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. soil moisture storage capability, and

6. capability of the users (farmers) to withstand the ecomomic hardship
of crop failure or gzreatly reduced yield when it occurs.

Losses from reservoirs are by evaporation and seepage. Zvaporation can
e reduced by reducing the solar energy that penetrates tha water surface, by
reducing the water surface area or by placing an impermeable or slightly
permeable barrier at the water surface. Some methods actually have a combined
effect.

Barriers include such things as long-chain aleochols (e.g., hexadecanol)
on the water surface; floating covers and various plastic, wood, sheet metal,
concrete, Oor other low-cost covers. Floating covers form an energy and/or
vapor barrier. Work with foam=filled glass bottles and plastic film cans as
floating covers appears to be promising in Arizoma. Foamed, closed-cell
rubber sheeting, although more expensive, is used a3 an anchored floating
cover or a freely floating cover in vertical walled steel tanks (Dedrick et
al., 1973). This method is adapted for larger reservoirs through the use of a
frame to form individual rafts that resist flooding by wave action. Floating
blocks of wax are used in vertical-sided tanks. Expanded polysctyrene rafts
are coated with wax to protect them from atmospheric degradation and weed
growth, and to add weight for improved stability., The coated squares are
coupled together to form a continuous, flexible, floating cover that will aove
with the water level. A special barrier can be provided by filling a
reservoir to the top with uniform gravel or rocks and then covering it witch
plastic and soil. An opening for water entry must be provided in this method
which obviously reduces reservoir capacity by as much as 70 percent.

Reduction in surface area is accomplished by constructing reservoirs as
deep as is practical for the volume stored or deepening existing omnes, by
choosing a circular or square shape (as cpposed to a rectangle or irregular
shape), by diking shallow areas so no water accumulates there, or by using a
compartmented reservoir as described by Cluff (1977, 1981). The compartmented
reservoir reduces both surface area and water temperature by division of a
reservoir inco compartments and systematic transfer of water between

compartments. A schematic of the compartmented reservoir system 1is shown in
Figure 15.

The receiving compartment (A) is below the source grade and may be
shallow. Compartments B and C are smaller in surface area but of greater
depth. As runoff occurs during the rainy seascn, the reservoirs fil L. Water
is withdrawn as needed from compartment A until the volume of evaporation and
seepage losses from B and C is equal to the remaining water in A, At this
tizme, the remaining water in A is pumped to fill B and C. Further avaporation
and seepage losses from A are eliminated. Water is then withdrawn as needed
from B uncil the water remaining in B is equal to the unused capacity in C.
At this time, the remaining water from B is oumoed into C. Thic eliminates
turther evaporation and seepage losses from B. Surface area and wettad area
thus are kept at a minimum for the amount of wacter in storage at any ziven
tize. A three-compartment reservoir can be shown £o have significantly less

loss than a single reservoir of the same total volume and surface area (Cluff,
1981).
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Figure 15. Schematic of three-compartzent reservoir showing water

levels at

various stages in the annual cycle of operation. {(from Cluff, 1981).
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Since a pump can be used to transfer water, all compartments other than
the receiving compartzent (A) can be made deeper by building the embankments
above the stream grade rather than excavating. This may reduce costs. If the
slope of the site is greater than 3 to &4 percent and space for locating the
compartments is not limited, a gravity-fed compartmented reservoir can be used
with compartments separated by a sufficient distance to develop enough
hydraulic head so that one compartment can be completely drained by gravicy
into the second and succeeding compartments.

Seepage losses from reservoirs can be reduced by several methods (Cluff
and Frobel, 1978). Sodium salts such as sodium chloride, sodium carbonate,
sodium silicate and sodium polyphosphate act as dispersing agents and reduce
infiltration 1in soils with adequate clay content. The application rate
depends on clay content but is about 1.0 to 1.5 kg/m“. Polymeric sealants
such as long-chain silica compounds work best on medium=-grained soils where
the calcium and magnesium content of the water is high.

Bentonite clay, when wetted, swells to several rimes its original volume
and can be used tc form a low permeability zonme. It can be mixed with the
soil or applied as a layer either buried or on the surface. The mixed or
buried layer methods are generally more durable than the surface treatment. A
minimum treatment rate of 4.5 kg/m® is recommended for soils_con:aini%g small
amounts of sand but application rates can be as much as 15 to 20 kg/m“ in very
sandy soil (Boyer and Cluff, 1972; Rollins and Dylla, 1970). This mecthod
should not be used on sites that will be exposed to repeatad wet/dry cycles.

Soil cement, a mixture of portland cement, soil and water, can be applied
on the reservoir sides and bottom. The amount of cement required increases as
the amount of fine material in the soil increases, but generally averages 7 to
15 percent by volume. The soil ideally should be a well-graded material with
100 percent passing a 75 mm screen (Portland Cement Association, 1968). A
soil consisting predominancly of gravel-sized particles should not be used for
soill cement.

The use of synthetic mnembranes such as polyethylene, polyvinyl chlcride
(PVC), bucryl and hypalon rubber, and chlorinated polyethylene is more
expensive than is the use of sodium salts. However, such liners have long
life and compete very well with soil cement and bentonite, particularly if che
materials have to be transported very far. Butyl rubber resists atmospheric
degradation whereas polyethylene and PVC must be covered with earcth. In
addition to protecting the membrane from mechanical damage, the earth cover
also reduces the seepage significantly through any accidental puncture and is
therefore recommended where feasible on all membrane inscal lacions.

Poured concrete linings used for seepage control in small reservoir
I0Tlg: pio,evls geil€lally aie O Co0 10 cm thick and lightly .einforced widh
wire mesh. Concreta lining requires skilled labor and special equipment notc
always found in remote regions. The concrete should be well cured zo help

obtain watertightness and resistance to weathering.

Plastic sheecing (polyecthylene or PVC) can have wire-reinforced zmortar
applied as a protective cover. This type of lining can be used with =mortar-
covered sides and an earth-covered bottom which reduces construction cost
considerably.
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Successful unreinforced asphalt linings for small reservoirs have been
catalytically blown asphalt or air-blown asphalt cements of the 30 - 70
penetration range (Hoiberg, 1965). The asphalt membrane must be covered with
soil of sufficient depth to prevent atmospheric degradation or mechanical
damage. Using fine cover materials, such as sand, on the top of the asphalt
and then adding coarse-grained gravel or cobbles provides an erosion-resistant
surface suitable for banks.

Exposed asphalt~-fiberglass linings can be used for seepage control in
small ponds (Myers and Frasier, 1974). The asphalts are either cutbacks
(solvent based) or emulsions (water based).

An asphalt-polyethylene~asphalt-chipcoated treatment requires 6 mil thick
polyethylene. A protective soil cover of 150 mm or more is recommended
(Frobel and Cluff, 1976). Asphalt-concrete mixes of proper design can be used
for seepage control.

The costs of these seepage and evaporation control treatments for various
reservoir sizes related to water saved are shown in Table 13.

soc ial { Polirical I

There are many social and political issues which must be addressed before
a water harvesting/runoff farming system can be designed, constructed, and put
into operation. Rnowledge of local agricultural systems, families (as
production-consumption units), customs relating to agriculture, population and
growth rates will help planners in determining overall suitability for small-
scale water management methods and in selecting the type of water
harvesting/runoff farming system to be used and its operating characterisctics.
Short term technical success of new water management systems around the world
has lead in many cases to long term deterioration and failure because of
inadequate attention to social aspects (Pacey, 1977). Some of the questions
to be answered are listed below.

- What are people in agriculture familiar with?
- Is water harvesting/runoff farming known and/or practiced locally?

- What crops are grown now? Are they consumed locally or are some
martketed?
- What is the land tenure and use pattem?

- How would land be made available for water harvesting/runcff farming
and who decides on the allocations?

- What technical innovations were tried in the past, but failed? ‘“hy
did they fail?

- To what extent will the proposed system have to be mechanized?

- What is the technological capability of the people? What type of

meramomen 19411 ha mmme Al malm e e el e aled T Ve ced amei i e ra =D e - -
~ - = - - Sz

. ) e s Mt v = o —— - [P e m e —m emem - = e -

training will be required to prepare them for constructing,
operating and maintaining the system?

- Will a new work load be imposed? On whom?

- What minimum probability of success 1s acceptable by local
producers? An element of occasional crop failure or reduced yileld
i1s part of any water harvesting/runoff farming system.
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Table 13. Cost/Unit of Water Saved by Reservoir Treamment

$/m° Rank
Treatment Water by order
Saved of cost
SEEPAGE REDUCTION METHODS*
I Chemical
Sodium Chloride .0045 5
Sodium Carbomnate .0057 7
Polymeric Sealants 012 11
IT Wyoming Bentonite
Pure Blanket (surface) .029 18
Mixed Blanket 0l4 13
IIT Earth Structures
Compacted Earth .0036 3
Soil Cement (10 c¢m) .0l4 13
v Asphalt
Asphalt Fiberglass .0036 3
Asphalt Plastic Asphalt 0064 9
Chipcoated (APAC)
Asphalt Rubber - .0057 7
Buried Asphalt Membrane .0078 10
Asphalt Concrete (15 cm) .013 12
v Concrete
Portland Cement Concrete (15 cm) 017 15
vI Synthetic Membranes
Soil Covered Polyethylene Plastic .0016 1
Soil Covered Polyvinyl Chloride .0035 2
Reinforced Mortar—Covered .0036 !
Polyethylene Plastic
Chlorinated Polyethylene (CPE) .019 16
Artificial Rubber 024 17
EVAPORATION CONTROL METHODS*
I Structural Methods
Compartmented Reservoir .00008 1
IT Floating Covers
Polyethylene 10 mil Sheeting .00098 2
Wax (paraffin) .0013 3
Wax—-impregnated Polystyrene .0015 &
Foam Slabs
Asphalc Chipcoated Polystyrene .0036 A
Foam Slabs
Foamed Rubber Sheeting .0017 ' 5
Light Weight Concrete Slabs .0048 7
IIT Rigid Roof Structures
Wood UL )
Concrete .018 9
Aluminum .019 10

*450m° reservoir (1Sm x 15m x 2m), assumed tocal loss without seepage
reduction.

Source: raw data from Cluff and Frobel, 1978
calculacions by authors

®P]
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- What gzovernment support is available? Local and national support
will be required for research on new technologies and may be
necessary to assist in constructing cthe system.

- What are the pertinent water laws? What are the rights co harvested
water and to runoff in epnemeral stream channels?

- Who would be affected either positively or negatively by increased
emphasis on water harvesting/runoff farming?

- Who will get the benefits of the new system?
- Who will pay the costs?
- How will water harvesting/runoff farming systems be affected by

agricultural policies such as those in price control, subsidies and
natural resource conservation?

Heal:th and Environmental Concerns

Implementing a new water harvesting/runoff farming system causes changes
in the local environment. Before going ahead with the design and then
construction of the system, concerns about the enviromment must be addressed.
The following questions serve as a check-list. Others might be included to
represent a particular local situation.

- Will soil erosion be temporarily or permanently increased?

- How will materials used for catchment treatment (to increase runof f)
affect water quality on site and in nearby locations?

- How will runoff and ground water recharge be changed as far as other
water right holders and water users in the vicinity will be
affected?

- Will clearing of vegetation and establishing new crops or trees
cause significant changes in habitat for existing fauna or create a
habitat for new fauna, particularly pests?

- What long term damage will occur if the project has to be abandoned
during or after construction?

Impounding water, even in small reservoirs, may result in increased
health hazards. Incidence of malaria, bilharzia (schistosomiasis) or Guinea
worm (dracunculis) may increase unless special precautions are taken to avoid
them. Water borme bacteria and viruses amy increase.

Ponded water may be a hazard to small children and the aged who could
fall into the reservoir. Special precautions must be taken to insure their
safecy.

£ ' i

The final determinant of whether to go ahead with implementing a water
harvesting/runoff farming system is the economic rate of return. Will che
benefits obtained from the system exceed the costs of construccion, operation
and maintenance? In some cases certain initial and cperating and maintenance
costs will be subsidized by the government, but the ultimate success orf the
system depends on whether the farm families who operate it will know that it
has real benefits for them.

~ - - -
! [

6 /’

o

50



When water harvesting replaces traditional rainfed or irrigated farming,
the economic analysis must consider that land formerly planted to crops has
been taiken out of production to form the catchment. Calculation of yield per
unit of land therefore should include both cultivated and catchment areas when
comparing water harvesting with the system being replaced. The comparison is
between high, regular production from part of the land area and low, irregular
production from all of the land.

Economic factors which must be known to make such an assessment include
the following:

- land values

- land taxes

- cost and availabilicy of other sources of either surface or ground
vater

- potential net returns per unit of land from existing or other
agricultural systems which might be used.

- labor cost and availability for conmstruction and operation and
maintenance

- cost and availability of construction equipment and materials

- cost and availability of capital and financial services

- characteristics of local and regionmal agricultural markets

- potential for marketing crop surpluses and new crop proaducts

A cost-benefit analysis of micro catchment water harvesting in Israel
predicted negative income (losses) where precipitation was less than 150 mm.
(Oren, et al., 1983) Table 14 summarizes their analysis which shows the added
value of inserting plastic tubing near almond trees to get more water into the
deep soil zone and thus increase soil moisture storage.

6o
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Table l4. FEconcmic Evaluation of Water Harvesting
Inc cme Expenses Net Return
150mm Rainfall 250mm Rainfall 150mm Rainfall 250mm Rain:
lone Zone Zone Zone
Contribut-
ing A]z-ea MCWH + MCWE + MCWH + MCWF
o MCWH Insert MCWH Insgert MCWH Insert Total MCWH Insert MCWH Inse
1000 31.1 48.4% S2.9% 70.,3% 60.8 5.8 66.6 -29.7 =-18.2% =7.9% 3.7
750 33.7 56.9% 60.5% 83.7%* 64.8 7.8 72.6 -31.1 =15.7*% =4.3% 11..
S00 36.5 71.2 72.2 106.9* 72.4 11.7 84.1 -35.9 =-12.9 Q.2 22.¢
250 34.9 104.2 92.9 162.4* 91.1 23.4 114.5 -56.2 ~-10.3 1.8 47.°%
200 30.9 117.7 98.8 185.6 100.5 30.8 131.3 -69.6 =13.6 -1.7 54.:
100 170.7 106.7 280.5 126.2 58.4 184.6 -126.2 -13.9 -19.5 95.¢
50 244.5 74.5 421.6 163.6 116.8 280.4 -163.6 =35.9 -89.1 141.:

All prices are given in U.S. dollars/ha/yr.

A negative sign indicates a loss

MCWH - microcatchment water harvesting

*Although given for water application higher than 6000 l/tree, other factors

should be considered in the vield function.

Source:

Oron, et al.,

1983.
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3. SYSTEM DESIGN AND CONSTRUCTION

Information is provided in the following sections as a guide to designing
and constructing water harvesting/runoff farming systems. The design process
involves a series of compromises as the pertinent factors are considered and
given priorities. Specific design methods for water spreading, diversion
systems, and micro catchments are presented.

Design of water harvesting/runoff farming systems is not an exact
science. For this reason, all applications, even though some are not intended
for research, should include a research component so that learning will
continue. Variations in site preparation, size relationships, planting date,
and cultivar planted should be included. In this way people for whom and by
whom these systems are being installed will not be discouraged if some of the
original design parameters turn out to be slightly in error. Because few
practitioners of water harvesting have all the skills required for good
design, it will be useful to consult with experts in hydrology, climatology,
plant science, soil science, engineering, economics and other social sciences.

Good design is the fundamental basis for successful water
harvesting/runoff farming systems, but equally important are the skills and
techniques used in constructing the system from the design. Flood water will
always find the weak points in the system and wash out embankments, silt up
ditches and generally cause havoc (Shanan and Tadmor, 1979). Repairs are
virtually impossible during flood flow, and much time, energy, and valuable
water may be lost. Effective water management, even on a small scale,
requires close attention to detail.

There are several different methods of construction or materials which
might be used for water harvesting/runoff farming systems depending upon Cthe
factors previously discussed and the characteristics of the design. In some
cases special equipment has been developed for construction of these small
scale water management systems. But one of the advantages of water
harvesting/runoff farming technology is that by virtue of its swmall scale and
usual location on the upper reaches of watersheds, all of the construction can
be carried out by hand labor and hamnd tools if other methods are not possible.
Availability of animal power and/or some simple machinery obviously will speed
up the construction process.

Degign Summary

The design of water harvesting/runoff farming systems is a complex
process. Many of the important design factors cannot be determined pracisely.
Therefore the designer must be extremely careful to avoid oversimplification
and to follew all necessary steps. Recently an attempt has been made to model
the design process of reservoir—-based systems using computer technology.

luff (1977), and Shanan and Tadmor (1979) have discussed engineering and
soils aspects of micro catchments in some detail. Their approaches are
helpful under certain circumstances and to the extent thatC Chey cover the
overall topic.

The design process for all types of water harvesting/runoff farming
systems involves a series of logical steps. The steps wnich are fcllowed are
not always the same, nor are they carried cut in the same order. Furthermore,
they often are interdependent, and the designer must repeat Cthe process

53



frequently after making some of the choices and calculations. Information
aboutr the design factors described in the previous chapter is the basis for
decision making. In summary, the general process of design is as follows:

- preliminary determination of technical, economic and social
feasibilicy

- selection of type of system and an appropriate location

- determination of need for and siting and design of external
protective structures to prevent uncontrclled flooding

- determination of cultivated area availability, shape and dimensions,
surface and subsurface soil treatments, and potential soil water
storage

- crop selection and determination of water requirements and water
stress characteristics .

- siting and design of spreading and diversion dams and asscciated
structures

- siting and design of water conveyance channels and determination of
seepage loss reduction treatments for them

- selection of catchment shape, treatment, area ratio, and dimensions
and determination of effect on water quality

- determination of reservoir need, seepage and evaporatiom loss
reduction treatments, shape and dimensions '

- design of surface flow distribution structures within the project
area

- locating and designing protective spillways and other internal
erosion control structures

- design of pumpback system and water distribution network, 1if
reservoir is used

- determination of instrumentation required for system monitoring and
evaluation

- determination of cost/benefit ratio

- review of design process to reaffirm feasibilicy of implementing the

plan and to improve calculations of design paramecers.
Pralimi S

When information about all of the design factors of Chapter 2 has been
obtained and analyzed, planners and designers can start making decisions on
whethar to go ahead with the project and on the most favorable location(s) for
water harvesting/runoff farming systems. They can select the appropriate type
of system to be used. Research needs can be identified. Details of the
design and comstruction processes for the major types of water
harvesting/runoff farming systems are given in the following sections.

£ bili : . .
.

Determination o feasibility of water harvesting/runoff farming systems
involves technical, économic, social and political factors. A preliminary
determination must be made before investing a lot of time and money in the
system, but detailed data commonly are lacking for adequate evaluation. This
dilemma is resolved by a dynamic process with continuous feedback of new
information as 1t becomes available.

Technical feasibility is largely based on availability of natural
resources—--water and soil. Ecomomic feasibility is a funection of costa of
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construccing, operating and maintaining the 3ystem, expected returns (profic)
and comparisca with alternate production systems (uses of resources). Social
and political feasibility can only be determined from surveys and discussions
wich the people concerned and their local and national govermments.

The social survey should be designed to obtain informaction about the
following items: l) perceived needs of the people, 2) their desire to
participate in self-help projects, 3) patterns of land tenure and use, 4)
vater rights, 5) willingness and capability of people to be iavolved in
operation and maintenance accivicies, 6) system of allocating benefits to the
individuals, and 7) indigenous political and social insctitutions. The results
of the survey them can be incorporated in the design (Cotgagecrge and
Henderson, 1983).

% L T Selecti

Selection of the type of vater harvesting/runcff farming systam to be
used is based largely on technical considerations of water and land (soil)
availability. Each type has advantages for cartain physical situations. For
example, water spreading and micro catchment systems require relatively flat
land. Terraces often are used in hilly to mountainous terrain. A combination
of types may be appropriate in some locactions.

Iopographic Survey and Map
An accurate, detailed topographic survey map of the selected 3site is the
basis for planning and carrying out construction of 3 water harvescing/runoff
farming system. The topographic survey should be made to a scale of 1:2500 or
1:5000 and should include all peripheral areas that will determine tha need
for any diversion ditches or dikes to prevent uncontrolled floading. Where no

treatment to increase runoff on the catchment area (5 planned, there i3 no
need for topographic detail om thac part of the system.

For micro catchment planaing, a 25 ca contour intarval and a 1:1000 scale
are recommended for detailed design and require about 30-40 survey points per
hectare. In exceptiomally flat areas wich slopes less than |l percent, a
smaller contour interval (say 15 c¢cm) may be required to show the details of
the topography (Shanam and Tadmor, 1979).

The 2ap should show all topographic features (rills, gulleys, saddles,
hollows, depressions and ridges). Standard land survey zethods and equipment
can be used for making the detailed copographic map. Whers such equipmenc i3
act available, hand levels or similar devices can be used to deter=mine high
and low points and differences in elevaction.

A general plan of the entire water harvestlng/TuURoII taralng sysctem
should be drawn on a copy of the topographic map or on transparent material so
1t can overlay the map. This will be very useful during the remainder of the
comstruction process.

Ia some wacer harvescing/-unoff farming projects, profective struccures
(embankments or dikes and diversion ditches) will be specifi > prevent
undesirable runoff water from entering the project area and damaging the

b7
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system. Cmbankments or diversioms to coantrol such runof £ are designed on chae
basis of hydrologic analysis of the surrcunding area (Shanan and Tadwmor,
1979).

The drainage area for each control structure gust be delineatas
satisfactorily, and the design should be verified by a field inspection. Peak
flovs should be estimated accurately and compared to flows detemined from
high-vater flood marks found in the field.

The capacity of diversiom ditches should be based on estimatal pesk
runoff for a givem recurrence interval (usually something from 25 cto 100
years) and botteom widths and side slopes designed according to the soil
conditions and svailable comstruction equipmant.

Permissabla velocities, dimensions and gradients of ditches, and the
velocity of flow should be determined according to accepted hydraulic desiga
standards. "Over—design" of structures is prefersle to "under—design.”
Increasing the capacity of a diversion diteh or an embankment by a factor of
50 percent raises comstruction costs by about 5-10 percent and the additional
protection usually is fully juscified by the marginal cost.

The detailed plan should include instructions and specifications for
construction. In ditches where gradients are greater than 0.4-0.6 percent
velocities become ervsive, therefore gradients should be kept below these
limits. This may require increasing the langth of the protective ditch but
the extra cost of the extension is usually less than preventing erosicn. The
runoff carried by diversion ditches wets the bottom of the ditch, and suitabla
vegetation can be planted there to stabilize them. Sinca vegetation reduces
the capacity considerably, larger ditches must be designed.

Embankments must be constructad carefully because a single veak point is
sufficient to cause failures. The centsar lines of the proposed structures
should be laid out accurately. Cross-seccions also should be surveyed for
major structures. Where embankments cross gullies, che gullies must be shaped
before filling and the surface below the structure cleared of vegatation and
scones 30 that the fill material bouds with the foundation. Earth embankments
should be comatructed so that the height and shape called for by the design
are maintained. The uppermost protactive embankments and diversion ditches
should be constructed first. Criteria for construction of embankments are
described in hydraulic handbooks.

Embankments are constructed by hand, animal-drawn scrapers, or wich
bulldozer equipment and then compacted. Final heights must meet desizn
requirements. Diversion ditches are builc by hand, animal=drawn plows, or
with motor graders. The earth excavatad from a diversion ditch may be placed
A FArm a -.-ag_-,11n1 ?-nc—gu-rv'un amhanlemane Than 4?{\? Ar Avvarfall armrarnrae
are needed at the end of a diversion ditch or where sudden changes in
elevation occur, erosion can be prevented by using carefully placed rip-rap on
the bottom and sides of the channel,

56

aas mNEy BEE ww S am Sam B BEE O O B e B e o w e e



: . . .

The next step is to carry out any general land shaping, smoothing or
levelling which may be required. These operations can be done with haad tools
and labor, with small equipment and animal tractiom, or by machines such as
tractors and moldboard plows, road graders, land planes, laser equipped
levelers and scrapers. Shaping is usually more effective when soil is moist
but well below field capacity moisture level.

Watar Spreading

Water spreading is the simplest type of runoff farming system wherein the
cultivated area lies in and immediately adjacent to an emphemeral stream
channel. When actually in the channel, the water spreaiing areas become in
effect low terraces.

Water spreading is also similar in some ways to the flood recession
agrxculture prac:xced along rivers or around lakes or wet season pounda in many
countries. The major difference is in the limited time that water is
available on the cultivated area of water spreading systems.

Desien Crireri

Design of water spreading systems requires a series of steps as follows:

- Determination of feasibility

- Siting of spreading dams (scmetimes callad check dams)
- Design of spreading dams

- Design of spillways

- Crop selection

- Determinacion of area behind damsa

Water spreading depends om having a significant area for crop production
in or near the stream chanmel. The area must have soil of reasonable
nydraulic conductivity and fertility. A high wvater holding capacicy 1is
desirable because of the intermittant nature of the water supply. Channel

slope in the spreading area should be less tham 5 percent although the mecthod

has been used in areas of much greater slope. Water spreading has been
successfully used for tree and row crops and forage production.

Suitable earth fill or rock material for conmstructing the spreading dams
aust be available. Material used for constructing earth fill water spreading
dams should have characteristics similar to those of material used in any
small dams; that is, relatively high content of non-swelling or cracking clay
(minimum of 20 - 30 percent). Rock materials should be angular, if possible,
unless wire baskets (gabions) will be used, and as large as practical.

The spreading dams should be low, usually less than | meter in height ac
the cencer. (See Figure 1§ for physical rela:xonsnlps in water spreading

systems.) Spacing between dams is thus

spacing = l/slope (fraccion)
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or less. The area above the dam will fill with sediment being carried wich
the runoff water. The rate of filling obvicusly depends on the upstream
erosion rate.

In some vater spreading systems, years may pass before sedimencs
completely fill the area above the spreading dam. Different operating
procedures will be required. Sometimes a phased comstruction process is used
with alternating cycles of building and filling. During initial years, water
will pond behind the dam, and a drain can be installed to eliminate excess
moisture on the surface or in the root zone. Because the sediments are
deposited in layers, often with fine materials on the top, frequent
cultivacion practices to insure good soil structure may be required.

A series of half-moon shaped areas for plant growth eventually will
result. The area of each will depend on the spacing of the dams and their
length across the waterway. A slight slope toward the center will remain
because of the way in which sediment depositiom will occur. Cultural
practices should be such as to maintain this slope.

The length of spreading dams will depend upon the original lateral slope
toward the stream from the area adjacent to the stream. The profile of the
dam (Figure 16) shows that the spillway elevation is slightly below the top of
the dam (about 10 cm). Dam length is them limited by the comtact of the dam
with the natural surface of the adjacent area. The flatter the slope of the
natural surface perpendicular to the stream channel, the greater the length of
the dam, and hence the greater the width of the cultivated area.

The ctop width of earth fill spreading dams should be such that the top
will not be easily eroded. One to two meters is adequate in those cases where
dams are compacted by machines. Where hand or animal labor is used, widths of
two meCers or greater should be used unless special precautions such as
protective ground cover or rip-rap placement are used Zo avoid erosion. The
bottom width of the dam should be such as to have a minimum | to | slope on
the faces of the dam. The height of rock dams should be no more chan l.3
times the base width unless gabions are used.

The spillway area must be wide and flat (level) and treated in some way
to minimize erosion becguse it will have flow crossing it in all but the
driest of years. Considaration in design must be given to the maximum flow it
will be expected to carry, e.g., a 100 year flood. The downstream face of the
spillway and area below should be lined with hand placed angular rock. The
top surface can be rock lined, soil cement treated, compactad clay, or seeded
with a drought toleranc grass or other suitable ground cover.

In selecting crops for water spreading systems, one should recognize that
both soil depth (fill) and water availability will be greatest at or near the
cencter of Che spreadlng dam. rerennial Crops may De more sultable at that
locatien with annual, shallow rooted crops on the fringes of the cultivaced
area.

) 1 M H o

After the site is selectad and the topographic survey is completad, the
next sctep is to lay out the design plan on the ground. Corners or boundaries
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A gpillway 10 = wide, 10 cm below the top of the dam was included. The
spillway was to be rock lined with a thin mortar layer for stability. The
spillway apron at the toe of the dam was to be 2 m in length.

Construction details. The area was staked cut and the center line of the
dam was marked. A bulldozer was used to push up material from both sides
(upstream and downstream) of the dam which was compacted with the bulldozer.

The spillway section i3s marked out and will be cut in the top surface of
the dam. Coarse, angular rock will be hand placed and tamped into the fill
material. A mortar layer of about 2 cm thicknmess will be poured over the rcck
surface and hand troweled.

Tree crops will be planted in the area near the dam and the channel.
Other areas will be used for annual crops.

Other spreading dams and production systems will be added in the future.
Different construction methods will be demonstrated.

. , { T

This method of rumoff farming involves diversion of water from the
intermittant f£lows in an ephemeral channel, conveyance of the diverted water
to a nearby location suitable for crop productiom, and applicationm of the
wacer to a terrace OT terrace system comstructed for that purpose.

Steps in the design process include determination of the following:

- Possibility of diversion and terrace systam

- Area available for crops

- Crops to be grown

- Water required by crops

- Need for reservoir storage

- Location of diversion point

- Type of diversion structure

- Conveyance channel 3size and shape

- Conveyance losses and possible reduction trearment

- Terrace size (width, length) and layout
- Flow distribution system and operating mode
- Excess runoff and spillways

E ihili W .

The first question which must be asked is, "Are there areas suitable for
crop production near an ephemeral channmel with unappropriated tunoff?" If the
answer is yes, then we need to know the total area available for crops. A
decision must be made on what crops to grow, and calculations of crop water
tequliremencs for sach week of the growing season must be made using procedures
described earlier.

wi:i: 31151'1 ih]i
We next need to determine how much water will be available and whether we

tan plant the entire area which is available for crops. To do this, we
axamine the climatological/hydrologic data, determine the average number of
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runoff events likely to occur during the growing season, and calculate the
runoff from each, using the procedure described inm Chapter 2 or other suitable
rainfall-runoff model/equation. We need to know the probability with which we
can expect cthese events to occur. In designing our system, we need to keep in
mind that occasional crop failure is inevitable, and we musc select design
values for runoff amounts which keep frequency of failure at an acceptable
level. We need to determine the fraction of total flow which we canm divert
for che various flow quantities calculated above. This is based on the
geometry of the channel at the diversionm point.

Need for Reservoir Storags
The need for storage and reservoir size are determined by analysis of

vwater required and water available data. The reservoir should be located
close to the terraces so that pumping costs are kept low.

L . I ¢ Di .

The actual diversion point should be selected for ease of access to the
channel and where neither sedimentation nor erosicn are likely to ocecur. A
straight section of channel is preferred. The diversiom structure may be
simply an opening through the channel bank (wall) or may include a diversion
dam. The diversion dam, which may be tempOTary or permanent, Serves two
purposes. First, it raises the level of water so that water flows readily
through the opening in the channel wall, and it also serves to direct the flow
to the diversion opening if the channel is very wide. Dams may cross the
entire channel or extend only part way out into it. Ia the latter case they

intercept a portica of flow which is then directed into the diversion canal.
(Figure 17)

Temporary diversion dams may be made of sand, sticks and woven brush or
pieces of wood or sheet mectal. They will be destroyed by large flows.
Permanent diversion dams are made of compacted clay covered with rocks (earth-
fill), rocks and mortar, or concrete. The height of a permanent diversion dam
should be such thac it will be overtopped but not destroyed by large flows.

Warer Conveyance and Lossas

The conveyance channel connects the diversiom to the farmed area. It
‘must be large enough to carry the maximum expected flow. A spillway 1is
provided at the entry point to aveid canal damage from excessive flows. The
channel may be merely excavatad earth or it may be lined with compacted clay,
rocks and mortar, concrete or other materials to reduce seepage losses,
particularly important where the application site (terrace) is far from che
diversion point. Earth camals should have a slope of about 0.5 percent and a
cTo8s section with a wide bottom to reduce velocities and thus lessen erosion.
Velocity in earth canals should be less than 0.5m/sec.

A commonly used formula for designing canals is the Manning equation:

Q = (L/n) ar%/3 sl/2
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it

where

Q = flow, 2%/ sec
n = a friction factor (see values below)
2

A » area of cross section of flow, m

R = hydraulic radius (area/wetted perimeter)

S

slope, m/m

A trial-and-error solution is required. Typical "n" values are as follows:

o canal.mpacerial
0.25 earth
0.18 rocks and mortar
0.13 concrete

Conveyance losses must be estimated to know how much water will be available

at the terrace site. Conveyance laosses for unlined canals may be estimated as
follows:

S = (0.14/Q)K

where

S = loss as percent of canal discharge per km of canal length

Q = canal discharze, @/ see
R = saturated permeability, cam/hr

Cbviously conveyance loss can lower significamtly the quantity of water
available.

Ierzace Size and Lavoug

The total area which can be farmed in an average year is determined by
dividing the available water by the crop requirements. A larger area should
be laid out to take advantage cf the excess flow in years of greater than
average rainfall. Layout of the terraces will depend on the operating mode
chosen; at least three are possible.

Lengthis aud widlhs ol ludividudi coirawes wiili Ue ueLsrminea Dased on
land slope, soil depth and flow quantities and rates to be expectad. Terraces
in general will be wider on flat slopes, narrower on staep slopes. They will
be longer for high rates of f£low and shorter for low flow rates. Dimensions
will be affected also by which of the three operating modes described below is
selected. When terraces are zonstructed on staep slopes, subsurface drainage
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pay be required to relieve the pressure of excess subsurface water on the
retaining dike and musc be considered ia the design.

iseribuci

A first operating mode which can be considered is co deliver all flow
onto che top terrace. At the end of the top terrace an overflow struccture
(spillway) is provided to pass excess flow to the second terrace, The second
terrace has a similar spillway to pass flow on to the third terrae, and so
on. In this mode the top few terraces likely will always receive enough
water; the middle terraces in the system may receive enough; and the last
(bottom) terraces will often receive less than adequate water. Crop selection
can be made on this basis, for example, perennial tree crops may be placed on
the top terraces, less valuable trees or shrubs on the middle terraces, and
annual crops or forage on the lower Cerraces.

The second mode is to place a proportional divider at the head end of the
terraces. Assume 4 terraces in a system. At the head of the first terrace &
proportional divider passes ome-fourth of the flow to that tarrace and three-
fourths of the flow to the lower terrames. At the heal of the second terraxe
a proportional divider passes one-third of the remaining flow to that terrace
and two-thirds of the flow to the lower terraces. At the head of the thix
terrace a proportional divider passes one-half of the remaining flow to that
terrace and the other half to the fourth and last terrace. - In this operating
mode the head end of all terraces likely will receive adequate watar; the
middle section may receive adequate water; and the tail end of all terraces
likely will not receive optimum water. Again the planting arrangement for the
terraces can be chosen in recognition of these differences.

The third mode is to use a system of gates at the head end of the
terraces. The gates may be automatically or manually operated. AL the
initiation of flow the gate o the top terrace is open; a comnveyance channel
gate below the top terrace prevents flow to the lower tarraces. When the top
terrace is judged by the irrigator or semsed automatically to have received
adequate water, the conveyance channel gate is opened, and the top terrae
gate is closed. The seccnd terrace gate is opened and a comveyance channel
gate below the second terrace is closed to prevent flow to the terraces below
it. When the second terrace has received adequate water, its gate 18 closed
and the channel gacte is opened to the thirmd terrace, and so on. This mode
permits the greatest control over the amount of water applied to each terrace.
For example, the flow sequence could start with the bottom tertace 1f that was
determined to be desirable. It also requires the highest level of management
and the presence of an operator (irrigacor) during £low events or a
sophisticated automatic zate control syscem.

Zxcpas Rupoff and Spillwavsg

The diversion/terrace system must be designed to cope with excess runot
txcess flow in the conveyance channmel i3 spilled back into the stream channel
qear the eatrance. Additional spillways may be requirad along the channel L
side channel inflow is significant. Drop structures may bSe necessary along
the channel to avoid arosion. £xcess flow in cthe terraces is spilled from top
to bortom. But spillways must be provided to prevent washout (erosiomn) and
destruction of the 2ntire system. Zxcess flow at the botzom terrace can De
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wasdted, stored in a small reservoir for subsequent use or returned to the main
or a tribuctary channel.

c . e T 2 . S
Diversign Structurss, The locationm of the diversion dam to be

constructed acrouss the stream channel is staked out. The locatiocn of other
diversion structures is similarly marked. Temporary diversion dams are
constructed in the stream channel before the rainy (runoff) season. They may
last through the whole season or may have to be repaired or replaced during
the season. Temporary dams are comstructed of brush, logs, rubble, trash,
sheet metal, sand, or rocks using hand labor and tools. Permanent diversion
dams are made of compacted earth with or without rip=-rap or soil cement lining
at overflow ar stress points, rock masonry or concrete. Excavation of loose
materials in the channel bed is necessary before conatructing a permanent
diversion dam.

Water Convevance Channels. Canals must be layed out precisely and
constructed carefully to maintain the proper grade. Channels for vater
distribution and comtrol can be hand dug, and linings of compacted soil or
clay can be placed by hand. Suitable vegetation can be planted in unlined
canals or ditches for erovsion control but only if they have been designed
larger to carry the same overall flow. The spillway near the canal entrance
is constructed of packed clay, soil cement, rock or concrete.

Water Control Structures. Diversion and division structures and drop
structures for terraces also cam be hand made, but maintenance requirements
will be increased. The structure is laid out according to plan. Concrete
structures, sometimes hand-plastered in place, will provide long, trouble-free
service. Carefully placed rock, with or without mortar, can be used.
Construction details of these water comtrol structures are given in

publications of the U.5. Department of Agriculture, Soil Conservation Service
(1972).

Cultivated Arsa Prepararion. Terrace construction also is detailed in
publications of che Soil Conservation Service. The area is first staked out
according to plam. Terraces are constructed nearly level using hand tools or
machinery with a downstream dike adequate to coutain the maximum expected
flow. The dikes may be constructed of rock where slopes are great but
otherwise are commonly of compacted soil. Where terraces are intended to
"apill" excess water to a downstream terrace, a spillway is construcced,
usually act the center. The spillway section is lined wich rip=rap (hand
slaced rock), soil cement, or concrete.

Land in the cultivated area of a diversion/terrace system is prepared for
planting in the same way cthat other land in the regicn or councry is prepared
for farming. Too scil which is removed in shapine or leveling anaracions is
saved to spread back on the surface afterwards. Subsurface drainage systems
can be constructed of clay tile or perforated plascic pipe.

Soil modification to decrease evaporation, increase infiltration or
increase storage may be called for by the design. This is accomplished during
the construction process by adding material as a mulch, wmixing in an
amendment, Or removing the soil and mixing it as necessary to obtain the
desired infiltration and scorage characteriscics and then replacing it.
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Resexvoizs and Pumping Svatemg. Construction details for small

reservoirs and pumping systems used CO store excess runoff and deliver it back
to the Cerraces are given in the section entitled, Other Facilitcies, later in
this chapter.

0 on/T £ ]

A diversion/terrace runoff farming-system is being installed at the
Oracle Agricultural Center (Page Ranch). The system is intended for training
and research.

Description of arsa. A watershed of about 4.33 km? coantributes runoff to
an ephemeral stream which crosses Page Ranch. The stream channel is about 7 m
wide with a coarse sandy bottom. A nearby unused area is available and has
soils suitable for crop production.

Design criteria. The design criteria used were as follows:

Feasibility - water was available near a cultivable area

Area for crops - about 5 ha

Crops to be grown - mix of annua& and perennial crops

Water requirements - 50 x 100Q m

Water available - 50 x 1000 @ (rainfall + runoff)

Need for reservoir storage - none for annual crops, nearby reservoir
can be used for emergency irrigation of perennial crops

Location of diversion point - 100 m west of stream entrance to Page
Ranch

Type of diversion structure - Cemporary, mesquite log posts

Conveyance channel size and shape - slope .005, nominal trapezoid
Conveyance losses and reductiom treatment - none

Terrace size and layout - !0 m wide x 100 = long, 10 terraces

Flow distribution system and operating mode - proporticnal dividers
Excess runoff and spillways -~ excess flow o nearby reservoir

Consgzuction det3ily. A temporary diversion dam 5 m long was constructed
of mesquite poscs insercted to a depth of | m in the sand bed. Brush was
interwoven among the posts. This type of structure will wash out in large
flows and will be repaired and replaced as necessary.

A canal 0.3 km long was excavated with a tractor and moldboamd plow :o
convey water to the cultivated area.

Yicso Cafcimencs

The steps to be followed in design of micro catchment systems of wacer
harvescing are as follows: ’

- selecc crop(s).

- gelect cultivated area shape and dimensions.

- select cultivated area treatment, if any.

- calculate watar storage potencial in root zone.

- determine water required from catchment and reservolir, 1f used, on
weekly basis (required = available - needed; available = rainfall =+
storage in root zone and reservolr, if used).

[
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- calculate reservoir storsge need + losses (storage need is function
of maximum stress period permitted; losses are due to evaporation
and seepage).

- review crop selection(s) (is {are] it [cthey) appropriate?).

- select catchment area type (basins, strips), slope, and treatment,
if any

- determine effect of treatment oo water quality

- calculate catchment area to cultivated area ratio ;

- review storage requirements (consider economics of more catchment
vs. more storage)

- determine catchment area dimensions (shape and size)

- Select reservoir loss reduction treatments

- determine reservoir dimensions

- make provisions for excess rumoff throughout the system

- review entire design process, iterate as necessary to improve
parameters

Crop Selection

Almost all crops can be grown using the micro catchment system.
Selection depends om ecological cousiderations, i.e., what crops are suitabla
in the area; what crops are already grown locally, i.e., what crops farmers
are familiar with; what crops people want to grow; and what crops are

marketable.

Crops may be annual or perennial. The one(s) selected will determine
characteristics of the water harvesting system and water requirements. The
choice is somewhat arbitrary, but nonetheless imporcant.

alps S Di ,

Annual crops and certain perennial crops, e.g., grapes, are suitable for
linear (strip) catchment systems. Most perennial crops lend themselves to
individual basin configuration, although the linear arrangement can be used.

The amount of space required per plant is a functiom of the size of the
mature plant and its root systam. Estimates of size can be made from
observations of existing plants.

In a few cases, the space required by the cultural practices employed can
be modified. For example, the meadow system of fruit crop production reduces
space needed for each plant (Erez, 1977).

For linear (strip) systems, the width may be one or several plant rows,
or several machine widths when mechanized production is used, and the length
way Ue wudlever 13 apprupriace LOT tne 3Jpace avallaple. ML1cro catchment
basins are ordinarily diamond or half-moon shaped with the plant at or near
the lowest point. They may be circular with the plant in the center.

Cultivated Area Treacment
The cultivated area may be treated to increase infiltration, to reduce

evaporation, OT CC increase water storage capacity in the root zone as
described in Chapter 2.
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The amount of water which can be stored in the root zone i3 calculated on
the basis of soil type and treatment applied, if any.

Wacar Regquired

Crop water requirements are determined in the same way as described in
Chapter 2. To determine water required from the catchment systems (and from
storage, if any), the expected seasonal rainfall is subtracted from the total

¢rop need.
Resexvoir Storage

The determination of whether storage is required or feasible will be made
on the basis of the amount and regularity of expected rainfall/runoff events.
The capability of the plant to withstand watar stress is the limiting factor.
The questionm of whether excess water is available for storage and when it is
available during or close to the crop season also must be answered.

Initially an estimate of storage requirement should be made; the estimace
will be improved later in the design process. Losses from the reservoir will
occur from evaporation and seepage, and their effect must he included in
determining the amount of water required to be put in storage. The reservoir
surface, walls, and bottow may be treated to reduce the losses. Effeccs of
treatment will be brought in later in the design process when the storage
estimate is refined.

Rayisy C selagt

Now that some information has been developed in the design process,
consideration should be ziven to the appropriateness of the crop selected. If
crop water needs doan’t seem to "fit well" wich the data assembled, perhaps a
diffarent crop should be chosen., If all seems to be in order, the design
process can continue.

Catchment Area

The type of catchment area, that is, whether basins or linear (strip)
forms are used 1s determined in part by the crop selection. Other factors of
local imporrance may be considered in the final selection of type.

Catchment area slopes should be between | and 7 percent. If slope is too
low, depression storage will be significant ia reducing runoff. Where slope
is too high, erosicon problems will be increased. Less than chree percent is
best for bare catchments; vegetated surfaces can have a steeper slope, Where
natural slopes are less or zreater, the area can be shaved 3s shown in Figure
18 to a more favorable siope.

In some cases the catchment area is treated merely to control the runoff
by using one or more diversion banks zo direct runoff to a waterway or dam.

Many catchment treatments are possible to incTease runoff. They have
differing effectiveness in producing runoff, different costs, and different
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Shapes of micro catchments for various natural slopes
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construction and maintenance requirements. The natural tendency of some soils
to form surface crusts cam be used to advantage.

Whether or not a catchment will be treated depends on several facctors;
among them are natural runoff characteristics, amenability to treatmenc, laad
scarcity or value, and cost of treatment per unit of water collected,

The effects of various treatment processes to increase runoff are given
in Table 15. Relative costs of construction in the U.S. are also shown in the
table; a more detailed discussion is givem in the section on economic
analyses. Because of costs, the use of treatments more expensive than
dispersion of colloids (salc treatment) for crop productiom is probably not
feasible in most locations.

Eff W Quali

If the catchment area is treated by the addition of dispersing agents,
sealers, or covers, there will be some change in water quality. The effect of
such change on crop production (or other water user) must be assessed. Runoff
from salt treated catchments is low in dissolved golids; the salt stays with
the clay (Dutt and McCreary, 1975). The runoff from an oil-treated catchment
showed ether soluble materials of 1.5 parts per million (Laing and Prout,
1975).

fi::bﬂgn:i:!”:ixﬁ:ﬁd Area Ba:"Q Sg;ag!

The catchment area must be some multiple (usually greater than 1) of the
cultivated area. The multiple chosen is a function of the quantity of water
needed above that supplied by rainfall, the effectiveness of the catchment in
producing runoff, and the minimum acceptable probability of receiving a given
amount of runoff. The basic relationship to keep in mind 1s that water 4
available for the crop 1s equal to rainfall received directly plus runoff from
the catchment area plus water supplied from soil moisture and/or reservoir
storage.

Where adequate precipitation data to determine probabilities and/or well-
defined rainfall-runoff relationships (models) are unavailable, an
approximation method may be used to determine the CCAR. If average annual or
seasonal rainfall is known for the area in question and for a nearby area
where the chosen crop(s) are being grown successfully on rainfall alome or
with irrigation, this information can be used to calculace an approximate
ratio. The example below will demonsctrace.

Say water harvesting is to be used to grow sorghum at the Cracle
Agricultural Center (Page Ranch) where rainfall during the sorghum growing
Seaguu L9 LU wme LIrrligaced SOTZOUM L3 ZTOWR SUCCENSLlully dL Lddl -Ucdeiun
with about 560 mm of water. Variability of rainfall is quite high. To have
560 mm available, the catchment area must supply a minimum of three tizes the
rainfall. A factor of safacy of 2 (to account £or rainfall variability) would
dictate a runoff/rainfall racio of 6 to 1. [f runoff is 30 percent of
rainfall on an untreated catchment, the CCAR must be 20 to l. Treacment
processes to increase runoff would lessen the required ratio by the magnitude
of their effectiveness. Salt treatment, for example would increase the runoff
to 50 percent of rainfall and reduce the final CCAR to 12 o 1.

R <
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Table 15.

Summary of catchment freatwents to increase runoff

Problems

Notles

Treatment Thresahold runof £ Life Cost/Unit Area*
rainfall
_______ (ua) () (years) ($/m)?
None - - - --
501l surface 3.1 5-22 permanent
Rock surface 70 permanent
Rock clearing permanent
Vegetation - - -- --
Removal 2.1 20-35 5-10 .03-.10
Type chunge2 increased indefinite
6X
Rotationd 16 permanent
Smoothing 2.3 20-35 5-10 .03-.10
Shaping 2.2 42 permanent
Coumpacting 43 12
Dispersion of collrida® 2.2 50-80 5-10 0.20-0.50
Repel lents” 1.2-1.8 95 5-8 0.50-1.00
Scaling® 5-1.7  50-85 2-5 1.00-2.00
Covers - - - -
Permeable’ .4 2-4) permanent
Sealed pelmbanlea .4 85-95 10-20 1.75-2.50
lupermesble .03-1.1 60-95 10-20 5.00-20.00
*m__JiuLlﬁiJmImdhlﬁ 15292 10-20 1.00-1.73
1983 costs from Frasier (1984)
1 sandstone rock, slickrock cliffs
? 2 shrubs to grass, reduced cover
v 3 conservation ben:h tervace wheat-sorghum-fallow rotation
4 godium chloride , sodiuwm carbonate, sodium tripolyphosphate (1 kg/m )
o > silicone, lutex
6 . .
o ] asphalt, fuel oil &'kcroucnc, wax, soll cement
4 clay, straw, ben onite

NP D L} *

not always available

regrowth

regrowth
regrowth

erosion may casse

some change

oil spray lasts
about 2 years
surface may be
eroded away

herbaceous cover
reluced from
40 to 162

includes all of
the above
freastments

includes roaled
catchuents and
flat batters




In the above example, reservoir storage might be used to reduce the CCAR
Assume that 100 mm of the required 560 mm total to be applied to the crop will
come from storage. With reservoir losses of 50 percent, the volume to be put
into storage must be 200 mm multiplied by the cultivated area. We have to
assume at this point that the excess runoff resulting from the previously
chosen safety factor of 2 will be adequate.

Using the same example, we can again calculate the CCAR. The catchment
area nov needs to supply only 290 mm (560 mm = 170 mm = 100 mm) or about l.7
times the rainfall. Again using a safety factor of 2, which alsc assures
having excess runoff to put in storage, our runoff/rainfall ratioc would be
3.4. With 30 percent runoff the CCAR would be ll to l. Salt treatment again
would increase runoff to 50 perceat and further reduce the final CCAR to 7 to
l. Remember we assumed that 100 mm would be available from reservoir storage.
That figure needs to be verified.

When daily rainfall data and probabilities are available, the procedure
is to determine the weekly period of greatestc deviation between crop needs and
expected rainfall of the probability which satisfies the social needs of the
area. In other words, a given failure level may be more acceptable by farmers
in a country where government programs reduce risk borne by farmers or where
risk insurance is available at reasonable rates than in a country where such
services are simply not available., The greatest deviation then requires a
certain multiplication of rainfall from the catchment area. Treatment
processes which increase runoff will reduca the required ratio as will the use
of storage.

An absolute guarantee of successful crop production every year is
probably not possible for a water harvesting system even with a very large
catchment—cultivated area ratio and some reservoir storage. Cost/benefit
analysis will decermine the upper limit of the CCAR.

Let”s look at another design example using the Oracle Agricultural Center
(for which good probability data are available) and sorghum proeduction. We
decide that 80 percent probabilicy of success 1s acceptable by local farmers
after interviewing several of them. This means that crop failure is likely in
one year out of every five, but since some production will be obtained with

-less than optimum water, we use rainfall of 50 percent probability as our

base. We next compare the weekly water requirement of sorghum at Page Ranch
and the rainfall which can be expected to occcur with 50 percent probability.
(Figure 12) The greatest deviation is seen to occur at week 7 when water
needs are 56 mm and rainfall is 1l mm. The minimum CCAR is calculated as
follows:

CCAR = (need - rainfall)/runpff

For an untreated watershed at Page Ranch, rﬁnoff is 30 percent of rainfall of
Tols magnitude (Ll @) Or J.J mm and thus Chp untreated CCAR 1is

a~
CCAR = (36 - 11) 3.3 = 14, £

Runoff from a salt-trzated catchment is 50 percent of rainfall, reducing
the CCAR to about 8 to !,
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Now we can make a water budget analysis of our system to check the
validicy of the proposed CCAR, The procedure is as followas:

l. Prepare a table for the analysis (See Table 16).

2. List the weekly crop water requirements (column 2) and veekly
average rainfall (column 3) (For Page Ranch this is approximately
the same as the 507 probability rainfall.)

3. Calculate and list the weekly runcff (Column 4). Runoff = rainfall
x CCAR x collection efficiency (runoff/rainfall). In this example
our CCAR is 8 and with a salt treated watershed, collection
efficiency is 0.5 (50 percent).

4, Calculate and list the soil moisture change (columa 5). Soil
moisture change = rainfall + runoff - crop vatar requirement.

5. Calculate and list the available scil moisture (column 6). This is
the accumulation of the scil moisture changes. In this exampla ve
have assumed that the 3o0il zome can hold 3 maximum of 200 aom.

6. Calculate and list the excess runocff (column 7). Excess runocff =
available soil moisture for previcus period (columa 6) + soil
moisture changes (column 5) - 200 nm (maximum soil moisture
storage).

Our proposed CCAR of 8 seems to be adequate becaugse there were no periods
of soil moisture deficit. Keep in mind that in years of less tham average
rainfall, there could be periods of plant stress, and for years of very low
rainfall, crop failure may occur. In additionm to assuming that we’ll get
average rainfall, our analysis also assumes l) that rainfall and runoff occur
at such rates that all will infiltrate and 2) that all moiscure stored in the
soil is useable by the plants (up to the 200 mm estimated capacity of the soil
root zone).

In chis example, reservoir storage cannot be used to reduce the CCAR
because the budget analysis showed there was no excess runoff to put in the
reservoir during the growing season. A different crop and a different
rainfall patterm would give different results.

Review § Requi

If after going through the above calculations the catchment——cultivated
area ratio seems unusually high (greater than 10) or if there is a particular
period in che crop cycle of unusual water deficit, the storage requirement can
be reconsiderad. A licctle additional storage might reduce consideraly the
CUAR required. where cOSC Of catchment area 1lOcLualng Lreacmenc ana c¢OSC Ol
reservoir construction and operation including loss reduction are known, the
comparison of increasing the catchment—cultivaced area ratio vs. increasing
reservoir capacity can be carefully evaluated in making a decision (Frasier,
1975). But there nas to be some excess runoff from the system to put in
storage.

Remember that avoiding failure of a water harvesting system for years of
very low rainfall is seldom costc-effective.
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Table 16. Water Budget Analysis for Micro Catchment Design

(L (2) (3) (4) (5) (6) (7
Weeks Crop Avg. Runoff Soil Available Excess
After Water Rainfall (salt Moisture Soil Runof £
Planting Req. treatead, Change Mois turew

CCAR = 3)
(mm) ( mm) (mm) ( zm) (mm) ( zm)
-1 0 3 12 +15 15

o) Q 6 24 +30 45

1 k! 9 36 +42 87

2 11 11 44 VA 131

3 23 11 44 +32 163

& 35 12 48 +25 188

S 46 12 48 +«l4 200 2

6 57 11 &b -2 198

7 67 11 44 -12 186

8 65 10 40 -15 171

9 59 9 36 -14 157
10 51 7 28 -16 141
11 44 6 24 -14 127
12 33 6 24 -3 124
13 25 7 28 +10 134
14 19 8 32 +21 155
15 13 10 40 +37 192
16 9 10 40 4l 200 33
17 5 10 40 +45 200 45
18 1 8 32 +39 200 39
TOTAL 566 168 672 ——— 200 119
* Maximum assumed = 200 mm
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With the given CCAR, the size of the catchment area now canm be
calculated. Shape is then determined, in part by the shape of the cultivated
area; the two areas must be compatible at a common boundary, if one exists.
Where water is conveyed between the catchment and the cultivated area through
a diteh or canal, the shapes are independent.

The maximum width of catchments (distance from top to bottom along
maximum slope) should be limited to avoid excessive erosion. Maximum widths
for various slopes and rainfall rates are shown in Table 17.

R e ] Reducri

Losses from reservoirs are by seepage and evaporation. Seepage and
evaporation can be reduced by the methods discussed in Chapter 2.

3 (D .

Wich the principles of loss reduction in mind and a given volume
established as most appropriate for the system, the reservoir dimensicns can
be calculated. Depth should be the maximum practical for local conditions,
and the shape should be circular, square, or, if compartments are used, they
should be squares. The least cost excavated reservoir is in the shape of an
inverted, truncated pyramid. If the reservoir is to be covered to reduce
evaporation loss, other shapes may have an economic advantage.

Excess Runoff

Provisions must be made to discharge excess runoff, both from the
cultivated area and from the reservoir, if one is used. A spillway can be
constructed in the dike surrounding the cultivated area or on the wall of the
reservoir. The spillway surface should be lined or treated in some way Co
minimize erosion.

Desizn 2 :

The entire micro catchment design process should be reviewed at this time
to see if improvements can be made to increase effectiveness, decrease costs
or simplify operation and maintenance of the system. Preliminary layout plans
or sketches should be made and studied to be sure that noching has been
overloocked.

Micro Carchment Comstruccion

Ta cmmabemrm P riomm m+mamm AnPalomomeas Ama mmretr ha ~AamAaarmnad 11tk Fha
L SCTITT2STLOD LTS cZennzezmts Shad ™2t 2

catchment area, conveyance channels, 1f used, the cultivated area, and a
reservoir and pumpback syscam, i1f they are included.

Carchment Area. Staking out of the contours proceeds downslope below the
protective structures. The contour lines are staked at 20 cam intarvals but
closer spacing of some incermediate stakes may be needed where rills or ridges
cause sudden changes in the alignment. After each contour line has been laid
out, its alignment should be checked before the next contour is esta lished.
Sections of contour lines can be re—aligned if necessary, to obrain a better
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Table 17. Maximum recommended width of catchments for various slopes and
rainfall races.

Rainfall Slope (X)
mm/hr l 3 5 10
Catchment width (m)

50 28.8 16.6 12.9 9.1
100 l4.4 8.3 6.4 4.6
200 7.2 4,2 3.2 2.3
300 4.8 2;8 2.1 1.5

Source: Shanman and Tadmor, 1979
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layout but if such changed are extensive, the design should be re-examined and
improved before continuing. Contour lines can be differentiated from each
other by flagging them with different colored materials.

The axes of rectangular, square or rhombic patterns are staked out firsc,
one running cross—slope and the othear down slope. Accuracy of the layouc is
dependent on the base lines, and they must be carefully staked. A grid is
established in the field by staking out lines parallel to the two base lines
using a transit and a tape. The grid can be numbered and lettered so that the
location of each stake is cross-referenced with the map.

Plowing may be required to bring clay to the surface for some catchments.

Border ridges in micro catchments are small--about 7 to 12 cm in height
and 30 to 50 cm in width - but large enough so that animals and people
crossing the ridges and animals burrowing in them do not reduce their original
height unduly. Ridges are constructed with a small single-blade plow or
furrover. Where borders meet, hand labor is required to close openings made
by the blade of the plow (Shanan and Tadmor, 1979).

After staking out the cultivated area, its posirion must be checked in
relation to the micro catchment. Small elevation diffsrences of as littls as
5 ¢cm may cause water to collect and concentrate at the wrong end of a micro
catchment plot so it is leveled with the aid cf a surveyor’s level.

Basin size is determined by the design requirements. Smaller basins can
be constructed by land labor, but basins larger than 3o x 3m usually are
shaped and constructed with a bulldozer.

The excess earth is deposited and spread down-slope on the border ridges.
Basins should be constructed before the ridges so that the equipment moving
over the area does not destroy or damage the ridges. Depressions made by the
tracks of equipment tires are filled in by hand. Basins are shaped by hand
labor to inverted truncated pyramid form.

The runoff area for micro catchments is prepared by clearing, smoocthing,
shaping, compacting, treating with salt or other chemicals, or covering as
specified in the design. Much can be dome wicth hand labor and simple tools.
Tractors and farm implements or bulldozers may be used if available. Special
equipment such as vibrating compactors and rock pickers have been daveloped
for other purposes but may be useful for constructing water harvesting
facilities.

Clearing the land by removing rocks and vegetaction can be done by hand or
machine. Rocks can be used in building dikes or drop structures.

Land smoothing and shaping likewise can be dcone by hand or machine.
Simple land "floats" can be constructed and pulled by hand or animal power.
Road graders, bulldozers, and tractors with blades can be used.

unoff strips and comtour terraces often are comstructed with a motor
grader. The quality and speed of construction depends on the ability of the

operator to manipulate the equipment skillfully.

Mocor grader blades are reversible, and soil can be moved either to the
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left or to the right, irrespective of the direction of travel. The depth and
width of cut is dependent on the power of the equipment and the hardness of
the soil. The angle of the blade is adjusted to keep earth rolling
transversely and not just sliding aheade In contour strips and bench terrace
construction earth is moved in one direction only (down slope) while in the
construction of strip collectors earth is moved in two directioms. The
quantity of soil to be moved in each system will depend on design dimensions,
soil type and operator experience.

Compaction of a catchment area can be dome with hand raking, tampers or
small rollers. An automobile can be drivem back and forth over the area.
Large vibrating drum rollers are suitable if available. Effective compaction
is done when soils are moiast, either following a rain of at least lQmm or
sprinkling by hand or water truck.

Salt treatment is applied by hand or with a fertilizer spreader or
similar equipment after the land has been cleared, smoothed and shaped, but
before compaction. The use of salt treatment is determined by the amount and
type of clay in the soil. (See Table 18) Salt applicatiom of L1 tons per ha
is also effective for soil scerilization to prevent weed growth.

Salt is mixed into the upper 3 = 5 cm of soil by hand raking or with
equipment such as a rototiller or rotary rock rake or can be left on the
surface to be washed down by the first rain. Caution: If the rain is heavy,
the salt may be flushed away and end up in the wrong placel Following the
first rain of at least l0mm the salt treated soil is compacted as previously
described. Runoff water which inmitially may contain salt, musc be prevented
from entering the cultivated area until the catchment is stabilized. This cam
be accomplished by temporary diking or.covering the cultivated area with a
thin plastic sheet which will be removed later. Stability is achieved in one
vear for catchments constructed with machinery. Those constructed largely
with hand labor may require 2 rainy seasons.

Use of wax treatment and coverings of plastic, rubber, asphalrc,
fiberglass, and combinations of those and other materials for micro catchments
are described in other publications (Cooley, et al, 1976; Fink, et al, 1973;
Cluff, 1971; Cluff, 1975; National Academy of Science, 1974; Myers and

Frazier, 1974; Frobel and Cluff, 1976; and Myers, et al, 1967.) These

treatment methods usually are toc expensive for production of agricultural
crops. They may be economically viable for household and animal water
supplies.

Gultivared Area. The cultivated area is laid out and sctaked. Then it is
leveled or shaped. Finally, it is treated as appropriate to increase
infiltration, reduce evaporation, and increase water storage and availability
in the root zome. In many cases this means doing the same things farmers are
doing 11 their fields nearby. In other cases, soil amendments will be added,
aulches will be placed on the surface and soils will be subjected to special
treatments and/or mixing to increase water storage and availability. As noted
previously, protecting the cultivated area from salty munoff will be necessary
on salt-treated catchments until the catchment treatment and scabilization are
completad.
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Salt Application Rates

Table 18
Montmorillonite 10 co 20
Illite > 20
Kaolinite > 20

* Soils with values less cthan
treatment

** NaCl

those shown are not recommended for
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An overflow area (spillway) is comstructed at the lowest point on the
dike surrounding the cultivated area to discharge excess wacer without
damaging the dike. The dike is streogthened ac that point by use of clay,
soil cement, oOr rock.

Reservoir and Pumping Svstsm. The reservoir, if used, and pumping system

for micro catchments are constructed using the techniques described in the
section entitled, Other Facilities, later in this chapter

Miczo Catchment Example

A micro—catchment water harvesting system has been installed at the
Oracle Agricultural Center. It is used for research, teaching and
demonstration.

Description of area. An area of about 8 ha was available on land with a
1-2 percent slope. The soil is a Whitehouse gravelly loam up to 150 cm deep.
The vegetation was primarily annual and perennial grasses and forbs, and Crees
and shrubs, dominated by mesquita (Prosopis juliflora) and burroveed
(Haplopappus tenuisectus). The average annual rainfall is 370 mm. The land
was heavily grazed until 1930 but has oot been regularly grazed since then.
Grass fires occur infrequently from lightning associated with summer
thunderstorms.

Design cricaria. The following critaria were used in designing the
initial ! ha water harvesting system:

Crop selection - wine grapes, 2.4 m spacing

Cultivated area shape and dimensions =~ linear scrip, [.2 @ x 120 m

Cultivated area treatment = soil sulfur added, ! kg/m“, for pH control

Soil water storage poctential - 300 am

Water required from catchment and reservoir - 850 mm

Reservoir storage need - high, for extremely dry period ia May and June,
325 m® capacity reservoir, sides and bottom treated with salt, 11
MT/ha

Crop selection review - appropriate crop, drought tolerant

Catchment area type - salt treated, 11 MT/ha, smoothed, compacted

Effect on water quality ~ some initial increase in salt content expecfted

Catchment arsa - cultivated area ratio calculatiomn - 13:l

Storage requirement review - initially adequate, later another reservoir
was added

Catchment area dimensions - 7.6 mx 120 m

Excess runoff provisions - unlined channel to reservoir

Supplemental irrigaticn =~ Shp pump, plascic lines, individual mini spray

heads
zzign gt

adequate.

o
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Operation showed more excess runoff was available than had been
estimated.

Some Special Systems

There are several special systems of water harvesting which are worthy of
mention here. They are modifications or adapcations of the major types.
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Ordinary furrovs can be slightly modified to increase water availability
for row crops as the smallast example of a linear strip micro catchment.
Spacing of rows is wider than usual for the particular crop with the furrow
cross-section shaped to direct runoff toward the plant row. (Figure 19)
Modified furrows can be constructed with plows specially adapted for that
purpose. (Figure 20) This system is in use in Mexico (Anaya Garduno, 1981)
and in Northeast Brazil.

Burisd Membranes

Plastic sheeting buried under sandy soil in Israel with rainfall
simulation (artificial rain) showed good performance for slopes of 10 percent
or greater and an excavated center channel of 20 x 20 cm. (See Figure 21)
Runoff efficiency averaged 51 percent (Shanan, et al, 198l1). Drainage must be
adeuate to avoid salt buildup.

Roaded Catchments

Roaded catchments are used in Australia to increase runoff and direct it
to reservoirs for later use (Laing, 1981). This system, which derives its
name from its similarity in appearance to roads through isolated areas of
Australia, depends om having a clay soil at or near the surface (Figure 22).

Spread-Bagk Dama

This system of water harvescing, also referred to as flat-batter dams,
provides a catchment surface and reservoir in one unit (Laing, 1981). The
catchment and reservoir are provided with a clay surface for minimum
infiltration and seepage loss. (Figure 23)

: faciliri
Reservoirs

Reservoir construction also starts with layout of the design plan and
staking, Small reservoirs can be excavated by hand or with simple machinery.
If a compartmentad reservoir is used, the different sections are comstructed
in the same way. Sump comnstruction and placement of distribution system
piping and that required between compartments is the next step. The sump is
hand dug or mechanically excavated as appropriate. [f lining i3 specified, it
should be placed quickly after excavatiom to avoid wall ccllapse. Special
treatment may be specified Co reduce seepage and evaporation losses. Detailed
reservoir treatment methods have been described by Reginato, et al. (1968).

Seepage Contzal. “hen used for reservoir seepage control, sodium salts
are applied at the prescribed rate and mixed thoroughly wich the top 5 cm of
soil. The mixture i3 moistcened to near field capacity and compacted by hand
or mechanical tampers.

Polymeric sealants are applied to existing reservoirs by adding
approximately one liter of sealant to one thousand liters of stored water.
New or emptiad reservoirs are treated by meistening the soil surface to a
depth of 150 to 30 cm with water containing the polymeric sealant in a 1:1000

9.4

R2



























Pipes connecting the reservoir co the sump and control valves gre
installed during reservoir comstruction. The pump discharge pipe is brought
to the surfice for connection to the distribucion system.

The sump should be provided with a sturdy cover to prevent children and
small animals from falling into it.

The distribution system is testad for leaks as soon after installation as
water is available and before covering, if a buried system is used.

Inatrumentation

The level of instrumentation used in a water harvesting/runoff farming
system varies with its purpose. A research facility will require much more
instrumentation than an operational installation. In the latter case, a msans
of measuring (1) rainfall, (2) runoff, (3) soil moisture, (4) reservoir level
(if one is used) and (5) pumped water applied would be important. Plastic
rain gages, simple flumes and measuring sticks, soil moisture probes (blunt
rods), staff gages and calibrated buckets, raspectively, could be used to
accomplish the above measurements.

Research facilities should have a complete veather station including 2
recording raingage, evaporation pam, recording relative humidity gage and
thermometer, and maximum and minimum temperature thermomaters. Solar
radiation and wind speed and direction measurements may be important.
Atmometers can be used to estimate evapotranspiration. Flumes with water
level recorders should be used to measure diverted flow or excess flow from
cultivated areas or reservoirs. Soil moisture can be measured with anmy of the
conventional methods such as temsiometers or neutron probes. Water level
recorders can be used to monitor reservoir wacter levels, and water meters
(propeller type) will record water applied through a pumpback system.

- ¢ Desizn Al .

Cost of alternatives in design are different. Therefore, some design
decisions cannot be made effectively in the absence of cost data. For
example, it is generally less expensive to improve the catchment area than to
reduce evaporation (Laing, 198l). Costs of system comstruction also will be
different in different countries or even at different locations in the same
counctry.

Micro catchment costs vary according to topographic site conditions and
layout. Costs of non-chemically treated systems in Israel and Auscralia range
from S100 to $300 per ha (1975 prices). Compaction increases the costs by
3100 to $150 per ha. Bitumen covered catchments including site preparation,
nerolcldes, bliumen Surtaclig ana tencing Wwlli CosSt at Least >.15uV per nectare
and may reach $1800 per hectare because of high costs of Situmen (Shanan and
Tadmor, 1979).

The unit cost of water in micro catchment systems is a functicn of
catchment construction cost, annual precipitation, runoff efficiency, the liZe
of the system and maintenance costs. I[n the 100 mm rainfall region cf Israei,
where runoff efficiency is 15 to 20 percent and the life of the system at
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least 1O years, unit cost of wactaer is 30.05 to 0.15 per cubic meter (Shanan
and Tadmor, 1979).

Labor and material costs can vary greatly throughout the world; Cluff and
Frobel (1978) analyzed coscts in the Unitad States for labor, materials and
equipment, assuming good site conditiocns for small projects of less thanm 1
hectare. Costs for small projects can be reduced if several are conscructad
at the same time.

Table 19 is a comparison of costs of various catchment construction
methods.

Ansglysis of economic feasibility is the final step in the design process.
Will the anticipated benefits of the system equal or exceed its coscs?

A procedure for economic analysis of water harvesting/runcff farming
gystems is being developed at the University of Arizona. Preliminary details
are given in Chapter 5. '

. p Ravi
Because of the complexity of the process, the designer should review

completely at this point the steps followed in designing the water

harvesting/runoff farming system. Inuthis way the calculations can be

improved and made more accurate, and the designer can be assured that nothing
has been forgotten.
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Table 19. COHMPARISON OF CATCHMENT CONSTRUCTION COSTS

Estinatel
Estimated Average
Aonnual Estimatal Amortized
Estimated Eatimated Haintenagce Betreatment Costs
Capital Cost Life Costs Couty $/?
Catchment Treatwent (§/u?) (Years) (Percent) (§/a") (20 yn:aru)3
| Earth Structures
Land Clearing 0.03 5-10 15 0.01 0.006
Roaded Carchmentg 0.10 10-15 10 0.03 0.013
11 Chemical
Sodium Chioride 0.14 8-10 5 0. 0.025
Sodiun Caibonate 0.18 6-8 5 0.11 0.044
Wax (paratfin) 0.42 5-10 5 0.32 0.206
111 Asphalt
Fiberglase Asphalt-Chipcoated (FAC) 0.50 10-15 | 0.30 0.081
Asphalt-Plastic-Asphalt—Chipcouated (APAC) 0.75 10-15 | 0.30 0.107
Asphalt Rubber 0.80 10-15 1 0.65 0.143
Asphalt-Ccncrete (10 cm) 3.35 15-20 0.1 3.35 0.426
IV Synthetic Meabranes )
Graveled Folyethylene Plasgtic 0.60 15-25 1 0.60 0.086
Reinforcec Mortar-Coated Polyethylene
Plastic 2.10 20-25 0.1 2.10 0.214
Chlorinated Polyethylene 3.50 10-15 1 3.40 0.703
Sheet Metul 3.50 20-25 0.2 3.40 0.356
Arrificial Rubber 4.50 10-15 0.2 4.40 0.906

Capital costs include estimated labor, equipment and material at 1976 U.S. prices for systems under approximately two
hectares in size.

I ——— e e

Expressed as a percentage of initial capital costs.

Awortization culculated on minimum life at an annual interest rate of 8 percent. Inflation rates were also assumed
to be 8 percent per annum on the retreatment costs.

Jl

C' Source: Cluff and Frobel, 1978



4, OPERATION AND MAINTENANCE

When the water harvesting/runoff farming system is designed and
constructed, a set of operating practices will be required. They should be
developed as part of the design and construction phases, but will be modified
as experience is gained in actually operating the system. Management of these
small scale vater management systems is more complex than typical rain fed
agriculture and requires a higher level of personal attention, particularly
during rainfall/runoff events.

Designers and constructors of small-scale water management systems have a
respounsibilicy to the pecple for whom the work is being done to insure
successful operation and maintenmance. Training of local operating and
maintenance personnel will be required as will a stock of repair and
replacement materials and parts (Pacey, 1977; and Cotgageorge and Hendaerson,
1983).

. .

The agricultural operation of the system—~fertilizer applications,
cultivation, weed and pest comntrol mustc be supervised by a competent
agricultural expert if new procedures are involved.

The choice of annual or perennial crops (or both) will be made during the
design process. If perennial crops are to be included, they may be plantad at
the time of comstruction, if appropriate, or just before the major rainy
season. When using micro catchment basins, trees or shrubs are plantad at or
near the lowest point in the basin. An emergency source of water may be
necessary during the first several years in case the rains are late or
insufficient because the root system needs time to develop. Planting,
fertilizing, cultivation, pest control, and harvesting activities are carried
out for water harvesting/runoff farming systems in the same way as for
traditional farming systems in the area. Planting date for annual crops will
ordinarily coincide with the firsc raim of at least 3 mam in the appropriace
growing seasom for the crop.

Hater management

Water management is crucial; it requires special attention. Observation
and coatrol during runoff events is the first step. Operacion of gates,
dividers, overflow devices and drains must be observed and evaluated. Are
they working properly during maximum flow pericds?

The operator probably may not be in the field during the first flocod
because of the erratic nature of the rainfall in regions where water
harvestine/ runoff farminoe 13 maar :pprnpri:ra huur a aira uviair chanld ha mada
immediately afterwards to inspect all water control facilities, the catchment
and cultivated areas and protactive structures. Common defects which appear
after the first flood are of two types (Shanan and Tadmor, 1979):

L. Too much water ceoncentracting and causing overtopping. In some cases the
runoff flowing towards a weak point can be reduced by leading a part of
it to anocther area, and in other cases the border or embankment height
can be raised or spillways can be improved. Dikes may have to be
breached to eliminate excess flow.
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2. Too little water in part of the cultivatel ares. The flov to these areas
can De augmented by constructing a small furrow to lead runcff to them.
Some reconstruction may be required.

The rzinfall records of the first flood should be examined. If the
rainfall is above average and fewv bresks occurred, and the system received
ample water, the design is satisfactory. If the rainfall was belov average,
the results are satisfactory if at least 90 percent of all cultivatel areas
received a reasonable wetting and there were no breaks in the system.

After the first flooding, checking the depth of wetting of cultivata
areas vith a soil probe is a good practice. Om the basis of these
observations, the amount of available moisture in the root zomne can be
calculated and compared to results in other plots (Shanan and Tadmor, 1979).

For systems with capability for it, supplemenctal irrigatiom is applied as
needed during the growing season. A method of assessing plant moisture stress
is needed to assist the farmer/operator in decision making regarding
irrigation. When both annual and perennial crops ars grown and drought
conditions ars extreme, the decision involves compromise betveen trying to get
some level of harvestable product from both crops and ensuring survival of the
perennial crop.

Water stored in the reservoir is subject to both avapofa:ion and seepage
losses whereas putting it into the plant root zones decreases such losses. In
general, then, mainctaining a high level of soil moisture storage is advisable.

Water usually flows by gravity into the storage reservoir. It is then
pumped out of storage for application as described above., When using a
compartmented reservoir, the deepest compartment should be kept full at all
times. Water is kept in the fewest anumber of comparctmencts possible by pumping
between compartments as water 13 used.

Maiptenance

The success of the project also depends on adequate maintenance. The
need for maintenance is related to the type of water harvesting/runoff farming
system and to the comstruction mechods used. Routine preventative maintenance
is very importance for all parts of a water harvesting/runoff farming system.
Some of the maintenance topics to be considered are the following:

- munoff area (for micro catchment systems)--maintain integricy of surface,
allow minimum traffic of people and animals, use fencing or guards, carry
out veed control or other vegetation control

- - At may - --—oa_----nnd ~A———a1 A-A-QA- na-r-n1 aaa—tnna —Mnr"wﬁn,
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regular cleaning of sediment deposxcs, repa:.r of surface breaks, repair
of diversion and division structures

- cultivated area--dike repair, weed control, plowing or treatment to mix
deposited clay and other sediments (particularly in new water spreaiing

systems), pest control (including birds, rodents, insects, fungi and
diseases).
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- storage reservoir--weed control, sediment removal, elimination of gophers
and other burrowing animals. Controlled animal grazing may be used to
reduca excessive grass growth in the reservoir area. If reservoirs are
covered, the covers will require maintenance.

- pumping system--general mechanical repair; regular, routine preventative
maintenance examination, efficiency tests. Clean out sediment, floating
debris in sump. Pump breakdown is a major cause of failure of water
supply projects arcund the world (Cotgageorge and Hendersou, 1983).

Maintenance of micro catchment systems must be regular, and all breaks
require attention. Sediment accumulation in the system should be negligible--
except for the first year whem erosiom occurs at eantrances o basins and
micro-rills appear ou part of the steep slopes. Micro catchment syscems
cannot be supervised from the office. They require a regular inspection after
every rain. Silt in diversion ditches should be removed immediately and
embankments strengthened where oecessary.

Rodents present a hazard to micro catchment systems. They burrow through
ridges and embankments and water flowing through their holes may case gullies
to form. A common maintemance problem im micro catchment systems is the
wearing dovan and destruction of the low ridges and embankments by grazing
animals. These sections of the system must be inspected regularly and
equipment operators instructed to use machines so as to cause minimum damage
(Shanan and Tadmore, 1979).
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5. EVALUATION

The design of water harvesting/runoff farming systems can be improved by
monitoring and evaluating the results of each project. This evaluatioam should
include comparing predicted and actual runoff, determining whether the layout
meets the field cooditions and whether yields meet expectations. (Shananm and

Tadmor, 1979).

Different evaluations serve different purposes, but any evaluationm
requires accurate measurement of the various factors involved. Among the
measurements which must be made (some of them repeataily) in evaluation are
the following (unless they were made during design and constructicn):

land used - catchment and cultivated area
precipitation - amount and rates

runof £

soil moisture

supplemental wvatar applied

reservoir wvater level (throughout the year)
plant growth rates

forage, seed or fruit yield

Primary interest is in production per unit of land (harvestal output of
crop, forage, or wood per hectare) and production per unit of labor. We may
also be interestad in production per unit of energy, particularly purchased
energy, or productiocm per unit of capital and other purchased inputs.

Secondary interest might be in efficiency of water collection,
conveyance, and storage.

Evaluation can be separated into technical and econamic components.
Iechpical Componments
Efficiency of water collection can be defined as:

wagter collected (ourflow from catchment area) x 100

rainfall

Efficiency of water conveyance is:

output from convevance chapnel x 100

Input to conveyance channel
Efficiency of water storage 1is:

vem B aw mcimem ] P ad fmee 4w mmam - - A alal
Dalindidn. gt e, - -

water delivered to storage
Overall water efficiency 1is:

water used v slants x culrzivagad aresa x 100
rainfall x (catchment + cultivated areas)
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Water harvesting/runoff farming projects are sssessed on their economic
rates of return. Arid zone systems are marginal economic enterprises at best
because of the extreme variability of the climatic conditions.

In general, microcatchment systems are ecomomically feasible in regioms
where low cost sources of water are unavailable and where extensive areas
would otherwise be sub-marginally used only by grazing, if at all.

Table 20 details the amortized catchment construction costs for various
annual precipitation rates per cubic meter of collected runoff. Replacement
costs and capital costs were combined as needed to reflect a 20-year life for
comparing different systems (Cluff and Probel, 1978).

Maintenance costs are small in comparison to capital costs.

Economic evaluation requires a comparisoan of the costs and benefits of
water harvesting/runoff farming systems with the costs and benefits of
existing and altermative production systems.

Some of the economic factors required to make the evaluation are listed
in Chapter 2 and some of the costs involved are given inm Chapter 3. Other
costs are analyzed in the material following.

Personal income of farm families must be determined.

Social costs and benefits are not easily evaluated and probably should
not be, at least in mometary terms. But consideracion should be given to
changes in such things as:

emp loyment levels
emergency relief requirements (e.g., for food)
work load.
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Table 20. WATER COS'I‘Sl PER UNIT OF RUN(FF FOB VARYING PRECIPITATION

Annual Precipitation

Bange (mm) 100-200 200- = - b = = =
CATCUMENT TREATMENT Average (uw) (150) (250) (315) (500) (6239) (7150} (900) {1000)
$/1000 liters $/1000 litems

1 EARTH STRUCTURES

Land Clearing 0.28 0.17 0.11 0.08 0.07 0.06 0.05 0.04

Roaded Catchments 0.51 0.31 0.20 0.15 0.12 0.10 0.09 0.08
11 CHEMICAL

Sodium Chloride 0.36 0.21 0.14 0.11 0.08 0.07 0.06 0.05

Sodium Carbonate : 0.59 0.35 0.24 0.18 0.14 0.12 0.10 0.09

Wax (paraffin) 2.02 1.21 0.8} 0.61 0.48 0.40 0.35 0.30
ITI ASPHALT

Fiberglass Asphalt

Chipcoated (FAZ) 0.60 0.35 0.24 0.18 0.14 0.12 0.10 0.09
Asphalt-Plastic-Asphalc-

Chipcoated (APAC) 0.80 0.48 0.32 0.24 0.19 0.16 0.14 0.12
Asphalt-Rubber 1.06 0.64 0.42 0.32 *0.25 0.21 0.18 0.16
Asphalt-Concrete j.ol 1.81 1.21 0.90 0.72 0.60 0.52 0.45

v SYNTHET1C MEMBRANES
Graveled Polyethylene 0.88 0.53 0.35 0.26 0.21 0.17 0.15 0.13
Reinforced Mortar-Covered

Polyethylene 1.65 0.99 0.66 0.50 0.40 0.33 0.28 0.24
Sheet Hetal 2.48 1.48 0.99 0.74 0.59 0.49 0.32 0.37
Chlorinated Poly:thylene (CPE) 5.04 3.03 2.02 1.51 1.21 1.01 0.86 0.76

Artificial Rubber 6.26 3.75 2.50 1.88 1.50 1.25 1.07 0.94

Water costs sre based on capital costs, average catchment efficiency, annual maintenance and average 20 year annual
amortization at 8 jercent interest rate. Water costs do not consider storgge losases.

Source: Cluff and Frobel, 1978.

NOTE: These figures should be verified.
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APPENDIX B. GLOSSARX

agronomic practices - Those practices carried out by farmers in growing a
crop.

arid environment - A region of low rainfall, frequently inadequate to support
crop production.

aspect -~ The direction toward which a sloping land area faces.
berm - A ledge or shoulder as along the edge of a canal or ditch.
canal - An excavated channel for conveying water.

clay - Disperse systems of the products of weathering in which secondary
mineral particles smaller than 2 microns predominate.

climate - The average condition of the weather at a place.

concentration point - The single geographic location at which all surface
drainage from a given area comes together as outflow.

concentration time - The time required for discharge from the most distamt
point in a drainage area to reach the concentration point.

consumptive use - Evaporation and transpiration from land areas only,
excluding evaporation from lakes and reservoirs.

crop, cultivated crop - A planc that can be grown and harvested extensively
for subsistence or profic.

crop production - The process of growing plants for subsistence or profit.

crop production functions (of water) - The relationship Setween the amount of
water available to a plant in the growing season and the preducction
ocbtained.

crop water requirements - A measure of the amount of water required under
normal conditions to produce a harvestable crop.

cultivated area - The area where crops ara grown.

cultivation - The growing of crops, may also refer to mechanical process of
weed removal.

deep seepage - Infiltracicn which reaches the water table.

depression storage - Water in puddles and small ponds.

discharge - The rate of flow, or volume of water flowing in a stream or
conduit at a given place and wichin a given period of tize expressaed as

liters per hour or cubic meters per day.

dispersion - The process of scattering or spreading from a fixed source.
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diversion - Taking water from a flowing stream.

diversion dam - A structure built across a stream channel to raise the water
lavel and thus make diversion easier. May be temporary Or permanent.

drainage area - An area whose runoff is more or less separate from the runoff
for adjacent areas, so that it can be considered a hydrologic unic.

drainage basin = drainage area

drainage divide = The boundary line, along’a topographic ridge or along a
subsurface formatiom, separating two adjacent drainage basins.

drainage pattern - The overall pattern of major and minor stream channels in a
region.

effective rain - Rainfall minus interception.

efficiency - The ratio of output of a process to the input required to produce
it, expressed as a percentage.

erosion - The process of wearing away of soil and parent material by the
action of water and wind.

evaporation - The process by which water becomes vapor, including vaporization
from free water surfaces, from land surfaces, and from snow, but
excluding transpiration; also, the quantity of water which is evaporated.

evapo-transpiration - Evaporation plus transpiration.

excess rain - Effective rainfall in excess of infiltracion capacity.

axotic - Not native to the place where found.

fertilizing - The application of manure or a chemical substance to make soil
more fertile.

flume - Conduit or chute for comveying water.

frequency curve - A curve showing the relation between (1) magnitude of item
and percentage of items of magnitude equal to or greater (or smaller)
than the various magnicudes shown; also, a curve showing the relation

between (1) magnitude of item and (2) recurrence intarval.

frogt-free period - The period when there is no likelihood of frost, usually
expressed in days. :

geomorphology - The study of the relief features of cthe earth’s surface.
growing season - The period of the year when plants are actively growing.

ground wvater - Subsurface water occupying the saturated zone, from which wells
and springs are fed. Also called phreatic water.

gully, gullying - A trench erocded in the earth by running water after rains.
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hardpan - A shallow layer of earth material which has Decome relatively hand
and impermeable, usually through deposition of wminerals.

harvesting - The act or process of gathering ian a crop after it zatures.
hydrograph - A graph showing discharge or some function of discharge vs. time.

hydrologic cycle - The never ending wvater—transfer cycle, the main parts of
which are (1) evapo-tramspiratiom, (2) precipitatiom, and (3) runoff.

hydrologic equation - The watee inventory equation (Inflow = Outflow + Change
in Storage) which expresses the basic principle that during a given time
interval the total inflow to an ares must equal the total outflow plus
the net change in storage.

hydrology - The study of the characteristics and occurrence of wvater, and of
the hydrologic cycle. Engineering hydrology pays particular attemtion €O
the runoff phase of the hydrologic cycle, and emphasizes the hydrologic
equation.

import - Water piped or channeled into an area.

index of wetness - The precipitation for a given year expressed as a ratio to
the mean annual precipitation.

indigenous - Native to a particular region or emviromment.
infiltration - Flow of water in a general downward direction from the land
surface through the s0il and intermediate zones toward the water table;

also, the quantity of water which infiltrates.

infiltration capacity - The rate at which infiltration would occcur at the land
surface at a given tize under conditions of unlimited supply.

infiltration capacity curve = A graph showing the <time-variatiom of
infiltration capacity. A standard infiltration capacity curve shows the
time-variation of the infiltration rate which would occcur i1f the supply
were continually in excess of infiltratiom capacity.

infiltrometer -~ An instrumenc for measuring infiltration capacity.

influent ~ Water flowing into a reservoir or basin.

interception ~ The catching of precipitation by vegetaction so that it never
reaches the land surctace. :

irrigacion - Application of wacter from sources other than rainfall to supply
crop water requirementcs.

isohyetal map - A map showing lines of equal precipitatiocn.

land evaporation - Evaporation from land surfaces, in contrast to evaporact:ich
from free water surfaces.

land leveling - The process of creating a plane surface on the land.
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land shaping - The process of adjusting the surface of the land to obrain
desired characteristics.

land smoothing =~ Elimination of major humps and depressions of the land
surface.

leaching - The removal of salts and alkali from soils by percolating water ot
by abundant irrigation combined with drainage.

manhole =~ An opening by which access may be achieved for inspecticn,
maintenance or repair of a buried struccture.

mass curve - A graph showing the cumulative volume of dischamge or rainfall
(ordinate) vs. cime.

mean - The sum of the magnitudes of all items of a set, divided by the aumber
of items.

median - The magnitude of item such that half of the total number of items are
larger and half are smaller.

moisture daficit - The difference between the amount of water supplied and che
amount required as by a crop. ’

natural control - A stream-gaging control which is natural to the stream
channel, in contrast to an artificial control constructed by man.

net rain - The portion of rainfall which reaches a stream channel or he
concentration point as direct surface flow.

overflow device - A structure to permit and control the flow of excess wacar
from one place to another.

Parshall flume - A calibrated device for measuring the flow of water in an
open channel. It consists essentially of a contracting length, a thrcac,
and an expanding length. Flow through the device is determined >y
measuring the head of water at a specific distance from a sill over which
water passes.

paving - The process of covering the surface with material to make it firm and
less permeable.

percolation - The movement or flow of water through cthe interstices or the
pores of a soil or other porous medium.

permanent control - A stream-gaging control which is subscancially unchanging,
and 13 not appreciably arfected by scour, fill, or backwater.

permeabilicy - The property of a soil or rock material that perm:i:
appreciable movement of water through it when it i3 saturated and :zh
movement is actuated by hydroscatic pressure of che magnitude zormally
encountered in natural subsurface water.

3
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Pest coutrol, pest management - The practices followed in controlling the
damage to crops caused by birds, insects, rodents and other browsing and
grazing animals. Scmetimes includes weed control.

phreatophyte - A plant which customarily feeds on ground water and the
associated capillary fringe.

planting - The procesa of putting or setting seeds or cuttings in the soil for
growth.

plowing - The process of turning, breaking up, or working the soil with an
implament.

point discharge - Inatantanecus rate of discharge, in contrast to the mean
rate for an interval of time.

point precipitation - Precipitatiom at a particular site, in contrast to the
mean precipitation over an area.

porosity - The capacity of rock or seil to contain water. The amount of water
that rock can contain depends on the open spaces between the grains or
cracks that can fill with water. Well-sorted soil i3 more porous than
poorly=-sorted soil. Soil is well sorted if the grains are all about the
same size (as in the case of gravel or sand); poorly=-sorted seoil thus
has less porosity than well-sorted.

potential evapo-transpiration - The amount of evapotranspiration which would

occur in a region if there were no moisture deficit during the growing
season.

precipitation - Rain, snow, hail, dew and frosc.

probability - The number of times someching will probadbly occur over the range
of probable occurrences, expressed as a ratio.

Pumping -~ Lifting water or forcing it through a pipeline or other closed
conduit.

pumpback system - A system to colleet excess runoff and return Lt to a higher
elevation for reapplication.

quality of water - The physical, chemical, and biological characteriscics of
water velating to its suicability for a givenm use.

rain, rainfall - Water fallianag in drops condensed from vapor 1in the
atmosphere, measured by deptch.

caiulall 9lstribution (Cime, 3pace) - The manner in which the total rainfall
1s distributed in a region by either time or geograpay.

rainfall probabilicy - The likelihood of teceiviag a ziven rainfall in a
certain Ctime. '

rainfall-runoff relationship - The relacionship of cthe amount of runoff which
occurs as a result of receiving a certain rainfall.
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rainfed farming = System of farming which depends entirely on using rainfall
{(and other forms of precipitation) co supply crop water requirements.

racting curve - In stream gaging, a graph showing the relationship between gage
height and rate of discharge.

reach - A specific portion of the length of a stream channel.

recurrence interval - The average number of years during which an event of
magnitude equal to or greater (or smaller) than a given value is expected
Lo occur once.

relative humidity - The amount of water vapor in the air, expressed as a
fraction of the amount in the air if saturated at the same temperature.

relief - The difference in elevations of a land surface.
reservoir - A water storage facility.

retention - The part of the gross storm rainfall which is interepted, store,
or delayed, and thus fails to reach the concentration point by either
surface or subsurface routes during the time period under comsideratica.

riprap - Broken stone or boulders placed compactly or irregularly on dams,
levees, dikes, or similar embankments for protection of earth surfaces
against the erosive action of waves or currents.

river basin ~ The area drained by a river and its tributaries.

root zone - The subsurface zone from the land surface o the depth penetrated
by roots.

tunoff - Drainage or flood discharge from rainfall which leaves an area as
surface flow or as pipeline flow, having reached a channel or pipeline by
either surface or subsurface routes; see also runoff percentaxge.

runcff area - The area which produces runoff from rain.

runofif event - The occurrence of runoff after rain.

runoff farming - The direct use of runoff for crop production.

runoff percentage - Runocff expressed as a percentage of the precipitation.

salinity, salinization - The content of salts, the process of becoming salcy.
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ravicy. It usually occurs by reducing the velocity of the water below
he point at which it can transport the suspended material.
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sedimentation basin/tank - A basin or tank in which water containing
seccleable solids is recained to remove by gravity a part of :the
suspended matter. Also called settling basin, sectling cank.
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seepage - The loss of water by infiltration from a canal, reservoir, or other
body of water.

shifting control - A scream-gaging control which is affected by scour, £ill,
or backwvataer.

slope - Upward or downward slant or inclination of a surface.
soil - A complex system of solid, liquid, and gaseous wmaterial with particles
of varying size, shape, and chemical composition; the medium for plant

grovth,

soil amendment - Material added to the soil to change its physical or chemical
characteristics.

soil depth - The depth of soil above the parent material.
soil moisture = Water in the root zone.

soil profile (layering) - The various layers of soil of different types in the
total soil depth.

soil type or class - The designation of soils based on origin and physical and
chemical properties.

soil uniformity - The extent to which che soil is variable in depth or
throughout an area.

soil zone - Root zomne.
stage - Water-surface elevation or gage heighe.

storm loss - Infilctraction plus depression storage, also includes the
interception loss in some cases.

stream gaging - The collecction of stream-flow data by direct measurements of
discharge and water-surface elevaction.

supplemental irrigation - Irrigatiom applied to supplement watar supplied by
rainfall.

surface detention - Detention storage.

terrace - A level land area constructed on a hillside or in a waterway Co
catch runoff and make crop production easier or becter.

terrain - The physical features of a parcel of land.

tovogranohy - Tha configurarian of a evr
position of its natural and man-made
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total annual rainfall - The amount of rain (precipitation) recaived in a year
at a given location.
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- The vaporization of water given off by plants; also the

transpiration
£ water which is thus vaporized.

quancicy ©
low and sceady infiltracion

ion capacity - The relatively
of infiltration at

ultimate infiltrat
ently long period

capacity which exists after a suffici

capacicy rate.

water - A transparent, odorless, tasteless liquid, a compound cf hydrogen and
oxygen, Hq0: freezing at 0°C and boiling ac 100°¢, which, in more or less

impure state, constitutes rain, cceamns, lakes, rivers, and other such

bodies.
water collection efficiency - The ratio of runoff to precipitation from a

gurface used to collect water.

vater control - The process of controlling the quancicty of flow and

discribution of water.

The movement of water from one place CO another through

water conveyance ~
(controlled) channels.

canals, flumes, pipelines, oT natural

water harvesting - Collection and utilization of rainfall and runof f.

water management — The process of managing water for the benefit of people and

animals.

water tights - The legal powers oOT privileges recognized as validly existing
under the applicable syscem of law, in, upon, OT concerning waters.

watershed - The area contained within a divide above a specified point ocu a
stream. Ln water supply engineering, ic is called a watershed or a
catchment area; im river control engineering, it is called a drainage

area, a drainage basin, or a catchment area.

r from a stream channel co

- Controllad 4iscribution of wace
-water aquifers OT

water spreading
for the purpose of recharging ground

rhe adjacent land
for crop productiocn.

water spreading dam - A low dam placed across 3 stream channel for che purpose

of spreading che flow to adjacemt land.

water storage efficiency - The ratio of water put into a storage facility o

chat amount taken out for use.

watrer table - The upper surface of the zone of sacturaticn, except where that
surface is formed by an {gpermeable body.

-ast and some side contaimigeni wi WRITT manmarTic
or rectangle, and is used to measure Ilow
i3 related to upstream height of water
co dowmstream water

weir - A device that has a ¢
shape, such as a ¥, trapezoid,
of liquids in open cnannels. Flow
above the crest, €O position of crest with respect
surface, and to geometTy of the weir opening.
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MEMO

To: Students Purchasing Class Notes
From: Student Union Fast Copy
Subject: Awareness of Services

As a currently enrolled University of Arizona student, Fast Copy would like to notify
you about some of the other services available fo you from this photocopy
center.

A partial listing of these services include:

*  COPIES

*  FAX # - (602) 621-3303

*  DESKTOP PUBLISHING

*  BINDING

*  RESUME SERVICE

*  OVERHEAD TRANSPARENCIES

*  ENLARGEMENT/REDUCTION

* 5 CENT COIN-OPERATED COPIERS

If you have any questions, please feel free to come to us for assistance.

NOIICE: IN compliance WITh AMZONA 1w, TNE Jouus, SSIviLes U TOTOHTCN
provided by the Student Union Fast Copy Center are offered only to students,
faculty and staff of this university, and to those invited guests who are on campus
for educational, research or public service activities.
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