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Title: Development of Ecpnomic Hate? Hafvest Techniques for Stock Tanks to
be Locate:! Qutside of Stream Channels.

Justification: In the Western Unfted States there 1s widespread interest in

the possibility of increasing streamflow from watersheds as a means of aug-
menting insufficient water supplies..

The total annual streamflow yield in the 17 Hestern stateslis About 25
percent of the total precipitation. - This yield drops off iq the semi-arfd.
Southwest where in Arizona it is estimated that stireams yfeld about three
percent of the total precipitation (1).

Watershed investigations to incfease water ylelds have beer centered
around vegetation manipulation to reduce transpiratfon iossés and thereby
increase streamflow. This method has showa to be effective on the Salt River
Watershed in the chaparral type of wegetatfon wheréas results on the pinyon-
juniper type have not been toc conclusive (2). The most extensive vegetation
type iii Arizona is the desert shrub area. It has a water yield of less than
0.5 inch with no potential of !ncrease'through reduction of vegetation density.

Streamflow can also be increased by reducing 1nf1!tratidn rates of water
fnto the soil. This reduction results in an immediate increase in runoff and
a resulting decrease in water lost through evapotranspiration. This infiltration
~ reduction is obtained thrahgh use of rchemicals and materials which physically
impede the movemant of waterlinto the soil. Among the eariier materials that
were used for paved catchments are asphalt and concrete slabs, galvanized
sheet metal and butyl rubber. Such catchments are durable and wsually require

14ttle maintenance, but they are expensive, costing from two to three dollars

. per square yard. In the last few years catchmenis have been installed using

ésphait membrances, plastic zheets and water repelients. The use of these



materials greatly reduce capital cost but require considerable maintenance if
Jeft exposed to destruct%ve wind and sunlfght.

The use of paving techniques to increase streamflow while not receiving
the publfcity of vegetation manipulation techniques, nevertheless, have been
mentfoned {n the 1iterature. For instance the "Barr report" mentioned in 1956
that, "...1t is not beyond reasonable expectuifon that the cities of Central
Arfzona will some day pave or cover with piastic or other impervious material
an area that will furnish those citfes highest quality soft water.... An im-
pervious layer over one percent of the watershed could provide an additfonal-
100,000 acre feet of water..." (3). |

In the last several years research efforts have resulted in a great
reduction in the capital costs of a paved catchment (4). Future research as
proposed in this report should further reduce costs to the point where cfties
will'be serfously interested in paving as a source of a water supply. .

| At the presént time, because of relatively high initfal cost, paved water-
- sheds are befng used as a source of stock water primarily where a conventionaf
source such as ground water or stock tank sites are not available.

Conventionai stock tanks have several recognized disadvantages both to
the cattleman and the downstream user. Flpw in”tﬁe small drainage areas on
grazing lands are infrequent and erratic. Further, in semi-desert areas, waler
is usually heavily laden with silt. As a consequence, in order to p@ﬁvide
caréyover between storms the tendency has been for the stockmen to make their
reservoirs-1§rge, thus creating great surface areas and éhereby incre§s1ng
losses of wafer by evaporation and seeﬁage. The actual use of water by stock
from a stock tank has been estimated to be about 1/3 acre foot per year in a
grazing area (5). The losses to useful native vegetation along the drainage

way below the pohd'$h¢ downstream users must be af Teast 10 to 100 times this



,amount.. A convertional stock tapk located ‘on a stream channel greatly
reduces the peak flow, reducing the percentage of water reaching a down-
stream user. - B

In spite of tﬁeir large cepacity most stock tanks are not a dependable
source of water. For ‘example, coasi&eénfvo.conventional stock tanks Tocated
on the Att erbury Experimental waiershed on the valley floor southeast of
Tucson. The smaller tank, designated as Tank III, has a capacity of 15.0
acre feet with drainage area of d 5 equare miltes. The average~annua1 1nflcw'
into the tank is 7.5 acre feet. There is no surfsce outflow and yet the tank
is dry over 30 nercent of the time.  Tank II has a.capacity of 30 7 acre
feet, a drainage area of 4.3 square miles, an average 1nfiew of 55. 9 acre
feet, only 6.8 acre feet surface outflow and yet this tank 1s dny approx-
imately 11 perceni of the time. Conventional stock tanks have the added .
disadvantage of becoming filled with sediment which requires perfodic ex-
cavation or relocation. In a study avea of Northw =stern New Mexico containfng
15 steck tanks, the agéregate capacity of the reservoirs was reduced 39 per-
cent by sedimentation in a five year period (6). Finally, sites for conven- -
tional stock tan?s are not always avallable where needed for broper utilization
of the range. ﬂ
. In ccntraét é paved catchment and smail~sé§led tank protectee from ava-
povation and seepage losses can be built primarily where needed. The poved
catchmenﬁ eliminates sedimentation and provides runoff from 1ight storms which
greatly reduces the size of storage tanks reauired. The system is buflt on
the r%dge tops or side slopes, never in major drafnage channels. Despite these
advantages, this system will not repiace the conveantional stock tahk until

cozts are further raduced.
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Previous Work and PresentIOutlook: In an effort to increase the effective 1ife of

a p1astié catchment, the Water Resources Research Center (WRRC) began exper-
imenting late in 1965 with a pea-gravel cover. This cover serves to protect
thé plastic against harmful UV radfatfon and wind damage. The use of a gravel
cover also has considerable esthetic value in that the catchment blends very
-well with the semi-arid lindscape. A

Because of its apparent advantages, an 8 X 16 foot experimenta} plot
was established in December 1955. Six mil black polyethylene pla’stic was
covered with one inch pea gravel (3/16-3/8 inch diameter stone). From |
December 1965 to December 1966, 33 separaté.rainfali events were recorded
totaling 12.09 inches. Runoff was obtained cn 28 of the 33 rainfall events
for a total of 10.58 inches .or 87.5 percent of the rafnfall. <On.a control
plot only 0.69 inches of runoff ware recorded for 10 of the 33 rainfall events
for the same period, for a total of 5.7 percent of the rainfall.

In the spring of 1965, a plastic-laying gravel spreader w&s developed

- and used for a one-half acre, gravel-covered plastic plot 1nstailed at the

WRRC Field Laboratory using imported gravel. Four mil plastic was successfully
used with very little mechanical damage in the covering cperation.(The ;ide-
slopes on the one-half acre plot was 5%). The gravel cover was increased
to approximately two fnches because of the anticipated increase in gravel
movement with greater flow on the larger catchmant. Because of this increased
cover, oniy 60 percent of the rainfall has been recorded as runoff. From
observations made during high intensity summer rains it was concluded that
an inch cover on the cne-half acre plot would'be more than.adequate. Add-
jtional work fs needed to determine what depth of gravel to use on different
slopes of varying degree and length. The water from the above catchment flows

into an 100,000 gailon storage tank lined with fnexpensive polyethylene and



covered with butyl rubber to eliminate evaporation and to protect the plastic
from deterforation by sunlight. .This one-half acre catchment and tank were
constructed in fucson at a cost of $2500. In a 12-inch rainfall area it should
provide a firm water supply of about 100,000 gallons per year.

~ The 100,000-gallon tank being filled with clear water should have a life
in excess of 20 years. While the 1ife of the gravel-covered plastic 1s not
yet known, pea gravel-covered plastic has been fn use for landscaping purposes
in Tucson for over five years. .A recent examination of some of the earlier
fnstallations have shown the plastic to be in good condition. Hence it is
anticipated that the catchment should last at least 10 years before the plastic
would need to be replaced.

Aithough the cost of a conventional stock tank varifes widely, a Tucson
contractor, who spaciaiizes in this type of conciruction, estimated that a
typical tank would cost $1500 and would Yast for 10 years before being filled
with sediment. Thus the experimental water harvest system installed at the
WRRC Field Laboratory appears to be competitive with typical stock tank,
but capitai-costs must be reduced further before water harvest systems will
replace the steck tank.

Recent investigations have indicated that costs of toth the catchment and
tha storage can be further reduced. A preliminary study has shown that most
range soils {n Arizona contain sufficient gravel tu furnfsh the necessary cover
for plastic; asphalt or water repellents. A1l that 1s needed i{s a machine |
that wi1l pick up range soil, scresn out coarse sand and gravel, lay 9plastic, -
asphalt or water repalients, and then drop the coarse sand and gravel back on
top of the surface seel. In the case of plastic, such 2 machine would reduce
costs by onz-half but, more importantly. cests would not be dependent on prox-

jmity to @ Yocal gravel source.



The Water Resources Research Center in cooberation with the Department of
Agriculfﬁral.Chemistry and Soils has successfully demonstrated that a treat-
ment of sodium chloride can incréase water yfeld (7). Research- {s under way
to determ;ne how much water can be harvested without reducing vegetation
growth to the point where erosion would be a problem. If a gréve! cover could
be generated from the range soil to prevent erosion, treatment rates with sodium
could be heavier with the possibflity, on some soils, of increasing water
yields up to 50 percent or more. | .

Reducing costs on the storage tank may be more difficult. However recent
tests in evaporation control at the WRRC Field Laboratory i;dicate that floating
styrofoam rafts may be used on stock ponds with abéut 109. percent effeqtive re-
duction of evaporation on the covered water. The cost nf these rafts would
be about 15 cents per square foot. Further reduction in cost may be obtained
by using a combination of styrofoam and aluminum foil. South West African
government engineers are using moided lightweight concrete made of polystyvene
sand and cement as floating rafts (8). This system will be evaluated under
this research project. Seepage control {s still a probleﬁ but it 1s hoped
that the soll sifter will provide a methed to cover a plastic liner. In
seepage control a covered double membrane of asphalt and plastic or asphalt
and paper night be desirable(9). The placement of the protective cover is the
biggest cost in seepagé control using membranes (10). _The capacity of laying
and .covering a double membrane cbuld.be incorporated. into the proposed soil .
sifter. With controlled evaporation and seepage and a paved catchment, the
sfze of the required storage would be relatively smail compared to a conven-

tional stock tank. This factor w%?l.be very importank in redqpspg costs.
-The membrane method seecpage contrel would necessitate fencing of the reseriqu

“but egain beceuse of fts size, this should not be too expensive. Also the
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- fencing of stock tanks is a recosmended procedure for protection of live-
stock,'for improvemeut.ih water quality apd for better control of range
ufiiizatidn.(ll).

Objectives:..The major cbjective of this research proposal is to develop an fnex- 5
. pensive water harvest system. :

To attain this goal the following objectives must Be met.

1. A waterproofing, sofl sifter (WSS) capable of laying plastic, asphalt,
or water repellents, and ccvering them with a layer of'gravel derived from
the soil must be developed.

2. The advisability of using a heavy application of sodium salts as the
sealing material using the gravel generated by the WSS to reduce erosion must
be determihed; |

3. Inexpensive floating rafts as é means of evaporation contrel from small

reservoirs must be developed.

4. Techniques whereby the WSS could be used as 2 means of laying and
covering membranes for seepage controi must be dstermined.

Facilities and Equipment Avafiable: The foi]owing major facilities and equipment

are now availabie for investigation of water harvest systems.

1. Triplcate ponds, 53-X 78 X 9 feet deep and lined with butyl rubber,
have been constructed gt the WRRC Field Laboratory in Tucson. Stilling wells
and hook gages are instailed to determine evaporatioﬁ loss. ‘

2. An 80 X 220 X 13 feet deep pléstic-lined pond is a;ailab!e for testing
rafts. This larger pond is valuable for detarmining how rafts will operate on
large reservoirs. | |

3. A weather station has bean established next to ¢he pond area. Instru-
mentation includes rain gages, hygrotharmcgraph, baromster, recording anemometer

and wind vane, and radiaticn and temperature recorders.

—
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4. Ten United States Weather Bureqq.CIng.A evaﬁ%ritibn pans are in
place near the evaporation ponds and can be used er preliminary testing of
floating rafts. 4 .

5. Efght double-walled infiltrometers, eight feet on a side, and vol-
umetric tanks for measurement of water are available at the WRRC Field Lab-
oratory fdr studying seepage control.

6. A one-half acre of pea gravel-covered plastic with a 100,000 gallon
storage tank has been constructed at the WRRC Field Laboratory. Data are
now available to determine water yfelds in an area similar to Tucson.

7. Sixteen 8 X 16 foot runoff plots, which fnclude two plots treated with
sodiumlchloride, one treated with gravel-covered plastic, and one with sodiuﬁ.
chloride covered with gravel.

8. Four one acre plots located at the Atterbury Experimental Watershed.:
Two of these plots have been clearad of vegetation and one treated with sodfum
chloride. The remaining two have natural desert shrub vegetation with one
being treated with sodium chloride.

9. Two is acre plots located at the Atterbury Experimental Watershed
are being calibrated for future treatment with scdium chioride.

in addition to these faciiitles, five additfonal 8 X 16 foot plots wiil
be constructed at the WRRC Field Laboratory using imported soil from the Atter-
bury Watershed. One plot will be used as a control, one treated with sodium
chloride covered with gravel sifted from the soil, 6ne treated with plastic
covered with sifted gravel, one treated with asphait covered with sifted
gravel, and one treated with a water repelient, such as silicone, and covered
with sifted gravel.

Based on results of the investigation, a damonstrative catchment complete

with storage tank will be built on the Atterbury Experimental Watershed and



subjected to use by 1tvestock.
Procedure: Three screening fnvestigations will be coﬁducted simultaneously with
the development of the waterproofing,;koil sifting machine. |
| 1. The relative merit§ of asphalt, plastic, wéter répél!enté and sodium
salts is uaterprpofing agents to use in conjunction with gravel protection
will be determined by a Screenfng investfgation using small plots.

2. Various raft desiéns for evaporation control will continue to be
screened, and the best design will be field tested on the 53 X 78 foot ponds.

3. Combinations of sealants in small basins such as scdium salts, as-
phalts and'plastic tb determine the best system to use for seepage control
will be tried.

Much of the chance of success in fulfilling the objeciive of this pro?
posal is dependent on the successful de#elopmant of the waterproofing, soil
sifter(WSS). A preliminary drawing of the propesad WSS fs shown in Figure I.
the ﬁachine is a combination of operations th#t have previcusly heen used,
namely:

1. The ladder concept of_raising sof1 has oeen demonstrated in var-

ious types of earth-moving equipment. .

2. Thelvfbratfng screen will be a proven commercial unit whose output

| chafacterfétics appear to be adequate.

3. The laying of plastic and dropping gravel cn top without undue
damage to the plastic has been demonstrated in the earlier use of a
plastic laying gravel spreader on the one-half acre plot at WRRC
Field Laboratory. _

The prototype WSS will be approximately 13 foot long. 5 foot high, have
a four foot cutting width and will lay a four foot roli of plastic. The

plastic will be joined by overlapping of 6 inches
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This system requires éléjbpe 6} at least five percent to assure no feak—
age at the overlap. Th1§ requirement is not too stringent for most range
areas. The size of this prototype shoqld be adequate for the installation
of small water harvest systems for stock or domestic purposes.

The WSS can be easily modified to waterproof with asphalt or water re-
pelients by replacing the roll of plastic'ﬁith a spray nozzle. A sodium
chloride treatment could also be appiied in solution thrcugh the spray nozzle
or broadcasted dry after the sofl-sifting operation has been completed.

For seepage control work a combination of asphalt and plastic or a;phait and
paper could be laid simultanecusly by mounting a spray bar in front of the
plastié or paper roll. .

In order to properly field test and develop the WSS a small dozer tractor
(50 hp.) should be avaflable for the duraticn of the prbject to pull the mach-
ine. The tractor‘should be equipped with a ripper and dozer for brush removal
and shaping of the small storage tank. Thus, a complete catchmeﬁt and tank
.could be constructed with these two pieces of equipment. Foliowing the pro-
ject the WSS would be available for installing demonstrative catchments on
the Salt River Watershed as well as other areas in Arizona.

Probable Duration: It is proposed that the project start from January 1, 1967 and

extend for 18 months to Juiy 1, 1968.
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Suggested . . .-
nancial Support:

1. First yéar:

Salaries
Project Consultant (1/8 Time)
Project Leader (1/2 Time).
Machinist (1/2 Time)
Technical Assistant (1/2 Time)
Graduate Assistant (1/2 Time)
Student Assistants

Payroll Taxes and Insurance (7.5%)

Equipment
Eental of dozer tractor with ripper
Cost of materfals and development of WSS

Cost.of Demonstrative Water Harvest System

Using WSS

Other
Travel
Miscellaneous supplies
Chemical and mechanical analysis

Total
2. Second 1/2 year:

Salaries
Project consultant (1/8 Time)
Project Leader (1/2 Time)
Machinist (1/2 Time)
Technical Assistant {1/2 Time)
Graduate Assistanrt (1/2 Time)
Student Assistants

Payroll Taxes and Insurance (7.5%)

Other
ravel ,
Miscelianeous supplies
Chemical and Mechanical Analysis
Publication .
Total

Total for one and a half years

Salt River The Unfversity
Project of Arizona
$2,000
5,000
3,500
3,000
o0
0
5,000 l?.gaﬁ
380 ,020
5 t ] EEE ] i
1,500
5,000
1,000
400
800
800
$74,880 $14,520
] 9000
2,500
1,750
3,000
1,500
1,000
2,500 8,250
190 620
2,630 8,870
200
400
400
200
$3,630 “39,000
$18,570 $23,590
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Discussion: .Ihe cost'of-theﬂresedrch and development.of'this s}step of installation,
 while rﬁnning closé o 845.000':a9 he 3ust1?ied on the basis of §ts potential
for 1ncrea§1ng streamflow and at tﬁe same time vroviding a more dependable
stock water supply. In order to get an idea of the potential, the follow-
ing assumptions will be made:

(1) An additional ;cre foct of water s worth $15.00 to the Salt River
Project;'and (2) each sfock tank {s reducing the streamflow by an average of
20 acre\feet annuaily. Over a 20-year perfod the reduétion of one stock tank
would méan an increase in streamflow of 400 acre feet which would have a value
of $6,000. The total impact of the successful development of this system to
the SRP could casily be in the range of thousands of doliars annuaily.

The value of a dependable stock water supply can best be measured by the
amount that ranchars are willing to pay for hauling water. Some ranchers in
Northern Arizona have pafd as much as $1,400/acre foot to haul water to stock.
At this rate for the proposed catchment system, the water supply would be
worth about $500 annuaily.

The basic principles of the proposed system have already been proven,
Additional work is needed to devé!op the WSS and check out its effectiveness
in the construction of catchment aprons and lining of stock tanks. The feasi-
bility of the use of f1oatiﬁg vafts has recently been demoistrated in West
South Africa where governhent officials have ordered the covering of all res-
ervoirs with flcating concrete vafts. Firally, although the proposed research
program is geared to providing stock water, the day 1s fast approachfng vhen
comunities in Arizona and other semi-arid areas will be interested fn ob-

taining high quality water from treatad surfaces.
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Cooperators:

1. U. S. Water Conservation Laboratory, Agricultural Research Service, U. S.
Department of Agriculture, Phdenix. Arizona.

2. Fishery Unit, The University of Arizona.

3. Department of Agricultural Engineering, Agricultural Experiment Statfon,
The University of Arizona.

4. Department of Agricuitural chemistry and Sofls, Agricultural Experiment
Station, The University of Arizona. '



14

Bfographical Dzta - C. Brent Cluff, Pfoject Leader

1.

2.

3.

Education: ':
? S.. Civil Enginnering. 1959

Date and Place of Birth:

February 20, 1935, Central, Arizona

* The Unfversity of Arizena @

M.S., Civil Engineering, 1961
The University of Arizona

- Experience:

1961-62 California Water Resources
Assistant Civil Engineer

' 1962-63 The University of Arizona,

Rese. arch Associate

1863-to date the Unfversity of Arizona,
Assistant Hydrologist

4, Publications:

5.

“Seasonal Streamflow Forecasting for Central Highlands, Arizona",
M.S. Thesis, The University of Arizona, 1961.

"Letting Grass Take the Mud Qut of Water”, Progressive Agricuiture,
V0. XIU, the University of Arizonz, November-December, 1962, .
(with L.G. Hilson).

"Evaporation Reductica Investications Relating to Small Reservoirs

in Arid Regions"”, Progress Re"ort No. 224, Agricultural Experiment«

Station, The University of Ar?zona, October 1964.

“Final Report on Evaporation Reduction Investigations Relating to
Small Reservoirs", Technical Bulletin 177, Agricultural Experiment-
Station, The University of Arizona, October 1966. R
“Using Sait to Increase Irrigation Water", Progressive Agriculture
Vol. XVIII, The University of Arizona, May-June, 1966, (with
Gordon R. Dutt)

Professional and Honorary Organizations:

American Society of Civil Engineers
Tau Beta P{
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Biographical Data - Sol D. Resniék Prbqut consu1taht
s 1. ‘Date and Place of Birth: -
June 15, 1918 - Milwaukee, N1sconsin

2. Education:

B.S., Agriculture, 1941, Unfversity of Wisconsin
B.S., Civil Engineering. 1342, University of Wisconsin
M.S., Civil Engineering 1949 Unfversity of Wisconsin

3. Experience:

1942-43 Tennessee Valley Authority o
Assistant Hydraulic Engineer
1943-44 . Carson-Newman College
- Instructor -
1944-48 United States Army
1st Lieutenant
. . 1949-52 Colorade State University
' : Assistant Professor
1952-57 International Cooperation Administrauicr
Irrigation Specialist
1957-to date The University of Arizona
Associate Director and Professor
Sept. 1959-Nov. 1959 Special Assigmment with SEATO Graduate Schoel
of - Engineering
- 1%64-66 With University of Arizona group 4n Brazil, Developiny
2 College of Agricu]tura at the University of Ceara

4, Professional and Honorary Organfzations:

rmerican Society of Civil Engincers, Member
Awerfcan Scoefty of Agricultural Enginzers, Member
Professional Engineer in the Stziez of Colerado and Arizona
International Irrigation and Drzdinage Seciety
Alpha Zeta
tamra Stgma Delta
P bu Epsiioa
- Sigwa Xi
Chi Epsilon
Siora Tau
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10.

11.
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Arizona's water Supply Arﬁzona !

“E‘Pﬁoenix;’Arizona. 1964.
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Wilm, Harold G., Report §t tbe"a!ﬁ Annual Arizona Watershed Synposium.
Phoenx, Arizona, October M LR .
Barr, George W., “Recover{ng‘Ra'nfall“' The University of Arizona, 1956.
Myers, Lloyd E., Proc 7th Annual Arizona Watershed Symposium, Phoenix,
Arizona, September 1963. _
Langbein, Y. B., C. k. Harris and R. €. Culler, “Hydrology of stock
ﬁatér Reservoirs in Arfzona”, Geological Survey Circular 110, March 1951,
Kennon, F. W. and H. V. Peterson, "Hydrology of Cornfield Wasn, Sandoval
County, New Mexico, 1951-55.
Cluff, C. Brent and Dr. Gordoh R. Dutt, "Using Salt to Increase Irrigation
Nater“. Progressive Agr1cu1tu%e in Arizona, Vol. XVIII, The University
of Arizona, May-June, 1966. | '
"Concrete Slabs Cut Reservoir LosSes“,‘Engineering News Record, October
13, 1966. | :
ﬂatlock. w; 6. and R. J. Shéw, "Rainfall Coliection fofﬂDomestic Water
Supplies", Progressive Agriculture in Arizona, Vol. XVIII, fhe Unfversity
of Arizona, July-August 1965,
Bloodgood, Grant, "Lining for Irrigation Canals"”, éureau of Reclamation,
U. S. Depariment of the Interior, Government Printing O0ffice, Washington,
D. C., 1963.

Laurftzen, C. W., "Farm Ponds and Plastic Liners”, Utah Farm and Home

. Science, Utah State University, September 1956.
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