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Dear Jan,

Enclosed is the report on my trip to Sudan. It took a
little longer than I thought to make the additional runs on the
El Obeid system and to make sevaral runs on the water harvesting
agrisystem,

I have enclosed a copy of my airline ticket. Since I have
spent much more time than I first thought I would on the Sudan I
was wondering if you could reimburse me for my travel of $1824 as
a project consultant. That way I can use my project funds to
reimburse my travel and your funds to hire someone to catch up
with the things I should have been doing. You can make your
check out to the University of Arizona.

I hope that the report is satisfactory and that we can

continue to work together in the future.

C. Brent Cluff

L Behews asecry .

ch ey ¢t tRold Lo e,

( S Q—J‘*piw ' f"—
.0

G emse coe ol

.-’ Cﬂcﬁ..L —P/k,dkﬂ.:- ¢! N Prone - G

‘5"“‘ ‘0 a ’)/\JJA-\- n:ﬁ;

Al

I e



INTRODUCTION

A trip was taken from July 3 to July 17, 1985 to Sudan to
study the E] Obeld compartmented reservoir system. This system
supplies most of the domestic water for the city of El Obeid
which has a population of 200,000 to 250,000 people. This water
supply was exhausted in March of 1985 and the town was out of
water until the monsoon rains began July 2, 1985.

Approximately one week was spent In El Obeid and Kadugli.
The remainder of the time was spent in Khartoom where the IBM PC
was used. Some time was also spent in Khartoom 1in obtalning
flattened ceramic spheres for evaporation control.

EL OBEID WATER SUPPLY

An aerial view of the Baggara and El Ain reservoirs was
obtained on the flight to El Obelid. This system is shown in
Figure 1. The seven compartmented reservolr system was also
visited on the ground with Abdalla Nassan Abdalla of the Water
Resources Administration stationed at El Obeid. In addition the
Airport Impoundment, Fulla 1, Fulla 2 and the Banou Reservoir was
also visited. These reservoirs and thelr capacities are 1listed
in Table 1.

The falla and haffier are both built next to the main
compartment whi:h is called the impoundment. The runoff first
goes 1into the impoundment where it is controlled and divertad
into the falla and/or haffier. The maximum elevation of the
haffir is aquivalent to the maximum elevation of the
impoundment. The haffir is deepened by excaveztion. The
impouridment and haffir are connected by a pipe. In contrast the
maximum elevation of the falla is higher than the impoundment and
most water in the falla is pumped from the impoundment. It may
or may nct be counnected to the impoundment with a gravity pipe.

Mr Abdalla explained the operation of the El Obeid reservoir
system, It”s operation was similar in most respects to a
compartmented reservoir system (Cluff, 1977) that has been
studied at the University of Arizona the past ten years.

The gates in the pipe between the Impoundments and the
haffiers and fullas are opened within 48 hours after runoff into
the impoundments if the elevation in the haffirs and fallas is
lower than the impoundment. Toward the end of the rainy season
the gates are cliosed and the haffirs and fullas are topped off by
pumping. The water 1is selectively removed and the remaining
water concentrated to reduce both evaporation and seepage.

Mr. Abdalla said the water in the Airport and Banou
Impoundments was used first, followed by Falla 2 and then Falla
1. Next the El Ain and Baggara Impundments were next used
followed by El Ain Haffir 2, Baggara Haffirs 1,2 & 3 with £1 Ain
Haffir | being the last one containing water. As stated in the
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TABLE I

Current Capacity, Area and Depth of El Obeid City
Impoundments and Reservoirs (Hafirs), Kordofan, Sudan

. Devth
Location Max Ave Area Volume
(in m) (10,000 x m<) (millions of m3)
Baggara
Impounduent 3.0 1.8 237.8 4,54
Hafir No. 1 6.5 L4 7.0 .22
Hafir Yo, 2 6.0 L,2 . 6.6 .21
Hafir Ho. 3 7.0 5.2 13.2 .50
26L.,6 5.47
21 Ain
Impoundment 3.0 1.3 179.8 2.27
Hafir No. 1 7.5 5.2 8.7 L5
Hafir No. 2 7.5 6.1 8.9 43
197.4 3.15
Banou
Impoundment 3.4 1.4 31.3 b
E1l Obeid
Airport im-
poundment - 1.3 11.5 .15
Fula No. 1 - 6.8 1.6 11
Fula No. 2 - 4.9 3.4 16
16.5 L2
TOTAL 509.8 TOTAL G,58
Sources: Sir Al=sxander Cibb % Par<ners (Africa), 1979, Working Paper Prior
to Interin Report, EZxisting 3curces, Management, Tield, Devalozmen
and Improvement; Feasibility Study for Water Surply to EI Obeid.

Associztzd Consultants & Partners, 1985, Existing Water Supnly
Facilities - Rehabilitation Report, El Obeid Water Supply System.



Introduction this last year they ran out of water in March. The
people of the town had to forage for water from wells and from
the railroad which hauled water from Lake Rahad. This was doae
until the tle reservoirs received runoff from the first rains in
early July, 1985.

COMPUTER MODEL

The compartmented reservoir compuctar model was modified to
model the El Obeid water system. This took several hours of
programing and debugging time. Some improvemewnts were also
made in the rainfall/runoff model which utilizes daily rainfall
as a basic imput. When 2 threshold value of 10 mm and a runorf
coetficient of 0.35 was used in the model a runoff eificiency for
the last 30 years of record of about 17% was obtained. This
percent runoff was consistent with the other hydrologic studies
that have been made in the area. iHowaver an ittempt will te made
to improve the calibration of this model by getting water levels
in El Ain and Baggara reservoir systems to go with the rainfall
record at Baggara. This information has already been requested
from Mr., Abdalla.

The runoff generated by the rainfall model was fed into the
compartmented reservolr program with a 6000 cubic meter per day
(42,000 cm/wk) domestic demand. This showed 123 dry weeks over
the past 3} years. By reducing the seepage rate in Haffir 2 of
El Ain the number of dry weeks was reduced to 47, By adding an
evaporation cover on the compartment, El Ain Hatfir 1, the number
of dry weeks was reduced to 30. All but 2 of these dry weeks was
in 1970 as a result of the extremely poor runoif predicted by the
model in 1559,

Additional computer runs have been made since returning to
Tucson. These runs have shown that an evapora.ion cover on El
Ain Haffir 1 & 2 as well as Baggara Hafir 3 would reduce the
number of dry weeks to 19. In otder to completely drought proof
the system an additional reservoir of 30C,000 cubic metaers was
added with a 90X efficient evaporation cover. An evaporation
cover was also placed on ELl Ain Haffier 1&2 and Bagagara Hatfir 3.
The addition of this amount of coverad storage made it possible
to carry water from 1963 through the dry year of 1969 and use it
in the spring of 1970. The three years ol this run including the
reservoir parameters of the system used is shown in Table 2.

The results of this run show that evaporation covers
combined with the compartmented reservoir can drought proof the
water supply of E1 Obeid. Additionnl data is needed in ordar to
more closely model the system 2t £ Obeid so that a mora specific
recommendation could be made. This data on water levels has been
requested. In the meantime prices on the unit cost of
evaporation control for Sudan can be assembled. Evaporation
control is discussed in a later scction of this report.
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PROPELLER PUMPS

The present centrifugal pumps that are being used require
the wuse of relatively large motors to operate. With a
centrifugal pump the energy requirement is similar whether the
pump i{s used to pump water 2 meters or 10 meters, The propeller
pump is made to puap water at relatively low head. There is a
large difference in energy required for low 1lifts with a
propeller pump as compared to a ceutrifugal pump. One company
that manufactures a propeller pump is Crisafulli. A description
of this pump and a cost estimate delivered to Port Said Sudan is
given in che appendix. This 16-inch long-hitch pump will 1lift
10,000 gpm with a 82 hp tractor with a dynamic pumping head of 10
feet, The tractor can be used for other purposes when it is not
used for pumping.

THE METHODS OF EVAPORATION CONTROL

There are two methods of durable evaporation control
suitable for Sudan. These are the floating hollow ceramic
flattened sphere. The other is the stucco-coated foam platform.

While In Sudan I worked with Jim Riley of the Western Sudan
Agricultural Research Project in obtaining a prototype of a
hollow ceramic flattened sphere that could be floated on water.
One prototype was made out of clay sediment from the Nile River.
It was made by hand labor approximately 18 inches in diameter and
10 inches high. The prototype was fired using rubbish in
conventional earth kilns used by the local people. One of these
prototypes was brought back to Tucson and wax-impregnatad before
belng placed on water. The floar.tion level was about 50X of the
height which {s about optimum.

In addition to the hand molded ceramic sphere we also worked
with spheres that could be molded in a plaster of paris mold. A
mold was made up for us by Tawer Adam of the Khartoom
Polyticnic, College of Fine Art, A larger mold was ordered.
Additional work will bpe needed to evaluate these and other
sources for the spheres in Sudan. It does appear that a cost
effective cover should be possible. The important aspect for
Sudan and other developing countries {s that all the investment
for this type of evaporation cover would stay i{a Sudan. The
investment is almost entirely the labor required to obtain the
clay, for molding the ceramic and for obtaining material to fire
the kilns.

The ceramic spheres must be wax impregnated to eliminate any
water movement through the thin ceramic with subsequent
evaporation. This process has been used at the University of
Arizona with very good results. It does not require much wax in
order to impregnate the spheres. Any small holes otherwise not
easily detected will show up in this impregnation process and can
be repaired.



The other recommended proceedure for evaporation control is
the use of stucco coated foan. Two types of foam are
recommended. One is expanded polystyrene available from several
sources around the world, The other is an extrudad polystyrene
that is primarily available through Dow Chemical company. It has
a trade name of Strofoam. The expanded polystrene has the
advantage of being readily available in large sheets up to
several 1inches thickness 4-foot wide and 16 feet long. The
avallablity of the styrofoam is more limited particularly in the
larger sheets. The advantage of the styrofoam is that it will
not absorb wa.er whereas the white foam could absord as much as
25 percent of its volume. In addition the foam could allow wacter
to pass completely through thus reducing the effectiveness of
controling evapcration. The styr<foam is more expensive because
it has a greater density,.

The University of Arizona has developed a patented method of
wax impregnation for eliminating water logging and movement
through the expanded polystyrene sheets. The process of
constructing a wax-treated cement-coated platform that can be
used for both evaporation control and as a tracking platform for
mounting solar collectors is shown in Figures 2-9.

The cost of this system is approximately 31.25/square foot
in  the United States. The system would have a life of 40 years
or more and in the Sudan would save more than 60 U.S. gallons per
square foot per year. Prices of the system in Sudan ars beiag
obtained and will be forwarded as soon as they are avallable.

The efficlency of the stucco-coated-foam platform would be
close to 100% {if wax Impregnated expanded polystyrene or
styrofoam were used. Due to lts long trouble free iife it should
prove to be very cost effective in water short areas in Sudan.
The cover will easily support foot traffic {f any maintenance
were needed.

The cover 1is particularly suited for shallow water
harvesting systems for stockwater supplies, individual homes or
small communities, These tanks could be lined with a termite
resistant =rubber liner and covered with stucco-coated foam
platform which would float on the surface of the water. [hese
shallow systems could be built using dikes on top of the around
since they could be fed with the rainfall that landed on the
surface of the floating evaporation cover.

WATER HARVESTING AGRISYSTEMS

The clayey pediplain (gardud) soils In the Kordofan, Sudan
are suitable for «constructing water harvesting agrisystems.
Gardud soils have low infiltratior rates causing relatively high
runoff [t has been estimated that 5 % of the basins total rainfall
eventually flows into Rahad Lake (Doxiadis 1966 Report DOX-SUD
A57).
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Figure 9. 1In addition to Evaporation Control Platform can be
for meunting z2ltitude tracking solar arrays to vreovide
dual track capability,
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During my rrip to the area containing the gardud soils I
noticed that runoff started after a few millimeters of rainfall.
It has been shown in Arizona that the percent runoff is dependent
on the size of watershed. A 16 square mile desert watershed 1in
the Tucson Arizona area converted 3% of its annual rainfall to
runoff over a 20 year period, whereas a typical one acre plot in
that watershed has produced 16 percent. A cleared one acre
watershed produces 30 percent.

On the gardud soils in Africa a corresponding higher runoff
efficlency would be expected due to its higher clay content. A
50 percent efficiency would be expected on a shaped and smoothed
surface of gardud soils where the distance from the top of the
ridge to the planted area was in the order of 2-3 meters and the
percent slope was no less than 4-5%.

The water holding capacity of a soll 1is the difference
between field capacity and the permanent wilting point. According
to Lalit Arya, Soil and water Specialist for the Western Sudan
Agricultural Project this difference could be from 6 to 17% by
volume (See the attached letter.)

A run was made using the rainfall model RAMODl and tae
compartmented reservoir program CROPS4. Daily rainfall s
measured at El Obeid was converted to runoff in RAMOD! and
then combined into weekly arrays. The weekly data was used In
CROP84 together with soil and evaporation data. The agrisystem
option keeps track of the evapotranspiration loss, both maximum
and actual, the evapotranspiration loss, soil moisture and the
level of water in a compartmented reservoir system. [he program
CROP84 will call for an irrigation from the reservoir if water is
available otherwise a deficiency will be calculated.

I'ke simulation was made as shown in the appendix for a system
with three 2000 cubic meter compartments each covering 1130
square meters. This reservoir system collected water from 50,000
square meters cof catchment supplying water 7500 square meters of
groundnuts and 7,500 square meters of sorghum for a 1:3.33
planted to watershed ratio. With this ratio the planted area
would be 23 percent of the total area.

This simulation showed that supplementry irrigation was
needed in all of the 31 years to maximize production for the
crops grown. For example In 1956 above average rainfall provided
649.7 mm but an additional 269 mm of appliad irrigation water was
also needed. Out of the 269 mm it was assumed by the model that
80% went into the root zone and was available to the crops. Thus
a total of 864.7 mm was used by the crop in 1956.

For this design the model showed there were 1l years during
the period 1954-1984 that the crops had no water deficiencies and
therefore would have had maximum yields unless there was other
limiting factors such as pests or fertility. Four vears would
have had no harvest cr extremely poor yields. Two years would
have had a small harvest and 5 years would have had a moderate



harvest. The remaining 9 years would have had yields close to
the maximum, Thus the application of this water harvestin~
system with a 1:3.33 cropped to watershed area and a
compartmented reservoir storage ratio of 0.4 cubic meter/square
meter of planted area would greatly improve the stability of
agriculture on gardud soils in the El Obeid area.

The cost of establishing a water harvesting agrisystem would
be moderate particularly if several systems were establlshed at
one time. A road grader could install several hectares of strip
water harvesting systems per day. A D-6 dozer could excavate
several of the shallow (2 meter deep) reservolrs in a week.

[t is recommended that two or three agrisystems of the size
described herein be constructed next year in the El Obeid area.
Data from these experimental systems could be used to better
calibrate both RAMOD! and CROPS4 so that more exact designs could
be made and additional systems installed in the following year.

SUMMARY

The conventional solution for water problems in Sudan
is principally the drilling of wells. The aquifers in Africa for
the most part are not extensive and therefore will require
provision for recharge to prevent them from going dry. Ia the El
Obeid area recharge is presently coming primarily from surface
reservoirs. The town watar supply reservoirs have consideravle
seepage. In addition there are livestock watering ponds that
provide additional recharge through seepage. with the drilling
or new wells additional unlined surface reservoirs will be needazd
to provide recharge of the ground water aquifer through seepage.
The reservoirs should always compartmented to reduce evaporation
losses.

In order to assure that El Obeid will not run out of water
in times of drought modifications to the water supply systan
should be made. This includes additional compartments in the
reservoirs and evaporation control. The propeller pump should be
used for efficient low head pumping.

Before modifications are made additional computer runs with
more exact data of the water levels need to be made. Population
projections are neede” to develop a water supply that will fit
future needs.

lhe additional studies might indicate that Rahad Lake Water
might be needed for El Obeid. [f «this 1is the «case the
compartmentalization of Rahad Lake would be need2d in order to
provide an assured supply for the local area before traasporting
excess water to El Obeld. In order to stabilize agriculture in
the marginal dryland areas of Sudan supplemental {rrigation is
needed. The wells are too small to provide this frrigation.



Additional development of efficient storage reservoirs is needed.
The compartmented reservoir with evaporation cover on the "last”
compartment would provide the supplemental irrigation needed to
maximize crop production. [his system coupled with strip farms to
provide concentration of runoff on the planted area appears to be
a viable system to investigate further particularly for the
gardud soils of Western Sudan.

REFERENCES

Cluff, C. drent, “Compartmented Reservolr-Efficient Water
Storage”, Dissertation, Colorado State University, Fort Collins,
Colorado, 1977.



PROJECT LOCATION: EL OBEID WATER HARVESTING AGRISYSTEM

PROJECT LDCATION: EL CBEID WATER HARVESTING AGRISYSTEM
PROJECT LOCATICN: =L CBEID WATER HARVESTING SYSTEM

RESERVDIR SYSTEM PARAMETERS:

COMPARTMENT  VOLLME(CM) DEPTH(M)  SLOPE(RUN/RISE) AREA OF TOP(SM)  AREA OF BOTTOM(SH) EVAP, CONTROL EFFIC. (%)

! 2003 e 1 1139, 49 877. 5083 )
2 2020 2 ! 1130.491 877. 5089 3
] 2o 2 1 1132.491 877.5089 2

TOTAL ARER GF THE WATERSHED (SGUARE METERS): 52000

PARAMETERS FOR CROPS THAT NAY BE USED AT SOME POINT DURING THE SIMULATION:

CROP AREA 2 : GROUNDNUTS
YAXIMUM OR AVERAGE R00T DEPTH (METZRS): 1.5 AVAILABLE WATER HOLDING CAPACITY GF SOIL (3Y VOLLYE): ja. M
LENGTH GF GAGWING SZASON (WEEXS) 17 AVERAGE RATE OF ROOT GACWTH (WM PER WEEK) :126.3

COEFFICIENT VALLES - BROUNDAUTS:

'-JEEK:12345678’3101112131415161718192821222
I

#:0.43 0,45 0.20 3.55 .60 .65 2.7 2,75 9.8 3.85 2,55 1.35 9.55 0.85 2.72 2.0 3.50 2.40 0.30 2.23 0.5 2. 14 Q. di

n

(o)
=
AR S
(V]

-

3

'.JEEK;27232930313&‘33343:.'36373839404142434445-’964748#9365
#1 9.29 2.68 0,07 .06 2,25 9,95 2.95 0.35 2.95 \ 35 2.35 0,95 2.35 2.35 2. 35 3.5 0.43 2.33 9.34 2.34 2,24 2,94 3,43 2.33 2.2

CR0P AREA 3 ¢ SDAGHLN
MAXIMCM OR AVERRGE ROOT DEPTH (METERS): 2 RVAILABLE WATER !GLDING CAPRCITY OF SOIL (BY VOLLME): 19. 3%
LENGTH OF GROWING SEASON (WEEXS) 16 AVESAGE RATE OF AROOT SROWTH (MM PER WEEX):)28.3

COEFFICIENT VALLES - SORGHUM:

WH:l 2 3 4 5 § 71 8 9 18 Il 12 13 14 15 16 1T 18 13 & 2 & 23 2 5
#: 9.40 2.50 0.62 3.7 2.74 2.78 0.82 9.86 3,99 9.5 120 1,05 1,15 1,90 0.85 2.70 0.55 .45 0.35 .25 2.15 2. 10 2.8 9.03 2.27

UEB(:372829383132333#35363736394041#24344454647#8495351
#: 0.052.05 0,095 2,05 0.95 0,35 0,35 8,25 .25 9.35 .35 9.05 9.95 2,95 .24 2.04 0.24 0.4 2,35 0.33 2.33 3.93 2.23 2.33 .33

-CROPS 70 BE USED FOR SIMULATION UNTIL CHANGED:

CRGP AREA 2 : GROUNDMUTS

SIZE OF CACP AREA (SGURRE METZRS): 7500

50IL “OISTURE CAPACITY VOLUME (CUBIC METERS): 1125

PERCINT VOLUAE OF WATER IN RESZAVOIR MEEDED 70 BEGIN CROEPING: 1@
THE PLANTING OF THE CROP I5 LIMITED 10 WEEKS 25 10 35

CROP AREA 3 : SORGHUM

SIIE OF CRCP AREA (SGUARE YETERS): 7509

SOIL MOISTURE CRPACITY VOLLYE (CUBIC XETERS): 1500

PERCENT VOLUMF OF WATER IN RESERVOIR NEEDED TO BEGIN CROPPING: 10
THE PLANTING OF THE CROP IS LIMITED TO WEEKS 25 10 35
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RR

EvAP
SRT
VST
ERT
ET
ETA
IRR
ovrL
PER
DEFIC

R(1),R(2) ETC.
£(,Ci2) ETC.

WEEKLY RAINFALL

WEEKLY RUNOFF, CBTQINED FROM RA-¥ODI

POND EVAPORATION

TOTAL SEZPAGE FROM RESERVOIR SYSTEM

TOTAL VOLUME OF AVRILIABLE SOIL MDISTURE
EVAPORATION FROM RESERVDIRS
EVAPOTRANSPIRATICN RECUIRED FOR ALL CROPS
ACTUAL ET TOTAL USED BY THE CRORS

TOTAL IRRIGATION DURING W

TOTAL WEEKLY RESERVOIR GVERFLOW

TOTAL PERCOLATION FROM CROFPED AREA
RMCUNT OF WATER NEEDED TO INCRERSE THE SOLL
MOISTURE 70 THE LEVEL THAT IARIGATICN
WOULD BE MADE IF WATER WwAS AVAILIAELE,
VOLUME OF WRTER IN RESPECTIVE CGMPARTMENT
YOLUME CF REACHABLE SOIL X0ISTURE

UNDER THE RESFECTIVE CROP

!
MM
i
o
L
M
L
M
A
N
b
by

B
b
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13
16

2.2
a0
2.3
.90
.9
2.a
3.0
8.2
8.3
2.0
8.3
2.2
2.8
2.3
A
3.9

17 1.6

18
19
c
24

3.9
2.9
2.9
9.3

ce &2.2

23
24
23
b

2.3
3.2
2.2
.9

a7 1.2
28 59.2 28.9 38.8
€3 31,4 17.0 Q.4

3

a1

RO EVAP
8.9 49.7
2.8 49.7
0.0 49,7
8.9 49,7
0.0 5.9
3.0 53.9
0.9 3.9
0.2 57.4
2.3 37.4
2.0 66.5
9.8 65.5
3.8 66.5
8.9 65,3
3.0 62.3
3.0 62.3
0.0 83.¢
2.4 60.2
9.0 62.2
0.9 8d.2
0.9 63.2
1.7 €3.2
9.3 8d.2
2.3 3.8
2.0 8.8
2.3 8.8
0.9 38.8
1.4 8.8

2.2 32.4

31 B8l.6 45.8 41,2
2133
33:40.1133.5 41,3

34

1.9

1.9 41.3

9.9 41.3

35 L3 2.1 4.3
36 28,5 11.4 41.3
37 53.7 21.8 4.8
38 5.9 3.4 44,8
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SYSTEM OPERATION FOR THE YEAR 1964
(VALUES ARE IN CUBIC NETERS DEVIDED BY | EXCEPT RAIN, RUNGFF, AND EVAPORATION WHICH ARE IN MM)
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SUM 522,20 254.902778. 70
TOTALS FOR YEAR: RAIN 522,199 RUNOFF 254, 8383 EVAP 2778.331 SEEPAGE 1206, 344 EVAP FROM RESERVOIR 2710. 73 EVAPOTRANSPIRATION
11825, 15 IRRIGATION 5632.853 OVERFLOW 4272.353 DEEP PERCOLATION @
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SYSTEM DPERATION FOR THE YEAR 1966
(VALUES APE IN CUBIC METERS DEVIDED BY 1 EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN M)
WEEK AR RO EVAP  SRT VST ERT ET ETR IRR  OVFL PER DEFIC R(1) R{2) RI3) R(4) C{1) C(2) CI3) Ci4) C(5)

1 0.8 2.0 49,7 0 -34 () 75 8 3 8 () ) 2 9 9 @ 3 -58 -4 B8 i
¢ 0.8 0.0 49.7 0 -4 9 73 0 8 ) 0 d 2 8 8 8 9 -59 -4 Q@
3 0.8 0.0 49,7 g -3 8 75 8 9 ) e [ 0 9 0 0 9 -3 -4 0
4 0.9 0.9 49,7 8 -3 3 73 0 0 () ) ) 0 ) 8 0 9 -8 4 °
S 8.3 0.0 33.9 8 -3 a 81 e ) 8 8 9 e e 8 2 0 - 4 8 i
6 8.8 0.3 33.3 8 -54 ) 81 8 (! () () 4 8 0 9 e @ -5 -4 0
7 0.9 9.033.9 e -3 () 81 0 () 0 8 ) 2 ) (' ¢ 8 -® -4 &
8 3.8 9.8 57.4 B -S4 ) 86 () 0 ) 8 8 ? ) 0 8 9 -5 -4 ¥
9 8.8 3.0397.4 B -4 "8 " B 8 8 ) 0 ) () () 0 2 0 -5 -4 B (
18 8.3 2.9 85,3 e -54 2 100 3 ) 0 8 0 (] ? 8 2 0 -0 -4 @
11 9.4 0.9 66.5 0 -49 3 1ee ) 0 9 2 0 ) 0 9 g 2 -4 -2 @0 ¢
12 3.9 9.0 86.5 e -49 0 190 8 9 ¢ 0 ) (' ) d @ 0 -47 -2 o ¢
13 2,8 0.8 65,5 0 -49 e 190 ) ¢ 0 [} 0 9 2 () e 9 -47 -2 9
14 9.0 8.2 &.3 2 49 e 93 (. ) ) 8 ) 92 2 () 9 8 -4 -2 @8 ¢
15 32 29623 0 -4 0 93 8 () [} 8 e 2 ) ) @ 8 -47 -2 9 @
16 31 0.962.2 3 48 ) i ? 8 ) ) 0 0 ) [} 2 0 -47 -1 9 ¢
17 9.2 2.0 6a.2 0 -48 2 20 /] '} () 8 e e (] ' e 2 -4 -1 3 2
18 2.5 0.9 82.2 ¢ -2 ) 63 18 9 ) 8 () a 2 (. ¢ 9 -3 -3 o @
19 0.¢ 0.3 68.2 e -3 ) R () e 3 e 0 (] ¢ e @ 8 -31 -3 2 @
2B 45 e.2ed () 3 8 k"2 R 4 9 ? 2 1 ) 9 2 90 -5 93 9 @
2! 2,5 8082 e 3 3 K" R ) ) 8 0 @ 8 8 g o -8 1t @ @
22 25,8 9.9 8.2 8 213 9 32 k' () ) ' 0 332 ? 8 ¢ 92 93 (18 8 9
23 2.0 0.0 53.8 3 21 36 ) 2b 0 ) e 9 489 ) ) @ 23 3% 117 9 9
24 4,3 9.4 58.8 8 233 55 26 26 2 0 ¢ 9 450 0 9 @ 0 185 te8 @8 @
25 4.3 0.¢ 38.8 8 26 BN b 26 ) ) () ¢ 388 ) e @ 98 97 126 o0 @
&b .3 0.0%8.8 7 190 53 26 2b ? 2 e e 327 8 2 @ 2 83 6 ¢ 0
27 <& 3.7 8.8 6 adl 34 2b a 0 [} 2 ¢ 313 ) 0 B 2 184 127 @ 9
28 2 2.3 8.8 5 a7 34 26 26 9 3 0 0 233 2 ? e 9 %2 15 9 @
23 1.4 1.2 A4 3 3ee 46 23 23 2 () ) e 2an 2 (! 9 9 139 182 0 @
B 1.6 8.9 52.4 5 298 46 2 23 ¢ ? ¢ 9 227 9 9 @ 0 138 161 9 @
31 43,23 19.9 41.3 3 701 37 19 19 () ) 0 #1339 ] 9 ¢ @ 339 62 e o
32 36.2 44,4 41,3 19 485 43 248 248 397 9 ) 9 2080 1462 9 9 0 231 254 o @
33 3.2 0.141.3 49 255 9 2% 2% 0 ) 9 3 Qoed 1335 8 8 0 127 (&8 @ @
34 16.2 2.6 41,3 47 855 % 1 #1919 ) 9 0 2002 435 2 0 3 334 2 2 @
35 0.8 0.2 41.3 b 49 85 387 87 9 8 e 3 2vee 337 e @ 0 c27 267 & @
3% 0.0 0.9 4.3 34 1223 83 415 415 el () e @ 816 @ () @ @ 336 669 @ 0
37 17.9 6.3 44.9 12 9 44 480 480 2 e e 0 1138 ) e B 0 46 321 @
33 141 2.7 4.8 16 1261 4  SI1 911 1228 ) ? 9 8 9 8 9 0 719 82 8 @
33 i 0.9 4.8 @ 1046 ¢ 54 54 ) (" ) (' 0 () ) @ 0 467 579 3 @
40 8.3 0.9 4.8 6 56l T J -1 0 8 8 3® (! ) ) 2 @ 89 351 o 9
41 1,8 0.9 5l.8 9 16 @ 699 A3 8 2 8 9 ) ) a B @ -5 167 o @
42 5.9 0.7 51.8 0 -66 @ 78 330 28 @ 3 1319 0 ? ? 6 8-l16 ¥ o @
43 0.8 8.251.8 g -209 8 816 168 9 0 0 8l5 ? () () 8 o-ll6 -3 & @
4 2.0 0.95..8 ¢ -289 8 8ls 9 () 9 9 8 2 0 () 8 0-116 -93 92 @
43 0.9 2.9 51.8 ¢ -209 0 719 a () 0 (! e 2 0 8 ¢ 08-116 93 8 @
4 0.2 2.2 3.1 8 -209 @ 39 () ) ) 0 (] 2 ) 8 @ o-l6 -93 9 @
47 9.8 0.0 3!l.1 8 -2 8 498 ) 8 ) 8 2 8 ) e @ 0-l16 -3 @ @
48 2.8 0.6 51.1 ¢ -209 0 4R () ) () ? 0 2 ) (' 8 9-116 -3 23 ¢
49 2.2 0.8 511 2 -39 0 336 ' ) 9 ) (. (4 ) ) e 8-116 93 0o @
B 2.9 2.9 49.9 8 -209 ¢ 239 ) 8 () @ e 2 9 () 8 0-116 -93 0o @
3l 2.9 0.049.0 8 -209 8 163 ) ) 8 8 0 ) 9 @ ¢ 08-116 93 9 @
R 6.8 0.8 49.9 2 -209 0 119 ) e ) 8 0 0 ) @ @ 0-116 -3 @0 @

SUM 216.80 88.8527,2. 38
TOTALS FOR YEAR: RAIN 216.7995 RUNOFF B8.85044 EVAP 2778.381 SEEPRGE 274.7172 EVAP FROM RESERVOIR 395.9519 EVAPOTRANSPIRATION
11881.12 IRRIGATION 3943.631 OVERFLUW @ DEEP PERCOLAT'ON @
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(VALUES ARE IN CUBIC METERS DEVIDED BY 1 EXCEPT RAIN, RUNDFF, AND EVAPORATION WHICH ARE IN M)
OvFL

WEEX RA RO EVAP  GRT
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9 0.9 2.9 86.3
1 2.9 9.0 s,
2 2.3 das
13 0.8 2.2 65,
14 0.9 9.0 6.3
15 2.8 @.062.3
16 8.3 0.8 8d.2
7 2.¢ dded2
18 3.9 0.9 69.2
19 0.3 22622
20 A9 0.948d.2
2l 2.9 46.d6d2
3.3 3282
1.4 3.9 58.8
14.7
3.9
3.9 !
a8.3 8.8
33.5 14,3 58,8
47.8 33.3 Sd.4
90 0.3 2.4 4
3.3 Ad 403 28
9 A3 L3 27
3.8 1.0 41,3 9
21 3.3 4.3 9
18.3 6.¢ 41,3 )
5.8 0.7 41.3 0
30 A1 448 )
13.1 3.3 e
1.6 2. )
2.0 @ )
d. e
0.8 0,25 0
2.4 9.2 51.8 9
¢
2
)
0
)
2
(!
0
e

(93]
.

N ru oo
‘—"-‘k")LJF\s
& ew

8.8
sa.8
3.8

AT
o e o
-

(4%
[ed]

J

(4N

) L -2
L v r-
0 —
&Lﬂ@bllﬂ)-&‘&f\)ﬁl@&@&&&&&QQ@SO‘SQ&SQ&QO

898y

&8

s
—
ro
G
.

o

2.9 303518
8.0 2.0 51.8
.2 8.2 311
¢.8 2.3 5.1
2.8 2.2 5L.!
49 2.2 3.2 5.1
S8 2.9 9.8 49.9
31 2.8 0.% 49,8
32 0.2 9.2 49.0
SUY 189.30 71.392778. 20

ELHFSEEED

TOTALS FOR YEAR: RAIN 189.8997 RUNOFF 71.38531 EVAP 2778301 SEEPAGE 1521

SYSTEM OFERATION FOR THE YEAR 1368

VST
-209
g
-299
-299
-209
-203
-209
-203
-299
-209
-209
-299
-209
-c09
-£a9
-203

-2e3"

-203
-203
-203
203
-157
-141
5

3

43
300
591
485
570
352
1849
744
759
762
432
113
121
13
-111
-189
-189
-109
-187
-109
~129
-199
-109
-109
-109
-109
-109

ERT

J
LJQNQQGQGQ&QQQS«QG‘QQOQ&QSO&

€N Ul th ot
n n

[84]
C

186

L) g >
W WJd oY~

QQQ&Q&QQQQQOQQ&Q&G

ET
75
73
75
73
81
81
81
86
86
100
109

. 109

102

Ja
335
341
87
415
43
471
499
57l
6935
633
706
Bi6
719
i
295
408
326
249
172
113
a8
al
74

ETA

(29

@HSQQGQQ&OSQ&Q@QQSQQQQQ

Y v ro
vl oy O O

382
33
341
337
415
431
471
446
378
391
127

—
n
< N

Lo~ I~ = B A I~ -~ I~~~

IRR
0
('
()
2
9
)
(!
)
0
d
0
0
0
)
0
8
e
0
0
2
)
('
)
8
9
()
0

)
398
849

?

1305
et—
502

338

[#1)
w

—
(o<
GQQSSGGQQOQQQQWW

12091. 88 IRRIGATICN 3418.511 OVERFLOW © DEEP PETCOLATION @

0
()
0
0
(!
)
)
3
(!
(!
e
(!
e
(!
2
d
e
()
('
9
¢

¢
0
8
e
9
0
)
3
)
)
?
8
8
)
0
¢
@
2
0
(]
)
2
e
2
9
"
¢
9
0
0
0

PER

0
(]
@
e
9
9
)
9
(!
)
e
()
)
)
0
0
e
8
2
9
¢
8
3
0
9
Q
0
9
9
9
9
@
0
9
0
9
0
0
0
8
0
?
9
9
9
9
9
2
)
0
9
0

DEFIC R(1)

m&&&soeseooosoesso&so&s@oses

72

(= I-CI = I VR -]

o~~~ B~ T SR~ R I TR SR~

S@Q&S&QGQSQSSQQQ&&Q&&QQ

—
o
{o-)

9P

532
1301
2008
1985
131

348

SQQQ&SQQQ&@&QQ&S@O&

R(2)

78

0

('
0
0
?
@
)
e
)
)
0
8
)
()
e
('
8
0
8
)
@
()
e
8
9
2
)
@
1

?
9
3
2
()
(!
0
0
e
0
)
)
2
9
?
0
2
0
0
9
0
2
0

R(3)

GSQ@&SQGQQ@SQDQSQQQQGQGOGQ

QSOG‘SQ&&Q&SSS&SSQG&&Q&QQ&S

Rt4) C{1) C(2)

=

Q@OQQG@QQC&@Q@&OSQ&GQQQO&SS&&QQSQG&QQOOQ

(-~

Lo~ I~ < I~ Y~ B T~

9
9

?
9
0
)
()
9
)
9
)
(4
0
)
9
0
2
9
0
0
B
9
9
0
)
9
0
9
0
2
J
9
2
0
J
0
?
9

~

8
()
?
8
9
9
)
(!
0
3

)
@
0
9

~73 -133
-73 =133
-75 -133
=73 =133
=73 -133
=75 -133
-5 -133
=75 -i33
=75 -133
=73 -133
=75 -133
-75 -133
~73 =133
=75 -133
=75 -133
-72 -138
-72 -128
=72 -133
~72 -130
=72 -130
=72 -130
-39 -128
=41 -1¢2
25 -2
16 -14

=13 -3
<13 -36
-7i3 -36
-73 -36
=713 -3
=13 -36
=13 -36

()

Cy &

768 EVAP FROM RESERVOIR 595.2163 EVAPOTRANSPIAATION

C@) Ct4) C1

¢
¢
[}
¢
)
)
@
2
0
0
9
9
9
[
0
a
8
2
o
8
9
0
2
9
2
0l
@
0
:aw
g‘
9
J
@
@
3
8
(!
?
0
2
)
9
"
8
0
e
0
0
2
0
0
e


http:12001.08

WEEX RR RO EVAP

b= e e a= e b= fee b e
O N & WU - O UL P W —

O »-
=>4

v o [‘-J n
[N AV S

o

on

8
a7
23
23
Y
3
2
33
34
35
3
37
38
39
%)
41
&
43
4

45

i4f
4
48
43
)
al

52

0.0 0.0 49,7
8.8 8.0 49.7
2.9 0.9 49.7
3.8 9.0 43.7
9.8 2.9 53.3
8.8 9.0 33.9
8.8 0.8 33.9
0.8 9.9 57.4
2.0 0.0 37.4
8.0 2.2 66.5
2.8 9.2 66,3
3.0 2.0 66.5
3.8 2.9 65.3
3.9 4.8 8.3
7.4 1.2 82.3
2.0 9.8 63.2
3.2 23 6u.2
0.0 2.9 6d.2
3o 23622
3.9 0.2 8.2
2.3 .3 63.2
a8 A3 .z
J.2 2,9 8.8
93 0.9 93.8
2.7 0.9 8.8
25,4 3.4 53.38
2.9 2.3 58.8
33 2.2 3.8
LB 3,3 32.4
8.3 1.5 2.4
7 &7 41,3
7155 413
oS3 413
.9 1.4 443
4 9.9 4.3
9.0 3.3 4.3
33 2.5 44,8
9.2 8.3 4.8
%8 L3448
3.3 .2 4.8
2.2 0.2 51.8
0.2 &.2 51.8
0.0 3.0 5.8
2.9 9.3 5.8
d.3 9.8 51.8
3.3 8.8 5.1
2.9 2.0 5l.1
39 3.9 511
3.9 8.2 51.1
a0 2.3 49.3
8.0 2.2 43.9
0.0 3.9 49.9

SRT

- - .
4»\J\lmcimm\‘\lmﬁecﬁoﬁQQQ@NN&&SQSGQQQQ&QQQQ

SR R~ VI~ R S SR~ I R <~ N

SUM 164.28 37.482778.38

0TALS FOR YEAR: RAIN 164, 1937 RUNOFF 37.39983 EVAP 2778301 SEEPAGE {43.9665 EVAD FAOM RESERVOIR 598, 555! EVAPOTRANSPIRATION

SYSTEM OPERATION FOR THE YEAR 1969
(VALUES ARE IN CUBIC METERS DEVIDED BY | EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN MM)
OvFL

VT
-109
-139
-109
-103
-199
183
=193
-189
-109
-199
-109
-109
-109
-183

=43

~43

-43

-43

=43

-43

-43

ERT

wn
NGSQQQSSQQQS&QQQ

LHSQQQGSQQQ&

CAl i N o

[
~ oy

-+~
A IR~ I . R R P~ VI3

dadddqd

gR2z2

o0
100
120
- 100

248
234
341
87
459
480
St
H1
66D
639
728
816
816
709
394
478
402
312
239
163

ETA

-
HJ'-‘G’QGIQS&QQQSQQQQ

Lot
LAl e A B~~~ R . R~ N~ -~

e RRBREBR

Er\)
2 &

341
387
378
241
228
198

w
[~ BV ]

o0 00 90 0 0 9 60 & @

IRR

(%)
=
CDCD&CDG‘QGISQQ&S‘GG’QQQQGSQ@SSQQQQSQ&QQQ

(¥e)

~ P (o<1
QSSOG@QSQQ&S\DMQU‘SM

12178.11 IRRIGATION !550.144 OVERFLOW @ DEEP PERCOLATION 2

)

]
8
9
)
()
9
0
0
a
8
0
)
)
)
3
8
5
0
)
)
)
9
(]
e
e
9
0
)
9
9
9
d
2
¢
¢
9
2
("
¢
0
¢
0
0
0
9
¢
¢
("
9
0
0

PER
8

8
0
9
('
8
9
8
0
8
0
Q
2
9
0
0
0
9
[’
("
("
8
0
3
2
e
0
2
?
("
0
0
2
)
0
¢
0
?
9
¢
0
2
@
?
0
8
)
0
9
9
0
?

DEFIC R(1)

£~
s
Qo&m&&&soaoss&ossaosose&sas&oo&ssoo

<

161
364
497
127
324

(-]

R -~~~ Y VI~ B .~ I~ VI~

QQ&&QQSGQ@Z}QQQQQQSQQGQSQQ

=
~J
(-]

497
262
31!
358
361
1230
1157
1198

& &

DO DO OO

R(2)
8

Q
)
0
Q
e
0
Q
e
9
)
)
)
2
e
0
0
2
0
9
Q
)
9
9
0
a
)
9
0
8
0
9
¢
8
9
)
¢
8
9
("
9
@
0
8
0
9
0
9
0
@
9
("

R(3)

)
Q
0
0
)
2
2
¢
e
0
0
2
0
8
9
?
9
9
9
9
0
9
0
("
0
¢
3
8
e
(Y
@
d
9
@
0
o
2
9
8
0
0
0
0
8
0
8
Q
e
0
9
8
8

RU4) C(1) C(2) C(3) C(4) C(3)

G&OQQ&QSSQGQQQQ&QQQSQQQOQSQQSQQQ

Q@SQQSQQGSQSQQG&SG'S\S’Q

'96‘1&&&Q&QQQQQQQGJQQOQQS&QQQQQQQQQ

QQGGSQQQQQS&QQQ&&S&&&

-3
-13
13
T3
73

-3

116

4Ty
PRV

40B

-36
-36
-36
-36
-36
-36
-36
-36
-35
~36
-36
-36
-36
-36
-13
=13
=13
=13
-13
-13
-13
-13
=13
-13

-8
192

89

3

98
132
167
32
254
173
462
279
142

QQQQQQQQQQS&G’QQ

SQQQQSQQQQQGQQ&&QDQ&CJQ&Q&Q'SQG’QG’QG‘QOQGI

)
)
@
8
)
)
2
e
0
)
e
)
e
?
B
@
e
e
e
9
g
0
9
(
2
0
2
2
2
9
2
J
9
2
2
3
d
9
8
8
)
9
8
8
0
9
8
0
0
@
9
8


http:12178.11
http:37.402778.30

WEEK RA RO EVAP

1

(S I T SN I % )

O W~ O

19
t
12
13
14
13
15
17
8
13
a0
2l
22
a3

-
c

a5
b

27

29

(-~

bli‘blblblhj
o L DY e

EL&&EE

49
50
3l
2

0.9
8.9
9.9
2.9
2.9
2.3
8.0
8.8
0.9
2.0
2.8
2.9
9.8
2.9
0.5
3.2
0.8
2.9
3.0
2.0
A3
2.2
9.9
2.2
2.9
2.0
3.2
6.8
23.9
60.7
.3
27,3
1.4
2.2
11.3
18.5
2.1
2.3
44,35
8.0
2.9
14.2
8.3
9.9
8.0
0.9
2.9
2.3
3.2
9.9
.0
0.8

2.9 49,7
3.8 49.7
3.0 49,7
2.8 43,7
9.9 33.9
3.3 33.9
8.0 33.9
8.8 57.4
9.9 37.4
0.9 65.35
9.9 66.5
0.8 £3.5
8.0 66.5
2.0 62.3
8.8 62.3
0.0 63.2
9.0 6d.2
2.3 82.2
9.9 60.2
2.8 69.2
2.0 6.2
2.9 82.2
9.0 50.3
3.2 33.8
3.9 58,
8.9 8.
9.9 58,
9,2 =8,
3.8 5.
3.2 5.
4.9 41,
13.8 5t
2.8 41,
1.3 41,
3.2 41.3
3.7 4L.3
1.8 44.8
0.2 44.8
18.0 44,8
8.0 44.8
3.0 51.8
2.3 51.8
2.9 51.8
0.9 51.8
0.0 5.8
8.3 5l.t
2.0 5.1
9.9 5.1
0.0 5i.t
6.0 49.4
0.0 43,0
9.0 43.9

L)L » > o o o

S . 23
SO OO0 DO O W e U~ e e A I I R T R - T I I e I T

SUM 261,40 94.472T78.3

TOTALS FOR YERR: RAIN 261.3937 AUNOFF 34.46713 EVAP 2778.331 SEEPRGE 254.5131 EVA® FROM RESERVOIR 700.3218 EVAPOTRANSPIRATION

SYSTEM OPERATION FOR THE YEAR 1370
(VALLES ARE IN CUBIC METERS DEVIDED BY | EXCEPT RAIN, RUNOFF, AND EVRPORATICN WHICH ARE 1IN MM)
E7A

VST
-65
-63
=63
-3
-63
-63
-63
-63
-63
-63
-65

-

-89

-63
-6

273
1940
774
396
1396
1288
1438
1285
638
408
43
~131
=131
=131
~131
-131
-131
=131
-131
-131

ERT

EBRHESE
o [20 N ) @@Q&QQ&SQQQOQSQQ&SOQQ@QGQQQQ

& &

(4]

L &=

(I~~~ =B~ T~ =~ . B < T ~ Y.~

sezeddddq

BEesEgsgdsleesens

umm
<+ =
— 5 D Ly

387
415
443
ol
341
3l
605
798
a16
816
719
602
498
482
326
249
165
110

8a

—
U"Q@@OQSQQOSOGDQ@OOQ@QSQQ&GQ@

TRR®

234
341
387
415
443
sl
341
an
625
672
17
39

—
-
(28]

(=2~ -~ > R~ I~ .~ N .~ )

IRR

n

—
[43) Q
@'Qf@'& QQS‘OQOGS&SQSG&GG’OQOQOQSQQ&QQOQ

—
&y
—

(-~~~ I~ I~ I .~ B .~ T . ~ I .~ ]

12328.91 IRRIGATION 4641,804 OVERFLCW @ DEEP PERCOLATION @

OVFL  PER

)

(!
2
0
0
8
0
0
0
0
9
9
0
9
(!
0
e
0
8
2
A
@
9
0
0
8
e
)
("
0
("
0
8
)
9
("
¢
9
("
("
¢
¢
0
)
9
0
9
0
("
0
("
)

2

9
2
[}
)
e
9
e
¢
)
9
)
)
0
()
0
0
)
('
[}
3
e
¢
('
8
)
8
()
9
)
()
2
9
)
("
2
9
@
9
0
0
9
0
¢
0
0
0
9
0
0
0
@

DEF3C R(1)

e

e
0
8
e
('
@
e
8
2
[
0
8
(!
@
e
)
0
2
)
9
8
("
0
0
("
("
@
0

D
SSQQ'SSCBQS}GE

o
—
w

1010

~BE

(-~~~ = B~ .~ . 3]

—
@GSQSSOOQQQQOQQQQSQQSQQS'SQQS

536
2200
coed
200
2202
(D44
1766
1323

224

178

995

=

L=~ -~~~ I~ I~ I I S I~ T - N~

R(2)

QQQQQQQQSGQQQQQQQSOQQQSSQQQQQ

= ¥
I o

9}
934

DO OO 0SS

R(3)

2
)
9
2
9
0
9
2
e
('
2
('
(.
0
@
0
()
@
0
()
e
e
2
)
2
0
0
9
0
9
0
9
@
¢
0
9
("
@
0
@
0
0
0
-
8
¢
-
9
0
¢
g
0

R{4) C(1) C(2) C(3) Ct4) CI5

9

0
0
0
0
3
2
)
8
0
e
¢
0
9
e
0
0
0
e
9
('
)
9
9
e
2
0
o
9
9
9
2
8
2
9
0
¢
@
0
¢
("
("
0
e
0
0
0
9
0
0
9
¢

OQQQGQQSQQQ@QQS&SQQSS&QSQ&SSS&SS&QQ@QOQQOS@OSGQGOG&&

-3
-63
-63
-63
-62
-63
-63
-63

82
335
a3l
233
143
475
351
ol
713
467
sl
536
243
162

-24

112
365
254
234
124
965
423
397
877
613
349
589
393
247

66

-c4 -197

-24

-107

-24 -197

-2
-24

-187
-197

-24 -107
-24 -197

-2

-197

-4 197

e

¢
8
2
9
[
8
2
9
2
8
9
)
2
[
2
9
0
("
9
0
2
9
o
0
0
0
("
9
9
9
9
("
0
0
0
2
0
("
("
2
@
0
0
@
0
0
0
9
0
9
8

QQQ@QGQQGQQQSQ&SQQ&O&@QQOQOQQQ&mmm,mmmmmmmmnm—-_.—-“-\—-—


http:12320.91

SYSTEM DPERATION FOR THE YEAR 1971

(VALLES ARE IN CUBIC METERS DEVIDED BY | EXCEPT RAIN
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11 %9 2.9 66.5
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15 8.0 2.28.3
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17 9 23822
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39 53.3 36.9 0.4
31 7.2 28,5413
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19.6 5.9 41.3
4.1 2.2 4L3
13.9 3.2 41.3
17,6 3.4 44.8
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39 3.0 0.0 44.8
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48 9.2 0.0 5.1
49 0.8 3.251.1
30 0.9 9.0 49.2
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2 8.8 0,2 439.8
SUM 332,70 144.902778, 38
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SYSTEN OPERATION FOR THE YEAR 1978
(VALUES ARE IN CUBIC METERS DEVIDEL BY 1 EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN MM)
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11381, 21 IRRIGATION 7473.603 OVERFLOW 2297.485 DEEP PERCOLATION 0 1 ,/
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9.2
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g.2
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RO EVAP
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0.0 43.7
9.0 43,7
2.0 3.9
8.9 53.9
0.8 53.9
0.3 57.4
0.2 57,4
2.9 63.5
0.2 66.5
8.8 €5.3
2.9 66,5
8.3 £2.3
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9.2 63.2
3.9 63.2
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2.5 8.8
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2.3 %8.8
2.9 53.8
2.2 5B.8
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9.3 53,4
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TOTALS FOR YEFR: RAIN 284.7937 RUNOFF 138. 8065 EVAP 2778. 301 SEEPRGE 843,
10733.71 IRRIGATION S873,31F OVERFLOW 289.856 DEEP PERCOLATION 0
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SYSTEM OPERATION FOR THE YEAR 1980
(VALUES ARE IN CUBIC METERS DEVIDED BY 1 EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN MM)
WEEK RR RO EVAP  SRT VST  ERT ET ETA IRR  OVFL PER DEFIC R(1) RI2 R(3) R(4) CI1) Cl2) CII) Cla) Ct

1 9.3 0.9 49.7 8 -53 ) 75 ) ) 9 ? 8 ) 0 9 g 0 -3 -2t @

2 0.0 0.0 49,7 e -33 2 13 8 0 ) 9 0 9 9 ) 0 0 -3 -2t @

J 0.0 9.049.7 g -33 ? IE] ) ) e e 8 ) 9 9 e 08 -3 24 9

4 2.9 2.049.7 e -53 @ 73 2 9 e @ ) ) 2 9 6 @ -3 -2t @

5 0.3 20539 K ) 81 0 ) () (! ) 9 ) 9 0 2 -32 -2 @

6 3.0 9.3 %3.9 9 -53 9 81 ) ) e @ 2 [ 0 e 2 @ -2 -21 9

7 0.8 0.% 3.9 0 -53 ) 81 2 8 2 e 2 ) ) 0 6 @ -2 -2t 2

8 0.8 0.097.4 9 -33 8 86 e 9 8 0 e e ) 0 ¢ @0 -3 -2t 0

9 0.8 0.9 57.4 e -33 9 86 ) 0 ? ) 9 ) 0 e e 0 -3 -21 @
10 3.3 3.8 8.5 e -53 0 190 0 0 8 2 L/ L/ 0 @ e 0 -k -21 o
1 2.8 2.2 6a.5 3 -3 6 129 ? 0 3 8 ) 3 8 9 e 3 -& -2
12 0.8 2.2 66.5 8 -3 .0 . 100 9 ) 2 9 8 @ 8 (' g 0 -2 -21 9
13 46 2.4 66.5 e -2 0 30 46 ) ¢ ? 0 20 ) 2 2 0 -4 -18 @
14 0.8 0.8 62,3 2 -2 33 93 (! 0 ) 8 9 () 8 ) 9 6 -4 -18 @
13 2.9 298623 e -2 ) 33 2 ) 2 ) 9 e ) ) 8 6 -4 -18 9
16 0.9 0.0 82.2 8 -21 0 £ 0 8 0 ) 8 0 8 0 2 0 -4 -18 @
17 0.2 2.0 68.2 0 -2l 8 3 8 8 2 ) 8 9 0 ? 2 @ -4 -18 9
18 0.0 2.9 8.2 v -2l ) L) 2 ) ) 0 ) ) ) 0 0 8 -4 -18 @
19 3.9 0.3 60.2 0 -2 9 L] e ) 9 (! 9 ? 9 e 8 0 -4 -18 @
20 2.3 0.2 8.2 8 -l4 e 63 17 0 ) 9 0 2 9 ¢ e 8 -8 -6 @
2 10.0 1.6 &d.2 ) 66 9 R 30 8 (' 9 0 83 9 ) 2 8 3@ B @
2 5.9 4382 3 %4 S K" 30 e ) ) 0 65 ? ) 9 0 & 32 @
23 5.2 0.3 58.8 3 138 32 % 23 () ) 0 0 65 ) ) 2 @ 64 T4 0
4 0.3 9.0 5.8 3 U3 52 26 a5 ) ¢ 0 ¢ 11 ) 0 ¢ 9 52 61 @
g5 6.8 9.7 3.3 2 166 2 b o] 0 ) (! ) 2 0 ) e 0 78 & @
26 24,5 9.5 58.3 2 3N N7 2b 24 0 ) ) 2 S 2 2 9 0 185 194 @
27 3.9 2.0 58.3 8 354 3 26 24 0 e 8 0 437 0 8 8 0 I73 188 @
2B 58.4 28.3 38.8 7 766 BY] 26 24 8 8 (! 76 2062 3 ) ¢ o 379 387 9
29 33.3 9.3 524 33 485 1e1 3@ e 38! () ) 0 2eed 112 0 @ 0 231 25% 9
3 8.3 0.5 50.4 2 2% 1@ 39 393 2 0 2 3 200 24 0 g 0 123 125 @
3i 42,5 38,4 41,2 3t Big 3 34 381 a7 0 ) 0 2203 1269 3 8 8 153 462 9
32 22.3 6.4 4.3 4 839 50 387 387 469 () 8 0 cade 1974 ) 0 0 475 384 9
3322 7,9 41.3 4 677 89 415 415 9 0 2 @ 2203 1429 0 8 9 333 285 9
34 28.7 5.9 41.3 48 1071 91 M43 M3 T4 9 @ 2 2802 92 ) 0 0 298 713 @
33 34,6 12,9 41.3 42 1433 B8 471 471 586 2 9 9 ceza 1ge2 ) @ 0 713 M5 @
35 28 24aL3 4 935 88 439 493 2 ) 8 0 228 378 2 7 90 383 42 @
37 2.8 2.0 44,8 41 1966 B 5 18% 8 e 3 847 ? ) ¢ 9 6811085 @
38 2.8 0.8 4.8 13 1388 4 65 605 ) ) 0 9 798 ) e 3 9 5% 79 29
39 43.0 30.3 44.8 12 1694 4 B3 655 T8 9 e 9 1723 0 @ @ 0lb4s 638 @
40 2.6 0.) 448 24 2122 43 786 Tep 132t ) 3 8 333 8 @ 3 0 75133 @
41 4,8 9.4 3513 6 1634 4 86 19 31 @ 2 6 9 ) ] 8 0 632:034 @
42 2.3 0.8 51.8 0 982 8 7139 B3l 0 ? e 378 ) (i () 9 & 312 670 @
43 3.8 2.8 51.1 @ 3 9 602 434 ) ) 9 63l e 0 0 0 3 105 443 @
4 3.9 9.8 5.8 0 240 @ 35 3es ) 0 @ 826 0 8 ) 9 Q2 -41 281 @
45 3.8 2.0 3.8 0 28 2 286 12 0 0 ) ) 9 0 ) 0 0 -4 269 @
46 0.8 8.0 5l.! 0 56 ¢ X6 172 0 ) 8 8 0 8 ) 3 8 41 97 9
47 0.9 2,8 3Lt 0 -78 0 249 133 0 9 0 0 9 ¢ 0 B 9 -4 -37 2
48 0.9 9.8 3.1 0 -78 8 115 9 0 ) 9 2 0 8 ¢ 2 8 -4 -37 @
49 9.9 2.8 5.1 8 -1 3 % 9 0 0 0 0 ) 0 ) ¢ @ -41 -37 @
50 0.9 0.0 49.2 e -78 8 83 0 0 ) 9 ) 0 8 0 8 0 =41 -37 @
51 0.0 2.8 43.9 0 -78 0 85 8 ) e e 9 8 ) 0 8 8 -4 -7 @
32 0.9 0.0 49.8 8 -8 9 81 8 ) ) 8 ) 0 8 ) 2 @ -4 -37 @

SUX 343.82 146.542778,20

TOTALS FUR YEAR: RAIN 345.79% RUNOFF 146.5399 EVAP 2778. 301 SEEPAGE 443. 1154 EVAP FRC! RESERVOIR 1437, 948 EVAPOTRANSPIRATION
1133603 IRRIGATION 6885.329 OVERFLOW @ DEEP PERCOLATION 2
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WEEK RR RO EVAP  GSRY
3.9 0.049,7
0.2 0.9 49.7
3.9 0.2 49,7
2.9 9.0 49,7
3.3 9.0 33.9
3.9 2.3 3539
2.0 .333.3
8.9 2.0 97.4
.3 2.0 97.4
19 3.2 2.0 66.3
11 0.8 0.9 66.5
12 2.8 9,9 68.5
13 3.3 9.3 66,5
14 2.9 2.082.3
9 0T 2R3
16 3.3 0.2 6.2
17 43 d2ed2
18 43 2460.2
19 w3 02632
2% 23.2 8.7 2.2
ci 83 g2
9.9 6d.¢
2.9 8.8
4.8
33.8
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2.9
4.3 2.3
0.3 9.2 5.
2.9 9.9 5.1
2.3 2.2 51.1
2.3 2.0 51!
3.0 0.0 49.3
4.2 0.9 490
0.9 0.0 49.9
SUM 313,20 128.372778. 30

a—
CBQEUQ
W - OO oMy OY L

FEEE :
— 00 e M LE WMo O L LWLy L L) o
b

RESSESESEEER TG Y

Aoy oOY D WO

TOTALS FOR YEAR: RAIN 313.1397 RUNOFF 128, 368% EVAD 2778
13373.34 IRRIGATION 5700.492 OVERFLOW @ DEEP PERCOLATI

SYSTEN OPERATION FOR THE YEAR 1981
(VALUES ARE IN CUBIC METERS DEVIDED BY { EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN HM)
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SYSTEN OPERATION FOR THE YERR 1982
(VALUES ARE IN CUBIC METERS DEVIDED BY 1 EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN MuS
WEEK RR RO EVAP  SRT VST ERT ET ETR IRR  OVFL PER DEFIC R(1) R(2) R(3) R(&) C{1) C(2) C(I) Cl4) C(S)

QQQ@Q&QS&QQQQQS&O&&QCJQQ&G&QQQQ&"‘QQQQSQQ&@DQQQQQQQQQQ

| 2.8 0.8 49,7 4 -134 43 R 49 ) e (" 2 104 ) 0 2 9 -4-130 @
2 0.8 2.0 49.7 3 -123 44 48 37 0 3 (" @ 5 () 2 8 3 4-127 @
3 0.8 2.049,7 3 -139 44 43 34 8 9 ) [} 3 e 0 0 @ -l4-124 @
4 8.9 8.9 49.7 2 -1 44 73 (" 2 [ (" ) (] 2 2 9 0 -14-124 @
3 0.0 0.032.9 e -139 o a1 e (] ' 3 2 0 ' (' 6 ¥ -l4-126 @
6 3.3 8.0 539 g -139 9 al 3 0 ) 2 2 @ 0 ) 8 9 -15-124 2
7 3.0 22339 0 -39 ) 81 9 ) ) 0 ? 9 ) 9 8 2 -l4-124 @
8 0.9 0.9 57.4 ¢ -139 ) 86 8 0 8 9 9 0 0 2 2 90 -la-124 @
9 8.0 0.9 57.4 e -139 0 86 e 0 0 ) 0 e 0 0 @ 0 -14-124 @
13 8.8 9.9 66.5 0 -133 0 100 0 e ) ) 9 e e 2 8 0 -l4-124 @
1Y 8.9 2.0 66.5 3 -139 e 1900 ) 8 8 8 e 0 () 8 @ 0 -l4-i2h @
12 8.9 0.9 65.5 b -133 0 100 9 0 ® e () 2 9 (" 2 0 -l4-12% @
13 3.9 3.0 &k.S 3 -133 3 100 ) ) @ @ ) 0 ) 0 3 0 -l4-124 @
14 9.8 0.9 62,3 3 133 -9 93 3 ) ) 0 ) (] e 8 0 0 -{4-12% @
15 3.9 292623 g -39 @ 93 () ? (] 2 8 0 ) e 8 9 -l4-124 @
15 2.3 9.0 8.2 e -133 0 9% (] 0 (] (' 9 @ 2 ) 9 0 -14-124 @
17 2.2 2.9 62,2 8 -115 ? 99 0 0 e ? 2 ) (' o 6 9 -2-li2 o
18 9.9 8.9 62,2 -5, () 9 () ) 0 8 0 (' (] (] g 0 -2 02 @
13 2.8 23 6d2 3 -l1§ 2 % 9 @ (} 9 ) 8 () (] 3 0 -2-l12 @
23 0.7 0.9 8.2 0 -120 (" 63 14 (" ) 3 (" ) 9 9 ¢ 0 -12-108 @
2! 9.0 3o ed2 e -120 ) 30 9 (] 0 ? @ 0 @ (! 0 90 -l2-18 @
2 2.9 3.0 8¢ 3 -129 [ 99 (' 3 ) () ? 2 (] 9 0 0 -i2-lea @
23 3.9 2.9 38.8 2 -120 ) 88 0 () 0 9 @ ° @ ) @ 2 -12-128
24 3.9 9.9 3.8 0 120 ) 83 ) ) ¢ (" (] 2 D) () ¢ 3 -12-128 D
23 3.3 2.9 :8.8 3 -120 ) ga (! 0 ) 3 @ 2 ) 9 6 o -12-18 0
cb 1.2 2,2 °%8.8 & -186 0 88 2 (] @ e @ 0 9 ) 9 @ -5-lat @
27 6.4 2.9 %8.8 3 -4 ) 26 23 () e 3 3 33 ) ) 0 9 2 -84 Q
28 o2 9,9 %3.8 3 -5 32 57 11 0 ) 9 (" e () 2 6 o 3 -84 @
23 3.8 2.0 50.4 3 -5 @ 49 18 @ (! (" @ 9 () 8 g 2 4 -39 0
33 8.5 2.0 0.4 ¢ -39 ) 49 9 @ e ? ) @ [ 2 g8 9 -2 - @
31 S6.9 49,3 41,3 3 364 9 19 19 0 ) 2 B 2000 234 e @ @ 2% 135 o0
32 18.3 L6 4L3 33 32 84 c43 248 3390 8 ) @ 1558 2 2 @ 9 2 ™ @
33 23.3 3.3 413 26 I8 46 234 2% 383 2 a ¢ 1335 ' d @ ¢ 22! e 9
34 0.9 2.0 4.3 27 513 4 341 341 40l 0 ) 2 1431 () e 3 9 33 177 2
33 %2 8.34L3 28 7R & 287 3™ 2 3 0 626 ) 8 @ 9 227 65 @
36 5.1 9.5 4.3 10 932 48 415 415 607 ) () ' 1 () ) 8 9 556 376 @
37 4,8 2.2 4.8 2 323 33 480 467 e~ @ ¢ 119 @ [ ) @ 9 36! 62 0
38 18,7 7.2 4.8 2 340 511 498 44 3 B 332 ) 9 ? a 9 360 & @
33 49 2.0 44.8 @ 146 @ 541 405 ) 2 0 603 ) e ) 0 9 335-183 9
40 30.2 16.3 44.8 ¢ a7e @ 219 2713 e ) 2 103 ) 3 0 @ 93 831 -1t @
41 3.5 2.0 51.8 2 400 0 699 684 113 ] 8 713 9 2 ) b 0 fB2-2%2 0
42 2.9 8.25l.8 8 186 0 758 2% 0 8 9 30 @ e ) 8 9 8- 9
43 3.2 0.2 51.8 8 -6 @ 816 268 (4 9 @ 63 2 ) @ @ 9 4-202 @
4 0.8 9.9 51.8 e -376 @ 86 214 ) 8 0 830 @ (' ? 0 9-174-202 @
43 0.0 9.9 51.8 0 -376 ¢ 718 (i 9 [ 9 9 9 ) ) 8 @-l74-202 @
46- 0.3 0.0 3.1 2 -376 8 59 e e () e ? 0 ) o 0 0-174-222 @
47 2.8 0.8 5.1 8 -376 0 498 ) ? ) (. (] ) (] ) 0 0-174-202 @
48 2.0 2.0 3.1 e -376 0 4 ' ) () 8 0 e 9 ) 6 0-174-22 @
43 0.0 9.8 3l.1 e -376 @ 326 8 e ? () (. 9 ) 8 0 0-l74-282 @
S6 0.0 9.0 49,3 8 -376 o 239 (i ) ) (. ? (] ) 8 8 0-17%-22 o
31 2.0 2.9 4.2 o -376 8 163 ) ) e ® @ () ) 9 ¢ e-174-202 0
32 8.0 0.0 49.8 0 -376 8 1o e ) 8 2 e 8 9 8 ¢ 9-174-202 @

SUM 179.99 77.282778. 39
TOTALS FOR YERR: RAIN 170.8998 RUNOFF 77.2775 EVAP 2778.381 SEEPAGE 133.3137 EVAP FROM RESERVOIR 527.938! EVAPOTRANSPIRATION
12017, 35 IRRIGATION 3937.199 OVERFLOW @ DEEP PERCOLATION @

a


http:77.282778.38

WEEK RA

WO~ O G B LY

= e b4 b = pe e pa b pa
WO ~NOYWU P L) o D

o

R

wn

ELELErOA TS UEYHBY LRSI BNR

&
[¥<]

50
ot
2

0.a
0.0
2.9
0.8
2.9
8.¢
2.3
2.9
0.¢
0.2
0.9
0.9
¢
2.9
3.3
2.9
0.9
8.0
2.1
2.9
0.3
1.9
2.9
6.3
3.6
13.2
2.0

RO EVAP
0.0 49.7
8.9 49.7
8.0 49,7
0.3 43.7
2.3 53.9
2.9 53.9
2.2 53.9
2.0 57.4
0.3 37.4
0.0 5.3
0.0 66.3
0.9 &8.5
0.9 66.3
9.9 62.3
2.2 8.3
0.2 68.2
2.0 63,2
8.0 8.2
3.3 69.2
8.9 62.2
8.2 62.2
0.3 8.2
8.1 3.8
0.9 53.8
1.9 3.8
4.8 3.8
2.0 58.8

31.3 17.5 53.8
3.5 11.9 S3.4
36.7 20.7 0.4
54.8 43.6 41.3

12.4

3.4 41,3

67.6 63.3 41.3

7

0.3 4.3

3.9 61.9 41.3

1.5
1.5
0.9
0.2
2.9
3.3
0.8
0.3
9.3
2.8
2.9
0.9
2.8
2.0
2.3
8.0
0.8

0.0 41.3
1.2 44,8
0.9 44.8
2.9 44.8
0.0 4.8
3.2 51.8
0.0 51.8
8.8 51.8
9.0 5.8
2.9 51,8
3.8 5l.1
2.9 5.1
9.0 5.1
9.0 5.1
0.0 43.9
v.d 49.2
2.8 49.2

SRT

— .
m.b-u:ruromo&ams&asas&&&oo&soo&&os

CcLLERERPLESHES

[~ -~ .~ I~~~ N .~ B . ~ . =

0

SUM 343.30 226.312778. 30

TOTALS FOR YEAR: RAIN 343.2998 RUNOFF 226.5065 EVAP 2778.301 SEEPAGE 651.5143 EVAD FROM RESERVOIR 1574. 569
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SYSTEN OPERATION FOR THE YEAR 1984
(VALUES ARE IN CUBIC METERS DEVIDED BY | EXCEPT RAIN, RUNOFF, AND EVAPORATION WHICH ARE IN MM)
WEEK RR RO EVAP  SRT VST  ERT ET ETR IRR  OVFL PER DEFIC R(1) R(2} R(3) Rea) CU1Y CE2) €13 L) ¢

1 0.8 20497 0 -133 e 73 ) e 0 ) 9 e ) ) a 8 -21-112 ¢
2 8.8 0.0 43,7 9 -133 2 73 2 0 ) 8 0 8 0 0 0 0 -21-112 9
3 2.9 8.0849.7 0 -133 0 73 9 0 0 () (' 3 2 0 o 2 -21-112 @
4 9.8 2.0 49.7 0 -133 2 75 ) 0 2 ) @ 9 2 0 6 9 -2-112 2
3 2.3 9.053.9 2 -133 9 81 ) 0 ) ) 2 9 e 0 0 2 21112 0
6 9.3 0.0 53.9 @ -133 (" a1 0 ) ) ) ? 9 0 0 ¢ 0 -21-112 9
7 9.0 0.9 53.9 ¢ -133 0 81 ) ) 8 0 8 ' e (] e 0 -2l-112 @
8 8.9 2@ 9.4 8 -133 9 86 ) 8 0 0 0 9 9 (' 8 0 -21-112 @
9 A8 0.297.4 0 -133 0 86 0 (' 9 e 9 ) e ) e 0 -21-112 @
19 2.9 0.9 65.5 ¢ -133 Y 1ee 8 ) 0 ) ) 0 (' 2 0 -2-112 9
1 2.9 2.3 66,3 0 -133 -3 - !e0 ) B ) e ) 8 (] 0 ¢ 9 21-112 9
12 3,9 9.9 65.5 0 -133 4 100 0 0 9 0 ) 8 ) ) 8 0 -21-112 @
13 0.8 2.2 65.5 0 -133 3 1¢0 0 0 ) 9 (' 9 9 ) @ 0 -21-112 9
14 0.0 2.98.3 8 -133 9 3 9 0 (] ) 9 0 ) e 0 0 -21-112 9
159 9.8 063 2 -133 0 93 9 ) 8 ) (' e ) 8 0 0 -21-112 @
16 8.8 0.9 89,2 8 -133 0 9 8 9 0 8 ) 9 9 e 6 0 -2l -112 @
17 2.9 2.0 ¢60.2 0 -133 ) 99 0 9 0 0 9 @ e 2 2 @ -21-112 @
8 0.3 0.2 8.2 3 -133 8 % 9 ) 0 0 9 8 (' 8 0 0 -2 -112 o
19 8.8 2060.2 3 -133 9 90 0 9 ) ) e 9 9 ¢ 6 8 -2 -112 ¢
20 A9 8.0 822 ¢ -133 ) 98 9 ¢ 8 (" 9 2 Q 0 4 0 -2l-112 D
2l 3.2 2.8 8.2 2 -133 ¢ 99 0 ) () e 0 8 3 ) 8 0 -2l-112 o
2 5.4 86602 ¢ -89 3 3 3 ) 8 9 9 3 9 3 ¢ ¢ -3 -81 @
23 2.0 2.2 58.8 3 -89 52 88 0 9 0 ) 8 0 2 8 3 0 -8 -8l @
24 0.3 2.233.8 B -89 0 88 0 (] 0 ) ) 8 8 ) ¢ @0 -8 -8 @
a3 1.3 323583 0 -85 0 57 13 0 8 9 (' 9 2 0 @ @ -2 -72 2
26 25.4 11.3 58.8 ? 126 9 26 26 9 8 0 ? 633 0 2 e 8 92 3 2
27 13.9 2.8 8.4 16 360 37 33 3 78- o ) 0 ) 8 ' 8 8 231 129 ¢
28 0.8 9.9 s8.8 ? 62 8 419 304 ¢ - ) 0 189 8 ) 2 ¢ 9 & -1 @
23 37.5 22.3 S0.4 @ B85S 46 416 1121 0 ? 9 21 ) @ 0 9 3% 462 9
38 L3 3.0 5.4 55 4 413 473 1Bl 0 ) 2 8 9 2 9 3 133 356
322 2.9 4.3 0 17 0 413 333 0 2 9 243 0 3 9 6 3 17 159 3
2 27 0.2 4.3 ¢ -33 6 443 289 2 (" 8 367 9 ) ) @ 3-l& 3 9
33 7.6 0.4 41,3 9 -89 0 263 121 23 8 e 497 8 0 8 ¢ 2 -3 -2 29
34 0.0 0.0 41,3 2 -0 8 499 ) 8 9 0 9 0 8 8 ¢ @ -38 -2 o
3 0.9 209413 2 -Rd 0 527 ¢ -9 2 0 9 8 ) 8 ¢ @ -8 -2 9
36 18,1 6.3 41,3 2 19 0 8 230 384 9 0 73 ) 2 (" 0 0 238 47 @
37 2.0 2.9 4.8 (! 88 @ 635 103 ) 8 0 42 ) a ¢ @ 0 135 -47 @
38 0.3 0.0 #4.8 g -l 8 786 12 9 ) 0 604 8 0 ) 0 0 3 -45 9
33 46,9 34,1 44,8 8 un @ 7% 6% 199 0 0 693 0 ) a 0 811285 =2 o
40 9.2 0.8 44.8 0 586 6 62 BI3 9 0 9 344 ) ) ¢ 0 2 84 -275 @
41 0.9 0.0 51.8 0 29 @ 602 272 ) (' 0 ) ) 0 ) 2 0 .)-2!m 2
42 2.9 2.951.8 9 66 2 305 228 0 (] 8 144 0 0 0 @ @ 3#/1-275 @
43 3.9 0.0 5.8 e -1 o 408 177 ) 0 0 28 e 0 0 @ 0 1683275 @
44 0.2 0.9 51.8 8 -123 2 18 12 0 9 ) 9 0 0 0 @ 0 12-275 @
43 3.9 2.0 51.8 0 -233 ¢ 233 117 e 8 0 9 0 ) 8 ¢ 0 3-273 @
4 9.0 2051t e -316 0 17 76 9 ¢ ) 0 ] ? 0 6 0 -4 -275 @
47 2.2 4,0 51.1 9 -316 9 96 9 () 0 8 ) e ) 0 @ @ -4t -275 @
4 2.3 2.05l.1 8 -36 ) n e @ 9 0 ) @ e (" 8 8 -41-275 @
43 3.8 3.8 5.1 8 -6 ) 73 [ ) 0 3 0 8 ) ) 0 8 -41-275 o
30 8.9 0.049.9 e -3 9 66 () 0 9 3 ) 0 8 ) @ 0 -4 -275 @
91 0.0 8.8 %9.8 8 -6 ) 62 9 ) 3 0 0 0 0 8 @ 0 -41-273 @
2 9.8 0.0 412 8 -316 e 3 9 0 () 8 ) e ) 0 8 0 -41-275 9

SUM 138.7@ 79.512778.30

TOTALS FOR YEAR: RAIN 158.6999 RUNOFF 79.5131 EVAP c778,331 SEEPAEE 17,1059 EVAP FROM RESERVOIR 154. 0175 EVAPOTRANSPIRATION
11743.34 TRRIGATION 4318.25 OVERFLOW @ DEEP PERCOLATION )
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Date

Dr. Brent Cluff
Evaporation Control Specialist
University of Arizona

Dear Dr. Cluff:

As per our discussions un water related properties of "gardud" soils in

Western Sudan, please note that quantitative data are unavailable. Gardud

is a loose terminology and represents soils that fall between stabilized

sands in North Kordofan and cracking vertisols in South Kordofan. There is

a great deal of spatial variability in textural composition and hydrologic
properties. What is certain is that gardud soils are very hard and uncultivable
with traditional hand tools. The hardness seems to be related to the extreme
dryness that exists year round. Water intake is very low and excessive runoff
is produced.

The following numbers represent my educated guess for the area of gardud land
that you are interested in.

Field capacity* 18 - 257 (volume basis)
Permanent wilting point 8 - 12% (volume basis)
Infiltration rate 10 - 15 mm/day

* Field capacities are seldom achieved except in depressions where water collec
following rainstorms.

Lt

Lalit Arya
Soil and Water Specialist
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CRISAFULLI TRAILER PUMPS

Decades ago Crisafulli submersible, centrifugal trailer pumps began a revolution in high capacity pump
design, which is continuing today through research and new product development.

Crisafulli trailer pumps never need priming, use no check valves or suction hose and are virtually
unpluggable. Available in discharge sizes from 4” through 24", trailer pumps can pump between 500 and
20,000 gallons per minute with lifts from 0 to 100 feet. Trailer pumps are extremelv nortable, they can be
driven to an unimproved pumping site, be installed and operating in minutes. You wili never need to worry
about the type of material, debris or sediment you are going to pump. Crisafulli trailer pumps easily handle
a wide range of materials from clear water to thick sludges and large diameter spherical solids.

All Crisafulli trailer pumps come equipped with power take-off shafts to connect the nump's drive line to a
power take-off. Trailer pumps are equipped with axles and tires to facilitate movement from one location
to another. Only Crisafulli offers two bearing options: water lubricating, marine type, for clean water
applications and sealed bearings for pumping caustic, abrasive or othar contaminated fluids. The
selection of the proper bearing for a specific application greatly increases pump life. All sealed bearing
models feature lubrication lines as standard equipnient for convenient bearing maintenance.

Trailer pumps are available with two impeller styles as a standard option. A “closed” impeller is designed
for high volume water transfer while an ‘open’”, self-cleaning, impeller is used for pumping trash, debris,
slurries, solids and other materials. Crisafulli trailer pumps are available in three impeller sizes per
discharge size to achieve the highest output with the lowest possible power input.

Crisafulli trailer pumps can be powered using a tractor PTO, electric motors, gasoline or diesel engines.
All Crisafulli trailer pumps are supported by the Company's warranty as well as our reputation for quality
construction and continuing after sales support.

CRISAFULLI “LONG HITCH”

TRAILER PUMP

“Long Hitch” Trailer Pumps are designed for
pump installatioris where less than ideal
approaches exist. They are fabricated from
heavy 2" X 4" structural steel members and
feature an extended 18’ discharge. Total pump
length is approximately 23'. The “Long Hitch”
pump is available with water lube or sealed
bearings, open or closed impellers and three
impeller  sizes for  optimum pumping
performance. Discharge sizes are 4”, 6", 8", 12",
16", and 24" with capacities from 500 to 20,000
gallons per minute.

TRAILER PUMP

“Humpback’models are designed for steep
angle approaches into irrigation canals, ditcnes,
or other applications ‘with relatively high slopes.
They too are fabricated from 2" X 4" structural
steel members and come with an 18’ extended
discharge as standard equipment. Total pump
length is approximately 23’ with a solid, one
piece shaft. They are available with marine or
sealed bearings, open or closed impellers, three
impeller sizes in discharges of 4", 6”, 8", 12", 16",
and 24",
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(SHORT HITCH PUMP SKID-MOUNTED FOR SHIPMENT)

CRISAFULLI “SHORT HITCH”
TRAILER PUMP

“Short Hitch” pumps are designed for ideal
approaches that are both level and sufficiently
deep to achieve case submergence within a
short distance. They are equipped with an
extended 10’ discharge and have a 15’ overall
length. They are available with water lube or
sealed bearings, open and closed impellers and
three impeller sizes for optimum pumping
performance. Discharge sizes are 4", 6", 8", 12,
16", and 24".

CRISAFULLI “ELECTRIC MOTOR-
ON-FRAME” TRAILER PUMP

Where three phase electrical service is available, it
can be desirable to use an efficient, electrical motor,
instead of a tractor's PTO to power a trailer pump.
Crisafulii offers an electric on-frame option with it's
long hitch models, in sizes 4" to 24" and from 5 to 300
horsepower. Sealed bearings and Crisafulli's
bearing protection system is standard equipment on
all electric models insuring long bearing life.

CRISAFULLI “THREE POINT
HITCH” PUMP

The “Three Point Hitch” pump offers extreme
portability coupled with the ability to pump from
vertical, shear pumping sites. When lowered into
position, they achieve up to 60° of angle while
keeping the power take-off almost level, insuring
long PTO shaft life. “Three Point Hitch” Pumps
are available with sealed bearings, open or
closed impellers in discharge sizes 4", 6", 8", and
12",

DIESEL/GASOLINE POWER UNITS

It is also occasionally desirable to consider
diesel or gasoline engines as a power source.
These can be mounted directly on the pump
frame up to 44 horsepower, orif alarger engine is
necessary, on an independent trailer or skid
frame. Crisafulli offers power packages through
300 horsepower, with belt and pulley speed
reduction, safety shutdown and with many other
features.




BEARING PROTECTION SYSTEM

Bearing protecticn is used on all pumps which
will be submerged into abrasive, caustic or acidic
fluids and is used to insulate the bearing from the
possible detrimental effects of exposure to these
materials. Lubrication lines are extended up to
the pump hitch for

maintenance.

convenient

bearing

PUMP SELECTION
BY DISCHAF.GE SIZE AND IMPELLER TYPE (540 RPM)
TOTAL 4 f 6" i 8" 12" | 16" [ 20" 1 24"
ovame| R | I r I At 1+ | H T R 1 1 T R R | + I H | "R T H | H ' H
HEAD |HP GPM |HP GPM | HP GPM|HP GPM IHP GPM |HP GPM | HP GPM | HP GPM |HP GPM | HP GPM | HP GFM | HP GPM |HP GPM | HP GFM ! HP GPM AP GPH
05111 90|15 1080]24 1260|185 2050|230 2500|48 20023 2750(48 305066 4400 |32 4625 |74 6600 | 12 1200 85 10.400 | 174 13200 190 1325025 18,000
10 10 840|148 1040|235 1220 |17 1850|290 235017 280022 2500 {45 00|64 4200{ 420070 §100 190 7000 |82 10,000 | 167 1280 | 149 12.750!215 17,500
159 T2/145 50|02 160| 16 1650|285 250 |45 270021 250 |4 00|63 4000|290 %25|68 700|105 6800 |75 8600|153 1240118 1200|202 16500
208 5801142 9002251100 |14 1350273 2050 45 2550 |18 180040 3200|625 3800|2700 |62 5150 {102 6400 |66 7000 |13 117301147 1100|199 1500
)6 340(138 800(22 102012 1000 (25 185042 2400 |14 100037 2000|862 3600|13 100(59 4600 | %9 6100160 4800 14 :o,sooius 10000 {195 14000
£ 125 66021 %40 2155040 250 2 2400|680 300 53 3001 % 5700 m 30|12 300018 12500
£ 10 420]19 e 7 1200{37 2050 25 1600(57 3000 © zmi‘ 89 5100 | 4 T00) 10 4000115 4500
1) 1770 32 1750 50 2500 76 4300 | i '
5 155 520 271400 2 190 60 3100 ,
50 0 70 | l |

R—Regular Lift Impeller; I—Intermediate Lift Impeller; H—High Lift Impeller; HP-—-Brake Horsepower; GPM—U.S. Gallons Pe: Minute)

Other pump speeds are available from 375 to 2000 RPM. Performance will vary according to pump speed. Pumps can be ¢
faet,

esigned to pump heads above 100

BETTER

... FOR LESS.

CRISAFULLI PUMP COMPANY, INC., BOX 1051, GLENDIVE, MT 59330, 1-(406) 365-3333 s



SIME DARBY COMMODITIES INC. TELEPHONE: 212.587-6650

140 Cedar Street Telex 1: WU 649577
New York, New York 10006 Telex II: 7105812015
CABLE: SIMEDARBY

August 15, 1985

Dr. C.B. Cluff

WRRC

University of Arizona
Tucson, AZ 85721

Dear Dr. Cluff:

In response to your inquiry we are pleased to inform you
that we can deliver

One (1) unit CRISAFULLI TRAILER PUMP MODEL
LH16RA, complete with necessary tubing and
quick-disconnect coupling, for the total
sum of USS$10,815.00 C+F PORT SUDAN,

This offer is valid for 90 days.

Our sales conditions are: Irrevocable Letter of Credit
confirmed by a prime New York banking institution.

We look forward to being of further service to you,.

Yours very truly,

Sl

Viviane Hickins

Encl. please find brochure illustrating the item being
quoted.


http:US$10,815.00

