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I. PROJECT OBJECTIVES AND BACKGROUND

OBJECTIVES

In conjunction with the USAID/Swaziland Country Develop-
ment Strategy Statement for FY 1982, the Project Identification
Document (PID) for the Pilot Small Farmer Irrigation Project
(645-0217) on Swazi Nation Land (SNL) identifies the following
objectives:

e to increase employment opportunities;

e to increase agricultural productivity; and

@ to increase incomes.

ALTERNATIVES CONSIDERED

The following alternatives were considered and rejected in

the preliminary analysis for the project:

No Development

Irrigation development on SNL, which offers thé greatest
potential for increasing productivity and incomes for small farmers,
would continue at a slow pace. Adverse environmental impacts
would indeed be reduced under this alternative in comparison
with the proposed alternative. The potential beneficial impacts,
however, in terms of improved health and well-being, would also

bevreduced.

Drvland Farming

This option would limit action in increases in cultivated
acreage and soil amendments, even though rainfall throughout

Swaziland is inadequate to make efficient use of such changes.
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Beneficial impacts would most likely be less than under the pro-
posed action. Adverse impégts could be equally significant,
however, as even dryland fafming will involve serious risks of
soil erosion and reduced water quality, as well as the health

impacts of labor movement and use of agricultural chemicals.

Estate Agriculture

This option, with a relatively successful history in Swaziland,
would imply the development of much larger areas, including higher
management and infrastructure costs, beyond the levels envisaged
for this project. Adverse environmental impacts could also be
much more significant, relating primarily to alterations of riverine
hydrology (e.g., dam construction), water quality and habitats
for molluscan hosts of schistosomiasis.

On the other hand, it is recognized that adverse impacts
will likely always result from any scale of increased irrigated
agriculture or dryland farming. It is also possibkle, however,
to take appropriate actions, especially with small irrigation
systems, so as to minimize those impacts and provide net benefits

in conjunction with the purpose of the project.
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II. SUMMARY

MAJOR CONCLUSIONS

The analysis concludes that the potential adverse impacts
identified in the "Scoping Statement' can be minimized by the
incorporation of appropriate engineering design features, pro-
ject management, monitoring, evaluation and training components.

Particular features required to minimize impacts should include:

[\ )

soil and water conservation measures, such as erosion

and control and proper water management;

e provision of improved domestic water supplies

and sanitation; and

e regulation of pesticide use.

Numerous impacts could be eliminated by progressing from surface
(furrow) irrigation to more efficient systems (such as sprinkler

and trickle), but at higher capital investment.

MAJOR IS5SUES

Since actual project sites and particular crops remain to
be chosen, it was necessary to make certain assumptions regarding
these variables in impact assessment. Monitoring and evaluation
components of the pilot project are therefore considered especially
important.

The final evaluation will require thorough re-examination
of the anticipated and actual impacts of the pilot project,

which is expected to provide a model for future expansion.
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Scale effects in a greatly expanded irrigation program could
establish new priorities for environmental protection, otherwise

inconsequential at a pilot stage of operation.
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III. PURPOSE AND METHODOLOGY

This assessment is intended to provide environmental guide-
lines for project design, implementation, monitoring, evaluation
and training.

This analysis is based upon a review of existing literature;
interviews with host country officials, USAID-project staff,
other donor agency staff and representatives of the private
sector (listed in Appendix Gl); and site visits to existing
and proposed irrigation schemes in Swaziland (Appendix G2).

The discussion assumes a ''worst case' scenario, providing
for a conservative approach to project design. An attempt has
been made, however, to propose pragmatic criteria that can be
apsplied and monitored under field conditions without compromising

project objectives.
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IV. PROPOSED ACTION AND IMPACTS

As stated in the PID, the project will develop pilot irri-
gation schemes to test the following: individual vs. group
schemes; various types of technology (e.g., furrow, sprinkler,
gravity fed, pumped); groundwater irrigation; various cropping
patterns; farmer organization and management; credit and financing
arrangements; and water use and maintenance programs.

The project proposes to train some 1,200 farmers and 120
government personnel in irrigated agriculture and extend 250
loans. A total of about 1,200 hectares in plots of various
sizes will be developed on Swazi Nation Land.

It is assumed, therefore, that the project may involve
the following activities in various combinations at different
sites and on different scales: dredging, dam construction,
pond excavation, stream/river diversions, canalization, pipeline
laying, pump installation/operation, land clearing/forming,
fencing, field diversion structures/gates, drainage, access road
construction.

Major physical environmental impacts, without the implementa-
tion of environmental protection recommendations are expected to

be the following:

e increase in soil erosion resulting from improper flow
velocity or soil texture in unlined canals and land

surface modifications;

e increase in soil salinity as a result of imprcper

irrigation water management, especially in surface

Iv.1



irrigated farms; and

e change in surface water quality especially with

sediments from agricultural land getting into streams

and reservoirs.

The major health impacts, without the implementation of

recommended measures, are expected to be:

® increase in transmission of schistosomiasis to an
unknown but potentially major degree, especially
among children (but affecting all ages), on a localized

basis in the middle and lowveld;

e increase in transmission of other enteric parasites,
resulting from changes in demography and water use

and sanitation patterns, in all veld types; and

e increase in acute and chronic toxic effects of
dermal, inhalation and oral exposure to pesticides

and herbicides, primarily among applicators.

All these effects can be controlled, but probably not completely

eliminated, if corrective measures are implemented in conjunction

with effective monitoring and evaluation procedures.
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V. AFFECTED ENVIRONMENT AND CONSEQUENCES

DESIGN-ENGINEERING ASPECTS

Canal Use and Protection

Two methods of irrigation were identified in the Rural Develop-
ment Areas (RDA), cooperative or farmers association and individual
small schemes: surface (furrow) and sprinkler. Most of the
schemes are furrow irrigated, a typical system including a diesel
or electric pumping plant, a reservoir, unlined canals and land
leveling. Canals and irrigated areas are normally protected from
animals by fences.

The RDA schemes ranging from 10 to 25 hectares are designed
and constructed by the Ministry of Agriculture and Cooperatives
and the area is divided into small lots of 0.4 hectares to 1 hectare
when the scheme is completed. There is no rent or water charge
in any of the schemes. In theory the farmers are responsible for
the maintenance of the canals, but this is rarely carried out
and when the water delivery and distribution system fails, the
scheme is abandoned. .

The cooperative and farmers association schemes range from
20 to 100 hectares and the individual plots tend to be larger
than in RDA schemes. The cooperatives and associations are
responsible for purchasing the pump, pipelines and any other
pFrmanent equipment. The Ministry of Agriculture and Cooperatives
assists farmers by providing cleaning and land leveling equipment,
installation of pumping plants and construction of canals. The
farmers are responsible for the management of the irrigation

scheme, but adequate maintenance is not carried out. A better
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situation is at Magwanyane and Mankantshane schemes, but schemes
at Kalanga must be probably rehabilitated.

The individual schemes vary from the small furrow irrigated
garden to the l12-hectare sprinkler schemes. The Ministry of
Agriculture and Cooperatives, offers assistance and design and
installation. The small furrow schemes are normally gravity fed
from streams and the construction is carried out by the farmer.
Better operation and maintenance of these schemes was noticed.

Non-adequate maintenance of unlined canals in small farmer
irrigation schemes has created sediment deposits, the vegetation
is interferring with normal canal operation and large quantities
of water are lost by seepage.

Unlined canals should be cleaned at least once a year to
remove sediment deposits and excess vegetation and reshape the
canal. Canals should also be inspected each year for erosion and
bank scouring. Animal maintenance should be done before sowing
or planting the first crops. This period varies from Highveld
to Lowveld and with the crop. A crop calendar is shown in
Appendix E3.

In order to assure better canal protection, fencing should
be extended to all irrigation schemes. Animal traffic and separate
livestock water supply should be provided. (Cover protection
may be more expensive and protective vegetation or trees and bushes
may interfere with canal and field operation in the small irrigated
farms.) Farmers at Emgomfelweni scheme in Mahlangatsha RDA supplied

the fencing materials and provided labor for installation.
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Also, increased use of pipeline would reduce maintenance

and protection problems and avoid costly rehabilitation of irriga-
tion schemes. The Irrigation Section of MOAC has already success-
fully installed low pressure pipe systems in areas where irrigation

supply contains low amounts of sediment.

Animal Facilities

Livestock is an important sector in the traditional subsistence

agriculture of Swaziland, but the high livestock rate is deteriora-
ting the soil and water resources. When associated with small
irrigation schemes, livestock is in some cases producing damage

to the irrigation facilities and leveled agricultural land.

Even though many of the irrigation water supply and distribution systems

in the Swazi Nation Land are protected; it is recommended to pro-
vide fencing fof the livestock. This wéuld help also in collecting
manure which is necessary to be applied to fhe irrigated land to
improve organic water content and soil physical qualities.

Wood and steel posts are available for fencing. Barbed or
woven wire should be used alone or in combination. Barbed wire
above woven wire keeps large animals from leaning over or breaking
down fencing, while below woven wire keeps the small animals from
digging under the fence.

Selected progressive farmers may want to install electric
fencing which has low cost and is effective. Electric fencing
helps also in managing pasture and rotation grazing. Electric
fences powered by batteries or solar cells are being used success-

fully in the small farming in the Caribbean.
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Adequacy of Field Drainage

Swaziland soils are normally well drained soils, except for
the western and eastern Lowveld. Drainage requirements were
considered in the planning and site selection in most of the small
irrigation schemes in the Swazi Nation Land. However, because
of lack of a detailed soil survey and non-adequate land forming,
some of the irrigation schemes present drainage problems. Sources
of excess of water are precipitation, irrigation facilities, over=-
land flow and underground seepage from adjacent areas and over-
irrigation.

Maintenance of natural and open drains, where such systems
exist, is not adequate in the small farming irrigated schemes.

Lack of proper maintenance has created sediment in the drains,
erosion of drain canal and side slopes and high sediment load

in the drainage water. Also noticed was an excessive growth of weeds
and grasses and growth of undersirable woody vegetation. Lack

of maintenance of land leveling has reduced the drainage in the

small irrigation schemes.

Even drainage is not a major problem in the small irrigated
farms, a detailed soil survey is necessary before any system
rehabilitation or site selection of new irrigation schemes.

There is véry little existing information on flooding in
irrigated areas. There are no records of damages and little infor-
mation on flood plains and elevations. Field observations indicate
that the flood pléin damage potential is limited to a few roads
and bridges, diversion and canal' systems and areas of agricultural

land.
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Flood control measures or reducing flood-flows by watershed
treatment, and flood control reservoirs should be considered before
developing any new irrigation schemes. Implementation of these
measures that retard the flow or reduce the runoff could be an

important step toward conservation of natural resources.

Flood and Canal Bank Erosion Control

As already mentioned in the previous subsection, there is
very little existing information on flood conditions and there are
no records of eventual damages. The Water and Related Land Re-
sources Framework Plan prepared by the U.S5. Army Corps of Engineers

is proposing seventeen damsites selected for the maximum river

control.
River Basin Proposed Dams
Lomati 1
Komati 2
Komati Tributaries 5
Mbuluzi 1
Upper Great Usutu 1
Ngwempisi 1
Mkondo 1
Lower Great Usutu 1
Lower Great Usutu Tributaries 3
Ngwavuma 1

A national program for flood control including construction
of flood control reservoirs and various watershed treatments would
reduce flooding hazards.

During high flows, soil which washes from fields and burned
and overgrazed areas can make streams highly turbid. However, -
the naturally low turbidity during low flows indicates that rur-

bidity would not pose coastraints to water use.
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Bank canals in the small irrigation schemes in Swazi Nation
Land are normally protected by vegetation and were not noticed
to have any severe bank erosion problems. However, weeds along
canal banks are permitted to seed and may become a major source of
weed infestaticn of crops. If erosion is occurring, additional
grade control or energy-dissipating structures may be needed.
Ditches adjacent to structures can often be stabilized by placing

course pit-run gravel in the ditch.

Water Quality and Quantity

The surface and groundwater of Swaziland is general’y of a
good quality. The pH averages 7.2 with less than ranges from
6.1 to 8.9. Turbidity levels are low during the most seasons, but
seasonal rains cause considerable turbidity in rivers. Alkalinity
averages 30 mg/L and ranges from 2 mg/L to 172 mg/L. Hardness
averages 40 wmg/L and 1,300 mg/L, respectively.

Only at Lubuli station in the eastern Lowveld has high total
dissolved solids been noticed; hardness and alkalinity range to 1,020
mg/L and 1,300 mg/L, respectively.

Water quality analyses in the Mbuluzi, Little and Great
Usutu Rivers and Big Bend Canal are presented in Appendix ES5.
Guidelines for interpretation of water quality for irrigation
are presented in Appendix E6.

It is noted that a low pH could cause problems with any
corrosive metals used in irrigation water delivery and distribu-
tion systems. his would require the use of non-corrosive metals.

Turbidity could pose a seasonal constraint by accelerating

V.é
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sedimentation of in-stream irrigation storage reservoirs. Better
watershed management by proper land use and extension of conserva-
tion practices or contouring, strip cropping and terracing would
reduce turbidity and sedimentation probleﬁs.

A more comprehensive water monitoring and testing program
at the national level would help irrigation in the small schemes
and better protect the quality of water resources.

Swaziland is well endowed with surface rivers which provide
the main source of water for agricultural use. The rivers originate
in the highlands of Drakensberg and flow across the country drain-
ing into the Indian Ocean. Most of the rivers have a seasonal
flow, but the larger rivers are perennial. An estimated 37,000
hectares from which 900 hectares in Swazi Nation Land are presently
irrigated frcm surface water.

From the existing information on groundwater, there are no
aquifers capable of sustaining large irrigation areas, and it is
estimated that irrigation would expand mostly from surface sources.
There is potential for small irrigation schemes under 50 hectares
throughout the country.

It is to be noted that all irrigation schemes on Swazi Nation
Land are required to have a permit from the Water Apportionment
Board tc use water from a stream or river. In addition, the

project must be approved by the Central Rural Development Board.

Soil Quality

Information on the soils of Swaziland is based on soil survey
of the country by G. Murdoch in 1968. The soils are complex and,

except for alluvial soils, have developed in place from underlying
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parent rock and thus reflect the weathering and chemical character-

istics of the rock base.

In the Highveld, upper Middleveld, and Lubombo regions,

the main soil types are deep, acid and freely drained red and

yellow ferrisolic and ferrallitic soils. These soils, except

for the Lubombo region, have little natural fertility because of
excessive leaching. With adequate fertilization and lime application,
these soils can produce high yields. Drainage, infiltration and
moisture-holding properties make them good for dryland or irrigated
cropping, except in the areas with steep slopes or where the soils

are too thin.

Soils of the lower Middleveld region are characteristically

gray or red light-textured soils derived from granite or gueiss.
Depth is between 40-70 cm. Shallowness and light- texture of

the soils restrict available moisture-holding capacity for dry-

land cropping. Their fertility is generally low and erodibility
high.

The western Lowveld region is underlain by sandstones and

shales which give rise to heavy-textured glay-pan soils. Poor
drainage and high salinity restrict their use for irrigation,
while poor moisture-holding properties in the light soils tends
to reduce the dryland cropping yields.

The eastern Lowveld region is underlain by basalt which gives

rise to an association of red, brown and black clays. About

457 of the area is shallow - 20-40 cm. Soils' fertility is good
except for a shortage of phosphorous. The poor drainage of the
black cleys and their high solicity and salinity in low-lying

areas limit their use for irrigation.
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The G. Murdoch soil survey has limitations in using the survey
for detailed planning. As mentioned previously, a more detailed
soil survey and more extensive basic laboratory data to support
soil survey inferpretation are needed for site selection and
project monitoring of pilot small farmer irrigation schemes.

Soil salinity is not presently a oproblem iﬁ the small irri-
gation schemes in Swazi Nation Land, but non-adequate irrigation
water management may produce salt accumulations. If salinity of
soils occurs, leaching is the only way by which the salts added
to the soil by the irrigation water can be removed satisfactorily.
Sufficient water must be applied to dissolve the excess salts
and carry them away by drainage. Other concepts that may be of

help in controlling salinity are the use of amendments, deep tillage

and preplant irrigation.

Present Storage Facilities

In many small irrigation schemes in Swazi Nation Land, small
storage reservoirs are essential elements in a complete farm water
delivery system. The on-stream reservoirs are fed by continuous
or intermittent flow of surface runoff and streams, while the off-
stream reservoirs are constructed adjacent to a continuously flowing
stream and a pipe or canal diverts water from stream into the
reservoir.

The 1ong-terﬁ, temporary and overnight storage reservoirs
are used in connection with pump and gravity systems and with sur-
face and sprinkler irrigation methods and combined with other
facilities like pipelines and canal delivery systems. The re-

servoirs are normally unlined and losses by evaporation and seepage
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are appreciable. Few of them are sealed with plastic membranes.
No filamentous or free floating vesculor weeds were noticed in
reservoirs or canals.

In order to minimize any negative environmental consequences
from reservoirs development, the Ministry of Agriculture and
Cooperatives should intensify its efforts to reduce seepage losses.
Extension workers should be involved in organizing annual storage
reservoirs and canal systems maintenance as recommended in the
section, "Canal Use and Protection."

Fisheries are not normally associated with the storage
reservoirs in the small irrigation schemes. However, the Ministry
of Agriculture and Cooperatives, Fisheries Section, is promoting
and establishing fish ponds primarily in Rural Development Areas.

Energy is an important factor for irrigation and the in-
stallation of micro-hydroelectric power generators could be a
viable solution for the small irrigation schemes. There are no
such generators presently in the small irrigation schemes in
Swazi Nation Land, but the pilot project should consider the

micro-hydroelectric power generator.

PUBLIC HEALTH ASPECTS

The health impacts of irrigation systems are most closely

associated with:

e patterns of water use and contact, both for

agricultural and domestic purposes;

e practices of environmental sanitation and excretal

disposal; and

V.19
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® exposure to agricultural chemicals (discussed under

Section VII below).

The importance of the first two items relates to the role
played in routes of pathogen rtransmission by water, food, excreta,
animals and direct personal contact, all of which may be altered
either directly or indirectly by irrigation. Irrigation involves
changes in the way of life for subsistence farmers, not the least
of which include new habits and tasks relating to domestic water
use and sanitation. Since water is a vehicle for many enteric
parasites as well as a habitat for certain disease vectors/hosts,
increased agricultural use and distribution of water can act to
spread these pathogens and increase health risks. For this reason,
safe, improved means of domestic water supply and sanitation to
ensure public health are believed to be necessary complements to
irrigation, so that the intended economic benefits of irrigation
can be fully realized.

In Swaziland, ucveover, three factors allow certain com-
municable disease risks of small-scale irrigation to be generally
classified in terms of veld type. These factors are:

e climatological and topographical features affecting

the persistence of disease organisms, vectors

and hosts;

e hydrological and hydrogeological features affecting

the adequacy of domestic water supplies; and

e hydrological, topographical and residual soil
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characteristics affecting the engineering require-

ments of irrigation systems.

An assessment has been made of the health-related features of
existing irrigation schemes from field observations and relevant
supplemental literature. The existing status and health impacts
are analyzed according to veld type, where appropriate. Measures

that may reduce or eliminate the risks are presented in Sectioa VIII.

Domestic Water Supplies

Drinking Water - In the most comprehensive statistical survey

to date of water use and sanitation practices in Swaziland (Green,
1982), the Ministry of Health (MOH) and the USAID-assisted Rural
Water-Borne Disease Control Project (RWBDCP) have identified the
following types of drinking water access by homesteads on Swazi

.Nation Land:

Rural Drinking Water Access¥*

Source Adjusted Frequency (7)
River or Stream 35.9
Unprotected Stream 28.6
Standpipe or Tap 17.2
Spring, Protected from Animals 7.1
Borehole or Well 4.2
Enclosed, Protected Spring 2.7
Stagnant Pool or Dam 2.5
Collected Rainwater 1.8

*From Green, 1982, 0. 13. These figures do not permit a pro-
jection regarding the ultimate source of a reticulated supply
(17.2%), nor of the actual quality (safety) or a particular
source.
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The study further indicates an average daily per capita con-
sumption of about 6.6 liters, typically involving (using weighted
averages of data presented therein) two one-hour round trips each
day to fetch water. Little home treatment (such as boiling) is
effected, and storage and final use practices do not assure that
an originally safe water is consumed as such.

By far, the major supply of rural drinking water in Swaziland,
therefore, is from untreated surface water (flowing or impounded),
followed by springs and then borehold (groundwater) supplies.
Although comprehensive data are scarce, a government water sampling
program indicates acceptable chemical quality of surface waters
for potable supplies (U.S. Army Corps of Engineers, 1981). At
least one baseline study (Bell et al., 1978) supports this conclu-
sion, althoughunumerous surface waters were found to be fecally
contaminated. Furthermore, it was noted that such raw waters
will exhibit varying seasonal quality, as well as upstream to
downstream. Much contamination was suspected to be of animal
origin (i.e., cattle). The springs sampled in this study exhibited
bacteriological quality within a more acceptable range than surface
sources.

The few data available for groundwaters indicate varying
chemical quality affecting primarily taste. These relatively
hard waters may even have beneficial health impacts, due té
observed inverse correlations between water hardness and cardio-
vascular disease (U.S. NAS, 1977), although no 'water factor"
causality has yet been proven. On the other hand, certain ground-

waters have exhibited nitrate concentrations 1p to several times
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the level associated with methemoglobinemia in infants. The
source(s) of nitrate contamination in groundwater (in the southern
Lowveld) remain to be identified, however. Even fewer data
exist on the bacteriological quality of groundwater, although
such sources are to be preferred over surface water for potable
supplies. Certainly not enough effort has been expended to date
in Swaziland on the feasibility of the expanded use of ground-
water for domestic purposes, especially in the Low- and Middleveld,
and such an examination merits immediate attention. Canadian
support in this endeavor is uncertain. Appendix Hl summarizes
certain groundwater data and projections by one private sector
firm,

Some water quality data are summarized in Appendix H2.

Given the distribution of currently available supplies
among the three veld types, therefore, quantity and quality
problems generally increase from the Highveld (primarily spring
sources) to the Lowveld (primarily major rivers and impounded
water bodies). Although the Rural Water Supply Branch (Ministry
of Works), the Rural Development Areas Program (Ministry of
Agriculture) and MOH all have small programs for developing
rural water supplies, it cannot be assumed that adequate drinking
water points will exist in potential small farmer irrigation
schemes. Indeed, field observations of existing sites supported
the findings of the noted studies. 1In some cases, irrigation
systems have brought untreated water closer to homesteads, thereby
increasing convenience, and most likely consumption, by an un-

known degree. Some beneficial impact on the prevalence of so-
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called ‘‘water-washed" infections, such as scabies and trachoma,
may therefore result. But systems that impound water also
encourage use of the lowest quality sowrce when alternative
supplies are not easily accessible, particularly a problem in
the Lowveld.

What is lacking is a more coordinated approach among the
above-mentioned organizations, so that design criteria for rural
water supply systems established by the Rural Water Supply Branch
(Appendix H3) can be implemented and monitored. Even greater
coordination will be required with local authorities for opera-

tion and maintenance of simple "micro-systems."

Bathing - RWBDCP (Green, 1982) gives statistical evidence
of rural bathing by both children and adults primarily in rivers
and ponds, especially during times of the day when the risk of
schistosomiasis transmission is highest. A major reason may
be that improved altermative facilities rarely exist. None were
observed in connection with existing small-scale schemes that
were visited. On the other hand, only a site-specific investi-
gation can determine whether river and pond bathing constitutes
a serious health hazard. 1In the Highveld above about 850 meters,
secondary molluscan hosts of schistosomiasis are extremely rare,
even in impounded waters. (One site at about 1,000 meters
supported a proliferation of Limnaea sp., the most common mol-
luscan resident of Swaziland, but no host snails were found.)

In the lower Middleveld and especially in the Lowveld, however,
impounded waters will be expected to support particularly

Biomphalaria pfeifferei, resulting in increased prevalence of
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S. mansoni. Previous detailed study in Lowveld irrigated

estages (Logan, 1979) supports this conclusion.

The larger rivers of both the Middle- and Lowveld, especially

where flowing over soft, unstable bedrock (below 5 in Mohs'
scale) to create uniform channels of alluvia, provide relatively
host-free swimming holes. Conversely, watercourses in the
Middleveld forming detached pools over hard bedrock such as

granite, present considerable risks to bathers (Appleton, 1979).

Washing of Clothes and Cooking Utensils - Although these

activities involve less water contact than bathing, they may
present even greater risks to the vast majority of rural home-
steads without improved washing areas, especially in the Middle-
veld. Small streams and brooks that are inadequate for bathing
méy nonetheless be used for laundering. These sources provide

excellent habitats for Bulinus (Physopsis) sp., the intermediate

host for S. haematobium. Ideal habitats could be éstablished

downstream of diversions for small-scale irrigation if the source

is a limited-discharge tributary of a larger river.

Other Non-Domestic Water Contact

Contact with waters harboring the two molluscan hosts of
schistosomiasis in the Middle- and Lowveld can occur in irriga-
tion canals, poorly drained fields and dam seepages as a result
of farming tasks and personal transport. Since drainage does
not appear to be a major problem in the small-scale schemes
envisioned in the project, and crossing watercourses involves

short-term contact, the main risk is to agricultural workers
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in constant contact with slnw-flowing (less than 0.5 m/sec)

canals. An abundance of B. (Physopsis) sp. was identified in

standing water of secondary cement-lined canals in one Lowveld
cooperative scheme. Non-viable snails were found resting on
wet sediment in the canals, dessicated by direct sunlight, and

none could be recovered below the sediment surface.

Environmental Sanitation and Excreta Disposal

Excreta Disposal - An effective and hygienically safe

means of excreta disposal in rural Swaziland is the Ventilated
Improved Pit (VIP) latrine (see Appendix H4). The existence

and use of such facilities in both irrigated and non-irrigated
areas is rare, however. MOH and RWBDCP have identified a
statistically significant variation in the percentage of home-
steads having latrines (of any type, safe or unsafe, used or
unused) according to region (Highveld - 39.27; Middleveld -
31.1%; Lowveld - 12.37) and level of education. Available
latrines are used by few children under the age of four, whose
stools are most often '"thrown in the bush." The MOH extension
service (primarily through Rural Health Motivators and Health
Assistants) nevertheless is shown to have an impact by the
RWBDCP. Other study (Bell, et. al., 1978) supports the official
recognition of the acceptability of latrines in rural areas,
although it is believed that much more extension work is needed.
Insofar as even small scale irrigation projects can cause changes
in patterns of demography and labor movement (towards increasing
concentration of people and animals) in an enviromment that

can effect greater hydraulic transport of fecal pollutants,
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the absencé of properly used, impruved latrines (as observed in
numerous existing schemes) presents one of the most serious
health risks of .the proposed project. Latrines alone may
significantly redﬁce the transmission of latent soil-transmitted

heluminths such as Ascaris, Trichuris, Ancylostoma and Strongy-

loides. It was observed that even small individual schemes
without latrines can involve the boarding of permanent wage
labor at the homestead site, exacerbating focal population

densities. Demographic changes resulting from this project,

and their impact on healtl, will therefore have to be considered.

Other Environmental Sanitation Issues - MOH and RWBDCP

note additional issues relating to personal cleanliness, food
handling and infant feeding, which unless approached concurrently
with water supply and excreta disposal aspects of irrigation
projects, may prevent the achievement of significant health
benefits. Non-latent viruses, bacteria and protozoa with re-
latively low infectious dosrs depend on '"short-cycle" person-to-
person routes for their survival. Specific pathogens within

this class of organisms are believed to be the main causes of
infant diarrheas, the primary cause of mortality in Swaziland
and a major priority of MOH. Curative approaches, such as the
Ministry's oral‘rehydration (OR) progrém now being given increased
attention, may be the only means for achieving short-term impact.
Coupled with long-term preventive measures, such as sanitation,

such a primary health care strategy makes good sense.
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Animals - Cattle regide-onJSNL at greater densitieé than
people. Small-farmer irrigation can be expected to increase
cattle densities on beneficiary farms as individuals invest |
their increased cash incomes. This phenomenon has already been
observed on some of the individual schemes visited. Altﬁough
stock are rather scrupulously kept out of irrigation PthS (bﬁt?
'less frequently main canals) by fencing, they have free.aCCess
to rivers, streams and occasionally reservoirs used by bathers
and water gatherers. Moreover, cow dung deposited in fields
and canals is washed into water courses during summer rains,.
The problem is exacerbated when corrals are located near water
bodies or cattle have free access to public standpipes. Fecal-
oral transmission from cattle to humans of such parasites as

Taenia saginata and various Salmonella spp. can be aided by close

contact in water-mediated environments.

Storage of produce can be expected to increase as farmers
grow more crops on irrigated lands under this project. To that
extent, the health implications of increased rodent populations
must be borne in mind. Insecure crop storage techniques were
observed during field visits, and attention will have to be
given to monitoring the presence of nuisance animals, such as

rats, and to developing control procedures if necessary.

Other Health Hazards

Other potential risks of this irrigation project primarily
include drowning of toddlers, construction accidents and al-

coholism.
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Drowning in irrigation canals has been identified as a
significant cause of mortality in the 2-4 age group in Nile
Delta vill:zges, which are served by a wide network of unproteéted
river diversions (Kielmann, 1981). While not expected to be a
major problem in this project, the risk should be appreciated
and proper protection (fencing) provided.

Construction accidents are a risk of any project involving
physical infrastructure. Unskilled labor should be closely
supervised, especiilly when machinery is being used.

Alcoholism is a major problem in Swaziland. While the
etiology is complex, physical displacement of individuals and
families has long been known to have psychological impacts that
can increase the risk of alcoholism. Although labor displacement
will be minor in the pilot project, theAlong-term effects fromb-
' é greatly expanded national program oVe: the next geﬁeration |

merit consideration.
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VI. WATER-BORNE DISEASE

Two documents produced by the RWBDCP were available for
review by the Environmental Assessment (EA) team: "A Knowledge,
Attitudes and Practices Survey of Water and Sanitation in Swazi-
land" and '"Preliminary Report of the Swaziland Schistosomiasis
Survey."

Additional relevant documents and data were provided as
available (e.g., Logan, 1979; Bell et. al., 1978). Discussions
and field visits were conducted with project personnel and counter-

parts to assess the survey results to date.

IMPORTANCE OF LOCAL WATER-BORNE DISEASE

The single most important water- and sanitation-related
disease problem (and a primary priority of the Ministry of Health)
remains infant diarrheas, most probably of viral and bacterial
origin. This problem tends to be most acute in the Lowveld,
where water and sanitation deficiencies are most acute. Under-
two mortality is greater than 150 per 1,000 live births, much
of which can be attributed to diarrheal disease. The construction
of VIP latrines and health education by MOH with the assistance
of RWBDCP are elements of a preventive control strategy, which
is to be linked with clinic- and outpatient-based curative
services, such as OR.

Cholera has received much recent attention due to the 1981-
82 epidemic that started in the mid-Lowveld, spread to the Manzini
area and then to the northern and southern portions of the Lowveld.

About 767 cases with 31 deaths were documented, the first case
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being identified on October 6, 1981, and the last about mid-May
1982. The epidemic coincided with drought conditions in the
Lowveld. This year, with the critical October-December period
passed, only 8 cases and no deaths have been reported, although
epidenic foci are now centered across the border in Natal and
Transkei.

Malaria is the other disease of recent epidemic importance

in Swaziland. (P. falciparum only; imported cases of P. malariae

reported occasionally.) Since 1946, however, transmission has
dropped steeply with control efforts and acquired immunity. The
last epidemic cycle occurred during 1977-78 in a previously
unstricken focus near Big Bend (mid-Lowveld). Currently, the
disease is of minor importance, with the number of identified
cases reported in 1982 (155 - 0.237 active and 0.437 passive
prevlaence rates) being the lowest since 1974, although the
number of cases reported in November and December 1982 were the
highest in three years, centered in the Manzini area. Cheﬁopro—

phylaxis for P. falciparum (chloroquine) is administered to

an unknown proportion of adults (tablets) and children (syrup)
of the Lowveld high-risk group, which numbers approximately
275,000. Chloroquine is also used for chemotherapy. No chloro-
quine resistance has been reported. Primaquine is administered

for the treatment of P. malariae.

Schistosomiasis remains an endemic problem of lesser import
than infant diarrheas, even in irrigated areas. The MOH-RWBDCP
survey has focused on primary schools (the high-risk group) in

*he High-, Middle- and Lowveld (as well as the Lubombo region).
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During 1982, prevalence rates of S. haematobium and S. mansoni

were monitored and positive cases were treated (S. haematobium

with Bilarcil [metrifonate] and S. mansoni with Ambilhar [niridazolel).

New areas will be surveyed during 1933, Prevalence rates of

S. haematobium (20.27 overall) were found to be highest in the

Middleveld (31.2%) ~~d lowest in the Highveld (4.5%). Certain
localities, however, exhibited extremely high rates (over 907),

indicating at least the potential for increased importance of the

disease, especially with irrigation. Prevalence rates of S. mansoni

(9.47% overall) reached a peak in the Lowveld (17.2%) with a low

point in the Highveld (0.8%), although Lowveld-Middleveld differences

were not statistically significant. A detailed study of schisto-
somiasis prevalence on irrigated estates in the Lowveld (logan,

1979) found rates of S. mansoni infection between 407 and 607

spread across all age groups. The exacerbating effect of labor
migration is also noted.
Other most prevalent enteric parasites monitored in the

school survey include Ascaris, Trichuris, Ancylostoma, Hymenoplepis

nana and Giardia. A clear distribution pattern did not emerge
according to veld-type. Relatively low rates of Ascaris prevalence
in the Lowveld may be attributed to reduced egg persistence due
to drought. In summary, the prevalence of these parasites was
average to low in comparison with other developing countries,
possibly reflecting the relatively low population density in
Swaziland.

Appendix H5 presents overall morbidity and mortality data

compiled by MOH. For the ithird quarter of 1982, diarrheas/other
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enteric diseases and respiratory tract infections (in roughly
equal proportions) accounted for almost half the total visits

as reported by clinics and hospital outpatient departments.
Inpatient-based mortality data for 1979 show the importance of
tuberculosis and other respiratory diseases for the total popula-
tion, in addition to enteritis and other diarrheal diseases.
Appendix H5 suggests that about one-third of all inpatient deaths
were caused by diseases preventable by improved sanitation.

IMPACT OF PRESENT IRRIGATION SCHEMES
ON INCIDENCE OF WATER-BORNE DISEASE

To date, RWBCDP has not been set up to monitor this variable
in detail. Some data have been collected for the prevalience

of S. mansoni in general relation to Lowveld irrigation, sum-

marized in Appendix H6. Biomphalaria pfeifferei has been re-

covered almost exclusively in retention ponds, canals and drainage
ditches associated with irrigation schemes. Schemes in the

Middleveld would be susceptible as well. Bulinus (Physopsis) sp.

also was recovered by the EA team in Lowveld irrigation canals
with flat gradients. More detailed monitoring of the effect of
operational variables of irrigation systems (e.g., water level
fluctuation, water apnlication frequency) would assist in identi-
fying the most cost-effective environmental control strategies
for schistosomiasis. Current staffing levels at MOH, however,
would not permit regular and detailed monitoring without a major
shift in emphasis, which may not be justified when comparied with
other MOH priorities. Under present conditions, therefore, the
small farmer irrigation project could expect only ocezasional

monitoring support from the MOH.
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The MOH Malaria Control Unit reports that very few vector

mosquitos (Anopheles gambiae [Giles]) Have been recovered from

existing irrigation schemes, both furrow and sprinkler systems,
including the large Lowveld sugar estates. The local vector is
primarily an exophilic breeder, preferring small collections of
water in the bush. Irrigation schemes, therefore, are believed
to have minor impact on the transmission of malaria in Swaziland.
Some cases are reported on Lowveld estates; these are believed
to be imported and controllable.

DESIGN OF PRESENT SCHEMES RELATIVE
TO VECTOR/HOST HABITATS

Numerous schemes were visited which utilize concrete trape-
zoidal canal sections on gradients sufficient to maintain velo-
cities in excess of 0.5 m/sec., thereby preventing small accumula-
tion. Likewise, no host snails could be recovered from a small
reservoir using a siphon for allegedly rapid draining (periodicity
unknown). This reservoir, situated in the Lowveld, appeared to
be an otherwise ideal habitat (unlined, much bank vegetation).
These design features, however, did not result from a conscious
attempt to control malaria and schistosomiasis. The RWBDCP
expects to place more emphasis on such aspects of its terms of
reference in the future. Shortages to date in both expatriate
and the counterpart staff, however, strictly limit the absorptive
capacity of a project charged with a variety of major tasks.

EFFECT OF LOCAL CLIMATE ON DISTRIBUTION
OF VECTOR/HOST POPULATION

The schistosomiasis survey has identified little or no
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active transmission in the Highveld, due to a near absence of
host snails at higher altitudes (probably a temperature effect).
These findings support those of earlier work (Appleton, 1975),
indicating relative safety above 850 meters. Middleveld areas

not currently harboring significant numbers of B. pfeifferei,

however, should not be assumed to remain so if impoundment or
low-gradient drainage were provided in new irrigation systems.

On the other hand, preference of B. (Physopsis) sp. for small

spring-fed streams in the Middleveld implies both the difficulty

in controlling S. haematobium through appropriate design of

irrigation systems and the only indirect relationship between
the two.

Anopheles gambiae (Giles), the local vector of malaria, is

also ill-édapted to Highveld altitudes. 1In fact, very few are
found even in the Middleveld, although this is most likely due
to effective control measures. Furthermore, the winter climate,
even in the Lowveld, promotes hibernation and reduced viability

of eggs.

AQUATIC AND DITCH-BANK WEEDS

Sessile grasses along unlined irrigation canals with low
gradients can slow water velocities sufficiently and provide
enough shade on hot days to create ideal snail habitats. This
condition is most important in the Lowveld. No control is cur-
rently exercised. Removal of vegetation from long stretches
of unlined feeder canals is not critical where gradients are
sufficient to maintain immobilizing velocities throughout the

wetted periueter, but the practice is nevertheless advisable
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at least where water-contact activities are carried out. More-
over, the absence of bank. vegetation by itself will not assure
an absence of snails; water velocity is a more critical variable.

PESTICIDE AND MOLLUSCICIDE PROGRAMS
IN USE IN IRRIGATED AREAS '

The health hazards of agricultural chemicals in Swaziland
are discussed in Section VII below.

Chemical control of snails is not a high MOH priority,
although Bayluscide (niclosamide) is applied focally to large
reservoirs at the beginning of the transmission season in the
Lowveld after site survey and analysis. Details can be found
in Appendix H7.

For the control of A. gambiae, DDT (757 WDP) is employed

for residual effect on adults and Abate (temephos) is used as

a larvacide. Pre-transmission spraying is done focally in response
to space-spray collections or the previous year's record of ten
or more site-specific positive casrs. Larviciding is also done
focally where larvae are identifiied. No DDT resistance is re-
ported, despite its (judicial) use for approximately twenty years.
Monitoring for vector resistance should be done again, however,
and on a more frequent basis. The agricultural use of DDT
(cornstalk borer, American Bollworm) should be noted, and MOH
proposes to have it limited to malaria control operations only.
Further details regarding mosquito control by insecticides are

presented in Appendix H8.
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VII. GENERAL IMPACTS ON INCREASED ENERGY
PESTICIDES, FERTILIZER AND WATER USE

ENERGY

The Swaziland Electricity Board (SEB) national power system
covers the entire country and energy can be supplied anywhere
in Swaziland. The SEB Edwaleni Hydroelectricity generates
not 21.5 megawatts (MW). Two 4.5 MW diesel generators are also
located at the complex for peakload. Additional power require-
ments, about 577 of total consumption, are purchased from the
South African Electrical Supply Commission (ESCOM). Other than
SEB, major energy producers in Swaziland are the Havelock Mine,
Usutu Pulp Company, Ubombo Ranches and Mhlume Sugar Company.

Domestic, commerical and industrial consumption has increased
annually over the past ten years. Irrigation consumption has
increased also due to expanded facilities and increased pumping
requirements at the sugar companies and estates.

In order to meet the increased demand, the SEB is constructing
the Luphohlo-Ezulwini Hydroelectric Scheme with an installed
capacity of 28 MW. Swaziland may also build a coal-fired thermal
plant in the Lowveld region or additional hydropower facilities.

The pilot small farmer irrigation scheme other than gravity
fed would be powered mostly be electrical motors. Energy require-
ments will vary with static 1ift, friction losses, motor and
pump efficiency, irrigation method and annual crop consumptive
use. In relation to the irrigation method, energy requirements
will increase in the following order: surface, trickle, and

sprinkler.
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In order to minimize the impact on energy resources, energy
conservation techniques and scheduling to reduce peak energy
~demand should be considered. Pumping energy requirements can be

calculated as: p5 _ 0.0271 ADH

(Batty et. al., 1975).

E « Ep
Where: PE = pumping energy kWh
A = irrigated area, ha
D = net depth of irrigation, mm
= total dynamic pumping head, m
E = irrigation application efficiency, decimal form
Ep = pumping efficiency, decimal form.

The equation shows that PE can be lowered by (a) reducing
net depth of irrigation, (b) .reducing total pumping head,

(c) increasing irrigation efficiency, and (d) increasing pump
efficiency.

The main health impacts of increased energy use relate to
mining, transport and source generation for coal-fired electric
plants andlwater impoundments for hydroelectricity. Accidents
are the méin impact of direct combustion of fossil fuel. Such
effects are extremely long-term, indirect and marginal for this
project in particular, but should be recognized if major irrigation

development were to ensue.

PESTICIDES

Considering the undesirable and damaging effects on the
environment of many pesticides, especially the persistent organo-
chlorines, agricultural projects as the pilot small farmer irri-
gation schemes should be planned to minimize the need of these

chemicals as production inputs.
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Integrated pest management is a management technique that
minimizes the amounts of toxic or environmentally harmful pesti-
cides employed. 1Its general objectiVe is to use a mixture of
biological, cultivation and chemical means to keep pest populations
at le?els that are not economically significant. Integrated
pest control is also a promising answer to the environmental
hazards of toxic chemicals and the predictible insect population
instability resulting from their excessive use.

Malkerns Research Station should start as early as possible
preinvestment studies on integrated pest management in pilot
small farmer irrigation schemes and results should be incorporated
in a project paper.

The primary health risk is acute, and chronic oral, dermal,
and inhalation exposuré faced by applicators and other agricultural
laborers is serious. The effect could be serious in this project,
given the minimal training and protection afforded the often
young and unskilled laborers charged with the tasks. It should
also be noted that the provision of protective clothes would
have little impact in a poorly controlled and unaccustomed en-
vironment,

Ingestion of residues by consumers of treated food crops
is a lesser but realistic risk.

Potential carcinogenicity is of little consequence under
current conditions in Swaziland, given a permissably high dis-
counting of long-term risk in view of low life expectancy (42
years) and relatively severe short-term risks. The same point

could not be made for :eratogenicity, however; the role of con-
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. taminants in nominal products (sgch as TCDD in 2, 4, 5-T) should
not be overlooked either in this regard or in that of acute
toxicity. Long-term risks to downstream populations as a result
ofAﬁhe possible contamination of water supplies and food-chain
concentration is viewed herein as minor, although were this pilot
project to lead towards greatly expanded irrigation in the future,
such impacts should be evaluated at an appropriate time.

Appendix H9 gives a rough approximation of the usage of the
major pesticides and herbicides for wvarious crops in Swaziland.
Appendix H10 lists the full range of such chemicals that are
available from one of the two in-country suppliers. Effective
registration laws do not exist, although attempts are made to
apply the South African guidelines to formulation and application.
Extension workers are not believed to be in a position, however,
to carry out or otherwise effectively communicate the guidelines

to farmers.

FERTILIZER

Irrigation increases considerably farm production, but at
the same time the use of fertilizer will also increase. Additional
favorable circumstances will make possible the increase in
fertilizer consumption. These circumstances include the avail-
ability of locally produced and imported fertilizer and available
agricultural credit for small farmers.

Any fertilizer application should be based on soil analyses
and consideration of the heterogenity of subtropical soils. If

fertilizer is applied by irrigation water in surface, sprinkler

/\
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or trickle schemes, all components of the system must be corrosion
resistant and the system shogld be thoroughly flushed with water
at the end of irrigation. The use cf'organic fertilizer, which
also acts as a soil conditioner imprdving soil physical qualities,
should be encouraged.

Controlled use of fertilizer would minimize any negative
impact on physical environment.

The important health risk -arises £rom the potential contamina-
tion of drinking water supplies by nitrate from nitrogen fertili-
zers. Reduced nitrogen (nitrite) in the body can cause anoxia
and death in infants by lowering the oxygen-carrying capacity
of the blood. DMethemoglobinemia has been noted at nitrate levels
of about 45 mg/L in water.

To obtain a very rough estimate of the magnitude of the
problem, assume the following:

e small farmer cultivating ome hectare in the Lowveld

applies a total of 300 kg N per year on two crops;

e uptake by vegetation, denitrification and
microbial incorporation removes 90% of the applied

N; and

e of the 500 mm annual rainfall, 107 is available for
groundwater recharge; in addition, of 500 mm
irrigation water applied in furrows over half the

area, 57 is available for groundwater recharge.

On a gross annual basis, therefore, and not accounting for con-

siderable variation in hydraulic loading, 30 kg of N may be leached
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to the groundwater by 750 m3 of sprface drainage over the one
hectare. The average nitrogen concentration in the leachate
would therefore be about 40 mg/L (or about 180 mg/L as nitrate).
If the leachate itself were directly available to water supplies,
concern could arise. Its impact on groundwater, however, is a
function of mixing and dilution, which is difficult to estimate

without detailed knowledge of the aquifer characteristics.

WATER USE

The physical environment impacts arising from water use
in agriculture are changes in water quantity and quality and
soil erosion and salinization. Existing water quantity and
quality should not be a problem for pilot small farmer irrigation
schemes, but large irrigation developments should be carefully
nlanned. Soil erosion and salinity are potential impacts bﬁt
could be minimized by following the recommended measures.

Water use for agriculture is interconnected with other
uses. An adequate cooperation should be as follows: primary -
drinking water, water for agriculture, industries, fisheries;
secondary - protection from floods, use for power production.

The health impacts result partly from alteration of habitats
of vectors and hosts of diseases such as malaria and schistoso-
miasis. In certain areas, filariasis and onchocerciasis mav
be important, but not in Swaziland. Water and excreta-transmitted
pathogens resulting from changes in domestic water use patterns
and population movements likewise may create adverse impacts.
These issues have been discussed above in Section V and will not

be mentioned further.
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VIII. RECOMMENDATIONS

ENVIRONMENTAL CRITERIA FOR SITE SELECTION
OF PILOT SMALL FARMER IRRIGATION SCHEMES

Physical Environment

The pilot small farmer irrigation schemes could be located
in the Highveld, Middleveld, Lowveld or Lubombo regions. The
following environmental criteria should be considered in the site’

selection process (for crops other than rice).

Soil Type and Depth - A detailed soil survey should be

made for each potential site. Soils with following characteristics
for the maximum depth of rooting zone could be considered for
irrigation:

e no extremes of texture (no coarse sand or ‘heavy

clay), optimally sand loam to clay loam;
e high or medium available water-holding capacity;

e good to moderate permeability through all soil

horizons and through underlying material; and
e gentle gradient.
The use of U.S. Soil Conservation Service standards is recommended.

Quantity and Quality of Available Vater -

e Irrigation diversions should consider the hydrologic
changes in order to ensure that minimum flow required

is provided.

VIII.1 e



e Irrigation water should be analyzed for salination,

toxicity and pH (guidelines in Appendix £6).

e A permit to use water from a stream or river should

be obtained from the Water Apportionment Board.

Soil Erosion Potential - Climate, soil, vegetation and topo-

graphy factors should be analyzed in order to estimate the erosion
potential. The rate of erosion should not be greater than 3 tons/
hectare/year. U.S. Soil Conservation Service recommendations

should be used.

Flooding Potential - Even though there are no records of

damages from flooding in Swaziland, watershed characteristics

should be considered in order to avoid any flood hazards.

Drainage Requirements - Sbils of Swaziland are normally

well drained except the heavy textured clay-pan soils in the western
Lowveld and black clays in the eastern Lowveld.
The detailed soil survey for each potential site should

include determination of in-site hydraulic conductivity.

Energy Source - Where gravity fed systems are not possible

to be installed, electric pumping plants should be preferred over
diesel because of higher efficiency and easier maintenance.
Micro-hydroelectric power should be considered along with Swaziland
Electricity Board power.

It is recommended that the persunnel involved in the

development of pilot small farmer irrigation schemes will attend
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the seminar on micro-hydroelectric power generation which will
be held in April 1983 in Swaziland.

Note: Mapobeni area in the Lower Usutu xiver basis is
recommended by the Soil Scientist and lrrigation Section,
MOAC as a potential priority site for pilot small

farmer irrigation schemes.

Public Health

Health criteria for site selection of pilot irrigation
schemes are listed as algorithms in Appendix Hll. These are
the minimum items to be considered when evaluating potential sites.
USAID/S should request MOH and RWBDCP to review the criteria
and make additions where appropriate, coordinating these with
standard government criteria. USAID/S should also request MOH
and RWBDCP to develop a methodology for the evaluation of potential
sites according to these criteria, possibly uéing a field survey
checklist. USAID/S, through RWBDCP, should identify the govern-
ment body responsible for site selection, and the methodology
should be carried out according to their procedures. Potential
sites should be ranked in a summary report. Final site recommenda-
tions, based on an evaluation of non-health criteria as well,
should be submitted to the Regional Environmental Officer for

review and approval.

ENVIRONMENTAL DESIGN FEATURES FOR REHABILITATING
AND DESIGNING SMALL FARMER IRRIGATION SCHEZMES

Physical Environment

An evaluation of small irrigation schemes considered for
rehabilitation is required. The purpose of evaluation is to

determine the degree of any environmental deterioration and the
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system performance perimeters and provide information that will
assist the design team. Field evaluation procedure and inter-

pretation are described in Farm Irrigation System Evaluation:

A Guide for Management (Merriam and Keller, 1978).

Static lift, pressure supplied, friction losses in the
pipelines and pump and motor efficiency as related to the energy
use in the small schemes considered for rehabilitation should
also be evaluated.

Rehabilitation of small irrigation schemes should include
reclamation of eventually deteriorated environment.

¢ Any change in water availability and quality

should be discussed with the Water Apportionment
Board. If a permit for the water supply required
by the pilot project cannot be obtained, the scheme
should not be considered for rehabilitation at this

time.

e If water velocity in canals has produced soil erosion,
the canals should be redesigned considering limiting
velocities (Appendix E4). Lining canals is an
effective way to prevent canal erosion. ASAE

Standard S-289 should be used.

e If soil salanity occurs, reclamation by leaching
can remove up to 807 of the soluble salts. Amend-
ments may have to be applied for successful

reclamation.
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Seepage from water delivery and distribution
canals could be reduced by canal lining with
concrete, asphalt, rubber or plastic products.
Lining also reduces maintenance, controls week
growth, ensures more dependable water delivery
and protects neighboring land from water

logging and salt accumulation.

The use of environmental criteria for site selection of

pilot small farmer irrigation schemes would minimize the negative

environmental consequences. In addition, the following items

should be considered:

Crop water requirements - The small pilot farmer
irrigation schemes should be designed considering

local data for consumptive use. The use of general
formula or assumptions should be avoided. In relation
to the pilot project, Malkerns Research Station should
give priority to applied research on irrigatian water
requirements for important crops, irrigation scheduling

and fertitility practices for irrgated crops.

Land forming - Undesirable soil movement can occur
as a result of land forming. Any land forming opera-

tion should consider ASAE Engineering Practice EP 302.2.

Farm roads - Access ways for farm inputs and out-
puts and for system operation and maintenance should

be considered at the design stage.
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e Irrigation method - The pilot small farmer irrigation
schemes should consider surface (furrow), sprinkler
and trickle irrigation methods. ASAE engineering
practices and standards as EP 267.5, EP 405 and EP 408
should be used on design. Sprinkler and trickle
methods would produce less negative environmental
impacts and have a higher water and energy use
efficiency. Excellent results were obtained using
trickle irrigation for vegetable crops (two chamber
tubing) and fruit trees (emitters) in tropical soils

in the Caribbean.

The design of the pilot small farmer irrigation schemes should
be based on an integrated approach to the irrigated agriculture.
Domestic water supply, rural roads, new crop system, including
tropical hybrids highly disease and heat resistant, and marketing
systems should be developed in the same time. The integrated approach
will better protect the environment and assure the success of the

project.

Public Health

Site selection criteria are intended to minimize adverse
health impacts and reduce costs of the small farmer irrigation
project. GEZven if all "Primary Site" criteria are met however,
certain actions should be taken during implementation to ensure
maximum public health benefits. These minimum design criteria
are listed in Appendix H1l2. 1If a project site does not meet all

the "Prima:ry Site" selection criteria (i.e., ''Secondary" or
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"Tertiary Site'), then additional design criteria should be included.

These additional criteria are also listed in Appendix H12, and
are applicable to both new and rehabilitated sites. For drinking
water supplies, the criteria listed in Appendix H3 should be
followed. USAID/S should request MOH and WBDCP to recommend
these additional health measures as appropriate in consideration
of each particular site. Documented recommendations should be
evaluated and approved by the REO.

Before any pesticides, herbicides or other chemical growth
retardants are used in the project, USAID/S should notify the
REO of the particular chemical(s) proposed and request him/her
tc check its registration status with the U.S. EPA. The REO
should then make recommendations concerning the approved use and
procedures for monitoring that use to the Mission. In addition,
the list of chemicals in Appendix H10 should be assessed by the REO
in terms of the EPA registration status for the specified crops,
which can be furnished by the Bureau Environmental Officer.
Furthermore, and where appropriate, the foilowing principles
should apply:

e DDT should be reserved for malaria vector

control only.

e Chemicals in Toxicity Classes I and II should

be avoided.

e Broad-spectrum chemicals should be avoided.
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Monitoring

Monitoring of the pilot small farmer irrigation project
should include an annual assessment of any significant changes in
environment. Monitoring can be done by trained extension workers
or technical personnel. A monitoring checklist is presented in.
Appendix EIO0.

Soil analyses and water quality laboratories should be
available. Also the pilot schemes should be provided with water
flow measurement devices (trapezoidal flumes, water meters, etc.)
for periodical survey on water use.

Attention should be given to the pest monitoring using
integrated pest management techniques. Pest monitoring will include
twice-a-week field survey on sample plots and could be done by
the Pest Management Specialist/Entomologist from the Malkerns
Research Station.

Project monitoring for public health should be of two typés:

e to provide a record of whether and how project

covenants, criteria and action plans are carried

out; and

e to provide technical data on the impact of disease
control measures implemented in pilot shcemes for

evaluation and redesign under expanded projects.

The first kind of monitoring may be carried out by the
drawing up of a checklist that can be used in the field by a
trained extension agent. A sample checklist is shown in Appendix H13.
USAID/S should request MOH end RWBCDP to develop such a checklist,

which would be reviewed and approved by the RZO. r
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The second kind of monitoring can be carried out by conducting
baseline and periodic surveys of vector/host-related and other
parasitic diseases on one or two existing schemes, as well as on
one or two new schemes. The baseline survey should be conducted
prior to site improvements. The first follow-up should occur one
year after the completion of physical works as certified by the
above-mentioned checklist and each year thereafter until the
completion of the project. At a minimum, the survey should include
schistosomiasis, Ascaris and Entamoeba sp. monitoring. The MOH
survey unit in Manzini is most appropriately placed to carry out
this monitoring. More detailed monitoring would be desirable if
set as a MOH priority. It should be designed in consultation

with the RWBDCP Public Health Engineer.

Evaluation

After one year, site selection criteria should be reviewed
internally from the standpoint of their appropriateness and the
methodology with which they are applied. USAID/S should request
assistance from the centrally-funded WASH project for this evalua-
tion.

USAID/S should request the REO to prepare terms of reference
for an external mid-project evaluation, focusing as a minimum
on the following items:

e an implementation assessement of the effectiveness

with which design criteria are applied and followed,
particularly for sites that do not meet all site

selection criteria. The assessment should be

based on reviews of the monitoring reports and site

visits. L“\
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e a technical assessment of the degree to which
water-related diseases are controlled by specific
engineering design and operation feastures of the
project. The assessment should be based on site
visits and the parasitic disease survey results in

project files.

@ an assessment of any additional training requirements
which may be apparant from the analyses listed

immediately above.

The final external evaluation should address all the elements
of the mid-project evaluation, including specific considerations
for scaling up of certain pilot project activities. In particular,
the environmental issues under Section VII of this report that
may be of little impact for a small pilot project should be re-
assessed at this stage.

A sample of project impact matrix for physical environment
is presented in Appendix EI1.

ENVIRONMENTAL TRAINING REQUIREMENTS
FOR EXTENSION WORKERS

Physical Environment

Extension workers assigned to the pilot small farmer irrigation
schemes should be trained in environmental protection in order
to minimize the negative environmental aspects of the project.
Training of professional and technical personnel related to the

pilot project is also recommended.
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For the extension workers, the training should be less
théoretical and emphasize more pfactical and operational aspects.
The training program should'include conservation of soil and water
resources, on-farm irrigation water management and evaluation of

irrigation systems and practices.

Conservation of Soil and Water Resources -

e Soil losses and erosion control practices.
e Terracing.

e Farm earth embankments and ponds protection

and maintenance.
e Land forming.
e Farm drainage systems.
e Control of seepage and evaporation surpression.

e Surface (furrow), sprinkler and trickle irrigation

methods.
e Water measurements.

On-Farm Irrigation Water Management -

e Basic water management concepts.

e Irrigation scheduling techniques and

instruments.

e Salinity control.

VIII.1l



Evaluation of Irrigation Systems and Practices

e Performance parameters.

e Field evaluation and interpretation: surface

(furrow), sprinkler and trickle methods.

The pilot small farmer irrigation project will undoubtedly
introduce new soil and water use and associated agricultural fea-
tures which will be unfamiliar to the farmers. Consequently, the
ﬁraining of extension workers should stiart as soon as the prcject
paper is approved. A request to Environmental Training and
Management in Africa (ETMA) for assistance in training on conserva-
tion of soil and water resources and to the U.S. Department of
Agriculture for on-farm irrigation water management and evaluation

of irrigation systems and practices should be made in advance.

Public Health

USAID/S should request the regionally-funded Enviromental
Training and Management Project in Africa to evaluate training
needs for agriculture, health and rural water extension agents
with the relevant ministries and investigate whether ETMA services
apply.

Training to ensure beneficial health impacts under the
project should address appropriate topics, individuals, methods,
and timingl as described in Appendix H1l4.

For training of extension agents and farmers in safe methods
of pesticide formulation and application, USAID/S should approach
the centrally-funded project designed to provide short-term

assistance in that topic.
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Furthermore, it is worthwhile to stress basic educational

elements, as well as those of extension training, for a bene-
ficial-health-impact strategy; that is, a sensitive approach

to the behavioral changes necessary to extract the maximum benefit
out of new technologies is also a key element to any public

health engineering program. USAID/S should request close support
therein from the MOH and RWBDCP,.which are working with such
issues. This emphasis on disease prevention should be coupled

with clinic-based curative programs, such as OR.

PROJECT-RELATED TECHNICAL ASSISTANCE

The EA team identified the need for further shcocrt-term
technical assistance at the project design and/or implementation
stages:

) Agricultﬁral Engineer, soil and water oriented for

field evaluation of surface and sprinkler irrigation

schemes proposed for rehabilitation;

e Pest Management Specialist with occupational
health experience to short-list recommendad
chemicals and propose specific methods for risk

reduction. REDSO should be approached for assistance.

e Hydrogeologist - due to the uncertain but optimistic
potential for small-scale groundwater development
for domestic supplies in rural areas of Swaziland,

a hydrogeologist should assist in identifying

project sites by means of topographical, geological
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and geophysical survey. Alternatively, consulting
services with access to high-speed drilling equipment
(a necessity in Swaziland) are available in-country.

Representative costs are included in Appendix HI15.

OTHER RECOMMENDATIONS

Institutional

Although the Ministry of Agriculture and Cooperatives is
the lead agency for this project, all health-related measures
should involve close participation by the Ministry of Health.
Likewise, domestic water supply improvements should involve the
Ministry of Works. The Director of Medical Services (DOM) and
Deputy Permanent Secretary (MOW) have been briefed on the pilot
project and have offered their support. A working relationship
with the two assisting ministries should be cultivated, as they
can provide appropriate technical support to MOAC. Both should be
consulted during the project design phase. RWBDCP is well positioned
to help coordinate this interaction and assist with the setting
up of specific procedures.

A technical committee including specialists from the three
Ministries, College of Agriculture, Malkerns Research Station
and USAID/S should be appointed for the first phase of the prq-
ject (five years). The committee will coordinate site selection,
design, inplementation, monitoring and evaluation of pilot small

farmer irrigation schemes.

Management

At the field level operation, the District Commissioner's
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office should set up a working group of the agricultural, health
and rural water supply extension staff. Certain training workshops
could be held together so as to develop a team approach to site
selection, project design, implementation, and monitoring.
Significant potential exists for greater private sector involve-
ment in training, and the project design team should discuss

this with USAID/S.

Financial

The investment cost per irrigated hectare varies considerably
with the type of water delivery and distribution system and with
the irrigation method. A decision of what irrigation system to
install should be made only after a detailed economic analysis
of operation and maintenance costs.

Preliminary estimates suggest that basic health infrastruc-
ture (water supply, sanitation, directly attributable irrigation
system improvements) could be provided to project sites at a rough
cost of £100 per capita. Associated technical assistance costs
are difficult to assess at this stage. Some cost figures that
may be of use to the project design team are presented in Appendix H1S5.

Although disbursement and cost recovery aspects need to be
worked out, it is believed that increased local responsibility,
achieved in part through financial contributions by the beneficiaries,

will be critical for project success.
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Temperaturs at Selected Statlions (Degrees C)

APPENDTX F]

1975 Longterm Data
Absolute Mean Mean Absolute Absoiute Mean Mean Absolute

Station Max. Max. Min, Min. Max . Max. Min. Min,
Highvald |

Havelock 32.4 22.0 1.2 -1.2 35.6 22.4 11 =-1.2

Mbabane 32.5 21.9 10.5 -3.8 3.2 22.5 10.8 -8.4

Hiatsikulu 30.6 3.2 11.4 0.5 37.2 21.0 11,5 -2.8
Middleveld

Marsaps 5.0 24.7 13.9 2.0 42.5 26.2 .8 0.0

Nhlangano 33.4 22,9 1.7 -1.5 38.4 23.7 1.8 ~5.4
Lowveld

Big Bend 38, 27.9 14,5 -1.9 42.4 28.9 14,9 -3.5

Lavumisa 41.% 29.0 13.6 N 44,5 29.6 15.2 =-0.5
Lubembo

Sitek! 33.7 24,1 13.8 4.% 41.4 25.0 14,1 2.4
Source: Annuail Statistical Bulleti-~, 1976 (n.

Ralntal! at Sel cted Stations
Lonaterm Mean 197% Max imum Minimum

Station Years ™m om Year mm " Year mm
Highveld

Havelock 39 1,697 1,808 1955 2,708 1970 1,034

Mbabane 68 1,365 1,887 1939 2,080 1912 899

Hlatsikulu 68 1,138 1,229 1939 1,703 1935 671
Midcieveld

Matsapa 72 900 838 1909 1,602 1945 163

Kubats 57 91 1,192 1918 1,380 1930 318

Nhiangano 40 862 929 1960 1,273 1935 550
Lowveld

Homestead 60 682 943 1918 1,173 1935 325

81g Bend 46 563 984 1973 907 1945 308

Lavumisa 41 565 3¢0 1942 853 1935 201t
Lubombo

Sitekl 72 354 994 1913 1,515 1935 366
Source: Annual Statistical Sulletin, 1976 (7).
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PLANTEN

AREA

AND YTE

LD OF CROPS

IN SWAZTLAND, 1974/75

APPENDTX F2

[NDIVIDUAL SWAZIL

TOTAL TENURE LAND NATTON LAND

CROP AREA YTIELD AREA YTELD AREA I YIELD
(ha) ((m. tons)|| (ha) (m. tons)| (ha) |{(m. tons)

Maize 65,947 93,911 4,948 5,950(160,999| 87,961
Sugar Cane 19,060]1,781,012{18.92011,767,042 131! 13,970
Cotton 17,583 16,723 6.247 6,820111,336 9,903
Groundnuts 5,808 2,503 - - 5,808 2,503
All Dry Beans 3,572 2,598 210 189 3.36? 2,409
Sorghums 3,449 2,320 2 Al 3,447 2,316
All Potatoes 1.787 10,737 294 2,218) 1,493 8,519
Rice 1,613 1,418 1,613 4,418 - -
Pineapples 1,205 17,394 || 1,705 17,394 -- --
Grapefruit 1.193 24,832 |1,193 24,832 - -
Oranges 1,063 29,0067 1,063 20,063 - -
wWheat 410 442 440 440 - -
Pecvan Nuts 383 7 383 " - -
Tobacco 334 300 74 52 260 254
Avocados 221 117 221 117 - -
Bananas 1 50 945 150 045 - I -
langoes 114 720 t1d 729 - -
Naartjies 82 58 82 58 - -
Granadella 56 33 56 33 -- -
Tomatoes 40 2251 40 22 .- -
Misc. Vegetables 21 534 l 21 534 - -
Lemons 11 30 11 30 - —
TOTAL AREA .
PLANTED: 124,138 37,302 86,836
Source: Central Statistical Of€ice. 1976 (7).




CROP CALENDAR

APPENDTX [3

CROP

SOWING PEFRT1OD

HHARVESTTNG PERTOD

Beans (rain grown)

(irrigated)

Cotton

Groundnut

Maize

Potatoes: Highveld
Middleveld
and Lowveld

Rice

Sorghum

Swecet Potatoes

wWheat

Sugavrcane

Tobacco

Pineapple

Citrus Crops

After the first spring

rains (llighveld)

January - February

Throughout the winter,

best in March

Usually early in
October

October - November
September - November
September - December
February - March
December - January
September - QOctober
March

September - November
May

March - May

October

March and Scptember

April - June

2-3 months after
sowing

May - Jurne

September - October

March - June

February - April

March - May
Deceriher - February
May - June

July - August
April - June

May - Junec
January - March

October

July - August

(15-18 months

after planting)

January - March
Mid-Januéry to April
(15-18 months after
planting)

May - August

Source:

Central Statistical Office,

1975 (7).



FORTIER AND SCOBEY'S LIMI'TING

CORRESPONDING

TRACTIVE

APPENNIX F4

VELOCITIES WITH

FORCE VALUES

( STRATGHT CHANNELS AFTER AGTNG)

FOR CLEAR WATER

WATER TRANSPORT-
ING COLLOTDAL

SLLTS

Tractive

Tractive

Velocity Force Velocity Force
a/ . . £

MATERIAL n (Fps)2/ - (psf) (€ps) (pst)
Fine sand cclloidal 0.020 1.50 0.027 2.50 . 0.075
Sandly loam, non-

colloidal 0.020 1.75 0.u27 2.50 0.075
Silt loam noncolloidal 0.020 2.00 0.048 3.00 0.11
Alluvial silts, non-

colloidal 0.020 2.00 0.048 3.50 0.15
Ordinary firm loam 0.020 2.50 0.075 3.50 0.15
Volcanic ash 0.020 2.50 0.075 3.50 0.15
Stiff clav very

colloidal 0.025 3.75 0.26 5,00 0.46
Alluvial silte e

colloidal 0.025 3.75 0.20 5.00 0.46
Shales and hardpans 0.025 6H.00 0.67 6.00 0.67
Fine gravel .020 1. 50 0.075 5.00 0.32
Graded loam to

cobbles when non-

colloidal 0.020 3.75 0.38 - 5.00 0.66
Graded silts to v

cohbles when

colloidal 0.030 4.00 0.43 5.50 0.80
Coarse gravel s

noncolloidal 0.025 4.00 0.30 6.00 0.67
Cobbles and shingles 0.035 5.00 h.91 5.50 1.10
Notes:
a. SI conversions: 1 psf = 4.88 kg/m" = 47.88 N/p*; | fps 0.305 m/s.

Source: From Lane (1955).

A
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WATER QUALTTY ANALYSES

APPENDTX FES5

MBULUZI LITTLE GREAT BTG BEND

RIVER USuUTU USUTU CANAL

WATER QUALITY CRITERTION RIVER RYVER
(a) ~(b) (c) (d)

pH 6. 7.1 7.0 7.0
Pissolved Solids mg/lL 25 25 135 40
Total liardness C CO; mg/L 9 8 3 20
Calcium mg/L 2 2 7 4
Magnesium mg/L 2 1 4 2
Sodium mg/L 3 4 13 9
Chloride mg/L 3 3 10 4
Note: (a) and {b) are at stations in the Highveld,

(c) and (d) in the Lowveld.(from Murdoch, 1970).



APPENDIX E6

GUIDELINES FOR INTERPRETATION OF

WATER QUALITY FOR TRRIGATION

a //

WATER QUALITY CRITERION

DEAREE OF PROBLEM

NONE INCREASING SEVERE
Salinity EC (dS/m) £L0.75 0.75-3 =3
Specific Ton:' Toxicity
Sodium (adj SAR) <. 3 3-9 9
Chleoride (mol/m") < 4 4-10 >10
Boron (mg/l ) £0.75 0.75-2.0 >2.0
Miscellaneous Effects
Nitrogen (mg/L ) <5 5-30 =30
Bicarbonate (mol/m®) .5 1.5-8.5 > 8.5
pll Normal range 6.5 o 8.4
a/
=’Frum Ayers and Westcot, 19760.

Y
o 7

<\
-~ -
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APPENDIX E7

CROP SALT TOLERANCE TEVELS FOR CRUPSE/

YTELD POTENTIAL

1004 90% 75% A}/
CROP ECe ECw [ECe FCw LCe ECw ILECe FECw Max.ECe
Field crops:
Barley?/ 8.0 5.3 10.0 6.7 13.0 8.7 18.0 12.0 2
Corn 1.7 1.1 2.5 1,7 3.8 2.5 5.9 3.9 10
Cotton 7.7 5.1 9.6 6.4 13,0 8.4 17.0 12.0 27
Sorghum 4.0 2.7 5.1 3.4 7.2 4.8 11.0 7.2 18
Soybeans 5.0 3.3 5.5 3.7 6.2 4.2 7.5 5.0 10
Wheatb/ 6.0 4.0 7.4 4.9 9.5 6.4 12,0 8.7 20
Vegetable crops:
Beans 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 7
Cantaloupe 2.2 1.5 3.6 2.4 5.7 3.8 9.1 4.1 16
Carrot 1.0 0.7 1.7 1.1 2.8 1.9 4.6 3.1 8
lLettuce 1.2 0.9 2.1 1.4 3.2 2.1 5.2 3.4 9
Potatc. sweet 1.6 1.1 2.5 1.7 3.8 2.5 §.9 3.9 10
potato
Forage crops:
AlLfalfa %.0 1.3 3.4 2.2 5.4 3.6 3.8 5.9 16
Bermuda grass 5.9 4.0 8.5 5.7 10.8 7.2 14.7 9.8 23
Orchard grass 1. 1.0 3.t 2.1 §.5 3.7 9.0 6.4 18
Sudan grass 2.8 1.9 5.1 3.4 8.A 5.7 14.4 9.6 26
Wheat grass 7.5 5.0 9.0 6.0 1.0 7.4 15.0 0.8 22
Fruit crops:
Apple, pear 1.7 .0 2.3 1.6 3.3 2.2 4.8 3.2 8
Date palm 4.0 2.7 6.8 4.5 10.9 7.3 17.0 12.0 32
Fig, olive,
pomegranate 2.7 1.8 3.8 2.6 5.5 3.7 8.4 5.6 14
Orange, grape-
fruit, lemon 1.7 t.1 2.3 ) .3 2.2 4.8 3.2 8
Plum, peach 1.6 1 2.1 1.4 2.9 1.9 4.2 248 7
Notes:
a. All values are in mmhos/cm at 25°C,

b. During germination and seedling stage FCe should not exceed
4 or 5 mmhes/cm. Data may not apply to new semidwarf
varieties of wheat.

Source: Ayvers and Westcot (1976).



IRRIGATION SYSTEMS IN
STTE AND STTUATTON

RELATION TO
FACTORS

APPENDTX ES8

SITE AND REDESIGN
SITUATION SURFACE SPRINKLER TRICKLE
FACTORS SYSTEMS SYSTEM SYSTEM
Infiltration Rate moderate all all
to low
Topography moderate level to all
slopes rolling
Crops all all high value
Water Supply large small small streams,
streams streams continuous and
clean
Water Quality all, but salty water all, can use
very high may harm high salt
salts nlants water
System Etfficiency average average average
60-70% 70-80% 80-90%
Fnergy Require- low moderate low to
ments moderate
Management Skills moderate moderate moderate to

high

.y
o



APPENDIX FO

Numerical Index to ASAE Standards,
Engineering Practices, Data

Explanation of ASAE designation:

The letter S preceding numerical designation indicates ASAE Standard: £ indicates Engineering Practice; D indicates Data, A decimal and
numeral following the file number indicate the number of imes 4 document has heen revised., Thus ASAE 5201.4 indicates Stundurd number 201,
four times revised. The letter T indicates tentative status. Always reler to ASAE Standards by complete designation to avoid confusion with stand-
ards of other organizations. For example: Order ASAE S201.4.

ASAE ASAE
Deslg- Page | Desig- Page
nation Title No. nation Tltle No.
$201.4 Application of Hydraulic Remote Control SR Constructlon and Rating of Equipnment for
Cylinders to Agricultural Tractors and Trasling- Drying FarmCraps ..o ooviinnii, e 366
Type Agricultural Implements .........ooeennn, L EMSD.2  Specitications for Farm Fence Construction .. ....... 294
15203.10  Rear Power Take-OfT for Agricultural Tractors ... ... 18 1 D251.1  Friction Coetlicients of Chopped Forages ........... 410
$205.2  Power Take-Off Definitions and “Terminology 1D252.1  ‘Fuwer Silos: Unit Weight of Silage and Silo
for Agricultural Tractors. ... oLl 122 Capaacilits ..o e e 412
5207.10  Operating Requirements for Tractors and S254.2  Uniform Terminology for Bulk Mils Handling. . ..... 414
Power Take-Off-Driven Implements ... oo oL 123 | . , R . .
EP2SB.2  installation of Electric Infrared Brooding
§209.5 Agricultural Tractor Test Code ................... 126 EQUIPIMENE et eeee i innceanaas R V!
5210.2 Tractor Beit Speed and Pulley Width .............. 130 1 EP260.3  Design and Construction of Subsurface
S$211.3 V-Belt Drives for Agricultural Machines............ 13 Drainvin Humid Areas...ooooevennannn e 449
S212.1 Laboratory Pracedure for Testing V-Beits. .......... 140 )( ?csign a“ld _‘““_31|3g}’“ ‘S’f Nonreinforced 504
t t i stems . ..., e
S216 Self-Powered Electric Warning Lights.............. 143 N:nfrc ¢ r:ga:md :?c 1] .s
. 1wm Standards for Aluminum
$217.10  Three-Point Free-Link Attachment for Hitching lrrlil;zl:linrr‘\"ruhing .............. o, e S1?
Implements to Agricultural Wheel Tractors .. ... ... 1ot : ’
"’ Lo . . ( Principles and Practices for Prevention of
S218.2 \Tlhtjel Mnunl.mg Elements for Agricultural Munquito Sources Assciated with lerigation .. ... .. 530
Equipment DiseWheels ..o 177 7 : ; Desivn. 1 ¢ . d Mai
. hP4 1N spn, Layvout, struction an ten
S219.2 Agricultural Tractor and Equipment Dise O nl'.'\r‘:rl:acc l;:f,:lwms(.".“. . " ________ ' _:f'." T:n.mcc 538
WHheelS ..o e e 178 15269.3 W p ”' L bl Definitions
. R . . oY, alers, Pejlets, and Crumbles—Definitions
5220.4 L"e Splcctl;_:; Tablcl; for Agricultural 8 and Methuds for Determining Density,
achines of Future Design. ... 182 Durabilitv and MoistureContent . .......oovue.. .. 284
S221 Interchangeability of Disk Halves for Agnicultural - . . - .
. S N270.4 Design of Ventilation Systems for Poultry
Equipment Press and Gage Wheels ..o 190 and Livestock Shelters. .o oovv oo, veees 374
S22 Rim Contours for Agricultural Press and D712 PsychrometricData. oo v 331
GageWheels ....ooooiiiiiiiiiiiiiiia 191 D;“ R ; Tow Throueh G Seed o
27, esistance of Air rou rains, Seeds,
S0 AgrictralPesandCoge Whes Tis - ... 102 Hoswanee o ellon Teough G, Seds,
§224.1 Agricultural Planter Press Wheel Tires ... ... 192 D27} Airflow Relationships for Conveying Grains.
§225.1 Chisel Plow, Field and Row Crop Cultivator and Other Materials ..o 324
Shanks and Ground Tuoal Mountings. ............. 199 1 p274 Flow of Wheat Through OFifices . ...o.eveeers.n. . 325
$216.2  Headed Drilled Pins .............oooiinn, 205 | §270.3  Slow-Maving Vehicle ldentification Emblem ........ 148
$229.6 Baling Wire for Automatic Balers ...... ... ..., 204 | 2772 Mounting Brackets and Sucket for Warning
D230.3  Agricultural Machinery Management Data ......... R Lamp and Slow-nioving Vehicle (SMV)
. qeegpt entilication Emblem ... .. e e 7
EP236 Guide for Pianning and Reporting Tilluge Identitication Emblem 14
Experiments.......coovvveiniiiin il 244 | SR Attachment of Implements to Agricultural
. Wheel Tractors Equi i icke
S238 Volumetric Capacity of Forage Wagony, ‘\l"‘,::'l‘i:‘r,'("_x:;\lgql’lppc" with Quick 166
Wagon Boxes. and Forage Handiing L ¢ pler..... O
Adaptations of Manure Spreaders .............. ... 247 | 1S279.8 Lighting and Marking of Agricultural
§239 Hitch and Box Dimensions for Agricultural Equipmenton Highways.........oovoviiiaL, 145
Grain Wagons ...oovvve cuvvrneenneneiiien.... 250 1 S281.2 Capacity Designation for Fertilizer Hoppers
D241.2  Density, Specific Gravity. and Weight-Muisture And CONLHNETS . oo iei i iieiaess coee. 281
Relationships of Grain for Storage. . .......... ... 311 | EP2SLL Design Values fur Livestock Fallout Shelters ... .. ... 400
D243.2 Thermal Properties of Grain and Grain Products .... 313 | tEP285.6 Useof SI (Metric)Units ..o, P 100
D245.4 Moisture Relationshipsof Grains. ......... ....... g | S28K.S Designing Buildings to Resist Snow and
WindLoads .. oo e 289
SR Conerete Shp-Form Canal and Diteh Linings ... .. ... 182

*New standards since last publication,

tRevised or reclassified standards since lust publication, S290.1 Deternuning Cutting Width and Designated
Mass of Disk Harcows . oo ouue s e 242
84 AGRICULTURAL ENGINEERS YEARBOOK—1982
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ASAE ASAE
Desig. Page Desig- Page
natlon Title No. natlon Title No.
N . . :
P Terminalogy and Detinitions tor Sail Tillage S Dimensions for Compatible Operation of Forage
and Soil- Toot Relationships ..o oo, 229 Harvesters, Faorage Wagons and Forage Blowers . ..., 254
§292.2 Unitorm Terminology for Rural Waste EP3Y Single-Phase Rural Distribution Service for
Management .......oiiiiiiie i e 440 Motors and Phase Converters................... .. 435
D293 Dielectric Properties of Grain and Seeds ............ 326 @ Pracedure for Sprinkler Distribution Testing
EP294.1  Computing Electrical Demands for Farms .......... 41 tor Research Purposes. ................. ceenenens 12
3295.2 Agricultural Tractor Tire Loadings. Torque Sih.a L'"!’.I"'f“f".' Pf)wcr Take-Off Drive Line
Factors, and Inflation Pressures. .. oovovvoonoont 146 Speetfications. oo R v 1235
§296.2 Unitorm Terminology for Traction of Agricultural PANSHS .’\_F"c“l"‘"al ‘T"“'O" Auxiliary Power
Tractars, Sclf-Propelled Implements, and Other Fake-Off Duives. .o oo 122
Traction and Transport Devices...ooooooi oot (RARN R R E Operator Controls on Agricultural Equipment....... 222
P f 8 q
SMTAT  Enclosure-Type Shiclding ol Forward Universal Sa7 Apriculturat Pallet Bins. ...l .. 365
‘::::;L:"":'nf;;ﬂf?:%::?f:n:: ..\gncul(urn.I o qag | S Satety Chain fur Towed Equipment............... . 154
$208 Drawbar fur Lawn and Garden Fractors 1oy | S tniform Classification for Water Hardness . ..., v 507
Ead ur Law arden Tractors ..o )
$300.1 Terminalogy for Milking Machine Systems ) 416 (P30.1 ; Installation of Flexible Membrane Linings . ..... ... . 487
15301.2 Front-End Agricultural Loader Ratings ............ sgy | 831 Test Procedure for Dry Fertilizer Spreaders ...... ... 261
Design and Construction of Surface Drainage EPJ42 &I'cty tor Electricaily Heated Livestock 9
Systems on Farmisin Humid Areas ...ooevvinnue 458 BMETETS - veveeee Srrrrrrremrrerernes verees 41
3031 Test Procedure for Solids-Mixing Equipment CRERN Terminology for Combines and Grain Harvesting .... 274
. t (4 -vixing
for Animal Feeds ... ovoiiieii i J33 | tEPMLL Lighting for Dairy Farms and the Poultry
S5304.5 Symbels for Operator Controls on Agricultural Industry ... crorrrrerreees prrrrrereeees . 426
Equipmient ... 223 | Sad6.) Liquid Ballast Table for Drive Tires of
1109 Wet-Bulb Temperatures and Wet-Bulb Agricultural Machines ......... Ceireereeeaas ..., 188
Depressions .....oviiiiieiiiini i 339 | SM7IUT  Flanged Steel Blower Pipe Dimensions ........o00.. 253
pr P
$310.2 Overhead Protection for Agricultural S348 One-Point Tubular Sleeve Attachment for
Tractors—Test Procedures and Performance Hitching Implements to Lawn and Garden
ReQUIFEMENIS . .o vu e ie s 160 Riding Tractors . .......... ... e . 174
18342.1 Capacity Designations for Combine Grain IREDN| Test Pracedure for Mcasuring Hydraulic Lift
Tank Systemy . oo 273 Force Capacity on Agricultural Tractors
ysten e Y 0 AgTICUIT:
S0 Suil Cne Perelrometer -« v v e eeoe e 26 Equipped with Three Point Hiteh ....oooooninL o .. 164
$315.2 Faine for Automatic Balers ap | S350 Satetv-Alert Symbol for Agricultural Equipment..... 153
e s 10T AUl 9 S I e o
Sile.1 Application of Remote Hydraulic Motars to 5351 Hand Signals for Use in Agriculture .......... ceees 227
Agricultural Tracters and Traing-Type 582 Moisture Measurement—-Grain and Seeds ..., ..., 345
Agricoltural Implements. ... 14 $35) Muisture Measurement-—Meat and Meat Products... 348
R3t? Improving Safety on Enclosed Mobile Tanks SIS Safety for Farmstead Equipment .....o....vvvn.... 358
for Transporting and Spreading . o )
Agricultural Liquids and Sluery . o ovvveeovvnennnn. 150 | $355.1 Satety tor Agricultural Loaders ......... . voe. 281
s18.0 Satety for Agricultural Equipment. . ...t 151 | S3s6.} T-Hook Slots for Securement in Shipment
. of Agricultural Equipment .............. R [ ¥
$J19 Method of Determining and Expressing ) IAgr ¢ quip
Fineness of Feed Materials by Sieving ..ot 342 | S3SH.A Muisture Measurement—Forages ... ooveelenne 344
5320 Category Q" Three-Point Free-Link Attachment y Trapesoidal Flumes for Irrigation Flow
tor Hitching Implements to Lawn and Garden Measurement c.ooovaen [EREPEE Coeeenaae, 542
Riding Tractors up to 20 Horsepower ...oovunvevs 1721 s300 T'est Procedure for Determining thetload Carrying
D321 Dimensions of Livestock and Poultry ... oooooooonn s 193 Ality ot Farm Wagon Running Gear ..... e .. 251
s Unitorm Terminology for Agricultural SWLET - Satety for Agricultural Auger Conveying
Machinery Management . ... iviiii e 207 Equipment ...l certeeririieieen .. 363
$32.1 Delinitions of Powered Lawn and Garden S362.1 Wiring and Equipment for Electrically Driven or
EQUIPIIEAT . vt ereeenteenir e eanaanenee oen 175 Controlled trrigation Machines ........ooile, ..o 422
$324 Volumetric Capacity of Box Type Manurc P30 ‘T'echnical Publications for Agricultural
Spreaders—Dual Rating Method. ..o et pEh Eguipment oo ... 287
$325 Volumetric Capacity of Open Tank EP3nd Installation and Maintenance of Farm
Manure Spreaders . .vvve i 249 Standby Electric Power......o..vviiini ceeeenes 42
$326 Volumetric Capacity of Closed Tank Type SI6ST Brake Test Procedures and Brake Performance
Manure Specaders ...l B 249 Criteria for Agricultural Equipment ............... 196
AN | Terminology and Definitions for Agricultural 154661 Dunensions for Cylindrical Hydraulic Couplers .
Chemical AppHEAtion . ... ....overernneenens 263 tor Agricultural Tractors. .. ..oovvin s o ceees 116
— EPWI.0 Guule for Preparing Ficld Sprayer
*New standards e last publication, Cahtbration Procedures ... c.oovnvinnianans voe. 268
tRevised or rechinaitied standards sinee last publication,
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°New standards since last publication.

tRevised or reclassitied standards since last publication,

ASAE ASAL
Delg. Page Desig- Page
natlon Title No, nation Tlle No,
S368.1 Compression Test of Food Materials of S$92 Cotton Module Builder Standard.................. 256
e COMYEXShAPE....oeiviiii M9 Epi3 Solidand Liquid Manure Storages. ................ 303
EPJ69 Design of Agricultural Drainage Pumping Plants .... 46t S344 Specitications for Irrigation Hose and
$370.1T  2000-RPM Power Take-Off for Lawn and Couplings Used with Seif-Propelled, Hose-Drag
Garden Tractors ....oovvevrneivreneeoirioness 170 Agricultural Ierigation Systems . ......o...i.u..s. 523
EPJT1 Preparing Granular Applicator Calibration 5395 Salety for Self-Propelled, Hose-Drag
Procedures ... ..... e 270 Agricultural Irrigation Systems .............ou.e, 525
EP372 Granuiar Pesticide Guidelines ............ooiius 2N SJ‘_’L Combine Capacity Test Procedure................. 278
$373 Safcty for Self-Unloading Forage Boxes ........... 258 Y S397T Electrical Service and Equipment for Irrigation... ... 526
S374 Terminology and Specification Definitions for \"D Pracedure for Sprinkler Testing and
Agricultural Auger Conveying Equipment ...... ... Jo! Perfurmance Reporting.......oovvvivniieeninnn.. 515
SI7ST Capacity Ratings and Dumping Heights for EP39.1  Preterred Metric Dimensions for Agricultural
. Cotton Harvester Baskets .. oovvrernrenrnrernens, 280 | Implement Disk Blades.........ovvennnnninnn, 243
:153,1,_1 ) Design, Installation and Performance of Under- Epano ) Designing and Constructing Irrigation Wells ........ 47
ground, Thermoplastic Irrigation Pipelines ........ 931 sim Use of Thermal Insulation in Agriculiural
$377 Application of Remote Linear Control Devices Buldings ..o 299
to Lawn and Garden Riding Tractor 7 EP402 Radiation Quantitiesand Units ................ss. 108
Attachments and Implements ... o EP403 Design of” Anacrobic Lagoons for Animal Waste
TEP378.2  Floor and Suspended Loads on Farm Structures Managemient ... i 443
DuetoUse .......oovvvviieianiennnen, e 297 o . )
. S4041 Metric Row Spacings. . ..oooooi oo ounn, 221
EP79 Controlof Manure Odors .. .covevrerrnvnnnenn., 443 ] .
» . Design. Installation, and Performance of
S380 Test Procedure to Measure Mixing Ability 357 Trickle lrrigation Systems...........0vieeiiiaa.., f19
of Portable Farm Batch Mixers . e | EPs0s Heating, Ventilating, and Cooling Greenhouses ... .. 402
EPJSL Specifications tor Lightniny Protection ............ 436 @—0-:— \ricultural Drai Outlets—Onen Ch | o
) rricultural Draina tlets— nnels .....
SI83  Roll-Over Protective Structures (ROPS) for < PR ge Buflets—Upen Lhannels
Wheeled Agricultural Tractors. ... vcvvvvnnvnn, 158 P408 Design and Insiallation of Surface Irrigation
e Tailwater Reuse Systems..........ocovevveinnns. 508
D384 Manure Production and Characteristics ........... 448 W Safety Devices for Applying Liquid Chemical
) . : afety Devices for ing Liqui emicals
- 8388 Combine Harvester Tire Loading and Inflation L_./ Thmﬂgh Irrigation Sry):)u:yms8 q ................... 534
Pressures...... ... 184 0T Mo \ b 316
SJ80T Calibration and Distribution Pattern Testing "Nu‘n" g.:asurcmem— CANUIS e
of Agricultural Aircraft..........ooo v 205 | *EPSDI Guidelines for Measuring and Reporting
- . ; . d Environmental Parameters for Plant
3T T'.m Pracedure '.Or Measuring Deposits an N Experiments in Growth Chambers. .. ......o.ouue., 406
Airborne Spray tfrom Swath Sprayers. .............. 2589 a1t Grain Bin Ladders. C 4 Walk 106
EPasy Design Propertics of Round, Sawn and Laminated - sram Bin '_'“ .L“' gesand Walkways...oevenn
Preservatively Treated Construction Poles ......... 301 | *S413 Pracedure tor Establishing Volumetric
Capacityof Grain Bins ............ccoviiinin.n, 308
EP389 Auger Flighting Design Considerations............ 359 mat.' yotfran Bins
. L X . ) 10 *S414 ‘Terminology and Definitions for Agricultural
53%0 Terminology fr Agricultural Equipment .......... Tillage Implements ..o i, 232
Epat Agricultural Machinery Management ............. 209 | egpars Safety Color Code for the Training and
- Educational Shop .. ... i, 545

DOCUMENTS WITHDRAWN FROM PUBLICATION AS ASAE STANDARDS WITHIN THE LAST FIVE YEARS:

Published last in 1981:

02T
EPJ82

Sprinkler lrrigation Technical Data Sheet

Establishment of Highway-Landowner Drainage
Focilities

Puhlished last in 1980:

EP256.2
EP264.2

S3MAT

Refrigeration Equipment Capacity for Bulk Mitk Coal-

ing Systems

Minimum Requirements for the Design. Installation,
and Performance of Sprinkler Irngation E.quipment

Dimensioning Standards and Terminnlogy for
Permanently-Installed Auger Conveyors

Published last in 1979:

D24
S4

86

Grain Storage Loads, Pressures and Capacities

Implement Power Take-Otf and Drive Line Pedestal

Shalts

Published last in 1977;

EPJ45.2

Design of Farm Waste Storage Tanks (Superseded
by DKL and EPI9J) T

Published last in 197h:

S058.3

S306.3
S336.1

RAST

Operator Protection for Wheel Type Agricultural Trac-
tor (Superseded by SJ83)

Protective Frame for Agricultural Tractors— Test Pro-
cedures and Performance Requirements (Superseded
by $34))

Protective Enclosures for Agricultural Tractors— Test
Procedures and Performance Requirements (Supersed-
ed by S8

Drawbar tor Forestry Tractors
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APPENDTX 10

PYLOT SMALL FARMER TRRIGATTON SCﬁEMES PROJFCT

MONTTORING

CHECKLIST

(Physical FEnvironment)

ITEMS TO BE SURVEYED

DESCRIPTION

STGNTFICANT
CHANGES

Water Quality:

total salts

ssediment levels

Water Quantity:

project inflows

outflows

Ground Water:

quality

levels

Soils:

salinity

alkalinity

fertility

Irrigation Scheme Main-

tenance

canals

equipment

Drains Maintenance:

canals




PROJECT TMPACT MATRIX: PUYSTCAL ENVIRONMENT

ENVTRONMENTAL COMPON FINTSI

: S
PROJECT COMPONENTS - ' > g/
PLANNING AND DESIGN
PROJECT 1.OCATION
- LAND FORMING
SURFACE_WATFR
GROUND _WATER —
DELTVERY SYSTEM
DISTRIBUTION SYSTEM ‘
PUMPING _AND CONTROLS
SURTACE DRATNAGE |
WATER RECOVERY/DTSCHARGE
CONSTRUCT [ON ,
LAND PREPARATION/FORMING
DELTVERY /DRATNAGE SYSTEM
ACCESS ROADS
CONSTRUCTION/METHODS
OPERATTON
CANALS, DRAINS AMD
EQUIPMENT MAINTENANCE
SOURCE_PROTECTION
WATER _MANAGEMENT

EXTENSTON SERVICES | ]
Scale
11D = Non-determinable A = Low Adverse MB = Medium Beneficial
HA = Iligh Adversce 0 . - ; . SRR
> D = None or Insienifico- nm = tigh Beneficial
—5 MA = Medium Adverse , n=ignitycant

Low Beneficial

V. LB

(L4 XLONdddy




ENVTRONMENTAL

RURAL DEVELOPMENT AREA PROGRAM (RDAP)

IMPACT OF

TIIE

ARRENDIX El2

a/

ENVIRONMENTAL NET EFFECT b/ QUANTITY (IF KNOWN)
RESOURCE OR VALUE 213141516 7+ OR COMMENTS
Topography X 130,000 ha terraced,
contoured
Geolégy X
Soils--arable X 130,000 ha protected
Y __grazing X 280,000 ha eventually
improved
Surface water X Small increase in
ppm N
Goundwater X
Wildlife and en- X Protection of valleys
dangered vegetation in Lubombo that serve
as .aabitat for rare
species of flora and
fauna
"Woodland reforesta- x 70,000 ha eventually
tion and protection
Air X
Noise X
Climate x
Public health and
safety--short term X 25-50% increase in
hilharzia
~--long term X More ard better acces
to clinics
Historic and
X
cultural resources
Natural resources X 482,311 ha enhanced
(soil, range, forest)
Aesthetic factor X More pleasing landscag
lluman resources x 200,300 nreople served
by extension

Notes:

a. From Roder (1977).

b. Net effects are
loss; (3) small
(6) significant

loss;

classified as:

(1) large loss;
(4) no significant change;
zain; and (7) large gain.

(2) significant
(5) small gain

Al



SMALL-SCALE IRRIGATION a/
AND ON-FARM WATER MANAGEMENT POTENTIAL IMPACTS—

SOCIAL ENVIAONMENT J

]

PHYSICAL ENVIRONMENT BIOLOGICAL ENVIRONMENT

ENVIRONMENTAL

9RIPAY 1Seg

.
o

am

L]

<

o

M?

wWin

[AISL. ]

\

Hotd
v
A7
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XN ISSANCE STUDY:  USUIU AND NGIAVIMA RIVER BASINS .‘1/

SHUAZTIAND

tet Irrigation Fequirements and Expected Yiclds

Irrigation Requirement (am} Expected
Yield
Gct v Lec Jan Feb Mar Apr May Jun Jul Ay Sept Mnual {T/ha)

Hainfall (at ILowweld Rescarch Station)

Hean 49 77 86 94 IS5 61 38 21 12 10 10 30 563

20% probability 36 57 63 69 55 45 28 15 9 7 7 22 413

et Irrigation Requirciment (at the plant)

Sunierc: (otton % 77 143 180 133 608 3.0
Maize 88 157 156 44 38 70 553 7.0
Groundnuts 122 102 156 72 452 2.8
Soya Beans 122 122 164 72 482 2.5
Sorgtua 121 115 167 38 441 6.0
Rice 232 171 163 129~ 695 5.0

Wintuer: Maize 111 51 91 72 9 334 7.0
Soya Beans 113 120 106 16 355 2.5
Beans 127 88 94 309 1.5
theat 37 69 65 94 35 ‘300 4.0
hutatoes 100 57 92 6 255 20.0
nions 128 68 85 SO 331 3jo.o
Tumatoes 112 48 92 130 382 25.0
Cabbages 115 63 42 220 20.0
Green Beans 120 73 40 234 12.0
Green Maize 102 38 94 83 317 30,000 cotrs

turennial: Sugar Ca;)e 114 132 161 172 148 142 B4 62 48 5S4 77 91 1, 285 100.0
Pincapple n.a 26,25

— i/ Source: Tate & Lyle Technical Services Ltd. (1982)_
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II.

APPENDIX Gl

LIST OF PRIMARY CONTACTS

Government Organizations

Ministry of Agriculture and Cooperatives

Mr. Gilbert Dlamini Deputy Permanent Secretary

Mr. Victor Pungwayo Director of Agriculture

Mr. Robert Thwalla Senior Agricultural Officer

Mr. Patrick Lukele Director, Rural Development
Areas Program

Mr. J. L. Mbingo Commissioner of Cooperative
Development

Mr. A. Sukati Chief, lL.and Development Section

Mr. N. Portch Chief, Irrigation Section

Mr. Petros Dlamini Irrigation Section

Ministry of Health

Dr. Michael Dlamini Director of Medical Services
Mr. Leslie Mtetwa Senior Health Inspector

Mr. Peter Mathews Chief, Malaria Control Unit
Mr. Wilson Nkambule Health Assistant (Siphocosini)

Ministry of Works, Power and Communications

Mr. Chris M. Mkhonza Deputy Permanent Secretary
Mr. Tom Brook Senior Water Officer, Public
Works Department

Ministry of Commerce, Industry, Mines and Tourism

Mr. A. M. Vilakati Chief Hydrogeologist and Director,
Geological Survey and Mines
Department

Mr. Fred Stocks Drilling Superintendant

Ministry of Econ-mic Planning and Finance

Mr. Neal Campbell

Tibiyo Taka Ngwane (Tibiyo Fund)

Mr. Sipho Dlamini

Parastatal Sector

Rural Water Supply Board

Mr. Geoffrey A. Evans Chief Engineer (CDA)

())b
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Mr. Charles Parker Design Engineer (CDA)

Swazi Dairy Board

Dr. Khoza Director

Private Sector

Gibb Hawkins & Partrers (Swaziland)

Mc., James A. Richards Resident Representative
Mr. Peter Drummond fivil Engineer
Mr. Rob Sawyer hydrogeologist

Farm Chemicals Ltd.

Mr. Richard M. Fowler . Director, Swazi Mills

USAID

Resident Staff

Mr. Roi:wt Huesmann USAID Mission Director

Mr. Charles Lahiguera Deputy Chief of Mission (Embassy)

Mr. Paul Daly Agricultural Officer

Mr. Chuck DeBose Health Officer

Mr. William Hammink Assistant Agricultural Officer

REDSO/Nairobi

Dr. John J. Gaudet Science, Technology and Environment
Advisor

USAID-Assisted Projects

Dr. A.W. Hoadley Public Health Engineer, Rural
Water-Born Diseasc Control
Project (RWBDCP)

Dr. Jean-Faul Chaine Epidemiologist, RWBDCP

Mr. William Lawrence Sanitarian, RWBDCP

Dr. Edward Green Social Scientist, RWBDCP

Mr. Doyle W. Grenoble Horticulturalist, Cropping Systems
Research and Extension Training
Project

Mr. Frank Ferenchek - Civil Engineer, Rural Development

Areas Program Infrastructure
Support Project (RDAPISP)

Mr. Evan Neilson Soils Scientist, RDAPISP

Ms. Kathy Connolly Public Health Statistic{an,
Ministry of Health

Dr. Richard Downs Anthropologist, Pilot Small Farmer

Irrigation Projeci, Socio-Economic
Assessment Team (TDY) "

&)
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Other Donor Agencies

World Health Organization

Dr. Raymond Chuntung
World Bank

Mr. Geoffrey Read

Epidemiologist

UNDP Inter-regional Project
INT/81/047: Demonstration
Projects in Low Cost Water
Supply and Sanitation, World
Bank, Washington, D.C.
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Swaziland Districts
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RECORD OF STITE VISITS AND

ATPPENDTX G2b

OBSERVATIONS

APPROX.

APPROX. INRIGA- TRPIGA-
STTE DATE TYPE NO. OrI b TPRIGATED b TION -- TION
VELD TYPE NO. NAME VISTTED ORG. HOUSLCHOLDS AREAS (ha) SOURCE TYPE
(1) (2) (3) (4) (5) (6) (7) (8) (9)
-5
Highveld 20 Mgomfelweni 1-19-83 RDA 18 8 Spring Furrow
21 Mancubeni 1-19-83 DA 34 14 Ngwempisi Furrow
: River
Middleveld 4 Phophonyane 1-12-83 Farmer 11 25 Small Furrow
Assn. river
5 Mavulandlela 1-12-83 RDA 18 12 Spring Furrow
13 Chifod Manana 1-11-87 ITndivi- 1 3-4 Mkhondo Sprinkler
dual River
Lowveld 1 Kalanga 1-13-83 Coopera- 25 25 Shallow Sorin'ler
tive ground- (cornvertirg
water to furrow) 1
|
2 Magwanyane 1-13-83 Coopera- 36 45 Impow.- "ed Farrow
tive surface |
wat.er
9 Border Gate 1-12-83 RDA 80 40 Impounded Furrow
surface
water
11 Balekane 1-12-83 Swazi 30 100 Komati Snrinkler
' Dairy Farm Diary single River
Board worlkers
12 Gwebu 1-11-83 Indivi- 1 6 Usutu Sprinkler
dual River (tempanagriil-

=

Raie T

ironenativa)



SITE
20

21

13

te

12

AN

)

NO.

FARM

FENERGY AND STORAGE DELTVERY DOMESTTC WATER SUPPLY SANTTATTON
(10) (11) (12) (13)
Gravity from reservoir Pipe Separate spring w/ Pit latrines
reticulation
Electric pump to fenced Pipe Reticulation (from Some latrines
canal to holding pond river?)
Electric pump to Pipe River (plan pump Some latrines
holding pond {(under and reticulation)
construction)
Gravity from reservoir Lirned Homesteads not ob- None observed
: canals served; assume near site; home-
. Tractor-mounted diesel springs and reservoir steads distant
pump; no =torage Pipe River No latrines
Diescl pump; 250 Ac-tt Pipe Borehole for RDA staff None observed
rescervoir Piped irrigation water on site; homeésteads
for farmers distant. (<1 km)
Diesel pumps; 8 Ac-ft Cement- Impounded surface water Some pit latrines
pond lined (direct or indirect via
canals pond);'treatment system
inoperative
Gravity from reservoir Pipe Reservoir None obrerved
near site; some
homesteads distant
(<1 km)
¢ ) ey . . 1 a . - 1
2-stage ?1ec. pump ; Pipe Under consbructlon. Communal pit
rubber-lined holding (elec. pump from river latrines
pond with ‘filtratior & )
chlorination
Biesel pump; Pipe River No latrines
no storage



APPROX. APPROX. TRRTGA- TRRTGA-

SITE DATE TYPE NO. OF b IRRTGATED b TION TION
VELD TYPE ?0 NAMF VISITED ORG. HOUSEHOLDS AREAS (ha) SOQOURCE TYPE
(i) 2) (3) (4) (5) (6) (7) (8) (9)
Lowveld 16 Kole ’ 1-10-83 Tndivi- 1 28 Usutu Sprinkler
dual River
17 Crroukes 1-10-83 Private 210-350 i) 500 Usutu i) 90% furro
Plantations Estate (seasonal . River 10% sprin
(Pty) Ltd. variatioen) kler
ii) 630 ii) 75% furro
25% sprin
kler
18 Zakhe 1-10-83 Farmer 11 40 NpFwavuma Furrow
Assn. " River (adaptable t
sprinkler)
Notes:
a. Other sites visited but not included in table
3 - Ngulweni water supply
6 - Womc:: in Development Village Technology Unit
7,8 - Chinese-assisted irrigated schemes
10 - Miawane '"'=srefords RDA water supply excavation
14 - Reservoir for potential Mkhondvo Valley irrigation
15 - Whales Ranch
19 - Lowveld Farmer Training Center
79

- Kamnyani.wi-.2r supnly (RDA)
b. Data supplied by Cr8p Pruductionrn Section, MOA, Manzini
c. The information contained :in t%is table does not represent experimental

results from a random sample survey. Rather, it is a summary of brief
field observations by the EA team.


http:Kamnyani.wi

STTE
16

FARM

ENERGY AMD STORAGE DELIVERY DOMESTIC WATER SUPPLY SANTTATION
NO . t10) (11) (12) (13).
Diesel pump; Pipe River (via irrigation o latrines
No storage piping)
Electric pumps; Canals: River (via canals)-- Exterior
Holding ponds unlined- filtered and chlori- Pour-flush
(main) nated w/reticulation latrines;
lined to homesteads) in-house
(secon- showers
dary)
Pipe
(sprin-
kler)
Dicscl »nump . . . .
ripe River (direct or via tione obhserved

Pond with siphon

irrigation pipe)

rear site;
homesteads
distant (€1 km)
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APPENDIX H1

GROGNDWATER DATA AND_ PROGLC P TONS

RELATIONSHIP OF GEOLOGY TO GROUNDWATER

The principal locations where groundwater is found are:

1. In areas where there are considerable depths of weathered

granitics.

2, In the sandstones of the Stromberg and Ecca formations,

where faulted or at intrusive contaets,

3. In the Lowveld basalls, at intrusive contacts with dolerite

dykes and in stream bed alluvium,
4. In the jointed rhyolites of the Lebombo range.
To 1978, the Department of Agriculture reports some information
relating to 212 borcholes.  All wells were cased into bedrock.
Very few had slotted casing, and none were. with screens. No

groundwater was being cxtracted from alluvium.

Yield reported from these holes and their relationship to

geological formations are as follows:

1. Wecathered granites: over 4500 Iph (litres per hour) for 40%

of holes.

2. Stromberg and Ecca Sandstone:: yield unreported, however

the comments indicated "good" yields.
J. tasalts:  35% of holes vieldingr over 4500 Iph.

4. Lecbombo rhyolites: vields unreported, however, aquifers

were located at depths of about 125 m.

FE.H., Hanson & Associates (Por the Canadian Interna-
tional Development Agency ), paxd,

/

P
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Of 92 holes recorded in the Karroo, 21 were dry and 56 yielded

less than 150 Iph.  Only three holes have been bored into the

Molteno and Cave sandstones.

In the review of al yield data, consideration wag given to the
fact that the estimated yields werc determined from aip lift
(which may only indicate about 90-60% of actual well capability)
or low yield pump capability. The latter may be a result of
bump supply in Swaziland during the various programs or pump
restriction duc to well diamecters.

These considerations, we belicve, have resulted in the estimated
well yields being lower than the actual aquifer capability,

It is also expected that state-of-the-art well construction using
well screens and gravel pack where necessary along with proper
well development procedure will produce more cfficient we]]
systems as compared te such systems previously installed,

A preliminary groundwater yield capability map at scale 1:250,000
is attached as Plan No. 3 gang is entitled Generalized
Groundwater Probability,

This map was prepared based on ouyr interpretation of the
available geologic and groundwater data and our experience in
similar type of aquifer conditions.

The groundwater probability map indicates in relative termse¢the
potential for obtaining a successful groundwater supply,

The areas marked "good" have weathered _and fractured old
granites at the bedrock/overburden interface. Thig feature will
provide the Strongest aquifer potential. The potential of single
well systems yielding in cxcess of 25,000 litres per hour is
better than 50/50. Multiple wel) systems should have minimum
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interference at relatively tight well spacing. Well yields utilizing
multiple wells will be dependent on local recharge conditions.

The areas marked "fair" have fractured sandstones, sandstones,
and weathered or fractured basalt as the principal aquifer. The
potential of single well systems yielding between 2,500 - 25,000
litres per hour is 50/50.

Multiple well systems will cause some interference and spacing
requirements of some 0,25 - (.50 kilometres would not be

unusual,

: The area marked "poor to fair" represents fractured Lebombo
rhyolitic tuffs as the principal aquifer. Yields would be in the
ranges of fair described above however the well depth would be
in excess of 125 metres. This unit applies only to the Lebombo
Escarpment.

The area marked "poor" has serpentinites, gabbros, gneisses
and doleritic soils as the rock material. The majority of wells in

this' area will be "dry".

The groundwater probability map has attempted to consider the
major fracture and shear zones (sce Plan No. 5) however
groundwater piping through these features is extremely difficult
to predict unless field tetcs have becn completed.

In general one can assume that these zones can produce in
excess of 25,000 litres per hour when in contact with any
rcasonable recharge feature.
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CLIMATOLOGY AND RECHARGE

Although the long term annual rainfall of the lowveld area is
only from approximately 600 - 800 mm it is to be remembered
that the basin receives infiltration from the western Middleveld
and Highveld and the Lebombo Mountains to the east. It has
been estimated that approximately 20% of the rainfall, 75-80% of
which occurs from October - March, goes to groundwater
recharge. It would appear that a preliminary computer
simulation model should be constructed for the entire Kingdom to
permit for a better assessment of the relationship of
climatology/recharge/geology as it will apply to delivery
capabilities of groundwater systems. This can be earried out
once somec drilling information has been obtained and general
aquifer characteristics for the rclative units as presented on

Plan No. 3 are determined.

Some data, however, does indicate that the recharge potential is
good. The precsent wells at the Royal Swazi Spa Hotel at
Ezulwini exhibit minor drawdown when pumped. This eight
multiple well system has been utilized to pump in excess of
1,000,000 litres per day f[rom a well ficeld spaced within one
kilometre with no indications of any detrimental effect to the

static water level.

Shallow overburden wells have been reported to be effected by
local seasonal recharge variations, however, - » have found no
evidence to suggest this for wells Ilocated at the
overburden/bedrock contact or within the bedrock aquifér itself,

As a preliminary conclusion, review of the rainfall data and
basin characteristics of Swaziland, one can generalize that there
is adequate recharge for major groundwater development to take
place.
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GROUNDWATER EXPLORATION PROGRAM

Discussions with government personnel in Swaziland identified a
nced for a groundwater exploration” program to establish the
groundwater  potentinl for the country of Swaziland.
Groundwater is required for domestic rural water supply and for

agriculture.

A groundwater explor:ition program relative to Swaziland requires

two fundamental features for successful completion:

!

a. an authority having the responsibility io carry out the

' management, data collection, and data assessment for such a
program, and

b. the proper equipment to carry out the physical placing of
test wells and carry out necessary testing to obtain data.

Realistically, neither at present exists with the government of

Swaziland.

The Geological Survey and Mines Dcpartment has assumed the
role of groundwater management. llowever, the hydrogeologist
cannot respond to the assumed responsibilities because the
department's terms of reference as to groundwater management
are not clear within the government. There exists a need to
establish a centralized authority for groundwater management
having specific terms of reference and recognized by the
government. The authority should have jurisdiction to allow for
data collection and control of all groundwater supplies in
Swaziland as well as having the ability to carry out testing and

well installation programs.

It is the opinion of government personnel in Swaziland that this
authority can be established and should be responsible for the

proposed groundwater cxploration program.
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The personncl and staff of the Geological Survey and Mines
Department are the most likely candidates for such an author. y.
The geologist and hydrogcologist Mr. Vilankati is Canadian
trained, His staff 1is continucusly involved in subsurface
exploration and can be trained in current state-of-the-art
groundwater exploration tcchniques. The department presently
has a reputable drilling supervisor, Mr. Fred Stokes, who has
experience with hammer percussion-rotary drilling machines.
Discussions with the dcpartment personnel have indicated that
the man-power requirement of 10 - 12 men for the groundwater
development program and the manasgement of. potential authority

responsibility can be met.

The equipment available to the government of Swaziland does not
lend itself to groundwater exploration. Their existing diamond
drill casing equipment and cable tool drill rig cannot carry out
any credible groundwater exploration program. The government
will require hammer percussion-rotary drilling machines for the

program as well as all support cquipment,

Hiring 'drilling equipment from South Africa to carry out a major
groundwater exploration program would be very expensive. The
current charges per foot for work in Swaziland are approximately
20.0 R for drilling and 20.0 R for casing relative to a 6 inch
diameter well. The South African drillers do not appear to be
practicing state-of-the-art technology since well screens, gravel
parking, proper development, and proper test-pumping

techniques are not utilized.

Therefore, the authority which will carry out the management of
the groundwater exploration program will requir. -the full

complement of drilling and testing equipment as well as support

cquipment,
As mentioncd previously in this scction, it appears that the
manpower requirements to carry out i successful program are

-
i

('
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available in Swaziland. There will be a requirement for outside
assistance in the establishing of a central authority to address
the Swaziland rcquirements and to assist the development of the
groundwater program. This will also include assistance in the
organization of system and the development of schemes of
service. It is recommended that the services for the overall
program be provided through onc company thereby providing a
co-ordinated input and consistent project assistance throughout

the entire project.

The groundwater exploration program should consider two
Phases. Phase 1 should concentrate in the area of greatest need
- the Lowveld. This program will require approximately one to
two years to complete, however, some practical preliminary data
should be available within six months to one year which can be
utilized for agricultural purposes. Phase 2 will follow in the
Highveld, Middleveld, and Lebombo regions and will require two
to three years for completion. In total the groundwater

exploration program for Swaziland should require five years.

EQUIPMENT REQUIREMENTS

The ‘equipment requirements are based on a list developed in
Swaziland with representatives of the Geological Survey and
Mines Department. For purposes of this report we have
considered only the equipment requircd to initiate Phase 1 of the
groundwater exploration program. Phase 2 projections will

appear in Section 10.3.
we recommend the purchase of the following equipment: *

a. Two Futros Model FU-1600 Drills (or equal) mounted on
International Chassis capable of drilling to a maximum of 300
metres for a 400 mm borchole. The drill equipment should
be complete with drill rods and 4 séts of hammers, hole

openers and drill bits, to provide 100 mm, 200 mm, 300 mm,
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and 400 mm diameter borcholes. ‘e Futros Model 10O-1600

is manufactured v Conndo and contalns approximately 80%
Cuanandinn content,

The deill tigs should be complete with an {ndtinl supply of
gpare parts, on-slte sturl=up scrvicing and o ovne Yoot
warranty on compoteits,

Any hiture spare parts mny by obtalned from  Futros
Equipment Canada Ilne,, howaever,  the deill ean be "tallored"
suvh that the majorlty of spare parts can be obtained
lovally in Swhaziland, For exemple = the truek chassls van be
specified as Interhational, which 18 compatible with loeal
parts suppliers,

The estimated cost for two deill  machines oomplote {8
$1,000,000.00,

Two truek mounted water tanks having a minimum onpacity
of 6,000 iitres. These tanks should be square providing

dunl uenge for transport of miscellinaous equipment,

I'he astimated cost for lwo (ruck mounted water tanks s
$100,000,00,

One portuble 760 - 900 C.F.M, conprogsor at 360 R.P.M,
for woll developuicnt plrposes,

The estimatod cost for the compressor {s $140,000, 000

One single axle motntenanes track complete with are and
gas welding equipmont.,

Thy estimuted cost for the muintenance truek s $26,000,00,
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Three Beitish  Levinnd  "Land  HRovers" (o be used  for
perdannel teahsport,

The estimuted cost for the land rovers ts §16,000,00,

Two portuble  genetators (1000 kw) to be used for
tost-pumping of wells,

The estimated vost for the generators ts $60,000,00,

A Case H80D buckhoe with front end loader (or equal) for
purposed of digginge mud pits,

The estiingted cost fur the backhoe is $60,000,00,

Two HACH pottabile Inb units model DR=EL/4 (or equal) for
anrryitg out flold groundwator eliemtesl annlysis,

The ostimated vost  fur the portuble lab  equipment 1s
$4,000,00,

One  HIAD  (or equab)  model 660 hydreaulle loader  for
mounting an the service vehigle atid to foad plpe.

The estiimited cost for the tonder s $16,000,00,

Two ATCO (or wquely 100 & 40" {rallers for housing
toghnieal stuff at the dreil sites,

¢
Tho estimnted vost for the teallors ts $60,000,00,

The following miseellnneous equipmoent for the groutdwatar
Progrh ’
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LM BETIMAT D COR'Y
b tons bentonite § 1,000.00
4 murquis type tenty i L, 000,00
4 clectrie tapos L 000,60
10 Btovens modet t pecorde pg glg.(lmi,ﬂd

§ 0

§

&

I dahiison GN-6000 E-jogger 106, 00
fadio vommundaation (10" units) 06, 00
Eumiple bags At 00
Eaniple bottles G000
Miscollanaons Migid (ouls § 6,000,600

I Two of vaelr #300 Vs Hulbmesesib o Pumps — (from
Mutsapn, Swasilanedy  fur ue during test pumping of the
following models: 000 (1.6 Holbe) o d-600 (3.9 1.p,5,
JO-1000 (bt ttob .,

The estimnted vost fur the punps s 6,000, 00,

e Bleel well enatng mutorinl for Phnse | of the progiam, We
astimute the initiul opdeyp recuie 1600 metres totsl of sisey
rafging Ceam 100 mm diameter W 00 g thnmelep,

The estimmted vost fur well Cnsligg 1s $760,000,00,

e Btainless steel well sopeens iy |4 metre  lengths, both
telesdoping and pipe sige, The initin arder should Inoinde
the majority in the vedor of 100w ditnetur with sume 900
iy 00 i, wod 00 mm dine e sttty sutplete with lgad
batltois,

&
The vstimnted vost for the woll Retstanq is $60,000,00,

The total vost tor U fnitinl ordep of stjtiiptient is sslimnted st
84,808 700,00, AN miterins exeluding  the  pumps  are  uf
Canndinn  vgin  wnd majortly - (FB0%)  Gunndinn content, e
shippiigg tma Ffrom Canndy to Swittland s estimmtod from 4 (6 G
tinitt lis,

[
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COMBOUBIEL _BARED (AWAGLEANDY CREC ) 14,

BALoAN SUBMEHATHEE FUMES ORERATING TH

SWARTIANI_AS AT 3GTH JUNK, 1901 RHENOLE §

Mureay & floberts

HBalnkt Jesuph Misslen
Salestan High Ssheal
Nawke 'frading Stnre
baint Treresa Seheel
¢ Hv Andeesen

Bept of Agriculture
Tinkhukhy Poultey Faem
As Hubrapd

s Kunene

Reigal Buazl 8pa Hotel
Royal Swazl Spa Hotel
Royal Swazl Spa Hatel
Royal Swazi fpa lotel
Rayal Bwazl Spa Hntel
Royal Bwaz! Spa lHotel
Rayal HBwazt Spa iHatel
Reyal Swazt Spa Hotel
Lty y

Tihiyo Taka Nywane (Head Offfce)
Swariland Wholesaleky
B Baldhiatt

He Maguky

Watarkerpy bark

FolfF b Cowilefr (Swazliand)
Tinkhikliy Paultry Farm
Jo bavtdsun

The Havern Hedt Camp

8. Vap Hosrden

Tiidyo faks Howane

BE. Ay Netimalo

Hellday Liin, Statt Hengs

Eltotmla Healitn citnte

ONLY..
AREA

Elwalidla
Kabhudia
Manainl
Maoka
Hargint
Manzint
Matahare
Malksrna
Malkerns
Harng! Al
Baulwint
Ezulwini
Ezulwint

Ezulwini

Ezulwint
Ezulwint
Ezulwinl
Ezulwint
Haiksina
st eha

Maikerns
Frutwint
Elwandie
Eauiwipd
Harngirl

Malkerns
Halkerns
Elwandls
Flwandle
Halkerne
Feulwind
Frulwlinl

Hadtutaril

HORENGLE. LR
FEEL,,

240
146
260

50
280
176
150

75
116
ana
160
110
160
180
180
17§
2d6
178
156

78

66
146
17§
1G§
166
150
180

H0
160

a0
160

A0

730




COMECUENTPARCLS  (SARULANGL_(EE )L,
BRLSAN SUIMERSTHIE PUMES CRRAATING TN
SWAZUIAND AS AT _IOEH UMK 1981 HOREHGLEY

it ¥e
! LLGATION AREA HOREMOLE _DEPYH ABPROXIMATE
FEED, T

( Ex GePails )
Uncéie Cliarlle Hotel Manzind 150 806
Jv Geabu Higeawent 180 600
Av ERELerilck Hatkerns 60 660
As TRewp&an Hangtril 160 120
Halkerrs batyy Fagin Hailkeria 180 800
o Kirg Lebambia 160 1200
tetF Ai@hwduf Hangint 160 200
He 24 80 blamint Haikarns 106 800
fis By Slbandze Eaulwint 166 860
Js Hartip Mbabane 176 366
Kelr & Gawdey Hanelnd 156 360
Matkerns batry Facm Halkerns 150 760
Ks Haftn Hatsapa 60 560
K« NHagin Hatsapa 86 570
Tr Hagah Hangbini 126 5§66
Libby'g Maikearrs 120 1669
HELyo Taka lgwane Eeuiwint 70 360
Jacaranda Farm ( Flblyo ) Malkegns 130 360
RN Halkerns 110 660
MES Drvijlag Halkerrg 160 6060
[ 4Bly g Halkerns g6 3600
bibby'g Halkerns 116 3600
HeRE GF Ayile (Mptlal Farm) Katliudia a6 ¥ 3600
Ratsnaiis g age Hakshiann 186 ELTE
B HAR1iaA Hatkerny 8§ 180
Br Foss Halkerns 78 860
felt & Cawdey Hahiarya e 768
dv Hureteid Kangtnt 180 666
b 1alilent Fapm Fabhudia 160 G
Haikerng Bal ey Fai Malkurns 166 660
e Hpls fastituyre Bauiwint 170 GG |
Paviiwnys Behngt Heamiap | 150 3360 1
kb g R Vi na Uhatiany (3]

860

. -



CCMECHENL FARTS (SWAZLLANUY (B0 LTI

BRISAN SUBMERSERLE FUNRS. CREMATING N _

SWAZLIAND AR AT 3013 iUNE, 1901 ROHEHOLEY

Swazliand Brewers Ltd
Hapzinl Bibie 8chael
He Staffen

V. 3, Bunn

Bwaalldnd Hatllvays
L@gapa‘uuryery Sehoel
Hoitday tmA

Re Gy Blamint

Heo 80 Vilakazl
Buaziland Chemiral Induskries
Ae Hamititan

2y Pokalay

Mraika Rafip)re Captre
Lustey ERtid Ceptre
By Ry Jemes

Fir Bawin

Ar Kitmalin

Hatlongl Bahia Gerntra
biamond Yallay Hatced
Baker Tharpe

Ikhwezl irvastmspt
Herimaad Elsctrienl GAnkraclors
H: Hatsga

Ratir Py

Ar Faiitiy

br. Gamusl Hynd

He Bhssian

Eaptala Vie Fouche
Anberts “anal custlon
Re Bwane

Blawead Yallay Moted
tHasar E.58tpunt foR

CHEY
AREA

Matsapa
Biwandie
Nasko
Eiwandle
Nseko
lagsba
Nniangane
Beulwind
Halkerns
Bauiwint
Kabhudia
Kaigwana Hi1l
Halind=a
Halkerns
Halkerns
NR L aRgana
#ombanize
Ezulwint
Ezulwint
Halkerna
Ezulwint
Hanzipt
Hanzint
Hapzint
Fabhudla
Eivandie
Hanaint
Hanzinl
Eaulwlint
Hangtnl
Egtiwinl
Har#tal

RORENGLE BERTH

6§
78
566
160
120
80
&9
180
146
168
138
66
80
a6
116
160
66
186
a6
116
180
50
80
130
96
86
146
130
1989
170
a8
178

APEHECEHATE
EREREITY

T2 Bifulle)

1366
6066
200
866
660
764
A80
360
860
560
560
868

3660
260
360
260
360
380
860
800

1260
280
250
60
864
28o
808
860
280
160
360
180



HUSAN SURMERSLALE FUMES CRERATUNG TN
EWAZTLAND AS AT 301 JUNE) 1981/ BOREHALES

LEE AR 6N

———— .

Tlinball Earavan Park
Ezulwlnl Sreygreund

By Packard

Wi Wetght

E: Renbery

Rural Water Nhlangane
Fimbalt Garavan Park
Rural Water

E: 5¢ Khumale

Hemakashe Bapder Posk
Tirkhukhy Boultry Farm
B Motsa '
Hahiamea Errder Fogk
Halkerns €auntiy Elub
Hdzevane Refuqjee Cenkre
Rural Wateg 8leaeict

€: Maignann

Hatmand Elssteteal Cankractors
e €¢ Plurce

faly & Eawdey

fifs Ue Lapptnyg

ks Humliton

A Eamp

Baleatan Ceppruntity ConbeR
Rey Hiety

Burset Yiiluqge

€r Viakery

Eipkliicwenl Heglth Ceptre
Emkhuzwent Health Cenkre
Emkhuzwent Health Ceptre

CHLY.:.

AREA HEHENHCLE DERIH
Ezttlwlinl 110
Ezulwini 160
Halkeens 66
Halkerns 126
Hanzint 240
Hhiargana 280
Ezulwind 136
Nhiargano 160
Ehlseiwent 160
Lomahasha 130
Maikarns 220
I-ekamba ag
Shiselwent 168
Halkerns 116
Bty Bend Hsoka 116
Lubomio 330
Halkerna 60
Hig Hepd 136
Hanzinl FL]
Manzint 166
i apf 180
featraui 140
Ezulwint 110
Halketng 116
Fualusen! 66
Esulwint g6
Hatkegns 235
Lukhandze 168
Lukhandze 66
Lukhandze 8§

AFPRGEIMATE
BUHEIHGE —
EAPREITY
{ F¢ GeBalls )
800
600
640
260
130
1660
860
200
260
860
660
800
880
1260
3500
3660
69
200
300
660
600
806
709
1700
300
1300
700
160
§09
560

il
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APIENDIY H

’FH§4‘l)thhfﬂli,’Fﬁﬁ]:\Vﬁhl:IN!YFAIAyﬁﬂﬂ(JN
: ANB AWHTEEIC TERTIHG

Fhe puepase of fintisl dyilling Bl alilanie Brisie subauefuee datg,
The wae of this duty will Gty feied te e wilization of Uye
geenndwnter puaares wilh o water well oe e ol ilsindonment
af & geologicnlly wilivveniplie gy,

AR BEPIGEIOEY L Dl slindld t: HETIs (o oot suefies
0 sampslent hedeaclk, whepe Apdivatile . TFhe foet dwde sl
be cupiable of gecepting o 80 frtic dltieter psicded wad equplad
CASINE [OF 6veni ul sk aa i wlearbvid iy, Wil

The test ddu shiogld b EARCTHITY D] b bhis anpegvisi
hydrmﬂm;mum Hediig  chingges i aveEbtieden  oF  fraeiyree
bedegel, water lss gr Ay otak wnbsial onidilions . Suinpleg
shotdd b abtained from GUEFY 3 s pus HEMIG Tiberval wp dl gay
ehange in stealy. CH the u?tuuunun Ve aqvinlibde, M ulseteie Jug
showld he taken of 1 eleftplested Boeelibs,

o grenmstviter o mReonitersl i B0 aae e bee wel) prestind
Sersen should b instulled pe e wHeE: e shaervition
Well 18 du b devilapud  anig Chlipreasel e, A ek sumple
shoild b ehibiied ol Lie of devcivging.  Flus uuuuﬂu’od
bsurvation well Bs to s teliesed digle fup altithie wiler Jsvel
dittit: TPl fops o i wills shogdd o sHrvevel Felidive g u
GumIng dibii: A migdmum al Ges @ eepvaling wills o el
slUAY frsit Wil b poguived.,

Fallesing i soviey of all data njon Gudnpdeiegr of the Jitial st
g o beal pecedueting wel] PEEEn aHE b detiiled -

The Aeal jEaduetinn o] detlinge willt b af wosies gt if
HELERBIEY i Elalum 00 i e Uieesidnd  wid soypled
Gaartng iy b dnotalled: 10 g antispated Gt g i 100" g
ele alinidusa slil aepsgis il b Viatilbad fhite e pguifar
faepiittivne:  The dill Jide Wil he o wigpeylv g by e
SUPBEVIRUIE hydeafuelugint . s ;?;urubpmnlu Heeplhy 1o figudfor
and Unelawes uf aiicheg shoted e dete i (Eufit PEevingg il
deitling and leating, howoveg, Heple ot Dl and foeation of wel)
ereuns Wil be i Gl decisig caeried g by e superyising
hy direalgal

The well wWill (then b developod with a WU T viler s
GICHE QL 0 WG pigdig Bl

LE o 80w dvmetsr adissevation will s il JsEavinnaly
atilled vahme an wecuptadde dielgies T (s BUmpg  well,
then aie will s vistalled i) Huvgupned i distihen Tyjes (e
thiekigas ol the wpntey Featii Hhe Tt jopahet g well,

I
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Fest prmping will be eapied ool on U Lest praduetion well wh
megsireients  Llen at all obeepvation wells within the study
HECI

AUl lises  during the peageeas ol the warle i H(]mn
gampletion sl sbservation  wells aul st production  vells,
femporiey eipping will be pliced on the welle ag as 1g prevenl
fpering with the well oF Hhe etbeagee ol foreh mattee o 1,
This tempuriy  capping should Be (o the sabisfuetion of the
siperviging hydrogeologlat,

AL wells shall B dvilled  wilth vare cxepeised 1o wehivve
plutiibieas and sl ealfntnees.

Fhe Conteictor shall keep an aceurate peeapd ws assembled of
the apdes, pmhee, sige and et ol the individugd pleces of
pipe nmmh(:n e all wells:

At feast 18 Bowra will elapee bistwesy e eampletion ol well
developing ind test pURPIHE:

The test pumping inetalliaon <bidl be aiel as b sllote fug Lhe
inatihintiog  aid  far the  dewering b i elsetele fage fge
medauesiient of water levels t the pimping vl

A vilve gl b pided en e el padsprind diatidlid e o
ghabile Ghie haehirges 1o e vieds e gt ob pdipinig fivat
Femiin eehatabenl st o enlive fualy despite Theisieed
pumping fite:

Fuat pattpdrg viail sogedibey Hhe Tedligaig

(1) the wtabie wiber Tl e the piimping welladt o e
plistrvaling ceila vl be aeiatiied b une e aad a8
filtitee ottt alaet of testing

(89 bl mewenreinta ars Peaiie 2ot N e He whesh e
pUmping  cdonent teogelvated and verdings o wll el
v Gken slmblteaialy il 30 seeondy, b 8 4, 4 8 A
T, &, 0 B8y Sy 3Bl AR S0 i TRy bl Me‘z, il
H mindibee, b Hwrealies sveey ga miates il 14 houes
af pigriigg as clapacd s Thereatloe eeatdinga aes Lilen
gyrEy Lo Tup o ditdhiu privd of 34 hoiea from skart af
JpiR . Tie deeden (o tecaniate teeting gl be that of
e sHpervrang hydrogeodainat.

ATteE the Lead, the peeavery beveio vl fos Gl il e g
intervida alihed ghieve Bisaeired shgitbapegisle o sl wella
fraty the et puiping cegats il aticshe s fuiia dre
peiehied.

Sumples of wiler vl b swpstalte Gdosp Tea The gl durng
sl g il the atael ob the bt and svery 1 bt Wit
putag e been tepsinabed.  Fhe galer aiples shadd Be



q

tested for phy oty dissolved salide (hy evaporation), Hiteate
éNh bl Teen (Fed, delnl Dnednsis (6000, Ghlgride (61,

Saletum (Ond, Magnestun (N, Sedium Potudtivg (as Nu), snd
Gulphate (80,3,

One sample obiained fowneds completion of lesting showld be
suBmittea tor bueteriological wnnlysis.
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SELRCTER UATER QUK ITY 1RTS

= e R L g T T - : -
Memorandum |
- . L FORM 18: B 73
Fami: Water Qualiby Apadyse To: fpe R Hendley, Ce
Baw _dan 17/63. . o A
Bur Reh: by likpate/ohlaride Teveld,: | Vew Reh
AR ReE crnuepat b BEbeabe it eliiael e Pavle Fap 000 ay il
Rave Been cabepprispesd ad feliams: Paile 1 feltbain o,
Table d: Barehale Syobeps., Bahie 4 Blwesinas,, Mable s
Hulbiple ipkakes: .

Bhe prapaced macimin pemiiesible Tavel Fao fHbpale-il fap wisg =7 @
gyseems 14 me T, fie Halk e been ael Fer ehlapi e au g :
Tevel Fop eamiting by vedeetian of & #aler Sipeiy Based ag g

g Salbty baabe 15 706 kg bie qebepmin:i,

Pable 1: Hpuakain sbieam.

i‘l-q{c. ara N
— T

__BUSH SY.sp] Bullge  Wz=l 6}

e e —

BEeuluing @i (iehind. 3 R=rA
Bailuini S0 (PUEXEN B
animiateg £61 ez, s =i L
Bkl spy 1%1 faft=dal ERELEY L A
Heabansql 173 Dy h 13=30 t

S AT

. Meepdgey o b SRR P S 1)-=3-1 /S
Pahle 9 Buapshalu duinbpan,
RYsd SYsiingg By g, ez =H 61

M2 Lintegie 17 RURTRE 161,
Harq (id3 oty 11="

PbgemspAitnonS/ %+ 4o i bt

Hicamben i ) e S BT
ETETES (e Tem=11s m

b



Negpewn

Pable 3; Bpeehgle B

ke penbyl:

RMQB S{R0sE

b lg.

[ TP iy

kahfl zg
Hafukose
Mafutaeqi
Halindzg
Heengane/fiamlane
hiandin
BlRuphig ]

192
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(11 ) .';hl"V('l"; & ‘1‘_‘_,* l(n'/;.,

40 1 e/any L, L
dourcet WHG 1 LBED SO T e
d) Gardeny (Vagetable) Al S L e
rd IL‘..-/‘ '/}é’é
1500 1/d.4y - /;%’
o 760 1/hr '

gouprced WHD 1 ThED
‘e) Waah Hout~y & Uhoversy
124 1/purson/day
(v) 1t 18 requested Lo estipste the actual aurter of
pocple utilizing the facilities,
gourcet WHG! Camp use Tesp kitchons, [lush toitets e
Hofie tive,
f) Clinins
(1) tops only & day patients
29 % 1/2 % Mo, of patients/day
(11) it facilities & ouernighty
170 1/bed/day.
dourcas WH "Comp used
4y Offices with tollefs
30 1/~cvcupants/day
Y, VEAL DFMAND
a) Muds Hourly corsumption
4 x moan daily
Jource WHO 1HED
b) Minimim flov for numbcr of standpipes en 1ine

i of stdndpipes Design flow (1/s00)

) 0.2%
¢ 0:50
3«4 0.75 »
5ubya 1,00
B Sea (4) Above

G. VEEDER V1PL DESTUN

4) fravity fead

1.5 % me.n daily flov

) Pumping main

1.5 % mean daily (10w x = m}fl hr
5. MAKIMUM POMPING Y1ME 4

B HEer /Ay .

th faud i.5 % mean daily dentan’s

gy W ’E
Qﬂdbl@ Dooumen . )//\
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164,

1’11

15,
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HTORAGE KEGERYVO1R CAPAGTTY
A) Gravity resd ar pimpii!
ehepdidon me 11 11y demand
b)) Windmitt:
4 « mean daily demand
MAXIMUM I'UMITNG RATE FFOR_BORENOL
U« ¥ Meastive pumping rate
MARIMUM D1STANGE 1O LMAND PIr:
200 m
dourge ! Rural Water Supply Buard
MAREMUM NO. 0 PROPLE GERVED PEE UTAND PIBEB TAP
100 persofis .
6urce ¢ ObHM recommendation
PLi pRESEUKRE
Ay Mikidiin dt Standpipe
10 metss
fource t WHO 1BED
b) Mpwimum EAtLE piecsire
1) Lews than 6 Lo
o X
ii) 6 - 10 Lar
copesidalr reducer
{11) over 10 ber
Tnstall redices
MARIMUM ¥ LUA LA LY
63 mn P« 7 m/sec
79 mm @B ~ 3 m/sec

Y-

MINIMUM D106 614N
NGy Btandpipeas Baze ()
et AL

o an

MAKIMUM Cost PER PERSON
B50/pE1E0R
Source { Kural Water Bupply

//” ’
1" /’./ ’1’ 4
“ .//7 . s ,;“'[, U ) , Fl . .
CHre & L ',r,;}.,}/ Frar d dater gupply Baginese
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APPENDIX H4

Figure §: 7 Venulated lmgroved Pt Latiine (measurements in millimesars)
{iillinieters)
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Figure 10=-1. Improved Stormwater Channels for Deimage of Suttige
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