C 4-5 MONTHS IN LENGTH. 
c 

a 

TCDEM = 0. 
HPM = HP\.J 
DO 72 KZ = 1 , N\.J 
XRD = 1 . 
IF(NW.GT.3.AND.KZ.EQ.1) XRD=(WRQ(1)1RAT*0.6+0.4)**0.33 
IF(NW.GT.4.AND.KZ.EQ.NW)XRD=(WRQ(NW)IRAT*0.6+0.4)**0.33 
HPit/ = HPM ~·, XRD 

Richard G. Allen, C.E.Brockway, and John R. Busch, University of Idaho 
(Res. Tech. Comp. Rep. 9-7613-78) 





In POWCST subroutine, page B-17: 
replace line 925 with 

GO TO 71 
replace line 932 with 

GO .TO 71 
replace line 936 with 

GO TO 71 

replace line 939 with the following: 
71 TCDEM = TCDEM + CDEM 
72 CONTINUE 

~~ ---- ------. - --------

CDEM = TCDEM 
HPW = HPM 
GO TO 14. 
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ABSTRACT 

A model used for obtaining least ~ost irrigation system specifications 

was refined and appl led. Irrigation systems consisted of application 

system and distribution system components and did not include reservoirs 

of any type. 

Computer routines were used to estimate annual costs and system 

efficiencies, and~ two-stage dynamic and I inear-programming technique 

was used to select and arrange system components for a least cost irri

gation system subjected to physical and environmental constraints. 

The model was appl led to the Salem Irrigation District, located on 

the flood-damaged Teton River flood plain in Fremont and Madison 

Counties in eastern Idaho, to determine least cost rehabi I itation schemes 

for various constraining conditions. These conditions were minimum 

allowable project efficiency, cost of water entering the system, and 

charges for water lost to deep percolation and surface runoff. Appl ica

tion systems con~idered were subirrigation, unimproved gravity, improved 

gravity, and hand-move, side-rol I, solid-set, and center pivot sprinkler 

systems. Distribution system components were unlined channels, I ined 

channels, gravity pipe systems, and a high-pressure pipe system suppl led 

by a large pumping station or a regional gravity-high pressure pipe 

system. 

Specified allowable system efficiency ranged from 13 percent to 70 

percent. Results obtained indicate that the least cost rehabi I itation 

scheme necessary to achieve an overal I system efficiency of 60 percent 
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would be to apply concrete I ining to most of the present unlined channel 

distribution system and to convert on-farm systems to hand-move, side-rol I, 

and center pivot sprinkler systems. An increase in the cost of irrigation 

water could justify an increase in the overal I system efficiency and the 

total cost of operating the system. Use of the present subirrigation 

system is the most economical method of water application when no charge 

for incoming water is assessed, ~nd results in low losses of surface 

runoff and leaching of soi I nutrients. Project irrigation efficiency 

for subirrigation is low (13 percent). 

The results obtained indicate that the analytical model used in 

this study is a valid and useful tool for determining rapid, least cost 

irrigation system specifications. 
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CONCLUSIONS AND RECOMMENDATIONS 

An irrigation systems ~valuation and optimization model was refined 

and updated during this study to faci I itate .the selection of alternative 

irrigation systems for private or federal irrigation projects. The model 

was developed so that multiple combinations of various system components 

are generated with dynamic and I inear optimization routines to rapidly 

evaluate alternative systems for constructing or rehabi I itating district 

irrigation projects. 

The methodology used in the model was formulated by J. R. Busch 

(1974) and includes costs estimating routines obtained from the United 

States Bureau of Reclamation (Galinato, 1977). Computer routines in the 

model determine the capa6ity and cost of irrigation distribution system 

and pumping plant components, and evaluate costs and efficiencies of on

farm systems. 

On-farm systems evaluated include furrow and border surface systems 

and hand-move, side-rol I (wheel-1 ine), solid-set, and center pivot 

sprinkler systems. Water appl i~ation and distribution efficiencies of 

surface systems are estimated for specific soi I types, field le~gths 

and slopes, and crops grown by model I ing the surface hydraulics of these 

systems (Strelkoff, 1977; Vaziri, 1973). The number of laterals and 

operating schedules requir~d for sprinkler irrigation of farms on various 

sol I types are also computed. 

Possible distribution systems evaluated by this model include I ined 

and unlined canals and gravity and high pressure pipe. AI I earthwork 
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quantities and costs and sizes of required system structures are itemized 

in the computer ou.tput. Combinations of I ined and unlined canal and 

gravity pipe system~ are formulated by a dynamic programming routine to 

determine efficient and optimal conveyance system configurations. 

Subroutines in the model estimate the cost of wei Is, pumping plants, 

and electrical power if water is to be I ifted to the project from under

ground or surfa~e supplies or press~rized for sprinkler system operation. 

Annual costs, water requirements, and irrigation efficiencies of the 

a I te rnat i ve system components eva I uated can be. i nput to a I i near

programming routine to optimize combinations of distribution and appl i

cation systems at least cost when subjected to physical and environmental 

constraints. These constraints can range from I imited water or energy 

supplies and rates tospecified I imits or charges for deep percolation, 

seepage, or surface runoff losses within the project. 

The model used in this study can be useful in predicting changes in 

system configurations necessaty for least cost operation at varying costs 

for water, construction materials, labor, and power. Costs and sizes of 

system components and quantities of earthwork and construction materials 

estimated for the various systems can provide valuable information for 

design phases of a project. 

The model and methodology of this study have been designed for use 

in rehabi I itation of existing systems or for use in planning of new 

irrigation systems in presently. nonirrigated areas. Cost indices are 
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input to the model for estimating many system components to compensate 

for differences in construction or operating costs of systems in various 

geographical regions, or to increase the cost estimates due to inflation

ary trends. However, careful planning and accurate data are required in 

the economic and physical model I ing of an irrigation system if realistic 

and useful results are to be obtained. If all data requirements are 

met, the output generated by this model wi I I provide valid and factual 

information · to be used for planning purposes. 

Alternative irrigation systems have been optimized which could be 

used in rehabi I itation of irrigated areas flooded by the col lapse of 

the Teton Dam. Subirrigation and unlined canal systems presently used 

in the area were evaluated, and combinations of surface and sprinkler 

systems supplied by I ined canals, gravity pipe or high pressure pipe 

systems were identified as alternatives which could be used to irrigate 

the area more efficiently at least cost. 

The specific irrigatfon district analyz~d during this study was the 

Salem Irrigation District near Sugar City, Idaho. The unlined canal and 

subirrigation system used in this district now operates at an estimated 

overal I irrigation efficiency of 13 percent and at an annual cost of $30 

per acre. By I ining much of the present canal system and converting to 

hand-move or side-rol I sprinkler systems, the district could operate at 

an efficiency of 60 percent. Annu~l cost of this upgraded system was 

estimated to be $70 per acre at 1977 prices. Specification of a district 

irrigation efficiency of 70 percent would require the use of a gravity 
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~ipe-1 ined chanhel system combination to supply water to sprinkler systems 

at an annuaJ cost of $84 per acre. These costs include costs of con~ 

structing, operating, and maintaining the total system and the cost of 

electrical power estimated over the I ife of the pumping system. 

Optimal alternative systems were also determined at various charges 

for water supplied to the Salem District using parametric programming 

options in the I inear-programming routine. Subirrigation systems supplied 

by unlined channel are the least cost system when no charge is assessed 

for water. However, if the price charged for water is allowed to approach 

$15 per acre~foot, the least cost system configuration would require 

I ining of 50 percent of the distribution system and the conversion of 

application systems to sprinkler and graded border. The total annual 

cost per acre including the charge for water would be $115, and the 

system could be operated at an efficiency of 58 percent. 

One effective method of increasing the irrigation efficiency of 

the study area, in terms of efficiency increase per dollar spent, would 

be to constrain the rate at which water is allowed to enter the system. 

Charging irrigators for water used in order to achieve an increase in 

the system efficiency would be more costly to the user. Although the 

water assessment could result in a net flow of money from the farm, this 

charge could be used for improved management and upgrading of the pre

sent distribution system. 

The annual operation and construction costs and water-use efficien

cies of the various systems evaluated for the Salem Irrigation District 
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were felt to be representative of the costs and efficiencies of most of 

the irrigated areas along the lower Teton River and Henry's Fork of the 

Snake River in eastern Idaho. This area uses low cost, but inefficient 

systems and would require a major rehabi I itation, including consolidation 

of canals and districts, if larger portions of the area's river flow were 

to be allocated for beneficial uses other than irrigation. 

Recommendations 

Several refinement~ and additions to this systems optimization 

model could increase the accuracy and range of the model application. 

The recommendations presented are from observations made in applying the 

model to the Teton study area. 

On-farm application systems were optimized during this study for 

specific sol 1-crop combinations. Formulating the I !near-programming 

matrix described in Chapter VI to specify similar systems for alI crops 

on a major sol I type would model a district more realistically by 

avoiding, for example, · specification of graded-border and sprinkler 

system combinations for farms uti I izing annual crop rotation patterns. 

This refinement is ~iscussed in Chapter VI I. 

The APSYS subroutines BORDER and FURROW which evaluate efficiencies 

of surface systems for sol 1-crop combinations should be edited to more 

accurately define specific soi I intake characteristics. These sub

routines presently uti I ize Soi I Conservation Service intake family 

classifications, which tend to cover very broad ranges of soi I types 

(USDA-SCS, 1974). 
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Oetai led cost data concerning construction, operation, and mainte

nance of large pumping stations could be helpful in calibrating the 

Bureau of Reclamation (USBR) subroutines used in the PUMP routine, so 

that accurate pumping costs for smal I, nonfederal projects could be 

estimated. 

The methodology used in this model currently optimizes the costs 

of owning and operating irrigation . systems. The inclusion of crop 

growth functions in the I inear-programming matrix to describe crop 

responses to improved application systems and management practices 

would be valuable in evaluating cost/benefit ratios of various system 

configuations. Research is needed to evaluate the interactions of 

various crop-application system combinations and to accumulate existing 

data. 

The authors recommend the consideratioh and possible use of this 

model for planning rehabi I itation of inefficient irrigation districts 

in the western United States and for consolid~tion of smal I irrigation 

districts to improve system efficiencies and to decrease operation, 

management, and maintenance costs and problems. This model can be used 

to quantify optimal changes in system configurations in areas of in

creasing competition for water supplies or changes in regional water 

use plans. 

The inclusion of energy requirements and constraints into the 

optimization section of this model can provide systems planning on the 

basis of energy supplies and .demands. AI I input and output of the com-
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puter routlnes are currently dimensioned in En~ I ish units. Conversion 

to System International (SI) dimensional units wi I I be useful to future 

model applications. 
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CHAPTER I 

INTRODUCTION 

Although early irrigation systems in the western United States were 

individually planned at the time of construction, I ittle or no considera

tion was given to the overal I planning of the resultant complex of systems. 

The result has often been two or, more canals serving essentially the same 

area, running paral lei, or even crossing each other. Although such 

systems were constructed years ago, many are sti I I in use and often 

contribute to ineffici~ncy of land and water usage (Busch, 1974). 

Prel i~inary development of irrigation systems in Idaho began in 

the 1870's in the Upper Snake River Region on land areas covered with 

dense sagebrush and native grass associations. Irrigated area has in

creased to more than 2,500,000 acres in this region which reaches gen

erally east and north upstream from Bliss, Idaho, and includes irrigated 

areas along the Teton River and Henry's Fork of the Snake River. The 

gently sloping lands and fertile valleys of this region comprise one of 

the richest irrigated agricultural areas in the United States. 

The early irrigators in the eastern portioh of this region were 

organized primarily into smal I independent ditch companies, and because 

of the large labor requirements needed to bring river water onto each 

acre of land, the majority of the early irrigation systems were not 

large; generally less than 10,000 acres (Claiborn, 1975). 

Since the early days of development, most irrigation systems in 

Idaho have undergone many evolutionary changes. Most rock and timber 
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diversion dams have been replaced with concrete structures. Steel and 

concrete diversion headgates have been added to improve water regulation. 

However, major over-a I I project renovation such as consolidation of 

paral lei canals, combination of smaller individual systems into larger 

operation entities, and channel alignment have not been implemented to 

any s ignificant degree. Some smaller systems have been combined, but 

many exist essentially as they did 90 years ago. 

The Teton flood plain in southeastern Idaho consists of many 

smal I, older irrigation districts, some of which are in need of systems 

upda~ing and rehabi I itation. The Salem lrriga~ion District located on 

the Teton flood plain has been selected as a study area for model 

testing and application. 

Purpose of Study 

The . fai lure of the Teton Dam in June 1976 and the need for rapid 

rehabi I itation of irrigation systems amp I ified the need for improved 

methods to rapidly determine cost estimates and efficiencies of irri ga

tion systems for use in water resources systems planning. The methods 

used in this estimation and evaluation process need to be simple to use, 

general in application, yet must provide accurate answers related to 

specific system designs and imposed constraints. 

A computerized planning model and methodology has been developed 

at the University of Idaho in 1973 (Busch, 1974) and updated by the 

addition of USBR planning routines (Gal inato, 1977). This procedure 

enables systems planners to evaluate many irrigation systems alterna-

2. 



tives and combinations for use in initial design or rehabi I itation 

planning of federal or p~ivate irrigation districts. Linear and 

dynamic optimization procedures and routines in the model provide the 

abi I ity to evaluate annual operation costs, alternative component inter

actions, and water use efficiencies over a wide range of combinations 

of application and distribution systems. 

The major purpose of this study was to update, refine, and 

simp I ify computer routines and procedures developed during previous 

studies and to incorporate recently derived methods of evaluating on-farm 

application system efficiencies. 

These improved routines were applied to a study area on the Teton 

River flood plain to verify their accuracy an9 rei iabi I ity, determine 

the best methods of application of the routines, and to evaluate costs 

and efficiencies of various systems designs suitable for the Teton area. 

A I inear programming model was used with the output of the computer 

routines to optimize alternative components of irrigation application 

and distribution systems subject to minimum cost and physical, 

environmental, and social constraints. 

This report is intended as a guide for using the irrigation design 

and optimization techniques. Examples of necessary input and output of 

the routines have been included in the text and appendices. 
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CHAPTER I I 

NEED FOR SYSTEMS PLANNING PROCEDURES 

Thorough and wei I defined planning procedures are essential to the 

design, allocation, and consumption of renewable natural resources. 

Many water resources systems in use today operate wei I below efficiencies 

whic h could be attained by use of current or new technology. As new 

irrigation systems are planned, or as older systems are rehabi I itated 

or modernized to reduce operational water losses or to improve the 

manageabi I ity of the system, modern technical concepts should be 

considered. These concepts can include automation of water control 

devices, use of underground pipe systems or impermeable barriers to 

reduce seepage losses and improve safety conditions, use of water 

pressure suppl led by gravity rather than by electrical or thermal 

power, and use of technological advances in sprinkler design to de

crease the pressure required for efficient o~eration. It is imperative 

that the systems planner employ in this planning procedure those 

technically and economically feasible design forms and methods which 

wi I I contribute to more efficient use of energy, minerals, and water, 

and which wi I I result in minimal degradation of environmental quality. 

Irrigation presently uses a significant share of agriculture's 

energy requirement and most of this energy is used on the 25 percent 

of the irrigated land that is watered with sprinkler systems (Kruse 

et al 1977). As supplies of petroleum fuels diminish and competing 

demands increase, irrigation systems requiring such energy must operate 
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at peak efficiencies. 

Environmental imp I ications of resources systems must be considered 

in systems planning. Inefficient irrigation systems lose water through 

surface runoff, evaporation, deep percolation, or seepage from the farm 

distribution systems. Surface runoff often carries large amounts of 

sediment which may restrict the uses that can be made of water in 

receiving streams. Deep percolation and seepage from farm ditches can 

raise water tables, sometimes removing land from agricultural production, 

although deep percolation in some fields irrigated with surface water 

may be beneficial as an important source of recharge to groundwater 

( U • . S • De p a rtme n t of I n t e r i or , I 9 7 7 ) • 

Proper management of a water resources system is important if it 

is to function at efficient levels. For surface irrigation systems, 

increases in labor can frequently increase water use application 

efficiency by a substantial degree. Although application efficiencies 

of simple surface irrigation systems may range from 10 to 70 percent, 

Soi I Conservation Service (SCS) irrigation guides indicate that 

application efficiencies of 55 to 75 percent can be obtained with 

furrows, and that graded-border systems can normally be operated at 

application efficiencies between 60 and 75 percent (USDA-SCS, 1960). 

Although surface irrigation systems normally operate at lower 

water-use efficiencies than sprinkler systems, this lower water-use 

efficiency can in many cases be justified by lower energy requirements. 

The avai labi I ity and total supply of energy forms and water in the 
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geographical area of use wi I I often dictate the choice between the use 

of surface irrigation systems and sprinkler irrigation systems. 

Sprinkler irrigation efficiencies vary nearly as much as those 

of surface systems. Batty et al. ( 1975) reported sprinkler application 

efficiencies ranging from 60 to 90 percent w.ith an average of 70 per

cent. Highest efficiencies are obtainable with relatively large 

applications of water per irrigation under conditions of low wind on 

soi Is with high intake rates. 

The efficiencies of most irrigation systems can be improved 

measurably by using physical systems capable of applying water uniformly 

when needed and without waste, and by using methods of determining the 

timing and optimum amount of irrigation water to be applied (Jensen 

et al. 1970) . . These parameters can be determined if an irrigator knows 

the water-holding capacity of the soi I, the aJ lowable water depletion, 

and the soi I water content at alI times during the irrigation season. 

The cost of water often· lnfluences management practices. In many 

irrigated areas in the western United States, the only cost assessed 

water users is for the maintenance of the storage and delivery systems. 

This situation provides I ittle incentive for improving efficiency, as 

the irrigator cannot justify investments in additional management or 

physical improvements in the system to save water. 

Water rights taws may also affect efficiencies. An irrigation 

water right entitles the user to divert a fixed volume or flow of 

water. This diversion is based on beneficial use for the type of 
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irrigation used and can include transmission losses. If the irrigator 

could sel I the water saved by reducing transmission losses or improving 

the application system, there would be an economic incentive to invest 

in system improvement or .increased labor. However, most western water 

laws do notal low the sale of this excess water (Hammond, 1978). 

There are irrigation systems in which gravity flow provides adequate 

water, and surface and subsurface return flow is of good quality. In 

these cases uses of water over an entire project or river basin is a 

more important consideration than irrigation efficiencies on individual 

farms. 

Although any planning procedure encompassing the broad spectrum of 

irrigation systems design and operation is invaluable in allocating 

the use of water and energy resources, a planning procedure uti I izing 

a systems optimization approach can give additional freedom in com

paring numerous system designs and plans with one another. If properly 

formulated, an optimization procedure can identify those components of 

multiple system plans which prove to be most beneficial in meeting 

physical, legal, environmental, and economic constraints. Use of 

these planning techniques with high speed digital computers can pro

vide rapid and accurate cost estimations and system evaluations for 

hundreds of system designs. 

When properly used with accurate economic and physical systems 

data, the systems optimization planning procedure can be a very useful 

tool in providing systems ptanners, owners, and operators with guide-
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I ines for use in the decision making process regarding resource 

allocation and use. 
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CHAPTER I I I 

IRRIGATION SYSTEMS AND PLANNING PARAMETERS 

Water resources systems planning is a prerequisite to the actual 

design and construction phases of a project. It is in the planning 

phase that alternative systems are reviewed and evaluated for potential 

use. System costs and initial designs are necessary for proper 

systems evaluation, although intricate and detailed designs are not 

normally required in selection of alternative systems. 

Design of new irrigation systems or rehabi I itation planning of 

existing systems requires the consideration of many facets not con

sidered when older systems were designed. In addition to the 

environmental impacts of a proposed project, the safety, esthetics, 

and projected future growth patterns of urban areas must be considered. 

Any system which meets these requirements should also have a favorable 

benefit-cost ratio. To evaluate a proposed system economically it is 

necessary to estimate the annual costs of the system, including 

construction and repayment costs, water charges, energy costs, opera

tion and maintenance (0 & M) costs, and other social costs. 

Irrigation Systems Description 

Most irrigation systems are normally divided into two distinct 

subsystems concerning ownership and management. Distribution (convey

ance) systems are often owned and operated by groups of individuals, 

whereas application (on-farm) systems are normally privately owned 

by a single investor. Distribution systems are used for conveyance 
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and delivery of water to farms from reservoirs or rivers in amounts 

sufficient for optimum crop growth. They can be of many types, sizes, 

and shapes. 

Irrigation distribution systems 

The most widely used irrigation conveyance system uses unlined 

ope n channels. Water is transported from the source and distributed 

through the irrigation project by a network of unlined canals and 

laterals. The water passes from the canals and laterals to farm 

lands throu gh turnout gates. Unlined systems can be improved by 

I ining canals and laterals with concrete, shotcrete, clay membranes, 

or other means to reduce seepage. 

Another type of distribution system is the closed conduit 

system. A low pressure gravity pipe system del .ivers water throu gh 

a network of pipes due to the force of gravity, at pressure less than 

20 feet of head. 

In a fully pressurized pipe system, water is delivered at 

pressures necessary for the operation of sprinklers. Pressure is 

usually provided by pumps, although some locations may have a topo

graphic feature that wi I I provide sufficient pressure by gravity. 

It is possible to have a mixture of open channel and closed 

conduit or pipe systems existing together withtn a particular irri

gation district. Often the large canals are . open channels while the 

laterals are pipe, although open channel systems may have closed 

conduit sections for purposes of efficiency or safety, or due to topo-
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graphical constraints. 

Each particular type of distribution system may have several 

advantages and disadvantages. The open channel unlined system is 

usually the least expensive ype to construct, although the dis

advantages of this system include seepage losses, high weed control 

costs, and evaporation losses. Canals and laterals require large 

rights-of-way and usually run on the contour, often cu+ting fields 

into irregular shapes. 

Lined canal systems are ore costly to construct than the unlined 

systems, but they do provide 6me advantages. Seepage is minimized, 

canal size is reduced, re are fewer weed control problems on 

the I ined systems than on 

require rights-of-way and 

unlined systems. Lined canals sti I I 

oration is decreased very I ittle. Frost 

heave may be a problem with I ined canals in colder climates when 

placed in inadequately soi Is. 

Low pressure gravity 

than I ined open channels. 

ems are usually more costly to construct 

e of the advantages of the gravity pipe 

system are nearly complete elimination of seepage, evaporation losses, 

and weed control problems. Rights-of-way may be farmed, and the 

safety and general appearance of the project are improved. The total 

system length is often great! reduced by using more direct routes. 

The high pressure pipe s stem provides alI the advantages of the 

low pressure pipe system and lso provides sprinkler pressure at the 

farm turnout. As sprinkler s stems are normally more efficient than 
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surface methods, the total amount of water required and the system 

capacity are reduced. 

Irri gation application systems 

On-farm application systems are normally grouped into gravity and 

pressurized systems. Gravity systems encompass surface and subirri ga

tion systems and include conventional methods of furrow and border 

irri gation, gated pipe, and buried lateral sets. Water is delivered 

to the farm turnouts via nonpressurized conveyance systems, and rem~ins 

nonpressurized during the irrigation process. Gravity systems normally 

have lower irrigation efficiencies than most properly designed and 

operated sprinkler systems, although some wei I designed border systems 

may achieve application efficiencies of over 80 percent (SCS, 1974; 

Jensen and Howe, 1965). 

Pressurized application systems include alI sprinkler system de

s igns and also pressurized trickle or spray nozzles. Water may be 

delivered to the farm under pressure, or may ~e pressurized from a 

gravity conveyance system or groundwater wei I through the use of an 

on-farm pumping station. In some types of low pressure trickle 

systems, elevation differentials on the farm are sufficient for proper 

operation. 

Modeling Procedures 

Four major cost routines are used in the optimization procedure 

to determine capacities of conveyance and application systems, evaluate 

system efficiencies, and estimate the annual cost of owning, operatin~ 
' 
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and maintaining each system evaluated. These routines provide system 

statistics for lined and unlined canals, pressurized and gravity pipe, 

on-farm application systems, and pumping plants and power costs. Annual 

system costs are used so that valid comparisons among alternative system 

components can be made regardless of individual service I ife expectancies. 

Costs are adjusted to a common point in time to compensate f~r inflation-

ary trends. 

Irrigation efficiencies 

Application, distribution, and conveyance efficiencies are used in 

this model I ing procedure to describe the adequacy of system components 

in the uti I ization of irrigation water. An irrigation systems's 

efficiency is a measure 9f the effectiveness of the system in supplying 

the water requirements of irrigated crops. Israel sen and Hansen ( 1962) _ 

have described water-related efficiencies that .are useful for irrigation 

systems planning. These efficiencies I isted in equation form are: 

I. Water-conveyance efficiency, E 
c 

w 
E = 100 ~ 

c w. 
I 

( 3. I ) 

where W 
0 

water delivered by a distribution system, 

and W. = water input to a distribution system. 
I 

2. Water-application efficiency, E 
a 

w 
E = 100 _s 
a W 

0 

(3.2) 

where W 
s water stored in the root zone during irrigation, 

and W = water delivered to the farm. 
0 
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3. Water-distribution efficiency, Ed ~ 

E = I 00 {I - Y} 
d d 

(3.3) 

where y =average numerical deviation in depth of water 

stored from average depth stored during irrigation, and 

d =average depth of water stored during irrigation. 

It may be noted that the value for Ed in Equation 3.3 is the same 

as the uniformity coefficient developed by Christiansen ( 1942). 

The abi I ity of a distribution system to deliver a certain proportion 

of the water that enters the system is described by Equation 3. I. Once 

the water is delivered to the farm, the water-application efficiency is 

used to describe the quantity of delivered water which ends up in the 

root zone of the crop being irrigated. While a high precentage of the 

water delivered may reside in the crop root zone, enabling a high E 
a 

value, the distribution of water within the area of a field may be very 

poor, resulting in a low-water-distribution efficiency. Variations in 

appl !cation and distribution-efficiencies are i I lustrated in Figure I. 

It is most often desirable that irrigation systems be designed so that 

high values of both Ea and Ed are attained thus assuring uniform 

appl !cation with minimal waste, although in some instances, leaching 

requirements or groundwater recharge are considered as beneficial uses 

of water even though this water is not used consumptively . by plants. 

The "project irrigation efficiency" of a system is defined in this 

study as the amount of water consumptively used by irrigated crops 

divided by the amount of water diverted into the system. This term 
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is set equal to (E x E )/100. c a 

Figure 1. I I lustrations of water-application and distribution 
efficiencies. 

System configuration 

To more readil y and accurately design irrigation systems within a 

predefined study area, it is advantageous to divide the area of study 

into smal I land areas depicting system conveyance service areas. Service 

area selection should be based on geographic location, farm and field 

sizes, and cropping practices. The conveyance system serving the entire 

study area should be subsectioned to account for the dendritic nature 

of the conveyance system and also to enable the planner greater freedom 

in applying alternative design techniques to those subsections en-

compassing varying terrain, difficult soi I types or rock outcroppings, 

or passing near population centers. 

In the optimization procedure, service areas and conveyance sec-

tions are normally chosen and sized so that each component section or 
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reach of the conveyance system wi I I supply irrigation water to one ser

vice area and to any adjacent downstream conveyance section(s). Figure 

2 is a schematic diagram of an irrigation system in which conveyance 

system sections and service areas are shown. Water is supplied to each 

area from the conveyance section having the same nu~ber. 

Because each conveyance section is designed independent of oth~r 

sections, the estimated cost range of a section is unique and accurate 

for that section only. Lengths of planning sections should be chosen 

so that a reduction in channel or pipe size along the section due to 

diminishing flow is unnecessary. 

The sizes and shapes of service areas ar~ determined primarily 

by the length and number of conveyance system sections and by the over

a! I system size. In a gravity system, farm land constituting a service 

area must I ie at a lower elevation than the conveyance section supplying 

irrigation water and should I ie adjacent to the conveyance section. If a 

se~vice area is separated from the main conveyance system by other land 

areas, an additional conveyance section should be added to the system 

planning configur~tion to supply the service area. As most irrigation 

distribution systems are dendritic in nature, lateral sections which 

branch from the main conveyance route are often required to model 

accurately the overal I system design (Figure 2). 
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AREA JJl 

IRRIGATION CONVEYANCE SYSTEM 

Figure 2. Schematic of an irrigation conveyance system including · 
selected service areas. 
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Cost functions 

Annual ownership costs of systems are calculated using attainable 

interest rates, component I ife expectancies, and initial costs at a common 

point in time. Annual costs for on-farm systems are computed on a per 

acre basis for selected farm sizes, soi I types, and cropping patterns. 

Pumping plants are sized and plant and power costs are estimated for 

the specific area(s) serviced and for required ·flow rates. Annual 

costs for on-farm pumping stations and their _correspondJng po~e~ re- .~ 
'. • ' r... ~ #. :~ 

quirements are then divided by the size of area served to provide an 

annual cost on a per acre basis. 

The determination of cost functions for individual system compo-

nents includes many factors dealing with system costs of many types. 

These factors must include data describing net costs of the many 

physical aspects of each component, along with any social costs. Once 

determined, alI individual costs for each system component must be 

combined to adequately describe the true cost of that component. 

Annual costs of irrigation system components should be defined 

in terms of system parameters that are common to alI component parts. 

For distribution system components such as conduit sections and struc-

tures, the system parameter of greatest importa~ce is the flow rate of 

water that the component can convey or control. System components must 

have equal capacity at alI points where water is transmitted from one 

component to another. Thus, the necessary size and cost of each 

control or conveyance structure can often be expressed as a function 
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of the maximum design flow rate of the con~eyance section. 

There is often a minimum specrfied cost associated with distribution 

system components. This cost may result from fixed operation and main-

tenance cost or from minimum construction costs. AI lowing for fixed 

costs regardles~ of the component size, the cost function for a conveyance 

or pumping system component in equation form may be ·expressed as: 

Annual cost= a+ b Q (3.4) 

Where: 

a = annual fixed cost 
b =annual cost per unit flow rate, and 
Q =maximum flow rate 

The annual cost for an application system is best expressed on a 

per acre basis due to factors other than system capacity that affect the 

cost of applying water. Some of the factors include variations in crops 

irrigated, soil types, hours of operation per day, and other cultural 

practices. If the annual cost per acre, c, is known for an application 

system supplying water to N acres, then 

Annual cost= eN (3.5) 

Costs associated with irrigation systems must have common 

characteristics so that various alternative components can be compared. 

For a given interest rate, future sums of money can be expressed in an 

equivalent series of uniform payments by using the proper uniform-series 

sinking-fund factor, and a present amount of money can I ikewise be ex-

pressed as a similar uniform series by using the proper capital-recovery 

factor. The two factors mentioned allow capital investment costs 
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associated with systems to be expressed on the basis of equivalent annual 

costs, and these equivalent annual costs can therefore be added directly 

to the various other annual costs associated with the system. 

System labor and energy demands such as irrigator wages and pumping 

plant electrical charges are normally purchased within a specific time 

of actual use within the system, and are thus continuously paid through

out a system's service I ife. To enable system planners or owners to 

estimate overal I system annual costs, labor and energy costs should be 

escalated to a value representing an equivalent annualized cost of the 

purchased services over the system I ife. The equivalent annualizing 

cost factor is based upon current interest rates, the current or pro

jected escalation rate of the particular service, and total system I ife 

(Pearson, 1974; Keller, 1976). 

If each analytical component cost function in an· irrigation 

system can be expressed as a linear equation, then the individual I inear 

cost functions can be added to form a compos·ite I inear cost function for 

the entire system. Simple I inear functions are used to describe total 

annual system costs of conveyance sections and application systems in 

this model for systems optimization. Since technical relationships of 

systems are defined by a set of I inear constraint equations, I inear 

programming is used to determine the minimum cost of the complete 

system. Linear programming, in essence, is a mathematical routine used 

to solve simultaneous equations of the first degree, where the number 

of unknown variables exceeds the number of equations. Solution of the 
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system variables is complete subject to minimization of some objective 

function (cost equation) describing the costs associated with system 

variables. It is normally necessary to .use a non-sequential decision 

process such as linear programming to optimize an irrigation system 

design for minimum cost because of the numerous interactions of alI 

possible components and the possible recycling of surface runoff and 

deep percolation within the system. 

Data requirements 

To successfully model any irrigation or water resources system, 

a planner must have physical and economic data representative of the 

planning area avai table to him. Available data must include descrip

tions and characteristics of area soi I types including profiles, geo

graphic locations, and water interaction characteristics. Topographical 

features of the area are necessary for conveyance system routing, 

service area selection, and application system design and evaluation. 

Local energy avai labi I ity and rate schedules as wei I as labor supplies 

and costs must be known to select feasible and reasonable system al

ternatives for the specific area. Political boundaries depicting land 

ownership and field and farm sizes are useful in sprinkler system and 

pumping plant design and selection, and may serve as aids in determining 

feasible surface system run lengths. Also necessary in systems planning 

are the magnitude and type of water rights pertaining to the planning 

area, and knowledge of the availability and dependabi I ity of the water 

source. 
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The systems planner must have access to fairly detailed geological 

and hydrologic information concerning the planning region to estimate 

quantities of rock excavation, suitabi I ity of soi Is for embankment and 

foundation design, groundwater elevations and soi I drainage character

istics, and flood information to be used in design of structures. 

Materials and construction costs should be available for the local 

area of study to evaluate regional cost differences due to variable 

transportation costs of labor, machinery, and materials. 

Data collection 

The quantity and quality of data required for accurate systems 

modeling and planning are rarely available to a systems planner from 

one source. Data are normally assimilated from multiple local and 

regional sources and many times require some type of manipulative pro

cedure to transform them into a format useable by the planner. 

County soi I maps and soi Is descriptions publfshed by the United 

States Department of Agriculture-Soi I Conservation Service (SCS) and 

state universities can serve as good sources of soi I type locations and 

areas, and often contain needed information on soi I profiles and water 

· retention and conveyance characteristics. The SCS maps also give notice 

as to existing canal routes and locations, as wei I as field sizes and 

shapes. Additional soi Is and political information can be made available 

from county atlases and plat books pub I ished by county soi I and water 

conservation districts and 9lso from aerial photographs produced by 

private or governmental agencies. Crop survey and potential yield in-
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formation can also be obtained from university and SCS sources. 

Topographical features and land slopes are available from topo

graphical maps furnished by the U. S. Geological Survey, or, in some 

areas, by the U. S. Bureau of Reclamation. Local surveys may be valua

ble in checking topographical maps or for supplying missing detai Is. 

Accurate information on irrigation application system efficiencies 

and runoff and deep percolation rates is often difficult to obtain, 

necessitating the use of field efficiency tests and soi I sampling. 

Flow rate measurements on local canals or sampling of bed substrate and 

groundwater table elevations often can give information on channel 

seepage rates and operational losses. Knowledge of consumptive water 

use requirements of local crops and historical district water diversion 

records can be used to estimate present system operation efficiencies. 

The quality of the irrigation water supply can be obtained 

through consultation with local users and by samp! ing of the water 

source. Data on wei I depths and dri I I ing costs are normally available 

from local dri I lers or from wei I logs maintained by state agencies. 

Information on water rights and dependabi I ity of the water source 

can be obtained from the state agency in charge of water rights regis

tration and administration and by consultation with local area users. 

Unit costs and local avai labi I ity of required system components 

should be verified by area supply companies and dealers, and construc

tion costs can be found by contacting .area construction companies and 

from bid abstracts for similar system designs. Prices obtained from 
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past bid abstracts should be updated to compensate for inflation or 

differences in location, topography, and quality of materials by 

consulting with area companies or by using construction cost lndices 

pub I ished by the United States Bureau of Reclamation and Engineering 

News Record (see reference). 

Required accuracy of planning data 

AI I data used in the planning procedure must be valid and accurate. 

Accurate topographical characteristics of the planning area are 

essential in determining feasible canal and pipeline routes, as wei I 

as in measuring field slopes. Existing systems, soi Is, and cropping 

patterns should be accurately inventoried to provide the planner with 

a good data base. 

Total accuracy of data concerning soi I boundaries and properties 

is rarely achieved by a planner due to I imitations on t ime and finances. 

In many planning situations, smal I areas of varying soi I types and 

mixt~res must be grouped into larger fami I ies of soi Is having similar 

characteristics, profiles, and locations. Soi I infiltration rates, 

profile depths, water holding characteristics, and field slopes are 

generalized for similar soi Is having slight variations in properties 

caused by farming practices, crop rotations, and varying terrain. The 

resultant properties associated with these generalized soi I fami I ies 

should, however, describe each individual soi I type such that the 

systems planner can produce accurate application system designs and 

evaluations. 
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Knowledge of current construction and materials costs is important 

in the estimation of the total · field cost of the irrigation system. 

Total system costs must be conservative to insure adequate funding of 

the system if it should be constructed, and yet must be accurate enough 

to provide the owner(s) with realistic costs of alternative systems, 

incl ud ing construction and operation costs. 
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CHAPTER IV 

STUDY AREA DESCRIPTION 

The lower Teton River flood plain begins at the c6nfluence of the 

Henry's Fork of the Snake River with the North and South Forks of the 

Teton River and extends 16 miles northeast, upstream to the mouth of 

the Teton River Canyon 5 miles northeast of Teton (Figure 3). The 

Teton flood plain averages 4 mi Jes in width ~nd was first brought 

under irrigation in the early 1880's. Roughly 25,000 acres of the 

Teton flood plain are irrigated with water from the Teton River. The 

northern areas along the flood plain receive water via canals from the 

Henry's Fork of the Snake River. As of 1974, water rights appropriated 

from the lower Teton River totaled 2038 cfs. 

The topography of the Teton flood plain is markedly flat, with an 

average slope of .002 ft/ft. The soi Is are mostly thin layers of wei I 

developed sand and si It loams overlying coarse sand and gravel. 

Major crops raised in the region are potatoes, grain, alfalfa hay, 

and pasture for forage and grazing. 

Present Regional Irrigation System 

Currently alI major water distribution in the Teton area is 

accomplished through the use of unlined canals, most of which were 

constructed before the turn of the century. Early water control and 

diversion structures along the canals were constructed of timber. 

More recent improvements of the canal systems in the Teton flood 

plain area have resulted in concrete and steel structures replacing 
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Figure 3. Location map of Teton River flood plain and study area. 

27. 



many major timber structures. However, a large percentage of wooden 

water control structures and di~ersion turnouts remain in service today. 

Traditionally, about 20,000 acres of farmland lying in the western 

half of the Teton flood plain have been irrigated by subirrigation, 

where the perched groundwater in the area is elevated toward the 

bottom of the crop root zone by artificial groundwater recharge. 

(U.S. Department of Interior, 1977). 

Although this method of irrigation may annually require over 12 · 

acre feet of water per acre to maintain the groundwater level at 

optimal levels for crop use, it generally works wei I in areas of even, 

gently-sloping terrain having naturally-occurring perched water bodies 

within 10-40 feet of the ground surface. Land areas lying in the 

eastern, higher portion of ~he Teton flood plain have traditionally 

been irrigated with surface systems or high pressure sprinkler systems. 

Effects of the Teton Dam flood 

In 1972 construction began on the Teton Dam located in the Teton 

River Canyon 5 miles upstream from the lower Teton flood plain. The 

resulting reservoir was planned mainly for the purpose of irrigation 

water supply with additional benefits of flood control, power gen

eration and recreation. 

On June 5, 1976~ the col lapse of the newly constructed Teton Dam 

resulted in a major, catastrophic flood of the Teton flood plain, the 

lower portion of the Henry's Fork of the Snake River flood plain, and 

low lying areas along the upper Snake River above the American Fa I Is 
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Reservoir. Livestock, crops, machinery, and real estate losses were 

great, and much of the area's farmland was critically disturbed or 

destroyed by the flooding water. Canals were either deeply scoured or 

completely fi I led in by deposited sand and gravel and other debris. 

Damage to, and dislocation of, irrigation flow control and diversion 

structures along the canals was severe. 

Restoration of the damaged canal systems and structures was imme

diately undertaken by the United States Bureau of Reclamation to renew 

the distribution of irrigation water to areas of the val ley which had 

escaped extensive crop destruction. The restoration pol icy of the 

Bureau was to reshape the canals to their original dimensions and to 

rebuild or replace alI canal structures with structures of size and 

type similar to those existing before the flood. This particular 

pol icy ·did succeed in restoring the irrigation distribution systems 

of the Teton flood area to their preflood status, thus insuring 

adequate functioning of alI canal systems. The restoration resulted 

in I ittle improvement, however, in canal routes, duplication of canal 

service areas, or types of flow control structures. Most preflood 

timber structures were replaced with timber, often costing as much 

or more than concrete or metal equivalents having a much longer or 

more dependable service life. 

Many of the previously subirrigated fields in the Teton flood 

area received extensive soi I displacement due to the flood, and in some 

areas large quantities of topsoi I were eroded from the soi I profiJe. 
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This unevenness of the ground surface has inhibited continued sub

irrigation on some fields, due to drowntng o~t of crops .lying in the 

low areas. Thus, without extensive land leveling operations, these 

fields can be irrigated only with sprinkler systems. 

Most sprinkler systems instal led in the Teton flood area have been 

designed or reviewed by the USDA Sol I Conservation Service, and partial 

funding of the systems has been appropriated through the USDA Agricul

tural Stabilization and Conservation Service. One major conflict 

realized between the continued use of subirrfgation systems and the use 

of new sprinkler systems ·in the Teton area is that of inadequate ground

water recharge by the sprinkler systems in areas lying adjacent to sub

irrigated fields CU. S. Department of Interior, 1977). A lowered 

water table below sprinkler irrigated fields has resulted, in many 

instances, in a lowering of the elevated water table in adjacent sub

irrigated fields, due to an increased gradlent along the water table 

surface. In some cases, subirrigators have been unable to offset the 

increased groundwater deficit below their fields with an increased 

water supply and, as a result, have realized partial or total crop 

failures. Due to the complexity involved in manipulating groundwater 

elevations beneath sprinkler irrigated fields, irrigated farms in the 

previously subirrigated areas may be forced either to switch entirely 

to a combination of surface systems and pressurized sprinkler irrigation 

systems, or the entire area previously subirrigated may have to revert 

to total subirrigation. 
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A thorough evaluation of existing irrigation structures and canal 

systems and alternative system designs and requirements by governmental 

agencies prior to the flood restoration activity could possibly have 

resulted in much more efficient and economical irrigation systems 

throughout the Teton f I ood a rea, and may have been a b I e to reso·l ve 

some of the postflood conflicts between the various on-farm application 

systems. An evaluation of this type was not possible, however, because 

of lack of adequate planning time and lack of a rapid and accurate 

method of planning for irrigation systems rehabilitation. 

Salem Irrigation District 

The irrigation district selected for evaluation and ~odel ing is 

the land area served by the Salem Island Cana~ Company. This area is 

located in Madison County, Ldaho, 3 miles north of the city of Rexburg 

and is approximately 1.5 miles wide and 3 miles long (Figure 4). A 

total of 3170 acres of the district is irrigated. The characteristics 

of the Sale~ Irrigation District are representative of the majority 

of irrigation districts located on the Teton flood plain. 

Irrigation conveyance system 

The Salem Canal, supplied with water from the Teton River by the 

Teton Island Feeder, conveys water at an average flow rate of 240 cfs 

to the study area during the peak irrigation season from June through 

Se~tember. The water right of 240 cfs owned by the Sal~m Island Canal 

Company is dated June I, !885. A schematic showing the location of the 

Salem Canal and Salem Irrigation District is I isted in Figure 4. 
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The main distribution canal and laterals of the study area were 

originally constructed along property I ines and natural contours to 

minimize excavation as alI work was done by men and animals. Improve

ments as wei I as postflood restoration have been made on the system, 

but the main canal follows basically the original established route. 

Approximately half of the diversion structures along the system are con

crete and steel circular gates with the other half being made of wood. 

Nine of the ten functional checks situated along the canal system as of 

1978 are of timber construction. 

No water measuring devices are employed in the conveyance system, 

although a concrete diversion structure located at the source of the 

Salem Canal could function as a weir. Most of the maintenance work on 

the canal is accomplished with farm equipment by the water users. 

Periodically, a smal I bul ld6zer is used to cJean and reshape sections 

of the main canal. 

The soi Is in the Salem Irrigation District are usually shallow, 

and are underlain by sands ·and coarse gravels. Low conveyance 

efficiencies for canals in the area are com~on, as the bottoms of the 

canals often penetrate into highly pervious soi I profiles. If the 

sediment load of conveyed water is I ight, deposition of a semi pervious 

barrier of si It along the canal bottom does not occur, and substantial 

volumes of water may seep into the gravelly and sandy subsoi Is. 

Conveyance efficiency of the unlined canal system operated in the 

Salem Irrigation District was ~stimated to be 83 percent. 

33. 



Canal seepage in some areas may be beneficial if subirrigation 

adjacent to the canal is practiced. However, seepage can cause water 

logging of soi Is and flooding in low lying areas. Canal seepage 

constitutues an economic loss if the conveyed water has been pumped 

from lower elevations, or if the total volume of the water supply 

to an area is necessary to fulfi I I crop consumptive use requirements. 

Soi I types 

The major soi I types of the study area are Annis silty clay loam, 

Withers clay loam, Blackfoot and Bannock loams, Labenzo si It loam, 

Ha~eston Variant coarse sandy loam, ~nd Haplaquol Is miscellaneous. 

The Blackfoot and Bannock soi Is have been studied as one soi I type 

and the Labenzo, Hayeston, and Haplaquol Is soi Is have also been com

bined for study purposes. A general soi Is map depicting the location 

of these soi I types is shown in Figure 5. Descriptions of these 

soi I types are I isted in Appendix A. 

Most of the soi Is of the study area are medium to coarse textured 

with relatively high water intake rat~s. Surface irrigation of some 

of these soi Is can result . in extrem~ly low d.istribution and application 

efficiencies when run lengths are long. Gal inato (1974) has reported 

field efficiencies in the 20-50 percent range for furrow and border 

systems operated on some soi Is of the upper Snake Region. 

Farm characteristics 

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

alfalfa for hay, and pasture. The irrigation system used to apply 
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water to these crops historically has been subirrigation, although hand

move and siderol I sprinkler systems have been introduced recently on some 

farms. 

Field shapes and dimensions and cropping patterns for the study 

area have been obtained from reconnaissance observations and from large 

scale aerial photographs of the Salem and Sugar City areas. 

Field lengths and farm sizes are variable in the Salem Irrigation 

District. Many smal I acreages exist in the Salem area and smal I tracts 

of land owned by absentee owners are common. Field lengths range from 

240 feet to 2640 feet with a mean length of 900 feet. The number of 

land owners in the study area, aside from owners of smal I acreages 

(less than 10 acres), is 30. lrrigable fields total 140 in number. 

The topography of the study area is uniform, with an average 

slope of 0.002 ft/ft, although direction of the slope is variable. 

Selection of System Planning Parameters 

The soi Is of the study area were grouped into four major types, as 

shown in Figure 5, for ease of study and planning. Land areas in each 

soi I type have similar average farm and field sizes, inti ltration and 

water retention characteristics, cropping patterns, and geographical 

locations. A summary of farm and field sizes and inti ltration rates 

of the soi I types is given in Table I. Crop acreages in each soi I type 

and evapotranspiration rates (ET') at the peak period of consumptive 

use are I isted in Table 2. ET requirements of crops in the study area 

were selected from data in University of Idaho Agricultural Experiment 
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Station Bulletin 516 (Sutter and Corey, 1970) and SCS Irrigation Guide 

for Southern and Southeastern Idaho ( 1970). Maximum ET rates of the 

alfalfa and grain crops may be greater than those shown in Table 2 

Pair et a I . , 1973). 

The farm and field areas in Table I represent average ownership 

conditions of each soi I type. Design field dimensions were chosen so 

that system costs and efficiencies evaluated for these dimensions can 

be used to represent alI fields of the particular soi I type in a suf

ficiently accurate manner . . smal I acreages and tracts used for lawn or 

garden purposes were not included in the process of field dimension 

selection and system evaluation, as irrigation costs and efficiencies 

related to these areas are highly variable and are dependent upon 

management practices of the tract owner. 

Conveyance system parameter selection 

The water conveyance system route used for planning and evaluation 

of gravity systems is shown in Figure 6. The canal route shown is 

that of the present unlined Salem Canal and is considered as a possible 

system alternative. Since this route follows property I ines and roads 

for much of its length and has fairly straight and uniformly sloped 

sections, it was chosen to represent the proposed routes of I ined 

channel and gravity pipe systems~ also. The I ined channel alternative 

would entai I reshaping and I ining of the existing system and updating 

of water control and diversion structures. Pipe would be lain along or 

below the present unl i ned channel bottom for the gravity pipe alternative, 
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Table I. Average farm and field sizes and infiltration rates of 
major sol I types within the Salem lrrig~tion District. 

A . I Withers 2 . 3 
Hayes ton nn1s Blackfoot 

Average farm size 

(acres) 80 120 100 160 

(hectares) 32 48 40 64 

Average field size 

(acres) 23 30 23 28 

(hectares) 9 12 9 II 

P tsnned fie I d lengths 

(feet) · 11 00 1200 1400 1100 

(meters) 335 365 425 335 

Planned field widths 

(feet) 900 II 00 700 II 00 

(meters) 275 335 215 335 

Average infiltration -
rate 

( i n/h r) · 0. 6-1 . 5 0.6-1. 5 0. 6-1.0 2.0 

(mm/hr) 15. -40 . . 15. -40. 12. -25. 50. 

Annis silty clay loam 

2 Withers clay loam 

3 Bannock loam and Blackfoot loam 

4 Hayeston Variant coarse sandy loam, Labenzo si It loam and 
Haplaquol Is miscellaneous 
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Table 2. A summary of crop percentages on each soil and maximum ET 
rates within the Salem Irrigation District 

Potatoes Grain Alfalfa Pasture 
Acres % Acres % Acres % Acres % 

Annis 262 30 306 35 175 20 131 15 

Withers 413 30 482 35 276 20 207 15 

Bannock and 
Blackfoot 85 30 141 50 56 20 

Hayeston, 
Labenzo, and 126 20 252 40 126 20 126 20 
Hap I aquo I Is 

Maximum ET (i 'n/day) .28 .20 .23 . 19 

and the channel would be backfi I led and leveled to the elevation 

of the surrou nding terrain. The unlined channel sections 5, 6, and 7, 

as shown in Figure 6, follow topographical contours rather than 

land boundaries. The lined channel and gravity pipe alternative 

sections follow this same route, although these alternative systems 

could be constructed with more direct and straight sections at 

I ittle or no extra cost. 

As can be seen in Figure 6, junctions of the various gravity 

pipe and channel sections I ie at essentially the same points. By 

thus choosing the locations of section junctions, the possibi I ity 

exists for joining dissimilar but compatible components at various 

points within the system. . 
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The pressure pipeline route shown in Figure 7 was chosen for minimum 

length of both the main system and laterals and to supply high pressure 

water to necessary locations. The high pressure route follows roads and 

field boundaries whenever feasible, to keep disturbance of productive 

fields at minimal levels. The fact that the pressure pipe section 

points shown in Figure 7 are located away from the gravity conveyance 

system junction points is inconsequential a~ the pressure pipeline system 

is not compatible with the other conveyance systems. 

Section lengths and diver~ion areas (service areas) of the .gravity 

conveyance systems are I isted in Table 3, and section lengths and corre

sponding diversion areas of the high pressure system are shown in Table 4. 

The method used in selection and layout of conveyance sections has been 

discussed in Chapter I I I • The twe I ve convey a nee s.ect ions chosen to 

represent the gravity conveyance system in the Salem Irrigation District 

are short enough that the assumption that the entire length of each 

section is of a uniform size in the design procedure wi I I result in 

minimal error. Consideration was also given t6 selecting sections 

having fairly constant cross-section characteristics so that earth 

work costs involved in rehabilitation of the unlined canal sections 

could be defined more readily. 

Section I for each al~ernative system, as shown in Figure 6 and 7, 

is that section through which the entire flow is conveyed to the rest of 

the system. Water is supplied to section I at the present point of 

diversion located on the Teton Island Feeder. Section 12 of the gravity 
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Table 3. Grav ity conveyance system planning section lengths and 
diversion areas in the Salem Irrigation District. 

Minimum Maximum 
Length Service Other desi gn design 

Section (feet) area sections f I OW flow 
(acres) served (cfs) (cfs) 

6750 377 2,8 40 120 

2 6490 400 3,9,10 30 90 

3 2700 241 4 15 45 

4 1040 135 5 9 36 

5 5700 316 6 9 30 

6 2800 I 02' 7 4 16 

7 2600 265 4 12 

8 C7 50 402 5 17 

9 2300 141 2 6 

10 5500 3 19 II 6 20 

II 3100 148 2 1 

12 320 

Total 45730 3166 
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Table 4. High pressure conveyance system planning section lengths and 
diversion areas in the Salem Irrigation District. 

Minimum Maximum 
Length Service Other design design 

Section (feet) area sections flow flow 
(acres) served (cfs) (cfs) 

5060 666 2 27 60 

2 8300 538 3,7 21 48 

3 2725 343 4 10 24 

4 2850 311 5 8 18 

5 7150 504 6 5 12 

6 2465 137 2 7 

7 2725 205 8 6 12 

8 5200 462 4 10 

Total 36475 3166 

conveyance system was selected to represent a section of the Teton Island 

Feeder, as three turnouts on this section supply water to a smal I area of 

the Salem Irrigation District. 

Service area selection 

Each selected conveyance system section in the study area supplies 

water to a defined land area as wei I as to any conveyance sections located 

directly downstream. The land areas served by the gravity conveyance 

system can be seen in Figure 8, and the high pressure service areas are 
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shown in Ftgure 9. Each service area in the gravity conveyance system 

is suppl led through turnouts located along the supplying section. One 

requirement of a gravity service area is that alI fields must I ie at 

elevations below that of the supplying conveyance section. Smal I head 

ditches and laterals in a service area convey and distribute irrigat~on 

water to individual fields. 

Service areas can be chosen independently of soi I types and land 

uses. Their main purpose is to define the flow rates required in the 

conveyance system sections so that water can be adequately distributed 

throughout the irrigation system. 

To accurately model the actual peak crop consumptive use and flow 

rate requirements of each service area, the relative areas of each soi I 

type in a service area must be determined. Listed in Tables 5 and 6 · 

is the areal distribution of each soi I type in the service areas of the 

gravity conveyance system and high pressure pipe system. Percentages 

of each soi I type lying in a particular service area are also I isted. 

Uti I ization of the aforementioned method of service area layout 

and soi I type distribution technique wi I I allow for application system 

planning on the basis of soi I and farming characteristics, and wi I I 

permit planning of distribution systems on the basis of topography, 

geology, and relative areal locations. 
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Table 5. Soi I type distribution in service areas supplied by gravity 
conveyance systems~ 

2 3 4 
Service Total Annis I Withers Blackfoot Hayes ton 

Area Area Acres % Acres % Acres % Acres % 
(acres) 

320 124 14.2
5 

144 10.5 52 18.4 
6 

II 377 147 10.7 230 81.6 

Ill 402 62 7. I 340 24.7 

IV 400 110 12.6 290" 21.0 

v 141 66 7.5 75 5.4 

VI 241 208 23.7 33 5.2 

VII 135 55 6.3 80 5.8 

V Ill 148 148 16.9 

IX 319 53 6.0 266 42.2 

X 316 50 5.7 62 4.5 204 32.4 

XI 265 240 17.4 25 4.0 

XII 102 102 16.2 

Total 3166 876 100.0 1378 100.0 282 100.0 630 100.0 

Annis silty clay loam 

2 Withers clay loam 

3 Bannock loam and Blackfoot loam 

4 Hayeston Variant coarse sandy loam, Labenzo si It loam and Haplaquol Is 
m i see I I aneous 

5 Percentage of soi I type in unit= (acreage of soi I type in unit/total 
acreage of soi I type in Salem -Irrigation District) 

6 A blank indicates the absence of a soi I type in a service area 
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Table 6. Sol I type distribution in service areas suppl led by high 
pressure types. 

Service 
Area 

II 

Ill 

IV 

v 

VI 

VII 

V Ill 

Total Annis
1 Withers 2 

Blackfoot3 

Area Acres % Acres % Acres % 
(acres) 

184 21. o5 200 14.6 282 100.0 

538 87 09.9 451 32.8 

343 86 09.8 257 18.7 

311 210 23.9 101 07.4 

504 226 16.5 

137 70 5. I 

205 137 15.6 68 05.0 

462 173 19.7 

4 Hayes ton 
Acres % 

278 43.8 

67 10.6 

289 45.6 

Total 3166 877 100.0 1373 100.0 282 100.0 634 100.0 

Annis sitly clay loam 

2 Withers clay loam 

3 Bannock loam and Blackfoot loam 

4 Hayeston Variant coarse sandy loam, Labenzo si It loam and Haplaquol Is 
m i see I I aneous 

5 Percentage of sol I type in unit= (acreage of soi I type in unit/total 
acreage of sol I type in Salem Irrigation District) 
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CHAPTER V 

SYSTEMS COST ESTIMATION AND EVALUATION ROUTINES 

The representation of physical and economic features and values in 

numerical terms can provide systems planners the capabi I ity of using 

various systems optimization techniques. These techniques can be used 

to fulfi It alI system requirements subject to any system constraints. 

In evaluation and comparison of alternative irrigation system plans, 

annual system costs and overal I and individual component water-use effi

ciencies are normally used to rate each planning scheme. Although these 

two terms appear in this particular model in simple numercial form, there 

are many factors that must be included in their formulation. 

Computer Programming Routines 

Since many data forms and calculations are required to determine 

annual costs and efficiencies for most system components, four digital 

computer routines written in FORTRAN IV computer language are used in 

this model I ing procedure. These routines, cal led APSYS, CANAL, PIPE, 

and PUMP, are used for the evaluation of appl !cation, open channel, 

pipe, and pumping systerrs, resp'ectively. Each of these routines employs 

subroutines designed to compute costs and efficiencies for different 

types of system components. A synopsis of these . routines is included 

in Table 7. AI I data, program calculations, and program solutions 

are currently expressed in Eng I ish units of measurement. 

AI I numerical data are input to the four cost routines with a 

FORTRAN subroutine entitled INPUT. This subroutine allows for free 
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formatt ing of alI data and also enables the programmer to document the 

input data I istings· with alphanumeric characters. Data need only be 

separated by blank spaces or commas, and alI alphanumeric comments 

or labe ls are ignored. Continuation of data on multiple cards or card 

images is faci I itated by ending a continued card with a comma. Data a re 

passed from INPUT to the cal I ing program via a one-dimensional array. A 

documented I isting of subroutine INPUT is included in Appendix B. 

Each of the systems cost estimation routines can be used with a 

time-share computer terminal. Prompting or conversational statements 

describing the type(s) of information and data to be entered for each 

'input' statement can be directed to the operator when more data is 

required. If input data are to be read from cards or magnetic storage 

devi ces, the output unit (09) onto which the conversational statements 

are directed can be supressed. These format statements also serve as 

a good docume ntati on of va riable names used in the computer routines . 

Determination of Application System Annual 
Costs and Efficiencies 

The computer routine APSYS is used to calculate the annual costs 

and efficiencies of various types of irrigation application systems. 

The APSYS subroutines and their respective relationships to one 

another can be seen in Figure 10. Dashed I ines within the figure depict 

input and ou tput flows of data, whereas solid I ines represent the order 

and flow paths of calculations and data within the routine. The sub-

routine SPNKLR is used to calculate annual costs for side-rol I, hand-1 ine, 
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Table 7. Synopsis of the computerized planning and cost estimation 
routines used to determine annual costs of irrigation systems. 

APSYS 

CANAL 

PIPE 

This routine determines the annual costs of owning and operating 
irrigation application systems including land forming costs. 
Water application and distribution efficiencies are evaluated 
for each system design and on-farm management practice. Specific 
application methods evaluated are furrow and border surface 
systems and hand-1 ine, side-rol I, solid-set, and center pivot 
sprinkler systems. 

Annual ownership costs and conveyance efficiencies of open 
channel conveyance systems are estimated in this routine. The 
planned system may be I ined or unlined and construction costs 
may be estimated for new or rehabi I itated systems. Procedures 
used in this routine estimate costs of earthwork, canel I ining 
and shaping, lateral turn-outs, and flow control structures. 

This computer routine estimates costs of constructing a gravity 
or high pressure pipeline system through undisturbed terrain or 
along an unlined channel route for a rehabi I itation project. 
Pipe costs can be estimated for concrete, steel, or PVC pipe, 
and turnout costs can be estimated for high or low pressure 
operation. 

PUMP Annual ownership, operation, and electrical power costs of 
large pumping plants and smal I on-farm pumping units are es
timated in this computerized procedure. Provision has been 
made to estimate escalation of power costs over the system 
I ife. On-farm ~nits can . be of centrifuga1 or turbine type, 
and costs of deep or shallow wei Is can also be estimated. USBR 
planning specifications and procedures are used in the estimation 
of annual costs for large pumping systems. 
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Figu re 10. Flow chart of APSYS program used to calculate annual costs 
and effi c iencies of irrigation application systems. 
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solid-set, and center pivot sprinkler systems, excluding pump and power 

requirements. Subroutine SURFACE is used to calculate annual costs and 

water application efficiencies for furrow and border surface systems. A 

documented I ising of APSYS and associated subroutines is given in 

Appendix B. 

The I ist of input parameters necessary for execution of APSYS is 

shown in Table 8. The main APSYS routine reads information for a 

specific soi I type, and subroutine CROP inputs soi 1-plant-water data 

for each crop on that soi I. Information concerning these parameters 

is then utilized by subroutines SPNKLR and SURFACE to calculate the 

desired information relating to sprinkler and surface systems. 

Costs and efficiencies for sprinkler systems 

Subroutine SPNKLR is designed to calculate the annual costs associated 

with a hand-1 ine, side-rol I, solid-set, or center pivot sprinkler system 

that may or may not be used in conjunction with a main I ine supplying 

water to the laterals. Data for the laterals are entered separately 

from those pertaining to the main I ine. 

Lateral input parameters include a physical description of the 

system, related labor requirements, and costs associated with the sprinkler 

system. The physical description includes the l~teral length and spacing, 

specified alternative set-length times, and the expected application 

efficiency of the system. This information is used to compute the area 

served by each lateral and the resulting schedule of operation. Knowledge 

of system labor requirements and average water rates over the system I ife 
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Table 8. Input parameters used to calculate annual costs and 
efficiencies of irrigation application systems. 

Input Parameters for APSYS and CROP 

So i I type 
Farm size 
Field s lope 
Intake f amily CSCS classification) 
Number of crops 
Sol I water-holding capacity 
Root zone depth 
Percent of TAM usable as TRAM (total readily available moisture) 
Total annual ET 
Maximum ET rate incurred 
Crop Pattern Percentage 

Input Parameters for Subroutine SPNKLR 

Lateral data: 
Latera I I ength and spacing 
Time required to move lateral 
Alternative set-length times 
Estimated system efficiency 
Evaporation losses 
Maximum allowable wnter intake rate 
System cost ( Ia tera Is, heads, nozz I es, etc. ) 
System I i fe 
Inte rest rate 
Sa lvage value, taxes, insurance, and maintenance costs 
Co ntingency cost 
Labor wage · rate 
Transport t ime between irrigations 
Net value of water lost to deep percolation 

~.1 a in I i ne data: 
Ma in I ine pipe sizes 
Mainline pipe lengths 
Unit pipe costs, including mainline appurtenances 
Earthwork costs 
System I i fe 
Interest rate 
Salvage value; taxes, insurance, and maintenance costs 
Va lue of land lost to production 
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Table 8. Continued. 

Input Parameters for Subroutine SURFCE 

Manning's roughness coefficient for border-irrigated crops 
Field lengths 
Design flow rate 
Furrow spacing or border width 
Average set-length time 
Labor requirements per irrigation 
Add it i ona I I abor requirements 
Labor wage rate 
Cost if Irrigation system equipment 
Major land forming costs 
System I ife expectancies 
Salvage values 
Interest rate 
Annua I land preparation costs 
Value of land cost to production 
Annual maintenance cost 
Taxes, insurance, and maintenance costs 
Net value of water lost to surface runoff 
Net value of water lost to deep percolation 
Subsurface drainage requirements 
FURROW subroutine options: 

Fixed set-length time and flow rate 
Computed set-length time with fixed flow rate 

BORDER subroutine options: 
Systems evaluated with available advance, recession, and 

intake data 
Fixed set-length time and fixed flow rate 
Variable set-length time and fixed flow rate 
Computed flow rate and set time for optimal efficiency 
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is necessary for computing annual labor costs. The initial system cost, 

I ife, and salvage value of system components are used along with the 

interest rate in computing the annual cost of capital recovery for the 

late ra l. Other expenses include taxes and insurance which are computed 

as a pe rcentage of t he average capital investment. 

Main I ine input parameters are similar to those for the sprinkler 

latera l. The area suppJied by the main I ine, set equal to the planned 

farm size, i s neccesary for computing costs on a per-acre basis. Annual 

cap ita l recovery costs for the mainline are also computed. 

Two additional parameters are used in the computation of tota l 

annual costs for sprinkler system~ The first parameter is the net va lue 

of la nd lost to production through the use of a particular system con

fi guration. The second is the net value of water 16st to deep pe rco lati on, 

and may be positive or negative depending upon - le~ching requirement s , 

ferti I izer losses, water table buildup, etc., by the system. The value 

of deep perco lation losses is normally set equal to zero in this routine 

i f the program output is to be used in conjuction with a I inear-pro-

gramm ing model, where deep percolation changes or benefits can be appli ed 

wi th the parametric programming option. 

The fl ex ibi I ity of subroutine SPNKLR permits computation of annual 

costs for many different lateral-main! ine combinations and farm sizes. 

Center pivot systems should be planned only for farms with fields of 

s uffici ent shape and size for adequate coverage and operational con

venience. Estimation of sprinkler system efficiencies should be based on 
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the level of operations management of the area f~rmers, prevalent w1nd 

patterns and speeds, proposed lateral ~nd nozzle sizes and spacings, 

and estimated system operatfng pressures. These efficiency values are 

supplied by the systems planner. 

Costs and efficiencies for surface systems 

Subroutine SURFCE uti I izes soi 1-crop data passed to it from the 

APSYS crop subroutine, in conjunction with the data I isted in Table 8, 

to compute efficiencies and annual costs for planned surface systems. 

System dimensions and labor and equipment costs are uti I ized in much 

the same manner as they are in the SPNKLR subroutine. Land-forming 

costs are also required. These costs include initial leveling operations 

and annual land-planing requirements. The amount of land lost to pro

duction due to system components and values of water lost to surface 

runoff and deep percolation are also used in computing the total surface 

system cost. Runoff and deep per~olation values should be set equal 

to zero if output is to be used with parametric programming options in 

the I inear programming model. Multiple run lengths can be input to 

subroutine SURFCE to determine the most feasible or efficient field 

length for the particular soi I type and crop studied. 

Costs of a drainage system for surface irrigated lands are estimated 

in the SURFCE procedure by subroutine SDRAIN. This subroutine uti I izes 

tile drainage system estimation guide! ines furnished by the United States 

Bureau of Reclamation to size and space lateral drains. Input data in

clude drain depth, permissible -water table heights, drain slopes, and 
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soi I permeabi I ity, along with unit costs of drain pipes, excavation 

quantities, and gravel envelopes. 

Whereas the efficiency of a sprinkler can usually be adequately 

estimated using knowledge of the system design, operation manage~e ~t and 

local climatic conditions, the determination of system effJci encies 

for a surface system i s often difficult to compute. This difficulty 

is due to the many variables that affect the hydraulics of surface 

irri ga tion along with the high variabi I ity of system management. 

Hydraulic characteristics of surface irrigation as applied t o 

essentially planar two-dimensional flow in a border or furrow are 

currently weir understood and can, in most instances, be represented 

in equation form. Exponential equations and models describing 

inti ltration of water, irrigation advance trajectories, and border 

recession rates can be used along with open channel hydraulic equations 

such as Manning's equation to evaluate surface irrigation system per

formances and effi c iencies, and to also design feasible lengths of 

border and furrow irrigated fields under known management -conditions. 

Data passed to the subroutines BORDER and FURROW from subroutine 

SURFCE for system evafuation include the SCS intake family designation 

of the soi I type, representative field lengths and furrow and border 

widt hs, the desire volume of applied water per irrigation, field 

s lopes, Manning's roughness coefficient for the specified crop, 

planned border and furrow flow rates, and the number of irrigations 

per season. Set-time lengths are optional input into both subroutines 
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and coefficients of advance, recession, _ and infiltration equations may 

be optionally input to subroutine BORDER. 

Border evaluation 

The main method of border irrigation system evaluation and design 

used in the APSYS routine by the subroutine BORDER was obtained from a 

recent report on border irrigation hydraulics by Strelkoff and 

Ka topodes (1977). 

Border irrigation advance has been model led using equations and 

graphs which provide dimensionless advance solutions. The methodology 

used combines theories of zero inertia, open channel flow, continuity, 

and mementum (Katopodes and Strelkoff, 1977). Graphical forms of 

dimensionless advance trajectories of border irrigation for typical 

agricultural sol Is have been described in a regression-equation form 

for use in the BORDER subroutine. 

Recession rates are calculated in s~broutine BORDER by an 

algebraic method also described by Strelkoff (1977). Intake opportunity 

times of selected points along a border irrigated field are then es

timated using advance and recession rates. These intake times are 

used with an equation describing infiltration of water into the 

particular soi I to compute infiltration volumes, deep percolation 

losses, and field efficiencies. 

Four options of system evaluation and design used by subroutine 

BORDER (table 8) provide a systems planner flexibi I ity in system de

sign and planning. Advance, recession, and intake data, if avai !able, 
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ca n be input to subroutine BORDER, and water distribution and application 

efficiencies are evaluated on the basis of these data. The method of 

dimensionless advance is not used in this option, and advance and re

cession data must be supplied for the specific flow rate used. Inti 1-

tration of water is calculated through use of the Kostiakov-Lewis equation 

(Wi Ike and Smerdon, 1968 ). If the set-length time is not input into 

the model, it wi I I be computed by the program. 

The last three BORDER options I isted in Table 8 uti I ize the afore

mentioned methods of dimensionless advance and algebraic recession to 

estimate hydraulics of the irrigation water. Border systems can be 

evaluated to~ constant set-length times and system flow rates, or for 

times and flow rates ·calculated by the subroutine to provide optimal 

distribution and application efficiencies. 

Furrow evaluation 

Subroutine FURROW uti I izes coefficients of the Kostiakov-Lewis 

inti ltration equation in conjunction with inti ltration equations de

scribed by Vaziri et al ( 1973) to compute the advance, inti ltration, 

and efficiencies of furrow irrigated fields. As in the border 

evaluation subroutine, parameters describing the water inti ltration 

coefficients are representative of standard SCS intake fami I ies 

<USDA-SCS, 1974). The furrow flow rate size is required input for 

subroutine FURROW. Set-time lengths can be calculated in the program 

if unknown. 
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APSYS output 

A sample of APSYS program solutions for a side-rol I sprinkler 

system is shown in Table 9, and a sample output for a border irrigation 

system is I isted in Table 10. Program solutions include pertinent 

system parameters read into the computer routines along with computed 

annual costs, losses, and efficiencies. Pumping unit and annual power 

costs are not included in the application system annual cost figures. 

A sinking fund method of calculating depreciation and interest is used 

in the APSYS routine for determining annual system ownership and 

operation costs. 

Program I imitations 

The APSYS routine requires data ~hat are known or that can be · 

readily obtained. Generalities in input and program computation are 

necessary in order that program solutions may be representative of an 

area larger than an individual farm. The routines used assume uniform 

land slopes and uniform soi I types with inti ltration rates similar 

to those of SCS classifications (USDA-SCS, 1974). Any non-uniform sol I 

types or soi Is with variable slopes should be subsectioned for refined 

analyses. 

One typical farm size is used to represent ownership conditions 

of each soi I type. Wide variations in farm· and field sizes and shapes 

may necessitate further division of a soi I class. 

This program does allow flexibi I ity in selecting the type or 

level of farm and irrigation management to be practiced by farmers in an 
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Ta ble 9. Sample APSYS computer routine output for a sprinkler 
irrigation system, Salem Irrigation District. 

Annual Cost of Irrigation-- Side Rol I Wheel Line 
Soi I Type Number -- I (Annis) 

Grain 

Farm Data: 

Latera I I i fe, years 
Field Length Ft. 
Farm size, acres 
No. of irrigations 
Frequency of irrigation, days 
GPM/Iateral 
Labor rate, $/hr. 

Number of laterals/farm 
Length of lateral, feet 
Lateral spacing, feet 
Time to move lateral, min/set 
Time of setting, hrs. 
Transport time per rotation, hrs. 
Area covered by each lateral, acres 

Cost per I atera I I i ne, $ 
Salvage Value 
Allowable intake rate, in/hr. 
Total labor, hr/ac/yr 

Deep percolation, a t/acre 
Application efficiency, percent 

Main! ine Data: 

Main I ine I ife, years 
Total area served by main! ine, acres 
Total length of mainline, feet 

Diameter (in) 

8. 
6. 

Salvage value 

Length (ft) 

600. 
700. 

Total cost of main! ine, $ 
Tota I investment ( $/ac) 

63. 

Cost C$/ft) 

3.65 
2.30 

15. 
1300. 

80. 
3. 

21. 
247. 

5. 

2. 
1300. 

50. 
30. 
12. 
I. 

40. 

5940. 
772.20 

0.80 
I. 

0.256 
75.00 

20. 
80. 

1300. 

376.20 
4180. 
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Table 9. Continued 

Annual Cost: (9.5% interest) 

Depreciation (sinking fund) 
Latera Is 
Main I i ne 

Interest on investment 
Latera Is 
Main I i ne 

Labor cost 
Maintenance cost (3.0% initial investment) 
Taxes and insurance (0.5% initial investment) 

Total 

$/ac 

4.38 
0.88 

14. II 
4.96 
4.31 
6.02 
1.10 

35.76 

Note: Total Annual Cost Does Not Include Pump Unit and Reservoirs 
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Table 10. Sample APSYS computer routine output for a border irrigation 
system, Salem Irrigation District. 

Annual Cost of Irrigation -- -Gravity Irrigation System with Good 
.Man'agement -- Soi I Type Number-- I (Annis) 

I 
I 

Farm Data: 

Field length, ft. ! 
Labor required, hr/ac/irr 
Additiona l labor, hr/ac/irr 
Labor rate, $/hr 

Grain 

Cost of canst. farm ditch, $/ft 
Cost of irrigation structures $/ac 
Cost of farm ditch I ining, $/ft 
Cost of mise, equip., $/ac 
Cost of leveling, grading, $/ac 
Cost of land preparation, $/ac 
Cost of land lost to production, $/ac 

Number of irri g./ season 
Depleted RAM between irrigations, inches 
Frequency of irrigation at peak use, days 

Farm size, acres 
Field size for thi s crop, acres 
System I ife, years 
Salvage value 
Total investment, $/ac 

Ownership cost ($/ac) 

Depreciation (sinking fund) 
Interest on initial investment (9.5%) 

Operation and Maintenance cost ($/ac) 
Labor cost 
Maintenance and repair (including annual land prep) 
Taxes a n d i n s u r a n c e ( 0 . 5% i n i t i a I i n vestment ) 

Sub tota I ..............................•..... 
Cost of land lost to production 
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1000. 
0.35 
0.0 
5.00 
0.40 

20.00 
2.50 
0.0 

200.0 
10.00 

250.00 

3. 
4.20 

21. 

80. 
28. 
50. 
0.0 

346. 

2.70 
32.90 

5.25 
10.73 
0.37 

51.95 
7.50 



Table 10. Continued 

Cost of water lost 
Cos~ of sub-surface drain ($/ac) 

Total annual cost ($/ac/yr) 

Border Irrigation Efficiency Estimates Soi I Type Number-- I 

Length of irrigation run, ft 
Depth of water applied at field head, in 
Depth of water applied at field end, in 
Unit stream size, cfs/ft 
Border width, ft 
Field slope, ft/ft 
Time of application, min 
Application efficiency, percent 
Distribution efficiency, percent 
Volume of deep perc, ac-ft/ac/yr 
Volume of runoff, ac-ft/ac/yr 

66. 

0.0 
0.0 

59.45 

1000. 
4.20 
3.61 
0.051 6 

40 
0.0020 

162. 
67. 
90. 
0.0 
0.50 



irrigation district. The optimal efficiency options present in the 

surface subroutines should be used only if area farmers are financially 

and physically capable of maintaining high levels of operati on and main-

tenance management. These options assume coordination with effi c ient 

irri ga tion scheduling. 

In alI methods of ap plication systems design used in this mod e l, 

a continuous supply of water is assumed during periods of peak consumptive 

use. Sprinkler systems a re designed for continuous operation durin~ 

this period, aside from required moving times. Surface irrigati ons 

would require continuous scheduling among water users to provide 

irrigated fields with the proper flow rate required for efficient 

irri ga tion. 

The APSYS routines do not evaluate benefits achieved from in-

creased crop growth uniformities or yields resulting from increased 

irri gation management or system design. Crop growth models coupled 

with a multidisciplinary approach to systems evaluation wi I I be 

neces sary for a complete understanding of an irrigation system's 

impac t on crop production levels. 

Application of APSYS routine to the 
Salem Irrigation District 

Data obtained for the four c rops considered for each of the 

four general soi I series combinations shown in Figure 5 are I isted 

in Table I I. The ap p lication systems considered for each sol I type 

a long with their basic individual characteristics are I isted in 
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Table I I. Design Parameters for on-farm application systems, Salem Irrigation District. 

Water Read i I y Normal Oa i ly App I i ca- I rr. Number 
Holding Rooting Available I rr. Peak Crop tion Freq. of 

Crop Capacity Depth Moisture Require- Use Pattern depth (days) lrriga-
(in/ft) (ft) <%) ment (in) ( i pd) (%) ( i n) · tions 

Annis Soi I Class I 

* * * Potatoes 2.4 2.5 40. 18.0 0.28 30. 2.4 8 8 
Grain 2.4 3.5 50. 12.3 0.20 35. 4.2 21 3 
Alfalfa 2.4 4.0 60. 19.0 0.23 20. 5.8 25 . 4 
Pasture 2.4 2.5 50. 17.0 o. 19 15. 3.0 16 6 

Withers Soi I Class 2 

0\ 
Potatoes OJ 2.2 2.5 40. 18.0 0.28 30. 2.2 8 9 
Grain I .9 3.0 50. 12.3 0.20 35. 2.9 14 7 
Alfalfa 1.9 3.0 60. 19.0 0.23 20. 3.4 15 6 
Pasture 2.2 2.5 50. 17.0 0. 19 15. 2.8 14 7 

Blackfoot Soi I Class 3 

Potatoes . 2.2 2.5 40. 18.0 0.28 30. 2.2 ·. 8 . 9 
Grain 2.2 3.5 50. 12.3 0.20 50. 3.9 19 4 
A I fa I fa 2.2 4.0 60. 19.0 0.23 20. 5.3 23 4 

Hayeston Soi I Class 4 

Potatoes 1.6 2.5 40. 18.0 0.28 20. I .6 6 12 
Grain 1.4 3.0 50. 12.3 0.20 40. 2. I 10 6 
Alfalfa I. 4 3.0 60 19.0 0.23 20. 2.5 II 8 
Pasture I • 6 2.5 50. 17.0 o. 19 20. 2.0 10 9 

I Annis Silty Clay Loam 
2 Withers Clay Loam 
3 Blackfoot and Bannock Loam 
4 Hayeston Variant Coarse Sandy Loam, Labenzo Si It Loam, Haplaquol Is Misc. 

* Data obtained from output of APSYS routine 



Tables 12 and 13. Appendix C contains a complete I isting of the computer 

input used for application systems evaluation for the Salem Irri gat ion 

Di stri ct. 

Data setup. The following methodology was used to obtain the cost 

and efficiencies of specific application system types for each of the 

so i Is groups in Figure 5. Farm and field sizes and crop distribution 

for each soi I group were obtained from large-scale aerial photos and the 

Madison County Atlas and Plat Book (1977), and by visual observation. 

Field slopes and slope directions were measured from topographical maps 

and by discrete fie I d surveys . So i I intake c I ass if i cations were 

selected from information gathered from local and regional SCS personnel, 

and crop patterns of the various soi I types were estimated from area 

·reconnaisance work and historical records. AI I application systems cost 

data used were collected from sources near Rexburg, Idaho. An interest 

rate of 9.5 percent was used for alI on-farm systems planning. 

The farm sizes for each crop and soi I type were grouped into the 

si ze categories I isted in Table I. Multiple field lengths were analyzed 

for gravity systems, and selection of field lengths to be used in the 

I inear programming optimization procedure was based on current field 

sizes, attainable irrigation efficiencies, and annual system costs. 

Improved and unimproved furrow systems were evaluated for potatoes on 

alI so i Is and improved and unimproved border irrigation systems were 

evaluated for grain, alfalfa and pasture crops. Descriptiens of these 

grav ity systems are I isted in Table 13. 
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Table 12~ SprinkLer application systems considered for the Salem Irrigation District 

System type 

Hand- I ine sprinkler 

Side-rol I sprinkler 

Solid-set sprinkler 

Center pivot sprinkler 

Main I i ne 
length 
(feet) 

2600 
2010 
1675 
1300 

2600 
2010 
1675 
1300 

2600 
2010 
1675 
1300 

1300 

Area served 
by main I ine 

(acres) 

* 160 CHayeston) 
120 (Withers) 
100 (Blackfoot) 
80 <Annis) 

160 
120 
100 
80 

160 
120 
100 
80 

160 

Latera I 
length 
(feet) 

1300 
1300 
1300 
1300 

1300 
1300 
1300 
1300 

650 
650 
650 
650 

General description 

The layout of this system consists of 
hand-carried laterals supplied by a 
semi-permanent main I ine. Lateral 
spacing is 50 feet. 

The layout of this system consists of 
mechanically moved laterals supplied 
by a semi-permenant mainline. Lateral 
spacing is 50 feet. 

The layout of this system consists of 
a solid set of semi-permanent laterals 
on 50 feet spacings supplied by a semi
permanent· main I ine. This system is 
used on potatoes only. 

1298.5 This system consists of a mechanically 
moved lateral which rotates about a 
central pivot point. W~fer is supplied 
by a permanent buried mainline. The 
lateral includes an attached corner 
system. 

* Sol I types are defined in Table I and Appendix A. 
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Table 13. Surface application systems considered for the Salem Irrigation District. 

System Type 

Unimproved gravity 

Improved gravity 

Field length 
(feet) 

1300 
1000 
800 
600 
400 

1300 
1000 
800 
600 
400 

Furrow 
width 

(feet) 

3 

3 

Border 
(feet) 

40 

40 

General Description 

This system cons ists of poorly maintained 
earthen ditches with earthern and wooden 
structures and portable canvas dams used 
for water control. Maximum allowable 
length of irrigation run is 1300 feet. 
Minimum allowable set time length is 240 
minutes. 

This system consists of wei I maintained 
concrete ·d itches with concrete and metal 
structures used for water control. Max
imum allowab le length of irri gation run is 
1300 feet. Extensive land leveling opera-
tions and irrigation scheduling management 
is required. Set time length is adjusted 
for maximum efficiencies. 



For sprinkler systerm, the representative farm size and layout on 

each soi I type were used in conjunction with crop acreage data to determine 

the overal I annual costs per acre. Hand-line and side-rol I sprinkler 

laterals were assumed to be 1300 feet in length. Center pivot systems 

were evaluated for square fields 160 acres in area. Increased costs and 

irrigated areas created by the use of corner systems on the center 

pivots were included. Only one soi I class (Hayeston) has field areas 

large enough to accomodate a large pivot sprinkler system. Thus, this 

system was not evaluated for the other three soil types. 

Solid set systems were evaluated with 650-foot laterals and were 

planned for potatoes only. Pumping costs were added to alI sprinkler 

system costs before inclusion in the linear-programming model for 

systems not receiving water from a high pressure distribution system. 

Program output. The annual costs per acre and efficiencies for 

each type of application system considered are I isted in Tables 14 

thrbugh · 17 for the four crops . and soi I series groups studied. The annual 

costs computed for application systems include the costs of applying 

water and conveying the water from a point of delivery to the point or 

points of application. Also included in the annual costs of the 

sprinkler systems are pumping and power costs com~uted by the PUMP 

program discussed towards the end of this chapter. The volume of 

energy demanded by the center pivot system (Table 17) is lower than 

solid-set or hand-move and side-rol I systems because continuous operation 

of the center pivot system during peak water use is possible, faci I itating 
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Table 14. Application system parameters for Annis silty clay loam -- Salem Irrigation District. 

Annual 
Run or cost 
lateral including Application Maximum Energy 

System length pumping cost efficiency required Demand 
symbol System Crop Cf eet) ($/acre) (percent) (cfs/acre) (kwh/acre) 

SUBP I sub- Potatoes II 00 20.50 18. 0.0665 
SUBG I irrigation Grain II 00 20.50 13. 0.0657 
SUBAI Alfalfa I I 00 20 . 50 19. 0.0522 
SUBBI Pasture I I 00 20.50 17. 0.0475 

UNGPI Unimproved Potatoes 1000· 59.00 41. 0.0287 
-..j UNGGI gravity Grain 1000 37.50 39. 0.0215 
\..pJ UNGAI Alfalfa 1000 39.30 54. 0.0179 

UNGBI Pasture 1000 42.80 26 . 0.0307 

IMGPI Improved Potatoes 1000 7 4. 30· 43. 0.0274 
IMGGI gravi ty Gra i n 1000 59.50 67. 0.0125 
IMGAI Alfalfa 1000 61.20 58. 0.0166 
IMGBI Pasture 1000 64.70 51 . 0 .0157 

HMPPI Hand- I i ne Potatoes 1300 76.90 70. 0.0168 846 
HMPGI sprinkler Grain 1300 65.50 70. 0.0120 
HMPA I Alfalfa 1300 71.50 70. 0.0138 
HMPBI Pasture . 1300 71.40 70. 0.0114 

SRPPI S i de-ro I I Potatoes 1300 78.90 70. 0.0168 790 
SRPGI sprinkler Grain 1300 74.30 70. 0.0120 
SRPAI Alfalfa 1300 76.70 70. 0.0138 
SRPBI Pasture 1300 76.70 70. 0.0114 

SSPPI So I i d-set Potatoes 650 230.50 75. 0.0157 636 
sprinkler 



Table 15. Application system parameters for Withers clay loam-- Salem Irrigation System. 

Annual 
Run of cost 
I atera I including App I i cation Maximum Energy 

System I ength pumping cost efficiency required Demand 
symbol System Crop (feet) ($/acre) (percent) (cfs/acre) (kwh/acre) 

SUBP2 sub- Potatoes 1200 20.60 18. 0.0665 
SUBG2 irrigation Grain 1200 20.60 13. 0.0657 
SUBA:L Alfalfa 1200 20.60 19. 0.0522 
SUBB2 Pasture 1200 20.60 17. 0.0475 

-.....J UNGP2 Unimproved Potatoes 1300 46.60 44. 0.0268 
~ UNGG2 gravity Grain 1300 29.30 27. 0. 0311 

UNGA2 Alfalfa 1300 30.60 34. 0.0284 
UNGB2 Pasture 1300 50.40 48. 0.0307 

IMPP2 Improved Potatoes 1300 58.30 46. 0.0256 
IMPG2 gravity Grain 1300 47.70 58. 0.0145 
IMPA2 Alfalfa 1300 49.00 57. 0.0169 
IMPB2 Pasture 1300 50.40 48. 0.0166 

HMPP2 Hand- I i ne Potatoes 1300 66.40 70. 0.0168 732 
HMPG2 sprinkler Grain 1300 58.50 70. 0.0120 
HMPA2 Alfalfa 1300 61.80 70. 0.0138 
HMPB2 Pasture 1300 63.20 70. 0. 0114 

SRPP2 S i de-ro II Potatoes 1300 69.40 70. 0.0168 632 
SRPG2 sprinkler Grain 1300 59. I 0 70. 0.0120 
SRPA2 Alfalfa 1300 60.50 70~ 0.0138 
SRPB2 Pasture 1300 61. I 0 70. 0.0114 

SSPP2 So I i d-set Potatoes 650 223.20 75-. 0.0157 486 
sprinkler 
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Table 16. Application system parameters for Blackfoot and Bannock loams -- Salem Irrigation 
District. 

Annual 
Run of cost 

lateral including Ap pI i cation Maximum Energy 
System length pumping cost efficiency required Demand 
symbol System Crop (feet) ($/acre) (percent) Ccfs/acre) (kwh/acre) 

SUBP3 sub- Potatoes 1400 20.60 1-8. 0.0665 
SUBG3 irrigation Grain 1400 20.60 13. 0.0657 
SUBA3 Alfalfa 1400 20.60 19. . 0 . 0522 

UNGP3 Unimproved Potatoes 1300 46.60 34. 0.0346 
UNGG3 gravity Grain 1300 27 .90 50. 0.0168 
UNGA3 Alfalfa 1300 27.90 55. 0.0176 

IMGP3 Improved Potatoes 1300 58.30 36 . 0.0327 
IMGG3 gravity Grain 1300 46.30 67. 0.0125 
IMGA3 Alfalfa 1300 46.30 54. 0.0169 

HMPP3 Hand- I i ne Potatoes 1300 63 . I 0 70. 0.0168 622 
HMPG3 sprinkler Gra in 1300 54.40 70. 0.0120 
HMPA3 Alfalfa 1300 56.40 70. 0.0138 

SRPP3 S i de-ro I I Potatoes 1300 72. 30 70. 0.0168 580 
SRPG3 sprinkler Grain 1300 60.30 70. 0.0120 
SRPA3 Alfalfa 1300 61. I 0 70. 0.0138 

SSPP3 So I i d-set Potatoes 650 226.80 75. 0.0157 580 
Sprinkler 
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Table 17. Application system parameters for Hayeston Variant coarse sandy loam, Labenzo si It 
loam, and Haplaquol Is misc. -- Salem Irrigation District. 

Annual 
Run of cost 
I atera I including App I i cation Maximum Energy 

System length pumping cost efficiency required Demand 
symbol System Crop (feet) ($/acre) (percent) (cfs/acre) (kwh/acre) 

SUBP4 sub- Potatoes 1200 20.80 18. 0.0665 
. SUBG4 irrigation Grain 1200 20.80 13. 0.0657 
SUBA4 Alfalfa 1200 20.80 19. 0.0522 
SUBB4 Pasture 1200 20.80 17. 0.0475 

UNGP4 Unimproved Potatoes 1000 61.00 46. 0.0274 
UNGG4 gravity Grain 1000 34.80 6. 0. 1401 
UNGA4 Alfalfa 1000 38.30 8. 0. 1208 
UNGB4 Pasture 1000 40.00 5. 0. 1597 

IMGP4 Improved Potatoes 600 I I I. 00 47. 0.0251 
IMGG4 gravity Grain 600 79.00 68. 0.0124 
IMGA4 Alfalfa 600 85.00 70. 0.0138 
IMGB4 Pasture · .600 88.00 36. 0.0222 

HMPP4 Hand- I i ne Potatoes 1300 62.00 70. 0.0168 664 
HMPG4 sprinkler Grain . · 1300 54.00 70. . 0. 0120 
HMPA4 Alfalfa 1300 58.80 70. 0.0138 
HMPB4 Pasture 1300 59.30 70. 0. 0 I 14 

SRPP4 S i de-ro II Potatoes 1300 71 .30 70. 0.0168 566 
SRPG4 sprinkler Grain 1300 57.30 70. 0.0120 
SRPG4 A I fa I fa 1300 59.30 70. 0.0138 
SRPB4 Pasture 1300 59.30 70. 0. 0 I 1'4 

SSPP4 So I i d-set Potatoes 650 222.30 75. 0.0157 469 
sprinkler 



Table 17. Continued . 

Annual 
Run of cost 
lateral including Ap p I i cation -Maxim um Energy 

System length pumping cost efficiency required Demand 
symbol System Crop (feet) ($/acre) (percent) (cfs/acre) (kwh/acre) 

CPPP4 Center Potatoes 1298 .5 61 . 00 80. 0 . 0147 451 
CPPG4 Pivot Grain 1298.5 61 .00 80 . 0.0105 
CPPA4 sprinKler Alfalfa 1298.5 61 . 00 80. 0.0121 
CPPB4 Pasture 1298. 5 . 61 .00 80. 0.0100 

--..j 
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a lower flow rate. 

Listings of computer output from routine APSYS have been included in 

Appendix D for the Annis silty clay loam soi I type. Sample output is 

shown in Tables 9 through 10. 

Distribution System Annual Costs and Efficiencies 

Distribution system costs are estimated for open channel and pipe 

system components by the FORTRAN IV computer routines entitled CANAL 

and PIPE. Many of the design procedures used in these routines were 

obtained from the United States Bureau of Reclamation. These procedures 

were incorporated into this irrigation alternative optimization model 

during a project support primarily by the USBR in 1977 (Gal inato et al. 

1977), and the XCANAL and XPIP routines written during that study 

coincide with the routines CANAL and PIPE presently used in this model. 

The XCANAL and XPIP routines were rewritten during this project 

to provide for rehabi I itation planning of existing unlined canal systems 

and to estimate construction costs of privately financed irrigation 

projects. The basic design procedures used in XCANAL and XPIP haVe 

been retained in the present computer routines, although most of the 

cost-estimating algorithms have been modified; 

The computer model written for the USBR is described in detai I in 

a completion report published by the Water Resources Research Institute 

at the University of Idaho (Gal inato, et al. 1977), and is currently 

supported on the USBR computer in Denver, Colorado. The Bureau model 

provides good cost estimates for planning of federal irrigation projects, 
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Figure I I. Cross-section showing channel modification (a) or 
installation of pipe during rehabi I itation of an 
irrigation distribution system (b). 
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although these estimates may overestimate construction costs of smaller 

projects or private irrigation systems where the service I ife of system 

components may be shorter or the components may be designed for con

struction out of I ighter or less expensive materials. 

systems rehabilitation procedures. 

The routines CANAL and PIPE provide cost estimations for various 

types of irrigation conveyance systems and include subroutines which 

estimate earthwork costs associated with construction of these systems. 

Provision has been made in these subroutines to estimate various volumes 

of earthwork which would be required in modernizing or rehabi I itating 

an existing unlined open channel system. Rehabilitation would be ac

complished either by reshaping and I ining the channel with an impervious 

membrane or by instal I ing sections of high or low-head pipe along the 

channel bottom (Figure I 1). 

Rehabi I itation of a conveyance system is normally undertaken to 

decrease high seepage losses and operational losses caused by poor 

water control facilities and mismatched sizes of system components, as 

wei I as to rectify incompatabi I i~ies between conveyance and on-farm 

systems. Uti I ization of an existing canal system in a rehabilitation 

project can considerably reduce earthwork costs and the need for new 

rights-of-way acquisitions required in new route selection. Often, 

however, a common purpose of systems rehabi I itation is to straighten 

irrigation channels to reduce operation and maintenance costs as wei I 

as seepage losses from the conveyance system. In this case, an existing 
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channel with many tortuous sections would most probably be abandoned and 

leveled. 

Estimated volumes o f required earth f i I I are assumed to be borrowed 

from land areas adjacent to the channel. In the pipe rehabi I itation 

scheme, the existing channe I is I eve I ed after the p ipe is i nsta I I ed to 

conform with the surrou nding terrain. 

Formulation of annual cost functions 

Annual costs for conveyance systems are formulated in the CANAL and 

PIPE programs as functions of the range of flow rates each section can 

be expected to convey. The flow rate range of a section is dependent 

upon the consumptive water requirements of crops grown, the expected 

efficiencies of planned application systems, and the size of the land 

area served by the conveyance section including other downstream 

sections and their corresponding seepage losses. Each conveyance is 

sized in the I inear-programming· optimization procedure to obtain 

minimum _ cost combinations of application and distribution systems 

which satisfy alI system constraints. Thus, depending upon efficiencies 

of application systems selected by the optimization procedure, a wide 

range of design flow rates for each section is possible. 

Annual section costs need to be determined for the case where the 

least efficient application systems are operated in alI service areas 

in conjunction with distribution system types with the highest con

veyance losses. If annual costs are also computed for the case where 

the most efficienct application and conveyance systems are incorporated 
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into the study area, then annual costs for the maximum and minimum 

possible design flow rates of each section wi I I be known. 

Annual costs should be determined for 8 to 10 flow rate increments 

between the minimum and maximum rates possible for each conveyance 

section. A least-squares linear regression analysis is then used in 

the distribution cost routines to determine the best fit I inear relation-

ship between annual cost and design flow rates; This relationship, in 

the form of Annual cost= a +.bQ, is discussed in Chapter I I I. A I inear 

relationship between annual cost and section flow rates is necessary for 

compatabi lity with the I inear programming model discussed in Chapter VI. 

Although anriual cost funct ·ions of distribution system components 

may not be I inear, they can usually be described accurately by a linear 

function if only a short arc of the function is described. Figure 12 

is a sketch of a function representing annual costs of a distribution 

section. The endpoints of the arc A-8 correspond with the minimum and 

maximum design flow rates, QA and Q8, for that section. A correlation 

coefficient, r, wi II indicate the accu~acy of a I inear function in 

estimating the annual cost of a section. A high correlation coefficient 

wi I I normally be obtained if the minimum and maximum design flow rates, 

and thus, the length of arc A-8, are chosen to represent a I imited range 

of flow rates. 

Open channel conveyance systems 

Calculations of sizes and costs of flow control structures and 

devices required for regulation and construction of most open channel 
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trapezoidal systems have been included in the CANAL routine. AI I costs 

and conveyance losses in this routine are computed in relation to the 

flow rates conveyed. Figure 13 is a simple diagram of the subroutines 

cal led by the CANAL program. Dashed I ines in the figure represent .input 

and output flows of data, and solid I ines depict the order and flow 

paths of calculations and data within the routine. A documented I isting 

of the CANAL program is included in Appendix B. 
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Figure 12. Linearization of an annual cost function. 
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Figure 13. Flow chart of CANAL program used to calculate annual 
costs of open channel distribution systems. 

84. 



Data input, design, and cost estimation. Most of the data uti I izod 

by CANAL is read with the free-form format subroutine INPUT, described at 

the beginning of this chapter. Some alphanumeric data required by the 

subroutines for labeling purposes require a specific format. Table 18 

I ists input parameters read into the CANAL routine. 

Unit prices and cost indices for earthwork and canal structures 

are entered into the main routine CANAL along with an ind .icator concerning 

rehabi I itation. The unit prices coincide with cost parameters used by 

the Bureau of Reclamation on most federal projects and can normal ,ly be 

obtained for the region of study. Cost indices can be computed for the 

base year noted by uti I izing cost index curves (USDI-USBR, 1977; 

Engineering News Record, 1977) or by contacting area construction compa nies . 

Data i·nput to CANAL are tr~nsferred to either subroutine DrTCST o r 

RECHAN, depending upon the planning conditions. RECHAN is used if an 

existing canal is to be included in the rehabi I itation plan, and DITCST 

is cal led if the planned conveyance system is to be constructed in un

disturbed terrain. Both subroutines uti I ize essentially the same design 

procedures . The main difference is in the estimation procedure used for 

computing earthwork volumes. 

Data are entered into subroutine DITCST or RECHAN concerning 

economic and hydraulic data common to alI conveyance sections in the 

distribution system evaluated. The subroutine then reads data for each 

specific conveyance section including the minimum and maximum possible 

design flow rates. 
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For each Q (flow rate) considered, subroutine DITCST or RECHAN wi I I 

compute a channel base-height ratio, freeboard, bank height, total channel 

depth, and height, thickness, and volume of the channel I ining. Five 

options are considered for I ining materials~ namely: (I) no I ining, 

(2) unreinforced Portland cement concrete, (3) reinforced Portland 

cement concrete, (4) asphaltic concrete, and (5) shotcrete. The canal 

seepage rate is estimated using the Mo:itz equation (Abbett, 1956), and 

the volume of water lost during an irrigation season is based on the 

number of days the canal would carry 75 percent of peak flow. 

DITCST and RECHAN wi I I also compute the cost of water control 

structures in each section, including rectangular inclined drops, 

concrete checks, modified Parshal I flumes, county bridges, farm bridges, 

drainage crossings, and farm turnouts. Estimating curves are used to 

compute costs for the above structures with the exception of county and 

farm bridges and drainage crossings. These estimating curves are in the 

b simple eponential from C = aQ where C =the instal led cost of the 

structure; Q =flow rate capacity of the structure; a= the intercept 

of the unit capacity of the cost curve; and b =the exponential slope 

of the cost curve. 

If a siphon is present in the system, subroutine SIPHON is cal led 

to estimate construction costs. This routine is a modified version of 

the ·USBR program SIPHN. If a tunnel within a section is required, sub-

routine TUNNEL is cal led to estimate the cost of dri I I ing or blasting 

the tunnel. Subroutine PIPER is uti I ized to estimate the cost per 
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I inear foot of concrete pipe for given diameters and head classes, 

if any siphons or drainage crossings are required in the channel 

sections. 

Channel earthwor k volumes are required rights-of-way are cal culated 

by subroutine EARTH in the DITCST option and by subroutine REARTH in 

the RECHAN rehabi I itati on option . Subroutine EARTH is a modified 

version of the USBR program BR021, and requires prismatic and terrain 

data similar to USBR specif icat ions. The types of parameters required 

by EARTH and REARTH are included in Table 18, and a schematic of a 

channel cross-section depicting the various prismatic and terrain 

parameters requi red by EARTH is shown in Figure 14. Parameters B, D, 

and HC in the figure are computed by subroutine DITCST. Prismatic 

parameters used to describe the shape of an existing channel to be 

rehabi I itated are shown in Figure 15. 

Subroutines DITCST and REHAB compute total construction and annual 

equivalent costs for each specified flow rate within the specified 

range. Subroutine REGLIN is then cal led to determine I inear regression 

coefficients of annual cost vs. flow rate. This procedure is repeated 

for alI canal sections to be evaluated by the program. The I inear 

regression cost coefficients, conveyance efficiency, and canal seepage 

computed for each canal section are used as data for the optimization 

procedures. 

CAN AL output. A sample solution of the CANAL program for a 

rehabi I itated open-channel section is shown in Table 19. Program output 
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Table 18. Input Parameters used to calculate annual costs and 
efficiencies of open channel distribution systems. 

Input Parameters for CANAL 

Unit costs for excavation, backfi I I, and compaction: 
Canals 
Canal structures 
Siphons 
Pipe trenches 

Unit costs for concrete: 
Ca na I I i n i ng 
Canal structures . 
Siphons 

Unit costs for steel and cement 
Cost indices for estimation of pipeline construction 

(USBR parameters): 
Hourly wage rates 
Equipment index 
Area factor 
Haul distances 
Stee I index 
Cement i ndex 

Indicator for new or rehabilitation planning procedure 

Input Parameters Common to DITCST and RECHAN 

Cost contingencies (percentages): 
Canal and lateral structures 
Earthwork 
Rights of way 
Ca na I I i n i ng 

Canal structures cost index 
· Lining material code 
Channel hydrau1 ics: 

Side slope of trapezoidal channel 
Manning's roughness coefficient 
Maximum allowable velocity 
Minimum channel depth 

County bridge data 
Project I i fe 
Annual interest rate 
Salvage value <%of original cost) 
Value of water lost from canal 
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Table 18. Continued. 

Number of days canal operates above 75% of capacity 
Operat i ona I I osses (% of f I ow) 

Input Parameters for Each Specific Channel Section (DITCST and RECHAN) 

Seepage coefficient, Moritz equation 
Percent rock excavation 
Additional right of way and value 
Area and unit costs for severance payment 
Elevations of section inlet and outlet 
Number and sizes of turnouts 
Number and sizes of drainage crossings 
Number of canal structures: 

Rectangular inclined drop< 3 feet 
Rectangulat inc I ined drop> 3 feet 
Concrete check w/o apron 
Modified Parshal I flume 
County bridge 
Farm bridge 
Siphon 
Tunnel 

Siphon data (USSR specifications): 
Head loss and velocity 
Lengths of upstream, downstream, and bottom slopes 
Transition loss coefficient 
Slopes of upstream; downstream, and botton sections 
Width of right of way 

Tunnel data (USSR specifications): 
Head loss and velocity 
Elevation of job 
Length 
Number of headings 

New channel earthwork option (DITCST): 
Prismatic data (USSR specifications): 

Rock cut slope 
Upper cut bank slope 
F i I I cut s I ope 
Upper bank width 
Lower bank width 
Compacted embankment width 
Compactment factor 
Percent rock in fi I I 
Depth of cut adjustment 
Compacted embankment code 
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Table B. Continued. 

Terrain data (multiple stations): · 
Station distance 
Ground cross slope 
Center I i ne cut 
Rock center I ine cut 
Station code 
Prism code 

Rehabi I itation earthwork option (RECHAN): 
Existing channel section description: 

Base width 
Inside side slope 
Height of channel sides 
Top width of berms 
Outside side slopes 
Elevations of adjacent terrain at section inlet and outlet 

Flow rate data: 
Minimum flow rate 
Maximum flow rate 
Flow rate interval for evaluation and design 
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B = BOTTOM WIDTH (EXCAV WIDTH IF LINED) 
D = TOTAL DEPTH (EXCAV DEPTH IF LINED) 
HC = HEIGHT OF CAMPACTED EMBACKMENT 

s5 = ROCK CUT SLOPE 
----._ sl = GROUND CROSS-SLOPE 
~ WL = WIDTH UPP~R BANK 
~ WR = WIDTH LOWrR BANK ~ 

s2 = INSIDE BANK SLOPE 

~J WC = \~IDTH COMPACTF.D F.MBANI<t'1ENT 
---__ --_ Z = C~NT~RL I NF: CUT 

---s7 ---~ F =ROC K C~NT~RLINE CUT 
. ~ ~ s5 = FILL BANK SLOPE 

. h'L -----._ Jt -----_ r ~- ",, 
.S:<' I I~-

' F I ~ Dl i /-----

-----. ~oc~ ·~ 

----

Figure 14. Terms relating to channel cross-section to be used with USBR planning 
procedures in EARTH subroutine. 
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OBW = BOTTOM WIDTH 
OBMH = DEPTH (HEIGHT OF BERMS ABOVE BOTTOM) 

OBMWL = TOP WIDTH OF LEFT BERM 
OBMWR = TOP WIDTH OF RIGHT BERM 
OZBML = OUTSIDE LEFT BANK SLOPE 
OZBMR = OUTSIDE RIGHT BANK SLOPE 

OZ = INSIDE BANK SLOPE 
OELI = ELEVATION OF CHANNEL BOTTOM AT INLET 
OELO = ELEVATION OF CHANNEL BOTTOM AT OUTLET 
ETLI = ELEVATION OF LEFT ADJACENT TERRAIN~ · INLET 
ETLO = ELEVATION OF LEFT ADJACENT TERRAIN~ OUTLET 
ETRI = ELEVATION OF RIGHT ADJACENT TERRAIN~ INLET 
ETRO = ELEVATION OF RIGHT ADJACENT TERRAIN~ OUTLET 

-

Figure 15. Prismatic and Terrain pa rameters input to subroutine REARTH . 
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Table 19. Sample CANAL computer routine output for a I ined distribution system section, Salem 
Irrigation District 

Lined Canal Reach Number One 

* 0 Cost of Cost of Cost of Cost of Total const. Annual equiv. Convey. 
(cfs) struct. earthwork I i· n t ng rtght of way cost cost Effi"c. -- -
40. 9555. 17895. 31 I 18. 0. 58568. 4243.9 97.6 

45. 9923. 18755. 32096. 0. 60774. 4403.7 97.6 

50. 10279. 19549. 33260. 0. 63088. 4571 .3 97.6 

55. I 0625. 20272. 34353. 0. 65250. 4728.0 97.7 

60. 10963 . 20955. 35387. 0. 67304. 4876.9 97.7 

65. I 1293. 22560. 36369. 0. 70221. 5088.2 97.7 

70. 11616. 22594. 37305. 0. 71515. 5182.0 97.7 

75. I 1933. 22670. 38200 0. 72803. 5275.3 97.7 

80. 12244. 22780. 39060. 0. 74083 . 5368. I 97.7 

85 . 12549. 22920. 39887. 0. 75356 . 5460.3 97 .8 

90. 12850. 23084. 40684. 0. 76619. 5551 .8 97.8 

95. 13 146. 23271. 41455. 0. 77871 . 5642 .5 97.8 

100 13437. 23474 4220 I. 0. 791 13. 5732.5 97.8 

105 . 13725. 23695. 42924. 0. 80344. 5821.7 97.8 

I I 0. 14009. 23927 43626 0. 81563. 5910.0 97.8 

I 15. 14289. 24572. 44309. 0. 83170. 6026.5 97.8 

120 14566 25148 44974 0. 84688. 6136.5 97.8 

* Annual equivalent cost is computed for a system I ife of 50 years and for an annual interest rate 
of 7.0%. 
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Table 19. Continued. 

Summary of Earthwork for Rehabi I itation of This Reach 

Common excavation total 
Fi I I from channel excavation 
Channel compacted backfi I I total 
Compacted embankment total 
Fi I I from adjacent excavation 
Overhaul 
Average minimum right of way 

0 = 120 cfs 

Old inlet and outlet elevation 
Design inlet and outlet elevation 

Design depth of channel 
Design width of channel 
Length of reach 

Lined Canal Reach Number One 

9267. 
853. 

9054. 
7467. 
8201. 

0. 
23. 

4907.4 
4907.4 

cu yd 
cu yd 
cu yd 
cu yd 
cu yd 
cu yd 
feet 

4891.4 
4891.4 

4.3 feet 
6.6 feet 

6750. feet 

Estimated Cost of Structures 

* Q = 120 cfs 

Estimated cost of siphon 
Estimated cost of tunnel 
Estimated cost of drops 
Estimated cost of concrete checks 
Estimated cost of modified p. flume 
Estimated cost of turnouts 
Estimated cost of county bridge 
Estimated cost of farm bridge 
Estimated cost of drainage crossings 

contingencies (I O%) 
Total cost of structures for this reach 

Average ca na I seepage ( AF -FT /CFS of flow) = 

Cost Function coeffTcients 
a = 3491. 
b 22.6 
c = 0.991 

*Maximum design flow rate. 

94. 

0. 
o. 
0. 

8333. 
0. 

4909. 
0. 
0. 
0. 

1324. 
14566. 

0.6391 



includes costs of st ructures, ea r t hwork, I ining , and rights-of-way for 

each flow rate interval, afong with annual equivalent costs and convey

ance efficiencies. Included also are estimated earthwork volumes and 

structural cos t itemizations for the maximum design f low rate. The 

annual cost function coefficients and a correlation coefficient 

descr ibing the regression analysis are also I isted in the computer 

output. 

Gravity and high pressure pipe systems 

Annual ownership and operati on costs of gravity and high pressure 

pipe system sections are calculated by computer routine PIPE over the 

range of design flow rates specified for each pipe section. Power and 

pumping requirements of high pressure systems are not estimated in this 

routine. 

A simple flow c hart I isting subroutines cal led by the PIPE program 

is shown in Figure 16. Dashed I ines in the figure represent input and 

output flows of data, and solid I ines depict the order and flow paths 

of calculations and data within the routine. A documented I isting of 

the PIPE program is inc lu ded in Appendix B. 

Data input, design, and cost est imation. Most of the data uti I ized 

by PIPE are read with the free-form format subroutine INPUT. Section 

labels are read from alphanumerical ly formatted cards or card images. 

Table 20 is a I ist of data required for execution of the PIPE routine. 

A rehabi I itation code concerning the placement of the pipe sections 

is first entered into PIPE . PIPE sections can be layed in natural, 
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Figure 16. Flow chart for PIPE program used to calculate annual costs 
of pipe distribution systems. 
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Table 20. Input parameters used to calculate annual costs of gravity 
and high-pressure pipe distribution systems. 

Input Parameters for PIPE 

Rehabi I itation code 
Unit r.osts for excavatlon 1 backfi I I, and compaction: 

Canals 
Structures 
Siphons 
Pipe trenches 

Unit costs for concrete: 
Cana I I in i ng 
Structures 
Siphons 

Unit costs for steel 

Input parameters for subroutine PIPCST 

Cost indices for estimation of concrete pipe costs (USBR parameters): 
Hourly wage rates 
Equipment index 
Area factor 
Haul distances 
Stee I index 
Cement index 
Depth of backfi I I 
Head class 

Cost contfngencies (percentages): 
Earth work 
Steel reservoir 
Right of way 

Cost contingencies for pipes, valves, etc. (percentages): 
Concrete pipe 
Steel pipe 
Polyvinyl chloride pipe (PVC) 

Head class of PVC pipe 
Project I i fe 
Annual interest rate 
Salvage value <%of original cost) 

Input Parameters for PIPCST for Each Specific Pipe Section 

Length of section 
Hydraulic gradeline elevations at section inlet and outlet 
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Table 20. Continued. 

Elevations of pipe section at inlet and outlet 
Pipe type: 

Concrete 
Coal-tar-enameled steel 
PVC (4 to 14 inch diameters) 

Water hammer factor 
Width and values of easement for cropped and uncropped land 
Rock excavation <%) 
Turnout code 
Miscellaneous turnout or pipeline ite~s ($) 
Number and sites of turnouts 
Rehabi I itation options: 

Pipe trench data for natural terrain: 
Station (feet) 
Ground I irie elevation 
Profile grade elevation 

Existing channel description for rehabilitation: 
Base width 

· Inside side slope 
Height of channel sides 
Top width of berms 
Outsi de side slopes 
Elevations of adjacent terrain at inlet and outlet 

Flow rate data: 
Minimum flow rate 
Maximum flow rate 
Flow rate interval for evaluation and design 
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undisturbed terrain, or they can be placed above, on, or below the bottom 

of an existing canal route. Unit pri ces a nd cost indices for earthwork 

and system structures are a lso entered i nto this routine. These parameters 

coincide with unit costs used by the USBR and can normal ly be obtained 

for the region of study from the USBR or by contacting area construction 

companies. These parameters compare with those required by the CANAL 

routine. 

Subroutine PIPCST is cal led to design and estimate costs for the 

pipe sections. Enginee r ing, economics, and hydraulic data common to alI 

pipe sections are read into th is routine along with codes and cost in

dices used to determ ine pipe costs. Three major pipe typ es can be 

evaluated in this s ubroutine, namely concrete, coal-tar-enameled steel, 

and polyvinyl chloride (PVC). Cost estimates can be made for a pre

selected pipe type, ora l I three types can be evaluated , with the least 

cost type selected for study. 

In addition to the length of the section under consideration and the 

el~vati ons at each end of a section, the hydraulic head at the section 

inlet and outlet i s also required to establish the allowable hydraulic 

gradient along the p ipe. Concrete and steel pipe diameters are cal

culated by Scobey's equat ion, and PVC p i pe is sized according to the 

Hazen-Wi I I lam's formula. AI I pipe diameters estimated are inside dia

meters and are sized in multiplies of 2 inches. 

Su broutines SP IPE, PPIPE , and the modified USBR subroutine PIPER 

are used to estimate p i pe costs for steel, PVC, and concrete pipe sec-
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tions. Costs for PVC pipe ar~ estimated only for pipe diameters up to 

14 inches since costs of Jarger PVC pipe do not currently compare 

economically with those of concrete and ste~l. Pipe costs include trans

portation and laying costs of the pipe sections. Earthwork costs are 

calculated separately. Turnout costs are estimated for high pressure or 

for gravity pipe, and pressure regulating valves may be included. 

Ground I ine and profile grade elevations for multiple stations 

along each pipe section are necessary to determine earthwork volumes 

and costs incurred by laying pipe along natural, undisturbed terrain. 

If the pipe sections are to b~ placed along an existing open channel, 

data I isted in Table 20 describing old channel sections are required. 

A modified USSR subroutine EARTH2 is cal led to calculate alI earthwork 

costs. 

Subroutine PIPCST computes total construction and annual equivalent 

costs for intervals within the range of flow rates specified for a 

particular section. Subroutine REGLIN is then cal led to determine the 

- I inear regression coefficients of the annual cost function. This 

process is repeated for alI sections of the pipe distribution system. 

Subroutine PIPCST wi I I also estimate construction costs for 

elevated steel tanks or regulating reservoirs. The sizes and steel 

requirements of the tanks and towers are computed using USSR sizing 

curves over a specified range of system flow rates. These costs are 

regressed into a separate annual cost function. 

PIPE output. A sample of a PIPE program solution for evaluating 
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the construction of a gravity pipe section along an existing open 

channel section is shown in Table 21 , and output for a high pressure 

pipe section in natural terrain is I isted in Table 22. Program output 

includes costs of pipe, turnouts, rights-of-way and ea~thwork for each 

flow rate interval evaluated. Included also are estimated earthwork 

volumes and an engineering summary. The annual cost fu ncti on co

e f ficients and corresponding correlation coefficient for each conveyance 

section are also inclu ded . 

Limitations of CANAL and PIPE programs 

The routines CANAL and PIPE have been written to be general in 

application, yet fairly accurate in system cost and size evaluation. 

Both routines are I imited, however, in the types of systems they can be 

used to evaluate. 

The CANAL routine is currently designed to analyze trapezoidal 

channels only, although channel side slope can be allowed to approach 

in f inity. Each channel a nd pipe secti on is sized as though alI turnouts 

were placed at the section outlet , thus avoid i ng required reducti.ons in 

cross section along the section due to diminishing f low. If substantial 

volumes of water are diverted near the inlet of a sect ion , then that 

section may require further subsectioning before input to the CANAL 

routine to faci I itate accurate sizing and cost estimation. 

AI I conveyance sections are sized for perio~of peak consumptive 

use. Inclusion of ad justable checks may be necessary i n evaluating 

open channel systems so that water may be elevated to levels required 
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Table 21. Sample PIPE computer routine output for a gravity pipe system section in a 
rehabi I i t ation plan, Salem Irrigation District. 

Gravity pipe reach --Number I. Length = 6750 feet 

0 Diam. Length Pipe Cost 1 Turnouts 2 Right of Way Earthwork 3 Total Annual 4 

(cfs) ( i n) (ft) ( $) ( $) ($) ( $) Cost ($) Cost ($) 

40 40 6750 202500. 12749. 0. 47734. 262982. 19029. 

45 42 6750 202500. 12749. 0. 47917. 263165. 19042. 

50 44 6750 218700. 12749. 0. 49073. 280522. 20298. 

55 4•6 6750 243000. 12749. 0. 50265. 306014. 22142. 

60 48 6750 243000. 12749. 0. 51558. 307306. 22236. 

65 48 6750 243000. 12749. 0. 51558. 307306. 22236. 

70 50 6750 267300. 12749. o. 52866. 332915. 24088. 

75 52 6750 291600 12749. o. 54191. 358540. 25942. 

80 52 6750 291600. 12749. 0. 54191. 358540. 25942. 

85 54 6750 291600. 12749. 0. 55532. 359881. 26039. 

90 56 6750 315900. 12749. 0. 56889. 385538. 27896. 

95 56 6750 315900. 12749~ 0. 56889. 385538. 27896. 

100 · 58 6750 340200. 12749. 0. 58614. 41 1563. 29778. 

105 58 6750 340200. 12749. 0. 58614. 41 1563. 29778. 

110 60 6750 340200. 12749. 0. 60393. 413342. 29907. 

115 60 6750 340200. 12749. o. 60393. 413342. 29907. 

120 62 6750 364500. 12749 0. 62207. 439455. 31796. 

Pipe 
Type 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 

Concrete 



Table 21 Continued. 

Note: 

Pipe cos t inc I udes cost of pipe, I ay i ng of pipe, cost of f i ttl ngs, 
valves, blocking, etc. 

2 Turnout cost includes gate valve, rine meter, pressure reducing valve, 
concrete pipe, steel pipe delivery, etc. 

3 Earthwork cost includes trenching, backfi I I ing and compact ing backfi I I. 
4 Annual equivalent cost assuming interest at 7.0% , a system I ife of 

50 years, and 5.0% salvage value. 

Example of PIPE computer routine output for a gravity pipe system in a 
rehabi I itation p lan. Salem Irrigation District 

Pipe earthwork for gravity pipe Reach I 

Rehabilitation plan-- laying pipe in old channel 

Q = 120 cfs 

Total excavation 

Total compacted backfi I I 

T0tal backf i I I (old channel) 

Total overhaul 

Adjacent excavation 

Total backfi II 

Summary for this reach: 

Cost index for pi pe system (8=1976) 
Leng th of reach in feet 
El evat ion of pi pe outlet, feet 
Elevation of pipe inlet, feet 
H.G.L. req. at pipe outlet, feet 
H.G.L. req. at p i pe inlet, feet 
Width of easement, feet 
Value of easement for cropped land 
Value of easement for other land 
Percent length of other easement 

Number of turnouts: 

Number 5 
Number = I 

Size (in) 
Size Cin) 

8 
12 

103. 

9757 cubic 

5027 cubic 

0 cub ic 

0 cubic 

14831 cubic 

53 cubic 

I. 
6750. 
4887. 
4904. 
4901. 
4911. 

45. 
0. 
0. 
0. 

yards 

yards 

yards 

yards 

yards 

yards 



Table 21. Continued. 

* 

Check data for 

Capacity, cfs 
Diameter, inches 

(rounded) 

Q = 120 cfs 

120 
62 

Average head class, 
Type of cover 

feet 25 

Pipe cost, $/ft 
Miscellaneous cost 

(do I I ars) 

Cost Function Coefficients 

a = 12629. 
b = 161.2 
r = 0. 986 

A* 
45.00 

1275.00 

Cover depth is less than 5 feet. 

104. 



0 
Vl 

Table 22. Sample PIPE computer routine output for a high-pressure pipe system section, Salem 
Irrigation District. 

High pressure pipe -- Reach I. 

Q Diam. Length Pipe Cost 1 Turnouts 2 Right of Way Earthwork 3 Total Annual 4 Pipe 
(cfs) ( i n) (ft) ( $) ( $) ( $) ( $) Cost ($) Cost ($) Type 

27 34 5060 I 17215. 31682 . 0. 42077. 190974. 13820. Steel 

30 36 5060 124240. 31682. 0. 43447 . 199370. 14427. Steel 

33 38 5060 221643. 31682. 0. 44819. 298144. 21572 . Steel 

36 38 5060 221643. 31682. 0. 44819. 298144. 21572. Steel 

39 40 5060 233298. 31682. 0. 46191 . 311 171. 22515 . Steel 

42 40 5060 233298. 31682 . 0. 46191. 3 II 171. 225 15. Steel 

45 42 5060 245154. 31682 . . 0. 47565. 32440 I. 23472. Steel 

48 42 5060 245154 31682. 0. 47565. 32440 I. 23472. Steel 

5 1 44 5060 256809. 31682. 0. 48940. 337431. 24415. Steel 

54 44 5060 2J6d09. 31682. 0. 11 8940. 337!l31. 24415 . Steel 

57 46 5060 268665 . 3 1682 . 0. 50317 . 350664. 25372 . Steel 

60 46 5060 268665 . 31682 . c. 50317 . 350664 . 25372 . Steel 

Note: I Pipe cost includes cost of pipe , laying of pipe, cost of fittings, valves, blocking, etc. 
2 Turnout cost includes gate valve, I ine meter, pressure reducing valve, concrete pipe , 

steel pipe delivery, etc. 
3 Earthwor k cost includes trenching, backfi II ing and compacting backfi II. 
4 Same as Table 2 1. 
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Table 22. Continued. 

High pressure pipe -- Reach I. 
Q = 60 cfs 

V o I u m e s 

Station 

0 

2000 

4000 

5060 

Pipe 
Dia. 

46 

46 

46 

46 

Excavation Backf i II 

4478.06 2983.00 

4478.06 2983.00 

2373.37 1580.99 

Total excavation I 1329 cubic yards 

Total compacted 
backf i I I . 1620 cubic yards 

Total overhaul 0 cubic ya~ds 

C. Backf i I I 

640. 17 

640. 17 

339.29 

GLE-PGE 

8.20 

8.00 

8.00 

8.00 

Diameter + 
Design Cover 

7.83 

7.83 

·7. 83 

7.83 

Trench 
Width 

7.46 

7.46 

7.46 

7.46 

----~-----I~!~!-~~~~!!!! _____ 1~~1-~~~l~-~~[~~~----------------------------------------------------
summary for this reach: Check data for .••. 0=60 cfs 

c6st index for pipe system (8=1976) 
Length of reach in feet 
Elevation of pipe outlet, feet 
Elevation of pipe inlet, feet 
H.G.L. req. at pipe outlet, feet 
H.G.L. req. at pipe inlet, feet 
Width of easement, feet · 
Value of easement for cropped land 
Value of easement for other land 
Percent of other easement 
Number of turnouts: 

Number= I Size (in)= 12 
Number= I Size (in) = 14 

I • 
5060. 
4896. 
4904. 
5036. 
5044. 

50. 
0. 
o. 
o. 

Capacity, cfs 
Diameter, inches (rounded) 
Average head clas~, feet 
Type of cover 
Pipe cost, $/ft. 
Miscellaneous cost, dol Iars 

Cost Function Coefficients 
a = 8551 . 
b = 307. I 
r = 0.861 

60 
46 

200 
A 

45.38 
20900 



for adequate turnout operation over a wide range of cana l flow rates. 

Pressure buildups in pipe systems due to decreased friction losses which 

result from redu ced flow ra t es may also occur, necessitating pressure 

contro l devices along the sections . 

Most of th e material quanti ties and cost curves used to describe 

structures in CANAL and PIPE, as wei I as in the subroutines TUNNEL, 

SIPHON, and PIPER, use design specifications form ulated by the Bureau 

of Reclamation. These specif ications may overest imate costs of 

structures plan ned for private i rrigation systems unless appropriate 

unit prices and cos t indices are used. 

Existing canal sections evaluated in the rehabilitat ion options 

are assumed to be uniform in cross sectional area and cha nnel slope, 

an d are assumed to have trapezoidal shapes. Large variations in these 

parameters within a section may dictate further s ubsectioning. Channels 

and pipe systems planned for new areas can have multip le breaks in 

slope. Slope variations are accommodated using the terra in information 

input to the earthwork subroutines. AI I sections are sized , however, 

with the assumption of uniform slope a long each section. 

Application of the CANAL and PIPE routines 
to the Salem Irrigati on District. 

Four types of water conveyance (di stribution) systems were 

evaluated for the Salem Irrigation Dis tri ct . These systems, unlined 

channel, lined channel, gra vity pipe , and high pressure pipe , follow 

the routes shown in Figures 6 an d 7. Basic descriptions of the gravity 

and pressure conveyance sections are I isted in Tables 3 and 4. Routes 
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for these systems are defined in Chapter IV. 

The unlined channel route evaluated for planning purposes is that 

of the existing Salem Canal. The present canal system was chosen to 

represent the unlined channel planning . alternative, so that evaluations 

and model ling of the present system could be made. As the Salem Canal 

is already in existence, construction costs of this alternative are 

essentially zero. Costs associated with this alternative are those 

costs incurred by replacement of canal water control · structures and 

turnout devices with the same s·ize and capacity during the canal system's 

expected service life. Since the present canal is of fixed size, the 

structures along the canal are also of a constant size. Thus, the 

coefficient b, in the cost function C = a + bQ, is zero. This 

coefficient has been arbitra~i ly set to 0.0001 for input to the I inear 

programming matrix described in Chapter VI. 

Lined channel route sections in the Salem Irrigation District 

were evaluated and model led by the routine CANAL, and gravity and 

high-pressure pipe systems were studied with the computer routine 

PIPE. These routines have been described ~arl ier in this chapter. 

AI I computer data used in evaluating these system ~lt~rnatives are 

listed in Appendix C. 

Annual costs for each system section were computed for a range of 

design flow rates comparable to those expected in each component and 

linear cost function coefficients were computed. These flow rates 

are listed in Tables 3 and 4 for the gravity and high pressure systems. 
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A leas t-squares I inear regression analysis was run in the computer 

ro utine to determine the I inear cost fu~ction of each section in terms 

of the design fl ow rates. Annual cost function coeffic ien t s and water 

co nveyance eff ic iencies a nd losses of the systems are show n in Table 23 . 

Also included in that table are coefficients describi ng the unlined 

channel alternative. 

The high corre lation coefficients, r, I isted for the system 

sections in Table 23 indicate that the cost-discharge rela tionship 

of each section is estimated wei I by a I inear equation in the form 

of equation 3-4. 

Although canal seepage is often expressed as a func tion of flow 

rate due to vari ation in wetted perimeter, canal seepage losses in this 

study _were assumed to be c9nstant regardless of the flow rate, due to 

constant channel cross sections. Since the water level in many canals 

is held constant over a broad range of flow rates to enable proper 

turnout operation, seepage losses wi I I often remain constant for a set 

canal section area. 

Because channel areas in the I ined canal alternative do vary with 

the desi gn flow rate, seepage losses wi I I vary also, but normal ly 

not in a I inear fashinn . These losses were assumed fixed also, to 

remain compatable with the unlined channel alternati ve. Seepage 

los ses can be described in fixed .and/or variable terms in the I inear

programming model. 

The system I if e estimated for alI conveyance systems is 50 years, 

109. 



Table 23. Annual cost function coefficients and water conveyance 
efficiencies and losses for planned distribution systems 
in the Salem Irrigation District. 

Conveyance 
System Efficiency Canal Losses 
Section a b r % (AF/yr) 

UCI 642 .0001 95 .. 7 641 

UC2 1665 .0001 94.9 542 

UC3 676 .0001 96.4 194 

UC4 88 .0001 96.3 74 

UC5 635 .0001 90.6 325 

UC6 133 .0001 94.2 104 

UC7 200 .0001 89.7 129 

UC8 674 .0001 89.2 205 

UC9 275 .0001 88.3 79 

UCIO 743 .0001 86.7 315 

UCII 110 .0001 89.8 71 

UCI2 230 .0001 100.0 0 

LCI 3491 22.6 .991 97.7 77 

LC2 3051 28.7 I. 000 97.6 76 

LC3 1969 II . 7 . 897 98.8 . 24 

LC4 683 6.9 .996 97.9 8 

LC5 2416 30.8 .991 97.4 42 

LC6 595 20.2 .951 97.7 12 

LC7 924 21.3 .982 97.5 13 

LC8 2180 53.7 .994 97.0 41 

LC9 767 34.3 .996 97.4 9 

LCIO 1888 41.2 .998 97.3 32 

LCII .926 48.5 .997 97.2 13 
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Table 23. Conti nued 

Conveyance 
Sys tem Efficiency Canal Losses 
Secti on a b r % (AF/yr) 

GP I 12629 16 1.2 .986 100. 0 

GP2 10795 184.9 . 988 100. 0 

GP3 4142 98.2 .981 100. 0 

GP4 1438 33.3 . 982 100 . 0 

GP5 6636 219.6 .967 100. 0 

GP6 11 80 125 .3 . 967 100. 0 

GP7 1528 204.7 .954 100. 0 

GP8 6555 376.4 .978 100. 0 

GP9 1382 135.7 .973 100. 0 

GPIO 384 1 286.2 .974 100. 0 

GPII 1822 168. I .967 100. 0 

PP I 855 1 307. I .861 100. 0 

PP2 so~ 808.3 .933 100. 0 

PP3 5659 I 12. 2 .986 100. 0 

PP4 4390 127 . 6 .946 100. 0 

PP5 6461 733. I .931 100. 0 

PP6 2685 142.4 .970 100. 0 

PP7 2363 229 . 0 .877 100. 0 

PP8 3499 556.4 .941 100. 0 

uc unlined cha nn el 
LC I i ned channe I 
GP gravity pi pe 
pp = hi gh press ure p i pe 
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and an interest rate of 7.0% was used in · the annual cost estimation. 

Listings of computer output for the lined channel, gravity pipe, 

and high pressure system alternatives have been included in Appendix D. 

Sample outputs describing the evaluation of section I of the three 

alternative sections are shown in Tables 19, 21, and 22. 

Pumping System Annual Costs 

Annual costs of owning, operating, and maintaining irrigation 

pumping systems are calculated by the computer routine PUMP. Costs 

can be computed for large pumping plants operating from rivers, canals, 

or reservoirs, and for smaller pumping stations designed for on-farm 

operation. Total construction ~nd power costs associated with each 

system are calculated in relation to the flow rate capacity of the 

pump units. Figure 17 is a d1agram of the cost-estimating computer 

subroutines uti I ized by the PUMP program. Dashed lines in the figure 

represent input and output flow of data, and solid li~es depict the 

order and flow paths of calculations and data within the routine. A 

documented listing of the PUMP program is included in Appendix B. 

Data required by the PUMP routine are read in with the free-form 

subroutine INPUT. System labels and output headings are entered 

directly to the PUMP routine on alphanumerical ly formatted cards or 

card images. Pump system parameters input to the PUMP program for 

systems cost estimation are listed in Table 24. 

Large pumping systems 

Subroutine PMPCST is cal led by PUMP to estimate costs of large 
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OUTPUT 

/ 
I PUMPER I FARMP ~ POWCST 

,, 
I ROUND 

Figure 17. Flow chart for PUMP program used to calculate annua l 
costs of large and smal I pumping ~ystems. 
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Table 24. Input parameters used to calculate annual costs of electric 
pumping syst~ms. 

Input Parameters for PUMP 

Type of pumping station: 
River pump (large station) 
Farm pump (smal I station) 

Input Parameters for PMPCST (large station) 

Number of units 
Unit type: 

Vertical 
Horizontal 

Total dynamic head 
Month and year of estimate 
Contingency cost for pumping plant <%> 
Cost of forebay, discharge I ines, etc. <% of pumping unit cost) 
Cost of power (¢/kw-hr) 
General cost index (1. = 1976) 
Ty~e of pumping station: 

Unattended plant ·. 
Semi-attended plant 
Attended plant 

Sediment code for wea~ allowance 
Transmission tine data: 

Transmission I ine length 
Terrain code 
Foundation code 
Contingency cost <%> 

Cost indices: 
Transmission I ine (I. = 1976) 
Irrigation operation and maintenance (1. = 1976) 

~witching bay data: 
Contingency cost <%> 
Cost index of bay (1. = 1976) 

Service I ife of trinsmission I ine and switching bay 
Salvage value<% of orfginal cost of line and bay) 
Service I ife of pumping unit(s) 
Interest rate 
Salvage value of unit <%of original cost) 
Average escalation of energy over system I ife <%/year) 
Monthly irrigation requirement 
Length of operating season 
Hourly wage rates of mechanics and operators 
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Table 24. 1 Continued. 

Land area serviced by.pumping system 
Flow rate data: 

Minimum flow rate 
Maximum flow rate 
Flow rate interval for evaluation and design 

Input Parameters for FARMP (smal l on-farm pumping station) 

Total dynamic head 
Cost index for pump fac i I it i es ( I. 1976) 
Type of pumping uni t: 

Centrifugal 
Turbine 

Pumping unit efficiency <%) 
Miscellaneous costs of pump, discharge I i nes, etc (% of cost of unit) 
Contingency cost (%of field cost) 
Se rvice life 
Interest rate 
Salvage value (%of original cost ) · 
Other expenses (%of original cost) 
Average escalation of energy ove r system I ife (%/year) 
Monthly irrigation requirement 
O&M, taxAs. cld insurance <%of original cost) 
Deep we I I data: 

Se rvice I i fe 
Interest rate 
Salvage value 
We II type: 

Alluvium 
Hard rock 

Miscellaneous costs of discharge I ines, housing, etc <%of cost 
of unit) 

Contingency cost (%of field cost) 
Depth of we I I 

Flow rate data: 
Minimum flow rate 
Maximum flow rate 
Flow rate interval for evaluation and design 

Input Pa rameters for POWCST 

Demand charge type (private uti I ity): 
Flat rate over specific horse power range 
Rate schedule based on demanded power 

Energy rate schedule (private uti I ity) 
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pumping plants. These plants are assumed to draw water from an 

adjacent free water surface, or they function as booster stations along 

a pipeline. Multiple pumping units may be designed for each station, 

and units may be of vertical or horizontal design. 

System costs for stations are evaluated over the same range of 

design flow rates used in the high pressure pipe system supplied by 

the pumping station. For each flow rate interval entered, pump units 

are sized, and pumping station and power costs are determined. 

PMPCST computes annual operation and maintenance costs of the 

pumping system using the methodology developed by Eyer (1965), consider

ing three types of pumping plants; (I) unattended, (2) semi-attended, 

and (3) attended. Efficiency of pumps and motors and wear allowance 

factors are selected based on USBR curves. Horsepower requirements 

of the motors are computed in increments of 5 horsepower. Annual 

ki lowatthour consumption is based on monthly crop irrigation require

ments, length of pumping season, and land area served by the station. 

A USBR subroutine entitled PUMPER is used to estimate the 

following items related to large pumping plants; (I) structural 

improvement, (2) waterways, (3) pumps and motors, (4) electrical 

accesories, and (5) miscellaneous equipment and switchyards. The 

calculations used in this subroutine are based upon USBR costs curves 

and pump station specifications. 

Three power supply options are considered in PMPCST for large 

pumping operations. These options are: 
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C I) Government agency (Bonnevi lie Power Adm inistration) bui Ids 
transmissi on I i nes and charges a mi I I rate for powe r. 

(2) Government agency supplies power and the uti I ity company 
bui Ids power transmission I ines and charges a "wheeling cost." 
This cost is estimated to be 18 percent of the power trans
mission I in e cost. 

(3) Priva te uti I ity supplies power and bui Ids tra nsmission I ines. 
Power cost is based on the demand and ene rgy rate schedule of 
the uti I i ty. 

Transmission I ine costs are calculated using USBR cos t curves, and 

private uti I ity power costs are estimated using subroutine POWCST. This 

subroutine estimates monthly power costs based on monthly demand and 

energy rate schedules by the private uti I ity. 

AI I three powe r supply alternative are analyzed, with the least 

cost option selected for further evaluat ion. The calculated power costs 

of the options are escalated over the system's serv ice I ife using the 

equivalent annual"zing factor discussed by Keller ( 1976). This factor 

compensates for possibl e power cost increases during the system's I ife 

span due to inflati onary trends. 

After total construction, operation, and power cos ts have been 

computed for each flow rate interval considered , the equivalent annual 

costs associated wi th each flow rate are I inearly regressed by sub-

routine REGLIN to determine annual ~ost function coefficients of the 

pumping plant . 

Sma I I pumping sy stems 

Subroutine FARMP is cal led by PUMP to est imate cos t s of on-farm 

pumping units. These units would consist of a turbine or centrifugal 
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pump with an electric motor used as a power supply. The water source 

of the on-farm unit can be a free-water surface near ground level, such 

as a canal or gravity pipe, or water can be pumped from a deep wei I. 

On-farm pumping systems are assumed to be used to pressurize irrigation 

sprinkler systems. 

The total dynamic head required by the pump, along with the pump 

type and "wire-to-water" efficiency is entered into FARMP. Pump and 

motor sizes and costs as wei I as power costs are then determined for a 

specified range of flow rates. This range should cover alI possible 

flow rates demanded during the period of peak consumptive use by the 

various types, number, and sizes of sprinkler systems designed for 

planned farm sizes on soi I types studied. 

If a deep wei I is required to supply watet to the area, then data 

concerning the we i I are entered. The cost of constructing the wei I is 

estimated using USBR cost information. 

Power costs of on-farm pumping units are also escalated over the 

estimated service I ife to compensate for increasing energy costs. The 

escalation factor entered into the program is the estimated percent in

crease in energy costs per year during the period of pumping plant use. 

Monthly power costs are determined using the monthly irrigation water 

requirement entered into the computer routine. 

If increments of pump flow rate evaluation are set smal I enough 

(5 to 10 gpm), then a comprehensive table can be printed concerning 

the specific dynamic pumping head, i ntere.st rate, system I i fe, and 

power schedule entered into the program. Annual pumping costs needed 
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to fulfi 11 the water requ irements of the various irri ga tion application 

system ty pes can then be selected from the output tab le. 

PUMP program output 

A sample of PUMP program output for a large river or canal pump is 

1 isted in Table 25 . Program output includes the pumping p lant, opera

tion, maintenance, and power costs estimated for each desi gn flow rate 

interval. Also includ ed in the output is a summa ry of compone nt costs 

of the large pumping plant, based upon USBR s pec ifications and cost 

c urves. Coeff ici ents of the equivalent annua l cost func tion represent

ing the annual system cost in relation to the desig n rate are also 

printed. 

Table 26 is a I ist of PUMP output describing an nual on-farm costs 

for pumping sy stems supplying canal water to a hi gh pressure lateral 

at a head of ISO feet . Along with the horsepower requ ired by the 

e lectric motor, costs associated with the pump and motor, operation 

and maintenance, taxes a nd insurance, power, and wei I costs are pro

duced for each flow rate interval specified. Pump and moto r cost 

equations used were computed from curves representing smal I system 

pump costs for the so ut hern Id a ho area. 

Limitations of the PUMP routine 

AI I pumping uni ts in this routine are assumed to be powered by 

electricity supplied from an outside source. If a lternative energy 

forms are desired, electric power costs estimated by routine PUMP can 

be itemized from total annual cost, and electric motor costs wi 11 need 
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Table 25. Sample of PU~P computer routine putput for a large pumping system, 
Salem Irrigation District 

River pump --Canal to high pressure pipe-- Teton Island Canal 

Pumping Annual 
PI ant Equiv. Operation Maintenance 

Q H.P. cost cost cost 
(cfs) 1/ Used 2/ ( $) ($/yr) l/ ($/yr) 

27. 980. I 011461 . 74602. 1400. 
30. 1085. I I 09136. 81806. 1471. 
33. I 185. 1206610. 88996. 1539. 
36. 1290 . 1300590. 95927. 1603. 
39. 1390. 1397671. 103088. 1664. 
42. 1490. 1494549. I I 0233. 1723. 
45. 1590. 1587955. I 17122. 1780. 
48. 1690. 1681 173. 123998. 1835. 
51. 1790. 1775835. 130980. 1888. 
54. 1890. 1868675. 137827. 1939. 
57. 1990. 1964576. 14490 I. 1989. 
60. 2090. 2055416. 15160 I. 2038. 

Note: 

1/ Wear .al lowance was included. 
2! Horsepower used was rounded to the nearest 5 HP. 
3! Includes indirect costs (engineering costs). 
4! Includes Trans, and SW bav costs if applicable. 

cost 
($/yr) 

7136. 
7220. 
7296. 
7366. 
7431. 
7492. 
7549. 
7603. 
7653. 
7702. 
7748. 
7792. 

Replacement 
cost 

($/yr) 

6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 
6/ 

51 Annual pumping cost includes annual equiv. cost of pumping plant, 
OM and R, and power cost. 

6/ 15 percent for replacement was added to maintenance cost. 

Power 
cost 

($/yr) ~/ 

103761. 
114529. 
124784. 
135552. 
145807. 
156062. 
166317. 
176573. 
186828. 
197083. 
207338. 
217593. 

Annual 
pumping 
cost 

($/yr) '21 

186899. 
205026. 
222614. 

. 240448. 
257990. 
275510. 
292769. 
310008. 
327349. 
344551. 
361976. 
379023. 



Table 25. Continued. 

Number of pumping units 
Type of pumping unit-- verticle pump 
Total dynamic head, f eet 
Date of estimate 

Check cost for the last "0" considered: 

Plant capacity, cfs 

Structures and improvements 
Waterways 
Pump s and motors 
Electrical acessories 
Miscellaneous Equipment 
Switchyards 

Subtotal of pumping plant 

Cost of intake, discharge I ines, etc. 
Contingency cost 
Pump field cost 
Indirect cost 

Pump total construction costs 

Transmission I ine cost 
Add 50 percent for mou nt ainous terrain 
Add 50 percent for rocky/swampl y ground 
Add 100 percent for I ine under 5 miles 
Add 50 percent for I ine 5 to 20 mi les 
Subtotal 
Switching bay cost 
Contingencies (TL and SB) 
Total Field Costs 
Indirect cost 
Total power I ine const ruction costs 

Annual power cost 
Annual power cost 
Annual power cost 

Oot I F. rate , own I ine 
Opt 2 Wheeling charge 
Opt 3 Private utility 

Cost function coefficients: 
a 30822. 
b 58 12.8 
r = I . 000 

121. 

4. 

175. 
6/76 

60. 

422000. 
11 2000. 
229000. 
137000. 
23000. 
89000 . 

1012000. 

229000. 
248200. 

1489199. 
566217. 

20554 16 . 

28 1457. 
0 . 
0. 

281457 . 
0 . 

562915. 
339463 . 

62092 . 
964470. 
310686. 

1275156. 

Present rate 

183919. 
229528. 

52864. 

Inflated ra t e 

757034 . 
944766. 
217593 . 



Table 26. Sample PUMP computer routine output for a smal I on-farm pumping system, 
Salem Irrigation District. 

Farm Pump-- Canal to Sprinkler-- 150. TDH 9.5% Interest 

Q H.P. 1/ Pump cost Pump fixed 0 & M 3/ Taxes & Ins. Power cost We I I cost Pumping cost 
-(GPM) used ( $) 2/ Cost ($/yr) ($/yrT ($/yr) ( $) ( $) 4/ ($/yr) 5/ 

-

650 35 : 5604. 688 16( . 97. 2124. 0. 2977. 
660 36 5635. 692. 169. 97. 2053. 0. 301 I. 
670 36 5665. 696. 170. 98. 2081. o. 3045. 
680 37 5695. 700. 171. 98. 21 10. 0. 3079. 
690 37 5724. 703. 172. 99. 2139. 0. 31 13. 
700 "38 5724. 707. 173. 99. 2168. 0. 3146. 
710 38 5783. 710 173. 100. 2196. 0. 3180. 
720 39 5812. 714. 174. 100. 2225. · 0. 3214. 
730 40 5840. 717. 175. I 01. 2254. 0. 3247. 

N 740 40 5869. 721. 176. I 0 I. 2283. 0. 3281. 
N 750 41 5897. 724. 177. 102. 2312. 0. 3314. 

760 41 5924. 728. 178. 102. 2340. 0. 3348. 
770 42 5952. 731. 179. 103. 2369. 0. 3381. 
780 42 5979. 734. 179. 103. 2398. 0. 3415. 
790 43 6007. 738. 180. 104. 2427. 0. 3448. 
800 43 6033. 741. 181. 104. 2455. 0. 3482. 
810 44 6060. 744. 182. 105. 2284. 0. 3515. 
820 44 6087. 748. 183. 105. 2513. 0. 3548. 
830 45 6113. 751. 183. 105. 2542. 0. 3581. 
840 45 6139. 754. 184. 106. 2570. 0. 3615. 
850 46 6165. 757. 185. 106. 2599. 0. 3648. 

1/ HP used was rounded to the nearest 5.0 HP. 
2! Pump cost includes housing, discharge faci I ities, sump, etc. 
3! 0 & M includes minor replacement cost. 
4! Wei I cost includes dri I I ing, casing, testing, screen assembly, etc. 
51 Annual pumping cost includes amortization of pump unit and wei I, 0 & M, 

taxes, and Ins. and power cost. 



to be separated from the pumping unit costs. 

AI I cost estimati on techniques and design specifications used in 

the subroQtine PMPCST to calculate costs for large pumping plants were 

obtained from the Bureau of Reclamation. These estimation techniques 

tend to over estimate costs of pumping systems used on smal I non-federal 

projects. Component costs of the large pump program output should be 

ch ecked with local or regional sources to verify their accuracy in 

describing costs for p lanned sys tems . 

Power costs can be escalated in this routine to compensate for 

current inflationary increases in electrical power costs. As this 

escalation fa ctor is an extrapolation of current or historical price 

trends, judgement must be excercised in application and presentation 

of annual power cost estimations computed using this factor. 

Pumps are si zed in this routine for the design flow rate intervals 

entered. Since pumping demands are normally less than the design value 

early and late in the irrigation season, several smal I pumping units, 

rather than one l ar~e unit, may be desired in systems p lanning. In-

dividual units can then be used in slack demand periods to maintain a 

high pumping efficiency. 

Application of the PUMP routine to the 
Salem Irrigation District 

Annual costs were estimated by routine PUMP for a large pumping 

station designed to supply the entire Salem Irrigation Oistr.ict with 

pressurized water sufficient for high pressure sprinkler operation. 
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Water would be pumped from a forebay along the Teton Island Feeder into 

the high pressure pipe system shown in Figure 7 and discussed in Chapters 

IV and V. The I ife of the large pumping unit was estimated to be 40 

years, and annual costs were computed with an interest rate of 7.0 

percent, with salvage value of the station equal to 25% of initial 

cost. 

On farm pumping costs were estimated by the PUMP routine for units 

supplying water from a gravity conveyance system to sprinkler mains and 

laterals at a pressure of 65 psig. System I ife expectancies of on-farm 

pumps and motors were estimated to be 15 years. Annual costs were 

calculated at 9.5 percent interest. 

Computer solutions describing the large pumping station and on-farm 

pumps are I isted in Table 25 and 26. A summary of the various pumping 

system characteristics and costs is I isted in Table 27 . Itemized costs 

of the large pumping station as estimated by the PMPCST subroutine were 

reduced by 80 percent to more realistically represent fixed annual 

costs of an unattended pumping station privately owned and operated. 

The magnitude of cost reduction necessary was calculated using cost 

estimates of pump units and motors obtained from local dealers. AI I 

other component costs of the USBR specified pumping station were 

reduced by similar percentages. On-farm cost estimates for turbine 

pumps were found to be quite accurate, as these cost function were 

computed using 1977 cost data obtained from regional irrigation pump 

dealers in southern Idaho. 
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Table 27. Annual cost relationships for pump ing plants planned for the Salem Irrigation 
District. 

Plant Efficiency I 
a 

Type of Pumping Plant (percent) ($/cfs) 
bl 

( $) 

2 
r 

Pumpi ng plant and inlet structure designed 563 
23620. 3060. I .000 

to r ecei ve surface flows from the Teton 
Island Feeder and discharge water at a 
pressure of 75 psig into the planned high 
pressure pipe system 

Smal I on-farm pumping plant designed to 
receive surface flows from an irrigation 
conveyance system and discharge water at 
a pressure of 65 psig into on-farm irri
gation mains 

70 

Coefffctents of Equatfon 3.4, annual cost= a+ bQ 

693. 

2 Correlation coefficient relating actual computed cost values with those 
est imated by Equation 3.4 . 

3 Value computed in PMPCST subroutine. 

3.4 0.999 



Alternative Gravity High-Pressure System 

An alternative to the proposed large pumping station to be used to 

supply pressurized water to the Salem Irrigation District was studied 

.during this project. This alternative would include the construction 

of a large · buried pipeline connecting alI land areas presently irrigated 

with water from the lower Teton River to a diversion point located on 

the Teton River at an elevation 175 feet above Sugar City, Idaho. 

The irrigation districts to be served by this pipeline system 

would include the Wi I ford-Stewart, Teton Sidoway, Teton Island, Salem, 

and Rexburg Irrigation Districts. The land area supplied with water 

of sufficient pressure for operation of most sprinkler systems would 

total 24,100 acres. Water would be supplied from the 25 mile long pipe 

system to one or two locations within each district. Distribution 

systems within the districts, themselves, would not be included as part 

of the proposed system. 

Table 28 is a summary of diversion and outlet locations along the 

large pipeline route and includes the estimated pipe diameter, pipe 

flow rate, and water pressure at each turnout location. Because of 

the gentle slope of the terrian along much of the pipeline route, 

large pipe diameters are required to decrease friction losses in the 

pipe so that sufficient water pressure can be developed due to elevation. 
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Table 28. Parameters concerning the gravity pressurized pipe system planned to service the 
lower Teton River flood plain with high pressure water. Teton Rehabi I itation 
Study , University of Idaho, 1978 

Location Elevation Pipe Section Flow Rate Pipe Diam. Press. Pipe Cost 
Length 

(feet) (feet) Ccfs) Cinches) Cpsi g) ($/ft) 

Inlet 5080 4 

78,000 434 128 188. 

W i I ford-Stewart 4941 51 
District 

14,000 380 118 172. 

Teton-Sidoway Di strict 4940 48 

13 ' 000 300 108 158 , 

Sa lem District and 4905 60 
upper Teton tsland 
Dtst rict 16,000 200 74 108, 
lower Teton ~sland 4880 60 
Dtstptct 

10,000 125 60 88. 

Rexburg District 4860 60 



Coal-tar-enamel coated steel pipe was selected for economic reasons 

and also due to ease of installation and I ight weight of this pipe type 

as compared to concrete pipe. The inlet of t he pipe system would be 

located in the Teton River Canyon at a point about one mile above the 

location of the Teton Dam site. A diversion dam approximately ten feet 

in height would be required to divert water from the river into the pipe 

system. 

The proposed pipeline would run west along the Teton River Canyon 

to the lower Teton River flood plan, where it would then follow a fairly 

direct path to each irrigation district. Rights-of-way along county 

roads were used where possible to minimize disturbance of farming areas. 

The pipeline route could follow U.S. highway 191-20 between Sugar City 

and Rexburg. 

Table 29 is an itemization of estimated costs for the pipe system. 

The cost of this system could be charged to each irrigation district 

according to irrigated area. Overal I construction costs of the system 

were estimated to total $25,390,000. The total cost of the pipeline 

system to be charged to the Salem Irrigation District, based on irrigated 

area, would be $2,950,000 or $1050/acre. Annual costs for the Salem 

District would total $284,000 ($101/acre) at 9.5 percent interest, or 

$214,000 ($76/acre) at an interest rate of 7.0 percent. These figures 

include costs of pipe, excavation, installation, and turnouts, as wei I 

as the cost of the diversion structure at the system inlet. Annual costs 

estimated for the gravity high-pressure pipe system correspond to a flow 
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Table 29. Estimated costs of a proposed pipe system designed to supply 
gravity pressurized water to the lower Teton River flood plain . 

Total pipeline length, feet 

Area served, acres 

Estimated service I ife, years 

Total pipe cost 

Earthwork cost 

Diversion dam cost 

Cost of turnouts 

Total cost 

Annual cost@ 9.5% interest 
@ 7.0% interest 

Annual cost :-o 
Sa lem District 

@ 9.5% interest 
@ 7.0% interest 

129. 

131 '000 

24,000 

50 

$21,670,000 

$3,340,000 

$250,000 

$130,000 

$25,390,000 

$2,438,000 
$ 1,840,000 

$284,000 
$214,000 



rate of 50 cfs supplied to the Salem Irrigation District. These costs 

are substantially higher than the $177,000 annual cost estimated at the 

same flow rate for the pumping system described in the previous section 

in this chapter, although the I ife expectancy of the pumping system was 

estimated at 40 years, compared to 50 years for the pipe system. 

The annual pumping plant cost estimated for the Salem Irrigation 

District includes an electric power escalation factor of 9 percent per 

year. If power costs can be foreseen to escalate at a rate greater 

than 9 percent during the service life of these systems, then a gravity 

pipe system supplying high pressure water to the lower Teton River 

flood plain may become economically feasible~ Inclusion of a high 

head turbine in the system for the purpose of generation of electric 

power in the non-irrigation season months could make the cost of the 

pipe system alternative feasible, providing the generated power could 

be used in the general area or could be sold to private uti I ity 

companies. 

Construction of this proposed system alternative would necessitate 

conversion of most of the Teton plain area to high pressure sprinkler 

systems. This conversion could result in much higher water-use effi

ciencies for the area along with ·more uniform and increased crop yields 

through increased ir r igation control. Use of the pipe system to 

furnish sprinkler pressure would be beneficial if power supplies in the 

area were I imited. The cost per acre of conversion to high pressure 

sprinkler systems, along with the annual cost of the gravity high-
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pressure system, may prove prohibitive to the area land owners, however, 

unless benefits realized by this conversion could prove to be beneficial 

to the water users. 
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CHAPTER VI 

SYSTEMS OPTIMIZATION PROCEDURES 

Whenever two or more system component alternatives are available 

for selection and use within any type of system, some sort of decision

making process or methodology is required to select the most favorable 

alternative. In irrigation systems planning, several alternative 

distribution and application system types with varying costs, water-use 

efficiencies, and operating requirements are possible. Various forms 

of optimization techniques can be used to build combinations of system 

component alternatives which fulfi I I necessary functions and constraints 

in the systems. These constraints may include minimum water-use 

efficiencies, energy and water I imitations, water quality levels, and 

the total systems cost. 

Optimization Techniques 

Two types of optimization techniques are used in this model to for

mulate combinations of irrigation distribution and application systems 

subject to both external and internal system requirements. Dynamic 

programming is the optimization procedure used to select the best 

possible conveyance (distribution) system alternative combinations to 

be used in supplying the various on-farm application systems. A I inear

programming routine uti I izes the dynamic-programming output to select 

optimal least cost multiple application and distribution system com

binations. The particular dynamic-programming routine used has been 

written specifically for use with this irrigation systems planning model 
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although the decision theory incorporated into the routine is universal 

in application. 

Dynamic Programming Procedure 

The number of section component combinations possible in an irriga-

tion distribution system is dependent upon the number of alternative 

components to be considered for any one section and the total number 

of sections in the distribution system. If two section component 

· alternatives, lined and unlined channels, are to be considered at any 

of three sections, the number of possible system alternatives is 23 or 

8, as i I lustrated in Figure 18 and Table 30. It must be assumed that 

these components are compatible, i.e., that both types may receive 

water from and discharge water to each type. If M different components 

are to be equally considered for each of N sections of a distribution 

system, the total number of possible combinations for the system is 

N equal toM . Incompatible components such as open channels and 

pressurized pipelines must be considered in systems independent of each 

other. In the Salem Irrigation District planning situation, there are 

3 possible distribution system alternatives for each of I I sections in 

the distribution system. Thus, the total number of distribution system 

section combinations possible is equal to 3 11 or 177,147. Dynamic 

programming may be employed to eliminate or prune out combinations of 

alternatives that are dominated by more attractive solutions, such as 

those with lower annual costs and higher conveyance efficiencies. The 

process is a simple, multi-staged process based upon Bellman's Principle 
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lined channel section alternative 

unlined channel section alternative 

Figure 18. Section component combinations for an irrigation distributi on 
system. 

Table 30. Possible alternative component combinations of a simple 
irrigation distribution system. 

Combination 
Number 

2 

3 

4 

5 

6 

7 

8 

LC I i ned channe I · 
UC = unlined channel 

LC 

LC 

LC 

LC 

uc 
uc 
uc 
uc 
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of Optima I i ty, ( 1957), defined as fo I I ows: 

Principle of Optimality. An optimal pol icy has the property 
that whatever the initial state and initial decision are, 
the . remaining decisions must constitute an opt-imal pol icy 
with regard to the state resulting from the first decision. 

This principle is applicable to a wide variety of problems including 

those dea I i ng with sequent i a I systems and resource a I I ocat ion. It is 

especially useful for determining optimal policies for large complex 

systems by requiring that single sequential decision be made (Bellman, 

1962), and that the payoffs from each decision be additive or multi-

pi icative (de Neufvi I le and Stafford, 1971 ). The dynamic-programming 

approach can provide a means of solving some problems considered un-

solvable by other optimization routines. If the decision is made to 

not include one possible alternative combination somewhere in the 

optimization process, alI future decisions must constitute an optimal 

pol icy with regard to this first decision. The combination bui I ding 

process must take into account non-uniform flow within the irrigation 

system due to the dendriti.c nature of distribution systems and also 

due to the range of system diversions caused by variations in operating 

efficiencies of on-farm application systems (Busch, 1974). 

Programming objective 

As with any optimization process, an objective must be defined which 

the processmustseek to optimize. The objective for distribution system 

component selection is to select those components and combinations there-

of that wi I I most efficiently convey water at the least cost. Constraints 

for the objective include the range of discharges possible for any given 
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section and the types of components wi I I be pruned if the cost of 

delivering water within a specified range of discharges at a computed 

conveyance efficiency is greater than the cost for another component 

or combination delivering water at an equal or greater conveyance 

efficiency. A component may also be pruned if it does not meet the 

criterion of being a specific type specified for a given section. 

Combination elimination procedure 

The pruning process used in this dynamic procedure eliminates those 

component combinations having greater costs and lower efficiencies than 

other more efficient, lower cost combinations. The computational 

technique of the process utilizes the annual system component costs 

described by Equation 3.4 and the component water conveyance efficiencies 

computed using Equation 3.1. 

Twc compati b le alternative components, component I and component 2 

are considered in the following example. The annual costs and water 

conveyance efficiencies for components I and 2 are c
1 

= ~, + b
1 

Q, 

If a
1 

> a
2 

and b
1 

> b
2

, then the annual 

cost for component I is greater than the cost for component 2 for alI 

possible values of Q. This point i s illustrated in Fiqure 19. If 

E > E , the less desirable component I can be eliminated because c
2

- c
1 

of the higher cost and lower conveyance efficiency. If E > E , 
c

1 
c

7 

component I must be retained because the higher efficiency may warrant 

the increased cost. 
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Frequently, when comparing the costs and efficiencies for two com-

ponents I and 2, the constant terms of the annual cost functions have 

values such that a
1 

> a2 when b1 < b2 . The result is that the cost 

functions are I ines that intersect at some point, Ot, as i I lustrated 

in Figure 20. The total annual costs for component 2 are less than 

those for component I for alI discharges less than Ot. If E < E 
cl - c2 

and if the specified range of discharges is 0 ~ Q ~ Q( then component 

can be eliminated because of the lower efficiency and higher costs for 

the range of discharges specified. 

Formulation of component combinations 

The overal I size of i distribution system depends upon the amount 

of water conveyed by the system and(or) diverted from the system for 

app I i cation. If the diversion from a downstream section, I abe I I ed 

section 2, in a distribution system is d
2

, the flow rate entering that 
d2 

reach must be E
2 

where E2 is the conveyance efficiency of that particular 

section. This size of flow rate is necessary if the diversion require-

ment, d2, is to be fulfi I led. Likewise if the supplying section (section 

I) has a diversion rate of d
1
, the total flow rate entering section I 

must satisfy the diversion rates and conveyance losses of both sections 

I and 2. The flow rate entering section I must be: 

= < 6. I ) 
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Design Flow Rate 

Figure 19. Non-intersecting distribution system alternative component 
cost functions. 

Design Flow Rate Q. · 
1 

Figure 20. Intersecting distribution system alternative component 
cost functions. 
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The total annual cost for a component branch (combination) consisting 

of two sections where section 2 is downstream from section I is: 

d d d 
.Cost= (bl <-1 + - 2-) + b (-E

2
)) + <a

1 
+ a2 ) 

El EIE2 2 2 
(6.2) 

Where dl is the diversion rate from section 

d2 is the diversion rate from section 2 

El is the conveyance efficiency of section 

E2 is the conveyance efficiency of sec+ ion 2 

The total water conveyance efficiency for the same two combined 

components is: 

(6.3) 

For the general case of n components within a distribution system 

branch with no diverging forks, the cost and water conveyance efficiency 

of the entire system are determined as follows: 

n n b. n 
Annual cost ~ (d. ( ~ 

j ) ) + ~ a. (6.4) 
i=l I j=i j i= I I 

II Ek 
k= i 

Where b. = annual component costs per unit flow rate 
I 

.th t• d. = diversion flow rate of the 1- sec Jon 
I 

efficiency of the kth section E = conveyance 

II = product symbolizing E. ( E i +I ) ( E i +2) ( E i + 3) ( E j ) 
I 

a~ = annual component fixed costs 
I 

n n n 
OE = l: d./ ~ (d. I II Ek ) ) ) (6.5) 

i=l I i= I 
I 

k= i 
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Where OE overal I water conveyance efficiency 

d. = the minimum or maximum diversion flow rate of the 
I 

.th t• 1-- sec 1on 

E = individual component water conveyance efficiency 
k 

and i progresses from I, representing the section furthest from the 

source of the distribution system, to n, representing the section nearest 

the water source. 

The annual system cost wi"l I vary from a minimum when minimum 

diversion flow rates from alI sections are used for system design, to a 

maximum when the maximum possible diversion flow rates from alI sections 

are expected to occur. The magnitude of the diversion flow rates 

actually used for sizing of the distribution system is dependent upon 

the type(s) of application system(s) chosen by the linear-programming 

model for the specific areas served by the diversions. 

Costs and efficiencies are compared for each system combination 

for alI i = I, n, and alI higher cost, less efficient combinations 

are pruned at each step. A less efficient combination can be pruned 

only if the total annual cost is higher for alI ranges of minimum and 

maximum diversion flow rates in its respective sections. 

For computational ease, combinations are formulated in this 

dynamic-programming procedure beginning with the section farthest 

downstream from the source, and progressing in a sequential manner 

upstream toward the source. 

The total number of combination comparisons and thus the 

amount of computation time required by this optimization procedure is 

140. 



reduced as a result of pruning less desirable component combinations 

at each step in the decision process. The decision theory used does 

constitute an optimal pol icy because alI decisions (combination 

eliminations) at each succeeding procedural step (section addition) 

constitute an optimal pol icy with regard to the problem status resulting 

from those decisions. 

Dynamic programming computer routine 

Because of the large number of decisions involved in the formulation 

of optimal alternative combinations for large distribution systems, a 

digital computer program utilizing the dynamic-programming theory 

discussed in the previous section of this chapter is used in this 

irrigation planning model. A listing of the documented program DYNAM, 

written in FORTRAN IVi has been included in Appendix B. 

Program input and output 

Table 31 is a list of input parameters required by DYNAM for 

distribution system optimization. Input into this routine is accomplished 

by using the free-format subroutine INPUT discussed in Chapter Y and 

I isted in Appendix B. A total of six different conveyance system 

alternatives may be used in this routine to build system combinations. 

The types of system alternatives evaluated in DYNAM do not necessarily 

need to correspond with the alternatives I isted in Table 31. AI I codes 

input into DYNAM are used for label I ing purposes only. 

Data concerning the section identification number and minimum and 

maximum expected diversion rates are read into DYNAM for each section 
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of the conveyance system to be optimized. The order that the section ~ 

are input into DYNAM is quite important, as this order dictates the 

sequence of section combination building. In this routine, the first 

section entered should be ~he section directly downstream of the system 

source. This is the section which supplies alI other sections within 

the system. Data arethen entered for those sections lying along the 

main branch of the conveyance system, with the order of entry corres

ponding with the direction of water flow through the system. Data 

must be entered for alI sections branching from the main conveyances 

system as they are encountered. The last section entered into the 

DYNAM routine should be the end section of the main branch of the 

conveyance system. 

Figure 21 is a simp I ified i I lustration of the gravity distribution 

system planned for the Salem Irrigation District. The actual system 

configuration is shown in Figure 6. The order of section data entry 

into DYNAM is depicted by the letters in Figure 21. AI I diversion 

points and distribution system laterals are assumed to be located at 

the end of the various distribution sections. 

Coefficients of the annual cost function of each system alternative, 

along with the corresponding conveyance efficiency, are also entered 

into the computer routine for each section. These coefficients are the 

a and b terms I isted in equation 3.4 in Chapter I I I. 

DYNAM has been written in conversational mode to faci I itate data 
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Table 31. Input parameters required by the dynamic-programming routine 
to select optimal distribution system alternative combinations. 

Input Parameters for DYNAM 

Codes for component alternatives considered: 
Unlined channel 
Concrete I ined channel (unreinforced) 
Gravity pipe 
Concrete I i ned channe I ( re l nforced) 
Asphaltic I ined channel 
Shotcrete I ined channel 

Data describing each conveyance section: 
Section identification number 
Maximum diversion rate from section 
Minimum diversion rate from section 
Identification number of section supplying this section 
Component alternative code of this section 
Y-intercept of annual cost function (a) 
Slope of annual cost function (b) 
Conveyance efficiency of this section (percent) 
Codes of any component alternatives notal lowed to 

supply this section (i.e., no unlined channel sections 
may supply gravity pipe sections, etc.) 
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entry with a CRT-type terminal. If data are to be input from cards 

or direct access system devices, the conversational option can be 

suppressed. 

7(!) 6(k) . 

(Letters depict the sequence of section data entry to the DYNAM 
dynamic-programming routine) 

Figure 21. Representative sketch of the gravity distribution system 
of the Salem Irrigation District. 

Program output consists of a I ist of the optimum alternative 

combinations selected by the DYNAM routine. Included in the output 

are the computed minimum and maximum system flow rates, annual costs, 

and conveyance efficiencies associated with each of the combinations 

selected. These values are based upon the estimated minimum and 

maximum diversion rates of each conveyance section. 

A required input to the DYNAM routine is a variable entitled 

EMARGN. This term provides a bias used to reduce the number of 

optimum alternative section combinations retained in the dynamic-

programming routine. EMARGN is equal to the magnitude of increased 
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efficiency of a combination over that of combinations with lower annual 

costs, necessary to authorize the retainment of that combination for 

further analysis. EMARGN may range from 0.0 to 0.01 (1.0 percent) or 

higher, depending upon the magnitude of increased efficiency which is 

felt by the systems planner to warrant an increased annual cost of the 

irrigation system. The use of the EMARGN term with a value greater 

than zero wi I I reduce the total number of alternative system combina

tions selected for further study, although the bias used in this 

reduction may eliminate some optimal combinations which have a more 

favorable arrangement of system alternatives (i.e., alI lined channel 

sections as compared to an assorted combination of unlined and I ined 

channel sections mixed with gravity pipe). 

Application of DYNAM to the Salem Irrigation District 

Estimated diversion rates, annual costs, and conveyance 

efficiencies of the alternatives considered in each section were 

entered into DYNAM for the 12 sections of the gravity conveyance 

system (Figure 6) planned for the Salem Irrigation District. A 

I isting of these data has been included in Appendix C along with 

program output for the gravity system. The number of combinations 

retained by DYNAM in this output was 184, as compared to the 177,147 

combinations possible. EMARGN was set equal to zero in this program

ming run so that a wide range of feasible combinations would be output. 

Twenty-four combinations were selected from the DYNAM output I ist 

which were felt to be more feasible to construct, operate, and maintain, 
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than other combinations. Combinations were also selected on the basi s 

of esthetics and safety to the irrigation district. Combinations were 

not selected, for example, in which sections consistantly alternated 

between the open channel and gravity pipe alternatives. These com

binations could prove to be difficult or more costly to construct, and 

the large number of transitions from open channel to gravity pipe could 

prove to be a safety hazard. Table 32 is a summary of the alternative 

distribution system combinations selected from the DYNAM output I isted 

in Appendix C. Included in this table are the average annual costs, 

total system flow rates, and conveyance efficiencies of the combinations 

at the average estimated diversion rate of each section. These selected 

combinations were optimized in conjunction with on-farm appl icatiori 

system alternatives discussed in Chapter V in the I inear-programming 

procedure described in this report. 

Limitations of the DYNAM routine 

The size of computer memory required to execute OYNAM is dependent 

upon the number of distribution system sections, the number of section 

alternatives, and the general configuration of the conveyance system. 

Dimensional arrays within the routine are required to store information 

concerning the optimal alternative combinations retained by the routine 

during each formulation, comparison, and decision step. The routine 

currently requires about 500,000 bytes of computer memory, enough to 

store information on 1800 system combinations. If a smaller irrigation 

distribution system is model led, or if available computer memory is less 
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Table 32. Summary of selected distribution system alternative combinations from 
DYNAM output. 

Average 
Average System 
Annual Flow 

Comb in- Section Cost Rate 
at ion I 2 3 4 5 6 7 8 9 10 I I 12 ($) (cfs) 

A u u u u u u u u u u u u.!! 657o. 21 66.? 

B U U U L U L U U U U u u 7380. 65.6 

c U U U U U L L U L U u u 8070. 65. I 

0 U U U U U L L U U L u u 8990. 64.2 

E U L U U U U U U U L u u 10,150. 63.9 

F U U U U L L L U U L u u II, 160. 63. I 

G U L U U L L U U U L u u 12,890. 62.4 

H U L U L L L L U U L u u 14,370. 61. I 

I ULUULLLLUL u u 15,570. 61 .3 

J ULULLLLLUL u u 16,260. 61.0 

K U L L G L L L L L L u u 19,480. 60. I 

L LLULLLLLUL u u 20,340. 59.9 

M L L U L L L L L L L u u 20,900 59.6 

X L L L L L L L L L L L L 23,190. 59. I 

N L L L G L L L L L L u u 23,540. 59.0 

0 L L G G L L L L L L u u 28,250. 58.3 
p L L G G G G L L L G G u 41 '000. 57.5 

Conveyance 
Efficiency 
(percent) 

82.9 

83.8 

84.5 

85.6 

86. I 

87. I 

88·. 1 

89.2 

89.7 

90. I 

91.5 

91.8 

92.3 

93. I 

93.3 

94.3 

95.7 



Table 32. Continued. 

0 L G G G L L L L G L L u 42,550. 57.3 96.0 

R L G G G L G G L G L L u 45,140. 57.0 96.5 

s G L G G G G G L L G G u 58,500. 56. I 97.9 

T G G G G L L L L G L L u 58,660. 56. I 98.0 

u G G G G G G G L G G G u 72,530. 55.2 99.6 

v G G G G G G L G G G G u 77,770. 55. I 99.8 

w G G G G G G G G G G G u 79, I I 0. 55.0 100.0 

1/ U = Unlined channel 
L = Lined channel 

~ G = Gravity Pipe section Q) 

~Annual Cost of Conveyance system at mean system diversion rate. 

3/ System flow rate requirement at mean system diversion rate. 



than the amount presently required, the array dimensions in the DYNAM 

routine can be reduced, and EMARGN can be set greater than zero. 

AI I decision-making processes within DYNAM are completed using only 

annual costs and conveyance efficiencies to select desirable alternative 

combinations. No real engineering judgement concerning the safety, 

esthetics, or construction feasibi I ity of a specific combination is 

employed within the routine. Although DYNAM is a very useful tool when 

used to reduce the total number of possible conveyance system alternative 

combinations, discretion must be used in evaluation of the "best" com

binations selected by this dynamic programming model. 

Linear Programming 

In some model I ing and resource allocation procedures the objectives 

for a problem and alI the associated constraints can be described by 

I inear functions with respect to the independent variables. When the 

objective function and alI constraint functions are I inear, the problem 

is said to belong to the I inear-programming (LP) class. Linear program

ming is the process of finding an optimal solution for an objective 

function subject to a I I I i near constraint conditions and the non-
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negativity of alI independent variables. This process essentially 

involves the allocation of resources so that solution of simultaneous 

I inear equations with more unknown variables than equations can be 

accomp11shed subject to some over alI problem objective. References 

concerning I inear programming have been written by Ackoff and Sasieni 

(1968), Beveridge and Schechter ( 1970), Dantzig (1963), and Hadley 

(1962), and methods concerning water resources allocation model I ing 

using LP have been researched by M i I I i gan ( 1971 ) , Schreiber ( 1968), and 

Stark and Nichol Is ( 1972). 

The I inear-programming problem may be expressed mathematically 

as fo II ows: 

Subject to: 

and 

Minimize (maximize): 

a II S I + al2x2 + ............ 

a21xl + a22x2 + ............ 

x
1 
,x

2
, ••• • • • • , X > 0 

n 

+ aln 

+ a2n 

X (~, = n 

X ( .::_, 
n 

(6.6) 

>)b 
- I 

>)b 
- 2 

>)b 
- m 

(6.8) 

( 6. 7) 

The above equations form a I inear analytical model with n independent 

unknowns (decision variables) subject tom constraints. The left-hand 

side of Equation 6.6 is the I inear objective function for which an 

optimal value (maximum or minimum) is sought. If the function 
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represents costs, a minimum value is sought, whereas if it represents 

profits or net benefits, a maximum value is desired. The c. 's in the 
J 

objective function represent the unit costs (profits) of associated 

alternative activities, X.'s. The various a .. 's in the constraint 
J IJ 

equations are coefficients which relafe ' a ~nit of activity, X., to 
J 

the amount of resource used by that activity. Various physical and 

socio-economic boundaries and resource demands and avai labi I ities are 

specified by the b.'s of the constraint equations. (Ackoff and Sasieni, 
I 

1968; Busch, 1974; Dantzig, 1963; Hadley, 1962; Schreiber, 1968). 

Many para I lei operations are performed on the system of equations 

in 6.6 and 6.7. For instance the variable in each column, X., is 
J 

multiplied by one cost coefficient, c., and m constraint coefficients, 
J 

a... Elements in columns, column vectors, may be multiplied by 
IJ 

unknowns and added across so that their sums wi I I give the corresponding 

elements in the right-hand column (Dantzig, 1963). Using this 

principle, Equations 6.6 and 6.7 can be written in the form shown in 

Table 33. The m+l elements in the column beneath each variable are a 

column vector, each element of which is multi pi ied by the variable. 

Likewise, the coefficients in each row, cj, alj' a2j, j = l,n, may be 

considered a row vector. Table 33 is referred to as a I inear-program-

ming (LP) matrix. The matrix form provides an orderly manner for 

writing alI coefficients, and it saves time and effort by not requiring 

repetitious writing of the variables. A blank element in the matrix 

is considered to be zero, and alI elements are considered to be 
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positive in sign unless otherwise indicated. 

Physical interpretation of the I inear-programming model is a 

necessity for the complete understanding of the model and the results 

obtained from it. Mi I I igan (1971) describes the significance of the 

model as it pertains to water resources systems: 

The objective function describes the economic relationships 
of the area (system) being model led. The values of the 
objective function might be the total cost of alI of the 
alternative water activities considered in the solution, or 
it might represent the total net benefits, depending upon 
whether the problem is formulated as a cost minimization 
problem or a net benefit maximization problem. The system 
of constraints defines the technical relationships of the 
area (system) being model led. For example, a group of 
constraints may define the condition of hydrologic con
tinuity within the model, whereas another group of con
straints might define the relationships between sources 
of water supply and areas of demand, including return flows 
and wastes that might occur due to the allocation from 
supply to demand. Sti I I other constraints might describe 
the legal I imitations on avai labi I ity of a certain water 
supply, for example. Thus, the constraint system is the 
part of the model wherein the economic relationships, or 
measure of accomplishment of objectives, are spelled out. 

Table 33. Matrix form of I inear-programming problem. 

Variables x, x2 . . . 

Objective c, c2 

Row a II al2 

Row 2 a21 a22 

Row m 

. X n 

c n 

aln 

a2n 

a mn 
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Sign 

< > 

< = > 

< = > 

Right-hand 
side 

y 

bl 

b2 

b m 



Linear-programming models have proven to be a powerful tool in 

the area of water resources research. Probably the greatest advanta~e 

of the I inear-programming approach is the relative ease of solution. 

The d~velopment of high-speed electronic computers has provided large

scale routines such as IBM's MPS/360 that have capabi I ities of solving 

problems with hundreds of independent unknowns and constraints <IBM, 

1969a). The biggest disadvantage of I inear programming is that it may 

require the oversimplification of a real-1 ife system in order to 

analytically describe the system in the form of Equations 6.6 and 6.7. 

However, the unusual success with which I inear-programming problems 

have been solved has motivated many to seek means for reducing non-

I inear problems to I inear forms. The versati I ity of I inear programming 

makes it a powerful tool for use in conjunction with other optimization 

techniques such as dynamic programming and simulation. (Buras, 1972; 

Busch, 1974; Hall and Dracup, 1970). 

Application of I !near-programming to an 
irrigation planning and optimization problem 

To accurately model costs and functions of irrigation system 

components within a large irrigation system, the economic and physical 

relationships of component parts as wei I as any system constraints 

must be defined. Provision for continuity of flow of water through 

the system must be included for proper allocation of the resource and 

for sizing of system components and land areas served. 

Necessary data for I inear programming optimization of irrigation 
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alternatives include crop acreages and water requirements for the major 

soi I types in the planning area and the areas of these soi I types in 

relation to the service areas of the distribution system. Also 

required are annual cost function coefficients of the application 

systems and conveyance system sections, along with conveyance efficien

cies of the distribution system. 

Sample LP matrix formulation. The hypothetic9l irrigation 

system shown in Figure 22 consists of two separate distribution service 

areas, Area I and Area I I. Water is supplied to these areas by the 

open channel sections shown. Section I supplies water to Area I and 

to Section I I, whereas Section I I supplies water to Area I I only. Two 

soi I types are also shown in Figure 22. Application system costs for 

crops considered are representative of a specific soi I type. Alterna

tive application systems considered for the two crops planned for the 

district are: sprinkler or furrow for potatoes and sprinkler or 

border for grain. Table 34 includes acreages of the two soi I types to 

be planted to potatoes and grain and also the percentages of the soi I 

types lying within each service area. Symbols representing coefficients 

of annual cost functions and efficiencies of the proposed application 

alternatives and distribution system sections planned in the 

hypothetical district are I isted in Tables 35 and 36. The "Q" values 

in Table 35 (e.g. QPFI) are the expected continuous flow rate require

ment of each soi 1-crop-system combination during the peak irrigation 

water-use period. These values are dependent upon the maximum 
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Table 34. Sol I type distribution in a hypothetical irrigation district. 

Sol I 

Sol I 2 

Total Potato 
acres acreage 

130 

30 

80 

20 

Grain 
acreage 

50 

10 

SECTION .II 

%sol I type in 
Area I 

23 

100 

SECTIONT 

~~IRRIGATION CONVEYANCE SYSTEM 

D SOIL TYPE I 

l::.·r,·:l SOl L TYPE 2 

% so i I type in 
Area II 

77 

0 

Figure 22. Schematic of an irrigation system showing conveyance 
sections, service areas, and soi I types. 
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Table 35. Cost function and efficiency symbols for application systems 
in a hypothetical irrigation system model. 

No. of Cost per Eff. cfs/acre 
System acres acre (dec. ) at peak use 

Potatoes-Furrow-Soi I PFI CPFI EPFI QPFI 

Potatoes-Sprinkler-Soi I PSI CPS II EPSI QPSI 

Grain-Border-Soi I I GBI CGBI EGBI QGBI 

Grain-Sprinkler~Soi I GSI CGSI 1 EGSI QGSI 

Potatoes-Furrow-Soi I 2 PF2 CPF2 EPF2 QPF2 

Potatoes-Sprinkler-Soi I 2 PS2 CPS2 1 EPS2 QPS2 

Grain-Border-Soi I 2 GB2 CGB2 EGB2 QGB2 

Grain-Sprinkler-Soi I 2 GS2 CGS2 1 EGS2 QGS2 

Includes pumping costs 

Table 36. Cost function and efficiency symbols for the distribution 
system in a hypothetical irrigation system model. 

System 

Section 

Section II 

Flow rate 
in system 

Ql 

Q2 

Cost per unit Fixed 
flow rate cost 

CV I CFI 

CV2 CF2 

Efficiency 
(dec i ma I ) 

El 

E2 

evapotranspiration rate of the crops and application system efficiencies 

evaluated for the various soi 1-crop combinations. Annual costs and 

system efficiencies I isted in Tables 35 and 36 could be obtained from 

solutions of the cost-evaluation computer routines described in 

Chapter V. 
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The I inear-programming matrix for the hypothetical model is presented 

in Figure 23. The sum of the elements in the objective row, each multi

pi ied by its proper variable, is the total annual cost of operating the 

entire system. Annual water costs for the volumg of water entering the 

system, QENT, are related to the total system diversion by the factor 

CWTR shown in the objective and by the conversion factor in the VOLON 

row. The solution of the problem wi I I give the minimum value for the 

objective subject to constraints given in the rows beneath the objective. 

The FIX term in the objective is a constant that is the sum of alI fixed 

specified costs, CFI and CF2, for distribution system components. The 

ACOM term is the annual operation and maintenance cost associated with the 

specified distribution system. This term is considered to be dependent 

upon the distribution system and completely independent of the application 

systems. 

The constraint rows define boundary conditions, continuity within 

the model, and relationships between the source of supply, the distribu

tion sections, and service Areas I and I I. The POTATO-SOIL I row simply 

indicates that the potato acreage irrigated by sprinkler and furrow 

systems on soi I type I in both areas must total 80 acres. This same 

concept holds true for the other GRAIN and POTATO-SOIL type rows. 

Distribution system Section I I must supply the demands imposed by the 

furrow, border, and sprinkler systems in Area I I as indicated by the 

coefficients in row AREA I I. The .77 value multiplied by the "0" terms 

in these coefficients requires 77 percent of alI application systems 
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Variables PFI PSI GBI GSI PF2 PS2 GB2 GS2 QENT Ql Q2 FIX OMC SIGN RHS 

Objectives CPFI CPS I CGBI CGSI CPF2 CPS2 CGB2 CGS2 CWTR CVI CV 2 +CFI ACOM 
CF2 

POTATO-SOIL I I I - 80 
U1 
()) GRAIN-SOIL I I I = 50 

POTATO-SOIL 2 I I = 20 

GRAIN-SOIL 2 I I = 10 

AREA I .23*QPFI .23*QPSI .23*QGBI .23*QGSI I. *QPF2 I. *QPS2 I. *QGB2 I. *QGS2 -EI + 1.0 < 0 . 0 -

AREA II .77*QPFI .77*QPSI . 77*QGB I .77*QGSI -E2 < 0. 0 -

SUPPLY I .0 < 
Qspec -

CONST I .0 = I. 0 

COEM I .0 = 1.0 

VOL ON -Ccfs/AF) I .0 = 0.0 

Figure 23. Linear-programming matrix for a hypothetical model. 



chosen for crops on sol I type I to be located in service AREA I I 

(Table 34). Efficiency figure, E2, signifies that the flow rate of 

water entering Section I I must include conveyance losses in that 

section. In the AREA I row it can be seen that Section I must supply 

water to both Area I and Section I I. The supply entering the entire 

system must not exceed the specified value of Qspec, representing the 

total system flow rate requirement during periods of peak water use 

at a set project efficiency. Qspec may also represent the maximum 

legal water right of the irrigation district. The CONST and COEM rows 

allow inclusion of the FIX and OMC variables in the objective function. 

An optimal (least cost) solution can be obtained for the problem 

described through use of the l.inear-programming matrix and associated 

computer program. Results would indicate how the constrained resource, 

water, would be distributed among two crops in two service areas and 

how many acres would be served by each type of application system on 

each sol I type. The effects of variations in water avai labi I ity and 

cost could be incorporated into the same problem by using parametric 

programming to alter specified parameters within the matrix. 

Parametric programming. In applied problems one is not only 

interested in solution of the problem, but also in how the solution 

changes when various parameters in the I !near-programming model change. 

As Stark and Nichol Is (1972) stated, the latter may be more important 

than the former. Mi I I igan (1971) pointed out that the optimal solution 

of a I !near-programming problem may be very sensitive to various 
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parameters in the problem, and it is desirable to determine the 

effects of changing parameter values without resolving the entire 

problem. 

Stark and Nichol Is ( 1972) I isted the following five basic types of 

parameter changes that affect solution of a I inear-programming problem. 

I. Changes in the objective coefficients, c. 
J 

2. Changes in the resource I imits, b
1 

Changes in the constraint coefficients, a .. 
IJ 

3. 

4. The effect of including additional constraints 

5. The effect of including additional variables 

In sensitivity analysis a given coefficient is allowed to vary while 

alI others are held to their original values. Sensitivity analysis 

determines the range over which a given coefficient can vary without 

changing the configuation of the least-cost optimal design, and invest-

igates changes in the optimal value of the objective function. In 

parametric programming values of one or more parameters areal lowed to 

vary over a specified ra~ge. The resulting changes in the optimal 

objective value and design configuration are investigated relative 

to the parameter changes (de Neufvi I le and~ Stafford, 1971 ). 

Parametric programming 6an be performed on the I inear-programming 

matrix in this model to evaluate the effects of increased water cost, 

charges or benefits accessed for deep percolation, seepage losses, and 

surface runoff, and also to evaluate the effects of further constraint 

of the water supply on the total irrigation system. Effects of these 
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social, environmental, and physical constraints upon the irrigation 

system are reflected in the objective function cost, and also in the 

basis variables in the LP matrix which indicate inclusion of specific 

application system alternatives in the total system. 

Linear programming model I ing of an 
irrigation system 

An irrigation system can be model led and optimized for minimum 

annual cost and efficient water resource allocation by using the 

I inear-programming matrix formulation procedure discussed in the pre-

ceding section in conjunction with the aforementioned parametric 

programming techniques. In addition to the rows and columns I isted in 

the hypothetical problem matrix shown in Figure 23, rows and columns 

providing data representing seepage, deep percolation, and surface 

runoff costs and constraints can also be included in the matrix. 

Data concerning losses from commonly used types of application and 

distr!bution systems may be obtained through uti I ization of the systems 

ro~tines discussed in Chapter V and I isted in Appendix B. 

System flow rate requirements. Specification of the maximum flow 

rate required by irrigation application systems during the period of 

peak consumptive-use is necessary in defining the size of the distri-

bution system components selected to serve ·these systems. The maximum 

flow rate required for each acre irrigated by a specific application 

system can be expressed in equation form as: 

I 
Qmax = 23.8 

ET'max 
Eff 

16 1 • 

(6.9) 



where 

Qmax maximum required flow rate in cfs/acre 

ET'max =maximum rate of evapotranspiration in inches per day 

Eff = system application efficiency expressed as a decimal 

Evapotranspiration values used in the above equation should be 

for a specific crop, and the efficiency used should be representative 

of one application system type evaluated for a specific soi 1-type 

combination. Qmax in equation 6.9 corresponds to the QPFI, QPSI, 

QGBI, etc. terms shown in the hypothetical LP matrix in Figure 23. 

Equation 6.9 can also be used to calculate the overal I flow rate 

required by an irrigation system or district. This flow rate, identified 

as Qspec in Figure 23, can be evaluated at various project efficiency 

levels. The ET'max term in equation 6.9 should represent a weighted 

average of evapotranspiration rates of the crops grown in the district, 

and the Qmax calculated should be multiplied by the total number of 

acres irrigated to obtain a value for Qspec representative of the 

total system. 

Operation and maintenance costs. Operation and maintenance costs 

for irrigation distribution system alternative combinations evaluated 

in the I inear programming model are entered separate from the 

distribution system annual cost function coefficients. This separation 

enables the use of 0 & M cost estimating equations derived for different 

irrigation regions or types of systems and management practices. 
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Operation and maintenance costs for distribution systems in this 

particular study were .computed from relationships developed by Brockway 

and Reese ( 1973) for selected irrigated regions in the western United 

States. These relationships can be expressed as: 

and 

where 

COM 
0 

COM 
c 

L 

cv 

COM 
0 

96 . 3 L 0.663 CV 0.774 

COM = 89.5 L I · 072 CV 0 · 351 
c 

( 6. I 0) 

( 6. I I ) 

annual operation and maintenance cost for an open distribu
tion system 

annual operation and maintenance cost for a closed distribu
tion system 

system length in miles 

average annual gross crop value in dol Iars per acre. 

Equations 6. 10 and 6. I I were developed from data gathered from pre-

dominantly open or closed distribution systems. For varying combina-

tions of open and closed systems, the operation and maintenance costs 

are determined for both open and closed systems using the total length 

of the combination under consideration. The cost for the composite 

system is then computed as a weighted average of the individual costs 

of open and closed systems as: 

where 

L COM 
0 0 

L COMtotal = 
+ 

L COM 
c c 

L 
( 6. 12) 

COMtotal =annual composite operation and maintenance cost 

L length of the open portion of the system 
0 

L 
c 

length of the closed portion of the system 
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The 1968 crop value used in Equations 6.10 and 6. I I for the Salem 

Irrigation District was $115. per acre. Since these equations were 

developed for 1968 0 & M data, an appropriate cost index was applied 

to the result in the study to represent costs for the year 1977. A 

COMtotal term must be calculated for each distribution system combination 

optimized in the I inear programming model. Operation and maintenance 

costs for a distribution system are assumed to be independent of the 

application systems served. 

Matrix formulation
gravity distribution system 

The formulation of the I inear-programming problem for the Salem 

Irrigation district was carried out in much the same manner as for the 

hypothetical model described in preceding sections of this chapter. 

Unit costs for alI application systems evaluated and planned for each 

soi I type and annual ·costs of system components for a given distribution 

system alternative combination are combined to form a I inear objective 

function. The objective function denoting total annual cost is then 

minimized subject to constraints. Constraints establish continuity 

in the model and establish necessary relationships between the source(s) 

of supply (water into the system) and areas of demand (various appl ica-

tion systems). 

The I inear-programming matrix map shown in Figure 24 describes 

the relationship of the gravity conveyance system and on-farm application 

systems planned for the Salem Irrigation District. The matrix map is 
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given in abbreviated form; that is, alI numbers other than I .000 are 

represented by letter symbols whose ranges of value are shown in 

Figure 25. The application systems for alI units represented in 

columns on the left-hand side of the matrix correspond to those 

symbols and systems I isted in Tables 14 through Table 17 in Chapter V. 

AI I column headings beginning with "SYS" represent distribution system 

component sections. The lower number in these twelve distribution 

system headings rep resents the type of a I ternat i ve: I = u n I i ned 

channel, 2 = I ined channel, 3 =gravity pipe. The number(s) immediately 

preceding the lower number indicate(s) the section which the alternative 

represents (referririg to Figure 6.) 

The VON, VDPB, VDPD, and VSR columns in the matrix represent 

annual volumes of water diverted into the system, entering the ground

water as beneficial and detrimental (non-beneficial) deep percolation, 

and surface runoff, respectively, for the entire system. The summation 

of annual fixed specified costs for alI distribution system components 

is contained in the FIXA column, and annual operation and maintenance 

costs for the distribution system appears in the OMCA column. The 

SEEPAGEA column provides for inclusion of conveyance system seepage 

losses in the beneficial deep percolation category. The letter (A) 

included in the SYS column headings and FIX, OMC, and SEEPAGE column 

headings depicts which specific distribution system combination has 

been entered for optimization <Table 32). 

Rows of the matrix in Figure 24 consist of the objective (08J) row, 

165. 



O~J 

SOl LIP 
SOILlG 
SOILlA 
SOH. lA 
SOILlP 
SOIL2G 
SuiL~A 
svit_i'q 
SOIL"P 
S~!UG 
SJIL 3A 
SOIL~P 

sorL~G 

SOILU 
S0IL4~ 
A~·~~ I 
!QS:!.? 

:.=-l~~J 

AO!"~,. 

~~::~;;; 

A~F~,. 

A-<En 
A~~ Ad 
A"'€~-J 
A;;:.q() 

A~€Al! 

1~~ 412 
'II T1''1o 

VOLO'\: 
0~0)!4~ 

DE-.fto<') 
SIJ-1CI-"F 

co•:''"' 
C0'J$T 
CUi" 
Cool)'4 

("" :1::».:, 

N 
E 
E 
E 
E 
e: 
E 
E 
E 
E 
E 
e: 
e: 
E 
E 
E 
L 
L 
L 
L 
L 
l 
L 
l 
L 
L 
L 
L 
L 
E 
E 
E 
E 
€: 
E 
€: .. 
~ 

c ·~•l "' '' ~ 
CHo;;.( N 

s 
S S S E 

S S S S S S 5 S S Y v Y E 

S S S S U U U U I I I I H !o4 "f H S "5 S S S S '5 S S U U U U ! I I I I-! 11 H r4 S S S S S S S S U 'J lJ ! l t ' ! 
U U U U N N N N H M H H M ~ ~ ~ Q Q Q R S ~ U U U N N N ~ ~ M M ~ ~ " ~ ~ ~ ~ ~ ~ S U U U N N ~ M ~ ~ ~ 

8 8 8 8 G G G G G G G G ~ o P P P o P P o ~ R q S G G 5 G G G G G P P ~ ~ P P P P P 9 8 ~ r, ~ G G ~ G ~ 

P G A 8 P G A 9 ~ G A ~ P G A R P G A 8 P P G ~ ~ P G A 8 ~ G A ~ P G 4 ~ P G ~ ~ ~ P ~ 4 P G A ~ G a ~ 

1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 1 z 2 z 2 2 z 2 2 z 2 2 z 2 2 2 ~ 2 2 2 2 z 3 J 3 3 ) ) 3 J j j 

"! ~ !I S ,S S S S S S S U 1.1 U U I I I l lo4 H ~ H 3 S S S S C C C C: Y Y Y Y 'f Y Y Y V S S S P 
~ H ~ ~ · ~ R 5 U ll ll U N S M l'c 14 '4 M l'l 104 ~ M " R ~;; H P S P P P P V · II S 5 S S S S S S S .1 A A .~ F' 0 P R 
P ;.. ::> n !I" ~ P 1:1 ~ 1! R G l> G G G G G G P D P P P P P P ? P P P P V I) 0 V A A A A A ol A A A l 1 l G I ~ "" H 
P £ A 70 A P P G A ~ ~ 6 A 8 P G A 8 P ~ A ~ P & A ~ P P G A ~ Q P P S l ~ 3 4 5 b 7 R 9 0 1 Z E X C S S 
.~ 3 l ) :3 3 .) 4 4 o\ .~ 4 4 • 4 It 4 4 4o 4 4 4 4 4 4 4 4 '- 4 A 4 4 N 3 0 R l 1 1 1 1 1 1 l ! 1 1 1 A A A A d 

R a s 8 e s 8 ~ a a b s a ~ ~ a a 9 ~ a c a s a ij d i B e a a H s ij ~ ~ ~ ~ ~ s H c ~ ~ 8 ~ ~ & ~ ~ d ~ ~ ~ a a a• » c ~ ~ ~ ~ 3 ~ a 8 c ~ ~ 8 a e 9 a a a a a c ~ e B a 
1 1 1 1 1 1 

y y V V Y V V V V V y V V V II V V V V V II V V V 1/ V V 1/ V V V 1/ V V V V 1/ V V V V V 'J U Y V V V v v Y ., y v 1/ 'I V V V V 
V V 1/ V V 1/ V V V V V 'I 1/ 1/ V 1/ Y IJ ·.; V 'J IJ U U 'J V ;) U IJ iJ 'J V 1J . ., U ~ 'J t• IJ 

1/ V V V V V V V V ~ V V II~ V ~ V W V ~ V U U U U . l/ V V V V V V 1/ ~ V V V V V V V V 
v v y y v v v v v v v v v ~ v ~ v v y v v u u u v v v v v v v ., v v v v 1/ y v v v v 
i v v v v ~ v v v ~ y v v ~ v ~ v ~ v w v v v v v v v v v v ~ ~ w ~ w ~ ~ ~ - ~ • w 
U U U U II 1/ 1/ II V V V V V V V V V V V 1/ V 
v v v v y v v v v ~ v v v w • ~ v w w ~ v v v v v v v v 1/ v ~ v v v w ~ w v ~ ~ ~ ~ 

U U V V V V V V V V V V V II V V V V V V 1/ 
v v 1/ v v v v v v w v v v ~ w v v w ~ w v 
v v y 1/ v v v y v ~ w w y w w w v w ~ w w v v v v v v v v v w w w w ~ ~ ~ ~ ~ 1 v w 

u u v v v 1/ y 1/ v 1/ v v 1/ ~ v v v IJ v 1/ v 

A A A A 
T T A ~ U T T T T T T T T T T 
A A l A A T I! A 

A A A A 
T A A A T U U T T r T T T T T T r 
A A A A A T I! A 

A A A 
T u 
A A .l A T A 

•J i 
A 

T · ~ T T ! 

1 1 

v v v v v v ~ v v w ~ v w ~ ~ w w w w w w ~ w w ~ 

u u u u u u u u u v v v v v v v v v v v v v v v v 
u u u u v u u u v v v v v v v v v v ~ v v v v v v 
v v v v v v v v v ~ w w w ~ w w ~ w w ~ w w w w ~ 
u u v v v v u u v v v v v v v v v v v v v v v v v 

A /l A A 
~ ~ A A A T T T T T T T T T T T T T T 
T A A A '!' Y A 

Figure 24. Linear-programming matrix for gravity pressure distribution 
system in Salem Irrigation District. (See Figure 25 for 
symbol explanation.) 
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-· SUMMARY OF MATRIX 

SYMBOL RANGE 

z Less than .000001 

y .000001 thru .000009 

X .000010 .000099 

w .000100 .000999 

v .001000 .009999 

u .010000 .099999 

T . I 00000 .999999 

I. 000000 I. 000000 

A I. 00000 I 10.000000 

B 10.000001 100.000000 

c 100.000001 I , 000. 000000 

D I , 000. 00000 I 10,000.000000 

E 10,000.000001 100,000.000000 

F 100,000.000001 1,000,000.000000 

G Greater than 1,000,000.000000 

Figure 25. Summary of I inear-programming matrix. 
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constraint rows, and change rows. The elements of the objective row are 

unit costs, the sum of which is minimized in the problem solution. 

Constraint rows assure continuity and establish necessary relationships. 

The "SOIL" rows ensure that each soi 1-crop combination receives 

irrigation water via one or more of the I isted application system 

alternatives. Total acreages of each of these rows must equal the 

tot a I I and a rea of the so i 1-crop combinations I i sted in the RHSA 

column. The "AREA" rows provide for continuity of water flowing 

through the distribution system and for distribution of water to appl i

cation systems from the proper section. For example, the coefficients 

in the AREA2 row indicate that distribution section SYSAI I must convey 

enough water, considering the efficiency (T) of that section alternative, 

to supply the soi 1-crop-appl ication systems ~elected for service area two 

in addition to section alternatives SYSAZ2 and SYSA81. The coefficients 

in the AREA2 row appearing in the application system alternatives 

columns dictate the flow rate required per acre served by those 

systems selected. The total flow rate of water entering the entire 

system is depicted and control led by elements of the WTON row. The 

coefficient in the RHSA column of this row is representative of the 

Qspec value discussed in a previous section of this chapter. The VOLON 

row is necessary to convert the total system flow rate to a total 

annual volume. The coefficient necessary for this conversion, entered 

in the VON column has been set equal to 0.00528 CFS/AF for this 

particular study. This coefficient was estimated, using a seasonal 
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ET' curve for the area, by setting the maximum flow rate required by 

the system equal to the high point of the seasonal ET' curve and inte

grating under the curve over the total length of the irrigation season. 

The DEPERB, DEPERD, and SUROFF rows are necessary for calculation 

of beneficial and non-beneficial deep percolation of program-selected 

application system alternatives as wei I as surface runoff of selected 

surface systems. Coefficients entered into these rows were obtained 

from output of the APSYS application system evaluation computer routine 

described in Chapter V and I isted in Appendix D. The CONSP, CONST, and 

COEM rows guarantee inclusion of the values entered for the SEEPAGEA, 

FIXA, and OMCA columns in the LP matrix. The change rows, whose names 

begin with the letters "CH", are rows whose elements are multi pi ied 

by some factor and added to another row in the process of parametric 

programming. 

Right-hand-side, RHS, elements are the b's in the I inear-program

ming constraints (Equation 6.2). These elements represent the I imits 

placed on alI constraints. The RHSB column is in effect a change 

column whose elements are multiplied by some factor in the process of 

parametric programming and added to another column. 

The letter immediately to the right of each row name defines the 

type of row; i.e., the proper sign to be inserted between the row co

efficients and the right-hand side. The symbols are defined as follows: 

169. 



N No constraint (change or objective row) 

G Greater than or equal to 

E Equality 

L Less than or equal to 

Matrix formulation- high 
pressure distribution system 

The I inear-programming matrix map shown in Figure 26 contains 

elements representing an irrigation system in which application systems 

are supplied by a high pressure pipeline. Only sprinkler system 

alternatives are considered for the on-farm systems in this particular 

configuration to maintain compatibi I ity with the high pressure distri-

bution system used. 

The VDPB, VSR, and SEEPAGE columns and SUROFF and DEPERB rows have 

been deleted from this matrix; in relation to the gravity system 

matrix I isted in Figure 24, as there would be no beneficial deep 

percolation or surface runoff from the sprinkler systems evaluated for 

the Salem Irrigation District, and the high pressure pipeline would not 

have any seepage losses. The PMP column represents the variable costs 

of a large electric pumping plant in relation to the total system 

flow rate. The fixed pumping cost has been added into the total pipe 

system's fixed cost, represented by the FIX column. The eight "SYS" 

columns in this matrix are representative of the high-pressure pipe 

system sections shown in Figure 7 and described in Chapter IV. 

Coefficients in the OBJ row of these columns are the slope of the 
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Figure 26. Linear-programming matrix for high pressure irrigation system in Salem 
Irrigation District. 



annual cost versus flow rate function of each section described by 

equation 3.4. 

The "SOIL" and "AREA" rows included in the high pressure system 

matrix in Figure 26 are similar to those used in the gravity pressure 

system matrix shown in Figure 24 and discussed in the previous section. 

The AREA rows in the high pressure matrix represent the service areas 

shown in Figure 9 planned for the high pressure system, whereas the 

AREA rows in the gravity system matrix depict those service areas 

used in planning of the gravity pressure system (Figure 8). The 

CONPMP row provides for continuity between the pumping unit and the 

high pressure pipe system. Multiple pumping plant locations can also 

be used in this model to supply the high pressure system (Busch, 1974). 

Linear-programming solution and 
post-optimal analysis 

Optimal least-cost solutions for problems such as those represented 

in Figure 24 and 26 can be obtained by use of a high-speed digital 

computer and a software package such as the MPS/360 routine furnished 

by the IBM Corporation. This routine, its capabi I ities and applications, 

are described in detai I by the Programming User's Manual (IBM, l969a), 

Application Description Manual (IBM, l969b), and the Control Language 

User's Manual (IBM, l969c). 

Parametric programming can be used on the problem to determine 

effects of varying numerous parameters including avai labi I ity of water, 

the cost of water flowing into the system, and the net value of water 

lost to deep peroclation and surface runoff. 

172. 



Linear-programming matrix revision. After a set of optimal 

solutions are obtained for a I inear programming problem by I inear and 

parametric programming, the original problem can be revised. Problem 

revision means that one or more rows, columns, or individual elements 

in the original problem matrix are added, deleted, or replaced. The 

process of revision using IBM's MPS/360 is explained by Freeman and 

Lard (1970) and IBM (l969a). 

The I inear-programming problem represented by the matrix map in 

Figure 24 may be revised to include elements representing the various 

types of distribution system alternative combinations I isted in Table 32. 

To accomplish this revision, it is necessary to replace the columns 

representing distribution system sections ("SYS" columns) and the 

"SEEPAGE", "FIX" and "OMC" columns. 

The MPS/360 control program used for problem solution, parametric 

programming, and probl~m revision of th~ LP matrix representing 

the gravity distribution system and application systems planned for 

the Salem Irrigation District is shown in Table 37. Descriptions of 

the various statements, routines, and their functions may be found in 

the IBM manuals (IBM, l969a, l969b, l969c) and the manual written by 

Freeman and Lard (1970). The specific function of the program in 

Table 37 is to determine optimal solutions of the matrix, using the 

various parameter ranges I isted in Table 38, for each of the 24 

different distribution system alternative combinations I isted in 

Table 32. 
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Table 37. MPS/360 control program for the gravity-supplied irrigation 
system, Salem Irrigation District. 

JMP 

PRI 

PROGRAM 
INITIALZ 

MACRO 
SOLVECA,B,C,D) 
MVADRCXDOPREMX, INFS) 
MOVECXDATA,A) 
MOVECXPBNAME,B) 
I F ( I KT. GT. I , J MP) 
I KT= I KT+I 

MOVE CXOBJ, 'OBJ' ) 
MOVECXRHS, 'RHSA') 
CONVERTC'SUMMARY') 
SETUP ('MIN' ) 
PICTURE 
GOTO(PRI) 
MOVECXOLDNAME,D) 
REVISE 
SETUP( 'MIN') 
PRIMAL 
SOLUTION 
MOVE ( XOBJ , 'OBJ ' ) 
XPARAM=O. 
XPARMAX=I5. 
XPARDELT=3. 
MOVECXCHROW, 'CHON') 
PARAOBJ ( 'CONT') 
SOLUTION 
MOVE ( XOBJ , 'OBJ ' ') 
XPARAM=O. 
XPARAMAX=7. 
XPARDELT=3.5 
MOVECXCHROW, 'CHDPD') 
PARAOBJ ( 'CONT' ) 
SOLUTION 
MOVE CXOBJ, 'OBJ ' ) 
XPARAM=O. 
XPARMAX= I. 
XPARDELT=. 5 
MOVECXCHROW, 'CHOPS') 
PARAOBJ ( 'CONT' ) 
SOLUTION 
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Table 37. 

I KT 
A 
B 
c 
D 
INFS 

Continued. 

MOVE ( XOBJ , 'OBJ ' ) 
XPARAM=O. 
XPARMAX=.5 
XPARDELT=.5 
MOVE(XCHROW, 'CHSR') 
PARAOBJ ( 'CONT' ) 
SOLUTION 
MOVE ( XOBJ , 'OBJ ' ) 
MOVE(XCOLUMN,C) 
XPARAM=O. 
XPARMAX=8. 
XPARDELT= I . 
MOVE(XCHCOL, 'RHSB') 
PARACOL ( 'CONT' ) 
SOLUTION 
DC (I) 
DC ('ABC') 
DC( 'DEF') 
DC ( 'GH I ' ) 
DC ( 'J KL' ) 
MEND 
SOLVE<'TETONOI ','RUNOI ', 'SYSAI21 ','RUNOO') 
SOLVE('TETON02', 'RUN02', 'SYSBI21 ', 'RUNOI ') 
SOLVE('TETON03', 'RUN03' ,'SYSCI21', 'RUN02') 
SOLVE('TETON04', 'RUN04', 'SYSDI21 ', 'RUN03') 
SOLVE('TETON05', 'RUN05', 'SYSEI21 ', 'RUN04') 
SOLVE<'TETON06', 'RUN06', 'SYSFI21 ', 'RUN05') 
SOLVE('TETON07', 'RUN07', 'SYSGI21 ', 'RUN06') 
SOLVE('TETON08','RUN08','SYSHI21 ','RUN07') 
SOLVE<'TETON09' ,'RUN09', 'SYSI 121 ', 'RUN08') 
SOLVE( 'TETONIO', 'RUNIO', 'SYSJ 121 ', 'RUN09') 
SOLVE('TETONII ', 'RUNII ', 'SYSKill ', 'RUNIO') 
SOLVE ( 'TETON I 2' , 'RUN 12' , 'SYS L 121 ' , 'RUN I I ' ) 
SOLVE( 'TETONI3', 'RUNI3', 'SYSMI21 ', 'RUNI2') 
SOLVE('TETONI4','RUNI4','SYSNI21 ','RUNI3') 
SOLVE('TETONI5', 'RUNI5', 'SYSOI21', 'RUNI4') 
SOLVE('TETONI6' ,'RUNI6', 'SYSP121', 'RUNI5') 
SOLVE('TETONI7', 'RUNI7', 'SYSQI21' ,'RUNI6') 
SOLVE('TETONI8', 'RUNI8', 'SYSRI21 ', 'RUNI7') 
SOLVE('TETONI9', 'RUNI9', 'SYSSI21', 'RUNI8') 
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Table 37. Continued. 

SOLVEC'TETON20' I 'RUN20' I 'SUSTI21' I 'RUNI9') 
SOLVEC'TETON21' I 'RUN21' I 'SYSUI21' I 'RUN20') 
SOLVEC'TETON22' 1 'RUN22' 1 tSYSVI21 ','RUN21 ') 
SOLVE<'TETON23'' 'RUN23' I 'SYSWI21 'I 'RUN22') 
SOLVE('TETON24' I 'RUN24', 'SYSXI21', 'RUN23') 
EXIT 
PEND 
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Table 38. Parameters and cost ranges used in parametric programming 
of the gravity pressure system I inear-programming problem. 

Parameter change Parametric Parametric Change 
Parameter Row/Column Symbol Command Range Increment 

Water Cost($/AF) CHON PARAOBJ 0.-15.00 3.00 

Non-beneficial CHDPD PARAOBJ o.-7.oo 3.50 
Deep 
Percolation ($/AF) 

Beneficial CHOPS PARAOBJ 0. -I . 00 0.50 
Deep Percolation ($/AF) 

Surface Runoff CHSR PARAOBJ 0.-0.50 0.50 
($/AF) 

Total Water RHSB PARACOL 0.-8.00 1.00 
Supply (cfs) 
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The RHSB-PARACOL parametric programming function I isted in Table 37 

specifies the total flow rate allowed to enter the irrigation system. 

Increments of flow rate reductions in this problem correspond to in-

creases of 10 percent in the overal I project water-use efficiency. 

To use this parametric function, the value Qspec entered into the LP 

matrices shown in Figures 24 and 26 should be calculated for an overal I 

project efficiency of 10 percent. Thfs value is located at the inter-

section of the RHSA column and WTON row in the matrices. Each SOLVE 

statement appearing after the MACRO end statement (MEND) dictates the 

execution of the control program for each distribution system combina-

tion and revised I !near-programming matrix. Necessary input into the 

MPS/360 I !near-programming routine for matrix revision has been included 

in Appendix C. Optimal solutions computed over each of the parametric-

programming r~nges can be compared for each distribution system 

alternative. The least cost application and distribution system 

combination for each specific parameter value can then be selected 

as the most economically 1avorable irrigation system plan subject to 

alI physical, environmental, and economic constraints evaluated. 

Application of the I !near-programming 
problem to the Salem Irrigation District 

Irrigation water application and distribution systems described 

and evaluated in Chapter V for the Salem Irrigation District using the 

computer routines described in that same chapter have been model led in 

I inear form for optimization purposes. Annual cost function 
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coefficients (equations 3.4 and 3.5) of these systems are I isted in 

Tables 14, 15, 16, 17, and 23. By including necessary constraints, 

continuities, and economic relationships present in the gravity 

distribution systems and on-farm systems planned for the study area, 

the I inear model of the system, shown in Figure 24, was formulated. 

Similarly, high-pressure distribution-application systems evaluated 

for the Salem Irrigation District are represented in the I inear

programming matrix form shown in Figure 26. These matrices have 

been formulated to enable planning and selection of application systems 

on the basis of soi 1-crop combinations, and sizing distribution of 

systems according to geographical and topographical location. 

Necessary input and formatting of data required to transfer the 

matrix data into the MPS/360 computer routine for solution has been 

included in Appendix C. Data necessary for matrix revision are also 

contained in this I ist. The method of data formatting and order of 

entry is discussed in detai I in the MPS/360 Version 2 Users Manual 

(IBM, 1969a). 

Solution and parametric programming of the LP matrix shown in 

Figure 24 was accomplished using the MPS/360 control program I isted 

in Table 37. The high pressure matrix (Figure 26) was optimized 

using a similar control program without the revision requirements. 

179. 



Linear Programming Optimization Output for the 
· Salem Irrigation District 

The specific conditions considered in optimization of gravity 

and high pressure-supplied irrigation systems for the Salem Irrigation 

District were the overal I irrigation efficiency, the price charged 

to water users for water entering the system, and prices assessed 

against water lost to deep percolation and surface runoff. Those 

combinations of distribution and application systems which achieve 

these condi~ions at minimum cost are the results discussed in this 

section. 

The specified overal I system efficiency during the peak ET 

period was computed for various flow rates of water allowed to enter 

the system as: 

QAE ( 6. I 3) 

where 

QAE = overal I system efficiency 

QET flow rate required to satisfy maximum ET requirement 

Qin flow rate entering the system 

Efficiency levels were specified in increments of 10 percent by 

adjusting the value of Q. , the rate at which water is allowed into 
1n 

the system, in the I inear-programming matrix. 

Variation in prices for water diverted to or lost from the total 

irriqation system was accomplished by changing the values of the 

appropriate cost coefficients in the objective function through the 
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process of parametric programming. AI I parameter changes in this 

optimization process were considered independent of one another, 

although it is possible to vary multiple parameters simultaneously 

in the MPS/360 computer routine. 

Efficiency constraints 

Results of optimal I inear-programming solutions for gravity

distribution and application system combinations operating at various 

efficiencies are summarized in Table 39, and results of optimal solutions 

obtained for the high-pressure-supplied irrigation system are I isted 

in Table 40. The optim~l gravity-distribution system combination at 

each efficiency level is I isted in Table 39, along with those soi 1-

crop-appl ication system combinations selected to fulfi I I the efficiency 

constraints at least cost. Annual system costs have been itemized 

as distribution system and applications system costs on a total area 

and also unit area basis. On-farm pumping costs are included in the 

application system cost figures I isted in Table 39, whereas annual 

costs of the large pumping station planned to service the high-pressure 

distribution system in Table 40 have been incorporated into the 

distribution system annual costs. 

Because the high-pressure irrigation system is planned to operate 

at a minimum efficiency of 70 percent, an increase in available water 

to the system has no effect upon the system configuration or annual 

cost. Thus, only parameters describing the system layout at the 70 

percent efficiency level have been included in Table 40. 
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Table 39 . . Total annual system costs and descriptions of optimal gravity-supplied irrigation 
systems at various system efficiencies. Salem Irrigation District. 

System efficiency <%) 133 20 30 40 50 60 70 

Total annual cost ($) 95,150 121,400 155,990 180,390 199,200 221,220 266,170 
Dist. system ($) 29,940 29,940 29,940 29,940 29,940 39,590 66,700 
App. system ($) 65,210 91,460 126,050 150,450 169,260 181,630 199,470 

Total annual cost ($/Ac) 30.07 38.37 49,30 57.01 62.96 69.92 84. 12 
Oist. system ($/Ac) 9.46 9.46 9.46 9.46 9.46 12.51 21.08 
App. system ($/Ac) 20.61 28.91 39.84 47.55 53.50 57.41 63.04 

Max. flow rate (cfs) 230.9 151.0 100.7 75.5 60.4 50.3 43. I 
Vol. of Deep Percolation 

Benef i cia I ( AF) 24,830 12,390 4,410 2,680 2,680 I, 210 125 
Non-beneficial <AF) I ,240 2,040 I ,300 680 670 890 

Vol. of Surface Runoff <AF) 2,350 3,520 3, 160 I, 960 I ,070 160 
Total Volume used (AF) 43,720 28,600 19,070 14,300 II ,440 9,530 8, 170 

Distribution System 
uc 1 Section: I uc uc uc uc uc GP 

2 uc uc uc uc uc LC LC 
3 uc uc uc uc uc uc GP 
4 uc uc uc uc uc LC GP 
5 uc uc uc uc uc LC GP 
6 uc uc uc uc uc LC GP 
7 uc uc uc uc uc LC GP 
8 uc uc uc uc uc LC LC 
9 uc uc uc uc uc uc LC 

10 uc uc uc uc uc LC GP 
II uc uc uc uc uc uc GP 
12 uc uc uc uc uc uc uc 



Table 39. Continued. 

Application system: 

Annis: Potatoes SUB2 SUB UNG UNG HMP HMP HMP 
Grain SUB UNG UNG UNG UNG UNG IMG 
Alfalfa SUB UNG UNG UNG UNG IMG HMP 
Pasture SUB SUB SUB UNG HMP HMP HMP 

Withers: Potatoes SUB SUB UNG UNG HMP HMP HMP 
Grain SUB UNG UNG I MG. IMG IMG HMP 
Alfalfa SUB UNG UNG UNG IMG SRP SRP 
Pasture SUB SUB UNG IMG IMG SRP SRP -

co 
VJ 

Blackfoot: Potatoes SUB SUB UNG HMP HMP HMP HMP 
Grain SUB UNG UNG UNG UNG UNG HMP 
Alfalfa SUB UNG UNG UNG UNG UNG HMP 

Hayeston: Potatoes SUB SUB CPP CPP CPP CPP CPP 
Grain SUB HMP HMP HMP HMP HMP CPP 
Alfalfa SUB SUB HMP CPP CPP CPP CPP 
Pasture SUB SUB HMP CPP CPP CPP CPP 

UC = unlined channel 
LC = I ined channel 
GP = gravity pipe 

2 symbols are defined in Tables 14-17. 
3 present irrigation systBm efficiency. 



Table 40. Total annual system costs and descriptions of a high
pressure-supplied irrigation system at the design system 
efficiency. Salem Irrigation District 

System efficiency <%) 

Total annual cost ($) 
Dist. system ($) 
App. system ($) 

Total annual cost ($/ac) 
Dist. system ($/ac) 
App. system ($/ac) 

Max. flow rate (cfs) 
Total volume used (AF) 
Vol. of Deep Percolation 

(non-beneficial) <AF) 

Application systems: 

Annis: Potatoes 
Grain 
Alfalfa 
Pasture 

Withers: Potatoes 
Grain 
Alfalfa 
Pasture 

Blackfoot: Potatoes 
Grain 
Alfalfa 

Hayeston: Potatoes 
Grain 
Alfalfa 
Pasture 

344,9602 
250,7603 
94,200 

109 
79 
30 

42.9 
8120 

1030 

HMS4 . 
HMS 
HMS 
HMS 
HMS 
HMS 
HMS 
HMS 
HMS 
HMS 
HMS 
CPS 
HMS 
HMS 
HMS 

I Water-use efficiency of total system design is 70 percent. 
2 Distribution system cost includes cost of large pumping station. 
3 Application system cost includes cost of on-farm systems only. 
4 HMS ~Hand-move sprinkler. 

CPS - Center pivot sprinkler. 
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The selected system efficiencies considered in Tables 39 and 40 

can be obtained with many other system combinations, although the costs 

of these combinations exceed those of the system combination specified. 

Although several types of application systems are optimized for each 

soi 1-crop combination, many of these systems may be incompatable with 

other applications systems used on crops on the same soi I type (i.e., 

subirrigation with sprinkler). Likewise, if a crop rotation is assumed, 

designation of sprinkler and gravity systems on the same soi I type may 

result in incompatibi I ity due to the absense of leveling operations 

planned for sprinkler-irrigated areas. Designation of a center pivot 

sprinkler system on a soi I type should encompass alI crops irrigated 

on that soi I for efficient operation. Those incongruities between the 

soi 1-crop combinations I isted in Tables 39 and 40 do represent some 

basic system conflicts, although the abi I ity to optimize systems based 

on individual soi Is and crops does provide valuable information concern

ing trends of the various combinations, thereby indicating those 

individual soi 1-crop-appl ication system combinations which function most 

effectively at minimum cost for specified efficiency levels. In actual 

system design, system combinations I isted in these tables would be 

generalized to resolve system conflicts present. 

Water cost charges 

Charges for water can be assessed for surface water delivered to 

an irrigation district from a feeder canal. The basis for charges can 

result from costs of supplying the water to the district through 
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distribution systems, pumping systems, or inter-basin transfers. A 

charge for water can also occur due to negative impacts on power gen

eration, ground water recharge, or recreational and wildlife habitat 

caused by the diversion. Cost of water is often charged per unit 

volume, usually dol Iars per acre-foot. 

The charge for surface water entering the Salem lrrig~tion District 

was allowed to vary from $0 per acre-foot to $15 per acre-foot. This 

charge was considered for both gravity and pressure distribution 

systems. Optimization results related to the various water costs are 

summarized in Table 41 for the gravity distribution system. Optimal 

distr.ibution and application system combinations along with annual 

ownership and operation costs are shown. The cost of water has been 

incorporated into application system annual costs in this table. 

Optimal application systems selected for the high pressure pipe system 

are essentially the same as those I isted in Table 40. Annual costs for 

the system increase I inearly in proportion to the charge assessed for 

water due to the insignificant change in system configuration. This 

relationship is shown in Figure 33 in Chapter VI I. 

Deep percolation and surface runoff charges 

Deep percolation losses from application systems were divided 

into two categories in this study. Beneficial deep percolation was 

defined as that portion of water entering the groundwater system as a 

recharge source having negligible impact upon groundwater quality or 

soi I nutrient losses. Non-beneficial or detrimental deep percolation 
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Table 41. Total annual system costs and descriptions of optimal gravity-supplied irrigation 
systems of various water costs. Salem Irrigation District. 

Water Cost ($/AF) 0.00 3.00 6.00 9.00 12.00 15.00 

Total annual cost ($) 95,150 207, 180 266, I I 0 301,870 333,850 363,690 
Dist. System ($) 29,9401 29,940 29,940 32,780 32,740 37,810 
App. System ($) 65,210 177,240 236, 170 269,090 30 I, II 0 325,880 

Total annual cost ($/Ac) 30.07 65.48 84. I I 95.41 105.52 I 14.95 
· Dist. System ($/Ac) 9.46 9.46 9.46 10.36 10.35 I I. 95 

App. System ($/Ac) 20.61 56.02 74.64 85.05 95. 17 103.00 

Max. flow rate (cfs) 230.9 148.6 77.6 58.3 53.9 51.8 
System efficiency <%) 13. I 20.3 38.9 51.8 56.0 58.3 
Vol. of Deep Percolation 

Bene f i c i a I ( A F ) 24,830 I I, 560 2,680 2, 190 2, 190 I ,370 
Non-beneficial CAF) I, 450 I ,360 650 580 580 

Vol. of Surface Runoff CAF) 2,620 3,290 I, 930 I, 400 I, 400 
Total Volume used CAF) 43,720 28,140 14,690 I I, 040 10,210 9, 820 . 

Distrioution System 
uc2 Sect ton: I . uc uc uc uc uc 

2 uc uc uc uc uc LC 
3 uc uc uc uc uc uc 
4 uc uc uc uc uc LC 
5 uc uc uc uc uc LC 
6 uc uc uc LC LC LC 
7 uc uc uc LC LC LC 
8 uc uc uc uc uc uc 
9 uc uc uc uc uc uc 

10 uc uc uc LC LC LC 
II uc uc uc uc uc uc 
12 uc uc uc uc uc uc 



Table 41. Continued. 

Application system: 

Annis: Potatoes SUB3 SUB UNG HMP HMP HMP 
Grain SUB UNG UNG UNG IMG IMG 
Alfalfa SUB UNG UNG UNG UNG UNG 
Pasture SUB SUB UNG HMP HMP HMP 

Withers: Potatoes SUB SUB UNG HMP HMP HMP 
Grain SUB UNG IMG IMG IMG IMG 
Alfalfa SUB UNG UNG IMG IMG IMG 
Pasture SUB UNG IMG IMG SRP SRP 

co Blackfoot: Potatoes SUB SUB HMP HMP HMP HMP 
co Grain SUB UNG UNG UNG UNG UNG 

Alfalfa SUB UNG UNG UNG UNG UNG 

Hayeston: Potatoes SUB SUB CPP CPP CPP CPP 
Grain SUB HMP HMP HMP HMP HMP 
Alfalfa SUB SUB CPP CPP CPP CPP 
Pasture SUB SUB CPP CPP CPP CPP 

I Application system cost includes cost charged for water. 
2 UC = unlined channel 

LC = I ined channel 
GP = gravity pipe 

3 Symbols are defined in Table 17. 



wa s chosen to re r resent irrigation water which percolates through the 

soi I profile, leaching soi I nutrients into the groundwater supply. This 

form of percolation also recharges the groundwater supply, but at a loss 

to soi I nutrients. In this study, alI water recharged into groundwater 

through the processes of subirrigation and canal seepage was designated 

as beneficial, whereas deep percolat,ion losses from alI sprinkler and 

gravity Irrigation systems were categorized as being non-beneficial. 

Surface runoff losses from on-farm application systems result only 

with the use of unimproved and improved gravity systems. No runoff is 

apt to occur with properly designed sprinkler systems, and alI water 

diverted for subirrigation normally enters the groundwater system through 

field laterals. 

Annual system costs of gravity-supplied irrigation systems for 

various environmental costs or penalties charged against the system 

are summarized in Table 42. Beneficial deep percolation charges in this 

table are shown as negative values, as this form of water loss is defined 

as beneficial to the system. As can be expected, unlined channel and 

subirrigation remain as the optimum system for irrigation water appl ica

tion when subjected to these environmental restraints. This result occurs 

because of the absense of non-beneficial deep percolation and surface 

runoff from subirrigation systems. As beneficial deep percolation be

comes worthwhile to the district, annual operation costs of subirrigation 

systems decrease. If the use of subirrigation or unlined canals in an 

area is a cause of damage due to high water table levels, then a positive 
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Table 42. Total annual system costs at various deep percolation and surface runoff charges 
for optimal gravity-supplied irrigation systems. 

Non-Beneficial Deep Beneficial Deep Surface 
Percolation Percolation Runoff 

Environmental water 
charge ($/AF) 0.00 3.50 7.00 -0.50 -I .00 0.50 

Total annual cost ($) 95' 150 95,150 95, I 50 82,730 70,320 95' 150 
Dist. system ($) 29,940 29,940 29,940 29,940 29,940 29,940 
App. System ($) 65,210 65,210 65,210 52,790 40,380 65,210 

Total annual cost ($/Ac) 30.07 30.07 30.07 26. 15 22.23 30.07 
Dist. system ($/Ac) 9.46 9.46 9.46 9.46 9.46 9.46 
App. System ($/Ac) 20.61 20.61 20.61 16.68 12.76 20.61 

Max. flow rate (cfs) 230.9 230.9 230.9 230.9 230 .. 9 230.9 
Vol. of Deep Percolation 

Beneficial (AF) 24,830 24,830 24,830 24,830 24,830 24,830 
Non-beneficial (AF) 

Vol. of Surface Runoff (Af) 
Total Volume used CAF) 43,720 43;720 43,720 43,720 43,720 43,720 

Distribution System 
Section: I uc uc uc uc uc uc 

2 uc uc uc uc uc uc 
3 uc uc uc uc uc uc 
4 uc uc uc uc uc uc 
5 uc uc uc uc uc uc 
6 uc uc uc uc uc uc 
7 uc uc uc uc uc uc 



Table 42. Continued. 

8 uc uc uc uc uc uc 
9 uc uc uc uc uc uc 

10 uc uc uc uc uc uc 
I I uc uc uc uc uc uc 
12 uc uc uc uc uc uc 

Application system: 

Annis: Potatoes SUB SUB SUB SUB SUB SUB I 
Grain SUB SUB SUB SUB SUB SUB 
Alfalfa SUB SUB SUB SUB SUB SUB 

\.0 
Pasture SUB SUB SUB SUB SUB SUB 

Withers: Potatoes SUB SUB SUB SUB SUB SUB 
Grain SUB SUB SUB SUB SUB SUB 
Alfalfa SUB SUB SUB SUB SUB SUB 
Pasture SUB SUB SUB SUB SUB SUB 

Blackfoot: Potatoes SUB SUB SUB SUB SUB SUB 
Grain SUB SUB SUB SUB SUB SUB 
Alfalfa SUB SUB SUB SUB SUB SUB 

Hayeston: Potatoes SUB SUB SUB SUB SUB SUB 
Grain SUB SUB SUB SUB SUB SUB 
Alfalfa SUB SUB SUB SUB SUB SUB 
Pasture SUB SUB SUB SUB SUB SUB 

Subirrigation systems. 



cost value should be levied against that system. 

Because no beneficial deep percolation or surface runoff normally 

occurs with high pressure sprinkler systems, only non-beneficial perco

lation charges were incorporated into the high-pressure system 

optimization process. Results of this optimization are similar to 

those I isted in Table 40. Hand-move sprinkler systems are designated as 

the least cost system for the Annis, Withers, and Blackfoot sol I classes, 

and center pivot and hand-move sprinkler systems were chosen for use 

on the Hayeston soi I. As the charge levied against deep percolation 

from sprinkler irrigation was increased to $7 per acre-foot the total 

annual cost of the high pressure system increased by $7140 ($2.26 per 

acre). 
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CHAPTER VI I 

DISCUSSION OF OPTIMIZATION RESULTS AND TRENDS 

The I inear-programming problems for irrigation system alternatives 

proposed for the Salem Irrigation District were formulated and solved as 

described in Chapter VI. Optimal solutions obtained were the least 

cost combinations of distribution and application systems necessary to 

meet various specified conditions. Summaries of the actual system 

components specified by the I inear program are I isted in Tables 39-42 

and are discussed in Chapter VI. In this chapter, general trends of 

irrigation system alternative selection and specification subject to 

proposed district irrigation efficiencies, water costs, and environ

mental charges are discussed. 

Specification of district irrigation efficiency levels 

The specified overal I efficiency for systems considered affects 

both total annual costs and the configuations of the systems. As the 

water supply to the Salem Irrigation District was restricted for gravity

supplied irrigation systems, the total annual cost of the optimal 

system combinations increased, as shown in Figure 27. From Table 39 in 

Chapter VI, it can be seen that a system supplied by a gravity distri

bution system has an efficiency of 13 , percent, a total annual cost of 

$30 per acre, and requires a total system maximum flow rate of 230.9 

cfs. AI I distribution system sections are unlined channels, and the 

application system on each soi I type is subirrigation. At a specified 

efficiency of 50 percent, the total annual cost for the system is $63 
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per acre; and the maximum required flow rate is 60.4 cfs. The 

distribution system was specified as alI unlined channel, withal I 

application systems upgraded to more efficient and costly practices. 

Sprinkler systems were specified for potatoes on alI soi I types and for 

alI crops grown on the Hayeston soi I class, a high inti ltration rate 

soi I. Unimproved and improved border irrigation systems were selected 

as the least cost systems at this efficiency level for grain and alfalfa 

crops on Annis, Withers, and Blackfoot soi I classes. The major differ

ences between unimproved and improved gravity systems were more extensive

land-leveling operations and increased water management with shorter 

irrigation set times on the improved gravity irrigated fields. Soi Is 

and distribution system routes for the Salem District are shown in 

Figures 5, 6, and 7 in Chapter IV. Irrigation application systems 

evaluated and optimized are summarized in Tables 12-17 for the various 

soi I types. 

According to Figure 27, money is best spent in rehabi I itation of 

a subirrigation-unl ined channel system by investing the first $33 per 

acre in updating of on-farm systems. This is due to the magnitude of 

efficiency increase experienced by the conversion to gravity and 

sprinkler systems. Percentages of various application systems selected 

for specified efficiency levels are I isted in Table 43. Unimproved and 

improved gravity are the predominant systems at efficiencies of 30-50 

percent. If the water flow rate into the total system is further 

restricted, then sprinkler systems are designated for most crop-soi I 
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Table 43. Percentage of Salem Irrigation District irrigated with 
alternative application systems and required flow rates 
for specified system efficiency lev~ls of gravity-supplied 
systems. 

Dist. App. Sys. Percent · of district
1
under different 

Sys. Sys. Sys. Flow application systems 
Eff. Cost Cost Rate 
<%) ($/ac) ($/ac) (cfs/ac) SUB UNG IMG HMP&SRP SSP CPP 

13 9.46 20.61 .0730 100 
20 9.46 28.91 .0477 47 45 8 
30 9.46 39.84 .0318 4 76 16 4 
40 9.46 47.55 .0239 55 22 II 12 
50 9.46 53.50 .0191 22 30 36 12 
60 12.51 57.41 .0159 16 21 51 12 
70 21.08 63.04 .0136 10 70 20 

System abreviations and application efficiencies are defined in 
Tables 14-17. 

196. 



combinations. Costs rise sharply as the specified efficiency approaches 

60 and 70 percent. This sharp increase is caused by increased distri

bution system costs. Changes specified in the gravity distribution 

system can be seen in Table 39. Some distribution sections are I ined 

to decrease seepage losses at the 60 percent efficiency levels, and 

gravity pipe is required in many sections to achieve a 70 percent 

system irrigation efficiency. 

As system efficiency and the percentage of sprinkler systems in 

a system increase, the energy demand of the system also increases. 

The average energy consumed by on-farm sprinkler systems and smal I 

pumping · plants of various system efficiency levels can be seen in 

Figure 28. Included in this figure is the energy demand of a system 

comprised entirely of sprinkler systems supplied by a large pumping 

plant-high pressure pipe system. The higher energy demand of this 

system indicates a lower pumping efficiency for the large pumping

high pressure system. The costs of this system are also shown in 

Figure 27. Application system costs are low because power and pumping 

costs have been included in the distribution system cost. Since the 

total annual cost of this system and the energy demanded are greater 

than for gravity-supplied systems at alI efficiencies, this system 

would be an unfavorable alternative in rehabi I itation of the Salem 

Irrigation District. 

As the system flow rate is restrained, energy requirements increase 

for the gravity-supplied system and labor requirements often decrease 

197. 



~ 
~ 
Q) 
(,) 

~ 
Q) 

p... 

('lj 
Q) 
~ 
< 
""C' 
Q) 
~ 

\() ('lj 

co 00 
•..-l 
~ 
~ 

•r-4 
I 

....-i 
~ 
Q) 

~ 
~ 

•..-l 
~ 
0.. 

C/) 

(o) Percentage of sprinkler irrigated 
are~ high pressure-supplied system 

(6) Energy demand~ high pressure- I 
Q) 
~ 

supplied system (/) (,) 
~ < 
::l .......... 
0 (/) 

,..c::: ~ 

100 0 I 1000 ::l 
~ 0 

3xl06 ~ ::X:: 
('lj 

~ ~ 
0 ~ 

....-i ('lj 
•r-4 ~ 
~ 0 

....-i 
80 .. 800 •r-4 

""C' ~ 
~ 

6 ('lj 

f3 ""C' 
Q) ~ 

Percentage of sprinkler 2xl06 Cl ('lj 

ffi gravity-supplied :>... 
60 area, 00 600 Cl 

~ 
Q) :>... 
~ 00 

!::Ll ~ 
Q) 

....-i ~ 
('lj !::Ll 
::l 

40 ~ 
....-i 

400 C'd 
;:j 

lxl0
6 ~ 

....-i ~ 
('lj < 
~ 
0 Q) 

E-t 00 
('lj 

20 J- ~ / I 200 ~ 
Q) 

Energy demand, gravity-supplied I I ~ 
system 

ol I ~ I I I I 
0 10 20 30 40 50 60 70 

Overall System Efficiency, Percent 

Figure 28. Sprinkler irrigated area and energy demand of gravity and high-pressure-supplied 
irrigation systems at specified system efficiencies, Salem Irrigation District, 1977. 



due to conversion to sprinkler systems. The labor cost involved in 

management of subirrigation and surface systems is replaced by increased 

capital and energy costs of sprinkler systems. Capital costs may be 

substituted for labor costs in sprinkler system selection, as in the 

case of selection of side-rol I rather than handmove systems. In this 

study, the total annual cost of a side-rol I sprinkler system was 

comparable to that of a hand-move system for alI soi I types. The 

selection of a side-rol I system may be most favorable in areas of high 

labor costs or shortages in labor avai labi I ity. A comparison of annual 

costs of the various on-farm systems evaluated, including pumping and 

power costs, can be found in Tables 14-17. 

The value of each dollar per unit area invested in an irrigation 

system is often important in determining the optimum degree of systems 

rehabi I itation to plan for a particular district. Figures 29 and 

30 can be useful in determining the appropriate target system efficiency 

to be achieved with each additional dollar per acre invested annually 

in a system. From Figure 29 it can be seen that the increase in system 

efficiency obtained for each additional dollar per acre annually 

invested increases unti I a value of $33 per acre has been invested. 

This value is in addition to the $30 per acre required to operate 

present subirrigation systems. 

It is interesting to note annual costs incurred by completely 

replacing the present unlined distribution system with a I ined channel 

or gravity pipe system. Data plotted in Figure 31 show the total system 
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annual costs for application systems optimized at set efficiency level s 

for each distribution system alternative. The sharp increase in annual 

cost at higher efficiency levels results when the most efficient 

application systems, solid-set and center pivot, are incorporated into 

the overal I design. No increase in system efficiency beyond the end 

point of each cost curve is possible, 

The increase in money spent in the Salem lrri~ation District to 

rehabi I itate the present system can represent the value of any water 

saved by a reduction in the amount of water diverted. This is only 

true, however, if no increases in crop yields are realized by upgrading 

the systems, or if no higher valued crops can be raised in the district 

with increased water control and management. 

Effects of Changes in Water Costs 

In many areas of the western United States, costs for water charged 

to users are increasing due to higher distribution system costs or inter

basin transfers. It is important to systems operators and management to 

have available information regarding the most economical system component 

combinations possible in their district for various water changes 

assessed. The parametric programming option in a I inear-programming 

routine can be valuable in optimizing system combinations subject to 

increasing water costs. Results of systems optimization at various water 

cost charges are shown in Table 41 for gravity-supplied system in the 

Salem Irrigation District. It can be seen that alI changes in the system 

occur on the farm for water costs less than $9 per acrefoot. If the cost 
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for water in the Salem Irrigation District were increased to $15 per 

acre-foot, half of the distribution system would require I ining to keep 

total system costs at minimum levels. Potatoes and pasture crops would be 

best irrigated with sprinkler systems on the Annis, Withers, and Blackfoot 
' ' 

soi I types, and grain and alfalfa would require border methods. The 

Hayeston soi I class would be most economically irrigated with center pivot 

systems on alI crops. 

Relationships between annual system cost, system efficiency, and 

water requirements are shown graphically in Figure 32 and 33 for various 

water costs. The annual cost of the gravity-supplied system, including 

the water costs, increases at a substantial rate as the cost of water 

~ · fncreases from $0 to $6 per acre-foot. At greater water cost charges, 

the annual system cost increases in a I inear fashion. The overal I 

efficiency of the least cost system at a charge of $15 per acre-foot 

is 58 percent. The percentages of the Salem Irrigation District 

irrigated with various application systems at possible water charges 

are shown in Table 44 for the gravity-supplied system. 

A charge of $15 per acre-foot for water in a high-pressure-supplied 

system has very I ittle effect upon the system configuration or efficiency 

level. The annual cost of owning and operating the system is seen in 

Figure 33 to increase I inearly with the value of water. 

Effects of Changes in Deep 
Percolation Charges 

The method and results of theoretically charging penalties for deep 

percolation and surface runoff in the Salem Irrigation District were 
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Table 44. Percentage of Salem Irrigation District irrigated with 
alternative application systems and water-use efficiencies 
for various water costs for gravity-supplied systems. 

Water Dist. App. Sys. Percent of district
1
under different 

Cost Sys. Sys. Eff. application systems 

($/AF) ($/ac) ($/ac) (%) SUB UNG IMG HMP&SRP SSP CPP 

2 
0 9.46 20.61 13. I 100 
3 9.46 56.02 20.3 40 52 8 
6 9.46 74.64 38.9 55 22 I I 12 
9 10.36 85.05 51.8 22 30 36 12 

12 10.36 95. 17 56.0 12 33 43 12 
15 I I. 95 103.00 58.3 12 33 43 12 

System abreviations and application efficiencies are defined in 
Tables 14-17. 

2 Application system cost includes cost of water and pumping costs. 
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discussed in Chapter VI. Deep percolation can be beneficial to ground

water recharge, although under most border, furrow, and sprinkler systems, 

deep percolation of water leaches valuable nutrients to depths below crop 

root zones. 

When charges for beneficial and non-beneficial deep percolation were 

levied against the gravity-supplied system in the study area, subirriga

tion always remained as the most viable irrigation system alternative. 

This result is due to the lack of any real · evfdence of nutrient losses 

from subirrigated fields and the absence of surface runoff from this 

irrigation method. A charge for non-beneficial deep percolation caused 

only neg I igible effects upon the high pressure system, also. Hand-move 

systems were replaced by center pivot systems on the higher inti ltration 

rate soil. 

The effects of environmental charges ·on various systems can be 

important in analyzing the impacts of soi I erosion, degradation of 

surface and groundwater, and soi I nutrienf losses on the feasibi I ity 

and favorabi I ity of a particular system combination. 
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Summary of Results 

Results presented in this report are those obtained specifically 

for the Salem Irrigation District. AI) prices and costs used were 

adjusted as closely as possible to second quarter 1976 prices and costs. 

Dollar values attached to the many different system components and 

alternatives are of many different forms such as capital costs, labor 

costs, energy costs, management and operation costs, and other costs 

for some rather intangible items. 

Emphasis must be placed upon the fact that the methodology used 

in this model and the results obtained are intended to be used as 

planning tools and not as final designs. The physical values used are 

necessary input parameters Jf realistic results are to be obtained 

from the analytical model. The results presented indicate what types 

of system components would best meet a given set of conditions. These 

results can be used to develop specific designs for system components 

with the cost of the resultant design for the entire system being 

nearly the same as the cost obtained from the analytical model results. 

Many of the results and system configuration trends summarized 

for the Salem Irrigation District in this report can be extended to 

other areas of the Teton River flood plain and subirrigated areas 

along the Egin Bench west of Henry's Fork of t~e Snake River. Component 

costs, farm sizes, soi I types, and management practices of these areas 

are quite similar. 
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According to results from this study, the best method of re-

habi I itation of the Salem Irrigation District for greater water-use 

efficiencies would be to maintain the existing distribution system with 

the possible I ining of some canal sections. Most farms could be 

converted to sprinkler irrigation systems, with improved gravity methods 

used on the deeper, more level sol Is in the eastern portion of the 

district. Uti I ization of this rehabi I itation and conversion scheme 

could result in an overal I district irrigation efficiency of approx

imately 60 percent. Annual costs of irrigation, including power 

and distribution system costs, would total about $70 per acre. Use 

of sprinkler system~ on most farms would eliminate th~ need for 

extensive land leveling costs, and would be compatible with sprinkler 

systems already in use in the district. Pressurized water could be 

furnished by on-farm pumping units. AI I application systems evaluated 

in this study, except subirrigation and unimproved gravity systems, are 

as.sumed to be we I 1-managed and maintained systems. 

Although crop yield variations between various alternative systems 

were not evaluated in this study, increased crop uniformity and growth 

rates should be experienced with more properly designed and managed 

systems. Greater utilization and control of sol I nutrients and 

ferti I izers is possible with more efficient' systems if irrigation 

scheduling is used. High value cash crops could be grown under 

sprinkler irrigation if the short growing season is not a major hind

erance. Present cropping patterns of the Sugar City area were assumed 
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for alI systems in this study. 

Costs of energy for alI sprinkler and pumping systems were assumed 

to escalate at 9 percent per year over the I ife of these systems. As 

the I ives of the on-farm pumping systems were estimated to be 15 years, 

no predictions of energy price increases after this time period were 

made. Alternative energy sources with low generation costs, such as 

low head hydroelectric production, may be economically feasible at 

that time. 

This optimization procedure may prove to be valuable in planning 

of irrigation systems for the upper Snake River area if uses for water 

other than irrigation are developed in the future. The value of water 

to irrigation districts and optimum system renovation at these values 

can be determined. 

This procedure could be used in water development projects to 

evaluate the need and cost for consolidation of the numerous irrigation 

districts along the Teton River flood plain and the elimination of some 

canal systems. Costs of consolidation would most probably be less 

per unit area of land than costs of constructing systems evaluated 

exclusively for the Salem Irrigation District. This would be made 

possible by more efficient systems design due to the larger land areas 

served, and would be especially apparent in the design of high pressure 

and large pumping systems. 
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Model Limitations and Assumptions 

One of the objectives of this model is to obtain a least cost 

irrigation system which would comply with physical, social, legal, and 

environmental constraints. In formulating the mathematical model, two 

major objectives were considered: (a) an objective function to be 

optimized (i.e., minimization of cost), and (b) fulfi I lment of constraints 

or system restrictions. Since I inear programming is a mathematical 

model, constraints imposed by the problem must be translated into 

mathematical form. Physical constraints can be handled easily by the 

model as it is rather easy to assign numerical values to the system. 

An example is to impose the size of area to be irrigated for a specific 

crop or to set a maximum rate of water that can enter the system. 

Legal constraints can be satisfied by specifying the decreed water 

rights of the district. Social constraints could be considered in the 

model by I imiting the amount of water lost to deep percolation or 

surface runoff, or by restricting the use of a particular system 

component. 

While this model is designed to accomodate various social and 

environmental constraints, it should be pointed out that they must 

be equated with a dollar value to satisfy the objective function 

optimized. Furthermore, by using a I inear model to optimize irriga

tion systems, alI costs and physical descriptions of system components 

must be expressed in I inear form. This expression may result in some 

error, depending upon the properties of the components in relation 
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to the flow rate of water conveyed or applied. 

Sizes and uniformity along the various distribution sections must 

be generalized to keep the total model in relatively simple form. Soi I 

types must also be generalized to allow appl !cation system operation 

characteristics to be defined and estimated. 

If incre~ses in crop yields achieved by upgrading on-farm systems 

could be accurately estimated, then a cost~benefit analysis could be 

performed for each system combination. Crop price forecasts would be 

necessary to compare long term benefits of the various irrigation 

systems. 

Since alI soi 1-crop-appl ication system combinations are optimized 

independent of each other, some inconsistencies, such as subirrigation 

systems mixed with sprinkler systems, can be specified by the optimiza

tion procedure. This problem can be alleviated by optimizing on the 

basis of soi 1-appl ication system combinations only. The number of 

application systems columns and soi 1-crop rows in the I !near-program

ming matrix wi I I be decreased, and alI crops on a sol I type would be 

optimized for the same irrigation method(s). Trends in the selection 

of particular soi 1-crop-appl !cation systems at various water costs and 

efficiencies could not be individually studied and defined in this case. 

Many cost and design algorithms used in the distribution system 

cost evaluation routines were developed by the United States Bureau 

of Reclamation (USBR). Many .of these equations describing costs of 

individual components have been revised during this project. Computer 
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routines using acutal USBR cost estimation procedures are uti I ized and 

discussed by Ga I i nato et a I . ( 1977). 

Reasonably attainable interest rates should be used in alI cost 

routines to compute annual system costs, a$ a smal I variation in the 

rate of interest charged may result in large variations in annual 

costs of some systems. 

A large digital computer with a FORTRAN IV compiler and 180,000 

bytes of virtual storage is necessary to operate most of the computer 

programs discussed in this report. Procurement of a I inear-programming 

routine design to operate on the specific computer uti I ized is also 

essential for use of this model. An integer-programming routine could 

possibly be used to replace the dynamic-programming routine developed 

during this study, and a non- I inear program could faci I itate more 

accurate model I ing of a system's physical and environmental parameters. 
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SOILS DESCRIPTION 1 

Blackfoot Si It Loam 

This sol I is very deep ~nd moderately wei I drained. It usually 

occurs on river terraces. 

In a typical profile the surface layer is si It loam 10 inches 

thick; the upper substratum is si It loam 6 inches thick; the lower 

substratum is stratified silty clay loam, si It loam and sandy loam 

extending to depths of over 60 inches. The sol I is calcareous throughout 

the mi Idly or moderately alkaline solum. 

Permeabi I ity is moderate (0.2 to 0.6 inches/hour). Available 

water holding capacity (that available for plant use) is at least 2! 

inches per foot of sol I depth. Organic matter content is moderately 

low (less than I~ percent). A seasonal high water table fluctuates 

between 4 and 6 feet- usually for brief periods and can be affected 

by drainage. 

Bannock Loam 

These are moderately deep sol Is (20 to 40 inches), but with no 

restrictions on root zone for most- plants. Below the surface area they 

are gravels or gravelly sand. 

Soluble calcium salts are present throughout the profile. Water 

intake rate is I to I .5 inches per hour and capacity for retention for 

Information obtained from USDA Sol I Conservation Service. 
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plant use is about I to 1.25 inches per foot of depth~ 

Organic matter content is less than 0.5 percent. 

Annis Silty Clay Loam 

These sol Is are 60 inches or more deep on slopes of 0 to I percent. 

They are formed from mixed stream deposited materials on flood plains. 

In a typical profile the surface layer is silty clay loam 7 inches 

thick. It is moderately affected by salts (can be sodium or calcium). 

The pH ranges from 7.9 to 8.4. The underlying layer and subsoi I are 

si It loam f4 inches thick. The · substratum is silty clay loam to a depth 

of 49 inches and si It loam to a depth of 60 inches. 

Intake rates may be somewhat slow; permeabi I ity is 0.2 to 0.6 

inches/hour. Effective rooting depth is 60 inches or more (depending 

upon the crop). Water avai I able to plants is very high (about 2! 

inches/foot of sol I depth). Surface runoff is slow and erosion hazard 

is slight. Organic matter content is moderately low. 

Withers Clay Loam 

These sol Is are 40 inches or more deep on slopes of 0 to I percent. 

They formed from mixed stream deposited materials on flood plains. 

The surface layer is 27'' of silty ~lay loam or clay loam. The 

substratum is mottled gravelly loamy sand about 10 inches think over 

sand and gravel. Some areas have stratified silty clay loam, si It 

loam or clay loam in the lower 10 inches. Included in this unit are 

smal I areas of shallow or deep soi Is and areas with varied surface 

textures. 
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Permeabi I ity is moderately rapid ( 1.0 to I .5 inches/hour). 

Available water holding capacity is about 1.9 iriches per foot of soi I 

depth. Effective rooting depth is 40 inches (depending upon the crop). 

Organic matter is moderately low. 

Hayeston Variant Coarse Sandy Loam 

This soi I is moderately deep (20 to 40 inches) to sand and gravel. 

It formed in river washed or river deposited materials. 

This soi I is in Land Capabi I ity Class I I ls-3 which means that the 

soi I (texture and depth) is the I imiting productive factor. Growing 

soi I bui I ding crops such as grass-legumes and management practices 

which build organic matter content are important to good management. 

In a typical profile the surface layer is sandy loam 23 inches 

thick; the upper substratum is very gravelly sandly loam 5 inches 

thick; the lower substratum is sand and gravel to depths of over 60 

inches. 

Water intake and permeabi I ity ratio is moderately rapid (perhaps 

2 inches/hour). Available water holding capacity is about 2 inches/ 

foot. Effective rooting depth is 60 inches or more. Organic matter 

content is low - less thari 1/2 percent. 

Labenzo Si It Loam 

This soi I is moderately deep to gravel. In a typical soi I profile 

the surface layer is si It loam 13 inches thick. The underlying layers 

are si It loam and loamy sand to a depth of 34 inches over sand and gravel. 

Soluble calcium salts are present throughout. 
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Effective rooting depth is 60 inches or more. The intake rate is 

more than .5 inches/hour. Water holding capacity is moderate to high 

(2.3 to 2.5 inches per foot of soi I). Surface runoff is very slow and 

the hazard of erosion is slight. 

Organic matter content in the surface layer is moderately low. 

Haplaguol Is, Miscel laneou~ 

The soi Is of this unit are deep or moderately deep over sand, or 

sand and gravel, and are poorly or very poorly drained. They have a 

water table at or near the su~face in the spririg and summer months. 

Textures of the upper part of the profile are usually clay, silty 

clay or silty clay loam, although coarser textures are also present in 

some areas. The material below 20 to 30 inches is usually stratified 

sand and soi I material. Areas of Annis and Withers soi Is are included. 

Because of the drainage, these areas are used mostly for native 

pasture or wildlife habitat. The general slope is less than I percent 

with potholes creating a channeled effect. Available water holding 

capacity is 4 to 8.5 inches. 

A-4 



APPENDIX 8 

DOCUMENTED LISTING OF COMPUTER PROGRAMS 

Program 

APSYS Routine 

Subrout ne CROP . . . . . 
Subrout ne SURFCE . 
Subrout ne BORDER 
Subrout ne SDRAIN . 
Subrout ne SPNKLR 
Subrout ne FURROW . 

CANAL Routine 

Subroutine DITCST . 
Subroutine EARTH 
Subroutine SIPHON . 
Subroutine RECHAN . 
Subroutine REARTH . 
Subroutine TUNNEL 

PIPE Routine 

Sub rout ne PIPCST . 
Sub rout ne SPIPE 
Sub rout ne PPIPE . 
Sub rout ne EARTH2 . 
Sub rout ne PIPER 
Sub rout ne ROUND . 
Sub rout ne lAND . 
Sub rout ne I SHIFT . 

PUMP Routine 

Subroutine PMPCST . 
Subroutine FARMP 
Subroutine POWCST . 
Subroutine PUMPER . 
Subroutine IROUND . 

. 
. . 

. 
. . . 
. . 

. 

. 

. 

. 

. . . . . 

. 
. . . 

. . . 
. . 

. . 

. 

. 

. 8-1 

. . . . . . 8- I 
. 8-4 

.. 8-8 
8-14 

. 8-15 
. . . . . . 8-20 

. 8-23 

. . 8-24 
. . . . 8-34 

. . 8-40 
. . . . 8-45 

. 8-55 
. . . 8-59 

. 8-60 

. 8-61 

. 8-70 
. . 8-70 

8-71 
. 8-74 

8-76 
. . 8-76 

8-76 

8-77 

. ..... 8-77 

. . . . . . 8-83 

. . . . . . 8-86 
. . . . . . . 8-89 

. . 8-89 



APPENDIX 8 (continued) 

DYNAM Routine ... 8-90 

INPUT Subroutine 8-103 

REGLIN Subroutine . 8-106 

Control Program for MPS/360 Linear Programming Routine 
(Gravity System) ................ . 8-107 

Note: AI I computer programs were written to uti I ize the subroutine 
INPUT supported as a I ibrary program by Computer Services, University 
of Idaho, and included in this appendix. The subroutine INPUT allows 
free-form input of numeric data. Only numeric data are read from data 
input cards. Alphanumeric data are ignored. 



c 
c 
c 
c 
Cl 
c 
c 
c 

c 

c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

c 

c 

c 

c 

c 

c 

Cl 

DATA SET ~IRFAR~ AT LEVEL 0~3 AS Of 03/09/78 
FA~M PROGRA~ FOR CO~~UTING APP(ICATIO~ SYSTEM COSTS 

FO~ ON-FARM IRRIGATION SYSTEMS AND OPERATIONS 

LISTtNONE 

THIS PROGWAM UETEW~JNES ANNUAL COST OF ON-FAR~ IRRIGATION SYSTEMS 

COMMON TRAM(?.OJ , NC~~.FREQC(20ltETTOTC(20),HEAD(7t20) 
CO~~ON A(50)tTITLE<17)t TYP1tTYP2eTYP3 

. CO~MON lWTOTCC?O),CROP0(20)eSIZEC?0) ,TCOST(20),COSW(20t20),ADCST 
COM~ON QGDM(20),FwiDEC20)ePW(20ltTM(20)tQUC20),RATI0(20),SLeFA~, 

., X L N T • E F F f• ( 2 0 ) , E F F D ( 2 0 ) , D V 0 L C? 'J ) ~ Q V C' L ( 2 0 ) , R Z DR ( 2 0 ) 
OATA COD7/3HEND/ 

10 FORMAT(/,• THIS PPOGRA~ COMPUTES IRPIGATION SYSTEM COST 1 /) 

11 FORMAT(lHlt///////tT30,•0UTPUT OF PROGRAM---FCOST (FARM COSTl') 
12 FOCMAT(It• TYPE NUMBER OF LAND SU8CLASS TO BE PROCESSED•/) 
14 FO~~AT(/tt >>>>AT THIS POINT, DATA ARE FOR SPECIFIC SOIL TY~£ <<• 

•11• TYPE THE FF DATA FOR SOIL TYPE NUM8ER----•.I2t/ 
•' 1-AVE~AGE FAR~ SIZE, ACRES•/ 
•• ?.-AVERAGE FIELD · SLOPEt FT/FT 1 / 

' ' 3-INTAKE FAMILY• SCS CLASSIFICATION•/) 
16 FORMAT(/,, THIS PROGRAM IS TERMINATED SUCCESSFULLY•/// 

' ' OUTPUT OF THIS PROGRAM IS OBTAINED AT THE•// 
•• TERMINAL- DATA 100 LINE PRINTER•/ 
•11• GOODLuCK •••••••• BYE••••••••'/) 

<--------------------READ CARD-----------
READ THE NUM8EH OF LAND/SOIL CLASSES 

NSOIL = NO. OF SOIL TYPEES TO BE PROCESSED 
WQITEC9tl0) 
wRITE<6•11) 

5 WIHTE(9t12) 

CALL JNPUTCAtNS) 

NSOIL = A(l) 
IF(NSOIL.EQ,O)GO TO 4 
D 0 2 K = 1 9N S 0 I L 

<---------------~--------------RfAD CARD-----------
READ AVERAGE FARM SIZE FOR EACH SOIL TYPE 

ALSO-SLOPE,INTAKE FAMILY AND FIELD LENGTH 
WQITE(9t14JK 

CALL INPUT(AeNF) 
SIZECK) = A(l) 
SL = AC2l 
FAM = A(3) 

CALL CROP(K) 
IFCTYP1.EY.COD7)G0 TO 4 

2 CO~TINUE:. 
!f(TYPl.NE.C007)G0 TO 5 

4 CONTINUE 
'-IRITE(9tl6> . 

.STOP 
END 

SU~ROUTihE CROP CK) 
LISTtNON£ 
RF:AL II-'TOTC 
CO~~ON TRAMCC20)eNCM8, FREQCC20)tETTOTCC20)tHEAD(7t20) 
COMMON AC50)• TITLEC17), TYPltTYP?eTYP3 
COMMON lRTOTC(20),CROPDC~0)tSIZE(~0)tTCOST(20)tCOSW(20t20) 9 AUCST 
CO~MON YGDM(20)eFWIDEC~O)tAW(20)tT~(20)tQU(20)tRATIOC20)eSL,FAMe 

~XLNTtEFfAC20>•EFFOC20>tDVOL(20)tRVOLC20)tRZDRC20)tXLNTF,qN(20) 

00001 
00002 
OUOOJ 
00004 
oooos 
00006 
00007 
OOOOt:i 
00009 
00010 
00011 
~"~0012 

00013 
00014 
0001~ 
00016 
00017 
00018 
00019 
00020 
00021 
00022 

- 00023 
00024 
0002~ 

00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
0003t! 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
000~1 

00052 
00053 
00054 
00055 
00056 
000~7 

00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
0006~ 

00067 
00068 
00069 
00070 
00071 DIMENSION 0LNTF(20)tDLNTC20) 

DATA CU01tC002,COD3,COD4•COD6 
DATA C~05tCOD7/4HREWOt3HfNn/ 

/4HGRAV,4HHANDt4H~IDEt4HCENTt4HSOLI/00072 

c 
c 
C••••• THIS SUHROUTINE READS tROP AND SOJLS DATA . 
C COMPUTES ALSO ~EIGHTFD ANNUAL COST FOR SPECIFIC ALTERNATIVE 
c 

50 FO~MAT(/,t TYPE TOTAL NU~AER OF CROPS TO BE PROCESSEO:t/) 
52 FOP.~~T(/,t TYPE ~AME OF CROP NUM8ER----• 9 12/) 
54 FORMAT(/,, TYPE THE FF OATA FO~ CROP, •• ,t,5A4/ 

'' 1-WATEk ~OLDING CAPACIT~, IN/FTt/ 
'' 2-ROOT ZONE DfPTHt FTt/ . 

00073 
00074 
0007~ 
00076 
00077 
00078 
00079 
OOOfl.O 
000A1 
000I:l2 
0001-i .i 



c 
c 

'' 4-TOTAL ANNUAL ET REQ., INCHES•! 
tt S-MAXIMUM ET REQ., INCHES PER DAY•/ 
'' 6-PERCENTAGE OF CROP GROWN•/) 

56 FnRMAT<I•' TYPE IRRIGATIO~ SYSTEM TO BE PROCESSED:•/ 
tt USE THE FF COOf--•1 
''••• GRAVITY •• FOR FURROW, OR 80PDER IRRIGATION•/ 
''••• HAND MOVE •• FOR HANQ MOVE SPRINKLER SYSTEM•/ 
''••• SIDE ROLL •• FOR WYEEL MOVE SPRINKLER SYSTEM•/ 
''••• ClNTEk PIVOT FOR SELF PROFELLED SPRINKLER SYSTEM•/ 
''••• SULlO SET •• FOR SOLID SET SPPJNKLER SYSTEM•/) 

5~ FORMAT(/,• IS THERE ANY~ORE !PRIG~TION SYSTE~ TO PkOCES~ -----•1 
'' UNDER SOIL TYPE NUMRER----•,13,• \\\\\\'// 
tt IF ••• NO TYPE.. REWORKt/ 
'' IF ••• y£s, TYPE ••• GRAVITY SYSTF~ ORt/ 
tt HAND MOVE OR•! 
'' SIDE ROLL OR•! 
'' CENTER PIVOT•! 
'' SOLID SET•/ 
'' IF ENU OF JOP ••• TYPE •• END•/) 

60 FORMAT(/'TYPE THF. MANNINGS ROUGHNESS COEFFICIENT FOR TrliS CHOP•,/ 
tt SC5 VALUES APE AS FOLLOWS:•/ 
tt .04---HARt EARTH•/ 
'' .10---SMALL GRAIN-DRILLED•/ 
tt .1S---ALFALFA,SMALL GRAIN-BROADCAST•/ 
'' .25---DENSE SOO,SMALL GRAIN-DRILLED ACROSS 80kDER•/ 
tt 0.0 MAY BE I NSERT ED IF BORDER IRRIGATION IS NOT CO~SIDEPEU•/ 

'' FOR THIS CROPt/) 

J=O 
WRITE(9t50) 

<-------------------READ CARD-----------

CALL INPUT(A,NC) 
NCMB = A ( l> 

C-----NCMB = TOTAL NU~BER OF CROPS TO BE PROCESSED 
c 

DO 2 L = 1tNCMB 
C <-------------------READ CARD-----------
C READ HEADING FOR EACH CROP COMBINATION 

WRITE(9,52) L 

c 

Rf:AD(St4) (HEAD<L•I>•I=1,20) 
W~ITE(9,'+) <HEAD(L,Y) d=lt?O) 

4 FORMATt20A4) 

C <-------------------READ CARD-----------
C READ CROP-SOIL-w~TER PARAMETERS 
C WHC = ~ATER HOLDIND CAPACITY 
C RZD = ROOT ZONE DEP~H JN FEET 
C PCT = PERCENT Of TOTAL AVAIL MOIST USE~BLE AS R.A.M. 
C ETTOTC= TOTAL ANNUAL ET REQU!kE~ENT IN INC~ES 
C ETMAX = MAXI~U~ ET RATE IN INCHES PER DAY 
C CROPU = PERCENTAGE OF CROP GROWN 

WRITE('h~4) (HEAD<Ldl> .IL=l ,5) 
CI\LL INPUT(AtND> 
W'"IC A(l) 
RZO = A(c) 
PCT = A(3) 
F:TTOTC<L> = A(4) 
ETMAX = Al5) 
CROPO(L)= A(6)/100. 
RZOR (L) = PZD 

C-----COMPUT ~ TOTAL READILY AVAILABLE MOISTURE 
c 

TqAMCtL ) = RZD * ~~C * PCT /100. 
c 
C-----COMPUTE TOTAL NU~~E~ OF IRRIGATION PER YEAR ASSUMING THAT TOTAL 
C READILY AVAILABLE MOISTURE IS SUPPLIED EACH IRRIGATION 
c 

c 

TOT= ETTOTC<L )/TRAMC(L 
KTOT = TOT 
!RTOTC(L ) = KTOT 

+ 0.85 

C-----COMPUTE IRRIGATION FREQUENCY 
c 

c 

EFQ = TRAMC(L )/ETMAX + 0.3 
!Ff.l =UQ 
F q £ (J C ( L ) = I F (;) 
¥/RJTf (9,o0) 
CALl INPUT<A•NRN) 
RN(L) = A(l> 

2 CO"IT I NUE 
C <-------------------RFAD CARD-----------
C--kfAO AN ALTEHNATIVF TO AE P4nCESSFD 

II/RITE ('ft~f>) 
c 

UU0tj5 
0001:)6 
00Uti7 
000!18 
000 89 
00090 
00091 
00092 
OU093 
000~4 

000<:15 
00096 
00097 
0009 H. 
00099 
00100 
00101 
00102 
001 03 
00104 
00105 
00106 
00107 
0010b 
00109 
00110 
0 0111 
00112 
00113 
0 0 114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
001?4 
00125 
00126 
00127 
0012tl 
00129 
00130 
00131 
00132 
00133 
00134 
0013 5 
001 36 
00137 
00138 
0013 9 
00140 
00141 
0014 2 
00143 
00144 
00145 
00146 
00147 
0014e 
00149 
001:,0 
00151 
00152 
00153 
00154 
001:,~ 

001:,6 
00157 
001~ e 

00159 
00160 
00161 
00162 
00163 
00164 
0 0 1.hS 
OOlo~ 

00167 
001hH 
00164 

U -··· :~._:_ 



14 ~E~DC5t3)TYPl,TY~2.TYP3,TITLE 
wqiTE(Yt3)1YP1tTY~2.TYP3eTITLE 

3 FOPMATC3A4,17A4) 
c 
C--CODE 
c 

IISED: 
oG~AVITY• =FlJRROW,CORRUGATION OR ROROER 
tHANU MOVE•=HAND-MOVE SPRINKLER SYSTEM 
•SIDE ~OLL•=WHEEL-MOVE SPRINKLER SYSTE~ 
•C~NTEP PIVOT•=SELF-PROPfLLED SPRINKLER 

IRHIGATION 

00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 

c 
c 
c 
c 

c 
c 
c 

c 

c 

c 
c 

c 

IF<TYP1.EQ.COD5.0R.TYPl.EQ.COD7lGO TO 20 
IFCTYPl.Nt,CODl)GO TO 6 

PROCESS GRAVITY IRRIGATION 

80 wRITECYt~7> 

SYSTEM 0017b 
00179 
001HO 
001M1 
OU182 
001b3 
001A4 
00185 

~7 FORMAT(/,, TYPE AVERAGE FIELD LENGTHS, fTt 1 / 001Hh 
FIELDS IN •I 00187 

OUlAd 
DESIRED fOR COMPUTATION•/00189 

'' FOR FURROW IRRIGATED FifLDSt AND ROqDER IRRIGATED 
'' THIS PARTICULAR SOIL CLASS•/ 
'' ENTER AS ~ANY PAIRS OF RUN LENGTHS AS 
'' OF EFFICIENCIES. CI.f., 1300.,1?00,, 

CALL INPUTCAtNRL) 
DO H5 Nk=2tNRL•2 
OLNTF(NR/2) ACNR-1) 
OL"JTCNR/2) = A(NP.) 

85 CONTINUE 
NRL=Nf;-L/2 

DO 90 NR=l,NRL 
XLNTF = DLNTFCNP) 
XLNT ULNTCNR) 
NN = NH 

CALL SURFCECKtNN) 

650.,600., ••• )1/) 00190 
00191 
001~2 

00193 
00194 
00195 
00196 
00197 
00198 
001~9 

00200 
00201 
00202 
00203 
00204 
0020~ 

00206 
C--CO~PUTE WEIGHTED COST FOR ALL CROPS ON A FARM 
c 

00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
0021H 
00219 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 

c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 
c 
c 

c 

c 

16 WTDC = O, 
WEFF = 0 • -
WDVOL = 0, 
W~VOL = O. 
DO 8 t-~=ltNCMB 
\HOC = WTDC + 
WEFF = WEFF + 
¥10VOL = ¥o0VOL 
WRVOL = wRVOL 

ti CONTINUE 

CROPDCM)OTCOSTCM) 
CROPO(M)OEFFA(M) 
+ CROPDCM)OOVOLCM) 
+ CPOPD(M)ORVOLCM) 

K=SUBSCRIPT FOR TYPE OF SOIL 
J=SUBSCRI~T FOR ALTERNATIVE 

J=J+l 

COSW(K•~l = WTDC 
l.oJ~ITE<bd3lK 

13 FOPMATClH1,//I.T?Ot•SO!L TYPE NUM8ER------•,I2l 

WRITEC6tl2lCOSWC~•Jl,WfFF.wOVOL,WRVOL 
12 FO~~AT< ////T20••WEIGHTED COST FOR THIS SOIL TYPE A~D IRRIGAT 

'TION SYSTEM ALTER~~ ATIVE---->>>t,T97.F6.2,2X,•OOLLARS PE~ ACRE 
~ •I/T20••~EIGHTED WATER APPLICATION EFFICIENCY-----------
~ •,T97tF6,2,2X,•PERCE~Tt// 

~ T?.O,•wEIGHTED VOLUME OF DEEP PERCOLATION ------------•,T97, 
~ F6.4t2~••AC-FT PER AC PER YR•// 
~ T20t•WEIGHTED VOLUME .of SURFACE RUNOFF ------------•,T97t 
~ Fn.4,2Xt•AC-FT PER AC PER YR'/) 

90 CONTINUE 

WRITE (9t51:!) K 
r,o TO 14 

PROCESS SPRINKLER SYSTE~ 

6 IFCTYPl.EQ,C002lKODE=3 
IFCTYPl.EQ,C003lKODE=4 
IFCTYP1.~~.C004lKODE=S 
IFCTYP1.EQ.C00n)KODE=6 

CALL S~NKLR(K.KOOEl 

00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
0023H 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
ouc4H 
00249 
00250 
00251 
00252 
00253 
002~4 



c 

c 

c 

GO TO lb 

20 RETURN 
END 

C--SU8POUTINE SURFACE WILL COMPUTE THE TOTAL ANNUAL COST ON A PER ACRE 
C RASIS FOR ON-FARM GRAVITY SYSTEM 
c 

SUHROUTINE SURFCE<KSOIL,NN) 
C/ LISTtNONE 
c 

c 

c 

REAL IRTOTC,LFC,LFCF 
COM~ON TkAMCC20),NCMB.FREQC(20),ETTOTC<20),HEAD(7,20) 
COMMON A(~O)t TITLEC17), TYPl.TYP2,TYP3 
COMMON IRTOTCC20) ,CROPD(20),SIZE(20) ,TCOSTC20),COSW(20•20),ADCST 
COMt·I()N ~GD~(20) ,F~oi iDE (20) ,f!W(20) ,YW(20) ,QU(20) tRATl0(20) ,SL,FAMt 

& XLNT.t.FFA<20l ,f:FF0(20) ,OV0LC20) tPVOL(20) ,RZDR(?Ol tXLNTF,R"'(20) 
DIMENSION KODEC5) ,CSTDC20l 
DATA DCUD/3HYES/ 

50 FORMAT(/tt TYPE THE FF DATA FOR GRAVITY IRRIG. SYSTEM•/ 
''••••••FOR EACH CROP ••• THERE ARE•• I?t t CROPS TO PROCESS•/) 

51 FORMATCit 
tt 1-GRAVITY SYSTE~ CODft/ 
tt (1) CODE FOR FURROW IRRIGATTION•/ 
t t (c) CODE FOR HORDEP ' IRRIGATION•/ 
tt ?-AVERAGE INFLOW RATE, GP~ FOR FURROW; CFS FOR HORDER•/ 
tt 3-FURROW SPACING, IN OR RORDER WIDTH, FTt/ 
tt 4-AVEHAGE TIME OF SET, IF NOT KNOWN, TYPE~ •• O,t/) 

53 FORMAT(/,t TYPE DATA FOR CROP NUMPER •••• •.I3/, 
'' AND PUN LENGTH NUMBER ••• •,I3/) 

54 FORMAT(/,, TYPE THE FF DATA :•/ 
tt I-COST OF CONSTRUCTING OPEN DITCH AND DRAIN, $/FT•/ 
tt 2-COST OF LINING FARM niTCHESt $/FT•/ 
'' 3-COST OF IRRIGATION STRUCTURES, FURROW, $/ACt/ 
tt 4-COST OF IRRIGATION STRUCTURES, BORDER, $/AC•/ 
'' 5-COST OF MISC. IRRIGATION EQUIP,FURROW, $/ACt/ 
'' 6-COST OF MISC. IRRIGATION EQUJP.RORDERt $/AC•/ 
'' 7-COST OF LEVFLING, SMOOTHING OP GRADING FURROW FIELDS, S/AC•/ 
tt B-COST OF LEVELING, SMOOTHING OR GRADING BORDER FIELDS, ~/ACt/) 

~2 FORMAT(/•' TYPE THE FF DATA:•/ 
tt 1-IRRIGATIO~ LAPOR, FURROW, HR/IPRIG/AC/1000 FT OF RU"'•/ 
'' 2-IP RIGATION LA80R, BORDER, hR/IRPIG/AC/1000 FT OF RUNt/ 
tt 3-AOD!TIONAL L~HOR IF ANY• FURROw. HR/IRRIG/ACt/ 
tt 4-ADUITIONAL LAHOR IF A~Y. BORDER, HR/lRRIG/ACt/ 
tt S-RATE OF LA80~, $/HRt/) 

5h FOR~AT(/,t TYPE THE FF DATA:•./ 
tt 1-LIFE OF IRRIGATION EQUIPMENT, FORROWt YEARS•/ 
tt ?-LIFE OF IRRIGATION EOUIPMENT, PORDER, YEARS•/ 
tt 3-SALVAGE VALUE, PEQCENT OF CAPITAL COST•/ 
'' 4-RATE UF INTEUEST, PERC~NT•/) 

5e ~ORMAT(/, t TYPE THE FF DATA:•/ 
'' 1-COST OF ANNUAL LAND PREPARATION (PLANING), $/ACt/ 
'' ?-VALUE OF LAND LOST TO PRODUCTION• ~/ACt/) 

60 FORMATC/t' TYPE THE FF OATA:•/ 
t t 1-ANNUAL MAINTENANCE COST• PERCENT OF INVESTMENT•/ 
tt 2-TAX AND INSURANCE, PEQCENT OF AVE INVESTMENT•/) 

62 FORMAT(/tt TYPE THE FF DATA:t/ 
tt I-VALUE OF WATER LOST TO SURFACE RUNOFF, ~/Aft/ 

'' 2-VALUt OF WATER LOST TO D.P., ~/AF•/) 
64 FORMATUt• DO YOU CONSIDER SUB-SURFACE DRAINAGE\\\\\'/ 

't <YES OR NO) t/) 
68 FORMAT(/•' TYPE THE FF SUR SURFACE DRAINAGE DATA:•/ 

'' 1-DRAIN DEPTH, FT•/ 
tt 2-DISTANCE BETwEEN DRAIN~ BARR!fR, FTt/ 
tt 3-PERMEABILITY ~ET. ROOT 70NE AND BARRIER, FT/DAYt/ 
'' 4-MAX. PERMISSIBLE w.T. HEIGTH ABOVE DRAIN, FT•/ 
tt 5-SLOPE OF LATERAL DRAIN, FT/FTt) 

70 FORMAT(/•' TYPE THE COST AND LAYING OF DRAIN PIPES,~/FT•/ 
tt 1-A 4-INCH PIPE•/ 
'' 2-A 6-INCH PIPEt/ 
'' 3-AN ~-INCH PIPEt/) 

72 FORMAT(/t' TYPE THE FF DATA:•/ 
'' 1-UNlT COST OF EXCAVATI()N, '/CYt/ 
'' 2-UNlT COST OF BACKFILL• $.CYt/ 
'' 3-UNIT COST OF GRAVEL ENVELOP, ~/CYt/ 
'' 4-CONTINGENCY COST. PERCENT•/) 

c <-------------------------READ CARD-----------
c COPE ,.1UST BE READ IN THE SAME OPDER AS BEFORE 
C 1 = CODE FOR FUkROW IRRIGATION 
C 2 = CODE FOR HORDEq IRPTGATION 

WRITF. ('1,~0) NCM8 
c 

00255 
00256 
00257 
00258 
00259 
00~60 

00261 
00262 
00~63 

00264 
OU2b5 
ooco6 
00267 
0026H 
002b9 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
0027b 
00279 
00280 
00281 
00282 
00283 
002t34 
002b5 
00286 
00287 
00288 
00289 
00290 
00291 
00292 
00293 
00294 
00295 
00296 
00297 
00298 
00299 
00300 
00301 
00302 
00303 
00304 
00305 
00306 
00307 
00308 
00309 
00310 
00311 
00312 
00313 
00314 
0031~ 
00316 
00317 
00318 
00319 
00320 
003?1 
00322 
00323 
00324 
00325 
00326 
00327 
00328 
00329 
00330 
00331 
0033? 
00333 
00334 
00335 
00336 
00331 
0033A 
00339 

• 



' ·· 

w~ITE(~t51) 00340 
c 00.341 

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

c 

no 45 LX=l,NCM~ 00342 
~RJTE(~t53)LX•NN 00343 
CALL INPUTCAtlZ) 00344 
KOOE <LX) = A ( 1) 00345 
QGnM(LX) = A(2) 00346 
FI-IIDE <LX) = A(3) 00347 
Tt-1 (LX) = A(4) 0034H 

45 CONT 1 NUl: 0 0349 
IF<NN.GT.l) GO TO 590 00350 

SETLF = LAHOR REQUIRFO FOR FURROW 
SETL = LAHOR Rf.QUIRED FOH POPDER 
GRLF = ADDITIONAL LABOR REQUIRED 
GRL = ADDITIONAL Lt&ROR REQUIRED 
kATL = LA80R RATE IN 'b/HR 

PER SET 
PER SET 
PER SET 
PER St:.T 

PER 
PER 
PER 
PER 

003S1 
ACRE 00352 
ACRE 00353 
ACRE, FUKKOW 00354 
ACRE, bORDER 00355 

00356 
00357 

SETLF AND SEll ARE INPUT FOR A FIELD 1000 FEEl IN LENGTH. 0035b 
AS THE kUN LENGT~ DECREASfS, LA80R HEQUIRE~ENT PER IRRIGATED ACR£00359 
INCREASt:S 00360 

00361 
00362 

~RITE(9,52) OOJ63 
00364 

CALL INPUT(A.LB) 00365 
SETLF = A(l) 00366 
SETL = A(2) 00367 
GRLF = A(3) 0036H 
GRL = A(4) OOJ69 
PATL = ;...(5) 00370 

C <-------------------READ CARD----------- 00371 
C READ--• CDIT = COST OF CONSTRUCTING FARM DITCHES AND DRAINS.~/FT 00372 
C • CLIN = COST OF LINING FARM DITCHES, 5/FT 00373 
C t CSTR =COST OF IRRIGATION STRUCTURES(CHECKS,SIDHON TU~ES>•$/A00374 
C t CUTH = COST OF MISC EQUIPMENT,~/AC 00375 
C • LFC - COST OF LEVELJNG.GRADING,SMOOTHING, $/AC 00376 

wRITE(9t54) 00377 
c 00378 

c 
c 
c 
c 
c 

c 

c 

CALL INPUT(A,NC) 00379 
CDIT = A<l> 00380 
CLIN = A(2) 00381 
CSTKF= A(3) 00Jb2 
CSTP = A(4) 003H3 
COTHF= A(5) 003~4 
COTH = A(6) 003H5 
LFCF = A(7) 003H6 
LFC = A(8) 00387 

00388 
<-------------------PEAD ' CAPD----------- 00389 

READ--' ELFE = EXPECTED LIFE OF IRRIGATION EQUIP~ENT 00390 
SVAL = S6LVAGE VALUE AS A PFRCENTAGE OF CAPITAL COST 00391 
RHJT = INTEREST RATE IN PER CENT 00392 

WRITE<~•S6) 

CALL INPUTCA.LF) 
ELFEF= A(}) 

f.LFE = AC2) 
SVliL = A(3)/lOO. 
RINT = /.(4)/100. 

C <-------------------PFAD CARD-----------

00393 
003~4 

00395 
00396 
00397 
OOJ9H 
00399 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 . 
00408 
00409 
00410 
00411 
00412 
00413 
00414 
00415 
00416 
00417 
0041tl 
00419 
00420 
00421 
00422 
00423 

C READ--' CPRED = COST OF LAND PREPARATION IN ~/ACHE 
C t CLOST = VALUE OF LAND LOST TO PRODUCTION, $/ACRE 

c 
wRITEC4t58) 

C4LL INPUT(A•NP) 
CPREP = A(l) 
CLOST = A(2) 

C <----------.---------READ CARD-----------
C RfA~--' XMAlNT = ANNUAL MAJNTFNANCE A~ A PEHCENT OF INVESTMENT 
C ' XUEP = OTHfR EXPENSES AS A PERCENT OF AViRAGE INVEST~ENT 

c 
WRITEC9t60) 

CALL INPUT(AtCI-•1) 
X~AINT = A(l)/100. 
XOEP = A(2)/lOO. 

C <-------------------PEAD CARD-----------
C READ--' SHVAL = NET VALUE Or WATER LOST TO SURFACE RUNOFF.$/AC-FT 
C • DPVAL = NET VALUE OF ~ATER LO~T TO DEEP PEKCt$/AC-FT 

c 
W~.J!TE <~•o2) 

CALL JNPUT(A.NS) 
S"<VAL=Il(l) 
1"\r"\ \ l AI - 1\ I"')\ 

IL:·C -- ... ·~ .: :;. 



c 

c 

WRITEC~t64) 
READC5t65)0RCD 
WPITEC9to5)DRCO 

65 FOJ:?MATCA3) 
I~<DRCD.NE.DCOD>GO TO ~~ 

~~ITE (9t68) 
CALL INPUT(AtNDO) 
[")fPDO =A(}) 
DHF = A(2) 
PERM A(3) 
XM~.X = A(4) 
SLOP = A(5) 
WRITE (9.70> 
C~LL INPUT(A,NPP) 
C4 = A<l> 
C6 = A(2) 
CR = l\(3) 

WRITE(9t72) 
CALL IN~UTCA,NCC) 
UEXO = A(l) 
UBKD = A(2) 
UGRAV = A(3) 
CONTG = A(4)/lOO. 

b6 CONTINUE 

C--SET LOOP FOR ALL CROPS AND SYSTEMS CONSIDERED 
c 

590 CONTINUE 
FL= XLNT 
FLF=XLNTF 
LL=O 
w~ITEC6t80) XLNT.XLNTF 

80 FORMATC1H},///5X,•RESULTS FOR SU~FACE IRRIGATED FIELDS•/ 
'1//SX,•WITH AORDEP RUNS :t,F6.0t/ 
'1//S.Xt' AND FURROW RUNS =•,F6.0t/) 

DO 5 L = l,NCMB 
IF (KODE:.CL),EQ.l) GO TO 270 

C--COMPUTE CO~TS FOR ~ORDER SYSTEMS 
-c 
C--CO~PUTE LA~OR COST 
c 

CLA8 = lRTOTCCL)*CSETL*lOOO./XLNT+GPL)*RATL 
C--CO~PUTE TUTAL !~VESTMENT COST 
c 

c 

CROP A 
TCLIN 
TCDIT 

SIZE<KSOILl * CROPD(L) 
= CLIN * (CROPA/FL) * 43~60. 
= CDIT * (CROPA/FU * 43560. 

XCAP = TCDIT + TCLIN +CCSTR + COTH )*CROPA 
YCAP = TCLIN +(CST~ + COTH) * CROPA 
ACAP = XCAP/CROPA + LFC 

C) * CRCWA 
C--USE SINKING FUND DEPRECIATION PLUS I~TERfST 

C) * CR0PA 

c 

c 

SFF = RlNT/(((l.+RINT)**ELFE>-1.) 

DEP = CXCAP-SVAL*YC~P) * SFF I CROPA 
CIN = RINT * XCAP I CROPA 
XLFC = RINT * LFC 
CIN = CIN + XLFC 

C--CO,.,PUTE OThER EXPENSFS SUCH 1\S TAXES AND INSURANCE 
c 

COEXP = XOEP *CXCAP+SVAL*XCAP)/2. /CROPA 
c 
C--COMPUTE MA I NH.NANCf_ J1ND RFPA I R COST 
c 

CMAINT = XMAINT *(XCAP+SVAL*XCAP)I?. I CROPA + CPHEP 
c 
C--COHPUTE TOTAL COST 
c 

c 

~UBT = DEP + CIN + COEXP + CMAINT + CLAB 
XXLST = 30./XLNT 
TCOST<L>= SUBT + CLOST * XXLST 
GO TO 280 

C--CO~PUTE COSTS FOR FUQROW SYSTEMS 
c 
c 
C--COMPUTE LA~Ok COST 
c 

220 CLAB = I~TOTCCL)*(SETLF*lOOO.IXLNTF+GRLF>*RATL 
C--COMPUTE TOTAL INVESTMENT COST 
c 

00425 
00426 
00427 
00428 
00429 
00430 
00431 
00432 
004.3'3 
Ul.l434 
00435 
00436 
00437 
00438 
00439 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
0044~ 

00449 
00450 
00451 
00452 
00453 
00454 
0045~ 

00456 
00457 
0045~ 

00459 
00460 
00461 
0046,? 
00463 
00464 
004h5 
00466 
00467 
00468 
0046~ 

00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
00478 
00479 
00480 
00481 
00482 
004H3 
004B4 
004e5 
004ti6 
00487 
00488 
00489 
00490 
0049} 
00492 
00493 
00'+94 
004~5 

00496 
00497 
00498 
00499 
00500 
00501 
00502 
00503 
00504 
00~05 

00':>06 
00507 
005011 
00509 

• 



c 

C~OPA 

TCLIN 
TCDIT 

= ~IZECKSOll) * CROPn~L) 
= CL!N * CCROPA/FLf)* 43560. 
= CDIT ·o CCPOPA/FLf)* 43Sb0. 

XCAP TCDIT + TCLIN +CCSTQF+ COTHF )*CROPA 
YCAP = TCLIN +CCST~F+ COTHF)* CROPA 
ACAP XCAP/CROPA + LFCF 

C) * C~O~A 
C--USt SINKING FUND DEPRECIATION PLUS INTEREST 
C) * CROPA 

c 

c 

SFF klNT/(( Cl.+~INT)ooFLFFF)-1.) 

DEP = CXCAP-SVAL*YCAP) * SFF I CROPA 
CIN RlNT * XCAP I CPOPA 
XLFC = HINT * LFCF 
CIN = CIN + XLFC 

C--CO~PUTE OTHER EXPENSES SUCH AS TAXES AND INSURANCE 
c 

COEXP = XOEP *CXCAP+SVAL*XCAP)/2, /CROPA _ 
c 
C--CO~PUTE MAINTENANCE AND REPAIR COST 
c 

C~AINT = XMAINT *CXCAP+SVAL*XCAP)/2• I CROPA + CPREP 
c 
C--COMPUTE TOTAL COST 
c 

c 

SURT = OEP + CIN + COEXP + CMA!NT + CLAB 
XXLST = 30./XLNTF 
TCOSTCL>= SUBT + CLOST * XXLST 

280 ZZLST = CLOST * XXLST 
C--wPITf RESULTS 
c 

c 

WRITEC6t10)TYPl,TYP2,TYP3,TITLE 
10 FORMATClhl,T21,tANNUAL COST OF IRPJGATION--------•,20A4 

WRITE(6tll>KSOIL 
11 FORMATCT2lt•SOIL TYPE NU~AER-----•,12,/) 

WRITE C6t20) (HEAD (L ,JL) ,JL=l ,20) 
20 FOR~AT(T40t20A4,/) 

00~10 

OOS11 
00~12 

OOS13 
OOS14 
UOS15 
OOS16 
00517 
00~18 

005)9 
OOS20 
00~21 

OOS22 
00523 
OUS24 
00~2S 

005£:6 
00527 
OOS28 
00529 
OOS30 
00531 
00532 
00533 
00534 
00535 
00536 
00537 
00538 
00539 
00540 
00541 
00542 
00543 
OOS44 
00545 
OOS46 
00547 
00548 
0054~ 

U0550 
IFCKODECL).EQ.l) WRITEC6•1~) FLF,SfTLF,GRLf,RATLtCDIT,CLINtCSTHft OOS51 

c 

~COTHF,LFCF,CPREP,CLOST,IPTOTCCL)tTP~~CCL),FREQC(L),SJZEC~SOIL>• 005S2 
~CROPA,ACAP 00553 

IFCKODlCL>.E0.2) wRITEC6•13) FL.SETLtGRLtRATL,CD!TeCLIN,CSTRtCOTHt00554 
~LFC,CPHEP,CL0ST,IRTOTCCL>•TRAMCCL>•FREQC(L)tSIZECKSOIL)tCROPAtACA~00555 

WRITEC6tl7) DEP,CINtCLAR.CMAINTtCOEXPtSUBTtZZLST 00556 

13 FORMATCT20,tFAR~ DATA:t/ 
Tll,•FIELD LENGTH• FT '•T51tF5.0/ 
TllttLABOR REQUIRED. HR/AC/IPR 'tTSltF5.2/ 
Tllt•ADOITIONAL LAAOR, HR/flC/IRP •,,TSltF5.2/ 
Tl1 9 tLA BOR RATE, ~/HR '•TS1,F5.2/ 
Tllt•COST OF CONST. FARM DITCH• $/FT •tTSltF5.2/ 
Tllt•COST OF FARM DITCH LINING, $/FT •,T5ltFS.2/ 
Tll 9 tCOST C•F IRRIGATION STRUC., $/AC •tT5ltF5.2/ 
T1lt•COST OF ~ISC. EQUIPJ•• ~I~C, '•TSltF5.2/ 
TllttCOST OF LEVELING• GPADING, $/AC •.T~O,F6.2/ 
Tll 1 •COST OF L~ND PREPARATION, ~/AC '•TSltF5.2/ 
Tll,tCOST OF LAND LOST TO PPODUCTIONt $/AC•,T50tF6.2/// 
Tll,•NUM8Ek OF IRRIG./SEASON '•TSltF5.0/ 
Tl1,•DEPLETEO RAM RETWEEN IRPIGATIONS,INCHES•,TS1.F5.2/ 

Tllt'FREQUENCY OF IRRIGATION AT PEAK USEtDAYS ' T51tF5.0// 
Tllt•FARM SIZE, ACRE . •T5l,F5.0/ 
Tllt•FIELD SIZE FOR THIS CROP, AC •TSltF5.0 I 

Tll•'TOTAL INVESTMENT• ~/AC •,T49,F7.0// 
T20t tO\mERSHIP COST Cf./AC> t/) 

17 FORMAT(Tl1,•DEPPECIATION (SINKING FUND) •T5Q,F6.2/ 
Tll,•INTEPEST ON INITIAL INVESTMENT •T50,F6.2// 
Tl1t•OPERAT10N AND MAINTENbNCE COST ($/AC)t/ 

Tll•'LA~OR COST •,T50,F6.2/ 
Tl},tMAlNTENANCE AND REPAIR 
Tll,tTAXfS ANI) INSURANCE 
T20e•SUR TOTAL ••••••••••••••••••• 
Tll,•COST OF LAND LOST TO PRODUCTION 

75 FORMATC/Tll,•COST OF WATER LOST •.T~O,F6.2/ 

•T5ltF5.2/ 
1 T5l.FS.2// 

tTSO,F6.2/ 
tT5ltF5.2/) 

' T1l,tCOST OF SUH-SURFACE ORAIN CJ/AC) •tT50tF6.2// 
T20t tTOTAL ANNUAL COST ($/AC/YR) ••• tT50,F6.2/) 

00557 

C--AT THIS POINTt COMPUTE ~ATER APPLICATION AND WATER LOSSES 

OOS58 
00~59 

00560 
00561 
00562 
00563 
U0564 
0056S 
OOS66 
00567 
0 0561:! 
00569 
00570 
00571 
00572 
OOS73 
00574 
00575 
00576 
00577 
00578 
OU579 
00580 
00581 
00582 
00583 
005tl4 
00585 
005H6 
OU5A7 
OO~Hb 

c 
IFCKODECL>.EO.l>GO TO 77 
LL = LL + 1 
CALL ~ORUERCLtAC.~C,CeLL•NN,DHtDE) 

Gn TO 7<1 
77 CALL FU R kOW(L.AC,~C.C) 

00589 
OOSYO 
00~'11 

00592 
005Y3 
00594 

IL:-c .. . _ .. .. 



<: 
c 

c 

7Y . COt-..~TINUE 

IFCDCOD.NE.DRCDJCSTOCL)=O. 
IFcbCOU.E~.DRCD)CALL SDRAINCL,DEPOOtDRF,PERM~XMAX,SLOP,FL• 
•c~,C6,CbtUEXDtU8KO,UGRAV,CONTG,RINT,SFF,XMAINT.CROPA,CSTD) 

<:----COMPUTE COST OF ~ATER LOST 

c 

c 

c 

c 

COSwL = (RVOLCL>*SRVAL + DVO-(Ll~OPVAL) 

TC0STCLl = TCUSTCLl + CSTOCLl + COSWL 
WRITE(6t7S>C0SwL,CSTOCLltTCOSTCL) 
SLL .= SL 

IF"CK0uE(L).EQ.2)C;cJ TO 150 
\ti~ITECbt8Y) 

89 FORMAT<1H1~//ItT2l,•FURROW IRRIGATION EFFICIENCY ESTIMATES•) 
WRITEC6tll)KSOIL 
W~ITECbtYO)XLNTF·TRAMC(LltOGD~(LJ,FWIOECL)tSLL,TMCL),FA~,AC, 

•Rc,C,EFFACU tEFFD(l> tOVOL(Ll tRVOLcl) 
90 FORMATCflSt•L~NGT~ OF IRRIGATION PU~tFT 1 tT6~,FS.O/ 

GO TO 5 

TlS,•DEPTH OF WATER APPLIED.IN t,J66,F6.2/ 
Tl5;tFURROW STRE~M SIZE,GP~t,T6S,FS.O/ 
TlS,•FURROw SPACING.IN•,T6S,F5.0/ 
T 1 5 , t F I E L D S L 0 P E , F T IF~ T' , T 6 9 , F 6 • 5/ 
Tl5,•TIME OF APPLICATIQN,MIN•,T6S,F5.0/ 
T1S,•INTQKE FAMILY RASED ON SCS•tT65,F6.1/ 
Tl~,, A COEF =t,F6,4/ 
TIS,• H COEF =••F6.4/ 
Tl5t' C COEF =•,F6,4/ 
Tl5 1 tAPPLICATION EFFICIENCY, PERCENT•,T65tF5,0/ 
Tl5,•DISTRJ8UTION EFFICIENCy, PERCENT•,T65,FS.O/ 
Tl5,tVOLUME OF DEEP PERC, AC-FT/AC/YR•tT66,F6.2/ 
Tl5,•VOLU~E OF RUNOFF, AC-FT/AC/YRt,T66,F6.2/) 

lSO \tiRITE<6.1!:>2) 
WQITE(6tll)KSOIL 

152 ' FOR~ATC1Hlt1//,T2lt' 130ROER IRRIG .ATION EFFICIENCY ESTIMATES•> 
W~ITE(btl54)XLNT.DH.DE,QU(L)tFWIDECLltSLLtTM(L)t 

•EFFA CU tlFFD CU .OVOL (L),RVOL (L) 

154 FOR~AT(Tl5t•LENGTH OF IRRIGATION ~UN, FT•,T64,F5,0/ 
Tl5,tOEPTH OF WATEP APPLIED AT FIELD HEAD, IN• 9 T65,F6.2/ 
TlS,•DEPTH OF WATER APPLIED AT FIELD END , INt,T6S,F6.2/ 
T15,tUNIT STREA~ SIZE• CFS/FT'tT67,F6,4/ 
T15t•HOHDER ~IDTH• FT•,T64,FS.O/ 
T1S,tFIELD SLOPE, FT/FT•tT67,F6,4/ 
Tl5,•TIME OF APPLICATION, MIN•.T64,F5.0/ 
T1S,tAPPLICATION EFFICIENCy, PERCENT•,Tb4tFS.O/ 
Tl5,•DISTRIBUTION EFFICIENCY, PEPCENT•.T64tF5,0/ 
TlS,•VOLUME OF DEEP PE~C. ~C-FT/AC/YR•.T&S,F6.2/ 

Tl5,•VOLUME OF RUNOFF' AC-FT/AC/YR•,T65,F6,2/) 

C--GO TO NEXT CkOP 
5 CONTINUE 

c 
C---ADO EXTRA COST FO~ MAIN CANAL---COMPOSITE 

IFCCLIN,NE.O.>GO TO 16 
ADCST = fL ~ CDIT 
GO TO 18 

16 ADCST = FL ~ CLIN 
18 RETURN 

F.ND 

C---THIS SU~ROUTINE CO~PUTES APPLICATION EFFICIENCIES OF 
C ~ORDER !K~IGATION SYSTEMS, ••• R.G,ALLEN ••• G,D,GALINATO •••• 
c 

SURROUTINE BORDEPCLtAC 1 RC,CtLL•NN,OH,DE) 
Cl LISTtNONE 
c 

c 

PEAL Ir<TOTC 
COMMON TRAMCC?O),NCMAtFRfQCC?O) •ETTOCC20),HEAOC7t20) 
COMMON A(50)tTlTLfC17)tTYP1tTYP2,JYP3 
COMMON IkTOTC<20),CROP0(?0)tSIZE(?0)tTCOST(20),COSW(20 9 20ltADCST 
COMMON ~GDMC20),FwiDEC20),~W(?0)tT~C20ltCUC20),RATIOC20),SL,FAM, 

& XLNT.tfFAC20>,fFFD(20),0VOLC20),QVOL<20)tRZDRC~O)tXLNTF,RN(20) 

OI....,FNSIOI\I TAClOO) ,TTRC100) ,OPPH(l00) eOPTHC100) 
n I M F 1\! S I 0 o\1 L A L C c ) • u; ( 2 ) , C F C 4 • 5 > • C 0 F F C S , Y , 4 ) • C 0 E. F 1 ( ~ 0 ) , C 0 E F 2 ( ~ 0 ) 
D t ,-1 E N S 1 0 N .X I ( 1 0 ) , X D 5 ( 1 0 ) • T D S C 4 t 1 0 ) , T R S C 1 0 ) • T I N ( 1 0 ) 
E Q I J I V .A L UJ C E < C 0 E F 1 ( 1 ) , C 0 f F C 1 • 1 • 1 ) l , I C 0 E F 2 ( 1 > , C 0 E F ( 1 , 1 , 3 ) ) 
DATA Y~/JHYES/ 

00'>'1S 
00~'1b 

00597 
ou::,4~; 

00~49 

00600 
00601 
00602 
00603 
00004 
0060~ 

00606 
00607 
OObOH 
0060'1 
00610 
00611 
00612 
00613 
00614 
00615 
00b16 
00617 
0061H 
00619 
00620 
00621 
0062? 
00623 
00624 
00625 
00626 
00627 
0062H 
00629 
00630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 
0063H 
00639 
00640 
00641 
00642 
00643 
00644 
00645 
00646 
00647 
0064H 
00649 
00650 
OObSl 
00b5;c 
00653 
00654 
00655 
00656 
00o57 

OObSH 
U06~Y 

00660 
00661 
OObo2 
00663 
00664 
00665 
00666 
00667 
00b68 
00669 
00670 
00671 
00b72 
00673 
00t>74 
00675 • 



c 

nATA CuEfl/ 
& -o.4t~o. c.31no. o.o~24.-0.0455.-o.oo79, 
& -0.29Y4, 2.1981. 0.11~1.-0.0494,-0.0148, 
& -o.14b6, 2.0824, o.1333.-o.oo9o.-o.ooo6, 
& 0.0407, 1.Y~2~. O.l403·-0.0103.-0.004lt 
~ o.29~7, 1.7926. o.1??1• o.ooo4,-o.oo19, 
~ o.S29~, 1.612?, o.10l3• o.ooe4,-o.oooz, 
~ o.~A4~. 1.4689. o.1509· o.o419, o.oo43, 
& o.~Hl~, 1.444~, 0,1H06t 0.0430, n.0037, 
& u.~cl25. 1.44P9. 0.1794· 0.0388, o.oo33, 
~ -0.4~~4, 2.9732. 0.3149.-0.J29~.-0.0414t 
~ -o.3ouo, 2.7319, o.3469.-0.0548,-n.Oc25. 
& -0.2239, 2.5006, 0,4359, o.o3o3.-o.oo62, 
~ -o.oo6H, 2.2471, o.4526• o.1211. o.0153, 
~ o.2474, 2.1225, o.404?.. o.os71.-n.oo12, 
& o.s693, 1.949~. o.25Bs, o.oos4,-o.oos8, 
& 0.57~6. 1.7614, 0.4251· 0.1288, 0.0135, 
!i. 0.5847, 1.7385. 0.43A4, 0.1193, 0.0111, 
& o.5b23, 1.7349, o.4484, o.1193, o.o1101 

DATA COEF2/ 
& -0.6769, 3,9867, 1.1}93,-0.1685.-0.1404, 
& -0.5245, 3,4924. 1.2310· ~.2436, 0.0035, 
& -0.29o2, 3.143?. 1.2328• 0,4197, o.o6o8, 
~ -o.o4oo, 2.9oso, 1.2328· o.4439, o.otoe, 
& 0.2539, 2.6001, 1.0028• 0.340}, 0.0424, 
~ 0.4791, 2.3461 • . 0.9260. 0.3266, 0.0400. 
& o.5835, 2.311~, o.9534• o.3031, o.o325, 
~ o.6o~3. ?..2Y5o, o.9449. o.275H. o.o211, 
& 0.64d~, 2.2491, O.d792t 0.2468, 0.023~, 
!i. -0.6234. 6.7411. 5.6423· 2.1934, 0.2117. 
& -0.5}~5, 6,0496, 6.?-05?.t 1.5753, 0.7379, 
& -0.2863. ~.5300, 5.4534, ?..8355, 0.5053, 
~ 0.02~1, 4.R251t 4.2143• 1.9799, 0.3144, 
& 0.4?47, 4.03~7. 3.0400• 1.3074, O.lH7~, 
~ 0,6862, 3.518B, 2.1300• 0.76}6, 0,0916, 
~ O.H8l1• 3,4234, 1.9788• 0.64~1, 0.070}, 
& 0.9393, 3.255}, 1.7330. 0.517~. 0.0517. 
~ 0.94~6, 3.2288, 1.6451· 0.4667, 0.0446/ 

C----DEFINIT!ON OF V~HIAdLES 
C QCFS - 80RUER STREAM SIZF 
C SL - FIELD SLOPf. PERCENT 
C XLNT - LENGTH OF EIIRGATION RUNt FEET 
C 8~IDE - bORDER WIDTH 
C TM - TIME OF APPLICATION 
C FAM - INTAKE FAMILY ACCORniNG TO SCS CLASSIFICATION 
C RN - MANNI~GS ROUGrlNESS COEFFICIENT FOR 80RDER 
c 

c 

c 

QCFS = GGOM(L) 
R.WIOE = FwiDE<L> 

110 FORMAT(/•' ADDITIONAL INFORMATION ON ~ORD~R IRRIGATION•// 
'' DO yOU HAVE ADVANCE ANn RECESSION DATA\\\\\'/ 
'• <YES OH NO)'/) 

118 FORMAT(/•' TYPE L~G TIME AND ASSU~ED EFFICIENCY FOR•/ 
'' THIS SOIL TYPE. --SEE 80RDER IPRIGATION MANUAL, SCSt/) 

129 FIJPMAT (/,' TYPE 1'-~ULTIPLIER AND EXPONENT OF INTAKE CURVE•!) 
130 FORMAT(/•' TYPE ~ULTIPL!ER AND EXPONENT Of ADVANCE CURVEt/) 
132 FORMAT(/,, TYPE MULTIPLIER AND EXPONENT OF REC~SS!ON CURV~•I> 
117 FORMAT(/,• TYPE: t/ 

5X,•l--IF THE FLOW RATE AND SET LENGTH ARE TO BE '• 
•ADJUSTED TO INCREASE EFFICIENCY.•/ 

5X,t2--IF O~LY THE SET LENGTH IS TO BE ADJUSTED.•/ 
5X,•3--IF NEITHER Q NOR SET LENGTH ARE TO BE ADJUSTED•/) 

C---ASSIGN CO~FFICIENTS FOR DIFFE~ENT INTAKE FAMILIES 
c 

c 
, 5 

1 0 

IS 

FAM = FAM - .00001 
!F(FA~.LE,0.1)GO TO 5 
IFCFAM.LE,0.3)GO TO 10 
IFCFAM.LE.0.5>GO TO 15 
IFCFAM.LE.1.0>GO TO 20 
IFCFAM.LE.1.5>GO TO 25 
IFCFA~.LE.2.0)G0 TO 30 
IFCFAM.LE.3.0)GO TO 35 
IFCFAM.LE.~.O)GO TO 40 

AC = Q.0244 
RC = o.o6lO 
r;o TO 4~ 

AC = o.036~ 
RC = o.-r210 
GO TO 45 
AC o.0467 

- ~ -rr ,.. "' 

00o76 
00b77 
00o78 
00679 
006~. Q 

OObA1 
00b82 
00683 
006H4 
006H':> 
00bl:1fl 
OObiH 
006HA 
OObHY 
00b40 
00691 
00692 
00693 
00694 
00695 
006~6 

00b47 
oon9tj 
U0b99 
00700 
00701 
Q 0702 
00703 
00704 
0070~ 
0 0 ., 06 
00707 
00708 
00709 
00710 
00711 
00712 
00713 
00714 
00715 
00 716 
0Ll717 
007IH 
00719 
00720 
00721 
00722 
00723 
00724 
00725 
00726 
00727 
0072~ 

00729 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
0 0 .,3 7 
00738 
00739 
00740 
00741 
00742 
00743 
0 0 ., 4 4 

00745 
00746 
00747 
00/4t3 
00749 
007~0 

007Sl 
007~2 

00753 
007~4 

007~5 

007~6 

007~7 

00758 
007S9 

ll:.t -··-· or~.· 



20 

25 

30 

35 

40 

45 

c 

c 
112 

108 
c 

GO TO 45 
AC = o.o1o1 
13C = .7bSO 
GO TO 45 
AC = o.ot~99 

BC = 0.7990 
GO TO 45 
AC = o.l084 
AC = o.~oao 
GO TO 4~ 

AC = 0.1437 
8C = o.~n6o 
GO TO 4~ 

AC = o.l750 
BC = o.-6230 
C=0.275 
Ni.H=O 

IF<LL.l~.l)WRITE(9,110) 
IFCLL.lU.l)READ(5.112)ADV 
IFCLL.~Y.l)~RITEC9,112)ADV 
tF.(ADV.EO.YS)GO TO 114 

FOQMATCA3) 
IFCLL.NE.l.OR.N~.GT.l) GO TO 108 
WPJTE(9dl7) 
CALL INPUT(A,NONl) 
D!MP=A(l)+.0005 
NIMP=DlMP 
IFcTM(L).GT •• 005) GO TO 116 

C----IF TIME OF APPLICATION IS 
C SET TO APPLY THE REQUIPED 

NOT GIVEN-WILL COMPUTE LEAST TIME 
DEPTH •• PROCEDURE IS BASED ON AOHDER 

C IRRIGATION MANUAL, SCS. 

c 

IF<LL.NE.l)GO TO 150 
IFCNN.GT.1)GO TO 150 

WRITEC9tl18) 
CALL INPUT (A, NL) 
TLAG = A(}) 
EFFAS = A(2) 

C----COMPUTE TI~E REQUIRED TO APPLY NET DEPTH 
150 FL = TRAMC(L) 

TN= (ClHAMC(L) - C)/AC)**C1./BC) 
C----COMPUTE UNIT Q 

c 

c 

UST = CXLNT*FL)/(7.2*(TN-TLAG)*EFFAS) 
QU (L) = UST 
TTA = TN-TLAG 
TMCL) = TTA 
QCFS = UST * tiWIDE 
GO TO 120 

116 CONTINUE 
TLAG = 12. 
QUCL> =UCFS)BWIDE 
TTA = TM(L) . 

C---COMPUTE ADVANCE USING GENERALIZED DIMENSIONLESS SOLUTION 
C DEVELOPEU BY N.D. KATOPODES AND THfODOR STRELKOFF, UCD. 
c 
C----COMPUTE NORMAL 
c 

DEPTH USING MANNINGS EQUATION FOR OPEN CHANNEL FLOw 

120 QO = QU(L) 
cu = 1.486 
IFCSL.LE.O.) SL=0.00001 
YN = (UO*RN(L)/(CU*SL**•5))* 0 .600 

c 
C----CALCULATE DIMENSIONAL PARA~ETERS USfD 

TS = (YN/CAC/(6n.**HC*l2.)))**(1./BC) 
XS = Q(J/YN*TS 
P = SL*QOoTS/YN**2 

c 

IN COMPUTATION OF ADVANCE 

00761 
00762 
00763 
00764 
00765 
00766 
00767 . 
00766 
00769 
00770 
00771 
00772 
00773 
00774 
0017~ 

00776 
00777 
00778 
00779 
007F!O 
007A1 
00782 
00783 
00784 
00785 
00786 
00787 
00788 
00789 
00790 
00791 
00792 
00793 
007~4 

00795 
00796 
00797 
00798 
00799 
00800 
00~01 
OOH02 
00H03 
00804 
00805 
00rl06 
00807 
00H08 
008011 
OOtllO 
OOtH 1 
00bl2 
00Hl3 
00tj}4 
00815 
008}6 
00tl}7 
008}8 
00rl}9 
00820 
OOH21 
00822 
00tl23 
00824 
00825 
00826 
00827 
00828 
00829 
00830 
00831 
00832 

C----CALCULATE THE S~UARE OF THE FROUDE NUMBER AND TEST FOR ZERO 
FN2 = ~0°*2/(32.17*YN**3) 

INERllAOOtl33 
00834 

!F(FN2.GT •• 05) wHITE(6,330) FN2 
C----DETERMINE COEFFICIENTS OF THE 4TH DEGREE POLYNO~IAL REGRESSION 
C EQUATIONS DESCRIBING T* V~ X* FOR THE FOU~ CURVES 
C OF ALPHA AND NPL ~HJCH ENVELOPE BC ~ND P. 
c 

LALCl) = INTCHC*10.) 
LALC?) = LAL(l)+1 
PLG = ALOG10(P*l0.**6) 
LG<l> = INT(PLG> 

OO!:i35 
0083t-
00tl37 
00tl3H 
00839 
00tl40 
00114} 
00842 
00rl43 
n 11 CJ J. '· 

B- :1. 0 

• 

• 

• 



DO 210 1=1•2 
LALPHA = LALCil-5 
DO 210 J=1t2 
NPL = LGCJ) 
IF(NPL.GT.9> NPL=9 
IFCNPL.LT.l) NPL=l 
JC = JC+l 
DO 205 Jf-'=1,5 . 

205 CFCJC 9 JP) = COEFCJP,NPL,LALPHA) 
210 CONTINUt. 

UUt:l46 
00t347 
0084t:l 
00t:l44 
008~0 
00t:l51 
0085~ 

00t353 
00t;S4 
00t!5~ 

OO!l56 c 
C----DIVIDE FIELD INTO 10 STATIONS AND CALCULATE DlMINSIONLESS DISTANCESOOt:l57 

00858 
008~'J 

OOdbO 
OOR61 
00862 
00863 
0(Jd64 c 

XL = XLNT/10. 
XJ = O. 
DO 220 1=1•10 
XJ = XJ+XL 
XICI> = XJ 

220 XOSCI) = XJ/XS 

C----COMPUTE DIMENSIONLESS ADVANCE TIMES OF EACH STATION FOR 00865 
C EACH OF 4 SETS OF REGRESSEn CURVES 00866 

DO 250 JC=1,4 00t367 
DO 250 1=1.10 008Mi 
TJ = CF CJC, 1) 00t369 
DO 240 JP=2,5 00870 

240 TJ = TJ+CFCJC,JP)~(ALOGCXDSC!)))~~cJP-1) 00d71 
250 TDSCJC,I) = EXPCTJ) 00d72 

c 00873 
C----DETERMINE INTERPOLATED VALUE OF TDS BETWEEN THE FOUR CURVES 00874 

Pl = }O.~~CLG<l>-h> 00875 
P2 = 10.~~CLG(2)-6) 00t376 
IF<LGCl).LT.l.OR.LG(2).GT.Q) GO TO 260 00t!77 
DP = (P-P1) I CP2-Pl) 00878 
GO TO 264 OOH79 

260 DP = o. 00880 
264 DO 270 J=1·3·2 00881 

DO 270 1=1,10 008t:l2 
270 TDSCJ,l) = TDS(J,J>+DP~(TD~CJ+ltl>-TDSCJti>> 00883 

DP = (~C~lO.-LAL(l))/(LAL<2>-LAL(l)) 00864 
DO 2t:l0 1=1,10 00885 

280 TDS (1,1) = TDS Cl .I) +DP~ (TDS ( 3 ,I) -TDS (1, I)) 0 0886 
C 008A7 
C----TRANSFOHM DIMENSIONLESS TlUE INTO ACTUAL .TIME IN MINUTES 00888 

DO 290 1=1,10 00t!t:l9 
TACI) = TDSCltl)~TS/60. 00890 

290 CONTINUE 00891 
c 00892 
C------CO~PUTATION OF VOLUMES OF INFILTRATION FOR THE STATIONS, 00893 
C AND RUNOFF FROM THE FIELD USING AN ALGEBRAIC COMPUTATION DERIVED 00894 
C RY T. STRELKOFF,(U NIV. CALIF.,DAVIS>• IN PROC. ASCE IR3 SEPTe197700895 
c 00896 
C----COMPUTE THE RECESSION CURVE 00897 
C----FIND THE AVERAGE INFILTRATION RATE IN THE FIELD AT BEGINNING OF 00898 
C RECESSICJN 00t;99 

TR = TTA+TLAG 00900 
AIN = CAC~BC*TR~~cBC-1))/20. 00901 
DO 300 1=1,9 00902 
IF!(TR-TA(J)l.LE . • O.l GO TO 435 00~03 

300 AI.N = AlN+(AC~RC*<TR-TA(!l)~~(i::lC-1))/10. 00904 
IFCCTP-TA<lO>l.LE.O.) GO TO 435 00905 
~IN= AlN+CAC~~C*CTR-TAC10))~~cBC-l))/20. 00906 

c 
C----COMPUTE THE FLO ~ RATE OFF END OF FIELD AT BEGINNING 
C OF RECESSION 

Ql = QO-(AlN~XLNT/(60.~12.)) 
C----DETER~INE NORMAL DEPTH AT END OF FIELD 

YN = (~l~RNCLl/(CU~SL~~.~))~*.600 
c 
C----CALCULAT E sy, THE RATE OF CHANGE OF DEPTH WITH DISTANCE 

SY = YN/XLNT 
IFCCSL-SY>.LE.O.) GO TO 400 
IFCSY.LE.O.) GO TO 400 
AIN = AIN/(60.~12.> 

C----CALCULATE COEFFICIENT FOP SOLUTION OF A NONLINEAR ORDINARY 
C DIFFERENTIAL EQUATION 

CD= cu~~L~~.s~sv~~cS./3.)/(RNCL>~AIN) 
CP = cu~~l.S 

C----OETERMINE Tl~E WATfR FRONT QECEDES PAST STATIONS 
IFCCCP~XLNT).LE.O.> GO TO 420 
PECL=O• 
IFCCCP~XLNTl.LE.l.) GO TO 310 
on 305 1'=1.15 
J=K-1 

305 RFCL = ~E.CL+C-l.>~~J~CCP~X. LNTl~~(tl--?-~ . ll/1.11111 -? 61•~ · .. • 

00907 
00908 
00~09 

00910 
OOYll 
OO':il2 
009}3 
00914 
00915 
009}6 
00917 
00918 
00919 
OO'i20 
00":121 
00922 
00923 
00924 
00925 
00926 
00927 
00928 
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GO TO 31~ 
310 no 312 K=l,l5 

J=K-1 
312 RECL = RECL+(-1.)ooJO(CP*XLNTl**(C?. 0 J+3.)/3.)/( (2.oJ+3.)/3.) 
31~ DO 320 II = 1tY 

RECD = O. 
1=10-Il 
IFCCCP*XI(l)l.LE.O.l GO TO 420 
lFCCCP 0 XlCI>l.LE.l.) GO TO 31.7 
DO 3lb 1\=1,15 
J=K-1 

316 PECD = HECD+<-1.>**J•CCP*XJCI)l**CC1.-2.*Jl/3.)/((1.-2.*J)/3.) 
RECD = kECD-4.71238 
TRSCIIl = TR+SY/(AIN•CP)*CRECL-R~CD)/~0. 
Gn TO 320 

317 DO 318 K=1t15 
J=K-1 

318 RECD = ~ECD+C-1.l**J*CCP*XJ(Ill**CC?.•J+3.l/3.)/((2.*J+J.l/3.) 
TPSCill = TR+SY/CAIN•CP)*(PECL-RECD)/60. 

320 CONTINUE 
TRSC10) = TR+SY/!AIN•CP)*RECL/60. 

C----CALCUL~TE TOTAL INFILTRATION OF THE STATIONS AND FIND AVERAGE 
3~0 TINH = AC*TR**8C+C 

TAIN = TlNti/20. 
DO 350 1=1,9 
TIN!!)= ACo(TRS(Il-TAClll**BC+C 
TIIN = TAIN+TINC!)/10. 

350 CONTINUE , 
TIN!lO) = AC*<TRSClO>-TA<lOll**BC+C 
VIN = TAIN + TIN!10)/2rr. 

C----DETERMINE THE TOTAL VOLUME Of WATEP TO FLOw ONTO THE fiELD 
VON = TTA*U0*60./~LNT•12. 

C----DETERMINE TOTAL RUNOFF 
VSR = VON-VIN 

C----CALCULATE DEEP PE~COLATION 
IFCTINH.LE.TRAMC(L).AND.TINClOl.LE.TRA~CCLll GO TO 380 
TN = TRAI"!C CU 

c 

VDP = AMAXlCCTINH-TN),O.l/18. 
DO 360 1=1,9 
VDP = VDP+AMAXl((TINCI)-TN),0.)/9. 

360 CONTINUE 
VDP = VD~+AMAXl ( <TINClO)-TN) ,o.) 118. 
GO TO 385 

3~0 VDP = O. 

C----CALCULATE APPLICATION EFFICIENCY AND DISTRIBUTION EFFICIENCY 
3b5 EFFACL) = CVIN-VDPl/VON*lOO. 

EFFDCL) = AMINI CTIN<lO> ,TINH)/VIN*lOO. 
C----CALCULATE SEASON LOSSES 

~VOL(L) = VSP*IRTOTC(L)/12. 
DVOLCL) = VDP*lRTOTCCLl/12. 

c 

c 

IFCNIMP.EQ.3) GO TO 200 
DIFIN = TINC10l/T~AMC(L) 
IFCDIFIN.LT •• A5) GO TO 390 
IFCDIFIN.LT.1.ll GO TO 200 
IFCNGT.EQ.2) GO TO 200 
wRITE(bt441l TTA,EFFD(L)tEFFACLltOUCLl·TlNH,TINClO) 

441 FOPMATCISX,tTHE SF.T TI~E OF •,F10.3,• MINUTES IS TOO LONG.•/ 
&5x,•DE~P PERCOLATION AT THE FIELD END IS OCCURRING. •1 
&5X•' TIME WILL RE DECEASED BY 5. PERCENT.•/ 
&5X,•DIST~I8UTIO~ EFFICIENCY :t,F5.I,• PERCENT•/ 
~5XttAPPLlCATION EFFICIENCY =•,F~.l•' PERCENT•/ 
&~x.•UNIT FLOW RATE =•,F6.4,• CFS.•/1 
~sx,•INFILTRATION AT FIELD HEAD IS •,F8.4,t INCHES•/ 
~sx,•INflLTRATION AT FIELD END IS e,F8.4,t INCHES.•//) 

TTA = TTA/1.05 
TMCL) = TTA 
NCH=l 
GO TO 120 

390 CONTINUE 
WRITE(bt~43) EFFUCLltEFFACL>•QUCL),TTA.TINH.TINClO) 

443 FORMATC/~X,t THE END OF THE FIELD IS BEING UNDERIRRJGATED.•/ 
&SX,•DISTRlbUTION FFFICIENCY =•tf5.1,• PERCENT.•/ 
&5x.•APPLICATION EFFICIENCY =•tF5.I.• PERCENT•/ 
&Sx,•UNIT FLOW RATE =•,F6.4t• CFS•/ 
&Sx,•SET TIME= •,F10.2t• ~tNUTES.•/ 
&~x.•INFILTRATION AT FIELO HEAD IS t,F8.4,• INCHES •11 
~5x,•INFILTRATION AT FIELO (NO IS •,FR.4,t INCHES.•// 
&SX,, Q AND TIMf WILL BE INCR~ASFD BY 10. PERCENT.•//) 

TTA = TTA•l.l 
~ TTl\ 

00931 
00932 
00'133 
00934 
00935 
0093b 
00~37 

00938 
OOI.J39 
00940 
0094} 
00942 
00943 
OOY44 
00945 
0094b 
00947 
00948 
00949 
00950 
OOY51 
OOY52 
00953 
00954 
00955 
00956 
00957 
00958 
00959 
00960 
00961 
00962 
00963 
00'164 
00965 
00966 
00967 
OOI.J68 
OOI.J~9 

00970 
00~71 

00972 
00973 
00974 
OOY75 
00~76 

00977 
00978 
00979 
009~0 

Olli.J81 
00982 
(J01.JH3 
OO':f84 
00985 
00986 
00987 
00988 
00989 
OOY90 
OO':f91 
00~92 

009':f3 
OOY94 
00995 
00996 
OO'J97 
00998 
00999 
01000 
01001 
01002 
01003 
01u04 
01005 
01006 
01007 
01008 
01009 
01010 
0 1 0 11 
01012 
01 01 ~ 

• 

• 
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330 FORMATCSX,tTHE VALUE OF THE FROUDE NUMAER DESCRIBING 
&SX,tWATER ALONG THE FIELD IS HIGHfP THAN ALLOwED FOR 
&Sx,•ADVANCE PREDICTIONS USING THE ASSUMPTION OF ZEHO 
&SX,tTHE VALUE OF THE FROUDE NO.**? IS•.F6.2,• ,wHICH 
&SX, 'THAN THE SIJGGE STED VALUE Of • 05 t /) 

THE FLOW Oft/Olvlb 
AC'cURATt.•/ 01017 
INE~TIA. 1 / 01018 
IS GRt.ATER•/ 01019 

c 

400 wQJTE Cb•410> 
410 FORMAT(~X,•THE RATE OF CHANGE OF NOP~AL DEPTH AT THE END OF THE•, 

&/Sx,•FIELD AT T=TR IS GREATER T~AN THE SLOPE OF THE FIELD,•/ 
~Sx,•OR SY IS LESS THAN OR fQUAL TO 7ER0'/ 
&Sx,•EFFICIENCY IS SET AT O.•l) 

GO TO '+40 . 
420 WRITE(bt430) 
430 fORMAT(5X,tTHE VALUE Of CP*XLNT OR CP*XDSCI) APPEAHING I~ THE•, 

&/SX•' FORMULA DESCRIBING THE DIFff.RfNTIAL EQUATION•/ 
&SX,t R~CL IS LESS THAN OR EQUAL TO o.•/ 
&sx,•EfFICIENCY IS SET AT O.•l) 

GO TO 440 
435 IFCNQT.EQ.O) GO TO 436 

NQT=2 
TTA=TTA*l.05 
Tt.1CU=TTA 
GO TO 120 

436 WRITECbt442) TR,Xl (!) ,TACI) 
442 fORMATC/5X,tRECESSION Of THE BORDER STREAM HAS dEEN DETERMINED•/ 

•sx,•TO bEGIN AEFOHE THE STREAM HAS ADVANCED ACROSS THE FIELD.•/ 
•SX,tRECESSION TIME IS AT•.F8.2,t ~INUTES•/ 
•sx,•THE STREAM HAS ADVANCED TO '•F7.1,t FEET ATt,f8.2,• ~lNUTESt) 

444 FO~MAT(5X, 
t . •A LARGER fLOW RATE AND LONGER SET TIME WILL BE TRIED.•/) 

445 FORMATC5X,tA LONGER SET TIME WIL AE TRIED.•/) 
IFCNI~P.EG.l> wRITEC6,444) 
IFCNIMP.GT.l> WRITEC6,445) 
IFCNIMP.EQ.l) QU(L)=QUCL)*l.2 
TTA = TTA•1.2 
T~ cU = TTA 
GO TO 120 

440 EfFA(L)=O. 
EFfD(L)=O. 
RVOLtU=O. 
nvoLcu=o. 
GO TO 200 

C----IF ADVANCE AND RECESSION DATA ARE AVAILABLE--ENTER DATA 
c 

114 IFCLL.NE.l)GO TO 152 
WRJTEC9tl29) 
CALL JNPUT(A•NI) 
DK= AC1) 
TD = A(2) 
WRITE(9tl30) 
CALL INPUTCA,NAD) 
AK = A(l) 
AN= A(~) 
WRITEC~t132) 
CALL INPUTCA.NAQ) 
RK = A(l) 
RNR = A(2) 

C----AS~UME 50 FEET BETWEEN STATION 
DIST = SO. 

c 

STA = XLNT/DIST 
NSTA = STA 
STA = NSTA 
DREM = XLNT-STA*DIST 
DO 131 KX=l,100 
X= KX 
NEND =KX 
DSTA = DIST*CX-1.) 
IFCDSTA.GE.XLNT)GO TO 133 
TA(KX) = (DSTA/At<)**Cl./AN) 
TTRCKX) = (OSTA/RKl**(l.IRNR) 

131 CONTINUE 
133 TACNEND) = CXLNT/AK)**(}.IAN) 

TTRCNEND) =<XLNT/RK)**(}.IRNR) 
152 CONTINUE 

IFCTMCL).Nf.O.)GO TO 138 
C----Co~PUTE SET TIME AND EFFICIENCY 

c 
TMCL) = TA(NEND>-TTRCNENO)+(TRA~C(L)/DK)**(l./TO) 

138 DO 134 KN = l•NEND 
DPPH(KN) = DK*( tTM(U-TACKN)+TTRtKN) )**TD) 
DDTHCKN) = DPPri(KNl-TPAMCCL) 

134 lF(OPTH(KN).LT.O.lOPTHCKN) =0. 

01020 
01021 
01022 
01023 
01024 
01025 
01026 
01027 
01028 
01029 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01031:! 
01039 
01040 
0104} 
01042 
01043 
01044 
01045 
01046 
01047 
01048 
01049 
01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
01058 
01059 
01060 
01061 
01062 
010~3 
01064 
01065 
01066 
01067 
0106tl 
Ol06q 
01070 
01071 
01072 
01073 
01074 
01075 
01076 
01077 
0107H 
01079 
01080 
01081 
01082 
01083 
01084 
01085 
01086 
01087 
01088 
01089 
01090 
01091 
01092 
01093 
01094 
01095 
0109b 
01097 
0109~ 

I.::C-1. 3 



VPP = O. 
VI)P = 0. 
1)0 136 KN = 2.NEND1 
VPP = VPP+((0PP~(KN-l)+DPPH(KN))/24.)oOJST 

136 VDP = VOP+((0PTH(KN-1)+0PTH(KN))/?4.)*0IST 
VPP = VPP+( (0PPH(NEN01)+0PPH(NEN0))/24.) * DREM 
VDP = VOP+((DPTH(NENDl)+DPTHCNfN0))/24.)0 DREM 
UST = UCFS/BWIDE 
QU(l) = UST 
VS4 = ((UST*TM(L)*~O.)-VPP)ORWIDE/43560. 

Vr>P = VUP o AWlDE/43560. 
VAPP = UST o BWIDE * TM(L) o 60./43560. 

C----COMPUTE EFFICIENCY 
EFFA(L} = 100. o (VAPP - VSR - VDP)/VAPP 

C----VOLU~E LOST OF DP 
DVOLCL) = VDP * IRTOTCCL) 

C----VOLU~E LOST SR 

c 

RVOLIL) = VSR 0 IPTOTCCL) 
TINH=OPPH(1) 
TINI10l=DPPH(NEN0) 

200 CONTINUE. 
DH=TINH 
DE=TINC10) 
~ETUPN 

END 
THIS SURROUTINE CO~PUTES SUASUPFACE DRAINAGE COST 

SUAROUTINE SDRAINCLtDEPD,r>BF.PEPM,XMAXtSLOP,FL,C4,C6,C8,UEXOt 
ouRKDtUG~AV,CONTGtRINTtSFFtXMAINT,CPOPA,CSTD) 

:1 LIST,NONE. 

c 

REAL IRTOTC 
COMMON TRAMC(20),NCBM,FREQCC20)tETTOTCC20)tHEA0(7,20) 
COMMON A(50) tTlTLE117ltTYP1tTYP2tTYP3 
COMMON lRTOTCI20),CROP0(20)tSIZEI20l ,TCOSTC20)tCOSWC20t20ltADCST 
COMMON QGDM(20),FWIDEC20ltAWC20ltTMC20)tGUC20ltRATI0(20),SL,FAMt 

.,XLNT 9 EFFA120) tEFFDC20) ,OVOLC20) tRVOLC20) tRZDRC20) 
DIMfNSION CSTDC20)tQPCl0) 

C---CONVERT D.P. TO CU FT PER SQ FT PER IRRIGATION 
OD = DVOLCL)/lRTOTCCLl/FREQCIL) 
D~Fl = DHF + DEPD - RZDPIL) 

C---COMPIJTE SPACING USING OONNANoS EQUAT I ON--FT 
DSPAC = C4.oPER~ocDBflo•2.-DBF 002.)/QD)**Cl.12.) 

C---FIND DRAIN DISCHARGE USING ltSBP EQUATION 
0081 = DtiF + XMAX/2. 

c 

QLF = (2.o3.1416oPERM*XMAXoDOA1l/DSPAC 
QLF = QLF/ 86400. 

C---ASSUMPTIONO LENGTH OF LATERAL DRAIN = FIELD WIDTH 
C MANNINGS N=.Ol5 
c 

IIJN = 0 
DO 20 LZ=4t8t2 
NIIJ:NN+1 
XLD=LZ/12. 
AREP=(3.14160XLOoo2.)/4. 
HR=XLD/4. 
VL=I1.490HR00(2./3.)0SLOPooc1.12.))/.015 
QP(NN) = A~EP0 VL 

20 CONTINUE 
c 
C---COMPUTE CUST OF PIPES 

F~IDT = CROPA 043560./FL 
XL1=QP(1l/GLF 
IFCXL1eGE.FWIDT>GO TO 68 
XL2=FWIDT-XL1 
XL3=QPC2l/l.ILF 
IFCXL3.GE.XL2lGO TO 82 
XL4=XL2-XL3 
CPP=XL1*C4+XL3°C6+XL40C8 
VOLP=(3.1416/1144.o4.o27.))0(4. 0o2.oXL1+6.oo2.oxL3+8.o•2. 

.,oXL4) 
GO TO 80 

6R CPP = FwiOToC4 
VOLP = 3.14}6o4.oo2.oFWIDT/(}44.o4.o27.) 
GO TO 80 

Be CPP = XLlOC4 + XL20C6 
VOLP = (J.14l6/(144.o4.o~7.))*(4.oo?.oXL1+6.o~2.oXL2) 

80 CONTINUE. 
C---COMPUTE COST OF EXCVA. AND RACKFILL 
C ~SSU~E. ~-FT DEPTH. 12 INCHES MIN WIDTH 

01101 
01102 
01103 
01104 
01105 
0110h 
01107 
OllOti 
0110~ 
01110 
01111 
01112 
01113 
01114 
01115 
01116 
01117 
01118 
01119 
01120 
01121 
01122 
01123 
01124 
01125 
01126 
01127 
01128 
01129 
01130 
01131 
01132 
01133 
01134 
01135 
01136 
01137 
01138 
01139 
01140 
01141 
01142 
01143 
01144 
01145 
01146 
01147 
01148 
01149 
01150 
01151 
01152 
01153 
01154 
01155 
01156 
01157 
01158 
01159 
01160 
01161 
01162 
01163 
01164 
01165 
01166 
01167 
01168 
01169 
01170 
01171 
01172 
01173 
01174 
01175 
01176 
01177 
01178 
01179 
01180 
01181 
01182 
011~3 

l:::t:-· 1_ ..c+ 

• 

• 



c 

c 

VODBF = VODEX - VOLP 
E~CD = VODEX * UEXD + V008F * UBKO 
DNCST = CPP + ERCD + FWIDT*UGRAV 
DNCST = DNCST + ONCST*CONTG 
AORAN = FwiDT*DSPAC/43560. 
DEPDD = DNCST * SFF/ADRAN 
CIND = DNCST * RINT/AD~AN 
CMAINT = XMA!NT*ONCST/2./ADRAN 
CSTDCL) = OEPDO + CINO + CMAINT 

~ETURN 

END 

SUBROUTINE SPNKL~CKSOJL,KODE> 
C·l LIST,NONE 

c 

c 

REAL LLtN,LSPA,JRTOTC 
DIMENSION S7EC20),XMLC20>•CMFC20),SPC20), TSETC20) 
COMMON TkAMCC20),NCMB,FR~QCC20)tETTOTCC20)tHEAOC7t20) 
Cn~MON AC50)• TITLEC17), TYP1,TYP?,TYP3 
COM~ON IRTOTCC20>•CROPD(20)tSIZEC?O>•TCOSTC20),COSwC20t20),ADCST 
COMMON QGOM(20> .FwiDEC20) ,BWC20) tT~C20) ,QUC20) tRATIOC20) ,SL,FAM, 

~ XLNT,EFFAC20),EFFDC20),DVOLC20),RVOLC20),RZDRC20) 
DATA YS$/3HYES/ 

100 FORMATC/t' TYPE DATA FOR----•,3A4,}7A4/ 
tt FO~ A CENTER PIVOT, LENGTH OF LATERAL= EFFECTIVE RADIUS•// 
tt TYP~ THE FF DATA:•/ 
'' I-LENGTH OF LATERAL, FT•/ 
•• FOR A CENTER PIVOT WITH A CORNER SYSTEM, ENTER LENGTH OF 1 / 

•• LATERAL EQUAL TO 1298.5 ••• AREA WILL THEN BE 152. ACRES•// 
tt 2-LATE~AL SPACING, FT--ENTER O, FOR CENTER PIVOTt/) 

101 FORMATCI•' TYPE THE FF DATA:•/ 
tt 1-TIME REQ TO SET ONE LATERAL-ON AND OFF•/ 
'' 2-TIME FOR SET LENGTH IN HOURS ••• UP TO 11 VALUES•/ 
'' J,E •• , A HR SET, 10 HR SET ••• ETC•/) 

102 FORMAT(/•' TYPE THE FF DATA:•/ 
tt 1-TIME HEQ, TO MOVE LATERAL, MINUTES•/ 
tt 2-TIME FOR SET LENGTH IN HOURS,,.UP TO 11 VALUES•/ 
'' J,E,,, 8 HP SET, 10 HR SET,,,ETC•/) 

104 FOR~AT(/,t TYPE THE FF DATA:•/ 
tt 1-0VEHALL EFFICIENCY OF THE SYSTEM• PERCENT•/ 
'' 2-0THER LOSSEs. PERCENT•/) 

106 FORMAT(/,t TYPE ~AXIMUM ALLOWARLE INTAKE RATE OF SOIL, IPHt/) 
108 FORMAT(/•' TYPE THE FF LATERAL LINE DATA:t/ 

'' I-ORIGINAL COST OF ONE LATERAL, ~•/ 
'' <COST INCLUDES PIPE, SPRINKLER HEADS, RISERS, ETC>'/ 
'' 2-LIFE OF SYSTEMt YEARS t/ 
tt 3-INTEREST RATE, PERCENT•/ 
•• 4-TAX AND INSURANCE EXP~NSESt PERCENT OF AVE, INVESTMENT•/ 
'' 5-SALVAGE VALUE• PERCENT OF ORIGINAL INVESTMENT•/ 
'' 6-MAINTENANCE COST, PERCENT OF ORIG, INVESTMENT•/ 
'' ?-CONTINGENCY COST, PERCENT•/) 

111 FO~~AT(/,t TYPE THE FF DATA:•/ 
'' 1-SIZE OF LATER~L USED• INCHES•/ 
'' 2-UNIT COST OF EXCAVATION--FOR ~AINLINE, $/CY•/ 
'' 3-UNIT COST OF 8ACKFILL• $/CY•/) 

110 FORMAT(/•' TYPE THE FF DATA:•/ 
'' 1-LABOR RATE (MOVING LATERAL), ~/HR•/ 
tt 2-TRANSPORT TIME BETWEEN IRRIGATION, HRt/) 

112 FOPMAT(/,t TYPE VALUE OF WATER LOST TO D.P., ~/Aft/) 
114 FORMAT(/,, TYPE THE FF DATA FOR THE MAINLINE:•/ 

'' 1-P!Pt SIZE, INCHES•/ 
'' 2-LENGTH OF PIPE WITH THIS SIZE. FT, ON ENTIRE FARM•/ 
'' 3-COST OF MAINLINE (PIPE AND ACCESS,), $/FT•/ 
••-----TYPE AS MANY SIZES AS NEEDED•/) 

116 FORMAT(/,t TYPE THE FF MAINLINE DATA:•/ 
'' 1-LIFc OF EQUIP~ENT, YFARS•/ 
'' 2-INTEREST RATE, PERCENT•/ · 
'' 3-SALVAGE VALUE, PERCENT•/ 
'' 4-TAX AND INSURANCE, PrRCENT OF AVERAGE INVEST,•/ 
'' 5-MAINTENANCE COST, PERCENT OF ORIGINAL INVESTMENT•/ 
' ) 

118 FORMAT(/,• TYPE VALUE OF LAND TO PRODUCTION, ~/ACt/) 

C <--------------------READ CARD-----------
WPITEC9,100)TYP1tTYP2,TYP3.TITLE 

c 
C READ IN LATERAL LENGTH AND LATERAL SPACING 
C LLEN = LENGTH OF L~TERAL IN FEET 
C LSPA = LATERAL SPACING IN FEET 

. CALL INPUT(AtNL) 
LLfN Atl> 
LSPA = A(2) 

01186 
011b7 
011~8 

011~9 

01190 
01191 
011~2 

01193 
01194 
01195 
Oll9o 
011'17 
0119tj 
01199 
01200 
01~01 

01202 
01203 
01204 
01205 
01206 
01207 
01208 
01209 
01210 
01211 
01212 
01213 
01214 
01215 
01216 
01217 
01218 
01219 
01220 
01221 
01222 
01223 
01224 
01225 
01226 
01227 
01228 
01229 
01230 
01231 
01232 
01233 
01234 
01235 
01236 
01237 
01238 
01239 
01240 
01241 
01242 
01243 
01244 
01245 
01~46 

01247 
0124!j 
01249 
01250 
01251 
01252 
01253 
01254 
01255 
01256 
01257 
01258 
01259 
01260 
01261 
01262 
01263 
01264 
Ul2b5 
Ol~b6 
01267 



IFCKODE.EQ.6 )WRITEC9,101) 
JF(KODE.NE.6l~RITEC9,102) 

C READ IN AVERAGE TIME REQUIRED PER L~TERAL MOVE AND 
C SET LENGTH TIME ALTERNATIVES 
C TMOV = TIME REQUIREO T0 MOVE LATERAL IN MINUTES 
C TSET = TIMES FOR SET LENGTHS IN HOURS 
C NOTE: TSET MAY CONTAIN UP TO ll VALUES STA~TING WITH 
C THE SMALLEST VALUE 
C TSET MUST INCLUOE REQUIRED MOVING AND 
C OTHER DOWN TIME 
C TMOVE ~UST BE THE FIRST VALUE STORED ON THE CARD 
c 

c 
c 

CALL INPUT (SP,N ·) 
T~OV = SP(l) 
DO 4 NK=2,N 
NKl=NK-1 

4 TSET(NKl) = SP(NK) 

C <--------------------READ CARD-----------
C INPUT THE OVER-ALL EFFICIENCY OF THE SYSTEM AND THE 
C PERCENTAGE OF WATE~ LOST TO EVAPORATION 8EFORE COMING 
C IN CONTACT wiTH T~E SOIL OP CROP CANOPY 
C OAEFF = OVER-ALL EFFICIENCY IN PERCENT 
C OLOSS = OTHER LOSSES IN PERCENT 

WHITE ('1.104) 
CALL INIJUT(A,NE) 
OAEFF = A(l) 
OLOSS = A(2) 

c 
WRITEC9t106> 

C <--------------------READ CARD-----------
CALL INPUT(A.NR) 

c 
C I~PUT THE MAXIMUM ALLOWABLE INTAKE R~TE FOR SPRINKLER IRRIGATION 
C RIMAX = MAXI~lJM ALLOWliALE INTAKE RATE IN I~CHES PER HOUR 

RIMA)( = A(l) 
c 
C <--------------------PEAD CARD-----------
C 
C INPUT THE EXPECTED LIFE OF THE SYSTEM AND THE INTEREST RATE 
C AND OTHER EXPENSES SUCrl AS TAXES AND INSURANCE 
C CNEW = ORIGINAL COST 
C TLIFE = LIFE OF SYSTEM IN YEARS 
C RINT = INTEREST RATE IN PERCENT 
C OEXP = OTHER EXPENSES IN PERCFNT OF AVERAGE INVESTMENT 
C SVAL = SALVAGE VALUE AS A PERCENT OF ORIGINAL INVESTMENT 
C XMTL = MAINTENANCE COST AS PERCENT OF ORIGINAL INVESTMENT 
C CONTG = CONTINGENCY COST, PERCENT 

c 

c 

WR!TE.C9t108) 
CALL JNPUT(A•NE) 
XCNEW = A(1) 
TLIFE = A(2) 
RII'.JT = A(3) 

OEXP = A(4) 
SVAL = A(5)/lOO. 
X~TL = A(b) 
CONTG = A(7)/lOO. 
RINT = R1NT/lOO. 
XMTL = XMTL/100. 

OEXP = OEXP/100. 

IFCKOOE.EQ.3.0R.KODE.EQ.4.0R.KODE.FQ.5)G0 TO 115 
WPITE (9t 109) 

109 FORMAT(/,t IS THE LATERAL LINE BURIED \\\t/ 
t t <YES OR NO) t/) 

PEADC5•113>XLYES 
wPITEC9tll3)XLYES 

113 FORMATCA3) 
JF(XLYE~.NE.YSS>GO TO 115 
\oiRITEC9,111) 
CALL INPUTCAtJXX) 
S7LAT = A(l) 
UEXC = AC2) 
UBKF :A(3) 

115 WRJTE(9tl10) 
C <--------------------PFAD CARD-----------

CALL JNPUT(A.NT) 
C INPUT LAHG~ RATF FOP MOVING LATERALS AND TRANSPORT TIME 
C ~ETwEE~ ~~~IGATIONS 
C PLA~OH = LAHOR RATE IN $/HOUR 
C TTkAN = TRANSPORT TIMF IN HOUPS 

01271 
01272 
01273 
01274 
01275 
0127fl 
01277 
0127t; 
0127'i 
012~0 

Ol2A1 
012H2 
012H3 
01284 
0128~ 

01286 
01287 
U12b8 
012~9 
01290 
Ol2'il 
012'i2 
01293 
01294 
01295 
01296 
01297 
01298 
01299 
01300 
01301 
01302 
01303 
01304 
01305 
01306 
01307 
01308 
01309 
01310 
01311 
01312 
01313 
01314 
01315 
01316 
01317 
01318 
0131Y 
01320 
01321 
01322 
01.323 
01324 
01325 
01326 
01327 
01321:! 
01329 
01330 
01331 
01332 
01333 
01334 
01.335 
01336 
01337 
01338 
01339 
01340 
01341 
01342 
01343 
01344 
01345 
01346 
01347 
01J4~ 
01349 
01350 
01351 
0135? 
01353 

• 

• 

• 

• 

• 



c 
c 
c 
c 
c 
c 

<--~-----------------PFAO CARD-----------

INPUT THE COST OF WATER AT THf POINT OF D£LIVERY AND THE 
INPUT THE NET VALUE OF WATER LOST TO DEEP PEHCOLATION 

DPVAL = VALUE OF WATER TO DP IN ~/ACRE-FOOT 

WRITEC~tl12l 
CALL JN~Ul(AtNO) 

DPVAL= ACll 

<--------------------PFAD CARD-----------
INPUT ~AINLINE DATA 

AML = AREA THE MAINLINF SERVES IN ACRES 

Ul.j:>b 

01357 
013~h 

0135~ 

013t~O 

01361 
Ul3h? 
01363 
01Jh4 
01365 
OlJf-6 
01367 
01Jbh 

c 
c 
c 
c 
c 
c 
c 
c 
c 

CML = COST OF MAINLINf IN DOLLARS TOTAL OR DOLLARS PER FOOT 
XML = LENGTH OF MAINLINE IN FEET 

01364 
OlJ70 
01371 
01372 

c 

c 

210 
c 

NOTE: IF THE COST IS GIVEN AS TOTAL COST THE VALUE FOR XML 
MUST HE 011.1ITTED 

READ THE SIZEtLf~i GTH AND CORRESPONDING COST IN ~/FOOT OF MAIN 
A~L = SIZECKSOIL> 
WRITEC9d14) 

CALL INPUTCSP,NM) 

DO 210 KX 
SZECKX/3) 
XMLCKX/3) 
CMFCKX/3) 
CO lilT I NUE 

=3,NM,3 
= SPCK.X.-2) 
= SPCKX-1) 
= SPCKX) 

C--COST OF MAINLINE 
c 

c 

c 

c 

c 

c 

c 

c 

117 

121 

WRITE.C9d17) 
FORMAT(/,, IS THE MAINLINE RURIED ---•1 

't <YES OR NO)'/) 
READC5t113lXMYES 
~RITECYtl13)XMYES 
IFCXMYES.NE.YSS)GO TO 119 
WR!TEC9t121) 
FORMAT(/,t TYPE THE FOLLOWING UNIT COST DATA•/ 

t • ( 1 ) UN 1 T C 0 S T 0 F E XC A V A T I 0 N , M A Hr L I N E t $I C Y ' I 
t • (2) UNIT COST OF BACKFILL• MAINLINE, $/CY•I) 

CALL INPUT (A•NYX> 
UEXCM AC}) 
U8KFM = A(2) 

119 TLM = O. 

209 

212 

NM = NM/3 
0.1L=O. 
DO 212 t\J=1,NM 
IFCXMYES.NE.YSSlGU TO 209 
VO~fX = XML (KJ) ~ .426 
VOMeK = VOMEX - 3.14l~*SZECKJ)~*2.*XMLCKJ)/(144.*4.*27.) 
EKCM = VOMEX * UEXCM + VOMRK*UBKFM 
CML = CML + ERCM 
CML = CML + XML(KJ)*CMF(KJ) 
TLM = TLM + XML(KJ) 
CONTINUE 
CML = CML + CML * CONTG 

WPITEC9•ll6) 

CALL 
TIML 
TINT 
TSAL 
TO~ X 
XMTM 

<--------------------PfAD 
II~PUTCA,NE) 

A C ll 
= AC2)/100. 
= AC3l/lOO. 

A(4)/100 
AC~)/100. 

WR!TE<~•118) 

CARD-----------

<--------------------PEAD CARD-----------
CALL INPUT(A,NV) 
VLAND = AC1> 

C--SET LOOP FOR ALL CROPS CONSIDERED 
c 

c 

c 
c 

DO 9A L=1tNCMB 

CNEW = XCNEW 
IFCKODE.EQ.SlGO TO 71 

DETER~INE APPLICATION RATE~ 
KT=1 

11 AR = THAMCCLl/CTS~TCKT)-TMnV/60.) 
IFCRI~AX-AR)12el4,14 . 

LINE01373 
01374 
0137~ 
01376 
01377 
01378 
01379 
013111) 
Ol31i1 
0131::12 
01383 
01384 
01385 
01386 
013~7 

01388 
01389 
01390 
01391 
01392 
01393 
01394 
01395 
01396 
01397 
01398 
01399 
01400 
01401 
01'+02 
01403 
01404 
01405 
01406 
01'+07 
0140~ 

01409 
01410 
01'+11 
01412 
01'+13 
01414 
01'+15 
01416 
01417 
0141~ 

01'+19 
01420 
01'+21 
01422 
01423 
01424 
01425 
01426 
01427 
0142A 
01429 
01430 
01431 
01432 
01433 
01434 
01435 
01436 
01437 
0143~ 

01439 
01440 

LC - ···- J .. -..... ·· 



c 

1i? KT =KT+l 
IFCKT-N)l1t13t13 

13 WRIT£(6,201) 
201 FO~MATC3X,tAPPLICATION R~TF IS EXCFSSIVE FOR ALLOWABLE TIMES•> 

GO TO 98 

C DETE~MlNt AHEA COVtPED BY EACH SET 
14 AREA = LLEN*LSP~/4JS60. 

IFCKODE.EQ.6lGO TO 70 
c 
C DFTfRMINE TOTAL ~RfA COVERED RY EACH LATERAL IN ACRES 

TOTA = AREA*C24./TSETCKTll*CFREGCCL>-TTRAN/24.) 
c 
C ~INI~UM NUMHER OF LATERALS PER FARM IS TWO IF > 1Y ACRES 

IFCAML.LE.79.) GO TO 61 
JTNL = AML/TOTA + 1 
IFCJTNL.LT.2l ITNL=2 
FLAT=ITNL 
TOTA = AMLIITNL 
GO TO 65 

~1 FLAT=AMLITOTA 
65 CONTINUE 

C RECALCULATE THE SET TIME LENGTH FOR NE~ TOTAL AREA 

c 
c 

TSETN=AREA*(FREQCCLl-TTRAN/24.)~24./TOTA 

KB=O 
DO 62 KA=1tNKl 
KH=KB+1 
IFCTSETN.LE.TSETCKA)-.01> GO TO 63 

62 CONT HJUE 
63 KT=Kb-1 

C DETERMINE LAbOR REQUIREMENTS FOR LATEPAL MOVING 

c 

CLAB= 1RTOTCCL)~(24.1TSETCKT>~FREQC(L)~(TMOV/60.)~RLAB0R) 

CLA8=CLAbiFLAT 

C CO~PUTE COSTS OF TRANSPORTING RETWEEN IRRIGATIONS 
CTRAN = IRTOTCCL)~CTTRAN~PLABOR) 
XLAA = CCLAb + CTRAN) I TOTA 
XLA91 = XLAB/RLAHOR 

c 
C COMPUTE DEPRECIATION AND INTFREST FOP LATERAL LINE 
C COST OF LATERAL LINE INCLUDES PIPE,SPRINKLER HEAOS,RlSERStETC. 
C~USE SI~KING FUND DEPRECIATION PLUS INTEREST ON ORIG. INVESTMENT 

GO TO 7C. 
70 TOTA = AREA 

C VOL OF EXC - USE USBR QNT ESTIMATE--1967 

c 

c 

c 

IFCXLYES.NE.YSS)ERCLAT = O. 
IFCXLYES.NE.YSS)GO TO 123 
VOLEX = LLEN ~ .4?6 
vnLRK = VOLEX - 3.1416~SZLAT~•2.~LLfN/Cl44.~4.~27.) 
E~CLAT = VOLEX •UEXC + VOLBK~UBKF 
WRITEC6t76)VO~tX,VOLAKtERCLAT,CNE~ 

76 FORMATC4F15.0) 

123 CNEW = (CNEw+ EPCLAT) 
XLAR1 = (TMOV/60. * IRTOTC(L) )ITOTA 
XLA~ = XLAH1 * RLABOR 
ITNL = SlZECKSOIL>ITOTA + 1. 
FLAT=ITNL 
IFCSIZE<KSO!Ll.LT.BO.) FLAT=SIZECKSOILl/TOTA 
GO TO 72 

71 TOTA = 3.1416 * LLEN •• 2. /435&0. 
.X.LA8=0. 
IFCLLEN.GE.l298.l.AND.LLEN.Lf.l29~.Q) TOTA=152. 
FLAT = 1. 

72 CNEW = CNtW + CNEW*CONTG 

SFFL= H!NT/(((1.+RINT)••TLIFE>-1.) 
OEPL=CCNE~- SVAL*CNEW)* SFFL I TOT~ 

CINL= RlNT * CNEW I TOTA 

C CUMPUTE TAXES A~D INSURANCE 
COEXP =tCCNEW-SVAL •CNEW)I2.+SVAL •CNEW)*OEXP I TOTA 

c 
C COMPUTE ANNUAL MAINTENANCE COSTS AS PERCENT OF TOTAL INVEST~~~~~T 

CMAINT = XMTL*CNfw I TOTA 
c 
C COMPUTE Trl£ VALUE OF wATFR LOST TO DEEP PERCOLATION 

CDP = (lTTOTCCLl/12.>*<1-COAEFF>IlOO.>•DPVAL 
DEEP =<tTTOTCCL)112.)*(1-COAEFF)110n.) 
FFFA(L) ;::: OAEFF 
DVOLCL) = DEEP 
RVOL ( U = 0 • 

c 

01441 
01442 
01443 
01444 
01445 
01446 
01447 
0144 F! 
01449 
01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01458 
01459 
01460 
01461 
01462 
01<+63 
01464 
01465 
01466 
01467 
01468 
0146~ 

01470 
01471 
01472 
01<+73 
01474 
01475 
01476 
01477 
01478 
01479 
014HO 
01481 
01452 
01483 
01484 
014t15 
Ol4A6 
014M7 
01488 
01489 
01490 
01491 
01492 
01493 
014~4 

014~5 

01496 
01497 
0149n 
01499 
01~00 

01501 
01502 
01503 
01~04 

0150L:> 
0150h 
01507 
OlSOA 
01~09 

01510 
01Sl1 
01::>12 
01513 
01S14 
01515 
01516 
01517 
0151~ 

01~19 

01520 
01521 
01522 
01523 
01~24 

Ol5l:'~ 

L ·l: ····· · ~ fi... :L1. 
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C--CO~PUTE DEPRECIATION AND INTEREST FOP ~AINLINE 
c 

c 
c 

c 

c 
c 

c 

SFFM= TlNT/(((l.+TlNT)**TIML)-1.) 
DEP~=(CML -TSAL *CML)* SFFM I AML 
CINM= TINT * CML I AML 

TIS = CNE~/TOTA + CML/AML 
COMPUTE ANNUAL MAINTENANCE COST AS PfPCENT 

T~AINT = XMTM*CML I AML 

COMPUTE TAXES AND HJSURANCf 

OF ORIGINAL INVESTMENT 

TOTHER=<<CML- TSAL*CML)I?.+ TSAL*C~L)*TOEX I AML 

C--COMPUTE ANNUAL COST PER ACRE OF MAINLINE AND LATEKAL. 
c 

c 

r 

c 

c 
c 

TCOST<L>=<XLAB + DEPL + CINL + COEXP + CMAINT ) 
~ + ( DtPM + CINM + TMAINT + TOTHER) 

AMA!NT = CMAINT + TMA!NT 
AEXP = COEXP + TOTHER 

PRINT RESULT 
WPITE(6,10)TYP1,TYP2,TYPJ,TITLE 

10 FORMATC1H1,T20,•ANNUAL COST OF IRRJGATION-------•,20A4) 
loiR ITE ( 6' 7) K SOIL 

7 FOR~AT<T20,tSOIL TYPE NUMRER-----•,!2,1) 

W4ITE(6tb0) (HEAD(L,JU ,JL=lt20) 
60 FORMAT(T40,20A4e/) 

C--COMPUTE THE FLOW RATE PER LATERAL 

Ol:Jcb 
01:,27 
0152~ 
01:,29 
01530 
01:,31 
01:,32 
o1:,33 
01:,)4 
01535 
0153b 
01537 
0153H 
01:,3'1 
01540 
01:,4} 
01542 
01543 
01;>44 
01545 
01546 
01~47 
01:,4tl 
01544 
01550 
01~51 

01552 
01553 
01554 
01555 
01556 
01557 
01558 
01559 

GP~L=TRAMC(L)*LLEN*LSPAI12*7.481(TSfT(KT)-TMOV/60.)/60. 01560 
IF(KODE.EQ.S)GPML=TRAMC(L)/12.*TOTA*43560.*7.48/(FkEQC(L>*24.*60.)01561 

c 

c 

c 

c 

c 

c 

wRITE(6,}9)LLEN,SIZE<KSOIL>•lRTOTC(L) ,FRE~C(L),GPML,RLABOR,FLAT, 
~LLEN,LSPA,TMOV,TSET(KT),TTRAN,TOTA,CNEWtRIMAX,XLABl 

WPITE<6•25) DEEP,OAEFF 
WPITE(6,20) AML,TLM 

DO 42 rc; =l•NM 
42 WRITE<6,33)SZE(K),XML(K),CMF<Kt 

WR!TE<o•l~)C~L.TIS·DEPL,DEPM,Cl~L.CJNM,XLAB,AMAINT,AEXP, 
t TCOST (L) 

19 FORMAT<T20,tFARM DATA:•// 
~ Tll,tFIELD LENGTH• FT 
~ Tll,tFARM SIZE, ACRfS 
~ TllttNO. OF IRRIGATION 
~ Tll,tFRfQUENCY OF IRRIGATION, DAYS 
~ T1l,tGPM/LATEHAL 
~ T1l,tLABOR HATE• $/HR 
& T1l,tNUM8ER OF LATERALS I FARM 
& Tll••LENGTH OF LATERAL, FEET 
~ T1lt•LATERAL SPACING, FEET 
& Tll,•TIME TO MOVE LATERAL, MIN/SET 
& T1l,tTIME OF SETTING, HRS 
& Tllt•TRA~SPORT TIME PER ROT~TION,HRS 

•,T5l•F5.0/ 
•,Ts1,Fs.o; 
•,T5l,F5.0/ 
•,T5l,F5.0/ 

•·T5l,F5.0/ 
•,T51,F5.211 . 
•,Tsl,FS.l/ 

1 tl5l,F5.01 
•,T5ltF5.0/ 
'•T5l,F5.0/ 
•,T5l,F5.0/ 

& Tll,tAHEA COVERED AY EACH LATERAL, ACRES 
•,T51,F5.0/ 
•.rso,F6.2// 

~ Tll,•COST PER LATEPAL LINE, ~ 

~ T1l,•ALLOWAdLE INTAKE RATE, INIHR 
~ Tl1,•TOTAL LABOR, HP/AC/YR 

25 FORMAT( Tll,•DEEP PERCOLATTON,AF/~CRE 
& Tll,•APPLICATION EFFICIENCY,PERCENT 

20 FO~MAT(T~O,tMAINLINE OATA:•// 

• . ·T~o,F6.0/ 
•,T5l,F5.2/ 
• ,Tso,F6.otn 

t,T5Q,F6.4/ 
t,T51,F5.2/) 

& T1l,tTOTAL AREA SERVED BY ~AINLINE, ACRES •,T5ltF5.0/ 
& Tll,tTOTAL LENGTH OF MAINLINE, FEET '•T5ltFS.OI/ 
& T14,tDltH"'•ETER<IN>'•T31,•LENGTH<FT)t,T4o,iCOST ('fi/Fl)t ) 

16 FOR~AT( ltTll,•TOTAL COST OF ~AINLINE, $ 
'lll, tTUTAL INVESTMENT ($/AC) ',TSO,Fti.O// 
& Tl4ttANNUAL COST:•,T56,•~/AC•/I 
~ Tll,tDEPRtCIATJON•/ 
& Tl5t•LATERAL 
~ TlS,tMAINLINE 
~ Tl1,t!NTEREST ON INVESTMENT•/ 
& T15.tLATEkAL 
& Tl~,tMAINLINE 

& Tl1,tLAAOR COST 
& T1l,tMAINTENANCf COST 

•,T50,F6.0/ 

t,T53tF7.2/ 
•,T53•F7.2/ 

t,T53,F7.2/ 
•,T53,F7.2/ 
'•T53,F7.2/ 
•,T53,F7.2/ 

01562 
01563 
01564 
01565 
01566 
01567 
01568 
01569 
01570 
01571 
01572 
01573 
01574 
01575 
01576 
01577 
01~78 

01579 
01580 
01~81 

01~H2 
015A.3 
015~4 
015b5 
01~86 

01587 
01588 
01:,89 
01590 
01591 
01592 
01~93 
01~94 

015Y5 
01596 
01597 
Ol59H 
01599 
01600 
01oOl 
01602 
01603 
01604 
01605 
Ol60h 
01607 
01oOb 
01609 
01610 

k3--- :u .. c;,•· 



k lllt'fAX~S AND INSURANCl 1 tT5J.f7.~/l 
~ T26t•T 0 TAL •,T53.F7.2 II 
& Tll••~OTE: TOTAL ANNUAL COST DOES NOT l~CLUDE PUMP UNIT 
~D RESERVOIRS') 

c 
C--GO TO NEXT CROP 
c 

98 CONTINUE 
c 
C--ADD EXTkA COST FOR MAIN PIPfLINE --IF THERE IS ANY 
c 

c 

c 

ADCST = O. 

PF.:TURN 
END 

SUBkOUTlNE FURROw •••••• CALLED 8Y MAIN WRDFARM 
SURROUTlNE FURROW (L,AC.RC,C) 
LIST,NO"'E 

u 10 ll 
01612 

ANOlol3 
Olbl4 
01615 
Ulbl6 
01617 
01o1f1 
01619 
01o20 
01621 
0162? 
01623 
01624 
01625 
01626 
01627 
0162A 
0162':J Cl 

c 
C---THIS SUAROUTINE COMPUTES 

01630 
APPLICATION fFFICIENCY OF FURROW IRRIGATION01631 

C THE METHOO USED HERE IS BASF.:D ON USDA SOIL CONSERVATION SE.RVICE 01632 
C FURROW IRRIGATION DESIGN CPITERIA,WEST TECHNICAL SERVICE CENTE.Rt 01633 
C PORTLANOtOHEGON 
c 

c 

REAL IRTOTC 
COM~ON TRAMC(20),NC~B,FREQC(2Q),ETTOTC(20)tHEA0(7,20) 

COMMON A(50) tTITLE(l7)tTYPltTYP2tTYP3 
CO~MON lRTOTC<20),CROPD<20)tSIZEC?O>•TCOST<20)tCOSWC20t20),ADCST 
COMMON \JGDM(20) ,FwiDEC20) ·RW(20) tTMC20) ,QU(20) ,RAT10(20) ,SL,FAI-1, 

XLNT,EFFA(20) tEFFDC?O) ,DVOL C20) ,RVOL(20) eRZDRC20> eXL"'TF 

c 
C-----D~FINIT!ON 
c 

OF VAt:<IABLES 

c 
c 
c 
c 

. C 
c 
c 
c 
c 
c 

c 

QGPM = FUPROW STREAM SIZE,GPM 
SL = FIELD SLOPE, 
XLNTF= LENGTH OF IRRIGATION RUN, FEET, OF THE FURROWS 
XMAD = NET IRPIG~TION APPLICATION 
F~IDE= FURROW SPACING 
TM = TIME OF APPLICATION 
FAM =INTAK~ FA~ILY ACCORDING TO SCS CLASSIFICATION 

ASSIGN C0£FICIENTS FOH DIFFERENT INTAKE FA~ILIES 

FAM =FA"1 - .00001 
QGPM = QGDM ( U 
IFCFAM.Lt..O.l)GO TO 5 
IF<FAflli.LE.0.3)G0 TO 10 
IFCFAM.LE.0.5>GO TO 15 
IFCFAM.LE.1.0)G0 TO 20 
IFCFAM.L£.1.5>GO TO 25 
IF<FA~.LE.2.0)GO TO 30 
IFIFAM.LE.3.0)GQ TO 35 
IFCFA~.LE.4.0)GO TO 40 

5 AC = 0.0244 
~c = o.66lO 
GO TO 45 

1 0 AC = 0.0368 
BC = o.121o 
GO TO 45 

15 AC = o.0467 
KC = o.756o 
GO TO 41:;, 

20 AC = 0.0701 
~c = o.7~;so 
(;() TO 4~ 

2S AC = .OH'19 
RC = 0.7~90 
GO TO 45 

30 AC = o.lOe4 
RC :: o.BuH 
GO TO 45 

35 AC = o.1437 
BC = 0. ~:116 
GO TO '+~ 

40 AC = o.175o 
~c = o.lj23 

01634 
01635 
01o3b 
01637 
0163H 
01639 
01640 
01641 
01642 
01643 
01644 
0164S 
01646 
01647 
01646 
01649 
016SO 
01651 
01o52 
01653 
01654 
01655 
01656 
01657 
01658 
01659 
01660 
01o61 
0166? 
01663 
01664 
Olo65 
01666 
01667 
01668 
01669 
01670 
01671 
01672 
01673 
Olo74 
01675 
01676 
01h77 
01678 
01679 
Ol6HO 
016~1 

016ti? 
016!:13 
016h4 
0168S 
016H6 
01ob7 
Ol6H~ 

01oi-llJ 
C Ol6YO 

45 c = 0.275 01691 
c OloQ? 

IF(TM(l).Nt..O.)G(l TO 50 Olb93 
c 01694 
C--IF TI~~ Of APPLICATION IS NOT GIVt.N--wJLL COMPUTE LEAST TIME SET TO 016~5 

L t -···- :~ .. ~ (J· 
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C APPLY THE k~QUIRED DEPT~ 
X~AD = TkAMCCU 
FL = XMAO 

C FL IS THE DEPTH OF WATEP TO BE APPLIED AT THE tNO OF HUN 
C CO~PUTE TOP ~IDTH OF WATER SUPFACF 
c 

c 
c 

TOP= 0.1~907?~(QGP~~.04/(SL~~cl.I?.>>>~~0.44A+0.4202~ 

XLONG = O. 

· c-----COMPUTE FC-FACTOP FOR CONV~RTING VOLUME OF INTAKE TO INCH~S 
c 
c 

c 

FC =12./(l0P+2.13.~(FWIO~(L)/12.-TOP)) 
FLVOL = O. 

105 T1 = O. 

C--COMPUTE T2-TIME REOUIRED TO REPLENISH REQ.DEPTH Of wATER AT XL1 
C-- XL1 IS THE LENGTH IN ~HICH 100~ OF . O~PTH IS REPLENISHED 
C START XLNl AT XLNTF-1--~FEET 
c 

c 

c 

XLN1 = XLNTF - XLONG 
DO '::15 KC=lt2000 
Tl = Tl + 5. 

FSMAL = CAC*T1**RC+C)*TOP/(1.6041*QGPM*Tl) 
TRFl :( FSMAL * QGPM *Tl/(7.4Al~2.71M2818*~(FSMAL*XLN1)))*FC 
IFCTRF1.LE.FL>GO TO 55 
Tl=Tl-~• 
GO TO 60 

55 CONTINUE 
60 DO 65 KY=ltlO 

T1 = Tl + 1. 
FSMAL = (AC*Tl*~Bt+Cl*TOP/(l.604l~QGPM~Tl) 
TRFl :( FSMAL * QGPM ~Tl/(7.4~1~2.7182818**(FSMAL*XLN1)))*FC 
IFCTRF1.GE.FL)G0 TO 70 

65 CONTINUE 

. C-----THIS IS THE LEAST TIME NEEDED TO APPLY REQ.DEPTH 
c 

70 Tl = T1 - 1. 
C--COMPUTE E~UIV.DEPTH OF WATER INFILTRATED AT THE END OF RUN--XLNTF 

FL1 = (FSMAL~QGPM*T1/(7.481*2.7182818**(FSMAL*XLNl)))*FC 
C BA5ED ON APPLICATION TIME->T1 
c 

FL2 = TRFl 
C--COMPUTE VOLUME IN FEET ON A UNIT ·WIDTH AASIS 
c 

VIN = (QGPM * T1/7.481)/(FW1Df(L)/l?.) 
c 
C--CO~PUTt INTAKE VOLU~E AT LENGTH-XLN1 

FOL1 = (~GPM*T1/7.4~1)*(1.-1.12.718?~18**(FSMAL*XLNl))*FC 
C--COMPUTE INTAKE VOLUME AT LENGTH-XLNTF 

FOL2 = (QGPM*T1/7.48ll*(l.-1.12.718281A**(FSMAL*XLNTF>>*FC 
c 
C--COMPUTE DEEP PERCOLATION AT LENGTH-XLNT(DUMMY FIGURE> 

FLV2=(fSMAL*XLNTF*Tl~QGP~I7.4Rl>*<l.12.718281~**CFSMAL*XLNTF))*FC 

VPD = (FOL2-FLV2)/12. 
C--CO!-'PUTE ACTUAL RUNOFF VOLUME 
c 

VSR = VIN - FOL2/12. 
c 
C--CO~PUTE ACTUAL DEEP PERCOLATION 

FLVl=(FSMAL*XLNl*Tl~QGPM/7.481)*(1./2.7182818**(FSMAL*XLN1>>*FC 
VDP = (FOLl- FLVll/12. 

c 

c 

EFVOL = (VIN - VDP - VSR> 
IFCFLVOL.EQ.O.) FLVOL=FLV1 
XMIN = EFVOL/FLVOL * 100. 
IFCX~IN.LE.Y5.lGO TO BO 
XLONG = ~LONG + 1. 
AEFF = EFVOL/VIN*100. 

C--COMPUTE EFFICIENCY 
JF(XLN1.LE.l.>GO TO 80 
GO TO lOS 

80 IFCVDP.LT.O.> VOP = -.0001 
AEFF = CCVI~- VOP- VSR)/VIN) * 100. 
EFFA (L) = AEFF 

C--CO~PUTE DISTRIBUTIO~ EFF 
C D fFF = MIN DEPTH INFIL. OIVIQEO BY AVE DEPTH 
c 

OFL2 = CFSMAL*OGPM*T1/(7.4~1*2.71~2BlA**(FSMAL*XLNTF))l*l2. 
DEF F= liFL2/ ( ( DFL2+ C AC*T 1 **8C+C)) /?.) * 100. ·---- .. '_, ... ,..,..-

01696 
016-;7 
01698 
01699 
01700 
01701 
0170? 
017fiJ 
01704 
0170~ 

01706 
01707 
01708 
01709 
01710 
01711 
01712 
01713 
01714 
01715 
01716 
01717 
017111 
01719 
01720 
01721 
01722 
01723 
01724 
01725 
01726 
01727 
01721:3 
01729 
01730 
01731 
01732 
01733 
01734 
01735 
01736 
01737 
01738 
01739 
01740 
01141 
01742 
01743 
01744 
01745 
01746 
01747 
01748 
01749 
01750 
01751 
017S2 
01753 
01754 
01755 
01756 
01757 
01758 
0175Y 
01760 
01761 
01762 
01763 
01764 
01765 
017t-6 
01767 
01768 
0176~ 

01770 
01771 
01772 
01773 
01774 
01775 
01 77o 
01777 
01178 
0177Y 



C--CO~VERT VOLU~E TO PER ACPE RASIS PER YEAR CIN FEfT) 
VDP~ = VDP o IRTOTCCL) /(FWIDECL)oXLNTF/12.) 
VSPA = VSR o IRTOTCCL) /(FWIDf(L)OXLNTF/12.) 

C--kECOMPUTf RUNOFF ~NO DEPFPC T0 MATCH EFFICIENCIES (AF/ACRE> 
VflPA = <T~AMC(L)*(l.-DEFF/100.)/(DF.FF/100.)/12.*IRTOTC(L)) 

VSQA=VlN/XLNTF*I~TOTCCL) 0 (l.-AEFF/lOO.)-VDPA 

DVOL<L>=VDPA 
RVOL (L) =VSRA 
TM(L) =T1 

c 
GO TO 7':J 

c 
C---TI~E OPT!ON ••• IF TIME IS GIVFN, WILL COMPUTE EFF DIRECTLY 

c 

c 
c 

~0 Tl=TM(L) 
TOP= 0.18Y0720(QGPM*.04/CSL 0*Cl.l?.) ))*00.448+0.42028 
FC=l2.1CTOP+2.13.*CFWIDECL>I12.-TOP)) 
FSMAL=(AC*T10*RC+C) * TOP/(1.6041*QGPM*T1) 
VIN = QG~M*Tl/7.4~1/CFWIOFCL)/12.) 
FOL=CQGPMoTJ/7.4~l)O(l.-l./2.7182~18**(FSMALoxLNTF))*FC 
X= -AL0G(TRA~CCL)/(l.604JoFSMALOQGPM*T1))/FS~AL 
IFCX.LE.O.) X = O. 
FOX= Q~PMoTl/7.48l0(}.-1.12.718281800(FSMALoX))OFC 
VSR = VIN - FOL/12. 
VDP = FOX/12. - TRAMC(L)OFW!DECL)*X/144. 
IF(VOP.LE.O.) VrJP=O. 
GO TO t30 

75 CO~TINUE 

RETlJHN 
F.: NO 

017Hl 
Ol7b2 
017tU 
01784 
0178':J 
Ol7t16 
01787 
017t;H 
017t3'1 
017~0 
017lj} 
01792 
01793 
01"794 
01795 
01796 
01797 
01798 
01799 
OldOO 
011j01 
01d02 
Oloo3 
01b04 
01805 
Ol80b 
011:107 
0 180H 
01H09 
01Hl0 
0 Hlll 
01Hl2 
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DATA S~T WIRCA~~ AT LEVEL 0]3 AS OF 03/09/78 c 
c 
c 
c 

MAIN PPOGHAM CANAL COMPUTES COSTS OF IRRIGATION CANALS 00001 
••••• G.O.GALINATn ••• R.G.ALLfN..... 00002 

c 

DIMENSION A('JO) 
COMMON UlxC, UEXST, UfXSI• UEXPT, UFRC, UERST, UEHSI• UERPT, 

kU~ACK, U8FST• UHFSI, URFPT,UPREP, UCO~P, UCOMd, CLNt C~ST~, 
&CNS!Pt UST~L• UCEM, UHAUL 
CO~MON wAGE,E~UIP, AREA, IHAUL1t lHAUL2tWAGE~,STELINtCE~lNX 
COMMON CAN.TlTLE<l7) 

10 FOR~AT(/tt THIS PhOGRAM COMPUTES COST OF OPEN CHANNEL t//) 

~H1Tt.(9tl0) 
12 FORMAT(' TYPE UNIT COST OF EXCAVATION FOR THE FF ITEMs:•/ 

'' 1-COM~ONt CAN~L, i/CY•/ 
'' 2-COM~UN, ST~UCTUqE, ~ICY•/ 
t t 3-COMfv'ION, S IPHOI~, $/CY' I 
•~ 4-COMMON, PIPf TRENCH, $/CY•/ 
'' 5-ROCK, CANAL, ~/CY•/ 
'' 6-ROCK, STRUCTURES, 'ICY•/ 
'' 7-ROCK, SIPHON, ~ICY•/ 
t t 8-R 0 C K • PI P E T R F. N C H., $1 C Y • I ) 

14 FORMAl(/•' TYPE THE FF UNIT COSTS•/ 
tt 1-BACKFILL,RELATIVELY CO~PACTED, CANAL, $/CY•/ 
'' 2-EACKF1LL• ST~UCTURES• $/CY•/ 
'' 1-RACKFILL• SIPHON, l/CYt/ 
'' 4-BACKFILL• PIPE TRENCH• ~/CYt/ 
'' S-AEO P~EPARATION, CANAL LINING, ~/CY•/ 
'' ~-COMPACTING EM~ANKMENTt $/CY•/ 
tt 7-COMPACTING ~ACKFILLt<STPUCTURES,TRENCHES),$/CYt/ 
'' A-OVEH~AUL• $/YU-MI•/1/) 

16 FOPMATI/•' TYPE THE FF UNIT COSTS:•/ 
'' 1-CONCHETE IN CANAL LINING, ~ICY•/ 
'' 2-CONCHETE IN STRUCTURES,~/CYt/ 
'' 3-CONCkETE IN SIPHON, 'ICY'/ 
'' 4-STEEL, ~/L9t/ 
'' 5-CEMENT, ~/C~Tt/) 

1H F04MAT(/•' TYPE THE FF DATA•/ 
•• 1-HOURLY wAGE kATE FOR PIPE LAYfRt/ 
'' ?-EQUIPMENT lNDEXt HASE YEAR IS 1976•/ 
'' ~-AREA FACTOR•/ 
'' 4-~AUL DISTANCE OF PlPf FOR UP TO 150FT HEAD•/ 
'' S-~AUL DISTANCE UF PIPE OVER 150 FEET HEAD•/ 
tt h~HOU~LY wAGE PATE FOR MINER•/ 
'' 7-STRUCTURAL STEEL INDEX• BASE YEAR IS 1976•/ 
tt R-CEM~NT INDEX, RASE YEAP IS 1976t/) 
w R IT E ( 'i t 1 ? ). 
CALL INPUT (A,NX) 
w:xc = A(l) 

LJE~ST = A(2) 
UEXSI = A(3) 
UEXPT = A (4) 

UERC = A(':)) 

UERST = A(b) 
UE~SI = A(7) 
UERPT = ~(8) 
W~ITE(Yt14) 
CALL INPUT(A,N1l 
URACK = A(1l 
URFST = A( 2) 
U~~SI = A( 3> 
URFPT = A( 4) 
UPREP = A( !;) 
UCOMP = A( 6) 
UCOMB A ( 7> 
UHAUL = A(l:l) 
WRITE(9tl6) 
CALL INPUT(A•N2) 
CLN = A ( 1 l 
C~STR = A( 2) 
CNSIP = A( 3) 
USTEL = A( 4) 
UCE~ :A( 5) 
WRJTE(9tl8) 
CALL llliPUT (AtN3) 
I'JAGE =A( l) 

C---CO~VERT TO BASE YF.AP 1~67. GIVEN BASE IS 1976. 
r:JW J P = A ( 2 ) * 1 • 9 3/1 • 0 
AREA = A( 3) 
!1-IAULl= A( 4) 

IHAUL2 = A( 5) 
WAGE.M = A( 6) 

C---CONV~RT TO RASE 19~7. GIVEN RASE YFAP IS lY76. 
STELl~ A( 7) *2.2311.02 

00003 
0 0 0 t)4 
00005 
00006 
000()7 
OOOOH 
0000~ 

00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
000 H~ 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
0002t; 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00036 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
oooso 
000':>1 
000S2 
00053 
00054 
oooss 
00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
0006M 
0006':il 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
0007A 
00079 
00080 
000~1 
000~2 

00063 
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WKllr_\7tC:.ll VVVOO 

21 FORMAT(//SX,•ENTER ••1.•' If THE PROGRAM IS TO ESTIMATE COSTS Oft/000~7 
'' REHAtilLITATING AN EXISTI~G CHAN~EL <LINING AN UNLINED>.•/ OOOAh 
'' ENTE~ ••O.tt TO ESTIMATE COSTS OF EXCAVATING A CrlANNtL'/ 000b9 
tt IN NATURAL TERRAIN.•/) 000~0 

CALL INPUT(AtNS) 00091 
JF(A(l).LT •• S) GO TO 40 0009c 
wRITt(bt20l) 00093 

?01 FORMAT(lHlt/1/////////////.TlO••OUTPUT OF THE PkOGRAM--RECHAN--COS000~4 
•T OF LINING ANO RrSHAPING AN EXISTING CHANNEL (+STRUCTURES).'/) OOO~S 

wK!TE (Ytce) 00096 
~8 FO~MAT(//////5X,• THIS PPOGPAM ASSU~ES THE EXISTING CHANNfL IS t/ 00097 

••CnMPOSfU OF EARTH, ~ITH UNIFOHM POTTOM SLOPE AND PRIS~ATIC OATA•/00098 
••IT IS AS~UMED THAT T~ERf IS TO BE NO ROCK EXCAVATION IN THE '/ 000~9 
••RESHAPING PROCESS•/) 00100 

CALL RECHAN 0Ul01 
Gf1 TO 999 00102 

40 WPITE(6t200) 00103 
200 FORMAT<1H1,//////////////I.T40,•0UTPUT OF THE PROGRAM--DITCST--COSOOl04 

ST OF O~E~ CHANNEL•/) 0010~ 
CALL DllCST 0010b 

999 WRITE(~t20) 00107 
20 FORMAT(//,t THIS PROGRAM IS TERMINATED SUCCESSFULLY•/// 0010H 

'' OUTPUT OF THIS ~ROGPAM IS OBTAINED AT THE t// 00109 
'' TEHMINAL- DATA 100 LINE PRINTER 00110 

t//I'G00DLUCK--------8YE •••••• •/l 00111 
c 00112 

STOP 00113 
END 00114 

C SURROUTINE DITCST ••• CALLED BY CANAL (MAIN PROGRAM) 00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 

C-----READ UNIT COST INPUT 
c 
c 

Cl 
c 
c 

SURkOUTINE UITCST 
LIST,NONE 

C----THIS PROGRAM COMPUTES COST OF O~EN CHANNEL 
c 
c 

c 

COMMON 
.,U8ACK; 
.,CNSIP, 

COMMON 
CO~MON 

UEXC, IJEXSTt UEXSI• UEXPT, UE"RC, UERSTt UERSI, UERPT. 
U~FSTt UHFSI, URFPTe UPkEP, UCO~P, UCOMa, CLN. C~STPt 

USTEL• UCEM 
wAGE,EOUI~·AREA,IHAULltiHAUL?,W~GEMtSTELIN,CEMINX 

CAN,TITLt(l7> 

OU125 
00126 
00127 
0012H 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 

DIMENSION A(50), CTANN(500),QX(500) 
DI~ENSION TN0(50Jt TSZ<50) 
DIMENSION XSTAAH<l00) tXSl (100) tXF I 100) ,C79<10u) ,C8Q <100), 

.,yP(l00) tXZ(l00) 
DI~ENSlON C.XN<lOJ ,LXDI10) •CXQdO) 
DATA CNltCN2/4HENO ,4HSKIP/ 
KXQ = 0 

NNT = 0 
255 FORMAT(t1t,///) 
500 FORMAT(/,t TYPE THE FF INFORMATION:•/ 

'' ttkEAU---LINED CANAL•• ••• THEN RFACH IDENTIFitk>>IF LINED 
'' ttREAD---UNLINtD CANAL•• ••• IF CANAL IS NOT LINED•) 

~02 FORMAT(/,, TYPE THE FF DATA COMMON TO ALL REACHtS•/ 
•• 1-PEHCE~T CONTINGENCY COST, CANAL OR LATEHAL STRUCTURES•/ 
'' 2-PF.RCENT CONTI~GENCY COST , EARTHwORK•/ 
tt 3-PEHCENT CONTINGENCY COST, ROW•/ 
tt 4-PERCENT CONTINGENCY COST. CANAL LINING•/ 
'' 5-CANAL STRUCTURES COST INDEX, BASE IS 1976•/ 
'' 6-COD£ FOR LINING MATERIAL USED :•1 
' ' ( 0) NO LINING•/ 

C Af-J A L t I 0 0 14 2 
00143 
00144 
00145 
00146 
00147 
0014b 
00149 
00150 

' ' <1) 
• t (?) 

' ' ( 3) 
't (4) 

UNREINFORCED PORTLAND CEMt/ 
REINFORCEO PORTLAND CEM•/ 
ASPHALTIC CONCRETE•/ 
SHOTCRETE t I) 

00151 
00152 
00153 
00154 
00155 
0015b 
00157 
0015H 
00159 
00160 
00161 
00162 
00163 
001b4 
00165 
001('6 
00167 
00168 
00169 
00170 

504 FORMAT(/,t TYPE CHANNEL PROPERTIES•/ 
'' 1-SIDE SLOPE OF CANAL•/ 
'' ?-MANNINGS ROUGHNESS COEF•/ 
'' 3-MAXIMU~ ALLO~ARLE VELOCITY, FPS•/ 
'' 4-MINlMUM CHANNEL DEPTHt FTt/) 

506 FOPMAT(/,t TYPE HHIDGE DATA•/ 
'' 1-wiOTH OF COUNTY BRIDGE, FT•/ 
'' ?-UNIT COST FO~ COUNTY RRIDGE, ~/SQ FTt/ 
'' 3-wiDTH OF FARM Bq!DGF.• FJt/ 
'' 4-U~IT COST OF FARM APIDGE, ~/SQ FT•/) 

50e FOPMATI/et TYPE THE FF DATA•/ 
'' I-LIFE OF P~OJECT, YEARS•/ 
'' ?-AN~UAL INTEPEST ~ATE• PERCENT•/ 
'' 3-~ALVAGE VALUE AS A PFqCENT OF 0RIGINAL COST•/) 

SlO FOR~AT(/,t TYPE THE FF DATA:•/ 



'' I-VALUE OF WATEk LOST FROM CANAL SECTION, $/AF•/ 00171 
'' ?-NO OF DAYS CANAL IS OPEHATING 7S PFRCE~T OF PEAK LOAD•/ 00172 F:~ --·- :::: ~: _:: ,. 

' ' 3-0THEH OPERATIONAL LO~SES AS A PfRCENi OF ttQtt t/) 00173 
512 FO~MAT(/•' >>AT THIS POINT, DATA APE FOR SPECIFIC kEACH ONLY<<•/ 00174 

'I•' TYPE THE FF DATA FOR THiS ~EACH:•/ 0017~ 
tt 1-SEI::.tJAGE COEF, MORITZ EQUATION•/ 00l7b 
tt 2-PE~CfNT OF HOCK EXCAVATION•/ 00177 
'' 3-ADDITIONAL Row, FT•/ 0017tl 
'' 4-VALUE OF RO~. ~/ACt/ 0017~ 
'' 5-AR~A FOH SEVfRANCE PAYMENT, AC•/ 00180 
tt 6-UNIT COSTS FOR SEVERANCE PAY, J/ACt/) OUldl 

514 FORMAT(/,t TYPE THE FF DATA!t/ 00lb2 
II I-LENGTH OF REACH, FTI/ 00183 
tt 2-ELEVATION OF OUTLET, FT 1 / 00lH4 
tt 3-ELEVATION OF I~LET. FT•/ OU1h5 
!) 001~6 

516 FORMAT(/•' TYPE NUMBER AND CORRESPONDING SIZES OF T.o., CFS•/ 001~7 
518 FORMAT(/,t TYPE NUMdER OF STRUCTURES!•/ 0018H 

" (1) RECTANGULAR INCLINED DROP•/ 001H9 
tt (2) CONCRETE CHECK. 111/0 APRON•/ 00190 
'' (3) I-10DIFIEO PARSHALL FLUME•/ 00191 
I ' ( 4 ) c 0 u IH y ~ R I 0 G E I I 0 0 1 ~ 2 
tt (5) FARM 8RIDGE•/ 00193 
tt (6) SIPHON•/ 001~4 
t1 (7) TUNNEL•/ 00195 
tt (8) RECTANGULAR INCLINED DROP, DROP>3. FT•/ 00196 
•• NOTE! STRUCTURE #1 IS ASSUMED TO ~E LOCATED AT THE OUTLETt/00197 
tt OF THE DESIGN REACH ••• IF CHECKS ARE TO BE INCLuuED•/ 00198 
tt ALONG THE tHANNELt THIS ROUTINE ~ILL PLACE ONEt/ 00199 
tt AT THE END OF THE REACH FIRST.•///) 00200 

520 FORMAT(/,t TYPE DATA FOR SIPHO~t/ 00201 
•• 1-HEAD LOSS DESIRED, FT/1000 FT•/ 00~02 
tt 2-MAXIMUM VELOC~TY IN PIP£, FPS•/ 00203 
'' 3-LENGTH OF PIPEt UPSTREA~ SLOPE, FT•/ 00204 
tt 4-LENGTH OF PIPE, BOTTOM SLOPE, FT•/ 00205 
•• 5-LE~GTH OF PIPE. DOWNSTREAM SLOPE, FT•I 00206 
•• 6-TRANSITION LOSS COEF 1 / 00201 
'' 7-PIPE SLOPE, UPSTREAM• FT/FT•/ 0020~ 
tt 8-PIPE SLOPE, AOTTOM, FT/FT•/ 00209 
tt 9-PIPE SLOPE, DOW~STREA~, FT/FT•/ 00210 
••10-~IDTH OF R-o-~, FTt/) 00211 

522 FORMAT(/,• TYPE DATA FOR TUNNEL•/ 00212 
tt 1-HEAD LOSS DESIRED, FT/1000 FTt/ 00213 
tt ?.-DESI~ED VELOCITY ON TUNNELt FPS•/ 00214 
'' 1-ELEVATION OF JOB. FEET•/ 0021~ 
II 4-LE NGTH OF TUNNEL. FT•/ 00216 
tt 5-NO. OF HEADINGS TORE USED•/) 00217 

524 FORMAT(/,t TYPE DATA FOR EARTHWOR~--P ~ JSM DATA•/ 00218 
'' 1-ROCK CUT SLOPEt/ 0021~ 
tt ?-UPPER CUT - RANK SLOPE 1 / 00220 
'' 3-FILL CUT SLOPE•/ 00221 
'' 4-UPPE~ BANK WIDTH, FT•/ 00222 
•• ~-LOWER BANK ~lUlHo FT•/ 00223 
tt 6-COMPACTED FM ~ ANKMENT WIDTH. FT•/ 00224 
'' 7-COMPACTMENT FACTOR•/ 00225 
tt ~-FILL COMPACTMENT FACTOQt/ 00226 
'' 9-PERCENT ROCK TO dE U~ED IN FILL'/ 00~27 
•• 10-DEPTH oF cur ADJUST~ENT---->ENTE~ 0._., oo22H 
tt 11-COMPuTED E~~ANKMENT CODE----> 0.•1) 00229 

526 FOPMAT(/,t TYPE DATA FOR T~RRAIN CARD•/ 00230 
'' 1-STATION, FEET•/ 00231 
•• 2-GHOUND SLOPE, FT/FT•/ 00232 
'' 3-CENTER LINE CUTt FT•/ 00233 
tt 4-ROCK CENTER LINE CUT• ~T 1 / 00234 
'' 5-STA CODE (9) WHE~ STA IS THE SAME AS T~E PR LVIOUS ONE•/ 00235 
tt (0) OTHER~.'I~f:t/ 00236 
•• ~-PRISM CODE (9) WHEN NEXT DATA 15 A PRISM DATA•/ 00237 
t t (0) OTHER111ISE•I 00238 
'' 7-ENU CODE (9) ~HEN NO TERRAIN DATA FOLLOwS•/ 00239 
'' (0) MORE TEPRAIN DATA FOLLOWS•/// 00240 
••--------START TYPING TF.RRAIN DATA--------•/ 00241 
1) 00242 

528 FORMAT( t TYPE MORE TERRAIN DATA• 00243 
f) 00244 

530 FORMAT(/,t --------END OF TERRAIN rATA--------•1) 00245 
532 Ff)P.MAT(/,t TYPE MINIMUM O<CFS)~ MAXIMUM A(CfS) AND -~tQ-o INTERVALt/)00246 
534 FORMATI/tt ARE THERE SOME MORE REACH TO PROCESS--------•/ 00247 

I ' IF ' I N 0 ' I TypE • • • • ' I E ~) D DATA ' ' I I 0 0 2 4 A 
'' IF ••YES•• TYPE •••• ttSKIP---LINED CANAL•• OR•/ 00249 
II '•SKIP---UNLINED CANAL• I 1//) 002':>0 

( 00251 
WRITE('it500) 00252 
CONTINUE 00253 
~EAD<5•150) CON.CAN,TITLE 002~4 
WR!TE(~,1~0)CON,CANtTITLF. . 00?~~ 



150 FOR~AT (A4ejX,A4.}7A4) 
IF <CON.EI.I.CNl) GO TO 98 
IF (CON.EQ.CN2) G0 TO 3 

C---REA~ CONTiNGENCIES AND COST 
c 

INDEX 

00i'56 
00257 
0025A 
00259 
00i?60 
00261 c 

c 
c 
c 
c 
c 
c 
c 
c 

• CTGST = PERCFNT CONTINGENCY C0ST FOR CANAL OR LATE~AL 

EARTHwORK 
SHWCTS.00262 

c 

c 

c 
c----c 
c 
c 
c 
c 

c 

c 

c 

• CTGU~ 
• CTGR~ 
t CTGLN 
• Cll>X 

PERCENT CONTINGENCY COST FOR 
= PERCfNT cri~TJNGfNCY COST FOR 
= PERCENT CONTINGENCY CO~T FOR 
= COST INDEX FOQ CANAL/LATERAL 

YEAR IN JAN 197& 
• LCODE = COOE FOR LINING ~ATERIALS 

WPITE('1,502) 

CALL INPUT(AtNC) 

CT t3S T = A ( 1) 

CTGER = A<c) 
CTGRW = A(3) 
CTGLN = A(4) 
CIOX = A(S) 
LCODE = A(b) 

HEAD IN CHANNEL PROPERTIES 

Z = SIDE-SLOPE OF CHANNEL 
RN = MANNINGS ROUGHNESS COEFFICIENT 
VMX = MAXIMUM ALLOWARLf VFLOCITY 
YMN = JwilNIMllt-1 CHA"'Nf.L DEPTH IN FEET 

wRIT£(9t!:>04) 

CALL INPUT(A,NP) 

z 

VMX 

= A (1) 

= A(2) 
= A(3) 
= A(4) 

RIGHT OF WAY, ETC. 
CANAL LINING 
STRUCTURES WITH A bASE 

· c-----READ BRIDGE DATA 
WRITE(9t506) 

c 

c 
c 
c 
c 
c 
c 

c 

·c 
c 
c 
c 
c 

C ALL I N PUT <.A , N 8 ) 

' RPOW = WIDTH OF COUNTY ARIDGE 

' C!:lkD = UNIT COST FOR COUNTY BRIDGE 

' BFDW = WIDTH OF FARM 

' CBFD = UNIT COST FOR 

qpow = A< u 
CARD = A(2) 
RFIW A(3) 
CBFD = A(4) 
WRITE(9t~08) 

CALL INPUT(A,NR) 

RRIDGE 
COUNTY 

• TLFE = LIFE OF PROJECT 

BRIDGE 

($/SQ,fl) 

U/SQ,FT) 

• ~INT = ANNUAL INTEREST RATE IN PERCENT 
t SVAL = SALVAGE VALUE AS A PERCENT OF THE OHIGINAL COST 

TLFE 
RlNT 
SVAL 

= A ( 1) 

= A(2)/ 100. 
= A(3) 

00263 
002b4 
00265 
0026b 
00267 
002611 
00264 
00270 
00~71 

00272 
00~73 
ooc74 
00~75 

00276 
00277 
00~711 

0027'1 
00280 
002Hl 
002H2 
00283 
002A4 
00285 
00286 
00287 
0028A 
002H9 
00290 
00291 
002'12 
00293 
002~4 

00295 
00296 
002<J7 
00298 
002'19 
00.300 
00301 
00302 
00303 
00304 
00305 
0030b 
00307 
0030H 
00309 
003}0 
00311 
00312 
00313 
00314 
00315 
00316 
00317 
00318 
00319 
00320 
00321 c 

c 
c 
c 
c 

kEAD IN ~ATA PE~TAINING TO OPERATIONAL WASTE 00322 

c 
c 
c 

c 

DPV = VALUE OF WATER LOST FROM CANAL SECTION IN ~/ACRE-FOOT 00323 
OPT = NUM8ER OF DAYS CANAL IS CARRYING 75 OF PEAK DEMA~O 00324 

(BASED ON 8UREAU GUIDELINE OF CAP = 120-150 AVE DEMAN0)00325 
WRITE(9t510) 00326 
CALL INPUT(A,NO) 00327 

• PLOS = OTHER OPERATIONAL LOSSE~ AS A PERCENT OF Q 

DPV 
DPT 
1-'LOS 

= A.( 1) 
= A(2) 
= A(3) 

C-----PEAD SE£~tGEtEXCAVATION & QOW DATA 
c 

00.32A 
0032~ 

00330 
00.331 
00.332 
00.333 
00334 
00335 
00.336 
00337 
00338 
00339 
00340 

C----BPA~CH TO ANOTHER REACH 
c 

3 COI\JTINUE 
wRtTf({jt~12) 

• 

• 



c 
CALL INPUTCA•NS) 

c 
c 
c 
c 
c 
c 
c 
c 

t CMZ = SEEPAGE COEFFICifNT •C• IN ~ORITZ E~UATION 

c 

c 

c 

t PEPK PEQCENT OF POC~ EXCAVATION 
t RWID = AUDITIONAL ~lOTH FOR RIGHT OF WAY,FT 
t RVAL VALUE OF ROW, ~/AC 

t ASE~ = AREA FOR SEVERANCE PAYMENT,AC 
t UCSEV = UNIT COST ~EVEPANCE PAY~FNT,$/AC 

C'-'Z = ACl) 
PEPK = AC2) 
R~<~lD = A(3) 
PVAL = A(4) 
ASER = AC5) 
UCSEV = AC6) 
WPITEC'1•~14) 

CALL I NI-'UT (A • ~L) 

SLEN = ACl) 
F.LO :: A(2) 
ELI = ~(3) 

C RE4D THE NUMAER AND CORRESPONDING SIZE OF TURNOUTS--USE CHO 
WRITEC9tS16) 

c 

c 

c 
c 

CALL INPUTCAtNT> 

DO 10 K=c!tNT•2 
TNO(K/2)=A(K-l) 

10 TSZCK./2>=A(K) 
NT = NT/2 

C---READ DATA FOR DRAINAGE CROSSt~GS 
WPITE(':1,617> 

617 FORMAT(/,t TYPE DATA FOR OR.AINAGE CROSSINGS•/ 
'' 1-NUM~ER OF CROSSINGS•/ 
tt 2-DIAMETE~• lNCHESt/ 
tt 3-APP~OXIMATE CAPACITY• CFS•/ 
tt ---IF NO DRAINAGE CROSSING, ENTER o. O. O. t/) 

CALL INPUTCAtNCX) 
DO 620 K=3tNCX,3 
CXNCK/3) :: ACK-2) 
LXI) CK/J) = A CK-1) 
CXQ(K/3) = APO 

620 CONTINUE 
NCX :: NCX/3 

C READ OTHER STRUCTURES 
WI-?!TEC9,!)18) 

c 

c 
c 
c 

CALL 

' 
' 

INPUTCAtNS) 

XD~P = NlJt-1~E R OF 
XCM~ = NUMBER OF 

DROPS 
CHECKS 

c 
c 
c 
c 
c 
c 

' XtJ.FL :: NUMtlf. R OF MODIFIED PARS!-lALL 

' XARD = ~UM~EP OF PUBLIC 8RIDGF 

' xBFO ~UM~ER OF FARM BRIDGE 

' XSIP = NUMt3ER OF SIPHON 
• .X TUN :: NUMHE.R OF TUN"'JEL 

c 
XDRP = A(l) 
XCMB :: AC2) 
XMFL = A(3) 
XRRD = A(4) 
XRFO A(~) 

XSJP = A(6) 
XTLJN = A(7) 
Xf>RP3= AC8) 
IFCXSIP.EQ.O.> GO TO 110 

c 
C---READ INFO FOR SIPHON 

WRITE ('1,:,20) 
c 

CALL INPUTCAtNN) 
HI)= A(l) 
VPIP = A(2) 
Xl2 :: A(3) 
XL3 = A('+) 

XL4 = A(5) 
C :: A(6) 
SX =A(./) 
SY = A(H) 

CLIMIT 
CLIMIT 

TO 
TO 

FLUME 

ONE PER REACH> 
ONE PEQ kEACH) 

00341 
00342 
00343 
00344 
00345 
0034t:> 
00347 
0034tl 
00344 
U0350 
00351 
00352 
00353 
00354 
00355 
00356 
00357 
0035 ~ 

00359 
00360 
00361 
00362 
003h3 
00364 
003£>5 
00366 
00367 
00368 
00369 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
0037 8 
00379 
003!j0 
003H1 
00382 
00383 
00384 
{)03ti5 
003116 
003b7 
00388 
00389 
00390 
OOJ<jl 
00392 
00393 
00394 
00395 
00396 
00397 
00398 
oo3q9 
00400 
00401 
00tt02 
00403 
00404 
00405 
00406 
00407 
0040~ 

00409 
00410 
00411 
00412 
00413 
00414 
0041~ 

00416 
00417 
00418 
00419 
00420 
00421 
00<+22 
00423 
00424 
00425 



c 

SZ = A (<:f) · 

~XIoillD = A(l0) 

110 IF<XTUN.EQ.O.) GO TO 112 
C---READ INFO FOFJ TUNt-lfl 

00426 
00427 
0042H 
00429 
00430 
00431 
00432 
00433 
00434 
0043':> 
00436 
00437 
00438 
0043~ 

00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
0044H 
00449 
004':>0 
00451 
00452 
00453 
00454 
00455 
0045n 
00457 
0045~ 

00459 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
0046A 
00469 
00470 
00471 
00472 
00473 
00474 
004'75 
00476 
00'+77 
0047b 
00479 

w•nTE <~•522> 
CALL IN~UT(AtNTN) 

C t HOTUN - MAX HEAD LOSS nFSIREO 
C t VTUN - t-~AX U~SIRED VFLOCITY IN TIJNNEL 
C t ~LEV - ~LEVATION OF JOH IN FEfT 
C LENTUN - LENGTH OF TUNNfl IN FEET 
C t NPOPT - I\IUMPEH OF HEADINGS TO PE tJSED 
c 

c 

c 

Hr)TUN = A(}) 
VTUN = A (2). 
ELF.V = A(3) 
LEI\ITUN = A(4) 
NPORT = A(5) 

112 CO"'TINUE 

C---INPUT ONE PRISM CA~D FOR EACH REACH 
C RE~D PRISM CARD 

c 

c 

laJRITE(Yt524) 

CALL INPUT(A,NO) 
S1 = A(l) 
c;4 = A(2) 
S5 = /:1.(3) 
\Ill :: A(4) 
wR = A(5) 
11/C = A(6) 
Cl = A<7) 
C2 = A(ti) 

PCT = A(9) 
CLCNG = A(l0) 
ICEMB = A(ll> 

C---REAO TERRAIN CARD 
c 

KM = 0 
wqiTE(9t526) 

553 KM = Kt.., + 1 
lF(KM.GT.l)wRITt(~,52~> 

CALL IN!JUT<A,NS) 
XSTAAH(KM) =A(}) 
XSl(l\~) = A(2) 
l(Z(KM) = A(3) 
XF(KM) :: A(4) 
C79(KM) = A(5) 
c~o <t<.t-~> = A <6> 
!P(KM) = A(7) 
I F ( I P ( 1\ M ) • E CJ • 0 ) (, 0 T 0 55 3 
w'RITE('it530) 

c 004~0 

C CO~PUTE CANAL EARTHWORK USING USSR PPOGRAM---BR03l 00481 
C 004A2 

wRITE (9t532) 004H3 
c 00484 

CALL INPUT(A,NM) 00485 
c 00486 

MINQ =A(}) 00487 
MAX(j A(2) 0048~ 

KNTQ:: A(3) 00489 
c 00490 

~RITE(9t56b) 00491 
566 FORMAT(/,t >>>>>>>END OF DATA FOR THIS HEACH<<<<<<<•///) 00492 

c 00493 
C COMPUTE COSTS FOR ~ ~ANGE OF DISCHARGES 00494 
c 00495 

KX = 0 00496 
WRITE(6t760)CAN~ TITLE 00497 
WPITE(6•793) 004~H 

793 FOQMAT( //,4X,•a•,Bx,•COST OF•,7X.•COST 0Ft,9X,•COST OF•,7x,•lOST 00499 
~0Ftt8X•'T0TAL CONST.•,4X••ANNUAL EQUI•,5X,•CONVEYANCE••I2X,t(CF5) •00500 
&.sx,•STRUCTURE•,~x.•EARTHWORK•,BX,•LINING•.6~,•kiGHT OF/WAY•·BX, 00~01 
••COST••llXt' COST •,Ax,•EFFICIENCYt,/) 00502 

c 00503 
760 FORMAT(lHltlltT5,A4,17A4,/) 00~04 

c 00505 
TSRT = O. 00506 
LTS = 0 00507 

c 00508 
DO 49 K~=MINOtMAXQ,~NTQ 00509 

• 

• 



!"l = KQ 
C---- DETfR~lNE HH RATIO 
c 

IF<LCOUE.NE.O> GO TO 20?. 
c 
C CO~PUTt ~H PATIO FOR UNLINED CANAL-VARIAHLE 
C USE RR CRITERIA 10 CFS = 2:1 ; 10.000 CFS = 8:1 RATIO 
c 

RH = .OOOb ~ 0 + 2. 
c 

G0 TO 20'+ 
c 
C COMPUTE 8H RATIO FOR LINFD CANAL 
C US~ BR CRITERIA 
c 

c 

c 
c 
c 

:?02 

204 

IF ( o.LE.200.) ElH 
IF ( Q.GT.200.AND. 
IF < o.GT.lOOO.) RH 

CONTINUE 

= 3. 
CJ.LE.lOOO.) 

= 1.7 

C DETE~~INE HYDkAULIC GRAntENT 
ll SLP =(~Ll-ELO>ISLEN 

IFCSLP.LE.O.>GO TO 98 

BH = 1. 2 

C DETERMINE bOTTOM WIDTH AND WATER DEPTH FOR GIVEN B:H RATIO 
Y=<<G~RN/(l.49~<SLP~*0.5)))~~o.375>~<<2~(1.+z~z>~~0.5+8H)~~o.c5)/ 

c 

~C(Z+~H>~~o.625> 

. YS = Y 
IF<Y.LT.Y~N) YS=YMN 
Rw = ~H~vs 

C----- TOP wiOTH 
c 

XLN = ~W + (2. ~ YS ~ Z> 
c 
C--------WETTED PERIMETER 

. c 
~PEP= Bw + 2.~ YS ~ ((}.+Z~~2.0)~*f1./ 2.)) 

c 
C CHECK VELOCITY AGAINST MAX ALLOWABLE VELOCITY 

V :(}.49/RN)~((7~Y*Y+~W~Y)/(HW+2~V~((l.+Z~z>~~0.5)))~~0.66667 
& ~<SLP~~o.S> 

JF(V.LE.VMX) GO TO 32 
C INSERT DROP OR COMHINATION STRUCTURE IF VELOCITY > VMX 

c 
c 

· c 

IF(XTO.EU.o •• ANG.XDRP.EQ.O.) XDRP = 1. 
IF(XTO.GT.o •• AND.XCMB.EG.O.lGO TO ~33 
Gn TO \j33 

833 XCMB = 1. 
XTO = XTO- 1. 

933 ELO = ELO +1• 
GO TO ll 

32 CO"JTINUE 

C-----C .~LCULATt. COST OF EACH STRUCTURE 
c 
C-----COST OF TUR~OUTS >>> USE C0NSTANT HEAD ORIFICE <CHO> 
c 

TOCST = 0 
00 200 K=},NT 

c GAP---COST INDEX FOR STEEL GATES AND PIPE (CMP). BASE=l976 
GAP=l.O 
OQ=TSZCK) 
TOCST = TOCST+TNO(K)*CUEXST*l3.64*0Q**•4326+UtiFST~l2.26*00**•342l 

& + UCOMR*11.35~Q0*~.3583+CNSTP*l.OO~G0**.4572 
& + USTEL~99.27*00*~~4143 +GAP~247.3*00**.3910) 

?00 CONTINUE 
TOCST = TOCST ~ CIDX. 

C-----COST OF DROPS>>>USE RECTANGULAR INCLINF.D DROPS 
c 
c 
c 
c 

c 

c 

oqop AND CHECK EQUATIONS RF.GRESSEO FOR 5.< Q < 100. CFS AND 
$150. < COST CONCRETE < $200. 

TCORP = XDRP~<UEXST*l.42*Q~~.7716~CNSTR*.973*~~*.5456 
& +USTEL~64.7l~Q**•47~6) 

TCDRP3=XDRP3*<tJEXST~l.4?*0~~.7716+CNSTR*.973*Q~*.5456 
& ~USTEL~64.7l~Q~~.4756)~1.3 

TCnRP = TCD~P+TCDRP3 
C-----COST OF CHECKS>>>USE CHECK WITHOUT OROP AND WITH APRON 
c 

oos 11 
00512 
00513 
00514 
00515 
00~1ft 
OOS17 
OU~lb 

005}9 
005?0 
00~21 

0052~ 

00':>23 
OU524 
0052~ 
00526 
00~27 
oo:,213 
00~29 

00530 
00531 
00~32 

00533 
00534 
00535 
00536 
OOS37 
0053H 
00':>3~ 

00540 
00'541 
00542 
OOS43 
00'544 
00545 
00~46 

00547 
00548 
00549 
00550 
00551 
00552 
00~5.~ 

00554 
00555 
OOSSo 
00557 
0055A 
OOS59 
00560 
00561 
OOS~2 

00563 
00~64 

00565 
0056b 
00~67 

00568 
OOS69 
00570 
00571 
00~72 

00573 
00574 
00~7~ 

00576 
00577 
0057~ 

00~79 

00'580 
005b1 
oo:,H2 
005H3 
oo:,H4 
OOS85 
00586 
00~87 

00588 
005H9 
00590 
005'11 
005'12 
00593 
00594 
OOSQc; 



TCMR. = ACMb~CUEXST~.83~Q••.A675+CNSTR*.36•Qoo.7084 005~6 

00~97 

00~9H 

00':199 
00600 

c 
c 

& + USTEL021.45oQoo.71A0) 

C-----COST OF ~t:ADW0RK5/MEASURING c:\TRUCTUPF: 
C FOP SMALL FLO~S >>>> USE CHOoS 
C FOR LAHGER FLOwS>>>> lJSF ~WDIFIFD PARSHALL FLUMES 

00t>01 
00602 
00603 
00604 
00605 

c 
1FCQ.GT.h5.)GO TO ?.22 
GAP=l.O 
QO=TSZ(K) 
TCMFL = XMFL o CUEXST*l3.64ogcoo.4326+UbFST*12.260QU**•34~l 

00606 
00607 
0060~ 

00609 
00610 

& + UCOMR*ll.3SoQQoo.~~~3+CNSTR•1.00oQQoo.4572 
~. + USTEL099.27*QQoo.4143 +GAP*?47.3•QQ* 0 .3~10) 

c 

?22 
?24 

c----

GO TO 224 
TC~FL = X~FL*2n e 7.*0**.531*CIDX 
CONTI NUt. 

COST OF PUHLIC ~RIDGE 
U~IT COST IS IN ~/SQ FT OF RRIDGE 
COMPUTE FIRST THF RE~UIRED LENGTH OF SPA~ 

00611 
00612 
00613 
00614 
00615 c 

c 
c 
c 

TOTAL LENGTH = WS wiDTH + AOD.WIDTH FOR FOOTING 
00616 
00617 
00618 

TWID = B~ + 2.*YFR * Z 
c 

TXHRD = XBRD * TWID * BRD~ o CBRD 
c 
C-----COST Of FARM BRIDGE 
c 

c 
c 

TXRFO = XHFD * T~IO * BFDW * CBFD 

00619 
00620 
00621 
00622 
00623 
00624 
00625 
00626 

CTS = TOCST + TCDPP + TCMR + TCMFL + TXBRD + TXBFD 
00627 
0062& 
00629 c 

c 
c 

00630 

C-----COMPUTE HEIGHT OF BANK AROVE WS FOR OPEN CHAN~EL 
e-----RASED ON BR CURVE 

00631 
00o32 
00633 

c 00634 
IFC Q.LE.15.) FRC =1.2 
IFC Q.GT.l5.AND.Q.LE.1000.) FRC=.56 * Q ** .2745 
IF< Q.GT.1000.) FHC = 1.1 * Q ** .1795 

00635 
00636 
00o37 

c 
C THE~ COM~UTE TOTAL DEPTH 
c 

612 YFA = Y + FBC 
IF<LCODE.EQ.O)GO TO 226 

C-----COMPUTE HEIGHT OF LINING AROVE W.S. 
c 

!F(Q.LE.40.) HLNG = 0.5 

00638 
00639 
00640 
00641 
006'+2 
00643 
00644 

JF(Q.GT.~O.~ND.Q.LE.400.) HLNG = 0.1 * Q ~* 0.419 
IFcQ.GT.400.) HLNG = 0.27S * Q ~~ 0.25 

0064S 
00646 
00647 

c 
C-----COMPUTE TOTAL HEIGHT OF LINING 
c 

c 
c 
c 
c 

YLN = Y + HLNG 

C-----CO~PUTt. THICKNESS OF HARDSlJPFACE LINING 
e-----RASED UN bR CURVES : THICKNESS DEPfNDS 0~ 
c 

c 
C-----UNREINFORCED PORTLAND CF.MENT CONCRETE 
c 

c 

210 IF(Q.LE.~OO.>THLN= 2.2 
IFCQ.GT.200 •• ANO.Q.LE.500.) THLN = 2.5 
IF(Q.GT.500 •• AND.O.LE.l500.) THLN = 3.1 
IF(Q.GT.l500 •• AND.Q.LE.3SOO.>THLN = 3.5 
IFCQ.GT.3500.)THLN= 4.0 
GO TO 2lt1 

C-----REINFORCED PORTLAND CEMENT CONC~ETE 
c 

c 

212 IFCQ.LEe500.)THLN=3.5 
IFCQ.GT.500 •• ANO.Q.LE.2000.)THLN = 4.0 
IF(Q.GT.2000.) THLN = 4.5 
G0 TO 218 

C-----ASPH~LTIC CONCR ETF 
c 

214 IFCQ.L E .~OO.)THLN=2.1~ 
IF(Q.GT.200 •• AND.Q.LE.l500.)THLN 3.2 

OOo48 
00649 
00650 
00651 
00652 
00653 
00654 
00655 
00656 

Q & TYPE OF MATERIAL 00657 
00658 
00659 
00660 
00661 
00662 
00663 
00664 
00665 
00666 
00667 
0066H 
00669 
00670 
00671 
00672 
00673 
00674 
00675 
0067t-
00677 
0067A 
00679 
00680 

• 



IF(Q.GT.l~OQ.) THLN 
Go TO ~1~ 

c 
C-----SHOTCf.IETE 
c 

c 

c 

clb JF(Q.LE.100.>THLN=l.25 
IF(Q.Gl.lOO •• ANO.D.LE.?OO.)THLN 1.~ 
JF(Q.GT.200 •• AND.G.LE.400.)THLN = ?.75 
IF(Q.GT.400 •• ANO.Q.LE.510.>THLN = 3.15 
!F(Q.GT.510.> WRITE(6t?20) 

220 FOQMATI/tT10t 1 50RPY---NO SHOTCRETf ABOVE 510 CFSt,/) 

21~ CONTINUE 

C COMPUTE CONCRETE QUANTITIES FOH LINING MATERIAL 
C THIS COMPUTATION IS 8ASED ON BR PROCEDURE; 
C WHERE SIDE SLOPF = 1.5 : 1 
c 

THLN = THLN /1?.. 
VOL :(8w*THLN + 4*.302775*THLN**2. + 1.8027756*YLN*THLN*2. + 

1 H.*THLt-1*2.11/?o) * SLEN/ 27. 
c 
C-----COMPUTE LINING COSTS 

CTL = VOL * CLN 

c 

CTL = CTL + (CTL* CTGLN/100.) 
226 CO"lTINUE:. 

C CALCULATE CROSS-SECTIONAL AREA OF E~CAVATION 
ZQfA = YFB*CBW + Z*YFB> 
Aw = Q/V 

C---CO~PUTE COST OF SIPHON 
c 

c 

347 FORMAT( l/tT30t•ESTIMATED COST OF STRUCTURES 
1 I//T45,•a = •,r5,• CFSI/) 

IF<XSIP.EQ.O.>GO TO 310 

C---COMPUTE APPROXIMATE DIAMETER . OF SIPHON 
c 

c 

c 

c 
c 

OIASIP = AINT( 14.*Q/(3.141592*VPIP))**(1.12.) * 12.) 
DIASIP = OIASIP/1?. 
CALL SlPHON(Q,Bw.YStYFR,FRC,AW,V,PXWID,OIASIP,VPIP, 
~XL2,XL3t~L4,C,SXeSYtSZtTSIPtKOtMAXC) 

Gn TO 312 
310 TSIP = O. 
312 CONTINUE 
348 FORMAT(/tT20t1ESTIMATED COST OF SIPHON•••••••••••••••••••••••••• 

... Tso,FlO.O> 

CTS = CTS + TSIP 

l~(XTUN.EQ.O.)GO TO 326 
DIATI JN = AlNT((4.*0/(3.141592*VTUN))**(l./2.)*12.) 
DIATUN = OIATUN/1?. 
CALL TUNNEL<~AGEM.STELINeCEMINXtEGUIP•ELEV•DlATUNt 
~LENTUNtNPORTelCOST) 

CSTUN = !COST 
!F(KQ.NE.MAXQ) GO TO 32A 
TLENG = LENTUN 
XPORT = NPORT 
WRITE(6t330)VTUN,DIATUN,TLfNG,ELEV,XPORT 

330 FOQMATI /,T30••TUNNEL COST ESTIMATE 1// 
~T20 1 •MAXlMUM DESI~ED VELOCJTY IN TUNNEL.•,T55,F9.2/ 
~T?O·•DIAMETER OF TU"lNEL•~ffT ••••••••••• ~~,T55,F9.2/ 
~T20 9 1LENGTH OF TUNNEL~FEET••••••••••••••I,T53,Fll.2/ 
~T20,1ELEVATION OF TUNNEL,FEET ••••••••••• I,T53,Fll.2/ 
~T?.0 1 tNUMHER OF HEADINGS•••••••••••••••••ItT55,F9.2/) 

Gn TO 3~~ 
326 CSTUN ::: O. 
32~ CTS = CTS + CSTUt-1 

349 FORMAT(/•T20•1ESTIMATED COST OF TUNNEL•••••••••••••••••• .•••••••• 
·~.Tso,F10.o> 

350 FORMAT(/,T20•1ESTI~ATED COST OF DROPS •••••••••••••••••••••••••• 
1 teT80,FlO.O/ 
•I.T20,•ES1I~ATED COST OF CONCRtTE CHECKS•••••••••••••••• 
••,Tso,Flo.ot 
•I,T20,•ESTIMATEO COST OF MODIFIED P. FLUME••••••••••••••• 
1 •,Tso,FlO.ot 
•/,T20,•ESTIMATED COST OF TURNOUTS•••••••••••••••••••••••• 
••,TRO,FlO.O/ 
t/,T20•'ESTIMATED COST OF COUNTY BRIDGE ••••••••••••••••••• 
ti,T80 1 F10.U/ 
•t,T~o,•fSTIMATEO COST OF FARM bHIDGE••••••••••••••••••••• 
• .. _ ,, ..,. r"" ;., • 

OObt'l 
006d2 
006ti3 
00684 
006A5 
OOo86 
00687 
U06AI; 
006"9 
00690 
00691 
00692 
00693 
00694 
00695 
00696 
00697 
00698 
00699 
00700 
00701 
00702 
00703 
00704 
00705 
00706 
00101 
00708 
00709 
00710 
00711 
00712 
00713 
00714 
00715 
00716 
00717 
0071 A 
00719 
00720 
00721 
00722 
00723 
00724 
00725 
00726 
00727 
00721-j 
00729 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
00738 
00739 
00740 
00741 
00742 
00743 
00744 
00745 
0074~ 

00747 
00748 
00749 
00750 
00751 
00752 
00753 
00754 
00755 
00756 
00757 
0075H 
00759 
00760 
0076) 
0076? 
00763 
00764 



c 

•! 1 T20 9 'lSTI~ATEO COST OF DRAINAGE CROSSINGS••••••••••• 
• • .n~o,FlO.O/ 
•t,T30, 1 CO~TINGENCIES ('• I3 •' )•••••••••••••••••••• 
tt,THO,F10.0/ 
t/,T?.Ot'lUTAL COST OF ST~IICTURES FOR THIS REACH••••••••••• 
• • ,TAO,FlO.OI) 

C-----COMPUTE EARTHwO~K COST 
c 
C-----TOTAL/HOCK/COMMON EXCAVATinN 
c 

c 

c 
c 

c 
c 

c 

CALL EAkTH(bW.YF~.y,z,s3,~4,S5,WL,wP.WC,C1,C2,~CTt 
~CLCNG,lCEMB,CAN.TITLEt 
~XSTAAHtXSltXZ,XF,C79,CAQ,JP,AVEROW, 

~TCOMtTkUCtTFIL.TCfM,KM,KQ•MAXQ) 

IF<TROC.EQ,O.)TROC ; TCO~ * PERK/100. 

CTE~ = TCOM * UfXC + TROC * UERC 

TCOMP = TCEM * UCOMP 

C-----RACKFILL - USE 10 OF TEXC 
c 

TBACK = TFIL * UBilCK 
c 
C-----PREPARI~G FOUNDATION - FOR LINED CANAL ONLY 
c 

c 

TPREP = ((TCOM + TROC) * ?0./100.) * UPREP 
IF<LCOUE,EG.O>T~RfP = o. 

C-----TOTAL COST OF E~RTHwORK 
c 

CTX = CTEX + TCO~P + TBACK + TPREP 
c 
C-----AOD CONTINGENCIES 

. c 

c 
c 

FCER = CTX +(CTX* CTGER/100.) 

C---COMPUTE COST OF DRAINAGE C~OSSINGS 
TDRA = O. 

C----ASSUME TYPE A COVER - 5 FEET 
ICOV = 1 
LHEAD = 25 
DO 625 NXZ = ltNCX 
IF<LXO(NXZ),EQ.O)GO TO 6?5 
CALL PIP~R(WAGE,EQUIP,AREA,IHAUL1,IHAlJL2tLXD(NXZ)t!COV•IHEADt 

<~~-LHEAD,COST) 

TBAR = COST*AVEROW 
C---ADD COST OF EARTH~O~K-ASSUME EVEN GROUND SLOPE 

DIA = LXD(NXZ) 
IF<DIA.LE.6,) WT = 2.0 
IF<DIA.GT.6,AND.DIA.L~.18.) WT = .OP3*DIA + 2.00 
IF<DIA.GT.l8.AND.DIA.LE.~4.) WT = .083oOIA + 3.33 
IF<DIA.GT.24.) WT = .097*DIA + 3,0 
TOP = 4. 

C---C0t.1PIJTE DEPTH OF EXCAVATION 
DEP = DIA + TOP 
XVOL = OEP * WT * AVEROW 
TEXC = XVOL * UEXC 

C---BACKFILL COST 
RCST = XVOL * .SO * UBACK 

C---CO~PACTING BACKFILL COST 
CPCST = XVOL * .SO * UCOMP 

C---TOTAL EARTH~ORK 
TERT = TtXC + 8CST + CPCST 

C---UNLISTED ITEMS 5 
TERT = TERT + T~~T * .05 

C---TRANSITION COST 
CTRAN = 39. <~~- CXQ(NXZl**0.9~3 * CXN<NXZ)*CIDX 

C---TOTAL C05T OF CROSSINGS 

c 

TDRA = TORA + CT~AN + TBAR + TERT 
625 CONTINUE 

CTS = CTS + TDRA 

C---ADD CO~TINGENCIES TO STRUCTURES 
FCTNG = CTS * CTG~T I 100. 
FC~TR = CTS + FCTNG 
ICON = CTGST 
lF(KQ.EG.MAXQ)WPITE(6t760)CAN,TlTLF 
IF(KQ.EQ.~AXQ)~P.ITE(6,34]) KQ 

00766 
007b7 
00768 
00769 
00770 
00771 
00772 
OU773 
00774 
0077':> 
00776 
00777 
007711 
00 '11'-1 
007HO 
007111 
001H2 
00783 
007h4 
007HS 
00786 
00787 
00788 
00789 
00790 
00791 
00792 
00793 
00794 
0079S 
00796 
00797 
00798 
00799 
00800 
00h01 
00802 
00803 
001104 
0080S 
00806 
001107 
00808 
00809 
001110 
OOtH 1 
OOB12 
00813 
UOtH4 
0081':> 
00816 
00817 
00818 
00819 
00820 
00~21 

00822 
OOB23 
00824 
00tl2'i 
00826 
00827 
00828 
00829 
00830 
00831 
00832 
00833 
OOB34 
0083S 
00836 
OOB37 
00838 
00839 
00840 
00841 
00842 
00843 
00844 
0084S 
00846 
00847 
0084H 
00849 

t 

• 



JF(KQ.EQ.~AXO)~PJT£(6e349>CSTUN 
IF(KQ.E~.MAXCJ)WPITE(6e3S0>TCDRPtTC~A,TC~FLtTOCSTt 

o TXBRDtTX~FUtTDP.~,ICUN,FCTNI,.FCSTR 
c 
C-----COMPUTE ~IGHT OF WAY AND RfLATED COSTS 
c 
C-----RIGHT OF WAY COST 

4VEROW = AVEqOw + RWID 
c 

C~OW = AV[~Ow o SLEN * RVAL/43560. 
c 
C-----SEVERANCE COST 
c 

c 
c 

CSEV = ASER .* UCSEV 

C-----TOTAL tOST 
c 

TC~OW = CP.OW + CSEV 
c 
C-----ADO CONTINGENCIES 
c 

FC~OW = TCROW + (TCROW * CTGPW/100.) 
c 
C-----COMPUTE TOTAL 
c 

FIFLD COST 

TFCONS = FCSTR + FCER + TCROW + CTL + TDRA 
c 
C-----COMPUTE ANNUAL COST EQUIVALENT 
c 

00851 
008'12 
00853 
00854 
00855 
00856 
00857 
OQ1j58 
00859 
OObnO 
00861 
00!;62 
00b63 
008o4 
00865 
00866 
OOB67 
00868 
00869 
00870 
00871 
00872 
00873 
00874 
00875 
00876 
00877 
00878 
0087~ 

008~0 

c 
= 

00881 
TFCO~S ~ (R!NT o tl.+RINT)OOTLFE)/(((}.+RINT)O~TLFE>-1.00882 

SVAL * .01*<FCSTP + CTL)*PINT/(((RINT+l.)O~TLFE>-1.) 00883 
c 
c 
C-----COMPUTE SEEPAGE LOSSES 
C USE *MDRITzo EQUATION 
C THE MORITZ EQUATION COMPUTES SEEPAGE LOSSES IN 

. C CUBIC FEET PER SECOND PER MILE OF CANAL 
c 

SEEP= Oe2*CMZ*((U/V)000.5l*SLEN/5?80. 
c 
c--- CONSIDER OTHER LOSSES,]F THERE ARF ANY. 
c 
c 

c 

THESE MAY BE DUE TO OPERATIONAL LOSSEStSPILLStETC. 

OTLOS = Y * PLOS/100• 

C---- CONVEYANCE EFFICIENCY 
c 

EFF = (Q- (SEEP+ OTLOS>>*lOO./Q 
c 
C---- COMPUTE VOLUME OF WATER LOST FOR THE SEASON 
C ~ASEO ON NU~~ER OF DAYS CANAL IS CARRYING 75 OF PEAK LOAD 
c 

OPVOL = SEEP * 1.98 o OPT 
C---COMPIJTE AVERAGE SE EPAGE-AC-FT /CFS OF FLO~ 

SRAT = DPVOL/Q 
TSRT = TSRT + SRAT 
LTS = LTS + 1 

c 
C---- COMPUTE VALUE OF WATER DUE TO SEEPAGE 
c 

CTDP = DPVOL * OPV 
c 
C-----COMPUTE TOTAL VOLU~E OF ~ATER LOST IN ONE DAY 
c 

c 

c 
c 

DAYSEP = <SEEP+ OTLOS) * 1.98 

CTANN(KX) = CANN + CTDP 

C wRITE OUT RESULTS 
!F(KQ.~~.MAXQ)WRITE(6,797) 

c 

c 

c 

c 

c 
c 

797 FORMAT(//,T30t•COST SUMMARY FOR THIS #QN t) 

w~ITt(6t40l)Q.FCSTRtFCEPtCTL,TCROW,TFCONS,CTANN(KX), EFF 
401 FOR~AT(2XtF5.0o2>,4Fl4.0tF1~.0,2FI4.1) 

rH(KX) = KQ 

49 CONTINUE. 

00884 
00885 
00886 
00887 
OOo88 
00889 
008~0 
00891 
00892 
OOB93 
00894 
00895 
00896 
00897 
00898 
00899 
00900 
00~01 

00902 
00~03 

00904 
00905 
00906 
00'101 
00908 
00909 
00910 
00~11 

00912 
00913 
00914 
00~15 

00916 
00917 
00918 
00919 
00920 
00~21 
00922 
00~23 

00924 
00925 
00926 
00927 
00'128 
00929 
00930 
00«:131 
00932 
00933 
00934 



c 

c 
c 
c 

70 ~RITE(6t260) 
260 FOR,..AT(///, 

ZTZ = LTS 

XRTS = TSRT/ZTZ 
WRITf.({1,26llXRTS 

EFF 
lOX.•CO~V~YANCE EFFICIENCY =• ,F5.1.• •l 

2~1 F0R""AT(/tl0Xt'AVE~AGE CANAL SEEPAGE (AF-FT/CFS OF FLOw) = '• 
I F8.4t/l 

DETERMINE LINEAR REGRESSION COEFFICIENTS FOR TH~ DATA OBTAINEO 
IFCCTANN(l).NE.O.)GO TO ~70 

WPITE<6,677) 

00936 
00937 
0093H 
00~39 

00'140 
00941 
00~42 

00~43 

00'144 
00945 
00~46 

00947 

A77 F04,..ATCT10,///,• ----------------~- NO STRUCTURES ADDED --H~NCEt 
&0 ANNUAL FIXED COSTS FOP THIS SECTION -------------------•//) 

00~48 

00~44 

00950 
00'1Sl 
00952 
00953 
00954 
00955 
0095~ 

00'157 
00~58 

00~59 

00'1h0 
00~61 

GO TO o75 . 
670 CONTINUE 

CALL R£GLIN (QX,CTANN•KX,AC,RC,R) 
67~ CO"JTINUE 

WRITE C~t534) 
C---GO TO ANOTHER REACH 
c 

c 

c 

Cl 
c 
c 

GO TO 1 

98 RETURN 
END 

SUAPOUTINE EARTH ••••• CALLED BY MAIN PROG WRDCANAL •••• 
SUBROUTINE EARTHcR.D.E,s?.s3,S4,S5,wL~WR,wC,Cl,C2t 
~PCTtCLCNG,ICEMR,CAN,TJTLE• 
~YSTAAHtYS1tYZ.YF,YC79tYCAO.!PY,AVF.ROW, 
~TCOM,TROC,TF!L•TCfM,K,..,~Q.MAXQ) 

LIST,NONE 

c 
C----THic; 
C THIS 
c 

IS A MODIFIED VERSION OF U.S.R.P. PROGRAM •BR028M 
PROGRAM COMPUTES CANAL EARTHWORK VOLUMES 

c 

c 

c 

01"'1ENSION XSTAA!-1()00) ,xsl (100).,XZ(}00) ,XF<lOOl ,C79(100l, 
~C80C100) t!P(l00) eXCOMM(l00) tXROCKClOO) eXF!LL<lOO) tXCEM(lOO) 

DIMENSION XBLST(100) ,KISTA(l00) tKJSTA(l00) tYCOM<lOO), 
41YROC ( 10 0) , YCEM C 10 0), YF ILL ( 10 0) • YBAL ( 10 0) t YROW ( 10 0) , 7. X ( 10 0) 

D p-1 ENS I u N Y S T A A 1-1 ( 1 0 0 ) , Y S 1 ( 1 0 0 ) , Y Z ( 1 0 0 ) , Y F ( 1 0 0 ) , Y C 7 9 ( 1 0 0 l , 
.. vC80Cl00l tTITLE<l7), 
41lPY(l00) 

DIMENSION ZCOM~(100ltZROCKC100ltZFILLC100).ZCEM<100) 
AMAX=O. 

C----DEFINTJON OF VARI~bLES 

c 
C----PRIS~ CARD INFORMATION 
C R---qOTTOM wiDTH 
C D---TOTAL DEPTH 
C E---HEIGHT OF COMPACTED EM9ANKMENT--ASSME AT WAT~H DEPTH 
C 52--INSIDE BANK SLOPE H:v. EX.,l:.5*1•ENTER 1.5 
C 53--ROCK CUT SLOPE 
C 54--UPPER CUT BANK SLOPE 
C 55--FILL BANK CUT SLOPE 
C WL--UPPER BANK WIOTH--ASSUME WIDTH OF RIGTH OF wAY FOR RAOD 
C wR--LOWER bANK WIDTH--ASSUME WIDTH OF RIGHT OF wAY FOR ROAD 
C Cl--~OMPACTMENT ~ACTOR 
C C2~-FILL COMPACTMENT FACTOR 
C PCT-PERCENT ROCK TO ~E USED IN :FILL 
C CLCNG-DEPTH OF CUT ADJUSTMENT · 
C ICEMB-COMPACTED EMRANKMENT CODE. IF I.-QUANT. WIL BE CONSIDERED 
c 
C------ T E R R A I N 
c 

C A P D 

C---STAAH----STATION STATION 
C---51---GROUND SLOPE 
C z----CENTER LINE CUT 
C F----ROC~ . CENTER LINE CUT 
C COL79-CODE USED• 9---WHEN STA IS THE SAME AS THE PR~VIOUS STA. 
C COLHO-CODE USEO• 9---wHEN NEXT CARD IS A PRISM CA~D 
C !PLOT-COO~ uSED, 1---IF A MASS DIAGRA~ IS DESIRED 
c 
c 

c 
c 

AMIN=O• 
LOC=1 

00962 
009b3 
00964 
00~65 

00966 
00967 
00968 
00969 
00970 
00971 
OUY72 
00973 
00974 
00975 
00976 
00977 
0097B 
OO'i79 
00980 
00981 
00982 
00~83 

00984 
OO'itl~ 

OO'-JI::l6 
0091-\7 
0091::!8 
0098~ 

00990 
009q1 
00992 
00993 
00~9l+ 

00995 
00996 
00997 
00998 
00999 
01000 
01001 

FILL01002 
01003 
01004 
01005 
01006 
01007 
01008 
01009 
01010 
01011 
0!012 
01013 
01014 
01015 
01016 
01017 
01016 
111 n 1 c. 

N.::. ~ .: . ..• : .. ~_;. .. ::n. 

t 

• 



c 
c 
c 

c 

TCOM = O. 
TQOC = O. 
TFIL = O. 
TCEM O. 
TROW = 0. 
TK~Ow = O. 

T=O. 
XDIST = o. 
STARt<.=O• 
COMI'-11=0. 
ROCK1=0• 
FILLl=O• 
CEMHl=O. 
N=50 
7=Z+CLCNG 
XM!Lf = 5280. 

01020 
01021 
01022 
01023 
01024 
0102') 
01026 
01027 
01028 
01029 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01038 
01039 

C---ASSIGN Tl~RAIN CARD VALUE<------------------------------------ 01040 
01041 
01042 
01043 
01044 
01045 
01046 
01047 
0104H 
01049 
01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
01058 
01059 
01060 

C 

c 

c 

c 
c 

c 

c 
c 

c 

c 
c 
c 

12? 

111 

NQ = 
TRAL = o. 
XCr.(E = o. 
NN = 1 
NZ = NQ 

DO 111 KX = NZ~KM 
XSTAAHCNN) = YSTAAH(KX) 
XSl<NN) = YS1 (KX> 
XSl (NN) = YS1 CKX) 
XZ (NN) = YZ (KX) 
XFCNN) = YF(KX) 
C79CNN) = YC79(KX) 
C80CNN) = YC~OCKX) 
TPCNN) = IPYCKX) 
NQ = NO + 1 

IFCXSTAAH(NN>.GE.XMILE> GO 
!FC!P(NN>.NE.OlGO TO 113 
IFCC80(~N).NE.O.>GO TO 113 
NN = NN + 1 
CONTINUE 

113 CONTINUE 

117 DO 129 J=1tNN 

STAAH = XSTAAH(J) 
51 = xs1 <J> 
F = XFCJ) 
COL79 = C79CJ) 
Z = XZCJ) + XCRE 
Z'XCJ) = Z 
IPLOT = IPCJ) 
COL80 = C80cJ> 

IFCF)5014,~015,50l4 

5014 F=F+CLCNG 
5015 IFCS1-53)50llt50llt5012 
5011 ~P!TEC6t~013> STAAH 
5013 FORMATC1H ••GROUND X-SLOPE 

1F7.0) 
GO TO 396 

5012 IFCZ-F>1UOlt8~l,lOOl 
1001 IFCS1-S4)85Q,850,851 

A50 WRITEC6tll> STAAH 
11 FORMATClH t •GROUND X-SLOPE 

lSLOPE AT STA•,F7.0) 
GO TO 396 

851 IFCS1-55)853tA53.R54 
853 WR!TE(bt12> STAAH 

TO 113 01061 
01062 
01063 
01064 
01065 
0106b 
01067 
01068 
U10b9 
01070 
01071 
U1072 
01073 
01074 
01075 
01076 
01077 
Ol07tl 
01079 
OlOtiO 
01UH1 
01082 
01083 
01084 
01085 
01086 

IS EQUAL TO OR EXCEEDS ROCK CUT SLOPE•,01087 
01088 
01089 
01090 
01091 
01092 

IS EQUAL TO OR EXCEEDS UPPER CUT 8ANK 01093 
01094 
01095 
01096 
01097 

12 FORMAT(!~ , •GROUND X-SLOPE IS EQUAL TO OR EXCEEDS FILL ~ANK 
1AT STJ•,F7.0> 

SLOPE010~A 

01099 
01100 
0 11 0 1 
01102 
01103 

GO TO 3~b 
P54 JFCSTAHK-STAAH)PS7,R57,AS5 
t55 IFCCOL79)b~7,B5~,B57 
A5t- ~RITEC6tl4) STAf<'<., STAAH 

14 F 0 R f.1 AT ( 1 H , t 5 T A T I 0 N N 0 c; • I) 0 N 0 T TN 1": R FA<:;. F ANn N n T ll c T 1\ T T f'l " ' ~ ( Ill/ITT ll 1 1 "'· 



c 

GO TO 39o 
H57 A1=8/2• 

A7=52it0 
XlO=A1+A7 
X2=-Xl0 
X3=X?-wl 
Xl2=Xl0+WR 
Y5=CS3itD-Sl*F+X3l/CS3-Sll 
X~=-Sl*CY~-F) 
Yl4=CS1itf-Xl2+S3*0)/(S3+Sl) 
X14=Slit(F-Yl4l 
A8=Sl*Z 
f>l?=55itU 
A20=0*(XlO+All 
A30=Sl*D 
X17=AA-A30 
X36=SlitZ 
X35=-S1*(0-Zl 
!FCY14-0)102.102,101 

102 Yl4=D 
Xl4=Xl2 
IFCY5-Dll03,103,J01 

103 Y5=0 
X5=X3 

101 IFCS1-S4)5008,50Q8,5010 

SOOB Y30=Yc:; 
X30=X5 
GO. TO 5009 

5010 Y30=CS4*Y5-AR-S3*CY5-D)+X3)/CS4-Sl) 
X30=AB-Sl*Y30 . 

500~ YJl=CA8-S3*CY14-D)-Xl2+S4itY}4)/(S4+51) 
X31=A8-Sl*Y31 . 
A?.5=XJit(D-Y5l 
A4=D*(Al-X2)+A25+X5it(0-Y30) 
A24=X30*CY5-Y3l)+X3l*CY30-Yl4) 
IFCY31-D)120.l10,110 

110 EXCAV=CA~+A24+Xl4*(Y31-Dl+Xl2*CY14-0)+A20)12. 
CE"''B=O• 
FILL=O• 
R01ol=X3l-.X30 
Gn TO 130 

120 YR=CA8-A1)/(52+S1> 
Yl5=cA12-AB+Xl2)/(S5-Sl) 
Xl'i=A8-Sl*Yl5 
XB=A8-51*Y8 
A3=Xl2*(D-Yl5) 
IFCX17-Xl0)150,}40•140 

140 EXCAV=(A4+X30*CY5-Dl+Xl7*(Y30-D)+A20l/2. 
FILLR=<X17*(Yl5-D)+A3)/2. 
FILLL=O. . 
CEMBL=O. 
CEt-48R=O• 
GO TO 800 

150 Xb=AR 
A32=E*C1.+S~)+Al+~C 
Yl3=CA32-A8)/(1.-S1) 
X9=52*t+Al 
Xll=X9+wC 
A2=Xll*<E-Y13) 
Xl3=AA-Sl*Yl3 
IFCX6-A1llBO•l70.l70 

170 FILLR=CX8*CY15-D)+X10*CYP-Q)+A3+Xl5*CD-Y8))/2. 
IFCY8-El190,200,200 

200 CEt-AAP=O. 
210 IFCS1-S2l220t220,900 
900 Yl=CA8+A1)/(S1-S2) 

JFCY1-Dl230,220,?20 
220 FILLL=O. 

CEM~L=O. 
IFCY8>250,250,240 

250 I~CX35-X2)2000,251t251 
2000 EXCAV=O.~*CX35*CY30-Dl+X3*CD-Y5)+X5*(D-Y30)+X30*(Y5-0)) 

FILL=0.5*CX35*CY15-Dl+X?.*D-0.5*B*D-0.5*B*D-XlO*D+Xl2*(D-Y15)) 
CEM8=0.5*(X19*CY13-E>+Xl~*E-0.5*8*E-0.5*~*E-X9*E+X11*CE-Yl3)) 
F I LL=F I LL-C0-18 
POW=X1~-X30 
GO TO 130 

251 EXCAV=CA4+X30*Y5+X6*Y30)/?. 
800 RO"'=Xl~-X30 

GO TO 160 
240 EXCAV=(~4+X30*(Y5-Y8)+XA*V~O+A1*Y8)/2. 

GO TO 800 
190 CEMbR=CXb*CY13-E)+X~*(Y8-E)+A2+Xl3*tE-YH))I2. 

Ol10t> 
01107 
01108 
01109 
01110 
0 1111 
01112 
01113 
01114 
01115 
01116 
01117 
0111b 
01119 
01120 
01121 
01122 
01123 
01124 
01125 
01126 
01127 
01128 
01129 
01130 
01131 
01132 
01133 
01134 
0 1135. 
01136 
01137 
0 11"38 
01139 
01140 
01141 
01142 
01143 
01144 
01145 
01146 
01147 
01148 
01149 
01150 
01151 
011S2 
01153 
01154 
01155 
01156 
01157 
01158 
01159 
OlloO 
01161 
01162 
011o3 
01164 
011o5 
01166 
01167 
01168 
01169 
01170 
01171 
01172 
01173 
01174 
01175 
01176 
01177 
01176 
01179 
0 llAO 
01181 
01182 
01183 
Ol1f{4 
01185 
01186 
01 H~7 
01lbB 
011R9 



1b0 FILLR=CX6*Y15+D*CX15-Al-X10l+A3)/?. 01191 
CEMBR=(X6*Yl3+E*(Xl3-A1-XQ)+A2>12. 011~2 
GO TO ~10 01193 

230 X1=AB-51*Y1 011~4 
Y4=CA12+~8-X3)/(Sl+S5) 01195 
A6=CY1*(A1+X~)+Y8*CA1-X}))/2. 01196 
AlO=X2*CO-Y1) 01197 
A3l=Y1*(Al+X6)/?. 01198 
X34=-Sl*CY1-Zl 01194 
Y34=<Sl*Z+8/2.)/CS1-S2) 01200 
IFCY4-0)260,270.?70 01~01 

?60 X4=A8-Sl*Y4 01202 
FILLL=CX4*CYl-D)+X3*CY4-D)+AlO+Xl*CD-Y4))/2. 01203 
IFCY1-El420,410,410 01204 

410 CEMBL=O. 01205 
GO TO 400 01206 

420 Y2l=(A32+A8)/CS1+1.) 01207 
X1A=-X9 01208 
A27=Xl~*CE-Y1) 01209 
IFCY21-E)44Q,410,430 01210 

440 x2o=-x11 01211 
X21=A8-S1*Y21 01212 
CEMBL=CX21*CY1-E)+X20*(Y21-E)+A27+Xl*CE-Y21))/2. 01213 
GO TO 400 01214 

430 X19=A8-Sl*E 01215 
CEMBL=CX14*CY1-E)+A27)/2. 01216 

400 IF(Y34)2002,200?,401 01217 
200? EXCAV=O. 01218 

FILL=0.5*(X4*CY15-D)+X3*CY4-D)+X2*D-0.5*B*D-0.5*B*D-Xl0*D+Xl?.*<D-Y01219 
ll5>+X15*CD-Y4)) 01220 
CEMB=O•~*CX2l*CY13-E)+X20*(Y21-f>+XlA 0E-0.5*B*E-0.5*~*E-X9*E+Xll*C01221 

1E-Y13)+X13*CE-Y21)) 01222 
FILL=FILL-CEMB 01223 
ROw=Xl5-X4 01224 
GO TO 130 01225 

401 IFCY8)280,280,290 01226 
280 EXCAV=A31 01227 
801 POw=X1~-X4 01228 

GO TO 160 0122Y 
2q0 EXCAV=A6 01230 

GO TO 801 01231 
270 Xl6=X17 01232 

FILLL=CXl6*(Y1-~l+Al0)/2. 01233 
CE:-IHL=O. 01234 
A21=cA25+X5*(0-Y30)+X30*CY~-D)+X1~*CY30-0))/2. 01235 
IFCY8)300.300.310 01236 

300 IF(X36+B/2.)2001,301,30l 01237 
2001 EXCAV=0.5*CX34*CY30-D)+X2*CY34-D)+X3*CD-Y5)+X5*CD-Y30)+X30*CY5-Y3401238 

1)) 01239 
FILL=0.5*CX34*Y15-0.5*B*Y34-0.5°B*D-XlO*D+Xl2*<D-Yl5)+Xl5*CD-Y34))01240 
CEMR=o.5•(X34*Yl3-0.~*B*Y34-0.~*~*E-X9*E+X11*<E-Y13)+Xl3*(E-Y34)) 01~41 
FILL=FILL-CEMB 01242 
RO~=X15-X30 01243 
GO TO 130 01244 

301 EXCAV=O.S*CY34*h/2.+X3~*Y34+X35*CY30-D>+X3*'(D-Y5)+X5*(D-Y30)+X30*(0l245 
1Y5-D)) 01246 

GO TO 802 01247 
310 EXCAV=A6+A23 01248 
~02 RO~=X15-X30 01249 
160 CEMH=CEMHL+CE~~p 01250 

FILL=FILLL+FILLR-CE~B 01251 
130 X6=S1*F 01252 

A2l=CD*CA1-X2)+A25)/2. 012S3 
IF<ICEM~)131t13?,131 01254 

131 FILL=FILL+CEMB 01255 
C£Mij=0 • 01256 

132 IF<F>510t500t510 Ol~S7 
500 ROCK=O. 01258 

Go T 0 660 01259 
510 IFCY14-D)530,530,~20 01260 
520 ROCK=EXCAV-(X5*CY14-Y36)+A24+Xl4*CY31-Y5))/2. 01261 

GO T(l 660 01262 
530 X17=X6-A30 01263 

IFCX17-Xl0)5~0.540,540 01264 
540 ROCK=A2l+CX17*CY5-D>+D*CXlO+A1))/?. 01265 

GO TO 6b0 01266 
550 yq:(X6-Al)/CS2+Sl> 01267 

X8=X6-Sl*Y8 01268 
JF(Sl-S2)560t560.~01 01269 

901 Yl=CX6+~1)/(~1-S2) 01270 
!FCY1-D>~90t590.560 01271 

560 IFCY~>5H0,580.570 Olc7Z 
570 ROC~=A~l+(X~*CD-Yb)+XA*YS+Al*Yb)/2. 01273 

GO TO 660 01274 
SAO IFt~35-X2)2003tSHl•581 nl~7~ 

l::e - ···· ::s. -:;_ .. ·· 



2003 R0CK=0.5*(Xl6*CY5-D)+X3*(0-Y5)) 01276 
GO TO 6h0 01277 Ec -···· ~..:::i. L~ 

Sbl ROC~=A2l+(XS*D+X6*Y5)/2. 01271:! 
r,o TO 660 01279 

590 xl=X6-Sl*Yl Ol2HO 
591 A?2=(Al*(Y1+YH)-Xl*Y~+X~*Y1>12. 01281 

A28=Yl*(A1+Xn)/2. Ol2A2 
!F(Y5-D)o30,630.o00 012~3 

600 Xl6=Xl7 012A4 
A26=(Xl6*(Y5-0)+A~5)/2. 0128~ 

IFCYA)620,620,610 01286 
610 ROCK=A22+A26 01287 

GO TO 660 0121:18 
620 !F(X36+H/2.)2004,~21.621 0121:!9 

2004 ROCK=0.5*CX1*CY5-D>+Xc*(Yl-0)+X3*CD-Y~)-XS*CD-Y1)) 01290 
Gn TO boO 012Yl 

621 HOCK=A28+A26 01242 
GO TO b60 01293 

630 IF<Y1>2005,2005,631 01~94 

2005 ROCK=O• 01295 
GO TO 660 01296 

631 IFCY8)o~0,650,640 01297 
640 ROCK=A22 012118 

GO · TO b60 01299 
650 ROCK=A2tl 01300 
660 COMMN=EXCAV-QOCK 01301 

IFCT)730,700•730 01302 
700 COMMV=O• 01303 

ROCKV=O• 01304 
FILLV=O. 01305 
CE'-18V=O • 01306 
BAL=O. 01307 
T=l• 01308 
RKRLV=O. 01309 
ZCOM~(J) = COMMV 01310 
ZROCK(J) = ROCKV 01311 
ZFILLCJ) = FILLV 01312 
ZCEMCJ) = CEM3V 01313 
YBALCJ) = BAL 01314 
XCOMt-1 CJ) =0. 01315 
XROCKCJ) = o. 01316 
XFILLCJ) = o. 01317 
XCEI'-1CJ) = 0. 0131H 
X8LSTCJ) = o. 01319 

c 01320 
GO TO 720 01321 

730 IFCCOL79)740.710,740 01322 
740 DIST=O• 01323 

GO TO 750 01324 
710 D!ST=<STAAH-STABK>/54. 01325 
7SO COMMV=CCO~Ml+COM~N)*DIST+COM~V 01326 

ROCKV=(ROCK1+HOCK)*OIST+ROCKV 01327 . 
FILLV=(FlLL1+FlLL>*DIST+FILLV 01328 
CEMBV=<tEMB1+CE~H)*DIST+CfM8V 01329 

c 01330 
ZCOMMCJ) = COMMV 01331 
ZR('ICKCJ) = ROCKV 01332 
ZFJLLCJ) = FILLV 01333 
ZCEMCJ) = CE~HV 01334 

c 01335 
c 01.336 
c 01337 

01338 
01339 

RKRAL=(ROCKl+ROCK)*OIST*PCT/lOO. 01340 
CO~ST=<COMM1+COMMN)*DIST 013~1 

RQKST=<POCKl+ROCK)*OIST 01342 
CERST=CCEM8l+CEMR)*0IST 01343 
FILST=CFILLl+FlLL>*DIST 01344 
XC('IMM(J) = COMST 01345 
XPOCK(J) = HOKST 01.346 
XfiLLCJ) = FILST 01347 
XCfMCJ) = CE~ST Ol34A 

c 01349 
c 01350 

IFCRKBAL-FILST*Cl)3002,300?.,3001 01351 
3001 RKRtaL=fllST.OCl 01352 
3002 BALST=COMST-FILST*C1-CE8ST.c.C2+RKB~L 013~3 

XRLST(J) = BALST 01354 
3003 FORMAT C 1H ,26X.F8.0,9X,FA.0,9X,F8.0,9X,F8.0,9X 9 F8.0) 01355 

RK8LV=HK~LV+RK4~L 01356 
RAL=COMMV-FI(LV*C1-CEM~V*C2+RK8LV 01357 

720 «;TA8K=STAAH Ol35k 
C0~'-~1 :COMI-IN OlJ5'i 



FILLl=f ILL 01361 
CE~Bl=CE~B 01362 

3005 FO~~ATClH •' STATION X TOT~L ROCK COMMON EXCAVt,6X,tROCK EX01363 
1CAV COM~ACT. fMRANK. FILL B~NK•,9X,t8~LANCE•,10X•'ROW•) 01364 

300b FORMATClH ,9X,•SLOPE CUT CUT STA-STA ACCU~UL STA-STA ACCUMUL01365 
1 STA-STA ACCU~UL STA-STA ACCUMUL STA-STA ACCUMULt/) 01366 

STA=STAAH/100.+.005 Ol3h7 
ISTA=STA 0136A 
ASTA=ISTA 01369 
BSTA=ASTAo}OO. 01370 
CSTA=STAAH-BSTA 01371 
JSTA=CSTA 01372 
KT~TACJ) = ISTA 01J73 
KJSTACJ) = JSTA 01374 
YCO~CJ) = COMMV 0137~ 
YROC(J) = ROCKV 01376 
VCEMCJ) = CEMHV 01377 
YFILL(J) = FILLV 0137~ 
VBALCJ> = 8AL 01379 
YROW(J) = ROW 013HO 
IF(~AL) b0Q0,6001,~001 01381 

6000 IF(A8SC~AL)-ABS(AMJN)) 6002t6002t~003 01382 
6003 AMIN=RAL 013tl3 

GO TO 6002 01384 
6001 IFC8AL-AMAX) 6002,6002,6004 01385 
6004 AMA,x=RAL 01386 
3007 FOR~ATClH ,J5,•+•,I2,F6.?.2F6.1,8X,F9.0,8XtF9.0,HX,F9.0,8X,F9.u,8X013R7 

l,F9,0,F9.1) 01388 
6002 N=N+2 01389 

ISIG=COL79 01390 
TSMAX=STAAH Oi391 
TRAL = BAL 01392 
IF<IPLOT.NE.O>GOTO 137 01393 
IFCCOL80.NE.O.>GO TO 137 01394 

c 01395 
c 01396 

c 

c 

l 29 COt.JT I NUE 01397 
137 IFCTBAL.GT.-SOO,AND.TBAL.LT.SOO,)GO TO 211 01398 

IFCS1.LT.l0,)GO TO 911 01399 
IFCTRAL.GT.O.>XCHE = XCRE -.01 01~00 
IF(THAL.LT.O.) XC~E =XCRE + .01 01401 
GO TO 913 01402 

911 IFCS1.LT.5.)G0 TO 915 01403 
IFCTBAL.GT.O.>XCRE XCRE - .01 01404 
IF(TH.AL.LE.O.)XCPE = XCRE + .01 01405 
GO TO 913 01406 

915 IFCTBAL.GT,Q.)XCRE = XCRE -.01 01~07 
IFCTRAL.LE.O.>XCH.E = XCRE + .01 01408 

913 CONTINUE 01~09 
IFCXSTAAHCl).EQ,O.)T = O. 01410 
STABK = XDIST 01411 
COMMV = O. 01412 
QOCKV = O. 01413 
FILL V = 0 • 01414 
CE~~V = O. 01415 
BAL = O. 01416 
RKRLV = X~K~LV 01417 
COMMl XCOMMl 
ROCKl = XROCK1 
CEMBl = XCEMf:ll 

N = 50 
Z = Z + CLCNG 
GO TO 11 7 

?11 DO 212 JJ = l,NN 
TCOM = TCOM + XCO~M(JJ) 

TROC = THOC + XROCKCJJ) 
TFIL = TFIL + XFILLCJJ) 
TROW TROW + YRO~(JJ) 

21? TCEM = TCEM + XCEMCJJ) 
XNNN = NN 
TKROW = TKkOW + XNNN 
IFCKQ.NE.MAXQ)GO TO 1566 

NTIT = 1 
NPAGE = 1 
DO lOll JK=ltN~ 
TF<NTIT.NE.1>GO TO 1569 
wRITEC6t798)CAN,TITLE 

798 FORMAT(1H1t/I,T5.~4•l7A4) 
wRITECbe3004)KQ 

3004 FOPMATC l/tT28••>>>>>> EARTHWOR~ COMPUTATION FOR THIS REACH 
~<<~<<<<< 1 ///•T45,• n = •,14//) 
WRITEC6t300~) 
wRITEC6t3006) 

01418 
01419 
01'+20 
01421 
0142? 
01423 
01424 
01425 
01'+26 
01427 
01428 
01429 
01430 
01431 
0143? 
01433 
01434 
0143~ 

0143fl 
01~37 

01438 
01439 
01440 
01~41 

01442 
01443 
01444 
0144~ 



NTIT = 0 
l56Q WRITE(be3003)XCO~~(JK)eXROCKCJK)tXCFMCJK)tXfiLL(JK) tXBLSTCJK) 

WRITE (6e3007) KIST A CJK) ,KJSTA CJK) tXSl CJK) tZX (JK) tXf CJK), 
~7COMM(JK) 9 ZR0CKCJK)•2CEMCJK),zFILLCJK) ,YAALCJK)tYRO~CJK) 

NPAGE = NPAGE + 2 
IFCNPAGE.LT.50)G0 TO lOll 
NPAGE = 1 
NTIT = 1 

1011 CONTINUE 
c 

c 

c 

c 

c 
c 
c 
c 

c 

1~66 IF<IPLOT,NE.O>GO TO 6007 
TFCC8Q(NN),NE.O.) GO TO 320 
XMILE = XMILE + XSTAAH(NN) 
XOIST = XSTAAH(NN) 
N = 50 
STA8K = XDIST 
COMMV = 0, 
ROCKV = O. 
FILLV = 0, 
CEMHV = O. 
RK8LV = O. 

8AL = O. 
XCEMI:11 = 
XCOMM} 
XROCKl 
XRKBLV = 

CEMB1 
COMM1 
kOCKl 
RKt:lAL 

7 = Z + CLCNG 

GO TO 122 
320 WRITE(6t397) 
397 FORMAT(// 9 T20t'IF DATA ON PRISM CARO CHANGES----> BREAK IT 

~ IT TO ANOTHER REACH•//) 
GO TO 396 

6006 L0C=LOC-1 
W~ITEC6t52) 

52 FnRMATCI/tT20t•PLOTTING PROGRAM HAS BEEN CALLED--------
tWAS NOT INCORPORATED IN THIS PROGRAM'/) 

6007 CONTINUE 
AVEROW = TROW I TKROW 
IFCKQ,NE.MAXQ)GO TO 396 
WRITEC6t399)KQ, TCOMtTROC,TFILtTCEM,AVEROW 

399 FORMAT( //,T30 9 •>>>>>> SUMMARY OF EARTHWORK FOR THIS REACH 
~ <<<<<<t,//T47 9 t Q = t,J5,• CFS• Ill/ 
~ T15 9 tCOMMON EXCAVATION TOTAL••TSO,FlO.Ot• CU YD'/1 
~TlSt•ROCK EXCAVATION TOTAL••T50tFlO.Ot• CU YO•// 
~Tl5ttBACKFILl TOT~L•,T50•FlO,Ot 1 CU YD•// 
~TlS·•COM~ACTING BACKFILL TOTAL '•T50tFlO.Ot 1 CU YO•// 
'Tl5t•AVE~AGE R-0-Wt,TSO,FlO.O•' FT•//) 

396 RETURN 
EI'IID 

Ol't4b 
01447 
0144fj 
Ol44'J 
01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01458 
014~9 

01460 
01461 
0146? 
01463 
01464 
01465 
01466 
01467 
01468 
01469 
01470 
01471 
01472 
01473 
01474 
01475 
01476 
01477 
01478 
01479 
01480 
01481 
01482 
01483 
01484 
01485 
01486 
01487 
01488 
0 1489~ 

01490 
01491 
01492 
014Y3 
014Y4 
01495 
01496 
01497 
Ol49k 
0149'1 
01500 
01501 
01502 

c SUBROUTINE SIPHON ••• CALLED ~y MAIN WRDCANAL.... 01503 
~UBROUTl~E SIPHON(Q,~,n,H,S,Az,v,w,o1,VltL2tL3tL4tC,S1•S2•S3tTSIP,Ol504 

~KQ,MAXQ) 01~05 

C/ LISTeNONE 01506 
c 
c 
C----THIS 
C THIS 
c 

IS A MODIFIED VERSION OF U.S.P..R. PROGRAM #S!PHN# 
PROGRAM ESTI~ATES SIPHON QUANTITIES 

c 

c 

c 
c 
c 
c 
c 
c 
r. 

~EAL L1tL2eL3tL4,L5 
DIMfNSIO~ KHEAD(lO), XLC10) 
COMMON UEXCt UEXSTt UEXSI• UESPTe UERC, UERST, UERSI, UERPT. 

~UAACK, UbFSTt U~Fsi, URFPT, UP~EP, UCOMPe UCO~B, CLNt CNSTR, 
~CNSIP, USTEL• UCcM 
COM~ON wAGE,EQUIP,AREAtiHAULl•IHAUL?tWAGEM•STELIN,CfMINX 
COMMON CAN,TITLEC17) 
DATA I<OV/lHA/ 

Q - CAPACITY• CFS 
~ - CANAL HUTTO~ ~IDTH, F~~T 
0 - CANAL NORMAL OEPTH, FEET 
H • TOTAL DEPTH, FEET 
S - F~EEHOARO AT CUTOFF EI'IIO 
d7- r.ANAL WATER P~T~M AROA 

01507 
OlSOA 
01509 
01510 
01511 
01512 
01513 
01514 
01515 
01516 
01517 
01518 
01519 
01520 
01~21 
01522 
01523 
015?4 
01525 
01526 
01~27 
01528 

LC ··· ··· ... :.'(_)' 

• 

• 



C W - ~lOTH OF 0 AND ~ ROAOe FEET 01531 
C 01- PIPE INSIDE OIAMETEQ• INCHDS 01532 
C V1- PIPE VELOCITY IN PIPfo FPS 01~33 
C Ll- LENGTH OF PIPEt UPSTREAM SLOPF 01~34 
C L2- LtNGTH OF PIPEt HOTTO~ SLOPE 01~3~ 
C L4- LENGTH OF PIPEt OO~NSTPEAM SLOPF. 0153A 
C C - TRANSITIO~ LOSS COEFFICIENT 01~37 
c 01538 

H2=D+1e0 01~39 
IFcD.LT.b,O)GO TO 2~0 01540 
!F(O.LT.10,)G0 TO 220 01541 
OS:3,00 01~42 
T1=1.00 01543 
GO TO 270 01'::144 

2co o5=2.33 0154~ 
Tl=.67 01~4h 
GO TO 270 01547 

250 05=1.5 01~4fl 
T1=.50 01549 

270 H3=Tl +lJ~ 01550 
IF (H.,GT,D1> GO TO 320 01551 

290 Ll=AINTC((S4-CD1-R)/2,)/.~?057)+.5) 01552 
300 L5=AINT<<<S4-(01-Hl/2,)/.41421)+,5) 01553 

Gn TO 350 01554 
320 L1=AINTCC(S4+CB-01)/2,)/,S?057)+,5) 01555 
330 LS=AI~T<<CS4+CB-01)/?,)/,41421)+,5) 01556 
350 V2=V**2./64,4 01557 

V3=Vl**2,/64.4 0155H 
T=CV3-V2)*C 01559 
Hl=H-(D+V2)+(T+V3+01) 01560 
!F(Q,LT.200.)G0TO 630 01~b1 
!F(Q.LTe400,>GOTO 440 01562 
IFCG.LT.800,)G0TO 470 01563 
!F(Q.LT.2000.>GOTO 500 01564 
GO TO 530 01565 

440 Tl=.67 01566 
F=l.OO 01567 
GO TO 550 01568 

470 Tl=.83 01569 
F=1.50 01570 
GO TO 550 01571 

500 T1=1.17 01572 
F=2.00 01573 
GO TO 5~0 01~74 

530 T1=1.50 01575 
F=2.50 01576 

550 H2=D+F 01577 
IFCH.GT.D1) GO TO 600 01578 
54=H2*S 0157~ 
A1=<<S~RTC(H2>**2,+C54+1.0>**2.)+Hl>I2.~SQRTCL1**2.+CS4-CD1-b)/2,)015BO 

&*2.>*2•>*T 01581 
GO TO 670 01582 

600 S4=H2*5 01583 
610 Al=CCS0KT(H2}**2.+CS4+1~l**2.+Hl)/?.*SORTCL1**2.+(54+CB-01)/2.)**2015H4 

&l*2.>+T1 01585 
GO TO 670 015~6 

630 IFtb.GT.Dl>GO TO 660 01587 
Al=CTl*C Cl.O+Hll/2.*S0RTCL1**2.+CS4+CD1-B>I2.>**2.)))*2• 01588 
GO TO o70 01~89 

~60 Al= T1*Cl.U+H1l/?,*SQRTCL1**2,+(S4+(B-01)/2.)*o2,)*2• 01S90 
670 42=(Tl*SORT(S4**2.+D**?.l*Ll/?.,l*?. 01591 

A3=Tl*!H+D1ll2.*ll 01592 
44=Tl*C(H1*01)-CD1**2.*3•142/4,}) 01593 
IF(O.LT.~OO,)GQ TO 740 Ol~Y4 
~2=0+1.0 01595 
A5=T1*C(H2+H3l*CB+S4+H3l-8*H2-H2*S4-(54/2,+H3)**2./S) 01596 
GO TO 7SO 01597 

740 A5=Tl*((H2+H3)*(2.*54+T1>*2•+(2e*DS+R)-(8+54)*0-(8+2.*54)-(54/2.+ 0159b 
&l-f})**2.) 01599 

750 Cl=CAl+A2+A3+A4+A5l/27, OlbOO 
IFCO.LT.200.>GOTO 790 01601 
R1=150.°C1 01602 
GO TO bOO 01603 

790 Pl=130.*C1 01604 
800 H5=CD1-0)+H 01605 

IFCG.LT.200.> GO TO 1000 01606 
IFCQ.LT.40U.lGO TO o60 u1o07 
IFCQ.LT.BOO.lGO TO 890 Ol60b 
IFCO.LT.2000,)GO TO 920 01609 
GO TO 950 Olb10 

A60 Tl=.67 01611 
Fl=l.O 01o12 
G0TO 970 Olh13 

8QQ Tl=.83 01614 
I=" = 1.~ 



c 

920 

950 

970 

1000 

1050 

10~0 

1100 
1 11 0 

1130 

1150 
1160 

1240 
12':>0 

GO TO 970 01616 
T1=1.17 01617 
F = 2.0 01618 
GO TO I.J70 01619 
Tl = }.5 01o20 
F= 2.5 01621 
H2=D+F 01622 
H1=C(SWRTCCH2)~*2.l+(S 60•1.~ 6 2.)•HS)/2. 6 SQRTCL5**2.+CS*D+1.)**2•))0lb23 

&*T~ 01624 
GO TO 11b0 016?5 
IFCD.LT.6.0)G0 TO 1080 01626 
JF(O.LT.10.>GO TO 1050 01b27 
0~=3.00 01628 
TS=1.00 01o29 
GO TO 1100 01630 
05=2.33 01631 
T'i=.67 01632 
GO TO 1100 01633 
05=1.50 01634 
TS=.50 01635 
H6=DS+T5 01636 
IF(8.LT.01)G0 TO 1130 01b37 
IFCB.GT.Ol>GO TO 1150 0163~ 
~1=CT5*CC1.0+H5)12.*SQRTCL5**2.+CCS*Dl 6 (D1-8)/2.l**2.)))*2• 01639 
GO TO 11b0 01640 
~l=CT5~C(1.+Y5l/?..*SORTCL~**2.+(54*CB-01)/2.)**2.)))~2. 01b41 
A2=CT5*SQRT(CS*D>** 2.+0**2•>*L5/2.>*2. 01642 
R3=T5*CH+Dl)/2.~L5 01643 
H4=T5*((h5*Dl>-CD1**2.*3•1~2/4.)) 01644 

. 8'i=TS*C(D+H6+l.)*C2*S4+T5)*2.+C2*05+Al-(8+54)*0-(8+2.*54)-(54/2.+H01645 
&6>**2.> 01646 

C2=CR1+82+B3+84+H5)/27. Ulo47 
IFCQ.LT.200.>GO TO 1240 01648 
R2=1SO.*C2 01649 
GO TO 1250 01650 
R2=130.*C2 01651 
C3=AINT CC1+C2> 01652 
C4=AINT CC3*5.64) 01653 
~3=AINT CR1+R2) 01654 
El=CA+S*CD+T1ll~CO+T1) 01655 
f2=C01+2.*T1l+(Hl-H+Ol+T1l**2. 01656 
E3=CE1+E2)/2.*l1/27. f 01657 
E4=CB+S*(O+T5))*CO~Tl) 01658 
E5=CD1+2.*TS)+(H5-H+Dl+T5l**2• 01659 
E6=CE4+£5)/2.*l5/27.0 Olb60 
E7=AINTCE3+E6l 01661 
02=01•1.167 01662 
Pl=(C02+l.)+CD2+3.))*(D2+3.l*l2 01663 
P2=C (02+1.)+(02+10.) )*(l)l+10.) 0 l3 01664 
P3=( (02+1.)+(02+3.) l*C0?.+3.l 6 L4 01665 
P4=A!NT((Pl+P2+P3)/27.0) 01666 
P5=CCh1-H+Dl+Tll+2.)*(H1-Y+01+Tl)+(H-0) 0 *2. 01667 
P6=P5/2.*L1/27.0 01o68 
P7=C(H5-H+Dl+T5)+2.)*(H5-H+D1+T5)+(H-0) 00 2. 0166Y 
P~=P7/2.*L5/27.0 01670 
P9=AINTCP6+P8> 01671 
Q1=CCC02+1.)+(.375*02))*C.375*02)-C.2739°02°*2.)l*Cl2+L3+l4l/27. 01672 
Q6 = AII\IT(<.ll> 01673 
W6=AINT(Q1) 01674 
Q2=Pl-(02**2.*3.142/4.)*l2 01675 
Q3=P2-<D2**2•*3.142/4.>•L3 01676 
Q4=P3-102**2.*3.142/4.)*l4 01o77 
Q5=AII\IT((Q2+Q3+Q4)/27.l 01678 

C---COMPUTE COST OF EXCAVATION• CONC~~TE, ETC. 
01679 
01o80 
016b1 
01b82 
016A3 
01684 
016~5 

016H6 
01687 
01b88 
01689 
01690 
01691 
01692 
01693 . 
01694 
01o95 
01696 
01697 
0169rl 
111 nQ~ 

C INCLUDfS COST OF INLET AND OUTLET TRANSITIONS 
c 

c 

CST1 = C3 * CNSTR 
CST2 = C4 * UCEM 
CST3 = H3 * USTEL 
CST4 = E7 * UEXST 
CST5 = P9 * UCOMR 
CST6 = P~ * UBFSI 
CST7 = P4 * UEXSI 
CST8 = ~b * UCOMB 
CST9 = ~~ * U8FSJ 
CST10 = CSTl+CST?+CST3+CST4+CST5+CST6+CST7+CST~+CST9 

0.3=0141-lt. 
U=25.0-(0+H-H1) 
W=2S.O-CO+H-H1) 
Ul=AINTCU/Sll 
1-'l=AINT(W/53) 
LJ?=AINTC25.0/Sl> 

• 



c 

JFCUl.LT.L2) GO 10 1810 
X=L2+L3+L4 
GO T02o20 

1810 X2=Ul+U2 
X3=~1+W2 
IFCX2.LT.L2)G0 TO 1870 
Xl=U1+ill1 
X2=CL2-U1)+(L4-W1)+L3 
GO TO 2o~O 

1~70 U3=AINT(~5.0/S1) 
W3=AINTC25.0/53) 
X=U1+U2+U3 
IF(X.LT.L2)GO TO 1950 · 
X1=U1+W1 
X2=U2+1'12 
X3=<L2-(Ul+U2l)+(L4-(Wl+~?ll+L3 
GO TO 2770 

1950 U4=AINT(25.0/51) 
W4=AINT(25.0/S3) 
X=U1+U2+U3+U4 
IF<X.LT.L2>G6 TO 2040 
Xl=Ul+W1 
X2=U2+w2 
X3=U3+W3 
X4=<L2-CU1+U2+U3))+(L4-(Wl+W2+W3))+L3 
Gn TO 2db0 

2040 U5=AINTC~5.0/Sl) 
loi5=AINT(25.0/53) 
X=U1+U2+U3+U4+U5 
IF<X.LT.L2>GO TO 2140 
Xl=Ul+Wl 
X?=U2+~2 
.X 3=U3+W 3 
X4=U4+W4 
X~=CL2-<U1+U2+U3+U4))+(L4-CW1+W2+W3+W4))+L3 

GO TO i<f60 
2140 U6=AINT(2S.O/S1) 

W6=tiiNTC25.0/S3) 
X=U1+U2+U3+U4+U5+U6 
IFCX.LT.L2)GO Tn 2250 
Xl=Ul+W1 
X2=U2+w2 
X3=U3+W3 
X4=U4+w4 
XS=U5+W5 
X6=CL2-CU1+U2+U3+U4+U5))+(L4-(Wl+W?+W3+W4+W5))+L3 
GO TO 3070 

2250 U7=AINT(25.0/S1) 
W7=AINT(25.0/53) 
X =Ill +U2+U3+U4+Ut:;+U6+U7 
IF(X.LT.L2l GO TO 2370 
Xl=Ul+W1 
X2=U2+W2 
X3=U3+ ·w3 
X4=1J4+W4 
X5=US+w5 
Xn=U6+Wb 
X7=CL2-(U1+U2+U3+U4+U5+LJ~))+(L4-(W]+W2+W3+W4+~5+W6+W7)l+L3 

GO TO 3190 
2370 U8=AINTC25.0/Sll 

~F:l=AINT(25.0/S3) 
X=lJ1+u2+U3+U4+U5+U6+U7+U8 
!F(X.LT.L2l GO TO 2500 
X l=U1+1od 
X~=U?+w2 
X3=U3+W3 
X4=U4+\114 
X t:;=U S+ 1-1 5 
X6=U6+W6 
X7=U7+1117 
X8=<L2-<Ul+U2+U3+U4+U5+U6+U7))+(L4-(Wl+W2+W3+~4+W5+W6+W7))+L3 

GO TO 3320 
2500 U9=A!NT(25.0/51) 

W9=AINTC25.0/53) 
Xl=Ul+W1 
X?=U2+W2 
.X3=UJ+W3 
X4=U4+W4 
X5=U5+w5 
X6=llh+W6 
X7=U7+W7 
X~=UR+~/;; 

X9=L?-Ul-U2-U3-U4-U5-llh-U7-U8+L4-~]-W2-W3-W4-w5-W6-W7-W8+L3 
GO TO 3460 

01701 
0170? 
01703 
01704 
0170';, 
01706 
01707 
0170ii 
01704 
01710 
01"111 
01712 
01713 
01714 
01715 
01716 
01717 
01718 
01719 
017?0 
01721 
0172?.. 
01723 
01724 
01725 
01726 
01727 
01728 
01729 
01730 
01731 
01732 
01733 
01734 
0173~ 

01736 
01737 
01738 
01739 
01740 
01741 
0-174? 
01743 
01744 
01745 
0174h 
01147 
01748 
01749 
01750 
017~1 
01752 
01753 
01754 
01755 
01756 
01757 
0175~ 

01759 
01760 
01761 
017h2 
01763 
01764 
01765 
01766 
01767 
Ol76P. 
01769 
01770 
01771 
01772 
01773 
01774 
01775 
01776 
01777 
0177A 
01779 
017A.O 
017 ~ 1 
017f'.2 
Ol7R3 
Ol7ti4 

Li: --- ... ::if. : •. 5 



2620 1-J = 1 
XL ( 1 l = Xl 
GO TO ' 3620 

?690 N= 2 
XL< 1 l = X1 
XL ( 2> = X.2 
(;() TO 3620 

2770 N= 3 
XL ( 1 l X1 
XL ( 2) X2 
XL<3l X3 
GO TO 3b.20 

2P60 N = 4 
XL ( 1) X1 
XL !2l = X2 
XL<Jl X3 
XL<4) = X4 

c 
GO TO 3620 
N = 5 
XL ( 1 l = X.l 
XL ( ?l A2 
.XL<3l = .X3 
XL(4) X4 
XL(5l = X5 
GO TO 3620 

3070 N = 6 
XL ( 1 l X1 
XL(2) = X2 
XLC3l = X3 
XLC4) = X4 
XL(5) X5 
XL(6l = X6 
c;o TO Jo20 

3140 N= 7 
XL(1l = Xl 
XL(2) = X2 
XL(3) = .X3 
XL (4) = .X4 
XLC5l = X5 
XL(6) = X6 
XL (7) = X7 
GO TO 3620 

3320 N= Fl 
XL ( 1 l X1 
XLC2> = X2 
XL(3) = X3 
X.L (4 l = X4 
XL(Sl = X5 
XL(6) = X6 
XL C 7) = X7 
XL(8) = X8 
GQ TO 3620 

3460 N = 9 
XL C 1) = Xl 
XL< 2 l = X2 
XL!3l = X3 
XL(4) = X4 
XL!5l = X5 
XL!f.l = X6 
XL ( 7l = X7 
XLC9l = X9 
XL (R) = xa 

c 
C---N= ~0 OF HEADS 
c 

c 

36?0 rcc;r =O. 
IF(KO.NE.MAXQ)GO TO 6?7 
~HITE<6,99~) Ll,L5tC3.C4•R3.E7,P9.pQ,P4,Q6,Q5 

9 91'3 F 0 q t-1 A T (1// , T 3 0 • • S I P 1i 0 N Q t JAN T I T Y t S T I M A T E S 1 I 
~T20•'L~NGTH OF INLET TRANS., FT ••••••••'•T55,F9.0/ 
~T20.•LENGTH OF OUTLET TRANS., FT ••••••••• •.T55,F9.0/ 
~T20••CUNCRETE IN ST~UCTURES• CU YDS •••••••••• •,T55,F9.0/ 
~T20,tCEMENTt CWT ••••••••••••••••••••••••••'•T5~,F9.0/ 
~T?O,•REINFORECEMENT, LA •••••••••••••••••••••'•T55,F9.0/ 
~T20,•E:XCAVATION FOR STRUCTURES, CU YD •••••••• •,TS5,F9.0/ 
4-~T?Ot•COMPACTED RACKFILL AROUT STkliCTURfS ••• •,T55,F9.0/ 
~T?Q,tRACKFILL A8ULIT STRUCTURES, CU vn •••••• •,T55,F9.0/ 
4-1T20••EXCAVATION FOH PIPE• CU YD •••••••••••••'•T5~.F9.0/ 
~T?O,tCOt-"~ACTED Y/JCKFILL A~OUT PIPF, CU YD •••• •,TSS,F'J.O/ 
~T?O.•HACKF)LL 4HOUT PIPf• CU Y0••••••••••••••'•T55,F9.0) 

h f: 7 C 0 t>!T 1 N U f 

017~6 

0 l 7t;7 
Ol78f1 
01789 
01790 
01791 
01792 
01793 
01794 
017<15 
01796 
01797 
0179b 
0179<1 
01H00 
0180} 
011302 
01803 
Oll:i04 
Ol80S 
01d06 
01807 
0 U30A 
01809 
Old10 
01811 
01812 
o li:H 3 
011314 
01815 
01816 
011317 
Ol81fi 
011319 
01820 
Olt!21 
01822 
Olt!23 
01t!24 
01825 
018£-f-
01827 
0182A 
0182<1 
01830 
Olt!31 
01832 
01833 
0 1~U4 
Old35 
OlA36 
Olt!37 
01t!38 
01839 
011340 
01t!41 
Olt!42 
01t!43 
01d44 
01845 
01846 
01847 
01848 
Olt!49 
0Hi50 
01851 
01852 
018';3 
01854 
011355 
01856 
Ol8S7 
Old58 
011359 
011360 
01861 
01t!62 
01t!t>3 
Old64 
01~f-5 

Ul11h6 
01h67 
01dt>t! 

• 

• 



c 

TSIP = O. 
DO 52 K=l,N 
COST = O • . 
!OIAM = 03 
NHEAD = NHEAD + 25 
K~EAO(Kl = NHEAD 

629 FOQMATCT20.•LENGTH OF•,J4•• INCHES•.I5,• FT HEAD- PIPE •,F9.0t 
'' UNIT COST ••• •,F9.0l 

CALL PlPFR(wAGE,EQUIPtARFA.IHAULl.IHAUL2,IDlAM,lCOVER, 
.,N~EAO,COSTl 
IFCKQ.E~.MAXQ)WRITEC6t6?Q)!D!AMtKHE~D(~)tXL(K),COST 

TCST = TCST + COST * XL(~) 
52 CO\JTINUE. 

c 

01cH1 
01d72 
OlH73 
01d74 
Olli7~ 

Olt:H6 
011:177 
0 1H7A 
01 W/Y 
01HH0 
01!:iln 
01Hb2 
01tll:l3 
0 l!:H;4 
OlHHS 
01Hij6 
Old87 
0 ltHH~ 
01d~q 

01H90 

C---COMPUTE TOTAL COST OF SIPHON 
c 

T~IP = TCST + CSTIO 
~ETUPN 

END 
I 

C SURqOUTINF RECHAN ••• CALLED RY CANAL (MAIN) CANAL PROGRAM 00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 

C-----READ UNIT COST INPUT 
c 
c 

Cl 
c 

SURROUTINE REC~A~ 
LISTtNONE 

c 
C----THIS 
c 

PROGRAM COMPUTES COST OF OPEN CHANNEL 

c 

c 

COMMON UtXCt UEXSTt UEXSI, UEXPT, UfQC, UERST, UERSI, UE~PTt 
.,UgACK, U~FSTt UBFSlt URFPT, UPR£P, UCOMP, UCOMB, CLN, CNSTR, 
~CNSIP, USTEL• UCEMt UHAUL 

COMMON 'WAGEtEOUJP,AREA,JHAULl,IHAUL2tWAGEMtSTELIN,CEMINX 
CO~MON CAN,TITLEC17l 

DI~ENSlON A(50), CTA~N(~00)t0X(500l 
DI~ENSIUN TN0(50), TSZ(50l 
DIMENSION ·xSTAAH ( 100) tXSl ( 100) tXF ( 100) ,C79 ( 100) ,CHO ( 100), 

+>IP(100) t!Q(l00) 
QIMENSION CXNClO) ,LXDClOl ,CXQ(lO) 
DATA CNltCN2/4HEI\i[l t4HSKJP/ 
DATA ADDO,ADD1,ADD2,ADD3tADD4/4H ,4HBH=1t4H~H=2 9 4HCHK ,4HURP I 

KXC~ = 0 
1\JNT = 0 

25~ FQPMAT(t}t,///) 
500 FOQMAT(/,t TYPE THE FF INFORMATION:•/ 

'' rtREAD---LINED CANAL•• ••• THEN REACH IDENTIFIER>>IF LINED 
'' ••READ---UNLINED CANAL•• ••• IF CANAL IS NOT LINED•) 

502 FOQMAT(/,t TYPE THE FF DATA COMMON TO ALL ~EACHESt/ 
'' 1-PEkCENT CONTINGENCY COST, CAN~L OR LATERAL STRUCTURE~•/ 
'' 2-PERCENT CONTINGENCY COST , EAPTHWORK•/ 
'' 3-PERCENT CONTINGENCY COST~ ROw•/ 
'' 4-PEHCENT CONTINGENCY COST• CANAL LINING•/ 
'' ~-CANAL STRUCTURES COST INDfXt RASE IS 1976•/ 
'' 6-CODE FOR LINING ~ATERIAL USED :•/ 
't (0) NO LININGt/ 

CAIJAL'/00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
0003b 

'' (}) UNRflNFORCED PORTLAND Ct:.r-1•/ 00039 
00040 
00041 

'' (?) REINFORCED PORTLAND C~Mt/ 

'' (3) ASPHALTIC CONCRETE•/ 
'' (4) SHOTCRETE•Il 

504 FORMAT(/,, TYPE DESIGN CHANNEL PROPERTIES•/ 
'' I-DESIGN SIDE SLOPE OF CANAL•/ 
'' 2-SIDE SLOPE OF OUTSID~ OF NEWt DESIGN CHANNEL•/ 
'' 3-MANNINGS ROUGHNESS COEF 1 / 

' ' 4-~IN!MUM ALLOWAALE VELOCITY, FPS•/ 
tt 5-~AXI~UM ALLOWA~Lf VELOCITYt FPSt/ 
'' 6-~INlMUM CHANNEL DEPT~• FTt/) 

506 FORMAT(/,t TYPE BRIDGE DATA'/ 
'' 1-WIOTH OF COUNTY BRIDGE, FT 1 / 

'' 2-UNIT COST FOh COUNTY 8RTDGEt '/SQ FTt/ 
'' 3-WIOTH OF FAR~ RHIOGE• FT•/ 
'' 4-UNIT COST OF FARM BRIDGE, $/SQ FT•/l 

SOH FORMAT(/,, TYPE THE FF DATA•/ 
'' 1-LIFt OF PROJECT, YEAR~•/ 
'' 2-ANNUAL INTEP~ST HATE• PERCENT•/ 
tt 3-SALVAGE VALUE AS A PERCENT OF ORIGINAL COSTt/) 

510 FOR~AT(/,t TYPE THE FF DATA:•/ 
'' 1-VALUE OF wATEP LOST FPOM CANAL SECTION, $/AFt/ 
'' ~-NO OF DAYS CANAL IS OPFRATING 75 PERCENT OF PEAK LOAD•/ 
'' 3-0THEk O~ERATIONAL LOSSES AS A PFRCENT OF ttytt t/) 

~12 FORMAT(/,, >>AT THIS POINT. DATA APf FOR . SPECIFIC REACH ONLY<<•/ 
'I•' TYPf THE FF DATA FOR THIS REACH:t/ 

00042 
00043 
00044 
00045 
00046 
00047 
0004H 
00049 
000~0 

00051 
00052 
000~3 
0005'+ 
00055 
00056 
000~7 

00058 
00059 
00060 
00061 
00062 
00063 
00064 



c 

'' 1-SEE.PAGE COEF. MORITZ EQUATION•/ 000115 
tt 2-PkESENT ~ow. FT•/ 000~~ 
tt 1-VALU~ UF RO~. ~/ACt/ 000~7 
'' 4-AREA FOR SEVEPA NCE PAY~fNT, ACt/ OOO~rl 
tt ~-UNIT COSTS FOk SEVERANCE PAy, ~/ACt/ 000~9 
'' A-DISTANCE TO HO~ROW APfA(COMMON), MILES•/) 00070 

514 FOqMAT(/,t TYPE THE FF DATA:•/ 00071 
tt I-LENGTH OF REACH, FTt/ 00072 
'' ?-ELtVATION OF CHANNF.L ROTTO~ AT OUTLET, FT•/ 00073 
'' 3-EL~VATION OF CHANNEL ROTTOM AT INLET, FT•/ 00074 
tt 4-REQUIREO MIN. WATER ELEV. AT OUTLET FOR T.O. OPERATION t/) 0007~ 

516 FORMAT(/•' TYPE NUMdER AND CORRESPONDING SIZES OF T.O.• CFSt/ 00076 
'' NUT£! REACH IS SIZED WITH THF. ~SSUMPTION THAT•/ 00077 
'' TURNOUTS ARE LOCATED AT THE END OF REACH, DI~ECTLY•/ 0007H 
tt UPSTkF.AM OF DROP/C~ECK STRUCTURE, IF ONE IS REQUIREOt/)00079 

518 FOKMAT(/,t TYPE NU~dER OF STRUCTURES TO ~E INCLUDED IN REACH:•/ 00080 
tt (1) RECTANGULAR PJCLINED DROP•/ UOOH1 
t t <2) CONCkETE Cl-lECK, W/0 APRON•/ 0001j2 
'' (3) MODIFit:D PARSHALL FLU~Et/ 000~3 
tt (4) COU NTY BRIDGE•/ 00064 
tt (5) FARM FRIDGE•/ 000~5 

t t (b) SIPHON'/ 00086 
tt <7) TUNNF.L•/ OOO~j7 

tt NOTE: STR UCTURE#) IS ASSUMEO TO BE LOCATED AT THE OUTLET•/OOO~j8 

'' OF THE DESIGN RfACH, •• JF CHECKS ARE TO AE INCLUDEUt/ OOO~j9 

tt ALO NG THE CHANN£Lt THIS ROUTINE ~ILL PLACE ONE•/ 00090 
tt AT THE END OF THE RtACH.•///) 00091 

520 FOR~AT(/,t TYPE DATA FOP SIPHON•/ 00092 
'' 1-HEAU LOSS DESIRED, FT/1000 FT•/ 00093 
tt ?.-MAXIMUM VELOCITY IN PIPE. FPSt/ 00094 
tt ~-LENGTH OF PIP£, UPSTREA~ SLOPE. FT•/ 00095 
tt 4-LENGTrl OF PIPE• BOTTOM SLOPE, FT•/ 00096 
'' S-LENGTH OF PIPEt DOWNSTPEA~ SLOPE, FTt/ 00097 
'' 6-T~ANSITION LOSS COEF'/ 00098 
tt 7-PIP~ SL0°E, UPSTREA~. FT/FTt/ 00099 
tt 8-PIPE SLOPE, PUTTOM, ~TIFT•/ 00100 
'' 9-PIPE SLOPE, DOWNSTREA~, FT/FTt/ 00101 
••10-wiDTH OF P-0-Wt FTt/) 00102 

522 FORMATC/tl TYPE DATA FOR TUNNEL•/ 00103 
•• 1-~EAO LOSS DESIRED, FT/1000 FT•/ 00104 
t t 2-DESIRED VELOCITY ON TUNNEL, FPS•/ 0010S 
'' 3-ELEVATION OF JOdt FEET•/ 00106 
'' 4-LENGTH OF TUNNEL, FT•/ 00107 
'' 5-NO. OF HEADINGS TO BE USED•/) OOlOR 

524 FOP~AT(/,t TYPE DATA FOR PPISM OF OLD CHANNEL•/ 00109 
'' 1-HAS~ wiDTH OF OLD CHANNEL, FTt/ 00110 
'' 2-SIOE SLOPE (AVE> OF INSIDE OF OLD CHANNEL•/ 00111 
'' 3-AVE RELATIVE HEIGHT OF' BERMS A80VE OLD CHANNEL dOTTO~. FT•/ 00112 
tt 4-AVE TOP WIDTH OF OLD RERM ON LEFTSIDE <FACING UPSTREAM) t/ 00113 
'' 5-AVE TOP WIDTH OF OLD RFR~ ON RI~HTSIDE OF CHANNEL•/ 00114 
'' 6-SIDE SLOPE OF OUTSIDE FACE OF LEFT CHANNEL BERM•/ 00115 
tt 7-SIUE SLOPE OF OUTSIDE FACE OF RIGHT CHA~NEL B~RM•/ UOllb 
tt A-ELEV OF NATU RAL TERRAIN TO LEFT OF CHANNEL AT INLET•/ 00117 
'' 9-ELEV OF NATURAL TERRAIN TO RIGHT OF CHANNEL AT INLET•/ 0011~ 
tt 10-FLEV OF NATURAL TERRAIN TO LEFT OF CHANNEL AT OUTLET•/ 00119 
tt 11-ELEV OF NATURAL TERPAIN TO RJG~T OF CHANNEL AT OUTLET•/) 00120 

~32 FORMAT(/,, TYPE MINIMUM Q(CFS>• MAXIMUM A(CFS) AND *Q* INTERVAL•/)00121 
534 FOPMAT(/t' ARE THERE SOME ~OPE REACH TO PROCESS--------•/ 00122 

'' IF ttNOtt TYPE •••• ttEND DATAtt t/ 00123 
tt IF •'YES•• TYPE •••• ••SKIP---LINED CANAL'' O~t/ 0012~ 
'' ••SKIP---UNLINED CANAL•• '//) 00125 

\IIPITE(9t500) 
CONTINUE 
REA0(5tl50) CON.CAN,TITLE 
WRITEC9tl50)CON,CANtTITLE 

150 FORMAT (A4,3X,A4,}7A4) 
IF CCON.EQ.CNl) GO TO 9A 
IF <CON.t:Q.CN2> GO TO 3 

C---READ CONTINGENCIES AND COST 
c 

INDEX 

00126 
00127 
00128 
0012'J 
00130 
00131 
00132 
00133 
0013~ 

00135 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

t CTGST 
• CTGER 
t CTGRW 
t CTGLN 
' CIDX 

t LCODE 

= PERCENT CONTINGENCY COST FOR 
= PERCENT CONTINGENCY COST FOR 
= PERCENT CONTINGENCY COST FOR 
= PERCENT CONTINGENCY COST FOR 
= COST INDEX FOR CANAL/LATERAL 

YEAR IN JAN 1976 
= CODE FOR LINING MATERIALS 

CALL INPUT (A, t.JC) 

00136 
CANAL OR LATERAL 
EARTHwORK 

S1RUCTS.00137 

RIGHT OF WAY, ETC. 
CANAL LINING 
STRUCTURES WITH A bASE 

00138 
00139 
00140 
00141 
00142 
00143 
00144 
0014S 
00}4b 
00147 
0014R 
!I(),,, 0 

• 

I 

• 



c 
C----
C 
c 
c 
c 
c 
c 

c 

c 

c 

CTGP~ = A ( 3) 
CTGLN = A(4) 
CIDX = A(5) 
LCOOE = ll (6) 

READ IN CHANNEL PROPERTIES 

Z = SIDE-SLOPE OF CHANNEL 
RN = MANNINGS ROUGHNF~S COEFFJCJfNT 
VMX MAXIMUM ALLO~ARLF VFLOCITY 
Vp.lN = MINIMUM ALLOWAqLF VELOCITY• FPS 
YMN = M!Nip.lU~ CHANNEL nEPTH IN FEET 

wRITECI:J,504) 

CALL INPUT(A,NP) 

l 
zz 

= A (1) 

= A(2) 
= A(J) 
= A(4) 
= A(5) 

A (b) 

C-----READ BRIDGE DATA 
~QITEC9t506) 

c 

c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c 

CALL IIIIPUT(AtNB) 

t ~RDW 

t CR~U 

t BFuw 
t CBFD 

= wiDTH OF COUNTY BRIDGE 
= UNIT COST FOP COUNTY BRIDGE ($/SQ.FT> 
= wiDTH OF FAP~ 8RIDGE 
= UNIT COST FOR COUNTY BRIDGE ($/SQ.FT> 

~RDvJ = A(l) 
CHRD = AC2) 
8FD~ = A(3) 
C8FD = A(4) 
WPITE(9t~Oe) 

t TLFE = LIFE OF PROJECT 
t k!NT = ANNUAL INTEREST RATE IN PERCENT 
' SVAL : SALVAGE VALUE AS A PERCfNT OF THE ORIGINAL COST 

TLFt 
RII\JT 
SVAL 

= A (1) 

= A(2)/ 100. 
= A(3) 

00151 
00152 
00153 
001~4 

001~5 

001':lb 
00157 
001~f1 

001'111 
001fl0 
00161 
00162 
00163 
00164 
OOln5 
001bh 
001n7 
00168 
00169 
00170 
00171 
00112 
00173 
00174 
00175 
0 01 -,6 
00177 
0017£1 
00179 
001b0 
00181 
00182 
uole3 
001f54 
00185 
001Ab 
00187 
0018R 
00lH9 
OOlYO 
00191 
00192 
001Y3 
001Y4 
0019') 
U0196 
00197 
oo19e 
00199 c 

c 
c 
c 
c 

READ IN DATA PERTAINING TO OPERATIONAL WASTE 00200 
DPV = VALUE OF WATER LOST FRO~ CANAL SECTION IN $/ACRE-FOOT 00201 
OPT = NU~BER OF DAYS CANAL IS CARRYING 75 OF PEAK DEMAND 00202 

(BASED ON BUREAU GUIDELINE OF CAP= 120-150 AVt OE~AND)00203 

WRITE(9t~l0l 00c04 
CALL INPUT(AtNO) 00205 

c 
C t PLOS = OTHER OPE~4TIONAL LOSSES ~S A PERCENT OF Q 
c 

c 

OPV = A(l) 
OPT = A(2) 
PLOS A(3) 

C-----RfAD SEE~AGE•EXCAVATION ~ ROW DATA 
c 
C----bRA~CH TO ANOTHEP ~EACH 
c 

c 

c 

3 CO".IT I NUE 
WRITE(Gt~l2) 

CALL INPUT(AtNS) 

C • CMZ = StEPAGE COEFFICIFNT •C• IN MORITZ E~UATION 

C • PERK = PERCENT OF ROCK EXCAVATION 
C t RWID PRESENT WIDTH OF RIGHT OF WAYt FT, UF OLD CHANN(L 
C t RVAL = VALUE OF ROW, $/AC 
C t ASEP = AREA FO~ SEVERANCE PAYMfNT,AC 
C • lJCSEV =UNIT COST SFVERANCE PAYMF:NT,$/AC 
C t XBRW = AVERAGE DISTANCE TO AORRO~ AREA (fOR ADDITIONAL COMMON 
c 

CM7 = A ( 1) 

R~ID = A(2) 
RVAL :: A (3) 
ASER A(4) 
UCSEV = A (5) 
V l"l r\ I.• - 1\ I L ' 

00206 
00207 
00208 
ooco9 
00210 
00211 
00217. 
UU213 
ooc14 
00215 
00216 
00~17 

0021e 
00219 
00220 
00221 
00222 
00223 
00224 
ooc25 
00226 
00227 

Fl002211 
00229 
00~30 

00231 
lJ0232 
00233 
00234 



c 

c 
SLEN = A ( 1) 

fLO = A< 2) 
fLI A(3) 
F.:LTO = A (4) 

OfLO = ~LO 
OELI = ELI 

c 
C READ THE. NUMBER A~O CORRESPONDING SIZE OF TUR~OUTS--USE CHO 

WRJT£(9,~16) 

c 

c 

c 
c 

CALL INPUTCAtNT) 

DO 10 K=2,NT,2 
TN() (K/2) =A. (K-1) 

10 TSZ(K/2)=A(K) 
NT = NT/2 

C---~EAD DATA FOR DRAINAGE CRO~SJNGS 
\IIRITEC9,617) 

617 FORMATC/,t TYPE DATA FOR DRAINAGE CROSSINGS•/ 
tt 1-NUMBEH OF CROSSINGS•/ 
11 ?~DIAMETER• INCHES•/ 
'' 3-APPRUXIMATE CAPACITY~ CFS•/ 
tt ---IF NO DRAINAGE CROSSING, ENTfP o. 0. O. t/) 

CALL INPUTCA,NCX) 
DO 620 K=3,NCX,3 
CX~(K/3) = ACK-?) 
LXD(K/3) = A(K-1) 
CXCJ (K/3) = A CK) 

6?.0 CONTINUE 
NCX = NCX/3 

C READ OTHER STRUCTURES 
WRITE(9,!:l18) 

c 
CALL JNPUT(A,NS) 

c 
c • XD~P = NUMBER OF 
c • XCMB = NUMBER OF 

DROP~ . 
CI-IE.CKS 

c ' XMFL = NUM~fP. OF MODIFIED PARSHALL FLUME 
c ' X!:iRO = NUMBER 
c ' XAFD = NUMBER 
c ' X SIP = NUMRFh' 
c • XTUN = "lUMBER 
c 
c 

Xf)QP = A(l) 
XCM8 = A<2l 
XMFL = A(3l 
XRRD A(4) 
X'=!FD = A (5. ) 

XSIP = AC6) 
XTIJN = A ( 7) 
IF(l<SIP.E.Q.O.> GO 

c 
C---READ INFO FOR SIPHON 

c 

c 

lrJRITEC~t520) 

CALL INPUTCA,NN) 
HD = A(1) 
VPIP = A(2) 
XL? = A(~) 
XL3 = A(4) 
XL4 = A(5) 
C = A(6) 
SX = AC7) 
SY = A(8) 
SZ = A(Y) 
RXWID = AClOl 

OF PUBLIC BRIDGE" 
OF FARM ~RIDGE 
OF SIP~ON <LII'JIT 
OF TUNNEL ·<LIMIT 

TO 110 

110 IF<XTUN.E.Q.O.) GO TO 112 
C---READ INFO FOR TUNNEL 

WRITE (9t522) 
CALL INPUTCAtNTNl 

C t HDTUN - MAX hf.AD LOSS DESIRED 

TO ONE 
TO ONE 

C t VTUN - MAX DESIRED VELOCITY IN TUNNEL 
C t ELtV - ELEVATIO~ OF JOA IN FEET 
C LENTU~ - LENGTH OF TUN~EL IN FEET 
C t NPORT - NUM~ER OF HEAniNGS TO PF USED 
c 

o or-... ~11 .. 1 - 1\ J, \ 

PER 
PER 

REACH) 
REACH) 

00236 
00237 
002313 
00239 
00240 
U0241 
00242 
0024.3 
00c'44 
OU24'-l 
002-.6 
00247 
OU24~ 

00249 
002':)0 
00251 
00~5? 

OOcS3 
00254 
00255 
00i'S6 
00257 
0025A 
0025~ 

00260 
00261 
00262 
00263 
00264 
00265 
00266 
00267 
0026H 
00269 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00278 
00279 
002HO 
002~1 
002~2 

002A3 
002~4 

00285 
002Ab 
00287 
00288 
002~9 

00290 
00291 
002~2 

002~3 

00294 
00295 
00296 
00297 
002'i8 
00299 
00300 
00301 
0030? 
00303 
00304 
00305 
00306 
00307 
00308 
00309 
00310 
00~11 
00312 
00313 
00314 
OO.H~ 

00316 
00317 
OOJ}tj 
003l'i 



c 

c 

VTUN = A((?) 
ELEV = A(3) 
LE"'TlJN = A(4) 
NPORT = A(5) 

112 CONTINUE 

C---INPUT ONE PHISM CbRO FOR EACH RFACH 
C OATA ~HOULO tiE REPPESENTATIVE OF PRfSFNT DI~ENSIONS AND CONDITION 
C OF EXISTI~G CHANNEL TO BE PEHARILITATEU 
c . 
C REAO PRISM CARD 

WRITE (9,524) 
c 

c 

c 

c 

c 

c 
c 
c 

CALL 
ORW 
oz 

INPUT(A,NO) 
= A ( l) 

A(2) 
A ( 3) 
A (4) 

A!5) 
A(6) 
A !7) 
A (8) 

OH~H = 
OHMwL= 
OBMwR= 
OZRML= 
OZRMR= 
fTLI = 
ETRI 
ETLO 
ETRO 

A (9) 

= A<lO) 
A ( 11) 

WRITE(9,:;32) 

CALL INPUTCAtN~) 

KNTQ 

A ( l) 

= A(2) 
= A (3) 

WRITE('-1,:,66) 
566 FORMAT(/•' >>>>>>>END OF DATA FOR THIS REACH<<<<<<<t///) 

COMPUTE COSTS FOR A RANGE OF DISCHARGES 

00321 
00322 
00323 
00324 
OOJc':> 
00326 
00327 
003213 
00329 
oo :no 
00331 
00332 
00333 
OOJ3<+ 
00335 
00336 
00337 
0033d 
00339 
OOJ40 
00341 
00342 
00343 
00344 
00345 
00346 
00347 
00348 
0034Y 
00350 
00351 
00352 
00353 
00354 
003':>5 
00356 
00357 
00358 
00359 
00360 

KX = 0 00361 

c 

c 

c 

WPITE(6t760)CAN, TITLE 00362 
WRITE(6,793) 00363 

793 FOR~AT( //,4X,•Q•,AX,•COST OF•,7X.•COST OF•,9X,tCQST OF•,7X,•COST 00364 
&OF•,HXttTOTAL CONST.•,4X,•ANNUAL fQUI•,sx,•CONVEYANCE••I2Xt 1 (CFS) •00365 
&.5X••STRUCTURE••5X••EARTHWORKt~~X.•LINING••6X,•kiGHT OF/wAyt,~X, 00366 
••COST•tllx,• COST •,ax.•EFFICIENCyt,/) 00367 

TSRT = O. 
LTS = 0 
TORP .XDRP 
TCMB = XCM8 

DO 49 K~=MINO,MAXQ,KNTQ 
KX = KX + l 
v = o. 
Q = KQ 

00368 

c----

XDQP = TDRP 
XCM8 = TCMB 
XDRP3 = O. 
DETERMINE 8H RATIO 

00369 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
00378 
00379 
003MO 
00381 
0038? 
00383 
003114 
OOJH5 
003A6 
00387 
003H8 
003~9 

00390 
00391 
00392 
00343 
00394 
00395 
00396 
00397 
00398 
00399 
00400 
00'+01 
00402 
00403 

c 
IF(LCODE.NE.O) GO TO 202 

c 
C CO~PUTE bH RATIO FOR UNLINED CANAL-VARIABLE 
C USE 8k CRITERIA 10 CFS = 2:1 I 10.000 CFS = 8:1 RATIO 
c 

HH = .0006 * Q + ?. 
c 

GO TO 204 
c 
C COMPUTE ~H HATIO FOR LINEO CANAL 
C USE HR CRITERIA 
c 

c 

c 

c 
c 

202 IF( P.LE.200.> 8~ = 3. 
IF( Q,GT.200.AND. Q~LE.IOOO.) BH = }.? 
IF< Q,GT.lOOO.) ~H = 1.7 

?04 CONTINUE 

OSLP = COELI-OELO)/SLEN 
00404 



F:LT=OELI 
ELO=OELO 

C OETERMII\IE HYORAllllC GRADIENT 
11 SLP =<ELI-ELO)/SLFN 

IFCSLP.LE.O.>GO TO 199 
(;o TO 9<; 

199 ELI = t.ll+1 
GO TO 11 

C DETERMINE 80TTOM WlQTH AND WATER DEPTH FOR GIVEN ~:H HATIO 
99 Y= ( ( Q*RN/ ( 1. 4q* ( SLP** 0. 5) ) ) ** 0 • J 7 S) * ( C ?* ( 1 • + Z* Z) ** 0. 5+8H) ** 0. 2:,) I 

~ C CZ+RH) **0.625) 
YS :: Y 
IFCY.LT.Y~N) GO TO 80 
GO TO 8~ 

80 RH=BH-1. 
!FCBH.LE.O.) GO TO 85 
G() TO 99 

85 IFCHH.LE.O.) HH=l. 
RW=AH*YS 
IFCYS.GT.(ELTO-ELO)) GO TO 40 
IF(XC~o.LE •• S> XCMB = 1. 
JF(V.EQ.O.) GO TO 40 
IFCCELT0-ELO-YS>.GT.1 •• AND.CCV-VMN)/(VMX-VMN)).GT.1.) GO TO 39 
GO TO 40 

39 ELO = E.LO + 1 
GO TO ll 

40 CONTINUE 
C----- TOP WIDTH 
c 

XLN = B~ + (2. * YS * Z> 
c 
C--------WETTED PERIMETER 
c 

WPER = BW + 2.• YS * ((l.+Z**2.0)**C1./ 2.)) 
c 
C CHECK VELOCITY AGAINST MAX AND MIN ALLOwABLE VELOCITY 

V ::(1.49/RN)*((Z*Y*Y+BW*Y)/(BW+2*Y*((l.+Z*Z)**0.5)))**0.666h7 
~ *C5LI-'**0.5) 
IFCV.LE.V~X) GO TO 30 

C INSERT D~OP STRUCTURE IF VELOCITY IS GREATER THAN VMX 

c 

c 

c 

c 

IFCXCMB.EQ.Q •• AND.XD~P.EQ.n.) XDRP :: 1. 
933 ELO = ELO +1. 

GO TO 11 

30 IFCV.GE.VMN) GO TO 32 
IFCELO.LT.OELO> GO TO 35 
F:LO = EL0-1 
G0 TO 31 

35 ELI = ELI+1 
31 GO TO 11 

32 CO"IT I NUE 

IFCCELTO-ELO-YS).LT.-l •• AND.ELI.GT.OfLl) GO TO S6 
GO TO 57 

56 ELI = ELI-1 
ELO = EL0-1 

57 CnNT!NUE 

C-----CALCULATE COST OF EACH STRUCTURE 
c 
C-----COST Of TUR~OUTS >>> USE CONSTANT HEAD ORIFICE CCHO) 
c 

TOCST = 0 
DO 200 K=l,NT 

C GAP---l~DEX FOR STEEL GATES AND PIPE CCMP). BASE=l976 
GAP=1.0 
QIJ=TSZ (I<) 
TOCST = TOCST+TNOCK>*CUEXST*l3.64*00.**•4326+U8rST*l2.26*Cl~**•3~21 

& +UCO~A*l1.3,*QQ**.1583+CNSTR*1.00*QQ**•4S72 
& +USTtL*q9.27*QQ**a4143 +GAP~?47.3~QQ**.3910) 

200 CONTINUE 
TOCST = TOCST * CIDX 

c 
C D~CIDE IF DROP OF END OF REACH IS GREATER THAN 3. FEET 
C IF ROTH A CHECK AND DROP ARE SPECIFIED dY THE HYDRAULICS. lNS~RT 
C DQOP/CHECI< COMRINATION STRUCTURE •••• 
c 

D!FFE = ELO - OfLO 
JF(XCMB.EQ.l •• ANO.DIFFE.GT.}.) XDPP=l. 
IFCXCMd.EQ.} •• AN~.DlFFE.GT.3.) XDRP3=1. 
IFCXDRPJ.EQ.l.) XDRP=O. 
1FCXDRP.EQ.1 •• ANO.XC~A.EQ.l.> XC~R=XCMA-1. 
IFCTCMb-XCM8.GT.o •• AND.xr.Mq.NE.O.) XCMR = TCM~ 
• ~ • .. t ',. . 0 - I w 1""\ f • 0 .L \1 '' n I""• ") \ I' T n \ \I r'\ 0 0- T 1"\ n n __ V r\ 0 0 "l 

00406 
00407 
00408 
004QY 
00410 
00411 
00412 
00413 
00414 
0041S 
00416 
00417 
00418 
Oll419 
00420 
00421 
00422 
00423 
00424 
00425 
00426 
00427 
004?~ 

00429 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00438 
00439 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
0044b 
00449 
00450 
00451 
00452 
004~3 

00454 
0045~ 
00456 
00457 
00458 
004~9 

00460 
00461 
Oll4h2 
00<+63 
00464 
00465 
00466 
00467 
00461:i 
00469 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
0047H 
0047q 
004kO 

A004Hl 
U04A2 
004A3 
004H4 
00485 
00486 
00487 
0048A 
00489 

R.::t ....... ~ :::~ {_ ) 



c 
AOD~=AODO 
A007=ADUU 
ADD8=AD00 
IFCXCM~.GT.TCM~) A0D7=ADD3 
IF((XORP+XO~P3>.GT.TDRP) ADD8=ADD4 
IFCHH.LT.3.) ADOh=ADD2 
IF(bH.LT.2.) ADDh=ADDl 

00491 
0049? 
00493 
00494 
OU4Y5 
00496 
004~7 

0049R 
00499 

c 
c 
c 
c 
c 

COST OF OHOPS ••••• USE RECTANGULAR INCLINED DROP/CHECK COMblNATlONOOSOn 
00~01 

D~OP AND CHECK EQUATIONS PEGPESSFD FOR 5.< Q < 100. CFS AND 00502 
il50.< COST CONCRETE < ~200. 00503 

c 

c 
c 
c 

c 
c 

TCf'IRP 
f. 

= XDHP*CUEXST*l.4~*0**.7716+CNSTR*.973*G**.5456 
+UST~L*64.71*0**•4756) 

TCORP3 = XDRP3*CUEXST*1.42*0**•7716+CNSTR*.973*G**•5456 
~ +USTEL*64.71*0**•4756>*1.3 

TCORP = TCDKP+TCORP1 

COST OF CHEC'<S •••••• USE CHFCK Y.ITHOUT DROP AND wiTH APRON 

TCCf-18 = XCM8*CUEXST*.83*Q**.8675+CNSTR*.36*0**.7084 
+USTEL*2l.45*Y**•71~0) 

C-----COST OF HEADWORK~/MEASUPING STRUCTURE 
C FOR SMALL FLOWS >>>> USE CHO*S 
C FOR LARGER FLO~S >>>> USE MODIFIED PARSHALL FLUMES 
c 

JF(Q.GT.65.) GO TO 222 
GAP=l.O 
TCMFL = XMFL*CUEXST*13.64*Q**•4326+U8F5T*12.26*~**•3421 

& +UCOMB*ll.35*Q**•35H3+CNSTP*l.OO*V**•4572 
& . +USTEL*99.?7*0**•4143+ GAP*?47.3*Q**.3910> 

222 
224 

GO TO 224 
TCMFL = X~FL*2687.*Q**.52l*CIOX 
CONTINUE. 

c 
c 
c 
c 
c 
c 

CO~PUTE HEIGHT OF BANK AROVE WS FOP OPEN CHANNEL 
BASED ON BR CURVE 

c 
c----
c 

IF(Q.LE..l5.> FBC=l.2 
IFCU.GT.lS •• ANO.Q.LE.lOOO.) FBC=.S6*G**.274S 
IF(Q.GT.1000.l FHC=l.1*Q**.l795 

COST OF PU~LIC RRIDGE 
U~IT COST IS IN ~/SQ FT OF BRIDGE 
COMPUTE FIRST THE REQUIRfn LENGTH OF SPAN c 

c 
c 

TOTAL LENGTH = ~S ~lOTH + ADD.WIOTH FOR FOOTING 

c 
TXARD = XBRD * T~ID * 

c 
C-----COST Of F~RM BRIDGE 
c 

c 
c 

TX~FD = X8FD * TwiD * 

BROW * CBRD 

BFDW * CBFD 

CTS = TOCST + TCDRP + TCCMR + TCMFL + TXBRD + TXBFD 
c 
c 
c 

612 YF8 = YS + FRC 
IFCLCODE.EQ.OlGO TO ?26 

C-----COMPUTE HEIGHT OF LINING AROVE 
c 

!F(Q.LE.40.) HLNG = 0.5 

w.s. 

IF(Q.GT.40 •• AND.Q.LE.400.) HLNG = 0.1 * Q ** 0.419 
IF(Q.GT.400.) HLNG = 0.21~ * Q ** 0.25 

c 
C-----COMPUTE TOTAL HEIGHT OF LINING 
c 

c 
c 
c 
c 

YLN = YS + HLNG 

C-----CO~PUTE THICKNESS OF 
C-----rlASED 0~ BR CURVES ; 
c 

HAP.OSURFACE LINING 
THICKNESS DEPfNDS ON Q & TYPE OF MATE~IAL 

00~04 

00505 
00~06 

00507 
00~08 

00509 
00510 
00511 
00512 
00513 
OOS14 
00515 
0051~ 

00517 
0051H 
00519 
00520 
00521 
00522 
00523 
00524 
00':>25 
00~26 

00527 
0052~ 

00~?9 

00530 
00531 
00532 
00533 
00534 
OOS35 
00536 
00:)37 
00538 
00539 
00540 
00~41 
00542 
00':>43 
u0544 
00545 
00~46 

00547 
00548 
00549 
oosso 
00551 
00552 
00553 
00554 
00555 
00556 
00557 
00558 
00~59 

00560 
00561 
00~~2 

OOS63 
00564 
00565 
00566 
00567 
00568 
00569 
00570 
00571 
00572 
00573 
00574 



c 
C--~--UNREINFOHCED PO~TLAND CEMFNT CONCRETt 
c 

c 

210 IF(Q.LE.200.>T~LN= 2.2 
!F(Q.GT.200 •• ANO.w.LE.5d0.) THLN = ?.5 
}F(Q.GT.50n •• AND.U.LE.1500.) T~LN - · 3.1 
IF(Q.GT.1SOO •• AND.Q.LE.3500~)THLN 3.5 
lF(C.GT.3~00.lTHL~= 4.0 
GO TO 218 

C-----REINFOHCED PORTLAND CEMENT CONCRETE 
c· 

c 

?12 JF(Q.LE.500.)THLN=3.5 
IF(Q.GT.500 •• AND.Q.LE.2000.> THLN = 4.0 
IF(Q.&T.2000.) THLN = 4.~ 
GO TO elM 

. C-----ASPHALTIC CONCRETE 
c 

214 IF(Q.LE.200.)THLN=2.15 
IF(Q.GT.200 •• AND.Q.LE.1500.) THLN 3.2 
IF(~.GT.1500.) THLN = 4.0 
GO TO 21!:1 

c 
C-----SHOTCRE.TE 
c 

c 

c 

?.16 }F(Q.L£elOO.)THLN=1.25 
IF(U.GT.lOO •• AND.O.LE.200.) THLN 
IFCQ.GT.20U •• ANO.Q.LE.400.) THLN = 
IF(Q.GT.4UO •• AND.O.LE.Sl0 .• ) THLN = 
l~(Q.GT.510.) WPl~E<6.220) 

220 FORMAT(/tT10t•SORRY---NO SHOTCRETf 

21f1 CO'\JTINUE 

1. 5 
?.75 
3.15 

AROVE 510 CFSt,/) 

C COMPUTE CONCRETE QUANTITIES FOR LINING MATERIAL 
C THIS COMPUTATION IS BASED ON BR PROCEDURE; 
C WHERE SIDE SLOPE Z 1 

7LING = (liHt2.+ 1.>**•5 
THLN = THLN /12. 

c 

VOL :(BW*THLN + 4*.302775*THLN* 0 2. + ZLING * YLN * THLN * 2.+ 
1 R.*THLN*2.112.)*SLEN/27. 

C-----COMPUT£ LINING COSTS 
CTL = VOL * CLN 

c 

CTL = CTL + (CTL* CTGLN/100.) 
226 CONTINUE 

C CALCULATE C~OSS-SFCTIO I'JAl. AREA OF EXCAVATION 
.ZREA = YFH*(AW + Z*YFB) 

AW = ~/V 
C---COMPUTE· COST OF SIPHON 
c 

c 

347 FOQMATt lltT30,•ESTIMATED COST OF STRUCTURES 
• •IIT45,•Q = •.rs.• CFS•I) 

IF<XSIP.EQ.O.)GO TO 310 

C---CO~PUTE AP~ROXIMATE DIAMETER· OF SIPHON 
c 

c 

c 

DIAS!P = AINT( (4.*01(3.141592*VPIP))**<l.l2.) o 12.) 
OIASIP = DIASIP112. 
CALL SlPHON(O,Bw,yS.yFR,F~C,Aw,V,RXWIO,OIASIPtVPIPt 

4-lCL?•.XL3tXL4tCtSX,SY,SZ,TSr'P.t<!J,MAXQ) 
GO TO 312 

310 TSIP = O. 
312 CONTINUE 
34~ FORMAT(I•T20••ESTII~ATED COST OF SYPHON•••••••••••••••••••••••••• 

tt,T80,F10,0) 

CTS = CTS + TSIP 

IF(XTUN.EQ.O.)GO TO 32~ 

niATUN = AINT((4.*Q/(3.141592*VTUN))**Cl./2.)*12.) 
DIATUN = DI~TUN112. 
CALL TUNNEL(WAGE~,STELIN,CEMINX,EOUJP,ELEVtDIATUNt 

~LENTUNtNPO~T•ICOST) 

CSTUN = lCOST 
IF<KO.NE,MAXC) GO TO 3?A 
TLENG = LENTUN 
XPORT = NPORT 
~RITE(6t330)VTUN,OIATUN,TLENG,ELEVtXPORT 

330 FORMAT( ltT30t'TlJNNEL COST. ESTIMATE •11 
~T20,•MAX1MUM DESIRED VELOCITY IN TUNNEL.•,TS5,F9.2/ 

00j7b 
0 0 5 7 1 l::C -··-- . ! ~. :~ ~_;:::~ • 00578 
00~7Q 

00~1:10 
00~!:11 
OO~R2 

00583 
005H4 
005!:1~ 
00~1-46 

00~87 

00588 
00~89 

00~90 

oo:,91 
00592 
00593 
00594 
00595 
00596 
005~7 

00598 
00599 
00600 
00601 
00602 
00603 
00604 
0060~ 

00606 
00607 
00608 . 
00609 
00610 
00b1l 
00612 
00613 
00614 
00615 
00616 
00617 
0061H 
OOo}Y 
00620 
00621 
00622 
00623 
00624 
00625 
00626 
ooo27 
00b28 
00629 
00b30 
00631 
00632 
OU633 
00634 
00635 
00636 
00637 
00638 
OOo39 
00t>40 
00641 
00642 
00643 
U0b44 
00645 
0064f, 
00647 
00648 
00b49 
006':!0 
00651 
00652 
00653 
00654 
00655 
006~6 

00657 
006">8 
00659 



c 
c 

c 

~T20t•LENGTH OF TUNNELtFEET.~••••••••••••'•T53,F11.2/ 
~T?Ot•ELEVATION OF TUNNELeFEET ••••••••••• •,T53,F11.2/ 
~T20t•NU~~ER OF HfADINGS ••••••••••••••••• •,T55,F9.2/) 

GO TO J2ti 
326 CSTUN = 0, 
328 CTS = CTS + CSTU~ 

349 FORMAT(/tT20t•ESTIMATED COST OF TUNNEL•••••••••••••••••••••••••• 
••,TBO,FlO.O) 

350 FORMAT(/tT20t'ESTl~ATED CO~T OF DROPS•••••••••••••••••••••••••• 
••.T8o,F1o.o/ · 
t/,T20,•ESTIMATED COST OF CONCRETE CHECKS•••••••••••••••• 
••,Tt1Q,FlO.O/ 
•t,T2Q,tt.STIMATED COST OF MODIFIED P, FLUME••••••••••••••• 
••.Tao,FlO.O/ 
•t,T20 1 •ESTIMATED COST OF TURNOUTS•••••••••••••••••••••••• 
.. ,TBO,Flo.ot 
t/,T20,•ESTIMATEO COST OF COUNTY BRIDGE •• ~•••••••••••••••• 
••,n~o,FlO.O/ 
•t,T20,•ESTIMATED COST OF FARM BRIDGE ••••••••••••••••••••• 
••,T80,Fl0,0/ 
t/,T20,•ESTIMATED COST OF DRAINAGE CROSSINGS ••••••••••• 
tt,T80 1 F10,0/ 
t/,T30 1 •CONTINGENCJES ('• 13 ,, >•••••••••••••••••••• 
••,TBO,Flo.ot 
•t,T20 1 •TOTAL COST OF STRUCTURES FOP THIS REACH••••••••••• 
•• ,rao,F10.0I) 

C-----COMPUTE EAkTHWORK COST 
c 
C-----TOTAL COM~ON EXCAVATION 
c 

. C 
c 
c 

c 
c 

c 
c 

c 

c 

CALL REA~TH(08W,07t08MH,08MWL,O~M~P,OZHML,OZ8MR, 
2ETLI,ETHI,ETLOtETPO,ELTO•Of.LI,OELO, 
3ELitEL0tOSLP•SLP,f.W•Z•7Z•YFAeYLN,TCOM, 
4TFILLtTCt.M,OHAUL,TNEw,KMtKQ,MAXQ, 
SAVfROWtCANtTITLEtSLEN) 

CTEX = TCOM * UfXC 

TCOMP = TCEM * UCOMP 

THAUL = OHAUL ~ UHAUL * XRRW 

TRACK TFILL * UHACK 

C-----P~EPARING FOUNDATION - FOP LINED CANAL ONLY 
c 

c 

TPREP = (TCOM *20,/100,) * UPPEP 
IFCLCODE.EQ,O)TPREP = O. 

C-----TOTAL COST OF EARTHWORK 
c 

CTX = CTt.X + TCOMP + TBACK + TPREP + THAUL 
c 
C-----ADD CONTINGENCIES 
c 

c 
c 

FCEP = CTX +(CTX* CTGER/100.) 

C---COM~UTE COST OF DRAINAGE CDOSSJNGS 
TDRA = O. 

C----ASSUME TYPE A COVER - 5 FEET 
ICOV = 1 
LHEAD = 25 
DO 625 NXZ = ltNCX 
IFCLXO(NXZ),EQ.O)GO TO 625 
CALL PlPER(WAGE,EQUIP,AREA,JHAUL1,IHAUL2•LXDCNXZ)tlCOVtiHEAO, 

*LHEAD,C05T) 
TSAR = COST~AVEPO~ 

C---ADD COST OF EARTH~ORK-ASSU~E EVEN GROUND SLOPE 
f1IA = LXDCNXZ> 
JF(0JA,LE.6,) WT = 2.0 
IFCDIA.GT,6.AND.QJA.LE.1R.) ~T = .0~3*DIA + 2.00 
lFCDIA.GT.l8.ANf1.0lA.LE,24,) wT = ,OA3*DIA + 3,33 
I~CDJA,GT,24.) ~T = .09i*~IA + 3.0 
TOP = 4. 

C---COtw1DLJTE DEPTH OF EXCAVATIO"' 
f'IEP = OI1-1 + TOP 

006hl 
00662 
00663 
006t:>4 
oo6n5 
OObhh 
006h7 
006hf\ 
UOb69 
00670 
00b71 
00b72 
00673 
00674 
0067~ 

00676 
00677 
00678 
0067~ 

0061:!0 
006Hl 
OObH2 
006~3 

006H4 
006A5 
006~6 

00687 
00688 
00689 
00690 
00691 
00692 
00693 
00694 
00695 
00696 
00697 
00698 
006~9 

00700 
00701 
00702 
00703 
00704 
00705 
00706 
00707 
00708 
00709 
00710 
00711 
0071? 
00713 
00714 
00715 
00716 
00717 
0071 H 
00719 
00720 
00721 
00722 
00723 
00724 
00725 
00726 
00127 
00728 
00729 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
00738 
00739 
00740 
00741 
00742 
00743 
00744 

[ ·1: -·-· ~J :.5 



TEXC = XVOL * UfxC 
c---8ACKFILL COST 

RCST = XVOL * .50 * URACK 
C---CO~PACTING HACKFILL COST 

~PCST = XVOL * .~0 * UCOMP 
C---TOTAL EARTHWORK 

TFRT = T£XC + RCST + CPCST 
C---UNLISTED lTt~S 5 

T~PT = TERT + TF.RT * .05 
C---TRANSITION COST 

CTRAN = 39. * CXQ(NXZ)**0.963 * CXN(NXZ)*CIDX 
C---TO~AL COST OF CROSSINGS 

c 

TDRA = TORA + CTRAN + TRAR + TERT 
f>25 co r·.JT I t-:uE 

CTS = CTS + TDRA 

C---ADD CONTINGENCIES TO STRUCTURES 

c 

FCTNG = CTS * CTGST I 100. 
FCSTR = CTS + FCTNG 
ICON = CTGST 
IF(KU.[Q.MAXQ)WRITEC6•760)CAN,TlTLE 
IF(KU.EQ.~AX~)WRIT£(6,347) KQ 
IFCKO.EY.MAXU)wRITE(6,34A)TSIP 
IF(KQ.EO.MAXQ)WRITE(6.349)CSTUN 
IF(KQ.EU.MAXQ)~RITEC6.350)TC0RP.TCCMR,TCMFL,TOCST, 

* TXBRD,TX~FD.TDRA.ICON,FCTNG.FC5TR 

C-----COMPUTE RIGHT OF WAY AND RELATED COSTS 
c 
C-----RIGHT OF WAY COST 

AVEROW = AM~Xl<AVEROW-RW!O.O.) 
c 

CROW = AVEROW * SLEN * RVAL/43560. 
c 
C-----SEVERANCE COST 
c 

c 
c 

CSEV = ASER * UCSEV 

- c-----TOTAL COST 
c 

TCROW = CROW + CSEV 
c 
C-----ADD CONTINGENCIES 
c 

FCROW = TCROw + <TCROW ~ CTGRW/100.) 
c 
C-----COMPUTE TOTAL . FIELD COST 
c 

TFCONS = FCSTR + FCER + TCRO~ + CTL + TDRA 
c 
C-----C01.4PUTE ANNUAL COST EQUIVALENT 
c 
c 

00746 
00747 
00748 
00749 
007~0 

00751 
00752 
007~3 
007',4 
007~~ 

007~A 

00757 
007'iA 
00759 
00760 
00761 
00762 
00763 
00764 
00765 
00766 
00767 
0076H 
00769 
00770 
00771 
00772 
00773 
00 774 
00775 
00776 
00177 
00778 
00779 
007AO 
00781 
00782 
00783 
00784 
00785 
0078h 
00787 
0078~ 

007H9 
00790 
00791 
00792 
00793 
00794 
00795 
00746 
007CJ7 
0079A 
0079<1 

CANN 
&) 

TFCONS * (RINT * Cl.+RINT>**TLFE)/(((l.+RINT>**TLFE)-1.00800 
SVAL * .01*(FCSTR + CTL>*PINT/(((RlNT+1.)**TLFE>-l.> 00801 

c 
c 
C-----CO~PuTE SlEPAGE LOSSES 
C USE *MORITZ~ EQUATION 
C THE MORITZ EQUATION COMPUT~S SEEPAGF LOSSES IN 
~ CU8IC FEET PER SECOND PER MILE OF C~NAL 

c 
SEEP = 0. 2*CMZ* < ( tdV > *~0. 5) *SLEN/52~0. 

c 
c--- CONSIDEH OTHEH LOSSES.IF THERE ARE ANY. 
c 
c 

TH~SE ~AY BE DUE TO OPERATJONAL . LOS~ES,SPILLS,ETC. 

OTLOS = Q ~ PLOS/100. 
c 
C---- CONVEYANCE EFFICI~NCY 
c 

EFF = (Q - <SEEP+ OTLOS))*100./Q 
c 
C---- COMPUTE VOLUME OF WATER LOST FOR THF SEASON 
C BASED ON NUMBER 0F DAYS CANAL IS CARRYING 75 
c 

DPVOL = SElP * l.Q8 * OPT 
C---COMPUTE AVE~AGE SfEPAGE-AC-FT/CFS 

SRAT = UPVOL/Q 
TSRT = TS~T + S~AT 
LTS = LT5 + 1 

c 

OF FLOW 

C---- COMPUTt. VALUE OF WATER Dl.lf TO SEEPAGE 
r 

OF PEAK LOAD 

00802 
00t!03 
00804 
0080~ 

00806 
0Ut!07 
00808 
00809 
00810 
00811 
OOtsl? 
00813 
{)Qtj}4 
00815 
00~16 

00817 
00818 
00~19 
00820 
00821 
00822 
00823 
00t!24 
00t!25 
OOH26 
00827 
0082~ 
00829 
no~~n 

I 

I 



CTDP = OPVOL * DPV 
c 
C-----COMPUTE TOTAL VOLUME OF WATER LOST IN O~E DAY 

UOo .. H 
00b32 
OOH33 
00t;34 
OOH35 
OOH36 
001337 
OOH3e 

c 

c 

c 
c 
c 

c 

c 
c 
c 
c 
c 

c 

c 

c 
c 

c 

c 
c 

DAYSEP = (StEP + OTLOS) * 1.98 

CTANN(KX) = CANN + CTDP 

WRITE OUT Rf~ULTS 
JF(KO.EU.~AXQ)WPITE(6,797l 

797 FORMAT(//eT30,tCUST SUMMARY FOR THIS #Q# t) 

IF(KQ.EG.MAXQ)WRITE(6,793) 

ADD~=t~H=2• 9 IF DfSIGN DEPTH= YMN ~NO AH<3. 
A007=CHK, If CrlECK HAS BEEN ADDED TO REACH 
ADOB=DRP, IF DKOP HAS REEN ADDED TO REACH 

00839 
OOH40 
(J0d4l 
00d42 
0Ub4 3 
00b44 
OOH45 
OOH46 
00o'+7 
00b48 
00849 

wRITE(6t401)0tFCSTRtFCERtCTL•TCROW,TFCONS,£TANN<KX> .EFF,AUD6.ADD7,00d50 
+ADD8 

401 FORMAT(2X,F5.0,2Xe4Fl4.0tFIB.Ot2fl4.1,3<1XtA4)) 

QX(KX) = KG 

49 CONTif\iUE 

70 ~~~~ITE(bt260) 
260 FORMAT(///, 

ZTZ = LTS 

XRTS = TS~T/ZTZ 
WPITE(6t26l)XRTS 

F:FF . 
10X 9 tCONVEYANCE EFFICiENCY =• tf5.1•' 'l 

261 FORMAT<ItlOX,•AVERAGE CANAL SEEPAGE (AF-FT/CFS OF FLOW> = '' 
t F8.4,/) 

OOH':>l 
OOH52 
00853 
00854 
00855 
00856 
00d57 
008SA 
00b59 
OOH60 
00861 
00862 
00863 
OOH64 
00d65 
00866 
00d67 
00868 

C DETERMINE LI~EAQ PEGRESSION COEFFICIENTS FOR THE DATA ORTAINED 00869 
00870 
00871 
00d72 
OOH73 
00!;74 
00d75 
00876 
00b77 
00878 
00b79 
008HO 
0081:31 
OO~H~ 

00883 
OOHH4 

IF<CTANN<l>.NE.O.)GO TO ~70 
WQ ITE ( 6, 677) 

~11 FORMAT<TlO~///,t ------------------ NO STRUCTURES ADDED --HENCE, 
~0 ANNUAL FIXED COSTS FOR THIS SECTION -------------------•//) 

GO TO o7S 
~70 CONTINUE 

CALL kEGLI~ (QX,CTAN~.KX,AC,AC.R) 

6 75 COI\JT I 1\iUI:. 
WRITE(9tS34) 

C---GO TO ANUTH~R REACH 
c 

c 
GO TO l 

9~ RC::TURN 
E~D 

SU8ROUTINE REARrH<OBw,oz,OBMH,OB~WL,ORMWR,OZBML,OZ8MR, 00001 
2ETLitETHitETLO,ETPO,ELTOtOFLI,OELOt 00002 
3ELTtEL0t05LP~SLP.Rw,z,zz.YFR.YLNtTCOM, 00003 
4TFILL,TCEM,OHAULoTNEw,KM,Kn,MAXQ, 00004 
5AVERO~tCA~,TITLE.SLEN) 00005 

c 00006 
C T~IS ~OUTINE IS USED TO COMPUTE EARTH MOVEMENT AND 00007 
C EXCAVATION AND COMPACTMENT VOLU~ES INVOLVED Il\i THE OOOOR 
C REHABILITATION AND LINING OF A WATER CONVEYANCE CrlANNEL 00009 
c 00010 
c 00011 
C OBW OLD ~ASE ~IDTH 00012 
C OZ OLD INSIDE SIDE SLOPE 00013 
C OHMH HEIGHT OF OLD BERM AROVE OLD CHANNEL BOTTOM 00014 
C 08~WL OLD 8ERM WIDTH -LEFTSIDE (FACING UPSTREAM) 00015 
C ObMwR OLU BERM WIDTH -RIGHTSIDE 00016 
C OZBML AVERAGE SLOPE OF OUTSIDE OF OLD RERM -LEFTSIDE 00017 
C OZbMR AVERAGE SLOPE OF OUTSIDE OF OLD BERM -RIGHTSIDE 00018 
C ETLJ ELEVATION OF NATURAL TERRAIN TO LEFT OF OLD CHANNEL II\IL~T 00019 
C ETRI ELEVATION OF NATURAL TFRRAIN TO RIGHT OF OLD CHANNEL !~LET 00020 
C ETLO ELEVATION OF N~TURAL TERRAIN TO LEFT OF OLD CHANNEL OUTLET 00021 
C ETRO ELI:.VATION OF NATURAL TERRAIN TO RIGHT OF OLD CH~NNEL OUTLET 00022 
C ELTO MINIMUM ELEVATIO·~ OF WATER SURFACE FOR DIVEHSION THROUGH TURN000023 
C OELI ELEVATION OF INLET OF OLD CHA~NEL 00024 
C OELO ~L~VATION OF GUTLET OF OLD CHANNEL 00025 
C ELI ELEVATION OF INLET OF DESIGN CHANNEL 0002o 
C ELO ELEVATION OF OUTLET OF DESIGN CHANNEL (AAOVE CHECK/DROP) 00027 
C OSLP OLU 80TTOM SLOPE 00028 
C SLP DESIGN BOTTOM SLOPE 000?9 
C 8w DE~lGN BASE ~lOTH 00030 
C l D~SlGN !NSIUE SIDE SLOPE 00031 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
c 

c 
c 
c 

c 

c 

c 
c 
c 

c 
c 
c 
c 

YLN 
TC0'-1 
TFILL 
TCE~ 

OHAIIL 
TOLD 
~LEN 

DESIGN VERTICAL DfPTH OF LINING 
TOTAL VOLUME OF EXCAVATION -CU. YO. 
TOTAL VOLUME OF COMPACTED BACKFILL IN CHANNEL 
TOTAL VOLUME OF COMPACTED EMBANKMENT 
TOTAL VOLUMF OF FILL TO AE HAULED FROM OUTSIDE REACH 
VOLUME OF FILL ORTAINEO FRO~ EXCAVATION 
LENGTH OF REACH 

NEX = 0 
R?.D2 = O. 
A=OELI 
R=nELO 
C=ELI 
D=ELO 
ETR=ETRO 
ETL=ETLO 

50 AREAR=U. 
AREAT=O• 
AREAS=O. 
AREA~=O. 

PAREA=O• 
RAPEA=O• 
YVERT=O. 
ARECA=O• 

CALCULATE AREA OF OLD CHANNEL BELOW RERM Of DESIGN CHANNEL 

Yl = ELO + YFB 
Y2 = yF~ + ELO - OELO 
Y3 = ELO - OELO 
ARfAC = OH~ * Yc + OZ * Y?**?. 

CALCULATE MINIMUM TOP wiOTH OF SOIL RERM ON ' DESIGN CONCRETE CHANNEL 

AERMP = AMAXl((Yl-ETR+2.A),.000})**•667 
HERML = AMAXlCCYl-ETL+2.B>••0001)**•667 
8E~MR=(8ERMR+BERML>I2. 
8ERML=bERf'.itR 

CALCULATE DIFFERENCES IN ARfA SECTIONS BETWEEN CHANNELS 
AREA3 = COBW + Y3 * OZ) * Y3 
POwiO = 08w + Y3 * 2 * OZ 
IF<Y3.LT.R202> PO~ID = OBW 
TOPw = ObW + 2 * OZ * Y2 
DTOPW=H~+2*Z*Yf8 
CWID = DTOPW + HERMR + 8fRML 

NPLUS = 1 
IFCDTOPrl.GT.TOPk) NPLUS = -1 
AREAl = A~EA3 
IFCAREA3.LE.R2D2> AREA3=0. 
AREAR=O• 
wiD = PU~ID - R~ - YFR * 7 * 2 
A~EAS = YFP.**c*Z 
IFCCWID.GT.TOPW) GO TO 100 
IFCwiD.LE.R2D2) GO TO 1~0 
AREAR = C8ERMR+8EPML) * Yf8 

CALCULATE IRREGULAP AREAS RETWEEN BERMS OF OLD AND DESIG~ CHANNELS 
FOq VARIOUS CASES 

YS = (PO~ID- CWl~)/ZZ/2. 

TF<Y5.LT.O.) GO TO 40 
Y4 = ZtiOZ * CYF~-Y5)/(}.+7Z/OZ> 

A~FAT = OZ * Y4**2 
JF(Y4.LT.O.) AREAl= ZZ*YFR**2 
AREA~ = (YF~ + Y4)*(POWIO-CW10)/2. 
IF(Y4.LT.O.) AREA~=O. 

GO TO 200 
40 Y~ = -<~OwlD-CwJD)/OZ/2. 

Y4 = YFB-YS 
AREAT OZ*ZZ/COZ+Z7>*Y4**2 
APEAR = AREAR + (PO~ID-CWIO)*CYFB+Y4)/?. 

AREAM = O. 
GO TO 200 

CALCULAT~ VAhiOUS PREAS OF CUT AND FILL FOR CASES WHERE TOPwlDTH + 
RfqM wiDTH GF DESIGN EXCEEOS WIDTH OF OLD CHANNEL AT ELO + Yr~ 

100 OgfAP = ((TQPW-0TQPW)+POWJ0)/2e*YFR 
A~FCA = CCWID-TOP~)*( (Yl-ETL)+(Yl-FTq))/2. 

00034 
0003S 
00036 
00037 
0003H 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
0004~ 

00049 
00050 
00051 
00052 
00053 
00054 
0005S 
00056 
OOOS7 
0005~ 

00059 
00060 
00061 
00062 
00063 
00064 
00065 
0006b 
00067 
0006H 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
OOOH4 
OOOA5 
OOOBt> 
00087 
0008A 
00089 
00090 
00091 
00092 
00093 
00094 
0009S 
00091) 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
OOlOH 
00109 
00110 
0 0111 
00112 
00113 
00114 
00115 
00116 
00117 



c 

PA~EA : (Yl-ETL)**2*COZ+77ll2. 
IFCCY}-ETR).LT.O.) RARfA = . -RAREA 
IFtCY1-ETU.LT.O.) PAPEA: -PAREA 
A~ECA : -AkECA-PAREA-RARFA 
IFCYl.LT.(OBMH+OELO>> GO TO 200 
Y4 = yl-COHMH+OfLO) 
ARFA~ = Y4*(CW10-TOP~)+Y4**2*CZ2+07) 
ARECA = AH~CA+ARFA~ 
GO TO 20U 

C CALCULATE VARIOUS ARE~S OF CUT AND FJLL FOR CASES ~HERE TOP wiDTH 
C DESIGN CHANNEL ~XCEEDS THE WIDTH OF OLD CHANNEL AT ELO. 
c 

1~0 wto = AbS(wlD> 
zw = YF6 * 2 * Z 
AREAS : AR~AS-C~IDI2.)*(W!DI2.)1Z 
IFCwiO.GT.Zw) AREAS=O. 
Y4 = C~ID12.>10Z 
Y5 = yFcl-Y4 
AREAR = Y5**2*07 
X4 = AMAXl((TOP~-CWID> ,R2D2) 
Y4 = X41(0Z+ZZl 
APEAR = AREAP-Y4*X4 
tFcYS.LT.O.) A~EA~:O. 
Y5 = Yl-COBMH+OELO> 
IFCY5.GT.O.) AREAT=Y5*CAfPML+HERMR)+Y5**2*ZZ-AH£AR 

c 
c 

GO TO 200 

C COMPUTE AREAS OF CHANNEL BACKFILL 
c 

?00 AREA4 = AkEAR + AREAT + AREAS + AREAM 
TFILL = AREA4 + AREA3 

c 
C C0"1PUTE AkEA OF CUT 
c 

c 

c 

YRHR = AMINlCOR~H - CETR - OELO),QB~H) 

YBHL = AM I 1\t 1 C 0 ~ ~· H - CETL - OELO),Q8MH} 
CUTL = ObMwL * Y8HL + YBHL**2 * coz + OZBML) 
CUTR = OclMW~ * Y!-IHR + YBHP**2 * (07 + OZBMR) 
CUTT = CUTL + CUTR 

IFCNPLUS.EQ.ll CUTT = CUTT + ARECA 
IFCAR[ld.LE.Ol ClJTT = CUTT + A8S(AREA1) 
TCOM = CUTT 
TOLD = CUTT I 1.25 
OrlAUL = lFILL - TOLD 

I 2. 
I 2. 

C IF OHAUL IS NEGATIVE, EXTRA FILL EXISTS IN THE PklSMATIC AREA. 
c 
C CALCULATE DEPTH OF COMPACTED BACKFILL IN OLD CHANNEL PRISM 
c 

220 OFILL : CTFILL I APEAC) * C CETR + ETU 12. - ELO> 
c 
C USE AN ITEHATION PPOCESS TO CONVERGE tJPON THE CORRECT DEPTH 
c 

c 

c 

c 

c 

230 YFILL = TFILL I COR~ + OFILL 0 OZ) 
DFILL = DFILL + CYFILL - DFILU I 2. 
IF!CDFILL-YFILL>.LT •• 05) Gn TO 250 
GO TO 230 

250 Y98 ETR - ELO 
yqq = Ell - ELO 
Y45 AM1NlCY98,y99) 
FAPEA = OHw * Y4S ·+ Y45**? * Z 
IF CYF1LL.LE.Y4~) GO TO 2~0 

XCFM = TFILL - FAPEA 
YSS = AMAX1CY98,y99) 
T w J(J T = ( C W I 0 + Y F..; * ? * Z Z> I 2 • + 0 B ¥1 I 2 • + Y 55 * 0 Z 
YFILL Y45 + XCEM I TWIDT 
TWIDH = CW!D + YFB * 2 * 7Z 
~FILL = Y45 + XCEM I TWIOH 
IFCHFILL.LT.YFILL> YFILL = HFILL 

2b0 CONTINUE 

C CALCULATE THE DEPTI-' OF THE COMPACTEO fMiiANKMENT 
c 

OTOPD = YFR- CYFILL- CfLO- OELO)l 
TCEM = CBERML + ~ERMR) * DTOPO + DTOPD**2 * CZ + ZZ> 

c 
C CONVERT AREAS .INTO VOLUMf~ 

c 

00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
0012& 

OF00129 
00130 
00131 
00132 
00!33 
00134 
00135 
00136 
00137 
0013ti 
0013Q 
00140 
00141 
00142 
00143 
00144 
0014!::> 
00146 
00147 
00148 
0014Y 
00150 
00151 
00152 
00153 
00154 
00155 
001!::>6 
00157 
0015ti 
00159 
00160 
00161 
00162 
00lb3 
00lh4 
0016~ 

00166 
00167 
OOHH 
00lh9 
00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 
U017H 
0017\j 
00180 
001&1 
00182 
001H3 
001H4 
001H5 
00186 
001t17 
001HA 
001~9 
001YO 
00191 
00192 
OOl<jJ 
001CJ4 
00195 
00196 
00197 
00198 
001CJ9 
00200 
00~01 

00202 



c 
c· 
c 

c 

c 
c 
c 
c 

c 

c 

c 

c 

c 

c 
c 
c 

c 

QCOM = TCO~ 0 SLEN I ?7. 
ROLD = TULD 0 SLEN I ?7. 
PF1LL = TFILL o SLEN I ?7. 
PCEM = TCE~ 0 SLEN I ?7. 
KHAUL = uHAUL * SLEN I 21. 
QRFP~~ = ~E.FIM~ 
PRF.:R~l = ~E:.kML 
~t; Yl - ETL 
Hf. = Yl - E:.TK 

~[CALCULATE VOLUMES ANO AREA~ Of [ART~ ~OVEMENT Fu~ INLET OF ~EACH 

0ELO = OI:.Ll 
ETR=ETkl 
FTL=fTLI 
fLO = Ell 
NF.X = 1 
GO TO !::10 

300 OHAUL = OHAUL * SLEN I ?7. 
TCOM = TCO~ * SLEN I ~7. 
TOLD = TOLD * SLE:.N I 27. 
TFILL = TFILL * SLfN I ?7. 
TC~M = TCE~ * SLEN I 27. 
IF(RHAUL o UHAULl 600o400t400 

AVEPAGE 11'-lLET AND OUTLET VOLIJME ESTIMATES. ADD EXTRA FILL TO 
COMPACTED EMHANK~ENT. 80AROW POSITIVE OHAUL FROM NEGATIVE OHAUL. 

400 IF(PHAULl ~00tS00,550 
500 TCFM = ITCEI" + ACE M l * • <; - . ( OHAUL .+ RHAUll * • 5 

OHAUL = u. 
GO TO b!)O 

550 OHAUL = IOHAUL + PHAUll 0 .s 
GO TO 635 

'-00 OHAUL = IOHAUL + PHAULl * .s 
IF ( OHAULl 625t635,635 

62~ TCEM = !TCE~ + 1-iCE~l 0 .s - OHAUL 
OHAUL = 0. 
GO TO 650 

63S TCEM !TCEM + RCEMl * ·"' 
6~0 TCO~ <TCOM + ~C0Ml o .~ 

TOLD !TOLD + ~OLDl o .5 
TFILL = <TFILL + RFILLl 0 .S 

ADO 10.0 F~ET TO TOTAL ~lOTH OF D~SJGN CHANNEL SECTION FOR MINIMUM 

AVfROw = ~W + A~AXl(HS*(7+7Zl+RBEP~L+Hho(Z+lZl+R~ERMRt 

&IYl-ETLl*(Z+ZZl+ Rf R~L+IY1-fTRl 0 1Z+771+RERMRl + 10.0 

OELO= B 
ELO = IJ 

00204 
0020C:, 
00206 
ooco7 
UOcOti 
ooco9 
00210 
00211 
00212 
00213 
00214 
ouc1~ 
00216 
00t17 
002lb 
00219 
002?.0 
OU221 
OOC22 
00223 
00224 
00225 
00226 
001::'27 
oon~:~ 

00229 
00230 
00231 
oo23c 
00233 
00234 
00235 
00236 
00237 
0023H 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
0024R 
0024Q 
00250 
00251 
oocs2 
00253 

R00254 
0025~ 
00256 
00257 
002511 
002~9 

OOct-0 
c 00261 
c 00262 

~~AUL=O• 00263 · 
c 002b4 
C IF OVERHAUL IS POSITIVE, ~ORPOw REQUIRED FILL 8Y EXCAVATING ON 00co5 
C GRADE AO~ACENT TO THE DESIGN CHANNEL. IF OVERHAUL INTO THE REACH 00266 
C AREA FRUM A AORROW AREA 1~ DESIRED. DELETE THE FOLLOWING THREE 00267 
C STATEMENTS. 0026ti 
c 00269 

A~AUL = OHAUL 00270 
O~AUL = O. 00271 
TCOM = TCOM + AMAX1(~HAUloR2D2) 00272 

c 00273 
C wRITE OUT TA~LE OF EXCAVATION AND FILL VOLUMES 00274 
c 0027~ 

IF!KQ.NE.MAXOl GO TO 700 00276 
WQITE(btb90) ~O.TCO~tTOLOoTFILLtTCfM,RHAULtOHAUL,AVERO~ 00~77 
WAJTE(6t6~5l A,B.CtO U027H 
WR!TE(htb98l YFroHWtSLEN 00279 

C OOcRO 
f>90 FOPMAT( //,T3Q,tooooo <;U"~~ARY OF EARTHWORK FOH Rt::HARILAT~Tl\.l'li OF002iil 

2 THI~ HEACH OOOOOiol/ T47o 1 Q = '•l~ol CFSI 1111 002&2 
3 Tl5o•CUMMON EXCAVATION TOTAL 1 tTSOoFlO.Oo•CU YU•/1 002A3 
4 T}S.•FILL F~O~ CHANNEL ~XCAVATl0Nt,T~OoF10.0,tCU Y0•/1 002ci4 
~ Tl~••CHAN~EL CO~PACTfn ~ACKFILL T0TAL•oTSO,F10.0o•CU YD•/1 002R~ 

h Tl~t•Cu~PACTEn E~HA~KMENT TOTAL 1 oT~O,FlO.Oo 1 CU YD•/1 00cd6 
7 TlSotFlLL F~OM ADJACENT fXCAVATlONt,TSOoFlO.Ot•CU YO•// 002~7 

fl. Tl5otll VE~HAUL•,TSOoF}O.IlotClJ YD•/1 OOcMM 
ti Tl~ttAVtRA G E MINIMUM kiAHT OF WAYt,TSOof10.0o•FEET•IIl 002h9 

h~5 FORMAT!ll5o•OLO INLET ANn OUTLFT flfV•.T50oFl0.1t2XoF10.l•' FEET•I002~0 
2 Tl c; • • IJ E S Hi 1'1 I N L E T A r-J D 0 II T L l T E L £ V ' • T 5 0 , F 1 0 • 1 • 2 X • F l 0 • l • ' F U J1 I ll 0 0 c 9 1 

~Qd FOPMAT(//Tl!J•'O~SIGN nEPTH OF CHA~NEL•.T5DtFlO.lt' FEET•/ 00292 
2 T15otUE~lGN WIDTH OF CH~NNfL 1 oT~~oFl0.1•' FEEl•/ 00293 
3 J}!),•LtNGTH OF R[ACH•,T~O.F}O.Oo• FFET 1 /l 00c~4 

700 ~ETlii-<N 00~-1:, 

END OU2~n 



c 
c 
c. 
c 
c 
c 
c 
c 
c 

c 

t\PPRt\lS/JL CC'ST OF CW ILL M~J BU\ST r !~E [ f-LC:w 1UW;LLS 

06-03- 7 7 

CALL TUNNEL ( ~AGE ,ST EE L,CCKC, ECU IP, E LEV, D IA M ,L E~G TH,NPCqT,ICOST) 

Jl :--1 PCO L CO DE Er-143? -- 2~4-3064 

D I '~ E N S l(JrJ 0 { 4 ) , f> ( 4 l 
NPCRT =Nf' 
IF(r-:PnRT.N!:.ll NPOP, T = 2 
HF LE N I 105600 . I NPORT + 17~.1472 * NPO~T I LEN + .~1695 

EF = 1.023- .0 0 1105 * SQRT!El) + .4294E-4 * El 

C FXCAVATION 
c 

c 

R = .0423 ~ DIA* DJA+ .88 
P ( 1 l = 58 • 3 3 * R * * { - • 7 1 3 + • 0 q 7 2 4>~= .\ l 0 G { R ) l * ( w R. + 3 • 6 * [ I ) 16. * 

Q} EF *HF 
Q ( 1) = R * LEN 

C LI N Y:.JG 
c 

c 

R = (.0074 ~' DIA + .1152) * DIA + .16 
P(2) = (17.5 + 33 56 0 • . * OIA**l-8.769 + 3.277 * ALOG(OIA) -

@ .365 * ALCG(01A)*'*2.) I P) ~' ( Wk + .88 *Ell I 4.15 * 
a EF * HF + 5.64 * Cl 

~)(2) = R * LErJ 

C SUPPURTS 
c 

c 

n = (1.1745 • n1~ - 7.0~6) * OIA + ;4.68 
P{3} = {.16 * SI + .01 * Wr) * 1.35 * HF * R * LE~ 
t) (3) = 1. 

C POR TAL S 
c 

c 

P(4) = .9 391~-15 * DIA**(40. 62 - 16. 3 2 * ALGG( DJA) + 
@ 1. 948 * AL OG (DIAl * AL~JG(DL\)) * {WR * .88 * [1) I 4.15 

.)(4) = 1. 

C TnTAL COST 
c 

R =0. 
on 100 1 =1,4 

CUL POiF'W (f>(1)) 
CALL P.CWJD ( O Cil) 

R = R + P(l) * ·::.H il 
100 CONT HJ:J F. 

R = R * l. 3 75 
C.:\LL E CWm ( Rl 

NUt-1=R + .001 
K ETJR~J 

END 



C DATA SET WJ~PIPE AT LEVEL 0?.8 AS OF Ol/05/78 
C ~AIN PHOGHAM PIPE •••••• C0MPUTES CO~T~ OF IkRIGATION PIPE SYSTEMS 
c 

c 

DIMENSION A(50) 
CO~MON UEXC, UEXST, UEXSI. UEXPT, UfRC, UERST, UERSI, UERPT, 

LUHACK, U~FSTt U~FSI, URF~T.UPREP, UCOMP, UCOM~, CLN, CNSTR, 
&CNSIPt USTEL• UHAULt IPEHAR. 

10 FO~MAT(/ 9 t THIS P~OGRAM COMPUTES PIPE SYSTEMS · COSTS•/ 
I) 

12 FO~MAT(/tt TY~E U~IT COST nF EXCAVATION FOR TrlE FF ITE~S:•/ 
tt 1-COMMON, CANAL, $/CYt/ 
'' ?-COM~ON, STRUCTUPES.~/CY 1 / 
'' 3-COM~ON, SIPHON, b/CY•/ 
'' 4-PIPt TRENCH. ~/CYt/ 
'' 5-ROC~, CANAL, ~/CY•/ 
'' 6-kOCK, STRUCTURE, ~/CY 1 / 
'' 7-ROC~, SIPHON, i/CYt/ 
'' A-ROCK, PIPE TRENCH, $/CY 1 /) 

14 FQRMAT(/,t TYPE THE FF UNIT COSTS:•; 
'' 1-HACKFILL• CANALe(COMPACTEO ~OTTO~ FILL FOR REHA8 OF CANAL•/ 

• TO PIPE SYSTEM, $/CY•/ 
'' ?.-eACKFILL• STPUCTURES• ~ICY•/ 
tt 3-~ACKFILL• SIPHON.~/CY•/ 

'' 4-BACKflLL• PIPE TRENCH, $/CY 1 / 

' ' 5-BED PkEPARATIO~t CANAL LINING, ~/CY 1 / 
'' h-COMPACTING EMRANKMENT, $/CY•/ 
'' 7-COMPACTJNG 8ACKFILL, ~/CY•/ 
'' A-OVERHAUL• ~/YD-Mit/) 

16 FORMAT(/,• TYPE THE FF UNIT COSTS:•; 
'' 1-CONCHETE IN CANAL LI~INGt ~/CY•/ 
'' ~-CONCHETE IN STRUCTURES. $/CY•/ 
'' 3-CONCHETE IN SIPHON, $/CY 1 / 

' ' 4-STEEL, $/LB•I> 
18 FORMAT(//,t THIS PROGRAM IS ~ER~INATED SUCCESSFULLY•/// 

'' THE OUTPU~ 0~ THIS PROGRAM is ORTAINfD AT THE~/ 
t t T E R ~ I I >I A L - 0 AT A 1 0 0 L IN E P R INTER • I I I 
'' GOOOLUCK-----------AYE••••••••••••'/) 

?00 FOQMAT(lH1,//////////,T40,•0UTPUT OF PROGRAM ••PIPCST•• •II 
'T40t•COST OF PIPE DISTRIRUTION SYSTfMt/) 

412 FORMAT(//,• TYPE ONE OF THE FOLLOWING SYMBOLS TO DESCRIBE THE•/ 
'' PLANNING CODE:•; 
tt (0)---PIPE IS TO BE PLACED IN NATURAL• UNDISTURBED TERRAIN•/ 
tt (1>---PIPE IS TO REPLACE AN EXISTING UNLINED CHANNEL•/ 
•• (I.E., PIPE WILL HE PLACfD DIRECTLY IN OLD CHANNEL•'/ 
'' ALO~G WITH THE REQUIRED fXCAVATION AND BACKFILL.'/) 

wq!TE (9.10) 
l.ti~ITE<9,412) 

CALL INPUT (A, JU 
I REHAB = A ( 1> 
WRITE(9t12) 
CALL INPUT(AeNX) 
UEXC = A(}) 

UEXST = A(2) 
UEXSI = A(3) 
UEXPT = A(4) 
UERC = A(5) 
UF.PST = A(b) 
UFRSI = A(7) 

UERPT = A(8) 
WRITE<~d4) 
CALL INPUT(A,NY) 
UBACr<:. = A(l) 
UAFST = A(2) 
URFSI = A. (3) 
U8FPT = A(4) 
UPREP = A(5) 
UCO~P = A(b) 
UCOMH = A(7) 
UHAUL = A(8) 
WRITE(9t1~) 
CALL INPUT(AtNZ> 
CLN = A(l) 
CNSTR = A(2) 
CNSIP = A(3) 
U<:;TEL = A(4) 
WRITE(b•200) 
CALL PI~CST 
wr;ITE::(9t1H) 
STOP 
FNI) 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
0000~ 

00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
0001'J 
00020 
00021 
0002~ 
00023 
00024 
00025 
0002b 
00027 
0002~ 

00029 
00030 
00031 
00032 
00033 
00034 
0003~ 

0003b 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
0004b 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00056 
0005'J 
OOObO 
00061 
00062 
000b3 
00064 
0001)~ 

000b6 
000b7 
OOOb~ 

00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 



c 
c 
c 
c 

c 
c 

SUPROUTINE PIPCST ••••••• CALLED BY ~ROPIPE (MAIN> 
SUBROUTINE PIPCST C~LCULATES THE ANNUAL COST OF A PIPELINE 
IN RELATlUN TO THE FLO~ RATE OF WATFR CONVEYED 

SURROUTlNE PIPCST 
LI<;TtNONE 

OOOtil 
00082 
00083 
UOOb<+ 
00085 
000ti6 
000117 

COMMON UEXCt UfXST• UEXSI• UEXPT, l.lfRC, UERSTt UE.~SI, UE4PT, 000~8 
.,U8ACK. Ut:1F~T• Ur:.FSI• .lJRFPT. UP~EP, UCOMP, UCO~rl. CLN, CNSTRt 0008Y 
~CNSJP, U~TEL• UHAUL• IRE~AR, DPFILL 00090 
INTEG£~ S££ 000'11 

c 00092 
DIMENSION A(50),SZECHO),TACC500)t0T(500) 00093 
OI~ENSION TACTCSOO),QX(500)eTSZ(Sno),TN0(500) 00094 
niMENSIOhl XSTAc<lOO) ,XGL£(100) tXPGf(lOO) 00095 
DIMENSION TITLEC17>•TPCST(4) 0009~ 
DIMENSION TYPEP(3)tTYPfQ(3)tPIPCT~(4)tCPIP(4) OOOY7 
DATA CNl,CN2tSYS1/4HEND ,4HSKIP,4HGRAV/ OOO~R 
DATA TY?EP/4HCONC,4HSTEEt4HPVC I OOOY9 
DATA TYPEQ/4HRETf•4HL ,4H I 00100 
kXQ=O 00101 

c 00102 
500 FORMAT(/,• TYPf THE FF INFOR~ATION ~ t/ 00103 

'' ••READ---GRAVITY PIPE''•••THEN PEACH IDENTIFIER OP•/ 00104 
'' ••READ---HIG~ PRESSURE PIPE•• t/ 00105 
., 00106 

502 FOPMAT(/,t TYPE TH~ FF DATA FO~ CONCRETE PIPE:•/ 00107 
•• 1-WA~E RATE FOP PIPE LAY~R•/ 00108 
'' 2-EQUIPMENT INDEXt BASE IS 1976•/ 00109 
tt 3-AREA FACTOR•/ UU110 
•• 4-HAUL DISTANCE OF PIPE FOP UP TO 150 FT HEAD•/ 00111 
tt 5-HAUL OISTANCF OF PIPE OVER 150FT HEAD•/ 00112 
tt h-CODf FOR TYPE OF COVER:•/ 00113 
tt <U A COVER- 5 FT •I 00114 
'' <2) B COVER-10FT t/ 00115 
tt (3) C COVER- 15 FT•/ 00116 
'' (4) D COVER 20- FT•/ 00117 
tt 7-COST INDEX FOR PIPE OIST. SYSTEM, BASE IS 1976•/ 00118 
'' ~-DEPTrl OF BACKFILL OV~R TOP OF PIPE, FT 1 / 00119 
tt 9-HEAU CLASS (IN FEET> OF CONCRETE PIPEt/) 00120 

504 FORMAT(/•' TYPE TE FF D~TA}t/ 00121 
'' 1-CONTINGENCY COST ~OR EARTH~ORK, PERCENT•/ 00122 
'' ?-CONTINGENCY COST FOR STEEL RESERVOIR, PERCENT•/ 00123 
'' 3-CONTINGENCY COST FOR R 0 ~. PfRCENTt/ 00124 
tt CONTINGENCY COST FOR PIPES,VA L VfS, ~ TC,PERCENT FOR:•/ 00125 
'' 4-CONC~ETE PIPE•/ 00126 
tt 5-STEEL PIPE•/ 00127 
tt 6-PVC PIPE•! 00128 
tt 7-HEAD CLASS OE~IRED FOR PVC PIPE 'I 001?11 
'' TYPE:• 00130 
tt 1 FO~ ~3 PSI BELL E~n•/ 00131 
'' 2 FOR 125 PSI ~ELL ENOt/ 00132 
'' 3 FOR 160 PSI BELL END•/) 00133 

506 FORMAT(/et TYPE THE FF DATA:•/ 00134 
•• 1-LIFE OF PROJECT, YEARS•/ 00l3S 
'' 2-INTEREST RATE. PERCE~Tt/ 00136 
•• 3-SALVAGE VALU~. ?EPCENT OF THE OPIGINAL COSTt/) 00137 

50~ FO~MAT(/,t TYP~ DATA FOR fLEVATED TANKt/ 00138 
'' CIF NO STEF-L TtNK IS OESIREP. TYPf---o., o., o., 0.)•/ 0013~ 

. ,, I-TOWER hEIG~ T, FT•/ 00140 
t.t 2-MINIMUM *Q* OF TANK, CFS 1 / 00141 
'' 3-MAXIMUM *Q* OF TANK, CFS•/ 00142 
tt 4-*0* INTERVAL•!) 00143 

510 FORMATC/t' >>>AT THIS POINT, OATA RE FOR SPECIFIC REACH ONLY>>>t00l44 
'' ••• THIS lS---•,18A4/) 0014~ 

~11 FORMAT(/,, TYPE THE FF · DATA FOR THIS REACH•/ 00146 
tt I-LENGTH OF REACH, FTt/ 00147 
'' 2-HGL ELEVATION AT PIP~ OUTLETt FT•/ 00148 
'' 3-ELEVATION AT PIPE OUTLET• FTt/ 00149 
'' 4-HGL ELEVATION AT PIP~ INLET, FTt/ 001~0 
'' i-ELEVATION AT PIPE INL[T, FT•I> 00151 

512 FORMATC/tt TYPE THE FF OATA:t/ 00152 
•• 1-WIDTH OF EASE~ENT, FT 1 / 00153 
'' 2-VALUE OF EASE~ENT FOP CROPPED LAND, $/ACt/ 00154 
tt 1-VALUE OF EASFMENT FOP OTHER LANDt $/AC 1 / 00155 
'' 4-LENbTH OF OTHER EASEMENT, PERCENT OF TOTAL LENGTH•/ 00156 
tt ~-ROCK EXCAVATION• PERCENT OF CO~~ON EXCAV.t/ 00157 
'' 6-DISTANCE TO Rn~ROW AREA CCOMMON)tMILES•/) 0015~ 

513 FORMAT(/,t TYPE NUMHER AND CORRESPONDING SIZES OF T.O.CINC~ES> •/) 0015~ 
514 FORMAT(/•• TYPE DATA FOR PIPE TRENCH:•/ 00160 

'' I-STATION, FEFT•/ 00161 
'' 2-GROUNO LINE ELEVATION OF STATION, FTt/ 00162 
'' 3-PROFILE GRADE ELEVATIO~ OF ST~TION, FT•/ 00163 
'' CTO t.ND STATION DATA---TYPE O.,o.,O.)t//1 00164 
t t ----------C::.Tlif....T TVOT~If: C:~flTT(\~1 niiTA_ :__ __ _ __ _ _ 



-516 FORMAT (t TYPE ~OPE STATION DATA•) 
518 FOR~~T(/,t ----------ENO OF STATTON OATA----------•1) 
520 FORMt'T(/,t TYPE t-~INIMU~ n(CFS), M~)(J~IP-1 fl( .CFS), ANDt/ 

'' ttQtt INTERVAL•!) 
S22 FORM~T(/,t >>>>> END DATA FOR THI~ REACH <<<<<•//) 
~24 Fn~MAT(/,t ARE THERE SO~E MORE RF~CH TO PROCESS ------•1 

'' IF ttNOtt TYPE ••• ttENO DATA" t/ 
'' IF ••YES•• TYP~ ••• ttSKIP---GRAVJTY PIPE•• OH•/ 
'' TYPE ••• tt~KTP---HlGH DRfSSURE Pl~t'' t/) 

5c6 FfH~MAT (/t' TY~E COflt FOP TIJPNOLJTS: •I 
'' (0) T.O.- NO PRESSllRF 4f~liLATING VALVt::•/ · 
' ' (1) T.o.- WITH PRESSURE REGULATING VALVE•/ 
'' ALSO TYPE MISCELLANEOUS COSTS FOP ADDitiONAL TURNOUT ITEMS,•/ 
'' (SUCH AS ~UTTE~FLY VALVES,METERS,ETC). ENTER! 0.00 IF NO•/ 
t t A liD IT I ONAL ITEMS A~F: REQU 1 PfD' I) 

c 
C HEAD IN CONTROL FOP PROPER RRANCHlNG ~NO A TITLE 
C IF THE WORD BEGINNING IN COLUMN 1 IS: 
C ·~EAD• CONTkOL IS SHIFTED TO ~T~TEMENT 5 
C •SKIP• CONT ROL IS SHIFTED TO STATEMENT 3 
C •END• CONTROL IS SHIFTfD TO STAT EMENT ~8 
C NoTE: THE SKIP CONTROL IS USED TO MINIMIZE THE ENTRY OF 
C · REDUNDANT OATA. STATE'-AfNT 3 IS A •CONTINUE• 
C STATEMFNT THAT MAY ~E '-AOVED IF DESIRED. 
C THE TITLE ~EGINS IN COLUMN R 

c 
c 

wRTTE(9t500) 
C0NTINUE 
READ (5.150) CON,SYS, TITLE 

150 FORMAT (A4t3X,A4o17A4) 
-IF <CON.EQ,CNl> GO TO 98 
IF <CON.EQ,CN2) GO TO 3 

5 CONTINUE 

C---SET UP kANGE OF DIAMETER CONSIDERED 
C ~INJ~UM OIA IS 4 INCHES 
C ~AXI~U~ uiA IS 120 INCHES 
C INC~E~ENT USED -- EVERY 2 INCHES 

c 

c 

1<'3 - 0 

DO 6 K= 4,120t2 
t<R = t<B + 1 
S7.'E(KE:i) = K 

6 CONTINUE 
N = (1~0-4)/2 

C PEAO DATA FOR CO~PUTING CONCRETE PIPE COST 
C USE u.s.fi.R, SUBROUTINE •PIPER• IN COMPUTING COST 
C I N P lJ T D A T A N E E 0 E 1J ARE : 
C WAGE = wAGE RATE 
C EQUIP = EQUIPMENT INDEX 
C APE~ = ARE~ FACTOR 
C IHAUL1= HAUL DIST~NCE UP TO 150 FEFT HEAD 
C l~AUL2= HAUL DISTANCE OVER 150 FEFT HEAD 
C !CODE = TYPE OF COVER 
C 1---A COVER <~ FT) 
C 2---B COVER <10 FEET> 
C 3---C COVER <15 FEET> 
C 4---D COVE~ <20 FEET> 
C CIDX = COST INDFX FOR PIPE SYSTE'-AS---8ASE IS 1976 
C DPFILL = DEPTH OF FILL OV~R TOP OF PIPE IN T~~NCH 

c 
wRITE<~•:,02) 

CALL INPUT<A•I\IY> 
wAGE = A(l) 
EQUIP = - A(2) 
AREA = A(3) 
!H~liLl = A(4)+,000l 
IHAUL2 = A(5)+,0001 
ICODE = A(6)+.0001 
CIDX = ~ (7) 

DPFlLL = ~(ti) 
~~F.Af'l = 11(4) 

C-----RF.AD PERCENT CONTINGENCIES AND COST INDEX 
lo!R!Tf(I:1,!)U4) 

c 
CALL INPUT(AtKT) 

c 
c .jj. Tf.INCTG = PERCENT CONTINGENCY COST FOR EARTHwORK 
c * STCNTG PF~CENT CO"-JTINGENCY COST FO~ STI:EL RESERVOIR 
c * PwOHG PERCENT CONTINGFNCY COST FOR RIGHT OF wAY 
c * PIPCTG = PERCENT COI\H I 1\!GENCY COST FOR PIP~S.VALVES.ETC. 
c 

TPI\'CTG = A(}) 

00166 
001h7 
00168 
00169 
00170 
00171 
00172 
00173 
00174 
0017S 
0 01 7h 
0017f 
00178 
00179 
00180 
ooun 
00182 
00183 
001H4 
001~5 

OOU:l6 
00187 
00188 
00189 
00190 
00191 
001C)2 
001Y3 
00194 
00195 
OOlCJb 
00197 
00198 
0019CJ 
00200 
00201 
00202 
00203 
00204 
0020S 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00~18 

0021Y 
00220 
00i21 
00222 
00223 
00224 
00225 
00226 
00227 
00~28 
UU229 
00230 
00231 
00232 
00233 
00234 
0Ut35 
00236 
00237 
00238 
0023~ 

00241) 
00241 
00242 
00243 
OOc44 
00245 
00246 
00247 
0024~ 

00249 

f 



c 

~WCNTG = A!3) 
PIPCTGCl>=A(4) 
PIPCTGI2)=AC5) 
P I PC T C.~ C 3 ) =A ( 6 ) 
TCLP = A(7) 

C-----R~AD LIFE OF PPOJECT,INTEQFST,SALVAGE VALUE 

00~51 

002S2 
00253 
OOlS4 
00~55 

002~t> 

002!::>7 
OU2':)1j 
00259 
00t60 
00c61 
00262 
00263 
00264 
00265 
00266 
00267 
00268 
00269 
00270 
00271 
00272 
00213 
00274 
00275 
00276 
00277 
0027!; 
00279 
00280 
002111 
00282 
00283 
00284 
00285 
0028b 
00287 
002~8 

00289 
00290 
00291 
002'l2 
00293 
002~4 

00245 
00296 
00297 
0029~ 

00299 
00300 
00301 
00302 
00303 
00304 
00305 
00306 
00307 
00308 
00309 

c 

c 
c 
c 
c 
c 

\IIPITE C'h5u6) 

CALL INPUT(A.NR) 

* TLFE 
* P.!NT 
* SVAL 

TLFE 
RINT 
SV4L 

= A ( 1) 

= A(2) 
= A(3) 

LIFE 0F - PROJECT, YEARS 
INTE~EST RATE• PERCENT 
SALVAGE VALUf• ~ERCENT 

c . ' 
C-----READ DATA FOR ELEVATED STEFL TANK CPESERVOIR - FOR PRESSURE PIPE) 
C IF ~0 STEEL TANK IS OESIRED - INPUT ZERO 

WQJTE(9t~08) 
c 

c 
c 

c 

CALL INPUT(A,NST) 
~ H = TOwER HEIGHT,FEET 

H = A(l) 
KNTQ = A(4) 
1'¥1AXI,, = A(3) 
tv1JNQ = A (2) 

C-----AT THIS POI~T, CO~PUTE COST OF TANK/RESERVOIR 
c 

IFCH.fQ.O.>GO TO 3 
c 
C-----FIRST,COMPUTE SIZE OF TANK NEEDED.IN GALLONS 
C USE SIZING GUIOE CURVES DEVELOPED RY U.S.~.R. 

c 

c 

NCT=O 
I.I~ITEC6tl70) 
DO 127 KR=MINQ,MAXU,KNTQ 
NCT = NCT + 1 
0 = KR 
QX(NCT> = Q 

GAL = <3.05 * Q + 20.) * 1000. 

C-----FIND ~EIGHT OF STEEL TANK WITHOUT TOWER 
c 

c 

c 

c 
c 
c 
c 

IF<GAL.GT.225000.) GO TO 156 

TANKW =CU.27 *GAL+ 17000.) 
GO TO l~b 

156 TANK~ =(0.16 ~GAL+ 102000.) 

1 5 ~ Co"' T I N U E 

1t0 

161 

FIND wEIGHT OF TOWER --DEPENDENT ON 
USE CUkVES-OEVELOPED BY USRR 

TOwER HEIGHT AND CAP 

IFCGAL.LE.50000.)W =37H.~H -20000. 00310 
IFCGAL.GT.50000.AND.GAL.Lf.75000.)W ;(378.*H+740.*H-55000.)/2. 00311 
IFCGAL.GT.7SOOO.AND.GAL.LE.l00000.)W =740.*H-35000. 00312 
IFCGAL.GT.lOOOOO.AND.GAL.LE.125600.)W =C740.*M+963.*H-82500.)12. 00313 
IF!GAL.~T.l25000.AND.GAL.LE.l50000.)W ~(963.*H-47500.) 00314 
IFCGAL.GT.l50000.Ai~D.GAL.LE.l75000.)W =C96J.*H+l214.~H-102500.)/2.00315 
JF(~AL.GT~l75000.AND.GAL.LE.200000.>W=l214~~H-55000. 00316 
IF(GALaGT.200000.AND.GAL.LE.250000.)W=Cl214.*H+l533.~H-119000.)/2.00317 
IFCGAL.GT.250000.AND.GAL.LE.300000.)W=l533.*H-64000. 0031H 
IFCGAL.GT.300000.AND.GAL.LE.350000.)w=(l533. 0 H+l6db.*H-109000.)/2.00319 
IFCGAL.GT.3SOOOO.AND.GAL.LE.400000.>W=l686.*H-4~000. 00320 
!F(GAL.GT.400000.At~D.GAL.Lf.450000.)W={l686.*H+l9J7.*H-84000.)/2. 00321 
IFCGAL.GT.450000.AND.GAL.LE.500000.)W=l937.~H+39000. 00322 
IFCGAL.GT.500000.AND.GAL.LF.550000.)W=(l937.*h+2223.*H-7Y000.)/2. 00323 
I~CGAL.GT.550000.ANO.GAL.LE.600000.)W=2223.~H-4UOOO. 00324 
!F(GAL.GT.600000.AND.GAL.LF.650000.)W=C2223.*H+2630.~H-o9700.>I2. 00j25 
!FCGAL.GT.650000.AND.GAL.LE.700000.)w=2630.*H-49700. 00326 
IF(GAL.GT.700000.AND.GAL.LE.750000.)W=2~29.*H-4!::>000. 00327 
IFCGAL~GT.7~0000.AND.GAL.LE.B75000.)W;(2!;29.*H+3765.~H-85000.)/2. 00328 
IFCGAL.GT.875000.AND.GAL.lf.lOOOOOn.)W=3765.*H-40000. 0032~ 
IFCGAL.GT.1000000.)GO T0 161 00330 
FORMAT(/tTl~••SORRY,THE TANK CAPACITY IS OUT OF RANGE FOR Q >t, 00331 

.,F4.0,t CFS•./1/) 00-332 
GO TO l7b 00333 
NCT =. NCT - 1 00334 
i.JOTTFI6•lhfi\(J 



GO TO 227 
c 
C---- COMPUTE COST OF STEEL 
c 

176 STELCS = (lA"J'<W + Wl .. lJSTEL 
c 
C---- ADf'l 10 PE.I-iCEI\If FOR FOUI\InATIO~tP0w,MANIFOLOII\IG 

c 
TNKCT = ST~LCS + STELCS ... 10 

c 
C---- ADD 5 ALLO~ANCF FOR UNLISTED ITF~S 
c 

TNKCT = TNKCT + TNKCT .. 0.05 
C-----AOn CONTINGENCY COST 

TI\IKCT = TNKCT + TNKCT * STCNTG 
c 
C-----COMPUT~ A~NUAL COST EQUIVALENT 
c 

TANC = TNKCT * (klNT*C1.+P!NT) 00 TLFEl/(((l.+~INT .l**TLFE>-1.) 
& - SVAL *0.01 * T~KCT *RTI\IT/( ((l.+RJNT)4t4tTLFE>-1.) 

c 
TACTCNCT) = TANC 

C-----WRITE RESULTS 
c 

170 FOR~ATC1H},//,T47,t COST OF 
&6X,•Q CAPACITY 

STEEL TAN K•//// 
WT OF TANK 
TOTAL COST 1/ 

<LA) 
~ OF TOWEk COST OF STfEL 
~4X,• (CFS) (GAL> 
f.. CLEl) (,;) ($) 

c 

HT OF TOWER 
ANNUAL COST•/ 

' (FT) 
($/AN) t//) 

wPITE(6tl72)Q, G AL,TANKW,H•WtSTELC~.TNKCT,TACT(NCT> 
172 FOR~AT(f9.0,Fl5.0,4Fl 8 .0•?Fl5,0) 

c 
127 CONTINUE 

c 
227 ~~ITECbtl74)STCNTG 

00336 . 
0 0 3 3 7 IL::t: -- ·· .c:)o ·4 

OOJ3H 
00339 
00340 
00.341 
OOJ42 
00343 
0034'+ 
0{1345 
00346 
00347 
0034H 
00349 
00350 
00351 
00352 
003~3 

003~4 

00355 
00356 
003S7 
00358 
00359 
003bO 

wTOOJol 
00362 
00363 
003h4 
003b5 
003h6 
00367 
OOJt:-8 
00369 
00370 
00371 
00372 174 FORMATCTi5,•N 0 T E : ' II 

&Tl7t•1/ TOTAL COST !NCLUOEs: 10.0 
&Tl7•' S.O 
f..T42tF4.lt 

FOR FOUNOATION.VALVEStETC.•/ 
FOR UNLISTED ITEMS•/ 

00.373 
00374 

FOR CONTINGENCIES'/) 
c 

c 
3 CO"JTINUI:. 

c 
C---- READ DATA FOR SP!:.CIFIC SEG~ENT/REACH 
c 
C---- READ SECTION LENGTrltELEVATION AND HYDRAULIC HEADS 

WP!T£(4t510)SYS.TITLE 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 

w~ITEC4,~11> 

CALL JNPUT(AtNLl 

READ IN SECTION LENGTH AND THE ELEVATION AND HYDRAULIC 
~EAD AT THE SECTION OUTLET AND INLET 

SLEN = LENGTH OF SECTION IN FffT 
ELO = ELEVAliO"J IN FFET AT PIPE OUTLET 
ELI = ELEVATION IN FEET AT PIPE INLET 
HGLO = HYIJR.AULIC G.L. REQ. IN FEET AT PIPE OUTLET 
HGLI = HYDAULIC G.L. PEQ. IN FEET AT PIPE INLET 

SLF.N = A(}) 

HGLO = AC2) 
ELO = A(3) 
HGLJ = i.\(4) 

ELI = AC~) 
READ IN ~I~E TYPE 

530 
¥JQITEC9,~30) 
FORM.ATCSX,•E'NTER THE TYPE' OF PIPE DFSI~ED FOR THIS REACrl:•/ 

' ' TYPE: 'I 
tt 1 FOR CONCR~TE.•/ 

• • 2 FOI-< STEEL CA~WA TAR COAT> 'I 
t • 3 Fu~ PVC (4 TO 14 INCH DIAM) •I 
'' 4 PPUGRAM wiLL SELECT THE LEAST COST PIPE TYPE Clt2t0R 3).'/l 

CALL J NPUT (A • Nl) 
PJPF. : All) 

wP.ITEC9t620) 

00375 
00376 
00377 
003711 
0037'1 
OOJHO 
OOJAl 
00Jd2 
OOJR3 
00384 
00385 
003ii6 
00387 
00388 
00389 
00340 
00341 
00392 
00393 
00394 
00.395 
00396 
00347 
00398 
00399 
00400 
00401 
00402 
00403 
00404 
00'+05 
0040h 
00407 
0040t3 
00409 
00410 
00411 
00412 
00413 
004}4 
0041S 

h?O FORMATC/tt TYPE ~ATEP HAMMER FACTOR- FOR H~AD CLASS SELECTION•/00416 
'' TYPEo• 1.0 WHEN NO H.C. INCREASF IS DESIRED•/ 
'' l.S ~HE N SO PEPCFNT H.C. INCREASE IS DESIPED, ETC.•/) 

00417 
0041H 
00419 

• 



WHF = A(l) 
c 
C-----READ DATA ON RIGHT OF WAY 

wRITE<<i,512) 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

CALL INPUT(A.NR) 

• ~wiD = 
• kVAL = 
t ROVAL= 
t PfkD = 
• PEkK 
t XR.OR = 

R 'll ID = A ( ll 
RVAL = A (c) 

ROVAL= A (3) 
PERD = A(4) 
PFRK = A ( 5) 

XAOP. A (h) 

w Jl)l H 0 F E .A SF M F N T 
VALlJ[ OF f_.ASF~fNT FOk CPO~PfD LAND 
VALlJr_ OF FASEMFI'H FO~ rnt-~EP LAND 
PERCENT OF LENGTH FOR OTHER LAND 
PEPCENT OF ROCK EXCAVATION . 
0ISTANCE OF RORPOW AREft FPOM REACH 

I 100. 

C-----REAO CUUE FOR TUP.NOtJT 
C 1-NO PRESSURE REGULATING VALVE 
C 2-WITI-:1 Pr<ESSURE ~EGIJLATING VALVF 
C-----PE .A6 MISCELLANEOUS . TURtWlJT COSTS 
c 

c 

WRITE (9t526) 
CALL INPUT(A•NZ7) 
CDPV = A (1) 

TMISC = A(2) 
WRITE(Y,513> 

C-----REAO THE NUM~ER AND CORP~SPONDING SIZE OF TURNOUTS 
CALL INPUT(A.NT) 

c 

c 

DO 10 K=2,NTt2 
TNO(K/2) = A(K-1) 

10 TS7CK/2) = A(K) 
NT:::NT/2 

C-----OETEPMINE IF THIS PROJECT IS A REH.APILITATION <LAYING PIP~ IN 
C EXISTING CHANNEL> 
c 

IF<IREHA8.GT.O> GO TO 30?. 
c 
C---READ DATA FOR PIPE TRENCH1NG 

WRITE (9,514) 
c 

KM = 0 
331 KM = KM + 1 

!F(KM.GT.l>WRITE(9,516) 
CALL INPUT(Ati\IS) 
XSTA2(KM) = A(}) 

XGLE(KM) = A(2) 
XPGE(KM) = A<3> 
IFCXGLE<KM).NE.O.>GO TO ~31 

~RITE (9,5lb) 
GO TO 39H 

324 FOO~AT(/,t TYPE DATA FOP OLD CHANNEL PRISM'/ 
tt DATA AK~ TO HE kEP~ESFNTATIVE OF THE ENTIRE REACH:•/ 
'' 1-~ASE WIDTH OF OLD CHANNEL•/ 
'' 2-INSIDE SIDE SLOPE (AVE> OF OLD C~ANNEL•/ 
tt 3-AVE~AGE RELATIVE HEIGHT OF REP~S AROVE OLD CHANNEL BOTTO~•/ 
'' 4-AVERAGE TOP ~IDT~ OF 8fRM ON LfFTSIDE OF CHANNEL (FACING•, 
'' UPST~EAM)•/ 
'' ~-AV~RAGE TOP WIDTH OF RfRM ON PIGHTSIDE OF CHANNEL•/ 
tt n-AVERAGE SIOESLOPE OF OUTSIDE OF LEFTSIDE ~ERMt/ 
'' 7-AVERAGE SIOESLOPE OF OUTSIDE OF RIGHTSIDE dERM•/ 
'' ~-ELEV OF NATURAL TERRAIN TO LEFT OF REACH INLET•/ 
'' 9-ELEV OF NATUHAL TFRRAtN TO RIGHT OF REACH INLET•/ 
••10-ELEV OF NATUPAL TERRAIN TO LEFT OF REACH UUTLET•/ 
''11-ELEV OF NATURAL TERPA!N TO RIGHT OF REACH OUTLET•/ 
'•12-WJDTH OF PRESENT PIGHT OF WAY•/ 
1 •13-ELEV OF OLD CHANNFL qoTTOM AT INLET•/ 
''14-ELEV OF OLD CHANNEL ROTTOM AT OUTLETt/) 

302 ~RJTf (9,324) 
CALL INPUT cA.NOLD> 
ORIA/ :: A(l) 
07 = A(2) 
()RMH :: A(3) 
n ~ ~wL = A(4) 
Oq~~R = A(~) 
OZR~L = A(b) 

07RMP = ~(7) 

00411 
00422 113-·-·· .c:J. .::-Jo 
00423 
00424 
00425 
004?6 
00427 
0042~ 

OU4?Y 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00'+3H 
0043Y 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
00'+4A 
01)449 
004~0 

00451 
00452 
00453 
00454 
0045S 
0045b 
00457 
00458 
00459 
004h0 
00461 
004b2 
00463 
00464 
00465 
00466 
00467 
00468 
004n9 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
00478 
00479 
004El0 
004~1 

00482 
00483 
004ti4 
004H5 
004tl6 
00487 
004HA 
004H9 
00490 
00491 
00492 
00493 
00494 
00495 
00496 
00497 
004YH 
00499 
oosoo 
OO!J01 
00~02 
00503 
oo .... o4 



. -
ETLI = 
ETRI = 
fTLO = 
ETRO 
OLROW 
OELI = 
OF.:LO = 

A<tn 
A(9) 
A (1 0) 
A(}}) 
A (12) 
A(l3) 
A(l4) 

OOS05 
0 0 50 6 E:t -·- .. ::~ .c::~ 
OOS07 
0050A 
00~09 

OOSlO 
00:::>11 

c 00~12 
C-----RF.AD RANGE. OF DISCHARGE IJNDE~ CONSIDERATION 00':)13 

398 WRJTE(9•520) OOS14 
C OOS15 

CALL INPUT(A,NL) UOS1b 
c 00~17 

MINU = A(l) OOSlH 
MAXQ = A(2) 00519 
KNTQ = A(3) 00~(:'0 

c 00521 
C-----CO~PUTE COSTS F0R THE RANGF. OF DISCHARGES 00~22 

WRtTE(~,522) 00523 
c 00524 

NQ:O 00525 
WRJTE.(6,2n0)5YS,TITLE 00526 

C-----wRITE TITLE 00527 
c 00528 

wRITE(6,~0l) 00~29 
401 FORMAT(4X,tQ DI~METER LENGT~ PIPE COST 11 TURNOUTS 21 OOS30 

~RIGHT OF WAY EARTHWORK 31 TOTAL COST ANNUAL COST PIPE TY00531 
&PEt 00532 
~ I' (CFS) (!N) <FT> ($) ($) 00533 
& ( $) ( $) ( ~) ( $) '/) 0 0 534 

C OOS35 
DO 49 KG=MINQ.~AXQ.KNTQ 00~36 

N Q = N (~ + 1 0 0 53 7 
Q:K~ 00~3~ 

C DETERMINE MAXIMUM HYDRAULIC GRADIENT 00':)39 
OH = HGLI - HGLO 00540 

c 00541 
C-----COMPUTE PIPE DIA~ETER USING SCOBEY•S EQUATION FOR CONCRETE. AND 00542 
C STF.EL AND HAZEN-~JLLIAMtS EQUATION FOR PVC. 00543 
C OOS44 
C-----FOR CONCHETE DIAMETER: < 24 IN. --USE CS = 0.345 00545 
C > 23 IN. --USE CS = 0.370 OOS46 
C STEEL --USE CK = 0.320 00547 
C OOS48 
C COMPUTE HEADLOSS IN FEETilOOO. FT LENGTH 00549 
c 00550 

SL = DH I SLEN ~ 1000. 00551 
c 00~52 

c 

c 

cs = o.37o oo~53 
CK = 0.320 00554 
CP 150. 00555 

OIAC = (Q I <.00545 * CS * SL~~<l.l2.0)))*~(1.12.625> 
DIAS = (Q ~ 770.86 ~ CK~*.S2631SL*~.~263)*~(1.12.5C!) 
OIAP = 6B.588~ * ((Q I CP)~*l.852/SL)~~<1.14.8655) 

IF(DIAC.GE.24.)GO TO 202 
cs = 0.345 
OIAC = (~I (.00~45 * CS ~ SL~~(1.12.0)))**(1.12.625> 

202 COI\lTINUE 
DO 16 NRC = 1,3 
DI .~ = OIAC 
IF(NRC.GT.l> DIA=DIAS 
!F(NRC.GT.2> DIA=DiAP 
DO 15 NK=l•N 
IF<OIA.GT.SZE<NK))GO TO 9 
!F(NK.EU.l)GO TO 12 
~P = SZElNK-1> + 0.3*CS7ECNK>~SZECNK-1)) 
IFCDIA-HP>lltl2.12 

11 IDA = NK - 1 
GO TO 20 

12 IDA = NK 
GO TO 20 

9 IFCNK.E~.N)GO TO 50 
15 CONTINUE. 

C-----COMPUTE PIPE TRENCH COST 

OO~So 

00557 
00558 
00559 
00560 
00561 
00562 
00563 
00564 
00565 
00566 
00~67 

00568 
00569 
OOS70 
00571 
00572 
00573 
00574 
00575 
00576 
00577 
OOS78 
00579 
00~80 

005Bl 
005H2 
005C!3 
00584 
00585 
005b6 
00587 
00588 
nn~s:;o 

c 

c 
r 

20 CONTINUE 
IF<NRC.EG.l) IDIAC=SZE<IDA> 
IFCNRC.EQ.2) IDIAS=SZf<IDA> 
IF<NPC.EQ.3) IDIAP=SZE<IDA) 

16 CONTINUE 

• 



c 
C-----SELECT TY~E OF COVER 
c 

c 

c 

!COVER ::: !CODE 

X~EAD = ((HGLI-~L!)+(HGLO-FL0))/2. 
XHEAD = XHEAD * ~HF 

557 !HEAD = XHEAD 
IF(XHEAO.LE.A~E~D) IHEAn=A~EAD 

C-----USf USHP SUBROUTINE *PIPER* TO CO~PUTE CONCRETE PIPE COST 
c 

c 

c 

c 

NPI~E = PIPE + .0001 
110 IF<NPIPE.EQ,2.0k.NPIPE.EC.3) GO TO 700 

IDIAM = IDIAC 
CALL PIPER(WAGE.F.QUIP.ARfA,JHAUL1,IHAUL2,IDIAM,ICOVER,IHEAD,COST> 

TPCST(1) = SLEN * COST 

700 IF(NPIPE.NE~2.AND.N~IPE.Nf.4) GO TO 720 
CALL SPIPE(IDIAS,COST) 
TPCST<2) = COST * SLEN 

720 IF(NP!PE.LT,3) GO TO 735 
CALL PPIPE<IDIAP.ICLP 9 COST,NPIPE) 
TPCST(3) = COST * SLEN 
IF<NPIPE.NE.5> GO TO 730 
NPIPE = 4 
G(1 TO 110 

730 CONTINUE 

C-----COMPUTE COST OF FITTINGSoVALVES,BLOCKING,ETC. 
c 
C USE XX.X PERCENT OF TOTAL PIPE COST 
c 

735 DO 7~0 IPQ=l•3 
FVCST = TPCST<IPO)*PIPCTG<IPQ)/100. 

C ADD 5 ~ COSTS FOR UNLISTED ITEMS 
CPIP<IPQ) = TPCST<IPQ)*l.05 + FVCST 

c 

740 CO"lTINUE 
IF<NP!PE.GT.3) GO TO 750 
CPIPE = CPIP(NPIP£) 
~PTP = NPIPE 
GO TO 760 

750 CPIPE = CPIP<l> 
NPTP = 1 
IF<CPIP(2).LT.C~IPE> NPTP=2 
IF(NPTP.EG.2) CPIPE=CPIP(2) 
IF<CPIP<3> . 'LT.CPIPE> NPTP=3 
!F(NPTP.EQ,3) CPIPE=C~!P(3) 

760 COrH I NUE 
IF(NPTP-2) 761,762,763 

761 IDIAM=IDIAC 
GO TO 76r:> 

762 IOIAM=IDIAS 
GO TO 76':5 

763 l!)IA~=IDIAP 

765 CONTINUE 

C-----COMPUTE COST OF TURNOUTS 
c 
C TEST WHETHER GRAVITY PIPE OR PRESSURE PIPE 

XDIAM=!DIAM 
c 

CSTO = O. 
IF<SYSl.EQ.SYS> GO TO 151 

c 
C-----COST OF PRESSURt PIPE TURNOUTS 
C TURNOUT UNIT INCLUDE~: 
C (1) GATE VALVE OR 8UTTERFLY VALVE 
C (2) LINE METER 
C (3) PRESSURE REDUCING VALVE 
C (4) STfEL PI~E DELIVERY 
C (5) ROAD WAY HOX 
C (6) CONC~ETE PIPE ERECTED VERTICALLY 
c 
C-----TEST 
C CODE 
c 
c 
c 

~HETHER PRESSU~E REGULATING VALVE IS DESIRED 
USE.U: 

( 0) NO PRE SSU~E REGIJLATOR 
Cl) wiTH PRESSURE REGULATOR 

IFCCDPV.LE •• 1> GO TO 152 
c 
C-----COST oF T.O. WITH PRES~UR~ REGULATOR 

DO 165 J=l,NT 

00~91 

005Y2 
00593 
00594 
00595 
00596 
00597 
00598 
00599 
00600 
00o01 
00602 
00603 
00604 
00605 
00606 
00607 
ooooa 
00609 
00610 
00611 
00612 
00613 
00614 
00615 
00616 
00617 
00618 
00619 
00620 
00621 
00622 
00623 
00624 
00625 
00626 
00627 
00628 
00629 
OOo30 
00631 
00632 
00633 
OOo34 
00635 
00636 
00637 
00638 
00639 
00640 
00641 
00642 
00643 
00644 
00645 
00646 
00647 
00648 
00649 
00650 
00651 
OOo52 
00653 
00654 
00655 
006~6 

00657 
00658 
00659 
00660 
00661 
0066? 
00663 
00664 
0066~ 
00666 
00667 
00668 
00669 
00670 
00671 
00672 
00673 
00674 



16S CONTINUE 
G0 TO 154 

C-----COST OF T.O. WITHOUT PRESSURE REGULATOR 
152 00 166 JJ=ltNT 

CSTO = CSTO+TNOCJJ)*560.*T~ZCJJ)**O.AA3 
166 CONTINUE 

GO TO 154 
c 
C-----COST OF T.O. FOP GHAVITY PIPE 

151 DO 167 JK=1,NT 
CSTO = CSTO+TN0(JK>*l025.*TSZCJK)**•2900 

167 CONTINUE 
154 CSTO = CCSTO+TMISC>*CIDX 

C---COMPUTE TRENCHING COST USING USRR PPOGPAM *EARTH2* 
c 

~ELO=ELO 
JWYATT=~ 
CALL EARTH2(XDIA~~XSTA2,XGLE•XPGE,TEXC.TCBF,T8F,SLEN, 
~KQ.MAXQ,CBFtiREHAR.OBw.oz,08~H,OBMWL.OHMWR,OZ8ML,UZRMR,ETLltETRI, 

&ETL0 9 ET~O,OELI·OELO,ELI,EL0,THAUL•NPTP,TEXCO,DPFILL) 
ELO=RELO 

C COST OF COM~ON EXCAVATION 
EXC = TEXC * UEXPT + TEXCO * UEXC 

C---COST OF RUCK EXCAVATION 
EX~ = TEXC*PERK*UfRPT 

C---COST OF ~ACKFILL 
gcsT = T~F * UHFPT 
CqCST =CBF * UR~CK 

C---COST OF COMPACTING ~ACKFILL 
C~CST = TCBF * UCOMB 

C---TOTAL EAHTHWORK COST 
CHAUL = T~AUL * UHAUL * XROR 
TERT · = EXC + EXR + RCST + CPCST + CHAUL + C~CST 

c 
C-----ADD CONTI~GENCY COST 
c 

TERT = TEHT + <lE~T * TRNCTG/100,) 
c 
C-----COMPUTE HIGHT OF ~AY COST 
c 
C---- EASEMENT LENGTH - CROPPED LAND 
c 

ROW = RWID *(SLEN -PERD*SLEN/100)/43560. 
c 

qwCST = ROW * RVAL 
c 
C-----EASEMENT LENGTH - OTHER LANDS 
c 

c 

RwA = H~ID * <PE~D * SLEN/100,) 
RWACST= RWA * ROVAL 

C-----TOTAL HOW COST 
c 

TROW = RwCST + RWACST 
C-----AOD CONTINGENCY COST 
c 

· C 
c 

TROW = TROW + CTROW * RWCNTG/100,) · 

C DETERMINE TOTAL COST OF CONSTRUCTION 
c 

CST = CPIPE+ . CSTO + TERT + TRO~ 
c 
C-----COMPUTE ANNUAL COST EQUIVALENT 
c 

I 43560, 

CANN = CST*CRINT*C1.+RJNT>**TLFE)/(((1.+RINT>**TLFE>-l•> 
~- SVAL *0,01*CCST-TERT-TP0W)* RINT/(( C1.+RINT)**TLFE> -1.> 

c 
TACCNQ) = CANN 

c 
C-----wqiTE RESULTS 
c 

c 

JFCKQ.EQ.~AXQ)WPITEC6,40l> 
wRITE(6t402)Q,XDIAM,SLEN•CPlPEtCSTO,TROW,TERT,CSJ,TACCNQ), 

~TVPEP(NPTP>tTYPEQCNPTP> 
402 FO~MAT(l~tF6.0t2Fl0.0,2Fl3.0,F16,0,F15.0,Fl7.0,Fl4.0,3X,2A4) 

QTCNQ) = Q 
)(1\JK = I'.IK 

49 CONTINUE 
GO TO 57 

50 IIJRITEC6,404) 
404 FOPMAT(//,TlS,•COMPUTED DTAM >~A)( DIAM CONSIDER~D•///) 

NQ = f\l{,j - 1 

0067b 
U0o77 
0067f:l 
00b79 
00680 
006H1 
006~2 

006~3 
UOb/14 
006H5 
00686 
OOoH7 
0068H 
006~9 

00690 
006'11 
00692 
00693 
00694 
00695 
00696 
00697 
00b98 
00699 
00700 
00701 
00702 
00703 
007(}4 
00705 
00706 
00707 
00708 
00709 
00710 
00711 
00712 
00713 
00 -fl4 
00715 
00716 
00717 
00718 
00719 
00720 
00721 
00722 
00723 
00724 
00725 
00726 
00727 
00728 
00729 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
0073A 
00739 
00740 
0U741 
00742 
00743 
00744 
0074S 
00746 
00747 
00748 
00749 
00750 
00751 
00752 
00753 
00754 
00 755 
00756 
00757 
0075H 
00759 

tJ ······-· .,~~~ t . ~ 



r:, 7 K X Q = K X{~ + 1 0 0 7 h 1 
IF (K)(l..I.LT.7) GO TO 70 00762 
1'\XI) : 0 00163 
loiRITE C6t25~) 00764 

255 FOR~AT(t}t,///) 00765 
70 wRTTECbt2b0) SYS.TITLE 00766 

?60 FORM~T(1Hlt/I/•T45,}~~4,///) 00767 
c 007h~ 

c 00769 
403 FORMAT(/// Tl5••NOTE: t// 00770 

& Tl7,tl/PIP~ COST INCLUDES COST OF PIPEtLAYING OF PIP£,COST OF FIT00771 
~TINGS.VALVES,BLOCKING,ETC.•/ 00772 
&Tl7,t2/TUWNOUT COST INCLUnfS GATE V~LVEtLINE METERtPRESSURE REDUCI00773 
&NG VALVEtCONCRETE PIPE,sTtFL PIPE DFLIVERY,ETC•/ 00774 
&T17,t3/EARTHWORK COST INCLUDES TRFNCHING-, BACKFILLING AND CO~~ACTI00775 
&NG BACKFILLt/) 00776 

c 00777 
c 00778 

WRITE<6•210)CIDX,SLEN,ELO,ELI.HGLO.HGL!tRWIO,HVAL,ROV~L.P~RD 00779 
210 FOR~AT(//,T10t 1 SUMMARY FnR THIS REACH:•/// 007AO 

&T15t•COST INDEX FOR PIPE SYSTEMC8=1Q7h)=t,F7.0J 00781 
.&TlS••LENGTH OF REACH IN FEET :t,F7.0/ 007H2 
&TlS••ELEVATION OF PIPE OUTLET, FEET =•,F7.0/ 00783 
&Tl5 1 •ELEVATION OF PIPE INLET, FEET :t,F7.0/ 007~4 
&T15t •H.G.L. REQ, AT PIPE OUTLET.FEET =• ,F7.0/ 007H5 
&T1S 1 •H.G.L. REO. AT PIPE INLET, FEET :t,F7.0/ 007~6 
&Tl~••WIDTH OF EASEMENT, FEET =•,F7.0/ 00787 
&T15 1 tVALUE OF EASEMENT FOP CROPPED LAND=•,F7.0/ 007H8 
&Tl5 1 •VALUE OF EASEMENT FOR OTHER LAND =•,F7.0/ 007A9 
&Tl5,•PERCENT LENGTH OF OTHFR EASEMENT :t,F7.0/ 00790 
&T15ttNUMbER OF TURNOUTS:•//) 00791 

c 00792 
DO 215 KY=1,NT 00793 

215 WP.ITEC6t217)TNO(KY)tTSZ(KY) 00794 
217 FOR~ATCT20,tNUMBER=••F4,0.6X,• SIZE ClN):t,F4.0/) 00795 

c 00796 
C DETERMINE LINEAR REGRESSION COEFFICIENTS FOR THE DATA OBTAINED 00797 
c 00798 

WR!TE(6t218)Q 00799 
218 FOP.MATC///,TlS,•C~ECK DATA FOR ••••• Q = e,F6.Q,t CFS•//) 00~00 

c 00801 
XDJAM = IDIAM 00d02 
XHEAD = !HEAD 00b03 

c 00d04 
COST=TPCST(NPTP)/SLE~ 00805 
WP.!TE(ot219)Q,XDIAMtXHEADtiCOVERtCOSTtTMISC 00~06 

219 FOR~ATCT15,•CAPACITYeCFS =t,F7.0/ 00b07 
., Tl5 9 tDIA~ETERdNCHES (ROUNOFO) :t,F7.0/ 00808 
., Tl5 9 tAVERAGE HEAD CLASS, FEET :t,F7.0 I 00~09 
., Tl5t ITYPE OF COVER =• ,5X,A1/ OOblO 

Tl5,tPIPE COSTt $1FT :t,F9.2/ 00811 
Tl~,•MISC COSTt · (DOLLARS> :t,F9.2/) 00~12 

c 00813 
55 CALL REGLIN CQT.TAC,NQ,AC.RC.R) 00814 

c;o TO ~~ 00815 
96 ~RITEC6t20llDIA.SZE(NK) 008lb 

201 FORMAT(lOX.,tDIA =•tFl0.3t 1 SZE =t,Fl0.3) 00817 
99 CONTINUE OOjjlfl 

wP!TE(9t524) OOH19 
GO TO 1 00t:i20 

9~ RETURN 00b2l 
ENO 00~22 



c 
c 

00t123 
SIJRROUT I NE SP I PE CALLED Ry WI RP I Pf 00t:S24 
Sli8ROUTIN£ SPIPECIOIAS,COST) 00d2S 

C OOM26 
C-----SUAROUTINE SPIPE DETERMINES COST OF STEEL PIPE. OOM27 
C COST IS FOR PIPE LAID AND wELDED IN PLACE IN TRENCrl OOH28 
C C0STS AR£ ~04 . STEEL PIPE, RAPE lNSJDE, AWWA TAR COAT OUTSIDE. 00829 
C IOIAS IS THE PIPE 0.0. (INCHES) AND IS AN EVEN INTEGER. 00830 

c 

DIMENSION 5(48) 00831 
DATA Sl . 00t:S32 

~oo.oo,oo.oo. 2.28, 2.95, 3.66, 4,46, S.23, 6.lo,2o.~o.29~3o,32.2o,OOH33 
~ 35.1, 3be1• 4l.Ot 44,0, 47,0• 49.9, ,2.9,l00.8,106.ltlll.~,116.dtOUH34 
~1?2.2 9 l~7.~,165,9.172.Stl79.2,185.9,192.btl99.~,205.6t212.6·21~.3,00835 
~?25.9t232.bt239,3,246.0,25?.6e2S9,3,266,0t272.7,335.0,343,0t35l.OtOOH36 
~359,Q,367.0t37S.0,383.0/ 00837 

OOH38 
C--NOTf: 00839 

00840 
00841 
00842 
00b43 
00844 
00t:S4S 
00846 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

HEAD = < 300. ~EET 
C0VER = < S.O FEET 
6-18 IN. 12 GAGE 

20-3~ IN. 10 GA GE 
36-48 IN. l/4 INCH 
50-82 IN. 5/16 INCH 
84-9~ IN. 3/8 INCH 

DIAS = IDIAS 
IOD = IDIAS/2 
JF(IDIAS.GE,18) GO TO 40 
COST = 5(100) + .o2~DIAS 

GO TO 90 
40 IFCIDIAS.G£.24> GO TO SO 

COST = S<IOD>~.34 + .03~0IAS 

GO TO 90 
50 IFciDIAS.GE.98) GO TO 60 

COST = S<IOD)~.34 + .08333~DIAS 

G0 TO 90 
60 WEIGHT = 489.60 

THICK = 3,/8. ~ 3,141S9 ~ OlAS/144. 
COST = THICK ~ .34 + .10 ~ DIAS 

90 RETURN 
END 

~ WEIGHT 

00847 
00848 
0084Y 
008SO 
00851 
00852 
008S3 
00854 
OOHSS 
00856 
00857 
00858 
00859 
OOH60 
00861 
00862 
00d63 

00864 

C-----SU~ROUTINE PPIPE ••• CALLEO RY WIRPIPf 
SU8ROUTIN£ PPIPEciCLPtlDIAPtCOST,NPIPE) 

00865 
00d66 
OOH67 
008bB 
\JOH69 
00870 

c 
c 
c 
c 
c 
c 
c 
c 

c 

S lJ ~ P 0 U T I N E .P P I P E DE T E R M I N fs C 0 S T 0 F I N S T A L LED PVC ( 1 9 7 7) 

IP IS 1 FOR 63 PSI HELL END 00871 
2 FO~ 125 PSI 8Ell END 00872 
3 FOR 160 PSI BELL END 00873 

IOD IS THE o.D. PIPE 5IZE F~OM 4 TO 14 INCHES 00874 
DATA P IS COST INCLUDING SfALERS AT PIPE ENDS 00875 
DIMENSION P(3t6) 00876 
DIMENSION N1(3) 00877 
DATA Nl/63tl25t1&0/ 00878 
DATA P/O.o,o.s7,o.7l,0.82.1.30t1.5~.1.71,2.08,2.55,1.92,3.3o.3.97,ooe79 

~2.23,4.2o,o,oo,2.37,o.oo/ 00880 
IOO=IDIAP 00881 
IP=JCLP OOMM2 
IFciOD.LT.4) GO TO SO 008A3 
JF ( IOD.E0.4) IP2=1 00884 
JFCJOO,tQ.6) IP2=2 008A.S 
IF ( IOD.ElJ,8) IP2=3 00b8o 
IFciOO.EW.lO>IP2=4 008~7 
IFciOD.~Q.l2llP2=5 00888 
IFCIOO~EG.l4)1P2=6 00889 
IFCIOD.GT.14) GO TO SO 00b90 
COST = PCICLPdP2) + .9S OOH91 
INSTALLATION IS ESTI~ATfD AT .95 PEP FOOT 00b92 
!F(PC!PtlP2).EQ.O) GO TO 50 00b93 
r,!") TO 70 00b94 

5 0 I F ( N P J P E • E Q • 3 > lo ' R I T E ( 6 , 4 0 ) N 1 ( I C L P ) , I 0 D 0 0 8 9 5 
40 FORMATC/5X,•COST FOR CLASS w,J),t PSI PIPE OF DIAMETER t,I4, 00896 

~• INCHES IS NOT AVAILABLF.•I·SX,•~TEEL AND CONCkETE WILL bE• 00897 
~• <;UASTITUTED.•/) OOH9~ 

IF(NPJPE.EQ.3) NPIPE=S OOH99 
CO~T = 10.~~10. 00900 

70 ~ETURN 00~01 
FND 00Y02 

M..:_~: -· ··- ~ •.. •'' () 

• 

• 



c· SUR~OUTINE EA~TH? •••••• C~LLED RY ~RD~IPE ••• G.GALINATO 

c 

SUBROUTINE EARTH2<Dl,XTA?.XGLE•XPGE,TEXCtTCBF,TBF,SLEN• 
~KQ,MAXUtCbF,IREHAHtOBw,oz,nR~~tOH~~L•ORMWktOZbMLtOZBMR•ETLI•ETR!, 
t. E T l 0 , E T ~ 0 , 0 E L I , 0 E L 0 , E l I , E L 0 t T H A U l , "' P I P E • T E X C 0 , D P F I L U 

DIMENSION XTA2(100) ,XGLFC100) .xPGEC100) 
REAL L 
R202 = O. 
REHAA = IPEHAri 
KODE = 1 
IF(KQ,N~.MAXQ)GO TO 77 
W~IHC6tl0l KQ 

10 FORMAT(lH1,25X.•PIPE EARTHWORK FOP THf ABOVE REACH•///T45t 
~ •a = •.r~.· cFs•,/ll 

C---KODE = 1• • •, ,PPINTO lJT IS DESIRED 
C KGDE = 2 ••••• 0NLY TOTAL IS OESIR~D 
c 

c 

c 

c 

77 IF<KODE .EQ, 2lGO TO 900 
!F(KQ,NE,MAXQ)GO TO 900 
loiRITE(6t25) 

25 FORMAT(32X,•V 0 l U M E St ) 
WRITE(6,JO) 

30 FOR~AT(1lx,•PIPE•) 
IFCIREHAb,GT.Ol GO TO 900 
WRITE(b•35) 

35 FORMAT( ' STAT!ONt,4X 9 •DIA.•.9X,tfXCAVAT!ONt,3X,•BACKFILL••3Xt 
-•C. BACKFILL'•1x,•GLE-PGE•.4X,•DIA~ +DESIGN COVER•,4x.•TRENCHt 
-,t WIDTH•!) 

900 CONTINUE 
STA1=0•0 
TEXC=O.O 
TC8F=Oe0 
TBF=O.O 
NX = 0 

300 CONTINUE 
IF<IREHAB,GT.O> GO TO 805 

NX = NX + 1 
STA2 = XTA2(NX) 
GLE = XGLE<NX> 
PGE = XPGE(NX) 
IF<PGE.EG,O.>GO TO 920 

930 CONTINUE 
L=STA2-STA1 

C---01 = INSIDE DIAMETER IN INCHES 
C 8 = RASE PF TRENCH IN FEET 

805 IF <DI ,LE.6, l f3 = 2. 
IF<DI.GT.6,AND.DI.LE.18,l A= 0,083*01+2. 
IFCOI,GT.18~AND,DI.LE.24.) 8 = ,Oe3*DI+3.33 
IF<DI.GT.24,) 8 = .097*01 + 3. 

C---OUTSIDE DIA~ETER OF PIPE IN FEET 
IFCDI.L~.6.l DO UT = fDI +2,)/12. 
IF<DI,GT.6, AND,DI.LE,1~>DOUT =(DI+4.)/12. 
!F(DI.GT,l8,AND,ni.LE.24.)00UT = <01+4,)/12. 
IFCD!.GT.24.>DOUT=1.167*ni/12. 
IF Cf'!PIPt..GT .1 > f'OUT=DI/1?.. 

C---DEPTH OF COMPACTED HACKFILL 
X = ,37 * DOUT 

C---TOTAL DEPTH OF TRENCH - USE 4 FEET COVER 
C IF DEPTH OF FILL IS NOT INPUT OR IS NEGATIVE 

IFCDPFILL.LE.O.l OPFILL = 4, 

c 
TH = OOUT + D~FILL 

ROUT=DOUT/2,0 
880 REXC = O. 

RFJL = O. 
YAVE = O. 
OAREA = O, 
INLET = 0 
T = <DOUT- 01112.) I 2. 

C
APIPE=3el4159265*(R0UT*~2.0) 
IFCIREHAb.GT.O> GO TO 810 
H=GLE-PGE 
ASEG1=1.07605312*<ROUT**?.O) 
H=H+T 

B90 IF<H ,LT. O,OlGO TO 100 
!f(H .GT. TH)GO TO 110 
JF(H ,GT, X)GO TO 120 
GO TO 130 

10 0 CONT H:UE 
AEXC2=0• 

A ,.. u c "':l- u ,. .. v A r c r: 1 

00903 
00904 
00905 
00'106 
00'107 
00'10~ 

00'109 
OU'-110 
00'-111 
00912 
00913 
00~14 

00915 
0091" 
00917 
OOYH~ 

00919 
00920 
00921 
00922 
00923 
00924 
0092~ 

00926 
00927 
0092H 
00'-129 
00'130 
0093} 
00932 
00933 
00934 
00935 
00'136 
00937 
00938 
00939 
00940 
00941 
00942 
00'143 
00944 
00945 
00946 
00947 
00948 
00'-149 
00'-150 
00951 
00952 
00953 
00954 
00'-155 
00956 
00957 
0095~ 

00959 
00960 
00961 
00962 
00'163 
00'164 
00'165 
00966 
00967 
00961:1 
00969 
00970 
00971 
00972 
00973 
00974 
00'175 
00976 
00977 
00978 
00979 
009f10 
OO~Fi1 

009A2 
009A3 
00'184 
OOYH5 
009bh 



c 

O=TH-H 
AAF2=A*0+1.5*(0oo2.>-APIPE-ACBF2 
AFIF3=0• 
G() TO 140 

110 CONTI NUt. 
AEXC2=(H*CH-YAVE>+REXC) 
Y=AMAX1CYAV[-H,O.) 
ACAF?=~*X + X* 0 ? - ASEGl 
~~F?=AEXC?-AC~F?-APIPE 

GO TO 140 
120 CONTINUE 

AEXC2=l:3°H 
ACRF2:Hox - ASEGl 
Y=H-YAVE 
IFCY.LT.X) ACAF?=ACBF2+(X-Y) 0 *2*1.5 
D=TH-H 
A2=B*D + D**2 * 1.5 
ABF2=AEXC2-ACBF2-APIPE+Ac 
GO TO 140 

130 CONTINUE 
~EXC2=B*H 
Y=H-YAVE+TH 
D=X-H 
A1=R*D+U**2*1.5 
ACRF2=AEXC2+A1-ASEG1 
D~=TH-H 
42=A*D2+D2°*2*1.5 
ABF?=AEXC2-APIPE-ACBF2+A? 

140 CONTINUE 
OHAUL = AMAX1CARFc+ACRF?-AFXC2tR2n2) 
RSURP = A~AX1CAEXC2-ABF2-AC8F2tR2~2) 
IFCNX.t:Q.l) GO TO 200 
VEXC=((AEXCl+AEXC2)*L)/54.0 
VC9f:((ACbFl+AC8F2l*L)/54.0 
VBF=((A~F1+ABF2)*ll/54.0 

TEXC=TEXC+VEXC 
TCRF=TCtiF+VCHF 
TRF=T8F+V8F 
IFCKQ.NE.MAXQ)GO TO 79 
IFCKODE .EQ. 2lGO TO 910 
wRITEC6t40>VEXC.VR.FtVCBF 

40 FORMATC24Xt3fl2.2l 
200 CONTINUE 

79 IFCKQ.NE.MAXQ)GO TO 910 
IF CKOUE .EQ. 2)GO TO <HO 
~RITE(btSO)STA?,DI,H,TH,A 

50 fOqMATC2F~.2t45X,3F13.2) 
910 CnNTINUE 

STA1=STA2 
AEXC1=AEXC2 
ACHF1=AC8F2 
Ai:-\F1=ABF2 
GO TO ts20 

850 CONTINUE 
IFCINLI:.T> 860,860,870 

860 TEXC2 = AEXC2 
TC8F2 = ACBF2 
TF.XC1 = AE.XC1 
TEXC3 = AEXC3 
THF2 = AbF2 
THAUL = OHAUL 
TSURP = HSURP 
INLET = 1 
AA=ETRO 
Re=ETLO 
CC=OELO 
DO= ELO 
ETRO ETRI 
ETLO = E.TLI 
OELO = OELI 
ELO = ELI 
GO TO tHO 

C AV~RAGf VOLUMES RfTWfEN INL6T AND OUTLET 
C (ASSUME OLD CHANNEL AND NEW PIPE GR~DE LINES ARE CONSTA~T IN 
c 

870 TEXC = CTEXC2+AEXC2l*SLfN/54. 
TCAF = CTCBF~+AC8F?>*SLEN/54. 
TAF = CTBF2+ARF2l*SLEN/54. 
TEXC1 = CTEXCl+AfXC1l*SLEN/54. 
T~XC3 = CTEXC3+AEJC3>~SLEN/54. 
THAUL = COHAUL+TH.AUL-RSURP-TSURPl*SLEN/54. 
ETRO=AA 
ETLO=Rl< 
"'"' n:r C 

00~8~ 

0098~ 

00~'10 

00<191 
0099? 
009Q3 
00~44 

OO~Y5 

00~~6 

00~97 

009913 
00999 
01000 
01001 
01002 
01003 
01004 
OlOOS 
01006 
01007 
01008 . 
01009 
01010 
01011 
01012 
01013 
01014 
01015 
01016 
01017 
01018 
01019 
01020 
01021 
01022 
01023 
01024 
01025 
01026 
01027 
01028 
01029 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
0103~ 
0103'1 
01040 
01041 
01042 
01043 
01044 
01045 . 
01046 
01047 
01048 
01049 
OlOSO 
01051 
010S2 
010S3 
01054 
0105S 
01056 
01057 
0105~ 
01059 
01060 
01061 

SLOP£01062 
01063 
01064 
01065 
01066 
01067 
01068 
01069 
01070 
01071 

• 

• 



f:LI) =DD u1073 
C FOR MOST CASES, IN PLACE OF OVERHAUL FROM AN OUTSIDE. AREA, 01074 
C EXCAVATE RE~UIRED FILL FROM AREA ADJACENT TO PIPE LINE. 01075 
c 01076 

TEXCO = IMAX1(THAUL,O.i U1077 
T~XCO = TEXC0+TEXC1 . 01078 
THAUL=O. 01079 

C 010HO 
C COST FOR bACKFILL QUANTITIES OF M~TfRIAL EXCAVATED FROM JOB SITE, 01081 
C OTHER THAN FROM THE PIPE TPENCH, JS CONSIDERED TO 8E $0.00. 01082 
C (fOR INSTANCE• HACKFILL TO FILL IN OLD CHANNEL = $0.00• IF AL"EAUY010~3 
C PAID FOR IN EXCAVATION COST) 01084 
c 01085 

C8~=o. 01086 
GO TO 920 010!:17 

810 CONTINUE 01088 
c 01089 
C CALCUALTE AWEA OF OLD CHANNEL 8ELO~ AVERAGE ELEV OF NATURAL TEH~Al01090 
c 01091 

YAVE = <ETLO+ETPO-OEL0*2.)/2. 010~2 
OAREA= O~W*Y4VE + YAVE**?.*OZ 010Y3 
!F(YAVE.LT.O.) OAPEA=O. 01U~4 

c 01095 
C CALCULATE AREA OF EXCAVATION REQUIRED TO LEVEL EXISTING BEkMS 010Y6 
C OF OLD CHANNEL TO ELEV-TIO~ OF NATURAL TERRAIN 01097 
c 01098 

TDL=OBMH+OELO-ETLO 010~9 
TDR=OBMH+OELO-ETRO 01100 
tFtTDL.LE,O •• OR.TDR.LE.O~l GO TO ~15 01101 
ARE1=TDL*08~WL+TDL**2*(07RML+Ol)/?. 01102 
APE2=TDR*08M~R+TDR**2*(0ZRMR+0Zll2. 01103 
GO TO 817 01104 

815 APE1=0• 01105 
816 ARE2=0• 01106 

c 01107 
C OETEHMINE IF ADDED COVER IS REQUIRED AROVE THE AVERAGE ELEVATION 01108 
C OF THE NATURAL TERRAIN AND IF EXCAVATION INTO THE CHANNEL ~OTTUM 01109 
C TO ACCOMODATE THE PIPE AT DESIGN ELEVATION IS REQUIRED 01110 
c 01111 

817 H=(ETRO+ETLOl/2,-ELO+T 01112 
Q[XC = ARE1+ARE2 01113 
RFIL = OAREA 01114 

c 01115 
Y=H-YAVE 01116 
ACRF2=B*X-ASEG1 01117 
IF(Y.LT.O.) ACBF2 ~ -Y*X + Y**2*1.5 - ASEG1 01118 
AEXC2 = .AMAXl ( (Y*tll ,o.) 01119 
ARF2=AEXC2-ACBF2-APIPE 01120 
IF<ABF2.LT.O.) ARF2~0. 01121 
A~XC1=REXC 011?? 

~A~XC3=ABF2+0AREA+~CBF2-REXC-AEXC2 01123 
)i FtY2.LT.O.) AEXC3=AEXC3-AP1PE 01124 
~Y2=H-DPFILL-YAVE 01125 

!F(Y2,GT.O.) GO TO 950 01126 
FILL = Y2**2*1.5 - Y2*X 01127 
AEXC3=AEXC3+FILL 01128 
ARF2=FlLL 01129 

950 OHAUL = AMAXl<AEXC3.~.l 01130 
RSlJRP = R2D2-A"1l"!l<AEXC3t0 .• ) 01131 
GO TO ~50 . . 01132 

820 GO TO 300 01133 
920 CONTINUE 01134 

IF(KOOE.EQ.2) GO TO 99 01135 
IF<KG.N~.MAXO)GO TO 99 01136 
IFtiREHAB.~T.Ol WPITE(6,R5) 01137 

85 FORMAT(/,t REHAHILITATION PLAN---LAYING PIPE IN OLD CHANNELt/) 0113k 
WRITF(bt70)TEXC 01139 

70 FORMAT(' TOTAL EXCAVATION :t,T29.F13.0•' CUBIC YARDSt/) Ull40 
WRITE(6,80)TC8F 01141 

80 FORMAT P TOTAL COMPACTED RACKF ILL= • • T29 • 01142 
•F13.o,• CUBIC YARDS•/> 01143 
IF(!REHA~.EQ.l) WRITE (6,R4) CBF 01144 

84 FORMAT(/•' TOTAL P.ACKF!Ll (OLD CHAN>=•.T29,F13.0, 01145 
••CUBIC YARDS'/) 01146 

WRITE (6•82) THAUL 01147 
82 FORMAT(/•' TOTAL OVER~AUL =••T29tF13.0,tCUBIC YARDS•/) 01148 

IFCIREHAcl.EQ.ll wPITE(6,86l TEXCO 01149 
86 FORMAT(/,, SUBSTITUTE EXCAVATION FROM AREA ADJACENT TO PIPE.LI~Et, 01150 

&I•' IN PLACE OF OVERHAUL FPOM OUTSIDE AREA.•, 01151 
~1,• ADJACENi EXCAVATION= .•.T29tF13.0,t CUBIC YARDS•/) 0115 2 

c 01153 
WRITE(6t90)TBF 01154 

90 FOQMAT<' TOTAL ~ACKFILL =•·T29,f13.0,t CURIC YAHOS•///) 01155 
99 RETURN 01156 

F.ND 01157 



c 

c 
c 
c 

DATA SET WIHPIPER AT LEVEL o?H AS OF 03/09/78 
SUB~OUTINE PIPER 00001 

+(WAGE,EQUIP,AHEA,JHAULl,!HAUL2.IDIA~,ICOVER,IHEAD,COST> 00002 
THIS SU~kOUTINF. IS A MODIFIED U.S.~.R. ROUTINE FOR DETER~INING 00003 
COSTS OF CONCR ETE PIPE •••• ~OR USE WITH 19M ASSEMBLER 00004 
SURFUNCTIONS •JANDt AND •SHIFT••••••• 0000~ 

DIMENSICJN A(192) ,1-1(312) ,R(36) 00006 
f) I~ ENS 1 0 N M 1 ( 1 0 4 ) , "1 c ( 1 0 4 ) , tO ( 1 0 4 ) • ~ 1 ( 9 6 ) , A 2 ( 9 b ) 0 0 0 0 7 
EOUJVAlt:NC£ (Ml (}) ,"'1(1)) • (M2(l) eM(]05)), (M3(}) tM(209)) 00008 
EQlJTVAlt.NCE (A1(1),A(}))t(Ac(1)tA(97)) 0000<:1 
DATA MSKl/ZOOOO~OOF/ 00010 
f)~TA Al /,0018,2.,.0024•2•••0UJ,2,,00011 

$.oo3~.z ••• oo236,z.,.oo29~.?.,.oo35~.? ••• oo416,2 ••• oo292.z ••• ooj~2.oooiz 
+? ••• oo4l2,2 ••• 00472.z.,.oo348,2 ••• oo4os.2 ••• oo4o~.2 ••• oo5c~,2., 00013 
+,00404•2 ••• o0464,? ••• 005?4,2.~.00584.2.,.o046,z ••• oo52.2 ••• oo,H, 00014 
+?,,.0064,2,,-2.471~5E-A,4,?32.0,0,1.157~E-6,3.4S,6.9775E-S, 00015 
+2.7~15l,o.,o.,l.04315E-6t3.29402•1.12108E-6,3.47S48,7,138b6t-S• 00016 
+2.7H15lt4,489H3f-4,},89466,4.67ll4E-4.2,06906,1.63829E-4,2.481Jt 00017 
+7.12~97£-5,2.80409,4.Al305E-4,2.04483.3.65517E-4,2.24422t 00018 
+1.~78HbE-4,2.5?0J7,8.43175F-5,2,79Jl9•1•02074E-3,1.942~7, 00019 
+4,02171E-4,2.3115A,5.30243f-4,2,31536·2•61~35E-4t2.56219, 00020 
+4.Q343~E-4,2.18653,5.310~3E-4,2.3092Q,3,61891E-4,2.4541,2.826E-4t 00021 
+2.56627/ 00022 

DATA A2 /3.522Y9E-4,2.31719, 00023 
+A,3563E-4,2.25107,5.5035?E-4,2.38939,5.Q0846E-4,2.41859t 00024 
+?.5234HE-4,2.44108,6,A4543E-4,2,3??31,8.6025E-4,2.31626, 00025 
+1,2~84<:1t-3t2e25~95,7,65917f-4t2e2~?77,1,22744t-3t2e21329t 00026 
+1.20331E-3t2e267A3,}.55?09E-3,2.23875,8.49729E-4t2.23602t 00027 
+1.19b87E-3,2.23636,1.79602f-3,2.21148,2.81348E-3t2•12619, 00028 
+l.061SoE-3,2.21456t2.53837E-3,2.0790l,1.98897E-3,2.l9993, 00029 
+2.3H881E-3t2elAR9A,2.30HOlf-3,2.0~?~5.2.18089£-3,2.14152• 00030 
+2,47327E-3,2.165JH,2.00275E-3,2.25277,2.07039E-3t2,128t2.08237E-3,00031 
+2.1731t2.28672E-3,2.20002,2.13053f-3,2.26274,6.31052E-3tl.89747, 00032 
+3.61429~-3•2.06767,1.6988F.-3.2.31596.3.29764E-3,2.17865, 00033 
+5.15191£-?tle36719,2.65675E-2~1.~6479,2.34765E-2tl.63912t 00034 
+?.2229E-2tl.69838,4,61Q79E-2•1•40891•2•14081E-2,1.62808, 00035 
+2.03426E-2•1•68M34,1.908?1E-2~1.74984,5.66253E-2,1.37698, 00036 
+2,9058E-2,},57308,1.99657E-2tl•7ll45•1•64647E-2•1•80104, 00037 
+4.4757~E-2t1e44786,2.2833E-2t1e64734tl.8329E-2,1.75049t1.72Y37E-2,00038 

+},H007~/ 00039 
DATA Ml /Z03333333,Z33333333tZ03333333tZ33333333, 00040 

+Z03433343,Z33333333t705544544,234433443tZ06666665,z655555S4, 00041 
+Z07777777,Z666~~~~~tZ088AA8~H,Z77777777tZ0999999~tZ888888~b. 00042 
+Z03333333,Z9Y9999Q9,Z03333333eZ33333333tZ03433343tZ33333333, 00043 
+705443543,Z344334jJ,Z06556554,Z65445543,z0&67o667,z66666656, 00044 
+Z07887787,z77777777tZ098A88AB,Z88~RPAAA,z09999999tZ9999~<:~9H, 00045 
+701131113tZ1112111Q,Z01431142tZll3?1132tZ05432543,Z25321432t 00046 
+Z0~546543tZ6S435432,Z06676657,Z66566546tZ07877787,Z76776677, 00047 
+]0988M~~~,Z78H77877,Z0999Q998.Z9988988~,ZOl132110tZ09909999, 0004b 
+Z01431143,Z1142Jl42tZ05421542,Zl53?1532tZ05436543,z65325432, 00049 
+ZOA576S5btl65465546,Z06776~77,Z6n766676,Z08877677~Z78777777, 00050 
+Z09e89HH8tZ888~8RR7tZ09909999.299999989,Z01431143,zll43llOO, 00051 
+Z05421542,Zl542l432·Z05425532,Z5431543ltZ05466546,Z54365436t 00052 
+ZOA766676,Z65765566tZOP777877,Z677~6776tZOA8~8H~7,zB8778877, 00053 
+ZOQ999~89,Z9889RA89,Z01532100·Z99099Q09,Z05421542,zl542l542t 000~4 
+ZOS42~531tZS431543lt705365436,Z~4265426•Z0576b576,z54665466e 00055 
+707766776,zo77667~6.Z0877~877,Z87778776tZ0889H~89,Z8888d87ti, 00056 
+Z09099909,Z99999~99,Z054clS4l•Zl5311009/ 00057 

DATA M2 /Z04315421tZS4?1542leZ04265426,Z53265326t 0005~ 
+Z046654o6,Z53654365tZ077~~766,Z576~5765,Z07778776,Z776677~b, 00059 
+Z08~8A.~78,z~778~77B,Z09QQQ89Q,Z8899RBQA,z0531l009,Z90999099, 00060 
+Z0421~4c!,Z542154lltZ042n5315·Z43IS4315tZ03654365,z42654265, 00061 
+Z07665765,Z476546~5tZ07667766eZ77667665tl0778H778tZ77787768, 000~2 
+Z0~99H~YH,z8~88H7PdtZ009QQ099,Z9999A998,Z0421542l•ZS321009~, 00063 
+Z01154315,Z43l54215,i03654265,Z32653154tZ0765466S,z36543654, 000~4 
+Z07667665,Z76657654tZ07787768,Z76677667,Z08988788,z77887787, 00065 
+Z0999H998,Z8998H9H8,Z03210099,Z0999Q999,Z021542l5,z42154215, 00066 
+70265326StZ31543154tZ06643654.Z36542653tZ06657654,z76546653, 00067 
+Z06677667,Z76676657tZ07887787oZ77877A87tZ099889H~tZ89887887, 0006H 
+Z0999Q999,z~99R998BtZO?l~4215,242l00990tZ0154Jl54tZ31542154, 00069 
+Z065426~4,Z2653?~53oZ06S46653,Z6643~543,Z06676657,Z66576547, 00070 
+Z07877b87,Zo6776677•Z09887887,Z78877877,Z0998998~,Z998898~8, 00071 
+Z021009~0,Z99909999,Z01543154,Z215421~4.Z06532653,Zlb531543, 00072 
+Z06536543,Z654?o542,Z06576547,Z65466536tZ06776677,zo6766576, 00073 
+Z08k77H77,Z7877n776tZ09A8988A,Z8887AA77,Z09909999,z998Q9889, 00074 
+Z01542154,Z210099Q9,Z06531643,Zl543}542/ 00075 

DATA M3 /70542b542tZ654l653ltZ0546653o,zo5366436, 0007h 
+ZOn766S76tZ6576S476tZ08776A76,Z67766776,Z08878877,z88778777, 00077 
+Z09899HHY,Z988Q8AH9,Z01009909tZ99099999,z05431543,z15421542, 00078 
+Z054l653l,z65316531.Z05366436,Z54?~5426,Z05765476,Z5466536o, 00079 
+70776677o,zo7~657A6tZ08778777,z~77~R766,Z08898869,Z8878A778t 00080 
+Z09099~9~,Z9899RH99tZ05421542,Z10099099,Z053}653ltZ543l5431 9 00081 
+7042654c6,Z54265~16tZ047A5366,ZS36~4~65eZ0776~766tZ57664765• 000~2 
+Z077~A776tZ776A77A6•ZOH7A~77B,Z~77P777H,ZOR998~99.Z8898889b, 000~3 
+7nnoQ409Y.7Q099QQQ9.70431~431.Z5431~431eZ04265316•Z~3165316• 000A4 

• 



+Z077Hi778,z776B77~7,ZOA9AAR9A,z87P~7788tZ0099~999,Z8998899H, 
+Z04J1S43l,Z00990999,Z031n5316.Z43]64315.Z02654~o5,Z42b5416~, 
+Z076~366S 9 Z3b643A64,Z07~~76hS,Z76h47654,Z076877hb,Z76677667, 
+7078887~H.Z77~877~7oZ009~A99q,z89ARA98A,Z00090099,z0099099b, 
+Z03154315,Z43154310tZ026~416S.Z31653164,Z06643664,z265426~4, 
+7066476S4,Z76536653tZ06677667,Z7657h6~7,z078H7787,Z76b776~7, 
+709A88~8b,Z79887HH7,Z09999998,Z99AA99H~I 

DATA B 1,626221•1,4377,.537402• 
+},51?.6t.S479A6,1.5357,,4?.6069.},710~A,,57167,l.b2029,,4397~1• 
+l.A265~t.4019,1,H7718,,426438e1,903?l••452103,1.~251H,,220413t 
+1.82037,.283496,1.76531.~247914.1,e90?.9 •• 275lbl,l.H7091 •• 2719~d, 
+1,9027bt.413699,l.B339,,295814t2,00121,,285465,2.0b558,.33J242, 
+?..063091 

COEF = (WAGE I 30, + ,9 * ~QUIP) * AREA 
FACTI = lHAULl * 2,4838E~5 + 3,31174£-3 
FACT2 = lHAUL2 * 4.32E-S + S,665E-3 
IC = ICOVEk 
s = 3, 
IF (!OIAM ,GE. 7?> S = 6. 
ID = (!DIAM- 1> I S + 1.001 
D = ID * S 
IF (0 .GT. 120.) 0 = 1?.0. 
IH = (!HEAD- 1) I 25 + 1.001 
IF <IH .LT. l) IH = 1 
IF (!H .GT, 32) IH = 32 
J = (I H-1) * A + (I C-1 > * 2 
COST = 5000. 
IF <D .LT, 12.) GO TO 110 
IF (IH .GT, 6) GO TO 100 
COST= ((,28 + (D I 42.)**3 I 100,) * 0 + FACTl * 0**1,81422 + 

+A( J + 1 ) * D**A( J + 2 )) * COEF 
GO TO 110 

100 IF <IH ,GT. 24) GO TO 110 
IF (0 ,GT, 69, ,A,.,!O. IH ,GT. 19) GO TO 110 
IF <D .GT, 54, ,AND, IH ,GT. 20) f-0 TO 110 
IF <0 .GT, 36. ,AND. IH .GT. 22) GO TO 110 
COST= ((,2 + (D I 42,)**3,5 I 100,) * 0 + FACT2 * 0**1.70679 + 

+A( J + 1 ) * D**A( J + 2 ) + 0**1.505 I 20.) * COEF 
110 CCOST = 5000. 

IF (0 ,GT, 42.) GO TO 120 
IF (JOIAM .LT. 4) IOIAM = 4 
s = 2. 
IF (I D I AM • GE. ? 1) S = 3. 
ID = (lDIAM- 1) I S + 1.001 . 
DO = ID 4t S 
IF (JOlAM .Ea. 15> DD = 15. 
IF <DO .LE. 14.) ID = ID- 1 
IF ([lD .<,T, 20.) ID = ID + 4 
1 = (ID - 1> * l?H + <IH- 1) 4t 4 + IC 
IL = (l-1> I 15 + 1 
K = (I - <I L - ll * 15 - 1> * < +4) 
IL=IL*2 
IF( K • GE • 32 ) IL=IL-1 
IF( K • GE • 32 ) K=K-32 
IL = ISHFT ("1 ( IL> ,K) 
IL = !AND <IL•~SK1) 
IF <IL.E\,1,0) GO TO 120 
I = 1 
IF ( DD • G T. 14. l I = 2 
J = <I-1> * 18 + <IL -1) * 2 
CCOST = <B<J + 1 > * DO*~R(J + 2> * .12 + ,4 * 00**.502161) 

+* COEF 
1?0 IH~AD = lH * 25 

IOIAM = 0 + .001 
IF <COST .LEe CCOST) GO TO 130 
IDIAM = DD + .001 
COST = CCOST 

130 IF <COST ,EQ. 5000.) COST= O. 
CALL ROUND(COST) 
RETlJ~N 

E'IID 

OOOH6 
OOOA7 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
Ol.I09h 
00097 
00098 
000~9 

00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
001(18 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
0014h 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 

iL:::t: ·····-·· -~;; . • · E::~-



SU8ROUTINE ~OUNDCCOST> 
IF(COST.GE.lO.)GO TO 2 
!COST = COST 
COS1 = ICOST 
COS2 = (COST-COSl>*lO. 
ICOS1 = COS2 
COS3 = ICOS1 
C0S4 = COS2-COS3 
IFCCOS4.GE.0.5>COS3 = COS3 + 1. 
COST = COSl + COS3/lO. 
GO TO 999 

2 JF(COST.G~.20.)G0 TO 4 
ICO<;T = COST 
COS1 = !COST 
COS2 = ·cosT-COS1 
IFCCOS2.GE.0.5) COS3=1.0 
IFCCOS2.LT.0.5) COS3=0.5 
IFCCOS2.EQ.O.)COS3=0. 
COST=COS1+COS3 
GO TO ~99 

4 !COST = CoST 
COS1=!COST 
COS3=1.0 
COS2 = COST-COS1 
IFCCOS2.LT.0.5)COS3=0.0 
COST = COS1+COS3 

999 ~ETURN 
END 

AT LEVEL 003 AS OF 02/01/78 
lAND 

DATA SET WI~IAND 

START 
* 
* 
* 

ISHFT 

* 
* 

USING 
ST 
L 
L 
L 
N 

L 
RQ 
END 

THIS FUNCTION RETURNS THE LOGICAL 
ARGUMENTS IN GENE~AL REGISTER 0 

AND OF TWO 4-BYTE 

I = !ANO(J,K) WHERE J AND K ARE 4 BYTE ARGUt-1ENTS 
l .4NDt15 
1~.12<13) 
14,0(1) 
u.oc14> 
14,4(}) 
0,0(14) 
14 • . 12 ( 1 3) 
14 

SAVE RETURN PEGISTER 
LOAD 14 wiTH ADDRESS OF 1ST ARGUMENT 
LO~D 0 wiTH }ST ARGUMENT 
LO~O 14 WITH ADDRESS OF 2ND ARGUMENT 
AND IN 2ND ARGUt-iENT TO REGISTER 0 
RESTORE RETURN REGISTER 14 
RETURN 

DATA SET WlRSHIFT 
START 

AT LEVEL 011 AS OF 02/01/78 

USING 
ST 
L 
L 
L 
L 
sqL 
L 
RR 
END 

T H I S F U ~J C T I 0 N RET II R N S A R G U t.A EN T 1 S H I F TED 8 Y T HE N U M tl E R 
OF YITS SPECIFIED RY ARGUMfNT 2 TO REGISTER o. 
lSHFT CJ 9 K) WHERF J AND K ARE 4 AYTE ARGUMENTS. 

ISHFT.l5 
14.12<13) 
14,0(}) 
0,0(14) 
l4t4Cl> 
}4,0(0.}4) 
Ot0(14) 
14tl2Cl3) 
14 

SAVE RETURN ~EGISTER 
LO~n 14 WITH ADDRESS OF 1ST ARGU~ENT 
LOAD 0 WITH 1ST ARGUMENT 
LO~O 14 WITH ADDRESS OF 2ND ARGU~ENT 
LOAD REG 14 WITH # OF POSITIONS TO SHIFT 
SHIFT ARGUt-AENT 1 BY ARGUMENT 2 # OF dlTS 
RESTORE RETURN REGISTER 14 
RETURN 

00157 
U01S8 
00159 
00160 
001o1 
00162 
00163 
00164 
00165 
0016o 
00167 
00168 
00169 
00170 
00171 
00172 
00173 
00174 
0017S 
0017h 
00177 
00178 
00179 
OUlbO 
00181 
00182 
00183 
00184 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
OOOO'J 
00010 
00011 
00012 
00013 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
OOOOR 
00009 
00010 
00011 
00012 
00013 
00014 

• 

• 

• 



c 
c 

c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

DATA SET WlkPUMP 

wRIT£(6t200) 

AT LEVEL 015 AS OF 03/0B/78 
00001 
00002 

·200 FORMAT(1Hl,/////////////T?.5t 1 ---0UTPUT 
., PUMP COST•!> 

CALL pMPCST 

Or THE PROGRAM ••PMPCST•• -00003 
00004 
0000~ . 

WRITE(9t2) 
2 FORMAT(//, t THI~ PROGRAM IS TERMINATED SUCCESSFULLY t/// 

., t OUTPUT OF THIS PROGQAM IS OBTAINED AT THE •II 
t • TERMINAL - DATA 100 LINE PRINTER• 
., Ill' GOODLUCK RYE •••• •/) 

STOP 
Et-JD 

SUHROUTINE PMPCST COMPUTE~ THE ANNUAL COST OF A ~UMPING PLANT 
FOR THE UATA GIVEN 

SURROUTINE PMPCST 
Lic;T,NONE 
INTEGER ANSW 
0 I M F N S I 0 N A ( 5 0 l , P ~~ (~ ( 5 0 0 ) • C TAN N ( 5 0 P l , T I T L E ( 1 8 ) , AN S W ( 6 ) , W R ~ ( 1 2 ) 
DATA CNl,CN2tCODP/3HEND,4HSKJP,4HPIVE/ 

409 FORMAT<'THIS PROGRAM COMPUTES PUMPING PLANT COSTS•/) 
410 FOR~ATC'TYPE THE FOLLOWING INFORMATJON:t/ 

t • ••READ---RIVER PUMPtt IF RIVER PUMP IS TO BE PROCESSED•/ 

00006 
00007 
00008 
OOOOY 
00010 
00011 
00012 

00013 
00014 
0001') 
00016 
00017 
00018 
00019 
000?.0 
00021 
00022 
00023 

t t ••REAU---FARM PU~P•• IF ON-FARM PUMP <CENTRiFUGAL OR DEEP 
• •1• IS TO AE PPOCESSED ••• THEN - IDENTIFIER•/l 

411 FORMATC/tt TYPE DATA FOR RIVER PUMP IN THE FF ORDER•/ 
., t I-NUMBER OF PUMPING UNITS•/ 
., t 2-TYPE OF PU~PING UNIT: CODE U~EO (1) FOR VERTICAL PU~P•/ 

WELL) 00024 
00025 
0002h 
00027 
00028 

... ' 

., t 3-TOTAL DYNAMIC HEAD IN FEET•/ 

., t 4-MONTH Of ESTIMATE•/ 

., t 5-YEAR OF ESTIMATE•/ .,, 
412 FORMAT(/,t TYPE TrlE FF DATA:•/ 

(2) FOR HORIZONTAL PUMP•/ 

t t I-CONTINGENCY COST FOR PUMPING PLANTt PERCENT•/ 
t • 2-COST OF FOREBAY,DISCHARGE LINES• ETC. AS A PERCENT•/ 
t t OF THE PUMP UNIT•/ 
t t 3-COST OF POwER• CENTS PER KW-HPt/ 
., t 4-GENERAL COST INDEX, RASE YEAR IN I976'/ 
., t 5-TYPE OF PUMPING UNIT<ACCORDING TO EYER>•! 
' t 0) UNATTENDED PLANT' I 
t t (2l SE~I-ATTENDED PLANT•/ 
t t (3) ATTENDED PLANT•/ 
t t 6-SEDIMENT CODE --FOR WEAR ALLOWANCE COMPUTATION:•/ 
• t <1) CLEA~ WATERt/ 
t t (2) LIGHT SEDIMENT LOAD'/ 
t t (3) MEDIUM SEDIMENT LOAD•/ 
t t (4) HEAVY SEDIMENT LOAD•/) 

413 FORMAT(/tt TYPE THE FF DATA:•/ 
., t 1-LlFE OF PU~PI~G UNIT~ YEARS•/ 
., t 2-INTEREST RATE, PERCENT•/ 
., t 3-SALVAGE VALUE OF THE lJN!Tt PERCENT OF THE ORIGINAL COST•/ 
- t 4-AVE~AGE ESCALATION OF ENERGY, PERCENT PER YEAR•/) 

414 FORMAT(/•' TYPE MONTHLY IRRIGATION REQUIREMENT FOR THE SEASON•/ 
t t ••••• IN INCHES OR AF-~T PER MONTHt/ 
.. , 

4I5 FORMAT(' TYPE o.,~ DATA FOR PUMP:•/ 
., t I-LENGTH OF OPERATING ~EASON IN WEEKS t/ 
., • 2-HOUHLY WAGE RATE ~OR MECHANIC•/ 
., • 3-HOURLY WAGE RATE FOR PUMPING PLANT OPERATOR•/ 
tt 4-AREA TO BE IRRIGATED, ACRES•/) 

41~ FORMAT(/,t TYPE STARTING Q(CFS),FJNAL Q(CFS> AND Q INTERVAL'/) 
4I7 FOPMAT(// 9 t ARE THERE ANYMORE DATA TO BE PROCESSED\\\\'// 

., • IF NO, TYPE---> END IF YES---•/) 
KX f~ = 0 

READ IN CONTROL FOR PROPER RRANCHING AND A TITLE 
IF THE wOf.<D BEGINNING IN COLUMN 1 IS: 

tREAD• CONTROL IS SHIFTED TO STATEMENT 5 
•SKIP• CONTROL IS SHIFTED TO STATEMENT 3 
•ENUt CO~TROL IS SHIFTED TO STATEMENT 98 

STATEMENT THAT ~AY BE MOVED IF DESIRED. 
THE TITLE ~EGINS IN COLUMN A 

WRITE(9t409) 
C0"JTINUE 
wRITE(Yt410) 
READC5d50) CON, TITLE 
WRITE(9t150)CON, TITL~ 

150 FORMAT (A4t3Xtl8A4) 
IF (CON.Eu.CNl) GO TO 98 
IF<CODP.NE.TITLECll) GO TO 210 

00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 

.00044 
0004~ 

00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
OOOHO 
000Cj1 
00082 
ooo~on 



C US.f THE ABOVE PROGRAM IN COM.PUT I NG COST 
WRITEC~t4ll) 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

CALL INPUT(AtNO) 

t UN ITS 
• TYPE 

t TDH · 
t MONTH 
• !YEAR 

= NU~~ER OF PUMPING UNITS 
= TYPE OF PUMPING UNIT : 1--- VERTICAL PUMP 

2--- HORIZONTAL PUMP 
= TOTAL DYNA~TC HEAD IN FEET 
= MONTH OF ESTI~ATE 
= YEA~ OF ESTIMATE 

UNITS = A(l) 
TYPE = A(2) 
TOH = A(3) 
MONTH = A(4) 
lYEAP = A(5) 

WRITE(9t412) 

CALL INPUTCAtKD) 
PCONT = A<l>/100. 
PERD = A(2)/lOO. 
PWCST = A(3)/ 100. 
CIDX = A(4) 
KODP = ACS) 
NSED = A(6) 

C • PCONT = CONTINGENCY COST, PEPCFNT 
C t PEHD = OTHEP COST AS A PERCENT OF PUMP UNIT. 
C • P~CST= COST OF POWER PER Kw - FLAT RATE 
C t CJDX = GENERAL COST INDEX BASE YEAR = 1976 
C • KODP = CODE FOR TYPE OF PUMPING U~IT - FOR COMPUTING COST 
C PEPWER = PERCENT WEAR ALLOWANCE, PERCENT OF -Q 
c 

c 

c 

c 

c 

WRITEC9t502) 
502 FORMAT(/,, TYPf DATA FOR TRANS~ISSION LINE:•/ 

'' }-ACTUAL LENGTH OF TRANSMISSION LINE, MILES•/ 
'' 2-TEHHAJN CODE:•/ 
tt O>-FLAT TER~AIN•/ 
'' })-SWAMPY OR MOUNTAINOUS TERRAIN•/ 
'' 3-FOUNDATION CODE•/ 
'' 0)-AVERAGE CONDITION•/ 
tt l)-S~AMPY 0~ ROCK FnUNDATIONt/ 
'' 4-CONTINGENCY COST FOR TPANSMISSTON LINE, PERCENT•/ 
tt 5-COST INDEX, TRANS. LINE, BASE IS · 1976t/ . 
•• 6-COST INDEX. IRRIG. 0 ~ ' ~' BASE IS 1976~/) 

CALL INPUTCAtNTL> 
TRLIN = A(}) 
NTER = A(2) 
NFOUN = A(3) 
TRCONT = A(4) 
TRINX = A(5) 
OMIN)t = A(b) 

WRJTE(9t504) 
504 FORMATC/tt · ~YPE SWITCHING BAY DATA:•/ 

'' I-CONTINGENCY COST FOR SWITCHING BAY•/ 
'' ?.-COST INDEX, SWITCHING gAy, BASE IS i976t/) 

CALL INPUTCAtNSw) 
SiliCON = A (}) 
SWIN)t = AC2) 

WRJTEf~t506) 
506 FORMAT(/tt TYPE THE FF DATA:•/ 

tt 1-SEkVlCE LIFE OF TRAN~MISSION LINE AND SW ~AYt YEARS•/ 
tt 2-SALVAGE VALUE, PERCENT OF ORIGINAL COSTr/) 

CALL IN~UT(AtNYT) 
TRY = ACl) 
SVTR = A(2) 

WRITE<~•4}3) 
CALL IN~UTCAtNL> 

TLFE 
RINT 

. SVAL 
ESCP 

= A ( 1) 
A(2)/lOO. 

= A(3) 
= A(4)/lOO. 

C-----COMPUTE EQUIVALENT ANNUALI7ED COST FACTOR FOR ESCALATION OF 
C POwER OVER THE LIFE OF THP SYSTEM 
c 

c 

EACF=f((1,+ESCP>**TLFE-cl.+RINT>**TLFE)/(ESCP-RINT))*HINT/ 
& (C1.+RlNT)**TLFE-1.> 

OOOH6 
00087 
00088 
00089 
00090 
ooo9 r 
00092 
00093 
00094 
0009~ 

00096 
00097 
0009H 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
001~0 
00151 
00152 
001~3 
00154 
00155 
001~6 

001~7 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
0016~ 

00l6b 
00167 
0016H 
00169 

L:c-·- ·7B 
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C-----READ IN AVERAGE MONTHLY IRRIGATION REQUIREMENT FOR CROPS 
C THIS IS NEEDED TO DETERMINE PERCENT Of ENERGY REQUIREMENT 

WRITEC9•4l4) 

c 

c 
c 
c 
c 

c 
c 
c 

c 

c 
c 
c 
c 

c 

CALL INPUT(A,NW) 

DO 14 K=1,NW 
14 WRQCK) = A(K) 

SORT WRQ AND DETERMINE THF PROPORTION OF WATEH VOLUMf PUMPED 
EACH MONTH TO THE WATER VOLUME PUMPED AT PEAK MONTH 

RAT= wRQ(l) 
DO 15 KW = 2tNW 
KW1 = KW - 1 
IFCWRQ(KW).GT.wRQCKW1l)RAT = WRQ(KW) 

15 CONTINUE 

READ IN PARAMETEkS FOR OM ~ R FOR RIVER PUMPS OR RELIFT PUMPS 
wRITEC9,415) 

CALL INPUT(A,NOM) 

o T = LENGTH 
o w~o~:: HOURLY 
o wo= HOURLY 

T = A(l) 
WM= A(2) 
wo= AC3) 
ACFS = A(4) 

OF OPERATING SEASON IN WEEKS 
wAGE RATE FOR MECHANIC 
WAGE RATE FOR PUMPIN~ PLANT OPERATOR 

C ---~DJUST TO BASE YEAR OF 1976 

c 
c 
c 

c 

c 

c 

R = CIDX o 2.0 I 0.89 
COMPUTE APPROXIMATE VOLUME OF WATEP PUMPED 
USE 30.4 AVERAGE PUMPING DAYS PER MONTH 

AF = 0• 
DO 18 K= 1,NW 
JF(RAT.GT.10.) AFM 
IF<RAT.LE.lO.) AFM = 

18 AF = Af + AfM 

WPITEC9t416) 

CALL INPUT(A,KR) 
MING = ACl) 
MAXG = A(2) 
KTNQ = A(3) 

wqiTEC6,776>TlTLE 
776 FORMATC1Hl,T30,1HA4) 

WPITEC6,777) 

WRQ(K) 
WRQ(K) o ACFS I C.70 o 12.) 

777 FORMAT(///,T2R,•PUMPING ANNUAL EQUIV. OPERATION MAINTENANCE 
~ REPLAC~MENT POWER ANNUAL PUMPING•IT6,•Q 
&PLANT COST COST COST COST 
& COST COST•/T4·•CCFS) 1/ USED 2/ 
~$IYR) 31 ($/YR) ($IYP) ($/YR) 
~·~/YR 51 1 1/) 

KX=O 
C-----COMPUTE COST AT DIFFERENT Q RATES 

DO 49 LP=MINQ,MAXQ,KTNQ 
KX=KX+1 
P~Q(KX) = LP 

C-----COMPUTE EXPECTED EFFICIENCY OF PUMP & MOTOR 
C USE USBR CURVES FOR PLANNING STUDIES 
c 

H.P. 
COST 

(1;) 

($1YR) 4/ 

00171 
00172 
00173 
00174 
00175 
0 0.176 
00177 
0017H 
00179 
0011-10 
001~1 

00182 
00183 
001H4 
001~5 

. 00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00218 
00219 
00220 
00221 
00222 
00223 
00224 
00225 

(00226 
(00227 
00228 
00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 

IFCPMQ(KX).LE.S.)fFF =C47.o PMQ(KX)ooo.1238) I 100. 00237 
IF(PMQ(KX).GT.5.AND.PMQ(KX).LE.1000.)EFF=C52.oPMQ(KX)ooo.052>1100.00238 
IFCPMQ(KX).GT.lOOO.)EFF = 75.1100. 00239 

c 

302 

304 

306 

308 

311 
c 

GO TO (302t304,30b,308),NSfD 
IFCLP.LE.100)PERwER = 2.5 
IFCLP.GT.100)PEP~ER = 1.5 
GO TO 311 
IFCLP.LE.100lPERWER = 7.5 
IFCLP.GT.lOO>PEPwER = 3.~ 
GO TO 311 
IFcLP.LE.lOO>PERWER = 12.5 
IF<LP.GT.lOO>PERWER 6.5 
GO TO 311 
IFCLP.LE.lOO>PEP~ER = 17.~ 
IFCLP.GT.100>PERWER = 11.5 
PEP~ER = PERWER/100. 

ADD WEA~ ALLO~ANCf--
,." ... ,, •.• - o ....... ' "" v \. 

00241) 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 
00250 
00251 
002~2 

00253 
00254 ' 

L-C -··- /'' 9 ' 



c 
HPl=P~QW 0 TDH/(A.H * EFF) 

C-----HOPSEPOwER IS HOUNDED TO THE NEARFST s.o HP 
c 

c 

HP? = 0. 
DO 888 KJ = 1t5000 
HP? = HP2 + S. 
IFCHP1.LT.HP2)GO TO 890 

888 CONTI NLIE 
~170 HP = HP2 

C---FIND KW CAPACITY 
HPIII = HP * .746 

C----FINO TRANSMISSIO~ VOLTAGE - KV 
IFCHPW.LE.700.)TKV = 13.R 
IF(HPw.GT.700.AND.HPw.LE.4000.)TKV = 34.5 
IFCHPw.GT.4000.AND.HPW.LE.l5000) TKV = n9. 
IFCHPw.GT.15000.AND.HPW.LE.35000.)TKV = 115. 
IFCHPw.GT.35000.)WRITF(9t309) 

309 FOR~AT(/,t HPw IS GRE~TER THAN 35000. - CHECH DATA•/) 
IF<~PW.GT.35000.)GO TO 98 
IFCTKV.EW.13.8) !VOLT = 1 
IFCTKV.EQ.34.5) !VOLT = 2 
IFCTKV.EQ.69.) !VOLT = 3 
IFCTKV.EW.115.) !VOLT= 4 

C---COMPUTE KV~ 
TKVA = 1.25 * HPW 

C---COMPUTE COST OF TRANSMISSION LINE AND SWITCHING BAYS 
C USE AVERAGE COST FOR EACH KV LINE 

GO TO C5}},512t513t514),1VOLT 
511 TCPMIL = 17500. 

TSWB = 70000. 
GO TO 515 

512 TCP~IL = 17~00. 

TS~B = ~1000. 
GO TO 515 

513 TCPMIL = 2~000. 
TSiNEj = 119000. 
GO TO 515 

514 TCPMIL = 39600. 
TSWR = 185000. 

515 CONTINUE 
C---APPLY COST INDEX 

TCPMIL = THLIN * TCPMIL * TRINX * 1.995 /0.675 
. IF(NTER.EQ.l) TCPl = TCPMIL * 0.5 

IFCNTER.NE.l> TCP1 = O. 
IFCNFOUN.EQ.1) TCP2 = TCPMIL * ~5 
IFCNFOUN.N£.1) TCP2 = O. 
IFCTPLIN.LE.5.> TCP3 = TCPMIL * 1. 
IFCTRLIN.GT.5.) TCP3 = o. 
IF<T~LIN.GT.S.AND.TRLIN.LE.?O.)TCP4 =. TCPMIL * .5 
IFCTRL1N.GT.20.)TCP4 = 0. 
SURTLC = TCPMIL + TCPl + TCP2 + TCP3 + TCP4 

C---COMPUTE COST OF SITCHI~G RAY 
TSWB = TSWB * SWINX o 1.94 I 0.532 
TRSWC = TSWB * S't'ICOI\J/1 00 • + SlJBTLC * TRCONT /10 0 • 

C---FILED COST TR AND Sw BAY 
FTW = SUBTLC + TSW~ + TRSWC 

C---ASSIGN INDIRECT COST FOR TR AND SW BAY 
C USE USBR CURVES 

IFCFT~.LE.500000.)ENC = 46.25-.0000J25ttFTW 
IFCFTw.GT.SOOOOO.AND.FTw.LE.100000o.)ENC = 38.-.000006 * FTw 
IFCFTw.GT.100000o.AND.FTW.LE.2000000.) ENC=33.5-.0000015*FTW 
IFCFTW.GT.2000000.AND.FTW.LE.5000000.)ENC=32.5-.000000l*FTW 
IFCFTw.GT.5000000.)£NC = 29.5-.0000004ttFTW 

C---TOTAL COST OF TR AND Sw 8AY 
TSW1 = FTw * ENC/100. 
TSWEN = FTW + TSW1 

C---COMPUTE ANNUAL EQUIV COST - TR AND SW dAY 
ATRAN = TSWEN*CPINT*C1.+RINT) 0 *TRY)/(((1.+RINT)**TRY)-1.) 

*-SVTR*e01*TSWEN*PINT/(((l.+RJNT)**TPY)-1e) 
c 
C-----COMPUTE ANNUAL COST EQUIVALENT OF PUMPING PLANT 
C USE US~k SUBROUTINE uPUMPER# TO CO~PUTE COST 
c 

c 
CAP = P~QCKX) 
CALL PUMPER(CAP.UNITStTYPE,TDH,~ONTHtiYEARtiVOLT,ANSW) 
CIMP = ANSW(l> 
CWAYS = ANSw(2) 
CPMOT = ANSW(3) 
CELEC = AN51N(4) 
CMISC = ANSWC5> 
CSwiT ANSW(6) 

002~6 

00257 
00258 
00259 
00260 
00261 
00262 
00263 
00264 
00265 
00266 
00~67 

0026A 
00269 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00278 
00279 
00280 
00281 
00282 
00283 
00284 
00285 
00286 
00287 
00288 
00289 
00290 
00291 
00292 
00293 
00294 
00295 
00296 
00297 
00298 
00299 
00300 
00301 
00302 
00303 
00304 
00305 
OOJOb 
00307 
00.308 
0030~ 

00310 
00311 
00312 
00313 
00314 
00315 
00316 
00317 
00318 
00319 
00320 
00321 
00322 
00323 
00324 
00325 
00326 
003t:?7 
00328 
00329 
00330 
00331 
00332 
00333 
00334 
00335 
00336 
00337 
00338 
00339 
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c 
c 

c 

c 

c 

P~CT = ClMP+CWAYS+CPMOT+CELEC+CMISC+CSWIT 

ADD ADUITIONAL COST FOR INTAKE,DI~C~ARGE LINE,ETC. 
PMCT2 = CPMOT * PERO . 

PMCST = PMCT + CPMOT * PERD 
AOD CONTINGENCY COST 

P~CT3 = PMCST * ~CONT 
P~CST = PMCST + (PCONT o PMCST) 

C---ASSIGN Pt~CENT INDI~ECT COST FOR PU~PING PLANT 
C USE US~R CURVES 

JF(~MCST.Lf.500000.) ENP = 44.44-.000008~8°PMCST 
IF(PMCST.GT.500000.AND.PMCST.LE.l500000.)fNP=4l.-.000002*~MCST 
!F(PMC~T.GT.1500000~AND.PMCST.LE.5000000.)ENP = 38. 
J~(PMCST.GT.5000000.>ENP=37. 

00341 
00342 
00343 
00344 
0034~ 

00346 
00347 
003411 
00349 
003'JO 
00351 
00352 
003~3 
00354 
00355 
00356 
003S7 
00358 
0035CJ 
00360 
00361 

P~CT4 = P~CST 0 ENP/ 100. 
PM~NG = PMCST + PMCT4 . 

c 
C---COMPUTE ANNUAL EQUIV COST 
c 

c 
C----
C 
c 
c 
c 
c 
c 

PCOST = PMENG*(RINT*<1.+RINT)**TLFf)/(((1.+RINT)**TLFEl-1.) 
&-SVAL*•01*PMENGOPINT/(~(1.+RINT)**TLFE)-l.) 

DETERMINE OPERATION COST OF PUMPIN~ PLANT 
TYPE Of PUMPING Pl~NT ? 
CODE USED: 

o 1 = UNATTENDED PLANTS 
o 2 = SEMI-ATTENDED PLANTS 
o 3 = ATTENDED PLANTS 

003b2 
00363 
00364 
0036S 
00366 
00367 
00368 
00369 
00370 

C----SEE USSR 
c 

PU~LICATION *PUMPING PLANT 0 ~ M COSTS* BY EYER--196~ 
00371 
00312 
00373 

c 
c 

IF<KOOP.EQ.1)G0 TO 15~ 

IF<KODP.EQ.2)G0 TO 15~ 
IF<KOD~.EQ.3)G0 TO 160 

C-----OPERATlON COST FOR UNATT~NDED PLANTS 
156 IFC HP .GT.10000.)G0 TO 162 

00374 
00375 
00376 
00377 
0037A 
00379 
00380 

COP=1.~ 0 ((PMQ(KX>l**0.47)*(TDH*0 0.?6)*(1.2*WO+R)*(T**0•34) 003H1 
. 00382 

00383 
00384 

G0 TO 172 
c 

162 WRITEC6d64) 
164 FO~MAT(/,T15• 1 FOR HP GREATER THAN 10000--->USE PART 153 

KX = KX - 1 
GO TO 310 

c 
C-----OPERATION COST FOR SEMI-UNATTENDED PLANTS 

158 I~C HP .LT. 450.)60 TO 168 
IF< HP .GT. lSOOO.)GO TO 170 
COP = 5e2*(PMOCKX)**0.05)*CTDH**0.25l*C2.80°WO + R>*T 
GO TO 17~ 

168 IIIRITECbd74) 

REC.INS.•>U03f\5 
00386 
00387 
003t;8 
00389 
003'10 
00391 
00392 
00393 
00394 

174 FORMAT<ll5, t'FOR 
&PLANTS') 

~p LESS THAN 450 CFStUSE EQUATION FOR UNATTE~OED 0039~ 
00396 
00397 
00398 

c 

GO TO 1~6 
17(J '-IP!TE<6tl76) 
176 FORMATC/tT15•'F0R HP GREATER THAN 15000->> USE PART 153 

I<X = KX -1 
GO TO 310 

C-----OPfRATION COST FOR ATTENDED PLANTS 
160 IF< HP .LT. 450.>GO TO 168 

IF< HP .GT. 1~noo.>GO TO 170 
COP = 7.0*(PMQ(KX)**0.04>*CTDH**•l3>*T*(9.5*WO + R) 

c 
172 CONTINUE 

c 

RECL.INS•>00399 
00400 
00401 
00402 
00403 
00'+04 
00405 
00406 
00407 
00408 

C-----COMPUTE ANNUAL MAINTENANCE COST--<COMMON TO ALL TYPES OF PLANTS> 
c 

00409 
0 041 0 
00411 

c 
c 

c 

IFCHP.LT.l49.) GO TO 274 . 
IF<HP.GT.l5000.)G0 TO 170 
lF(HP.LE.15000.)CMN=1.7*PMQ(KX)**•ll*TDH**•4l*Af**•43•C.49*WM+R) 
IFCHP.LE.6999.)C~N=2~*PMQ(KX)**•1l•TDH**~4l*AF**•43•C.49*~M+R ) 
GO TO 186 

18tl CONTINUE 

00412 
00413 
00414 
00415 
00416 
00417 
00418 
00419 
00'+20 
00'+21 

C-----COMPUTE ANNUAL REPLACE~E~T COST 
C FOR HP < 6,99~ REPLACE~ENT COST Of 15 HAS ~EEN ADDED TU 

00422 
A ;~NUAL 0 042 3 

C ~AINTENANCE COST 004?4 

[:f - - 8 j_ 



c 
IF(HP.Lt.6999.)GO TO lA? 

r. 
C-----REPLACE~ENT FOR P~I~E ~OVFRS ~ PUt-~P---USE USt3R HE.CL. INST~. 

C-----RE~LAC~~ENT FO~ ACCESSOkY ELfCTkiCAL fQUIPMENT 

c 

c 

SFF = RlNT/(((l.+RINT)oo~5.>-l.) 
QfP~ = C~MOT o 0.25 o SFF 

RC5T=~E.PM+RELE 

R~LE = CELEC o 0.25 o SFF 
GO TO 1~4 

18.2 RCST=O 
184 CONTINUE 

C---~-DETERMINE POWER COST-~->>>ASSU~E FLAT RATE 'IKW 
C CO~PUTE MONTHLY/ANNUAL POWER, CONSUMPTION 
c 

c 
TK~~ = O. 

DO 30 K""=l,NW 
HKWR = HP024.o30.4*.7460WRQ(KM)/RAT 
T~WR = TKWR + HKW~ 

30 CONTINUE 
C-----TOTAL ANNUAL POWE~ COST 

TPwR = TKW~ * PwCST 
c 
C---CO~PUTE ANNUAL POwER COST-RUILOING OWN LINE 
C 0 AND M OF TRANS LINE 

IF<IVOLT.EQ.l)OMC = 65. 
JF(IVOLT.EQ.2)0~C = 85. 
JF(lVOLT.EQ.3.0R.IVOLT.E0.4)0MC 100. 
OMC = OMC o OMINX o 1.75/1. 
TO~C = T~LIN o OMC 

C---0 ., M OF SUB 
SO~C = TKVA o .35 * OMINX o 1.7511. 

C---TOTAL 0 ., M 
TOS = TOMC + SOMC 

C---TOTAL POWER COST 
TPOWl = ATRAN + lOS + TPWR 

c---COMPLJTE POWER COST---BASED ON wHEELING. CHARGE 
C ASSUME 18 PERCENT OF TOTAL CONSTRUCTION COST OF POWER LINE 

TPOW2 = TSWEN * lA./100, 
C---COMPUTE ANNUAL POWEk COST---PR1VATE UTILITY 

CALL PUWCSTCCDEM,TENER,NW,WRQ,RAT,HP,LP,~INQ) 
TP0~3 = CDEM + TENER 

C---FIND LEAST COST A~ONG THE 3 ALTERNATIVES 
TPOW4 = TPOWl 

c 

JF(TPOw2.LT.TPOw4)TPOW4 =TPOW2 
IF(TPOW3.LT.TP0~4)TPOW4 =TPOW3 
TPOW5=TPOwl•EACF 
TPQw6=TPOW20EACF 
TPnw7=TPOW3*EACF 
TPOw4:TPOW4oEACF 

C-----TOTAL ANNUAL COST 
c 

CTANN(K~)= PCbST + COP + CMN + RCST + TPOW4 

00426 
0 0427 L:C --·· :EJ :~ 
00428 
00421.1 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
0043R 
00439 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
00448 
00449 
00450 
00451 
00452 
00453 
00454 
00455 
00456 
00457 
004!)8 
00459 
00460 
00461 
.0 0462 
004b3 
00464 
00465 
00466 
00467 
0046~ 

0046"1 
00470 
004 71 
00472 
00473 
00474 
00475 
00476 
00477 
00478 
00479 
004bO 
00481 
00482 

IF(RCST.EQ.O.>GO TO 190 
WRITE(6tl~8)PMQ(KX),HP,PMfNGtPCOST.COP,CMNtRCST,TPOW4,CTANN(KX) 

Gn TO 4'J 

00483 
00484 
004f\5 
00486 

c 

c 

c 

}90 
18A 
192 

WRITE(6tl92)PMQ(KX),HP,pMENG,PCOST,COP,CMNt TPOW4,CTANN(KX) 
FORMAT(F7.0,Fl2.0,2Fl5.0t2Fl3.0tFll.Ot T87,Fll.OtFl .0) 
FORMAT<F7.0,Fl2.0,2Fl5.0t2Fl3.0,T79.•---6/t,T~7,Fll.O 17,0) 

49 CONTINUE 

310 NO = KX 

WR!TE(btl94) 

00487 
00488 
00489 
00490 
00491 
00492 
00493 

194 FORMAT(///tT15.•NOTE:t//Tl7•'1/ WfAR ALLOWANCE ~AS INCLUDED.•/ 
t TJ7,t2/ HO~SEPOWER USED WAS ROUNDED TO THE NEAREST 5 HP.•/ 

00494 
00495 
00496 
00497 
00498 

• Tl7t•3/ INCLUOES INDIRECT COSTS.•/ 
t T17,t4/ INCLUDES TRANS. AND Sw RAY COSTS IF APPLICABLE.•/ 
t Tl7• t~/ ANNUAL PUt-.4PlNG CnST INCLl111fS ANNUAL EQUIV. COST OF 
•NG PLANT, OM AND R, AND POWER COST.•/ 
•Tl7••6/ 15 ~E~CF.NT FOR REPLACEMENT ~1 AS ADDED TO MAINTENANCE 
WPJTf(6t25b)UNITS 

256 FOR~AT(1Hl,///,Tl5••SUMMARY OF PUMPING PLANT OATA:•;; 
+.Tl5 9 tNU~~E~ OF PUMPING UNITS 

lF(TYPE,EU.l.)wP.!TE(6t257l 
IF!TYPE.EY.2.)~RITE(6•2SA) 

•,F7.0) 

2~7 FO~MAT(ll5etTYPE OF PUMPINI. UNIT----VERTICAL PUMPt) 
258 FO~~AT(T}5,tTYPE OF PUMPTNI. UNIT----HORIZONTAL TYPE•> 

PUMPI004~9 

00~00 
COST•>OO~Ol 

00502 
00503 
00~04 

00~05 
00~06 

00507 
005 p. 

• 



c 

c 

~T15,tOATE OF ESTIMATE '•2X,I2,•/•,I2/) 
wRITE(6t360)CAP,CIMP,CWAYS.CPMOT,fELEC,CMISC,CS~IT,PMCT 

360 FOPMAT(//TlS••CHECK COST FOR THE LAST ttQtt CONSIDE~ED:•// 
~Tl5t•PLANT CAPACITY• CFS t,F8,0// 
~Tl5 9 •ST~UCTURES A~O I~PROVF.MENTS 1 tF8.0/ 
~Tl5,•wATERWAYS •,FB.O/ 
~TlS••PUMPS ANO ~OTORS 1 tF8.0/ 
~TJS,•ELECTRICAL ACCESSORIES •,FB.O/ 
~Tl5• •~ISCELLANEOUS EQUIPMFNT • .F~.O/ 
~T1~••SWITCHYARDS •,F8.0// 
~Tl5 9 tSUATUTAL OF PUMPING PLANT •.T~6,f8.0/) 
WRITf(6t~h})PMCT2 9 PMCT3,PMCST,PMCT4,P~ENG 
WQITE(6e363)TCPMIL·TCPl,TCP2,TCP3.TCP4,SU8TLC,TSWBtTRSWC,FTwt 

' TS't<l,T~wtN 

00511 
00~12 

00513 
00~14 

00~15 

00516 
00517 
00511:1 
00:>19 
00520 
00521 
00~22 

005?3 
00524 
0052~ 

363 FORMAT ( 00526 
• T15 9 tT~A~5MISSIO~ LINE COST•,T56.F8.0/ 00527 
t Tl5 9 tADO 50 PERCENT FOR MOUNTAINOUS TERRAIN•,TS6,F8.0/ OOS2R 
t Tl5 9 •ADO SO PERCENT FOR ROCKY/SWA~PY FOUNO,t,T56,F8,0/ 00529 
t Tl5 9 tADO 100 PEPCENT FOP LINE UNOEP 5 MILES•,TS6tf8.0/ 00530 
• Tl5 9 tADD 50 PERCENT FOR LINE 5 TO ?0 MlLES•,TS6,f8,0/ 00531 
t eT15,•SUBTOTAL•9T56,F8,0/ 00532 
t TlS,•SwiTC~ING ~AY COST•,TS6,F8,0/ 00533 
t Tl5 9 tCO NTINGENCIES tTL AND SR)t,T~6,FB.O/ 00534 
• TlS,•TOTAL FIELD COSTS •,T56,f8,0/ 00~35 
t TlS,•INDIR~CT COST•,T56tF8.0/ 00536 
t TlS,•TOTAL POWEP LINE CONSTRUCTION COSTSt,T56,f8,0//) 00537 

361 FOP.MATtTlS,tCOST Of INTAKE, DISCHARGE LINES, ETC.•,T56,FB.O/ 00538 
t T15,•CONTINGENCY COST•,T56,FI:I,O/ . 00539 
t Tl~••PUMP FifLD COST•tTS6,F8,0/ 00540 
t TlS,tiNDIRECT COST•tT56eF8.0// 00541 
• TlS,tPUMP TOTAL CONSTRUCTION COSTS•tTS4,FlO.O/) 00542 
WRITE(btJ65) TPOW},TPOWS,TPOW2,TPOW6tTPOw3,TPOw7 00543 

365 FORMAT( 00544 
t T56,tPRESENT RATE•,T70,•INFLATED PATE OVER LIFE•/ 00545 
t Tl5,tANNUAL POWER COST---OPT F.PATE,OwN LINE•tTS6,F8,0tT70,F8,000~46 
'ITlS,tANNUAL POwER COST---OPT 2 WHEELING CHARGE•,T56,F8.0,T70,F8,000547 
•IT15,tANNUAL POWER COST---OPT 3 PRIVATE UTILITY•tTS6,F8.0tT70tFB.000548 
'/) 00549 

GO TO 222 00550 

C-----AT THIS POINT. READ DATA ON ON-FARM UNITS WITH DEEP WELL 
005~1 

00552 
00~53 

00554 
00555 
00556 
00557 
00551::S 
00559 
00560 
00':>61 
00562 
00563 
00564 
00565 
0056() 
00567 
00568 
00569 
00570 
00571 
00572 

C INSTALLATION IF DESIRED --GO TO SURROUTINE•FAR~Pt 
c 

c 

c 
c 

c 

c 
c 
c 
c 

210 CALL FARMP(PMQ,CTANN,NO,TITLE) 

'222 

255 
70 

2fl0 

CONTINUE 
KXQ = KXQ + 1 
IF (KXQ.LT.7) GO TO 70 
KXQ = 0 
WRITE (6t255) 
FORMAT ( '1 t til/) 
WRIT£(6t260) TITLE 
FO~MAT( //ltlOX,20A4) 

DETERMINE LINEAR REGRESSION COEFFICIFNTS 
CALL REGLIN (PMQ,CTANN,NO,AC,AC,R) 

FOR THE DATA OBTAINED 

675 CONTINUE 
WkiTE('1t417) 
GO TO 1 

9~ RETUR"J 
END 

SUBROUTINE FARMP(FMX,FTANN,KZ,TITLE> 

SURkOUTINl FARMP COMPUTES THE ANNUAL COST OF AN ON-FARM PUMP UNIT 
FOR A GIVEN DATA 

OIMENSION TITLE(l8)tA(75>•W~Q(12),FMX(500),FTANN(50Q),P~Q(SOO> 

200 FORMAT(/,t TYPE THE FF ON-FARM PUMP DATA IN THIS ORDER•/ 
~ t I-TOTAL DYNAMIC HEAD IN FEET•/ 
~ • 2-COST INDEX FOR PUMP FACILITIES, BASE YEAR IS 1976•/ 
~ • 3-CODE FOR THE TYPE OF PUMPING UNIT (1) FOR CENTRIFUGAL•/ 
~ • (2) FOR VERT. TURHINE•/ 
~ • 4-EFFICIENCY OF PUMPING UNIT, PERCENTt/ 
' t 5-~ISC, COSTS <SUMP,DJSCHARGE LINES, ETC.>, PERCENT •1 
t t CUST OF PUMPING UNIT•/ 
t • 6-CUNTINGENCY COST. PFRCENT OF FIELD COST•/) 

201 FOR~AT (/,t TYPE THE FF DATA:t/ 
~ t 1-SEPVICE LIFE OF PUMPING UNIT, yEARSt/ 
~ t 2-INTEREST RATE, PERCENT•/ 
~ t 3-SALVAGE VALUE• PERCENT OF INITIAL INVESTMENT•/ 
- t 4-0THlR EXPENSES, PEPCFNT OF I~JTIAL INVESTMENT•/ 

00573 
00574 
0 OS -/5 
00576 
00577 
00578 
0057Y 
00580 
005Al 
0051:12 
0051:13 
00~84 

00585 
00586 
00587 
005dH 
005A9 
00~90 
00591 
00~92 

00593 

B ---:u::.:s. 



203 FORMAT(/•' TYPE o~M AND . TAX,INSUR~NCE AS A PERCENT OF INVESTMtNT•/00~9b 
~) 00597 

204 FORMAT(/, t TYPE THE FOLLOWING DATA FOP DEEP WELLSt IF NONE •I 0059~ 
~ , --ENTERco •• o •• o •• o •• n •• o.>•l oo599 

c 

~ t I-LIFE OF WELL~ YEAPS•/ 
~ t 2-INTEPEST RATE, PERCENf•l 
~ t 3-SALVAGE VALUE OF WELL•/ 
~ t 4-TYPE OF DEEP ~ELL •••• cl> WELL IN ~LLUVIUM•/ 
~ 1 <2> WELL IN HARD ROCK•/ 
t t 5-MlSC, COSTS CDISCHARGE LINES. HOUSING, ETC.), PERCENT•/ 
t t COST OF PUMPING UN!T 1 / 

t t 6-CONTINGENCY COST, PERCENT OF FIELD COST•/ 
t t 7-DEPTH Of WELL• FEET•/) 

205 FOR~ATC/tt TYPE STARTING Q(GPM), FINAL Q(GPM) AND Q I~TERVAL•/) 

C-----READ HEAD,COST INDEX,CODE.EFF 
WRITEC'1t200) 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

CALL INPUTCAtNF> 

t TDH = TOTAL DYNAMIC HEAD 
• CIDX= COST INDEX FOR PUMP FACILITIES BASE YEAR = 1976 
• IPCOD=CODE FOR THE TYPE OF PUMP UNIT 

}=CENTRIFUGAL PIIMP 

2=VERTICAL TURBINE PUMP 
t EFF = EFFICIENCY Of PUMP-MOTOR 

TDH = A(l) 
CIDX= AC2) 
.IPCOD=AC3) 
EFFI = AC4) 
EFF = EFFI/100. 
X~ISC = A(5)/lOO. 
CONTP = A(6)/100. 

C-----READ LlfEtiNTEREST,SALVAGf VALUE FOP PUMP 
WRITEC'1t201) 
CALL INPUTCAtKL) 

c 
C t TLFE = LIFF OF PUMPING UNIT,YFARS 
C • ~INT = INTEREST RATE,PERCENT 
C ' SALV = SALVAGE VALUE, OF INVESTMENT 
C t ESCP = ESCALATION RATE OF POwFRt PERCENT 

TLFE=A C 1) 
RINT=AC2)/}00. 
SVAL=A(3) 
OEXP=AC4)/}00. 
ESCP:A(5)/}00. 

c 
C-----COMPUTE EQUIVALENT ANNUALIZED COST FACTOR FOR ESCALATION OF POWER 
C OVER Llf£ OF SYSTEM . 
c 

c 

EACF=CC(l,+ESCP)**TLFE-Cl.+RINT>**TLFE>ICESCP-RINT>>*RINT/ 
& CCl+RINT)o*TLFE-}.) 

C-----READ AVEkAGE MONTHLY IRRIG. REQ, 
WRITEC9t202) 
CALL INPUTCAtNW) 
DO 14 t<=l,NW 

14 WRPCK)=ACK) 
c 
C SORT WRQ AND DETERMINE THE PROPORTION OF WAT~~ VOLUME PU~PED 

C EACH MONTH TO THE VOLUME PUMPED AT PEAK MONTH 
c 

c 
c 

RAT = WRQC1> 
1)0 15 K~ = 2tNW 
K"-11 = KW - 1 
IFCWRU(KW).GT.WPOCKWl))PAT = WRQ(K~) 

15 CONTINUE 

C---- READ O~M AND TAX~INS. AS A PERCENT OF INVESTMENT 
WRITEC9t203) 
CALL INPUT(A•NOM) 

C t OM~= OPERATION & ~AINTENANCE COST, OF AVE. INV. 
C t TAX= TAXES AND INSUR~NCE, OF AVE lNV. 

c 
c 

o~~=A<1>110o. 
TAX=AC2)/lOO. 

C-----REAO LlFE,JNTtSVAL OF DE~P WELLS 
WRITE('1t204) 
C a.L L I N PUT ( A , L F ) 

r · • Ttf:""" .... • Tf:"r:: nr:: wr::11 

00600 
00601 
00602 
00603 
00604 
00605 
U0b06 
00607 
OObOd 
00609 
00610 
00611 
00612 
00613 
00614 
00615 
00616 
00617 
00618 
00619 
00620 
00621 
00b22 
00623 
00624 
00625 
00626 
00627 
00628 
00629 
00630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 
00638 
00639 
00640 
00641 
00642 
00643 
00644 
00645 
0064h 
00647 
0064A 
00649 
00650 
00651 
00652 
00653 
00654 
00655 
00656 
00657 
00658 
00659 
00660 
00661 
00662 
00663 
00664 
00665 
00666 
00667 
0066H 
00669 
00670 
00b7l 
00672 
00673 
00674 
00b75 
00676 
00677 
OOo7tj 
tlnL.7n 

• 



C t SVA'fi = SALVAGE VALliE 
TLFW A(}) 

RINw = A(2)/100. 
SVAw = A(3) 
NWEL = A(4) 
W~ISC = A(S)/100. 
CONTW = A(6)/100. 
DEPTH = A(7) 

C---- READ RANGE OF 0 CONSIDERED 

c 

WRITE (Yt205) 
CALL INPUT(A.KT) 
~INQ = A(l) 
MAXQ = A(2) 
KNTQ = A(3) 

C WRITE H~ADING 

c 

c 

c 

wRITE(bt~2l>TlTLE 
?21 FOR~ATC1Hl,T30t1RA4) 

WRITE (6t22b) 
226 FORMAT(///,T43,tPUMP••T112,•WELL 

~I PUMP COST 2/ FIXED COST 
& COST WELL COST 4/ FIXED .COST 
., (:il) ($/YR) 
$ ($) ($) (~/YR> 

KX=O 
DO 50 LP=~INO.MAXQ,KNTQ 
KX=KX+l 
P~Q(I<X>=LP 

PUMPING•/T6, tQ 
0 ~ M 3/ TAXES ~ INS. 

COST 5/•,/,T4,t CGPM) 
($/YR) ($/YR) 

(Ch/YR) t/) 

C COMPUTE HORSEPOWER---P~QO IS IN GPM 
c 

c 

HP1=PMQ(KX)~TDH/(3960.*EFF) 

HP2=0. 
DO 55 KJ=1,5000 
HP2=HP2+5. 
IFCHP1.LT.HP2)GQ TO 56 

55 CONTINUE 
56 HP=HPl 

C---- TYPE OF PUMP UNIT DESIRED ? 
IF<IPC0u.EQ.2)G0 TO 57 

c 
C---------COST OF>>>CENTRIFUGAL PUMP 
C COST EYUATION USED BASED .ON DATA SUPPLIED BY US~R 

PMCST =<<1./10.97)* (TDH~ PMQ(KX))**•899) * CIDX 
GO TO 58 

57 CONTINUE 
C---------COST OF>>>VERTICAL TURRINE PU~P 

PMCST = (73.14*CTOH*PMQ(~X))**•3554)*CIDX 
C-----ADD OTHER COST SUCH AS SUMPS,INTAKE,DISCHARGE LINES.ETC. 

5t:s CONTINUE 
c 
c 

PMCST = PMCST + PMCST*X~ISC 

PMCST = PMCST + PMCST * CONTP 
C-----PUMP ANNUAL COST EQUIVALENT 

c 

PCOST = ~~CST*CRINT*C1.+RINT)**TLFf)/(((l.+RINT>**TLFf>-1.> 
~-SVAL*eOl*PMCST*RlNT/(((l.+RINT>**TLFE>-1.) 

C---- ANNUAL O~M COST 
C COMPUTE AVE~AGE INVESTMENT 
c 

AVE =CPMCST + SVAL*PMCST/100.)/2. 
c 

COM = PMCST * O~R 
c 
C-----TAXES ANU INSURANCE 

CTl( = AVE * TAX 
c 
C-----COMPUTE WELL COST 
C TYPE OF WELL------? 

c 

IFCNWEL.EQ.O) GO TO 63 
IF(NwEL.EQ.2)G0 TO 60 

C---- COST oF ALLUVIUM WELL WITH SCREEN 
C COST EQUATION AASED ON OATA SUPPLIED BY US~R 

CWELL =<2550.~ P~Q(KX)*~.239>~CIDX~DEPTH/300. 

GO TO 62 
c 
C-----COST OF wELL IN HAHD POCK -PARTIALLY OPEN HOL~ 

hO CWELL ;(3000.* PMU(KX)~*.3S0) * CIDX *DEPTH/300. 
c 

UUbtH 

00682 
00683 
006H4 
00685 
00o~6 

00687 
006H~ 

00689 
00690 
006'11 
00b42 
006'13 
00o94 
006'15 
00b96 
006'17 
00698 
00699 
00700 

H.P. 100701 
POwt::f.I00702 
USED 00703 

00704 
00705 
00706 
00707 
0070!:i 
0070Y 
00710 
00711 
00712 
00713 
00714 
00715 
00716 
00717 
00718 
00719 
00720 
00721 
00722 
00723 
00724 
00725 
00726 
00727 
00728 
0072'1 
00730 
00731 
00732 
00733 
00734 
00735 
00736 
00737 
00738 
00739 
00740 
00741 
00742 
00743 
00744 
00745 
00746 
00747 
0074tj 
00749 
00750 
00751 
00752 
00753 
00754 
00755 
00756 
00757 
00758 
007:;9 
007f..O 
00761 
007t-.2 
00763 
00764 

L::t - -8-b 



62 CWELL = CWELL 0 (W~ISC + 1.) 0076S 
CWELL = CwELL o ( CONTW + 1 •) 00 766 E:t --· U 6 

c 00767 
C-----ANNUAL COST EQUIVALENT OF WELL 00768 

WELCT =CwELL o<RINwO<l.+RINW)OOTLFW>IC <<l.+RI~w)ooTLFW>-1.) - 00769 
~SVAW o.Olo CWELLORI~w/((C1.+RINW)OOTLFW)-1.) 00770 

c 00771 
GO TO 61 00772 

63 WELCT = O. 00773 
c 00774 
C---- COMPUTE POwER COST 00775 
c 00776 

· 61 FMX(KX)= PMQ(KX) 00777 
CALL PO~CST(CDEM,TE~ER,NW,WPQ.RAT,HP,LP,MINQ) 00778 
CPWR = COEM + TENER 00779 
TPWR = CPwRoEACF 00780 

c 007bl 
c 00782 
C-----TOTAL PU~PING COST 00783 
c 00784 

FTANN(KX) = PCOST + CO~ ~ CTX + TPWP + WELCT 007~5 
c 00786 

WRITE(bt70) PMQ(KX),HP 9 PMCST,PCOST.COM,CTXtTPWH,CWELLtWELCT,FTANN(00787 
~KX) 00788 

70 FORMAT(F7.0,F1l.O,Fl6.0,Fl3.0,Fl6.0,Fl4.0,F13.0,F1l.O.Fl3.0,F11.0)007~9 
c 00790 

50 CONTINUE 00791 
c 00792 

KZ = KX 00193 
c 00794 

WRITE(6t72) 00795 
c 0079h . 

72 FORMAT(//T15t 1 NOTE:•//Tl~•'l/ HP USED WAS ROUNDED TO THE NEAR~ST S00797 
•.o HPt/Tl5,t2/ PUMP COST INCLUDES HOUSING,DISCHA~GE FACILITIEStSUM00798 
tP,ETC.•/Tl5 9 t3/ 0 ~ M INCLUDES MINOR REPLACEMENT COST•/T15,t~/ WEL00799 
'L COST INCLUDES ORILLINGt CASING,TESTING,SCREEN ASSEM~LY,ETC.•/ 00800 
•Tl5••5/ ANNUAL PUMPING COST INCLUDES AMORTIZATION OF PUMP UNIT ANDOOdOl 
t WELL• 0 ~ M• TAXES ~ INSURANCE AND POWER COST•/) 00~02 

c 00~03 

ESCPl=ESCPolOO, 00~04 
WRJTE(btlSO) CPWR,ESCP},TPWR 00~05 

150 FORMAT(///tT10t•TOTAL ANNUAL PUMPING COST AT PHESENT PRICES •• •,T6500~06 
-,F6.0t 00807 
-/T10,tTOTAL ANNUAL PUMPING COST AT fNERGY INFLATION RATE OF•tFb.2t00808 
-• PERCENT t, OOH09 
-/T1Q,t0VER PROJECT LIFF ••• •,T65,F~.O/) 00~10 

WRJTE(bt99)TDH,EFFI 00811 
99 FORMAT(///,T10t•TOTAL DYNAMIC HEAD, FEET~ •••• •,T45,F6.0, 00812 

• /T10,•PUMP-MOTOP EFF, PERCENT ••••• •tT45tF6.0) 00813 
RETURN 00814 
END 00815 

C--SUBROUTINE POWCST 
c 

00dl6 
00d17 
0081H 
00d19 
00~20 

00821 
00822 
00d23 
00824 
00825 
00826 
00827 
00~28 
00829 
00830 
00831 
00~32 

00ti33 
00834 
OOH35 
00d36 
00837 
00~38 
00~39 

00~40 

00841 
00842 
00843 
00~44 

00ti45 
00~46 

00847 
00848 

C THIS SUBROUTINE COMPUTES POWER COST FOP ON-FARM PUMPS 
C COMPUTATION OF COST IS ~ASED ON THE FOLLOWING ASSUMPTIONS: 
C 1. MONTHLY POWE~ PATE IS GIVEN AS $/KW---FOP THE FIRST XX.X Kw; 
C $/KW---FOR THt NEXT XX.X KWJ AND SO ON ••••• 
C 2. MONThLY ENERGY RATE IS GIVEN AS $ OR /KWH---FOR THE FIRST 
C XX.X KWHJ /KWH FOR THF NEXT XX.X KwH; AND SO ON•••••• 
C THE ENERGY RATE MAY ALSO RE BASfD ON A PER K~ BASIS. 
c 

SlJ~ROUTINE POWCST<CDEM,TENER,NWtWPQ,RAT,HPeLP,MINQ) 
Cl LISTtNONE 
C/ LISTtNONE 

c 

c 
c 

-c 
c 

DIMENSION A(30) ,DCST(}O) ,Dw(}O) tCKW(lO) tEKW(lO) ,K(}Q) .WRQ(}O) 
DI~ENSlON KODE<lO> ,SHPL(lO) ,SHPH(10> tSMOR(lO) 

DATA YS/3HYES/ 

102 FORMAT(/•' TYPE MONT~LY nEMAND RATE SCHEDULE (POWER COST) •I 
~ •DATA MUST RE fNTERED AS---XXX.X ~/KW: FIRST XXX.X Kw t/ 
., t XXX.X CJ./Kw: SECNO XXX.X KW •1 
t t ~---AND SO ON••••••••••••••'/ 
., • (J.E----2.53,100.,1.66·101>•1> 

104 FORMAT<I••TYPE ~ONTHLY ENE~GY RATE SCHEDULE•/ 
., • DATA MUST BE ENTE~ED AS•--XX.X CENTeFIRST XX.X KWH; KODE•/ 
• • XX.X CENT,SECND xx.x KWH; KODE•/ 
t t -------AND SO ON••••••••••••'/ 
., t CODE USED------(1) WHFN ENERGY PATE IS PER KWt/ 
., t (0) WHFN ENERGY RATE IS NOT dASED ON KW•/ 
., t <I.E.----2.459,100 •• 1. 1.463,5000.,0. 1.01,50001.,0.)'/) • 



c 

WRITEC9tl01) 
101 FORMATC/t' IS DEMAND CHARGE BASED ON fLAT RATE fORt/ 

t t CERTAIN ~ANGE Of HP --- , I.E. FOR HP 0-3, $5.00/KW/MO•/ 
' t CYES OR NO) t/) 

RE~0(5t103)YSS 
WRITEC9tl03)YSS 

103 f0Pt.1ATCA3) 
IFCYS.NE.YSS)GO TO 3 
WQITEC':lltl05) 

105 FORMAT(/,, TYPE MONTHLY DEMAND CH~PGE FOR EACH HANGE Of HP•/ 
t t DATA ~UST AE ENTERED AS--- XX.X TO XX.X HP; ~XX./Kw/MOt/ 

t t (J.~.---0. T~ 3. HPI 'S.O/KW/MO)t/) 
CALL INPUT (A,l) 
DO 107 lol=3t·It3 
S~Pl(M/3) = A(t.1-2) 
SHPH(t-1/3) = A(M-1) 
SMORCM/3) = A(M) 

107 CO~TINUE 
I = I/3 
GO TO lOY 

3 W~ITEC9tl02) 

00d51 
00d52 
001;~3 

OOH~4 

00(;55 
0085b 
00857 
00856 
00859 
OOtlbO 
00tl1,1 
OOH62 
00tlb3 
0Ut;h4 
00tl65 
OOt;h6 
008b7 
00868 
0Utl69 
00870 
00871 

C <-------------------------READ CARD-----------
00872 
00873 
OOH74 
OOH75 
OO!H6 

c---READ MONTHLY DEMANb RATE SCHEDULE 
C DATA ~UST bE ENTERED AS-- XX.X $/KW; fiRST XX.X Kw •••• 
c 

c 

CALL JNPUT(AtND) 
DO 2 N=2,ND,2 
DCSTCN/2) = ACN-1) 
OW (N/2) = A (N) 

2 CONTINUE 
ND=N0/2 

00877 
00tj7t; 
OOtH9 
OOHAO 
OOH81 
00882 

C <-------------------------READ CAHU-----------
OOH83 
00t"184 
008H5 c---READ ~ONTHLY ENERGY RATE SCHEDULE 

109 WRITEC9tl04) 00(;86 
c 
c 
c 

c 

DATA MUST bE ENTERED AS XX.XX t fiRST XXX.X KWK ,KODE 
KODE = }, WHEN ENERGY RATE IS PEP KW 
KODE = O. WHEN ENERGY RATE IS NOT BASED ON Kw 

J=l 
CALL INPUT(A,NE) 
00 4 L=l.NE,3 
CKWCJ) = A(L) I 100. 
EK~(J) = ACL+l) 
KODECJ) = A(L+2) 
KcJ>=KODE(J) 
J=J+l 

4 CONTINUE 
NF=NE/3 

100 CONTINUE 

OOH87 
00888 
00d89 
00890 

C---COMPUTE DEMAND CHARGE 
c 

00891 
00892 
00893 
00894 
00895 
00896 
00~97 

00898 
00899 
00900 
00901 
00902 
00903 
00904 
001105 
OOY06 
00907 
00':108 
001109 
00910 
00911 
00912 
00913 
00914 
00':115 

c 
c 

c 

ZNII/ = Nw 
HPIII=HP * 0.746 
IFCYSS.E Q.YS>GO TO 112 

01111= HPW - DWC1) 
IFcNO.EG.2) GO TO 11 
DW2= OWl - 0W{2) 
IF(ND.EQ.3) GO TO 12 
01113= 0W2 - DWC3) 
JFCND.Ew.4) GO TO 13 
DW4= DW3 - 0W(4) 

CDE"M=Dw(l) * DCSTCl) + DWC2) * DCSTC2) + DWC3> * DCSTC3) + 
00916 
00917 
00918 ~ 0WC4) * DCSTC4> + DW4 * DCSTCS) 

Ir(HPW.LT.DWC1)) CDEM=HPW*DCSTCl) 
JF(HPW.GT.DWCll.AND.HPW.LT~DwC2)) 
IFcHPW.GT.DWC2>.AND.HPW.LT.DWC3)) 

& +Dw2 .. DCSTC3> 
IF(HPW.GT.DwC3>.AND.HPW.LT.DW(4)) 

~ + Dw(3)*DCST{3)+DW3*DC5TC4) 
GO TO 14 

00~19 

COE~~DWcl>*UCSTCl>+DW1*DCSTC2> 00920 
CDEM=Dw<1>*0CSTC1)+0W(2)*DCST(2)00921 

00922 
CDEM=DWCl>*DCSTCl>+DW(2)*0CST(c)00923 

00924 

13 CDEM=D~· ( 1) * DCST c 1) + OW ( ~ > * DC5T < 2) + OW ( 3) * DCS T C 3) + 
00925 
00~26 

00927 * Dw3 .. DCST(4) 
IFCHPW.LT.Ow<l>> CDEM=HPW .. DCST(l) 
IF(HPw.~T.U~(l).AND.HPW.LT.OW(2)) 

]F(HPw.GT.DWC2).AND.HPW.LT.DW(3)) 
& + Dw2 .. 0CST(3) 

GO TO 14 

00928 
COEM=0W(l}*DCSTC1)+0~1*DCSTC2) 00929 
COEM=DWC1)*0CST{l)+0~(2)*0CST(2)00930 

00931 

12 CDEM=Ow C 1) * DCST ( 1) + 0"1 (?) * OCc;T (2) + DW2 
IFCHPw.LT.DWC})) CDE~=HPW*~CSTCl) 

* DCSTC3) 
00932 
001133 
00934 

B-·-- e -:;;;o· 



c 
c 

GO TO 14 
11 COEP-1=0W ( 1) .. IJCS T C 1) + nw 1 .. DC~ T C 2) 

IFCHPw.LT.D~C1>> CDE~=HPW .. DCSTC1> 
GO TO 14 

C---COMPUTE ENEPGY COST 

c 

c 

c 

c 

c 
c 
c 

c 

112 F"-IXX = 0. 
DO 116 M=l•I 
IF(HP.GE.SHPLC~).AND.HP.LF.SHPH(M)) RXX = SMOR(M) 
lF(RXXeNE.O)GO TO 118 

116 CO\ITI,._.UE 
118 CDEM = HPW .. RXX .. ZNW 

14 TENE~ = O. 
DO 30 KM = 1•Nw 
HKwR = HP .. 24 ... 30.4 .. 0.746 .. WRQ(KM) I RAT 

IFCKC1).E Q.l)EK W1 =EKWCl> .. HPW 
IFCKCl).EO.O>EK~l =EKWCl> 
IFCNE.EQ.l)GO TO 35 
IFCKC2).£Q.1)EKw2 =EKW(2>*HPW 
IFCKC2> .EQ.O)EKw2 =EKwC?.> 
IFCNE.EQ.2)G0 TO 3S 
IFCKC3>.~G.l>EK~3 =EKWC3> .. HPW 
IFCKC3).EQ.O)EKw3 =EKwC3) 
IFCNE.EQ.3)GO TO 35 
IFCKC4).EQ.1)EKW4 =EKW(4)*HPW 
IF(K(4).EQ.O)EKW4 =EKw(4) 
IFCNF..EQ.4)G0 TO 35 
!FCKC5>.EO.l>EKwS 
IF(K(S).EQ.O>EKwS 

EKW(5) .. HPW 
EKW(5) 

35 CONTINUE 
IFCHKwR.GT.EKWl) GO TO 32 
CENER = HKWR*CKW(}) 
GO TO 36 

32 IFCNE.E0.2)G0 TO 33 
IF(HK~R.GT.cEKWl+EKW2))G0 TO 34 

33 CENER = CKWCl)* EK~l + CKW(2) .. (HKWP-EKW1) 
GO TO 36 

34 !FCNE.E~.3) GO TO 37 
IFCHKWR.GT.CEKW1+EK~2+EKW3))G0 TO 38 

37 CENER=E~~l*CKW(})+EKW2*CKW(2)+CHKWR-EKW1-EKW2) .. CKW(3) 
GO TO 3b 

38 IFCNE.EQ.4)G0 TO 39 
IFCHKwri.GT.(EKWl+EKW2+EKW3+EKW4))G0 TO 40 

39 CENER=EKW1*CKW(l)+EKW2*CKWC2>+EKW3*CKWC3)+ 
~CHKWR-EK~l-EKW2-EKW3)*CKWC4) 

GO TO 36 
40 IFCNE.EG.51GO TO 41 

IFCHKWH.GT. CEKWl+EKW2+EK~3+EKW4+EK~5))G0 TO 42 
41 CfNER=EK~l .. CKWC1)+fKW2 .. CKWC2>+EKW3 .. CKWC3)+EKW4*CKW(4) + 

~CHKW~-EKW1-EKW2-EKW3-EKW4)*CKW(5) 
GO TO 36 

42 CE~ER=fK~1*CKWCl>+EKW2*CKWC2)+EKW~*CKW(3)+EKw4*CKW(4)+EKW5*CKw(5) 
~ + (HK~R-EKW1-EKw2-EKW3-EKW4-EKW5>*CKW(6) 

36 CONTINUE 
TENER = TENER + CfNER 

30 CONTINUE. 

.RETURN 
END 

OOY36 
OOY37 
00Y3H 
OOY39 
OO':J40 
OO':J41 
0094? 
OOY43 
OOY44 
OOY45 
OO':J46 
00947 
OO':J4ts 
OOY49 
00950 
00951 
OO':J52 
UOY53 
00954 
00955 
009~6 

OOY57 
00958 
00959 
00'160 
00961 
00962 
OOY63 
00964 
00965 
00966 
00967 
00968 
00969 
00970 
00971 
00972 
00973 
00974 
00975 
00976 
00'177 
00978 
00979 
00~80 

0098} 
00982 
00983 
009134 
009RS 
009t:l6 
00987 
0098ti 
009A9 
00990 
00991 
00992 
OOY93 
00994 
OOY95 
OOY96 
OOY97 
00998 
U0999 
01000 
01001 
01002 



c 

+(W,XtYtZtMONTHt1YEAR,IVOLT,A) 
INTEGER A 
PEAL INFLAT 
DIMENSION IEH4) •IX (30,4) .~ (6) ,8(4) 
DAT~ lb/104tl01,103tl021 
DATA lX/83,B3,83,H3,AS,R7,R9,90,Q?,46,98,101,104,lOb,llltllb• 

+12l 9 129tl~4,14l,l45tlSO,l53,158,}63,173,192,211,2lbt?25• 
+Q0,92,94,94,96,96,96,97,Q7,94,9~,10l•lOltl04,lO~,l08tll0tll3• 

+117 9 121tl26,130,133,138,14?,159,1Pl.l90,197,200, 
+82,84,84,84,86,A8,~9,90,92,46,98,JO?•l03,108,111t117,122,13lt 
+136tl43t147,15?,156tl60,165tl7b,l90.19~.202t20~. 
+H5,85,85t85 9 85.~6,88,9Q,92,96,98,}0lt102,10S,}07tll1t114•120t 
+12St130tl33,136,I39,142,146,}59,179,190,144,1991 

NI = 30 . 
YR = 62. 
INFLAT = 1.035 

C INDF.X 
c 

c 

YEAR = (MONTH- 1> I 12. + lYEAk 
K = (YE::AR- YR) * 2. + 1.001 
DO 120 1=1,4 

IF (K .LT. Nl) GO TO 100 
LOw = lX(Nl•l> * INFLAT**(K-NJ) 
HIGH = IXCNlt!) * INFLAT**CK-~1+1) 
GO TO 110 

100 LOW = lX(Ktl) 
HIGH= !X(K+l,J) 

110 BCI> =((YEAR- CK-1) I 2.- YR) * (HIGH- LOw) * 2. +LOlli) 
+ I 18(!) 

120 CONTINUE 

C CALC COSTS FRO~ APPENDIX A 
c 

IF (Y ,GT, 1> GO TO 130 
PUMPS= (((8.0596IE-6*Z-.007599)*7+7,75271> * Z + 606,894) * w 
y = 1 
GO TO 140 

130 PUMPS= (((4,24579£-6 * 7 1.1ab64E-3) * Z 
++ 1,40044) * Z + 611.1A3) * W 

y = 2 
140 IF (PUMPS .GT. 1.5E5) GO TO 150 

RLDG = ,9533*PU~PS**(23.2/21.8) 
GO TO 1b0 

150 RLDG 27,559°PUMPS**(23.6130.1) 
160 QH = W 0 Z 

ANUM = X 
ELECT = (12.9-7,1*ANUM+A6.2*ANUM**.5)*QHoo(27,2/41.5) 
EQUIP= l1.8107*PUMPS**(•43337+1,3858E-2*ALOGCPUMPS)) 
PWR = ,16(:'5oQH 
GO TO C17Q,l80tl90,200)tiVOLT 

170 YARD = 15022.6+613.1b7*SORTCPWR) 
GO TO 210 

180 YARD = 19428.8+~30.61l*SQRT(PW~) 

GO TO 210 
1~0 YARD = 26616+670,354oSQRT(PWR) 

G0 TO clO 
?00 YARD = 47116.2+702.84*SQRT(PWR) 
210 A(}) = HLDG * 8(2) 

A ( 2) PUMPS * (. 3 * t! (1) + • 2 * r:l ( 3) ) 
A ( 3) = PUMPS * 8 ( 1) 
AC4) = ELECT ~ R.(3) 
A(5) = EQUIP ~ H(3) 
A(~) YARO * 8(4) 
DO 220 1=1,& 

CALL !ROUND (A(J)) 

220 CONTINUE 
RETURN 
Et-JD 

SURROUTINE IROUNDCJA) 
B=JA/1000. 
IP=!1 
IA=1H*1000 
C=JA-IA 
IF(C,GT.lOO.) I~=IA+lOOO 

Jfi=IA 
PF'TU~N 

END 

01004 
0100S 
u1oo& 
01007 
OlOOR 
01004 
01010 
01011 
0101? 
01013 
01014 
01015 
01016 
01017 
01018 
01019 
01020 
01021 
01022 
01023 
01024 
01025 
01026 
01027 
01028 
01029 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01038 
0103~ 

01040 
01041 
01042 
01043 
01044 
01045 
0104t
Ol047 
01048 
0104~ 

01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
OlOSti 
0105~ 
01060 
01061 
01062 
01063 
01064 
01065 
01066 
01067 
01068 
01069 
01070 
01071 
01072 

01073 
01074 
01075 
01076 
01077 
01078 
01079 
01080 
01081 
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c 
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c 
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c 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
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1111111111111111111111111/1111111111111111111/lllllllllllllllllll 
I I 
I I 
I I 
1 ooo DYNAMIC PROGRAM ooo I 
I I 
I I 
I I 
1/lllllllllllllllllllllllllllllll/1111111111111111111111111111111 
I . I 

I I 
I I 
I THIS PROGRA~ IS USED TO COMPUTE FEASI8LE IRRIGATION I 
I DISTRIBUTION SYSTEM COMPONENT COMBINATIONS I 
I I 
I COMBINATIONS ARE SFLECTED ON THE BASIS OF TOTAL COSTS I 
1 A~O CONVEYANCE EFFJCIENCIES USING THE THEORY OF I 
I DYNAMIC OPTIMIZATION I 
I I 
I I 
I I 
lllllllllllllll//llllllllllll/llllllll/llllll/111111111111111/l/1 

DE~T AGRICULTUHAL ENGINEERING- UNIV. IDAHO--
•••• R.G.ALLEN •••••• J.R.BUSCH •••• 

••• THIS ~ROGRAM CAN MANIPULATE, AT THE PRESENT TIME, A wATER 
CONVEYANCE SYSTEM WITH AS MANY AS 12 SECTIONS OR REACHES 
AND AS MANY AS SIX COMPONENT ALTERNATIVES PER SECTION ••• 

••• A TOTAL OF giX HUNDRED COMPONENT COMBINATIONS CAN BE CARRIED 
BY THIS PROGRAM ••• 

••• IF MOHE SECTIONS OR COM~INATIONS ARE REQUIRED, MANY OF THE 
FOLLOWING DIMENSIONAL ARRAYS WILL NEED TO dE EXPANDED ••• 

I~TEGEH 0 2 CC<180~.l2),C8<1~00,l2> 
INTEGER02 SUFFIX(4) 
DIMENSION KPRUNE<1800l 
OI~ENSION JDS(3?.) 
DIMENSION l0A(9) 
DI~ENSION ~UMA(lBOO)tTUMA(lAOO) ,TfFF<600,12) 
nJMENSION SEFF<l800,l2),DINH<l800.}2) 
OI~ENSlON NR8(5), TEFF1(600.12) 

. DIMENSION TDIH<600•12)t TDINH(600,}2) 
OI~ENSlON E(9), A(9), 8(9>• IN(9) 
DIMENSION CH<1800)tCL<1800l 
DIMENSION SEC<l?t10t10), SECT<l2t)0.10) 
DI~ENSlON DL(32), DH(32)t D0<32> 
DI'-1ENSION KCON(6,6l, NTI (lAOO> tLCST<l800) tZ<lO) 
OI~ENSION KCOMP(6,6t6) 
DIMENSION IDS<l2), AID<l2l • QMAX ()800> .QMINtloOO) 
DIMENSION 10(6), JKJ(32) 

INITIALIZE 

DATA SEC, SECT /?400oO.I 
DATA lD/6001 
DATA KCON /3600/ 
DATA KCOMP /216oO/ 
DATA CHt CC /43200*0/ 
DATA TUMA, TDINH, TDIH 116200*0.1 
DATA SUMAt CH, CLt SEFF, DINH 14860000,1 
DATA TEFF, TEFFl ll4400ol.l 
DATA SUFFIX 12HSTt2HNDe2HPDt2HTHI 
00 100 J = lt5 
NRn(J) = 1 

100 CONTINUE 
DO 101 JJ = lt32 
JKJ(JJ) = JJ 
DL(JJ) = O. 
DH(JJ) = O. 
OO(JJ) = O. 

101 CONTINUE 

00001 
00002 
00003 
00004 
0000!::1 
00006 
00007 
OOOOM . 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
0002H 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
0004M 
00049 
ooo:,o 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
000h4 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
OOOA1 
00082 
00083 
00084 

• 

• 

• 



c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

'"1DU = -1 
NDU = -1 
KDW = -1 
MD\41 = -1 
NOW = -1 

9 FORMAT(5X 9 tiNPUT THE VALUE FOR E~~RGN (ALLOWA~LE DIFFERENCE•,/ 
L 5X,tHETWfEN EFFICIE~CIES OF COMBINATIONS AND STILL PRUNE)t 
flo /) 

\oiP.ITE(9tli) 
. CALL I~PUT<Z•ND) 

EMARGN = Z(1) 

WRIT~(6t13) EMA~GN 
13 FORMAT(5x,•E~ARGN =•,Fl0.6/) 

00086 
00087 
00088 
00089 
000~0 

00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 

•••• EMARbN IS USED TO PRUNE ADDITIONAL COMBINATIONS WHERE 00102 
CO~biNATION COSTS MAY 8E QUITE DIFFERENT, ~UT THE EFFICIENCIES00103 
ARE ~UITE SI~ILAR. A MORE EXPfNSIVE COM~INATION MUST HAVE 00104 
AN OVERALL CONVEYANCE EFFICIENCY HIGHER THAN EMARGIN PLUS 00105 
THE EFFICIE~CY OF THE COMRINATION IT IS BtiNG CO~PARED TO •••• 00106 

00107 
00108 
00109 

4 FO~MAT<1H1,5X) 00110 
5 FORMAT(//~x,•THIS DYNAMIC PROGRAM~ING PROGRAM IS USED TO ELIMINATE00111 

ot/5X,tLESS EFFICIENT AND MORE COSTLY DISTRIBUTION SYSTE~ 1 /5Xt 00112 
otCOMPONE~T COMRINATIONSt/) 00113 

7 FOR~AT(5X,•TYPE CO~PONENT (ALTERNATIVE) CODeS CONSIDERED•/~X• 
otF0R THIS SYSTEM:t/5Xt 
0 •USE THE 
0' 1 -
Ot 2 -
0. 3 -
Ot 4 -
Ot 5 -
Ot 6 -

FOLLOWING CODES:•/ 
UNLINED CHA~NEL•I 
CONCRETE L I NEr'l CHANNEL (LINRE INFORCED PCC) t/ 
GRAVITY PIPEt/ 
CONCRETE LINED CHANNEL (REINFORCED PCC)t/ 
ASPHALTIC LINED CHANNEL•/ 
SHOTCRETE LINED CHANNEL•/) 

8 FORMAT(//,SXt•TYPE IN DATA FOR THE t,J2,A2•' SECTION tNTERED•I> 

00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 

10 FORMAT(//5X,•NOTE: USE THE FOLLOWING STEPS AS A GUIDE FOR DATA •00127 
o,•ENTRY:•,/1 00128 
osx,•1. SECTIONS (REACHES) MAY BE NUMBERED IN ANY PATTERN PREFERED00129 
o AY THE USER.• 00130 
0/9X 1 t(I.E., ID NUMBERS OF SECTIONS MAY 8E OF ANY ORDER> ••• •/ 00131 
0/ 00132 
o5x,•2. SECTIONS ~UST, HOWEVER, FOLLOW A SEQUENTIAL PATTERN OF•/ 00133 
o9~,•ENTRY INTO THIS PROGRAM ••• •/ 00134 
0/ 00135 
osx,•3. ENTER SECTION DATA, STARTING WITH THE . SECTION NEARt5T 1 / 00136 
oqx,•THE POINT OF THE SYSTEM DIVERSION, WORKING FRO~ THE SYSTEM•/ 00137 
oqx,•DIVERSIO~ POINT TO THE TIP OF THE MAIN BRANC~ ••• •/ 00138 
0/ 00139 
osx,•4. ENTER ALL DATA FOR SECTIONS BRANCHING FROM THE MAIN•/ 00140 
oQx,•BRANCH AS THEY ARE ENCOUNTE~En. (SEE FIGURE 1) ••• •1) 00141 

11 FORMAT(5X,t5, ON EACH SPECIFIC SECTIONt ENTEH ONLY THE COMPONENTt00142 
0/9X,•C00ES CONSIDERED FOR THAT PARTICULAR SECTION ••• •/ 00143 
0/ 00144 
osx,•6. IDENTIFY THE SUPPLYING SOURCE OF THE FIRST SECTION•/ 00145 
09X 9 t(J,E., THE DIVERSION SOURCE) AS SECTION# 0 <ZERO)•///) 00146 

3 FORMAT(/1/tlHl,////SXt/ 
Ot 10 (8) 
Ot 
Ot ... 
Ot 
Ot 
Ot 
0' 
Ot 5 (}O > 4 (9) 

l 
l 9 
l 
l ( 7) 

l 

3 (6) 2 (3) 1 ( 1) 

o, .~~~~~~~.~~~~~~~.~~~~~~~.~~~~~~·-·~~~~~~. 
Ot 
Ot 
Ot 
0. 
Ot 
$1 

$1 

*11///,SX/) 

l 
! 1 

I (4) 

8 (5) 

-~~·~ ...... ~. 

6 FORMAT(///,2X,•F!GURE 1. '• 

! 6 

! (2) 

DIVERSION (SOURCE> 

ot SECTIONS MAY PE IOENT!FIFD AS SHOWN ABOVE. NUMBERS IN• 
O/l]X,tPAkE~THESIS DEPICT T~E ORDEP OF FNTRY TNTO THT' P~nr,~AM.t 

00147 
00148 

•/,0014~ 

•/,00150 
t/,00151 
1/,00152 
t/,00153 
t/,00154 
t/,00155 
t/,00156 
1/,00157 
t/,001~8 

t/,00159 
•/,00160 
1/,00161 
t/,00162 
t/,00163 
1/,00164 
t/,00165 

00166 
001b7 
0016~ 

00169 
on17n 



c 

c 

c 
c 

c 
c 

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

c 
c 
c 
c 
c 
c 

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

*11111111/1) 

12 roRMAT(//,SX••PPOCESS SECTION NUMBER -----•,I2t/) 

14 rORMAT(/5X,tTYPE THE rr DATA:•/ 
•• 1. - SECTION IDENTIFICATION NUMRfPt/ 
•• 2 - MAXI~UM RATE OF DIVERSION FPOM SECTION•/ 
•• 3 - MINIMU~ RATE OF DIVERSION FROM SECTION•/ 
•• 4 - IU NU~HER OF SECTION SUPPLYING THE SECTION BEING READ IN•/ ., 

16 FOPMAT(/~X,tTYPt THE FF OATAt/ 
•• 1 - COMPONENT CODE CORRESPONDIN~ TO THE ABOVE TABLEt/ 
•• 2 - Y-INTERCEPT OF COST FUNCTION•/ 
•• 3 - SLOP~ OF COST FUNCTION•/ 
•• 4 - EFFICIENCY OF CO~PONENT PERCENT•/ 
•• 5 - IF COMPONENTCS) OF THE SUPPLYING SECTION•/ 
•• ARE NOT ALLOWEn TO SUPPLY THIS SECTION, 
••19Xe' TYPE IN THf APPROPRIATE ID NUMBERS•/ 
ot NOT~: IF ALL CO~PONENTS HAVE PF.EN ENTERED•/ 
•• TYPE ••NEXT•• IF ANOTHER SECTION FOLLOWS•/ 
•• ---- ••o.o•• IF THIS IS THE LAST SECTION TO PROCESS•/) 

WRITE(bt4) 
WRITEC6t5) 
WRITEC~t5) 

/IIIII READ IN GENERAL SECTION DATA /IIIII 

REAU IN THE TABLE OF SECTION TYPES AND ASSOClATtD ID•S 
A TOTAL OF SIX (~} DIFFERENT COMPONET TYPES MAY BE 
uSED FOP ALL SECTIONS 
ENTER THE ID IN COLUMN 1 AND THE DESCRIPTIVE TITLE 
BEGINNING IN COLUMN 2 
A BLANK CARD SIGNALS THE END OF INPUT 

WRITE(bt7) 
WRITEC9t7) 
CALL INPUTCZtNR) 
IF<NR.E:Q,O) Z<l> = O. 
DO 102 KK = 1•NR 
IDCKK) = ZCKK) 

102 CONTINUE 

....... 

WRITE(ot10) 
w~ITEC6t3) 
WPITECbt6) 
WRITEC9tl0) 
WRITEC9t3) 
wRITEC~t6) 

ALL SECTION DATA IS RfAD INTO THIS PROGRAM ~EFO~E 
ANY COMPUTATION IS PERFORMED•••••••••• 

/IIIII READ IN SECTION DATA IIIII 

READ IN SECTION IDENTIFIER CARD 
IDS ---- SECTION ID NUMAER 
DH ----- MAXIMUM RATE OF DIVERSION FROM SECTION 
DL ----- MINIMU~ RATE OF DIVE~~!ON FROM SECTION CI.E. FOR 

LOw C.U. CROP WITH EFFICIENT APPLICATION SYSTEM) 

TO TERMINATE THE PROGRAM, A ZERO (0) IS ENTERED FOR IDS 

••• USE A POSITIVE INTEGER TO PfFERENCE THE FIRST SECTION. 
DO NOT US~ ZERO ••• 

NRC = 0 
103 NRC = NRC + 1 

NU~E = NRC 
IFCNRC.GT.4) NUME = 4 
wRITE (b•tl) NRC, SUFFIX (NU~F) 
WRITEC~ttl) NRC. SUFFIXCNU~E) 

WRITEC~tl4) 
CALL INPUTCZtNO) 
- - ~ . - ,- r. .... .. ~ " • • - "' 

00171 
00172 
00173 
00174 
00175 
00176 
00177 
0017~ 

00179 
001HO 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00~13 
00214 
00215 
00216 
00217 
00218 
00~19 

00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 
00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 
002~0 

002~1 
00252 
00253 
nn:>c:.1. 



c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

104 SEC<NRCtKtl) = Z<K> 
wRITE<6,~1> <Z<I5lti5=1.N0) 

51 FORMAT(/15X~•SECTION t,F3.0t' DMAX =•,Fl0.4t t 
*' SUPPLYING SECT =•,F3.0.5F2.0/) 

002~6 

00257 

105 

106 
107 

108 

109 

DMIN :t,Fl0.4t 

/IIIII READ IN COMPONFNT DATA /IIIII 

... USE A tNEXTt CAR~ TO END DATA FOR A SPECIFIC SECTION ••• 

00258 
0025'1 
00260 
00261 
00262 
00263 
002h4 
0026~ 

••• END THE COMPONENT DATA · OF THE LAST SECTION TO BE ENTE~ED wiTH00266 
A 0.0 IN COL 2-3 ••• 00267 

wRITE(~tl6) 
DO 106 K = 1•6 
CALL INPUT(ZtNO) 
IF<NO.E<.I.O) Z(l> = O. 
JCOM = 1<. + 4 
DO 105 J = ltNO 
SEC<NRCtJCOM,J+1) = Z<J> 
CO~IT I NUE 
SEC(NRCtJCOM,l> = NO 
IF<Ztl).EQ.O.l GO TO 107 
CONTINUE 
IF (NO.E<.I.l) GO TO l 08 
GO TO 103 

REVERSE THE OPDE~ OF SECTIONS SO THAT COMPUTATION MAY 
BEGIN WITH THE LAST BRANCH 

DO 109 K = 1tNRC 
J = NRC - K + 1 
DO 109 L = ltlO 
DO 109 M = 1 d 0 
SECT(JtLt~) SEC(KtLtM) 
NSC = NRC 

NS 

NC 
I(S 

NRC ----

NRC = 0 
NS = 0 
NB = 1 
KS = 0 
IOU = 0 
WRITE(bt70) 
WRITE(9t70) 

NUMBER OF SECTIONS AT PRESENT TIME OF COMPUTATION 
IN PRESENT RRANCH 
NUMRER OF CO~qiNATIONS AT START OF P~ESENT SECTION 
SECTION COUNTER 
NUMBER OF SECTION READ IN AND PROCESSED 

0026B 
002h9 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00278 
00279 
002b0 
00281 
002A2 
00283 
00284 
00285 
00286 
00287 
00288 
00289 
002YO 
00291 
00292 
00293 
00294 
00295 
00296 
00297 
00298 
00299 
00300 
00301 
00302 
00303 
00304 
00305 
00306 

70 FORMAT(/////•1Hl,SX,•THE FOLLOWING SECTIONS LISTED BELOw 
*SXt' ~tEN RENUMFERED INTERNALLY IN THE PROGRAM ••• 'I 
*5Xt' THEY MAY OR MAY NOT CORRESPOND WITH THEIR ACTUAL ID 
*IIIII) 

HAVE.:•/ 
00307 
00308 
00309 

NUMt;jERS.•OOJlO 
00311 
00312 
00313 
00314 
00315 
00316 
00317 

110 NS = NS + 
NRC = NRC + 1 
WRITE (6t 12) NRC 
WRITE(9tl2l NRC 

00318 
00319 

11111 ~EGIN PROCESSING SECTIONS, BEGINNING wiTH THE SECTION IIIII 00320 
IIIII FU~THEST FROM THE SYSTEM DIVERSION POINT IIIII 00321 

••• THIS PROGRAM BUILDS COMRINATIONS STARTING wiTH THE LAST 
SECTION ENTERED INTO THE PPOGRAM. THE FINAL SECTION TO bE 
ADDED TO THE COMMINATIONS IS THE MAIN DIVE~SION SECTION 
<SECTION # 1) •• • 

KSAME = 0 
KFIRST = 0 

KMERG = 0 

LOU = IOU 

DO 112 J = lt4 
Z<J) = SECTCNRC.J,ll 

112 CONTINUE 

I OS ( NH C l = Z ( 1) 
OH(f'.JPC) = Z<2> 

00322 
00323 
00324 
00325 
00326 
00327 
00328 
00329 
00330 
00331 
00332 
00333 
00334 
00335 
00336 
00337 
0033A 
00339 
00340 

B--93 



c 

c 
c 

DL (NRC). = z P> 
IOU = LC4) 

IFcl(}).EQ.O._) GO TO 705 

C ••• DETE~MlNE IF THIS IS THE FIRST SECTION PROCESSED ••• 
c 

IFCNRC.£0.1> KFJR~T = 1 
c 
C ••• OET~RMINE IF P~ESENT SECTION IS DIRECTLY UPSTREAM OF THE LAST 
C SECTluN PROCESSED ••• 
c 

c 

c 

c 
c 
c 
c 

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

c 
c 
c 

120 

IF CLOU.EQ.Z C 1)) KSAME = 1 

IFCKSAM~.Ea.O.AND.NDU.NE.-1> KDU = NDU 
IFCKSAME.EQ.O.AND.NDU.NE.-1) KDW =NOW 
IFCKSAME.E~.O.ANO.MDU.NE.-1> NDU = MDU 
IFCKSAME.EO.O.ANO.MDU.NE.-1) NOW = MOW 
IFCKSAME.EQ.O) MDU = LOU 
IFCKSAMf.EQ.O) ~OW = NRC 

IF CKFI~ST .E.0.1) MOU = -1 

••• DETERMINE IF THE SECTION MERG~S ~ITH A SECTION PREVIOUSLY 
PROCESSED ••• 

IF (MOU.EU. llJU) KMERG ~ ·1 . 

KDWt MD~, AND NOW ARE SECTION b IN01CATORS, USED TO DEFINE 
THE FIRST AND LAST SECTION ID #tS OF PROCESSED BRANCHES, 
FOR PROPER MERGING OF THE RRANCHES 

MUW = THE FIRST SECTION OF THE PRESENT BRANCH 
NlJ~ = THE FIRST SECTION OF THE MAIN BRANCH 
KUw = OVERFLOW FOR MOW AND NOW 

KDU• MOUt AND NDU ARE USED TO DEFINE THE ID #•S OF SUPPLYING 
SECTIONS SO THAT PROPER MERGIN~ OF SECTIONS MAY BE ATTAINED 

MDU = THE SUPPLY!~G SECTION OF THE PRESENT BRANCH 
MOU = -1 IF ALL ARANCHES PROCESSED HAVE BEEN MERGED 
NDU =THE SUPPLYING SECTION OF THE . MAIN BRANCH 
KDU = OVERFLOW FOR MDU AND NOU 
LDU = THE SUPPLYING SECTION Of THE DOWNSTREAM SECTION 

111111 RESET THE COMPATA~ILITY CODE FOR THE NEXT SECTION 11/111 

KCON IS THE COMPATABJLITY CODE OF THE SECTION BEING 
PROCESSED . 
KCOMP IS AN ARRAY FOR SECTION COMPATABILITY STORAGE 

DO 130 Jl = 1,6 
DO 130 J2 = lt6 
IFCKSAM£.E(J.l) GO TO 125 
DO 124 J4 = 1~5 
J3 = 7 - J4 
KCOMPCJ3tJ1,J2) = KCOMPCJ3-1tJ1tJ?) 

124 CONTINUE 
125 KCO~PCltJl,J2) = KCONCJltJ2) 
130 KCONCJl,J2) = 0 

C /IIIII WEASSIGN THE COMPONENT DATA /IIIII 
c 
c 
c 
C REDEFINE DATA FOR INDIVIDUAL COMPONENTS IN THE SECTION 
C IDA ----- COMPONENT JO NUM8E.R CORRESPONDING WITH THE TABLE 
C A ------- Y-INTERCEPT OF COST FUNCTION 

. C B ------- SLOPE OF COST FUNCTJO~ 
C E ------- EFFICIENCY OF COMPONENT IN PERCENT 
C IDQ ----- ID QR ID•S OF ONE OR MORf COMPONENTS OF SUPPLYING 
C SECTION NOT ALLOWED TO SUPPLY PRESENT SECTION 
c 
c 
C JA --------- COMPONE~T (ALTERNATIVE) COUNTER 
c 

JA = 0 
c 

136 CO"'TINUE. 
JT = 4 

0 0 J41 . 
00342 
00343 
00344 
00345 
00346 
00347 
0034~ 

OOJ49 
00350 
003~1 
00352 
00353 
00354 
00355 
00356 
00357 
00358 
00359 
00360 
00361 
00362 
00363 
00364 
00365 
OOJ66 
00367 
00368 
00369 
OOJ70 
00371 
0037? 
00373 
00374 
00375 
00376 
00377 
00378 
00379 
00380 
00381 
00382 
003b3 
00384 
003ti5 
00386 
003ti7 
00388 
00389 
00390 
00391 
00392 
00393 
00394 
003~5 

00396 
00397 
00398 
00399 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00408 
00409 
00410 
00411 
00412 
00413 
00414 
00415 
00416 
00417 
0041b 
00419 
00420 
00421 
00422 
00423 
00424 

• 

• 



c 

c 

c 

c 

c 
c 

c 
c 
c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

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

.c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

135 

140 

150 

DO 135 J4 = 1.9 
I0A(J4) = 0 
A(J4) = 0. 
EHJ4) = o. 
E"(J4) = 0. 
CONTINUE 

JT JT + 1 
SE = SECT<NRC,JT,ll + .00001 
NO = SE. 
DO 150 J~ = 1. 9 
Z<JB) - SECT(NRC.JT,JB + }) 

IF ( N 0. E. Q. 0 • 0 R. Z f .1> • E Q. 0 • ) . r;o T 0 1 7 0 
JA = JA + 1 
IDA(JA) = Z(l) 

A(JA) = Z(2) 
B(JA) = Z(3) 
t(JA) = Z<4> I 100 

WRITE(6t73) IOA(J/1) ,z(2) ,:z<3> •Z(4) 
73 FORMAT(//5X 9 •COMPONENT :t,I2,2X,tA =••F10.3,2X,t8 =•,F10.3.2Xt 1 E 

ot,F7.3l 

160 

170 

180 
190 

IF<NO.LE.4) GO TO 140 

IIIII/ ESTAALISH COMPATABILITY CODE IIIII/ 

DO 160 KX = 5,NO 
KY = KX - 4 
KCON (l(l)tKY) = Z<KX) 
KCON(6t6) = NRC 
KCON(6t5) = IOU · 
GO TO 140 

IF<I<FikST.NE.O> GO TO 180 
GO TO 190 

NC = 0 
IF<KSAfwiE.EQ.1) GO TO 300 

SET UP NEW SECTION AND COMBINATION INDICATORS IF A NEw, 
NONSUPPLYING 8RANC~ HAS REEN RfAD IN (KSAME = 0) 

••• ONLY 3 BRANCHES CAN 8~ LEFT UN~~RGED AT ANY ONE TIME ••• 

IF<KDU.NE.-1> NR8(4) = NRf3(3) 
IF<NOU.NE.-1> N48(3) = NR8(2) 
JO~ = NS - 1 
NS = 1 
NRR(2) = NRB(l) 

NB = NC + 1 
NC = NC + 1 
NRB(l) = NB 

/IIIII COMPUTATION OF COSTS, Q•S• AND EFFICIENCIES IIIII/ 

COMPUTE THE COMPOSITE EFFICIENCIES AND THE COSTS FOR MAXIMUM 
ANO MINIMUM DIVERSIONS 

NA = # OF COMPONENT ALTERNATIVfS I SECTION 
SEFF<> = THE COMPSITE EFFICIENCY OF A SPECIFIC SECTION IN A 
SPECIFIC COM~INATION 
SUMA = THE COMPOSITE SUM OF THE Y-INTERCEPTS FOR A SPECIFIC 

COMBINATION 
OINH = THE COMPOSITE ~UM OF (~tS/E•S>*D FOR A SPECIFIC SECTION 
IN A SPE"CIFIC COMBINATION FOR THf MAXIMUM DIVERSION R4TE(0) 
IN THE SPECIFIC SECTION 
DINL = SAME AS DINH fOR MlNIMU~ DIVERSION HATE OF A SECTION 

DOH= SUMMATION OF <D*SIGMA(8/PJ(ft5))) FO~ MAXIMUM DIVERSION 
ODL = SAME AS DOH, EXCEPT FOR MINIMUM DIVERSION 
CH = TOTAL COMHINATION . COST fOR ~A~IMUM D 
CL = TOTAL COMBINATION COST FOR ~INIMUM D 

00426 
00427 
0042~ 

00429 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00438 
00439 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 

=00448 
00449 
00450 
00451 
00452 
00453 
00454 
00455 
004~6 

00457 
00458 
00459 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
00468 
00469 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
0047A 
00479 
00480 

-004bl 
00482 
00483 
00484 
004R5 
00486 
00487 
004!H:1 
00489 
00490 
00491 
00492 
00493 
00494 
00495 
00496 
00497 
00498 
00499 
00500 
00501 
00502 
00503 
00504 
00505 
00506 
00:507 
0050B 
00~09 

00~10 



c 
c 
c 
c 
c 

]00 
c 
c 
C · 
c 

c 

c 
c 
c 
c 

c 
c 
c 
c 

NS = • SECTIONS IN COMRJNATIONS AFTER THE PP.ESENT SECTION OC~ll 
HAS BEEN PROCESSED 00512 

NC = • Of TOTAL UNPRUNED SYSTE~ COMBINATIONS AT START OF 00513 
PRESENT SECTION 00514 

00515 
NNS = NS + ~OW - 1 00516 

NNS = THE 10 # OF THE PPESENT SfCTION BEING P40CESS£0 00517 
J --- THE • OF SYSTEM COMHINATIONS REPROCESSED IN THIS CYCLE 0051~ 

00519 
00520 

no 330 .KN = 1tJA 00521 
KNQ = IDACKN) 00522 

00523 
DO 330 KP = NBtNC 00524 

00525 
NC + CJA-1) o (NC - NB + 1> = # Of TOTAL SYSTEM COMgi~AllONS 00526 
AFTER THE PRESENT SECTION HAS RfEN PROCESSED 00527 

00528 
J = KP + (KN-1) o CNC-NB+1) 00529 

00530 
~R = NC MINUS # OF COMBINATIONS IN SPECIFIC 8RANCH BEING 00531 

DkOCESSEDt AT START Of PRESENT SECTION 00532 
00533 

SUMA(J) = TUMACKP) + A(KN) 00534 
DOH = 0 • 0 0535 
DDL = o. 00536 
CH(J) = O. 00537 
CL(J) = O. 00538 

c 00539 
C CALCULATE THE DoBIE TERM OF THE COST tQUATIONS FOR 00540 
C THE ~RANCH CONSIDERED 00541 
c 00542 
C MOW MUST BE THE LOWEST SECTION ID ~ IN THE ~~ANCH BEING 00543 
C PROCESSED 0 0544 
c 00545 

QMAX (J) = 0. 00546 
Q!w!INCJ) = o. 00547 

c 00548 
00 320 JN = MOW,NNS 00549 

c 00550 
SEFFCJtJN) = TEFF(KP,JN) o ECKN) 00551 
DINH(JtJN) = TDINHCKP,JN> + DH(JN) * B(KN) I SEFF(J,JN) 00552 
QMAXCJ) = QMAX(J) + OH(JN) I SEFFcJ.JN) 00553 
~MINCJ) = QMIN<J> + DLCJN) I SEFF(J,JN) 00554 
CC(J,JN) = CBCKP,JN) 00555 
IF(JN.EQ.NNS> CC(J,JN) = K~Q 00556 
DOH = DOH + DINH(J,JN) 00557 
IFCDH(JN).EQ.O.) GO TO 320 00558 
DOL= DOL+ DINH(J,JN) * OLCJN) I DHCJN) 00~59 

320 CONTINUE 00560 
c 00561 

C~CJ) = SUMA(J) + DOH 00562 
CLCJ) = SUMA(J) + DOL 00563 

330 CO~T INUE. 0 0564 
c 00565 
c 00566 
c 00567 
C -- COMPUTE A NEW VALUE FOR NC 00568 
c 00569 

NC = NC + CJ.A-1) o CNC- NR + 1) 00570 
c 00571 
C -- COMPUTE MINIMU~ AND MAXIMUM VALUES FOR DIVERSIONS OF SYSTEM 00572 

DtVH = O. 00573 
DIVL = O. 00574 
DO 350 JN = MDW.NNS 00575 
QJVH = DIVH + DHCJN) 00576 
DIVL = DlVL + DLCJN) 00577 

350 CONTINUE 00578 
c 00579 
C IC = # OF CO~RI~ATIONS AFTER THE ADDITION OF THE PRESENT ~RANCH00580 

c 00581 
C RLC = MI~IMUM COST OF FIRST UNRANKED COMBINATION FOUND 00582 

. C 00583 
C RC = MINIMUM COST Of COMBINATION AEING COMPARED WITH RLC 00584 
C OOS85 
C NTI = 1 IF COM~INATION HAS _CURRfNTLY BEEN RANKED 00586 
c 00587 
C LCST IS THE RANK OF THE COMBIN~TIONS 00588 
c oosaq 
c 00590 
c 00591 
C 1/11/1 RANK THf COMRINATIONS IIIII/ 00592 
c 00593 
c 00594 

• 

• 

• 



DO 403 JMH = 1tNC 00596 
LCST<JMH) = 0 00597 
NTI(JMH) = 0 00598 

403 CO"JTINUE 00599 
c 00600 

DO 430 I = 1tiC 00601 
c 00602 
c oooo3 
C FIND THE LOWEST UNRANKED MINIMUM COMBINATION COST 00604 
c 00605 

DO 405 K = NR,NC 00606 
IF!NTI(K).EQ.1l GO TO 405 00607 
RLC = CL(K) 0060~ 
Kl = K 00609 
GO TO 410 0 0 61 0 

405 CO"JTINUE 00611 
c 00612 
c 00613 
C RANK FROM THE LOwEST TO HIG~EST MINIMUM COST VALUE 00614 
c 00615 

410 DO 420 J = NBtNC 00616 
RC = CL (J) 00617 
IF(NTI(J).EQ.ll GO TO 420 00618 
IF<RC.GE.RLC> GO TO 420 00619 
RLC = RC 00620 
LCSTCI> = J 00621 

42 0 COf\IT I NUE 0 0622 
IF<LCST<I>.EO.O) LCSTCI> = K1 00623 
NTICLCST(I)) = 1 00624 

430 CONTINUE 00625 
c 00626 
c 00627 
c 00628 
C IIIII/ PRUNING SECTION /IIIII 00629 
c 00630 
c 00631 
C ••• PRUNE ANY COMBINATIONS IN WHICH THE LAST SECTION 00632 
C COMPONENT IS INCOMPATABLE wiTH THE COMPONENT OF THE 00633 
C DOwNSTREAM SECTION 00634 
c 00635 

NUMC = 0 00636 
DO 432 Jl = ltNC 00637 

432 KPRUNECJl) = 0 00638 
c 00639 

DO 440 J1 = 1,6 00o40 
NSECT = KCOMP(J},6,5) 00641 
MSECT = KCOMP(J},6,6) 00642 
IF(NSECT.NE.IDS(NRC)) GO TO 440 00643 
NUMC = NUMC + 1 00644 

c OOo45 
DO 438 J2 = lt5 00646 

c 00647 
DO 436 J3 = 1•5 00648 
IFCKCOMP(J},J2,J3l.EQ.O) GO TO 436 00649 

c 00650 
DO 434 J = },NC 00651 
IFrCC(JtNRC).EQ.KCOMP(J},J2,J3).AND.CC(JtMSECTl.EQ.J2) KPRUNE(J)=l00652 

c 00653 
434 CONTI NUt: 00 654 
436 CO"JTINUE 00655 
438 CONTINUE 00b56 
440 CONTINUE 00657 

c 00658 
IF<NUMC.LE.l> GO TO 446 00659 
NUMD = NUMC - 1 00660 

c 00661 
DO 445 JAC = 1•NUMD 00662 
DO 445 Jl = },5 00663 
DO 445 J2 = 1,6 00664 
DO 445 J3 = 1,6 00665 
KCOMP(Jl,J2,J3) = KCOMP(Jl+1tJ2,J3) 00666 

445 COrHINUE. 00667 
. c 00668 

c 00669 
C /IIIII PRUNE THE NONFEASIRLE COMBINATIONS /IIIII 00670 
c 00671 
c 00672 

446 DO 480 J = ltiC 00673 
K = LCSTCJ) 00~74 
~FFHK = DIVH I QMAX(K) 00675 
EFFLK = DIVL I QMJN(K) 00676 
IFCKPRUNE(K).EQ.}) GO TO 4RO 00677 
N~AT = J + 1 00678 
IF(N~AT.GT.IC> GO TO 480 00679 

c 00680 



DO 470 Jl = NRAT,JC 00b81 
l = LCST(Jl) 00b82 
EFFHL = DIVH I UMAXCL) 006H3 

L:t- 9' 8 

EFFLL = DIVL I QMINCL> 00684 
IFCKPRUNECL).EQ.l) GO TO 470 00b85 
EFFMX = EFFHL - EFFHK 00686 
EFFMN = tFFLL - EFFL~ 00687 

c 00b88 
C 006A9 
C ••• COMPARE COSTS AND FFF!ClENCIES 00690 
c 00691 
c 006~2 

IFcCHcK>.LE.CL(L).AND.EFFMX.LE.EMARGN.AND.EFFMN.LE.EMARGN)GOTO 46000693 
c 00694 

IFcCH(K).GT.CH(L)) GO TO 4S5 00695 
c 00696 

COSTK = O. 00697 
COSTL = O. 00698 

c 00699 
C DELTK = THE CHANGE IN THE TOTAL COST Of COM~INATION K IF THE 00700 
C DIVERSION RATE OF THE JN SECTION IS INCREASED FROM THE 00701 
C MINIMUM RATE TO THE MAXIMUM R~TE 00702 
c 00703 
C DELTL = THE SA~E AS DfLTK• ONLY FOR COMBINATION L 00704 
c 00705 
C COSTK = THE SUMMATION OF ALL DfLTK•S GREATER THAN 00706 
C THE CORRESPONDING DELTL•S 00707 
C COSTL =THE SUMMATION OF ALL DELTL•S LESS THAN 00708 
C THE CORRESPONDING DELTK•S 00709 
c 00710 

DO 450 JN = MDW,NNS 00711 
IF(DH(JN>.EQ.O.) GO TO 450 00712 

c 00713 
RATIO = 1 - DLCJN)/DH(JN) 00714 
DELTK = OINH(K,JN) ~ RATIO 00715 
DELTL = DINHCltJN) ~ RATIO 00716 
IFcDELTK.LE.DELTL> GO TO 4SO 00717 

c 00718 
COSTK = COSTK + DELTK 00719 
COSTL = COSTL + DELTL 00720 

c 00721 
450 CONTINUE 00722 

c 00723 
IFCCLCK) + COSTK.GT.CL(l} + COSTL) GO TO 455 00724 
IFCEFFMX.LE.EMARGN.AND,EFFMN,LE.EMARGN) GO TO 460 00725 

c 00726 
C ••• THE COST LINES OF K ~ l CROSS. PRUN l IF ITS EFFICIENCY IS 00727 
C LESS THAN THE EFFICIENCY OF K + EMARGN... 00728 

455 IFCEFFMX.LE.EMARGN.AND.EFFMN.LE.EMARGN) GO TO 460 00729 
c 00730 

GO TO 470 00731 
c 00732 

460 KPRUNECU = 00733 
c 00734 

470 CONTINUE 00735 
480 CO,..,TINUE 00736 

c 00737 
c 00738 
C /IIIII SORT OUT PRUNED COMBINATIONS /IIIII 00739 
c 00740 
c 00741 

NCC = NC 00742 
L = NB - l 00743 
NRATS = NC 00744 

c 00745 
DO 550 K = ltiC 0074o 
J = LCST(K) 00747 
IF(KPRUNE(J).EQ.l) GO TO 550 00748 

c 00749 
C RETAIN RANKING STATUS 00750 
c 00751 
C USE TEFF1 ARRAY FOR TEMPORARY STORAGE 00752 
c 00753 

l = L + l 00754 
TUMA(l) = SUMA(J) 00755 
TEFF1(ltl) = QMIN(J) 00756 
TEFFl(lt2) = QMAX(J) 00757 
T£FFl(lt3) = CL(J) 00758 
TEFFl!lt4) CH(J) 00759 

00760 
DO 520 JN = MDW,NNS 00761 
TEFF(LtJ~) = SEFF(J,JN) 00762 
TOINH(Lt~N) = DINH(J,JN) 00763 
r >-1 I I • . IN l : l. C t • J • • J ,._J ' 007f..4 



c 

c 
c 
c 

c 
c 
c 

c 

c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

·c 
c 
c 

NC = L 
550 CONTINUE 

-- RESET ARRAYS RACK TO PROPER NAMfS AND ELEMENTS 

DO 570 I = NHtNC 
Qh4IN(I) = TEFFlci.ll 
Q~AX(!) = TE.FF1(1,2) 
CLCil = TEFF1(1,3) 
CHCl) = TEFF1(1,4) 
DO 570 J~ = MOW,NNS 
CC(ltJN) = CA(I,JN) 

570 CO'IITINUE 

••• RE1NITIALI7E THE ARRAY SPACt OF PRUNED COMBINATIONS ••• 

"IRAT = NC +l 
DO 590 L = NRAT,NCC 
TU~A(L) = O, 

DO 590 JN = MDW,NNS 
CCCLtJN) = 0 
CACLtJN) = 0 
IFCL.GT.200) GO TO 590 
TEFF (L ,JN) = 1. 
TDINH(LtJN) = O. 

590 CONTINUE 

600 

A10 

620 

630 

IFCKMEkG.EQ.1) GO TO 600 

GO TO 700 

/IIIII ~ERGE SECTION /IIIII 

••• SET SECTION AND COMBINATION INDICATORS ••• 

NSP = NOW 
NSQ = MD~ 
Nsq = NRC 
IFCNSP.EQ.-1> NSP = 
NA = Nt<b(2) 
IFCNDU.NE...-1> GO TO 610 
MDU = -1 
MOW = l 
GO TO 630 

MDIJ = NDU 
MOW = NDW 
IFCI<DU.NE.-1) GO TO 620 
NDU = -1 
NOW 
GO 

NDU 
NOW 
KDU 
KDw 

= 1 
TO 630 

= KDU 
= KDw 
= -1 

1 

NSP 
NSQ 
NSR 
NREH 1) 
NC 
NRB(i::) 

= STARTING SECTION OF MAIN BRANCH BEING 
= STARTING SECTION OF MERGING BRANCH 
= LAST SECTION OF MERGING BRANCH 
= FIRST COMBINATION OF ~ERGING BRANCH 
= LAST COMBINATION OF MERGING BRANCH 
= FIRST COMBINATION OF ~AJN BRANCH 

MERGED WITH 

••• PELAb~L COMRINATIONS OF MERGING ~RANCH, AND THE CORRESPONDING 
CHARACTERISTIC ARRAYS ••• 

L81<' = 0 
NRAT = NR8(1) 
DO 650 L = NRAT.NC 
LRJ = 0 
LBI< = LBK + 1 
SUMA(LBK) = TUMA(Ll 
DO 650 M = NSQ,NSR 
LBJ = M 
CRCLRKtLBJ) = CCCLtM) 

- 1.-1 I\ - c:-c:-J: t.A\ 

00766 
00767 
00768 
00769 
00770 
00771 
00772 
00773 
00774 
oo -ns 
00776 
00777 
0077H 
00779 
00780 
00781 
007b2 
00783 
00784 
00785 
00786 
007t;j7 
00788 
00789 
00790 
00791 
00792 
00793 
00794 
00795 
0079o 
00797 
00798 
00799 
00800 
00801 
00802 
00803 
00804 
00805 
00806 
00807 
00808 
00809 
00810 
00811 
00812 
00813 
00814 
OOb15 
00816 
00817 
00818 
00819 
00820 
00821 
00822 
00823 
00824 
00825 
00826 
00b27 
00828 
OOA29 
00830 
00831 
00d32 
00833 
00834 
00835 
00d36 
00837 
00838 
00839 
00840 
00841 
00842 
00843 
00844 
00845 
U01;4b 
00847 
00848 
00b4~ 

L~ - Y._/ 



c 

"TOIH CLBKtLBJ) = TOINHCL•Mf 
650 CONTINUE 

C Nl = THE ~ OF THE COMAINA1ION IN THE MERGING 
C BRANCH BEING MULTIPLIED INTO THE MAIN B~ANCH 

C Jl = THE • OF COMAINATIONS IN THl MF.RGING BRANCH 
c 

c 
c 

Nl = NRH(}) - 1 
J 1 = NC - NRB ( 1) + 1 

C 1//1// . MfRGE BRANCHES /IIIII 
c 
c 
C ADO THE COMPONENT COMRINATIONS OF THE MERGING BRANCH TO THE 
C COMBINATIONS OF THE MAIN ARANCH 
c 
C ALSO COMBINE THE SUMMATED EFFICIENCIES, AND 
C THE SUMMATEO D~cB•Sif'S) ARRAYS OF THE BRANCHES 
c 
C THE NEw TOTAL OF COMAINATIONS = MM, WHICH = # OF COMBINATIONS 
C IN THE MAIN ARANCH ~ THE # OF COMBINATIONS IN THE 
C MERGING BRANCH 

c 

c 

c 

c 

c 

MM = (NRtHl)- NRAC2)) ~ (NC- NRB(}) + 1) 

NRAT = NR8(2) 
NRATS = NR8C1) - 1 

DO 660 M1 = 2tJl 
DO 660 ll = NRAT,NRATS 
Nl = Nl + 1 
TUMA (Nl) = TUMA Cll) + SUMA (Ml) 
DO 660 N2 = NSP,NSR 
IF(N2,GE.NSQ) GO TO 655 
CCCN},N2) = CCCLl,N2) 
TEFF(NltN2) = TEFFCLltN2) 
TDINHCNltN2) = lDINHCLltN2) 
GO TO boO 

655 CCCN1,N2) = CBCM1,N2) 
TEFFCNltN2) = TEFF1(M},N2) 
TOINH(NltN2) = TDIHCMltN2) 

f>60 CONT 11\.IUt:: 

DO 670 Ll = NRAT,NRATS 
TUMA CLl) = TLIMA Cll) + SUMA ( 1) 
DO 670 N2 = NSQ,NSR 
CCCL},N2) = CB(},N2) 
TEFFCLltN2) = TEFF1CltN2) 
TDINHCLltN2) = TDIHCltN2) 
M2 = N2 

670 CONTINUE 

N~ = M2 
loJRlTE (6t72) 
WRITE(9t72) 

72 FORMATC//5x,•SECTION HAS BEEN MERGED•//) 
c 
C COMPUTE NEW VALUES FOR NC AND NS 
c 

c 

NC = MM + (NR8(2) - 1) 
NS = NS + JOS 

C EQUATE COMBINATION IDENTIFICATION ARRAYS CB AND CC 
c 

c 
c 

DO 675 ll = l•NC 
DO 675 Ml = ltNSR 

675 CAClltMl) = CCCL},Ml) 

C RESET THE COMBINATION INDICATORS FOR NEWLY FORMED MAIN BRANCH 
c 

c 
c 

DO 680 Ll = },4 
NRBCL1) = NRBCLl + 1) 

680 CONTINUE 
700 CONTINUE 

JF(NRC.GT.NSC> GO TO 705 
GO TO 710 

C ,,,STOP PROG~AM IF THINGS ARE NOT WORKING OUT RIGHT ••• 
c 

705 WRITE(6t2~) NRC,ZC}),NO 
w~ITf (9t22) NRC,z C ll eNO 

00851 
00852 
00853 
00d54 
00855 
00856 
00857 
00~58 

00859 
00860 
00861 
00ti62 
00t:i63 
00864 
00865 
00866 
00867 
00~68 

00ti69 
00ti70 
OO!:i71 
00872 
00873 
00ti74 
00~75 

00876 
00877 
00878 
00ti79 
OOM80 
00881 
00882 
00883 
00d84 
00885 
00886 
00887 
00888 
00889 
00890 
00891 
00892 
00893 
008~4 

00d95 
00d96 
008~7 
00898 
00899 
00900 
00901 
00902 
00903 
00904 
00905 
00906 
00907 
00908 
OO'i09 
0 0910 
00911 
00912 
00913 
00914 
00915 
00916 
00917 
00918 
00919 
00920 
00921 
00922 
00923 
00924 
00925 
00926 
00927 
0092!3 
00929 
00930 
00931 
00932 
00933 
00934 

l::C -- JL () 0 



c 

c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 

c 

c 

c 

c 

c 
c 
c 
c 

•• , COMPONENT '•12•' • t/~X, 
••THE NUMbER OF TERMS READ BY THE INPUT = 

GO TO 780 

1//111 OUTPUT /IIIII 

--- REARRANGE ARRAYS FOR OUTPUT --C 
710 CO"'TINUE. 

IF<NRC.LT.NSC> WRITE(6,33> NC,NNS 
JF(NRC.LT.NSC> wRITE(9,33) NC,NNS 

•• I2/) 

33 FOPMAT(///5Xt•THE NU~BER OF COMBINATIONS =•,I3,//5X, 
otTHE NUMBER OF SECiiONS PER COMBINATION= 1 ti3,/) 

IFCNRC.LT,NSC> GO TO 110 

715 

720 
724 

725 

730 

••• REGROUP THE SECTIONS IN THE ORDER WITH WHICH 
THEY ARE NUI"'BERED ( ID NUMBER ) • • • 

DO 715 J = },NRC 
NTI(J) = 0 
JDSCJ> = 0 
DO 730 KK = ltNRC 
DO 720 J = 1tNRC 
IFCNTI(Jl,EQ.1) GO TO 720 
LN = IDSCJ) 
K = J 
GO TO 724 
CONTINUE 
DO 725 L = ltNRC 
LLN = IDS <L> 
IF<NTI(Ll,EQ.ll GO TO 725 
IF<LLN.GE..LN) GO TO 725 
LN = LLN 
JOS(KK) = L 
CO"'TI~UE 
IF<JDS(KK).EQ.O) JDS(KK) = K 
NTI (JOSCKK)) = 1 
CONTINUE 

WRITE(6t28) NCtNNStNR 
WRITE(9t28) NCtNNS,NR 
WRITE(6t34) 
WRITE(9t45) 
WRITE(bt29) 
~RITE(6t35) (JKJ(J),J:1,NNS) 
WRITE(9t35) (JKJ(J),J=ltNNS) 
wRITE(6t34) 
lt'RITE<9,45) 

34 FORfJATClXt120(t-t),/) 
35 FORMAT( 1 +•,5Xe32(I2tlX)) 
45 FOR""AT(lX,75(t-t) 9 /) 

745 

750 

DO 745 J = ltNC 
DO 745 l = ltNNS 
K = JDS(L) 
CBcJ,L) = CCCJtK) 
CONTINUE 

DO 750 J = ltNC 
AEFF = DlVH I Q4AX(J) • 100 
~EFF = DlVL I QMlN(J) • 100 
WRITE(bt30) (C8(J,JN),JN = 1tNNS) 
WRITEC9,30) CCB(J,JN),JN = },NNS) 
WRJTE(bt3U CL(J), CH(J)t QMIN(J), 
CONTINUE 

QMAX(J)t BEFF, AEFF 

00~36 

00'137 
00938 
00939 
00940 
00941 
00942 
00~43 

00~44 

00'145 
00946 
00947 
00948 
00949 
009~0 

00951 
009~2 

00953 
00954 
00955 
00956 
009~7 

00958 
00959 
00960 
00961 
00962 
00963 
00964 
00965 
00966 
00967 
00968 
00969 
00970 
OO"i71 
00-j72 
00973 
00974 
00975 
00976 
00977 
00978 
00979 
00980 
00981 
00982 
00983 
00984 
00985 
00986 
00987 
00988 
00989 
00990 
00991 
00992 
00993 
00994 
00995 
00996 
00997 
OO"i98 
00999 
01000 
01001 
01002 

28 FORMAT(///lHlt15X••oooo~o DYNAMIC OUTPUT ******'t10X,//// 01003 
o,5xe•S~CTION COMPONENT ID1tS ARE OUTPUT IN SAME ORDER AS ~NTERED•/01004 
o,5X 9 t (I.E., FROM THE WATER SOURCE TO THE ENDING BRANCH)'//// 01005 
o,5x,•THf NUMBER OF CO~BINATIONS = •.I3~//,5X, 01006 
*•THE NUMBER OF SECTIONS PER COMbiN~TION = t,J3,//,5X 1 01007 
*•THE NUMBER OF ALTERNATIVES = t,J3,//) 01008 

29 FOR""ATC/TSO,•MIN COSTt,3X,tMAX COST•,3i,•MIN Qt,3X,tMAX 
*• ~IN OIVt,3Xt•EFF, ~AX DIV•) 

30 FORMAT(/,5X,32(12,1X)) 

01009 
Qt,3Xt•EFF01010 

01011 

31 FORMAT(t+t,T50,FH.0,3X,FA.OelX,F7.3,}X,F7.3,4X,F6.2,8X,F6.2) 
01012 
01013 
01014 

780 CONTINUE 

.... wRITE OUTPUT TO TAP~ A •••• 

XNS = NNS 

01015 
01016 
01017 
01018 
01019 
01020 

l::C -·- ::1. (.Jo ~i. 



c 

c 

c 

c 

XNR = 1\!R 
WRITE(8t36) XNS,XNR 

3~ FORMAT(' NO OF SECTIONS= 1 tF5.0,1 NO OF ALTE~NATIVES =1tf5.0) 

\r.'RITEttlt37) 
31 FORMAT(' ~LOPE OF COST FUNCTION ,1) 

00 810 J = ltNNS 
I = JO$(J) 
M = 4 
DO 80~ N = 1tNR 
'M = M + 1 
13CN) = SECT!ltM 1 4) 
JF(SECT(l,M,2).E.O.JD(N)) GO TO 805 
H(N) = O. 

M = M - 1 
805 CONTINUE 
810 ~IHTE(8t38) (f:i(N),N = },NR) 

3b FORMAT(6Fl5.4) 

WRITE(b,39) 
39 FORMAT(' Y-INTERCEPT OF COST FUNCTION •'> 

no 820 J = l•NNS 
I = JDS<J> 
M = 4 
DO Hl5 N = 1tNR 
M = M + 1 
A(N) = SlCT(J,M,3) 
IF<SECT<I,~,2l.EO.l0(Nl) ~0 TO Al5 
A(~) = O. 
"1 = M - 1 

815 CONTII\IUt: 
820 WRITE(tit38) (A(N)eN=ltNR) 

WR!TE(CSt40) 
40 FORMAT(' CONVEYANCE EFFICIENCY tl) 

DO H30 J = 1•NNS 
I = JDS<Jl 
M = 4 
no A25 N = 1tNR 
M = M + 1 
E!N) = SECT<I•Me5) 
IF!SECT(I,,..,2l.EQ.IO(N)l GO TO 825 
E(N) = O. 
M = 1"1 -1 

825 CO"JTINU£ 
830 WR!Tf(8t38) (E(N).N=ltNRl 

DO 840 KC = ltNC 
~RITE(~t41) (C8(KC.KS),KS = _1,NNS) 

41 FORMAT<1511l 
I~CKC.EQ.NC) GO TO 850 
WRITE(I:\,42) 

A40 CONTINUE 
850 wRITE (bt43) 

4? FORMAT (I YES I) 

43 FORMAT ('NUt) 
F.NDFILE 8 
WRITE (6,32) 
_,PITE(9t32) 

32 FORMAT(//II/•5X,• ******END OF DYNAMIC PROGRAM ******'IIIII 
*,5x,t HYE ') 

STOP 
END 

01021 
01022 
01023 
01024 
01025 
0102h 
010?7 
Ol02H 
0102~ 

01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01038 
01039 
01040 
01041 
01042 
01043 
01044 
01045 
01046 
01047 
01048 
01049 
01050 
01051 
01052 
01053 
01054 
01055 
01056 
01057 
01058 
01059 
01060 
OlOf-1 
01062 
01063 
01064 
01065 
01066 
01067 
01068 
01069 
01070 
01071 
01072 
01073 
01074 
01075 
01076 
01077 
01078 
01079 
01080 
01081 
01082 
01083 

li3 ....... :u .. o()• -~ : . ' : 

• 

• 

t 

• 

• 



c 

c 

DATA SET WI~PEADN 
SURROUTlNE lNPUT!DtNtNP) 
INTEGER C,A,AST 
DI~fNSIUN 0(101 

AT LEVEL 007 AS OF 03/09/78 

D I MENS l 0 1-J A ( 1 ) , C < 11 0 > • B ( 1 c:; l , I P T ( 1 5 ) 
EQliiVALENCE <B < 1), IPT < 1) > 
DATA A/lHO,}H9t1H .lH,,lH+,}H-,lH,/,AST/lH*/ 

C-----THJS IS AN INPUT 
c 

POUTINE TO DO FREf FORM DATA INPUT 

C-----~ULES FOh USE OF INPUT 

00001 
00002 
00003 
00004 
00005 
OOOOn 
00007 
00008 
00009 
UOOlO 
00011 c 

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

1--DATA VALUES MUST ~F SFPA~ATED PY A HLANK Ok A CO~MA 00012 
2--ALL 80 COLUMNS MAY RE USED FOR DATA EXCEPT THAT IF DATA IS TO d00013 

COr-..TlNUED.EACH CARD TO RE CONTh·11.1ED MUST HAVE A COM"'1A IN COLUMN00014 
1-JO &0 0 0 015 

3--DATA VALUES APE STORED IN THE VFCTOR ARRAY D 00016 
4--N wiLL RETURN TO THE NUMRER OF VALUES PLACt:D IN THE VECTOR 00017 

ARRAY D. VALUES ARE PLACED IN D REGINNING IN POSITION NU~~E~00018 
ONE 0001~ 

5--ANY AMOUNT OF DESCIDTIVE INFOR~ATION MAY 8~ INCLUDED ~ITH THE 00020 
DATA 00021 

A--A TYPICAL C4LL STATEMENT MIGHT Rf CALL INPUT(O,N) 00022 
WHERE D IS A PEAL ARPAV 00023 

6A-ALTEkNATE FORMS OF THE CALL STATEMENT ~IGHT bE- CALL G~T1!01) 00024 
-OR CALL GET?CD1,02) ---TO CALL GET15<D1,02.D3---,D15) 00025 

FOR THE ]NPUT SCALAR VALUES. NO DIMENSION IS REQUIRED IN THE 0002b 
CALLING PROGPA~ WHEN ONLY SCALAP VALUES ARE TO 8E STOR~U ANO 00027 
THE A~GUMENTS D1,D2,D3,ETC. MAy PE EITHER MODE <FIXEu OR FLOAT10002A 
AND THE VALUE IS ALWAYS RETURNfD ACCORDING TO THE MODE (WITHOUT00029 
OEClMAL-FIXEO wiTH DECIMAL- FLOATING) WITHOUT DECIMAL-F1X[D) 00030 
OF THE NUMERIC VALUE OF THE DATA CARD 00031 

7--MULTIPLE DATA MAYBE E~TfREO AS SO*OMEANING 50 ZERO VALUES 00032 
ANY VALUE MAY8E ENTEPED THIS WAY 12~2 MEANS 12 2•S 00033 
THE * MUST INNEDIATELY FOLLOW THf MULTIPLIER OR THE * wiLL HE 0003• 
IGNORED 0003~ 

200 

1000 
c 

IP=1 
NP=5 
"1C=O 
MODE=1 
N=O 
READ (5dOOOlC 
'-'RITE(9.1000)C 
FOPMAT(80Al) 

C-----START uATA SCAN 
c 

c 

9 IS=O 
ID=O 
GO TO 10 
Ic;=IS+1 

C-----TEST FOR END OF CARD 
c 

IF<IS.GT,80)G0 TO 2 
c 
C-----TEST FOH BLANK OR COMMA 
c 

3 IFCC<ISl.NE.AC3l.AND.C(lS),f\JE,A(4))G0 TO 1 
10 IS=IS+l 

IFCIS.GT.80)G0 TO 2 
c 
C-----SF.T SIGN TO POSITIVE 
c 

S=1 
C-----CHECK FOR NEGATIVE SIGN 

IFCC<!Sl.NE.A(6))(;0 TO 4 
C-----SET SIGN TO NEGATIVE 

S=-1 
GO TO 5 

C-----C~ECK FOR POSITIVE SIGN 8EING PUNCHED 
4 IF<C<IS>.NE.A<~l)GO TO 11 
5 IS=IS+l 

IFCIS.GT.80)G0 TO 2 
11 tB=IS 

C-----TFST FOk A DIGIT 
f-1 IF ( C (IS) • G E. A < 1) • At\)D. C (IS)". L E. A ( 2 l ) GO 

C-----TEST FOR A DECIMAL POINT 
IF!C!ISl.NE,AC7>>GO TO~ 

C-----KEEP LOCATION OF DECIMAL 
IO=IS 

7 I5=IS+1 
IF<IS,GT.80>GO TO 8 
Gl/ TO b 

C-----C--i F CK TO SEF I F l\llJ~1r3FP f-JI\S ANY DJ~TTS 

TO 7 

00036 
00037 
0003~ 

00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
OU04A 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
0005A 
00059 
00060 
OOObl 
00062 
00063 
00064 
00065 
00066 
000b7 
0006A 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00Ub1 
U00d2 
000d3 
000H4 
() fll ) wl;. 



8 IF<IS.EQ.Ib)GO TO 3 
C-----LOCATION OF LAS~ DIGIT 

IL=IS-1 
C-----IF DECIMAL IS NOT PUNCHED,INSERT IT AND SET MODE 

IF<ID.GE.IB.ANO.ID.LE.IL>GO TO 400 
ID=IL+l 
MODE=2 

C-----COUNT DATA ITEM FOUND 
400 N=N+1 

C-----CONVERT AND STORE DATA ITf~ 
C-----THIS ROUTINE CONVERTS FRO~ ALPHAMERIC CHARACTERS TO NUMERIC 

CONV=O 
c-----FIND NUMBER OF POSITIONS LFFT OF "fCIMAL 

M=ID-IB 
C-----TEST FOR ZERO DIGITS LEFT 0F DECIMAL 

JF(~.L~.OIGO TO 33 
C-----N IS POSITION OF O~CIMAL 

J=ID 
C-----~UM VALUES LEFT OF DECIMAL 

DO i?1 I=1tM 
J=J-1 
K=(C(J)-A(1)l/l6777216 

C-----ADO IN APPROPRIATf VALUE FOR DIGIT FOUND 
21 CONV = CONV+FLOAT(Kl~lo.~~(I-1> 

C-----FIND NU~~~~ OF DIGITS RIGHT OF DECIMAL 
33 M=IL-ID 

C-----CHECK FOR ZERO FRACTIONAL DIGITS 
IF(M.Lt.O)GO TO 25 

C----~N IS POSITION OF DECIMAL 
J=ID 

C-----~UM•FRACTIONAL DifiJTS 
DO 24 I=ltM 
J=J+1 
K=(C(Jl-A(1)l/1~777216 

C-----AnO IN APPROPRIATE FRACTION 
24 CONV :CONV+FLOAT(Kl~10•*~(-l) 

C-----SHOULD THE VALUES BE RETURNED AS AN ARPAV OR AS SCALARS 
25 JF(JP.EQ.1lGO TO ?02 

IF<IP.EQ.2)GO TO ?03 
C-----STORE THE VALUES IN ARRAY D 

202 0(1\J)=CONV*S 
GO TO 204 

C-----STOkE THE VALUES TO RETURNED AS SCALARS 
203 IF(MOOE.EQ.1lGO TO 250 

IF(MOOE.EQ.2)G0 TO 251 
C-----STORE AS REAL 

?50 A ( t..J) =CONV*S 
Gn TO 204 

C-----STORE AS INTEGER 
c51 IPT(N)=CONV*S 

MODE=1 
C-----GET NEXT DATA ITEM 
C-----TEST ~ULTIPLE DATA CODE 

204 IF(MC.NE.O) GO TO 100 
C-----CHECK FOR A MULTIPLE DATA ENTRY 

JF(C(IS>.NE.AST>GO TO 3 
C-----MULTIPLE DATA WAS FOUND 

~C=1 
GO TO 10 

C-----ENTER MULTIPLE DATA 

c 

100 MC=O 
N8=N-1 
IF<IP.EQ.l>GO TO 401 
IF<IP.EQ.2lGO TO 402 

401 NME=O(NH) 
EI\JT=D(N) 
N=NA+NMt.-1 
00 101 I=NB,N 

101 D<I>=ENT 
GO TO 3 

402 NME=IPT(N8) 
ENT=B(Nl 
1\J=NB+NME-1 
DO 403 l=NE:!tN 

4 03 R (l) =t:NT 
GO TO 3 

C-----TEST FOR CONTINUATION 
c 
C-----TEST FOR NON-BLAI\JK CHAPACT~R STARTING COLUMN bO TO 
C IF THE FIRST CH~R~CTEP. FNCOUNTERfD IS A COMMA--
C 1\J E X T CARD I S A C 0 NT PHI A T I or~ CARD 
r 

00086 
00087 
00088 
OOOH4 
()0090 
00091 
OOU9c 
00043 
00044 
00095 

VALUES000'16 
00097 
0004!:i 
0009Y 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
0010~ 
00109 
00110 
0 0111 
00112 
00113 
00114 
00115 
00116 
00117 
0011~ 

0011Y 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 



2 CnNTINUE 
C IF<C!80>.~E.A(4))GO TO 201 
C Go TO 209 

l<=til 
no 10 I=I.so 
K = t<-1 
JF(C(I•;.).NE.A!3)) GO TO 7S 

70 CO"!TlNLlE 
75 IF!C(K>.NE.A(4)) GO TO 201 

C 209 CONTINUE 
c 
C-----~EAD CO~TINUATION CARD 

.:(EAD (~tlOOO)C 

WRITE(9tl000)C 
GO TO 9 

C-----IF VALUES ARE RETUHNED IN ~RRAY D THEN RETURN 
201 IF<IP.EQ.1)RETURN 

C-----STO~E THE VALUES IN THE ~CALAR VARJ~BlfS FOR HETURN 
IF!N.GE.15)G0 TO 315 
Go TO (301,302,3o3.J04,305,306,307.308,309,310,3llt3l2t313·314),N 

315 01S=8(1~) 
314 Dl4=R(l4) 
313 Dl3=R(l3) 
312 012=8!12) 
311 Oll=B!ll> 
310 010=8(10) 
309 oq=P-l<9> 
308 DA=H(8) 
307 07=8(7) 
306 06=8(6) 
30~ 05=8(5) 
304 D4=H(4) 
303 03=8(3) 
302 D?=R(2) 
301 Dl=B<1> 

RfTURN 
END 

• 

001h4 
00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 
0017H 
00179 
001t10 
001H1 
001h?. 
001~3 
00184 
001A5 
001b6 
00113"/ 
00188 
001~9 

00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
OOl~d 

00199 
00200 
00201 
00202 
00203 
00204 
00205 



C OATA SET WIRPEGLN AT LEVEL 002 AS OF 09/19/77 

c 
c 

SU~~OUT!NE REGLIN {x,y,N,A,B·R) 

C SURROUTI~E REGLIN DETERMINES LINEAR REGRESSION CO~FF!CIENTS FOR 
C A GIVfN SET OF DATA 
C X IND~PENDE N T VARIARLE 
C y = DEPE NDE~l VAPIARLE 
c 

c 

c 

c 

c 

c 

DIMENSION X(S00), Y{500), YE<610) 

XN = N 
sx o. 
SY 0· 
SX?. u. 
SY? = 0. 
SXY = o. 
SYE =0. 
SYE2 =0. 
SYYE =0. 

DO 10 K=l,N 
SX = SX + X<K> 
SY = SY + Y{K) 
SX2 = SXc + X{K)*X{K) 
SY2 = SY~ + Y(K)*Y(K) 
SXY = SXY + Y{Kl*X(K) 

10 CC'\NTINUE 
SSX = Sx2 - (SX*SX/XN) 
S~Y = SY2 - (SY*SY/XN) 
SSXY = ~XY - <SX*SY/XN> 
XM = SX/XN 
YM SY/XN 

R= SSXY/SSX 
A = YM - 8*XM 

SDYX 8*SSXY 
RESS = (SSY-SDYX)/(XN-2.> 
Sf:l = RE:.SS/SSX 
T = R/S8 

C DETfPMIN~ CORRELATION COEFFICIENT RfLATING ESTIMATED VALUES 
C TO ACTUAL VALUES 
c 

DO 15 K 1, N 
YE{K) =A+ A* X(K) 
SYE = SYE + YE (t<) 

SYF.2 = SYE2 + YE<K>*YE(K} 
15 SYYE = SYYE + YE(K)*Y(K} · 

SSYE = SYE2 - (SYE*SYE/XNl 
P = (SYY~-<SYE*SY /XN))/{(SSYE*SSYl**0.5) 
WRITE(bt~OO) A,R,R 

200 FOR~AT{ /13X·•A = t,F12.0,/13Xt 1 B = •,Fl2.lt/l3X,•R = t,f12.3) 
RETURN 
fND 

00001 
00002 
00003 
00004 
0000~ 

0000~ 

00007 
OOOOf::l 
00009 
00010 
0 0 011 
00012 
00013 
00014 
00015 
00016 
00017 
0001~ 

00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
0002A 
00029 
00030 
00031 
00032 
00033 
1)0034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
000~2 

00043 
00044 
00045 
00046 
00047 
OOO~d 

00049 
00050 
00051 
000~2 

00053 
00054 
00055 

u.:-c -···· :li .. ( ;;. .C:: ~ 



CONTROL PROGRAM FOR rf>S/360 LINEAR PROC-.RAM'1HJG ROUTINE 

JMP 

PPI 

IKT ,. 
B 
c 
0 
INFS 

1->kOGkAM 
I~ IT I ALl 
MACHO 
Sf1LVE.IAt8•C•Ol 
MVADk(XDQPREMX,INFSl 
~oAOVE.IXOATAoA) 

MOVt ( Xf.l8~A~E • f-1 l 
IF I I K T • G T. I • Jf.A P l 
li\T=IKT+1 
~OVE.IXObJoiOB Jt) 

~oAOVE!XkH~tiRHSA'l 

CONVEHT!•~UMMARY'l 

SF:TUP(IMIN•l 
PICTURE 
GOTOIPRil 
MOVEIXOLONAMF,Ol 
REVIS£ 
SETUP I •r·H".JI l 
PRJ MAL 
SOLUTION 
M0VEIXOHJ•'08Jt) 
XPARAM=O. 
XPAR~AX = IS. 
XPAPDELT = 3. 
MOVliXCHROWoiCrONt) 
PAj:;AQ5..J (I CO'JT') 
SOLUTION 
~oAOVEIXORJ,•O~Jt) 

XPARAM = o. 
XPARI'IAX = 1.0 
XPARD!:::LT = 3.5 
~OVE.IXCHRO~.·C~DPD•) 

PAkA08J 1 • cmn • 1 
SOLUTION 
MOVEIXO~J••ORJt) 

XPARAM = 0. 
XPARMAX = 1.0 
XPARD!:::LT = .5 
MOVEIXCHROw,tCHDP8t) 
PA~AOBJ ( t CONT • l 
SOLUTION 
MOVEIXOBJt 1 0bJI) 
XPARAM = 0. 
XPARMAX =-.5 
XP.AROE.LT = .5 
MOVEIXCHROw,•CHSRt) 
PARAObJ It CONT • l 
SOLUTIO"' 
MQVEIXOBJtiObJI) 
MOVEIXCOLUMN,CJ 
XPAkA~ = 0. 
XPAf.IMAX = 13. 
XPARUELT = 1. 
MOVEIXC~COLoiRHSB•l 

PARACOL I I CONT t l 
SOLUTlON 
DC I l'l 
[)((IA .j(') 
DC<' DEF 'l 
DCI'Gnltl 

. OC( 1..JKLI) 
'-'END 
SOLVE I 'TETON011, 1RUN01 1 , 1 SYSAl?l1 • IPUNOOI) 
5 0 L v E ( I T E. T 0 N 0 2 ' • I HuN 0 ? ' • ' s y s l:ll ? 1 ' • I RuN 0 1 I l. 
SOLvE ( I H TON 0 3.' I RUN(l3' • 's YSC 121 I ' I ~UN 0 2 I ) 
SOLVEI1TETON041,1QUN04•, 1SYSD121•,•RUN03•l 
SOLVE(1TETUN051o1RUNOSI.ISYSEI2l lotRUNQ41) 
SOLVt(tTETONQ61,tRUN06 1 o 1 SYSFl21•,1PUN05 1l 
SOLV!:::(tTETONQ71o1RUN07 1otSYSGl?ll,tRUN06 1 ) 

s 0 L v E ( I T E T 0 N 0 A I • I " R u N 0 A ' • ' s y s H 1 2 I I • H~ u I~ 0 7 I ) 

SOLVE1 1 TETON091t~HUNOql,tSYSil?llo1RUN081) 
SOLVE. ( I TETON 1 0 I • I RUN I 0 I • 'SYSJ 121 ' • I RU~O 9 I) 
SOLVE(1TETONll•••~UN11'' 1 ~YSK12llotRUNl0 1 ) 
SOLVEI1TETON121o1RUNl? 1 • 1 SYSLl?l•,IPU~11'l 
SOLVEI1TETON13•••RUN}3 1 o 1 SYS~l?lt,IRUN12•l 
SOLVE. (I TETO"J14 I' •RUI'J}41. 1 SYS~l£>1 '' tRUN13•) 
s 0 L v E ( I T E T 0 N 1 5 ' ' I R u 1\1 1 5 I • ' s y s 0 1 2 ] ' • I R u ~~ 1 4 • ) 

S O LVEI•TETON}61,tRU~lh'•'SYSP1?1•,~~U I'J l5 1 ) 

SOLVE I1TETONI71,tRUN17'•'5YSUl?llt1RUNl61J 
SOLVEI 1 TETONI ~ •,IRUN1~ 1 • 1 SYSR121 lo1RU~l7•> 

sOLvE < 1 T t: r o~ 1 9 1 • • RUN I q • • 1 s v s s 1 2 1 1 • 1 R u:~ 18 1 1 
SOLVE ( ITETON?OI • HWN20' o 1SYSTI?l1, tDUNI9•) 
SOLVt 1 1 TETDN211·1~UN?l 1 •'SYSU1?1 t,tPU N20•l 
~ O LVt(•TETON2?.1,tRUN?.?Io 1 SYSVl?l•oi~U~211) 

C, ll L V f. I 1 TE T 0 N? 3 ' • I P U I\• 2 3 t • 1 S Y S W 1 ? 1 • • 1 R lJ r~ 2 2 ' ) 
Oil' 
PEN LJ 

L=t: - ·- 1. 0 ">·' 
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APPENDIX C 

COMPUTER INPUT DATA FOR SALEM IRRIGATION DISTRICT 

Page 

Input Data for APSYS Routine (Surface Systems) . . . C-1 

Input Data for APSYS Routine (Sprinkler Systems) . C-4 

Input Data for CANAL Routine . . . . . C-7 

Input Data for PIPE Routine (Gravity) C-9 

Input Data for PIPE Routine (High Pressure) . . . C-11 

Input Data for PUMP Routine . . . . . . . . C-13 

Input Data for DYNAM Routine . . C-14 

Matrix Input Data for MPS/360 Linear Programming Routine 
(Gravity System) . . . . . . . . . . . . C-15 
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4. SOIL TYPES (ANNiS;wJTHERS;qLKFT~BANNOCK;HAISETON&LAHENZO 
80. ACPE FARMS .002 FT/FT SLOP~ SCS FA~ 1.0 <ANNIS) 
NO CkOPS 4. 
ALFALFA HAY 
2.4 IN/FT 4 • FT RZ 60. RAM 19. TET .23 MET 20. 'fcC HOP 
MANNl,.,.GS N • 15 
GRAIN 
2.4 1111/FT 3.5 FT RZ so. HAM }?.3 TET .?() MET 35. ~CkOP 
lliiAf\IN l NG<:; N .10 
PASTURE 
?.4 IN/FT ?.5 FT RZ 50. f..< AM 1 7. TET • ] 9 MET · 15. %CROP 
I-1/INNJI'-.IGS N .20 
f-'OTATOF.S 
2.4 IN/FT 2.S FT 1-<Z 40. RAM 1 R • TET .?A MET 30. 'fCHOP 
~ANNINGS N .00 
GRAVITY IRRIGATION SYSTE~ WITH GOOD MANAGF~ENT 
TEST FIELD LENGTHS 1300.,1300.• 1000.,1000 •• BOO.,ROO., 60o.,&oo., 400.,400. 
ALFALFA 2. o. ~o. O. 
GRAIN 2. o. 40. O. 
PASTURE 2. o. 40. O. 
POTATO~~ 1. 20. 36. O. 
HRS FhRW LAB .5 ~ORO .35 ADO FRRW O. BORD O. WAGE OVER LIFE 5.00 
DPN .4 LINE 2.S STRF 20. STRB 20. MJSCF 40. MISC8 O. LEVELF 150. 80KD ~00. 
LIFE FURPOW EUUIP 20. HORDER 20. SALVAGf o. INTEREST 9.5~ 
COST AMNUAL LAND PREP 10. LAND LOST TO PRODUCTION 250. 
ANNUAL MAINT ~ !NV 1. TAX AND INSUR .5 ~ 
VALUE RUNOFF O. VALUE OP O. 
NO SUBSURFACE UPAINAGE 
~0 ADVANCE AND RECESSION DATA FOR 1300 FT RUN 

1. HIGH EFFICIENCY 
LAG TIME IS 7. MINUTES ASSUMED EFFICIENCY BOPD IS 70. 
ALFALFA 2. 0• 40e O. 
GRAIN 2. O. 40. O. 
PASTURE 2. 0• 40. O. 
POTATOES 1. 20. 36. O. 
NO ADVANCE RECESSION DATA 
ALFALFA 2. o. 40. o. EIGHT HUNDRED 
GRAIN 2. O. 40. O. 
PASTURE 2. o. 40. O. 
POTATOES 1. 20. 36. O. 
NO ADVANCE RECESSION DATA 
PLFALFA 2. O. 40. O. SIX HUNDREO 
GRAIN 2. O. 40. O. 
~ASTURE 2. O. 40. O. 
POTATOES 1. 10. 36. O. 
NO ADVANCE RECESSION O~TA 

ALFALFA 2. O. 40. O. FOUR HUN~RED 
GRAIN 2. O. 40. O. 
PASTURE 2. O. 40. O. 
POTATOES 1. 10. 36. O. 
NO ADVANCE RECESSION DATA 
REwo~K---SOIL # 2 
120. ACRE FA~MS .002 FT/FT SLOPE SCS FAMILY 1.0 (WITHERS) 
N0 CHOPS 4. 
ALFALFA HAY 
1.9 IN/FT 3• FT RZ ~0. RAM 19. TET .23 MET 20. ~CROP 
1-1 to "IN I N G 5 N • 1 5 
GPAIN 
1.9 IN/FT 3. FT RZ 50. RAM 12.3 TET .20 MET 35. tCROP 
IIAANNI!IJGS N .10 
PASTU~E 

2.2 IN/FT 2.~ FT HZ 50. RAilA 17. TET .19 ~~AET 15. ~CROP 
~ANNINGS N .cO 
POTATOES 
2.2 IN/FT 2.5 FT RZ 40. RAM 18. TET .28 ~ET 30. %CROP 
~ANNINGS N .00 
GRAVITY IRPIGATION SYSTE~ WITH GOOD MANAGEMENT 
TEST FIELD LENGTHS 1300.,1300., 1000et1000., 800.,800., b00.,600., 400 •• 400. 
ALFALFA 2. O. 40. O. 
GRAIN ?. 0• 40. O. 
PASTURE ?. O. 40. O. 
POTATOES 1~ 20. 36. O. 
HRS FR~w LAB .5 BORD .3~ ADn FQRW O. HORD O. WAGE OVER LIFE. 5.00 
DRN .4 LINE 2.5 STRF ?0. STRR ?0. MISCF 40. MISCB O. LEVELF 150. bOKD 200. 
LIFE FURROW ~QUIP 20. bO~DER 20. SALVAGE O. INTEREST 9.5, 
COST ANNUAL LAND PREP 2. LAND LOST TO PRODUCTION 250. 
ANNUAL MAINT ' INV 1. TAX AND l~S .5 ~ 
VALUE ~llNOFF O. VALUt DP O. 
NO SUHSlJQF ACE ORA IN AGE 
NO ADVANC~ AND HECESSION DATA FOP 1300 FT RUN 

1. HIGH FFFICIENCY 
LAG TIME IS 7. ~INUTES ASSU~ED FFFICitNCY R.ORD IS 70. % 
ALFALFA ?. O. 40. O. ONE THOUSAND 
GRAIN ?. Q. 40. 0. 



POTATOES 1. 20. 36. O. 
NO ADVANCE RECESSION D~TA 
~ L F t. L F A 2 • 0 • 4 0 • 0 • E. I G rl T HUN r, R F. D iL.~ ·····<?: 
f,RAIN 2. O. ~o. O. 
PASTU~F.: ?.. Q. 40. O. 
POTPTOES 1. ?.0. 3o. O. 
NO ADVA~CE RECESSION rATA 
ALF~LFA 2. o. 40. O. SIX HUNOPFD 
GRAIN 2. O. 40. U• 
PASTU~E ?. o. 40. O. 
POTATOES 1. 10. 36. O. 
~0 ADVANCE RtCESSION DATA 
ALFALFA 2. 0• 40. O. FOUR HUNDPfD 
GRAIN 2. o. ~o. O. 
PASTURE 2. o. 40. O. 
POTATOES 1. 10. 36. O. 
NO ADVANCE RECE~SION nATA 
REWORK---SOIL ~ 3 
100. ACRE FAR~S .002 FT/FT SLOPE SCS FA~ILY .5 (ALKFT ' BANNOCK) 
t-JO CF--OPS 3. 
ALFALFA HAY 
2.2 IN/FT 4. FT RZ 60. RAM 1Q. TET .23 MET 20. ~CROP 
MANNINGS N .1:, 
GRAIN 
2.? IN/FT 3.5 FT RZ 50. RAM 12.3 TET .20 MET 50. fCROP 
"'ANNINGS N .10 
POTATOES 
2.? IN/FT 2.5 fT kZ 40. RAM 1~. TET .28 MET 30. %CROP 
MANNINGS N o.OO 
GRAVITY IRRIGATION SYSTEM ~ITH GOOD MANAGEMENT 
TEST FIELD LENGTHS 1300.,1300.• 1000.,1000., 800.,Boo., 600 •• 600., 400.,400. 
ALFALFA 2. O. 40. O. 
GRAIN 2. o. 40. O. 
POTATOES 1. 20. 3o. o. 
HPS FkRW LAB .5 80RD .35 ADD FRR~ O. ~ORO O. WAGE OVER LIFE S.OO 
DRN .4 LINE 2.5 STRF 20. STRA ?0. ~ISCF 40. MISCB O. LEVELF 150. BOHD 200. 
LIFE FU~PO~ E~UIP 20. ~ORDER 20. SALVAGE O. INTEREST 9.5~ 
COST ANNUAL LAD PREP 2. LAND LOST TO PRODUCTION 250. 
ANNUAL MAlNT i !NV 1. TAX AND INSUR .s ~ 
VALUE RUNOFF O. VALU~ DP O. 
t-JO SURSU~F ACE ORA IN AGE 
~0 ADVANCE AND RECESSION DATA FOP 1300 FT RUN 

1. HIG~ EFFICIENCY 
LAG TIME - IS 7. MINUTES ASSU~EO EFFICIENCY RORD IS 70.% 
ALFALFA 2. Oo 40. O. ONE THOU~ANO 

GRAIN 2. o. 40. O. 
POTATOE~ 1. 20. 36. O. 
NO ADVANCE RECESSION DATA 
ALFALFA c• 0• ~0. O. EIGHT HUND~ED 
GRAIN z. 0. 40. O. 
POTATOES 1. ~0. 36. O. 
NO ADVANCE RtCtSSION DATA 
ALFALFA ?.. 0· 40. 0. SIX HUNDoEO 
GRAIN ?. 0. 40. O. 
POTATOES 1. 10. 36. o. 
NO ADVANCE PECESSION DATA 
OLF~LFA 2. o. ~o. O. FOUR HUNDRED 
GRAIN 2. o. 40. O. 
POTATOES 1. lU. 36. O. 
NO ADVANCE RECESSION DATA 
REWORK---SOIL # 4 
160. ACRE FAHMS .002 FT/FT SCS FA~ILY ?.0 <HAISETON-LA~ENZO) 

NO CROPS 4. 
ALFALFA HAY 
1.4 IN/FT 3o FT RZ 60. RAM 19. TET .?3 MET 20. ICROP 
~A.I'-'NINGS "I .15 
GRAIN 
1.4 IN/FT 3. FT RZ SO. RAM 12.3 TET .?0 MET 40. %CROP 
~A "' N I N G S N • 1 0 
PASTURE 
1.6 IN/FT 2.5 FT RZ SO. RA~ 17. TET .19 ~ET 20 ~CRO~ 
MANNlNGS N .20 
POTATOf.S 
1.6 IN/FT 2.5 FT RZ 40. RAM 1R. TET .?8 MET 20 ~CROP 
'-'AI\INING<:; N .00 
GRAVITY IRRlbATION SYSTFM WITH GOOD MANAGf~FNT 
TEST FIELD LENGTHS 1300 •• 1300.• 1000.,10no •• 800 •• 800., 600 •• 600., ~00.,400. 
ALFALFA 2. O. 40. O. ONf THOUSAND 
GPAIN 2. o. 40. O. 
PASTURE ?. o. 40. O. 
POTATO~~ 1. 20. 36. 0. 
HRS FRR~ LAH .~ H.ORO .3~ ADD FPRW O. BORD O. wAGE OVEH LIFE S.OO 
DPN .4 LINE 2.~ ~TRF 20. STAR ?0. MISCF 40. MISCH 0~ LEVELF 150. PO~O 200. 
LIFE Ftr:~o()w E.C.:UIP ?0. ~ORD~o 20. SALVAGE 0. INTEREST ~.5% 



ANNUAL MAINT % !NV 1. TAX AND JNSUR .5 ~ 
VALUE RUNOFF O. VALUt: OI-l 0, 
N(l SUHSU~FAC!:. D~Alf\!AGE 
NO ADVANCE AND RECESSION DATA FOR 1300 FT RUN 

1. HIGH EFFICIENCY 
LAG TIME IS 7. ~INUTES ASSUMEO EFFICIENCY RORU IS 70. ~ 
ALFALFA 2. 0. 40. O. ONF TrlOUSANO 
GRAIN 2. o. 40. O. 
PASTURE 2. o. 40. O. 
POTATOE~ 1. 2U. 3b. O. 
~0 AOVANCE ~ECESSIO~ OATA 
ALFALFA 2. 0• ~o. O. EIGHT HUNORfD 
r.PAIN 2. o. 40. O. 
PASTURE 2. 0· 40. O. 
POTATOES 1. 20. 36. O. 
NO ADVANCE ~ECtSSION DATA 
ALFALFA 2. o. 40. O. SIX HUNDRED 
GRAIN 2. 0• 40. O. 
PASTURE 2. O. 40. O. 
POTATOE~ 1. 10. 36. O. 
NO ADVANCE Rf:.CESSION DATA 
ALFALFA 2. 0• 40. O. FOU~ HUNDRED 
GRAIN 2. o. 40. O. 
PASTURE 2. o. 40. O. 
POTATOES 1. 10. 3b. O • . 
NO ADVAI~CE RtCESSION DATA 
END 

1[:::;: .. "" ::::~~ 



!111 VI Ul-\11-\ rVI"\ 1-\r".:'>J.:> 1"\VUili~C \.vrr\li 'I"Ltl~ .;)l.;)lt:./"\;;>) 

4. SOIL TYPES (ANNIS:wtTHEPS:RLKFT&~ANNOCK:HAISETON&L~BENZO) 
AO. ACPE FARMS .002 FT/FT SLOPE SCS FAM }.0 (ANNIS) 
NO CROPS 4. 
ALFALFA HAY 
?.4 lN/FT 4. FT ~z hO. RAM 19. TET .?3 MET 20. ~CROP 
~ANNlNG<; N .1~ 
GRAIN 
?.4 TN/FT 3.5 FT HZ 50. RAM 1?.3 TET .?0 ~ET 35. ~CROP 
MANNING<; N .10 
PASTUPF. 
2.4 IN/FT 2.~ FT RZ ~0. ~AM 17. TET .19 MET IS. f.CROP 
MAf\JNINGS N .20 
POTATOES 
?.4 1~/FT 2.5 FT RZ 40. RAM 1~. TET .?P ~ET 30. ~CROP 
M HI N I N G S N • 0 0 
~A"JDMOVF.----hANO MOVE SP~INKLfP SYSTEM--ANNIS SOIL 
LENGTH OF LATERAL 1300. SPACING OF LATEPAL SO. 
TIME Tn MOVE LATERAL 7~. MIN SFT LENGTH TI~ES 6.,8.,12.,24.,36. 
OVERALL EFFICIENCY 75. ~ OTHER LOSSES S. ~ 
MAXl~UM ALLOWA~LE INTAKE 0.8 JPH 
COST OF LATERAL 1600. (PIPE&HFADS&RISERS) SYSTEM LIFE 15. INT 9.5 ~ , 
TAX&INSURANCE 1. ' SALVAGE 13. ~ MAINT 3. % CONTI~GENCY 10. % 
LATEHAL MOVING LABOR RATE ~.00 TRANSPORT Tl~E 2.0 ~H 
VALUE 0F OP i 0.00 I ACRE 
MAIN PIPE SIZE b.O INCH 600. FT ~ 3.65 SIZE 6.0 LENGTH 700. COST ~ 2.30 
THE MAT~LINE IS NOT HURlED 
LIFE OF MAIN 20. INTEREST 9.5 SALVAGE 9. % TAX~INS 1~ % MAINT 3. ~ 
VALUE OF LAND LOST TO PRODUCIO~ f 0.00 /ACRE 
SIDE ROLL---SIDE ROLL ~~ELL LINE SPQINKLEP SYSTEM--ANNIS 
LENGTH OF LATt~AL 1300. FT SPACING OF LATERAL 50. FT 
TIME TO MOVE 30. MINUTES SET TI~ES 6.,P.ol?.,24.,36. HOURS 
OVFkALL EFFICIENCY 75. ~ OTHER LOSSES 5. % 
MAXI~UM ~LLOWA8LE INTAKE ' RATE .~ IPH 
COST OF SIDEkULL i 5400. (THUNOERAIRD) LIFE 15. YR INTEREST 9.~ ~ , 
TAX&INS 1. I SALVAGE 10. % MAINTENANCE 3. ~ CONTINGENCY 10. ~ 
LAROR RATE 5.00 T~ANSPORT BETWEEN IRRIG 1.0 HOURS 
VALUE OF DEEP PER~OLATIO~ $ n.OO 
MAIN PI~E SIZE 8.0 INCHES 600. FT f 3.65 AND 6.0 700. FT $ 2.30 
THf MAINLINE IS NOT BURIED 
~AINLIFE IS ~0. YR INTEREST 9.5 ~ SALVAGE 9. % TAX&INS 1. % MAINT 3. ~ 
VALUE OF LA~U LOST TO PRODUCTION IS $ 0.00 PER ACRE 
SOLID SET---SOLID SET FOR POTATOFS---ANNIS SOIL 
LENGTH OF LAT~RAL 650. FT SPACING OF LATERALS SO. FT 
TI~f TO SET LATEPAL 2. MINUT~S SET TI~E LENGTHS 6,,b.,l2.,16.,24.•Jbe 
OVE~ALL EFFICIENCY AO. i OTHER LOSSES 5. ~ 
MAXIMUM ALLO~A~LE INTAKE RATE IS 0,8 IPH 
COST OF LATEkAL $ 800. 15. YR LIFE INTEREST 9.5 I , 
TAX~INS 1. ~ SALVAGE 13. % MAINTENANCE 3. ~ CONTINGENCIES 10. ~ 

NO THE LINE IS NOT BURIED 
LA80R RATE ~ ~.00 TRANSPORT 0.0 
VALUE OF DP IS $ 0.00 
MAIN PIPE SIZE 8.0 INCHES 600. FT ~ 3.b5 t.O 700. FT ~ 2.30 
THE MAI~LI~E IS NOT ~UPIED 
~AINLINE LIFE 20. YR INTEREST 9.5 ~ SALVAGE 9. ~ , 
TAXLINS 1. ~ MAINTENCE 3. % 
VALUE OF LAND LOST TO PHODUCTION IS ~ O.Or PER .ACRE 
REWORK---SOIL # 2 C~ITHERS) 
120. ACRE FAkMS .002 FT/FT SLOPE SCS FAMILY 1.0 (wiTHERS) 
NO CROPS 4. 
ALFALFA >4AY 
1.9 IN/FT 3. FT kZ ~0. RAM 19. TET .23 MET 20. ~CROP 
MANNINGS N ,15 
(7 F-i A IN 
1.9 IN/FT 3• FT kZ SO. RAM 12.3 TET .20 MET 35. ~CROP 
MANNit-."GS N .10 
PASTURE 
2.2 IN/FT 2.5 FT ~l 50. RAM 17. TET .19 MET 15. %CROP 
M,A~JNINGS N .t!O 
POTATOES 
?.2 IN/FT 2.5 FT RZ 40. RAM 18. TET .?8 MET 30. ~CROP 
MANNINGS N .00 
HANDMOVE----HAND MOVE 5FR!NKLEP SYSTEM--WITHERS SOIL 
LENGTH OF LATERAL 1300. FT SPACING 50. FT 
TI~F TO MOVE LATERAL 75. MIN SET LENGTH TIMES 6.,8.,12 •• ?4,,36. 
OVERALL FFFICIENCY 75. ~ OTHER LOSSES 5. ~ 
MAXIMU~ ALLO~AbLE INTAKE RATF O.R IPH 
COST OF LATERAL lbOO. (PIPE~RISFRS&HEADS) SYSTEM LIFE 15. INT 9.5 ~ , 
T~X&lNS 1• ~ SALVAGE VALUE 13. ~ MAINT 3. ~ CONTINGENCY 10. i 
LATERAL ~OVING LAHOR ~ATE ' S.OO TPANSPOPT TIME 2.0 HR 
VALUE OF DEF~ ~ERCOLATIO~ ~ n.oo 
MAIN PIPF SIZE 10. INCH 410. FT ~ 4.70 P. 900. FT $ 3.65 6. 70U. FT ~.3 
THE ,_.,AI"'L!Nf IS NOT H!JRIED 
LIFf OF MAIN 20. INTE~EST 9.5 ~ SALVAGF R. ~ TAX~lNS 1. ~ MAINT 3. ~ 



LfNGTrl OF LATtHAL 1300. FT SP~CING OF L~TERALS SO. FT 
Tlf-Af TO MOVE LATEHAL 30. MIN SET TIME LFNGTHS 6.,8 •• 12.,24 • .36. C~·- · · ·· !~: :~o 
OVERALL EFFICIENCY 75. ~ OTYER LOSSES ~. ' 
~AXI~UM ALLOWAHLE INTAKE HATE o.q IPH 
COST OF SIDEROLL ~ S40Q. <THUNDfPRIRD) LIFE 1S. INTlREST 9.5 ~ , 
TAX&JNS 1. ~ SALVAGE 10. ~ MAJNT 3. % CONTINGENCIES 10. % 
LAHO~ PATE $ ~.00 TR~NSPOHT TI~f 1.0 HP 
VALUE OF OP ~ 0.00 
~AI~ PIPE SIZ~ 10. INC~ 410. FT . ~ 4.70 A. 900. FT ' 3.65 6. 700. FT $ i.30 
TI-1E t~.AINLJNF. 1~ NOT RU~IED 
MAINLIFE IS 20. Yk INTEREST Q.S .% SALVAGf A. I TAX~INS 1. ~ ~AINT 3. ~ 
VALUE OF LAND LOST TO PRODUCTION ~ 0.00 
SOLID SET---SOLID SET FOR POTATOFS--WITHFRS SOIL 
hSO. FT LATERAL SO. FT SPACING 
Tl~E TO ~ET LATERAL ?. MIN S~T TIME LENGTH h •• H.,l~.,24 •• 36. 
OVERALL FFFIClENCY AO. ~ O~HER LOSSES S. ~ 
~AXl~U~ ALLOW~~LE INTAKF RATE IS O.A IPH 
COST OF LATEHAL $ 800. 1S. YR LIFE INTEPE§T 9.5 ~ , 
TAX~INS 1. ~ SALVAGE 13. ~MAINTENANCE 3. %CONTINGENCIES 10. % 
NO THE LATEPAL LINE . IS ~OT AURIED 
LA~OP RATE ' 5.00 TRANSPORT TIME 0.0 
VALUE OF DP ~ 0.00 
'-1 A I N P I P E S I l E 1 (J • I ''' 4 1 0 • F T ~ 4 • 7 0 ~ • I N . 9 0 0 • F T $ 3. b S 6 • 7 0 0 • $ ~ • 3 0 
THE MAINLINE IS NOT HU~IED 
MAINLINE LIFE 15 20. YR INTEREST 9.5 I SALVAGE 8. ~ TAXLINS I. % ~AINT 3. ~ 
VALUE OF LAND LOST TO PRODUCTION $ 0.00 
RF~OR~---SOIL ~ 3 (BLACKFOOT AND BANNOCK) 
IOO. ACRE FA~~S .002 FT/FT SLOPE SCS F~~ILY 0.5 (BLKFT & bA~~OCK) 
NO C~OPS 3. 
liLFALFA HAY 
?.?. IN/FT 4. FT RZ 60. RAM 19. TET .?3 MET 20. ~CHOP 
~. MJNII\:GS N .15 
GRAIN 
2.2 IN/FT 3.5 FT RZ 50. RAM 12.3 TET .20 MET SO. tCROP 
~Af'. ' N I NGS N .1 0 
POTATOES 
2.2 IN/FT 2 .• ~ FT RZ 40. RAM 18. TET .?8 ~ET 30. ~CROP 
t-" A ~J N IN G S N • 0 0 
HAND~OVE----~AND MOVE SPRINKLER SYSTEf-'1--PLKFTkBANNOCK 
LFNGT OF LATERAL 1300. FT SPACING 50. FT 
TIME TO MOVE LATEPAL 75. ~IN SET LENGTH TIMES 6.,8 •• 12.,24.,36. 
OVE~ALL EFFICIENCY 75. ~ OTHER LOSSES S. ~ 
~AXI~U~ ALLOWAHLE INTAKE RATE O.S IPH 
COST OF LATERAL 1600. IPIPE~PISERS~~EAOS) SYS LIFE 15. YR INTEPEST 9.5 ~ , 
TAX&INS l• ~ SALVAGE 13. % f-AAINT 3. ~ CONTINGENCIES 10. % 
LATfRAL MOVING LA~OR RATE ~ 5.00 TRANSPORT BETWEEN IRRIG 2.0 HR 
VALUE OF DP $ 0.00 
MAIN PIPE SIZE &. INCH 975. FT $ 3.65 ~. IN 700. FT $ 2.30 
THE MAINLINE IS NOT RURJED 
LIFE MAIN 20• YR INTEREST 9.S ~ SALVAGE P.S J TAX~INS 1. % ~AINT 3. ~ 

VALUE OF LAND LOST TO PRODUCTION $ 0.0 
SIDE RnLL---SlDE. ROLL WHEEL LINE SPQINKLER SYSTEM--8LKFT&BAN~OCK 
LENGTH OF LATERAL 1300. FT SPACING OF LATERAL 50. FT 
TIME TO ~OVE 30. MIN SET TIME L~NGTHS 6 •• &.,12 •• 24 •• 36. 
OVERALL EFFICIE~CY 75. ~ OTHER LOSSES 5 ~ 
MAXIMUM ALLOWA~LE INTAKE RATE 0.5 !PH 
COST OF SIDEROLL ~ 5400. ~THUNDFQBJPD) LIFE 15. YR INTEHEST 9.5 % , 
TAX&INS 1. ~ SALVAGE 10. ~ MAINT 3. ~ CONTINGENCIES 10. % 
LAAOR RATE ~ 5.00 TRANSPORT 1.0 HR 
VALUE OF DP $ 0.00 
MAIN PIPE SIZt ~.0 INCH 97S. FT ~ 3.6S 6.0 INCH 700. FT b 2.30 
MAINLINE IS NOT BURIED 
LIFE MAIN 20. YR INTEPEST 9.5 % SALVAGE 8.5 I TAXLINS 1. % M~INT 3. ~ 
VALUE OF LAND LOST TO PRODUCTION $ 0.00 
SOLID SET---SOLID SET FOR POTATOES--A~NIS SOIL 
6SO. FT LATERAL 50. FT SPACING 
T I ME T 0 S E T LA T ERA L 2 • ~q N S E T T I ME L E r-1 G T H ~ 6 • t 8 • • 12 • , 2 4 • , 3 6 • 
OVERALL F.FFICI~NCY 80. % OTHER LOSSES S. ~ 
~AXIMUM ALLO~A6LE INTAKE RATE .~ IPH 
COST OF LATERAL $ 800. lS. YR LIFE INTEREST 9.S ~ , 
TAX&IN~ 1. ~ SALVAGE 13. ~MAINTENANCE 3. ~CONTINGENCIES 10. % 
NO THE LINE IS NOT ~URIED 
LAROH PATE $ ~.00 TRANSPORT o.~ 

VALUE OF OP IS ~ 0.00 
MAIN PIPF SIZE 8.0 INCH ~7S. FT ~ 3.65 6.0 INCH 700. FT ~ 2.30 
THE MAINLINE IS NOT HUkiED 
LIFE MAIN 20. Y~ INTEREST 9.5 ~ SALVAGE ~.5 ' TAXLI~S 1. ~ M~INT 3. ~ 
VALUE OF LA~O LOST TO PRODUCTION IS $ 0.00 /ACRE 
PEWORK---SOIL • 4 (HAISETON~LARENZO) 
160. ACRE FA~MS .002 FT/FT SCS FAMILY ?.0 (HAISETON-LA3ENZ0) 
NO Cf<OPS 4. 
ALFALFA HAY 
1.4 1~/FT ]. FT RZ hO. RAM 19. TEl .23 ~ET 20. ~CROP 
MAIIJNlNGS N .15 
GPAlN 



1.4 lN/FT 3. FT HZ SO. RAM 1?.3 TET .20 ~ET 40. ~CROP 
tv~ AN r J I I'; G S N • 1 0 C.:: - ·· -c:: ,. 
PAS TURF 
1.~ INIFT 2.S FT RZ ~o. RAM 17. TET .• 19 MET 20. tCROP 
M A"' N I N G S N • 2 0 
POTATOES 
1.~ lN/FT 2.5 FT RZ 40. RAM lA. TET .2~ MEl 2 u . ~CROP 

. t-1ANNINGS N .00 
HANOMOVE----HANDMOVf SP~lNKLER SYSTEM--HA 7 SETON&LA~ENZ0) 
LENGT~ OF LATERAL 1300. FT SP~CING OF LATERAL SO. FT 
TIME TO M0VE LATERAL 7S. MIN SF.T LENGTH TIMES 6.,8.,12.,24.,36. 
OVERALL EFFICIENCY 7~. ~ OTHER LOSSES S. ~ 
MAXIMUM OLLO~ABLE INTAKE RATE 1.S IPH _ 
COST OF LATERAL $ 1600. <PIPE&HEADS&RISEPS> LIFE 1S. Y ~ INTEREST Y.5 % , 
TAX&INS 1. ' SALVAGE 13. I MAINT 3. ~ CONTINGENCIES 1 ~ . % 
LATE~AL MOVING LABOR R~TE $ S.OO TRANSPORT T!ME 2.0 HR 
VALUE nF DP i 0.00 PER ACKE 
MAIN PIPE Sill 10. IN 1000. FT $ 4.70 8. 900. FT $ 3.6S 6. 700. $ 2.30 
THE MAINLINE IS NOT HURlED 
LIFE MAIN 20· Yk INTEREST 9.S ~ SALVAGE A. % TAX~INS 1. % MAINT 3. ~ 
VALUE OF LAND LOST TO PHODUCTION $ 0.00 
SIDE ~OLL---SIDE ROLL WHEEL LINE SPPINKLER SYSTEM--HAlS~T C N&LAHENZO 
LENGTH OF LATERAL 1300. SPACING dF LATERAL SO. FT 
TIME TO MOVE LATERAL 30. MIN SfT TIME LfNGThS 6.,8 • .12.,24.,36. 
OVERALL EFFICIENCY 7S. ~ OTHER LOSSES 5. ~ 
MAXIMUM ALLOWABLE INTAKE RATE 1.5 IPH 
COST OF SIDEROLL $ 5400. <THUNDFoBIRD) LIFE 15. INTEkEST 9.5 % , 
TAX&INS 1.% SALVAGE 10.% MAINT -3. ~ CONTINGE~CIES 10.% 
LABOR qATf $ 5.00 TRANSPORT R~TWEEN IRRIGATIONS 1.0 HR 
V~LUE OF DEE~ PERCOLATION $ 0.00 
MAIN PIPF. SIZ~ 10. IN 1000. FT ' 4.70 8. IN 900. FT i 3.6S 6. 700. $ 2.30 
THE MAINLINE IS NOT RUPIED 
LIFE MAIN 20. YR INTEREST 9.5 ~ SALVAGE P. ~ TAX&INS 1. ~ MAINT 3. ~ 
VALUE OF LAND LUST TO PRODUCTION $ 0.00 
SOLID SET---SOLID SET FOR POTATOES--HAI~ETON&LA8ENZO 
6SO. FT LAT~RAL SO. FT SPACING 
TIME TO ~ET LATE~AL 2. ~IN SET TIME LENGTHS 6.,8.,12.,24 •• 36. 
OVERALL EFFICIENCY BO. ~ OTHEP LOSSES 5. % 
M~X!~UM ALLOwAbLE INTAKE RAT~ IS 1.5 IPH 
COST OF LATERAL S 800. LIF~ 15. YR INTEREST 9.5 ~ , 
TAX~INS }. ~SALVAGE 13.% MAINT 3. ~CONTINGENCIES 10. ~ 

NO THE LATERAL IS NOT RURIED 
LAROR RATE \ 5.00 TRANSPORT 0.0 
VALUE OF DP 15 0.0 
MAIN PIP~ SIZi 1~. IN 1000. FT ~ 4.70 8. IN 900. FT $ 3.6S 6. 700. ~ 2.30 
T H F M A I ~ ~ L I N E I S N 0 T H UP IE D 
LIFE MAIN 20. YP lNTEPEST 9.5 ~ SALVAGE 8. ~ TAX~IN~ l. ~ MAINT 3. ~ 
VALUE OF LA~D LOST TO PRODUCTION ~ 0.00 
CENTER PJVOT-HAISETON~ LABENZO 
LENGTH 1?98.5 FT CVALLFY W/COPNfP SYSTF~) 0. SPACING 
0.0 TI~E TO MOVE LAIEPAL SET TIMES 20 •• 24 •• 36.,48. 
OVE~ALL ~FFICIE~CY 90. % OTH~P LOSSES 0. ~ 
MAXIMUM ALLO~A8Lf INTAKE RATE 1.5 IPH 
SYSTEM COST (~/COkNERl $ 39000. · LIFE 20. YEARS INT 9.5 % , 
TAX~INS 1. ~ SALVAGE 5. ~ MAINT 1. % CONTINGENCIES 10. i 
LA80R RATE i 5.00 TRANSPORT TIME 1. HOUPS 
VALUE OF DP IS 0.0 
R. INCH MAIN <COAL TAR) 1300. FT ~ 3.75 /FT 
Tf-IE ~AIN LINt. I~ BURIED. BUT COST IS FIGURED INTO PIPE PRICE 
~AINLINE LIFE 40. YR JNT _Y.5 % SALVAGE 0. ~ TAX~INS 1. % MAINT l. ~ 
VALUE OF LAND LUST TO PRODUCTION $ 0.00 
E"J[) 



INPUT DATA FOR CANAL ROUTINE 

COM~ON EXC .59 COM STW ?.75 COM ~!PH 2.1~ COM PIP 2.75 HOCK CAN ~.75, 
POCK STR 5.30 kOCK SIPH 5.40 Q0CK PIPE ~.40 
BACKFILL CAN 1.20 HF STP 1.~~ RF SJPH .P3 KF PIPE 1.04 8P .30 CON~ EM eHU, 
CO~P AF 4.1h UHAUL .H~ /YO MJ 
CONCRETE JN LINING 50. CON STR 150. CON SJPH 146. STEEL .50 CE~ 3.Ho 
p I P E LA Y.E P 1 0 • 0 0 E Q IN 1 • 2 ARE A • 8 H D 2 0 0 • , 2 0 0 • M IN E. R 9 • 6 3 S I 1 • l 0 C I 1 • 0 
1. THIS IS FO~ A REHA~ILITATION OF AN EXISTING CHANNEL 
REAU---LINEU CAN~L REACH NUMRFQ ONE 
CONT CAN 10. E.AkTH 10. ~OW 0. LINE 5. CI 1.06 COD~ 1. UR P~T CEM 
OESIGN ~tOE SLOPE 1.5 OUTSIDE 7 1.5 M~NNINGS .017 M!NV 1.2 MAXV 7.0 D 1.0 
WIDTH C RPIQGE 31.7 COST 25. WIDTH F RR!OGE. 22. COST 18. 
LIFE 50. !NT 7.0 SAL 0.0 <NO SALVAGE DUE TO COST OF REMOVING STRS) 
VALUf OF ~ATEH LOST O. NO OF DAYS CANAL IS OPERATING 120. OTHER LOSS 2. 
SEEP COFF .2 PRESENT ROW 45. SOO. SEVERANCE O. 250. XBRW 3.0 MILES 
LENGTH 6750. OUTLET ELEV 4891.4 INLET 4907.4 TO 4893.71 
TUPNOUTS 5. OF 2. CFS 1. OF 4. CFS 
O. 0. O. NO DRAINAGE CROSSINGS 
O. DRPS 4. CH~S 0. FLUMES 0. CR O. FB O. SIPHON O. TUNNEL 

L~- ·· 

R~ 19. z 1.2 BH 4.4 LHw 3. RBW 3. LOZ 1.3 ROZ 3.0 EL 4910.8,4911.8,~d94.8,4845.8 
MIN Q= 40. ~AX Q = 120. QINTERVAL= S.O 
SKIP---LINEO C~NAL REACH 2 
SEEP COEF .2 PkOW 45. 500. SEVERANCE O. 250. XdRW J.O MILES 
LENGTH 6490. OUTLET ELEV . 4883.9 INLET 48Q}.4 TO 488b.8 
TURNOUTS 1. OF 3 •• 2. OF 4. CFS 
o. o. o. NO OHAlNAGE CROSSINGS 
O. DRPS 4. CHKS O. FLU~ES o. CR o. FB O. SIPHON O. TUNNEL 
BW 16. Z 1.6 ~H 4.5 L8W 4. PBW ~. LOZ 2,4 ROZ },3 EL 48~4.2,4893.h,4d~7.l,4886. 

MIN G 30. MAX Q 90. GINTERVAL 5.0 
SKIP---LINED CANAL REACH 3 
SFEP COEF .2 PROW 45. SOO. SEV O. 250. XBRw 3.5 MILES 
LENGTH 2700. OUTLET ELEV 48A0.7 INLET 4883.9 TO 4881,1 
TURNOUTS 1. OF 2., 1. OF b. CFS 
O. O. 0. NO ORAINAGE CROSSINGS 
1. DRP 2. CHKS O. FLUMES O. CB O. FA O. SIPHON O. TUNNEL 
A~ 12. z 1.3 BH ' 5,4 L~W 3.5 RBW 3. LOZ 1.4 ROZ 1.7 EL 4885.2•4884.9,4882.e48Al. 
~IN Q 15. MAX Q 45. QJNTERVAL 3.0 
SKIP---LINfD CANAL REACH · 4 
SEEP COEF .2 PROW 45. 500. SEV O. 250. XHRW 3.8 MILES 
LENGTH 1040. OUTLET ~LfV 4B77.q INLET 4880.0 TO 4879.4 
TlJPNOUTS }. OF 4. CFS 
o. 0. O. NO DRAINAGE CROSSINGS 
O. DWPS 0. CHKS 0. FLUMES O. C~ O. FB O. SIPHON O. TUNNEL 
BW 12. z 1.3 8H 5.4 L8~ 3.5 RBW 1. LOZ 1.4 ROZ 1.7 E 4H81.3,48B0.9,4H79,2,4878. 
MIN Q 9. MAX U 36. QINTERVAL 3.0 
S~IP---LINED C~NAL REACH 5 
SEEP COEF .2 PROw 40. 500. SEV O. 250. XBPw 4.5 MILES 
L~~GTH 5700. OUTLET ELEV 4867.2 INLET 4877.9 TO 4871.7 
TURNOUTS 1. OF 2., 3. OF 3. CFS 
O. O. 0. NO DRAINAGE CROSSINGS 
O. DRPS 2. CHKS O. FLUMES O, CB O. FB O. SIPHON O. TUNNEL 
R~ 10. 7 1. BH 5. LHW 1. RBW 1. LOZ 7. R07 3.5 E 4880.,4~79.7.4871.2,4870.2 
~IN Q q, MAX Q 30. QI~TERVAL 3.0 
SKIP---LINED CANAL REACH h 
SEEP COEF .2 P~OW 45. 500. SEV O. 250. XARW 5.0 MILES 
LENGTH 2080, OUTLET ELEV 48~2.8 INLET 4867.2 TO 486~.3 
TURNOUTS 1. OF 3, CFS 
O. o. O. NO DR~INAGE CROSSINGS 
O. DRPS o. CHKS 0. FLUMES o. CA o. FB 0. SIPHON O. TUNNEL 
B~ 11. Z .62 BH 3.2 L8w 5. QBW R. LOZ .57 ROZ 1. E 4868.b,4870.3,48b4.2,4db5.9 
MIN G 4.0 MAX ~ 16.0 UINTERVAL 2.0 CFS 
SKIP---LINED CANAL REACH 7 
5EEP COf.F .2 PROw 45. ~00. S~V O. 250. XRRW 5.5 MILES 
LENGTH 2600. OUTLET ELEV 4857.8 INLET 486?.8 TO 4860.3 
TURNOUTS 1. OF 2., 1. OF 3., 1• OF 4. CFS 
o. O. O. NO DWAlNAGE CWOSSI~GS 
O. DRPS 2. CHKS O. FLUMES O. CR O. F~ O. SIPHON O. TUNNEL 
B~ 11. Z .6? HH 3.2 L8W 5. RBW 8. LOZ .57 ROZ 1. E 4~b4.2.4H65.~.4d5~.2 9 4~b0.9 
MIN Q 4.0 MAX Q 12.0 QINTERVAL 1.0 CFS 
SKIP---LINED CANAL REACH 8 
SEEP COfF .2 ~ROw 10. 500. SEV O. 250. XHRW 3,0 MILES 
LENGT~ 6750. OUTLET ELEV 4~R9. INLET 4900. TO 4891.5 
TURNOUTS 3. OF 2., 1. OF 3., 1. nF 6,, ~NO 1. OF 12. CFS AT INLET 
o. 0. o. NO URAINAGE CROSSINGS 
O. DRPS 4. CHKS O. FLUMES O. CR O. FB O. SIPHON O, TUNNEL 
8~ 4. Z 1. RH 4. LBW ?. RRW 2. LOZ 1. R07 1. E 4902.,4902.,48~1.,4H9l. 
M I N Q S • 0 ,.. A X (,) 1 7 • 0 <H NT E R V ~ L ~ • 0 C F S 



SKIP---LINED CANAL REACH 9 
SEE fJ C 0 E F • 2 P R 0 W 3 0 • 5 0 0 • Sf V 0 • 2 5 0 • X 8 R ~ 3 • 5 M 1 L E S L: ·-- · :!:: ;: 
LENGTH 2300. OUTLET ELEV 4877.0 INLET 4PR2.5 TO 4880.5 
TURNOUTS ~. OF 2. CFS AND 1. OF h. CFS AT INLET 
0. 0. 0. NO DRAINAGE CPOSSINGS 
0 • DR P S 2 • C H K S 0 • F l tJ ,.., E S 0 • CR. 0 • F B 0 • S I PH 0 N 0 • T UN N E L 
RW ~. 7 l• ~H 4. LRH 3. RHH 3. _L0Z 1. R07 1. E 4RB5.5,4k~5.5t4880.t48~0. 
MIN Q 2.0 "1AX IJ t-.0 qiNTERVAL 1.0 CFS 
SKIP---LINED CANAL REAC~ 10 
SEEP COEF .2 P~OW 40. 500. SEV O. 250. XAR~ 4.0 ~ILES 
LENGTH SSOO. OUTLET ELEV 4~67.S INLET 4R~?..O TO 4870.5 
TURNOUTS 2. OF 2., 1. OF 5. CFS AND 1. OF 14. CFS AT INLET 
O. O. O. NO DRAINAGE CROSSINGS 
O. DR~S 4. CHKS O. FLUMfS O. CH O. FB O. SIPHON O. TUNNEL 
8W 10. Z .9h HH 5.2 LAW 3. RBW 1. LOZ 2.3 ROZ 4.2 E 4~H6.3.4d84.7,4871.8t4H70.3 
MIN W 6.0 MAX Q 20.0 QJNTERVAL ?.0 CFS 
SKIP---LINED CANAL REACH 11 
SEEP COEF .2 PkOw 20. 500. SEV O. 250. xRRW 4.0 MILES 
LENGTH 3110. OUTLET ELEV 4874.0 INLET 488].0 TO 4875.5 
TURNOUTS 3. OF 2. CFS AND 1. OF A. CFS AT INLET 
o. O. o. NO D~AINAGE CROSSINGS 
0. ORPS 2. CHKS O. FLUMES O. CP O. FH O. SIPHON O. TUNNEL 
RW 4. Z 1. RH 2. LHw ?. RHW 2. LOZ 1. ROZ 1. E 4882.,4882.,4875.,4d75. 
MIN Q 2.0 MAX Q 1.0 QINTERVAL 1.0 CFS 
END OF DATA-----BYE!!! 
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I.N°UT DATA FOR PIPE ROUTINE (GRAVITY) 

1. THIS PIPE IS TO RE LAVED IN AN EXISTING CHANNEL 
CO~MON fXC .5Y COM5TR 2.75 COM5IPH 2.1~ COMPIP 2.75 ~OCKCAN 2.75 ~OCKSTH S.3o, 
POCK SlPH 5.40 HOCKPIP[ 5.40 . 
PACKFILL CANAL 1.~0 RFSTR .1.56 RF51PH .PJ 8FPIPE 1.04 8EDPREP .jO COMPEM .so, 
COM~8F 4.16 OHAUL .85 /YD Ml 
CONC~ETE IN LINING ~0. CONSTR 1~0. CONSJPH 146. STE~L .50 C~M 3.b0 
READ---GRAVITY PIP~ HfACH NU~RFP 1 
WAGE PJPELAYE .... 10.00 EQliJP INDF.X 1.0 AF 1. HD 80. HO ~00. CODE 1. CIL>X 1. t 
DEPTH OF FILL 4.0 HEADCLASS 15. FEfT 
CONTINGIENCIES EAHTH 10. STEfl 1~. qQw O. CONC~ETE lS. STEEL 12. PIPl 10., 
PVC HEAD CLA~S 1. 
50. YEAR LIFE INTEREST 7.0 ~ SALVAGE VALUE 5. % 
o •• o.,o.,n. NO STEEL T~NK 
LENGTH 6750. H0LU 4900.8 ELO 4AA7.0 HGLt 4910,8 Ell 4Y04,0 
PIPE TYPF = 4. 
WATE~ HAMMER = 1.0 
WIDTH EASEMENT=SAME AS PRESENT= 45. CV O. · OV O. Pl O. R O. BRRW 3.0 MILES 
TURNOUT CODE O. MISC=TWENTY INCH AUTTERFLY~FLANGE $ 1275, 
TURNOUT c;IzES IN INCHES= 5. OF q. INCH 1. Of 12. INCHES 
R~ 1~. z 1.? ~h 4.4 LH~ 1 3. RRW 3. LOZ 1.3 ROZ 3.0 El 4910.8,4911.bt4~94.~t 
4R95.8. ROw 4~. OELI 4907.4 OFLO 4891.4 
~INQ 40. MAXQ 120. QJNTERVAL 5.0 
SKIP---GRAVITY PIPE REACH 2 
LENGTH h490. HGLO 4~q3.0 ELO 4879.5 HGLI 4900.8 ELI 4d87.0 
PIPt. TYPE 4. 
~ATER YAMMER = 1.0 
EASfMENT 45. CV u. OV O. Pl O. ROCK O. 8PRw 3.0 MiltS 
TUPNOUT CODE O. MISC=FOURTFEN&TWENTY INCH ~UTTERFLYLFLANGE $ 1850. 
TURNOUT SIZE 1. OF 10. INCH 1. OF 12. INCH 
8~ 16. z l.h BH 4.5 LBW 4. RRW h. LOZ 2.4 ROZ 1.3 EL 4894,2,4893,6t4d87.l• 
488b.3.ROW 4S, OELI 48~1.4 OELO 4883.9 
~INQ 30. MZXQ 90, QINTERVAL 5.0 
SKIP---r.RAVtTY PIPE REACH 3 
LENGTH ?700. HGLO 4890. ELO 4R75. HGLI 4893. ELI 4879.5 
PIPE TYPE 4. 
WATER HA~MER = 1.0 
EASE~ENT 45. CV O. OV O. Pl 0, ROCK O. PPPW 3.5 MILES 
TURNOUT CODE O. O. 
TURNOUT SIZE 1. OF 8. INCH 1. OF 14. INCH 
PW 12. l 1.3 bH 5.4 L 8 ~J 3.5 R~W 3.0 LOZ 1.4 ROZ 1.7 EL 4885.2•4~~4.dt48~2.0t 
4RA1.6 ROW 45. uELI 4HP3.9 OfLO 4880.7 
MINQ 15. MZXG 45. QI NTERVAL 3.0 
SKIP---GRAVITY PIPE REACH 4 
L~NGTH 1040. HGLO 48A7.9 ELO 4A73.0 HGLI 48QO.O ELI 4875.0 
PIPE TYPE 4. 
WATER HAMMER = 1.0 
F.ASE~E~T 45. CV D. OV O, Pl 0. ROCK O. PPRW 3.8 MILES 
TURNOUT CODE O. O. 
TUqNQUT SIZE l. OF 12, INCH 
AW 12. z 1.3 HH 5.4 ALW 3.5 RAW 1.0 LOZ 1.4 ROZ 1.7 El 48H1.3,4680.9,4b7~.2, 
4~78.8 ROW 4~. OELI 4b~O.O OELO 4877,9 
MlNO 9. MIZQ 36, QINTEPVAL 3,0 
SKIP---GRAVITY PIPE RfACH 5 
LENGT~ 5700. HGLO 4879.2 ELO 4A~4.S HGLI 48H7.9 ELI 4873.0 
PIPE TYPF.: 4. 
WATER HA~MER = leO 
FASEME~T 40. CV O. OV O. PL 0, ROCK 0, RRPW 4.5 MILlS 
TUR~OUT CODE O. O. 
TURNOUT SIZE 1. OF H. 3. OF 10. INCH 
RW 10. Z 1.0 BH 5.0 LAW 1.0 RRW 1.0 LOZ 7.0 ROZ 3.5 EL 4B80.0.487~.7.487l.c, 
4R70.2 ROW 40. OELI 4877.9, OELO 4867,2 
MINQ 9, MAXQ 3U. QINTERVAL 3,0 
SKIP---GRAVITY PIPE REACH 6 
LENGTH 2080. HGLO 4873.9 ELO 4A5Q,6 HGLI 4879.2 ELI 4864.5 
PIPE TYPE 4. 
~ATER HAMMER = 1.0 
EASEMENT 45. CV O, OV o. PL 0. ROCK O. APPW 5.0 MILES 
TURNOUT COOE 0, O. 
Tt!f;,'I'IQUT Sl/E 1, OF 10. INCH 
~W 11. Z .62 bH 3,2 L~W 5.0 RBW A.O LOZ .57 ROZ 1.0 t.L 4868,6,4b70.3t4864.2, 
4865.9. qow 45. OELI 4d67.2 OELO 4H62.~ 
~INQ 4. MAXQ 16, QINTERVAL ?.0 
S~IP---GRAVITY PIFE REACH 7 
LENGTH ?.nOO. HGLO 4~6~.9 ELO 4AS4.6 HGLJ 4873.9 ELI 4859.6 
PIPE TYPE 4, 

~ATfW HA~MER = 1.0 
EASfMENT 45. CV o. OV 0. PL o. ROCK O. 8RRW 5.5 MILES 
TVR~OUT COOE O. O. 
TURNOUT SIZE 1. OF R. 1. OF 10. 1. OF 12. INCHES 
gw 11. Z .6? ~H 3.2 LH W S.O PH~ P.O LOZ .57 kOZ 1.0 EL 4~64.2e486S.Yo48~~.2, 
4A60.9 RO~ 45. OELI 4~6l.8 OF.LO 48~7.8 

MlNQ 4. MAXQ 12. QINTFRVAL 1. 
T r> ~ f\ W 

' I 



LENGTH ~7~0. hGLO 4897.0 ELO 4RRS.O HGLJ 4905.0 ELI 4H9b.O 
PIPE TYPE 4. 
~ATER HA~~ER = 1.0 
EASEMENT 30. CV O. OV 0. PL O. ROCK O. P.PP~ 3.0 MILES 
TURNOUT COOE O. O. 
TURNOUT SIZE 3. OF 8. 1. OF 10. 1. OF 14. INCHES 
RW 4. l 1.0 8H 4.0 L8~ 2.0 RAW ?.0 LOZ 1.0 POZ 1.0 EL 4402 •• 4~02.,4H~1., 
4R91. POW 30. UEL1 4900. 0ELO 4BR9. 
~INQ S. MAXU 17. QINTERVAL 2. 
SKIP---GRAVITY PIPE REAC~ 9 
LENGTh 2100. HGLO 4~87.5 ELO 4R75.0 HGLJ 4R93.0 ELI - 4HHO.S 
PIPE TYPF 4. 
~ATE~ HAMMER = 1.0 
EASEMfNT 30. CV o. OV O. PL O. ROCK 0. PRPW 3.5 MILES 
TURNOUT .CODE O. O. 
TURNOUT SIZE 3. UF B. INCHES 
Rw 5. z 1.0 HH 4.0 LHW 3.0 RAW 1.0 LOZ 1.0 ROZ 1.0 EL 4RH5.5,4885.5,4880.0, 
4880.0 ROw 30. OELI 4 8 H2.5 OfLO 4877.0 
MI~Q 2.0 ~AX~ 6.0 QINTt~VAL 1.0 
S~IP---GRAVITY PIPE RF. ACH 10 
LENGTH 5500. HGLU 4H78.8 ELO 4B~5.4 hGLJ 4893.0 ELI 4H79.8 
PIPE TYPE 4. 
WATEH HAMME~ = 1.0 
FASEMENT 40. CV O. OV o. PL O. ROCK O. RRPW 4.0 MILES 
TURNOUT CODE O. MISC=SIXTEEN INCH bUTTERFLY~FLANGE ~ 890. 
TUPNOUT SIZE 2. OF P. 1. OF 12. INCHES 
RW 10. z .96 ~H ~.2 L8W 3.0 RRW 1.0 LOZ 2.3 ROZ 4.7 EL 4d86.3e4be4.7,4871.b, 
4870.3 POw 40. OELI 48H?..O OfLO 4867.5 
~INQ 6. ~AXQ 20. QINTERVAL 2. 
5KIP---GR~VITY PIPE REACH 11 
LENGTH 3110. HGLO 4881. ELO 4R71. hGLI 4PA8.7 ELI 4876. 
PIPE TYPE 4. 
wATER HA~~ER = 1.0 
fASEMENT 20. CV O. OV o. PL O. POCK O. APRW 4.0 MILES 
TURNOUT CODE O. O. 
TliRNOUT SIZE 3 • OF H. I ~ICHES 
PW 4. Z 1.0 ~H 2.0 LRW 2. RRW 2. LOZ 1. POZ 1. El 4H82. 4882., 4b7S., 
487S. ROW 20. UELI 4AP1.0 OELO 4A74.0 
~INQ 2. ~AXG 7e QINTEkVAL 1.0 
END OF DATA 

• 

• 

• 



INPUT DATA FOR PIPE ROUTINE (Hir+1 PRESSURE) 

O. THIS PIPE IS TO ~f LAYfD TN NATURAL TfR~AIN 
Cn~MON F.XC .~Y CO~~TR ?.75 COMSIPH 2.15 COMPIP 2.75 RUCKCAN 2.75 ~OCKSTR 5.30, 
ROC~SJPH 5.40 ROCKPIPf S.40 
RACKFILL CANAL 1.20 8FSTR 1.Sb 8F5JPH .83 BFPIPE 1.04 BEDPREP .30 COMPEM .HO, 
CO~P~F 4.16 OHAUL .A5 /YO Ml 
CONCk[TE IN LINING 50. CONSTP 1SO. CONSIPH 146. STEEL .SO CEM 3.~0 
PEAD---HIG~ PRESSURE PIPE---REACH 1 
wAGE P I p fLAY E R 1 0 • 0 0 E (~ lJ I P J 1\J DE X 1 • ? A F l • 1 H 0 8 0 • 1-1 D 2 0 0 • C 0 DE l • C I D X l • , 
DEPTH OF FILL 4.0 HEAOCLASS 200. 
COI\JTII\JGIFNCIES EARTH 10. STEEL IS. RO~ 10. CONCRETE lS. STEEL 12. PIPt 10., 
PVC HEA~ CLASS 3. 
SO. YfAP. LIFE. INTERF:ST 7.0 q; SALVAGE VALLIE S. % 
TOWER HEIGHT 200. FT MIN Q 27 • . MAXQ 60. CFS OINT 3. 
LfNGTH SO~O. HGLO 503h. E.LO . ~896. HGLI 5044. ~Ll 4904. 
PIPE TYPF 4. 
~ATER HAMMER 1.0 
EASEMENT 50. VCROP O. VOTH O. LOTH O. ROCK O. BRRW 3.5 Ml 
TURNOUT CODE O. MISC COSTS $ ?0900. 
TURNOUT SIZES <INCHt:S) I. OF 12. 1. OF 14. 
STATION 0. GLE 4910. PGE 490I.8 
2ooo.,4907.o,4H99.o 
4000.,4903.7•48YS.S 
~060.,4902.0•4894.0 

o •• o •• o. 
MIN Q 27. ~AX U 60. OINTERVAL 3. CFS 
SKIP---HIGH PkESSURE PIPE---REACH 2 
LENGTH A300. HGLO 50??.. ELO 4882. HGLI 5036. ELI 4H96. 
PIPE TYPf 4. 
\oiATEP HAMMER 1. 
EASE~ENT 50. VC~OP 0. VOTH O. LOTH O. POCK O. BRRW 3.5 
TIJRNOUT CODE O. MISC COSTS ~ 28?00.00 
TURNOUT SIZES <INCHES) 2. OF 1?. 
STATION o. GLE. 4902. PGE 4894.? 
2000.,4A95,,48H7.2 
4000.,48Aq.~4881.2 

6000.,4~90.,4H82.2 
8300. 9 4AA8,,4bd0,2 
o •• o.,o. 
MINQ 2I. MDXG 48. QINTfRVAL 3, CFS 
SKIP---~IGH PRESSURE PIPE---REACH 3 
LENGTH ?.725. HbLO 5019. ELO 4A79. HGLI 50?2. ELI 48H2. 
PIPE TYPE 4. 
WATER H~MMEFi 1. 
EASf~ENT SO. VCROP O. VOTH 0. LOTH O. ROCK 0. ~RRW 3.5 
TURNOUT CODE O. MISC COSTS $ Iqooo. 
T U R "~ 0 U T S I Z E S ( I N C HE S ) 1 • 0 F 1 0 • 1 • 0 F 1 2 • 
STATION 0. GLE 4d88, PGE 4881. 
2000 •• 4RA~.6,4H79.6 
272~.,4A86.0t4b79,0 

o •• o.,o. 
MING 10. ~AXO 24. OINTERVAL ?..0 
SKIP---HIGH PRESSU~E PIPE---REACH 4 
LFNGTH 2850. HGLO 5014. ELO 4874. HGLI S019. ELI 4879. 
PIPE TYPE 4. 
WATEI<' HAMI'-1ER 1. 
FASEMENT 50, VCROP O. VOTH o. LOTH O, ROCK O. BRRW 4.5 
TURNOUT CODE O. MISC COSTS ~ 13600. 
TURNOUT SIZES <INCHES) 1. OF 14. 
STATION 0. GLE 4HB6. PGE 4879.7 
?000.,4AR2,,4875,7 
?RS0,,4RA0.,4e73.7 
o •• o •• o. 
M!NQ B. MAXY 18. PINTERVAL 1.0 
SKIP---~IGH ~RESSURE PIPE---REACH S 
LENGTH 7I50. HGLO S004. ELO 48~4. HGLI S014. ELI 4874. 
PIPF TYPE 4. 
WATER HAMMER 1.0 
FASEMENT SO. VCHOP O. VOTH O. LOTH O. ROCK 0. BRRW S.O MILES 
TURNOUT CODE O. ~ISC COSTS ~ 25200. 
TU~mOUT SIZES (INCHESI 1. OF A. 1. OF 12. 
STATION 0. GLE 48~0. PGE 4873.6 
?000.,4A77.,4H.70.6 
4000,o487Q,,4b63.6 
h000.,4865.o4b58.6 
7150.,4~7Q.,4b63.6 

o •• u •• o. 
MINQ 5. MAXU 12. QINTE~VAL 1.0 
SKIP---HIGH PRESSURE PIPE---REACH 6 
LENGTH ~465. HGLO 4Y97, ELO 4A57. 

1. 0 

HGLI 5004. ELI 4864. 
PIPE TYPF 4. 
WATER 1-!A..,r--E~ 

fASH•ft,JT 50, 
TliRI-•(lUT CODE 

VCROP 0, VOTH o. LOTH O. POCK O. HRR~ 5.5 MILE5 
U. MISC COSTS ~ }S?OO. 

, I 



TlJPNOUT SIZES (INCHES) 1. OF 14. 
STATION o. GLE 4870. ~GE 4H64.S 
2000,,4RnS,,485~.~ 
?465, 9 4R63,,~857.5 
o •• o •• o. 
MINU 2. MAX~ 7, OlNT~PVAL 1. 
S~IP---~IGH PklSSURE PI~E---REACH 1 
LENGT~ 2725. hGLO ~0lh. fLO 4R76. ~GLI 502?.. ELl 4bd2, 
PIPE TYPE 4, 
\IJATER ~t>~I-AE!-1 1.0 
EASFMENT 50. VCROP O. VOTH 0, LOT~ 0, hOC~ O. HRRW 4,0 MILES 
TURNOUT CODE O. MIC COSTS ~ 7400, 
TURNOUT SIZES <lNC~F.S) 1. OF 1?. 
STATION O. GLt 48AH. PGE 4P8l.A 
2000,,4RA4.St4H7B,3 
c72~ •• 4A82.0t4H75.8 
o.,o •• o. 
~INw 6. ~AXU 12. QINT 1. 
SkiP---~JGh PkESSURf PIPE---REACH 8 
LENGTH 5200. rlGLO 5003, fLO 4R63, HGLI 5016. ELI 4H76. 
PIPE TYPE 4, 
WATER Ht>MMER 1.0 
FASEI-AENT 50, VALUE CQOPPED 0, VOTH O. LOTH 0, ROCK O, ~kRW 4.0 MILES 
TUPNOUT CODE U. MISC COSTS $ 1Q400. 
TURNOUT SIZES <INCHES) c. OF 12. 
STATION o. GL~ 48R2. PGE 4876,2 
?000.,4~77,,4e71.2 
4000 •• 4872.,4Ho6.2 
5?00,,4A69,o48b3,2 
o •• o.,o. 
MINQ 4, MAXQ 10. QlNT ER VAL 1. CFS 
END 

tL.:· -···- ::~ .. ~ .. 

• 



INPUT DATA FOR PUMP ~OUTJNE 

READ---RIVER PUMP--CANAL TO HIGH PPESSURI PlPt--TETp~ lSLANO CANA~ 
4. PUMPING UNITS 1. VEPTJCAL TURAlNE f7~, fT TO~ ~UNE 6, I 76T 
CONTINGENCY 20. ~ COST FOREBAY 100. ~ CQ~T Of POWE~ i,65 CE~TS ~' 1,07, 
1.0 UNATTENDED PLANT 3. MEDIU~ SEOJME~T ~0~0 
LENGTH OF TRAN~~IsSION LINE ~.o MI~E& ~, F~AT T~R~~,N o. AVE fpUNDftTIQN ~.' 
COST INDEX 1.01 COST INDEX 1,07 · 
10 ~ CONTINGENCY SWITCHING RAY 1.p7 COSJ l~DEX 
SER~ICE LIFE Of LINE ~ HAY 35. YfAQS S~LVAGf- 25, ~ 
LIF~ OF PUMPING UNIT 40. YEARS INTER~ST T,O ' % · SA~V~~~ 2S. ' ENE~~y ESC 9, % 
IPM ,2~ 1.67 . 3.63 5.69 . 3,64 1.?3 ,p~ (~VERA~~ · Of fOUH CROP$) 
SEASON 24• wEEKS MECHANIC WAGf. 9.5p OP~~~TOR WAp~ ~Q,2Q A~EA J~R ~1~0. ACR 
t-1 I N (J 2 7 • .., A). CJ 6 Q • <H NT 3 • c F s I : •' • I I 

I 

NO 
3.33,100.• 2.18,}01. 
3.235t1Q0.,1., 
1.92~.5ooo •• o •• 
1.317,2pooo.,o., 
0,897,20001,,0, 
READ---FARM PUMP,,.CA~AL TO SPRINKLEP·-r~6. TDH 9,~ ~ tNTEREST 
150, TOH Cl 1.07 ?.. (TURAINEl 70, ' EFF 5, '~lSC 15. ~ CQ~J 
SERVICE LIFE 15. YEARS INTEREST 9,5 ~ $A~V4GE 15, ' OE O. ENERGY ESC ~, ~ 
IPM .22 1.67 3,63 5.69 · 3,64 1.23 ,o9· (fOUR CRPP$» 
3. % O~M 3• ~ TAX~INS ; 
o •• o.,o •• o.,o.,o. WELL DATA 
MINQ 100, MAXV 1300. QINT 10. GP~ 
NO 
3.33tlOO., 2.18,101, 
3.234,}00.·1·• 
1.925,c;poo •• o., 
1.317•2oooo •• o., 
o.a<il7,2oool •• o. 
PEAD---FARM PUMP ••• CANAL TO SPPINKLER·-~l75, TDH 9,5 ~ lNTEREST 
175, TO~ Cl 1.07 2. TUR8JNE 70. % ~FF - ~, % MIS~ l5• · ~ CQNT 
SERVICE LIFE 15. YEARS INTERFST 9,5 % $ALYAGE 15, ~ 0~ O, ENE~~y ESC Cil' ~ 
IP~ .22 1.67 3.63 . 5,69 3,64 1~~~ ,p~ fFOUR C~OpS~ . 
3, ~ O~M 3. % TAX~INS 
o •• o •• o •• o.,o.,o. wfLL DATA 
~INQ 100. MAXQ 1300. fJlNT ·10 • . GPM 
NO 
3.33.100 •• 2.18·101. 
3.234,100.•1•• 
1.925,5000.,0., 
1.317t2000o •• o., 
O.B<il7t20001,,0. 
~EAD---F~RM PU~P ••• CANAL ro SPRINKLER~·~~so, TOH T·P ~ 
1c;o, TOH CI 1.07 ?. TURH!NE 70, % EFF Se ' ~ISC ~S· 
SERVICE LIFE 15. YEARS . INTEREST 7.0 ~ ~4~WAGE 15, i QE 
!PM e21 1.~5 3,89 5.64 3,14 .~9 
3. % Q~M 3, % TAX~INS 
o.,o.,o.,o.,o.,o. WELL DATA 
MIN~ 100. MAXQ 1300. QJNT 10, GPM 
NO 
3.33,100 •• 2.18,101. 
3.2~5.100.,1., 
1.925,5ooo.,o •• 
1.317t20000 •• 0., 
0.897,20001 •• 0. 

iNTEREST 
\f. CONT . 
~· ENERGY ESC ~. ~ 

I 

PEAD--~FARM PUMP ••• CANAL TO SPPINKLER-~~l75, TDH 7,p ' INTEREST 
175. lOH CI 1.07 2. TURBINE 70. % iFf Se ~ MISC as. ~ CONT 
SERVICE LIFE 15. YEARS INTEREST 7.0 ~ SAL lS, % OE O, ~ ENERGY ESC <il, ~ 
IP~ .26 },81 3,76 ~.49 3,?.7 1.16 . •l~ 
3. % O'M 3• % TAX&INS 
o.,o.,o.,o.,o.,o. ~ELL DATA 
MIN<~ 100. MAXQ 1300. QINT 10. ' I 
NO 
3.33,}00,, 2.1Ht101. 
3.23'SelOO.•l•• 
1.925,c;ooo.,o •• 
1.317,2oooo •• o., 
0.897,20001.,0. 
END 

I[~. -·-·· :!i. :;:~j. 



INPUT DATA FOR DYNAMIC PROGRAMMING ROUTINE 

EMARGN = 0.0000 
1. UNLINED 2. LINED 3. GRAVITY PIPE 
99. 7.53 3.58 o. 
1. 230. .0001 100. 
NEXT 
1. 8.87 4.22 99. 
1. 64?. .0001 95.7 
2. 34Q1. 22.6 97.7 
3. 12h?9. 161.2 100. 
NEXT 
8. 9.46 4.:,o 1 • 
1 • 674. • 0001 89.2 
?. 211=10. 53.7 97. 
3. 6555. 376.4 100. 
NEXT 
2. 9.41 4.48 1 • 
1. lo65, • 0001 94.9 
2. 3051. 2H.7 97.6 
3. 10795 11:i4.9 100. 
NEXT 
9. 3.12 l.SI:3 2 • 
1 • 275. • ooo1 88.3 
2. 767. 34.3 97.4 
3. 1382. 135.7 100. 
J\1EXT 
10. 7.51 3.57 2 • 
1 • 743. • 0001 86.7 
2. 1888. 41.2 97.3 
3. 3H41. 286.2 100. 
NEXT 
11 • 3.4A 1.66 10. 
1 • 110. .0001 89.8 
2. 926. 48.5 '-}7.2 
3. 1822. 1btl.1 100. 
NEXT 
3. S.67 2.7 2. 
1 • 67h. .0001 96.4 

"· 1969. 11.7 97.A 
3. 4142. 98.2 100. 
NE:XT 
4. 3.1 A 1 • :, 1 3 • 
1 • 88. • 0001 96.3 
2. 683. 6.CJ 97.9 
3. 1438. 33.3 1 0 0. 
NEXT 
5. 7.43 3.S4 4 • 
1 • 635. • 0001 90.6 
2. 2416. 30.13 97.4 
3. 663h. 219.6 100. 
NEXT 
6. ~.40 1.14 s. 
1 • 133. .0001 94.2 
?. 595. 20.2 97.7 
3. 11 ~0. 125.3 100. 
NfXT 
7. 6.23 2.'-i7 b. 
1 • 200. .0001 89.7 
2. 924. 21.3 '17.5 
3. 1528. 204.7 100. 
o.o 

• 

I 

t 



IVV\ It·<! X lNt-'UI UAIA t-OK MP~/.5t>U LJ NtAK t-'KUbKf\1'1' 11 NlJ KUU I 1 Nl: 

NAt-1£ TETONOl 
ROwS 

N OBJ 
E SOILlP 
E SOILlG 
E SOILlA 
E SOILlR 
E. SOIL2P 
f SOIL2G 
E SOIL?A 
E SOIL?B 
E SOIL3P 
E SOIL3G 
E ~0IL3A 
E SOIL4P 
E SOIL4G 
F SOIL4A 
E SOIL4H 
L AREAl 
L AREA? 
L AREA3 
L ARfA4 
L AREAS 
L AkEA6 
L ARJ::A7 
L A~EA8 

L AREA9 
L AREAlO 
L Af.'EA11 
L AREA12 
L WTO"' 
E VOL ON 
E OEPERB 
E DEPERD 
E SUR OFF 
E CONSP 
E CONST 
f COEM 
N CHON 
N CHI)PR 
N CHDPD 
N CHSP 

COLUMNS 
SURP1 O ~ J . 20.520 SOILlP 1.0000 
SU8P1 AREAl 0.009-4 l1PEA3 0.0047 
SU8P1 AREA4 0.0084 AREAS o.ooso 
SUBPl AREA6 0.0158 f:.REA7 0.0042 
SUBPI AREAS 0.0112 APEA9 0.0041 
SU8Pl AI-<EAlO 0.0038 DfPERA 7.000 
SURGl OBJ 20.520 SOILlG 1.0000 
SU 8 Gl AREAl 0.0093 APFA3 0. 0 04 7 
SURGl AREA4 0.0083 AREAS 0.0049 
SURGl ARE.A6 0.0156 ARfA7 0.0041 
SURGl AREAS o.0111 fiRf/19 0.0040 
SUBGl AREAlO 0.0037 OFPERB 7.000 
SU~Al OBJ 20.520 SO ILIA 1.0000 
SUBA1 AREAl 0.0074 APfA3 0.0037 
SUBAl AREA4 0.0066 APE AS 0.0039 
SUBAl AFiEAfl 0.0124 APfA7 0.0033 
SUi3Al AREAS O.OOA8 APfA9 0.0032 
SURAl AREA10 o.on3o D~PERB 7.000 
SUBAl OBJ 20.520 SOILlB 1.0000 
SUNBl AREAl 0.0067 APfA3 0.0034 
SUAI31 AREA4 0.0060 AREAS 0.0036 
SUR Al AREA6 0.0113 /I.PEA7 0.0030 
SU~t31 AREA A o.ooso AREA9 0.0029 
SU9~1 At-(EAlO 0.0027 l)fPERB 7.000 
UNI,Pl OBJ 5~.010 SOIL1P 1.0000 
UNGP1 AREAl 0.0041 ARfA.3 0.0020 
UNGPl AREA4 0.0036 A PEAS 0.0022 
UNGPl A~EA6 o.oo6A APfA7 0.0018 
UNGPl AREA A 0.0049 /IRfA9 0.0018 
UNGPl ARE.AlO 0.0016 OEPERD 0.5800 
UNGP1 SUROFF 1.5400 
UNGGl O~J 37.520 SOILlG 1.0000 
UNGGl AREAl 0.0031 APfA3 0.0015 
UNGGl AREil4 0.00?7 A~EAS 0.0016 
UNGG1 AR£A6 0.0051 ARFA7 0.0014 
UNGGl AREA~ 0.0036 APfA9 0.0013 
UNGr;l A~EAlO 0.0012 DFPERD 0.3d00 
UI'JGGl 5UROFF 1.2000 
UNGAl OHJ 39.270 SOIL1A 1.0000 
UNGAl AREAl 0.0025 AQEA3 0.0013 
11 1\J t": l\1 AI.J~· t:.4 n_nn?~ AP~A~ n _ o o1 1 



UNGAl AREAI::l 0.0030 ARfA9 0.0011 
UNGA} AREA10 0.0010 SUPOFF 1.6000 C: -- - :IL ot:::J. 

UNGRl OtiJ 42.770 SOlLlB 1.ouoo 
UNGBl AREAl 0.0044 APFA3 0.0022 
UNI';Rl A~f:A4 o.on39 APFhS 0.0023 
UNG'31 Ai-<EA6 0.0073 APfA7 0.0019 
UNGRl AREAH o.ooc;z APE"A9 0.0019 
UNG81 AHEA10 O.OOlB f\EPERD 1.4300 
UNGI~ 1 SUR OFF 2.4000 
l~GP1 ObJ 74.?.90 ~OIL1P l.uooo 
lMGPl ARfA1 0.0039 APFA3 0.0019 
IMGPl ARE_A4 o.oo35 ,t.pfAS o.ooc1 
IMGPl APEAh 0.0065 f>PfA7 0.0017 
I~GPl AREA~ O.O('I4h t>REA9 0.0017 
IMGP1 AREAlO o.oo16 QFPERD o.seoo 
lt-lGPl SUROFF 1.5400 
lMGGl UbJ t;9.4Cj0 S0TL1G 1.oooo 
lMGGl ARF:Al ll.OOlA APEA3 O.OOO'i 
!MGGl AREA4 '1.0016 f. PEAS o.ooo~ 

IMGGl ~REA6 0.0030 ARFA7 0.0008 
lMGGl AREAH 0.0021 ARFA9 o.ooos 
lMGGl AREAlO 0.0007 c;uPOFF o.sooo 
!MGAl OBJ 61.200 SOILlA 1.0000 
lMGAl AREAl 0.0024 APJ="A3 0.0012 
1MGA1 AREA4 0.00?1 ARFAS 0.0012 
l~GA1 AREA6 0.0039 APEA7 0.0010 
lMGAl AREA A 0.0028 APEA9 0.0010 
!MGA1 AREA10 0.0009 DEPE"RD O.Ot;OO 
lMGAl SUR OFF 1.3300 
1MGB1 O~J 64.700 SOILlB 1.0000 
l~G\31 AREAl 0.00?2 ARFA3 0.0011 
IMGRl AF<tA4 0.0020 APE AS 0.0012 
IMGAl AP.EA6 0.0037 APfA7 0.0010 
lMGFil AI-<EAH 0.0026 ,t.pfA9 0.0010 
IMG81 AREAIO 0.0009 DEPERD 0.1100 
lMG81 SUR OFF 1.3400 
HMPPl OBJ 76.8RO SOILlP 1.0000 
HMPPI ARE.Al 0.0024 AREA3 0.0012 
H~PPl AREA4 0.0021 AREAS 0.0013 
hMPPl AREA6 0.0040 APF:A7 0. 0011 
HMPP} AREAS 0.0028 APEA9 0.0010 
HMPPl AREAlO 0.0010 DfPERD 0.3750 
HMPGl OBJ 65.470 SOILlG 1.oooo 
Ht-1PG1 ARfA1 0.0017 JlPEA3 O.OOO<i 
H,..,PGl AREA4 0.0015 ARFAS 0.0009 
HMPG1 AREA6 0.0028 AP.FA7 o.ooos 
HMPG1 APEAH o.oo?o AREA9 0.0007 
HMPGl AR~AlO 0.0007 DEPEPD o.2S60 
HMPAl OBJ 71.SOO SOJLlA 1.0000 
HMPA1 flREA1 0.0020 .6QEA3 0.0010 
HI-IPAl AREA4 0.0017 AREAS 0.0010 
Hfv'IPAl AREA A 0.0033 APfA7 0.0009 
HMPAl AP. EA8 0.0023 ARFA9 0.0008 
HMPA1 AREAlO 0.0008 DfPERD 0.3960 
HMPAl OBJ 71.380 ~OIL1R 1.0000 
HMPBl AR~A1 0.0016 AP.EA3 o.ooos 
HMD81 AREA4 0.0014 .AP.EA5 0.0009 
H~PB} Ah'E.Ah 0.0027 APEA7 o.ooo7 
HMPf:11 AREAS 0.0019 APFA9 0.0007 
HMPBl ARU~ 10 0.0006 OEPERD 0.3540 
SPPPl 0!1J 7A.Q40 SOIL1P 1.oooo 
SRPPl AREAl 0.0024 AP.fA3 0.0012 
SPPPl AREA4 0.0021 A.Rf AS 0.0013 
SRPPl APEA6 0.0040 ARfA7 0.0011 
SRPPl AI-IEAA 0.0028 AP.fA9 0.0010 
SRPP1 AREAlO 0.0010 DEPERD o.37SO • SRPG1 Ot:;J 74.2SO SOILlG 1.oooo 
SRPGl AREAl 0.0017 AREA3 0.0009 
Sh'PGl Aht.A4 0.0015 AREAS 0.0009 
SRPG1 AREA6 0.0028 APEA7 o.ooos 
SRPG1 AREAS 1).0020 APFA9 0.0007 
SRPGI A~EA10 n.ono7 DfPE~:W 0.2560 
SRPAl ObJ 76.690 S01LlA 1.oooo 
SRPtq AR~Al o.oo?o l>PFA3 0.0010 
SF< PAl AP.EA4 0.0017 APFAS 0.0010 
SRPAl AREA6 0.0033 f.REA7 o.ooo~ 

Sh'PAl APEA8 0.0023 APF_A9 o.ooos 
SRPAl tlPEAlO o.onoA DfPERO 0.3960 
SPPA1 OBJ 76.f-90 ~OILlB 1.0000 
SP.PBl ARt.A1 0.0016 APfA3 O.OOOd 
SRPRl AREA4 o.ool4 AREAS 0.0009 
SRPRl A~EAA 0.0027 APFA7 o.uoo7 • SRPHl A.f.lt. Ati 0.0019 APEA9 o.uoo7 
SRPHl Af;EA10 O.OOOf- [)fPERD O.J~40 



SSPPl IIREA1 0.002? APF.A3 0.0011 
SSPPl AREA4 0.0020 APE AS 0.0012 
SSPPl A~EA6 0.0037 6PFA7 0.0010 c::-······ :1. -:-_..-

SSPPl AREA~ 0.0027 ARFA9 0.0010 
SSPPl llREAlO 0.0009 DF.PERO 0.3000 
SUHP2 ObJ 20.b00 50IL2P 1.0000 
SURP2 AkEAl o.oo7n ARF.A2 0.0071 
SURP2 ARE.A3 0.0164 ARFA4 0.0140 
SUAP2 M~EAS 0.003~ .APEA7 0.0039 
SURP2 AREAlO 0.0030 .APFA11 0.0116 
SUBP2 DE.PERA 7.000 
SUHG2 OHJ 20.600 SOIL2G 1.0000 
SURG2 AREAl 0.0069 APE:A2 0.0070 
SURG2 AkEA3 0.0162 .AREA4 0.0138 
SU~G2 AREA5 0.0035 . APFA7 0_.0038 
SU~G2 AREAlO 0.0030 ARFAll 0.0114 
SUAG2 O£PERB 7.000 
SURA2 QtjJ 20.600 SOIL2A 1.0000 
SURA2 AREAl o.on55 .APEA2 0.0056 
SU8A2 AF<EA3 0.0129 .AREA4 0.0110 
SURA2 AREA5 0.0028 APEA7 0.0030 
SURA2 AREAlO 0.0023 APE All 0.00"11 
SURA2 DEPERB 7.000 
SU8R2 Ot;J 20.600 SOJL2A 1.0000 
SUr:iR2 Ai-JEAl 0.0050 APEA2 0.0051 
SUBA2 AP.EA3 0.0117 APFA4 0.0100 
SUBB2 AREAS 0.0026 APEA7 Q.0028 
SU8A2 AREAlO 0.0021 APfAll O.OOt33 
SUBR2 OEPERB 7.000 
UNGP2 OBJ 46.590 SOIL2P 1.0000 
UNGP2 ARE.Al 0.0032 APEA2 0.0033 
UNGP? APEA3 o.on76 APEA4 0.0065 
UNGP2 AREAS 0.0017 APEA7 0.0018 
UNGP2 AREAlO 0.0014 AREAll 0.0053 
UNGP2 UEFERD 0.8700 SUPOFF 1.0900 
UNGG2 OBJ 29.270 SOIL2G 1.0000 
UNGG2 AREAl 0.0033 APEA2 0.0033 
UNGG2 AREA3 0.0077 APEA4 0.0065 
UI\JGG2 AREAS 0.0017 APfA7 0.0018 
UNGG2 AREA10 0.0014 ARfA11 o.OOS4 
UNGG2 DEPERD 1.2300 ~UPOFF 1.5800 
UNGA2 OBJ 30.620 SOIL? A 1.0000 
UI'IGA2 AkEAl 0.0030 AREA2 0.0030 
UNGA2 ARE.t>3 0.0070 APEA4 0.0060 
UNGA2 AREAS 0.0015 AREA7 0.0016 
UNGA2 AREA10 0.0013 APEA11 0.0049 
UNGA? DEPERD 1.1400 SUR OFF 1.9100 
UNGA2 OBJ 31.960 SOIL2B 1.0000 
UNGB2 AREAl 0.0032 AREA2 0.0033 
UNGB2 AREA3 0.0076 APEA4 0.0065 
UNGR2 A~EA5 0.0017 AREA7 0.0018 
UNGB2 ARE.AlO 0.0014 AREAll 0.0053 
UNGB2 UE.PERD 1.7500 SUP OFF 2.2400 
I~GP2 OBJ 58.340 SOIL2P 1.0000 
l~GP2 AREAl 0.0027 APEA2 0.0027 
I~GP2 AREA3 0.0063 AREA4 0.0054 
IMGP2 AREAS 0.0014 APEA7 0.0015 
IMGP2 AREAlO 0.0012 APEAll 0.0044 
l~GP2 OEPE.RD 0.8700 SUP OFF 1.0~00 

l~GG2 OBJ 47.680 SOIL2G 1.0000 
lMGG2 AREAl 0.0015 APFA2 0.0016 
IMGG2 AREA3 0.0036 APEA4 0.0030 
IMGG2 AREAS 0.0008 .AREA7 0.0008 
1MGG2 AREA10 0.0007 APfAll 0.0025 
1MGG2 UEPERD 0.0300 SUROFF 0.8400 
1MGA2 Ol:lJ 49.020 SOIL2A 1.0000 
IMGA? AREAl o.001A ARfA? 0.0018 
1MGA2 AREA3 0.0042 APEA4 0.0036 
lMGA2 AREAS 0.0009 !JREA7 0.0010 
ItJ·GA2 AREAlO 0.0008 APEAll 0.0029 
I~GA2 DEPERD 0.0400 SUPOFF 1.2300 
IMGR2 OBJ 50.370 SOIL2B 1.oooo 
IMGA2 AREAl 0.0017 APF:A2 0.0018 
!MGA2 AREA3 0.0041 APFA4 0.0035 
lt-AG82 Af~E.A5 0.0009 APEA7 0.0010 
I~GR? ARE.AlO 0.0007 ARfAll 0.0029 
IMGB2 OEPERD 0.1500 SUP OFF 1.5600 
Ht-',PP? OBJ 66.350 ~OIL?P 1.0000 
t-IMPP2 AREAl 0.0018 APEA2 0.0018 
HMPP? AREA3 0.0041 APEA4 0.0035 
HMPP? AREAS 0.0009 AREA7 0.0010 
HMPP2 AFH::AlO o.ooo8 APEA11 0.002Ci 
HMPP? OEPERD 0.3750 
HMP(;c 08J SA.c;40 SOIL2G 1.oooo 
H,..P(;? AREAl 0.0013 APFA2 0.0013 



-- ------ ---- --·- -·----- ------

H,_,PG? AI-!EA3 0.0030 APfA4 o.oo~s 

H~PG2 A~EAS 0.0006 f.>PfA7 0.0007 
c.;:-···· Jl. 

~1~PG2 fl~E.AlO 0.0005 APEAll 0.0021 :L:J: 

H~PG? DEPERO 0.2560 
H~PA? Of-.J 61.830 SOJL2A 1.0000 
HMPA? AREAl 0.0015 APfA2 0.0015 
t;p.;PA2 AREA3 0.0034 APFA4 0.0029 
HMPA? ARE"A5 0.0007 APFA7 o.ooo8 
HMPA2 AREA10 0.0006 .APEA11 0.0024 
HtADA2 DE~ERD 0.3960 
Ht-1PR2 ORJ 63.240 SOJL2A 1.0000 
HMP8? AREAl 0.0012 llPF.A2 0.0012 
HMPB2 AREA3 0.0028 AP(A4 0.0024 
HMPR2 AREAS 0.0006 .ARFA7 0.0007 
H,..,PB?. ARE.AlO 0.0005 APEAll 0.0020 
HMPR2 DEPE.RD 0.3540 
SRPP2 OtjJ 69.390 <;OIL2P 1.0000 
SRPP2 AREAl 0.0018 AREA2 0.0018 
SRPP2 AREA3 0.0041 APEA4 0.0035 
SRPP2 AREAS 0.0009 .APFA7 0.0010 
SRPP2 AREAlO 0.0008 ARFAll 0.0029 
SRPP2 OEPERD 0.3750 
SRPG2 ORJ 59.140 SOIL2G 1.0000 
SRPG2 AREAl 0.0013 .APEA2 0.0013 
SRPG2 A~EA3 0.0030 .ARF..A4 0.0025 
SRPG2 A~EA5 0.0006 ARfA7 o.ooo7 
S~PG2 AREAlO f).0005 .ARF.All 0.0021 
SRPG2 DEPERD 0.2560 
SRPA2 Ot3J 60.470 SOIL2A 1.0000 
SRPA2 AREAl 0.0015 APEA2 0.0015 
SPPA2 AREA3 0.0034 tiREA4 0.0029 
S~PA2 AREAS 0.0007 APfA7 o.oooa 
SRPA2 AREAlO 0.0006 APEAll 0.0024 
SRPA2 DEPERD 0.3960 
SRPR2 OBJ 61.050 50IL28 1.0000 
SRPI32 AREAl 0.0012 AREA2 0.0012 
SRPB2 AREA3 0.00?8 AREA4 0.0024 
SRPB2 AREAS 0.0006 APFA7 0.0007 
SI-'PA2 AkEA10 o.ooo5 ARE~l1 0.0020 
SI-'PB2 DEPERD 0.3540 
SSPP2 OBJ 223.17 SOJL2P 1.0000 
SSPP2 AREAl 0.0016 AREA2 0.0017 
SSPP2 AREA3 0.0039 APEA4 0.0033 
SSPP2 AREAS 0.0008 AREA7 0.0009 
SSPP2 AREAlO 0.0007 ARE~ll 0.0027 
~SPP2 LH::PE.RD 0.3000 
SUR"' ::I LlBJ 20.600 SOJL3P 1.0000 
SUBP3 AREAl 0.01?2 ~REA2 O.OS43 
SURP3 DEPERB 7.000 
SUBG3 OtlJ 20.600 SOIL3G 1.0000 
SURG3 AREAl 0.0121 APFA2 O.OS36 
SURG3 UEPERB 7.000 
SURA3 OBJ 20.h00 SOIL3A 1.0000 
SURA~ AREAl 0.0096 AREA2 0.0426 
SUBA3 OEPERI:l 7.000 
UNGP3 OBJ 46.S90 snrL3P 1.0000 
UNGP3 A~E::Al 0.0064 AREA? 0,02H2 
UNGP3 DEPERD 0.3?00 SUROFF 2.oo00 
UNGG3 OHJ 27.920 SOIL3G 1.0000 
UNGG3 AHEA1 0.0031 APfA2 0.0137 
UNGG3 SUF<OFF 1.1100 
UNGA3 OAJ 27.920 SOIL3A 1.0000 
UNGA3 M~EAl 0.0032 t>RfA2 0.0143 
UNGA3 SUFI OFF 1.1200 
l1-1GP3 OBJ 58.340 SOIL3P 1.oooo • 1MGP3 AREAl 0.0060 APfA2 0.0267 
I,_,GP3 DEPERO 0.3200 SUR OFF 2.6600 
lMGG3 OBJ '58.340 SOIL3G 1.0000 
l~GG3 AREAl 0.00?3 ARFA2 0.0102 
!MGG3 SLJROFF 0.6100 
l,.,GA3 vHJ 46.3~0 SOJL3A 1.0000 
!MGA~ AREAl 0.0031 ARfA2 0.0138 
lt-1GA3 DEPERD 0.0700 SUP OFF 1.2200 
hMPP3 Ol:lJ 63.090 SOIL3P 1.0000 • hMPP3 AREAl 0.0031 APfA2 0.0137 
HMPP3 DE.PEI-<0 0.3750 
HMPG3 OBJ 54.3QO SOJL3G 1.0000 
HMPG3 AREAl o.Of)22 AREA2 0.0098 
HMPG3 DEPERO 0.2560 
HMPA3 OR ...I 56.390 SOIL3A 1.0000 
HMPA3 AREAl 0.00?5 APEA2 0.0113 
HMPA3 DEPERD 0.3Q60 • Sf.iPP3 Ol:lJ 72.380 SOJL3P 1.0000 
SRPP~ AKEA1 0.0031 IIPfA2 0.0137 



SRPG3 OBJ f.0.33('1 S0IL3G 1.0000 
Sl-JPG3 ARE.Al 0.0022 AREA2 O.OOYt; t_~: -·· ·· ::JL or;.•· 
SRPG3 DEPERD 0.25f.O 
SkPA3 OljJ 61.130 SOIL3A 1.0000 
SRPl\3 AREAl 0.0025 APEA2 0.0113 
SRDA3 DEPERO 0.3Q60 
SSPP~ UjjJ 226.84 SOJL3P 1.0000 
S~PP3 AREAl o.oo2Q ~PfA2 0.0128 
SSPP3 DEPERD 0.3000 
SUHP4 OBJ 20.7SO SOJL4P 1.0000 
SUHP4 AREA6 0.0035 ~qfAQ 0.0~81 

SU~P4 AkEAlO 0.0215 ~PfA11 0.0027 
SUBP4 ARE..A12 0.010A OfPERR 7.000 
SUAG4 Ot;J 20.750 SOIL4G 1.oooo 
sugG4 AREA6 0.0034 ~RfAq 0.0277 
SUHG4 AREA10 0.0213 APfA1l o·. oo26 
SURG4 AREA12 0.0106 OFPERR 7.000 
SUBA4 OBJ 20.7SO SOJL4A 1.0000 
SU8A4 AREA6 0.0027 APEA9 0.0220 
SURA4 APEAlO 0.0169 APfAl1 0.0021 
SURA4 AREA12 O.O()BS OEPEP.H 7.000 
SU8A4 OHJ 20.7SO S0IL48 1.oooo 
SUHR4 AREA6 0.0025 ~PfA9 0.0200 
SUR~4 AREAlO o.OlS4 APFA11 0.0019 
SU8t34 AP.E.A12 0.0077 DEPERR 7.000 
UNGP4 OBJ 61.010 SOIL4P 1.0000 
UNGP4 ARE..A6 0.0014 APFAY 0.0116 
UNGP4 APEA10 0.0089 APEAll 0.0011 
UNGP4 AREA12 0.0044 OEPERD 1.7400 
UNGP4 SUR OFF 0.1900 
UN(;G4 OBJ 34.770 SOIL4G 1.0000 
UNGG4 AREA6 0.0073 APFAQ 0.0591 
UNGG4 AREA10 0.0454 APEAll o.oos6 
UNGG4 APEA12 0.0227 DfPERD 4.2300 
UNGG4 ~UROFF 5.5100 
UNGA4 OBJ 38.270 SOIL4A 1.0000 
UNGl\4 AREA6 0.0063 APEA9 O.OS90 
UNGA4 AREAlO 0.0391 AREAll 0.0048 
UNGA4 AREA12 0.0196 DEPERO 5.3500 
UNGA4 SUR OFF 7.3300 
UNGB4 OBJ 40.020 S0JL48 1.0000 
UNG84 APEA6 O.OOA3 APEA9 0.0674 
UNG94 AF<EAlO 0.0517 APEAll 0.0064 
UNG84 AREA12 0.0259 DEPERD 6.4t:S00 
UNG~4 SUROFF 8.2200 
IMGP4 OHJ lll.4A SOJL4P 1.0000 
IMGP4 ARE.A6 0.0013 .AREA9 0.0106 
JMGP4 AREA10 0.0(')82 APfAll 0.0010 
!MGP4 AREA12 0.0041 OEPEPD 2.1300 
!MGG4 OBJ 7H.890 SOIL4G 1.oooo 
I~GG4 AREA6 o.oon6 APF~9 0.00~2 

IMGG4 AREAlO 0.0040 AREAll 0.0005 
1MGG4 AREA12 0.0020 SUPOFF 0.4800 
I~GA4 OHJ 84.720 S0Il4A 1.0000 
IMGA4 ARE~6 0.0007 APfA9 0.0058 
1MGA4 AREA10 0.0045 APfAll 0.0006 
It-IGA4 AREA12 0.0022 SUR OFF 0.7200 
If'IIGH4 OBJ 87.640 SOIL4A 1.0000 
1MG~4 A~£A6 0.0012 AREA9 O.OOY4 
1MGA4 AREAlO o.oo12 ARFA1l 0.0009 
1MGR.4 AREA12 0.0036 DfPERD 0.4100 
IMGB4 SUR OFF 2.1600 
Hf'-4PP4 OBJ 62.020 SOJL4P 1.0000 
HMPP4 AREAl) 0.0009 APEA9 0.0071 
HMPP4 AkEA10 0.0054 AREA1l o.ooo7 
Ht-IDD4 AREA12 0.0027 OEPERO 0.3-/50 
liMPG4 08J 54.010 SOIL4G 1.0000 
H~· PG4 APEA6 0.0006 APEA9 1).0051 
HMPG4 A11EA10 0.0039 APf .A11 o.ooo5 
HMPG4 AF~ EA12 0.0019 DfPERO o.~s6o 

HMPA4 OBJ S8.760 S0JL4A . 1.0000 
HMPA4 AREA6 0.0007 APEA9 0.0058 
HMPA4 AREAlO o.oo4c:; AREAl} 0.0006 
H~1 PA4 APEA12 0.0022 DEPERO o.J960 
Ht-'P84 QljJ 59.260 S0IL4H 1.0000 
HMP84 A~E.A6 o.ooo~ APE"A9 0.0048 
HMPR4 AREAlO 0.0037 APEA11 0.0005 
Ht-'PA4 ARt:.Al?. 0.0018 OFPERD 0.3~40 

SRPP4 OfiJ 71.270 SOJL4P 1.0000 
SRPP4 AREA6 0.0009 APEA9 0.0071 
SRPP4 ARE.AlO 0.0054 APEA11 0.0007 
Sl-JPP4 AREA12 0.0027 OFPF.:RD 0.3750 
SRPG4 UBJ 57.330 SOIL4G 1.0000 
SRPG4 AREA6 0.0006 APEA9 O.OOSl 
SRPG4 ARE.OlO 0.0039 APtA11 o.ooos 



NA~E 

COUJI-ANS 
DELETf 

SYSAll 
SY<;A21 
SYSA31 
SYSA4l 
SYSASl 
SYSAhl 
SYSt17l 
SYSA13l 
SYSA91 

TETON02 

• 

• 

• 



SRPG4 AREA12 0.0019 DfPERD o.c~oo 

SRPA4 OBJ ~9.270 SOJL4A 1.0000 c~ --···· :::;;~ ()• 
S~PA4 AREA6 0.0007 .AREA~ 0.0058 
SRPA4 AkEAlO 0.0045 ARFAll 0.0006 
SPPA4 AREAl? 0.0022 OFDEPO 0.3960 
SRPA4 ObJ S9.490 ~OJL4H 1.0000 
SRPB4 AREA6 0.0006 APfA9 0.004H 
SRPR4 AREAlO o.oo::n ~RFAll o.ooos 
Si-lP84 A~EA12 O.OOlA DEPE~W 0.3540 
SSPP4 OBJ 222.2fl. SOJL4P 1.0000 
SSPP4 AREAf> o.oooB APfA9 0.0066 
SSP~4 Akf td 0 0.0051 .APFAll 0.0006 
SSPP4 AREA12 o.002S DfPERD 0.3000 
CPPP4 O!;J 60.970 SOJL4P 1.0000 
CPPP4 ARt:A6 o.oooe APEA9 o.uoo2 
CP»P4 ARE.AlO 0.0048 /IPEAll o.oooo 
CPPD4 AREA12 0.0024 DEPfRD 0.2250 
CPPG4 OBJ 60.970 SOJL4G 1.0000 
CPPG4 A~EA6 o.ooos APff>9 0.0044 
CPPG4 AREAlO 0.0034 APEAll 0.0004 
CPPG4 .AREAlc 0.0017 DEPERD 0.1540 
CPPA4 OBJ 60.970 SOIL4A 1.0000 
CPPA4 AREA6 0.0006 AREA9 0.0051 
CPPA4 AkEA10 ·0.0039 AREA11 o.ooos 
CPPA4 AREA12 0~0020 DEPERD Oe2380 
CPP84 OBJ 60.970 SOJL48 . 1.0000 
CPP84 AREA6 0·. 0 0 05 f>l~f A9 0.0042 
CPP~4 AREAlO 0.0032 APEA11 0.0004 
CPPR4 AREA12 0.0016 DEPERD 0.2130 
VON VOL ON -.OOS2R CH()N 1.0000 
VDPR DEPERR -1.000 CHDPB -1.000 
VDPO DEPE~W -1.000 CHDPD 1.0000 
VSR SUROFF -1.000 CHSR 1.0000 
SYSA11 Ot3J 0.0001 ARf A 1 1.0000 
SYSAll AREA? -.957 
SYSA21 OBJ 0.0001 AREA2 1.0000 
SYSA2l AkEA4 -.949 
SYSA31 OBJ 0.0001 APEA4 1.0000 
SYSA31 AREA6 -.964 
SYSA41 OBJ 0.0001 APEA6 1.0000 
SYSA41 AREA7 -.963 
SYSA51 OBJ 0.0001 AREA7 1.0000 
SYSASl AREA10 -.90€1 
SYSA61 OBJ 0.0001 ARfA10 1.0000 
SYSII61 AREA12 -.942 
SYSA71 OBJ o.ooot AREA11 -.897 
SY~A71 A~EA12 1.0000 
SYSAAl O!::$J 0.0001 AREA2 1.0000 
SYSA81 AREA3 -.892 
SYSA91 QtjJ 0.0001 AR£114 1.0000 
SYSA9l AREAS -.R83 
SYSA101 OBJ 0.0001 ARfA4 1.0000 
SYSA101 AREA9 -.867 
SYSA111 OBJ 0.0001 APfA8 -.898 
SYCiAlll AREA9 1.0000 
SYSA121 OE:lJ 0.0001 APEA1 .;.1.00 
SYSA121 WTON 1.00(10 VOL ON 1.0000 
SEEPAGE A DEPER8 2679. ·. CONSP 1.0000 
FIXA OBJ 60Ql. CONST 1.0000 
OMCA OHJ 23852. C0£"'1 1.0000 

RHS 
RHSA SOILlP 26?. SOJLlG 306. 
RHSA SOILlA 175. SOJLlR 131. 
RI-'SA SOIL2P 413. SOIL2G 482. 
RHSA SOIL2A 276. SOIL2B 207. 
RHSA SOIL3P as. SOIL3G 141. 
RHSA SOIL3A 56. SOIL4P 126. 
RHSA ~OIL4G 252. SOIL4A 126. 
P~SA SOIL4R 126. WTON 302. 
RHSA CONSP 1.0000 CONST 1.0000 
R~SA COEM 1.0000 
kHSA WTON 1.oooo 

ENDATA 





SYSAlOl 
5YSA111 
SYSAl?l 

(. ; .. .... :~:~ JL 

SEEPAGE A 
FhA 
Ot-1CA 

AFTER 
SY"811 Ot:'J 0.0001 /!PEAl 1.0000 
SYS~ll AREA2 -.957 
SYSR21 OHJ 0.0001 APfA2 1.0000 
SYSR21 AREA4 -.949 
SYSR31 O~J 0.0001 AREA4 1.0000 
SYSH31 AREA6 -.964 
SYSrl42 OHJ 6.90 AREA6 1.0000 
SYSR42 A~EA7 -.979 
SYS851 08J 0.0001 ARfA7 1.0000 
SYS851 ARE/110 -:.90b 
SYS8~2 Ot1J 20.?0 AREAlO 1.0000 
SYSB62 AREA12 -.977 
SYSH71 OBJ 0 •. 00 01 AREAl} -.t397 
SYSA71 APEA12 1.0000 
SYSiiR1 08J 0.0001 ARfA2 1.0000 
SYSRA1 AREA3 -.R92 
SYS891 OBJ o.oooi AREA4 1.0000 
SYS891 AREAS -.883 
SYSB101 OBJ 0.0001 AREA4 1.0000 
SYS8101 AkEA9 -.867 
SYSA111 OBJ 0.0001 ARF.A8 -.898 
SYS>-!111 AREA9 1.onoo 
SY$8121 ORJ 0.0001 M~fA1 -1.00 
SYS8121 wTON 1.0000 VOL ON 1.0000 
SEEPAGES DEPERB 2522. CONSP 1.0000 
flXB ObJ 7148. CONST 1.oooo 
O~CH OHJ 23852. COfM 1.0000 

ENDATA 
NA.ME TETON03 
COLUMNS 

DELETE 
SYSB11 
SY$821 
SYSB31 
SYSH42 
SYSHSl 
SYSR62 
SYSR71 
SYSR81 
SYSB91 
SYSRlOl 
SYSR111 
SYSR121 
StEPAGEB 
FIXB 
OMCR 

AFTER 
SYSC11 OBJ 0.0001 AREAl 1.0000 
SYSCll AREA2 -.957 
SYSC21 ObJ 0.0001 AREA2 1.0000 
SYSC21 AREA4 -.949 
SYSC31 OBJ 0.0001 .AREA4 1.0000 
SYSC31 AREA6 -.964 
SY~C4l OBJ 0.0001 AREA6 1.0000 
SYSC4l AREA7 -.963 
SYSC51 08J 0.0001 APEA7 1.0000 
SYSC51 APEA10 -.906 
SYSC62 OAJ ?.0.20 APFA}O 1.0000 
SYSC~2 ARE.A12 -.Q77 
SYSC72 OHJ 21.30 APfA11 -.975 
SYSC72 AKE.A12 1.0000 
SYSCAl OtsJ 0.0001 APF .A.2 . 1.0000 
SYSC~l AREA3 -.~92 

SYSC92 O~J 34.30 APfA4 1.0000 
SYSC92 AREAS -.974 
SYSC101 U8J 0.0001 AREA4 1.0000 
SYSClOl .AREA9 -.8F,7 
SYSClll Ot\J 0.0001 ~RfA8 -.89(; 
SYSC111 AREA9 1.0000 
SYSC12l ORJ 0.0001 ARfA1 -1 .. 00 
SY'5Cl21 WT0!\1 1.0000 VOL ON 1.0000 
SEF.PAGEC l>EPER8 ?401. CONSP 1.0000 
Fixe OBJ 7769. CONST 1.oooo 
OMCC UBJ 23852. COEM 1.oooo 

ENDATA 



NAI-4t:. lE TON04 
CCLUio<NS (:::- - :~:.-~ 

rJELf TE 
SYSCll 
SYSC21 
SYSC11 
5YSC4l 
SYSC51 
SYSCfl2 
SYSC72 
SYSCA1 
SYSC92 
S'r<;C101 
SYSC111 
SYSC121 
Sf f.PAGfC 
Fixe 
OMCC 

AFHR 
SYSOll OBJ 0.0001 A PEAl 1.0000 
SYS(')ll AREA2 -.957 
SYS(')21 UBJ 0.0001 APFA2 1.0000 
SYSD21 AREA4 -.949 
SYS031 UbJ 0.0001 APEA4 1.0000 
SYSD~l ARE At> -.964 
SYS041 Ot.lJ 0.0001 APfA6 1.0000 
SYS041 Af.JE A7 -.963 
SYS(')5} OB.J 0.0001 f.PF.A7 1.0000 
SYS051 AREAlO -.906 
SYS062 OBJ 20.20 f.PfAlO 1.0000 
SYS062 AREA 12 -.977 
SYS072 ORJ 21.30 APEA 11 -.975 
SYS072 AREA12 1.0000 
SYSD81 ObJ 0.0001 APEA2 1.0000 
SYS0~1 ARE.A3 -.892 
SYS091 OHJ 0.0001 .APEA4 1.oooo 
SYSD91 ARE.A5 -. 883 
SYSD102 OAJ 41.20 'IIPEA4 1.0000 
SYSD102 ARE/19 -.973 
SYSD111 UI:!J 0.0001 APE"A8 -.ti98 

SYSD111 AJ.<EA9 1. o oon 
SY$!")}21 OHJ 0.0001 APEAl -1.00 
SYSD121 WTON 1. 0000 VOL ON 1.0000 
SE.EPAGEO (JEPERt3 2189. CONSP 1.0000 
FIXO OBJ 8422. CONST 1.0000 
OMCO OBJ 23!:!52. COEM 1.0000 

ENOATA 
!\l AME TETON05 
COLUMNS 

DELETE 
SYSD11 
SYS021 
SYSD31 
SYS()4l 
snoc:;l 
SYSI)62 
SYSD7 .2 
SYSf>Al 
~vs o ql 

SYS{)102 
SYSOlll 
SYSD121 
SEF:PAGED 
Flxo 
OMCD 

AFTEP 
SYSU 1 OHJ 0.0001 .APE AI 1.0000 
svsr::tl AREA2 -.957 
SYSF.22 Oi:!J 28.70 6PEA2 1.0000 
SYSE?2 AREA4 -.'H6 
~YSE31 OHJ 0.0001 AFFA4 1.oooo 
SYSE31 AKEA6 ·-.964 
SYSF.:41 O[:(J o.ooo1 APfA6 1.oooo 
SYSE41 ARU7 -.963 
SYSF:Sl OtiJ 0.0001 APEA7 1.0000 
SYSE51 AREAl() -.906 • SYSEI)l O~J 0.0001 APEAlO 1.oooo 
SYSE6l A~-<E.A12 -.Q42 
SYSF.:71 OBJ 0.0001 APFA11 -.b'17 
SYSE7l AREA12 1.0000 
SYSEF\1 OBJ o.ooo1 APfA2 1.oooo 
SYSfs:\1 AREA3 -.A92 
SY<;E9l (jfjJ 0.0001 APFA4 1.oooo 
SYS~91 APEA5 - • .A83 
SY<;F.:l02 (JbJ 41.20 APfA4 1.oooo • SYSE102 AFEA9 -.973 
SY<;F.l11 Ot-J 0.0001 APEAA -.891:! 
SYSElll AREA(j 1.ooon 
SYSE121 Ut<J 0. 0 0(!1 APFA1 -1.0 0 
SY<;FI21 wTGN 1. o oon V0LO"' 1.0000 
SF..FPAGfE Of PE 'FI 1931. C0NSP 1.uooo 
FIXE UtjJ Hn?.?.. (()1\IST 1.uooo 
O,..CF: OHJ 23tl~2. COE"' 1.uooo 

ENOATA • 



APPENDIX D 

SAMPLE COMPUTER OUTPUT FOR SALEM IRRIGATION DISTRICT 

Output from APSYS Routine (Surface Systems) .. 

Output from APSYS Routine (Sprinkler Systems) 

Output from CANAL Routine 

Output from PIPE Routine (Gravity) 

Output from PIPE Routine (High Pressure) 

Output from PUMP Routine 

Output from DYNAM Routine . 
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AN~UAL COST OF IRRIGATION--------GRAVITY IRRIGATIO~ SYSTEM wiTH GOOO MANAGEMtNT 
SOIL TYPE NUMbEH----- 1 

ALFALFA HAY 

FARM DATA: 
FIELD LENGTH, FT 1300. 
Lllr:!OR 1-<E<WIRED, HP/AC/IRR 0. 35 
ADD IT I Ol'.iAL LAHOR, Hk/AC/IRR o.o 
LAf:WR RATE~ ~/HR s.oo 
COST OF CONST. FARM DITCH, 'tiFT 0.40 
COST OF FAf:..M DITCt-1 LINING, 'b/FT 2.50 
COST OF IRRIGATIOhJ STi-<UC., ii/AC ?0.00 
COST OF t--ISC. EQLJIPT.• 1/AC• o.o 
COST OF LfVE L HH;, GRADl~G, 'i>/AC ?no.no 
COST OF LAND PREPA~ATIO~, t,/AC }0.00 
COST OF LAND LOST TO PRODUCTION, ~/AC 250.00 

NUMRER OF I~RIG./SEASON 4. 
DEPLETED RAM eETWEEN IRRIGATIONS.INCHES 5.7h 
FREQUENCy OF IHPIGATION AT PEAK US~.DAYS 25. 

FARM SlZt• ACHE 80. 
FIELD SIZE FOk THIS CHO~, AC 16. 
TOTAL I~VEST~ENT, $/AC 317. 

OwNERSHIP COST (~/AC) 

DEPRECIATION !SINKING FUNO) 
INTEREST ON INITIAL INVESTMENT 

OPERATION AND ~~INTENANCE COST (~/AC) 

LM:30R COST 
MAINTENANCE A~D REPAIR 
TAXES AND INSURANCE 

SUB TOTAL ••••••••••••••••••• 
COST OF LAND LUST TO PRODUCTION 

2.16 
30.13 

5.38 
10.59 

0.29 

4A.56 
5.77 

THE ENr. OF Tt-1E FIELD IS dElNG UNDF.RIRRIGATf.D. 
DISTP!bUTION EFFICIENCY = od.1 PERCENT. 
APPLICATION EFFICI~NCY = 6~.9 PERCE~T 
UNIT FLOW PATf =0.0591 CFS 
SfT liME = 251.25 MINUT~S. 
INFILTRATION AT FIELD HEAD IS 5.7600 INCHES 

INFILTRATION tT FIELD END IS 4.7765 INCHES. 

Q AND Tl~E wiLL ~E INCREA~ED BY 10. PERCENT. 

COST OF wATER LOST 
COST OF SU8-~URF~CE DRAIN (~/AC) 

0.0 
o.o 

TOTAL ANNUAL COST (~/AC/YR>••• S4.33 

Pu~DER IRRIGATION EFFICIENCY ESTIMATES 
SOIL TYPE NUMHER--~-- 1 

Lt~GlH OF JR~IGATION ~UNt FT 
DEPT~ OF WATER APPLIED AT FIELD HEAD, IN 
DEPTH OF wATER APPLIED AT FIELD END • IN 
UNIT STREAM Silt• CfS/FT 
~ORDFR WIDTH, FT 
FIELD SLOPf, FT/FT 
Tl~f OF APPLICATIO~t MIN 
APPLICATION EFFICil~CYt PERCENT 
DISTRIBUTION EFFICltNCY• PERCENT 
VOLUME OF DEEP PEkCt AC-FT/AC/YH 
VOLU~f OF RUNOFF, AC-FT/AC/YR 

1300. 
6.17 
5.56 
0.0650 

40. 
0.0020 

276. 
57. 
94. 

0.07 
1. 34 



ANNUAL COST OF IRRIGATION--------GRAVITY IRRIGATIO~ SYSTEM WlTM GOOD MANAGEMENT 
SOIL TYPE NU~~ER----- 1 

FARM DATA: 
FIELD LENGTH, FT 
LAHOH REQUIRED, H~/AC/IHR 

ADDITIONAL LAHOR, HR/AC/IRR 
LAROR ~ATE, $/~R 

GRAIN 

COST OF CONST. FARM DITCH, $/FT 
COST OF FARM DITCH LINING, ~/FT 

COST OF IRRIGATION STHUC., $/AC 
COST OF MISC. EQUIPT.t ~/ACt 
COST OF LEVELING, GRADING, $/AC 
COST OF LAND PREPARATION, ~/AC 

COST OF LAND LOST TO PRODUCTION, ~/AC 

1300. 
0.35 
o.o 
5.00 
0.40 
2.50 

?o.oo 
o.o 

?no.oo 
rn.oo 

?sn.oo 

NUMRER OF IRRIG,/SEASUN 3. 
DEPLETED RAM BETWEEN IRHIGATIONS,J NCHES 4.20 
FREQUENCY OF IRRIGATION AT PEAK USE ,DAYS 21. 

FAPM SIZE• ACRE &0. 
FIELD SIZE FOR THIS CROP, AC 28. 
TOTAL INVESTMENT, $/AC 317. 

OWNERSHIP COST ($/AC) 

DEPRECIATION (SINKING FUND) 2.16 
INTEREST ON INITIAL INVESTMENT 30.13 

OPERATION AND MAINTENANCE COST ($ / AC) 
LABOR COST 4.04 
~AINTENANCE AND REPAIH 10.59 
TAXES AND INSURANCE 0.29 

SUR TOTAL ••••••••••••••••••• 47.21 
COST OF LAND LOST TO PRODUCTION S.77 

THE END OF THE FIELD IS ~EING UN DERIRRIGATED. 
DISTRI~UTION EFFICIENCY = 89.3 PERCENT. 
APPLICATION EFFICIENCY = 66.1 PERCE NT 
UNIT FLOW RATE =0.0670 CFS 
SET TIME = 161.62 MINUTES, 
INFILTRATION AT FIELD HEAD IS 4.2000 INCHES 

T"'lFILTRATIOI'i AT FIELD END IS 3.5444 INCHES. 

G AND TII'IIE wiLL BE INCREASED BY l 0. PERCFNT. 

COST 
COST 

OF WATER LOST o.o 
OF SUR-SURFACE DRAIN ($/AC) o.o 

TOTAL ANNUAL COST ($ /AC/Y R) • • • S2,9A 

AOHDER IRRIGATION EFFICIENCY ESTIMATES 
SOIL TYPE NUM8ER----- 1 

LENGTH OF IRRIGATION RUN, FT 
DEPTH OF wATEq ~PPLIEO AT ~IFLD HEAO, IN 
DEPTH OF WATER ~P~LIED AT FIELD END • IN 
UNIT STREA~ S!Zf, CF~/FT 

80RDER WIDTH, FT 
FIELO SLOPE, FT/FT 
TI~E OF APPLICATION, MIN 
~PPLICATION EFFICltNCY, PERCENT 
DISTPIHUTION EFFICIENCY. PtkCENT 
VOLUME OF DFfP PERC• AC-FT/AC/YR 
VOLU~f OF kUN0FF, AC-FT/AC/YR 

1300. 
4.49 
4.11 
0. 07:H 

40. 
0.0020 

17d. 
58. 
95. 

0.04 
0.73 

• 

• 

• 

• 



ANNUAL COST 0F 1~41GAT10N--------GRAVITY IRRIGATION SYSTEM ~ITH G00D MANAGtMENT 
SOIL TYPE NUM~E~----- 1 

FARM DATA: 
FIELD LFNGTH, FT 
LABO~ R~OUIRED, HR/AC/IhR 
ADDITIONAL LABOq, H~/AC/IRR 

LAHOR ~ATEt ~/HR 

PASTURE 

COST OF CONST. FA~M DITCH, i/FT 
COST OF FAR~ DITCH LINING, i/FT 
COST OF IRRIGATION STHUC., $/AC 
COST OF ~ISC. EQUIPT.t j/AC• 
COST OF LEVELING, GRADING, $/AC 
COST OF LAND PREPA~ATlON, $/AC 
COST OF LAND LOST TO PkUDUCTION, ~/AC 

1300. 
0.35 
o.o 
5.00 
0.40 
2.50 

20.00 
o.o 

?on.oo 
10.00 

250.00 

NUM~ER OF IRRIG./SEAS0N 6. 
DEPLETED RAM PETWEEN IHRIGATIONS,INCHES 3.00 
FRE~UENCY OF IHRIGATION AT PEAK USE,DAYS 16. 

FARM SILt., ACRE 80. 
FIELD SIZE FOR THIS CkU~, AC 12. 
TOTAL INVESTMENT, $/AC 317. 

OWNERSHIP COST ($/AC) 

DEPRECIATION <SINKING FUND) 
INTEREST ON INITIAL INVESTMENT 

OPERATION ANU MAINTENANCE COST ($/AC) 
LAROR COST 
MAINTE~ANCE AND REPAIR 
TAXES AND INSURANCE 

SUR TOTAL ••••••••••••••••••• 
COST OF LAND LOST TO PRODUCTION 

?.16 
30.13 

R. 08 
10.59 

0.29 

51.25 
s.11 

PFCESSION OF THE BORDER STREAM HAS REEN DETERMINED 
TO HEGIN HEFORE THE STREAM HAS ADVANCED ACROSS THE FIFLD. 
RECESSION Tl~f IS AT 10S.Y3 MINUTES 
THF STREAM HAS ADVANCED TO 1170.0 FEET AT 10R.l7 MINUTES 
A L A R G E R F L 0 w R A T E A N D L 0 I"J G E H S £. T . T I ME W I L L R E T R I ED • 

COST OF WATER LOST 
COST OF SUH-SU~FACE DRAIN ($/AC) 

o.o 
o.o 

TOTAL ANNUAL COST (~/AC/YR> ••• ~7.0? 

EOROER IRRl~ATION EFFICIENCY ESTIMATES 
SOIL T~PE NUMBEH----- 1 

LENGTH OF IRRIGATION HUNt FT 
DEPTH OF WATE~ ~PPLIED AT FIELD HEAD. IN 
DEPTH OF WATER APPLIED AT FIELD END , IN 
UNIT STREAM SIZE, CFS/FT 
~ORDER WIDTH. FT 
FIELG SLOPE. FT/FT 
Tl~E OF APPLICATION; MIN 
APPLICATION F.FFICIENCY, PERCENT 
DlSTRI8UTION EFFICltNCY• PERCENT 
VOLU~E OF DEEP PERC, AC-FT/AC/YR 
VOLUME OF PIJ'\IOFF, AC.-FT/AC/YR 

1300. 
3.3q 
3.30 
0.093~ 

40. 
o.ooco 

119. 
4tj. 

100. 
0.16 
}.44 



ANNUAL COST OF IHRIGATION--------GRAVITY IRRIGATION SYSTE~ ~lTH GOGO MANAG~M~NT ( j 
SOIL TYPE NUM~[k----- 1 

FARM DATA: 
FIELD LENGTH, FT 
LAHOR REQUIRED, HQ/AC/IRR 
ADDITIONAL LABOR, HK/AC/lRR 
LAHOR PATE, $/HP 

POTATOES 

COST OF CONST. FARM DITCH, $/FT 
COST OF FAR~ DITCH LINING, $/FT 
COST OF IRRIGATION STKUC., ~/AC 

COST OF ~ISC. EQUIPT.• i/AC, 
COST OF LEVELING, GRADING, ~/AC 
COST OF LAND PREPARATION, $/AC 
COST OF LAND LOST TO ~RODUCTION, $/AC 

1300. 
0.50 
o.o 
s.oo 
0.40 
2.50 

2n.oo 
40.00 

1so.oo 
10.00 

?.5o.oo -

NUMBER OF IRRIG.ISEASON ~. 
DEPLETED RAM 8ETWEEN IRRIGATIONS,INCHES ?.40 
FREQUENCY OF IRRIGATION AT PEAK USE,DAYS 8. 

FAR~ SIZE, ACRE ~0. 
FIELD SIZE FOR THIS CROP, AC 24. 
TOTAL INVESTMENT, $/AC 107. 

OWNERSHIP COST (~/AC) 

DEPRECIATION (SINKING FUND) 
INTEREST ON INITIAL INVESTMENT 

O~E~ATION AND MAINTENANCE COST ($/AC) 
LAdOR COST 
MAINTENANCE AND REPAIR 
TAXES AND INSURANCE 

SUB TOTAL ••••••••••••••••••• 
COST OF LAND LOST TO PKODUCTION 

COST OF ~ATER LOST 
COST OF SUB-SURFACE DRAIN ($/AC) 

15.38 
10.79 
0.39 

5A.65 
5 .77 

o.o 
o.o 

TOTAL ANNUAL COST ($/AC/YR) ••• 64.42 

FURROw IRRIGATION EFFICIENCY ESTIMATES 
SOIL TYPE NU~8ER----- 1 

LENGTH OF IRRIGATION RU NtFT 
~EPTH OF wATER APPLIED,!N 
FURROW STREAM SIZEtGPM 
FURROW S~ACING,IN 

FIELD SLOPE, FT/FT 
TI~E OF APPLICATIONtMIN 
INTAKE FAMILY ~AStD ON SCS 

A COEF =0.0701 
H COEF =0.7b:,o 
C COEF =0.27~0 

APPLICATION EFFICIENCY, PERCENT 
DIST~IRUTION EFFICltNCY• PERCENT 
VOLUME OF DEEP PEHLt AC-FT/AC/YR 
VOLUMf OF RUNOFF, AC-FT/AC/YR 

1300. 
2.40 

20. 
36. 

.00200 
640. 

1.0 

46. 
66. 

0.81 
1. 1 0 

• 

• 

• 

• 



ANN~AL COST OF IRRIGATION-------HANDMOVF.----HAND MOV~ SPHINKLER SYSTEM--ANNIS SOIL 
SOIL TYPE NtJMHt.R----- 1 

ALFALFA HAY 

FAR~ DATA: 

FIELO LENGTH, FT 
FARM SIZE• ACRES 
NO. OF IkRIGATION 
FREQUENCY OF l~RIGATIU~, DAYS 
GPfJ./LATERAL 
LABOR RATE, "/HQ 

NUMffH OF LATEkALS I FAR~ 

LENGTH OF LATEkAL, FE~T 
LATERAL SPACING, FEET 
TIM~ TO ~OVE LATERAL, MIN/SET 
TIME OF SFTTI~G, HRS 
TRANSPORT Tl~E PER ROTATIQN,HRS 
AREA COVfRED BY EACH L~TERAL, ACPES 

COST PER LATERAL LINEt $ 
ALLO~ARL~ INTAKE RATEt 1~/HR 
lOTAL LAHOR, HR/AC/YR 

DEEP PEkCOLATlON,AF/ACH£ 
APPLICATION fFFICIENCYtPERCENT 

~AINLINE DATA: 

1300. 
80. 

4. 
25. 

362. 
c;.oo 

2.0 
1300. 

so. 
75. 
12. 
2. 

40.00 

1760. 
0.80 

3. 

0.3958 
75.00 

TOTAL AREA S~RVED BY MAINLINE, ACRES 
. TOTAL LfNGTH OF MAINLINE, FEET 

80 • 
1300. 

D I A ~~ E T E R ( I N > 

8. 
6. 

LENGTHCFT) 
600. 
700. 

TOTAL COST OF MAINLINE, $ 
TOTAL INVESTMENT ($/AC) 

ANNUAL COST: 

OEPPEC Jt. TI ON 
L.ATERAL 
MAINLINE 

!NTE~EST ON INVESTMENT 
LA H .kAL 
t-',A It-:L I NE 

LA80P COST 
MAINTENA~CE COST 
TAXES A~O INSURANCE 

T 0 T A L 

COST (~/FT> 
3.65 
2.30 

4180. 
96. 

$/AC 

1. 25 
o.Re 

4.18 
- 4.96 
16.63 
2.89 
0.53 

31.3;? 

NOTE: TOT~L ANNUAL COST DOES NOT INCLUDE PUMP UNIT AND RESERVOIRS 



ANNUAL COST OF lRHIGATION-------HANOMOVE----HAND MOVE SPRINKLER SYSTEM--ANNIS SOIL 
SOIL TYPE NUMB~R----- 1 

FARPo4 DATA: 

FIELD LENGTH, FT 
FAR~ SIZE• ACRES 
NO. OF IRRIGATION 
FREQUENCY OF IRRIGATION, DAYS 
GP~/LATEf.IAL 

LAHOf.i RATft i/HR 

NUMHER OF LATERALS I FAHM 
LENGTH OF LATERAL, FEET 
LATERAL SPACING, ~EET 

TIME TO ~OVf LATERAL, MIN/SET 
TIME OF SETTING, HRS 

GRAIN 

TPANSPORT TIME PER ROTATIONtHRS 
AREA COVERED ~y EACH LATERAL, ACRES 

COST PER LATERAL LINE• $ 
ALLO~ABLE INTAKE RATE• IN/HR 
TOTAL LAHOR, HR/AC/YR 

DEEP PERCOLATION 9 AF/ACAE 
APPLICATION EFFICIENCYtPERCENT 

MAINLINE DATA: 

1300. 
so. 
3. 

21. 
?64. 
5.00 . 

2.0 
1300. 

so. 
75. 
12. 
2. 

40.00 

1760. 
o.so 

2. 

0.?.562 
75.00 

TOTAL AREA StPVED RY MAINLINE, ACRES 
TOTAL LENGTH OF MAINLINE, FEET 

so. 
1300. 

DIAI'AETER<IN> 
B. 
6. 

LENGTH ( FT> 
600. 
700. 

TOTAL COST OF MAINLINE• ~ 
TOTAL INVESTMENT ($/AC> 

ANNUAL COST: 

DEPRECIATION 
LATERAL 
MAINLINE 

INTEREST ON INVESTMENT 
LATERAL 
MAINLINE 

LABOR COST 
MAINTENANCE COST 
TAXES AND INSURANCE 

T 0 T A L 

COST < '!i/FT) 
3.65 
2.30 

4180. 
96. 

$/AC 

1.25 
0.8A 

4.1S 
4.96 

- 10.59 
2.89 
0.53 

25.29 

NOTE: TOTAL ANNUAL COST DOES NOT INCLUDF PUMP UNIT AND RESERVOIRS • 

• 

• 



ANNUAL COST OF IRRIGATION-------HANOMOVE----HAND MOVE SPRINKLER SYSTEM--ANNIS SOIL 
SOIL TYPE NU~BER----- 1 

PASTURE 

FARM DATA: 

FIELD LE NGTH, FT 
Ff.R~ SIZE.. ACREe; 
NO. OF IRPIGf.TION 
F~EQUENCY OF IR4IGATION, DAYS 
GPM/LAHPAL 
LA~OR ~ATE, $/rlR 

NUMBER OF LATEhALS I FARM 
LENGTH OF LATERAL, FEET 
LATERAL SPACING, FEET 
TIME TO ~OVE LATERAL, MIN/SET 
TIME OF SfTTING, HRS 
TRANSPORT TIME PER ROTAllON,HRS 
.AREA COVERED bY EACH LATERAL, ACRES 

COST PER LATERAL LINE• $ 
ALLOwABLE INTAKE RATE• IN/HR 
TOTAL L•BOR, HR/AC/YR 

DEEP PEPCOLATION,AF/ACRE 
APPLICATION EFFICIENCY,Pf-RCENT 

MAINLHJE DATA: 

1300. 
80. 
6. 

16. 
188. 
s.oo 

2.0 
1~00. 

50. 
75. 
12. 

2 • 
4n.oo 

1760, 
o.ao . 

3, 

0,3542 
75.00 

TOTAL AREA SERVED 8Y MAINLINE, ACRES 
TOTAL LENGTH OF MAINLINE, FEET 

80. 
1300, 

DIAI-IoETER<IN) 
B. 
6. 

LENGTH (FT) 
600, 
700. 

TOTAL COST OF MAINLINE, $ 
TOTAL lf\:VFST~ENT ($/AC) 

ANNUAL COST: 

DEPRECIATION 
LAH.RAL 
"'·Ait-:LINE 

INTFREST ON INVESTMENT 
LATERAL 
MAH1LINE 

LAROR COST 
MAINTENANCE COST 
TAXES .AND lNSUkANCE 

T 0 T A L 

COST ( 'f:/FT) 
3.65 
~.30 

4180. 
96, 

'iliAC 

1.25 
0,88 

4.18 
4,96 

' 16.50 
2.89 
0.53 

31.20 

NOTE: TOTAL f.NNUAL COST DOES NOT INCLUDE PUMP UNIT AND RESERVOIRS 



ANNUAL COST OF I~RIGATION-------HANOMOVE----HANO ~OVE SPRINKLER SYSTEM--ANNIS SOIL 
SOIL TYPE NU~bE~----- 1 

POTATOES 

FAR~ DATA: 

FIELD LENGTH, FT 
FAR~ SIZE• ACkES 
NO. OF I~RIGATION 

F~EQlJENCY OF IRRIGATION, DAYS 
GPM/LATERAL 
LAHOR RATE, ~/HR 

NUMHER OF LATERALS I FAkM 
LENGTH OF LATERAL• FE~T 
LATEHAL SPACING, FEET 
TIME TO ~OVE LATERAL, MIN/SET 
TIME OF SETTING, HRS 
TRANSPORT TI~E PER ROTATION,HRS 
AREA COVERED BY EACH LATERAL• ACRES 

COST PER LATERAL LINEt $ 
ALLOWABLE INTAKE QATEt IN/HR 
TOTAL LA~OR, H~/AC/YR 

DEEP PERCOLATION,AF/ACRE 
APPLICATION EFFICIENCY,PERCENT 

MAINLINE DATA: 

1300. 
so. 

A. 
B. 

341. 
c;.oo _ 

2.0 
1300. 

so. 
75. 
6. 
2. 

40.00 

1760. 
o. so 

4. 

0.3750 
7'5.00 

TOTAL AREA SERVED BY MAINLINE, ACRES 
TOTAL LENGTH OF MAINLINE, FEET 

80. 
1300. 

DIAMETER C IN> 
8. 
6. 

LENGTHCFT) 
600. 
700. 

TOTAL COST OF MAINLINE, $ 
TOTAL INVESTMENT Ci/AC) 

ANNUAL COST: 

DEPRECIATION 
LATERAL 
MAINLINE 

INTEREST ON INVESTMENT 
LATE~AL 

MAINLINE 
LABOR COST 
MAINTENA~CE COST 
TAXES AND INSURANCE 

T 0 T A l 

COST ( '5 /FT) 
3.65 
2.30 

4180. 
96. 

$/AC 

1.25 
0.88 

4.1~ 
. 4. 96 . 
22.00 
2. 89 , 
0.53 

36.70 

NOTE: TOTAL ANNUAL COST DOES NOT INCLUDE PUMP UNIT AND RESEHVOIRS I 

• 



Ll'IIEO CANAL PEACH NUMRER ONE 

·) COST OF COST OF COST OF COST OF TOTAL CO"JST. ANNUAL EQUI 
(CF:.; l STP.UCTUPE EARTH't10RK LINING RIGHT OF/WAY COST COST 

40. 9555. l7ij95. 3111R. 0. 58568. 4243.Y 
4'-'. '1923. l!:H55. 3209f,. 0. 60774. 4403.7 
so. 10279. 19549. 332fl0. 0. 63088. 45 71.3 
...:,.:,. lOf-25. 20272. 34353. 0. 65250. 4728.0 
~I). 10963. 20~~5. 35387. o. 67304. 4 IH6.9 
"'c:;. 11293. 2c~oo. 3636G. o. 70221. SOdo.2 
70. 11616. 22~'14. 3730S. o. 71515. 5182.0 
7'). 11933. 22670. 38200. 0. 72803. 5275.3 
iiO. 12244. 22780. 3906('). 0. 74083. 5368.1 
1'1~. 12549. 22'120. 39887. o. 75356. 54o0.3 
qn. 12P.50. 23084. 40684. 0. 76619. >:;551.8 
qs. 1314o. 23271. 4145"\. 0. 77871. 5642.5 

1 0 0. 13437. 23474. 42201. 0. 79113. 5732.5 
lOS. 1372S. 2::;695. 42924. o. 80344. 5821.7 
1 1 (l. 14009. 23'127. 43626. 0. 81563. 5910.0 
115. 142~9. 24572. 44309. o. 83170. 6026.5 

***** SUMMARY OF EARTH~ORK FOR REHABILATAT16N OF T~IS REACH ***** 

CO~~ON EXCAVATION TOTAL 

FILL FRO~ CHANNEL EXCAVATION 

CHANNEL CO~PACTED BACKFILL TOTAL 

CO~PACTED EMBANKMENT TOTAL 

FILL FRO~ ADJACENT EXCAVATION 

OVEkHflUL 

AVt.RAGE MINIMUM RIGHT OF WAY 

OLO INLET AND OUTLET ELEV 
DESIGN I~LET AND OUTLET ELEV 

OESI~N OEPTH OF CH~NNEL 

OFSIGN WIDTH OF CHANNEL 
LH'G TH OF REACH 

Q = 120 CFS 

9267.CU YO 

853.CU YO 

9054.CU YO 

7467.CU YO 

820l.cu yn 

O.CU YO 

23.FEET 

4907.4 
4907.4 

4.3 FEET 
6.6 FFET 

6750. FEET 

4891.4 FEET 
48'11.4 FEET 

L·_, __ ~ --

CONVEYANCE 
EFFIClt.NCY 

Y7.6 
97.6 
'17.7 
'17.7 
97.7 
97.7 
97.7 
97.7 
97.7 
Y7.8 
97.8 
97.8 
97.8 
'17.8 
97.8 
'i7.b 
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LlNFn CANAL RtACH NUMAEP ONE 

Q 

( CF"c;) 

120. 

ESTIMATED COST OF STPUCTURES 

Q = 120 CFS 

ESTIMATED COST OF SIPHON•••••••••••••••••••••••••• 

ESTI~ATED COST OF TUNNEL•••••••••••••••••••••••••• 

ESTI~ATED COST OF DROPS•••••••••••••••••••••••••• 

ESTIMATED COST OF CONCRETE CHECKS ••••• ; •••••••••• 

ESTI~ATED COST OF MODIFIED P. FLUME••••••••••••••• 

ESTIMATED COST OF TURNOUTS•••••••••••••••••••••••• 

ESTI~ATED COST OF COUNTY BRIDGE••••••••••••••••••• 

ESTIMATED COST OF FARM 8RIDGE •• ~•••••••••••••••••• 

ESTIMATED COST OF DRAINAGE CROSSINGS••••••••••• 

CONTINGENCIES ( 10 >••••••••••~••••••••• 

TOTAL COST OF STRUCTURES FOR THIS REACH••••••••••• 

COST SUMMARY FOR THIS #Q# 

COST OF 
STR.UCTUPE 

COST OF 
EARTHWORK 

COST OF 
LINING 

COST OF 
RIGHT OF/WAY 

14566. 25148. 44974. 

CONVEYANCE EFFICI~NCY = 97.8 

AVERAGE CANAL SEEPAGE (AF-FT/CFS OF FLOW) = 

A 
8 = 
R 

3491. 
2?..~ 

0.991 

0. 

0.6391 

0. 

0. 

o. 

8333. 

o. 

4909. 

o. 

0. 

0. 

1324. 

14566. 

TOTAL CONST. 
COST 

84688. 

ANNUAL EQUI 
COST 

ol36.5 

• 

CONVEYANCE 
EFFICIENCY 

97.8 

• 



LI NED CANAL REACH 2 

tJ COST OF COST UF COST OF COST OF TOTAL CO"JST. ANNUAL EQUI 
(CFS> STRUCTURE EARTHwURK LINING RIGHT OF/WAY COST COST 

311. 6655. 16552. 30522. 0. 53728. 3893.1 
~'). 7051. 17ul7. 3187A. 0. 55943. 4053.6 
40. 7431. 17473. 33113. o. 58017. 4203.9 
45. 7799. 17918. 3419R. o. 59915. 4341.4 
.:; n. 8155. 1dJ52. 3S451. o. 61958. 44tl9.5 
ss. 8501. ld72H. 3A629. o. 63B5a. 4627.2 
f) I) • 8R.39. 19324. 3774?.. o. 65905. 4775.5 
65. 9169. 20086. 38799. o. 68054. 4931.2 
70. 9492. 20797. 39807. o. 70097. 5079.2 
75. 9809. 21~49. 40772. o. 72029. 5219.2 
qo. 10120. 22065. 41697. o. 73882. 5353.5 
~c:;. 10425. 22637. 4258A. o. 75649. 54~1.5 

***** SUMMARY OF EARTHWORK FOR REHABILATATION OF THIS REACH ***** 

CO~~ON EXCAVATION TOTAL 

FILL FRO~ CHANNEL EXCAVATION 

CHANNEL COMPACTED BACKFILL TOTAL 

CO~PACTED EMAANKMENT TOTAL 

FILL FROM ADJACENT EXCAVATION 

OVERHAUL 

AVfRAGE MINIMUM RIGHT OF WAY 

OLD INL~T AND OUTLET ELEV 
DfSIGN INLET AND OUTLET ELEV 

DESIGN DEPTH OF CHANNEL 
DESIGN WIDTH OF CHANNEL 
LENGTH OF REACH 

Q = 90 CFS 

952l.CU YO 

6285.CU YD 

7949.CU YO 

6676.CU YO 

1664.CU YO 

O.Cll YO 

32.FEET 

4891.4 
4891.4 

4.? FEET 
6.7 FEET 

6490. FEET 

4883.9 FEET 
4883.9 FEET 

q ·' -- :;_ j _ 

CONVEYANCE 
EFFICli.:NCY 

97.5 
97.5 
"i7.6 
97.6 
97.6 
"17.6 
97.7 
97.7 
97.7 
97.7 
97.7 
97.7 
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LINED CANAL REACH 2 

0 

(CFSl 

90. 

ESTI~ATED COST OF STRUCTURES 

Q = QO CFS 

ESTIMATED COST OF SIPHON•••••••••••••••••••••••••• 

ESTI~ATED COST OF TUNNEL•••••••••••••••••••••••••• 

ESTIMATED COST OF DROPS•••••••••••••••••••••••••• 

ESTI~ATED COST OF CONCRETE CHECKS•••••••••••••••• 

ESTI~ATEO COST OF MODIFIED P. FLUME••••••••••••••• 

ESTIMATED COST OF TURNOUTS•••••••••••••••••••••••• 

ESTIMATED COST OF COUNTY BRIDGE••••••••••••••••••• 

ESTIMATED COST OF FARM BRIDGE••••••••••••••••••••• 

ESTIMATED COST OF DRAINAGE CROSSINGS••••••••••• 

CONTINGENCIES ( 10 l •••••••••••••••••••• 

TOTAL COST OF ~T~UCTUKES FOR THIS REACH••••••••••• 

COST SUMMARY FOR THIS #Q# 

COST OF 
STPUCTURf 

COST OF 
EARTHWORK 

COST OF 
LINING 

COST OF 
RIGHT OF/WAY 

10726. ~3175. 43446. 

CONVEYANCE EFFICIENCY= 97.7 

AVERAGE CANAL SEEPAGE (AF-FT/CFS OF FLOW) 

A = 
B = 
R 

3051. 
2~.7 

l.ooo 

o. 

o.A434 

o • 

0. 

0. 

6772. 

o. 

2978. 

0. 

o. 

o. 

975. 

10726. 

TOTAL CONST. 
COST 

77347. 

ANNUAL EQUI 
COST 

5604.6 

• 

D-····- :1. 2 

CONVEYANCE. 
EFFICIENCY 

97.7 

• 

I 
l 



(.) 

( CF~ l 

40, 
4':"1, 
c: ') • 

..;c.,, 
'1 0 . 
,::,<:;. 
7 c • 
7'-!. 
~ 0 . 

1:_-1 ". 

~f). 

~'J. 

1 0 0 . 
} () ':-, 

l l () • 
l l 'J • 

------------------------------------·- -· 

GQAVITY PIPE PEACH NUMBER l 

DlAME:.TE.k LENGTH t->lPE COST 1/ TUR~OUTS 2/ PlGHT OF 'WAY E A ~ T H ¥· 0 R K 3 I TOTAL COST ANNUA·L COST PIPE TYPE 
C IN) C F T l ( $) ('f.) (li) ('b) ( $) ( $) 

40. t-750. 202SOO. 12749, 0. 47734. 26211(:)2. 1902'1. CO"-CRETE 
42. 6750. 202500. 12749. 0. 47917. 2b3165. 11tl)42. cor~cPE:. T E 
44, 6750. 218700. 12749. 0. 49073. 2 R0:>22. 2 U29B . CON CPETE 
46, t>750. 2•+3000. 12749. 0. 50265. 3tJA014. 22142. ClJI\:CPETE 
4e. 6750, 243000, 12749, 0. 515:) 8 . 307306. 22236. COI\I ( ;{ E_TE 
4~. 67~0. 243000. 12749, o. 5155 d , 307306. 221:'36. CO NCP ETE 
50. 6750. 267300. 12749, 0. 52gfl6. 332915. 240dd. CONCRETE 
52. 6750. 2'11600. 12749, o. 54191. 358540. 251:142. CGI\ICQETE 
52. h75n. 291600. 12749. 0. 54191. 3~ 85 40. 25942. c m,cot. TE 
54. 6750. 291600. 12749, o. s553c. 359881. 2o039. COt'--JC'-<t: TE 
:-6. 6750. 315900. 127·49. 0. 56 .'-389. 3ti~538. 27~'16. C..Gr-.;Cr:'ETE 
5A. 6750. 315900. 12749, o. 56~89, 3855313. 27896. CuNCRETE 
SA. t>7so. J40200. 12749, 0. 511614. 411563. 2977o. CC~<.;C~ETE 

Sb. 67'::lO. J4U200. 12749. o. 5 86 14. 411563. 2977t'J. Cui\IC;:JE TE 
60. 6750. 34o2oo. 12749, o. 60393. 413342. 21:1<107. CONC;..>ETE 
60. 6750. 340200. 12749. o. 6039.J. 413342. 29 90 7. CuNCRE TE 

NOTE: 

1/PIPE COST INCLUOE.S COST OF PIPE·LAYING OF PIPE,COST OF FITTINGSoVALVES,~LOCK!NG,ETC. 

2/T UQNO UT COST INCLUDES GATE VALVfoLINE ~ETfRoPRESSURE ~EDUCING VALVEoCONCRlT~ PIPE,STEEL PlPE. DELlVERYotTC 
3/EARTHWORK COST INCLUDES TRENCHING, 8ACKFILLING AND CO~PACTING BACKFILL 

1_ ~3 
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GRAVITY PIPE REACH NUMBER l 

SUMMARY FOR THIS REACH: 

COST INDEX FOR PIPE SYSTEM!B=l976)= 
LENGTH OF REACH IN FEET = 
ELEVATION OF PIPE OUTLtT, FfET = 
ELEVATION OF PIPE INLET• FEET = 
H.G.L. REQ. AT PIPE OUTLET,FfET = 
H.G.L. REG. AT PIPE INLET• FEET = 
WIDTH OF EAS~MENTt FEET = 
VALUE OF EASEMENT FOR CROPPED LAND= 
VALUE OF EASEMENT FOR OTHER LAND = 
PERCENT LENGTH OF OTHER EASEMENT = 
NUM8ER OF TURNOUTS: 

NUM8ER= 5. SIZE !IN>= 8. 

NUMBER= 1. SIZE (IN>= 12. 

CHECK DATA FOR •••••Q = 120. CFS 

CAPACITYtCFS = 120. 
DIAMETER, INCHES (ROUNDED> = 62. 
AVERAGE HEAD CLASSt FEET = 25. 
TYPE OF COVER = 

1 • 
6750. 
4887. 
4904. 
4901. 
4911. 

45. 
o. 
o. 
o. 

PIPE COST, c;;FT = 45.00 
MISC COST, <DOLLARS) = 1275.00 

A = 12629. 
B = 161.2 
R = 0.986 

.J 

J 

~ .-J 

..) 

_; 

_ _; 

.I 
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• 
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U = 1 2 0 CF~ 

V 0 L l- ~ f 5 
PIFE 

'-'F-_Ht.><ILITA Tl OI\4 PLAI\I --- Li.Y{NG PlPt. lN Ulfl CHANNEL 

T 0 I ilL · ~XC AVA T I 0 ~; = ~ 7 ~7 . CU~IC yA~~S 

70TAL C 0 ~PACTED kAC~FlLL= ~027 . CUBIC yARnS 

TOTeL ~ ACKFILL (OLD C~A~J= O. CLJBIC YAPi)S 

T.J PL nv;::qHAUL o . C'..:'3IC v4or., 

5 U ~ S T i T l -' T ;::_: t: x C A V ;.. T I 0 1--; F >-- n "'~ .U ~ E t. ~ 0 J t.. C t ~~ T T 0 ;:o I o E L I ~ 1 E 
1·'1 ::.LoC:: OF nv f ..;f-' AUL FkOM OU TS l UE Ai-.-:o.. 
~ n J~Ct~ T EXCAVATI GN ~~~ J l. CUS IC yAP OS 

T..JTAL S AC~FILL ~ 3 . C U--3 I C Y A q r) S 

,) I A .'-' ;: T E~ L f , , G i --i ::J~i-' E COST l/ TUPN OI)TS 
<CF-:,1 ( 1 N l ( F T) ( $) ('F-) 

1 2 ,J • 4 t]C . !---7Sn. Jo4:: oo . 12740 . 

21 C<IGHT or- 'NAy 

('b) 

0 • 

EA~ T>-i.,.,Uf1t\ 3/ 
( 'bl 

62207 . 

TOTAL COST A"'NUAL C0~T PIPE TYPE 
( 'f,) ( ~ l 

439455 . Jl7Y~ . CONC~E~E 
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Q Dl A"'EHR LE~GTH PIPE COST 11 TUR"lOUTS 21 RIGHT OF 'WAY EARTHwORK 3/ TOTAL COST A~NUAL COST t-'lPt. TYPE 
(CFS> (IN) 1FT) ( $) ($) ($) ( $) ( ~) ( s) 

3u. 38. 6490. 171336. 5Q'?f.. o. 41701. 218992. 15846. CONCRETE 
3'1. 40. 6490. 194700. SQ'?6. o. 43668. 244324. 17679. CONCRETE 
40. 42. 6490. 1'14700. 5Q5fi. o. 44801. 245457. 17761. CONCRETE 
4'1. 44. 6490. 210276. 5QS6. o. 45937. 262169. 18970. CONCRE.TE 
">(). 46. 64QO. 23Jb40. 59"i6. o. 47076. 28f:>672. 20743. CONCRETE 
55. 4H. 6490. 233640. SQ"i6. 0. 48218. 2'l7814. 20ci2':>. CONCRETE 
h(). 50. 6490. ~57004. 5Q56. o. 49363. 312323. 22:1'18. CO~CRETE 
11'i. 50. 6490. 257004. 5956. o. 49363. 312323. 22~~d. CONCRETE 
70. 52. 6490. 28U36d. 59"ifl. o. 50511. 33t-834. 24372. CONCRETE 
75. ~4. 6490. 28036d. 59"i,c,. o. 51661. 337984. 244~::i. CONCRETE 
~o. 54. t-400. 280368. 5Q'il). 0. 51661. 337Y84. 244::>5. CONCRETE 
8'). 56. t-490. 303732. 59t;6. o. 52873. 362560. 26233. CONCRETE 

NOTE: 

1/PIPE COST INCLuOES COST OF PIPE,LAYING OF PIPE,COST OF FITTINGS,VALVES,dLOCKJNGtETC. 
2/TUPNOUT COST INCLUDES GATE VALVEoLINE ~ETEP,PRESSURE ~EDUCING VALVEtCONCRETE PIPE,STEEL PIPE UELlVERY,ETC 
3/EARTHwORK COST INCLUDES TRENCHING, AACKfiLLING AND COMPACTING BACKFILL 

PIPE EARTHWORK FOR THE A~OVE REACH 

Q = 90 CFS 

V U L U M E S 
PIPf 

REHAH!LITATJO~ PLAN---LAYING PIPE IN OLD CHANNEL 

TOTAL EXCAVATION = 9959. CU81C YARDS 

TOTAL COMPACTED BACKFILL= 4327. CUAIC yAPOS 

TOTAL BACKFILL <OLD CHA~l= O.CUf.liC YAPOS 

TOTAL OVERHAUL O.CUBIC YARDS 

SURSTITUTE EXCAVATION FRO~ AREA ADJACENT TO PIPELINE 
IN ~LACE OF OVE~~AUL FROM OUTSIDE AREA. 
ADJ~CENT EXCAVATluN = 73~9. CUBIC yARDS 

TOTAL BACKFILL = o. CUBIC yARDS 

n 
I CF<;> 

DIA~fHR 

! IN l 
LENGTH 
( F T) 

PIPE COST 1/ 
(S) 

TURNOUTS 2/ PIGHT OF WAY 
( $) ($) 

QQ. SA. 64Cj0. 327091'.. 5956. o. 

EARTHwORK 3/ 
( \) 

54722. 

TOTAL COST ANNUAL COST Pl~E TYPE 
( $) ( s) 

3b7773. 280':>7. CONCRETE 
../ 



GRAVITY PIPE RfAC~ 2 

SUMMARY FOR THIS RE ACH: 

COST INDEX FOR PIPE SYS TEMCR=l976)= 
LENGTH OF HEACH IN FEET = 
ELEVATION OF PIPE OUTLET• FEET = 
ELEVATION OF PIPE INLET• FEET = 
H.G.L. REQ. AT PIPE OUTLET,FEET = 
H.G.L. REO. AT PIPE INLET. FfET = 
WIDTH OF EASEMENT• FEET = 
VALUE OF fAStMENT FOR CROP PED LAND= 
VALUE OF EASEMENT FOR OTrlER LANO = 
PERCENT LENGTH OF OTHER EASE~ENT = 
NUt'-lbE R OF TlJ~"lOUTS: 

NUMBtk= 1. SIZE <IN>= 10. 

NUMBER= 1. SIZf (!N>= 12. 

CHfCK DATA FOR ••••• Q = 90. CFS 

CAPACITY,CFS = 90. 
DIAMETER,INCH~S C~OUI'JDED> = 58. 
AVERAGE HEAD CLASSt FEtT = 25. 
TYPE OF COVER = 

1 • 
6490. 
4879. 
4887. 
4893. 
4901. 

45. 
o. 
o. 
o. 

PIPE COST, ~/FT = 42.00 
~1 I SC COST, <DOLLARS) = lASo.oo 

A = 10795. 
B = 184.9 
R = 0.9 .<38 

,. 

• 



(J 

CC~="Sl 

<7. 
10. 
13. 
Jfl. 
39. 
42. 
45. 
4C!. 
s 1. 
54. 
"i7. 
AO. 

CAPACITY WT OF TANK 
<GAL) (LH) 

102350. 44634. 
111500. 47105. 
120650. 49~75. 
129800. 52046. 
138~50. 54516. 
148100. 56YA7. 
157250. 594S7. 
l6fl400. 61928. 
175550. 64398. 
184700. 611869. 
193850. 69339. 
203000. 71810. 

N 0 T E : 

1/ TOTAL COST INCLUDES: 10.0 
5.0 

15.0 

A = 48593. 
13 = 2253.8 
R = 0.980 

COST OF STEEL TANK 

HT OF TOWER WT OF TOWER 
(FT) (Lij) 

200. 129050. 
200. 129050. 
200. l290SO. 
200. 145100. 
200. 145100. 
200. 145100. 
200. 166450. 
200. 166450. 
200. 187800. 
200. 187800. 
200. 187800. 
200. 215200. 

FOR FOUNDATION,VALVES,ETC. 
FOR UNLISTED ITEMS 
FOR CONTINGENCIES 

3_J, - ·· ]_ ·:;;· 

COST OF STEEL TOTAL COST 1/ ANNUAL COST 
($) ( \) ($/AN) 

86842. 1604b42. 116089. 
b8077. 1627o6ts. 117740. 
89313. 16504~6. 119392. 
~8:,73. 1821625. 131770. 
99808. 1844452. 133422. 

101043. 1867280. 135073. 
112Y54. 20873b1. 150994. 
1141tl9. 2110209. 152646. 
126099. 2330310. 168567. 
127334. 2353137. 170218. 
12f:S510. 2375965. 171870. 
143505. 2651968. 191835. 



.., 

Q DIAMETER LFNGTH PIPE COST 1/ TURNOUTS 2/ RIGHT OF 'flAY EARTHWORK 3/ TOTAL COST ANNUAL COST PIPE TYPE 
CCFSl C IN l CFT> ( $) (1i) ( $) ( $) ( $) ( S) 

27. 34. 5060. 117215. 3168?. o. 42077. 1'10'174. 13820. STEEL 
1(1. 36. ~060. 124240. 31682. o. 43447. 199370. 14427. STEEL 
33. 38. !:>060. 221643. 3168?.. o. 44819. 298144. 21572. STEEL 
JA. 313. 5060. 221643. 31682. o. 44819. 298144. 21572. STEEL 
3Q. 40. S060. 233298. 316A?. o. 46191. 311171. 22515. STE.EL 
4?. 40. 5060. 233298. 31t'l~?.. o. 46191. 311171. 22515. STE.EL 
45. 42. 5060. 245154. 31f.A2. o. 47565. 324401. 23472. STEEL 
48. 42. 5060. 245154. 316A2. o. 47565. 324401. 23472. STEEL 
'11 • 44. 5060. 256~09. 31682. 0. 48940. 337431. 24415. STEEL 
54. 44. 50oo. 2561:!09. 3l~A2. 0. 48940. 337431. 24415. STE.EL 
S7. 46. 5060. 268665. 316A2. o. 50317. 350664. 25372. STEEL 

NOTE: 

1/PIPE COST INCLUDES COST OF PIPEoLAYING OF PIPEtCOST OF FITTINGS,VALVES,BLOCKINGtETC. 
2/TURf\IQUT COST INCLUDES GATE VALVEoLlNE METfR,PRESSURE REDUCING VALVEtCONCRETE PIPE,STEEL PIPE. DELIVEKYtE.TC 
3/EARTH'fiORK COST INCLUDES TRENCHING, BACKFILLING AND COMPACTING BACKFILL 

-·- -- --"-'--- ·- - - ··- ·- ·· - - . - ---·--- -- - .. - -·-·------- --- -- _____ _, __ - - - -- ·- - --- - ·-

PIPE EAkTHwORK FOR THE AROVE REACH 

Q = 60 CFS 

V 0 L U M E S 

STAT l Qf\1 
PIPE 

DIA. EXCAVATION BACKFILL C. RACKFlLL 

o.o 46.00 
4478.06 2983.00 640.17 

2000.00 46.00 
4478.06 2983.00 640.17 

4000.00 46.00 
2373.37 1580.99 339.29 

5060.00 46.00 
TOTAL EXCAVATION 11329. CUBIC yARDS 

TOTAL COMPACTED 8ACKFILL= 1620. CU81C yARDS 

TOTAL OVERHAUL O.CUBIC YARDS 

TOTAL 8ACI<FILL 7547. CURIC yARDS 

GLE-PGE 

8.20 

8.00 

8.20 

8.00 

Q 

CCF S l 
DIAMETER 

I IN> 
LFNGTH 
IFTl 

PIPE COST 1/ 
( $) 

TURNOUTS 2/ RIGHT OF WAY 
('I;) ( $) 

flO • 46. 5060. 268665. 316A2. O. 

DIAM + DESIGN COVER 

7.83 

7.83 

7.83 

7.1:U 

EARTHwORK 3/ 
($) 

50317. 

TRENCH 'fi!DTH 

7.46 

7.46 

7.46 

7.46 

TOTAL COST ANNUAL COST PIPE TYPE 
( $) ( ~) 

350664. 25372. STEEL 



.') 

HIG~ PPFSSURE PIPE---REACH 1 

SUMMARY FOR THIS REACH: 

A 
8 
R 

COST INDEX FOR PIPE SYSTEM(8=1976)= 
LENGTH OF REACH IN FEET = 
ELEVATION OF PIPE OUTLET• FEfT = 
ELEVATION OF PIPE INLET• FEET = 
H.G.L. REQ. AT PIP( OUTLET,FFET = 
H.G.L. REQ. AT PIPE INLET• FEET = 
WIDTH OF EASEMENT• FEET = 
VALUE OF EASE~ENT FOk CROPPED LAND= 
VALUE OF EASE~ENT FOR OTHER LAND = 
PERCENT LENGTH OF OTHER EASE~l ENT = 
NU,.,..RER OF TURNOUTS: 

NU~BER= 1. SIZE (!N)= 12. 

Nl1~8fR= 1. SIZE <IN)= 14~ 

CHECK DATA FOR ••••• Q = 60. CFS 

CAPACITY,CFS = 60. 
OIAMETERtlNCHES (ROUNDED> = 46. 
AVERAGE HEAD CLASS, FEET = 200. 
TYPE OF COVER = 

1 • 
5060. 
4896. 
4904. 
S036. 
')044. 

50. 
o. 
o. 
o. 

PIPE COST, ~/FT = 45.38 
MISC cosT, 

= 
= 
= 

(DOLLARS> 

8551. 
307.1 
0.861 

= 20900.00 



'-

'--

-

.. 

(~ DIAMETER LEt-.GTH PIPE COST 1/ TURNOUTS 2/ RIGHT OF WAY EARTHWORK 3/ TOTAL COST ANNUAL COST PIPE TYPE 
!CFSl I IN) !FT l ($) '~) ($) ( S) ($) IS) 

21. 30. 8300. 1617~53. 3A?49. 0. 622"'>4. 270056. 19543. STEEL 
24. 32. 8300. 181076. 3824Q. o. 64422. 283748. 20~33. STEEL 
27. 34. 830(). 192270. 38249. o. 66593. 297112. 21500. STEEL 
30. 36. 8300. 203794. 38249. o. 68765. 310808. 22491. STEEL 
33. 36. 8300. 2037':14. 38249. o. 68765. 310808. 224'11. STHL 
36. 3fl. 8300. 363565. 38?49. o. 70939. 472754. 34206. STEEL 
39. 40. b300. 3826.q3. 38249. 0. 73116. 494048. 35747. STEEL 
42. 40. 8300. 38261;3. 38249. o. 73116. 494048. 35747. STEEL 
4';. 42. 8300. 402131. 38249. o. 75295. 51567S. 37311. STEEL 

NOTE: 

1/PIPE COST INCLUDES COST OF PIPEoLAYING OF PIPE,COST OF FITTINGS,VALVES,HLOCKING,ETC. 
?/TURNOUT COST INCLUDES G~TE VALVEtLINE METERtPRESSURE REDUCING VALVE.,CONCRETE PIPE,STEEL PIPE DELIVERYtETC 
3/EARTHwORK COST INCLUDES TRENCHING. BACKFILLING AND COMPACTING BACKFILL 

PIPE EARTHwOR~ FOR THE ABOVE REACH 

Q = 48 CFS 

V 0 L U M E S 
PIPE 

STATION DIA. EXCAVATION BACKFILL C. BACKFILL GLE-PGE 

o.o 42.00 7.80 
4087.61 ?.816.23 558.7~ 

2000.00 42.00 7.80 
4087.61 2816.23 558.70 

4000.()0 42.00 7.80 
4087.61 2816.23 558.70 

6000.00 42.00 7.80 
4700.75 3238.67 642.50 

B30fl.OO 42.00 7.80 
TOT~L EXCAVATION 16964. CUBIC yARDS 

TOT~L COMPACTED BACKFILL= 2319. CUBIC YARDS 

TOTolL OVERHAUL 

TOTAL HACKFILL 

(J 

!CFSl 

48. 

DIAMETER 
I IN l 

42. 

• 

LENGTH 
(fT) 

8300. 

• 

O.CUBIC YARD<; 

11687. CUBIC YARDS 

PIPE COST 1/ 
(~) 

402131. 

TURNOUTS 2/ RIGHT OF WAY 
( ~) ( $) 

38249. o. 

DIAM + DESIGN COVER 

7.50 

7.50 

7.50 

7.50 

7.50 

EARTHwORK 3/ 
( $) 

75295. 

TRENCH W IDH:t 

7.07 

7.07 

7.07 

7.07 

7.07 

TOTAL COST ANNUAL COST PIPE TYPE 
( $) ( ~) 

~1<;675. 37311. STEEL 

_./ 



HIGH PqESSURE PIPE---REACH 2 

SUM~ARY FOR THIS REAC~: 

COST INDEX FOR PI~E SYSTEM(B=l976>= 
LE~GTH OF ~EACH IN FEET = 
ELEVATION OF PIPE OUTLET• FEET = 
El~VATION OF PIPE INLET• FEET = 
H.G.L. RtQ. AT PIPE OUTLET.FEET = 
H.G.L. REQ. AT PIPE INLET, FEET = 
WIDTH OF EASEMENT• FEET = 
VALUE OF EASEMENT FOR CROPPED LAND= 
VALUE OF EASE~ENT FOR OTHER LAND = 
PERCENT LENGTH OF OTHER EASE~ENT = 
NlJMbFP OF TU~r-~OUTS: 

t\'UMBER= 2. SIZE ( I~f= 1?. 

CHECK DATA FOR ••••• Q = 

CAP/l.C I TY, CFS 
DIAMETfR,INCHES (ROUNDED> 
AVERAGE HEAD CLASS, FEET 
TYPE OF COVER 

4B. CFS 

= 48. 
= 42. 
= 200. 
= 

1 • 
R300. 
4882. 
4896. 
5022. 
t;036. 

so. 
o. 
0. 
o. 

PIPE COST, $/FT 
MISC COST, (DOLLARS) 

= 4}.41 
= 28200.00 

A = 
A = 
R = 

803. 
808.3 
0.933 



() 

F<-) 

1. 
(I o 

-1. 

q. 

1 • 
4. 
7. 
o. 

R I V t ._. P U M P--C A N A L T 0 ~ l G ~ P 1-< E S (; lJ k E P I P E-- TE T 0 N I S L A N I) C A N A L 

PIJMP!Nu ANNUAL t. CJLI IV. OPERATION MA I NTt.,..,AI-.Jt;E REDLt>CE .. ~ENT POwt.R 
1-".P. PLA~T COST COST coc::;r COST Cu~1 COST 

1/ USEO 2/ ('I.) ('f./YR) 31 ('f/YP) ('f>/Y~l (f/Yk) (5./YFO 4/ 

'7110. 101}461. 74602. 1400. 7136. ---1:)/ 10:J76l. 
IOn~. 110~1..;o. filt:I06. 14 71 • 7?20. ---6/ 114::>29. 
lltl ..... 1?06610. HH99A. 1~39. 7296. ---6/ l247H4. 
12YO. 130Q~',JO. <.f54?1. 1603. 7366. ---6/ 13:0':>~2. 
}3Y(I • 13'77h71. 10308A. }f-,f-.4. 7431. ---6/ l4:>d07. 
14'70. 14Q4':J4':1. 110233. 17'?3. 7492. ---6/ l560h2. 
1':>90. 1Sd795S. 117122. 1780. 7':J4"1. ---6/ 166317. 
16'-lO. 1AI:l1173. 12399H. 1P35. 7603. ---6/ 176':J73. 
1790. 1775835. 1309Rn. 1A9R. 7b':>3. ---6/ 1bblj2h. 
IR90. 186867:,. 137t~27. 1939. 7702. ---n/ 19701:13. 
}990. 1964576. l44lf01. 1989. 7741:l. ---6/ 20733tl. 
2090. 205':>416. 1':>1601. 2038. 7792.. ---'61 217::>93. 

NOH: 

1/ WEAR ALLOwANCE. wAS INCLUDED. 
21 HORSfPOwER USE() WAS qOUNDED TO THE NEARfST 5 HP. 
3/ It-ICLlJDES IND!I-ItCT COSTS. 
4/ INCLUDES THANS. AND Sw MAY COSTS IF APPLICA HLE. 
5/ ANNUAL PUI.IPING COST I t'' CLUDES ANNUAL EQUIV. COST OF PUMPING PLANT, OM AND k, AND 
6/ 1'5 Pt. I-I CENT FOk REPLACE~ENT WAS ADDED TO MAINTENANCE COST 

~U~~APY OF PUMPING PLANT DATA: 

NU~'PE P OF Pl_lt.AP I NG UNITS 
TY~t OF PUMPING UNIT----VE RTICA L PUMP 
TOTAL DYNA~IC HEAU, FEET 
DATI: OF ESTIMATE 

CHECK COST FOR THE LAST •o• CONSIDEPfD: 

PLANT CAPACITY• CFS 

STRUCTUR~S AND IM~HUVEME N TS 
\o'Alt:i-1\o/AYS 
PUMPS ANO ~OTORS 
ELECTRICAL ACCESSuklES 
MISCELLANEOUS t.vUlPMENT 
SWlTCHYAkDS 

SU~TOTAL OF ~UMPJNG PLANT 

COST OF lNTA~E, DISCHARGE LINES, ETC. 
COf\,TlM'Ef\ICY COST 
PUMP F 1 F:LD COST 
INU1kECT COST 

~UMP TOTAL CONSTHUCTION COSTS 

TRANS~ISSIUN LINE CUST 
ADG ~0 Pt.~CENT FOH MOUNTA!~OUS TEPPAIN 
ADG ~0 Pt.PCENT FOR HOCKY/S~AMPY FOU~O. 
ADD 100 PERCENT FUR LINE U~DER 5 ~ILFS 
ADU 50 PERCFNT FOk LINE 5 TO 20 MILES 
SUI--TOTAL 
S~ITCHING HAY COST 
C0NTl~GfNClES CTL AND SB) 
TOTAL FIELO COSTS 
INDIF<ECT COST 
TOTAL POWER LINE CONSTRUCTION COSTS 

4. 

175. 
6176 

60. 

42?000. 
11?.00 0 . 
229000. 
137000. 
23000. 
89000. 

101?000. 

229000. 
24£<?00. 

l4891q9. 
56M' l 7. 

2055416. 

2~14')7. 

0. 
o. 

2hl457. 
o. 

56?915. 
33Q463. 

62092. 
964470. 
3}0f.A6 0 

1275156. 

PRESENT PA 1E 
ANNUAL PO~EP COST---OPT 1 F.RATE,OWN LINE 1R39]9. 
AN~UAL POwER COST---OPT 2 WHEELING (~ARGE 22Q5?H. 
ANNUAL POwt:P COST---OPT 3 PRIVATE UTILITY :O?AF,4. 

P I V t. i-1 ..., u t"' '-'-- C ~> f\1 A L TC; H I G H f·'i·./ r:: S ':>II k t: fJ I P t --T E T 0 N I <::.L A N D C A N A L 

30R?.?. 
~61'?.1:< 

I.ooo 

INFLATED RATE OVEH LIFE 
7~7034. 

'1447o6. 
217:093. 

ANNUAL PUI~P l NG 
CO~T 

()/Yk ::,; 

• 1b6~9~. 

20~026. 

ccc6 14. 
24044tl. 
2~7'7'70. 

27~:010. 
2..,276'7. 
..noooo. 
jt734'1. • j44':J':Jl. 
J6l',J76. 
37'7023. 

• 
POWER COST. 

• 

• 

• 

• 

• 



FARM PUMP ••• CANAL TO <;PRINKlfR--1~0. TDH '1.5 % INTE~EST 
1 .. ) - - ~ -~ _,; 

PUMP wt.LL 1-'U MI-'ING 
') 1-l.l-'. I I PUMP COST 21 FIXED COST 0 & M 3/ TAXES !,. INS. POWE~ COST wELL COST 4/ FIXEO COS T COST 51 
(GP"'I us~ D ( $) (i/YRI <'IYRI (1i/YRI ($) ( $) ( '•/YR I (\/YI-ll 

too. :,. 21:11:!1. 3'54. ~6. so. 344 . o. o. H34. 
)Jr.. "· 29d1. 366. ~q. 51. .37'-J. 0. 0. I:!H6 , 
l? O • "· 3074. 378. 92. 53. 413. o. o. 436. 
I ill. 7. 3163. 3~'1. 95. 55. 441!. 0. o. 91:!':>. 
1411. f., 3247. 399. 97. 56. 4d.C. o. 0. 1034. 
li'l. f<. '3321<. 40'1. 100. 57. =>lb. o. o. 1082. 

l~fl. '1, 340~. 418. 10?. 59. '551. 0. 0. 113 0. 
I 7 'I. <;. 347';. 4 27 . 104. 60. stjs. 0. 0. 117 7. 
l" •l. 1 0 . 35':>1. 4)6. I o7. bl. 620. 0. 0. 1224. 
1'lfJ. l 0. 3620. 445. 109. 62. b54. 0. o. 1270. 
20•1. 11. 3Abb, 453. 111. 64. 6db. 0. o. 1315. 
210. 11. 3751. 461. 1 I 3. 65. 71'1. 0. 0. 1357. 
2;>o. 1?. 3813. 469. 114. 66. 751. 0. o. )400. 
.en. 12 • 31174. 476. 11~. 67. 7H3~ o. 0. 1442. 
~411 . 13. 39J3. 4tD. 118. b8. 815. o. o. I4 H4, 
2'->11 , I 4. 3991. 4'10. 1?0. b9. '147. 0. o. 1525. 
2r,o. )4. 4047. 497. 1?1. 70. l:l7b. 0. 0. 1!::>67. 
270. 15. 4101. 504. 123. 71. 910. 0. o. 11'08. 
2"'•1. 15. 4155. 510. 1?5. 72. '142. o. o. )649, 
;>'-<n • l t. 4201. 517. 126. 73. "J14. o. o. 161:!9. 
Jon. 1~:>. 42=>b. S23. 121l. 73. 1006. 0. 0. 1730. 
J I r1. I 7. 430b'. 529. 1?9. 74. 10 37. 0. o. 1770. 
~;>I) • 1 7. 4357. 535. 13 I. 75. 101>9. o. 0. If< 10. 
3 ~ {1 . ln. 4404. 541. D?.. 76. 1 I 01. 0. 0. 1H50. 
3+0. 11·. 4451. 547. )34. 77. 1132. 0. 0. 1t190. 
3-iO. I 9, 44'17. 552. 135. 7b. 11b1. 0. o .• 192h. 
J'> () . )9. 4543. 55rl. 136. 78. 11 90 , 0. o. 1'lt>3. 
37o, ?0. 4587. '>63. 13R. 79. 1219. 0. 0. H99. 
j'11), £'1. 46Jl. 569. 139. so. lc47. o. 0. 2035. 
:Jill, ?I. 4674. 574. . 140. 81. 127b. 0. 0. 20 71. 
4 1111 . 2?. 4716. 579. I 41. 81. 1305. o. o. 2107 . 
4 )II. 2?. 47St1. SH4. 143. 62. 1334. 0. o. 2143. 
4.)n. 2 :l. 47'19. 5n9. 144. d). 13b2. o. o. 217'1 . 
4Jil. 23. 483'>. 594. 145. 83. 139). o. o. 2214. 
440, 24. 4A7'i. 599. 146. 84. 1420. o. o. 2250. 
4 7>11 . 24. 4'11H. 604. 14~. 85. 1449. o. o. 22H5 . 
4">n, ('C.,. 49St>. 60'1. 149. 85. 14 '1d. o. 0. 2:120 . 
470. zc.,. 49'14. 613. 150. 8b. 1506. o. 0. 2356. 
4i< fl , ('h. 50J2. 611:l. 151. 87. ISJ5. o. 0. 239!. 
4 -II) • ?1. 5069. 1)23. 152. 87. 15b4, o. 0. 2426 . 
5 ·1n . ?7. 5105. 627. 153. tll:l. 1~'13. o. o. 2461. 
:,)n. ?H. 5141. 632. 1"4· 1!9. 1b2l. o. o. 2496. 
C,/•1. ?1-!. 5177. 63b. 155 . d9. lb50. o. o. 2':>31. 
C, ,1() . ?'1. 5212. 640. 156. 90. 1679. 0. o. 256':>. 
5 .. n . ?'1. ':>241. 644. 1'57. 91. 1708. o. o. 2600. 
s :..,n . 30. 52ttl. 649. ISH. 9}. 1736. 0. o. 2t>35. 
~1-.ij. 30. 5315. 653. 159. 92. 17o5. 0. o. 2669. 
57'1. 31. 534'1. 657. 160. 92. 1794, o. 0 . 2104. 
5 .~o. Jl. 53HZ. 6b1. 1~1. 93. lb2J. o. o. 27JI:I. 

'>4·1. 3r. 541:,. b~>;. ·Jf,2. 93. 1fl51. o. o. 2772. 
')fill, 3? . 5447, 6b ·~. 163. 94. 1tldO. 0. o. 2H07. 
h I '' · 33. 547'1. 673. 164. 95. 1';09. 0. 0. £'H41. 
1, )['1 , )4 . 5511. b77. ]t-5. 95. l'1Jo. 0. 0. 287':'> . 
hill. )4. ':>542. 6fH. ]~1'. 9n . )9 b6, 0. o. 2404 . 
""1 '•0. 3'>. 5':>73. 6dS. }t-7. 96. 1945. o. o. 2943. 
l,•,n . 35. 5t>U4, I)HH, 1~8. '17. ?.024. 0. o. 2977 . 
1,1--11, Jt.>. 5t.d':i. l,lj:>, )~9. '17. 20:.3. 0. 0. JO I 1. 
o7n. 3~ . 5biJ~. 646. 170. 91:l. 20M). o. o. 304':> . 
., ... 0 . 37. 5h'17>. 700. I 71. 9H • 2110. o. o. 307'1. 
6 '~11. 37. 57-: ... 703. 172. 99, 21J"'. 0. u. 3113. 
711'1. 31" . 57':>4. 707. !73. 9'1. c1o!:l. 0. o. 3 141>. 
7111, 31< . 57HJ. 710. lB. 100. 21'1b, 0. 0. J!f<O. 
r > n. 3'1. '>lll2. 714. 174. 100. 2U5. o. 0. 3?14. 
7 l'J . 40, Sfl4U. 717. 175. l 0 I. C254. o. o. 3247. 
74f'). 4 (J. 5Hb'J, 721. 171'.. 10 I. 2cH3, 0. 0. 3?8 I. 
7'-,n . 41. ">1:1'17. 724. 177. 102. d12. 0 . o. 3314 . 
1h 'l . 4). :,n4. 7211. !1H. 102. 2J40. o. (J. 3J4H. 
7 1 <! . 4('. ">9'::lc. 7 31 . 179. 103. 2J6'1. o. 0. 3 Jtll . 
1'10. 4?. 5'17'1. 1 J4. )79. 103. c3'1H. o. o. J41':>. 
7 '10. 4 :,. 6007. 13H. I P 0 . 104. 2427. 0. u. 3 44H. 
rl'lll, 4 3. 603J. 741. I AI, 104. 24~5. 0. o. 34H?. 



• 
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• 

• 

• 

• 

I 

• 



ti l () • 44. ~060. 744. 182. 105. 24d4. o. 0. 3515. 
i1 ~ n. 44. 60~7. 7<+d. 183. 105. 2';j13. o. 0. 3548. IL> - ... • _.:. .· • 
d : ~f) • 41j. ol13. 751. 183. 105. 2S42. 0. 0. 35tj1. 
84(}. 45. (:ll.:; <j. 754. 1B4. 106. 2'::1lO. 0. o. 3615. 
H.::.l). 46. 6165. 757. 185. 106. 2~'117. 0. 0. 3648. 
cH· 0. 47. f-191. 760. 1P6. 107. 2628. o. o. 3681. 
~ 7 (). 47. 621o. 764. 1P6. 107. 26~7. 0. 0. 3714. 
131 0 . 4b. 6241. 7 6 7. 187. 108. 2oM~. 0. 0. 3747. 
~~(I • 4R. ~26o. 770. )88. lOb. t!.7l4. o. 0. 3780. 
90 (1 . 49. tl291. 773. 1A4. 109. 2743. 0. o. 3813. 
9l(). 49. 6316. 776. )€19. 109. 2712 .• 0. 0. 3846. 
4c'O. 50. 6341. 779. 190. 109. 2buO. o. 0. 3879. 
•-.n0. 50. 636S. 7R2. 191. ll 0. (!.8217. o. 0. 3912. 
9 .. n. ~1. 63139. 78':). 1Q2. 110. 2t:i~d. o. o. 3945. 
~"-0. 51. 6413. 788. 19?. 111. 21:l87. o. o. 3978. 
':I~G. 5l:'. 6437. 791. ]Q3. 111 • 2':115. o. 0. 4010. 
970. 52. 6461. 794. 194. 111. 2':f44. o. 0. 4043. 
9 .~ 0. 53. 64~5. 7Y7. 195. 112. 2913. o. 0. 4076. 
Cj~(). 54. 650b. 794. 195. 112. 3001. o. o. 4108. 

100(). ~4. 6531. 802. l9b. 113. ~Ot!.t:i. o. o. 4138. 
1 0 1 (). 5&;. h555. 805. 197. 113. 3055. o. 0. 4169. 
10?0. 55. 657b. 808. 197. 113. 3081. 0. 0. 4200. 
10"31). 5o. 6600. 811. 198. 114. 3lo8. o. 0. 4231. 
1041). 56. 6623. 814. 199. 114. 313~. 0. 0. 4262. 
1 0 ':) 0 • . 57. 6646. 816. 199. 115. 3162. 0. o. 4293. 
lOAn. 57. 666b. 819. 200. 115. 3lt:i9. 0. 0. 4323. 
1 0 7•). 5tl. ~6<:10. 822. ?01. 115. 3216. o. o. 4354. 
10 11 0. 5~. 6713. 825. ?01. 116. 3243. o. o. 4385. I 10Ytl. 59. 6735. H27. 202. 116. 3270. 0. 0. 4415. 
1 1 iJ 0 • 60. 6756. 830. 203. 117. 32':16. o. 0. 4446. 
1 1 1 () • 60. 677d. 833. 203. 117. 3323. o. 0. 4476. r 1 1 ~ (l • h1. 6HUO. 835. 204. 117. 3349. 0. 0. 4506. 
113n. o1. 6t32l. H38. ?.05. 11&. 33It>. o. 0. 4536. 
1140. 62. 6B43. 841. ?.05. 118. 3402. 0. 0. 4566. ,r 
11SO. '' 6?;. 6864, 843. ?Oh, 118. 3429. 0. . 0. 4596. 
1 1 f) t) • . 63. 68&5. . ..... 846. ?07. 119. 34~5. o. 0. 462h. 
117 0.. h3. 6906. 848. 2·o1. 119. 34d2. o. o. 4656. 
1 1 "(1 • 64. 6927. 851. 20A. 119. 35Ut:i. o. 0. 4686. 
11 Q(j. 64. f:l94ts. 853. ?OR. 120. 3535. 0. 0. 4716. 
120(1. 65. h96~. 856. ?09. 120. 3:,ol. o. 0. 4746. 
12ll). f>C). 698':1. 859. ?.10. 121. 3~88. o. o. 4776. 
12?0. 66. 7010. 861. ?10. 121. 3614. 0. 0. 4806. 
123J. 67. 7030. 864. ? 11 • 121. 3641. o. 0. 4836. r 12<+0. 67. 70~0. 866. ?12. 122. 3667. 0. 0. 4866. 
11:::-iil. tH. 7070. 86H. 212. 122. 3o73. o. o. 46CJ6. 
12t~v. ~E. 70':11. 1171 • 213. 122. :.Hco. 0. u. 49?6. r l27J. 6~. 7110. 873. 213. 1c3. 3"(46. 0. 0. 4956. 
1 /? I· ). 69. 7130. 876. ?14. 123. 3 773. o. 0. 4986. 
12-10. 7 (I o 71SO. R7d. 215. 123. 37'19. 0. 0. ~015. r 13•1 (). 7 (I o 7170. ~ 81. 215. 124. Jd26. 0. o. 5045. 



... 

t-iOTE: 

1/ H~ USED W~S ROUNDED TO THE NEAR~ST 5.0 HP 
?I FUMP COST INCLUDES HOUSI~G.DISCHARGE FACILITIES,SUMP.ETC. 
3/ 0 ~ M INCLUDES MINOR REPLACEMENT COST 
4/ ~tLL COST INCLUDES DRILLING. CASING.TESTlNG.SCREEN ASSEMbLY,ETC. 
5/ A~~lJAL PU~PING COST INCLUDES AMORTIZATION OF PUMP UNIT AND WELL• 0 & M, TAXES ~ INSURANCE A~D PONER COST 

TOTAL ANNUAL PUMPING COST AT PRESENT PRICES •• 
TOTAL ANNLiAL PU~PING COST AT ENERGY INFL'TION RATE OF 
OVER PROJECT LIFE ••• 

TOTAL DYNAMIC HEAD. FEET ••••• 
PUMP-MOTOP EFF, P~RCENT ••••• 

150. 
7_0. 

2257. 
9.00 PERCENT 

31::i26. 

FARM PUMP ••• CANAL TO SPklNKLER--150. TDH 9.5 % INTEREST 

A = 
8 
R = 

-

693. 
3.4 

0.999 

- • • • • • • 

_J 

J 

J 

__; 

_) 

J 

.J 

. ..) 

..) 

--../ 

../ 

._ .. / 

-.../ 

._) 

.J 



S ~CTION COMPONENT IO•S ARt OUTPUT IN SAME ORDEQ AS ENTFRED 
( J .E • • FROM THE ~ATF~ SOW~ct. TO THE ("1DI"JG RRANCHl 

THF NUM4fR OF C01-4~lN4riONS = }C\4 

Tr<f NU"1HEP OF SfCTIONS PEl-( COM8lNATION 12 

T~E ~tJ1'1 8 fR OF ALTEJ:.NATIVES 3 

·---------------------------------------------------------------------------------------------------------------
Ml"J COST 1-AAX COST MIN Q "1AX Q I:.FF. MI N OIV EFF. MAX DIV 

7 3 4 5 6 7 B 9 10 11 12 

· -------------------------------------------~-------------------------------------------------------------------

6071. 6071. 42.741 89.804 82.94 82.95 

2 
6619. 6680. 42.S57 ~9.417 83.30 83.31 

6625. 6726. 42.519 89.339 83.37 83.Jb 

2 
6860. 6931. 42.373 89.032 83.66 83.67 

2 2 
7173. 7335. 42.335 8d.952 83.74 83.74 

2 2 
7476. 42.317 83.913 83.77 83.7b 

2 2 
7408. 7540. 42.189 88.645 t34.03 84.UJ 

2 2 
7408. 7575. 42.164 88.594 84.08 84.08 

. 7445. 7698. 41.991 88.229 

2 2 2 
7Q56. 8184. 41.980 88.207 64.<+4 

2 2 
7993. ~307. 4l.tl07 87.842 84.7'-J 84.80 

? 
7999. 8353. 41.770 87.763 84.H7 

2 2 
8234. t35.17 85.17 

2 2 2 
8547. 8962. 41.586 87.377 85.25 85.25 

2 
8668. 9lfr3. 41.567 87.338 85.28 85.29 

2 2 2 
8782. 9167. 41.439 87.070 

2 2 2 
8783. 9202. 41.415 87.01~ 85.b0 85.60 

2 ? 2 2 
9216. 85.o6 85.o7 

? 2 ? 2 
<i331. 9811. 41.231 86.632 b5.<i8 

? ? 2 2 
944~. 9947. 41.21H ~6.606 86.01 86.01 

? 2 
9599. 10696. 41.196 86.559 86.05 An.u6 



3 2 2 
9928. 10630. 41.170 86.50~ 86. 11 86.11 

? 2 2 2 2 
9997. 10~56. 41.034 86.?19 oo.J'1 

2 
10036. 10672. 41 . 030 e6.clo 86.'+0 86.41 

2 2 
1 0141. 112~4. 41.01d 86.183 

? ? 2 
10147. b6.50 

2 2 2 
1026b. 10b69. 40.893 85.924 d6.69 

? 2 
10378. 11535. 40.839 85.808 86 . 81 86.81 • 2 2 2 2 
10690. 11937. 40.802 85.731 

2 2 
10810. 1?077. 40.784 85 .693 86 .93 

2 2 2 2 
10~11. 11502. 40. 7 00 ~5.317 b 7.10 iH .1o 

?. 2 2 2 I 
10920. 12134. 40.660 85.432 87.19 

2 2 2 1 2 
10921. 12167. 40.636 b5.3CI3 b7. c4 87.24 

2 ? 2 2 
113~3. 12675. 40.605 85.317 b1.30 87.31 

? 2 2 2 2 • 11359. 1?111. 40.515 85.131 87.50 

2 2 2 2 
11463. 12766. 40.457 85.007 87.62 87.63 

? 2 ? 2 2 
11582. 87.65 

2 2 2 2 2 2 • 12021. 12848. 40.3JO 84.742 IH.90 87.90 

2 2 2 2 
12125. }3500. 40.266 84.605 tlt1.04 

2 2 2 2 
12164. 13616. '+0.262 84.596 88.05 88.05 

2 2 • 12392. 13805. 40.129 84.319 88.3'+ 88.34 

? 2 2 2 2 
12707. }4214. 40.083 84.220 88.45 

2 2 2 2 2 
12823. 14345. 40.076 84.20b 88.46 88 .46 

? 2 2 2 2 
12930. 14428. 39.94 1 83.~23 8o.76 88.76 • 

2 2 2 2 2 
13366. 14944. 39.897 83.831 88.86 

2 ?. 2 2 2 2 
13473. 15026. 39.762 83.547 89.16 89 .16 

2 2 2 2 2 2 
135H7. 15154. 39.761 83.545 89.16 89.1b 

? 3 2 2 
t1'1.2h 89.26 

2 ? ? 2 2 2 
14130. 15752. J9.5b2 R3 .169 

? 3 2 ? 2 
14C,fH. 16422. 3~ .533 83.068 

? 2 
146H5. b9. 71 89.71 

• 



? ?. ? 2 ? ? ~ 2 
)5019. 1h720. 39.427 A2.H44 

? 3 2 ?. ? 2 2 
15129. 17020. 3~.354 62.6~1 90.0d 40.0b 

{' c ? ? 2 2 
1S228. 170S6. 3~.338 H2.6~6 90.12 90.1~ 

2 2 {' 2 2 2 2 
15343. 17183. 3~.337 82.654 90.12 90.12 

? 3 2 2 2 2 
15A09. 17840. 39.291 82.55~ 9o.a 90.23 

2 2 2 {' 2 2 2 ~ 
15885. 17782. 39.158 82.278 

? 3 2 2 2 I! 2 
16342. 18451. 3~.109 82.176 90.b5 

2 2 ? 2 2 2 2 2 2 
16774. 18750. 39.003 81.953 90.d9 90.8'1 

2 3 2 2 2 2 2 2 
16885. 19050. 38.930 81.800 9}.06 

{' 3 2 ? 2 2 3 2 
17657. 19996. 38.8~5 81.705 91.17 91.17 

2 3 2 2 2 2 2 2 2 
17773. 20018. 36.776 81.476 9}.43 

2 2 3 2 2 2 ? 2 2 
]8319. 20639. 38.736 81.392 91.52 

{' 3 2 2 2 2 3 2 2 
18546. 20964. 38.730 81.381 9}.5J 91.53 

2 2 2 2 2 2 2 
18661. 21237. 38.693 81.303 91.62 

2 2 3 2 ? 2 2 2 
18770. 21533. 38.622 81.153 91.7~ 91.7'1 

2 2 2 2 2 2 2 2 . 1 
18869. 21568. 38.606 81.118 91.63 

2 2 2 2 2 2 2 2 
18983. 21695. 36.605 81.116 91.1:!3 

2 2 3 c. ? 2 2 2 2 2 
19207. 2160d. 38.581 H1.067 9}.88 9}.69 

?. ? 3 2 2 2 1 . 

19448. 22350. 38.560 81.022 91.94 

2 ? 2 2 2 2 2 2 2 
19522. 22286. 38.429 80.748 92.25 

2 ? 3 2 2 ? 2 2 
19977. 22953. 38.382 80.648 92.36 92.3b 

2 2 2 ? ? 2 2 2 2 2 
20407. 23247. 38.278 80.430 92.61 

2 2 3 c ? 2 2 2 2 
?0516. 23543. 38.207 80.280 92.7/:j 92.79 

2 ? 3 2 ? 2 2 3 2 
21?.88. 24487. 38.163 80.167 92.'70 

2 2 3 ? 2 2 2 2 2 2 
21401. 24504. 3~.055 . 79.962 93.15 93.16 

? 2 2 3 ~ ? 2 ? ?. 2 
?1946. ?.5123. 38.016 79.880 

? 2 3 2 ?. 2 2 3 2 2 
?2173. 93.26 93.27 

? {' 3 2 3 2 2 2 2 2 
2?412. ?59b3. 37.94S 79.731 

? ? ? ] 2 ? ? ? ? 2 2 



?2831. 

2 ?. 3 2 3 3 2 2 2 2 
?3540. 93.64 

2 7 2 3 2 i? 2 2 3 2 2 
?.3603. ?.702R. 37.H20 79.469 '}J.73 93.7'+ 

? i? 2 3 2 3 2 ?. 2 2 2 
?3A41. 27561. 37.756 79.334 93.!:l9 

?. ? 2 3 2 3 2 2 3 ~ 2 
24612. ?8505. 37.712 79.241 94.00 94.00 • ? ? 2 3 2 ~ 2 2 2 2 3 
?4928. 2R859. 37.704 79.226 94.02 94.02 

2 2 2 3 2 3 3 2 2 c 2 
24968. 2Q263. 37.672 79.158 94.10 94.10 

? ? 2 3 2 3 2 2 3 ~ 3 
25700. 29803. 37.660 79.133 94.13 • ? 2 2 3 2 3 3 2 3 2 2 
25740. 30207. 37.628 79.065 94.21 94.21 

?. ?. 3 3 2 2 2 2 2 2 2 
211045. 30444. 37.576 78.955 94.34 

2 2 3 3 2 2 2 2 3 t 2 
?6817. 31388. 37.531 78.862 

~ 7 3 3 2 3 2 2 2 2 2 
27047. 31903. 37.469 78.732 

2 2 3 3 2 3 2 2 3 2 2 
?7818. 32847. 37.425 78.639 94.72 94.72 

2 2 3 3 2 3 2 2 2 2 3 
?A134. 33201. 37.418 78.624 94.74 94.74 

2 2 3 3 2 3 3 2 2 2 2 • 28167. 33591. 37.387 78.560 94.82 

2 2 3 3 2 3 2 2 3 2 3 
28906. 34145. 37.374 78.531 94.85 94.b5 

2 2 3 3 2 3 3 2 3 2 2 
34535. 37.343 78.467 94.93 94.93 

2 2 3 3 2 3 3 2 2 2 3 
?.9?55. 34889. 37.336 78.452 94.95 94.95 

? ? 3 3 2 3 3 2 3 2 3 
30026. 35833. 37.292 78.359 95.06 95.06 

i? i? 3 3 2 3 2 2 3 3 2 
31050. 37488. 37.272 7R.316 95.11 95.11 

2 ? 3 3 2 3 2 ?. 2 3 3 • 31355. 37818. 37.266 78.304 95.13 95.13 

?. 2 3 3 2 3 3 2 2 3 2 
31399. 38232. 37.234 78.237 95.21 95.21 

2 2 3 3 2 3 2 2 3 j 3 
32126. 3H762. 37.221 78.211 95.24 95.24 

? ? 3 3 ? 3 3 2 3 ~ 2 
1?171. 39176. 37.190 78.144 95.32 95.32 • 

? 2 3 3 2 3 3 ? 2 3 3 
32475. 3Q505. 37.184 78.132 '}5.34 95.34 

2 2 3 3 c 3 3 2 3 3 3 
33247. 40449. 37.139 78.039 95.45 95.45 

2 ? 3 3 . 3 3 3 2 3 2 2 
34559. 4}695. 37.129 78.018 95.48 • 

? ? 3 3 3 3 3 2 2 2 3 
34R75. 42048. 37.122 78j002 9:,.so 

? ? 3 3 3 3 2 3 2 3 
3564 7. 4?992. 37.078 77.910 95.61 

? 3 2 3 ?. 3 3 2 c 2 2 
.111409. 44773. 37.071 77.896 95.63 95.o3 



c ? 3 3 3 3 2 2 3 3 2 
36f>H5. 44677. 37.055 77.~62 9S.o7 95.67 & .. i' . ~ ' 

? ? 3 3 3 3 2 2 2 3 3 
369~9. 4S007. 37.049 77.H~O 95. btl 

? ? 3 3 ] 3 3 2 2 3 2 
37020. 4S392. 37.020 77.7tl8 95.76 95.76 

3 3 3 ? 2 c 2 ? 2 2 
37472. 9S.H7 95.b7 

? 2 3 2 3 2 2 2 2 2 
37589. 95.1:!~ 

; 2 3 3 3 3 3 ? 2 3 3 
38096. 46665. 36.970 77.683 

2 3 3 3 2 2 2 2 3 i 2 
1tl237. 46854. 36.934 77.607 95.98 

? 2 3 2 3 2 2 3 2 2 
38355. 47317. 36.927 77.591 96.00 96.00 

2 3 3 3 2 3 2 2 2 2 2 
3R457. 47350. 36.d74 77.481 

? 3 3 3 2 3 2 2 3 2 2 
39222. 48280. 36.831 77.390 96.25 96.25 

? 3 3 3 2 3 2 2 2 2 3 
19537. 48632. 36.823 77.375 96.27 96.27 

2 3 3 3 2 3 3 2 2 2 2 
49012. 36.79~ 77.313 96.35 96.35 

3 ? 3 3 2 2 ? 2 ?. 2 2 
39769. 49217. 36.794 77.312 9b.35 

? 3 3 3 2 3 2 2 3 2 3 
40302o 49562. 36.7tl0 77.2tl5 I.J6.Jtl 

2 3 3 3 2 3 3 2 3 2 2 
40331. 49943. 36.751 77.222 

3 2 3 3 2 2 ? 2 3 2 2 
40535. 50148. 36.750 77.221 

?. 3 3 3 2 3 3 2 2 2 3 
40646. 50294. 36.743 77.207 

3 ? 3 3 2 3 . 2 2 2 2 2 
50646. 36.690 77.094 

3 ? 3 3 2 3 2 2 3 2 2 
41521. 51577. 36.647 77.004 96.73 96.74 

3 ? 3 3 ~ 3 2 2 2 2 3 
41837. · ~1929~ 36.640 76.989 96.7-:, 96.7":> 

3 2 3 3 2 3 3 2 2 2 2 
41866. 52310. 36.610 76.926 96.o3 

3 2 3 3 2 3 2 2 3 2 3 
4?602. 52860. 36.596 76.898 96.87 

3 ? 3 3 2 3 3 2 3 2 2 
42631. 53242. 36.567 76.836 96.95 

) 2 3 3 2 3 3 2 2 2 3 
42946. ~3594. 36.560 76.821 96.96 

3 ? 3 3 ? 3 3 2 3 2 3 
43712. 54525. 36.516 76.730 97.0d 97.08 

2 3 3 2 . 3 2 2 3 3 2 
44733. 5~175. 36.497 76.688 97.13 97.13 

3 2 3 3 2 3 2 ~ 2 3 3 
45037. 5~503. 36.491 76.676 97.15 97.15 

3 ? 3 3 ? 3 3 ? 2 J 2 
45077. 56908. 3b.460 76.611 97.23 

2 3 3 ? 3 c 2 3 3 3 
57434. 3b.44A 76.5~6 '17.26 1.}7. 26 



3 2 3 3 2 3 3 2 3 3 2 
57839. 36.417 76.520 97.35 97.35 t ; .. -·· 

3 2 3 3 2 3 3 2 2 3 3 
4 6146 . 5~16 7. 36.411 76.50~ 97.36 

) ? 3 3 2 3 3 2 3 3 3 
4h912. 59099 . 36.368 76.418 97.4ti 97.4t:! 

3 2 3 3 3 3 3 2 3 2 2 
48223. 6034 1. 36.357 76.396 97.50 97.50 • 3 2 3 3 3 3 3 2 2 ~ 3 1 " 
48538. 60693 . 36.350 76.382 97.52 

3 ? 3 3 3 3 3 2 3 2 3 
49303. 61624 . 3o.307 76. 29 1 97.b4 97.64 

1 3 2 3 2 3 3 ? 2 2 2 
"i0065. 63403. 36.301 76.278 97.6b 97.66 • 3 2 3 3 3 3 2 2 3 3 2 
50338. f,3303 . 36.285 76.24~ 97.70 97.70 

3 2 3 3 3 3 2 2 2 3 3 
50642. A363 0 . 3o.280 76.233 97. 7l 97.71 

3 2 3 3 3 3 3 ? 2 3 2 
"i0669. 64007. 36 .251 76.172 97.79 97.7 9 

3 3 3 3 2 2 2 2 2 2 2 • 
51115. 64527. 36.269 76.084 '17.90 97.90 

3 ? 3 3 3 3 3 2 3 3 2 
51434. 64939. 36.2 07 76.081 97.91 97.91 

3 2 3 3 3 3 3 2 2 3 3 
51738. 65266. 36. 202 76.0 69 97.92 97.92 

3 3 3 3 2 ? 2 2 3 2 2 • 51874. 6';445. 36.167 75.996 98.02 98.02 

3 3 3 3 ? 3 2 2 2 2 2 
"i2086. 65924 . 36.108 75.872 98.1d 98.1 b 

3 3 3 3 2 3 2 2 3 2 2 
t;2846. b6842. 36.066 75.783 98.29 

3 3 3 3 2 3 2 2 2 2 3 • 53160. 67191. 36.05~ 75.769 98.31 

1 3 3 3 2 3 3 2 2 2 2 
53184. A7564. 36.030 75.70b 98 .39 

l 3 3 3 2 3 2 2 3 2 3 
68109. 36. 017 75.6b0 98.43 

3 3 3 2 3 3 2 3 2 2 
S3943. 68482. 35.988 75.619 98 .51 

3 3 3 3 2 3 3 2 2 2 3 
54257. 68831. 35.981 7 5.60~ 913.53 

3 3 3 3 2 3 3 2 3 2 3 
55017. 98.b4 

l 3 3 3 2 3 2 2 3 3 2 
';6 035. 71393. 35.919 75.475 98.b9 98.6'1 • 

3 3 3 3 2 3 2 2 2 3 3 
56338. 71719. 35.914 75.464 98.71 

3 3 3 3 2 3 3 2 2 3 2 
56374. 72115. 35.H83 75.400 98.79 

3 3 3 3 2 3 2 2 3 3 3 
57097. 72637 . 3~.871 75.375 98.82 98.tl3 

3 3 3 3 2 3 3 2 3 3 2 
"i7133. 73032. 35.841 75.311 98.'11 

3 3 3 3 ? 3 3 2 2 3 3 
57436. 73358. 35.835 75.300 98.92 

J 3 3 3 I 3 3 ? 3 3 3 
74c76 . 3~.7~3 75. 21 1 

3 3 3 3 3 1 3 2 3 2 2 



59504. 75516. 3~.783 75.191 99.07 99.07 
U..) ··· ···· ~: :~ j _ 

3 3 3 3 3 3 3 ? 2 2 3 
S981B. 75865. 35.776 75.176 99.09 99.09 

3 3 3 3 3 3 3 ~ 3 2 3 
f->0577. 76783. 35.734 75.067 99.20 99.20 

3 1 3 3 3 3 2 2 3 3 2 
61609. 78455. 35.713 75.043 99.26 99.26 

3 ~ 3 3 3 3 2 2 2 3 3 
f,l912. 787~1. 35.707 75.031 99.28 99.28 

J 3 3 3 3 3 3 2 2 3 2 
61934. 7Ql49. 3~.679 74.971 99.36 99.36 

3 3 3 3 3 3 2 2 3 3 3 
62671. 79699. 35.665 74.942 99.40 99.40 

.../ 

3 3 "3 3 3 3 3 2 3 3 2 
62693. 80067. 35.637 74.883 99.4~ 99.48 

1 3 3 3 3 3 3 ?. 2 3 3 
62996. 80393. 35.631 74.871 99.49 99.49 

3 3 3 3 3 3 3 2 3 3 3 
63755. 81311. 35.589 74.783 99.61 99.61 

3 1 3 3 3 3 2 3 3 3 2 
67406. 85820. 35.574 74.7~0 99.65 99.65 

3 3 3 3 3 3 2 3 2 3 3 
67709. 86146. 35.568 74.738 99.67 99.67 

3 3 3 3 3 3 3 3 2 3 2 
67731. 86514. 35.540 74.679 99.75 99.75 

3 3 3 3 3 3 2 3 3 3 3 1 
68468. 87064. 35.526 74.650 99.79 99.79 

3 3 3 3 3 3 3 3 3 3 2 
68491. 87431. 35.498 74.590 99.t;j7 99.~7 

3 3 3 3 3 3 3 3 2 3 3 
68793. 87758. 35.492 74.579 99.88 99.88 

3 3 3 3 3 3 3 3 3 3 3 
,r,9552. 88675. 3~.450 74.490 100.00 100.00 
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