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ABSTRACT OF DISSERTATION,
 

THE COMPARTMENTED RESERVOIR: A METHOD
 

OF EFFICIENT WATER STORAGE
 

The compartmented reservoir is introduced as an efficient nieth(,J 

of storing water in areas having a relatively flat terrain where there 

isa significant water loss through evaporation. The flat terrain 

makes itdifficult to avoid large surface-area-to-water-volume ratios 

when using a conventional reservoir. 

that large water losses through evaporationThis study demonstrates 

can be reduced by compartmentalizing shallow impervious reservoirs and 

in flat terrain concentrating water by pumping it from one compartment
 

reduces the surface-area-to-water­to another. Concentrating the water 

volume ratio to a minimum, thus decreasing evaporation losses by 

to the atmo­reducing both the temperature and exposure of the water 

sphere. Portable, high-capacity pumps make the method economical for 

for relatively large reservoirs. Further,small reservoirs as well as 

the amount of water available for beneficial consumption isusually more
 

than the amount of water pumped for concentration.
 

wasA Compartmented Reservoir Optimization Program (CROP-76) 

developed for selecting the optimal design configuration. The program 

was utilized in designing several systems. Through the use of 'the 

have been eludicated.model, the interrelationship of the parameters 


volume, area, depth, and slope of the embankrent
These parameters are 

interface with the parametersaround each compartment. These parameters 


describing rainfall and hydrologic characteristics of the watershed.
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The water-yield model used in CROP-76 requires inputs of watershed 

area, daily precipitation, daily and mxlmum depletion. In addition, 

three sets of seasonal modifying coefficients are required either through 

calibration or estimated by an experienced hydrologist. The model can 

determine runoff from two types of watersheds, a natural and/or treated 

catchment. Additional inputs of CROP-76 are the surface water evapora­

tion rate and the amount and type of consumptive use. 

Because of the large nuner of parameters it was found that repeated 

runs of the model are necessary to determine a near optimum design in a 

reasonable amount of time. The model computation time for the CDC 6400 

computer for a 45 years length of record is less than ten seconds per run 

for the usual design. Usually no more than four or five computer runs 

were needed for design purposes. CROP-76 was used on several typical 

systems including a water harvesting agrisystem. The following general 

observations were made: (1) The rate of increase of efficiency of 

storage decreases as the number of compartments increase; (2) there was 

no significant difference in evaporation loss by varying the relative 

size of compartments provided the side slope, depth, total nuntber of 

compartments and the total combIned volume remained constant; (3) the 

increase in efficiency due to the use of the compartmented system 

decreases as the depth of the reservoir increases, becoming insignificant 

for depths of 20 or more meters; and (4) the use of a compartmented 

reservoir provides efficient storage for a water harvesting agrisystem. 

Carwin Brent Cluff 
Civil Englrieerlrg Department 
Colorado State University 
Fort-Collins, Colorado 80523 
Spring, 1977 
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CHAPTER I 

INTRODUCTION
 

The need for a low-cost, efficient method of water storage in semi­

arid and arid lands has long been recognized. The high evaporation loss 

coupled with flat terrain has prevented economical water storage except 

in rare instances where favorable reservoir sites are available. These 

favorable sites in most parts of the world have been utilized but the 

demand for water is far from satisfied and will continue to increase in 

the future. 

Importance of Improved Storage of Water 

The importance of improved water storage can be verified easily by 

aerial flights over dry areas prior to the onset of the rainy season. 

These flights reveal that most small storage reservoirs are dry or close 

to it. An examination of many of these reservoirs by the author in 

Arizona and northern Mexico, as well as West Africa, has revealed that 

the average depth generally is less than the average annual water evapo­

ration rate. This condition prevents withdrawal of water on a constant­

rate basis and any chance of carry-over storage from one year to the 

next. 

The importance of constructing deep reservoirs has long been known 

but there are several constraints which normally have prevented the 

construction of deep reservoirs. These are: 

1. 	 The grade of the bed of the contributing stream. Any conven­

tional storage must be below the bed. 

I 
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2. 	 Shallow soils. These make excavation difficult. 

3. 	 Construction equipment. The equipment has constraints which 

restricts the depth. 

4. 	 Seepage control. This becomes more difficult in deeper 

reservoirs. 

S. 	 Erosion control on the steep banks. The problem increases with 

deeper reservoirs. 

6. 	 Safety constraint. Unless excavated, deeper reservoirs pose 

more danger to downstrea. occupants than shallow reservoirs. 

7. 	 Financial constraints. Deep reservoirs usually cost more money 

per unit-volume of storage than shallow reservoirs. 

The dozer tractor connonly is used for constructing small reser­

voirs. The deeper a dozer excavates into the ground the greater is the 

unit cost. It has been the author's experience, when using a 1:2 

embankment slope, that building a reservoir deeper than six meters is 

very expensive. This six-meter depth is usually accomplished with a 

three-meter cut combined with a three-meter embankment. Due to the con­

straint imposed by the grade of the stream the upper bank generally 

serves no useful purpose other than as a spoil area; hence, the effec­

tive depth is three meters or less. 

The efficiency of storage is defined as the percent of water going 

into storage that is available for a desired beneficial use on a fixed 

demand basis. This efficiency can be increased by reducing evaporation 

loss. As indicated in the literature review in the next section, some 

research has been done on evaporation control which indicates that the 

costs of such control in general are prohibitive for use in some major 

applications such as conventional agriculture. 
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This study shows the advantages of controlling evaporation loss 

through the use of the compartmented reservoir.,; Using "is system, the 

surface area to depth ratio is reduced by keeping the water concentrated. 

The increase in average depth reduces the amount of solar energy input 

into the reservoir as well as the exposure to the atmosphere thus 

reducing evaporation loss. 

Figure 1-1 illustrates a three-compartmented reservoir. The tank 

consists of a receiving compartment which is called A. This copartment 

is located below the stream grade and therefore is usually shallow. 

Compartments B and C are shown as being smaller in surface area but 

deeper in depth. This reservoir is operated as follows: As runoff 

occurs during the rainy season, water is pumped from compartment A to 

fill compartments B and C. Water is first withdrawn for consumptive use 

from compartment A until the evaporation and seepage losses from B and C 

are equal to the remaining water in A. At this time, the pump is used 

to move the remaining water in A to fill the unused capacity of B and C. 

This eliminates further evaporation and seepage losses from A. Water is 

then withdrawn as needed for consumptive use from B until the water 

remaining in B is equal to the unused capacity in C. At this time, the 

pump is used again to move the remaining water from B into C. This 

eliminates further evaporation and seepage losses from B. At this 

point, C is filled and A and B are empty. A spillway would be needed
 

from compartment A to protect the safety of the system. All inner dikes 

would have to be built higher than the maximum water level determined by 

the elevation of the spillway. 

The compartmented reservoir concept can be applied to existing 

reservoirs or new ones. Since a pump will be used in flat terrain, all 



Figure I-I. A Schematic Drawing of the Compartmented Reservoir.. 
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compartments other than the receiving compartment can be made deeper by 

building the embankments above the stream grade. 

The recent development of portable, low-lift,.hig-capacity, 

tractor-operated pumps makes the compartmented reservoir system 

economically attractive. Thtse pumps are available in capacities of up 

to 5000 cubic meters per hour. One pump can service several small 

reservoirs. These pumps, as well as other pumping schemes, are 

described in more detail in Appendix A. 

If the general slope of the topography is greater than three or 

four percent, the concept of a gravity-fed compartmented reservoir can 

be used. The compartments of this reservoir are separated by a suffi­

cient distance to develop enough hydraulic head so that one compartment 

can be completely drained by a gravity pipeline or an elevated canal 

into the second and succeeding compartments. This reservoir system 

could be operated as before but without a pump. 

Surface storage reservoirs in semiarid regions are usually fed by 

intermittent flood flows. However, in some cases, there may be a base 

flow going into compartment A. In this case, the base flow would be 

used to satisfy consumptive demands. The remainder, if any, could be 

pumped into storage on a continuous basis. 

The Potential of the Compartmented Reservoir 

The potential of the compartynented reservoir can be demnstrated in 

a series of figures using idealized conditions. 

Figure 1-2 illustrates the use of copeitments of equal sizes in a 

reservoir of depth equal to the evaporation loss. The reservoir is 

assumed to be filled by runoff only once a year, with no additional 
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Figure 1-2. 	 Evaporation Loss for Compartmented (but undeepened) Reservoirs
 
with a Constant Volume and Area, a Maximum Constant Consumptive
 
Use and a Depth Equal to Annual Evaporation Loss.
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input. In this figure and other figures in this chapter, an annual 

evaporation depth (EE) of 1.636 meter (m) is used. This is the average 

reservoir evaporation for Parras, Coahuilla, Mexico, and is close to the 

evaporation loss in Tucson, Arizona. A constant consumptive use that 

would be withdrawn each month is selected so that there would be no 

water remaining In the reservoir at the end of the year. This value is 

determined by trial and error. It is called the maximum constant con­

sumptive use. For the single compartment (the typical reservoir), this 

consumptive use value is zero. When the depth of the reservoir is 

equivalent to the annual evaporation loss, it is impossible to withdraw 

any water on a continuous basis since all the water would be consumed by 

evaporation. 

Using two compartments, the efficiency of utilization is increased 

by 32.6 percent. With three compartments, 42.5 percent of the water 

initially stored can be beneficially used. For the four-compartmented 

reservoir, 47.4 percent can be used on a continuous basis. 

Figure 1-3 indicates the evaporation savings obtained by using 

deeper compartments. As indicated earlier, this can be done utilizing
 

the storage created by the excavated material since the constraint of 

gravity flow has been removed through use of the low-head pump. 

In this figure, the total volume was kept constant as well as the 

volume of each compartment. The depth of compartments B and C was 

doubled so that it is twice the evaporation loss, (2EE) in one curve and 

quadrupled to 4rE in another.
 

The rE used in this and the other figures was 1.636 m. The 2rE and 

4rE depths correspond to 3.272 m and 6.544 m, respectively. As 
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Figure 1-3. 	 Evaporation Loss for Compartmented Reservoirs with a Constant 
Volume and Varying Depth with no Consumptive Use. 
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indicated earlier, the six-meter depth can be rather easily obtained if 

an embankment is used for the upper three meters. 

The surface of B and C was reduced to correspond to an increase in
 

depth. Under a no-consumptive-use regimen, 27.8, 50.0 and 61.6 percent. 

of water remains for the reservoirs with compartment depths of EE, 2.E
 

and 4EE, respectively. 

Figure 1-4 illustrates what happens to the same reservoir when
 

maximum consumptive use is applied. Under this method of operation the
 

percent of water available for beneficial consumptive use on a constant
 

basis is 42.5 percent, 67.1 percent and 80.2 percent for the three
 

reservoir systems, respectively. This can be compared with zero percent 

water available on a constant basis in the single compartment reservoir 

when the depth is equal to the summation of the evaporation losses.
 

The above illustrations are idealized in that the reservoirs are 

filled once a year with no additional input. Ifseepage is controlled, 

the same savings would apply regardless of the total size of the reser­

voir system. It is readily apparent that the compartmented reservoir 

concept can be applied to reservoirs of all sizes, from small, livestock 

watering tanks to large reservoirs for agricultural use. See Figure 1-5 

for a pictorial illustration of the range in sizes over which compart­

mented reservoirs will work effectively. 

The amount of pumping required in a compartmented reservoir is
 

relatively low compared to the water savings effected. For instance, a
 

three-compartmented reservoir, with.all compartments,.equal in depth to
 

the evaporation loss, requires pumping of 20.8 percent of the initial
 

storage to obtain a 42.5 percent efficiency when used on a constant
 

basis. This amounts to pumping 48.9 percent of the water utilized.
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Examples on the Papago Indian Reservation, Arizona, of-the
Figure 1-5. 

Size Range of Reservoirs for which a Compar',-mented
 

Above: Stock Tank inJanuary.
Reservoir IsSuited. 

Below: Multipurpose Reservoir on Santa Rosa Wash.
 





12
 

This pumping is all low-lift and costs much less than the average cost
 

of pumping ground water. Table 1-1 contains the dates 'of.'pumping and 

amounts for this and the other types of compartmented reservoirs that 

are illustrated in Figures 1-3 and 1-4.
 

The concept of the compartmented reservoir was conceived by the 

author in the summer of 1975 while serving as a consultant in the Sahel 

Region of Mali in West Africa. The concept evolved as an attempt to 

help solve a critical water storage problem. Ten different sites were 

surveyed and recommended designs were made using a small programmable 

calculator (Cluff, 1975). Following his return from Africa, the author
 

spent six months in Mexico working for the Food and Agricultural 

Organization (FAO) of the United Nations (Cluff, 1976) in support of the 

Fundo Candelillero, an action agency of the Mexican Government. Eleven 

compartmented reservoirs were built by the above agencies in the state 

of Coahuilla, Mexico, during the six-month period the author served as a 

consultant. More have been built since that time. These reservoirs 

range in size from a 8100 m3 two-copartmented livestock reservoir dug 

by mules, to a 200,000 m3 four-compartmented reservoir constructed using 

0-7 dozers. This largest reservoir which is used for agricultural pur­

poses is shown in Figure 1-6. One small gravity-fed separated compart­

mented reservoir also was constructed. 

The use of the compartmented reservoirs introduces additional 

design parameters for effectively using and storing water from any given 

watershed. The number of compartments and their depth and size'relative 

to each other must be considered in order to maximize production of 

water from any given watershed. These parameters are a function-of the 

seepage and evaporation losses. However, in this.study it is assumed 



Table 1-1. Comartmented Reservoir Puming Schedule 1 . -- Constant initial volum. 

Water Available for Use 2 Dates of Pumping Amunt of Water Pwiped 

Type of Tank No C.U.3 Max. C.U.4 No C.U. max. C.U. No.C.U. Iai. C.U. 

One Copartment 0.0 0.0 0.0 0.0 
(d- EE) 

Three Compartments A, B, C 27.8 42.5 Mar. 12 Jan. 19 22.2 13.6 
(dA a dB a dC - rE) July 28 May 2 16.6 7.2
 

Three Compartments A, B, C 50.0 67.1 Initial s Initial s 33.3 33.3 
(dA - EE, dB - dC - 2EE) April 27 Jan. 18 16.7 6.7 

May 13 - 6.1 

s
Three Compartments A, B, C 61.1 80.2 Initial Initials 50.0 50.0 
(dA - zE, dB - dc - 4EE) June 9 Jan. 16 11.1 3.3 

May 18 - 4.8 

lBased on a 1.6 m annual evaporation loss.
 
2 Percent of initial storage.

3 No water withdrawn for consumptive use (C.U.) during the year. Percentage indicates the water available
 
for use at the end of the year (see Figure 1-3).

4Water used at a constant rate so there was no water left in the reservoir at the end of the year. 
Percentage indicates the total amount of water withdrawn at a constant rate (see Figure 1-4).

5 lnitial pumping is the amount of water required to fill the storage above the depth of cofpartment A. 
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Figure 1-6. 	 Four Compartmented Reseryoir System near Parras, Coahuilla,
 
Mexico, with a 200,000 m3 Capacity. -- Above: Under
 
Construction. Below: Completed System.
 



that seepage iscontrolled, thus eliminating itas a parameter to be
 

considered. The use of a floating cover in conjunction with the compart­

mented reservoir isexplored.
 

The objective of this study was to develop a computer modelto
 

study the parameters involved inthe compartmented system and their
 

relationship to each other using historical data. This model is 

described in Chapter 3 with examples of its use in three different 

climatic regions given in Chapter 4. 



CHAPTER 2 

LITERATURE REVIEW 

This review includes literature about evaporation and seepage as 

well as about reservoir embankment design and construction. The litera­

ture about hydrologic models is briefly reviewed in addition to that 

which has been written in the area of water harvesting system in general 

and water harvesting agrisystems in particular. The review of the 

latter subject is included since a water harvesting agrisystem example 

was used in conjunction with a compartmented reservoir in this study. 

Evaporation and Its Control
 

The major function of the compartmented reservoir is to reduce 

water losses through evaporation. These losses in the United States 

range up to 2.0 m along the lower Colorado River (Kohler et al., 1959) 

but go over 2.0 m per year in many parts of the world, as is the case in 

some parts of the Sahel Region of West Africa (Thomas and Whittington, 

1970; UNESCO, 1971).
 

A study conducted by the staff of Senate Committee on Interior and
 

Insular Affairs summarizes the need for evaporation control with the 

statement: "In the future large quantities of water will have to be 

stored at relatively shallow depths and up to the present this has meant 

that high evaporation losses have been unavoidable" (Eaton, i958).
 

For evaporation to occur there must be a source of energy to
 

vaporize the water. Inaddition, there must be a transfer mechanism, a
 

greater vapor pressure at the water surface compared to that of the air 

16
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above. The evaporation process is accelerated by wind. The various 

methods of evaporation control reported by Veihmeyer (1964) are: 

1. Surface-area reduction. 

a. Constructing reservoirs with a minimum ratio of area to 

storage volume. 

b. Storing water "in one large reservoir instead of several 

small ones." 

c. Proper selection of reservoir sites. 

2. Mechanical covers. (Roofs, floating rafts and windbreaks.) 

3. Surface films. (Oil and long-chain fatty alcohols.) 

On first reading, item lb could be interpreted as the direct 

opposite of the compartmented reservoir concept. However, Veihmeyer 

bases his summary in part on an article by Beadle and Cruse (1957) in 

which "concentration of water into single reservoirs" is said to be a 

method of retarding evaporation. Another method listed by Beadle and 

Cruse is "elimination of shallow water areas." The compartmented reser­

voir concept provides a systematic method of concentrating water, thus 

eliminating shallow water areas. The other reference used by Veihmeyer 

is Freese (1956) who also stresses concentration of water and indicates 

that this might be done by selecting a good site. Freese gives an 

example of the operation of three reservoirs in Abilene, Texas, where 

the water was concentrated in a lower lake. In essence, this is a 

gravity-fed separated-compartmented reservoir system described In 

Chapter 1. Freese also gives an example of the savings that could 

result in filling in the shallow areas of a lake near Fort Worth, Texas. 

He determines that saving water worth $0.05/1000 gallons ($0.19/m 3 ) 

would Justify filling in the shallow areas in the lake up to a depth of 
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3.22 feet (0.98 m) even though the fill would cost $0.25 per cubic yard 

($0.33/m3). Fort Worth is in a four-foot (1220 m) net annual evapora­

tion area. 

Garstka (1962) indicated that elimination of the shallow areas by 

diking may result in greater evaporation savings than that indicated by 

a comparison of the ratio of the water surface due to temperature reduc­

tion of the water. 

To the above list by Veihmeyer should be added a fourth category of 

energy-reducing treatments such as coloring the water, shading by 

suspended materials and floating reflective barriers such as perlite, 

that may or may not be a vapor barrier. Cooley (1970, 1973) did con­

siderable research in this area. In a Joint research program Cooley and 

Cluff (1972) determined that while lighter than water initially, floating 

perlite does become saturated over a period of time and loses its 

buoyancy, rendering the method impractical. 

Surface films formed by long-chain alcohols received considerable
 

attention during the late 1950s and early 1960s. The research was 

sponsored and coordinated by the U.S. Bureau of Reclamation (Garstka, 

1962). Several Land Grant Universities were involved: Colorado State 

(Hayes, 1959), Arizona (Cluff, 1%6), Utah State (Israelson and Hansen, 

1963), Oklahoma State (Crow, 1961) and Texas Tech (Meinke and Waldrip, 

1958-63). The U.S. Geological Survey also conducted experiments (Cruse 

and Harbeck, 1960). During these studies, the use of alcohol to prevent 

evaporation was perfected to the point where it could be used in several 

physical formulations in conjunction with various methods of application 

including use of airplanes. However, due to wind problem, the unit 

cost of achieving evaporation control greatly increases as the residual 
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tim of the film on the reservoir decreases. The residual time is 

the length of the reservoir In the direction of the pre­
dependent on 

vai l ing winds. 

in summary, the system is more economical on large reservoirs than 

but to date the cost exceeds the value of the water saved. 
on smal1 ones 

are being Made at the present
No comercial applications of alcohol 

appear to have more
time. For smaller reservoirs, floating covers 

potential (Cluff, 1966). 

such as polyethylene sheets (Drew,
Many floating-cover methods 

(Eng. News Record,
concrete slabs made with lightweight aggregate1972), 

1966) and floating edged-sheets of expanded polystyrene (Cluff, 1967) 

A previously unreported test by the
have been tried and abandoned. 


author consists of placing crushed expanded polystyrene as a reflective
 

were about 50 percent for one month, but a 
barrier. Evaporation savings 

to become wetted.
heavy wind completely overturned the film and caused it 

to 10 percent, making the
This caused evaporation savings to drop 

approach impractical.
 

are use of wax blocks
Among the leading floating-cover methods 

foamed butyl rubber (Dedrick et al., 1973) and
(Cooley, 1975), 


to form a

weatherized sheets of expanded polystyrene coupled together 


A more expensive method is a polyfoam­
continuous raft (Cluff, 1972). 

allaire (1975). The latter method
supported rubber cover described by 

moreused by some U.S. municipalities instead of 	therecently has been 

conventional roofed reservoir. 

These leading methods are all too expensive for conventional irri­

cost is signifi­
gated agriculture (Cooley, 1974). However, 	 the overall 

a portion of the reservoir
cantly reduced if the cover is used on only 
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In conjunction with the compartmented system. The cover is first placed 

on the "last" compartment, the one containing water most Of the time. 

Other compartments are covered if higher water storage efficiency is 

needed. 

Seepage and Its Control 

Seepage constitutes an inevitable loss to a water-storage system in 

shallow reservoirs overlying alluvial soil unless an effective method of 

control is used. Bouwer (1969) states that seepage is dependent on many 

factors affecting the hydraulic properties of the soil, including water 

chemistry, which cause change in the hydraulic conductivity with time. 

He further indicates that the hydraulic conductivity also is affected by 

the air content of the soil as well as the soil tenerature, the depth 

of water in the reservoir and the barometric pressure. 

Seepage from an earth-lined reservoir over an alluvial soil in an 

arid environment fits Botwer's (1969) description of a channel with a 

clogged soil at its perimeter. In this case the underlying soil is 

unsaturated and the flow according to Sposito (1975) is controlled by 

the negative soil-water pressure in the underlying drier material. 

Sposito finds that the depth of water in a shallow reservoir may not 

have much effect on the seepage particularly if a swelling-clay liner is 

used. The effect of the swelling offsets the gravity forces, leaving 

the soil pressure in the underlying unsaturated material as the con­

trolling factor in seepage. This finding indicates that in applying the 

concept of the compartmented reservoir system to an earth-lined reser­

voir thereshould be a reduction in seepage loss due to concentrating 

the water and reducing the area contributing to seepage.. According to 
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Sposito's findings in shallow reservoirs this reduction should be 

caused by increasing the depth in.greater than the increase in seepage 

the compartpnt to which water is being pumped. This may not be the 

case in situations where the flow isfully saturated (Hunt, 1973). 

There are several articles concerning seepage control 	but those 

to cost,identified by the author are not very explicit with regard 

effectiveness and serviceability. Most articles are written with a 

limited objective. There sees to be none available documenting the 

over a long period ofeffectiveness of seepage barriers in reservoirs 

time. Some of this type of documentation is available for aqueducts in 

the Bureau of Reclamation's lower cost canal lining program 

(Wilson, 1965).
 

An article by Boyer and Cluff (1972), updated to some extent by 

Dedrick (1975) and Frobel and Cluff (1977), also lists the materials 

available for use in seepage control. These articles summarize most of 

The methods currentlythe techniques currently used in seepage control. 

used include the use of sodium salts, primarily sodium chloride or 

sodium carbonate (Reginato et al., 1968; Boyer and Cluff, 1972). The 

sodium disperses the clay and thereby provides a seal. Wetting and
 

compaction helps speed up this dispersion process. It also helps to
 

reduce clay migration noted by Cluff et al. (1972). This migration
 

proves to be a real problem in soils with a low clay content when sodium 

is used without compaction for waterproofing to form water harvesting 

catchments. In reservoir construction this same phenomena contributes 

to a sodium-caused piping that has contributed to dam failures in some 

areas (Sherard et al., 1974). For the non-dispersive soil there is a 

definite threshold velocity below which flowing water 	causes no erosion. 
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For dispersive clay, according to Sherard et al. (1974), there is no
 

threshold velocity; the colloidal clay particles go into suPension even 

in quiet water. 

Bentonite clay also has been used as a sealant for many years 

(Rollins and Dylla, 1970; Dirmeyer, 1959). The bentonite works best 

when there is already a substantial amount of clay in the soil. Soil 

cement can be used for sandier soils (Portland Cement Assoc., 1958). 

In recent years there has been an accelerated use of synthetic 

membranes: polyethylene, vinyl and rubber. Lauritzen (1966) was one of 

the first researchers in the 1950s to investigate Installation proce­

dures for these materials. Polyethylene plastic is the cheapest, 

followed by vinyl, with rubber products being the most expensive. The 

most popular rubber product at present is reinforced hypylon sheeting 

because of its econony and ease in field seaming (Frobel and Cluff, 

1977). Membranes, especially the plastics, should be covered with a soil 

ballast to protect them from mechanical damage in addition to reducing 

the seepage loss should a rupture in the film occur (Boyer and Cluff, 

1972). One type of cover investigated at the University of Arizona is a 

thin layer of wire-reinforced mortar. This type of cover can be less 

than one inch in thickness. The use of the mortar makes it possible to 

protect plastic when it is placed against steep slopes. The mortar 

serves primarily to protect the plastic which provides the seepage 

barrier (Cluff et al., 1972). This is particularly important in con­

structing smaller compartmented reservoirs. 

The final method reviewed is the use of reinforced asphalt linings. 

These can be either reinforced with fiberglass or plastic sheeting. 

This method is cost-competitive with polyethylene and/or vinyl liners 
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particularly if an asphalt dispersing truck 	is availible (Frobel and 

Clu'ff, 1976). 

Embankment Design and Construction 

With respect to dam design and construction, the literature review 

since these are the typesis restricted to earth and rock-filled dams 

primarily used for small reservoirs in flat terrain where the compart­

mented tank is most appropriate. 

of reser-The use of laboratory soil test,- for design 	and control 

Bureau of Water Worksvoirs was instituted by the City of Los Angeles, 

and Supply as described by R. R. Proctor in the "Engineering News 

Bureau of Reclamation startedRecord," beginning in August 1933. The 

Its soils laboratory in the fall of the same 	year (Ruettgers and 

Blanks, 1936). 

Most large earth and rock-filled dams now are constructed only after 

smaller reservoirs are built withextensive soil testing. However, 

limited or no soil testing. The Bureau of Reclamation and U.S.(1973) 

Army Corps of Engineers (1970) have published guidelines for the con­

struction of small dams. These publications stress the importance of 

soil testing and soil moisture control during compaction. 

Uginchus (1966) presents a study on seepage through earth dams. He 

developed a method of accounting for seepage going through a dam with a 

tailrace. This method approximates the dividing dike between two 

also is covered in a designcompartments. Seepage through earth dams 

manual of the U.S. Arny Corps of Engineers (1952). 

in which theSowers (1962) discusses the effects of sudden drawdown 

seepage pattern in the upstream half of the enbankment is reversed. The 
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upstream slopes become surfaces of zer0pressures' and water s'eeps in 

both directions from the embankment: Sowers indicates that, 'depending 

on the amount of water retained by capillarity in the voids, loss of 

only a small quantity of water by'seepage may be necessary;to'sub­

stantially lower the seepage line. In clays and silts the seepage dis­

charge is usually insignificant and so the position'of'the line of 

seepage moves more rapidly than would be supposed from their low 

permeability coefficient and seepage velocity. A sudden rise in water 

levels will cause the opposite effect. The effect of water loading on 

embankment deformations also was studied by Carter et al. (1974). They 

found that larger horizontal movements are developed when seepage 

occurred than when an impermeable membrane existed on the upstream face. 

The sudden filling or drawdown is a routine occurrence in the 

compartmented system and must be considered inevery design. An 

impermeable reservoir lining with stabilized banks may be necessary In 

unstable soils. 

The primary considerations for embankment design as given by Sowers 

(1960) are:
 

1. Character of site. 

a. Topography.
 

b. Foundation conditions.
 

c. Material for embankment construction. 

2. Construction program.
 

*a. Equipment and methods available.
 

b. Weather.
 

c. Inflow, seepage and consumptive demand. 

d. Finance.
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3. Costs and benefits. 

4. Safety against failure. 

The basic structural element of the compartmented reservoir is the 

earthen or rock-filled embankment. The height of this embankment can be 

reduced in a design where the embankment materials are obtained from the 

reservoir site (see Appendix B). 

The amount of freeboard required in all copartments except the 

receiving comartment is primarily a function of the wave height. The 

wave height as given by Parker (1971) is estimated from the following 

empirical relationship: 

U1 154H - 0.313 F0 423 

7 78 U0 5 5 6F0T - 2.45 

where H - the effective wave height in feet, 

F - the fetch in miles, 

U - the effective wind velocity in miles per hour, 

T - the wind duration in hours. 

Water Harvesting
 

One of the promising ways of increasing both the quantity and
 

dependability of water in arid. and semiarid lands is through water har­

vesting. This term has had many definitions but for the purposes of 

this research project it-is defined as the artificial treatment of soil 

to increase the water yield. The water thus produced is captured as 

surface runoff and stored or put to beneficial use-before it is evapo­

rated. The cobination of a water harvesting catchment and reservoir is 

called a water. harvestingsystem (Cluff et al., .1972). A summry of the 

then current methods used In water harvesting.ls given in the Proceedings 

http:harvesting.ls
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of the Water Harvesting Symposium held inPhoenix in Iarch of 1974. A 

summary prepared by some of the participants, of the symposiumis- given 

in a National AcadeW of Sciences Report (1974). Thisreport and an 

article by Cluff and Dutt (1975) gives the leading mthods as being: 

1. 	 Land Alteration (clearing, shaping and compaction). 

2. 	 Chemical Treatment (sodium salts, silicones). 

3. 	 Soil Cementation (wax, reinforced asphalt, in situ membranes). 

4. 	 Soil Covers (gravel-covered plastic sheets, butyl rubber and 

sheet metal). 

The more promising of these methods, listed in order of their cost, 

are: (1) Shaped coapacted-earth (or roaded catchments), (2) shaped 

compacted-earth sodium-treated, compacted-earth wax-treated, gravel­

covered plastic and reinforced asphalt (Frobel and Cluff, 1977; Frasier, 

1975; National Acadepy of Sciences, 1974). 

The development of these methods of treatment greatly reduces costs 

and increases the efficiency and life of the systems. The first two of 

the above listed methods are inexpensive enough that they are used in 

This is particularly true inconjunction with growing high-value crops. 

marginal dryland areas that need only a small amount of additional water 

use ofto optimize production. An analogy might be made herein to the 

It is estituted byfallowing by the wheat farmer in the great plains. 


the author that the wheat farmer spends an equivalent of $50, to. $60 per
 

acre-foot of water disking his land to provide a mulch. This mulch is 

to store two to three inches of one-year's precipitation-to goneeded 

with the precipitation of the next year, so that a crop, canbe growi. 

This process in which a farmer plants every otheroyear is called 

Plainsbecause offallowing. It does not work south of the Texas High 
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However, concentration of
the excessive evapotranspiration potential. 


of accoiplishlngprecipitation through water harvesting has the potential 

to the sam price with no'sacrifice in thethe same purpose for close 

net amount of land cropped per year. Furtherwore, the system will work 

in areas where fallowing is imractical. 

Hall and Dracup (1970), in reference to Lewis et al. (1969), indi­

cate that far more product per unit of water is possible through the use 

of concentrated rainwater than through the "relatively inefficient 
pro­

ditch, and
 cess of streamflow, reservoir, diversion, aqueduct, farn 


irrigation with excess leaching followed by an additional system 
to
 

dispose of the accumulated salt and drainage water."
 

The practice of treating watersheds to increase water yield so that
 

crops can be raised is an old one as evidenced by ancient systems in the 

Negev Desert in Israel (Evenari et al., 1971; National Acadeny of 

Sciences, 1974). There is increasing interest and research in this area 

resources invested have been regrettably snull in viewbut the financial 

The ancient dwellers of the Negev utilized the soil
of its potential. 


profile to store the somewhat erratic runoff. Due to favorable soil
 

conditions this system seemed to work.
 

In other semiarid lands with similar rainfall the system does not
 

work as well, with crop failures occurring too frequently for effective
 

agriculture (Fangreier, 1975; Morin and Matlock, 1975)..comercial 

and Matlock report on the use of a model without surface storage.
Morin 

The use of the. model indicates that the distribution of rainfall is more 

significant than total rainfall after a set minimum amount occurs. This 

finding supports the thesis that for water harvesting to be successful in 

,most semarid regions it must be cowbined with efficient surface 
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storage. al (72) arid ater'Dutt and'McCreary (1974) repQrt
 

on a one-acre systm installed at Page Ranch north"ofU 


(luffet 


Tson, Arizona, 

inwich'raif water"is concentrated into planted strips by shiaping, 

compacting and treating the contributing catciment With salt. 'The salt 

rnIot;only increases the runoff by dlsper'sliig the clay but ao.acts as a 

herbicide on the catchment to prevent weed growth.. Erosion is con­

trolled by shaping and utilizing'a thin, naturally created sand'iiulch. 

The excess water iscaptured and stored in a covered reservoir and 

pumped back during dry perioIs to water the grapes'and deciduous fruit 

trees planted in the drainage ways on the catchment. The system'has had 

ample water since itwas installed in1971. The resulting runoff water 

from the salt-treated catchment isof high quality with the sodium being 

trapped by the clay in the soil on the catchment (Dutt and McCreary, 

1975). This type of system which combines the concept of desert strip 

farming (Morin and Matlock, 1975) with surface water storage is referred 

to as a water harvesting agrisystem by the author. The operation of the 

system shows that surface storage of water isessential to uninterrupted 

production. The installation of a reservoir with a floating cover is 

the most expensive part and therefore a limiting factor to the water 

harvesting agrisystem (Cluff and Dutt, 1975). A compartmented reservoir 

was combined with a 20-hectare (50-acre) water harvesting system in
 

Mexico inthe spring of 1976 (Gavande et al., 1976). The 'author' 

assisted inthe design of the system and'helped diret ' the initial con­

struction. This system is discussed in Chapter 4.' 
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Water Yield and Reservoir Regulation Models 

are essentialAn understanding of the principles of hydrology 

before a Oater yield or reservoir regulation model can be developed. 

to precipitationThe physical processes through which a watershed reacts 

and eventually yields runoff are understood to the extent that the 

principal parameters acting within the runoff phase have been identified 

can be qualitatively describedand interactions between these parameters 

(Linsley et al., 1975). 

However, because large nunters of processes are occurring over the 

watershed that change with time, quantitative analysis is very difficult. 

With the advent of the computer, various models have been devised to 

help quantify a watershed response to precipitation. 

available for simulation of streamflow and/orSeveral models are 

water yield which vary in complexity of inputs, the nunber of parameters 

time interval and the output (Williams andto be determined, the used, 

LeSeur, 1976). Clarke (1973), an FAO consultant, prepared an extensive 

paper on the mathematical models in hydrology. Clarke explains that 

there are many different models, because hydrologists are required to 

each with certain aspects that are unique, but alsosolve many problems, 

with many aspects in common. 

Some of the best known models include the Stanford Model (Crawford 

and Linsley, 1966; Ross, 1970) and the USBAHL-74 Model (Holtan et al., 

1975) which have several parameters and use a short-tie interval and 

output a hydrograph in addition to total flow. Holtan et al. (1975) 

report that the USBAHL-74 Model has a correlation coefficient of observed 

versus computed monthly runoff of 0.89, 0.95, 0.97 and 0.94 for four 

watersheds with areas ranging from 3.45 to 15.7 square miles. The 
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correlation between precipitation and observed runoff for the same four 

watersheds were 0.67, 0.77, 0.87, and 0.65, respectively. Such models 

work best under the conditions for which they were derived. This state­

ment is verified to some extent by Lovely (1976) who found that 

USDAHL-74 "was unable to adequately simulate runoff inlow water-yield 

years and during the summer-runoff season" on a 49-square mile semiarid 

watershed in Arizona. 

Simons et al. (1975) simulated the land surface hydrologic cycle,
 

sediment production, and water and sediment movement on small watersheds.
 

In the Simons model emphasis is on the mechanisms of the water and
 

sediment routing. 

The National Weather Service of the National Oceanic and Atmo­

spheric Administration (NOAA) developed a model that requires the 

rational estimation of 16 model parameters (Peck, 1976).
 

Haan (1972) developed what he called a self-calibrating four param­

eter model. These parameters are: (1)an evapotranspiration factor,
 

(2)a maximum-infiltration factor, (3)a maximum deep seepage rate, and
 

(4) a seepage-return factor. In addition, daily rainfall and estimated 

average potential evapotranspiration are needed for the model. The 

model assumes distributions of daily rainfall on an hourly basis within 

a day and within an hour. Itcomputed and compared monthly runoff values 

for eight watersheds. Haan reports that both the slope of the regres­

sion line and the correlation coefficient are needed to determine a good 

fit. His correlation coefficients ranged from 0.94 to 0.97 and slopes 

from 0.89 to 1.05 for the eight watersheds located in Kentucky. and South 

Carolina. Ideally, both values should be 1 
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The final water-yield model discussed is that developed by Williams 

and LeSeur (1976). These researchers developed a rather simple water­

yield model with four input requirements. These are: (1) an estimate 

curve numberof the II-condition Soil 	Conservation Service (SCS) runoff 

(3) daily rainfall, and
for the watershed, (2) measured monthly runoff, 

(4) 	average monthly lake evaporation. Tests on about 50 watersheds in 

km2 to 2,227 km2 are reported. CorrelationTexas with areas from 0.5 

values ranging from 0.35 to 0.98 were determined when comparing computed 

runoff against observed runoff. The comparison on a monthlyannual 

basis was not made for all the watersheds but where it was the "r" 

values were, in general, lower than those based on annual flow on the 

watershed. 

have been written to provide bases for reservoirVarious models 

et al.regulation. One of the principal ones is described by Brooks 

(1972). This model, Streamflow Synthesis and Reservoir Regulation, 

SSARR, was developed by the U.S. Arny Corps of Engineers initially for 

United States. It was expanded and hasapplication in the northwestern 


been used on many river systems in the United States and abroad by
 

different agencies. The model is comprised of a water-yield
several 

model, a streamflow routing model and a reservoir-regulation model. The 

water-yield model is rather simplified but still requires eight types of 

input. Precipitation is inputted in any selected period but it then 

must be distributed to come up with a shorter time base. 

reser-The reservoir-regulation portion of the program operates the 

to inflow losses and beneficial consumptive uses. Itvoir in response 


routes a flood through one or several reservoirs and prints out the
 

incoming and outgoing hydrographs. It automatically causes the
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reservoir to spill ifthe capacity is exceeded. This system is used to 

operate the Columbia River system with its 28 reservoirs. 

The simulation model above becomes a type of system engineering or 

operations research when it is used in making decisions about how to
 

optimize the operation of the reservoir system (Wagner, 1969). Systems 

engineering, according to Hall and Dracup (1970), is concerned with only 

one phase of the total task of the water resources engineer -- that of 

decision making. Various mathematical tools such as linear or dynamic 

programming are available (Wagner, 1969; Jelene, 1970; Hall and Dracup,
 

1970). These methods are not utilized in the model developed herein and
 

therefore an extensive literature review inthis area isnot included.
 

An accounting or mathematical-model approach is used inthe optimization
 

procedure. They are described in Chapter 3.
 





CHAPTER 3
 

DESCRIPTION OF THE COMPARTMENTED RESERVOIR
 

OPTIMIZATION PROGRAM (CROP-76)
 

The computer model was originally conceived to convert daily 

historical rainfall data into runoff data from either a natural and/or a 

treated watershed. Runoff data input was to be expressed as a weekly 

array and to be stored in a compartmented reservoir data bank. The 

compartmented reservoir was to be subjected to domestic and/or agricul­

tural demand as well as evaporation losses. The design parameters of 

the compartmented reservoir were to be adjusted so that the "optimum" 

reservoir system would be selected. The definition of an optimum reser­

voir is "the system that would have the highest storage efficiency under 

the constraints imposed." The definition of the storage efficiency is 

the percent of water that passes into the storage system that is avail­

able for a desired beneficial use on a constant demand basis. Unless 

otherwise noted the losses which are subtracted from the water going 

into storage include evaporation and overflow from the receiving 

compartment in addition to excess water which occurs when the entire 

reservoir system is filled. Overflow occurs if runoff from a single 

storm exceeds the unfilled capacity of compartment 1. It is assumed 

that seepage is controlled and therefore these losses are not included. 

In the operation of the model the design parameters are usually 

adjusted so that the amount of overflow plus excess water is kept below 

a specified amount, usually 4 or 5 percent. An additional constraint is 
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the requirement that the reservoir system is required to provide water 

for the desired beneficial use for a specified minimum, usually 95 or 96 

percent of the time. The consumptive demand was reduced if necessary in 

order to fit the~above constraints. 

This concept of optimization islimited since itdoes not take
 

economics into consideration.
 

From the beginning of the project itwas decided to couple a water
 

harvesting agrisystem subroutine to the compartmented reservoir portion
 

of the program. Under this option a soil moisture-accounting routine
 

was to be used to account for storing water in the soil in addition to
 

storing excess water in the compartmented reservoir system.
 

Most of the above objectives were achieved with CROP-76. Itwas
 

soon found, however, that there were too many design parameters to find
 

a satisfactory design ina single run of the computer, within a reason­

able processing time. The design, however, can be obtained by repeated
 

computer runs by a skilled operator who helps the computer in its selec­

tion of the parameters that will meet the constraints.
 

The model was set up to provide an understanding of the effect of
 

the various parameters on a compartmented reservoir system and thereby
 

to help furnish training for an operator who would in turn reduce the
 

amount of time needed to optimize a particular design. 

Itmay be possible in the future to use CROP-76 inconjunction with 

a linear programming routine inwhich the objective function would be to 

optimize profit by allocating land as either a cropped area or a catch­

ment area. The objective function might also include the number of 

compartments. The use of linear programming would help decide which 
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crops to plant that would provide the greatest profit under a water and 

land constraint. 

The 76 was added to the CROP acronym of the model since itwas
 

developed in 1976. It also serves as a reminder that there is still 

more development needed. 

Appendix C contains a listing of CROP-76 in Extended Fortran IV. 

The listing includes a description of the Fortran coded variables used 

in the program. It also includes a data card summary and comment cards 

which are useful in understanding the actual operation of the program. 

Figure 3-1 gives a flow chart of the program. A more detailed 

discussion follows.
 

Water-Yield Routine 

This routine iswithin Program CROP-76 and the two subroutines, 

CONVRT and WINTER. It uses the daily rainfall input and converts it to 

a continuous daily array. Using the area of the natural watershed 

and/or the area of a treated watershed and appropriate built-in factors, 

it then uses the daily rainfall to determine daily runoff in accordance 

with the following relationships: 

Q = AxSMXM(Pd - (AtxDxSD)) 

where Pd > (AtxDxSD) < LxSL" 

Q = daily runoff. 

A = the area of the watershed. 

SM = a seasonal modifier of M. 

M= the runoff multiplier that is a function of Pd" 

Pd = the daily precipitation. 

At =,time in days between rainfall events.,,
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Selects 
Seasonal 

Modifiers for 
Runoff Model 

Subroutine 
CONvRT 

Suuinarizes Precipitation and 
Runoff into Weekly Arrays 

Subroutine 
EVA0I 000 

IConverts Monthly Data 
Weekly Arrays 

into 

Subroutine _____Subroutine 

DISTR 

Redistributes 
Water in the 
C.R. Prior to 

a New Run 

OPTCOM o0 
operates Compartmented 
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Figure 3-1. Subroutine Flow Chart for Compartmented Reservoir 
Optimization Program (CROP-76). 
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D = a selected watershed daily depletion.
 

SD = a seasonal modifier of D.
 

L = a maximum limit on the total depletion.
 

S = a seasonal modifier of L.
 

After a brief study of the above variables one might recommend that
 

the first step to take is to reduce the total number by combining M and
 

SM, D and SD, and L and SL reducing the total number of variables
 

needed to determine ruhoff from nine to six. However, itwas found that
 

itis easier to calibrate the model using average values for M, D and L
 

which are adjusted using the seasonal modifiers. The model was cali­

brated using data from HL-I, a 16-acre subwatershed in the 18-square
 

mile Atterbury Experimental Watershed. The seasonal modifiers, SM, SL
 

and SD were adjusted. The relation between M and Pd was left as
 

originally set for both natural and treated watersheds. These functions
 

are illustrated inFigure 3-2. The selection of these functions is
 

based on several years of experience by the author inobserving runoff
 

events on natural and treated watersheds insouthern Arizona. The rela­

tion for the treated watershed is based on experience with compacted
 

sodium-treated watersheds. Other relations would be used with other
 

types of treatments. By selecting appropriate coefficients the correla­

tion coefficient between computed and measured annual runoff on the
 

respectable correlation
16-acre watershed is 0.82. These values show a 


daily basis in 10 of thell years.* 'The poor'correlation in1976 is
 on a 


due to a low runoff year combined with one storm inApril with a below­

average intensity and another on September I with an unusually high
 

intensity. Table 3-1 contains the comparison of annual runoff for 11 
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Table 3-1. 	 Measured and Computed Annual, Runoff for a-16-Acre., 
Natural Watershed (HL-i) on AtterburEkpertal 
Watershed near Tucson, Arizona.
 

Rainfall Runoff (N) Daily Correlation 
Year (m) Measured Model Coefficient' 

1966 167 15.9 16.5 0.92 

1967 330 59.4 54.8 0.93 

1968 266 11.2 18.9 0.56 

1969 	 196 4.8 5.0 0.95
 

1970 	 209 20.3 20.9 0.95 

1971 355 61.4 49.0 0.86 

1972 309 31.8 51.6 0.89 

1973 226 6.8 10.4 0.80 

1974 235 22.1 23.3 0.68 

1975 211 19.2 9.5 0.82 

1976 217 4.6 7.6 0.15 

Mean 233 257.5 267.5 0.822
 

1The daily correlation was determined using daily measured and
 
.model computed values of runoff.

2This value was determined by correlating the annual measured and 
model computed values of runoff listed in the table. 
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years of record. The correlation coefficient based on individual runoff 

events for each year also is given in the table. The selection of 

which seasonal modifier to use is done in Subroutine WINTER. In the 

calibration, September is a month that fit neither the low-Intensity con­

vective frontal storm that occurs in the winter nor the high-intensity 

convective storm prevalent in the sumer. A significant improvement in 

correlation is obtained when an average of winter and summer modifiers 

is used for September. This reflects the physical reality that both 

types of storm occur in September which is somewhat of a transitional 

month for Arizona. 

The model prints out, upon demand, the daily precipitation including 

the date of occurrence and the runoff from the natural and/or treated 

watersheds with the corresponding efficiencies. The weekly array of 

precipitation, runoff and efficiencies is also printed out if WRITET is 

set to 1 (see Appendix C). Otherwise, only the annual totals and effi­

ciencies are printed out. 

CROP-76 does not include a sediment production function. A deter­

mination of sediment would be very helpful but would probably require a 

more sophisticated model in which both rainfall and runoff intensities 

were simulated. 

Although the water-yield portion of the model (see Appendix C) is 

relatively simple, it is believed that its accuracy is sufficient for 

the purposes of this study. Its simplicity allows it to be used in most 

of the world where only limited data are available. 
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Evaporation Routine
 

The evaporation routine is isted as Subroutine EVAP. It'converts
 

monthly evaporation data into a daily array by dividing the monthly
 

total by the number of days in the respective months and then suns the 

daily array into a weekly array. The weekly array and/or the annual and 

period summaries of evaporation are printed on demand by setting'WRITET 

to 1 on the evaporation subroutine control card (see Appendix C). 

Compartmented-Reservoi r Routine 

The compartmented reservoir routine includes Subroutine OPTCOM and 

the smaller Subroutine DISTR. The routines use the weekly-runoff array 

determined in the water-yield routine and stores it in a system of up to 

ten compartments. When the water harvesting agrisystem option isused 

only data from eight compartments are printed out due to space restric­

tions on the printout. This is found to be more than adequate. 

The compartments are designated by the slope, the maximum depth, and 

maximum volume. In addition, the initial volume of each compartment is 

required as input. All compartments are assumed to be of the shape of 

an inverted truncated prism with four equal sides and a constant slope. 

A cross-sectional area taken perpendicular to any pair of opposite sides 

has the shape of a trapezoid. The relationships of the truncated prism 

are used inobtaining a unique solution for the surface area "AS" when 

given the volume "V', side slope "S"and bottom cross-section "AB". 

This relationship is given as: 

[(6VxS + (AB)15]
2/3
 

AS = 

Knowing the surface area, the depth "d".is computed from .the 

relatijonship: 
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d = 2V/(AB +AS)
 

Given ;thec.reservoirlvolume this method of computating the surface 

,area can be, replaced by an appropriate: function or table look-up routine 

if the compartment shape is different from that described above. 

keeps track-of the amount of water in each compartment,The model 

entering runoff first in the first compartment "1" and then moving it to 

Evaporation occurs from all compartments con­the last compartment "K". 

taining water. Withdrawals for consumptive use are made beginning with 

the first compartment to have water. This compartment will be desig­

nated as "n". The water is concentrated by pumping first from compart­

ment "n" and continues to the last compartment "K-l" if needed. Pumping 

is done only ifthere is enough unused capacity inthe "upper" remaining
 

tanks "n+l", "n+2", ... , "K", to completely empty the water from 

compartment "n". It is done at discrete times in keeping with the 

operating constraint of concentrating the water by pumping with a
 

portable pump. The model keeps track of and prints out the values of
 

types of pumping: (1) the amount of water it concentrates by
two 

pumping from compartments "I" to "K-l" into compartments "2" through 

"K", and (2) the amount of runoff transferred from the receiving 

compartment "I"into the remaining compartments. The only compartment 

is compartment "1". Therequiring gravity flow from the stream channel 

model shows a proportionate reduction of evaporation due to a reduction
 

area only. It does not take into account the reduction ofin surface 

evaporation rate because of the increased depth of water as compared to
 

a single compartment. Italso does not account for the runoff from
 

empty compartments and/or the side slopes, or the precipitation that
 

to the water surface in the filled compartments.
falls directly on 
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Output from the model includes a weekly summary of runoff from­

natural and/or treated catchments-, domestic and/or agricultural consump­

tive uses, evaporation losses from the reservoir, the amount of pumping
 

from compartment "1", the amount of water concentrated by pumping as
 

well as the available storage ineach compartment. Both annual and
 

period summaries of each of the above categories are given, including an
 

efficiercy-of-use for each year and for the total period.
 

Water Harvesting Agrisystem Option
 

When MTEST isset to 1 (see Appendix C) the water harvesting agri­

system option is activated. Using this option requires reading insoil­

moisture parameters for a designated number of layers of soil. The
 

parameters are the field capacity, the wilting point, the initial soil­

moisture level ineach layer in addition to the remaining unfilled
 

capacity of the soil. These data include the effect of soil moisture
 

spreading laterally underneath the catchment area. The option is based
 

on the premise that the cropped area of the water harvesting agrisystem
 

iswithin the catchment as outlined in Cluff et al. (1972) and Dutt and
 

McCreary (1975). This method consists of a shaped-treated catchment
 

sloping toward a drainage area inwhich the crop is to be planted. The
 

planted area could be of varying widths controlled primarily by the
 

Thus, if tractors
equipment to be used in tilling the cropped area. 


were used, the minimum width of the planted strips in the catchment
 

would be in the order of two meters allowing for two rows. The maximum
 

width probably would be four meters unless the slope of the drainage
 

area is such as to assure adequate water distribution'over a wider area.
 

Special tillage procedures producing rows perpendicular to the dlre'cton 
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of a0 tractor's travel would greatly facilitate water distribution in the 

planted area of,the strip farm method. 

r Inthe.model, rainfall-and a portion of the runoff are stored in 

the soil. This iscalled "runon". Itis defined in this study as the 

amount of runoff going into the soil beneath the planted area. Itis
 

determined by the relation:
 

Runon = K1 [QTWW - K2(AWHP)]
 

1 and K2 are constants set according to soil and 
slope conditions,
where K


QTWW isthe weekly runoff total from the water harvesting catchment and
 

AWHP is the area of the planted portion of the water harvesting
 

agrisystem.
 

Storage and retrieval of soil moisture in the soil profile isbased
 

on a method used ina model developed by Morin and Matlock (1975). The
 

Morin and Matlock model has no provisions for surface storage with sub­

sequent irrigation use.
 

Precipitation and runon is added to the soil profile, beginning at
 

the upper layer and extending downward. Ifthe soil moisture profile is
 

filled, deep percolation occurs and the water islost to the system.
 

Evapotranspiration demand istaken from consumptive use data available
 

in,the area. Ifnecessary, these data are obtained by talking with
 

farmers in the area. Evapotranspiration removes water first from the
 

top layer of soil. When the water content of this layer is used down to
 

the wilting point, additional water is removed ifneeded from the lower
 

layers to root depth. 

The program compares the available soil moisture down to root depth 

When the soil moisture dropswith the weekly evapotranspi.ration demand. 


to 50 percent of the total water available the program calls for an
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irrigation. The water supplied by the Irrigation is deducted from the 

compartmented storage system along with losses set at a ten percent 

level internally within the program. This irrigation store! Iater first 

inthe upper layer until field capacity is reached and then, in subse­

quent layers, down to plant-root depth.
 

The number of layers of soil moisture available iscontrolled by a
 

specified plant-root function. A linear root function of depth versus
 

time is used in the model. This function can easily be changed to fit 

whatever crop is being planted. The function is in the form:
 

NRTM = RSLOPE x IW- RCROSS
 

where NRTM is the number of layers, RCROSS isthe y-axis intercept,
 

RSLOPE is the rate (or slope) of root growth, and IW is a weekly
 

counter. The above root function isonly activated during the period in
 

which there is a evapotranspiration demand.
 

The agrisystem option has been kept relatively simple in principle
 

so that it can be used inareas where data are limited. The option
 

appears to be adequate for planning purposes in showing how effectively
 

the compartmented reservoir system can be used inconjunction with 

moisture storage in the soil for growing crops inareas where agricul­

ture is unfeasible if limited to conventional irrigation methods. 

When the water harvesting agrisystem option isused, the total
 

available soil moisture and the amount of irrigation, if any, are 

printed out for each week in addition to all of the other data described 

earlier. A sample listing of the agrisystem output for San Francisco
 

del Barreal, Coahuilla, Mexico, is inAppendix D. Also given is the 

input data and a listing of the recommended surface area, depth and
 

embankment side slopes of each compartment. The volume of each 
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as the amount of water each compartmentcompartmnt Is listed as well 


at the end of the period of record.
.contains 



CHAPTER 4
 

DEMONSTRATION OF THE COMPARTMENTED RESERVOIR
 

USING THE CROP-76 MODEL
 

To illustrate the utility of the compartmented reservoir, the 

CROP-76 computer model was applied to different types of storage prob­

lems including those previously investigated in Africa and Mexico. 

These applications are discussed inthis chapter. 

Storage for Ground Water Pumped
 

with Solar Power, Arizona
 

Shortly after the model was functional an opportunity arose to
 

interface with a research project studying ground-water pumping using 

solar energy (Larsen et al., 1976). Larsen et al. have shown that it is 

economically advantageous to pump into surface storage on an annual 

basis. The surface storage was used to match annual pumping to the more 

seasonal irrigation demand. The estimated pumping and irrigation 

demands for the 64-hectare (160-acre) project are shown in Figure 4-1 

which is taken from the Larsen et al. report. Average weekly pumping 

and consumptive use values were input for a modified model. The water 

yield portion of the model was not used. Four years of monthly evapora­

tion data were used to demonstrate the compartmented system. The
 

initial storage and consumptive use were varied to reach an equilibrium 

over the four-year period. A depth of six meters is suggested by Larsen 

et al. as being realistic for this application. As shown later, the use
 

of a greater depth reduces the evaporation savings obtained wnen 
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compartmenting the reservoir. In contrast, the use of a lesser depth 

would increase the importance of compartmenting. 

Table 4-1 gives the result of the analysis made for four reservoir 

systems for storage of seasonally pumped ground water using solar
 

energy. The table shows that there is a 30.3 percent and a 37.5 percent
 

evaporation savings resulting from the use of two and four compartments, 

respectively. There isa slight decrease inevaporation savings when
 

the number of compartments isincreased from four to eight; therefore,
 

no more than a four-compartmented system is recommended.
 

A single compartment should cover 227x227 m, or 5.15 hectares. A 

two-compartmented reservoir should cover 315x172 m,or 5.42 hectares. 

A four-compartmented reservoir should cover 235x246 m or 5.57 hectares. 

The single-compartmented reservoir requires 39,394 m3 of embankment if 

the cut and fill were balanced. The four-compartmented reservoir
 

3 3
requires 48,640 m ,a difference of 9246 m . Three additional discharge 

pipes and valves are required in the four-compartmented system. 

The amount of pumping required to keep the water concentrated also 

is given inTable 4-1. Itis very small because solar-pumped water can 

be placed inany compartment to keep the water concentrated as much as 

possible. This reduces the need for auxiliary pumping as compared to 

the storage of floodwaters. 

The use of a compartmented reservoir should significantly reduce
 

evaporation loss. Inaddition, there are other advantages of a compart­

mented tank in this system. These are: (1)repair and maintenance is 

simplified because it isrelatively easy to drain a compartment if 

needed; and (2)the average depth of water in the storage tank is-much 

deeper, thus reducing the rate of bottom weed growth and the evaporation
 



Summary of Four Designs of a Compartmented Reservoir for a 
Solar-Energy-Powered

Table 4-1. 

Pumping System. 

Number of Compartments
 

(m3) Four3 (m3) Eight4 (M3 )
TWO2 
One' (mi) 


Evaporati on
 

41,196 40,756
47,705
68,715
1967 

43,310
42,572
47,741
68,726
1968 45,085 45,756
49,326
70,576
1969 46,572 46,925
50,882
72,604
1970 176,747


280,621 195,651 175,425

Total Evaporation 44,187


70,155 48,913 43,856

Average Evaporation 
 1,303,651 1,319,251 1,319,251
 
Consumptive Use 5 1,295,851 

1,364,722 1,364,722
 
Water Pumped 1,364,722 1,364,722 +628 D


+2,183
-3,256
+3,897
Change in Storage
6 

6,802 5,036
0
0
Amount Concentrated 

37.0
37.5
- 30.3
% Evaporation Savings 96.67
96.67
95.52


% Storage Efficiency 94.95 


3
 .

'The capacity of the single reservoir is 205,000 m

2The compartments are all 96,000 i3.
 
3The compartments are all 48,000 m3.
 3
 . All compartments are rectangular with six-meter depths
4The compartments are all 24,000 m 3
 .
compartmented systems is 192,000 m
and 1:2 side slopes. The total volume of all 

5The consumptive use and input data are given in graphical form in Figure 4-1.
 
6Represents the change in storage from the beginning to the end of the 

four-year period.
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rate. The latter reduction as indicated earlier was not taken into 

account in the model. 

In both types of storage systems the period during which excess 

storage is available coincides with summer rains, making salvage of 

floodwaters a possibility. In this case an auxiliary compartment would 

need to be constructed to hold floodwater until it could be pumped into 

the main storage compartment. 

Storage for Floodwaters of Ephemeral Streams, Arizona
 

In 1975 there was an 185.0-mcm (150,000-af) overdraft from the
 

Tucson, Arizona, ground-water basin (Pingray, 1976). But there was then
 

an average of 27.8 mcm (22,540 af) of surface water from a watershed of
 

9,073 km2 leaving the basin as flood flow in the Santa Cruz River. The
 

amount of surface flow is increasing each year as more desert land is
 

paved during the urbanization process. The flood flow is not being used
 

at present because it is highly variable. There are no sites available
 

for a conventional reservoir deep enough to store this varying flood 

flow without excessive evaporation loss. Twenty-four years of daily
 

streamflow data are available from the U.S. Geological Survey gaging
 

station at Cortaro Road, northwest of Tucson, Arizona. These data were
 

used to test the use of a compartmented-reservoir system for storage of
 

floodwaters of a large ephemeral stream. 

from the TucsonThe Cortaro-Marana Irrigation District is pumping 

water basin an amount of water approximately equivalent to the annual 

Itwas decided to ascertain if a
outflow of the Santa Cruz River. 


floodwater to be used
compartmented reservoir could efficiently store 

for irrigation. This system would make an amount of ground water equal 
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to flood flow available for urban use. The same consumptive use per 

hectare and evaporation losses used in the solar-power pump example were 

used so that the results could be more directly comparable. The results 

of repeated analyses of different compartmented systems for the 24-year 

record are shown in Tables 4-2 and 4-3. There is considerable improve­

ment in efficiency using a compartmented reservoir when the compartments 

are five meters deep. The efficiency increases from zero percent for a 

conventional reservoir to 40 percent for a three-compartmented reser­

voir. It is seen that a one-compartment system (the conventional 

reservoir five-meters deep) does not provide any water on a continuous 

demand basis. The reservoir was empty 96 weeks without any beneficial 

consumptive use. The conventional reservoir could not even maintain its 

own evaporation losses. However, with a three-compartmented system of 

equal total volume, 40 percent of the water is supplied on a schedule 

commensurate with the agricultural demand of 576 hectares. A six­

compartmented system would be 49 percent efficient in providing water 

for 704 hectares. 

The difference in efficiency between a one-compartmented system and 

three- and six-compartmented system diminishes as the depth increases. 

For a 100-meter (305-ft) deep system, the difference becomes 

insi gni ficant. 

Again it is noted in the example that relatively small amounts of 

water need to be purped in a compartmented reservoir once the compart­

ments were initially filled. Concentration is achieved primarily by 

emptying and filling the appropriate compartment. Thus, if it is 

possible to divert and fill as well as drain the compartmented reservoir 



Table 4-2. 	 Summary of the Use of a Compartmented Reservoir for Irrigation on the Santa Cruz River 
below Cortaro Gaging Station near Tucson, Arizona, for the Period 1951-1974. 

Depth 5 m lO M 20 m l1O0 m 

Number of Compartments' 1 3 6 1 3 6 1 3 6 1 3 6 

Hectares Irrigated 0.0 576.0 704.0 576.0 896.0 960.0 960.0 1120.0 1152.0 1280.0 1280.0 1280.0 

Consumptive Use (mcm)2 0.0 274.7 335.7 274.7 427.3 457.8 457.8 534.1 549.4 610.4 610.4 610.4 

Evaporation (mcm) 680.7 376.4 314.4 378.3 220.7 192.2 189.9 117.2 103.2 91.7 38.4 41.4 

Overdraft (mcm) - 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 

Number of Weeks (96) - - (1) - - - - (1) - - -

Change in Storage (mcm) - -17.1 -20.0 -22.8 -18.8 -19.9 -17.6 -21.1 -22.2 -22.0 -18.7 -21.4 

Storage Efficiency (%)3 0.0 40.0 49.0 40.0 62.0 67.0 67.0 77.0 80.0 88.0 89.0 89.0 

Minimum Storage (mcm) 0.0 0.5 0.4 0.0 3.1 1.5 5.6 1.2 0.0 1.1 4.2 1.4 

Amount Pumped: 
Concentration (mcm) 0.0 38.1 47.0 0.0 30.5 23.3 0.0 11.6 16.1 0.0 1.9 1.9
 
Initial (mcim) 637.4 574.3 555.9 576.6 539.3 535.4 541.4 523.9 522.6 556.0 513.0 513.0
 

3
'Total capacity of the reservoir system wa% kept constant at 90,000,000 m . When three compartments
 
were used, compartments were 30,000,000 ma in size, when six were used, compartments were
 
15,000,000 m3 in size. Slopes were 1:2.

2 Consumptive use was from the data in Figure 4-1 and the irrigated hectares indicated above.3Efficiency = 100 (C.U. ± change in storage)/runoff. Total runoff = 668.3 mcm. Runoff greater than 
25,000,000 m3 per week was counted as overflow. This value was 38.1 mcm for the total period.
 



Table 4-3. Effect of Changing the Compartment Size on a Compartmented Reservoir System1 on the 
Santa Cruz River below Cortaro Gaging Station near Tucson, Arizona, for the Period 
1951-1974. 

Hectares Irrigated 

Co;umptive Use (mcm) 

Evaporation (mcm) 

Overdraft (mcm) 

Change in Storage (mcm) 

Storage Efficiency (%) 

-Minimum Storage (mcm) 

Amount Pumped:
 

Concentration (mcm) 

Initial (mcm) 


'A depth of 5 meters, a 
above analysis. Total 
38.1 mcm.
 

Three Compartments 2 Six Compartments 3
 

Constant Decreasing Increasing Constant Decreasing Increasing
 
Size in Size in Size Size in Size in Size
 

576.0 576.0 480.0 704.0 704.0 576.0
 
274.7 274.7 228.9 335.7 335.7 274.6
 
376.4 374.1 423.7 314.4 314.6 374.0
 

0.0 0.0 0.7 0.0 0.1 0.0
 
-17.1 -18.7 -21.6 -20.0 -20.1 -18.3
 
40.0 40.0 33.2 49.0 49.0 40.0
 
0.5 1.5 0.0 0.4 0.0 2.8
 

38.1 63.8 47.2 47.0 46.6 55.1
 
574.3 566.8 575.5 555.9 555.9 566.8
 

side slope of 1:2 and a total volume of 90,000,000 m3 was used in the 
runoff = 668.3 mcm; overflow (runoff greater than 25 mcm per week) = 

2Three compartments (mcm): 	 Constant: VA = VB = VC = 30. 
Increasing: VA = 20, VB = 30, VC = 40. 
Decreasing: VA = 40, VB = 30, VC = 3Six compartments (mcm): Constant: 

20. 
VA = VB = VC = VD = VE = VF = 15. 

Increasing: VA = 2.5, VB = 7.5, VC = 17.5, VD = 17.5, VE = 22.5, VF = 27.5. 
Decreasing: VA = 27.5, VB = 22.5, VC = 17.5, VD = 12.5, VE = 7.5, VF = 7.5. 
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by gravity, very little pumping is required as long as the appropriate 

filling and diversion structures are constructed and utilized.
 

Table 4-3 indicates that for the five-meter depth systems there is
 

no increase in efficiency between constant-volume compartments versus
 

compartments that are decreasing in size. There is a reduction in 

efficiency (as expected) when the last compartment to be utilized (but
 

the first to be filled) is made larger in volume. Usually it is
 

observed from the results of the model that a compartmented system pro­

vides a significant improvement in efficiency up to a 20-meter depth.
 

At an 100-meter depth there is little improvement inefficiency from use
 

of the compartmented reservoir. 

Figure 4-2 gives the amount of earthwork required per cubic meter 

of storage for a one-, three- and six-compartmented system at the
 

various depths, if the reservoir is built on flat terrain. As is evi­

denced in the figure, the cost of building an 100-meter deep reservoir 

is excessive. It requires half as much embankment to build a three­

compartmented system 10 meters deep than a one-compartment system 20 

meters deep, even though both systems give close to the same storage 

efficiency. There are safety and seepage problems that become almost 

insurmountable at the 20-to-l00 meter depths.
 

Storage for Floodwaters of a Small Watershed,
 

Goumbau, Mali
 

As indicated earlier the multi-compartmented reservoir wasI first 

conceived during a consulting trip to the Sahel in Mali, West Africa 

(Cluff, 1975). This method was developed in order to utilize flood­

waters on a fixed demand basis throughout the year. 
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The rainfall in the Sahel varies from 250 to 500 mm (Wernstedt, 

1972). It is received primarily during May through October with approxi­

mately 80 percent falling in the months of July and August. The rain­

fall ishighly variable as evidenced by the recent drought in the Sahel
 

inwhich many people died due to lack of food and water.
 

Two areas of Mali were investigated. The Nara area near Mauritania,
 

west of Mopti, and the Dogan area near Songa, east of Mopti.
 

The villages in the two regions are lacking inan adequate domestic
 

water supply. Inaddition, water isneeded for irrigation. Although
 

differing in hydrological characteristics both areas contain natural 

depressions referred to as "mares" inwhich water collects during the 

rainy seasons. The mares are rarely deeper than one meter inareas 

where the evaporation loss can exceed two meters per year. Therefore, 

most of the water is lost to evaporation and the mares always dry up 

completely between rainy seasons. The mares are very similar to the 

playas of the southwestern United States and northern Mexico. The water 

quality of the mare is,in general, better than that stored in the 

playas. 

Nine sites for a compartmented reservoir were surveyed during a
 

month's stay inMali during the summer of 1975. A program was devised
 

for a programmable Hewlett-Packard calculator (HP-25) to determine a 

design for the compartmented reservoir. This program is listed in
 

Appendix E. It is based on using monthly values for precipitation and
 

evaporation to determine runoff and reservoir losses. A simple runoff 

model was used which subtracts an assumed depletion from the monthly 

precipitation and then multiplies the result by an appropriate effi­

ciency factor, and the area of the watershed.
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Figure 4-3 contains the location of mare number 4 within its water­

shed. This watershed is located near the village of Goumbau about 30 

miles south of Nara. Table 4-4 contains the results of the HP-25 

analysis for a compartmented reservoir system. This table shows the 

recommended design which is based on leaving the existing mare as the 

collection compartment and building two additional compartments five
 

3
meters deep, each with a volume of 12,500 m . With this design it is
 

determined that during an average year the safe yield would be 2000 m3
 

per month.
 

During a dry period between 1960 and 1964, according to the
 

analysis, it would have been possible to maintain a 
consumptive use
 

supply of 1500 m per month.
3 This amount would have furnishes about 18
 

percent of the domestic water for the village of Goumbau.
 

The above design was checked with CROP-76 using daily rainfall data
 

and monthly evaporation data to form weekly arrays. Rainfall records are
 

available from 1921-1965. Coefficients were selected for the water­

yield model which gave an average of 38.8 percent of the precipitation
 

appearing as runoff. The low-percentage runoff year was 1963 when only
 

19.9 percent of the precipitation appeared as runoff, with the high
 

being 51.4 percent in 1934. The results of the simulation of the 

compartmented-reservoir system given in Table 4-5 show that over the 45­

year period, the system, as designed, would have supplied 346 m3 of 

water per week or 1500 m3 per month and would have been dry only 14 

weeks. The overall storage efficiency of the system is 32.4 percent.
 

This is lower than previously determined since the earlier values were
 

calculated only for average and lower rainfall years. 
The operation of
 

the system shown in Table 4-4 also was simulated using CROP-76 but with
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Figure 4-3. Schematic Map of Watershed of Mare 4 at Goumbau, Mali (Cluff, 1975). 



Table 4-4. 	 Goumbau, Mali -- Original Design of a Compartmented Reservoir for Mare 4. 

-- From Cluff (1975). 

Effective Watershed Area: 240,000 2 

Depletion: 	 .20 mm
Runoff Efficiency Modifier: 0.50 

Average Potential Runoff: 47,424 m3
Average Rainfall: 494 mm 2 
Existing Reservoir: Total Area = 15,900 m

Total Volume = 11,900 m3 

Three CompartmentsRecommended Design: 
Compartment A Compartment B Comartnent C Total 

5 ­5
Depth (m) 1 

2,500 2,500 15,000Area (i 2 ) 10,000 

35,000
Volume (m3) 10,000 12,500 12,500 


Efficiency (%) 

Year 
Month 

Evap. 
(m) 

Average 

Rain VT 
(m) (tcm) 

ET 
(tcm) 

Rain 
(mm) 

1960-1961 

VT ET Rain 
(tcm) (tcm) (nm) 

1961-1962 

VT ET 
(tcm) (tcm) 

Rain 
(m) 

1962-1963 

VT ET 
(tcm) (tcm) 

Rain 
(m) 

1963-1964 

VT ET 
(tcm) (tcm) 

Initial 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 

-
109 
183 
253 
256 
281 
317 
402 
405 
423 
317 
163 
95 

-
80 
16 
0 
0 
0 
0 
2 
4 
14 
59 

133 
182 

25.0 
29.6 
25.7 
19.9 
16.7 
13.2 
9.7 
6.7 
3.6 
0.6 
3.7 

15.6 
31.6 

0.0 
1.6 
4.4 
8.2 
9.5 
10.9 
12.4 
13.4 
14.5 
15.5 
16.3 
17.1 
18.6 

-
80 
16 

0 
0 
0 
0 
0 

35 
15 
35 

140 
120 

25.0 
30.3 
26.7 
21.4 
18.7 
15.8 
12.7 
9.2 
9.7 
7.7 
8.4 

21.7 
32.0 

-
1.6 
4.4 
8.2 
9.4 

10.9 
12.5 
14.5 
15.5 
16.5 
17.3 
18.2 
19.6 

-
47 
0 
0 
0 
0 
0 
0 
2 

12 
38 
81 

183 

32.0 
31.9 
27.6 
23.8 
21.0 
18.1 
15.0 
11.5 
9.0 
6.7 
7.8 

14.0 
31.8 

19.6 
21.2 
23.9 
27.7 
29.0 
30.4 
32.0 
34.0 
35.0 
36.1 
36.9 
37.7 
39.0 

-
34 
15 
0 
0 
0 
0 
0 
5 

38 
40 

128 
76 

31.8 
31.5 
27.9 
22.6 
19.8 
16.9 
13.8 
10.3 
7.8 
8.6 
9.9 

21.8 
26.8 

39.0 
40.6 
43.4 
47.1 
48.4 
49.9 
51.4 
53.4 
54.5 
55.5 
56.3 
57.1 
58.6 

-
53 
23 

0 
0 
0 
0 
0 
0 
4 

107 
128 
211 

26.8 
28.8 
26.1 
20.8 
18.0 
15.1 
12.0 
9.5 
7.0 
4.5 

13.0 
23.2 
32.1 

58.6 
60.0 
62.9 
66.7 
68.0 
69.4 
71.0 
72.0 
73.0 
74.1 
75.7 
78.1 
79.5 

Total 3,204 494 441 363 336 526 

C.U.(m 3/mo) 2,000 1,500 1,500 1,500 1,500 

Storage 56 48 48 48 46 
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an evaporation cover on compartment C. The constant consumptive use or 

safe yield could be increased to 425 m3 per week for an efficiency of 

39.9 percent when a floating cover the size of the bottom area of 

compartment C is used.
 

In general the use of CROP-76 confirmed the reliability of the 

earlier simplified design technique. Repeated runs of CROP-76 were made 

in order to get a better understanding of the relationships between 

parameters. 

Table 4-5 gives information for three depths (2.5, 5.0 and 7.5 

meters) and three sets of compartments (1,3 and 6). The compartments 

in each set are of equal volume with the total volume of each set equal 

to 75,000 m3. The range in depth is selected to be within the con­

straints of physical reality. Due to the relatively small volume, 

depths much deeper than 7.5 meters are not justified. For the single­

reservoir system it is difficult to excavate even 2.5 meters below 

stream gradient since hard schist exists at two meters depth. However, 

compartments with deeper depths were analyzed for comparative purposes. 

The analysis shows that the evaporation loss is so large that the
 

2.5-meter deep single-compartmented reservoir is empty 509 weeks, or
 

21.7 percent of the time, with no beneficial consumptive use. The six­

3
compartmented system supplies up to 100 m per week for the entire
 

period except for five weeks; i.e., water would be available 99.8 per­

cent of the time. At a 100-m 3 per week use rate, the storage efficiency
 

of use for a one-compartmented system is still zero whereas for a three­

compartmented reservoir the efficiency is 25.9 percent and for a six­

compartmented system the efficiency is 33.0 percent. With a 7.5-meter
 

depth, a 21.2-percent utilization can be obtained with a
 



Table 4-5. 	 Summary of the Use of Compartmented Reservoir Systems for Mare 4, Goumbau, Mali. 
Depth versus number of compartments with constant volume 1 . 

--

Depth 2.5 Meter 5.0 Meter 7.5 Meter-... 
Number of Compartments 13 6 1 3 6 1 3 6 

Consumptive 	 Use: 
Total (tcm) 	 0.0 0.0 234.0 0.0 643.5 819.0 526.5 936.0 936.0

Weekly (m3) 	 - - 100.0 - 275.0 350.0 225.0 
 400.0 400.0
 

Evaporation 	(tcm) 2638.8 2479.7 2239.4 2409.3 1793.1 
 1633.0 1868.4 1497.0 1071.0
 

Overdraft (tcm) 	 - ­ 0.5 - 0.8 2.2 0.2 0.4 0.2 

Number of Weeks (509) (16) (5) - (3) (7) (1) (1) (1) 

Change in Storage (tcm) +1.2 +12.5 
 +10.9 +15.9 +13.1 +11.1 +14.3 +12.0 +11.7
 

Storage Efficiency (%)2 0.0 0.0 9.4 0.0 
 25.9 33.0 21.2 37.7 38.1
 

Minimum Storage (tcm) 
 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
 

Amount Pumped: 
Concentration (tcm) 0.0 464.1 347.2 0.0 340.0 198.9 169.7 254.6 148.0

Initial (tcm) - 2506.0 2077.6 
 0.0 2309.8 2288.6 2293.4 2251.1 2256.5
 

Excess (tcm)3 	 14.2 
 21.4 0.0 88.2 45.5 33.3 85.0 49.7 43.4
 

'Total capacity of the reservoir system was kept constant at 75,000 m3 . When three compart­
ments were used, compartments were 25,000 m3 in size; when six were used, compartments were 
12,500 m3 in size.

2Efficiency = 100 (C.U. ± change in storage)/runoff. Total runoff = 2493.9 mcm.3 Excess = runoff more than the total available storage of 75,000 m3 . 
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one-compartmented system versus 37.7 and 38.1 percent for three- and six­

compartmented systems, respectively. There is not much difference 

between a three- and six-compartmented reservoir system at this depth. 

An interesting observation is that there is less pumping required to 

keep the water concentrated inthe six-compartmented system than inthe
 

three-compartmented system. The amount of pumping and number of times 

the pump is required also decreases with increasing depth. 

The information in Table 4-5 was obtained from CROP-76 by assuming 

a 50,000 m3-collection reservoir from which the water is pumped into the 

other compartments. Since this collector compartment was used only as a 

temporary retainer, for purposes of the analysis, it is not included in 

the summaries.
 

Tables 4-6 and 4-7 contain the results of modifying the volume and 

order of compartments for both the three- and six-compartmented system 

for depths of 5.0 and 7.5 meters. This analysis indicates there was 

little or no significant difference between increasing the volume of the 

compartments from A to D or decreasing the volume, with respect to the 

order in which the compartments are drained. For the three-compartmented 

system there was only a slight improvement inefficiency by decreasing 

the volume of the compartments with respect to the order inwhich they 

are drained. This isprobably not enough improvement to justify the 

added construction and layout costs that different sized compartments 

would require. There was no decrease inefficiency caused by increasing 

the volume from compartments A to D. This result came as a surprise 

since intuitively one might suppose that the system with its increasing 

compartment size would have more losses when the water becomes concen­

trated into the larger compartments and therefore should be less
 



Table 4-6. Summary of Use of a Three-Compartmented Reservoir System for Mare 4, Goumbau, Mali. 
-- Depth versus compartments with different volumes. 

Depth 

VoumCmprtensiIo
VouefCmprmet 

Consumptive Use: 
Total (tcm) 

Weekly (m3) 


Evaporation (tcm) 


Overdraft (tcm) 


Number of Weeks 


Change in Storage (tcm) 


Storage Efficiency (%)2 


Minimum Storage (tcm) 


Amount Pumped:
 
Concentration (tcm) 

Initial (tcm) 


Excess (tcm) 


5.0 Meter 7.5 Meter 

ConstantSize Increasingin Size 
Decreasingin Size 

Constant
Size 

Increasing
in Size 

Decreasing
in Size 

643.5 643.5 702.0 936.0 936.0 994.0 
275.0 275.0 300.0 400.0 400.0 425.0 

1793.1 1793.0 1742.4 1496.9 1496.9 1445.7 

0.8 2.2 1.1 0.4 1.6 2.6 

(3) (6) (4) (1) (4) (6) 

+13.1 +11.8 +10.9 +12.1 +10.4 +10.9 

25.9 25.9 28.3 37.7 37.7 40.0 

0.0 0.0 0.0 0.0 0.0 0.0 

340.0 333.4 302.3 254.6 275.5 230.2 
2309.8 2306.6 2306.6 2251.1 2248.3 2243.5 

45.5 0.0 40.5 44.7 57.1 45.6 
3 : ­1Total capacity of the reservoir system was kept constant at 75,000 

m

Constant (tcm): VA = VB = VC = 25. 
Increasing (tcm): VA = 15, VB = 25, VC = 35. 
Decreasing (tcm): VA = 35, VB = 25, Vc = 15. 

2Efficiency = 100 (C.U. ± change in storage) runoff. 



Table 4-7. 	 Summary of the Use of a Six-Compartmented Reservoir System for Mare 4, Goumbau, Mali. 
-- Depth versus number of compartments with different volumes. 

-Depth 	 5.0 Meter 7.5 Meter 

Volume of Compartments i Constant Increasing Decreasing Constant Increasing Decreasing 
Size in Size in Size Size in Size in Size 

Consumptive 	 Use: 
Total (tcm) 819.0 819.0 819.0 936.0 936.0 936.0
 
Weekly (m3) 350.0 350.0 350.0 400.0 400.0 400.0
 

Evaporation 	 (tcn) 1633.0 1631.4 1636.7 1488.1 1501.0 1506.0 

Overdraft (tcm) 	 2.2 0.3 0.2 0.2 0.0 1.2
 

Number of weeks 	 (7) (8) (7) (1) - (4) 

Change in Storage (tcm) +11.1 +11.1 +10.5 +11.2 +11.8 +11.2
 

Storage Efficiency (%)2 33.0 33.0 33.0 38.1 37.7 37.7
 

Minimum Storage (tcm) 0.0 0.0 0.0 0.0 0.0 0.0
 

Amount Pumped: 
Concentration (tcm) 198.9 238.3 223.0 148.0 196.3 176.2
 
Initial (tcm) 2288.6 2286.0 2290.3 2256.0 2254.0 2257.6
 

Excess (tcm) 	 33.3 35.6 31.4 43.4 0.0 0.0
 

3 :'Total capacity of the reservoir system was kept constant at 75,000 m
Constant (tcm): VA = VB = VC = VD = VE = VF = 12.5.
 
Increasing (tcm): VA = 5, VB = 8, VC = 11, VD = 14, VE = 17, VF 20.
 
Decreasing (tan): VA - 20, VB = 17, VC = 14, VD = 11, VE = 8, VF = 5.
 

2Efficiency 	= 100 (C.U. ± change in storage)/runoff. 
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a significant difference in the distribution of
efficient. There was 

throughout the
remaining water in storage between the various systems 

45-year period but overall not much difference in-efficiencyfor 
the 

total period. 

Table 4-8 shows .the relatively large reduction in consumptive use 

to seven weeks during which the
required to reduce the period 45 weeks 

system was.dry. The last column shows the benefit of placing an evapo­

ration cover on the lastcomartment for Increasing the dependable 

area resulted in an
supply of water. Covering 16.6 percent of the totol 

increase of approximately 50 percent
efficiency of 49.4 percent for an 


over the 33.0-percent efficiency for the uncovered system.
 

3torage for Floodwaters of Median-Sized
 
Watersheds in Mali
 

iservoir System in Nara, Mali 

The concept of the compartmented system was applied also to the Nara, 

village of 5,000 persons, isa regional center ofMali, area. Nara, a 

near Mauritania. The source of water local government in northeast Mali 


a

dufing the dry season is from limited shallow wells dug in and around 

been dug several kilometers
large mare near the village. Two wells hlve 

six-inch connecting pipeline was under construction when the
 awy and a 

This pipeline should take care ofauthor visited there in July of 1975. 


ptesent domestic needs but itwill not provide much water for agricul­

ture and/ot for the expected growth of the village. 

roughly surveyed and is
The watershed feeding the mare at Nara was 


three-compartment
shown inFigure 4-4. The proposed location of a 

system also is shown inthe figure. The watershed consists primarily of 

exposed clay loam having a relatively low infiltration rate. 
It is 



Table 4-8. Summary of Use of a Six-Compartmented Reservoir System at Different 
Rates of Consumptive Use for Mare 4, Goumbau, Mali'. 

Consumptive Use: 
Total (tcm) 
Per Week (m3 ) 

1170.0 
500.0 

1105.3 
450.0 

936.0 
400.0 

877.5 
375.0 

819.0 
350.0 

1122.8 
'525.03 

Evaporation (tcm) 1318.6 1422.6 1526.7 1580.1 1633.0 1165.1 

Overdraft (tcm) 15.9 9.1 5.2 3.7 2.4 3.2 

Number of Weeks (32) (19) (11) (8) (5) (7) 

Change in Storage (tcm) +7.2 +8.6 +9.8 +10.5 +11.1 +14.5 

Storage Efficiency (%)2 47.1 42.4 37.7 35.3 33.0 49.4 

Minimum Storage (tcm) 0.0 0.0 0.0 0.0 0.0 0.0 

Amount Pumped:
Concentration (tcm) 
Initial (tcm) 

180.6 
2242.8 

181.6 
2258.5 

197.1 
2273.1 

192.0 
2280.1 

198.9 
2288.6 

171.9 
2152.6 

Excess (tcm) 14.6 20.0 26.7 30.5 33.3 94.3 

3
'Total capacity of the system was kept constant at 75,000 m . Compartments were
312,500 m in size. Depth of compartments was five meters.2Efficiency = 100 (C.U. ± change in storage)/runoff. Total runoff = 2493.9 mcm.Water in excess of 35,000 m3 
per week or in excess of total available storage of
75,000 m3 plus the 35,000 m3 collection compartment was counted as overflow.3An evaporation cover was placed on the sixth compartment in this example. 
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believed that the 40-percent efficiency with a 10 mm depletion used in 

the original design could be easily attained on this watershed'by con­

structing two or three drainage channels.
 

A summary of the original design computed using the HP-25 is shown 

in Table 4-9. The table shows both a 50,000 m3 per month and a 100,000
 

m3 per month consumptive use during an average year and 80,000 m3 per 

month during 1962-1963. This same design was analyzed on the CDC 6400
 

using CROP-76 in conjunction with the water-yield model which projected 

a 38.6 percent overall runoff over the 45-year period. The results 

using both a 50,000 m3 per month and 100,000 m3 per month consumptive 

use are summarized in Table 4-10.
 

It is interesting to note that CROP-76 gave results similar to the
 

abbreviated version as shown in Table 4-9. The use of the previously 

3recommended design would provide 100,000 m per month (23,077 cubic 

meters per week) for all except two weeks during the 45-year period. 

Tables 4-11 and 4-12 contain information for Nara for reservoir 

systems of various sizes and a consumptive use of 150,000 m and 200,000 

m per month, respectively. A 16-year period covering the critical 

drought years during the 45-year record was used in this comparison. 

The comparison was made to show how the size of the compartments affect 

efficiency of a storage system. In the previous examples the consump­

tive use and depth of the reservoir were varied while the compartment 

volume remained fixed. In these comparisons consumptive use and-depth 

the volume of reservoir was varied. -It was interestingwere fixed and 

to note that the amount of overdraft from the compartmented "tanks was 

somewhat insensitive to change in compartment size whereas the overdraft 

from the single-compartmented reservoir was much more sensitive to 
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Table 4-9. Nara, Mall -- Original Design for a Compartmented Reservoir. 
From Cluff (1975).
 

2
Estimated at 14,550,000 mEffective Watershed Area: 

Estimated at 0.40 with channelizatlon
Runoff Efficiency Modifier: 

10 mmDepletion: 


Average Rainfall: 494 mm 3
1,427,000 m
Without channelization -
Average Potential Runoff: 3
2,853,000 m
With channelizatlon = 


Recommended Design:
 
Three Compartments
 

Compartment A Compartment B Compartment C Total
 

10 10
Depth (m) 10 

150,000
Area (in) 50,000 50,000 50,000 

500,000 500,000 1,500,000
Volume (m3) 500,000 

3
 

Required Earthwork: 338,900 m


1962-1963
Year Average Year 

Rain
 

Month 
Evap. 
(mn) 

Rain 
(m) VT1 ET1 VT1 ET' (mm) VT1 ETI 

Initial 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 

-
109 
183 
253 
256 
281 
317 
402 
405 
423 
317 
163 
95 

-
80 
16 
0 
0 
0 
0 
2 
4 
14 
59 
133 
182 

750.0 
1088.0 
1045.2 
957.2 
881.6 
803.5 
721.8 
631.6 
541.1 
471.9 
673.3 
1309.3 
1435.82 

0.0 
16.4 
43.8 
81.8 

107.4 
135.5 
167.2 
207.4 
247.9 
290.2 
321.9 
346.3 
360.6 

750.0 
1038.0 
945.2 
819.9 
694.3 
566.2 
434.5 
314.4 
194.1 
96.1 

263.3 
857.4 

1385.7 

0.0 
16.4 
43.8 
69.1 
94.7 
122.8 
154.5 
174.6 
194.9 
216.0 
231.8 
248.1 
262.4 

-
34 
15 
0 
0 
0 
0 
0 
5 
38 
40 

128 
76 

750.0 
797.7 
728.3 
623.0 
517.4 
409.3 
313.4 
213.4 
113.1 
173.7 
251.1 
836.4 

1123.3 

0.0 
10.9 
29.2 
54.5 
80.1 

108.2 
124.0 
144.2 
164.4 
185.6 
201.4 
217.7 
231.9 

Totals 3204 444 336 

C.U. (m3 per month) 50,000 100,000 80,000 

E.(m3) 360,000 262,400 231,900 

Storage 
Efficiency 

62.5650 82.0 80.5 

'Units are in thousands of cubic meters. 
2Runoff exceeded storage capacity. 
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Table 4-10. Summary of Use of Compartmented Reservoir for 
Nara, Mali. --
1921-1965).
 

Depth (m) 


Number of Compartments1 


Consumptive Use:
 
Monthly (m3) 
Weekly (m3) 


Evaporation (tcm) 


Overdraft (tcm) 


Number of Weeks 


Change in Storage (tcm) 


Storage Efficiency (%)2 


Minimum Storage (tcm) 


Amount Concentrated by
 
Pumping (tcm) 


Using 45 years of records, 

10 10 

3 3 

50,000 100,000 
11,500 22,500
 

21,912.5 20,505.7
 

0 39.4
 

(2) 

+650.4 ' 648,2 

55.8 72.3
 

648.5 0
 

2339 2811.3
 

'Total capacity of the reservoir system was kept constant at
 
1500 tcm. Three compartments were used; compartments were
 
500 tcm.


2Efficiency = 100 (C.U. ± change instorage)/water stored. 
Total runoff = 151.2 mcm. Runoff in excess of the capacity 
of the above reservoir system was kept in an existing 
"mare" which was approximated by a 4,000,000 m3 reservoir 
four meters deep. The loss inwater from the mare was not 
included in the determination of the above efficiencies. 



Table 4-11. 	 Summary of Use of lO-Meter Deep Compartmented Reservoir for Nara, Mali, Using 150,000 m3 per
 

Month Consumptive Use 1. -- Using 16 years of records, 1950-1965.
 

One Compartment Three Compartment 	 Six Compartment
 

Consumptive 	Use 2 :
 
Monthly (tcm) 150.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0

Weekly (tcm) 34.6 34.6 
 34.6 34.6 34.6 34.6 34.6 34.6 34.6 34.6 34.6 34.6
 

Overdraft:
 
Number of Weeks 16 6 4 7 38 39 53 72 15 3 0 0
Percent of Total Time 1.92 0.72 0.48 
 0.84 4.57 4.69 6.37 8.65 1.80 0.36 0 0
 

Efficiency (%)2 54.6 55.2 55.0 55.1 52.9 52.6 51.6 50.1 54.6 55.3 55.3 55.7
 

Efficiency Factor (%)3 53.5 
 54.8 54.7 54.6 50.5 50.1 48.3 45.8 53.6 55.1 55.3 55.7
 

Minimum Storage (tcm) 0 0 0 
 0 0 0 0 0 0 0 92.5 162.5
 

Compartment Size (mcm) 
 1.0 1.5 2.0 2.5 3.0 4.5 6.0 7.5 0.5 .75 1.0 1.25
 

'Total capacity of the reservoir system was varied according to the given compartment size.
2Storage efficiency = 100 (C.U. ± change in storage - overflow)/runoff. Total runoff = 51,955,320 m3.
3Efficiency 	factor - efficiency x fraction of time the system meets the C.U. demand.
 



Table 4-12. Summary ol the Use of a 10-Meter Deep Compartmented Reservoir for Nara, Mali, Using a 
-- Using 16 years of records, 1950-1965.200,000 m per Month Consumptive Use'. 

One Compartment Three Compartments Six Compartments 

Consumptive Use 2 : 
200.0 200.0 200.0 200.0 200.0
200.0 200.0 200.0 200.0 200.0
Monthly (tcm) 200.0 200.0 


38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5 38.5
Weekly (tcm) 38.5 

Overdraft: 
43 42 47 47 38 35 38

Number of Weeks 79 85 108 149 50 
5.2 5.0 5.6 5.6 4.6 4.2 4.6Percent of Total Time 9.5 10.2 13.0 17.9 6.0 

66.4 65.8 63.6 59.7 69.2 69.8 69.8 69.3 69.5 70.3 70.4 70.1
 
Efficiency (%)2 


60.1 59.1 55.3 49.1 65.0 66.9 66.3 65.4 65.6 67.1 68.1 66.9

Efficiency Factor (%)3 


0 0 0 0 0 0 0 0
 
Minimum Storage (tcm) 0 0 0 0 


.75 1.0 1.25
1.5 2.0 2.5 0.5

Compartment Size (mcm) 3.0 4.5 6.0 7.5 1 1.0 


above given compartment size.'Total capacity of the reservoir system was varied according to the 
3

2Efficiency = 100 (C.U. ± change in storage)/runoff. Total runoff = 51,955,000 m . 
3Efficiency factor-= efficiency x fraction of time the system meets the C.U. demand. 
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Figure 4-5 isan illustration of this
 changes incompartment size. 


plotted against the compartment
property. An "efficiency factor" was 

size for each of the three systems tested at the two 
consumptive-use
 

levels. The efficiency factor was calculated as the product of the 

efficiency and the percent of time that water was supplied 
by the
 

near vertical relationship in the multi­
system. This figure shows a 


more curvature in 	the one-compartmentedcompartmented systems with much 

system. 

should be noted that the differences between a one-compartmentedIt 

even more dramatic with lower
and multi-compartmented system would be 

been illustrated and therefore was
reservoir depths. This already has 

not repeated in this example.
 

Table 4-13 shows the effect of a changing consumptive use 
on a
 

The size of
 
three-compartmented system of constant volume and depth. 


selected based on information contained inTables 4-11
 compartment was 

Table 4-13 shows that the efficiency factor begins to decrease
and 4-12. 


after 250,000 m3 per month. At a 300,000 m3 per month consumptive use
 

the system can supply water for only 78.4 percent of the time. 

Reservoir System near Youga-Na, Mali
 

Youga-Na, Mali, is located about 16 kilometers northwest of Songa
 

ineastern Mali. 	 It islocated inthe Dogan area of Mali where geology
 

sandstone outcrop of considerable areal extent rising
isdominated by a 

up to 300 meters above the surrounding plain. Youga-Na is located on 

the side of a small sandstone escarpment near the base of vertical
 

cliffs. The "island" escarpment issurrounded by a plain. Itis
 

separated from'the main escarpment by about two kilometers.
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Figure 4-5. Compartment Size Versus an Efficiency Factor for 
Compartmented Reservoir Systems, Nara, Mali. 
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of a 10-Meter Deep Three-CompartmentedSummary of UseTable 4-13. Mali, with Varying Consumptive Use'.
Reservoir for Nara, 

Using 16 years of records, 1950-1965.
 

200.0 250.0 300.0

100.0 150.0


Consumptive Use (tcm)
2 


Overdraft: 179
42 93
0 4

Number of Weeks 11.2 21.6
0 0.5 5.1 

Percent of Total Time 


----
Change in Storage (tcm) 

­

86.1
38.0 55.0 69.8 81.0 

Efficiency (%)3 


67.5
 
- 54.7 66.3 71.9 

Efficiency Factor (%)4 


0 0 

Minimum Storage (tcm) 1321 0 0
 

2000 2000 2000
2000 2000

Compartment Size (tcm) 


'Total capacity of the reservoir system 
was kept constant at
 

3
 .
6,000,000 m
2Consumptive use was varied as indicated above. 

100 (C.U. ± change in storage)/runoff. Total runoff = 3Efficiency = 

3 .51,955,320 m

4Storage efficiency factor is the product of the efficiency and the
 

fraction of time the system meets the 
C.U. demand.
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The population of Youga-Na isabout 500 persons. Many persons have
 

moved out because of the problem of an inadequate water supply. The 

village was about one-third to one-half inhabited at the time of the 

author's visit in 1975. 

Approximately two kilometers west of Youga-Na is a large mare 

located on the plains. At the time of our visit the water inthe mare 

covered approximately 12 hectares with an average depth of one meter. 

The gradient in all directions from the mare was less than one percent. 

The mare has a large and effective watershed estimated to be 400 

hectares. This watershed includes a large area of impervious sandstone. 

The runoff efficiency of the watershed was estimated at 60 percent with 

a 15-mm depletion. Because the mare was very shallow relative to the 

evaporation rate its efficiency was close to zero. 

Table 4-14 contains information compiled using average monthly rain­

fall and evaporation data and the HP-25 program inAppendix E. This
 

table indicates that consumptive use of 80,000 m3 per month could be 

maintained with a 10-meter deep, three-compartmented system with each 

compartment having a 200,000 m3 capacity inan average year. Using this
 

ansystem, 87 percent of the incoming water could be utilized during 

average year..
 

CROP-76 is used inconjunction with the above design using 45 years
 

of daily precipitation from Bandiagara which Is located about 45 km to 

the southwest. The average rainfall was 506 mm as compared to 592-mm 

average in Table 4-14. 

routed 49.9 percent of this precipitation asThe water-yield model 

runoff through the storage system. This compares with 49.3 percent 

given in Table 4-14. This analysis showed that 91 percent of the water 
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Table 4-14. Youga-Na, Mali -- Original Design for a Compartmented
Reservoir for the Mare on the Plain. -- From Cluff 
(1975). 

Effective Combined Watersheds: 4,000,000 m2
 

Runoff Efficiency Modifier: 0.60
 
Depletions: 15 mm
 
Average Rainfall: 592 mm
 
Average Potential Runoff: 	 1,170,000 m3
 
Recommended Ultimate Design: 	 Construct three high rise compartments
 

each with 200,000 m3 capacity. Use a
 
depth of 10 meters. Use the existing
 
mare for collection only.
 

Compartment Compartment Compartment
 
A B C Total 

Depth (m) 10 10 10 -
Area (W) 20,000 20,000 20,000 60,000
Volume (m3) 200,000 200,000 200,000 600,000
 
Bank Slope 1:2 1:2 1:2 -

Ave. Depth of Cut (m) 3 3 3
 

Required Earthwork: 178,000 m3 

Average Excess 
Year Evap. Rain Runoff V E Water 
Month (mm) (mm) (m3/1000) (m3/l000) (m3/l000) (m3/l000) 

Initial - - - 600.0 0.0 
Nov. 252 3 505.0 15.1 
Dec. 267 408.9 31.1 
Jan. 304 310.6 49.4 
Feb. 352 216.5 63.5 
Mar. 448 2 118.6 81.4 
Apr. 428 10 30.1 89.9 
May 391 22 16.8 0.01 97.8
 
June 291 68 127.2 41.4 103.6
 
July 181 148 319.2 273.3 110.8
 
Aug. 101 200 444.0 600.0 116.9 31.3
 
Sep. 97 111 230.4 600.0 122.7 144.6
 
Oct. 161 28 31.2 541.5 132.4
 

1Only 40,000 available this month.
 

Note: C.U. = 80,000/month; Storage Efficiency = 87%; and runoff 
efficiency = 49.3%. 
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stored in the system could be used., HowQever;28 percenht ofithe",runoff 

overflowed from compartment 1 and is not'Included in' the'am6unt g6ing 

into the reservoir system. In addition there-is an ovedraft'45 percent 

of the time. Obviously more.storage is fieeded.* 

This illustrates that reservoir designs cannot be based on the use 

of average hydrologic data. 

An additional three runs of CROP-76*were required before a match 

was found between maximum constant consumptive use and compartmented­

reservoir system. Using the 45 years of daily data, 1921-1965, each run
 

required 8.4 seconds of compilation time and a core capacity of 115,000. 

A four-compartmented system was used with a five-meter deep collection 

compartment having a capacity of 1,000,000 m3 and three ten-meter deep 

compartments each with a capacity of 400,000 m3 . This system would sup­

port a continuous consumptive use of 40,000 m3 per month without any 

deficiency. The minimum storage of 18,200 m3 occurred in 1952. There 

was a 4.8 percent overflow from compartment "1" using this sytem. Some 

overflow is acceptable since it would usually be uneconomical to try to 

utilize all of the runoff. The overall storage efficiency excluding the 

overflow was 51.3 percent. The increase in dependability was achieved 

at cost of a reduction inefficiency. 

Storage for Water Harvesting Agrisystem at San
 

Francisco del Barreal, Coahuilla, Mexico
 

The San Francisco Ejido is approximately 30 kilometers south of 

Parras near the southern border of Coahuilla in northeastern Mexico. 

The Ejido covers an area of 24,000 hectares that supports a population 

of 350 Inhabitants. The people have few resources primarily due to the 

arid nature of their environment. Although precipitation data are 
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,laking, there ,are,records,nearby at Parras, Coahuilla, and Viesca,
 

Coaulwlla. Of the.Io, stations the one at,Viesca comes closer to repre­

.septing the climatic conditions at San Francisco Ejido although it is a 

little lower inelevation. Ten years of daily records, 1966-1975, from
 

Viesca..,are available. These data include daily precipitation and daily
 

pan evaporation.
 

Te ann4ual precipitation ranged from a high of 342 mm in 1968 to a 

lowi -f97mm in 1920. The average is 181 mm. The long-term average at 

Parras is -higher at 347 rmi 

The water resources are very meagre throughout the broad alluvial
 

valley in.which San Francisco is located. There is a shallow ground­

water source (water depth.= 30 m) in the alluvial fill beneath the
 

Ejido but it is saline. A domestic well at the Ejido was drilled into a
 

hard rock aquifer below the alluvium. The quality is a little better
 

but it is still relatively saline. Tests have shown that the water is
 

unsuitable for agriculture unless it is blended with high quality runoff
 

water. Further supply is limited and can be used only for agriculture
 

during periods of drought.
 

Soil analyses indicate that the soils are saline-sodic containing 

about 10 percent clay. The soil contains enough sodium to yield a high 

percentage of runoff when compacted. The soil under the planted area 

can be reclaimed ifhigh-quality surface water is used. 

The conditions for a water harvesting system seem ideal except for 

the: relatively low precipitation. The relatively low annual precipita­

to makes the use of a compartmented reservoir essential for optimum 

water production. A small number of mature peach and fig trees in 

mporal areas provide encouraging evidence that fruit trees do surviye. 
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However, the production from the trees Is limited to the years when high 

precipitation is obtained. 

A 20-hectare water harvesting system with a three-compartmented
 

reservoir was laid out in the form shown in Figure 4-6. Photographs of 

the system are shown in Figure 4-7. The 20-hectares were cleared first. 

Then a D-8 dozer was used to pull a root plow to loosen the soil under 

the area which was to be planted. A nine-meter spAcing was used. A 

road grader then shaped the catchment. The catchment was to be compacted 

sometime in the future after a rain. 

The compartmented reservoir system was matched to the 20-hectare 

system using a modified version of the HP-25 program detailed In 

Appendix E. 

The HP-25 analysis for an average rainfall year is shown inTable 

4-15. Monthly precipitation data from Parras were used after being 

reduced to accommodate elevation differences. A series of three years 

(1956, 1957 and 1958) was also used inthe HP-25 program ina similar 

manner as Table 4-15. These years had the lowest cumulative rainfall of 

any three-year sequence on record. They were used to establi'sh the 

design used inTable 4-15. The design was checked using CROP-76 and the 

ten years of records available from Viesca. The analysis shows that the 

design-is adequate except that the receiving compartment needs to be 

twice as large incapacity to avoid excessive overflow before the water 

can be pumped into the deeper compartments. Interestingly, the Fundo 

Candelillero had already discovered the deficiency (without the use of 

CROP-76) and had built a secon6hd re6eivihg compartment before the 

author's recent visit." 
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Figure 4-6. Twenty-Hectare Water-Harvesting Agrisystem and Compartmented 
Reservoir. 



83
 

~A
 

Figure 4-7. Twenty-Hectare Water Harvesting Agrisystem near San
 
Francisco, Coahuilla, Mexico. -- Above: Aerial View of the 
Catchmient during Construction. Below: The Compartmented 
Reservoir. 





Table 4-15. 	Water Budget for San Francisco del Barreal Water Harvesting Agrisystem. -- From 
Cluff (1976). For explanation of footnotes see the next page. 

(m3 ) Consumptive Use 	 Surface torage 
(3) Available
 

3
Runoff (m	 Soil Inflow 
Evap. Rain 	 Moisture7 and Evap. Net
 

3
Months (mn) 1 	 (nm) 2 Treated 3 Natural4 Total Orchards Crops 6 m Discharge8 Loss 9 Volume10 

Jan. 111 8 11,250 480 28,220 
Feb. 127 8 465 10,785 549 27,670 
Mar. 196 5 1395 9,390 847 26,825 
Apr. 226 6 1800 7,590 976 25,840 
May 229 16 720 720 2325 11,250 -5791 989 10,060 
June 203 37 3,240 2,400 5,640 2325 14,565 19,060
 
July 194 48 4,560 4,600 9,160 2325 2700+ 15,000 +6400 22,760
 
Aug. 170 41 3,720 3,200 6,920 1860 2200 15,000 +5060 25,620
 

Sep. 135 38 3,360 2,600 5,960 1350 1500 15,000 +4610 583 28,150
 
Oct. 113 20 1,200 1,200 930 1000 15,000 +270 488 26,935
 
Nov. 94 8 225 14,775 496 26,530
 
Dec. 105 10 14,775 454 26,070
 

Totals 1910+1 250 16,800 12,800 29,600 15,000 (7400) 	 5772
 

% 
 34
Runoff	 5.1 
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Table 4-15. Continued. Footnotes (see preceding page).
 

1Pan evaporation at Parras was used after multiplying by a 0.85 pan
 
coefficient insteady of the usual 0.70 to reflect the higher evapora­
tion loss at San Francisco del Barreal.
 

2Average rainfall for Parras, Coahuilla, was reduced by (250/247) to
 

reflect the difference in climatic regimes. 
3Runoff from,treated. area = 0.0006 A (R-10) where A= 200,000 m2 (20 

hectares) and R = the monthly rainfall in mm. 

4Runoff'from-natural area - 0.002 A (R-25) where A = 1,000,000 m2 (100 
hectares) and R = monthly rainfall inmm.
 

5Consumptive use isbased on 6800 liters per tree with 220 trees per Ha.
 

Total annual consumptive use was 15,000 m3. 

6Consumptive use is based on 500 mm of supplemental water for the area 
orplanted. This planted zone represents 22 percent of the temporal 


row crop area.
 

7The available soil moisture is the difference between the field capa­
city and the permanent wilting point in the soil area within reach of 
the roots of the trees. The total amount of available soil moisture
 

3
was 15,000 m . The soil moisture was allowed to go down to only 50
 
3 . At this time the orchard was irrigatedpercent of capacity of 7500 m

to bring the soil moisture back to 75 percent of capacity.
 

BWhen the soil moisture is at field capacity, excess water goes into
 
the tank. Withdrawals for irrigation isindicated by the negative
 
sign. 

9Evaporation loss is a function of storage. An evaporation cover is 
proposed for compartment C. When the volume in storage drops below the 
volume stored in compartment C, there are no losses. Initial storage 
assumed was 1/2 of the total capacity of 57,400 m

3. The compartmented
 
tank used in obtaining the data in this table had the following sizes:
 

= = 2AA= 4320 m2 AB AC 4320 m

dA = 1.9 m dB = J = 5.7 m 

VA = 8200 m3 VB = Vc = 24,600 m2 

1ONet storage remaining in the compartmented tank.
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The analysis by CROP-76 indicated that an evaporation cover on
 

compartment C is essential to assure maximum production from the 2.25 

hectares of mature trees and/or grapes.
 

The Viesca precipitation data were multiplied by a ratio of 250/180 

and a row crop evapotranspiration demand was added to the demand for 

mature trees. CROP-76 was run again to ascertain if, under these condi­

tions, both the orchard and the temporal could be planted. The complete 

printout of this run is shown in Appendix D. It shows that the reser­

voir went dry for three weeks in July of 1971 but that there was adequate 

soil moisture to assure full production of both the orchard and the row­

cropped area.
 

The operational procedure isto delay planting the row crops until 

adequate water is stored in the compartmented reservoir. Under this 

procedure planting would have been delayed until the 31st week in 1971. 





CHAPTER 5
 

DISCUSSION AND CONCLUSIONS
 

The objectives of the dissertation project were satisfied by the 

development and use of CROP-76. This mathematical model proved to be 

effective in clarifying the functions of various parameters involved in 

the operation of the compartmented reservoir. The effect of varying the 

parameters within constraints of the physical system is determined by 

making repeated runs with the computer. The parameters of the water­

yield routine were first calibrated to give an appropriate amount of 

runoff. The main criterion used in the calibration was the runoff effi­

ciency for the entire period. Runoff efficiency is defined as the per­

cent of total precipitation that appeared as runoff into the reservoir. 

If the runoff efficiency was satisfactory it was usually found that the 

distribution of the runoff with time was also acceptable. This procedure 

was verified to some extent in the calibration process of watershed HL-I 

on the Atterbury Experimental Watershed. Measured runoff data for a ten­

year period was compared to that computed by the model on a daily and 

annual basis. This calibration indicated that the water-yield routine 

was satisfactory for the purposes of this study. Other suitable water­

yield models can be interfaced with CROP-76 if desired. 

The concept of the compartmented reservoir lends itself to staged 

construction. The first compartment could be excavated and used for 

collecting runoff for a period of time. Measurements of rainfall and 

runoff could then be made to aid in the calibration of the model before 
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a final sizing of additional compartments was made. This would also pro­

vide a source of construction water, a vital ingredient of a successful 

embankment construction. 

The model is successful in simulating activities related to pumping, 

or moving water from one compartment to the others, when there is suffi­

cient unused capacity. The pumping was to be done at discreet times in 

order to allow for the use of portable high-capacity pumps. These pumps 

were described in Appendix A and are vital to the operation of a compart­

mented system in flat terrain where it is expensive to develop head 

through excavation. Where there is sufficient topographic relief a 

gravity-fed compartmented reservoir can be installed. Under this system 

compartments, connected by pipes or elevated canals, are spaced down a 

slope so that the upper compartments can be conpletely drained into 

lower compartments. Spacing is dependent on the degree of slope, depth 

of the tank and size of the pipe. 

The model showed that the amount of water pumped for "concentration" 

in the operation of a compartmented system is usually less than the 

amount of water available for consumptive use if the water is removed at 

a constant rate. However, if a compartmented r servoir is used only to 

supply water during the dry part of the year or during drought years, 

the amount of "concentration" pumping would probably exceed the amount 

of water available for consumptive use. Based on the evidence given in 

Appendices A and B if efficient high-capacity portable pumps are used the 

cost of pumping would be small in comparison to the amortization costs 

of the installation of the compartmented reservoir. 

Seven examples of the application of a compartmented reservoir were 

presented including the 6,000 m3 system at the HL-1 subwatershed of 
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Atterbury Experimental Watershed near Tucson, Arizona. This watershed
 

was used for calibration of the model. This model calibration is
 

described in Chapter 3. The other systems are given inChapter 4. The
 

sizes of the combined compartments ranged from the 6,000 m3 reservoir at
 

Atterbury HL-1 to the 90,000,000 m3 reservoir which isproposed to store
 

The use of
floodwaters from the Santa Cruz River near Tucson, Arizona. 


the model with systems that would store solar pumped water as well as for
 

water harvesting agrisystems indicates the wide application of the
 

concept in areas of high evaporation loss.
 

Most of the understanding of the relation between compartmented
 

reservoir parameters comes from the repeated use of CROP-76 for the
 

Santa Cruz River reservoir inArizona and the Goumbau and Nara reservoirs
 

in Mali. The Youga-Na, Mali, example was included because of the inter­

est of the sponsoring agency (AID) and the comparison itafforded with a
 

previous design made using the simplified HP-25 program and monthly
 

data. The results obtained using the HP-25 calculator were similar to
 

those obtained using CROP-76. The notable exception was the compart­

mented reservoir design at Youga-Na. Inthis example the HP-25 design
 

was based on data from an average year.
 

The interrelationship of the parameters of volume, area, depth and
 

slope of the embankment for each compartment was studied using the
 

above examples.
 

The following conclusions are made:
 

1. The rate of increase instorage efficiency is greatest when a
 

one-compartmented system is converted to.a.two-compartmented
 

system. There isan additional significant improvement;when
 

going from two to three compartments. However, the. rate of
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increase in storage efficiency diminishes as the number of 

compartments increases. 

2. The model did not indicate a significant difference in overall 

storage 	efficiency resulting from varying the relative size of 

asthe several compartments provided the total size as well 

other factors remain constant. As observed' in Chapter 4 this 

came as a surprise since one might suppose that higher effi­

ciency would result if the "last" water was stored in the 

smallest compartment. The slight improvement obtained by 

sizing compartments differently does not appear to be worth the 

additional cost involved. However, this idea was not studied 

inconjunction with the evaporation cover. In that case it 

might be more expedient if the last compartment to have water 

in itwas made smaller inorder to reduce the cost of the 

evaporation cover. 

3. The increase inefficiency due to the use of the compartmented 

system decreases as the depth of the reservoir increases, 

becoming Insignificant at a depth or 20 or more meters. 

The model has shown the advantages of adding an evaporation cover
 

to the last compartments if more water is needed. This is much more
 

cost effective than trying to cover the entire reservoir 	in a conven­

tional one-compartment system. Covering only the last compartment has
 

the advantage of covering all remaining water when itis most needed
 

during dry periods.
 

The evaporation savings as determined by CROP-76 are based on a
 

reduction of surface area only. There should also be a significant 

reduction in the rate of evaporation in decreastng the temperature by 
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increasing the average depth. Insmaller systems there might also be a
 

reduction in evaporation caused by the embankments shielding the i'ater
 

surface from wind.
 

The use of CROP-76 has increased the general understanding of the
 

compartmented reservoir. The extent of the compartmented reservoir
 

applicability has been elucidated. The use of the model has shown that
 

the compartmented reservoir system can provide a dependable method of
 

storage inthe drier areas of the world. Hall and Dracup (1970) made
 

the statement that water harvesting systems "are tantalizingly near to
 

economic feasibility." The compartmented reservoir may be the missing
 

link that will make water harvesting practical. Itthen can be used to
 

stabilize agriculture inmarginal dry land areas and open up additional
 

land for production of food and fiber insemiarid areas.
 

Finally, the use of CROP-76 has demonstrated that evaporation
 

losses can be significantly reduced by compartmentalizing shallow
 

impervious reservoirs and concentrating water by pumping itfrom one
 

compartment to another.
 





CHAPTER 6
 

RECOMMENDATIONS FOR FUTURE STUDY 

Additional research is needed to determine the effect of the 

compartmented reservoir on reducing water temperature and rate of 

evaporation loss. 

More work is needed to develop design and construction procedures 

of gravity-fed separated compartmented reservoirs. 

A suitable sediment transfer routine needs to be incorporated into 

CROP-76 in order to estimate the cleaning interval of the receiving 

compartment. 

Additional data are needed to determine the relationships involved 

between compartmented reservoirs and seepage. This effect, when
 

documented, can be included in CROP-76.
 

A detailed economical study of the compartmented reservoir system 

in various applications in different parts of the world needs to be 

made. 

New construction methods may be needed to minimize the cost of con­

structing earthen embankments between compartments. 

A four-wheel drive pickup or similar vehicle needs to be equipped 

with a power-take-off and used in conjunction with the pumps given in 

Appendix A. This combination needs to be used for compartmented reser­

voirs in one area over a period of time to further prove this method of 

pumping in the compartmented system. 

nE, 
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Additional work is Justified in imroving the soil moisture 

accounting-method in the agrisystem option of CROP-76. A possible direc­

tion to take would be to utilize an overland flow and infiltration 

routine as wasdone by Hanson et al. (1975). 

The coupling of CROP-76 with a linear programing routine
 

evaluating economic factors should be investigated, particularly with
 

regard to the optimization of cropping schedules and land use optimiza­

tion in the water harvesting agrisystem option.
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APPENDIX A
 

PUMPING METHODS FOR COMPARTMENTED RESERVOIRS
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Any conventional pumping system suitable for low head pumping would 

work with a compartmented reservoir. Small centrifugal pumps would work 

inlow-voliume, isolated areas where only one or two reservoir systems 

are installed. Hand, animal, solar or wind powered pumps can be used. 

A summary of the available pumps for the developing world has been made
 

by Wood (1976).
 

Analyses indicate that when thelcapacity of the reservoir system or
 

systems is high enough, the best ecoony can be obtained by using a
 

portable high-capacity pump that is operated using a power-take-off
 

(PTO) from either a tractor or a truck. For the smaller and intermediate
 

size reservoirs the use of a portable high-capacity pump is important in
 

reducing pumping costs. 

The author knows of three companies in the United States that
 

manufacture portable pumps ideally suited for the compartmented reser­

voir. These are the Crisafulli Pump Company in Glendine, Montana, the
 

SSR Pump Company in Michigan, North Dakota, and the M & W Pump Works,
 

Inc., Deerfield Beach, Florida. There may be other companies around the
 

world that manufacture similar pumps.
 

The Crisafulli Company manufactures tractor PTO-operated pumps that
 

range insize from 4" to 24" with capacities from 112 m3/hr to 5450
 

m3/hr. The price varies from approximately $1900 to $2800 for the 4"
 

to 16" sizes. The cost of the 24-inch 5450 m3/hr pump is approximately
 

$6500. The pumps are capable of working without screens in silt laden
 

water. This sediment laden water would cause damage to a centrifugal­

type pump.
 

The capacity versus total dynamic head curves for these pumps are
 

very flat. Their efficiency drops off dramatically with an increase in
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head. They are built to operate under 30 to 40 (9.1 to 12.1 meters). 

The brake horse power requirements for up to the 16-inch pump (2270
 

m3/hr) are less than 30.
 

The 12-inch pump (1360 m3/hr) from the SSR Company is being used in 

Mexico. This particular model has a ratchet arrangement whereby itcan 

be lowered to pump inas little as 10 cm of water. This size was 

selected for ease in portability. It is used primarily inthe Parras, 

Coahuilla, area where 11 compartmented reservoirs have been constructed, 

with more scheduled for construction. A photograph of this pump is 

shown in Figure A-1. 

The operating cost of the low-head pumps is close to the operation 

cost of a farm tractor. InMexico these costs were determined to be
 

$4.00 per hour for a diesel 75 H.P. farm tractor. (A gasoline-powered 

tractor would be much higher.)
 

The amortization costs for the pump are not known since the life of 

the pump is not known. For the purposes of this report itwill be
 

assumed that the pump will last for 10 years when used 20 percent of the 

time. The total useful life would be 17,520 hours. The amortization 

cost at a 12 percent interest rate on a $3000 pump (including butyl 

rubber tubing) would be $401 per year or $0.23 per hour of use. The 

total cost would-be $4.23 per hour or $3.11 per 1000 m3 for the 1360 

m3 per hour pump. 

One pump takes care of several small compartmented reservoirs which 

greatly reduces the capital expenditure per tank. This aspect reduces 

maintenance costs as compared with maintaining a small pump for each 

tank. 
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Figure A-1. Twelve Inch SSR Portable Pump Operating at the Ejido
 
Menchaca, Coahuilla, Mexico.
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The M&WPump Works, Inc., malnufactures a Mobile Hydroflow pump 

that is completely portable including the engine. It is different from 

the above models in that the entiretrailer does not back into the water. 

Rather it has a pipe with a submersible pump on the end that can be 

extended from a two-axle trailer. These models are available from 8 

inches up to 24 inches with flows of 500 to 3900 cubic meters per hour, 

respectively. 

A screw-type pump has the advantages of the above illustrated pumps 

inthat it is possible to pump solid particles. It has the additional 

advantage that there is very little delivery loss making it very effi­

cient. A new type of screw pump manufactured by the CPC Engineering 

Corporation of Sturbridge, Massachusetts, rotates the entire cylinder 

instead of a screw rotary within a stationary pipe. The chief dis­

54-inch pump to give the same production
advantage is that it requires a 


as the 12-inch pump offered by SSR and as presently constructed the
 

pumps are not portable. * 
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REQUIRED EMBANKMENT MATERIALS FOR
 

COMPARTMENTED RESERVOIRS
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Table B-1 gives the volume of embankment material and costs of a 

six-meter deep reservoir of various sizes and bank slopes. The table
 

shows how the quantity of embankment material drops as the size of the 

reservoir increases. The table also gives the required cut over the
 

reservoir area needed to provide sufficient material for the embankment.
 

Figure B-1 gives the volume of embankment versus depth for various side 

slopes. This figure shows graphically how the use of flatter slopes
 

dramatically increases the volume of embankment particularly in the 

deeper reservoir. 

Table B-2 gives an estimated cost per cubic meter of constructing 

a compartmented system where the compartments would be built against an 

existing dam or built separately. When built against an existing struc­

ture the first compartment would require three sides and the succeeding 

compartments would require only two. When built by itself or in the 

middle of an existing reservoir the first compartment would require four 

sides and succeeding compartments would require three. 

These costs do not include seepage control or interconnecting
 

pipeline.
 



TABLE B-1. 	 EMBANKMENT QUANTITIES AND COSTS OF SIX METER DEEP RESERVOIRS OF
 
THE INDICATED SIZE AND BANK SLOPES FOR A TOP WIDTH OF ONE METER.
 

SIZE VOLUME BANK MATERIAL/m3 STOR. 
HECTARES '(tcm) 1:1 1:1.5 1:2 1:2.5 1:1 1:1.5 1:2 1:2.5 

SIZE RESERVOIR REQ. BANK MATERIAL (tcm) 


1/2 30 7.0 8.7 9.7 10.7 0.23 0.281 0.324 0.358
 
1 60 11.1 13.9 16.5 18.5 0.19 0.233 0.275 0.308
 
2 120 17.6 22.3 26.5 29.9 0.15 0.186 0.221 0.249
 
4 240 26.7 35.3 42.3 47.9 0.11 0.147 0.176 0.200
 
8 480 39.1 53.7 73.5 76.4 0.081 0.112 0.153 0.159
 

16 960 59.1 78.6 98.4 116.5 0.062 0.082 0.102 0.121
 
32 1,920 86.4 11.9 149.3 177.2 0.045 0.062 0.078 0.092
 
64 3,840 126.2 171.2 218.6 281.6 0.033 0.045 0.057 0.073
 

COSTI/m 3 STOR. 	 REQUIRED CUT 2 (M)
SIZE 

1:2.5 1:1 1:1.5 1:2 1:2.5
HECTARES 1:1 1:1.5 1:2 


1/2 0.093 0.116 0.130 0.143 1.5 1.8 2.1 2.3
 
1 0.074 0.093 0.110 0.123 1.2 1.5 1.7 1.9
 
2 0.059 0.074 0.088 0.100 0.9 1.2 1.4 1.6
 
4 0.045 0.059 0.071 0.080 0.1 .9 1.1 1.3 
8 0.033 0.045 0.061 0.069 0.6 .7 1.0 1.0
 

16 	 0.025 0.033 0.041 0.049 0.4 .6 .7 .8
 
32 	 0.018 0.025 0.031 0.037 0.3 .4 .5 .6
 
64 	 0.013 0.018 0.023 0.029 0.2 .3 .4 .5
 

1The costs are based on $0.40 per cubic meter.
 
2This is the depth of material over the given area of the reservoir that is needed
 
to construct the banks at the indicated slope.
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TABLE B-2
 

COST ESTIMATING INFORMATION FOR THE COMPARTMENTED RESERVOIR
 
WHERE CUT EQUALS THE VOLUME OF EMBAN4MENT
 

Where d = 6.Om with a 0.5m freeboard
 

Bank slopes = 1:2.5
 
=
Top width lm
 

Construction cost = $0.40 (U.S.) per m3 plus 25% for 
engineering and miscellaneous. 

Capital Cost/m3 of Storage (U.S.)
 

Av. Size Volume (m3) Four Banks Three Banks Two Banks
 
Ha.
 

1/2 30,000 $ 0.197 $ 0.171 $ 0.137 
1 60,000 0.169 0.145 0.110 
2 120,000 0.138 0.117 0.084 
4 240,000 0.110 0.089 0.073 
8 480,000 0.095 0.071 0.051 
16 960,000 0.067 0.054 0.037 
32 1,920,000 0.051 0.039 0.027 

Av. Cost/1000 m3 Storage (U.S.) 

Av. Size Volume in 1000 m3 Against an existing dam Middle of existing
 
reservoir
Ha. 

No. of Compartments No. of Compartments No. of Compartments
 

two three four two three four two three four
 

1/2 60 90 120 154 148 146 184 180 178 
1 120 180 240 128 122 119 157 153 151 
2 240 360 480 101 95 92 128 124 122 
4 480 720 960 81 78 77 100 96 94 
8 960 1,440 3,840 61 58 56 88 79 77 

16 1,920 2,880 7,680 46 43 41 61 58 57 
32 3,840 5,760 15,360 33 31 30 45 43 49 
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APPENDIX C
 

FORTRAN IV LISTING OF CROP-76
 



TAPE 5 a INPUTo TAPE 6 w OUTPLT)
PROGRAM CPJP76 (INPUT, OUTPUT@ 


C
 

C 


C A 

C A(JI 

C AR 

C ABST4 

C APSTW 

C AF 

C AM(J) 

C AMAXN 

C AMAX4 

C AMAXN1 

C AMAX41 

C AN 

C A54 

C ATEST 

C Aw 

C AwHP 

C 

C CUSET 

C CLTEST 

C D(J) 

C OABN 

C DABW 

C DOCUSE 

C DCUSEA 

C DCUSET 

C DELETE 

C DELTAS 

C DETEST 

C DIm 

C DM(J) 

C DS 

C DWEEA 

C E 

C EAT 

C ED 

C 

C tN 
C ESA 
C EST 
C FTANK 
C ETSA 
C ETST 
C ETT 
C ETA 
C ETWEEK 
C EW 
C EWEEK 

C EW4 

C EXCES 

C EXCESA 

C EXCEST 


F 

C FACTN 


- 7

VARIABLES USED 
IN PFOGRAA CQR3 t
 

CALLED F)R.
MODIFIER TO ADJJST THE 33MESTIC USE IF 

OF CJMP. J.
 

eOTTO4 AREA O 4ESERVOIR.
 

DAILY DEPLETI3 FOR NATJOAL *S.
 

DAILY DEPLETIUN FOP TREATEO wS.
 
JSE IF CALLED FOR.
 

CURRENT AREA 


MODIFIER TO ADJUST ET 

MAXIMUM SURFACE AREA OF COMP. J.
 

miXIMUM DEPLETION'VALUE FOR NATURAL WS.
 

MAXIMIJ DEPLETION VALUE FOR TREATED UT.
 

TEMPORARY STORAGE FOR 
AMAXN.
 
FOR AMAXW.
TEIPIRARY STORAS 


AREA OF THE NATURAL (N) WATERSHED IU).
 
EACF LAYER.
AN ARRAY OF AVAILABLE SOIL MOISTURE FOR 


PROG.
REDUCTION. DEPTH INCPEASING SECTION 0F 

(IS).


COUNTER FOR AREA 

AREA OF WATER HARVESTI4G CATCHMENT OR TREATED 4ATERSHED 


THE APFA IS
W.H. AGRISYSTEM IS USED 


CATCHMENT OTHERWISE IT IS OUTSIDE THE WATERSHEDS.
 
THE PLANTED AREA# IF THE 


WITHIN THE 

TO 1 IF ONS CARO IS USED FOR DOMESTIC AND ET USE.
A FLtG SET 


MODIFIER FOR 
THE DOMESTIC CONSUMPTIVE USE.
 

CURRENT DEPT-i OF COMPARTMENT J.
 

SEASONAL MODIFIER FUR ABSTN.
 

SEASONAL MODIFIER FOP AISTW.
 
wEEKLY AFRAf FOR DOMESTIC JSE.
 

ANNUAL DCIESTIC USE.
 
USE FOP THE PERIOD.
 

A FACTO9 USED TO DETErMINE PUNCN.
 
WEEKLY CHANGE IN STORAGE.
 

TO ONE IF DEPTH Is INCREASED TO 


TCTAL VOMESTIC 


A FLAG SET 

A DIVISOR THAT DETFRMINES THE NO. OF DIGITS 


MAXIMUM DEPTH OF COMPARTMENT J.
 

ABSOLUTE VALUE (F DELTAS.
 
WEEKLY DOMESTIC USE TOTAL.
 

IMPROVE EFFIC.
 
IN RES. OUTFUT.
 

A TEMPORARY MONTHLY ARRAY FOR ONE YEARS EVAPURATION.
 

ANNUAL EVAP.RATION RATE*
 
ONE YEARS DAILY EVAPOFATION WiHICH IS
A TEMPORARY ARRAY FOk 


COMPUTED FROM THE 
MONTHLY EVAPORATION.
 

RUNOIF EFFICIENCY FOP 4ATURAL WS.
 

ANNUAL RESERVOIA EVAPORATION LOSS.
 

TOTAL RESERV9IP EVAPORATION LOSS FOR PEPIOD.
 

STORAGE FIR EVAPORATIOM FOR A GIVEN CCMFARTPENT.
TEmP. 

ANNUAL EVAPOTRAISPIPATI114 USE.
 

TOTAL EVAP3TRAN$PlPATI3N FlR PEF1OD.
 

PERIOD TCTAL EVkPUPATION RATE.
 

WEEKLY ARR&Y FIR EVAPOTRANSPIRATION.
 
WEEKLY EVAP3TRA:ISPIPATION TOTAL.
 

FROM THE RESERVOIR.
ARRAY CF TOTAL EVAP LOSS 

WEEKLY RESERVOIR EVAPORATION TOTAL.
 

RUNOFF EFFICIENCY FOR TREATED WS4
 

wEEKLY EXCESS RUNOFF NOT STORED 

ANNUAL EYCESS RUNOFF NOT STORED 


TOTAL 
EXCESS RUNOFF N3T ST3PEO 

MODIFIER TO A JUST UOIESTIC USE 


SEASONAL Ifl)IFIER Or E4.
 

IN SYSTEP
 
IN SYSTEM.
 

IN SYSTEA.
 
IF CALLED FOR,
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C FACT4 SEASONAL 1ODIFIER OF EwH.
 
C FCAP AN ARRAY GIVING THE FIELD CAPACITY OF EACH SOIL LAYEP.
 
C Io COUNTER FOR THE DAY WITHIN A YEAR I....365.
 
C ID1 NUMBER OF DAY WITHIN A YEAR OF FIRST STORM.
 
C IDTE TEMPOAARY STORAGE CF ID.
 
C IF4 TEMPORARY STORASE LOCATION FOR Ii.
 
C ILW TEMPORARY STORAGE LCCATION FOR IWL.
 
C IMI FIRST MONTH.
 
C IML LAST 4ONTH.
 
C INI FIRST YEAR.
 
C 1W COUNTER FOR THE WEEK 1.,,.52*
 
C IWl NUMBER OF WEEK WITHIN A YEAR (F FIRST STORM.
 
C IWE INTERMEDIATE COUNTER,
 
C IWL NUMSER OF WEEK WITHIN THE YEAR OF THE LAST STORM.
 
C IYI NUMBER OF YEAR OF FIRST STORM IT IS SET TO 1.
 
C d TEMPLRARY STORAGE LOCATION FOR K.
 
C JSAVE TEMPORARY STORAGE FOR COUNTER Jo
 
C x THE NUMBER OF C3MPARTME4TS.
 
C hTEST A FLAG THiT WILL ACTIVATE THE AUTOMATIC SELECTION AND
 
C INCREMENTING OF K.
 
C 12 INTERMEDIATE COUNTEP,
 
C MTEST A FLAG SET TO ONE IF AGRISYSTEM OPTION IS ACTIVATED.
 
C Nl COUNTER FOR A YEAR IYI.,..NYT.
 
C NlI TEMPORARY STORAGE FOR NY.
 
C NO COUNTER FOR DAILY EVAPORATIGN.
 
C NDAY DAY OF MONTH THAT PAINFALL OCCURRED.
 
C NOAY1 TEMPORARY STORAGE FOR NDAY.
 
C DT NUMBER OF DAY WITHIN THE YEAR OF THE LAST STORM,
 
C NL COUNTER USED FOR SOIL LAYER.
 
C NM MAXIMUM NUMiER OF LAYERS USED IN PROGRAI.
 
C tiM3 MONTH THAT RAINFALL OCCURRED.
 
C NMOJ TEMPORARY STORAGE FOR NJ.
 
C NRTM THE NUMBER OF LAYERS CORRESPONDING TO THE DEPTH OF THE ROOTS.
 
C NY YEAR THAT RAINFALL OCCURRED.
 
C NYT NUMBER OF YEAR OF fAST STORM.
 
C NYEAA THE LAST TWO DIGITS O THE FIFST YEAR OF QECORD.
 
C NYTE TEMPURARY ST.JOAGE FOR NI.
 
C QVRDA ANNUAL OVERDRAFT NEEDED FOR CU.
 
C OVROT TOTAL OVERDRAFT FIR PERIOD1NEEDED FOR C.U,
 
C LVRDW WEEKLY OVERDRAFT NEEDED FOR C.U.
 
C UVAFA ANNUAL OVEPFLOW FROM COMO. 1.
 
C QVRFT TOTAL OVERFLOW FOR PERI2O FQCM COMP, I,
 
C OVRFi WEEKLY OVERFLOW FROM CO4Po I.
 
C OVTEST FLAG SET TO ONE TO INCREASE RES. VOL. DUE TO EXCESS OVEPFLO4.
 
C p DAILY PRECIPITATION ARRAY.
 
C PA ANNUAL PRECIP.
 
C PERCA AN4UAL DEEP INFILTRATION LOST TO SYSTEM.
 
C PERCT PERIOD TCTAL DEEP INFILTRATICN LOST TO SYSTEIO.
 
C PERCW WEEKLY DEEP INFILTRATIO- LOST TO SYSTEM.
 
C POQW A REDUCED QW4 T4AT IS USED TU SIZE COMPARTMENT 1.
 
C PRECI TEMPORARY ARRAY FOP PRECIP USED IN IPUT.
 
C PRECIP DAILY PRECIPITATION VALUe.
 
C PS THE RAINFALL TOTAL OF THE FIFiT OF TWO STGRfS I SAME DAY.
 
C PST TEMPORARY STIRA3E FOR 9S9
 
C Pt TOTAL PRECIP FOR THE PERIOD.
 
C PUMPR wEEKLY TOTAL O RUROFF PUMPEC FROM COMP. 1.
 
C PUMPRA ANNUAL TOTAL OF RUNOFF PUIIED FROM COMP, I.
 
C PUMPRT TCTAL RUNOFF 2UMPED F40 COMP. 1.
 
C PUMPR WEEKLY TOTAL IF PUMPING FOR CC4CENTRATION.
 
C PUMPWA ANNUAL TOTAL OF PUMPING FOR CUNCENTRATION.
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PERTOD TOTAL OF.PUMPING FOR C04CENTRATION.
C PUMPWT 

C PW WEEKLY PRECIP ARRAY.
 
C QA SUM OF AVF.(AI;E RUNOFF FROM NATURAL AND TREATLI) 

C QrAST TEMPORARY STORAGE FOR QTN.
 
C QTN DAILY RUNOFF ARRAY, NATURAL WS.
 
C QNA ANNUAL RUNOFF FOR NATURAL WS.
 

TOTAL RUNOFF FOR PERIOD FOR NATURAL VS.
C QTNT 

C QTNPAU AVERAGE RUNOFF FOR PERIOD FOR NATURAL MS.
 
C QTNW WEEKIY RUNOFF ARRAY FOR NATURAL WS.
 
C OTW DAILY RUNOFF ARRAY, TREATED WS. 
C QrWA ANNUAL RUNOFF FOR TREATED WS.
 
C QTWAV AVERAGE RUNOFF FOR PERIOD FOR TREATED VS.
 

C QTWST TEMPORARY STORAGE FOR QTW.
 
C QTVT TOTAL RUNOFF FOR PERIOD FOR TREATED WS. 
C QTWW WEEKLY RUNOFF ARRAY FOR TREATED US.
 

WEEKLY RUNOFF DURING THIS PERIOD.C ,WM MAXIMUM 

WATERSILDS. 

WATERSHEDS.C R COHOINED RUNOFF FROM NATURAL AND TREATED 
THE MAX. AMOUNT OF RUNOFF ABSORBED BY THE PLANTED AREA.
C RCAP 


C RCROSS THE Y INTERCEPT OF THE ROOT FUNCTION. 
C REMOVE TEMPORARY STORAGE FOR ET LOSSES FROM SOIL UNDER PLANTED AREA. 

C RMCAP AN ARRAY GIVING THE REMAINING SOIL MOISTURE IN EACH LAYER. 

C RSLOPE 
 THE SLOPE OF THE ROOT FUNCTION.
 
C RUNON THE AMOUNT OF' RUNOFF INFILTRATING INTO THE PLANTED AREA. 
C SDAUN SUMMER VALUE OF DAUN.
 
C SDABW SUMMER VALUE OF DABW.
 
C SFACTN SUMMER VALUE FOR FACTN.
 
C SFACTW SUMMER VALUE FOR FACTW.
 
C SHLEV AN ARRAY GIVING THE SOIL MOISTURE LEVEL IN EACH LAYER.
 

C STOR1 INNITIAL TOTAL VOLUME OF STORAGE.
 
C STUR2 TEMPORARY STORAGE FOR STORI.
 
C SWFU SUMMER VALUE OF WFN.
 
C SWFW SUMMER VALUE OF WFW.
 
C TASM TOTAL AVATLABLE SOIL MOISTURE.
 
C TCAP TOTAL SOIL MOISTURE CAPACITY*.
 
C TLR THE TIME IN DAYS TO THE LAST PREVIOUS RAIN.
 

C TRCAP TOTAL REMAINING SOIL MOISTURE CAPACITY.
 

C TV TOTAL DEPTH OF SOIL MOISTURE AVAIL. TO THE PLANT IN METERS.
 
SET TO 1 IF THE INPUT AND OUTPUT OF RAIN
C UNIT DIMENSION FACTOR. 


C OR EVAPORATION IS IN INCHES. IF IT IS IN MILLIMETERS SET 
IN CU. METERS.
C TO 25.4. AREAS ARE IN SQ. METERS AND RUNOFF IS 


C V(J) CURRENT VOLUME OF COMPARTMENT J.
 
C VM(J) MAXIMUM VOLUME OF COMPARTMENT J.
 
C VOLSAV TEMPORARY STORAGE FOR STORi.
 
C VOLSAV TEMPORARY STORAGE FOR VOLSAV.
 
C VTM MAXIMUM VOLUME OF K COMPARTMENTS.
 
C WATER TIlE AMOUNT OF PRECIP. AND/OR RUNOFF GOING.IN THE ROOT ZONE.
 

C WDADN WINTER VALUE OF DAON.
 
C WDABW WINTER VALUE OF DABN.
 
C WFACTN WTNTER VALUE FOR FACTN.
 
C WFACTW WrNTER VALUE FOR FACTw.
 
C WFN SEASONAL MODIFIER OF AMAXN.
 
C VFW SEASONAL MODIFIER OF AMAXW.
 
C WIaa WE9KLY IRRIGArION USING VAIIAAG.
 
C VIRRA ANNUAL IRRIGATION USING WAHAAG.
 
C VIRRT PERIOD TOTAL IRRIGATION USING WAHAAG.
 
C WPOINT AN ARRAY GIVING THE WILTING POINTS IN EACH LAYER.
 

A FLAG SET TO 1 IF DAILY AND/OR WEEKLY PRINTOUT IS WANTED FOR
C WrITET 

PRECIP, RUNOFF, AND EVAPORATICN. 

C VWFN WINTER VALUE OF WFN. 
C UWFW WINTER VALUE OF WFW. 

http:GOING.IN
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DATA CARD SUMMARY
 

C CARD NO. DESCRIPTION
 

C 1 UP TO 80 COLUINS CAN BE USED FOR ALPHA-NUPERIC DESIGNATION
 
C OF LOCATION OF SYSTEM
 

C 2 CROP CONTROL CARD. NYEARI ID1P IWI, IYI, NDT, IWLP NYT,
 
C AMAXNP AMAX v AN* A# WRITET, UNIT, AND DIM IN FORFATI714v
 

C 2F5.3, 2F10.1, 14, P5.1, F6.0).
 

C 3 CROP CONTROL CARD. WOA8NPWOABWPWFACTNWFACTW#WWFNP
 
C WkFJP SOASNo SDA8Wp SFACTNP SFACTW, SWFN# SWFW ARE IN
 
C FORMAT (12F6.3),
 

C 4 TO N CROP CONTROL CARD* PRECIPITATION DATA CONTAINING 5 EVENTS
 
C PER CARD 1N SEQUENTIAL ORDER. NDAYI NMOIP Nls PRECI IN
 
C FORMAT (5(2139 14, F6.2)).
 

C N4+1 EVAPORATIIN CINTFOL CARD. I~o IML, IWls IWLP IYI, NYT, 
C WRITET IN FOR4AT (714)o 

C (.+2) MONTHLY EVAPORATION DATA CONTAINING ONE YEARS DATA PER 
C TO I CARD. NI, (E(Il) l1e, 12) IN FORMAT ( 14t 1ZF6.3). 

C M~1 OPTCOM CONTROL CARO. AWHDKTESTOVTESTDETEST*MTEST AND 
C CUSET IN FIRMAT (FlO.OhIA). 

C (4+2) TO CPTCDU :ONTROL CARDS FOR WAHAAG. REMOVE IF MTEST IS NOT
 
C (M+21+NM EQUAL TO 1. THERE WILL RE ONE CARD COFRESPONDING TO EACH
 
C LAYER OF SOIL UP TO A TOTAL OF NM. FCAPWPOINT, SPLEVP
 
C ASMPAND RICAP ARE IN F0RMAT(4X#5F6.3).
 

C (4+2) + ETk AND OCUSE IN FORfIAT(4Xp2FlOs4). IF CUSET a I ONLY ONE
 
C NM TO L DATA CARD IS NEEDEC OTHERWISE 52 CARDS ARE CALLED FOR.
 

C L+l OPTCOM CONTROL CARD. CUTEST AND K IN FORhAT(F1O.3914).
 

C L41 TO SPECIFICATIONS FOh TE4 STORAGE COMPARTMENTS. DUMMY VALUES
 
C L.11 SHOULD BE USED TO FILL OUT THE ARRAY WHEN K IS LESS THAN 10
 
C VVMDMAND S ARE IN FJRMAT(2F100,ZF5.1).
 

C **,*.*******,***********************************************C
 

C T-13 PART OF THE COM,4ARtMEHTED RESERVOIR OPTIMIZATION PROGRAM (CROP)
 
C DETERMINES RUNOFF FROM NATURAL AND/OR TREATED WATERSHEDS FROM DtILY
 
C DATA AND SUMMARIZES THE PRECIP AND THE RUNOFF IN WEEKLY AFRAYS.
 

DIMENSION QTNW( ?545),OT~w(5245)PEW(52,45),ETW(52 45)

IOCUSE(52o,45)#VmllO)*AmflIC),O-(IG)#V(1O)#O(13)#S(10)#AI1O)v
 

IJTN(37092),OTW(3?O2)bNDAYL(5IPNMUO(5)Nll(5),PRECl(5)
 
1, P(370o2), PW(52#45t
 
INTEGER WPITET
 

C READ AND WRITE ALPHA-NUMEkIC DESIGNATION OF THE LOCATION OF THE
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C 	COMPARTMENTED SYSTEM. SPACE LIMIT a 80 CHARACTERS
 

READ (5p21) A1,ApA3AA4,AS.A6,A7pTA8
 
21 FORMAT(8413)
 

WRITE (6#313 A1#A2#A3pA4vA5pA6pA7vA8
 
31 FORMAT(1HlSAIO)
 

C 	READ AND WRITE A CARD STATING INITIAL CONDiTIO S
 

dEAD (5,20) NYEAR1,IDIPIWlPIYINDTPIWLNYT.AMAXNAMAXhPANAW 
IPRTETPUNITPD1M 

23 FORMAT(714p F.3mZF101,I4PF5.1pF6.O) 
WRITE (6,Z2) 

22 FORMAT(IHO," THIS DATA REPRESENTS INITIAL CONCITIONS") 
WRITE(4629) NYARl1IDll l1YlPNDTIWLPNYTPA'AXNAMA.WPANpAW 

1PWRITET 
29 FORPAT("NYEARlu",13#'i Mali"'I4'.e" IW10",13,", LYll", 13,", NDT="p

l14#ll°, IWLD'IOP191t NYTOOOP13o°te AMAXNslltF5o3#l°# AMAXW=*OpF ,Sp"Jp AN *" 
IPFICoIllp AWal"pFlOololto WRITETalf*14)

dRITE ( b,19| UNrT. D'M 

19 	 FORMAT ("UNIT a"" F5., 1 °p" DIM u",F6.0) 

C 	 READ AND WRITE WATERSHED FACTORS FOR THE PAINFALL-RUNCFF MODEL 

READ(5,32) WDABNWOAqWWFACTNPWFACTW.dWFNWWFW, SABNSOAUWSFACTN, 
1SFACTWS WFNSWFW
 

32 	 FORMAT(12F6,3)
%RITE16#33) WDA8NWDABWWFACT4pWFACTWhWFNpWWFW 

33 FORMAT(IHO"WINTSR VALUES FOR DBNtDA9VpFACTNPFACTwPFN AND wFW
 
IAREt",6F6.3)
4RITE(6934) SDA S,5DABoiSFACTNSFACTWpSWFNPS'WF 

34 	FORMATMWX,"SUqMER VALUES AREp"p6F6.3) 

AMAXW1uAMAXW 
ANAXNIxAAXN 
IDPEI1 
IYPEIYl
 
14paIW1
OT 	 "O.OOOO0O1 
4TNT-O
 
QTUT. 0 
NYXI 
N181 
IF (WPITET.NE. 1) GO TO 28 
WRITE (6.23) 

23 FORMAT (IHO0,MONTH DAY OAY OF YEAR PO'CIP RUNOFF EF91C4 
1 RUNOFF EFFICW TLR"') 

WRITE (6#24) 
24 FORMAT (Xp o YEAR NATURAL 

1 HARVEST") 
28 165 
25 	IF(I oEQ. 5) GO TO 26
 

[1.+1
 
GO TO 27
 

C 	READ STORM DATE AND PRECIP
 
26 READ(,30) (NM(3(I) DAY1CI),Nll(I)PRECI(I)II5)
 
30 FORMAT(5(2I3pI4pF6,2))
 

IF(EOF(5)1)999999

9999 [41
 

http:WPITET.NE
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27 PRECIPv(PASC1gL)*25.4)/INIT
 
IDAYaNDAYI(I)
 
NINII(I)
 
:4OsNMOI(I) 
NIBNI-NYEARI*
 
NYTE a NI
 

IN 	YEAR (NYTE)
C 	CONVERT DATE TO NUMRIE OF DAYS (IOTE) 


GO 	TO (lZp 4,,,6,7pep,9l,,ll1Z)PNM(O
3
 

I IDTE aNDAY
 
GO TO 13
 

2 IOTE s 31+NDAY
 
GO TO 13
 

3 TOTE a 59.NDAY
 
GO TO 13
 

4 IDTE gqo+NDAY
 
GO TO 13
 

5 TOTE a 12O+NDAY
 
GO TO 13
 

b tOTE a 151+NDAY
 
GO TO 13
 

7 IDTE a 181+NOAY
 
GO TO 13
 

8 TOTE a 212 + NOAY
 
GO TO 13
 

9 IDTE a 243 NDAY
 
GO TO 13
 

13 IDTE a 273 + NOAY
 
GO TO 13
 

11 TOTE a 3u4 + NDAY
 
GO TO 13
 

!2 TOTE a 334+NDAY
 

THE YEAR IS THE SAME AS PRECEED14G YEAR IYP

C 	TEST TO SEE IF 


13 	IF(NYTE.EQ.1Y*) So T1 55
 

IF(NYTE oNE,(iYP+ )) GO TO bUl
 

1YPsNYTE
 

THE FRECEEDING YEAR
 
C 	 IF THE YEAR IS DIFFERENT THEN THE XEMAINOER OF 


C MUST eE SET TO 0
 
00 40 TOalOP,365
 
PIIOPNY) a 0
 

QTN(IDPNY) v 0
 

43 	QTI(IDPNY) a 0
 
TLR a (365-IDP) + (IOTE-1)4l
 

1 iE,

CALL CONVRT (PpPWQT4WQTdNYIDPlWPPANPAdQTNPQTWNIID 

NYEAR1POTNT0TIT.PTpdRITETUNIT)
 

TO 	ZERO THE STORM PRECIP IS
 
C AFTER SETTING ALL IITEqVENING POECIP 


G ADDED TO THE RAY
 
45 	 MZ - IOTE-I
 

00 50 IO1,PM2
 
P(IDpNY) a 0
 
QTN(IDPNY) a C
 
QTlv(IOpIY) a 0
 

50 CONTINUE
 
GO TO 60
 

55 42 a IDTE-i
 

http:IF(NYTE.EQ.1Y
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C 


C 

C 


00 56 IOIOPvm2
 
P(I0,NY) no
 
QTN(ICNY)uO
 
JTd(ID#NY),C 

56 	CONTINUE
 
0
TLR a IOTE-IVD I.o
 

INSERT PRECIP INTO ITS ARRAY A4O THEN GO TO NATURAL PUNOFF ROUTINE
 
60 IDwIOTE
 

IF (TLR.EQ.O.) GO TO 61
 
b! P(IDPNY) a PRECID125.4
 

IDP. IOTE 1
 

SELECT USI4G SUBROUTINE WINTERt APPROPRIATE 4OOIFIEkS ACCOODING TO
 
THE 4ONTH THAT RAINFALL OCCUR.
 

CALL WINTEQ (NmOpOA8NPABSWFACTNPFACTWFNwPWipSFWPSWFN
 
IDOABNodOABAPWFACTNPWFACT*W,'dFNFq FWPSOA6NSDAEWDSFACTNSFACT)
 

AMAX N.A 4AAXNI
 
A4AX~wAMAXHl
 
IF (AN.Q*O) GO TO 86
 
AMAXNmAMAXN*WFN
 
ASTN m DABN$ TLR
 
IFiABSTN.GTAMAX4) GI TO 70
 
10 Tn 69
 

61 	3TNS a QTNST
 
QThS a QTWST
 
PS * PST
 
TLR * 0.5
 
GO TO 62
 

73 	ASSTN a AMAXN
 

*9 	IF (P(IDNY) *GT.ABSTN) GO Tl 71
 
GO TO 82
 

71 	IF (P(IDNY).GT.0.50) GO TO 75
 
EN v (0.40)*P(IDNY)
 
GO TO eO
 

75 	IF fP(IOvNY) oGT,1.O0) GO TO 76
 
EN a (0.20 + (0.o0*(P(I0,NY)-O.50)))
 
GO TO 80
 

76 IF (R(IDPNY) .GTo 100U) GU TO 77 
EN a (0.50 + (O.53*(PIIDsNY)-l,0C)J) 
GO TO 80 

77 ENO.75 
50 QTN(IDONY)=EN*AN*(D(IDNY)-AqSTN) 4*0Z54 *FACTN 
81 EFFICNuIOOO*(IOO*QTN(IDONY)I(AN.Ocoo1)ItP(IDNY)e25,4)) 

IF (AW.EQ.,) GO T3 90 
GO TO 100 

R2 2TN(ID#.Y) v 0 
GO TO 81 

90 IF (WRITET.NE. 1) GO TO 9ul 
WRITE (6#603) NNO.NOAYIODNtP(TDNY)3GTN(INY)bEFFtCN Tw(IDoNY) 
1.EFFICWPTLR 

12XF4els4X#F5e1)

901 PST a P(!ONY)
 

QTNST a QTN(H',NY)
 
QTWST a QT4(ID*NY)
 
IF (TLREO.0.50) GO ro 98
 

89 	IF (N1 ,EONYT) GO TI 2
 

http:TLREO.0.50
http:WRITET.NE
http:0.o0*(P(I0,NY)-O.50
http:oGT,1.O0
http:P(IDNY).GT.0.50
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IWEw52
 
IF (365.GT.IDTE) GO TO 25
 
P(IDeNY) a P(IDo4Y)*UNIT
 

91 	CALL CONVRT (PPPWQTNWQTWW4Y,0PIWPPANPAWP.TNQTWNlIDPIWEP
 
1NYEARIQTNT,QTWTPT, WRITETjUNIT)
 
IYP-N1
 
GO TO 600
 

88 	O(IDNY) a P(IOPNY) + PS
 
OTN(ID#NY) a OTN(IDNY) + 0T4i$
 
2TW(IDvNY) x OTW(I0.NY) + QTWS
 
GO TO 69
 

92 IWEwIWL
 
IF (ID .EQ.NDT) GI TO 111C
 
GO TO 25
 

o02 PRINT (6#20C)
 
200 FORMAT (1Hl,2X*28ti ERROR NO AREA IN WATERSHEDS)
 

STOP
 

C 	THIS PART OF THE PROGRq4 COMPUTES RUNOFF FkOM WATER HARVESTING AREA
 
103 	AiSTW a DA8W* TLR
 

AMAXW a AXAXW*WFW
 
IF (ABSTW .GTAMAX4) GO TO 100
 
GO TO 104
 

105 ABSTW a APAXW
 
104 IF (P(IDpNY) oGT. ABSTW) GO TO 106
 

GO TO 111
 
106 	IF (P(IOPNY) *GT. 0.40) GO TO l7
 

EWHu (0.80)*P(IDoNY)
 
GO TO 110
 

107 	IF (P(IDOPY) *GT. 0.70) GO TO 108
 
EWHw (0.32 + O.9O*(P(TONY)-04O))
 
GO TO 110
 

108 	IF (P(IONY) *GT. .Jej)GO TO 109
 
E14H (0.59 + (.o0O*P(IONY)-0o7O))
 

109 EWH" 0.90
 
110 QTW(IONY).(EWH*AW*(P(OtNY)-ABSTW)) *.OZ54*FACTW
 
112 EFFICWqu10&*(OO*QTW(IO NY)I(AW+.(iLICi1)/(P(IDPNY)*25.*4)
 

GO TO 90
 
111 QTW(ID#NY) a C
 

GO TO 112
 
1110 41-Nl+l
 

GO TO 91
 

601 PRINT (6,i9)
 
199 FORMAT (1H,2X,244 ERROR DATA OUT CF OPDEAl
 

STOP
 

C WRITE TOTALS FOR PERI3D OF PPECIP, RUNOFF AND EFFICIENCIES. 
00 EFFNTIOU*((0Tt4T/(AN+O.C01H)I(PT*.02 4) 

EFFWTusOO*((QTWT/I(AW+0.0C01))I(PT*.0254)I
dRITE (6,501) PT#OTNrEFFNTPQTWT#EFFWT 

531 FORIAAT(IH-e"TOT4LS FOR THE PERIOD PRECIO 1 F7,29" RUNOFFN 61p 
IF10.O D° EFFICA "°oF4.*1, RUNOFFW ",FlO.O0, EFFICV ".F4.1) 

NTOTAL*NYT-IY I.
 

QTWTAV m OTWTINTOTAL
 
9TNTAV a QTNT/NTOTAL
 
CALL EVAP(EU4IT)
 
CALL OPTCO.IOTNd#QTWEWjI1L!wlSTOR,IWENYTQTNTAV0TWTAVQW.
 

http:I(PT*.02
http:OTW(I0.NY
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14YEAlilm,oW)
 
STOP
 

A4 EARZ AESAGE IS PRINTED*
C IF 8OTH AREAS ARE 0.0 

.86 'IF (A .EQ. C) GO TO 602
 

GO TO 100
 
999 END
 
C THIS SUBROUTINE ADJUSTS COEFFICIENTS BASED ON WHETHER THE RAIN
 

C OCU4RED IN THE WINTER OR SHMMER 
SEASOh
 

WINTER (N OpOADNPDABWPFACTN#FACTWPWFNPWFWpSWFWPSWFNP
SUBROUTINE SFACTNPSFACTW)1*4OABNpoWDBWPWFACT~pWFACTWWW'4WWFWMSOABNoSDkB 

GO TO (l12p3D4,5p6p7p8*g, plO#112)DNMO
 

6 GO TO 105
 
7 GO TO 105
 
8 30 TO 105
 
9 GO TO 95
 

10 GO TO 100
 
11 GO TO 100
 
12 S0 TO 100
 
1 GO TO 100
 
2 GO TO 130
 
3 GO TO 100
 
4 GO TO 100
 
5 GO T1 100
 

95 OABN.(WDABN+SDARN)/2.
 
OABW(WA8Wi+S0A8') /2.
 
FACTNsuWFACTN+SFACTN)/2.
 
FACTd=(1FACTw+SFACTW)/2.
 
WFoo(WWFW+SWFW)I?. 
GO TO 110
 

100 DABNoWDABN
 
OA8WsWDA8W
 
FACTN=WFACTN
 
FACT WuWFCT
 
'FN=WWFN
 
WFnWWFW
 
GO TO 110
 

105 OABNeSDABN
 
IABW=SDAqW
 
FACTNuSFACTN
 
FACT wSFACTW
 
WFNaSWFN
 
'FWaSWFW
 

113 RETURN
 
ENO 

PRECIP ANV QLNOFF ARRAYS INTO
 

C WEEKLY ARRAYS FOR 

C THIS SURROUTIE C14VERTS THE ANNUAL 


A GIVEN YEAR Nfe IT ALSO COMPUTES ANNUAL TOTALS
 

C AND RUNOFF EFFICIENCIES.
 

SUiPOUTINE CONVRT(PtPWpOTNW9,TWWNY#IOPPIWPph AW QTNQT~d NitD I
 

IIWEpNYEARIQTNT, TWTPTWRTTF.TptINIT)
 
CTWC37O 2) OTNW(52P 4!1,
 

1QTWW(52 45)pPW(54v45)
 
INTEGER wPITET
 

DIMENSION P(370, Z), QTN(37O 2) 


C WRIrE THE HEADING FOR THE WEEKLY ARRAY
 
IF (WRITET.NE. 1) GO TO 652
 
WRITE (6,650)
 

http:WRITET.NE
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654 	FORMAT (IH-v2XqTHIS DATA 
IS THE WEEKLY RUNOFF APRAY'l)
 
WRITE (6#651)


651 	FORMAT (IHOpJXP"DAY WEEK YEAR PRECIP RUNOFF" N RUNOFF W11)
 

652 	PA a CCOOoocI
 
OTNA m 0
 
QTWA x 0
 
NYal
 
NI*NI-1
 
00 2 Il=IWPpIWi
 
PWT-O 
OTNWT-O
 
2TWWT-O
 

C CONVERT DAILY PRECIP AND PLINOFF 
INTO WEEKLY TOTALS
 
4ZI01+6
 
30 1 IDIOLPM2
 
OTWWTQTWWT+QT( ITDNY)
 
QTNWTNQTNWT QTN( DPNY)
 
P4T=PWT + P(IDvY)
 

I CONTINUE
 

C ADD WEEKLY TOTALS TO 
WEEKLY ARRAYS AND TO ANNUAL SUPMARIES AND INCRNT
 
QTWW( WPN1)aGTWWT
 
OTNW(lWoN1)*QTNWT
 
PW(IWPNI) a PWT
 
NC*NI+NYEARI-I
 

IF (WRITET *NE. 1) GO TO 653
 
WRITE (6.502) IODIWNCPPWTPQTNW(IWhNl)oQTWW(IWN1)
 

502 	FORIAT (3l4p3F10,Z)
 
653 	1WTnQTNWT+gTWWT
 

IF(OWM.LT.QWT) GO TO 503
 
GO TO 504
 

503 QWMNOWT
 
504 QTNAzOTNA + QTNWT
 

3TWA a OTWA+OTWWT
 
PA a PA + OWT
 
EFFN=(1O0*(QTNA/(AN+). oO1)/PA) )*1000/25.4
 
EFFW,(130*(QTWA/i(Aw+a.0001)/0|))*lUOO/25.4
 
IDI-IDI 7
 

2 CONTINUE
 
NlmNI1
 

C WRITE ANNUAL TOTALS OF 
PRECIP, RUNOFF AND EFFICIENCIES 
WRITE (69500) NCPPAPQTNAPEFFNPQTWAPEFFW 

500 FRPPAT(1H-P"TOTALS FOR THE YEAR °tJ4#pOPRECID "F5*2 ,
o RUNCFFN "l 

o
IF1O0O"EFFICN "PF4,1# o RUNOFFW "tFlO.Oo" EFFICw ",F4.1) 

C SET IOP AND 14 TO 04E AND ADD ANNUAL TOTALS TO TCTAL SUMMARY
£D1*1 

IOP 	a 1 
[WP 	a 1 
PT a PT + PA
 
QTNT a QTNT + OTNA
 
*TWT a QTWT + OTdA 
IF(NC.EQ.(NYTeNYEAQI-I)) GO TO 25
 

C dRITE NEW HEADINGS FOR NEW YEAR
 
IF (WRITET *NE. 1) GO TO 25
 
,RITE (6,23)
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23 FORMAT (1H1,0"10ITH
I RUNOFF EFFIC4 

DAY DAY OF 
TLR") 

YEAR PRECIP RUNOFF EFFICN 

24 
WRITE (6#21) 
FORMAT (lXP" YEAR NATURAL 

i HARVEST") 
25 RETURN 

END
 

C THIS SUbrOUTInE ROUTES AN ARRAY OF WEEKLY RUNOFF FROM A NATURAL
 
SYSTEM
A4D/OR TREATED WATEASHED THROUGH A COMPARTME4TED PESEPVOIF
C 


C SUaJECT TO WEEKLY 0OMESTIC AND/OR AGRICULTURE CONSUP-PTIVE USE*
 

(OTN4,QTWWEW.IYljl1STORlIWFPNYTOTNTAVP
SUBROUTINE OPTCOM 
IOTWTAVQWM#NYEAitlPID, PW) 

4 5)pETW(52,4 )
DIMENSION 2TNW(52,45)PQTWw(52945)PEW(32,
 

OIME4SION ASN(1U),SMLEV(10),WpOINT(lU)PRMCAP(10),FCAP(lLI
 

1, PW(52#45)
 

INTEGER OVTESTOETESTCUSET
 

C THIS SU3SECTION READS DATA FOR OPTCOM
 
qEADI 5,1020) AWHPKTESTOVTESTDETESTMTESTCUSET
 

1C20 FORMAT(FIOO,50I1)
 
WRITE(6lO8) AWHPKTESTOVTESTOETESTMTESTDCUSET
 

a*FIOD,"OSQUARE METERS "l4X,"KTEST",14P1018 FORMAT(IHO,4X,"A4HP 
."OVTESTa", t'.," DETESTvllP14PllMTEST~llPI4,"l CUSETB",IP4) 
IF( 4TEST .NE. 1) GO TO 990 
READ(51024) TWRSLOPERCROSS#NN 

1024 FORMAT(3F7.4vI4) 
WRITE(6,1O19) TW.RSLOPEPRCROSSNM
 

1019 FORMAT([HO.4X, "TWwll,# FT RSLOPE-,F7.4'" OCROSS=1, F7.4
7,4" 

1" N4M",14) 
PIRITE(6P1026)
 

1026 FORMAT(lHO10X,"SPECIFICATIONS Fk SOIL LAYEAS",)
 
WRITE(6#1027)
 

1027 	 FORMAT(NX ,N.i, XpFCAPI,3X t WPOINT'U,3X"'SILEV"e 3X,"ASP", 4X. 

1 R MCAP") 
D0 1023 NLmZPNM
 
AEA(5,022) FCAP(4L),WPOINT(NLI ,SMLEV(NLIPASti(NL),R'CAP (L) 

1022 	FORMAT(4X,5F6.3)
 
WRITE(6#1025) NLPFCAP(NLI)WPOTNT(NL),SMLEV 

INL)ASM(NL),,.MCAP(NLI
 

1025 	FORMAT(4X,13,F6.3,ZXF6.3,2XPF6o.3ZXpFb.S32X.F6*3)
 
FCAP(NL)mFCAP(NL)WAWHP*TWINM
 
dPOINT(NL)-WPO14T(4L)SAWHP*TW/NM
 
SMLEV(NL)-SMLEV(NL)*AWHP*TWINm
 
ASM(NL)uAS4i(NLl*AWHP*TW/NM
 
IqCAP(NL)=RMCAP(4L)*iWHP*TW/INM
 

1L23 CONTINUE
 
993 IF (CUSET .NE. 11 GO TO 121
 

C THIS SECTION FILLS JUT THE CU ARRAY FOO THE FIRST YEAR USING ONE
 

C VALUE IF CUSET a 1ITHERWISE 52 VALUES ARE NEEDEC.
 

READ(5plOO) OCUSE(IWNI)ETW(TdvN1)
 
DO 991 IW-loSt
 
ETW(Ih ,tflll)ETW( IWil)
 
OCUSE(Iw.,N)=OCUSE(IWN1) 

991 CONTINUE 
GO TO 998 

http:FORMAT([HO.4X


122
 

1021 N1=1
 
IV= 1 

DO 	1001 IW=1,52
 
READ(5,1010) ETW(IWNl),DCUSE(IWN1)
 

1010 FORMAT (4X, 2F 10. 4)
 
1001 CONTINUE
 

C THIS SECTION FILLS OUT THE CONSUMPTIVE USE ARRAYS FOR THE FULL PERIOD 
C USING WEEKLY ARDAYS FOR ONE YEAR. 

998 	X2=NYr-1
 
DO 1003 NI=IYIM2
 
DO 1002 IW=1,52
 
ETW (IWN11) =ETW (IW,N1)
 

1002 DCUSE(IW N1.1)=DCUSE(IW,N1)
 
1003 CONTINUE
 

C READ AND WHITE INITIAL AND MAXIMUM CONDITIONS OF TEN COMPARTMENTS. 
READ (5,9001) CUTESTK 

9001 FOhMAT (F1O.3,,L4) 
90 	STORI=0
 

NWI=Y1
 
F=1
 
AF=I 
WRITE (6,99) 

99 FOI4MAT(11HO," SPECIFICATIONS FOB RESERVOIR COMPARTMENTS") 
WRITE (6,100) 

100 	FORMAT(1H0,"A(J) AtM(J) D(J) DI(J) V(J)VM(J) S(J)") 
DO 	1 J=1,10
 
READ (5,104) V(J),VM(J),DM(,),S(J)
 

104 FORM AT (2F10.0,2F5. 1)
 
IF(EOF(5)) 405,10
 

10 	CONTINUE
 
AN (J) z ( ( (VM(J)/DM ()) **0.5) +S (J) *DM () )**2
 
AD= (AM (3) **0. 5-2*Dli (J)*S (J)) **2
 
IF(V(J).GT.0) GO TO 11
 
A() =0
 
D(J)=0
 
GO TO 12
 

11 A(J) = (6*V (J) *S (J) +AB**1. 5) **0.6666666666
 
D (J) =2*V (J)/(Ab+A (J))
 

12 WRITE (6,101) A (J) , AN (J) ,D(J) ,DH(J),V(J) VKM(J) S(J)
 
101 	FORMAT (1HO,2Fl0.0,2F6.1,2F10.0,F4.1)
 

STOR 1=STO31 +V(J)
 
1 CONTINUE
 

C 	TOTAL AVERAGE RUdNOFF IS COMPUTED AND INITIAL VALUES ASSIGNED.
 
VOLSAVfSTOR1
 
QA = QTNTAV + QTWTAV
 

C IF KTEST NE TO I THIS SECTION SETS AN INITIAL VALUE ON THE SIZE OF
 
C COPARTMENT 1 AND TIlE TOTAl. NUMbER CF COMPARTMENTS K.
 

198 IF (KTEST.EQ.1) GO TO 3061
 
K=1
 
"al
 
VTMfVM(l1) 
ATMI=AM (1)
 

201 PUWM=0. 9*,WM
 
IF 	 (VM(1) .GT.PQWtt) GO TO 1981 
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VWl1) =0, 9*QWtH
 

AM (1)=ATMI*Vh (1)/VTI
 
1981 VTM=VM (1)
 

AT%9= AM (1)
 
199 IF (VT .GT. (2*QA)) GO TO 200
 

J.J 	1
 

Ku K+I
 
IF (K .EQ. 11) GO TO 202
 
VTM=VTr*V (J)
 
ATH = ATHtAM (J)
 
GO TO 199
 

200 IF (VTN .GT. (4*QA)) GO TO 204
 
GO TO 306
 

202 WRITE (6,102)
 
.102 FORMAT (1H0,1COMPARTHENTS ARE TOO SMALL, WILL INCREASE STZ1")
 

WRITE (6,1100) K,VTM
 
1100 	FORMAT (141,10. 1)
 

DO 205 J=2,10
 
AH(J) =1.I*AM(J)
 
V"(J} =1. I*VM (J)
 

205 CONTINUE
 
GO TO 198
 

204 	IF (K.LT.2) GO TO 206
 
K=K-1
 
GO TO 306
 

206 WRITE (6,103) QA,K,VTM 
103 FORMAT (1ItO,"COPARTMENTS ARE TOO LARGE, SUBMIT NEW ARRAY, QA=" 

1,F10.1,"K= ",14," VTM= ",F10.1) 
STOP
 

2061 WRITE(6,2062)
 
2062 FORMAT(IHiO,"THE LAST GIVEN DESIGN WILL SATISFY THE GIVEN CONSUMPTI
 

IVE USE FOR THE ENTIRE PERIOD")
 
READ (5,9001) COTEST,N,
 
IF(EOF(5)) 405,2063
 

2063 J=K
 
CALL DISTE(VM,V,VTSTOillVOLSAV,J)
 
GO TO 90
 

207 	K=K+1
 
GO TO 3061
 

306 IF (KTEST .EQ. 1) GO TO 207
 
3061 IF (K .EQ. 11) GO TO 405
 

C THIS SECTION COMPUTES THE DELTA STORAGE FROM ADDITIONS AND DEPLETIONS
 
C INTO THE COMPARTMENTED SYSTEM. WATER IS REMOVED BEGINNING WITH
 
C COHPARTMENT 1. RIINOFF IS STORED FIRST IN COMPARTMENT I AND THEN MOVED
 
C TO CO3PART:IENTS K,K-1 AND ECT. OVERFLOW CAN OCCUR WHEN EITIIER TIE 
C CAPACITY OF 1 IS EXCEEDED IN ANY GIVEN WEEKS RUNOFF OR THE TOTAL 
C CAPACITY OF ALL THE COHPARTriENTS IS EXCEEDED. 

Ni = 	IYV 
ETST=O
 
EST=O
 
DCUS ET=O
 
Irv = IWI
 
ILW" 52 
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EXCEST = 0" 
OVRFT = 0 
PU.PT=O 
PU'PRT=O
 
OVRDT=O
 
QTNT=O
 
QTWT=O 
VIORT = 0 
PERCT = 0 

C 
DO 400 N1 = IY1,NYT 
QTWA=O
 
QTNA=O
 
OVRFA = 0 
EXCESA = 0 
OVRDA=O 
PUMPRA=O 
PUHPWA=o
 
DCUSEA=O
 
ESA=O
 
ETSA = 0 
VIRRA 0
 

PERCA = 0 
IF (N1 .EQ. NYT) GO TO 600 
GO TO 601 

600 ILW=IWE
 

C TEST TO SEE IF WH AGRISYSTEM ROUTINE IS WANTED
 

601 IF(.TEST.EQ.1) GO TO 6010
 
WRITE (6,6001)
 

6001 FORMAT(1If1,"WK YR K RUNOFF RUNOFF EVAPT EVAP DHSTIC WATER PUMPED 

1 TOTAL") 
WRITE (6,6002) 

6002 FORMAT (lit," 

1 VOLUME 1 2 
NATRL HAAVST AGRIC WATER WATEEC V(1) 

3 4 5 6 7 
CONC 
8 

1 9 10") 
GO TO 6015 

6010 WRITE (6,6011) 
6011 FORMAT(llI1,"WK YR K RUNOFF RUNOFF EVAPT EVAP DMSTIC WATER PUMPED 

1 SOIL TOTAL")
 
WRITE (6,6012)
 

NATRL HARVST AGRIC WA.TER WATERC V(1) CONC

6012 FORMAT (I ," 

5 6
1 2 3 4
1 MOISTURE IRRIG VOLUME 
7 8")1 

C 
6015 DO 390 IW=IFW,ILW
 

PUMPW=o 
PUMPH=O
 
OVRFW = 0
 
OVRDW = 0
 
EXCESW = 0
 
WIRR = 0
 
QTNA=QTNA+QTNW (IWN1)
 
QTWA=UTWA+QTWW (IW,N1)
 
QTWT=QTWT+QTW4 (IW,N1)
 
QTNT=QTNT.QTNU (IW, M1)
 
ETWEEK=ETW(IW,Nl) *AWI(P
 
DWEEK=DCUSE(IWNI) *F*CUTEST
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C TEST TO SEE IF WH AGRISYSTEM ROUT14E IS 4ANTES.
 
IF( MTEST.Eg,1) GO TO 3C71
 

oG03 DELTAS * QTNW(IWDNI) + OTW4(ZIN1) - ETJEEK-3WEEK
 
9 m QTNW(IiINI) + OT4W(IW#4l)
 
IF (R ,GT. (VM(l)-V(1))) GO TO 30F
 

307 GO TO 320
 
3(7l CALL WAHAAG (FC&PPWPOINTP SLFV, ASM9 RMCAPP 14RAP 41ERAP WI~qTp
 

1PWPAWHPoQT4WETdEiKVTVTASMPPEPCAPEPCTPRSL0PEPRCR-JSS
 
I KV1pST0R1,eVOLSAVpN-lvIWvN1)
 
GO TO 6003
 

308 	EXCESW a R-(VMfl)-V(I))
 
DELTASeOELTAS-EXCESW
 
EXCESA*EXCESA+EXCESW
 
EXCESTmEXCEST+SXCESW
 
GO TO 307
 

C THIS SUdSECTION COMPUTES THE AREA OF WATER SJRFACE CF EACH COMPARTMENT 
C USING THE VOLUME, T4E 8OTTOM AREA AND THE SLIPE OF THE BANXS. IT 
C COMPUTES THE EVAP LISS FROM EACH COMPARTMENT ANO SUbTPA:TS IT FRJM 
C THE VOLUME 3F EACH, IT SUMS UP THE WEEKLY AND 4NNUAL EVAP LOSS. 

323 	VT a C
 
AT a 0
 
VTNx0 
EwEEK=O
 
00 333 JwlK
 
VTMsVTM+Vr(J)
 
IF (V(J) *Eg. 0.) GO TO 328
 
AB,(AM(J)**0.5-Z#DO(J)*S(J))**2
 
A(J)(6*VIJI*S(J) AB**1.5)**O.6666666666
 

3201 ETANK.(EW(WP(t I)*A(J)*25.')/1300
 
V(J)uV(J)-ETBNK
 
EWEEKsEwEEK+ETANK
 

321 IF (V(J).LE.O.) GO TO 328
 
VT a V(J) + VT
 
AT - aJ + AT
 
IF (JNE.K) GO TO 333
 
aEEK=wEWEEK-ETAN( 
GO TO 333
 

328 	VJ) a 0 
A(J)uO 

O(J)wO 
333 	CONTINUE
 

ES wESA+EWEEK
 
ESToEST+WEEK
 

C THIS SECTION COMPUTES THE AMOUNT OF wATER CVEPDRAWN AND REDUCES CON-

C SUMPTIVE USE AND/OR INCZEASES THE NU1EF OF C04PAPTPENTS ANDIOR IN-

C CREASES THE SIZE OF THE COMPARTMENTS AND THEN STARTS ALL OVER.
 

343 	IF (DELTAS ,LT, (VTN-VT)) GO TO 350
 
OVRFW a DELTAS-(VTM-VT)
 
OVRFA x OVRFA+ VqFW
 
3VRFT a aVqFT OVRFW
 
OELTAS a VTm-VT
 
GO TO 353 

350 	IF (DELTAS *LT.OJ) GO TO 352
 
GO TO 370
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352 	IF(VTLTOWEEK) l33TI 366
 
353 	0RP a AiS(DELTAS)


DO 356 Js IsK
 
IF (DSR *GT, V(J)l GO TO 334
 
V(J) a V(J)-OSR
 
OSR-O
 
GO TO 376
 

354 DSAODSQ-V(J)
 
V(J)uO
 

356 CONTINUE
 
OVRDA a DSk + fVROA
 
'VJOT a DSR + UVADT
 
OVRDW OSP
 

C IF THE OVEiFLOW FOR THE YEAR IS GREATEP THAN 10 PERCENT OF THE TCTAL
 
C VJLUAE INCREASE K OrHER4ISE DISTRiUTE THE OVERDAFT DEFICIENCY
 
C FIRST TO AGRIC. SECOND TO DOMESTIC USERS.
 

IF(PVTEST *NE. 1) GO TO 3560
 
IF ((OVRFA-OVROA .GT. O.130VTM)GO TO 35a
 

3560 	 IF (DSP.LEETWEE') GJ TO 3561
 
3SRoOSR-ETWEEK
 
ETWE2K a 0
 
IF(DSR.LE.DiEEK) GO ro 3562
 
DoEEK-O 
GO TO 376
 

3561 ETWEEKETWSEK-DSP
 

30 TO 376
 
3562 DwEEKDWEEK-DSR
 

DSRuO
 
GO TO 376
 

358 4PITE(6v1O9C) EXCESWPOVRFWPOVRDW
 
IF (V .Eg. I) GO TO 362
 

GO TO 3693
 
363 !PFF,LE.1.o) GO Tl 364
 

P'F-0.2
 
GO TO 3693
 

INCREASE THE SIZE 3F THE COMP44TMFNTS TO PEDUCE CVERAFLOW
 
362 O0 363 Jv2vK
 

V4(J)1.25*VM(J)
 
AM(J)uI.254AM(J)
 

363 CONTINUE
 
Kv2 
GO TO 198
 

36' WRITE (6#1O) AWHPpFUCUSET
 
135 FOPMAT (1H.),"OVEqDRAFT OCCURED WITH THE MINIMLM CONSUMPTIVE USE",
 

iFIO. lFS3,FIO.1)
 
GO TO 381
 

C T41S SUBSECTION REDUCES THE AREA AND INCREASES TrE DEPTH TO INCREASE EF,
 
C SINCE THERE IS NO WATER LEFT iN rHE RESFRVOIRS AFTER EVPORATION
 
C IF THE AREA OF EACH COMPARTMENT HAS BEEN REDUCED TO THE STATED PINIMUM
 
C OR TO THE MINIMUM DEPTH THEN THE PROGRAM WILL CONTINUE 4ITH THE DEFICIT
 

366 	IF (OETEST oEg. 1) G TO 353
 
IF(OVRDA.LT.CIOfVTM) GG T3 353
 
&TEST a I 
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00 369 Ju2oK
 
IF (AM(J),LT*ZO03) GO TO 368
 
IF(DO(J).GE.6) GO TO 368
 
Aq(J)3O.8O*AM(J)
 
DM((J)vO~lJ)/OiO3*A41J)
 
O TO 369
 

368 ATEST a ATEST l
 
360 CONTINUE
 

3692 IF (ATEST .GE.K) GO TO 3694
 
3693 JuK
 

CALL DISTP(VP#VVTvSTORlvVOLSkVpJ)
 
WRITE(6,100)
 
O0 3691 Ja1,1O
 

3691 WRITE(6101) A(J), I(J)OIJbPDM(J),V(J 3V.4(J) S(J)
 
GO TO 3061
 

3694 	IF (ETST .LE.0) GO TO 360
 
IF(AWHP.LE.1O0) SO TI 360
 
AF*AF-O.2
 
IF (AF.LE.0) GJ r 360
 
AWHPuAWHP*&F
 
GO TO 3693
 

C THIS SECTION DECIDES WH5E4 DELTAS WILL BE STOqED WHEN, IT IS POSITIVE
 

C AND HOW MANY COMPART4ENTS TPAT WILL BE REQUIPSO TE STOFE THE WATER
 

370 OSR-DELTAS
 
J-K
 
PU P9uDELTAS
 

371 IF (J.EQ°Oo) GO TO 372
 
IF (DER.GE.(VM(J)-V(J)))GG TO 374
 
V(J) a V(J)+DSR
 
GO TO 376
 

372 	IF (OSR ,LE*.0) GO TI 375
 
VI1)mOSR
 
PUMPRuOELTAS-V( )
 

GO TO 376
 
374 DSR-DSR-(Vn(J)-V(J))
 

V(J) *VM(J)
 
J.J-1)
 
GO TO 371
 

375 I01TE (6,106)
 
106 FORMAT (1HOP"DELTAS IS LESS THAN 0")
 

STOP
 

C THIS SUBSECTION DETERMINES IF WATEQ IS TO BE COCENTRATEO BY PUMPING
 

376 JoK
 
VTwO
 
VT MO
 

377 IF (J.EO.O.) GO TI 3771
 
IF IV(J) .EQ,O,) GO TO 3772
 
VT=VT+V(J)
 
VIM a VTM + VM(J)
 
JEJ-1
 
GO TO 377
 

C CHECK TO SEE IF THE REMAINUPG VOLUME IN J+l IS SMALL ENOUGH TC BE
 
C ACCO40DATEO IN THE UNUSED CAPACITY OF COMPART4ENTS J+2, J 3 ,....Ju=i
 

3771 IF(V(J+I) *EO.O) GO TO 380
 
3772 JsJ+l
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IF (J*Eg~t(3 GO TO 38a
 
VTzVT-V J)
 
VTM*VTl-VM( J)
 
IF IM() .LTe(VTM-VT)) GO TO 384
 

VTvVT4VIJ)
 
VTM*VTM+VM(J3
 
GO TO 380
 

384 	VTuVT+VIJ)

JSAVEmJ
 
PUMp~IaV(J)
 

SUBSECT104 OLSTq18UTES PUMPED WATER INTO THE dO3'PARTMENTS
C THIS 

C STAFTIN4G WITH CriPARTMSNT K FIRST
 

JoK
 
386 	IF (J .20. JSAVEI GO TO 380
 

IF (PUMPW *LTo 0.) GO TO 390
 
IF ((VM(J) -V(J)I*GT*PUPPW) GO TO 38?
 
PUI Pw * U4PW-(V'l(J)-V(J))
 
V(J) *Vm(J)
 
JxJ-L
 
GO TO 386
 

387 	VIJISVIJ) + PUMP4
 
GO TO 38
 

380 PUIPPRAmPUMPRA+
0tJ4PR
 

'UfPQTnPUMI'PT+PUMiP2
 
PUMP WAnUDUMP WA* PWIP4i
 
PUMPWToPUIPbT+PUMPi
 

381 	NC*%iINYEAQ1-1
 
OCUSETvOCUSET+OAdEEK 
DC USESAsO CUS EA+O W EEK
 

IF (MTEST .50. 1) GO TO 3801
 
STS AuE TSA+STwEE K
 
STSTmESTS T+ TWEEK
 
dRITE (6,13)8) lWtIC*KPQTNhi(IWPNI)/OIMQTW""-I WPN1)/D1MPETWEEK/OI4#
 

-IEWEEK/OIMDWESK/IMPU.IPP01IPPUMPWIMVTbI,1V(1)/OIMDV(Z)/DhI 

1V (10) IOIM
 
108 	F36MAT(313p2F7*Ov3F6*0vl3F7*0)
 

3802 	IF (EXCESW *GT. 3) GO TO 3810
 
IF(OVRFW *GT.0) ^00 TO 3810
 
IF(OVUQhi .GT.oI GO T3 3810
 
GO TO 3qQ
 

3801 	ETWEEKnETw(IWN1)*AWHP
 
ETSAmETSA+ETWSE;K
 
ET3TEETST+ETlvESK
 
AiR ITE (60 3 l08) 1We4CKpQTf4( 4N1)IDIMTW(I ,N11/DIMPETWEEK/A 0 

IV(I)D M()/OIM PV3/IP(1DMV5/IP()DMV7/1*l.
 

31~j8 	F3APAT(3I3PZF7.I0,3F6*0,13F?*Ol
 
GO TO 3902
 

3813 	WRTTE(6,1C9i) EXCESW9OVRFW#,JVRD'
 
SYSTEM OVERFLOW,,#10Q9i 	FOYMAT(lH ,euCOMP4RTMENT I OVERFLOW", F8.1*"TOTAL 

IFS.1#OVEPORAFT", -F3.1) 
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390 CONTINUE
 

IF IMTEST ,EQ. 1) GO TO 3803
 
WRITE (6#1091)
 

1091 FORMAT(IHC," YEA4 RU4OFFN RUNOFFW EVAPT EVAP *3OMESTIC IN*
 
IPUMP CONC. PUMP TOTAL EXCESS OVERFLO4 OVqvDRAWN"2
 

392 WRITE (6#109) NCPT4AQTWAETSAPESAPDCUSEAPPJPPRAPPUMPWAPEXCESA
 
IOVRFApOVRDA
 

109 FORMAT (lHO13p6Fqslv4Flis1)
 

3804 	EFFICA a ((ETSA OCUSEA)/(STOR1-VT+QTNA+CTWA+O.CUCOC1))*1O
 
STORI * VT
 
WRITE (65110) NLPEFFICA
 

113 FORMAT C1HOP"EFFICLE4CY FOR YEAR " or2o"EQUALS ",FS.2) 
GO TO 400
 

3803 'RITE (6,30911
 
3u91 FO'PAT(IHCP" YEAq IU'4OFFN RUNOFFo EVAPT EVAP DOMESTIC IN.
 

IPUMP CONC# PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG FERC"|
 
WRITE (6p3109)NC,3TNAPTWAETSAPESAPDCUSEAPPJMPRAPPUMPWAPEXCESA,
 
IOVRFACVRDAYWIRRA ,'SRCA
 

3109 FORMAT (1HOI3,6F9.L,6FI.1)
 
GO TO 38U
 

401) CONTINUE
 

EFFICT a ((ETST 0CUSET)/(VOLSAV-VT+QTNT+QTWT (i.O ufl))*1O0
 
IF(MTESTEO.1) GO TO 3805
 
WRITE (6,1091)
 
4RITE(6*112) OTNT/DIMQTWT/OINETST/DIMPEST/OIMPDCUSET/lIM,
 
IPUMPRT/DIMj PUMPWT/DIl EXCEST/IIMP OVRFT/DIMp OVF OT/DIM 

11? FORMAT (1H r"PE4IOD"6F9,lv5r11.1) 
3606 WRITE (6114' EFFICT 
IL4 FORMAT (1HO,"#,ld EFFICIENCY OF THE SYSTEM FOR THE TOTAL PERIOD WAS 

1 ttPFS.2) 
WRITE(6#1121) OI4 

1121 FORMAT(IHOP"ALL OF THE WEEKLY VALUES AND THE T&TAL F3R THE PERIOD 
1HAVE BEEN DIVIDED BY",FfO) 

403 WRITE (6,100) 
00 4G4 JmlpG 

4J4 WRITE (69131) A(J),AN(1JID(JOM( J2,V(J ),VM( J2,(J) 
GO TO 2061
 

3805 	WRITE(693091)
 
RITE(6,3112)OTNT/DIMOTWT/DIIETST/DIMPEST/OIPDCUSETIDIM
 

IPUMPRT/DIMPUMPWT/DI01EXCEST/DI'#4VPFTIO1/,QVFDT/DIMWIRRTIDIm
 
iPPERCTIDIM
 

3112 FORMAT (1H #"PERIOD",bFQol6Fll,l
 
GO TO 3806
 

4u5 RETURN
 
E4D
 

C THIS SUBROUTINE DISTAIBUTES THE ORIGINAL VOLUME IN THE UFPER TANKS SO
 
C THAT OPTCOM CAN BE RERUN UNDER NEW CONSTRAINTS,
 

SUBROUTINE CISTRCVMPVPVIST3RIVOLSAVoJ)
 
DIMENSION VM(1O2,V(I3)
 
STORImVOLSAV
 

4040 	IF (JFl) GO TO 4042
 
IF (VM(J2 ,GT.V3LSAV) Go TO 4041
 
VOLSAV*VOLSAV-VM(J2
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V(JlnvmtJ)
JuJ-1 
GO TO 4040
 

4041 	V(JlsYOLSAV
 
VOLSAVoO
 
J.J-1
 
GO TO 4040
 

4042 	V(IlO
 
VOLSAVaSTORI
 
VT=VOLSAV
 
RETURN
 
END
 

C THS SUiAOUT14E wATER HARVESTING AGRISYSTEM KEEPS TRACK OF SOIL
 
C 
 MOISTURE* ADDING RAINFALL AND RUNOFF. IT WILL DECUCT EVAPOTRANSPIR-

C ArION LOSSES FRON THE SOIL AND CALL FOR AN IRPIGATIC4 FROM THE RES.
 

SUdROUTINE WAHAAG (FCASDWPG14TDSMLEVDASMpaMCAPpWIMRD41FRAWPRT
 
IPWPAWHP*OTMWETIEE, r#VPTASMPERCAPPEPCTPRSLCPERCROSSP
 
1 K9VM#STOR1*VULSAVN4oIWpN1)
 
OIPENSION 0 W(5243l3 OTWW(5Zp4JiV(lUl
 
0IENSION ASMILJ)PSMLEV(10)pWPOINT(1OIPRMCAPI1C),FCAO(10)
 

NQTM= RSLOPE*Ij-RCRSS 
IF(PW(IOPNi) .LS, 0) GO TO 3072 
WATERuPW(IWNI )A44PS0,25,4/1OGGC 
IF(0TWW(lvNl) .GT. 3) GO TO 3076 

3074 CALL STOREIASMDSLEVPWP01NTPRMCAPPFCAPPPERCWPERLAoPERCTDNMvkTER) 
3027 IF(ETwEEK.GT.O) GO TO ;000 

GO TO 6033 
3076 	DELETEO.02O*AWHP
 

IF(QTwW(IW#Nl) .GT. DELETE) GO TO 3078
 
WATERaWATER+OTWW(IW*Ni)
 
OTWWIIWNll "C
 
SO TO 3074
 

3073 	RUNON=O.05*(QTW4(IwpN1)-DELETE) +CELETE
 
4CAPTvR4CAP(Z)+O.5*R4CAP(2)
 
IF(RUNONLT. RCAPT) GO TO 3079
 
4ATER 0 WATER+RCAPT
 
OTkW(IWNN)QTWW(IWN11 -ACAPT
 
GO TO 3074
 

3079 	WATERoWATE0RRUAIN
 
-3Tww(I~pN1)mCTWWd( W,.l)-QUNON
 
SO TO 3074
 

C THIS SUdSECTION DETERMINES THE NUHBER OF LAYERS POWN TO kOOT DEPTH
 
C AND COMPUTES TOTALS
 
9000 	TRCAPuO
 

TASM=C
 
TCAPuO
 
DO 9010 NLslNRTM
 
TASMmTASM+ASM(NL)
 
TPCAPuTRCAP+RMCAP(NL)
 
TCAP-TCA'+(FCAPIL)-POINTIL)3
 

9010 CONTINUE
 
LF(TCAPLE.ETWEEK) Ga TO 9G5u
 

9012 IF(TASM .GTo7500.) GO] TO 9340
 

C WHE4 ETWEEK IS GEATER THAlN THE AV4ILABLE SOIL mrISTURE AN IkRIGAT.3N
 
C 4ILL OCCUR
 

http:IkRIGAT.3N
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C 

C 


C 

C 


IF((O.9gVTI.GT.To(CA0o GG T9 4325
 
4ATEQ00.964T
 

00 9015 JslK

V(J)uO 

9015 CONTINUE
 
902j WIRRaWATER
 

dIhRAvWIRPA+WAT~q 
4IRRToWIRPT wATER
 

CALL STORE(ASMtS4LEVoEPOINT.P1CAPFCAPPPECWPFECAPEPCTh4,WATS4)
 
GO TO 9040
 

THIS SECTION REMOVES IRRIGATIONO,'WATE'P, PLUS 1-1 PEFCENr LOSES FRO4
 

STORAGE AND PE0IST4I9UTmS THE REMAINING VOLUME IN ThE LAST COMPARTMENTS
 
9025 WATERwTRCAP
 

VT&VT-CWATER/.O)
 
STO02-STORI
 
VOLSZV0LSAV
 
VOLSAVVT

J3K
 

CALL 0ISTR(VMpVVToSTOlVOLSAVJ)
 
ST'P3FlSTOR2
 
VOLSAV-VOLS2
 
3O TO qozo
 

9043 	RE9OVE-ETWEEN
 
CALL REMOV (FCAP PRMCAPASMtSMLqVeREMOVEPNPTMPPCINTPETwEEK)
 

GO TO 6003
 
935 WRITE(6,9051)
 

°
 
9C51 FORMAT(lHDP'SOIL 40ISTURE CAPACITY IS LESS THAN kEEKS ET,. )
 

b0O3 RETURN
 
END
 

T4I5 SUPO'JTI4E DISTRIBUTES THE i(AINPRUNON OR IRPIGATION hATER THROUGH
 
THE SOIL PROFILE STARTIIG WITH THE TOF LAYER AND WOPKING DOWN.
 

SUBROUTINE STOE(ASPSMLEVEPOINTRMCAPpFCAPPE4CWPPERCAPERCTt I,
 
IWATER)
 
DIMENSION ASM(Ia)3SMLEV(1C),WPOINT(IO),RMCAP(I1U)FCAP(O)
 

1L03 	ASI(4L)mSPLEV(NL)-4POINT(NL)
 
AMCA?(NL),FCAP(4L)-SMLEV(NL)
 
IF (WATED .GT. ONCAP(NL) I G3 TO 2000
 
ASM NL uAS $(NL)WATEo
 

SMLEV(NLJLtSMLEV(NL)+4ATER
 

stKCAP(NL)uFCAP('L)-S4LEV(NL)
 
WATEAvO
 
GO TO 4000
 

2000 S'LEVINLI*FCAP(NL)
 
ASM(NL)w FCAP(9L)-w?3IMT(NL)
 
WATER .WATER-APCAP(NL)
 
RMCAP(NL)1O
 

IF (NL.EO.ENM) GO TO 3000
 
NL*NL+l
 
GO TO 1000
 

300) PERCWsWATER
 
PERCAmPERCA+PERC4
 
PEQCT*PEQCT PERCI
 

4L03 RETURN
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END
 

C THIS SUIROUTINE TAKES ETWEEK FRO4 THE SOIL BEGINNING WITH NLa1 AND
 
C EXTENDING DOWN TO THE DEPTH OF THE ROOTS AS )ETEPMINED BY THE ROOT
 
C FUNCTION OF THE PLANTED CRCP.
 

SUSOUITINE REMOV IFCAP ,AMCAPPASMPSMLEVPREMOVE.NPTMPWPOINTETWEEK)
 
OIMENSION ASMI(O)PShLEV(103,1POINT(10),R4'IAP(10),FCAP(IO
 

DO 9060 NLwIvNRTl
 
IF(ASP(NL).GT.REMOVEl GO TO 9055
 
REMOVE, REMOVE-ASINL)
 
RVCAP(NL).FCAP(NL)-AONT(ML)
 
ASM(NLI)O
 
SMLEV(NLI=WPOI1T(4L)
 

9(o63 	CONTINUE
 
IF (REPOVELE.O) GO TO q08
 
GO TO qOb
 

9055 	AS 4(NL)aAS4(NL)-REMOVE
 
SLEV(NL)$ASLEV(4L)-qEMOVE
 
R4CAP(NL)vFCAP(NL)-S.4LEV(NL)
 
REAOVE a C
 
ETWEEK x 0
 
30 TO 9081
 

9056 WRITE (60Qf7O) REMOVE
 
9070 FORMAT (flHo"RESERVOIRAID SJIL PROFILE ARE WITHOUT 4ATER. A WATER
 

IDEFICIE'4CY 3F"PFGol" OCCURED")

ETWEEKuETWEEK-QEIiVE
 
GO TO 9081
 

9U90 REAOVE*0
 
ETWEEK a 0
 

9081 RETURN
 
END
 

C THIS SUSROUT14E CONVERTS MONTHLY EVAPORATION TO A WEEKLY ARRAY
 
SUBROUTINE EVAP (EWPUNIT)
 

DIMENSION EW(5Z#.2lED(365JtE(1Z)
 
14TEGER WPITET
 
READ (5#1001 IMI#IMLIW1,ZWLYloNhYTPiRITET


i0C FORMAT(7141
 

ETTuO
 
DO 4O NY=IY1,NYT
 
READ(0,210) NI(E(I)vIjv12)
 

213 FORMAT (4IA12F6,3)
 
IF (NY.EQ.NYT) GO TO 370
 
IFuJN1
 

IL=I2
 

211 00 350 I'IF#IL
 
E(Ilu M(M)IUNIT
 
GO TO (lp2,3,ADS,6,?#8#9pIlI2)DI
 

I DO 101 NO,31
 
ED(ND)uE(I)/31
 

10L CONTINUE
 
GO TO 350
 

2 30 102 NO32,59
 
ED(NO)uS(1)126
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102 	CONTINUE
 
GO TO 350


3 00 103 NO6u*9U
 

ED(ND).E(3)131
 
103 CONTINUE
 

GO TO 350
 
4 00 104 ND.Q1,1'2
 
ED(ND)=E(4)I30
 

104 CDNTINUE
 
GO TO 350
 

5 DO 105 NOul2l,150
 
EO(NOImE(5)/30
 

105 	CINTINUE
 
30 TO 350
 
DO 106 40lloll
 
EO(NO9.E(61/31
 

106 CONTINUF
 
GO TO 350
 

7 DO 107 NODm82,pL?
 
ED(NO)mE(7)/31
 

107 CONTINUE
 
GO TO 350
 

8 00 108 ND@213,243
 

EO(ND)*E(8)/31*
 
108 CONTINUE
 

GO TO 350
 
9 0 1OQ NDu244273
 

EO(ND)uE(9)/30
 
109 CONTINUE
 

GO TO 350
 
10 00 110 NDm27p3O04
 

EO(NO)-E(10)/31
 
110 CONTINUE
 

GO TO 350
 
11 O0 111 ND3US334
 

ED(NO)*E(11)/30
 
111 CONTINUE
 

GO TO 350
 
12 00 112 ND335,365
 

EO(NO)=E(IZI/3t
 
112 CONTINUE
 
350 CONTINUE
 

GO TO 380
 
370 	IF*I
 

ILvI4L
 
GO Tn 211
 

380 	I01a1
 

IF(WRITET .NE* 1) GO TO 381
 
WQITE (6p3dO)
 

3801 FORPAT (1HIP" OAY WK YR EVAP")
 
381 00 390 IWxl,52
 

EWTuO
 
P12=101+6
 
00 385 NOmDIPM2
 
E4TmEWT4ED(NO)
 

385 	CONTINUE
 
EW(IWPNY IEWT
 
EATuEAT EWT
 
ETT*ETT+EWT
 



134
 

IF ( PITET .NE. 1) GO TO 387
 
-qITE (6p386) NDvIWvJlEW(IW94Y)
 

386 	FORMAT (314,F6o3)
 
38? 	1DlsIDI+7
 
390 	CONTINUE
 

WRITE(6,391) NY#EAI 
391 FORMAT (1H3,l'THE ANNJAL EVAPORATIGN TOTAL FOR THE YEAR 1[2," IS " 

1,FS * 3) 
EATxO 

400 	CONTINUE
 

"RITE(6#410) ETT
 
413 	FORMAT (1HOPI0THE TOTAL EVAPORATION FOR THE PERIOD IS '".F8*3)
 

4ETURN
 

E 4D
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APPENDIX D
 

OUTPUT FROM CROP-76 FOR SAN FRANCISCO DEL BARREAL,
 

MEXICO, WATER HARVESTING AGRISYSTEM
 



UKYX K 
RUN3FF aUNOFF EVAPT EVAP OMSTIC WATER PUMPEO SOIL TOTAL
"ATOL HARVST AGRIC WATER VATERC V(1) CONC MnISTURE IRRIG VOLUME 
 1 2 3 4 5 6 71 66 3 154. 
 0. 2. 0. 0. 154. 0. 14972. 0. 24609. 0. 9. 24600. 0. 0. J. .0 .
266 3 
 0. 0. 2. 73. 0. 0. 0. 14964. 0. 24454. 0. 0. 24454. 
 0. 0. 0. 0. -0.
3 66 3 3. 0. 2. 0. 0. 0. 
 3. 14967. 0. 24309. 0. 0. 24309. 0. 0. 0. 0. 0.
4 t6 3 0. 0. Z. 0. 0. 
 0. 0. 14972. 0. 241a5. 0. 0. 24165. 0. 0. 0. 0. 3.
5 66 3 0. 
 0. 59. 0. 0. 0. 0. 14969. 0. 24011. 0. 0. 24011. 0. 0. 0. 0. 0.
6 66 3 5. 0. 
 88. 0. 0. 0. 0. 14911. 0. 2385Z. 0. 0. 23852. 0. 0. 0. 
 0. 3.
7 66 3 
 0. 0. 1.6. 0. G. 0. 0. 14823. 0. 23b93. 0. 0. 23693. 0. 
 0. 0. 0. 3.
E 66 3 
 . 0. 234. 0. 0. 0. 3. 14677. 0. 23534. 0. 0. 23534. 0. 0. 0. 0. 0.9 66 3 0. 0. 248. 0. 0. 0. 0. 14443. 0. 23317. 0. 0. 23317. 0. 0. Q. 0. 3.
1.1 66 3 3. 0. 273. 0. 0. 0. 0. 14195. 0. 23056. 0. 0. 23056. 
 0. 0. 0. 0. 0.

11 66 3 0. 0. 336. 0. 0. 0. 0. 13903. 0. 22797. 0. 0. 22797. 0. 0. 0. 0. 0.
12 to 3 0. 0. 393. 0. 0. 0. 0. 13565. 0. 22539. 0. 0. 22539. 0. 0. 0. 0. 


2 
405. 0. 0. 0. 0. 13183. 0. 22273. 0. 0. 22273. 0. 0. 

3.
13 66 3 3. 0. 
 C. 0. 3.14 to 3 
 0 . 0. 416. 0. 0. 0. 0. 12779. 0. 21957. 0. 0. 219j7. 0. 0. 0. 0. 0.
15 66 3 0.. 
 0. 429. 0. 0. 0. 0. 12362. 0. 21643. 0. 0. 21e.3. 0. 0. 0. 0. 3.
16 6to 3 0. 0. 439. 0. 
 0. 0. 0. 11934. 0. 21331. 0. 0. 21331. 0. 0. 0. 0. 0.
17 66 3 0. 0. 450. 
 0. 0. 0. 0. 11495. 0. 21020. 0. 0. 21020. 0. 0. 0. 0. 0.
i6 &6 3 lOb. 
 1070. 473. 0. 0. 2138. 0. 11802. 0. 22832. 0. 0. 22632. 0. 0. 0. 0. 0.
19 66 3 0. 0. 451. 0. 0. 
 0. 0. 11329. 0. 22491. 0. 0. 22491. 
 0. 0. C. 0. 0.
20 66 3 3. 0. 444. 0. 0. 0. 3. 10897. 0. 22153. 0. 0. 22153. 0. 0. 0. 0. 3.
21 li 3 0. 0. 518. 0. 0. 0. 0. 10411. 0. 21816. 0. 0. 21816. 0. 0. 0. 
 0. 0.
ZZ 16 3 3. 0. 
540. 0. 0. 0. 0. 989A. 0. 21471. 0, 0. 21471. 0. u. C. 0. 0.23 66 3 0. 0. 563. 0. 0. 0. 3. 9358. 0. 21119. 0. 0. 21119. 0. 0. 0. 0. 3.
Z4 66 3 0. 0. 5a5. 0. 0. 0. 
 0. 8811. 0. 20770. 0. 0. 20770. 0. 0. 0. 0. 0.
25 66 3 816. 329. 
 596. 3. 0. 1146. 0. 8850. 0. 21569. 0. C. 21569. 0. 0. 0. 0. 0.
2. t6 3 196. 0. 1170. 0. 0. 196. 0. 8741. 
 0. 21412. 0. 0. 21412. 0. 3. 0. 0. 4.
27 68 3 0. 0. 1260. 3. 0. 0. 0. 7571. 
 0. 21c:0. 0. 0. 21050. 0. C. 0. 0. 0.
2P L6 3 
401'. 2049. 1350. 0. 0. 6057. 
 D. 7133. 7868. i8079. 0. 0. 18079. 0. 0. 0. 0. .
29 6 3 Do 0. 1215. 0. 0. 0. 0. 13622. 0. 17741. 0. 0. 17741. 
 0. 0. 0. 0. 0.
3G t. 3 0. 0. 1148. 0. 0. 
 0. 0. 12407. 0. 174u5. 0. 0. 17405. 0. 0. 0. 0. 3.
31 6o 3 160. 0. 10.33. 0. .0. 163. 3. 117?1. 0. 17286. 0. 0. 17286. 0. 0. 0. 0. 0.
32 65 3 3. 
 0. 1013. 0. G. 0. 0. 1J641. 0. 17030. 0. 0. 17030. 0. C. 
 0. 0. 0.
33 6 3 17736. 5831. 930. 0. 0. 16400. 0. 11135. 0. 33175. 0. 8575. 24600. 0. 0. 0. 0. 0.

CLPARTYEhT I OVERFLOW 7166.bTTAL SYSTEM OVEqFLOW 
 0.03VERDRAFT 0.0
34 66 3 11777. 4103. 720. 235. 0. 15880. 0. 11245. 0. 48553. 
 0. 23953. 24600. 0. 3. 0. 0. 0.
3t 66 3 6989. 2762. 76S. 279. 
 0. 9750. 0. 11401. 0. 57744. 
 8544. 24600. 24600. 0. 0. C. 0. 0.
36 66 3 92. 0. 6V5. 636. 
 0. 9b. 0. 1100. 0. 56990. 8193. 24355. 2445?. 0. 0. J. 0. 0.37 66 3 0. 0. 
63e. 633. C. 0. 0. 13375. 0. 56142. 7S24. 24110. 24208. 0. 0. 0. 0. 0.36 66 3 3. 0. 54o. 6)1. 0. 0. 0. 9768. 0. 5:298. 7467. 23667. 23964. 0. 0. 0. 0. 0.3q 60 3 295. 0. 473. 599. 
 0. 295. 0. 9746. 0. 547:1. 7110. 23625. 24016. 0. G. G. 0.
40 66 3 0. 
 0. 450. 5Z6. 0. 0. 0. 9274. 0. 54011. 6797. 23412. 3802. 0. 0. 

0.
 
0. 0. 0.
41 6t6 3 0. 0. 405. 524. 0. 0. 0. 
8824. 0. 53273. 64S5. 23200. 23588. 0. 0. C. 0. 0.%2 t6 3 0. 0. 15Z. 522. 0. 
 0. 0. 8419. 0. 52538. 6173. 22989. 23376. 
 0. 0. 0. 0. 3.
43 65 3 0. 
 0. 135. 521.4 0. 0. 0. 8261. 0. 51805. 5863. 22779. 23164. 0. 0. 
 C. 0. 0.
44 tA6 3 0. 0. 101. 
 51. 0. 0. 0. 8126. 0. 51171. 
 5504. 22507. ??791. 0. 0. 0. 0. 3.'5 46 3 0. G. 64. 399. 0. U. 0. 8025. 0. 50609. 5356. 22435. 2?F18. 0. 0. C. 0. 3.46 6t 3 
 0. 0. 45. 378. 0. 0. 0. 7957. 0. 500%q. 5118. 22275. 22bD6. 0. 0. 0. 0. 0.47 L6 3 0. 0. 23. 397. 0. 0. 0. 7912. 0. 49491. 4891. 22115. 22495. 0. 0. 0. O 0.
4e 65 3 3. 0. 11. 379. 0. 0. 2396. 7890. 0. 489,1S. 0. 2435e. 24600. 0. 0. V. 0. 3.49 to 3 
 0. 0. 9. 141. 0. 0. 0. 7879. 0. 48676. 0. 24217. 2445e. 0. G. 0. 0. 3.50 to 3 0. 
 0. 7. 141. 0. 0. 0. 7870. 0. 48394* 0. 24077. 24317. 0. 0. 0. 0. 3.
51 66 3 0O 0. 5. 140. 0. 
 0. 0. 7863. 0. 48113. 0. 23936. 24177. 
 0. 0. 0. 0. 0.
52 66 3 0. 0. 
 2. 140. 0. 0. 0. 7905. 0. 47833. 0. 23797. 24036. 0. 0. 0. 0. 0.
 

YEAR RUNhFFN RUN3FFU 
 EVAPT EVAP OGRESTIC IN. PUMP 
 CONC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG PERC
 

66 43305.3 21199.4 22506.8 7644.4 0.0 52282.4 2396.3 7166.6 0.0 
 0.0 7865.3 360.?
 

EFFICIEdCY FOR YEAl 1EQUALS 54.53 



YllR K RUNOFF RUNOFF EVAPT EVAP OMSTIC WATER PUMPED SOIL TOTAL 
kATRL HARVST ASRIC WATER 4ATERC VIi) CONC MOISTURE IRRIG VOLUME 1 2 3 4 5 6 7 e 

1 67 3 0. 0. 2. 140. 0. 0. 0. 7903. 0. 47551. 0. 23656. 23895. C. 0. 0. 0. 0. 
2 *7 3 308. 0. 2. 140. 0. 308. 0. 8542. 0. 4?579. 0. 23516. 24063. 0. 0. 0. 0. . 
3 b7 

6 T 
3 
3 

0. 
3. 

0. 
0. 

2. 
2. 

140. 
139. 

U. 
0. 

0. 
0. 

0. 
0. 

0540. 
8537. 

0. 47298. 
0. 47018. 

0. 23376. 23Q22. 
0. 23237. 23781. 

C. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

5 67 3 0. 0. 59. 149. 0. 0. 0. 8535. 0. 46721. 0. 23089. 23632. 0. 0. 0. 0. 3. 
6 67 3 0. 0. Se. 153. 0. 0. 0. 8477. 0. 46413. 0. 22936. 23477. 0. 0. 0. 0. 0. 
7 67 3 0. 0. 14e. 153. 0. 0. 0. 8389. 0. 46105. 0. 22783. 2332Z. C. 0. 0. 0. 3. 
8 6? 3 0. 0. 234. 153. 0. 0. 0. 8243. 0. 45798. 0. 22630. 23168. 0. 0. 0. 0. 3. 
9 e7 3 243. 0. 24e. 223. 0. 243. 0. 8473. 0. 45594. 0. 22407. 23186. 0. G. 0. 0. a. 
10 5? 
11 b7 

3 
3 

3. 
3. 

s. 
C. 

293. 
331. 

275. 
273. 

0. 
0. 

0. 
0. 

0. 
0. 

8225. 
7933. 

0. 45040. 
C. 44490. 

0. 22133. 229Ce. 
0. 2105Q. 22630. 

0. 
0. 

0. 
0. 

0. 
0. 

2. 
0. 

2. 
, 

12 t7 3 1133. 81. 333. 272. 0. 1919. 0. 9401. 0. 45860. 0. 21587. 24273. 0. 0. 0. 0. 0. 
13 o? 3 
1. C-7 3 

0. 
2. 

0. 
0. 

4C5.
4 
1c. 

255. 
371. 

0. 
0. 

0. 
0. 

0. 
0. 

8018. 
7613. 

0. 45276. 
0. 4*516. 

0. 2130?. 23973. 
0. Z0932. 235E4. 

0. 
G. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
3. 

15 
16 

v7 
o7 

3 
3 

0. 
0. 

0. 
0. 

'2S. 
419. 

295. 
243. 

0. 
0. 

0. 
0. 

0. 7197. 
0. 14544. 

7774. 35169. 
0. 345U5. 

0. 10783. 24206. 
0. 10490. 23815. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
3. 

17 67 
16 t 

3 
3 

0. 
0. 

0. 
0. 

4j0 
473. 

290. 
259. 

0. 
0. 

0. 
0. 

0. 14105. 
0. 13655. 

0. 33827. 
0. 33199. 

0. 10400. 23427. 
0. 10131. 23068. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
3. 

10 e7 3 0. 0. 61. 2h3. 0. 0. 0. 1 13. 0. 325e3. 0. 916. 22715. 0. 0. 0. 0. 3. 
23 t7 
21 6? 

3 
3 

0.-
3. 

0. 
0. 

44. 
516. 

251. 
2,9. 

0. 
0. 

0. 
0. 

0. 12722. 
0. 12238. 

0. 31971. 
0. 31363. 

0. 960 7 . 223b4. 
0. 9347. 22C6. 

0. 
0. 

0. 
0. 

0. 
0. 

C. 
0. 

3. 
J. 

22 67 
23 a? 

3 
3 

0. 
3. 

0. 
0. 

54Z. 
553. 

271. 
279. 

0. 
0. 

0. 
0. 

0. 11783. 
0. 11243. 

0. 3G728 
0. 30073. 

0. 
0. 

q976. 21652. 
9797. 21276. 

G. 
U. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

24 c7 3 3. 0. 5S5. 277. 0. 0. 0. 10680. 0. 29423. 0. e520. 20S03. 0. 0. 0. 0. 0. 
25 e7 
Zb 67 

3 
3 

0. 
2. 

0. 54b. 
0. 11.1. 

275. 
271. 

0. 
0. 

0. 
0. 

0. 10127. 
0. 9530. 

0. 28778. 
0. 28140. 

0. 
0. 

0245. 20532. 
7974. 20166. 

G. 
0. 

0. 
0. 

0. 
0. 

C. 
0. 

3. 
0. 

27 b7 3 0. 0. 1ZOC. 263. 0. 0. 0. 8391. 0. 27521. 0. 7711. 19810. 0. 0. 0. 0. 3. 
Z 
29 

67 
67 

3 
3 

0. 
3. 

0. 1350. 
0. 1215. 

0. 10. 
0. 0. 

0. 
0. 

0. 7131. 
0. 13819. 

7840. 18464. 
0. 18121. 

0. 
0. 

0. 1864. 
0. 181?1. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
2. 

. 
3. 

a.) 

30 a7 3 0. 0. 114S. 0. 0. 0. 0. 1263;,. 0. 17780. 0. 0. 17780. 0. 0. 0. 0. 3. 
31 67 3 3. C. 120o. 0. 0. 0. 0. 11457. 0. 17499. 0. 0. 174e9. 0. 0. 0. 0. 0. 
!2 o7 
33 o? 

3 0. 
3 16217. 

0. 1(13. 
4r1 9.0. 

0. 
0. ' 

0. 0. 
0. 16400. 

0. 13377. 
0. 10445. 

0. 17220. 
0. 33351. 

0. 
0. 

C. 17220. 
8751. 24600. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

C€FAATlENT 1 OVERFLOW 4676.6T!T&L SYSTEM OVERFLOW 0.OOVERDRAFT 0.0 
34 6? 
35 67 

3 3. 
3 206!5. 

0. 
5137. 

7ZO. 216. 
7>, 233. 

0. 0. 
0. 16400. 

1 0. 9564. 
0. 10002. 

0. 32826. 
0. 48731. 

0. 8535. 24290, 
0. 24131. 24600. 

0. 
0. 

0. 
0. 

C. 
0. 

0. 
0. 

0. 
0. 

Cj4FAtTIERT 1 OVERFLOW 
3t c7 3 219. 0. 

9421.4TOTAL 
e9s. 250. 

SYSTEn OVERFLOW 
0. , 219. 0. 

O.OOVERCRAFT 0.0 
9583. 0. 48449. 0. 23881. 24568. 0. 0. 0. 0 0. 

37 6? 3 3. 0. bO. .249. 0. 0. 0. 8901. 0. 41948. 0. 23633. 24316. 0. 0. 0. 0. . 2. 
3i 67 3 2173. -977. 540. Z48. 0. 315C. 0. 9053. 0. 50600. 1400. 2'600. 246C0, 0. 0. 0. 0. 0. 
34 67 3 0. 0. 473. 595. 0. 0. 0. 8513. 0. 49753. 1057. 24348. 2434e. 0. 0. 0. 0. 0. 
4C t7 3 3. 0. 450. 451. 0. 0. 354. 8087. 0. 49112. Q. 24512. 24600. 0. 0. 0. 0. 0. 
41 67 3 3. 0. 435. 191. 0. 3. 0. 7f98. 0. 48732. 0. 24320. 24412. 0. 0. 0. 0. 0. 
42 67 3 2295. 2179. 1i. 191. 0. 4475. 0. 8116. 0. 52825. 3625. 24600. 24600. 0. 0. 0. 0. 0. 
43 o? 3 825. 1106. 115. 459. 0. 1931. 0. 8673. 0. 54105. 4925. 24600. 246C0. 0. 0. 0. 0. 0. 
4k 67 3 0.3. 1'1. 420. 0. 0. 0. 8535. 0. 53512. 4659. 24426. 24426. 0. 0. 0. 0. 0O 
45 o7 
4* a7 
t7 67 

3 
3 
3 

0. 
3. 
0. 

0. 
0. 
0. 

06. 
45. 
23. 

386. 
395. 
394. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

8433. 
8366. 
8321. 

0. 52965. 
0. 5Z420. 
0. 51877. 

4433. 24266. 24266.. 
4207. 24107. 24107. 
3q2. 23948. 23948. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
2. 
0. 

4t :? 3 0. 0. 11. 385. 0. 0. 0. 8293. 0. 51328. 3754. 23787. 23787. 0. 0. 0. 0. 0. 
40 b7 
5c e7 

3 
3 

0. 
0. 

0. 
0. 

9. 
7. 

349. 
39. 

0. 
0. 

0. 
0. 

0. 
0. 

8287. 
8325. 

0. 50765. 
0. 56202. 

3520. 2362?. 23622. 
1287. 2348. 23459. 

0. 
0. 

0. 
0. 

0. 
0. 

-
0. 

3. 
0. 

51 a? 3 0. 0. 5. 37. 0. 0. 0. 8318. 0. 49642. 30o4. 23294. 23294. 0. 0. 0. 0. 3. 
sZ *7 3 3. a. 2. 396. 0. 0. 1352. 8314. 0. 49083. 0. 244e3.-24600. 0. 0. 0. 0. 0. 

YEAR RJKOFFN RUNOFFw EVAPT EVAP DOMESTIC ZN. PUMP CONC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG PERC 

6? '4*3T0.7 19676.0 22505.8 13037.0 0.0 45048.9 1706.5 14100.1 0.0 0.0 15614.3 C.0 

EFFICIEICY FOR YEAR ZEQUALS 36.01 



UK V K AUv3FF *Ut2 F EVAPT EVAP ONSTIC VATER PURPED SOL TOTALHA4L MAR4ST 041C WATER VA;ERC Vtl) CONC MOISTURE ZIRR! VOLUME 2 2 . 31 8 3 0. 0. Z. ZZI. 0. 0. 0. 8311l. 0. 8840. 0.24361. 278. 
2 C 3 0. C. 2. 121. 0. 0 0. 2440o.2457. 
3 c ° 0 . 2. 10 0. 8 . 0. 4 335. 0. 241 10. 423 . 

e i . O. 2 . 121. 0. 0. 0 . 49 . 0. 4114 . 0 . 39 9 . 4 1 15
bS 3 0 . 0. 5.. 13 . 0. C. ,0.04.4 * 0. 473 .5. 0 . 23 11 . 2 347. 

Z**.$ 3. C. 5. 133. 0. 0. 0. 8408,. 0. 47542. 0 23738. 215.4
5 e 3 3. . So. 13 . 0. . 0. 8412. 0. 4732. 0. 233 . 3721. 
t t. 3 4. C. it -* 133. 0. 84 . 0. 8560. u. 471 ' . . 234 3 . 367 3.9 em 3 6751. 4949. 24 . 174. 0. 11770. 0. g34j, 0. 00507.11367. 24600. 24 0
1d 65 3 33 3 3 310 . 2433 527. 0 . 0 33. 0. 9731 . 0. 648 2 . 6 0-z. 24600. 247c . 
C~4S*4TIENT 1 3VERFLO 1539.8T3TAL SYTEN OV.FLO S0.O 41AF0.091el 3 G . 0.449. 3349 0. '° 0. 439. 0. 641:0. 13332. 24390. 24340.
10 Ob 3 0. 0. 383.333. 0. 0. 0. 9411 0. 63364. 1503. 2410. 24eO. 
:3 3 0. 3. 0 577.. 0. 5033., .0. 6263.946.1. n3se. 2316. 
.Cl 3 0. 0. 410 016. C. 0. 0. 8314. 0. 613. 14152. 243 0. ZLCs.

15 S 3 0. 0. 4Z8, 512. 0. 0. 0. 7OVER 0. 60302. 1oW5. 23:4. 23324.11 ef 3 3. 2. 395. 31. C. C. 0. 7470. 501. 481 5 330. 2 70. 24379. 
1? 05 3 . 0. 4:3. 31e. 0. 0. 0. 1433. 0. 4763b. 0. 210. 739240. 

13 b5 3 0. . 4 3, 40 . 0. 0. 0. 4013. 0. 62563, . 2359O0f3. 0
14 OS 3 0. 0. '61. 411. C. 0. 0. 13610. 0. 46299. 0. 231s, 23150. 

.S3 0. a 8445w. 0. 0. 0 1314. 0. 4 40. 11. 2372. 22742. 
z: e s 3 0. . 1 2. 4 . 0. 0. 0. 12 66. 0. 6 71. . 2337. 2 337.
22 tS 3 . 0. 5430. 378 0. 0. 0. 1478. . 43918. 0. 21959. 21959. 
23 tS 0. 47. 319. 11.. 43201. 0. 21601. 21671.

0'.83 0. 0. 3. 3 6* 0. 0. Q. 110453. 0. 42419. C- 2316. 21145. 

2t56C 33 0.0. C. 4?. 34i. 0.0. 0.0. 0.0. 1040. 0.0. 412. . 23S91. 20841. 

4 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
G. 
0. 
0. 

0. 
0. 
0. 
0. 
C. 
0 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
C 

S 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 . 
0. 
0. 

0. 
a. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
. 

6 
0. 
0. 
a. 
0. 
0 . 
0. 
0. 

0. 
0. 
0 . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
U. 
0. 
0. 
0. 
0. 
C 

7 
0. 
0. 
a. 
0. 
. 
. 

0. 
C. 
0. 
0. 

0. 
a. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
. 
0. 
0. 
. 
. 

8 
0. 
0. a. 
0. 
0. 
0. 
a. 

0. 
a. 

0. 
a. 
0. 
3. 
a. 
0. 
3. 
0. 
0. 
J. 
a 
3. 
3. 
3 
0 

t! 3 0. 0. 411.3.7. 0. 0. 0. 964. 0. 41053. 3. 20544. 20544. 
27 * 3 5. 0 lOoC. 323. 0. 0. 0. 8094. 0. 4449. 0. 20231. 20221. 

0 CS 3 34933. 101~9. 0. 31. 0. 16400. 0. 9218. 0. 4500. 7000. 24600. 24600. 
C PA4T Eh? 1 3353500W 2';12.2T3TAL SYSrES OVEaFLOW .3*O2VERDRAFT 0.0Z. es 3 0. 11. 551. 0.. 0. 0. . 3 0. 5U01 6497. 2422. 242. 
3Z eS 3 0. 122. 327. 0. 0. 0.0. 6693. 8275. 4516. 0. 20576. 24Z23.
51 eO 3 303'Z~, 86 0- 3. .77 C. 1640.0 . 1'4?Z 0. 60.49 1175 . 2400. 2400. 
25A37 5PT 1 CV.8L:w5t1.7T3TAL 3¥ST.1 OV0SFLO 0.O5VERR T 0.002 tc 3 3. 0 103. 636. . . a. 130.Z. 0. 59983. 11306. 24313. 24373. 
32 t; 3 .E1X,507. 0 693. 0. 5364. 0. 14094. . 54071. 4875. 24600. 40 

0. 
0. 
C. 

0. 
C. 
0. 

0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 

__ 

. 

C..FA9?1kT I DJE4FL0 lSOiz,2rTCTL SYSTEM OVFPPLOU O.C3VER0RAFt 0.03. € 33 255* 10-3 720C. 733. . 10.1. 0. 13931. 0. 64616. 15446. 24600. 24600. 
ZORTi!249T 33. 231Q. -!O.?T3f& SYSTE1 OVERFLO0 .OOVERO2AFT .0:, es s e 74. s:: . 7I.O3 , 0. g934 0.14 50. 0 . 64713 . 1 513 . 24600. 246 00. 
C?'P&8T E | 1 3VERFtP. 1Z777.ZTO7AL SYSTEM OVERFLOW 00o3VERCRAFT 0.033 .3 3 3, 625. 43. 0. 0. 3. 1383. 0. 64073. 6232. 2421. 24421.
37 CS 3 o59S.1 C7C. 0..1. 49. 0. ,1168 O. 1404. 4600. 24400. 
Cr. 2TiE% I 3VERFL';d 3o257.7T3TAL SYSTEM OVERFLOW 3.O VERDRAFT 0.0 

32 Or 3 3. 0. lci.. 6?. 0. 0. 0. 13?1. C. 53083. 21351. 244Z1. 24373. 

0. 

0. 

0. 
0. 

0. 

0. 

0. 

0. 
0. 

0. 

0. 

0. 

0. 
0. 

0. 

0. 

0. 

. 
C. 

0. 

0. 

0. 

. 
a 

0. 

29 65
43 C! 
1 68 
'2 5 

4; 6534 C 
45 65 
4o 654b CE 
43 es 
32 ei 
2C o 
21 e! 
-1 eS 

3
3 
3 
3 

33 
3 

33 
3 
3 
3 
3 
3 

0.3. 
0. 

106. 

0.0. 
0. 

;*0. 
0. 
0. 
0. 
0. 
0. 

0. 473.1.. 45 . 
C. 40. 

1043. 11. 

0. 131.0. 151. 
0. * 

a. 45. a. 2. 
C. 11, 
C. -. 
0. 7. 
0. 5 
0. 2. 

453.511. 
539. 
57. 

510.426. 
3I3. 

352.3461. 
35. 
340. 
339. 
339. 
334. 

0.
3. 
0. 
0. 

0.0. 
C. 

a.0. 
0. 
0. 
0. 
0. 
0. 

0.0. 
0. 

1216. 

0.5 . 
0. 

O.0. 
0. 
0. 
0. 
0. 
0. 

0. 1354...0. 13357. 
0. 17927. 
0. 13236. 

0. 13079.0. 1 944. 
0. 1274!. 

a. 1 775.0. 273. 
0. 14707. 
0. 14Zb. 
0. 12.87. 
0. 12799. 
0. 12735. 

0. 03327. 1484l, 2'742, 2424?.0. 62614. 1451. 24043. 24043. 
C. 61SYTE 14221. 0445. 23845. 
0. 6332. 141L6. Z'600. 24600. 

0. 62612. 138.2. 24400. 2440.0. 64023. 13551. 2-42 . 24 3. 
. 6115. I.33. 2401.-2SC1, 

0. 61011. 1i13,S 23940. 23949."0. 6053. 15232. 2307. 23C. 
0. 60014. 12670. 2366. 23663. 
0. 59541. 12471. 23535. 2334. 
U. C9039. 1224. 23402. 23402. 
0. 62629. 125). 2320. 23270. 
0. 5612. 1183. 2313.. 2313. 

0.0. 
0. 
0. 

0.0. 
0. 

0.0. 
0. 
0. 
0. 
0. 
0. 

0.0. 
0. 
0. 

O 0.0. 
0. 

0.0. 
0. 
0. 
0. 
0. 
0. 

0.0. 
0. 
0. 

0. 
0. 

0.0. 
0. 
0. 
0. 
0. 
0. 

0 

0.0. 
C. 
0. 

00. 
0. 

0.0. 
0. 
0. 
0. 
0. 
0. 

0.0. 
0. 
0. 

0.go 
0. 

0.0. 
3. 
0. 
0. 
0. 
0. 

YEAs 4NOFFM 30905. 
!S !3994. 36955.6 

EVPT 50 P 

2236.8 23981. 

OOEST C. . PUN33 CON. 

0.0 62540.4 

PUP TOTAL EXCESS OVEFLOW OVEDORAN . 

0.3 120013.6 0.0 0.0 

nrG0 

1577.4 

E 0 

41. 0 

0 

(FSI:XeMY FOR TEAS 3500*03 .17* 



%K YR K RUN2FF RUNOFF EVAPT EVAP ONSTIC WATER PUMPED SOIL TOTAL
HATRL HARVST AGRIC WATER WATERC V(11 CONC MOISTURE IRRIG VOLUME 1 2 3 

1 69 3 1343. 1751. 2. 317. 0. 3094. 0. 13591. 0. 60781. 11660. 24521. 24600. 
2 69 3 0. . 2. 320. 0. 0. 0. 13588. 0. 60334. 11467. 24394. 24473.3 69 3 0. 0. 2. 319. 0. 0. 0. 135P6. 0. 59887. 11275. 24267. 24346.
4 69 3 0. 0. 2. 319. 0. 0. 0. 13t84. 0. 59442. 11083. 24141. Z4219.
5 69 3 0. 0. 59. 337. 0. 0. 0. 13582. 0. 5897C. 10879. 24006. 24085. 
6 b9 3 0. 0. 08. 351. 0. 0. 0. 13523. 0. 58479. 1C668. 23e67. 23945. 
7 to 3 0. 0. 1.6. 331. 0. 0. C. 13435. 0. 57909. j4 ,6.2372a. 23805.
6 69 3 0. C. 234. 350. 0. 0. 0. 13289. 0. 57501. 10245. 23589. 23665. 
9 69 3 3. 0. 2.p. 520. 0. 0. 0. 13055. 0. 56775. 9932. 23383. 23460.

10 69 3 0. 0. 293. 645. 0. 0. 0. 12803. 0. 55873. 9542. 23127. 23204.
11 69 3 0. 0. 33P. 643. 0. 0. 0. 12515. 0. 54975. 9154. 22972. 22948. 
12 o9 3 0. 0. 333. 640. 0. 0. 0. 12178. 0. 54081. 876a. 22618. 22694. 
13 &9 3 0. 0. 435. 651. 0. 0. 0. 11795. 0. 53172. e375. 22361. 22436.
14 to 3 3. 0. 416. 728. 0. 0. 0. 11390. 0. 52156. 7935. 27073. 22148.15 t9 3 0. 0. 4'*. 714. C. 0. 0. 11021. 0. 51145. 7477. 21786. 21Z61. 
1* 69 3 3. 0. 43-., 721. 0. 0. 0. 10593. 0. 50139. 7062. 21501. 21576. 
17 o 3 3. 0. '50. 717. 0. 0. 3320. 10151. 0. 4913C. 0. 24538. 24600.

i09 3 3. 0. 473. 398. 0. 0. 0. 9735. 0. 48340. 0. 24139. 24201. 
19 09 3 0. 0. 461. 412. 0. 0. 0. 9232. 0. 47516. 0. 23727. 23789. 
20 69 3 0. 0. 434. 409. 0. 0. 0. 8771. 0. 46697. 0. 23318. 23379.21 69 3 0. 0. 51E. 406. 0. 0. 0o 8287. 0. 458e5. 0. 22912. 22973.
22 69 3 0O 0. 540. 377. 0. 0. 0. 7770. 0. 45132. 0. 22536. 22596.
23 oQ 3 0. 0. 553. 250. 0. 0. 0. 7230. 7742. 35891. 0. 11649. 24232.
2* to 3 O 0. 595o 27e. 0. 0. 0. 14404. 0. 35237. 0. 11371. 23867.
25 69 3 0. 0. 54t. 276. 0. 0. 0. 13824. 0. 34598. 0. 11094. 23504. 
Zb t 3 2475. 1574. 1170. 276. 0. 4049. 0. 13964. 0. 30009. 0. 13409. 24600.
27 69 3 3. 0. 12t0. 333. 0. 0. 0. 12794. 0. 37323. 0. 13106. 24212. 
2 69 3 3. J. 133a. 331. 0. 0. 0. 11534. 0. 36643. 0. 12805. 23838.
-? a9 3 0. 0. 1215. 298. 0. 0. 0. 10246. 0. 35968. 0. 12507. 23461. 
30 69 3 0. 0. 114d. 296. 0. 0. 0o 9031. 0. 35297. 0. 12211. 230E6.
31 69 3 0. C. 1oe0 279. 0. 0. 0. 7884. 0. 34664. 0. 11932o 22732. 
32 6; 3 0. 0. 1013. 187. 0. 0. 0. 6908. 8064. 25161. 0. 917. 24244.
33 69 3 3. 0. 9J0. 186. 0. 0. 0. 13959. 0. 24621. 0. 731. 23890.
34 69 3 14597. 4187. 720. 184. 0. 16400. 0. 14104. 0. 40485. 0. 15885. 246CO. 
C01FhiATIENT I OVERFLOW 2324.OTOTAL SYSTEA OVERFLOW 0.03VERDRAFT 0.035 09 3 3. 0. 7. 284. 0. 0. 0. 13500. 0. 39864. 0. 15602. 24262.
3a 69 3 0. . bQ5. 243. 0. 0. 0. 12735. 0. 39333. 0. 15359. 23974. 
37 o9 3 0. 0. 638. 241. 0. 0. 0. 12037. 0. 38804. 0. 15118. 23686. 
36 a9 3 5095. 3077. 543. .240. 0. 8172. 0. 12463. 0. 4*450. 0. 2.1850. 246C0.3c 60 3 0. 0. 473. 276. 0. 0. 0. 11923. 0. 45883. 0. 21573. 24309. 
40 69 3 0. 0O. 453. 198. 0. 0. 0. 11482. 0. 45476. 0. 21375. 24101. 
41 69 3 3. 0. 3. 198. 0. 0. 0o 11032. 0. 45070. 0. 21177. 23893.42 e9 3 272. 9. 1,5. 197. 0. 281. 0. 11234. 0. 44948. 0. 20981. 23967. 
k3 09 3 0. 0. 13'. 196. 0. 0. 0. 11075. 0. 44544. 0. 20784. 23760. 
44 e49 3 0. 0. 131, 152. 0. 0. 0. 10941. 0. 44231. 0. 20632. 23599.'5 64 3 S4. C. 06. 120. 0. 84. 0. 11066. 0. 44069. 0. 20513. 23557.
46 C9 3 2. C. 45. 319. 0. 0. 0. 10999. 0. 43324. 0. 20393. 23431.
,# 69 3 . 3. 0. 23. 119. 0. 0. 0. 10954. 0. 43579. 0. 20274. 23304." 
48 69 3 302. 35. 11. 121. 0. 337. 0. 11602. 0. 43606. 0. 20153. 23513.49 69 3 3. 0. 9. 128. 0. 0. 0. 11746. 0. 43402. 0. 20025. 23376. 

15 C9 3 0. 0. 7. 127. 0. 0. 0. 11737. 0. 43139. 0. 19698. 23241.
51 69 3 30. 0. 5. 127. 0. 0. 0. 11730. 0. 42876. 0. 19771. 23105.
-52 69 3 3. 0. 2. 127. • 0. 0. 0. 11725. 0. 42615. 0. 19644. 22970. 

4 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

5 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
G. 

6 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0O 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0o 
0. 
0o 

7 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

e 
3. 
0. 
2. 
0. 
3. 
3. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
3. 
3. 
0. 
2. 
0. 
0. 
2. 
3. 
3. 
J. 
0. 
0. 
0. 
3. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

3. 
0. 
0. 
3. 
0. 
0. 
3. 
0. 
2. 
0. 
0. 
0. 
0. 
3. 
0. 
0. 
0. 
3. 

w 

YEAR 4,Ji.GFFN RUNOFFW EVAPT EVAP DOMESTIC IN. PUMP CONC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG PEPC 

69 24168.Z 14180.7 22506.8 17012.1 0.0 32417.2 3319.7 2384.0 0.0 0.0 15805.6 C.0 

EIFICIiNCY FOR YEAR 4EQUALS 41.79 



VK Y 

I 70 

K 

3 

RUNOFF qUNOFF EVAPT EVAP ONSTIC WATER PUMPED SOML TOTAL 
NATAL HARVST AG41C WATER WATERC V(I) CONC MOISTURE IRRIG VOLUME 
. 3. 0. 2. 113. C. 0. 0. 11723. 0. 42392. 

1 2 3 
0. 19532. 22650. 

4 
0. 

5 
0. 

6 
0. 

7 
0. 

E 
0. 

2 70 3 0. 0. 2. 112. 0. 0. 0. 11721. 0. 42149. 0. 19419. 22730. 0. 0. 0. 0. 3. 
3 70 3 1640. 161?. 2. 112. 0. 3257. 0. 12280. 0. 45175. 0. 20575. 24600. 0. 0. 0. 0. 3. 
t 70 3 851. 1053. 2. 115. 0. 1934. 0. 12469. 0. 46841. 0. 22241. 24600. 0. 0. 0. 0. 0. 
5 73 
6 73 

3 
3 

3. 
5. 

0. 
0. 

59. 
88. 

126. 
131. 

0. 
0. 

0. 
0. 

0. 12467. 
0. 12409. 

0. 46583. 
0. 46316. 

0. 22115. 24469. 
0. 21984. 24332. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

7 70 3 0. 0. 146. 131. 0. 0. 0. 12321. 0. 46049. 0. 21053. 24196. 0. 0. 0. 0. 3. 
8 70 
0 7 

3 
3 

3. 
3. 

0. 
0. 

234. 
24S. 

130. 
216. 

0. 
0. 

0. 
C. 

0. 12175. 
0. 11941. 

0. 457E2. 
0. 45341. 

0. 21723. 24060. 
0. 21507. 23034. 

0. 
0. 

0. 
0. 

2. 
0. 

0. 
0. 

2. 
U. 

10 70 3. 0. 273. 250. 0. 0. 0. 11693. 0. 447b9. 0. 21227. 23542. 0. 0. 0. 0. 3. 

11 72 3 0. 0. 338. 278. 0. 0. 0. 11401.. 0. 44201. 0. 20949. 23252. 0. 0. 0. 0. 0. 

12 
13 

70 
70 

3 
3 

0. 
.. 

0. 
0. 

333. 
405. 

277. 
2R?. 

0. 
0. 

0. 
0. 

3. 11063. 
0. 10681. 

0. 43636. 
0. 43048. 

0. 20,73. 22963. 
0. 20385. 22663. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

14 70 3 0. 0. 416. 350. 0. 0. 0. 10276. 0. 42312. 0. 20125. 22287. 0. 0. 0. 0. 3. 
15 70 3 3. 0. 42a. 357. 0. 0. 0. 9859. 0. 41582. 0. 1966e. 21914. 0. 0. 0. 0. 1. 
16 70 
17 70 

3 
3 

3. 
3. 

0. 
0. 

434. 
450. 

355. 
322. 

0. 
0. 

0. 
0. 

0. 
0. 

9432. 
8993. 

0. 406.7. 
0. 40137. 

0. 19314. 21543. 
0. 18962. Z1175. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
a. 

1! 70 
19 70 

3 
3 

0. 
0. 

0. 
0. 

473. 
41. 

360. 
359. 

0. 
0. 

0. 
0. 

0. 
0. 

8543. 
6071. 

0. 39401. 
0. 36666. 

0. 18502. 20800. 
0. 16243. 20425. 

0. 
C. 

0. 
0. 

0. 
C. 

0. 
0. 3. 

Z4 7; 
21 70 

3 
3 

3. 
0. 

0. 
0. 

414. 
51h. 

336. 
244. 

0. 
0. 

0. 
0. 

0. 
0. 

7609. 
7126. 

0. 37940. 
784o. 28575. 

0. 17887. 20052. 
0. 4378. 24196. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

22 70 3 0. 0. 540. 218. 0. 0. 0. 14501. 0. 27999. 0. 416C. 23839. 0. 0. 0. 0. 0. 

23 70 3 3. 0. 563. 198. 0. 0. 0. 14008. 0. 27475. 0. 3962. 23512. 0. 0. 0. 0. 0. 
2. 70 3 0. 0. 585. 196. 0. 0. 0. 13595. 0. 26954. 0. 3766. 23188. 0. 0. 0. 5. 3. 
25 70 3 0. 0. 596. 195. 0. 0. 0. 13010. 0. 26437. 0. 3572. 22865. C. 0. 0. 0. 3. 
21 70 3 0. 0. 1170. 194. 0. 0. 0. 12523. 0. 25920. 0. 3377. 22542. 0. 0. 0. 0. 3. 
27 70 3 0. 0. 126C. 200. 0. 0. 0. 11353. 0. 25388. 0. 3178. 22210. 0. 0. 0. 0. 3. 

2S 72 
29 70 

3 
3 

3. 
0. 

0. 135;. 
0. IZ15. 

198. -
196. 

0. 
0. 

0. 
0. 

0. 10093. 
2784. 8847. 

0. 24860. 
0. 24336. 

0. 
0." 

2980. 21880. 
0. 24336. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

30 70 3 0. 0. 114P. 0. 0. 0. 0. 7694. 0. 23993. 0. 0. 23993. 0. 0. 0. 0. 3. 

31 70 3 0. C. 1030. 0. 0. 0. 0. 6547. 8425. 14329. 0. 0. 14329. 0. 0. 0. 0. 0. 
32 70 3 0. 0. 1013. 0. 0. 0. 0. 13892. 0. 14020. 0. 0. 14020. 0. 0. 0. 0. 0. 
33 73 3 3. 0. 930. 0. 0. 0.. 0. 12879. 0. 13714. 0. 0. 13714. 0. 0. 0. 0. 3. 
3- 70 3 0. 0. 720. 0. 0. 0. 0. 11979. 0. 13409. 0. C. 13401. 0. 0. 0. 0. 2. 
35 70 
3t 70 

3 
3 

0. 
0. 

0. 
0. 

7u;. 
te8. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 11259. 
0. 10494. 

0. 13126. 
0. 12893. 

0. 
0. 

0. 13126. 
0. 12893. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

37 7; 
33 74 
39 70 

3 
3 
3 

107. 
219. 
2573. 

0. 
0. 

1621. 

608. 
540. 
473. 

0. 
0. 
0. 

0. 
0. 
0. 

107. 
219. 

4191. 

0. 1016?. 
0. 9874. 
0. 10354. 

0. 12767. 
0. 12755. 
0. 16714. 

0. 
0. 
0. 

0. 12767. 
0. 12755. 
0. 16714. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

3. 
.3. 
3. 

4C 70 3 0. 0. 470. 0. 0. 0. 0. 9882. 0. 16519. 0.. 0. 16519. 0. 0. 0. 0. 3. 
41 70 
42 70 
43 7C 

3 
3 
3 

0. 
0. 
3. 

0. 
0. 
0. 

405. 
158. 
13:. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

9432. 
9027. 
869. 

0. 16324. 
0. 16130. 
0. 15937. 

0. 
0. 
0. 

0. 16324. 
0. 16130. 
0. 15937. 

0. 
0. 
G. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
1. 
3. 

44 73 
,.5 70 
4a 70 

3 
3 
3 

3. 
0. 
0. 

0. 
0. 
U. 

101. 
se. 
45. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

S734. 
5633. 
8565. 

0. 15766. 
0. 15613. 
0. 15460. 

0. 
0. 
0. 

0. 15766. 
0. 15613. 
0. 15460. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

3. 
3. 
0. 

47 73 3 0. 0. Z3. 0. 0. 0. 0. d5zo. 0. 15308. 0. 0. 15308. 0. 0. 0. 0. 3. 
4d 73 
49 70 
50 70 

3 
3 
3 

0. 
3. 
0. 

0. 
G. 
0. 

11. 
q. 
7. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

9498. 
8487. 
8479. 

0. 15161. 
0. 15024. 
0. 14987. 

0. 
0. 
0. 

0. 15161. 
0. 15024. 
0. 14887. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
3. 

51 70 3 0. 0. 5. 0. C. 0. 0. 8471. 0. 14752. 0. 0. 14752. 0. 0. 0. 0. 3. 
52 70 3 0. 0. 2. 0. C. 0. 0. 8466. 0. 14616. 0. 0. 14616. 0. 0. 0. 0. 0. 

YiAR RU4OFFM RU4.0FFW EVAPT EVAP DOMESTIC IN. PUrP C04C. PUMP TOTAL EXCESS OVERFLO1 OVEKORAWN IRDIG PEkC 

73 5397.0 5752.5 22tu6.8 6643.9 0.0 9675.2 2783.6 0.0 0.0 0.0 16270.6 C.0 

EFFICIENCY F3R YEAR 5EQUALS 57.51 



hK YR K RUNOFF RU4OFF EVAPT EVAP OMSTIC WATER PUMPED SOIL TOTAL 

1 71 3 
NATRL 14ARVST AGRIC WATER WATERC 

0. 0. 2. 0. 0. 
V(i) 

0. 
CONC 

0. 
MOISTURE IRRIG VOLUME 
8464. 0. 14468. 

1 
0. 

2 
0. 

3 
14468. 

4 
0. 

5 
0. 

6 
0. 

7 
0. 

e 
0. 

2 71 3 0. 0. 2. 0. 0. 0. 0. 8462. 0. 14320. 0. 0. 14320. 0. 0. C. 0. 3. 
3 73 3 0. 0. 2. 0. 0. 0. 0. 0463. 0. 14173. 0. 0. 14173. 0. 0. 0. C. 0. 
4 71 3 0. 0. Z. 0. 0. 0. 0. 8457. 0. 14026. 0. 0. 14026. 0. 0. 0. 0. 3. 
5 71 3 3. 0. 59. 0. 0. 0. 0. 8455. 0. 13871. 0. 0. 13871. 0. 0. 0. 0. 0. 
6 71 3 0. 0. s8. 0. 0. 0. 0. 8397. 0. 13710. 0. 0. 13710. 0. 0. 0. 0. 0. 
7 71 3 3. 0. 1.6. 0. 0. 0. 0. 8309. 0. 13549. 0. 0. 13549. 0. 0. 0. 0. 0. 
5 71 
O 71 

3 
3 

. 
0. 

0. 
0. 

234. 
Zzp. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

8163. 
7929. 

0. 13389. 
0. 13185. 

0. 
0. 

0. 133e9. 
0. 131a5. 

o. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

10 71 
11 71 

3 
3 

0. 
3. 

0. 
0. 

293. 
33d. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

7681. U. 12948. 
7389.. 7583. 4341. 

0. 
0. 

0. 12q48.
0. 4341. 

0. 
C. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

12 71 3 0. 0. 3S3. 0. 0. 0. 0. 14634. 0. 4161. 0. 0. 4161. 0. 0. 0. 0. 0. 
13 71 3 0. 0. 405. 0. 0. 0. 3. 14252. 0. 3978. 0. 0. 3978. 0. 0. 0. 0. 0. 
14 71 3 0. 0. 41b. 0. 0. 0. 0. 13847. 0. 3774. 0. 0. 3774. 0. 0. 0. 0. 0. 
16 71 3 3. 0. 42d. 0. 0. 0. 0. 13430. 0. 3573. 0. 0. 3573. 0. 0. 0. 0. 0. 
lo 71 3 0. 0. 439. 0. 0. 0. 0. 13003. 0. 3373. 0. 0. 3373. 0. 0. 0. 0. 3. 
17 71 
18 71 

3 
3 

0. 
3. 

0. 
0. 

4 . 
473. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 12564. 
0. 12114. 

0. 
0. 

3174. 
2960. 

0. 
0. 

0. 
0. 

3174. 
29t0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
3. 

1q 71 3 0. 0. "'1. 0. 0. 0. 0. 11704. 0. 2745. 0. 0. 2745. 0. 0. 0. 0. 0. 
20 71 3 627. 261. 4e4. 0. 0. 88. 0. 11847. 0. 3420. 0. 0. 3420. 0. 0. 0. 0. 3. 
21 71 3 3. 0. "s. 0. 0. 0. 0. 11363. 0. 3201. 0. 0. 3201. 0. 0. 8. 0. 0. 
Z 71 3 0. 0. 5.C. 0. 0. 0. 0. 10846. 0. 3009. 0. 0. 30C9. 0. 0. 0. 0. 0. 
23 71 3 3. 0. 53. 0. 0. 0. 0. 10306. 0. 2837. 0. 0. 2837. 0. 0. 0. 0. 0. 
2' 71 3 0. 0. 5$5. 0. 0. 0. 0. 9790. 0. 2667. 0. 0. 2667. 0. 0. 0. 0. 3. 
25 71 3 3. 0. 590. 0. 0. 0. 0. 9276. 0. 2498. 0. 0. 2498. 0. 0. 0. 0. 3. 
Zo 71 3 1929. 762. 1170. 0. 0. 2690. 0. 9383. 0. 501s. 0. 0. 5018. 0. 0. C. 0. 3. 
27 71 3 3. 0. 1260. 0. 0. 0. 0. 8218. 0. 4814. 0. 0. 4814. 0. 0. 0. 0. 0. 
28 71 
2; 71 

3 
3 

. 
3. 

G. 1350. 
0. 1215. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 7062. 
0. 100'5. 

4333. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
U. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

4a 

3C 71 3 3. 0. 114C. 0. 0. 0. 0. 8830. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
31 71 3 4428. 2414. 1080. 0. 0. 6842. 0. 8588. 0. 6842. 0. 0. 6842. 0. 0. 0. 0. 3. 
32 71 3 0. 0. 1013. 0. 0. 0. 0. 7570. 0. 6664. 0. 0. 6664. 0. 0. 0. 0. 0. 
33 71 3 29746. 10550. COO. 0. 0. 16400. 0. 8495. 0. 22887. 0. 0. 22887. 0. 0. 0. 0. 0. 
CGMPAtT4EHT 1 OVERFLOW 24195.7TOTAL SYSTEM OVERFLOW O.OOVERCRAFT 0.0 
34 71 3 0. 0. 720. 0. 0. 0. 0. 7585. 0. 22623. 0. 0. 22623. 0. 0. 0. 0. 0. 
35 71 3 0. 0. 7o5. 0. 0. 0. 0. 6865. 8106. 13403. 0. 0. 13403. 0. 0. 0. 0. 3. 
36 71 3 0. 0. f98. 0. C. 0. 0. 14269. 0. 13199. 0. 0. 13399. 0. 0. 0. 0. 0. 
37 71 3 3263. 2213. 636. 0. 0. 5494. 0. 14388. 0. 18490. 0. 0. 18490. 0. 0. 0. 0. 0. 
3e 71 3 3. 0. 540. 0. 0. 0. 0. 13780. 0. 1e261. 0. 0. 18261. 0. 0. 0. 0. 7. 
39 71 3 0. 0. 473. a. 0. 0. 0. 13240. 0. 18032. 0.. 0. 18C32- 0. 0. 0. 0. 3. 
40 71 3 765. 458. 450. 0. 0. 1224. 0. 13508. 0. 19119. 0. 0. 19119. 0. 0. 0. 0. 3. 
41 71 3 13699. 8445. 405. 0. 0. 16400. 0. 24890. 0. 35379. 0. 10779. 24600. 0. 0. 0. 0. 0. 
CGAFARTAiNT 1 OVERFLOW 5744.6TOTAL SYSTEA 04ERFLOW O.0OVERDRAFT 0.0 
4Z 71 3 4995. 3702. Ia. 115. 0. 8596. 0. 14972. 0. 43705. 0. 19105. 24600. C. 0. 0. 0. 3. 
43 71 3 3. 0. 135. 140. 0. 0. 0. 14814. 0. 43409. 0. 1R965. 24444. 0. 0. Q. 0. 0. 
44 71 3 0. . . 101. 149. 0. 0. 0. 14679. 0. 43095. 0. 18516. 24279. 0. 0. 0. C. 0. 
45 71 
46 71 

3 
3 

0. 
0. 

3. 
0. 

be. 
45. 

155. 
154. 

0. 
0. 

0. 
0. 

0. 14575. 
0. 14510. 

0. 42768. 
0. 42442. 

0. 18661. 24107. 
0. 185C6. 23936. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

'7 71 3 3. 0. 23. 154. 0. 0. 0. 14465. 0. 42117. 0. 18352. 23765. 0. 0. 0. 0. 3. 
48 71 3 0. 0. 11. 148. 0. 0. 0. 14443. 0. 41805. 0. 19204. 23600. 0. 0. 0. 0. 3. 
49 71 3 3. 0. 9. 134. 0. 0. 0. 14432. 0. 41521. 0. 18070. 23451. 0. 0. 0. 0. 0. 
50 71 3 0. 0. 7. 134. 0. 0. 0. 14423. 0. 41239. C. 17936. 23302. 0. 0. 0. 0. 0. 
51 71 3 0. 0. 5. 133. 0. 0. 0. 14494. 0. 40957. 0. 17803. 23154. 0. 0. 0. 0. 0. 
52 71 3 3. 0. 2. 133. 0. 0. 0. 14489. 0. 40676. 0. 17670. 23006. 0. 0. 0. 0. 0. 

TEAR JNOFFN AUNOFFW EVAPT EVAP OOnESTIC IN. PUMP CONC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG PERC 

71 59369.6 34023.5 22506.8 1549.9 0.0 58534.6 0.0 29940.4 0.0 0.0 20022.2 277.6 

EFFICLE14CY FOR YEAR 6EQUALS 33.43 



WK TR K RUN3FF RUNOFF EVAPT EVAP ORSTIC WATER PUMPEO SOIL TOTAL 
NATRL 4ARVST AGRIC WATER VATERC V(1) CONC MOISTURE IRRIG VOLUME 

1 7Z 3 3. 0. 2. 137. 0. 0. 0. 14487. 0. 40387. 
2 72 3 0. 8. 2. 137. 0. 0. 0. 1*485. 0. 40098. 
3 72 3 0. 0. 2. 136. 0. 0. 0. 14483. 0. 39810. 
4 72 3 0. 0. 2. 136. 0. 0. 0. 14400. 0. 39524. 
5 72 3 0. 0. 59. 144. 0. 0. 0. 14478. 0. 39220. 
e 72 3 0. 0. 88. 149. 0. 0. 0. 14420. 0. 38904. 
7 72 3 0. 0. 146. 149. C. 0. 0. 14332. 0. 38590. 
E 72 3 0. 0. 234. 148. 0. 0. 0. 14186. 0. 38276. 
9 72 3 0. 0. 24e. 161. 0. 0. 0. 13952. 0. 37935. 

10 72 3 0. 0. 293. 170. C. 0. 0. 13704. 0. 37576. 
11 7Z 3 0. 0. 338. 170. 0. 0. 0. 13412.- 0. 37217. 
12 72 3 0. 0. 333. 16?. 0. 0. 0. 13074. 0. 36860. 
13 72 3 3. 0. 405. IS6. 0. 0. 0. 12692. 0. 38456. 
14 72 3 0. 0. 416. Z41. 0. 0. 0. 12297. 0. 35e50. 
16 72 3 3. 0. 42s. 29. 0. 0. 0. 11870. 0. 3523b. 
lo 72 3 0. G. 434. 287. 0. 0. 0. 11443. 0. 34630. 
17 72 3 0. C. 45a. 286. 0. 0. 3. 11004. 0. 34026. 
13 72 3 0. 0. 473. 240. 0. 0. 0. 10554. 0. 33519. 
1Q 72 3 3. 0. 

4 
.1 231. 0. 0. 0. 10062. 0. 33030. 

20 72 3 0. 0. 4Z4. 230. 0. 0. 0. 9523. 0. 32544. 
21 72 3 0. 0. 51S. 221. 0. 0. 0. 9137. 0. 32061. 
Z2 72 3 0. 0. 540. 238. 0. 0. 0. 8619. 0. 31t56. 
23 72 3 0. 0. 5o3. 245. 0. 0. 0. 8079. 0. 31036. 
2- 72 3 3. C. 5$5. 244. 0. 0. 0. 7517. 0. 30520. 
25 72 3 0. 0. :06. 0. 0. 0. 0. 693Z. 8040. 21203. 
2 72 3 0. 0. 1170. 0. 0. 0. 0. 14375. 0. 21009. 
27 72 3 0. 3. 1260. 0. o. 0. 0. 13205. 0. 207b. 

72 3 0. 0. 1350. 0. 0. 0. 0. 11945. 0. 20529. 
29 72 3 3. C. 1215. 0. 0. 0. 0. 13595. 0. 20290. 
3C 72 3 J. 0. 1148. 0. 0. 0. 0. 9380. 0. 2053. 
31 72 3 3. 0. 1030. 0. 0. 0. 0. 8233. 0. 19793. 
32 72 3 0. 0. 1013. 0. 0. 0. 0. 7153. 7819. 1084. 
33 ',- 3 3. 0. Q0J. 0. 0. 0. 0. 13c59. 0. 10667. 
34 72 3 0. U. 720. 0. 0. 0. 0. 13059. 0. 10450. 
3t 72 3 0. C. 70D. 0. 0. 0. 0. 12339. 0. 16242. 
3b 72 3 3. 0. 695. 0. 0. 0. 0. 11621. 0. 10055. 
37 72 3 54i. !0. 608. 0. 0. 624. 0. 11534. 0. 10492. 
3e 72 3 25793. 85Qj. 540. 0. 0. 16400. 0. 12578. 0. 26703. 
CQPAATTMEhT I OVERFLVW 17461.0TOTAL SYSTEn OVERFLOW O.OOVERORAFT 0.0 
JS 72 3 20. 0. 473. 142. 0. 206. 0. 1253?. C. 26509. 
4G 7Z 3 0. 0. 470. 85. 0. 0. 0. 12130. 0. 26269. 
41 72 3 3. 0. 405. 65. 0. 0. 0. 11653. 0. 28029. 
%Z 72 3 3. 0. 158. 54. 0. 0. 0. 11275. 0. 25700. 
43 72 3 3526. 2714. 135. $4. 0. 6239. G 12007. 3. 31792. 
4' 72 3 0. C. 1)1. 110. 0. 0. 0. 11072. 0. 31516. 
45 72 3 3. 0. 5. 114. 0. 0. 0. 11771. 0. 31229. 
40 72 3 3. 0. 45. 114. 0. 0. 0. 11704. 0. 30943. 
-7 72 3 0. 0. 23. 114. 0. 0. 0. 11659. 0. 3065e. 
4E 72 3 0. 0. 1. 109. 0. 0. 0. 11636. 0. 30384. 
49 72 3 3. 0. Q. 99. 0. 0. 0. 11625. 0. 30135. 
50 72 3 0. 0. 7. 99. 0. 0. 0. 11616. 0. 29o8. 
51 72 3 3. 0. 5. 99. 0. 0. 0. 11609. 0. Z9641. 
52 72 3 3. 0. 2. 48. 0. 0. 0. 11605. 0. 29394. 

1 2 3 
0. 17533. 22854. 
0. 17396. 22702. 
0. 17260. 22551. 
0. 17124. 22399. 
0. 16980. 22243. 
0. 16831. 22073. 
0. 16682. 21008. 
0. 15533. 2174?. 
0. 16372. 21563. 
0. 16202. 21373. 
0. 16032. 21185. 
0. 15863. 20q96. 
0. 15677. 20789. 
0. 153P6. 20464. 
0. 15097. 20142. 
0. 14609. 19b21. 
0. 14574. 19503. 
0. 1424. 19235. 
0. 14053. 18q77. 
0. 13923. 19721. 
a. 13595. 18418. 
0. 1335f. 18200. 
0. 13111. 17025. 
0. 17?67. 17153. 
0. 0. 21293. 
0. 0. 2100q. 
0. 1. 2C769. 
0. 0. 2052. 
0. 0. 20290. 
0. 0. 20C53. 
0. 0. 19793. 
0. 0. 10806. 
0. 0O 1056.7. 
0. 0. 10450. 
0. 0. 10242. 
0. 0. 10055. 
0. 0. 10492. 
0. 2103. 24600. 

0." 1961. 24549. 
0. 1876. 24393. 
0. 1792. 24238. 
0. 1707. 240e3. 
0. 7102. 24000. 
0. 7042. 24434. 
0. 6967. 24262. 
0. 6853. 24090. 
0. 6140. 23918. 
0. 6530. 23754. 
0. 6631. 23604. 
0. 6433. 23455. 
0. 6334. 23306. 
0. 6236. 231!8. 

4 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
G. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
C. 
0. 
0. 
C. 
0. 
0. 
0. 
. 
C. 
0. 
0. 

0. 

5 
0. 
0. 
0. 
0. 
0. 
3. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
L. 
0. 
0. 
U. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

6 
0. 
0. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
. 
0. 
C. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

7 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
a. 
9. 
3.0. 
0. 
0. 
0. 
0. 
0. 
0. 
. 
0. 
0. 
. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
:. 
0. 
0. 

.0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

a 
0. 
3. 
3. 
1. 
3. 
3. 
0O 
0. 
3. 
0. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
0. 
3. 
3. 
3. 
3. 

j. 
Z. 
J. 
0. 
3. 
3. 
3. 
0. 
0. 
3. 
3. 
3. 
3. 
3. 
0. 

3. 
0. 
0. 
3. 
0. 
3. 
0. 
3. 
3. 
3. 
0. 
0. 
0. 

0. 

__ 

m 

YiAR RuNOFFN RUNOFFW EVAPT EVAP OOMESTIC IN. PUMP CONC. PUMP TOTAL EXCESS OVfP'LOW OVERODAWN IRRIG PERC 

72 30065;9 13772.7 2Z506.8 8237.1 0.0 23469.1 0.0 17981.0 0.0 0.0 15e58.6 Coo 

EOFICIENCY FOR YEAR 7EQUALS 40.93 



TAII 

1 73 

K 

3 

RUN3FF kU10FF EVAPT EVAP OMSTIC WATER PUMPED SOIL TOTAL 

NATRL HARVST AGRIC WATER WATERC V(I) CONC MOISTURE IRRIG VOLUME 
0. 0. 2. 101. . 0. 0. 11602. 0. 29141. 

1 
0. 

2 3 
6136. 23005. 

4 
0. 

5 
0. 

6 
0. 

7 
0. 

8 
0. 

2 73 3 2 33353. .0. .10.2. 130. 00. 5.53. 0 1810.0. 11894. 
. 9..
0. 28941. 

0.
0. 

6035. 2200,6.
5935. 2275. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3 73 3 3. 0. 2. 100. 0. 0. 0. 11e9. 0. 28638. D. 5835. 22602. 0. 0. 0. 0. 3. 

5 73 
6 73 
7 73

73
73 

3 
3 
3
3
3 

0. 
3. 
9.
0.
0. 

0. 
0. 
0.
0.
0. 

59. 
8s. 

146.
234.
23E. 

106. 
110. 
139. 
109.
118. 

0. 
0. 
0. 
0.
0. 

0. 
0. 
0. 
0.
0. 

o. 11817. 
0. 11828. 
0. 11711. 
0. 11704.
0. 

0. zb!72. 
0. 27895. 
0. 27619. 
0. 27345.
0170.0. 27046. 

0. 
0. 
0. 
0. 
o. 

5730. 22442. 
5670. 22275. 
5511. 22109. 
5402. 21943.
5284. 21763. 

0. 
0. 
0. 
0.
0. 

C. 
0. 

0. 
0.
0. 

0. 
0. 

0. 
0.
0. 

0. 
0. 

0. 
0.
0. 

0. 
0. 

3. 
2.
3. 

rp73 3 3. 0. 2-E. 118. 0. 0. 0. 11227. 0. 28731. 0o 5159. 21572. 0. 0. 0. 0. 0. 

11 73 
12 73 
13 73 
14 7315 73 

3 
3 
3 
33 

0. 
3. 
0. 
0.3. 

U. 
G* 
0. 
0.0. 

33d. 124. 
3e3. 124. 
40'° 136. 
41b. 213. 
... 211.0 

0. 
0. 
0. 
0. 
. 

0. 
0. 
0. 
0.
0. 

0. 10933." 
0. 10592. 
0. 10210. 
0. 9805. 
0. 938. 

0. 26418. 
0. 26105. 
0. 25761. 
0. 2522. 
0. 246e7. 

0. 5035. 21383. 
0. 4911. 21394. 
0. 4775. 20986. 
0. 4562. 20z60. 
0. 4351. 2033t. 

0. 
G. 
0. 
0. 
G. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
C. 

0. 
0. 
0. 
0. 
0. 

3. 
0. 
2. 
a. 
2. 

16 73 
17 73 
IS 73 
14 73 
20 73
-1 73
22 73 

3 
3 
3 
3 
3
3
3 

0. 
3. 
0. 
0. 
3.
0.
0. 

0. 
0. 
0. 
0. 
0.
0.
0. 

139. 
1. 
473. 
461. 
454.
516. 
510. 

209. 
O. 

0. 
0. 
0. 
0. 
0. 

0. 
O. 
0. 
0. 
C. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

4142. 861. 
0. 8522. 
0. 9072. 
0. 700. 
0. 7135. 
0. 144.. 
0. 13970. 

0. 241.156. 
0. 23810. 
0. 23520. 
0. 23240. 

7833. 14304. 
0. 14073. 
0. 13814. 

0. 
0. 
0. 
0. 
0. 
0. 

0. 23810. 
0. 23520. 
0. 23240. 
0. 14304. 
0. 14073. 
0. 13814. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.
0. 
0. 
0. 
0. 
0. 
0. 

0.
0. 
0. 
0. 
0. 
0. 
0. 

0.
0. 
0. 
0. 
0. 
0. 
0. 

2.
0. 
2. 
3. 
0. 
0. 
0. 

Z3 73 
73 

25 73 
25 73 
27 7321 73 

3 
3 
3 
3 
33 

0. 
0. 

4509. 
3. 

163.0. 

0. 563. 
0. 5. 

32!3. 590. 
0. 1110. 
0. 12A0.
0. 13O. 

0. 
00. 

0. 
0. 
0. 
0. 

0. 
0. 

0. 
0. 
0. 
0. 

0. 
0. 

7M7T. 
0. 

160. 
0. 

0. 13430. 
3. 12e5g. 

3. 13296. 
0. 12700. 
0. 11902. 
0. 10732. 

O. 13535. 
0. 13258. 

0. 20779. 
D. 20463. 
0. 20336. 
0. 20053. 

0. 
0. 

0. 
0. 
0. 
0.. 

0. 13535. 
0. 1325e. 

0. 20779. 
0. 20460. 
0. 20336. 
0o 20C53. 

0. 
0. 

0. 
0. 
0. 
0. 

0. 
0. 

C. 
0. 
0. 

0. 

0. 
0. 

C.
0. 
0. 

0. 

0. 
9. 

0.
0. 
0. 

0. 

2. 
3. 

2.
3. 
3. 

0. 

2c 73 3 3. 0. 1215. 0. 0. 0. 
3u 73 3 1835. 652. 11.E. 0. 0. 2486. 
31 73 3 0. 0. 10a0. 0. 0 .0 . 
32 73 3 1259. 1336. 1013. 0. 0. 2594. 
33 73 3 3C279. 100-7. 900. 0. 0. 16400. 
CO4PARTSENT 1 OVERFLCV 3uP26°.TOTAL SYSTEM OVERFLOV 
34 73 3 3. 0. 72. 21.7. 0. 0. 

0. 
0. 
0. 
0. 
0. 

0. 

9382. 0. 19772. 
8839. 0. 21978. 
7691. 0. 21692. 
7522. 0. 24005. 
8442. O. 40111. 
O.OlVERDRAFT 0.0 
7542. 0. 39566. 

0. 0. 19772. 
0. 0. 21978. 
0. 0. 21692. 
0. 0. 24005. 
0. 15511. 24600. 

0. 15214. 24303. 

0. 
0. 
0. 
0. 
0. 

0. 

0. 
0. 
0. 
0. 
0. 

0. 

0. 
0. 
0. 
0. 
0. 

0. 

0. 
0. 
0. 
0. 
0. 

0. 

0. 
0. 
0. 
0. 
0. 

0. 

35 73 3 0. C. 7n5. 180. 0. 0. 0. 6926. 8045. 30165. 

3o 73 3 3. G. 645. 155. 0. 0. 0. 14207. 0. 29769. 

37 73 3 21304. 81a7. 606. 154. C. 16400. 0. 14972. 0. 45773. 

CL PARTIENT I OVERFLGW 13Jel.OT3TAL SYSTE4 OVERFLOW O.03VERDRAFT 0.0 

36 73 3 0. 0. 5.3. 229. 0. 0. 9. 14380. 0. 45301. 

39 73 3 1471. 624. 473. 225. 0. 2095. 0. 14572. 0. 46926. 

40 73 3 3. 0. 450. 194. 0. 1. 0. 14289. 0o 1.6530. 

41 73 3 9. 0. 405. 193. 0. 0. 0. 13839. 0. 46136. 

42 73 3 1970. 1949. 15!. 192. 0. 3919. 0. 14252. 0. 49662. 

43 73 3 3. 0. 135. 474. 0. 0. 193. 14095. 0. 489B6. 

'.t73 3 0. 0. 131. 211. 0. 0. 0. 14022. 0. 48563. 

45 73 3 0.. 0. 68. 218. 0. 0. 0. 13921. 0. 48128. 

4o 73 3 0. 0. 45. 217. 0. 0. 0. 13854. 0. 47694. 

47 73 3 0. C. 23. 216. 0. 0. 0. 13809. 0. 47261. 

46 73 3 0. 0. 11. 195. 0. 0. 0. 13786. 0. 46870. 

-9 73 3 0. 0. 9. 145. 0. 0. 0. 13775. 0. 465e0. 

50 73 3 0. 0. 7. 144. 0. 0. 0. 13766. 0. 46291. 

51 73 3 3. 0. 5. 144. 0. 0. 0. 13759. 0. 46003. 

52 ?3 3 0. 0. 2. 144. 0. C. 0. 13833. 0. 45716. 

0. 5847. 24318. 
0. 5693. 24076. 
0. 21173. 24600. 

O.'ZO9.5. 24356. 
0. 22326. 24600. 
0. 22132. 24398. 
0. 21939. 24197. 

462. 24600. 24600. 
0. 24398. 245e. 
0. 24187. 24376. 
0. 23970. 24158. 
0. 23753. 239411 

0. 23537. 2372. 
0. 23342. 23528-
0. 23197. 233E3. 
0. 23053. 23238-
0. 22909. 23094. 
0. 22766. 22950. 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
C. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

C. 
0. 
0. 
0. 
0. 
0. 

0.
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 

0.
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
O. 
0. 

3.
0. 
3. 

0. 
0. 
9. 
0. 
2. 
9. 
3. 
0. 
3. 

2. 
0. 
0. 
3. 
0. 
0. 

YEAR RJhOFFN RJNOFFI EVAPT EVAP DOMESTIC 1N. PUMP COC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IPRIG PERC 

73 68340.5 32177.9 22506.8 5972.E 0.0 51904.9 4331.8 43587.1 0.0 0.0 15378.3, 152.2 

EFFICIEICY FOR YEAR BEQUALS 26.57 



UKVtz K RUpI4FF RUMOFF EVAPT' VAP OMSTIC- WATER PUMPEO SOIL TOTAL 
HATAL NARVST AGRIC MATER ATERC V(Ii CONC MOISTURE IRRIG VOLUME 1 Z 3 4 5 6 7 8 

L 7*p 3 3. 0. 2. 166. 0. 0. 0. 13331. 0. 45384. 0. 22600. z2?e4e . 0. 0. 0. 0. 
2 74 3 0. 0. 2. 165. 0. 0. 0. 13828. 0. 45053. 0. 22435. 22618. 0. 0. 0. 0. 3. 
3 74V 3, 3. 0. 2. 165. 0. 0. 0. 138Z6. 0. 447Z3. 0. Z2O. 22*53. 0. 0. 0. o. J. 
4-74- 3 3. 0. 2. 164. 0. 0. 0. 13886. 0. 44395. 0. 22106. ZZzes. 0. 0 0. 0. 0. 
5 74 
6 74

L 

7 

3 
3 
3 

0. 
a. 
0. 

0. 
0. 
00. 

j9. 
8. 

106 

174. 
161. 
150. 

0. 
0. 
a. 

0. 
0. 
a. 

0. 1384. 
0. 13e26: 
3. 13738. 

0. 44047. 
0. 43685 
0. 433Z5. 

0. 21933. 22114. 
0. 21752: 21933. 
0. 21572. 21753. 

0. 
0. 
0. 

a. 
0. 
0. 

O. 
0. 
0. 

0. 
0. 
0. 

0. 
0. 
0. 

8 74, 3 0. 0. 234. 179. 0. 0. 0. 13592. a. 42965. 0. 21393. 21573. 0. 0. 0. 0. 0. 
9 74 3 0. 0. 248. 237. 0. 0. 0. 13358. 0. 42491. 0. 21156. 21335. 0. 0. 0. 0. 3. 
10 74 3 0. 0. 293. 279. 0. 0. 0. 13110. 0. '1932. 0. Z0877. Z1055. 0. 0. 0. 0. 0. 
11 74 3 0. 0. 33$. 278. 0. 0. 0. 12 18. 0. 41376. 0. 20599. 20777. 0. C. 0. 0. 3. 
12 74 3 0. 0o 333. 276. 0. 0. 3. 12480. 0. 4C823. 0. 20323. 20500. 0. 0. 0. 0. 0. 
13 7t 
1! 74 

3r 
3 

0. 
0. 

0. 
0. 

40, 
410. 

2S6. 
350. 

0. 
0. 

0. 
0. 

0. 12098. 
0. 11693. 

0. 4(0251. 
0. 39550. 

0. 2003P. 20213. 
0. 1988e. 19e62. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

3. 
0. 

I 74 3 0. 0. 4:!. 3*7. 0. 0. 0. 1127S. 0. 3e854. 0. 19341. 19513.. 0. 0. 0. 0. - 0. 
10 74 3 0. 0. 439. 345. 0. 0. 0. 10949. 0. 35163. 0. 1899t. 11167. 0. 0. 0. 0. 3. 
17 74 3 0. 0. 450. 342. 0. 0. 0. 10410. 0. 37477. 0. 1t653. 18624. 0. 0. 0. 0. 0. 
IE 74 3. 0. 0. 473. 378. 0. 0. 0. 9960. 0. 36719. 0. 1075. 1444. 0. 0. 0. 0. 3. 
19 74 3 0. 0. 461. 381. 0. 0. 0. 940P. 0. 35955. 0. 17994. 18061. 0. G. 0. 0. 0. 
2r 74* ) 0. 0. 494. 376. 0. 0. 0. 9326. 0. 3519?. 0. 17516. 17682. 0. 0. 0. 0. 0. 
21 74 3 0. C 51. 375. 0. 0. 0. 8543. 0. 34446. 0. 17140. 17305. 0. 0. 0. 0. 0. 
Z2 74 3 0. 0. 544. 360. 0. 0. 3. 8025. 0. 33725. 0. 16791. 16944. 0. 0. 0. 0. 0. 
23 7 3 4. 0. 563. 210. 0. 0. *. 74e5. 7486. 24792. 0. 597. 24195. C. 0. 0. 0. 0. 
Z'. 74 3 3. u. 5a5. 208. 0. 0. 389. 14403. 0. Z*e2. 0. 0. 241*2. 0. 0. 0. 0. 3. 
25 74 3 3. o. 54. 0. 0. 0. 0. 13824. 0. 23760. 0. 0. 23780. 0. 0. 0. 0. 2. 
Zb 74 3 0. 0. 1170. 0. 0. 0. 0. 13225. 0. 23384. 0. 0. 23384. 0. 0. 0. G. 3. 
27 7* 3 0. 0. lZoO. 0. 0. 0. 0. 12162. 0. 23008. 0. 0. 23008. 0. 0. 0. 0. 0. 
28 74 3 0. 0. 1350. 0. 0. 0. 0. 11296. 0. 22634. 0. 0. 22634. 0. C. 0O 0. 0. 
29 ?4 3 3. 0. 1215. 0. 0. 0. 0. 10277. 0. 22263. 0. 0. 22263. 0. 0. 0. 0. a. 
30 74 3 0. 0. 11*5. 0. C. 0. 0. 9062. 0. 21895. 0. 0. 218P5. 0. 0. 0. 0. 0. 
31 74 3 0. o 1010. 0. C. 0. 1- 7915. 0. 21554. 0. 0. 21554. 0. 0. 0. 0. 0. 
32 74 3 10476. 3474. 1013. 0. 0. 13950. 0. 7795. 0. 35175. 0. 10575. 24600. 0. 0. 0. 0. 3. 
33 74. 3 3. 0. 90. 186. 0. 0. J. 6783. 8189. 2ti4Z, 0. 1291. 24252. 0. 0. 0. 0. 3. 
34 74 3 3. 0. 72!. 1840 C. 0. 0. 14163. 0. 25012. 0. 1106. 23906. 0. 0. 0. 0. 3. 
35 74 3,27952. 8103. 7o5. 165. 0. 16400. 0. 14972. 0. 40937. 0. 16337. 24600. 0. 0. 0. 0. 0. 
CL4P&ATMENT I OVERFLOW 1974*.9TOT L SYSTEM OVERFLOW O.OOVERORAFT 0.0 
3e 74 3 0. 0., S. 134. 0. 0. 0. 14207. 0. 40514. 0. 16143. 24371. 0. 0. 0. 0. 0. 
37 74 3 0. 0. 608. 193. 0. 0. 0. 13509. 0. 40094. 0. 15950. 24144. 0. 0. 0. 0. .. 
36 74 3 3. 0. 5°0. 102. 0. 0. 0. 12964. 0. 39675. 0. 1575e. 23917. 0. 0. 0. 0. 0. 
39 74 
4%) 74 

3 
3 

0. 
3. 

0. 
a. 

-,73. 
450. 

191. 
191. 

0. 
C. 

0. 
0. 

0. 12656. 
0. 12183. 

0. 39257. 
0. 3641. 

0. 15566. 23691. 
0. 125375. 23466M 

C. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
. 

41 7* 3 3. 0. 425. 190. 0. 0. 0. 11733. 0. 38427. 0. i5les. 23242. 0. 0. 0. 0. 3. 
2 74 3 0o 0. 15P. 189. 0. 0. 0. 11328. 0. 3E015. 0. 14996. 23019. 0. 0. 0. 0. 0. 
*3 74 3 3. 0. 1!5. 188. 0. 0. 0. 11171. 0. 37604. 0. 14POS. 22796. 0. 0. 0. 0. 0. 
44 74 3 0. 0. i31. 164. 0. 0. 0. 11052. 0. 37246. 0. 14644. 22603. C. 0. 0. 0. 0. 
-#5 74. 3 0. 0. 63. 140. 0. 0. 0. 10981. 0. 36928. 0. 1449 . 22430. 1. 0. 0. 0. 2. 
4& 74 3 0. 0. 45. 145. 0. 0. 0. 10914. 0. 36610. 0. 14352. 222!8. 0. 0. 0. 0. 0. 
*7 74 3 0. 0. 23. 145. C. 0. 0. 14869. 0. 36294. 0. 14*07. 2ZCE7. 0. %. 0. 0. 3. 
46 74 3 0. 0. 11. 131. 0. 0. 0. 10862. 0. 36007. 0. 14076. 21931. 0. 0. 0. 0. 0. 
.9 74 3 0. 0. 9. 98. 0. 0. 0. 10851. 0. 35793. 0. 13978. 21e15. 0. . 0. 3. 
5C 74 3 3. 0. 7. q98 0. 0. 0. 10342. 0. 35578. 0. 13 79. 21049. 0. 0. 0. 0. 3. 
51 74 3 Oe 0. 5. 98. 0. 0. 0. 10835. 0. 35365. 0. 13782. 215e3. . 0. 0. 0. 3. 
52 74 3 3. 0. 2. 96. 0. 3. 0. 11110. 0. 35155. 0. 135E4. 21471. 0. 0. 0. 0. 0. 

YEAR AU4OFFN RUNOFFd EVAPT EVAP DOMESTIC IN. PU q CONC. PUMP TOTAL EXCESS OVE FLOW OVERORAWN I3RIG PEDC 

7 3!431.1 13972.1 Z2SC6. 9590.p 0.0 30353.6 389.4 19744.9 0.0 0.0 15674.9 8t.2 

EFFICIENCY FCR Y!AO 9EQUALS 35.75 



bk TO K RUN3FF RUshOFF EVAPT EVAP OASTIC vATE% PUNPED SOIL TOTAL 
ATOL HA*VST AGRIC WATER VATERC V(1) CONC MOISTURE 0R01G VOLUME 1 2 3 4 5 6 7 f 

1.75 3 3. 0o 2. 1'?. 0. 0. u. 11123. 0. 34878. 0. 13557. 21321. 0. 0. 0. 0. 3. 
Z 75 3 0. 0. 2. 127. 0. O. 0. 11121. 0. 34601. 0. 1343C. 21171. 0. 0. 0. 0. 0. 
3 71, 3. 0. C. Z. IZ6. 0. 0. *. 11119. 0. 34326. 0. 13304. 21021. 0. 0. 0. 0. 0. 
4.7b 3 0. 0. 2. 126. 0. 0. 0. 11116. 0O 34051. 0. 13174. 206?2. 0. 0. 0. 0. 0. 
2 75 3 0. C. 59. 133. 0. 0. 0. 11114. 0. 33760. 0. 13045. 20715. 0. O. O. o. a. 
6 75 3 3. G. 88. 139. 0. 0. 0. 11055. 0. 33458. 0. 12907. 20551. 0. 0. 0. 0. 0. 
7 7 3 . 0. 146. 138. 0. 0. 0. 10963. 0. 33157. 0. 1Z76Q. 20387. 0. 0. 0. 0. J­
9-75 3 3. C. 234. 137. 0. 0o 0. 10821. 0. 32d56. 0. 12632. 20?24. 0. 0. 0. 0O 0. 
9 75 3 0. O 240 Z12. 0. 0. 0. 105e7. o. 22393. 0. 1242C. 19973. 0o 0. 0. C. 0. 
IC 7 3 3. 0. 293. 267. 0. C. 0. 1034J. 0o 31810. 0. 12153. 19t56. 0. 0. 0. 0. 2. 
11 75 3 0. 0. 33P. Zbb. 0. 0. 0o 10047. 0. 31230. o. 19APO. 19342. 0. 0O 0. 0. 0. 
12 75 3 0. 0. 3t3. 2b3. 0. 0o 0. 9710. 0. 30655. 0. 11625. 11C29, 0. 0. 0. 0. 0. 
13 75 3 0. 0. 40'. 270. 0O 0. 0. 9327. 0. 30U64o 0. 11356. 15708. O. 0. 0. 0. .0. 
1% 75 3. 0. 0. 415. 319. 0. 0. 0. 8922. 0. 29366. 0o 11037. 18329. C. 0o 0. 0. 0. 
15 75 3 0. 0. 42S. 316. 0. 0. 0. 8506. 0. zeb74. 0. 10721. 17953. 0. 0. 0. 0. 2. 
So 75 3 0. 0. 434. 313. 0. 0. 0. 8074. 0. 27987. 0. 10407. 17579. 0. 0. 0. 0. 30. 
17 75 3 0. 0. 450. 311. 0. 0. 0. 7640. 0. 27306. 0. 10097. 17209. 0. 0. 0. 0. 3. 
6 75 3 0. O. 473. 0. 0. 0. 0. 7190. 7782. 18311. G. 0. 19211. 0. 0. 0O 0. 0. 
q 75 3 0. 0. 4*1. 0. 0. 0. 0. 14499. 0. 17969. 0. 0. 17069. 0. 0. O 0.0. 

2C 75 3 J. j. 464. 0. 0. 0. 0. 1403. 0. 17630. 0. 0. 17C30. 0. 0. 0. 0. 7. 
21 75 3 147. 0. 51!. 0. C. 147. 0. 13970. 0. 17441. 0. 0. 17441. 0. 0. 0. 0. 3. 
2 75 3 3. 0. 540. 0. 0. 0. ). 13453. 0. 17084. 0. 0. 17084. 0. 0. 0. 0. 0. 
23 75 3 3. 0. 5b3. 0. 0. 0. 0. 12913. 0. 16714. 0. 0. 16714. C. 0. 0. 0. 0. 
Z4 75 3 2. 0. 535. 0. 0. 0. 0. 12353. 0. 16347. 0. 0. 16347. 0. 0. 0. 0. 0. 
25 75 3 0. 0. 590. 0O 0. 0. 0o 11963. 0. 15982. 0. 0. 159e2. o. 0. 0. 0. 0. 
2b 75 3 3. 0. 1173. 0O 0. 0. 0. 11367. O 15633. 0. 0. 15633. 0. 0. 0. 0. 0. 
Z7 75 3 3. 0. zc. 0. 0. 0. 0. 10197. 0. 15355. 0. 0. 15355. 0. 0. 0. C. 0. 
Zi ?5 3 10476. 3503. 135. . 0. 0. 13980. 0. 9931. 0. 29050. 0. 445e. 24600. 0. 0. 0. 0. 0. 
29 75 3 4422. 302. 1215. z0l. 0. 744. 0. 9250. 0. 29269. 0. 4660. 24600. 0. 0. 0. 0. 0. cn 
3C 75 3 442. 2Q9. 114 . 202. 0. 739. 0. 8641. 0. 29473. 0. 4873. 24600. 0. 0. 0. 0. 0. 
31 75 3 0. C. 1060. 0. 0. 0. 0. 7493. 7478. Z0886. 0. 0. 20886. 0. C. 0. 0. 0. 
32 75 3 1259. 133t. 1013. 0. 0. 2594. 0. 14802. 0. 23217. 0. 0. 23217. 0. 0. 0. 0. O 
33 75 3 3ogZ. 11025. 900. 0. 0O 16400. 
CLnPAAT4V'T I OVERFLUd 30Q03.?TOTAL SYSTEM OVERFLOW 

0. 14972. 0. 39343. 
0 '3VER0RAFT 0.0 

0. 14743. 24600. 0. 0. 0. 0. 30. 

3. 75 3 3. 0. 720. 230. 0o 0O 0. 14472. 0. 3b831. 0. 1451?. 24316. 0. 0. 0. O. 0. 
35 75 3 0. C. 7b. 227. 0. 0. 0. 13456. 0. 3b325. 0. 14285. 24040. 0. 0. 0. 0. 0. 
3z 75 3 3. 0. e. 22Z2 0. 0. 0. 12691. 0. 37832. 0. 14063. 237t9. 0. 0. 0O 0. 0. 
37 75 3 0. 0. 60E. 221. 0. 0. 0. 11993. 0. 37341. 0o 13842. 23499. 0o 0. 0. 0. 0. 
31 75 3 0. 0. 5'.0. 223. 0. 0. 0. 11366. 0. 36852. 0. 13623o 23230.. 0. 0. 0. 0. 0. 
39 75 3 3. C. 473. 218. 0. 0. 0. 10045. 0. 36366. 0. 13404. 22962. 0O 0. 0. 0. 0. 
4m 75 3 0. 0. 450. 217. 0. 0. 0. 10373. 0. 35684. 0. 13187. 22696. 0. 0. 0. 0. 0. 
41 75 3 3. 0. 4.35. 216. 0. 0. 0. 9923. 0. 35404. 0. 12972. 22432. 0. 0. 0. 0. 0. 
427 5 3 0. C. 15 . 214. 0. 0. 0. 9518. 0. 34926. 0. 12757. 22169. 0. 0. 0. 0. 0. 
43 75 3 3. C. 135. 213. 0. 0. 0. 9552. 0. 34451. 0. 12544. 21907. 0o 0. 0. 0. 0. 
44 75 3 0. 0. 131. 177. 0. 0. 0. 941?. 0. 34057. 0. 12367. 21690. 0O 0. 0. 0. 2. 
45 75 3 0. 0. 6e. 149. O 0. 0. 9316. 0. 33724. 0. 12710. 21506. 0. 0. 0. O 0O. 
4b To 3 0. 0. 4o. 149. 0. 0. 0. 9248. 0. 33392. 0. 12069. 21323. G. C: 0. 0. 0. 
? 75 3 0. C. 23. 146. 0. 0. 0. 9203. 0. 33062. O. 11921. 21141. 0. 0. 0. 0. . 
46 75 3 0. C. 11. 133. 0. 0. 0. 9181. 0. 32765. 0. 11780. 209?7 0 0. 0. 0. 0. 
49 75 3 3. 0. 9. 46. 0. 0. 0. 9169. 0. 32550. 0. 11692. 20859. 0. 0. 0. 0. 0. 
50 75 3 3. 0. 7. 9. 0. 0. 0. 9160. 0. 32337. - 0. 11596. 20741. 0. 0. 0. 0. 3. 
01 75 3 373b. 2304. b. 96. 0. 6090. 0. 10065. 0. 38213. 0. 13613. 24600. 0. 0. 0. 0. 3. 
5Z 75 3 0. 0. 2. 101. 0 0 Do0 10309. 0. 379e6. 0. 13513. 24474. 0. 0. 0. 0. 0. 

iAa RUU0FFN RONOFFw EVAPT EVAP DONESTIC IN. PU"P CONC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN 1R016 PEEC 

75 52751.5 23000.4 M2,06.8 7333.0 0.0 40693.5 0.0 30903.7 0.0 0.0 15229.6 673.2 

EFFICIENCY FUR YEAR IOEQUALS 30.83 



YEAR RUNCFF% RUMQFFW EVAPT EVAP DOMESTIC IN. PUMP COMC. PUMP TOTAL EXCESS OVERFLOW OVERDRAWN IRRIG PEQC 
PERIOD "G33E4.Z 234800.8 225067.5 Q60O2.O 0.0 406922.8 14927.3 291121.4 0.0 0.0 1S43Z.O 2090.4 

THE EFFICIEhCY OF THE SYSTEM FOa THE TOTAL PERIOD WAS 31.05 

ALL 3F THE bEEKLY VALUES AND TAE TOTAL FOR THE PERIOD HAVE SEEN DIVIDED BY 1. 

A(J) an(J) 09J) UM(J) V(J) VNSJi St() 

0. 9352. 0.0 1.7 0. 16400. Z.O
 

4712. 5944. 0.0 5.7 13513. 24600. 2.0
 

5918. 5944. 0.0 5.7 24474. 24600. 2.0
 

0. 5944. 0.0 5.7 0. 24600. 2.0
 

0. 5944. 0.0 5.7 0. Z4600. 2.0
 

0. 5944. 0.0 5.7 0. Z4600. 2.0
 

0. 5944. 0.0 5.7 0. Z46Q0. Z.0
 

0. 5944. 0.0 5.7 0. 24600. Z.O
 

0. 594.. 0.0 5.7 0. 24640. 2.0
 

0. S944. 0.0 5.7 .0. 24600. 2.0
 

ThE LAST GIVEl DESIGN WILL SATISFY THE GIVE01 CONSUMPTIVE USE FOR THE ENTIRE PERIOD
 



147 

APPENDIX E
 

COMPARTMENTED RESERVOIR PROGRAM
 

FOR HP-25 CALCULATOR 
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HP-25'Program Form 
Title- COPART..IENTED RESERVOIR PROGR... __._Q . _ j_.9Z5. PageI. -of-J 

Switch to PRGM mode, press rn F , then key in the program. C. Brent Cluff 

TNEJY ENTRY X y Z T COMMENTS REGISTERSLINE coDE" __________________________ 

00 ....... . Enter .. Am- Ro .30..
 
0 STO- _
 

.2 R/S. t. _En.n _nterEa
 

-ecord.V_.Enter-

o X .... R1ECU. _ 
04 STO4. 
05-- STO+6
 
06 STO-7 R2CU-M...
 
07 --- RCL2.. .. ......
 

oe... .STO+I . 
_ STO-7 RA3 ­

10 RCL 7
 
11 ITO~ _0 

12 RCLA__ R4 
AmxEm 

13 RCL. __ 

14 +.. 

15 RCL. 0___ RsAm 

7 - R/X -ntermext.stage_. 

_a -RCL7 _ _olume__ _ R E_-. 

21
20 _ _ _ _ _ _ _ _ 
21 _____ R7TEYV.
 

22 STOT __

23 RCLO_ _ _ _ _ _ - _ _ 

24 ­
2i Pause. - -- ead-date.pumped__
 
26 -RCL3
 

27RCL..-__ _ 

29 STO-3
 
30 IRCl 2)
. __ _"_ _ _ 

32 STO-1...
 
3! STO+7­
-.!I RCL_4_ 
35 RCL. -_ 

27- -- A _________ 

__37 STO-6.. 
3B STO+7._ 
9 -RCL-.6­

40 _rL._5 
-!- - ... 4.-.. .STO. 
42­

-4- R/S Enter.area of next
 
____ STOx4.

45 A. ~ 

46 ausE. Read-amountL__f
 
4_ - ause__ water pumped­
_48e - _- CL-3­
49 

HEWe£TTZPACKARD 
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Instructions for Compartmented Reservoir Program for HP-25
 

1. 	 Key in Am, Hit R/S. (Am area of reservoir in m2 corresponding to 

the volume.) 

2. 	Key inEm, Hit R/S. (Em - monthly evaporation loss in meters.) 

3. Record EV. (EV = remaining volume in reservoir at the end of the
 

monthly period.)
 

4. RCL 6 - Record EE. (EE = total evaporation loss up to the end of 

the period.) 

5. 	RCL 1 - Record EC.U. (C.U. = consumptive use.)
 

6. Repeat above sequence until V is less than the volume of the
 

remaining compartments, then proceed to step 7.
 

7. 	Key in GTO 12, Hit R/S.
 

8. 	Key in total volume of remaining compartments. Hit R/S.
 

9. 	Pause - Read date of pumping. Itwill always be negative. 

10. 	 Key insurface area inm2 of remaining compartments. Hit R/S.
 

11. 	 Pause - Read amount of pumping inm
33 

12. 	 RCL 2 then hit x then STO 3,RCL 1,record C.U. up to time of
 

pumping.
 

13. 	RCL 7, record EV up to time of pumping.
 

14. 	 RCL 6 and record ZE up to time of pumping.
 

15. 	 RCL 3 STO + 1, Sto- 7. 

16. 	 RCL 1 and record C.U. up to end of the month. 

17. 	 RCL 4 STO - 7 and then STO + 6. 

18. 	RCL 7 (record as EV to end of month). 

19. 	 RCL 6 (record as EE to end of month).
 


