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I. Sani Research Station, Domestic Water Supply

A borehole was consiructed near the road and in close prox-
imity to one of the cocoking areas. The borehole had the follow-
ing profile characteristics:

0- 10.4 m fine sand
10.4m- 4.9 m compacted clay (rock like)
14,9m- sandstone (drilling stopped at 16.8 m)

On Jan. 21, 1982 the static water level in the borehole was
at 3.1 meters. The top 10.4 meters of the well was lined with a
4 inch diameter PVC pipe, the bottom 2.4 meters of which were
slotted %o allow an inflow of about 6 gallons per rinute at an
entrance velocity of 0.1 f£t/sec. The casing was seated in about
6 inches of the compacted clay and gravel packed. A two meter
diameter, three inch thick reinforced concrete pad has been
placed around the well head to divert runoff water away from

the well.

The well was developed and a hand pump installed. The water
f=om the well contains some fine sand and clay. Over time the
clay particles will be flushed from the aquifer, they are in the
aguifer as a result of the drilling operation. To eliminate them
during development would require continuous pumping of the well
for longer than 24 hours, this is not practical. The fine sand
may or may not diminish with time. In the event it does not
diminish, or for the interim period, a simple filter wan be
used 4o remove the sand from the water.

The well was pumped for four hours with a mptor pump, the
water level dropped from 3.1 to 4.8 meters; at the termination
of pumping the water level returned to the 3.1 meter level in
a very short time. This would indicate that the aguifer is
large and transmissivity is high.

The well ig located about 35 meters from the seepage pit
for the bathroom/shower. Given the type of soil, a sandy loam,
this distance exceeds the minimum recommended by the Iowa
Department of Health.



IX¥. Sani Researhh Station, Tent Camp Site

e Water Distribution System
The distribution system design is based on the assumptions:
(1) No flush toilets will be used

(2) Each {erson uses no more than the equivalent of
100 liters of water per day

(3) The peak water use is concentrated in two two hour
periods of the day (morning and evening) ‘

(4) There will be 10 living units (tents), one central
kitchen/dining unit, and one community/recreation umit

(5) WYater will be pumped to a cistern located at elevation
179 m (approx) and will backflow by gravity to the units,
a drop of 15m (approx).

Water Demand

Liters Four hour Nominal YWater La*eral line
Persons per day rate (1/h) pipe size pressure pipe size

10 1000 250 1 in. 20 psi ? in.
20 2000 500 1 20 %
25 2500 625 1 19 i
30 3000 750 1% 20 2
Eg 500 875 1; 20 1

00 1000 12 20 1

From the table it is apparent that the main line need be no
larger than 1 inch diameter for up to 25 persons and 1% inch
diameter for up to 40 persons (4 persons per tent) which is
asrumed the maximum allowable. The use of larger pipe will not
be cost effective, for zero head loss (100% efficliency) the
waker pressure is only 21.3 psi. The head loss 1is calculated
for 305 m (1000 £t) of run, this allows about 25 meters for
all secondary head losses (pipe fittings, valves) which is
somewhat liberal.

The lateral lines should be § and 1 inch diameters as shown
§n the table. This is assuming that each lateral serves 5 tent
unite and the service units are on a separate lateral.

It $s impractical to use a hand pump to fill the cistern.
Consider, the cistern is located at a distance of about 250
meters from the well. Considering only the mass of water in a
1 inch diameter plastic pipe:

2 2
A = ‘Lz_ = 3-1“1%.083) = 0.0055 ftz

VeAxLs= 0.0055x 250 x 3.281 = 4,51 £t




Water weighs about 62,4 pounds per cubic foot, therfore, the
water in the pipe will weigh 281.% pounds. To this must be added
the weight of the water in the pipe from pump head to the water
jevel in the well and the friction forces between the water and

walls of the pipe.

For each stroke of the pump this mass of water must be
moved. With a pump lever arm ratio of about six to onae, a force
of about 50 pounds will be rieeded to raise the piston for each

stroke.

Since an electric pump may be used, the cistern could be
eliminated and pressure tanks used instead., The purp would only
need to run for about four hours per day, two hours each morn=
ing and evening. Throughout the rest of the day water demand
should be low and could be supplied by the residual water in
the tanks.

o Well
A borehole lined with a 4 inch PVC slotted plpe has been

installed in the approximate location of the camp. The well i
about 18% meters deep through fine sand and seated in heavy
compacted clay (similar to the well on the research station
proper). The water level is at the 9 meter level (approx).

Mr. George Collins has the details for this well.



III. Sani Resezrch Station, Irrigation System

e Delivery System

A main delivery canal would run along the upper (next to
the road) edge of the station. This canal should be lined as
it will pass through sandy soil. Along the canal five large
diameter lined wells would be constructed. These wells are to
be used for the various water lifting options and will supply
water to the canal. The canal would more or less follow contour
line 158 (see maps); it is normal practice to cut through high
sections and £ill low ones to keep the canal from having sharp
bends. The central well (number 3) will be located at the high
point in the canal. From this point water will flow bogh direc-
tions, i.e., the canal slopes downhill 8oth directions from
this point. The slope of the canal would be about 0.001 n/m.

From trial calculations it was found that it is impractical
to construct the optimum canal size for the given irrigable
area. The optimum canal has a four inch bottom width and a
three and one half to four inch water flow depth. This is to
small to be constructed with ease considering the tools on
hand. Therefore, the canal constructed will be significantly
oversized. Small channels are more easily formed if a semicircle
igs used for the bottom (the shape of a commom shovel). The
sldes are then flattened to the correct side slope.

Given the difficulty in shaping a trapezoidal canal it is
unlikely that precast concrete channel liners can be used. In
most cases where concrete is used for lining it is more econon-
jcal, in terms of time and labor as well as material, to cast
the }ining in place. See annex for more details on channel

linings.

The simplest channel offtake to construct is a pipe through
the channel bank. A steel pilpe is to be preferred over one of
plastic, concrete and most other materials do not adhere to
plastic. If the seal between the channel iining and pipe is
not water tight seeping water will over time cause that section
of the channel to fail. Often a concrete cut off wall is placed

around the offtake. This is a thin section slab through which
the pipe passes and about which the earth of the channel bank
is compacted, see figure. As an alternative, siphon tubes may

be used. Siphon tubes can be made locally from nonrigid plastic L\



pire. See annex for figure and rating curves for small siphons,

Check structures are used to control the water height in the
channel. Checks are nothing more than a wall in the channel
that have an adjustable height. They can be made of steel, con-
crete block, or reinforced concrete. Wood would probably not
last in Mauritania. See annex for a figure.

e Distribution System
The tree nursery area can best be irrigated by & buried pipe

system. This would put the system underground and out of the
way when seedlings are moved about and other necessary work is
accomplished. The esystem would use & £ inch diameter pipe for
the main line with tees at each bed for an outlet. See figure
in the ahnex. The elbow at the end of the pipe (for each bed)
chould be fitted with a male hose thread. An alternative would
be the use of a hose bid in place of the gate or globe valve.
This will allow the use of a garden hose or drip irrigation on
each bed.
e o Care must be taken in chossing fittings such as hose con=~

nections. The French fittings available locally do not fit

American hoses.

The drip irrigation system for the beds can be variable, i.e.,
the numbdber of lateral lines may vary, depending on the number

of rows in each bed. Normally for potted seedlings each bed con-

tains 15 to 16 rows of pots (pots are 8 cm diameter by 30 cm

deep). For open-rooted beds there are normally 6 rows of trees,
planted at 5 ca intervals in each 1.2 m bed. In one sense the
nunber of laterals is determined by the number of treses, there
is only so much lateral surface area in which to place microtub-
ing.

e @ TFor short laterals all microtubing in each bed should be
the same length to ensure that each plant recelves the
same amount of water.

e ¢ If one hose is uged per bed and it is serpentined around
the bed, significant flow differences can be expected be-
tween the first and last emmitter. This is due to a com-
bination of friction losses and pressure loss as water is
removed from the lateral.

)



For the areas where trees are growing, the best irrigation
system would probably be serpentined open channel. This will
allow the channel to move down the area from tree to tree at a
relatively flat slope. Given the sandy soll of Sani these chan-
nels may have to be lined to hold water losses to a reasonable
level. In some cases drop structures may have to be used where
the channel doubles back. This will to a large extent depend
upon the relationship between tree rows and the land contour.

Conventional drop structures of reinforced concrete can be
prohibitively expensive. A cheaper drop structure can be con-
structed using a pipe with a stilling basin at the lower end.
The pipe at the upper end can be bent upright, or a larger pipe
installed around it, to control the water elevation in the upper
channel. Another option would be a check siructure just before

the drop.

In the garden areas basins can be used to hold water which
will be distributed by watering can. The basins can be construc-
ted from concrete block and plastered with a waterproofing mix-
ture on the inside. The basin size is up to the bullder, a
common size would be 1.5 m wide by 2 m long by 1 m deep.

Two methods can be used to fill the basins. Open channels
would seem to be the simplest, however, there are problems
involved. The use of open channels would require the presense
of someone each time water is turned into the basin. This person
must monitor the inflow and close the channel outlet when the
basin is full. The basins are at a lower elevation than the can-
al and could overflow. The channels will also remove land from
production and may complicate traffic patterns in the garden.

Pipes can be used to £ill the basins. The pipe inlets can
be fitted with a float valve which would automatically close off
the water inflow when the basin is full. As long as the canal
has water over the pipe offtake, the basins will continue to
£iil as water is removed from them for watering. The pipe can
be buried thereby limiting the land removed from productlion to
that required by the basins.

k./'



The pipes should ernter the basins 2t least 15 cm above Tne
floor of the basin and not have any sharp bends, Such as elbows.
In the event & btranch line 18 necessary, to £1i11 another basin
perhaps, a ¥ f£itting should bve used. Thcse construction prac-
tices will allow for unplugging the pipe if 1t becomes necessary.
Where the pipe exits the canal it should be protected from plug-

ging material by screening.,

The steep slope of Sani Station away from the canal makes
the use of furrow irrigation gomewhat difficult. The furrow
across the slope is no problem because §{t follows the contour.
The difficulty comes in getting water from the canal to the
furrows. 1t can be done if several drop structures are used.
Between the drop structures the channel will be relatively flat
and the water level can be controlled high enough to allow the
use of siphons to supply the furrows. In planche number II for
example three one meter drops would get the water down to &
ievel where it can be used. Several checks in the channel could

3R o RUE YRR SIS ELYD WA SRpugh o Slov The uae of SRR

In summary, the designs for Sanl Research Station would be
as follovs:
Planche C & D Serpentine

I Basin

II Furrow or basin
III Serpentine

Iv Serpentine

\ Drip (nursery)
VI Serpentine

VII Channels with siphons



IV. Samoga, E1 Grehan, N*Tarhad E1l Ouassa

e Overview

o ® First priority in all the oasis project sites should te the
installation of a fence to protect later plantings. Fencing 1in
advance of planting will in some Benses decrease the incentive
for livestock to try to break through the fence, thore will be
no lush greenery to attract. Cnce 1ivectock are used to the
fence there is a lower likelyhood of later breakage.

e o Second priority is the installation of & good water Bource.
N'Tarhad E1 Ouassa already ha3 & well in the approximate center
of the project site. E1 Grahan and Samoma do not have wells on
<he project sites. In E1l Grzhan there are wells on each side of
the site so getting a good well should be no, problem.

For Samoga the project site is at the end of the oasis, how-
ever there is a well about 100 m south of the project slte. An
unsuccessful attempt was made to install a torehole a the lower
end of the site. The borehole pagsed through four meters of sand
before hitting campacted clay. Continued driliing through the clay
generated a clay-water slurry which sealed the sides of the well.
Since there was a shortage of water on site and a lack of carry-
ing containers the well was not developed. It is possible that
there is water in the sand layer but it cannot enter the well
because of the clay seal.

In Samoga another well should be drille¢ at a hicher elevation,
Drilling should be terminated upon encountering the clay layer.
Several barrels or other large containers ghould be on hand to
provide water for developing the well. It has been observed in
some oases that there is a concentration of clay in the center
low point of the oasis. Vlelle dug in this pert of the oasis are
generally dry whereas wells dug to elther side (5 - 20 m) often
have water. The same sort of trata may exiest at the lower edge
of the project site, hence, anothur well shofld be attempted.

e ¢ Starting trials and nurseries at the three sites will be
difficult until a trained person is on hand to oversee the work.
The logistics of trying to cperate trials in four wicdely separ-
ated sites with 1limited trained perscnnel are complicated. It 18
doubtful that any meaningful data ceuld be collected. However,
i someone reliable can be hired to water plants, the third






be put into production. Allowance must however be made for the
placement of the remainder of the water distribution systen.

e  Sixth priority would be the beginning of trials and tree
nursery stock. As stated previously this can almost be done at
the same time as water distribution system construction.

e Irrigation Systems

e ¢ The elevations on the project site contour maps bear no
relation to the elevations on the oases contour maps. The
lowest point in the site was determined, set equal to zero
and all other points adjusted accordingly.

Given the small sizes of the project sites in the three
oases it will be difficult to construct and use a large number
of wells in eesch site and still have enough lané for trials. This
1imitation means that most of the water 1lifting trials will have
to be on the plots of cooperating farmers. This is more realis-
tic in terms of the water 1ifting options gaining farmer accep-

tance and adoption.

El Grahan, cee figure, has the smallest project site at 0.09
hectare with an average downslope of 0.14 m/m. This slope is to
steep for unlined channels and lined channels would require drop
structures. To marimize usable area, the irrigation plan is for
a small lined channel along the west side of the site contain-
ing four one meter drop structures. A large diameter irrigation
well at the upper edge of the site would supply water to the
channel. The trial beds (im x 5m) would be irrigated by water-
ing can dipped into the channel upatream of the drop. The cross
slope is sufficiently flat that channels could be run west to
east to irrigate beds. This option would be more costly, channel

1lining, and remove area from crops.

Seven beds (1m % 5.5m) in the NE corner of the site are reser-
ved for a tree nursery. For potted trees this area can produce
about 5,500 seedlings per cycle, this should be sufficient for
the oasis. This nunber of trees will plant 13.2 km on 2 2.0 m
spacing. Irrieation for thie section of the site can be by drip






necessary. The western quadrant could use any of several
irrigation options. It is the site of the storage and general
purpose structure, The structure could be of the same design
as the one in El1 Grahan.

The welle to serve basins should be located next to the basin
in the approximate center of the area irrigated. This would keep
the maximum distance walked to a reasonable amount. If a canal
is used in the lower quadrant it should be located along the
outer wind barrier. This is the high side of the quadrant and
acanal along the edge of a field removes the least amount of
land from production.

e ¢ Beds should run east - west to minimize sunlight differences
and to decrease wind effects.

Any mwore detailed design must wait the successful completion
of irrigation wells. Designs will be variations on the Sani and
El Grahan designs.

The li'Tarhad E1 Ouasca project site is the largest of the
three at 0.47 hectares. The terrain is almost flat which gives
the greatest flexibility in irrigation system options. This
site has a well which is rock lined in the approximate center
of the site. There are numerous date palms planted in the east
half of the site.

This site ie at the edge of the oasis proper and exposed
to the winds. A wind barrier should be planted around the site
with emaller cross barriers in the interior. These will effect-
ively divide the site into six sections.

Irrigation system design in the sections where date palms
are growing mey ULe constrained. A serpentline system could be
used to water the trees with small offtakes to water inter-
planted beds. Basin irrigation could alsc be used in any of
the sections. Wells should be installed in the sections vhere
the present well is not located. These wells can be used for the
different water 1ifting options.

Admittedly most of these designs are general in nature, it
it is difficult to be specific when the crops are unknown



Zor each given area. The irrigation systems brezk out as follows.
For tree crops such as dates or citrus the serpentine system 18
generally best if the torrain sllows its use. For cereal or
other row planted large crops, furraw irrigation is generally
vest. In sandy soll the furrow length must be kept short but
most oasis parcels are small 80 this is self limiting. For bed
crops such as vegetables the use of basins and watering cans or
arip irrigation 1is generally best. Drip can also be used for
tree ”nd other crops but the long application times would not
be feasible for hand drawn watering, i.e., the barrel will have
40 be filled many times each day. For forage crops such as
alfalfa flooding of the planche is generally used. For large
planches a large stream of water is required if the whole area
is to be wetted uniformly. This may require the £11ling of a
recervoir which can be opened 1o give a high volume flow.
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Activities Schedule, 0Oasis Project

January 82

11 Depart NKTT 10130 arrive Guerou 18:00, vehicle trouble

12 Depart Guerou after radio contact with NKIT, arrive Sani
O0asis at 12:130. Afternoon spent staking main canal for Sani

13 Survey main canal line, calculate slope, restake line for
correct slope, test drilling at site of large diameter well
for irrigation, water table at two meters

14 Removal of drilling rig, well digging, collection of well
lining materials

15 Well digging, rough digging of 60 meters of main canal

16 Canal shaping (% day)

1? Travel to Samoga, selection of Oaslis Project Trial site,
travel to El Grahan for same purpose

18 Depart E1 Grahan in morning proceed to Kiffa then on to
N'Tarhad E1 Ouassa for selection of trial site, return to
Kiffa in afternoon

19 Load materials in Kiffa and proceed to Sani, begin slotting
PVC pipe for well casing, preparation of site for drilling
of domestic water supply well

20 Drilling domestic water well for Sani Research Station

21 Continued drilling of well, reamed first 34.5 feet of well
to 6 inch diameter, installed 4 inch PVC well casing, gravel
packed well

22 Continued drilling through compacted clay and sandstone,
stopped at 55 feet

23 Travel to Samoga, drilled well 0 - 13ft sand, 13 - 28 f¢
compacted clay

2l Reamed well to 5 inches diameter, installed 3 inch diameter
slotted PVC pipe casing, gravel packed well, set fence posts
and started running woven wire

25 Finished stringing woven wire, started running barbed wire,
surveyed plot, proceeded to El Grahan and surveyed plot,
continued t¢ Kiffa where materials were loaded for Sani,
returned to Sani

26 Pumped Sanl domestic well, cleaned equipment and prepared to
start drilling well at camp site on hill

27 Started well on hill, well collapse at 7.5 meters after using
6 pounds of stabilizing jell, attempted %o pull drill stem
with hydraulic jacks, no luck

28 Dug out drill stem, dismantled drill rig and moved all
material back to the station

29 FPaper work, survey notes workup, preliminary calculations
of water delivery system for camp site

30 Travel to Samoga to finish fence and check water level in
well, well dry with mud in bottom, proceed to Kiffa, buy
gasoline and travel to Guerou (% day)

31 Travel to N'Tarhad E1 Ouassa, No work



February 82

1 Survey and measure trial plot at N°'Tarhad El Ouassa, return
4o KiTfa where materials for Sani and watering cans for
Samoga are loaded, return to Sanl

2 Enlarged irrigation well and true up sides, install steel
well 13ning forms (borrowed froi Service Hydraulique),

place concrete for first ring

3 Remove gteel forms, true up next section of well sides, place
form and place concrete for next well section, level area
for pad (domestic water well) and place bottom row of blocks

for retaining wall, begin placing concrete for pad

4 Pinished placing concrete for well pad, removed forms from
the other well

5 Survey of gardening and tree crop area of Sanl Research
Station, begin preparing drilling equipment for another
attempt on the hill (camp site)

¢ Preliminary work on the firrigation system design for Sani,
depart for Kiffa in the afternoon, search for gasoline

7 Depart Kiffa at 8:00 arrive NKIT at 18:00 numerou. stops,
reasons unknown

10 Begin drawing up contour maps of Samoga, El1 Grahan, and
N*'Tarhad E1 Ouassa, meeting with John Grazel

11 Continue work on maps and writeup of reports
16 Wworking on reprie

In addition to the above 1isted days 9 hours were spent on Oasis
pro ject work in the month of December 81, meetings with Oasis
Project Starl (Wedberg, Collins, Paulas and Grazel).

In the month of March the equivalent of four days time has

been spent completeing the reports.



gecause of the long time from planting until production the
top priorlity for citrus crops is to get root and grafting material
started. This requires the consultation of a cltrus expert to det-
ermine the best root stock for the oasls environment and the approp-
riate frulting varieties.

In Sanl Oasis, where clitrus is presently being produced, there
have been cases where 1t appears the grafted material has died off.
In some cases the trees have been geveral years old. After a period
wlthout vegetation, growth togins again. Of the trees inspected all
appeared to put out new growth below the graft line. This would mean
the growth is of the root stock material and not suitable for frult
productlion.

e This phenomena should te investigated by an expert in citrus
diseases to determine the impact if any on future citrus pro-
duction in Sani.

e It is important that this question be resolved before citrus
stock from Sani is planted in other oases, there 1s a risk that
the disease (if one exists) could contaminate other sites.

Many citrus experts are on the staffs of the University of Cal-
fornia at Davis and the University of Florida.

Because of the long resident times in the nursery, citrus seed-
1ings should be grown in open rooted beds with wider spacings. If
it is determined that there are no problems with the production of
citrus seedlings at Sani, Sani can easily produce seedlings for all

the other oases.



Lanal LINEINS

In the sandy solls typical of oases and most of Mauritania
any water delivery system using channels must be lined. If the
channel is not lined water losses can be substantial. There are
numerous methods of lining channels in use throughout the world.,
However many are not practical, for various reasons, for use in
Mauritania. The options listed below are those which seem to
offer the most likelyhood of success in Mauritania. Mosi require
the channel be protected from livestock traffic, and human for
that matter, to ensure the integrity of the lining remains
intact. As with most options there is a range in cost, mainten-
ance requirements, and durability of the linings.

e o DBefore placing any lining 1t is essential that all filled
sections (banks included) are compacted or fully seltled.
IT settling takes place after the lining has been placed,
the lining can crack and move out of line. In some cases
this movement can ppen an area to erosior which ultimately
causes a break in the channel bank.

e Concrete lined channels must be used as the 1deal against
which the other linings are measured. Concrete is expensive and
may not be practical for widespread use. The installation of
concrete panel-formed lining requires only semiskilled labor and
a minimum of equipment. After excavating the ditch to grade,
gulde forms are set about three meters apart. Concrete is then
placed in alternate three meter sections. When the concrete is
cset, the forms are removed and the skipped panals are completed.
The bottom In each section is filled first, and then the fresh
concrete 18 screeded up the slope. Concrete used in ditch lining
should be plastic enough for thorough consolidation but stiff
enough to stay in place on the side slopes. The side slopes
should be no steeper than one vertical to one horizontal (1:1).

e Soil cement can be used to form a durable channel lining.
Soil cement is perticularly useful in sandy loam soils, One
part cement is used to 4 - 12 parts soil, thoroughly mixed dry
then molstened to the optimum moisture content and compacted.
Mixing is done in place, i.e., the cement is stirred into the
top layer of the soll with a rake or similar implement. The



layer is kept moist until it is thoroughly cured. IiOTEIIIy &
two inch layer is used on the parts of the channel exposed to
water. This lining can be durable and long lasting. It is subject
to cracking if it is walked upon by livestock. In some instances
aggressive vegetation can grow through the layer if there are
weak spots in the mix. Trials must be carrled out for each

soil type to determine the best soll-cemeht mix ratio.

e Heavy clay can be transported to the charnel and a compacted
layer applied to the channel sldes. The layer is generally about
two inches thick. If it is compacted at optimum moisture content
an impervious layer can be formed. The lining has a high main-
tenance requirement if the chamel is not protected from traffic.
Each time the channel 1s allowed to dry completely there is a
tendency for the clay lining to crack. Upon rewetting the clay
will swell and reseal but water losses can be great in the inter-
im. Breaking up the surface clods and repacking can diminish
water losses, labor required for this is traded off against

the labor required to lift the water lost due to seepage.

e Manure is sometimes mixed with clay and used a&s a channel
lining. This mix is similar to that used for traditional housing
but with a lower sand content. The fiber in the manure tends to
decrease the cracking problem when the channel drys out. The

mix is applied the same as heavy clay. This type of lining will
normally last for only one season because £oil microbes break
dowvn the organic matter in the manure.

e Stone linings can be used in areas with an abundance of
stones. The stones are mortared in place as brick. This method
is more labor intensive than the use of concrete but less
cement is required and the durability is almost the same.

e » Where the lined channel is below the normal soil surface
and may be subject to hydrostatic pressure, weep holes
must be provided to relieve the pressure. This is of par-
ticular importance where the channel runs across the Slope
of a hill. In this case the ditch can also be used as a
drain during rainy season. The weep holes reduce the hydro-
static pressure by allowing the groundwater to flow into



the ditch. If weep holes are not provided the lining may
fall due to the pressure. Failure can take the form of
severe cracvks or rupture of the lining. Where concrete or
gtone are used it is not unusual for a whole section of
the lining to be pushed out of place.

Weep holes are normally placed just above the normal
water level in the channel. Under Mauritanlian conditions

a2 hole 6 - 10 mm in diameter spaced every meter should be
sufficient. The hole must be completely through the lining
material.



Wind Barriers

In desert sandstorms several things happen. The particles of
sand, at temperatures much above that of the air, give up heat
to it, and in addition absord $ncoming radiation, thus acquir-
ing more heat. The main injurious effect is on the water econ-
omy of the plant, the transpiration demand is higher than the
plant can satisfy resulting in plant desiccation. The mass of
moving sand decreases with heifht but the wind speed increases,
the maximum energy level was found to be at about 15 cm above
the soil surface. This then is the height at which most damage
is done to growing plants. The moving sand uncovers and expo&es
seeds, smothers young plants, and can cause mechanical damage
to the plant (shradding leaves for example).

Shelter from wind is generally provided by long narrow strips
of barrier material set up perpendtcular to the direction of
the prevailing winds. Figure 1 shows the effect of wind barriers
on several micrometeorological factors. A medium-dense barrier
was used to measure the effects on alr and soll temperature,
relative humidity, evaporation, and soll molsture. From Figure 1
one carn see that the denser the obstruction, the greater i3 the
amount of shelter immediately behind it, but the effect in depth
is less (less protection is offered at distances from the barrier)
The most favorable results are obtained with & penetrability of
60 to 80 percent (medium-dense). When penetrability is variable,
1t i8 better if it increases from below upward (more dense at

the bottom).

Studles have shown that a change in wind direction of +45°
from the perpendicular did not produce any significant change
in the shelter effect. This gives one sufficient latitude to
make the best use of topography and present fence and plot lay-
out without sacrificling any varrier effectiveness.

An incidental result of employing a single wind tarrier is
the undesirable increase in wind speed which always occurs
around the ends of {*e barrier. Winds around the ends of barriers



have been measured at velocities over 20 percent stronger than
the open area wind speed. The same applies to gaps or breaks in
the barrier. Rather than a single barrier, a much more favor-
able arrangement is that of a network of shelterbelts perpendic-
ular to each other. In this case the shelter effect is more uni-
form and the corners provide positions where it is particularly
suitable to make the openings necessary for access.

Wind barriers of living vegetation are the most effective
because their flexing stalks/branches and fluttering leaves
better break up the wind eddies causing increased ehergy dissipa-
tion. To be most useful the barriers should be made up of plants
that have other uses and a variety of growth characteristics.
For example, a wind barrier could be made up of neem (Azadirachta
indica) planted on 2.4 meter spacing with rows of henna (Lawsonia
alba) a more bushy plant on each side. See Figure 2 for a possible
garden wind barrier conflguration.

In each gardening area one must look for plants that are of
economic importance that lend themselves to use as wind barriers.
For plants that periodically drop their leaves, they must be in
leaf at the time of high winds in order to be effective.

In the near term, before a planted wind barrier is effective,
one can use rough woven mats of coarse grass, sacking, or any
type of material that can make a porous vertical barrier. Where
metal fences are used the material can be woven through the mesh.
This 1s an area for individual ingenuity.
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Drip Irrigation

Drip irrigation has potential where good quality water is limit-
ed. With drip it is possible to water only that part of the bed
where desirable plants are growing. This caves water and reduces
the number of weeds that grow. Where high density planting 1s prac-
ticed drip irrigation has limited use because most of the bed must
be wetted. In vegetable production drip is most useful for pepper,
tomato, eggplant, okra, and other wide spaced crops. Systems cah
be installed using all imported materials or best use can be made
of locally avalladble supplies. Given the relatively high cost of
the material to install a drip irrigation system it must be used

for high value crops.

The imported drip irrigation system is easy to install and rel-
atively trouble free throughout the 1ife of the system. Figure 22
shows how the components would fit together in a typical installa-
tion. At the end of the main line a short gsection of hose is
folded over and wired or clamped to close off the line. The same
procedure is used to close off the ends of lateral lines. The
total cost for the imported components used in the design of figure
22 is about £500 (1981) plus the cost of shipping. A steel bvarrel
would have to be purchased locally for use as a reservnir.

The system assembled from locally available parts would use
regular water hose or polyethylene pipe for the main line and
water hose for the laterals. Steel pipe fittings are avallable
and with nipples can be used in place of the imported plastic
fittings. Emltter tubing is not available locally but can be
imported at a cost of £95 (1981) per 1220 m (4000 £t) plus ship-
ping. Without screens in the water 1lines, emitter lines tend to
plug more quickly. Care has to be taken that water added to the
barrel is clean and the barrel 1s protected from blowing mater&al.

Tables 17 and 18 are used to select the proper main and lateral
1ine sizes. First determine the area to be wetted by each emitter
over a given time period. This value times the depth of water to
be applied will give the emitter flow rate per unit time. Next
determine the number of emitters on each lateral. From these two
values, number of emitters and emitter flow rate, the size of the



lateral can be determined. From the lateral flowrate and the
nunber of laterals the mainline size can be found.

Examples An area of 6 inch diameter is to be wetted 1 inch
deep over a 1 hour period. There are 200 emitters
per lateral and there are 20 laterals on the main-
line. Determine the sizee of the mainline and the
laterals.

2
-—{F:L-x 0.08 = 0,02 £t3/hr or 0.12 gal’hr per emitter

2006: 0.12 . 0.41 gal/min

From table 18 the correct lateral size is 3/8 inch
diameter.

0.41 x 20 = B.2 gal/min

From table 17 the mainline size would be 1 inch
diameter.

e ¢ This design precedure is only appropriate for short run
systems on relatively flat terrain. If the terrain has
significant slope and/or the system is quite large the
design procedure becomes quite sophisticated and technical
assistance should be requested.

Table 16. Cost of imported components (1981)

%2 inch mainline 100 £t A 11,75
3/8 inch lateral 2500 ft 207.50
0.040 inch microtubing 4000 ft 95,00
Twist punch 2,50
Hose Y shut-off 17 51,00
Hose gaskets with screens 18 5.00
Flow controls 34 k2,50
Female hose coupling 35 k3,75
Male hose to poly tée 17 21,25
Hose bid bvrass 1 k.75
Hose strainer 1 2.75%

TOTAL K 192.75



Table 17. Guide for selecting mainline and submain.

Flow range Mainline

£pnm (pm) pipe size
0 -3 (0 - 11) %2 inch
3-6 (11 - 23) 2 4nen
6 - 10 (23 - 38) 1 inch
10 - 20 (38 - 76) 1% inch

Submain

pipe size
2 inch
% inch
2 inch
1 inch

Table 18. Emitter hose selection guide.

Maximum flow

Maximum number of emitters

Size in gpm (lpm) % gph (2)" 1 gph (4) 2 gph (B) & gph (15)
3/8 1.5 (6) 200 100 50 25
3 3.0 (11) koo 200 100 50
2 6.0 (23) 800 koo 200 100

* Emitter Flow in 1liters per hour

7\
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Miscellanecus Information

e Installation of a large diameter reinforced concrete lined
well can be accomplished at the rate of about one meter per
day if all materials are on hand and no hard strata is encount-
ered., This requires a minimum of four good workers. When hand
mixing cencrete the quality of the mlxture can be improved if
a large mixing trough (36 in. x 7?5 in. for example) is used.
The placement of concrete must be done as rapidly as possible
to prevent cracks from forming between the different batches
of concrete.

¢ When passing through sandy soil, the rough canal shape can
be excavated at a fairly rapkd rate. In Sani 10 workers exca-
vated 60 meters of canal in about three hours. The final shaping
of the sides and leveling the bottom to grade takes considerably
longer.

e When using the Hydra-drill 201-P to drill through sand, a
vell with a four inch casing can be installed in two days.

Three workers are required to operate the system. When the strata
changes to harder material such as compacted clay or sandstone
the drilling tecomes much slower. When drilling through sand,
such a8 that at Sanl a hole stabilizer is required.
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